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SECTION 1

PURPOSE AND INTRODUCTION

This testing program is an investigation and evaluation of
side impact protection in production light trucks and vans. The test
is specifically intended to simulate a 90° intersection collision with
the striking vehicle moving at 30 mph and the struck vehicle traveling
at 15 mph. This is accomplished by towing a Moving Deformable Barrier
(MDB) crabbed at a 26° angle into the struck test vehicle which is
placed in a stationary position. The velocity of the MDB is to be
33.5 +0.5 mph.

The subject vehicle for this test was a 1988 Dodge Caravan.
The test was performed on 03 February 1989 at an actual impact speed
of 33.6 mph. The leading left-hand edge of the MDB contacted the test

vehicle 37.0 inches forward of the midpoint between the axles.

Section 2 contains a general test summary and vehicle
information data sheets. Section 3 contains the test results.
Appendix A contains pretest and posttest vehicle and dummy photographs
and Appendix B contains data plots for transducers. Appendix C
contains side impact dummy certification data and Appendix D has the

side impact dummy positioning procedure.



SECTION 2

TEST SUMMARY AND VEHICLE {NFORMATION

The 1988 Dodge Caravan, Test No. 4, was tested on 03
February 1989. General test vehicle information and pretest conditions
are given in Tables 2-1 and 2-2. A crash test summary is shown in
Table 2-3. The vehicle was instrumented with 10 accelerometer
channels and three onboard high—speed movie cameras. Accelerometer
locations and peak values are shown in Table 2-4, A1l pretest
measurements were made detailing the left side vehicle profile. The
impact point was marked on the vehicle 37 inches forward of the

midpoint of the wheelbase.

One side impact anthropomorphic dummy (SID) was placed in
the vehicle's driver seat and one SiD was placed in the left rear DSP.
Both were positioned using the side impact dummy seating procedure
(Appendix D). SID position measurements are shown in Table 2-5. The
SID were instrumented with 12 accelerometers and one displacement
transducer each. A summary of the SID accelerometer data is given in
Table 2-6. Colored chalk was applied to the two SID's head, left
shoulder, left hip and his knees to help determine dummy contact

points during the test.

The MDB was crabbed at 26° and instrumented with five (5)
accelerometers and two (2) high—speed movie cameras. A general crash
test summary and accelerometer locations with peak values for the MDB

are shown in Tables 2-7 and 2-8.

Additional film coverage of the test was also provided by
two (2) overhead and two (2) ground high~speed movie cameras and one
real-time camera. Camera locations are given in Table 2-9. A total

of 41 channels of information were recorded on two (2) FM data tapes.



TABLE 2-1 TEST VEHICLE DATA

VEHICLE YEAR/MAKE/MODEL/BODY STYLE: _19388/DODGE/CARAVAN

VEHICLE NHTSA NO.: _TEST 04 VIN: _2B4FK21K5JR600890

VEHICLE BODY COLOR: _BRONZE___; MONTH & YEAR OF MANUFACTURE: 12/87

ENGINE: Cyl.;__ C.I.D. _2.2 Liters; Placement; ___ Longitudinal; X Lateral
_X_ Gas; __ Diesel; ___ Turbocharged
TRANSMISSION: _5 Speed; ___ Manuwal; _ _ Automatic; _X Overdrive
FINAL DRIVE: _X_ Front Wheel Drive; ___  Rear Wheel Drive; ___ Four Wheel Drive
DATE VEHICLE AVAILABLE FOR SIDE IMPACT TES*ING: 12/88
ODOMETER READING: _78 miles; OPTYIONS: __ A/C; _X_ P/S; ___ P/Wdo;
____Tilt Whl.; __ Cruise Control

DATA RECORDED FROM VEHICLE'S TIRE PLACARD:

Tire Pressure (at capacity): 35 psi Front; 35 psi Rear

Recommended Tire Size: P195/75R14

Tires On Vehicle: _P195/75R14 ; Manufacturer: _GOODYEAR
. Number Of Occupants: _2_ Front; _3_ Rear; ____ 3rd Seat; _5_ TOTAL
Type Of Front Seats: _X _Bucket; ___ Bench; ____ Split Bench
Type Of Front Seat Back: _X Fixed; ____ Adjustable With ___ Lever/___ Rotating Knob

Vehicle Maxinum Capacity Loading 1585% 1b (A}

No. Of Occupants x 150 1b - - -

750 1b (B)
Cargo Capacity (A - B)- ~ - -~ - = 835 1b
*GVWR - Delivered Weight

TEST VEHICLE DELIVERED WEIGHT WITH MAXIMUM FLUIDS:

Right Front = 917 1b

TOTAL FRONT = _ 1870 1b (60.0% of TOTAL)
Left Front = 953 1b
Right Rear = 612 1b

TOTRL REAR = _ 1245 1b (40.0% of TOTAL)
Left Rear = 633 1b
TOTAL WEIGHT = 3115 1b

3
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TABLE 2-1 TEST VEHICLE DATA (Cont'd)

CALCULATION OF TEST VEHICLE TARGET WEIGHT:

Total Test Vehicle Delivered Weight With Maximum Fluids = 3115__ 1b
Maximum Cargo Carrying Capacity Of Test Vehicles* - - - = 300 __1b
Weight Of Two P.572 Dummies (1 x 174 1b)- -~ - - - - - - = 348 1b

TEST VEHICLE TARGET WEIGHT- - - - - - - = 3763 1b

* 300 1b for light trucks and MPVs

ACTUAL WEIGHT OF TEST VEHICLE WITH 1 DUMMY AND CARGO:

Right Front = 1096 1b
Left Front = 1148 1b
Right Rear = 767 1b
Left Rear = 152 _1b

TOTAL WEIGHT

TEST VEHICLE ATTITUDE:

As Delivered -- Right Front
Left Front
Right Rear
Left Rear

Test Vehicle Wheelbase:

TOTAL VEHICLE LENGTH:

Right Side
Left Side

Centerline

]

TOTAL FRONT

TOTAL REAR

in
in
in

in

in; C.G.

in
in

in

2244 1b (59.6% of TOTAL)

__1519 1b (40.4% of TOTAL)

3763 1b (which includes 37 1b of cargo ballast weight)

Ready For Test -- Right Front = _28.7 in
Left Front = _29.0 in
Right Rear = _28.6 in
Left Rear = _29.1 in

]

45.2 1in rearward of front wheel



TABLE 2-2 PRETEST CONDITIONS

VEHICLE YEAR/MAKE/MODEL/BODY STYLE: 1988/DODGE/CARAVAN

VEH. NHTSA NO. N/A ¢ TEST DATE: 02/03/88

FRONT SEAT CUSHION PLACEMENT: Midpoint of forward/aft travel(6th notch rearward

TOTAL NUMBER OF ADJUSTMENT POSITIONS OR DETENTS: 10 _ notches

FRONT SEAT BACK ADJUSTMENT POSITION: __ Not Adjustable

(latch position, knob rotations, etc.)

ADJUSTABLE STEERING COLUMN POSITION:

Midpoint of swing

_X  Not Applicable

WINDOW POSITIONS: Left Front -- closed NOTE: Window will be in
Left Rear --- closed closed position on struck
Right Front - open side of test vehicle and
Right Rear -- glass removed in open position on

opposite side.
AMOUNT OF STODDARD SOLVENT IN FUEL TANK: Front Standard Tank _14.0 Gal
Rear Optional Tank _N/A Gal
(92 to 94% of USABLE CAPACITY)

LOCATION OF IMPACT POINT ON TEST VEHICLE SIDE TO BE IMPACTED:

Wheelbase = 111.8 in

Impact point is __18.9 inches Rearward of front axle centerline (which is 37 inches for-

ward of the wheelbase midpoint).
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TABLE 2-3 CRASH TEST SUMMARY FOR TEST VEHICLE

VEHICLE YEAR/MAKE/MODEL/BODY STYLE: 1988/DODGE/CARAVAN

VEH. NHTSA NO. _ TEST 04 ; VIN: _2B4FK21K5JR6008930
TEST DATE: 02/03/89 BUILD DATE: 12/87
OVERALL LENGTH = 176.5 inches; OVERALL WIDTH = __69.3 inches
TEST WEIGHT: Left Front = 1148 1b; Left Rear = 752__ 1b
Right Front = __1096 1b; Right Rear = 767 __ 1b
SUBTOTALS - - - Front = _ 2244 1b Rear = __1519 1b
TOTAL VEHICLE WEIGHT - - - - = = = = = = —-~ 3763 _1b
VHEELBASE = __111.8 inches
LONGITUDINAL C.G. FROM CENTER OF FRONT AXLE = _ 45.2  inches
IMPACT ANGLE WITH RESPECT TO IMPACTOR = 90 degrees
MAXTMUM EXTERIOR STATIC CRUSH:
1. LEVEL 1 (18.2" above ground) = .4 inches
2. LEVEL 2 (36.1" above ground) = __20.6 inches
3. LEVEL 3 (33.6" above ground) = __20.2 inches
4. LEVEL 4 (49.0" above ground) = _ 16.2 inches
5. LEVEL 5 (67.5" above ground) = 3.2 inches
MAXTMUM POSTTEST INTRUSION = 20.6 inches
OCCUPANTS: DRIVER LEFT REAR
TYPE OF DUMMY ~ - - - sIDp SID
RESTRAIRT USED- - - - None None

