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The steering component test program documented here was performed under Program
Plan Agreement HS-76 with the National Highway Traffic Safety Administration
(NHTSA). Steering component testing was conducted at the Army Materials and
Mechanics Research Center, Watertown, MA. Test data were processed to generate data
files for use in the Passenger/Driver Simulation (PADS) model. These data files reside in
NHTSA's VAX-11/780 computer system.

The author of this report acknowledges the suggestions and help provided by Sheldon L.
Stucki of NHTSA's Vehicle Systems Division of the Office of Crashworthiness Research.
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The objective of this project was to obtain and document the static force-deflection
properties of selected passenger car steering wheels and columns. These force-deflection
properties are essential inputs to the occupant impact simulation model Passenger-Driver
Simulation (PADS).

The data obtained from this test program include:

Steering column axial force-deflection (with and without side-load)
Steering wheel paraxial bottom force-deflection

Steering wheel paraxial top force-deflection

Steering wheel radial bottom force~deflection

Steering wheel hub crush force-deflection

Steering wheel crush force-deflection

Steering wheel torque-rotation (with respect to the column).

The steering columns and wheels tested represent about 90 percent of those used in
domestic and import passenger vehicles from 1975 to 1981 model years. Table 1-1 shows
the steering columns and wheels selected for the statie testing.

Load-deflection tests were conducted at the Army Materials and Mechanies Research
Center (AMMRC), Watertown, MA. The wheels were tested on a 20,000 Ib. MTS testing
machine and the column tests were made on a 250,000 1b. MTS testing machine. On both
machines, the loads were applied at a rate of one inch per minute. The load-deflections
of the wheels and load-strokes of the columns were recorded.
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2.1 PROGRAM OVERVIEW
The steering component test program consisted of the following steps:

a. Plan the steering wheel and column testing program to meet the input
requirements of the occupant simulation model G»Umrarn

b. Identify and acquire the steering wheels and columns for testing.

¢. Design and fabricate the fixtures for the tests and prepare the wheels and
columns for testing.

d. Conduct the static force-deflection tests and make pre-test and post-test wheel
and column measurements. _

e. Prepare the force-deflection test results for PADS.
2.2 GENERAL DESCRIPTION OF STEERING COMPONENTS

The wheels tested were of two, three and four-spoke designs. Most were of a two-
spoke- design in which the spokes connected the hub to the lower half of the wheel. The
three-spoke wheels had two horizontal spokes and one vertical spoke joining the bottom of
the wheel. The four-spoke wheels had two spokes connecting to each side of the wheel.
All the wheels contained the horn-activating switch and various padding and trim
attachments.

Four identical wheels were required for the five tests of each wheel group. One
wheel of each wheel group, with the horn and trim in place, was used for the wheel hub
load-deflection test. Since the wheel rim and spokes were not damaged in this test, this
wheel was available for one of the other wheel tests.

*The Reference Section appears at the end of this report.
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Column File CLPCFGB. DAT]

KEY minn where m is manufacturer number, nn is sequential
number assigned by TSC measurements program.
BOt Distance from column pivot point teo column cG (RCOL)
BO2 Column dimension. firewall to shear capsule (type 1 only)
zero for type 2 (LFWZ)
BO3 Column dimension. wheel pivot to shear capsule (type 1)
or to firewall (type 2) (LSC2)
BO4 Column dimension, wheel pivot point to aft col bearing (LBAZ)
BOS Column dimension, wheel pivot point to fwd col bearing (LBFZ)
BO& Column weight (stroking components) (WC)
807 Column coefticient of friction (telescoping parts) (MU)
Bo8 Damping factor for steering column ({PDFSC)
BO® Strain rate factor applied to steering wheel and
column bracketry (WHSRF)
BOiA Column torque/rotation vpward (COLRP)
BO2A Column torque/rotation downward (COLRN)
BO3A Column enery absorber force/stroke (COL)
TABLE 2-3, PADS STEERING WHEEL FILE DEFINITIONS
Wheel File {PCFGC. DAT]
KEY msnn where m is manufacturer number, s is number
T TTof spokes (2,3.4), nn is sequence number assigned N
by TSC testing program
co1 Wheel weight CWWH )
coz2 Wheel pitching moment of inertia (WIN)
co3 Distance from wheel pivot point to aft surface
of wheel rim (XRIM)
Co4 Distance from wheel pivot point to aft surface
of hud face € XWH)
[ofe]-} Radius of wheel rim (RIMRAD)
Cos6 Fraction of maximuam lower rim deflections which
remains as permanent set (PSFLR)
co7 Fraction of maximum upper rim deflections which
remains as permanent set (PSFUR)
COtA Positive wheel torque/rotation with respect to
the column (WHRP)
co2a Negative wheel torque/rotation with respect to
the column (WHRN)
C03A Rim tangent:al force/deflection due to
shoulder impact (FSHT)
co4aa Rim radial force/deflection due to
shoulder impact (FSHR)
cosa Rim tangential Porce/deflection due to head
impact (FHRT)
Co&A Rim radial force/deflection due to head
impact {FHRR)
CO7A Rim tangential force/deflection due to
abhdaman imna~s
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MODEL YEAR STEERING COLUMN STEERING WHEEL
AND VEHICLE CODE NUMBER CODE NUMBER
1980 CONCORD 1.103 1.403
1976 DART/VALIANT 2.107 2.301
1976-80 ASPEN/VOLARE 2.101 2.201
1976-80 LeBARON, FURY, etc. 2.101 2.201
1978-83 OMNI/HORIZON 2.109 2.402
1975-80 PINTO/BOBCAT 3.106 3.202
1978-80 FAIRMONT/ZEPHYR 3.112 3.203
1979-81 MUSTANG/CAPRI 3.112 3.203
1975-78 FORD LTD/MERCURY 3.101 3.201
1979-81 FORD LTD/MERCURY 3.111 3.303
1975-80 GRANADA/MONARCH 3.107 3.303
1980-81 THUNDERBIRD 3.112 3.403
1978-81 MALIBU, etec. 4.104 4.202
1977-81 CAPRICE, DELTA 88, ete.  4.110 4.204
1980-81 CITATION 4.165 4.202
1978-80 MONZA 4.144 4.202
1979 NOVA 4.165 4.202
1976-81 CHEVETTE 4.156 4.207
1979-81 CAMARO 4.135 4.401
1980 LeMANS 4.104 4.307
1980 DeVILLE 4.116 4.206
1980 DATSUN 5.101 5.201
1980 COROLLA 8.102 8.204
1980 SUBARU 7.101 7.401
1980 HONDA 6.101 6.201
1980 RABBIT 9.107 9.205
1983 CONCORD 1.104 1.404
1983 CELEBRITY 4.120 . 4.212
1983 ACCORD 6.102 6.402
1983 FUEGO 9.501 9.251

1985 DeVILLE 4.170 not tested
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The wheel static force-deflection tests were conducted on a 20,000 1b. MTS testing
machine. The loading rate was one inch per minute. For each wheel type, five wheel
tests were made (Figure 4-1). Figure 4-2 shows the test set-up for the radial bottom
test. Figure 4-3 shows the load-arm and the string-potentiometers arrangement in the
paraxial bottom test. In the paraxial and radial tests loads were applied until either the
wheel deflected and struck the fixture or the load-arm made contact with the wheel hub.
Figure 4-4 gives the location of wheel dimensions. The measurements of the wheel
dimensions and weights were made prior to the testing. The permanent deflection of the
wheel was measured after the testing. Table 4-1 lists all of the wheel group types tested
and shows the principal car models in which they were used. Wheel Fact Sheets are
presented in Appendix C.

TABLE 4-1. STEERING WHEELS TESTED AND PRINCIPAL USAGE

GROUP NO. PRINCIPAL USAGE

1.403 1979-81 CONCORD

1.404 1983 CONCORD

2.201 1976-80 ASPEN/VOLARE

2.301 1975-76 DART/VALIANT

2.402 1978-83 OMNI/HORIZON

3.201 1975-78 FORD LTD (FULL SIZE), TORINO

3.202 1975-80 PINTO

3.203 1979-82 MUSTANG, FAIRMONT

3.303 1980 GRANADA, PINTO

3.403 1979-82 FORD rq.U (FULL mmva.
FAIRMONT

4.202 1977-81 MALIBU

4.204 1977-81 CUTLASS, LESABRE

4.206 1979-81 DEVILLE

4.207 1976-81 CHEVETTE

4.212 1983-84 CELEBRITY

4.307 1975-81 PONTIAC

4.401 1975-81 CAMARO

5.201 1980 DATSUN

6.201 1980 CIVIC

6.202 1983 ACCORD

7.401 1980 SUBARU

8.204 1975-83 COROLLA

9.205 1975-81 RABBIT

9.251 1982 FITRG:O
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FIGURE 4.2 STEERING WHEEL RADIAL BOTTOM TEST (TYPICAL)
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FIGURE 4.3 STEERING WHEEL PARAXIAL BOTTOM TEST (TYPICAL)



See Table 2-3 for definitions of terms.

