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1.0 Introduction - 
There are many real-world problems associated with restraining 

motor vehicle occupants, particularly children, for crash protection. 

Effective restraint systems for both adults and children are now either 

provided in the vehicle or available as after-market equipment. There 

are still, however, many everyday situations in which these systems are 

either unavailable or impractical. As a result, clever ways have often 

been devi sed by the pub1 i c to deal wi th some of these temporary or long- 

term problems. These "solutions ," however, have rare1 y been tested to 

determine what might actually happen in a crash. Although some may have 

promise, some are obviously questionable in concept and/or design, 

The objective of this program was to subject various child occupant 

protection concepts, that have been suggested or are currently in use, 

to dynamic testing on an impact sled. The results of these tests would 

then be disseminated to the public to show the effectiveness or 

ineffectiveness of these concepts. In this context, negative results 

are just as valuable as positive results, because they provide a 

definitive answer to thequestion, "Would this work?" As the results 

are channeled through the child occupant protection networks, proper 

restraint techniques will be encouraged and dangerous practices 

discouraged. 

2.0 Methodoloay - 
Based on our own observations and on suggestions from other safety 

professionals, typical alternatives to proper chi ld restraint practices 

were identified, and tests were set up to simulate these alternatives. 

A1 1 configurations were then subjected to 30-mph (219) impacts as cal led 

for in Federal Motor Vehicle Safety Standard (FMVSS) 213, Child 

Restraint Systems. 

The tests were performed on an impact sled that operates on a 

rebound principle, achieving a desired velocity change by reversing its 

direction of motion during the impact event. Sled velocity is monitored 

immediately before and after impact. 



Unless o therwise noted, the  system tes ted  was mounted on the 

Standard Bench Seat o f  FMVSS 213, and a l l  b e l t s  used t o  a t t a c h  the  

r e s t r a i n t  system o r  the  dummies t o  the  t e s t  buck were pre tens ioned t o  

13.5 l b . f l . 5  l b .  The t e s t  da ta  were recorded on a magnetic tape 

recorder  and then d i g i t i z e d ,  d i g i t a l l y  f i l t e r e d ,  and analyzed on a  

d i g i t a l  computer, A l l  t e s t  s i g n a l s  were f i l t e r e d  t o  t h e  requirements o f  

S A E  J-211b. Photographic i ns t rumen ta t i on  cons is ted  o f  h igh  speed (800 

f  rame/second) 16-mm mot ion p i  c t u r e  cameras f o r  s  i  de and overhead v i  ews 

and an automat ic time-sequenced P o l a r o i d  camera. The t ransducer d a t a  

and t h e  mot ion  p i c t u r e  data  were marked s imul taneous ly  by a  t i m i n g  pu lse  

generator  a t  10 m i l l i s e c o n d  i n t e r v a l s  and by a  s t r o b e  f l a s h  a t  t h e  onset  

o f  impact . 
To generate a  frame o f  re fe rence  w i t h  which the  t e s t  r e s u l t s  cou ld  

be compared, we f i r s t  t e s t e d  a  P a r t  572 3-year-o ld dummy r e s t r a i n e d  by a  

l a p  b e l t .  We then tes ted  the  a l t e r n a t i v e  o f  two 3-year-o ld dummies i n  a  

s i n g l e  l a p  b e l t ,  bo th  w i t h  the  b e l t  pretensioned and w i t h  t h e  b e l t  o n l y  

"snug." The f i n a l  l a p  b e l t  a l t e r n a t i v e  was th ree  dummies (two 3-year- 

o l d s  and one 6-year-old) r e s t r a i n e d  by two crossed be1 t s .  Detai  1s a re  

i n  Sec t i on  3.0, Test  Con f igu ra t i ons  and Resu l ts .  I n  multiple-dummy 

t e s t s ,  o n l y  one 3-year-o ld was instrumented.  

Another s e r i e s  o f  t e s t s  addressed te the red  c h i l d  r e s t r a i n t s .  Two 

commonly used models, C h i l d  Love Seat and S t r o l e e  599, were tes ted  a t  

30 mph w i t h o u t  t e t h e r s  a t tached.  Two a l t e r n a t i v e  t e t h e r  anchor 

l o c a t i o n s  were a l s o  tes ted  u s i n g  S t ro lees .  These were a  t e t h e r  t i e d  t o  

the  head r e s t r a i n t  on a  Chevro le t  bench seat  and a  t e t h e r  anchored t o  

the  f l o o r  j u s t  behind the  Standard Bench Seat. 