INSTRUMENTATION:

NUMBER OF DATA CHANNELS

41

NUMBER OF CAMERAS: ONBOARD

5 High-speed

OFFBOARD

4 High-speed, 1 Real-time



TABLE 2-4 TEST VEHICLE ACCELOMETER LOCATIONS AND DATA SUMMARY

> TEST VEHICLE: 1988/DODGE/CARAVAN NHTSA NO.:_ TEST 04

TEST DATE: __02/03/89

2 4T (Vertical)
R *(‘L:{cul
=~ -X
Lt 3
LONG. (X) LAT. (Y) VERT. (Z) RESULTANT
POS. / NEG. POS./ NEG. POS./ NEG, POS./ ‘NEG
ACCEL J{LLOCATION ICOORDINATES (") MAX TIME | MAX TIME MAX TIME MAX TIME
| _NO. X* ) Z* (g) {Imsec)| (q) Hmsec)l (g) |{msec)] (g) |(msec
1 |Right Side Sil11 j108.1{ 25.0) 16.0] -5.6 }29.3 {10.0]17.9 9.1 21.1 13.0] 21.1
At Front Seat
2 Right Side Sill1 | NA NA NA NA NA NA NA NA NA NA NA
At Rear Seat
3 [Right Floorpan | 30.0 0.0 20.5| -9.7 142.9]18.2 146.8| 16.4| 39.5 22.2] 46.7
Above Axle
4 Left Side Sill NA NA NA NA NA
At Rear Seat
5 Left Side Sill 98.5 | -27.0( 16.0 72.3 115.3
At Front Seat
6 |Left Front Door {103.7{ -30.5| 34.2 221.9 {12.7
on_Centerline
7 |Right Rear NA NA NA NA NA
Occ. Compartment
8 |Midrear of 89.2 | -30.5] 34.2 141.7 9.0
Left Front Door
9 |Left Front Door {104.9| -30.5| 41.0 234.7 | 14.8
Upper Centerline
10 |Midrear of NA NA NA NA NA
Left Rear Door
11 Left Rear Door NA NA NA NA NA
Upper Centerling

* Reference: X - Rear Bumper (+ Forward)
Y - Vehicle Centerline (+ To Right)
Z - Ground Level (+ Up)

7
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TABLE 2-5 SIDE IMPACT DUMMY (SID) LONGITUDINAL CLEARANCE DIMENSIONS (Cont‘d)

HR

HS

TR o B

A5 R Py

ﬂ' ..": -’:‘. @ ®,

iy

BN | )

l
DRIVER REAR PASSENGER
IpD # 137 ID # 319
HR 6.3 in 6.3 1in
HS 8.0 in 11.0 in
AD 3.6 in 0.0 in
HD 5.7 in 11.8 1in
9




" TABLE 2-6 SIDE IMPACT DUMMY (SID) TEST DATA SUMMARY

TEST DATE: 02[03[89 FRONT DUMMY -- ID § 137 REAR DUMMY -- ID § 319
POS. |DIRECT.J NEG. |DIRECT. POS. DIRECT. | NEG. [DIRECT
MAX TINE MAX TIME NAX TIME MAX TIME
{q) |(msec) {q) {msec) {q)} l{msec) {q) {msec)

HEAD ACCELERATIONS:

Longitudinal --- X 3.1119.1 | -12.1 63.5 5.9{93.8 [68.5 [173.7
Lateral ~-~~---- Y] 25.3) 43.5 -9.7 | 226.1 69.5{ 67.7 [15.0 | 48.1
Yertical ~------ Z}) 12.0| 28.8 | -51.3 57.5 26.6| 77.7 163.7 |69.7
RESULTANT -——--- R 52.8| 57.5 0.0 0.0 94.01 69.3 0.0 0.0
HIC - * 177.3 274.1

RIB ACCELERATIONS:

1. Upper Rib Lateral Y*| 77.8| 28.1 -10.9 70.0 61.9] 49.4 |-7.5 71.9
2. Upper Rib Lateral Y* 80.2} 28.7 | -10.5 69.4 61.8f 49.4 |-9.1 | 71.3
1. Lower Rib Lateral Y*| 86.3| 27.5 -12.0 68.1 71.6{ 38.8 I12.8 72.5
2. Lower Rib Lateral Y*} 84.6| 27.5 | ~12.7 68.1 70.4] 38.8 }14.2 {72.5

SPINE ACCELERATIONS:

1. Upper Lateral Y+ 75.5] 36.9 | -38.3 63.1 56.5| 53.7 11.0 | 75.6
2. Upper Lateral Y+ 72.11 36.9 | -38.0 63.1 54.0] 53.7 12.6 | 76.3
1. Lower Lateral Y* 95.8| 33.7 | -19.6 63.1 100.2f 45.6 |[-13.5]178.1
2. Lower Lateral Y* 94.0| 33.7 | -21.2 63.1 99.6| 45.0 |-11.6] 78.1

PELVIS ACCELERATIONS:

Lateral Y* 119.81 29.4 -6.5 98.7 110.8] 43.1 ~5.4 140.0
RIB DEFLECTION: 0.26227.9 | -1.65 62.7 .121207.6 -1.49 78.4
in in in in

Data Required (other data to be used by R & D)
REFERENCE: Positive Direction -- Longitudinal (X) = forward
Lateral (Y) = to right
Vertical (Z) = up
Pogsitive Direction -- Longitudinal (X) = rearward
Lateral (Y) = to left
Vertical (Z) = down
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TABLE 2-7 CRASH TEST SUMMARY FOR SIDE IMPACTOR

TYPE OF TEST:

NHTSA NO. FOR TARGET VEHICLE:

POSITION OF IMPACTOR (MDB) ON MONORAIL:

MDB DETAILS:

30/15 90 INMPACT TEST DATE

02/03/89

TEST 04

CRABBED 26°

TO RIGHT (CLOCKWISE)

Overall Width of Framework Carriage = 49.35 in.
Overall Length of MDB = 162 in. {(including honeycomb
Wheelbase of Framework Carriage = 102 in.

Tread of Framework Carriage (Front & Rear) = 72 in.

C.G. location rearward of front axle = 50 in.

MDB Weight -- Left Front = _ 1123 1b; Left Rear
Right Front = _ 1127 1b; Right Rear
SUBTOTAL: Front = __ 2200 1b; Rear
TOTAL MDB WEIGHT = _ 3980 1b
IMPACT ANGLE (MDB C/L to Target Vehicle C/L) = __90
IMPACT SPEED = 33.6  MPH
MAXIMUM STATIC CRUSH OF HONEYCOMB IMPACT FACE:
1. ROW A at bumper level = 5.0 in.
2. ROW B at mid-stack level = 1.5 _ inm.
3. ROW C at top of stack level = 3.0  in.
INSTRUMENTATION:

Number of MDB Data Channels =

5 accelerometer channels

Lo

impact face)

[}
o0
O
(-]
[
(=2
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TABLE 2-8 MOVING DEFORMABLE BARRIER (MDB) ACCELEROMETER LOCATIONS AND SAMPLE

DATA SUMMARY

A 2%

POS. CIRECT.| NEG. [DIRECT.
ACCEL. LOCATION Coordinates MAX TIME MAX TIME
NO. X* Y| z* | (q) (msec) {g) {msec)
1 MDB Center of Gravity
Longitudinal X 1.5 174.6 -9.5 38.1
Lateral Y 5.7 48.5 -0.9 104.3
Vertical YA 56.4] 0.0 12.0|10.4 25.7 -9.6 47.17
Resultant R 13.7 47.6 -0.0 0.0
2 Front Frame Member
Longitudinal X 121.4 |0.0 | 9.8 | 2.5  ~-=-- CHANNEL FAILED---
3 Rear Frame Member
Longitudinal X 2.5 10.0 j14.0 | 2.8 129.8 -10.4 28.5
*Reference: X - Rearmost Frame Point (+ Forward)
Y - Centerline of MDB (+ Right)
Z - ground Level (+Up)
12
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TABLE 2-9 HIGH-SPEED CAMERA LOCATIONS AND DATA

COOf

CAMERA LENS SPEED RDINATES (in)
NO. LOCATION TYPE {mm) {fps) X* Y* 2*
1 Overhead view of test] Fastex 8 600 0 0 252
vehicle dynamics

2 Overhead Closeup view| Fastex] 8 600 0 0 252
of impact plane

3 MDB Onboard Closeup Himac | 25 600 |-88 18 49
view of impact point

4 MDB Onboard view of Himac 13 600 {118 33 80
driver dummy kine-
matics

5 Overhead view of test| Photo-| 25 600 |-18 648 39
Level-—Overall View sonic

6 Left Side Ground Himac 17 600 0 -208 48
Level--Overall View

i Test Vehicle Onboard-| Fastex 8 600 54 16 58
driver dummy front
view kinematics

8 Test Vehicle Onboard-| Fastex 8 600 -30 86 55
driver dummy side
view kinematics

9 Test Vehicle Onboard-| Fastex| 8 600 ~-70 86 56
pass. dummy side
view kinematics

NOTE: Real time (24 fps)

film coverage of pre-test
test, and post-test events +Y
included in final print

* Reference {from

+X = For
= To

+Z = Upw

SAMPLE

Ol 1 | ¥

ward
Right
ard

point of impact

8-

s

[ .] o
S .

