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1.0 INTRODUCTION

The purpose of this project was to determine the response charac-
teristics of the Economic Commission of Europe (ECE) 9-month-old test
dummy. The calibration techniques utilized were based on the require-
ments in the NHTSA Enforcement publication, Part 572 Three-Year-0ld-
Child Test Dummy Performance Calibration Test Procedure. Modifications

were made to the test equipment and procedures whenever necessary to

accommodate the smaller sizé and different design characteristics of the
ECE dummy.

Head impact, head-neck pendulum, chest impact, lumbar flexion, and
head drop tests were performed. In addition, four sled impact tests
were conducted with the ECE dummy using commercially available child
restraint systems.

Assembly and joint adjustment difficulties encountered in the course
of testing were noted.



2.0 METHODOLOGY

2.1 Instrumentation

2.1.1 Transducers

Triaxial accelerometer mounts were designed and fabricated
for instrumenting the dummy's head and chest utilizing Endevco 2264-
2000 accelerometers.

A1l velocity measurements were made with magnetic-pickup
devices which sensed probes on the test device.

Pendulum deceleration was measured with an Endevco 2264-
2000 accelerometer. Sled deceleration was measured with an Endevco
7232C-750 accelerometer.

Dummy head trajectory during pendulum tests was measured
with two rotary and one Tinear potentiometer as specified in the Part
572 Three-Year-01d-Child Test Dummy Performance Calibration Test Proce-

dure.

Type I lap belt preload forces before sled impact tests
were measured with GSE type 2500 seat belt webbing transducers.

2.1.2 Signal Conditioning

Accelerometer, seat belt load cell, and potentiometer sig-
nals were conditioned with Honeywell Model 105 bridge units and Model
120 amplifiers. Velocity signals were recorded without amplification.

2.1.3 Data Recording and Processing

The Tumbar bending test signals were recorded on a Brush
Model 260, six-channel strip-chart recorder. A1l other tests were re-
corded on a Honeywell Model 7600 14-channel tape recorder.

The data was digitized on a PDP 11/45 computer and analyzed
on the Amdahl 470V/6 computer of the MTS system.

2.1.4 Photo-Instrumentation

High-speed movies of the sled impact tests were obtained
with two Photosonics 1B cameras operated at 1000 frames per second and
a Graph Check 300 Polaroid sequence camera.

-2-



2.2 Test Procedures

2.2.1 Head Impact Tests

The ECE dummy was fully assembled and all joint and spine
adjustments performed per the instruction manual. The dummy head was
instrumented with a triaxial accelerometer array. The ten pound, six
ounce wire-suspended piston specified in the test procedure for cali-
bration of the Part 572 three-year-old-child dummy was used as the im-
pact device. A smaller seating platform and 10.3 inch high backrest
was constructed to accomodate the ECE dummy proportions. Figure 2.1
shows the test setup. The test data is presented in section 4.

2.2.2 Head-Neck Pendulum Tests

The pendulum specified for calibration of the Part 572 three-
yearold child dummy was used to test the ECE dummy. The base was modi-
fied to allow attachment of the ECE neck, with the spine cable extending
up into the pendulum tube. The right side dummy head accelerometer
mounting block bolt was extended and used to attach the rotary poten-
tiometer assembly for head motion analysis. Aluminum hexcell was used
to decelerate the pendulum as specified in the Part 572 procedure.

Figure 2.2 shows the test setup. The test data is presented
in section 4.

2.2.3 Chest Impact Tests

The fully assembled and adjusted ECE dummy was instrumented
with a triaxial accelerometer array in its chest cavity. The ten pound,
six ounCe wire-suspended piston was adjusted to strike the chest 8.2
inches above the dummy seating surface. This dimension provides for
the same effective chest impact height on the ECE dummy as specified
for the Part 572 three-year-old <hild dummy.

Figures 2.3 and 2.4 show the test setup,and test data is
presented in section 4.

2.2.4 Lumbar Bending Tests

The ECE dummy was securely fastened to a flat surface in a
seated position for the lumbar bending test. Attachment was by a rod

-3-
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through the knee pivot holes and by clamping rods that hooked around
the dummy femur near the hip joint.

The head, head mounting block, and neck vertebra elements
were removed. A spacer tube was fabricated to provide a rigid neck
similar to that used for lumbar bending tests on the three-year-old
dummy. Provisions were made on the spacer tube for a rotary potentio-
meter angle transducer and an attachment point for the bending load.
The bending load was applied at the top of the rigid neck.

A hand winch provided the loading force on the dummy. A
section of seat belt webbing and GSE seat belt webbing force transducer
was used to monitor the bending force applied to the dummy. Figure 2.5
shows the test setup for the lumbar bending evaluation. Test data is
presented in section 4.

