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1.0  INTRODUCTION 

e r i  

The purpose o f  t h i s  p r o j e c t  was t o  de te rm ine  t h e  response charac- 

s t i c s  o f  t h e  Economic Commission o f  Europe (ECE) 9-month-old t e s t  

dummy. The c a l  i b r a t i o n  techn iques u t i  1 i z e d  were based on t h e  r e q u i r e -  

ments i n  t h e  NHTSA Enforcement pub1 i c a t i o n ,  P a r t  572 Three-Year-Old-  

C h i l d  T e s t  Dummy Performance C a l i b r a t i o n  T e s t  Procedure.  M o d i f i c a t i o n s  

were made t o  t h e  t e s t  equipment and procedures  whenever necessary  t o  

accommodate t h e  smal l  e r  s i z e  and d i f f e r e n t  des ign  c h a r a c t e r i s t i c s  o f  t h e  
ECE dummy. 

Head impact ,  head-neck pendul um, c h e s t  impact ,  1 umbar f l e x i o n ,  and 

head d rop  t e s t s  were per formed.  I n  a d d i t i o n ,  f o u r  s l e d  impac t  t e s t s  

were conducted w i t h  t h e  ECE dummy u s i n g  commerc ia l l y  a v a i l a b l e  c h i 1  d 

r e s t r a i n t  systems. 

Assembly and j o i n t  ad jus tmen t  d i f f i c u l t i e s  encountered i n  t h e  course 

o f  t e s t i n g  were noted.  



2.0 METHODOLOGY 

2 . I  Instrumentation 

2.1 . I  Transducers 

Triaxial accelerometer mounts were designed and fabricated 

for  instrumenting the dummy's head and chest u t i l i z i ng  Endevco 2264- 

2000 accelerometers . 
A1 1 velocity measurements were made with magnetic-pi ckup 

devices which sensed probes on the t e s t  device. 

Pendulum deceleration was measured w i t h  an Endevco 2264- 

2000 accelerometer . Sl ed decel erat ion was measured with an Endevco 

7232C-750 accel erometer. 

Dummy head t ra jec to ry  during pendul um t e s t s  was measured 

with two rotary  and one l i nea r  potentiometer as specif ied i n  the - Part 

572 Three-Year-01 d -Chi1 d Test Dummy Performance Cal i bration Test Proce- 

dure. - 
Type I lap  be l t  preload forces before s led  impact t e s t s  

were measured with GSE type 2500 s ea t  be1 t webbing transducers. 

2.1.2 Signal Conditioning 

Accelerometer, sea t  be1 t load cel l  , and potentiometer s ig-  

nals were conditioned w i t h  Honeywell Model 105 bridge uni ts  and Model 

120 ampl i f i e r s .  Velocity signals were recorded without ampl i f i ca t ion .  

2.1.3 Data Recording and Processinq 

The lumbar bending t e s t  s ignals were recorded on a Brush 

Model 260, six-channel s t r ip -char t  recorder. All other t e s t s  were re- 

corded on a Honeywell Model 7600 14-channel tape recorder. 

The data was digi t ized 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 t e s t s  were obtained 

w i t h  two Photosonics 1B cameras operated a t  1000 frames per second and 

a Graph Check 300 Polaroid sequence camera. 



2.2 T e s t  Procedures 

2.2.1 Head Impac t  Tests  

The ECE dummy was f u l l y  assembled and a1 1  j o i n t  and s p i n e  

ad jus tments  performed p e r  t h e  i n s t r u c t i o n  manual. The dummy head was 

ins t rumented  w i t h  a  t r i a x i a l  acce le romete r  a r r a y .  The t e n  pound, s i x  

ounce wire-suspended p i s t o n  s p e c i f i e d  i n  t h e  t e s t  procedure f o r  c a l i -  

b r a t i o n  o f  t h e  P a r t  572 t h r e e - y e a r - o l d - c h i l d  dummy was used as t h e  im- 

p a c t  device.  A s m a l l e r  s e a t i n g  p l a t f o r m  and 10.3 i n c h  h i g h  b a c k r e s t  

was c o n s t r u c t e d  t o  accomodate t h e  ECE dummy p r o p o r t i o n s .  F i g u r e  2.1 

shows t h e  t e s t  se tup.  The t e s t  data  i s  p resen ted  i n  s e c t i o n  4. 

2.2.2 Head-Neck Pendul urn Tests  

The pendul um s p e c i f i e d  f o r  c a l  i b r a t i o n  o f  t h e  P a r t  572 th ree -  

year01 d  c h i l d  dummy was used t o  t e s t  t h e  ECE dummy. The base was modi- 

f i e d  t o  a l l o w  a t tachment  o f  t h e  ECE neck, w i t h  t h e  s p i n e  c a b l e  e x t e n d i n g  

up i n t o  t h e  pendulum tube .  The r i g h t  s i d e  dummy head acce lerometer  

mount ing b l o c k  b o l t  was extended and used t o  a t t a c h  t h e  r o t a r y  poten- 

t i o m e t e r  assembly f o r  head m o t i o n  a n a l y s i s .  Aluminum h e x c e l l  was used 

t o  d e c e l e r a t e  t h e  pendulum as s p e c i f i e d  i n  t h e  P a r t  572 procedure.  

