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1.0 FOREWORD 

I n i t i a l  c a l i b r a t i o n  t e s t i n g  o f  t he  SA 103-C th ree-year -o ld -ch i  l d  
. . 

dummies a t  HSRI and TRC o f  Ohio r e s u l t e d  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  

dummy response c h a r a c t e r i s t i c s  between t h e  two l a b o r a t o r i e s .  I t  was 

t he  i n t e n t  o f  t h i s  program t o  i n v e s t i g a t e  and i f  p o s s i b l e  t o  r eso l ve  and 

e l i m i n a t e  these d i f f e r e n c e s  w i t h  c l o s e l y  moni tored and coord ina ted  t e s t i n g  

a t  each l abo ra to r y .  



2.0 SUMMARY 

Four three-year-01 d-chi ld dummies underwent prel imi nary cal i bration 
testi'ng and evaluation a t  HSRI and a t  the NHTSA Engineering Test Facili ty 

' 

a t  TRC of Ohio. In i t i a l  t e s t  data resulted in design changes to the 
dummy head accel erometer mounting and the dummy r i  bcage attach- 

ment to provide a more consistent impact response. The lumbar spine 
calibration t e s t  f ix ture  was also modified t o  f a c i l i t a t e  load applications 
and thereby improve repeatabi 1 i ty .  Retesting with these modifications 

produced cal i bration response data that f e l l  within the proposed require- 

ments of Docket No. 78-09. General agreement o f  calibration t e s t  results 

a t  the HSRI and TRC laboratories was obtained on the four dummies. 



3.0 METHODOLOGY 

3.1 Ob jec t i ves  

The o v e r a l l  o b j e c t i v e  o f  t h e  program was t o  determine t he  ranges o f  

responses o f  t he  SA 103-C c h i l d  t e s t  dummies i n  s p e c i f i e d  c a l i b r a t i o n  

t e s t i n g  and t o  d i m i n i s h  o r  e l i m i n a t e  t h e  v a r i a b i  1  i ty  o f  t h e  responses 

ob ta ined  i n  e a r l i e r  t e s t s  a t  H S R I  and TRC o f  Ohio. Th is  was pursued 

i n  t h e  f o l  l ow ing  manner: 

3.2 Procedures 

3.2.1 A1 1  t h e  dummy t e s t  f i x t u r e s  a t  H S R I  were d u p l i c a t e d  f rom t h e  TRC 

designs t o  e l  im ina te  t h i s  poss ib l e  source o f  e r r o r .  S p e c i f i c  des ign de ta i l ' s  

of  these t e s t  f i x t u r e s  a re  a v a i l a b l e  i n  t h e  NHTSA Technical  Report  DOT-HS- 

803- 530. 

3.2.2 A1 1  t e s t  procedures a t  H S R I  f o l l owed  TRC p r a c t i c e  as c l o s e l y  as 

poss ib le .  

3.2.3 Tes t  f i x t u r e  des ign was modi f ied whenever more c o n s i s t e n t  dummy 

response cou ld  be ob ta ined  w i t h  the  change. 

3.2.4 Design changes were i nco rpo ra ted  i n  t he  dumy  whenever i n c o n s i s t e n t  

response was determined t o  be an i n h e r e n t  r e s u l  t o f  t he  dummy's s t r u c t u r e .  

3.2.5 Tes t  f i x t u r e  m a t e r i a l s  such as T e f l o n  sheet and Hexcel l  aluminum 

honeycomb were exchanged between t h e  two 1 abo ra to r i es  whenever such ma te r i  a1 s  

were suspect i n  caus ing dummy response d i f f e r e n c e s .  

3.3 F a c i l i t i e s  

The f o l l o w i n g  t e s t  equipment was f a b r i c a t e d  a t  HSRI f o r  c h i l d  dummy 

c a l i b r a t i o n  t e s t i n g :  

3.3.1 A  w i r e  suspended pendulum weighing 10 l b s .  7.5 o r .  f o r  conduct ing 

head and thorax  impact t e s t s .  

3.3.2 A  s e a t i n g  p l a t f o rm  f o r  t he  dummy f o r  use d u r i n g  head and thorax 

impact t e s t s .  

3.3.3 . A p la t fo rm t o  which t h e  dummy can be at tached t o  conduct t he  lumbar 

sp ine bendi ng t e s t s .  