2.2.5 Head Drop Tests

The ECE dummy head instrumented with a triaxial accelero-
meter array was dropped on a steel plate from a height of 7 inches as
specified in Part 572 Regulation - Subpart B. The head was suspended
with the Z-axis 25° below horizontal. Figure 2.6 shows the test setup.
The test data is presented in section 4.

2.2.6 Sled Tests

Four sled tests were conducted with the ECE dummy to eval-
uate its performance in production child restraint systems. The impacts
approximated the Configuration I compliance test requirements with nomi-
nal parameters of 30 mph and 20 g.

The following child restraint systems were used for the
evaluation:

Kantwet DYN-O-MITE - Two restraints tested in the rear-facing, in-
fant configuration.

Strolee Model 599 - Two restraints tested, one in the rear-facing
configuration and one in the forward-facing
configuration.

-8-



Setup, graph check, and post-test photos of the sled tests
are in section 4 with the test data.
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3.0 DUMMY PROBLEM AREAS

3.1 Neck Configuration

A s1it tygon sleeve is used around the woven steel cable portion
of the lumbar spine. This sleeve serves to bring the cable portion up
to the diameter of the threaded ends and also keeps the spinal elements
centered.

As received, the dummy neck was lacking such a tygon sleeve. Ad-
justing the neck tension would cause the neck elements to become stag-
gered. The manual supplied with the dummy did not provide sufficient
information to determine if the tygon sleeves were to be used at either
Tocation.

With the consent of the CTM, a tygon sleeve was fabricated for the
neck cable. The sleeve was in place for all subsequent testing at HSRI.

3.2 Neck Tension Adjustment

The specified neck tension adjustment procedure uses a force-deflec-
tion approach. The tension nut is first overtightened. The dummy is
placed on its back on a horizontal surface and a 50 N vertical load ap-
plied to the head-attaching bolt in the Atlas-Axis block. The nut is
then gradually loosened until the bolt is lowered by 10 + 1 mm.

The accuracy of the 10 mm drop measurement is reduced by the com-
pliance and flexibility of the dummy torso against the table surface.
In addition, the force required to loosen the tension nut disturbs the
vertical positioning of the neck assembly. A simple torque requirement
on the neck-tension nut might be considered to give a more consistent
neck tension adjustment plus an easier procedure.

3.3 Joint Tension Adjustment

The elbow and knee joints utilize the tightness of their pivot
bolts for tension adjustment. Rotation of a 1imb, however, would change
the joint tension. Typically, when moved through its range of motion,
the joint tension will vary from specified adjustment to almost free
rotation. The use of a resilient washer or other elastic element in
the joint should produce a more consistent joint tension.

-12-



The shoulder joints were impossible to adjust to specification.
Friction between the flesh of the upper arm and the torso was excessive.
With the shoulder joint tension adjustment fully loosened, the arm would
stay firmly in position.

The hip joints required the use of a special spanner tool for ad-
justment. The specified joint tension was easily set and was not af-
fected by joint rotation or dummy flesh interaction.

3.4 Spine
The spine tension adjustment is made by tightening a nut at the
lower end of the spine cable against a small coil spring. The correct

setting is when the coil spring has been compressed to 2/3 of its un-
Toaded length.

The coil spring has unfinished ends that do not provide a flat,
planar surface. As a result, the unloaded, installed length is diffi-
cult to determine accurately. The use of a tension spring with finished,
flat ends would greatly improve the repeatability of the spine tension
adjustment.

3.5 Head

The tension of the head-bolt through the Atlas-Axis block is used
to set the head adjustment. Once set, this adjustment was very consis-
tent through the range of motion.

When conducting the pendulum head/neck test, it was necessary to
tighten the head-bolt above specification. This greatly reduced head
rotation as the pendulum descended and during the impact event, and
more closely duplicated the Part 572 three-year-old child dummy head/
neck junction.

-13-



4.0 RESULTS

4.1 Head Impact Tests

The head impact test results are presented in the following se-
quence:

Summary of TEST AVERAGE
Data Plot Overlay
Summary of TEST 810005
Data Plot of TEST 81D005
Summary of TEST 81D006
Data Plot of TEST 81D006
Summary of TEST 81D007
Data Plot of Test 81D007
Summary of Test 810008
Data Plot of Test 81D008

-14-



SUMMARY OF HEAD IMPACT TEST CALIBRATION DATA

ECE DUMMY

AVEFAGE | PART 572
TEST MEASUREMENT: EesucTS | REQMT.
—
6.86 to
TEST PROBE IMPACT VELOCITY, fps é€.92
7.14 fps
PEAK HEAD RESULTANT ACCEL., g 54, 95-118g
<
PEAK HEAD LATERAL ACCEL. = 7g
» 8 4.3 |
—;
PULSE /\TIME @ 50g, ms 0.4 2-3 ms
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HEAD IMPACT TEST SUMMARY

RESULTANT ACCELERATION QVERLAY

HEAD IMPACT - Calibration Test
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SUMMARY OF HEAD IMPACT TEST CALIBRATION DATA

ECE DUMMY

o

T7&ES7- | PART 572

* TEST MEASUREMENT: /D005 | REQMT.