F i g u r e  2.2 shows t h e  t e s t  se tup.  The t e s t  data  i s  presented 

i n  s e c t i o n  4. 

2.2.3 Chest Impact  Tests  

The f u l l y  assembled and a d j u s t e d  ECE dummy was ins t rumented  

w i t h  a  t r i a x i a l  acce le romete r  a r r a y  i n  i t s  c h e s t  c a v i t y .  The t e n  pound, 

s i x  ounce wire-suspended p i s t o n  was a d j u s t e d  t o  s t r i k e  t h e  ches t  8.2 

i nches  above t h e  dummy s e a t i n g  su r face .  T h i s  d imension p rov ides  f o r  

t h e  same e f f e c t i v e  c h e s t  impact  h e i g h t  on t h e  ECE dummy as s p e c i f i e d  

f o r  t h e  P a r t  572 t h r e e - y e a r - o l d  c h i l d  dummy. 

F igures 2.3 and 2.4 show t h e  t e s t  setup,and t e s t  data i s  

presented i n  s e c t i o n  4. 

2.2.4 Lumbar Bending Tes ts  

The ECE dummy was s e c u r e l y  fas tened  t o  a  f l a t  s u r f a c e  i n  a  

sea ted  p o s i t i o n  f o r  t h e  lumbar bend ing t e s t .  At tachment was by  a  r o d  



2.1 Ilead In?r?ct T e s t  Se tuq  



2 . 2  Head-Neck Pendul urn T e s t  S e t u p  
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2.3  Chest h w c t  Test Setup 



2 .4  Close-ur, o f  Chest Inpact S i t ?  



t h rough  t h e  knee p i v o t  h o l e s  and by  c lamping r o d s  t h a t  hooked around 

t h e  dummy femur near t h e  h i p  j o i n t .  

The head, head mount ing  b l o c k ,  and neck v e r t e b r a  e lements 

were removed. A spacer tube was f a b r i c a t e d  t o  p r o v i d e  a  r i g i d  neck 

s i m i l a r  t o  t h a t  used f o r  lumbar bend ing t e s t s  on t h e  t h r e e - y e a r - o l d  

dummy. P r o v i s i o n s  were made on t h e  spacer  tube f o r  a  r o t a r y  p o t e n t i o -  

meter  ang le  t r a n s d u c e r  and an a t tachmen t  p o i n t  f o r  t h e  bend ing l oad .  

The bend ing l o a d  was a p p l i e d  a t  t h e  t o p  o f  t h e  r i g i d  neck. 

A hand winch p r o v i d e d  t h e  l o a d i n g  f o r c e  on t h e  dummy. A 

s e c t i o n  o f  s e a t  b e l t  webbing and GSE s e a t  be1 t webbing f o r c e  t ransducer  

was used t o  m o n i t o r  t h e  bend ing f o r c e  appl  i e d  t o  t h e  dummy. F i g u r e  2.5 

shows t h e  t e s t  s e t u p  f o r  t h e  lumbar bend ing e v a l u a t i o n .  Tes t  da ta  i s  

p resen ted  i n  s e c t i o n  4. 

2.2.5 Head Drop Tests  

The ECE dummy head i n s t r u m e n t e d  w i t h  a  t r i a x i a l  a c c e l e r o -  

me te r  a r r a y  was dropped on a s t e e l  p l a t e  f rom a  h e i g h t  o f  7 inches as 

s p e c i f i e d  i n  P a r t  572 R e g u l a t i o n  - Subpar t  B.  The head was suspended 

w i t h  t h e  Z-axis 25" below h o r i z o n t a l .  F i g u r e  2.6 shows t h e  t e s t  se tup .  

The t e s t  da ta  i s  p resen ted  i n  s e c t i o n  4. 

2.2.6 S l e d  Tests  

Four s l e d  t e s t s  were conducted w i t h  t h e  ECE dummy t o  e v a l -  

u a t e  i t s  performance i n  p r o d u c t i o n  c h i 1  d  r e s t r a i n t  systems. The impacts  

approx imated t h e  C o n f i g u r a t i o n  I comp1.i ance t e s t  requ i remen ts  w i t h  nomi - 
n a l  parameters o f  30 mph and 20 g .  

The f o l l o w i n g  c h i l d  r e s t r a i n t  systems were used f o r  t h e  

e v a l u a t i o n :  

Kantwet DYN-0-MITE - Two r e s t r a i n t s  t e s t e d  i n  t h e  r e a r - f a c i n g ,  i n -  

f a n t  c o n f i g u r a t i o n .  

S t r o l e e  Model 599 - Two r e s t r a i n t s  t e s t e d ,  one i n  t h e  r e a r - f a c i n g  

c o n f i g u r a t i o n  and one i n  t h e  f o r w a r d - f a c i n g  

c o n f i g u r a t i o n .  