-

8 T~ \A et) -
. O

et

£ S

é; Jyﬂ!lgf POINT

|

ANGLES INDICATED ARE RYPOTHETICAL

13
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SECTION 3

TEST RESULTS

Sl L g o

The 1988 Dodge Caravan was impacted at 33.6 mph by the 26°
crabbed MDB on 03 february 1989, The MDB's left edge contacted the
test vehicle 0.0 inches rearward of the impact line. The test vehicle
was spun around counterclockwise, the lighter back end of the vehicle

pivoting around the heavier front. The vehicle left side was crushed

e e emag e b L n

inwards a maximum of 20.6 inches. Pretest and posttest vehicle

dimensions are shown in Tables 3-1 to 3-5.

The front SID impacted the driver door with the left knee, hip and
shoulder. The neck and body were rotated far enough by the impact
force to allow the SID head to go through the driver side window. The
SI1D head contacted the aluminum barrier during this action. The SID
then rotated to its left while being thrown across the cab interior.
The front SID's left foot and ankle were pinned by the driver door
during the initial impact. This caused the bolt securing the left leg
above the knee joint to be sheared off as the SID body was rotated and
thrown across the vehicle. The left lower leg remained in the driver

footwell area. The front SID came to rest straddling the right front

window sill with his right leg inside the vehicle and head against the

et e

passenger seat.

The rear SID impacted the left side van interior with the
feft knee, hip and shoulder. The neck and body were rotated far
enough by the impact force to allow the SID head to go through the
left side window. The SID head contacted the upper, then lower
portions of the window sill during this action. The S$!D then rotated

to its left while being thrown across the rear passenger compartment.

N i e ranes L T e e i L

A combination of the SID momentum and the vehicle moving underneath

him caused the SiID to fall over the rear seat into the rear cargo

14



TABLE

3-1 PRE AND POSTTEST MEASUREMENTS

-l -

E
4
E

NOTE: A1l dimensions are in inches

PRETEST POSTTEST CHANGE
A 111.8 111.6 0.3
B 31.8 31.8 0.0
C 29.8 29.81 0.0
D 173.4 173.1 0.3
E 6.5 6.5 0.0
F 14.9 15.2 -0.3
G 12.6 13.3 -0.7
H 14.3 18.6 -4.3
] 14.7 22.3 -7.6
J 13.3 17.8 -4,5
K 14.8 15.0 -0.2
L 5.8 5.8 0.0
M 16.0 16.0 0.0
N 20.0 20.0 8.3
0 42.8 42,2 0.6
P 77.0 75.5 1.5
Q 20.0 19.8 0.2
15
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TABLE 3-3 TEST VEHICLE EXTERIOR PROFILES FROM REFERENCE PLANE* AND STATIC CRUSH DATA
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TABLE 3-5 TEST VEHICLE MEASURMENTS (Cont'd)

Pre- Post—gﬁ
Test Test Diff.
NO. | MEASUREMENT DESCRiIPTION (in.) 1{in.) |(in.)
X1 | Total Length of Test Vehicle at Centerline 176.5| 176.5 0.0
X2 | Rear Surface of Vehicle to Front of Engine 159.3] 159.3 0.0
X3 | Rear Surface of Vehicle to Firewall 136.5] 136.5 0.0
X4 | Rear Surface to Upr. Leading Edge of Right Door 128.0] 127.8 0.2
X5 ] Rear Surface to Upr. Leading Edge of Left Door 128.0] 123.3 4,7
X6 | Rear Surface to Lwr. Leading Edge of Right Door 12b.é 124.3 0.5
X7 | Rear Surface to Lwr. Leading Edge of Left Door 124,.8/ 118.8] 6.0
X8| Rear Surface to Upr. Trailing Edge of Right Door 85.5 85.0 0.5
X9 | Rear Surface to Upr. Trailing Edge of Left Door 85.5 84.3 1.2
X10| Rear Surface to Lwr. Trailing Edge of Right Door 84.8] 84,51 0.3
X11| Rear Surface to Lwr. Trailing Edge of Left Door 84.8 86.3] -1.5
X12| Rear Surface to Bottom 'A' Post on Right Side 123.5] 123.5 0.0
X13| Rear Surface to Bottom 'A' Post on Left Side 123.5) 122,3 1.2
X14 | Rear Surface to Firewall on Right Side 133.3] 133.3 0.0
X15| Rear Surface to Firewall on Left Side 132.8] 132.8 0.0
X16| Rear Surface to Steering Column 111.5] 109.3 2.2
X17| Center of Steering Column to 'A! Post 16.8 16.0 0.8
X18| Center Steering Colum to Headlining 18.5 18.0 0.5
X19| Rear Surface to Right Side of Front Bumper 173.8] 173.8 0.0
X20| Rear Surface to Left Side of Front Bumper 173.8] 173.8 0.0
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area. The rear SiD came to rest lying on its left side in the rear

cargo area. SID contact is documented in Table 3-6.

The MDB impacted the test vehicle and was stopped by the
remote brake system to prevent a second impact. The aluminum
deformable barrier received minor to the front face with a maximum
crush of 5.0 inches. The left side of the impactor was momentarily
pinned in the vehicle driver door which caused the hexcel face to be
ripped from its aluminum backing plate. The crush details for the MDB

are given in Table 3-7.

2k



TABLE 3-6 POSTTEST OBSERVATIONS

TEST VEHICLE: 1988 DODGE CARAVAN ; NHTSA NO.: TEST 04
VISIBLE DUMMY CONTACT POINT: FRONT SID REAR SID
HEAD - - - - - = = « - - - - Passenger Seat back Left Rear Window Sill
CHEST - - - - = ~ = = = = = - Driver Door Left Rear Interior
ABDOMEN - - - - - = - = - - - Driver Door Left Rear Interior
LEFT KNEE - - = = - -~ - - - ~ Driver Door Left Rear Interior
RIGHT KNEE - - = - - = - ~ - None Ceiling Above Rear Seat
DOOR OPENING: LEFT SIDE RIGHT SIDE
FRONT - - - = - - =~ = = = = = Needed Tools to Open  Fully latched
REAR - - - - - - - - - - - - N/A Fully latched

SEAT MOVEMENT:

Driver seat was pushed across laterally until it contacted the front passenger

seat. Driver seat tracks were greatly distorted.

GLAZING DAMAGE:

Very slight cracking of windshield, no separation.

OTHER NOTABLE IMPACT EFFECTS:

e e e e e D A 2 N

Small solvent leak (less than 1 oz./minute) at point where filler neck enters

fuel tank.

25
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APPENDIX A
PHOTOGRAPHIC COVERAGE
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FIGURE A-10 FRONT SID IN DRIVER POSITION - PRETEST
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FIGURE A-14k FRONT SiD LEFT LOWER LEG CLOSEUP VIEW - POSTTEST
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FIGURE A-2%5 MDB FACE, VIEW NO. 4 — PRETEST




FIGURE A-26 MDB FACE, VIEW MO, 1 — POSTTEST
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FIGURE A-27 MDB FACE VIEW NO 2 — POSTTEST
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FIGURE A-28 MOB FACE, VIEW MO, 3 — POSTTEST




FIGURE A-29 MDB FACE, VIEW ND. 4 - POSTTEST




APPENDIX B
DATA PLOTS FOR TRANSDUCERS

28




SIXe-¥ ‘UOTJeda]adIe peay daalag | ueaedey abpog 8867 -- 68/60/20 ISW
107°¢T- = UIN L698°E = XEj paeT S5Y70 Y5 .dI(LY

('2954) JHIL
Bt Ace aa¢ AcT a8t a5 ) As

B-1

T60 T305A105 08
8T




SIXe-} ‘UDIjeJa[adde peay 4antag | ueaede?) abpo] 8967 -- £8/58/78 ISM
pEBI'6- = UIN 282’6 = XEN paaT SSY1) 39§ .J83[14

('995W) JHI1

Bt AS%eg e sl 8T RS B as-
paT-

B-2

L~ P

ab
89

190 28350105 88
88T




SIXE-7 ‘UDTJedaadde peay daatldq . Ueaede) abpoq 8867 -- 68/£0/28 3ISH
TBE°TS- = UTW £66'TT = XEN gaaT §5Y70 IY§ d83[1]

(*235W) IWIl
gact AGe Aad ST paT as B a5

01-
ag-

: Bt-
AY o
ai, N m

PV 5 —tu @

02
Ay
a9

T00" £o8Ca4as a8
8aT




JTjeas[sd0e JURL[NSOX Pesay 4anlxq : ueaexe) abpoq 8867 —— 68/E@,Z8 ISH

18-388696° = ury bLLES xep BOBT SSYTD dUYS 43314

( "o8swW) HUIL

%1%} 85Z 88z ast 2]%] 85 %) B8S—
88T~

48—

8¥—.

