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1.0 1F.lTFIODUCTION 

Approximately 1,000 children per year under the age of four a re  kil led in 

automotive accidents ( I  )* with an even greater  number injured. Last year in the 

City of Detroit  alone ( 2 )  over 70% of a l l  children injured i n  t r a f f i c  accidents 

of a l l  forms including pedestrians, bicycles and mini-bike operators were 

passengers in motor vehicles a t  the time of the i r  injury, Many of these deaths 

and in jur ies  could have been prevented had the children been wearing a proper 

r e s t r a i n t  system. 

The research regarding effect ive  child protection has ,been underway since 

the 1950's. Moore e t  a1 3) reported the accident. experience of child passengers 

i n  auto accidents studied in the A C I R  program in 1959. In 1962, Dye (4 )  

reported his experiences in the evaluation o f  a large se r ies  of then available 

child r e s t r a i n t  devices and documented a number of c r i t e r i a  which should be 

applied in the evaluation of potential child seats  or  r e s t r a i n t s  systems. 

Subsequent to the Dye paper, Aldman (5) reported in 1966 on the development of 

a rearward facing child seat  for  use i n  Swedish automobiles, and Appol d t  ( 6 )  

discussed dynamic t e s t s  of chil d r e s t r a i n t  devices manufactured by Rose Manu- 

facturing Company. In addition, Siegel ( 7 )  and his coworkers i n  1968 related 

the design of several types of child seats  t o  the types and frequency of injury 

patterns a s  found in accident investigations. Based upon accident cases, 

Siegel recommended the use of lap  bel ts  for  children over four years o f  age b u t  

recommended special devices fo r  younger chil dren. 

Burdie (8) and his  coworkers have discussed the anatomy of children with 

several guidelines fo r  the design and selection of child r e s t r a i n t  systems. 

They suggested tha t  the ch i ld ' s  braincase i s  r e la t ive ly  weaker than t ha t  of 

adults  and therefore recommended t ha t  head impact tolerances fo r  children be 

reduced accordingly. This paper by Eurdie, as well as other works on the same 
, 

*l,iumbers i n  parentheses designate References a t  end of paper 



subject,  points o u t  the danger of a lap  be1 t only r e s t r a in t  used in conjunction 

with the child due to the lack of development of the i l i a c  c r e s t  on the ch i ld ' s  

pelvis. Because the ch i l d ' s  pelvis i s  incompletely developed re la t ive  to the  

adult  pelvis, the i l  iac c res t  does not provide the foundation for  to ta l  body 

support as i s  generally given by the l a rger ,  more developed bone s t ructure  

found in the adult .  ~ i r d i e  also suggested t ha t  r es t ra in t  loads be distr ibuted 

widely over the chest because of the extreme f l ex ib i l i t y  of the ch i l d ' s  thorax 

and hence the vul nerabil i ty  of the internal thoracic organs t o  nonpenetrating 

compression in jur ies .  

King (9)  in 1969 developed a reasonably thorough presentation of child 

anthroponetry which included a s e t  of design c r i t e r i a .  King suggested t ha t  

for  children under 50 pounds a s table  support platform be provided for  any 

child r e s t r a i n t  device. He noted t ha t  extreme motion i s  undesirable due to 

the danger of contact with in te r io r  vehicle s t ructures ,  and developed re- 

quirements f o r  the distr ibution of load over wide areas of the body. He 

pointed o u t  the importance of the location of the ch i ld ' s  center of gravity 

as i t  would a f fec t  the dynamic design of a r e s t r a i n t  system. For children 

weighing more than 50 pounds, i t  was suggested tha t  a s t i f f  booster cushion 

coupled with a s table  mounting platform and an adult  lap be l t  should provide 

an acceptable r e s t r a i n t  system. 

Two papers have resulted from the automotive industry's attempts t o  de- 

sign, appropriate res t ra in t  systems fo r  children. Feles (10) i n  1970 discussed 

the development of the Genera1 Motors Infant Carrier,  a device which has been 

widely used and promoted and which was found in our previous study to provide, 

with current seating designs, the best protection avai lab1 e fo r  infants.  The 

other r e s t r a i n t  system developed with the automotive industry, the Ford Tot 

Guard, was discussed and the basis fo r  i t s  design given in the paper by Head (11) 

i n  1970. Both the General Motors Infant Carrier and the Ford Tot Guard r e f l e c t  



- .  . . . .  

improvements which are possible in child res t ra in ts  i f  a carefully conceived 

program i s  used to  develop and dynamically t e s t  the child seating device. 

In 1970, we presented the resul t s  of our f i r s t  research ser ies  (12) in 

an SAE paper which documented the l imitat ions and gross design inadequacies 

of the mu1 t i tude  of child r e s t r a i n t  devices and seats  which were offered the 

consumer. At tha t  t i m e  perfcrmsnce c r i t e r i a  and design guide1 ines were 

proposed in the hope tha t  industry innovation would follow. Subsequent t o  

our paper and the following fu l l  report (13) the f i r s t  motor vehicle safety 

standard for  child seating systems (FMVSS 213) was promulgated by the NHTSA. 

The child seating standard which currently exis ts  had the e f fec t  of 

removing the "hook over" and hook under" seats  from the marketplace and, 

i n  some instances, rais ing the performance of the  seating systems to  a 15 

t o  20 mph frontal barr ier  equivalent crash. Unfortunately in almost every 

instance,  the in tent  of the standard, injury reduction a t  30 mph bras not 

achieved . 



2.0 DESIGN OF C H I L D  RESTRAINT SYSTEMS 

The design of child res t ra in t  systems or car sea t s ,  as they are commonly 

cal led ,  has not been directed toward crashworthiness b u t  rather toward providing 

a means of keeping a child confined to  a fixed seating position while riding in 

a motor vehicle. While confinement of the child to a given location i s  one of 

necessary requirements of safe  seat ing,  i t  i s  essential tha t  the child res t ra in t  

extend i t s '  protection beyond the panic braking level of support provided with 

most current designs offered the consumer. Experience w i t h  a limited number 

of child seating systems has shown tha t  i t  i s  possible t o  provide the same level 
! 

of crash protection to  the child as i s  offered his parents. I 
I 

The res t ra in t  systems considered and developed in the course of th i s  pro- 

gram have attempted t o  provide safe  seating fo r  children in the twelve-month I 

I 
to  six-year age range. In addition t o  providing crashworthiness, the proposed I 

designs are durable, easy t o  use by the child and his parents, comfortable fo r  

the child and ye t  capable of manufacture using currently available techniques 
I 

and materials.  While the cost of any new design i s  d i f f i c u l t  to  forecast  with 

accuracy because of the various types of tooling available to produce the pro- 

posed designs as well as the projected quantity to  be manufactured, i t  i s  

be1 ieved tha t  production versions of a l l  of the designs can be made available 

t o  the consumer a t  prices which will be competitive with current and proposed 

seats  capable of providing the same crashworthiness . 

One of the more s t r ingent  requirements placed upon child seating designs 

ar ises  from the constantly changing anatomical s t ructure  of the child as he 

progresses from the newborn to  the seven-year-old who i s  capable of using 

the adult  r es t ra in t s  w i t h  a properly designed booster cushion. For the purposes 

of th i s  program three stages of development were chosen for  consideration: 

infant ,  toddler and six-year-old chi ld .  For the purposes of th i s  program the 

infant  was defined as a child from bir th  to age twelve months. At twelve months 



most children can s i t  e rec t  and are ready to  r ide  in the normal seated position. 

A toddler i s  defined as a child from twelve t o  forty-eight  months and i s  cap- 

able of using a child r e s t r a i n t  which may incorporate webbing o r  a crash pad 

r e s t r a i n t .  The six-year-old i s  chxen as the mean of the age range from f ive  

t o  seven, 

2.1 Infant Restraint  - 

Proper r e s t r a i n t  of an infant  from the time of b i r th  t o  twelve months 

poses a s ign i f i czn t  challenge t o  the r e s t r a i n t  designer who i s  accustomed to  

the adult  skeleton with i t s '  fixed anatomy and fu l ly  ca lc i f ied  t i s sues .  The 

infant  presents a picture of an enlarged head and abdomen in relat ionship to  

the r e s t  of his torso with no ef fec t ive  nieans of grasping or  otherwise re- 

s t ra in ing the child against the high accelerat ive loads imposed by a crash. 

Because of the lack of a firm skeletal  s t ruc tu re ,  the infant  r e s t r a i n t  

must rely upon the use of broad f l a t  surfaces which will  not apply localized 

loads t o  the body during a crash. In the only device available t o  the con- 

sumer today which successfully incorporates t h i s  philosophy, the General 

Motors Corporation Infant Carrier ,  the child r ides in a rearward facing 

position w i t h  a system of s t raps  used t o  provide positioning and not r e s t r a i n t .  

The G . M .  Infant Carrier or  a device similar  in construction provides adequate 

protection by providing: . 

(a) Rearward Facing Position 

By dis t r ibut ing  decelerative forces over the back of the infant  f o r  

frontal  impacts, an infant  ca r r i e r  of the G .  M .  type uses the l e a s t  vulnerable 

body area to  d i s t r ibu te  the loads fo r  over two-thirds of the potential accidents. 

This scheme does not require the use of a harness nor does i t  attempt to  re-  

s t r a in  the childs head o r  abdomen in a manner which will provide localized 

loading or  u t i l i z e  the neck to  res t ra in  the head d i rec t ly .  



(b)  Broad Flat Sides 

In our experience the f l a t  sides of an infant  c a r r i e r  a c t  in a 

similar manner to  the back in terns of t he i r  ab i l i t y  to  minimize localized 

loading during l a te ra l  impacts. In dynamic t e s t s  of the G . M .  device the 

infant simulator i s  observed to  move toward the s ide  a short  distance a n d  

then load u p  the ca r r i e r  as i t  swings in the direction of impact. 

( c )  Hi nimal Harness or Restraint fo r  Positioning Purposes Only 

The infant  because of his skeletal  s t ructure  i s  not amenable to  

using a system of straps fo r  to ta l  r es t ra in t .  Therefore straps or  a har- 

ness should only be used to properly position the child w i t h i n  the c a r r i e r  

and t o  a1 lor.! some protection in the event of a ro l l  -over, The exist ing 

commercial device by ut i l iz ing a simple vee s e t  of straps in conjunction 

with the adult  1 ap be1 t s a t i s f i e s  th i s  requirement comp.letely. 

The G .  M. infant  ca r r i e r  was tested with the impact sled during our 

previous contract FH-11-6962 and found to  be to ta l  ly acceptable in terms 

of i t s  performance. For th i s  reason we did n o t  attempt during th i s  con- 

t r a c t  to  design an improved device b u t  rather addressed ourselves to the 

development of an infant  simulator fo dynamic tes t ing purposes. 

2.1 . I  Infant Restraint Performance 

Two infant  ca r r i e r  devices were dynamically t e s ted ,  the G .  M. Infant 

Carrier and the Five Fi ler  Brothers, Inc. car bed. The G .  M. Infant Carrier 

has been found t o  provide acceptable infant  r e s t r a i n t  and was chosen to 

document the comparison between i t s  performance and that  of another form of 

infant  r e s t r a i n t ,  the car bed. Both devices were tested u t i l i z ing  the in- 

fant  simulator developed in conjunction with th i s  program. Both were tested 

a t  30 m p h ,  21.5 peak G i n  the frontal direction.  The pulse shape was 

trapezoidal and similar  in nature t o  a l l  of the 30 mph frontal inipact t e s t s  

reported in the appendix t o  th i s  report .  The Infant Carrier performed as 



expected containing the dummy without a1 loving i t  to 1;ove from the confines 

o f  the res t ra in t  device. 