A l ready e x i s t i n g  equipment used i n  t h i s  p r o j e c t  cons is ted  o f :  

3.3.4 A neck t e s t  pendulum 



3.3.5 An ad jus tab le  he igh t  r i g i d  p l a t f o r m  t o  which t h e  dummy sea t i ng  

p l a t f o r m  was at tached. 

Ins t rumenta t ion  cons is ted  o f :  

3.3.6 Honeywell model 7600 14 channel FM tape  recorder .  

3.3.7 Honeywell Accudata model 120 b r i dge  balance s i gna l  c o n d i t i o n e r .  

3 -3.8 Honeywell Accudata model 105 D. C .  amp1 i f i e r .  

3.3.9 Endevco model 2264-2000 accelerometers f o r  t h e  dummy head and 

thorax.  

3.3.10 Photodiode 1 i g h t  t r a p  f o r  pendulum v e l o c i t y  measurement. 

3.3.11 PDP-11 computer f o r  d i g i t i z i n g ,  f i l t e r i n g ,  and processing o f  data.  



4.0 RESULTS 

. . 
4.1 Head Response 

I n i t i a l  t e s t i n g  i n d i c a t e d  excess ive v i b r a t i o n  i n  the  head impact response. 

A design change t o  t he  accelerometer mounting b lock  was incorpora ted  i n  

t h e  head and t h e  dummies re tes ted .  S a t i s f a c t o r y  agreement between HSRI and 

TRC data was obta ined,  and t he  r i n g i n g  adequately reduced. It should be noted 

t h a t  t h e  l a t e r a l  (R-L) head response i n  t h e  HSRI da ta  i s  q u i t e  o f t e n  above 

t h e  56 maximum. Very accurate p o s i t i o n i n g  o f  t he  dummy and smooth and r e -  

pea tab le  l oad ing  and re lease  o f  t h e  pendulum t o  o b t a i n  a p e r f e c t l y  symmetri - 
c a l  impact a r e  requ i red  t o  ma in ta i n  t h e  1 a t e r a l  head response component 

w i t h i n  s p e c i f i c a t i o n .  



TABLE 4.1.1 

HEAD TEST 

PEAK PEAK TIME ABOVE 
DUMMY TEST RESULTANT LATERAL 50 G LEVEL 

NO. NO. ACCELERATION( G) ACCELERATION( G) (MILLISECONDS) 

AVERAGE 107.6 16.6 2.1 

AVERAGE 105.8 3.9 2.2 

AVERAGE 111.2 6.2 2.4 

AVERAGE 106.7 16.7 2.1 

PROPOSED BETWEEN LESS BETWEEN 
95 G AND 

112 G 
THAN 
5 G 

2.0 AND 3.0 
MILL1 SECONDS 





4.2 Chest Response 

Bottoming . . o f  t h e  molded r i  bcage against  the tho rac i c  frame was i d e n t i -  

f i e d  as the  cause o f  i ncons i s ten t  chest response data and a  bimodal wave- 

form o f  the chest  r e s u l t a n t  acce le ra t ion .  A design change was incorporated 

which fastened t h e  top  o f  t he  r ibcage t o  t he  tho rac i c  frame. With t h i s  modi- 

f i c a t i o n ,  bottoming was e l iminated,  a  unimodal waveform f o r  the  chest  r e -  

su l  t a n t  acce le ra t i on  was obtained, and the  H S R I  and TRC chest  response data 

were i n  essen t i a l  agreement. However, g r e a t  care must be taken i n  dummy 

p o s i t i o n i n g  t o  ob ta in  cons i s ten t  data (See 6.0 Discussion).  



TABLE 4.2.1 

THORAX TEST 

DUMMY 
NO. 

TEST 
NO. 

PEAK PEAK 
RESULTANT LATERAL 

ACCELERATION ACCELERATION 
TIME ABOVE 
30 G LEVEL 

3.6 MSEC 

3.6 MSEC 

3.6 MSEC 

AVERAGE 63.2 G 2.0 G 3.6 MSEC 

3.0 MSEC 

3.1 MSEC 

3.2 MSEC 
- 

AVERAGE 59.3 G 
- 

3.1 MSEC 

3.7 MSEC 

3.6 MSEC 

3.6 MSEC 

AVERAGE 58.4 G 1 .3  G 3.6 MSEC 

78K- 204- 1 52.9 G 2.3 G 2.9 MSEC 

78K-204-2 57.6 G 3.7 G 3.1 MSEC 

78K- 205 61.2 G 1.9 G* 3.4 MSEC 

AVERAGE 57.2 G 2.6 G 3.1 MSEC 

PROPOSEC 
REQUI REMENT 

BETWEEN 
50 G AND 

LESS 
THAN 
5 G 

BETWEEN 
2:5 AND 4.0 

MILLISECONDS 

* L a t e r a l  A c c e l e r a t i o n  D u r i n g  P r imary  Response; a 21 G L a t e r a l  Peak Occur red 
L a t e r  D u r i n g  a Secondary Impact  o f  P i s t o n  