B4

%

a3

RS a8

£a

88T

Il El - N N S B S BN BN BN BN BN BED B B BE B .



(fewTag) sixe-3 ‘'00e qIy qeddf Jaataq ; ueaede) 3bpoq BB6T -- 68/68/28 ISH

£E6'OT- = UTY Cb§'LL = XEN AaT HI4 49311
('095W) JKIL
aac aceg #ag asT aaT as @ As-
agT-
aaT-
ﬂml %
BB = S g A e~ T Au.f\/\/.\\fl()f\. o Sieman a m
/- v (8/ \‘ )
/\ 8c

aaT

114'5B85AL0S
acT



(haewrad)
xe—x ‘A 3[2P qIY xaddp Janraq : ueaedey abpoJ seer — $8/E0/28 dASW

48957 "—- = Uty ¥¥8 "8E = Xel BBT HIJd (J93F1Td

( "oasuw)y JUIL

8a¢e 852z 848z 8SstT 881 as a as5—
85—

ay-

BE—

gez-

B6

BT -

H
%) d
W

/ .
/ .

o=t %} =%

2} 2

=)

NI $8B8582L8S

as

- IS I BN Tl Sl N T O TE s b TR O E B O S O .
G . _ b o t - _— _ : , s



(PUodag) sIXe-y ('00¢ qIY dadd|] 4anIaq : ueAede) Apoq 8867 -- 68/€8/20 ISM
9Lk'8T- = UIW £6T'08 = XEH paT HI4 d83114

(*29sW) JHIL

i1 [ pae ST paT BS 2 mm.mﬂ

paT-

. 87
114" 5A85A405

41




(puooOayg)
Xe—& ‘fy F[3P qrY <addn Janraq uenedeEn wmﬁom 8867 — §{8/8R/28 dSH

20-32222%° = uiy 97271 "g¢€ = Xel 88T dIJd J39FTTJ

('oasw) dFHWIL

88t 852z 8acz ast 88T 8s % B8S—
85—

8y -

BE—

aZ-

B-8

8t -

2}

TN SB8SB20S iid

8s

HE I N N O N BE N BN BN BE B B B = B ,



(RJEMII]) SIXe-} ‘'ade ﬁ:”m daM0T JIATA] ) UBARdeD 8PPOT 386T -- 68/E0/20  ISH

T00'2T- = UIN 882'98 = Xey 88T 4I4 493714
("095H) JN]]
Pat BGe 3[iF AsT AaT Bs ] E.aﬂ
BBT-
le nnw
A 3
e Fo -t Q :
~ Y KATA 9
As
A8t
114'988G0483
AcT



(haewr xJ)

Xe-X ‘N 3IT2P qIY JamoT Jantaq @ yepede) 3HpPOJ 8867 — £8/68/28 dAsSW
ZB-3ZT9Z% "~ = UIy 9pp "2E = Xey BBT HIJ :aa3[Id

("o39suw) JUIL

%]} 8s<Z %% b ast aat 85 a B5-
25—

8E—

8Z—

B-10

28

=
p gl = o

]

N1 90050205 ey

8s




(PU0DS) SINe-F ‘'00e qIY JAMOT JIATI( : ueAeae) bpod §84T -- 68/8B/20 ISM

802 2T- = UIN LLG'PE = Xey gaT YI4 J98371
('DasM) JWIL
BAE Ac? i[i BGT BaT ] A BG-
AST-
RaT-
A5~ =
A S
O L EA A
4 v VA )
Ag
AaT
113'LABCAARS
BT

N M I N Gl En B IR e A EE R EE B e B Em e
- : . . . . . - o n ,



(puoaag)

Xe—X ‘A 3[IP qIH JBMOT J3ATJ[ ueaeqaey ahpog 886T —— (8/EB/ip ISW
Z28-399%9L - = Uiy L18°9E = xey BT HIJd 433114
('a9sw) JUIL
(2]2 fos 852 882z B5T 2]2 ) 8 as a 85—
85—
ay—
8E-
az-—-
N
. h
a1 -
H
8 d
W

I BE

av

"]
NI 28858288

85




(RXEWTA]) ' Xe~} '00¢ UL JBMOT J3nldg ; Uedede) abpoJ §34T -- £8/60/78 IS

B9G'6T- = UIN £CL'Ch = XEY gaT YI4 w9311y
('095W) JWII
ABE B5e Aaz act ART as ) BG-
BST-
BBT-
Ag- 2
5
o SN 0
B
ag
aaT
7148688582483
BGT




(haewtad)

xe_& ‘n 3[9p ouldg AMT XBAIXQ @  yeaedey ahpo] 886T —— £8/£0/28 ASH
10-AP6BEZ - = UIW 99z €€ = Xey @OT HIJ :49311d

( "oasw) JUIL

88t 852 2] A ast 8871 85 a 85—
85—

8y—

8E-

B-14

av

i

NI 88858248

8s




(pu0dag) °‘Xe-p ‘'3de aUld§ Jo9M0T Janld] | URABJE) ahpof 8867 -- 68/8R/28@ ISH

T87°72- = UI§ PO6'ER = Xel AeT YI4 93114
(*0a5MW) JWIL
Aat AGZ [ A AsT ABT 8s A #g-
ACT-
paT-
As- 2
AN S

— - S 8 u.
Bs
ABT

114 °6B85A4AS
AGT



(puooag)
Xe-x ‘n 3[8P Buldg IMT JANTXQ :  epege’) 9FpOJ 8867 — 68/¢8/2p aSM

Z0-A9SBEZ - = UI 986°'TE = Xey @BT YIJd :993114
( "oosw) FWIL

8BE 8szZ 882 85T 8O 85 8 as—
85—
8b—
BE—
8zZ—

©

) @

N
®
ranT

\ 8T
8z

— \
N BE
TNI 69858288 Uld
85



(AXEWTA) 'Xe-% ‘'00¢ autd§ Jadd[ Janiaf | UeABde) abpoq BR&T -- 68/80/20 3JSH

99E'8E- = UIW 80B'GL = XEH aaT HI4 931l
('095H) JKWIL
ABE a5¢ (1[3]4 ST a8t Bg B G-
AsT-
aaT-
Ag- =
i et S e, ot e P o - G M
— o / uq

eaT
111'0T85840S

st



(haewrag)
Xe—g fy 3[9p aurdg xdn I9AIXQ : yepedey IBPOJ 6867 — §5/€R/2@ ASU

T18-3I8586E"— = UIy 869 82 = Xep 887 HIJ 993114

( "99sw) HUWIL

2] 2o 852 a8z 8ST Bat as a 85—
aS-

%} o

BE-—-

8z-

B-18

BT -

8t

av

NI 91858288

g8s

EE SN EE NN SN SN BN SN BN EN SN SN BN BN AN BN BN A A



(PU093§) ‘*Xe-} ‘'ove aurds Jadd[ kaaldaq :  Uenede) afpod 86T -- 68/60/28 ISH
pEa‘ge- = UIN 688'2L = XEH 8aT Y14 433l

('095W) JWIL

]33 A52 pag 14 paT a5 a a@@nﬁ

aaT-

a5-

B-19

LA

881
T14° 77858485

a5t




(PpLOIIS)
xe—% A 319P surdg adn J9nraq : yepege) 36pOJ 8867 — (8/ER/2@ ASU

18-IZ22482°'—- = Ul 8ty "Lz = Xey 88T HId :J931Td

( "oasw)y JUWIL

age 852 8az BST 2]% ) as 8 85—
85—

av—

BE-—

ge—

B8-20

et -

8z

% } o

ey

TNI 11856488

8s

tee



SIXeE-} ..Eos.m_nmﬁmaum Sth]ed J8nlag : ueneded shpoJ §36T -- 68/EB/20 35K

998F°'9- = UIY LL'OTT = Xy AaT HI4 d93114
| ('095W) JNIL
aag agg aaz BgT #a7 ag 8 Ac-
B5T-
eaT-
Bs- 3
5
I . — e It A B '
_ J
g
v aaT
11427858485
st



SIX®P—A ‘N YI[SP SIAISJ JI8AIXQ : yepedge]) s6p0] 886T —— §B/ER/ZR  ASH

Z0-A9955p "~ = UTW §59°'8E = xey 0T HIJd :983[1d
¢ 'oasw) FUIL
aee BS2Z 882 8st 88T 85 8 85—
BS—
BF—
BE—
8zZ—
S
BT— @
H
g8 d
W

/ .
/ .