The l a s t  two t e s t s  addressed concepts o f t e n  suggested b u t  n o t  t r i e d  

as f a r  as we know. The f i r s t  p laced t h e  6-month-old dummy i n  a  Gerry 

Cuddlepack, which i s  s p e c i f i c a l l y  labe led as "no t  meant f o r  h o l d i n g  

i n f a n t s  i n  motor veh ic les . "  The babypack was then hung over the  chest  

o f  an a d u l t  dummy r e s t r a i n e d  by l a p  and shoulder b e l t s .  The second 

concept was the use o f  Ve lc ro  s t r i p s  as a  c h i l d  r e s t r a i n t  harness 

adjustment and/or c l o s u r e  mechani sm on the  shoulder s t raps .  Deta i  1 s  of 

these c o n f i g u r a t i o n s  a re  i n  the  nex t  sec t i on .  



j.O Test Conf i q u r a t  ions and Resul t s  

D e t a i l s  o f  t he  set-up and r e s u l t s  o f  each t e s t  a r e  g i ven  i n  t h i s  

sec t i on .  The t e s t s  are  presented i n  a  l o g i c a l  o rde r ,  as o u t l i n e d  above, 

r a t h e r  than i n  the  order they were a c t u a l l y  run.  The P o l a r o i d  sequence 

o f  e i g h t  shots  taken a u t o m a t i c a l l y  d u r i n g  each t e s t  a re  inc luded here. 

I n  a d d i t i o n ,  high-speed c o l o r  f i l m s  o f  t h i s  t e s t  s e r i e s  have been 

prov ided t o  t h e  sponsor. 

A l l  b u t  one t e s t  used an instrumented P a r t  572 3-year-o ld dummy. 

For these t e s t s ,  da ta  i n d i c a t i n g  i n j u r y  p o t e n t i a l  a re  o u t l i n e d  i n  each 

t e s t  summary, and f u r t h e r  d e t a i l s  a r e  prov ided on computer p l o t s . '  The 

r e s u l t s  o f  these t e s t s  can bes t  be eva luated us ing  the  c r i t e r i a  from 

FMVSS 213:  

Head excurs ion I 32 i n .  

Knee excurs ion I 36 i n .  

Head I n j u r y  C r i t e r i o n  (HIC) I 1000 

Chest peak r e s u l  t a n t  a c c e l e r a t i o n  <bog 
except  f o r  cumu la t i ve  d u r a t i o n  I 3  ms 

There i s  c u r r e n t l y  no c r i t e r i o n  f o r  abdominal i n j u r y ,  b u t  peak l ap  

b e l t  loads f o r  each s i d e  a r e  g i ven  when approp r ia te  f o r  comparison 

purposes. 

l A b b r e v i a t i o n s  used on computer p l o t s  f o r  a c c e l e r a t i o n  components: 

A-P = A n t e r i o r  ( f r o n t )  - P o s t e r i o r  (back) 
L-R = L e f t  - R i g h t  
S- I = Super ior  ( top)  - l  n f e r  i o r  (bottom) 

The d o t t e d  l i n e s  on the  p l o t s  i n d i c a t e  the  zero  a c c e l e r a t i o n  l e v e l .  
The numbers on the  y -ax is ,  such as S- I  400, i n d i c a t e  the  number o f  u n i t s  
between t h e  major  d i v i s i o n s  on t h e  sca le .  



Test N o . :  820037 

Dummy: 3-Year-0 l d (Part 572) 

Set-Up: The dummy was restra i ned by a pretens i oned 1 ap be1 t . 

Results: The belt performed as intended, containing the dummy within 

the excursion limits. The chest accelerations were also acceptable, but 

the HIC exceeded 1000. This occurred, as it usually does in this 

configuration, because the dummy head hits the unrealistically rigid 

knees, creating an artificial resonance in all three accelerometers. 

The belt loads were typical for this configuration. 

Head excurs i on 31.1 in. 

Knee excursion 21.0 in. approx. 
(obscured by seat cushion) 

HIC 1949 

Chest peak accel . 519 

Belt loads Right 581 lb. 
Left 639 lb. 





RESULTANT (G) COMPONENTS (G) 
Channel Class 1000 

A-P L-R S-1 



Peaks: A-P=44 L-R=7 S-!=51 

50 100 150 ms 

Chest Accelerations 

7 

- Peak = 51 
0 - - - 
0 - - 
- - 
0 - 
- - 
0 



T e s t  No . : 820032 

Rummies:  3-Year-0 1 d  (Par t  572) 
3-Year-Old (S ier ra)  

S e t - u p :  Two dummies were r e s t r a i n e d  by a  s i n g l e  pre tens ioned l a p  b e l t ,  

R e s u l t s :  The dummies' heads and upper to rsos  f l u n g  toward each o ther  

d u r i n g  the  impact, r e s u l t i n g  i n  h igher  L-R chest  acce le ra t i ons  than i n  

t h e  base l i ne  t e s t  and some a d d i t i o n a l  r e a l  head acce le ra t i ons  i n  the  A-P 

and L-R d i r e c t i o n s  t h a t  occur red p r i o r  t o  the  head/knee impact, The 

g rea te r  b e l t  l eng th  and less  compact dummy c o n f i g u r a t i o n  a l s o  r e s u l t e d  

i n  a  h igher  head excurs ion.  The heads d i d  n o t  a c t u a l l y  h i t  each o the r ,  

because the  dummy necks a r e  s t i f f e r  than human necks and t h e  elbows were 

i n  the  way. A f t e r  maximum excurs ion,  the  dummies rebounded away from 

each o t h e r .  The b e l t  loads r e f l e c t  t h e  doub l i ng  o f  dummy weight ,  b u t  

each dummy experiences o n l y  h a l f  t h e  t o t a l  load. 

Head excurs i on 34.4 i n .  

