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SECTION 1. 

The Biomecnanics Department o f  the Highway Safe ty  Research 

I n s t i t u t e  o f  The U n i v e r s i t y  o f  Micnigap has performed a  s e r i e s  o f  

s i x  ,!O mph 60' l a t e r a l  impact t e s t s  w i t h  var ious  c h i l d  r e s t r a ' n t s .  
\ 

Tne i;rpose o f  t n e  t e s t s  was t o  prov ide  a  b r i e f  overv iew o f  the  : tate-  
\ 

o f - tne-, ,ar t  i n  l a t e r a l  p r o t e c t i o n  c a p a b i l i t i e s  o f  c h i l d  r e s t r a i n t s  which 
', 

hcve been developed tnrough dynamic t e s t i n g .  

The o r l j ec t i ves  o f  t h e  t e s t  program were to :  

1. Determil ie the a b i l i t y  o f  var ious  e x i s t i n g  chi ld,  r e s t r a i n t s  

t o  p reven t  c h i l d  head contac t  w i t h  v e h i c l e  i n t e r i o r  l a t e r a l  

surfaces i n  60' l a t e r a l  ( t h a t  i s ,  60" f rom s t r a i g h t  ahead) 

impact  s imu la t i ons  a t  23 p n  speeds. 

2. Furn ish  data f o r  use i n  deve lop ing Federal b t o r  Veh ic le  

Safe ty  Standard No. 213, C h i l d  K c s t r a i ~ t  Sys tem,  

Tne method used t o  o b t a i n  t ne  data coas is ted o f  p e r f ~ r m i n g  im- 

pac t  s i m u l a t i o n  t e s t s  on tne  HSRI I z p a c t  S led  F a c i l i t y .  The t e s t  

set-.up u t i l f  .'%d the  DI)T s tanda rd  veh i c le  sea t  as t h e  v e h i c l e  sea t  

t e s t  base w i t h  Type I v e n i c l e  be1 t s  w i  tn no r ~ t r a c t o r s  o r  r e e l s .  Two 

t e s t  dumnies were used; an Alderson VIP-3C c h i l d  dumny and a s i x - m n t h  

o l a  i n f a n t  dunrry. Eoth d u m i e s  were ru? i n  each o f  t h e  s i x  t e s t s  

r e s u l t i n g  i n  t d e l  ve i n d i v i u u a l  t e s t s  of  c n i l  d  r e s t r a i n t s .  The d e t a i l s  

o f  the  t e s t  c o n f i g u r a t i o n s  and t e s t  cond i t i ons  a re  descr ibed i n  

Sect ion  2, Test  Methods. 

Tne r e s u l t s  o f  tne t e s t s  are repo r ted  i n  t e r m  o f  dumny t a r g e t  

m t i o n  w i t ! )  t ime,  aricnorage 3 e l  t loads versus tirae, sequence camera 

coverage and P t , r i e f  n a r r a t i v e  eva lua t i on  o f  t n e  performance o f  edch 

systerr. Tne r e s u l t s  a re  d e t a i l e d  i n  Sec t i on  3 Test  Resu l ts .  

1 



2.1 S l e d  F a c i l i t y  A1 1  t e s t s  were p e r f o r r ~ l e d  on t h e  HSRI Impact  

S l e d  F a c i l i t y .  Tne f a c i l i t y  i s  i d e c e l e r a t i o n  s l e d  which uses t h e  

rebound p r i n c i p l e  t o  o b t a i n  t h e  d e s i r e d  s l e d  d e c e l e r a t i o n  p u l s e  and 

v e l o c i t y  change. Tne s l e d  p ~ l s e s  used i n  t h e  t e s t s  were n o m i n a l l y  

a 20 mph ve1oci:y change wi  t n  an average d e c e l e r a t i o n  o f  16 G. Th is  

p u l s e  f a l l s  approximately i n  t h e  m i d d l e  o f  t h e  bounds shown i n  F i s u r e  

1. Tne i n a i v i d u a l  s l e d  pu lses  f o r  eacn t e s t  a r e  g iven  w i t h  t h e  b e l t  l o a d  

t r a c e s  found i n  S e c t i o n  3. 

2.2 T e s t  Edse A D3T s t a n d a r d  v e n i c l e  sea t  as s p e c i f i e d  i n  a  s e t  ' 

o f  d rdw ings  f i l e d  i n  3ocke t  i io.  74-9 was used as t h e  v e h i c l e  s e a t  

t e s t  base.  The s p e c i f i c  s e a t  was o b t a i n e d  f rom b l r i g n t - P a t t e r s o n  A i r  Force 

aase ( i j p ~ ~ ~ )  and was o r i g i n s l l y  c o n s t r u c t e d  a t  HSRI as p a r t  o f  

;IhTSA C o n t r a c t  i io. DOT-rlS-4-00865. The sea t  was twun ted  t o  t h e  HSRI 

s l e d  f r a w  w i t n  t n e  s e a t  f a c i n g  a c  60" t o  t n e  s l e d  d i r e c t i o n  o f  nu- 

t i o n .  Anchorage was p r o v i d e d  o e n i l i d  t h e  sea t  t o  s i m u l a t e  t h e  c e n t e r  

r e a r  s e a t  b e l t  r rour i t ing o f  J t y p i c a l  sedan -- f o r  a t tachment  o f  t o p  

s t r ~ p s  when supol  i e d  r ~ i  t h  t h e  c h i l d  r e s t r a i n t .  Type I v e h i c l e  l a p  

b e l t s  d i t n  no r e t r a c t o r s  3 r  r e e l s  were used as t h e  v e h i c l e  l a p  b e l t s .  

S tandard  i c r d  s e a t  b e l t s  u s r e  used and were r e ~ l a c e d  a f t e r  each 

run.  

Tne foam s e a t i r ~ g  cusri ions Here s ~ p p l  i e d  w i  tti tr le s e a t  by 

riPAFbr a n d  d e r e  cnanger, a f t e r  eacn run as were t ~ i e  s e a t  back d e f l e c -  
I 

t c r  rods.  

2 . 3  T e s t  h r , i t ~  ---. 

Tne t e s t  tidnrriies i.iseJ i n  tne  s t u d y  were: 



TIME (m,src) 

FIG.1 TYPICAL TEST SLED PULSE 



2 .  A s ix-n~nth-o ld  in fan t  dunmy as specif ied in  49 C F R  Par t  

573, Docket iio. 74-9, Iiotice 2 (39FR18287-8), Kay 24, 1974. 