The second child carrying device selected fo r  test ing was a car bed 

manufactured by the Five Filer  Brothers, Inc. of Grove City, Pennsylvania. 

The car bed which was advertised as being acceptable fo r  use in e i the r  the 

front  or rear seat  o f  a vehicle was restrained by means of two rrietal s traps 

which were intended t o  hook over the adult seat .  When tested in a manner 

identical to the infant c a r r i e r ,  the en t i re  car bed and child disengaged and 

flew off the s ea t .  I t  i s  obvious tha t  a similar occurrence i n  a vehicle 

during an accident could seriously injure a child and possibly adult  passen- 

gers. While car beds can offer  some positive benefits for  the consumer, 

the i r  use should n o t  be encouraged until  an appropriate means of restraining 

both the car bed and i t s '  occupant i s  devised. 

2 .2  Todd1 - e r  Restraint 

The larges t  share of the child seat  use 'and hence potential child ex- 

posure occurs with children between the ages of twelve and forty-eight months, 

The preponderance o f  devices available to  the consumer are intended fo r  th i s  

age range and i t  has received extensive consideration under th i s  contract.  

During our previous contract,  FH-11-6962, thirty-seven di f ferent  devices 

were tested which employed a variety of d i f ferent  design philosophies in- 

cluding seats  which hooked over and under the adult car sea t .  Our experi- 

ence w i t h  the dynamic performance o f  child seating systems indicated that  with 

the exception of the Ford Tot-Guard and the Sears Safety Harness, there were 

no seating systems available which came close t o  providing safe  child seating 

during a crash . With th i s  research program, therefore, the sea t  designs 

developed were intended to overcome the deficiencies found w i t h  past and 

current products. 



2 . 2 . 1  Todd1 e r  Seat D ~ s i  gn  Cr i ter ia  

The overriding c r i t e r i a  for  the child sea t  designs developed under th i s  

program was t h e i r  crashworthiness. Consistent with the des i re  fo r  crash pro- 

tect ion for  the child-equal to  o r  be t t e r  than tha t  afforded his  parents with 

the current upper torso-1 ap be1 t sys terns now avai 1 abl e-was the des i re  to  

provide the needed safety a l o ~ g  blith ease of use a n d  comfort. These factors  

were combined into the fol lov~ing design c r i t e r i a .  

1 . Structural Integri ty 

The child sea t  should n o t  collapse in a n  uncontrolled manner,i . e .  in 

such a manner as t o  allow excessive head motion in addition t o  the non-pro- 

ductive absorption of energy. Additionally f rac ture  of the various s e a t  

components shall not occur i f  they allow the child to  be exposed to  potential 

injury by t h e i r  f a i lu re .  

2. Dynamic Interaction with the Adult Seat 

The child seat ing system shall  consider the important in ter face  between 

i t s  s t ruc ture  and the adult  sea t  cushion and back. Past experience has 

demonstrated the dramatic and often disastrous consequences of 1 ocal izing the 

forces between the child and adul t  sea ts  leading to  excessive deformation of 

the adult  sea t  and increased motion by the child in the direct ion of impact. 

3,  Proper Use of the Adult Restraints t o  Secure the Child Seat 

While the adult  lap  be1 t i s  the most substan-cia1 s t ruc tura l  means avail - 
able to  res t ra in  the child and his  s e a t ,  care must be taken t o  insure t h a t  

adult r e s t r a in t s  a re  used to  re ta in  the child sea t  only and tha t  they not 

wrap around the child and his sea t  in such a manner as t o  compress the child 

between his sea t  and the adult  r e s t r a i n t  system, 

4 .  Load Distribution 

Because of the decreased s t i f f n e s s  of the c h i l d ' s  skeletal  system and 

the underdevelop2d nature of his pelvic s t ruc tu re  proper load d is t r ibut ion  

i s  c r i t i c a l .  Generally the statement can be made tha t  the broader the area 



th rough which  loads a r e  a p p l i e d  t h e  more acceptab le  t h e  design.  The use o f  

b road su r faces  however must be c o n s i s t e n t  w i t h  t h e  c h i l d ' s  s i z e , i . e .  a  t h r e e -  

i n c h  wide l a p  be1 t would  be u n s u i t a b l e .  

5. L i m i t a t i o n  o f  Body Mot ions 

Our know1 edge o f  c h i l d  t o 1  erance t o  impact  f o r c e s  i s  minimal  , however 

an acceptab l  e  a n d  c o n s e r v a t i v e  des ign c r i t e r i a  i s  t h e  1  i m i t a t i o n  o f  head 

mot ion  t o  t h e  p o i n t  t h a t  i t  does n o t  s t r i k e  any v e h i c l e  i n t e r i o r  s t r u c t u r e .  

6 ,  Comfort 

C o n f o r t  i s  a  nonde f inab le  te rm somewhat s i m i l a r  t o  beauty .  However, 

c e r t a i n  f a c t o r s  such as t h e  use o f  padding where a p p r o p r i a t e  t o  m in im ize  

l o c a l  i z e d  ischemia under t h e  i s c h i a  t u b e r o s i t i e s  i s  c l e a r l y  i n d i c a t e d .  

A d d i t i o n a l l y  t h e  des ign  o f  a  s e a t  t o  a l l o w  t h e  c h i l d  t o  s leep ,  o r  a t  l e a s t  

n o t  t o  i n h i b i t  s leep,  i s  a l s o  p r e f e r a b l e .  A  des ign  shou ld  a l s o  c o n s i d e r  

t h e  element o f  p a r e n t a l  use and a t tempt  t o  p r o v i d e  f o r  ease o f  i n s e r t i n g  

and e x t r a c a t i n g  t i l e  c h i l d  f r o m  t h e  d e v i c e  a t  t h e  beg inn ing  and end o f  each 

journey,  

7 .  U s e a b i l i t y  

Any dev i ce  i n tended  f o r  use by  c h i 1  dren shou ld  i n c o r p o r a t e  m a t e r i a l s  

which w i l l  n o t  be e a s i l y  s o i l e d  and can be c leaned i f  necessary.  Cracks and 

c r e v i c e s  wh ich  can c o n t a i n  food  p a r t i c l e s ,  s p i l l e d  l i q u i d s  e t c .  s h o u l d  be 

e l i m i n a t e d  when p o s s i b l e  t o  p reven t  b a c t e r i a l  g rowth  and a1 low  persona l  hygiene.  

8. Cost 

S ince c o s t  may be an u n f o r t u n a t e  b u t  s i g n i f i c a n t  f a c t o r  t o  t h e  consumer 

when s e l e c t i n g  a  c h i l d  r e s t r a i n t ,  any des ign  must a t tempt  t o  p r o v i d e  t h e  

maximum s a f e t y  c o n s i s t e n t  w i t h  a  c o m p e t i t i v e  p r i c e .  The w o r l d ' s  s a f e s t  c a r  

s e a t  des ign i f  i t  cannot he s o l d  w i l l  n o t  improve t h e  o v e r a l l  s a f e t y  p i c t u r e  

f o r  c h i l d  passengers i n  motor  v e h i c l e s .  A t  t h e  same t i m e  c o s t - c u t t i n g  i f  

c a r r i e d  t o  t h e  extreme can s t r i p  a  s a f e  des ign o f  i t s  b e n e f i t s .  Thus c l o s e  



interaction between the design engineer and the manufacturing engineer 

during the design phase i s  essential , 

The above eight c r i t e r i a  could probably be restated in a similar  man- 

ner for  any product, however, in the above form they were an essential  .part 

of our design process for  the various designs and ultimate seats  which were 

developed under th is  progrzm. 

2.2.2 Preliminary Designs 

Three child res t ra in t  concepts fo r  toddlers were developed fo r  presenta- 

t ion to  the Contract Technical Monitor as indicated by the statement of work. 
I 

The f i r s t  concept, a child harness, i s  shown in Figure 1 .  The harness would I 

use toggle s t rap  attachments to the 1 ap be1 t hardvlare, thus minimizing the 

need for  supplemental s traps and hardware associated with many harness designs. 

The harness when properly ins ta l led  would not a1 low the child to stand erect  ! 

b u t  would provide for  a reclining position for  sleeping and rest ing.  

The r e s t r a in t  loads were intended t o  be transferred to the ch i l d ' s  torso 

by means of the vest and reinforcing s t raps .  The adjustable straps which con- 

nected the harness t o  the lap be l t  were intended to  be affixed a t  the center 

of gravity for  the three-year-old child to minimize the poss ibi l i ty  of the 

lower s t rap  ropeing and pressing into the abdomen. 

The second concept proposed involved a modification of the Tot-Guard. A 

concept drawing i s  shown in Figure 2 .  The primary difference i s  the elevation 

of the sides of the Tot-Guard to pick u p  the head and shoulders of  the occupant. 

Our previous research indicated that  the Tot-Guard concept, while being the 

most effective child res t ra in t  tested under conditions of frontal impact, was 

lacking in l ateral  protection. Our studies indicated that  under conditions 

involving d i rec t  s ide impact that  i t  would be possible fo r  the child to  bend 

over the low sides with possible injury. By raising the sides of the Tot-Guard 

i t  was hoped to  minimize head l a te ra l  motion as we1 1 as eliminate the potential 

for  flank injury. 

10 
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The th i rd  concept proposed i s  shown in Figure 3. This design incor- 

porated a bucket sea t  with a crash pad s imi lar  to  the Tot-Guard. The p la t -  

form area was intended t o  be rotated forward to  allow easy access f o r  the 

child.  Upon the insert ion of the child i n t o  the bucket area,  the platform 

could be rotated back into position and latched. Subsequent to the latching 

action an active in f la tab le  cushion could be inf la ted  to  provide proper f i t  

and  load d i s t r ibu t ion .  The other feature of the sea t  which was believed 

t o  be c r i t i c a l  to  f t s  performance was the posit ive mechanical attachment to  

the adult  lap be l t .  This would be achieved by the use of the s l i de  bar hard- 

ware shown in Figure 3. The design was intended to  provide good 1 oad d i s -  

t r ibut ion in the frontal  direction v/ith sorile degree of v e r s i t i l i t y  and f i t  

allowed by the in f la tab le  cushion to  provide fo r  d i f fe ren t  child s i zes .  The 

sides are  buil t up and padded to  contain the head and shoulders of the chi 1 d 

during l a te ra l  impact. Additionally, the use of the s l i de  fo r  buckles and 

the mechanical attachment to  the plate on the rear  of the design i s  such 

t ha t  in frontal  impact the two halves of the lap be1 t are placed in tension,  

while for  l a t e r a l  impact the lap be l t  half on the s ide  av/ay from the point 

of impact i s  placed in tension, thus restraining the en t i r e  assembly through 

i t s  rear  plate s t ructure .  