8E

Jl!f.l.lltllll\llll
.l-l..l.l\\.lll.ll\ll]|.1t.\\|

UNI 21858248

2} 2

8s

P H



(- ST UoTSsaddwo)) 'dsSTpP 3say) JeAtaq . UeAede) 3kpoq BBAT -- 68/6@/20 3SH

6700'T- = UIN  SEAET = XEN 88T S5UT) 10§ 1a93[L4
(*335M) TH]L
ac Bs? a0z BsT 8t ag ; -
. o m-.ﬂl
.ﬁl
\ c'g- o
" / o
~ I
¢'g
I
ey
114" £738R408
z



SIe-¥ ‘[11§ JYBTY jea§ juody | uenede) ahpoq §86T -- 68/£8/20 ISH
8965'G- = UIH GEEA'E = XER A9 $5Y72 I¥§ WAL

('095W) 3HII
pat a5d a): 1 AsT A8t ¥ @ G-

B-24

#\(14’\4 7 .\r\ﬂd‘f\. L4

[ P

E.Egﬁ ob




SIe-f 'TTI§ JYATY jeag juody | uendde) akpoq 8B6T -- 68/E0/20 ISW
9987'9- = Ul §18°'AT = XeN 89 SSU10 3Y§s Iy

("235H) JHIL
313 4 i1 ST et AS ] AG-

B-25

..(\.r.\fcpdh._ :. IAWAY S & ?}?[).r . = @ 5

S N A
o1

Al

T .mgnjz oy

- N R



SIXe-Z ‘[1I§ JYB1IY jeag juoxy | Uenede) akpog 886T -- 68/£0/20 3ISH
6698'9- = UIW CEPT'6 = XEH B9 $SYTD 39§ 93T

(*295H) JHII
gat e pBe st paT s ) As-

B-26

ot AR Al andft, .__..c; At N e ?\r\/)\/rx\./r CD<> b >¢7<... @
YAV Qﬂ_ﬂ\<{<<c< C .f <<

L~ P

T 62850405 o




"1as0e
juelinsax I[I1S IYSIY jeag juoxy : ueneae) abpoq 886T —— 68/EB,Z8 IASH

486127 = Umy 488 "ET = Xey 89 SSYI0 dUS [J93ITd

("osswy JHIL

BeE asz 88z 85T a81 8s %) 85—
85—

8r—

BE-

% K

B-27

81—

&a

R S A S N Y

7 et

% A

et

8y

I " 22858288

[ at

B85




sIX®e
-X O ©3I9P [I1TS 3IYBIY 3eas juoxd :  (esedey abpog ©886T7 —— £3/68/2B ISW

Zb6B"E—~ = UTY E@-IBEPPS ' — = Xel B8T SSUTD JUS 83T Td

( "o8sw)y FHIL

agE asZ 8aZ ast 88T a5 8 %
a5-

%} o

B-28

ac

e

N1 22858208 ev
85

=)

» v ) . . . «,.A. .
I NN B N B B B B B B B B B B B B B .
AT T ) T R RN . s S T : RS : ] . , ) SRR



sSIX®e
-& ‘M °319P TTFS 3YBIY 3eas uoag @ yepege) 3FPO( 886T — (8/0R/7R  ASH

18-3%8TTT "— = Uil 9LT'TT = X¥U B8T SSVYTID JYS (493114

('o9sw) HHIL

(2]%] o 852 %1% A 857 aet as %) 85—
85—

8y-—

BE-

% P

81—

©
EaT

8e

% 123

%} 4

TNI "828584U8

as



SIXe-X ‘a[xXe anoqe J0OJ Jeay : ueaede) 3a6po §84T -- 68/58/20 ISH
1639°6- = UIW GTTG'E = XEW A9 $§Y70 IY§ .83l

("295W) JHIL
] a5e ae2 ac1 a1 85 ] A5-

8-30

— ..:.b?\/\/\/ 0 5

L BN

IR | oy

u.v

- O O N O N BN B D B B B W O B B B W W



SIXe-§ ‘9[Xe 3aoqe JL007{ Jeay !

bIEE’2- = UIH

pat AGg

p92' 81

aa¢ ST

= Xel
(*295W) JHIl

paT

B

ueaede) abpog 86T -- 68/68/20 ISW
89 §5U70 JU§ a1

§ ]

114 TERGAL

iR

B-31



Aact

SIXe-7 f3[Xe anoqe JoO[{ Jdeay !

b6 b1~

52

= uI

pae

b 91

uenede) ahpoq 8867 -- 68/£8/20 3ISH
B9 SSY1D 19§ 83Tl

= Xey

('235H) JWIl

ST

a1

as

PN 0 Y I WY A WL

N
7 NS S LAY

111°2E850LRS

. : .

LS~ P

B-32



. "1200e
juejlnsax ‘aixe anoqe J00[J Jeay : uenear) abpog 886T — 68.€8,Z8 HSH

A4 A = ULl vEZ 22 = Xep] B9 SSUYTO JUYS [(*33}1T 4

( "J2asw) FgHIL

80¢E 852 8ez aST 88T 8s % aS—
85—

av-

geE-

Be-

B8-33

2}

G-

%a{i?f_\/ | p \ o .

rr\afzqgwpxa/\c Bz

2}

T4 OEOS0ZRS ey

£

B85

5




siXe

-X N ©3TAP I[X® 9noqe J0OIJ Je3Y : yepege) afpog B86T —— 68/£A/2@ IASU
E96B°'E~ = Uury 9T%6 "2 = Xey 88T SSYTI) JFYS :xa3[1d

('29sw) HJWIL

8gE 852 2] e BST 801 8s a 85—
85—

av—

vE—-

B8Z-

B-34

81—

H
— — 8 d
W

8t

% P A

8E

oy

TNI "BEBSBLBS

85

, . N i
N N I Il Bl EE I T S I I Il I B I B B B e



SIXe

X ‘M ®3[8p B[xe anoqe xoo[d weay : UeARde) 36POJ sseT — (B/€A/Z@  ASu

Z20-Iv¥88Z "'~ = Uiy 98% " 22 = XeW 88T SSVID dVUS 4383114
( "oasw) FUIL
(2]7 154 852 88z a5t 8at 8BS a 85—
85—
av—
BE—
% Koy
Vel
h
8T -
H
%) d
2

e oz

8E

INT 1E05020S il

as

- mmmm ==



SIxe-§ ‘[115 3397 jeo§ juody | ueneqe) afpo] §86T -- 68/£0/20 ISH
6Tp'9p- = UIW 2¢E'eL = XEY B9 SSU10 Y5 Ja3Tl

(*295H) JWIL

ABe [ 08¢ 41 AaT Bg A Bs-
AgE-

et

. 892
114" 85858405

]33



SiXe

—A ‘N ®B3ITAP ITIS 3397 3eag juoxd :  epede] ahpof 886T —— §8/8/20  dAsSW
916EZ'— = Uy 826°2T = Xely @81 SSYTID AYS :483[T1d
( "oaswy FWIL
aaE 8SZ 868z 8sT 80T 8s 8 8S—
95—
8% —
AE—
BZ—
5
81— @
H
g d
W

ac

% 4

%} 4

P

NI E£858283

as

N T R B BN BN I IN BN IBE BN BN N BN BN BN B B I



SIXe-§ ‘3UT[423Ua0 JOOJ JUOMY 3397 : Uenede) 3Fpoq 886T -- 68/6A/28 ISH

9§'EeT- = UK  $6'TEZ = ¥eN B9 $5410 395 193314
(*935M) JHIL
Bac 852 paz BT BT ag ; Be-
BE-
60z-
A wr- s
e —L S e EUAT AT A n Pt / . A m._
J i
ﬁ BeT
i i
114'p£858405
BBE



(xe—x ‘f e3[8p T,0 400Q juoag 3387 @ yeaede) 3Fp0J 886T —— ¢8/8@/7@  ASM
£0-362986 '~ = UIN L6Z°TE = XY @8T SSYTD IWS :J33I11d

("oesw) gUHIL

88t 852 882 8ST aat a5 a aS-
aS—

B8-39

i .

Y 8E

ENI " $EBSBLUS 9

8s




SIXe-}§ 'dedd-PIW JOO( juody }jo7 . Uenede) akpoq BT -- 68/ER/20 ISW

Lpb'E8- = UIH L' TPT = XeY B9 SSYTD 4§ 03[
('0o5W) JWI)
(1]} 852 33 BST AaT B% i) BG-

BaE-
ApZ-
anT- g

. N A I DRSS, YV, § 4 VN P A m..

