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1.0 ABSTRACT 

This report discusses the development of a standard bench seat  fo r  the 

t es t ing  of child res t ra in t  systems based on the configuration and perfor- 

mance parameters of the 1974 Chevrolet Impala production bench seat ,  Bo th  

s t a t i  c and dynami c characterist ics of the production seat  were modeled 

in to  the frame deformation and foam s t i f fness  of the standard sea t ,  and 

impact sled t e s t s  were conducted on each using a representative sample of 

chi 1 d res t ra in t  sys terns t o  provi de di rec t  comparison between the two seats .  

The standard seat  was shown t o  be a durable, repeatable t e s t  platform for  

child res t ra in ts  that  provided reasonable simulation of the production seat .  

I t s  economic breakeven p o i n t  occurs when more than four new production 

bench seats are required for  tes t ing.  Child res t ra in t  t e s t s  on the standard 

seat  tend t o  give s l ight ly  lower head and chest peak resultant  acceleration, 

HIC and Severity Index values arld in some cases larger  head excursion values 

than comparable t e s t s  with the production seat .  



2.0 INTRODUCTION 

The purpose of th i s  project was t o  develop for the Department of 

Transportation, a standard automobile seat bench for use as a dynamic t e s t  

platform in impact tes ts  of child restraint  systems. A "standard" auto- 

mobile seat berich for use in impact t e s t s  i s  defined as a platform which 

yields controlled and repeatable known interaction with a system being tested 

with i t .  

Impact sled testing of child restraint  systems has traditionally uti l ized 

production autonobi l e  bench seat as the most logical t e s t  p l  atform. However, 

unless the back i s  restrained, an automobile seat i s  usable only for  a single 

t e s t ,  since significant permanent deformation of the seatback structure 

occurs during impact. Although tethering the seatback permits the seat t o  

be reused many times, any interaction between the deforming seatback and child 

restraint  i s  then los t ,  possibly biasing the data. l4ew automobile seats are , 

also quite d i f f icu l t  t o  obtain in quantity, are expensive, and the i r  mode 

o f  frame deformation varies from sample t o  sample. Used seats from salvage 

yards reduce the cost and availabili ty problems, b u t  introduce an unknown 

history which may involve prior accident and weathering effects ,  

These problems, plus the need for repeatable and comparable data, make 

a strolig case for standardized platform for dynamic child restraint  system 

testing. This platform or  standard seat should simulate the response of a 

giveti production seat and have similar interaction with child restraints ,  

be quickly recycled between t e s t s ,  and be easily adaptable t o  simulate dif-  

ferent seats so i t  may be updated when necessary. 

This report describes the development and verification, of such a 

standard sea t ,  and compares i t s  dynamic performance eii t h  that of a 1974 

.- - -- 
- 



Chevrolet Impala production bench s e a t ,  using various chi 1 d r e s t r a i n t  sys-  

tems under i den t i ca l  t e s t  condi t ions.  

This development was performed f o r  The National Hi ghway T r a f f i c  Safety 

Admini s t r a t i o n ,  Department o f  Transportat ion under Contract No. DOT-HS-4-00865. 



3.0 DETERMIIiATIOII OF 1:-1PALA BEF.JCtl SEAT PARAMETERS 

Four new 1974 Chevrolet Impala production bench seats were obtained t o  

determine the functional parameters that were to be incorporated into the 

standard seat. The following information on those seats was obtained: 

1. The geometry of seatback deformation during impact, and the loca- 

tion of an effective "hinge point." 

2. Stat ic  and dynamic load-deflection curves for bo th  the seatback 

and seat cushion foam. 

3. Physical dimensions of  the production seat. 

4. Stat ic  and dynamic load-deflection curves for the seatback frame 

in both forward and rearward directions. 

Since many of the tests  were destructive, the data collection process 

had to  be cost-effective, The t e s t  sequence followed in th i s  study i s  shown 

in Figure 1 .  

3.1 PHYSICAL DIrlEliSIOiiS 

The four production seats were measured, and the resul t s  averaged t o  gi ve 

a typical profile on which t o  base standard seat dimensions. Figure 2 shows 

the average dimensions obtained for the production seats ,  

3.2 STATIC PERFORbIANCE CHARACTERISTICS 

3.2.1 Foam Cushion Test 

A simple load cell and extensometer setup was used to  obtain the s t a t i c  

load deflection curves of the seatback and seat  cushion foam. The sea t  frame 

was braced so a n y  deflection measured would be solely due to the foam. 

Figure 3 shows a p h o t o  of the t e s t  setup for th i s  measurement. 

3.2.2 Seatback Frame Bending Tests 

The t e s t  setup shown in Figure 4 was used t o  determine the s t a t i c  

load-defl ection characteristics of the production seatback frames, 
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O b t a i n i n g  t h i s  d a t a  r e q u i r e d  t e s t i n g  two p r o d u c t i o n  sea ts  t o  d e s t r u c t i o n - -  

one f o r  forward and one f o r  rearward deformat ion.  A fo rce p l a t e a u  was reached 

i n  f o r w a r d  bend ing as  a r e s u l t  of  s e a t  frame geometry. T h i s  p l a t e a u  means 

s e a t  deformat ion i n  an impact  w i l l  show g r e a t e r  dependence on a c c e l e r a t i o n  

p u l s e  d u r a t i o n  i n  the  forward d i r e c t i o n  t h a n  i n  t h e  rea rward  d i r e c t i o n .  