In developing these preliminary designs we attempted to  provide crash 

protection fo r  children up  through four years of age which was consistent  

with the design c r i t e r i a  develo~ed previously. The concepts were consis t en t  

with our previous research under FH-11-6962 as we1 1 as subsequent experience 

gained in the design and test ing of other res t ra in  systems in the interim 

between the previous and current contracts .  These concepts were submitted to  

the Contract Technical bloni t o r  and a f t e r  serious discussion were modified to  

provide the f inal  design configurations. 
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2 .2 .3  Fi nal Design Concepts 

Two designs were sel ected for prototype construction and tes t ing,  the 

modified Tot-Guard a n d  the conlbined bucket-crash pad design (Toddler s ea t )  

shown previously in Figure 3. The Tot-Guard was modified by building. up  

the sides a n d  adding padding in the head contact area. Complete drawings 

of t h e  seat  as i t  was tested were furnished the Contract Technical Monitor 

with the progress report fo r  June 1972. (Drawing HSRI 100-967-E) A 1 ine 

drawing of the seat  and i t s  overall geometry i s  shown in Figure 4 .  I t  i s  

be1 ieved t h a t  the seat  can be fabricated in a variety of means including 

the rotational casting process currently used fo r  the Tot-Guard. Other pos- 

s i b l e  means of fabrication include blow molding and the use,of a two part 

assembly incorporating injection molding of the components. 

The concept which showed the greatest  potential f a r  mi nimizing injury 

i s  the concept shown in Figure 5. Following the i n i t i a l  selection of the 

design, modifications were made in the overall concept t o  improve i t s '  ac- 

ceptabil i t y  a n d  reduce i t s '  cost.  These included lowering the crash pad 

t o  improve v i s i b i l i t y  and replacing the active airbag res t ra in t  with a 

mu1 t i  foam pad to provide load distr ibution and  energy attenuation. 

Additionally, the means of securing the crash pad was modified by el im- 

inating the double latching system a n d  going t o  a be l t  and buckle combination 

which latches under the shield.  A prototype seat  was provided t o  two Ins t i tu te  

employees fo r  use with the i r  children for  one week periods. These preliminary f i e ld  

t e s t s  indicated t h a t  children could unlatch the shield themselves while riding 

thus negating i t s  effectiveness. By placing the latch assembly under the 

shield the parent could inser t  and remove the child easi ly without the fear  of 

the child l e t t i ng  himself o u t  while riding. The f inal  drawings fo r  the seat  

were s u n ~ l  ied t o  MHTSA through our prcgress report for  May 1972. (HSRI Drawings 

100-948-E , 100-954-E, 100-956-E, 100-962-E , 100-964-E) 







The sea t  does n o t  require unusual manufacturing techniques fo r  e i the r  

i t s  fab'rication or assembly. The shell  can be molded using e i t he r  vacuum 

form or  injection molding of p las t i c  while the metal and foam components 

are standard stamping or  bending procedures. 

2.2.4 Dynamic Performance of the Prototype Seats 

Both chi 1 d sea ts  were tested to  determine t he i r  dynamic performance 

using t!ie HSRI Impact Sled. Tests were conducted a t  impact veloci t ies  of 

20 and 30 mph with impact directions from the f ron t ,  s ide and rea r ,  The 

t e s t  device used, a  Sierra 3-year dummy, was instrumented with two tri  axi a1 

acceleronleter assernbl i e s  which were placed in the head and chest of the dummy. 

The seats  were tested in conjunction with a bench seat  taken from a fu l l - s i z e  

Chevrolet with the adult  lap bel ts  ins ta l led  in t he i r  proper anchor locations.  

The e lect ronic  and photometric data recorded fo r  each of the t e s t s  performed 

are 1 i s ted  in Table I .  For comparative purposes, t e s t  resul ts  f o r  the Ford 

Tot-Gcard are a1 so displ ayed. 

When we examine the performance offered by the two prototypes, we see 

that  the Toddler sea t  performs very well in terms of i t s  ' ab i l i t y  t o  limi t 

the motion of the ch i l d ' s  head and thus minimize the potential f o r  head con- 

t a c t  with the vehicle in te r io r  s t ructure .  In f a c t  a  study of available vehicle 

in te r io r  dimension data indicate t h a t ,  fo r  frontal impact, no head contact 

will occur w i t h  any vehicle in te r io r .  Laterally the sea t  does not meet our 

hoped-for design "bogey" of 1 2  inches, however the performance i s  s ignif icant ly  

improved over any commercially available seat  and the ava i l ab i l i ty  of the sea t  

she11 w i t h  i t s  padding in the head impact zone provides and effect ive  means of 

d is t r ibut ing any force produced by contact with door s t ructures  over a broad 

area. The  variation i n  Head-Left R i g h t  values fo r  the two l a t e r a l  t e s t s  indicates 

the difference in the performance of the two energy absorbing foams which were 

t r i e d ,  Ensolite and Scott Impact 111, The Ensolite used in the seats  was of 



Table I .  Dynamic T e s t s  of t h e  Prototype Child S e a t s  

HSRI Todd1 er 

Modified 
Tot-Guard 

- 

Tot-Guard 

*A1 1 accelerometer  

Impact / / Accbl e r a  ti o n s t  
v - 

1 Head I Chest b i s p l .  T e s t  V e l o c i t y /  
tlo . 
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49 6 
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49 5 
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I 
1 I 

Fwd 
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51 1 
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29 

, 

12 

24 

75 

22.5 
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13.5  

I 

46.5 26 .2 '10  

77 

7.5 

37 

10 

15 
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24 
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20 

20 
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2.5 
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35 

18 
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I 
20 

46 

3.7 

15 20 

I 

1 1  

18.6 

3.4 

35 

4 2 . 5 2 2 . 5  

Data Fi 1 t e r e d  According t o  SAE 5211 
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the type AH w h i c h  density of 8.5 i6/f:3 and a maximum resistance of 

8 p a s  .i. a t  25% com~ression. Scott Impact I11 i s  a newly developed foam 

having 2 density of 2.7 16/ f t3  and a maximum resistance of 2.75 p . s . i .  a t  

25% compression. The lower value of 44 g ' s  was achieved with Ensolite 

and i t s  use fo r  the la tera l  padding in the head impact area i s  recommended. 

Under rear  impact the ch i ld ' s .  v;eight i s  applied broadly against the back of 

the adult seat  back and hence the unit pressure i s  lowered thus minimizing 

the depression of the seat  back. 

The e f fec t  of the design change in the crash pad  i s  shown in the d i f f e r -  

ence in the head A-P acceleration values fo r  the 30.3 mph (original configuration) 

and the 31.2 mph (fi~odified version) frontal  impact t e s t s .  The change in the 

structure d i d  allow additional head excursion, however, i t  was s t i l l  found to 

be less  than 50% of several commercially available child seats .  

The modified Tot-Guard performed as expected for the frontal impacts be- 

cause i t  was s t ructura l ly  identicai to  i t s  forebearer. Head displacement fo r  

l a te ra l  impact was s t i l l  disappointingly high being identical t o  the Tot-Guard. 

The h i g h  l a t e ra l  motion occurred because the ent i re  assembly rotated under 

the lap be l t .  Positive benefit was obtained however in that  the child can no 

longer ro ta te  over the low side as c.:i t h  the Tot-Guard and the potential fo r  

flank injury was s ignif icant ly  reduced. 

The performance of both seats  indicates t ha t  crashworthy chi1 d seating 

i s  an achievable real i t y  consistent with current materials and fabrication 

techniques. I t  i s  hoped that  the continuing lack of performance evidenced in 

current child seating concepts can be modified and that  these seats  can pro- 

vide by t he i r  existence, guidance for a rapid evolution in safe seat  design. 

2.3 Age S i x  Child Restraint 

While the Averican ~ u b l i c  has had a variety of  devices offered which 

have attempted t o  provide seating for  children u p  t o  approximately age three,  

there h 2 s  beer1 l i t t l e  attcxngt t~ t.ro*:ide ses.ting for t h e  child in t ! ~ e  . s ize  



and age range between the car seat  and the t ine  that  he may properly use the 

adult seat  bel t .  This phase of th i s  research program addressed i t s e l f  t o  

providing seating for the child in the three t o  s ix  year age bracket. 

2.3.1. Design Criteria 

As with the other elements of th i s  program, crashworthiness must be the 

primary elenlent in the consideration of a s e a t ' s  effectiveness. The primary 

difference between the seat  intended only for use by toddlers and the seat  

for  the older child i s  that  of increased s ize  along with the greater assurance 

for  the older child t h a t  his skeleton i s  more completely developed and hence 

capable of res is t ing properly appl ied res t ra i  tit system l oads . As indicated 

in 2.2.1 the c r i t e r i a  for  child res t ra in ts  may be summarized as: 

1 . Structural Integrity 

2.  Proper Dynamic Interaction w i t h  the Adult Seat 

3. Proper Use of the Adult Restraints to  Secure the Child Seat 

4. Proper Load Distribution 

5. Limitation of Body Motions 

6.  Cori~fort 

7 .  Useabil i t y  

8. Cost 

The above c r i t e r i a  were used to  develop the res t ra in t  system design 

described in the following section. 

2.3.2. Six Year Child Seat Design 

A s ingle concept evolved and was carried through to the construction of 

prototypes and t he i r  ul tirnate dynamic tes t ing.  The design, which i s  shown 

in Figure 6 ,  was an individual bucket seat  incorporating a five-point harness 

w i t h  center release. By age six the chi ld ' s  anatomy has progressed t o  the 

point that the one a n d  one-half inch wide belts  can provide him with adequate 

load dis t r ibut ion.  Dual over the shoulder upper torso res t ra in t  was employed 





with a crotch s t rap  placed well forward and designed to  position the lap be l t .  

The position of the crotch s t rap  was designed in such a manner as t o  not 

impinge upon the groin area b u t  only to prevent the upper torso res t ra in t s  

from pull i n g  the 1 ap be1 t u p  and in to  the abdomen. 

The s ea t  essent ia l ly  provides the interliiediate age child with his own 

bucket sea t  which i s  t o  be placed on top of the adult  sea t .  The s ea t  shell  

incorporates a back plate for  strength and posit ive attachment of the adult 

lap bel t  to provide a strong l ink t o  the vehicle s t ructure .  

This design as vie11 as the others developed fo r  t h i s  program does not 

elevate the child any fur ther  than necessary above the adult  s ea t .  Our ex- 

perience has shown tha t  any s ignif icant  elevation of the child above the i 

adult  sea t  accentuates his motion during impact and degrades the systems i 
crashworthiness. The drawings fo r  t h i s  system were furnished with the report 1 

f 

for  May 1972. (HSRI Drawings 100-952-E, 100-965-E , 100-966-E) 

2.3.3 Dynamic Performance of the Six Year Child Restraint 

The prototype seats  were tested in the same manner as the toddler seats  I 
discussed in 2.2.4 with the exception t ha t  the Sierra s i x  year crash t e s t  

dummy was used rather than the three year s i ze  dummy used in the other t e s t  

s e r i e s .  All other t e s t  de ta i l s  including the accelerometers, sled pulse; 

optical instrumentation and. electronic and optical data processing remained I 
i , 

constant. The t e s t  r esu l t s  are shown in Table 11. For comparative purposes 

a Ford Tot-~uard was also tested with the s ix  year old dummy. While the 

Tot-Guard i s  not speci f ica l ly  recommended fo r  a child of th i s  s i z e ,  the 

50-pound weight of the t e s t  dummy only exceeded the upper l imi t  f o r  the 

Tot-Guard by f ive  pounds, and thus i t  was f e l t  would provide a reasonable 

comparison. 



