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ABSTRACT

APPLICATIONS OF VARIATION ANALYSIS METHODS

TO AUTOMOTIVE MECHANISMS

Robert C. Leishman
Department of Mechanical Engineering

Master of Science

Variation analysis, or tolerance analysis as it is sometimes called, is typically used
to predict variation in critical dimensions in assemblies by calculating the stack-up of the
contributing component variations. It is routinely used in manufacturing and assembly en-
vironments with great success. Design engineers are able to account for the small changes
in dimensions that naturally occur in manufacturing processes, in equipment, and due to op-
erators and still ensure that the assemblies will meet the design specifications and required
assembly performance parameters. Furthermore, geometric variation not only affects crit-
ical fits and clearances in static assemblies, it can also cause variation in the motion of
mechanisms, and their dynamic performance. The fact that variation and motion analysis
are both dependent upon the geometry of the assembly makes this area of study much more
challenging.

This research began while investigating a particular application of dynamic assem-
blies - automobiles. Suspension and steering systems are prime examples dynamic as-
semblies. They are also critical systems, for which small changes in dimension can cause

dramatic changes in the vehicle performance and capabilities. The goals of this research






were to develop the tools necessary to apply the principles of static variation analysis to the
kinematic motions of mechanisms. Through these tools, suspension and steering systems
could be analyzed over a range of positions to determine how small changes in dimensions
could affect the performance of those systems.

There are two distinct applications for this research, steering systems and suspen-
sion systems. They are treated separately, as they have distinct requirements. Steering
systems are mechanisms, for which position information is most critical to performance.
In suspension systems, however, the higher order kinematic terms of velocity and acceler-

ation often are more important than position parameters.
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Chapter 1

Introduction

Variation analysis, or tolerance analysis as it is sometimes called, is typically used
to predict variation in critical dimensions in assemblies by calculating the stack-up of the
contributing component variations. It is routinely used in manufacturing and assembly en-
vironments with great success. Design engineers are able to account for the small changes
in dimensions that naturally occur in manufacturing processes, in equipment, and due to op-
erators and still ensure that the assemblies will meet the design specifications and required
assembly performance parameters. Furthermore, geometric variation not only affects crit-
ical fits and clearances in static assemblies, it can also cause variation in the motion of
mechanisms, and their dynamic performance. The fact that variation and motion analysis
are both dependent upon the geometry of the assembly makes this area of study much more
challenging.

This research began while investigating a particular application of dynamic assem-
blies - automobiles. Suspension and steering systems are prime examples dynamic as-
semblies. They are also critical systems, for which small changes in dimension can cause
dramatic changes in the vehicle performance and capabilities. The goals of this research
were to develop the tools necessary to apply the principles of static variation analysis to the
kinematic motions of mechanisms. Through these tools, suspension and steering systems
could be analyzed over a range of positions to determine how small changes in dimensions
could affect the performance of those systems.

There are two distinct applications for this research, steering systems and suspen-
sion systems. They are treated separately, as they have distinct requirements. Steering

systems are mechanisms, for which position information is most critical to performance.



In suspension systems, however, the higher order kinematic terms of velocity and acceler-

ation often are more important than position parameters.

1.1 Scope

Steering and suspension systems are very broad topics and incorporate many differ-
ent areas of potential analysis. As the research proceeded, it became clear that only parts
of the whole would be achievable for the scope of this work.

Because of needs observed with the BYU Formula One Racing Team, the steering
approach became one of a design tool. The objective was to develop a tool that could
synthesize a steering mechanism, analyze its performance, and provide variational analysis
capabilities. Team members would be able to quantify how variations due to manufacturing
capabilities would affect the performance of the system.

Suspension systems are dynamic. Acceleration information is very important, as
it relates to the forces observed on the tires and structural members. The focus for this
topic of the research was to develop a comprehensive model for the effects dimensional

variations have on the position, velocity, and acceleration of critical components.

1.2 Literature Review

Previous work by other researchers has been completed in the focus areas of this
research and has contributed to this work. This section documents previous studies and

provides the setting for this work.

1.2.1 Steering Literature Review

Several researchers have approached the design problem of synthesizing a mecha-
nism for rack and pinion steering systems.

Zarak and Townsend [1] used optimization methods to synthesize side take off
(STO) leading or trailing configuration steering systems. The approach is valid and pro-

vides for optimal designs. However, they use an impractical error function composed of



the differences in the turning radii. Thus, results do not relate back to practical information
available to designers, like rack travel and steering angle.

Simonescu and Smith [2] also used optimization methods to synthesize the link-
ages, using three geometric parameters. Both central take off (CTO) and STO linkages are
synthesized; however, only leading configurations are considered. They used the “method
of increasing the degrees of freedom” combined with cognates to find optimum values for
the linkages. The output of the research is a series of design charts for different scenar-
10s. The charts provide valuable design information. However, if a desired design space is
outside those portrayed in the example, the designer would have to contact the authors or
recreate the computer routines.

Simonescu and Beale [3] use optimization synthesis of a four bar linkage to pro-
vide the mechanism for Ackermann steering. The article discusses many different objective
functions that can be used to converge to an optimum linkage. A sensitivity analysis dis-
cussion is also presented, but concludes that small changes do not practically change the
steering error. The end product for the design engineer is also a series of 3D design charts
for leading and trailing linkage designs. These charts are difficult to read, and inaccurate
readings may produce sub-optimal linkage designs.

Hanzaki and Saha [4] use a similar method as [2] to complete a preliminary opti-
mization of CTO and STO, forward and trailing steering linkages; only, three lengths are
used as parameters. Afterward, a sensitivity analysis of the steering linkages to tolerances,
assembly errors, and clearances is performed. Then, the linkages are re-optimized for min-
imal steering error and sensitivity. The only mark against the research is that no design
charts or tools, besides the published equations, are offered to the design engineer.

All of the above research has been accomplished with the primary goals being the
synthesis and the optimization methods. None of the previous research is geared toward

providing accessible, easy-to-use information for the design engineer.

1.2.2 Suspension Literature Review

The tolerance analysis method, known as the Direct Linearization Method (DLM),

that this work builds upon was originally introduced in [5]. Chase et al., further developed



the method, which uses vector-loop assembly models and loop equations [6], much like
those used in kinematics [7]. The work provides a closed-form method for determining
the variation in the critical parameters of a static assembly due to the length and angular
variations of the contributing parts. The method requires only two computations - one for
the mean and one for the variations. This method was also extended, without too much
modification, to three-dimensional assemblies [8].

Later, Chase et al., presented a method for including the ANSI 14.5 geometric
feature variations in the DLM [9]. They found that the geometric feature variations can
accumulate statistically and propagate kinematically in assemblies just like dimensional
variations. They claimed that geometric variations are independent of those produced by
length and angular variation, when geometric features are applied to surfaces of mating
parts. They showed that geometric feature variations may be characterized by how they
transmit variation between parts, or in other words, through the joints.

Brown [10] modeled clearance effects in pin joints as two orthogonal geometric
feature variations, inserted at the joint centers. In this way, the clearances remained inde-
pendent of the length variations. The product of sensitivity times tolerance could be added
linearly for worst case or using root-sum-squares for statistical variation analysis, just like
what is done for normal length and angular variations.

Faerber [11], did work that illustrated the mathematical similarity between veloc-
ity and position variation. He showed that the 2D DLM could be performed by kinematic
solvers like ADAMS. This was accomplished using what Faerber called equivalent mech-
anisms. By adding fictitious joints to a static assembly, he created a mechanism whose
velocity Jacobian was identical to the tolerance sensitivity matrix. What appeared to be
mechanisms to the solver, in reality expressed the changes in length and angle in a static
assembly due to variations. Dabling [12] extended this work to 3D and added equivalent
mechanisms for each of the geometric feature variations. The methods that they developed
are only applicable to positional variation.

Wittwer et al., applied the DLM to mechanism position analysis [13]. They also an-
alyzed the differences between the bivariate DLM and deterministic and other probabilistic

methods. However, the ability to account for joint variation through the use of geometric



feature variations or other methods was not included. Other researchers have approached
this problem in a similar manner [14, 15].

Many other researchers have taken the next step and added the capability to model
joint clearances to mechanism position variation analysis [16—19]. This type of analysis
is very common in the robotics field. These analysis are all only applicable to position
variation and do not examine the effects of geometric variations on higher order kinematic
terms.

Lee and Gilmore [20] have developed a comprehensive, closed form method that
finds position, velocity, and acceleration variations of open and closed loop mechanisms.
However, an effective link length model is used to account for variations due to pin joint
clearances, which combines the clearance with an associated link length. This made the
clearances dependent on the link length variations. No other joint variations can be ac-
counted for in this method. They were able to extend their method to dynamic analysis,

including forces and moments in the tolerance analysis, [21].

1.3 Research Objectives

The following are the objectives for the research documented in this Thesis.

1.3.1 Objectives - Steering

The objectives of the steering system research is to create an easy-to-use design and

analysis tool with the following capabilities:

1. Use the tool to synthesize either leading or trailing, CTO or STO steering system

configurations.

2. Provide optimization to quickly and efficiently converge to the best possible solution

given multiple constraints.
3. Ability to see the effects of tolerances and pin clearances on the design.

4. Ability to adjust the percentage of Ackermann steering.



5. Visually display the structural error of the system and how tolerances affect that error

throughout the range of the steering angle.

1.3.2 Objectives - Suspension

The objectives for the suspension portion of the research are to:

1. Build on the DLM by providing the capability to analyze the variations in position,

velocity, and acceleration of any open or closed loop 2D mechanism.

2. Add the capability to describe the effects of geometric feature variations on the vari-
ations of position, velocity, and acceleration of any open or closed loop 2D mecha-

nism.

1.4 Thesis Overview

The remaining chapters in this thesis are organized as follows. Chapter 2 discusses
the background and new theory developed for the steering design tool. It contains an ex-
ample of how steering system synthesis is accomplished using this new method. Chapter
3 discusses all the features of the steering design tool using an extended example. Chap-
ter 4 goes through the background of the DLM and the derivation to apply the DLM to
mechanism position, velocity, and acceleration analysis. An example is worked to show
how the DLM can be used to quantitatively understand the effects of geometric variations
on mechanism kinematics. Chapter 5 derives the procedure for applying geometric feature
variations to characterize the variations from different 2D kinematic joints. An example
that illustrates that joint variations do impact position, velocity, and acceleration variation
is included. Finally, Chapter 6 contains the concluding remarks and the recommendations

for future research.



Chapter 2

Rack and Pinion Steering Linkage Synthesis
Using an Adapted Freudenstein Approach

2.1 Introduction

Automobile steering systems have a straightforward purpose: angle the tires so that
the vehicle can proceed in the desired direction safely and under full control. To accomplish
this function, many different steering designs have been devised. Each accomplishes the
basic purpose in a slightly distinct manner [22,23]. Arguably the most widely implemented
are rack and pinion steering systems. A steering system must be modeled and designed for
each vehicle. Even though they have the same basic components, each vehicle requires
a slightly different system. Vehicle models all have slightly different lengths and widths,
and more importantly, different suspension systems and physical space constraints, which
make it necessary for each steering system to be somewhat unique. Even small changes
in dimensions can dramatically alter steering performance. Thus, it is essential to have
available a simple, easy-to-use design tool that enables designers to quickly iterate and
converge to optimal steering solutions by changing only those few parameters or constraint
values that drive the iteration. This Chapter is based on an article previously published by
the author, [24].

Typical rack and pinion systems, shown in Figs. 2.1 and 2.2, consist of a straight
gear (rack), which is driven by the steering gear (pinion), back and forth. Tie rods connect
the rack to the steering arms, which connect to the wheel uprights and cause the wheels
to turn. The axis of rotation of the upright is known as the kingpin axis. There are two
main types of rack and pinion linkages: Fig. 2.1: central take-off (CTO), where the tie rods

connect at the center point of the rack and Fig. 2.2: side take-off (STO), where the tie rods



connect to the ends of the rack. They can both be placed in either a trailing or leading

configuration, Fig. 2.3.

Figure 2.2: Side take off rack and pinion steering top view

2.1.1 Assumptions

Sometimes the kingpin axis is inclined by both the caster and kingpin inclination
angles, making the steering system a three dimensional mechanism. This paper discusses
the design and analysis of planar steering mechanisms; consequently, three dimensional
steering systems are outside the scope of this work.

The tie rods and steering arms are considered rigid for the work presented here.
In actual performance, these members might flex and bend, altering the calculated perfor-

mance.
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Figure 2.3: Leading (top) and trailing (bottom) steering systems

2.1.2 Ackermann Steering

An important aspect of steering systems is the Ackermann principle [25-27], il-
lustrated in Fig. 2.4 . In essence, it provides the necessary steering angles for the tires to
provide pure rolling during a turn and not scrub. Today, it is sometimes used more as a
metric and a factor for comparison than a critical parameter, but it is still in use. This is
especially true in motor vehicle racing, where different levels, or even negative Ackermann
steering, is sometimes desired [28]. Equation 2.1 gives the formula for obtaining Acker-
mann geometry during a turn, where 6, is the outside wheel angle, 6; is the inside wheel
angle, Wy is the kingpin width, and W, is the wheelbase, as shown in Fig 2.4.

In this study, the formula for Ackermann steering has been simplified by using the
kingpin width, W, instead of the width of the contact patches, or track-width, W;. This
approximation allows the vehicle width and length to remain constant over a full turn. In
order to make sure that the kingpin width simplification could be applied, a sensitivity
analysis of the inside and outside turn angles with respect to small changes to the width
and height of the vehicle was completed. It was found that for a large turn radius ( >
100 ft), the changes were negligible, 0.04 degrees per inch of offset (deg/in) or less. For a
turn radius at and below 20 ft, the sensitivities increased to more significant levels, about

0.15 to 0.30 deg/in. This simplification is valid for the most common applications - only



during slow, very tight corners of small vehicles does the simplification break down. This

simplification has also been used by other researchers [2—4,25, 26].
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Figure 2.4: Top view of Ackermann steering geometry

W
tan(6,) =
(6o) R+
W,
tan(6;) = ka
2
W,
6; = atan (Wb—b> 2.1)
ian(ay) ~ Wk

As can be seen in Fig. 2.4, the basic requirement is that all four tire axes intersect
at a common point. The vehicle is then in pure rotation about that point. It should also be
noted that the front tires are not parallel during a turn of any radius. Even when steering
straight ahead, the front tire axes often are not exactly parallel due to static toe, which
makes the steering more stable, [25]. Static toe is where the tires are turned in or out

slightly.

2.1.3 Research

This research proposes using a simple and novel way to model and optimize a rack
and pinion steering system. Two crank and slider mechanisms are combined to make a

double crank and single slider mechanism. The input for the mechanism is the slider (the

10



rack and pinion) and the outputs are the two crank angles, which correspond to the steering
angles. To assist in the optimization of the linkages, Freudenstein’s equation [29, 30] for
the synthesis of a mechanism has been adapted for a crank and slider mechanism. By using
the Freudenstein equation to help constrain the synthesis, optimization can be very quickly
and easily applied to find an ideal solution; even when the system is restricted by physical

constraints. The method is simple enough to be easily implemented on a spreadsheet.

2.2 Freudenstein’s Equation

Freudenstein developed a method to synthesize a four-bar mechanism, Fig. 2.5, us-
ing a concept called precision points, [29,30]. The horizontal (X) and vertical (Y) position

loop equations, Eqns. 2.2 and 2.3 are combined to eliminate one of the angle parameters

(0) and simplify the synthesis.

Figure 2.5: Four-bar mechanism

X = ri—rxcos(9)—ricos(0)=rscos(y)=0 (2.2)

Y = rsin(@)+r3sin(0) =rysin(y) =0 (2.3)
The result is called Freudenstein’s equation, Eqn. 2.4.

Ricos(y) —Rycos (¢) + Rz = cos (¢ — ) (2.4)

11



The link length terms are grouped together to form the three unknown constants,

R{, Ry, and R3, Ean. 2.5-2.17.

R, = 1 2.5)
r

R, = 1L (2.6)
r4

Ry — r%+r%+r%—r§ 2.7

2rprs

The three unknown constants are resolved by setting up three position equations at
three selected precision points. This is usually set up by establishing base values for the
crank angles, ¢g and ), and increment values, A¢ and Ay. The base value is incremented
one time to obtain the second precision point and then incremented again to obtain the third
precision point. These points are on the function that the designer wants the mechanism to
follow. At the three points, the error, or the difference between the actual position of the
mechanism and the desired position, is zero. The resulting system of equations is solved
simultaneously for the R values. The link lengths are then back solved from the three R
values. Length ry can then be used to scale the mechanism.

Choosing Chebychev [30] spacing for the precision points, Eqn. 2.8, helps to reduce

the overall error by equalizing the spacing between the points.

X;

X X0 X —X 2j—1
= MAX+ 0— MAX OCOS<M> 7(]217273) (28)

2 2 2n

X; is the *” variable (in this case either ¢ or ), Xprax 1s the maximum value possible
for that precision point, X is the minimum value, j is the j** precision point, and n is three
(for three precision points).

Although this solution does not always give an optimum location for the precision
points, it does give a good starting point. By systematically iterating the positions of the
precision points, the error can be minimized across the desired range of the mechanism.
The optimum spacing is reached when the max error between the precision points and the
two ends of the range are all equal. This, however, is only the optimum for the selected

input and output crank angles, as defined by the starting angles ¢y and Yy and ranges
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A¢ and Ay. Other design factors must be considered in selecting these factors, such as the
specified extremes of turning radius, acceptable lengths for the two cranks, and maintaining

a transmission angle centered near 90°.

2.2.1 Freudenstein’s Equations Applied to Slider-Crank Mechanisms

A special case of Freudenstein’s equation may be applied to a slider-crank mech-
anism, Fig. 2.6. For the steering linkage, the input is the ground link L,, rather than an
angle. The output is the crank angle ¢. The 2-D position loop equation of the mechanism
is resolved into two scalar equations - the sum of the X components and the sum of the Y

components, Eqns. 2.9 and 2.10.

Bl 3

Rack & Piruion

Figure 2.6: A slider-crank mechanism

X = Lycos(0)—Licos(¢)—L,=0 (2.9

Y = Lysin(0)—Lysin(¢)—Y1=0 (2.10)

Both equations are solved for the L, terms, squared and added, resulting in Eqn. 2.11.

This step eliminates 8 from the equation.
L3 =L} + L, + Y} +2L Lgcos (9) + 2L Yisin () (2.11)

Next, the constant terms are grouped into three values: Ry, R», and R3, resulting in

the slider-crank form of Freudenstein’s equation, Eqn. 2.12.

—sin(9) = RiLgcos (9) +RyL2 + R (2.12)
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R = — 2.13
1 Y (2.13)
R, = ! (2.14)
2 7 2Ly '
[2+Y2 ]2
R a1 72 2.15
3 LY, (2.15)

Because there are three unknowns, there must be three equations. The same equa-

tion is repeated three times - for three selected precision points for ¢ and L,.

—sin(¢)) = Rnglcos(¢1)+R2L§,1+R3
—sin(¢2) = RiLgcos(2)+RoLyy +Rs

—sin(93) = RiLgcos(¢3)+RoLy; +Rs (2.16)

The three unknowns, R{, R», and Rz, are found by matrix algebra. The R value’s are
then converted back to the constant lengths of the mechanism, L;, L, Y1, using Eqns. 2.17
- 2.19.

By changing the precision points, new mechanisms are synthesized. Not all solu-
tions are valid. Each linkage must be checked to assure no dead points (where the angle
between L and L, goes through zero or 180°) are encountered over the full range of ¢.
Furthermore, for smooth operation, the preferred angle between L and L, (transmission

angle) should be kept near 90° throughout the specified turning angle range.

1
Yy = — 2.17
] R, (2.17)
R,
L = — 2.18
1 R, (2.18)
1 R} R;
L, = 4/—+—L_ 2 2.19
2 R%+4R% %) (2.19)

2.3 Optimization

Every linkage synthesized by Freudenstein’s equation will satisfy the Ackermann

requirement at the three selected precision points. At all other crank positions there will be
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an error in the steering angle ¢ corresponding to intermediate L, inputs. The challenge is
to find an acceptable linkage which minimizes the steering error over the full range.

The procedure to find an optimum steering system is completed by using the Acker-
mann equation and loop equations to solve for the error in the steering angle at intermediate
points. A square root sum of the squared error over the mechanisms range is the objective

function to minimize, Eqn. 2.20.

Sum = Z \/((])desired,- — ¢actual;)? (2.20)
i=1

The only parameters that must be varied are the precision points of ¢ and L,. As
mentioned above, the points provided by the Chebychev equation provide excellent starting
points for the optimization. Constraints can easily be implemented on the outputs if there
are physical limitations on the lengths of the tie rods, steering arms, or off-sets.

However, by combining the two mechanisms together, thereby syncing the left and
right wheels, several non-intuitive constraints are developed in the mechanism. The mech-
anisms are combined by the Ackermann steering objective function, and the inside wheel
is dependent on the outside wheel angle.

There are two interesting results from these constraints. First, it was discovered
that the middle precision point must correspond to the desired center point of the steering
system (the angle for straight travel). If it is set to a random point, the steering error will
not be zero for straight ahead driving, and this is not desirable. There are two cases where
the center point would not be 90°: when a certain amount of static toe is desired, and when
the steering arm is not parallel to the tire, but is offset by an angle ¢q. This can easily
be incorporated by just holding the center precision point constant at the desired static toe
value or at the offset angle ¢, Fig. 2.7. With the center precision point held constant, only
four values need to be varied to find an optimum linkage, @1, ¢3, Lg1, and Lg3. ¢o may also
be varied in the optimization as well, if it is not a set parameter.

The next interesting discovery was that the locations where the error is zero do not
correspond to where the precision points are placed. When the halves of the steering are

decoupled, this does not occur, and the precision points are the locations of zero error. It is
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not quite understood why this is the case, but it happens when the two sides are coupled.
When optimizing, the zero values often end up being close to the values for the preci-
sion points predicted by the Chebychev equations, even though the precision points are at
different values - this will be shown in the example below.

This is a challenging optimization problem, because of the symmetry of the com-
bined mechanism. When the right hand linkage is optimized for a right turn, the left tire
will not be at a minimum error, because the link lengths of both mechanisms must be iden-
tical. The turning angle of the left tire is dictated by the Ackermann angle, so the positions
are not optimized. For left turns, the left tire will have minimum error at the three mir-
ror image points the right turn, but then the right tire will not fully meet the Ackermann

requirement. This is also illustrated in the example below.

2.4 Example Problem: Optimum Steering Mechanism

This example finds an optimum steering mechanism for a student Formula One race
car, Fig. 2.7, subject to a variety of constraints. Along with the properties and constraints
in Tables 2.1 and 2.2, it is desired that the car have Ackermann steering across the whole

steering range.

Rack & Pinion

Tire

Figure 2.7: Top view of the double slider-crank steering system

The right side parameters (¢g and Lgg) are used in the equations to find the optimum
linkage. Since the mechanisms are synced, the left side follows the right side. ¢ is positive

inward and negative outward.
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Table 2.1: Example problem parameters

Vehicle Parameter Value | Units
Wheelbase 60 in.
Track-width 46.5 in.

Kingpin Width 45 in.
Rack and Pinion Width 13 in.
oL, 2 in.

o 5 deg.

Static Toe 0 deg.

Steering Range (+/-) 20 deg.

Table 2.2: Vehicle constraints

Parameter | Value | Units
Y 1 S 7 in.
L <5 in.
Ly - in.
$o > -3 | deg.
o <10 | deg.

2.4.1 Design Optimization Procedure

A spreadsheet was composed, using Microsoft Excel, to evaluate the example. This
spreadsheet is documented in Chapter 3. The modified Freudenstein’s equations were set
up and solved using the parameters in Table 2.1. The ideal Ackermann angles for the right
and left tires were laid out using Eqn. 2.1, as the rack moved right and left through one
complete cycle. The outside angle drives the equations (the left wheel on the right turn and
the right wheel on the left turn), but the right wheel information is used in the Freudenstein’s
equations and the solver routine. Alongside this information, the actual steering angles for
both wheels were calculated using the loop equations, Eqns 2.9 and 2.10. The sum of
structural errors were calculated according to Eqn. 2.20. Initial estimates of the precision
points were provided by Chebychev spacing, Eqn. 2.8, and are shown for this example in
Table 2.3. This provided a basic mechanism for the steering system.

Excel Solver was used to optimize the linkage for minimum structural error along

the whole range of the mechanism. To make sure that a value of “-N/A” would not stop the
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solver routine (i.e., the loop equations not being able to close), an if statement was used to
filter these values to an error of 100. This allowed the solver to continue through all types
of linkages without crashing and avoid values where the resulting mechanism could not
deliver the desired turn angles. The parameters for the optimized steering system for this

configuration are in Table 2.5.

Table 2.3: Chebychev spacing for the precision points,
for the preliminary mechanism

Precision Point () L,
1 66.1484° | 14.2679
2 86.5¢ 16
3 106.8516° | 17.7321

2.4.2 Example Results

Table 2.4: Final precision point values

Precision Point [0} L,
1 —1.12499° | 13.41701
2 90° 16
3 125.3423° | 19.14197

Table 2.5: Results from the optimization

Parameter Value | Units
[0 4.654376 deg

Y) 6.999998 in

L 4.999999 in

Ly 19.66687 in
SSE 4.044683 -
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The precision points that the solver moved around to obtain the optimized parame-
ters turned out to be quite different than what the Chebychev spacing values were, Tables
2.4 and 2.3. The values of zero error in Fig. 2.8 are clearly not these values either. How-
ever, the Chebychev values are close to the values of zero error. This is what is commonly
observed when the two mechanisms are brought together through the objective function.

Figure 2.8 displays the standard right and left wheel angle errors for the optimized
mechanism. This is along the change in Ly or AL, over a full left and right turn. Here it
is seen how the error for the left wheel is the mirrored inverse of the right; and how the
minimal errors do not occur at the same points for the right and left wheels, except for at

the center point.
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Figure 2.8: Steering angle error for the right and left tires

The steering system error ranges from 0.303 to -0.257 degrees off from an actual
Ackermann steering system. These values are within the error that occurs naturally in
the steering system due to the difference in the designed dimensions and what the actual
built dimensions will be (based on link length tolerances of £0.01 in.). For all practical

purposes, this car now has 100% Ackermann steering over its entire steering range.
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2.4.3 CTO Design and Results

To design a CTO rack and pinion steering system with the same parameters and
constraints, the only thing that needs to be modified is the rack width value. This can be
shorted to zero if the two joints meet at the same point, or to the value between the two
joints. For this example, the value was changed to be one inch. Table 2.6 shows the links
for the optimized steering system and Fig. 2.9 shows the error over the steering range, along

AL,.

Table 2.6: Results from the optimization for the CTO linkage

Parameter Value | Units
[0 3.723086 deg

Y1 6.999998 in

L1 4.999999 in

L2 24.77028 in
SSE 30.06172 -

o o e

[ R FJ

—#—Error R
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3_._ ErrorlL

Steering Error (deg)

Rack Position Alg (in)

Figure 2.9: Steering angle error for the right and left tires for the CTO linkage design

As is seen in the figure, there are only two points of zero error under these particular

constraints. When the constrains are adjusted, some configurations do show three or some-
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times even four points of zero error - which brings down the overall error in the steering
range. This displays an important point; often times in optimization the constraints limit a

design from achieving the optimum value.

2.5 Conclusions

A new method for synthesizing rack and pinion steering systems has been presented
in this chapter. It is a combination of classical mechanism synthesis tools and adapted opti-
mization methods. The unique combination allows for quick and easy optimized solutions
that can be completed using standard spreadsheet tools. The method is flexible to allow for
design of either the CTO or STO rack and pinion steering system in a leading or trailing
configuration (The trailing configuration will be shown in the example in Chapter 3). It
provides an excellent tool for designers to find optimal preliminary designs and to iterate

on those designs as vehicle parameters and spatial constraints evolve.
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Chapter 3

Rack and Pinion Steering Mechanism Design and Analysis Tool

3.1 Introduction

As mentioned in Chapter 2, the methodology behind the steering design tool merges
classical Freudenstein synthesizing theory with an optimization routine to provide quick
results. The method uses preselected precision points from Freudenstein’s equation to syn-
thesize the mechanism. This method can analytically determine the linkage dimensions
which meet the Ackermann requirement at three precision points, with non-zero error at
other steering angles. The optimization routine moves the precision points around to find
the optimized link lengths subjected to the applicable constraints. This chapter will illus-
trate the capabilities of this design tool by means of an example. The design tool has been
completed using Microsoft Excel and is simple and easy to use. It provides instant results
and allows for quick and easy parameter changes. It is ideally suited for iterative prelimi-

nary design. This tool has been previously documented in a publication by the author [31].

3.2 Example Problem

This example illustrates the procedure for finding an optimum steering mechanism
for a student Formula One race car. Table 3.1 shows the parameters of the vehicle and
Table 3.2 shows the constraints. Figure 3.1 illustrates these parameters in a top view. It is

desired that the car have Ackermann steering across the whole steering range.
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Table 3.1: Example parameters

Wheelbase 65 in
Trackwidth 48 in

Kingpin Width 46 in
Width R and P 13 in
Rack Ratio 3.2 | in/pinion turn

ALg (whole range) 4 in
Phi0 | <7and > -5 deg

Static Toe 1 deg

Steering Range (+/-) 25 deg
% Ackerman 100 %

Table 3.2: Example problem constraints

Constraints | Value Units
Phi 0 > -5 degrees
Phi 0 < 7 degrees

Y1 > -5 inches
Y1 < 5 inches
L1> 1 inches
Ll < 5 inches

3.2.1 Design Tool Procedure

First, the parameters and constraints are entered into the respective cells in the de-
sign tool, under the User Settings and Results tab. Cells that require user inputs are high-
lighted in blue. Screen shots of the tool can be found in Appendix A.

Second, the Solver application in Excel is brought up. The text is highlighted red for
all the values that are part of the solver. The farget cell for the solver is the Sum of Sq. Errors
(SSE) cell. The error (or structural error) is the difference between the Ackermann function
and the actual loop equations of the steering system. The target cell is set equal to the
“min” selector (it is desired that the square root sum of the squared errors is a minimum).
Precision Points 1 and 3 for ¢ and L,, and Phi O are the values that the solver changes. Any

necessary constraints are also entered into the solver.
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Figure 3.1: Top view of the steering system

Third, after all these parameters are input in the solver, click solve. Once the solver
is complete, keep the solver solution. The optimized values are highlighted in yellow and
are labeled: Y/, LI, and L2 in the steering tool, the values for this design are shown in
Table 3.3. One concern is that sometimes the solver does not find the global minimum
value in the first run. It is advisable to change the precision point values to something
different than the values that were used in the first run and rerun the solver. This way, if
the solver did not find the global minimum the first time, it can be found by an alternate

starting point. If it did find a global minimum, it should find that minimum the second time.

Table 3.3: Synthesis results

OUTPUTS
Parameter Value | Units
Y1 4.999996 | inches
L1 4.344146 | inches
L2 19.11351 | inches

Figure 3.2 shows the structural error chart that is displayed in the tool. The tool
synthesized an excellent steering system for the given design parameters and constraints.
There are four points of zero standard error for both the right and left wheels in the system.

The entire system is within £0.4 degrees of steering error from 100% Ackermann steering.
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Figure 3.2: The standard error of the designed steering mechanism.
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Figure 3.3: A top view of the designed steering system.

The solver only had to be run one time to find this design. Figure 3.3 shows a figure of what
the minimum structural error steering system looks like (top view), at a zero steer angle.
To illustrate the importance of the solver routine, Fig. 3.4 shows the steering system
structural error of a system that used the Chebychev spacing points [24] as the precision
points rather than the optimized parameters. As can be seen, the system does not follow

Ackermann steering as well as the optimized system.
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Figure 3.4: The structural error of the non-optimized steering system.

Next, the tolerances and pin clearances that are expected on the actual system can
be input. These calculations are completed using the method described in Chapters 4 and
5. The method described is the Direct Linearization Method (DLM). A Taylor Series Ex-
pansion is completed on the vector loop equations (that are set out for the whole operating
range of the mechanism) and tolerance sensitivities are calculated. Tolerances are obtained
using a statistical root sum square method.

Once the tolerances are input, the corresponding charts are updated immediately.
Table 3.4 shows the tolerances that are expected for this example. Figure 3.5 shows the
structural error combined with the tolerance error (without including pin clearance errors)
and Fig. 3.6 shows the structural error with the tolerance and clearance errors all combined.
As can be seen in the figures, the tolerances can have drastic effects on the designed system.
The tolerances do not just shift the curves up or down, they apply differently all along the
range of the mechanism. This is why using the method referenced above is so powerful - it
applies the tolerances realistically with the changes in geometry.

The cell SSE - TOL - Leading can also be the target cell for the solver. This cell
value holds the sum of square errors for the structural error combined with the tolerance
and clearance errors. This way, the steering system will be designed for a minimum value,

with the tolerance and clearances considered.
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Table 3.4: Tolerance and pin clearance values

Tolerances
Parameter | Value | Units
Lg 0.01 | inches
L1 0.008 | inches
L2 0.015 | inches
Y1 0.01 | inches

Pin Joint Clearance
Parameter | Value | Units
alphal 0.02 | inches
alpha2 0.02 | inches
alpha3 0.02 | inches

Error (deg)

o
aLg (inches)

Figure 3.5: The standard and tolerance errors for the designed mechanism.

3.2.2 Design Iterations and Other Features

Suppose after all this design work has been completed, the steering team receives
word from the structures team that the wheelbase and some of the constraints had to be
changed. Table 3.5 shows the changed parameters. Changing the wheelbase of the vehi-
cle is a large change that would usually require a whole new development of the steering
system. With this tool, the changes can be updated and the solver rerun. In a matter of

seconds, the design has been corrected to the new parameters.
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Figure 3.6: The standard, tolerance, and clearance errors for the designed mechanism.

Table 3.5: The modified example parameters

Wheelbase 62 | in
Static Toe 2 | deg
Steering Range (+/-) | 28 | deg

Figure 3.7 shows the new structural error of the system, Fig. 3.8 shows the struc-
tural error combined with the tolerance and clearance errors.

This illustrates how easy it is to change any of the parameters in the steering tool.
Updates only take seconds and a new optimized steering system is synthesized. After each
parameter change/adjustment, the solver must be run to re-synthesize the mechanism.

As is shown in Fig. 3.7, the second synthesized system is not quite as good as the
first system. It might be wise to change a few constraints and maybe a few other parameters
in order to get the system to perform a little better.

Another feature of the tool is that the Ackermann steering can be selected in per-
centages. Often times in racing situations, it is desirable to have less than Ackermann
steering (depending on the expert that you talk to [23,27,28]). This can be entered in as a

specified parameter.
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Figure 3.8: The standard, tolerance, and clearance errors for the modified mechanism.

A different worksheet tab contains another valuable tool. The 2nd System Comp.
tab provides the ability for the user to insert parameters of another steering system and
compare it to the one entered into on the User Settings and Results tab. A chart is dis-
played on the 2nd System Comp. tab that compares the two designed systems, it shows the
difference in steering angles.

Another useful feature is the output in the Max Turn of Steering Wheel cell. This

value shows how many degrees the steering wheel must be turned in order for the max
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turning angle on the tires to be reached. The Steering Ratio cell uses these results to provide
the overall steering ratio of the system (how many degrees must be turned at the steering
wheel for one degree of change in the tire angle). For this example and the first set of

parameters, the Steering Ratio of the vehicle ends up being 9 to 1.

3.2.3 Other Configurations

The steering tool also can calculate the steering for a trailing configuration steering
mechanism. Itis very easy to switch between the two. The only thing that changes from the
sequence above is that the target cell of the Solver is the SSE - Trailing cell. The constraints
and other inputs are left the same as before, just click solve. The solver will optimize the
system for a trailing configuration mechanism and charts with the same information as
those above are shown (the top view of the system, and the structural error, without and
with tolerances and joint clearances).

The steering tool can also synthesize CTO steering systems. An example of this
has been completed in [24]. The only change is the length of the Rack and Pinion. A CTO

linkage would only have small length for this value, like one or two inches.

3.3 Conclusions

This valuable engineering tool has been developed to help design engineers find an
optimum 2-D steering mechanism quickly. It provides the capability for designers to search
through different possibilities quickly and find the best solutions for the constraints that are
present. It helps the designer to design leading or trailing, CTO or STO steering systems,
and provides him/her with the ability to select the percentage of Ackermann steering de-
sired, input probable tolerance or position errors, see the structural and tolerance errors
displayed graphically over the steering range, and compare two different systems. The tool

is very useful for designers to complete and refine preliminary designs.

31



32



Chapter 4

Variation Analysis of Position, Velocity, and Acceleration
of Two-Dimensional Mechanisms by the Direct Linearization Method

4.1 Introduction

Variation analysis is typically used to verify that critical dimensions in an assem-
bly are controlled by predicting the stack-up of contributing component variations. It is
routinely used in manufacturing and assembly environments with great success. However,
geometric variation not only affects critical fits and clearances in static part assemblies,
it can also cause variation in mechanisms - dynamic assemblies. This chapter documents
how variations in geometry cause variations in the position, velocity and acceleration per-
formance of two-dimensional mechanisms. Huo and Chase [32] demonstrated the simi-
larity between the velocity equation of a mechanism and it’s variation in position. They
found that the sensitivity matrix from the tolerance analysis was equivalent to the Jacobian
matrix of the vector loop assembly model. This chapter discusses how this similarity can
be extended, so that the derivative of the Jacobian matrix of the vector model may be used
to describe variation in velocity and the second derivative of the Jacobian Matrix of the
vector model may be used to describe variation in acceleration. Combined with statistical
analysis, the variation of an entire population may be characterized without resorting to
Monte Carlo simulations.

The work reported here is closed-form, using the approach described by Chase [6],
called the Direct Linearization Method (DLM). This method solves for the variation (stan-
dard deviations) of assembly, or dependent variables, given the nominal (mean) values of
all the variables and the tolerances of the component, or independent variables. This is a

vector-loop-based assembly variation model. It uses a Taylor Series expansion to linearize
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the derivatives. Each two dimensional vector loop yields three scalar equations, a summa-
tion in X, in Y, and an angular equation to sum the relative angles. In this analysis, only
the equations in X and Y are used, because there are only two unknowns in each loop.
Since the solutions change with geometry, variation analysis must be performed at multiple
positions of the mechanism to extract data which describes the position, velocity, and ac-
celeration variation over the full range of motion. Because this method is closed form, little
computation time is needed to arrive at a solution. In fact, for the work that has been done
thus far, Microsoft Excel has proven more than sufficient for all calculation and plotting.

This Chapter and Chapter 5 are based on an article previously published by the author, [33].

4.2 Direct Linearization Method Applied to Mechanisms

Positional variation analysis of an assembly is completed using the DLM. A brief

summary of the procedure is presented here:

1. The critical performance parameters of the assembly are identified. Equivalent kine-
matic mechanisms are introduced in the assembly by creating vector chains through
the contributing dimensional and geometric features. For more complex mecha-

nisms, multiple loops of vectors may be required.
2. Kinematic joints are inserted at the mating surfaces of the parts within the assembly.
3. The kinematic loops and corresponding equations are formed.

4. Partial differentials are taken with respect to the independent and dependent variables
in the equivalent mechanism (the independent variables are those whose geometric
variations are known, the dependent variables are assembly variations which will be

found through the analysis).

5. The dependent and independent partial derivatives are grouped into corresponding
matrices and solved for the dependent variables (critical assembly parameters) using

linear algebra.

6. Worst case and/or statistical expressions are calculated as estimates of the variation.
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This process lends itself very nicely to variation analysis of actual mechanisms. The

following example will proceed through the derivation and illustrate the process.

4.2.1 Assumptions

The linearization method uses a Taylor Series expansion and truncation, step four, to
approximate the derivatives - making the calculations linear. The steps that show the actual
implementation of the Taylor Series in each derivation are assumed and the first terms of
the partial derivatives are retained. Additional terms of the expansion are neglected for the
reasons stated below.

The analysis is statistical and the errors in this work are assumed to be normally
distributed, because they are induced from production. The second and third terms of the
expansion refer to skewness and kurtosis, respectively, which are used to alter the normal
distribution. An application of these in the DLM has been completed by Glancy [34].

The variation terms are also usually very small - the examples here use values rang-
ing from 0.001 to 0.04. If second order terms were used, these small values would be

squared, resulting in minute contributions.

4.3 Example Problem: Four-Bar Mechanism

Table 4.1: Parameters for the four-bar example problem

Variable | Value Variation
r 5cm 0.02 cm
) 2 cm 0.01 cm
r3 5 cm 0.02 cm

r4 45cm | 0.015cm
6 Oto2mr | 0.0017 r
w 11/s 0.0017 r/s
a, |0r/s> |0.0017r/s”
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This example analyzes a vector model of a four-bar linkage called a crank and
rocker mechanism, Fig. 4.1. As the input crank, rp, rotates a complete revolution, the
output rocker oscillates. The designer sets specified limits for 64, wy, and oy, based on
application requirements. The analysis is described by a single closed vector loop. Each
vector represents a link with a specified length and variation. 8 can arbitrarily be aligned
with the X axis, so it’s variation can always be eliminated. 6,, @,, and @, are specified
inputs, with probable errors on each. The nominal values of 03, @3, a3 and 04, @4, 04
are found using a numerical solver or by calculation. The variations of 03, @3, 03 and 64,
@y, 04 are the unknowns sought by this method. It is assumed that the input variations are

small compared to the nominal dimensions.

Figure 4.1: Four-bar crank and rocker mechanism

4.3.1 Position Variation Analysis

The DLM is readily applied to mechanisms. The first steps are to establish critical
assembly parameters, joints, and loop equations. The critical parameters are identified
above in the example introduction. The joints are the four pin joints of the mechanism. The

position equation for the mechanism is described by Eqn. 4.1.
0= rleie1 + rzei@2 + I’3€i93 — r4ei94 “4.1)

A Taylor Series expansion is completed on Eqn. 4.1, retaining only the first order

terms, Eqn. 4.2. This step is analogous to taking the time derivative on Eqn. 4.1, in which
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case the dr and d 0 terms would become velocities.

0= drleie1 + drzeig2 + rzdezeiez —|—dr3ei93 +

r3d6se'% — drye'® — ryd6ye™® (4.2)
Euler’s identity is used to resolve the vectors into the x and y components.
¢'® = cos(0) +isin(0) 4.3)

In step five of the DLM, all the partial derivative terms are evaluated at the nominal
position of the variables and grouped into matrices (The authors used the closed form equa-
tions provided by [35] to determine the nominal angles 63 and 0,4 throughout the range of
the mechanism). The known variations are grouped in the vector {AX } and the unknown
assembly variations in {AU }. In general, {AX} and {AU } could include length and angle
variations. For closed loops, the partial derivatives with respect to the independent terms
are placed into the [A] matrix, the dependent terms into the [B] matrix. The [B] matrix

should be square. The matrix equation for the closed loops is:
0= [A]{AX} +[B]{AU} (4.4)

The [A] and [B] matrices and {AX} and {AU} vectors are composed as follows
(the last two columns in the [A] matrix are zeros and are placeholders so the results can be

substituted in the velocity and acceleration matrix analyses).

0H, OH, O0H, 0H, OH, JH, JH,
_ arl 8r2 Br3 8r4 392 3(1)2 aaz
[A] = 0H, O0H, O0H, JH, JH, OJH, OH, *3)

dry  dr, drs  drs 96, Jdwy Jdm

oH, OJH,
00 L)
Bl=| 3n om (4.6)
d6; 6,
[AX] = {dr, dry dry dry d6, dw, dop)}’ 4.7
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{AUY = {d6; de,}" (4.8)

In general, there is a third equation composed of the sum of the relative angles. However,
in this case the sum vanishes identically because there are only two unknowns.

Equation 4.4 is solved for the dependent variation {AU } by linear algebra to yield
Eqn. 4.9:

{avy = [~187" ] {ax}
= [Spl{AX} (4.9)

The resulting -[B] ' [A] matrix is called the position sensitivity matrix [Sp]. In
tolerance analysis, this is typically called the tolerance sensitivity” matrix. The benefit of
this method is that all the tolerance sensitivities are obtained with a simple matrix operation;
which may be performed on a desktop computer or a scientific hand calculator.

Once the nominal values for all the angles are determined, the matrices may be
evaluated using Eqn. 4.9 at each increment in angle. For reference, the sensitivity matrix
is calculated in Table 4.2 for a single position at the nominal values of 6, = 0.698 1, 63 =

0.694r,and 64 =1.487 1.

Table 4.2: Position sensitivity matrix

dr1 di’z dr3 dr4 d@z d(x)z dOCz
do6; | -0.024 | -0.198 | -0.197 | -0.281 | -0.398 | O
db, | -0.240 | -0.312 | -0.312 | -0.219 | 0.002

S

o
o

Worst case or statistical methods may be used to estimate the variation of the de-
pendent variables, as shown below.
Worst case:

AU; = i |Sij| AX; (4.10)
j=1
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Statistical model:

2
AU; = (Z |S,~,-}AXJ> 4.11)
j=1

Where i = 1, , n (number of dependent variables), {AX} j is the tolerance of the jth
(from 1 to m) independent variable, and [S] is the sensitivity matrix of the mechanism (For
position, velocity or acceleration).

When parts are in production, the {AX} ; values are obtained by measuring each
dimension and calculating the standard deviations. In the design stage, however, assembly
variations are often estimated by substituting the dimensional tolerances for each {AX} i
Hence, designers commonly refer to this process as tolerance analysis”. When using the
statistical model, the specified tolerances and each resulting {AU }; represent £30 varia-
tions.

Figure 4.2 and 4.3 show the nominal values and the standard deviations of the
positions of 65 and 0,4 vs. 6,. Clearly, the variations of 63 and 6, are not constant over the
range of the mechanism. The range of position variation is informative and valuable for a

designer.

25
2 -
=] ; k
f1a ¢ Theta3
1
B Thetad
05

Theta2 {rad)

Figure 4.2: Nominal values of 65 and 0, vs. 6,
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Figure 4.3: Variations of 03 and 6, vs. 0,

4.3.2 Velocity Variation Analysis

The velocity variation analysis begins with the velocity vector equation of the mech-
anism:

0= rza)zieiez + r30)3iei63 — r4a)4iei64 4.12)

The Taylor Series expansion is performed on Eqn. 4.12 with respect to each vari-
able. This step is analogous to taking the time derivative of Eqn. 4.12, where the dr and d6
terms would become velocities and the d@ terms the accelerations. Each term of Eqn. 4.12

above results in three terms of the form shown below, for a total of nine terms:
0 =drywie'® + rndmic'® — rwd6e® + ... (4.13)

At this point, the procedure is similar to the position analysis. The vector equation is
separated into an X equation and a Y equation, using Eqn. 4.3. The independent derivatives
are grouped into the [C] matrix, the dependent variables for position are grouped into the
[D] matrix, and the dependent variables for velocity are grouped into the [E] matrix. The

[D] and [E] matrices should be square.

0= [C]{AX} + [D] {AU} + [E] {AV} (4.14)
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Below are the forms for the [C], [D], and [E] matrices and the {AV'} vector (The
last column in the [C] matrix is composed of zeros, to insert the results in the acceleration

analysis).
Ve Ve Ve Ve Ve IV IVy
_ Brl 3r2 8r3 8r4 892 19(02 8(12
dry  dr, dr; dry d6, Jdw, Jduo

Ve IV

d0; d6

[D] = avf, av;* (4.16)
96, 96
Iy IV
d d

[E] = 83’3 a@f 4.17)
dws  dwy

{AV} = {dws doy}” (4.18)

Closed loop Eqn. 4.14 is solved for {AV } in Eqn. 4.19.
{av}) = |~ [e]™" [c]] {ax} - [[£)7" (D] {aU} (4.19)

However, in place of the position results being inserted directly, the sensitivity ma-
trix from Eqn. 4.9 is inserted, as shown in Eqn. 4.20. This step permits interactions between

the [C], [D], and [E] matrices before evaluating the velocity sensitivities.

{av}y = |=[E]7"[c]+[E]"" [D[B]”" [A]| {AX}
= [S]{AX} (4.20)

The velocity sensitivity matrix results from the operations in Eqn. 4.20, [Sy]. For
this example, @, = 1 rad/sec and o = 0 rad/sec? through the whole range of the mecha-
nism. Solutions are calculated by either the worst case (Eqn. 4.10) or statistical methods
(Egn. 4.11). For reference, the sensitivity matrix is calculated in Table 4.3 at the nominal
values of 8, =0.698 1, 03 =0.694r1, 64 =1.487 1, = 11/s, w3 =-0.398 1/s, and w4 = 0.002
1/s.

Figures 4.4 and 4.5 show the nominal (mean) and variations (+30¢) of the angular

velocities of w3 and wy versus the input 6,, moving at a constant angular velocity.
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Table 4.3: Velocity sensitivity matrix

dr; dr drs dry do, don doy
daws | 0.010 | -0.121 | 0.158 | 0.111 | 0.552 | -0.398 | O
dwy | 0.015] 0.125 | 0.123 | 0.174 | 0.871 | 0.002 0
0.6
04 -
0.2
- 1] « Omegas
._?:"':'-2 ! B Omegad
2-04 -

-0.e

-0.8

Theta2 {rad}

Figure 4.4: Nominal values of w3 and @y vs. 6;

{rad/fsec)

Theta2 {rad)

* dOmega3

B dOmegad

Figure 4.5: Variations of @3 and @y vs. 6,
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4.3.3 Acceleration Variation Analysis

The vector acceleration equation for the four-bar linkage is shown below.

0 _ r2(l)22€i62 +r303 ie'% — r3 a)32ei63 — r4oc4iei94 + r4a)4%ei94 “4.21)

0=nr (Xziei
The Taylor Series expansion is performed on Eqn. 4.21 with respect to all the vari-
ables and the first order terms are kept (only the expansion of the first two terms of Eqn. 4.21
is shown below). Equation 4.22 is analogous to taking the time derivative of Eqn. 4.21, in
which case each dr and d@ would become a velocity, each dw would become an accelera-

tion, and each da would become a jerk.

6,

0= drzazie’92 +rdopie'™ — }’z(deezelez

—drza)%eie2 — 2r2a)2da)2ei92 — rzwzzdﬂzieiez 4.22)

Equation 4.3 is used to extract the X and Y components from Eqn. 4.22. The terms
are then grouped into matrices: independent variables are grouped into the [G] matrix, the
position dependent variables into the [H] matrix, the velocity dependent variables into the
[I] matrix, and the acceleration dependent variables into the [J] matrix. Eqn. 4.23 is the

matrix equation that describes the acceleration variation, {AW }.
0= [G]{AX}+ [H|{AU} + [1]{AV} + [J]{AW } (4.23)

The forms for the [G], [H], [I], and [J] matrices and the {AW } vector are below.

oW, W, IW, IW, IW, IW. IW,
_ 8r1 8r2 8r3 8r4 392 80)2 8052
6] = oWy OW, W, W, W, IW, IW, (4.24)

dry  dry dr3s  drg 96, Jdwn Jdop

IW,  IW,

_ 06;  Jb
H=| S ow (4.25)

30, 90,
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[ owe o, |
- Jdm;  dw.
] = W om (4.26)
[ do;  Jday
d d
V] = a{’;j, a“;j (4.27)
| doz day
{AW} = {doz doy}” (4.28)

Equation 4.29 is the solution of Eqn 4.23 for {AW }:
{AW} = — ] [GI{AX} - )7 [H]{AU} — 7] [T {AV) (4.29)

Equation 4.30 shows the terms from the previous analyses (Eqns. 4.9 and 4.20)
substituted into Eqn. 4.29:

{aw}y = =7 (Gl + ) [H] (B [A]
+U T ME T € - VT I E]T D] (B) T [A]| {AX)

= [Sal{AX} (4.30)

Equation 4.30 results in the acceleration sensitivity matrix, [S4]. It is combined
with the equation for worst case (Eqn. 4.10) or statistical methods (Eqn 4.11) to estimate
the variations in acceleration, evaluated at increments along the mechanism’s range. The
acceleration sensitivity matrix is shown in Table 4.4, calculated at the nominal input values
of b =0.6981, 03 =0.694 1, 64 =1.487 1, 0 =1 1/s, w3 = -0.398 /s, Wy = 0.002 17/s,
o = 0r/s?, o3 = 0.552r/s%, and oy = 0.871r/s>.

Table 4.4: Acceleration sensitivity matrix

dr; dr dr; dry a6, dan doy
daz | 0.250 | 0.521 | 0.113 | 0.079 | -0.024 | 0.979 | -0.398
day | 0.190 | 0.598 | 0.127 | -0.192 | -0.568 | 1.547 | 0.002
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Figures 4.6 and 4.7 show nominal (mean) and the variations (£30) in the angular
accelerations of a3 and oy, vs. 6,. The chart of the nominal accelerations shows that the
peak accelerations occur at the zero points of the velocity - as expected. The magnitudes of
the peaks are important in determining max dynamic bearing loads and unbalanced forces.
The variation chart shows that the greatest variations in acceleration occur at the points of

maximum nominal acceleration - which could significantly affect the peak dynamic forces.

o
e |

(%)

X « Alpha3
-

k] P

P B Alphad
=

Theta {rad)

Figure 4.6: Nominal values of o3 and a4 vs. 6>

0.02
0.015 P
3 \\
[+
|
= 0:0% + dalphas
m
T 0.005 m dAlphad
0 .

Theta2 {rad)

Figure 4.7: Variations of oz and a4 vs. 6,
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4.3.4 Percent Contributions

This example has illustrated that small changes in dimension do contribute variation
in the higher order kinematic terms for a mechanism. The variations are not constant along
the mechanism range - even when the mechanism is being driven at a constant velocity.
When a mechanism is required to have precise kinematic performance, the variations in
the physical dimensions need to be taken into account to verify that the mechanism will be
able to perform as required.

A thorough investigation would include calculations of the percent contribution,
Eqn. 4.31, of each dimensional variable at the critical points along the range of the mecha-
nism. §;; is the sensitivity matrix (either for position, velocity, or acceleration), AX; is the
variation of the parameter that is being examined, and the denominator is the sum of the i*"

sensitivity matrix row multiplied by the variation vector {AX } squared.

(8:8%;)

%C; = (4.31)

2
.Z |Sij| {AX}j
J=1

This is important for determining which dimensions have the most effect on the
variation. By controlling those values that have the greatest influence, the variation in the
mechanism may be minimized effectively.

A chart of the percent contributions for position, velocity, and acceleration varia-
tions is shown in Fig. 4.8. For this chart, the position, velocity, and acceleration percent
contributions all are evaluated at different 6, positions. 6, = 240 for the position percent
contribution, 6, = 178 for the velocity, and 6, = 22° for the acceleration. This way, criti-
cal points in all three areas can be viewed at the same time, since when acceleration is at a
critical point, velocity and position are not, etc. The values for the variations at those points
are: 04 = £0.005 r, @4 = £0.0024 1/s, and oy = £0.012 r/sz, as shown in the legend. The
dimensional variation in the links, especially in links 2, 3, and 4, has a great effect on the

output crank variation.
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Figure 4.8: Percent contributions at certain points for position, velocity, and acceleration

4.4 Conclusion

A new method for variation analysis of assemblies has been developed for predict-
ing the kinematic performance of 2-D mechanisms, known as the kinematic DLM. It is
comprehensive. It may be applied to open and/or closed loop mechanisms. Although open
loops were not exhibited in this chapter, they may be incorporated using inverse kinematics
and the equations established in reference [6]. The method predicts the effects of dimen-
sional variations on critical position, velocity, and acceleration requirements over the full
range of motion of the mechanism. It is extendable to 3-D mechanisms and higher time
derivative motions.

The method is efficient. The closed form statistical solution eliminates the need
to simulate large numbers of assemblies with random errors and analyze them one-by-
one, and to repeat the simulation at each position of the mechanism. The solution is also
statistical. An entire population of assemblies may be characterized with only two solutions
at each position of the mechanism: one for the mean dimensions and one for the variation
about the mean.

This is a powerful new tool for mechanism designers. It is suitable for design itera-

tion for optimized performance, and for estimating the probability of design realization.
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The following chapter extends the method further by including geometric feature
variations in the analysis. The geometric feature variations can be used to describe the

variation that mechanism joints introduce in a mechanism.
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Chapter 5

Geometric Feature Variations Applied to Mechanisms

5.1 Introduction

Chapter 4 discussed how the DLM can be applied to predict the effects of dimen-
sional variations on the kinematics of mechanisms. A valuable extension to the kinematic
DLM comes from including the effects of geometric feature variations. Geometric feature
variations, such as roundness, flatness, runout, parallelism, etc., can accumulate statisti-
cally and propagate kinematically in assemblies just like dimensional variations. This fact
is illustrated by Fig. 5.1, taken from [9]. This figure shows how different geometric fea-
ture variations propagate and that they actually propagate in the kinematically constrained
directions at the point of contact; i.e. the cylinder on the plane has variations in the ver-
tical direction and the block on the plane has rotational variation. The geometric feature
varaions are independent of length and angular variations and are applied to contacting sur-
faces in an assembly. When parts contact, geometric feature variations can be applied to
characterize the variations that occur [9, 10].

In mechanisms, parts contact at the joints. Accumulated variation propagates through
each joint type uniquely. Five types of joints are commonly used in two-dimensional mech-
anisms: planar, cylinder slider, edge slider, pin, and parallel cylinder. For a majority of
mechanisms, this is an advantage, because joint variations can easily be included in the
vector model of a mechanism.

Geometric feature variations may be inserted at each joint in the mechanism model
to account for contact variations within types of joints. Principally in mechanism analysis,
feature variations may be used to include clearance in pin joints. However, there are other

sources of variation introduced in other joint types that can also be taken into account.
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Cylinder on a plane surface Block on a plane surface

Figure 5.1: How geometric feature variations propagate kinematically

Chase [9] discusses the distinct types of variation which occur in common 2-D joints due
to geometric feature variations. In summary, Fig. 5.1 shows which types of variation (rota-

tional - R or translational - T) can occur in each 2-D joint type, due to each feature variation.

oy~ | —| o | |al /] L|2|g0] &
Planar R R R R R R | RT|RT

Cyl Slider | T T | T T T T ) A T

Edge Slidery T | ¥ T i 5 T T | T T | T
Revolute il
Par Cylind E || i T T T

Figure 5.2: Variations resulting from feature variations exhibited in each 2D joint type

5.2 Example: Crank-Slider Mechanism

The application of geometric feature variations to describe variations in position,

velocity, and acceleration of mechanism is illustrated through the following example.
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Table 5.1: Parameters for the crank-slider example problem

Variable | Nominal Variation
r 2 cm 0.01 cm
r 5cm 0.03 cm
r3 9cm 0.04 cm
01 0| 0.0025cm
& 0| 0.005cm
03 0| 0.005cm
04 0 0.005 cm
Ba 0| 0.0025 cm
6, Oto2mr 0.0017 r
w 1r/s| 0.0017 r/s
o Or | 0.0017r/s*

This example uses a vector model of a crank-slider mechanism, Fig. 5.2. A crank-
slider mechanism is a common device used in many machines, from auto engines to electric
razors. The rotating crank, r,, drives the connecting rod, r3, which makes the slider oscillate
along r4. The piston centerline is offset a distance r; from the drive-shaft. Significant
variations in position, velocity, and acceleration of the piston may occur as a result of
dimensional and geometric feature variations. Specified limits on the stroke, peak velocity,
and peak acceleration would be set by design requirements, such as the piston clearance at

top dead center, bearing forces, and balancing requirements.

Figure 5.3: Crank-slider mechanism
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The vector model of the assembly is completed using one closed loop. Each vector
represents a link with a specified length and variation. r4 can arbitrarily be aligned with
the X axis and r; can be aligned with the Y axis, so variation in 6; and 64 can always be
eliminated. 6>, @, and o are specified inputs with probable errors. The nominal values
of 63, 3, 03 and r4, v4, a4 are found using a numerical solver or by calculation. The
variations of 63, @3, a3 and r4, v4, a4 are the unknowns found using this method. Again, it
is assumed that the variations are small compared to the nominal dimensions.

Also in this example, four geometric feature variations have been included, indi-
cated by the feature control blocks in Fig. 5.2. The first three are true position tolerances
that account for random pin location due to clearance in the three pin joints. The fourth
is a straightness feature on the surface where the slider contacts. Figure 5.1 above, shows
that for a revolute (pin) joint, a true position feature adds translational variation; so two
variation vectors are inserted at each joint - one in the horizontal and the other in the verti-
cal direction. The 6 values reported in Table 5.1 are the diameters of the tolerance zones.
According to ANSI'Y 14.5 standards, position tolerances represent the diameter of the tol-
erance zone divided by two, thus +0/2 is used in the calculations. For the planar joint
with a straightness feature, rotational variation is added due to surface waviness and trans-
lational variation is added to illustrate how both types of variation could be incorporated
in one joint (for example purposes). The rotational variation, 3, is approximated following
Eqn. 13 in [9], and is reproduced here, Eqn. 5.1 for reference. The characteristic length is
the length of the piston, 4.0 inches in this example.

+5

+ B = arct 2 5.1
p = arctan characteristic length -1

5.2.1 Position Variation Analysis

The first step is to determine the position equation, including the geometric feature
variation terms. The geometric variation terms are inserted as vectors in the x and y direc-

tions. Eqn. 5.2 shows the closed loop position equation. Note that the nominal values of
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the position tolerance zones are zero, so the nominal equation actually is unchanged.

0=r1e%+ 80+ 8 et 4 rre'® 4+ 8 + 62€i%

47360 + 8360 4 83¢'7 — 1y OB L 5,012 (5.2)

A Taylor Series expansion is performed on Eqn. 5.2, with respect to each of the
variables. Only the first terms are kept for the analysis. This step is comparable to taking

the time derivative of Eqn. 5.2, where each of the delta terms would become velocities.

0=dre® +dé e +d51e’g +drye'® + r,d6ie®? + d 8 —I—dﬁze’g +drye'®

+r3d03ie'% + d 83 +d53ei% +d54e’g —dr4ei(94+ﬁ4) — r4dﬁ4iei(94+ﬁ4) (5.3)

Equation 5.3 is divided into two scalar equations, an H, equation and an H, equa-
tion, using Eqn. 4.3. The partials are then inserted into the [A], [B] matrices as in Chapter 4,
with the variations, grouped into vectors, {AX} and {AU}. The [A] and [B] matrices in
Eqn. 4.5 and Eqn. 4.6 are very similar to those for this example, the only difference is that
dry4 becomes dependent and 6 is a constant. This is shown in the vectors {AX } and {AU }
below.

{AX} = {dry dry dry d6, dwy dop}’ (5.4)
{AUY = {d6; dry)" (5.5)

A new matrix [F] is added, into which the partial derivatives with respect to the
geometric feature variations are placed. The variations of the geometric features are placed

ina {Ad} vector.
aH’( aI_I)c aHx aHx aHX
_ | 98 98 98 & IPs
[F]= oH, O0H, OH, OH, 0H, (5.6)
98 98 98 J&  IPs

{A8} = {d& d& d& d& dBs}’ (5.7)

The method for obtaining the sensitivity equations is modified for this case, because

of the additional [F] matrix and variation vector [Ad]. The closed loop matrix equation
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becomes:

0= [AJ[{AX} + [B]{AU} + [F]{A8} (5.8)

Equation 5.8 is solved for {AU } by Eqn. 5.9 below.

[avy =[-8 Al {ax} + [~ (8] [F]] {28}
= [Sp]{AX}+[SFp]{A5} (5.9)

Just as in the example in Chapter 4, the nominal values of the angles and lengths
are determined as 6, is incremented over the range of the mechanism. The set of nominal
values for each position are used to evaluate the sensitivities in the [S,,] and [SF, ] matrices.
Expression for worst case or statistical variation stack-up may then be performed to find the
variation in position. The worst case and statistical formulas are also changed to include
both sensitivity matrices S;; and Sj:

Worst case:

m P
AU = Y |Si| AX + Y 1Sl A8 (5.10)
j=1 k=1

Statistical model:

2 2
m p
AU; = ( ‘Sij‘AX]) + (Z |Sik|A6k> (5.11)
=1 k=1

Where i = 1,..., n (number of dependent variables), AX; is the tolerance/variance
of the j independent variable; S; ; are the elements of the sensitivity matrix —[B]fI[A] of
the mechanism. Sj; are the elements of the sensitivity matrix —[B]f1 [F] for the k = 1,....p
geometric feature variations, Ad;. Each of these expressions is evaluated for a single value
of 6, as it is incremented over the full range of motion.

For reference, the two sensitivity matrices are calculated at the nominal values of
6, = 0.698 r (40 deg), 65 = —0.618 r (35.4 deg), and r4 = 11.166 cm and are shown in
Tables 5.2 and 5.3.
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Table 5.2: Position sensitivity matrix

dry drp drs do, dan | dop
dos | -0.136 | -0.088 | 0.079 | -0.522 | O 0
dry | -0.711 | 0.309 | 1.227 | -5.936 | O 0

Table 5.3: Position geometric feature sensitivity matrix

s, | do, | do; | d&s | dpa
465 | 0.136 | -0.136 | -0.136 | -0.136 | 1.522
dry | 0289 | 0.289 | 0.289 | -0.711 | 7.936

Figures 5.4 and 5.5 show nominal (mean) and variations (+30) in the positions

of 03 and r4, vs. 6,. The largest variations in Fig. 5.5 occur at the peaks in Fig. 5.4. The

variation plot is more varied because of the interaction between the two types of variation.
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Figure 5.4: Nominal values of 65 and r4 vs. 6;

5.2.2 Velocity Variation Analysis

The velocity variation analysis, including geometric feature variation, is very sim-

ilar to the analysis without geometric feature variations. The [C], [D], and [E] matrices

are composed in the same way as they were for the example in Chapter 4, Eqn. 4.14 and
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Figure 5.5: Variations of 03 and r4 vs. 6,

Eqn. 4.19. The difference is the equation used to solve for the dependent variation. Geo-
metric variations do not appear in the velocity equation, but they are introduced by inserting

the matrices for {AU } from the position analysis, Eqn. 5.9, shown in Eqn. 5.12.

{avy = |~ (e [C)+[E) D] (8] [A]] {ax)
~ e (][B! [F]] {a8}
= [SJ{AX} + [Sr,] {AS} (5.12)

Here it can be seen that feature variations do affect the variation in the velocity
of the mechanism. The two sensitivity matrices are evaluated throughout the mechanism
range and can be solved using Eqn. 5.10 or 5.11 for the dependent velocity variation. For
reference, the two sensitivity matrices are calculated at the nominal values of 8, = 0.698 r,
03 = —0.618r1,and r4, = 11.166 cm., wp = 1 1/s, w3 = -0.522 1/s, and v4 = -5.936 cm/s and

are shown in Tables 5.4 and 5.5.

Table 5.4: Velocity sensitivity matrix

dry dr2 dr3 d@z dw, dop
das | -0.051 | -0.137 | 0.087 | 0.244 | -0.522 | O
dvg | -0.786 | -1.692 | 0.455 | -4.556 | -5.936 | O
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Table 5.5: Velocity geometric feature sensitivity matrix

dé dé dés déy dp,
dws | -0.051 | -0.051 | -0.051 | -0.051 | 0.565
dvy | -0.786 | -0.786 | -0.786 | -0.786 | 8.775

Figures 5.6 and 5.7 show nominal (mean) and variations (+30) in the velocities of

3 and vy, vs. 6. The peak variations occur at the peak values of velocity.

&
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3 £ :
£ -2 2 m4
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-
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Figure 5.6: Nominal values of @3 and v4 vs. 6,
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Figure 5.7: Variations of @3 and v4 vs. 6,
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5.2.3 Acceleration Variation Analysis

Similar to velocity, the changes for the acceleration variation analysis are the sen-
sitivity equations that are formed when the position and velocity variation equations are

substituted into Eqn. 4.29; the result is Eqn. 5.13:

[aw} = =G+ 1) H] (B A
+ U IE) C - ) I E] D)8 4] {ax )
+ |V B R - I E] DB )] {Ad)

= [Sa]{AX}+[S6]{AS} (5.13)

This equation is solved above using Eqns. 5.10 or 5.11, over the range of the
mechanism. For reference, the two sensitivity matrices are in Tables 5.6 and 5.7; calculated
at the nominal values of 8, = 0.698 r, 63 =-0.618 r, and r4 = 11.166 cm., @, = 1 1/s, @3 =
-0.522 1/s, v4 = -5.936 cm/s, 0 = 0 r/s?, 03 = 0.244 r/s?, and a4 = -4.556 cm /s,

Table 5.6: Acceleration sensitivity matrix

dry drp drs d6, don dop
dog | -0.051 | -0.023 | 0.024 | 0.652 | 0.489 | -0.522
dasg | -0.215 | -1.652 | 0.459 | 10.162 | -9.112 | -5.936

Table 5.7: Acceleration geometric feature sensitivity matrix

d51 d62 d53 d54 dﬁ4
dog | -0.051 | -0.051 | -0.051 | -0.051 | 0.570
day | -0.215 | -0.215 | -0.215 | -0.215 | 2.406

Figures 5.8 and 5.9 show nominal (mean) and variations (+30) in the accelerations
of o3 and ay4, vs. 6,. The peak values of variation occur at the maximum accelerations.

The values vary more because of the interaction between the two types of variation.
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Figure 5.9: Variations of a3 and a4 vs. 6,

5.3 Summary of Results

As in the example in Chapter 4, the percent contribution charts are useful in deter-
mining the major sources of variation. For this example, there are only two contributions
shown; those from the dimensional and input variations and those from the geometric fea-
ture variations. Figure 5.10 shows the contributions for position, velocity, and acceleration
all at the Peak Stroke (6, = 352°). The percentage values will change over the range of the
mechanism. At some points, most of the variation will be from length and angle variations,
at others it will be mostly due to geometric feature variations, but most of the time it is
mixed. While observing the percent contribution figures, it is important to remember that

the magnitudes of geometric feature variations were much smaller than the dimensional
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variations. Nevertheless, as is shown in Figure 5.10, the geometric feature variations still
can contribute a significant amount of the total variation. This is true for position, veloc-
ity, and acceleration. Therefore, for an accurate estimation of the variation in the system,

geometric feature variations must be included in the analysis.