FIGURE 2 - T h o r a c i c  I m ~ a c t  T e s t  Setun 



4.3 Neck Response 

Using the dummy head w i t h  the revised accelerometer mounting surface, 
good agreement with proposed response values was obtained for dummies 031 

and 032. An instrumentation malfunction produced a pendulum velocity 
cal i bration above specified limits while testing dummies 038 and 039, 

invalidating the resul ts .  However, the head response was also driven above 
specified l imits,  indicating the basic sensi t ivi ty  of the dummy head-neck 
assembly t o  this  calibration procedure. 



TABLE 4 . 3 . 1  

DUMMY 
NO. 

TEST 
NO. 

NECK TEST 

HEAD RESULTANT 

HEAD 
RESULTANT- PEAK 

ACCELERATION ( G )  
PROPOSED 

REQUIREMENT 

PEAK HEAD 

RESULTANT 

AVERAGE SHALL NOT 

EXCEED 

30 G'S 

AVERAGE 2 4 . 1  



TABLE 4.3.2 

NECK TEST 

CHORDAL DISPLACEMENT 

FILM ANALYSIS RESULTS 

DUMMY NO. 031 

CHORDAL DISPLACEMENT I N  INCHES 
HEAD TEST NUMBER PROPOSED 

ROTAT I ON 78K150 78K151 78K152 AVERAGE REQUIREMENT 

0 O 

30" 

60 O 

MAXIMUM 

60" 

30" 

0" 

