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FOREWORD

The work reported herein was performed in the Vehicle
Research Department of Cornell Aeronautical Laboratory, Inc. under

Contract No. CC-182 for the Schwinn Bicycle Company. The period of

performance was from 5 August 1971 to 29 February 1972. The computer

graphics display program was developed by the CAL Computer Center.
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1.0 INTRODUCTION AND SUMMARY

In February 1971, Cornell Aeronautical Laboratory, Inc. began
a research program, sponsored by Schwinn Bicycle Company. The overall
objective of this program was the development of a comprehensive digital
computer simulation of a bicycle and rider for studying the effects of certain
design parameters on bicycle stability and control. Phase I of this program,
completed in June 1971, included the development, validation and exercise
of a computer simulation of a free control bicycle, The development of this
computer program was supported by the measurement of the physical
properties of a bicycle, including the side force characteristics of bicycle

tires, and full scale experimental validation tests.

Phase II of this program began in August 1971, The work per-
formed in Phase II included: (1) the development of a closed-loop path-following
rider control model and its inclusion in the existing bicycle simulation program,
(2) the testing of nine different bicycle tires on the bicycle tire tester which was
designed and constructed in Phase I, (3) the performance of full scale exper-
imental tests to determine the effects of certain design variables on bicycle
maneuverability and stability, and (4) the development of a computer graphics

display program,

The rider control model consists of two related modes of operation:
a roll stabilization function and a guidance function. Both of these control
functions have been developed for rider steer control. The roll stabilization

function has been incorporated in the bicycle simulation and is operational,
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An empirical tire side force function has been developed by
statistical analysis of the experimental data from nine different bicycle
tires. This empirical equation which expresses tire side force as a
nonlinear function of vertical force, slip angle and inclination angle is used

to represent the tire in the bicycle simulation.

Full scale experimental tests were performed with an instrumented
bicycle to determine the effects on stability and maneuverability of the location

of luggage load, low tire inflation pressure, and increased front wheel spin

moment of inertia.

A computer graphics display program was developed for
generating animated movies of a bicycle and rider performing simulated
maneuvers. This program when used with the bicycle simulation can
produce movies which show the realistic motions of a bicycle and rider
including coordinated rider and bicycle steering, pedaling and leaning as

well as bicycle chassis translation and rotation.



2.0 RIDER CONTROL MODEL

Phase I included a simulation parameter study of the free-
control dynamics of the bicycle. The purpose of this study was to compare
the free-control responses of several riderless bicycle configurations to a
steering torque disturbance input. The results showed the effects of speed
and various design parameter changes on free-control stability. However,
it was difficult to conclude from these limited results what effect these

changes would have on the stability of a bicycle operated under rider control,

A fundamental objective of this research program is the
development of computer simulation of the bicycle which can be used as a
design tool. The computer would be used to simulate certain maneuvers
in which the resultant motions of the bicycle could be used to determine the
effect of specific design parameter changes in the stability and maneuver-

ability of a proposed bicycle.

This approach is similar to the study of automobile dynamics
using computer simulation. The general procedure for using the automobile
simulation program is to specify a sequence of driver control inputs, simulate
the maneuver, and record the motion response of the vehicle., The simulated
maneuver is repeated and the responses are compared for several parameter
variations of the vehicle but always using the identical driver control inputs.
In this manner the dynamics of the automobile may be studied independently

of the characteristics of the driver.

This method of using the computer simulation is unsatisfactory
for the study of bicycle dynamics. Unlike the automobile, which has inherent
roll stability, the bicycle must constantly be balanced by the steering and

leaning motions of the rider. Furthermore, complex rider steering and
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leaning control are required to accomplish the coordinated rolling and yawing
motions of a turning maneuver. The function of the rider in controlling the
bicycle is essential to the study of bicycle dynamics. Thus, the investigation

of bicycle dynamics requires the inclusion of a closed-loop control model

of the rider.

The rider has two basic means of controlling the bicycle - the
steer angle of the front wheel and the lean angle of his upper body relative
to the frame of the bicycle. By adjusting and changing the steer and lean
angles, the rider stabilizes the bicycle and initiates turns. The rider's
task of stabilizing the bicycle requires continuous monitoring of the bicycle
roll angle and correcting of steer and lean angles. In straight line running
and steady state turning, the steering is the primary mode of control. In
fact, movies of Phase I experimental tests showed that in '"hands-on'' steady
state cornering the rider did not lean but stayed in plane with the bike. In
""hands -off'' cornering, however, there was considerable leaning motion.
The initiation of turns may be accomplished without leaning motion by
steering the ""wrong'' way first to roll the bicycle into the turn. However,
smooth turns can be initiated by leaning in the direction of the turn (without
counter-steering first) to roll the bicycle. Full scale tests have shown that
both counter-steering and leaning up to angles of approximately twenty degrees

were used to perform rapid obstacle avoidance maneuvers.

The use of the simulation for evaluating the stability and maneuverability
of various bicycle designs requires two basic functions in the rider control
model: (1) roll stabilization - the model must be capable of stabilizing the
bicycle in steady cornering as well as straight-line running: (2) guidance -

the model must be capable of following a prescribed path by initiating turns

and correcting for deviations.
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2.1 Roll Stabilization Function of Rider Control Model

The roll stabilization task of the bicycle rider is similar to
the manual control task of aircraft pilots. The control system analysis of
human operator dynamics has been thoroughly developed and applied to
many continuous control tasks. This research has produced mathematical
models of the human operators using transfer functions based on experimental

data from simulated tracking tasks.

Mathematical modeling of the guidance task of the rider requires
special consideration. Since the path following maneuvers to be simulated
may have discontinuous inputs (such as avoidance maneuvers), the model
must have the capability of viewing the intended path in front of the bicycle.
CAL has developed a mathematical model of an automobile driver which has
the capability of previewing the intended path, predicting the future path
of the vehicle, and determining control inputs based on the error between
the predicted and intended path. This model is the basis of the guidance

function of the bicycle rider model.

A number of researchers have made mathematical analyses
of the free-control stability of two wheel vehicles (see bibliography of
Reference 1). However, only Stassen and van Luteren, References 2-5, of
the Delft University of Technology have undertaken research programs aimed
specifically at developing a mathematical model of the stabilizing and
controlling function of the bicycle rider. Using a simulator designed to
have the same roll dynamics as an actual bicycle, they attempted to determine
the human operator transfer functions for the steer and lean control motions.
The human operator outputs were steer and lean angles and his inputs were

the bicycle roll angle and roll angle derivatives, Figure 2. 1.
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The rider's transfer function was assumed to take the form

-8
. = . . ‘
Hy (8) og,v‘oc,-z/éwoz]é s)e

where $§ is the Laplace operator. The parameters o, a and

7 2 ?
o,y represent proportional, integral, and derivative coefficients, respectively,
and Zz' , the delay time. This human operator transfer function is a

simplification of the more general form

4
AKn € s (72$+7)

Yo (s) =
P (TISH)(TNJH)

where Ko is the gain, 77 1is the reaction time delay, 72 and 7.
represent the lead-lag equalization characteristic, and 7, is the neuro-

muscular lag, Reference 6,

Using the bicycle simulator and on-line digital computer for
real-time data correlation, the values of the above parameters were deter-
mined for several subjects performing a stabilization task. The results
showed that the dynamics of the bicycle rider could be described by a model

consisting of proportional plus derivative control and a time delay.

The CAL bicycle rider model has human operator characteristics
which have been developed in the theory of manual control, However, there
are several specific differences between the CAL rider model and the Delft
University model and other classical human operator models. The human

operator outputs of the CAL model are steering torque and rider lean torque

whereas, in the Delft University rider model, the outputs are steer angle
and lean angle., The CAL rider model includes the reaction time delay and

lag compensation., Moreover, the rider inputs are bicycle roll angle, roll
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velocity, and roll acceleration, and these inputs are sensed directly by
visual, kinesthetic, and vestibular sensors, There is a fundamental
difference between this representation of the rider and the classical model
which assumes that the rider input is the position state of the system output

only and that the rider processes this signal to obtain derivative information

about the system output.

The CAL rider model, Figure 2,2, assumes that the command
input to the stabilization model from the rider guidance model is a desired
roll angle (since this is directly related to lateral acceleration). The roll
acceleration ( ¢ ), the roll velocity ( ¢ ), and the difference between the
command roll angle ( ¢C) and the actual roll angle ( ¢ ) have individual
coefficients ( Cd.z' and C z') relating them to rider steering torque ( /Vd") and
to rider lean torque (/V¢d ). The reaction time delay and the lag compensation
time constant for the steer output ( Zd’r , 7‘; ) differ from the delay and lag

time constant for lean output ( 2;5 s T¢ ). Values for all of these parameters

are adjustable,

The rider roll stabilization model was programmed for the
bicycle computer simulation as shown in Figure 2.3, The rider model was
initially exercised in a straight line stability test with only the steer control
functioning. The rider was restricted to a zero lean angle. The simulated
maneuver was one of stabilizing the bicycle after a side force disturbance.
The forward velocity was 10 mph and the side force disturbance was a pulse
of 10 pounds for 0.5 seconds. Several simulated maneuvers were made with
variations of the rider model coefficients until satisfactory vertical stabilization
was obtained. Figure 2,4 shows the resultant bicycle motion with free
steering and with rider steering control. With free steering the bicycle
immediately fell over; whereas, with rider steering control, the roll motion

was damped and the bicycle was returned to a stable vertical running position,
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The second test for the rider model was a maneuver in which
the bicycle was quickly steered from an initial straight line path to steady
state circular path. The bicycle roll angle was 20 degrees for the steady
state turn, This maneuver proved to be a rigorous test of the rider model.
Several runs were required, varying the rider model coefficients, before
satisfactory stabilization was obtained. However, with repeated coefficient
variations, excellent performance was achieved. Figure 2,5 shows time
histories of the steer angle and rider roll angle for the "'best' values of rider
coefficients. In this maneuver the bicycle had very quick response (reaching
the 20 degree roll angle only 0, 6 seconds after the command roll angle reached

steady state), good roll damping (very little overshoot), and a steady state

roll angle error of only about one degree.

By running many simulation runs with variations in the rider
coefficients, it was possible to obtain some understanding of the significance
of the different coefficients. It was found that the magnitude of Cpy to Cp,
affected the high frequency (approximately 0. 8 Hz) damping of the rider
control system. Figures 2.6 shows the effect of increasing Crsz from zero
to 5 in. -1b. ~sec. 2/rad. on reducing the oscillatory steer and roll motions.
Furthermore, the low frequency damping (less than 0.3 Hz) was influenced
by the relative magnitudes of ¢, and Cs;; . By increasing the ratio of
CJZ to CJ7 from 0.6, Figure 2.7a, to 1,0, Figure 2. 7b, a considerable
increase in low frequency system damping was obtained. Figure 2, 8 shows
the effect of a proportional change in all three coefficients., Although the
response of the system for both sets of coefficients is well behaved, the
steady state error in roll angle was increased by a factor of four by reducing

CJ/ v Cpa s and Ca‘g to one half, This change in coefficients repre-

sents an effective reduction in loop gain of fifty percent.
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The third maneuver which was attempted with the rider control
model was a simulated slalom run, Although the principal purpose of this
maneuver was to produce interesting output for a computer graphics movie
(and not to verify the model), the simulated maneuver shows a striking
resemblance to the bicycle motion in the full scale experimental tests.

Since the path following function of the rider control model was not operational,
the following scheme was used to produce a slalom maneuver., The results

of the experimental tests showed that the maximum speed at which the wide
slalom course (two foot lateral separation between pylons) could be run was
approximately nine miles per hour and the maximum roll angle at this speed
was about 20 degrees. The initial speed of the simulated maneuver was set

to 10 mph and the command roll angle ( ¢c ) was set to 20 degrees. The
oscillatory motion was obtained by changing the sign of the command roll

angle to oppose the sign of the steer angle, The resultant oscillatory steer
and roll motions, Figure 2.9, are similar to the data records of experimental

runs in which the rider felt that he '"had the timing down,"

It was found that the simulated distance traveled between roll
angle reversals (10, 2 feet), computed from the oscillation period (1. 39 seconds)
and forward speed (14.67 ft. /sec.), is almost identical to the longitudinal
distance between pylons in the experimental run (10. 0 feet), Most impressive
of all is the computer graphics movie of this simulated slalom maneuver in
which the pylon spacing was identical to the full scale experimental tests,
Computer animation shows the simulated bicycle and rider weaving through

the slalom course, narrowly missing the pylons on either side, Figure 5. 2.

2.2 Guidance Function of Rider Control Model

The guidance function of the rider control model, Figure 2.2,

is based on a ''preview=-predictor' model of the automobile driver recently
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developed by CAL, Reference 7. This model was formulated on the theory
that the driver has the ability to predict the future course of his vehicle and
compare it with the previewed desired path. Control commands are based

on the error between the desired and predicted paths, Figure 2.10.

In predicting the future path of the bicycle, the forward velocity
( z ) is assumed to remain equal to the current velocity. The lateral accel-
eration is assumed equal to the acceleration due to gravity ( g ) times the
tangent of the bicycle roll angle. The predicted future roll angle ( ¢p ) is
determined by integration of the current roll velocity ( ¢ ) into the future

time ( ip ), with the current roll angle ( ¢ ) as the initial condition.

Therefore, the predicted lateral acceleration (a,jp) varies with future time.
ayp =g Zar ¢/3

= g tan ($1 +
“yp 4 (¢ %" 2)
- . . ’ / .
The coordinates of the predicted path (Zp;o s 9;9,0) in the space
fixed coordinate system are calculated by integration of the respective
components of the velocity and of the predicted lateral acceleration using

the current bicycle position ( p;o' , ;’ ) as an initial condition.
o

— 2 .
;gpp—zo+fpucosgl/—/&f 3 Sin ¥

P Tap
s = 4 3 7 <€
ﬁ;b;a 4, +fpw Sin Y+ V2 z‘p a;;b cos Y

is the current yaw angle of the bicycle with respect to the 4  axis
Yy g y p

of the space fixed coordinate system.
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The desired path, ¥y, v"(z’d)o) , is defined by a series of
circular arcs (or straight line segments) which connect points whose
coordinates are specified as input. The circular arcs are mathematically

defined to produce tangency at the junctions.

The error ( e ) between the predicted path and the desired
path is measured at several intervals of time into the future. The measured
errors are weighted to account for the reduction in lateral acceleration
required to correct errors at further distances ahead of the vehicle ( We, )
and to emphasize the importance of errors at particular locations along
the desired path ( WIz' ). From the cumulative weighted error (£ ) a correction
to command roll angle ( A¢C ) is computed which acts to bring the predicted
path closer to the desired path. Therefore, by repetitive future path
predictions, error computations, command roll angle corrections, and the
resultant control exercised by the stabilization function of the rider model,

the bicycle-rider model attempts to follow the desired path,
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3.0 BICYCLE TIRE TESTING

Phase I of this program included the design and construction of
an on-road bicycle tire tester. The tire tester was designed to be towed
behind an automobile and to have the capability of measuring the lateral
force characteristics of all bicycle tire sizes in current production, Tire
side force is measured as a function of normal load, slip angle, and inclination
angle which are variable within ranges of 35 to 150 pounds, -3 to +10 degrees,

and -6 to +45 degrees, respectively. A complete description of the bicycle

tire tester is given in Reference 1.

3,1 Tire Tester Calibration

A thorough recalibration of the tire tester was performed when
the test rig was installed on the tow car for the Phase II testing. Two types

of data correction information were required:

(1 correction of the strain gage bridge output for sensitivity
changes which occur with changes in inclination angle and

normal load

(2) correction of the steer and inclination angles for compliance
of the test structure under the tire side force and normal

load.

Laboratory calibration was performed by applying known side
forces of zero to 70 pounds in 10 pound increments and reading the output
of the strain gage bridge, the compliance steer angle, and the compliance
inclination angle, This calibration was repeated for all combinations of
0, 50, and 100 pound normal loads; 0, 20, and 40 degree inclination angles;

and 0 and 6 degree steer angles. The resultant data were processed by a

23 YA-3063-K-2



statistical computer program to determine the correlation between gage
bridge output and the side force, normal load, inclination angle, and steer
angle. A functional relationship between these variables was initially

hypothesized as -

— 2 7 2
R = C/F+ CZI+CZZI +(,J/L+C54 +C, 8

where: is the strain gage bridge output
is the side force
is the inclination angle

is the normal load

G N N WX

is the steer angle

The correlation coefficient of strain gage output with side
force along was found to be greater than 0.9996, showing the excellent

linearity of the instrument,

By including inclination angle to the first power and load to
the second power, the correlation coefficient was improved to 0, 9998, The
other variables included in this statistical analysis proved to be insignificant.

Thus, the analysis yielded the following functional relationship -

2
R= S71.%F -0.0971 L + 0.00377 L

Therefore, the actual side force can be determined from the strain gage

bridge output and the inclination angle and normal load configuration of the

test by the following equation.

Fo=(7+0.0911T ~ 0003714°)/37.94

24 YA-3063-K-2
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The steer compliance was found to be -0. 0399 degrees of steer
per pound of side force and the compliance inclination was found to be
0. 0236 degrees of inclination per pound of side force. These coefficients

were found to be relatively independent of other variables.

One additional correction was made to the data to account for
a steer angle bias in the measured data and is due to the practical problems
of aligning the tire in the test rig at exactly zero steer angle. This bias
angle is computed from the corrected data by determining, by interpolation,
the steer angle at which the side force is zero. Thus, the corrected steer

and inclination angles may be computed from measured data by the following

expressions,
S = \S’m_ O-OJ??F‘SA
Z = Im— 0.0236 F
where: S 1is the corrected steer angle

$,,, is the measured steer angle

‘96 is the steer angle bias

Z 1is the corrected inclination angle
Z, 1is the measured inclination angle

# 1is the side force

3.2 Statistical Analysis and Modeling of Tire Data

Phase I included the measurement of side force characteristics
of two bicycle tires, a 27 x 1-1/4 Breeze Sports Touring and a 27 x 1-1/4
Puff High Pressure Road Racer (manufactured by National). The first of

these is a conventional tire with a rated inflation pressure of 65 psi and

25 YA-3063-K-2



the second is a gum rubber side wall tire with a rated inflation pressure of
75 psi. Although the test data were not statistically analyzed, plots of the

reduced data showed fundamental differences in the side force characteristics

of the two tires,

In order to extend the knowledge of side force characteristics
to a wider range of bicycle tire types, nine additional tires were tested in
Phase II. The data from these tests were analyzed statistically to formulate

a nonlinear empirical expression relating side force to normal load, slip

angle, and inclination angle,

The tires tested in Phase II, Table 3.1, were representative
of a wide range of production tires -- gum sidewall types, a square cross
section slick, similar tires made by different manufacturers, a sew-up
road racing tire, a experimental radial ply, as well as conventional tires.

Rim diameters ranged from 24 to 27 inches and rated inflation pressures

ranged from 55 to 110 psi.

The procedure for using the tire tester was well developed
in Phase I and is explained in the Phase I technical report, The Phase II
test matrix included three normal loads (37.2, 70.3 ,104.5), eleven steer
angles (-3, -2, -1, 0, 1,2,3,4,6,8,10 degrees), and five inclination angles (0,
10,20,30,40 degrees). Each tire was tested for the complete matrix of load,
steer, and inclination configurations except for steer angles above which
slippage first occurred., Approximately 160 individual measurements were
made for each tire (including repeat measurements). Appendix 1 contains

tabulated values of the measured and corrected data.
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Table 3.1

COEFFICIENTS OF NORMALIZED SIDE FORCE FUNCTION FOR VARIOUS TIRES

CORR. STD.
TIRE TYPE COEF. | ERROR €1 C2 C3 Cq CL

FASTBACK SLIK B -2 B 2 2
v a il 0.982 0.080 0.264 x 10 0.239 | —0.225 x 10 0.018 x 10 0.329
BREEZE SPORTS TOURING 0.991 0.056 | —0.236x 102 | 0.216 | —0.205x 102 | 0.205x 102 | 0.287
24 x 1/4 (60 psi)
STRAIGHT SIDE SPORTS TOURING | g gg9 0.079 | —0.063 x 10°2 0.195 | —0.173 x 102 0.247 x 102 | 0.066
24 x 1-3/8 (60 psi)
STRAIGHT SIDE SPORTS TOURING | g ggg 0.066 | —0.252 x 10°2 0.261 | —0.233 x 1072 0.212x 102 | 0.310
26 x 1-3/8 (60 psi)
PUFF ROAD RACER-CARLISLE 0.984 0072 | -0213x102 | 0213 | —0.233x 102 | 0212x 102 | 0.254
27 x 1-1/4 (75 psi)
HP SPORTS TOURING 0.982 0.077 | —0.235 x 102 0.233 | —0.242 x 102 0.193 x 102 | 0.286
27 x 1-1/4 (85 psi)
BREEZE SPORTS TOURING 0.971 0083 | —0119x 102 | 0223 | —0272x 102 | 0482x 102 | 0.131
27 x 1-1/4 (65 psi)
PUFF ROAD RACER-NATIONAL 0.967 0075 | —0.210x 102 | 0.249 | —0.569 x 102 | 0.437 x 102 | 0.250
27 x 1-1/4 (75 psi)
CLEMENT #50 ROAD TIRE B 2 B 2 2
ST SEWUP 10 o 0.989 0.060 0.153 x 10 0.209 | —0.191 x 10 0.172 x 10 0.173
PUFF ROAD RACER RADIAL 0.967 0096 | —0.268x 102 | 0.150 | —-0.135x 102 | 0.764x 102 | 0.336
27 x 1-1/4 (75 psi)
LETOUR 0.947 0.151 | —0.350 x 10°2 0.263 | —0.314 x 102 1.054 x 102 | 0.475

27 x 1-1/4 (85 psi)

NORMALIZED SIDE FORCE FUNCTION:F/L = (1 + €4 L) (CZS + C3$3 + C4I)




In order to describe the tire side force characteristics more
accurately for the bicycle simulation program, a statistical analysis was
made of the corrected data for all tires to determine an empirical polynominal

function, The following expression was initially hypothesized -
- 2 3 2 2
Fle=(10¢e)(Cs+ 0 8% ¢ 5%+ 91+ 81+ 0,91

2 3
G T +CI +C,,1%)

where: is the side force
is the normal load
is the slip angle

is the inclination angle

N
@N% M

are the constants which represent the particular tire

A statistical data analysis computer program was used to
determine the constants of the above expression which gave the best correlation
with the corrected tire data. Since this statistical analysis program gave
correlation coefficients and standard errors of each term of the expression
with the corrected data, it was possible to eliminate the terms which had
low correlation with side force and those in which there was little confidence
in the numerical results., The following resultant empirical function was

obtained by the above method.
— 3 3
Fle = (1+C1)(C8«Cp 8% v 0,7 w0 17)

The correlation coefficients of the above expression with the actual corrected

data range from 0.947 to 0.991. Standard errors range from 0.056 to 0.151.

Table 3.1 gives the polynominal coefficients, correlation coefficients, and

standard errors for each tire.
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In general, tires become less effective as the vertical force
on them increases, The side force does not increase in proportion to an
increase in vertical load (i.e., the normalized side force (4/2 ) decreases
with increasing vertical load, all other variables remaining constant).
Bicycle tires are no exception as shown by the bicycle tire data. Thus, the
empirical side force function contains the term ( 1 + C,L ) term to account

for this effect., Note that £, is always negative.

Figure 3.1 shows the normalized side force function for the
24 inch Fastback Slik plotted for three vertical loads. Since all plots for a
particular tire have the same characteristic shape, it is redundant to plot
the function for more than one load. However, the change in normalized
side force with vertical load varies from tire to tire. Thus, it is important
to know the magnitude of this load effect as well as the characteristic shape

of the function.

A load sensitivity coefficient ( C, )} has been defined as the
percentage change in normalized side force per pound increase in vertical
load. The load sensitivity coefficient can be derived from the normalized

side force function.

/L)) ecL
CL = “—(.L_’/__ X/OOZ

L

e, (c,s+C387+¢,1)
c = 7 5 X 7007,
(1+G2)(C5+ 2,57 ¢, 1)

C i 700 7,
= — X
“ 7+ C L °

29 YA-3063-K-2



PR Rls 32 | ,W,
.Y ™ - .,ﬂ J— - [ S g JE S .
‘ q79 ] !
I HS . _ :
I / N B |
: l
: T 7/ 1
O | :
. /I X i ;,‘
7 /( - m o 1
T By % 4.
.WAJI.JI/I. TII“WIV “ }
N ,..1/////1 e
1 BN
NN Y TN =
M i r./l . Id]fﬂ "m
‘K H e . i N o -
W ) : l{iuﬁﬁ < |
~ /YH./. ﬂl?..f.l:hmffll 1. . : m
‘‘‘‘‘ A IS TR 18
s e | 3
P Raastiag. W
—lo* RS RS
LT o TS =
* .~. %
ol
m | H w
o N “ 1 S
‘ | | !
! _ ! m
o) N < N
o o o )

(r1/4) 20904 AdIS dAZITVINYON

NORMALIZED SIDE FORCE FUNCTION FOR THREE VERTICAL LOADS

Figure 3.1

YA-3063-K-2

30



Since this coefficient varies with vertical load, a standard
load was established for computing CL and for plotting the normalized
side force function. Seventy-five pounds was chosen for the standard load
since this load is representative of the mean front and rear load for a
30-pound bicycle with a 120 pound rider. Load sensitivity coefficients for

all the tires tested are given in Table 3. 1.

Figures 3,2 through 3,12 are plots of the normalized side

force functions of the different tires at the standard vertical load of 75 pounds,
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4.0 EXPERIMENTAL TESTING OF BICYCLE

Actual cycling experience during the experimental bicycle tests
of Phase I and the preliminary simulation parameter study indicated
significant effects of certain bicycle parameters on its stability and handling.
Among these parameters are the spin moment of inertia of the front wheel,
the addition of a luggage load at different locations on the bicycle and the
under-inflation of the front or rear tire. A full scale experimental program
was conducted in Phase II to study the effects of these parameters. An
important aspect of this testing was the accumulation of experimental data
to be used for the formulation and validation of the rider control model,
These data included time histories of roll angle, steer angle, lateral

acceleration and velocity for all maneuvers.

The test bicycle was instrumented with a potentiometer for
measuring front wheel steer'angle, a gyroscope for measuring bicycle roll
angle, and accelerometer for measuring lateral acceleration, and a
tach-generator for measuring forward velocity., These data were recorded
on two Z2-channel strip chart recorders which were carried with the power
supplies in a chase car. Instrumentation power and data signals were
transmitted to and from the bicycle through a light weight cable loosely
hung from a boom extending from the chase car., Reference 1l contains a
detailed discussion of the test bicycle instrumentation. 16 mm. movie
coverage was made of all experimental tests. The camera was remotely

controlled by strip switches laid on the pavement at the beginning and end

of the test course,
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4.1 Maneuvers

Four basic maneuvers were performed in the experimental
testing. These maneuvers were selected to emphasize low speed stability

and normal speed stability and maneuverability.

Low Speed Stability - The purpose of this test was to measure the

low speed stability of the various bicycle configurations. A one foot wide lane
was set up with small pylons separated approximately three feet along both
sides of the 100 foot long lane. The measure of stability was the minimum

speed at which the bicycle could be stably riden through the entire lane

without hitting any pylons.

Obstacle Avoidance - The purpose of this test was to measure the

maneuverability of the nine bicycle configurations. The same one foot wide
lane which was used in the low speed stability test was used in this test. A
two foot wide - three foot high obstacle (plastic garbage can) was placed on
the centerline of the lane four feet beyond the last pair of pylons. The
rider's task was to ride through the lane at constant speed and then turn
sharply (either right or left) to avoid the obstacle. The performance measure

is the maximum speed at which the maneuver can be performed without hitting

either the pylons or the obstacle.

Narrow Slalom Course - The purpose of this maneuver is to

measure the controllability of the different bicycle configurations at normal
riding speeds. An eleven pylon slalom course was set up with all pylons in a
straight line and ten feet apart. The bicycle was riden through the slalom
course at increasing speeds until the maximum speed for that particular

configuration was determined. Approximately five runs were made with each

bicycle configuration,
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Wide Slalom Course - This maneuver is the same as the narrow

slalom course with the exception that there is a two foot lateral separation
between successive pylons. The measure of performance is the speed at

which the slalom course can be run without hitting any pylons.

4.2 Bicycle Configurations

Each of the four test maneuvers was performed with nine
different bicycle configurations. Five of these bicycle configurations were
designed to study the effects of luggage load location on bicycle stability and
handling. Two configurations were to determine the effects of low front and
rear tire pressures. One configuration was designed to study the effect on
stability of increasing the spin moment of inertia of the front wheel, The

other bicycle configuration was the standard bicycle.

A, Standard Bicycle - A special single-speed Schwinn suburban

bicycle with coaster brakes. This standard configuration included instru-
mentation, front luggage rack, rear luggage rack and left and right rear
wire baskets, Figure 4.1. The tires were Puff Road Racers inflated to
the rated pressure of 75 psi. The weight of the bicycle, instrumentation,

luggage carriers, and wire baskets was approximately 51 pounds.
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Figure 4.1 STANDARD BICYCLE WITH 12%2 POUND LOAD ON BOTH
FRONT AND REAR CARRIERS

B. High Wheel Spin Inertia - Standard bicycle with the front wheel

spin moment of inertia increased from 1,76 lb-in-sec? to 3, 00 lb-in-sec?.
The moment of inertia was increased by taping 3.24 pounds of wire solder
to the inside of the wheel rim at a distance of 12.13 inches from the spin

axis, Figure 4.2,
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Figure 4.2 HIGH SPIN MOMENT OF INERTIA WHEEL
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C. Low Front Tire Pressure - Standard bicycle with the front tire

pressure reduced from 75 psi to 20 psi. At this pressure the tire was

conspicuously under-inflated.

D. Low Rear Tire Pressure - Standard bicycle with the rear tire

pressure reduced from 75 psi to 35 psi. At 35 psi the more highly loaded

rear tire had the same amount of flattening as the front at 20 psi.

E. Load on Rear Carrier - Standard bicycle with a 25 pound load

rigidly mounted on the rear luggage carrier. The load was a hollow wooden
block filled with lead shot. The block was approximately 4 inches wide,
6 inches high and 12 inches long. The c.g. of the load for this configuration

was in the plane of the bicycle approximately 19 inches above and 1 inch

behind the rear wheel center,

Figure 4.3 25 POUND LOAD IN REAR BASKETS
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F. Load in Rear Baskets - Standard bicycle with a 25 pound load

evenly distributed and rigidly contained in left and right rear wire baskets.
Each basket contained a 12,5 pound wooden block approximately 4 inches wide,
12 inches high and 10 inches wide. The c.g. of each block was approximately
5 inches from the plane of the bicycle, 6 inches above and 1 inch in front of

the rear wheel center, Figure 4. 3.

G. Load on Front Carrier - Standard bicycle with a 25 pound load

rigidly mounted on the front luggage carrier. The load block was the same
one used on the rear carrier. The c.g. of the load was in the plane of the

front wheel, and approximately 7 inches in front of the steer axis and 19 inches

above the front wheel center.

H. Load on Front and Rear Carriers - Standard bicycle with a 25

pound load evenly distributed and rigidly mounted on the front and rear
luggage carriers. FEach carrier held a lead filled wooden block weighing
12,5 pounds. The blocks were approximately 4 inches wide, 4 inches high
and 12 inches long. The c.g. of the front block was approximately 7 inches
in front of the steer axis and 18 inches above the front wheel center. The

c.g. of the rear block was approximately 18 inches above and 1 inch behind

the rear wheel center, Figure 4. 1.

1. Load in Rider's Backpack - Standard bicycle with a 25 pound

load carried in a small pack on the rider's back.

4,3 Test Results

Approximately two hundred runs were performed with the
instrumented bicycle, plus many practice runs without recording data.

For each maneuver and bicycle configuration several sequential runs were
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made with increasing level of difficulty (increasing or decreasing speed).
When the test rider was satisfied that he could not successfully perform

the maneuver at a higher level of difficulty the next bicycle configuration

and/or maneuver was tested.

Appendix II contains data records for the different bicycle
configurations and maneuvers. These records were selected on the basis
of being most representative of the runs for the respective configuration
and maneuver, Furthermore, all data records in Appendix Il represent

successful maneuvers, i.e., no pylons were run over, nor was the obstacle

hit in the obstacle avoidance maneuver.

Low Speed Stability - With all bicycle configurations the rider

was able to stay within the one foot wide lane at near walking speeds of
3 to 4 mph. However, the difficulty in maintaining stability varied considerably
among bicycle configurations. Figures II,27 through II.35 of Appendix II show
data records for the low speed stability maneuver. These records were
selected with the speeds in the 3 to 4 mph range so that steering activity

can be used as a relative measure of the difficulty in stabilizing the various

bicycle configurations. Note that the signal filtering on the lateral acceler-

ation data is different runs, therefore caution should be used in comparing

these data.

The data show that the bicycle was most stable with the high spin
moment of inertia front wheel. This conclusion was also supported
experimentally by observed improvements in stability when riding hands -off.
The most difficult configuration to ride stably - at low speed was with the
twenty -five pound load in the back pack. Itwas found that with the load on
his back the rider's ability to control the bicycle by leaning was greatly

hindered. Figure II.33 shows that the rider had considerable difficulty in
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controlling the bicycle with the twenty-five pound load on the front carrier.
This load mounted over the front wheel in front of the steer axis greatly
increased the moment of inertia about the steer axis making rapid steer
corrections very difficult. The data show that the most stable loaded bicycle
configuration was with the load on the rear. However, there is little difference
in steering activity between runs in which the load was on the rear carrier

and in the rear baskets. Lowering the inflation pressure in the front or rear

tires had little effect on the low speed stability of the bicycle.

Obstacle Avoidance - Figures II. 18 through II.26 of Appendix II

show data records of the obstacle avoidance maneuver. These records were
selected with speeds in the 11 to 13 mph range and all the records shown

were successful runs. In this maneuver there was little difference in the
controllability among the standard, the high spin moment of inertia front
wheel, and the reduced front and rear tire pressure bicycle configurations.
However, the addition of the twenty-five pound load affected the maneuverability
to varying degrees depending upon the location of the load. Undoubtedly, the
worst configurations for the load were again in the backpack and on the front
carrier. Figures II.24 and II.26 show that for these two configurations the
rider's steering input was very irregular. Furthermore, the third hump

in the lateral acceleration curves for these runs show that additional corrective
action was required to stabilize the bicycle after the obstacle was avoided.

The loaded bicycle configuration in which the maneuver was performed most
easily was with the load in the rear baskets. The lateral acceleration curve

for this configuration, Figure I[.23 is very smooth compared with the other

load configurations.

Narrow and Wide Slalom Courses - Figures II.1 through II.17

of Appendix II show data records for the narrow and wide slalom courses.
These records represent the highest speed at which each maneuver was
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successfully run. Figure 4.4 shows the speeds for all attempted (successes
and failures) slalom maneuvers for the nine bicycle configurations. These
maneuvers showed good discrimination between bicycle configurations based
on the maximum successful speed. It is interesting that the rank order of
the maximum successful speeds is the same for the narrow and the wide
courses. The average maximum successful speed for the wide course is
about 4 mph slower than for the narrow course. Figure 4.4 shows that in

both maneuvers the performance of the bicycle was degraded by any changes

from the standard bicycle configurations.

As in the previous maneuvers the two worst bicycle configurations
are those with the load on the front carrier and in the rider's backpack. The
configuration with the load on the front carrier is conspicuously slower than
any other configuration for both slalom courses. The high spin moment of
inertia front wheel had little effect on the maneuverability of the bicycle in
the slalom course. The best speeds for this configuration were almost

equal to the best speed with the standard bicycle.

The maximum successful speeds with the reduced front or rear
tire pressure configurations were lower than the standard bicycle; however,
they were generally a little faster than the average maximum successful
speed of the loaded configurations. Although the performance of the bicycle
was degraded by the reduction in tire pressure (at one end or the other) the
bicycle was certainly controllable, In fact, it was more stable than would

be expected for such an extreme front to rear bias in inflation pressure.

The most maneuverable loaded bicycle configuration was with

the load in the rear baskets. The slalom runs showed a definite performance
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improvement in moving the load from the rear carrier down to the rear side
baskets. This indicates the best luggage carrier design might be side

baskets mounted on the rear as near to the ground as practical.

54 YA-3063-K-2



(HdW)} @33ds

BICYCLE CONFIGURATION

NARROW SLALOM COURSE

(HdW) @33dS

BICYCLE CONFIGURATION

WIDE SLALOM COURSE

SUMMARY OF RESULTS FOR SLALOM COURSE MANEUVERS

Figure 4.’

YA-3063-K-2

53



improvement in moving the load from the rear carrier down to the rear side
baskets. This indicates the best luggage carrier design might be side

baskets mounted on the rear as near to the ground as practical.
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5,0 COMPUTER GRAPHICS ANIMATION OF THE BICYCLE
SIMULATION

For years, printed output was the only means of communcation
between the computer and man. This limitation dictated that only the
technically skilled could interpret the reams of computer printout with its
lists of numbers and specialized codes. However, computer designers
learned that the computer, which normally generated control signals to
command a printer to print a letter, could also be designed to generate
control signals to move the beam of a cathode ray tube. Obviously, a
sequence of beam movements controlled by the computer can trace a picture,
This new capability of drawing a picture opened up a new area of computer
application, generally referred to as computer graphics. Computer graphics

is, in the strictest sense, a pictorial representation of computer data.

Cornell Aeronautical Laboratory has been very active in the
field of computer graphics. This activity ranges from everyday use of
plotting facilities by most programmers to highly complex computer-generated
radar displays. One of the more fascinating computer graphics applications
has been the Transportation Research Department's Single Vehicle Accident
Display Program, developed by Calvin Theiss. Developed for the U, S.
Department of Commerce, Bureau of Public Roads, Contract No. CPR-11-
3988, this program converts automobile dynamics simulation data into a
pictorial representation of the event. A unique feature of this program is
that sequences of the computer-generated pictures can be combined to make
an animated motion picture film of the event. Computer specialists would
refer to this program as a specialized three dimensional perspective graphics
package with both single frame and movie outputs. The Single Vehicle

Accident Display Program provided the basis of the Schwinn Bicycle Graphics

Program.
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5.1

Features of the Computer Graphics Program

The Schwinn Bicycle Graphics Program provides its users

with a complete and flexible perspective graphics package to document

pictorially the results of a bicycle simulation. The salient features of the

Schwinn Bicycle Graphics Program are:

A)

B)

C)

D)

E)

F)

G)

I

The program can plot a perspective picture of a bicycle and

rider, positioned and oriented as per the simulation data.

The line drawing representation of the bicycle and rider can be

easily changed to fit simulation or esthetic requirements.

The program can produce single pictures (for the Houston or
Calcomp plotters) or animated movies (Flying Spot Scanner

and 16 mm movie camera),

Background objects, such as roadways, houses, obstacles,

etc. can be stored and plotted in the scene,

For animated films, the '"frame rate'' can be adjusted for

"slow motion' or normally timed action.

The program is written to simulate a 16 mm camera, so that
visualization of a scene is accomplished by specifying a set

of standard camera parameters,

The scene may be viewed from any point in space, at any angle,

and at any focal length.

The program's '"camera' can be set to automatically pan,

zoom, remain fixed, or operate as on a movable base.

The program has a ''double exposure'' capability.

56 YA-3063-K-2



J) Simple, straight-line maneuvers which act as a lead-in to

the simulated maneuver can be done without simulation data.

K) Titles and sub-titles can be placed anywhere in the picture
sequence,
L) Any of the above characteristics can be changed during a run.

5,2 Bicycle Motions Simulated

The Schwinn Bicycle Simulation generates a '"dynamics tape'
which contains most of the information needed to run the graphics program,
At each simulation time increment (1/1000th of a second, for instance) the
bicycle ¢, g. position (X, Y, Z coordinates), orientation (yaw, roll, and
pitch angles), steer angle, and rider lean angle is stored on the tape. All
other pertinent information, such as front fork angle, rider "hunch forward"
angle, etc. are input once to the program as data cards, along with the

stored three dimensional line drawings of the bicycle and rider.

The bicycle graphics program searches the tape and finds the
simulation time corresponding to the desired ""frame time."'" This information
is then extracted to draw the desired picture, The program mathematically
combines the chassis, front fork, and pedals to draw the bicycle, and
mathematically combines the torso, left and right upper arms and forearms,
and left and right thighs, calves, and feet to draw the rider. Everything is
so combined as to yield a picture of a rider astride a bicycle assuming normal
pedaling, leaning, and handlebar grip, Figure 5.1. Obviously, animation is
obtained if in succeeding frames the elements of the bicycle and rider are
mathematically juxtaposed so as to simulate real life actions, Figure 5, 2,

Consequently, the bicycle actions that are simulated are:
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Figure 5.1 COMPUTER GRAPHICS RENDITION OF A BICYCLE AND RIDER
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Figure 5.2 BICYCLE SLALOM MANEUVER
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(1) Bicycle chassis translation and rotation (6 degrees-of-freedom)

(2) Front fork and handlebar system steering action
(3) Circular pedal rotation

(4) Rider left-right lean action

(5) Rider arm steering action

(6) Rider leg pedaling action

(7) Rider ankle motion

Full details of how these actions are programmed is included

in Appendix 3.

5.3 Cost of Bicycle Graphics

The Schwinn Bicycle Graphics Program costs about $5. 00 for
two plots and from 50¢ to 90¢ per frame for animated films. The cost is
generally proportional to the number of lines drawn. Therefore, simpler

backgrounds and line drawings of the bicycle and rider tend to reduce the

cost per frame.

5.4 The Mechanics of Making a Graphics Movie

The basic ingredient of a Schwinn Bicycle Computer Movie is
the simulation program. The simulation program predicts the performance
of the bicycle under a predetermined set of conditions. The investigator
rmay inspect the results of the simulation run by referring to the printed
output generated by the simulation program., The simulation program also
produces a magnetic tape which contains the simulation results and which

is used by the Schwinn Bicycle Graphics Program.
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This '"dynamics tape' is input to the graphics program,
concurrently with data cards specifying bicycle size, outline, camera data,
run time, etc. The bicycle graphics program then sequentially obtains the
dynamics data as needed, mathematically transforms the stored line drawings
into a scene representative of the simulated position and orientation of the

bicycle and rider as viewed from the requested camera position,

An interface program converts the final line drawings, as
stored in the computer, into a set of commands for the CAL Flying Spot
Scanner. The cathode ray tube beam of the Flying Spot Scanner traces
out one frame of the movie while a 16 mm movie camera records the picture.
Upon completion of the frame, the film is automatically advanced, the
graphics program reads the next data (positions, angles, etc. of bike and
rider) from the dynamics tape and draws the next picture on the cathode
ray tube. The completed film will show animated movement, exactly as

the simulation predicted. Figure 5.3 illustrates the movie making process.

5.5 Future Developments in Computer Graphics

While the current cost of making computer-generated animated
films is quite high at the time of the release of this report, past experience
in the computer industry indicates that the cost will be markedly reduced.
The change from the 360 series to the 370 series of computers brought four
times the computing power with only a small increase in costs, Thus, the
next generation of machines will give a very large price reduction. In the
near term, certain modifications to the CAL Flying Spot Scanner to allow
its commands to be supplied off-line from magnetic tape rather than directly
from the central computer will reduce the real-time memory space rental

charge incurred by the present method, This improvement could yield a
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20% cost reduction., As computers grow in power, speed, and economy of
operation, this type of graphic output will change from a demonstration tool

for the technically unskilled to a "first look' tool to be used by the design

engineers,

The same pictures that are plotted on the Flying Spot Scanner
or the Houston plotter can also be plotted on a computer terminal with a
visual display system, The main advantage of the computer terminal approach
is that an interactive simulation/graphics program could be developed.
Through the terminal's keyboard, the bicycle designer can supply some
particular bicycle parameters of interest, start the simulation, and display
some frames of the simulation as it progresses. If the simulation pictures
show the bicycle to be performing in an unsatisfactory way, then the designer
can stop the simulation (thus saving wasted run time), re-input some new
bicycle parameters, and start the process again. It is clear that this inter-
active process is an efficient way to use simulation as a design tool. In the
future it will be possible to implement this system with one of the new,

powerful minicomputers becoming available, at the factory where the design

is being done.