=
Alpha3

v
BWDim. Var
Omegas

GFY
r4

Thetas

Figure 5.10: Percent contributions of dimensional and geometric feature variations at 6, =
352¢

5.4 Conclusion

The DLM, used for variation analysis of assemblies and mechanisms, has been
successfully extended by adding the variations contributed by geometric feature variations.
Geometric feature variations may be added into the analysis in order to model variations
that occur in kinematic joints. The joint variations do cause variations in the velocity and
acceleration of critical parameters, even though they are only physically added into the

position vector loops.
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Chapter 6

Conclusions and Recommendations

The purpose of this research has been to extend tolerance analysis methods to dy-
namic mechanisms - specifically in automotive applications. This chapter reviews how
the research objectives were met, discusses conclusions that can be drawn, and documents

recommendations for ways in which this research can be expanded.

6.1 Research Objectives Accomplished

The research objectives that were discussed in Chapter 1 are repeated here, along

with discussion of how they were accomplished.

6.1.1 Objectives - Steering

The objectives of the steering system research is to create an easy-to-use design and

analysis tool with the following capabilities:

1. “Use the tool to synthesize either leading or trailing, CTO or STO steering system
configurations.” The equations for leading and trailing, CTO and STO configurations

were developed and incorporated into the steering design tool.

2. “Provide optimization to quickly and efficiently converge to the best possible solution
given multiple constraints.” The completed steering system design tool utilizes the
solver program to vary the parameters of the Freudenstein’s equation to find optimal
solutions. The system converges very quickly and allows constraints on any of the

link lengths.
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3.

6.1.2

6.2

“Ability to see the effects of tolerances and pin clearances on the design.” The steer-
ing tool utilizes the methods developed in Chapters 4 and 5 to provide the influences

of dimensional and geometric variations and joint clearances on the designed system.

. “Ability to adjust the percentage of Ackermann steering.” The tool was developed

with this capability - which provides for the needs of race car designers of designing

the system to different performance goals.

. “Visually display the structural error of the system and how tolerances affect that

error throughout the range of the steering angle.” Charts that show the results for a
specific design, illustrate the structural error and the influences from tolerances and
clearances. The charts help the designer to understand where the steering will be

most accurate in meeting the Ackermann requirements.

Objectives - Suspension

The objectives for the suspension portion of the research are to:

. “Build on the DLM by providing the capability to analyze the variations in position,

velocity, and acceleration of any open or closed loop 2D mechanism.” The DLM was
effectively extended to handle mechanisms and the higher order kinematic terms. The
method did not have to be drastically changed in order to provide this capability. An

example was used to illustrate how this can be done.

. “Add the capability to describe the effects of geometric feature variations on the vari-

ations of position, velocity, and acceleration of any open or closed loop 2D mecha-
nism.” By using the geometric feature variations, it was shown that variation in joints
could be effectively modeled. This is a valuable capability that provides modeling of

variation that cannot be “calibrated out”.

Conclusions

The research put forth in this thesis has advanced the understanding of how to more

fully integrate tolerance analysis capabilities into kinematic assemblies (mechanisms). Tools
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necessary to apply the principles of static variation analysis to kinematic assemblies were
developed. Suspension and steering systems are dynamic assemblies with critical require-
ments, where small changes in dimension can cause dramatic changes in the vehicle perfor-
mance capabilities. Through the developed tools, suspension and steering systems can be
analyzed over a range of positions to quantitatively determine the effect of small changes in
dimension and geometry on the performance of that system. The tools that have been de-
veloped will also aid future research that can provide particular capabilities for automobile

steering and suspension systems.

6.3 Recommendations for Future Research

1. The steering tool is only valid for planar systems. Many steering systems have in-
clined kingpin axes and camber. A 3D synthesis tool would be valid for much more
than preliminary and simple designs. Other aspects such as bump steer and roll steer

might also be incorporated into the tool.

2. The steering tool would benefit greatly by adding the capability to take into account
tire loads and slip angles. This information is essential for vehicles traveling and
cornering at high speeds, as it changes the objectives of the steering system substan-

tially, [28].

3. A complete DLM has been developed for 3D static assemblies. It should be possible
to demonstrate that the methods developed here for 2D mechanisms could be readily
applied to 3D mechanisms. This would make the method valuable and applicable for

mechanisms as complex as automobile suspension systems.

4. The work that has been done on mechanism variation could also be extended in
a manner similar to the work done by Faerber [11] and Dabling [12]. Kinematic
packages could then be used to analyze a mechanism and the effects of variation
on that mechanism’s position, velocity, and acceleration - including the effects of
geometric feature variations. Mechanisms could more easily be designed to minimize

variation.
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5. The methods developed to account for mechanism kinematic variation should be ex-
panded to include variational effects on the equations of motion. This would permit
quantitative estimates of variation in inertia forces and moments, or other internal dy-
namic forces in the tires and structural members. This would also provide essential
performance information, especially in the area of clearances and other joint varia-
tions. The work documented in [21] should provide good guidance on how this could

be accomplished.
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Appendix A

Screen Shots of the Steering System Design Tool

A.1 Steering Design and Analysis Tool Picutres

The following are some screen shot images of the steering design and analysis tool.
The pictures help to understand the design and layout of the features on the tool, as men-

tioned in Chapter 3.

Figure A.1 shows the table where the vehicle input parameters are placed. As men-
tioned in Chapter 3, the inputs are hightlighted in blue, the outputs are in yellow, and the
text of the solver parameter cells are in red.

B12 - £ | 25

[ 4 A B c

1 STEERING MECHANISI
2 Car Properties and Inputs

3 'Wheelbase B5|in

4 |Trackwidth 48|in

5 |Kingpin Width 46|in

6 |WidthR &P 13(in

7 |Rack Ratio 3.2|in/pinion turn
g |BaselgSize 16.5)in

9 |&6Lg (whole range) 4lin

10 |PhiO -2.3191|deg

11 |Static Toe 1ldeg

12 |Steering Range (+/-) 25ldeg

13 % Ackerman 100]%

= 225|deg

15 |Max Turn of Steering Wheel:

16 Steering Ratio 911

Figure A.1: This table is where the input parameters are placed for the steering design tool.
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Figure A.2 shows the table where the solver parameters are inserted. The constraint
cells are shown at the top. The three possible target cells are shown in the middle of the
figure: cells Sum Sq. Errors (SSE) - Lead, SSE - Tol - Leading, and SSE - Trailing. The
precision points that are moved around by the solver, to synthesize the steering mechanism,
are shown at the bottom of the figure.

B12 - fe| 25

A B C
17
13 For Solver
19 Constraints Value Units
20 Phi0 == -5 degrees
21 Phi0 <= 7 degrees
22 ¥1 == -5 inches
23 ¥1 <= 5 inches
24 L1:== 1 inches
25 L1 <= 5 inches
26 L2 == inches
27 L2 <= inches
28
29 Solver Parameters
30 | Sum Sq. Errors [SSE) - Lead | 4.294553|--
31 S5E - Tol - Leading 24 65882 |--
32 SSE - Trailing 141185.6(--
23 Precision Points
34 Position # ¢ Points| Lg Points
35 1 8.923685| 13.9604178
36 2 87.6809 16.5
27 3 118.688| 19.0470144

Figure A.2: Solver parameters for the steering design tool.

The output link lengths and the cells where the tolerance and clearance values are
input are shown in Fig. A.3.

All the other charts and graphs that are shown in the Steering Design Tool are shown
in Chapters 2 and 3.
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B12 - Jf | 25

A B | C
38

39 OUTPUTS

40 Parameter Value Units
M ¥1 5 inches
42 L1 4.344196 |inches
43 L2 19.11359 |inches
44

45

46 Tolerances

a7 Parameter Value Units
43 Lg 0.01|inches
49 L1 0.008|inches
50 L2 0.015|inches
51 ¥1 0.01|inches
52 Pin Joint Clearance

53 Parameter Value Units
54 alphal 0.02|inches
55 alpha2 0.02|inches
56 alpha3 0.02|inches

| ==y |

Figure A.3: Output link lengths for the steering design tool
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User Settings & Results

		STEERING MECHANISM DESIGN CALCULATOR - PROVIDES DESIGN AND TOLERANCE ANALYSIS CAPABILITIES

		Car Properties and Inputs								User Inputs				Program Outputs				Solver Parameters

		Wheelbase		65		in				Leading Position Information																Trailing Position Information

		Trackwidth		48		in						Top View of Steering System and Parameters																Top View of Steering System and Parameters

		Kingpin Width		46		in

		Width R & P		13		in

		Rack Ratio		3.2		in/pinion turn

		Base Lg Size		16.5		in

		δLg (whole range)		4		in

		Phi 0		-2.0929937832		deg

		Static Toe		1

Robert Leishman: Robert Leishman:
+ values equal inward, 
- values equal outward.		deg

		Steering Range (+/-)		22		deg

		% Ackerman		100

Robert Leishman: Robert Leishman:
<0%= anti ackerman (toe-in), 0% = parrallel, 
100% = true ackerman, 100+% = more than ackerman (toe-out)		% 

		Max Turn of Steering Wheel:		225		deg



		Steering Ratio		10.2272727273		:1



		For Solver

		Constraints		Value 		Units

		Phi 0 >=		-5		degrees

		Phi 0 <= 		7		degrees

		Y1 >=		-5		inches

		Y1 <=		5		inches

		L1 >=		1		inches

		L1 <=		5		inches

		L2 >=				inches

		L2 <=				inches



		Solver Parameters

		Sum Sq. Errors (SSE) - Lead		3.1857201566		--

		SSE - Tol - Leading		16.6147678128

Robert Leishman: Robert Leishman:
Can use this value to minimize in the solver if you want to minimize the structural error combined with the tolerance error and pin joint slop.		--

		SSE - Trailing		126852.120382852		--

		Precision Points

		Position #		 φ Points		Lg Points

		1		8.9222397937		13.6542090793

		2		87.9070062168		16.5

		3		118.9138218027		19.4260324767



		OUTPUTS

		Parameter		Value		Units

		Y1		4.9999997891		inches

		L1		4.951569217		inches

		L2		19.4221103866		inches





		Tolerances

		Parameter		Value		Units

		Lg		0.01		inches

		L1		0.008		inches

		L2		0.015		inches

		Y1		0.01		inches

		Pin Joint Clearance

		Parameter		Value		Units

		alpha1

Robert Leishman: Robert Leishman:
Where LgR and the Rack connect
		0.02		inches

		alpha2

Robert Leishman: Robert Leishman:
Where L1 and L2 connect
		0.02		inches

		alpha3

Robert Leishman: Robert Leishman:
Kingpin Axis Slop
		

Robert Leishman: Robert Leishman:
+ values equal inward, 
- values equal outward.		

Robert Leishman: Robert Leishman:
<0%= anti ackerman (toe-in), 0% = parrallel, 
100% = true ackerman, 100+% = more than ackerman (toe-out)		

Robert Leishman: Robert Leishman:
Can use this value to minimize in the solver if you want to minimize the structural error combined with the tolerance error and pin joint slop.		0.02		inches





Leading Configuration Designed Steering System Geometry - Zero Steer Angle

L1R	23	23.180838779757028	4.9999997891039731	9.9482656516047836	L1L	-23	-23.180838779757028	4.9999997891039731	9.9482656516047836	L2R	6.5	23.180838779757028	0	9.9482656516047836	L2L	-6.5	-23.180838779757028	0	9.9482656516047836	R 	&	 P	-6.5	6.5	0	0	Axle	-24	24	4.9999997891039731	4.9999997891039731	RTire	24	24	13.999999789103974	-4.0000002108960269	LTire	-24	-24	13.999999789103974	-4.0000002108960269	Kingpin Axis (inches)



Trailing Configuration Structural, Tolerance Error with Pin Clearance

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	47.221087870361984	46.286934587287554	45.420779572421516	44.614893971695828	43.862886557341838	43.159398992932196	42.499884888226894	41.880446103951762	41.297709160582009	40.748730360563144	40.230921869057632	39.741993357644205	39.279905383525517	38.842831741555727	38.429128763411512	38.037310057308375	37.666025553085824	37.314043987106864	36.980238159748879	36.663572445934847	36.363092150354959	36.077914383633534	35.807220200696875	35.550247792983264	35.306286565527003	35.074671960978826	33.110490001620846	31.126741426206834	30.452960484039661	30.288836057790153	30.154504640400884	30.050138497934533	29.975937050191888	29.932122335879132	29.918934281989745	29.93662571869849	29.985457084818442	30.065690773044373	30.177585069111448	30.321387644963973	30.497328573383424	30.705612840593741	30.946412344451218	31.219857379229573	31.526027623949432	31.864942669845039	32.23655214395162	32.640725509843826	33.077241652984327	33.545778386443885	34.045902042183187	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-33.456845971836231	-32.954794684653656	-32.484162726541719	-32.045381353292804	-31.638769963661222	-31.264546493043813	-30.922837890101754	-30.613690510925775	-30.337080294734374	-30.092922613354535	-29.881081713109406	-29.701379691728448	-29.553604974216324	-29.437520270182254	-29.352870010978751	-29.299387278292564	-29.276800246792821	-29.284838172358533	-29.323236964581113	-29.391744387987952	-29.490124941079031	-29.618164466126576	-29.775674546062838	-29.962496747977351	-30.178506776064829	-34.375422070079324	-34.598936693310058	-34.834367096606456	-35.082348910044665	-35.343560613084193	-35.618728263738937	-35.908630894499517	-36.214106695442418	-36.536060131427789	-36.875470173709736	-37.233399868809222	-37.61100752203842	-38.009559843626256	-38.430447497509796	-38.875203614323446	-39.345525991991749	-39.843303925557947	-40.370650905778696	-40.929944838230263	-41.523878013601291	-42.155519886271748	-42.828396919344613	-43.546595534873539	-44.314896906783083	-45.138956527111091	-46.025548176189652	ΔLg (in)

Error (deg)



Leading Position 

Structural Error Along ΔLg 

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-2.6123309659141114E-2	2.1764946404900343E-2	5.9750192705863014E-2	8.8938594257058412E-2	0.11032916313350682	0.12482661394407302	0.13325222488369093	0.13635308021009251	0.13480998880739037	0.12924431182334217	0.12022388507914172	0.10826818537510974	9.3852861264011267E-2	7.7413726432112639E-2	5.9350296056052798E-2	4.0028932341158452E-2	1.978565408055033E-2	-1.071344096274629E-3	-2.2259424560246543E-2	-4.3519459448702946E-2	-6.4613976191168376E-2	-8.532547271656199E-2	-0.1054548826664643	-0.12482017375468502	-0.14325506477213423	-0.16060784870346367	-0.17674031108657573	-0.19152673414403409	-0.2048529784061941	-0.21661563455222677	-0.22672123906271224	-0.23508554801055936	-0.2416328639589409	-0.2462954114777034	-0.24901275726649885	-0.24973127128788519	-0.24840362566752106	-0.24498832843947582	-0.23944928948581889	-0.23175541626919482	-0.22188023716233829	-0.20980155038395765	-0.19550109670484517	-0.17896425425185214	-0.16017975386684213	-0.13913941360269177	-0.11583789104685138	-9.0272452264869685E-2	-6.2442756244450948E-2	-3.235065380334845E-2	-5.2580162446247414E-13	3.2225230425865448E-2	6.1991085909099297E-2	8.9365772135792554E-2	0.11441547291342147	0.13720444638101981	0.15779511580193173	0.17624815531785032	0.19262257101327407	0.20697577760991237	0.21936367108935428	0.22984069751571212	0.23845991830945934	0.24527307220766659	0.25033063412280399	0.25368187110427698	0.25537489558327309	0.25545671607565623	0.25397328550164389	0.25096954727062837	0.24648947926905862	0.24057613588108495	0.23327168816015842	0.22461746226662171	0.21465397627194704	0.20342097543171178	0.19095746601695396	0.17730174778786534	0.16249144519574088	0.14656353738303096	0.12955438705698441	0.11149976830157016	9.2434893390702655E-2	7.2394438664318272E-2	5.1412569520707052E-2	2.9522964580309008E-2	6.7588390700592527E-3	-1.6847032523614303E-2	-4.1262294488262796E-2	-6.645498856209997E-2	-9.239353321365229E-2	-0.11904670348474156	-0.14638361135970968	-0.17437368662714903	-0.20298665819613859	-0.23219253583997101	-0.26196159233030869	-0.29226434593626038	-0.32307154325619081	-0.35435414235541884	-0.38608329618278958	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.38608329618203641	0.35435414235465146	0.32307154325535237	0.29226434593546458	0.26196159232947025	0.23219253583913257	0.20298665819539963	0.17437368662636743	0.14638361135905598	0.11904670348387469	9.2393533212870693E-2	6.6454988561275741E-2	4.1262294487296458E-2	1.6847032522790073E-2	-6.7588390708976931E-3	-2.9522964580991129E-2	-5.1412569521389173E-2	-7.2394438665043026E-2	-9.2434893391555306E-2	-0.11149976830239439	-0.12955438705783706	-0.14656353738379835	-0.16249144519645142	-0.17730174778866115	-0.1909574660177924	-0.20342097543256443	-0.21465397627258653	-0.22461746226737489	-0.23327168816103949	-0.24057613588180971	-0.24648947926993969	-0.25096954727138154	-0.25397328550239706	-0.2554567160765373	-0.25537489558412574	-0.25368187110520068	-0.25033063412364243	-0.24527307220846239	-0.23845991831041147	-0.22984069751650793	-0.21936367109015009	-0.20697577761069397	-0.19262257101418356	-0.17624815531885929	-0.15779511580267069	-0.13720444638181561	-0.11441547291437359	-8.9365772136630994E-2	-6.1991085909966159E-2	-3.2225230426746521E-2	-3.4106051316484809E-13	3.2350653802581064E-2	6.2442756243569875E-2	9.0272452263889136E-2	0.11583789104579978	0.13913941360171123	0.16017975386600369	0.17896425425094264	0.19550109670394988	0.20980155038309078	0.22188023716134353	0.23175541626821428	0.2394492894849094	0.24498832843848106	0.24840362566658314	0.24973127128686201	0.24901275726556094	0.24629541147670864	0.24163286395804562	0.2350855480094225	0.2267212390616038	0.21661563455127464	0.20485297840505723	0.19152673414295407	0.17674031108555255	0.16060784870236944	0.14325506477101158	0.12482017375357657	0.10545488266538428	8.5325472715595652E-2	6.4613976190145195E-2	4.35194594475945E-2	2.225942455902441E-2	1.0713440951803932E-3	-1.9785654081829307E-2	-4.0028932342366375E-2	-5.9350296057260721E-2	-7.741372643327793E-2	-9.3852861265176557E-2	-0.10826818537628924	-0.12022388508046333	-0.12924431182466378	-0.13480998880879724	-0.13635308021142123	-0.13325222488506938	-0.12482661394551542	-0.11032916313475027	-8.893859425852213E-2	-5.9750192707255678E-2	-2.1764946406534591E-2	2.6123309657648974E-2	ΔLg (in)

Steering Error (deg)



Leading Position 

Structural With Tolerance Error

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.42012211457818877	0.48780553157023671	0.52227590253936984	0.53080858825927135	0.51941432233385121	0.49309494932205966	0.45603439532844914	0.41174459541553599	0.36317930163951878	0.31282445729973335	0.2627711090722944	0.21477504904285893	0.17030618677122999	0.1305898380302038	9.6641551982103391E-2	6.9296699949901397E-2	4.9235763382402875E-2	3.7006051030011089E-2	3.3040422265725566E-2	3.7673478985374265E-2	5.1155601664469585E-2	7.3665138315200107E-2	0.10531900293781288	0.14618189881367744	0.19627434891054635	0.25557968881607512	0.31458868311437577	0.364177305818978	0.40485935398820361	0.43711997412802822	0.46141825711462192	0.47818956275975794	0.48784760907472013	0.49078635613927679	0.48738171020955506	0.47799307011336511	0.46296473498076318	0.4426271898245534	0.41729828334670893	0.38728431053536738	0.3528810110689572	0.31437449323902272	0.27204209197248025	0.22615316858293677	0.17696985905420598	0.12474777695878758	6.9736676511442025E-2	1.2181080746395484E-2	-4.7679120632961092E-2	-0.10960809955406636	-0.17337354015642026	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.59879305220840495	0.53653498695747592	0.47624406402681685	0.41815439713793279	0.36250389923020671	0.30953484338530951	0.25949444802976396	0.21263549044197852	0.16921695293038277	0.12950470645676326	9.3772236954134114E-2	6.2301420143173497E-2	3.538335131196077E-2	1.3319237280018131E-2	-3.5786413404367001E-3	-1.4985888425635252E-2	-2.0564860794487883E-2	-1.9963435028124366E-2	-1.2813659171728581E-2	1.2697261398843807E-3	2.2690914935115103E-2	5.1874832100567841E-2	8.9269122383598576E-2	0.13534635999117975	0.19060651129530726	0.25557968881625681	0.32115986139856384	0.37785768090632466	0.42567851067065504	0.46466733172399127	0.4949160759881468	0.51657205795609817	0.52984767359982499	0.53503156556206588	0.5325014912993844	0.52273917807421155	0.50634750879334833	0.4840704602023258	0.45681631631436881	0.42568481437470035	0.39199906145360019	0.35734330641899548	0.3236079934771296	0.29304400330221231	0.26832867279925093	0.25264717916244234	0.24979434471765	0.26430413849049611	0.30161757627109737	0.36830514615710075	0.47236873389495865	ΔLg  (inches)

Error (deg)



Leading Position Structural, Tolerance Error with Pin Clearance

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.67611310761192733	0.73457503102107735	0.76088251852991085	0.7621263025214704	0.74417482284066638	0.71191824427012629	0.66945144428574976	0.62021436359896798	0.56710183064069697	0.5125510340473739	0.4586122838919251	0.40700703432374563	0.35917601916995101	0.31631958451702935	0.27943176789620672	0.24932929570021106	0.22667639908291887	0.21200615092453901	0.20573888039624671	0.20819811221451323	0.21962439450037147	0.24018731503639523	0.26999595558329759	0.30910799418867912	0.35753763349543249	0.41526250708462265	0.47276822206701502	0.52092607636547417	0.56024561805794426	0.59120812495709674	0.61426915898974677	0.62986085553782489	0.63839398200201547	0.64025979483501461	0.63583172012821421	0.62546687933984346	0.60950747882528233	0.5882820793577439	0.56210675973895974	0.53128618682991802	0.4961146028184843	0.45687673926501704	0.41384866636092771	0.36729858490492473	0.31748756769294917	0.26467025633262126	0.20909551890341732	0.15100707338345903	9.0644081333898452E-2	2.8241715969386294E-2	-3.5968291558712617E-2	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.6117266607071995	0.54937281975730912	0.4889936348643027	0.43082321577130822	0.37509948943188276	0.32206476132898798	0.27196630120138987	0.22505695721149346	0.18159580293085578	0.14184882192921799	0.10608963523053755	7.4600277456929293E-2	4.7672028145273965E-2	2.560630548114895E-2	8.7156305908735465E-3	-2.6753284150908829E-3	-8.2286222393854747E-3	-7.5917841822441545E-3	-3.9647837634304572E-4	1.3742983050284596E-2	3.5231271761049843E-2	6.4493844600996331E-2	0.10197893856315499	0.14815978724841589	0.20353709148377291	0.26864178245695275	0.33436874250876042	0.39122964418572209	0.4392309931239135	0.47841905121499745	0.50888718973708924	0.53078434463312729	0.54432474347529614	0.54979910419171873	0.54758754351867844	0.53817448073808305	0.52216588284744558	0.50030927547773385	0.47351704613603279	0.44289370199929751	0.40976792698755432	0.37573053191534639	0.34267973641456867	0.31287570618506666	0.2890069616036916	0.27427227958975059	0.27248319879770738	0.28819448504784001	0.32687338412562256	0.39512398840487101	0.50099201905403334	ΔLg (inches)

Error (deg)



Trailing Configuration  Steering Geometry - Zero Steer Angle

L1R	23	23.180838779757028	4.9999997891039731	5.1733926603162672E-2	L1L	-23	-23.180838779757028	4.9999997891039731	5.1733926603162672E-2	L2R	6.5	23.180838779757028	0	5.1733926603162672E-2	L2L	-6.5	-23.180838779757028	0	5.1733926603162672E-2	R 	&	 P	-6.5	6.5	0	0	Axle	-24	24	4.9999997891039731	4.9999997891039731	RTire	24	24	13.999999789103974	-4.0000002108960269	LTire	-24	-24	13.999999789103974	-4.0000002108960269	

Trailing Position 

Structural Error Along ΔLg 

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	46.578715911572814	46.116686745537052	45.671882984652768	45.243269021073374	44.829907378349802	44.430946102830269	44.045608164226465	43.673182487348768	43.313016318293137	42.964508690111373	42.627104800378362	42.300291149763339	41.983591319355682	41.67656228705097	41.378791201185486	41.089892543885526	40.809505628081922	40.537292381420279	40.272935377856498	40.016136083905415	39.766613291590737	39.524101714352938	39.288350725652307	39.059123222921556	38.836194601956372	38.61935182888746	38.408392598606447	38.203124569989242	38.003364669508301	37.808938455892232	37.619679539404451	37.435429050097447	37.256035150074645	37.081352585377651	36.911242273621681	36.745570923942758	36.584210686203718	36.427038826740919	36.273937428226461	36.124793111477906	35.979496777275173	35.837943366440598	35.700031636618768	35.565663954343989	35.434746101124773	35.307187092396617	35.18289900830284	35.061796835361626	34.943798318164646	34.828823820329781	34.716796194000487	33.758282106972615	32.756993763147349	31.763417332575003	30.777405441023802	30.198815588726397	30.107577886056475	30.023703816395923	29.947211261243332	29.87812015069764	29.816452331166701	29.762231431804373	29.715482729168464	29.676233009603564	29.644510428869857	29.620344368549034	29.603765288772351	29.594804576830562	29.593494391236419	29.599867500826036	29.613957118501503	29.635796729231174	29.665419911945762	29.702860154985274	29.748150664776901	29.801324167447319	29.862412703101924	29.931447412534695	30.00845831616563	30.093474085044463	30.186521803798428	30.287626725451901	30.396812018096014	30.514098503443975	30.639504387369314	30.773044982591173	30.914732423744397	31.064575375148962	31.222578731677743	31.388743313209716	31.563065553250766	31.74553718240179	31.936144907459166	32.134870087038564	32.341688404726213	32.556569540873454	32.779476844268359	33.010367005033899	33.249189730218461	33.495887423660193	33.750394871817988	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-33.75039487181698	-33.495887423659184	-33.249189730217452	-33.010367005032876	-32.77947684426735	-32.556569540872445	-32.341688404725204	-32.134870087037541	-31.936144907458143	-31.745537182400781	-31.563065553249757	-31.388743313208678	-31.222578731676705	-31.064575375147939	-30.914732423743374	-30.77304498259015	-30.639504387368262	-30.514098503442938	-30.396812018094991	-30.287626725450835	-30.186521803797419	-30.093474085043411	-30.008458316164578	-29.931447412533629	-29.862412703100858	-29.801324167446239	-29.748150664775821	-29.702860154984194	-29.665419911944682	-29.63579672923008	-29.613957118500423	-29.599867500824942	-29.593494391235325	-29.594804576829503	-29.603765288771257	-29.620344368547919	-29.644510428868784	-29.676233009602441	-29.715482729167348	-29.762231431803258	-29.816452331165564	-29.878120150696532	-29.947211261242174	-30.023703816394828	-30.10757788605531	-30.198815588725282	-30.297401223051523	-30.403321399165691	-30.516565170377447	-30.637124165802618	-34.716796193999315	-34.828823820328537	-34.943798318163459	-35.06179683536044	-35.182899008301646	-35.307187092395438	-35.434746101123508	-35.565663954342781	-35.70003163661751	-35.837943366439347	-35.979496777273894	-36.124793111476677	-36.273937428225182	-36.427038826739633	-36.584210686202411	-36.745570923941486	-36.911242273620402	-37.081352585376365	-37.256035150073288	-37.435429050096118	-37.619679539403151	-37.808938455890868	-38.003364669506922	-38.203124569987821	-38.408392598605033	-38.619351828886053	-38.836194601955	-39.059123222920093	-39.288350725650886	-39.524101714351488	-39.766613291589195	-40.016136083903902	-40.27293537785512	-40.537292381418737	-40.809505628080458	-41.089892543884005	-41.37879120118383	-41.676562287049379	-41.983591319353948	-42.300291149761748	-42.627104800376728	-42.964508690109696	-43.313016318291446	-43.673182487347034	-44.045608164224731	-44.430946102828628	-44.829907378347841	-45.243269021071555	-45.671882984650935	-46.116686745535205	-46.578715911570939	ΔLg  (inch)

Structural Error (deg)



Trailing Configuration 

Structural With Tolerance Error  

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	47.024961335810147	46.099938323517144	45.241854117755665	44.443164527602043	43.697620651819598	42.999975864621284	42.345772853420122	41.731185500544967	41.152899275640891	40.608019259716478	40.093998376854202	39.608580657361628	39.149755853499734	38.715722747723227	38.304859199896597	37.915697478417066	37.546903777415991	37.197261081918192	36.865654734136967	36.551060196697655	36.252532616101981	35.969197871638812	35.700244857929427	35.444918798163371	35.202515423319646	34.97237588281709	33.009591360352623	31.027167273929358	30.354642124242748	30.191708664358085	30.05850691719197	29.955212373618764	29.882027403821773	29.839176749328356	29.826902815944329	29.845460709345808	29.895112958766365	29.976123878329506	30.08875352043168	30.233251181505256	30.409848427810399	30.618751617944334	30.860133909821087	31.134126753257274	31.440810885220213	31.780206863423206	32.152265195330315	32.556856143668746	32.993759315965704	33.462653173920586	33.963104627844359	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-33.537685115790609	-33.035726286515327	-32.565194372570005	-32.126520665782671	-31.720024619586994	-31.345924243077317	-31.004346578134239	-30.695338094230497	-30.418874864916489	-30.174872418246672	-29.963195179785448	-29.783665450824952	-29.636071885771106	-29.520177451223216	-29.435726865124078	-29.382453527656118	-29.360085966527414	-29.368353828215255	-29.406993453916872	-29.475753084717052	-29.574397745140299	-29.702713858127421	-29.860513647869041	-30.047639390145971	-30.263967573172174	-34.461216505182719	-34.685081213008466	-34.920879218441122	-35.169247344318855	-35.430865401597465	-35.706460938447094	-35.996814659753994	-36.302766638269169	-36.625223465323899	-36.965166522731948	-37.323661600390544	-37.701870139118633	-38.101062449488261	-38.522633350411645	-38.968120793941573	-39.439228206325737	-39.937851495995147	-40.466111980521497	-41.026396901824356	-41.621409785289522	-42.25423373613382	-42.928411984764999	-43.648051800849167	-44.417960638941992	-45.243827645786574	-46.132470487333627	ΔLg (in)

Error (deg)





2nd System Comp

		STEERING MECHANISM DESIGN CALCULATOR - 2nd System Comparator Tool

		Car Properties and Inputs								User Inputs				Program Outputs

		Wheelbase		60		in				Leading Position Information																Trailing Position Information

		Trackwidth		46.5		in						Top View of Steering System and Parameters																Top View of Steering System and Parameters

		Kingpin Width		45		in

		Width R & P		13		in

		Rack Ratio		3.2		in/pinion turn

		Base Lg Size		16		in

		δLg (whole range)		4		in

		Phi 0		9.7523021478		deg

		Static Toe		0

Robert Leishman: Robert Leishman:
+ values equal inward, 
- values equal outward.		deg

		Steering Range (+/-)		20		deg

		% Ackerman		100

Robert Leishman: Robert Leishman:
<0%= anti ackerman (toe-in), 0% = parrallel, 
100% = true ackerman, 100+% = more than ackerman (toe-out)		% 

		Max Turn of Steering Wheel:		225		deg



		Steering Ratio		11.25		:1



		Link Inputs

		Parameter		Value		Units

		Y1		-0.136		inches

		L1		5		inches

		L2		15.892378311		inches

































Leading Configuration  Steering Geometry - Zero Steer Angle

L1R	22.5	21.653054482932422	-0.13600000000000001	4.7917462689904458	L1L	-22.5	-21.653054482932422	-0.13600000000000001	4.7917462689904458	L2R	6.5	21.653054482932422	0	4.7917462689904458	L2L	-6.5	-21.653054482932422	0	4.7917462689904458	R 	&	 P	-6.5	6.5	0	0	Axle	-23.25	23.25	-0.13600000000000001	-0.13600000000000001	RTire	23.25	23.25	8.8640000000000008	-9.1359999999999992	LTire	-23.25	-23.25	8.8640000000000008	-9.1359999999999992	Kingpin Axis (inches)



Trailing Configuration  Steering Geometry - Zero Steer Angle



L1R	22.5	21.653054482932422	-0.13600000000000001	-5.063746268990446	L1L	-22.5	-21.653054482932422	-0.13600000000000001	-5.063746268990446	L2R	6.5	21.653054482932422	0	-5.063746268990446	L2L	-6.5	-21.653054482932422	0	-5.063746268990446	R 	&	 P	-6.5	6.5	0	0	Axle	-23.25	23.25	-0.13600000000000001	-0.13600000000000001	RTire	23.25	23.25	8.8640000000000008	-9.1359999999999992	LTire	-23.25	-23.25	8.8640000000000008	-9.1359999999999992	

Differences in Designed and 2nd System - Trailing Configuration

dPhiR	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	57.205363940309709	56.808762573706559	56.426860736914733	56.058689330607578	55.703375610436282	55.360130659105685	55.028238863411644	54.707049018522042	54.395966763041912	54.094448110134024	53.801993887330013	53.518144934343923	53.242477936829488	52.974601796564301	52.714154456413233	52.460800112690677	52.214226759015446	51.974144015021658	51.740281200839192	51.512385624429449	51.290221053930715	51.073566351374595	50.862214247604243	50.655970241139059	50.45465160615904	50.258086496830629	50.066113136921821	49.878579085120165	49.695340567711654	49.516261871341257	49.341214789487459	49.170078117061571	49.00273718821979	48.839083453054251	48.679014089335496	48.522431645915979	48.369243714784901	48.21936262909923	48.072705184805343	47.929192383722331	47.788749196184341	47.651304341532622	47.51679008492993	47.385142049118443	47.256299039882478	47.130202884100058	47.006798279373598	46.886032654328112	46.767856038752605	46.65222094283606	46.539082244819561	46.428397086449195	46.320124775669214	46.214226696046623	46.110666222463095	46.009408642652595	45.910421084199172	45.813672446644603	45.719133338386207	45.626776018072121	45.536574340229464	45.448503704882675	45.362541010940923	45.278664613153623	45.196854282453522	45.117091169519178	45.039357771409428	44.963637901132891	44.889916660033251	44.818180412879244	44.748416765564698	44.680614545332247	44.614763783447074	44.550855700255696	44.488882692576368	44.428838323375743	44.37071731369619	44.314515536808358	44.260230014568975	44.207858915978321	44.157401557933667	44.108858408189562	44.062231090541658	44.017522392260176	43.974736273808716	43.933877880893192	43.894953558895907	43.857970869759356	43.822938611395386	43.789866839706917	43.758766893320484	43.729651421141412	43.70253441285621	43.677431232521954	43.654358655398028	43.633334908191785	43.614379712907692	43.597514334512539	43.582761632645088	43.570146117628994	43.559694011067634	dPhiL	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-43.559694011067585	-43.570146117628902	-43.582761632645074	-43.597514334512468	-43.614379712907642	-43.633334908191685	-43.654358655398042	-43.677431232521855	-43.702534412856089	-43.729651421141362	-43.758766893320434	-43.789866839706811	-43.822938611395287	-43.857970869759264	-43.894953558895907	-43.933877880893164	-43.974736273808603	-44.017522392260091	-44.062231090541516	-44.108858408189406	-44.157401557933596	-44.207858915978221	-44.26023001456889	-44.31451553680813	-44.370717313696062	-44.428838323375587	-44.48888269257624	-44.550855700255568	-44.614763783446918	-44.680614545332077	-44.748416765564599	-44.818180412879116	-44.889916660033151	-44.96363790113277	-45.039357771409286	-45.117091169519057	-45.196854282453344	-45.278664613153481	-45.362541010940674	-45.448503704882526	-45.536574340229265	-45.626776018071865	-45.719133338385987	-45.813672446644446	-45.910421084198973	-46.009408642652431	-46.110666222462896	-46.214226696046438	-46.320124775668972	-46.428397086448996	-46.539082244819284	-46.652220942835811	-46.767856038752385	-46.886032654327877	-47.006798279373356	-47.130202884099873	-47.256299039882208	-47.38514204911813	-47.516790084929596	-47.651304341532239	-47.788749196184042	-47.929192383722082	-48.072705184804988	-48.21936262909891	-48.369243714784545	-48.522431645915617	-48.679014089335212	-48.839083453053902	-49.002737188219413	-49.170078117061266	-49.341214789487111	-49.516261871340873	-49.695340567711185	-49.878579085119796	-50.066113136921402	-50.258086496830174	-50.454651606158663	-50.655970241138633	-50.862214247603802	-51.073566351374154	-51.290221053930111	-51.51238562442893	-51.740281200838851	-51.97414401502111	-52.21422675901502	-52.460800112690166	-52.714154456412587	-52.974601796563789	-53.242477936828777	-53.51814493434334	-53.801993887329459	-54.094448110133385	-54.395966763041244	-54.70704901852136	-55.028238863410962	-55.360130659105096	-55.703375610435387	-56.058689330606853	-56.426860736914008	-56.808762573705792	-57.205363940308899	ΔLg (in)

Differences (deg)



Differences in Designed and 2nd System - Leading Configuration

dPhiR	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-18.041013223724043	-17.7447644656704	-17.462720239521104	-17.193914965364485	-16.9374793863145	-16.692628040934956	-16.458648740614741	-16.234893674188193	-16.020771843332241	-15.815742594013514	-15.619310056626844	-15.431018344127608	-15.250447386106714	-15.077209299287262	-14.910945212796904	-14.75132248083608	-14.598032226833709	-14.4507871724567	-14.309319712385843	-14.173380201939565	-14.042735429710191	-13.91716725156202	-13.796471365830996	-13.680456212465572	-13.568941981286358	-13.461759716581824	-13.358750506990745	-13.25976475108429	-13.164661490306045	-13.073307801990182	-12.985578246091521	-12.901354360035512	-12.820524196780184	-12.742981901752515	-12.668627324833466	-12.597365664002467	-12.529107137628657	-12.463766682736932	-12.401263676860182	-12.341521681353839	-12.284468204260946	-12.230034481031296	-12.178155271554516	-12.128768672137241	-12.081815941181461	-12.037241337449473	-11.994991969904916	-11.955017658219901	-11.917270803122165	-11.881706265834296	-11.848281255927418	-11.816955226972098	-11.787689779429158	-11.760448570267826	-11.735197228849529	-11.711903278655413	-11.690536064472028	-11.671066684684234	-11.653467928355667	-11.63771421680616	-11.623781549418737	-11.611647453434372	-11.601290937515216	-11.592692448872555	-11.585833833781635	-11.580698301312083	-11.577270390130749	-11.575535938235973	-11.575482055506072	-11.577097098951043	-11.580370650572348	-11.585293497744416	-11.591857616044734	-11.600056154466486	-11.609883422962255	-11.621334882271199	-11.634407135994977	-11.649097924899166	-11.665406123415806	-11.6833317383457	-11.702875909754169	-11.724040914072219	-11.746830169420491	-11.77124824318004	-11.797300861847589	-11.824994923219506	-11.854338510959195	-11.885340911612658	-11.918012634148056	-11.952365432106575	-11.988412328462445	-12.026167643304348	-12.065647024462109	-12.106867481220689	-12.149847421272128	-12.194606691083578	-12.241166619864742	-12.289550067351797	-12.339781475633686	-12.391886925280119	-12.445894196051299	dPhiL	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	12.445894196051469	12.391886925280154	12.339781475633735	12.289550067351868	12.241166619864813	12.194606691083564	12.149847421272298	12.106867481220704	12.065647024462244	12.026167643304326	11.988412328462523	11.952365432106561	11.918012634147956	11.885340911612609	11.854338510959266	11.824994923219677	11.797300861847702	11.771248243180111	11.746830169420434	11.724040914072148	11.702875909754141	11.6833317383458	11.665406123415949	11.649097924899124	11.634407135994934	11.621334882271157	11.609883422962483	11.600056154466557	11.591857616044635	11.585293497744502	11.58037065057232	11.577097098951128	11.5754820555062	11.575535938235959	11.577270390130707	11.580698301312026	11.58583383378155	11.592692448872583	11.601290937515117	11.611647453434429	11.623781549418766	11.637714216806145	11.653467928355582	11.67106668468405	11.690536064472127	11.711903278655413	11.735197228849387	11.76044857026784	11.78768977942913	11.816955226972055	11.848281255927347	11.881706265834353	11.917270803122108	11.955017658219703	11.994991969904731	12.037241337449316	12.081815941181446	12.128768672137156	12.178155271554402	12.23003448103124	12.28446820426079	12.341521681353683	12.401263676860097	12.463766682736761	12.529107137628515	12.597365664002226	12.668627324833366	12.742981901752358	12.820524196780127	12.901354360035228	12.985578246091208	13.073307801990069	13.164661490305718	13.259764751084035	13.358750506990589	13.461759716581597	13.568941981286102	13.680456212465302	13.79647136583074	13.917167251561921	14.042735429709992	14.173380201939281	14.309319712385488	14.450787172456415	14.598032226833297	14.751322480835725	14.910945212796577	15.077209299286963	15.250447386106387	15.431018344127281	15.619310056626375	15.815742594013116	16.02077184333173	16.234893674187774	16.458648740614223	16.692628040934352	16.937479386314124	17.193914965363916	17.462720239520607	17.744764465669689	18.041013223723411	ΔLg (in)

Difference (deg)



Structural Error for 2nd System Leading Configuration

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	3.2621989822982158	3.0887585435111049	2.9192627147660346	2.7538062390648861	2.5924756929884154	2.4353498035820564	2.2824997649363752	2.1339895535280391	1.989876241443568	1.8502103066654456	1.7150359396637214	1.5843913455973961	1.4583090414940472	1.3368161478397127	1.2199346740739543	1.1076817975459932	1.000070135547773	0.8971080100969715	0.79879970519810684	0.70514571636194034	0.6161429922121755	0.53178516805557763	0.4520627913329065	0.37696353890949297	0.3064724262000027	0.24057200815511237	0.17924257216826334	0.12246232298916482	7.0207559752603288E-2	2.2452845255330089E-2	-2.0828832367968175E-2	-5.9665905404230557E-2	-9.4088079572557604E-2	-0.1241261940953251	-0.14981208862398887	-0.17117847680884779	-0.18825882629514012	-0.20108724492104102	-0.20969837289315763	-0.21412728070912124	-0.21440937259964699	-0.21058029525933364	-0.20267585163905721	-0.19073191957239999	-0.17478437501365818	-0.15486901966511368	-0.13102151277765017	-0.10327730691125225	-7.1671587446886065E-2	-3.6239215646020284E-2	2.9853249410081162E-3	4.3884526412071523E-2	8.4384934352357277E-2	0.12451841141771069	0.16431677077703455	0.20381179405050887	0.24303524928802744	0.2820189090161449	0.32079456838299336	0.35939406343011626	0.39784928952212795	0.43619221996411284	0.474454924838696	0.51266959009423374	0.5508685369184434	0.58908424143035631	0.62734935472801112	0.6656967233256097	0.70415941002168836	0.7427707152356362	0.78156419885536366	0.82057370263945018	0.85983337321883369	0.8993776857470408	0.93924146824812738	0.97945992671682802	1.0200686710258395	1.0611037417009328	1.1026016376254404	1.1445993447426162	1.1871343658250311	1.2302447513876587	1.273969131825055	1.3183467508582112	1.3634175003821412	1.4092219568136528	1.4558014190430839	1.5031979481028657	1.5514544086736066	1.6006145125582805	1.6507228642625904	1.7018250088333957	1.753967482116181	1.807197863607314	1.8615648320897549	1.917118224257365	1.9739090965481836	2.0319897904292787	2.0914140013912288	2.1522368519384258	2.2145149688822272	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-2.2145149688835488	-2.1522368519396196	-2.0914140013925007	-2.0319897904305222	-1.9739090965494626	-1.9171182242585516	-1.8615648320910196	-1.807197863608458	-1.7539674821173108	-1.7018250088345752	-1.650722864263777	-1.6006145125594173	-1.5514544086748003	-1.503197948103967	-1.4558014190443203	-1.4092219568148323	-1.3634175003832638	-1.3183467508593338	-1.2739691318261777	-1.2302447513887387	-1.1871343658261821	-1.1445993447438099	-1.1026016376266199	-1.0611037417020128	-1.0200686710269622	-0.97945992671796489	-0.93924146824932109	-0.89937768574819188	-0.85983337321994213	-0.82057370264058704	-0.78156419885654316	-0.74277071523680149	-0.70415941002289628	-0.66569672332680341	-0.62734935472914799	-0.58908424143155003	-0.55086853691952342	-0.51266959009538482	-0.4744549248398755	-0.43619221996529234	-0.39784928952327903	-0.3593940634312105	-0.32079456838414444	-0.28201890901729598	-0.24303524928919273	-0.20381179405163152	-0.16431677077817142	-0.1245184114188902	-8.4384934353522567E-2	-4.3884526413236813E-2	-2.9853249421307737E-3	3.6239215644854994E-2	7.1671587445734986E-2	0.1032773069101296	0.13102151277645646	0.15486901966393418	0.17478437501247868	0.19073191957122049	0.20267585163790613	0.21058029525815414	0.21440937259843906	0.21412728070791331	0.20969837289196391	0.20108724491984731	0.18825882629396062	0.1711784768076825	0.14981208862275253	0.12412619409408876	9.4088079571307048E-2	5.9665905402980002E-2	2.0828832366760253E-2	-2.2452845256580645E-2	-7.0207559753825421E-2	-0.12246232299042958	-0.17924257216957074	-0.24057200815641977	-0.30647242620129589	-0.37696353891077194	-0.45206279133417127	-0.53178516805688503	-0.61614299221345448	-0.70514571636320511	-0.79879970519944266	-0.89710801009826469	-1.0000701355491231	-1.1076817975473148	-1.2199346740753185	-1.3368161478410769	-1.4583090414953972	-1.5843913455987462	-1.7150359396650714	-1.8502103066668809	-1.9898762414450175	-2.133989553529517	-2.2824997649378247	-2.4353498035834775	-2.5924756929898933	-2.7538062390664351	-2.9192627147675836	-3.0887585435126823	-3.2621989822997648	ΔLg (in)

Error (deg)



Structural Error for 2nd System 

Trailing Configuration

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	2.2186479022485912	2.1132201028159869	2.0103181787235371	1.909875621451306	1.8118276988990374	1.7161113747101098	1.6226652318003545	1.5314293998122679	1.4423454862367748	1.3553565109629062	1.2704068440339142	1.1874421464049902	1.1064093135117758	1.0272564214722593	0.94993267575785012	0.87438836218045424	0.80057480005208959	0.7284442973842431	0.65795010800293596	0.58904639046160412	0.52168816864566736	0.45583129396399613	0.391432409033726	0.32844891276816668	0.26683892678300936	0.20656126304251643	0.14757539267031916	8.9841415854778006E-2	3.3320032782356179E-2	-2.2027484463308156E-2	-7.6239319097282987E-2	-0.12935313597839126	-0.18140610715940397	-0.23243493669085069	-0.28247588472805774	-0.33156479098745706	-0.37973709759540952	-0.4270278713725304	-0.47347182559309431	-0.51910334125862789	-0.56395648792336317	-0.60806504410621187	-0.65146251732534211	-0.69418216378862496	-0.73625700777186864	-0.77771986071759613	-0.81860334008490554	-0.85893988798062537	-0.89876178960209074	-0.93810119152040272	-0.9769901198331894	-1.0133551137307109	-1.0450784891139762	-1.0721254163757692	-1.0944605181919229	-1.1120479228753908	-1.1248513209889239	-1.1328340254146099	-1.1359590350840278	-1.1341891025770821	-1.1274868058019649	-1.1158146239739892	-1.0991350181120794	-1.0774105162773679	-1.0506038037803904	-1.0186778185826455	-0.98159585212431466	-0.93932165580342541	-0.89181955333783947	-0.83905455923355987	-0.78099250358235395	-0.71760016340708432	-0.6488454007649409	-0.57469730781224371	-0.49512635902409841	-0.41010457075003615	-0.31960566827260095	-0.22360526052032981	-0.12208102256592213	-1.5012886021480654E-2	9.7616762584550543E-2	0.21582287538853961	0.33961752870165185	0.46900970045300028	0.60400503960583762	0.74460562762548932	0.89080973212099934	1.0426115528272106	1.2000009601429866	1.3629632264913596	1.5314787508233394	1.705522776640791	1.8850651039748527	2.0700697958136516	2.2604948795359405	2.4562920439675793	2.657406332741175	2.8637758346953746	3.0753313721143059	3.2919961876579436	3.5136856308896256	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-3.5136856308886664	-3.291996187657027	-3.0753313721133111	-2.8637758346944082	-2.6574063327402158	-2.4562920439666556	-2.2604948795349031	-2.0700697958127279	-1.8850651039739503	-1.7055227766398176	-1.5314787508223802	-1.3629632264904288	-1.2000009601420345	-1.0426115528262798	-0.89080973211996195	-0.74460562762449456	-0.6040050396048855	-0.46900970045203394	-0.33961752870075657	-0.21582287538763012	-9.7616762583612626E-2	1.5012886022432781E-2	0.12208102256688846	0.22360526052116825	0.31960566827353887	0.41010457075095985	0.49512635902505053	0.57469730781319583	0.64884540076586461	0.71760016340800803	0.78099250358332029	0.83905455923452621	0.89181955333883423	0.93932165580436333	0.981595852125281	1.0186778185836403	1.0506038037812715	1.0774105162783485	1.0991350181129462	1.1158146239749556	1.1274868058029028	1.1341891025779347	1.1359590350849658	1.1328340254155336	1.1248513209898903	1.1120479228763429	1.0944605181928466	1.0721254163767355	1.0450784891148714	1.013355113731663	0.97699011983408468	0.93810119152139748	0.89876178960305708	0.8589398879815775	0.81860334008585767	0.77771986071859089	0.7362570077728634	0.69418216378952025	0.65146251732626581	0.60806504410707873	0.56395648792434372	0.51910334125960844	0.47347182559401801	0.42702787137349674	0.37973709759636165	0.33156479098836655	0.2824758847290525	0.23243493669178861	0.18140610716038452	0.12935313597941445	7.6239319098235114E-2	2.2027484464288705E-2	-3.3320032781446685E-2	-8.9841415853726403E-2	-0.1475753926693244	-0.2065612630415643	-0.2668389267820146	-0.32844891276712929	-0.39143240903274545	-0.45583129396298716	-0.52168816864472944	-0.58904639046060936	-0.65795010800189857	-0.72844429738324834	-0.80057480005105219	-0.87438836217944527	-0.94993267575684115	-1.0272564214711792	-1.1064093135107527	-1.1874421464039813	-1.2704068440328342	-1.3553565109618688	-1.4423454862357517	-1.5314293998112163	-1.6226652317993029	-1.7161113747090582	-1.8118276988979716	-1.9098756214502117	-2.0103181787224287	-2.1132201028149069	-2.2186479022475254	ΔLg (in)

Error (deg)





Steering Calcs

		Steering Linkage Optimizer										"= user input"						"= Useful Outputs"

		Input parameters from design - fiddle with values to get a good steering design

		Right Side Mechanism - Precision Points																		Geometry of Steering										Trailing Steering Geometry

				Wheel Angle Phi (deg)		Ground Link Length (in)		Math behind it all - Uses Freudensteins Equation for Precision Points (adapted for Slider Crank)												Part		X		Y						Part 		X		y

		Position 1		8.9222397937		13.6542090793		13.4889895901		186.43742558		1		-0.1550938588						King Pin R		23		4.9999997891						King Pin R		23		4.9999997891

		Position 2		87.9070062168		16.5		0.6026048986		272.25		1		-0.9993328672						King Pin L		-23		4.9999997891						King Pin L		-23		4.9999997891

		Position 3		118.9138218027		19.4260324767		-9.3923616517		377.3707377845		1		-0.8753479164						R & P (0 steer)		-6.5		0						R & P (0 steer)		-6.5		0

																				R & P (0 steer)		6.5		0						R & P (0 steer)		6.5		0

		Outputs																		L1R (0 steer)		23		4.9999997891						L1R (0 steer)		23		4.9999997891

		R1		0.2000000084																L1R (0 steer)		23.1808387798		9.9482656516						L1R (0 steer)		23.1808387798		0.0517339266

		R2		0.0201956188						Wheelbase		62		in						L1L (0 steer)		-23		4.9999997891						L1L (0 steer)		-23		4.9999997891

		R3		-6.618111062						Static Toe		2		deg						L1L (0 steer)		-23.1808387798		9.9482656516						L1L (0 steer)		-23.1808387798		0.0517339266

										Steering Range (+/-)		28		deg						L2R (0 steer)		6.5		0						L2R (0 steer)		6.5		0

		Y1		4.9999997891		in														L2R (0 steer)		23.1808387798		9.9482656516						L2R (0 steer)		23.1808387798		0.0517339266

		L1		4.951569217		in														L2L (0 steer)		-6.5		0						L2L (0 steer)		-6.5		0

		L2		19.4221103866		in														L2L (0 steer)		-23.1808387798		9.9482656516						L2L (0 steer)		-23.1808387798		0.0517339266

																				R Tire		24		13.9999997891						R Tire		24		13.9999997891

		Chebychev Spacing - Helps to Minimize Error																				24		-4.0000002109								24		-4.0000002109

		Phi Max (deg)		Lg Max (in)																L Tire		-24		13.9999997891						L Tire		-24		13.9999997891

		113		18.5																		-24		-4.0000002109								-24		-4.0000002109

		Phi Min (deg)		Lg Min (in)						% Ackerman		100		% 						Axle		-24		4.9999997891						Axle		-24		4.9999997891

		61		14.5																		24		4.9999997891								24		4.9999997891

		Point		Phi R		Lg R

		1		64.4833395016		14.7679491924

		2		87		16.5

		3		109.5166604984		18.2320508076

		 Final Precision Points (Positions) For Mechanisms Design



		Position #		Phi Points		Lg Points		(Can use the Chebycheve Spacing or whatever points you want)

		1		8.9222397937		13.6542090793

		2		87.9070062168		16.5

		3		118.9138218027		19.4260324767								With Tolerances		For Trailing Configuration

										For Solver, Minimize:

		Car Properties								Sum Square Errors		3.1857201566		16.6147678128		126852.120382852

		Wheelbase		65		in

		Trackwidth		48		in				Standard Error						Tolerance Error - on Phi over Turning Range						Tolerance Error - Including Randome Pin Location

		Kingpin Width		46		in				Max Error:		0.2554567161		deg		Max Variance		0.4462454242		deg		Max Variance		0.7022364173		deg

		Width R & P		13		in				Min Error:		-0.3860832962		deg		Min Variance		0.212709756		deg		Min Variance		0.3501150046		deg

		Rack Ratio		3.2		in/pinion turn				 Error Band:		0.6415400123		deg		Avg. Variance		0.2771485513		deg		Avg. Variance		0.4476048589		deg

		Base Lg Size		16.5		in				(Total Error over Steering Range)

		δLg (whole range)		4		in

		Phi 0		-2.0929937832		deg

		Static Toe		1		deg		(+ values equal inward, - values outward)

		Steering Range (+/-)		22		deg		Actual Steering Range (+/-) = 				19.5209229206		(outside wheel to outside wheel)

		% Ackerman		100		% 		(<0%= anti ackerman (toe-in), 0% = parrallel, 100% = true ackerman, 100+% = more than ackerman (toe-out))

		Ackermann Equation Used:				netsteer = (%ackerman/100)*(outside wh. angle-(atan(wheelbase/((wheelbase/tan(radians(outside wh. Angle))) - trackwidth))))														Right Wheel Based								Left Right Wheel Based

		Ackerman Angle - From Vertical						Right Turn - from Horizontal				Left Turn - from Horizontal				Right Turn		Left Turn		Right Turn				Left Turn				Right Turn				Left Turn				right turn		left turn

		Outside Wheel Angle (deg)		Net Steer (deg)		Inside Wheel Angle (deg)		PhiT L (deg)		PhiT R (deg)		PhiT L (deg)		PhiT R (deg)		Steering Wheel Angle (deg) 		Steering Wheel Angle (deg)		lambda		Lg R		lambda		Lg R		lambda		Lg L		lambda		Lg L		Steering Wheel Angle 		steering wheel angle

		0		0		0		89		91		89		91		-29.8951870403		29.8951870403		0.5379128148		16.7657349959		0.5379128148		16.7657349959		0.5379128148		16.7657349959		0.5379128148		16.7657349959		29.8951870403		-29.8951870403

		2.75		-0.0966134981		2.8466134981		86.25		88.1533865019		91.8466134981		93.75		-57.266705561		57.266705561		0.5378038616		16.5208433704		0.5373225144		17.0090373828		0.5373225144		17.0090373828		0.5378038616		16.5208433704		57.266705561		-2.34487917

		5.5		-0.3994522803		5.8994522803		83.5		85.1005477197		94.8994522803		96.5		-85.3145899362		85.3145899362		0.5368736262		16.2667493177		0.5360507471		17.2583519105		0.5360507471		17.2583519105		0.5368736262		16.2667493177		85.3145899362		26.2407017619

		8.25		-0.9280812628		9.1780812628		80.75		81.8219187372		98.1780812628		99.25		-113.9676585639		113.9676585639		0.5349417168		16.004447274		0.5341019791		17.5130458539		0.5341019791		17.5130458539		0.5349417168		16.004447274		113.9676585639		55.7496816697

		11		-1.7013522007		12.7013522007		78		78.2986477993		101.7013522007		102		-143.1499259477		143.1499259477		0.5317996189		15.7356076784		0.5314830218		17.7724437862		0.5314830218		17.7724437862		0.5317996189		15.7356076784		143.1499259477		85.9941361778

		13.75		-2.7360216452		16.4860216452		75.25		74.5139783548		105.4860216452		104.75		-172.7809281145		172.7809281145		0.5272143303		15.4627350909		0.5282029678		18.0358304721		0.5282029678		18.0358304721		0.5272143303		15.4627350909		172.7809281145		116.6923022702

		16.5		-4.0448587213		20.5448587213		72.5		70.4551412787		109.5448587213		107.5		-202.7761050004		202.7761050004		0.5209375458		15.1893031064		0.5242731081		18.3024542667		0.5242731081		18.3024542667		0.5209375458		15.1893031064		202.7761050004		147.4534005335

		19.25		-5.6342424044		24.8842424044		69.75		66.1157575956		113.8842424044		110.25		-233.0472340269		233.0472340269		0.5127223847		14.9198237667		0.5197068301		18.5715309691		0.5197068301		18.5715309691		0.5127223847		14.9198237667		233.0472340269		177.7698262446

		22		-7.5013820163		29.5013820163		67		61.4986179837		118.5013820163		113		-263.5029081155		263.5029081155		0.5023489419		14.6597967303		0.5145195021		18.8422480721		0.5145195021		18.8422480721		0.5023489419		14.6597967303		263.5029081155		207.0228678391





																																						No Pin Joint Slop						With Pin Joint Slop

		Structural Error - Right Wheel														Structural Error - Left Wheel																						Structural Error + Tolerance Error						Structural Error + Tolerance Error								For Trailing Config. Steering Tool

		Ideal Function -Linear Ackerman				Actual Values From Loop Equations								Error				Ideal Function-Linear Ackerman				Actual Values of Left Side										For Solver						Right Side		Left Side				Right Side		Left Side						Right Side Calcs																		Left Side Calcs																Tolerances w/ Structural Error						Tol & joint & struct

		Lg (in)		PhiR (deg)		Theta (deg)		L0 (in)		Alpha (deg)		Phi (deg)		Error Right (deg)		Error Left (deg)		LgL (in)		PhiL(deg)		L0L (in)		ThetaL (deg)		AlphaL (deg)		PhiL (deg)				Right Error		Delta Lg		Right Error + Tol Error		PhiR (deg)		PhiL (deg)				PhiR (deg)		PhiL (deg)						LgR		-Phi R Ideal		L0		Theta		Alpha		-Phi R Actual		Error Right		Error Function		Error Left		LgL		-Phi L Ideal		L0		Theta		Alpha		-Phi L Actual				dLg		dPhiR (deg)		dPhiL (deg)				dPhiR (deg)		dPhiL (deg)

		14.5		58.4056242004		19.0256052928		15.3378615814		9.3034225599		58.3795008908		-0.0261233097		0.3860832962		-18.5		70.0929937832		19.1637678417		164.8759933004		14.7258684183		70.4790770794				-0.0261233097		-2		0.649989798		0.4201221146		0.5987930522				0.6761131076		0.6117266607				Left Turn		14.5		-66.9070062168		15.3378615814		19.0256052928		9.3034225599		-20.3282903052		46.5787159116		46.5787159116		-33.7503948718		-18.5		-66.9766956068		19.1637678417		164.8759933004		14.7258684183		-100.7270904786				-2		47.0249613358		-33.5376851158				47.2210878704		-33.4568459718

		14.54		59.1625836426		18.9770145589		15.3756820301		9.4729012016		59.184348589		0.0217649464		0.3543541424		-18.46		70.5329937832		19.1251561534		164.8447277023		14.7343080966		70.8873479256				0.0217649464		-1.96																		14.54		-67.3470062168		15.3756820301		18.9770145589		9.4729012016		-21.2303194712		46.1166867455		46.1166867455		-33.4958874237		-18.46		-67.7020050973		19.1251561534		164.8447277023		14.7343080966		-101.197892521				-1.96

		14.58		59.9126976711		18.9286623159		15.413513483		9.6370287913		59.9724478639		0.0597501927		0.3230715433		-18.42		70.9729937832		19.0865501831		164.8133356143		14.7418705978		71.2960653265				0.0597501927		-1.92		0.7943252237		0.4878055316		0.536534987				0.734575031		0.5493728198						14.58		-67.7870062168		15.413513483		18.9286623159		9.6370287913		-22.1151232321		45.6718829847		45.6718829847		-33.2491897302		-18.42		-68.4202043676		19.0865501831		164.8133356143		14.7418705978		-101.6693940979				-1.92		46.0999383235		-33.0357262865				46.2869345873		-32.9547946847

		14.62		60.6558923626		18.8805468806		15.4513558593		9.7960884329		60.7448309568		0.0889385943		0.2922643459		-18.38		71.4129937832		19.0479499656		164.7818162862		14.7485523296		71.7052581292				0.0889385943		-1.88																		14.62		-68.2270062168		15.4513558593		18.8805468806		9.7960884329		-22.9837371957		45.2432690211		45.2432690211		-33.010367005		-18.38		-69.1312585518		19.0479499656		164.7818162862		14.7485523296		-102.1416255568				-1.88

		14.66		61.3921028451		18.8326665849		15.4892090789		9.9503369953		61.5024320082		0.1103291631		0.2619615923		-18.34		71.8529937832		19.0093555359		164.7501689619		14.7543495165		72.1149553756				0.1103291631		-1.84		0.8712116817		0.5222759025		0.476244064				0.7608825185		0.4889936349						14.66		-68.6670062168		15.4892090789		18.8326665849		9.9503369953		-23.8370988384		44.8299073783		44.8299073783		-32.7794768443		-18.34		-69.8351406074		19.0093555359		164.7501689619		14.7543495165		-102.6146174517				-1.84		45.2418541178		-32.5651943726				45.4207795724		-32.4841627265

		14.7		62.1212730517		18.7850197758		15.5270730626		10.1000084385		62.2460996656		0.1248266139		0.2321925358		-18.3		72.2929937832		18.9707669294		164.7183928797		14.7592581987		72.5251863191				0.1248266139		-1.8																		14.7		-69.1070062168		15.5270730626		18.7850197758		10.1000084385		-24.6760601139		44.4309461028		44.4309461028		-32.5565695409		-18.3		-70.5318310187		18.9707669294		164.7183928797		14.7592581987		-103.0884005596				-1.8

		14.74		62.8433554577		18.737604815		15.5649477317		10.2453166132		62.9766076825		0.1332522249		0.2029866582		-18.26		72.7329937832		18.9321841817		164.6864872719		14.763274229		72.9359804414				0.1332522249		-1.76		0.8953785274		0.5308085883		0.4181543971				0.7621263025		0.4308232158						14.74		-69.5470062168		15.5649477317		18.737604815		10.2453166132		-25.5013980525		44.0456081642		44.0456081642		-32.3416884047		-18.26		-71.2213174929		18.9321841817		164.6864872719		14.763274229		-103.5630058976				-1.76		44.4431645276		-32.1265206658				44.6148939717		-32.0453813533

		14.78		63.5583108067		18.6904200788		15.6028330085		10.3864576328		63.6946638869		0.1363530802		0.1743736866		-18.22		73.1729937832		18.8936073287		164.6544513647		14.7663932709		73.3473674699				0.1363530802		-1.72																		14.78		-69.9870062168		15.6028330085		18.6904200788		10.3864576328		-26.3138237294		43.6731824873		43.6731824873		-32.134870087		-18.22		-71.9035946534		18.8936073287		164.6544513647		14.7663932709		-104.0384647404				-1.72

		14.82		64.2661078254		18.6434639579		15.6407288159		10.5236118949		64.4009178142		0.1348099888		0.1463836114		-18.18		73.6129937832		18.8550364065		164.6222843786		14.7686107958		73.7593773946				0.1348099888		-1.68		0.8789848116		0.5194143223		0.3625038992				0.7441748228		0.3750994894						14.82		-70.4270062168		15.6407288159		18.6434639579		10.5236118949		-27.1139898985		43.3130163183		43.3130163183		-31.9361449075		-18.18		-72.57866373		18.8550364065		164.6222843786		14.7686107958		-104.5148086375				-1.68		43.6976206518		-31.7200246196				43.8628865573		-31.6387699637

		14.86		64.9667229299		18.5967348575		15.6786350774		10.6569458141		65.0959672417		0.1292443118		0.1190467035		-18.14		74.0529937832		18.8164714517		164.5899855277		14.7699220801		74.1720404867				0.1292443118		-1.64																		14.86		-70.8670062168		15.6786350774		18.5967348575		10.6569458141		-27.9024975267		42.9645086901		42.9645086901		-31.7455371824		-18.14		-73.246532249		18.8164714517		164.5899855277		14.7699220801		-104.9920694314				-1.64

		14.9		65.6601399254		18.550231197		15.7165517176		10.7866133147		65.7803638105		0.1202238851		0.0923935332		-18.1		74.4929937832		18.7779125009		164.5575540202		14.7703222026		74.5853873164				0.1202238851		-1.6		0.8321421293		0.4930949493		0.3095348434				0.7119182443		0.3220647613						14.9		-71.3070062168		15.7165517176		18.550231197		10.7866133147		-28.6799014164		42.6271048004		42.6271048004		-31.5630655532		-18.1		-73.9072137228		18.7779125009		164.5575540202		14.7703222026		-105.4702792761				-1.6		42.9999758646		-31.3459242431				43.1593989929		-31.264546493

		14.94		66.346349701		18.5039514097		15.7544786614		10.9127571234		66.4546178864		0.1082681854		0.0664549886		-18.06		74.9329937832		18.7393595913		164.5249890581		14.7698060408		74.9994487718				0.1082681854		-1.56																		14.94		-71.7470062168		15.7544786614		18.5039514097		10.9127571234		-29.446715067		42.3002911498		42.3002911498		-31.3887433132		-18.06		-74.5607273424		18.7393595913		164.5249890581		14.7698060408		-105.9494706556				-1.56

		14.98		67.0253499216		18.4578939427		15.7924158345		11.0355098932		67.1192027829		0.0938528613		0.0412622945		-18.02		75.3729937832		18.7008127602		164.4922898371		14.7683682681		75.4142560777				0.0938528613		-1.52		0.7633043055		0.4560343953		0.259494448				0.6694514443		0.2719663012						14.98		-72.1870062168		15.7924158345		18.4578939427		11.0355098932		-30.2034148974		41.9835913194		41.9835913194		-31.2225787317		-18.02		-75.2070976719		18.7008127602		164.4922898371		14.7683682681		-106.4296764035				-1.52		42.3457728534		-31.0043465781				42.4998848882		-30.9228378901

		15.02		67.6971447175		18.4120572571		15.8303631636		11.1549951851		67.7745584439		0.0774137264		0.0168470325		-17.98		75.8129937832		18.6622720453		164.4594555466		14.7660033495		75.8298408158				0.0774137264		-1.48																		15.02		-72.6270062168		15.8303631636		18.4120572571		11.1549951851		-30.9504439297		41.6765622871		41.6765622871		-31.0645753751		-17.98		-75.8463543473		18.6622720453		164.4594555466		14.7660033495		-106.9109297225				-1.48

		15.06		68.3617443742		18.3664398274		15.8683205756		11.2713283295		68.4210946703		0.0593502961		-0.0067588391		-17.94		76.2529937832		18.6237374845		164.4264853698		14.7627055385		76.2462349442				0.0593502961		-1.44		0.6795646597		0.4117445954		0.2126354904				0.6202143636		0.2250569572						15.06		-73.0670062168		15.8683205756		18.3664398274		11.2713283295		-31.6882150156		41.3787912012		41.3787912012		-30.9147324237		-17.94		-76.4785317808		18.6237374845		164.4264853698		14.7627055385		-107.3932642045				-1.44		41.7311855005		-30.6953380942				41.880446104		-30.6136905109