3.3 DYNAMIC PERFORMANCE CHARACTERISTICS 

The impact  s l e d  t e s t s  on t h e  p r o d u c t i o n  sea ts  y i e l d e d  t h e  f o l l o w i n g  

dynamic i n f o r m a t i o n :  

1. Seatback frame de fo rmat ion  magnitude and geometry, w i t h  emphasis 

on i d e n t i f y i n g  a "h inge p o i n t "  t h a t  c o u l d  e a s i l y  be designed 

i n t o  t h e  s t a n d a r d  sea t ,  

2. Seat foam dynamic l o a d - d 2 f l e c t i o n  curves.  

3. Performance c h a r a c t e r i s t i c s  o f  t h e  Ford  T o t  Guard. 

3.3.1 Frame Dynamic Perforrnanc? 

Seatback frame dynamic de fo rmat ion  t e s t s  were conducted o n l y  i n  t h e  f o r -  

ward d i r e c t i o n  because o f  the  l i m i t a t i o n s  imposed by t h e  t e s t  sequence ( F i g .  

1) .  The s e a t  frame was t a r g e t e d  (F ig .  5)  and a 30-mph, 20 G s l e d - i m p a c t  

t e s t  was performed. The p l o t t e d  r e s u l t s  o f  movie analyses shown i n  F i g u r e  

6 d i s p l a y  t h e  movement o f  t h e  t a r g e t s  on t h e  s e a t  frame w i t h  r e s p e c t  t o  a 

f i x e d  r e f e r e n c e  p o i n t  on the  s led.  The s e a t  can be seen t o  have two h inge  

po in ts - -one  a t  t h e  base o f  t h e  seatback and t h e  o t h e r  a t  approx ima te ly  two- 

t h i r d s  o f  the h e i g h t  o f  the  back. 

3.3.2 Foam Dynami c Performance 

For  t h e  dynamic s e a t  foam l o a d - d e f l e c t i o n  c h a r a c t e r i s t i c s ,  a 31.2 l b  

mass w i t h  an acce lerometer  a t  i t s  c e n t e r  o f  g r a v i t y  was suspended a g a i n s t  

t h e  s e a t  foam and s l e d  t e s t s  were performed. Photos o f  t h i s  se tup a re  

shown i n  F i g u r e  7 f o r  seatback foam, and F i g u r e  8 f o r  sea t -cush ion  foam. 

. .. -- - -~ - - 
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3 . 3 . 3  Child Restraint System Performance 

A Ford Tot-Guard child restrai n t  system was selected to determine i t s  

interaction with a Chevrolet Impala production bench seat.  The production 

seat  was mounted on a sled buck in frontal impact. position. Upholstery 

cover material was removed from the sides of the bench and seatback so that 

the foam padding and metal framework of the seat could be observed. Appro- 

priate points on the foam and metal frame were targeted for subsequent mo- 

tion and deformation analysis (Figure 9 ) .  

The Tot-Guard chi 1 d restraint system was mounted on the 'prepared pro- 

duction seatwith a 3-year o l d  dummy. Several sled runs were conducted t o  

observe and record foam padding and metal frame deformation interaction with 

the child restraint system load during impact. 





4.0 STANDARD SEAT DESIGN 

4.1 FUNCTIONAL REQUIREMENTS 

The goal of developing a standard s ea t  design which wil l  simulate 

the major performance features of a production s ea t  while maintaining the 

important t e s t i ng  re1 ated features of repeatabi 1 i  ty  , durabi 1 i t y  , ease of 

use and cost effectiveness required t h a t  certain simplif ied functional charac- 

t e r i s t i c s  be incorporated in to  the standard s ea t  design. These functional 

character is t ics  are:  

7 .  Rigid sea t  pan and s ea t  back s t ructures  t ha t  are able t o  withstand 

the loads of dynamic s led  t es t ing  without s ign i f i can t  deformation. 

2.  Centralization of production seat  cushion and s ea t  pan deflection 

character is t ics  in to  the sea t  cushion foam character is t ics  of the standard 

sea t ,  

3. Idealizat ion of production sea t  back deflect ion charac te r i s t i c s  

as a rotation about a s ingle  hinge point.  

4, Rigid l a te ra l  response of the seat  s t ructure  to  s ide  loads. 

5, Easily replaced, low cost deformable elements fo r  control of both 

s ea t  cushion response and seatback deformation response. 

Rigid s ea t  s t ructures  f o r  both the s ea t  pan base and the s ea t  back 

were developed using welded tubular  frame construction with 15 gauge wall 

one-inch square s t ee l  tubing. The seatback and the s ea t  base were two 

separate s t ructures  with the seatback being joined to  the base by means of a 

pillow block bearing on each side.  The bearings served to  define the axis 

of rotat ion of the seatback during loading, The resistance to seatback 

motion was achieved by means o f  bending two replaceable aluminum bars. The 

bars were loaded in three-point bending by an extension l ink from the s ea t  

back jus t  below the bearing blocks. The bar diameter, e f fec t ive  lever  arm of 

the s ea t  back l i nk ,  and the distance between bar support blocks were three 