FIGURE 4-4. PADS STEERING WHEEL DIMENSIONS






APPENDIX A

STEERING COLUMN AND STEERING WHEEL INDEX

(AMERICAN MOTORS, CHRYSLER)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977 | 1978 | 1979 | 1980 | 1981 | 1982 | 1983
AMERICAN MOTORS
Concord 1.103 1.104
1.403 1.404
CHRYSLER
LeBaron 2.101 } 2.101} 2.101)2.102 | 2.102 | 2.102 | 2.102
2.201 | 2.201] 2.20112.201
2.202]2.202
2.203
2.205 | 2.205| 2.205
2.301 |2.301] 2.301§2.301
2.302 | 2.302
Cordoba 2.104 ) 2.103 | 2.103 | 2.103| 2.103}2.101 | 2.101 {2,101 ] 2.101
: 2.201 | 2.201 |2.201§ 2.201}2.201
2.202 | 2.202 |2.202] 2.202}2.202
2.203
2.205 {2.205} 2.205
2.301 2.301 | 2.301]2.301
2.302 | 2.302 2.302 | 2.302
2.303 | 2.303
2.401| 2.401
Imperial 2.105 2.101 {2.101)] 2.101
2.205 | 2.205] 2.205
2.301
2.302
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(CHRYSLER)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 | 1976 | 1977 | 1978 | 1979 1980] 1981 | 1982 | 1983
PLYMOUTH
Volare 2.101| 2.101} 2.101| 2.101} 2.101
2.201| 2.201§ 2.201] 2.201§2.201
2.202] 2.202
2.301] 2.301)] 2.301§ 2.301]2.301
2.3021 2.302{2.302
2.304¢ 2,304} 2.304
Horizon 2.109) 2.109{2.109} 2.109| 2.109 | 2.109
2.110{ 2.110§2.110} 2.110| 2.110 | 2.110
2.2011 2.201
2.202| 2.202
2.301] 2.301}2.301
2.303] 2.303 ] 2.303
2.4021 2.402|2.402 | 2.402| 2.402 { 2.402
Fury 2.104]2.103| 2.103 | 2.103
2.108 | 2.108
2.201| 2.201|2.201
2.301)2.301| 2.301]2.301
2.304] 2.304
Valiant 2.106 | 2.107
2.301 | 2.301
2.302 | 2.302
Champ 2.114 | 2.114
2.207 | 2.207
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(FORD)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977 | 1978 | 1979| 1980| 1981| 1982| 1983
Thunderbird 3.105 | 3.105 | 3.105 ]3.105| 3.105
3.112 1 3.112 | 3.112 | 3.112
3.201 13.201 | 3.201 |3.201| 3.201
3.301 | 3.301
3.403 ] 3.403 | 3.403
3.404
LINCOLN-MERCURY
Mercury, Full Size |3.101{3.101 | 3.101 {3.101 3.110{3.111 | 3.111{ 3.111{ 3.111
3.201 { 3.201 | 3.201]3.201
3.403}3.403 | 3.403 | 3.403 | 3.403
Montego 3.105 | 3.105
3.201 | 3.201
Lincoln 3.103 | 3.103
3.109 | 3.109|3.109 | 3.109(3.111 | 3.111 | 3.111 | 3.111
3.201 {3.201 | 3.2013.201 3.201
3.403 | 3,403 | 3.403
3.404
Monarch 3.107 | 3.107 | 3.107 | 3.107| 3.107(3.107
3.201 | 3.201 | 3.201{ 3.201] 3.201(3.201
3.301 ) 3.3011 3.301
3.303
Capri 3.102 {3.102 | 3.102 3.102| 3.108}3.112 {3.112 | 3.112 ] 3.112
3.205 [ 3.205 | 3.205( 3.205
3.302{3.302 | 3.302 | 3.302
3.303
3.403{3.403 | 3.403 | 3.403
3.404
Bobeat 3.104 {3.104 | 3.104) 3.104 | 3.106|3.106
3.201 | 3.201 | 3.201| 3.201 | 3.201/3.201
3.2021! 3.202
3.301) 3.301{ 3.301
3.303
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(GENERAL MOTORS)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977 | 1978 | 1979| 1980 1981 | 1982 | 1983
BUICK
Century 4.101 | 4.102 | 4.103 |4.104]/4.101 | 4.104
4.201 | 4.201
4.202
4.204 | 4.204]4.204 | 4.204
4.206
4.205
4.301 | 4.301
Regal 4.101 | 4.102 |4.103 |4.104]4.104 | 4.104
4.201 | 4.201
4.202 4
4.204 14.2044.204 | 4.204
4.206
4.205
4.301 | 4.301
LeSabre 4.107 | 4.108 |4.108 [4.110(4.110 | 4.110
4.201 | 4.201
4.203 | 4.203
4.202
4.204 | 4.204(4.204 | 4.204
4.205 | 4.205
4.206
4.301 | 4.301
4.303 | 4.303 |4.303 |4.303
Electra 4.107 | 4.108 [4.108 [4.110)4.110 | 4.110
4.203 | 4.203
4.204 | 4.204 |4.204 | 4.204
4.205 | 4.205
4.206
4.301 | 4.301
4.303 | 4.303 }4.303 | 4.303
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(GENERAL MOTORS)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977 | 1978 | 1979 | 1980 1981 | 1982 1983
CADILLAC
DeVille 4.112 | 4.113| 4.114 | 4.115)4.116 | 4.116
4,117
4.205] 4.205
4.206]4.206 | 4.206
4,303 ]| 4.303
Fleetwood 4.112 | 4.113§ 4.114] 4.115|4.116 | 4.116
4,117
4.2051 4.205
. 4.206(4.206 | 4.206
4,303 | 4.303
Eldorado 4.119 | 4.121§4.123[4.1264.127 | 4.127
4,205 | 4.205
4.20614.206 | 4.206
4,303 {4.303
Seville 4.148
4.149 | 4.150 ) 4.151 ] 4.1524.127 | 4.127
4,205 | 4.205
4.206(4.206 | 4.206
4,303 |4.303
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(GENERAL MOTORS)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977 | 1978 | 1979) 1980 1981 | 1982 | 1983
OLDSMOBILE
Cutlass 4,101 | 4,101 | 4.102) 4.103 | 4.101|4.104 | 4.104
4,201 | 4.201
4.202
4.203 | 4.203
4.204) 4.204 | 4.204(4.204 | 4.204
4,209 4.209
4,306 | 4.306
4.402{ 4.402
Delta 88 4.107 | 4.108| 4.108 | 4.110|4.110 | 4.110
i 4.109
4.202
4,203 | 4.203
4.204 1 4.20414.204 | 4.204
4.209 | 4.209
4,210 | 4.210
4,305 ] 4.305 | 4.305
4.306 [ 4.306
4.402 | 4.402
Ninety-Eight 4.107 | 4.108{4.108 | 4.110§4.110 {4.110
4.109
4,203 | 4.203
4.204 | 4.204)4.204 |4.204
4.210 | 4.210
4.305 | 4.305 | 4.305 | 4.305
Toronado 4,118 | 4.120 | 4.124 | 4.124|4.124
4.122 14.1254.125 |4.125
4.128
4.203 | 4.203
= 4.204 | 4.2044.204 [4.204
: 4.210 4.210
4.305 | 4.305 | 4.305 | 4.305
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(GENERAL MOTORS)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977 | 1978 1979| 1980| 1981 | 1982| 1983
PONTIAC
LeMans 4,101 | 4.102]4.103| 4.104|4.104 | 4.104
4.2111} 4.211
4.307 ) 4.307 | 4.307 | 4.307| 4.307]4.307 }4.307
4.308 | 4.308 | 4.308 | 4.308| 4.308]4.308 | 4.308
Full Size 4.107 | 4.108 | 4.108] 4.110{4.110 | 4.110
4.211 | 4.211
4.307 | 4.307 | 4.307 | 4.307| 4.307]4.307 | 4.307
4.308| 4.308}4.308 | 4.308
Firebird 4.131 | 4.131 | 4.133 4.136(4.136 | 4.136
4.132 4.134 4.138
4.211 | 4.211
4.307 | 4.307 | 4.307 | 4.307 | 4.307{4.307 | 4.307
4,308 | 4.308 | 4.308] 4.308(4.308 {4.308
4.3091 4.309(4.309 | 4.309
Gran Prix 4.101 | 4.102 | 4.103 | 4.1044.104 | 4.104
4.211 | 4.211
4.307 14.307 | 4.307 |4.307 | 4.307 [4.307 |4.307
4.308 | 4.308 {4.308 | 4.308 |4.308 |4.308
Astre 4.140 |4.140 | 4.140
4,141
4.211 |4.211
4.307 }4.307 | 4.307
4.308 | 4.308
Sunbird 4,142 | 4.143 14.144} 4.144 4.144
4.211
4.307 | 4.307 |4.307 | 4.307 |4.307
- 4.308 | 4.308 [4.308 | 4.308 |4.308
T1000 4.156
4.207

A-113
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(IMPORT)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977F 1978 ) 1979 1980 1981 1982| 1983
DATSUN
Model 210 5.101
5.201
HONDA
Civic 6.101
6.201
Accord 6.102
6.402
SUBARU
GL 7.101
7.401
TOYOTA
Celica Coupe 8.110{ 8.110 | 8.110}8.110} 8.110 | 8.107 { 8.107
8.107
8.208 | 8,208 | 8.208
8.307
8.305
8.306 | 8.306 | 8.306 | 8.306
8.402 | 8.40218.402
8.404
8.403 ) 8,403 | 8.403
Celica Liftback 8,112 |8.113 | 8.113|8.110 |8.11018.110( 8.110 | 8.107 | 8.107
i 8.113 8.110 8.107
8.208 | 8,208 | 8.208
8.307 | 8.307 | 8.307 | 8.307 | 8.307(8.307 | 8.307
8.305 | 8.305
3 8.306{8.306 | 8.306 | 8.306 | 8.306
8.404 | 8.404 | 8.404
B 8.402 | 8.402 | 8.402 i
8.40318.403 | 8.403
Celica Supra 8.110|8.110 | 8,110} 8.107 | 8.107
8.107
8.208 | 8.208 | 8.208
8.403 18.403 | 8.403
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(IMPORT)

VEHICLE MODEL YEAR
MAKE/MODEL 1975 1976 1977 | 1978 { 1979 | 1980 | 1981 | 1982 | 1983
Corolla Station 8.103|8.103 | 8.103] 8.103 | 8.103|8.102 ]| 8.102 | 8.102} 8.101
Wagon 8.102 8.101
8.204]8.204 | 8.204| 8.204 | 8.204]|8.204 | 8.204 | 8.204| 8.204
8.20118.201] 8.201
8.202| 8.202
8.205
8.302 } 8.302 | 8.302
VOLKSWAGEN
Beetle 9,103 | 9.103 | 9.103) 9.103
r 9.203 | 9.203 | 9.203| 9.203
Super Beetle 9.104 | 9.104 | 9.104| 9.104
9.105]9.105 | 9.105| 9.105
9.203 | 9.203 | 9.203] 9.203
Rabbit 9.106 | 9.107 | 9.107} 9.107 | 9.107
(Import) 9.204
9.205 | 9.205] 9.205 ] 9.205
9.302 | 9.302 | 9.302| 9.302{ 9.302
Rabbit 9.10719.107 | 9.107
{Domestic) 9.205(9.205 | 9.205
9,21219.212 | 9.212
Sirocco 9.106 | 9.106 | 9.106] 9.106} 9.106[9.106 | 9.106
9.205 | 9.205 | 9.205] 9.205 | 9.205(9.205 | 9.205
9.301 ] 9.301
9.302} 9.302 | 9.302(9.302 | 9.302
RENAULT
Fuego (Column) " 9.501
Fuego (Wheel) 9.251







APPENDIX B
COLUMN FACT SHEETS

The fact sheets for each steering column group contain: (a) the vehicles on which
this ecolumn group were used, (b) the manufacturer's part number, (c) an illustration, when
available, (d) the steering column's physical measurements, and (e) the static load-
deflection test results. The vehicle usage listing in the fact sheets identifies all the
vehicles and model years that the particular column was used. The steering column part
numbers were taken either from the numbers appearing on the columns, when they could
be identified, or from the manufacturer's parts catalog. The column characteristics
include the dimensions. The column dimensions are shown in Figure 3-3.