- w
' 6.86 to
TEST PROBE IMPACT VELOCITY, f£ps 6.92

T7.14 fps
PEAK HEAD RESULTANT ACCEL., g 4544 ]95-118g

PEAK HEAD LATERAL ACCEL., g 2.7 | S
PULSE /\TIME & 50g, ms o4 2-3 ms
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HEAD IMPACT — Cdlibration Test &70005
Acc () T
C AT = 0.4
50 + ——“-— -
: |
Head—X 0t ¥ \/M -
Peak = 54.2 | \M
L - -
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SUMMARY OF HEAD IMPACT TEST CALIBRATION DATA

ECE DUMMY
7ES7 | PART 572
TEST MEASUREMENT: L/ Doog | REQMT.
e A ————
6.86 to
TEST PROBE IMPACT VELOCITY, fps 6.97
T.14 fps
PEAK HEAD RESULTANT ACCEL., g 547 95-118g
PEAK HEAD LATERAL ACCEL., g 329 s T8
PULSE TIME @ 50g, ms o.4 2-3 ms
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HEAD IMPACT - Cdlibration Test
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SUMMARY OF HEAD IMPACT TEST CALIBRATION DATA

ECE DuMMY

7EST | PART 572
TEST MEASUREMENT: B /2007 | REQMT.
é 7 6.86 to
£ .92
TEST PROBE IMPACT VELOCITY, fps | 7 14 fps
PEAK HEAD RESULTANT ACCEL., g S3.7 95-118g
<
PEAK HEAD LATERAL ACCEL., g 54 =1g
2-3 ms

PULSE /\TIME € 50g, ms
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HEAD IMPACT — Calibration Test

ACC (g)
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SUMMARY OF HEAD IMPACT TEST CALIBRATION DATA

ECE DuMMY

7257 | PART 572

I TEST MEASUREMENT: F/Doog | REQMT.

?

6.86 to
TEST PROBE IMPACT VELOCITY, fps 6.92

T.14 fps
PEAK HEAD RESULTANT ACCEL., g 537 ]95-118¢

PEAK HEAD LATERAL ACCEL., g

PULSE /\TIME @ 50g, ms
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HEAD IMPACT - Calibration Test
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4.2 Head-Neck Pendulum Tests

The head-neck pendulum test results are presented in the following
sequence:

Summary of TEST 81D014
Data Plot of TEST 810014
Summary of TEST 81D015
Data Plot of TEST 81D015
Summary of TEST 81D016
Data Plot of TEST 810016

-25-



SUMMARY OF HEAD-NECK PENDULUM TEST DATA.

ECE DUMMY
7ES7 IpsRT 572
TEST MEASUREMENT: | B1D014 |reauT.
PENDULUM IMPACT VELOCITY, fps /6.4 |16-18 fps
PEND. MIN./MAX. DECEL. OVER 36.3 Je0-34g
(t3-ta). & AVERAGE
PEAK HEAD RESULTANT ACCEL., g 5324 | € 30g
PEND. DECEL. PULSE A\ TIME | < 4 ms
PEND. DECEL. PULSE A TIME 18-21 ms
(t4-t), ms | /4.1
PEND. DECEL. PULSE A\ TIME 1%5 s
(t4=ts), ms 2.0
HEAD ZERO POSITION TIME/ -/-
PEND. REVERSAL TIME
HEAD MAX. ROTATION ANGLE, © 24 ° 76-92°
TIME (ms) € HEAD ROT. ANGLE-- 09 __ ©-0 -2-+2ms
6099 22.6 31.1-40.9ms
Max. 4-4.3 55.0-69.0ms
609 74.¢& 81.7-100.3ms
30 94,3 97.4=-118.6ms
O //0’? 111.2-134.8315
CHORDAL DISPLACEMENT (In.) €
HEAD ROTATION ANGLE OF-m=-=- 09__@2./0 -0.8=-+0.8"
309 __2.07 1.4-3.0"
60 3‘01 305-501"
Max. 4,25 5.0=6.6"
603, 2. 08 3,5=5.1"
30 /.23 1.4=3.0"
0 0. 24 ~0.8-+0.8"

COMMENT: The aluminum hexcell used for this test was stiffer than
specified for Part 572 calibration.