Knee excurs ion Obscured 

H I C  1630 

Chest peak accel .  419 

B e l t  loads R i g h t  1037 
L e f t  1039 





Peaks: A-P=?92 L -I?= 149 S-I= 132 

HIC interval: 79 to 120 ms. 

0 
0 50 100 150 rns 

Head Accelerafions 

10 



Peaks: A-P=27 L-R=22 S-1=35 

50 100 150 ms 

Chest Accelerations 

1 1  

l I l l / l l l l ~ l l l l j l l l I ~ I I I 1  

Peak = 4 1 - - - 
- 
I - 
- - - 
- - 



Test No.: 820033 

Dummies: 3-Year-Old (Part  572) 
3-Year-Ol d  (S i e r ra )  

Set-Up: Two dummies were r e s t r a i n e d  by a s i n g l e  "snug" l a p  b e l t ,  

s i m u l a t i n g  a  more r e a l i s t i c  c o n d i t i o n  than t h e  pretensioned b e l t .  

Results: The dummies' heads and upper t o rsos  aga in  f l u n g  together ,  and, 

because o f  t h e  looser r e s t r a i n t ,  generated an even h igher  L-R chest  

a c c e l e r a t i o n ,  a  much h igher  head excurs ion ,  and g rea te r  b e l t  loads than 

the  p rev ious  t e s t s .  A f t e r  maximum excurs ion ,  the  dummies again 

rebounded away f rom each o t h e r .  

Head excurs i on 3 7 . 3  i n .  

Knee excurs i on Obscured 

H I C  1884 

Chest peak acce l .  499 

B e l t  loads R i g h t  1259 
L e f t  1277 





Peaks: A-ps58 1 -R= I48 S-l=98 

HIC interval.. 78 to 122 ms. 

50 186 150 ms 

Head Accelerations 

14 

0 - HIC = 7884 - - 
0 - - 
I - 
0 - 
0 - - 
I 

0 - 
I) 

- - 
e ' l l l l l l ' l ' l l l l l l l l l l l l l l l l l l l l l l l l l l l l  



Peaks: A-P=E L-R=30 S-1=42 

Chest Accelerations 



Test No . : 820034 

Dummies: 3-Year-01 d (Sierra) 
3-Year-01 d (Part 572, instrumented, center pos i t ion) 
6-Y ear -0 1 d 

Set-Up: Three dummies were restrained by I 
two "snug" 1 ap be1 ts, crossed over the 

center (Part 572) dummy as i 1 lustrated. 

Belt load cells were placed as indicated 

by the small circles on the diagram. 

Results: The dummies all moved straight ahead as though restrained by 

separate belts. The center dummy's head excursion was slightly less 

than that of the baseline test, and the HIC and chest accelerations were 

comparable. The belt loads of interest are those that most directly 

load the center dummy, identified as RR (right rear) and LR (left rear). 

Although the direction of loading may have been somewhat different, due 

to the cinching action, than that of a single lap belt, the magnitude 

was not substantially greater. The high load at the RR anchor reflects 

the extra weight of the 6-year-old dummy. 

Head excurs i on Right 3-year-old 32.6 in. 
Center 3-year-old 30.8 in. 
Left 6-year-old 36.0 in. 

Knee excursion Obscured 

H I C  1989 
Chest peak accel . 409 

Be 1 t 1 oads Right rear 920 
Left rear 677 
Right front 884 
Left front 1065 





Peaks: A-f=l95 L-R=172 S-I=96 

HIC interval.. 73 to 719 ms. 
l l l ~ l l l l ~ ~ l l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Head Accelerations 

18 



Peaks: A-P=38 L-R=7 S-!=39 

TEST NO. 8213034 

- - 

Chest Accelerations 

19 

0 s 
fn Q o -  
0 ' 9 -  
G 4 

Q) 
C 
E: u 

- - 

- - 

6 



Test N o . :  820036 

Dummy: 3-Year-Old (Par t  572) 
C h i l d  Restraint: Chi l d  Love Seat 

Set-Up: The top  t e t h e r  was removed, b u t  o therwise  the  CR was p r o p e r l y  

i n s t a l l e d  and the  dummy p rope r l y  harnessed. 

Results: The CR r o t a t e d  forward,  a l l o w i n g  an excessive head excurs ion.  

I t  m ight  have r o t a t e d  f a r t h e r  had t h e  l a p  b e l t  no t  t empora r i l y  caught 

the  l e f t  r ea r  corner o f  the base. Other i n j u r y  i n d i c a t o r s  were w e l l  

belbw accepted l i m i t s .  The CR remained i n  a  t i pped  p o s i t i o n  a f t e r  t he  

i mpac t . 
Head excurs i on  35.4 i n .  

Knee excurs ion  2 6 . 6  i n .  

HIC 405 

Chest peak accel . jog  





Peaks: A-~=33 L-RJIS S-1=56 

HIC interval: 76 to 169 rns. 

Head Accelerations 



Peaks: A-~=19 1-R=6 S-1-39 

- 
0 Peak = 30 - 
0 - - 
0 

- - 
0 - 
- 
0 

Chest Accelerations 



T e s t  N o . :  820035 

Dummy: 3-Year-Old (Part 572)  
C h i l d  R e s t r a i n t :  styolee 599 

Set -Up:  The top tether was removed, but otherwise the CR was properly 

installed and the dummy properly harnessed. This CR model is equipped 

with an arm rest that is not part o f  the restraining system but is held 

down by the buckled harness. 