As far as improvements to the present program go, short of
arranging the rider to dismount the bicycle and walk away, the hidden line
problem is the only one of major importance. The hidden line problem
refers to being able to see through a three dimensional line drawing and
observe lines on the other side that are normally invisible. Computerized
hidden line removal techniques are available, but at enormous costs in
computing time. Such a capability would be esthetically pleasing in the
Schwinn Bicycle Graphics Program but quite costly., It is felt that the

capability should be available and it would receive much usage in the still

63 YA-3063-K-2



picture generation., However, present computing costs prohibit its usage
in animated films until the next generation of computing equipment. The
same may be said for computer generated half-tone color prints, These
capabilities should be investigated and developed now with an eye on the

future where their usage will be cost effective,
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Appendix I

MEASURED AND CORRECTED TIRE DATA
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24" SCHWINN FASTRACK SLIK

SLIP ANGLE RIAS = 1.068
MEASUPED CNARECTYED ME A SURED CORRECTEN NORMAL MFASURED CORRECTFD
SLte Stie INCLINATION INCLINATION FORCE L AT FRAL LATFRAL
ANGLF ANGL £ ANGLF ANGLF FORCE FNeceE
-3,000 ~?2.976 0.0 0. 646 37.150 -?7.000 -27.369
-3.070 ~2.417 0.0 N. 965 7n.250 -40.n00 —40,9Aa7
-3.000 -2.218 n.o 1.093 104.500 —484,250 -45.,876
-3.000 ~3,108 10, 0N0 117,564 37,150 -23.750 —?2&,0hK5
-1.000 -2.¢10 10.000 1n.92> 7.725n -34,Nn00 -34.811%
-1.00 -7.480 10.000 1n.939 114.500 -38.250 -18.8n01
-3.000 -3.079 20,000 20.5R5 37.150 -?24.500 ~24.192
-1.000 -2.1n0 ?20.000 ?20.809 70.250 -33.500 -34.280
-1.01n0 -2.511 20,000 7N.921 1N4.500 -37.500 -39.016
-1.,000 -%.120 30.0N0 30,561 37.150 -23.500 =23.755
-1.000 -2.182 30.000 IN. Tl 7N.25n =-31.500 ~32.236
-3.000 ~?.591 3n0.0N0 IN. 871 114,500 -15.%00 ~16.972
-Y,N00 -3.1m 40.N00 40,577 37.150 -24.000 -24.230
-1.000 -2.803 40.000 ©0.748 T0.2%0 -31.000 -31.703
-1.rn0 -2.138 40.0N0 40.789 104.500 -32.000 -33.416
-2.000 -2.167 0.0 n.5313 37.15¢ -22.250 =22.583
-?.N00 -1.R?29 n.0 N. 731 70.250 -30.250 -31.063
-2.0n0 -l.710 0.0 N.ADY 174.500 -32.500 -34.C36
=2.0N0 -?2.269 10.000 17,473 37.150 ~19.750 -20.035%
-2.010 -1.560 10.0n0 13.655 TIN.250 ~-21.000 -27.759
~2.n0n -1.R82?2 10,000 11,7137 104,500 -=29.7150 -131.236
=?.300 ~7.2R0 20.000 ?%.466 37.150 -19.5nN -19.754
-2.0nn -2.022 20.000 20.619 10.250 -?25.500 -26.219
-2.000 ~1.881 20.000 ?0.1TM 104,500 -2R.250 -79.696
=2.000 -2.3721 30.000 3N, 442 37,180 -1R.%00 -18.717
=2.000 -2.,1M 30,000 3IN.57t 70,750 -23.500 ~24.178
-2.000 -2.015 30.000 30.623 104,500 -25.000 -76.392
-2.000 -2.383 40.000 4N,405 17,150 -17.000 -17.177
-2.00n -2.2864 40, 000 4N, 663 T0.2%0 -19.000 ~19.611
-2,000 -2.757 40,000 4N, 479 104,500 -19.000 -20.317
-1.000 -1.378 0.0 N.43% 37.150 -18.250 -18.552
-1.000 -l.170 0.0 0,531 n_.280 -21.7%0 ~22.498
-1.,n0n -1,092 0.0 n,s17 104,500 -?23.000 -24. 454
-1.000 -l.450 10,000 10,366 17.150 -15.250 -15.500
—1.n0n -1.3722 10.000 1N, 441 T0.250 ~-18.000 -18.690
-t.cno -1.2%54 10,000 110,482 1n4.5n0 -19.0n0 -?20.404
=1.000 -l.461 20.000 ?Nn.359 37.150 -15.000 -15.219
-1.000 - 1,344 20.000 20.629 70.250 =-17.5n0 -18.158
-1.000 ~1.29% 20.000 20,457 104,500 -18.000 -19.1368
-1.1n00 -l.462 310.000 3,358 37,180 -15.000 -15.190
-1.000 -1.15% 30,000 31.472 m,.250 -17.250 -17.877
-t.0o00 -1.327 310. 000 30, 419 104,500 -17.2%0 -18.583
-1.000 1,461 40. 000 40,158 37.159 -15.000 ~1%.161
-1.000 -l.406 40,090 40,39 70.250 -16.000 -16.588
-1.0n0 -1.5%19 40,000 40,325 104,500 ~12.500 -13.768
.0 -N.659 0.0 0.242 37.150 -1n.000 -10,2139
.0 -N.€22 n.n N.263 70,250 -10.500 -11.162
0.0 -N.584 n.n N.72R6 104,501 -10.750 -12.120
N0 0,72y 1n,Nnn 10,206 37.150 ~-3,500 -8.699
n.n —N, bbh 10.000 11,239 10.259 =-9.50n0 -10.126
n.? N6 10.000 10,208 104.500 ~71.500 -8.R16
0.9 ~-N.6R? 20.000 ?N.228 37.150 -9.500 -9.8677
0.0 ~0.64% 20.000 20.250 10,250 -10.000 ~10.601
N9 -0.€657 20.000 21,243 104.500 -9.000 -10.299
.9 -0.683 10.000 AN.27286 37.150 -9.%500 -9.6h4R
.0 -0.707 30.000 3IN.214 71.250 -%.500 -9,060
3.0 -0.799 30.000 310.159 104,500 -5.500 -6.743
0.0 -0, 684 40,000 40,277 37.150 -9.,500 -9.619
N, “N.TKB 40, 000 4N 177 70,250 -7.000 -7.520
0.7 -N,RAY 40.000 49.111 104,500 -31.500 -4.699
n.a -0.670 N.0 0.236 37.150 -9.750 -9.987
Ny -0.621% 0.0 D261 70.250 -10.500 -11.162
n.M -N.%54 0.0 0.304 104.500 -11.500 -12.876
n.n -0.671 10.000 10.735 37.150 -9.7%8n -9.958
L “N.614 10. 000 10,257 19.250 -10.259 -10.R81
7.9 -0.67%6 10.000 10.262 1n&,.500 ~4,750 ~11.784
a7 ~N. 642 20.000 2N.257 37.1590 ~-10.500 ~10.685
N.7% -0,%6% 20.000 20,2948 Tn.250 -12.000 ~12.616
n.n -0.536 20.000 20,314 1n&.501 =12.00N -13.322
1.7 -N.663 3117.000 IN. 2460 37.150 -11.00n -10.152
N -0,606 30.000 AnN.273 70.250 -11.000 -11.579
3.2 -N.638 30.000 310.254 104.%5n0 -9.500 10,774
N.0 ~0.744 40.000 40,191 37,150 -F.000 -8.1n8
1.9 -0.778 40.000 4N, 177 1n.2%0 ~6.750 -7.268
1.7 -0.901 40.000 4N, 099 104.500 =%.00nn ~4.195
1.990 -N.n62 n.n (AN LeT) 37.1%50 n.0 -0.163
1.100 -N.065 0.0 n,.0n2 10,250 0.500 -0.078
1.000 -0.067 0.0 0,00 104.500 1.250 -0.N729
1.000 -0.022? 10.090 .02 37.159 ~1.000 =1.141
1.000 -N. 066 tn.000 10,00 70,250 n.S00 -0, 049
1.000 -0,158 13.000 . 946 104,500 31.%00 2.268
1.000 n.ns7y 2n.000 270,074 37.150 ~3.00n -1.128
1.000 n,n23 21,000 21,054 n.259 ~1.7%50 -2.288
1.000 -0.029 20.000 70,073 104,590 n,250 ~0.978
t.20n n.N9e 3n.nan N, 097 37,159 —4.000 ~4.106
1.000 a.r2 AN.00n 30,067 70.25" -1.500 ~2.017
1.000 -0.10n 310.000 29,981 174,500 2.000 0.814
1.770 N.N%4 40,009 40,0681 37.150 -2.500 -2.566
1.000 -N.11n 40.0200 19,975 17.250 1.500 1.N45
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24" SCHWINN FASTRACK SLIK

MEASUREN CORRECTED MEA SUREND CORRECTEN NORMAL MFASURED CNRRELCTEN
suie SLtp INCLINATION INCLINATION FORCF LATFRAL LATERAL
ANGL F ANGL F ANGLE ANGLF FORCE FIRCE
1.00n ~0.262 40.000 319.888% 104.500 s.000 4.873
2.000 n.637 a.n -7.175 37,1%0 7.500 T.394
2.00n0 N.5%523 N.0 ~N.242 70.25%50 1n.7150 10.2%9
?.0M0 0.5 0.0 -N.25%5% 104,500 12.000 10.803
2.0nn 0676 1N0.090 9. 849 37.150 6,500 6.618
Y.nno 0,562 17,000 9.781 Th.250 9.750 9.271
T.rnn 0.510 10.000 9. 759 104.500 11,750 10,580
2.0n0 0,906 20.0n0 19.985 37.15n N.750 0.651
2,000 N.AL2 20.000 19.929 70.250 3.500 3.002
2.000 0.720 20.000 19.37¢ 174.500 6.500 5.319
.0n0 .94 ?3. 000 19.989 37.150 n.550 0,449
?.000 C.R06 20.000 19.926 1M.250 3.650 3. 154
?.n00 0,726 20.000 19.878 1N6.500 6.350 5. 168
?2.no00 N.RT5 IN.000 ?9.9656 37.150 1.500 1.435
2.100 N1 30,000 29.905 7n.2%0 4.%500 4,039
?.000 0,638 31N.N00 29.826 104.500 8.500 T.364
2.C00 0.RS3 40,090 319,954 A7.150 2.000 1.968
2.0n0 0.669 40.000 19,845 10.2510 7.000 6.587
2.nnn 0.446 &0, 0n0 19,713 104,520 132,250 12.179
1.000 1.75% .0 -1.400 37.150 17.000 16.967
r.N970 1.09 2.0 =N.498 70.250 21.5n0 21.082
i.ane 1.018 n. N -N.540 1N4.500 24,000 ?72.89%
1.000 1.314 10.000 9.635 37.150 15.500 15.484
1.000 1.049 10.0n0 9.479 T1.250 22.500 22.118
1.000 n.937 1n. 000 9.411 174.500 26,000 24.939
1.000 1.494 20.000 19,741 37.159 11,000 10.979
3.0n0 1.219 ?0.000 19,614 77.250 16.750 16.354
1.0900 1.127 20,000 13.524 104.590 21.250 20.192
1.020 1.503 31.000 29.746 37.150 17,750 10.756
1,910 1.768 30. 100 ?29.607 77.250 11.000 16.634
1.000 1.Mr9% 30,000 29,505 104.50N 22,000 20,967
3.000 1.492 40,000 39.740 37.1%0 11.000 11.037
1.n00 1.187 40,000 19.55%9 70.250 19.000 18.679
.00n n.891% 40.000 39.388 104.500 21.000 26,034
4.0n0 2.054 2.0 -N.519 37.150 22.000 22,.00%
4.9N0 1.769 0.N -0.6%8 Tr.25n 79.%00 79,143
4.0N0 1.616 n.0 -Nn.718 104.500 34.000 32.9M
4,MN0 2.053 110.000 9. 480 37.150 27.000 272,034
4.000 1.738 17.000 9,296 70.250 30.250 29.92¢
4.900 1.57% 11,000 3.197 104.500 35.000 34.008
A.N00 2.353 20,000 19.5658 3r.150 14.5%00 14.506
4,000 2.n8A 20.000 19.483 77.280 72.250 21.895
4.000 1.265 20,0600 19,269 174.51 27.750 26.731
4.N00 2,352 30.000 29.657 37.150 14.500 14.535
4,000 2.057 1,000 29,483 70.250 22.2%0 21.924
4.000 1.784 10,000 29,1321 104.5%00 29.7%0 ?B.776
4.000 2.331 41,000 19,664 37.1%50 15.000 15.067
4.000 2.N006 47.0N0 39,452 710,250 23,500 23,217
4.000 1.732 4%.000 39.290 174.500 N.000 30.064
&£.000 3.873 n.0 =0.626 37.150 26.500 26,519
6,000 3.206 0.0 ~1.021 M.,250 41,500 43,250
6,000 2.913 0.0 ~l.19% 1N4,.500 51.500 €0, 60%
6,000 3.932 10.000 9.4n9 37.1%0 25.000 25.087
6,010 3.108 10. 000 %.919 10,250 46,000 45.798
6,000 2.851 10.000 B. 769 1N4&.590 531,000 52.145
6,000 3.971 20,000 13,432 37.150 24,000 264.078
A.000 3.445 20.000 19.121 10.250 37.500 3T.762
&.000 2,132 20,000 19.9135 104.501 46.000 45,121
6.000 3.97n 30.00NN 2%.4131 37.150 24,000 24,107
£.000 3.484 3n. 000 29,146 70.250 36.500 36.783
6.000 1.151 30,000 ?9%.946 1N&.500 45.500 44,646
6.000 3.929 40,000 319,407 37.1%0 ?25.000 25. 144
A.000 3.383 404000 39,004 710.250 29.000 18.83)
6£.000 1.009 40.0n00 18,862 104,500 49.0n0 4R, 201
R.000 5,933 0.0 -N.591 37.150 25.000 25.028
a.o0n0 4.824 0.0 “1.7247 T7.250 52,000 52.827
q.000 4.330 0.0 -1.539 104,500 66,000 65,215
fa.000 6.013 10.000 9.456 317.150 23,000 22.N&2
2.000 4,662 Ln.0on 2.658 70.2%n 57.000 S&.AR?
a.000 4.188 t0.n00 3.377 1N4,809 69,500 6B TT1
R.O0O 5.RS1 20.000 19.250 27.150 27.000 27.10
2,000 4.923 ?20.00n 13,911 70.250 S0.500 50.361
1.000 4.44R 20.000 18,531 104,500 631,000 £2.250
R.0ON0O 5.870 30.000 29.3712 27.150 26,500 26.676
3.000 5.102 3n. 0n0O 28.918 T0.250 L6000 45, B56
2.co00 4.568 10.000 ?28.602 104.500 A0 .00n 59.256
2.000 5.808 40.000 19,1135 17.150 23.000 28,167
a.700 5.001 40,000 3A.858 70.250 47,500 48,404
2,010 4.406 40, NOO 38.506 104.500 64,000 63.316

10,000 f.O14 0.0 -N.5&3 37.150 ?3.000 23,013
17.900 6.664 0.0 —1.342 73.250 57.000 56. 853
1n.roo 5.92R 0.0 ~t.777 104.500 76.000 T8.29>
1n,.0ono 8,012 104 000 9. 456 17.150 23,000 723,042
1n.oeno 6,602 10.000 R.622 70.250 58,500 58.393
10,000 5.706 11.000 2.192 104.500 R1.500 80.863
1n.0nn 7.891 2n.0ng 19.384 37.150 26.000 26,093
10,000 6. 681 ?20.000n 18.669 TN.250 56.500 S6. 407
1n.0n0 5.926 20,000 18,722 174.5%0 76.000 75.350
17.000 7.250 30,000 29.360 37.150 2T.000 27.130
1n.one 6.781 30,100 ?28.728 7n.250 54.000 53,917
11,900 6.005 30. "NO 23,269 134.500 T4.000 731,363
10,000 T.748 40,000 319.30N0 37.150 29,500 ?9.678
19,000 fLROD 4n.000 IR.T29 71.259 53.500 53,442
17,000 5.923 4N, NN0O 38.220 174.500 T4.000 T5.4N7

69 YA-3063-K-2



SCHWINN 24X)-1/4 AREEZF SPORTS TOURING (CARLISLF . JUNE? T1,MESTRICK RIW)

SLIP ANGL F RIAS = 1.178
MEASHREN CARREM TED MFEASURFD CORRECTFDN NORMAL MFASURED CARRFLTFN
stie Suie TNCLINATENN INCLINATINN FNRCE L AT ERAL LATFRAL
ANGL F ANTLE ANGLF ANGLE FORCE FIRCF
-3.000 -3.327 n.0 n.503 37.15n -21.000 ~21.323
-3.000 -?.R9R 0.0 0.757 70.250 -31.250 =32.971
- 3.000 ~2.619 0.0 0.922 104.500 -37.500 ~39.074
-r.nnp -1.30R 10.000 10.514 37.150 -21.500 ~21.798
-r.onn -?.R89 10.00n 1N.762 70.250 =31.500 -32.293
-3.09%0 ~?.660 10,000 15.899 104,599 -36.500 -38.038
- .0n0n ~1,269 20,000 ?N0.538 17.150 -22.500 -22.717
-1.000 ~7.810 2%.000 21.797 71,250 -33.N000 -33.776
-1.000 -7. 6461 ?20.000 ?N0.909 104.500 =37.000 -38.512
-r.0nn -1.31] In.nnn In.501 27.150 =21.000 ~21.236
-l.one -2.092 30.000 3n. 70t 77.250 -29.000 -29.717
-i.00n -72.0P% In. 000 319,766 174.500 -31.000 -32.43%
~3.000 -3.2712 40,000 4N.536 37.159 =?27.500 -2?2.719
-%.000 -7.973 40,000 49.711 71.250 ~29.500 -30,19%
-¥.000 —3.066 40,000 43.658 104.500 -26.500 ~?27.RT4
-2.0n0 -7.6HR a.n N.420 37.150 -17.%00 -17. 796
-2.000 -?.170 0.0 7.596 70.250 =?24.500 ~25.269
=2.0n0 -1.961 a.n 1.721 174.500 -29.000 -130.509
-2.000 -7.469 10,000 1N.419 37.150 -17.50n ~17.767
-2.000 =2.191 10.000 19, 5R4 70,250 -?24.N0N ~24.738
-2.Nnn -2.022 10.000 10.684 174.53%0 ~27.500 ~28.9A9
-2.000 -7.450 20,000 2N. 431 37.150 ~18.n00 -18.242
=7.nnp -2.162 20.100 20.6M 11.250 —24.75%0 -25.4613
=2.000 -7.0213 20. 000 ?n.693 104.50N =?27.500 -28.940
-2.070 -7.491 30,000 10,406 i7.150 ~17.000 -17.206
=2.000 -2.3% 30. 000 3n.499 19.250 -26.500 -21.152
=2.0n0 —7.766 30.000 1,551 114.500 ~?722.000 -23.369
-2.0950 -?7.452 40.000 40.429 317.150 -18.000 ~18.184
=2.000 -2.145 40,n00 &N, 697 M,.250 =?0.250 -20.87
=2.0N0 ~2.40N8 40,000 4N.656 114.500 -18.000 ~19.310n
-1.000 -l.6%a 0.0 2.1319 37.150 -13,280 ~13.514
-1.000 -1.421 0.n N.448 T0.2%0 -18.2%50 -18.971
-1.0n0 -1.302 D.0 n.518 1n4.500 -20.500 ~21.945%
-1.000 -1.6850 10.000 12.312 37.150 -13.000 -13.233
-1.000 —l.462 10.000 1n.423 79.250 -17.2%50 -17.935
-1.000 -1.174 10.000 1n0.476 104.500 -18.750 -20.152
-1.000 -1.581 20.000 20,353 17.150 ~14.750 -14.967
-1.0n0 ~Y.401 20.000 2Nn.659% 70.250 -18.750 -19.417
-1.000 -1.345 20,000 20,493 Lo&.5n0 -19.50n -?0.879
-1.000 -1.682 30.000 3IN.311 17.150 -13.000 ~13.17%
-1.n00 -1.615 30.000 in, 31313 70.250 -13.50Nn - 14,0978
-1.000 -1.648R 30, noo I%.16 1N4.500 -12.n0n =13.293
-1.000 ~1.653 40,000 40,310 37.150 -13.00n ~13.146
-1.noc¢ -1.617 40.0n0 4n.3312 10,250 -13.500 ~14.0869
-1.000 -1.729 40.000 4n.765 174,590 -1n.000 ~11.249
.9 -0, 81N n.0 0,182 37.150 -1.500 =7.720
7.0 EANEAA 0,0 0.240 T.250 -9.500 =10,155
N -N.6R4 n.o D292 1N4.500 ~1t.nen =12.37>
N0 -NL.A&L 10,000 1N 187 37.150 -7.75%0 ~7.941
0.0 -0.794 10,000 19,7227 .25 -9.000 -Q9,672?
1.0 -0.TT6 10,000 1N.738 104.500 -R. 750 -10.076
0.n -n.232 20,000 20,7208 37.150 -R.S00 -R.670
N.17 ~0.765 20.000 20,2 44 70,250 -9.T750 -10.349
n.o -N.ROT 20.000 2n.719 174,500 -A.00N" -9,29)
0.0 ~0.904 1n.non I 162 37.1%0 ~6.750 -6 77
2.0 -0.937 30,000 30,160 70.25n0 ~6.250 -6.793
0.0 ~N.989 30.000 in.tte 104.500 -3.500 ~&.72R
0.0 -N.ARS 40,000 40,176 37.150 -7.250 -7.352
7.0 -0.948 40,000 40.116 70.250 -5.250 -5, 756
n.n -1.091 40,000 4N, NEY 104.500 -1.000 -2.180
1.n00 -0.11 0.0 n.028 37.1%0 -1.00n -1.170
1.000 -0.1085 0.0 (AT % } Tn.259 -1.250 -1.Rr42
1.070 -0,NR6 n.n Na 56 194.590 -1.000 ~2.296
1.000 -N.132 10.000 EYnzty 37.152 -1.000 -1.141
1.000 -7.136 10,000 17.12% 70,250 -0.500 -1.087
1.00n -n.178 10. 000 10.n0n 104.500 1.250 0,000
1.¢00 BRI 20.000 20,074 37.15n -3.000 -3.128
1.0no -0.3R7? 20.000 20,056 T0.250 -1.750 -2.29%8
L.non -1.1%9 20,000 20.011 104,500 N.750 -0.475
1.000 -N.125 30.000 An.nN32 37.150 -1.250 -1.335%
1.000 -0.?759 30.000 29.9%2 72.250 ?.500 2.024
1.000 -N.3T1 30.000 29,846 1n4.5n0 6.000 4.844
1.000 -n.,096 40.000 40, 49 37.150 ~2.000 =2.062
1.c00 -0.270 40,000 319,746 70.250 2.750 2.30n8s
t.90 ~N.452 40,000 19,8737 104.50N 3.000 6,879
72.0n0 nN.627 0.0 N, 115 37.150 5.000 &4.B75
2.000 N. 564 0.0 -0.153 TN.250 7.000 6.471
2.090 N.522 0.0 -0.t78 104,500 R.TSO T.529
2.000 N.626 10.000 9.884 37.150 5.000 4,904
?.000 N.522 10.000 2,823 77,250 R.000 7.508
2,000 0,450 10, 0nnn 9.780 174.500 17.500 9.7221
2,000 N. N6 20.000 19.931 37.150 3.000 2.918
2.m00 nN.e72 20.0n0 19,852 72.250 6.750 6.277
2.09%0 N.429 2%.000 19.767 1N&.500 11.n00 Q.B54
2000 0.634 30%.000 29.889 37.150 4.150 4. 710
2.000 N, 440 10. 00 29.774 Tn.250 1N.000 9,571
>.000 0.267 19, NOO ?9.672 176.510 15.000 12,917
2.000 0.703 40,000 319,930 37.150 3.000 2.976
2.000 N.439 40.000 13,713 70.250 11.000 9.610
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MEASURED
suie
ANGL £

2.000
1.790
1.000
3.900
1.00n
3.370
3.0n0
1.0n0
3.070
3.100
1,000
1.090
1,700
1.900
1.030
1,900
4,000
4,000
4.0
4.900
4,700
4,0N0
4.000
4,000
4.C00
4.190
4,000
4.000
4.0
4,700
4.770
(A1)
6.000
4.I00
h.N0
LI
6£.000
6.0
6.000
6.7N0
A.N00
62000
&£.000
6,000
A.I00
A.000
a.,nnn
3,000
2,010
a.,00n
9.0nn
.90
2.090
A.ON0
R. 00N
A.000
a.010
R.000
2,090
2,070
3,00
17.000
13.000
10.0%0
17.0n0
119,000
10,000
11,000
n.nnn
17,000
17,000
1n.300
11,900
11.090
13.000
10.000

STHWINY 24X 1~17/4 RRFFTE SPORTS TOURING

FARRECTFD
sLip
ANGLF

n.155
1.366
1.162
1.n89
1.21%
1.100
n.968
1.394
1.149
0.987
t.343
1.058
n.784
1,422
1.037
n. 123
2.175
1.8R0
1.758
2.094
1.759
1.606
2,163
1.818
1.695
2,111
1.766
1.4613
2.191
1.755
1,781
T./Te
1,378
1175
1.802
1,236
2.942
1.901
1.275
?.891
1,920
3,713
?.719
1.819
I 2
2.678
5. 743
4,596
4.622
5.R%2
4. R44
4.380
5.861
4. 712
4,218
5,679
4.77T1
4,116
5.799
4.930
4.195
1,103
5.235
6,300
7.782
6.573
5.R97
7.961
6.591
5.816
7.699
6,590
5.694
7.839
A.T50
&.175

MFASURED

INCLINATION

ANGLF

40,000
0.0
2.0
0.0

10. 000

10. 000

10.000

20. 000

20.000

20.000

in. 000

30.000

30.000

4N, 000

40.000

47.000
a.n
n.n
n.n

1n.00n

10.000

1n.00n0

2n.000

20.000

20,000

30.000

30,000

17.000

40,000

40.000

40.000
0.0
3.0
0.0

19.000

10. 000

10.000

20,000

20,000

20,000

30,000

10,000

31.000

40.000

40.n00

40.0M
0.0
2.0
0.0

to.nnn

10.000

10.000

20.000

20.n00

29.000

10, 000

An. 000

30.000

40.000

40.000

4N. NON
0.0
7.0
7.0

10.0100

1n. 000

11.000

?23.000

20.000

21, NOO

317.000

30.000

30.n00

40.000

40.000

40.000

CORRECTEN
ENCLINATION

ANGLF

19, 6%
-n.270
-0.391
-1,433
9.790
9.573
9,495
19,767
19,692
19.506
29,7186
79.548
29.386
39,763
19.535
19,350
-1.383
-1.557
-1.629
9.569
9.171
9.2 81
19.598
19,46
19.280
29.5R0
29.376
29.196
39,627
319,369
39.168
-n.561
-n,854
~1.004
9,197
9,062
3,988
19,456
19,085
19,858
29,407
29.n49
28,756
19,407
19,024
39,712
-1.618
-1.0A0
-1.301
9,426
4,830
9.555
19,432
19,788
18.495
29,124
28,787
23,411
39,1395
13,872
19,445
-.667
~1.178
-1.497
9,385
B.669
R.270
19.432
19, 681
18,734
29,1136
?9.680
28.150
39,418
1R 774
19,4134

71

NORMAL
FNORCE

104,500
37.150
10.250

104,500
37.150
70,250

104.500
37.1%50
70,250

104,500
37.150
70.250

174,500
37.180
70.7250

104,500
37.150
70.250

174,500
37.15C
70.250

104,500
37.150
76,250

104,500
37.150
79,250

104,500
37.150
70.2%0

176,%00
37.150
79,250

104.500
37,197
17.250

104,529
37.159
0.259

1N4.590
37.150
70.25n

104,500
37.15%50
70,250

174.5n0
37.159
70.250

104.500
17.150
10.259

104,500
37.150
70.250

104.500
37.150
110,250

104.50n
37,150
TN.25n

104,500
37.150
10.250

174,509
17.152
M.250

t14.570
37,150
77,250

114,500
37,150
m.250

104,500
37.150
70,250

104,500

(CARLISELE, JUNE' T, WMESTRICK RIM}

MFEASURFD
LATERAL

FnReE

17,750
11.%00
17.000
19.5%00
12.750
18.500
22.500
10,750
17.25%0
22.000
12.000
19.500
21.000
19.000
2n.00N
?8.%00
16.250
24.000
21.150
18.250
27.000
31.500
L7.000
25.500
.500
17.7%50
?6.750
315.000
15,150
21.000
17.000
23.7%0
36.500
41,500
25.500
40,000
48.000
23,000
39.000
49.250
?5.000
4n.500
S1_.60n
25.0Nn0
41.500
54,500
27.00N0
46.000
56.000
24,250
49,7%0
62.009
24.000
51.500
64.500
28,500
51.500
6%.000
25,500
5n.000
66.509
?8,00n0
$9.000
64.000
26.000
56.509
T4.000
24.000
56.0N0
75.500
28,000
56,000
79.900
24.%00
52.000
67.00N

CNRRECTED
LATERAL
FRrE

16.713
11.425%
16. 548
18.1361
12.713
1. 088
21.412
t0.727
16.RS7T
20.938
17.016
19.153
26,008
10.029
19, 686
27.545%
16.211
23.601
26.674
18,255
26,652
30.417)
17.02%
25.170
30.510
17.809
26.459
34.066
15.823
26.740
36.110
23,768
36.19¢
42,564
25.%561
39,752
47,107
23.0M
38.773
48.39%
?5.115%
40,314
52.707
25.144
41.350
53.743
27.043
45,769
55,1139
24,301
49.576
61.214
264.078
51.369
63.762
28.641
51.398
67.317
25.648
49.915%
65.RA35
2R.051
49.799
63,200
26.N64
56.378
73,30%
24,078
55.903
T4,.846
28,138
55.932
78. 471
24.640
51.930
56,339
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SLIP ANGLF RIAS = 0.752
MEASJREN CIRAFrTED
sLte sLip
ANALEF ANGLF
-i.an0 -?.931
~3,000 -7.382
-1.000 -2.173
-.nnn -2.490
-31.0n0 -7.36%
-1.000 -7.09%
-1,000 -?.924
-3.00n -7.5n%
-1.000 ~2.256
-i.0nn -2.99%
-3.010 ~2.647
-1.0nn ~2.45R
-3, 0N0 -1,NMa7
31,190 ~2.A”NQ
-31.700 -2.717]
=2.000 -2.042
~2,nnp -1.724
~2.000 -1.588
-’.n0 -?.r23
-2.700 -1.715
-2.0n0 ~1.576
2,010 -?2,n%4
-2.000 ~l1.766
-2.0n0 -1.65R
-2.000 -2.146
-7.000 -1.90n
-2.h10 -1.799
-2.000 -2.768
~2,.n0n0 -?2.130
-2.nn0 ~2.1%3
-1.000 ~1.2%3
-t.nnn -l.n6%
-1.000 -{,097
-1.n00 -L.214
-1.1700 -1.046
-1.0n0 -N.99R
-t.nnn -1.19%
-1.900 1,07
-1.nN00 -N.979
-1.n00 -1.3n7
-1.000 ~1l.169
-1.710 -l.141
-1.000 - 1,408
-1.1n0 -t.3712
-1.000 - 1. 48R4
.0 -N.8NG
7.7 -N.417
aan -1.399
n.n ~N.45%
1. -1.408
M0 -0.420
7.0 -N.346
n.n -0.3729
(Al -0, 381
)] -N.630
e} -N.6R3
N -N.12t
1.790 N.1R84
1.900 7.161
1.0n0 N.159
1.900 1.223
i.700 0.140
1.900 n,nar
1.n0n0 N1
1.700 N.329
1.300 21T
1.090 1,291
1.200 N.23
1.7170 AFRA LY
t.nnn N.149
1.919 -7.055
1.700 -N, 2?84
7,00 n,a8Q13
2.0N0 V.769
7,300 3.706
2.00 nN,91>
2.0N0 N.763
2,900 0.675
2,900 1,09
2,100 0.947
2.000 0.81%
2.90n0 1.0mn
2.000 N, A8
7.710 0.693
2L.0nn 0.968
~Lann N.6%4
?,0N0 n.370
1,000 1.591
1.000 o377

SCHWINN STRATIGHT SINE TNURTNG

MFEASURED
INCLINATION
ANGLE

n.0
.0
0.0
10.000
10,000
117,000
20,000
20.000
20.000
30.000
10,000
10.000
40,000
40,000
40.000
0.0
n.n
0. n
10.000
17.000
10.000
20,000
20,000
20,000
10,000
30,000
10.000
40.000
40,070
40.0Nn0
0.0
n.0
n.0
10.000
10, 000
10,000
29.000
20,000
20.000
10.0n0
30.000
30,000
40,000
49,000
47.000
n.n
0.0
0.0
10. 000
10,000
10.000
20.000
20.090
70.000
40,000
40,000
4n.000
n.o
9.0
0.0
19,000
10,000
10,000
20.000
20,000
29,000
10,009
10. 110
19, 000
49.000
40,000
40.000
0.0
0.0
0.0
19. 000
10,090
13.000
79,000
2n.nn0
20.000
30,100
30,000
10,010
40.000
4N, 000N
40,099
an
2.0

CORRECTEN
INCLINATI N

ANGLF

0.435
0.819
0.934
10,746
1n.822
10,981
20,499
20733
20,488
17448
11,654
30. 746
40,393
41,558
4n.575
0,629
1.618
2.778
17,831
N.61s
11.696
29,413
2N.5R1
20,647
ELIELY]
3N, 499
310,563
40,286
41,168
47,337
N.29S
1.406
n.46?
10.318
10,617
1n. 446
70,115
21,434
21,457
30.263
30,145
19,1361
40.2M
4n.275
4n.158
notar
n.193
n.2n9
10.176
1N.27
10,196
2n.224
20,250
20,219
41,072
40,081
40,019
-N.018
-0.0%>
-0.051
9,985
9,948
q.911
2N.074
20,044
19,991
310,126
29,994
79.9n9
19.947
19.8°1
39,69%
“N.211
-n,794
-0.32n0
9,31 7%
a7
9,661
19,907
19.822
19. 766
29,8495
29,746
79,617
19,435
19,666
19,481
-n.349
-n.515

72

NORMAL
FoRCE

317.150
mM.259
104.500
37.150
70.250
104.500
3T.150
70.250
104.500
37.150
M.250
124.500
37.150
77.250
104.500
37.150
79.25n
124.500
37.15n
17,251
134,300
37.150
70.250
104.50n
37.1%51
13.25
104,500
a7.150
77.250
104,509
37.159
10.250
104.5n0
37.150
10.250
104.500
37.1590
11.250
104.500
37.150
70.250
1N4.500
iT.15%0
Tn.250
174,570
37.150
10,250
104,500
37.150
70.250
104.500
37.150
79.250
1n4.500
37.1%0
70.250
104,590
37.150
77.250
104,500
37.1%59
70.250
104.500
17.150
71,259
104,520
37.150
10.259
1n4.500
37.150
19,250
108,501
37.150
1n.2s0
174,500
317,150
10,250
104,500
17.150
79.250
1N4.590
37.159
0.259
104,590
37.150
77.250
174,500
37.150
70.250

MEASUREDN

| ATERAL
FORCE

-27.780
-33.500
-38.n000
~31.250
~34.,000
-4n.000
-20.500
-3n.500
~36.000
-18.750
-27.000
-31.000
-16.500
-23.000
-23,000
-17.500
-25.000
-28,500
-18,000
~25.250
-28.000
-17.250
-74,000
-26.000
-15.000
-20.50n
-22.500
-12.000
=-15.000
-13.000
-12.250
-16.500
-17.500
-13.780
-17.000
-17.50n
=14.00n
-17.750
-18.000
-11.000
-14.000
-14.000
-8.500
-9.000
-5.500
~6.000
-7.7%0
~7.500
-7.2%0
-8.000
-7.000
-9.500
-10.000
=%.000
-3.00n
=1.250
N.400
1.7%0
2.750
3.500
n.T50
2.750
5.N000
=1.000
~1.5%00
2.000
-1.000
0.750
%.000
?.500
1.000
14.500
9.n0N
12.500
14.75n
4. 000
t2.500
1%.500
4.000
2,000
1?.n00
4.500
9.800
15.100
T.N00
14.500
23.000
16.500
22.250

CARIEFTEN
LATF2AL
FierE

-20.%67
-34.,128
-39,578
~31.622
~34.813
~41.564
~20.761
-31.7257
-37.50%
-18.969
~27.701
-32.438
-16.613
-23.642
~%4,348
-17.796
-2%.1713
-30.0N6
-18.7271
-25.996
-29.47%
-17.486
=24, 707
~27.429
-15.199
-21.15?
-23.873
-12.139
-15.581
~14.272
-12.5086
-17.208
-18.,92?
-13, 485
~17.683
-18.891
-14,212
-18.410
-19.368
=11.160
~14.602
-15.308
-8.612
-9.53%5
~6.T14
-6.209
-B.391
-8.B45
-7.439
~8.614
-8.313
~9.677
~10. 601
~9.791
~3.070
-1.726
~0.769
1.5601
2.189
2.239
0,622
2.218
3.779
-3.128
-2.036
0. 785
-1.NR4s
N.260
3.83%7
2.472
7.595%
13,438
R.QN6
12.713
13,574
7.927
12.142
14.1359
3,976
7.537
10.861
4.458
9.n77
t3.9113
T.006
14.164
22.M03
16.4613
21.838
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SCHWINN STRATIGHT SIDF TOURING

MEASYRED CORRFCYEDN MFASUREN CORRFCYFD NORMAL MEASUREN FORRECTED
<1ye St ye INCLINATION TNCLINATION FORCF LATFRAL LATFIAL
ANTLF ANGI F ANGLE ANGLF FORCE FIRCE
3.770 1.254 7.0 -N.598 104,500 26.000 ?4.910
1.000 1.610 10.000 9.673 31.150 16.000 15.988
¥.n00 1.33% 10.000 9.460 T0.250 23.250 22.874
1.0n0 1.173 10.000 . 364 104.50n0 27.000 26.954
.00 1.73n 20.000 19.693 27.15N tr.000 12,994
TN 1.485 20.000 19.549 70,250 19.%00 19.12%5
1.000 1.292 20,000 19,435 104.590 ?25.000 23.960
ra09n 1.769 30.000 ?9.716 37.150 17.n000 12.016
r.0n0 1. 504 AN, 0nn 29.560 70.250 19.n700 18,650
1.000 1. 251 30,000 79.410 104.500 26.000 24.997
r.ano 1.687 40,000 39.669 37.150 14,000 14.060
.o 1.3%42 40.000 19,464 TN.250 23.000 22.119
t. 000 nN.9R88 40. 0170 39,255 104.500 32.500 3. 576
4aN0 2.450 0.0 “-N.&12 37.150 20,000 19,990
“.rno 2.105 0.0 -1.676 10.250 29.000 28.639
“.N00 taIM n.0 -N.918% 104.5%0 39.750 18,765
.NN0 7,449 1n.00n0 9.5729 37.15n 27,000 20.019
4,300 1.98B¢ 10.nnn 9,752 710.250 32.000 31,691
A.nnoe 1.73 1%. 190 .12 104.%00 33.000 38.038
4.000 ?.530 20,000 19.58n 37.150 17.750 17.781
4.000 2.123 2n.000 19,335 T0.725n0 29.500 ?R.1913
rannn 1.880 21,000 19.1731 104.500 315.2%0 14,7239
“.CN0 7, 858 13,070 29,892 37.1%0 17.725%0 17.306
+.nan 2.162 10, 0N0 29,3158 T0.250 27.500 2T.214
K takel 1.828 3%, 000 ?29.160 1N4.500 316,500 35,5717
ha N0 ?.516 &N, 00N 37,567 37.150 12.250 18,342
4.0900 7.101 40,000 39,321 70.250 ?29.000 ?B.75%5
6.CN0 t.h4s 40,010 39.053 104,500 41.000 40,140
“.0n0 4.370 2.0 -N.519 37.150 27.000 22.00%
4000 3.603 N.0n -".973 70,250 41.500 41.234
5.000 1.CAR N.0 -1.278 1N4.500 55.000 54,131
£.000 4.379 1n.000 9.45% 37.150 ?23.000 ?3.n42
L. 000 3,561 10.nn0 9.102 TN, 250 47,500 42,27
e 000 3,047 1n.nno 3.59R8 104.500 56.000 55.168
L.nne 4,198 20,000 19,491 37.150 21.500 21,559
£.n00 3. 5R0 20.000 19.014% 10.250 472.000 41.796
N0 3.786 20.000 18.721 104.500 55.000 54.189
£.000 4,246 30.000 29.407 37.150 25.000 2%.118%
6,000 1.459 30.000 27.942 70.250 45.000 44 _.B48
000 ?2.964 30.000 78,649 104.500 58.000 57,241
£.000 4,325 40.000 39,454 37.150 23.000 23.128
4.0N0 3. HT8 40,000 19.012 70,7250 42 .000 41.R54
6H.000 3.003 40.000 IR.&672 1N4.500 57.000 56,262
2,000 6.209 0.0 1,614 37.150 24.000 26.0%%
2.070 S5e4N2 7.0 ~1.NM92 T0.250 46,500 46.273%
R.CON 4.626 0.0 -1.551 104.500 66,500 65,719
3,000 6.169 10.000 9.48n 17.150 22.000 ?22.034
2.070 5.471 12.000 R.919 70.250 445,000 45,798
3.700 4. €65 10.0Nn0 3.4T2 174,500 65.500 64,740
A.090 6,287 2n. 000 19.432 37.150 ?26.000 24.078
2,010 5.259 23. 100 18,873 71.250 59.000 49.857
.90 4.382 2N.000 18,305 174,500 12.500 71.823
.0n0 6.376 30.000 29.443 37.150 23.500 23.603
2,000 5.197 30.000 28,787 73.250 51.500 51.398%
q.000 4.301 3%, 000 28,7257 104.500 14.500 73.867
2,000 6,124 40, 000 33,3135 37.150 23.000 2n.167
2,000 5.116 40.000 313,739 70.250 53.500 53.442
2,000 4.259 40,000 33,2132 134.500 75. %00 T4.904

17,000 A.290 7.0 —N.567 37.150 24.000 24,020
117,090 7.781 2.0 -1.161% 72.250 49.500 49,298
17.000 646445 7.0 ~1.A58 104.500 71.000 70.253
10.0n0 B.369 10.000 9.490 37.150 ?2.000 22.034
in.000 1.260 10.000 R.A24 70.250 $n.n00 49.828
1N, 000 6.162 17. 000 R.1TS 104.570 78.000 T7.336
17,900 R.125 31,010 29.336 37.159 2R.00N 28,118
11.0n0 6.916 30.070 29,832 10.250 52.900 57.947
17,000 5.999 30.000 28,1018 14,500 R2.000 Bl.424
13Y.090 R.N64 4N. 000 19,370 17,150 29.500 79.478
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SCHWINN 26X1-3/8 STRAIGHT SENE SPORTS TNURING (GNNDYEAR,3 QTR,'T1,WFSTOL