		15.1		69.0191650235		18.3210401415		15.9062879985		11.384617184		69.0591939558		0.0400289323		-0.0295229646		-17.9		76.6929937832		18.5852091162		164.3933784833		14.7584688725		76.6634708187				0.0400289323		-1.4																		15.1		-73.5070062168		15.9062879985		18.3210401415		11.384617184		-32.4171136729		41.0898925439		41.0898925439		-30.7730449826		-17.9		-77.1036688695		18.5852091162		164.3933784833		14.7584688725		-107.8767138521				-1.4

		15.14		69.6694283361		18.2758567007		15.9442653607		11.4949628029		69.6892139902		0.0197856541		-0.0514125695		-17.86		77.1329937832		18.5466869788		164.3601340572		14.753287169		77.0815812137				0.0197856541		-1.36		0.5868874847		0.3631793016		0.1692169529				0.5671018306		0.1815958029						15.14		-73.9470062168		15.9442653607		18.2758567007		11.4949628029		-33.1375005887		40.8095056281		40.8095056281		-30.6395043874		-17.86		-77.721808712		18.5466869788		164.3601340572		14.753287169		-108.3613130993				-1.36		41.1528992756		-30.4188748649				41.2977091606		-30.3370802947

		15.18		70.3125612187		18.2308880196		15.9822525913		11.6024600313		70.3114898746		-0.0010713441		-0.0723944387		-17.82		77.5729937832		18.5081711115		164.3267512552		14.7471540206		77.5005993446				-0.0010713441		-1.32																		15.18		-74.3870062168		15.9822525913		18.2308880196		11.6024600313		-33.8497138353		40.5372923814		40.5372923814		-30.5140985034		-17.82		-78.3329983307		18.5081711115		164.3267512552		14.7471540206		-108.8470968341				-1.32

		15.22		70.9485955146		18.1861326256		16.0202496201		11.7071980328		70.9263360901		-0.0222594246		-0.0924348934		-17.78		78.0129937832		18.4696615532		164.2932292344		14.7400627905		77.9205588898				-0.0222594246		-1.28		0.4902916095		0.3128244573		0.1295047065				0.512551034		0.1418488219						15.22		-74.8270062168		16.0202496201		18.1861326256		11.7071980328		-34.5540708389		40.2729353779		40.2729353779		-30.3968120181		-17.78		-78.9372884029		18.4696615532		164.2932292344		14.7400627905		-109.334100421				-1.28		40.6080192597		-30.1748724182				40.7487303606		-30.0929226134

		15.26		71.5775677104		18.1415890591		16.0582563777		11.8092607605		71.534048251		-0.0435194594		-0.1114997683		-17.74		78.4529937832		18.4311583437		164.2595671452		14.7320066076		78.3414940149				-0.0435194594		-1.24																		15.26		-75.2670062168		16.0582563777		18.1415890591		11.8092607605		-35.2508701329		40.0161360839		40.0161360839		-30.2876267255		-17.74		-79.5347329992		18.4311583437		164.2595671452		14.7320066076		-109.8223597246				-1.24

		15.3		72.1995186477		18.0972558732		16.096272795		11.9087273783		72.1349046715		-0.0646139762		-0.1295543871		-17.7		78.8929937832		18.3926615228		164.2257641311		14.7229783608		78.7634393962				-0.0646139762		-1.2		0.3939983077		0.2627711091		0.093772237				0.4586122839		0.1060896352						15.3		-75.7070062168		16.096272795		18.0972558732		11.9087273783		-35.9403929252		39.7666132916		39.7666132916		-30.1865218038		-17.7		-80.1253893302		18.3926615228		164.2257641311		14.7229783608		-110.311911134				-1.2		40.0939983769		-29.9631951798				40.2309218691		-29.8810817131

		15.34		72.8144932424		18.0531316337		16.1342988038		12.005672639		72.7291677697		-0.0853254727		-0.1465635374		-17.66		79.3329937832		18.3541711306		164.1918193291		14.7129706937		79.1864302459				-0.0853254727		-1.16																		15.34		-76.1470062168		16.1342988038		18.0531316337		12.005672639		-36.6229045024		39.5241017144		39.5241017144		-30.093474085		-17.66		-80.7093175026		18.3541711306		164.1918193291		14.7129706937		-110.8027915877				-1.16

		15.38		73.4225402114		18.0092149188		16.1723343365		12.1001672241		73.3170853287		-0.1054548827		-0.1624914452		-17.62		79.7729937832		18.3156872077		164.1577318691		14.7019759987		79.610502338				-0.1054548827		-1.12		0.3015521517		0.214775049		0.0623014201				0.4070070343		0.0746002775						15.38		-76.5870062168		16.1723343365		18.0092149188		12.1001672241		-37.2986554911		39.2883507257		39.2883507257		-30.0084583162		-17.62		-81.2865802836		18.3156872077		164.1577318691		14.7019759987		-111.2950385997				-1.12		39.6085806574		-29.7836654508				39.7419933576		-29.7013796917

		15.42		74.0237118062		17.9655043193		16.2103793259		12.1922780506		73.8988916324		-0.1248201738		-0.1773017478		-17.58		80.2129937832		18.277209795		164.1235008743		14.6899864105		80.0356920354				-0.1248201738		-1.08																		15.42		-77.0270062168		16.2103793259		17.9655043193		12.1922780506		-37.9678829938		39.0591232229		39.0591232229		-29.9314474125		-17.58		-81.8572428742		18.277209795		164.1235008743		14.6899864105		-111.7886902868				-1.08

		15.46		74.6180635555		17.9219984379		16.2484337058		12.2820685479		74.4748084907		-0.1432550648		-0.190957466		-17.54		80.6529937832		18.2387389337		164.0891254608		14.6769938001		80.4620363172				-0.1432550648		-1.04		0.2159209544		0.1703061868		0.0353833513				0.3591760192		0.0476720281						15.46		-77.4670062168		16.2484337058		17.9219984379		12.2820685479		-38.6308116148		38.836194602		38.836194602		-29.8624127031		-17.54		-82.4213726926		18.2387389337		164.0891254608		14.6769938001		-112.2837853957				-1.04		39.1497558535		-29.6360718858				39.2799053835		-29.5536049742

		15.5		75.2056540161		17.8786958897		16.2864974102		12.3695989089		75.0450461674		-0.1606078487		-0.2034209754		-17.5		81.0929937832		18.2002746653		164.0546047374		14.6629897672		80.8895728078				-0.1606078487		-1																		15.5		-77.9070062168		16.2864974102		17.8786958897		12.3695989089		-39.2876543879		38.6193518289		38.6193518289		-29.8013241674		-17.5		-82.9790391655		18.2002746653		164.0546047374		14.6629897672		-112.7803633329				-1

		15.54		75.7865445326		17.8355953017		16.3245703739		12.4549263174		75.6098042215		-0.1767403111		-0.2146539763		-17.46		81.5329937832		18.1618170316		164.0199378063		14.6479656334		81.318339807				-0.1767403111		-0.96		0.1395792734		0.130589838		0.0133192373				0.3163195845		0.0256063055						15.54		-78.3470062168		16.3245703739		17.8355953017		12.4549263174		-39.9386136182		38.4083925986		38.4083925986		-29.7481506648		-17.46		-83.5303135296		18.1618170316		164.0199378063		14.6479656334		-113.2784641944				-0.96		38.7157227477		-29.5201774512				38.8428317416		-29.4375202702

		15.58		76.3607990061		17.7926953126		16.3626525322		12.5381051564		76.1692722719		-0.1915267341		-0.2246174623		-17.42		81.9729937832		18.1233660751		163.985123762		14.6319124348		81.748376321				-0.1915267341		-0.92																		15.58		-78.7870062168		16.3626525322		17.7926953126		12.5381051564		-40.5838816468		38.20312457		38.20312457		-29.702860155		-17.42		-84.075268642		18.1233660751		163.985123762		14.6319124348		-113.778128797				-0.92

		15.62		76.9284836717		17.749994573		16.4007438213		12.619187196		76.7236306933		-0.2048529784		-0.2332716882		-17.38		82.4129937832		18.0849218381		163.950161692		14.6148209133		82.1797220951				-0.2048529784		-0.88		0.0745787895		0.096641552		-0.0035786413				0.2794317679		0.0087156306						15.62		-79.2270062168		16.4007438213		17.749994573		12.619187196		-41.2236415473		38.0033646695		38.0033646695		-29.6654199119		-17.38		-84.6139787991		18.0849218381		163.950161692		14.6148209133		-114.279398711				-0.88		38.3048591999		-29.4357268651				38.4291287634		-29.352870011

		15.66		77.4896668858		17.7074917452		16.4388441775		12.6982217665		77.2730512513		-0.2166156346		-0.2405761359		-17.34		82.8529937832		18.0464843637		163.9150506765		14.5966815086		82.6124176474				-0.2166156346		-0.84																		15.66		-79.6670062168		16.4388441775		17.7074917452		12.6982217665		-41.8580677609		37.8089384559		37.8089384559		-29.6357967292		-17.34		-85.1465195652		18.0464843637		163.9150506765		14.5966815086		-114.7823162944				-0.84

		15.7		78.044418922		17.6651855028		16.4769535379		12.7752559163		77.817697683		-0.2267212391		-0.2464894793		-17.3		83.2929937832		18.0080536953		163.879789788		14.5774843494		83.046504304				-0.2267212391		-0.8		0.0226080566		0.0692966999		-0.0149858884				0.2493292957		-0.0026753284						15.7		-80.1070062168		16.4769535379		17.6651855028		12.7752559163		-42.4873266774		37.6196795394		37.6196795394		-29.6139571185		-17.3		-85.6729676094		18.0080536953		163.879789788		14.5774843494		-115.2869247279				-0.8		37.9156974784		-29.3824535277				38.0373100573		-29.2993872783

		15.74		78.5928117765		17.6230745309		16.5150718403		12.8503345568		78.3577262285		-0.235085548		-0.2509695473		-17.26		83.7329937832		17.9696298763		163.8443780919		14.5572192436		83.482024236				-0.235085548		-0.76																		15.74		-80.5470062168		16.5150718403		17.6230745309		12.8503345568		-43.1115771667		37.4354290501		37.4354290501		-29.5998675008		-17.26		-86.1934005513		17.9696298763		163.8443780919		14.5572192436		-115.7932680521				-0.76

		15.78		79.1349189825		17.5811575259		16.5531990229		12.9235005946		78.8932861185		-0.241632864		-0.2539732855		-17.22		84.1729937832		17.9312129509		163.8088146458		14.5358756688		83.9190204977				-0.241632864		-0.72		-0.0149564649		0.0492357634		-0.0205648608				0.2266763991		-0.0082286222						15.78		-80.9870062168		16.5531990229		17.5811575259		12.9235005946		-43.7309710667		37.2560351501		37.2560351501		-29.5934943912		-17.22		-86.7078968148		17.9312129509		163.8088146458		14.5358756688		-116.3013912061				-0.72		37.5469037774		-29.3600859665				37.6660255531		-29.2768002468

		15.82		79.6708154334		17.5394331953		16.5913350244		12.9947950545		79.4245200219		-0.2462954115		-0.2554567161		-17.18		84.6129937832		17.8928029635		163.7730984998		14.5134427619		84.3575370672				-0.2462954115		-0.68																		15.82		-81.4270062168		16.5913350244		17.5394331953		12.9947950545		-44.3456536314		37.0813525854		37.0813525854		-29.5948045768		-17.18		-87.2165354908		17.8928029635		163.7730984998		14.5134427619		-116.8113400676				-0.68

		15.86		80.2005772154		17.4979002575		16.6294797841		13.0642571916		79.9515644581		-0.2490127573		-0.2553748956		-17.14		85.0529937832		17.8543999589		163.7372286961		14.489909308		84.7976188877				-0.2490127573		-0.64		-0.0370066063		0.037006051		-0.019963435				0.2120061509		-0.0075917842						15.86		-81.8670062168		16.6294797841		17.4979002575		13.0642571916		-44.9557639431		36.9112422736		36.9112422736		-29.6037652888		-17.14		-87.7193962066		17.8543999589		163.7372286961		14.489909308		-117.3231614954				-0.64		37.1972610819		-29.3683538282				37.3140439871		-29.2848381724

		15.9		80.7242814483		17.4565574421		16.667633242		13.1319245952		80.474550177		-0.2497312713		-0.2536818711		-17.1		85.4929937832		17.8160039821		163.7012042694		14.465263729		85.2393119121				-0.2497312713		-0.6																		15.9		-82.3070062168		16.667633242		17.4565574421		13.1319245952		-45.5614352928		36.7455709239		36.7455709239		-29.6203443685		-17.1		-88.2165590047		17.8160039821		163.7012042694		14.465263729		-117.8369033732				-0.6

		15.94		81.2420061349		17.4154034893		16.7057953385		13.1978332848		80.9936025092		-0.2484036257		-0.2503306341		-17.06		85.9329937832		17.7776150788		163.6650242464		14.4394940715		85.6826631491				-0.2484036257		-0.56		-0.0426647453		0.0330404223		-0.0128136592				0.2057388804		-0.0003964784						15.94		-82.7470062168		16.7057953385		17.4154034893		13.1978332848		-46.1627955306		36.5842106862		36.5842106862		-29.6445104289		-17.06		-88.7081042274		17.7776150788		163.6650242464		14.4394940715		-118.3526146563				-0.56		36.8656547341		-29.4069934539				36.9802381597		-29.3232369646

		15.98		81.7538300187		17.3744371501		16.7439660144		13.2620177987		81.5088416903		-0.2449883284		-0.2452730722		-17.02		86.3729937832		17.7392332949		163.6286876458		14.412587994		86.127720711				-0.2449883284		-0.52																		15.98		-83.1870062168		16.7439660144		17.3744371501		13.2620177987		-46.75996739		36.4270388267		36.4270388267		-29.6762330096		-17.02		-89.1941124097		17.7392332949		163.6286876458		14.412587994		-118.8703454193				-0.52

		16.02		82.2598324503		17.3336571861		16.7821452112		13.3245112763		82.0203831608		-0.2394492895		-0.2384599183		-16.98		86.8129937832		17.7008586767		163.5921934785		14.3845327532		86.5745338649				-0.2394492895		-0.48		-0.0312511773		0.037673479		0.0012697261				0.2081981122		0.0137429831						16.02		-83.6270062168		16.7821452112		17.3336571861		13.3245112763		-47.3530687885		36.2739374282		36.2739374282		-29.7154827292		-16.98		-89.6746641787		17.7008586767		163.5921934785		14.3845327532		-119.3901469079				-0.48		36.5510601967		-29.4757530847				36.6635724459		-29.391744388

		16.06		82.7600932603		17.2930623694		16.820332871		13.3853455342		82.5283378441		-0.2317554163		-0.2298406975		-16.94		87.2529937832		17.6624912708		163.5555407471		14.3553151901		87.0231530857				-0.2317554163		-0.44																		16.06		-84.0670062168		16.820332871		17.2930623694		13.3853455342		-47.9422131053		36.1247931115		36.1247931115		-29.7622314318		-16.94		-90.1498401597		17.6624912708		163.5555407471		14.3553151901		-119.9120715915				-0.44

		16.1		83.2546926413		17.2526514823		16.8585289362		13.4445511369		83.0328124041		-0.2218802372		-0.2193636711		-16.9		87.6929937832		17.6241311244		163.5187284461		14.3249217152		87.4736301121				-0.2218802372		-0.4		-0.0022558427		0.0511556017		0.0226909149				0.2196243945		0.0352312718						16.1		-84.5070062168		16.8585289362		17.2526514823		13.4445511369		-48.5275094395		35.9794967773		35.9794967773		-29.8164523312		-16.9		-90.6197208887		17.6241311244		163.5187284461		14.3249217152		-120.4361732199				-0.4		36.2525326161		-29.5743977451				36.3630921504		-29.4901249411

		16.14		83.743711036		17.2124233176		16.8967333497		13.502157463		83.5339094856		-0.2098015504		-0.2069757776		-16.86		88.1329937832		17.5857782851		163.4817555619		14.2933382918		87.9260180056				-0.2098015504		-0.36																		16.14		-84.9470062168		16.8967333497		17.2124233176		13.502157463		-49.1090628503		35.8379433664		35.8379433664		-29.8781201507		-16.86		-91.0843867312		17.5857782851		163.4817555619		14.2933382918		-120.9625068819				-0.36

		16.18		84.2272290333		17.1723766782		16.9349460552		13.5581927659		84.0317279366		-0.1955010967		-0.192622571		-16.82		88.5729937832		17.5474328006		163.4446210723		14.2605504202		88.3803712122				-0.1955010967		-0.32		0.0446862183		0.0736651383		0.0518748321				0.240187315		0.0644938446						16.18		-85.3870062168		16.9349460552		17.1723766782		13.5581927659		-49.6869745801		35.7000316366		35.7000316366		-29.9472112612		-16.82		-91.5439178064		17.5474328006		163.4446210723		14.2605504202		-121.4911290676				-0.32		35.9691978716		-29.7027138581				36.0779143836		-29.6181644661

		16.22		84.7053272709		17.1325103771		16.9731669965		13.6126842314		84.5263630166		-0.1789642543		-0.1762481553		-16.78		89.0129937832		17.5090947193		163.4073239469		14.2265431198		88.8367456279				-0.1789642543		-0.28																		16.22		-85.8270062168		16.9731669965		17.1325103771		13.6126842314		-50.2613422624		35.5656639543		35.5656639543		-30.0237038164		-16.78		-91.9983939177		17.5090947193		163.4073239469		14.2265431198		-122.0220977341				-0.28

		16.26		85.1780863438		17.0928232371		17.0113961182		13.6656580306		85.0179065899		-0.1601797539		-0.1577951158		-16.74		89.4529937832		17.4707640901		163.3698631468		14.1913009099		89.2951986674				-0.1601797539		-0.24		0.1098162017		0.1053190029		0.0892691224				0.2699959556		0.1019789386						16.26		-86.2670062168		17.0113961182		17.0928232371		13.6656580306		-50.8322601156		35.4347461011		35.4347461011		-30.1075778861		-16.74		-92.4478944878		17.4707640901		163.3698631468		14.1913009099		-122.5554723738				-0.24		35.7002448579		-29.8605136479				35.8072202007		-29.7756745461

		16.3		85.6455867203		17.0533140911		17.0496333653		13.7171393698		85.5064473066		-0.1391394136		-0.1372044464		-16.7		89.8929937832		17.4324409619		163.3322376244		14.1548077907		89.7557893369				-0.1391394136		-0.2																		16.3		-86.7070062168		17.0496333653		17.0533140911		13.7171393698		-51.3998191244		35.3071870924		35.3071870924		-30.1988155887		-16.7		-92.8924984993		17.4324409619		163.3322376244		14.1548077907		-123.091314088				-0.2

		16.34		86.1079086629		17.0139817817		17.0878786832		13.7671525369		85.9920707718		-0.115837891		-0.1144154729		-16.66		90.3329937832		17.3941253845		163.2944463235		14.117047222		90.2185783103				-0.115837891		-0.16		0.1932701031		0.1461818988		0.13534636				0.3091079942		0.1481597872						16.34		-87.1470062168		17.0878786832		17.0139817817		13.7671525369		-51.9641072085		35.1828990083		35.1828990083		-30.2974012231		-16.66		-93.3322844402		17.3941253845		163.2944463235		14.117047222		-123.6296856633				-0.16		35.4449187982		-30.0476393901				35.550247793		-29.962496748

		16.38		86.5651321557		16.974825161		17.1261320178		13.8157209449		86.4748597034		-0.0902724523		-0.0893657721		-16.62		90.7729937832		17.3558174077		163.2564881792		14.0780021011		90.6836280111				-0.0902724523		-0.12																		16.38		-87.5870062168		17.1261320178		16.974825161		13.8157209449		-52.5252093814		35.0617968354		35.0617968354		-30.4033213992		-16.62		-93.7673302535		17.3558174077		163.2564881792		14.0780021011		-124.1706516527				-0.12

		16.42		87.0173368366		16.9358430909		17.1643933156		13.8628671727		86.9548940804		-0.0624427562		-0.0619910859		-16.58		91.2129937832		17.3175170822		163.2183621177		14.0376547394		91.1510026973				-0.0624427562		-0.08		0.2950948773		0.1962743489		0.1906065113				0.3575376335		0.2035370915						16.42		-88.0270062168		17.1643933156		16.9358430909		13.8628671727		-53.0832078986		34.9437983182		34.9437983182		-30.5165651704		-16.58		-94.1977132916		17.3175170822		163.2183621177		14.0376547394		-124.714278462				-0.08		35.2025154233		-30.2639675732				35.3062865655		-30.1785067761

		16.46		87.4646019356		16.8970344427		17.2026625233		13.9086130033		87.4322512818		-0.0323506538		-0.0322252304		-16.54		91.6529937832		17.2792244586		163.1800670562		13.9959868377		91.6207685528				-0.0323506538		-0.04																		16.46		-88.4670062168		17.2026625233		16.8970344427		13.9086130033		-53.6381823964		34.8288238203		34.8288238203		-30.6371241658		-16.54		-94.6235102747		17.2792244586		163.1800670562		13.9959868377		-125.2606344405				-0.04

		16.5		87.9070062168		16.858398097		17.2409395884		13.9529794595		87.9070062168		-0		-0		-16.5		92.0929937832		17.2409395884		163.141601903		13.9529794595		92.0929937832				-0		0		0.4152625071		0.2555796888		0.2555796888				0.4152625071		0.2686417825						16.5		-88.9070062168		17.2409395884		16.858398097		13.9529794595		-54.1902100228		34.716796194		34.716796194		-34.716796194		-16.5		-91.0929937832		17.2409395884		163.141601903		13.9529794595		-125.8097899772				0		34.9723758828		-34.4612165052				35.074671961		-34.3754220701

		16.54		88.3470062168		16.8199329438		17.2792244586		13.9959868377		88.3792314472		0.0322252304		0.0323506538		-16.46		92.5353980644		17.2026625233		163.1029655573		13.9086130033		92.5677487182				0.0322252304		0.04																Right Turn		16.54		-88.4976476665		17.2792244586		16.8199329438		13.9959868377		-54.7393655595		33.758282107		33.758282107		-34.8288238203		-16.46		-91.5329937832		17.2026625233		163.1029655573		13.9086130033		-126.3618176036				0.04

		16.58		88.7870062168		16.7816378823		17.3175170822		14.0376547394		88.8489973027		0.0619910859		0.0624427562		-16.42		92.9826631634		17.1643933156		163.0641569091		13.8628671727		93.0451059196				0.0619910859		0.08		0.534759308		0.3145886831		0.3211598614				0.4727682221		0.3343687425						16.58		-88.0427153011		17.3175170822		16.7816378823		14.0376547394		-55.285721538		32.7569937631		32.7569937631		-34.9437983182		-16.42		-91.9729937832		17.1643933156		163.0641569091		13.8628671727		-126.9167921014				0.08		33.0095913604		-34.685081213				33.1104900016		-34.5989366933

		16.62		89.2270062168		16.7435118208		17.3558174077		14.0780021011		89.3163719889		0.0893657721		0.0902724523		-16.38		93.4348678443		17.1261320178		163.025174839		13.8157209449		93.5251402966				0.0893657721		0.12																		16.62		-87.5927656799		17.3558174077		16.7435118208		14.0780021011		-55.8293483473		31.7634173326		31.7634173326		-35.0617968354		-16.38		-92.4129937832		17.1261320178		163.025174839		13.8157209449		-127.4747906186				0.12

		16.66		89.6670062168		16.7055536765		17.3941253845		14.117047222		89.7814216897		0.1144154729		0.115837891		-16.34		93.8920913371		17.0878786832		162.9860182183		13.7671525369		94.0079292282				0.1144154729		0.16		0.6353415493		0.3641773058		0.3778576809				0.5209260764		0.3912296442						16.66		-87.1477197777		17.3941253845		16.7055536765		14.117047222		-56.3703143367		30.777405441		30.777405441		-35.1828990083		-16.34		-92.8529937832		17.0878786832		162.9860182183		13.7671525369		-128.0358927915				0.16		31.0271672739		-34.9208792184				31.1267414262		-34.8343670966

		16.7		90.1070062168		16.6677623756		17.4324409619		14.1548077907		90.2442106631		0.1372044464		0.1391394136		-16.3		94.3544132797		17.0496333653		162.9466859089		13.7171393698		94.4935526934				0.1372044464		0.2																		16.7		-87.1075015007		17.4324409619		16.6677623756		14.1548077907		-56.908685912		30.1988155887		30.1988155887		-35.3071870924		-16.3		-93.2929937832		17.0496333653		162.9466859089		13.7171393698		-128.6001808756				0.2

		16.74		90.5470062168		16.6301368532		17.4707640901		14.1913009099		90.7048013326		0.1577951158		0.1601797539		-16.26		94.8219136562		17.0113961182		162.9071767629		13.6656580306		94.9820934101				0.1577951158		0.24		0.7180407339		0.404859354		0.4256785107				0.5602456181		0.4392309931						16.74		-87.5521055122		17.4707640901		16.6301368532		14.1913009099		-57.4445276262		30.1075778861		30.1075778861		-35.4347461011		-16.26		-93.7329937832		17.0113961182		162.9071767629		13.6656580306		-129.1677398844				0.24		30.3546421242		-35.1692473443				30.452960484		-35.08234891

		16.78		90.9870062168		16.5926760531		17.5090947193		14.2265431198		91.1632543721		0.1762481553		0.1789642543		-16.22		95.2946727291		16.9731669965		162.8674896229		13.6126842314		95.4736369834				0.1762481553		0.28																		16.78		-88.0016060823		17.5090947193		16.5926760531		14.2265431198		-57.9779022659		30.0237038164		30.0237038164		-35.5656639543		-16.22		-94.1729937832		16.9731669965		162.8674896229		13.6126842314		-129.7386577376				0.28

		16.82		91.4270062168		16.5553789277		17.5474328006		14.2605504202		91.6196287878		0.192622571		0.1955010967		-16.18		95.7727709667		16.9349460552		162.8276233218		13.5581927659		95.9682720634				0.192622571		0.32		0.783830696		0.4371199741		0.4646673317				0.591208125		0.4784190512						16.82		-88.4560821936		17.5474328006		16.5553789277		14.2605504202		-58.5088709324		29.9472112612		29.9472112612		-35.7000316366		-16.18		-94.6129937832		16.9349460552		162.8276233218		13.5581927659		-130.3130254199				0.32		30.1917086644		-35.4308654016				30.2888360578		-35.3435606131

		16.86		91.8670062168		16.5182444381		17.5857782851		14.2933382918		92.0739819944		0.2069757776		0.2098015504		-16.14		96.256288964		16.8967333497		162.7875766824		13.502157463		96.4660905144				0.2069757776		0.36																		16.86		-88.9156132688		17.5857782851		16.5182444381		14.2933382918		-59.0374931181		29.8781201507		29.8781201507		-35.8379433664		-16.14		-95.0529937832		16.8967333497		162.7875766824		13.502157463		-130.8909371497				0.36

		16.9		92.3070062168		16.4812715539		17.6241311244		14.3249217152		92.5263698879		0.2193636711		0.2218802372		-16.1		96.7453073587		16.8585289362		162.7473485177		13.4445511369		96.9671875959				0.2193636711		0.4		0.8336328301		0.4614182571		0.494916076				0.614269159		0.5088871897						16.9		-89.3802791113		17.6241311244		16.4812715539		14.3249217152		-59.5638267801		29.8164523312		29.8164523312		-35.9794967773		-16.1		-95.4929937832		16.8585289362		162.7473485177		13.4445511369		-131.4724905605				0.4		30.0585069172		-35.7064609384				30.1545046404		-35.6187282637

		16.94		92.7470062168		16.4444592529		17.6624912708		14.3553151901		92.9768469143		0.2298406975		0.2317554163		-16.06		97.2399067397		16.820332871		162.7069376306		13.3853455342		97.4716621559				0.2298406975		0.44																		16.94		-89.8501598403		17.6624912708		16.4444592529		14.3553151901		-60.0879284085		29.7622314318		29.7622314318		-36.1247931115		-16.06		-95.9329937832		16.820332871		162.7069376306		13.3853455342		-132.0577868947				0.44

		16.98		93.1870062168		16.4078065215		17.7008586767		14.3845327532		93.4254661351		0.2384599183		0.2394492895		-16.02		97.7401675497		16.7821452112		162.6663428139		13.3245112763		97.9796168392				0.2384599183		0.48		0.8683207738		0.4781895628		0.516572058				0.6298608555		0.5307843446						16.98		-90.3253358213		17.7008586767		16.4078065215		14.3845327532		-60.6098530921		29.7154827292		29.7154827292		-36.2739374282		-16.02		-96.3729937832		16.7821452112		162.6663428139		13.3245112763		-132.6469312115				0.48		29.9552123736		-35.9968146598				30.0501384979		-35.9086308945

		17.02		93.6270062168		16.3713123542		17.7392332949		14.412587994		93.872279289		0.2452730722		0.2449883284		-15.98		98.2461699813		16.7439660144		162.6255628499		13.2620177987		98.4911583097				0.2452730722		0.52																		17.02		-90.8058875903		17.7392332949		16.3713123542		14.412587994		-61.1296545807		29.6762330096		29.6762330096		-36.4270388267		-15.98		-96.8129937832		16.7439660144		162.6255628499		13.2620177987		-133.24003261				0.52

		17.06		94.0670062168		16.3349757536		17.7776150788		14.4394940715		94.3173368509		0.2503306341		0.2484036257		-15.94		98.7579938651		16.7057953385		162.5845965107		13.1978332848		99.0063974908				0.2503306341		0.56		0.8887246161		0.4878476091		0.5298476736				0.638393982		0.5443247435						17.06		-91.2918957726		17.7776150788		16.3349757536		14.4394940715		-61.6473853437		29.6445104289		29.6445104289		-36.5842106862		-15.94		-97.2529937832		16.7057953385		162.5845965107		13.1978332848		-133.8372044694				0.56		29.8820274038		-36.3027666383				29.9759370502		-36.2141066954

		17.1		94.5070062168		16.2987957306		17.8160039821		14.465263729		94.7606880879		0.2536818711		0.2497312713		-15.9		99.2757185517		16.667633242		162.5434425579		13.1319245952		99.525449823				0.2536818711		0.6																		17.1		-91.7834409953		17.8160039821		16.2987957306		14.465263729		-62.1630966268		29.6203443685		29.6203443685		-36.7455709239		-15.9		-97.6929937832		16.667633242		162.5434425579		13.1319245952		-134.4385647072				0.6

		17.14		94.9470062168		16.2627713039		17.8543999589		14.489909308		95.2023811123		0.2553748956		0.2490127573		-15.86		99.7994227846		16.6294797841		162.5020997425		13.0642571916		100.0484355419				0.2553748956		0.64		0.8956346904		0.4907863561		0.5350315656				0.6402597948		0.5497991042						17.14		-92.2806037934		17.8543999589		16.2627713039		14.489909308		-62.6768385046		29.6037652888		29.6037652888		-36.9112422736		-15.86		-98.1329937832		16.6294797841		162.5020997425		13.0642571916		-135.0442360569				0.64		29.8391767493		-36.6252234653				29.9321223359		-36.5360601314

		17.18		95.3870062168		16.2269015002		17.8928029635		14.5134427619		95.6424629328		0.2554567161		0.2462954115		-15.82		100.3291845666		16.5913350244		162.4605668047		12.9947950545		100.5754799781				0.2554567161		0.68																		17.18		-92.7834645092		17.8928029635		16.2269015002		14.5134427619		-63.1886599324		29.5948045768		29.5948045768		-37.0813525854		-15.82		-98.5729937832		16.5913350244		162.4605668047		12.9947950545		-135.6543463686				0.68

		17.22		95.8270062168		16.1911853542		17.9312129509		14.5358756688		96.0809795023		0.2539732855		0.241632864		-15.78		100.8650810175		16.5531990229		162.4188424741		12.9235005946		101.1067138815				0.2539732855		0.72		0.8898050056		0.4873817102		0.5325014913				0.6358317201		0.5475875435						17.22		-93.2921031852		17.9312129509		16.1911853542		14.5358756688		-63.6986087939		29.5934943912		29.5934943912		-37.2560351501		-15.78		-99.0129937832		16.5531990229		162.4188424741		12.9235005946		-136.2690289333				0.72		29.8269028159		-36.9651665227				29.918934282		-36.8754701737

		17.26		96.2670062168		16.1556219081		17.9696298763		14.5572192436		96.517975764		0.2509695473		0.235085548		-15.74		101.4071882235		16.5150718403		162.3769254691		12.8503345568		101.6422737715				0.2509695473		0.76																		17.26		-93.8065994487		17.9696298763		16.1556219081		14.5572192436		-64.2067319479		29.5998675008		29.5998675008		-37.4354290501		-15.74		-99.4529937832		16.5150718403		162.3769254691		12.8503345568		-136.8884228333				0.76

		17.3		96.7070062168		16.120210212		18.0080536953		14.5774843494		96.953495696		0.2464894793		0.2267212391		-15.7		101.955581078		16.4769535379		162.3348144972		12.7752559163		102.182302317				0.2464894793		0.8		0.8719563586		0.4779930701		0.5227391781				0.6254668793		0.5381744807						17.3		-94.3270323906		18.0080536953		16.120210212		14.5774843494		-64.7130752721		29.6139571185		29.6139571185		-37.6196795394		-15.7		-99.8929937832		16.4769535379		162.3348144972		12.7752559163		-137.5126733226				0.8		29.8454607093		-37.3236616004				29.9366257187		-37.2333998688

		17.34		97.1470062168		16.0849493235		18.0464843637		14.5966815086		97.3875823526		0.2405761359		0.2166156346		-15.66		102.5103331142		16.4388441775		162.2925082548		12.6982217665		102.7269487487				0.2405761359		0.84																		17.34		-94.8534804348		18.0464843637		16.0849493235		14.5966815086		-65.2176837056		29.6357967292		29.6357967292		-37.8089384559		-15.66		-100.3329937832		16.4388441775		162.2925082548		12.6982217665		-138.1419322391				0.84

		17.38		97.5870062168		16.049838308		18.0849218381		14.6148209133		97.8202779049		0.2332716882		0.2048529784		-15.62		103.0715163283		16.4007438213		162.250005427		12.619187196		103.2763693067				0.2332716882		0.88		0.842779167		0.462964735		0.5063475088				0.6095074788		0.5221658828						17.38		-95.3860212009		18.0849218381		16.049838308		14.6148209133		-65.720601289		29.6654199119		29.6654199119		-38.0033646695		-15.62		-100.7729937832		16.4007438213		162.250005427		12.619187196		-138.7763584527				0.88		29.8951129588		-37.7018701391				29.9854570848		-37.611007522

		17.42		98.0270062168		16.014876238		18.1233660751		14.6319124348		98.251623679		0.2246174623		0.1915267341		-15.58		103.6392009939		16.3626525322		162.2073046874		12.5381051564		103.8307277281				0.2246174623		0.92																		17.42		-95.924731358		18.1233660751		16.014876238		14.6319124348		-66.221871203		29.702860155		29.702860155		-38.20312457		-15.58		-101.2129937832		16.3626525322		162.2073046874		12.5381051564		-139.4161183532				0.92

		17.46		98.4670062168		15.9800621937		18.1618170316		14.6479656334		98.681660193		0.2146539763		0.1767403111		-15.54		104.2134554674		16.3245703739		162.1644046983		12.4549263174		104.3901957785				0.2146539763		0.96		0.8029360556		0.4426271898		0.4840704602				0.5882820794		0.5003092755						17.46		-96.4696864704		18.1618170316		15.9800621937		14.6479656334		-66.7215358056		29.7481506648		29.7481506648		-38.4083925986		-15.54		-101.6529937832		16.3245703739		162.1644046983		12.4549263174		-140.0613863818				0.96		29.9761238783		-38.1010624495				30.065690773		-38.0095598436

		17.5		98.9070062168		15.9453952626		18.2002746653		14.6629897672		99.1104271922		0.2034209754		0.1606078487		-15.5		104.7943459839		16.2864974102		162.1213041103		12.3695989089		104.9549538326				0.2034209754		1																		17.5		-97.0209608345		18.2002746653		15.9453952626		14.6629897672		-67.2196366671		29.8013241674		29.8013241674		-38.6193518289		-15.5		-102.0929937832		16.2864974102		162.1213041103		12.3695989089		-140.7123456121				1

		17.54		99.3470062168		15.9108745392		18.2387389337		14.6769938001		99.5379636828		0.190957466		0.1432550648		-15.46		105.3819364446		16.2484337058		162.0780015621		12.2820685479		105.5251915093				0.190957466		1.04		0.7530642258		0.4172982833		0.4568163163				0.5621067597		0.4735170461						17.54		-97.5786273074		18.2387389337		15.9108745392		14.6769938001		-67.7162146043		29.8624127031		29.8624127031		-38.836194602		-15.46		-102.5329937832		16.2484337058		162.0780015621		12.2820685479		-141.3691883852				1.04		30.0887535204		-38.5226333504				30.1775850691		-38.4304474975

		17.58		99.7870062168		15.8764991257		18.277209795		14.6899864105		99.9643079646		0.1773017478		0.1248201738		-15.42		105.9762881938		16.2103793259		162.0344956807		12.1922780506		106.1011083676				0.1773017478		1.08																		17.58		-98.1427571258		18.277209795		15.8764991257		14.6899864105		-68.2113097132		29.9314474125		29.9314474125		-39.0591232229		-15.42		-102.9729937832		16.2103793259		162.0344956807		12.1922780506		-142.0321170062				1.08

		17.62		100.2270062168		15.8422681309		18.3156872077		14.7019759987		100.389497662		0.1624914452		0.1054548827		-15.38		106.5774597886		16.1723343365		161.9907850812		12.1001672241		106.6829146713				0.1624914452		1.12		0.693777632		0.3872843105		0.4256848144				0.5312861868		0.442893702						17.62		-98.7134197164		18.3156872077		15.8422681309		14.7019759987		-68.7049614003		30.0084583162		30.0084583162		-39.2883507257		-15.38		-103.4129937832		16.1723343365		161.9907850812		12.1001672241		-142.7013445089				1.12		30.2332511815		-38.9681207939				30.321387645		-38.8752036143

		17.66		100.6670062168		15.8081806709		18.3541711306		14.7129706937		100.8135697541		0.1465635374		0.0853254727		-15.34		107.1855067576		16.1342988038		161.9468683664		12.005672639		107.2708322303				0.1465635374		1.16																		17.66		-99.2906824974		18.3541711306		15.8081806709		14.7129706937		-69.1972084123		30.093474085		30.093474085		-39.5241017144		-15.34		-103.8529937832		16.1342988038		161.9468683664		12.005672639		-143.3770954976				1.16

		17.7		101.1070062168		15.7742358689		18.3926615228		14.7229783608		101.2365606038		0.1295543871		0.0646139762		-15.3		107.8004813523		16.096272795		161.9027441268		11.9087273783		107.8650953285				0.1295543871		1.2		0.6256689899		0.3528810111		0.3919990615				0.4961146028		0.409767927						17.7		-99.8746106698		18.3926615228		15.7742358689		14.7229783608		-69.688088866		30.1865218038		30.1865218038		-39.7666132916		-15.3		-104.2929937832		16.096272795		161.9027441268		11.9087273783		-144.0596070748				1.2		30.4098484278		-39.4392282063				30.4973285734		-39.345525992

		17.74		101.5470062168		15.7404328548		18.4311583437		14.7320066076		101.6585059851		0.1114997683		0.0435194594		-15.26		108.4224322896		16.0582563777		161.8584109409		11.8092607605		108.465951749				0.1114997683		1.24																		17.74		-100.4652670008		18.4311583437		15.7404328548		14.7320066076		-70.1776402754		30.2876267255		30.2876267255		-40.0161360839		-15.26		-104.7329937832		16.0582563777		161.8584109409		11.8092607605		-144.7491298671				1.24

		17.78		101.9870062168		15.7067707656		18.4696615532		14.7400627905		102.0794411102		0.0924348934		0.0222594246		-15.22		109.0514044854		16.0202496201		161.8138673744		11.7071980328		109.0736639099				0.0924348934		1.28		0.5493116327		0.3143744932		0.3573433064				0.4568767393		0.3757305319						17.78		-101.0627115971		18.4696615532		15.7067707656		14.7400627905		-70.665899579		30.3968120181		30.3968120181		-40.2729353779		-15.22		-105.1729937832		16.0202496201		161.8138673744		11.7071980328		-145.4459291611				1.28		30.6187516179		-39.937851496				30.7056128406		-39.8433039256

		17.82		102.4270062168		15.6732487448		18.5081711115		14.7471540206		102.4994006554		0.0723944387		0.0010713441		-15.18		109.6874387813		15.9822525913		161.7691119804		11.6024600313		109.6885101254				0.0723944387		1.32																		17.82		-101.6670016693		18.5081711115		15.6732487448		14.7471540206		-71.1529031659		30.5140985034		30.5140985034		-40.5372923814		-15.18		-105.6129937832		15.9822525913		161.7691119804		11.6024600313		-146.1502861647				1.32

		17.86		102.8670062168		15.6398659428		18.5466869788		14.753287169		102.9184187863		0.0514125695		-0.0197856541		-15.14		110.3305716639		15.9442653607		161.7241432993		11.4949628029		110.3107860098				0.0514125695		1.36		0.4652612359		0.272042092		0.3236079935				0.4138486664		0.3426797364						17.86		-102.278191288		18.5466869788		15.6398659428		14.753287169		-71.6386869007		30.6395043874		30.6395043874		-40.8095056281		-15.14		-106.0529937832		15.9442653607		161.7241432993		11.4949628029		-146.8624994113				1.36		30.8601339098		-40.4661119805				30.9464123445		-40.3706509058

		17.9		103.3070062168		15.6066215167		18.5852091162		14.7584688725		103.3365291813		0.0295229646		-0.0400289323		-15.1		110.9808349765		15.9062879985		161.6789598585		11.384617184		110.9408060442				0.0295229646		1.4																		17.9		-102.8963311305		18.5852091162		15.6066215167		14.7584688725		-72.1232861479		30.7730449826		30.7730449826		-41.0898925439		-15.1		-106.4929937832		15.9062879985		161.6789598585		11.384617184		-147.5828863271				1.4

		17.94		103.7470062168		15.5735146302		18.6237374845		14.7627055385		103.7537650558		0.0067588391		-0.0593502961		-15.06		111.6382556258		15.8683205756		161.6335601726		11.2713283295		111.5789053297				0.0067588391		1.44		0.374057424		0.2261531686		0.2930440033				0.3672985849		0.3128757062						17.94		-103.5214682192		18.6237374845		15.5735146302		14.7627055385		-72.6067357955		30.9147324237		30.9147324237		-41.3787912012		-15.06		-106.9329937832		15.8683205756		161.6335601726		11.2713283295		-148.3117849844				1.44		31.1341267533		-41.0263969018				31.2198573792		-40.9299448382

		17.98		104.1870062168		15.5405444534		18.6622720453		14.7660033495		104.1701591842		-0.0168470325		-0.0774137264		-15.02		112.3028552825		15.8303631636		161.5879427429		11.1549951851		112.2254415561				-0.0168470325		1.48																		17.98		-104.1536456527		18.6622720453		15.5405444534		14.7660033495		-73.0890702775		31.0645753751		31.0645753751		-41.676562287		-15.02		-107.3729937832		15.8303631636		161.5879427429		11.1549951851		-149.0495560703				1.48

		18.02		104.6270062168		15.5077101629		18.7008127602		14.7683682681		104.5857439223		-0.0412622945		-0.0938528613		-14.98		112.9746500784		15.7924158345		161.5421060573		11.0355098932		112.8807972171				-0.0412622945		1.52		0.2762252732		0.1769698591		0.2683286728				0.3174875677		0.2890069616						18.02		-104.7929023281		18.7008127602		15.5077101629		14.7683682681		-73.5703235965		31.2225787317		31.2225787317		-41.9835913194		-14.98		-107.8129937832		15.7924158345		161.5421060573		11.0355098932		-149.7965851026				1.52		31.4408108852		-41.6214097853				31.5260276239		-41.5238780136

		18.06		105.0670062168		15.4750109419		18.7393595913		14.7698060408		105.0005512282		-0.0664549886		-0.1082681854		-14.94		113.653650299		15.7544786614		161.4960485903		10.9127571234		113.5453821136				-0.0664549886		1.56																		18.06		-105.4392726576		18.7393595913		15.4750109419		14.7698060408		-74.0505293444		31.3887433132		31.3887433132		-42.3002911498		-14.94		-108.2529937832		15.7544786614		161.4960485903		10.9127571234		-150.553284933				1.56

		18.1		105.5070062168		15.4424459798		18.7779125009		14.7703222026		105.4146126836		-0.0923935332		-0.1202238851		-14.9		114.3398600746		15.7165517176		161.449768803		10.7866133147		114.2196361895				-0.0923935332		1.6		0.1722767231		0.124747777		0.2526471792				0.2646702563		0.2742722796						18.1		-106.0927862772		18.7779125009		15.4424459798		14.7703222026		-74.5297207239		31.5630655533		31.5630655533		-42.6271048004		-14.9		-108.6929937832		15.7165517176		161.449768803		10.7866133147		-151.3200985836				1.6		31.7802068634		-42.2542337361				31.8649426698		-42.1555198863

		18.14		105.9470062168		15.4100144723		18.8164714517		14.7699220801		105.8279595133		-0.1190467035		-0.1292443118		-14.86		115.0332770701		15.6786350774		161.4032651425		10.6569458141		114.9040327582				-0.1190467035		1.64																		18.14		-106.753467751		18.8164714517		15.4100144723		14.7699220801		-75.0079305686		31.7455371824		31.7455371824		-42.9645086901		-14.86		-109.1329937832		15.6786350774		161.4032651425		10.6569458141		-152.0975024733				1.64

		18.18		106.3870062168		15.3777156214		18.8550364065		14.7686107958		106.2406226054		-0.1463836114		-0.1348099888		-14.82		115.7338921746		15.6407288159		161.3565360421		10.5236118949		115.5990821857				-0.1463836114		1.68		0.0627119075		0.0697366765		0.2497943447				0.2090955189		0.2724831988						18.18		-107.42133627		18.8550364065		15.3777156214		14.7686107958		-75.4851913625		31.9361449075		31.9361449075		-43.3130163183		-14.82		-109.5729937832		15.6407288159		161.3565360421		10.5236118949		-152.8860101015				1.68		32.1522651953		-42.9284119848				32.236552144		-42.8283969193

		18.22		106.8270062168		15.3455486353		18.8936073287		14.7663932709		106.6526325301		-0.1743736866		-0.1363530802		-14.78		116.4416891933		15.6028330085		161.3095799212		10.3864576328		116.3053361131				-0.1743736866		1.72																		18.22		-108.0964053466		18.8936073287		15.3455486353		14.7663932709		-75.9615352596		32.134870087		32.134870087		-43.6731824873		-14.78		-110.0129937832		15.6028330085		161.3095799212		10.3864576328		-153.6861762706				1.72

		18.26		107.2670062168		15.3135127281		18.9321841817		14.763274229		107.0640195586		-0.2029866582		-0.1332522249		-14.74		117.1566445423		15.5649477317		161.262395185		10.2453166132		117.0233923175				-0.2029866582		1.76		-0.0519795848		0.0121810807		0.2643041385				0.1510070734		0.288194485						18.26		-108.7786825071		18.9321841817		15.3135127281		14.763274229		-76.4369941024		32.3416884047		32.3416884047		-44.0456081642		-14.74		-110.4529937832		15.5649477317		161.262395185		10.2453166132		-154.4986019475				1.76		32.5568561437		-43.6480518008				32.6407255098		-43.5465955349

		18.3		107.7070062168		15.2816071203		18.9707669294		14.7592581987		107.4748136809		-0.2321925358		-0.1248266139		-14.7		117.8787269483		15.5270730626		161.2149802242		10.1000084385		117.7539003344				-0.2321925358		1.8																		18.3		-109.4681689813		18.9707669294		15.2816071203		14.7592581987		-76.9115994404		32.5565695409		32.5565695409		-44.4309461028		-14.7		-110.8929937832		15.5270730626		161.2149802242		10.1000084385		-155.3239398861				1.8

		18.34		108.1470062168		15.2498310381		19.0093555359		14.7543495165		107.8850446244		-0.2619615923		-0.1103291631		-14.66		118.6078971549		15.4892090789		161.1673334151		9.9503369953		118.4975679918				-0.2619615923		1.84		-0.171317511		-0.0476791206		0.3016175763				0.0906440813		0.3268733841						18.34		-110.1648593926		19.0093555359		15.2498310381		14.7543495165		-77.3853825483		32.7794768443		32.7794768443		-44.8299073783		-14.66		-111.3329937832		15.4892090789		161.1673334151		9.9503369953		-156.1629011616				1.84		32.993759316		-44.4179606389				33.077241653		-44.3148969068

		18.38		108.5870062168		15.2181837138		19.0479499656		14.7485523296		108.2947418708		-0.2922643459		-0.0889385943		-14.62		119.3441076374		15.4513558593		161.1194531194		9.7960884329		119.2551690432				-0.2922643459		1.88																		18.38		-110.8687414482		19.0479499656		15.2181837138		14.7485523296		-77.8583744432		33.010367005		33.010367005		-45.2432690211		-14.62		-111.7729937832		15.4513558593		161.1194531194		9.7960884329		-157.0162628043				1.88

		18.42		109.0270062168		15.1866643857		19.0865501831		14.7418705978		108.7039346735		-0.3230715433		-0.0597501927		-14.58		120.0873023289		15.413513483		161.0713376841		9.6370287913		120.0275521361				-0.3230715433		1.92		-0.2948298273		-0.1096080996		0.3683051462				0.028241716		0.3951239884						18.42		-111.5797956324		19.0865501831		15.1866643857		14.7418705978		-78.3306059021		33.2491897302		33.2491897302		-45.6718829847		-14.58		-112.2129937832		15.413513483		161.0713376841		9.6370287913		-157.8848767679				1.92		33.4626531739		-45.2438276458				33.5457783864		-45.1389565271

		18.46		109.4670062168		15.1552722977		19.1251561534		14.7343080966		109.1126520744		-0.3543541424		-0.0217649464		-14.54		120.8374163574		15.3756820301		161.0229854411		9.4729012016		120.815651411				-0.3543541424		1.96																		18.46		-112.2979949027		19.1251561534		15.1552722977		14.7343080966		-78.802107479		33.4958874237		33.4958874237		-46.1166867455		-14.54		-112.6529937832		15.3756820301		161.0229854411		9.4729012016		-158.7696805288				1.96

		18.5		109.9070062168		15.1240066996		19.1637678417		14.7258684183		109.5209229206		-0.3860832962		0.0261233097		-14.5		121.5943757996		15.3378615814		160.9743947072		9.3034225599		121.6204991092				-0.3860832962		2		-0.4220515877		-0.1733735402		0.4723687339				-0.0359682916		0.5009920191						18.5		-113.0233043932		19.1637678417		15.1240066996		14.7258684183		-79.2729095214		33.7503948718		33.7503948718		-46.5787159116		-14.5		-113.0929937832		15.3378615814		160.9743947072		9.3034225599		-159.6717096948				2		33.9631046278		-46.1324704873				34.0459020422		-46.0255481762











Phi R Structural Error	58.405624200424818	59.162583642605696	59.912697671145565	60.655892362555619	61.392102845110315	62.121273051651585	62.843355457656521	63.558310806709372	64.266107825442617	64.966722929925368	65.660139925381316	66.346349701015129	67.025349921617391	67.697144717506021	68.361744374246967	69.019165023481335	69.669428336071078	70.312561218661443	70.948595514646698	71.577567710418236	72.199518647669038	72.814493242429734	73.422540211415708	74.023711806176053	74.618063555450306	75.205654016060862	75.78654453259611	76.36079900607173	76.928483671696711	77.489666885813847	78.044418922034183	78.592811776538824	79.134918982480912	79.670815433384632	80.200577215405815	80.724281448291606	81.242006134852858	81.753830018742377	82.259832450315685	82.760093260337072	83.254692641282602	83.743711035983154	84.227229033344983	84.705327270880318	85.178086343779015	85.645586720251345	86.107908662872816	86.565132155664273	87.017336836643679	87.464601935590082	87.907006216765737	88.347006216765735	88.787006216765732	89.22700621676573	89.667006216765728	90.107006216765726	90.547006216765723	90.987006216765721	91.427006216765719	91.867006216765716	92.307006216765714	92.747006216765712	93.18700621676571	93.627006216765707	94.067006216765705	94.507006216765703	94.947006216765701	95.387006216765698	95.827006216765696	96.267006216765694	96.707006216765691	97.147006216765689	97.587006216765687	98.027006216765685	98.467006216765682	98.90700621676568	99.347006216765678	99.787006216765676	100.22700621676567	100.66700621676567	101.10700621676567	101.54700621676567	101.98700621676566	102.42700621676566	102.86700621676566	103.30700621676566	103.74700621676566	104.18700621676565	104.62700621676565	105.06700621676565	105.50700621676565	105.94700621676564	106.38700621676564	106.82700621676564	107.26700621676564	107.70700621676563	108.14700621676563	108.58700621676563	109.02700621676563	109.46700621676563	109.90700621676562	-2.6123309659141114E-2	2.1764946404900343E-2	5.9750192705863014E-2	8.8938594257058412E-2	0.11032916313350682	0.12482661394407302	0.13325222488369093	0.13635308021009251	0.13480998880739037	0.12924431182334217	0.12022388507914172	0.10826818537510974	9.3852861264011267E-2	7.7413726432112639E-2	5.9350296056052798E-2	4.0028932341158452E-2	1.978565408055033E-2	-1.071344096274629E-3	-2.2259424560246543E-2	-4.3519459448702946E-2	-6.4613976191168376E-2	-8.532547271656199E-2	-0.1054548826664643	-0.12482017375468502	-0.14325506477213423	-0.16060784870346367	-0.17674031108657573	-0.19152673414403409	-0.2048529784061941	-0.21661563455222677	-0.22672123906271224	-0.23508554801055936	-0.2416328639589409	-0.2462954114777034	-0.24901275726649885	-0.24973127128788519	-0.24840362566752106	-0.24498832843947582	-0.23944928948581889	-0.23175541626919482	-0.22188023716233829	-0.20980155038395765	-0.19550109670484517	-0.17896425425185214	-0.16017975386684213	-0.13913941360269177	-0.11583789104685138	-9.0272452264869685E-2	-6.2442756244450948E-2	-3.235065380334845E-2	-5.2580162446247414E-13	3.2225230425865448E-2	6.1991085909099297E-2	8.9365772135792554E-2	0.11441547291342147	0.13720444638101981	0.15779511580193173	0.17624815531785032	0.19262257101327407	0.20697577760991237	0.21936367108935428	0.22984069751571212	0.23845991830945934	0.24527307220766659	0.25033063412280399	0.25368187110427698	0.25537489558327309	0.25545671607565623	0.25397328550164389	0.25096954727062837	0.24648947926905862	0.24057613588108495	0.23327168816015842	0.22461746226662171	0.21465397627194704	0.20342097543171178	0.19095746601695396	0.17730174778786534	0.16249144519574088	0.14656353738303096	0.12955438705698441	0.11149976830157016	9.2434893390702655E-2	7.2394438664318272E-2	5.1412569520707052E-2	2.9522964580309008E-2	6.7588390700592527E-3	-1.6847032523614303E-2	-4.1262294488262796E-2	-6.645498856209997E-2	-9.239353321365229E-2	-0.11904670348474156	-0.14638361135970968	-0.17437368662714903	-0.20298665819613859	-0.23219253583997101	-0.26196159233030869	-0.29226434593626038	-0.32307154325619081	-0.35435414235541884	-0.38608329618278958	Phi R (deg)

Error (deg)

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-2.6123309659141114E-2	2.1764946404900343E-2	5.9750192705863014E-2	8.8938594257058412E-2	0.11032916313350682	0.12482661394407302	0.13325222488369093	0.13635308021009251	0.13480998880739037	0.12924431182334217	0.12022388507914172	0.10826818537510974	9.3852861264011267E-2	7.7413726432112639E-2	5.9350296056052798E-2	4.0028932341158452E-2	1.978565408055033E-2	-1.071344096274629E-3	-2.2259424560246543E-2	-4.3519459448702946E-2	-6.4613976191168376E-2	-8.532547271656199E-2	-0.1054548826664643	-0.12482017375468502	-0.14325506477213423	-0.16060784870346367	-0.17674031108657573	-0.19152673414403409	-0.2048529784061941	-0.21661563455222677	-0.22672123906271224	-0.23508554801055936	-0.2416328639589409	-0.2462954114777034	-0.24901275726649885	-0.24973127128788519	-0.24840362566752106	-0.24498832843947582	-0.23944928948581889	-0.23175541626919482	-0.22188023716233829	-0.20980155038395765	-0.19550109670484517	-0.17896425425185214	-0.16017975386684213	-0.13913941360269177	-0.11583789104685138	-9.0272452264869685E-2	-6.2442756244450948E-2	-3.235065380334845E-2	-5.2580162446247414E-13	3.2225230425865448E-2	6.1991085909099297E-2	8.9365772135792554E-2	0.11441547291342147	0.13720444638101981	0.15779511580193173	0.17624815531785032	0.19262257101327407	0.20697577760991237	0.21936367108935428	0.22984069751571212	0.23845991830945934	0.24527307220766659	0.25033063412280399	0.25368187110427698	0.25537489558327309	0.25545671607565623	0.25397328550164389	0.25096954727062837	0.24648947926905862	0.24057613588108495	0.23327168816015842	0.22461746226662171	0.21465397627194704	0.20342097543171178	0.19095746601695396	0.17730174778786534	0.16249144519574088	0.14656353738303096	0.12955438705698441	0.11149976830157016	9.2434893390702655E-2	7.2394438664318272E-2	5.1412569520707052E-2	2.9522964580309008E-2	6.7588390700592527E-3	-1.6847032523614303E-2	-4.1262294488262796E-2	-6.645498856209997E-2	-9.239353321365229E-2	-0.11904670348474156	-0.14638361135970968	-0.17437368662714903	-0.20298665819613859	-0.23219253583997101	-0.26196159233030869	-0.29226434593626038	-0.32307154325619081	-0.35435414235541884	-0.38608329618278958	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.38608329618203641	0.35435414235465146	0.32307154325535237	0.29226434593546458	0.26196159232947025	0.23219253583913257	0.20298665819539963	0.17437368662636743	0.14638361135905598	0.11904670348387469	9.2393533212870693E-2	6.6454988561275741E-2	4.1262294487296458E-2	1.6847032522790073E-2	-6.7588390708976931E-3	-2.9522964580991129E-2	-5.1412569521389173E-2	-7.2394438665043026E-2	-9.2434893391555306E-2	-0.11149976830239439	-0.12955438705783706	-0.14656353738379835	-0.16249144519645142	-0.17730174778866115	-0.1909574660177924	-0.20342097543256443	-0.21465397627258653	-0.22461746226737489	-0.23327168816103949	-0.24057613588180971	-0.24648947926993969	-0.25096954727138154	-0.25397328550239706	-0.2554567160765373	-0.25537489558412574	-0.25368187110520068	-0.25033063412364243	-0.24527307220846239	-0.23845991831041147	-0.22984069751650793	-0.21936367109015009	-0.20697577761069397	-0.19262257101418356	-0.17624815531885929	-0.15779511580267069	-0.13720444638181561	-0.11441547291437359	-8.9365772136630994E-2	-6.1991085909966159E-2	-3.2225230426746521E-2	-3.4106051316484809E-13	3.2350653802581064E-2	6.2442756243569875E-2	9.0272452263889136E-2	0.11583789104579978	0.13913941360171123	0.16017975386600369	0.17896425425094264	0.19550109670394988	0.20980155038309078	0.22188023716134353	0.23175541626821428	0.2394492894849094	0.24498832843848106	0.24840362566658314	0.24973127128686201	0.24901275726556094	0.24629541147670864	0.24163286395804562	0.2350855480094225	0.2267212390616038	0.21661563455127464	0.20485297840505723	0.19152673414295407	0.17674031108555255	0.16060784870236944	0.14325506477101158	0.12482017375357657	0.10545488266538428	8.5325472715595652E-2	6.4613976190145195E-2	4.35194594475945E-2	2.225942455902441E-2	1.0713440951803932E-3	-1.9785654081829307E-2	-4.0028932342366375E-2	-5.9350296057260721E-2	-7.741372643327793E-2	-9.3852861265176557E-2	-0.10826818537628924	-0.12022388508046333	-0.12924431182466378	-0.13480998880879724	-0.13635308021142123	-0.13325222488506938	-0.12482661394551542	-0.11032916313475027	-8.893859425852213E-2	-5.9750192707255678E-2	-2.1764946406534591E-2	2.6123309657648974E-2	ΔLg (in)

Steering Error (deg)



Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.42012211457818877	0.48780553157023671	0.52227590253936984	0.53080858825927135	0.51941432233385121	0.49309494932205966	0.45603439532844914	0.41174459541553599	0.36317930163951878	0.31282445729973335	0.2627711090722944	0.21477504904285893	0.17030618677122999	0.1305898380302038	9.6641551982103391E-2	6.9296699949901397E-2	4.9235763382402875E-2	3.7006051030011089E-2	3.3040422265725566E-2	3.7673478985374265E-2	5.1155601664469585E-2	7.3665138315200107E-2	0.10531900293781288	0.14618189881367744	0.19627434891054635	0.25557968881607512	0.31458868311437577	0.364177305818978	0.40485935398820361	0.43711997412802822	0.46141825711462192	0.47818956275975794	0.48784760907472013	0.49078635613927679	0.48738171020955506	0.47799307011336511	0.46296473498076318	0.4426271898245534	0.41729828334670893	0.38728431053536738	0.3528810110689572	0.31437449323902272	0.27204209197248025	0.22615316858293677	0.17696985905420598	0.12474777695878758	6.9736676511442025E-2	1.2181080746395484E-2	-4.7679120632961092E-2	-0.10960809955406636	-0.17337354015642026	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.59879305220840495	0.53653498695747592	0.47624406402681685	0.41815439713793279	0.36250389923020671	0.30953484338530951	0.25949444802976396	0.21263549044197852	0.16921695293038277	0.12950470645676326	9.3772236954134114E-2	6.2301420143173497E-2	3.538335131196077E-2	1.3319237280018131E-2	-3.5786413404367001E-3	-1.4985888425635252E-2	-2.0564860794487883E-2	-1.9963435028124366E-2	-1.2813659171728581E-2	1.2697261398843807E-3	2.2690914935115103E-2	5.1874832100567841E-2	8.9269122383598576E-2	0.13534635999117975	0.19060651129530726	0.25557968881625681	0.32115986139856384	0.37785768090632466	0.42567851067065504	0.46466733172399127	0.4949160759881468	0.51657205795609817	0.52984767359982499	0.53503156556206588	0.5325014912993844	0.52273917807421155	0.50634750879334833	0.4840704602023258	0.45681631631436881	0.42568481437470035	0.39199906145360019	0.35734330641899548	0.3236079934771296	0.29304400330221231	0.26832867279925093	0.25264717916244234	0.24979434471765	0.26430413849049611	0.30161757627109737	0.36830514615710075	0.47236873389495865	ΔLg  (inches)

Error (deg)



Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.67611310761192733	0.73457503102107735	0.76088251852991085	0.7621263025214704	0.74417482284066638	0.71191824427012629	0.66945144428574976	0.62021436359896798	0.56710183064069697	0.5125510340473739	0.4586122838919251	0.40700703432374563	0.35917601916995101	0.31631958451702935	0.27943176789620672	0.24932929570021106	0.22667639908291887	0.21200615092453901	0.20573888039624671	0.20819811221451323	0.21962439450037147	0.24018731503639523	0.26999595558329759	0.30910799418867912	0.35753763349543249	0.41526250708462265	0.47276822206701502	0.52092607636547417	0.56024561805794426	0.59120812495709674	0.61426915898974677	0.62986085553782489	0.63839398200201547	0.64025979483501461	0.63583172012821421	0.62546687933984346	0.60950747882528233	0.5882820793577439	0.56210675973895974	0.53128618682991802	0.4961146028184843	0.45687673926501704	0.41384866636092771	0.36729858490492473	0.31748756769294917	0.26467025633262126	0.20909551890341732	0.15100707338345903	9.0644081333898452E-2	2.8241715969386294E-2	-3.5968291558712617E-2	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.6117266607071995	0.54937281975730912	0.4889936348643027	0.43082321577130822	0.37509948943188276	0.32206476132898798	0.27196630120138987	0.22505695721149346	0.18159580293085578	0.14184882192921799	0.10608963523053755	7.4600277456929293E-2	4.7672028145273965E-2	2.560630548114895E-2	8.7156305908735465E-3	-2.6753284150908829E-3	-8.2286222393854747E-3	-7.5917841822441545E-3	-3.9647837634304572E-4	1.3742983050284596E-2	3.5231271761049843E-2	6.4493844600996331E-2	0.10197893856315499	0.14815978724841589	0.20353709148377291	0.26864178245695275	0.33436874250876042	0.39122964418572209	0.4392309931239135	0.47841905121499745	0.50888718973708924	0.53078434463312729	0.54432474347529614	0.54979910419171873	0.54758754351867844	0.53817448073808305	0.52216588284744558	0.50030927547773385	0.47351704613603279	0.44289370199929751	0.40976792698755432	0.37573053191534639	0.34267973641456867	0.31287570618506666	0.2890069616036916	0.27427227958975059	0.27248319879770738	0.28819448504784001	0.32687338412562256	0.39512398840487101	0.50099201905403334	ΔLg (inches)

Error (deg)



Phi L Structural Error	70.092993783234263	70.532993783234261	70.972993783234259	71.412993783234256	71.852993783234254	72.292993783234252	72.732993783234249	73.172993783234247	73.612993783234245	74.052993783234243	74.49299378323424	74.932993783234238	75.372993783234236	75.812993783234234	76.252993783234231	76.692993783234229	77.132993783234227	77.572993783234224	78.012993783234222	78.45299378323422	78.892993783234218	79.332993783234215	79.772993783234213	80.212993783234211	80.652993783234209	81.092993783234206	81.532993783234204	81.972993783234202	82.412993783234199	82.852993783234197	83.292993783234195	83.732993783234193	84.17299378323419	84.612993783234188	85.052993783234186	85.492993783234184	85.932993783234181	86.372993783234179	86.812993783234177	87.252993783234174	87.692993783234172	88.13299378323417	88.572993783234168	89.012993783234165	89.452993783234163	89.892993783234161	90.332993783234159	90.772993783234156	91.212993783234154	91.652993783234152	92.092993783234149	92.53539806440979	92.982663163356207	93.434867844335599	93.89209133712707	94.354413279748528	94.821913656220858	95.294672729119554	95.772770966654889	96.256288964016719	96.74530735871727	97.239906739662786	97.740167549684188	98.246169981257495	98.757993865147	99.275718551708252	99.799422784594043	100.32918456661523	100.86508101751895	101.40718822346105	101.95558107796566	102.51033311418601	103.07151632830315	103.63920099392811	104.21345546740373	104.79434598393898	105.38193644454955	105.97628819382379	106.57745978858414	107.18550675757011	107.80048135233081	108.42243228958161	109.05140448535313	109.68743878133839	110.33057166392875	110.98083497651851	111.63825562575286	112.30285528249381	112.97465007838244	113.6536502989847	114.33986007461851	115.03327707007446	115.7338921745572	116.44168919329044	117.15664454234329	117.87872694834823	118.60789715488949	119.34410763744418	120.08730232885424	120.83741635739412	121.59437579957498	0.38608329618203641	0.35435414235465146	0.32307154325535237	0.29226434593546458	0.26196159232947025	0.23219253583913257	0.20298665819539963	0.17437368662636743	0.14638361135905598	0.11904670348387469	9.2393533212870693E-2	6.6454988561275741E-2	4.1262294487296458E-2	1.6847032522790073E-2	-6.7588390708976931E-3	-2.9522964580991129E-2	-5.1412569521389173E-2	-7.2394438665043026E-2	-9.2434893391555306E-2	-0.11149976830239439	-0.12955438705783706	-0.14656353738379835	-0.16249144519645142	-0.17730174778866115	-0.1909574660177924	-0.20342097543256443	-0.21465397627258653	-0.22461746226737489	-0.23327168816103949	-0.24057613588180971	-0.24648947926993969	-0.25096954727138154	-0.25397328550239706	-0.2554567160765373	-0.25537489558412574	-0.25368187110520068	-0.25033063412364243	-0.24527307220846239	-0.23845991831041147	-0.22984069751650793	-0.21936367109015009	-0.20697577761069397	-0.19262257101418356	-0.17624815531885929	-0.15779511580267069	-0.13720444638181561	-0.11441547291437359	-8.9365772136630994E-2	-6.1991085909966159E-2	-3.2225230426746521E-2	-3.4106051316484809E-13	3.2350653802581064E-2	6.2442756243569875E-2	9.0272452263889136E-2	0.11583789104579978	0.13913941360171123	0.16017975386600369	0.17896425425094264	0.19550109670394988	0.20980155038309078	0.22188023716134353	0.23175541626821428	0.2394492894849094	0.24498832843848106	0.24840362566658314	0.24973127128686201	0.24901275726556094	0.24629541147670864	0.24163286395804562	0.2350855480094225	0.2267212390616038	0.21661563455127464	0.20485297840505723	0.19152673414295407	0.17674031108555255	0.16060784870236944	0.14325506477101158	0.12482017375357657	0.10545488266538428	8.5325472715595652E-2	6.4613976190145195E-2	4.35194594475945E-2	2.225942455902441E-2	1.0713440951803932E-3	-1.9785654081829307E-2	-4.0028932342366375E-2	-5.9350296057260721E-2	-7.741372643327793E-2	-9.3852861265176557E-2	-0.10826818537628924	-0.12022388508046333	-0.12924431182466378	-0.13480998880879724	-0.13635308021142123	-0.13325222488506938	-0.12482661394551542	-0.11032916313475027	-8.893859425852213E-2	-5.9750192707255678E-2	-2.1764946406534591E-2	2.6123309657648974E-2	Phi L (deg)

Error (deg)