DUMMY NO. 032 

CHORDAL DISPLACEMENT I N  INCHES 

HEAD TEST NUMBER PROPOSED 
ROTATION 78K147 78K148 78K149 AVERAGE REQUIREMENT 

0" 0.0 0.0 0.0 0.0 -0.8 TO 0.8 

30" 2.2 2.3 2.5 2.3 1 .4  TO 3.0 

60" 4.7 4.4 4.5 4.5 3.5 TO 5.1 

MAXIMUM 6.4 6.3 6.2 6.3 5.0 TO 6.6  

60 " 4.7 4.5 4.5 4.6 3.5 TO 5.1 

30" 2.6 2.4 2.3 2.4 1.4 TO 3.0 
0 O 0.0 0.0 0.0 0.0 -0.8 TO 0 . 8  



TABLE 4.3.3 

NECK TEST 

ROTATION RATE 

FILM ANALYSIS RESULTS 

DUMMY NO. 031 

TIME IN  MILLISECONDS 
HEAD TEST NUMBER PROPOSED 

ROTATION 78K150 78K151 78K152 AVERAGE REQUIREMENT 

0 O 0.0 0.0 0.0 0.0 -2.0 TO 2.0 

30 O 22.0 22.2 21.2 21.8 17.3 TO 24.7 

60" 32.6 33.9 33.8 33.4 31.1 TO 40.9 

MAXI MUM 58.2 63.5 58.2 60.0 55.0 TO 69.0 

60 O 89.7 93.1 91.9 91.6 81.7 TO 100.3 

30 O 105.7 108.8 107.1 107.2 97.4 TO 118.6 

0 O 119.6 120.6 118.5 119.6 111.2 TO 134.8 

MAXIMUM 
HEAD 86 O 88" 90.2' 88.1" 76" TO 92" 
ANGLE 

DUMMY NO. 032 

- 
HEAD 

ROTAT I ON 78K147 78K148 78K149 AVERAGE REQUIREMENT 

0 O 0.0 0.0 0.0 0.0 -2.0 TO 2.0 

30" 20.6 20.6 21.7 21 .O 17.3 TO 24.7 

60" 34.8 33.4 34.4 34.2 31.1 TO 40.9 

MAX I MUM 61.4 58.2 58.2 59.3 55.0 TO 69.0 

60" 89.4 90.0 89.1 89.5 81.7 TO 100.3 

30" 104.7 104.7 104.9 104.8 97.4 TO 118.6 

0" 118.5 118.5 116.9 118.0 111.2 TO 134.6 

MAX I MUM 
HEAD 82.9" 89.5" 84 " 85.5" 76" TO 92" 
ANGLE 



TABLE 4,3.4 

NECK TEST 

PENDULUM DECELERATION PULSE ANALYSIS 

AVG. G 'S OF 
DUMMY TEST T IME I N  MILLISECONDS PENDULUM 

NO. NO. t 2  - t3 - t2 t4 - t3 IN t3 - t2 

AVERAGE 3.2 18.9 3.8 26.3 

AVERAGE 3.2 18.8 3.3 26.6 

PROPOSED LESS BETWEEN LESS BETWEEN 
REQUIREMENT THAN 18.0 THAN 20 G 

4.0 AND 4.0 AND 
21 .o 34 G 





4.4 Lumbar Spine Response 

The i n i t i a l  method o f  manual ly l oad ing  the  dummy f rom behind t o  

measure t he  1 umbar sp ine  response proved t o  be awkward and i ncons i s ten t .  

A r e v i s e d  l oad ing  method was devised which s u b s t i t u t e d  a  forward t ens ion  

a t  a  s p e c i f i e d  angle. A s imple cab le  winch prov ided t he  opera to r  w i t h  

mechanical advantage and the  a b i l i t y  t o  c l o s e l y  c o n t r o l  the  r a t e  o f  

load ing .  Angular d e f l e c t i o n  was obta ined f rom a  r o t a r y  potent iometer ,  and 

a  GSE sea t  be1 t l oad  c e l l  used t o  measure the  l oad  on the  dummy. Each dummy 

prov ided remarkably c o n s i s t e n t  lumbar sp ine response data, a l l  f o u r  dummies 

were w i t h i n  s p e c i f i c a t i o n ,  and H S R I  and TRC data  were i n  essen t i a l  agree- 

ment. 



TABLE 4.4.1 

STATIC LUMBAR SPINE FLEXION 
LOAD I N  POUNDS 

DUMMY THORACIC SPINE ROTATION UNLOADED 
DUMMY TRIAL NECK 

NO. NO. 0" 10" 20° 30" 40' ROTAT ION 

1 0 16.0 24.0 32.0 35.0 0" 

2 0 16.0 23.2 30.0 36.8 0" 
031 3 0 15.6 24.0 30.4 36.4 0" 

AVG. 0 15.9 23.7 30.8 36.1 

1 0 16.0 25.6 31.0 37.6 0 O 

032 2 0 15.0 23.8 30.0 36.0 1 

3 0 15.0 23.0 30.0 36.0 0 O 

AVG. 0 15.3 24.1 30.3 36.5 

1 0 16.0 25.0 32.0 41.0 0" 

2 0 15.5 25.5 32.5 41.5 0° 

3 0 17.0 25.0 32.5 41.0 0" 

4 0 15.5 24.5 32.5 41.0 0° 

5 0 16.0 24.0 31.5 41.5 0 O 

6 0 15.0 24.0 31.0 40.0 0° 

AVG, 0 15.8 24.7 32.0 41.0 

1 0 18.0 29.0 37.5 46.0 0" 

2 0 19.0 28.5 37.0 46.5 0 O 

3 0 19.0 28.5 37.0 46.0 0" 

4 0 19.0 28.5 37.5 46.5 0" 

6 0 19.0 28.0 35.5 45.5 0" 

AVG . 0 18.8 28.3 36.8 46.1 

PROPOSED 
REQUIREMENT 

- 3 4 T 0  WITHIN 
47 LBS 5' OF 

IN  ITAL 
POSITION 







5.0 Conclusions 

1. The SA 103C 3-year-01 d-chi  l d  dummy, as modi f ied,  w i  11 p rov ide  con- 

G s t e n t  c a l i b r a t i o n  response data w i t h i n  the  proposed 1 i m i  t s  spec i -  

f i e d  i n  Docket 78-09. 

2. Accurate p o s i t i o n i n g  o f  the  dummy i s  ve ry  c r i t i c a l  t o  ma in ta i n  t he  

l a t e r a l  response component f o r  both head and ches t  impacts below 

the  proposed 56 1 i m i  t. 