SLIP ANGLE A1AS = 1.147
MEASIRED TYRRECTEN MFASURFN CORRFIYEN NDRMAL MEASURFD CIRIECTFD
Seane See INCLINATION TNCLINATINN FNRCE LAT FRAL LATFRAL
ANGLS ANGL F ANGLF ANGLF FORCE FIRCE
-3.00n ~1.1?25% n.0 0.50% 31.150 -25.250 -25.60%
- t.00n -7.606 0.0 7.911 10.2%9 -37.750 ~38.620
- 4.n0n =?2.317 2.9 1.047 104.50n ~42.750 —44,.364
- ane -3.116 10.000 19.610 37.150 -?25.500 -25.828
-i.900 ~2.637 10.000 10,8913 70.75%50 -37.000 -37.A138
-1.900 ~7.468 10,000 10.993 104,500 -40.500 -4&2.068
-1,09n -3.1138 20,000 20.597 37.150 -25.000 -25.296
-1.N0n -2.719 20.000 2N. 845 TN.250 -35.000 -35.791
- ¥.0n0 =?2.570 20,000 2n.913 104,510 -33.000 -39.5710
-1.000 -3.219 30,000 19,549 37.150 -23.000 -23.251
-1.090 -2.871 30,000 31.75% 73.250 -31.250 -31.984
- A.0nn -2.722 In. ann 310,841 114.500 ~34.250 -35.713
-0 -3.140 40,000 4N.577 317.1%9 -24.000 ~24.210
= .ang -?2.842 4N.000 40,777 71.259 -32.000 -32.710
-390 -2.814 40.000 40.757% 104,509 -37.500 -31.915
-2.,900 ~2.286 N.0 N.S8NY 17.150 =21.25%0 -21.57%
=200 -1.998 0.1 N.630 n.250 -?9.000 -28.79%6
-2.00 -1.329 9.0 NTT9 LN4e.s50n ~31.500 -33.028
-7.100 -2.317 19. 1100 19.67 17.150 =21.500 -20.79n
=700 -1.979 10.090 17,67 n.250 -29.500 ~?29.271
-2.00 ~1.891 10.00n 19,743 104.590 -37.000 -31.489
-1.300 ~?7.299 20.000 20,59 37.150 -?21.000 ~21.765
=200 -2.031 20,000 27.660 70,259 -27.250 -27.99?2
=2.00 -1.962 20.0n0 20,7 134.500 -2%.250 ~29.676
-2.n0n -?2.430 30.000 IN.474 37.150 -17.750 -17.961
-2.900 —?.1h2 30. 000 Iin. 582 70.250 ~24.000 ~24.678
-2.0N0 -2.124 In.o0n 30,605 104.570 -24.?750 -2%.636
=2.1710 -2.2A1 4N.0N0 41,453 37.150 -17.000 -19.19?
-2.0nn -?7.194 40,009 4N.5h4% 70.250 -231.250 ~23.89%
-?.300 ~2.28%6 40,000 ©N.5%9 104,500 ~21.250 -21.577
-1.900 -1.497 0.0 J.3194 37.150 -16.000 -16.295
-1.1900 ~1.220 0.0 N. 489 70.250 -20.000 -20.735
-1.0no -1.21 Qe N 0554 104.500 =2?.000 -23.455
-1.770 “t.%18 10.00n 1n0.3r12 37.150 -15.500 -15.752
-1.700 1. %61 to.nnn 10,445 0,250 -19.000 -19. 698
-1.100 -1.713 10.00n0 17.4912 1N4.500 ~17.500 -20.908
-1.70 -1.459 20.000 20,477 37.150 -17.000 -17.2135
=1.770 Bl P 20.000 2N. 634 T0.250 —27.72%0 -20.929
-1.000 -~ 1.304 20.Nn00 77533 1N4.500 -19.7%0 -21.131
~1.01n0 -1.591 30.100 317.329 37.150 -13.7150 -13.9
~1.700 ~1.464 30,000 317, 406 70.250 -15.500 -17.121
-1.000 -1.496 30,000 30,3185 104.500 -15.000 -16.316
-1.000 “1.542 4N.C00 4N.158 37.150 -15.000 -15.161
-1.N00 ~1.495 40.000 4n.336 70.299 =15.750 -16.336
~1.000 “l.€49 40. 000 4N.295 104.500 =11.250 -12.508
N0 -, 179 0.n n.218 37.150 =7.000 -9.231
1.7 htR | 0.0 n.231 19.250 -11.2%0 -11.918
S ~r.e33 "0 T.304 104,500 -11.%0N -12.876
o -, TIN 10,0100 17,723 37.150 =9.2%0 -9.454
n.n -0.7C3 117.000 11,2613 70,250 ~17.500 -tt.r2
a0 -0.T15 10.000 10.?256 174.500 -92.500 -10.832
.9 ~0.,701 20.000 20,764 317.150 -11.000 -1t. 189
7.0 -0.654 ?20.000 20.292 70.250 -11.750 -12.64
n.n -N.696 ?20.000 20,7267 104.50n -17.n00 -11.307
7.0 -N.A12 10. 000 37.198 37.150 -3.25%0 -8.3%9
n.n -0,8N6 30. 000 3n.292 T0.250 -9.nNo -8,.556
n.n ~N.RT8 10.000 11,159 1N4.500 -5.500 -6.743
n.n ~0.R13 40.000 40,197 37.150 =8.25%0 ~8.360
1.9 - 0.837 40.000 40,181 70.2%50 =7.250 -T.772
a.n -1.n8n 40,000 49,087 104,500 -1.250 -2.432
1.n00 -0.1n0 2.n N.N28 37.150 -1.n0n -1.170
1.000 -0.063 2.0 0,069 70.250 -1.50Nn -2.094
1.000 ALY ) 0.0 N. M6 104.500 =N,250 -1.540
1.n00 -0.101 1n.ann 117,027 37.15N0 =1.000 -1l.141
1.000 -N. 118 10.0%0 192.1t9 12.250 ~N.250 -0.80S
t.n0o0 =n.157 12. 000 9.99%% 104.500 1.500 0.252
1.900 0.nya 20.000 20,093 17.150 -4.000 ~4.135
1.7M0 -N.N1e 20,000 ?20.066 70,289 -2.25%0 -2.791
1.9n0 -N. 1138 ?0.000 2, NN8 174.500 1.n0n -0,223
1.000 N, N6k 30.N70 30.069 A7.150 ~2.70N -2.091
t.non -N.127 10,000 In. "2 0,250 .9 -0.49%
1.000 =N, 280 in.onn 29.9™M 104,500 4.500 3,333
1.070 -N,rTs 4N, 100 40,143 17.150 ~1.7%0 -1.810
1.000 -N.179 40,090 39,949 10.250 1.750 1.297
1.n00 R CY-Y4 &0.0N0 9,491 6 104.500 9.000 7.R896
2.100 N.598 2.0 =" 151 1r.150 6.500 6.387
2.000 0,885 2.0 AT A 70.250 R.N00O T.479
7.000 0.512 n.0 ~N.2m 134.500 9.750 8.5164
2,700 nN.617 10.000 S.RAO 27,150 6.000 5,912
2.000 n.513 117,000 9.799 70.259 2.000 8,515
2.000 0,421 10,000 Q. Tihe 1n6.500 12.000 10.832
?.0n0 nN.T77 20.110 19.955 37.150 2.0n0 1.91n
2.000 Ne673 20.000 19. 864 T0.2%0 6.7250 5.773
2.0%0 0,470 20.000 19.773 104,500 1N.750 9.6N2
2.1700 N E6TS 30.990 29,238 27.150 4.500 4. 458
2.0n0 0.6%1 30.000 29.138 71,250 9.000 B.573
2.000 n,inAa 30,090 29,678 104,500 14,7150 13,661
7.000 N,6%% 40, 000 19,914 37.150 4.n00 3.944
?.000 M. 439 4N, 09N 17.755 T0.250 10.7%1 10.2464
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MEASURED
SLIe
ANGLE

TaN00
1,000
r.000
1,000
1,930
1.700
1.000
r.ane
1.700
1.000
i.nNno
. 000
1.010
1.n90
1.090
3,000
A.000
4.0n
4,000
4.000
4.non
4. 700
4.000
4,10
4.0
4.0N0
4,000
4000
4.000
4.N00
4.000
6,000
A~.000
H.000
ALIN0
HeCON
£.700
6,000
A.000
£.300
A.ON0
5.N00
£.000
5.000
6.000
6.010
3.000
.70
q.000
2.000
3.0n0
9.000
”.000
q.000
4.000
4.000
a.0n0
8.000
A.000
117.000
17.000
17.0n0
17.0n0
10.000
1".10%0
1n.000
17.000
11,000
t1.1n0

SCHWINN 26X1-3/8 STRAIGHT SINE SPORTS TNURING {GONDYEAR, 3 QTR ' T, WESTR|

TNRRFCYEDN
SsLtie
ANRLFE

0,146
r.2717
.12
1.040
1.2%5
1.031
0,918
1.345
1.150
0.977
1.374
1.079
N.A815
1.423
1.nRAB
N. 764
2.015
1.710
1.578
2.024
1.629
1.5n6
2.063
1.758
1.5%5%
2.092
1.7
1.473
2,171
t.786
1.272
3.73
3.127
2. 894
3.006
2.712
31.0RS
2.73
1,730
3.003
?.589
A.043
2629
1.870
3.163
7.6n8
S.613
4.605
4.110
f.8313
4.5R3
4.089
4.5R?
4.N6B
4.54]
3.825
5.629
4 660
3.844
T.613
6,363
5.628
T.893
6482
S.647
T7.832
5. 5RS
5.4473
T.669

MFASURFN
INCLINATION
ANGLE

40,000
0.n
0.0
0.0

10, 0NN

10.000

10.000

20.000

20.000

20,000

310.000

30.000

0. 000

40.000

40.000

49,000
n,n
n.0
7.0

10,000

1n.000

tn.000

20,000

2N.000

20.000

an, 0on

in,nno0

30,000

43,000

40, 000

40.000
2.0
n.n
0.0

10.na0

10.000

20. 000

20.000

10.000

30.000

30.000

30,000

30.000

40,000

4n.000

40.000
n.0
n.0
3.0

in.ooan

10.000

1n.000

20.000

20,000

30.000

30.200

40.000

40.000

40,000
0.n
n.0
0.0

t0.00n

19,000

19.00n0

20,000

23.0n00

30.1700

40.000

CPRREMTEN
INCLINATION
ANGLF

39.582
-0.341
-N.438
-0, 481
9.546
9.514
9.447
19.699
19.584
19.482
29,716
29.547
79,3188
19.745
19,547
39,344
-N,476
-n.676
-n. 154
9.510
2.2
.27
19,533
19,352
19,23
29.559
29.323
29,160
39.597
39.369
19,174
-1.66”
-1.021
-1.159
3.9n7
9.7134
1R. 9564
18, 745
29.336
»8.906
28,661
28.930
?8.695
39,418
39,000
38,677
-n. 713
-1.330
-1.622
9.397
3.658
8.365
18.657
13.353
29.632
28.2n9
39,276
39,703
39.270
-0.713
-1.473
-1.908
9.432
8.598
R.124
19.396
13.067
?7.983
39.390

75

NORMAL
FORCF

104.500
37.150
70.250

104,500
37.150
18.250

1044500
17.150
70,250

104.500
37.150
7n.250

104,500
37.150
70.250

104,500
I7.150
117.250

1N&.5NN
37.150
72.250

104 ,.50Nn
37.150
15.7250

104.500
37.150
79.25%0

104,500
37.150
70.250

104.500
37.150
0,250

104.500
717.250

104.5%0
70.250

104.500
37.150
73.250

104,500
70.250

104.500
37.150
77.2%0

104,500
37.150
T0.250

124.500
37.150
70.250

1n04.500
70.25n

104.500
70.250

104.500
37.159
79.250

104,500
37.t50
70.250

104.500
37.150
70.250

174.500
37.150

104.500

134.500
37.15%0

MEASURFD
LATFRAL

FORCE

18.750
14.500
19.000
21.500
15.000
21.000
24.500
12.750
1%.000
23,000
12.n00
19.750
?271.000
1n.750
19.500
28.750
21.non
?29.00n0
33.n0n
20.7150
29.500
14.750
19.75n
27.750
33,500
19.0n00
28.750
36,500
17.000
27.000
38.000
28.000
43.%00
50.000
46.500
56.500
44.500
54.000
28.00n0
46.500
57.500
45.500
56.500
24.500
47.500
57.000
31.000
$6.500
69.500
?5.%00
57.000
70.000
57.000
70.500
$B.N00O
76.500
3. 500
55.000
T6.00N0
31.000
62.500
81.500
24,000
59.500
81.000
25.500
82.500
86.000
29.5%00

CoRRFr TEN
LATFIAL
FARLE

17,721
14,448
18,563
20,1716
14.981
20.607
?3.428
12.742
17.613
21.945
12.M6
19.405
?6.005
10,785
19,182
27,197
20,997
28.6139
31.964
20.774
29,172
33756
19,796
27,437
12,575
19,069
28,474
15,577
17.0813
26.740
a7.118
28,051
43,250
49,093
46,1202
53657
44,115
53,182
28,138
46.359
56,737
45,1352
55.730
246,640
42,358
56.267
3.0T4
56, 349
68,747
25,561
56.88>
69,2715
56,911
69.808
57.947
75,887
10,686
54,953
75.407
.074
62,395
80.8134
24,049
R9.401
80.359
?5.590
81.899
85,455
29.678
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SCHWINN 77X1-1/4 PUFF RDAD RACER [CARLISLE 4NFW COMPOUND, ENDRICK R1M)

SITP ANGLF arAS = 1.548
MFEASHREN FIRRFELTEN MFASURFN CORRFITED NORM AL MFASURED CIRRECTED
Sstie Site INCLINATION INCLINATION FORCE LAT FRAL LATEAL
ANGLE ANGLF ANGLE ANGLF FNRCE FlRCF
-3,000 -3. 137 2.0 0.479 37.1%0 -20.000 -20.315%
~%.IN0 ~3.,248 n.0 0,749 70.250 -31.750 -32.574
-1.100 -7.969 0.0 0. 9% 104.500 -3%.000 -39.%78
-1.90 -3,779 10,000 1N.455 37.15%0 -19.000 =19.279
-x¥.0nn -3%,299 10.000 17. T4k 17.250 -30.750 -31.538
-3.00n -2.990 10.000 10.92¢ 104.500 -37.500 ~39.045
—i.000 -1.710 20.000 20.4°4 37.150 ~20.250 ~20.5N9
-31.1700 -3.180 20.000 217.819 .250 -33.500 —34.280
=000 -2.971 20.000 217.933 104.500 -3%.000 -39,520
-3.070 —A, 8RN 30,000 3N.5713 37.150 ~24.000 -74,259
-1.nce -3.121 30.000 IN. ARG 70.250 -315.000 ~35.762
-1.010 -3.013 30,000 3In.998 106.500 -37.000 -8, 4R4
-1.,000 -3.4661 40,000 40,643 37.15%0 =27.n00 ~?27.7253
-3.000 -3,10n> 40,000 41.855 70.290 -35.%010 -36.237
3.0 -3.N74 40,000 4N. 812 1N4.500 -35.%00 ~16.943
-?.990 -2.RA8 0.Nn 0.330 37.150 ~16.250 -16.537
-2.990 -2.%20 n.0n .68 70,250 ~25.000 -?25.77%
~2.100 -2.29n 0.0 N. T4tk 104.500 -3IN.000 -31.517
=2.000 -?.RR% 10.000 17.390 37.150 -16.250 -16.508
=?.000 -2.5%1 10.000 11.590 TN, 250 ~24.7%0 -24.9R8
-.000 -2.372 1n.000 17.636 104.500 -23.000 ~?29.473
-?.0Nn0 ~2.840 20,000 ?N.419 37,150 -17.500 ~17.738
-2.an0 -P.%12 20.000 20,637 10.250 -?26.250 ~26.974
-r.noe ~2.343 20.00n 20,713 104.500 -28.7%0 -30.200
-2.7220 =2.741 3%2.0n00 In.617 37.150 -2n.000 -20.229
- 7.NN0 -?.453 10.000 317, 648 77.250 -?26.750 -?7.449
-2.900 ~72.445 3n.00n 3N A5) 1N%.537 ~25.250 -27.652
-2.n00 ~?. 662 49.000 4N.524 I37.150 -?27.000 -22.215%
=2.910 ~2.444 40,000 41.653 70.250 =27.900 -27.672
-2.000 —7.526 41.000 40,574 104.500 ~24.25%0 -25.607
-1.000 -2.08% 0.0 1.239 37.150 ~-12.000 -12.75%4
-1.7%0 -1.771 n.n Y640 T7.250 -18.750 -19.475
-1.910 -1.652 2.0 N. 530 104.500 -21.n700 ~22.443
-1.710 -?2.010 17,000 17.233 37,150 -11.750 -11.97%
=1.900 ~1.842 11,000 10,417 71,250 -17.000 ~17.683
-1.000 -1.734 10.000 11,692 104.500 ~1%3.000 =20.404
-1.310 - 1.9R1 20.000 2n.335 37.159 ~14%.000 -14.212
-1.nn0o -1.743 23.000 2%.476 70,250 -19.500 -20.173
-1.N00 -1.715% 22,000 2N. 46733 104.590 =-19.500 -20.879
-1.000 -1.942 30.00n0 32,358 37.150 -15.000 -15.190
=1.0900 -1. 766 10,000 I 468 70.250 -19.n000 -19. 640
-1.000 ~1.796 30.000 10, 444 1746.570 -17.500 -18.835
-1.700 -1.872 40,000 4N, 473 37.150 -17.750 ~17.93?
-t.onon -1.7%6 40,000 4. 4563 T1.251 -19.000 -19.611
-1.000 -1.898 40.N000 41,136 176,599 -15.n00 -16.287
.0 -l1.1°0 0.n 0.7212 37.150 -8.750 ~8.980
7.0 ~1.012 0.0 J.317 T™.25n -12.7%90 -13.429
7.0 -0.964 n.0 0.357 104.500 ~131.750 -15.143
n.n -1.261 10. 000 tn, 187 37.150 -7.500 ~T.691
2.0 -1.124 19.n00 11.251 70,250 -17.000 -10.629
A -1.096 17.0nn 11, 756R 124.570 ~1n,.000 ~11.3135
.o -1.172 20,000 27,222 17.152 ~R.2%0 -9.425
) -1.085 29.000 2N,274 71.250 -11.n00 -11.608
N -1.097 20. 00N 2n.257 104.500 -10.000 ~11.307
L] -1.133 310. 000 AN, 45 37.151 -1n.250 -10.404
2N -1.116 30.000 31,758 10.259 -1n.2%0 -10.873
n.n ~1.219 0. 000 20,195 104.500 -71.00n -8.255
n.n -1.064 40.000 4N, 796 3T.150 -12.000 -12.139
Y.n ~1.117 40,000 4N,278% 70,250 -10.750 -10.795%
a.Nn -1.300 40.000 4N, 147 114,500 -5.000 -6.21n
1.0%0 =N.431 1.0 7. N69 37.150 =2.750 -2.934
1.000 ~0.364 0.0 0.109 79,250 ~&,000 -4.611
1.000 EUPREY.) 0.0 N.128 174,500 -4$.000 -5.319
1.090 ~te& 32 10,000 1N.N69 37.159 ~2.750 ~2.905%
1.090 -N. 435 10.000 1,067 70.250 ~?2.250 -?2.820
1.090 -0.458 10.000 10,153 104.500 -1.0n0 -2.267
t.ono -n.383 20,000 27,198 37.150 -%.N0N ~ 4,135
1.000 -N.366 ?0.000 27107 70.250 ~4.000 ~4.55%
1.000 ~0,469 20,000 20,n47 114,510 -0.7%0 -1.98%
1.000 -N,3R4 30,000 3IN.N97 37.150 -4.000 -4.106
1.000 ~N.45R 30.000 32.053 73.250 -1.750 =2.759
1.0np =N, 601 10.0n0 29.969 Ins.50n0 2 .80 1.318
1.900 ~N.3225 40.090 4N.132 37.1%50 -5.500 -5.589
t.noo -NL.4H9 40.000 41,015 77.250 -1.000 -1.474
1.000 ~0.712 40.000 39.973 104.500 5.250 4.119
’.Nnn n.378 0.0 ~0.0644 37.159 ?.000 1.852
2.0n0 N.3485 n.n =764 79.750 3.250 2.693
2.000 0.322 0.0 =N, 017 104.500 4.500 3.246
2.N90 0.337 10,000 7.732 37.1%0 1.000 2.889
7.900 nN.2643 10,000 3.8714 70.250 5.750 5.241
2.170n0 1.140 tn.000 3.916 174.500 Q.n0n 7.809
>.000 n.aN6 2n,Nnn 13,973 37.150 1.28n0 1.1588
2.n00 0,272 20.000 19.993 70.259 %.9700 4.514
2.nna M.1139 20,0910 19.81% 114,500 3.000 7.838
.9N0 0,144 3N, 0nn 29,716 17,150 2.750 2. /95
2.000 0,190 3. 000 29,945 10.250 r.000 6.5k8
2.000 n,ony 3N, NND 29,137 1N4.500 12.250 11.142
2.noo f.373 4n,. NN 19,954 37.150 2.000 1.968
2.0nn N"129 4,000 19.919 70.259 3.%00 8.099
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MUASHIOEND
S1te
ANGLF

2.N00
3.090
3.0
1,970
1,900
A, 000
3.000
1,000
1.N00
1970
1,190
.90
.00
1.0n00
1.N10
1.NN0o
4,000
4,900
4.0
4.990
4.N00N
4.N010
+.000
40NN
4,000
4.000
4.000
4,000
4.000
4.000
4.0N0
~.090
6£.0%0
6.000
£.000
“.0N0
6.000
AdNND
£.000
A.0N0
ALONC
A L0000
A~.000
A.0N0
6£.000
AL NN0
3.000
2.070
{.,900
3. N0
2.0n0
3.07%0
a.nno
4.000
’.000
R.,000
3.0%0
2,000
9,000
3.700
17.0n0
17.000
117.100
11.000
17.000
17.000
17,000
1n.nna
17.¢00

SCHWINN 2TX1-1/4 PUFF ROAN RACFQ (CARLISLE,NEW £ OMPILND, ENDRTCK RIv)

CORRFLTFEN
sLie
ANTCL F

-0.155
1117
0.953
N,R90
1.055
N.871
7.718
1.114
n. 910
c.T07
1.053
0.768
n.5135
1.732
0. 707
N3
1.916
1.661
1.518
1.A74
1.59n0
L.4?27
1.9113
1.59R
1.365
1.782
1.447
1.133
1.760
1.345
n.emn
I.664
3.209
7.966
3.633
3.077
2.763
1.672
3.086
2,672
3.490
?.7183
?2.329
3.308
2.671
2.147
5,554
4,807
4,193
5.593
4,705
4.130
4.7%4
4.089
5. 490
4,502
3. 746
5.288
4.239
3.443
7.473
6,505
5.971
7.573%
6.464
5.R09
5.7271
6.42)
5.50%

MFASURFD
INTLINATEON
ANGLF

4n.000
0.0
0.0
N.0
10.000
10. 00N
13. 000
?0.000
20,000
73,000
. 000
3n.000
30.1090
40, N00
40,000
41.000
2.0
n.0
7.0
17.000
10.000
17.100
20,000
?0.000
2n.000
319.000
317.000
1n.000
40,000
40.000
40,000
0.0
N.0
7.0
11,000
17.0n0
11.000
27.0n0
20.000
20,000
. 0no
30.000
1n.009
40,000
4n.ngn
4n.000
n.0
0.0
".0
10.0n0
10. 000
19.000
206.000
21.000
3N. 000
30,000
30.000
40.000
40,000
40,000
a.0
n.0
7.0
10.000
19.000
10.00¢
?9.000
10.000
39.000

CORRECTFD
INCLINATION
ANGLF

39. 641
=N.198
~0.795%
-N. 332
3. 145
7. 464
9.566
19.309
19.4579
19.5%9
27,764
234596
2%.4539
19,751
19,559
319,362
-n.117
-N.46R
-",.582
2.458
9. 490
9.394
19,691
19,495
19,1387
29.A013
29,405
29.220
39.591
39.3145%
39.126
~N. 466
-1. 735
-n.379
9.516
9.187
9.001
19.53¢9
17.192
12,947
29. 431
29.013
28,744
3a.323
33,9717
13,637
-N,531
-n.911
~1.718
9.492
9.967
8.427
18.978
18.612
27.43
2R, 846
?78.3199
13,211
38,691
38,220
-N.579
-l.181
-1.468
9.480
B.R724
B.436
1R.YRY
28,799
"R,257

77

NORMAL
FORCF

104.%500
37.150
10.25%50

104.500
37.150
70.750

104.500
37.150
70.2%0

104.500
37.150
79.280

134.500
37.150
10,250

104.591
37.150
T0.250

104.500
37.150
70,250

174.500
37.150
T0.250

104,500
37.1%0
m.250

104.500
37.150
70.250

104.50n
317.150
Tn.250

104,500
37.150
70,250

104,590
37.150
TH. 250

104.500
37.150
7N.250

104,500
37.150
TN.250

104,500
17,180
71,250

174.500
37.15n
70.250

134.500
70.250

124,500
37.150
1n.2%0

104,500
37,150
77.250

104,500
37.150
11.250

174.500
37.150
7V.7250

1N4.500

174.500
73.250

194.500

MFEASURED
ILATFRAL

FNACF

16.250
A.500
13.000
15.250
17.0n00
15.000
19.500
3,500
14.000
19.7%0
17.000
17.500
24.000
17,500
19.000
23,000
131.500
27.25%0
24.500
14.5n0
22.000
26,7150
11,500
21.750
29.250
15.7%0
25.500
34.000
17.2%0
28.000
34,000
19.7%0
31.500
38,280
27.500
16,750
43.280
19.500
34.500
45,500
24,000
42 .00N0
54,000
?23.500
46,000
54,500
22.%500
41.500
52.500
?1.%00
44.000
53.000
43,500
67,000
24.000
43.0n0
68.5N0
29.000
£5.500
T6.000
24.50n
49,00n
£3.000
22.000
57.000
&7.000
63.000
S1.000
T4.500

CIRRECTED
LATFIAL
FIerE

15.202
B.402
12.517
164.078
9.942
t4.561
18,390
8,460
13,581
18,670
10,000
17.138
22,982
10,533
18,479
27.041
13, 440
19,822
?3. 109
14.477
71,615
?5.695%
12,498
21,392
27,235
16.802
75,199
13,058
17,335
27,747
IT.118
19.738
31.158
17.254
20,623
34,462
42,321
19,544
34,739
44.617
24,107
41,825
53,211
28,670
45,85
57.774
22.509
41,7236
51,612
21,530
43.782
58,191
42,398
59,227
264,107
48,879
67.821
29,174
55.457
15,407
26,524
4R, 792
62,192
22.0%
49,828
ht, 252
6R,.296
5N0. 894
T2.8K7

YA-3063-K-2



SCHWINY 27X1-1/4 HO SPORTS TOURING - RTAS PLY (NATIONAL,ENDRICK R[W)

SLIP ANGLF RIAS = 1.03%0
MPASURFN CORRECYED
St P st tp
ANGLF ANGLF
-3.000 ~3.139
-1.000 -2.640
-3.000 ~2.401
-1.n00 -3.160
~1.000 -?2.202
-3.000 -2.59%
3,000 -?.803
-2.000 —2.h24
-1.000 -31.027
-1.,000 -7.563
-3.nnn -3.N63
-3.0n0 -2.165%
-3.000 -2.928
-7.000 -7.260
-2.000 -t.972
-2.1%0 -1.813
-2.000 -2.351
-2.0n0 -2.123
-2.000 -1.995%
-2.000 -7.403
-2.0n0 -2.115
=?2.000 -2.N16
-2.0n0 -2.183
-2.000 -1.885
-2.000 ~2.204
-2,000 ~2.087
=2.000 -2.210
-1.000 ~l.461
-1.000 ~1.7293
-1.000 -1.185
-1.000 -1.512
-1.000 -1.365
=1.710 -1.3726
-1.010 “1.553
-1.710 ~1.3R6
-1.070 -1.288
~1.700 -1.2°4
-1.N000 -1.727
~1.000 -1.369
~1.000 -l.425
—1.0n0 -1.478
-1.130 “1.421
TN -0, 732
ngn -0.,655
0.0 -0.597
7.0 ~0.743
1.0 -N.A96
.0 -N.678
T.n ~0.714
n.n ~NLEeTT
] -0.750
AR ] -0.62%5
aLn -0, 648
.0 -0.791
n.o ~0.646
n.n -0,150
n.0 -1.0n3
1.000 ~N.C34
1.000 ~-n.o17
1.000 2.711
1.0n0 -0.015
1.000 -N.n38
1.000 -N.0R0
1.000 N34
1.0n0 -0.,0139
1.000 -0.142
1.0nn0 0.094
1.000 -0.MN10
1.000 -0.2213
1.000 N.0nS52
1.0n0 -0.172
1.0n0 ~0,466
2,900 0.69%
2.0n0 2.631
2.000 n.619
?.000 0.724
>.0nn 0.620
2,000 n.548
*.000 0.823
r.000 N.6B9
2..900 N0.537
2.000 0.812
2.000 0.6n8
2.000 N. 165
?.000 n.781
2,000 O.466
2.000 0,142
.N80 1.394
T, nnn 1.7249

ME A SUREN

INCLINATION

ANGLE

0.0
0.0
1.0
10.000
10.00n0
11.000
20.000
?".000
30.000
310.000
40,000
40.000
40,000
0.0
0.0
n.0
1n.nnn
10.0n0
10,000
20.0nQ0
?0.000
20.000
3IN.N00
310.000
4. 010
47. 000
4N.0N0
3.0
0.0
0.0
11,000
10.000
19.000
20.000
?0.000
20,000
30.000
IN.NNo
37.000
40.000
40,000
40.000
0.0
0.0
0.0
10.000
17,000
10.000
20.000
20,000
20,000
39.000
30.000
10.0n0
40,000
40.000
40,000
0.0
0.0
0.2
10. 000
10.000
10. 000
20.000
20.00N
20.00990
310.000
30.000
3n.0nn
40.000
40.000
40,000
0.0
0.0
2.0
10.0Nn0
10.000
10, 000
20,000
?20.000
20,000
30.000
i0.000
10.000
40.000
4n,n0n
40.000
0.0
n.0n

CNRRECTER
INCLINATION

ANGLF

n,527
nN.822
7. 964
10,514
17.726
1n0.850
20,726
20,832
10,596
11.868
40,572
4N.768
41,452
N 656
N.626
N.720
1N, 401
1n.536
1N.812
20,371
717,541
2% 500
1M.5Mm
IV, 678
40,465
40,558
49,450
AFRES
0,436
n.50n
117316
17,3194
17,416
2n.282
20,381
217,180
3,382
AN, 615
30,391
4N.358
4N.1%56
4N, 742
0.176
N.222
N.256
10,170
10,197
10.208
?0.197
20,209
27. 166
30260
11,226
3N.141
40,227
47.16%
47,9016
-%. 102
n.NNA
7.774
10,0739
9.995
9.970
2%.139
19.995
19,934
EUPGEE
1,112
77,884
49,049
39.916
39,742
=N.1%3
-n, 700
-N.207
9. #55
9,793
9.750
19,913
19,834
19,744
29.997
23.7386
27, K462
319,988
39,702
19,510
-N.%41
=N. a2k

78

NORM AL
F0RCE

37.150
70.250
1n&.500
37.150
70,250
104,500
70.250
104,500
37.150
70.250
37.150
70,250
174,500
37.150
71,25
124.5%0
17,150
79.250
174,500
AT.150
77.250
174,590
37.150
71,250
37.1%0
Tn,250
174,500
37.150
77.250
104,500
37.150
7n.259
104.500
37.150
70,250
104,591
37.150
70,250
104,509
37.150
79,250
104_.500
37.150
71,250
104.50N0
37.151
1N.252
104,500
37.150
Tn.2%0
tna . snn
37.150
70,250
104,500
37.150
M.259
104.501
37.15n
70.2%0
106.500
37.150
10.2%0
104.500
37,150
70.250
104.500
37.151
70,250
134,500
37.150
79.250
174.570
37,159
70,253
104,50n
37,151
10,250
196,530
37.150
70,259
1N&4.500
37.150
10,280
104,500
37.150
70.250
104,500
37.15n
1,250

MFASURED

LAY FRAI
FNRCE

-2?.000
~34,000
-139,2%0
~21.500
-30.000
—-34.500
=3n.000
-33.750
-?5.000
-36.000
-24.000
-31.000
~76.250
-19.00n
-25.7T%0
-29.000
-16.750
~?22.000
~24.500
-15.500
~22.252
=24.000
-?2L.000
=?8.n0n0
~19.500
~?73.000
~17.7%0
=14.000
-17.750
~19.1%0
-12.750
-16.000
-16.250
-11.750
-15.500
-14.750
-16.00n
-17.000
-15.250
~15.000
-14.500
-9.000
~1.250
-B.750
-3.50n
~7.000
-71.750
=7.500
-7.7%0
~3.250
~5.750
-t0.000n
~9.,000
~&.T50
=9.50n
=~6.500
1.500
N.25%50
7.250
3.250
-1.250
7.750
?2.500
~-1.509
N.750
4.000
-31,000
n.o
6.000
-2.000
4,000
12.000
7.000
9.000
17.000
£.250
9.?250
l11.750
3.750
7.500
12,000
4.000
9.500
14.250
4,750
13.000
21.750
14.500
18,500

€IRIFCTEN
LATFRAL
FIoCF

=22.3131
~34.842
-40.R38
-21.793
-30.78>
-34.N22
-30.75%
-35.238
-25.267
b L & £4)
-24.230
-31.703
-27.673
~-19.3n8
-26.529
-3n.509
-17.012
-22.121
-25.946
-15.723
-22.944
-25.611%
-21.236
~-28.709
-19.696
-21.642
-19.058
~14.270
-18.468
-21.189
~-12.981
-16.675
-17.623%
-11.965
-l16.142
-16.093
-16.198
-17.625
~16.568
-15.161
-15.n177
-10.241
~7.468
-9.1399
-10.861
-7.187
~B.362
~8.816
~7.914
-B.B37
-7.024
-10.152
-9.564
-5.988
-9.619
-7.016
-0.669
0.089
-0.330
-1.036
-D.3R6
0.203
1.260
-1.616
0.231
2.800
-3.099
~0.495
4.844
-2.06?
3.564
10.919
6. 891
8,487
8.788
6.164
8.767
10,590
3.674
7.033
1n0.861
1.95%
9.077
15.173
4.739
12.633
20. Tas
14,448
18.059

YA-3063-K-2



uFASURFD
L
ANGLE

1.0no
voane
1,000
3000
000
*.na0

STHWINN 27TX1-1/4 HP SPNRTS TOURING - BIAS PLY

CORREC TEDN
Ssoie
ANGL F

1.187
1.453%
1.258
1.136
1.492
1.7247
1.084
1.420
t.156
0,912
1.409
1.0%%
0.690
2.203
1.918
1.795
2.27%2
1.937
1.774
2.271
1.946
1.6927
?.159
1.804
1.520
’.107
1.662
1.278
3.91
3.345
2122
1,90)
3,338
1,152
1.,98n
1,304
1.990
4,090
3.4621
1.049
EFRLL
1,140
2.706
1.PA6
31.099
2.544
5.851
4.983
4.549
4.962
bo 47
A.110
5.061
4.446
6,089
4.A99
4,063
5.706
31.841
6£.903%
fa1R7
6.921
6.105
8.009
5,901
6.044
7.80n6

MFASURFND
INCLINATION
ANGLF

0.0
10,000
10.000
Ln. 000
20,000
2n.000
20.000
30,000
3n.o0nn
30.000
40,000
40,000
40,000

2.0

2.0

7.0
10,000
11.090
11,1790
?n.00n
720.000
20,000
10.00N
39.0n0
3n. 000
40,000
40, 000
49,000

0.0

42.000
40.000
0.0
n.0
0.0
1n.0n0
10.00n
20.NnN0
20,000
20.000
30,000
an.nnn
A 000
40.000
40,000
0.0
n.0
10,000
10.00n
20,000
20.000
20.0N00
40,009

CNRRFCTFD
INCLENATINN
ANGLF

-0, 463
.59
9.579
9.517
19.7t 7

19.572

19.476

29,675

29.518

29.376

319. 4648

319,446

39.%43

=N.454

~N.478

-N.615
9.563
9.389
9,793

19.586

19,394

19,744

?9.52n

29.311

29.143

39.490

39.226

39.1n5

=414
=0.961

-1.093

-.5719

-1.937

-1.n78
9.397
9.6
A. 8RR

19.479
19.185
t3.364

29.419

23.918

28,661

39.159

39,893

38.565

-N,662

=1.178

-1.43%2
3.312
4,508
19,49
13.871

12,517
27.679
29,775
?B.291
33.3n

38,149
-1.273
~l.bab
9.7%9
3.316
13.4%2
19.821
1R8.24K9
19.31)

79

{NATTONAL, FNDRICK RIM)

NNRMAL
FORCE

104.500
37.15%0
™.250

174.59n
37.150
n.250

104.500

.37.150
70,250

104.500
37,150
1.2%0

104,500
37.15%0
T1.2%0

104.50n0
37.16n
13.259

174,500
37.1%9
77.251

174.500
37.1%0
79.250

104,500
37.150
73.250

174.50n
37.15n
70.259

1nh4.509
37.150
.259

104.570
37.159
mMn.259

104,500
3T.150
70.25n

104.500
37.150
77.250

104.500
37.150
10.250

104.500
37.150
Th.250

104,520
71,259

104.500
37.180
Tn.250

174.59n
37.150
70.250

104.579

37.150

104.5%00
71.25n

104.590
T0.250

104.500
17.150
73.25n

104.5%70
37.150

MEASURED
L ATFRAL

FNRCE

70,750
13,000
18.250
2?2.000
12.n00
149,500
?3.2%0
12.750
20.750
27.500
14.000
23.7%0
33.n00
19.250
27.000
1n.500
18.500
?6.250
311.700
17.500
26.000
31,000
20.250
29,500
37.250
21.500
33.000
431,100
26.000
41.000
47.250
24,500
40,000
46,500
?5.500
40.000
49.N000
272.000
39.000
49.000
24.500
45,000
57.500
27.000
47.000
A1.500
283.000
51.000
61.500
51,500
64.0N00
21,500
43.000
64.000
22.00N0
52.00n
73.500
26.500
79.000
52.000
11.500
54.000
12.500
24.000
51.000
74.000
29.n00

CARRECTEN
LATFRAL
FI0CE

19. 620
12.965
17.8136
20.909
11.987
18.t17
?2.197
13,779
20,411
26.598
14.060
23,465
32.079
19.234
26,674
79,445
18.597
?5.897
29.977
17.529
25.574
12,021
20.1329
29,230
36,333
21.617
32.78%
42.156
26,035
40,731
46,322
24.524
19,723
45.567
25.561
39.752
47.107
22.063
38.773
48,144
24.611
45,856
56.737
27.159
46,892
50,797
78.051
49,799
60, 6R1
50,332
63.729
21,559
67,942
43,258
22.09>
51,90
72.859
76.655
78.4130
51.915
69,750
53,859
T1.794
24.078
49.857
73,334
29.174

YA-3063-K-2



SLIP ANGLE

MEAS 1eF N
StLfe
ANSLF

?.070
1.000
3,000
3.r0n
1,000
3.n00
4.000
4.000
4.000
4.090
4.900
6.000
6.0
4.000
A.000
€.9N00
8.7900
3.000
.00
2.000
a,rnp
10.n0n
17.000
=?2.700
-2.07%0
-2.9300
-1.09%0
-1.610
-1.000
-0.500
-0.500
~-n. 500
-N. 5800
-0.510
n.n

D553 3
ERSE-Re)

. 500
0.500
0.50n
7.500
0.500
1.0%0
1.n00
1.000
1.000
1.200
2.000
2.000
2.000
2.000
2.n0
.00
3.090
3.000
T,000
3.000

STHWINN 27X1-1/4 3RFFIF SPNRTS TOURING

RfAS = 1.9an

ceaerTEn
N
ANGLF

=2.262
=2.424
-2.426
-1.463
-1.5%53%
~1.627
-1,9n01
-1.081
1,104
-l.166
-l.167
=N.622
-n.681
=N, 745
-7.736
-N.424
-N.3)3
-J.324
-N.1325
-0,347
-N.473A4
-N.004
-N.02%
0.914
-n,038
-0.1849
0.735%
0. T34
0,732
0.571
n.61n
1.333
1.312
1.21n
1.3n9
1.3°3
2,212
2.1n
2.179
2,148
2.278
3.9131
3.PR9
4,n09
3,967
4.167
5.850
5.8413
6.18%
4.5867
e.047
8,088
B.08R7
- 1.9¢2
—2.244
=2 .447
-1.30¢%
~1.506
~1.678
~.84]
-N,943%
-0.,085
~1.146
-l.,3n8
-0.,502
“Netitd
-0,645
-n.127
-1.0n9
-0D.221
-0 36S
—N.266
=N,%49
-0.751
-0,6n5
-N0.086
-0.047
-N,209
“0.417
.64
),582
D651
0.3169
n.227
L2111
1.089
1.108
.26
N.AP5

MF A SURED
INCLINATION
ANGLE

20.000
30.000
40,000
20,000
30.000
40.000
2.0
10.000
20,000
10,090
40.000
n.0
17.000
20,000
10,000
41,000
0.
1n.n00
23000
317.000
40.00n
0.0
10.000
20,000
11,000
40,000
0.0
19,100
20,000
10.090
40.000
n.n
1n.non
70.n00
30,000
40,000
0.0
10.000
20,000
30.000
40.000
a.n
10.000
20.190
30.000
40,000
a.n
10.000
20,000
3n.non
40,000
10.000
40,000
20,000
310,000
40,000
20.000
310,000
4n.00n0
0.0
10.000
20.000
30.000
49.000
0.1
10.000
20,000
30.000
4n.00N
7.9
11,000
20,000
10,090
40.000
n.0
10,000
29.000
310,000
40,100
0.0
10.nn0
20,000
30.000
40.000
0.0
10.000
20.0n0
10.00n
40.000

CORRECTEN
INCLINATINN
ANGLE

27.410
3J.131%
4%.33%4
210,311
33.21%9
40.218%
1,249
10.241
0.228
3%.192
43,191
N.218
1n.141
21,145
311.121
40,0496
N1l
17,799
23,097
3n.0 35
41,091
ERPRRL
9.9719
23,0002
29,942
39,8432
EAN Y
7.8137
19.8 136
79,741
19,741
-n.401
06213
19.562
29,535
39.597
-0.436
9. 430
17,479
?9.430
39.525
-N.613
9.337
17.478
23.333
319,572
~3.6°5%
9.313
19,455
29,3313
39,4130
727.455
319,456
2n.60A
12,441
49,371
2%.476
31,284
43.214
7.3%4
17.323
20,239
11793
42,137
1.298
17.143
?2n.29%4
37.156
39.93R
0.158
17.074
23,133
27.965
39,844
-%.019
9.943
19.966
29.49711
39.751
-0.,199
9,179
19,773
27,621
319.51317
-N.47?
9.455
17.467
29.3%9
39,799