Structural Error Along ΔLg 

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-2.6123309659141114E-2	2.1764946404900343E-2	5.9750192705863014E-2	8.8938594257058412E-2	0.11032916313350682	0.12482661394407302	0.13325222488369093	0.13635308021009251	0.13480998880739037	0.12924431182334217	0.12022388507914172	0.10826818537510974	9.3852861264011267E-2	7.7413726432112639E-2	5.9350296056052798E-2	4.0028932341158452E-2	1.978565408055033E-2	-1.071344096274629E-3	-2.2259424560246543E-2	-4.3519459448702946E-2	-6.4613976191168376E-2	-8.532547271656199E-2	-0.1054548826664643	-0.12482017375468502	-0.14325506477213423	-0.16060784870346367	-0.17674031108657573	-0.19152673414403409	-0.2048529784061941	-0.21661563455222677	-0.22672123906271224	-0.23508554801055936	-0.2416328639589409	-0.2462954114777034	-0.24901275726649885	-0.24973127128788519	-0.24840362566752106	-0.24498832843947582	-0.23944928948581889	-0.23175541626919482	-0.22188023716233829	-0.20980155038395765	-0.19550109670484517	-0.17896425425185214	-0.16017975386684213	-0.13913941360269177	-0.11583789104685138	-9.0272452264869685E-2	-6.2442756244450948E-2	-3.235065380334845E-2	-5.2580162446247414E-13	3.2225230425865448E-2	6.1991085909099297E-2	8.9365772135792554E-2	0.11441547291342147	0.13720444638101981	0.15779511580193173	0.17624815531785032	0.19262257101327407	0.20697577760991237	0.21936367108935428	0.22984069751571212	0.23845991830945934	0.24527307220766659	0.25033063412280399	0.25368187110427698	0.25537489558327309	0.25545671607565623	0.25397328550164389	0.25096954727062837	0.24648947926905862	0.24057613588108495	0.23327168816015842	0.22461746226662171	0.21465397627194704	0.20342097543171178	0.19095746601695396	0.17730174778786534	0.16249144519574088	0.14656353738303096	0.12955438705698441	0.11149976830157016	9.2434893390702655E-2	7.2394438664318272E-2	5.1412569520707052E-2	2.9522964580309008E-2	6.7588390700592527E-3	-1.6847032523614303E-2	-4.1262294488262796E-2	-6.645498856209997E-2	-9.239353321365229E-2	-0.11904670348474156	-0.14638361135970968	-0.17437368662714903	-0.20298665819613859	-0.23219253583997101	-0.26196159233030869	-0.29226434593626038	-0.32307154325619081	-0.35435414235541884	-0.38608329618278958	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.38608329618203641	0.35435414235465146	0.32307154325535237	0.29226434593546458	0.26196159232947025	0.23219253583913257	0.20298665819539963	0.17437368662636743	0.14638361135905598	0.11904670348387469	9.2393533212870693E-2	6.6454988561275741E-2	4.1262294487296458E-2	1.6847032522790073E-2	-6.7588390708976931E-3	-2.9522964580991129E-2	-5.1412569521389173E-2	-7.2394438665043026E-2	-9.2434893391555306E-2	-0.11149976830239439	-0.12955438705783706	-0.14656353738379835	-0.16249144519645142	-0.17730174778866115	-0.1909574660177924	-0.20342097543256443	-0.21465397627258653	-0.22461746226737489	-0.23327168816103949	-0.24057613588180971	-0.24648947926993969	-0.25096954727138154	-0.25397328550239706	-0.2554567160765373	-0.25537489558412574	-0.25368187110520068	-0.25033063412364243	-0.24527307220846239	-0.23845991831041147	-0.22984069751650793	-0.21936367109015009	-0.20697577761069397	-0.19262257101418356	-0.17624815531885929	-0.15779511580267069	-0.13720444638181561	-0.11441547291437359	-8.9365772136630994E-2	-6.1991085909966159E-2	-3.2225230426746521E-2	-3.4106051316484809E-13	3.2350653802581064E-2	6.2442756243569875E-2	9.0272452263889136E-2	0.11583789104579978	0.13913941360171123	0.16017975386600369	0.17896425425094264	0.19550109670394988	0.20980155038309078	0.22188023716134353	0.23175541626821428	0.2394492894849094	0.24498832843848106	0.24840362566658314	0.24973127128686201	0.24901275726556094	0.24629541147670864	0.24163286395804562	0.2350855480094225	0.2267212390616038	0.21661563455127464	0.20485297840505723	0.19152673414295407	0.17674031108555255	0.16060784870236944	0.14325506477101158	0.12482017375357657	0.10545488266538428	8.5325472715595652E-2	6.4613976190145195E-2	4.35194594475945E-2	2.225942455902441E-2	1.0713440951803932E-3	-1.9785654081829307E-2	-4.0028932342366375E-2	-5.9350296057260721E-2	-7.741372643327793E-2	-9.3852861265176557E-2	-0.10826818537628924	-0.12022388508046333	-0.12924431182466378	-0.13480998880879724	-0.13635308021142123	-0.13325222488506938	-0.12482661394551542	-0.11032916313475027	-8.893859425852213E-2	-5.9750192707255678E-2	-2.1764946406534591E-2	2.6123309657648974E-2	ΔLg (in)

Steering Error (deg)

Structural Error With Tolerance Error

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.42012211457818877	0.48780553157023671	0.52227590253936984	0.53080858825927135	0.51941432233385121	0.49309494932205966	0.45603439532844914	0.41174459541553599	0.36317930163951878	0.31282445729973335	0.2627711090722944	0.21477504904285893	0.17030618677122999	0.1305898380302038	9.6641551982103391E-2	6.9296699949901397E-2	4.9235763382402875E-2	3.7006051030011089E-2	3.3040422265725566E-2	3.7673478985374265E-2	5.1155601664469585E-2	7.3665138315200107E-2	0.10531900293781288	0.14618189881367744	0.19627434891054635	0.25557968881607512	0.31458868311437577	0.364177305818978	0.40485935398820361	0.43711997412802822	0.46141825711462192	0.47818956275975794	0.48784760907472013	0.49078635613927679	0.48738171020955506	0.47799307011336511	0.46296473498076318	0.4426271898245534	0.41729828334670893	0.38728431053536738	0.3528810110689572	0.31437449323902272	0.27204209197248025	0.22615316858293677	0.17696985905420598	0.12474777695878758	6.9736676511442025E-2	1.2181080746395484E-2	-4.7679120632961092E-2	-0.10960809955406636	-0.17337354015642026	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.59879305220840495	0.53653498695747592	0.47624406402681685	0.41815439713793279	0.36250389923020671	0.30953484338530951	0.25949444802976396	0.21263549044197852	0.16921695293038277	0.12950470645676326	9.3772236954134114E-2	6.2301420143173497E-2	3.538335131196077E-2	1.3319237280018131E-2	-3.5786413404367001E-3	-1.4985888425635252E-2	-2.0564860794487883E-2	-1.9963435028124366E-2	-1.2813659171728581E-2	1.2697261398843807E-3	2.2690914935115103E-2	5.1874832100567841E-2	8.9269122383598576E-2	0.13534635999117975	0.19060651129530726	0.25557968881625681	0.32115986139856384	0.37785768090632466	0.42567851067065504	0.46466733172399127	0.4949160759881468	0.51657205795609817	0.52984767359982499	0.53503156556206588	0.5325014912993844	0.52273917807421155	0.50634750879334833	0.4840704602023258	0.45681631631436881	0.42568481437470035	0.39199906145360019	0.35734330641899548	0.3236079934771296	0.29304400330221231	0.26832867279925093	0.25264717916244234	0.24979434471765	0.26430413849049611	0.30161757627109737	0.36830514615710075	0.47236873389495865	ΔLg  (inches)

Error (deg)

Structural Error With Tolerance Error Including Pin Slop

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.67611310761192733	0.73457503102107735	0.76088251852991085	0.7621263025214704	0.74417482284066638	0.71191824427012629	0.66945144428574976	0.62021436359896798	0.56710183064069697	0.5125510340473739	0.4586122838919251	0.40700703432374563	0.35917601916995101	0.31631958451702935	0.27943176789620672	0.24932929570021106	0.22667639908291887	0.21200615092453901	0.20573888039624671	0.20819811221451323	0.21962439450037147	0.24018731503639523	0.26999595558329759	0.30910799418867912	0.35753763349543249	0.41526250708462265	0.47276822206701502	0.52092607636547417	0.56024561805794426	0.59120812495709674	0.61426915898974677	0.62986085553782489	0.63839398200201547	0.64025979483501461	0.63583172012821421	0.62546687933984346	0.60950747882528233	0.5882820793577439	0.56210675973895974	0.53128618682991802	0.4961146028184843	0.45687673926501704	0.41384866636092771	0.36729858490492473	0.31748756769294917	0.26467025633262126	0.20909551890341732	0.15100707338345903	9.0644081333898452E-2	2.8241715969386294E-2	-3.5968291558712617E-2	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	0.6117266607071995	0.54937281975730912	0.4889936348643027	0.43082321577130822	0.37509948943188276	0.32206476132898798	0.27196630120138987	0.22505695721149346	0.18159580293085578	0.14184882192921799	0.10608963523053755	7.4600277456929293E-2	4.7672028145273965E-2	2.560630548114895E-2	8.7156305908735465E-3	-2.6753284150908829E-3	-8.2286222393854747E-3	-7.5917841822441545E-3	-3.9647837634304572E-4	1.3742983050284596E-2	3.5231271761049843E-2	6.4493844600996331E-2	0.10197893856315499	0.14815978724841589	0.20353709148377291	0.26864178245695275	0.33436874250876042	0.39122964418572209	0.4392309931239135	0.47841905121499745	0.50888718973708924	0.53078434463312729	0.54432474347529614	0.54979910419171873	0.54758754351867844	0.53817448073808305	0.52216588284744558	0.50030927547773385	0.47351704613603279	0.44289370199929751	0.40976792698755432	0.37573053191534639	0.34267973641456867	0.31287570618506666	0.2890069616036916	0.27427227958975059	0.27248319879770738	0.28819448504784001	0.32687338412562256	0.39512398840487101	0.50099201905403334	ΔLg (inches)

Error (deg)

Structural Error Along ΔLg 

-Phi R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	46.578715911572814	46.116686745537052	45.671882984652768	45.243269021073374	44.829907378349802	44.430946102830269	44.045608164226465	43.673182487348768	43.313016318293137	42.964508690111373	42.627104800378362	42.300291149763339	41.983591319355682	41.67656228705097	41.378791201185486	41.089892543885526	40.809505628081922	40.537292381420279	40.272935377856498	40.016136083905415	39.766613291590737	39.524101714352938	39.288350725652307	39.059123222921556	38.836194601956372	38.61935182888746	38.408392598606447	38.203124569989242	38.003364669508301	37.808938455892232	37.619679539404451	37.435429050097447	37.256035150074645	37.081352585377651	36.911242273621681	36.745570923942758	36.584210686203718	36.427038826740919	36.273937428226461	36.124793111477906	35.979496777275173	35.837943366440598	35.700031636618768	35.565663954343989	35.434746101124773	35.307187092396617	35.18289900830284	35.061796835361626	34.943798318164646	34.828823820329781	34.716796194000487	33.758282106972615	32.756993763147349	31.763417332575003	30.777405441023802	30.198815588726397	30.107577886056475	30.023703816395923	29.947211261243332	29.87812015069764	29.816452331166701	29.762231431804373	29.715482729168464	29.676233009603564	29.644510428869857	29.620344368549034	29.603765288772351	29.594804576830562	29.593494391236419	29.599867500826036	29.613957118501503	29.635796729231174	29.665419911945762	29.702860154985274	29.748150664776901	29.801324167447319	29.862412703101924	29.931447412534695	30.00845831616563	30.093474085044463	30.186521803798428	30.287626725451901	30.396812018096014	30.514098503443975	30.639504387369314	30.773044982591173	30.914732423744397	31.064575375148962	31.222578731677743	31.388743313209716	31.563065553250766	31.74553718240179	31.936144907459166	32.134870087038564	32.341688404726213	32.556569540873454	32.779476844268359	33.010367005033899	33.249189730218461	33.495887423660193	33.750394871817988	-Phi L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-33.75039487181698	-33.495887423659184	-33.249189730217452	-33.010367005032876	-32.77947684426735	-32.556569540872445	-32.341688404725204	-32.134870087037541	-31.936144907458143	-31.745537182400781	-31.563065553249757	-31.388743313208678	-31.222578731676705	-31.064575375147939	-30.914732423743374	-30.77304498259015	-30.639504387368262	-30.514098503442938	-30.396812018094991	-30.287626725450835	-30.186521803797419	-30.093474085043411	-30.008458316164578	-29.931447412533629	-29.862412703100858	-29.801324167446239	-29.748150664775821	-29.702860154984194	-29.665419911944682	-29.63579672923008	-29.613957118500423	-29.599867500824942	-29.593494391235325	-29.594804576829503	-29.603765288771257	-29.620344368547919	-29.644510428868784	-29.676233009602441	-29.715482729167348	-29.762231431803258	-29.816452331165564	-29.878120150696532	-29.947211261242174	-30.023703816394828	-30.10757788605531	-30.198815588725282	-30.297401223051523	-30.403321399165691	-30.516565170377447	-30.637124165802618	-34.716796193999315	-34.828823820328537	-34.943798318163459	-35.06179683536044	-35.182899008301646	-35.307187092395438	-35.434746101123508	-35.565663954342781	-35.70003163661751	-35.837943366439347	-35.979496777273894	-36.124793111476677	-36.273937428225182	-36.427038826739633	-36.584210686202411	-36.745570923941486	-36.911242273620402	-37.081352585376365	-37.256035150073288	-37.435429050096118	-37.619679539403151	-37.808938455890868	-38.003364669506922	-38.203124569987821	-38.408392598605033	-38.619351828886053	-38.836194601955	-39.059123222920093	-39.288350725650886	-39.524101714351488	-39.766613291589195	-40.016136083903902	-40.27293537785512	-40.537292381418737	-40.809505628080458	-41.089892543884005	-41.37879120118383	-41.676562287049379	-41.983591319353948	-42.300291149761748	-42.627104800376728	-42.964508690109696	-43.313016318291446	-43.673182487347034	-44.045608164224731	-44.430946102828628	-44.829907378347841	-45.243269021071555	-45.671882984650935	-46.116686745535205	-46.578715911570939	ΔLg  (inch)

Structural Error (deg)

Structural and Tolerance Errors  Trailing Configuration

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	47.024961335810147	46.099938323517144	45.241854117755665	44.443164527602043	43.697620651819598	42.999975864621284	42.345772853420122	41.731185500544967	41.152899275640891	40.608019259716478	40.093998376854202	39.608580657361628	39.149755853499734	38.715722747723227	38.304859199896597	37.915697478417066	37.546903777415991	37.197261081918192	36.865654734136967	36.551060196697655	36.252532616101981	35.969197871638812	35.700244857929427	35.444918798163371	35.202515423319646	34.97237588281709	33.009591360352623	31.027167273929358	30.354642124242748	30.191708664358085	30.05850691719197	29.955212373618764	29.882027403821773	29.839176749328356	29.826902815944329	29.845460709345808	29.895112958766365	29.976123878329506	30.08875352043168	30.233251181505256	30.409848427810399	30.618751617944334	30.860133909821087	31.134126753257274	31.440810885220213	31.780206863423206	32.152265195330315	32.556856143668746	32.993759315965704	33.462653173920586	33.963104627844359	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-33.537685115790609	-33.035726286515327	-32.565194372570005	-32.126520665782671	-31.720024619586994	-31.345924243077317	-31.004346578134239	-30.695338094230497	-30.418874864916489	-30.174872418246672	-29.963195179785448	-29.783665450824952	-29.636071885771106	-29.520177451223216	-29.435726865124078	-29.382453527656118	-29.360085966527414	-29.368353828215255	-29.406993453916872	-29.475753084717052	-29.574397745140299	-29.702713858127421	-29.860513647869041	-30.047639390145971	-30.263967573172174	-34.461216505182719	-34.685081213008466	-34.920879218441122	-35.169247344318855	-35.430865401597465	-35.706460938447094	-35.996814659753994	-36.302766638269169	-36.625223465323899	-36.965166522731948	-37.323661600390544	-37.701870139118633	-38.101062449488261	-38.522633350411645	-38.968120793941573	-39.439228206325737	-39.937851495995147	-40.466111980521497	-41.026396901824356	-41.621409785289522	-42.25423373613382	-42.928411984764999	-43.648051800849167	-44.417960638941992	-45.243827645786574	-46.132470487333627	ΔLg (in)

Error (deg)



Structural, Tolerance, and Clearance

Errors  - Trailing Configuration

Right	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	47.221087870361984	46.286934587287554	45.420779572421516	44.614893971695828	43.862886557341838	43.159398992932196	42.499884888226894	41.880446103951762	41.297709160582009	40.748730360563144	40.230921869057632	39.741993357644205	39.279905383525517	38.842831741555727	38.429128763411512	38.037310057308375	37.666025553085824	37.314043987106864	36.980238159748879	36.663572445934847	36.363092150354959	36.077914383633534	35.807220200696875	35.550247792983264	35.306286565527003	35.074671960978826	33.110490001620846	31.126741426206834	30.452960484039661	30.288836057790153	30.154504640400884	30.050138497934533	29.975937050191888	29.932122335879132	29.918934281989745	29.93662571869849	29.985457084818442	30.065690773044373	30.177585069111448	30.321387644963973	30.497328573383424	30.705612840593741	30.946412344451218	31.219857379229573	31.526027623949432	31.864942669845039	32.23655214395162	32.640725509843826	33.077241652984327	33.545778386443885	34.045902042183187	Left	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-33.456845971836231	-32.954794684653656	-32.484162726541719	-32.045381353292804	-31.638769963661222	-31.264546493043813	-30.922837890101754	-30.613690510925775	-30.337080294734374	-30.092922613354535	-29.881081713109406	-29.701379691728448	-29.553604974216324	-29.437520270182254	-29.352870010978751	-29.299387278292564	-29.276800246792821	-29.284838172358533	-29.323236964581113	-29.391744387987952	-29.490124941079031	-29.618164466126576	-29.775674546062838	-29.962496747977351	-30.178506776064829	-34.375422070079324	-34.598936693310058	-34.834367096606456	-35.082348910044665	-35.343560613084193	-35.618728263738937	-35.908630894499517	-36.214106695442418	-36.536060131427789	-36.875470173709736	-37.233399868809222	-37.61100752203842	-38.009559843626256	-38.430447497509796	-38.875203614323446	-39.345525991991749	-39.843303925557947	-40.370650905778696	-40.929944838230263	-41.523878013601291	-42.155519886271748	-42.828396919344613	-43.546595534873539	-44.314896906783083	-45.138956527111091	-46.025548176189652	ΔLg (in)

Error (deg)



L1R	23	23.180838779757028	4.9999997891039731	9.9482656516047836	L1L	-23	-23.180838779757028	4.9999997891039731	9.9482656516047836	L2R	6.5	23.180838779757028	0	9.9482656516047836	L2L	-6.5	-23.180838779757028	0	9.9482656516047836	R 	&	 P	-6.5	6.5	0	0	Axle	-24	24	4.9999997891039731	4.9999997891039731	RTire	24	24	13.999999789103974	-4.0000002108960269	LTire	-24	-24	13.999999789103974	-4.0000002108960269	Kingpin Axis (inches)





2nd Steering Calcs

		Steering Linkage Optimizer

		Input parameters from design - fiddle with values to get a good steering design

		Y1		-0.136		in				1		Eric Bowman's Design

		L1		5		in				4.25

		L2		15.892378311		in				17.693



		Chebychev Spacing - Helps to Minimize Error																																		Geometry of Steering										Trailing Steering Geometry

		Phi Max (deg)		Lg Max (in)																																Part		X		Y						Part 		X		y

		110		18																																King Pin R		22.5		-0.136						King Pin R		22.5		-0.136

		Phi Min (deg)		Lg Min (in)																																King Pin L		-22.5		-0.136						King Pin L		-22.5		-0.136

		63		14																																R & P (0 steer)		-6.5		0						R & P (0 steer)		-6.5		0

																																				R & P (0 steer)		6.5		0						R & P (0 steer)		6.5		0

		Car Properties																																		L1R (0 steer)		22.5		-0.136						L1R (0 steer)		22.5		-0.136

		Wheelbase		60		in																														L1R (0 steer)		21.6530544829		4.791746269						L1R (0 steer)		21.6530544829		-5.063746269

		Trackwidth		46.5		in				Standard Error						Tolerance Error - on Phi over Turning Range						Tolerance Error - Including Randome Pin Location														L1L (0 steer)		-22.5		-0.136						L1L (0 steer)		-22.5		-0.136

		Kingpin Width		45		in				Max Error:		3.2621989823		deg		Max Variance		0.4462454242		deg		Max Variance		0.7022364173		deg										L1L (0 steer)		-21.6530544829		4.791746269						L1L (0 steer)		-21.6530544829		-5.063746269

		Width R & P		13		in				Min Error:		-0.2144093726		deg		Min Variance		0.212709756		deg		Min Variance		0.3501150046		deg										L2R (0 steer)		6.5		0						L2R (0 steer)		6.5		0

		Rack Ratio		3.2		in/pinion turn				 Error Band:		3.4766083549		deg		Avg. Variance		0.2771485513		deg		Avg. Variance		0.4476048589		deg										L2R (0 steer)		21.6530544829		4.791746269						L2R (0 steer)		21.6530544829		-5.063746269

		Base Lg Size		16		in				(Total Error over Steering Range)																										L2L (0 steer)		-6.5		0						L2L (0 steer)		-6.5		0

		δLg (whole range)		4		in																														L2L (0 steer)		-21.6530544829		4.791746269						L2L (0 steer)		-21.6530544829		-5.063746269

		Phi 0		9.7523021478		deg																														R Tire		23.25		8.864						R Tire		23.25		8.864

		Static Toe		0		deg		(+ values equal inward, - values outward)																														23.25		-9.136								23.25		-9.136

		Steering Range (+/-)		20		deg		Actual Steering Range (+/-) = 				31.9668171166		(outside wheel to outside wheel)																						L Tire		-23.25		8.864						L Tire		-23.25		8.864

		% Ackerman		100		% 		(<0%= anti ackerman (toe-in), 0% = parrallel, 100% = true ackerman, 100+% = more than ackerman (toe-out))																														-23.25		-9.136								-23.25		-9.136

		Ackermann Equation Used:				netsteer = (%ackerman/100)*(outside wh. angle-(atan(wheelbase/((wheelbase/tan(radians(outside wh. Angle))) - trackwidth))))														Right Wheel Based								Left Right Wheel Based								Axle		-23.25		-0.136						Axle		-23.25		-0.136

		Ackerman Angle - From Vertical						Right Turn - from Horizontal				Left Turn - from Horizontal				Right Turn		Left Turn		Right Turn				Left Turn				Right Turn				Left Turn						23.25		-0.136								23.25		-0.136

		Outside Wheel Angle (deg)		Net Steer (deg)		Inside Wheel Angle (deg)		PhiT L (deg)		PhiT R (deg)		PhiT L (deg)		PhiT R (deg)		Steering Wheel Angle (deg) 		Steering Wheel Angle (deg)		lambda		Lg R		lambda		Lg R		lambda		Lg L		lambda		Lg L

		0		0		0		90		90		90		90		97.9036554688		-97.9036554688		0.3110502532		15.1297452847		0.3110502532		15.1297452847		0.3110502532		15.1297452847		0.3110502532		15.1297452847		-97.9036554688		97.9036554688

		2.5		-0.0845228368		2.5845228368		87.5		87.4154771632		92.5845228368		92.5		73.1957273292		-73.1957273292		0.3107141081		14.9059137541		0.3107357303		15.3493713126		0.3107357303		15.3493713126		0.3107141081		14.9059137541		-73.1957273292		123.0847026587

		5		-0.3491513853		5.3491513853		85		84.6508486147		95.3491513853		95		48.1918996466		-48.1918996466		0.3096113978		14.670604517		0.3097929504		15.5716275587		0.3097929504		15.5716275587		0.3096113978		14.670604517		-48.1918996466		149.55699184

		7.5		-0.8107556391		8.3107556391		82.5		81.6892443609		98.3107556391		97.5		22.9430958215		-22.9430958215		0.3075817557		14.4238152458		0.3082242751		15.7960613705		0.3082242751		15.7960613705		0.3075817557		14.4238152458		-22.9430958215		177.3207848494

		10		-1.486068272		11.486068272		80		78.513931728		101.486068272		100		-2.4971154732		2.4971154732		0.3044388622		14.1659239159		0.3060336222		16.022196582		0.3060336222		16.022196582		0.3044388622		14.1659239159		2.4971154732		206.3335594643

		12.5		-2.390791746		14.890791746		77.5		75.109208254		104.890791746		102.5		-28.072680287		28.072680287		0.2999715488		13.8978151182		0.3032264397		16.2495349359		0.3032264397		16.2495349359		0.2999715488		13.8978151182		28.072680287		236.4957992005

		15		-3.5383467814		18.5383467814		75		71.4616532186		108.5383467814		105		-53.7252458557		53.7252458557		0.2939484485		13.6210155653		0.2998096695		16.4775577409		0.2998096695		16.4775577409		0.2939484485		13.6210155653		53.7252458557		267.6357489087

		17.5		-4.9382269243		22.4382269243		72.5		67.5617730757		112.4382269243		107.5		-79.394371766		79.394371766		0.2861277841		13.3378214266		0.2957917022		16.705727749		0.2957917022		16.705727749		0.2861277841		13.3378214266		79.394371766		299.495089505

		20		-6.5939870156		26.5939870156		70		63.4060129844		116.5939870156		110		-105.0177636844		105.0177636844		0.2762737941		13.0513896015		0.2911823239		16.9334912328		0.2911823239		16.9334912328		0.2762737941		13.0513896015		105.0177636844		331.7186698323



		Structural Error - Right Wheel														Structural Error - Left Wheel																																				For Trailing Config. Steering Tool

		Ideal Function -Linear Ackerman				Actual Values From Loop Equations								Error				Ideal Function-Linear Ackerman				Actual Values of Left Side										For Solver				Difference From Designed System																Right Side Calcs																		Left Side Calcs																Difference From Designed System

		Lg (in)		PhiR (deg)		Theta (deg)		L0 (in)		Alpha (deg)		Phi (deg)		Error Right (deg)		Error Left (deg)		LgL (in)		PhiL(deg)		L0L (in)		ThetaL (deg)		AlphaL (deg)		PhiL (deg)				Right Error		Delta Lg		Difference in Phi R's		Difference in Phi L's														LgR		-Phi R Ideal		L0		Theta		Alpha		-Phi R Actual		Error Right		Error Function		Error Left		LgL		-Phi L Ideal		L0		Theta		Alpha		-Phi L Actual				dLg		Difference in Phi R's		Difference in Phi L's

		14		73.1583151322		-0.5565700655		14.0006605558		17.8498927583		76.4205141145		3.2621989823		-2.2145149689		-18		60.2476978522		18.0005137704		-179.5671067921		15.4049918859		58.0331828834				3.2621989823		-2		-18.0410132237		12.4458941961												Left Turn		14		-79.7523021478		14.0006605558		-0.5565700655		17.8498927583		-77.5336542455		2.2186479022		2.2186479022		-3.5136856309		-18		-53.6537108367		18.0005137704		-179.5671067921		15.4049918859		-57.1673964676				-2		57.2053639403		-43.5596940111

		14.04		73.8403545112		-0.5549844951		14.040658674		17.886936677		76.9291130547		3.0887585435		-2.1522368519		-17.96		60.6476978522		17.9605149147		-179.5661427015		15.4851605311		58.4954610003				3.0887585435		-1.96		-17.7447644657		12.3918869253														14.04		-80.1523021478		14.040658674		-0.5549844951		17.886936677		-78.0390820449		2.1132201028		2.1132201028		-3.2919961877		-17.96		-54.3357502157		17.9605149147		-179.5661427015		15.4851605311		-57.6277464033				-1.96		56.8087625737		-43.5701461176

		14.08		74.5159053886		-0.5534079328		14.0806568029		17.9223656263		77.4351681034		2.9192627148		-2.0914140014		-17.92		61.0476978522		17.920516064		-179.5651743072		15.5640819481		58.9562838509				2.9192627148		-1.92		-17.4627202395		12.3397814756														14.08		-80.5523021478		14.0806568029		-0.5534079328		17.9223656263		-78.541983969		2.0103181787		2.0103181787		-3.0753313721		-17.92		-55.0113010931		17.920516064		-179.5651743072		15.5640819481		-58.0866324652				-1.92		56.4268607369		-43.5827616326

		14.12		75.1849396831		-0.5518403021		14.1206549423		17.9562019365		77.9387459222		2.7538062391		-2.0319897904		-17.88		61.4476978522		17.8805172185		-179.5642015802		15.6417690645		59.4157080618				2.7538062391		-1.88		-17.1939149654		12.2895500674														14.12		-80.9523021478		14.1206549423		-0.5518403021		17.9562019365		-79.0424265263		1.9098756215		1.9098756215		-2.8637758347		-17.88		-55.6803353876		17.8805172185		-179.5642015802		15.6417690645		-58.5441112223				-1.88		56.0586893306		-43.5975143345

		14.16		75.8474357016		-0.5502815271		14.1606530923		17.9884672115		78.4399113946		2.592475693		-1.9739090965		-17.84		61.8476978522		17.8405183781		-179.5632244916		15.7182342099		59.8737887557				2.592475693		-1.84		-16.9374793863		12.2411666199														14.16		-81.3523021478		14.1606530923		-0.5502815271		17.9884672115		-79.5404744489		1.8118276989		1.8118276989		-2.6574063327		-17.84		-56.3428314061		17.8405183781		-179.5632244916		15.7182342099		-59.0002377388				-1.84		55.7033756104		-43.6143797129

		14.2		76.5033779029		-0.5487315333		14.2006512527		18.0191823564		78.9387277065		2.4353498036		-1.9171182243		-17.8		62.2476978522		17.800519543		-179.5622430117		15.7934891393		60.330579628				2.4353498036		-1.8		-16.6926280409		12.1946066911														14.2		-81.7523021478		14.2006512527		-0.5487315333		18.0191823564		-80.036190773		1.7161113747		1.7161113747		-2.456292044		-17.8		-56.9987736074		17.800519543		-179.5622430117		15.7934891393		-59.4550656514				-1.8		55.3601306591		-43.6333349082

		14.24		77.1527566582		-0.5471902464		14.2406494234		18.0483676033		79.4352564232		2.2824997649		-1.8615648321		-17.76		62.6476978522		17.7605207131		-179.561257111		15.8675450553		60.7861330202				2.2824997649		-1.76		-16.4586487406		12.1498474213														14.24		-82.1523021478		14.2406494234		-0.5471902464		18.0483676033		-80.529636916		1.6226652318		1.6226652318		-2.2604948795		-17.76		-57.6481523627		17.7605207131		-179.561257111		15.8675450553		-59.9086472422				-1.76		55.0282388634		-43.6543586554

		14.28		77.7955680076		-0.5456575934		14.2806476044		18.0760425359		79.9295575611		2.1339895535		-1.8071978636		-17.72		63.0476978522		17.7205218885		-179.5602667596		15.9404126297		61.2404999886				2.1339895535		-1.72		-16.2348936742		12.1068674812														14.28		-82.5523021478		14.2806476044		-0.5456575934		18.0760425359		-81.0208727479		1.5314293998		1.5314293998		-2.0700697958		-17.72		-58.2909637121		17.7205218885		-179.5602667596		15.9404126297		-60.3610335079				-1.72		54.7070490185		-43.6774312325

		14.32		78.4318134161		-0.544133502		14.3206457955		18.1022261128		80.4216896576		1.9898762414		-1.7539674821		-17.68		63.4476978522		17.6805230692		-179.5592719272		16.0121020225		61.6937303701				1.9898762414		-1.68		-16.0207718433		12.0656470245														14.32		-82.9523021478		14.3206457955		-0.544133502		18.1022261128		-81.5099566615		1.4423454862		1.4423454862		-1.885065104		-17.68		-58.9272091206		17.6805230692		-179.5592719272		16.0121020225		-60.8122742246				-1.68		54.395966763		-43.7025344129

		14.36		79.0614995291		-0.5426179005		14.3606439967		18.1269366894		80.9117098358		1.8502103067		-1.7018250088		-17.64		63.8476978522		17.6405242552		-179.5582725834		16.082622901		62.1458728434				1.8502103067		-1.64		-15.815742594		12.0261676433														14.36		-83.3523021478		14.3606439967		-0.5426179005		18.1269366894		-81.9969456368		1.355356511		1.355356511		-1.7055227766		-17.64		-59.5568952336		17.6405242552		-179.5582725834		16.082622901		-61.2624180102				-1.64		54.0944481101		-43.7296514211

		14.4		79.6846379274		-0.5411107183		14.4006422079		18.1501920392		81.3996738671		1.7150359397		-1.6507228643		-17.6		64.2476978522		17.6005254467		-179.5572686974		16.1519844569		62.596974988				1.7150359397		-1.6		-15.6193100566		11.9884123285														14.4		-83.7523021478		14.4006422079		-0.5411107183		18.1501920392		-82.4818953037		1.270406844		1.270406844		-1.5314787508		-17.6		-60.1800336319		17.6005254467		-179.5572686974		16.1519844569		-61.7115123827				-1.6		53.8019938873		-43.7587668933

		14.44		80.3012448849		-0.5396118854		14.440640429		18.172009373		81.8856362305		1.5843913456		-1.6006145126		-17.56		64.6476978522		17.5605266436		-179.5562602381		16.2201954226		63.0470833397				1.5843913456		-1.56		-15.4310183441		11.9523654321														14.44		-84.1523021478		14.440640429		-0.5396118854		18.172009373		-82.9648600013		1.1874421464		1.1874421464		-1.3629632265		-17.56		-60.7966405894		17.5605266436		-179.5562602381		16.2201954226		-62.1596038159				-1.56		53.5181449343		-43.7898668397

		14.48		80.9113411275		-0.5381213326		14.4806386599		18.1924053582		82.369650169		1.4583090415		-1.5514544087		-17.52		65.0476978522		17.5205278459		-179.5552471743		16.2872640871		63.4962434436				1.4583090415		-1.52		-15.2504473861		11.9180126341														14.48		-84.5523021478		14.4806386599		-0.5381213326		18.1924053582		-83.4458928342		1.1064093135		1.1064093135		-1.2000009601		-17.52		-61.406736832		17.5205278459		-179.5552471743		16.2872640871		-62.6067377921				-1.52		53.2424779368		-43.8229386114

		14.52		81.5149515954		-0.5366389915		14.5206369006		18.2113961364		82.8517677432		1.3368161478		-1.5031979481		-17.48		65.4476978522		17.4805290538		-179.5542294743		16.35319831		63.9444999041				1.3368161478		-1.48		-15.0772092993		11.8853409116														14.52		-84.9523021478		14.5206369006		-0.5366389915		18.2113961364		-83.9250457263		1.0272564215		1.0272564215		-1.0426115528		-17.48		-62.0103472999		17.4805290538		-179.5542294743		16.35319831		-63.0529588527				-1.48		52.9746017966		-43.8579708698

		14.56		82.112105209		-0.5351647944		14.560635151		18.2289973402		83.3320398831		1.2199346741		-1.455801419		-17.44		65.8476978522		17.4405302672		-179.5532071062		16.4180055355		64.3918964332				1.2199346741		-1.44		-14.9109452128		11.854338511														14.56		-85.3523021478		14.560635151		-0.5351647944		18.2289973402		-84.402369472		0.9499326758		0.9499326758		-0.8908097321		-17.44		-62.6075009135		17.4405302672		-179.5532071062		16.4180055355		-63.4983106456				-1.44		52.7141544564		-43.8949535589

		14.6		82.7028346391		-0.5336986745		14.6006334109		18.2452241094		83.8105164367		1.1076817975		-1.4092219568		-17.4		66.2476978522		17.4005314861		-179.5521800379		16.4816928052		64.8384758954				1.1076817975		-1.4		-14.7513224808		11.8249949232														14.6		-85.7523021478		14.6006334109		-0.5336986745		18.2452241094		-84.8779137856		0.8743883622		0.8743883622		-0.7446056276		-17.4		-63.1982303436		17.4005314861		-179.5521800379		16.4816928052		-63.9428359712				-1.4		52.4608001127		-43.9338778809

		14.64		83.2871760814		-0.5322405654		14.6406316804		18.2600911061		84.287246217		1.0000701355		-1.3634175004		-17.36		66.6476978522		17.3605327107		-179.5511482368		16.5442667701		65.2842803519				1.0000701355		-1.36		-14.5980322268		11.7973008618														14.64		-86.1523021478		14.6406316804		-0.5322405654		18.2600911061		-85.3517273477		0.8005748001		0.8005748001		-0.6040050396		-17.36		-63.7825717859		17.3605327107		-179.5511482368		16.5442667701		-64.3865768255				-1.36		52.214226759		-43.9747362738

		14.68		83.8651690369		-0.5307904017		14.6806299592		18.2736125294		84.762277047		0.8971080101		-1.3183467509		-17.32		67.0476978522		17.320533941		-179.5501116702		16.6057337018		65.7293511014				0.8971080101		-1.32		-14.4507871725		11.7712482432														14.68		-86.5523021478		14.6806299592		-0.5307904017		18.2736125294		-85.8238578504		0.7284442974		0.7284442974		-0.4690097005		-17.32		-64.3605647414		17.320533941		-179.5501116702		16.6057337018		-64.8295744419				-1.32		51.974144015		-44.0175223923

		14.72		84.4368560973		-0.5293481186		14.7206282475		18.2858021289		85.2356558025		0.7987997052		-1.2739691318		-17.28		67.4476978522		17.2805351769		-179.549070305		16.6660995039		66.1737287204				0.7987997052		-1.28		-14.3093197124		11.7468301694														14.72		-86.9523021478		14.7206282475		-0.5293481186		18.2858021289		-86.2943520397		0.657950108		0.657950108		-0.3396175287		-17.28		-64.9322518018		17.2805351769		-179.549070305		16.6660995039		-65.2718693305				-1.28		51.7402812008		-44.0622310905

		14.76		85.0022827365		-0.5279136522		14.760626545		18.2966732179		85.7074284529		0.7051457164		-1.2302447514		-17.24		67.8476978522		17.2405364186		-179.5480241078		16.7253697214		66.6174531009				0.7051457164		-1.24		-14.1733802019		11.7240409141														14.76		-87.3523021478		14.760626545		-0.5279136522		18.2966732179		-86.7632557573		0.5890463905		0.5890463905		-0.2158228754		-17.24		-65.497678441		17.2405364186		-179.5480241078		16.7253697214		-65.7135013164				-1.24		51.5123856244		-44.1088584082

		14.8		85.561497109		-0.526486939		14.8006248517		18.3062386857		86.1776401012		0.6161429922		-1.1871343658		-17.2		68.2476978522		17.200537666		-179.5469730448		16.7835495504		67.0605634864				0.6161429922		-1.2		-14.0427354297		11.7028759098														14.8		-87.7523021478		14.8006248517		-0.526486939		18.3062386857		-87.2306139791		0.5216881686		0.5216881686		-0.0976167626		-17.2		-66.0568928135		17.200537666		-179.5469730448		16.7835495504		-66.1545095761				-1.2		51.2902210539		-44.1574015579

		14.84		86.1145498532		-0.5250679163		14.8406231675		18.3145110096		86.6463350213		0.5317851681		-1.1445993447		-17.16		68.6476978522		17.1605389193		-179.5459170821		16.8406438472		67.5030985075				0.5317851681		-1.16		-13.9171672516		11.6833317383														14.84		-88.1523021478		14.8406231675		-0.5250679163		18.3145110096		-87.6964708538		0.455831294		0.455831294		0.015012886		-17.16		-66.6099455577		17.1605389193		-179.5459170821		16.8406438472		-66.5949326717				-1.16		51.0735663514		-44.207858916

		14.88		86.6614939032		-0.5236565221		14.8806214924		18.3215022656		87.1135566946		0.4520627913		-1.1026016376		-17.12		69.0476978522		17.1205401784		-179.5448561853		16.8966571365		67.9450962146				0.4520627913		-1.12		-13.7964713658		11.6654061234														14.88		-88.5523021478		14.8806214924		-0.5236565221		18.3215022656		-88.1608697387		0.391432409		0.391432409		0.1220810226		-17.12		-67.1568896077		17.1205401784		-179.5448561853		16.8966571365		-67.0348085852				-1.12		50.8622142476		-44.2602300146

		14.92		87.202384306		-0.522252695		14.9206198263		18.3272241398		87.5793478449		0.3769635389		-1.0611037417		-17.08		69.4476978522		17.0805414434		-179.5437903197		16.9515936194		68.3865941105				0.3769635389		-1.08		-13.6804562125		11.6490979249														14.92		-88.9523021478		14.9206198263		-0.522252695		18.3272241398		-88.623853235		0.3284489128		0.3284489128		0.2236052605		-17.08		-67.6977800105		17.0805414434		-179.5437903197		16.9515936194		-67.47417475				-1.08		50.6559702411		-44.3145155368

		14.96		87.7372780458		-0.5208563745		14.960618169		18.3316879379		88.043750472		0.3064724262		-1.020068671		-17.04		69.8476978522		17.0405427144		-179.5427194504		17.0054571806		68.8276291812				0.3064724262		-1.04		-13.5689419813		11.634407136														14.96		-89.3523021478		14.960618169		-0.5208563745		18.3316879379		-89.085463221		0.2668389268		0.2668389268		0.3196056683		-17.04		-68.2326737503		17.0405427144		-179.5427194504		17.0054571806		-67.913068082				-1.04		50.4546516062		-44.3707173137

		15		88.2662338758		-0.5194675004		15.0006165207		18.3349045951		88.5068058839		0.2405720082		-0.9794599267		-17		70.2476978522		17.0005439913		-179.541643542		17.0582513955		69.2682379255				0.2405720082		-1		-13.4617597166		11.6213348823														15		-89.7523021478		15.0006165207		-0.5194675004		18.3349045951		-89.5457408847		0.206561263		0.206561263		0.4101045708		-17		-68.7616295803		17.0005439913		-179.541643542		17.0582513955		-68.3515250095				-1		50.2580864968		-44.4288383234

		15.04		88.7893121563		-0.5180860133		15.040614881		18.3368846849		88.9685547285		0.1792425722		-0.9392414682		-16.96		70.6476978522		16.9605452743		-179.5405625589		17.1099795366		69.708456384				0.1792425722		-0.96		-13.358750507		11.609883423														15.04		-90.1523021478		15.040614881		-0.5180860133		18.3368846849		-90.0047267551		0.1475753927		0.1475753927		0.495126359		-16.96		-69.2847078608		16.9605452743		-179.5405625589		17.1099795366		-68.7895815018				-0.96		50.0661131369		-44.4888826926

		15.08		89.3065747		-0.5167118544		15.0806132501		18.3376384282		89.429037023		0.122462323		-0.8993776857		-16.92		71.0476978522		16.9205465633		-179.5394764651		17.1606445795		70.1483201665				0.122462323		-0.92		-13.2597647511		11.6000561545														15.08		-90.5523021478		15.0806132501		-0.5167118544		18.3376384282		-90.4624607319		0.0898414159		0.0898414159		0.5746973078		-16.92		-69.8019704045		16.9205465633		-179.5394764651		17.1606445795		-69.2272730967				-0.92		49.8785790851		-44.5508557003

		15.12		89.8180846238		-0.5153449657		15.1206116278		18.3371757014		89.8882921836		0.0702075598		-0.8598333732		-16.88		71.4476978522		16.8805478584		-179.5383852243		17.210249209		70.587864479				0.0702075598		-0.88		-13.1646614903		11.591857616														15.12		-90.9523021478		15.1206116278		-0.5153449657		18.3371757014		-90.918982115		0.0333200328		0.0333200328		0.6488454008		-16.88		-70.3134803283		16.8805478584		-179.5383852243		17.210249209		-69.6646349276				-0.88		49.6953405677		-44.6147637834

		15.16		90.323906208		-0.5139852895		15.1606100141		18.3355060438		90.3463590533		0.0224528453		-0.8205737026		-16.84		71.8476978522		16.8405491597		-179.5372887997		17.2587958237		71.0271241496				0.0224528453		-0.84		-13.073307802		11.5852934977														15.16		-91.3523021478		15.1606100141		-0.5139852895		18.3355060438		-91.3743296322		-0.0220274845		-0.0220274845		0.7176001634		-16.84		-70.8193019125		16.8405491597		-179.5372887997		17.2587958237		-70.1017017491				-0.84		49.5162618713		-44.6806145453

		15.2		90.8241047614		-0.5126327689		15.2006084089		18.3326386656		90.8032759291		-0.0208288324		-0.7815641989		-16.8		72.2476978522		16.8005504672		-179.5361871545		17.3062865414		71.4661336534				-0.0208288324		-0.8		-12.9855782461		11.5803706506														15.2		-91.7523021478		15.2006084089		-0.5126327689		18.3326386656		-91.8285414668		-0.0762393191		-0.0762393191		0.7809925036		-16.8		-71.3195004659		16.8005504672		-179.5361871545		17.3062865414		-70.5385079623				-0.8		49.3412147895		-44.7484167656

		15.24		91.318746494		-0.5112873476		15.2406068121		18.3285824546		91.2590805886		-0.0596659054		-0.7427707152		-16.76		72.6476978522		16.7605517809		-179.5350802511		17.3527232036		71.904927137				-0.0596659054		-0.76		-12.90135436		11.577097099														15.24		-92.1523021478		15.2406068121		-0.5112873476		18.3285824546		-92.2816552837		-0.129353136		-0.129353136		0.8390545592		-16.76		-71.8141421985		16.7605517809		-179.5350802511		17.3527232036		-70.9750876392				-0.76		49.1700781171		-44.8181804129

		15.28		91.8078983949		-0.5099489698		15.2806052236		18.3233459826		91.7138103153		-0.0940880796		-0.70415941		-16.72		73.0476978522		16.7205531009		-179.5339680519		17.3981073797		72.3435384422				-0.0940880796		-0.72		-12.8205241968		11.5754820555														15.28		-92.5523021478		15.2806052236		-0.5099489698		18.3233459826		-92.7337082549		-0.1814061072		-0.1814061072		0.8918195533		-16.72		-72.3032940994		16.7205531009		-179.5339680519		17.3981073797		-71.411474546				-0.72		49.0027371882		-44.88991666

		15.32		92.2916281178		-0.5086175804		15.3206036435		18.3169375121		92.1675019237		-0.1241261941		-0.6656967233		-16.68		73.4476978522		16.6805544272		-179.5328505188		17.4424403706		72.7820011289				-0.1241261941		-0.68		-12.7429819018		11.5755359382														15.32		-92.9523021478		15.3206036435		-0.5086175804		18.3169375121		-93.1847370844		-0.2324349367		-0.2324349367		0.9393216558		-16.68		-72.7870238223		16.6805544272		-179.5328505188		17.4424403706		-71.8477021664				-0.68		48.8390834531		-44.9636379011

		15.36		92.7700038716		-0.5072931248		15.3606020715		18.3093650022		92.620191783		-0.1498120886		-0.6273493547		-16.64		73.8476978522		16.6405557599		-179.5317276132		17.485723213		73.2203484975				-0.1498120886		-0.64		-12.6686273248		11.5772703901														15.36		-93.3523021478		15.3606020715		-0.5072931248		18.3093650022		-93.6347780325		-0.2824758847		-0.2824758847		0.9815958521		-16.64		-73.2653995761		16.6405557599		-179.5317276132		17.485723213		-72.283803724				-0.64		48.6790140893		-45.0393577714

		15.4		93.2430943178		-0.5059755489		15.4006005078		18.3006361139		93.071915841		-0.1711784768		-0.5890842414		-16.6		74.2476978522		16.6005570991		-179.5305992965		17.5279566819		73.6586136108				-0.1711784768		-0.6		-12.597365664		11.5806983013														15.4		-93.7523021478		15.4006005078		-0.5059755489		18.3006361139		-94.0838669387		-0.331564791		-0.331564791		1.0186778186		-16.6		-73.7384900223		16.6005570991		-179.5305992965		17.5279566819		-72.7198122037				-0.6		48.5224316459		-45.1170911695

		15.44		93.7109684731		-0.5046647993		15.4405989521		18.2907582156		93.5227096468		-0.1882588263		-0.5508685369		-16.56		74.6476978522		16.5605584447		-179.5294655292		17.5691412941		74.0968293153				-0.1882588263		-0.56		-12.5291071376		11.5858338338														15.44		-94.1523021478		15.4405989521		-0.5046647993		18.2907582156		-94.5320392453		-0.3797370976		-0.3797370976		1.0506038038		-16.56		-74.2063641776		16.5605584447		-179.5294655292		17.5691412941		-73.1557603738				-0.56		48.3692437148		-45.1968542825

		15.48		94.173695618		-0.503360823		15.4805974045		18.279738388		93.972608373		-0.2010872449		-0.5126695901		-16.52		75.0476978522		16.5205597968		-179.528326272		17.6092773107		74.5350282622				-0.2010872449		-0.52		-12.4637666827		11.5926924489														15.48		-94.5523021478		15.4805974045		-0.503360823		18.279738388		-94.9793300191		-0.4270278714		-0.4270278714		1.0774105163		-16.52		-74.6690913225		16.5205597968		-179.528326272		17.6092773107		-73.5916808062				-0.52		48.2193626291		-45.2786646132

		15.52		94.6313452106		-0.5020635678		15.5205958648		18.267583429		94.4216468377		-0.2096983729		-0.4744549248		-16.48		75.4476978522		16.4805611555		-179.5271814848		17.6483647396		74.9732429274				-0.2096983729		-0.48		-12.4012636769		11.6012909375														15.52		-94.9523021478		15.5205958648		-0.5020635678		18.267583429		-95.4257739733		-0.4734718256		-0.4734718256		1.0991350181		-16.48		-75.1267409151		16.4805611555		-179.5271814848		17.6483647396		-74.027605897				-0.48		48.0727051848		-45.3625410109

		15.56		95.0839868061		-0.5007729818		15.5605943331		18.2542998575		94.8698595254		-0.2141272807		-0.43619222		-16.44		75.8476978522		16.4405625208		-179.5260311272		17.6864033378		75.4115056323				-0.2141272807		-0.44		-12.3415216814		11.6116474534														15.56		-95.3523021478		15.5605943331		-0.5007729818		18.2542998575		-95.871405489		-0.5191033413		-0.5191033413		1.115814624		-16.44		-75.5793825106		16.4405625208		-179.5260311272		17.6864033378		-74.4635678867				-0.44		47.9291923837		-45.4485037049

		15.6		95.531689981		-0.4994890136		15.6005928092		18.2398939184		95.3172806084		-0.2144093726		-0.3978492895		-16.4		76.2476978522		16.4005638927		-179.5248751585		17.723392613		75.8498485627				-0.2144093726		-0.4		-12.2844682043		11.6237815494														15.6		-95.7523021478		15.6005928092		-0.4994890136		18.2398939184		-96.3162586357		-0.5639564879		-0.5639564879		1.1274868058		-16.4		-76.0270856855		16.4005638927		-179.5248751585		17.723392613		-74.8995988797				-0.4		47.7887491962		-45.5365743402

		15.64		95.9745242619		-0.4982116126		15.6405912932		18.2243715856		95.7639439666		-0.2105802953		-0.3593940634		-16.36		76.6476978522		16.3605652714		-179.5237135375		17.7593318255		76.2883037888				-0.2105802953		-0.36		-12.230034481		11.6377142168														15.64		-96.1523021478		15.6405912932		-0.4982116126		18.2243715856		-96.7603671919		-0.6080650441		-0.6080650441		1.1341891026		-16.36		-76.4699199664		16.3605652714		-179.5237135375		17.7593318255		-75.3357308638				-0.36		47.6513043415		-45.6267760181

		15.68		96.4125590598		-0.4969407284		15.6805897848		18.2077385659		96.2098832082		-0.2026758516		-0.3207945684		-16.32		77.0476978522		16.3205666568		-179.5225462227		17.7942199894		76.7269032839				-0.2026758516		-0.32		-12.1781552716		11.6534679284														15.68		-96.5523021478		15.6805897848		-0.4969407284		18.2077385659		-97.2037646651		-0.6514625173		-0.6514625173		1.1359590351		-16.32		-76.9079547643		16.3205666568		-179.5225462227		17.7942199894		-75.7719957292				-0.32		47.5167900849		-45.7191333384

		15.72		96.8458636083		-0.4956763114		15.7205882842		18.1900003024		96.6551316888		-0.1907319196		-0.282018909		-16.28		77.4476978522		16.2805680491		-179.5213731721		17.8280558741		77.1656789432				-0.1907319196		-0.28		-12.1287686721		11.6710666847														15.72		-96.9523021478		15.7205882842		-0.4956763114		18.1900003024		-97.6464843115		-0.6941821638		-0.6941821638		1.1328340254		-16.28		-77.3412593128		16.2805680491		-179.5213731721		17.8280558741		-76.2084252874				-0.28		47.3851420491		-45.8136724466

		15.76		97.2745069061		-0.4944183122		15.7605867911		18.1711619774		97.0997225311		-0.174784375		-0.2430352493		-16.24		77.8476978522		16.2405694481		-179.5201943433		17.8608380047		77.604662603				-0.174784375		-0.24		-12.0818159412		11.6905360645														15.76		-97.3523021478		15.7605867911		-0.4944183122		18.1711619774		-98.0885591555		-0.7362570078		-0.7362570078		1.124851321		-16.24		-77.7699026106		16.2405694481		-179.5201943433		17.8608380047		-76.6450512896				-0.24		47.2562990399		-45.9104210842

		15.8		97.6985576638		-0.4931666822		15.8005853056		18.1512285153		97.5436886441		-0.1548690197		-0.2038117941		-16.2		78.2476978522		16.2005708541		-179.5190096936		17.8925646632		78.0438860582				-0.1548690197		-0.2		-12.0372413374		11.7119032787														15.8		-97.7523021478		15.8005853056		-0.4931666822		18.1512285153		-98.5300220085		-0.7777198607		-0.7777198607		1.1120479229		-16.2		-78.1939533683		16.2005708541		-179.5190096936		17.8925646632		-77.0819054454				-0.2		47.1302028841		-46.0094086427

		15.84		98.1180842545		-0.4919213731		15.8405838276		18.130204585		97.9870627417		-0.1310215128		-0.1643167708		-16.16		78.6476978522		16.1605722671		-179.5178191797		17.9232338886		78.4833810815				-0.1310215128		-0.16		-11.9949919699		11.7351972288														15.84		-98.1523021478		15.8405838276		-0.4919213731		18.130204585		-98.9709054878		-0.8186033401		-0.8186033401		1.0944605182		-16.16		-78.613479959		16.1605722671		-179.5178191797		17.9232338886		-77.5190194408				-0.16		47.0067982794		-46.1106662225

		15.88		98.5331546685		-0.4906823371		15.8805823571		18.1080946023		98.4298773616		-0.1032773069		-0.1245184114		-16.12		79.0476978522		16.1205736871		-179.5166227579		17.9528434773		78.9231794408				-0.1032773069		-0.12		-11.9550176582		11.7604485703														15.88		-98.5523021478		15.8805823571		-0.4906823371		18.1080946023		-99.4112420357		-0.858939888		-0.858939888		1.0721254164		-16.12		-79.028550373		16.1205736871		-179.5166227579		17.9528434773		-77.9564249567				-0.12		46.8860326543		-46.214226696

		15.92		98.943836471		-0.4894495269		15.9205808939		18.0849027321		98.8721648835		-0.0716715874		-0.0843849344		-16.08		79.4476978522		16.0805751141		-179.5154203842		17.9813909828		79.3633129179				-0.0716715874		-0.08		-11.9172708031		11.7876897794														15.92		-98.9523021478		15.9205808939		-0.4894495269		18.0849027321		-99.8510639374		-0.8987617896		-0.8987617896		1.0450784891		-16.08		-79.4392321755		16.0805751141		-179.5154203842		17.9813909828		-78.3941536863				-0.08		46.7678560388		-46.3201247757

		15.96		99.3501967633		-0.4882228958		15.9605794381		18.0606328899		99.3139575476		-0.0362392156		-0.0438845264		-16.04		79.8476978522		16.0405765482		-179.5142120141		18.008873716		79.8038133258				-0.0362392156		-0.04		-11.8817062658		11.816955227														15.96		-99.3523021478		15.9605794381		-0.4882228958		18.0606328899		-100.2904033393		-0.9381011915		-0.9381011915		1.0133551137		-16.04		-79.8455924678		16.0405765482		-179.5142120141		18.008873716		-78.832237354				-0.04		46.6522209428		-46.4283970864

		16		99.7523021478		-0.4870023974		16.0005779896		18.0352887439		99.7552874727		0.0029853249		-0.0029853249		-16		80.2476978522		16.0005779896		-179.5129976026		18.0352887439		80.2447125273				0.0029853249		0		-11.8482812559		11.8482812559														16		-99.7523021478		16.0005779896		-0.4870023974		18.0352887439		-100.7292922676		-0.9769901198		-0.9769901198		0.9769901198		-16		-80.2476978522		16.0005779896		-179.5129976026		18.0352887439		-79.2707077324				0		46.5390822448		-46.5390822448

		16.04		100.1523021478		-0.4857879859		16.0405765482		18.008873716		100.1961866742		0.0438845264		0.0362392156		-15.96		80.6498032367		15.9605794381		-179.5117771042		18.0606328899		80.6860424524				0.0438845264		0.04		-11.816955227		11.8817062658												Right Turn		16.04		-100.1544075322		16.0405765482		-0.4857879859		18.008873716		-101.167762646		-1.0133551137		-1.0133551137		0.9381011915		-15.96		-80.6476978522		15.9605794381		-179.5117771042		18.0606328899		-79.7095966607				0.04		46.4283970864		-46.6522209428

		16.08		100.5523021478		-0.4845796158		16.0805751141		17.9813909828		100.6366870821		0.0843849344		0.0716715874		-15.92		81.056163529		15.9205808939		-179.5105504731		18.0849027321		81.1278351165				0.0843849344		0.08		-11.7876897794		11.9172708031														16.08		-100.5607678245		16.0805751141		-0.4845796158		17.9813909828		-101.6058463136		-1.0450784891		-1.0450784891		0.8987617896		-15.92		-81.0476978522		15.9205808939		-179.5105504731		18.0849027321		-80.1489360626				0.08		46.3201247757		-46.7678560388

		16.12		100.9523021478		-0.4833772421		16.1205736871		17.9528434773		101.0768205592		0.1245184114		0.1032773069		-15.88		81.4668453315		15.8805823571		-179.5093176629		18.1080946023		81.5701226384				0.1245184114		0.12		-11.7604485703		11.9550176582														16.12		-100.971449627		16.1205736871		-0.4833772421		17.9528434773		-102.0435750433		-1.0721254164		-1.0721254164		0.858939888		-15.88		-81.4476978522		15.8805823571		-179.5093176629		18.1080946023		-80.5887579643				0.12		46.214226696		-46.8860326543

		16.16		101.3523021478		-0.4821808203		16.1605722671		17.9232338886		101.5166189185		0.1643167708		0.1310215128		-15.84		81.8819157455		15.8405838276		-179.5080786269		18.130204585		82.0129372583				0.1643167708		0.16		-11.7351972288		11.9949919699														16.16		-101.386520041		16.1605722671		-0.4821808203		17.9232338886		-102.4809805592		-1.0944605182		-1.0944605182		0.8186033401		-15.84		-81.8476978522		15.8405838276		-179.5080786269		18.130204585		-81.0290945122				0.16		46.1106662225		-47.0067982794

		16.2		101.7523021478		-0.4809903064		16.2005708541		17.8925646632		101.9561139418		0.2038117941		0.1548690197		-15.8		82.3014423362		15.8005853056		-179.5068333178		18.1512285153		82.4563113559				0.2038117941		0.2		-11.7119032787		12.0372413374														16.2		-101.8060466317		16.2005708541		-0.4809903064		17.8925646632		-102.9180945546		-1.1120479229		-1.1120479229		0.7777198607		-15.8		-82.2476978522		15.8005853056		-179.5068333178		18.1512285153		-81.4699779915				0.2		46.0094086427		-47.1302028841

		16.24		102.1523021478		-0.4798056567		16.2405694481		17.8608380047		102.395337397		0.2430352493		0.174784375		-15.76		82.7254930939		15.7605867911		-179.5055816878		18.1711619774		82.9002774689				0.2430352493		0.24		-11.6905360645		12.0818159412														16.24		-102.2300973894		16.2405694481		-0.4798056567		17.8608380047		-103.3549487104		-1.124851321		-1.124851321		0.7362570078		-15.76		-82.6476978522		15.7605867911		-179.5055816878		18.1711619774		-81.9114408445				0.24		45.9104210842		-47.2562990399

		16.28		102.5523021478		-0.4786268279		16.2805680491		17.8280558741		102.8343210568		0.282018909		0.1907319196		-15.72		83.1541363917		15.7205882842		-179.5043236886		18.1900003024		83.3448683112				0.282018909		0.28		-11.6710666847		12.1287686721														16.28		-102.6587406872		16.2805680491		-0.4786268279		17.8280558741		-103.7915747126		-1.1328340254		-1.1328340254		0.6941821638		-15.72		-83.0476978522		15.7205882842		-179.5043236886		18.1900003024		-82.3535156885				0.28		45.8136724466		-47.3851420491

		16.32		102.9523021478		-0.4774537773		16.3205666568		17.7942199894		103.2730967161		0.3207945684		0.2026758516		-15.68		83.5874409402		15.6805897848		-179.5030592716		18.2077385659		83.7901167918				0.3207945684		0.32		-11.6534679284		12.1781552716														16.32		-103.0920452357		16.3205666568		-0.4774537773		17.7942199894		-104.2280042708		-1.1359590351		-1.1359590351		0.6514625173		-15.68		-83.4476978522		15.6805897848		-179.5030592716		18.2077385659		-82.7962353349				0.32		45.7191333384		-47.5167900849

		16.36		103.3523021478		-0.4762864625		16.3605652714		17.7593318255		103.7116962112		0.3593940634		0.2105802953		-15.64		84.0254757381		15.6405912932		-179.5017883874		18.2243715856		84.2360560334				0.3593940634		0.36		-11.6377142168		12.230034481														16.36		-103.5300800336		16.3605652714		-0.4762864625		17.7593318255		-104.6642691362		-1.1341891026		-1.1341891026		0.6080650441		-15.64		-83.8476978522		15.6405912932		-179.5017883874		18.2243715856		-83.2396328081				0.36		45.6267760181		-47.6513043415

		16.4		103.7523021478		-0.4751248415		16.4005638927		17.723392613		104.1501514373		0.3978492895		0.2144093726		-15.6		84.468310019		15.6005928092		-179.5005109864		18.2398939184		84.6827193916				0.3978492895		0.4		-11.6237815494		12.2844682043														16.4		-103.9729143145		16.4005638927		-0.4751248415		17.723392613		-105.1004011203		-1.1274868058		-1.1274868058		0.5639564879		-15.6		-84.2476978522		15.6005928092		-179.5005109864		18.2398939184		-83.6837413643				0.4		45.5365743402		-47.7887491962

		16.44		104.1523021478		-0.4739688728		16.4405625208		17.6864033378		104.5884943677		0.43619222		0.2141272807		-15.56		84.9160131939		15.5605943331		-179.4992270182		18.2542998575		85.1301404746				0.43619222		0.44		-11.6116474534		12.3415216814														16.44		-104.4206174894		16.4405625208		-0.4739688728		17.6864033378		-105.5364321133		-1.115814624		-1.115814624		0.5191033413		-15.56		-84.6476978522		15.5605943331		-179.4992270182		18.2542998575		-84.128594511				0.44		45.4485037049		-47.9291923837

		16.48		104.5523021478		-0.4728185152		16.4805611555		17.6483647396		105.0267570726		0.4744549248		0.2096983729		-15.52		85.3686547894		15.5205958649		-179.4979364322		18.267583429		85.5783531623				0.4744549248		0.48		-11.6012909375		12.4012636769														16.48		-104.8732590849		16.4805611555		-0.4728185152		17.6483647396		-105.972394103		-1.0991350181		-1.0991350181		0.4734718256		-15.52		-85.0476978522		15.5205958649		-179.4979364322		18.267583429		-84.5742260267				0.48		45.3625410109		-48.0727051848

		16.52		104.9523021478		-0.471673728		16.5205597968		17.6092773107		105.4649717378		0.5126695901		0.2010872449		-15.48		85.826304382		15.4805974045		-179.496639177		18.279738388		86.027391627				0.5126695901		0.52		-11.5926924489		12.4637666827														16.52		-105.3309086775		16.5205597968		-0.471673728		17.6092773107		-106.4083191938		-1.0774105163		-1.0774105163		0.4270278714		-15.48		-85.4476978522		15.4805974045		-179.496639177		18.279738388		-85.0206699809				0.52		45.2786646132		-48.2193626291

		16.56		105.3523021478		-0.4705344708		16.5605584447		17.5691412941		105.9031706847		0.5508685369		0.1882588263		-15.44		86.2890315269		15.4405989521		-179.4953352007		18.2907582156		86.4772903532				0.5508685369		0.56		-11.5858338338		12.5291071376														16.56		-105.7936358224		16.5605584447		-0.4705344708		17.5691412941		-106.8442396262		-1.0506038038		-1.0506038038		0.3797370976		-15.44		-85.8476978522		15.4405989521		-179.4953352007		18.2907582156		-85.4679607547				0.56		45.1968542825		-48.3692437148

		16.6		105.7523021478		-0.4694007035		16.6005570991		17.5279566819		106.3413863892		0.5890842414		0.1711784768		-15.4		86.7569056822		15.4006005078		-179.4940244511		18.3006361139		86.928084159				0.5890842414		0.6		-11.5806983013		12.597365664														16.6		-106.2615099777		16.6005570991		-0.4694007035		17.5279566819		-107.2801877963		-1.0186778186		-1.0186778186		0.331564791		-15.4		-86.2476978522		15.4006005078		-179.4940244511		18.3006361139		-85.9161330613				0.6		45.1170911695		-48.5224316459

		16.64		106.1523021478		-0.4682723868		16.6405557599		17.485723213		106.7796515025		0.6273493547		0.1498120886		-15.36		87.2299961284		15.3606020715		-179.4927068752		18.3093650022		87.379808217				0.6273493547		0.64		-11.5772703901		12.6686273248														16.64		-106.7346004239		16.6405557599		-0.4682723868		17.485723213		-107.716196276		-0.9815958521		-0.9815958521		0.2824758847		-15.36		-86.6476978522		15.3606020715		-179.4927068752		18.3093650022		-86.3652219675				0.64		45.0393577714		-48.6790140893

		16.68		106.5523021478		-0.4671494812		16.6805544272		17.4424403706		107.2179988711		0.6656967233		0.1241261941		-15.32		87.7083718822		15.3206036435		-179.4913824196		18.3169375121		87.8324980763				0.6656967233		0.68		-11.5755359382		12.7429819018														16.68		-107.2129761777		16.6805544272		-0.4671494812		17.4424403706		-108.1522978336		-0.9393216558		-0.9393216558		0.2324349367		-15.32		-87.0476978522		15.3206036435		-179.4913824196		18.3169375121		-86.8152629156				0.68		44.9636379011		-48.8390834531

		16.72		106.9523021478		-0.4660319481		16.7205531009		17.3981073797		107.6564615578		0.70415941		0.0940880796		-15.28		88.1921016051		15.2806052236		-179.4900510302		18.3233459826		88.2861896847				0.70415941		0.72		-11.5754820555		12.8205241968														16.72		-107.6967059006		16.7205531009		-0.4660319481		17.3981073797		-108.588525454		-0.8918195533		-0.8918195533		0.1814061072		-15.28		-87.4476978522		15.2806052236		-179.4900510302		18.3233459826		-87.2662917451				0.72		44.88991666		-49.0027371882

		16.76		107.3523021478		-0.4649197489		16.7605517809		17.3527232036		108.095072863		0.7427707152		0.0596659054		-15.24		88.681253506		15.2406068121		-179.4887126524		18.3285824546		88.7409194114				0.7427707152		0.76		-11.577097099		12.90135436														16.76		-108.1858578015		16.7605517809		-0.4649197489		17.3527232036		-109.0249123608		-0.8390545592		-0.8390545592		0.129353136		-15.24		-87.8476978522		15.2406068121		-179.4887126524		18.3285824546		-87.7183447163				0.76		44.8181804129		-49.1700781171

		16.8		107.7523021478		-0.4638128455		16.8005504672		17.3062865414		108.5338663466		0.7815641989		0.0208288324		-15.2		89.1758952386		15.2006084089		-179.4873672311		18.3326386656		89.1967240709				0.7815641989		0.8		-11.5803706506		12.9855782461														16.8		-108.6804995341		16.8005504672		-0.4638128455		17.3062865414		-109.4614920377		-0.7809925036		-0.7809925036		0.0762393191		-15.2		-88.2476978522		15.2006084089		-179.4873672311		18.3326386656		-88.1714585332				0.8		44.7484167656		-49.3412147895

		16.84		108.1523021478		-0.4627112003		16.8405491597		17.2587958237		108.9728758504		0.8205737026		-0.0224528453		-15.16		89.676093792		15.1606100141		-179.4860147105		18.3355060438		89.6536409467				0.8205737026		0.84		-11.5852934977		13.073307802														16.84		-109.1806980875		16.8405491597		-0.4627112003		17.2587958237		-109.8982982509		-0.7176001634		-0.7176001634		0.0220274845		-15.16		-88.6476978522		15.1606100141		-179.4860147105		18.3355060438		-88.6256703678				0.84		44.6806145453		-49.5162618713

		16.88		108.5523021478		-0.4616147757		16.8805478584		17.210249209		109.412135521		0.8598333732		-0.0702075598		-15.12		90.1819153762		15.1206116278		-179.4846550343		18.3371757014		90.1117078164				0.8598333732		0.88		-11.591857616		13.1646614903														16.88		-109.6865196717		16.8805478584		-0.4616147757		17.210249209		-110.3353650724		-0.6488454008		-0.6488454008		-0.0333200328		-15.12		-89.0476978522		15.1206116278		-179.4846550343		18.3371757014		-89.081017885				0.88		44.6147637834		-49.6953405677