Table  11. Dynamic Tes t s  of t h e  Prototype Six  Year S e a t  

The performance of t h e  s i x  y e a r  c h i l d  s e a t  was found t o  be accep tab le  

in terms of  i t s  a b i l i t y  t o  control  the motions o f  t h e  l a r g e r  dummy i n  an 

Displ . 
( i n . )  
13.9 
18.7 
21 $4 
21.6 
22.8 
26.6 
28 

impact. The only  a s p e c t  o f  t h e  design which requ i red  njodif ica t ion and r e -  

S e a t  

t e s t i n g  was t h e  high head l a t e r a l  a c c e l e r a t i o n  was reduced by adding an 

Di rec t ion  

a d d i t i o n a l  112" o f  S c o t t  I11 foam in t h e  head impact a r e a .  I t  i s  be l ieved  

HSRI 6-Yr. 
Fwd 
S ide  

Side  

T e s t  
No. 

t h a t  t h e  va lues  recorded would no t  be observed in  t e s t s  o f  product ion ver- 

Impact 
Veloci ty  

( m ~ h )  

Accelera t ion* 

s i o n s  of t h e  seat  because t h e  r i g i d  f i b e r g l a s s  s h e l l  used i n  the p ro to type  

would be rep laced  i n  production with a s o f t e r  p l a s t i c  s h e l l  more capable  o f  

Head 

32 
4 9  
10 
15 
20 
35 
1 5  

deforming upon impact,  Addi t iona l ly  the use o f  an aluminum c a s t i n g  f o r  the 

1-AP 
Chest 

27 
37.5 

6 .2  
19 
23 
32 
12.5  

dummy head t ends  t o  produce higher  accel  erometer val ues upon d i r e c t  impact. 

37.5 
70 
37.5 
34 
53 
71.5 
40 

C-AP 

This s i t u a t i o n  i s  not  c o n s i s t e n t  with human dynamic response and may proper ly  

2.5 
27.5 
10.5  
90 

2.5 
5 

14 

H-SI 
19 
26 

be judged t o  be a t e s t i n g  a r t i f a c t .  Comparison wi th  t h e  values  recorded with 

H-LR 
2.5  
7 .5  

C-SI 

t h e  Tot-Guard i n d i c a t e s  equal o r  s u p e r i o r  performance p a r t i c u l  a r l y  i n  terms 

C-LR 

of  t h e  1 i m i t a t i o n  of head motion. 

15 25 
7.5 116.4 

20 
20 
12 .5  

2.5 
4 

17.5 



3.0 D E V E L O P i E N T  O F  DYNAI+!IC COI"1PLIANCE TEST 

3.1 ~ e i e l o ~ m e n t  of Performance Cri ter ia  

One of the most severe tasks associated with the evaluation of a child 

res t ra in t  system i s  the defini t ion of the performance requirements used in 

the evaluation. The problem i s  part icularly vexing because a child seat  may 

be used in any vehicle with lap be1 t res t ra in t s  to secure i t  and within 

those vehicles in any seating position other than the d r i ve r ' s .  Over the 

course of th i s  contract a variety of c r i t e r i a  were conceived, evaluated 

a n d  accepted or rejected.  Acceptance or rejection fo r  the c r i t e r i a  was 

based upon the ease of measurement, the avai 1 abi 1 i  ty of biomechanical 

c r i t e r i a  f o r  comparison and the cost to the manufacturer and hence ultimately 

the consumer involved in providing the data.  The f i r s t  s e t  of performance 

c r i t e r i a  evaluated consisted of acceleration 1 imi t s  . An approach which i s  

consistent with past and current practices f o r  adul t res t ra in t  sys tems . 
3.1 .I Discussion of Possi bie Cr i ter ia  

3.1 . I  . I  Acceleration Cri ter ia .  Deceleration val ues sustained during sudden 

changes in velocity have his tor ica l ly  been used to define human tolerance t o  

impact. This practice has some considerable val idi ty when describing adult 

to1 erance because of the avai 1 abi 1 i ty of volunteer and cadaver data achieved 

with adults .  Only one paper exis ts  in the l i t e r a tu r e  which attempts to  

describe child tolerance t o  impact in acceleration values. Snyder (14) in 

his paper used f a l l  data gathered from children's  accidents t o  develop in- 

formation fo r  whole body deceleration toierance, The procedure used however 

which involves estimation of the stopping distance allowed on impact and sub- 

sequent computation of the uniform deceleration val ues which are predicted 

to have occurred has n o t  been widely accepted as a valid procedure n o t  does 

the avai labi l i ty  of whole body values provide s ignif icant  assistance in the 

problem a t  h a n d .  



There a r e  two d i s t i n c t  schools o f  thought  about  how a d u l t  va lues  might  

be used f o r  t h e  c h i l d  case w i t h  no preponderance o f  ev idence t o  suggest 

t h a t  one o r  t h e  o t h e r ,  o r  f o r  t h a t  m a t t e r  e i t h e r ,  i s  c o r r e c t .  One p o s i t i o n  

taken i s  t h a t  t h e  c h i l d  i s  more f l e x i b l e  and hence l e s s  prone t o  i n j u r y  than 

t h e  a d u l t  w i t h  h i s  f u l l y  c a l c i f i e d  t i s s u e s .  How much more f l e x i b l e  and thus  

how much a d d i t i o n a l  a c c e l e r a t i o n  t h e  c h i l d  can s u s t a i n  i s  n o t  known. Another 

p o s i t i o n  taken i s  p r e c i s e l y  t he  oppos i te  i n  t h a t  t h e  increased f l e x i b i l i t y  

o f  t h e  c h i l d  i s  b e l i e v e d  t o  a l l o w  g r e a t e r  de format ion  o f  t h e  s k e l e t o n  and 

hence more damage t o  t h e  i n t e r n a l  organs. 

Compl ica t ing  t h e  e n t i  r e  process o f  u s i n g  a c c e l e r a t i o n  values recorded 

w i t h  an thropomet r i  c  dummies f o r  perforinance c r i t e r i a  i s  t h e  c o n s t r u c t i o n  of 

t h e  dummy used f o r  t h e  t e s t i n g .  Crash t e s t  dummies have been shown t o  be 

reasonable i n d i c a t o r s  o f  human mo t ion  d u r i n g  impact  b u t  t h e i r  k i n e t i c  r e -  

sponse i .e. a c c e l e r a t i o n  tends t o  g i v e  h i g h e r  read ings  than would be sus-  

t a i n e d  by a  human. The d iscrepancy comes about f rom t h e  d i f f e r e n c e  i n  

c o n s t r u c t i o n  between t h e  hunan and dumzy which prov ides  a  s k e l e t o n  f o r  t h e  

dummy s t i f f e r  t han  i t s  human c o u n t e r p a r t .  The increased s t i f f n e s s  coup1 ed 

w i t h  a  l a c k  o f  daniping i n  t h e  dunmy p r o v i d e  h i g h e r  peak accelerometer  read- 

i ngs  which may n o t  be rep roduc ib le .  There fore ,  because o f  t h e  1 ack o f  

s u i t a b l e  human t o l e r a n c e  i n f o r m a t i o n  f o r  c h i l d r e n  as w e l l  as t h e  l a c k  o f  

crash t e s t  dummies o f  t h e  a p p r o a r i a t e  c o n s t r u c t i o n  t h e  use o f  a c c e l e r a t i o n  

as t h e  performance c r i t e r i a  f o r  c h i l d  seats  i s  n o t  recommended a t  t h i s  t ime.  

3.1.1.2 Pressure C r i t e r i a .  Another mechanical v a r i a b l e  which has been p ro -  

posed as a p o t e n t i a l  c r i t e r i a  f o r  r e s t r a i n t  system performance i s  t h e  pressure  

between t h e  c h i l d  and h i s  r e s t r a i n t  system d u r i n g  impact .  Whi le  t h e r e  i s  

1  i t t l e  doubt  t h a t  t h e  appl i c a t i o n  o f  l o c a l i z e d  fo rce  t o  t h e  human body w i l l  

cause i n j u r y ,  t h e  d i f f i c u l t y  v r i  t h  accep t i ng  p ressu re  as t h e  index o f  per form- 

ance i s  s i m i l a r  t o  t h a t  wh i ch  a c c e l e r a t i o n  nane ly ,  how much and how do we 

peasure i t ?  
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There i s  1 i t t l e  biomechanical data avail able regarding the relat ionship 

between pressure and in jury .  Some information does ex i s t  re1 at ing measure 

and abdominal in jury ,  Beckman e t  a1 . (1 5 ) .  This information however i s  

prel inlinary in nature and does nat iiddress i t s e l f  t o  local pressure b u t  

ra ther  the average pressure beneath a r ig id  impactor. The difference 

between average pressure and local pressure i s  in tensi f ied  when one con- 

s iders  the pressures which ex i s t  between a f l ex ib le  surface such as a be l t  

and the abdoixen. llerely 17ieasuring the area of a b e l t  before a t e s t  and 

dividing the force acting in the be1 t system during impact by the area 

will not give any indication of the "true" pressure which exis ts  a t  the 

be1 t-body interface during the t e s t .  This s i tuat ion comes about because 

of the gradient of pressure which must occur ,across the be l t  from s ide  t o  

s ide  and from end t o  end. I t  i s  compl icated by the tendency of be1 t s  t o  

"rope up" o r  fold during an impact thus decreasing.even further the pro- 

jected area. The problem i s  not any eas ier  when a padded surface such as 

a crash pad i s  considered because of the constantly changing, and d i f f i c u l t  

to  measure contact patch between the dummy and the device. 

Accurate and repeatable measurement of local pressure has only been 

accomplished by means of a crushable metal foam developed by General Motors 

which has not been public12 available,  Research i s  now underway to  develop 

pressure measuring systems b u t  unti l  such become avai lable ,  pressure i s  not 

recommended as an appropriate performance c r i t e r i a .  

3.1.1.3 Motion Cri ter ia .  A th i rd  possibil i ty which has been proposed 

as a c r i t e r i a  fo r  r e s t r a i n t  system performance i s  t ha t  of motion 1 imi t a -  

ion. Studies of accident data fo r  yestrained adult ,  vehicle occupants 



suggest very conclusively that  i f  the head does n o t  contact the vehicle 

in te r io r  that  head injury does n o t  occur. The British Standards Ins t i tu te  

standard (BSI-354 Amend.5) for  chr'ld seating has incorporated the same 

philosophy since 1364 by describing the ~aximum excursion fo r  a torso block 

during frontal impact. There i s  n o t h i n g  in the Biomechanics l i t e r a tu r e  t o  

suggest that  th i s  approach i s  inconsistent w i  tll improved crashworthi ness. 

I t  i s  be1 ieved that  performance c r i t e r i a  for  child res t ra in t s  based u p o n  

the concept that  the ch i ld ' s  head shall  not s t r i ke  the vehicle in te r io r  

can, with the addition of limitations on the area over which the res t ra in-  

ing forces are applied, offer  eas i ly  measured indications of the crashworthi- 

ness of a design. Such an approach also negates the need to  discuss 

acceleration related c r i t e r i a  of head impact since presumably i t  will n o t  

be a1 1 cwed t o  occur. 

Motion l imitat ion i s  also a t t r ac t ive  as a c r i t e r i a  because i t  re- 

quires only a high speed motion picture camera placed perpendicular to 

the direction with a framing ra te  suff ic ient  to capture the event. 