Setup, graph check, and p o s t - t e s t  photos o f  t h e  s l e d  t e s t s  

a r e  i n  s e c t i o n  4 w i t h  t h e  t e s t  data .  



2 . 5  Lunbar Fl ex ion  T e s t  S e t u p  
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2 . 5  Head Dron T e s t  Se tuy  



3.0 DUMMY PROBLEM AREAS 

3.1 Neck C o n f i g u r a t i o n  

A  s l i t  tygon s l e e v e  i s  used around t h e  woven s t e e l  cab le  p o r t i o n  

o f  t h e  lumbar sp ine .  T h i s  s leeve  serves t o  b r i n g  t h e  cab le  p o r t i o n  up 

t o  t h e  d iameter  o f  t h e  threaded ends and a l s o  keeps t h e  s p i n a l  e lements 

centered.  

As rece ived ,  t h e  dummy neck  was l a c k i n g  such a  tygon s leeve.  Ad- 

j u s t i n g  t h e  neck t e n s i o n  

gered. The manual suppl  

i n f o r m a t i o n  t o  determine 

l o c a t i o n .  

Wi th  t h e  consent o f  

would cause t h e  neck elements t o  become s tag-  

ed w i t h  t h e  dummy d i d  n o t  p r o v i d e  s u f f i c i e n t  

i f  t h e  tygon s leeves were t o  be used a t  e i t h e r  

t h e  CTM, a  tygon s leeve  was f a b r i c a t e d  f o r  t h e  

neck cab le .  The s leeve was i n  p l a c e  f o r  a1 1 subsequent t e s t i n g  a t  HSRI. 

3.2 Neck Tension Adjustment 

The s p e c i f i e d  neck t e n s i o n  ad jus tment  procedure uses a  f o r c e - d e f l e c -  

t i o n  approach. The t e n s i o n  n u t  i s  f i r s t  o v e r t i g h t e n e d .  The dummy i s  

p laced  on i t s  back on a  h o r i z o n t a l  s u r f a c e  and a  50 N v e r t i c a l  l o a d  ap- 

p l i e d  t o  t h e  head-a t tach ing  b o l t  i n  t h e  A t l a s - A x i s  b l o c k .  The n u t  i s  

then g r a d u a l l y  loosened u n t i l  t h e  b o l t  i s  lowered by 10 - t 1  mm. 

The accuracy o f  t h e  10 m drop measurement i s  reduced by t h e  com- 

p l i a n c e  and f l e x i b i l i t y  o f  t h e  dummy t o r s o  a g a i n s t  t h e  t a b l e  s u r f a c e .  

I n  a d d i t i o n ,  t h e  f o r c e  r e q u i r e d  t o  loosen  t h e  t e n s i o n  n u t  d i s t u r b s  t h e  

v e r t i c a l  p o s i t i o n i n g  o f  t h e  neck assembly. A s imp le  t o r q u e  requ i rement  

on t h e  neck - tens ion  n u t  m i g h t  be cons idered t o  g i v e  a  more c o n s i s t e n t  

neck t e n s i o n  ad jus tment  p l  us an e a s i e r  procedure.  

3.3 J o i n t  Tension Adjustment  

The elbow and knee j o i n t s  u t i l i z e  t h e  t i g h t n e s s  o f  t h e i r  p i v o t  

b o l t s  f o r  t e n s i o n  ad jus tment .  R o t a t i o n  o f  a  1 imb, however, would change 

t h e  j o i n t  t e n s i o n .  T y p i c a l l y ,  when moved through i t s  range o f  mot ion,  

t h e  j o i n t  t e n s i o n  w i l l  v a r y  f rom s p e c i f i e d  ad jus tment  t o  a lmost  f r e e  

r o t a t i o n .  The use o f  a  r e s i l i e n t  washer o r  o t h e r  e l a s t i c  element i n  

t h e  j o i n t  should  produce a more c o n s i s t e n t  j o i n t  t e n s i o n .  



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 ful ly  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 se t  and was n o t  af-  
fected by joint rotation or dummy flesh interaction. 

3.4 Spine 

The spine tension adjustment i s  made by tightening a n u t  a t  the 
lower end of the spine cable against a small coil spring. The correct 
set t ing i s  when the coil spring has been compressed to 213 of i t s  un- 
1 oaded 1 ength . 

The coil spring has unfinished ends that  do n o t  provide a f l a t ,  
planar surface. As a resul t ,  the unloaded, installed length i s  d i f f i -  
cu l t  t o  determine accurately. The use of a tension spring w i t h  finished, 
f l a t  ends would greatly improve the repeatability of the spine tension 
adjustment. 

3 .5  Head - 
The tension of the head-bol t through the Atlas-Axis block i s  used 

t o  s e t  the head adjustment. Once s e t ,  this adjustment was very consis- 
tent  through the range of motion. 

When conducting the pendulum head/neck t e s t ,  i t  was necessary t o  

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-01 d child dummy head/ 
neck junction. 