		16.92		108.9523021478		-0.4605235349		16.9205465633		17.1606445795		109.8516798335		0.8993776857		-0.122462323		-15.08		90.6934253		15.0806132501		-179.4832881456		18.3376384282		90.570962977				0.8993776857		0.92		-11.6000561545		13.2597647511														16.92		-110.1980295955		16.9205465633		-0.4605235349		17.1606445795		-110.7727269033		-0.5746973078		-0.5746973078		-0.0898414159		-15.08		-89.4476978522		15.0806132501		-179.4832881456		18.3376384282		-89.5375392681				0.92		44.5508557003		-49.8785790851

		16.96		109.3523021478		-0.4594374411		16.9605452743		17.1099795366		110.291543616		0.9392414682		-0.1792425722		-15.04		91.2106878437		15.040614881		-179.4819139867		18.3368846849		91.0314452715				0.9392414682		0.96		-11.609883423		13.358750507														16.96		-110.7152921392		16.9605452743		-0.4594374411		17.1099795366		-111.2104184982		-0.495126359		-0.495126359		-0.1475753927		-15.04		-89.8476978522		15.040614881		-179.4819139867		18.3368846849		-89.9952732449				0.96		44.4888826926		-50.0661131369

		17		109.7523021478		-0.458356458		17.0005439913		17.0582513955		110.7317620745		0.9794599267		-0.2405720082		-15		91.7337661242		15.0006165207		-179.4805324996		18.3349045951		91.4931941161				0.9794599267		1		-11.6213348823		13.4617597166														17		-111.2383704197		17.0005439913		-0.458356458		17.0582513955		-111.6484749905		-0.4101045708		-0.4101045708		-0.206561263		-15		-90.2476978522		15.0006165207		-179.4805324996		18.3349045951		-90.4542591153				1		44.4288383234		-50.2580864968

		17.04		110.1523021478		-0.4572805496		17.0405427144		17.0054571806		111.1723708188		1.020068671		-0.3064724262		-14.96		92.2627219542		14.960618169		-179.4791436255		18.3316879379		91.956249528				1.020068671		1.04		-11.634407136		13.5689419813														17.04		-111.7673262497		17.0405427144		-0.4572805496		17.0054571806		-112.086931918		-0.3196056683		-0.3196056683		-0.2668389268		-14.96		-90.6476978522		14.960618169		-179.4791436255		18.3316879379		-90.914536779				1.04		44.3707173137		-50.4546516062

		17.08		110.5523021478		-0.4562096803		17.0805414434		16.9515936194		111.6134058895		1.0611037417		-0.3769635389		-14.92		92.797615694		14.9206198263		-179.477747305		18.3272241398		92.4206521551				1.0611037417		1.08		-11.6490979249		13.6804562125														17.08		-112.3022199895		17.0805414434		-0.4562096803		16.9515936194		-112.52582525		-0.2236052605		-0.2236052605		-0.3284489128		-14.92		-91.0476978522		14.9206198263		-179.477747305		18.3272241398		-91.376146765				1.08		44.3145155368		-50.6559702411

		17.12		110.9523021478		-0.4551438147		17.1205401784		16.8966571365		112.0549037854		1.1026016376		-0.4520627913		-14.88		93.3385060968		14.8806214924		-179.4763434779		18.3215022656		92.8864433054				1.1026016376		1.12		-11.6654061234		13.7964713658														17.12		-112.8431103923		17.1205401784		-0.4551438147		16.8966571365		-112.9651914148		-0.1220810226		-0.1220810226		-0.391432409		-14.88		-91.4476978522		14.8806214924		-179.4763434779		18.3215022656		-91.8391302613				1.12		44.2602300146		-50.8622142476

		17.16		111.3523021478		-0.4540829179		17.1605389193		16.8406438472		112.4969014925		1.1445993447		-0.5317851681		-14.84		93.8854501468		14.8406231675		-179.4749320837		18.3145110096		93.3536649787				1.1445993447		1.16		-11.6833317383		13.9171672516														17.16		-113.3900544423		17.1605389193		-0.4540829179		16.8406438472		-113.4050673283		-0.015012886		-0.015012886		-0.455831294		-14.84		-91.8476978522		14.8406231675		-179.4749320837		18.3145110096		-92.3035291462				1.16		44.207858916		-51.0735663514

		17.2		111.7523021478		-0.4530269552		17.200537666		16.7835495504		112.9394365136		1.1871343658		-0.6161429922		-14.8		94.438502891		14.8006248517		-179.473513061		18.3062386857		93.8223598988				1.1871343658		1.2		-11.7028759098		14.0427354297														17.2		-113.9431071865		17.200537666		-0.4530269552		16.7835495504		-113.8454904239		0.0976167626		0.0976167626		-0.5216881686		-14.8		-92.2476978522		14.8006248517		-179.473513061		18.3062386857		-92.7693860209				1.2		44.1574015579		-51.2902210539

		17.24		112.1523021478		-0.4519758922		17.2405364186		16.7253697214		113.3825468991		1.2302447514		-0.7051457164		-14.76		94.9977172635		14.760626545		-179.4720863478		18.2966732179		94.2925715471				1.2302447514		1.24		-11.7240409141		14.1733802019														17.24		-114.502321559		17.2405364186		-0.4519758922		16.7253697214		-114.2864986836		0.2158228754		0.2158228754		-0.5890463905		-14.76		-92.6476978522		14.760626545		-179.4720863478		18.2966732179		-93.2367442427				1.24		44.1088584082		-51.5123856244

		17.28		112.5523021478		-0.450929695		17.2805351769		16.6660995039		113.8262712796		1.2739691318		-0.7987997052		-14.72		95.5631439027		14.7206282475		-179.4706518814		18.2858021289		94.7643441975				1.2739691318		1.28		-11.7468301694		14.3093197124														17.28		-115.0677481982		17.2805351769		-0.450929695		16.6660995039		-114.7281306695		0.3396175287		0.3396175287		-0.657950108		-14.72		-93.0476978522		14.7206282475		-179.4706518814		18.2858021289		-93.7056479603				1.28		44.0622310905		-51.7402812008

		17.32		112.9523021478		-0.4498883298		17.320533941		16.6057337018		114.2706488986		1.3183467509		-0.8971080101		-14.68		96.1348309631		14.6806299592		-179.4692095983		18.2736125294		95.237722953				1.3183467509		1.32		-11.7712482432		14.4507871725														17.32		-115.6394352586		17.320533941		-0.4498883298		16.6057337018		-115.1704255581		0.4690097005		0.4690097005		-0.7284442974		-14.68		-93.4476978522		14.6806299592		-179.4692095983		18.2736125294		-94.1761421496				1.32		44.0175223923		-51.974144015

		17.36		113.3523021478		-0.4488517632		17.3605327107		16.5442667701		114.7157196481		1.3634175004		-1.0000701355		-14.64		96.7128239186		14.6406316804		-179.4677594346		18.2600911061		95.712753783				1.3634175004		1.36		-11.7973008618		14.5980322268														17.36		-116.2174282141		17.3605327107		-0.4488517632		16.5442667701		-115.6134231745		0.6040050396		0.6040050396		-0.8005748001		-14.64		-93.8476978522		14.6406316804		-179.4677594346		18.2600911061		-94.6482726523				1.36		43.9747362738		-52.214226759

		17.4		113.7523021478		-0.4478199621		17.4005314861		16.4816928052		115.1615241046		1.4092219568		-1.1076817975		-14.6		97.2971653609		14.6006334109		-179.4663013255		18.2452241094		96.1894835633				1.4092219568		1.4		-11.8249949232		14.7513224808														17.4		-116.8017696564		17.4005314861		-0.4478199621		16.4816928052		-116.0571640288		0.7446056276		0.7446056276		-0.8743883622		-14.6		-94.2476978522		14.6006334109		-179.4663013255		18.2452241094		-95.1220862144				1.4		43.9338778809		-52.4608001127

		17.44		114.1523021478		-0.4467928938		17.4405302672		16.4180055355		115.6081035668		1.455801419		-1.2199346741		-14.56		97.887894791		14.560635151		-179.4648352056		18.2289973402		96.6679601169				1.455801419		1.44		-11.854338511		14.9109452128														17.44		-117.3924990865		17.4405302672		-0.4467928938		16.4180055355		-116.5016893544		0.8908097321		0.8908097321		-0.9499326758		-14.56		-94.6476978522		14.560635151		-179.4648352056		18.2289973402		-95.597630528				1.44		43.8949535589		-52.7141544564

		17.48		114.5523021478		-0.4457705257		17.4805290538		16.35319831		116.0555000959		1.5031979481		-1.3368161478		-14.52		98.4850484046		14.5206369006		-179.4633610085		18.2113961364		97.1482322568				1.5031979481		1.48		-11.8853409116		15.0772092993														17.48		-117.9896527001		17.4805290538		-0.4457705257		16.35319831		-116.9470411473		1.0426115528		1.0426115528		-1.0272564215		-14.52		-95.0476978522		14.5206369006		-179.4633610085		18.2113961364		-96.0749542737				1.48		43.8579708698		-52.9746017966

		17.52		114.9523021478		-0.4447528257		17.5205278459		16.2872640871		116.5037565564		1.5514544087		-1.4583090415		-14.48		99.0886588725		14.4806386599		-179.4618786674		18.1924053582		97.630349831				1.5514544087		1.52		-11.9180126341		15.2504473861														17.52		-118.593263168		17.5205278459		-0.4447528257		16.2872640871		-117.3932622079		1.2000009601		1.2000009601		-1.1064093135		-14.48		-95.4476978522		14.4806386599		-179.4618786674		18.1924053582		-96.5541071658				1.52		43.8229386114		-53.2424779368

		17.56		115.3523021478		-0.4437397619		17.5605266436		16.2201954226		116.9529166603		1.6006145126		-1.5843913456		-14.44		99.6987551151		14.440640429		-179.4603881146		18.172009373		98.1143637695				1.6006145126		1.56		-11.9523654321		15.4310183441														17.56		-119.2033594106		17.5605266436		-0.4437397619		16.2201954226		-117.8403961841		1.3629632265		1.3629632265		-1.1874421464		-14.44		-95.8476978522		14.440640429		-179.4603881146		18.172009373		-97.0351399987				1.56		43.7898668397		-53.5181449343

		17.6		115.7523021478		-0.4427313026		17.6005254467		16.1519844569		117.403025012		1.6507228643		-1.7150359397		-14.4		100.3153620726		14.4006422079		-179.4588892817		18.1501920392		98.6003261329				1.6507228643		1.6		-11.9884123285		15.6193100566														17.6		-119.8199663681		17.6005254467		-0.4427313026		16.1519844569		-118.2884876173		1.5314787508		1.5314787508		-1.270406844		-14.4		-96.2476978522		14.4006422079		-179.4588892817		18.1501920392		-97.5181046963				1.6		43.7587668933		-53.8019938873

		17.64		116.1523021478		-0.4417274166		17.6405242552		16.082622901		117.8541271566		1.7018250088		-1.8502103067		-14.36		100.9385004709		14.3606439967		-179.4573820995		18.1269366894		99.0882901642				1.7018250088		1.64		-12.0261676433		15.815742594														17.64		-120.4431047664		17.6405242552		-0.4417274166		16.082622901		-118.7375819898		1.7055227766		1.7055227766		-1.355356511		-14.36		-96.6476978522		14.3606439967		-179.4573820995		18.1269366894		-98.0030543632				1.64		43.7296514211		-54.0944481101

		17.68		116.5523021478		-0.4407280728		17.6805230692		16.0121020225		118.3062696299		1.7539674821		-1.9898762414		-14.32		101.5681865839		14.3206457955		-179.455866498		18.1022261128		99.5783103424				1.7539674821		1.68		-12.0656470245		16.0207718433														17.68		-121.0727908794		17.6805230692		-0.4407280728		16.0121020225		-119.1877257754		1.885065104		1.885065104		-1.4423454862		-14.32		-97.0476978522		14.3206457955		-179.455866498		18.1022261128		-98.4900433385				1.68		43.7025344129		-54.395966763

		17.72		116.9523021478		-0.4397332404		17.7205218885		15.9404126297		118.7595000114		1.8071978636		-2.1339895535		-14.28		102.2044319924		14.2806476044		-179.4543424066		18.0760425359		100.0704424389				1.8071978636		1.72		-12.1068674812		16.2348936742														17.72		-121.7090362879		17.7205218885		-0.4397332404		15.9404126297		-119.6389664921		2.0700697958		2.0700697958		-1.5314293998		-14.28		-97.4476978522		14.2806476044		-179.4543424066		18.0760425359		-98.9791272521				1.72		43.6774312325		-54.7070490185

		17.76		117.3523021478		-0.438742889		17.7605207131		15.8675450553		119.2138669798		1.8615648321		-2.2824997649		-14.24		102.8472433418		14.2406494234		-179.4528097536		18.0483676033		100.5647435768				1.8615648321		1.76		-12.1498474213		16.4586487406														17.76		-122.3518476373		17.7605207131		-0.438742889		15.8675450553		-120.0913527577		2.2604948795		2.2604948795		-1.6226652318		-14.24		-97.8476978522		14.2406494234		-179.4528097536		18.0483676033		-99.470363084				1.76		43.6543586554		-55.0282388634

		17.8		117.7523021478		-0.4377569883		17.800519543		15.7934891393		119.669420372		1.9171182243		-2.4353498036		-14.2		103.4966220971		14.2006512527		-179.4512684667		18.0191823564		101.0612722935				1.9171182243		1.8		-12.1946066911		16.6926280409														17.8		-123.0012263926		17.800519543		-0.4377569883		15.7934891393		-120.5449343486		2.456292044		2.456292044		-1.7161113747		-14.2		-98.2476978522		14.2006512527		-179.4512684667		18.0191823564		-99.963809227				1.8		43.6333349082		-55.3601306591

		17.84		118.1523021478		-0.4367755084		17.8405183781		15.7182342099		120.1262112443		1.9739090965		-2.592475693		-14.16		104.1525642984		14.1606530923		-179.4497184729		17.9884672115		101.5600886054				1.9739090965		1.84		-12.2411666199		16.9374793863														17.84		-123.6571685939		17.8405183781		-0.4367755084		15.7182342099		-120.9997622612		2.6574063327		2.6574063327		-1.8118276989		-14.16		-98.6476978522		14.1606530923		-179.4497184729		17.9884672115		-100.4595255511				1.84		43.6143797129		-55.7033756104

		17.88		118.5523021478		-0.4357984198		17.8805172185		15.6417690645		120.5842919382		2.0319897904		-2.7538062391		-14.12		104.8150603169		14.1206549423		-179.4481596979		17.9562019365		102.0612540778				2.0319897904		1.88		-12.2895500674		17.1939149654														17.88		-124.3196646124		17.8805172185		-0.4357984198		15.6417690645		-121.4558887777		2.8637758347		2.8637758347		-1.9098756215		-14.12		-99.0476978522		14.1206549423		-179.4481596979		17.9562019365		-100.9575734737				1.88		43.5975143345		-56.0586893306

		17.92		118.9523021478		-0.4348256928		17.920516064		15.5640819481		121.0437161491		2.0914140014		-2.9192627148		-14.08		105.4840946114		14.0806568029		-179.4465920672		17.9223656263		102.5648318966				2.0914140014		1.92		-12.3397814756		17.4627202395														17.92		-124.9886989069		17.920516064		-0.4348256928		15.5640819481		-121.9133675348		3.0753313721		3.0753313721		-2.0103181787		-14.08		-99.4476978522		14.0806568029		-179.4465920672		17.9223656263		-101.458016031				1.92		43.5827616326		-56.4268607369

		17.96		119.3523021478		-0.4338572985		17.9605149147		15.4851605311		121.5045389997		2.1522368519		-3.0887585435		-14.04		106.1596454888		14.040658674		-179.4450155049		17.886936677		103.0708869453				2.1522368519		1.96		-12.3918869253		17.7447644657														17.96		-125.6642497843		17.9605149147		-0.4338572985		15.4851605311		-122.3722535967		3.2919961877		3.2919961877		-2.1132201028		-14.04		-99.8476978522		14.040658674		-179.4450155049		17.886936677		-101.9609179551				1.96		43.5701461176		-56.8087625737

		18		119.7523021478		-0.4328932079		18.0005137704		15.4049918859		121.9668171166		2.2145149689		-3.2621989823		-14		106.8416848678		14.0006605558		-179.4434299345		17.8498927583		103.5794858855				2.2145149689		2		-12.4458941961		18.0410132237														18		-126.3462891633		18.0005137704		-0.4328932079		15.4049918859		-122.8326035324		3.5136856309		3.5136856309		-2.2186479022		-14		-100.2476978522		14.0006605558		-179.4434299345		17.8498927583		-102.4663457545				2		43.5596940111		-57.2053639403

































Differences in Designed and 2nd System - Leading Configuration

dPhiR	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-18.041013223724043	-17.7447644656704	-17.462720239521104	-17.193914965364485	-16.9374793863145	-16.692628040934956	-16.458648740614741	-16.234893674188193	-16.020771843332241	-15.815742594013514	-15.619310056626844	-15.431018344127608	-15.250447386106714	-15.077209299287262	-14.910945212796904	-14.75132248083608	-14.598032226833709	-14.4507871724567	-14.309319712385843	-14.173380201939565	-14.042735429710191	-13.91716725156202	-13.796471365830996	-13.680456212465572	-13.568941981286358	-13.461759716581824	-13.358750506990745	-13.25976475108429	-13.164661490306045	-13.073307801990182	-12.985578246091521	-12.901354360035512	-12.820524196780184	-12.742981901752515	-12.668627324833466	-12.597365664002467	-12.529107137628657	-12.463766682736932	-12.401263676860182	-12.341521681353839	-12.284468204260946	-12.230034481031296	-12.178155271554516	-12.128768672137241	-12.081815941181461	-12.037241337449473	-11.994991969904916	-11.955017658219901	-11.917270803122165	-11.881706265834296	-11.848281255927418	-11.816955226972098	-11.787689779429158	-11.760448570267826	-11.735197228849529	-11.711903278655413	-11.690536064472028	-11.671066684684234	-11.653467928355667	-11.63771421680616	-11.623781549418737	-11.611647453434372	-11.601290937515216	-11.592692448872555	-11.585833833781635	-11.580698301312083	-11.577270390130749	-11.575535938235973	-11.575482055506072	-11.577097098951043	-11.580370650572348	-11.585293497744416	-11.591857616044734	-11.600056154466486	-11.609883422962255	-11.621334882271199	-11.634407135994977	-11.649097924899166	-11.665406123415806	-11.6833317383457	-11.702875909754169	-11.724040914072219	-11.746830169420491	-11.77124824318004	-11.797300861847589	-11.824994923219506	-11.854338510959195	-11.885340911612658	-11.918012634148056	-11.952365432106575	-11.988412328462445	-12.026167643304348	-12.065647024462109	-12.106867481220689	-12.149847421272128	-12.194606691083578	-12.241166619864742	-12.289550067351797	-12.339781475633686	-12.391886925280119	-12.445894196051299	dPhiL	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	12.445894196051469	12.391886925280154	12.339781475633735	12.289550067351868	12.241166619864813	12.194606691083564	12.149847421272298	12.106867481220704	12.065647024462244	12.026167643304326	11.988412328462523	11.952365432106561	11.918012634147956	11.885340911612609	11.854338510959266	11.824994923219677	11.797300861847702	11.771248243180111	11.746830169420434	11.724040914072148	11.702875909754141	11.6833317383458	11.665406123415949	11.649097924899124	11.634407135994934	11.621334882271157	11.609883422962483	11.600056154466557	11.591857616044635	11.585293497744502	11.58037065057232	11.577097098951128	11.5754820555062	11.575535938235959	11.577270390130707	11.580698301312026	11.58583383378155	11.592692448872583	11.601290937515117	11.611647453434429	11.623781549418766	11.637714216806145	11.653467928355582	11.67106668468405	11.690536064472127	11.711903278655413	11.735197228849387	11.76044857026784	11.78768977942913	11.816955226972055	11.848281255927347	11.881706265834353	11.917270803122108	11.955017658219703	11.994991969904731	12.037241337449316	12.081815941181446	12.128768672137156	12.178155271554402	12.23003448103124	12.28446820426079	12.341521681353683	12.401263676860097	12.463766682736761	12.529107137628515	12.597365664002226	12.668627324833366	12.742981901752358	12.820524196780127	12.901354360035228	12.985578246091208	13.073307801990069	13.164661490305718	13.259764751084035	13.358750506990589	13.461759716581597	13.568941981286102	13.680456212465302	13.79647136583074	13.917167251561921	14.042735429709992	14.173380201939281	14.309319712385488	14.450787172456415	14.598032226833297	14.751322480835725	14.910945212796577	15.077209299286963	15.250447386106387	15.431018344127281	15.619310056626375	15.815742594013116	16.02077184333173	16.234893674187774	16.458648740614223	16.692628040934352	16.937479386314124	17.193914965363916	17.462720239520607	17.744764465669689	18.041013223723411	ΔLg (in)

Difference (deg)

Differences in Designed and 2nd System - Trailing Configuration

dPhiR	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	57.205363940309709	56.808762573706559	56.426860736914733	56.058689330607578	55.703375610436282	55.360130659105685	55.028238863411644	54.707049018522042	54.395966763041912	54.094448110134024	53.801993887330013	53.518144934343923	53.242477936829488	52.974601796564301	52.714154456413233	52.460800112690677	52.214226759015446	51.974144015021658	51.740281200839192	51.512385624429449	51.290221053930715	51.073566351374595	50.862214247604243	50.655970241139059	50.45465160615904	50.258086496830629	50.066113136921821	49.878579085120165	49.695340567711654	49.516261871341257	49.341214789487459	49.170078117061571	49.00273718821979	48.839083453054251	48.679014089335496	48.522431645915979	48.369243714784901	48.21936262909923	48.072705184805343	47.929192383722331	47.788749196184341	47.651304341532622	47.51679008492993	47.385142049118443	47.256299039882478	47.130202884100058	47.006798279373598	46.886032654328112	46.767856038752605	46.65222094283606	46.539082244819561	46.428397086449195	46.320124775669214	46.214226696046623	46.110666222463095	46.009408642652595	45.910421084199172	45.813672446644603	45.719133338386207	45.626776018072121	45.536574340229464	45.448503704882675	45.362541010940923	45.278664613153623	45.196854282453522	45.117091169519178	45.039357771409428	44.963637901132891	44.889916660033251	44.818180412879244	44.748416765564698	44.680614545332247	44.614763783447074	44.550855700255696	44.488882692576368	44.428838323375743	44.37071731369619	44.314515536808358	44.260230014568975	44.207858915978321	44.157401557933667	44.108858408189562	44.062231090541658	44.017522392260176	43.974736273808716	43.933877880893192	43.894953558895907	43.857970869759356	43.822938611395386	43.789866839706917	43.758766893320484	43.729651421141412	43.70253441285621	43.677431232521954	43.654358655398028	43.633334908191785	43.614379712907692	43.597514334512539	43.582761632645088	43.570146117628994	43.559694011067634	dPhiL	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-43.559694011067585	-43.570146117628902	-43.582761632645074	-43.597514334512468	-43.614379712907642	-43.633334908191685	-43.654358655398042	-43.677431232521855	-43.702534412856089	-43.729651421141362	-43.758766893320434	-43.789866839706811	-43.822938611395287	-43.857970869759264	-43.894953558895907	-43.933877880893164	-43.974736273808603	-44.017522392260091	-44.062231090541516	-44.108858408189406	-44.157401557933596	-44.207858915978221	-44.26023001456889	-44.31451553680813	-44.370717313696062	-44.428838323375587	-44.48888269257624	-44.550855700255568	-44.614763783446918	-44.680614545332077	-44.748416765564599	-44.818180412879116	-44.889916660033151	-44.96363790113277	-45.039357771409286	-45.117091169519057	-45.196854282453344	-45.278664613153481	-45.362541010940674	-45.448503704882526	-45.536574340229265	-45.626776018071865	-45.719133338385987	-45.813672446644446	-45.910421084198973	-46.009408642652431	-46.110666222462896	-46.214226696046438	-46.320124775668972	-46.428397086448996	-46.539082244819284	-46.652220942835811	-46.767856038752385	-46.886032654327877	-47.006798279373356	-47.130202884099873	-47.256299039882208	-47.38514204911813	-47.516790084929596	-47.651304341532239	-47.788749196184042	-47.929192383722082	-48.072705184804988	-48.21936262909891	-48.369243714784545	-48.522431645915617	-48.679014089335212	-48.839083453053902	-49.002737188219413	-49.170078117061266	-49.341214789487111	-49.516261871340873	-49.695340567711185	-49.878579085119796	-50.066113136921402	-50.258086496830174	-50.454651606158663	-50.655970241138633	-50.862214247603802	-51.073566351374154	-51.290221053930111	-51.51238562442893	-51.740281200838851	-51.97414401502111	-52.21422675901502	-52.460800112690166	-52.714154456412587	-52.974601796563789	-53.242477936828777	-53.51814493434334	-53.801993887329459	-54.094448110133385	-54.395966763041244	-54.70704901852136	-55.028238863410962	-55.360130659105096	-55.703375610435387	-56.058689330606853	-56.426860736914008	-56.808762573705792	-57.205363940308899	ΔLg (in)

Differences (deg)

Structural Error for 2nd System Leading Configuration

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	3.2621989822982158	3.0887585435111049	2.9192627147660346	2.7538062390648861	2.5924756929884154	2.4353498035820564	2.2824997649363752	2.1339895535280391	1.989876241443568	1.8502103066654456	1.7150359396637214	1.5843913455973961	1.4583090414940472	1.3368161478397127	1.2199346740739543	1.1076817975459932	1.000070135547773	0.8971080100969715	0.79879970519810684	0.70514571636194034	0.6161429922121755	0.53178516805557763	0.4520627913329065	0.37696353890949297	0.3064724262000027	0.24057200815511237	0.17924257216826334	0.12246232298916482	7.0207559752603288E-2	2.2452845255330089E-2	-2.0828832367968175E-2	-5.9665905404230557E-2	-9.4088079572557604E-2	-0.1241261940953251	-0.14981208862398887	-0.17117847680884779	-0.18825882629514012	-0.20108724492104102	-0.20969837289315763	-0.21412728070912124	-0.21440937259964699	-0.21058029525933364	-0.20267585163905721	-0.19073191957239999	-0.17478437501365818	-0.15486901966511368	-0.13102151277765017	-0.10327730691125225	-7.1671587446886065E-2	-3.6239215646020284E-2	2.9853249410081162E-3	4.3884526412071523E-2	8.4384934352357277E-2	0.12451841141771069	0.16431677077703455	0.20381179405050887	0.24303524928802744	0.2820189090161449	0.32079456838299336	0.35939406343011626	0.39784928952212795	0.43619221996411284	0.474454924838696	0.51266959009423374	0.5508685369184434	0.58908424143035631	0.62734935472801112	0.6656967233256097	0.70415941002168836	0.7427707152356362	0.78156419885536366	0.82057370263945018	0.85983337321883369	0.8993776857470408	0.93924146824812738	0.97945992671682802	1.0200686710258395	1.0611037417009328	1.1026016376254404	1.1445993447426162	1.1871343658250311	1.2302447513876587	1.273969131825055	1.3183467508582112	1.3634175003821412	1.4092219568136528	1.4558014190430839	1.5031979481028657	1.5514544086736066	1.6006145125582805	1.6507228642625904	1.7018250088333957	1.753967482116181	1.807197863607314	1.8615648320897549	1.917118224257365	1.9739090965481836	2.0319897904292787	2.0914140013912288	2.1522368519384258	2.2145149688822272	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-2.2145149688835488	-2.1522368519396196	-2.0914140013925007	-2.0319897904305222	-1.9739090965494626	-1.9171182242585516	-1.8615648320910196	-1.807197863608458	-1.7539674821173108	-1.7018250088345752	-1.650722864263777	-1.6006145125594173	-1.5514544086748003	-1.503197948103967	-1.4558014190443203	-1.4092219568148323	-1.3634175003832638	-1.3183467508593338	-1.2739691318261777	-1.2302447513887387	-1.1871343658261821	-1.1445993447438099	-1.1026016376266199	-1.0611037417020128	-1.0200686710269622	-0.97945992671796489	-0.93924146824932109	-0.89937768574819188	-0.85983337321994213	-0.82057370264058704	-0.78156419885654316	-0.74277071523680149	-0.70415941002289628	-0.66569672332680341	-0.62734935472914799	-0.58908424143155003	-0.55086853691952342	-0.51266959009538482	-0.4744549248398755	-0.43619221996529234	-0.39784928952327903	-0.3593940634312105	-0.32079456838414444	-0.28201890901729598	-0.24303524928919273	-0.20381179405163152	-0.16431677077817142	-0.1245184114188902	-8.4384934353522567E-2	-4.3884526413236813E-2	-2.9853249421307737E-3	3.6239215644854994E-2	7.1671587445734986E-2	0.1032773069101296	0.13102151277645646	0.15486901966393418	0.17478437501247868	0.19073191957122049	0.20267585163790613	0.21058029525815414	0.21440937259843906	0.21412728070791331	0.20969837289196391	0.20108724491984731	0.18825882629396062	0.1711784768076825	0.14981208862275253	0.12412619409408876	9.4088079571307048E-2	5.9665905402980002E-2	2.0828832366760253E-2	-2.2452845256580645E-2	-7.0207559753825421E-2	-0.12246232299042958	-0.17924257216957074	-0.24057200815641977	-0.30647242620129589	-0.37696353891077194	-0.45206279133417127	-0.53178516805688503	-0.61614299221345448	-0.70514571636320511	-0.79879970519944266	-0.89710801009826469	-1.0000701355491231	-1.1076817975473148	-1.2199346740753185	-1.3368161478410769	-1.4583090414953972	-1.5843913455987462	-1.7150359396650714	-1.8502103066668809	-1.9898762414450175	-2.133989553529517	-2.2824997649378247	-2.4353498035834775	-2.5924756929898933	-2.7538062390664351	-2.9192627147675836	-3.0887585435126823	-3.2621989822997648	ΔLg (in)

Error (deg)

Structural Error for 2nd System       Trailing Configuration

Error R	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	2.2186479022485912	2.1132201028159869	2.0103181787235371	1.909875621451306	1.8118276988990374	1.7161113747101098	1.6226652318003545	1.5314293998122679	1.4423454862367748	1.3553565109629062	1.2704068440339142	1.1874421464049902	1.1064093135117758	1.0272564214722593	0.94993267575785012	0.87438836218045424	0.80057480005208959	0.7284442973842431	0.65795010800293596	0.58904639046160412	0.52168816864566736	0.45583129396399613	0.391432409033726	0.32844891276816668	0.26683892678300936	0.20656126304251643	0.14757539267031916	8.9841415854778006E-2	3.3320032782356179E-2	-2.2027484463308156E-2	-7.6239319097282987E-2	-0.12935313597839126	-0.18140610715940397	-0.23243493669085069	-0.28247588472805774	-0.33156479098745706	-0.37973709759540952	-0.4270278713725304	-0.47347182559309431	-0.51910334125862789	-0.56395648792336317	-0.60806504410621187	-0.65146251732534211	-0.69418216378862496	-0.73625700777186864	-0.77771986071759613	-0.81860334008490554	-0.85893988798062537	-0.89876178960209074	-0.93810119152040272	-0.9769901198331894	-1.0133551137307109	-1.0450784891139762	-1.0721254163757692	-1.0944605181919229	-1.1120479228753908	-1.1248513209889239	-1.1328340254146099	-1.1359590350840278	-1.1341891025770821	-1.1274868058019649	-1.1158146239739892	-1.0991350181120794	-1.0774105162773679	-1.0506038037803904	-1.0186778185826455	-0.98159585212431466	-0.93932165580342541	-0.89181955333783947	-0.83905455923355987	-0.78099250358235395	-0.71760016340708432	-0.6488454007649409	-0.57469730781224371	-0.49512635902409841	-0.41010457075003615	-0.31960566827260095	-0.22360526052032981	-0.12208102256592213	-1.5012886021480654E-2	9.7616762584550543E-2	0.21582287538853961	0.33961752870165185	0.46900970045300028	0.60400503960583762	0.74460562762548932	0.89080973212099934	1.0426115528272106	1.2000009601429866	1.3629632264913596	1.5314787508233394	1.705522776640791	1.8850651039748527	2.0700697958136516	2.2604948795359405	2.4562920439675793	2.657406332741175	2.8637758346953746	3.0753313721143059	3.2919961876579436	3.5136856308896256	Error L	-2	-1.96	-1.92	-1.88	-1.8399999999999999	-1.7999999999999998	-1.7599999999999998	-1.7199999999999998	-1.6799999999999997	-1.6399999999999997	-1.5999999999999996	-1.5599999999999996	-1.5199999999999996	-1.4799999999999995	-1.4399999999999995	-1.3999999999999995	-1.3599999999999994	-1.3199999999999994	-1.2799999999999994	-1.2399999999999993	-1.1999999999999993	-1.1599999999999993	-1.1199999999999992	-1.0799999999999992	-1.0399999999999991	-0.99999999999999911	-0.95999999999999908	-0.91999999999999904	-0.87999999999999901	-0.83999999999999897	-0.79999999999999893	-0.7599999999999989	-0.71999999999999886	-0.67999999999999883	-0.63999999999999879	-0.59999999999999876	-0.55999999999999872	-0.51999999999999869	-0.47999999999999871	-0.43999999999999873	-0.39999999999999875	-0.35999999999999877	-0.31999999999999879	-0.27999999999999881	-0.2399999999999988	-0.19999999999999879	-0.15999999999999878	-0.11999999999999877	-7.9999999999998767E-2	-3.9999999999998766E-2	0	0.04	0.08	0.12	0.16	0.2	0.24000000000000002	0.28000000000000003	0.32	0.36	0.39999999999999997	0.43999999999999995	0.47999999999999993	0.51999999999999991	0.55999999999999994	0.6	0.64	0.68	0.72000000000000008	0.76000000000000012	0.80000000000000016	0.84000000000000019	0.88000000000000023	0.92000000000000026	0.9600000000000003	1.0000000000000002	1.0400000000000003	1.0800000000000003	1.1200000000000003	1.1600000000000004	1.2000000000000004	1.2400000000000004	1.2800000000000005	1.3200000000000005	1.3600000000000005	1.4000000000000006	1.4400000000000006	1.4800000000000006	1.5200000000000007	1.5600000000000007	1.6000000000000008	1.6400000000000008	1.6800000000000008	1.7200000000000009	1.7600000000000009	1.8000000000000009	1.840000000000001	1.880000000000001	1.920000000000001	1.9600000000000011	2.0000000000000009	-3.5136856308886664	-3.291996187657027	-3.0753313721133111	-2.8637758346944082	-2.6574063327402158	-2.4562920439666556	-2.2604948795349031	-2.0700697958127279	-1.8850651039739503	-1.7055227766398176	-1.5314787508223802	-1.3629632264904288	-1.2000009601420345	-1.0426115528262798	-0.89080973211996195	-0.74460562762449456	-0.6040050396048855	-0.46900970045203394	-0.33961752870075657	-0.21582287538763012	-9.7616762583612626E-2	1.5012886022432781E-2	0.12208102256688846	0.22360526052116825	0.31960566827353887	0.41010457075095985	0.49512635902505053	0.57469730781319583	0.64884540076586461	0.71760016340800803	0.78099250358332029	0.83905455923452621	0.89181955333883423	0.93932165580436333	0.981595852125281	1.0186778185836403	1.0506038037812715	1.0774105162783485	1.0991350181129462	1.1158146239749556	1.1274868058029028	1.1341891025779347	1.1359590350849658	1.1328340254155336	1.1248513209898903	1.1120479228763429	1.0944605181928466	1.0721254163767355	1.0450784891148714	1.013355113731663	0.97699011983408468	0.93810119152139748	0.89876178960305708	0.8589398879815775	0.81860334008585767	0.77771986071859089	0.7362570077728634	0.69418216378952025	0.65146251732626581	0.60806504410707873	0.56395648792434372	0.51910334125960844	0.47347182559401801	0.42702787137349674	0.37973709759636165	0.33156479098836655	0.2824758847290525	0.23243493669178861	0.18140610716038452	0.12935313597941445	7.6239319098235114E-2	2.2027484464288705E-2	-3.3320032781446685E-2	-8.9841415853726403E-2	-0.1475753926693244	-0.2065612630415643	-0.2668389267820146	-0.32844891276712929	-0.39143240903274545	-0.45583129396298716	-0.52168816864472944	-0.58904639046060936	-0.65795010800189857	-0.72844429738324834	-0.80057480005105219	-0.87438836217944527	-0.94993267575684115	-1.0272564214711792	-1.1064093135107527	-1.1874421464039813	-1.2704068440328342	-1.3553565109618688	-1.4423454862357517	-1.5314293998112163	-1.6226652317993029	-1.7161113747090582	-1.8118276988979716	-1.9098756214502117	-2.0103181787224287	-2.1132201028149069	-2.2186479022475254	ΔLg (in)

Error (deg)





Tolerance Calcs - R

		Tolerances								Pin Joint Slop

		Lg		0.01						alpha1		0.02		0.01

		L1		0.008						alpha2		0.02		0.01

		L2		0.015						alpha3		0.02		0.01

		Y1		0.01						Tolerance Analysis on Multiple Positions of Mechanism - Vector Loop Method																																																																																						0

										Note: The following matricies cover 2 rows, so the tolerance analysis is done on every other position, not every one. 																																Without Geometric Variation

		Actual Path								A Matrix										B Matrix						"-BINV*A"										RSS Variances (Phi, Lambda)						Plot Data								F Matrix								"-BINV*F"								RSS Variances (Phi, Lambda)						Plot Data (w/ pin slop)

		Lg (in)		Phi (deg)		Lambda (deg) (theta + alpha)				Lg		L1		L2		Y1				phi		lambda (theta + alpha)		 		Lg		L1		L2		Y1				(rad)		(deg)				Lg (in)		dPhi (deg)		dLambda (deg)				Alpha1		Alpha2		Alpha3				Alpha1		Alpha2		Alpha3				(rad)		(deg)				dPhi (deg)		dLambda (deg)

		14.5		58.3795008908		28.3290278527				-1		-0.5242906007		0.8802370525		0				4.2164563274		-9.2164561165				0.3549971072		0.3490878177		-0.4032971643		0.1913783077				0.0077884519		0.4462454242				14.5		0.4462454242		0.1074338565				1		1		1				-0.5463754149		-0.5463754149		-0.5463754149				0.0122563376		0.7022364173				0.7022364173		0.1767763706

		14.54		59.184348589		28.4499157605				0		-0.8515394096		0.4745342258		-1				-2.5960611991		17.0960611991				0.0539068154		0.1028185807		-0.0889981808		0.0875540735				0.0018750745		0.1074338565				14.54								1		1		1				-0.1414608889		-0.1414608889		-0.1414608889				0.0030853297		0.1767763706

		14.58		59.9724478639		28.5656911072				-1		-0.5004163926		0.8782694602		0				4.2869936906		-9.2869934797				0.3403731406		0.3307696142		-0.3875497852		0.1853131434				0.007470975		0.4280553389				14.58		0.4280553389		0.1025102332				1		1		1				-0.5256862841		-0.5256862841		-0.5256862841				0.0117779153		0.6748248383				0.6748248383		0.1686812378

		14.62		60.7448309568		28.6766353135				0		-0.8657848659		0.4781660332		-1				-2.4778464051		17.0578464051				0.049443074		0.0988038657		-0.0843280471		0.0855428916				0.0017891411		0.1025102332				14.62								1		1		1				-0.1349859657		-0.1349859657		-0.1349859657				0.002944043		0.1686812378

		14.66		61.5024320082		28.7830035802				-1		-0.4771214571		0.8764495506		0				4.3516240463		-9.3516238354				0.3274671732		0.3143445646		-0.3736292328		0.1799001226				0.0071898269		0.4119467394				14.66		0.4119467394		0.098126743				1		1		1				-0.5073672957		-0.5073672957		-0.5073672957				0.011354298		0.6505533554				0.6505533554		0.1614271548

		14.7		62.2460996656		28.8850282143				0		-0.8788373656		0.4814937022		-1				-2.3624999196		17.0224999196				0.0454481524		0.095254891		-0.0801405634		0.0837135575				0.0017126348		0.098126743				14.7								1		1		1				-0.1291617098		-0.1291617098		-0.1291617098				0.0028174354		0.1614271548

		14.74		62.9766076825		28.9829214282				-1		-0.4543542358		0.874764179		0				4.4109623261		-9.4109621152				0.3159784359		0.2994835304		-0.3612155635		0.1750266019				0.0069386675		0.3975563634				14.74		0.3975563634		0.0941897282				1		1		1				-0.4910050378		-0.4910050378		-0.4910050378				0.0109759232		0.6288740776				0.6288740776		0.1548698948

		14.78		63.6946638869		29.0768777116				0		-0.8908210979		0.4845488944		-1				-2.2497664474		16.9897664474				0.0418415218		0.0920900885		-0.0763518176		0.0820357938				0.0016439209		0.0941897282				14.78								1		1		1				-0.1238773156		-0.1238773156		-0.1238773156				0.0027029896		0.1548698948

		14.82		64.4009178142		29.1670758528				-1		-0.4320713024		0.8732022743		0				4.4655204485		-9.4655202376				0.3056752488		0.2859324352		-0.3500623599		0.1706056801				0.0067126119		0.3846043335				14.82		0.3846043335		0.0906269772				1		1		1				-0.4762809289		-0.4762809289		-0.4762809289				0.0106354227		0.609364834				0.609364834		0.1488980346

		14.86		65.0959672417		29.2536806716				0		-0.9018394478		0.4873579672		-1				-2.1394309605		16.9594309605				0.03856091		0.0892466354		-0.0728970342		0.0804861364				0.0015817391		0.0906269772				14.86								1		1		1				-0.1190470464		-0.1190470464		-0.1190470464				0.002598761		0.1488980346

		14.9		65.7803638105		29.3368445118				-1		-0.4102356081		0.8717543908		0				4.5157299918		-9.5157297809				0.2963758788		0.2734915401		-0.3399763533		0.1665690826				0.0065078278		0.3728710642				14.9		0.3728710642		0.0873817953				1		1		1				-0.4629449614		-0.4629449614		-0.4629449614				0.0103270147		0.5916943592				0.5916943592		0.1434239142

		14.94		66.4546178864		29.4167085331				0		-0.9119795754		0.4899431417		-1				-2.0313100086		16.9313100086				0.0355572775		0.0866752589		-0.0697252906		0.0790460658				0.0015251		0.0873817953				14.94								1		1		1				-0.1146033433		-0.1146033433		-0.1146033433				0.0025032195		0.1434239142

		14.98		67.1192027829		29.4934038359				-1		-0.3888151914		0.8704123803		0				4.5619588029		-9.561958592				0.2879355046		0.2620013163		-0.3308035491		0.1628623139				0.0063212603		0.3621815341				14.98		0.3621815341		0.0844089651				1		1		1				-0.4507978184		-0.4507978184		-0.4507978184				0.0100460904		0.575598583				0.575598583		0.1383774701

		15.02		67.7745584439		29.5670524422				0		-0.9213157694		0.4923233573		-1				-1.9252453326		16.9052453326				0.0327913896		0.0843366986		-0.0667959159		0.0777007304				0.0014732144		0.0844089651				15.02								1		1		1				-0.11049212		-0.11049212		-0.11049212				0.0024151425		0.1383774701

		15.06		68.4210946703		29.6377681569				-1		-0.3677822106		0.8691691447		0				4.6045234149		-9.604523204				0.2802371125		0.2513325665		-0.3224195362		0.1594412685				0.0061504408		0.3523942994				15.06		0.3523942994		0.0816719226				1		1		1				-0.439678381		-0.439678381		-0.439678381				0.0097889246		0.5608640675				0.5608640675		0.1337019232

		15.1		69.0591939558		29.7056573254				0		-0.9299119558		0.4945149118		-1				-1.8210990725		16.8810990725				0.030231417		0.0821992368		-0.0640759719		0.076438053				0.001425444		0.0816719226				15.1								1		1		1				-0.10666947		-0.10666947		-0.10666947				0.0023335388		0.1337019232

		15.14		69.6892139902		29.7708195036				-1		-0.3471122043		0.8680184475		0				4.6436985027		-9.6436982918				0.2731849949		0.2413793622		-0.314722568		0.1562698096				0.0059933498		0.3433936476				15.14		0.3433936476		0.0791407399				1		1		1				-0.4294548044		-0.4294548044		-0.4294548044				0.0095524693		0.5473161766				0.5473161766		0.1293506931

		15.18		70.3114898746		29.8333480509				0		-0.9378236069		0.4965319473		-1				-1.7187501057		16.8587501057				0.0278512189		0.0802369335		-0.0615384526		0.0752480904				0.0013812665		0.0791407399				15.18								1		1		1				-0.1030993092		-0.1030993092		-0.1030993092				0.0022575955		0.1293506931

		15.22		70.9263360901		29.8933306584				-1		-0.3267835173		0.866954768		0				4.6797241974		-9.6797239865				0.266700015		0.2320538946		-0.3076285232		0.1533180039				0.005848317		0.3350838819				15.22		0.3350838819		0.076790655				1		1		1				-0.4200180188		-0.4200180188		-0.4200180188				0.0093342034		0.5348104586				0.5348104586		0.1252851481

		15.26		71.534048251		29.9508498196				0		-0.9450992185		0.4983868279		-1				-1.6180912047		16.8380912047				0.0256290896		0.0784283425		-0.0591609716		0.0741225652				0.0013402498		0.076790655				15.26								1		1		1				-0.0997516548		-0.0997516548		-0.0997516548				0.0021866383		0.1252851481

		15.3		72.1349046715		30.0059832515				-1		-0.3067768481		0.8659731853		0				4.7128118251		-9.7128116142				0.2607160979		0.2232826543		-0.301067172		0.1505608127				0.0057139477		0.3273850853				15.3		0.3273850853		0.0746009814				1		1		1				-0.4112769106		-0.4112769106		-0.4112769106				0.009132021		0.5232262601				0.5232262601		0.1214729357

		15.34		72.7291677697		30.0588042726				0		-0.9517814694		0.5000904341		-1				-1.5190267976		16.8190267976				0.0235468285		0.0767555591		-0.0569247881		0.0730545188				0.0013020328		0.0746009814				15.34								1		1		1				-0.0966013473		-0.0966013473		-0.0966013473				0.0021201027		0.1214729357

		15.38		73.3170853287		30.1093821429				-1		-0.287074889		0.8650692869		0				4.7431484676		-9.7431482567				0.2551775894		0.215003553		-0.2949793656		0.1479771062				0.0055890667		0.3202299317				15.38		0.3202299317		0.0725542874				1		1		1				-0.4031546956		-0.4031546956		-0.4031546956				0.0089441477		0.512461917				0.512461917		0.117886723

		15.42		73.8988916324		30.1577823699				0		-0.9579081418		0.5016523984		-1				-1.4214711832		16.8014711832				0.0215890374		0.0752035035		-0.0548140729		0.0720380483				0.0012663112		0.0725542874				15.42								1		1		1				-0.0936270857		-0.0936270857		-0.0936270857				0.0020575115		0.117886723

		15.46		74.4748084907		30.2040669859				-1		-0.2676620342		0.8642390943		0				4.7709006281		-9.7709004172				0.2500372397		0.2071637229		-0.2893148914		0.1455489098				0.0054726762		0.3135612515				15.46		0.3135612515		0.0706357684				1		1		1				-0.3955861495		-0.3955861495		-0.3955861495				0.0087690767		0.5024310839				0.5024310839		0.1145032347

		15.5		75.0450461674		30.2482947986				0		-0.9635128621		0.5030812936		-1				-1.3253470893		16.7853470893				0.0197425842		0.0737593743		-0.0528153477		0.0710681059				0.0012328267		0.0706357684				15.5								1		1		1				-0.09081069		-0.09081069		-0.09081069				0.0019984584		0.1145032347

		15.54		75.6098042215		30.2905216191				-1		-0.2485241435		0.8634790023		0				4.7962172075		-9.7962169967				0.2452546446		0.1997178146		-0.2840308148		0.1432608218				0.005363923		0.3073301491				15.54		0.3073301491		0.0688327624				1		1		1				-0.3885154664		-0.3885154664		-0.3885154664				0.0086055186		0.4930598956				0.4930598956		0.1113025074

		15.58		76.1692722719		30.330800469				0		-0.9686257018		0.5043847863		-1				-1.2305844986		16.7705844986				0.0179961864		0.0724122256		-0.0509170509		0.0701403429				0.0012013583		0.0688327624				15.58								1		1		1				-0.0881365292		-0.0881365292		-0.0881365292				0.0019425952		0.1113025074

		15.62		76.7236306933		30.369181769				-1		-0.2296483462		0.8627857297		0				4.819231945		-9.8192317341				0.2407950264		0.1926266633		-0.2790901821		0.1410995571				0.0052620722		0.3014945304				15.62		0.3014945304		0.0671343698				1		1		1				-0.3818945834		-0.3818945834		-0.3818945834				0.0084523633		0.4842847463				0.4842847463		0.1082673065

		15.66		77.2730512513		30.4057135117				0		-0.9732736702		0.5055697624		-1				-1.1371196816		16.7571196816				0.0163400852		0.0711526362		-0.0491091976		0.0692509874				0.0011717158		0.0671343698				15.66								1		1		1				-0.0855910726		-0.0855910726		-0.0855910726				0.001889621		0.1082673065

		15.7		77.817697683		30.4404414191				-1		-0.2110228794		0.8621562776		0				4.8400654351		-9.8400652242				0.2366282704		0.1858562344		-0.2744609957		0.1390535861				0.0051664877		0.296017939				15.7		0.296017939		0.0655311535				1		1		1				-0.3756818565		-0.3756818565		-0.3756818565				0.0083086492		0.4760505348				0.4760505348		0.1053826637

		15.74		78.3577262285		30.4734090877				0		-0.9774811223		0.5066424311		-1				-1.0448943936		16.7448943936				0.0147657875		0.0699724484		-0.0473831108		0.0683967474				0.0011437344		0.0655311535				15.74								1		1		1				-0.083162535		-0.083162535		-0.083162535				0.0018392745		0.1053826637

		15.78		78.8932861185		30.5046581205				-1		-0.1926369524		0.861587895		0				4.8588268091		-9.8588265982				0.2327281559		0.1793767797		-0.2701153965		0.1371128473				0.0050766152		0.2908686273				15.78		0.2908686273		0.0640148993				1		1		1				-0.3698410031		-0.3698410031		-0.3698410031				0.0081735386		0.468309263				0.468309263		0.1026355079

		15.82		79.4245200219		30.5342282497				0		-0.9812700977		0.5076084113		-1				-0.9538552037		16.7338552037				0.0132658589		0.0688645598		-0.0457312065		0.0675747333				0.0011172708		0.0640148993				15.82								1		1		1				-0.0808405923		-0.0808405923		-0.0808405923				0.0017913275		0.1026355079

		15.86		79.9515644581		30.5621574491				-1		-0.1744806323		0.8610780494		0				4.8756151457		-9.8756149348				0.2290717367		0.1731621586		-0.266029005		0.1352685142				0.0049919699		0.2860188083				15.86		0.2860188083		0.0625784222				1		1		1				-0.3643402509		-0.3643402509		-0.3643402509				0.0080462979		0.4610189082				0.4610189082		0.1000143674

		15.9		80.474550177		30.5884820373				0		-0.984660606		0.5084728044		-1				-0.8639529278		16.7239529278				0.0118337572		0.0678227549		-0.0441468201		0.0667823949				0.0010921995		0.0625784222				15.9								1		1		1				-0.0786161521		-0.0786161521		-0.0786161521				0.00174558		0.1000143674

		15.94		80.9936025092		30.6132367741				-1		-0.1565447467		0.8606244026		0				4.8905206635		-9.8905204526				0.2256388389		0.167189285		-0.262180387		0.1335128072				0.0049121253		0.2814440479				15.94		0.2814440479		0.0612154103				1		1		1				-0.3591516461		-0.3591516461		-0.3591516461				0.007926282		0.4541425061				0.4541425061		0.0975091282

		15.98		81.5088416903		30.6364549489				0		-0.9876708674		0.5092402553		-1				-0.7751421486		16.7151421486				0.0104636965		0.0668415691		-0.0426240661		0.0660174705				0.0010684105		0.0612154103				15.98								1		1		1				-0.076481167		-0.076481167		-0.076481167				0.0017018553		0.0975091282

		16.02		82.0203831608		30.6581684625				-1		-0.1388208011		0.8602247888		0				4.903625734		-9.9036255231				0.2224116493		0.161437675		-0.2585506164		0.1318388389				0.0048367047		0.2771227685				16.02		0.2771227685		0.0599202957				1		1		1				-0.3542504883		-0.3542504883		-0.3542504883				0.007812921		0.4476474017				0.4476474017		0.0951108351

		16.06		82.5283378441		30.6784079036				0		-0.9903175174		0.5099150054		-1				-0.6873808052		16.7073808052				0.0091505365		0.0659161774		-0.0411577221		0.0652779451				0.0010458064		0.0599202957				16.06								1		1		1				-0.0744284817		-0.0744284817		-0.0744284817				0.0016599972		0.0951108351

		16.1		83.0328124041		30.6972026192				-1		-0.1213009077		0.8598771971		0				4.9150057482		-9.9150055373				0.2193743768		0.1558890736		-0.2551229147		0.1302404868				0.0047653744		0.2730358388				16.1		0.2730358388		0.0586881493				1		1		1				-0.3496148636		-0.3496148636		-0.3496148636				0.0077057095		0.4415046317				0.4415046317		0.092811529

		16.14		83.5339094856		30.7145807806				0		-0.9926157816		0.5105009363		-1				-0.6006298404		16.7006298404				0.0078896903		0.0650423021		-0.0397431341		0.0645620155				0.0010243014		0.0586881493				16.14								1		1		1				-0.0724517058		-0.0724517058		-0.0724517058				0.0016198668		0.092811529

		16.18		84.0317279366		30.7305694441				-1		-0.1039777238		0.8595797555		0				4.9247298611		-9.9247296502				0.2165129711		0.1505271446		-0.2518823526		0.1287122874				0.004697837		0.269166235				16.18		0.269166235		0.0575145923				1		1		1				-0.3452252585		-0.3452252585		-0.3452252585				0.0076041973		0.4356884117				0.4356884117		0.0906041104

		16.22		84.5263630166		30.7451946085				0		-0.9945796262		0.5110016086		-1				-0.5148528967		16.6948528967				0.0066770478		0.0642161371		-0.0383761373		0.0638680616				0.001003819		0.0575145923				16.22								1		1		1				-0.0705451094		-0.0705451094		-0.0705451094				0.00158134		0.0906041104

		16.26		85.0179065899		30.7584812678				-1		-0.0868443988		0.8593307174		0				4.9328616345		-9.9328614236				0.2138148889		0.1453372113		-0.248815601		0.1272493481				0.0046338275		0.2654987568				16.26		0.2654987568		0.0563957237				1		1		1				-0.3410642369		-0.3410642369		-0.3410642369				0.0075079825		0.4301757095				0.4301757095		0.0884822268

		16.3		85.5064473066		30.770453461				0		-0.9962218881		0.511420295		-1				-0.4300160518		16.6900160518				0.0055089123		0.0634342842		-0.03705299		0.0631946224				0.0009842911		0.0563957237				16.3								1		1		1				-0.0687035347		-0.0687035347		-0.0687035347				0.0015443062		0.0884822268

		16.34		85.9920707718		30.7811343186				-1		-0.0698945271		0.8591284498		0				4.939459595		-9.9394593842				0.2112688968		0.1403060388		-0.2459107213		0.1258472729				0.004573108		0.2620197899				16.34		0.2620197899		0.055328058				1		1		1				-0.3371161697		-0.3371161697		-0.3371161697				0.0074167048		0.4249458852				0.4249458852		0.0864401767

		16.38		86.4748597034		30.7905461059				0		-0.997554387		0.5117600089		-1				-0.3460875888		16.6860875888				0.0043819465		0.0626936998		-0.0357703179		0.0625403752				0.0009656568		0.055328058				16.38								1		1		1				-0.0669223217		-0.0669223217		-0.0669223217				0.0015086657		0.0864401767

		16.42		86.9548940804		30.7987102636				-1		-0.0531221079		0.8589714229		0				4.94457772		-9.9445775091				0.2088649054		0.1354216501		-0.2431569897		0.1245021001				0.0045154653		0.2587171052				16.42		0.2587171052		0.0543084739				1		1		1				-0.3333670055		-0.3333670055		-0.3333670055				0.0073300406		0.4199803897				0.4199803897		0.0844728301

		16.46		87.4322512818		30.805647446				0		-0.998588024		0.5120235294		-1				-0.263037794		16.683037794				0.0032931271		0.0619916498		-0.0345250676		0.0619041191				0.0009478617		0.0543084739				16.46								1		1		1				-0.0651972462		-0.0651972462		-0.0651972462				0.001474329		0.0844728301

		16.5		87.9070062168		30.8113775565				-1		-0.036521509		0.8588582007		0				4.9482658625		-9.9482656516				0.2065938289		0.1306731693		-0.2405447474		0.1232102485				0.0044607071		0.2555796888				16.5		0.2555796888		0.0533341699				1		1		1				-0.3298040775		-0.3298040775		-0.3298040775				0.007247698		0.4152625071				0.4152625071		0.0825755597

		16.54		88.3792314472		30.8159197815				0		-0.9993328672		0.5122134234		-1				-0.1808387798		16.6808387798				0.0022397061		0.0613256718		-0.0333144663		0.0612847594				0.0009308569		0.0533341699				16.54								1		1		1				-0.0635244655		-0.0635244655		-0.0635244655				0.0014412154		0.0825755597

		16.58		88.8489973027		30.8192926218				-1		-0.0200874356		0.8587874333		0				4.9505701245		-9.9505699136				0.204447465		0.1260506883		-0.2380652733		0.121968473				0.0044086598		0.2525975972				16.58		0.2525975972		0.0524026268				1		1		1				-0.326415938		-0.326415938		-0.326415938				0.0071694135		0.4107771362				0.4107771362		0.0807441833

		16.62		89.3163719889		30.8215139219				0		-0.9997982271		0.5123320646		-1				-0.0994643279		16.6794643279				0.0012191776		0.0606935423		-0.0321359881		0.060681296				0.0009145984		0.0524026268				16.62								1		1		1				-0.0619004736		-0.0619004736		-0.0619004736				0.0014092519		0.0807441833

		16.66		89.7814216897		30.8226008985				-1		-0.0038149019		0.8587578496		0				4.9515331855		-9.9515329746				0.2024183924		0.1215451522		-0.235710675		0.1207738247				0.0043591663		0.2497618329				16.66		0.2497618329		0.0515115756				1		1		1				-0.3231922171		-0.3231922171		-0.3231922171				0.0070949485		0.4065106035				0.4065106035		0.078974914

		16.7		90.2442106631		30.8225701663				0		-0.9999927232		0.5123816504		-1				-0.018889751		16.678889751				0.0002292499		0.0600932494		-0.0309873243		0.0600928121				0.0008990466		0.0515115756				16.7								1		1		1				-0.0603220619		-0.0603220619		-0.0603220619				0.0013783723		0.078974914

		16.74		90.7048013326		30.8214377631				-1		0.0123007936		0.8587682511		0				4.951194593		-9.9511943821				0.2004998831		0.1171482603		-0.2334737956		0.1196236185				0.0043120844		0.2470642382				16.74		0.2470642382		0.0506589699				1		1		1				-0.3201235016		-0.3201235016		-0.3201235016				0.0070240863		0.4024505023				0.4024505023		0.0772643177

		16.78		91.1632543721		30.8192191728				0		-0.9999243424		0.5123642171		-1				0.0609082309		16.6790917691				-0.0007321797		0.0595229682		-0.0298663589		0.0595184648				0.0008841658		0.0506589699				16.78								1		1		1				-0.0587862851		-0.0587862851		-0.0587862851				0.0013485167		0.0772643177

		16.82		91.6196287878		30.815929348				-1		0.0282640905		0.8588175058		0				4.9495910194		-9.9495908086				0.1986858259		0.1128523814		-0.2313481322		0.1185154035				0.0042672847		0.2444974031				16.82		0.2444974031		0.0498429619				1		1		1				-0.3172012295		-0.3172012295		-0.3172012295				0.0069566303		0.3985855539				0.3985855539		0.0756092763

		16.86		92.0739819944		30.8115827299				0		-0.9996004908		0.5122816527		-1				0.1399516004		16.6800483996				-0.0016670455		0.0589810411		-0.0287711462		0.0589574776				0.0008699238		0.0498429619				16.86								1		1		1				-0.0572904321		-0.0572904321		-0.0572904321				0.0013196308		0.0756092763

		16.9		92.5263698879		30.806193269				-1		0.044079186		0.8589045437		0				4.9467564913		-9.9467562805				0.1969706613		0.1086504786		-0.2293277672		0.1174469387				0.0042246495		0.242054586				16.9		0.242054586		0.0490618819				1		1		1				-0.3144176		-0.3144176		-0.3144176				0.006892401		0.3949054879				0.3949054879		0.0740069562

		16.94		92.9768469143		30.7997744431				0		-0.9990280403		0.5121357094		-1				0.2182611407		16.6817388593				-0.0025771319		0.0584659592		-0.0276998923		0.0584091326				0.0008562914		0.0490618819				16.94								1		1		1				-0.0558320007		-0.0558320007		-0.0558320007				0.0012916651		0.0740069562

		16.98		93.4254661351		30.7923392746				-1		0.0597500533		0.8590283519		0				4.9427225926		-9.9427223817				0.1953493238		0.1045360455		-0.2274073066		0.1164161707				0.0041840716		0.2397296445				16.98		0.2397296445		0.0483142203				1		1		1				-0.3117654945		-0.3117654945		-0.3117654945				0.0068312351		0.3914009372				0.3914009372		0.0724547808

		17.02		93.872279289		30.7839003481				0		-0.9982133695		0.5119280132		-1				0.2958565245		16.6841434755				-0.0034640898		0.0579763474		-0.0266509383		0.0578727651				0.0008432422		0.0483142203				17.02								1		1		1				-0.0544086753		-0.0544086753		-0.0544086753				0.0012645745		0.0724547808

		17.06		94.3173368509		30.7744698251				-1		0.0752804568		0.8591879706		0				4.9375186463		-9.9375184354				0.193817193		0.1005030488		-0.225581828		0.1154212148				0.0041454532		0.237516975				17.06		0.237516975		0.0475986116				1		1		1				-0.3092384078		-0.3092384078		-0.3092384078				0.0067729831		0.3880633479				0.3880633479		0.0709504067

		17.1		94.7606880879		30.7640594596				0		-0.9971624004		0.5116600739		-1				0.3727563924		16.6872436076				-0.0043294506		0.0575109508		-0.0256227461		0.0573477578				0.0008307525		0.0475986116				17.1								1		1		1				-0.0530183071		-0.0530183071		-0.0530183071				0.0012383182		0.0709504067

		17.14		95.2023811123		30.7526806119				-1		0.0906739673		0.8593824895		0				4.9311718773		-9.9311716664				0.1923700493		0.0965458788		-0.2238468339		0.1144603387				0.0041087051		0.2354114606				17.14		0.2354114606		0.0469138214				1		1		1				-0.3068303881		-0.3068303881		-0.3068303881				0.0067175087		0.3848848993				0.3848848993		0.0694917032

		17.18		95.6424629328		30.7403442621				0		-0.9958806312		0.5113332933		-1				0.4489784254		16.6910215746				-0.0051746384		0.0570686228		-0.0246138855		0.0568335361				0.0008188006		0.0469138214				17.18								1		1		1				-0.0516588977		-0.0516588977		-0.0516588977				0.001212859		0.0694917032

		17.22		96.0809795023		30.727061023				-1		0.1059339748		0.8596110443		0				4.9237075582		-9.9237073473				0.1910040367		0.0926593057		-0.2221982116		0.1135319479				0.0040737455		0.2334084247				17.22		0.2334084247		0.0462587334				1		1		1				-0.3045359846		-0.3045359846		-0.3045359846				0.006664687		0.3818584346				0.3818584346		0.0680767342

		17.26		96.517975764		30.7128411516				0		-0.9943731659		0.5109489726		-1				0.5245394087		16.6954605913				-0.0060009812		0.0566483149		-0.0236230233		0.0563295642				0.0008073672		0.0462587334				17.26								1		1		1				-0.050328583		-0.050328583		-0.050328583				0.0011881632		0.0680767342

		17.3		96.953495696		30.6976945614				-1		0.1210637001		0.8598728139		0				4.9151491396		-9.9151489287				0.1897156288		0.08883844		-0.2206321978		0.1126345725				0.0040404999		0.2315035908				17.3		0.2315035908		0.0456323397				1		1		1				-0.3023502013		-0.3023502013		-0.3023502013				0.0066144034		0.3789774001				0.3789774001		0.0667037425

		17.34		97.3875823526		30.6816308322				0		-0.9926447403		0.5105083192		-1				0.5994552906		16.7005447094				-0.0068097202		0.0562490676		-0.0226489128		0.0558353411				0.0007964346		0.0456323397				17.34								1		1		1				-0.0490256208		-0.0490256208		-0.0490256208				0.0011641999		0.0667037425

		17.38		97.8202779049		30.6646592213				-1		0.1360662056		0.8601670175		0				4.9055183679		-9.905518157				0.1885015998		0.0850786986		-0.2191453473		0.1117668561				0.0040088999		0.2296930468				17.38		0.2296930468		0.0450337306				1		1		1				-0.3002684559		-0.3002684559		-0.3002684559				0.0065665533		0.3762357907				0.3762357907		0.0653711361

		17.42		98.251623679		30.6467886728				0		-0.9906997465		0.5100124528		-1				0.6737412353		16.7062587647				-0.0076020192		0.0558700025		-0.0216903857		0.0553503973				0.0007859869		0.0450337306				17.42								1		1		1				-0.0477483781		-0.0477483781		-0.0477483781				0.0011409416		0.0653711361

		17.46		98.681660193		30.6280278271				-1		0.1509444055		0.8604929122		0				4.8948353908		-9.8948351799				0.1873589987		0.0813757736		-0.2177345054		0.110927546				0.0039788832		0.2279732136				17.46		0.2279732136		0.0444620869				1		1		1				-0.2982865447		-0.2982865447		-0.2982865447				0.0065210406		0.3736281031				0.3736281031		0.0640774768

		17.5		99.1104271922		30.6083850297				0		-0.9885422532		0.5094624108		-1				0.7474116716		16.7125883284				-0.0083789716		0.0555103155		-0.0207463436		0.0548742923				0.0007760098		0.0444620869				17.5								1		1		1				-0.0464953208		-0.0464953208		-0.0464953208				0.0011183629		0.0640774768

		17.54		99.5379636828		30.5878683393				-1		0.1657010738		0.8608497908		0				4.8831188525		-9.8831186416				0.186285126		0.0777256051		-0.2163967837		0.1101154841				0.0039503925		0.2263408173				17.54		0.2263408173		0.0439166724				1		1		1				-0.29640061		-0.29640061		-0.29640061				0.0064777772		0.3711492937				0.3711492937		0.0628214692

		17.58		99.9643079646		30.5664855362				0		-0.9861760259		0.508859153		-1				0.8204803363		16.7195196637				-0.0091416073		0.05516927		-0.0198157515		0.0544066115				0.0007664905		0.0439166724				17.58								1		1		1				-0.0452650042		-0.0452650042		-0.0452650042				0.0010964415		0.0628214692

		17.62		100.389497662		30.5442441295				-1		0.1803388532		0.8612369796		0				4.8703859793		-9.8703857684				0.1852775141		0.0741243557		-0.2151295387		0.1093295988				0.0039233756		0.2247928653				17.62		0.2247928653		0.043396827				1		1		1				-0.294607113		-0.294607113		-0.294607113				0.0064366825		0.3687947416				0.3687947416		0.0616019522

		17.66		100.8135697541		30.5211513646				0		-0.9836045435		0.5082035666		-1				0.8929603141		16.7270396859				-0.0098908994		0.0548461923		-0.0188976311		0.053946964				0.0007574175		0.043396827				17.66								1		1		1				-0.0440560645		-0.0440560645		-0.0440560645				0.0010751569		0.0616019522

		17.7		101.2365606038		30.4972142297				-1		0.194860262		0.8616538364		0				4.8566526567		-9.8566524458				0.1843339092		0.0705683892		-0.2139303528		0.1085688987				0.0038977849		0.223326624				17.7		0.223326624		0.0429019612				1		1		1				-0.2929028079		-0.2929028079		-0.2929028079				0.0063976827		0.3665602158				0.3665602158		0.0604178911

		17.74		101.6585059851		30.4724394624				0		-0.9808310141		0.5074964692		-1				0.9648640748		16.7351359252				-0.0106277695		0.0545404659		-0.0179910554		0.0534949805				0.0007487805		0.0429019612				17.74								1		1		1				-0.042867211		-0.042867211		-0.042867211				0.0010544911		0.0604178911

		17.78		102.0794411102		30.4468335561				-1		0.2092677009		0.8620997492		0				4.8419334986		-9.8419332877				0.1834522555		0.0670542494		-0.2127970175		0.1078324656				0.0038735768		0.2219395998				17.78		0.2219395998		0.0424315506				1		1		1				-0.2912847211		-0.2912847211		-0.2912847211				0.0063607101		0.3644418459				0.3644418459		0.0592683712

		17.82		102.4994006554		30.4204027654				0		-0.9778583892		0.5067386135		-1				1.036203506		16.743796494				-0.0113530925		0.0542515278		-0.0170951431		0.0530503116				0.0007405703		0.0424315506				17.82								1		1		1				-0.0416972191		-0.0416972191		-0.0416972191				0.0010344282		0.0592683712