-26-




810074

PENDULUM IMPACT - Cdlibration Test
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PENDULUM IMPACT - Calibration Test

ACC (g)

Head-X

Head-Y
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Head-—-R
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Pendulum
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SUMMARY OF HEAD-NECK PENDULUM TEST DATA.

ECE DUMMY
TEST7 |paRT 572
TEST MEASUREMENT: B/D0/5 |REQMT.
PENDULUM IMPACT VELOCITY, fps /s.5 |16-18 fps
PEND. MIN./MAX. DECEL. OVER 40.3 |20-34g
(t3=ty), & AVELREE
PEAK HEAD RESULTANT ACCEL., g 47.0 | 30g
PEND. DECEL. PULSE A\ TIME | % 4 oms
(to~ty), ms /-7
PEND. DECEL. PULSE A\ TIME 18-21 ns
PEND. DECEL. PULSE /\ TIME S5 ms
(ty=taq), ms e4
HEAD ZERO POSITION TIME/ -/-
PEND. REVERSAL TIME
HEAD MAX., ROTATION ANGLE, © 95 ° 76-92°
TIME (ms) € HEAD ROT. ANGLE-- 0© 0.0 -2-+2ms |
30 /3.7 17.3-264.7ms
609 22.6 31.1=40.9ms
Max.] 4S.0 55.0-69.0ms
609 __73.7 81.7-100.3ms
30 64'14 97.4-1E.Bm$
0 ]10.3 171.2=134.8ms
CHORDAL DISPLACEMENT (In.) 8@
HEAD ROTATION ANGLE OFe-ee- 0 ©O.19 -0.8-+0.8"
309 ___2.00 1.4-3.0"
60 Z.97 3.5-5.1"
Max.| 4.82 5. 0-6.6"
60 2.98 3.5-5.1"
30 l. 10 1,64=3.0"
0 0.42 -0.8-+0.8"

COMMENT:

The aluminum hexcell used for this test was

specified for Part 572 calibration.

-30-
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PENDULUM IMPACT - Calibration Test 870075
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SUMMARY OF HEAD-NECK PENDULUM TEST DATA.

ECE DUMMY
7EST [PART 572
TEST MEASUREMENT: 3/Doi& |REQMT.
PENDULUM IMPACT VELOCITY, fps /4.5 |16-18 fps
PEND. MIN./MAX. DECEL. OVER 27. 9 20-34g
(t3-t3), & AVERAGE
PEAK HEAD RESULTANT ACCEL., g 4/.¢6 | S 30g
PEND. DECEL. PULSE /\ TIME S 4 ms
(ta=tq), ms 2.5
PEND. DECEL. PULSE /\ TIME 18-21 ms
(t3-ty), ms 17.7
PEND. DECEL. PULSE A\ TIME 5 ms
(t4-t3), ms 2.7
HEAD ZERO POSITION TIME/ -/
PEND. REVERSAL TIME
HEAD MAX. ROTATION ANGLE, ° g2.9° [76-92°
TIME (ms) & HEAD ROT. ANGLE-- 09 0.0 -2-+2ms
309 /4./ 17.3=24.7ms
60 24.2 31.1-40.9ms
Max. 46.3 55.0-69.0ms
60 75,1 81,7=-100,3ms
30 96.5 | 97.4-118.6ms
0 /LBJ 111.2=-134.8ms
CHORDAL DISPLACEMENT (In.) @
HEAD ROTATION ANGLE OFeewe-= oq__90. 20 -0.8-+0.8"
30 /.98 1.4-3.0"
60 2.79 3.5-5,1"
Max. 4.37 5.0-6.6"
609 Z.64 3.5-5,1"
309 /.04 1.4=3.0"
0 0. 33 ~0.8-+0.8"

COMMENT :

specified for Part 572 calibration.
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PENDULUM IMPACT - Calibration Test 870076
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4.3 Chest Impact Tests

The chest impact test results are presented in the following se-
quence:

Summary of TEST AVERAGE
Data Plot Overlay
Summary of TEST 81D001
Data Plot of TEST 81D001
Summary of TEST 81D002
Data Plot of TEST 81D002
Summary of TEST 81D003
Data Plot of TEST 81D003
Summary of TEST 81D004
Data Plot TEST 81D004
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SUMMARY OF CHEST IMPACT TEST DATA

ECE DUMMY

_| AVERAGE | pART 572
TEST MEASUREMENT:' RESULTS | zpauts.
TEST PROBE IMPACT VELOCITY, fps| /Z2.9§ [12.87-13.13
PEAK CHEST RESULT. ACCEL., g 638.9 50-70g
PEAK CHEST LATERAL ACCEL., g 5.2 2 s
‘PULSE ZQ;TIME @ 30g, ms 5.¢ 2.5=-4,0ms
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CHEST IMPACT TEST SUMMARY

RESULTANT ACCELERATION OVERLAY

CHEST IMPACT - Calibration Test

LlLLLLJgI 1 l 1 LLL[LLLI LLLLL

ACC (g) T T f !