3.1.1.4 Proposed Perforniance Cri ter ia .  Based u p o n  the previous discussion 

of the three al ternatives available as performance c r i t e r i a ,  i t  i s  believed 

that  c r i t e r i a  based upon the motion i n  the direction of impact should be 

selected as the c r i t e r i a  used t o  discriminate between crashworthy and non- 

crashworthy child car scats .  The t e s t  device used would be the three and s i x  

year crash t e s t  dummies currently available (30 and 50 pounds) and the motion 

referred to should be of a photometric target  affixed t o  the dummies head, 

For the child res t ra in t  intended fo r  infant  use, the motion of the head of 

the infant  simulator developed under th is  contract ,  also in the direction 

of impact, should also be used as the measure of performance. 



For frontal  impact, i t  i s  proposed t h a t  the displacement of the head 

in the direction of  impact be limited t o  twenty-two inches ( 2 2  i n . ) .  The 

twenty-two inch l imitat ion i s  f eas ib le  as indicated by the resu l t s  of the 

t e s t s  performed with the prototype seats  developed under th i s  contract 

(see r e su l t s ,  p p .  11 and 17) 2nd  i s  l e ss  than the distance from the adult  

s ea t  back to  the ins t ruj~ent  panel of a l l  cars of current American Manufacture. 

(1972 Vehicle Data and Code Supplement, Auto. Mfg.Ass .) 

For l a te ra l  iripact, i t  i s  prouosed tha t  the displacement of the head in 

the direction of imyact also be limited to  twenty-two inches ( 2 2  i n . ) .  Our 

studies have shown tha t  while l e sse r  excursions a r e  possible t ha t  we have not 

been able t o  keep the dummies head from moving past the edge of a bucket seat  

during a 20 mph,  16g impact. Thus, under the best of conditions, some impact 

of the ch i l d ' s  head will occur with a door s t ructure  i f  he i s  seated immediately 

adjacent to  the i rn~act  s i t e .  However, i f  the vehicle in which the child i s  

riding i s  s truck with suf f i c ien t  force to cause the 20 mph 1 atera l  velocity 

change suggested, intrusion of the door s t ructure  in to  the passenger compart- 

ment will undoubtedly occur. Under the preceeding ci rcums tances the chi1 d ' s  

head viill be 1 i kely t o  s t r i ke  the door s t ructure  as i t  moves toward h i m  and 

compromises his seating space even i f  he i s  allowed minimal head motion. 

When we consider the r e a l i t y  of impact adjacent t o  the occupant and his sub- 

sequent head impact, the in te res t s  of chi 1 d crashworthi ness wi 11 probably 

best be served by limiting the l a te ra l  motion of a child seated in  the rear  

center posi tion so that  5e cannot s t r i k e  e i t he r  . s ide  s t ructure  when the 

vehicle i s  in a col l i s ion which does not provide f o r  passenger compartment 

intrusion.  The twenty-two inch l imitat ion for  l a te ra l  motion i s  such tha t  

t h i s  w i l l  not be oossible for  the narrowest American f ive  passenger vehicle, 

the Plymouth Val i an t .  The Valiant a1 lows 55.5 inches of shoulder room and 

hence the child occupant should have four t o  f ive  inches clearance in a 

properly designed car sea t .  
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For r e a r  impact i t  i s  proposed t h a t  the  motion of  the  c h i l d ' s  head be 

1 imi ted t o  s i x  inches to  the  r e a r  under condi t ions  of a 20 mph, 169 change 

in notion of t he  occupant compartment. Our r e s u l t s  i nd i ca t e  t h a t  t he  motion 

l im i t a t i on  of s i x  inches i s  completely f e a s i b l e  with proper s e a t  design and 

wi l l  not allow enough rearvrard head motion t o  exceed 45 degrees.  

The performance c r i t e r i a  may be summarized as  fol lows:  

Fonlrard and Lateral  Sotion 22 inches 

Reaward 6 inches 



4.0 DEVELOPMENT O F  COMPLIANCE PROCEDURES 

As c r i t i c a l  as  the evaluation of proper, easy t o  understand and measur- 

able performance c r i t e r i a  i s  the de f in i t jon  of the  means by which child 

seating systems should be tested to  determine whether or  not they s a t i s f y  

the performance c r i t e r i a  , There have been two approaches to  compl iance 

tes t ing  taken f o r  chi ld  sea t s .  One approach a s  embodied in the current  

American s t a ~ d a r d ,  FPIYSS #213, e:nploys a wooden torso  block pulled s t a t i c a l l y  

with a one thousand pound force.  The c r i t e r i a  of f a i l u r e  i s  the a b i l i t y  

o f  the  child r e s t r a i n t  t o  r e t a in  the  torso  block so t h a t  i t  does not move 

more than twelve inches. This approach i s  cons is tent  with the standard f o r  

chi ld harnesses (Type 3 sea t  b e l t )  established as  SAE J4C in 1955, While 

the in ten t  of the s t a t i c  standard, t o  provide a basic minimum level of 

s t ruc tura l  s trength and hence crashworthiness, i s  excel 1 ent ,  the  intervening 

years s ince i t s '  adoption have produced l i t t l e  in the  way of improvement in  

seating and i t  has unfortunately resulted in establishing a maximum l imi t  of 

performance ra ther  than the intended minimum. One of She primary d i f f i c u l t i e s  

in the  a b i l i t y  of a s t a t i c  force t o  properly simulate a dynamic event, i . e . ,  

a crash,  i s  the  steady pull in a constant d i rec t ion  ra the r  than the  constantly 

changing motion of a chi ld in a sea t  during a crash. A n  addit ional  problem 

common t o  most of the current  child sea t s  which the  s t a t i c  t e s t  does not com- 

p le te ly  exp'ose i s  the dynamic in terac t ion  which occurs bftween the  child and 

adul t  sea t s  which leads t o  the extreme motion and f l a i l i n g  of the e n t i r e  

assembly as  the child sea t  digs deeply in to  the  adu l t  sea t  cushion during 

impact. 

Dynarnic t e s t ing  of child seating systems to  determine t h e i r  crashworthi- 

ness has been a par t  o f  the Brit.ish Standard since 1964 and has a l s o  been 

adopted by Australia and several other European countries. The dynamic t e s t  



while n o t  reproducing completely the actual crash of a motor vehicle, such 

reproduction can only be accornpl ished through actual crash conditions, does 

provide a general ly  more severe test ing environment whi ch exposes the. seating 

system t o  the s t resses  imposed by inipact loading. Dynamic test ing throughoi~t 

the course of our research b o t h  in the previous contract and in th i s  program 

has consistently exposed the lack of safety provided by child seats  which 

appear on the basis of s t a t i c  t e s t s  and visual inspection t o  be adequate t o  

the i r  task. Thus i t  i s  our belief that  i f  the true protective nature of a child seat-  

i n g  system i s  t o  be ident i f ied ,  a dynamic compliance procedure must be adopted. 

4.1  General Discussion 

Our research indicates that  the crashworthiness of a child seat  can be 

determined by three t e s t s  with an impact sled.  To determine the frontal  

impact protection offered by a child r e s t r a i n t ,  a 30 nph impact with a min- 

imum deceleration level of 229 using a crash t e s t  durnmy as the t e s t  subject 

must be performed. The 30 mph impact level provides the same velocity change 

a t  which adult r es t ra in t  systems are  being tested and thus provides a similar 

t e s t  for  children as we are providing fo r  t he i r  parents. 

Lateral impact protection can be demonstrated by a 20 mph velocity im- 

pact with a minimum deceleration 1 eve1 of 16g using a crash t e s t  dummy as 

the t e s t  subject.  While a pure l a te ra l  impact t e s t  i s  an approximation of 

a l l  crashes which involve a notor vehicle struck from the side,  i t  i s  the 

potentially most dangerous and has been an adequate indicator a child 

restraint 's l a te ra l  performance. Tests conducted under contract FH-11-6962 

where 45" oblique impacts were performed indicated that  those seats  which 

d i d  not o f fe r  protection under condition of oblique impact also did not o f -  

f e r  protection when tested l a te ra l ly .  



Rear impact protection i s  potential ly the eas ies t  to  provide with a child 

r e s t r a i n t  system. Rear impact crashworthiness i s  e f fec t ive ly  demonstrated by 

examining the performance of chi 1 d seat ing systems under conditions of 20 mph 

velocity impact with a niinimum deceleration level of 169 with a crash t e s t  

dummy as the t e s t  subject .  Rear impact i s  not believed to  be a serious prob- 

lem with those seating systems which do not r a i se  the c h i l d ' s  head above the 

level of the adult  sea t  back. For those child seat ing systems which do 

elevate the child however, s t ruc ture  must be provided t o  l imi t  the  rearward 

motion of the head to the point t h a t  hy~erextent ion  of the c h i l d ' s  neck does 

not occur. 

The three t e s t s  proposed to  define the crash\h~orthiness of a  chi ld seat ing 

system would be accomplished using an impact sled of e i t h e r  the forward impact, 

rear  impact o r  rebound type. The compl iance r i g  which i s  discussed in 5.0 will 

be used with e i the r  a  bench o r  bucket sea t  from a l a t e  model vehicle. The sea t  

mounting and lap be l t  anchor locations would be a t  the same geometrical locations 

as occur within the body of the vehicle whose sea t  i s  being used. 

The sea t  tracks should be welded in the midposi t ion to  es tabl i sh  the 

sea t  and lap b e l t  geometry and the e n t i r e  assembly bolted to  the impact s led 

moving assembly. When the sea t  has been ins ta l led  in accordance with the 

manufacturers ins t ruc t ions ,  the child dummy,whose jo in ts  are  tightened to  r e s i s t  

29, should be placed in the sea t  and any harness o r  r e s t r a i n t  s t raps  adjusted. 

During the  actual t e s t  the only e lec t ronic  montoring necessary would be 

tha t  of s led velocity. The motion of the c h i l d ' s  head should be monitored 

by the use of a  high speed camera placed a t  a  r igh t  angle to  the t e s t  direct ion 

with the camera placed a t  l e a s t  twenty f e e t  from the impact s l ed .  Data analysis 

to  determine compliance illill consist  of the establishment of the t e s t  velocity 

and the maximum head excurision of the dummy as defined i n  3.1.1.4. 



4 .2  Definition of the T e s t  Environment 

The t e s t  environment for  a child i s  determined by the deceleration levels 

selected for  the impact s led .  Based upon our previous experience and the 

measured acceleration 1 evels from ful l  -scale vehicle crash t e s t s ,  decel eration 

values of 17g peak fo r  20 mph s ide and rear impact combined with a 229 peak 

for frontal impacts have been selected as appropriate environmental levels  for  

child seat  t e s t s .  Two basic questions must be answered when defining sled 

decelerations: What i s  the best pulse shape? and What i s  the method of de- 

fining the acceptable pulse variation? 

While a few impact sleds have a variety of pulse shapes available,  two 

pulses predominate i n  current practice,  the square and the sinusoidal pulse. 

Neither pulse to ta l ly  describes a car crash..  The sine wave has been generally 

conceded to be sof te r  than an actual vehicle pulse because of the absence of 

the spike caused by sheet metal loading and buckling produced by the front  end 

prior to frame collapse,a phenomenon which i s  associated with 0" Barrier impact. 