		17.86		102.9184187863		30.3931531118				-1		0.2235634595		0.8625741345		0				4.8262419101		-9.8262416992				0.182630681		0.0635786425		-0.2117275185		0.1071194494				0.0038507116		0.2206295225				17.86		0.2206295225		0.0419851316				1		1		1				-0.2897501304		-0.2897501304		-0.2897501304				0.0063257032		0.3624360968				0.3624360968		0.0581525914

		17.9		103.3365291813		30.3650903893				0		-0.974689376		0.5059306895		-1				1.1069899439		16.7530100561				-0.0120677017		0.0539788644		-0.0162090547		0.0526126257				0.0007327788		0.0419851316				17.9								1		1		1				-0.040544924		-0.040544924		-0.040544924				0.0010149542		0.0581525914

		17.94		103.7537650558		30.3362201687				-1		0.2377497212		0.8630764353		0				4.8095901433		-9.8095899324				0.1818674858		0.0601384198		-0.2107200224		0.106429063				0.0038291534		0.2193943295				17.94		0.2193943295		0.0415622968				1		1		1				-0.2882965488		-0.2882965488		-0.2882965488				0.0062926056		0.3605397458				0.3605397458		0.05706986

		17.98		104.1701591842		30.3065478028				0		-0.9713264488		0.5050733281		-1				1.1772342011		16.7627657989				-0.0127723925		0.0537220083		-0.0153319872		0.0521816076				0.0007253989		0.0415622968				17.98								1		1		1				-0.0394092151		-0.0394092151		-0.0394092151				0.000996057		0.05706986

		18.02		104.5857439223		30.276078431				-1		0.2518285694		0.8636061207		0				4.7919893475		-9.7919891366				0.1811611305		0.0567305628		-0.2097728654		0.1057605779				0.0038088696		0.2182321535				18.02		0.2182321535		0.0411626911				1		1		1				-0.2869217085		-0.2869217085		-0.2869217085				0.0062613663		0.3587498622				0.3587498622		0.0560195901

		18.06		105.0005512282		30.2448169827				0		-0.9677718593		0.5041671035		-1				1.2469465922		16.7730534078				-0.0134679267		0.0534805354		-0.0144631712		0.0517569572				0.0007184245		0.0411626911				18.06								1		1		1				-0.0382890305		-0.0382890305		-0.0382890305				0.0009777263		0.0560195901

		18.1		105.4146126836		30.2127681824				-1		0.2658019912		0.8641626841		0				4.7734496142		-9.7734494033				0.1805102272		0.0533521689		-0.2088845428		0.1051133203				0.0037898308		0.2171413102				18.1		0.2171413102		0.0407860088				1		1		1				-0.2856235475		-0.2856235475		-0.2856235475				0.0062319388		0.3570637895				0.3570637895		0.0550012964

		18.14		105.8279595133		30.1799365524				0		-0.9640276456		0.503212535		-1				1.3161369574		16.7838630426				-0.0141550357		0.0532540621		-0.0136018667		0.0513383881				0.0007118501		0.0407860088				18.14								1		1		1				-0.0371833523		-0.0371833523		-0.0371833523				0.0009599537		0.0550012964

		18.18		106.2406226054		30.1463264172				-1		0.2796718824		0.8647456421		0				4.753980017		-9.7539798061				0.1799135305		0.0500004381		-0.2080537001		0.1044866675				0.0037720106		0.2161202879				18.18		0.2161202879		0.0404319903				1		1		1				-0.2844001979		-0.2844001979		-0.2844001979				0.0062042812		0.3554791303				0.3554791303		0.0540145921

		18.22		106.6526325301		30.1119419062				0		-0.9600956401		0.50221009		-1				1.3848146836		16.7951853164				-0.0148344239		0.0530422429		-0.0127473599		0.0509256262				0.0007056714		0.0404319903				18.22								1		1		1				-0.0360912022		-0.0360912022		-0.0360912022				0.0009427325		0.0540145921

		18.26		107.0640195586		30.0767869572				-1		0.2934400511		0.8653545336		0				4.7335886469		-9.733588436				0.1793699305		0.0466726614		-0.2072791249		0.1038800446				0.0037553855		0.2151677389				18.26		0.2151677389		0.040100419				1		1		1				-0.2832499751		-0.2832499751		-0.2832499751				0.0061783561		0.3539937316				0.3539937316		0.053059187

		18.3		107.4748136809		30.040865319				0		-0.9559774769		0.5011601851		-1				1.4529887241		16.8070112759				-0.0155067717		0.0528447689		-0.0118989599		0.0505184088				0.0006998843		0.040100419				18.3								1		1		1				-0.0350116371		-0.0350116371		-0.0350116371				0.0009260575		0.053059187

		18.34		107.8850446244		30.0041805546				-1		0.3071082216		0.8659889193		0				4.7122826433		-9.7122824324				0.1788784464		0.0433662087		-0.2065597404		0.1032929223				0.0037399347		0.2142824717				18.34		0.2142824717		0.0397911195				1		1		1				-0.2821713686		-0.2821713686		-0.2821713686				0.00615413		0.3526056737				0.3526056737		0.0521348849

		18.38		108.2947418708		29.9667360434				0		-0.9516745979		0.5000631877		-1				1.5206676166		16.8193323834				-0.0161727383		0.0526613654		-0.0110559965		0.0501164838				0.000694486		0.0397911195				18.38								1		1		1				-0.0339437455		-0.0339437455		-0.0339437455				0.0009099254		0.0521348849

		18.42		108.7039346735		29.9285349835				-1		0.3206780376		0.8666483799		0				4.6900682212		-9.6900680103				0.1784382208		0.0400785188		-0.2058945992		0.1027248136				0.0037256399		0.2134634437				18.42		0.2134634437		0.0395039546				1		1		1				-0.2811630344		-0.2811630344		-0.2811630344				0.0061315731		0.3513132592				0.3513132592		0.0512415827

		18.46		109.1126520744		29.8895803942				0		-0.9471882581		0.498919418		-1				1.5878594996		16.8321405004				-0.0168329645		0.052491791		-0.0102178165		0.0497196081				0.0006894741		0.0395039546				18.46								1		1		1				-0.0328866436		-0.0328866436		-0.0328866436				0.0008943343		0.0512415827

		18.5		109.5209229206		29.849875118				-1		0.334151065		0.8673325163		0				4.6669506946		-9.6669504837				0.1780485153		0.0368070888		-0.2052828782		0.1021752724				0.0037124856		0.212709756				18.5		0.212709756		0.0392388241				1		1		1				-0.2802237877		-0.2802237877		-0.2802237877				0.0061106596		0.3501150046				0.3501150046		0.0503792691

										0		-0.9425195307		0.4977291495		-1				1.6545721272		16.8454278728				-0.0174880753		0.0523358358		-0.0093837819		0.0493275474				0.0006848467		0.0392388241												1		1		1				-0.0318394721		-0.0318394721		-0.0318394721				0.0008792841		0.0503792691































Variance in Phi R

due to Tolerance Effects (deg)

dPhi (deg)	14.5	14.54	14.579999999999998	14.619999999999997	14.659999999999997	14.699999999999996	14.739999999999995	14.779999999999994	14.819999999999993	14.859999999999992	14.899999999999991	14.939999999999991	14.97999999999999	15.019999999999989	15.059999999999988	15.099999999999987	15.139999999999986	15.179999999999986	15.219999999999985	15.259999999999984	15.299999999999983	15.339999999999982	15.379999999999981	15.41999999999998	15.45999999999998	15.499999999999979	15.539999999999978	15.579999999999977	15.619999999999976	15.659999999999975	15.699999999999974	15.739999999999974	15.779999999999973	15.819999999999972	15.859999999999971	15.89999999999997	15.939999999999969	15.979999999999968	16.019999999999968	16.059999999999967	16.099999999999966	16.139999999999965	16.179999999999964	16.219999999999963	16.259999999999962	16.299999999999962	16.339999999999961	16.37999999999996	16.419999999999959	16.459999999999958	16.499999999999957	16.539999999999957	16.579999999999956	16.619999999999955	16.659999999999954	16.699999999999953	16.739999999999952	16.779999999999951	16.819999999999951	16.85999999999995	16.899999999999949	16.939999999999948	16.979999999999947	17.019999999999946	17.059999999999945	17.099999999999945	17.139999999999944	17.179999999999943	17.219999999999942	17.259999999999941	17.29999999999994	17.339999999999939	17.379999999999939	17.419999999999938	17.459999999999937	17.499999999999936	17.539999999999935	17.579999999999934	17.619999999999933	17.659999999999933	17.699999999999932	17.739999999999931	17.77999999999993	17.819999999999929	17.859999999999928	17.899999999999928	17.939999999999927	17.979999999999926	18.019999999999925	18.059999999999924	18.099999999999923	18.139999999999922	18.179999999999922	18.219999999999921	18.25999999999992	18.299999999999919	18.339999999999918	18.379999999999917	18.419999999999916	18.459999999999916	18.499999999999915	0.44624542423732988	0.42805533886437369	0.41194673940586302	0.39755636337558042	0.3846043335264609	0.37287106424291794	0.36218153406443787	0.35239429935948319	0.34339364755896845	0.33508388185997989	0.32738508526346277	0.32022993170932323	0.31356125154336423	0.30733014911677953	0.30149453038829749	0.29601793901261364	0.29086862734134378	0.28601880829650994	0.28144404793324662	0.27712276847119316	0.27303583882680788	0.26916623502004527	0.26549875680465501	0.26201978986052882	0.2587171051549973	0.25557968881660093	0.25259759720527647	0.24976183290555651	0.24706423818627191	0.24449740311475415	0.24205458602526764	0.2397296444502986	0.23751697495191615	0.2354114605560037	0.23340842470791118	0.23150359084430652	0.22969304682060479	0.22797321355260633	0.226340817329755	0.22479286533962647	0.22332662401197279	0.22193959984832007	0.2206295224517732	0.21939432951287752	0.21823215354246878	0.21714131017243987	0.2161202878711517	0.21516773894253408	0.2142824716973476	0.21346344370212444	0.21270975602636932	Lg (in)



Variance in Phi R along Phi R

Variance in Phi (right side) along Phi	58.379500890765677	59.184348589010597	59.972447863851428	60.744830956812677	61.502432008243822	62.246099665595658	62.976607682540212	63.694663886919464	64.400917814250008	65.09596724174871	65.780363810460457	66.454617886390238	67.119202782881402	67.774558443938133	68.42109467030302	69.059193955822494	69.689213990151629	70.311489874565169	70.926336090086451	71.534048250969533	72.134904671477869	72.729167769713172	73.317085328749243	73.898891632421368	74.474808490678171	75.045046167357398	75.609804221509535	76.169272271927696	76.723630693290517	77.27305125126162	77.81769768297147	78.357726228528264	78.893286118521971	79.424520021906929	79.951564458139316	80.474550177003721	80.993602509185337	81.508841690302901	82.020383160829866	82.528337844067877	83.032812404120264	83.533909485599196	84.031727936640138	84.526363016628466	85.017906589912172	85.506447306648653	85.992070771825965	86.474859703399403	86.954894080399228	87.432251281786733	87.907006216765211	88.3792314471916	88.848997302674832	89.316371988901523	89.781421689679149	90.244210663146745	90.704801332567655	91.163254372083571	91.619628787778993	92.073981994375629	92.526369887855068	92.976846914281424	93.425466135075169	93.872279288973374	94.317336850888509	94.76068808786998	95.202381112348974	95.642462932841354	96.08097950226734	96.517975764036322	96.95349569603475	97.387582352646774	97.820277904925845	98.251623679032306	98.681660193037629	99.110427192197392	99.537963682782632	99.964307964553541	100.38949766196141	100.8135697541487	101.23656060382265	101.65850598506724	102.07944111015637	102.49940065542998	102.91841878628637	103.33652918134597	103.75376505583571	104.17015918424204	104.58574392227739	105.00055122820355	105.41461268355199	105.8279595132809	106.24062260540593	106.65263253013849	107.0640195585695	107.47481368092566	107.88504462443532	108.29474187082937	108.70393467350944	109.11265207441021	109.52092292058283	0.44624542423732988	0.42805533886437369	0.41194673940586302	0.39755636337558042	0.3846043335264609	0.37287106424291794	0.36218153406443787	0.35239429935948319	0.34339364755896845	0.33508388185997989	0.32738508526346277	0.32022993170932323	0.31356125154336423	0.30733014911677953	0.30149453038829749	0.29601793901261364	0.29086862734134378	0.28601880829650994	0.28144404793324662	0.27712276847119316	0.27303583882680788	0.26916623502004527	0.26549875680465501	0.26201978986052882	0.2587171051549973	0.25557968881660093	0.25259759720527647	0.24976183290555651	0.24706423818627191	0.24449740311475415	0.24205458602526764	0.2397296444502986	0.23751697495191615	0.2354114605560037	0.23340842470791118	0.23150359084430652	0.22969304682060479	0.22797321355260633	0.226340817329755	0.22479286533962647	0.22332662401197279	0.22193959984832007	0.2206295224517732	0.21939432951287752	0.21823215354246878	0.21714131017243987	0.2161202878711517	0.21516773894253408	0.2142824716973476	0.21346344370212444	0.21270975602636932	Phi R (deg)

Variance (deg)



Variance in Phi R (Including Random Pin Location) (deg)

Variance in Phi R (Including Random Pin Location)	58.379500890765677	59.184348589010597	59.972447863851428	60.744830956812677	61.502432008243822	62.246099665595658	62.976607682540212	63.694663886919464	64.400917814250008	65.09596724174871	65.780363810460457	66.454617886390238	67.119202782881402	67.774558443938133	68.42109467030302	69.059193955822494	69.689213990151629	70.311489874565169	70.926336090086451	71.534048250969533	72.134904671477869	72.729167769713172	73.317085328749243	73.898891632421368	74.474808490678171	75.045046167357398	75.609804221509535	76.169272271927696	76.723630693290517	77.27305125126162	77.81769768297147	78.357726228528264	78.893286118521971	79.424520021906929	79.951564458139316	80.474550177003721	80.993602509185337	81.508841690302901	82.020383160829866	82.528337844067877	83.032812404120264	83.533909485599196	84.031727936640138	84.526363016628466	85.017906589912172	85.506447306648653	85.992070771825965	86.474859703399403	86.954894080399228	87.432251281786733	87.907006216765211	88.3792314471916	88.848997302674832	89.316371988901523	89.781421689679149	90.244210663146745	90.704801332567655	91.163254372083571	91.619628787778993	92.073981994375629	92.526369887855068	92.976846914281424	93.425466135075169	93.872279288973374	94.317336850888509	94.76068808786998	95.202381112348974	95.642462932841354	96.08097950226734	96.517975764036322	96.95349569603475	97.387582352646774	97.820277904925845	98.251623679032306	98.681660193037629	99.110427192197392	99.537963682782632	99.964307964553541	100.38949766196141	100.8135697541487	101.23656060382265	101.65850598506724	102.07944111015637	102.49940065542998	102.91841878628637	103.33652918134597	103.75376505583571	104.17015918424204	104.58574392227739	105.00055122820355	105.41461268355199	105.8279595132809	106.24062260540593	106.65263253013849	107.0640195585695	107.47481368092566	107.88504462443532	108.29474187082937	108.70393467350944	109.11265207441021	109.52092292058283	0.70223641727106845	0.67482483831521434	0.65055335539640402	0.62887407763777947	0.60936483403327601	0.59169435919098456	0.5755985830217385	0.56086406754291518	0.54731617656014664	0.53481045860762044	0.52322626008309348	0.51246191699020993	0.50243108394208524	0.49305989560360508	0.48428474630240081	0.47605053476292331	0.46830926304185977	0.46101890819103786	0.45414250606376777	0.44764740170033213	0.44150463166270976	0.4356884117412404	0.43017570945013972	0.42494588523553051	0.41998038973988344	0.41526250708514845	0.41077713615791572	0.40651060345205264	0.40245050225601259	0.39858555394382267	0.39490548790039248	0.39140093722836555	0.38806334787921148	0.38488489925174146	0.38185843462657038	0.3789774000707849	0.37623579066512386	0.37362810308579686	0.37114929372200584	0.36879474163417714	0.36656021576149989	0.36444184587431439	0.36243609684022066	0.36053974583486548	0.35874986218121196	0.35706378954627355	0.355479130263127	0.35399373157959763	0.35260567366420714	0.3513132592255771	0.35011500462407696	Phi R (deg)



Tolerance Calcs - L

		Tolerances								Pin Joint Slop

		Lg		0.01						alpha1		0.02		0.01

		L1		0.008						alpha2		0.02		0.01

		L2		0.015						alpha3		0.02		0.01

		Y1		0.01						Tolerance Analysis on Multiple Positions of Mechanism - Vector Loop Method																																																																																						0

										Note: The following matricies cover 2 rows, so the tolerance analysis is done on every other position, not every one. 																																Without Geometric Variation

		Actual Path								A Matrix										B Matrix						"-BINV*A"										RSS Variances (Phi, Lambda)						Plot Data								F Matrix								"-BINV*F"								RSS Variances (Phi, Lambda)						Plot Data (w/ pin slop)

		Lg (in)		Phi (deg)		Lambda (deg) (theta + alpha)				Lg		L1		L2		Y1				phi		lambda (theta + alpha)		 		Lg		L1		L2		Y1				(rad)		(deg)				Lg (in)		dPhi (deg)		dLambda (deg)				Alpha1		Alpha2		Alpha3				Alpha1		Alpha2		Alpha3				(rad)		(deg)				dPhi (deg)		dLambda (deg)

		-18.5		70.4790770794		150.150124882				-1		-0.334151065		-0.8673325163		0				4.6669506946		-9.6669504837				0.1780485153		-0.0368070888		0.2052828782		-0.1021752724				0.0037124856		0.212709756				-18.5		0.212709756		0.0392388241				1		1		1				-0.0758732429		-0.0758732429		-0.0758732429				0.0039382196		0.2256433645				0.2256433645		0.0770476609

		-18.46		70.8873479256		150.1104196058				0		-0.9425195307		0.4977291495		-1				-1.6545721272		-16.8454278728				-0.0174880753		-0.0523358358		0.0093837819		-0.0493275474				0.0006848467		0.0392388241				-18.46								1		1		1				0.0668156227		0.0668156227		0.0668156227				0.0013447354		0.0770476609

		-18.42		71.2960653265		150.0714650165				-1		-0.3206780376		-0.8666483799		0				4.6900682212		-9.6900680103				0.1784382208		-0.0400785188		0.2058945992		-0.1027248136				0.0037256399		0.2134634437				-18.42		0.2134634437		0.0395039546				1		1		1				-0.0757134072		-0.0757134072		-0.0757134072				0.0039497024		0.2263012765				0.2263012765		0.076958875

		-18.38		71.7052581292		150.0332639566				0		-0.9471882581		0.498919418		-1				-1.5878594996		-16.8321405004				-0.0168329645		-0.052491791		0.0102178165		-0.0497196081				0.0006894741		0.0395039546				-18.38								1		1		1				0.0665525726		0.0665525726		0.0665525726				0.0013431858		0.076958875

		-18.34		72.1149553756		149.9958194454				-1		-0.3071082216		-0.8659889193		0				4.7122826433		-9.7122824324				0.1788784464		-0.0433662087		0.2065597404		-0.1032929223				0.0037399347		0.2142824717				-18.34		0.2142824717		0.0397911195				1		1		1				-0.0755855241		-0.0755855241		-0.0755855241				0.0039624566		0.2270320425				0.2270320425		0.0768829339

		-18.3		72.5251863191		149.959134681				0		-0.9516745979		0.5000631877		-1				-1.5206676166		-16.8193323834				-0.0161727383		-0.0526613654		0.0110559965		-0.0501164838				0.000694486		0.0397911195				-18.3								1		1		1				0.066289222		0.066289222		0.066289222				0.0013418603		0.0768829339

		-18.26		72.9359804414		149.9232130428				-1		-0.2934400511		-0.8653545336		0				4.7335886469		-9.733588436				0.1793699305		-0.0466726614		0.2072791249		-0.1038800446				0.0037553855		0.2151677389				-18.26		0.2151677389		0.040100419				1		1		1				-0.0754898859		-0.0754898859		-0.0754898859				0.0039764981		0.2278365576				0.2278365576		0.0768198478

		-18.22		73.3473674699		149.8880580938				0		-0.9559774769		0.5011601851		-1				-1.4529887241		-16.8070112759				-0.0155067717		-0.0528447689		0.0118989599		-0.0505184088				0.0006998843		0.040100419				-18.22								1		1		1				0.0660251805		0.0660251805		0.0660251805				0.0013407593		0.0768198478

		-18.18		73.7593773946		149.8536735828				-1		-0.2796718824		-0.8647456421		0				4.753980017		-9.7539798061				0.1799135305		-0.0500004381		0.2080537001		-0.1044866675				0.0037720106		0.2161202879				-18.18		0.2161202879		0.0404319903				1		1		1				-0.075426863		-0.075426863		-0.075426863				0.0039918451		0.2287158781				0.2287158781		0.0767696594

		-18.14		74.1720404867		149.8200634476				0		-0.9600956401		0.50221009		-1				-1.3848146836		-16.7951853164				-0.0148344239		-0.0530422429		0.0127473599		-0.0509256262				0.0007056714		0.0404319903				-18.14								1		1		1				0.0657600501		0.0657600501		0.0657600501				0.0013398833		0.0767696594

		-18.1		74.5853873164		149.7872318176				-1		-0.2658019912		-0.8641626841		0				4.7734496142		-9.7734494033				0.1805102272		-0.0533521689		0.2088845428		-0.1051133203				0.0037898308		0.2171413102				-18.1		0.2171413102		0.0407860088				1		1		1				-0.0753969069		-0.0753969069		-0.0753969069				0.0040085191		0.2296712281				0.2296712281		0.076732445

		-18.06		74.9994487718		149.7551830173				0		-0.9640276456		0.503212535		-1				-1.3161369574		-16.7838630426				-0.0141550357		-0.0532540621		0.0136018667		-0.0513383881				0.0007118501		0.0407860088				-18.06								1		1		1				0.0654934238		0.0654934238		0.0654934238				0.0013392338		0.076732445

		-18.02		75.4142560777		149.723921569				-1		-0.2518285694		-0.8636061207		0				4.7919893475		-9.7919891366				0.1811611305		-0.0567305628		0.2097728654		-0.1057605779				0.0038088696		0.2182321535				-18.02		0.2182321535		0.0411626911				1		1		1				-0.0754005526		-0.0754005526		-0.0754005526				0.0040265445		0.2307040067				0.2307040067		0.0767083161

		-17.98		75.8298408158		149.6934521972				0		-0.9677718593		0.5041671035		-1				-1.2469465922		-16.7730534078				-0.0134679267		-0.0534805354		0.0144631712		-0.0517569572				0.0007184245		0.0411626911				-17.98								1		1		1				0.065224884		0.065224884		0.065224884				0.0013388127		0.0767083161

		-17.94		76.2462349442		149.6637798313				-1		-0.2377497212		-0.8630764353		0				4.8095901433		-9.8095899324				0.1818674858		-0.0601384198		0.2107200224		-0.106429063				0.0038291534		0.2193943295				-17.94		0.2193943295		0.0415622968				1		1		1				-0.0754384228		-0.0754384228		-0.0754384228				0.0040459489		0.2318157963				0.2318157963		0.0766974204

		-17.9		76.6634708187		149.6349096107				0		-0.9713264488		0.5050733281		-1				-1.1772342011		-16.7627657989				-0.0127723925		-0.0537220083		0.0153319872		-0.0521816076				0.0007253989		0.0415622968				-17.9								1		1		1				0.0649540001		0.0649540001		0.0649540001				0.0013386225		0.0766974204

		-17.86		77.0815812137		149.6068468882				-1		-0.2235634595		-0.8625741345		0				4.8262419101		-9.8262416992				0.182630681		-0.0635786425		0.2117275185		-0.1071194494				0.0038507116		0.2206295225				-17.86		0.2206295225		0.0419851316				1		1		1				-0.0755112316		-0.0755112316		-0.0755112316				0.0040667633		0.2330083725				0.2330083725		0.0766999443

		-17.82		77.5005993446		149.5795972346				0		-0.974689376		0.5059306895		-1				-1.1069899439		-16.7530100561				-0.0120677017		-0.0539788644		0.0162090547		-0.0526126257				0.0007327788		0.0419851316				-17.82								1		1		1				0.0646803273		0.0646803273		0.0646803273				0.0013386666		0.0766999443

		-17.78		77.9205588898		149.5531664439				-1		-0.2092677009		-0.8620997492		0				4.8419334986		-9.8419332877				0.1834522555		-0.0670542494		0.2127970175		-0.1078324656				0.0038735768		0.2219395998				-17.78		0.2219395998		0.0424315506				1		1		1				-0.0756197898		-0.0756197898		-0.0756197898				0.0040890222		0.2342837153				0.2342837153		0.0767161145

		-17.74		78.3414940149		149.5275605376				0		-0.9778583892		0.5067386135		-1				-1.036203506		-16.743796494				-0.0113530925		-0.0542515278		0.0170951431		-0.0530503116				0.0007405703		0.0424315506				-17.74								1		1		1				0.0644034041		0.0644034041		0.0644034041				0.0013389488		0.0767161145

		-17.7		78.7634393962		149.5027857703				-1		-0.194860262		-0.8616538364		0				4.8566526567		-9.8566524458				0.1843339092		-0.0705683892		0.2139303528		-0.1085688987				0.0038977849		0.223326624				-17.7		0.223326624		0.0429019612				1		1		1				-0.0757650105		-0.0757650105		-0.0757650105				0.0041127641		0.2356440223				0.2356440223		0.0767462011

		-17.66		79.1864302459		149.4788486354				0		-0.9808310141		0.5074964692		-1				-0.9648640748		-16.7351359252				-0.0106277695		-0.0545404659		0.0179910554		-0.0534949805				0.0007487805		0.0429019612				-17.66								1		1		1				0.06412275		0.06412275		0.06412275				0.0013394739		0.0767462011

		-17.62		79.610502338		149.4557558705				-1		-0.1803388532		-0.8612369796		0				4.8703859793		-9.8703857684				0.1852775141		-0.0741243557		0.2151295387		-0.1093295988				0.0039233756		0.2247928653				-17.62		0.2247928653		0.043396827				1		1		1				-0.0759479153		-0.0759479153		-0.0759479153				0.0041380312		0.2370917227				0.2370917227		0.0767905204

		-17.58		80.0356920354		149.4335144638				0		-0.9836045435		0.5082035666		-1				-0.8929603141		-16.7270396859				-0.0098908994		-0.0548461923		0.0188976311		-0.053946964				0.0007574175		0.043396827				-17.58								1		1		1				0.0638378634		0.0638378634		0.0638378634				0.0013402474		0.0767905204

		-17.54		80.4620363172		149.4121316607				-1		-0.1657010738		-0.8608497908		0				4.8831188525		-9.8831186416				0.186285126		-0.0777256051		0.2163967837		-0.1101154841				0.0039503925		0.2263408173				-17.54		0.2263408173		0.0439166724				1		1		1				-0.0761696419		-0.0761696419		-0.0761696419				0.0041648704		0.2386294942				0.2386294942		0.0768494381

		-17.5		80.8895728078		149.3916149703				0		-0.9861760259		0.508859153		-1				-0.8204803363		-16.7195196637				-0.0091416073		-0.05516927		0.0198157515		-0.0544066115				0.0007664905		0.0439166724				-17.5								1		1		1				0.0635482188		0.0635482188		0.0635482188				0.0013412757		0.0768494381

		-17.46		81.318339807		149.3719721729				-1		-0.1509444055		-0.8604929122		0				4.8948353908		-9.8948351799				0.1873589987		-0.0813757736		0.2177345054		-0.110927546				0.0039788832		0.2279732136				-17.46		0.2279732136		0.0444620869				1		1		1				-0.0764314526		-0.0764314526		-0.0764314526				0.004193333		0.2402602818				0.2402602818		0.0769233736

		-17.42		81.748376321		149.3532113272				0		-0.9885422532		0.5094624108		-1				-0.7474116716		-16.7125883284				-0.0083789716		-0.0555103155		0.0207463436		-0.0548742923				0.0007760098		0.0444620869				-17.42								1		1		1				0.0632532639		0.0632532639		0.0632532639				0.0013425661		0.0769233736

		-17.38		82.1797220951		149.3353407787				-1		-0.1360662056		-0.8601670175		0				4.9055183679		-9.905518157				0.1885015998		-0.0850786986		0.2191453473		-0.1117668561				0.0040088999		0.2296930468				-17.38		0.2296930468		0.0450337306				1		1		1				-0.0767347437		-0.0767347437		-0.0767347437				0.0042234755		0.2419873188				0.2419873188		0.0770128042

		-17.34		82.6124176474		149.3183691678				0		-0.9906997465		0.5100124528		-1				-0.6737412353		-16.7062587647				-0.0076020192		-0.0558700025		0.0216903857		-0.0553503973				0.0007859869		0.0450337306				-17.34								1		1		1				0.0629524166		0.0629524166		0.0629524166				0.001344127		0.0770128042

		-17.3		83.046504304		149.3023054386				-1		-0.1210637001		-0.8598728139		0				4.9151491396		-9.9151489287				0.1897156288		-0.08883844		0.2206321978		-0.1126345725				0.0040404999		0.2315035908				-17.3		0.2315035908		0.0456323397				1		1		1				-0.0770810563		-0.0770810563		-0.0770810563				0.0042553597		0.2438141509				0.2438141509		0.0771182705

		-17.26		83.482024236		149.2871588484				0		-0.9926447403		0.5105083192		-1				-0.5994552906		-16.7005447094				-0.0068097202		-0.0562490676		0.0226489128		-0.0558353411				0.0007964346		0.0456323397				-17.26								1		1		1				0.0626450613		0.0626450613		0.0626450613				0.0013459677		0.0771182705

		-17.22		83.9190204977		149.272938977				-1		-0.1059339748		-0.8596110443		0				4.9237075582		-9.9237073473				0.1910040367		-0.0926593057		0.2221982116		-0.1135319479				0.0040737455		0.2334084247				-17.22		0.2334084247		0.0462587334				1		1		1				-0.0774720888		-0.0774720888		-0.0774720888				0.0042890535		0.2457446633				0.2457446633		0.0772403821

		-17.18		84.3575370672		149.2596557379				0		-0.9943731659		0.5109489726		-1				-0.5245394087		-16.6954605913				-0.0060009812		-0.0566483149		0.0236230233		-0.0563295642				0.0008073672		0.0462587334				-17.18								1		1		1				0.0623305454		0.0623305454		0.0623305454				0.001348099		0.0772403821

		-17.14		84.7976188877		149.2473193881				-1		-0.0906739673		-0.8593824895		0				4.9311718773		-9.9311716664				0.1923700493		-0.0965458788		0.2238468339		-0.1144603387				0.0041087051		0.2354114606				-17.14		0.2354114606		0.0469138214				1		1		1				-0.0779097106		-0.0779097106		-0.0779097106				0.0043246311		0.2477831114				0.2477831114		0.0773798247

		-17.1		85.2393119121		149.2359405404				0		-0.9958806312		0.5113332933		-1				-0.4489784254		-16.6910215746				-0.0051746384		-0.0570686228		0.0246138855		-0.0568335361				0.0008188006		0.0469138214				-17.1								1		1		1				0.0620081745		0.0620081745		0.0620081745				0.0013505327		0.0773798247

		-17.06		85.6826631491		149.2255301749				-1		-0.0752804568		-0.8591879706		0				4.9375186463		-9.9375184354				0.193817193		-0.1005030488		0.225581828		-0.1154212148				0.0041454532		0.237516975				-17.06		0.237516975		0.0475986116				1		1		1				-0.0783959782		-0.0783959782		-0.0783959782				0.0043621739		0.2499341557				0.2499341557		0.0775373671

		-17.02		86.127720711		149.2160996519				0		-0.9971624004		0.5116600739		-1				-0.3727563924		-16.6872436076				-0.0043294506		-0.0575109508		0.0256227461		-0.0573477578				0.0008307525		0.0475986116				-17.02								1		1		1				0.0616772084		0.0616772084		0.0616772084				0.0013532823		0.0775373671

		-16.98		86.5745338649		149.2076607254				-1		-0.0597500533		-0.8590283519		0				4.9427225926		-9.9427223817				0.1953493238		-0.1045360455		0.2274073066		-0.1164161707				0.0041840716		0.2397296445				-16.98		0.2397296445		0.0483142203				1		1		1				-0.0789331532		-0.0789331532		-0.0789331532				0.004401771		0.2522029014				0.2522029014		0.0777138708

		-16.94		87.0231530857		149.2002255569				0		-0.9982133695		0.5119280132		-1				-0.2958565245		-16.6841434755				-0.0034640898		-0.0579763474		0.0266509383		-0.0578727651				0.0008432422		0.0483142203				-16.94								1		1		1				0.061336855		0.061336855		0.061336855				0.0013563629		0.0777138708

		-16.9		87.4736301121		149.193806731				-1		-0.044079186		-0.8589045437		0				4.9467564913		-9.9467562805				0.1969706613		-0.1086504786		0.2293277672		-0.1174469387				0.0042246495		0.242054586				-16.9		0.242054586		0.0490618819				1		1		1				-0.0795237225		-0.0795237225		-0.0795237225				0.00444352		0.2545949429				0.2545949429		0.0779103

		-16.86		87.9260180056		149.1884172701				0		-0.9990280403		0.5121357094		-1				-0.2182611407		-16.6817388593				-0.0025771319		-0.0584659592		0.0276998923		-0.0584091326				0.0008562914		0.0490618819				-16.86								1		1		1				0.0609862645		0.0609862645		0.0609862645				0.0013597913		0.0779103

		-16.82		88.3803712122		149.184070652				-1		-0.0282640905		-0.8588175058		0				4.9495910194		-9.9495908086				0.1986858259		-0.1128523814		0.2313481322		-0.1185154035				0.0042672847		0.2444974031				-16.82		0.2444974031		0.0498429619				1		1		1				-0.0801704224		-0.0801704224		-0.0801704224				0.004487528		0.2571164156				0.2571164156		0.0781277326

		-16.78		88.8367456279		149.1807808272				0		-0.9996004908		0.5122816527		-1				-0.1399516004		-16.6800483996				-0.0016670455		-0.0589810411		0.0287711462		-0.0589574776				0.0008699238		0.0498429619				-16.78								1		1		1				0.0606245231		0.0606245231		0.0606245231				0.0013635862		0.0781277326

		-16.74		89.2951986674		149.1785622369				-1		-0.0123007936		-0.8587682511		0				4.951194593		-9.9511943821				0.2004998831		-0.1171482603		0.2334737956		-0.1196236185				0.0043120844		0.2470642382				-16.74		0.2470642382		0.0506589699				1		1		1				-0.0808762646		-0.0808762646		-0.0808762646				0.0045339126		0.2597740544				0.2597740544		0.0783673746

		-16.7		89.7557893369		149.1774298337				0		-0.9999243424		0.5123642171		-1				-0.0609082309		-16.6790917691				-0.0007321797		-0.0595229682		0.0298663589		-0.0595184648				0.0008841658		0.0506589699				-16.7								1		1		1				0.0602506446		0.0602506446		0.0602506446				0.0013677687		0.0783673746

		-16.66		90.2185783103		149.1773991015				-1		0.0038149019		-0.8587578496		0				4.9515331855		-9.9515329746				0.2024183924		-0.1215451522		0.235710675		-0.1207738247				0.0043591663		0.2497618329				-16.66		0.2497618329		0.0515115756				1		1		1				-0.0816445677		-0.0816445677		-0.0816445677				0.0045828028		0.2625752602				0.2625752602		0.0786305746

		-16.62		90.6836280111		149.1784860781				0		-0.9999927232		0.5123816504		-1				0.018889751		-16.678889751				0.0002292499		-0.0600932494		0.0309873243		-0.0600928121				0.0008990466		0.0515115756				-16.62								1		1		1				0.0598635622		0.0598635622		0.0598635622				0.0013723624		0.0786305746

		-16.58		91.1510026973		149.1807073782				-1		0.0200874356		-0.8587874333		0				4.9505701245		-9.9505699136				0.204447465		-0.1260506883		0.2380652733		-0.121968473				0.0044086598		0.2525975972				-16.58		0.2525975972		0.0524026268				1		1		1				-0.082478992		-0.082478992		-0.082478992				0.004634341		0.2655281774				0.2655281774		0.0789188424

		-16.54		91.6207685528		149.1840802185				0		-0.9997982271		0.5123320646		-1				0.0994643279		-16.6794643279				0.0012191776		-0.0606935423		0.0321359881		-0.060681296				0.0009145984		0.0524026268				-16.54								1		1		1				0.0594621184		0.0594621184		0.0594621184				0.0013773936		0.0789188424

		-16.5		92.0929937832		149.1886224435				-1		0.036521509		-0.8588582007		0				4.9482658625		-9.9482656516				0.2065938289		-0.1306731693		0.2405447474		-0.1232102485				0.0044607071		0.2555796888				-16.5		0.2555796888		0.0533341699				1		1		1				-0.0833835804		-0.0833835804		-0.0833835804				0.0046886836		0.2686417825				0.2686417825		0.0792338694

		-16.46		92.5677487182		149.194352554				0		-0.9993328672		0.5122134234		-1				0.1808387798		-16.6808387798				0.0022397061		-0.0613256718		0.0333144663		-0.0612847594				0.0009308569		0.0533341699				-16.46								1		1		1				0.0590450533		0.0590450533		0.0590450533				0.0013828919		0.0792338694

		-16.42		93.0451059196		149.2012897364				-1		0.0531221079		-0.8589714229		0				4.94457772		-9.9445775091				0.2088649054		-0.1354216501		0.2431569897		-0.1245021001				0.0045154653		0.2587171052				-16.42		0.2587171052		0.0543084739				1		1		1				-0.0843628053		-0.0843628053		-0.0843628053				0.0047460038		0.2719259863				0.2719259863		0.0795775527

		-16.38		93.5251402966		149.2094538941				0		-0.998588024		0.5120235294		-1				0.263037794		-16.683037794				0.0032931271		-0.0619916498		0.0345250676		-0.0619041191				0.0009478617		0.0543084739				-16.38								1		1		1				0.0586109919		0.0586109919		0.0586109919				0.0013888903		0.0795775527

		-16.34		94.0079292282		149.2188656814				-1		0.0698945271		-0.8591284498		0				4.939459595		-9.9394593842				0.2112688968		-0.1403060388		0.2459107213		-0.1258472729				0.004573108		0.2620197899				-16.34		0.2620197899		0.055328058				1		1		1				-0.0854216239		-0.0854216239		-0.0854216239				0.0048064928		0.2753917531				0.2753917531		0.0799520234

		-16.3		94.4935526934		149.229546539				0		-0.997554387		0.5117600089		-1				0.3460875888		-16.6860875888				0.0043819465		-0.0626936998		0.0357703179		-0.0625403752				0.0009656568		0.055328058				-16.3								1		1		1				0.0581584288		0.0581584288		0.0581584288				0.0013954261		0.0799520234

		-16.26		94.9820934101		149.2415187322				-1		0.0868443988		-0.8593307174		0				4.9328616345		-9.9328614236				0.2138148889		-0.1453372113		0.248815601		-0.1272493481				0.0046338275		0.2654987568				-16.26		0.2654987568		0.0563957237				1		1		1				-0.0865655408		-0.0865655408		-0.0865655408				0.0048703629		0.2790512393				0.2790512393		0.0803596796

		-16.22		95.4736369834		149.2548053915				0		-0.9962218881		0.511420295		-1				0.4300160518		-16.6900160518				0.0055089123		-0.0634342842		0.03705299		-0.0631946224				0.0009842911		0.0563957237				-16.22								1		1		1				0.0576857101		0.0576857101		0.0576857101				0.001402541		0.0803596796

		-16.18		95.9682720634		149.2694305559				-1		0.1039777238		-0.8595797555		0				4.9247298611		-9.9247296502				0.2165129711		-0.1505271446		0.2518823526		-0.1287122874				0.004697837		0.269166235				-16.18		0.269166235		0.0575145923				1		1		1				-0.0878006837		-0.0878006837		-0.0878006837				0.0049378498		0.2829179545				0.2829179545		0.0808032247

		-16.14		96.4660905144		149.2854192194				0		-0.9945796262		0.5110016086		-1				0.5148528967		-16.6948528967				0.0066770478		-0.0642161371		0.0383761373		-0.0638680616				0.001003819		0.0575145923				-16.14								1		1		1				0.0571910139		0.0571910139		0.0571910139				0.0014102823		0.0808032247

		-16.1		96.9671875959		149.3027973808				-1		0.1213009077		-0.8598771971		0				4.9150057482		-9.9150055373				0.2193743768		-0.1558890736		0.2551229147		-0.1302404868				0.0047653744		0.2730358388				-16.1		0.2730358388		0.0586881493				1		1		1				-0.08913389		-0.08913389		-0.08913389				0.0050092163		0.2870069526				0.2870069526		0.0812857138

		-16.06		97.4716621559		149.3215920964				0		-0.9926157816		0.5105009363		-1				0.6006298404		-16.7006298404				0.0078896903		-0.0650423021		0.0397431341		-0.0645620155				0.0010243014		0.0586881493				-16.06								1		1		1				0.0566723252		0.0566723252		0.0566723252				0.0014187033		0.0812857138

		-16.02		97.9796168392		149.3418315375				-1		0.1388208011		-0.8602247888		0				4.903625734		-9.9036255231				0.2224116493		-0.161437675		0.2585506164		-0.1318388389				0.0048367047		0.2771227685				-16.02		0.2771227685		0.0599202957				1		1		1				-0.0905728104		-0.0905728104		-0.0905728104				0.0050847559		0.2913350551				0.2913350551		0.0818106075

		-15.98		98.4911583097		149.3635450511				0		-0.9903175174		0.5099150054		-1				0.6873808052		-16.7073808052				0.0091505365		-0.0659161774		0.0411577221		-0.0652779451				0.0010458064		0.0599202957				-15.98								1		1		1				0.0561274086		0.0561274086		0.0561274086				0.0014278645		0.0818106075

		-15.94		99.0063974908		149.3867632259				-1		0.1565447467		-0.8606244026		0				4.8905206635		-9.8905204526				0.2256388389		-0.167189285		0.262180387		-0.1335128072				0.0049121253		0.2814440479				-15.94		0.2814440479		0.0612154103				1		1		1				-0.0921260317		-0.0921260317		-0.0921260317				0.0051647978		0.2959211178				0.2959211178		0.0823818367

		-15.9		99.525449823		149.4115179627				0		-0.9876708674		0.5092402553		-1				0.7751421486		-16.7151421486				0.0104636965		-0.0668415691		0.0426240661		-0.0660174705				0.0010684105		0.0612154103				-15.9								1		1		1				0.055553774		0.055553774		0.055553774				0.0014378343		0.0823818367

		-15.86		100.0484355419		149.4378425509				-1		0.1744806323		-0.8610780494		0				4.8756151457		-9.8756149348				0.2290717367		-0.1731621586		0.266029005		-0.1352685142				0.0049919699		0.2860188083				-15.86		0.2860188083		0.0625784222				1		1		1				-0.0938032225		-0.0938032225		-0.0938032225				0.0052497121		0.3007863469				0.3007863469		0.0830038799

		-15.82		100.5754799781		149.4657717503				0		-0.984660606		0.5084728044		-1				0.8639529278		-16.7239529278				0.0118337572		-0.0678227549		0.0441468201		-0.0667823949				0.0010921995		0.0625784222				-15.82								1		1		1				0.0549486378		0.0549486378		0.0549486378				0.001448691		0.0830038799

		-15.78		101.1067138815		149.4953418795				-1		0.1926369524		-0.861587895		0				4.8588268091		-9.8588265982				0.2327281559		-0.1793767797		0.2701153965		-0.1371128473				0.0050766152		0.2908686273				-15.78		0.2908686273		0.0640148993				1		1		1				-0.0956153086		-0.0956153086		-0.0956153086				0.0053399165		0.3059546796				0.3059546796		0.0836818562

		-15.74		101.6422737715		149.5265909123				0		-0.9812700977		0.5076084113		-1				0.9538552037		-16.7338552037				0.0132658589		-0.0688645598		0.0457312065		-0.0675747333				0.0011172708		0.0640148993				-15.74								1		1		1				0.0543088744		0.0543088744		0.0543088744				0.0014605239		0.0836818562

		-15.7		102.182302317		149.5595585809				-1		0.2110228794		-0.8621562776		0				4.8400654351		-9.8400652242				0.2366282704		-0.1858562344		0.2744609957		-0.1390535861				0.0051664877		0.296017939				-15.7		0.296017939		0.0655311535				1		1		1				-0.0975746843		-0.0975746843		-0.0975746843				0.0054358845		0.3114532417				0.3114532417		0.0844216383

		-15.66		102.7269487487		149.5942864883				0		-0.9774811223		0.5066424311		-1				1.0448943936		-16.7448943936				0.0147657875		-0.0699724484		0.0473831108		-0.0683967474				0.0011437344		0.0655311535				-15.66								1		1		1				0.0536309599		0.0536309599		0.0536309599				0.0014734355		0.0844216383

		-15.62		103.2763693067		149.630818231				-1		0.2296483462		-0.8627857297		0				4.819231945		-9.8192317341				0.2407950264		-0.1926266633		0.2790901821		-0.1410995571				0.0052620722		0.3014945304				-15.62		0.3014945304		0.0671343698				1		1		1				-0.0996954693		-0.0996954693		-0.0996954693				0.0055381549		0.3173129044				0.3173129044		0.0852299896

		-15.58		103.8307277281		149.669199531				0		-0.9732736702		0.5055697624		-1				1.1371196816		-16.7571196816				0.0163400852		-0.0711526362		0.0491091976		-0.0692509874				0.0011717158		0.0671343698				-15.58								1		1		1				0.0529109021		0.0529109021		0.0529109021				0.0014875439		0.0852299896

		-15.54		104.3901957785		149.7094783809				-1		0.2485241435		-0.8634790023		0				4.7962172075		-9.7962169967				0.2452546446		-0.1997178146		0.2840308148		-0.1432608218				0.005363923		0.3073301491				-15.54		0.3073301491		0.0688327624				1		1		1				-0.1019938228		-0.1019938228		-0.1019938228				0.0056473438		0.3235689644				0.3235689644		0.0861147327

		-15.5		104.9549538326		149.7517052014				0		-0.9686257018		0.5043847863		-1				1.2305844986		-16.7705844986				0.0179961864		-0.0724122256		0.0509170509		-0.0701403429				0.0012013583		0.0688327624				-15.5								1		1		1				0.0521441565		0.0521441565		0.0521441565				0.0015029856		0.0861147327

		-15.46		105.5251915093		149.7959330141				-1		0.2676620342		-0.8642390943		0				4.7709006281		-9.7709004172				0.2500372397		-0.2071637229		0.2893148914		-0.1455489098				0.0054726762		0.3135612515				-15.46		0.3135612515		0.0706357684				1		1		1				-0.1044883299		-0.1044883299		-0.1044883299				0.005764159		0.3302619814				0.3302619814		0.0870849577

		-15.42		106.1011083676		149.8422176301				0		-0.9635128621		0.5030812936		-1				1.3253470893		-16.7853470893				0.0197425842		-0.0737593743		0.0528153477		-0.0710681059				0.0012328267		0.0706357684				-15.42								1		1		1				0.0513255217		0.0513255217		0.0513255217				0.0015199192		0.0870849577

		-15.38		106.6829146713		149.8906178571				-1		0.287074889		-0.8650692869		0				4.7431484676		-9.7431482567				0.2551775894		-0.215003553		0.2949793656		-0.1479771062				0.0055890667		0.3202299317				-15.38		0.3202299317		0.0725542874				1		1		1				-0.1072004832		-0.1072004832		-0.1072004832				0.0058894184		0.3374388193				0.3374388193		0.0881512814

		-15.34		107.2708322303		149.9411957274				0		-0.9579081418		0.5016523984		-1				1.4214711832		-16.8014711832				0.0215890374		-0.0752035035		0.0548140729		-0.0720380483				0.0012663112		0.0725542874				-15.34								1		1		1				0.0504490109		0.0504490109		0.0504490109				0.0015385301		0.0881512814

		-15.3		107.8650953285		149.9940167485				-1		0.3067768481		-0.8659731853		0				4.7128118251		-9.7128116142				0.2607160979		-0.2232826543		0.301067172		-0.1505608127				0.0057139477		0.3273850853				-15.3		0.3273850853		0.0746009814				1		1		1				-0.1101552852		-0.1101552852		-0.1101552852				0.0060240729		0.3451539508				0.3451539508		0.0893261729

		-15.26		108.465951749		150.0491501804				0		-0.9517814694		0.5000904341		-1				1.5190267976		-16.8190267976				0.0235468285		-0.0767555591		0.0569247881		-0.0730545188				0.0013020328		0.0746009814				-15.26								1		1		1				0.0495076903		0.0495076903		0.0495076903				0.0015590358		0.0893261729

		-15.22		109.0736639099		150.1066693416				-1		0.3267835173		-0.866954768		0				4.6797241974		-9.6797239865				0.266700015		-0.2320538946		0.3076285232		-0.1533180039				0.005848317		0.3350838819				-15.22		0.3350838819		0.076790655				1		1		1				-0.1133820111		-0.1133820111		-0.1133820111				0.0061692346		0.3534711074				0.3534711074		0.0906243667

		-15.18		109.6885101254		150.1666519491				0		-0.9450992185		0.4983868279		-1				1.6180912047		-16.8380912047				0.0256290896		-0.0784283425		0.0591609716		-0.0741225652				0.0013402498		0.076790655				-15.18								1		1		1				0.0484934756		0.0484934756		0.0484934756				0.0015816936		0.0906243667

		-15.14		110.3107860098		150.2291804964				-1		0.3471122043		-0.8680184475		0				4.6436985027		-9.6436982918				0.2731849949		-0.2413793622		0.314722568		-0.1562698096				0.0059933498		0.3433936476				-15.14		0.3433936476		0.0791407399				1		1		1				-0.1169151853		-0.1169151853		-0.1169151853				0.0063262145		0.3624653905				0.3624653905		0.0920633914

		-15.1		110.9408060442		150.2943426746				0		-0.9378236069		0.4965319473		-1				1.7187501057		-16.8587501057				0.0278512189		-0.0802369335		0.0615384526		-0.0752480904				0.0013812665		0.0791407399				-15.1								1		1		1				0.0473968715		0.0473968715		0.0473968715				0.0016068093		0.0920633914

		-15.06		111.5789053297		150.3622318431				-1		0.3677822106		-0.8691691447		0				4.6045234149		-9.604523204				0.2802371125		-0.2513325665		0.3224195362		-0.1594412685				0.0061504408		0.3523942994				-15.06		0.3523942994		0.0816719226				1		1		1				-0.120795844		-0.120795844		-0.120795844				0.0064965693		0.3722260022				0.3722260022		0.0936642558

		-15.02		112.2254415561		150.4329475578				0		-0.9299119558		0.4945149118		-1				1.8210990725		-16.8810990725				0.030231417		-0.0821992368		0.0640759719		-0.076438053				0.001425444		0.0816719226				-15.02								1		1		1				0.046206636		0.046206636		0.046206636				0.0016347497		0.0936642558

		-14.98		112.8807972171		150.5065961641				-1		0.3888151914		-0.8704123803		0				4.5619588029		-9.561958592				0.2879355046		-0.2620013163		0.3308035491		-0.1628623139				0.0063212603		0.3621815341				-14.98		0.3621815341		0.0844089651				1		1		1				-0.1250731907		-0.1250731907		-0.1250731907				0.0066821645		0.3828598229				0.3828598229		0.0954523478

		-14.94		113.5453821136		150.5832914669				0		-0.9213157694		0.4923233573		-1				1.9252453326		-16.9052453326				0.0327913896		-0.0843366986		0.0667959159		-0.0777007304				0.0014732144		0.0844089651				-14.94								1		1		1				0.0449093408		0.0449093408		0.0449093408				0.0016659577		0.0954523478

		-14.9		114.2196361895		150.6631554882				-1		0.4102356081		-0.8717543908		0				4.5157299918		-9.5157297809				0.2963758788		-0.2734915401		0.3399763533		-0.1665690826				0.0065078278		0.3728710642				-14.9		0.3728710642		0.0873817953				1		1		1				-0.1298067961		-0.1298067961		-0.1298067961				0.006885257		0.3944961647				0.3944961647		0.0974586309

		-14.86		114.9040327582		150.7463193284				0		-0.9119795754		0.4899431417		-1				2.0313100086		-16.9313100086				0.0355572775		-0.0866752589		0.0697252906		-0.0790460658				0.0015251		0.0873817953				-14.86								1		1		1				0.0434887883		0.0434887883		0.0434887883				0.001700974		0.0974586309

		-14.82		115.5990821857		150.8329241472				-1		0.4320713024		-0.8732022743		0				4.4655204485		-9.4655202376				0.3056752488		-0.2859324352		0.3500623599		-0.1706056801				0.0067126119		0.3846043335				-14.82		0.3846043335		0.0906269772				1		1		1				-0.1350695687		-0.1350695687		-0.1350695687				0.0071086071		0.4072931876				0.4072931876		0.0997212607

		-14.78		116.3053361131		150.9231222884				0		-0.9018394478		0.4873579672		-1				2.1394309605		-16.9594309605				0.03856091		-0.0892466354		0.0728970342		-0.0804861364				0.0015817391		0.0906269772				-14.78								1		1		1				0.0419252264		0.0419252264		0.0419252264				0.0017404643		0.0997212607

		-14.74		117.0233923175		151.0170785718				-1		0.4543542358		-0.874764179		0				4.4109623261		-9.4109621152				0.3159784359		-0.2994835304		0.3612155635		-0.1750266019				0.0069386675		0.3975563634				-14.74		0.3975563634		0.0941897282				1		1		1				-0.1409518339		-0.1409518339		-0.1409518339				0.0073556327		0.4214467099				0.4214467099		0.1022878062

		-14.7		117.7539003344		151.1149717857				0		-0.8908210979		0.4845488944		-1				2.2497664474		-16.9897664474				0.0418415218		-0.0920900885		0.0763518176		-0.0820357938				0.0016439209		0.0941897282				-14.7								1		1		1				0.040194272		0.040194272		0.040194272				0.001785259		0.1022878062

		-14.66		118.4975679918		151.2169964198				-1		0.4771214571		-0.8764495506		0				4.3516240463		-9.3516238354				0.3274671732		-0.3143445646		0.3736292328		-0.1799001226				0.0071898269		0.4119467394				-14.66		0.4119467394		0.098126743				1		1		1				-0.1475670506		-0.1475670506		-0.1475670506				0.0076306239		0.4372025473				0.4372025473		0.1052183625

		-14.62		119.2551690432		151.3233646865				0		-0.8788373656		0.4814937022		-1				2.3624999196		-17.0224999196				0.0454481524		-0.095254891		0.0801405634		-0.0837135575				0.0017126348		0.098126743				-14.62								1		1		1				0.0382654051		0.0382654051		0.0382654051				0.0018364069		0.1052183625

		-14.58		120.0275521361		151.4343088928				-1		0.5004163926		-0.8782694602		0				4.2869936906		-9.2869934797				0.3403731406		-0.3307696142		0.3875497852		-0.1853131434				0.007470975		0.4280553389				-14.58		0.4280553389		0.1025102332				1		1		1				-0.1550599972		-0.1550599972		-0.1550599972				0.0079390521		0.4548741811				0.4548741811		0.1085900123

		-14.54		120.815651411		151.5500842395				0		-0.8657848659		0.4781660332		-1				2.4778464051		-17.0578464051				0.049443074		-0.0988038657		0.0843280471		-0.0855428916				0.0017891411		0.1025102332				-14.54								1		1		1				0.0360998176		0.0360998176		0.0360998176				0.0018952532		0.1085900123

		-14.5		121.6204991092		151.6709721473				-1		0.5242906007		-0.8802370525		0				4.2164563274		-9.2164561165				0.3549971072		-0.3490878177		0.4032971643		-0.1913783077				0.0077884519		0.4462454242				-14.5		0.4462454242		0.1074338565				1		1		1				-0.1636187995		-0.1636187995		-0.1636187995				0.0082880225		0.4748687094				0.4748687094		0.1125033797

										0		-0.8515394096		0.4745342258		-1				2.5960611991		-17.0960611991				0.0539068154		-0.1028185807		0.0889981808		-0.0875540735				0.0018750745		0.1074338565												1		1		1				0.0336472581		0.0336472581		0.0336472581				0.0019635544		0.1125033797





Variance in Phi R

due to Tolerance Effects (deg)

dPhi (deg)	-18.5	-18.46	-18.420000000000002	-18.380000000000003	-18.340000000000003	-18.300000000000004	-18.260000000000005	-18.220000000000006	-18.180000000000007	-18.140000000000008	-18.100000000000009	-18.060000000000009	-18.02000000000001	-17.980000000000011	-17.940000000000012	-17.900000000000013	-17.860000000000014	-17.820000000000014	-17.780000000000015	-17.740000000000016	-17.700000000000017	-17.660000000000018	-17.620000000000019	-17.58000000000002	-17.54000000000002	-17.500000000000021	-17.460000000000022	-17.420000000000023	-17.380000000000024	-17.340000000000025	-17.300000000000026	-17.260000000000026	-17.220000000000027	-17.180000000000028	-17.140000000000029	-17.10000000000003	-17.060000000000031	-17.020000000000032	-16.980000000000032	-16.940000000000033	-16.900000000000034	-16.860000000000035	-16.820000000000036	-16.780000000000037	-16.740000000000038	-16.700000000000038	-16.660000000000039	-16.62000000000004	-16.580000000000041	-16.540000000000042	-16.500000000000043	-16.460000000000043	-16.420000000000044	-16.380000000000045	-16.340000000000046	-16.300000000000047	-16.260000000000048	-16.220000000000049	-16.180000000000049	-16.14000000000005	-16.100000000000051	-16.060000000000052	-16.020000000000053	-15.980000000000054	-15.940000000000055	-15.900000000000055	-15.860000000000056	-15.820000000000057	-15.780000000000058	-15.740000000000059	-15.70000000000006	-15.660000000000061	-15.620000000000061	-15.580000000000062	-15.540000000000063	-15.500000000000064	-15.460000000000065	-15.420000000000066	-15.380000000000067	-15.340000000000067	-15.300000000000068	-15.260000000000069	-15.22000000000007	-15.180000000000071	-15.140000000000072	-15.100000000000072	-15.060000000000073	-15.020000000000074	-14.980000000000075	-14.940000000000076	-14.900000000000077	-14.860000000000078	-14.820000000000078	-14.780000000000079	-14.74000000000008	-14.700000000000081	-14.660000000000082	-14.620000000000083	-14.580000000000084	-14.540000000000084	-14.500000000000085	0.21270975602636857	0.21346344370212356	0.21428247169734657	0.21516773894253313	0.21612028787115073	0.21714131017243882	0.21823215354246747	0.21939432951287621	0.22062952245177195	0.22193959984831857	0.22332662401197118	0.22479286533962492	0.22634081732975317	0.22797321355260466	0.22969304682060279	0.23150359084430444	0.23340842470790918	0.23541146055600137	0.23751697495191385	0.23972964445029585	0.24205458602526519	0.2444974031147514	0.24706423818626927	0.24976183290555334	0.25259759720527342	0.25557968881659787	0.25871710515499396	0.26201978986052488	0.26549875680465135	0.26916623502004139	0.27303583882680327	0.27712276847118877	0.2814440479332419	0.286018808296505	0.29086862734133878	0.29601793901260776	0.3014945303882911	0.30733014911677325	0.31356125154335723	0.32022993170931607	0.327385085263455	0.33508388185997107	0.3433936475589589	0.35239429935947303	0.36218153406442749	0.37287106424290567	0.38460433352644724	0.39755636337556549	0.41194673940584764	0.42805533886435643	0.44624542423730967	Lg (in)



Variance in Phi R along Phi R

Variance in Phi (right side) along Phi	70.4790770794163	70.887347925588912	71.296065326489611	71.705258129169721	72.114955375563724	72.525186319073384	72.935980441429649	73.347367469860615	73.759377394593301	74.172040486718117	74.585387316447111	74.999448771795514	75.414256077721532	75.829840815757024	76.246234944163334	76.663470818653238	77.081581213712838	77.500599344569181	77.920558889842667	78.341494014931826	78.763439396176381	79.186430245850417	79.610502338037762	80.03569203544555	80.462036317216416	80.889572807801642	81.318339806961617	81.748376320966827	82.17972209507316	82.612417647352387	83.046504303964255	83.482024235962811	83.919020497731793	84.357537067157651	84.79761888765006	85.239311912128983	85.682663149110539	86.127720711025717	86.574533864923765	87.023153085717666	87.473630112144022	87.926018005623476	88.380371212219984	88.836745627915306	89.295198667431492	89.755789336852345	90.218578310319785	90.683628011097525	91.151002697324188	91.620768552807405	92.092993783233808	92.567748718212371	93.045105919599777	93.525140296599488	94.00792922817287	94.493552693350239	94.982093410086861	95.473636983370497	95.968272063358839	96.466090514399809	96.967187595878613	97.471662155931	97.979616839169097	98.491158309695976	99.006397490813583	99.525449822995114	100.0484355418596	100.57547997809193	101.10671388147699	101.64227377147047	102.18230231702726	102.72694874873729	103.2763693067082	103.83072772807107	104.39019577848929	104.95495383264135	105.52519150932056	106.10110836757737	106.68291467124952	107.27083223028571	107.86509532852095	108.4659517490292	109.07366390991216	109.68851012543357	110.31078600984692	110.94080604417614	111.5789053296956	112.22544155606053	112.88079721711726	113.54538211360841	114.21963618953805	114.9040327582498	115.5990821857484	116.30533611307902	117.02339231745822	117.75390033440272	118.49756799175474	119.25516904318566	120.02755213614698	120.81565141098758	121.62049910923263	0.21270975602636857	0.21346344370212356	0.21428247169734657	0.21516773894253313	0.21612028787115073	0.21714131017243882	0.21823215354246747	0.21939432951287621	0.22062952245177195	0.22193959984831857	0.22332662401197118	0.22479286533962492	0.22634081732975317	0.22797321355260466	0.22969304682060279	0.23150359084430444	0.23340842470790918	0.23541146055600137	0.23751697495191385	0.23972964445029585	0.24205458602526519	0.2444974031147514	0.24706423818626927	0.24976183290555334	0.25259759720527342	0.25557968881659787	0.25871710515499396	0.26201978986052488	0.26549875680465135	0.26916623502004139	0.27303583882680327	0.27712276847118877	0.2814440479332419	0.286018808296505	0.29086862734133878	0.29601793901260776	0.3014945303882911	0.30733014911677325	0.31356125154335723	0.32022993170931607	0.327385085263455	0.33508388185997107	0.3433936475589589	0.35239429935947303	0.36218153406442749	0.37287106424290567	0.38460433352644724	0.39755636337556549	0.41194673940584764	0.42805533886435643	0.44624542423730967	Phi R (deg)

Variance (deg)



Variance in Phi R (Including Random Pin Location) (deg)

Variance in Phi R (Including Random Pin Location)	70.4790770794163	70.887347925588912	71.296065326489611	71.705258129169721	72.114955375563724	72.525186319073384	72.935980441429649	73.347367469860615	73.759377394593301	74.172040486718117	74.585387316447111	74.999448771795514	75.414256077721532	75.829840815757024	76.246234944163334	76.663470818653238	77.081581213712838	77.500599344569181	77.920558889842667	78.341494014931826	78.763439396176381	79.186430245850417	79.610502338037762	80.03569203544555	80.462036317216416	80.889572807801642	81.318339806961617	81.748376320966827	82.17972209507316	82.612417647352387	83.046504303964255	83.482024235962811	83.919020497731793	84.357537067157651	84.79761888765006	85.239311912128983	85.682663149110539	86.127720711025717	86.574533864923765	87.023153085717666	87.473630112144022	87.926018005623476	88.380371212219984	88.836745627915306	89.295198667431492	89.755789336852345	90.218578310319785	90.683628011097525	91.151002697324188	91.620768552807405	92.092993783233808	92.567748718212371	93.045105919599777	93.525140296599488	94.00792922817287	94.493552693350239	94.982093410086861	95.473636983370497	95.968272063358839	96.466090514399809	96.967187595878613	97.471662155931	97.979616839169097	98.491158309695976	99.006397490813583	99.525449822995114	100.0484355418596	100.57547997809193	101.10671388147699	101.64227377147047	102.18230231702726	102.72694874873729	103.2763693067082	103.83072772807107	104.39019577848929	104.95495383264135	105.52519150932056	106.10110836757737	106.68291467124952	107.27083223028571	107.86509532852095	108.4659517490292	109.07366390991216	109.68851012543357	110.31078600984692	110.94080604417614	111.5789053296956	112.22544155606053	112.88079721711726	113.54538211360841	114.21963618953805	114.9040327582498	115.5990821857484	116.30533611307902	117.02339231745822	117.75390033440272	118.49756799175474	119.25516904318566	120.02755213614698	120.81565141098758	121.62049910923263	0.22564336452516312	0.22630127650195675	0.22703204253483245	0.22783655757590859	0.22871587807282678	0.22967122811611726	0.23070400671409344	0.23181579628239116	0.23300837245224496	0.2342837153207733	0.23564402228837461	0.23709172265338072	0.23862949416306636	0.24026028175373548	0.24198731875191304	0.24381415085484881	0.24574466326301159	0.24778311140188158	0.24993415574729938	0.25220290136069606	0.25459494285119993	0.25711641561517989	0.25977405436582568	0.26257526016278948	0.26552817739373907	0.26864178245729381	0.27192598626519054	0.27539175313992231	0.27905123925790981	0.28291795451104756	0.28700695257574577	0.29133505514821784	0.295921117808713	0.3007863469261578	0.30595467956063283	0.3114532416764792	0.31731290444238841	0.32356896439218136	0.33026198136502122	0.33743881933391323	0.34515395079740913	0.35347110735632198	0.36246539049639798	0.37222600224232738	0.38285982286886816	0.39449616467021392	0.40729318760650463	0.42144670993290939	0.43720254726037283	0.45487418111212669	0.47486870939638437	Phi R (deg)



Tolerances - trail R

		Tolerances								Pin Joint Slop

		Lg		0.01						alpha1		0.02		0.01

		L1		0.008						alpha2		0.02		0.01

		L2		0.015						alpha3		0.02		0.01

		Y1		0.01						Tolerance Analysis on Multiple Positions of Mechanism - Vector Loop Method

										Note: The following matricies cover 2 rows, so the tolerance analysis is done on every other position, not every one. 																																Without Geometric Variation

		Actual Path								A Matrix										B Matrix						"-BINV*A"										RSS Variances (Phi, Lambda)						Plot Data								F Matrix								"-BINV*F"								RSS Variances (Phi, Lambda)						Plot Data (w/ pin slop)

		Lg (in)		Phi (deg)		Lambda (deg) (theta + alpha)				Lg		L1		L2		Y1				phi		lambda (theta + alpha)		 		Lg		L1		L2		Y1				(rad)		(deg)				Lg (in)		dPhi (deg)		dLambda (deg)				Alpha1		Alpha2		Alpha3				Alpha1		Alpha2		Alpha3				(rad)		(deg)				dPhi (deg)		dLambda (deg)

		14.5		-20.3282903052		9.7221827329				1		0.9377175177		-0.9856381626		0				1.7201687106		3.2798310785				-0.397505076		-0.3490878177		0.4032971643		-0.0681051929				0.0077884519		0.4462454242				14.5		0.4462454242		0.1074338565				1		1		1				-0.4656102689		-0.4656102689		-0.4656102689				0.0112115057		0.6423719588				0.6423719588		0.1231672226

		14.54		-21.2303194712		9.5041133573				0		-0.3473987003		-0.1688709936		1				4.6431731948		-19.1431731948				-0.0964147843		-0.1028185807		0.0889981808		0.0357190413				0.0018750745		0.1074338565				14.54								1		1		1				-0.060695743		-0.060695743		-0.060695743				0.0021496736		0.1231672226

		14.58		-22.1151232321		9.2916335246				1		0.9264292941		-0.9868793037		0				1.8641113581		3.135888431				-0.3824648621		-0.3307696142		0.3875497852		-0.0625736783				0.007470975		0.4280553389				14.58		0.4280553389		0.1025102332				1		1		1				-0.4450385405		-0.4450385405		-0.4450385405				0.0107346755		0.6150516026				0.6150516026		0.1158284674

		14.62		-22.9837371957		9.0844584477				0		-0.3764688074		-0.1614597162		1				4.5872787745		-19.1672787745				-0.0915347956		-0.0988038657		0.0843280471		0.0371965735				0.0017891411		0.1025102332				14.62								1		1		1				-0.0543382221		-0.0543382221		-0.0543382221				0.0020215881		0.1158284674

		14.66		-23.8370988384		8.8823295896				1		0.9146981817		-0.9880075325		0				2.0011155236		2.9988842655				-0.3691484964		-0.3143445646		0.3736292328		-0.0576904778				0.0071898269		0.4119467394				14.66		0.4119467394		0.098126743				1		1		1				-0.4268389741		-0.4268389741		-0.4268389741				0.0103126652		0.5908721941				0.5908721941		0.1093536105

		14.7		-24.6760601139		8.6850113373				0		-0.4041376452		-0.1544056854		1				4.5291913595		-19.1891913595				-0.0871294756		-0.095254891		0.0801405634		0.0384960873				0.0017126348		0.098126743				14.7								1		1		1				-0.0486333882		-0.0486333882		-0.0486333882				0.0019085806		0.1093536105

		14.74		-25.5013980525		8.4922882018				1		0.9025747793		-0.989035749		0				2.1318145455		2.8681852436				-0.3572551054		-0.2994835304		0.3612155635		-0.053342975				0.0069386675		0.3975563634				14.74		0.3975563634		0.0941897282				1		1		1				-0.4105980804		-0.4105980804		-0.4105980804				0.0099359117		0.5692858075				0.5692858075		0.103598905