8
I

o
]

TIFIIIlll'l'llllll'lf"l'llll

Chest—=R ¢
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SUMMARY OF CHEST IMPACT TEST DATA

ECE DUMMY

57

e J 7EST | PART 572
TEST MEASUREMENT: 2/ D oo/ | REQMTS.
TEST PROBE IMPACT VELOCITY, fps| /2.9g% [12.87-13.13
PEAK CHEST RESULT. ACCEL., g 6%.5 |50-708
PEAK CHEST LATERAL ACCEL., g 54 | 3 s
puLsE /\ TIME ¢ 30g, ms 2.5-4.0ms
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CHEST IMPACT

— Calibration Test

810007

J 4 4 i ALI_ { ) 4 L ) I S lgL [ 7 1 | . L . 1 y

ACC (g) - J | "

. " ‘ ‘ AT = 5.7

N I |
C l ! /\h
Chest—X o0 ; ; <
Peck = 68.4 : \l\/j/
£ " il

0 + -
Chest-Y 0 : {M\//\\_/ —
Pegk = 5.4 E

25 'L-.b -
Chest~Z o0+ AN /\\//-
Peck = 26.2 L

100 + =4

75 + <+

50 + 4
Peak = 68.5 C

25+ I
Chest—-R o-f

R } L % T T J] 1 LB ll T T
0 ) 10 15 20 msec



SUMMARY OF CHEST IMPACT TEST DATA

ECE DUMMY

—J 7&S7" | PART 572
TEST MEASUREMENT: SB/D0o2.| REQMTS.
TEST PROBE IMPACT VELOCITY, fps| /2.99 |i2.87-13.13
PEAK CHEST RESULT. ACCEL., g “0.0 |50-70g
PEAK CHEST LATERAL ACCEL., g 4.¢ | % 5e
puLsE /\ TIME @ 30g, ms s o |25-4.00s
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CHEST IMPACT — Calibration Test 8710002

P T R TR B
ACC (9’) . l T i |
X AT = 8.5
50 + —O'i
C | {
C | |
Chest—-X o-f A\iL i//\\}/‘\w/‘
Peak = 69.9 L
-
e
0 -+
Peck = 4.6 E
25 +

Chest=Z 0 : AN /\ /

Peak = 29.9 -E \/‘/—/ \/

|
'l'fl

100 +
X
75 +
50 +
Pagk = 70.0
25-‘_-
Chest—R o-f 1 1 l 1
AJN N B R (L SR AN SN AN R I RN NS BN SR BN A R I SN M B
0 ) 10 5 20 msec



SUMMARY OF CHEST IMPACT TEST DATA

ECE DUMMY

e - TEST | PART 572
TEST MEASUREMENT: 3/ Doo3| rREQMTS.

TEST PROBE IMPACT VELOCITY, fps| /2.98 [12.87-13.13

PEAK CHEST RESULT. ACCEL., g £7.¢ |50-708
PEAK CHEST LATERAL ACCEL., g 6.1 | 58
puLsE A\ TIME & 30g, ms 57 |2.5-4.0ms

~45.




CHEST IMPACT

ACC (g)

Chest—X
Peck = 67.6

Chest-Y
Peak = 6.7

Chest—Z
Peck = 311

Peak = 67.6

Chest—R

— Calibration Test
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SUMMARY OF CHEST IMPACT TEST DATA

ECE DUMMY

__J TEST

U— - PART 572
TEST MEASUREMENT: B3/Doo4 | REQMTS.
TEST PROBE IMPACT VELOCITY, fps| /2.98 |12.87-13.13
PEAK CHEST RESULT. ACCEL., g £9.3 |s50-708
PEAK CHEST LATERAL ACCEL., g 4.5 3 5g
puLsE /\ TIME ¢ 30g, ms 53 |2.5-4.0ms

~47-




CHEST IMPACT

ACC (g)
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4.4 Lumbar Flexion Tests

The lumbar flexion test results are presented in the following se-
quence:

Summary of TEST AVERAGE
Summary of TEST 81D009
Data Plot of TEST 81D009
Summary of TEST 81D010
Data Plot of TEST 810010
Summary of TEST 810011
Data Plot of TEST 810011
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SUMMARY OF LUMBAR FLEXION TEST DATA

ECE DUMMY

AVEEASE | PART 572
TEST MEASUREMENT: RESULTS| gEamT.