16 



e a s i l y  m o d i f i e d  v a r i a b l e s  t h a t  c o u l d  be used t o  change t h e  e f f e c t i v e  s t i f f n e s s  

o f  t h e  seatback,  and thus  match i t  t o  va r i ous  p r o d u c t i o n  seats .  A f i v e -  

e i g h t s  i n c h  d iameter  b a r  o f  6061-T651 aluminum r o d  was s e l e c t e d  as t h e  

b e s t  combinat ion s i z e  and mechanical p r o p e r t i e s  t h a t  wou ld  produce e q u i v a l e n t  

response t o  t h e  p r o d u c t i o n  seat .  The foam cushion s l a b s  f o r  t h e  seatback 

and f o r  t h e  s e a t  cushion were i n s e r t e d  i n t o  heavy v i n y l  c l o t h  z ippe red  

bags w i t h  p lywood face  panels i n  t he  bags t o  a l l o w  at tachment t o  t h e  sea t  

frames by b o l t s .  

The s e a t  frame had s i x  s y m n e t r i c a l l y  l o c a t e d  ho les ,  shown i n  F igu re  10  

f o r  f a s t e n i n g  t h e  s e a t  t o  an impact  s l e d  o r  t e s t  f i x t u r e .  S e a t b e l t  a t t a c h -  

ment p o i n t s  were a l s o  i n c o r p o r a t e d  on t h e  base frame i n  t h e  same p o s i t i o n  

as the  1974 Chev ro le t  Impala w i t h  i t s  sea t '  i n  t he  m i d p o s i t i o n .  On t h e  

ou tboa rd  be1 t at tachment p o i n t s ,  t he  v e r t i c a l  th readed h o l e  i s  i n tended  

f o r  use w i t h  r e t r a c t o r  t ype  b e l t s  and t h e  h o r i z o n t a l  th readed h o l e  i s  

i n tended  f o r  use w i t h  Type 1  l a p  b e l t s .  

4.2 SELECTI0i.I OF CUSHIOI I  FOAMS 

Foam pads f o r  t he  s tanda rd  s e a t  were s e l e c t e d  t o  meet t h e  f o l l o w i n g  

c r i t e r i a :  

1. S t a t i c  l o a d  d e f l e c t i o n  da ta  t o  match t h e  p r o d u c t i o n  s e a t  foams 

as c l o s e l y  as p o s s i b l e .  

2. Seatback and s e a t  cushion foams t o  be t h e  same m a t e r i a l ,  i f  p o s s i b l e ,  

t o  s i m p l i f y  s p e c i f i c a t i o n  and qua1 i ty c o n t r o l  c o n s i d e r a t i o n s .  

A number o f  foams were t e s t e d  by t h e  same procedure desc r i bed  i n  

S e c t i o n  3,2,1, On t h e  bas i s  o f  these t e s t s ,  t h e  s p e c i f i c a t i o n s  o f  t h e  

foam s e l e c t e d  are  shown i n  Tab le  1, 

Comparison o f  s t a t i c  l o a d  - e f l e c t i o n  curves f o r  t h e  p r o d u c t i o n  s e a t  back 

foam s e l e c t e d  foam i s  shown i n  F igu re  11, F igu re  1 2  shows a  comparison o f  
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TABLE I. 

POLYURETHANE SEATING FOAM SPECIFICATIONS 

SAMPLE SOURCE : U n i t e d  Foam C o r p o r a t i o n  
Breman, I n d i a n a  

Foam A - T h e i r  Foam #202B 
Foam B - T h e i r  Foam #2021 

* As p e r  ASTM S t a n d a r d  D 2405-68 
(Me thod  B )  

FOAM B 

Med ium S o f t  
Grade 

+ .05 
I-5o - - 1 0  

21  - 2 7  

1.9 

12  

1 7 5  

SPEC1 FICATION 

DESCRIPTIOii 

DENSITY 

INDEIJT LOAD - LBS. - 4  THK @ 25% 
DEFLECTIOIJ * 

INDENT LOAD RATIO (65 /25 )  - MIN. 

TENSILE - P S I  - MIN. 

ELONGATION - % - MIN. 

FOAM A 

E x t r a  F i r m  
H i g h  D e n s i t y  Grade 

2.70 . 10  

45  - 5 5  

2.0 

1 2  

1 7 5  

TEAR RESISTANCE - LBS./IN. - MIN. 1.75 

15 .0  

20.0 

COMPRESSIOIl SET* 

HUM1 DITY AGED 5 
HRS. @ 250°F 

1.75 

20.0 

20.0 
20 .0  

METHOD B - ORIGII'lAL 
50% - MAX. 
2 2  HRS. @ 158O F - 
90% MAX. 

50% MAX. 
90% MAX. 





FOAM LOADED W I T H  EIGHT 
250 - INCH DIAMETER DISC 
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(STANDARD SEAT) 
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100 - AVERAGE OF 3 TESTS 
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- 
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FOAM DISPLACEMENT IN INCHES 

Figure  12. Seat  Cushion Foam S t a t i  c Load-Defl e c t i o n  Curves 



s t a t i c  load deflection curves for the production seat cushion and the 

selected foam. 

In order t o  simulate the series effect  of the wire foam support springs 

i n  the production seat ,  composite foam samples were tested. From the t e s t  

resul ts ,  the following conclusions were reached: 

1. Six inches appeared t o  be the optimal thickness for  modeling 

both the Impala cushion and seatback. 