		14.78		-26.3138237294		8.3039624459				0		-0.4305331203		-0.1476762919		1				4.4691614934		-19.2091614934				-0.0831181913		-0.0920900885		0.0763518176		0.0396478332				0.0016439209		0.0941897282				14.78								1		1		1				-0.0434703582		-0.0434703582		-0.0434703582				0.001808142		0.103598905

		14.82		-27.1139898985		8.119852063				1		0.8901015478		-0.9899747783		0				2.2567383607		2.7432614285				-0.3465529071		-0.2859324352		0.3500623599		-0.0494442957				0.0067126119		0.3846043335				14.82		0.3846043335		0.0906269772				1		1		1				-0.3959972029		-0.3959972029		-0.3959972029				0.0095970461		0.549870239				0.549870239		0.0984533774

		14.86		-27.9024975267		7.9397890435				0		-0.4557622567		-0.1412442507		1				4.4073994239		-19.2273994239				-0.0794385683		-0.0892466354		0.0728970342		0.040675248				0.0015817391		0.0906269772				14.86								1		1		1				-0.0387633204		-0.0387633204		-0.0387633204				0.0017183356		0.0984533774

		14.9		-28.6799014164		7.7636178823				1		0.8773145656		-0.9908338185		0				2.3763361877		2.6236636014				-0.3368600683		-0.2734915401		0.3399763533		-0.0459261927				0.0065078278		0.3728710642				14.9		0.3728710642		0.0873817953				1		1		1				-0.382786261		-0.382786261		-0.382786261				0.0092902862		0.5322941926				0.5322941926		0.0938297794

		14.94		-29.446715067		7.5911942862				0		-0.4799157769		-0.1350864324		1				4.3440837968		-19.2440837968				-0.0760414671		-0.0866752589		0.0697252906		0.0415968242				0.0015251		0.0873817953				14.94								1		1		1				-0.0344446429		-0.0344446429		-0.0344446429				0.0016376386		0.0938297794

		14.98		-30.2034148974		7.4223840495				1		0.8642448198		-0.9916207694		0				2.4909931432		2.5090066459				-0.3280316698		-0.2620013163		0.3308035491		-0.0427341976				0.0063212603		0.3621815341				14.98		0.3621815341		0.0844089651				1		1		1				-0.3707658674		-0.3707658674		-0.3707658674				0.0090110227		0.5162935689				0.5162935689		0.0896584144

		15.02		-30.9504439297		7.257062072				0		-0.5030714576		-0.1291830082		1				4.2793680458		-19.2593680458				-0.0728875549		-0.0843366986		0.0667959159		0.0424273859				0.0014732144		0.0844089651				15.02								1		1		1				-0.030460169		-0.030460169		-0.030460169				0.0015648345		0.0896584144

		15.06		-31.6882150156		7.0951114978				1		0.850919174		-0.99234248		0				2.6010426692		2.3989571199				-0.3199506021		-0.2513325665		0.3224195362		-0.0398242326				0.0061504408		0.3523942994				15.06		0.3523942994		0.0816719226				1		1		1				-0.3597748347		-0.3597748347		-0.3597748347				0.0087555298		0.5016549028				0.5016549028		0.0858828163

		15.1		-32.4171136729		6.9364229575				0		-0.5252966394		-0.1235168101		1				4.2133851881		-19.2733851881				-0.0699449067		-0.0821992368		0.0640759719		0.0431789828				0.001425444		0.0816719226				15.1								1		1		1				-0.0267659238		-0.0267659238		-0.0267659238				0.0014989379		0.0858828163

		15.14		-33.1375005887		6.7808938978				1		0.8373611087		-0.9930049364		0				2.7067759969		2.2932237922				-0.3125210636		-0.2413793622		0.314722568		-0.0371601884				0.0059933498		0.3433936476				15.14		0.3433936476		0.0791407399				1		1		1				-0.349681252		-0.349681252		-0.349681252				0.0085207591		0.4882035325				0.4882035325		0.0824566569

		15.18		-33.8497138353		6.6284279883				0		-0.5466501382		-0.1180728431		1				4.1462514893		-19.2862514893				-0.0671872876		-0.0802369335		0.0615384526		0.0438615308				0.0013812665		0.0791407399				15.18								1		1		1				-0.0233257568		-0.0233257568		-0.0233257568				0.0014391402		0.0824566569

		15.22		-34.5540708389		6.4789345927				1		0.8235912961		-0.9936134089		0				2.8084494689		2.1915503202				-0.3056638256		-0.2320538946		0.3076285232		-0.0347121592				0.005848317		0.3350838819				15.22		0.3350838819		0.076790655				1		1		1				-0.3403759849		-0.3403759849		-0.3403759849				0.008304189		0.4757949827				0.4757949827		0.0793414876

		15.26		-35.2508701329		6.3323282985				0		-0.5671837242		-0.1128379088		1				4.0780693093		-19.2980693093				-0.0645929003		-0.0784283425		0.0591609716		0.0444832794				0.0013402498		0.076790655				15.26								1		1		1				-0.0201096209		-0.0201096209		-0.0201096209				0.0013847702		0.0793414876

		15.3		-35.9403929252		6.1885284948				1		0.8096280528		-0.9941725672		0				2.9062902865		2.0937095026				-0.2993127232		-0.2232826543		0.301067172		-0.0324551342				0.0057139477		0.3273850853				15.3		0.3273850853		0.0746009814				1		1		1				-0.3317678574		-0.3317678574		-0.3317678574				0.0081037134		0.4643085775				0.4643085775		0.0765050624

		15.34		-36.6229045024		6.0474589947				0		-0.5869432819		-0.1078003091		1				4.0089293434		-19.3089293434				-0.0621434538		-0.0767555591		0.0569247881		0.0450511597				0.0013020328		0.0746009814				15.34								1		1		1				-0.0170922941		-0.0170922941		-0.0170922941				0.0013352652		0.0765050624

		15.38		-37.2986554911		5.9090476947				1		0.7954877008		-0.9946865725		0				3.0005010785		1.9994987106				-0.2934120141		-0.215003553		0.2949793656		-0.030368011				0.0055890667		0.3202299317				15.38		0.3202299317		0.0725542874				1		1		1				-0.323780025		-0.323780025		-0.323780025				0.0079175576		0.453642632				0.453642632		0.0739200708

		15.42		-37.9678829938		5.7732262687				0		-0.6059697334		-0.1029496111		1				3.9389124119		-19.3189124119				-0.0598234621		-0.0752035035		0.0548140729		0.045571047				0.0012663112		0.0725542874				15.42								1		1		1				-0.0142524151		-0.0142524151		-0.0142524151				0.0012901486		0.0739200708

		15.46		-38.6308116148		5.63992989				1		0.7811848594		-0.995159152		0				3.0912635736		1.9087362155				-0.287914362		-0.2071637229		0.2893148914		-0.0284328428				0.0054726762		0.3135612515				15.46		0.3135612515		0.0706357684				1		1		1				-0.3163472048		-0.3163472048		-0.3163472048				0.0077442141		0.4437107816				0.4437107816		0.0715631702

		15.5		-39.2876543879		5.5090969809				0		-0.6242997802		-0.098276458		1				3.8680909024		-19.3280909024				-0.0576197065		-0.0737593743		0.0528153477		0.0460479612				0.0012328267		0.0706357684				15.5								1		1		1				-0.0115717453		-0.0115717453		-0.0115717453				0.0012490129		0.0715631702

		15.54		-39.9386136182		5.3806689842				1		0.7667326824		-0.9955936591		0				3.1787415851		1.821258204				-0.2827792782		-0.1997178146		0.2840308148		-0.0266342556				0.005363923		0.3073301491				15.54		0.3073301491		0.0688327624				1		1		1				-0.3094135338		-0.3094135338		-0.3094135338				0.0075823934		0.4344391429				0.4344391429		0.0694142338

		15.58		-40.5838816468		5.2545901562				0		-0.6419665051		-0.0937724154		1				3.7965299479		-19.3365299479				-0.05552082		-0.0724122256		0.0509170509		0.0464862234				0.0012013583		0.0688327624				15.58								1		1		1				-0.0090345966		-0.0090345966		-0.0090345966				0.0012115069		0.0694142338

		15.62		-41.2236415473		5.1308073771				1		0.7521430545		-0.9959931238		0				3.2630834584		1.7369163307				-0.2779719023		-0.1926266633		0.2790901821		-0.0249589919				0.0052620722		0.3014945304				15.62		0.3014945304		0.0671343698				1		1		1				-0.3029308941		-0.3029308941		-0.3029308941				0.0074309853		0.4257640939				0.4257640939		0.0674557636

		15.66		-41.8580677609		5.0092699787				0		-0.6589998676		-0.0894298455		1				3.7242883956		-19.3442883956				-0.0535169611		-0.0711526362		0.0491091976		0.0468895778				0.0011717158		0.0671343698				15.66								1		1		1				-0.0066273833		-0.0066273833		-0.0066273833				0.0011773252		0.0674557636

		15.7		-42.4873266774		4.8899295865				1		0.7374267534		-0.9963602938		0				3.3444240952		1.6555756939				-0.2734620383		-0.1858562344		0.2744609957		-0.0233955499				0.0051664877		0.296017939				15.7		0.296017939		0.0655311535				1		1		1				-0.2968575883		-0.2968575883		-0.2968575883				0.0072890276		0.4176305179				0.4176305179		0.0656724246

		15.74		-43.1115771667		4.7727399742				0		-0.6754271118		-0.0852418023		1				3.6514196118		-19.3514196118				-0.0515995555		-0.0699724484		0.0473831108		0.0472612888				0.0011437344		0.0655311535				15.74								1		1		1				-0.0043382667		-0.0043382667		-0.0043382667				0.0011462		0.0656724246

		15.78		-43.7309710667		4.6576569313				1		0.7225935858		-0.9966976693		0				3.4228866416		1.5771131475				-0.2692233861		-0.1793767797		0.2701153965		-0.0219338957				0.0050766152		0.2908686273				15.78		0.2908686273		0.0640148993				1		1		1				-0.2911572818		-0.2911572818		-0.2911572818				0.0071556824		0.409990403				0.409990403		0.0640506745

		15.82		-44.3456536314		4.5446381408				0		-0.6912731079		-0.0812019454		1				3.577972156		-19.357972156				-0.0497610892		-0.0688645598		0.0457312065		0.0476042183				0.0011172708		0.0640148993				15.82								1		1		1				-0.0021568709		-0.0021568709		-0.0021568709				0.0011178952		0.0640506745

		15.86		-44.9557639431		4.4336430659				1		0.7076525027		-0.9970075323		0				3.4985839061		1.501415883				-0.2652329218		-0.1731621586		0.266029005		-0.0205652303				0.0049919699		0.2860188083				15.86		0.2860188083		0.0625784222				1		1		1				-0.2857981521		-0.2857981521		-0.2857981521				0.0070302161		0.4028017135				0.4028017135		0.0625784654

		15.9		-45.5614352928		4.3246328469				0		-0.7065606382		-0.0773044666		1				3.5039903485		-19.3639903485				-0.0479949422		-0.0678227549		0.0441468201		0.047920889				0.0010921995		0.0625784222				15.9								1		1		1				-0.0000740533		-0.0000740533		-0.0000740533				0.0010922003		0.0625784654

		15.94		-46.1627955306		4.2175702045				1		0.6926116961		-0.9972919713		0				3.5716195578		1.4283802313				-0.261470395		-0.167189285		0.262180387		-0.0192818017				0.0049121253		0.2814440479				15.94		0.2814440479		0.0612154103				1		1		1				-0.2807521967		-0.2807521967		-0.2807521967				0.0069119833		0.3960274735				0.3960274735		0.0612450038

		15.98		-46.75996739		4.1124193514				0		-0.7213106394		-0.0735440281		1				3.4295147535		-19.3695147535				-0.0462952525		-0.0668415691		0.0426240661		0.0482135349				0.0010684105		0.0612154103				15.98								1		1		1				0.0019182824		0.0019182824		0.0019182824				0.001068927		0.0612450038

		16.02		-47.3530687885		4.0091459098				1		0.6774786827		-0.9975529026		0				3.6420891468		1.3579106423				-0.2579179178		-0.161437675		0.2585506164		-0.01807675				0.0048367047		0.2771227685				16.02		0.2771227685		0.0599202957				1		1		1				-0.2759946678		-0.2759946678		-0.2759946678				0.0068004139		0.3896350177				0.3896350177		0.0600405556

		16.06		-47.9422131053		3.9077168352				0		-0.7355424083		-0.0699157103		1				3.3545825906		-19.3745825906				-0.044656805		-0.0659161774		0.0411577221		0.0484841438				0.0010458064		0.0599202957				16.06								1		1		1				0.0038273388		0.0038273388		0.0038273388				0.0010479054		0.0600405556

		16.1		-48.5275094395		3.8081003454				1		0.6622603755		-0.9977920887		0				3.7100809762		1.2899188129				-0.2545596259		-0.1558890736		0.2551229147		-0.0169439799				0.0047653744		0.2730358388				16.1		0.2730358388		0.0586881493				1		1		1				-0.2715036057		-0.2715036057		-0.2715036057				0.0066950023		0.3835953731				0.3835953731		0.0589562878

		16.14		-49.1090628503		3.7102658547				0		-0.7492737784		-0.0664149666		1				3.279228089		-19.379228089				-0.0430749394		-0.0650423021		0.0397431341		0.0487344914				0.0010243014		0.0586881493				16.14								1		1		1				0.005659552		0.005659552		0.005659552				0.0010289813		0.0589562878

		16.18		-49.6869745801		3.6141839124				1		0.6469631451		-0.9980111537		0				3.7756768532		1.2243229359				-0.2513813973		-0.1505271446		0.2518823526		-0.0158780552				0.004697837		0.269166235				16.18		0.269166235		0.0575145923				1		1		1				-0.2672594526		-0.2672594526		-0.2672594526				0.0065952981		0.377882747				0.377882747		0.0579841389

		16.22		-50.2613422624		3.5198261457				0		-0.7625212711		-0.0630375851		1				3.2034827939		-19.3834827939				-0.041545474		-0.0642161371		0.0383761373		0.0489661705				0.001003819		0.0575145923				16.22								1		1		1				0.0074206965		0.0074206965		0.0074206965				0.0010120141		0.0579841389

		16.26		-50.8322601156		3.4271652065				1		0.6315928737		-0.9982115973		0				3.8389527376		1.1610470515				-0.2483706185		-0.1453372113		0.248815601		-0.0148741107				0.0046338275		0.2654987568				16.26		0.2654987568		0.0563957237				1		1		1				-0.2632447292		-0.2632447292		-0.2632447292				0.0065008994		0.3724740996				0.3724740996		0.0571167135

		16.3		-51.3998191244		3.3361747213				0		-0.7753002269		-0.0597796547		1				3.1273758311		-19.3873758311				-0.0400646419		-0.0634342842		0.03705299		0.049180615				0.0009842911		0.0563957237				16.3								1		1		1				0.0091159731		0.0091159731		0.0091159731				0.0009968747		0.0571167135

		16.34		-51.9641072085		3.2468292448				1		0.6161550018		-0.9983948064		0				3.8999793058		1.1000204833				-0.245515987		-0.1403060388		0.2459107213		-0.0139277774				0.004573108		0.2620197899				16.34		0.2620197899		0.055328058				1		1		1				-0.2594437644		-0.2594437644		-0.2594437644				0.0064114458		0.3673487847				0.3673487847		0.0563471966

		16.38		-52.5252093814		3.1591042161				0		-0.7876249195		-0.0566375364		1				3.0509341396		-19.3909341396				-0.0386290367		-0.0626936998		0.0357703179		0.0493791202				0.0009656568		0.055328058				16.38								1		1		1				0.0107500835		0.0107500835		0.0107500835				0.0009834441		0.0563471966

		16.42		-53.0832078986		3.0729759182				1		0.6006545691		-0.998562066		0				3.9588224424		1.0411773467				-0.242807346		-0.1354216501		0.2431569897		-0.0130351205				0.0045154653		0.2587171052				16.42		0.2587171052		0.0543084739				1		1		1				-0.2558424665		-0.2558424665		-0.2558424665				0.0063266134		0.3624882474				0.3624882474		0.0556692826

		16.46		-53.6381823964		2.9884214394				0		-0.7995086545		-0.053607838		1				2.9741826743		-19.3941826743				-0.0372355677		-0.0619916498		0.0345250676		0.0495628605				0.0009478617		0.0543084739				16.46								1		1		1				0.0123272928		0.0123272928		0.0123272928				0.0009716123		0.0556692826

		16.5		-54.1902100228		2.9054186375				1		0.5850962508		-0.998714568		0				4.0155436703		0.9844561188				-0.2402355435		-0.1306731693		0.2405447474		-0.0121925859				0.0044607071		0.2555796888				16.5		0.2555796888		0.0533341699				1		1		1				-0.2524281293		-0.2524281293		-0.2524281293				0.0062461104		0.357875767				0.357875767		0.0550771183

		16.54		-54.7393655595		2.8239461061				0		-0.810963857		-0.0506873918		1				2.8971445842		-19.3971445842				-0.0358814206		-0.0613256718		0.0333144663		0.0497329033				0.0009308569		0.0533341699				16.54								1		1		1				0.0138514827		0.0138514827		0.0138514827				0.0009612771		0.0550771183

		16.58		-55.285721538		2.7439831429				1		0.5694843891		-0.9988534194		0				4.07020053		0.9297992591				-0.2377923122		-0.1260506883		0.2380652733		-0.0113969548				0.0044086598		0.2525975972				16.58		0.2525975972		0.0524026268				1		1		1				-0.2491892671		-0.2491892671		-0.2491892671				0.0061696733		0.3534962385				0.3534962385		0.0545652554

		16.62		-55.8293483473		2.6655097197				0		-0.8220021475		-0.0478732352		1				2.8198413707		-19.3998413707				-0.0345640249		-0.0606935423		0.0321359881		0.0498902221				0.0009145984		0.0524026268				16.62								1		1		1				0.0153261973		0.0153261973		0.0153261973				0.0009523434		0.0545652554

		16.66		-56.3703143367		2.5885064545				1		0.5538230219		-0.9989796495		0				4.1228469126		0.8771528765				-0.2354701675		-0.1215451522		0.235710675		-0.0106453054				0.0043591663		0.2497618329				16.66		0.2497618329		0.0515115756				1		1		1				-0.2461154729		-0.2461154729		-0.2461154729				0.0060970631		0.3493359852				0.3493359852		0.0541286119

		16.7		-56.908685912		2.5129545849				0		-0.8326344098		-0.0451625935		1				2.7422930269		-19.4022930269				-0.033281025		-0.0600932494		0.0309873243		0.0500357072				0.0008990466		0.0515115756				16.7								1		1		1				0.0167546823		0.0167546823		0.0167546823				0.0009447225		0.0541286119

		16.74		-57.4445276262		2.4388359433				1		0.5381159074		-0.9990942166		0				4.173533356		0.8264664331				-0.2332623189		-0.1171482603		0.2334737956		-0.0099349788				0.0043120844		0.2470642382				16.74		0.2470642382		0.0506589699				1		1		1				-0.2431972977		-0.2431972977		-0.2431972977				0.0060280635		0.345382598				0.345382598		0.0537624405

		16.78		-57.9779022659		2.3661329333				0		-0.8428708503		-0.0425528646		1				2.6645181622		-19.4045181622				-0.032030256		-0.0595229682		0.0298663589		0.0501701748				0.0008841658		0.0506589699				16.78								1		1		1				0.0181399188		0.0181399188		0.0181399188				0.0009383316		0.0537624405

		16.82		-58.5088709324		2.2948285075				1		0.5223665468		-0.9991980133		0				4.2223073068		0.7776924823				-0.2311625941		-0.1128523814		0.2313481322		-0.0092635506				0.0042672847		0.2444974031				16.82		0.2444974031		0.0498429619				1		1		1				-0.2404261448		-0.2404261448		-0.2404261448				0.0059624775		0.3416247965				0.3416247965		0.0534623021

		16.86		-59.0374931181		2.2249061463				0		-0.852721051		-0.0400416055		1				2.5865341129		-19.4065341129				-0.0308097227		-0.0589810411		0.0287711462		0.0502943753				0.0008699238		0.0498429619				16.86								1		1		1				0.0194846526		0.0194846526		0.0194846526				0.0009330932		0.0534623021

		16.9		-59.5638267801		2.1563498387				1		0.5065782042		-0.9992918718		0				4.269213354		0.7307864351				-0.2291653737		-0.1086504786		0.2293277672		-0.0086288059				0.0042246495		0.242054586				16.9		0.242054586		0.0490618819				1		1		1				-0.2377941797		-0.2377941797		-0.2377941797				0.0059001258		0.3380523092				0.3380523092		0.0532240434

		16.94		-60.0879284085		2.0891440628				0		-0.8621940171		-0.0376265205		1				2.5083570417		-19.4083570417				-0.0296175806		-0.0584659592		0.0276998923		0.0504090002				0.0008562914		0.0490618819				16.94								1		1		1				0.0207914196		0.0207914196		0.0207914196				0.0009289348		0.0532240434

		16.98		-60.6098530921		2.0232737683				1		0.4907539247		-0.9993765683		0				4.3142934371		0.685706352				-0.2272655337		-0.1045360455		0.2274073066		-0.0080287174				0.0041840716		0.2397296445				16.98		0.2397296445		0.0483142203				1		1		1				-0.2352942511		-0.2352942511		-0.2352942511				0.005840845		0.3346557688				0.3346557688		0.053043779

		17.02		-61.1296545807		1.9587243602				0		-0.8712982184		-0.0353054503		1				2.4300020265		-19.4100020265				-0.02845212		-0.0579763474		0.0266509383		0.0505146882				0.0008432422		0.0483142203				17.02								1		1		1				0.0220625682		0.0220625682		0.0220625682				0.0009257886		0.053043779

		17.06		-61.6473853437		1.895481682				1		0.4748965505		-0.9994528274		0				4.3575870329		0.6424127562				-0.2254583958		-0.1005030488		0.225581828		-0.0074614262				0.0041454532		0.237516975				17.06		0.237516975		0.0475986116				1		1		1				-0.232919822		-0.232919822		-0.232919822				0.0057844858		0.3314266213				0.3314266213		0.0529178745

		17.1		-62.1630966268		1.8335320015				0		-0.8800416276		-0.0330763621		1				2.3514831407		-19.4114831407				-0.0273117522		-0.0575109508		0.0256227461		0.0506120308				0.0008307525		0.0475986116				17.1								1		1		1				0.0233002786		0.0233002786		0.0233002786				0.0009235911		0.0529178745

		17.14		-62.6768385046		1.7728619958				1		0.4590087355		-0.9995213259		0				4.3991313223		0.6008684668				-0.2237396842		-0.0965458788		0.2238468339		-0.006925226				0.0041087051		0.2354114606				17.14		0.2354114606		0.0469138214				1		1		1				-0.2306649102		-0.2306649102		-0.2306649102				0.0057309116		0.3283570471				0.3283570471		0.0528429331

		17.18		-63.1886599324		1.7134587383				0		-0.8884317536		-0.0309373418		1				2.272813525		-19.412813525				-0.0261949964		-0.0570686228		0.0246138855		0.0507015766				0.0008188006		0.0469138214				17.18								1		1		1				0.0245065802		0.0245065802		0.0245065802				0.0009222832		0.0528429331

		17.22		-63.6986087939		1.6553096854				1		0.4430929584		-0.9995826955		0				4.4389613405		0.5610384486				-0.2221054873		-0.0926593057		0.2221982116		-0.0064185476				0.0040737455		0.2334084247				17.22		0.2334084247		0.0462587334				1		1		1				-0.2285240349		-0.2285240349		-0.2285240349				0.0056799976		0.3254398908				0.3254398908		0.0528157829

		17.26		-64.2067319479		1.5984026645				0		-0.8964756719		-0.0288865853		1				2.194005453		-19.414005453				-0.0251004694		-0.0566483149		0.0236230233		0.0507838361				0.0008073672		0.0462587334				17.26								1		1		1				0.0256833667		0.0256833667		0.0256833667				0.0009218093		0.0528157829

		17.3		-64.7130752721		1.5427258626				1		0.4271515347		-0.9996375267		0				4.477110112		0.5228896771				-0.2205522246		-0.08883844		0.2206321978		-0.0059399466				0.0040404999		0.2315035908				17.3		0.2315035908		0.0456323397				1		1		1				-0.2264921712		-0.2264921712		-0.2264921712				0.0056316295		0.3226686002				0.3226686002		0.0528334658

		17.34		-65.2176837056		1.4882678149				0		-0.904180052		-0.0269223924		1				2.1150703902		-19.4150703902				-0.0240268755		-0.0562490676		0.0226489128		0.0508592848				0.0007964346		0.0456323397				17.34								1		1		1				0.0268324093		0.0268324093		0.0268324093				0.0009221179		0.0528334658

		17.38		-65.720601289		1.4350173947				1		0.4111866276		-0.9996863709		0				4.5136087722		0.4863910169				-0.219076617		-0.0850786986		0.2191453473		-0.005488092				0.0040088999		0.2296930468				17.38		0.2296930468		0.0450337306				1		1		1				-0.224564709		-0.224564709		-0.224564709				0.0055857024		0.3200371729				0.3200371729		0.0528932269

		17.42		-66.221871203		1.3829638032				0		-0.911551182		-0.0250431599		1				2.0360190474		-19.4160190474				-0.0229729979		-0.0558700025		0.0216903857		0.0509283668				0.0007859869		0.0450337306				17.42								1		1		1				0.0279553689		0.0279553689		0.0279553689				0.000923161		0.0528932269

		17.46		-66.7215358056		1.3320965603				1		0.3952002575		-0.9997297432		0				4.5484866775		0.4515131116				-0.2176756612		-0.0813757736		0.2177345054		-0.005061756				0.0039788832		0.2279732136				17.46		0.2279732136		0.0444620869				1		1		1				-0.2227374172		-0.2227374172		-0.2227374172				0.0055421204		0.3175401083				0.3175401083		0.0529925047

		17.5		-67.2196366671		1.2824054954				0		-0.9185949904		-0.0232473765		1				1.9568614297		-19.4168614297				-0.021937691		-0.0555103155		0.0207463436		0.0509914977				0.0007760098		0.0444620869				17.5								1		1		1				0.0290538067		0.0290538067		0.0290538067				0.0009248937		0.0529925047

		17.54		-67.7162146043		1.2338807392				1		0.3791943116		-0.9997681248		0				4.5817715037		0.4182282854				-0.2163466066		-0.0777256051		0.2163967837		-0.0046598054				0.0039503925		0.2263408173				17.54		0.2263408173		0.0439166724				1		1		1				-0.2210064121		-0.2210064121		-0.2210064121				0.0055007955		0.315172366				0.315172366		0.0531289224

		17.58		-68.2113097132		1.1865127151				0		-0.9253170668		-0.021533617		1				1.8776068807		-19.4176068807				-0.0209198734		-0.05516927		0.0198157515		0.0510490671				0.0007664905		0.0439166724				17.58								1		1		1				0.0301291938		0.0301291938		0.0301291938				0.0009272746		0.0531289224

		17.62		-68.7049614003		1.1402921322				1		0.3631705514		-0.9998019647		0				4.6134893362		0.3865104529				-0.2150869355		-0.0741243557		0.2151295387		-0.0042811936				0.0039233756		0.2247928653				17.62		0.2247928653		0.043396827				1		1		1				-0.2193681291		-0.2193681291		-0.2193681291				0.0054616471		0.3129293288				0.3129293288		0.0533002787

		17.66		-69.1972084123		1.0952099772				0		-0.931722679		-0.0199005384		1				1.7982641228		-19.4182641228				-0.0199185219		-0.0548461923		0.0188976311		0.0511014412				0.0007574175		0.043396827				17.66								1		1		1				0.0311829193		0.0311829193		0.0311829193				0.0009302654		0.0533002787

		17.7		-69.688088866		1.0512575081				1		0.3471306204		-0.9998316819		0				4.6436647505		0.3563350386				-0.2138943445		-0.0705683892		0.2139303528		-0.0039249535				0.0038977849		0.223326624				17.7		0.223326624		0.0429019612				1		1		1				-0.217819298		-0.217819298		-0.217819298				0.0054246015		0.3108067696				0.3108067696		0.0535045396

		17.74		-70.1776402754		1.0084262473				0		-0.9378167904		-0.0183468754		1				1.7188412943		-19.4188412943				-0.0189326658		-0.0545404659		0.0179910554		0.0511489647				0.0007487805		0.0429019612				17.74								1		1		1				0.0322162989		0.0322162989		0.0322162989				0.0009338304		0.0535045396

		17.78		-70.665899579		0.9667079751				1		0.3310760511		-0.9998576672		0				4.6723208856		0.3276789035				-0.2127667295		-0.0670542494		0.2127970175		-0.0035901914				0.0038735768		0.2219395998				17.78		0.2219395998		0.0424315506				1		1		1				-0.2163569209		-0.2163569209		-0.2163569209				0.0053895911		0.3088008225				0.3088008225		0.0537398302

		17.82		-71.1529031659		0.9260947242				0		-0.943604074		-0.0168714366		1				1.639345983		-19.419345983				-0.0179613816		-0.0542515278		0.0170951431		0.0511919626				0.0007405703		0.0424315506				17.82								1		1		1				0.0332305811		0.0332305811		0.0332305811				0.000937937		0.0537398302

		17.86		-71.6386869007		0.8865787738				1		0.3150082709		-0.9998802844		0				4.6994795097		0.3005202794				-0.2117021714		-0.0635786425		0.2117275185		-0.0032760813				0.0038507116		0.2206295225				17.86		0.2206295225		0.0419851316				1		1		1				-0.2149782527		-0.2149782527		-0.2149782527				0.0053565544		0.3069079571				0.3069079571		0.0540044273

		17.9		-72.1232861479		0.8481526442				0		-0.9490889259		-0.0154731012		1				1.5597852571		-19.4197852571				-0.0170037887		-0.0539788644		0.0162090547		0.0512307424				0.0007327788		0.0419851316				17.9								1		1		1				0.0342269537		0.0342269537		0.0342269537				0.0009425551		0.0540044273

		17.94		-72.6067357955		0.8108090917				1		0.298928608		-0.9998998722		0				4.7251610799		0.2748387092				-0.2106989235		-0.0601384198		0.2107200224		-0.0029818603				0.0038291534		0.2193943295				17.94		0.2193943295		0.0415622968				1		1		1				-0.2136807837		-0.2136807837		-0.2136807837				0.0053254351		0.3051249555				0.3051249555		0.0542967513

		17.98		-73.0890702775		0.7745411039				0		-0.9542754777		-0.0141508159		1				1.4801656933		-19.4201656933				-0.0160590452		-0.0537220083		0.0153319872		0.0512655952				0.0007253989		0.0415622968				17.98								1		1		1				0.03520655		0.03520655		0.03520655				0.0009476571		0.0542967513

		18.02		-73.5703235965		0.7393418948				1		0.2828382965		-0.9999167452		0				4.7493847959		0.2506149932				-0.2097554008		-0.0567305628		0.2097728654		-0.0027068235				0.0038088696		0.2182321535				18.02		0.2182321535		0.0411626911				1		1		1				-0.2124622243		-0.2124622243		-0.2124622243				0.0052961823		0.3034488923				0.3034488923		0.0546153595

		18.06		-74.0505293444		0.7052049011				0		-0.9591676068		-0.0129035923		1				1.4004934025		-19.4204934025				-0.0151263435		-0.0534805354		0.0144631712		0.0512967972				0.0007184245		0.0411626911				18.06								1		1		1				0.0361704537		0.0361704537		0.0361704537				0.0009532178		0.0546153595

		18.1		-74.5297207239		0.6721237772				1		0.2667384814		-0.9999311953		0				4.7721686485		0.2278311406				-0.2088701706		-0.0533521689		0.2088845428		-0.0024503209				0.0037898308		0.2171413102				18.1		0.2171413102		0.0407860088				1		1		1				-0.2113204915		-0.2113204915		-0.2113204915				0.0052687496		0.3018771166				0.3018771166		0.0549589392

		18.14		-75.0079305686		0.6400923922				0		-0.9637689466		-0.0117305038		1				1.3207740536		-19.4207740536				-0.0142049076		-0.0532540621		0.0136018667		0.0513246113				0.0007118501		0.0407860088				18.14								1		1		1				0.0371197037		0.0371197037		0.0371197037				0.0009592144		0.0549589392

		18.18		-75.4851913625		0.6091048256				1		0.2506302226		-0.9999434927		0				4.7935294621		0.206470327				-0.2080419435		-0.0500004381		0.2080537001		-0.0022117532				0.0037720106		0.2161202879				18.18		0.2161202879		0.0404319903				1		1		1				-0.2102536968		-0.2102536968		-0.2102536968				0.0052430954		0.3004072365				0.3004072365		0.0553263009

		18.22		-75.9615352596		0.5791553643				0		-0.968082895		-0.0106306845		1				1.2410128952		-19.4210128952				-0.0132939891		-0.0530422429		0.0127473599		0.0513492881				0.0007056714		0.0404319903				18.22								1		1		1				0.0380552989		0.0380552989		0.0380552989				0.0009656261		0.0553263009

		18.26		-76.4369941024		0.5502384991				1		0.2345144992		-0.999953887		0				4.8134829341		0.186516855				-0.2072695667		-0.0466726614		0.2072791249		-0.001990569				0.0037553855		0.2151677389				18.26		0.2151677389		0.040100419				1		1		1				-0.2092601356		-0.2092601356		-0.2092601356				0.0052191821		0.2990371051				0.2990371051		0.0557163725

		18.3		-76.9115994404		0.5223489215				0		-0.9721126219		-0.0096033259		1				1.1612147749		-19.4212147749				-0.0123928645		-0.0528447689		0.0118989599		0.0513710668				0.0006998843		0.040100419				18.3								1		1		1				0.0389782023		0.0389782023		0.0389782023				0.0009724341		0.0557163725

		18.34		-77.3853825483		0.4954815215				1		0.2183922128		-0.9999626081		0				4.8320436684		0.1679561207				-0.2065520168		-0.0433662087		0.2065597404		-0.0017862617				0.0037399347		0.2142824717				18.34		0.2142824717		0.0397911195				1		1		1				-0.2083382785		-0.2083382785		-0.2083382785				0.0051969763		0.2977648087				0.2977648087		0.056128193

		18.38		-77.8583744432		0.4696313843				0		-0.9758610769		-0.0086476761		1				1.081384158		-19.421384158				-0.0115008321		-0.0526613654		0.0110559965		0.0513901768				0.000694486		0.0397911195				18.38								1		1		1				0.0398893446		0.0398893446		0.0398893446				0.0009796218		0.056128193

		18.42		-78.3306059021		0.4447937879				1		0.2022641913		-0.9999698672		0				4.8492252059		0.1507745832				-0.205888395		-0.0400785188		0.2058945992		-0.0015983676				0.0037256399		0.2134634437				18.42		0.2134634437		0.0395039546				1		1		1				-0.2074867626		-0.2074867626		-0.2074867626				0.0051764486		0.2965886562				0.2965886562		0.0565609075

		18.46		-78.802107479		0.4209642011				0		-0.9793309946		-0.0077630381		1				1.0015251434		-19.4215251434				-0.0106172097		-0.052491791		0.0102178165		0.0514068379				0.0006894741		0.0395039546				18.46								1		1		1				0.0407896282		0.0407896282		0.0407896282				0.0009871741		0.0565609075

		18.5		-79.2729095214		0.3981382813				1		0.1861311917		-0.999975857		0				4.8650400506		0.1349597385				-0.2052779221		-0.0368070888		0.2052828782		-0.0014264631				0.0037124856		0.212709756				18.5		0.212709756		0.0392388241				1		1		1				-0.2067043852		-0.2067043852		-0.2067043852				0.0051575731		0.2955071704				0.2955071704		0.0570137617

										0		-0.9825249002		-0.006948768		1				0.921641479		-19.421641479				-0.0097413315		-0.0523358358		0.0093837819		0.0514212619				0.0006848467		0.0392388241												1		1		1				0.0416799304		0.0416799304		0.0416799304				0.0009950779		0.0570137617



















Variance in Phi R

due to Tolerance Effects (deg)

dPhi (deg)	14.5	14.54	14.579999999999998	14.619999999999997	14.659999999999997	14.699999999999996	14.739999999999995	14.779999999999994	14.819999999999993	14.859999999999992	14.899999999999991	14.939999999999991	14.97999999999999	15.019999999999989	15.059999999999988	15.099999999999987	15.139999999999986	15.179999999999986	15.219999999999985	15.259999999999984	15.299999999999983	15.339999999999982	15.379999999999981	15.41999999999998	15.45999999999998	15.499999999999979	15.539999999999978	15.579999999999977	15.619999999999976	15.659999999999975	15.699999999999974	15.739999999999974	15.779999999999973	15.819999999999972	15.859999999999971	15.89999999999997	15.939999999999969	15.979999999999968	16.019999999999968	16.059999999999967	16.099999999999966	16.139999999999965	16.179999999999964	16.219999999999963	16.259999999999962	16.299999999999962	16.339999999999961	16.37999999999996	16.419999999999959	16.459999999999958	16.499999999999957	16.539999999999957	16.579999999999956	16.619999999999955	16.659999999999954	16.699999999999953	16.739999999999952	16.779999999999951	16.819999999999951	16.85999999999995	16.899999999999949	16.939999999999948	16.979999999999947	17.019999999999946	17.059999999999945	17.099999999999945	17.139999999999944	17.179999999999943	17.219999999999942	17.259999999999941	17.29999999999994	17.339999999999939	17.379999999999939	17.419999999999938	17.459999999999937	17.499999999999936	17.539999999999935	17.579999999999934	17.619999999999933	17.659999999999933	17.699999999999932	17.739999999999931	17.77999999999993	17.819999999999929	17.859999999999928	17.899999999999928	17.939999999999927	17.979999999999926	18.019999999999925	18.059999999999924	18.099999999999923	18.139999999999922	18.179999999999922	18.219999999999921	18.25999999999992	18.299999999999919	18.339999999999918	18.379999999999917	18.419999999999916	18.459999999999916	18.499999999999915	0.44624542423733093	0.42805533886437658	0.41194673940586501	0.39755636337558026	0.38460433352646095	0.37287106424291871	0.36218153406443943	0.35239429935948419	0.34339364755896756	0.33508388185997906	0.32738508526346405	0.32022993170932307	0.31356125154336373	0.30733014911677942	0.3014945303882971	0.29601793901261342	0.2908686273413445	0.28601880829651016	0.2814440479332469	0.27712276847119366	0.27303583882680799	0.26916623502004539	0.26549875680465551	0.26201978986052882	0.25871710515499752	0.2555796888166007	0.25259759720527675	0.24976183290555659	0.24706423818627218	0.24449740311475424	0.24205458602526797	0.23972964445029848	0.23751697495191607	0.23541146055600382	0.23340842470791132	0.23150359084430652	0.22969304682060479	0.22797321355260658	0.22634081732975503	0.22479286533962664	0.22332662401197273	0.22193959984832004	0.2206295224517732	0.21939432951287752	0.21823215354246878	0.21714131017243987	0.21612028787115187	0.2151677389425341	0.21428247169734752	0.21346344370212442	0.21270975602636932	Lg (in)



Variance in Phi R along Phi R

Variance in Phi (right side) along Phi	-20.32829030519304	-21.230319471228796	-22.115123232113078	-22.98373719569247	-23.83709883841604	-24.67606011393557	-25.501398052539376	-26.31382372941707	-27.113989898472695	-27.902497526654457	-28.679901416387469	-29.446715067002483	-30.203414897410138	-30.950443929714851	-31.688215015580333	-32.417113672880291	-33.137500588683892	-33.849713835345533	-34.554070838909311	-35.250870132860392	-35.940392925175068	-36.622904502412865	-37.298655491113493	-37.967882993844242	-38.630811614809424	-39.287654387878334	-39.938613618159344	-40.583881646776547	-41.223641547257486	-41.858067760873553	-42.487326677361331	-43.111577166668333	-43.730971066691133	-44.345653631388124	-44.955763943144092	-45.561435292823013	-46.16279553056205	-46.759967390024848	-47.353068788539304	-47.942213105287856	-48.527509439490586	-49.109062850325159	-49.686974580146988	-50.261342262421763	-50.832260115640977	-51.399819124369131	-51.964107208462906	-52.525209381404117	-53.083207898601096	-53.638182396435958	-54.19021002276525	-54.739365559517921	-55.285721537979938	-55.829348347302044	-56.370314336723752	-56.908685911963026	-57.444527626185931	-57.97790226593537	-58.508870932367593	-59.037493118118618	-59.563826780095113	-60.087928408463959	-60.609853092091434	-61.129654580666354	-61.647385343721218	-62.163096626751916	-62.676838504621614	-63.188659932419263	-63.698608793933388	-64.206731947889821	-64.713075272090194	-65.217683705581877	-65.72060128897742	-66.221871203037253	-66.72153580561924	-67.21963666709371	-67.716214604315411	-68.211309713238052	-68.70496140025314	-69.197208412327072	-69.688088866009437	-70.177640275378266	-70.665899578986043	-71.152903165865482	-71.638686900651436	-72.123286147872292	-72.606735795460679	-73.08907027753132	-73.570323596471141	-74.050529344384842	-74.529720723936165	-75.007930568624602	-75.485191362533868	-75.961535259588402	-76.436994102351093	-76.911599440395719	-77.38538254828488	-77.858374443183507	-78.330605902137805	-78.802107479046882	-79.272909521354961	0.44624542423733093	0.42805533886437658	0.41194673940586501	0.39755636337558026	0.38460433352646095	0.37287106424291871	0.36218153406443943	0.35239429935948419	0.34339364755896756	0.33508388185997906	0.32738508526346405	0.32022993170932307	0.31356125154336373	0.30733014911677942	0.3014945303882971	0.29601793901261342	0.2908686273413445	0.28601880829651016	0.2814440479332469	0.27712276847119366	0.27303583882680799	0.26916623502004539	0.26549875680465551	0.26201978986052882	0.25871710515499752	0.2555796888166007	0.25259759720527675	0.24976183290555659	0.24706423818627218	0.24449740311475424	0.24205458602526797	0.23972964445029848	0.23751697495191607	0.23541146055600382	0.23340842470791132	0.23150359084430652	0.22969304682060479	0.22797321355260658	0.22634081732975503	0.22479286533962664	0.22332662401197273	0.22193959984832004	0.2206295224517732	0.21939432951287752	0.21823215354246878	0.21714131017243987	0.21612028787115187	0.2151677389425341	0.21428247169734752	0.21346344370212442	0.21270975602636932	Phi R (deg)

Variance (deg)



Variance in Phi R (Including Random Pin Location) (deg)
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Tolerances - trail L

		Tolerances								Pin Joint Slop

		Lg		0.01						alpha1		0.02		0.01

		L1		0.008						alpha2		0.02		0.01

		L2		0.015						alpha3		0.02		0.01

		Y1		0.01						Tolerance Analysis on Multiple Positions of Mechanism - Vector Loop Method

										Note: The following matricies cover 2 rows, so the tolerance analysis is done on every other position, not every one. 																																Without Geometric Variation

		Actual Path								A Matrix										B Matrix						"-BINV*A"										RSS Variances (Phi, Lambda)						Plot Data								F Matrix								"-BINV*F"								RSS Variances (Phi, Lambda)						Plot Data (w/ pin slop)

		Lg (in)		Phi (deg)		Lambda (deg) (theta + alpha)				Lg		L1		L2		Y1				phi		lambda (theta + alpha)		 		Lg		L1		L2		Y1				(rad)		(deg)				Lg (in)		dPhi (deg)		dLambda (deg)				Alpha1		Alpha2		Alpha3				Alpha1		Alpha2		Alpha3				(rad)		(deg)				dPhi (deg)		dLambda (deg)

		-18.5		-100.7270904786		179.6018617187				1		-0.1861311917		0.999975857		0				4.8650400506		0.1349597385				-0.2052779221		0.0368070888		-0.2052828782		0.0014264631				0.0037124856		0.212709756				-18.5		0.212709756		0.0392388241				1		1		1				-0.203851459		-0.203851459		-0.203851459				0.0051233948		0.2935489				0.2935489		0.0722761634

		-18.46		-101.197892521		179.5790357989				0		-0.9825249002		-0.006948768		1				-0.921641479		19.421641479				-0.0097413315		0.0523358358		-0.0093837819		-0.0514212619				0.0006848467		0.0392388241				-18.46								1		1		1				-0.0611625934		-0.0611625934		-0.0611625934				0.001261457		0.0722761634

		-18.42		-101.6693940979		179.5552062121				1		-0.2022641913		0.9999698672		0				4.8492252059		0.1507745832				-0.205888395		0.0400785188		-0.2058945992		0.0015983676				0.0037256399		0.2134634437				-18.42		0.2134634437		0.0395039546				1		1		1				-0.2042900274		-0.2042900274		-0.2042900274				0.0051381628		0.2943950456				0.2943950456		0.0731384439

		-18.38		-102.1416255568		179.5303686157				0		-0.9793309946		-0.0077630381		1				-1.0015251434		19.4215251434				-0.0106172097		0.052491791		-0.0102178165		-0.0514068379				0.0006894741		0.0395039546				-18.38								1		1		1				-0.0620240475		-0.0620240475		-0.0620240475				0.0012765067		0.0731384439

		-18.34		-102.6146174517		179.5045184785				1		-0.2183922128		0.9999626081		0				4.8320436684		0.1679561207				-0.2065520168		0.0433662087		-0.2065597404		0.0017862617				0.0037399347		0.2142824717				-18.34		0.2142824717		0.0397911195				1		1		1				-0.204765755		-0.204765755		-0.204765755				0.0051542037		0.2953141177				0.2953141177		0.0740179552

		-18.3		-103.0884005596		179.4776510785				0		-0.9758610769		-0.0086476761		1				-1.081384158		19.421384158				-0.0115008321		0.0526613654		-0.0110559965		-0.0513901768				0.000694486		0.0397911195				-18.3								1		1		1				-0.0628910089		-0.0628910089		-0.0628910089				0.001291857		0.0740179552

		-18.26		-103.5630058976		179.4497615009				1		-0.2345144992		0.999953887		0				4.8134829341		0.186516855				-0.2072695667		0.0466726614		-0.2072791249		0.001990569				0.0037553855		0.2151677389				-18.26		0.2151677389		0.040100419				1		1		1				-0.2052789977		-0.2052789977		-0.2052789977				0.0051715336		0.2963070514				0.2963070514		0.0749149663

		-18.22		-104.0384647404		179.4208446357				0		-0.9721126219		-0.0096033259		1				-1.1612147749		19.4212147749				-0.0123928645		0.0528447689		-0.0118989599		-0.0513710668				0.0006998843		0.040100419				-18.22								1		1		1				-0.0637639313		-0.0637639313		-0.0637639313				0.0013075128		0.0749149663

		-18.18		-104.5148086375		179.3908951744				1		-0.2506302226		0.9999434927		0				4.7935294621		0.206470327				-0.2080419435		0.0500004381		-0.2080537001		0.0022117532				0.0037720106		0.2161202879				-18.18		0.2161202879		0.0404319903				1		1		1				-0.2058301903		-0.2058301903		-0.2058301903				0.0051901719		0.2973749438				0.2973749438		0.0758297909

		-18.14		-104.9920694314		179.3599076078				0		-0.968082895		-0.0106306845		1				-1.2410128952		19.4210128952				-0.0132939891		0.0530422429		-0.0127473599		-0.0513492881				0.0007056714		0.0404319903				-18.14								1		1		1				-0.0646432772		-0.0646432772		-0.0646432772				0.0013234795		0.0758297909

		-18.1		-105.4702792761		179.3278762228				1		-0.2667384814		0.9999311953		0				4.7721686485		0.2278311406				-0.2088701706		0.0533521689		-0.2088845428		0.0024503209				0.0037898308		0.2171413102				-18.1		0.2171413102		0.0407860088				1		1		1				-0.2064198497		-0.2064198497		-0.2064198497				0.0052101405		0.2985190602				0.2985190602		0.0767627887

		-18.06		-105.9494706556		179.2947950989				0		-0.9637689466		-0.0117305038		1				-1.3207740536		19.4207740536				-0.0142049076		0.0532540621		-0.0136018667		-0.0513246113				0.0007118501		0.0407860088				-18.06								1		1		1				-0.065529519		-0.065529519		-0.065529519				0.0013397634		0.0767627887

		-18.02		-106.4296764035		179.2606581052				1		-0.2828382965		0.9999167452		0				4.7493847959		0.2506149932				-0.2097554008		0.0567305628		-0.2097728654		0.0027068235				0.0038088696		0.2182321535				-18.02		0.2182321535		0.0411626911				1		1		1				-0.2070485773		-0.2070485773		-0.2070485773				0.0052314646		0.2997408416				0.2997408416		0.0777143664

		-17.98		-106.9109297225		179.2254588961				0		-0.9591676068		-0.0129035923		1				-1.4004934025		19.4204934025				-0.0151263435		0.0534805354		-0.0144631712		-0.0512967972				0.0007184245		0.0411626911				-17.98								1		1		1				-0.0664231407		-0.0664231407		-0.0664231407				0.0013563716		0.0777143664

		-17.94		-107.3932642045		179.1891909083				1		-0.298928608		0.9998998722		0				4.7251610799		0.2748387092				-0.2106989235		0.0601384198		-0.2107200224		0.0029818603				0.0038291534		0.2193943295				-17.94		0.2193943295		0.0415622968				1		1		1				-0.2077170632		-0.2077170632		-0.2077170632				0.0052541726		0.3010419128				0.3010419128		0.0786849796

		-17.9		-107.8767138521		179.1518473558				0		-0.9542754777		-0.0141508159		1				-1.4801656933		19.4201656933				-0.0160590452		0.0537220083		-0.0153319872		-0.0512655952				0.0007253989		0.0415622968				-17.9								1		1		1				-0.0673246404		-0.0673246404		-0.0673246404				0.001373312		0.0786849796

		-17.86		-108.3613130993		179.1134212262				1		-0.3150082709		0.9998802844		0				4.6994795097		0.3005202794				-0.2117021714		0.0635786425		-0.2117275185		0.0032760813				0.0038507116		0.2206295225				-17.86		0.2206295225		0.0419851316				1		1		1				-0.2084260901		-0.2084260901		-0.2084260901				0.0052782962		0.3024240926				0.3024240926		0.0796751352

		-17.82		-108.8470968341		179.0739052758				0		-0.9490889259		-0.0154731012		1				-1.5597852571		19.4197852571				-0.0170037887		0.0539788644		-0.0162090547		-0.0512307424				0.0007327788		0.0419851316				-17.82								1		1		1				-0.0682345312		-0.0682345312		-0.0682345312				0.0013905934		0.0796751352

		-17.78		-109.334100421		179.0332920249				1		-0.3310760511		0.9998576672		0				4.6723208856		0.3276789035				-0.2127667295		0.0670542494		-0.2127970175		0.0035901914				0.0038735768		0.2219395998				-17.78		0.2219395998		0.0424315506				1		1		1				-0.2091765382		-0.2091765382		-0.2091765382				0.0053038707		0.3038894047				0.3038894047		0.0806853933

		-17.74		-109.8223597246		178.9915737527				0		-0.943604074		-0.0168714366		1				-1.639345983		19.419345983				-0.0179613816		0.0542515278		-0.0170951431		-0.0511919626				0.0007405703		0.0424315506				-17.74								1		1		1				-0.0691533442		-0.0691533442		-0.0691533442				0.0014082258		0.0806853933

		-17.7		-110.311911134		178.9487424919				1		-0.3471306204		0.9998316819		0				4.6436647505		0.3563350386				-0.2138943445		0.0705683892		-0.2139303528		0.0039249535				0.0038977849		0.223326624				-17.7		0.223326624		0.0429019612				1		1		1				-0.209969391		-0.209969391		-0.209969391				0.0053309353		0.3054400907				0.3054400907		0.0817163705

		-17.66		-110.8027915877		178.9047900228				0		-0.9378167904		-0.0183468754		1				-1.7188412943		19.4188412943				-0.0189326658		0.0545404659		-0.0179910554		-0.0511489647				0.0007487805		0.0429019612				-17.66								1		1		1				-0.0700816305		-0.0700816305		-0.0700816305				0.0014262197		0.0817163705

		-17.62		-111.2950385997		178.8597078678				1		-0.3631705514		0.9998019647		0				4.6134893362		0.3865104529				-0.2150869355		0.0741243557		-0.2151295387		0.0042811936				0.0039233756		0.2247928653				-17.62		0.2247928653		0.043396827				1		1		1				-0.2108057418		-0.2108057418		-0.2108057418				0.0053595331		0.3070786244				0.3070786244		0.082768743

		-17.58		-111.7886902868		178.8134872849				0		-0.931722679		-0.0199005384		1				-1.7982641228		19.4182641228				-0.0199185219		0.0548461923		-0.0188976311		-0.0511014412				0.0007574175		0.043396827				-17.58								1		1		1				-0.0710199631		-0.0710199631		-0.0710199631				0.0014445871		0.082768743

		-17.54		-112.2837853957		178.7661192608				1		-0.3791943116		0.9997681248		0				4.5817715037		0.4182282854				-0.2163466066		0.0777256051		-0.2163967837		0.0046598054				0.0039503925		0.2263408173				-17.54		0.2263408173		0.0439166724				1		1		1				-0.2116868012		-0.2116868012		-0.2116868012				0.0053897116		0.3088077289				0.3088077289		0.0838432509

		-17.5		-112.7803633329		178.7175945046				0		-0.9253170668		-0.021533617		1				-1.8776068807		19.4176068807				-0.0209198734		0.05516927		-0.0198157515		-0.0510490671				0.0007664905		0.0439166724				-17.5								1		1		1				-0.0719689405		-0.0719689405		-0.0719689405				0.0014633408		0.0838432509

		-17.46		-113.2784641944		178.6679034397				1		-0.3952002575		0.9997297432		0				4.5484866775		0.4515131116				-0.2176756612		0.0813757736		-0.2177345054		0.005061756				0.0039788832		0.2279732136				-17.46		0.2279732136		0.0444620869				1		1		1				-0.2126139052		-0.2126139052		-0.2126139052				0.0054215231		0.3106303946				0.3106303946		0.0849407021

		-17.42		-113.778128797		178.6170361968				0		-0.9185949904		-0.0232473765		1				-1.9568614297		19.4168614297				-0.021937691		0.0555103155		-0.0207463436		-0.0509914977				0.0007760098		0.0444620869				-17.42								1		1		1				-0.0729291887		-0.0729291887		-0.0729291887				0.0014824949		0.0849407021

		-17.38		-114.279398711		178.5649826053				1		-0.4111866276		0.9996863709		0				4.5136087722		0.4863910169				-0.219076617		0.0850786986		-0.2191453473		0.005488092				0.0040088999		0.2296930468				-17.38		0.2296930468		0.0450337306				1		1		1				-0.213588525		-0.213588525		-0.213588525				0.0054550248		0.312549901				0.312549901		0.0860619777

		-17.34		-114.7823162944		178.5117321851				0		-0.911551182		-0.0250431599		1				-2.0360190474		19.4160190474				-0.0229729979		0.0558700025		-0.0216903857		-0.0509283668				0.0007859869		0.0450337306				-17.34								1		1		1				-0.0739013647		-0.0739013647		-0.0739013647				0.0015020649		0.0860619777

		-17.3		-115.2869247279		178.4572741374				1		-0.4271515347		0.9996375267		0				4.477110112		0.5228896771				-0.2205522246		0.08883844		-0.2206321978		0.0059399466				0.0040404999		0.2315035908				-17.3		0.2315035908		0.0456323397				1		1		1				-0.214612278		-0.214612278		-0.214612278				0.0054902794		0.3145698402				0.3145698402		0.0872080374

		-17.26		-115.7932680521		178.4015973355				0		-0.904180052		-0.0269223924		1				-2.1150703902		19.4150703902				-0.0240268755		0.0562490676		-0.0226489128		-0.0508592848				0.0007964346		0.0456323397				-17.26								1		1		1				-0.0748861604		-0.0748861604		-0.0748861604				0.0015220674		0.0872080374

		-17.22		-116.3013912061		178.3446903146				1		-0.4430929584		0.9995826955		0				4.4389613405		0.5610384486				-0.2221054873		0.0926593057		-0.2221982116		0.0064185476				0.0040737455		0.2334084247				-17.22		0.2334084247		0.0462587334				1		1		1				-0.2156869397		-0.2156869397		-0.2156869397				0.0055273555		0.3166941444				0.3166941444		0.0883799267

		-17.18		-116.8113400676		178.2865412617				0		-0.8964756719		-0.0288865853		1				-2.194005453		19.414005453				-0.0251004694		0.0566483149		-0.0236230233		-0.0507838361				0.0008073672		0.0462587334				-17.18								1		1		1				-0.0758843056		-0.0758843056		-0.0758843056				0.0015425207		0.0883799267

		-17.14		-117.3231614954		178.2271380042				1		-0.4590087355		0.9995213259		0				4.3991313223		0.6008684668				-0.2237396842		0.0965458788		-0.2238468339		0.006925226				0.0041087051		0.2354114606				-17.14		0.2354114606		0.0469138214				1		1		1				-0.2168144582		-0.2168144582		-0.2168144582				0.0055663283		0.3189271164				0.3189271164		0.0895787838

		-17.1		-117.8369033732		178.1664679985				0		-0.8884317536		-0.0309373418		1				-2.272813525		19.412813525				-0.0261949964		0.0570686228		-0.0246138855		-0.0507015766				0.0008188006		0.0469138214				-17.1								1		1		1				-0.076896573		-0.076896573		-0.076896573				0.0015634447		0.0895787838

		-17.06		-118.3526146563		178.104518318				1		-0.4748965505		0.9994528274		0				4.3575870329		0.6424127562				-0.2254583958		0.1005030488		-0.225581828		0.0074614262				0.0041454532		0.237516975				-17.06		0.237516975		0.0475986116				1		1		1				-0.2179969696		-0.2179969696		-0.2179969696				0.0056072798		0.3212734643				0.3212734643		0.0908058482

		-17.02		-118.8703454193		178.0412756398				0		-0.8800416276		-0.0330763621		1				-2.3514831407		19.4114831407				-0.0273117522		0.0575109508		-0.0256227461		-0.0506120308				0.0008307525		0.0475986116				-17.02								1		1		1				-0.0779237829		-0.0779237829		-0.0779237829				0.001584861		0.0908058482

		-16.98		-119.3901469079		177.9767262317				1		-0.4907539247		0.9993765683		0				4.3142934371		0.685706352				-0.2272655337		0.1045360455		-0.2274073066		0.0080287174				0.0041840716		0.2397296445				-16.98		0.2397296445		0.0483142203				1		1		1				-0.2192368164		-0.2192368164		-0.2192368164				0.0056503		0.3237383412				0.3237383412		0.0920624706

		-16.94		-119.9120715915		177.9108559372				0		-0.8712982184		-0.0353054503		1				-2.4300020265		19.4100020265				-0.02845212		0.0579763474		-0.0266509383		-0.0505146882				0.0008432422		0.0483142203				-16.94								1		1		1				-0.0789668082		-0.0789668082		-0.0789668082				0.0016067932		0.0920624706

		-16.9		-120.4361732199		177.8436501613				1		-0.5065782042		0.9992918718		0				4.269213354		0.7307864351				-0.2291653737		0.1086504786		-0.2293277672		0.0086288059				0.0042246495		0.242054586				-16.9		0.242054586		0.0490618819				1		1		1				-0.2205365678		-0.2205365678		-0.2205365678				0.0056954874		0.3263273901				0.3263273901		0.0933501238

		-16.86		-120.9625068819		177.7750938537				0		-0.8621940171		-0.0376265205		1				-2.5083570417		19.4083570417				-0.0296175806		0.0584659592		-0.0276998923		-0.0504090002				0.0008562914		0.0490618819				-16.86								1		1		1				-0.0800265808		-0.0800265808		-0.0800265808				0.001629267		0.0933501238

		-16.82		-121.4911290676		177.7051714925				1		-0.5223665468		0.9991980133		0				4.2223073068		0.7776924823				-0.2311625941		0.1128523814		-0.2313481322		0.0092635506				0.0042672847		0.2444974031				-16.82		0.2444974031		0.0498429619				1		1		1				-0.2218990435		-0.2218990435		-0.2218990435				0.00574295		0.3290467951				0.3290467951		0.0946704152

		-16.78		-122.0220977341		177.6338670667				0		-0.852721051		-0.0400416055		1				-2.5865341129		19.4065341129				-0.0308097227		0.0589810411		-0.0287711462		-0.0502943753				0.0008699238		0.0498429619				-16.78								1		1		1				-0.0811040981		-0.0811040981		-0.0811040981				0.0016523105		0.0946704152

		-16.74		-122.5554723738		177.5611640567				1		-0.5381159074		0.9990942166		0				4.173533356		0.8264664331				-0.2332623189		0.1171482603		-0.2334737956		0.0099349788				0.0043120844		0.2470642382				-16.74		0.2470642382		0.0506589699				1		1		1				-0.2233273401		-0.2233273401		-0.2233273401				0.0057928061		0.33190334				0.33190334		0.0960251018

		-16.7		-123.091314088		177.4870454151				0		-0.8428708503		-0.0425528646		1				-2.6645181622		19.4045181622				-0.032030256		0.0595229682		-0.0298663589		-0.0501701748				0.0008841658		0.0506589699				-16.7								1		1		1				-0.0822004309		-0.0822004309		-0.0822004309				0.0016759542		0.0960251018

		-16.66		-123.6296856633		177.4114935455				1		-0.5538230219		0.9989796495		0				4.1228469126		0.8771528765				-0.2354701675		0.1215451522		-0.235710675		0.0106453054				0.0043591663		0.2497618329				-16.66		0.2497618329		0.0515115756				1		1		1				-0.2248248621		-0.2248248621		-0.2248248621				0.0058451858		0.3349044751				0.3349044751		0.0974161058

		-16.62		-124.1706516527		177.3344902803				0		-0.8326344098		-0.0451625935		1				-2.7422930269		19.4022930269				-0.033281025		0.0600932494		-0.0309873243		-0.0500357072				0.0008990466		0.0515115756				-16.62								1		1		1				-0.0833167322		-0.0833167322		-0.0833167322				0.0017002318		0.0974161058

		-16.58		-124.714278462		177.2560168571				1		-0.5694843891		0.9988534194		0				4.07020053		0.9297992591				-0.2377923122		0.1260506883		-0.2380652733		0.0113969548				0.0044086598		0.2525975972				-16.58		0.2525975972		0.0524026268				1		1		1				-0.2263953574		-0.2263953574		-0.2263953574				0.005900232		0.3380583943				0.3380583943		0.0988455346

		-16.54		-125.2606344405		177.1760538939				0		-0.8220021475		-0.0478732352		1				-2.8198413707		19.3998413707				-0.0345640249		0.0606935423		-0.0321359881		-0.0498902221				0.0009145984		0.0524026268				-16.54								1		1		1				-0.084454247		-0.084454247		-0.084454247				0.00172518		0.0988455346

		-16.5		-125.8097899772		177.0945813625				1		-0.5850962508		0.998714568		0				4.0155436703		0.9844561188				-0.2402355435		0.1306731693		-0.2405447474		0.0121925859				0.0044607071		0.2555796888				-16.5		0.2555796888		0.0533341699				1		1		1				-0.2280429576		-0.2280429576		-0.2280429576				0.0059581024		0.3413741239				0.3413741239		0.1003157024

		-16.46		-126.3618176036		177.0115785606				0		-0.810963857		-0.0506873918		1				-2.8971445842		19.3971445842				-0.0358814206		0.0613256718		-0.0333144663		-0.0497329033				0.0009308569		0.0533341699				-16.46								1		1		1				-0.0856143239		-0.0856143239		-0.0856143239				0.0017508393		0.1003157024

		-16.42		-126.9167921014		176.9270240818				1		-0.6006545691		0.998562066		0				3.9588224424		1.0411773467				-0.242807346		0.1354216501		-0.2431569897		0.0130351205				0.0045154653		0.2587171052				-16.42		0.2587171052		0.0543084739				1		1		1				-0.2297722255		-0.2297722255		-0.2297722255				0.0060189708		0.3448616249				0.3448616249		0.1018291554

		-16.38		-127.4747906186		176.8408957839				0		-0.7995086545		-0.053607838		1				-2.9741826743		19.3941826743				-0.0372355677		0.0619916498		-0.0345250676		-0.0495628605				0.0009478617		0.0543084739				-16.38								1		1		1				-0.0867984282		-0.0867984282		-0.0867984282				0.001777254		0.1018291554

		-16.34		-128.0358927915		176.7531707552				1		-0.6161550018		0.9983948064		0				3.8999793058		1.1000204833				-0.245515987		0.1403060388		-0.2459107213		0.0139277774				0.004573108		0.2620197899				-16.34		0.2620197899		0.055328058				1		1		1				-0.2315882095		-0.2315882095		-0.2315882095				0.0060830294		0.3485319117				0.3485319117		0.1033887017

		-16.3		-128.6001808756		176.6638252787				0		-0.7876249195		-0.0566375364		1				-3.0509341396		19.3909341396				-0.0386290367		0.0626936998		-0.0357703179		-0.0493791202				0.0009656568		0.055328058				-16.3								1		1		1				-0.0880081569		-0.0880081569		-0.0880081569				0.0018044733		0.1033887017

		-16.26		-129.1677398844		176.5728347935				1		-0.6315928737		0.9982115973		0				3.8389527376		1.1610470515				-0.2483706185		0.1453372113		-0.248815601		0.0148741107				0.0046338275		0.2654987568				-16.26		0.2654987568		0.0563957237				1		1		1				-0.2334965078		-0.2334965078		-0.2334965078				0.0061504913		0.3523971911				0.3523971911		0.1049974456

		-16.22		-129.7386577376		176.4801738543				0		-0.7753002269		-0.0597796547		1				-3.1273758311		19.3873758311				-0.0400646419		0.0634342842		-0.03705299		-0.049180615				0.0009842911		0.0563957237				-16.22								1		1		1				-0.0892452568		-0.0892452568		-0.0892452568				0.0018325511		0.1049974456

		-16.18		-130.3130254199		176.3858160876				1		-0.6469631451		0.9980111537		0				3.7756768532		1.2243229359				-0.2513813973		0.1505271446		-0.2518823526		0.0158780552				0.004697837		0.269166235				-16.18		0.269166235		0.0575145923				1		1		1				-0.2355033421		-0.2355033421		-0.2355033421				0.006221593		0.3564710235				0.3564710235		0.106658828

		-16.14		-130.8909371497		176.2897341453				0		-0.7625212711		-0.0630375851		1				-3.2034827939		19.3834827939				-0.041545474		0.0642161371		-0.0383761373		-0.0489661705				0.001003819		0.0575145923				-16.14								1		1		1				-0.0905116445		-0.0905116445		-0.0905116445				0.0018615477		0.106658828

		-16.1		-131.4724905605		176.1918996546				1		-0.6622603755		0.9977920887		0				3.7100809762		1.2899188129				-0.2545596259		0.1558890736		-0.2551229147		0.0169439799				0.0047653744		0.2730358388				-16.1		0.2730358388		0.0586881493				1		1		1				-0.237615646		-0.237615646		-0.237615646				0.0062965984		0.3607685135				0.3607685135		0.1083766732

		-16.06		-132.0577868947		176.0922831648				0		-0.7492737784		-0.0664149666		1				-3.279228089		19.379228089				-0.0430749394		0.0650423021		-0.0397431341		-0.0487344914				0.0010243014		0.0586881493				-16.06								1		1		1				-0.0918094308		-0.0918094308		-0.0918094308				0.0018915298		0.1083766732

		-16.02		-132.6469312115		175.9908540902				1		-0.6774786827		0.9975529026		0				3.6420891468		1.3579106423				-0.2579179178		0.161437675		-0.2585506164		0.01807675				0.0048367047		0.2771227685				-16.02		0.2771227685		0.0599202957				1		1		1				-0.2398411678		-0.2398411678		-0.2398411678				0.0063758018		0.3653065337				0.3653065337		0.1101552456

		-15.98		-133.24003261		175.8875806486				0		-0.7355424083		-0.0699157103		1				-3.3545825906		19.3745825906				-0.044656805		0.0659161774		-0.0411577221		-0.0484841438				0.0010458064		0.0599202957				-15.98								1		1		1				-0.0931409489		-0.0931409489		-0.0931409489				0.0019225717		0.1101552456

		-15.94		-133.8372044694		175.7824297955				1		-0.6926116961		0.9972919713		0				3.5716195578		1.4283802313				-0.261470395		0.167189285		-0.262180387		0.0192818017				0.0049121253		0.2814440479				-15.94		0.2814440479		0.0612154103				1		1		1				-0.2421885932		-0.2421885932		-0.2421885932				0.0064595332		0.3701039908				0.3701039908		0.1119993152

		-15.9		-134.4385647072		175.6753671531				0		-0.7213106394		-0.0735440281		1				-3.4295147535		19.3695147535				-0.0462952525		0.0668415691		-0.0426240661		-0.0482135349				0.0010684105		0.0612154103				-15.9								1		1		1				-0.0945087875		-0.0945087875		-0.0945087875				0.0019547568		0.1119993152

		-15.86		-135.0442360569		175.5663569341				1		-0.7076525027		0.9970075323		0				3.4985839061		1.501415883				-0.2652329218		0.1731621586		-0.266029005		0.0205652303				0.0049919699		0.2860188083				-15.86		0.2860188083		0.0625784222				1		1		1				-0.2446676914		-0.2446676914		-0.2446676914				0.0065481637		0.3751821422				0.3751821422		0.1139142373

		-15.82		-135.6543463686		175.4553618592				0		-0.7065606382		-0.0773044666		1				-3.5039903485		19.3639903485				-0.0479949422		0.0678227549		-0.0441468201		-0.047920889				0.0010921995		0.0625784222				-15.82								1		1		1				-0.0959158312		-0.0959158312		-0.0959158312				0.0019881785		0.1139142373