Tne dumies were supplied to H S R I  by NHTSA. 

2.4 Child Restraints - 

T11e cni ld r e s t r a i n t  sy s t em sctleouled for  t e s t i ng  were the 

following: 

I .  GM Cnil d Love Seat 

2 .  GM Infant Love Seat 

3 .  Ford Tot-Guard 

4. Kantwet Care Seat Ik~de'i 985 ( 2 )  

5. S w i n g o ~ ~ t i c  Cnild Seat ( 2 )  

6.  Hedstrorn Cnild Seat 

7 .  Peterson Moael 75 Infant Restraizt  

d .  Peterson Model 74 Cnild Restraint 

9. Bunny dear Sweettieart I 1  Seat 

li). d o ~ ~ y - M a c  Deluxe Car Seat 

With the exceptioli of tne riedstrom s e a t ,  which was not 

availab'lc. dnywhere i n  the soutneast Mi cr:igon a rea ,  ttie above sea ts  

were purchased tnrougn r e t a i l  ou t l e t s .  The resul t ing gap in the 

t e s t  matrix due to tne utiavailat~ii1':y of the Hedstrorn sea t  was f i l l e d  

by a second GI4 Cnild Love Leat :c! t ,  as a cneck on an unusual s ea t  

f a i l u r e  auring i t s  f i r s t  t e s t .  

Tne r e s t r a i n t  systems wcre tested in pa i r s ,  one child and one 

in fan t ,  in each of the s i x  s led runs. 

Y 7  



2.5 T ~ s t  Instrumentation 

The instrumentation for  each t e s t  involved the following: :I 
1. A Graph-Chek sequence camera coverage of the event; 

2. Photosonics 1000 fps color r~lovie film coverage consisting of: 

a. A side view nor ma'^ t o  the direction of sled motion (see F i g .  2 )  

b. A s ide view normal t o  the stdnoat-d bench sea t  (see Fig. 2 )  

c. An overhead view 

3. Sled mounted accelerometer for  sled deceleration pulse 

measurerrent , 
! 

4 .  Four GSE anchorage be l t  load cel ls  i 

I 

5. Sled velocity determination by discrete  magnetic proximity I 

probes 

The load ce l l s  were applied to  the anchorage bel ts  in the most appropriate 

manner for  the pair  of res t ra in t  system in each sled run ( f o r  example, in 

the case o f  a child sea t  with a top s t rap and car lap be1 t anchorage, 

three load ce l l s  were applied while only one load ceil  was used on the 

car lap be l t  of the second res t ra in t  in tha t  t e s t . )  

2.6 Test Procedures 

The res t ra in t  sys term were placed on the bench sea t  in pairs with 

the two positions being des ig~a t ed  position A and position 5. In a l l  

cases position A was tne l e f t  s ide (or  d ~ ~ i v e r ' s  side) position and was 

nearest the front of the sled. The B position was usually the right 

s ide (o r  passenger's s ide)  except in the case of the Fpi-d Tot-Guard 

t e s t  when i t  was the center position. The pairing of the seats  produced 

the following t e s t  matrix: 





* -  I_C .-.. _ .-.__ __.- .--.-XI_ ...--.- --.. --. . * -._ ,.-,. .--. - .  _-  . .--. -- .-,-..-, ---. .--. .- .-.--, rl .. ... ..,.....-. ..- -. 1 
.- 

. . .  . , .  -. . . - . .. . . 

Test No. Res t r a in t  Sys tell; , Dumy 

GM Child iove  Sea t  

Bobby Mac Deluxe Seat  

Kantwet tbde l  985 

Kantwet lbdel  985 

GM Child Love Seat  

Bunny Bear Sweetheart  I1 

GM In fan t  Love Sea t  

Ford Tot-Guard 

Peterson Model 74 Cnild S e a t  

Peterson Mode'l 75 Ir ifant  Sea t  

923 A Swingomtic  Chiid Seat  
6 Swingoinatic Child Seat  

3 y r .  old 

6 mo. old 

3 y r .  o ld  

6 mo. old  

3 y r .  o ld  

5 w .  o ld  

6 mo. old  
3 y r .  o ld  

3 yr .  o ld  

6 mo. old 

3 y r .  o ld  

6 rro. o ld  

2.6.1 D u i q  Set -  up Procedures 

Tne 3 y r  . 01 d durmy se t -up procedure was a s  f ~ l  lads : 

1. Suspend t h e  r lo thed dumy from an eye h o l t  placed i n  t h e  head 

bol t r ecep tac le .  

2. Place t h ?  dunmy in  a sea ted  canf igura t ion  on the edge o f  a work 

t a b l e  witn a r m  aqd l egs  hor izonta l  and w i t h  t h e  h e a d  and back aga ins t  

a v e r t i c a i  su r face .  

3 .  Secure the  dummy t o  t h e  v e r t i c a l  s u r f a c e  by two inch wide clottl 

tape  placed hor i zon ta l ly  across  t h e  n ipple  area  o f  tne c h e s t  and 

hor i zon ta l ly  across t h e  abdominal area  as low as poss ib le  wi thout  con- 

t a c t i n g  the th ighs .  

4.  With the  arms h o r i z o n t a l ,  s e t  t h ?  srloulder j c i n t s  a t  1 G so  

as iO bare ly  r e s t r a i n  tne  weignt of the  1 id, 

5. Se t  tne  elbow j o i n t s  a t  1 G so as to  oa re ly  r e s t r a i n  $be weight 

of  t h e  forearm w i t n  the  q p e r  arna v e r t i c a l l y  downward and the  forearms 



h o r i  z o n t a i  . 
6. P l a c e  t h e  du,my c n  i t s  back on tot! t a b l e  w i t t i  t h e  l e g s  and 

p e i v i s  e x t e n d i n g  o v e r  t h e  edge o f  t h e  t a b l e .  G i  t i1 t h e  l e g  h o r i z o n t a l ,  

s e t  the h i p  j o i r r t s  a t  1  G so as t o  b a r e l y  r e s t r a i n  t h e  w e i g h t  o f  t h e  legs.  

7.  P l a c e  t b e  du..vj' i n  d s e a t e d  c o n i i p r a t ~ u n  on t h e  edge o f  

t i e  r a b l e ,  and w i t h  the :egs n o r i z o n t a l ,  a d j u s t  t h e  knee j o i n t s  a t  1 6  

s o  ds t o  bar-ely res t r a l n  t h e  w e i g h t  o f  t h e  l o w e r  l e g .  