4.0 RESULTS 

4.1 Head Impact T e s t s  

The head impact t e s t  r e s u l t s  a r e  p resen ted  i n  t h e  fo l lowing  se- 

quence: 

Summary o f  TEST AVERAGE 

Data P l o t  Overlay 

Summary o f  'TEST 81 DO05 

Data P l o t  o f  TEST 81D005 

Sumnary o f  TEST 81 DO06 

Data P l o t  o f  TEST 81 DO06 

Summary o f  TEST 81 DO07 

Data P l o t  o f  T e s t  81 DO07 

Summary o f  T e s t  81 DO08 

Data P l o t  o f  T e s t  81 DO08 
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HEAD IMPACT TEST SUMMARY 

RESULTANT ACCELERATI ON OVERLAY 

HEAD IMPACT - Calibration Test 
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HEAD IMPACT - Calibration Test 810005 
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HEAD IMPACT - Calibration Test 810006 
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ECE DUMMY 
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PART 5 7 2  

REQMT. - 
6.86 t o  

5 4  

7 . 1 4  f p s  



HEAD IMPACT - Calibration Test 810007 

Head-Y 
Peak = 5.4 

Peak = 16.4 

0 5 10 15 20 msec 



ECE DUMMY 

T E S T  MEASUREMENT: 

r~s+- 
8/Doog 

PART 5 7 2  
REQMT . 
6'.86 to 

7.14 f p s  

95-1186 

( 7 9  

2-3 m s  

T E S T  PROBE IMPACT VELOCITY,  f p s  

I 

6.92 

PEAK HEAD RESULTANT A C C E L . ,  g 

PEAK HEAD LATERAL A C C E L . ,  g 

r 

P U L S E  ATIME @ 50g, m s  

53.7 

5? 

0.3 



HEAD IMPACT - Calibration Test 87'0008 

Head-X 0 - 
Peak = 53.6 - - 

-.------- 

I- 

- 
Head-Y 0- . 
Peak = 5.4 - - 

L - - 
H e a d 4  0- 

Peak = 19.2 - 
t 

Peak = 53.7 

Head-R 

roo * 

0 5 70 75 20 msec 



4.2 Head-Neck Pendul um Tests 

The head-neck pendulum te s t  results are presented in the following 

sequence : 

Summary of TEST 81 DO14 

Data Plot of TEST 81 DO 

Summary of TEST 81D015 

Data Plot of TEST 8lDO 

Summary of TEST 81 DO16 

Data Plot of TEST 81D0 



SUMMARY OF HEAD-NECK PENDULUM TEST DATA 

ECE DUMMY 

TEST MEASUREMENT : 

PENDULUM IMPACT VELOCITY, f p s  

PEND. MIN./MAX. DECEL. O V E R  
( t 3 - t2 ) ,  g 

PEAK HEAD RESULTANT ACCEL., g 

PEND. DECEL. PULSE A TIME 
( t 2 - t , ) ,  ms 

HEAD ZERO' POSITION TIME/ 
PEND. REVERSAL TIME 

HEAD M A X .  ROTATION ANGLE, 0 

-- - - - - pp -- -- - 

TIME (ms) @ HEAD R O T .  ANGLE-  O '  
3 0 '  
6 0 '  

Max 
6 0 '  
3 0 '  

o 1  

CHORDAL DISPLACEMENT ( I n . )  @ 
HEAD ROTATION ANGLE OF.-----0' 

30 '  
60  

Max 
60  
30 

0 

COMMENT: The aluminum h e x c e l l  used f o r  t h i s  t e s t  was s t i f f e r  than 
s p e c i f i e d  f o r  P a r t  572 c a l  i b r a t i o n .  



PENDULUM IMPACT - Calibration Test 8100 14 



PENDULUM IMPACT - Calibration Test 810014 





SUMMARY OF HEAD-NECK PENDULUM T E S T  DATA.  
- 

ECE DUMMY 

T E S T  MEASUREMENT: 

PENDULUM IMPACT V E L O C I T Y ,  f p s  

PART 5 7 2  

P E N D .  M I N . / M A X .  DECEL,  OVER 
( t 3 - t q ) +  g 

PEAK HEAD RESULTANT A C C E L . ,  g 

P E N D .  D E C E L .  P U L S E  A TIME 
(t2-t,), m s  

HEAD ZERO' P O S I T I O N  T I M E /  
P E N D .  REVERSAL T I M E  

- - - - 

TIME (as) @ BEAD R O T .  A N G L E -  01 
30' 
6 0 ( 

Max, 
6 0 ' 
30' 
0 ' 

CHORDAL DISPLACEMENT ( I n , )  @ 
HEAD ROTATION ANGLE OF,-----0' 

30' 
6 0 ' 

Max 
60'  
30 '  

0 '  

COMMENT: The aluminum h e x c e l l  used f o r  t h i s  t e s t  was s t i f f e r  t han  
s p e c i f i e d  f o r  P a r t  572 c a l  i b r a t i o n .  