2. A composite using four inches of a compliant foam #2021 over two 

inches o f  s t i f f e r  foam #2028 came closest t o  simultaneously meeting the 

requirements of  b o t h  seatback and cushion. 

If a child restraint system deflects more than five and one-half 

inches into the foam then the standard seat foam begins t o  b o t t o m  o u t .  The 

wire support springs in the production sea t  prevent this  condition. Under 

this  condition (a relatively infrequent occurrence) the simulation of the 

production seat i s  n o t  maintained by the standard seat. 

4 . 3  SELECTION O F  SEATBACK DEFLECTION C0:iTROL ELEtlEIIT 

A deformable bar was selected t o  provide the constraint that maintained 

the seatback in the correct i n i t i a l  position and allowed i t  t o  duplicate the 

kinematics of the production seatback frame during impact. The bar also met 

the following functional requirements: 

1,  I t s  mte r i  a1 was readi ly avai lable and inexpensi ve material. 

2. I t  allowed the seatback the same degree of motion during impact 

as measured in the Impala seat. 

3. I t  restrained the seatback in the deflected position for the 

rebound phase. 

4. Because i t  was easily replaceable, i t  allowed quick recycling 

between tes t s .  



5, I t  eliminated assembly errors by having only one possible 

installation configuration usable for  b o t h  front and rear 

impacts. 

The method of loading and supporting the control element also proved 

to  be a significant factor in the performance of the standard seat.  

The configuration selected consisted of two 9.5-in. lengths of 5/8-in.,-dia. 

aluminum bar, stock #6061-T651, supported a t  each end by pillow blocks 

which limited the loading on the bars t o  simple bending. Loading was 

applied t o  each bar a t  i t s  midpoint by a short arm from the seatback frame 

extending below the hinge point. One arm was on each side of the sea t ,  

passing between each se t  o f  pillow blocks. The bar passes through a s l o t  

in the loading arm, thereby rigidly linking the seat position before, during, 

and af te r  impact t o  the constraint of the deformable element. The leading 

and t ra i l ing  faces of the s l o t  were tapered inward t o  provide t h e  t ightest  

clearance a t  the midpoint, This fac i l i ta ted  removal of the bent aluminum 

bars a f te r  testing. 

Figure 13  show the pillow block assembly and deformable element 

mechanism before impact, The hinge assembly and deformable element mechanism 

af te r  impact i s  shown in Figure 1 4 .  The deformable element, together with 

i t s  mounting blocks, a f t e r  impact, i s  shown in Figure 1 5 .  

The seatback frame load-deflection curves shown in Figures 16 and 1 7  

compare the s t a t i c  s t i f fness  curves obtained with the standard sea t  t o  the 

production seat. The load plateau in forward bending observed for the 

production seat was also reproduced by the standard sea t  by limiting loading 

on the deformable element to simple bending. The correct magnitude of 

load a t  the plateau was provided by adjusting the center-to-center distance 

between pivot blocks to  the optimal value of 7.75 inches, with an effective 
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Figure 17,  Seatback S t a t i c  Load-Deflection Curves (Rearward   ending) 



lever  arm of 4.125 inches. 

The general physical dimensions of the standard sea t  were patterned 

as closely as possible a f t e r  those of the production Impala sea t .  Figure 

18 i s  a  dimensioned side view of the result ing standard sea t  design. 

(Figure 19). 

4.4 DYNAMIC PERFORtIIANCE CHARACTERISTICS 

Standard sea t  dynamic performance data were obtained from various 

impact s led  t e s t s ,  as follows: 

1, seatback frame rotation magnitude and geometry; 

2, sea t  foam dynamic load-deflection; 

3. performance with the Ford Tot-Guard system. 

4.4.1 Frame Dynani c  Performance 

The standard sea t  was mounted on a s led  buck and impacted in b o t h  

frontal and rearward positions. Seatback frame rotation magnitude and 

geometry were obtained from high-speed motion picture analysis.  Table 

2 gives these data for  the standard sea t  &nd the production s e a t ,  

4.4.2 Foam Dynamic Performatice 

Standard sea t  foam dynamic data were obtained fo r  the seatback foam 

and the s e a t  cushion foam from an accelerometer mounted a t  the center of 

gravity of a  31 -2-lb,  mass, pls.ced against the foam, during impact on the 

impact s led.  

Seatback foam dynamic load-deflection data fo r  the production and 

s tandard s e a t ,  are presented in Figure ZQ. Seat cushion foam dynamic 

load-deflection data for  the production and standard sea ts  are shown 

in Figure 21. Note ttie pronounced ra te  sens i t iv i ty  of the foam when 

compared t o  the s t a t i c  data in Figures 11 and 12, 







TABLE 11. 