R e s u l t s :  The CR plastic shell deformed forward, allowing an excessive 

head excursion. The dummy's chin hit the far edge of the arm rest, 

generating a higher HIC than that seen with the Child Love Seat, 

although still not an excessive level. 

Head excurs i on 34.9 in. 

Knee excursion 29.1 in. 

HI C 7 16 

Chest peak accel, 419 





TEST NO. 82D035 

----------- 

Peaks: A-P=42 1-!?=IS S-/=66 

HIC interval: 106 fa 176 ms. 

Head Accelerations 

2 6 



RESULTANT (G) COMPONENTS (G) 
Channel Class 180 



Tes t No . : 820040 

Dummy: 3-Year-Old (Part  572) 
Chi ld  R e s t r a i n t :  St ro lee  599 
T e s t  Buck: Chevrolet  Front  Bench Seat 

Set-Up: The top  t e t h e r  was t i e d  f i r m l y  around the  metal pos t  suppor t ing  

the head r e s t r a i n t  on the  Chevro le t  seat .  The head r e s t r a i n t  was then 

placed i n  i t s  lowest p o s i t i o n .  The CR was o therwise  p r o p e r l y  i n s t a l l e d  

and t h e  dummy p r o p e r l y  harnessed. 

R e s u l t s :  The Chevrol e t  seatback deformed forward, and the  t e t h e r  pu l  l ed  

the  head r e s t r a i n t  up, a l l o w i n g  an excessive head excurs ion .  Although 

the  measured excurs ions f o r  t h i s  and the  unte thered t e s t  a re  no t  

d i r e c t l y  comparable, because o f  t h e  d i f f e r e n t  t e s t  bucks, t h e  v e h i c l e  

seat i t s e l f  was c l e a r l y  no t  s t rong  enough t o  p rov ide  a  good t e t h e r  

anchorage. 

Head excurs ion  35.9 i n .  

Knee excurs ion  29.7 in .  

H I C  62 1 

Chest peak accel . 399 





Peaks: ~ - f = 4 2  L-)7= 72 S-1=56 

HIC interval: 98 to 166 ms. 

- HIC = 62 1 - - - .... - 
0 - - - - - 
+- - 
0 

0 

- - - - 

Head Accelerations 



Peaks: A-P=37 L -R= 12 S-l=22 

- - 
o Peak = 39 
0 - 
- 
0 

- - - 
- - 

Chest Acceleraiions 



T e s t  N o .  : 82D038 

Dummy: 3-Year-Old (Part 572) 
C h i l d  R e s t r a i n t :  St ro lee  599 
T e s t  B u c k :  Standard Bench Seat (SBS) 

Set -Up:  The top te ther  was routed over the back o f  the SBS and s t r a i g h t  

down. I t  was then anchored t o  the buck f l o o r ,  s imu la t ing  te ther  

con f igu ra t ions  observed i n  the rear  seat o f  s t a t i o n  wagons. 

Results: The CR t rave led forward along w i t h  the back o f  the SBS, bu t ,  

because t h i s  seatback i s  q u i t e  r i g i d ,  the head excursion was not  

excessive. The dummy's face contacted the arm r e s t ,  bu t  w i t h  less f o r c e  

than i n  the  untethered t es t .  

Head excurs ion 30.6 i n .  

Knee excurs i on 27.9 i n .  

HlC 573 
Chest peak accel . j l g  





- 

Peaks: A-P=42 L-R=6 S-1=47 

HIC interval: 66 to 130 ms. 

Head Accelerations 



1 

Peaks: A - P 4  L-R=4 S-l=16 

1 1 1 1 ~ 1 l 1 1 ~ 1 1 1 1 ~ 1 1 1 1 ( 1 1 1 1 ~ 1 1 1 1  

- - Peak = 37 - - - 
r 

- - 
I 

0 

0 

Chest Accelerations 

3 5 



Test No.: 820037 

Dummies: 6-Month-01 d  (Part  572) 
H S R l  50 th  P e r c e n t i l e  Male 

Set-Up: The a d u l t  dummy was r e s t r a i n e d  by l a p  and shoulder be1 t s .  The 

i n f a n t  dummy was placed i n  a  c l o t h  babypack (Gerry Cuddlepack) t h a t  was 

p roper l y  hung on the shoulders and over the  chest  o f  t he  a d u l t  dummy, 

and s t raps prov ided were t i e d  around the a d u l t  dummy's wa is t .  

Results: The c l o t h  o f  the  babypack was n o t  s t rong  enough t o  r e s t r a i n  

the  i n f a n t  dummy. I t  r i pped  apar t ,  and the  dummy f l e w  forward.  The 

b e l t e d  a d u l t  dummy was e f f e c t i v e l y  res t ra ined ,  bu t ,  had t h e  i n f a n t  

remained i n  p lace,  t h e  a d u l t ' s  head would have impacted the i n f a n t ' s  

head. I n  t h i s  t e s t ,  t he  a d u l t ' s  neck f l e x e d s u c h  t h a t  i t s f a c i a l  

sur face t r a v e l e d  5.5 inches below the i n i t i a l  p o s i t i o n  o f  the  i n f a n t ' s  

head. 