8. S e t  the a n k l e  j o i n t  a t  1G s o  as t o  b a r e l y  r e s t r a i n  U!e w e i y , t  

o f  t h e  f o o t  nnen i t  i s  ex tended  h o r i z o n t a l l y .  

The 6 m n t n  o l d  d ~ m y  se t -up  p r3cedvre  was as f o l l w s :  

1. P l a c e  t~;e ourmy i n  a s u p i n e  p o s i t i o n  on a  f l a t  h o r i z o n t a l  

s u r f a c e  t n e n  p o s l t i o r i  t h e  l e f t  hand on t h e  c e n t e r  o f  t h e  t c r s o  and t h e  

r i g h t  hand under  ;he r e a r  o f  b o t h  f e e t  and bend t n e  dumv u n t i l  t h e  l e g s  

c o n t a c t  t h e  upper  t o r s o  and t h e  toes tout29 t h e  head, t h e n  s l o w l y  r e l e a s e  

t h e  legs. 

2.6.2 T e s t  Set-Up Procedure  

A new c h i l d  r e s t r a i n t  s y s t c a  Has i n s t a l  l e d  i n  each o f  t h e  b o  t e s t  

p o s i t i o n s  o n  be s t a n d a r d  v e h i c l e  sea t .  The r e s t r a i n t s  were a n c ~ o r e d  w i ' h  

new, u n t e s t e d  Type 1 be1 t a s s e i & l ~ e s  and w i  tn a d d i t i o n a l  b e l t s ,  when 

s d p p l i e d  by t h e  manufac tu re r .  Tne dumny was i n s t a l l e a  i n  m s t  r e s t r a i n t s  

w i t h  the  c e n t e r l i n e  o f  t t ie  dunmy c e n t e r e d  i n  t h e  s e a t i n g  p o s i t i o n  and mid- 

wajl between tt? v e h i c l e  sed; l a p  be1 t anchorage p o i n t $ .  Tne o n l y  eA- 

c e ~ t i o n  was t n e  Bunny B e a r  Sweethear t  I 1  s e d t  w h i c h  i s  a l a t e r a l  f a c i n g  

i n f a n t  sea t .  

T!le c h i i d  ? u r n )  was p l a c e d  .;n the  r e s t r a i n t  syc te!n and f a s t e n e d  i n  

,<<cording t o  ;ne i n s  t r r i c t l o n s  f u v i s n e d  w i t h  t h e  sys tcc i  and p o s i t i o n e d  

i n  accorcznce  w i t h  t t l c  f c l  lowinr; procedure: 



1. Seat the  dunmy on the s e a t i n g  sur face w h i l e  h o l d i n g  tt-2 t o r s o  up- 

r i g t i t  u n t i l  t he  dumy i s  seated. 

2 .  Extend the a r m  o f  the dumny i n  a  v e r t i c a l  d i r e c t i o n  and t he  legs  

i n  an a n t e r i o r - p o s t e r i o r  d i r e c t i o n .  The dumy 's  f o o t  i s  t o  be perpen- 

d i c u l a r  t o  t h e  lower leg.  

3. P s h  the  dumy, f i r s t  a t  t he  c r o t c n  and then c t  the upper 

tnorax, w i t h  a  d i s t r i b u t e d  fo rce  o f  40 l bs .  aga ins t  the seatback and 

re lease.  (Tne 40 Ibs .  f o r c e  was a p p l i e d  r n n u a l l y  by adding a  , ~ + a n d l c  

t o  a  G S i  a a u i t  aumy f e w r  a x i a l  l oad  c e l l  w i t h  a  f o u r  i nch  square 

b lock  o f  ~ a l s a  wood on tne  o the r  end f o r  load d i s t r i b u t i o n . )  

4. M a t e  the  a m  and legs,down p d r a l l e l  t o  the  m i d s a g i t t a l  

p lane u n t i '  each segment contacts tne  f i ~ j t  a v a i l a b l e  s u ~ f a c e  o r  u n t i l  

the  l i rb j a i n t  runs o u t  o f  mot ion c a p a b i l i t y .  (Care was taken so t h a t  

tne  dumy z m  d i d  n o t  i n n i b i  t durrimy hezd excurs ion  i n  ?he i y a c t  

d i r e c t i o n .  1 

The i n f a n t  d r ; ~  was placed i n  the  r e s t r a i n t  system and fas tened 

i n  according t o  the manufacturer's i n s t r b c t i o n s  fu rn i shsd  wl rh t he  sys tern, 

and pos i t i oned  i n accordance nlth the  f o l l o w i n g  procedure: 

1. Place the dumy i n  the r e s t r a i n t  w i t h  i t s  n i d s a g i t t a l  p lane 

p a r a l l e l  t o  t he  l c 3 g i t u d i t 1 a l  c e n t e r l i n e  o f  the r e s t r a i n t  and w i t h  the  

r e s t r a i n t  centered i n  the  seat i r ig p o s i t i o n  nldday beticeen the v e h i c l e  

seat  l ap  b e l t  anchorages. 

2 .  I csure  t h a t  t he  back o f  the dumy contac ts  the contour o f  the 

back o r  the bot tom o f  :he device, o r  both.  Tzpe tnc head o f  the d u x y  

t o  the c h i i d  r e s t r a i n t  seat  back w i t h  a  s i n g l e  th ickness o f  one h i i l f  i nch  

wide paper -dsking tape. Tne tepe i s  p laced i n  t h e  n i d s a g i t t a l  p l a n e  

f r c n  the forehead t s  tho  top o f  tne r e s t r a i n t .  A one-eighth i nch  d i d -  

n e t e r  c i r c u l a r  nole i s  punched through the tz;: near the  dumy head 



by  fieans o f  a  paper  punctl.. 

3. Swing t h e  1in;Ss f rom v e r t i c a l  p o s i t i o n  p a r a l l e l  t o  the  mid- 

s a g i t t a l  p lane,  u n t i l  t h e y  c o n t a c t  t h e  f i r s t  a v a i l a b l e  s u r f a c e  w h i c h  

suppor ts  them. The arms must n o t  be c o n f i n e ?  b y  b e l t s  o r  s h i e l d - t y p e  

r e s t r a i n t * .  