Y 5
ABT
¥

5[5

114 ' GEBEALAS
ARE



sIXe

A ‘A e}[OP Jead-pIwW JoOq IUAL IFT : yepeqey oFpOf B86T — §8/£0/20 ASH
20-31S8ZF° = Uil €Eb9°92 = xel B8T SSYTD IYS :I8FIITJ
¢ "oesw) FUIL
@eE 8SZ P8z Bst 80T 8s 8 8s-
85—
ov—
ee—
8z-
3
aT-
H
g d
W

-

< aZ
v

aE

av

NI "SE£858448

as

-l N R N N N B N B B EE OB B R B B W
S B e hoaiey , T RO TUSRRLe WA, (SR TORR e JERRE ne T NN . TN L



SIXE-F faUT[aajuad daddn J00q jucdy 3337 | URARJIE) ahpoq 886T -- EB/EA/28 ISH

€8'gTT- = UIH TL'PES = XEH B9 SSYUT0 J¥§ 3L
('2a5M) JNWII
et (1144 ang BT AT a5 B A5~
ant-
gag-
,, ooT- ¢
-~ VY !
2
aat
M gas
114" 9E£858485
et




sIXe

A ‘n e3iep 1,0 xddn xooq Juxd 3IT i yepede) 96POJ 8BB6T — £8/6R/20 ISH
TO-3ETEPY - = UIN Z6E'6Z = X®W BBT SSYTD AYS :98ITIJ
( roasw) JUIL
8eE 8SZ 8@z BsT 10} 8S 8 BS—
BS—
By
BE-
8zZ-
3]
a
Ch
H
B d
ﬂ& M
- ] .
L()/<J< ur
8e
NI 9EBS8ZDS ¥
8s

W W M EE EN A EE B NN BN EE M I RN A NN R N e



SIXe-X D/) JITdJeq ITqewd0Fa] SUTAON  Uehede) abpog 886T -- 68/50/Z0 ISH
LL8b'6- = UIN PETIS'T = Xy B9 §S¥70 30§ 4931

("335W) JHIL
AacE ] pae asT a1 as ] BG-

B-44

AR oy




SIXe-} '5/) d8lJdeq S[qewdojaq SULAOY | Uenede) 36pOq 886T -- 68/£@/20 ISH
82898~ = UIN T9hL'C = XEY A9 §8Y10 34§ NI t

(*235H) JNIL

Bt a5¢ a3 1 5T a8t AG ] mm.am

ab-
ag-
gz~
aT-

B-45

SR ™ i I A

LI

)
14
Bg

1117 350AL05 il
ac




SIXe-7 ‘D/) Jaldadeq afqewdoyaq Sutaoy . uenede) abpoq 886T -- 68/€8/20 ISH
28L5'6- = UIW 6TP'8T = XEH B9 §SYT) JYS :de3[1]

('935H) W]l
if2} AGe aad ST 881 Ag i/ G-

B-46

aT-
SN AN /\\J n_ N b A D] AN > p A\ _p. N S B 5
YAYAYA YA NS /‘\/\C,\
o1

e,

TTT 5C050103 o




uoIj3eaa[adsoe juel(nssaJd 9.0 qqu : ueneae) sabpoq 886T — mm\ma\ma qASKH
I8-I5PSSE° = ury ZZLET = xey B9 SSUTO dUS [JI93I11d

('o9sw) HUI.L

gye 852 % ]2 YA ast gat as a 85—
85—

8y-

BE-

8-

B-47

81—

az

gt

2} 4

(V)

dd " 2£85828S

as

Il . N N - N AN R I BN BE T O EE EE W B B B B



IXe—X ‘A e3[ap H,/5 Jaradaeg Suraoy

" ueneae) afpog 886t — (8/6B/d@  asw
xey @8T SSYI0 IYS :483[1d

STy 97 = ury (%1% YA " 13

( "Jasuw) JUIL

2]} ase 88z 85T 8at 85 %) 85—
85—

B-48

8T

8e

NI 2850208 av

8s

o . . . i -



IXe—_X ‘N €e3[8p 9,5 Jartaaeg burnol :m:d&mo mmﬂcm 886T —— wm\mw\ma ASU

829 %1 = Uty Z5€E "8Z xel @881 SSVUTD JUS 493114

('09sw) JUWIL

g88cE 852 %]% Y4 as7 gat a5 a B8S—
85—

ar—

8Z-

8-49

at

ez

%}

av

NI 8E£858.88

85




(pallej auuey)) sixe-x ‘yuody gqN . ueaede) shpoq 8867 -- 68/£0/28 ISH
ChT'6E- = UIN eTE 8T XEW @9 SSUTD Y5 I3

('0954) JHIL
agt As¢ 14 AsT a1 AG @ G-

B-50

BN W T T E LR ;2_; :

|
DR ik il

e
<
——
<
<
S
Lo |
[~

QEEED . _ o




(part1ed
[auueyd) ‘n I[P X Puoxy gaW :  UeAede) afpog 8861 —— £8/£R/7@  ASM

SLT°PT = ury 68T "8E = Xey 88T SSVYTID dYS 493114

( "ossw) JUIL

%)%} 852 882 851 ag1 as %) 85—
85—

BYy—

BE—

BZ—

B-51

%) S

H
%) d
W

et

//f/)f)f 8E

*} 4

NI 8%8582US

8s

L

,;llmwhmmm. - am B EN I I EE NN BN B B BN BN BN B A



SIe-X ‘dedy gOW . Uenede) akpoq 8867 -- 68/E0/70 3ISH
T6€°0T- = UIN §6CL'¢ = XEH A% SSUT10 39§ J931L

(*233W) JHIL
PRt ]\ pag AsT 28T Bs ] BG-

B-52

A

SRR By




N e318p X Jeay gaW :  yepede) aFpoJ sse6T — (B/ER/7@  dSM
P9E'9T = UIW PTZ'8E = Xey @8T SSYTO AYS :I8}ITd

("J9su) HJUIL

BgE asz a8z asT a8t as a 85—
85—

B-53

%) 8

8z

ey

NI 1¥858.8S

B8S

-II;,JII  Il I BN N BN = = IIIW lE Il BN IE I T B B s



(Axewtag)
xe—x ‘n 319p 1y <addn xbBuseq uenede) mmﬁom, 8861 — 68/80/20 ISH

8682 - = UIHW T6d 62 = Xey AT HId 49314

("J8sw) HFUIL

217} 8 8sZ %] 1A ast 212 8S % 85—
85—

2}

ae-

BZ—-

B-54

a1 -

H
a d
W

\\ a1
\\\ ez

gE

INI "218S84LUS8 v

as




(pPpLO33S%)

X®-A ‘N 3ITOP qry Joddn sbuseq @ ypsede) S6POJ 886T -— g8/pp/7R  ASHW
LLLEET— = ury £88°82 = xey BT YIJ4 9837114
("2asw) FUIL
8ac 85z 892 8st 8et s ) 85—
CER
ob-
gE-
ez-
2
Jos]
et -
H
B d
u

8E

ay

TNI 81858248

as




(haewrxg)

xe-x ‘n 31ep Iy asmo] xBused :  yepede) 36pOJ 8seT —— {3/EB/@  ASM
S810Z - = UIy S66°2€ = xey BBT HIJd 493114

("o8sw) JHIL

get asZ 88z 851 aat as %) 85—
85—

2} 4

wd

NI 61858248

8s -




(puooag)
xe—x ‘A 3199 14 womoT xBused :  yppegeq afpOJ 8867 —— §8/€8/70 IS

E6GTZE"'— = UllW L8Z "TE = Xey BBT HIJd :433F1td

("9asw) HUIL

8agE 852z 88z 8stT 2]% ) 8s a 85—
85—

av—

gE—-

8Z-

B-57

81—

H
g d
\\ W

7}
/ ez

— gE

YNNI 82858483 oy

8s

e e A e o



(hIewIag)

xe-g ‘n 313p aurdg amT abused :  UgARdR) mmwoa 8867 — §(3/80/2@ 3SW

Z8-39858Z - = UIY Zvb'BE = XeW @@8T HId 493114
( "oasw) FUIL
@BE 852 88z 8sT 8ot s ) 85—
85—
ep—
BE-
0z
2
gT—  °
H
8 d
W

ay

TN 12858288

as

- o A M E A o



(prRO338)
xe—x ‘A 3[ap Qulds amy xSused :  (eAede) 3fpOJ 8867 —— §8/£R/I@  ESH

L882ZT'— = UIl gz9°'82 = Xey 80T ¥IJ :X9311d
( "oesw) FHIL
8oE B8SZ 808z 8sT 88T as %) 85—
85—
v —
BE—
8zZ—
3
87— @
H
a d
W

8z

BE

)4

YNI 22858488

as




(havwiag)
xe-& ‘N 319p surdg adn xbuseqd i yeApge) afpof 8867 —— §B/£0/20 AsW

ZIS¥1°'—- = Ury 857 '82 = Xey 8agt HId :J83IITJ

('083uW) JUIL

88E asz %]% s 8sT 8871 8s %) a5—
85—

ar-—

BE—

8Z-

B-60

aT-

8E

ar

TNI€E28508288

8s




( puooag)
xe-x ‘n 3[ep aurdg adn aBused @ ypaege) IpoJ 8861 —— (8/£0/20 IS

Z8-ILBTE9'— = UI| Z6E’61 = Xey 88T HIJd 493114

('o8sw)y JWIL

2] 2154 852 %1% ¥d 8ST ast a5 g 85—
BS—

By

8E—

%

B-61

at -

ae

8E

%) 2

ENI "$2858288

85




SIXe—& N ©3[3p SIN[Sd JBused :  (pABAE) 8hp0] 8861 — (8/8p/2@ ISH
T8-I¥EEQZ " — = U1l 66E '82 = Xel 88T HIJd ¥9311d