T e s t  N o . :  820039 

Dummy: 3-Year-Old (Part 572)  
C h i l d  R e s t r a i n t :  Astroseat 9100 

S e t - U p :  The production harness of the CR was 

replaced with a new one that had 7.5-inch strips n 
of Velcro sewn on the shoulder straps. These \ ) 

straps were actually doubled as illustrated in 7.5" Velcro 

cross-section, the webbing having been threaded 

through the shoulder slots, around the 

horizontal upper frame tubing, back through the 

slots, and back over the dummy's chest. The 

Velcro thus functioned as a webbing closure and potentially as a harness 

adjustment mechanism. A loose rope was attached to the dummy in case 

the Velcro did not hold. The CR was properly installed; no tether is 

required with this model. 

R e s u l t s :  The Velcro held and did not even slip. The harness functioned 

as intended, and in fact the doubled shoulder straps generated an 

especially low head excursion for a non-tethered CR. 

Head excurs i on 27.6 in. 

Knee excursion 30.0 in. 

HIC 300 

Chest peak accel . 429 
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HIC interval: 58 to 108 ms. 

Head Accelerations 

4 0 



RESULTANT (G) COMPONENTS (G) 
Channel Class 180 

A-P L-R S-1 



4.0 Discussion - 
The tests in this program were successful in that they demonstrated 

that certain child occupant protection concepts had promise while 

graphically showing the dangers intrinsic in others. The discussion 

that follows emphasizes the important points that should benefit the 

public through a better understanding of restraint system dynamics. 

4.1 Lap Be1 ts - 
Although a lap belt is designed to restrain a single occupant, 

there are real-world situations in which there are more occupants than 

belts, particularly when children are involved, At the same time, there 

is of ten adequate seating space for an additional small person. 

Typically, three children are placed in a rear seat equipped with only 

two be1 ts. In the past, safety advisors have suggested that two 

children should share a belt rather than one child being allowed to ride 

completely unrestrained. As demonstrated in these tests, head-to-head 

impact would occur in a frontal crash that could result in the type of 

severe injuries restraint systems are supposed to prevent. 

A better alternative appears to be the 3-in-2 configuration, in 

which three children are restrained by two belts crossed over the center 

child. The advantage of this system over a 2-in-1 configuration is that 

all three children will bend directly forward during the impact avoiding 

any head-to-head contact. The dummies in our test did, however, splay 

apart somewhat upon rebound, making contact with the vehicle side 

interior a possibility. 

Head excursion for the center dummy was actually better in the 

3-in-2 configuration than for the normally lap-belted dummy, because the 

forces exerted by the outboard dummies cinched the center belt tighter 

and tighter during the impact. These outboard dummies, however, were 

somewhat more loosely restrained than they would be under normal 1-in-1 

conditions, but they were still more effectively restrained than in the 

"snug" 2-i n-1 configuration of test 820033. 

Our major initial concern about the 3-in-2 configuration was the 

possibly injurious effects of the belt forces on the center child. 

Although the loads at the center belt anchorages were not particularly 



high, the scissoring action of the crossed belts deserved some 

attention. We determined, however, that, as long as the anchor points 

were as far apart as the child's hips were wide, the direction of belt 

forces was essentially the same as for a single lap belt. As the space 

between the anchor points narrows, different forces are generated around 

the pelvis. Although a normal lap belt will perform as though slack 

when the anchor points are too close together for the occupant, crossed 

be1 ts wi 1 l probably remain tight. Further study of the effects of be1 t 

geometry are needed. Until then, we advise against using the 3-in-2 

configuration if the center belt anchors are closer together than the 

width of the child's hips. 

A curious result of this test was the surprisingly low belt loads, 

considering that the weight of one and one-half dummies was acting on 

each belt. This result indicates that such a crossed system couples the 

dummies more closely to the impact sled and.thus, taken as a whole, is a 

more efficient pelvic restraint system than three individual belts. 

Unfortunately, the gains in head excursion of the center dummy are 

partially offset by losses experienced by the outboard dummies. 

Finally, we speculate that the 3-in-2 configuration would be most 

effective with three children of about the same size, because belt fit 

would be optimum and all three children would load the belts at about 

the same time. With children of different sizes, however, we advise 

placing the largest in the center for three reasons. First, reduced 

head excursion will be of greatest benefit to the tallest child. 

Second, heavier bodies produce higher belt loads, and the largest child 

would best be able to withstand the loads generated by the other 

children. Third, thicker bodies load belts sooner than thinner ones, 

and, if the smallest child were in the center, he would be squeezed 

laterally by the crossed belt before receiving the frontal restraining 

load. The effects of this lateral loading are unknown. 

Although the 3-in-2 configuration is a better alternative than the 

2-in-1 configuration, it is still not an optimum restraint system for 

all occupants. Until further study suggests otherwise, it should still 

be used only as a temporary solution in an emergency situation. We do 



no t  adv ise  u s i n g  t h i s  c o n f i g u r a t i o n  as a  regu la r  means o f  r e s t r a i n i n g  

c h i l d r e n  i n  motor veh ic les .  