PENDULUM IMPACT - Calibration Test 8IDO 15 

Time (msec) 



PENDULUM IMPACT - Calibration Test 8IDO15 

Peak = 47.0 

Head-R 

Pen d u I u m 

0 25 50 75 100 msec 





SUMMARY OF HEAD-NECK PENDULUM TEST DATA. 

E C E  DUMMY 

PART 5 7 2  

TEST MEASUREMENT: SlDo/6 REQMT , 
I 1 

PENDULUM IMPACT VELOCITY,  f p s  ( , 116-18 f p s  

PEND. MIN./MAX. DECEL. OVER I 4:2~GZ 120-34g (t3-t2)t g 
- - 

PEAK HEAD RESULTANT ACCEL.,  g 41. 6 I 5 3 0 g  

PEND. DECEL. PULSE A TIME 
( t p - t , ) ,  ms 

HEAD ZERO' P O S I T I O N  TIME/  
PEND. REVERSAL T I M E  

HEAD MAX. ROTATION ANGLE, O 8Zsq0 176-92 '  
I 

TIME (ms) @ HEAD ROT. ANGLE-- 0 0.0 -2-+2ms 
30 14. / 17.3-24.7111s 
6 0  24. Z 3 1 . 1 - 4 0 . 9 n s  

Max. 46.3 5 5 . 0 - 6 9 . 0 m s  
60' 75. / 8 1 . 7 - 1 0 0 . 3 m :  
3od 96.F 9 7 . 4 - 1 1 8 . 6 m :  -- 

'a 113.1 11 1 .2 -134 .6m:  

COMMENT: T h i s  t e s t  u t i l i z e d  t h e  c o r r e c t  aluminum h e x c e l l  
s p e c i  f i e d  f o r  P a r t  572 c a l  i b r a t i o n .  



PENDULUM IMPACT - Calibration Test 8IDO16 



PENDULUM IMPACT - Calibration Test 8IDO16 

Peak -- 41,6 

Head-R 

Pendulum 

0 25 50 75 700 msec 





4.3 Chest Impact Tests 

The chest impact t e s t  results are presented in the following se- 

quence: 

Summary of TEST AVERAGE 

Data Plot Overlay 

Summary of TEST 81 DO01 

Data Plot of TEST 81 DO01 

Summary of 'TEST 81 DO02 

Data Plot of TEST 81 DO02 

Summary of TEST 81 DO03 

Data Plot of TEST 81 DO03 

Summary of TEST 81 DO04 

Data Pl o t  TEST 81 DO04 



. SUMMARY OF CHEST IMPACT T E S T  DATA 

ECE DUMMY 

I PEAK CHEST R E S U L T .  A C C E L . ,  g 1 68.7 1 50-70g I 

T E S T  MEASUREMENT:' 

I PEAK CHEST LATERAL A C C E L . ,  g 1 5.2 1 58 I 

AVcehE 
RES*CTS 

PART 5 7 2  

REQMTS . 



CHEST I M P A C T  T E S T  SUMMARY 

RESULTANT ACCELERATION OVERLAY 

CHEST IMPACT - Calibration Test 

20 msec 



SUMMARY OF CHEST IMPACT T E S T  DATA 

ECE DUMMY 

TEST PROBE IMPACT VELOCITY,  f p s l  / Z . 9 8  112.87-13.131 

TEST MEASUREMENT : 

PEAK CHEST RESULT.  A C C E L . ,  g 1 4 8.5 1 5 0 - 7 0 g  I 

PART 5 7 2  

8 / D  001 REQMTS. 

PEAK CHEST LATERAL A C C E L . ,  g I s+ 1 2 58 I 
P U L S E  ATIME @ 30g, ms 



CHEST IMPACT - Calibration Test 8lDOO I 

Chest -Y 
Peuk = 5.4 

0 5 70 75 20 msec 

- 
100 -- 

75 

- 
0 - -- 
0 - 
I 

SO -- 
Peak = 68.5 0 

0 . 
25 -- - - 

Chest-R 
- 

I I 
I 1 1 1  I I I I I I 1  I 

I 
I I I I I I ~ I T  

I 



SUMMARY OF CHEST IMPACT T E S T  D A T A  

ECE DUMMY 

, P A R T  5 7 2  
TEST MEASUREMENT : ' 8 / D o d Z  R E Q M T S .  

TEST PROBE IMPACT VELOCITY, fpsl /Z. 98 12 .87 -  1 3 . 1  

PEAK CHEST LATERAL ACCEL., g * 
+.6 1 - 58 rn 

PULSE ATIME @ 30g ,  ms 5 5 
2.5-4 .0ms 



CHEST IMPACT - Calibration Test 810002 

Chest 
Pea4 = 

Peak = 

Chest 

0 5 10 15 20 msec 



SUMMARY OF' CHEST IMPACT TEST DATA 

ECE DUMMY 

TEST MEASUREMENT:' 1 81 ~0031 REQMTS. I I TEST PROBE IMPACT VELOCITY,  fpsl / Z .  9 8' 112.87-13.131 

( PEAK CHEST RESULT. ACCEL.,  g I 6 z 6 1 5 0 - 7 0 g  I 
I PEAR CHEST LATERAL ACCEL. ,  g 1 6.1 1 5g I 
L 

PULSE ATIME @ 30g, ms 
. 1 . 