STANDARD SEAT DEVELOPMENTAL TESTS 

SLED - - 

AVE . AVE. ANGLE 
TEST VEL. DECEL. SEATBACK 
NO. DIRECTION SEATTYPE ( f t / s e c )  (G 's)  DEFLECTION COMMENTS 

- 
- 

Fron t  

Rear 

Front  

Rear 

F ron t  

Front  

Rear 
- 
- 

Front  

F ron t  

Product ion 

Product ion 

Product ion 

Product ion 

Standard 

Product ion 

Product ion 

Standard 

Standard 

Standard 

Standard 

Standard 

Standard 

- 
- 

Los t  Data 
- 

18.5" 

5.0" 

14.0" 

13.0" 

4.0" 
- 
- 

29. 0" 

16 .5" 

Dynamic sea t  cushion t e s t  (foam and frame) 

Dynamic sea t  cushion t e s t  (foam and frame) 

Dynamic sea t  back t e s t  (foam and frame) 

Dynamic sea t  back t e s t  (foam and frame) 

Dynamic sea t  back d e f l e c t i o n  t e s t  

Dynamic sea t  back d e f l e c t i o n  t e s t  

Dynamic sea t  back d e f l e c t i o n  t e s t  

Dynarnic sea t  back d e f l e c t i o n  t e s t  

Dynamic sea t  back d e f l e c t i o n  t e s t  

Dynamic sea t  back t e s t  (foam and frame) 

Dynamic sea t  cushion t e s t  (foam and frame) 

Dynamic t u n i n g  o f  seatback d e f l e c t i o n  (12# weight )  

Dynamic t u n i n g  o f  seatback d e f l e c t i o n  (6# we igh t )  
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A-770: Standard Seat Seatback Dynamic Loading Slope = 181 # / i n  

A-736: P roduc t ion  Seat Seatback D y n a ~ i c  Loading Slope = 122 # / i n  

F i  gure 20. SEATBACK DYNAMIC LOAD-DEFLECTION CURVES 
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A-771 : Standard S e a t  Cushion Dynamic Loading Slope = 240 # / i n  

A-733: Product ion S e a t  Cushion Dynamic Loading Slope = 206 # / in  

A-734: Product ion S e a t  Cushion Dynamic Loading Slope = 1 6 3  # / i n  

Fi gure 21. SEAT CUSHION DYNAMIC LOAD-DEFLECTION CURVES 



4.4.3 Chi ld Restraint System Performance 

As in the case of the production sea t ,  a Ford Tot-Guard child restraint  

system was selected t o  determine i t s  interaction with the standard sea t  

(Figure 22) .  Targeting and impact pro~edures were the same as for the pro- 

duction seat  system interaction t e s t ,  Test conditions and resulting system 

interaction data are given in Table 3 ,  for b o t h  the production and the stan- 

dard sea t  with the Ford T o t  Guard in passenger position. 

The head excursions for the two seats are essentially the same, with 

25.0-in, for the production sea t ,  and an average of 25.1-in for the standard 

seat. Peak resultant accelerations for b o t h  the head and chest are lower with 

the standard seat  because, of low an terior-posterior components. These 

lower accelerations are due t o  the generally sof ter  child restrzint  inter- 

action with the leading edge of the seat cushion frame as the seat cushion 

foam bottoms. 

Seatback deflection angles are similar for the production seat and the , 

standard sea t ,  with averages of  15.1 deg. and 14.4 deg., respectively. 

Test A-752 was anomalous because of  dummy interaction with the To t -  

Guard shield. The shield struck the dummy high on i t s  chest on impact. 

This resulted in a significantly lower head excursion and a s l ight  sub- 

marining condition. Test A-752 was not used in the seat performance 

comparison data. 



F i g u r e  22. S t a n d a r d  S e a t  W/Tot-Guard S e t u p  on S l e d  
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5.0 STAijDARD U.S. PRODUCTION SEAT DYNAMIC PERFOWIANCE COMPARISON USING 

VARIOUS C H I L D  RESTRAINT SYSTEMS 

The final version of the standard sea t  i s  described in section 4.0 and 

in the detail drawings of Appendix B. This final version represents the 

third redesign of the sea t ,  and i t  should be noted that i t  became available 

only a t  the conclusion of the developmental and performance t e s t s ,  because 

the design depended on the data those tes t s  produced, Because of scheduling 

and budgetary 1 imitations , the sled t e s t  performance data reflected the 

performance of an intermdiate  design which differed from the final stan- 

dard sea t  as follows: 

1. The correct size of vinyl foam cover for the seatback was n o t  

available for performance sled tes t s .  The cover allowed only four rather 

than s ix  inches of foam t o  be instal led,  causing the seatback t o  be 

l ighter  and i t s  foam t o  be less compliant. Hobrever, the seat cushion response 

was correct. The cushion response i s  the most significant factor in child 

restraint  for frontal and side impacts. 
" 2. The foam pads, vinyl covers and plywood inserts were redesigned 

in the final version t o  provide stronger attachment t o  the frame, and t o  

eliminate sliding and  bowing of  the foam during impact, which was observed 

in the performance tes t s .  

3. The deformable element mechanism which controls seatback motion 

was redesigned for the final version of the standard seat  to  provide 

closer conformance t o  the Impala seatback deflection character is t ics ,  t o  

improve ease of recycling, and to  increase durability. 

4. Weights were added t o  the top of the seatback frame on the final 

version to give a fine adjustment for dynamic seatback deflection. 



5.1 PERFORMANCE TEST CONDITIONS 

Performance tests  using various chi 1 d restraint  sys terns were conducted 

on the standard seat  and production seat.  Seats under t e s t  were fastened 

securely t o  the frame of the HSRI Impact Sled with a mounting adapter 

fabri cated from s tee1 channels. The enti  re seat-adapter assembly was ro- 

tated to provide the desired direction of impact. The child restraints  were 

fastened with Type I lap bel ts ,  and were used in conjunction with a Sierra 

3-year old instrumented child dummy. Two Photosoni cs 1 - B  high-speed 

motion picture cameras operating a t  1000 frames per second provided overhead 

and right side movie coverage, All tes ts  utilized a qualifying trapezoidal 

sled pulse, as shown i n  Figure 23, To f a l l  within the defined envelope of 

the quaiifying trapezoidal pulse, frontal impacts were conducted a t  average 

velocity and deceleration values of 3C +I  mph and averaged 21 GIs respectively; 

rear impacts a t  20 21 npn and averaged 16 GIs, and side impacts a t  20 +1 mph 

and averaged 1 6  G's. 