The square wave however,vrhi 1 e being the most e f f i c ien t  means of deceleration , i s  

more severe than a car crash w i t h  current vehicles, The proposed bumper standards 

however , in addition t o  having the e f fec t  of minimizing vehicle damage ,are also 

producing s t i f f e r  vehicle front  end structures and moving crash pulses toward a 

square o r  trapezoidal pulse. Thus with the exception of a vehicle manufacturer 

who choose to develop or market a child res t ra in t  device tai lored t o  t he i r  

vehicles, most child res t ra in t s  must be used with a variety of vehicle makes 

and nodel s . For the typical case therefore an impact sled pulse ta i lored t o  a 

more severe case will provide a greater margin of safety for  child than that  

which will understate the intensity of  impact. 

The pare1 l e l  problem which was s ta ted  previously involves the di f f icul  ty 

of n:any f a c i l i t i e s  t o  modify the i r  deceleration pulse shape a t  w i l l .  In our 



f a c i l  i ty  f o r  examp1 e  t h e  1  eve1 o f  t h e  d e c e l e r a t i o n  p u l s e  i s  a c c u r a t e l y  c o n t r o l  - 
l e d  and ,h igh l y  v a r i a b l e  b u t  t h e  shape i s  f i x e d  w i t h o u t  a  s i g n i f i c a n t  c a p i t a l  

expend i tu re .  The same s ta tement  i s  t r u e  t o  a  g r e a t e r  o r  l e s s o r  e x t e n t  a t  o t h e r  

compar ib le f a c i l i t i e s .  Wi th  t h i s  though t  i n  m i n d , i t  i s  proposed t h a t  t h e  t e s t  

environment f o r  compl i ance  t e s t s  o f  c h i 1  d  r e s t r a i n t s  be s p e c i f i e d  i n  terms o f  

t h e  maxiinum s topp ing  d i s t a n c e  r e q u i r e d  t o  d e c e l e r a t e  t h e  moving s l e d  th rough 

t h e  proposed v ~ l o c i t y  changes o f  20 and 30 nph. Th is  approach i s  c o n s i s t e n t  

w i t h  the  B.S. I .  s tandard ,  The B r i t i s h  s tandard  o n l y  s p e c i f i e s  t h e  s t o p p i n g  

d i s t a n c e  f o r  t h e  s l e d  and does n o t  a t t e m p t  t o  d e f i n e  a  pu lse .  By s p e c i f y i n g  

these 1  i m i  t e d  v a r i a b l e s  o f  v e l o c i t y  and s t o p p i n g  d is tance,  each manufac turer  

i s  f r e e  t o  use any mechanism o r  d e c e l e r a t i o n  pu lse  t o  d e c e l e r a t e  t h e  impact  

s led ,  t e s t  f i x t u r e  and c h i l d  r e s t r a i n t ,  The B , S . I .  s tandard ,  which s p e c i f i e s  

a  maximum d i s t a n c e  which  i s  a l l owed  t o  b r i n g  t h e  s l e d  t o  r e s t ,  i s  i n  e f f e c t  

s p e c i f y i n g  a  minimum d e c e l e r a t i o n  l e v e l  . The minimum l e v e l  i s  t h e  l e v e l  r e -  

q u i r e d  t o  dece1erat.e a t  a  cons tan t  r a t e .  For t h e  B r i t i s h  s tandard  t h e  minimum 

l e v e l  i s  15g. 

Because o f  t h e  i n h e r e n t  simp1 i c i  t y  of t h e  above approach and t h e  1  ack o f  

i n s t r u m e n t a t i o n  r e q u i r e d  i t  i s  proposed t h a t  t h e  t e s t  environment f o r  a  

dynamic t e s t  o f  c h i l d  s e a t  performance be desc r ibed  i n  terms o f  a  v e l o c i t y ,  

a  s t o p p i n g  d i s t a n c e  and an i n t e r i o r  geometry. There fo re  i t  i s  recommended 

t h a t  t h e  environment be: 

( 1 )  30 mph f r o n t a l  impact-  18  inches maximum 
s t o p p i  ng d i  s tance,  

(2 )  20 mph s i d e  impact-  
s topp ing  d i s tance .  

(3 )  20 mph r e a r  impact -  
s  t o p p i n g  d i s tance .  

10 inches maximum 

10 inches maximum 



The stopping distances of eighteen inches i s  t h a t  which i s  required t o  

decelerate a body a t  a constant rate of 20g from 30 mph to zero in the case 

of frontal impact. The stopping distances of ten inches specified for  the 

side and rear impacts i s  the distance required t o  decelerate a body a t  a 

constant \+ate of 169 frorn 20 mph t o  zero. 

4.2.1 Discussion of Test Devices (Dummies) 

I t  i s  pro~osed that  three di f ferent  t e s t  devices be used t o  evaluate 

child seat  performance. For infant carr iers  performance t e s t s  a simple 

t e s t  device was developed in conjunction with th i s  program. The device 

(See Figure 7 )  i s  constructed of a soi l  cloth outer skin f i l l e d  with a ABS 

plas t ic  pellets  and lead shot mixture t o  provide the proper weight. ( A  

drawing of the simulator was provided with our progress report fo r  May 1972, 

HSRI drawing 100-966-D) The dimensions used t o  construct the device are 

given in Table 111. These dimensions were furnished to the program by NHTSA 

and represent a compilation of t he i r  best available sources. 

Table 111. 50th Percentile Six Month Child Dimensions 

Stature (recumbent crown - 
sole length) 26.42 in .  

Shoul der breadth 7.44 in .  

. Chest gir th (xiphoid) 17.38 in .  
Chest breadth 5.42 in .  

Waist height (from level of 
i l i a c  c res t )  

Hip breadth ( a t  i l i a c  c res t )  
Arm l e n g t h  

Head circumference 

12.62 in .  

4.59 in .  

11.20 in .  
16.98 in.  

Si t t ing height (recumbent crown- 
rump length) 17.72 in .  
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The s i m u l a t o r  has been found t o  be u s e f u l  as a  means o f  l o a d i n g  an i n f a n t  . . 

s i m u l a t o r  d u r i n g  impact .  Because o f  some l a c k  o f  f i d e l i t y  i n  terms o f  " j o i n t "  

placement and c o n s t r u c t i o n ,  i t  w i l l  assume a  s l i g h t l y  unna tu ra l  s e a t i n g  

p o s i t i o n  under some c i rcumstances however , c o n s i d e r i n g  i t s  simp1 i c i t y  and l o w  

c o s t  ( $ 5 0 ) , i t  i s  a u s e f u l  dev ice .  

For  c h i l d  sea ts  f o r  l a r g e r  c h i l d r e n ,  vie recominend t h e  use o f  t h e  t h i r t y  

and f i f t y  pound S i e r r a  Eng ineer ing  c rash  t e s t  dummies. These dev i ces  a r e  

commerc ia l l y  a v a i l a b l e ,  rugged i n  c o n s t r u c t i o n  and a r e  reasonab ly  accu ra te  

r e p r e s e n t a t i o n s  o f  t h e  c h i l d r e n  i n  t hese  w e i g h t  ranges.  The ongo ing resea rch  

programs funded by  NATSA and o t h e r s  w i l l  undoubted ly  produce i n  t h e  coming 

months a  more r e p r e s e n t a t i v e  s e t  o f  c h i l d  s i z e  data .  As t h i s  da ta  becomes 

a v a i l a b l e ,  i t  i s  recommended t h a t  t h e  NHTSA fund  a  development program t o  

upgrade t h e  c h i l d  dummies t o  make them c o n s i s t e n t  i n  c o n s t r u c t i o n  w i t h  t h e  

c u r r e n t l y  a v a i l a b l e  adul  t crash t e s t  dev i ces .  

4.2.2 D iscuss ion  o f  A d u l t  Seat  

Two compl iance f i x t u r e s  have been proposed as b e i n g  s u i t a b l e  f o r  p r o v i d i n g  

an e a s i l y  f a b r i c a t e d  and p o r t a b l e  t e s t  s e t  up. A G. M. bench s e a t  was acqu i red  

and t h e  a s s o c i a t e d  body drawings t o  a l l o w  t h e  e s t a b l i s h m e n t  o f  t h e  s e a t  and l a p  

be1 t at tachment  p o i n t s  i n  t h e  same p o s i t i o n  as i n  a  f u l l  s i z e d  Chev ro le t ,  The 

cho i ce  of t h e  G. M. bench s e a t  was based upon t h e  f a c t  t h a t  C h e v r o l e t  i s  t h e  

l a r g e s t  s e l l i n g  American au tomob i l e  and hence i t s  s e a t  wou ld  be more w i d e l y  used. 

A d d i t i o n a l  l y  , t h e  c o n s t r u c t i o n  o f  t h e  s e a t  , c a s t  Urethane foam i s  a l s o  used 

th roughout  much o f  t h e  G. M. 1  i n e  o f  v e h i c l e s .  The foam s e a t  c o n s t r u c t i o n  i s  

s o f t e r  t han  t h e  s p r i n g  c o n s t r u c t i o n  commonly used i n  t h e  p a s t  and as a r e s u l t  

p rov ides  a  more severe case f o r  dynamic t e s t i n g .  T h i s  s i t u a t i o n  a r i s e s  because 

o f  t h e  i nc reased  i n t e r a c t i o n  between t h e  c h i l d  s e a t  and t h e  a d u l t  s e a t  d u r i n g  

impact  p a r t i c u l a r l y  f o r  those seats  wh ich  have a  l i m i t e d  b e a r i n g  area between 

t h e  c h i l d  s e a t  assembly and t h e  a d u l t  sea t .  A  schemat ic  o f  t h e  t e s t  r i g  i s  



shov~n in Figure 8. The d r a ~ ~ i n g  o f  the proposed assembly was furnished 

with the progress report for  December 1971 . (HSRI Drawing. 100-959-E) 

The bench sea t  tracks viere welded three inches rearward of the most 

fonlard position, The t e s t  r ig  was assembled by bolting the bucket seat  

t o  the welded framevork and attaching the production lap  bel ts  t o  t he i r  

respective anchors. Additional bracing was added t o  maintain the sea t  

back positon. Thc bracing does not a f fec t  the performance of the t e s t  

b u t  does add to  the sturdiness of the assembly and allows fo r  repeated use. 

Child seats  were tested in the center and outboard seating positions to 

determine the e f fec t  of seat  construction on their.performance. The o u t -  

board position m s  found t o  allow greater motion on the part  of the dummy 

when a St rol lee  Plodel 590 was used for comparison. (See Table IV) The 

outboard position allowed the dummies head t o  move 29.7 inches in the direc- 

tion of impact uhile the middle position only allowed 27.2 inches of motion. 

The ten percent difference i s  at tr ibuted to the edge e f fec t  produced on the 

outboard position where the volume of the material beneath the child s ea t  

i s  reduced and hence i s  able to  absorb less  energy. 

The other approach considered for  the t e s t  r i g  u t i l ized a sirnil a r  weld- 

ment to  tha t  prclposed for  the bench seat  to  provide sea t  track anchor points 

and lap be l t  attachments for  a bucket sea t .  While the bucket sea t  i s  some- 

what s t i f f e r  than the bench seat  i t  i s  a desireable compromise fo r  a t e s t  

r ig  because of i t s  smaller s i ze .  The use of a bucket s ea t  will allow the 

moving element 22 x 22 inches while the bench seat  will require a moving 

element 54 x 54 inches. A drawing of the bucket sea t  compliance f ix tu re  was 

provided with our progress report for  Flay 1972. (HSRI Drawing 100-963) In 

order to document the ef fect  o f  the adult  sea t  type on child sea t  performance, 

a 1 imited number of seats  were t e s t&  with b o t h  adult seating configurations. 