80

NOPMAL
FORCE

36,400
36.400
36,400
36.400
36.400

36,400

36.400
16.400
16.4N0
16,400
36,4670
36,470
36,4600
16.400
364N
16,491
3¢ .600
16,410
3Ik.600
34,400
26,400
34,400
36.4070
356,400
16,400
36.4N0
36.4N0
36,400
16.401
36,470
36,400
36,401
35,407
36,490
36,400
36.420
16,400
16.400
36,400
36,400
16.600
36,400
16.4N0
36.400
36,400
36,400
16,407
36,407
36,400
35,470
36,409
36,400
16.400
73.409
73,400
73.490
73,400
73,407
T3.470
73,400
73,470
73.400
73,410
73,400
71,400
TA.400
73.400
Ti.4nn
71400
73,490
73.400
73.4N0
73,490
72,400
73,400
73,490
73,400
T1.490
71,400
73,400
T1.490
73,400
71,490
73,470
72,479
73,409
73,470
73,470
73,491

MEASURED

t

ATERAL
FNacF

18,000
14.000
14.000
1y.n0n
17,000
-9.000
12,000
17.000
-9.50N
-8.,000
-R.000
-9,000
« 500
«N0N
-S.0n0
-4.000
-4,500
—4,000
~4.0NN

1.500
1.000
n.n
7. EN0
5.000
T.00N
T.00N
T.0NO
11.000
17.000
17.000
16,000
11.500
17.500
17.000
18.500
22,900
27,000
21.500
27.000
27.000
29,000
25,000
26.000
21.000
29.000
29.9n0
?23.000
26,000
2%4.000
23,900
23.0n0
25,000
13,900
t3.00n
15,500
11.500
-1.500
15,500
13.0nn
12.000
—-3.1n0
-4.009
11.80N0
=7.50%
-3.0n0
—-R.DN0
1.000
-6.000
=2.500
-5.0N0
2.100
7.000
1.00N0
3.N00
?.0N0N
6.000
11.000
9.0n0
12,000
2.80n
16,570
23.900
2n, 800
23,500
23,000
27.50N0
27,900

£IRAECTEN
LATE2AL
FIRCE

-18.2136
-14.17¢
~14.147
-13.198
—1n. 146
-9,109
~12.248
-10.7n4
-9.671
-8.13Nn
-R.1N?
~9.278%
-T.688
-6b.144
-5.1M%
-4.NT1
-4.691
-4.158
-4.124
-3.596
-n.n&n
N,3460
N.8230
-n,0089
2.45)
4,999
~.897
6.726
£.96S
11.014
10,736
16,973
15,995
12,543
17.564
17.099
18.4R5
22.040
2?2.1069
?1.59%
kTR 8 ¥4
27.n50
28.086
25.092
26,129
21.120
29.065
?29.094
22,1077
?6.129
24,143
23,106
23,115
~25.768
-18.686
-13.619
-17.2n3
-12.113¢
-9.N85
-1k.254
-13.7%6
-12.669
-a_#41n
~4.550
-12.221
-9, 164
-3.619
-£.594
n.6PR
-6.681
-3.126
-5.616
1.467
[ 1)
N.372
2.416
1.438
5.497
1N.54h4
.67
11.485
3,004
te. N7
ta, 21
20,021
23,073
22.538
27,181
29,704
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STHWINN 27TX1-1/4 SRFEZF SPNRTS TONURING

MEAS JREN CORRFCYFN MFASURFD CORRECTEN NORMAL MFASURFN rFNPeFrTEN
N stie INCLINATION INCLINATION FORCE LATFRAL LATERAYL
ANGL F ANGLF ANGLE ANGLF Faace FIRFE
4.M0N 1.93n 7.0 —% 639 T3, 4nn 27.500 2T.074
4,100 1.6R87 10.000 9.213 73.400 13,500 33.149
4,000 1.626 20.000 19.181 T3.400 35.01n0 34.689
4.000 1.544 30.000 29.14S T3 4600 36,600 36,230
4.0NN 1,543 40.000 3%3.13%2 73,400 17,000 36,761
6.0 3.317 n.0 -1.09% 73,477 43.000 42,693
AL.0D0 3.265 1a.nnn A,943 71,400 44,710 43,129
A.MNN 3,161 20,000 13.9% 73,400 47,000 46,791
4.000 3.n22 .00 2%.8724 73,400 5%.00% 49,821
£,000 3.191 49.Nn00 33,919 T3.400 4h.000 45,81
a.01n 4,945 n.n -1.722 T 73,400 52.000 St.761
4,090 4.R61 13,090 3.7130 T3.400 S4.0N0N 53,RAN5
9.000 4,73” 23.0N000 13,637 73,400 fhaN0N 55.R5N
.00 4,971 I, Nan 23,753 731,400 $3.100 52.R56
q.e9n 4,99n 4%.n00 33.739 T3.400 51.000 50.8K9
1c.non 6.R21 33.0170 23.79% 7400 55.000 54.R71
17,00 6.980 40,000 33.799 73.490 51.000 57.RH9
-?2.010 -1.849% 20.090 27.643 1N5.590 ~76.000 -27.453
-2.000 -2, 177 31%.102 17.491 135.500 ~-19.0nn -20,371
=2.0nn =2.600 4nN. 000 41,7230 115,500 -11.n00 -12.281
~t.onn -l.196 27,000 27410 195.500 -1a.500 -19.R9%
-lL.rnp -1.459 31.130 17.314 tN5.590 -12.n00 ~13.t1p
-1.090 ~1.781 47,110 47.1213 15,500 -4.000 -5.22R
-N. 570 -N.754 n.n 7.415 105.500 ~17.000 -9, 441
-"o8n0 -r.836 1n.nnp 17,397 105.509 -15.n00 -16.398
-r.en0 -".917 20.000 20,3139 175,590 -13.7n0 -14.354
-0.500 -1.181 10.000 1,134 105.50n -6.500 -1.776
-0.570 -1.442 49,000 4n,n28 105,500 7.0 ~1.197
(AN -G, 395 a.0 1.152 115,500 ~-13.590 -l4.916
n. -rL46ST 13.n00 17.2732 115.59N0 -11.nnn ~12.346%
N -0,%38 2n.000 27.24K7 105.871 -17.100 -11.31
N.0 ~0.700 39,000 3.7 105,509 ~6.N00 -7.212
NN —1.7244 4N, n0n 39.850 105.5n0 T.500 5.360
2.500 -0, 156 a.0 N.197 1N5.5%0 ~7.000 ~8.3166
0.500 -0.318 10.090 10.11? 105,500 -3.000 ~4.107
n.500 ~N, 400 20,000 ?2N.053 15,570 -1.000 -2.263
0.500 -N.562 in. 000 29.958 105.5n0 3.000 t.7137
0.5870 -1.00% 40.000 19,695 105.570 14.n00 1?.910
1.000 g.n02 n.0 =", 008 105.509 1.500 N.199
1.000 -0,059 10,000 9.959 105.5%0 3.000 1.739
1.000 -0.101 2n.000 19.93¢4 105.590 4,000 2,776
1.000 =0, 464 10.M710 29.1290 115,500 13.000 11,973
L.ene -N. 106 40,000 39.576 INs.800 13.000 17,9409
2,000 0.701 0.0 -7.193 105.699 9.000 T.7%6
2.09%0 n.539 17,000 9.721 115,579 13.000 11.315
2.000 O.417 20.000 19.649 105.57n 16.000 14.867
7.0 nN.n74 In.Nn0 73,446 105.570 24,500 23,461
?2.000 -N.n28 40,N90 319,186 105.50n 27.000 26,009
1.000 1,118 .0 -7.528 105,599 23,500 22,366
3.0n0 nN.876 11,000 9.338 195,500 27.030 25.92?
3.000 N.894 20.0%0 19,347 1N5.5%n 29.00n ?1.966
3.900 nN.e52 1n.na0 79.197 1n5.,591 35.000 34,041
3.nn0 N, 490 4N, 00N 39,11 105.500 39.n00 23,100
4,090 l.316 N0 -N, 706 105.500 11.000 29,924
4.0 1.5313 1n.00n 9.127 105,590 33,000 37.0n¢
4,000 1.392 20,000 19.943 105.500 41.500 40,562
4.C00 1.169 30.000 2%.911 105.510 47.000 46.132
4.900 1.0RrR 40,000 19,9613 105,500 49.00n0 49,177
6.CNO .03 0.0 =1.170 105.50n 5N.500 49,572
6.000 2.810 12.000 3.699 105,591 56.000 55.143
~o0N0 ?.567 20,000 19.558 105,500 52,0100 51.218
6.000 2.405% 30.000 ?8.459 115,509 65.000 65,277
€. 000 2.565 40,090 18,554 105.57n 62.000 61.27¢
R.CNO 4.3649 0.0 =1.57% 105.510 67.500 66,702
9,010 4.167 10,000 2.3119 106.579 77.000 Tt.265
A.000 4,005 20,000 18,222 105.509 T4.n00 75.32%
R,N0N 3.8813 10.091 23.150 125.57n 19.000 78,377
.00 3.967 40.100 13,197 105.5090 77.00n0 T4.399
1h.0nn 5.807 0. 000 29.103 105.59% R1.000 an.19>
10.000 5.841 40,010 38,126 105.599 87.n01 10,4112
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SCHWINN 27X1-1/4& PUFF RNAN RACFR (NATINNAL}

SULIP ANGLE ATAS = 0,723
MEASYRFD CARIELCTFN MFASUREN CNRRFLTEN NORMAL MFASURFD CNRRFCLTFD
SL1e N4 INCLENATION INCLINATION FORCE LATERAL LATERAL
ANGLF ANGLF ANGLF ANGLF FORCE FInCF
=7.N0 -2.1% 1.0 N.348 36.420 -14.500 ~14.767
-r.M0 ~2.074 £.000 6.334 356,400 -16.n00 -16.761
-2.0n0 -2.1094 15.000 15.312 36.400 -13.000 -13.212
=2.000 =2.014 25.000 25.382 36.400 -16.000 -16.206
-’.000 ~1.997 15,000 35.423 16.400 =-13.0n0 ~18.192
-1.n00 -1.295 n.0 N.253% 36,400 -10.500 -10. 7%
=100 -1.278 6.000 ho2AS 36.400 -11.000 -11.223
-1.0170 -1.357 15.000 15.2t7 316.400 -9.000 -9, 182
-1.nop -1.217 25.000 25,264 316.400 -11.000 -11.168
1,100 -1.198 15,000 35.310 16.400 -13.000 ~13.154%
=7.5%00 ~-N.R95 9.0 N.19¢% 36.40N0 =8.000 -8.217
-8 -r.916 5.00N0 6.170 36.4N0 -7.000 ~T.192
- sne -, 15.nNN 1.1 36.400 -R.000 -R.174
=Y.570 —0, 858 25.009N 25.192 316. 400 -9.00n -8. 165
1. 500 -0,9589 15,000 15,218 36.400 -9.000 ~9.124
o0 =856 n.0 7.099 36,400 -4.000 -4, 177
w0 -06.537 6,000 6,111 36,400 ~%.8nN0 ~4.673
cen -N.5°R 15,090 15.194 34,400 ~4.001 ~4,.143
o -0.859 25.000 25.037 36.409 ~4.000 ~4.114
NN -0.6480 15.000 35,1404 36,400 —&.000 -6.101
7,510 -, 156 0.0 Y. 039 16.400 -1.500 -1.66%
. 500 -f.137 6.N000 5.N51 36.4N0 =?.000 -2.154
1.500 -0.218 15. 000 15.073 36.400 7.0 -N.1113
1.500 -r, 159 25,000 25.M73R 16,400 -1.500 -1.59%
TLsno SO, 761 15,000 14,9718 36,400 L.non n.953
1.000 n.2e3 0.0 -N.772n 36.420 1.000 0.051
r.nnop r.2n? 6,000 5.95% A6.400 2.n0n 1.876
1.000 AR EY ] 15.000 14.931 36,400 3.000 2.911
L.nro n.26n 25,000 24.97A 16.400 1.900 0.924
1.790 n.11R 35.000 4,99 A4, 400 4.000 3,976
?.900 n.a n.0 -n.21Nn 36.4N0 9.000 8.912
2.000 0.9¢1 6,000 s.A11 I6.6400 3.000 7.97>
>.000 r.nnn 15.000 14,836 16.400 7.000 6.941
2.07%0 n.959 25.000 24,817 36.4N0 q,00n0 T.977
2.000 a.,797 35,000 14,716 16.400 12.000 12.037
1. 000 1.72n0 7.0 -1.329 36.400 14.000 13.951
1.N10 1.770 . 000 5.570 316,470 14,000 13.968
.ane 1.719 15.000 14.570 36.400 14,000 13.994
.00 1.798 25.000 24,717 36,470 12.000 12.008
i.nan 1.475 15.000 34,526 36.400 27.000 20,098
4,000 2.479 2.0 -N.472 36.400 20.000 19.996
4.000 2.519 6.000 5.551 36.400 13,000 19.006
4,900 ?.5%8 15.000 14.57% 36.400 18.000 18.024
4.0n0 2.677 25.000 24.645 36.400 15.000 15.031
4.000 2.395 35.000 34,478 36.400 2?2.000 22.113
45.000 4,117 n. o -N.686 36,400 29.000 29.06%
“.0%0 4.3158 6.000 5.456 36.400 23.000 23.037
ALNDR 4.317 15.000 14,437 36.400 24.000 24.070
“. 0NN 4.516 25.000 24.550 36,470 13.000 19,061
62000 4.3154 35.000 34,6506 16.470 23.000 23.120
-2.n00 -1.853 N0 N.514 73.400 -21.700 -?1.7936
=2.000 -1.874 6.000 6.512 T3.400 -217.500 -21.275%
-2.000 ~1.976 15.000 15.442 73.400 -13.000 -18.729
-2.000 -1.8%6 ?5.000 25.5113 73.400 =21.000 ~21.723
-2.000 -1,097n 15. 000 35. 448 T3.400 -13.000 -1R.571
-1.anp -1.N54 0.0 7.395 73,400 -16.000 -16.758
-1.99n ~1l.0n85% 6.000 h.295 73.479 -16.000 -16.740
-1.090 -1.757 15.000 15.216 13.400 -11.000 -11.676
-1.190 ~-1.178 25.000 25.177 Ti.4n0 -13.000 -13.662
-1.n00 - le?%9 35. 000 15,278 73.400 -11.000 -11.618
-1.500 -0.71% n.0 7.3190 73.600 -12.000 -t2.727
~".500 -N.776 6.N00 4.264 T3.400 -117.500 -11.199
-1.500 -".R78 15.000 15,214 73,400 ~R.000 ~B8.653
-7.500 -1.039 25.000 ?5.7°7 73.400 -9.000 -9.632
~".500 -1.04]1 315.000 15,118 73.400 —4.N00 -4.565
7.1 -N.376 n.n 7.295 73,400 -3.00n -B. 697
7.1 0,477 6,000 6.145 73.400 -5.500 -6, 160
1.1 ~0,589 15.000 15.097 73.400 -3.%500 -4.119%9
"9 -0.560 25.000 25.197 73.490 -3.500 ~4.090
. ~N.621 15,000 315.060 T3.400 -2.000 -2.549
AR L)) =N 11T a,n N.nk3 73.400 =2.000 =-2.651
1.500 -N.198 5.000 6.71% 73.400 0.0 -0.618
n.500 -1 260 15.000 14.9719 73.4%0 1.500 0.919
7.57%0 ~N. 24 25.000 24.99n 731.400 1.000 0,644
N.500 ~G.483 35.000 14, R46 73.400 T.000 6.519
1.n00 n,222 n.n -n. 0133 73,400 2,000 1.380
1.000 0,060 &.000 5.R7? T3.40N0 6.000 5.428
1.200 n.019 15.090 14.848 T3.400 T7.000 6,461
1.000 n.n78 ?5.000 24,882 T3.400 5.500 4.979
1.000 -N.18& 35.0n0 16,727 T3.400 i2.000 11.557
72.000 N.990 0.0 -N.223 73,400 tn.000 9,441
2.000 n.T79 A.N00 8.705 73.400 13.n00 12. 48]
2.00n 0.738 15.000 14,4091 T3.400 14,000 13.515
2.000 N.696 25.000 24.657 73.400 15.000 14.551
2.000 N.614 315.000 34,689 73.400 22.000 21.634
.C00 1.6418 n.0 =N.5M8 73.400 22.000 21.5%2
1.900 1.457 6. 000 5.61% T3.470 21.000 20,542
1.000 t.alb 15.000 14.491 73.400 2?7.009 21.576
A.000 Le? T4 25.000 24,607 73.490 ?5.500 ?25.1131
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SCHWINN 2TX1-1/4 PUFF RNOAN RACFR {NATINNAL)

MFASURED CORREFTEN MFASUREND CNARRFIrTEN NNRYAL MFASUREN FARRFECTEN
stie sLie INCLINATION INCLINATINN FNRCE LATFRAL LATFIAL
ANTGLF ANTLF ANGLF ANGLF FNeCE Firre
1.900 N.931 35.000 14,704 73.400 34.n00 33,725
4.000 2.096 0.1 ~-N.69A8 T3.400 N .non 29.593
4.NJ0 2.1186 6.000 5.313 T3.470 29.500 29,107
4.N%0 2,135 15.00n 14.324 73.400 ?9.000 28,629
4,00 2.Nn93 25.000 24.300 T3.400 37.000 29.666
4.0 1.630 35.000 14.076 73.400 41.900 41.782
H.000 3.513 n.0 -1.Nn31 73.400 44,000 431,700
A.0N0 1,653 6.000 5S¢ N4 0 T3.470 41.0n9 404695
«,0n0 3.¢52 15.000 14,039 73.430 41.000 40.771
~JNN0 3.731 75,000 24,786 T3.400 39.900 38.734
5000 1.409 35.n000 33.895 73.400 47,000 46.824
2,000 -1l.666 n.0 Ne625 115.%500 -25.001 -26.504
-2.N00 ~t.767 6.000 6,586 1n5.530 ~22.500 =23.947

-2.000 ~1.828 15.000 15.529 105,570 -?1.000 -22.430
-2.000 ~1.749 25.000 25.576 105.500 ~231.000 ~24.4186
-2.700 ~?2.072 36,000 35.3185 175.500 -15.n00 -16.1326
-1.700 -n.en7 0.0 N.4R3 105,510 -19.900 ~20. 458
-1.000 -1.N2R 6,070 hobll 105.5n0 ~16.000 -17.418
-1.300 ~1.170 I5.n00 15.327 115.500 -12.500 -13.R6%
-1.700 -1.151 ?5.100 ?75.338 105.5970 -13.00n -14.340
=1.900 -l.674 15,910 35,1647 105,590 -%5.%00 -6.250
-7.570 ~0,.58R 1.0 N.376 195.500 =14.5n0 ~15.924&
-0.5M0 ~-N. 129 6,000 © h.292 115.5n0 -11.1700 -t2.379
-N.500 -N.711 15. 090 15.244 115,590 -9.0n0 -10.3138
-7, 500 -N.2132 ?25.000 25.2%0 175.500 -3.500 -9.805
-7 500 -1.295% 15.000 34,957 135.500 2.0n0 1.811
(s} -0.309 0.0 N.245 115.500 -9.00n -10.38>
0.1 -0.390 5,070 6,197 115.540 -T.700 - 8.749
7.0 -0.%52 15,000 15.101 105.500 -%,000 ~4.792
N -N.6%3 25.000 25.n%13 105.590 ~-1.000 -2.248
Nen -N.916 35.090 14.386 175.500 A.000 4.834
"L 500 ~0.050 N.0 d.11? 115.500 -3.000 -4.316
1.500 -n.oln 6,000 6,126 105.510 —4,000 -5.326
2.500 -n.293 15.91n 14.959 125.570 3.000 1.753
a,.500 -N.415 25.000 24.%97 105.5n0 6.000 4,005
V500 =N, €57 35.990 34,743 105,500 t2.000 10.880
1.0n0 0.209 ! -0.047 115,500 31.000 1.710
1.000 0.N67 4. 000 5.876 1295.5%0 6.500 5.254
t.000 -N. 094 15.010 14,1790 175.570 17.500 9.311
1.000 -0.NM3% 25.000 24.915 175.500 .000 7.828
1.000 -1.5%9 35.0n0 34,505 1ns.500 22.000 20.956
2.0n0 0.807 n.n -0.2789 105.500 13.000 11.786
2.00n0 n.706 6.000 5.662 105.500 15.500 14,323
?2.700 0. F46 15. 000 14,676 105.500 17.000 15.860
2.000 0.502 25.000 24,542 105.5n0 20,500 19.416
2.000 0.119 35.0n0 34,315 105.500 3n.000 29.017
1.000 1.7204 2.0 ~N.635 105,500 28.000 26.901
3.000 1.783 5,000 S.412 105.500 26,000 24.903
1.000 1.2n2 15.000 14.364 175.500 23.000 26.944
3.000 1.02n 25.000 24,256 105.500 32.%500 31.507
1.000 n.516 35.000 33,958 105,500 45.000 44.132
4.000 1.802 0.0 -0.873 105.509 38.000 36.977
4.0n0 2.082 6.000 5.293 105.500 3l.no0o0 29,941
4.000 1.840 15.000 14,150 1n5.500 37.000 36.013
4.000 1.598 75,000 24.007 105.509 431.000 42.087
4,000 1.195 35.000 31.768 195.500 53.000 52.193
6,000 1.379 a.n -1.122 105.590 47,500 47.557
A.0N0 3,238 6.0N0 4. 794 105.5950 52.000 S1.1m
A.0NN0 3.157 15.000 13,7486 105.501 54.000 53.142
6,030 3NS5 25,000 23.698 105,500 56.000 55.1a7
6.000 2.551 35.n00 131,388 105,570 69.000 6R.315
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MEASURED

INCLINATION

ANGLE

40,000
40.,0C0
3.C
0.0
[NV
16.c0C
10,000
1g.00G
sC.u00
<. 00
25.000
30.00¢
3C. 000
3,000
40,240
40,000
4Ca0d0
c.o
Ue )
Vi
13.n0¢
10.000
19.000
PRV
2C.uon
23,000
30..000
30,020
3C.n00
4041000
40,000
4J. 000
Jo0
3.0
g.0
1C.000
Lauou
10.00¢C
20,000
23,100
20.000
334000
30.00¢C
30,000
40,000
40.u00
40.000
Q.0
0.¢
3.0
17.000
1C. 000
10,000
C.,u00
2C. 000
26.000
1. 000
20,600
30,000
40. 000
40,0600
49.0CC
.0
Jde0
3.0
1,000
16,0y
13,000
¢3.1500
28.090
JUL 000
30,000

SEw-upP)

CORRECTVED
INCLINATION

ANGLE

0.497
0.822

L.023
10,491
10.762
10.91e6
20,508
20. 751
27,849
3).501
30.1737
32,155
37,825
40.4T71
40.73)
40.753
40,467
40.730
40,741
0.408
0.632
0.756
10.384
10.566
10. 666
20.413
20.5177
20.6417
30.394
30.565
30,581
40.340
40.534
40.503
0.319
0.472
0. 360
10.289
10.405
10.464
20.312
20,417
20.433
30. 411
30.392
30,307
43,286
40.356
4n.307
0.1%4%
0.281
D316
10.158
1a.221
10.232
20,193
20.214
20.201
39.192
30.190
30.123
40.168&
40.172
40,109
0.010
J.0348
2,054
19,015
10.201

9.970
2U. 050
20.024
19.970
30.032
24,983
29.317%
4n.037
39.922
37.719)
—2.133
=0.1 77
- J. 196

7.849

J. 787

ALY
14.907
1J.423
19,744
23.895

84

NORMAYL
FORCE

37.15¢C
70.250
104.500
37.150
T0.250
104.500
37.150
10.250
104.50G
37.150
70.250
10.250
104.504
37.15¢C
T0.25¢
104.500
37.150
70.250
104.500
37.150
70.250
104.500
37.150
70.250
104 .500
37.159
10.256G
104.500
37.150
70.250
104.500
37.150
70.25G0
104.500
37.150
70.250
104.530
37.150
10.250
104.500
37.150
79.250
104,500
37.150
70.250
104.500
371.150
70.250
104.500
37.150
70.250
104.500
371.15G
10.250C
104,500
37.150
73.25u
134.500
37.150
70.250
104.500
37.150Q
70.250
104.500
37.150
70.250
104.50C
3r.150
70.250
104.50¢C
37.15¢C
10.250
104,500
ir.1se
70.250
1044500
317.150
10.250
104.500
17.150
70,256
104.50v
37.150
70.250
104.500
37.150
70.25C
104.500
37.15C

MEASURED

L ATERAL
FORCE

-20.750
-34.000
-41.750
-20.500
-31.500
~371.250
~21.250
-31.500

-16.CCO
~23.250
-26.750
=17.2%0
-23.150
-26.000
-16.500
-23.250
-23.250
—14.2%0
-22.000
-20.000
-13.250
-19.725%0
-22.250
-12.0G0
-16.500
—1B.250
-13.000
-17.000
-17.000
-13.C00
-16.C000
-14.250
~12.000
-14.500
-11.750
-8.000
-11.25%C
-12.C00
~6.,500
-8.750
-8.500
-8.000
-8.500
-71.250
-8.000
~T1.500
—4.000
=7.000
—6.750
~3.250
—-N.2%0
-1.000
-1.060
=0.500
0.500
2.500
-2.000
-0.500
2.250
-1.25%0
1.000
6.500
-1.500
3.750
10.C0n
5.750
8.C00
9.500
6.500
9.500
12.000
4,000
1.750
12.000
4.520

CORRECTYED
LATERAL
FORCE

-21.071
~34.842
—43.357
-20.790
—3£.293
~34,793
-21.5117
-32.265
—3%.993
—21.236
-31.228
-31.984
—34.957
- 19.948
-30.947
-31.905
~18.940
-30.947
—31.401
~-17.292
-26.180
-32.021
-16.256
-2%,981
-2b.213
-17.486
—24.455
—-27.429
~16.702
-23.923
—24.629
=14.406
-22.634
—21.325
-13.514
-19.979
-23.1708
-12.225
~17.1179
=1C. 648
~13.204
-17.654
-18.360
-13.175
-16.617
-1%.560
-12.139
-15.077
-13.012
~£.224
-1l.918
-13.380
-6.683
~9.370
~9¥.824
~R.166
-9.089
-8.53¢
-8.137
~8.052
-5.232
-7.100
~-71.268
—4. 447
-~0.415
-1.590
-2.296
~-0.638
-0.049
1.260
-z.120
-1.028
1.037
-1.335
0.512
S.348
-1.558
3.312
8.904
5.63]1
T.479
4,284
b.416
9.019
16.832
1.926
1.285%
10. 861
4.458
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CLEMENT #50 RNAD TIRE (27 IN. SEw-UP)

MEASUKED COKKFCTED MEASURED CORRECTED NORMAL MEASURED CORREC TED
Stoe sLIP INCLINATION INCLINATION foRrcE LATERAL LATERAL
ANGL E ANGLE ANGLE ANGLE FORCE +IRCE
2. uc 0.658 1C.000 29.786 T0.250 9.500 9,017
2.000 Us 45 3¢.000 29. 648 104.500 16.600 14,921
2Ll c.8Tt «C.u00 35,488 37.150 4.750 4.739
S.t0C 0.616 40,100 39,738 70.2%0 11.500 11,121
PR Ue 3534 40.000 39.582 104.500 18.750 17.721
10000 1.534 0.0 -0.311 37.15%0 13.25%0 13.188
et J0 1. 319 0.0 =0+ 438 70.250 19.000 18,5863
[T 1.217 G.t -0. 49y 104.500 22.2%0 21,132
Se MG L5433 10,000 9.69 37.150 13.000 12,985
L0000 1.273 10.000 9.537 70.250 20.000 19.599
Tedlu 1.12% 10.000 G 4T 104.500 24.500 23.428
Jeun0 .51l 2¢.000 19.675 37.1%0C 13.750 13.750
ooy 1.277 20.000 19.5371 70,250 20.000 19,628
3ecC 0 1.0¢4 20.002 19.411 104.50¢C 26.C00 24.968
oo 1.440 30,000 29.693 37.150 13.000 13.023
LIPRRNTY) l.246 3J. 000 29.518 T0.250 204150 20.413
30000 le2i> 310.000 29,500 710.253 21.500 21.169
o 1.C43 30.100 29,398 106.508 26.500 25.501
a0 102 4J.000 39,740 37.150 11.000 11.037

: 1.295 4GC.000 39,567 70.250 19.500 19.182
Lo 4C.000 33.326 104.500 29.%00 2R,5%3

Ce324 c.o ~0.430 37.15%9 18.500 18.478

PVPR 0.0 -0.610 70.250 26.2%50 25.868

1.35% 0.0 =0.713 104 .500 31.250 3c.200

2.383 Ceu -0.490 37.150 11.000 16.967

Z.0%E Jo -0.593 70.250 25.500 2%.112

L.an5 Q.0 -0.695 104.500 30.500 29,445

Je 342 1C.co0 9.575 37.15C 18.C00 18,0013

1,936 10. 600 9.335 10,250 28.500 28,164

1,103 10.00¢C 9.197 104,500 35.000 34,008

2.320 20.000 19.563 37.150 13.500 14,536

191> 20.200 19.353 70.250 27.500 2i.186

1.722 20,000 19.209 104,500 34.500 33,533

PAYEY] $¢. 000 29,514 37.150 20.500 20.580

1.35%¢4 30.000 23.286 10.250 30. %00 30.237

157D 304000 29.119 104.506 38.250 37.340

2.31¢ 40.000 319,561 37.15u 18.500 13,594

1.8172 4C.000 39.298 70.25G 30.000 29.763

1. 49y 4C. 000 39.076 104.500 40,000 39.133

6000 4.102 c.0 - -0.567 37.15¢C 24,000 24.020
©.000 3,495 €.0 -2.926 710,250 39.500 39.219
e JUC 3.142 c.0 -l.111 104.509 48,000 47.073
0,000 4.181 10.300 9.480 37.150 22.000 22.034
[N VTe] 3,494 10.000 9.07¢ 10.250 39.500 316,248
[N ] 3,080 2.000 A.829 104.500 50.500 49,626
6.090 4.CHY 20.600 19,4132 374150 24.000 24.078
Hel)0 3.392 2C.000 19.014 T0.250 42,400 41,796
6.000 2.95%4 2G.000 18,157 104.500 53.500 $2.618
PRy 3.937 313.000 29,336 37.150 28.000 28,138
L. 600 3.210 30,000 24.906 70.25C 46.500 46,359
6.300 2.7% 30,000 28.625 104.500 59.000 53,249
PRI 4,177 40,000 33.478 37.150 22.000 22.121
a0 3.49) 4. 030 39,048 10.253 40.500 40,343
60 2.6%4 40.000 38,577 104,500 61,000 60,293
.00 Lal ) J. G -J.6206 37.150 26.500 26.539
9.000 5.1%4 <.0 “1.104 73.250 47.000 46,776
4.0 0 4,93 c.0 -1.420 104.500 61.000 60,177
H.0u0 6.020 1C. 000 9.385 37.150 26.000 26,064
S.000 $.192 1C.000 8.8495 70.250 47.Cc00 46.805
H.020 4.537 1C. 000 84503 104,500 64,000 63,229
d.200 6.079 20.000 19.420 37.150 24.500 24,582
6.00¢ 5.051 20.03¢C 18.811 70.259 50.500 50.361
4.000 4,335 ¢0.000 18.338 104,500 69.600 68.296
1,000 5.937 30.000 29.336 37.150 28.000 2¢.138
8,000 4.b28 3C.000 23.630 70.250 $6.000 5€.932
3.000 4.133 3C.00C 28.269 104.500 74.000 71,363
1.300 6,017 40.000 39,343 37.150 26.000 26.151
3.000C 5,591 40.000 39.131 70.250 37.000 36.816
] 4.514 40.000 38.530 104.5C0 63,000 62.308
1.8€0 d.0 -0.710 37.150 30.000 30.066

7.033 3.0 -1.199 70.250 51.000 50.801

6.2917 C.0 ~1.634 104.500 70.000 69.246

8.162 ¢.0 -0.531 37.150 22.500 22.509

100 1.0%3 0.0 ~1.187 7h.250 50.500 50.303
LU.G00 . 1306 2.0 -1.729 104.500 74.000 713.276
Leano H.182 0.0 -0.519 37.15¢ 22.000 2,.005
[ERInn! 7.01/3 0.0 -1.175 70.259 $0.000 49.799
10,600 0.0% c.u -1.753 104.50¢C 75.000 T4.284
| T 1.941 0.0 -0.662 17.150 28.000 25,051
12200 1.073% n.C “1.t75 70.250 50.000 49,799
Leaeun 5.915 g.0 ~1.824 104.500 73.000 17,307
174000 6.110 C.0 -1.741 104.500 T4.500 73,780
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SCHWINN 27X1~1/4 PUFF ROAD RACER RADIAL

SLIP ANGLE B81AS = 1.110 !

MEASURED CORRECTED MEASURED CORRECTED NORMAL MEASURED CORRECTED
SLIP suip INCL INATION INCL INAT ION FORCE LATERAL LATERAL
ANGLE ANGLE ANGLE ANGLE FORCE FORCE

-3.000 -3.450 0.0 0.390 37,150 ~16.250 -16.537
~3.000 -3,273 0.0 0.495 70.250 ~20.2%0 -20.987
~3.1000 -3.194 0.0 0.542 104.500 -21.500 -22.952
-3.000 -3.471 10.000 10,378 37.150 -15.750 -16.004
-3.000 -3.37¢ 10.000 10.435 70.250 -17.750 -18,439
-3.000 ~3.376 10.000 10,434 104,500 -17.000 -18.389
~13.000 ~3.493 20,000 20.365 37.150 -15.250 ~15.471
-3.000 3,446 20.000 20,393 70.250 -16.000 -16.646
-3.000 ~4.584 20,000 - 19.720 104.500 13.000 11.869
-3.000 -3.393 30.000 30.424 37.150 -17.750 -17.961
~3.000 -3.383 30.000 30. 430 37.150 -18.000 -18.213
-3,009 ~3.457 30.000 30.386 70.250 ~15.750 ~16.365
~3.000 -3.670 30.000 30.260 104.500 -9.750 -11.026
-3.000 -3.384 40.000 40,429 37.150 -18.000 -18.184
-3.000 -3.529 40.000 40,344 10,250 -14.000 -14.573
~3.000 -3.802 40.000 40,182 104.500 -6.500 -T.722
~2.000 -2.591 0.0 0.307 37.150 -12.750 -13.010
-2.000 -2.484 0.0 0.370 70.250 ~15.000 15,697
-2.000 -2.395 0.0 0. 423 104.500 -16.500 -17.914
-2.000 ~2.622 10.000 10.289 37.150 ~12.000 -12.22%
-2.000 -2.605 10.000 10.298 70,250 ~12.000 ~12. 645
-2.000 -2.628 10.000 10.285 104.500 ~10.750 -12,091
-2.000 -2.674 20.000 20.258 37,150 ~10.750 -10.937
-2.000 -2.727 20.000 20,226 70.250 -9.000 -9.593
~2.001 -2.850 20.000 20.154 104.500 -5.250 -6.520
-2.000 -2.614 30.000 30.293 37.150 -12.250 -12.419
-2.000 ~2.779 30.000 30.196 70.250 ~7.750 -8.304
-2.009 -2.98? 10.000 30.076 104.500 -2.000 -3.217
-2.000 -2.585 40,000 40.310 37.150 -13.000 -13.146
-2.009 ~2.850 40.000 40,154 70.250 -6.000 -6.512
-2.000 3. 146 40.000 39.980 104.500 2.000 0. 843
-1.009 -1.742 0.0 0.218 37.150 -9.000 -9,231
-1.00n -1.675 0.0 0.257 70.250 -10.250 -10.910
-1.000 -1.626 0.0 0.286 104.500 -10.750 -12.120
-1.000 -1.793 10.000 10.187 37,150 -7.750 ~T7.943
-1.00n -1.827 10.000 10.168 70,250 -6.500 -7.103
-1.000 -1.A89 10.000 10,131 104,500 ~4.250 ~5.542
-1.000 -1.824 20.000 20.169 37.150 -7.000 -7.158
-1.000 -1.918 20.000 20.113 70.250 -4.250 ~4.807
-1.000 -2.081 20.000 20.017 104.500 0.500 -0.726
-1.000 -1.805 30.000 30. 180 37.150 -7.500 -7.633
-1.000 -2.030 30.000 30.047 70.250 -1.500 -2.007
-1.000 ~2.263 30.000 29.909 104.500 5.000 3.837
-1.000 -1.807 40,000 40,179 37.150 -7.500 -T7.604
-1.000 -2.132 40,000 39,987 70.250 1.000 0.541
-1.000 ~2.465 40,000 39,790 104.500 10.000 8.904
0k 0 -0.872 0.0 0.141 37.150 -5.750 -5.957
c.0 -0.856 0.0 0.150 70.250 -5.750 -6.376
0.0 -0.827 0.0 0.167 104,500 -5.750 -7.082
0.0 -0.964 10,000 10.086 37,150 -3.500 -3.661
0.0 -1.038 10.000 10.043 70.250 -1.250 -1.813
0.0 -1.110 10.000 10.000 104.500 1.250 0.000
v.0 -0.985 20.000 20.074 37.150 -3.000 ~3.128
0.0 -1.159 20.000 19.971 70. 250 1.750 1.239
0.0 -1.362 20.000 19.851 104.500 7.500 6.327
0.0 -1.006 30,000 30.061 37.1%0 ~2.500 -2.59%
0.0 -1.271 30.000 29.905 70,250 4,500 4.039
0.0 -1.545 30.000 29.743 104,500 12.000 10.890
0.0 -0.998 40.000 40.066 37.150 ~2.750 ~2.818
0.0 -1.373 40.000 39,845 70.250 7.000 6.587
0.0 -1.807 40,000 39,588 104.500 18.500 17.469
1.000 -0.053 0.0 0.034 37.150 -1.250 -1.422
1.000 -0.057 0.0 0.032 70.250 -0.750 -1.338
1.000 -0.069 0.0 0.024 104.500 0.250 -1.036
1.000 -0.14% 10.000 9.979 37.150 1.000 0.874
1.000 -0.259 10.000 9.912 70.250 4.250 3.729
1.000 -0.361 10.000 9.851 104.500 7.500 6.298
1.009 -0.206 20.000 19.943 37.150 2.500 2.414
1.000 -0.411 20.000 19.822 70.250 8.000 7.537
1.000 -0.624 20,000 19,696 104.500 14.000 12,877
1.000 -0.229 30.000 29.930 37.150 3,000 2.947
1.000 -0.573 30,000 29.726 70.250 12.000 11.596
1.000 -0.866 30.000 29.553 104,500 20,000 18.951
1.000 -0.269 40,000 39.906 37.150 4.000 3.984
1.000 -0.735 40.000 39,631 70.250 16.000 15.656
1.000 -1.139 40.000 39.392 104. 500 26.750 25.782
2.000 0. 746 0.0 -0.085 37.150 3.750 3.616
2.000 0.712 0.0 -0.105 70.250 5.000 4.456
2.000 0.700 0.0 -0.112 104.500 6.000 4. 758
2.000 0.654 10.000 9,860 37.150 6.000 5.912
2.000 0.510 10.000 9.175 70.250 10.000 9.523
2.000 0.408 10.000 9.715 104.500 13,250 12.092
2.000 0.653 20.000 19.860 37.150 6.000 5.941
2.000 0.388 20.000 19,703 70.2%0 13.000 12,575
2.000 0.175 20.000 19,577 104.500 19.000 17.915
2.000 0.571 30.000 29.812 37,150 8.000 7.985
2.000 0.186 30.000 29.584 70.250 18.000 17.642
2.000 -0.138 30.000 29.392 104.500 26.750 25,753
2.000 0.530 40,000 39,787 37.150 9.000 9.022
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MEASURED
stie
ANGLE

2.000
2.000
3.000
3,000
3.000
3.000
3,000
3.000
3. 000
3.000
3.000
3.0n0
3.000
3.000
3.000
3.000
3.000
«.000
440009
4.N0C0
4,700
4.000
4,000
4.N00
4.000
@. 00
&.N00
4,000
4. 000
4,000
. 000
4.000
A~.000
6.000
6.000
6.000
6.000
6.000
6.000
6,007
6.000
6.000
6.000
6,001
6.009
5,000
6,307
6,009
6.7200
8,000
8.0200
8.000
8.000
8.000
8,000
8.000
8.000
3.000
8.000
8,000
83.000
8,000
8.000
8.0N0N
8.000
8.000
3.000
8,000
10.000
10.000
10.000
10,000
10.009
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.000
10.00)
10.000
10.00n0

SCHWINN 27x1-1/4 PUFF ROAD RACER RADIAL

CORRECTEN
SLIP
ANGLE

0.024
-0.41n
1.57%
1. 491
1.459
1.443
1.249
1.126
1.412
1.107
0.864
1.290
0.895
0.531
1. 249
0.702
0.248
2,414
2.280
2.238
2.292
2.068
1.895
2.271
1.916
1.622
2.149
1.663
1. 269
1.987
1.461
0.947
4173
3.948
3.856
4,051
3. 716
3.513
4.050
4.010
3.584
3.7230
3.928
4.069
3.322
2.807
3.686
2.999
2,444
6.012
5.627
5.494
5.971
6,071
5.565
5.613
6.050
5.949
5.303
4. 889
5.928
6.009
5. 040
5.221
4.445
5.686
4.738
4,082
7.972
7.385
7.152
8,051
7.143
6. 769
7.969
7.021
6.547
8.029
8.109
6.819
6.164
6.204
7.766
6. 818
6.082
6.002

MEASURED
INCL INAT TON
ANGLE

40.000
40.000
0.0
0.0
0.0
10.000
10,000
10.000
20,000
20.000
20.000-
30.000
30.000
30.000
40.000
40.000
40.000
0.0
0.0
0.0
10.000
10.000
10.000
20,000
20.000
20.000
30. 000
30.000
30.000
40.000
40.000
40.000
0.0
0.0
0.0
10.000
10.000
10.000
20.000
20.000
20.000
20.000
30.000
30.000
30.000
30.000
40.000
40.000
40.000
0.0
0.0
0.0
10.000
10.000
10.000
10.000
20.000
20,000
20.000
20.000
30.000
30.000
30.000
30.000
30.000
40,000
40.000
40.000
0.0
0.0
0.0
10.000
10.000
10.000
20.000
20.000
20,000
30.000
30.000
30.000
30.000
30.000
40.000
40.000
40.000
40.000

CORRECTED
INCL INATION

87

ANGLE

39.488
39,231
-0.186
-0.236
=0.255
9.736
9.621
9.548
19.717
19.537
19.393
29.645
29.411
29.196
39.621
39.298
39.029
-0.282
-0.361
-0.386
9. 646
9.514
9.411
19.634
19.424
19.250
29.562
29.275
29.041
39,466
39.155
38.851
-0.424
-0.557
-0.612
9.504
9.306
9.186
19.503
19.479
19.228
19,018
29.431
29.514
29.072
2B.768
39,288
38.881
38.553
-0.519
=0.747
-0.826
9.456
9.516
9.216
9.245
19.503
19,644
19.061
18.818
29.431
29.479
28.906
29.013
28.554
39,288
38.727
38.339
-N.543
-0.890
-1.028
9.504
8.967
8.746
19.456
18,895
1B.614
29.491
29,538
28,775
28.388
28,411
39.335
38.774
38.339
38.292