5.2 STANDARD SEAT PERFORI4AP.ICE VERI FICATION 

Performance veri f i  cation sled t e s t  data for the production and standard 

seats are tabulated in Tables 4 and 5. The following observations were made 

for  the various impact directions. 

5.2.1. Frontal Impact 

Comparison of data with the Strolee child res t ra in t  i s  questionable 

because this  seat  structure collapsed in both tes t s .  However, th i s  indicates 

that  the standard sea t  would reproduce a child restraint  fa i lure  in the 

same manner as the production seat. Tests with the Chrysler Mopar child 

restraint  produced similar data on both the standard and production sea ts ,  

with particularly good agreement on HIC and severity index values. Head 

excursion variation was less than two inches; a reasonable amount for  this  type 
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o f  restraint  where in i t i a l  dummy positioning i s  a large factor in head travel.  

The GM Child Love Seat also showed close agreement on peak resultant 

accelerations, H I C  and severity index values for  b o t h  seats ,  although the 

head excursion was three inches further on the standard seat.  The reduced 

seatback deflection from the use of an over-the-back strap was also com- 

parable for  b o t h  the Impala and standard seats. 

5.2.2 Side Impacts 

The GM Child Love Seat was used for side impact comparison t e s t s .  In 

this  mode, the standard sea t  produced lower peak accelerations for  the 

head and chest, and lower HIC and severity index values. The head excursion 

values were essentially identical,  however, with an average of 16.2 inches 

for  the Impala seat  and 76.8 inches for the standard seat.  

5,2.3 Rear Impacts 

The Chrysler rilopar child restraint  was used for rear impact comparisons. 

The accelerations, H I C  and severity index can be seen t o  be similar for  

the production and standard seats.  The horizontal head excursion values 

are also close with an average of 9.1 inches for the Impala seat  and 8.3 

inches for the standard seat .  However, the vertical head excursion i s  much 

lower for the standard sea t ,  indicating a smaller tendency for the dummy 

t o  ramp up the seatback during impact. This occurred in spi te  of a seat- 

back deflection angle larger than that of the production sea t ,  which  should 

have increased the ramping tendency. 

5,3 DYNAMIC PERFORMANCE OF TYPE I11 BELT SYSTEMS 

An additional s e t  of sled tes t s  were conducted on the final version 

of the standard seat  to  investigate the interaction of type I11 be1 t 

systems with child restraint  impact t e s t  data. The results of these tes t s  

are summarized in Appendix D, The data from these tes t s  are presented 



i n  Tables D-1A and D-1B.for a d d i t i o n a l  comparisons between s t a n d a r d  

s e a t  and product ion s e a t  performance. I t  shou ld  be noted t h a t  t h e s e  d a t a  

a r e  n o t  d i r e c t l y  comparable t o  the  developmental and performance d a t a  

p rev ious ly  d i scussed  because o f  t h e  fo l lowing  c o n s i d e r a t i o n s  : 1 ) a d d i t i o n a l  

i n t e r a c t i o n  o f  s h o u l d e r  b e l t s  and r e t r a c t o r  mechanisms, 2 )  t h e  s l i g h t l y  

modif ied c h a r a c t e r i s t i c s  o f  t h e  f i n a l  s t a n d a r d  s e a t ,  and 3 )  t h e  va r ious  

s l e d  p u l s e s  used,  

The f i r s t  twelve t e s t s  l i s t e d  i n  Tables  D-1A and D-1B use t h e  Ford 

Tot Guard c h i l d  r e s t r a i n t  and provide a good performance comparison be- 

tween t h e  product ion s e a t  and t h e  f i n a l  ve rs ion  o f  t h e  s t a n d a r d  s e a t .  

However, i n  t e s t  805, t h e  dummy con tac ted  t h e  r e s t r a i n t  s h i e l d  

unusual ly  low on t h e  c h e s t  which gave an a t y p i c a l l y  l a r g e  head e x c u r s i o n .  

Th is  t e s t  was n o t  included i n  t h e  fo l lowing  t a b u l a t e d  summary o f  averaged 

d a t a  from t h e s e  two t a b l e s .  

TABLE 6 A V E R A G E D  RESULTS OF FORD TOT GUARD TESTS REPORTED 

IE4 APPENDIX D 

SEAT IMPACT SLED PEAK RESULTANTS SEVERITY HEAD 
TYPE DIRECTION PULSE H E A D  CHEST HIC I N D E X  EXCURS ION 

Standard Q- 79 G 49 G 79 8 9 86 20.1 i n  
Product ion Front  Trap 75 G 64 G 755 1095 16.0 i n  

Standard Fron t  C- 70 G 42 G 565 69 7 18.2 i n  
Product ion Trap 78 G 43 G 667 881 16.0 i n  

Standard Fron t  Q-Half- 59 G 49 G 484 552 20.5 i n  
Product ion s i n e  76 G 51 G 644 859 16.3 i n  

Standard Q- 37 G 24 G 7 6 9 4 - 
Product ion Rear Trap 32 G 28 G 9 5 121 - 



Several observations may be drawn from the summary of Type I11 be1 t t e s t s :  

1. Head excursion values appear to be independent of the type of 

sled pulse for both standard and production seats. 