I n  o r d e r  t o  p r o v i d e  a  comparison a  S t r o l e e  c h i l d  s e a t  model #590 and t h e  

Peterson Model $68 were t e s t e d  w i t h  t h e  bucke t  s e a t  under t h e  same t e s t  

c o n d i t i o n s  as they  had p r e v i o u s l y  been t e s t e d  w i t h  t h e  bench s e a t .  The 

t e s t  r e s u l t s  a r e  shown below. 

Tab le  I V .  C h i l d  Seat Perfcrmance - Bench vs ,  Bucket  Seats 

T e s t  Head 
C h i l d  Se3t KO. D i r e c t i o n  V e l o c i t y  A d u l t  Seat D i s p l  acemen t 

S t r o l e e  590 486 F r o n t  30 mph Bench-Center 27.2 

S t r o l e e  590 513 F r o n t  30 mph Bench-Outboard 29.7 

S t r o l e e  590 600 F r o n t  30 mph Bucket  24.8 

S t r o l e e  590 500 Side 20 mph Bench 25.7 

S t r o l e e  590 601 S ide 20 mph Bucket  N.A. 

Peterson 68 487 F r o n t  30 mph Bench-Center 28.7 

Peterson 68 607 F r o n t  30 m ~ h  Bucket  26 .O 

Peterson 68 501 S ide 20 mph Bench 2 5 

Peterson 68 606 S ide  20 mph Bucket  19.0 

- - -- - -- - - - - 

The r e s u l t s  i n d i c a t e  t h a t  t h e  s t i f f e r  c o n s t r u c t i o n  o f  t h e  bucke t  s e a t  as 

w e l l  as t h e  b u i l t u p  s i d e s  on t h e  s e a t  cush ion  c o n t r i b u t e  t o  decreased d i s p l a c e -  

ment o f  t h e  c rash  t e s t  dummy and t h e  c h i l d  s e a t  assembly. One o f  t h e  i n t e r e s t i n g  

s i d e l i g h t s  o f  t h e  bucket  s e a t  t e s t  o f  t h e  S t r o l l e e  s e a t  was t h e  r e l e a s e  d u r i n g  

t h e  t e s t  o f  t h e  c h i l d ' s  harness assembly by t h e  dumzy d u r i n g  t h e  l a t e r a l  impact  

t e s t  w i t h  t h e  bucket  sea t .  As t h e  c h i l d  t e s t  and t e s t  dummy moved i n  t h e  

d i r e c t i o n  o f  impact ,  t h e  mo t ion  o f  t h e  t e s t  dummy w i t h i n  t h e  r e s t r a i n t  was 

s u f f i c i e n t  t o  u n l a t c h  t h e  b u c k l e  assembly f a s t e n i n g  t h e  l a p  be1 t and a l l o w  the  

dummy t o  swing f ree .  R e t e n t i o n  o f  t h e  dummy was o n l y  accompl ished by  t h e  

s t e e l - p l a s t i c  b a r  p laced  around t h e  f r o n t  of t h e  harness assembly. The 



buckle was manufactured by Fruhling FI-oducts inc. of Pasendena, Ca. and i s  

found on several other  child seat. models. W i l e  t h i s  disengagement has 

only been fciind in on2 of our two t e s t s  of the child s e a t ,  we believe t h a t  

i t  could occur in many l e f t  s ide  l a t e r a l  impacts and thus should e i t h e r  

be redesigned or  not allowed with child r e s t r a i n t s .  This defect  could 

only have been discovered through a dynamic sled t e s t .  

4.2.3 Discussion of Instrumentation 

The compl iance t e s t  procedure as proposed was selected in pa r t  on the 

basis of the 1 imi ted instrumentatiori required fo r  t e s t  performance. The 

only electronics instrumentation required will  be the devices necessary t o  

determine the sled veloci ty ,  Velocity may be determined by means of two 

magnetic proximity probes a known distance apart  along the track of the  sled 

and an e lec t ronic  counter t o  measure the time elapsed from one probe t o  the 

o ther .  Digital counter with fixed geon display and magnetic proximity probes 

are amongthe two simplest items of e lec t ronic  gear possible t o  perform the 

compl i ance t e s t s ,  The only other form of sophist icated equipment necessary 

i s  a h i g h  speed camera. 

An analysis has been performed in Appendix B which documents the camera 

speed necessary t o  adequately monitor the t e s t .  O n  the basis of our analysis 

i t  i s  apparant t h a t  a camera with a top speed of 500 frames per second i s  

adequate t o  the task. By 1 imiting the required camera speed the cost  of the 

optical instrum?ntation i s  approximately one half tha t  had 1,000 frames per 

second been necessary. 

4.3 Proposed Compl iance Fixture 

To sumar i  ze our research regarding compl i ance t e s t s  , i t  i s  recommended 

tha t  a welded s tee l  framework (HSRI Drawing 100-959-E) to  which a bench s e a t  

and lap b e l t  anchor points may be attached in the proper geometrical re la t ion-  

ship be used as the compliance t e s t  r i g .  Child r e s t r a in t s  should be ins ta l l ed  



on the rig in accordance with the manufactbrers directions and child test 

dummies' of the infant, three-year-chi 1 d and the si x-year-chi 1 d be used to 

determine the ability of child seating systenls to contain the child during 

impact. The criteria of compliance should be dummy head displacement in 

the direction of impact, 



5.0 USING PROPOSED D Y i i A V I C  C9MPLI'APICE TEST 

In the course of determining the s u i t a b i l i t y  of the compliance t e s t  

f ix tures  devel oped under t h i s  program, several models of currently avai 1 able 

child sea t  designs were dynarnics!!;~ tes ted .  The t e s t  conditions were. those 

described in 4.1 and 4 . 2 .  Because these seats  were tested prior  t o  the 

complete def in i t ion  of the performance c r i t e r i a  acceleration val ues recorded 

fo r  the head and chest t r i ax ia l  accelerometers are  also recorded. The re-  

s u l t s  are l i s t e d  in Table V .  

The resu l t s  consistently confirm the bel ief  tha t  while the s t a t i c  t e s t  

requirements will  demonstrate the a b i l i t y  of a chi ld s e a t ' s  s t ruc ture  t o  

r e s i s t  f r ac tu re  tha t  a l l  o f  the currently available devices f a i l  to adequately 

r e t a r t  a c h i l d ' s  motion in the direct ion of impact. I t  i s  believed tha t  th is  

s i tua t ion  has occurred because of the lack of understanding o f  crashworthy 

design by the manufacturers. I t  i s  hoped tha t  a new t e s t  requirement as 

specif ied in t h i s  report will help t o  provide safe  seating fo r  children con- 

s i s t e n t  with the protection available t o  t h e i r  parents. 



Table  V.  C h i l d  Seat  I r n p a c t T e s t  Data 

T e s t  
S e a t  No. - 
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-: . Sled Pulse ............ , . .  -. - . - ......... - .- , ....... , ................. - - ...... . . . . . . .  . 5 gts/division , . ,  

Fil tercd * - - -- --- - --. - - --- - ------- 
, . ................. -2. .. L . . i  .. .... ... Class 60 m 8 .  ......... -- ... .... .- . 
: / 1 I ' .  . ! - .- .- - . -. -- ........... - - .- -. ......-.. 

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

Anterior-Posterior 
Chest kcce1er.a ticn 
12.5 gls/division 
F i  1 tered 
Class 600 

. Superior-Inferior 
Chest Acceleration 

, 1285  gls/division 
Filtered 

. Class 600 

Left-Right 
Chest A,cceieration 
12.5 gts/division 
Filtersd . 
Class 000 

. . .  ....-.................... . . . . . . . . . . .  
.......... . . .  ...... . Resul t ; n t  C h e s t  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acccleraticn . . . . . . .  . . 

10 g'sldivision 
Fil tcrea 
Class G O O  



-, ,, , 4. 
*., L l;:;:,:b~ I \  . . . -. /I- . . -. . "i . - . 2 . . .. \ . - T e s t  Tylw P4-7EfiSo~J f$ (-4.- - .. 

pi! ; ; , , ,y  *-  .. " -12- z v:.:.'i 4: - ..--..--.- -- 
SicG v e ~ c ~ ? l y ~ ~ ! ~ ~ = ;  .-.. i/':tc - CrR car-!. Tt3 4% //\.7-P4 GWL -- - 

Resv l  t s n t  l l a ~ d  
Accclcration 
10 g f s / c I i \ l i s i o n  
r i  I t ~ d  
Class 1000 



,/ . ,- , , 
l ,est !{u; k)cv ,d8; &- : c: : 1'~;t Type 1;7;T':'RS$&' :;..'$,4 --- ---- -.-.- ---- _--___ 
uul:,;?,:! ;, -- ;{-r:,.,, , ., . -... - !..< - - . -  -.we ----.-. - .- 
Sled 'de : LC ;  ;~.;;-,;l_r t / s e c  -.-- F/+F -- -- .;i~ 7-&j7- / - ,%*a ;+/" . (:-;- -- 

Sled 'st~;~:. 
r, g's,'rl.il,ris-ion 
i'i 1 t r.:-eC 
C I ~ S S  6i: 

Anterior-Po:toriar 
Chest Acceleration 
12.5 gls/division 
Fi 1 tei.eci -.---.--. 
Class 609 

--c----- 

--lw,.-,--'--n- 

Srrperior- Ini2rior 
Ctlcst Acct.1 e ra t i  on 
1205 y ' s /d~vis ion 
FiT tered 

, Class 603 . ?;I. 1 -,,- /--,--- .--._- 
. . 7, 

1-eft-Rirjht 
Chest Accc?  era tion -r;,,, ,-r.-,,----.------ 

12 .5  gls/division 
Fil  tet3cd 
Class 603. 

Rcsul t a n t  [!-?st 
/ . ~ ~ ~ * l i ~ t ' i ; t . ~ ~ ~ : >  

10 g fc /c ' i : ! i s ion  
r i I t~,r:>~i . - , . .  

,' ' - ~ - - x ,  ( ; ~ J S S  
-, 

'.' , . ........ 
- . . - - 



A-rsz Te; t 1;s ,LcI- Test  Type U N r W E r  rt79 
D. ,."".,, 

b.#!,L.J -33!&<- - 
Sled Veloci t y a S f t / s ~ c  . . P R O N T &  / M P 4 C I  

....... ....... . . . . . .  . .  , - 
Sled Pd1:e , . ..: . .  . --.-. - --- 

. , i , . -  

. . , - -- -. -. , -- - - - -. 
, . .  . . .  5 g's/division . . . . . .  :.-I---{. .: d-.L-!.--:: ...:.. -:-. 

. , . -  I . .  F i l  tcrcd - ------A- 

! .  
. , 

--- 
Class GO 

, . j  ' I  
. . . .- -,- - -- - 

: ! , :..I_ -:.,,uVw, -. !_L.L_~___~._+L ---- 
n ! , .  ! 