( '93sw) JUIL

88t BSZ 2]% A 8SsT 8atT as a 85—
85—

ar-—-

BE—

8z2-

B-62

2

[\~
DA

BE

8y

s |

NI 52858448

8s



§IXe-X ‘UOTJeda[800¢ ped) Jahussse] | UeAede) ahpoq 8867 -- 68/E0/78 3ISH

85p'83- = UTW £8T6'C = XEN BRAT SSYT) 39S ML

(*9a5W) JNIL
At ASg Aad T 28T Ag ] i}

007~
8-
i Ag-
|
|

f ab-
H aé-
= i 7 = L4 Nt A

2
b
89

B-63

LS~ PN

190 71350485 B8
8eT




SIXe-} ‘uorjeqajadde peay ashuassey ; ueaeded 3hp0J 3867 -- £8/50/20 3ISH

LL6'vT- = UIN CPG'69 = XEN pAAT SSYT VS I[N

(*0954) IWIl

a8 AGe pBz ST aaT BS 8 as-
aeT-

A9-
Bb-
-

B-64

[ P

( T ,
| # A9

100 CT350405 88
aa1

2 5 g - .. B . “ - S . R g c



SIXe-7 ‘uoljeda[adde peay Jahuasse] ; ueaede) ahpoq 886T -- 68/5@/28 ISH

0L EF- = UTH 68G'92 = XEH pBaT SSYTD IY§ deTld

("J35W) JWIl
et Ace aad ST aaT a5 i Ag

B-65

A

16097850405 i

A8t




113eJ2[800¢ juejl[nsaa peay abused : ueavae) abpoq 8867 — 68/EG,Z8 ISH

xXel @888T SSUTI JUS 493114

18-3S27196° = ury ZEB V6

("o8sw)y JUIL

B8t ase 88z 8ST 8ut1 as a 85—
881 -

88—

89—

8y -

B-66

az-

| o

]
b o]

iVal

CESR AP { as
@a8t




(AIEWTIIJ) SIXe-} 7'00¢ 41y Jadd) abuseg | ueaede) abpoJ 8867 -- 68/£0/20 3ISNW

apds'l- = UTY 6G8'T9 = Xey #aT HI4 3y
('095H) JHII
Aag 8Ge aad acT aat Bg @ B5-
BSeT-
88T1-
Ag- 5
§
— S v— .f/.l\\r.r/\_). A @ U~
i Bg
aeT
114" 41858485
agT



(PU0D8§) SIXe-§ '00¢ qUY dadd] ghuseq | uesexe) 3ApO( §96T -- 68/60/20 ISH

ched'e- = UTH ¢P8'T9 = XEN eaT 414 J931l4
('2e3W) JNII
pact 85e pae ST et As i Bs-
AsT-
aat-
B- B
3
. > A

. ———————— j— " - Q .
L7 g

aaT

1117878584835
AsT




(RAEWTdg) STXe-F f'00% (1Y damo] Jfused | uUenede) a6POq §86T -- 68/60/20 IS

6b8'2T- = UTN L9C'TL = Xey #aT HI4 49314
('J3sM) JNII
aac BGe ane BcT AnT AS B BG-
BST-
BAT-
mm- 3
5
A ”
et T — — e i Q f
i 9
k) BS
Y
8aT
114'6T8GRABS
AsT

S N I N N N ED BN BN B D BN Y D BN B B O e
o N v B N - $ B ’
e g ' co : , .




(PUODAG) SIXe-F f'00e qIY J8MO] dbuse] |

ueaede) abPOQ 86T -- 68/£8/20 ISM

BGeT-

ABT-

as-

Ag

88T

¢IT'pT- = UIW 6LE'AL = XEN ABT 414 w3314
('335H) JHIL
Bt AGe paze AsT et il Bs-
e -
Y
Y
114'82850.408

acT

L~ P

B-70



(ATEWII]) 'Ke-3 ('00¢ gulrdg Jomo] Jhuse] | uenedey abpoq 8867 -- £8/60/78 3ISH

TZ5'€T- = UIN LT'80T = XEH BBT HI4 433714
("095H) JHIL
Aag BGe 882 AcT aaT ag @ 8G-
BeT-
8aT-
AG- 5
)
. o s, VO T .\l.Jlr\I.[x//\\\./\/ @ '
J
, ag
aaT
114728584835
AcT




(PUOJ3§) 'Xe-f ‘'02e BUTS dam0T dUse] :  uenede) 3Bpog 384T -- £8/8A/28 ISH

£6G'TT- = UIH T69'66 = XEH 8aT 14 wajqly
("095H) JHIL
Aag Ace aag AsT AaT Ag g Ag-
BGT-
BT~
Ag- R
§
== D /.\.\)(), A i
i)
_, 0s
aaT
111'2285a40S
BST

cowe




(RAEWT]) 'Xe-§ ‘'o0e sutds gaddy afuse] | ueaede) abpoq 886T -- 68/60/28 15M

C66'AT- = UIK 8EG'9C = Xey BAT 414 99} T1]
("D95W) JNWIL
PBE pGe [ AcT AaT 3} B Ac-
gcT-
AnT-
8- ®
e - e h > @ m
~ 5
» Bg
aaT
114'£28CA4AS
BaT



(Puodag) 'Xe-g rooe autd§ daddp uhuse] !

ueaede) shpoq 886T -- 68/£0/28 ISH

GIG'2T- = UIY £20'PS = Xey 88T 414 a9j[ly
("335W) JHIL
a8g as? a8z BgT ga71 885 8 as
S S MR ;.I...I]\I./.\\
v
114'p2850405

As

aBT

AcT

L

B-74



SIXe-J acawumﬁmw,muum STAlad JBusey  uenede) abpof 886T -- 68/60/28 35K

AZEP'C- = U @g'BIT = Xey PAT Y14 id83114
(*23sW) JN]]
Aac Az K BT ga7 Bs g Ag-
BcT-
BaT-
pe- %
R D et ey, SR " @ M
,/\// g
_ Bg
§ Pt
114' 52860405
BsT

. SRR N B S N - B v N . o N . [P



(- ST uotissaddwo)y) 'dsip jsoy) ahusef  uenede) shpoq 886T -- £8/58/28 3I5H

B6b'T- = UIN  TebIT' = Xey A8T SSYT) 95 1AL
(*995M) IW]L
poc Age Az BT BT Bs 9 amw
G'1-
] I-
§'p- =
g
— — 1 8 N
I
5P
I
: ¢'T
11492858405
Z




APPENDIX C
SI1D CERTIFICATION DATA

29




SID IMPACT CALIBRATION SUMMARY SHEET

SelsDa 1.D. NO. 3 137

LABORATORY TECHNICIAN:

and 319
MARK WALKER

Sheet No. 1 of 3

Pretest

Callbration
Driver

Posttest

Calibration
Passenger

Date of SID Catibration

Calibration Sequentlal Number for Dummy
Temperature min Lab. (Spec. =66 to 78° F) - = = 4
Relative Humidity ! n Lab, (Spec. = 10 tp 70%)

01/24-01/30/85

5
68°-72°F
4o to 60%

01/24-01/30/69
1

68 to 72°F

40 to 60%

TEST PARAMETER SPECIFICATION
1. NECK BENDING TEST:s
a. Pendulum Speed - - - 21,5 to 25.5 fps
b, Pendulum Avg. Decel
(over t3 - t2) - = = - {20 to 24G
c. Peak Resultant Head
Acceleration- - - - - 26G maximum
d. Pendulum Decel, (t2-tt) 3 ms Ng
e. Pendulum Decel. (t2~t2){25 to 30 ms
f. Pendulum Decel., (t2-t3) 10 ms
g. Pendulum Direction
Reversal Time - - -~ -~ 123 ms
h. Max. Head Rotatlon— - [63 to 73°
. Chordal Displacement:
Head Rotation Angle -
0° . Time -2 to 2 ms
Displ. ¢S5 to .5 In
30° Time 25.6 to 34.4 ms
Displ. 2,1 to 3.1 In.
Time 40.3 to 51.7 ms Wk
60° Dlspl. b,3 to 5.3 In
Max ! mum Time 53.2 to 66.8 ms
( °) Displ. 5.0 to 6.0
2. NECK BENDING TEST
continueds -
i. Chordal Displacement: NN
Head Rotatlion angle-
0° Time 67.0 to 83.0 ms
Displ. 4.3 to 5.3 in.
30° Time 85.4 to 104.6 ms
Displ. 2.1 to 3.1 In. Wk
Time 101.0 to 123.0 ms
60° Displ. ~.5 to 0.5 in.