5 7  2 . 5 - 4  .Oms 



CHEST IMPACT - Calibration Test 810003 

- 
I 

m 

SO -- 
PW = 67.6 I 

I 

9 

25 -- I 

m 

0 

Chest-R 0 -  
1 

1 1 1 1  
I 

1 1 1 1  
I 

1  I  1 1  
I 

I I I I  1 1 1 1 1  

0 5 70 15 20 msec 



. SUMMARY OF CHEST IMPACT T E S T  DATA 

ECE DUMMY 

I T E S T  1 PART 5 7 2  1 
T E S T  MEASUREMENT: I 8 I ~ 0 0 ~  I REQMTS . I 

- 

[PEAK CHEST R E S U L T .  A C C E L . ,  g 1 6 9.3 1 5 0 - 7 0 g  I 
- - - I PEAK CHEST LATERAL A C C E L . ,  g ]* 5; 1 

( PULSE ATIME B 3og, mt 1 5-3 1 2 . . 5 - 4 . 0 m ~ I  



CHEST IMPACT - Calibration Test 810004 

- 
25 -- - 

9 

Chest-R o--  
I I 

I 1 1 1  l I t 1  
I I 

I l l 1  I 1 1 1  1 1 1 1  

0 5 70 75 20 msec 



4.4 Lumbar F l ex i on  Tests 

The 1 umbar f l e x i o n  t e s t  r e s u l t s  a re  presented i n  t he  f o l l o w i n g  se- 

quence : 

Summary o f  TEST AVERAGE 

Summary o f  TEST 81D009 

Data P l o t  o f  TEST 81 DO09 

Summary o f  TEST 81 DO10 

Data P l o t  o f  TEST 81 DO10 

Summary o f  TEST 81 DO11 

Data P l o t  o f  TEST 81 DO11 



SUMMARY OF LUMBAR F L E X I O N  T E S T  DATA 

ECE DUMMY 

1 

TEST M E A S U R E M E N T :  

FORCE @ 40' F L E X I O N  ANGLE,  lbs. 

S P I N A L  COLUMN ANGLE @ 3 M I N .  
P O S T  T E S T ,  O 

R E s d ~ n  

20.3 

0.0 

PART 572 

R E Q M T .  

3 4 - 4 7  l b r . '  . 
5 50 

b 



SUMMARY O F  LUMBAR F L E X I O N  T E S T  D A T A  

ECE DUMMY 

I D  

I 

P A R T  5 7 2  
REQMT . T E S T  M E A S U R E M E N T :  51 

FORCE @ 40' FLEXION ANGLE, l b s .  

SPINAL COLUMN A N G L E  @ 3 M I N ,  
POST TEST, O 

1 

20.6 

0, 0 

3 4 - 4 7  l b s .  

5 5 0  



LUHBAR FLEXION TEST 

ECE DUMMY 
TEST # 8lD009 



SUMMARY OF LUMBAR FLEXION TEST DATA 

ECE DUMMY 

-) TcsT I PART 5 7 2  1 
TEST MEASUREMENT: g I D o / O  ( REQMT. 

FORCE @ 40' FLEXION A N G L E ,  Ibs. 
I 

SPINAL COLUMN ANGLE @ 3 MIN, 5 50 
POST TEST, O a0 



LUMBAR FLEXION TEST 

ECE DUMMY 
TEST # 81 Dolo 



SUMMARY OF LUMBAR F L E X I O N  TEST DATA 

ECE DUMMY 

B 

h 

7 

PART 572 
REQMT . TEST MEASUREMENT : 

TEST 
% 1 D O / /  

FORCE @ 40' FLEXION ANGLE, lbs. 

S P I N A L  COLUMN ANGLE @ 3 M I N .  
POST TEST, O 

I 

20. 0 

0.0 

3 4 - 4 7  lbs. 

5 50 



LUMBAR FLEXION TEST 

ECE DUMMY 
TEST # 8/0o,y 



4.5 Head Drop Tests  

The head drop t e s t  r e s u l t s  a r e  presented i n  t h e  f o l l o w i n g  sequence: 

Summary o f  TEST AVERAGE 

Data P l o t  Over lay  

Summary o f  TEST 81 DO28 

Data P l o t  o f  TEST 81D028 

S u m a r y  o f  TEST 81 DO29 

Data P l o t  o f  TEST 81 DO29 

Summary o f  TEST 81 DO30 

Data P l o t  o f  TEST 81D030 



SUMMARY OF HEAD DROP TEST DUMMY 

ECE DUMMY 

TEST MESUREMENT : AVERAGG I REQMTS. 