3.. Molded sur face  i r r e g u l a r i t i e s  o f  the chest  s k i n  c o n t r i b u t e  t o  incon- 

s i s t e n c i e s  i n  t he  l a t e r a l  component o f  chest  c a l i b r a t i o n  data by 

p r o v i d i n g  o f f - c e n t e r  i n t e r a c t i o n  w i t h  t he  impact p i s t o n .  

4 .  The attachment o f  the  f r o n t  upper edge o f  t he  dummy r ibcage  t o  t he  

t h o r a c i c  frame r e s u l t s  i n  cons is ten t ,  unimodal ca l  i b r a t i o n  response 

data by e l  i m i n a t i  ng r i  bcage bottoming, b u t  increases t he  response 

s e n s i t i v i t y  t o  t he  he igh t  o f  the impact on the  chest .  



6.0 DISCUSSION 

Whi 1 e the  three-year-old dummy, w i t h  a rev ised head accelerometer 

mounting and r i  bcage attachment mod i f i ca t ions ,  meets the requirements o f  

proposed Docket No. 78-09, the head and chest impact responses are both 

s u f f i c i e n t l y  dependent upon the  t e s t  technique t h a t  f u r t h e r  comment i s  

requi red.  It i s  the op in ion  a t  HSRI t h a t  several common f a c t o r s  c o n t r i -  

bute t o  t h i s  s e n s i t i v i t y  o f  t he  head and chest regions. They are:  

1. I r r e g u l a r i t i e s  i n  the molded s k i n  sur face can c o n t r i b u t e  t o  i n i t i a l  

o f f - c e n t e r  load ing  o f  the impact p is ton .  This i s  espec ia l l y  a problem 

i n  the  chest region,  which i s  nea r l y  planar,  and the re fo re  more suscep- 

t i b l e  t o  t h i s  cond i t ion .  

2. The f o u r  w i r e  suspension system provides inadequate con t ro l  o f  t he  

impact p i s t o n  t r a j e c t o r y .  

The chest  reg ion  a l so  has add i t i ona l  f a c t o r s  c o n t r i b u t i n g  t o  impact 

response incons is tenc ies  : 

3. The attachment o f  the  upper f r o n t  o f  the r ibcage t o  the tho rac i c  frame 

t o  e l im ina te  bottoming o f  the r ibcage and reduce r i n g i n g  o f  the  response 

data in t roduced a marked s e n s i t i v i t y  t o  the v e r t i c a l  impact p o i n t  o f  the 

p i s t o n  on the chest. 

4. The molded s k i n  o f  the dummy chest tends t o  s h i f t  s l i g h t l y  between 

impacts, moving the t a r g e t  p o i n t  s tenc i l ed  on i t s  sur face f o r  p i s t o n  

al ignment r e l a t i v e  t o  the  r ibcage. The r e s u l t i n g  v e r t i c a l  change i n  

impact po in t ,  coupled w i t h  the s e n s i t i v i t y  problem mentioned above, can 

d r i v e  the chest response data ou ts ide  the  speci f ied 1 i m i  t s .  



7.0 RECOMMENDAT IONS 

It i s  the  op in ion  a t  H S R I  t h a t  t he  f o l l o w i n g  procedures would reduce 

the  l e i e l  o f  dependency on technique i n  the  c a l i b r a t i o n  o f  the  three-year- 
' 

o l d  c h i l d  dummy: 

1 . The impact p o i n t  on t h e  chest should be remeasured and remarked on 

the  chest  s k i n  before each impact t o  o b t a i n  cons i s ten t  response data. 

2. An improved suspension system f o r  the impact p i s t o n  should be i n v e s t i -  

gated which would p rov ide  b e t t e r  t r a j e c t o r y  c o n t r o l  . 
3. Considerat ion should b e  g iven t o  a s l  i g h t l y  spher ica l  r a t h e r  than p lanar  

face on the  impact p i s t o n  t o  reduce the  e f f e c t s  o f  o f f - cen te r  impacts due 

t o  the  i r r e g u l a r i t i e s  o f  t he  molded dummy sk in .  
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9.0 APPENDIX 



9.1 HEAD RESPONSE TEST DATA PLOTS 
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9.2 THORAX RESPONSE TEST DATA PLOTS 
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9.3 NECK RESPONSE TEST DATA PLOTS 



Head Acceleration 

P-A R-L I-S 

Resultant 

ACC 

Pendulum Acc 
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