FORCE @ 40° FLEXION ANGLE, lbs.] 20.3 34<-47 1bs.

SPINAL COLUMN ANGLE & 3 MIN. <€ 59
POST TEST, © 0.0

—
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SUMMARY OF LUMBAR FLEXION TEST DATA

ECE DUMMY

TEST | PART 572

TEST MEASUREMENT: /D009 | reamr.

FORCE @ 40° FLEXION ANGLE, lbs.| 2o ¢ | 36-47 lbs.

SPINAL COLUMN ANGLE & 3 MIN, <€ 5°
POST TEST, © 0,0
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LUMBAR FLEXION TEST
ECE DUMMY
TEST ¢ 8!D0o09

0 mn/sxc —=
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SUMMARY OF LUMBAR FLEXION TEST DATA

ECE DUMMY

POST TEST, °©

SPINAL COLUMN ANGLE & 3 MIN.

N,

— TE€3S7" | PART 572
TEST MEASUREMENT: 8/L2/0| Rreamr.
FORCE @ 40° FLEXION ANGLE, lbs.} o, 4 | 34-47 lbs.

€ 5°
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LUMBAR FLEXION TEST

ECE DUMMY

TEST # 81Dojo

1 1
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1 i |
1 ittt i fiitl
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SUMMARY OF LUMBAR FLEXION TEST DATA

ECE DUMMY
- 7EsS7 | parT 572
Frss‘ﬂ: MEASUREMENT: 3/D0/] | REQMT.
FORCE @ 40° FLEXION ANGLE, lbs.| Zp. o 34=47 1bs.
SPINAL COLUMN ANGLE € 3 MIN, < 59

POST TEST, °© a.o

——
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LUMBAR FLEXION TEST

ECE DUMMY

TEST # SIDo//
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| i
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,lﬁ 1 i | f
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4.5 Head Drop Tests

The head drop test results are presented in the following sequence:

Summary of TEST AVERAGE
Data Plot Overlay
Summary of TEST 810028
Data Plot of TEST 81D028
Summary of TEST 81D029
Data Plot of TEST 810029
Summary of TEST 810030
Data Plot of TEST 81D030
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SUMMARY OF HEAD DROP TEST DUMMY
ECE DUMMY
TEST
TEST MESUREMENT : AVERAGE REQMTS.
HEAD DROP HEIGHT,  in -0 7.0
PEAK HEAD RESULT. ACCEL., g =14 -
PEAK HEAD LATERAL ACCEL., g 4.3 -

PULSE & TIME @ 50 g,

ms

/.2
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HEAD DROP TEST SUMMARY

RESULTANT ACCELERATION OVERLAY

HEAD IMPACT - Cclibrdtion Test

1 N L 1 l 1 1 L L L I S £ 1 l [ i S 1
ACC (g ) - 1 ] T T
C
100 + 4
C
75 -
-
50 +
25+
: C
Head—=R o-f
0 S 10 15 20 msec
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SUMMARY OF HEAD DROP TEST DUMMY

ECE DUMMY

' TEST
TEST MESUREMENT: 31D o2z REQMTS.
HEAD DROP HEIGHT,  in 7.0 7.0
PEAK HEAD RESULT. ACCEL., g 50.7 -
PEAK HEAD LATERAL ACCEL., g 3.6 -
PULSE A TIME@ 50 g, ms /.5 .

-60-




HEAD IMPACT - Cadlibration Test

ACC (g)

Head—X
Peak = 50.4

Head-Y
Pegk = 3.6

Head~Z
Peck = 2.4

Pack = 50.7

Head—R

1 1 N 1 L 1 1 | l J | 1 1 1 l | 1
" n
[ = 15
50 + ——‘* !-‘—
C o
: ||
a L | |
: z -
C l |
0+ -
0 —MMW
C
C
25 1+
C
-
" \,/‘/ V
C
100 +
N
75 +
50 +
25+
u
0
[ L
Ly L3 LY LI | 11 Tt v % | Bl 1 R ] LR L] L§ l' T
0 5 0 5 20 msec