C-1




SI1D IMPACT CALIBRATION SUMMARY SHEET (Continued)
S.1.D. 1.0, NO, : 137 and 319

LABORATORY TECHNICTANs MARK WALKER

Sheet No. 2 of 3 Pretest Pretest
TEST PARAMETER SPECIFICATION

3. ABSOMINAL COMPRESSION TEST
(Preload = 10 pounds)

a. Fforce @ 5% — - - — 23 - 36 1bs.
b. Force @ .75V~ = - — 36 - 50 1bs. NA
c. Force @ 1.0~ - - - ~ 50 - 63 1bs
d. Force @ 1.3/= = - — ~ 73 - 88 1bs.

4. LUMBAR FLEXTON TEST:

a. Force g 20° = = ~ - 22 to 34 1bs

b. Force @ 30° - - - ~ 34 to 46 1bs Wb
c. Force @ 40° = - = ~ =~ 46 to 58 1bs

d. Return Angle - - - - 12 max imum

5. THORAX IMPACT TEST:

Primary| 45,797 45_792

a. Upper Rib accel.~ - = 37 =hbg's Sect 44,514 44,779
Primary 43,272 43,812

b. Lower RIb accel,- - - 37 - Lbg's Sec| 45.084 44,208
Primary| 21.359 20.095

c. Lower Spine accel - - 15 =22 g's Sec 21.771 26.711

6. PELVIC TMPACT TEST:

Pelvic accel, = - - - ko - 60g's 59.073 45,014
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SIDE IMPACT DUMMY SEATING PROCEDURE

1. Seat Positioning

A.

Place seat at the longitudinal midpoint of fore to aft
ad justment (forward most Tocking position to rear most
locking position). If no locking position is available at

mid-travel, use the position immediately rearward of mid—-
travel.

If the seat back angle is ad justable, place it in the
manufacturer's stated nominal design location. If not

specified, set it at the first detent rearward of 25°,

Adjustable head restraints are set such that the top surface

of the restraint is level with the c.g. of the dummy's head.

If the seat is equipped with adjustable side or lumbar
supports, they are set in their '"released" or full back

positions.

A1l other seat adjustments are positioned to their mid-
travel locations. |If locking positions are not available at
these mid-points, use the position immediately rearward,
down, left, or clockwise of mid-travel. Clockwise is
defined looking rear to front or left to right relative to

the vehicle. This also applies to ad justable steering
columns,

H-point Determination

A.

The SAE three-dimensional H-point machine (SAE J826 APR8O —
50th percentile male configuration) is used to locate the H—

point for each surrogate (see Appendix A).



B. The H-point machine is positioned on the seat as follows:

1. Bucket or Contoured Seats — The H-point machine is
centered on the bucket or contour such that its

midsagittal plane Is vertical and longitudinal.

2, Bench Seats

a. Driver position — The H-point machine is
positioned such that its midsagittal plane is
vertical, longitudinal, and contains the steering

wheel center point.

b. Outboard passenger positions — The H-point machine
is positioned such that its midsagittal plane is
vertical, longitudinal, and the same distance

from the longitudinal vehicle centerline as that

for the driver position.

Center passenger positions — The H—point machine
is positioned such that its midsagittal plane is
vertical and contains the longitudinal vehicle

centerline.

C. Locate the H-point position using the steps outlined in
sections 4 through 6 of SAE Standard JB26 APR80, unless
otherwise specified in section 1 or 2 of thls document.
Record the coordinates of this point, relative to the

vehicle, for use in section 4 of this document.

3. Test Dummies

A. All NHTSA side impact crash test use the NHTSA Side Impact
Dummy (SID) as the surrogate(s), unless otherwise specified
by the COTR.

Q
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A1l dummy jolnts are inspected for mobility prior to each
test usage and reset to hold between 1 and 2 g's. This
amount just barely restrains the weight of the individual

limb when it is extended horizontally.

Each test dummy is clothed in form-fitting cotton stretch
underwear with short sleeves and mid-calf length pants.
tach foot of each dummy is equipped with a size 11EE shoe
which meets the configuration, size, sole, and heel
thickness specifications of MIL~S-13192 and weighs 1.25 +
0.2 pounds. A1l the above items are supplied by the

contractor.

4, Initial Dummy Placement

The SID dummy(s) is placed in the vehicle seat with its pelvis

positioned such that a lateral line passing through the dummy H-

point is perpendicular to the longitudinal centerplane of the

vehicle.

A,

Bucket or Contoured Seats. The dummy is centered on the
bucket or contoured seat such that its midsagittal plane is
vertical and longitudinal. The legs are positioned as
follows, keeping the femur and tibia centerlines in a plane

that is as near to vertical as possible.

1.  Driver position placement - The right foot of the dummy
s placed on the undepressed accelerator pedal, with
the heel resting on the floorpan as far forward as
possible. The left knee is positioned such that the
distance from the outer surface of the knee pivot bolt

to the dummy's midsagittal plane is 6 inches.

0-3
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Passenger positions placement — The knees of the dummy
are initially set 11 1/2" apart, measured between the
outer surfaces of the knee pivot bolt heads. If a

center tunnel prevents this, place the feet on either
side of the tunnel.

B. Bench Seats.

1.

Driver position placement - The dummy is placed in the
seat as outlined in section 4.A.2 except that its
midsagittal plane is vertical, longitudinal, and

contains the steering wheel center point.

Outboard passenger positions — The dummy is placed in
the seat as outlined in section 4.A.2 except that its
midsagittal plane is vertical, longitudinal, and the

same distance from the vehicle centerline as that for

the driver position.

Center passenger positions — The dummy is positioned
in the seat as outlined in section L.A.2 except that

its midsagittal plane is vertical and contains the

vehicle centerline.

5. lnitial Dummy Positioning

A. H-point Positioning.

t.

With the dummy laterally positioned as in sectijon 4,
insert the pelvis angle indicator bar in the hole
provided above, and to the rear of the dummy H-point.
Position the longitudinal pelvis angle between 23° and

25° to the horizontal. This may be accomplished by
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6.

final

raising the legs or flexing the upper torso forward and
allowing the pelvis to rotate. The lateral pelvis
angle is to be horizontal.

2. Apply sufficient force on the lower torso in a
horizontal and vertical direction to place the dummy H—

point at the coordinates obtained in section 2.

3. If the H-point cannot be placed at the desired
coordinates, adjust the pelvis angle within the 2° band
and reposition to the coordinates. After repositioning
the H-point, any deviation from the desired coordinates
is recorded and used to indicate actual H-point

locations. This deviation is not to exceed 1/2',

Upper Torso Positioning. The dummy's upper torso should
rest against the seat back. If not, adjust the upper torso,
maintaining the H-point location and pelvis angle, so that
the dummy's back rests against the seat back. If this
cannot be done, modify the H-point location and/or pelvis
angle within the allowable bands until the back rests

against the seat.

Dummy Positioning

Driver Position. Without inducing pelvis or torso movement,
the dummy's right foot is placed on the undepressed
accelerator pedal with the heel resting as far forward as
possible on the floorpan. The left foot is set
perpendicular to the lower leg with the heel resting on the
floorpan in the same lateral line as the right heel. |If
possible within these constraints, the dummy's thighs

should be in contact with the seatpan.

D=5
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Front Passenger Positions. Without inducing pelvis or torso
movement, place the dummy's feet on the vehicle's toeboard
with the heel resting on the floorpan as close as possible
to the intersection of the toeboard and floorpan. If the
feet cannot be placed on the toeboard, they are set
perpendicular to the lower legs and placed as far forward as

possible such that the heels rest on the floorpan.

Rear Passenger Positions. Without inducing pelvis or torso
movement, the feet are placed flat on the floorpan and
beneath the front seat as far forward as possible without
front seat interference. If necessary, change the distance
between the knees as required to place the feet beneath the

seat. Record the new distance.

Vehicles with wheelhouse projections in the passenger
compartment. The foot(feet) in question is placed in the
well of the floorpan/toeboard and not on the wheelhouse
projection. This is done by twisting the foot at the ankle,
maintaining the upper and lower leg position; outlined in
section k. If this does not resolve the situation, move the
leg of the foot in question just enough to achieve the
correct position, keeping the femur and tibia centerlines in
a plane that is as near to vertical as possible. Record the

new distance between the knees.

Prior to conducting the test, the dummy position Is visually
checked. The dummy is to be properly positioned laterally
with its midsagittal plane vertical and longitudinal, and
the upper torso resting against the seat back. The H-point
and pelvis angle are to be within the specified ranges and

the foot, knee, and leg placements are to be as outlined.

D-6



The COTR is to be satisfied with the final dummy position

and any deviations from this procedure are to be approved by
the COTR.

G. The final dummy position is recorded. These measurements
are to include, but not be limited to, pelvis and head
angles as well as actual H-point and head ¢.g. locations
relative to the vehicle. The straight line distance from
the H-point to the center of the Quter ankle bolt is also

recorded for one of the legs (eg. left H-point to left ankle
bolt).