F 0 1 1 0 ~ i n g  p lacerrent  a ~ d  p o s i t i o n i n g  o f  t h e  di;m,ies, a l l  t h e  re- 

s:.raint b e l t s  011 t he  c h i l d  r e s t r a i n t  hrt'e a d j u s t e d  t o  f i t  snugly  w h i l e  

s t i l l  p r o v i d i n g  f o r  a  c o n t ~ . o l l e d  a x u n t  o f  s l a c k  i n  t h e  b e l t s  i n  t h e  

f o l l o w i n g  m n n e r .  At  each o f  fou r  l o c a t i o n s  or, the  du,my (bo th  s h o u l -  

dc rs  and on each s i &  o f  t h e  p e l v i s  above the  I c g s )  a  one h a l f  i n c h  

d iamete r  hard  p l a s t i c  r o d  two inches  i n  l e n g t h  was p l a c e d  unckr  t h e  b e l t s  

p r i o r  t o  t i ~ h t e n i n g .  The b e l t s  were t h e n  t i g h t e n e d  as s n u g l y  as c o u l d  

reasonably  be ach ieved  g i v e n  t h e  p a r t i c u l a r  b e l t  a d j u s t m n t  system 

and sea t  c o n f i g u r a t i o n  and then  the  f o u r  r o d s  were r e m v e d .  

I n  a l l  cases, w i t h  t h e  e x c e p t i o n  o f  the  Rantwet C h i l d  Care 

Seat ,which r e q u i r e ,  i n s t a l  l a t i o n  o f  the  c a r  l a p  be1 t p r i o r  t o  p l a c i n g  

t h e  du!rmy i n  t h e  see t ,  t h e  car l a p  b e l t s  and a u x i l i a r y  s e a t  anchorage 

b e l t s  were t i g h t e n e d  t o  a t  l e a s t  12 and no g r e a t e r  t h a n  15 l b s  as 

measured by t h e  GSi be1 t l o a d  c e l l s  i n s t a l  l e d  cn  those anchorages. 

I n  the  case o f  t h e  K i n t ~ e t  c h i l d  seat ,  t i t i s  t e n s i o n  was a d j u s t e d  p r i o r  

t o  p l a c i n g  the dunmy i n  the sea t .  



2 .7  Data Analysis 

The data produced in  the t e s t s  consisted of s led velocity and decelera- 

t ion ,  r e s t r a in t  anchorage be1 t loads, and photograpnic records of the mt ions  

of the t e s t  dunnies and r e s t r a in t s .  T>? sled veloci t ies  were calculated 

from the d iscre te  magnetic probe data and are l i s i e d  with the t e s t  sum- 

maries in Section 3 as a re  the average sled decelerations. The s led  

decelerdtion and tne anchordse be1 t loads as functions o f  t i r e  were re- 

played from magnetic tape records onto a four channel Fjrush s t r i p  chart  

recorder wi tn f i l t e r ing  equivalent t o  SAE Channel Class 60. The s t r i p  

chart recoraj for  eactl rbn  are presented with :nc t e s t  sunmaties in  

Section 3. 

Tne photorretrtc analysis of tne 1000 f ~ s  m v i e  coverage was. per- 

formed on a Vangudrd film analyzer. Tne analysis was performed on the 

two side v i c d ~  ("riomial to  the s led" and "noma1 t o  the sea t" ) .  The target  

that  was followed was the  d u w  head in those cases where i t  was vis ible .  

In many c f  tne tes t s  with the infant  r e s t r a in t s ,  the dunmy head was not 

visible. In  those cases, the foruard ubFer corner of the r e s t r a in t  was 

followed as t h i s  uas tne point or1 :lie r e s t r a in t  c losest  to  the dumrry 

nead outing the rrdjor x ~ i o n s  of the t e s t s .  An exception to t h i s  was the 

Bunny bear s e a t  in wnicri tne u p p e m s t  center point of the sea t  was fol- 

lowed. Tne target  wqicn was followed i s  noted on the reduced notion 

grapns wnicn are presented in S e c t l ~ n  3 .  Tno mthod of analysis was t o  

obtain tr:e intersect ion of the llorizontal and vert ical  1 ines which were 

tangent to tnc target.  Tnus, the coordinates are - not those of any par- 

titular point on tnt: aumy or seat b u t  represen: tne bou!~ding planes af  

the dun-ii-:y-res:rjrnt system as i t  trdns1a:es dnd m t a t e s  during the  

t es t .  3 ie  to  tne necessity o? pldcir!: t r le c a v r a  for tne view norr;i 



to the  seat well bp above ground level and lookiny down a t  an angle 

from horizontal, the v e r t i c a l  coordinates obtained in the analysis cf .the 

view nomdl to the seat are not comparable t o  those obtained from t n ?  

v iew nornial to the sled. The reduced coordinates are relative to the 

center1 ine target o f  the durmy head a t  time equal zero of the sled pulse .  



TABLE 1. 1EST DATA SUM-1ARY - PEAK VALUES I 

I 
VAX. HEAD EXCUI(SIO:IS MAX. AIdCHORAGE LOADS 
See F i ~ u t - e  2 

]EST NUMBER " NOHI.lAL TO " IIOHIJAL TO RT. LAP LT. L A P  TOP STRAP 
AAU P3SITIOli RESTRAIIiT SEAT," i n .  SLED," i n .  I b s  15s l b s  

A-91 7 A M C h i l d  Love Scdt 28.5 27.9 405 260 335 

I3 Bobby-l.1ac I r , f an t  Seat 24.6 19.4 4 00 - - 

A - 9 1 8  A K a r i t w c t C t i I l d C a r e S e a t  27.0 26.1 790 245 - 
Kar~ twet  I n f a n t  Care Seat 18.7 18.4 575 243 - 

A-919 A GI4 C h i l d  Love Seat 15.1 13.5 405 220 485 

t3 Uunr,y Bear I n f a n t  Seat 12.5 20.1 295 - - 

A-957 A G;: I n f a n t  Love Seat 21 - 4  21.7 330 190 - 
U Ford Tot-Guard 30.1 29.3 61 5 ~ 1 0  - 

A-921 A Peterson 74 C h i l d  Seat 26.8 22.0 510 370 - 
U Peterson 75 I n f a n t  Seat 19.3 18.3 , 450 185 - 

A-922 A Swingon~dt ic  C h i l d  Seat 20.6 18.3 450 - 4 45 

8 S w i n g o n l ~ t i c  C h i l d  Sca t  20.3 20.7 51 0 - 60 
( I n f a n t  D u w )  



SECi IO iY  3. T L S T  RESULTS 

Tnis sect icn pre;ents die analyzed t e s t  results and sumary com- 

mentary c? the c s r f o m n c e  of each res t ra in t  system tes;ed. The forrrdt 

consists of a c s c r i p t i o n  of the tes t  set-up, a discussion of dny 

u i  ff icul  t ies o r  gnusual fra tures of the t e s t  fol lwed by an assess- 

titent of tse sys:?a p e r f ~ m n c e .  Accompanying the comentzry are t e s t  

se t-up pnotogra;ns, Grzph Cnek sequence photograph, target  excursion 

plots ,  sled pulse and   el t load traces and post-test ~liotographs. 