I PEAK HEAD RESULT. ACCEL., g 

/ PEAKHEADLATERALACCEL. ,  g 

/ PULSE A TIME @ 50 g, ms 



HEAD DROP TEST SUMMARY 

RESULTANT ACCELERATION OVERLAY 

HEAD IMPACT - Calibration Test 

I " "  I " "  1 " " l " "  I " "  1 

0 5 10 15 20 msec 



SUMMARY OF HEAD DROP TEST DUMMY 

ECE DUMMY 

PEAK HEAD RESULT. ACCEL., g 50.7 - 

TEST MESUREMENT: 

I PEAK HEAD LATERAL ACCEL., g 

I PULSE A TIME 1 50 g, ms 

I i 

TEST 
81 D 028 REQMTS. , 



HEAD IMPACT - Calibration Test 8ID028 



SUMMARY OF HEAD DROP TEST DUMMY 

ECE DUMMY 

TEST MESUREMENT: I 81 D 0 2 9  I REQMTS. 
I 

/ PEAK HEAD RESULT. ACCEL., g 

TEST 

/ PEAKHEADLATERALACCEL.,  g 

/ PULSE A TIME @ 50 g, ms 



HEAD IMPACT - Calibration Test 8lD029 



SUMMARY OF HEAD DROP TEST DUMMY 

ECE DUMMY 

TEST 

1 TEST KSUREMENT: 8 1 D d 3 o  1 REQMTS. 1 

I PEAK HEAD RESULT. ACCEL., g 

I PEAK HEAD LATERAL ACCEL., g 

1 PULSE A TIME @ 50 g ,  ms 



HEAD IMPACT - Calibration Test 810030 

20 msec 



4 .6  Sled Impact Tests 

The sled impact t e s t  results are presented in the following sequence 
for each sled tes t :  

Summary of Sled Impact Test 
Sled Test Set-up Photograph 

Sl ed Test Graph-Check Photograph 
Sl ed Test Post-Test Photograph 
Data Plots ' 



SUMMARY OF SLED TEST DATA 

ECE DUMMY 

SETUP 

PRO DUCT1 ON DATE 6-5-8/ TETHER u" SHIELD No 

ORIENTATION FAC/&G SEATING POSITION CENTER. 

ANGLE ADJUSTMENT R&CL/NE 

RESULTS 

TEST PART 572 

1 SLED VELOCITY, mph 

I HEAD INJURY CRITERION 

TEST MEASUREMENT 81 7 REQMTS. 1 

1 SLED ACCELERATION, g 

2% 8 

4 

t o  
30 -3 mph 

I 

KNEE EXCURS I ON, i n  

CHEST PEAK RESULTANT, g 

1 PRE-IMPACT BACK ANGLE, deg 
0 1 14. 1 - I 

ld. A 

1 CHEST AT 1 50 g, nr 

CON F I  GURATI ON I 
CURVE 

- 

35.0 
1 

0.0 

I TORSO RETENTION 

- < 36 i n  

- < 60 g 

- < 3 ms 

1 MAX. IMPACT BACK ANGLE, deg 

YES I 
/ HEAD TARGET RETENTION I 

1 

YES 

0 

5 9 .  

YES 

- < 70" 

RESTRAINT SYSTEM INTEGRITY hr0 YES 



4.1  T e s t  S e t u p  o f  21 2017 

-68- 



4 . 2  T e s t  Setup o f  81 DO17 

-69-  



4 . 3  Graph-Check of 813017 



4 . 4  P o s t - T e s t  o f  G1D017 



TEST NO. 81D017 FEB 23, 1982 

Peaks: Right=400 Left=339 



RESULTANT (G) COMPONENTS (G) 
Channel Class 1000 



TEST NO. 8 10017 FEB 23, 1982 

I I I 1 I 

Peaks: A-F=28 L-R=n 54-22 

Chest Accelerations 
- 74- 



SUMMARY OF SLED TEST DATA 

ECE DUMMY 

SETUP - 

PRODUCTIONDATE d w 5 - g /  TETHER No SHIELD t J o  

ANGLE ADJUSTMENT RE&&€ 

RESULTS 

I I TEST I PART 5 7 2  I I TEST MEASUREMENT 1 8 / 0 0 / 8  I REQMTS. 

I SLED VELOCITY, mph 

1 HEAD INJURY CRITERION 

1 SLED ACCELERATION, g 

1 KNEE EXCURSION. i n  / - < 36 i n  
4 

CHEST PEAK RESULTANT, g 

l9.9 A&, 

0 I PRE-IMPACT BACK ANGLE, deg 2 5. - 

CONFIGURATION I 
CURVE 

MAX. IMPACT BACK ANGLE, deg 

TORS 0 RETENTI ON 

HEAD TARGET RETENTI ON 

RESTRAINT SYSTEM INTEGRITY 

COMMENTS: &s=&/&T~ P ~ ~ E ~ E - S / ~ E  BELT 

5 8 , O  

YE5 

Y E 5  

N O  

- < 70' 

YES 

YES 

YES 



4 . 5  Tes t  S e t u p  o f  81D318 



4 . 5  Test Setup o f  81D01C 



4 . 7  Graph-Check o f  C1301E 

-78- 



4.8 Pos t-Test o f  81 D01 C 



TEST NO. 8 ID0 18 FEB 23, 1982 

Peaks: Right=363 Left-355 

--------- Standard 30-mph profile 

0 50 100 150 rns 

Belt Loads & Sled Profile 
-80- 



TEST NO. 810018 FEB 23, 1982 

HIC interval: 30 to 132 ms. 