8 70028
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SUMMARY OF HEAD DROP TEST DUMMY
ECE DUMMY
TEST

TEST MESUREMENT: S D oz9g REQMTS.
HEAD DROP HEIGHT,  in 7.0 7.0
PEAK HEAD RESULT. ACCEL., g S/ 2 -
PEAK HEAD LATERAL ACCEL., g 9.2 -
PULSE & TIME @ 50 g,  ms /.0 -
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HEAD IMPACT — Calibration Test 871002

| b i

AC‘C’(g) QL#.1,.111L;L.71011..1.L4.
a7 = 1

50 -

Head—X ¢
Pack = 50.2

10 -
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75 =
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7ﬁrj'{ﬁ lTrrﬁl rT‘j r|T*|1 Le LR

g 5 0 5 20 msec
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SUMMARY OF HEAD DROP TEST DUMMY

ECE DUMMY

TEST
TEST MESUREMENT : B1D O30 | pegws.
HEAD DROP HEIGHT,  in 7.0 7.0
PEAK HEAD RESULT. ACCEL., g 5272 -
PEAK HEAD LATERAL ACCEL., g 4.5 i
PULSE & TIME @ 50 g,  ms |.0 -
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HEAD IMPACT - Calibration Test 870030

i |- l L i L L l

ACC (g)
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4.6 Sled Impact Tests

The sled impact test results are presented in the following sequence
for each sled test:

Summary of Sled Impact Test

Sled Test Set-up Photograph

Sled Test Graph-Check Photograph
S1ed Test Post-Test Photograph
Data Plots”
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SUMMARY OF SLED TEST DATA

ECE DUMMY

SETUP
RESTRAINT MODEL QUESTDE Dya-0-rMI7E  INFANSEAr Mopse 44/

&-5-9/

PRODUCTION DATE TETHER ___ Mo SHIELD WNo

ORIENTATION _ KEAR FAC/N& SEATING POSITION CENTER

ANGLE ADJUSTMENT Peceve
RESULTS

TEST PART 572

TEST MEASUREMENT S/ Do/ | REQMTS.
SLED VELOCITY,  mph 2%.3 20 f3°mph
SLED ACCELERATION, g N, A CO”FIG%QEON I
HEAD EXCURSION,  in — < 32 in
HEAD INJURY CRITERION 27/. < 1000
KNEE EXCURSION,  in — < 36 in
CHEST PEAK RESULTANT, g 35,0 <60 g
CHEST AT @ 60 g, ms 0.0 <3 ms
PRE-IMPACT BACK ANGLE, deg 24.° -
MAX. IMPACT BACK ANGLE,  deg 59 ° < 70°
TORSO RETENTION VES YES
HEAD TARGET RETENTION VES YES
RESTRAINT SYSTEM INTEGRITY MO YES
COMMENTS : RPESTRAINT 'S  FPASSENGER-SIDE BELT

TRB FAILEDR.

Dopmy wWeE/iGHT =

/9%

/7%

02, upcioTHED | 20" 3y o2, CLoTHED
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4.1 Test Setup of 810017

-fA8.



4.2 Test Setup of 81D017
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4.3 Graph-Check of 81D017
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4.4 Post-Test of 81D017
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Left

TEST NO. 81D017 FEB 23, 1982
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COMPONENTS (G)
Channel Class 1000

RESULTANT (G)

TEST No. 81DQ17 FEB 23, 1982
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COMPONENTS  (G)
Channel Class 180

RESULTANT (G)

S—1/
| 40

[Ill[lll'

L—R
| 40

ll'lll'

A—P
40

40

32

24

16

lllilllTlllilllillli

TEST NO. 81D017 FEB 23, 1982
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SUMMARY OF SLED TEST DATA

ECE DUMMY

SETUP
RESTRAINT MODEL QJUESToR DOYm-O-mMITE  inurANSERT Mopss 44/

PRODUCTION DATE 6-5-8| TETHER No  SHIELD No
ORIENTATION REAR FACIAG SEATING POSITION cEN7ER

ANGLE ADJUSTMENT  REcc/wE

RESULTS

TEST PART 572
TEST MEASUREMENT 1 Dol | REQMTS.
SLED VELOCITY,  mph 287 I3 ’_’30mph
SLED ACCELERATION, g 19.9 Ave, | CONIERRTION T
HEAD EXCURSION,  in — < 32 1in
HEAD INJURY CRITERION 3. < 1000
KNEE EXCURSION,  in ~ < 36 in
CHEST PEAK RESULTANT, g 35 < 60 g
CHEST AT @ 60 g, ms 0.0 <3ms
PRE-IMPACT BACK ANGLE, deg 25" -
MAX. IMPACT BACK ANGLE,  deg 55° < 70°
TORSO RETENTION YES YES
HEAD TARGET RETENTION YES YES
RESTRAINT SYSTEM INTEGRITY Ao YES

COMMENTS : RESTEANT 'S  FASSENGEL - SIOE  BELT

TAB FAeED,
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4.5 Test Setup of 81D018
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4.5 Test Setup of 810018
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ORI DSyt