NORMAL
FORCF

70.250
104.500
37.150
70,250
104.500
37.150
70.250
104,500
37,150
70,250
104. 500
37.150
70,250
104. 500
37.150
70,250
104,500
37.150
70.250
164.500
37.150
70.250
104,500
37.150
70.250
104,500
37.150
70.250
104,500
17,150
70.250
104.500
37.150
70.250
104,500
37.150
70.250
104500
37.150
37.150
70,250
104.500
37.150
37.150
70,250
104,500
17,150
70.250
104.500
37.150
70,250
104,500
37.150
37.150
70,250
104.500
37.150
37.150
70.250
104,500
37.150
37,150
70.250
70.250
104,500
37.150
70.250
104,500
37.150
70,250
104.500
37.150
70.250
104,500
37.150
70,250
104.500
37.150
37.150
70.250
104.500
1044500
37.150
70.250
104,500
104.500

REASURED
LATERAL
FORCE

22.000
33.500
8.000
10.500
12.000
11.250
16.300
20,250
12.000
20,000
26.750
15.000
25.250
35,000
16.000
30.000
42.000
12.000
15.750
17.500
15.000
21.000
26.000
15.500
24,750
32.750
18.500
3i.000
41.500
22.500
36.000
49.500
18.000
24,000
27.000
21.000
29.750
35,500
21.000
22.000
33,000
42,500
24.000
20,500
39.500
53.000
30.000
47.500
62,000
22.000
32.000
316.000
23.000
20.500
33.500
33.000
21.000
23.500
40,000
51.000
24.000
22.000
46.500
42.000
62.000
30.000
54.000
71.000
23.000
38.000
44,500
21.000
44,000
54.000
23.000
47.000
59.500
21.500
19.500
52.000
69.000
68.000
28,000
52.000
71.000
73.000

CORRECTED
LATERAL
FORCE

21. 701
32.58%

7.898

9.998
10.803
11.202
16.073
19.145
11.9a7
19.628
25.724
15,038
26.947
34,066
16.075
29.762
4l.148
11.929
15.288
16,345
14.9181
20.607
24,939
15.513
24,415
31.770
18.56%
30.741
40.615
22.625
35.808
48.705
17.975
23.601
25.918
21.026
29.424
34.512
21.055
22,063
32.728
41.594
24.107
20.580
39.306
52.203
30.182
47.396
61,301
22.00%
31.662
34.986
23,062
20.523
33,202
31.993
21.055
23.574
39,781
50.159
24.107
22.092
46.359
41.82%
61.272
30.182
53.946
70.369
23.013
37.708
43.551
21.026
©3.782
53.153
23.071
46,834
58.724
21.588
19.573
51.901
68.325
67.317
28.167
51.930
70.369
12.385
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SCHWEINN 27X1-1/4 LETOUR

SLIP ANGLE BIAS = 1.540
MEASURED CORRECTED MEASURED CORRECTED NORMAL MEASURED CORRECTED
sLre sLIe INCLINATION INCL INAT [ON FORCE LATERAL LATERAL
ANGLE ANGLE ANGLE ANGLE FORCE FORCE
~3.000 ~3.287 0.0 0,741 37.150 -31.000 -31.399
~3.000 ~-2.828 0.0 1.012 70.250 —42.000 -42.,903
-3.000 ~2.458 0.0 1,231 104.500 ~50,500 -52.113
-3.000 -3.530 10.000 10,598 37.150 -25.000 ~25.325
~3.000 -3.409 10.000 10.6¢9 37.150 ~28.000 -28.347
-3.000 -2.970 10.000 10,929 70.250 -38,500 ~39.347
-3.000 -2.721 10.000 11.076 104.500 ~44,000 —45.59%
-3.,000 -3.692 20.000 20,502 37.150 -21.000 =21.265
-3.000 -3.571 20.000 20.573 37.150 —24.000 ~24,288
-3.000 -3.152 20.000 c 20,821 70.250 ~34.000 -34,78¢4
-3.000 -2.843 20.000 21.004 104. 500 -41.000 ~42.543
-3.000 =3.954 30.000 30.347 37.150 -14.500 ~14.687
=3.000 ~3.864 30.000 30,400 37.150 -16,750 ~16.954
-3.000 -3.6063 30.000 30.519 37.150 =-21.750 -21.992
-3.000 -3.673 30.000 30.513 37.150 -21.500 =21.740
-3.000 -3.502 30.000 30.614 37.150 =25.750 =26.022
-3.000 -3.7176 30.000 30.4%2 70.250 -18.500 -19.136
-3.000 -3.676 30.000 30.511 70.250 ~21.000 —21.655
-3.000 -3.103 30.000 30.8%0 70.250 =35.250 ~36.014
-3.000 -3.658 30.000 30.522 104,500 -20.750 -22.116
=3.000 -3.628 30.000 30.540 104.500 -21.500 —?22.865
-3.000 -2.814 30.000 31.021 104.500 -41.750 -43.270
-3.000 -4.036 40.000 40,298 37.150 -12.500 ~12.642
~3.000 -3.895 40.000 40,382 37.150 -16.000 -l16.169
-3.000 -3.918 40.000 40.368 10.250 ~15,000 -15.581
-3.000 -3.868 40.000 40,397 70,250 -16.250 -16.840
-3.000 -4.011 40.000 40.313 104,500 ~12.000 -13.264
-2.000 ~2.569 0.0 0.575 37.150 =24.000 ~24. 346
-2.000 ~2.619 0.0 0.545 37.150 ~22.750 -23.,086
-2.000 -2.170 0.0 0.810 70,250 -33.500 -34.338
-2.000 -1l.941 0.0 0.946 104.500 ~38.500 -40,082
-2.000 ~2.731 10.000 10.479 37.150 -20.000 -20.286
-2.000 -2.530 10.000 10.598 37.150 ~25.000 -25.325
-2.000 ~2.312 10.000 10,726 70.250 ~30.000 -30.182
-2.000 -2.022 10.000 10.898 104.500 -36.500 -38.038
-2.000 -2.812 20,000 20.431 37.150 ~-18.000 -18.242
-2.000 -2.722 20.000 20. 484 37.150 -20.250 ~20.509
-2.000 -2.383 20.000 20.684 70.250C -28.250 ~28.990
=-2.000 —2.164 20.000 20.814 104.500 ~33.000 -34.482
~-2.000 -3.175 30.000 30.216 37.150 =9.020 =9.14%
-2.000 20843 30.000 30.412 37.150 -17.250 -17.458
-2.000 2,713 30.000 30.489 37.150 -20.500 -20.732
-2.000 -3.185 30.000 30,210 37.150 -8.750 -8.893
=2.,000 3.138 30.000 30.238 70.250 -9.501 -10.068
-2.000 445 30.000 30.648 10.250 =26.750 =27.549
-?.000 -3.158 30.000 30.226 70.250 -%.000 -9.564
-2.000 -3.170 30.000 30.219 104,500 -8,000 -9.262
=2.900 ~3,231 3C.000 30,183 104.500 ~6.500 -T.751
-2.000 -3.281 30.000 30,153 104.500 -5.250 ~6.491
-2.000 -3.211 30.000 30.19% 104.500 -7.000 -8.255
-2.000 -3.237 40.000 40,179 37.150 -7.500 -1.604
-2.000 -3.206 40.000 40,197 37.150 -8.250 ~8.36C
-2.000 -3.351 40.000 40.112 70.250 ~4.250 ~4, 149
-2.000 - 3.443 40.000 40.057 104.500 -1.250 ~2.432
-1.000 -1.790 0.0 C.4464 37.150 ~18.500 -18.804
-1.000 -1.291 0.0 0.739 70.250 =30.500 -3L.315
-1.000 -1.152 0.0 0.821 104.500 ~33.250 -34.792
-1.000 —-1.871 10.000 10.396 37.150 -16.500 -16.760
-1.000 -1.613 10.000 10,548 70.250 -22.500 -23.225%
-1.000 -1.50% 10.000 10.612 104.500 -24.500 ~25.946
-1.000 —-1.933 20.000 204359 37.150 -15.000 -15.219
-1.000 -1.675 20.000 20.512 70,250 -21.000 -21.684
-1.000 —1.59¢6 20.000 20.558 104.500 =22.250 ~23.650
-1.000 —2.346 30.000 3C.115 37.150 ~4.750 -4.862
-1.000 -2.400 30,000 30.083 70.250 -3.000 -3.518
-1.000 —2.492 30.000 30.028 104500 G.0 -1.201
~1.000 ~2.4638 40,000 40.043 37.150 ~1.750 -1.810
-1.000 —2.441 40,000 40,059 70.250 -2.000 -2.482
-1.000 =2.614% 40,000 39,956 104,500 3.000 1.851
0.0 -1.031 0.0 0.301 37.1%0 -12.500 -12.758
0.0 -0.874 0.0 G.394 70.250 —-16.000 ~16.704
0.0 -0.805 0.0 0.435 104,500 -17.000 -18.418
0.0 -1.062 10.000 10,283 37.150 -11.750 -11.973
0.0 ~0.935 10.000 10.358 10.250 -14.500 -15.164
0.0 -0.947 10.000 10.351 104.500 ~13,500 -14.862
0.0 -0.867 10.000 10.398 104.500 -15.500 -16.877
0.0 -1.084 20.000 20,270 37.150 -11.250 “ll.441
0.0 -0.936 20,000 20.357 70.250 =14.500 -15.135
0.0 -0.898 20.000 20.380 104.500 -14.750 -16.093
0.0 -1.637 30.000 29,942 37.150 2.500 2,443
0.0 -1.802 30,000 29.845 70,250 7.000 6.558
0.0 -1.832 30.000 29.827 70.250 7.750 T.314
0.0 —1.964 30.000 29,749 104,500 11.750 10.638
0.0 ~1. 206 40.000 «0.197 37,050 -8.250 -8.360
0.0 -1.280 40.000 40,154 70.250 -6.000 -6.512
0.0 -1.393 40.000 40.087 104.500 -2.500 =3.69]
1.000 -0.353 0.0 O.111 37.150 ~4.500 ~4.697
1.000 -0.316 0.0 04133 70,250 -%.000 -%.620
1.000 -0.288 0.0 0.149 1044500 -5.000 -6.326
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SCHWINN 27Xi-1/4 LETOUR

MEASURED CORRECTED MEASURED CORRECTED NORMAL MEASURED CORRECTED
NS SLIP ENCLINATION INCLINAT [ON FORCE LATERAL LATERAL
ANGLE ANGL E ANGLE ANGLE - FORCE FORCE
1.002 ~0.394 10.000 10.086 37.150 ~3.500 -3.661
1.000 -0.357 10.000 10.108 70.250 -4.000 —4.584
1.000 -0, 409 10.000 10.077 104,500 -2.000 -3.274
1.000 -0.32%5 20.000 20.127 37.150 -5.2%0 =5.39%
1.000 -0.318 20.000 20.131 70.250 -5.000 -5.562
1.000 -0.360 20.000 20.106 104.500 -3.250 - 4.505
1.000 -0.979 30.000 29. 740 37.150 11.000 11.008
1.000 ~1l.244 30.000 29.584 70.250 18.000 17.642
1.000 ~1.437 30.000 29.470 104,500 23.500 22.418
L.000 -0.488 40.000 40.031 37.150 -1.250 ~1.307
1.000 ~0e 642 40.00C 39.940 70.250 3,000 2.557
1.002 -0.805 40.00U 39,843 104.500 7.7150 6.637
1.000 —0.845 40.000 39.820 104,500 8.750 T.644
2.000 0.336 0.0 -0.073 37,150 3.250 3.112
2.0090 0.312 0.0 -0.087 10.250 4.250 3.700
2.000 0.310 0.0 -0.088 104.500 5.000 3.750
2.000 0.264 10.000 9.884 37.150 5.000 4.904
2.000 0.191 10.000 9.841 70.250 7.250 6.752
2,000 0.138 10.000 9.810 104.500 9.250 8,061
2.000 0.384 20.000 19.955% 37.150 2.000 1.910
2.000 0.320 20.000 19.917 70.250 4.000 3.506
2,000 0.228 20.000 19.863 104.500 7.000 5.823
2.000 ~0.261 30.000 29.574 37.150 18.000 18.061
2.000 ~0.586 30.000 29.382 10,250 26.500 26.207
2.000 -0.819 30.000 29.244 104,500 33.000 32.050
2.000 0.251 40.000 39.876 37.1%0 5.250 50243
2.000 0.016 40.000 39.738 70.250 11.500 11.121
2.000 -0.187 40.000 39.617 104.500 17.250 16.209
3.000 0.944 0.0 ~0.305 37.150 13.000 12.936
3.000 0.800 0.0 -0.391 70.250 17.000 16,548
3.000 0.758 0.0 -0.415 104.500 18.750 17.605
3.000 0.872 10.000 9.652 37.150 14.750 l4.729
3.000 0.738 10.000 9.573 10.250 18.500 18,088
3.0C0 0.626 10.000 9.507 104.500 22.000 20.909
3.000 0.992 20.000 19.723 37.1%0 11.750 11.735
3.000 0.848 20.000 19.638 70.250 15.750 15.346
3.000 0.695 20.000 19.547 104.500 20.250 19,174
3.000 0.518 30.00C 29.443 37.150 23.500 23.603
3.000 0.438 30.000 29.395 37.150 25.500 25.619
3.000 -0.008 3C.000 29.132 10.250 37.000 36.787
3.000 —0.241 30.000 28.994 104.500 43,500 42.631
3.000 0.929 4#0.000 39.686 37.150 13.250 13.30¢
3.000 0.544 %0.000 39.458 70.250 23.250 ?22.961
3.000 0.341 40.000 39.338 104,500 29.000 28.049
4,000 1.683 0.0 -0.460 37.150 19.500 19. 446
4.000 l.418 0.0 -C.616 70.250 26.500 26,120
4,000 1.305 0.0 ~0.683 104.500 30.000 28.941
4,000 1.571 10,000 9474 37.150 22.250 22.286
4,000 1.316 10.0C0 9.1323 70.250 29.000 23.668
4.000 1.194 10.000 9.251 104,500 32.750 3l.741
4.000 L. 751 20,000 19.580 37.150 17.750 17.781
4.000 1.720 20.000 19.563 37.150 18.5C0 18,536
4,000 1.690 20.000 19.545 37.150 19.250 19.292
4.000 1.426 20.000 19.388 70.250 26.250 25.926
4.000 1.243 20.000 19.280 104,500 31.500 30.510
4.000 1.317 30.000 29.324 37.150 28.500 28,641
4.000 0.630 30.000 28.918 70.250 46.000 45.856
4.000 0.317 30.000 28,732 104.500 54.500 53.714
4.000 1.608 40.000 39.496 37.150 21.250 21.365
4.000 1. 192 40.000 39.250 70.250 32.000 31.778
4.000 0.929 40.000 39.094 104.500 39,250 38,377
4,000 0.889 40.000 39.071 104.500 40.250 39.385
6.000 3.260 0.0 -0.710 37.150 30,000 30,066
6.000 2,775 0.0 -0.997 70.250 42,500 42,242
6.000 2.501 c.o -1.159 104,500 50.000 49,093
6.000 3.259 10.000 9.290 37.150 30.000 30.095
64000 3. 500 10.000 9.432 37.150 24,000 24,049
6.000 2.693 10.000 8.995 70.250 44.500 44.286
6. 000 3,445 10.000 9.400 104.500 26,500 25,443
6.000 3.218 20.000 19.265 37.150 31.000 3l.132
6.000 2.652 20.000 18.930 70.250 45,500 45.323
6.000 2.358 20.000 18.757 104.500 53.500 52.678
6.000 3.478 30.000 29,419 37.150 24.500 24.611
6.000 2.389 30.000 28.775 70.250 52. 000 51.901
64000 1. 694 30.000 28.364 104.500 70.000 69,333
6.000 3.195 40.000 39,252 37.150 31.500 31.693
6.000 2.488 40.000 38.834 70. 250 49,500 49.411
6,000 2,054 40.000 38.577 104.500 61.000 60.293
8.000 5.019 0.0 -0.852 37.150 36.000 36,112
8.000 4.352 0.0 —l.247 70.25%0 53.000 52.822
8.000 3,878 0.0 -1.527 104.500 65,500 664.T12
8.000 5.259 10.000 9.290 37.150 30.000 30,095
8,000 4,412 10.000 8.788 70.250 51.500 51340
8.000 3.957 10.0cCQ0 8.520 104.500 63.500 62,725
8.000 5.238 20.000 19.277 37.15%0 30.500 30.628
8.000 4. 310 20.000 18.728 70.250 54.000 53.888
8.000 3.675 20.000 18,353 104,500 70.500 69,808
8.000 5.458 30.000 29.407 37.150 25,000 25.11%
8.000 4. 148 30,000 28.632 70.250 58.000 57.947
8,000 3.493 30.000 28,245 104,500 75.000 T4.371
8.000 5.256 40.000 39.288 37.150 30.000 30.182
8,000 4.408 40.00C 38,786 70.250 51.500 51.427
8.000 4.046 40,000 38.572 70.250 60.500 60.495
8.0G0 3.512 40.000 38.256 104.500 74.500 73.896
10.000 7.100 0.0 -0.805 37.150 34.000 34.097

10.000 6.292 0.0 -1.282 10.250 54.500 54.334
10.000 5.637 0.0 -1.670 104.500 T1.500 70.757
10.000 T.420 10.000 9. 385 37.150 26,000 26,064
1L0. 000 T7.259 10.000 9.290 31.150 30.000 30.095
10.000 6. 391 10.000 8.776 70.250 52.000 51.843
10.000 6.070 10.000 8,586 70.250 60.000 99.905
10.000 5.776 10.000 8.413 104.500 68.000 67.260
10.000 7.298 20.000 19.313 37.150 29.000 239.116
10.000 6.250 20.000 18,693 10.250 55.500 55.399
10.000 6.109 20.000 18.609 70,250 59.000 58,926
10.000 5.433 20.000 18.210 104.500 76.500 75.853
1C.0C0 T.316 40.000 39,323 37.150 28.500 2R8.670
10.000 6,107 40.00C 38.608 70.250 59.000 53.984
10.000 5.391 40.000 38,185 104,500 17.500 76.919
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Appendix II
FULL SCALE EXPERIMENTAL TEST DATA
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92 YA-3063-K-2



b+ 4ttt ———
on 189
6 1
> ) L
v 8 - A
a o » - \\ [ A A A L
v 0 =1 N [ M A1 T
% T T VY ~
< .8
'6* i
I A _———
S TSI T S S S RS
T
- W T |
joT] o
a
- 8 ) AN A L]
W L /\ AN HANAN N PasVAV
g Py A PATRIR T
< -— - v} RV RYAR
E ] P -
5 - 8 |t —t— e
e . . 1]
[€p]
S16 - - b
- | sec.
S T S S S B et
- Ryn_ |8
L4t —
) 1 1
2 2
. 1 - NAA /\WD _
S — 1 e, A | b
< i WAVRITRVEVAV/IR |
© - L2
— 1 S I SR SR N S
- 4 - —] R
T T N | 11
e A S S R S
20 | T T
R L B T o L B
2 B —
= 12 71 LA ~
o
IS A N B N \;
% 8 L > S N S ™~
T4 // ? | 1
I T T T i 1

Figure II.2 Run 185 Narrow Slalom Course - High Wheel Spin Inertia

93 YA-3063-K-2



Steer Angle {Deg.) Roll Angle (Deg.)

(g)

Acc.

Lat.
i

Velocity (MPH)

oottt ——t+—+—+— +—t—t— 4+ 44— t—t—t——t—
Ron 102
16 iL | -
8 Joo 4 .
,// 7 /’- ~ o - // B S
LA S / A - N 4 I S . N
- ] ’_\ 4 - ~_+ 7 \v/ K
216 4ot _ N I
i 1
B e 1 -ttt Pttt
16 Jr ~— 1J~—J-L1—L—J —;
8 Tt 1 o % 1 —
NG TN — PaiN /AN
0 N \ // \ \ \\ J \\
I S \\ S \ : /L \ ,‘_,,\&
- 8 4.4 _h\g | \VV — \\ .
g6 | bl i ;
[ i 4 Ll I | |
— ) sec. je—
B T et = T === 1 i === i = t T s A T T =
— o — t——% e ——— -ttt
L2
PR Y N
N ] N
IRV NNy NN TN JAAN B
0 - A \ / \\ i \ / 7/
, TN N N T
0 T A 4 ~NA A4 4
EEEREEE
RO B ot L
IR |
s el S s A e —= Attt 4+
20
16) — 11 T
12 - -1
s - I T
P O O I I
Pl | .
0o T |
P, —op— p— oo~ —A—f——Af—— o —————p—————+ ==

Figure II. 3

Run 102, Narrow Slalom Course - Low Front Tire Pressure

94

YA-3063-K-2



f—t—t—F——F——F—+t Pttt —t—t—
Hon 154
16 -
2 g -
Q f N N
T SN ANLWAY ALY AN
g AV RTEVIAVAY, \V N L
< g ‘ / -
v—o' R
.
"ttt "ttt F—t—F -
16 -
ap
é -
= 8 - -
v AL A A f i}
E" 0 Vaula\aaN-W.N ™ \ l /L \ [ l \ A
: . I RYIIVEVENS A
5 g / Vv Y R
3 -
0
-16 -
le— | Sec¢.
W ¥ ¥ LLEn S S e L . B . T
b b+ — ettt -t
I [ ] N ‘54
.4 - |
E: 2 .
; NA N o
S % vee N I S IR PR WA W AR R WAW AN AN o N1 W IS
< \VIRVAVEVIR |
o v \Y
° - .2 —
4 - —
- .4 §
| | |
t e e e e A bt
20
T 16
g S L -
E: 12 : T
'g 8 ? - —T Ay
T Lol ,/ L N
==
0 — 1
o i e o S e S | e s e St S S O e s &

Figure 1.4 Run 154, Narrow Slalom Course - Load on Rear Carrier

95

YA-3063-K-2



Acc. (g)

Lat.

Figure II. 5

Roll Angle (Deg.)

Steer Angle (Deg.)

Velocity (MPH)

-8

-16

16 -

Run

e e e
Ron 1258
e A A
N AN A
N VRN RELYIY \
VvV |V /
; I\
l
— ettt
A
BV N S A W ANANIWANA
IV T Y MV ATV TV L
\ \
1
|3 .
) \.5
" A A
~ A AL
— P e N ANTAVAIWAYAY S
VALV
Vi
ION, GOULD INC.
—— Attt ettt
1IN U.S.A.
f |
i I S e i
I —1 ’
—1 >
E 7
Pttty

125, Narrow Slalom Course - Load in Rear Baskets

96 YA-3063-K-2



RonitkT]
‘]’ T
16 -
00
8 o A Fal -
a LT \ A WA
PR VANWRPOYANLYVAVAVAVAYEY;
@ { VAR VR VAR
< g N
= |
o
F -16%
et — e A
- 16 L~ﬂ I
g‘) |
= 8 A
PO WA N
S AN A A R T e
E AV BRI RTRY=al
o T
? -16 - i t T
I ‘ L }
—} = | sec.
i e AN —
* J ottt —
- Run L6
L4 i
C 2 | %

. 1 M LA S ITAY
A, LA Y oL
< B \/ \ W) ]
o 1V g~ Y
< - .2 -

'—1 U G
-4 4
T + t t t -ttt
20 T I
To16
E P 1 _
= 12 -
E e RRAEEEEN|
> N T T L
4 ——t S L
b 1 —
0 g T T !
. — S U SO U O SN S S S S SO S RO S R SO

Figure II.6 Run 167, Narrow Slalom Course - Load on Front Carrier

97 YA-3063-K-2



e —t
Rua 148
16 1
R N A A
a) P :
% NWAVAVATRYRY
< .8 — /
v—ol N
mooL16
gttt
T T :
=16 ¢ :
oo ; -
A | 5
a 8 ;
Eo 0 i \V o / R [ \ JaSNVAS
g 07 7 T %
N4 US\VIRY
-16 4 + T q
| f LT |
.4
E 2
‘. ) NI
S, AN AN ANNNIN AN -
< ‘“’V\I\V/\‘I\\/\r""
S \ \ v
A
- .4
BRUSH INSTRUMENTS DIVISION, GOULD INC.
et ettt ——f— - —t——
CLEVELAND. OHIO PRINTED IN U.S.A.
20 1 T T
T .
A 16
2
> 12 T
.Eo; 8 zj/,"— BN
o . el . N
> . P
|| A ‘
|
0 |
4t e D et e e T S S S 1 S o e o

Figure II.7 Run 148, Narrow Slalom Course - IL.oad on Front and Rear Carriers

98 YA-3063-K-2




-ttt
i Ron \12 !
e B
% 3 | 1A I N S O
g =l \ AN N
T LY ™ [ A
g of NV IRVRVIIVRAN ,
N TN 7\
=
IS P
R e B e e + L
[T T
%D S SO U SRR AN S RN SN S 1 !
a) g | N ‘
b \ il B
D S S RSN £ W AN W ARTA WA A
5 / \WEAYR YRV RVEVIRS -
" . VoIV N _ 1
g - 8 u J - - b ¥ Tz RS S
2 ]
-16 B —
— —{ = | 8ec.
e B il Sne A S S S Rhe A San SoEe A S 2
- — e ————+————t—————————+—
Ronm \
L4 T :
RN
n i il AL_A A
5 0 k¥ SN v/“’\ /\ \ 7 A
< \J AWV N AN/ T
* v M VIV Y
@ - .2 1
— ] L1 _
- .4

A —————t—————————F———+—+—

20
e — - -
2
N R ‘
9} et
S 8 ~
[0
> T 1 —
4
il -
0
e e e e S s e e s s e S e S S e St et e e

Figure II.8 Run 172, Narrow Slalom Course - Load in Rider's Backpack

99 YA-3063-K-2



Steer Angle (Deg.) Roll Angle (Deg.)

(g)

Lat. Acc.

Velocity {(MPH)

Bo \
6 11 T T T 1] T T T 11 |
s i mEAIAIAY lﬁ' A -
JR g gy s oy Tk ] 7
N —~/ I\ [V \ ,7
e \ N\
_ 16 :,.,_4 }7 B :

et

N l ! 1 RN
A TA TN AT AT,
A A
0 __/\ \-/\ PN T \ I3 \ \ Wa!
MO INST T 7 [T N 0
g N ] VU 1
] , R AV _ L
_]6 ‘ —— b} -
5 - ISsec. —
et e
; — et + F|? + + -r% —t— —t—rt + {
.4 4; 1 **iﬂm H
| 1 | RN
N I I T A A
0 AT S AT T =
? 1+ AV NN
NN B \ \ L
S T4 T 1 “*TH T
i etet——t ——————————————
10 T T
A O R T N S
A e B A
i ; ; e ALY L N
PR N s ] N
N e O S O O I N
L p N RAsEE s
o AT 1T T j
e e e e e e e e e e e e e e S e e e e S Y

Figure II.9 Run 113, Wide Slalom Course - Standard Bicycle
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107 YA-3063-K-2



BRU

CLE

1

T
S —

f At

\ I/

R S

e e I B B

1
I N —

WS W,
S SN S

(*8a2q) a18uy 1104

("8a() 218uy 13915

e R s
B | + NG
% peezannl S
,,\l,flwﬂ*b_ JV J L |
o e
T RpSE=csal
S ERines=SR NS A
D e T e
i Ens==sngun Bl ny==SERENN
=
T D Y Beaui _
IS NRRREES, BEERR=CHI
g HEN
[T EENEE=E
-+ M I
e s
i L2 ) L L,ﬂt
I { M EENLGERNR
, . N4l
TQ nEN RENEN
4 *ﬂﬂ% N LM wﬁfm M
Qi ERavGRRRRRI M nwnsr auaun
e s Rl nar: JEaas
T
| _ ,W i 1 M Loy !

%
|
o [ | 1
rll <] R |
H ~1 /V 1 T 2 _ﬂ
<] | RINEEN
N R e T | , :
! | \ -
RN ] i
|
T N
i | REERN
annEy inn N
T s
[l BEE 1 I N !
Sausraannn R EERREnEA G
TN Lo ,ﬂWt4muyﬁ i
Y i zﬁp¢ﬁgjth,ﬁf~w
v _ _ (HAW) 4310013 A
(8) "ooy "3er]

Run 175, Wide Slalom Course - Load in Rider's Backpack

Figure II. 17

YA-3063-K-2

108



(g)

Acc.

Lat.

Roll Angle (Deg.)

Steer Angle (Deg.)

Velocity (MPH)

20

16

12

- %4% I i I [ 1 1 1 1 1 4 t %IL‘ISI t { } i
wn D2
] N
N\
] \
"] _—__/
_ L B N
b \ ]
) N
-
BRUSH INSTRUMENTS DIVISION, GOULD INC.
-+ttt Attt —t——t—+—+
CLEVELAND, OH!O PRINTED IN U.S.A.
1
- —
NN M| )
s \ |
] \ |
— ot P /
N = / ~ _/’
1 ! ] | l i
~3 [ See p—
I e e e e e i e e e e e B e i S e e e s s
e f ettt ettt
Lo
o N L
_ AL\ |
N N
e SO e gl TN N T .
; \ [ L
T \
. T
|
A e S e ettt —t—+ ettt
R i
L L

Figure II. 18 Run 32, Obstacle Avoidance - Standard Bicycle

109

YA-3063-K-2




PN

15
)

+
3
-

Roll Angle (Deg.)

Steer Angle (Deg. )

Velocity (MPH)

-ttt e~
KRon 19
1 J [ T T
T i T /’\1\ T Bl
RN | / N !ﬂrﬁi:fﬁgw
- i AR
]
= AN T
| ﬁL_,,_'f,hH - . B 7 . I N, U NS S N S
- j S \K/ B
L o IR
L ] J ANE! [ A ]
A S I S e F s e e
L1 D { I 1
AN 7 i} e e
N B S
J 1
, w_j,_ RN I
<,_¢ J A B I
;g;%““ e
ee,

i A e e e o e e e e i anih i Ak B B i B B R R o

i

1 T T

T T

t I e =A%
Run 19
T ] - - b
1H ‘ LT
S0 S SRS S AU N _# - -
AT — / ) o,
5l —~ C I
‘-Jr“"[-—“’-‘r—— 1 \\\ —t—t—t—tr—1—t—1
4
11 I
-+ttt
T T
T ~——1 —T——~|——1~-—«L—————-—ﬁ-—<w—
| SR 1
- -
—
R T e i S sl I S S SN N St SURSGS ISHRUE SIS [N AR U S
, RN . B
_ | S— - e e T
l_—— L_«& . |
i 4 i 4 ‘& ‘&7 iv 4 4 4 ] Il i | L ‘s & by lr lﬁ | 4&7 L ‘i

110

Figure I1I.19 Run 79, Obstacle Avoidance - High Wheel Spin Inertia

YA-3063-K-2



(g)

Lat. Acc.

8
Y 4
a
v 0
0
o
< 4
=
[e]
k.8
%0
Q
g
2
feT1]
o 0
<
»
F -4
wn
-8
.2
1
0
- .1
- .Z
20
T
T 16
2
= 12
3 8
Q
=
4
0
Figure

s — A

BRUSH INSTRUMENTS DIVISION, GOULD INC.
e A ——————

CLEVELAND, OHIO PRINTED IN U.S A.
] ] 1]
B
/
Py A1
— ] \
L/ T~ N A
;7: *71 ] / T T T~ — \u
— — - %ﬁ_;___,xv / N
| V
L I L
[ Seq,
T e B o e R B e e i . An S S A
B i e e s R e B e e Tt
Run 5':)
- —
- —=
i YA L
R S N g )
~ N7 \uv—\/‘w \%\ (/
~
[ S 4 — 4 &
1P | | |
e bt ——————+—————————+——+——
| | 1 L
L il I L1
e ——————————F——F——F—————————

II.20 Run 59, Obstacle Avoidance - Low Front Tire Pressure

111 YA-3063-K-2



{g)

Acc.

Lat.

Yttt -+ 1 Sttt 1
Ron 3 :
8 —+- A R
- 1 ! q_ﬂmwﬂﬁJAMPJ
by 4 i
a L / . 4
9 0= -
¥ - B I &*:\"\‘ / N B I N /.4
< - 4 — 1 :, J I A S SR SN S
= | ,7: _ ] v /7 .
O i N -
R R L T T
I L l L L j
-+—t-t+-+t++—+++—tt+++—4 At
E I 1 T !
= 8 - f«kﬁt-#w i — —i- = |
e S B . | N\ B I
! T
9 4 — *“I""* = lﬁ(‘“"’“*
PR S O T —
< [\ . i D S | __,?L‘ \———-/ . i N k/._N.d_q,
= : i i !
o - 4 .- 4 . S SN | i M_:‘.EM_*i_*; -
;}’) l,, - , - [ | 1*! N O N S
i !
- 8 - [ S I S L} L1 —
1 # | ] 5l
I Sec. j—
B e e e e e e e e e e L e e e e e e e e
Tttt k‘r%#‘_'ﬁT‘#f‘?ﬁ“ﬁﬁ‘%% ettt
on 30
T T
2 - -’L*’ﬁ [ __1,__}, ‘J__r_ =
RN T
AN
. D j _%___L_.p_‘ ’i___,l__i__,_‘ L
0 ; / P \ /J a
= a /] \\ P — SN
| /7
- 1
NN AN f/ L
-2 | - R S
BRUSH INSTRUMENTS DIVISION, GOULD INC.
—
CLEVELAND, OHIO PRINTED IN U.S.A.
20
T T
L 16 —
D-‘ —_—t e L . —]v———«————
2
> 12
R B T
E S
N °
b . Il
o} l '_+ i 1
T ST e e A A
Figure II.21 Run 30a, Obstacle Avoidance - Low Rear Tire Pressure

112

YA-3063-K-2



(g}

Lat. Acc.

e e e e e g e
yn<45] _
8 L L V=
—_ 71\
oy J4NRW
9, -1 . L BN
- 0 \ _
o
i . L
< 4 L
E T I ’__\\v/
~ _ 8 S I U IS SN S N (OO (S U (N S by
L |
BRUSH INSTRUMENTS DIVISION, GOULD INC.
— Attt
CLEVELAND, OHIO PRINTED IN U.S.A.
1
S e
%0 SN S N N N /\ \ -
S T N ]
< T *ﬂk_,_}l,vA,_ T B / N e bt
PO B I EEE A -
- RS S -
w / |
] 1 . s y 1
ec. |
I i R S R B B o e o S B o e B s B e e S T+
-t F—F—F—F——F—F—F——F—"F—F— F—~F—FF
()
2 S ]V\ . SN T N S
R | L = N
R ] / \
[ A = S b Y
N v
- 1 —
A
I I
- 2 4 S N
BRUSH INSTRUMENTS DIVISION, GOULD INC
ettt Attt —
CLEVELAND, OHIO PRINTED IN U S.A.
20
I i |
T 6 I BN -
n ! B
E L
> 12 — i
3 8
) SR S SRS (NN GRS SN AN S N SN SN N S S N I |
>
4 —t —
IS 1 i 1 | -
o I I

Figure 1I.22

Run 45, Obstacle Avoidance - Load on Rear Carrier
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Run 39, Obstacle Avocoidance - Load in Rear Baskets
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Figure I1.24 Run 49, Obstacle Avoidance - Load on Front Carrier
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Run 71, Obstacle Avoidance - Load on Front and Rear Carriers
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Run 2, Low Speed Stability - Standard Bicycle
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Figure II.30 Run 92, Low Speed Stability - Low Rear Tire Pressure
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Figure II.31

Run 86, L.ow Rear Tire Pressure - Load on Rear Carrier
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Figure II.32 Run 9, Low Speed Stability - Load in Rear Baskets
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Run 14, Low Speed Stability - Load on Front Carrier
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Figure II. 35

Run 16, Low Speed Stability - Load in Rider's Backpack
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Appendix III

1. MODIFICATION TO THEISS GRAPHICS PROGRAM

The Schwinn Bicycle Movie is built around Calvin Theiss' Single
Vehicle Accident Display Program. Theiss' automobile display program is
really an excellent perspective graphics system specially modified to display
automotive simulations. First, Theiss'program had to be stripped of all
special coding needed to draw rotating wheels, differentials, etc. The
stripped down version then became a very useful perspective graphics package
from which to build upon., A simplified flow chart of this generalized graphics

program is shown in Figure III.1.

1.1 Displaying an Object

An object is defined as a line drawing of some entity which can be
appropriately transformed and plotted into picture space. Section 6 of this
appendix describes the card input for objects. Plotting an object involves

a call to the object subroutine,

CALL OBIECT (TITLE, X,Y,Z, PHI, THETA, PSI )
where: 7/7¢£ = name of object already in storage (see Section 6)
X,Y,Z = placement of object in inertial space

PHI , THETA, RSL = orientation (Euler angles) of object in inertial space.

Each object is defined in its own coordinate system, and the X,Y,Z

parameters and Euler angles correctly position the object for plotting.
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1.2 Displaying the Bicycle Chassis

The Schwinn Bicycle Dynamics Simulation provides a dynamics tape
of the position and orientation of the bicycle chassis, referenced to the
c.g., and the steer angle, all provided at some convenient sample interval.

Displaying the basic bicycle chassis would then require the following CALL:
CALL OBITECT (OCHAS , X,Y,Z, PHI,THETA, PST )

where OCHAS = Title of stored line drawing of bicycle chassis
X, Y, Z = Fixed space positions from dynamics TAPE

Phi, Theta, Psi = Euler angles from dynamics TAPE
The graphics program will then mathematically place the chassis
at the position and orientation in fixed space specified by the dynamics tape,

and based on the camera data make a perspective view of the scene.

1.3 Displaying the Handlebar - Front Fork System

Mathematical complications set in from this point on. The front
fork system, stored as an object, has a different X, Y, Z position and Euler
angles than the basic chassis. The correct X, Y, Z positions are determined
by geometry and the correct Euler angles are determined by developing the
front-fork to fixed space axis system transform matrix and equating the

terms in this transform matrix to like terms in the standard Euler transform

matrix.

.
I &FW f&sxaé? W XX X

Vel o= [A]' [B]' XSMZ? | YYE L Y
_ZF ] AZ.S'T‘E[/? A hzz,r ] J <
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where: X Y = Points i - i
( steer’ 'steer’ Zsteer) oints in fornt-fork axis system

(XXF, YYF, ZZF) = Center of front/fork system in chassis coordinates

(XF, YF’ ZF) = Front fork points transformed into fixed space

(X, Y, Z) = Current spatial position of chassis.

COS (CASTER)" COS(STELR) - 008 (CASTER) - SIN(STEER) SN(CRSTER) |
B = S (STEER) Co8 (S7ELER) o
~SIN(CASTER) - COS(Sreer ) SIN( CASTER) - SIN(STEER) cos( CASTER )|
where: Caster = Front fork caster angle (from basic dimension CARDS)
Steer = Front fork steer angle (from dynamics TAPE)
[ cos ¥ cose - SINY COSP +COS Y SINE SN B COS Y SINOCOS B4 SINYSNE)
A = SV Y CO8E COS Y COS P + SINYSIVNE SING -CO8 Y SING +SIN ¥ S/a/ 6 CoS P
L—&we cas 6 Siv g co8 & co8 & |
Standard Euler Transformation Matrix
where: ¥ = yaw angle 6 = pitch angle ¢ = roll angle

The Euler angles required are solved by equating coefficients in the overall

transformation matrix [ 48] =[<]-[8] to the like terms in the standard
Euler transform.

For example: Equate 4(3,2) to 43(3,2) and A8(3, 3) to (3,3) to get
the desired roll angle.

cas6 sng = A8(3,2)
cos e casg = #8(33)
cos e 28(52) cose = 2855
S B cos @
A8(3,2) _ AB(3,3)
SN @ cos ¢
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5’//\/¢ AB(3,2)

cos ¢ 28(3,3)
ron d = 2B(3,2)
A8(3,3)
-7
g = TN :iééi:fi = Roll angle of front fork system

48(3,3)

The pitch and yaw angles were solved in a similar fashion:

-7
Y o= 7N (_ff!&iLLL_ yaw angle of front fork

AB(1,1)

-7

o = ray SAB(3,1) » SV Y
A8(2,7)

pitch angle of front fork system

A special subroutine was written which does the above job auto-

matically. It takes the matrix coefficients of the Euler transform and the

object-to-chassis axis transform and returns the proper Euler angles. To
correctly plot the front fork, one has to convert the center of the front

fork system into fixed coordinates and CALL the subroutine OBJECT.

XFFA XXF X
Y FFAa [a]-|rre | + | Y
2ZFFA ZZF Z

where X, Y, Z = current fixed axis position of the bicycle (fron dynamics TAPE)
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Plotting the front-fork is accomplished by:

CALL OBIECT (OFFORK, XFFA, YFFA, ZFFA, PHIE, )

The rest of the Schwinn Bicycle Graphics computation follows the
same pattern - determination of the object to chassis axis transform, solving
for the Euler angles, solving for the correct fixed space (X, Y, Z) positions,
and calling subroutine OBJECT. There will be no need to go into this much

detail on the following items.

1.4 Displaying the Pedals

The pedals rotate through an angle « and only require a simple
pedal-to-chassis transform:

Xe Xpeoa XXP W x
T B [ﬂ J [C ] Y penas YR + |7
Zr Z ey ZzpP Z
cos w 0 -smle)w
where C = o / o)
SV w o Co08 w

(XXP, YYP, ZZP) = center of pedal system in chassis coordinates
(X

pedal’ Ypedal’ Zpedal) = points in pedal object description

= angle of pedals

(X, Y, Z) = current spatial position of bicycle

¢’ 1s determined by calculating the distance traveled since the

last frame and relating this distance to the wheelsize and gear ratio

T = J(XOLD /vsw) ( oLD /VEW) ( oo ’VEW)Z
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= - 2 / /.e
< 3 x 13‘377Quéee 82; + ¢JOLD

where = .3 = gear rato a)ow = past value of &

Figure III.2 shows the relationship between the 3 sections of

the bicycle chassis, namely the chassis, the front-fork, and the pedals.

2.0 Attaching the Rider

The positioning and plotting of the rider poses some interesting
problems. The method used will be similar to the way the front-fork and the
pedals were plotted, namely introducing each part as an individual object

and correctly specifying the spatial positions and Euler angles to do the job.

Figure III,3 shows the rider and associated joints. Note that
each leg has three dynamic joints (thigh action, calf action, and toe action)
and that each arm has two dynamic joints (upper arm action and forearm action).
The whole torso can lean to the left or right. Two major simplifying assump-
tions are applied in the solution - that leg action is in one plane only and

that the armpit angle is constant,

2. The Pedaling Action

It was decided that simulation of the rider ankle action would add

much to the realizm of the graphic display. A simple toe angle approximation

was employed.

Toe angle (left) = -.25x Cos(w) Toe angle (right) = .25 * cos(w)
Left
Ankle
Action
= 0° w = 180° « = 270° w = 360°
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The positions of the thigh, calf, and foot must be calculated

by geometry and coordinate transforms.
~-Z

(x2z2,v2¢, zzL)

— — —— — p— — Gm— G— — Ga—  —— —

— X

The geometrical calculations necessary are the following.