The column test results are presented as load-deflection traces, one for a pure axial
load and one for the combined axial and side load. For the column types, where just one
column could be procured, only the axial load test was run.
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2,107

COLUMN GROUP NO.

STEERING COLUMN FACT SHEET

3748903

| Manufacturer’s Part No.

in.

2
I -
L]
g | ~
5218
£S5

Characteristic

Distance from column pivot point to column C8

Column Characteristics

0.

13.5

(LFWZ)

irewall to shear capsule (type 1 only), zero for type 2
ivot to shear capsule (type 1), or to firewall (type 2) (LSCZ)

wheel p

Column dimension, wheel pivot point to aft col bearing

Column dimension, f
Column di

in.

13.25
14.75
18.75

imension,

(LBAZ)
(LBF2)
(W2)
(M0)

L] f“d ]

imension,

Column d

| BOS
| B06

6.64 1b.
0.47

Column weisht (stroking components)

t of friction (telescoping parts)

icien

Column coef

807
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APPENDIX C
WHEEL FACT SHEETS

The fact sheets for each steering wheel group contain: (a) vehicles on which this
wheel group was used, (b) manufacturer's part numbers, (¢) an illustration, when available,
from the manufacturer's parts catalog, (d) the physical measurements of the wheels, and
(e) the static load-deflection test results.

The vehicle usage listing in the fact sheets identifies all vehicles and model years
that the particular wheel was used. The usage listing does not indicate that all vehicles of
the particular type and model year were equipped with the wheel shown here. In some
cases, optional trim and substitute "deluxe" or "sport" wheels were available options. The
steering wheel part numbers were taken from the numbers appearing on the wheels when
they could be identified. When the numbers ecould not be identified, the parts numbers
were taken from the manufacturer's parts catalog. The parts numbers listing attempts to
identify all the numbers which were found for each type wheel group.

The location of wheel dimensions is shown in Figure 4-4. In some cases, the
dimensions are the average measurements of several wheels. In all instances, the wheel
rim dimension is an average of the long and the short diameters of the rim cross-section
which is oval in cross-section and has finger grooves. A fixed value of the wheel pitching
moment of inertia is used for all wheels.

The test results. are presented as load-deflection traces for paraxial bottom,
paraxial top, radial bottom, hub erush and whole wheel crush tests.

C-1



Uy Lo

ULL 33y JO SSAUIYL

LI (QWSNIY) Wil [33yM Jo snoipey ¢
‘Ut 18°2 CHMY) adej QY Jo adeyins 3 e o) Jutod Joald Taaym wosj 3duRISIQ $03
‘U1 2T (HIEX) W12 T33YM JO 33BJINS 3JB 03 JUl04 J0n1d Taaym woa) 3URISIQ £09
qr 2'b () Wb1ay TeauM 109

arqetien Aay
anten weiboig 2138 14910e204) aryy

SO1Is14a3TRIRY) TBAUM

Y 6e6Th

"ON 3484 S,4a1n)aejnuey

pioduo) $i030) uedllaiy 18-6261

aury 289 aye 1ea)

as) Iy

J33HS LO9d TI3HM ONIHF3LS




I
SFTRARS R EREERER
P |
i
1
Il
il LA m g
el bt L T £
i SIS . Ei
DISPLACEMENT (INCHES) L
AT AT I
g : Hies F
P AR AL Toe HHT g DISPLACEMENT EQ ES) | L T H
B Dz L H ::________:% il

pn

I

LO

N
1=

L ! 1 1
TR
: nnmgngﬂ (INCHES)

st lat T B

I
1
)
YT

_

]

,
BOTT!

TR

T

FOUNDS

1

n
171

T

T

A

i

== LOAD (POUNDS) X

—

=

NTCDY ANTUDUR 7 Tarmnimes



L7

i1 TaayM JO SSAUPIY)

yb1ay TasuM 100

fay

gy (GAIRTY) Wil [3aym Jo snotpey M)
‘U1 §°'g (HMX) adej qny Jo adeyns 3je 0) jutod Joatd Tasym woay aduRISY] $02
1 84 o) (WI¥X) Wil [33yM JO 3JBJINS e 03 JULG4 10a1d Taaym wWolj BJueISIq £0
qar 2't ()

arqetien
antep weiboiyg 3115140300104)

T4

SIS LINIRILY) TISYN

408201-612152E

0N 1ded §,191n338 jnuey

picauo)

aury 189

$10)0) UEDTIouN

861

lea),

3s) apatyan

13345 13¥d T33HM SNIY3IILS



{ o ' I —

S ol T WHOLE WHEEL CRUSH

I _ i rtag w7 \
L “ ! i v ¥
-~ | v il - ﬂ.ﬁ.u
8 Hi ! Ees #03
H YN . T <
cHIIHIHHHE SfillBl e
¢ Hio | S
< h :
3

5

;

TInT

LOAD (POUNDS)
|
i
!
ah C
!
1-\\

L
L
N

! Ar\ | “ | «1

| PARAXIAL TOP 7 2 3

. y _ _ i DISPLACEMENT (INCHES)
i

z A | i |

[ DA . ~{--.HUB CRUSH _

’ 1 /| 1 ' ! !
o | PR

; _ : A.ﬂ._v

8 .

g ;
H T T H I & 1 s ; \” .m
g 3 mmwgﬂﬁa (INCHES) 4 s T _wl \ | “
T A 3 N “
THHU R T |2 )

] ik | ! ! L JH:Hn S 1 S N
%. LR LLEREAE i " m m ) j !
1 RADIAL H = 1 |
] i i m

e

' t
' ' '
Fou. '
‘

T

T
+r
1 88

)iz

SR
N
i

/

) /.0

DISPLACEMENT (INCHES)

.

i

s [~ LOAD (POUNDS

!
BOIK IR

NPEBY s ArmIowmm 7 sarmecmas




Tl
‘ur gl (GEIY)
TR (1)
‘ut 9°g (HIYX)
qr 'S ()
aNqeLien
anTep w=ibo1g

W1 T33YM JO SSAUPTYL

L1 TOMM jo snotpey  GOD
3383 qRY JO 308405 3j€ 03 Jutod 30a1d Todym Wolj 3JURISI] ¥03
WIJ TOAYN JO 3BJUNS JJR 03 JUTO4 30A1d TIIYM WOl BDURISI] X1
WhIoN TN 10D

anstaeIey

day
L4

SI1AS140102.01) TOMUM

dang
U0ZEO0H
aJeton
oy
190040)
vadsy
8Gop10)
uoleg 37

2204 ‘S10d ‘1104 an 18

‘0N Y104 §,J9iN308 JnuEy

N PPN

PATIT AL AAAUR TR

1335 1094 TIHM ONI¥FLS



=(HF = 177177 | HUB CRUSH

1]

2

!

t
(POUNDS)

FOAﬁ (POUNDS)

1
ZHE

¥
LOAD

1 St O e e

T
R A e A

—_—
+ .o
=

- .:'_:g_fni.':. =

.p. ey _ ..Qv rio
eirefliittiy} DISPLACEMENT (INCHES) - ‘

3388|508 ST VAT A R I

e [~ "

=gty iy

P E=p—

pp
1700
BT

R

LOAD (POUNDS)

" ‘:. el ,: 15

ty

R A o)

'

i i i

. i “r .
N N
RESE RRRRR I

<78

R B
i|.L. DISPLAC
i

EMENT AHznmhm_v "

| ] =t

Hiliile] ]

— -

1600

PR NN TR EETS b —fe

& A

i

T
I

200

© LOAD(POUNDS) =

{00

=
i i

LOAD (POUNDS)=]

% ke i
i il
|

RS

AT A0 YRS FYEN Feod R

2

DISPLACEMENT (INCHES) -




‘Ut £9°0 uil TAAYM JO SSALPIYY

‘ut g'g (GARIY) Wl TByM JO shoipey S0

Uy g (HMX) 208 qny Jo 3dejans 3¢ 03 Jutod J0a1d TINYM Wo1) BaURISIQ $02

‘Ut g°g (WINX) WiA Ta3YM JO 30845 3JR 01 JUF04 10a1d Taaym 04 FURISY( (212)

‘qr 0°S () ybtay TeRuM 0
QRN &y

antep wiboyg AMsuNdRIY) MLy

SINIS1INININY TN

D

c20b ‘¥10d
‘1204 ‘GT0d ‘#10d ‘0104
'%00d ‘€00d ‘200d ‘1004

*ON 1J8J §,1920308 RURK

Jeiten
fang
uoztaoy
aderon
T
1310107
wdsy

e ]
€qopao)
voseg @

aun &)

a5 PR

13348 10V4 TI3HM SNI¥33LS




LOAD(POUNDS)

200

m_
v i )
: ‘(_ %lﬁ‘aﬁ;.w?: “ ﬂqw

7 DISPLACEMENT (INCHES):

4 B SR &

_ _ et B

E._
™\
-
/

/

FE|
/

LOAD(POUNDS)

|
\\-

“m” " |§ \ _
_\ 4 _ |
E 5 : / i
........ zp ?Zla o

DISPLACEMENT (INCHES)

R ] P N L

3 - e

s ;
oy -
1IE .
S| Wl B
=T | e :
i
b iy
BRCTON T T
P i
$ e .. +
b [ B M
S | R .
boe oo [ 4 IEREE TR
5 S A P
o) b g gl
Py cprbEe [
et ELs ST e s vl
B BT T
ol o by = 1
34 Al B R R
- ool {
'
v .m

PR

.
vt [
ol 400,
-1 Bt
S E :
= w R 3 [
S| 200! 2 —
i P T P —
] o i i
IR LI RN S S
2 DISPLACEMENT e i e RS
0 TR R e e T A e _




‘Ut vo°T wia Ta3YM jO SSIUWIY]

gl (GUHIY) Wil Taaym Jo shotpey £02
‘Ut 9'g (HX) #32) gy Jo oe 4ns 3 je 03 Jutod Joald fasym WoL) BDURISI] »02
*u1 £9°9 (HI¥X) W12 TE3YM JO BIBJINS 3 J0 03 IUTO4 10Atd Taaum woa) 3DURISI(Q £0)
"qT ¥1°S () ayb1oM Tap 103

aTgEuIey day
snten weaboug asLRIY) Ly

SD118 14830040Y) TIOUM

|
|
I ] #bpog £8-826T
I uoZ140H yinowdid £8-861
9206 ‘ssty | J— ol
€904 ‘650d | aur ie) ey 109,
I
*ON ided §,J3imdRjnueR | 8 IO
[

13345 139d TI3HM ONIMZILS

P02 °AAl INNMO TITNNM



WHEEL GROUP NO. 2.402

THUS i
-MEE wOH.H

- .

e

ok

“__m_

_
_“
il

il Ll ._m
__ i NLVWW_ e “”{_!