4.7 Graph-Check of 810018
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4.8 Post-Test of 81D018
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BELT LOADS (LB)
Channel Class 60

SLED DECEL (G)
Channel Class 60

25

20

15

10

TEST NO. 81D018 FEB 23, 1982
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Belt Loads & Sled Profile
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COMPONENTS  (G)

RESULTANT (G)

Channel Class 1000

TEST No. 81D0 18 FEB 23, 1982
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COMPONENTS (G)
Channel Class 180

RESULTANT (G)

TEST No. 81D018 FEB 23, 1982
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SUMMARY QF SLED TEST DATA

ECE DUMMY

SETUP

RESTRAINT MODEL  S7KoLEE fIOPEL 5977

PRODUCTION DATE _ /ARCH, /95/ TETHER __AJo  SHIELD _Y&s

ORIENTATION K&£rBL FARc/NG SEATING POSITION CEnTER

ANGLE ADJUSTMENT _ BECL/mnwE
RESULTS

TEST PART 572

TEST MEASUREMENT ¥/ D ©/9 | REQMTS.
SLED VELOCITY,  mph Z9.0 0 53 noh
SLED ACCELERATION, g /9.3 Ave, | CONFIERETION T
HEAD EXCURSION,  in - < 32 in
HEAD INJURY CRITERION & 90. < 1000
KNEE EXCURSION,  in ~ < 36 in
CHEST PEAK RESULTANT, g 47 <60 g
CHEST AT @ 60 g, ms 0.0 < 3ms
PRE-IMPACT BACK ANGLE, deg 42.° -
MAX. IMPACT BACK ANGLE,  deg 70, ° < 70°
TORSO RETENTION yEs YES
HEAD TARGET RETENTION YeS YES
RESTRAINT SYSTEM INTEGRITY Yes YES

COMMENTS:




O

4.9 Test Setup of 81291

-84



4,10 Test Setup of 81D019
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4.11 Graph-Check of 810019
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4.12 Post-Test of 81D019
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BELT LOADS (LB)
Channel Class 60

TEST No. 81D019 FEB 23, 1982
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Belt Loads & Sled Profile

-88-



COMPONENTS (G)
Channel Class 1000

RESULTANT (G)

TEST NO. 81D019 FEB 23, 1982
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COMPONENTS (G)
Channel Class 180

RESULTANT (G)

—
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40

TEST No. 81D019 FEB 23, 1982
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SUMMARY OF SLED TEST DATA

ECE DUMMY

SETUP
RESTRAINT MODEL

STRoLEE rlopEL 599

PRODUCTION DATE MiteCﬁ', /73/

TETHER _Y£S

SHIELD _Y&S

ORIENTATION _A2LwARD FAc//JG  SEATING POSITION CENTER.

ANGLE ADJUSTMENT _ LPEIGH 7

RESULTS

TEST PART 572
TEST MEASUREMENT Q1 D oz o | REQMTS.
SLED VELOCITY,  mph 2007 |30 5w
SLED ACCELERATION, g zo.0 Ave, | ONFIERA IOV
HEAD EXCURSION,  in /8.0 < 32 in
HEAD INJURY CRITERION 357. < 1000
KNEE EXCURSION,  in /8.4 < 36 in
CHEST PEAK RESULTANT, g 2/, < 60 g
CHEST aT @ 60 g, ms g0 < 3 ms
PRE-IMPACT BACK ANGLE, deg y ]
MAX. IMPACT BACK ANGLE,  deg y < 70°
TORSO RETENTION p VES
HEAD TARGET RETENTION y VES
RESTRAINT SYSTEM INTEGRITY yes VES

COMMENTS :
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4.13 Test Setup of 810020
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4.14 Graph-Check of 810020 :
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4,15 Post-Test of 810020
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TEST NO. 810020 FEB 23, 1982
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Belt Loads & Sled Profile

-95-



~
&)
~ O

(=]

Q
ﬂi—

n
Z 8
Z 0
ST
> c
o2
OO

100
80

o) 60
|
~ 40
<
—
= 20
7]
Ld
(8 4 0

-:Ifllll'llll’lllllllfFIlrll[Tllllll’ll'lllY
- HIC = 851
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TEST No. 81D020 FEB 23, 1982
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Peaks: A-P=69 L-R=11 S—-/=69

HIC interval: 56 to 84 ms.
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Head Accelerations
-96--



COMPONENTS (G)
Channel Class 180

RESULTANT (G)

TEST No. 810020 FEB 23, 1982
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Peaks: A-P=38 L-R=15 S-i=19
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Peak = 41
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Chest Accelerations
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