		-15.78		-136.2690289333		175.3423430687				1		-0.7225935858		0.9966976693		0				3.4228866416		1.5771131475				-0.2692233861		0.1793767797		-0.2701153965		0.0219338957				0.0050766152		0.2908686273				-15.78		0.2908686273		0.0640148993				1		1		1				-0.2472894904		-0.2472894904		-0.2472894904				0.0066421119		0.3805649764				0.3805649764		0.1159060466

		-15.74		-136.8884228333		175.2272600258				0		-0.6912731079		-0.0812019454		1				-3.577972156		19.357972156				-0.0497610892		0.0688645598		-0.0457312065		-0.0476042183				0.0011172708		0.0640148993				-15.74								1		1		1				-0.0973653075		-0.0973653075		-0.0973653075				0.0020229421		0.1159060466

		-15.7		-137.5126733226		175.1100704135				1		-0.7374267534		0.9963602938		0				3.3444240952		1.6555756939				-0.2734620383		0.1858562344		-0.2744609957		0.0233955499				0.0051664877		0.296017939				-15.7		0.296017939		0.0655311535				1		1		1				-0.2500664884		-0.2500664884		-0.2500664884				0.0067418521		0.3862796706				0.3862796706		0.1179815726

		-15.66		-138.1419322391		174.9907300213				0		-0.6754271118		-0.0852418023		1				-3.6514196118		19.3514196118				-0.0515995555		0.0699724484		-0.0473831108		-0.0472612888				0.0011437344		0.0655311535				-15.66								1		1		1				-0.0988608442		-0.0988608442		-0.0988608442				0.0020591669		0.1179815726

		-15.62		-138.7763584527		174.8691926229				1		-0.7521430545		0.9959931238		0				3.2630834584		1.7369163307				-0.2779719023		0.1926266633		-0.2790901821		0.0249589919				0.0052620722		0.3014945304				-15.62		0.3014945304		0.0671343698				1		1		1				-0.2530129104		-0.2530129104		-0.2530129104				0.0068479241		0.3923571475				0.3923571475		0.1201485778

		-15.58		-139.4161183532		174.7454098438				0		-0.6589998676		-0.0894298455		1				-3.7242883956		19.3442883956				-0.0535169611		0.0711526362		-0.0491091976		-0.0468895778				0.0011717158		0.0671343698				-15.58								1		1		1				-0.1004065389		-0.1004065389		-0.1004065389				0.0020969883		0.1201485778

		-15.54		-140.0613863818		174.6193310158				1		-0.7667326824		0.9955936591		0				3.1787415851		1.821258204				-0.2827792782		0.1997178146		-0.2840308148		0.0266342556				0.005363923		0.3073301491				-15.54		0.3073301491		0.0688327624				1		1		1				-0.2561450227		-0.2561450227		-0.2561450227				0.0069609447		0.398832755				0.398832755		0.1224159282

		-15.5		-140.7123456121		174.4909030191				0		-0.6419665051		-0.0937724154		1				-3.7965299479		19.3365299479				-0.05552082		0.0724122256		-0.0509170509		-0.0464862234				0.0012013583		0.0688327624				-15.5								1		1		1				-0.1020070434		-0.1020070434		-0.1020070434				0.002136561		0.1224159282

		-15.46		-141.3691883852		174.36007011				1		-0.7811848594		0.995159152		0				3.0912635736		1.9087362155				-0.287914362		0.2071637229		-0.2893148914		0.0284328428				0.0054726762		0.3135612515				-15.46		0.3135612515		0.0706357684				1		1		1				-0.2594815192		-0.2594815192		-0.2594815192				0.0070816229		0.4057471044				0.4057471044		0.124793803

		-15.42		-142.0321170062		174.2267737313				0		-0.6242997802		-0.098276458		1				-3.8680909024		19.3280909024				-0.0576197065		0.0737593743		-0.0528153477		-0.0460479612				0.0012328267		0.0706357684				-15.42								1		1		1				-0.1036676676		-0.1036676676		-0.1036676676				0.0021780627		0.124793803

		-15.38		-142.7013445089		174.0909523053				1		-0.7954877008		0.9946865725		0				3.0005010785		1.9994987106				-0.2934120141		0.215003553		-0.2949793656		0.030368011				0.0055890667		0.3202299317				-15.38		0.3202299317		0.0725542874				1		1		1				-0.2630440031		-0.2630440031		-0.2630440031				0.0072107774		0.4131471113				0.4131471113		0.1272939551

		-15.34		-143.3770954976		173.9525410053				0		-0.6059697334		-0.1029496111		1				-3.9389124119		19.3189124119				-0.0598234621		0.0752035035		-0.0548140729		-0.045571047				0.0012663112		0.0725542874				-15.34								1		1		1				-0.105394509		-0.105394509		-0.105394509				0.0022216986		0.1272939551

		-15.3		-144.0596070748		173.8114715052				1		-0.8096280528		0.9941725672		0				2.9062902865		2.0937095026				-0.2993127232		0.2232826543		-0.301067172		0.0324551342				0.0057139477		0.3273850853				-15.3		0.3273850853		0.0746009814				1		1		1				-0.2668575891		-0.2668575891		-0.2668575891				0.0073493598		0.4210872996				0.4210872996		0.1299300378

		-15.26		-144.7491298671		173.6676717015				0		-0.5869432819		-0.1078003091		1				-4.0089293434		19.3089293434				-0.0621434538		0.0767555591		-0.0569247881		-0.0450511597				0.0013020328		0.0746009814				-15.26								1		1		1				-0.1071946136		-0.1071946136		-0.1071946136				0.002267707		0.1299300378

		-15.22		-145.4459291611		173.5210654073				1		-0.8235912961		0.9936134089		0				2.8084494689		2.1915503202				-0.3056638256		0.2320538946		-0.3076285232		0.0347121592				0.005848317		0.3350838819				-15.22		0.3350838819		0.076790655				1		1		1				-0.2709516664		-0.2709516664		-0.2709516664				0.0074984834		0.4296314523				0.4296314523		0.1327180188

		-15.18		-146.1502861647		173.3715720117				0		-0.5671837242		-0.1128379088		1				-4.0780693093		19.2980693093				-0.0645929003		0.0784283425		-0.0591609716		-0.0444832794				0.0013402498		0.076790655				-15.18								1		1		1				-0.1090761797		-0.1090761797		-0.1090761797				0.0023163664		0.1327180188

		-15.14		-146.8624994113		173.2191061022				1		-0.8373611087		0.9930049364		0				2.7067759969		2.2932237922				-0.3125210636		0.2413793622		-0.314722568		0.0371601884				0.0059933498		0.3433936476				-15.14		0.3433936476		0.0791407399				1		1		1				-0.2753608752		-0.2753608752		-0.2753608752				0.0076594598		0.4388547223				0.4388547223		0.1356767098

		-15.1		-147.5828863271		173.0635770425				0		-0.5466501382		-0.1180728431		1				-4.1462514893		19.2862514893				-0.0671872876		0.0802369335		-0.0615384526		-0.0438615308				0.0013812665		0.0791407399				-15.1								1		1		1				-0.1110488184		-0.1110488184		-0.1110488184				0.0023680053		0.1356767098

		-15.06		-148.3117849844		172.9048885022				1		-0.850919174		0.99234248		0				2.6010426692		2.3989571199				-0.3199506021		0.2513325665		-0.3224195362		0.0398242326				0.0061504408		0.3523942994				-15.06		0.3523942994		0.0816719226				1		1		1				-0.2801263695		-0.2801263695		-0.2801263695				0.0078338469		0.448846363				0.448846363		0.1388284515

		-15.02		-149.0495560703		172.742937928				0		-0.5252966394		-0.1235168101		1				-4.2133851881		19.2733851881				-0.0699449067		0.0821992368		-0.0640759719		-0.0431789828				0.001425444		0.0816719226				-15.02								1		1		1				-0.1131238895		-0.1131238895		-0.1131238895				0.0024230136		0.1388284515

		-14.98		-149.7965851026		172.5776159505				1		-0.8642448198		0.9916207694		0				2.4909931432		2.5090066459				-0.3280316698		0.2620013163		-0.3308035491		0.0427341976				0.0063212603		0.3621815341				-14.98		0.3621815341		0.0844089651				1		1		1				-0.2852974722		-0.2852974722		-0.2852974722				0.0080235108		0.4597133058				0.4597133058		0.1422000129

		-14.94		-150.553284933		172.4088057138				0		-0.5030714576		-0.1291830082		1				-4.2793680458		19.2593680458				-0.0728875549		0.0843366986		-0.0667959159		-0.0424273859				0.0014732144		0.0844089651				-14.94								1		1		1				-0.1153149408		-0.1153149408		-0.1153149408				0.0024818584		0.1422000129

		-14.9		-151.3200985836		172.2363821177				1		-0.8773145656		0.9908338185		0				2.3763361877		2.6236636014				-0.3368600683		0.2734915401		-0.3399763533		0.0459261927				0.0065078278		0.3728710642				-14.9		0.3728710642		0.0873817953				1		1		1				-0.2909338757		-0.2909338757		-0.2909338757				0.0082307095		0.4715849141				0.4715849141		0.1458237854

		-14.86		-152.0975024733		172.0602109565				0		-0.4799157769		-0.1350864324		1				-4.3440837968		19.2440837968				-0.0760414671		0.0866752589		-0.0697252906		-0.0415968242				0.0015251		0.0873817953				-14.86								1		1		1				-0.1176382913		-0.1176382913		-0.1176382913				0.0025451052		0.1458237854

		-14.82		-152.8860101015		171.880147937				1		-0.8901015478		0.9899747783		0				2.2567383607		2.7432614285				-0.3465529071		0.2859324352		-0.3500623599		0.0494442957				0.0067126119		0.3846043335				-14.82		0.3846043335		0.0906269772				1		1		1				-0.2971086114		-0.2971086114		-0.2971086114				0.0084582041		0.4846193989				0.4846193989		0.1497393971

		-14.78		-153.6861762706		171.6960375541				0		-0.4557622567		-0.1412442507		1				-4.4073994239		19.2273994239				-0.0794385683		0.0892466354		-0.0728970342		-0.040675248				0.0015817391		0.0906269772				-14.78								1		1		1				-0.1201138163		-0.1201138163		-0.1201138163				0.0026134455		0.1497393971

		-14.74		-154.4986019475		171.5077117982				1		-0.9025747793		0.989035749		0				2.1318145455		2.8681852436				-0.3572551054		0.2994835304		-0.3612155635		0.053342975				0.0069386675		0.3975563634				-14.74		0.3975563634		0.0941897282				1		1		1				-0.3039121304		-0.3039121304		-0.3039121304				0.0087094134		0.4990126294				0.4990126294		0.1539959301

		-14.7		-155.3239398861		171.3149886627				0		-0.4305331203		-0.1476762919		1				-4.4691614934		19.2091614934				-0.0831181913		0.0920900885		-0.0763518176		-0.0396478332				0.0016439209		0.0941897282				-14.7								1		1		1				-0.1227660245		-0.1227660245		-0.1227660245				0.002687736		0.1539959301

		-14.66		-156.1629011616		171.1176704104				1		-0.9146981817		0.9880075325		0				2.0011155236		2.9988842655				-0.3691484964		0.3143445646		-0.3736292328		0.0576904778				0.0071898269		0.4119467394				-14.66		0.4119467394		0.098126743				1		1		1				-0.3114580186		-0.3114580186		-0.3114580186				0.0089886284		0.5150104716				0.5150104716		0.1586550283

		-14.62		-157.0162628043		170.9155415523				0		-0.4041376452		-0.1544056854		1				-4.5291913595		19.1891913595				-0.0871294756		0.095254891		-0.0801405634		-0.0384960873				0.0017126348		0.098126743				-14.62								1		1		1				-0.1256255629		-0.1256255629		-0.1256255629				0.0027690526		0.1586550283

		-14.58		-157.8848767679		170.7083664754				1		-0.9264292941		0.9868793037		0				1.8641113581		3.135888431				-0.3824648621		0.3307696142		-0.3875497852		0.0625736783				0.007470975		0.4280553389				-14.58		0.4280553389		0.1025102332				1		1		1				-0.3198911838		-0.3198911838		-0.3198911838				0.0093013214		0.5329264575				0.5329264575		0.1637953507

		-14.54		-158.7696805288		170.4958866427				0		-0.3764688074		-0.1614597162		1				-4.5872787745		19.1672787745				-0.0915347956		0.0988038657		-0.0843280471		-0.0371965735				0.0017891411		0.1025102332				-14.54								1		1		1				-0.1287313691		-0.1287313691		-0.1287313691				0.0028587682		0.1637953507

		-14.5		-159.6717096948		170.2778172671				1		-0.9377175177		0.9856381626		0				1.7201687106		3.2798310785				-0.397505076		0.3490878177		-0.4032971643		0.0681051929				0.0077884519		0.4462454242				-14.5		0.4462454242		0.1074338565				1		1		1				-0.3293998832		-0.3293998832		-0.3293998832				0.0096545983		0.5531677354				0.5531677354		0.1695191167

										0		-0.3473987003		-0.1688709936		1				-4.6431731948		19.1431731948				-0.0964147843		0.1028185807		-0.0889981808		-0.0357190413				0.0018750745		0.1074338565												1		1		1				-0.1321338256		-0.1321338256		-0.1321338256				0.0029586667		0.1695191167























Variance in Phi R

due to Tolerance Effects (deg)

dPhi (deg)	-18.5	-18.46	-18.420000000000002	-18.380000000000003	-18.340000000000003	-18.300000000000004	-18.260000000000005	-18.220000000000006	-18.180000000000007	-18.140000000000008	-18.100000000000009	-18.060000000000009	-18.02000000000001	-17.980000000000011	-17.940000000000012	-17.900000000000013	-17.860000000000014	-17.820000000000014	-17.780000000000015	-17.740000000000016	-17.700000000000017	-17.660000000000018	-17.620000000000019	-17.58000000000002	-17.54000000000002	-17.500000000000021	-17.460000000000022	-17.420000000000023	-17.380000000000024	-17.340000000000025	-17.300000000000026	-17.260000000000026	-17.220000000000027	-17.180000000000028	-17.140000000000029	-17.10000000000003	-17.060000000000031	-17.020000000000032	-16.980000000000032	-16.940000000000033	-16.900000000000034	-16.860000000000035	-16.820000000000036	-16.780000000000037	-16.740000000000038	-16.700000000000038	-16.660000000000039	-16.62000000000004	-16.580000000000041	-16.540000000000042	-16.500000000000043	-16.460000000000043	-16.420000000000044	-16.380000000000045	-16.340000000000046	-16.300000000000047	-16.260000000000048	-16.220000000000049	-16.180000000000049	-16.14000000000005	-16.100000000000051	-16.060000000000052	-16.020000000000053	-15.980000000000054	-15.940000000000055	-15.900000000000055	-15.860000000000056	-15.820000000000057	-15.780000000000058	-15.740000000000059	-15.70000000000006	-15.660000000000061	-15.620000000000061	-15.580000000000062	-15.540000000000063	-15.500000000000064	-15.460000000000065	-15.420000000000066	-15.380000000000067	-15.340000000000067	-15.300000000000068	-15.260000000000069	-15.22000000000007	-15.180000000000071	-15.140000000000072	-15.100000000000072	-15.060000000000073	-15.020000000000074	-14.980000000000075	-14.940000000000076	-14.900000000000077	-14.860000000000078	-14.820000000000078	-14.780000000000079	-14.74000000000008	-14.700000000000081	-14.660000000000082	-14.620000000000083	-14.580000000000084	-14.540000000000084	-14.500000000000085	0.21270975602636857	0.21346344370212358	0.21428247169734665	0.21516773894253313	0.21612028787115081	0.21714131017243873	0.21823215354246756	0.2193943295128763	0.22062952245177178	0.22193959984831857	0.2233266240119712	0.22479286533962492	0.22634081732975325	0.22797321355260466	0.22969304682060293	0.23150359084430458	0.23340842470790918	0.23541146055600146	0.23751697495191373	0.23972964445029604	0.24205458602526517	0.24449740311475146	0.24706423818626919	0.24976183290555354	0.25259759720527358	0.25557968881659765	0.25871710515499413	0.26201978986052521	0.26549875680465129	0.26916623502004117	0.27303583882680371	0.27712276847118927	0.2814440479332419	0.28601880829650517	0.29086862734133873	0.29601793901260826	0.3014945303882911	0.3073301491167727	0.31356125154335712	0.32022993170931552	0.32738508526345472	0.33508388185997184	0.34339364755895924	0.35239429935947308	0.36218153406442721	0.37287106424290667	0.38460433352644779	0.39755636337556621	0.41194673940584575	0.42805533886435881	0.44624542423731145	Lg (in)



Variance in Phi R along Phi R

Variance in Phi (right side) along Phi	-100.72709047864403	-101.19789252095211	-101.66939409786119	-102.14162555681547	-102.61461745171411	-103.08840055960326	-103.5630058976479	-104.03846474041057	-104.51480863746511	-104.99206943137438	-105.47027927606283	-105.94947065561412	-106.42967640352782	-106.91092972246766	-107.39326420453828	-107.87671385212668	-108.36131309934751	-108.84709683413347	-109.33410042101292	-109.82235972462067	-110.31191113398955	-110.80279158767188	-111.29503859974581	-111.78869028676088	-112.28378539568352	-112.78036333290521	-113.27846419437968	-113.77812879696167	-114.2793987110215	-114.78231629441703	-115.28692472790873	-115.79326805210908	-116.30139120606552	-116.81134006757968	-117.32316149537728	-117.83690337324697	-118.35261465627771	-118.87034541933252	-119.39014690790745	-119.91207159153493	-120.43617321990375	-120.96250688188027	-121.49112906763125	-122.02209773406354	-122.5554723738129	-123.09131408803586	-123.62968566327511	-124.1706516526968	-124.71427846201892	-125.26063444048093	-125.80978997723358	-126.3618176035628	-126.91679210139772	-127.4747906185947	-128.0358927915359	-128.60018087562969	-129.16773988435776	-129.73865773757703	-130.31302541985175	-130.89093714967359	-131.47249056050813	-132.05778689471092	-132.64693121145942	-133.24003260997387	-133.83720446943664	-134.43856470717571	-135.04423605685463	-135.65434636861059	-136.26902893330751	-136.88842283333034	-137.51267332263737	-138.14193223912508	-138.77635845274114	-139.41611835322203	-140.06138638183924	-140.71234561212026	-141.3691883851892	-142.03211700615429	-142.70134450888509	-143.37709549758569	-144.05960707482339	-144.74912986713809	-145.44592916108931	-146.15028616465293	-146.86249941131464	-147.58288632711819	-148.31178498441801	-149.04955607028356	-149.79658510258812	-150.55328493299592	-151.3200985836109	-152.09750247334387	-152.88601010152561	-153.6861762705812	-154.49860194745889	-155.32393988606279	-156.162901161582	-157.01626280430571	-157.88487676788509	-158.76968052876936	-159.67170969480509	0.21270975602636857	0.21346344370212358	0.21428247169734665	0.21516773894253313	0.21612028787115081	0.21714131017243873	0.21823215354246756	0.2193943295128763	0.22062952245177178	0.22193959984831857	0.2233266240119712	0.22479286533962492	0.22634081732975325	0.22797321355260466	0.22969304682060293	0.23150359084430458	0.23340842470790918	0.23541146055600146	0.23751697495191373	0.23972964445029604	0.24205458602526517	0.24449740311475146	0.24706423818626919	0.24976183290555354	0.25259759720527358	0.25557968881659765	0.25871710515499413	0.26201978986052521	0.26549875680465129	0.26916623502004117	0.27303583882680371	0.27712276847118927	0.2814440479332419	0.28601880829650517	0.29086862734133873	0.29601793901260826	0.3014945303882911	0.3073301491167727	0.31356125154335712	0.32022993170931552	0.32738508526345472	0.33508388185997184	0.34339364755895924	0.35239429935947308	0.36218153406442721	0.37287106424290667	0.38460433352644779	0.39755636337556621	0.41194673940584575	0.42805533886435881	0.44624542423731145	Phi R (deg)

Variance (deg)



Variance in Phi R (Including Random Pin Location) (deg)

Variance in Phi R (Including Random Pin Location)	-100.72709047864403	-101.19789252095211	-101.66939409786119	-102.14162555681547	-102.61461745171411	-103.08840055960326	-103.5630058976479	-104.03846474041057	-104.51480863746511	-104.99206943137438	-105.47027927606283	-105.94947065561412	-106.42967640352782	-106.91092972246766	-107.39326420453828	-107.87671385212668	-108.36131309934751	-108.84709683413347	-109.33410042101292	-109.82235972462067	-110.31191113398955	-110.80279158767188	-111.29503859974581	-111.78869028676088	-112.28378539568352	-112.78036333290521	-113.27846419437968	-113.77812879696167	-114.2793987110215	-114.78231629441703	-115.28692472790873	-115.79326805210908	-116.30139120606552	-116.81134006757968	-117.32316149537728	-117.83690337324697	-118.35261465627771	-118.87034541933252	-119.39014690790745	-119.91207159153493	-120.43617321990375	-120.96250688188027	-121.49112906763125	-122.02209773406354	-122.5554723738129	-123.09131408803586	-123.62968566327511	-124.1706516526968	-124.71427846201892	-125.26063444048093	-125.80978997723358	-126.3618176035628	-126.91679210139772	-127.4747906185947	-128.0358927915359	-128.60018087562969	-129.16773988435776	-129.73865773757703	-130.31302541985175	-130.89093714967359	-131.47249056050813	-132.05778689471092	-132.64693121145942	-133.24003260997387	-133.83720446943664	-134.43856470717571	-135.04423605685463	-135.65434636861059	-136.26902893330751	-136.88842283333034	-137.51267332263737	-138.14193223912508	-138.77635845274114	-139.41611835322203	-140.06138638183924	-140.71234561212026	-141.3691883851892	-142.03211700615429	-142.70134450888509	-143.37709549758569	-144.05960707482339	-144.74912986713809	-145.44592916108931	-146.15028616465293	-146.86249941131464	-147.58288632711819	-148.31178498441801	-149.04955607028356	-149.79658510258812	-150.55328493299592	-151.3200985836109	-152.09750247334387	-152.88601010152561	-153.6861762705812	-154.49860194745889	-155.32393988606279	-156.162901161582	-157.01626280430571	-157.88487676788509	-158.76968052876936	-159.67170969480509	0.2935488999807479	0.29439504556379931	0.29531411772563337	0.29630705143240277	0.29737494379692087	0.2985190602059426	0.29974084157495262	0.30104191281759796	0.30242409263388792	0.30388940474045756	0.30544009068801159	0.30707862443612938	0.30880772888453339	0.31063039459356812	0.31254990096593005	0.31456984020786105	0.31669414444250332	0.31892711641272353	0.32127346428767006	0.32373834117939576	0.326327390086534	0.32904679511559659	0.33190333999247362	0.33490447507417326	0.33805839431261986	0.34137412391998817	0.34486162485339877	0.34853191169519282	0.35239719107884476	0.35647102353331706	0.36076851353495781	0.36530653372566541	0.37010399075999151	0.37518214219261353	0.38056497636355302	0.38627967059392559	0.39235714746850203	0.39883275497877541	0.4057471044452029	0.4131471113274407	0.42108729959744617	0.42963145229717287	0.43885472230176242	0.44884636295356445	0.45971330575266028	0.47158491410498221	0.48461939894683387	0.49901262935119289	0.51501047156476054	0.53292645753984402	0.55316773538128428	Phi R (deg)



Links vs Phi0

		Guesses of Phi R 0		From Range - Get Phi Max		Calc the Chebychev Spacing from Guesses				Modified  Freudenstein's Equation for Crank-Slider								Solve for 3 R's 		Solve for L1, L2, & Y1		Transpose of Previous - for plotting								Amount to subtract to get Phi 0 Minimum		Amount to add to get Phi Maximum

		Phi 0		Phi Max		Phi R		Lg R		B Matrix						A Matrix		R1, R2, R3		L1, L2, Y1		L1		L2		Y1				10		20

		51		103		54.4833395016		14.7679491924		8.5792873845		218.0923233502		1		-0.8139466268		0.0338319755		8.7919670788		8.7919670788		41.7487417221		29.5578365111

						90		16.5		0		272.25		1		-1		0.0019240276		41.7487417221

						99.5166604984		18.2320508076		-3.014385027		332.4076766498		1		-0.9862375672		-1.5238165271		29.5578365111

		51.6		103.6		55.0833395016		14.7679491924		8.4529427552		218.0923233502		1		-0.8199854723		0.0348325365		8.2433197151		8.2433197151		40.4686108568		28.7087907075

						90		16.5		0		272.25		1		-1		0.0021127736		40.4686108568

						100.1166604984		18.2320508076		-3.2025142938		332.4076766498		1		-0.9844521451		-1.5752026118		28.7087907075

		52.2		104.2		55.6833395016		14.7679491924		8.3256711655		218.0923233502		1		-0.8259343972		0.0359849408		7.7623333068		7.7623333068		39.1940800401		27.7894023779

						90		16.5		0		272.25		1		-1		0.0023179204		39.1940800401

						100.7166604984		18.2320508076		-3.3902923689		332.4076766498		1		-0.9825587668		-1.6310538179		27.7894023779

		52.8		104.8		56.2833395016		14.7679491924		8.1974865722		218.0923233502		1		-0.831792749		0.0373165863		7.3386112179		7.3386112179		37.9149067179		26.7977352683

						90		16.5		0		272.25		1		-1		0.0025424828		37.9149067179

						101.3166604984		18.2320508076		-3.5776986602		332.4076766498		1		-0.9805576398		-1.6921909548		26.7977352683

		53.4		105.4		56.8833395016		14.7679491924		8.068403032		218.0923233502		1		-0.8375598854		0.0388619107		6.9638767579		6.9638767579		36.6234801555		25.7321367406

						90		16.5		0		272.25		1		-1		0.0027902497		36.6234801555

						101.9166604984		18.2320508076		-3.7647126165		332.4076766498		1		-0.9784489836		-1.7596454931		25.7321367406

		54		106		57.4833395016		14.7679491924		7.9384347006		218.0923233502		1		-0.8432351739		0.0406648066		6.631467359		6.631467359		35.3144516745		24.5912887184

						90		16.5		0		272.25		1		-1		0.0030660489		35.3144516745

						102.5166604984		18.2320508076		-3.9513137297		332.4076766498		1		-0.9762330294		-1.8347318172		24.5912887184

		54.6		106.6		58.0833395016		14.7679491924		7.8075958303		218.0923233502		1		-0.8488179921		0.0427821029		6.3359678271		6.3359678271		33.9845206506		23.3742601062

						90		16.5		0		272.25		1		-1		0.0033761301		33.9845206506

						103.1166604984		18.2320508076		-4.1374815367		332.4076766498		1		-0.9739100203		-1.9191514083		23.3742601062

		55.2		107.2		58.6833395016		14.7679491924		7.6759007691		218.0923233502		1		-0.854307728		0.0452887071		6.0729401146		6.0729401146		32.632339022		22.0805596688

						90		16.5		0		272.25		1		-1		0.0037287299		32.632339022

						103.7166604984		18.2320508076		-4.3231956223		332.4076766498		1		-0.971480211		-2.0151467232		22.0805596688

		55.8		107.8		59.2833395016		14.7679491924		7.543363959		218.0923233502		1		-0.8597037793		0.0482854136		5.8387213332		5.8387213332		31.2585123628		20.7101881574

						90		16.5		0		272.25		1		-1		0.0041349305		31.2585123628

						104.3166604984		18.2320508076		-4.5084356208		332.4076766498		1		-0.9689438679		-2.1257348219		20.7101881574

		56.4		108.4		59.8833395016		14.7679491924		7.4099999339		218.0923233502		1		-0.8650055544		0.051911139		5.6302708324		5.6302708324		29.8656860005		19.2636882798

						90		16.5		0		272.25		1		-1		0.0046100037		29.8656860005

						104.9166604984		18.2320508076		-4.6931812185		332.4076766498		1		-0.9663012693		-2.2550735137		19.2636882798

		57		109		60.4833395016		14.7679491924		7.2758233189		218.0923233502		1		-0.870212472		0.0563628248		5.4450531055		5.4450531055		28.4587119639		17.7421909447

						90		16.5		0		272.25		1		-1		0.0051755992		28.4587119639

						105.5166604984		18.2320508076		-4.877412156		332.4076766498		1		-0.9635527047		-2.4090568777		17.7421909447

		57.6		109.6		61.0833395016		14.7679491924		7.1408488279		218.0923233502		1		-0.8753239609		0.0619292596		5.2809472351		5.2809472351		27.0448972774		16.1474560826

						90		16.5		0		272.25		1		-1		0.0058634613		27.0448972774

						106.1166604984		18.2320508076		-5.0611082303		332.4076766498		1		-0.9606984758		-2.5963273426		16.1474560826

		58.2		110.2		61.6833395016		14.7679491924		7.0050912623		218.0923233502		1		-0.8803394607		0.0690516829		5.1361762658		5.1361762658		25.6343356127		14.4819062681

						90		16.5		0		272.25		1		-1		0.0067220905		25.6343356127

						106.7166604984		18.2320508076		-5.2442492971		332.4076766498		1		-0.9577388955		-2.8300891274		14.4819062681

		58.8		110.8		62.2833395016		14.7679491924		6.8685655095		218.0923233502		1		-0.8852584213		0.0784396696		5.0092517327		5.0092517327		24.2403201759		12.7486513594

						90		16.5		0		272.25		1		-1		0.0078294797		24.2403201759

						107.3166604984		18.2320508076		-5.4268152728		332.4076766498		1		-0.9546742883		-3.1315758499		12.7486513594

		59.4		111.4		62.8833395016		14.7679491924		6.7312865411		218.0923233502		1		-0.8900803034		0.0913116721		4.8989298635		4.8989298635		22.8798208954		10.95150244

						90		16.5		0		272.25		1		-1		0.0093195529		22.8798208954

						107.9166604984		18.2320508076		-5.6087861371		332.4076766498		1		-0.9515049903		-3.5372482794		10.95150244

		60		112		63.4833395016		14.7679491924		6.5932694113		218.0923233502		1		-0.8948045781		0.1099508425		4.8041768879		4.8041768879		21.5739746396		9.0949735087

						90		16.5		0		272.25		1		-1		0.011443255		21.5739746396

						108.5166604984		18.2320508076		-5.7901419347		332.4076766498		1		-0.9482313491		-4.1154261776		9.0949735087

		60.6		112.6		64.0833395016		14.7679491924		6.4545292552		218.0923233502		1		-0.8994307275		0.1391929943		4.7241415458		4.7241415458		20.3484706181		7.1842696201

						90		16.5		0		272.25		1		-1		0.014732094		20.3484706181

						109.1166604984		18.2320508076		-5.9708627781		332.4076766498		1		-0.9448537236		-5.0108125805		7.1842696201

		61.2		113.2		64.6833395016		14.7679491924		6.3150812872		218.0923233502		1		-0.9039582441		0.1913780174		4.6581333675		4.6581333675		19.2336027536		5.2252605274

						90		16.5		0		272.25		1		-1		0.0205423506		19.2336027536

						109.7166604984		18.2320508076		-6.150928849		332.4076766498		1		-0.9413724843		-6.5926549456		5.2252605274

		61.8		113.8		65.2833395016		14.7679491924		6.1749407994		218.0923233502		1		-0.9083866315		0.310131437		4.6056056583		4.6056056583		18.2636142199		3.2244393207

						90		16.5		0		272.25		1		-1		0.0336689092		18.2636142199

						110.3166604984		18.2320508076		-6.3303204013		332.4076766498		1		-0.9377880128		-10.1663605162		3.2244393207

		62.4		114.4		65.8833395016		14.7679491924		6.0341231598		218.0923233502		1		-0.9127154041		0.8411376453		4.566142386		4.566142386		17.4748425526		1.1888660621

						90		16.5		0		272.25		1		-1		0.0921059369		17.4748425526

						110.9166604984		18.2320508076		-6.5090177627		332.4076766498		1		-0.9341007024		-26.0758413302		1.1888660621

		63		115		66.4833395016		14.7679491924		5.8926438105		218.0923233502		1		-0.9169440871		-1.1442917394		4.5394483791		4.5394483791		16.9022549627		-0.873903014

						90		16.5		0		272.25		1		-1		-0.1260386333		16.9022549627

						111.5166604984		18.2320508076		-6.6870013368		332.4076766498		1		-0.9303109572		33.3140179213		-0.873903014

		63.6		115.6		67.0833395016		14.7679491924		5.7505182665		218.0923233502		1		-0.9210722169		-0.3383064853		4.5253424064		4.5253424064		16.5744728654		-2.9558995861

						90		16.5		0		272.25		1		-1		-0.0373791036		16.5744728654

						112.1166604984		18.2320508076		-6.864251606		332.4076766498		1		-0.926419193		9.1764609573		-2.9558995861

		64.2		116.2		67.6833395016		14.7679491924		5.6077621133		218.0923233502		1		-0.9250993408		-0.1980653416		4.5237528411		4.5237528411		16.5083528967		-5.0488388933

						90		16.5		0		272.25		1		-1		-0.0218917068		16.5083528967

						112.7166604984		18.2320508076		-7.0407491326		332.4076766498		1		-0.9224258365		4.9600171738		-5.0488388933

		64.8		116.8		68.2833395016		14.7679491924		5.4643910058		218.0923233502		1		-0.9290250171		-0.1399732011		4.5347157233		4.5347157233		16.7050751891		-7.1442246953

						90		16.5		0		272.25		1		-1		-0.0154335144		16.7050751891

						113.3166604984		18.2320508076		-7.2164745617		332.4076766498		1		-0.9183313256		3.2017743036		-7.1442246953

		65.4		117.4		68.8833395016		14.7679491924		5.3204206663		218.0923233502		1		-0.9328488153		-0.1083017534		4.5583751353		4.5583751353		17.1495313778		-9.233460854

						90		16.5		0		272.25		1		-1		-0.0118794252		17.1495313778

						113.9166604984		18.2320508076		-7.391408623		332.4076766498		1		-0.9141361093		2.234173524		-9.233460854

		66		118		69.4833395016		14.7679491924		5.1758668826		218.0923233502		1		-0.9365703162		-0.0884332297		4.594985898		4.594985898		17.8133126827		-11.3079665126

						90		16.5		0		272.25		1		-1		-0.0096227966		17.8133126827

						114.5166604984		18.2320508076		-7.5655321331		332.4076766498		1		-0.9098406477		1.6198063845		-11.3079665126

		66.6		118.6		70.0833395016		14.7679491924		5.0307455069		218.0923233502		1		-0.9401891115		-0.0748542681		4.6449186878		4.6449186878		18.659857885		-13.3592916594

						90		16.5		0		272.25		1		-1		-0.0080576511		18.659857885

						115.1166604984		18.2320508076		-7.7388259973		332.4076766498		1		-0.9054454118		1.1936955058		-13.3592916594

		67.2		119.2		70.6833395016		14.7679491924		4.8850724532		218.0923233502		1		-0.9437048045		-0.065022762		4.7086677764		4.7086677764		19.6497046881		-15.3792298201

						90		16.5		0		272.25		1		-1		-0.0069045816		19.6497046881

						115.7166604984		18.2320508076		-7.9112712121		332.4076766498		1		-0.9009508836		0.8797723464		-15.3792298201

		67.8		119.8		71.2833395016		14.7679491924		4.7388636963		218.0923233502		1		-0.9471170097		-0.0576039364		4.7868617052		4.7868617052		20.7444429689		-17.3599247405

						90		16.5		0		272.25		1		-1		-0.0060168791		20.7444429689

						116.3166604984		18.2320508076		-8.0828488668		332.4076766498		1		-0.896357556		0.6380953368		-17.3599247405

		68.4		120.4		71.8833395016		14.7679491924		4.5921352695		218.0923233502		1		-0.9504253528		-0.0518296698		4.880277344		4.880277344		21.9090046257		-19.293968186

						90		16.5		0		272.25		1		-1		-0.0053101152		21.9090046257

						116.9166604984		18.2320508076		-8.2535401461		332.4076766498		1		-0.8916659327		0.4456788626		-19.293968186

		69		121		72.4833395016		14.7679491924		4.4449032634		218.0923233502		1		-0.953629471		-0.0472266473		4.9898579435		4.9898579435		23.1125982451		-21.1744863804

						90		16.5		0		272.25		1		-1		-0.0047322637		23.1125982451

						117.5166604984		18.2320508076		-8.4233263317		332.4076766498		1		-0.8868765282		0.2883587942		-21.1744863804

		69.6		121.6		73.0833395016		14.7679491924		4.2971838235		218.0923233502		1		-0.9567290131		-0.0434873117		5.1167360043		5.1167360043		24.3287883671		-22.9952131041

						90		16.5		0		272.25		1		-1		-0.0042495168		24.3287883671

						118.1166604984		18.2320508076		-8.5921888046		332.4076766498		1		-0.8819898676		0.1569309616		-22.9952131041

		70.2		122.2		73.6833395016		14.7679491924		4.1489931491		218.0923233502		1		-0.959723639		-0.0404031457		5.2622620528		5.2622620528		25.5351383567		-24.7505480445

						90		16.5		0		272.25		1		-1		-0.0038389523		25.5351383567

						118.7166604984		18.2320508076		-8.7601090472		332.4076766498		1		-0.877006487		0.0451547566		-24.7505480445

		70.8		122.8		74.2833395016		14.7679491924		4.0003474907		218.0923233502		1		-0.9626130204		-0.0378277783		5.4280407759		5.4280407759		26.7126847646		-26.4355995901

						90		16.5		0		272.25		1		-1		-0.0034844781		26.7126847646

						119.3166604984		18.2320508076		-8.9270686451		332.4076766498		1		-0.8719269327		-0.0513508407		-26.4355995901

		71.4		123.4		74.8833395016		14.7679491924		3.8512631492		218.0923233502		1		-0.9653968404		-0.0356554391		5.6159764457		5.6159764457		27.8453849132		-28.046211865

						90		16.5		0		272.25		1		-1		-0.0031744648		27.8453849132

						119.9166604984		18.2320508076		-9.0930492893		332.4076766498		1		-0.8667517617		-0.1357519572		-28.046211865

		72		124		75.4833395016		14.7679491924		3.7017564733		218.0923233502		1		-0.9680747938		-0.033807796		5.8283302253		5.8283302253		28.9195987495		-29.5789763604

						90		16.5		0		272.25		1		-1		-0.0029002986		28.9195987495

						120.5166604984		18.2320508076		-9.2580327782		332.4076766498		1		-0.8614815417		-0.2103937048		-29.5789763604

		72.6		124.6		76.0833395016		14.7679491924		3.551843858		218.0923233502		1		-0.9706465869		-0.0322256008		6.0677928521		6.0677928521		29.9236218636		-31.0312290226

						90		16.5		0		272.25		1		-1		-0.0026554632		29.9236218636

						121.1166604984		18.2320508076		-9.4220010195		332.4076766498		1		-0.8561168506		-0.277050153		-31.0312290226

		73.2		125.2		76.6833395016		14.7679491924		3.4015417431		218.0923233502		1		-0.9731119376		-0.0308632125		6.3375774762		6.3375774762		30.8472651888		-32.4010340702

						90		16.5		0		272.25		1		-1		-0.0024349377		30.8472651888

						121.7166604984		18.2320508076		-9.5849360322		332.4076766498		1		-0.8506582765		-0.3370882141		-32.4010340702

		73.8		125.8		77.2833395016		14.7679491924		3.2508666108		218.0923233502		1		-0.9754705757		-0.0296849041		6.6415392362		6.6415392362		31.6814676626		-33.6871561317

						90		16.5		0		272.25		1		-1		-0.002234791		31.6814676626

						122.3166604984		18.2320508076		-9.7468199487		332.4076766498		1		-0.8451064182		-0.3915781523		-33.6871561317

		74.4		126.4		77.8833395016		14.7679491924		3.0998349843		218.0923233502		1		-0.9777222424		-0.0286623106		6.9843307852		6.9843307852		32.4179243656		-34.8890225086

						90		16.5		0		272.25		1		-1		-0.002051901		32.4179243656

						122.9166604984		18.2320508076		-9.9076350165		332.4076766498		1		-0.8394618845		-0.4413699534		-34.8890225086

		75		127		78.4833395016		14.7679491924		2.948463426		218.0923233502		1		-0.9798666909		-0.0277726264		7.3716068171		7.3716068171		33.0487105962		-36.0066774835

						90		16.5		0		272.25		1		-1		-0.0018837566		33.0487105962

						123.5166604984		18.2320508076		-10.0673636005		332.4076766498		1		-0.8337252943		-0.4871472589		-36.0066774835

		75.6		127.6		79.0833395016		14.7679491924		2.7967685354		218.0923233502		1		-0.9819036859		-0.0269973077		7.8102963978		7.8102963978		33.5658797663		-37.0407306143

						90		16.5		0		272.25		1		-1		-0.0017283152		33.5658797663

						124.1166604984		18.2320508076		-10.2259881846		332.4076766498		1		-0.8278972767		-0.5294661922		-37.0407306143

		76.2		128.2		79.6833395016		14.7679491924		2.6447669477		218.0923233502		1		-0.9838330041		-0.0263211223		8.3089706596		8.3089706596		33.9610084359		-37.992300897

						90		16.5		0		272.25		1		-1		-0.0015838979		33.9610084359

						124.7166604984		18.2320508076		-10.3834913739		332.4076766498		1		-0.8219784709		-0.568783797		-37.992300897

		76.8		128.8		80.2833395016		14.7679491924		2.4924753314		218.0923233502		1		-0.985654434		-0.0257314429		8.8783470353		8.8783470353		34.2246538044		-38.8629585557

						90		16.5		0		272.25		1		-1		-0.0014491123		34.2246538044

						125.3166604984		18.2320508076		-10.5398558963		332.4076766498		1		-0.8159695258		-0.6054791895		-38.8629585557

		77.4		129.4		80.8833395016		14.7679491924		2.3399103872		218.0923233502		1		-0.9873677757		-0.0252177133		9.5319928985		9.5319928985		34.3456756774		-39.6546660491

						90		16.5		0		272.25		1		-1		-0.0013227933		34.3456756774

						125.9166604984		18.2320508076		-10.6950646048		332.4076766498		1		-0.8098711005		-0.6398695151		-39.6546660491

		78		130		81.4833395016		14.7679491924		2.1870888454		218.0923233502		1		-0.9889728414		-0.0247710415		10.2873269102		10.2873269102		34.3103534581		-40.3697196744

						90		16.5		0		272.25		1		-1		-0.0012039591		34.3103534581

						126.5166604984		18.2320508076		-10.8491004789		332.4076766498		1		-0.8036838637		-0.6722221381		-40.3697196744

		78.6		130.6		82.0833395016		14.7679491924		2.0340274646		218.0923233502		1		-0.9904694552		-0.0243838845		11.1670759798		11.1670759798		34.1011945959		-41.0106929333

						90		16.5		0		272.25		1		-1		-0.0010917757		34.1011945959

						127.1166604984		18.2320508076		-11.0019466269		332.4076766498		1		-0.797408494		-0.7027640643		-41.0106929333

		79.2		131.2		82.6833395016		14.7679491924		1.8807430299		218.0923233502		1		-0.9918574527		-0.0240498028		12.2014493447		12.2014493447		33.6952773965		-41.5803825933

						90		16.5		0		272.25		1		-1		-0.0009855306		33.6952773965

						127.7166604984		18.2320508076		-11.1535862874		332.4076766498		1		-0.7910456793		-0.7316893012		-41.5803825933

		79.8		131.8		83.2833395016		14.7679491924		1.7272523504		218.0923233502		1		-0.993136682		-0.0237632657		13.4314781629		13.4314781629		33.0618896025		-42.0817581631

						90		16.5		0		272.25		1		-1		-0.000884611		33.0618896025

						128.3166604984		18.2320508076		-11.3040028316		332.4076766498		1		-0.7845961177		-0.759164665		-42.0817581631

		80.4		132.4		83.8833395016		14.7679491924		1.5735722583		218.0923233502		1		-0.9943070026		-0.0235194974		14.9143208836		14.9143208836		32.1591110606		-42.517915291

						90		16.5		0		272.25		1		-1		-0.000788487		32.1591110606

						128.9166604984		18.2320508076		-11.4531797644		332.4076766498		1		-0.7780605162		-0.7853344035		-42.517915291

		81		133		84.4833395016		14.7679491924		1.4197196063		218.0923233502		1		-0.9953682862		-0.0233143528		16.7320309785		16.7320309785		30.9288817686		-42.8920334146

						90		16.5		0		272.25		1		-1		-0.0006966982		30.9288817686

						129.5166604984		18.2320508076		-11.601100727		332.4076766498		1		-0.7714395916		-0.8103239062		-42.8920334146

		81.6		133.6		85.0833395016		14.7679491924		1.2657112659		218.0923233502		1		-0.9963204165		-0.0231442169		19.0067446822		19.0067446822		29.290249374		-43.2073378234

						90		16.5		0		272.25		1		-1		-0.0006088422		29.290249374

						130.1166604984		18.2320508076		-11.7477494982		332.4076766498		1		-0.76473407		-0.8342427079		-43.2073378234

		82.2		134.2		85.6833395016		14.7679491924		1.1115641261		218.0923233502		1		-0.997163289		-0.0230059235		21.9285352208		21.9285352208		27.1322375638		-43.4670661646

						90		16.5		0		272.25		1		-1		-0.0005245659		27.1322375638

						130.7166604984		18.2320508076		-11.8931099962		332.4076766498		1		-0.7579446866		-0.8571869344		-43.4670661646

		82.8		134.8		86.2833395016		14.7679491924		0.9572950908		218.0923233502		1		-0.9978968113		-0.0228966878		25.8102472231		25.8102472231		24.3182926787		-43.6744393069

						90		16.5		0		272.25		1		-1		-0.0004435581		24.3182926787

						131.3166604984		18.2320508076		-12.0371662808		332.4076766498		1		-0.7510721861		-0.8792413108		-43.6744393069

		83.4		135.4		86.8833395016		14.7679491924		0.8029210773		218.0923233502		1		-0.998520903		-0.022814051		31.205669673		31.205669673		20.7771578551		-43.8326363925

						90		16.5		0		272.25		1		-1		-0.0003655434		20.7771578551

						131.9166604984		18.2320508076		-12.1799025543		332.4076766498		1		-0.744117322		-0.9004808191		-43.8326363925

		84		136		87.4833395016		14.7679491924		0.6484590144		218.0923233502		1		-0.9990354957		-0.0227558345		39.1967516907		39.1967516907		17.1695577795		-43.9447738414

						90		16.5		0		272.25		1		-1		-0.000290277		17.1695577795

						132.5166604984		18.2320508076		-12.3213031644		332.4076766498		1		-0.7370808571		-0.9209720746		-43.9447738414

		84.6		136.6		88.0833395016		14.7679491924		0.4939258407		218.0923233502		1		-0.9994405328		-0.0227201014		52.2202865727		52.2202865727		18.4281029167		-44.0138880259

						90		16.5		0		272.25		1		-1		-0.0002175409		18.4281029167

						133.1166604984		18.2320508076		-12.4613526047		332.4076766498		1		-0.729963563		-0.9407744766		-44.0138880259

		85.2		137.2		88.6833395016		14.7679491924		0.3393385024		218.0923233502		1		-0.99973597		-0.0227051242		77.1549075701		77.1549075701		36.9953190865		-44.0429213066

						90		16.5		0		272.25		1		-1		-0.0001471399		36.9953190865

						133.7166604984		18.2320508076		-12.6000355172		332.4076766498		1		-0.7227662202		-0.9599411738		-44.0429213066

		85.8		137.8		89.2833395016		14.7679491924		0.1847139519		218.0923233502		1		-0.9999217749		-0.0227093576		143.9149874144		143.9149874144		101.2339843916		-44.0347111042

						90		16.5		0		272.25		1		-1		-0.0000788985		101.2339843916

						134.3166604984		18.2320508076		-12.7373366939		332.4076766498		1		-0.7154896179		-0.9785198793		-44.0347111042





Link Lengths vs. Phi R 0 

(Constant Range in Phi & Lg) 

L1	51	51.6	52.2	52.800000000000004	53.400000000000006	54.000000000000007	54.600000000000009	55.20000000000001	55.800000000000011	56.400000000000013	57.000000000000014	57.600000000000016	58.200000000000017	58.800000000000018	59.40000000000002	60.000000000000021	60.600000000000023	61.200000000000024	61.800000000000026	62.400000000000027	63.000000000000028	63.60000000000003	64.200000000000031	64.800000000000026	65.40000000000002	66.000000000000014	66.600000000000009	67.2	67.8	68.399999999999991	68.999999999999986	69.59999999999998	70.199999999999974	70.799999999999969	71.399999999999963	71.999999999999957	72.599999999999952	73.199999999999946	73.79999999999994	74.399999999999935	74.999999999999929	75.599999999999923	76.199999999999918	76.799999999999912	77.399999999999906	77.999999999999901	78.599999999999895	79.199999999999889	79.799999999999883	80.399999999999878	80.999999999999872	81.599999999999866	82.199999999999861	82.799999999999855	83.399999999999849	83.999999999999844	84.599999999999838	85.199999999999832	85.799999999999827	8.7919670787779118	8.2433197150772397	7.7623333067536588	7.3386112178747105	6.9638767579335639	6.6314673590482611	6.3359678271390818	6.0729401145644273	5.8387213331526979	5.6302708324097921	5.4450531055119598	5.2809472351010669	5.1361762658064274	5.0092517326758212	4.8989298634861784	4.8041768879332087	4.7241415457621692	4.6581333674605068	4.6056056583179821	4.5661423860197239	4.5394483790593636	4.5253424063798642	4.5237528411270871	4.5347157232938384	4.5583751353101398	4.5949858979978426	4.644918687842325	4.7086677763639999	4.786861705167909	4.8802773439653473	4.9898579435168449	5.1167360042977146	5.26226205278651	5.428040775860894	5.6159764457447219	5.8283302252574627	6.0677928521498989	6.3375774761577919	6.6415392361981107	6.9843307852209628	7.3716068170639808	7.8102963978015678	8.3089706596042934	8.8783470353016956	9.5319928984970872	10.287326910239601	11.167075979778701	12.201449344748323	13.431478162890354	14.914320883633991	16.7320309785296	19.00674468215281	21.928535220816848	25.810247223056365	31.205669673036326	39.196751690704097	52.220286572745543	77.15490757007899	143.91498741440668	L2	51	51.6	52.2	52.800000000000004	53.400000000000006	54.000000000000007	54.600000000000009	55.20000000000001	55.800000000000011	56.400000000000013	57.000000000000014	57.600000000000016	58.200000000000017	58.800000000000018	59.40000000000002	60.000000000000021	60.600000000000023	61.200000000000024	61.800000000000026	62.400000000000027	63.000000000000028	63.60000000000003	64.200000000000031	64.800000000000026	65.40000000000002	66.000000000000014	66.600000000000009	67.2	67.8	68.399999999999991	68.999999999999986	69.59999999999998	70.199999999999974	70.799999999999969	71.399999999999963	71.999999999999957	72.599999999999952	73.199999999999946	73.79999999999994	74.399999999999935	74.999999999999929	75.599999999999923	76.199999999999918	76.799999999999912	77.399999999999906	77.999999999999901	78.599999999999895	79.199999999999889	79.799999999999883	80.399999999999878	80.999999999999872	81.599999999999866	82.199999999999861	82.799999999999855	83.399999999999849	83.999999999999844	84.599999999999838	85.199999999999832	85.799999999999827	41.748741722130916	40.468610856837451	39.194080040130842	37.914906717867453	36.623480155450586	35.314451674520953	33.984520650589154	32.632339022046573	31.258512362838331	29.865686000527432	28.458711963923143	27.04489727740653	25.634335612744245	24.240320175859129	22.879820895439948	21.573974639557068	20.348470618066077	19.23360275356044	18.263614219909087	17.474842552584416	16.902254962675126	16.574472865405937	16.508352896705652	16.705075189149447	17.149531377770824	17.813312682717587	18.659857884995709	19.649704688112305	20.744442968901119	21.909004625713649	23.112598245082587	24.328788367067457	25.535138356703047	26.712684764632172	27.845384913160647	28.919598749549507	29.923621863581719	30.847265188819389	31.681467662633978	32.417924365630427	33.048710596183383	33.565879766305279	33.961008435861025	34.224653804382697	34.345675677377827	34.310353458074665	34.101194595919921	33.695277396464256	33.061889602504813	32.159111060585978	30.928881768597254	29.290249373989326	27.132237563793936	24.31829267873481	20.777157855072378	17.169557779491956	18.428102916722207	36.995319086492863	101.23398439163024	Y1	51	51.6	52.2	52.800000000000004	53.400000000000006	54.000000000000007	54.600000000000009	55.20000000000001	55.800000000000011	56.400000000000013	57.000000000000014	57.600000000000016	58.200000000000017	58.800000000000018	59.40000000000002	60.000000000000021	60.600000000000023	61.200000000000024	61.800000000000026	62.400000000000027	63.000000000000028	63.60000000000003	64.200000000000031	64.800000000000026	65.40000000000002	66.000000000000014	66.600000000000009	67.2	67.8	68.399999999999991	68.999999999999986	69.59999999999998	70.199999999999974	70.799999999999969	71.399999999999963	71.999999999999957	72.599999999999952	73.199999999999946	73.79999999999994	74.399999999999935	74.999999999999929	75.599999999999923	76.199999999999918	76.799999999999912	77.399999999999906	77.999999999999901	78.599999999999895	79.199999999999889	79.799999999999883	80.399999999999878	80.999999999999872	81.599999999999866	82.199999999999861	82.799999999999855	83.399999999999849	83.999999999999844	84.599999999999838	85.199999999999832	85.799999999999827	29.55783651108672	28.7087907074973	27.789402377909944	26.797735268306116	25.732136740606016	24.591288718403895	23.374260106189212	22.080559668762408	20.710188157402968	19.2636882798347	17.742190944731302	16.147456082586213	14.481906268090906	12.748651359417105	10.951502440000411	9.0949735087008214	7.1842696200608351	5.2252605274405743	3.2244393207141209	1.1888660620726712	-0.87390301400437087	-2.9558995861159909	-5.0488388932840644	-7.1442246953298616	-9.2334608540051448	-11.30796651261808	-13.359291659447111	-15.37922982013764	-17.359924740482377	-19.293968185992661	-21.17448638035761	-22.995213104139214	-24.750548044529534	-26.435599590121353	-28.046211864974602	-29.578976360361793	-31.031229022569747	-32.401034070196651	-33.68715613170491	-34.889022508580574	-36.006677483473801	-37.04073061431744	-37.992300896971948	-38.862958555710748	-39.654666049059657	-40.369719674413389	-41.010692933304924	-41.580382593330995	-42.081758163061657	-42.51791529101331	-42.892033414612563	-43.207337823447567	-43.467066164642922	-43.67443930690402	-43.832636392506139	-43.944773841380176	-44.01388802592227	-44.04292130662111	-44.034711104191942	Phi Minimum Value (deg)

Length (in)



Links vs. Lg0

		Guesses of Lg R 0		From Range - Get Phi Max		Calc the Chebychev Spacing from Guesses				Modified  Freudenstein's Equation for Crank-Slider								Solve for 3 R's 		Solve for L1, L2, & Y1		Transpose of Previous - for plotting								Amount to subtract to get Phi 0 Minimum		Amount to add to get Phi 0 Maximum

		Lg 0		Phi Max		Phi R		Lg R		B Matrix						A Matrix		R1, R2, R3		L1, L2, Y1		L1		L2		Y1				6		8

		8.5		12.5		8.9222397937		8.7679491924		8.6618547216		76.8769330411		1		-0.1550938588		0.3228502564		2.9463686459		2.9463686459		12.2075722637		3.0974111999

						87.9070062168		10.5		0.3834758446		110.25		1		-0.9993328672		0.0547878245		12.2075722637

						118.9138218027		12.2320508076		-5.9141178243		149.6230669589		1		-0.8753479164		-7.1634957894		3.0974111999

		9.06		13.06		8.9222397937		9.3279491924		9.2150785757		87.0106361366		1		-0.1550938588		0.2988800911		2.9493948931		2.9493948931		12.8188490986		3.3458233909

						87.9070062168		11.06		0.4039278896		122.3236		1		-0.9993328672		0.0506680356		12.8188490986

						118.9138218027		12.7920508076		-6.1848742195		163.6365638634		1		-0.8753479164		-7.3179553965		3.3458233909

		9.62		13.62		8.9222397937		9.8879491924		9.7683024297		97.7715392321		1		-0.1550938588		0.278215649		2.9521501718		2.9521501718		13.4302779299		3.5943341207

						87.9070062168		11.62		0.4243799347		135.0244		1		-0.9993328672		0.0471208497		13.4302779299

						118.9138218027		13.3520508076		-6.4556306146		178.2772607679		1		-0.8753479164		-7.479866462		3.5943341207

		10.18		14.18		8.9222397937		10.4479491924		10.3215262837		109.1596423276		1		-0.1550938588		0.2602180823		2.954669316		2.954669316		14.0418401842		3.8429304806

						87.9070062168		12.18		0.4448319797		148.3524		1		-0.9993328672		0.0440350602		14.0418401842

						118.9138218027		13.9120508076		-6.7263870097		193.5451576724		1		-0.8753479164		-7.6477930535		3.8429304806

		10.74		14.74		8.9222397937		11.0079491924		10.8747501377		121.1749454231		1		-0.1550938588		0.2444030646		2.9569814345		2.9569814345		14.6535201901		4.0916017223

						87.9070062168		12.74		0.4652840248		162.3076		1		-0.9993328672		0.0413264456		14.6535201901

						118.9138218027		14.4720508076		-6.9971434048		209.4402545769		1		-0.8753479164		-7.8206459052		4.0916017223

		11.3		15.3		8.9222397937		11.5679491924		11.4279739918		133.8174485187		1		-0.1550938588		0.2303967595		2.9591110403		2.9591110403		15.2653046335		4.3403388239

						87.9070062168		13.3		0.4857360698		176.89		1		-0.9993328672		0.0389300632		15.2653046335

						118.9138218027		15.0320508076		-7.2678998		225.9625514813		1		-0.8753479164		-7.9975837581		4.3403388239

		11.86		15.86		8.9222397937		12.1279491924		11.9811978458		147.0871516142		1		-0.1550938588		0.2179060288		2.9610789235		2.9610789235		15.8771821311		4.589134157

						87.9070062168		13.86		0.5061881148		192.0996		1		-0.9993328672		0.036795039		15.8771821311

						118.9138218027		15.5920508076		-7.5386561951		243.1120483858		1		-0.8753479164		-8.1779465798		4.589134157

		12.42		16.42		8.9222397937		12.6879491924		12.5344216998		160.9840547097		1		-0.1550938588		0.2066977843		2.9629028321		2.9629028321		16.4891428936		4.8379812275

						87.9070062168		14.42		0.5266401599		207.9364		1		-0.9993328672		0.034880959		16.4891428936

						118.9138218027		16.1520508076		-7.8094125902		260.8887452903		1		-0.8753479164		-8.3612092587		4.8379812275

		12.98		16.98		8.9222397937		13.2479491924		13.0876455538		175.5081578052		1		-0.1550938588		0.1965843674		2.9645980087		2.9645980087		17.1011784562		5.0868744724

						87.9070062168		14.98		0.5470922049		224.4004		1		-0.9993328672		0.033155316		17.1011784562

						118.9138218027		16.7120508076		-8.0801689853		279.2926421948		1		-0.8753479164		-8.5469488063		5.0868744724

		13.54		17.54		8.9222397937		13.8079491924		13.6408694079		190.6594609008		1		-0.1550938588		0.1874130018		2.9661776176		2.9661776176		17.7132814625		5.3358090984

						87.9070062168		15.54		0.56754425		241.4916		1		-0.9993328672		0.0315916688		17.7132814625

						118.9138218027		17.2720508076		-8.3509253805		298.3237390992		1		-0.8753479164		-8.7348206827		5.3358090984

		14.1		18.1		8.9222397937		14.3679491924		14.1940932619		206.4379639963		1		-0.1550938588		0.1790580523		2.9676530875		2.9676530875		18.3254454888		5.5847809538

						87.9070062168		16.1		0.587996295		259.21		1		-0.9993328672		0.0301682924		18.3254454888

						118.9138218027		17.8320508076		-8.6216817756		317.9820360037		1		-0.8753479164		-8.9245414162		5.5847809538

		14.66		18.66		8.9222397937		14.9279491924		14.7473171159		222.8436670918		1		-0.1550938588		0.1714152571		2.9690343881		2.9690343881		18.9376649011		5.833786424

						87.9070062168		16.66		0.6084483401		277.5556		1		-0.9993328672		0.0288671727		18.9376649011

						118.9138218027		18.3920508076		-8.8924381707		338.2675329082		1		-0.8753479164		-9.115875648		5.833786424

		15.22		19.22		8.9222397937		15.4879491924		15.3005409699		239.8765701873		1		-0.1550938588		0.1643973706		2.9703302558		2.9703302558		19.5499347377		6.0828223478

						87.9070062168		17.22		0.6289003851		296.5284		1		-0.9993328672		0.0276732478		19.5499347377

						118.9138218027		18.9520508076		-9.1631945658		359.1802298127		1		-0.8753479164		-9.3086263397		6.0828223478

		15.78		19.78		8.9222397937		16.0479491924		15.853764824		257.5366732829		1		-0.1550938588		0.1579308295		2.9715483789		2.9715483789		20.1622506115		6.3318859484

						87.9070062168		17.78		0.6493524301		316.1284		1		-0.9993328672		0.0265738277		20.1622506115

						118.9138218027		19.5120508076		-9.4339509609		380.7201267171		1		-0.8753479164		-9.5026272802		6.3318859484

		16.34		20.34		8.9222397937		16.6079491924		16.406988678		275.8239763784		1		-0.1550938588		0.1519531732		2.97269555		2.97269555		20.7746086297		6.5809747765

						87.9070062168		18.34		0.6698044752		336.3556		1		-0.9993328672		0.0255581459		20.7746086297

						118.9138218027		20.0720508076		-9.7047073561		402.8872236216		1		-0.8753479164		-9.6977372834		6.5809747765

		16.9		20.9		8.9222397937		17.1679491924		16.960212532		294.7384794739		1		-0.1550938588		0.1464110266		2.9737777927		2.9737777927		21.387005326		6.8300866635

						87.9070062168		18.9		0.6902565202		357.21		1		-0.9993328672		0.0246170085		21.387005326

						118.9138218027		20.6320508076		-9.9754637512		425.6815205261		1		-0.8753479164		-9.8938356497		6.8300866635

		17.46		21.46		8.9222397937		17.7279491924		17.513436386		314.2801825694		1		-0.1550938588		0.1412585066		2.9748004676		2.9748004676		21.9994376035		7.0792196826

						87.9070062168		19.46		0.7107085653		378.6916		1		-0.9993328672		0.0237425179		21.9994376035

						118.9138218027		21.1920508076		-10.2462201463		449.1030174306		1		-0.8753479164		-10.0908185803		7.0792196826

		18.02		22.02		8.9222397937		18.2879491924		18.0666602401		334.4490856649		1		-0.1550938588		0.1364559529		2.9757683611		2.9757683611		22.6119026873		7.3283721157

						87.9070062168		20.02		0.7311606103		400.8004		1		-0.9993328672		0.022927852		22.6119026873

						118.9138218027		21.7520508076		-10.5169765414		473.1517143351		1		-0.8753479164		-10.2885963191		7.3283721157

		18.58		22.58		8.9222397937		18.8479491924		18.6198840941		355.2451887605		1		-0.1550938588		0.1319689081		2.9766857601		2.9766857601		23.2243980834		7.5775424261

						87.9070062168		20.58		0.7516126554		423.5364		1		-0.9993328672		0.0221670876		23.2243980834

						118.9138218027		22.3120508076		-10.7877329366		497.8276112395		1		-0.8753479164		-10.4870908556		7.5775424261

		19.14		23.14		8.9222397937		19.4079491924		19.1731079481		376.668491856		1		-0.1550938588		0.1277672921		2.9775565153		2.9775565153		23.8369215442		7.8267292352

						87.9070062168		21.14		0.7720647004		446.8996		1		-0.9993328672		0.0214550574		23.8369215442

						118.9138218027		22.8720508076		-11.0584893317		523.130708144		1		-0.8753479164		-10.6862340649		7.8267292352

		19.7		23.7		8.9222397937		19.9679491924		19.7263318021		398.7189949515		1		-0.1550938588		0.1238247284		2.9783840961		2.9783840961		24.4494710388		8.0759313023

						87.9070062168		21.7		0.7925167455		470.89		1		-0.9993328672		0.020787233		24.4494710388

						118.9138218027		23.4320508076		-11.3292457268		549.0610050485		1		-0.8753479164		-10.8859661893		8.0759313023

		20.26		24.26		8.9222397937		20.5279491924		20.2795556562		421.396698047		1		-0.1550938588		0.1201179918		2.9791716357		2.9791716357		25.0620447274		8.3251475084

						87.9070062168		22.26		0.8129687905		495.5076		1		-0.9993328672		0.0201596293		25.0620447274

						118.9138218027		23.9920508076		-11.6000021219		575.618501953		1		-0.8753479164		-11.0862345925		8.3251475084

		20.82		24.82		8.9222397937		21.0879491924		20.8327795102		444.7016011426		1		-0.1550938588		0.1166265512		2.9799219716		2.9799219716		25.6746409398		8.5743768412

						87.9070062168		22.82		0.8334208355		520.7524		1		-0.9993328672		0.0195687257		25.6746409398

						118.9138218027		24.5520508076		-11.8707585171		602.8031988574		1		-0.8753479164		-11.2869927294		8.5743768412

		21.38		25.38		8.9222397937		21.6479491924		21.3860033642		468.6337042381		1		-0.1550938588		0.1133321906		2.9806376791		2.9806376791		26.2872581555		8.8236183826

						87.9070062168		23.38		0.8538728806		546.6244		1		-0.9993328672		0.0190114		26.2872581555

						118.9138218027		25.1120508076		-12.1415149122		630.6150957619		1		-0.8753479164		-11.4881992895		8.8236183826

		21.94		25.94		8.9222397937		22.2079491924		21.9392272182		493.1930073336		1		-0.1550938588		0.1102186912		2.9813211014		2.9813211014		26.8998949881		9.0728712985

						87.9070062168		23.94		0.8743249256		573.1236		1		-0.9993328672		0.0184848742		26.8998949881

						118.9138218027		25.6720508076		-12.4122713073		659.0541926664		1		-0.8753479164		-11.6898174814		9.0728712985

		22.5		26.5		8.9222397937		22.7679491924		22.4924510723		518.3795104291		1		-0.1550938588		0.1072715658		2.9819743748		2.9819743748		27.5125501704		9.3221348287

						87.9070062168		24.5		0.8947769707		600.25		1		-0.9993328672		0.017986668		27.5125501704

						118.9138218027		26.2320508076		-12.6830277024		688.1204895709		1		-0.8753479164		-11.8918144315		9.3221348287





































































































































































































Link Lengths vs. Lg 0 

(Constant Range in Phi & Lg) 

L1	8.5	9.06	9.620000000000001	10.180000000000001	10.740000000000002	11.300000000000002	11.860000000000003	12.420000000000003	12.980000000000004	13.540000000000004	14.100000000000005	14.660000000000005	15.220000000000006	15.780000000000006	16.340000000000007	16.900000000000006	17.460000000000004	18.020000000000003	18.580000000000002	19.14	19.7	20.259999999999998	20.819999999999997	21.379999999999995	21.939999999999994	22.499999999999993	2.9463686459144491	2.9493948930683414	2.9521501717582983	2.954669316019618	2.9569814344961447	2.9591110403093368	2.9610789235200032	2.9629028320964399	2.9645980086937751	2.9661776176494894	2.9676530875272151	2.9690343880736885	2.9703302557867302	2.9715483788848105	2.9726955499549432	2.9737777926815356	2.9748004676493185	2.9757683611438295	2.9766857600536674	2.977556515348097	2.9783840961122632	2.9791716357393674	2.9799219715762666	2.9806376790801958	2.9813211013530263	2.9819743747669176	L2	8.5	9.06	9.620000000000001	10.180000000000001	10.740000000000002	11.300000000000002	11.860000000000003	12.420000000000003	12.980000000000004	13.540000000000004	14.100000000000005	14.660000000000005	15.220000000000006	15.780000000000006	16.340000000000007	16.900000000000006	17.460000000000004	18.020000000000003	18.580000000000002	19.14	19.7	20.259999999999998	20.819999999999997	21.379999999999995	21.939999999999994	22.499999999999993	12.207572263652096	12.818849098588482	13.430277929874316	14.04184018423952	14.653520190141965	15.265304633464577	15.877182131077479	16.489142893578649	17.101178456223952	17.713281462510391	18.325445488788624	18.937664901119348	19.549934737672121	20.162250611508444	20.774608629747611	21.387005325985196	21.999437603499292	22.611902687289451	23.224398083387271	23.836921544185408	24.449471038771939	25.062044727447827	25.674640939754962	26.287258155464368	26.899894988069146	27.51255017040592	Y1	8.5	9.06	9.620000000000001	10.180000000000001	10.740000000000002	11.300000000000002	11.860000000000003	12.420000000000003	12.980000000000004	13.540000000000004	14.100000000000005	14.660000000000005	15.220000000000006	15.780000000000006	16.340000000000007	16.900000000000006	17.460000000000004	18.020000000000003	18.580000000000002	19.14	19.7	20.259999999999998	20.819999999999997	21.379999999999995	21.939999999999994	22.499999999999993	3.0974111999151241	3.3458233908823622	3.5943341207187105	3.8429304806328899	4.0916017222637739	4.3403388238661806	4.5891341569926247	4.8379812275199603	5.0868744723685104	5.3358090984240221	5.5847809537828486	5.8337864239973598	6.0828223478365668	6.3318859484086794	6.5809747764749282	6.8300866635082613	7.0792196825974809	7.3283721157083308	7.5775424261274891	7.8267292351567157	8.0759313023117123	8.3251475084258733	8.5743768411730219	8.8236183826155816	9.0728712984542152	9.3221348287137307	Lg start value (in)
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