Tnese pacrages are grouped in order of t e s t  number. In addition, 

a l i s t i n g  o f  tabdlar  target  excursion values and time values are i n -  

clur!ed in hpendix A for each t e s t .  

W i t h  tCIe exceptions of the system fa i lures  in t e s t s  A-917-A and 

A-919-0 tre res t ra in t  SysLellsperformed as iitended. One factor of the 

t e s t  configuration which led to sone problem was the luck of an i n t e r io r  

surface fcr  the rvstraints  in position A t o  interact  with. This 

conficuration did allow many of the res t ra in t  system to  roll1 over 

t!le edge of the Lench seat  and rotate  la te ra l ly .  However, the presence 

of a door surface a t  that point would have limited excursions of the 

system wnile p rcc~c ing  i v a c t s  to the t e s t  dunmy -- an even more 

d i f f i c u l t  cmble: in assessing system performance. I t  would appear 

t h a t  tne m s t  rt2ssnable approach i s  t o  assess system performance with 

the restraint  in :?e far  s ide outboard or  center position in side irrr 

pact. In tqis  rzyner, the e f f ec t  of the edge of the bench seat and 

the  lack sf  an i n t e r io r  surface are minimized. In the analysis of 

t h e  cata i n  the p w e n t  t e s t s  the potential interaction of the res t ra in t  

syster; anc d ~ x q y  k i t h  an i ~ t e r i o r  surface were evaluated by assessing 

tne confi~,:ation c f  the system and dumy a t  t ha t  point during the t e s t  

14 



when i n t e r a c t i o n  w i  t h  t h e  i n t e r i o r  s i d e  s t r u c t u r e  wou ld  have o c c u r r e d  -- ap- 

p r o x i n l a t e l y  13 i n c h e s  from t h e  c e n t e r l i n e  o f  t h e  A p o s i t i o n .  



3.1 T e s t  liumc?r A-917 

R e s t r a i n t  Sys terils : k - GH C n i l d  Love Seat 

a - bobby Mac de luxc  Car  Seat 

S l e d  Pulsd:  2U.  7 mpn - 16 G average 

Seat P o s i t i o t l  A:  A G!! C t i i l a  Love Seat was i n s t a l l e u  i n  t r ~ i s  p o s i t i o n  

wi  ::I b e l t  l o a d  c e l l s  on b o t n  l e f t  and r i g t l t  p o r t i o n s  o f  Lhe c a r  l a p  

b e l t  and on the t o p  s t r a p .  D u r i n g  the t a s t ,  t h e  t o p  s t r a p  p u l l e d  o u t  

r i ~ r o u g n  tne oack o f  tr le r e s t r a i n t  a t  i ; o p r o x i n i a t ~ l y  320 l b s  w i t h o u t  

f r a c ~ u r i r i g  tne  r e s t r a i n t  s t r u c t u r e  and i e a v i n g  o n l y  s r a l l  d e f o m d  

a w a s  dn e i u ~ e r  s i d e  o f  trte b e l t  s l o t  as srlown i r ~  t t ie  p o s t - t e s t  photo- 

graph. ;io a o r i o r m a l i t i e s  i n  erie t o p  s t r a p  o r  i t s  S-stiaped anchor  p l a t e  

wrr n o t e d  a f r r r  t~rr t e s t .  Tnr! apparerl t  cause o f  t n i s  f a i l u r e  was t t r a t  

a t  tile timc; o f  nanufac:ur'* t n e  sea t  padding was fas tened  i n  p l a c e  w h i l e  

t t l e  t o p  sLrap Has n o t  c o n g l e t e l y  p i l l  l e d  t i g h t  w i  t r i  i t s  S-shaped a r l c ~ i o r  

p l a t e  against t ~ ~ e  s s a t  s r ~ e l l .  Tile s e a t  was i n s t a l l e d  ori t n e  s l e d  at,! 

tnt! uurrmy p l a c e a  i n  p o s i t i o n  p r i o r  t o  t i g r ~ t e n i n g  t h e  anchorage s t r a p s  

t o  1L- i  5 l u s  a i c o r o i n g  t o  t t ie  t e s t  proceaurr!  o u t 1  i n e d  i n  S e c t i o n  2 . 0 . 2 .  

Tr;e p r e - t e s t  pr iotograpns s t ~ o d  t r l a t  tr ie dunmy !lead wds p l a c e d  i n  a nor-  

rlra: rodliner and tnus no ~ u l g e  i n  t t i e  p a d d i ~ i g  due t o  t h e  o u t - o f - p l a c e  

p l a t e  was e d i d e n t .  I t  i s  p o s s i b l e  t r i a l  t h e  s t i t c h e d  s t r a p  end t h a t  

n o l d s  i r i e  5 - p l a t e  c o u l a  l ~ ? e d ?  Ene s l i d i n g  o f  t n e  s t r a D  th rough  t h e  s h e l l  

6110 tnus ,  i t i  c o ~ n o i n a t i o r ~  wi t n  t! le aurmy p r e s s i n g  a g a i n s t  t h e  padded 

Dach sur fac* ,  i t  was p o s s i b l e  t o  s u s t a i n  u o t h  a  s t a t i c  t o p  s t r a p  l o a d  

auvir:g t e s ;  s e t - u p  a113 jucsequen t  ayrtamlc l o a d i n g  d u r i n g  t o e  i n i t i a l  

pndse t o  rr,e s l e d  t e s t .  i r l e  s t l o r t  l e r ~ g r n  o f  s l a c k  top  s t r a p  between 

t ~ l e  5.~31. bdck b e l t  s lo: a ! :o  r:ie S - p l a t e  wac p u l l e d  tnrough t h e  s l o t  



under dynamic loading and allowed ttic S-pldte to rotate  into a p0Si tion 

perpendicular to the sllell surface and be pulled through the s l o t  with 

very l i t t l e  deformtion of tne shell  nlaterial. 