- DISPLACEMENT

TR R TEIIE

LOAD (POUNDS)
l?

—3-

=

—F

U 50 e

| zmorm WHEEL CRUSH

- LOAD (POUNDS) =:

Fras

=1
=
B
3
-]

) .:'___._. ST ettt
— ]

i
g A

{111 i i

| :Nmumz_._»nmaﬁ_ .wﬂaz_wm«m il 58 LH IR LA LS b 5
p i e _.H. Yrat o UHmm;nsz.H nHznmmmv —— cofemas

______________:___________:_____:_ i e g [

+

rS- RNV _ % |om i 7
1 i g
A G 7 sallr
R O A A =

R VR AT

|

|

2 2 o

HUB CRUSH ot

-

+IW1 __ _. 3 TR .n
il 4 oy AL \h
by = 7 e g e [T ~ 4 bl ciakd i F I
] RADIAL BOTTOM . 2 Liad:. .
; [ [ e gl [ Rl 7
il il 2 Jaseli i i
: i _

i LOAD (POUNDS) -

|

g S8 5 T L 2 M
.m_. 2 : ", ~ A __ th _m HIBY o T R B g (O L ....\&I:!.
i el ik H e A ___ il e b ] L
T Mifl e I i} 4o i __ R I EET ¢ e d
TR r.._camgné:ﬁ%mmmv : I ittt DT SPLACEMENT (INCHES) - - |-
11404 21 S Y NN NS Fesed Skt ony it (11 ! : _,;___ R ok ] PPt el i




Ul T33YM SO SSAURTY)

wid Taaym jo snolpey  GOD
230} Gny jo 3deyns 3Je 03 jurod Joa1d Taaym @01 dURISYQ 63
WlL TOSYM JO 322J.NS }JE 03 JUTO4 10018 [adyM WOLJ BIURISI( £
Wbtay Taayy 100

*ur 6°0

ur gty (QVEWIY)

ur 0'd ()

Ut 29°§ (WI¥X)

‘qT €°S ()
aTqeLieh

anfep w6044

s IRY)

day
MY

$INIS 1aRIDRIRY) TN

K60 ‘Av6Q 2080 ‘Z480
240 ‘A180 ‘Av8a “Z020
90 A0 ‘AbLa ‘2090
2v30 ‘Av90 ‘2560 ‘ASSO
2050 ‘A0S0 ‘ZveQ ‘AvSO

|

|

i

l

[

|

|
2403 ‘Za03 ‘Av03 ‘A0 |
|

|

|

|

|

]
*oN 3404 S, l8amydegnuey |
|

TeIUBUTIUO)
1eaqog
ROy
obajuoy
s1nbaey
patqaapuny)
0juld
epeudly
bueysny

a1l

our0]

an 18

Aandsay
Aandaay
[IT-FET]
dandaay
damossy
paogd
paogd
paog
pao4
paog
pao4
'R

6,-8261 |
08-626T |
08-6261 |
U561 |
8L-626T |
6L-5261 |
08-626T |
08-261 |
82-826T |
8.-6261 |
9.-8261 |

ra) |
|
) apen |

TASOA ALl IAAUR TTTIAS

1335 10¥4 TI3HM ONIYIALS



@_lm _ | _ *4 . WHEEL GROUP NO. 3.201

| PARAXTAL BOTTOM

S

.

s \ PP O O I T

U i ! e
Tl S R O A
il 1
it [ [ 128 I
' % 5 EEL, CRUSH i i o
_.ﬁ ._imn 2.
100 i i) &
m :_ m l
B ey Sy &y DU DI VR SR DU ._..ll. —-} il _ “ b4 w
o : = , (G TS
3 W Ee 2P| 4B | &1 o | MH hitl Al |
+p=-l:eeefeeee] o o] -2 DISPLACEMENT (INCHES) |-.--f..-. .”..L_..: __"_ w__ _ L “...___ __L ] : _ b i -
I i S e P LR DISPLACEMENT ¢ : FE DS P B
5 Sk P oS AR R 0 0 s

|
o

RAXT TOP | -\r\twh:

9 1o 2lo fo _u~e: 4o 1o

caz } o . i 'I
LOAD (POUNDS)

+m - e Sm_m;n_mﬁw_ﬁ%_awmﬁ_mmv et it
I I I I et e _

2
iz
.8
e
2
=
‘-
3

g

.u- - =
.'g .1'
=1 B

L] e

o

=

D

HHHNF | | e B A S [ frebem | DISPLACEMENT (INCHES) - | - +{-+| =|-

Lig Lo ie Taaat]ic s o)
o R AL 70
....|. DISPLACEMENT (INCHES) |'

T

LOAD (POUNDS)
+ L . L :
LOAD (POUNDS) -




‘U0t

‘ut 0°gT (GRAMITY) Wil [aayn Jo snotpey

w1 o'y () a9v) qIy Jo adm)uns 3je 03 uTod Joatd TadyM Wos) 3duRISI]

Ut g9°g (HI¥X) W1l TOayM JO 3D0JUNS IR 03 JUTO4 J0ATd TABYM W01 BOURISI]

7 0§ (11 S e
arqetien

antep weiboliyd anIsS1ddRIRY)

Wiz TS Jo SSAURIYL

0auld paogd 08-G261
240 a4 ey a0}
‘ON 1404 §,Ja2n)de Jnvey s AN

138 10v4 TIM ONTNIILS

BAIIN SALt AAAUNR TTITEIM



E

1

3 T

!

ARAXIAL BOTTOM

WHEEL GROUP NO.

3.202

&— =

EE e

T —

=

=

il 4

mi o
__.1 A

i \\.
At A i i

—r g

...F"nlb.

4

L

;;157' T_ LOAD (POlﬁle) e

TR i

i
L _51__

*-|- DISPLACEMENT

—

e P

(INCHES)

|

l
B

T
DS

208

™

uuuuu

o
5 |
I

=
s

(POUND

=" LOAD

B

LOAD (POUN

7

jcl }_’

- DISPLACEMENT

| T
20 _
( INCHES) ._
g e |

9

if: i RADIAL

BOTTOM |

| Loap (pounps) | i

il

LY !

-

L 2 H3

!
. DIS

o

PLACFEMENT

2o
( TNCHFES)Y

—_—t

LOAD (BOUNDS)

3

B
?
| 8
N

$
E




U1 €80 Wl TeRyM JO SSAUPTYL

ur g (GRTY) W14 TIYM Jo snopey S0
wr g2 () 30%; qny Jo @dejans 3je 03 Juted JoaTd TeRYM BOJ) 3DURISI] 03
U1 9% (HIYX) WL Ta3YM JO 3DRJARS 3JR 03 JUT04 10ATd 3NN W0) 30URISTQ £00
qT 6'% () WHIaM TaauN 10

afqelien day
antep wibosd MIsHINeIRY) Yy

$I115110300.40Y) TARUN

[
I ahydaz Aan2 sy 28-861
i Jvomtey paog 28-861
| Sumasny paog 286261
| J— e
280 | aury 1e) ey 1y
|
"o dded §,J0moejnuey | ) TP

1335 LV T3 ONIN33LS




[ PARAXIAL BOTTOM| [ - fod WHEEL GROUP NO. _3.203

: o ks AL 320LCET:
\ SERY RREEY T SN NN PONY SRS NN SUERE SR N -=-|=|~ HUB CRUSH -} F.q

bebaha o fuo ‘PR

T

1

/

LOAD (POUNDS)

: ,\\ .........

B
4
{
1
T
T
!
i
LOAD (POUNDS)

e : \\‘. \\NWM !!mwli .

Al

~|

Sm - he ap
DISPLACEMENT (INCHES) |.

§iar e o O

DISPLACEMENT (INCHES) HH

i deage [ Loyl

H i y e
: 2 K idl “p:

[ ]

|

PARAXTAL TOP :
el e, Ll R R e

T

po i i g

| LOAD (POUNDS)

S T cd Sy

i
m ¢ (37 9 :“nQu_
cammgnﬂﬁz.n sznﬁmv J.!.,_I

S el ] e e

. 3
/ a3

,../w_._:.. i

. et _ : ] ;
T 7 _ _ 1 it m _ ]
[ Py e e P s “ ' _ - WHOLE WHEEL CRUSH | |

¥
LOAD (POUNDS)

R e e A o -

-

I
i
I

LOAD (POUNDS)
)

|
I
;
=

. BD. IR T R S P |.u., - cae \ s -l m.. |-

i 7o 25
el [T ———k DISPLACEMENT (INCHES) | ..