- - HIC = 88 - 

Head Accelerations 
-81 - 



Peaks: A-P=28 ~-R=71 S-/=22 

Chest Accelerations 
-82- 



SUMMARY OF SLED TEST DATA 

ECE DUMMY 

SETUP - 

PRODUCT1 ON DATE MARCH, /95/  TETHER No SHIELD Y&S 

ORIENTATION r ' & g  F#c/n/& SEATING POSITION C E ~ T F ~  

ANGLE ADJUSTMENT Z & ~ L / M  

RESULTS 

TEST MEASUREMENT 

1 SLED VELOCITY, mph 

/ HEAD EXCURSION, i n  

TEST 
8 / D o / 9  

I SLED ACCELERATION, g 

HEAD I N  JURY CRITERION 

PART 572 
REQMTS. 

29.0 

- ~ / KNEE EXCURSION, i n  

+ 0 
3 0  - 3  mph 

/?. 8 Av'6, 

I CHEST PEAK RESULTANT, g 1 47. 1 1 6 o g  I 

1 

CON F I  GURATION I 
CURVE 

CHEST A T  @ 6 0  g, ms I 0.0 I - < j m s  1 
I PRE-IMPACT BACK ANGLE, deg 1 4 - 2 . O  / - 
I MAX. IMPACT BACK ANGLE, deg 1 70. O 1 1 7 0 '  

COMMENTS : 

TORS 0 RETEN T I  ON 

HEAD TARGET RETENTI ON 

RESTRAINT SYSTEM INTEGRITY 

YES 

YES 

YES 

YES 

YES 

YES 



4.3 T e s t  Se tu?  o f  81 3313 

- 84- 



4.10 T e s t  Setup o f  81D019 

-85- 



4.11 Graph-Check o f  81D019 

- 86 - 



4.12 P o s t - T e s t  o f  81D019 

-87- 



TEST NO. 810019 FEB 23, 1982 

Peaks: Right=732 Left-757 

Belt Loads & Sled Profile 



TEST NO. 81D019 FEB 23, 1982 

Peaks: A-P=74 L-R=13 S-1=39 

HIC interval: 43 to 89 ms. 
L I I I I ~ I I I I I I I I I I I I I ~ I I I I ~ I ~ I ~ I I ~ I I I I I ~ ~ ~  

C - HIC = 690 
I - 
0 - 
0 - - 
0 - - 

Head Accelerations 

-89- 



Peaks: A-P=45 L-R=70 S-1=31 

Peak = 47 

Chest Accelerations 
-90-  



SUMMARY OF SLED TEST DATA 

ECE DUMMY 

SETUP - 

PRODUCT1 ON DATE h'4'ecn, 19 81 TETHER Ygs  SHIELD Y&S 

ORIENTATION f i l e u A R b  A SEATING POSITION CZNEC 

ANGLE ADJUSTMENT UPR/GHT 

RESULTS 

TEST MEASUREMENT 

1 SLEDYELOCITY,  mph 

TEST 
81 0 O Z d  

SLED ACCELERATION, g 

HEAD EXCURS I ON, i n  

HEAD I N  JURY CRITERION 

KNEE EXCURSION, i n  

CHEST PEAK RESULTANT, g 

CHEST A T  @ 6 0  g, ms 

PART 572 
REQMTS. 

3 6 . 7  

PRE- IMPACT BACK ANGLE , deg 

MAX. IMPACT BACK ANGLE, deg 

TORSO RETENTI ON 

HEAD TARGET RETENTI ON 

RESTRAINT SYSTEM INTEGRITY 

t o  
30  -3 mph 

24. D Ad&, 

/ 8 . 0  

8 5-1 , 

/ S 1 4  

41. 

C!b 

CON F I  GURATI ON I 
CURVE 

< 32 i n  

- < 1 0 0 0  

- < 36 i n  

- < 6 0  g 

- < 3 ms 

COMMENTS : 

/ 

/ 

/ 

f 

YES 

- 
- < 7 0 °  

YES 

YES 

YES 



4.13 T e s t  Setup  o f  81D020 



4.14 Graph-Check o f  81 DO20 



4.15 P o s t - T e s t  o f  81D020 

-94- 



SLED DECEL ( G )  
Channel Class 6 0  

BELT LOADS (LB) 
Channel Class 6 0  



Peaks: A-P=69 L-R=I7 S-/=69 

HIC interval: 56 to 84 ms. 
l o o ~ " ' " " ' " " ' " l l ' " l l ' " " l ~ " l l I l l l l  

HIC = 85 7 

Head Accelerations 
- 96- 



TEST NO. 81D020 FEB 23, 1982 

Peaks: ~ - ~ = 3 8  L-R=IS S-1-79 

Peak = 4 7 
0 - - 

Chest Accelerations 
-97- 