2. Head excursion values were an average of 3.5-in higher for  

the standard seat  compared to the production seat.  This additional head 

travel i s  due t o  child restraint  interaction with the leading edge of the 

seat  cushion frame during foam bottoming, indicating the standard seat  i s  

more compliant in this  region, 

3. The qual ifying trapezoidal sled pulse generally results in 

higher H I C  and severity index values than the compliance trapezoidal or the 

qual i  fying ha1 f-sine sled pulses for b o t h  the standard and production 

seats.  

4. The standard seat tended t o  produce somewhat lower peak 

resultant acceleration, HIC and severity index values in b o t h  frontal and 

rear impacts than the production sea t ,  due t o  higher head excursion values. 



COST ANALYSIS 

The m a t e r i a l s  and l a b o r  cos ts  o f  b u i l d i n g  a  s t a n d a r d  s e a t  a r e  t a b u l a t e d  

i n  Tab le  7, T h i s  c o s t  o f  $1255 s h o u l d  be compared t o  t h e  approx imate  c o s t  

o f  $300 f o r  a  new p r o d u c t i o n  au tomob i le  bench sea t ,  o r  a p p r o x i m a t e l y  

$80 f o r  a  used s e a t  f r o m  a  sa lvage y a r d .  The s t a n d a r d  s e a t  can then be seen 

as a  d i s t i n c t  economic advantage i f  many c h i l d  r e s t r a i n t  t e s t s  a r e  t o  be 

run.  T h i s  i s  p a r t i c u l a r l y  t r u e  i f  u n t e t h e r e d  seatbacks a r e  r e q u i r e d ,  s i n c e  

t h e  breakeven p o i n t  i s  t hen  f o u r  t e s t s  when u s i n g  new p r o d u c t i o n  s e a t s .  

One i t e m  i n  t h e  a n a l y s i s  t h a t  deserves comment i s  t h e  h i g h  l a b o r  c o s t  

o f  mach in ing t h e  seatback b e a r i n g  s u p p o r t  b locks .  The se t i t  c o s t  c o u l d  

be reduced by  s e v e r a l  hundred d o l l a r s  i f  s u i t a b l e  commercial p i l l o w  b l o c k s  

c o u l d  be ob ta ined ,  t h e  prob lem aga in  b e i n g  t h e  p h y s i c a l  s i z e  l i m i t a t i o n s  

imposed by  t h e  tube  frame, h inge  p o i n t  l o c a t i o n ,  and bend ing  b a r  r e q u i r e -  

ments, p l u s  t h e  des i  r a b i  1  i t y  o f  a  s p h e r i c a l  b e a r i n g  f o r  i t s  impact  l o a d  

t o l e r a n c e .  C o m e r c i a 1  p i l l o w  b l o c k s  a r e  t y p i c a l l y  t o o  w ide  and g e n e r a l l y  

u n a v a i l a b l e  w i t h  s p h e r i c a l  bea r ings .  



TABLE 7. MATERIAL AND LABOR COSTS 

M a t e r i  a1 Requi remen t s  

1" Square S tee l  Tub ing 
(100 f e e t  @ $.69 p e r  f o o t )  

V i n y l  Covers 
(one s e t )  

Deformable e lements 
(one s e t )  

Smal l  Hardware 

Plywood Back ing 

Foam Cushions 
(one s e t )  

S t e e l  P l a t e  
(Sea t  f rame) 

Spherco Uni  b a l l  Bear ings  
(seatback p i v o t  - f o u r  r e q u i r e d )  

MATERIAL TOTAL 

Labor Req u i  rements 

F i t t i n g  and w e l d i n g  o f  s e a t  frame 
(Time Es t ima te :  50 hours )  

Mach in ing o f  P i v o t  Mechanism Components 
(Time Es t ima te :  32 hours )  

LABOR TOTAL 

COST OF ONE STANDARD SEAT: 
(Labor  P lus  M a t e r i a l )  

COST TO RECYCLE STAiiDARD SEAT: 
(New Foam Cushions and Deformable Elements)  

Cost 

Cost  
(assumed $1 2/hour 1 abor  
and overhead) 



7.0 CONCLUSIONS AND RECOMMEllDATIONS 

The s t a t i c  and dynamic t e s t  results indicate that  th i s  standard seat 

as designed i s  a durable, repeatable t e s t  platform that closely simulates 

the s t a t i c  and dynamic impact characteristics of the 1974 Chevrolet Impala 

bench seat. I t s  economic breakeven point occurs when more than four new 

or  approximately thirty-three used production bench seats are required, 

even when new foam cushions are installed for each standard sea t  t e s t .  

Child restraint  t e s t s  on the standard seat tend t o  give s l ight ly lower 

head and chest peak resultant acceleration, tiIC and severity index values 

than comparable tes t s  on the production sea t ,  and head excursion values 

for  the Ford Tot-Guard were comparable with those obtained with the Impala 

seat  using Type I belts: When tested with Type I11 be l t s ,  the Tot-Guard 

head excursion values averaged 3.5 inches greater with the standard 

seat. 