3 4o 15 Ip ST | |




Ut 90°1

ut g% (GwmIY)
*ut 822 CHMX)
*ut 98°S (WHIX)
°qr 6'S ()

qetiey
anten weabolyg

Wil TadUM JO SS3UPIYL
B4 T3ayn JO snotpey §0J
332 qhy Jo 8dejuns 3je 0} Jutod 1001d TaRyn W0L) URISTQ 02
wii TEYA JO 838JINS 3B 03 JUT0d 10ATd TRUM W01} BIURISI] £0)
WETaH ToNM 10

ANSLIBNILY Ly

*ON 1Jed S 1010308 Jhuey

| 14de Aandsam €861
| Aandaay Aanday 0861
i Bueashy piod €861
1 0uid paod 0861
| peualy paod 0861
| ; —— —
2003 | auty 229 MY FLYY
|
] s APIYBA
{

1335 1394 TI3HM SNIY3ILS



Ij i 5 1 ]
i i Er_ 5_ _Ls._ux \ HUEE _E_Hw n_; c_m% WHEEL GROUP NO. 3-303
RS wrd speba : A : i
ik / 3 lee
-1rbn ¢ m\ e Yo
o3 x\ 9] Javr| 763
W.: Drao LVDT
¥ sTEpe
P bl = O e
g | M
m i \ - — 0 0.5 1.0
g u.w 7 o i DISPLACEMENT (INCHES)
mlt “-\buf\ NI el =TTl T T
S ?:.N m r P m 7 WHOLE WHEEL CRUSH —|
200 loagy- |1 L 1
i 17 O i, o 1111/ s
| ool ] BT I AR h
e T Lﬂ
lllll ‘ \ lrs Bt : - T
100 | hm i : N i
E ) O ¢
i : s.l. lm \ Tedd 74/ /A B
] 1.0 2ot- Sr ‘ ITY (84
DISPLACEMENT (INCHES) | ]
e 1T b /

| ; EEAER
i W _ PARAXIAL TOP
I
1 s R
| | | L
m_ | | | |3
(l i —— .W X h
srlear {oud< 2 W1 g L B ‘
= \\,\ = 7 _ 4 T r-;o:Bp‘vL j Tesd
i ] P PN | [y 1 |W o J . .. __ "m_ _.”_.” 5& Ngo
: | i | 41 S T
b 1.0 2.0 a.o 4.0 Aweit e
DISPLACEMENT (INCHES) ' =
100!
Wi
LW T




‘Ut 28°0

‘ut g2y (GVATY)
‘o g2 (090
Ut £6°2 (HI¥X)
‘qr 1'% (1)

qeLiey
anTep weiboly

232} qny o 338}4ns 3 je 03 Jurod 10a1d TaIYM WOa) BURIS(Q 4]
W14 TOIYM JO 30RJUNE 1JR 03 JUTO 20ATd TEBYM W0} BIURISIQ

Bl T3dYN JO SSAUPIYL
Wil TaMpt JO Snotpey (414

€00
W61 TOMN 10
day

MsuNRIY

SONISLIAIIRIRY) TN

T3 a3 ‘A3 ‘2
7503 7803 ‘Zw03 ‘and3
A03 ‘2260 ‘2860 ‘Zv6d

"ON 1484 $,432030% Jhuey

diydaz
s1ide)
sinbaey
Pi1qiapuny)
Juomazey
Surisiy
an

au17 Jv)

ureuny
dandasy
Aanda8y
Aandaay
paog
paod
paoj
paog
"y

28-0061 |
28-6261 |
28-6261 |
£8-6461 |
28-0861 |
28-626T |
28-6261 |
£8-6261 |

m) |
|
s AP |

E0°E  "ON 4ND¥D TIWM

L3S 104 TIHM ONIYFALS



WHEEL GROUP No. _3-403

™ _&a_ PARAXIAL Sﬁo.zwyeﬁu_
! | Y ol

9%y
WHOLE WHEEL CRUSH } [/

M..__ RISERR S LEAY

1

I

ISR

PARAXTAL TOP |||!'
. |

F A=

il
\‘ 1iif
|

i
T | _m

/ i M
o \\x K _

(s _ 715)
|| DISPLACEMENT (INCHES)

LOAD (POUNDS)
+——=

[T RADIAL BOTTOM [TH AT HIT

nn - .x . = " - : \W“ aos 1 SESEEgeE

et ;\m I ] gnn;

TR TS ST TTHET THHTT

il T

T FTRTTT TR THHT

- ot i . o - ++4+ 14 = r |4 5

AR e R el ]

Lm_._.: T HHH M HH

T i gEiadddadaie TH R

Y At T H R AR

e H T A HH T ER T HE R e '
T R TR R LT ERIE e

M AR i

HH _ __m cHE R .m-u, H R H RS HHT TQPTACFMENT (TNCHFS) - -




Ut 280

*ut 29°¢2 (GvIY)
‘Ut g2 (1)
LUE4a (HIWX)
*qr 62°9 (1)
eIy
antef waboigd

WL TEYM JO SSRUPIYL

811 Tadyn jo snolpey €0
838} QMY Jo @de ans 3je 03 Jutod 30atd TeaYM WOLj BDURISI] o)
Wl4 TAYM JO 3DRJANS 3B 0) JUT0J JOATE Taaym 04y 2IURISTQ EX14]
Wbt Tasyy 100

JNsLiaoriey)

fay
a4

SITIST4a10040Y) THMN

i WiRTAYS “waydug
I rebey ‘aigese] ‘Aamua
i uor3el 19
i 200N
_ eZuoy
| nqiyey ‘orie) ayuoy ‘eedej
I ebawg
266¥926 ‘268€926 | a11jm5 ‘g8 @318Q
801926 ‘€001926 | e
¥OpECLE ‘L88K5L6 | un )
|
"ON 344 §,Jaimdejhumy |
[

17190}
18-086T |
6-8261 |
08-2467 |
18-461 |
8-L261 |

26T

o)

) P

202°t  ON dNOY9 T33HM

133HS 1004 T33HM ONTYILS




WHEEL GROUP NO.

_4.202

——ma—

i L 1
I 3 T
1 s 5 ol WHOLE WHEEL CRUSH ey
J1THIGEHES i8] e~ __ T 4
- x.. IRE SEH e T Qi "
12 _ _c\“ H it HE o MO _
=] \ IR BT I | ' ey
L& L HHERY. HIGHIHH R el _ 7 ) g
19 et _,eﬁu i -\_.,T-..r | |
g _ T 2 e I
allilavftl Lt g | 1
! . THHRHE 2 i O “ :
_ . Em 2l | A7 | [N N N Oy £
i P Al
e B e | |
g ! H
\ e 1 - :
i # i
T ih /o 40 i
! ._ ” ._ DISPLACEMENT (INCHES) i
[ [ |
TR EHER
4 : o
| m | PARAXIAL
8 | HITHIRE
| 5 !
g i
2] _ LT
.lw. 1 ‘LItll*n
ﬂT cﬁmmrbhmxHZH AHznmnMv i
WLy

£ F

R

LOAD (POUNQ??
§ ¥ 3!




‘Ut 90°1

‘1 9 (OVIY)
ur Ty (12e¢)
RLLENR & (WI¥X)
qT 09 G, ))

aqersen
antep wiboly

W11 TadUM Jo SSAUPLY]
W2 Taayn Jo shotpey £0d
32) QY Jo adRjuNs 3je 0) Jutod Jonld TaBUM Wou) 3DURISI] 0
WIJ TAAYM JO BDBJINS }JR 0} JUTO4 J0ATd TaBYM BOL) AJURISI(

€09
WEIaM TOMN 100
fiay

s LRI

SO1IS 1430040 TOOUM

yaR1dys ‘e
1qe537

85 ‘88
2822946

*ON 348d §,494N300 JNURY

yeTiyg
43101y 0439913
‘Tebay f4anyus)
alnjierg
vbamp opeucso)
1730 ‘ssean)

) Je)

Ping

wing
*$p10

*$pT0

2

08-826T

18-8261
08-8261

18-8261

oy

30 AP

- ——— st — — S ——— T — . —— i — —— G T iy — b — . — —— —— i — — —— T ——— D G — e S— — — ch s Gmo SO — e S— — ——

BN72°h NN JINMN TTAM

L3MS 1004 TIIM BNIY3ALS



' PARAXIAL BOTTOM

|— - 300 — . .

0 ORI L

WHEEL GROUP NO._4.204

..cmmwr»nmwmzm:&znmnm_v B
L | | { 1

oL // 2 %Wxn

| g0l | ™ @5 m.,.m i N
gl | b S FE L i
S Loe| lf ~ {
= I &— I :

.wngg . h_
L P 0 8t _
A PR 5 Hizicbefr o [t 5

le. ...I.M..l. \_0 T Y- EE I E

]
2 | |
2 I T FERE LA L LK LU CERR) LA S TN L
3 ool A VHOLE WHEEL CRUSH _L;%.M
: . o R
H : ! L ! LY VS I .
10 i 2,0 “ ; ! _ i __ 1
T | DISPLACEMENT (INCHES) _ | .jj* 1IN RE - iy i
i | |1 , 2 F 10100 RSOt S A A 1 PRE DO Y | T
BT ] \
] D e A S
qA T
_ _?W
10 A
| T T T Y TR
" PARAXIAL TOP < " J_W ek .1 ) £ IS S Ol B \ "
N@ ; | __ . I M:
o “ .abli .(._*m._ y
ﬁw ; L »— —_y— N .m u__ .._ oy bl s ‘.lw.l E IR B S
3 100 _ 3 ol
& P T :
L9 et 4 \\ Lili! 4 R |\ =
LI = Leal
' | o IHE
"_:mmﬁn_mﬁza Cznmnw.; il Z
- i
__(. | KO 210
T +-— DISPLACEMENT (INCHES) —|---
T i D e R e o
[z REER ERA R _ _
— {2 RADIAL BOTTOM itk e 4
B ™ | 420
N o:

-r

LOAD (POUNDS)

T

HUB CRUSH

wop | |

i
_\ s )
g S
\\ o
Ry
o QWJM‘ =0 Ml 4

Emm;omazaaznmmm _
' ¥
[ { m _




Ut 6%

WL Taayn jo ssaupiy|

U1 692 (OwIY) W11 ToayM Jo snotpey 02
"uy 9g°'¢ () 8%2) qny Jo adejuns 3je 03 Jutod Joatd TaRYn wouj) dUMISI] 0D
*U1 G2°E (WO WiA TRYH JO SDBJANS 18 0} JUTO Joald Tasys m0J) BIURISI( €03
‘q1 6y (M) Wh1ay Tl 109
aTqe LR foy

anTen aeiboig MsLINdRIY) M4

SIS 1UBdRIRY) Taduy

260926 ‘Zv0V9L6 ‘9E0VIL6

*ON 1424 §,291n39€ JnuR

opei0pT3 ‘aTTIAG
PoOmaaTy ‘aTTIAG

wn )

SeTTIPE)

ey

18-6261

)

a0 IR

135 10vd TI3HY ONIYI3LS

AADIL 1AL AAAVA TR

T e e o RS mEm S e TED e e e S G T S IR Gwh SED R AR e G G GEm e S Gt GEE Sam S emn SR G G e e e e D S SR S CEE G M e S S e S — ——



!