No Graph-Chek sequence prlotograprl was obtained for  th i s  t e s t  due to 

a malfuncrion which was corrected fo r  trle remaining tes t s .  Analysis 

of the t e s t  m v i e  snow t r ~ a t  ~ i u l o u t  the top s t rap  t h t ?  sea t ' s  perfor- 

mance was severely degraded and allowed tile seat  to  rotate  off the 

bencn seat  by s l iding along tne car lap be l t  and resul t ing in large 

horizontal head er.cursions as shown irr t l ~ e  excursion graphs. I t  

appeared that  i f  sn i l ~ t e r i o r  door surface were placecr a t  the edge of the 

bench sea t ,  trle curmy nead wobld nave possibly contacted i t  in t h i s  

t es t .  Due to t : ~ e  unusual pull-out failurcl of the top s t rap ,  the t e s t  

was not represe~l tat ive of the true performance of t h i s  seat  and a second 

t e s t  (A-919) was run ~ i t t l  a new seat .  

Sear Position B: A Bobby-Flac Deluxe Car seat  was instal led in th i s  

position with a be l t  load cel l  on the r ight  portion of tne car lap 

be1 t .  71ie s ea t  controlled the motion of trie infant dumy and provided 

protection f o r  the dumy head from contact with potential i n t e r i o r  

door surfaces. T~ie dununy did not snow any tendency t o  s l i p  out of 

the harness of tile seat .  
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'3 .2 Test Numer A-91 8 

Restraint Systems A - Kantwet Care Seat (Child Ihde) 

B - Kantw~t Care Seat ( Infant  Mode) 

Sled Pulst: ; L O  mph - 16.2 G average 

Seat Position A: A Kantwet Care Seat was ins ta l led  in th i s  position 

in a forward facing cnild res t ra in t  moe. Belt  load ce l l s  were placed 

on botri sides of tne car 1 ap be1 t ;  no top s t rap  i s  used wi th th i s  sys- 

tem, During tne t e s t ,  tne res t ra in t  system slipped la te ra l ly  along 

the car lap bel t  and rotated off the bencn sea t .  The motion of the 

durmrry was such tnat  i t  i s  ~ lo s t  l ike ly  tnat the head would s t r i k e  

potential i ~ ~ t e r i o r  surfaces of the door. The dumy showed no ten- 

dency to s l i p  out of the res t ra in t  narness. 

Seat Position B: A Kantwet Care Seat was ins ta l led  in th i s  position in  

- .  a rearward fscing infant res t ra in t  mode. Belt load ce l l s  were placed 

on botil sides o f  ttie car  lap bel t .  The res t ra in t  controlled the motion 

of the Cumny and provided protection for  the dunmy head from contact with 

potential in te r ior  door surfaces. The durmy slipped the l e f t  shoulder 

par t ia l ly  out of tne res t ra in t  hamess (as shown in the post-test 

phcr:ograpn), 
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3 . 3  Test liu~cber A-919 -- 
Restraint Systems: A - GM Child l o v e  Seat 

B - bunny Dear Sweetheart I 1  Seat 

S l ~ d  Pulse: 20.1 mph - 16.2 G average 

Seat Position A: A UlCnild Love Seat was instal led in t h i s  position 

wit!, be l t  load cel ls  on Dot11 l e f t  and right portjons of the car  lap 

bel t  d n o  on t ~ e  top strap. Special care was taken to ascertain that  

tne *.op s t rap ancnor plate was in place correctly (as shown in the pre- 

t es t  photogrzpn) i n  order to insure tnat the fa i lu re  in t e s t  tl-917 

would rlot recur. Uuring tlie t e s t ,  tile d~rrmy m t i o r ~  was well-controlled 

and i t  ap~ea ted  ltkely tnat the s ide o f  tile res t ra in t  shell would 

prevent oi  rect nead interaction with a  potential in te r ior  dsor surface. 

T h e  sea t  did rotate partially off the bench seat  due to a lack of door 

s t ructure but a i d  not t i p  off tnr? seat  as in the previous two tests  in 

tne k position. Tne restraint  harness did not tend t o  s l i p  off the 

au:rnr/. 

Seat Position 6: k dunny $ear Sweetneart I 1  Infant Seat was instal led 

in th i s  position in a  la teral  mde. Tile sea t  was faced such tha t  the 

u u ~ m r j  heao das pointed todard the dr iver 's  side of the bench sea t  in 

orcer t h a t  i t  was oriented for the equivalent of a  near-side impact. 

This orientation kas equivalent to  placing tlie seat  in the l e f t  rear 

position i n  a  car. Tne  c t r  lap ~ e l t  was instal led around the tubular 

framework of tne seat  as indicated in tne rnanufac tu re r ' s  instructions. 

A single  be l t  l o a d  cell  das instal led on the rignt side of the car lap 

oel t. 8ecause cf the unlrsual configuration of the system, the photo- 

r c t r j c  target cnssen for analysis was a portion of the masking tape 
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used f o r  dunmy nead p o s i t i o n i n g .  The p o r t i o n  used was t h a t  wh ich  

appeared a t  t h e  t o p  edge on  the  c e n t e r l i n e  o f  t h e  r e s t r a i n t .  G u r i n g  

t n e  t e s t ,  t h e  t u b u l a r  frame o f  t n e  r e s t r a i n t  system s l i p p e d  o u t  f r o m  

under  t h e  c a r  l a p  be1 t on t h e  r i g h t  s i d e  and the  r e s t r a i n t  proceeded t o  

r o t a t e  90' about  a  h o r i z o n t a l  a x i s  e n d i n g  up w i t h  t h e  dunmy s t i l l  

r e s t r a i n e d  by the s e a t  narnsss b u t  nead down i n  t h e  c e n t e r  o f  t h e  bencn 

s e a t .  The dunmy remained w i t t i i n  t h e  c o n f i n e s  o f  t h e  r e s t r a i n t  s h e l l  

o u t  t n e  l a r g e  u n c o n t ~ ~ o l l e d  mot ion  o f  t h e  t o t a l  sys tem c o u l d  r e s u l t  i n  

s e r i o u s  i n t e r a c t i o n  w i t t i  i n t e r i o r  s t r u c t u r e s .  
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TEST A-919 

SLED DECELERATION 
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HOR l ZONTAL CCORDI NATE . INCHES 

TEST NO. A-919-A 

R E S T W I r t T  GM Love S e n t  ( C h i l d  - 3 yr) 

TARGET DUWJ kft?cld 

CAMRA V I C ~  N o r n ~ a l  t o  Sled 

CIIICD RESTRqINT TEST TARGET TAXG'NT COORDINATES 
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3.4 Test  :;uracr A-322 