The qual ifying trapezoidal sled pulse produced generally higher H I C  

and severity index values t h a n  e i ther  the compliance trapezoidal or the 

qual ifying half-sine pulse, a1 t h o z g h  the peak resultant head and chest 

accelerations were n o t  significantly higher for the qualifying trapezoidal 

pulse, The head excursion values appeared t o  be independent of the sled 

pulse type. The standard seat and the production seat displayed essentially 

simi 1 a r  response differences between the three types of sled pulses. 

Recommendations for  use and improvement of the standard seat are as 

fol lows : 

1. I f  closer correlation of the head excursion and peak accelera- 

tion values with those obtained using the production seat are desired, 

further development of the seat cushion leading edge s t i f fness  and bottoming 

characteri s t i  cs i s  recommended, 



2, Additional cost savings could be realized, and the logistics 

problem arising from large quantities of foam cushions reduced, i f  the foam 

slabs were tested t o  determine the number of impact tes t s  for which they 

could be reusable, without deterioration of characteristics or per- 

formance. 

3.  The standard seat was developed t o  reproduce the performance of 

the production bench seat for child restraint testing only, i t  should n o t  be 

assumed that  i t s  performance would also be comparable t o  the production 

seat under different t e s t  conditions. 



APPENDIX A 

RECYCLING PROCEDURE FOR STANDARD SEAT 



RECYCLING PROCEDURE FOR S T A N D A R D  SEAT 

After performing an impact t e s t  with the standard s e a t ,  i t  i s  necessary 

t o  replace both sea t  back deflection control elements and ( i f  desired) the 

foam slabs.  The following i s  the recommended recycling procedure f o r  t h i s  

task: 

DISASSEMBLY 

1) Loosen and remove the shoulder bol t  from both pivot blocks on 

one s ide  of the s e a t ,  

2) ' Slide each pivot block off  the bent deformable element. 

3 )  Remove the bent deformable element from the seatback frame 

loading s l o t .  

4 )  Repeat the above three s teps  on the o ther  s ide  of the sea t .  

CAUTION: Loosening the second s e t  of pivot blocks allows the seatback to 

ro ta te  freely and i t w i  11 tend to swing rearward. 

5 )  Remove the two nubs holding the seatback vinyl cover upper res t ra in ing 

s t r ap  on i t s  bolts  and s l i p  the s t r a p  grommets off  the bol ts .  There a re  two 

other  restraining s t raps  on the covers, b u t  only the upper seatback s t r a p  

need be removed during recycling. 

6 ) Ti1 t the seatback rearward, unzip the vinyl covers, and remove a l l  

the foam slabs . 
REASSEMBLY 

1 ): Ins ta l l  fresh foam slabs in both the cushion and seatback vinyl 

covers while observing the following: 

a ) !  Wider ( 2 4  inch) foam i s  f o r  seatback, narrower (20  inch) foam 

i s  f o r  sea t  cushion. 

b.)\ The two inch thick foam s lab  i s  ins t a l l ed  f i r s t ,  against the 
- 



plywood back ing,  f o r  b o t h  t h e  seatback and cushion.  

c ) )  The four  i n c h  t h i c k  foam s l a b  i s  t hen  p l a c e d  o v e r  t h e  two i n c h  s l a b  

f o r  b o t h  t h e  seatback and cushion. 

2 )' Rez ipper  t h e  v i n y l  covers around t h e  new foam s l a b s  t a k i n g  ca re  

t o  a v o i d  bunch ing o f  t h e  foam i n  t h e  corners .  

3 ): Reat tach t h e  f o u r  p i v o t  b locks  t o  the  s tandard  s e a t  base frame 

u s i n g  t h e  p r o p e r  shou lde r  b o l t s .  The shou lde r  b o l t s  shou ld  o n l y  be l i g h t l y  

snugged -- f i n g e r  t i g h t  i s  adequate. 

4 ) P i v o t  t h e  seatback upwards t o  approx imate ly  t h e  normal t e s t  po- 

s i t i o n  and i n s e r t  a  new deformable element th rough one o f  t h e  ou tboard  

p i v o t  b l o c k s ,  gu ide i t  through t h e  l o a d i n g  s l o t  i n  t h e  seatback frame, and 

then through t h e  cor respond ing i n b o a r d  p i v o t  b lock .  Small movements o f  t h e  

seatback w i l l  a l l o w  t h e  p roper  a l i gnmen t  o f  t h e  l o a d i n g  s l o t  f o r  i n s e r t i n g  

t h e  deformabl e  e lement as descr ibed.  

5 ) Repeat t h e  above procedure t o  i n s t a l l  t h e  deformable e lement 

on t h e  o t h e r  s i d e  o f  t he  sea t .  

6 ) R e p o s i t i o n  the  grommets on t h e  seatback v i n y l  cover  upper r e t a i n i n g  

s t r a p  o v e r  t h e i r  b o l t s  on t h e  seatback frame, and s p i n  on t h e  nu ts  f i n g e r  

t i g h t  t o  h o l d  them. 

A1 1 rep laceab le  elements have now been renewed and t h e  s t a n d a r d  s e a t  

i s  ready f o r  t h e  n e x t  impact  t e s t .  



APPENDIX B 

DOT Stnadard Seat Drawings 


