.
=

e

o i gl

'PARAXIAL BOTTOM

w

WHEEL GROUP NO.

4.206

~ 1
i S o N E Y A e R i T
@l 11 H 23.\! 3 || yali| WHOLE WHEEL CRUSH b i
g A _::“:“ ]
-m-hbo 4 J=sk V99 A 1HEIE _ T 11_ ”:
-m \\\ foms AP \\_.\ _ 1|1L_§_ : _ n sl _~
- 1100 \A \x _ HHInE B
o |8 P - O 15— : 1 Al ] [~ |
il o __\ﬁ s ; . 2 !
ht 1.0 2.0 3,0 ._m ”
DISPLACEMENT " (INCHES) -Iw\mm% —
LS

o |

s

LOAD (POUNDS)

1

i

DISPLACEMENT (INCHES)

T IRT st il

L
LOAD (POUNDS)

.UHmw;mmxmz.n (INCHES)
LU | i 1 1 1 '

IS

~

| |

NG
‘ DISPLACEMENT ( INCHES) [

i c

i o
1l HUB CRUSH - —

(POUNDS)

E

LOAI:)

/

:

=TT

a 2

\.0

DISPLACEMENT (INCHES)




wLs e Jo ssauyryy

‘ut 18°0
ur gl (QVMIY) ) wIL Ta8yM JO snolpey %]
L N7ar4 (M) 300} qny jo adejuns 3je 03 Jutod 30a1d Tedym Wou) BDURISIQ ¥0
ur 2Th (WINX) BI2 TOBUM JO 3DRJUNS 38 03 JUTO4 J0ATd Tadym W01) BJURISIQ £
qr b'S ) WoIoN TN D)
aTquLiep bay
antep weibolg anstieIey) a4

SONISTAIRIRY) TSUM

I
|
[ 0001 v 1861
| MY ‘hay) 18-9261
. ] ———
gLiesse | aut Je) 12 U\
|
‘ON 114 $,4920308 JnURY _ as() a[IIYdH
|

1335 LOv4 T33HM SNIYIALS

202°0  °ON 4N0HD TI3MHM

e e e G D GRS me — e — e S P O a—— DS Gty D S G S — — . W ot D mm S G S —— —— —— o —— i — — - o R e —— m S G S e—



WHEEL GROUP NO. _4.207

B .| WHOLE WHEEL CRUSH

Lt ._“ P e N T e
md il __\ T

it Bl TS

|

=

. ;N &"11. e e e L i e | Ly ‘ﬁl

g

LOAD (POUNDS)

R R A
A_Hznmmmv |
| el

QUi

.....

;.__ v

1T TS Ll il

i “_. IR 2 Vool g
i Ome;nmxmz.u AHZOEMmV [ .Jl._l.l

T
1S R A T CEE R B

1

]

¥ ]
10 (TS TS
i _._.

_

O :

| | ParaxtaL TOP [
i e A R
S L B L 8, Ll L&
SR T TR F 7t
R Y T ™ R i
____m__.,t_f..__”._ ____ EH1 ik fas
o et 1 EERRA PO TH T
HiHiln :__M___T I AL
! __ﬁ_*w“___.__h T __
| i

1 _Smm;nsza Sznﬁwe E :
bt e

T HUB CRUSH

} -
e

=| ==} LoaD(POUNDS)

—1

LOAD POUNDS) [

e B, ] gareed W
5 =l i
i ~J T
! 3
e~
1

==
:




"l 8% uLL TON J0 SSURI)

*ut gg°s (GoRWIY) upa TOBYM Jo Snorpey 02
wr g 0 308 QY Jo 30jans 3jR 03 Jul0d 10A7d TaEYM W0L) 3DURISIQ 6
Ut Ty (HI¥X) W1 TAAUM JO SIRJANS 1R 0) JUT04 Joald FaBYN W01) B0URISIQ £0J
*q1 29°S () WE TN Toayy 109
aqeliey fay

ny

anep weiboyg ansuneINY

SITISTANDRIRY] TaUN

|

l

|

| fr1aqe1) ML)

| oo i
801926 | w1 18 ey
_
_
_

*ON 14ud 400308 JnveY

¥8-£861

dea),

) IPWEN

L3S LV TI3HM ONIYIALS

2T2°% Nk J0MID TTRM



WHEEL GROUP NO. 4.212
| PARAXTAL BOTTOM AL
iy -.-.m 2 e | P Nrmmﬂ:\v W.-

1

HUB CRUSH

T
1
T
| il

h?“‘:{'ﬁi_'r_ ]

DISPLACEMENT (INCHES) TIT]

I L A

_ PARAXTAL TOP =
' ~ . .

| 5 e
Tt
:LOAD (POUNDS)

...

LOAD (POUNDS)

—

| S—

i I
TN "

} il Vil
- d i

gl = B
gl T . 7.0
sl : DISPLACEMENT (INCHES)

70 50— 20 1
DISPLACEMENT (INCHES) . :

% || |wWHOLE WHEEL CRUSH
r . ]
1

1 P P N T
: :
.

41

—E]

1
=

L
!
RO TR
Yi
%
-

i

[
|
e
/]
~——

5
N
Oy
f
N
g:_‘_:;
/
/
f

it
N
I
1]
| A
gl
8
(-9
b N

] aali IUJ:._
_E._: jar=d 42T

;__ 18 L

= LOAD

——

i itifed e
HHHI T P e
Hupe _f. A ARIRIN

DISPLACEMENT (INCHES)

—F

—} LOAD POUNDS) |2 x|




‘Ut EL°0

WIL T JO SSAUPIYY

‘Ut 29°¢ (OWNIY) W4 TE3UM JO snotpey [
‘U1 88°2 () 830 qoy jo 300 uns 3o 03 Jutod J0a1d TEAYN WOL; 3ueISI] b0
L (HI¥X) W12 TS8YM JO 30BJIRE 1JB 03 JUI04 J0ATC TaSYyM W0l 3JuRISI( £09
*q7 §2°C ()] WETaY Tonpq m
Mqetien day

anyep weibosd MsuNdRIY iny

$O11S14030040Y) TN

(ol
* .o
|
|
|
| 000TL 2dadxs-TTY Jelivod 18-8261
{ —— ——
028286 | aur 3 ayey ae9)
|
0N 3404 S, s0an3oejnuey | %) AN
|

L0E°Y °ON dNDYD TIHM

13345 LOV4 TI3HM SNINI3LS



s L::A..‘—r: ..:
i HiE PARAXTAL |
iass g i
bt s s ]
i ik
| &
FHH i | __
) |
o .
o=
135 H | _
w f N/
mwm u Wy H T 1 & m o {4 i | | : i
=B adgadgl i HY B EiE alod b _ _ 1
e L H " _ ¥ |
HEr Hit T 2 LR T i : i [
o1 H F taw WS iy g
H Hiite H EER ] i i
I “ FE] il H m.. y w_ : ._.
] R HETHT T ; zlo
T H HE :
1 et faie 21 benys LA N0 SOURY LN 1 00 PO ;
P @ yudRagd
umEr T I
He st Llin]
>~ THHH ,.., EFE L R L L
3 £ T
L el
i DISPLACEMENT (INCHES) ERERgH
H T H R R [ERLILE R
" RADTAL BOTTOM PR HUB CRUSH [iiIEtrr ||
HEHH A H ¢ STTERTH I TE Sandiupnaasunadngusalagsuly i
o t33 L - FHE [ e PR w ads i
it R T N H L L_‘ HHH He sttt e, i
fiH T B 1 ,m.“n..”.r.. HH FHEH R [ :
Y ¢ e " & » LEST F L 9 L
e gitd chait D E r_ il N S H HHHHEH i i
g # {ydubaddin s H + j aagan . LET1iie
L ] H gegied B a n ubdahe b
D » g g B
= t R R E o qaddded 1
S5 FHT T H L - R H IR L
3] : dIREsolsy : H .
P HHEEL t E T H =d1da3s ~
m ass BB H : S HHHA T T r y
a3 H LA Tesds s dea{Egaagueanyt ¥t |
igegnqusung) gugroans r Jiun dhondfindnl JRRAS S 1
.n : R [ HEF 1l : . -,mﬁ.. b :
H FHH H FHET 2130 cqfands ax=df=afiit] fHin :




Ut 06°0 W11 T8RYN JO SSAUPIY]

o1 ge*! {GIY) Wl TEsYM SO Snoipey S0
‘vt 88'2 (W) 23} qny Jo a0 ans 1je 03 Jutod 30a1d Taayn wos) aduR3s1Q »0)
Ut 8¢ (WIYX) Wl TO3YM JO 33e4uns ) 4R 03 JUL0d 10aTd TAIYM WoL) BOURISIQ £07
‘qr €°S () WbTaY TeM 163
ANqeLien fay
antep wibosgd dnstiadeiey) M4

$2135142)3040Y) TN

1
| wRydyg wing 08-8267
| L | ] 94-8267
| oJeee) ] 18-6261
| - =
gegece | auly 1e) avey )
|
TON 284 S, Jain3desnuey | a8} PN
I