4.2 Tethers - 
A 1  though the pub1 i c  has been repeated ly  advised i n  s a f e t y  

p u b l i c a t i o n s  t h a t  c h i l d  r e s t r a i n t s  r e q u i r i n g  t e t h e r s  t o  pass t h e  30-mph 

impact t e s t  a r e  s e r i o u s l y  degraded w i t h o u t  t h e i r  t e the rs ,  t h e  low r a t e  

o f  t e t h e r  i n s t a l l a t i o n ,  observable i n  any pa rk ing  l o t ,  c l e a r l y  shows t h e  

p u b l i c  e i t h e r  does n o t  b e l i e v e  the  warnings o r  does no t  care.  Perhaps 

p i c t u r e s  w i l l  be ab le  t o  convince where words have gone unheeded. 

The two brands t h a t  were t e s t e d  unte thered a t  30-mph were se lec ted  

because they have been the most f r e q u e n t l y  purchased te the red  CRs and 

they represent  two d i f f e r e n t  des ign types.  The Chi l d  ~ o v e  Seat (CLS) , 
which i s  v i r t u a l l y  i d e n t i c a l  t o  the  model f o r m e r l y  known as the  GM C h i l d  

Love Seat, i s  a  ho l l ow  p l a s t i c  s h e l l ,  over which the  v e h i c l e  s e a t b e l t  i s  

passed. The S t r o l e e  599, which i s  const ruc ted s i m i l a r l y  t o  the  597-A 

b u t  has been s t r u c t u r a l l y  improved over the  597-5, i s  a  p l a s t i c  s h e l l  

b o l t e d  t o  a metal  frame, through which the  s e a t b e l t  i s  passed. 

I n  the  case o f  the  CLS, t h e  e n t i r e  s h e l l  r o t a t e d  around the  

s e a t b e l t  u n t i  1 bo th  the  b e l t  and the  back edge o f  t he  CLS were about 55' 

from v e r t i c a l .  I t  i s  p o s s i b l e  t h a t ,  on a  more contoured v e h i c l e  seat 

than the SBS, t h e  back o f  the  base might  no t  have s l i p p e d  up so h igh .  

I t  i s  a l s o  p o s s i b l e  tha t ,  w i t h  a  l e s s  t i g h t  s e a t b e l t ,  the  CLS would have 

r o t a t e d  comple te ly  o u t  o f  t he  b e l t .  I f  t h i s  CR were i n  the  r e a r  seat o f  

a  r e a l  ca r ,  a  3-year-o ld c h i l d ' s  head might  o n l y  impact t he  padded back 

o f  t he  f r o n t  seat .  But i n  the  f r o n t ,  t h i s  l e v e l  o f  head excurs ion (35.4 

i n . ) ,  a long w i t h  the  e levated s e a t i n g  p o s i t i o n ,  m igh t  p u t  t h e  c h i l d ' s  

head i n t o  the  w indsh ie ld ,  the  metal  frame around the  w indsh ie ld ,  o r  t he  

instrument panel ,  p a r t i c u l a r l y  i f  t he  v e h i c l e  crushed i n t o  the  passenger 

area. 

The S t r o l e e  behaves d i f f e r e n t l y  when sub jec ted t o  impact 

unte thered.  The s h e l l  i s  h e l d  f i r m l y  by the  frame on ly  a t  t he  base o f  

t he  s h e l l .  Dur ing  impact the  s i n g l e  w a l l  o f  p l a s t i c  then bends a t  a  

p o i n t  partway up the  back o f  the  s h e l l .  Again, the  l e v e l  o f  head 



excurs ion  al lowed, a long w i t h  the  head e l e v a t i o n ,  would be q u i t e  

dangerous, p a r t i c u l a r l y  i n  t h e  f r o n t  seat .  

T y i n g  the  t e t h e r  t o  the  f r o n t  seat  head r e s t r a i n t  does n o t  appear 

t o  improve the  s i t u a t i o n ,  a t  l e a s t  n o t  f o r  t he  S t r o l e e  design.  I n e r t i a l  

f o rces  n o t  o n l y  bend t h e  s h e l l  b u t  a l s o  p u l l  t he  v e h i c l e  seatback 

forward.  T h i s  seatback appears t o  p r o v i d e  no r e s t r a i n t  whatsoever. I f  

we app ly  these r e s u l t s  t o  a  s i t u a t i o n  i n  which a  t e t h e r  may be anchored 

t o  the  f l o o r  c l o s e  t o  the  base o f  a s t a t i o n  wagon o r  hatchback rea r  

seat ,  t h e  t e t h e r  thus p u l l i n g  on the  top  o f  t h e  seatback i n  a  crash,  we 

can assume t h a t  t h i s  t e t h e r  wi 1 1  a l s o  be wor th less .  Fur ther  t e s t i n g  

w i t h  an a c t u a l  rea r  seat  c o n f i g u r a t i o n  may be necessary, however, t o  

p r o v i d e  conv inc ing  evidence. 