Calculation of Point X

AX cos () O Srr(w)| | XPL (xxP
rX = o 7 o YPL + | YyP
ZX A N, CoS (w) ZPL LZZP
where: (XPL, YPL, ZPL) = coordinates of foé;—pedal connection in

pedal axis

(XXP, YYP, ZZP) center of pedal system in chassis coordinates
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Calculation of Point Y

XX - 008 (TOE ANGLE) % HF

XYy =

Yy = Yx

ZY = ZX - SIN (Tos ANGLE) x HF
(XX, YX, ZX) = chassis coordinates of point X

where:
HF = half a foot (distance YX)

7

Other Calculations (Refer to diagram)
2 2 2
DzY =/(XE/.~XY) +(YzL-YY)"+ (22L-2Y)

ran ! ((X)/~ xzz)/(2Y- Z2L)

A =
» = Z (szY + THIGH + CALF)
R :/(P_DZY)(P-CA/_F)(P-T///G//)]/P

0T = 2% 1Ay’ (7?/(73—0/71_/-’))
4D = 2 % AN (R/(P-THIGH))

ABT = 71.8707 -ARA4

AACT = 1.5707 ~A4 - ACT

AQ = ABJ +AD

XQ = THIGH * SIN(AA + ACT) + xzL

YQ = YZL
THIGH % COS (AA+ACJ) + ZZ/

£ZQ =
2,2 Displaying the THIGH
The thigh is connected at point Z and rotated downward by
angle AACJ. The Euler angles are determined from the following relationship.
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"X | cos(aacT) o - S (ahC 7)) —Xm/@/-/ ] P ﬂ X

Vo | = [/i]ﬁ o ] o) Yowen | * | YEL L L]Y
3 L | s (a4c7) O cos (#4CJ) | |#raen, 222 ‘ Z
where: AACT =

angle from horizontal thigh is rotated downward.
(XZL, YZL, ZZL) = hip to thigh tie point in chassis coordinates
(Xthigh’ Ythigh’ Zthigh) = points in thigh axis system

(X, Y, Z) = current spatial position of bicycle

Finally, the fixed space position of the center of the thigh axis system is
solved from the following relationship.

T oxL7 ] XZL X 7
YT = 4 YZL + Y
ZLT Z£z/ Z

L N

2.3 Displaying the CALF

The calf is displayed exactly the same way as the thigh.

The
Euler angles are determined from the following realtionship:
X ] Jﬁ cos(AQ) o —sw(AQ)] ﬂxmu——" "XQW X
e ’ o Yewcr | 7| Ta Y
_£F_ \ o CQSCQQ)~ L’%ﬂuﬁ; L>ZQ~. Lz-
where: =

angle from horizontal calf is rotated downward.

(XZL, YZL, ZZL) = hip to thigh tie point in chassis coordinates
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(XQ, YQ, ZQ) = point Q in chassis axis coordinates

(X, Y, Z) = current spatial position of bicycle.

The fixed space position of the center of the calf axis system
is solved from the following relationship.

xc xXQ X

YC

I}

[»9] YeQ + Y
Z2C ZQ Z

2.4 Displaying the FOOT

Likewise, the foot is displayed with techniques like those used

for the thigh and calf. -The Euler angles are determined from the following
relationship.

— ~ ] ]
Xe ] cos (ro€ An@LE) O -sN(roE avees) | [, X
Y} - [9J< o 7 o n%mr + | X
L Z, S/N (70E ANCLE) o COS(10E ANGLE) | *ZFOOT R <X
where: Toe angle =

angle at which foot is rotated from horizontal
(Xfoot’ onot’ Zfoot) = points in foot axis system
(XX, YX, ZX) = point X in chassis axis coordinates

(X, Y, Z) = current spatial position of bicycle

The fixed space position of the center of the foot axis system
is solved from the following relationship.

XXX XX

X
YYX | = EGJ YX +
ZZX ZX £
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All of the past sections of this appendix concerning display of
the legs have shown examples of left-leg computations, suffice it to say that

right leg computations are similar, excepting for the differing tie points
and toe angles.

2.5 Displaying the TORSO

The torso undergoes two rotations, hunching over and leaning from
side to side. The hunch angle comes from the basic dimension CARD and the
lean angle comes from the dynamics TAPE. The Euler angles are determined

from the following relationship:

~

X COS (AH) — SIN(AK)- SIN(AL) - SIN(AHK)- cos(ﬂ)ﬂ [ x roRso [ x < 8

Yol = [A ]4 o cos(AL) 0 | Yoprso |+ Y$

Z, i -&/,v(fm) - COS(AH)  SIN(AL)  CoS(AH) - CoS(AL) L;J.rro’?\% LZ ¢

where: AH = hunch angle i
AL = lean angle

(X

Y A = points in the torso axis system
torso’ " torso’ torso) P Y

(XS, YS, ZS) = coordinates of center of torso axis system in

chassis system

(X, Y, Z) = current spatial position of bicycle

The fixed space position of the center of the torso axis system
is determined by the following relationship:

[ xxs Xg x
yys\ = [a] (Y| + |V
Z28 ZS P4

where: (XXS, YYS, ZZS) = coordinates of center of torso axis in fixed space.
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2.6 Displaying the ARMS

The solution for the arms is not immediately obvious, for as is
seen in Figure III.4, the elbow can trace out a circle of points., A few
simplifying assumptions can be of assistance, If the upper arm and the
forearm are equal in length, then the perpendicular distance from the elbow
to the handlebar-shoulder line can be determined. A transformation matrix
can be developed to convert points in the elbow circle plane to the chassis
axis system, In the elbow circle system, a constant shoulder angle can be
chosen to specify an elbow point - this can be transformed back into the

chassis set. Once the elbow point is known, the job is quite straightforward.

2.7 Calculation of the Elbow Points

Direction Numbers of Line DSH:

U = (XHL-XSL) V = (YHL-YSL) W = (ZHL-ZSL)

where: (XHL, YHL, ZHL) are left handlebar tie points in chassis coordinates.

(XSL, YSL, ZSL) are left shoulder tie points. in chassis coordinates.

Trans formation matrices have already been developed to convert the

tie points from their own axis set into chassis coordinates.

Distance from Shoulder to Handlebar

Dy = /Uz+ l/2+ Wz

Direction Cosines

2 = U/DSH 2 = V/DSH v = W/DSH
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Euler Angles to Transform Chassis Axis into Elbow Plane

1

Yaw: v ran ™ Cuya)

-rav”(b//22+uz)

Distance from Point Q to Elbow

1l

Pitch: g

1

DQE =v/upperarm2 + (DSH/Z)2

Calculation of Elbow Point in Elbow Axis System

XEP = 0
YEP = -DQE * C@S (armpit angle)
ZEP = DQE * SIN (armpit angle)

Transformation of Elbow Point into Chassis Axis System

XE/_ cosS ¥ cos 6 -SINYW oS Y SNG Xep XQA 7]
= . + Y
Ye, | = | Sv ¥ case Cosy SIN Y SV O Yep Y
2
Z, -S/Ne o cos 8 Z o Qs
where: (¢,0) = Euler angles previously determined

(Xep, Yep, Zep) = Elbow point in elbow axis coordinates
XQL = ,5*(XSL + XHL)

YQL = .5*(YSL + YHL)

ZQL = .5*%(ZSL+ZHL)

2.8 Display the Upper Arms

Two Euler rotations are needed to position the upper arms, and

these two Euler angles are calculated in the following way:
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(XEL-XSL) /upperarm
(YEL-YSL) /upperarm
(ZEL-ZSL) /upperarm
TAN L (2e/v)

AN (/AR )

D N < R N
1

The Euler angles required to rotate the upperarms into the fixed

space set are calculated, as usual, from the following relationship.

X cos(y)-coso  ~ Siv(y) cos(y) smwie) T TX, KXo, x

v L”] SMY) - coS(8)  coS(¥)  SIMY) SH@) | |y I+ Vg 1L, Y

< ] L), o cos(8) | z, Z, £
where: (XUA, YUA, ZUA) = points in upper arm axis system

(XSL, YSL, ZSL)

(X, Y, Z) = current spatial position of bicycle.

shoulder tie points converted to chassis axis system.

The fixed space position of the center of the upperarm axis system

is determined by the following relationships.

XSLF P X7 X
Y9LF = [4] y$ez | + | Y
ZSLE ZSL Z

2.9 Displaying the Forearms

Two Euler rotations are needed to position the upper arms, and

these two Euler angles are calculated in the following way:
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(XHL-XEL) /forearm
(YHL-YEL) /forearm
(ZHL-ZEL)/forearm
ANt (wy 3)

! (i)

o 'R < & >
1l 1] il

The Euler angles required to rotate the forearms into the fixed

space set are calculated from the following relationship:

X, (cos(y) - cos@) -sw(y) cos(y)sw@)| [x, ] X, | X
Ve [/2] SIN(Y) - cosB)  CoS(¥) SN - SME) | Y, | + |, [+
2z, ] - SN (6) o Co8(6) Z., Z., z
— L_ = = =
where: (XFA, YFA, ZFA) = Points in forearm axis system

(XEL, YEL, ZEL) = Elbow point in chassis axis system
(X, Y, Z) = Current spatial position of bicycle.

The fixed space position of the center of the forearm axis system

is determined by the following relationship:

XELF XEL X
YELF | = [ﬁ] 7720 B

ZELF ZEL £

The examples used in the previous sections concerning the arms

concerned the left arm; however the right arm is desplayed is the same way.

145 YA-3063-K-2



C% CAMERA VIEWING POSITION

OBJECT “ROAD”

Figure -5

YA-3063-K-2
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3. GENERAL USAGE INFORMATION

To get a picture using this program, you will have to supply the
following:

(1) A suitable dynamics tape (and associated DD card, naturally)
(2) A copy of the Schwinn Bicycle Graphics Program.
(3) FORTRAN data cards to control the simulation-graphics process

3.1 Coordinate Systems

The user need only know how to plot objects on the simulation plane
and how to point the movie camera. Figures III.5 and III.6 show the layout of -
the coordinate system. The important considerations are:

(1) All data points for this program are in inches.
(2) Minus Z-axis is up.

(3) Camera azimuth angle works like this (clockwise from +X):

w20

~X ]

i+Y
Figure III.6
TOP VIEW - CAMERA AZIMUTH ANGLES
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3.2 Making Plots

The Schwinn Bicycle Graphics Program is all set up to make
CALCOMP, HOUSTON, or LDX plots with only the standard JCL catalogued procedures.

3.3 Making Movies

Generation of SPAYZ movies involves several special DD cards and
careful attention to scheduling. Users are advised to interface with Harvey
Selib and lam Maynard, Department 45 for proper JCL and SPAYZ setup.

3.4 Data Card Types (in sequence of appearance)

The following 10 card types must be present to get a picture or make
a movie. There are two other card types that are optional. They are: (1) PRE-
RUN CARDS, which allow you to "splice" in a previously run sequence of pictures,
and (2) CHANGE CARDS, which allow you to change things like camera position
parameters in the middle of a run. Details of the formats of these, as well as
of the 10 basic card types are given in Section 4.

1. IDENTIFICATION CARD gives a name to this particular run. Slight

variation of this card terminates run.

2. TNSTRUCTION CARD provides a lot of simulation type information,

such as no. of frames per second, starting and
ending times, etc.

3. FIRST CAMERA CARD

provides program with details on pesition of
camera, if auto. pan and zoom is wanted, etc.

4, SECOND CAMERA CARD If it 1is desired that the camera position

parameters are to change by some increment
each new frame, this card describes these
increments.

5. BASIC DIMENSION CARD

This card sends basic chassis dimensions to
the program.

6. OBJECT DELETE CARDS

Note that an object is any entity that is included
in the picture (chassis, roadway, tree). If an
object is already in storage, it can be removed

by this card.

Note: A blank card is used to specify if there are no more object delete
cards.

7. OBJECT CARDS

A, OBJECT TITLE CARDS - Specifyv that the next group of cards
represent some plottable object like
a chassis or tree.
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B. OBJECT SPECIFICATION CARDS - Sequential 1list of points that are to
be connected together to draw an object.

Note: Each group of connected points in an object will have a modified

object title card. A blank card indicates no more objects to be
read in.

8. SKIP CARDS - Occasionally you will want to process the first three
runs on a dynamics tape and then jump to the last three
runs on the tape; the skip cards allow you to skip
around the tape this way.

9. PATTERN CARDS - The pattern cards specify which of the aforementioned

objects are not to be moved, rotated, or translated

by the dynamics tape (example: roadways, curbs, etc.).

Note: A blank card means no more pattern cards.

10. STOP CARD - A modified form of the IDENTIFICATION CARD, this card
ends the input deck.

3.5 Things to Ignore

1. This program constantly gives out SIN-COS argument diagnostics.
They have no effect on the results and can be ignored.

2. If the chassis moves out of the picture frame, divide check diagnostics
are created. These can be ignored also.

3. There is a subroutine called PLTSET in the program that is a dummy.

Ignore its presence.

4. INPUT DATA CARD DETAILS

The following is a more complete description of the data cards for the
Schwinn Bicycle Graphics Program. An example of each card is included.

The FORTRAN names of the data as used in the program is shown in capital letters
(for those who wish to dig around in the source code).

1. IDENTIFICATION CARD

72 columns of optional script, 8 columns of integers, DENT, ITEST
First 4 columns are important: kk%% ————Read rest of card
STOP -

terminates the program
Note: If columns 5-8 have ***%
(STOP col 1-4), then the
next card must have the number
of frames in which THE END is
printed (4 integers).
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D0y Taln 6 /Ty 1 i 0T 118 20]21 27 73 24[75 28 21 23178 30 i 52037 34 35 3615 A 53 4018 47 4 1 4A]45 4G 47 cBJA9 5 51 5153 54 55 b5/ 5B 59 60151 62 3 64165 66 6/ balbd 13 A1 2113 "« 15 1T I8 38R

«

-

Example:

Dl

Example:
TOP s

1
i

SRR AR R SN SN R S R

First card in the data deck:

R N WO T R SRR I )

Last card in the data deck:

2. INSTRUCTION CARD

Col.
Col.
Col.
Col.
Col.
Col.
Col.

Col.

Col.

Col.

Col.

Col.

Col.

Col.

1-6
7-12
13-18
19-24
25-30
31-36
37-42

43-44

45-46

47

48

50

51

A

f’k’\\ N

s 4 FJ 83 G447 1 4A5 46 4 AL 00 5 50 547 L S6[57 57 59 601 T €7 1 nie b §

Width of picture frame
Height of picture frame

Time
Time
Time
Size
Time

Ve _1

+1

—_ O O

when movie sequence begins
when movie sequence ends
between movie frames

of lettering on frames
tolerance op matching frames

previously run sequence with previously
used velocity and acceleration vectors.

previously run sequence with a prerun
card setting velocity and acceleration
vectors.

new sequence of vectors.

Not used.

Not used.

Not used,

print time of each frame
do not print frame time

new camera data will be read in
no new camera data

put all sequences on one frame (double
exposure effect)
one picture/frame

225 w1303 37 36137 38 32 40[41 67 43 44]45 46 47 $]42 50 51 52153 54 55 56]57 56 59 70|61 62 £3 6A]65 6 67 68]69 79 11 1214 i¢ T5 7E]/ 13 15 €0

WIDE
HIGH
TB

TE

DT
STDISP
EPST

IPRUN

LF

ICAM

IREP
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Col. 52 {1 draw a border IFRAME
0 no border
Col. 53-54 No. of trajectory tape (minus sign rewinds it). IT
-1 use o0ld chassis
Col. 55-56 0 use no chassis ICHAS
1 read in new chassis
0 do nothing
Col. 57-38 { 1 read in new basic dimensions INIT
0 no change card expected
Col. 59-60 NN No. of test in which change card will ICHANG
be used
_ 0 no. of skip numbers that will be expected
Col. 61-64 {. 0 default values will be used NSKIP
_ 1 ignore previously specified backgrounds
Col. 65-68 {' 0 use previously specified backgrounds 10BC
_ 0 no title shots produced
Col. 69-72 {.70 no. of frames that title is generated ITIT
Col. 73-74 no. of characters in the title NTIT
Col. 75-80 height of title characters STIT
Example: INSTRUCTION CARD
14,7 14,0 9.1 1.7 NS .14 L0100 11 1010111010 2 111290, 28
[23 [ss 7 ala wue Vil [r222324) 267 3427 :c 1720 T 36] 3639 40]41 42 43 44143 4 47 48[ 50 = 52F3 54 55 56157 58 58 60161 67 63 SAJe5 60 17 653 /C 1 23 R [T M)
3. CAMERA CARDS (used only if ICAM # 0)
(first camera card)
Col. 1-4 Printing Parameter for diagnostics JCMSET

focal point in cartesian coordinates

focal point in polar coordinates

automatic panning and zooming

automatic panning only

focal point in rectangular, parameters

Col. 5-8 may vary JDCAM

wv W

6 focal point in polar, parameters may change

7 automatic panning, zooming, parameters not
re-initiated

8 automatic panning, parameters not re-initiated

9 focal point in rectangular, parameters not

re-initiated
10 focal point in polar, parameters not
re-initiated
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SN

picture printed as is
vertical axis reversed

Col. 9-12 horizontal axis reversed INVT
both axis reversed (normal mode to
compensate for camera inversion)

Col. 13-20 X-pos. of camera SCRAT(1)
Col. 21-28 Y-pos. of camera SCRAT (2)
Col. 29-36 Z-pos. of camera SCRAT (3)
Col. 37-44 user defined (see NOTE) SCRAT (4)
Col. 45-52 user defined (see NOTE) SCRAT (5)
Col. 53-60 user defined (see NOTE) SCRAT (6)
Col. 61-68 camera tilt angle SCRAT (7)
NOTE:

SCRAT(4) - X component of focal point
If JDCAM = 1,5 or 9 SCRAT(5) -~ Y component of focal point
(focal point in rectangular SCRAT(6) - Z component of focal point
coordinates) SCRAT(7) - camera tilt angle

SCRAT(4) - azimuth of camera's line-of-sight
If JDCAM = 2, 6 or 10 SCRAT (5) - elevation of camera's line-of-sight
(focal point in polar SCRAT(6) ~ focal length
coordinates) SCRAT(7) ~ camera tilt angle

SCRAT (4) - distance from CG to picture edge

- (not used JDCAM = 4, 8)

If JDCAM = 3, 7, 4 or 8 SCRAT(5) - distance from CG to center of
(automatic panning and picture
zooming) SCRAT(6) - focal length (not used JDCAM = 3, 7)

SCRAT(7) - camera tilt angle

For JDCAM = 5 through 10, the SCRAT
some increment described by entries on the
that increments these values (like camera XYZ position) is obscure and the

user is advised to study the manual thoroughly.

values are changed each frame by
second camera card. The law

The second camera card

and the varying camera parameters concept seems to be useful when the user
wishes the camera to act like a '"chase car', accelerating alongside the

moving bicycle.

(second camera card)

Col. 1-12 not used
Col. (12J+1)-(12J+8)
J=1,7 amount by which SCRAT(J) changes SCRAT (J+7)
between frames

Example: CAMERA CARDS

n 3 4 200N, 19710, 110,19 2%50.90 -An, 0 n,no n,n

[ 7 3956 7 s[maw wlam s E)i7 e (2 iraiZ4igs 1 [793091 3233 36 36[37 38394041 42 4afa5 a6 47 48J4950  52F3 54 53 56[57 ! S960]61 6263 64J6S 86 6MJES 10 11 12113 4 75 6]77 18 79 80)
1, n, n, n, n, n, n,
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BASIC DIMENSION CARDS

Col.
Col.

Col.
Col.
Col.
Col.
Col.
Col.
Col.
Col.

Col.
Col.
Col.
Col.
Col.
Col.
Col.

Col,

Col,
Col.
Col.
Col.
Col.
Col.
Col.

Col.

1st CARD

1-8
9-16

2nd CARD

1-10

11-20
21-30
31-40
41-50
51-60
61-70
71-80

3rd CARD

1-10

11-20
21-30
31-40
41-50
51-60
61-70

71-80

4th CARD

1-10

11-20
21-30
31-40
41-50
51-60
61-70

71-80

Caster angle (radians) CASTER
Wheel size (inches) WHSIZE
(A1l tie points in chassis coordinates)

X-coordinate (torso to chassis tie point) XS
Y-coordinate (torso to chassis tie point) YS
Z-coordinate (torso to chassis tie point) ZS
Hunch angle (radians) AH
X-coordinate (thigh to torso tie point-left) XZL
Y-coordinate (thigh to torso tie point-left) YZL
Z-coordinate (thigh to torso tie point-left) ZZL
X-coordinate (thigh to torso tie point-right) XZR

(A1l tie points in chassis coordinates, unless noted)

Y-coordinate

(thigh to torso tie point-right) YZR
Z-coordinate (thigh to torso tie point-right) ZZR
Half foot distance HE
X-coordinate (pedal to calf tie point-left)
pedal axis XPL
Y-coordinate (pedal to calf tie point-left)
pedal axis YPL
Z-coordinate (pedal to calf tie point-left)
pedal axis ZPL
X-coordinate (pedal to calf tie point-right)
pedal axis XPR
Y-coordinate (pedal to calf tie point-right)
pedal axis YPR
(A1l tie points in torso axis coordinates,
unless noted)
Z-coordinate (pedal to calf tie fornt-right)
pedal axis ZPR
X-coordinate (neck-shoulder point) not used XXN
Y-coordinate (neck-shoulder point) not used YYN
Z-coordinate (neck-shoulder point) not used ZZN
X-coordinate (upper arm-shoulder tie point-
right) XXSR
Y-coordinate (upper arm-shoulder tie point-
right) YYSR
Z-coordinate (upper arm-shoulder tie point-
right) ZZSR
X-coordinate (upper arm-shoulder tie point-
left) XXSL
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5th CARD (A1l tie points in front fork axis

unless noted)

coordinates,

Col.

1-10

154
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Y-coordinate (upperarm to shoulder tie point-

left) torso axis YYSL
Col. 11-20 Z-coordinate (upperarm to shoulder tie point-

left) torso axis ZZSL
Col. 21-30 X-coordinate (forearm to handlebar tie point-

right) XXHR
Col, 31-40 Y-coordinate (forearm to handlebar tie point-

right) YYHR
Col 41-50 Z-coordinate (forearm to handlebar tie point-

right) ZZHR
Col. 51-60 X-coordinate (forearm to handlebar tie point-

left) XXHL
Col., 61-70 Y-coordinate (forearm to handlebar tie point-

left) YYHL
Col. 71-80 Z-coordinate (forearm to handlebar tie point-

left) ZZHL
6th CARD (A1l tie points in chassis coordinates,

unless noted)
Col. 1-10 Length of thigh (in.) THIGH
Col., 11-20 Length of calf (in.) CALF
Col. 21-30 Length of forearm (in.) FA
Col. 31-40 Length of upperarm (in.) UA
Col., 41-50 Arm pit angle (radians) APIT
Col., 51-60 X-coordinate (pedal to chassis tie point) XXP
Col. 61-70 Y-coordinate (pedal to chassis tie point) YYP
Col., 71-80 Z-coordinate (pedal to chassis tie point) ZZP
7th CARD (All tie points in chassis coordinates)
Col. 1-10 X~-coordinate (front fork to chassis tie point) XXF
Col. 11-20 Y-coordinate (front fork to chassis tie point) YYF
Col. 21-30 Z-coordinate (front fork to chassis tie point) ZZF



OBJECT DELETE CARDS

Col. 1-8 name of previously read in object that is to be
released from storage (don't use WHEEL, REAREND, DAY
CHASSIS)

Col. 1-80 blank specifies no more object delete cards

Note: This feature is useful if you use a new instruction card, etc. and
want to eliminate some object plotted in the first part of the run.

Remember to include a blank card even if there are no object delete
cards!

OBJECT CARDS

(object title card)

Col. 1-8 title or name of object (blank implies no more TITL
cards)
1 get new object title card

- 2 X, Y, Z parameters coming up

Col. 9-16 3 circle to be drawn coming up IT
4 circle's coordinates rectangular

Col. 17-24 No. of points for upcoming specifications IN

Col. 25-32 identification 1D

(object specification card) (These points will be connected by lines)

If IT = 2 There are IN triplets of points or IN/2 cards

Col. 1-12 X-coordinate DAT

Col. 13-~24 Y~coordinate DAT (J+1)

Col. 25-36 Z-coordinate DAT (J+2)
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Col. 37-48 X~-coordinate DAT (J+3)
Col. 49-60 Y-coordinate DAT (J+4)
Col. 61-72 Z-coordinate DAT (J+5)

(object specification cards)

If IT = 3 or 4 (draws a circle)

Col. 1-12 X-position of center of circle SCRAT (1)
Col. 13-24 Y-position of center of circle SCRAT (2)
Col. 25-36 Z-position of center of circle SCRAT (3)
Col. 37-48 radius of circle SCRAT (4)
Col. 49-56 azimuth of circle axis (degrees) SCRAT (5)
Col. 57-64 elevation of circle axis (degrees) SCRAT (6)
Col. 65-72 tilt of circle SCRAT (7)

If the same object is not completely specified by the above title and
specs, then an object type card followed by new spec. cards may be used.

(object type cards)

Col. 1-8 blank

Col. 9-16 same IT as on title card IT
Col. 17-24 same IN as on title card IN
Notes:

(1) Object specification cards define points that are to be connected

together. Use object type cards to break up object into distinct
line segments.

(2) Last card in any object is an object type card with a 1 in columns
9-16.

(3) Don't forget a blank card to indicate that there are no more object
decks to be read in.

Example: A SIMPLE OBJECT

=2nani 2 4

[V Isle . el3io v alss v e[ 13 1g 26] o7 73 5413 26 27 28]23 10 31 32]33 39 35 37 18 38 4041 42 43 4445 25 47 4889 50 51 5253 54 59 56157 58 59 60]61 52 63 6465 66 67 68163 10 71 12173 74 15 7|77 18 78 90]
=

1, -51, -1, ~50n, -59, -1,

[T A[sw7alsamanun [T amaarBa5e 29290 n i 2435 %[21333940] 4243 44[s5 46 47 48]1950 51 53 54 55 5615 56 59 60]61 €21 5465 66 67 62e9 70 71 72[3 74 7 18177 78 79 0]
-=09, =1, ~t. 30. S0, ~-1.
D23 %] o7 efaefivm T6[17 1819 2021 22232415 2o 29]20 30 31 3233 34 353637 38 . 40[4) 42 43 4445 46 47 48[4950  52J53 54 £5 3657 58 SY 6O]61 62 GAJES 66 67 6863 70 11 1213 14 7S NN M WM

T2 3615 6 7 61910 1 12[13 14 15 16]17 18 15 2a[21 22 23 24[25 26 27 zo[29 30 o1 37]33 34 35 3637 38 33 45[41 42 43 4445 46 47 48[43750 51 5253 54 55 56]57 58 59 60]61 62 63 64165 b6 67 68J63 70 11 72173 M 15 1e]71 M 19 60)

("2 37aT5 76 7 7910 1 vl 1d 73 15 16 19 20]21 72 25 24175 26 2 28[25 30 31 32]33 34 35 5637 38 59 AUAT 42 43 ¢A]#5 36 47 46]#3 50 51 5753 54 55 S6[o7 58 59 60]6! 62 6 A6 66 67 648 70 71 T2]73 74 75 WYY T 79 6]
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7. SKIP CARDS No. of skip entries = NSKIP

Col. 1-4 No. of consecutive runs to be skipped

Col. 5-8 No. of consecutive runs to be processed

Col. 9-12 No. of consecutive runs to be skipped

Col. 13-16 No. of consecutive runs to be processed
Etc.

default: no skips, 1 million runs processed.

Example: SKIP CARD (Processes the first run only on the dynamics tape)

n 1

(2 3 475 6_7 ]9 10 v 03[t 14 15 i6[17 18 18 20]21 22 23 54]25 23 /7 2823 30 41 32[33 34 35 36[3/ 58 39 40741 42 43 4414546 «1 4849 50 o1 52053 54 55 56Ja7 58 59 6061 62 6 64J65 66 67 ssf6s WA W T K[ WY M)

8. PATTERN CARDS (Those objects that are to remain stationary during the run)

Col. 1-4 Pattern number J

Col. 5-8 Leave blank

Col. 9-16 Name of object to be printed on film PATIN
Col. 17-20 Leave blank

Col. 21-28 X-position of object in pattern POSIN(1)
Col. 29-36 Y-position of object in pattern POSIN(2)
Col. 37-44 Z-position of object in pattern POSIN(3)
Col. 45-52 Euler angle phi POSIN(4)
Col. 53-60 Euler angle theta POSIN(S)
Col. 61-68 Euler angle psi POSIN(6)
Notes:

(1) 1If you don't use these pattern cards, then every object will undergo
the same gyrations and maneuvers as the bicycle,

(2) The POSIN values allow you, if desired, to plot an object several
times at different locationms.

(3) Don't forget a blank card to indicate no more pattern cards.

Example: PATTERN CARDS
1 OFFRaMe

[ Vale e 7RT b TR TG 19 20121 2/ 23 24175 26 27 20128 30 17 32133 34 15 76137 38 3 40141 42 41 44145 46 a7 814950 51 5253 54 -+ 56J57 58 58 60]61 62 63 GA5 66 67 68J6s 10 7 T2[13 74 15 7611 13 72 80)
2 ONRAMP

{2 s 3T 67 o5 7ot [1714 15 15[ 18 13 2021 2073 2425 % ¢ 24135 30 1 3333 L+ T 36[a7 38 39 40lar 47 43 44]45 46 47 48]43 50 5 575 54 55 56]57 58 59 60)61 62 63 64Jss 66 67 6AJE 10 71 B[ W T [T 7879 a0]
3 RAR[SME

77 3]s & 7 6[9 0~ [a1a 15 16]7 13 13 20]21 22 23 24]25 26 27 78(23 30 31 32133 34 35 3537 38 39 40141 42 43 4445 45 47 44]49 50 51 5253 54 55 56]57 58 59 60] 61 62 63 64165 66 6/ 68[69 70 11 72[73 74 75 W17 1819 €0]
4 ROAD2

[T 2> «ls s 7 aJon _ 10711s 1s]i7 16 18 26121 22 23 24]5 76 27 26129 30 31 32133 34 35 3637 38 39 40[at 42 43 4a[45 46 <7 48J45 50 51 52153 4 55 56]s7 58 59 60]61 62 63 64155 66 67 68K 10 11 72]73 74 75 78]77 78 719 80)

S R34D72

fr25aTs 6 7 81910 D315 8117 18 18 20[21 7223 24]25 25 27 28029 26 3V 37133 24 35 36137 28 39 40[47 42 4344145 36 &7 48J49 50 515215 54 55 56]57 58 58 6061 62 63 64165 €5 67 68163 70 71 72|73 74 15 7677 T8 19 80)

{72 2 41576 7 89 10 i1 12[13 14 15 16]1; 18 19 20[71 22 23 24]25 26 27 28]29 30 31 32133 34 35 36]37 38 39 4041 42 43 44145 6 47 434950 51 52053 54 55 56]57 58 59 60|61 62 63 64165 66 67 68]6% 70 71 /2[73 14 75 1617 78 19 80)
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The preceding cards are enough to run an elementary job with the
Schwinn Bicycle Graphics Program. The last card in the input deck should be the
STOP CARD, described with the IDENTIFICATION CARD.

There are two other card types, as yet untried by this author, that
will be described below. They are not necessary to obtain a picture, but are
optionally used for more complex movie generation.

PRE-RUN CARD if IPRUN 0

Col. 1-8 vehicle velocity with respect to fixed axis V(1)
Col. 9-16 vehicle velocity with respect to fixed axis V(2)
Col. 17-24 vehicle velocity with respect to fixed axis v(3)
Col. 25-32 acceleration component A(1)
Col. 33-40 acceleration component A(2)
Col. 41-48 acceleration component A(3)

Notes on PRE-RUN CARD:

The Pre-Run feature seems to allow the user to generate simple motion
of chassis prior to the run from the dynamics tape. For example, if the
dynamics tape has the chassis crossing a bridge, the PRE-RUN CARD can be
used to simulate the approach to the bridge (even though that isn't on the
tape). It is not clear what is the starting time of the Pre-Run sequence,
but it is believed to be from O seconds to TB seconds.

CHANGE CARDS (only if 1CHANG#¥O0)

(first change card)

Col. 1-6 time new sequence begins TB
Col. 7-12 time new sequence ends TE
(1 new time increment between frames
Col. 13-18 1\2 retain old time increment 1Q
Col. 19-22 5 0 read no new camera cards ICAM
1 read new set of camera cards
Col. 23-26 No. of frames used/subtitle printed JTIT
Col. 27-30 <9 not expecting another set of change cards ICHANG
! new set of change cards expected
Col. 31-34 No. of lines of subtitles to be read NOLINE
Col. 35-38 same as previously described IPRUN
-1 draw sequence in same frame (double exposure)
Col. 39-42 { 0 no double exposure IREP
+1 double exposure in a different frame
g—l delete front end
Col. 43-46 < 0 no change IFR
(1 draw front end
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5 -1 delete C.G. point
Col. 47-50 0 no change ICG
1 draw C.G. point

Col. 51-54 2 0] delete printing of frame time LF

. 1 print frame time
(second change card) SUBTITLE CARDS
Col. 1-4 No. of letters on subtitle NOLET
Col. 5-12 X-position of starting point XL
Col. 13-20 Y-position of starting point YL
Col. 21-28 size of printed text SL
Col. 29-76 characters or text to be printed VERB

(third change card)

PATTERN CARDS

(fourth change card)

blank card to indicate no more pattern cards
(fifth change card)

CAMERA CHANGE CARDS

{sixth change card)

PRE-RUN CARD (if applicable)

Notes on CHANGE CARDS

CHANGE CARDS are used to change some simulation parameters during a
run, such as switching to automatic panning or adding subtitles to a group
of frames., It is worthy to note that a new identification card with assoc-
iated data input deck can be processed also. This allows one continuous
movie to be made from two tapes, etc.
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Appendix IV

BICYCLE GRAPHICS PROGRAM LISTING
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—

SCHWINN BICYCLE GRAPHICS PRUGRAM (MATN)

DEVELGPED BY CORNELL AFRONAUTICAL LABORATORY
P.0l. BOX 235
BUFFALOy NEw YIKRK 14221

COMMUN / CUMDAT/LENGTH,NEXT,DAT(19998)

DIMENSION JCHAS(611)4SCRAT(14)

EQUIVALENCE (JCHAS(1},DAT(1))

CCMMON/ COMFRM/DUM(30) 4 TANGLE,, JEULER

EQUIVALENCE (XM DUM{12) ) 4 (YMeDUMIL13) ), (FHIGH, DUM(9) ), (CLN,DUM(16))
COMMON/COMWHL /WHFEL(175)

COMMON /COMFRA/Z IFRAME

COMMON /CﬂMSCR/LSCRyNOLET(l2)'XL(lZ)'VL(lZ).SL(IZ)'VFP8(12v12lv
LPOSIN(6),DUMSCR{ 2}

COMMON/CUMTRK/WCON(16) ,TWINE,NOT

DIMENSTON  WC (344} ,TWCI4) ,JWC4)

DIMENSION  A(3+3)sRBJ(343),C(3,3),AB(5),AC(5)

DIMENSLON THU343) 3CF(3,3),FT(3,3),TL(3,3),TUAL(3,3),TUA(3,3),
1FAL1(3,3),TFAL( 3, 3)

EQUIVALENCE (WCyWCON)y (JWC,WCON{13))
HEAL®*8 TIME,CTIME2,TODAY,DAY,PATERN(S50) +PATIN, CTIME
RE AL *8 RL ANK /! "/ yENDG/'THE END '/

REAL*8 UWNHEEL/'WHEEL '/ yUCHAS/ YCHASIS '/, ORFAR/YKEAREND '/
REAL*4 LAMBDA,MHU,NHU
REAL®B OFFORK/'FTFORK '/ OPEDAL/*PEDALS '/

REAL*8 NRTHGH/ *RTHIGH '/, OLTHGH/ 'LTHIGH v/
REAL *8 JRCALF /*RCALF Y/ OLCALF/'LCALF '/
REAL *8 ORFOAT/ *RFOOT ) NLEDQT/'LFONT v/
REAL *8 OTORSO/'TORSO '/

REAL*8 ORUA/ 'RUARM Y/ ULUA/Z ' LUARM v/
REAL*3 ORFA/ 'RFARM '/ OLFA/*LFARM '/

REAL DENT(18),TITLE(36), VARO(14),CAMIT),CAMI(14)
1ePI2/1.5708/,STOP/4HSTIP /,START/4HR k&% /+CAMB(2),PCS(6,50)

2 sWROT(4),XOLD(4),YILD(4),TWOPI/6.28318/

INTEGER NSKCLOO) o I TOLD/=2/ICINT/L/ 4 IPAT/C/ 4, 10BJ/0/4 IDCAM/ 3/,
1 LTIMEX/500/4 ICSKP/0/4ITOUDA/ =1/ JEFPLT/O/

CTMMON /COMRUN/ VAR{14),VARN(14), IPRUN

EQUIVALENCE (VARUL) ¢T) 3 (VAR(2) oX) 4 (VAR(3)4Y), (VAR{4) 42},
l(VAR(S).PHI).(VAR(b)'THFTA)v(VAR(7),PSI),(VAR(R).DELTAl),

?(VAR(Q)vDELTAZDo(VAR(lO)yDFLTA3).(VAR(ll)-ROLL)y(VAR(IZ)oSTFFR).

3 (VAR(UL13),CAMBUL) b (SCRATIL) s VERB(141))4(T9,VARN(1))

DIAGNOSTIC SWITCHES
COMMON/COMTST/ITEST( 8)
INTEGER*2 [TEST,[HUB
EQUEVALFENCE(THUB,ITEST (1))

CALL ERRSET(2C9,100,3,2)
CALL PLOTER(1)
CALL DATE({TODAY)
TIME = CTIME (0)
[ANGLE = O
JEULFR=0
TOFNTIFICATION CARD
READ 2 4DENT,ITEST
FORMAT [18BA4, 811)
[F (JEFPLT.NF.O) GG TO 2009
LPEN=ITEST(2)
CALL PLTSET(LPFN)
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JEFPLT =]
IF (LPEN.FQ.5) JEFPLT=?
2009 IF (DENT(1}.NE.STOP)IGD TO 1000
IFf (ICSKP.EQ.O)Y GOV TOY 20nCs
PRINT 2004,1CSKP
2004 FORMAT ('C'y15,' INPUT CARDS [IGNOUREN, ')
ICSKP =0
2005 CONTINUF
PRINT 3,DENT,ITEST,TODAY,TIMF
[F (DENT(2).NE.START)Y GO TNO 2003
READ 15,JT1IT7
ASA = NDUM(1)+l1.0
PRINT 2001,JTIT,ASA
2001 FIORMAT (*OTHE END IN'yl4y? FRAMES STARTING wITH FRAME' ,F7,0)
DB 2002 4 =1,J717
CALL FRAME
CALL SYMBOL(XM=-C.2,¥YM=,3,0.5,0,0.0,1)
CALL SYMBOL(XM-O.},YM+1.0.0.ZR,ENDG,0.0'7)
2002 CONTINUE
2003 CALL EFPLOT(JFFPLT)
sStTop
1000 IF(DENT(1).6Q.5TART) GO TU 1001
ICSKP=ICSKP+1
GO TO 1
1001 IF (ICSKPLNE.N) PRINT 2004,ICSKP
ICSKP=(
PRINT 3,0ENT,ITEST,TODAY,TIME
3 FORMAT (*'1', 18A44BI1,5X,A8,5X,A&/*NSVYN MOVIE PROGRAM,CURNELL AFRON
1AUTICAL LABORATCRY, FEB 70.°'}
C INSTR., CARD
10 REAOD ll.HIDE.H[GH,TB,TF,DT.STDISP,EPST.IPRUN,IFR,[CG.
X ITRK.LF.ICAM,IREP,IFRAMF.[T.
1 ICHAS,INIT,ICHANG yNSKIPTOBCITIT NTIT,STIT
1L FORMAT (TF6.0y 212¢611,412,314,12,F6.0)
T=1T8
STOISQ = D.4+4,.0%STDISP
IF (WIDE.GT.0) CALL FRAMSZ(WIDE,HIGH)
WOZOM = AMIN]L (XM,YM) /25,4
[F (ITITLLF.0) GO TO 1114
TFINTIT.LELO ) NTIT =72
[F(STITLLE.O.0) STIT =9.28
1101 MTIT =(80-NTIT)/8
J ={B8O+NTIT)/2 —-4%MTIT
SCAL = STIT+STIY
1112 ASA =FHIGH - 14,0%SCAL
IF (ASA.GT.0.0) GO TO 1113
SCAL = SCAL- 0.07
GD TO 1112
1113 vCAL = (ASA+SCAL)/2.0
YNATE YCAL + 3,0%SCAL
YTITA = YDATE+SCAL
YTITB = YTITA+SCAL
XCAL=XM-SCAL/2.0
1110 XTIT=XM—FLOAT(NTIT)®0 .4 3%STIT
IF (XTIT.GT.0.0) GNP TO 1111
STIT = STIT%0,9
GC T 1110
1111 CONTINUE
XDATE= XM-3_,44%STIT
NTIT = J
1114 PR]Nle.w(w[,H[GH.TR.TF,nr.STnlSP.bPST.IFR.ICG.ICAM.IREP.IFRAME.IT
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1y ICHAS, [N[TvICHA"JGvNS‘([P'IUBC9IT[TvNT[TySTlT,IPRUN,LF,‘TRK
12 FORMAT (*OINSTRUCTION CARD'/ ' wlDE HIGH T4 TE DT STDIS
1P EPST [FR TICG ICAM IREP [FRAME [T ICHAS INIT ICHANG NS
2KIPpP 10BC Irir NTIT STIT Y/ IXe TF6.3,214,215,917,F 7.3/
3 ¢ [PRUN = 213,10, LF:.9[31" [TRK =1,13)
[F{IT)1102,1201,1103
1201 PRINT 1202
12C2 FORMAT ('ONO INPUT TAPF SPECIFIED.")
GO TN 2003
1102 11 = -7
REWIND IT
ITOLDA =-2
GO TO 1104
1103 IF (ITOLD.EQ.IT) GO TOI1
1104 IT0OLD =-
13 IF {(ICAM.EQ.O0) GO TN 17
CAMERA CARDS
14 NCAM = 0O
1401 READ 15, JCMSET,JOCAM,INVT,SCRAT
15 FORMAT(314,7F8.0/12X,8F8.0)
IF (JDCAM.GT.2) GO TO 1410
1402 DO 1403 J=1,7
CAM( J) = SCRAT(Y)
CAMI(J) = SCRAT(J)
1403 CAMI(J+T7) = 0.0
ICMSET = JCMSET*2+JDCAM
[DCAM = JDCAM
CALL CAMSET(CAM,ICMSET,INVT)
TRBCAM = T8
G4 TO 1435

1410 IF(JDCAM.LT.T) GO TN 1420
ASB8 = T8 -TRCAM

1412 DO 1414 J=1,7
CAMI{J) = CAMI(J)+ASBRCAMI(J+T)

1414 CAMI(J+7) = SCRAT(J+T)
IDCAM = JUDCAM-4
GO T 1425

1420 DG 1422 J=1,1l4

1422 CAMI(J) = SCRAT(J)}
INCAM=JDC AM

1425 TBCAM = T8

1430 ICMSET = 2%JCMSET+2~MGD(JDCAM,?)

1435 CONTINUE
PRINT 164 JCMSET,JDCAM, INVT ,CAMI,TRCAM

16 FORMAT ('OCAMERA CARDS, ICMSET [DCAM [NVT X Y
1 Z XF /A7 YF/EL LE/FL Tl TIME-CHANGE?
2 /15X+316,7F10.3/" DELTA VALUES', 17X, 8F10.3)
IFC(JDCAMIGT.0) .AND. (JNCAML LT 11)) GC TO 1602
PRINT 1601
1601 FORMAT ('OTLLFGAL CAMFRA SET.')
GO 1O 2003

6C2 IF (NCAMJNE.O) GO TO 145
3ASIC DIM CARD

NEwWw BASIC DIMENSION CARN FOR RICYCLE (CASTOR ANGLE,WHEEL SIZE)

17 READ 1673,CASTER,WHSIZF
1603 FORMAT(2F8.0)
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19 READ 1694, XSeYSeZSeAH XZL s YZL 9 2L ¢X2ZR, YR, 11,
1HF,XPL,YPL,ZPL,XPR.YPR.ZPR,XXN,YYV,ZZN'
ZXXSR'YYSR.ZZSR.XXSLpYYSL.[ZSLvXXHQ'YYHHpZZHRoXXHLv

3YYHLvIlHL.TH[GHyCALF.FA,UA.APIT.XXP,YYP,ZZP'XXF,YYF.7ZC
1604 FORMAT{KF10.0)

C

c

C INITIALTZF BICYCLFE PAHAMETERS.