Res t ra in t  Syskn: 

S i t z ~  Pulse: 

A - CLV I n f a n t  Love Seat 

5 - F3rd Tot  Guard 

22 .3  r,pn - 16.5 G average 

Sed: Pos i r ro r l  A: A I n f a n t  Love Seat wds i n s t a l l e d  i n  :nis p o s i t i o n  

w l t n  b e l t  l oaa  c e l l s  2n Sotn p c r t i o i s  ot  the c a r  l a p  b e l t .  The re- 

s t r d j n t  c o n t r ~ l l e d  tr ic .%tion o f  te \c o u r r j  but C i d  r o u t e  o f f  t h e  

s i c e  o f  t r ~ e  Oencn Sedt. Tile C~mj neau wds pro tec ted  frum i n p a c t  w i t n  

p o t e n t i a l  i n t e r i o r  "uor surfdces D U ~  tnt '  tiarlless d i d  a l l o l i  the  dur;ny 

to  s l i p  0,:. Trie i n n e r  s n t i  1 0: :!ie sedt c t f o c e d  and SepardteQ from 

Ute o u t e r  s n e l l  on tue oucoodrd s l o e  as sn*n i n  the  00s:-test photo- 

grapn. 

Seat PosSt ion o:  A Fdro Tot-5uarJ c n i l d  t e s t r ~ i n t  nas placed i n  trie 

center  p o s i t i o n  o f  tile oenctl seat  w i  t .1  be1 t load  c e l l s  on eacn s i d e  of  

tne c d r  163 b e l t .  Cu~'tng tne t e s t  :fie rc:lon o f  t i le  d u q  was n o t  

w e l l - c c n t r u l l r c  and tnc  dumy care c l o s e  to e j e c t i n g  f r o m  the  r e s t r a i n t .  

1~ a u r q  n e t d  i ~ d c t t t d  t ~ l c  LY I n f a t ~ t  Love Seat l a t e  i n  the sequence 

men t ne  i n f a n t  sedr. rlad f d l l e n  o f f  o f  tne bencn seat. Th is  indicates 

tndr  even i n  tne cen te r  p o s i t i o n  tile c n i i a  durn1 m u l a  s t r i k e  p o t e n t i a l  

i n t e r i o r  sur faces o f  a ven i c le  ooor. 
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3.5 Test Nuher A-921 

Restrdint Systems: 

Sled Pulse: 

A - i'etel-son k a e l  74 Child Kestraint 

B - Peterson Mile1 75 Infant Restraint 

2'3.3 rqn - iE.3  G average 

Seat Position A ;  A Peterson Hsdel 74 Caild kestraint nas instailed 

in tnis position using the side imact  s t r m  supplied with the sedt in 

addi tlon to the car lap oel t  for  ancnorag?. be1 t  load cells  were ~ s e d  

on bo th  sides of tne car lao  el t. During tne t e s t ,  tne dumy rutions 

were ccfitrolled and tne restraict stdyed on tqe benctr scr t  a1 t ~ o u g l  i t  ~i J 

s l ice  ldterally. The nbmess shwc2 I I O  tendency to s l i p  cff :r.e duwj 

but tne nead did rotate fornerd such that  interaction with wtect ia l  

interior door surfaces lrculd possibly occur. 

Scat Positron 6: k Peterson kdel 75 Infant Restraint was installed 

in this p ~ s i t i o n  with belt load cells on both sides of the car lao 

belt. This s e d t  was the only mar-facing infant restraint  in wriich 

portions of  tne d u m y  nead were visible for photclnetrlc analysis. 

During the t e s t  the dufmy mtions were well c o n t m l l ~ d  and the dunmy 

was neld tightly by the harness. Hodever, tne head did lean over the 

s ide of tne  restrain: snell and would nave dllcred head interection 

ni t r i  w tentidl interior door surfaces. 
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TEST A-321 
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3.6 Tes t  :iurrber A-922 

R e s t r a i n t  Sys terns: A - Swingona t i c  C h i l d  Seat 

tl - Swingsn!at ic C h i l d  Seat  w i t h  
I n f a r i t  Dumny 

S led  Pu lse  20.3 mpn - 16.3 G average 

Seat P o s i t i o n  A: A Swingornatjc C h i l d  s t z t  was i n s t a l l e d  i n  t h i s  p o s i -  

t i o n  and anchored w i t n  t h e  c a r  l a p  b e l t  and a manufac tu re r  s u p p l i e d  t o p  

s t r a p .  be1 t l o a d  c e l l s  were i n s t a l l e d  cn t n e  r i g h t  s i d e  o f  t h e  c a r  

l a p  be1 t and on  t h e  top s t r d p .  D u r i n g  t h e  t e s t  t h e  duiinty mot ions were 

c o n t r o l l e d .  The un ique  harness jystern o f  t h i s  sea t  ( s h o u l d e r  s t r a p s  and 

c r o t c h  s t r a p  b u t  w i t h  a l o a d  a i s t r i b u t i o n  s u r f a c e  i n  p l a c e  o f  the u s u a l  

l a p  o e l  t p o r t i o n  o f  a f i v e  p o i n t  ha rness)  d i d  a l l o w  l a r g e r  f o r w a r d  head 

e x c u r s i o n s  due t o  the  d u m y  t o r s o  f l e x i n g  downward. T h i s  m t i o n  was 

such t n a t  i t  i s  l i k e l y  t h a t  t h e  dunmy head would i n t e r a c t  w i t h  p o t e n t i a l  

i n t e r i o r  door  su r faces .  ?lie harness system r e t a i n e d  t h e  dumny w i t h o u t  

s l i p p i n g .  The s e a t  d i d  r o t a t e  p a r t i a l l y  o f f  t h e  bench seat .  

Seat  P o s i t i o n  8:  Even thougrl t n e  system was n o t  des igned o r  i n t e n d e d  

f o r  use w i t h  i n f a n t s ,  a Swingomatic C n i l d  Sea t  was i n s t a l l e d  i n  t h i s  

p o s i t i o n  i n  i t s  normal  f o r w a r d - f a c i n g  mod? b u t  w i t n  t h e  i n f a n t  dummy 

i n s t a l  l e a  i n  i t .  Load c e l l s  were used :!n t h e  r i g h t  s i d e  o f  the c a r  

la;, be1 t and t f j e  t op  s t r a p .  Dur inr ,  t r ie t e s t  the  r e s t r a i n t  c o n t r o l l e d  

t h e  dumy m t i o n s ,  norrevet t n e  h a r ~ i e s s  sys tern s l i p p e d  o f f  t h e  shou lders  

o f  t n e  d u m y  and a1 l c ~ ~ e d  fo rward  and l a t e r a l  nead e x c u r s i o n s  which w o u l d  

have r e s u l t e d  i n  d u m y  head i n t e r a c t i o n  w i ~  p o t e n t i a l  i n t e r i o r  door 

s u r f a c e s .  