J33H5 1093 TIMM ONIU33LS

100y °"ON dfiDYS TIIM



WHEEL GROUP NO. 4-401

IllvT 1 Sy pAuey EEDNSDPEERY IR REGen o - ". =}
i LEHE PARAXTAL BOTTOM Wik L[ HEFHH T
~ T O T R T e
“ H HIF S Eyeln TTTLY J.M nr\f. m..' o
= o R D C [
Mw L HH ksqngnab SEEmaguas R hgddfughusbes ?
iy - ] zilulonadlndddialiSadle b0 s
urm\ waddgann .n. ] i ayni wuﬁnr-.-... m 583 FEUE) T3 1 FEET1 TERT) NN LK MRRRY ~ ” T
H S =anm HP R H tmoH.m zmmnﬁ CRUSH -
1S I o seaayintegtispie
Hi—-tH 1 ==k HE ! I
ismgam MU 4 Baduii i aseifotal g * i
DISPLACEMENT Aﬁznmnwv HH 1R 1
isansdaliiniy] Ll 31 SE
HEEEH T S FE B R FEFH T HH:
R
izsEa FHEEHTTTR ] T L L i HHE T _
S IR mngRdyhun i aaagesatsaris
GG et s I 2 i __
TLITTH E - » L H B L =1 i
L = FHE ;
HH SSERT AN RRISRRINER] e e T EH T . -5 : :
ungfinid pd gk hdgad I e F & o H HE THH {
e R e EHH T R R e R DT S (R
o T O T THET wumn =3 = M T
He yaudududl dgefnd quagagaalguispudiuydfigdaiiad dagaed H1H (1117 [\ BT ¥
18 Teeee T TR EH TN e { L it grataiided |4k S R F :
i HHELT] Dt Bl G |
3 E aisgrizagsuss i i Saparspesrarmasazidnty L DRSO E LR
g el eEtE s L e T TR LT T
t sttty S

DISPLACEMENT (INCHES) o

DISPLACEMENT (INCHES)

E phEE EE R BT R I T e HiHURHUH T
. HUB CRUSH i}
: g
g FH L
T R L e R e e s e b R
el T I RADTAL, BOTTOM Hi L HE i SR
.Ll |“ 2 Y : J_.n FEHE : b
X mmae Ll l sl [ lln llll il
L e AT e N T : L
o Lk P H ] 1“‘.1 Mo L
I A i) a
12 BT R S
& . ki o
=X gz : 2
=3 L R ] et T 4
S B e R e B R e A e =5
H .wkmr e H T T T
! It s IadRREagsdsadaditoaddanditinn HTHT U R
ngans T THH o S TE R x.”ux,
T —: .w_*]w\r.’“n-! >H... : ’ L a. it =: ._ x.ﬂw HH




‘Ut 88°0 BL1 TadyM Jo sSSPy

Ut 9p°/ (GviY) w14 [eaYN JO snoTpRy [N
vt 2re () 3384 qny 30 adejuns 3je 03 Jutod j0a1d TeaYM W01) BIURISIQ 02
‘Ut G2' (HI¥X) WI4 TO3YM JO 30JaNS JJE 03 JuTO4 J0n1d TERUM W0L) BIURISIQ €02
‘qr 0'¢ (1) WhIaN TaM m
atqersen day

onfeq wibolg NSRRIy iy

SIS T4RIDRIRY) TORYN

012 ToPON unsaeg 0861
00T6H - 00VBY a1 i) ey oy
*ON 148 $,1810300 jnuey as() ATOIYIN

1335 13 TI3HM ONT¥3LS

T02°S “ON dNo¥9 TIHM




WHEEL GROUP NO. _3-201

aw 262 Ly iy PR N

+
!

T T.m.»EE;.. .u..z..ao« pL £ _ WHOLE WHEEL CRUSH 732

RO T Jr T 2me

i R E L IRITH EN i . i
R E S it R
Pt - L |

LOAD (POUNDS) -
T
|
T
T

H FlH i m Hleas s @ |

T I namEn i E pERal St Al :

i cZ QI i Ty %m“ e st J2 i |/800
L1 . T 1 I S ‘e /-
suf=has T Sxh s 25 n i d Nt bd AR r?

TR i ekt |

DISPLACEMENT (INCHES)!||: iy wd FEd e Uk _

AR R T i S L Lo

T
ety
i
[ R ae
]
_Sa oy
o

o e o S
aam

.

T
T
+

1
mh 2

Yy {1 1 ey
o suw el B
[~} I H

s
iz
=
'
v

1000

!}T‘EIIIIII[I]
LOAD (PO

4 8] A 800,
1 R

JENREOEEREad
!!ll!!llerl

11+ LOAD (POUNDS)

o H [ -
und i S0 e
L., -
aana) §E3 S

II-%QH -mum SR NG i 400

|7 RADIAL woﬂ._ox . . . H ERRE
: 1 = Eat

T
P
-—
o
v

” Ty u

2008/

t
]
-
¥
-
H =
M I o
bbb by
s Enu i
1 Do
b T 1N
B
'—Lr'
s
i

PN : et AL B

8 \\ _ﬁuf “UA%? el

: 1= _ tt . 4N = "
i3 o |7 R A |
R > : NP4 2 ; 1.0

»0 . . M

=] A . 4. DISPLACEMENT (INCHES)

L+
1

i:?

prrrerey ._|.|Twh_*....

X

sgs Kl oot : 13 ~HUB CRUSH
2 ioepli [ H 8 L
i 8. + + H-
N~° mMm w . __ L Tl ....wnw
DISPLACEMENT (INCHES) < gsayranegyy
T 9 aa7 iR =
S ] LIt




*ut 88°0 Wia Tasym JO SSaUNIIY)

ur g/ (QWNIY) WI4 [33YM JO SNOTPRY €03
Ul 622 () a0e) qny J0 adeyans 38 03 Jutod J0n1d Taaym wolj BURISIQ 4]
Ul 88°¢ (WI¥X) WEA T33YyM J0 3J2JANS 3JB O JUTO4 J0A1d TadyM wolj 33uRISI] £02
‘q1 C2'% () w1y TaauM 109
arqelen oy

antepn weibosqd d11514330040Y) aryy

Yy 1 T X ——————— .}

- gl N
© e . 7 T - .
L

A1) epuoy 0861
YZel9-0M5-0T1ES 1 109 ayey iea)
*ON 1484 §,434n308 jnue) asf) aTAIYRYN

13345 1J¥4 T3I3HM ONINF3LS

102°9  “ON dN0¥9 TI3HM



WHEEL GROUP NO. _6-201

A I R _ =
. PARAXTAL BOTTOM Jon]

SRR T L T h
_ 1l E | WHOLE WHEEL

3

e |

1N s Y o.;
—

LOAD (POUNDS)

—

i

[pe g
I T
1
L}

\
i\

\
R'E

br A7t

T

O T 42N

\v\ wblprr | UL
151 O ¥l S I - e

1.0 20 3.0
DISPLACEMENT (INCHES)

LOAD(POUNDS) §-

1
T

T

+

= b2
- +
t

VT FOITTHEE 5

I WEE TOP Iihy

18
1

u, R __

: _ LR [ LY T
tHE

b

CET

il il
i

LOAD (POUNDS) 3

T

I

T TTRR T

DISPLACEMENT (INCHES)

£ %14 I DY I IR YA

RADIAL BOTTOM

kn
=)
|
1
1
1
ani
1
{.
1
T
INEE
14
t
}
T
T
I
T
1
snaxd
-
L
T

=
o
—

T
T
1T
LI §
:

T
1
1

1
:—EP\_A,

[

i
i
B
Al L}
1
A
EN

1
T

s
L e
>
131t

T
w

ZHsr! /37

T
Il

Eaabaan
‘l
T
T
1
{
. |
—4
ph

LMD ~ (VAT SThonE

LOAD (POUNDS)

A - Q4"

— —]
T

Vid

3

g

LOAD (POUNDS)
..._,..'I
1L
[
-

-

I
e
:
i
==
=i
1
=

AT

LB

"0 2.0 jjacss T .“u\x iy
DISPLACEMENT (INCHES)

-
:
:
I
=k
S




"ut €8°0 WL TAMUM JO 3S3URIY)

Ut €62 (QAIWIY) Wi Ta8YM jo SnoTpRy S0
'uy g2°¢ (00 %) Gy 30 33 408 Y je 0) Jujod J0ATd TIIYM W0l) 3IURISIQ %)
*ur g/°¢ (WI¥X) WI4 TE3YM JO 0EANS 3JR 03 1UT0J 20070 TdYN W0i) SDURISI( €09
"q1 €2') () WHTa T 0
E1¢ 3FTIN Ay

antep wiboiyd MNISTINNIEY) T4

SINISLINNIRY) TEMM

pao3sy EpuoH €8st
JZECO-SVS-0T1ES un x) Ry o9}
*ON 148d $,494n308jnuRy af IPIRA

|

J33H5 L0v4 TI3HM ONI¥33ls

20v°9 "ON dNOWD TI3HM



N . L LD i+
sotron [t HHI il I WHEEL GROUP NO. _6-402
|l i AR R A .
......... T T T T f.:rrm.m.f S o
bt e e i el WHOLE WHEEL CRUSH |1 m
il . [ = 1T T e A e B I T
Hi i i if T § . m
] i : THIAR !
Hr : * F .
R wiiEs s L IB i
- n“.u_ﬂ A !
TR e 12

33
LOAD (POUNDS

TT

» ¢
Tz
1 u |
sul

T=9 ] LOAD (POUNDS)

! il
i Y AR g iy
T Hy o ; i T
:mm_m :A__ t....”:_:mm.:mﬁx ! B [

Sa
[ . §

1,0 2.0 L H r
DISPLACEMENT (INCHES) 19351

il
1d

Srpg b

RN
IR NI T

/.0 2.0
DISPLACEMENT (INCHES)

.......

H HH T u mdw n.cw.m _u.m*.
i O
== T T
T ] Jiiti
rH T T
i ” «:“ T
..... S R T
HH 1 I ..— g
{ 2 41 IS m
;Lo ke 2l il |
3 B i ETTETTHT 7
PR ._
.w.mw |

: 7 Tasr 164
i w;._ NiE .NXJ. Lyor
AL

_. Hi o e AT

il

’ 1.0
DISPLACEMENT (INCHES)

: -1 LOAD(POUNDS) i i

=1



. e . ——— o e — . —— A —— —— i Gm S O% i — — s e S i T e— — e T e — —

TV

MNICLL UNRUUI 1Ws

STEERING WHEEL FACT SHEET

65420-0216A1

Manufacturer’s Part No.

Car Line

NTETR
PRt
Sy

Value

Program

able
(W)

4.9 1b.
3'

1n.

(XRIM)

2.5

(0H)

(RIMRAD)

S i i i
s Lhah
e B

Characteristic

RS Oy

g
s :
:

Make
Subaru

Distance from wheel pivot Point to aft surface of wheel rim

Hheel Height

Distance from wheel pivot point to aft surface of hub face
Radious of wheel rim

Thickness of wheel rim

co4
€05



5

| Bunan
- i ]
T

—frr=s
o B

= _

I maie

i/ PARAXIAL BOTTOM .