C
OMEGA=(Q,
DIST=0,
XOLDX=¢,
YOLOX=C.
L0LDX=0.,

C

C

C

UBJECT DFLETE CARD(S)
1701 READ 1702,DAY

1702 FORMAT (9A8)
IF (DAY.EQ.BLANK) GO TN 1706
PRINT 1703
1703  FURMAT ( 'OOBJECTS DFLETFD.!)
1704 PRINT 1705,DAY
1705 FORMAT (5X%X,A8)
CALL DLTOBJ{DAY)
READ 1702,DAY
IF (DAY.NE.BLANK) GC TO 1704
1706 CONTINUE
18 IF (ICHAS.LE.C) GO TN 1801
ICINT =0
CALL DLTOBJ(NCHAS)
1801 IF(IORC.NE.QO) 10BJ=9
(JBJECT (CARDS
1803 CALL OBJINP
20 IF (NSKIP,.GT.0) GO TN 21t

NSK(1) =0
NSK(2} = 100000
NSKIP = 2
GO TO 24
C SKIP CARD(S)

21 READ 22 ,(NSK(J),J=1,NSKIP)
22 FURMAT (1614)
PRINT 23, (NSK(J)yJd=1,NSKIP)
23 FORMAT ('OSKIP NOS.*,16[5/(10%X,1615))
24 CONT INUE
KPATN =1
C PATTERN CARD(S)
2401 READ 2402,J4PATIN,POSIN
2402  FURMAT ([444X,A8,4X,6F8.2)
IF (J) 2403,2479,2405
2403 § = -y
IF (J.GTLICRJ) GO TN 2408
PRINT 2404,J,PATERN(J)
2404 FORMAT ('ODELETED PATTERN NO.',14,4X,A8)
PATERN(J)= BLANK
IF (J.FQ.I0RJ) [UBJ = 1CBI-1
GU TO 2401
2405 IF (J.GT.50) GUL TO 2408
PATERN(J)=PATIN
DO 2406 K=1,3
PISIK+1,)=POSINIK+3) %CON
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2406  POS(KeJd) = PUSIN(K)
PRINT 2407,J4PAT IN,POS IN
2607 FORMAT (' OINPUT PATTERN® ;14 44X, A8,6F12.3)
IF (J.GT.I0BJ)Y I0BY = J
GO TO 2401
2408 PRINT 24091,4
24091 FURMAT ('OPATTERN IGNORED FOR J =ty 14)
GO Tn 2401
24C9 IF (KPATNJNE.L1) GO TO 13901
2410 CONTINUE
[F (ITOLDAJNELIT) NRUN=0
DO 400 JSKIP=1,NSKIP,?
[F (NSK(JSKIP).LE.O) GO TN 27
LOOP = NSK{JSKIP)
PG 26 J=1,L00pP
READ (IT,¥END=350)
25 READ (IT,END=350) T9
IF (T.CT.(-999.0))G0 TO 25
26 CONTINUE
NRUN = NRUN+LCCP
27 LODOP = NSK(JSKIP+1)
DC 400  JRUN=1,L00P
NRUN = NRUN+1
IWw =1
C STATIC PARAMETERS
READ (IT,ENN=35C) TITLE,DAY
PRINT 28,DAY,TITLE
28 FURMAT  ('0',A8,10X,18A4)
DO 2R01 J=1+4
2801 WRDOT(J)=0.0
IF{ITRK.NE.O) CALL TRKSET
TF2 = TF /2.0
JPRUN=0
29 IF (ICINT.EQ.O0) GC TO 2903
IF (ICHAS.EQ.C) GO TO 2903
CALL BLDCHS
2903 CONTINUE
CALL CIRCLE (0404 TWIDE 40, 09RW490.Cs04040. 0, WHFEL(22)424)
JTIT = [T11(7
35 CONTINuUE
40 IF (JTIT.LF.O0) GO TO 4101
ASA = DUM(1)+1.0
PRINT 4001,JTIT,ASA
4001 FORMAT ('OTITLE BLOCK IN', 14,4 FRAMES STARTING IN FRAME NC.',F7.0)
DO 41 J=1,JTIT
CALL FRAME
TF ((XCAL cLE.0.0).0R{YCAL.LE.N.0)) GO TO 9C1
CALL SYMBOL(XCAL,YCALsSCAL,C,0.Cy1)
CALL SYMBOL( XDATE,YDATE,STIT,DAY,0.0,8}
301 IF (XTIT.LE.N.O) GO TO 41
IF (YTITALLE.0.O0) GO TO 902
CALL SYMBNOL(XTIT YTITAGSTIT,TITLE(MTIT+18),0.0,NTIT)
902 IF (YTITB.LE.O.O0) GU TO 41
CALL SYMBOL(XVIT,YTITB,STIT,TITLE(MTIET V20 0, NTIT)
41 CONTINuE
4101 [F (TB.GT.TEIGO TOU 135
C DYNAMIC PARAMETERS
100 T=78
110 READ (IT,END=349) VARN
IF (VARN(1).LE.(=999.0)) GO TO 360
JPRUN=JPRUN+1
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L1001 ASA = T-VARN(1)
ASB = SIGN(1.0,ASA)
I[F (ABS(ASA).GE.EPST) GO TO 110C3%
ASB=0.0
11002 lF((IPRUN.LT.O).AND.(ITRK.NE.O)) CALL PRINRS
I PRUN=D
Iw ==Iw
GU TO 111
11003 IF{AS8.6T.0.0) GO TO 11002
IF{IPRUN.EQ.N) GOTO 11204
C PRERUN CARD {(WwHFN APPLICARLE)
CALL PRERUN
[F (ITRK.NE.O) CALL TRKIN
GO TO 116
11004 CCNTINUE
[F (ITW.LE.O) GO TO 114
T = T+0T
GO TO 11001
111 DO 112 J=1,14
112 VARO(J) = VARN({J)
[F{ITRKJNELOICALL TRKIN
IF (ASB.NE.0.O ) GO T0 110
DO 113 J=2,14
113 VAR(J) = VARN(J)
GO 70 116
114 DINT = (T-VARO(L))/(VARN{L)—-VAR(1))
DO 11y J=2,14
115 VAR(J) = VARDUJII+DINT=(VARN(J)-VARO(J)}
116 CONTINUE
12210 IF (INDCAM.LEL2) GO TO 12222
ASA = T-TBCAM
DO 12212 J=1,7
12212 CAM(J) = CAMI(J)I+ASA*CAMI(J+T)
IF (IDCAM-4) 12214,12216,12218

C AUTO ZOOM AND PAN
12214 CAMCON WOZOM/ (WDZOM+CAM(4))

CAM{6) = CAMCON®(CAM(S5)-CAM(3))+CAM(3)
CAM(5) = CAMCON®(VAR(3)-CAM(2)1+CAM(2)
CAM(4) = CAMCON*{VAR(2)-CAM{1})+CAM(1)
GO TO 12220
C AUTN PAN

1221€ CAMCON = CAM(5)-CAM(3)

ASX = VAR(2)-CAM( 1)
ASY = VAR{3)-CAaM(2)
ASZ = SQRT({ASX*¥%2+ASY%%x2)

CAM(4) = ATANZ(ASY,ASX)/DUM( 16)
CAM(5) = ATAN2{CAMCON,ASZ)}/DUM( 16}
GJ TO 12220
C SPECIFIED PAN, AND 2C0OM
12218 CONTINUE
12220 CALL CAMSET(CAM,ICMSET,INVT)
12222 CUNTINUE
IF (IREP.LT.0) GO TO 12201
CALL FRAME
I[F (STOISP.LE.O.0) GO T 12201
CALL SYMBOL (Cua240.24STDISP,'SEC."4N.0,4)

CALL NUMBERI(STDISQ, Ca29STDISP+T40.043)
12201 ASX = -B

ASY = —-RHO®RSIN(RCLL)

ASZ = IR+RHO*COS(ROLL)+DFLTA3

[RT =0

167 YA-3063-K-2



CALCULATED DISTANCE TRAVELEND,SPFED, WHEFL AND PEDAL RPOTATION

YOO

2100 DIST=ABS(SORT(((XOLDX-VARN(?H“*Z)*((YCLDX—VARN(B))**Z)+
LUCZOLDX-VARN(4))%%2)))
XULDX=VARN(2)
YOLIX=VAKN(3)
ZOLDX=VARN(4)
OMEGA = - .3%DIST/WHSIZE + UMEGA
AL = ROLL

OO0

LOADING GOF BODY AXIS TN INERTIAL AXIS TRANSFCORMAT ION MATRIX,

2101 A(1+1)=COS(PSI}*COS(THETA)
AC142)=~SIN(PST)*COS(PHI}+COS(PST)*SIN(THETA)*SIN(PHI)
Al Lly3)=COSIPSTI*SIN(THETAY*CUS(PHI)+SIN{PST)*SIN(PHI)
A{2+1)=SINIPST)*COS(THFTA)
A{2+2)=COS{PSLI*COSIPHI)+SIN(PST)*SINITHETAI®RSIN(PHI)
AL2+3)==COSIPSIIESINI(PHIY+SIN(PST)*SIN(THETA)*COS(PHI )
A(3,1)=—SIN(THCTA}
Al 3,2)=COS{THETA)Y*SINI(PHI)
Al343)=COS(THETA)*COS(PHI)

C
C LUAD IN FRONT FORK TRANSFORMATION MATRIX
c

2102 BJ(1+1)1=COS{CASTFR)*COS(STEER)
BJl1+2)=~COSICASTER)®SIN(STEFR)
BJ{1ly3)=SIN(CASTER)
bJI(2+1)=SIN(STFFR)
BJ(2,2)1=COS(STEER)

BJ(2+3)=0.
BJ(3,1)=—SINICASTER)*CNS(STEER}
BJUE3+2)=SIN(CASTER)*SIN{STEER)
BJ(3,3)=COS(CASTER)

c
C LOAD IN PEDAL AXIS TRANSFORMATI(N MATRIX
c
2103 C{1,1)=COS(OMFGA}
Cils2)=0.
C(1,3)= SIN(OMFGA)
Cl2+1)=0.
C(2,2)=1.
C(2,3)=0.
C{341) = -SIN(OMEGA)
C(3,2)=0.
C(3,3)=COS(CMEGA)
2104 CALL OBRJECT(OCHAS 1 X9YelyPHITHETA,PST)
C
C TRANSFURMATION AND PLOTTING 0OF FRONT FDRK STEERING AXIS,
C
C
C DETERMINATION OF CENTER OF FRONT-FORK AXIS IN INERTIAL SPACE.
C
2105 XFFA = A(Lsl)*XXF + A(Ll,2)%YYF + A(1,3)%72F + X
YEFA = A(2,1)%XXF + A(2,2)%YYF + A(2,3)%27F + Y
ZEFA = A(341)%XXF + A(3,2)*YYF + A(3,3)%72F &+ 7
C
c CETERMINATIUN QF INERTIAL FEULER ANGLES FNR THE FRONT-FORK AXIS.
C

2106 CALL EULER(A,BJ,THETAF,PHIF,PSIF)
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ORAW THE FRONT-FORK STEER AXIS SYSTEM

OO0

2108 CALL OBJECTUOFFORK ¢y XFFAGZYFFAZZFFALPHIF,THETAF,PSLF)
THANSFORMATTION AND PLOTTING CF PEDAL AXIS.

DETERMINATION OF CENTER UF PEDAL AXIS.

OO0

2109 xPaA
YPA
IPA

ACL LY ®XXP + A(L,2)%YYP + A(l,3)%77P + X
AL2y1)%XXP ¢ A(2,2)%YYP + A{2,3)%77P & ¥
A(3,1)%XXP + A(3,2)%YYP + A(3,3)%22P + 7

C

C DETFRMINATION OF INFRTIAL FULER ANGLES FPR PEDAL AXIS
C

2110 CALL EULER{ALC,THETAP,PHIP,PSIP)
C

c DRAwW THE PEDAL AXIS SYSTEM

a

2112 CALL ORJFCT(DPEDAL tXPA,YPAyIPAJPHIPTHETAP,PSI([P)

PLOT THE RIDER LEAN ACTION

OO0 O

TL(Ll,1)
TL(1s2)
TL(1,3)
TL(2,41)
TL{24+2)
TLI24+3)
TL(3,1)
TL(3,2) =COS(AH)®SIN(AL)

TL(3,3) COS (AH) *COS (AL)

XXS= A(l,1)%XS + A(1,2)%YS + A{1l,3)*7S + X

YYS= A{2,1)*%XS ¢ A{2,2)%YS + A(2,3)%2S + Y

Z1S= Al3,1)0%XS ¢ A(3,2)%YS + A(3,3)%2S + 7

CALL EULER(A,ZTLyTHETAL ,PHIL ,PSIL)

CALL OBJECT(OTORSO y XXSyYYS,2ZS,PHIL ,THETAL,PSIL)

COS(AH)
SINCAHI*SIN(AL}
=SIN(AH)*COS (AL)
0.

COS{AL)

0.

SIN(AH)

LU | S TR T B T 1]

PLACEMENT AND PLOTTING OF LEGS

OO0

KOUNT = 1]

CALCULATION OF POINT X IN CHASSIS COORDINATES

OO

1500 GO T3 (1605,1606) KOUNT

1605 XX = COS(OMEGAY®XPL + SIN(OMEGA)%ZPL + XXP
YX = YPL + YYP
IX = -SIN(OMEGA)*XPL + COSI(OMFGA)=ZPL + 77P
GC TO 1607

1606 XX = COS(OMEGA)*XPR + SIN(OMEGA)*ZPR + XXP
YX = YPR + YYP
IX = =SIN{(OMEGA}Y*XPR + COS(OMEGA)®ZPR + 27P

1607 CONTINUC

CALCULATICN OF POINT Y IN CHASSIS COCRDINATES

OO0
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OO0

1610 GO TO (1611,1612)4KOUNT

1611 ATOE = -.25%*COS(QOMEGA)
GO TO 1613

1612 ATOE = .25%COS{OMEGA)

1613 CONTINUE

XY = XX - COS(ATOE) *HF
YY = ¥YX
LY = [X - SIN(ATOE)#*HF

CALCULATION OF POINT Q IN CHASSIS COORDINATES

1620 G3 TO (162141622)4+KOUNT

1621 DZY=SORT((XZL-XY)*(XZL-XY)#(VlL—YY)*(YlL—YVl*(IlL—ZY)*(ZZL—ZY))
AA = ATAN2LIXY~XZL)(2ZY-2201))

= «5%{0DLY+THIGH+CALF}

= SORTU((P-DZY)*(P-THIGH) %(P-CALF))/P)

ACJ = 2.%ATAN2(R,P-CALF)

AD = 2.%ATAN2(R,P-THIGH)

ABJ= 1.5707-AA

AACY = 1.5708 - AA - ACJY

Ag = ABJ ¢ AD

XQ = THIGH*SIN(AA+ACJI+XZIL
YQ = YZL

1Q = THIGH*COS(AA+ACJ)+Z12L
GO TO 1623

1622 DLY=SORT((XZR—XY)*(XZR—XY)*(YZR—YY)‘(YZR—YYl+(llR—ZY)*(ZZR-ZY’)
AA = ATAN2({XY-XZL}4(2ZY-2ZL))

= ,5%{(DZY+THIGH+CALF)

= SQRT(((P-DZY)*{P-THIGH)*(P-CALF) }/P)

CJ = 2.%ATAN2(R,P~CALF)

AD = 2.%ATAN2 (R,P~THIGH)

ABJ= 1.5707-AA

AACJ = 1.5708 - AA - ACJ

P
R
A

AQ = ABJ + AD

XQ = THIGH*SIN(AA+ACJ) + XZR
Yd = YIZR

IQ = THIGH*COS(AA+ACJ) + IR

1623 CONTINUE
DRAwW THE THIGH

1630 GO T (1631,1632),KNUNT

1631 XLT = AlL,1)*XZL + ALL,2)%YZL + A(1,3)%Z7L + X
YLT = AQ2, 1) #XZL + A(2,2)%YZL + A(2,3V%77L +Y
LLT = A(3,1)%XZL + A(3,2)%YZL + A(3,3)%2IL + 2
GO TO 1633
1632 XRT = A(141)%XZR + A(L,42)%YIR + A(1,43)%27R + X
YRT = A(2,1)%XZR + A(2,2)%YIR + A(2,3)%2IR + Y
IRT = A(3,1)%XZR + A(3,2)%YZR + A(3,3)%[IR + 7
1633 CONTINUE
TH(1+1) = COS(AACY)
TH(l,2) = 0.
TH{1,3) = -SIN(AACJ)
TH{2,1) = 0.
TH(24,2) =1,
TH(2,3) = 0.
TH{3,1) = SIN(AACJ)
TH(3,2) = OC.
TH({3,3) = COS(AACY)

CALL EULER(A,TH,THETAT,PHIT,PSIT)
1640 GO T0O (1641,1642) 4KOUNT
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[aNalal

OO0

AOMNMOOOO0N

1641

1642
1643

1650
1651

1652
1653

1660
1661

1662
1663

6C20

(A,CFyTHFTAC,PHIC,PSIC)

CALL

G3 TO 1643

CALL

CUNT INUE

DRAw THE CALF

XC =

Y€ =

IC =

CFL1ly1) = CO5(4Q)
CF{l,s2) = 0.
CF(ls3) ==SIN{AQ)
CFl2y1) = 0.
CF(2+2) = 1.
CFi2,43) = 0.
CF{3,1) = SIN(AQ)
CFi3,2) = 0,
CF(3,3) = COS(AQ)
CALL tULE

GU T0O (1651416521 4K0QUNT

CBIECT (ORTHGH  XLT 4 YLT 2L Ty PHIT , THETAT ZPSIT)

OBJECT(OLTHGH y XRT g YRT yZRT 4PHIT , THE TAT,,PSIT)

A{Ly1)®=XQ + A(L,2)%YQ + A(1,3)%2Q + X
A2, 1)*XQ + AL2,2)%YQ + A(2,3)%2Q + Y
A{3,1)%#XQ + A(3,2)%YQ + A(3,3)%2Q ¢ /

CALL OBJECT(OLCALF ¢XC4YC4ZC,PHIC,THETAC,PSIC)

GO TO 1653

CALL OBJECT(ORCALFyXCyYCyZC,PHIC,THETAC,PSIC)

CONTINUE

DRAW THE FOOT

XXX =

YYx =

LIX =

FT(1s1) = COS{ATOE)
FT(l,2) = 0.
FT{1+3) = -SIN(ATOE)
FT(2,1) = O,
FT(2.:2) = 1.
FT{2+3) = 0.
FT(3,1) = SIN(ATOE)
FT(3,2) = 0.
FT{3,3) = COS(ATOQE)

ACLy1)®XX + A{1,2)%YX + A(1,3)%7IX + X
AL2,1)5XX ¢ A(2,2)%YX + A(2,3)%7X + Y
A3, 11%XX + A(3,2)%YX ¢ A(3,3)%IX + 2

CALL EULFRUA,FT,THETOF,PHITNE,PSITOE)

GO TO0

(166191662} KOUNT

CALL OBJFCT(OLFOOT XXXy YYX 427Xy PHITOE,THETOE, PSITOE)

GO TO 1663

CALL OBJECTUORFOUT ¢XXX o YYX 422X 4 PHITOE,THETOE, PSITNE)

CONTYINUE

PLCT THE RIDER STEER ACTION

DETERMINE POINTS HR,HL,SR,SL

GO TO (6C2046021),
XSL = TL{L1s1)#%XXSL
YSL = TL(Z2,1)%*XXSL
ISL = TUL(3,1)*XXSL
XHL = 3J(1,1) ®*XXHL
YHL = BJ{2s1)*XXHL
IHL = BJ(3,1)*XXHL
GO TO 6022

KOUNT

* t + s r <+

TL{l,2)*YYSL
TL(2,2)%YYSL
TL{3,2)%YYSL
BJ(L,y2)*xYYHL
RI( 2y 2V *YYHL
BJ{3,2)1eYYHL

171

+ +t+ e,

TL(L,3)*2Z2S¢L
TL{Z243)%Z22ZS5L
TL(3,3)1%2ZSL
BJ(Ll+3)*ZZHL
BJ(2,3)*2ZHL
BJ(3,3)%27HL

LR P S

IN CHASSIS COGRDINATES

xS
YS
S
XXF
YYF
12F
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OO0

lalal

6021

6022

6030

6031

XSR

TL{Ly1)%XXSR

+ TLUL1,2)%YYSR
YSR = TLL2,11%XXSR & TL{2,2)%YYSR
ISR = TLU3,1)%XXSK + TL(3,2)%YYSR
XHR = B8J(1,]1)*XXHR + BJ(1l,?2)%YYHR
YHR = BJ(2,1)%XXHR + BJ(242)%YYHR
IHR = BJ(3,1)*XXHR + 8J( 3,2)*%YYHR
CONT INUE

DETFRMINE THE ELBOW POINTS

+ e+t

TL{1,3)%27SR
TL{2,3)%ZSR
TL{3,3)%2ISR
BJl1s3)*ZZHR
BJ{293) %2 7ZHR
BJ(343)%ZZHR

XS
A
A
XXF
YYF
llF

D

IN CHASSIS AXIS COORDINATES

v LIXXEP + TUA(L¢2)2YEP + TUA(1,3)%ZEP + XQL

GO TO (6C30,6031), KOUNT

LEFT SIDE

U = XHL-XSL

V = YHL-YSL

W = IHL-ZSL

DSHL = SQRT(UX®2+VERX24WEe2)
LAMBDA = U/0DSHL

MHU = V/DSHL

NHU = w/DSHL

AYAW = ATANZ{MHU,LAMBDA)

WHU = SQRT(LAMBDA¥*2 + MHU%*%?)
APITCH = —ATAN2 (NHU,wHU)

DQE = SQRT{UA%%2 — (DSHL/2.)%%x2)
XEP = 0.

YEP = -DQE*COS(APIT)

LEP = DQE*SIN(APIT)

XQL = 5% (XSL+XHL)

YQL = 5% (YSL+YHL)

L = 5%(ZSL4ZHLY

TUA(L+1) = CNSCAYAW)*CIOS (AP ITCH)
TUA(L+2) = -SIN(AYAW)

TUA(L1+3) = COSCAYAW)*SIN(APITCH)
TUA(2+1) = SIN(AYAW)*COS{APITCHI
TUA(2,4,2) = COS{AYAW)

TUA(2,3) = SIN(AYAW)*SIN{APITCH)
TUA(3,1) = =SIN(APITCH)

Tuai3,2) = C.

TUA(3,3) = COS(APITCH)

XEL = Tua(l

YEL = TUALZ2,1V%XEP + TUA(2,2)%YEP + TUA{2,3)%2FEP + YQL
ZEL = TUA{3,1)1%XEP + TUA(3,2)*YEP + TUA(3,3)%2EP + ZQL
GU T0O 6032

RIGHT SIDE

U = XHR-XSR

V = YHR-YSR

W = IHR-ZSR

DSHR = SQRT(US®2+VEx2+Wk%2)
LAMBDA = U/DSHR

MHU = V/DSHR

NHU = W/DSHR

AYAW = ATAN2(MHU,LAMBDA)

WHU = SURT(LAMBDA**2+4MHU%%2)
APITCH = -ATAN2 (NHU,WHU)

DQAE = SQRTIUA%%2 - (DSHR/2.)%%2)
XEP = 0.

YEP = DQE*COS(APIT)

LEP = DQE*SINCAPIT)

XQR = 5% (XSR#XHR)

YIR = ,5%(YSHK¢YHR)
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laNeNe!

N eNaNel

6032

2020

2023

2010

2011
2012

2025

IR = ,5%(2
TUA(L, 1)
TUA(L1+2)
TUA(Ll,3)
TUA(241)
TUA(2,2)
TUA(2,3)
TUA(3,1)
TUA( 3,2)
TUA(3,3) =
XER TUA(L
YER
LER
CONTINUE

([

wonou

o

won o

SR+ZHR)

COSCAYAW) *COS(APITCH)
-SIN(AYAW)

CNSCAYAW) XSIN(APITCH)
SIN{AYAW) ®*COS (APITCH)
CUOSCAYAW)
SIN{AYAW)®*SIN(APITCH)
~SIN(APITCH)

O.

COS(APITCH)

+LVEXEP + TUA(L,2)%YEP + TUA(Ll,3)%2ZEP + XQR

PLOT THE UPPER ARMS

GO TQ
LAMBDA =
MHU =
NHU
wHU
AYAW =
APITCH =
GC TO 2023
LAM3DA =
MHU =

NHU =

WHYU =

AYAW =
APITCH =
CONTINUE
TUA(L,1)
TUA(L,2)
TUA(1,3)
TUA(2,1)
TUA(Z242)
TUAL2,3)
TUA(3,1}
TUA(3,2)
TUA{3,3)
XSLF

(x
(YEL-
(ZEL-
SQRT(

nooh

(YER-

SQR T

I

(2020,2021),

(ZER-

KOUNT
EL-XSL)/UA
YSL)/uUA

LSL) /uA
LAMBDA®®? +MHU *x%2 )

ATAN2 { MHU,LAMBDA)
—ATAN2 (NHU, WHU)

( XER=XSR) /UA

YSR)/UA
LSR)/UA
LAMBDA®X2+MHU%%x?2)

ATANZ { MHU,L AMBNA)
—ATAN2 (NHU, WHU )

COSCAYAW ) *CNS (AP ITCH)
~SIN(AYAW)

COSCAYAW) ¥SIN(APITCH)
SIN(AYAW) *COS{APITCH)
COS{AYAW)
SIN(AYAW)*SIN(APITCH)
=SINCAPITCH)

0.

COSCAPITCH)

YSLF
ISLF
XSRF
YSRF
ISRF

W ow oo

AL 1) *xSL +

A{24,1)%XSL
A(3,1)=xSL
A{l,1)%XSR
A(2,1)*XSR
A(3,1)%XSR

+ e e+

+

ACl,2)%YSL
A(2,2)*YSL
A(3,2)%YSL
All,2)*YSR
A(2,2)%YSR
A{3,2)#%YSR

P A S

+

A(l,3)%7SL
A(2,3)%2SL
Al3,3)%ZSL
All143)%ZISR
A(2,43)%ISR
A(3,3)*%7SK

CALL EULER(A,TUA,THETUAPHIUA,PSIUA)

GO 10

(2010,2011),

KOUNT

+

N < X

TUAC2, 1) EXEP & TUA(242)%YEP + TUA(2,3)%7EP + YQR
TUAL3LI*XEP + TUAL3,2)%YEP + TUA(3,3)%2EP + QR

CALL OBJECT(DOLUAXSLFyYSLF, ZISLF,PHIUA, THETUA,PS{UA)
GO TO 2012
CALL OBJECT(NRUA, XSRF, YSRF,ZSRF,PHIUA,THETUA,PSIUA)
CONTINUE

PLOT THE FCREARMS

Cu 1)
LAMBD
MHU
NHU

(LT

A

{2025,2026),

KOUNT

= {XHL-XEL)/FA

(YHL-YEL) /FA
(IHL~ZEL) /FA
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WHU = SQRT(LAMBOA*®2 +MHi) %% )
AYAWw = ATANZ2(MHU,LAMBDA)
APITCH = —ATAN2(NHU,WHU)
GO TO 22327

2026 LAMBDA = (XHR-XER)}/FA

MrU = (YHR-YER)/FA
NHU = {(IHR-ZER)/FA
WHU = SQRTILAMBRDA®®2+MH{J%%x2)
AYAW = AT ANZ2{MHU,L AMBDA)
APITCH = —-ATAN2 (NHU, wHU)
2027 CONTINUE
TFA(L,1l) = COSCAYAW)I*COS(APITCH)
TFA(142) = ~SIN(AYAW)
TFA(L143) = COS{AYAW)*SIN(APITCH)
TFA(241) = SIN(AYAW)*COS(APITCH)
TFA(242) = COS(AYARW)
TFA{2,3) = SIN(AYAW)RSIN(APITCH)
TFA(3,1) = -SIN(APITCH)
TFA(L3,2) = 0O,
TFA(3,3) = COS(APITCH)
XELF = Allsl)&XFL ¢ A(Ls2)%YEL + A(1+3)%ZEL + X
YELF = A(2,1)®XtL + A(2.2)V%YEL + A(2 3 )1%7EL + Y
ZELF = A(3,10%XFL + A(3,2)%YFL + A(3,3)%2EL + 7
XERF = A{Lsl)*XER + A(L+2)%YER + A(1+3)%2ER + X
YERF = A[2¢y1)%XER + A(242)%YER ¢ A(2,3)%7ER + Y
ZERF = A{3,1)#%XER + A(3,2)%YER + A(3,3)%JFR + Z

CALL FULEK(A,TFA,THETFA,PHIFA,PSIFA)
GO TO (2030,2031), KOUNT
2030 CALL OBJECT(OLFAWXELF YFLF 4 ZELF,PHIFA, THETFA,PSIFA)
GO TO 2037
2031 CALL OBJECT(ORFA,XERF,YERF,ZERF,PHIFA,THETFA,PSIFA)
2032 CONTINUE
KOQUNT = KOUNT + ]
I[F (KJUNT=-3) 1500,1700,1700C
1700 CONTINUE
IF (LF.NE.O) PRINT 12501,0UM(1),T
12501 FORMAT (* VEHICLE IN FRAME',F5.0,' AT TIME', F10.4)
127 TFIITRK.EQ.M) GO TC 127901
CALL TRACK
IF [TREP.NE.C) CALL TRKSET
12701 [F{IREP) 130,128,12702
12702 1REP=-]
128 IF (1UBJ.LELD) GO TO 130
DO 129 J=1,108Y4
2113 CALL ORJECT(PATERN(J),POS(I'J)'POS(2.J)vPOS(3'J)oPOS(4-J)9POS(5.J)
1L+POS(6,U})
129 CONTINUE
130 T = T+DT
IF (T.LELTE) GO TO 11001
TFECTTRKONEC Q) JANDLO(IREP.LTL0)) CALL TRACK
1=7T-07
c CHANGE CARDI(S)
135 IF (ICHANG.LE.OQ) GO TO 390
IF (TCHANG.GT .NRUN) GO T( 390
READ 136418, TESQTICAM,UTIT, ICHANG,NOLINE, I PRUNA, IREP, TFR,ICG oLF
136 FORMAT (3F6.0,914)
IF (JPRUNLGT.1) GO TN 13601
I PRUN=TPRUNA
13601 PRINT137,TByTF4QTy ICAMyITIT o ICHANG 4NCLINE yIPRUN,IREP,IFR4ICG,LF
137 FORMAT (*OCHANGE CARN®' 3FA.3,914)
TFCICINTY.EQ.O) GO TO 13706
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TECIFR) 13701,13703,13702
13701 JCHAS(Lli6) = 4
JCHAS(LL1T7) = 169
GU TO 13703
13702 JCHAS(116) 2
JCHAS(117) 21
13703 IFf (1CG) 137C4,1370641370%
13704 JCHAS(287) = 1
GO TN 13706
13705 JCHAS(287) = ?2
13706 CONTINUE
IF (JTIT.LELO) GN TO 1139
C SUBTITLF CARDS
PRINT 138
138 FURMAT (*ONOLET X Y z SCALE SUBTITLE.")
DO 13804 L=1,NOLINF,12
JLINE = MINO{12,NOLINE-L#+1)
073 13803 K=1,JLINE
READ 138CLaNOLETIKY g XLUK) y YLIKD) ySLAK ), (VERB(J K)o d=1,12)
13801 FORMAT (14,3F8.3,12A4)
DRINYI3802.NOLET(K),XL(K)cYL(K).SL(K)o(VFRB(JpK)'J=1912)
13802 FIRMAT(2Xs1443F8.3,5X,1244)
13803 CNONTINUE
ASA = DUM(Ll)+1.0
PRINT 13B0S5,JTIT,ASA
13805 FURMAT ('OSUBTITLE HBLOCK IN',[4,* FRAMES STARTING WITH FRAME NO.',
1 F7.0)
DJ 13804 J=1,JTIT
IF (IRFP.EQ.0) CALL FRAME
DO 13804 K=1,JLINE
[F COXLAK ) oL Ta200) s ORUYLIK) o LT.040)e0R.ISLIK)JLELOLO)OR.
I (NOLET(K).LT D)) GO TO 13804
IF CINOLET(K).GT.48) .OR.(NDOLET{K).EQ.0)) NOLFT(K)=48
CALL SYMBOLUXLOK) YL UKD oSLUK) yVERS{L oK) 0.0 4NOLET(K))
13804 CONTINUE
139 KPATN =2
GO TO 2401
13901 IF {(ICAM.EQ.0) GO TN 145

o

C CAMERA CHANGE CARD
NCAM = |
GG TO 1401

145 IF (QT.LE.O0.0) GO TD 14501
DT=QT

14501 CONTINUE
I[F (KPATN.NF.2) GO T0O 1355
[€ (ABS{T-TB).LELEPST) GO TO 146
T=T8
14502 [F{T.GE.VARO(1)) GO TO 11001
T=T+DT
G TO 14502
146 T=TB+DT
GU TO 11601
349 CALL SECTON
350 PRINT 35]1,IT
351 FORMAT ('OEND OF FILE ON DATA SET*,13,*,ALL INPUT CARDS SKIPED TO
INEXT [DENTIFICATIQON CARND.Y)
[ToLn = 17
GO 10 1
355 TF (CIPRUNA.GT.0).AND.{JPRUN.EQ.1)) READ 1702,ASA
360 IF (ICHANG.LE.OQ) GO TO 399
IF (ICHANG.GT.NRUN) GO TO 1390
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READ 13643TB,TFyDT9ICAM,JTIT ,ICHANG o NCLINF,JPRUNA
IF {UTIT.LE.O) GO TO 362
29 361 J=1,NOLINE
READ 13801,4K
361 CONT INUE
362 KPATN =3
GU TO 2401
390 CALL SECTON
IF (CJSKIPLEQ.INSKIP-1)) JAND. (JRUNLEQ.LTAP)) GU TO 400
391 IF(T9,LE.(-999.0)) GU TJ 490
READ(IT,tND=350) T9
GO TNO 391
400 CUNTINUE
GO TO 1
END
SUBROUTINE EULER(A+B,THETA ,PHI ,PST)
DIMENSTON A(3,3),B(3,3),AB8(5)

25 AB(L1) = A(l,1)%B(Lel) + A(1,2)1%3(2,1) + A(1+3)%8(3,1)
ABL2) = A(2,1)%B(1s1) ¢ AL2,2)%B(2,1) + A(2,3)%8(3,1)
AB(3) = A(3,1)%B{ls1) + A(3,2)%8(2,1) + A(3,3)*R(3,1)
Adl4) = A(3,1)0%B(1,2) + A(3,2)%8(2,2) + A(3,3)%8(3,2)
ABI5) = A{3,1)1%B(143) ¢ A(3,2)%8(2,3) + A(3,3)%R(3,3)

30 IF ((AB(4).EQ.0.).AND,(AB(5}.EQ.0.)) GN TO 100

31 IF (CAB(5).EQ.0.).0R.(ARS(AB(4)/AB(5))).GT.1.6TTEOT) GO TO 100

32 PHI = ATAN2(AB{4),AB(5))

33 IF ({AB(2).EQ.0.).ANDL.(AB(1).€EQ.0.)) GO TO 100

34 1F ((AB(1).EQ.0.).OR.(ABSIABI2)/AB(1)))}.GT.1.67TEQT) GO TO 100

35 PSI = ATAN2(AB(2),AB(1))

37 IF (USINCPSI) oFQ.04) sOR. (ABS{—AB(3)/ (ARI2)/SIN(PSTI))))uGTo1.6TTEODT
1.0R.(AB(1).EQ.0.)) 6O TQ 100

36 1F ((-AB(3).EQ.0.)AND.((AB(2)/SIN(PSI))I.EQ.D.)) GO TO 100
38 THETA = ATANZ2(-AB(3)4(AB(2)/SIN(PSII))

RFTURN
100 THETA = —-ARSIN(AB(3))

PHI = ARSIN(AB{4)/COSITHETA))
150 PST = ARSIN(AB(2)/COS(THETA))

RETURN
END
Csss SUBRUUT INFS FRAME, STCTON, FRAMSZ
C THIS FORTRAN DFCK ORIGINALLY PRIDUCED AS PART OF
C THE SINGLE VFHICLF ACCIDENT MOVIE PROGRAM (PART A)
c (RELEASE DATF, SEPT.12,1968)
c
C DEVELOPED BY CALVIN M. THEISS
C TRANSPDRTATION RESFARCH DEPT.
c CORNELL AFRONAUTICAL LABORATORY
C RUFFALC, NEW YORK 14221
C
SUBROUTINE FRAME
COMMON/CUMFRM/FRNO,XFR(5).YFR(SDyXMyYMyUSFDySFCTvCONyD,FXP.FYP,
1 FIP+CAyCEsSAySEyCACESSASEySACF,CASELCT,ST4IANGLE , JEULER
DATA [FRSwW/1/
EQUIVALENCE (HIGH,YFR(3) )4 (WIDE4XFR({3))
COMMON /CUMFRA/IFRAME
COMMON/PENLOC/PENDUM(T) ,LPEN
C
GO TO (20,10,10,15),LPEN
10 CALL PLOT{0,0,0)
GO TO0 39
15 CALL PLAT{0,0,-3)
GO TO 30
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20

21

22

23

30

34

35

36

42

120
130

131

I# (TFRSK.FQ.0) GO TO 21
IFRSW = 0

YUBS = 1.0

XRES = wIDE

YRES = HIGH

FRNJ = 0,0

USED = USED + XRFS

GO T0o 30

IF((YOBS+YRES +HIGH) .GT.28.)

I[F (XRES.GE.wWIDE) GO TN 27
USED = USED-XRES+WIDE

XRES = wIDE

CALL PLOT(0.C4YRES+1.0,-3)
YOBS = YORS+YRES+1.0

YRES = HIGH

Gu TQ 390

CALL PLOT { XRES+1.C,
ydas = 1.0

XRES = WIDFE

YRES = HIGH

USED = USED+XRES+]1.0

FRANU = FRNU+1.0

CALL PLOT(0.041454-3)

GC YO 273

~YOBS+1.0,-3)

IF (IFRAME.NE.O) CALL LINF(XFRyYFR,yS,1)

RETURN

ENTRY SECTON
PRINT 34, SECT,FRNU

FORMAT (*OEND OF SECTION',2F8.7,' FRAMES?)