TEST A-922 

SLED DECELERATION 
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TEST NO. A-922-A 

fiESTRA1:lT -- S w t n g o ~ r ~ a i i c  ( C h t l d  - 3 y r J  

TARGET I)ulliny tlead 

CAIJLRA VIEW Normal to Seat 

C l l l L D  RFSTRAlrJT .iESl' TAOGET ii\NG_Er.IT C O O R D I N ~  











This appendix l i s t s  the t a b u l a r  rrsu1:s o f  t h e  ~ h 3 t o r n t r i c  z n z l y s i s  

o f  the t e s t s  perforred i n  t t i i s  prosrd?l.  i h c  t a b l e s  a r e  e q u i v a l e n t  t o  the 

g r a p r l i c a l  > r e s e n t d t i o n s  i n  ( t ie r u i n  boJy o f  :he rcpor ' t  e x c e p t  t n a t  t i n e  

i s  i n c l u d e d  i n  t h e  t a b l e s .  i r c u r s i o n s  r x a s u r e d  n o m a l  t o  t h e  s e a t  and 

e x c u r s i o n s  r. ledsutrd n o m l  t 3  t h e  s l e d  d r e  t a b u l a t e d  d s  i n d i c a t e d .  



TEST i i i !4BER 17-917 

Ta rge t  T a n g e n t  i o o ~ x i i n a t o s  - ;~ot-ma1 t o  Se"t 

A .  GI1 Child Love S e ~ t  6. Gobby-Mac Icfant Seat 

Horiz. CcorC, 
in.  

'I'et-t. Ccord. 
iri. 

Tdrge t  Y d n g e n t  Ccorai!!3tes - : i ~ r r ; a l  t o  Sled 

t o r i ; .  C03r3. 
in.  

1 .S 
1.8 
2.9 
4.5 
6 . 7  
9.4 

12.3 
13.5 
17.4 
19. S 
22.1 

V c r t .  Coord. 
i n .  

1.4 
1.6 
1.6 
1.5 
1.2 
11.8 
0 .3  

-0.5 
-1.0 
- 3 . 2  
-4.b 
- 6 . 9  
-9.6 

-11.8 

30riz. Coord. Yert. Coord. 
in .  i n .  

H o r i z .  Coord. 
i l l ,  

Vert. i o o r d .  
i n .  



TEST IIUi? ,BER A-918 

Target Tangent Coordinates - h ~ l ~ d l  to S ~ a t  

A. i;antket Child Care Seat B. K a n t w e t  Infant Care Seat 

. 
Tine tioriz. Coord. Vert. Ccora. Hot-iz. Coord. Vert. Coord. 
mec in.  in. in, in. 

Target Tdnyent Coordinates - :lon4ial to Sled 

A. Kantwet C I ~ i l d  Care Seat 6. Kantwet Infant Care Seat 

, ;me Hor2z. Coorc. Vert. Coord. Horiz. Coord. Vert. Coord. 
inset in. i n .  in ,  in. 



TEST Ii',J!,lEIER A-919 

T a r g e t  Tangen t  C o o r d i i ~ d t e s  - iiur'liul t o  S e ~ t  

A.  i;:l C h i l d  Love j e a t  U. Gunny U c , ~ r  ( : n f a n t )  

Ti fie H o r i z .  Ccord.  Yer t .  Coord.  
l ~ ~ s e c  i n .  i n .  

H o r i z .  Coord.  Vert. Coord. 
i n .  i n .  

T a r s e t  T a n g e n t  Coord i r l a t e s  - i ldr i ;~al  t o  S l e d  

A.  G15 C h i l d  Love S e a t  U. Sunny E e d r  ( I v f a n ; )  

H o r i z .  Cooro. 
i n .  

' d e r t .  Coord. 
in .  

Hori z .  Cool-d. 
i n .  

Vert. Coord.  
i n .  



, i! c 1:ol.i;. Zclot-J. ' ; ~ I - L .  c c ~ ! ' ~ .  : ;o t - iz .  Coot.J. Ysrt.. Coord. 
: L: i 11. i f), 111. i n .  

G:l : n t ' d r i t  :c:e Sea: 6.  Ford Tot Gu2rd 

? i ; d  t .or i  z. C G O ~ J .  ' i e r t .  Coora. i i o r i z .  Coord. Ver t .  Cocrd. 
l i i jC ( .  i n ,  i I;. in. i n .  



TEST i 0 .  A-921 

T a r g e t  T a n g e n t  C o o r d i n a t e s  - l i o n r s l  t o  S e a t  

A.  P e t e r s o n  74 ( C h i l d )  B. P e t e r s o n  75 ( I n f a n t )  

- .  
lime Hor iz .  Coord.  Vrrt. Coord.  t i o r i  z , Colrrd. Vert. Coord.  
IMCC i v .  i n .  i n .  in .  

T a r g e t  Tangen t  C o o r d f n l t e s  - i4omtrl t o  S l e d  

A.  P e t e r s o n  74 ( C h i l d )  

T i c e  Hori:. Coord. Vert, Coord. H o r i z .  Cocrd.  
r . s  e c i n .  i n .  in .  

V e r t .  Coord. 
in. 



TEST 140. A - 9 2 2  

Tar i i t i t  Tangent Coord ina tes  - l i o r n ~ a l  t o  S l e d  

A. Sw ingona t i c  ( C h i l d )  

Tilye f i o r i z .  Coord. V e r t .  Coord. 
nlsx in .  in .  

T a r g e t  T a r ~ y e n t  C o o r d i r ~ a t e s  - ;iom,al t o  S l e d  

A. S ~ i n g m a t i  c (Ch i  1  d )  

.). . . ~ i r n c  H o r i z .  Ccord. V e r t .  Coord. 
1;:s e c i n .  in .  

9 5 
lli 
126 
142  
1 s t  
174 
1 ti9 
225  
22 1 
237 
253  

H o r i z .  Coord. 
i n .  

8. Swingomat ic  

H o r i z .  Coord. 
i n .  

V e r t .  Coord. 
i n .  

( I n f a n t )  

V e r t .  Coord. 
i n .  