The ques t ion  now a r i s e s  as t o  the  c rash p r o t e c t i o n  t r a d e - o f f s  

between u s i n g  an un te the red  CR t h a t  needs t h i s  e x t r a  anchorage and u s i n g  

a  l a p  b e l t  a lone w i t h  the  c h i l d  s i t t i n g  d i r e c t l y  on the v e h i c l e  seat .  

We have shown t h a t  head excu rs ion  i s  much lower f o r  t h e  l ap -be l ted  dummy 

than f o r  t he  dummy i n  e i t h e r  un te the red  CR, b u t  the  CR harnesses do 

spread t h e  impact f o rces  over a  l a r g e r  body area than does a  l a p  b e l t .  

Because b r a i n  damage i s  i r r e v e r s i b l e ,  t he  most c r i t i c a l  p a r t  o f  t h e  

body t o  p r o t e c t  i s  the  head. There i s  thus no ques t ion  t h a t ,  i n  t h e  

f r o n t  seat ,  a  lap  b e l t  would be b e t t e r  than one o f  these t e s t e d  CR 

models used unte thered.  B e t t e r  s t i l l  would be a  l a p  b e l t  i n  t h e  rea r  

seat .  Because the p o t e n t i a l  f o r  head i n j u r y  i n  the  r e a r  seat  i s  l ess  

than i n  t h e  f r o n t ,  an un te the red  CR t h a t  needs a  t e t h e r  p rov ides  

p r o t e c t i o n  somewhere between r e a r  seat  and f r o n t  seat  l a p  b e l t s .  I f  t he  

c h i l d  re fuses  t o  s t a y  i n  t h e  r e a r  s e a t b e l t ,  because he cannot see out ,  

f o r  ins tance,  then the un te the red  CR i n  the  r e a r  seat  i s  t h e  b e t t e r  

a l t e r n a t i v e ,  

4.3 Babypacks 

C l o t h  packs used by parents  t o  c a r r y  small  i n f a n t s  on t h e i r  chest  

look tempt ing  as a  convenient  way f o r  a  passenger t o  t r a n s p o r t  a  baby i n  

t h e  car  as w e l l .  Our t e s t  revea led two reasons t h a t  t h i s  system i s  n o t  

and cou ld  n o t  be developed i n t o  a good r e s t r a i n t  system. 



F i r s t ,  t he  product  as cons t ruc ted  was n o t  made o f  m a t e r i a l s  t h a t  

cou ld  w i ths tand  30-mph impact- level  forces.  Second, even i f  a  babypack 

were r e i n f o r c e d  w i t h  s e a t b e l t  webbing, t he re  would be i n j u r i o u s  

i n t e r a c t i o n s  between the a d u l t  and the i n f a n t .  S p e c i f i c a l l y ,  t he  

a d u l t ' s  head would probabiy crush the  vu lne rab le  top  o f  the  i n f a n t ' s  

head. I f  f u r t h e r  conv inc ing o f  t he  dangers o f  t h i s  system i s  needed, a  

s t rong  enough babypack cou ld  be cons t ruc ted  f o r  another t e s t .  

4 . 4  Ve lc ro  - -  
The suggest ion i s  o f t e n  made t h a t  Ve lc ro  should be t r i e d  on c h i l d  

r e s t r a i n t  harnesses t o  f a c i l i t a t e  adjustment and/or c losure .  To t e s t  

t h i s  concept i n  the  most optimum c o n f i g u r a t i o n  t h a t  was a l s o  a  f a i r l y  

s imple one t o  cons t ruc t ,  we a t tached long s t r i p s  of Ve lc ro  t o  the 

shoulder s t raps  as descr ibed i n  the  prev ious sec t ion .  As noted i n  the 

t e s t  r e s u l t s ,  the  Ve lc ro  he ld  f i r m  and even c o n t r i b u t e d  t o  reduc ing head 

excurs ion.  

The quest ions  now are, how much Ve lc ro  i s  needed, and how would i t  

h o l d  up over t ime under r e a l  use c o n d i t i o n s ?  The f i r s t  ques t i on  cou ld  

be addressed us ing  the same harness c o n f i g u r a t i o n  w i t h  less  and less  

Ve lc ro  o v e r l a p  area. For the  second, the manufacturer o f  t h i s  product  

may be ab le  t o  adv ise  on i t s  degradat ion  w i t h  use. 

A d d i t i o n a l  p r a c t i c a l  problems remain, however, o f  des ign ing a  

harness o r  o the r  r e s t r a i n i n g  system us ing  Ve lc ro  t h a t  would be 

a d j u s t a b l e  through a  wide range o f  s i zes  and cou ld  n o t  be opened by a  

c h i l d  t r y i n g  t o  ge t  ou t  o f  the  CR. I t  would no t  be poss ib le ,  f o r  

instance,  t o  a t t a c h  Ve lc ro  t o  the  e n t i r e  l eng th  o f  t he  shoulder s t raps  

t o  ove r lap  as needed, because t h e  two adher ing surfaces a r e  of d i f f e r e n t  

t ex tu re .  What might  ove r lap  w e l l  f o r  a  l a rge  todd le r  might  n o t  match up 

f o r  a  newborn. Because o f  the  wide v a r i a t i o n  o f  harness l eng th  needed 