TT4
I

Hile ity g
”\%W T 1

WHEEL GROUP NO.

7.401

v

L & e

M  WHOLE, WHEEL

EL CRUSH

v

\_

N

o——

=t

AN

] “j 1
M

.....

N

TR

e JhE e
T -

e

T L S
B r I o T
L r_ ... T “ _ mﬂ : 3“ _
% T ] M HiH R Tesd / AR
Lano [LVAT i e
e Jild
RO Y- . \

u ULSEZEERAAS aaang T ™ T I..rl .\ ..:J
fHE D LY PARAXIAL TOP L _ - L
sl it e R L S i 75 2%

mm.n 1% ] 1 H ___.__ — fak:sd x.“'_ : w
MBI T T

xu_._-.._:.. T

i

+ HUB CRUSH -}/

-+

IRERY

e &7

|200

i 40A0

= 0.

L I

1.0




‘Ul ey
LIS )
Ul 62
*ul 88°¢
qr 62

anfep

(G0IY)
(HX)
(WI¥X)
(1)

arqetden
wiboiy

Wil [asym jo sSaUPIy)

w14 Taaym jo snoipey

228} qny jo adeyans 3je o} Jutod Jonrd faaym wolj 3dueISIq
W14 T23YM JO 3DB)INS 1JE 01 JUl0g J0n1d Teaym wolj BOURISIG
b1 TN

A M5 148320.84)

cn
v0d
€00
100

§211514339048Y) ToayM

.t Ve e ep——

err040) e1060) £8-c/61
05121-201Sh auty e ey 1ea)
‘0N 14ed §,481n332 jnUeK asn AN

bN7°Q  °AN ANMO TIWM

13348 LO¥4 TI3HM ONIYIALS



DISPLACEMENT ( INCHES)

- : _ Bl IRSRR REAE) LAY 1 ERRM BRRRTRII(HAAL
i ! + PARAXTAL BOTTOM ilij;|-[illi] "T'IT
| m ¥ BHHEENGE
- P, I i B 5o i
' & ;..‘ ._m
e 1 e LR
o . H Il cics et 1
; .q
£ _ =
AL ZIE ] Byl 55
> T+ g
e ol
,\\. _v.”. T H
], . e ]
|44 i S
/4 o N s
: HHY
. ;:" IHHAA
AT [ I
HF B HE “ HE I
. il T
) PR Y b g HE L i
I$ b | S __1 H ae
1,0 2.0 3.0

40

t

) 8 4
jo e

=
MR

LOAD (POUNDS)

-

o
a3 soudil FoRa8 s80as

\\ 100 .” Same
: [REadvq fub
.8 ] i rr
R Bt AT
% . SEaggaas:
2.0 3.0
DISPLACEMENT (INCHES) -

—i 1 —=— RADIAL BOTTOM —

' A | gisen

it

=

T L]
LOAD (POUNDS)




U 2Tt

Wi yaaym Jo SSAUPIYL
wil [asym Jo snotpey S09

338 qny o adeyins 38 03 utod Joa1d [asym wosj 3JURISIQ )
Wi TO3YM JO 3D244n5 JJE 03 JUT04 J0ald TasYM w0} BDURISIQ £00

WM e 10

*ur g2 (QUWIY)
‘U1 G2'h (100
"ur g2'd (WIEX)
qr 82°f (1M1
arqeten
antep wesbold

5149330 0Y)

day
anyd

$211S 149300 0Y] TA3YM

6G96THILT *1606THTLT

0N 1484 §,4a1n338NUBH

0300115 *1199%Y

aury ie)

M
el

18-6261

iea)

a5 3TN

C02°6 “ON dNOYS TIFHM

13345 1294 TI3HM ONIYIALS




i R WHEEL GROUP NO. _9-205
TR TTH PARAXIAL wo.B.oxL TR I UP NO.
HET ;:.rm.w“m m CifiiEE: H i i
mmm s | 13 m;._ ~ Sgfsvaddyia 3 K HH
H H : m HL LTt L E T R A A
2 | : HEH
# il _ H A HH

m.. [ A : L T R

T |11 i g HTHE R R HHHHH

L 3 30 £ %0

DISPLACEMENT (INCHES)

e - ..&awm.ﬁmmﬁ.aémm .
i i .ﬁ i
N et sl :: T L L R AT H TR THELAT | i r....c _ i
i T mgaz.. _ T i iy
T I TR - ﬁ i J
%) 1 HIgE~ ] 1
(it TR T
m\. HiEH I i i P IS HEHL (] :
U 1 1L atSdndfdadn aEERpl 1
m i M ~_ L H i w“ ; H ‘ !
! I L i 3] { I Al
3.0 40 %0 R .

) < i ]
H T § : /
DISPLACEMENT (INCHES) it | ‘

HH DISPLACEMENT AHznmva

s T el

—

r

H LA AL AR RERES LE2 12 22] ﬁaﬂn g T 1T T 1

- RADTAL BOTTOM it ~1.. HUB CRUSH

I H IHFFEH ! iR F TCYAX

T e s

T i
il : - 7

il
i

= LOAD (POUNDS)

isannng
'
T
T
T
T
X
X
X
==
]
=
]
T
1

LOAD (POUNDS) FF

ot - iELEIE DISPLACEMENT (INCHES) —
, 5283 1] DT T T O S|

T
X
X
X
X

i il THHTER il

DISPLACEMENT (INCHES) an
TR T ! :




‘Ut 62ty
‘Ut gL
‘Ut 29°¢
‘Ut TE°S
a1 e’

anfep

(GYUMIY)
()
(WI¥X)
(1)

afqersen
weibold

Wil TB3YM J0 SSAURIY]

ull Tadym jo snolpey g02
ade) qny o a3ejans 3je 03 utod J0a1d Tasym W01y SIURISIQ $03
Ui TO3YM JO 3DBJINS 3B 03 JUL0d J0ald Ta3yM WOl BJURISI] £09
WH1OM Taau 109

s 14a19818Y)

2928000024

CoN dagg 5,4920338 JnURY

obang

e

auny 1)

1Theuay

MR

162°6 “ON dNOYS T33HM

J33HS Lvd TI3HM BNIY3ILS




__ o _n»m»ks.g.ﬂoz il |i§f WHEEL GROUP NO. 9.251

—_—
a1 U Lot

| LOAD (POUNDS)|

R

LT

e

14 7.0 2.0 3.0 I
DISPLACEMENT (INCHES)

I J L

PARAXTAL TOP _

e

F..L..”._“ _ . _n1__”._...". !

UNDS) |- —

LoAD

A et T T o {743 sy ; e HTHE n|_.ﬁ

S5 FB P (Y EEO R I S R R T .
9 cnstnt T UL TS D R M V) LN O il i -

TRV R D0 2 e RO AR
7 7.4 40

" DISPLACEMENT (INCHES)

M . .
1 L 6 v o g
(I~ WHOLE WHEEL CRUSH-

8 IS T

J=

Hi ._ _m
ik T
T

LOAD (POUNDS) 3}

===

7.0 = ————
DISPLACEMENT (INCHES)

T 1]l HUB CRUSH |

\
Gl

=

(POUNDS) =

R

.fmﬁ: m_..:.(___i

;___':JF_" =

= LOAD

=

1.0 20 3.0
DISPLACEMENT (INCHES)

]
R

.
~
N

LOAD (POUNDS)

:::\i

—
—

1|"‘-..







APPENDIX D
CONVERSION OF TEST RESULTS TO PADS DATA

Each of the six rim displacement characteristies required by PADS (see Table D-1)
is defined to be a structural mode which includes only local rim deflection in the vicinity
of the load. The two wheel rotation characteristics are defined as Structural modes in
which the plane defined by the rim rotates without deforming or translating. Whole wheel
crush is rim translation with respect to the hub with no loeal rim deflection.

TABLE D-1, FORCE-DEFLECTION CHARACTERISTICS REQUIRED BY PADS

PADS

CODING

SYMBOL ARRAY DESCRIPTION
CoiA Positive wheel rotation/torque with respeet to column
CO2A Negative wheel rotation/torque with respect to column
CO3A%(1) Rim tangential displacement/force due to shoulder impaect
CO4A*(2) _w:: radial displacement/force due to shoulder impaet
COs5A Rim tangential displacement/force due to head impact
CO6A*(2) Rim radial displacement/force due to head impact
Co7A Rim tangential displacement/force due to abdomen impact
cosa Rim radial displacement/force due to abdomen impact
Co9A Whole wheel crush/force
ci0A Hub erush/force due to chest impact

*Data not produced by TSC steering component test program.

(1)  Shoulder tangential displacement/force assy med equal to head
tangential force displacement.

(2)  Default values uged (Reference 3).

D-1
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and all variables are defined in Figure D-2a. For positive rotation the caleulated wheel
deflection in the direction of the undeformed rim plane is

() AR = (r-B) - C SIN (b - @)

where all variables are defined in Figure D-2b.

The moments corresponding to the rotations are given by

Negative:

(4)  Mn= Faec SIN (0 + @)
Positive:

(5)  Mp= Fr-c cos (¢ - 8)

where F is the load measured in the particular test.

Equation (1) also applies in caleulating rotation induced by the paraxial, top load
where the stringpots are repositioned to the rim portion below the spokes.

Equations (1) to (5) were programmed on the TSC DEC-10 computer in conjunction
with the digitization routine so that analog test measurements could be digitized and
transformed to PADS input format on the NHTSA's VAX-11/780 computer. A digitizing
tablet connected to a computer terminal was used to aid in transforming graphical plots

of the test results into digitized data. A Fortran program (DIGTST) was used for this
operation.

Test results for whole wheel and hub erush only require digitization in order to
become PADS input. A simpler form of the program (DIGI) is used to digitize this data.

D-5/D-6






APPENDIX E
PADS COLUMN FORCE-DEFLECTION DATA

Graphical print-outs of the PADS column force-deflection data from the steering
column file (TSC:BRPT) for the columns tested in this project are given in this appendix.
The plots are obtained from the program [TSCPROG]FDPLOT.
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APPENDIX F
PADS WHEEL FORCE-DEFLECTION DATA

Graphical print-outs of the PADS wheel force-deflection data from the steering
wheel file (TSC:CRPT) for the wheels tested in this project are given in this appendix.
The plots are obtained from the program [ TSCPROG]FDPLOT.
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