FRNUJ=0,9

SECT = SECT+1.0

IF (LPEN.NE.1) RETURN
USED = USED+L.O

PRINT 36, USED

FORMAT(*C',F10.24* INCHES NF PLOTTING
CALL PLOT( XRES+1.7, ~YCOBS+1.0

usen = 1.0
[FRSW = 2
RE TURN

ENTRY FRAMSZ(/WIDTH/ 4/ HFIGHT/ )
WIDE = WIDTH
HIGH = HEIGHT
XFR{2) = WIDE
YER({4) = HIGH
XM = WIDE/Z2.0
YM = HIGH/2.0
RETURN

ENTRY LEADER (/LFAD/}
L=LEAD

[FIL.LE.C) RETUKN

GO TO (140,11C4+110,120),LPEN
K=0

GO 10 113n

K==3

DOL31 J=1,L

CALL PLOT(0,0,K)
CONTINUE

PRINT 132,L

177
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132 FORMAT (*OLEADER FRAMES?,[6)
140 Rt TURN
END
Cexxx CHASTS BUILDING ROUTINE DUMMY
SUBROUTINE BLDCHS
PRINT 2
2 FORMAT (*OCALL TO SUBR. BLDCHS., ONLY DUMMY EXISTS. JOB TERMINATE
1D*)
CALL EFPLOT
stoep 1
END
.$8$ FUNCTIUN TEDGE
THIS FORTRAN NECK ORIGINALLY PRUDUCED AS PART OF
THE SINGLF VEHICLE ACCIDENYT MCVIF PROGRAM (PART A)
(RELEASE DATE, SEPT.12,1963)

—

@]

DEVELOPED BY CALVIN M. THEISS
TRANSPORTATI(ON RESEARPCH DEPT.
CORNELL AERUNAUTICAL L ABNRATORY
BUFFALO, NEW YORK 14221

OO0

FUNCTION TEDGE(/Q/)
DEFINITION OF PICTURE PLANF AREAS
0 INSIDE FRAME
1 OUTSIDF FRAME, RIGHT CFNTRAL
2 QUTSINE +RAME, UPPER RIGHT
3 OUTSIDE FRAME, UPPER CENTRAL
4 UPPER LFFT
5 LEFT CENTRAL
6 LOWER LEFT
7 LCWER CENTRAL
8 QUTSIDE FRAME, LOWER RIGHT

OO0 OO0 00

A IS START POINT, B IS ENI POINY
COMMON/COMFRM/FRNOyXFRIS) s YFR(5) 4 XMy YMy USED ySECT 4CONs D FXP,FYP,
1 FZP,CA,CE+ySA,SE,CACEySASEySACEyCASE+CToST,ANGLE ¢ JEULER
COMMON /COMEDG/ X0(20) 4YOD(20) 4 XA XByCENX4DENY,YA,YH8
COMMON /COMSET/NSETS o XFLIP,YFLIP,FNL,LEPS
1l IF(XA.LT.XM) GO TO 6
IF{XR.GT. XM} GO TO 200
IF(YA.LT.YM) GO TO 3
IF{YB.GT.YM) GC TO 200
C A IN 2y B IN S5,46,7
XO{l) = XM
CALL YF(1)
IF(YD(1).LT.YM) GO TO 2
YO{l) = YM
CALL XF{1)
IF(XO(1).LE.(=XM)) GO TH 290
XQ(2) =-XM
CALL YF(2)
IF(YO(2).GE.(~YM)) GO TO 100
YO{2) =-YM
CALL XF(2)
GO TO 1CO
2 IF(YD(l)Y.LELL-YM)) GO TN 200
X3(2) =-XM
CALL YF(2)
[F{YO(2).GE.{~-YM}) GO TO 130
Y3(2) = -¥YM
CALL XF(2)
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301

GO TO 100

IF (YA.GT.(-YM)) GO TO 5
[F (YB.LT.(-YM}) GO TO 200
A IN B,

XO(L) = XM
CALL YF(1)

TFIYOU1).GELL-YM)) GO TN 4

Ya(l) = -yM

CAaLL xF(1)

IF (XO(1l).LE.{-XM))
X0{2) =-XM

CALL YF(2)

GO T 200

[F(YO{2).LE.YM) GO TO 100

YO(2) = YM™
CALL XF(2)
GO TO 100

IF (YO(1).GF.YM) GO TO 200

Gy 'D 301

XO0(1) = xM

CALL YFI(1)
TFLABS{YD(1)).GE.YM)
X(2) = -xM

CALL YF(2)

TF (ABS{YO(2)).LE.YM)

A IN 1,

GO 10 200

YO(2) = SIGN(YM,Y0O(2))

CALL XF(2)
GC TO 100
IF {(XA.GT.(-XM)) GO
[F (XB.LTo(=XM)) GO
[F (YA.LT.YM) GO TO
[F (YB.GT.YM) GO TO

XG(1) =-xM

CALL YF(1)}

IF AYO{1).LT.YM) GO
Y1) = ¥YM

CALL XF({1)

IF (XO(1).GE.XM) GO
XU{2) = XM

CALL YF(2)

IF (YO(2).GFE.(-YM))
YO(2) = -YM

CALL X#(2)

GU TO 190

IF (YOQ(Ll)aLE.(-YM)}))
Xq(2) = XM

CALL YF(2)

IF (YU(2).GE. (=YM))
Y2y = -vM

CALL XF(2}

GO TO 100

IF (YA.GT,.(-YM)) GO
IF (YB.LE.{-YM)) GO

X0tl) = -xu™

CALL YF(1)

[F (YD(1).GE.(-YM))}
YO(l) = —-vM

CALL XF(1)

IF {(XO(1).GE.xM) GO

T0
T0
8
200

T0

T0

GO

GO

GO

T0
TO

O
[}

T0

11
200

GO TD 100

A IN 4,

200

T0 100

TQ 200

TN 100

10
200

A IN 6,

179

B IN 3,4,5

B IN 3,49546,47

B IN 1,847

B IN 14243
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X0(2) = XM
CALL YF(2)
IF (YO(2).LE.YM) GO TO 100
YO(2) = Y™
CALL XF(2)
GC TO 100
9 If (YC(1).GE.YM) GO TO 200
X0(2) = xM
CALL YF(2)
I[F (YO(2).LE.YM) GO TOQ 100
YO(2) = M
CALL XF{2)
GU TO 100
C A = 5' B = 3'201'7'8
10 X0(1) = —XxM
CALL YFI(1)
IF (ABS(YO(1)).GE.YM)} GO TO 200
X0{2) = xM
CALL YF(2)
IF (ARS(YO(2)).,LE.YM) GJ TO 100
Y3(2) = SIGN(YM,YD(2))
CALL XF(2)
GO TO 100
11 IF (YA.LT.YM) GO TO 12
LF (YB.GE.YM) GO TO 200
C A IN 3, B IN S5464748,1
YO(l) = YM
CALL XF(1)
[F (ABS{XO(1)).GE.XM) 0 TO 200
Y(I{2) =-YM
CALL XF(2)
IF (ABS(XO0(2)).LE.XM) GO TO 100
X0(2) = SIGN(XMyX0D(2}))
CALL YF{2)
GO TO 100
12 IF (YR.LF.(-YM))} GO TO 2¢O
C A IN 7, B IN 5,4,3,2,1
YO(l) = -YM
CALL XF(1)
IF (A3S(X0(1)1.GE.XM) GO TO 200
YN{2) = YM
CALL XF(2)
IF (ABS(XO(2)).LE.XM) GO TO 100
XO0U2) = SIGN(IXM,X0(2))
CALL YF(2)
C PART (OF LINE IN
100 IEDGFE = 2
IF (NSETS.GT.0) PRINT 10L,XU(1)eYO(1)¢sXC(2),YO(2)
101 FORMAT (* LINE CENTER ONLY INy '44F12.3)

RETURN
C LINE ENTIRFLY OuT
200 TEDGE = 0O
RETURN
END
Csss SURRIOUTINE CIRCLE
C THIS FORTRAN DECK ORIGINALLY PRODUCED AS PART OF
c THE SINGLE VEHICLE ACCIDENT MOVIE PROGRAM (PART A)
C {RELEASE DATF, SEPT.12,1968)
C
C DEVELOPED BY CALVIN M., THFISS
c

TRANSPORTATICN RESEARCH NEPT.
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o

CORNFLL AERONAUTICAL LABORATORY
RUFFALO,y NFW YORK 14221

[N

SUBROUT INE CIRCLEL/X/ g /Y 9/ T/ 0 /RS /AL o/EL/ /T /4Py INOP/)
COMMNON /COMFRM/ DUM(15),CNN, NPUMA(14 ), IANGL €4 TEUL ER
DATA Pl12/6.2818BS/
DIMENSTION P{1000)
NOPTS = NOP
1 DA = PI2/FLOAT(NUPTS)
A =T I*CON
N3 2 J=1,NOPTS
PlJ) = R*CCS(A)
PLJ+NOPTS+1) = R%SIN(A)
2 A = A+DA
A=CON=*EL
CE = COS(A)
SE = SIN(A)

A=CON*AZ
CA = C0S(A)
SA = SIN(A)

CASE = CA=*SE
SASE = SA=SE
DO L1 J=1,NOPTS
A =-P(J)%SA-P{J+NOPTS+1)®*CASE
PUJ+2ENOPTS+2) = P{J#NNPYS+1)%CE+Z
PUJENOPTS+#1) = P(J)®XCA-P(J+NOPTS+] ) &SASE+Y
11 P{J) = A+ X
P(NOPTS+1l) = P(1)
P{2ENCPTS+?2) P{NOPTS+2}
P{3¥NOPTS+3) P{2NOPTS+3)
RETURN
END
SUBRUUTINE PLTSET
RETURN
END
Cs$s SUBROUTINE TRACK
SUBROUTINE TRACK
COMMON/COMTRK/WCON( 16) , TWINDE,DOT
DIMENS ION WC(3,4), JWC(4),LC(4)
1 v S(3,4),DS(3),X(20),Y(20),21(20)
EQUIVALENCE (WCoWCON) 4yl JWC ,WCON(13))
REAL WHI(3,4,100),XY2(20,3)
INTEGER IW(4)9oIR(4)4IS(4),IWHE2(4,100),NMAX/100/
EQUIVALENCE (XYZyX)y (XYZUL42)yY ) (XYZU1,3),2)
1 CALL CRAXIS{040,0,0,0,01)
DO 15 J=1ly4
IF(IW(J).EQ.0) GO TO 15
IF (IW(J).EQ.TISIJ)) GO TO 15
IR(UJI= 1SCI)
2002 K=1IR(J)
IC=1TWH(J,K)
DO 200t L=1,3
2001 XYZ2(l L)=WH{LyJ,K)
2003 CONTINUE
DO 4 L=2,20
[R{J)= IR(J)+1
TF(IR(JI.GT.NMAX) IR(J)=1
K=IR({J)
ID=IWH{JsK)
NU 3 N=1,3
3 XYZIL yNI=WH(NysJyK)

L]
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0cz

7001

15

100

101

110

111
11101

11102

11103

[F (IC.NELID) GO TO 5

IF {IR(UILEQ.IWIJ)) GD T3 5
CUNTINUE

L = 20

IF (IC) 6,7,8

CALL OBLINE(X,YyeZ4L)

IF (IR{JI.EQ.IW(J)) GO TO 15

X{1l) = x(L)

Y1) = v(L)

Z{1) = Z(L)

IC = ID

GO TO 2003

DO 9 N=2'L12

CALL OBLINE(X(N=1) ¢YIN=1)4Z(N-1),2)
CONTINUE

IF (IR(JI.EQ.IWLJ)) 6O TO 15
[F {MON(L,2).NELO) GU TU 7002
IfF (ID.T.0) GU TO 7002
[R(EJI=IR(J)+]

IFCIR(J)LEQ. IW(JY) GO T 15
TF (IR(JDI.GT.NMAX) [R(J)=1

GO TO 2302

CONTINUE

RETURN

ENTRY TRKSET
DO 101 Jd=1l,4
LCty)= 0
IWw(J)=0
IR(J)=0
1S(J)=1
DOT2=DOT *%2
EPS=C.01%*DOT2
RFTURN

ENTRY TRKIN

DO 120 J=1+4

[F (LC(JI.NELO) GO TO 115

TF (JWC(J)EQ.C) GO TO 120
IF (IW(J).NE.C) GO TO 111

Iw(J)=1
NR=0

GO TO 11102
NR=0

IW{J)=TWlJ)+]

IF (IW(J)GT.NMAX) IW(J)=1
IF (IS{J)NE.IW(J)) GU TO 11102
IS(J)=1StU)+1

IF (ISUJ).GT.NMAX) IS(J)=1
K=IwlJ)

[F (NR.NE.O) GO TO 11902
IWH(JsKI=JWC(J)
DO 111C3 L=1,3
WHIL ¢ JoeK)=WC (L yJ)
LCtJ) = UWC(Y)
DO 112 L=1,3

S{LyJ)= WC(Lsd)

GO TO 120
D=0.0
DO 116 L=1,3
DSUL)I=WC(L+d)=S(L,J)
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11601

117
118
119

11902

11503

11901
120

$$¢

OOOOOO0ON O

1l

12

D=D+0S(L) %%

A=D-DOT2

[F (A) 11901,111,11601

IF (LC(JYoLTa0) GO TO 111

[FLABSIA) LLTLEPS) GO TO 111

D=DOT/SQRT (D)

R=D

DO 117 L=1,3

DS{L)= OS(L)=%D

DO 119 L=1,3

S{Ly ) =S{L,J)+DS(L)

NR=1

GO TO 11101

IWH{J,K}= LC ()

DO 11903 L=1,3

WHIL s JyK) =S(L,J)

R=R+D

IF(R-1.0) 118,111,11901

TE (LCUJINELIWC(J)Y)) GO TO 111

CONT INUE

RETURN

END
SUBROUTINE PRERUN
THIS FORTRAN DECK ORIGINALLY PRODYCED AS PART NF
THE SINGLE VEHICLE ACCIOENT MCVIE PROGRAM (PART ()

DEVELOPED BRY CALVIN M, THEISS
TRANSPORTATION RESEARCH DEPT.,
CORNELL AERONAUTICAL LABORATORY
BUFFALO, NEW YORK 14221

SUBROUTINE PRERUN
CUMMON/COMTRK/WCON(16),TWIDE,DOT
DIMENSTIION  WC(3,44) yIWC(4) o JWC(G)
EQUIVALENCE (WC+WCON),{JWC, WCON(13))
COMMON /COMRUN/ VAR(14),VARN{14), IPRUN
EQUIVALENCE (T,VAR(1))

REAL V(3),A(3),SAVE( 3,4}

If (IPRUN.LTL.O0) GO TO 1D

[PRUN=-1

READ 24V, A

FORMAT (9F8.2)

PRINT 3,V,A

FORMAT ('OPRE-RUN VELOCITIES =%,3F10.4,"' ACCELERATIONS =*',3F10.4)
DO 5 J=1,3

A{JY=A(J)/2.0

DO 6 K=1,4

DO 6 J=1,3

SAVE(LJyK)=WC(J,K)

TT=vARN(1}-T

DO 1L J=1,3

TT= (A(J)ETT+V{J))%TT
VAR(J+1)=VARN(J+1)-TT

DO 11 K=144

WC{JyKI=SAVE(J,K)I-TT

DO 12 J=5,14

VAR(J)= VARNI(J)

RETURN

ENTRY PRUNRS
DO 20 K=1,4
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D0 20 J=1,3

20 wC{J,K)=SAVE(JsK)
RETURN
END
Csss BLOCK DATA, SvA MOVIE PART B8
C THIS FORTRAN DFCK ORIGINALLY PKODUCED AS PART CF
c THE SINGLE VEHICLE ACCIDENT MOVIE PRNGRAM (PART B}
C
C DEVELOPED BY CALVIN M, THEISS
C TRANSPNRTATION RESEFARCH NEPT.
C CORNELL AERONAUTICAL LABORATORY
C BUFFALO, NEW YORK 14221
c
C AMMENDED FNR SCHWINN BICYCLE MCVIF SEPT. 1971
C
c

BLOCK DATA
COMMON /COMDAT/LENGTH,NEXT
DATA NEXT/1/oLENGTH/19998/

C
c COMMON  /COMDAT/ SPARE(19998)
C
COMMON /COMDAT/ SPARE(19998)
NDATA SPARE/19998%*0./
C
COMMNON /COMWHL/ WHEEL (2 )y IWACL9) oW ( TS IWC(2)4WC{TS),IWB(2)
CATA WHEEL /' WHFEL V/ WL WAZLTS 42%2 16%042%2,6%0,2425/+1WB/541/
1 IWC/ 2425/ W/ T%0.0/,WC/T75%0,0/
C
COMMON/COMSCR/LSCR$SCRAT(2C0)
DATA LSCR/200/
END
Csss SUBROUTINE OBJECT
C THIS FORTRAN DFCK ORIGINALLY PRODUCED AS PART 0OF
C THE SINGLE VEHICLE ACCIDENT MOVIE PROGRAM (PART B)
o
c DEVELOPED RY CALVIN M. THEISS
C TRANSPNRTATION RESEARCH DEPT.
c CORNELL AERONAUTICAL LABORATORY
C BUFFALOy NEW YORK 14221
C

SUBROUTINE OBJECTITITLE +X oY 92 sPHI THFTA,PST)
COMMON /CUOMDAT/L ENGTH,NEXT,DAT(19998)
COMMON/COMFRM/FRNO» XFR(S DI+ YFR(5) ¢ XMy YMyUSEN¢SECT2CON, Dy FXP,FYP,
1 FZP+CA,CE+SA,SE+CACE ySASE«SACF+CASELCT,ST, IANGLE,JEULER
EQUIVALENCE (HIGH,YFR(3)},(WIDE,XFR(3))
COMMON /COMSCR/LSCR,SCRAT (1)
DIMENSINON TITLE(2) oIDAT( L) ,ISCRAT{L),TITL(2),TITLD(2)
EQUIVALENCE (DAT({L1),IDAT (1)), (SCRAT(1), ISCRAT(1))
DATA BLANK/4H /
J =1
2 ITF(TITLE(L1).NEL.DATLJ)) GO TO 3
IF(TITLE(2).EQ.DAT(J+1)} GO TO 10
3 J = IDAT(J+2) + )
IF {(J.LT.NEXT) GO TO 2
PRINT 4, TITLE,FRNC
4 FORMAT (* OBJECT *2A4," NOT AVAILABLE FOR FRAME'FB,0)
RETURN
10 CALL OBAXIS{X,YeZ,PHI,THETA,PST)
1010 ITYPE = IDAT(J+3)
GO TO (14+4204+430+40450),I1TYPE

—
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12 PRINT 13, ITYPE,TITLE,FRNO

13 FORMAT (* TYPF'I4,* NNT RECOGNIZED FOR OHJECT $2A4,' IN FRAME?
1 F8.0)

14 RETURN
C STRAIGHT L INFS
20 NOPTS = IDAT(J+4)
CALL UHLINE(”AT(J+5)'DAT(J*NOPTS¢5ivDAT(J*Z*NOPTS*S).NOPTS)
J = J+3ENUPTSH+?2
GO TO 1010
C CIRCLE
30 NOPTS = IDAT(J+4) + 1
JJ=3%xNGPTS
IF (LSCR.GT.JJ) GO TO 37
PRINT 31,LSCRyJJ,TITLE

31 FORMAT (*OCOMMON COMSCR CNONTAINS' , 16, * WCROS, SUBR. CIRCLF REQUIR
LES'y 16,' FOR OBJECT ', 2A4)
STCP

32 CONTINUE

CALL CIRCLE (ﬂAT(J&b)vDAT(Jt7)vDAT(J+8).DAT(J+4).DAT(J*Q'v
L DAT(J+10),SCRAT,IDAT(J+5))

CALL OBLINE (SCRAT(L) ySCRATINCPTS+1) ,SCRAT(2&NOPTS+1),NCPTS)

J = J+8

GO Tg 1010
C NON-USED SECTION
40 J=J+IDAT (J+4)+2

GO 10 1Clo0
50 J=J+1

GO TQ 1010

ENTRY 0OBJINP

101 READ 102, TITL ,IT,IN,ID

102 FORMAT (2A4,318)
If (TITL (1).EQ.BLANK) RETURN
IF{INEXT+4) . LY.LENGTH) GO TO 195

103 PRINT 104,TITL

104 FORMAT ('OINSUFFICIENT SPACE LEFT FOR DOBJECT * 2A4)

STOP
105 NUWDS = 3
DAT(NEXT) = TITL (1)
DATINEXT#+l) = TITL (2)
3

KLEN = NEXT+
GO To 108
106 READ 107,IT,IN,ID
107 FORMAT (8X,318)
108 GO TO (109+110,120,120,142 )}, IT
GO TO 140
109 IDAT(NEXT+2) = NOWDS+1
IDAT (KLEN) = 1
PRINT 10901, DAT(NEXT),NAT(NEXT+1) NEXT,IDAT{NEXT +2)
10901 FORMAT {(*O00BJECT (*4284,%) AT LOC.',16,' OF COMDAT WITH' , 16,
1 ' WORDS.')
NEXT=KLEN+1
GO TO 101
C STRATIGHT LINES
110 K = 3%IN+2
IFUIKLEN+K ) JGT .LENGTH) GO TO 103
IDAT{KLEN) = 2
KLEN = KLEN¢1
IDAT(KLEN) = 1IN
KLEN2 KLEN+IN
KLEN3 KLENZ2+IN
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READ P11y (DAT (KLEN+J V9 DAT(KLEN?+J) 4 DATUKLEN34J),d=1,IN)
111 FORMAT (6F12.1)
IF(ID.EQ.0) GO TD 113
KLEN2=KLEN+]
KLEN3=KLEN3+IN
OU 112 J=KLEN2,KLEN3
112 DAT(J)=DAT(J)*]12.0
113 CONTINUE
KLEN = KLEN+K-]
NCWDS= NOWDS +K
GO T 106
C CIRCLE
120 RFAD 121, (SCRAT(J) 4J=1,7)
121 FORMAT (4F12.143F3.1)
IF(ID.EQ.0) GO TO 12102
00 12101 J=1l,4
12101 SCRAT(J)=SCRAT(J)*12.0
12102 CONTINUE
IF (IT.NE.3) GO TO 130
[FOCKLEN+ 9) .GT,LENGTH) GU TO 103
NOWDS = NOWDS +9
IDATIKLEN) = 3
KLEN = KLEN+1
[DAT(KLEN) = IN
D0 122 J=1,7
122 DAT{KLEN+J) = SCRAT(J)
KLEN = KLEN+8
GO TN 106
C SETTING UP CIRCLE MATRIX IN COMDAT
130 NW = 3%IN+5
IFLOKLENSNW ) .GT.LENGTH)} GO TD 103
IDAT(KLEN) = 2
IDAT(KLEN+L1) = IN +1
KLEN = KLEN+?2
CALL ClRCLE(SCPAT(l)'SCRAT(2).SCRAT(3|'SCRAT(4l,SCRAT(b),SCRAT(é)-
L SCRAT(T7)DAT{KLEN),IN)
KLEN = NW—2+KLEN
NOWDS = NUWDS+NW
GO T0O 106
140 PRINT 141,IT,TITL
141 FORMAT (YOTYPE',14,°' NOT RECOGNIZED IN OBJECT ' 2A4)
STNP

ENTRY DLTOBJ(TITLD)
201 K =1
202 IF (K.LTONEXT) GO TO 204
PRINT 2C3,TITLD
203 FURMAT (*0QO0BJECT *,2A4, * TN BF DELETED, IS NON—-FEXTISTANT.')
RE TURN
204 1F (FITLD(1).NE.DAT(K)) G3J YO 20%
TP (TITLD(2) . EQ.DAT(K+1)) GO TO 210
205 K = K + [DAT(K+2)
GO 10 202
210 J = [DAT(K+2)
PRINT 21010,TITLD,J
21010 FORMAT ('O08JECT (*',2A4,%) WITH', 16, WORDS DELETEN.Y)
J=J+K
211 DAT(K) = DAT(J)
[F (J.GE.NEXT)Y GO TO 212
J Je l
K K+1l

[T
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GC TO 211
212 NEXT = K

RETURN
FND
Csss BLOCK DATA, SvA MOVIE PART A
c THIS FORTRAN DFRCK DRIGINALLY PRODUCED AS PART OF
C THE SINGLE VEHICLF ACCIDFNT MOVIF PROGRAM {(PART A}
C (RELEASE NATE, SEPT.124+1968)
C
c DEVELOPED BY  CALVIN M, THEISS
C TRANSPORTATION RESEARCH DEPT.
C CURNELL AERONAUTICAL LABCRATORY
C BUFFALO, NEW YNRK 14221
C

BLOCK DATA

COMMON/ COMFRM/ FRNO ¢ XFRIS5 )4 YFR(5) 4 XMy YMy(JSENy SECT,COUNDFXP,FYP,
1 FZPyCA+CF+SA»SEWCACE ,SASE,SACECASESCT,STy [ANGLEsJEULER

DATA FRNU/0.0/9XFR/0e091040910.09740,CoC/yYFR/0409Ca09741247.12,
1 0.0/,USED/OC/+CON/O.NL1T4533/4XM/5.0/+9YM/3.56/4SECT/1.0/,

2 TANGLE +JEULER/ 1,1/ 4D FXP,FYP,FZP,CA,CE,SA,SE,CACE+SASE,SACE,

3 CASEsCT+S57/24.040.0947+2%0.042%100+2%00u914C+3%¥0,041.0,0.0/

C
COMMON /COMSET/NSETS XFLIP,YFLIPENLEPS
DATA NSETS/ =3/ 4XFLIP/1 .0/ YFLIP/ 140/ 4ENL4FPS/25.4,0.,05/
C
COMMON /COMFRA/IFRAME
DATA [FRAME/1/
£ ND
Csss SUBROUTINE [NITAL
C THIS FORTRAN DFCK ORIGINALLY PRONUCFED AS PART OF
C THE SINGLE VEHICLE ACCIDENT MNVIE PROGRAM (PART ()
C
C DEVELOPED BY CALVIN M, THEISS
c TRANSPORTATION RESEARCH DEPT,
C CORNELL AERONAUTICAL LABCRATQORY
c BUFFALO, NEW YORK 14221
C

SUBRNOUTINE INITAL(/I/,/AA/)

COMMON /COMDAT/L ENGTH,NFXT,DAT{19998)

COMMON /COMWHL/ WHEEL(1T75)

DIMENSION ITREAR(50), IwHEEL{50)

EQUIVALENCE (REAR(L)ZIRFAR (L) )y (WHEFL(L), TWHEELLL))

COMMION/COMTRK/WCON(LE) y TWINEDOT

DIMENSION  WC{3,4) ¢ [WC(4)4JWC(4)

EQUIVALENCE (WCyWCONY, (UWC ,WCON{13))

DATA ISwW/1/
1 IfF (1.EQ.0) GO TO 3

READ 2 ¢ WHEELI6) ¢DLyREAR(24) 4REARI2S),TOPIN, TWIDF,DOT
2 FORMAT(9FB.0)

PRINT 201 4WHEEL{6),DL,REAR(32)REAR(33),TOPIN,TWIDE,DOT
201 FORMAT (*NRASIC NIM,., ',9F12.3)

REAR(61=0L/2.0

TWwIDE = TWIDE/2.0

Gy TO 10
3 IFIISW.EQ.O) RETURN

DCT =12.0

TwIDE = 3.0

TOPIN = 3.0

WHEEL(6)=4.0

REAR({6)=4.0

REAR(24)=0.625
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10

12

1

3

14

i

5

16

OO0

(2
L 4
"

REAR(25)=3.,0

WHEEL( 7T)=-WHEEL(6)
WHEEL (13 )=WHEEL (6)
WHEEL(19) =WHEEL(T)

REAR(15)

~REAR(6)

DO 12 J=7,14
REAR(J)=REAR(6)
REAR(J+ 9)=REAR(15)

REAR(28}
RFAK (29}
REAR(26)
REAR(27)
REAR (30C)
REAR(31)
REAR(32)
REAR({42)
REAR(43)
REAR(44)
REAR(45)
REAR{46)
REAR(4T)
REAR(48)
REAR (49)
REAR(50)

REAR (148)

~REAR(24)
-REAR(25).
REAR(25)
REAR (24
REAR(29)
REAR(28)
REAR(24)
REAK(29)
REAR(28)
REAR{24)
REAR(25)
REAR(25)
REAR(24)
REAR(28)
REAR{29)
REAR(29)
REAR({ 25)

LU VT LT | T T R TS T S | T TR | N TIN  N [ [ N T}

DO 13 J=1,9
REAR(J+32)=REAR(J+23)
REAR{J+50 )=REAR(J+41)

K=1

DO 14 J=1,50,8
[REAR(J+59)=2
TREAR(J+60)=2
REAR({J+61) =RFAR(15)
REAR {J+62) =RCAR(6)
RFAR(J+63) =RFAR(K+24)
REAR(J+64) =REAR(K+24)
REAR{J+65) =REAR(K+42)
REAR(J+66) =REAR(K+42)

K=K+1

DO 15 J=4,21
REAK{J+148)=WHEEL(J)
DO 16 J=1,175
WHEE(J)=WHEEL (J}

AA=TOPIN

[SW =0
RETURN
END

SUBROUTINE OBLINE, (0BAXIS

THIS FORTRAN DECK ORIGINALLY PRODUCED AS PART OF

THE SINGLE VFHICLE ACCIDENT MOVIF PROGRAM (PART A)
(RELEASE DATE, SFPT,12,1968)

DEVELOPED BY CALVIN M, THEISS
TRANSPORTATION RESEARCH DFPT.
CORNELL AERONAUTICAL LABORATORY
RUFFALOy, NEW YCRK 14221

SUBROUT INE OBLINE(X,Y,2,/NNPT/)

COMMON/COMFRM/FRND g XFR(S5),YFR(S) P XMy YMGUSED,SECT ,CON,D,F X2, FYP,
1 FZP.CApCE'SA,SE'CACE'SASE.SACE.CASF,CT.ST.IANGLE,JFULER
EQUIVALENCE (HIGH,YFR(3)), (WINDF4XFR( 3))
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301

903

100

Lol

800

801

802

810

COMMON /CNMEDG/ XO(20) 4YOU20) 4XA 4 XBDENX,DENY, YA, YR

REAL X(L11,Y(1),2(1)

INTEGER IDEN(6)/6%0/

INTEGER JEDGE/0O/

COMMON /CUMSEY/NSETS yXFL IP,YFLIP,FNL ,FPS

DATA XX oYY g ZZ o XY X2 oYXy Y7y IX LY X(OR,YOR,ZNR/ 3 %] ,0,9%0 .0/

COMMON/COMFRA/IFRAME
DIMENSTON XS(20),YS(20)

LFINSETS.LT.0O) GU TO 100

PRINT QU1 4XM,¥YM

FURMAT (' (OBLINE CENTER',2F10.4)
PRINT GO39 AX(M)y Y(M)yZ (M) yM=] NUPT)
FUORMAT (7X,6F12.3)

J =0

L =0

[BACK=0

N = NOPT

00 180 K=1,4N

J o= J+l

DX = XOR+&X{K)EXX+Y(K)®RYX+Z(K)*TIX

DY = YORX{K)®EXY+Y(K)*YY+Z(K)*ZY
B2 = ZOREXIKI®XZ + Y{KIRYZ+7(K)%]]?
XP = DX*CACF +DY*SACE+DZ*SE-FXP

YP = QY *CA-DX*SA-FYP

IP = DI*CE-DX*CASE-DY%SASE-FZP

IF (XP.GT.EPS) GO TO 810
I[F (IBACK.EQ.0) GO TO 802
XPOLD=XP

YP3LD=YP

ZP3L N=7p

J=0

GO TO 180

[3ACK=1]

IF (K.EQ.1) GO TJ 801

X8 = £PS

DEN = (XB=XPOLD)/(XP-XPOILD)

YB = YPOLOD+(YP-YPOLD)*DFN
I8 = IPOLD+(ZP-ZPOLD)XDEN
A =D/X8

XPUOLD=xP

YPOLD=YP

IPOLND=2p

YP=Y8

lP=78

GJ TO 852

I (IBACK.EQ.O0) GU TO #5n
IBACK=0

XB = EPS

DEN = (XB-XPOLD)/{XP-XPOLD)
Y3 = YPOLD+(YP-YPOLD)*DEN
13 = IPILO#(ZP~POLD)*NEN
A = D/x8

L=1

XB = -A*Y(§

Y8 = A¥78

XA = (XB*CT+YBXST)*XFLIP
YA = (YR*CT-XBST)*YFLIP
LF ((ABSIXA).GT .XM)LURL(ABS(YA}Y.GT.YM)) GOTO 850
L =0

Xa{2) = xQg(1)
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DO 16101 M=1,J°

XO(M)=xO(M)+xXM
L6101 YO(MY=YO(M)+YM

CALL LINE (X0O,Y0,J,1)
16109 [F{JLINE.EQ.O) GO TO 16110

J=0

GO TO 180
16110 CONTINUE

XO0(1l)=XxxX

YO(lli=vvy

XS(1)=xS5(J)

YSCLY=YS(J}

J =1

180 CONTINUE

RETURN
10101 IDEN(IERR) = IDEN(IERR)+]

IF{IDEN(IERR).GT.20) GO TO 10104

PRINT 16102,INDENCIERR) ,TFRRy DEN, FRNO 4K
10102 FORMAT (1Xy110,'. DIVINF ERROR® ,13,E10.2,5Xs"FRAME? ,F6.0,', POINT?

1y14)
10104 DEN = SIGN(EPS,DFN)

GU TO (10105+10303,10304,123,143,14401) ,IERR
10105 STOP

c
ENTRY OBAXIS(/XOB/y/YNB/,/L0B/4/PHL/ 4/ THETA/,/PST/)
XOR = XO0B
YOR = Y0B
I0R = 208
A=PHI
[F (IANGLEJNE.O) A = A%CON
SPH = SIN(A)
CPH = COS(A)
A=THET A
[F (IANGLE.NE.O) A = A%CON
STH = SIN{A)
CTH = COS(A)
A=PSI
IF (IANGLE.NF.O) A = A*CON
SPS = SIN(A)
CPS = COS(A)
[F (JEULER.NE.O) GO TO 200
XX = CTH*CPS
A = STH*CPS
YX = AXSPH-CPH*SPS
IX = A*CPH+SPH*SPS
XY = CTH®SPS
A = SPS*STH
YY = A%SPH+CPS*CPH
IY = A%CPH-SPH*CPS
X7 = -STH
Y. = SPH¥(CTH
Il = CPH®CTH
GU TO 201

200  CONTINUE
{1 = CTH
YZ = CPS*STH
XZ = SPS*STH
IY = -STH*CPH
ZX = STH&SPH
XX = CPS®CPH-SPS*CTH*SPH
YX = -SPS®CPH-CPS*CTH*SPH
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If {L.NF.O) GO TO 104

C OLD POINT TN, NFW (X IN, Y 0OUT)
L =1
XA = XQO(J)
YA = ¥YO(4)

YOUJ) = SIGN{YM,YA)
DEN = YA-Y((J-1)
TF LABS(DENI.GELEPS) GO TO 1213
T1ERR = 4
GO 10 10101
123 OY = (YO J)-YOUI-1)) /DFN
XOUJ) = XO(J=1)+DY%(XA-XO(J-1))
GO TO 10301
140 IF {L.EQ.0) GO TO 160
C NEW POINT IN, OLD PT. DUT.
142 L = 0
X0(2) = x0(1)
YO0{2) = vo(l)
XS€2)=x0(2)
YS(2)=y0(2)

XS(l)=xa
YS(l)=va
IF (ABS{XA).LE.XM) GO TN 144
C NEW POINT IN, OLD (X OUT)

XO(1) = SIGN(XM,XA)
DEN = X3(2)-XxA
IF (ABS(DEN).GE.EPS) GO TO 143
[ERR = 5§
GO 7O 10101
143 DX = (XJ(1)-XA)/DEN
YOU1) = YA+DX*(YO(2)-YA)
[F (ABS(YOU1)).LE.YM) GO TQ 145
C NEW PTINT IN, CLD (Y OUT)
l44 YOU(1) = SIGN(YM,YA)
DEN = YOU(2)-YA
IF (ABS{DEN).GE.EPS) GO TO 14401
[ERR = 6
GO IO 10101
14401 DY = (YD(1)-YA)/DEN
XO0(L) = XA+DY*®(XO(2)-XA)
145 J=2
GO0 1O 16001
160 1F (J.GE.20) GN TO 161
16001 IF (K.LT.N) GO 7O 180
IF (J.LE.Q) RETURN
161 XXX=X0(J)
YYY = YO(J)
JLINE=C
16102 DD 16103 M=1,J
TFCCABSIXO(M)) o6ToXM) DR (ABSIYOIMI).GT.YM)) GO TO 16104
16103 CONTINUE
GO TO 16108
16104 PRINT lblOS-K'NvLcIBACKoFPNU'(MoXS(M).YS(M)'XO(")'YU(H)cN=1cJ)
16105 FORMAT(*QEDGE ERROR. KeN,L,IBACK,FRND =0y 4l6yF10.0/7/7010Xe13,0,9,
1 4F20.5))
FREDGE =0.01*%FLOAT(IFRAMF)
16106 03 16107 M=1,4
TFLARBSUIXOIMY ) .GT XM XO(MI=STGNIXM+FREDGE, XO(M))
TFCABSEYO(M))aGToYM) YUIMI=SIGN({YM+FRENGE,YO(M))
16107 CONTINUE
16108 CONTINUE
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YO(2) = vo(1)
XQ(L) = XA
YOo(l) = YA
J=2

850 A =D/XP
851 XPULD=xpP
YPCLD = vp

ZPOLN=2P
£52 XP =-A*YP
YP = A%ZP

XOQ(J) =(XP*CT+YP*ST)*XFLIP
YO(J) =(YP*CT-XP2ST)xYFL P
XS{Jdl= xX0(€J)
YS(J)= YOU(Y)
[FINSETS.LT.0) GU TU 90401
PRINT 904 ,DX DYy B2y DENyA+XP,YP, XO0(J)yYOLY)
904 FORMAT(1X,10€E12.4)
90401 CONTINUE
[F(ABS(XO(J)}LELXM) GO TO 120
102 IF (K.NE.1) GO T3 103

10202 L =1
XA = X0(1)
YA = YO(1)
J=0
GU TO 180
103 IF (L.NE.O) GO TQ 104
C OLD POINT 1INy, NFW(X QUT)
L =1
XA = X0(J)
YA = YO{J)
X0(J) = SIGN(XM,XA)

DEN = XA-XO(J-1)
I[F (ABS(DEN).GE.EPS) GO TO 10303
[ERR = 2
GO TO 10101
10303 DX = (X0 J)=-XxO(J-1))/DEN
YO(J) = YO(U-1)+DX*x(YA-YQO(J-1))
IF(ABS(YD(J)).LE.YM) GO TO 10301
c OLD POINT IN, NEW(X OUT, Y OUT)
A = YO(J)
YO(J) = SIGN(YM,A)
DEN = A-YO(J-1)
IF (ABS(DEN).GF.EPS) GO TO 10304
[ERR = 3
GO TO 10101
10304 DY = (YD(J)-YOULI=1))/DFN
XT(J) = XO(J=-114DYX(XO(II-XT(J=-1))
10301 JLINE=1
Gy TO 16102
C BOTH OLD AND NFW PCINTS CUT OF RANGE
104 X8 Xa(1)
YR Yo(1l)
DENX = XB-XA
DENY = YB-YA
J = TEOGE(O)
XA=XR
YA=YR
IF(J.6Q.0) GO TO 180
GC TN 10301
120 IF (ABSIYO(J)I.LE.YM) GN TO 140
122 IF (K.EQ.1) GO T 10202
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XY = SPS*CTH®CPH+CPS%SPH

YY ==SPS*SPH+(CPS*CTH*CPH

CUNTINUE

IF {(NSETS.LT.0) RETURN

NSFTS= NSETS-1

PRINT GLOsXOR ¢ YUIRGZOR ¢ XX XY g XZ g YXgYY oY 2yIX92lY 11

FORMAT (*O0BAXIS'y6FE12.3/(TX,6F12.3))

RETURN

END

SURRIUT INES XF, YF
THIS FORTRAN DECK NRIGINALLY PRODUCED AS PART 0OF
THE SINGLE VEHICLF ACCLOENT MCVIE PROGRAM (PART A)

DEVELCPED BY CALVIN M, THEISS
TRANSPCRTATICN RESFARCH DEPT,
CORNELL AERUNAUTICAL LABURATORY
3UFFALO, NEW YORK 14221

SUBROUTINE YF(/N/)

COMMON /COMEDG/ X0(20),Y0(2C)y XAy XBy DENXsDENY,YA,YR
J = N

IF (ABS(DENX).LT.(0.01)) GO TO 2

YOUJ) = YA ¢ (XO(J) — XAY*DENY/DENX

RETURN

YO(J) = YA
RETURN

ENTRY XF(/M/)
J =M

IF (ARS(DENY).LT.(0.01)) GO TO 3

XU(J) = XA+(YO(JI-YA)=DNDENX/DENY

RETURN

XO(J4)r = XA

RETURN

END

SUBROUTINE CAMSET

THIS FORTRAN DJFCK ORIGINALLY PRODUCED AS PART OF
THE SINGLE VEHICLE ACCIDENTY MOVIE PROGRAM (PART A)

DEVELIOPED BY CALVIN M, THEISS
TRANSPORTATION RFSFARCH DEPT.
CORNELL AERCNAUTICAL LABNRATORY
RUFFALDO, NEW YORK 14221
(RELEASE NATE, OCT. 14,1968}

SUBROUT INE CAMSET(PDS,/ITYPE/,/INVT/)
COMMON/COMFRM/FRNC 4XFRI(5 ) yYFRI5) 4 XMy YM,USED,SECT,CON,D,FXP,FYP,
1 FZP,CA,CFE,SA,SE,CACE y SASE + SACE yCASE 4CT,STTANGLF,JEULER
COMMON /CUMSET/NSETS XFLIP,YFLIP,FNL,FPS

DIMENSION POS(T7),DS(3),CAM(T)

EQUIVALENCE (DXsDS(1))4(DYsNS(2))4(DZ4NS{3))

EQUIVALENCE (CAM(1),XA,XB), (CAM(2),YA,YR), (CAM(3),ZA,283),

1 (CAMUG) o XFoAZ o XC) o (CAM(S) o YFFLYC) o (CAMI6) 4 ZFyFLByZC)y

2 (CAM{T7),TIA,TIB)

00 101 J=1,7

CAM(J)} = POS(LYY

ITYPES = ITYPE

[F (ITYPES.LE.2) GO T3 1

NSETS = ITYPFS/2

[F ((NSETS*?-1TYPES).EQ.0) GO T3 103
[TYPES =1
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GO T9 104
103 ITYPFS=2

NSETS = NSETS-~1
104 ITYPE ITYPES

H

G0 TJ (3,10),ITYPES
PRINT 2
2 FURMAT (*OILLEGAL CAMERA TYPE.')
STAaP
3 DC 4 J=1,3
4 0S(tJ) =CAM(J+3)-CAM(J)
A = DX%%2+4DY*®%)
I[F (A,NE.O.C) GO TO 412
IFf (DZ.NE.O.0) GO TO 4l1
PRINT 410
410 FORMAT ('OZERO FOCAL LENGTH UNACCEPTABLE.')
STOP
411 C=ABS{DZ)
SA=0.0
CE=0.0n
CA=1.0
SE =SIGN(1.0,4D2)
CASE=SE
CACE=0.0
SACE=0.0
SASE=0.0
GU TO 413
= SQRT(A+D2%%2)
= SQRT(A)
E = DZ/D
E = A/D
CA=DX/A
SA =DY/A
CACE=DX/D
SACE=DY/D
401 CONTINUE
CASE=CA*SE
SASE=SA*SE
413 FXp X3*CACE +YR*SACE+7B*SE+D

412 D
A
S
C

FYP = YHB*CA-XB%xSA
FZP = [B*CE-YB*SASE-XB#CASF
D = D*ENL

A = CAM(T7)*CON
GO TO (402,405,4044406),INVT
GO TO 408

402 XFLIP = 1,0

402 YELIP = 1.0

GO TO 408
404 XFLIP = -1,0
GO TO 403
405 XFLIP = 1.0
GC TO 407
406 XFLIP = -1.0
407 YFLIP = -1.0
408 CONTINUE
5 ST = SIN(A)

Cl = C0OS(A)
IF(NSETS)903,902,904
902 NSETS=-2
903 RETURN

904 PRINT 900 sDyFXPyFYPyFZPyCAyCEySAySF, CACFySASE,SACEyCACELCT,ST
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900

Csss

FORMAT {"OCAMSFT ',BE12.4/[ TX48E12.4))

RETURN

D =CAM(6)
A = CAM(5)*CON
SE = SIN(A)
CE=COS(A)
A=CAM(4)*CON
CAa= COS(A)
SA = SIN(A)
CACE = CA=*CF
SACE =SA*CE
GO TO 401
END

RLOCK DATA
BLOCK DATA
COMMON /SPZPLT/

DATA MODE/-1./,

END

SVA MOVIF

PART C

INT s MODE, XS, YS
XS$/10.0/ 4
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Appendix V

BICYCLE GRAPHICS INPUT DATA LISTING
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ke SCHWINN BICYCLE COMPUTER GRAPHICS 01

10.0 19.0 1. 2 2.0 .14 « 05 0 110110002 0 1 © 1 0 00300.28
0 &4 4 1920. -300. -70. 0.0 ~40. 2.30 O.
O. 0. 0. 0. 0. 0. C.
5056 13.5
-26. Oo -8. «5078 -26. -4.8 -11.5 -26.
2.5 -11.5 4.5 6. -2.7 0. -6, S.7
00 o- -23.8 Qe O. 3.5 -23.8 Oc
-5.0 -23.8 o4 11.6 -30.8 b -11.6 -30.8
l16. 18. 12. 12. «5078 -16.5 -1.5 14.5
5.798 0. 13.7245
CHASIS 4 65 0
-34.0000 ~-0.5000 13.0000 11.5000 90,000 0.0 0.0
RRWHEEL?2 4 65 0
-34.0000 0.5000 13,0000 11.5000 90.000 0.0 0.0
RRWHEEL 3 4 65 0
-34.0000 -0.5000 13.0000 13.5000 90.000 0.0 0.0
RRWHEEL 4 4 65 o]
~-34.0000 0.5000 13.0000 13.5000 90,000 0.0 0.0
RRWHEELS 4 65 0
-34,0000 -1.0000 13.0000 12,0000 90.000 0.0 0.0
RRWHEELS 4 65 0
~34,0000 1.0000 13.0000 12.0000 90.000 0.0 0.0
RRWHEEL 7 4 65 0
=34.0000 -1.0000 13.0000 13,0000 90,000 0.0 0.0
RRWHEEL 8 4 65 0
-34,0000 1.0000 13.0000 13.0000 90.000 0.0 Qa0
RRHUB1 4 17 0
-34.0000 ~1.5000 13,0000 1.5C00 90.000 0.0 0.0
RRHU B2 4 17 0
~34.0000 1.5000 13.0000 1.5000 90,000 0.0 0.0
CRANK 4 20 ]
-16.,5000 -1.5000 14.5000 3.0000 90.000 0.0 0.0
CHAIN1 2 2 0
-16.5000 -1.5000 11.5000 -34.0000 -1.5000 11.5000
CHAIN2 2 2 0
-16.5000 -1.5000 17.5000 -34.0000 -1.5000 14.5000
LOFRAM1 2 5 2
-19.5000 -1.5000 14.2000 =33.5000 -1.5000 12.7000
-26.5000 -1.5000 2.0000 -23.0000 -0.5000 -3.5000
-17.5000 -0.5000 11. 5000 -13.0000 0.0 8.0000
LOFRAM2 2 5 0
~-19.5000 1.5000 14,2000 =-33.5000 1.5000 12.7000
=26.5000 1.5000 2.0000 -23.0000 0. 5000 -3.5000
-17.5000 0.5000 11.5000 -13.0000 0.0 8.07200
RRFRAM1 2 4 0
-19.5000 -1.5000 14.8000 -33.5000 -1.5000 13.3000
-33.5000 1.5000 13.3000 =19.5000 1.5000 14.8000
RRFRAME 2 2 8 0
~-24.0000 -0.5000 -6.0000 -23.3000 -0.5000 -4.2000
-27.0000 -1.5000 1.5000 -34.0000 -1.5000 12.5000
-34.0000 1.5000 12.5000 -27.0000 1.5000 1.5009
-23.3000 0.5000 -4.,2000 -24.0000 0.5000 -6,0000
L UFRAMF 2 3 0
-23.2000 -0.5000 -6.2000 =-22.5000 -0.5000 -4.5000
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