f o r  d i f f e r e n t  s i z e  c h i l d r e n ,  i t  may be necessary t o  make o n l y  small 

adjustments w i t h  a  Ve lc ro  system, such as f o r  c l o t h i n g  changes, and 

leave major and less  f requent  s i z e  adjustments t o  o the r  means. Also, 

because Ve lc ro  i s  r e l a t i v e l y  easy t o  open ( re lease f o r c e  r e q u i r e d  tes ted  

a t  l ess  than 2 pounds) , the c l o s u r e  o r  adjustment system on a  CR used 

w i t h  a  todd le r  would have t o  be l oca ted  ou t  o f  a  c h i l d ' s  reach w h i l e  



be ing access ib le  t o  a d u l t s .  Ve lc ro  might  thus be most a p p r o p r i a t e  i n  

i n f a n t - o n l y  r e s t r a i n t s .  

F i n a l l y ,  as a  s ide- issue,  t he  e x c e l l e n t  performance o f  t h i s  non- 

te the red  CR should be compared w i t h  the  performance o f  o the r  systems 

t e s t e d  i n  t h i s  s e r i e s .  



5.0 Conclusions and Recommendations 

The approach o f  t e s t i n g  and f i l m i n g  popular  a l t e r n a t i v e s  t o  

o f f i c i a l l y  accepted c h i l d  r e s t r a i n t  systems, as w e l l  as t e s t i n g  

unconvent ional  b u t  p romis ing ideas, i s  important  f o r  de termin ing the  

t rade -o f f s  t h a t  e x i s t  when the  i dea l  i s  no t  poss ib le .  The f i l m s  

themselves a r e  a l s o  an e f f e c t i v e  teach ing t o o l  t o  convince t h e  p u b l i c  o f  

t he  dangers o f  some systems t h a t  a r e  i n  common use. The f i l m s  t h a t  

accompany t h i s  r e p o r t  have been shown thus f a r  o n l y  t o  f a i r l y  

knowledgeable audiences, b u t  t h e  v i s u a l  r e s u l t s  s t i l l  generate 

expressions o f  s u r p r i s e  among the v iewers.  

The recommendations we a re  ab le  t o  make t o  the  pub1 i c  from t h i  s  

l i m i t e d  s e r i e s  o f  t e s t s  a re  as fo l l ows :  

1 .  I f  c h i l d r e n  a r e  t o  be r e s t r a i n e d  by l a p  b e l t s ,  i f  t he re  a re  

more c h i l d r e n  than b e l t s ,  and i f  the re  i s  no a d d i t i o n a l  v e h i c l e  

a v a i l a b l e ,  r e s t r a i n  th ree c h i l d r e n  i n  two b e l t s  crossed over the  center  

c h i l d ,  w i t h  the  l a r g e s t  ch i  I d  i n  the  center  p o s i t i o n .  (See Test  

No. 820034 f o r  b e l t  r o u t i n g  d e t a i l s . )  

2.  I f  a CR requ i res  a  t e t h e r ,  i t  should no t  be used i n  the  f r o n t  

seat  unless i t  i s  anchored t o  a  rear -seat  l a p  b e l t .  I f  a l l  l a p  b e l t s  i n  

the  rea r  a re  i n  use, the  c h i l d  should be placed d i r e c t l y  on the  v e h i c l e  

seat  and should use t h e  a d u l t  sea tbe l t s .  (The shoulder b e l t  should be 

placed behind the  c h i l d  o n l y  i f  i t  crosses the  c h i l d ' s  f ace  or  rubs 

uncomfortably on h i s  neck.) 

3. I f  a  CR requ i res  a  t e t h e r  and no p r o p e r l y - i n s t a l l e d  anchor i s  

a v a i l a b l e  behind the  r e a r  seat  e ,  anchored i n  s o l i d  metal and 

r o u t i n g  the  t e t h e r  a t  an ang le  no g rea te r  than 45' from h o r i z o n t a l )  , the 

c h i l d  should be al lowed t o  use t h i s  degraded r e s t r a i n t  o n l y  i f  he cannot 

be made t o  s tay  i n  a  l a p  b e l t  s i t t i n g  d i r e c t l y  on the  v e h i c l e  seat ,  

4. The concept o f  a  chest  babypack f o r  r e s t r a i n i n g  i n f a n t s  i s  

t o t a l l y  unacceptable. E x i s t i n g  ones a re  n o t  s t r u c t u r a l l y  adequate, b u t  

t he re  i s  an a d d i t i o n a l  danger o f  severe i n j u r y  t o  the  i n f a n t  from the  

a d u l t .  The t e s t  f i l m s  show t h a t  t h e  a d u l t ' s  head would swing down and 

crush the  i n f a n t ' s  head i f  the  i n f a n t  were t i e d  t o  the  a d u l t ' s  chest .  



5 .  The use of Velcro as a means of adjusting and/or closing child 

restraining systems has promise, but several practical problems relating 

to degradation, geometry, and child containment need further study. 

W e  also recommend that further testing be undertaken of other 

commonly used as we1 l as innovative restraining systems, so that the 

public can be better advised of the most reasonable alternatives 

available when the best is beyond reach. 