-. 
' C l a s s  i N 5  . . i- -;- --- .- . . - -. - - . - - .- 

-.L L-!.-.'- :-...-.--I- 2 
. . ,  . . . . i .~  , ~ , .  -..- --L,-L.-!-LL-- L 

' , ---; , 1 .  ;- ' ' ' 

. . , i ' .  , . ' .  r !  1 .  r - : .  .--A 

, , ....... . , 

Sujer icr - Infer ior  - ' 
I . . '  --. t l f ~ d  A c c t l c i - t t i o : !  - -- 

12.5 gls,'di.!jsjc:, .- .-..I -I -I& --- 
.. . . . . .  - -. - ............... - .......--. - .--..........- F i l  tc!-.d 

...... .... .. . Class 1GC3 - .- -- -- - - rr-. * -  -- , . -. 
l ' ,  ----- -- - - - - - -- . . .  . . I ' 

- - . ! ! t . i . i i  , : . : .  t - ,  j . - l -  1 . i 
i I u 

*.Left-Richt 
.-....-. -......- . .. .. ................. fiezd / , ccc le ra~ i  03 -. 

- - - - 
12.5 g'sldivision - ..- - - - -. - - ---- - . - .- 

...-......-... . . .  .. ........ Fil  t:red .- 

............ .......................... .-..-.......... Class  lCSO , < . . .  
--A- i.--~..: . . ---We- 

I 
. . . . . . . . .  ..................... 

Resul t z c t  ,Lle;?d 
Accel era t i c n  
10 g's/c!i:;ision 
F i i  tered 
Class 1033 

S e v e r i t y  Index 
103 g . '  s c c i d ~ v .  



Test liuolber A - '/8 2 Test Type K A N T W E  7- sf 78 
Dunmy 3 - VI.~;  R 
Sled -?>, 5 ft/s?c ~LorlTr'iI- f rqPACT 

Sled Pulse 
5 gts/division 
Filtered 
Class 60 

Anterior-Posteri or 
Chest Acceleration 
12.5 gls/division 
Fi 1 tered 
Class 600 

Superior-Inferior 
Chest Acceleration 

, 12.5 gls/division 
Filtered 

. Class 600 

Left-Right 
Chest Accel?ra-,l'on 
12.5 gls/division 
Filtered - 
Class 600 

Rcsul tant C 2 s t  
Accelcraticn 
1 0  g'sldivision 
Fil tercd 
Class 600 

, , ' . :  
i- .--. .L I.. .....A -.1.--- ..--.---.a . .  

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

.- . . . . .  ...- .. .. 
..... , ..&...... A- -. - 

I 



. . 
F j 7 "  1 l . ~ ) . ? d  

Class lCOO 



%,r~ le r i  or-F'os t c r io r  
Chest Ficcclercit i o n  

- Sup:r.ior-Inferior 
Chest kccelerat i  oil 

12 .5  < j ' s / d i v i s i o n  
r-i 1 tci-cd 
Class 600 .- ,--i .---- -J'.*,J--~--- - 

'--.------ 
',.,!-- ," 

8 

Left-l:i g i i t  
Chcst Acceleration -- ---- .---/L-.------.------4-. - 
12.5  g l s / d i v i s i o n  
Fi l  t c red  
Class 630. 

f:csul t s n t  Chest 
h c c c l c l . a t i ~ ~ ~  
10 : i : s / t i i v i s i i :n  
F-il i( 
Ci;lsi CC;D 



..i.c,Ft-Ri$iit 
fic;d Bcct:l c.;.?l i  an 
'12.5 g'r,/ci. i \+l:, j~~] 
i:ilirrcd 
Class 1003 

Ecsul tarit ilc;.cl 
/ , ccc lc ra t ic t ,  
10 g i s / d ; ~ ' i s i o n  
Fi l  tercd 

. Class 1030 



SUf4WARY L l i t i E ~  C / t  ES'T !,CCLLLR/IT I OIiS 

. . ,  --.--.-- --.-- 
[)ur;::ny .:--: .- \ : A ):: 

i~ ".!: 

Sled  ~ e 7 0 z  I LJ_.;.G~ 1 f t / s c c  

Sled P u l  sc. 
5 yls /divis iot i  
F'i 1 ter-ed 
Clvss 60 

Anterior-Post e r io r  
Chest Acccl crat ion 
12 .5  g ' s /d iv is ion  
F i  1 tcred 
Class 600 

Superior-lnferi or 
Chest f.,cccelo~-:.ti on 
12.5 g ' s /d iv is ion  
Fi l tered 
Class 600 

Left-Ri g h t  t 

ChestAcceieration ' 

12.5 gls /d iv is ion  
Fil tered --oLL,,---? - J-,..'. .-----\ . ,-- ..fiL\-+ .----. ., -.- 
Class 600 

Resultant Chest 
Rcccicration 
10 g ls /d iv is ian  
F i l te red  
C l ~ s s  699 



Lt 9 F.: 
.jt!si I:!.: ,;!?r 4- i ? >  ,*: . - - .- .- , .. - - - .l-cst .~Y!~?---~-T:-G.M~&.Q --.-.-- - .  

[lui;-. h:-.. ~.?:..Y5/)-4?--- -.- -- 
Sled  V L ?  i,; i iy2%j..$ft/j::~. --- .-EP&Ld_Z1t?L&-f kIPAE"-"P, 

@.I c- f t - r i  ;;ll: -- - -._- 

tictatl i , c t c i  t r c t i o ! ~  
12.5 91s /c : ;v i~ i sn  
Fil ierc-i 
Class 1030 . . ~. 

Resu'ltanC ! :cat!  
Acccl t . rz l i c ;n  
10 y l s / c ! i v i s j o n  
F i  1 tcrcci 

. Class 1:!;!3 



An Lerior-Poster ior 
Cli?st i iccele r a'; i o n  
12 .5  g ' s / d i v i s i s n  
F i  1 t e red  --- .- . .- ,r"-.---c, 

L/,'" Class 600 3 ,J 
Ci f 

\I 



Test Typc S r R b L E E  sf590 

Sled Y ~ l o c i  t y s A f t / j e c  

. . - . - . . . , . .- - . . . . . . .  . .  . . 
. . _-- _ _ .~ .__  __L._._.. - _ _ _  

Sled Pulse :..-:- -.:.-L-, . ---j .... i L - . . ~  __1.-:-.; . . . . --- 
; . ; I . - : :  ! : .  . , 5 gls/division ..: i-..; . .  . . . . - - . . . r - - . . - . . . . - - .  

, . I .  , 
, , .  F i l  t~:rpd -- - -. . - 7-- . . . -- 

Class G O  
I I ........... , , , , .  

..... . -- -. --.---.- .- -. - 
. . ' 1 .  

. : ;--: - . -- 

.. . , . I Fil tc.r?G . . . - . . - -- -. -. --- -.---. - - -. . - - - -- -. - - . - -- 
, , . . I 

. Class lCJ0 . , I . . - .----.-------A-.-.-.----.-.--..--- - 
I '  . . i : :  , , ' I . . . . ,  . . , 

.. ---- -,.- .- 
- .  . ' 

. . ,  , 8 

---A . . .  _-.-~-_-i-I-.- 8 ,  , , - 

. J. .- 
Y U u - 

T-T7--!---r-T- 
I 

. , < , . ,  . , C - 7 -  .: - .... ..... i*. i -1: ....- L--- L.- .- . . 
, . I 

Scp'erjor- In r ~ r j c r  -. . - ..... - ........ - . 
t!chd k c c e i c - > " j  i t u *  nn L . 

12.5 c ' s /d iv i ; i cn  
.-.........-....... - ....... -- - ...... - -. - ..... - .-... - ---. - ............. Fil  t ~ e d  r - 

... ...- . . ...... Class 1003 _ _ : /---. __.____--_ 

I . . I  ' . c : ,  -- --.----- - ---- 
4 i 2 . 5  msec. 

! 

-. - -- ... .............. .. . ... .. _- - 
. ..... ... .... . .... ... . ...... - - - - - --- - ---- 

! . I .  r ;  -- .7-..7 . . - 
.......... . . . . . . .  

* .Lef t -Ri  ght 
.. . . .  Head A c c e l f r a t i o n  "'.7---7--'.-.... 

. -  .- 12.5 g ' s / ~ i v i s i o n  -.- 
. .......... .. - ........ -. -. .......... - .. .- . -. . -- - -. . -. - - - -. .- - Fil tercd .......... .. . ... . -  .- Class lCOO L-.:-.-I-----.- + .  . .  .- 

I 
+____I-_ -------- 1- - A_-.--- 

, *  - - -- -. ............ - - - - - - ... - -- - -- - . . . . . . . . .  - . 
. . ..... 

.. i--- -1 - . - - 7 - . - - - - - - . - - - _ . . - .  .- 

Rssul t?nt Rezd -. :- 
..... Acceleration 

....... ......... 10 g l s / d i v i s i o n  
. . . . .  .... - . . . .  .... . Filtered 

Class lOCO . A . . . .  

... . . .  . - . - . .  . . . .  -- .....--... 
; 

. .  . Severj ty Index 
. ..... 103 g - * -  s c c / a i v .  - - - - - -. 

. . . -  .-..... ............ . - 



Test t4umlier -- A- yqi5 
Dun!xj, 3 - Y E / ~  3- . 
Sled G c i t i  +;?, s t t / s ec  

Sled Pulse 
5 ' gls /d iv i s icn  
Fi l tered 
Class 60 

Anterior-Posterior 
Chest Acceleration 
12.5 g l s /d iv i s ion  
F i l te red  
Class 600 

I Testi Type s r ~ o  LE E &$90 

FR-ONTA L l~ P A C T  

. - . . 
# . , , I .  

. . 
A '  , . Superior- Infe r i  o r  . .-.--.-".-:---I ...-.-.-.- . . .  : ---.-- . , I "  . , 

.... ..-..-. .... Chest Acceleration 
12.5 g ' s / d i t~ i s ion  -- -- 

... ........... -.. Fil tered -. 

. Class 600 
% 

- -. -. . --- -. - . -- - - 

I . . !  

. - 1 2 . 5  msec. i 
i 

.....-.... . . . . . .  ............. 
' ? I 

. .  ......... . . . . .  Left-Ri~ht --- -. 

Chest A x e l  erat ion - 
. .  ....- .. .. - . -  .. . ....-.-.... ..... . - .  .... 1 2 . 5  gts /d iv i s ion  - - - -. - - - -- - - - - - - - 

. -. . - ... --- -- --. . ...-. - -- --- ......... Fil tered 
. . . . . . . . . . . . .  ..-.... . . . .  . . Class EOi r  - 

I  _ ............................. -_ .. - ... . -. ........... .- .. 

..... . .  . . . . .  ............... ... . . .... Resul t:nt Chest -- -- - - -- -- -- - -- 

........... . . . .  - - ................. - -. - ..... - .............. -. Acceleration 
. . . .  - . . .  10 g ' s ld iv i s ion  - . .  

- . . . . . . .  . . . .  
F i l  tercd . . . . . .  - - - /-.- . .  .Class 600 . . . . . . . . .  L - 



I 
-4 12 .5  rnsec. 

Rcsul t a n t  t k a d  
liccel e i - a t i o n  
20 s l s / C i u i s i c n  
Fi'l ti.rcd 
Cliiss 1C30 -- 



Sled P u l  s c  
; g ' s /d iv i s i3 i1  
F.i I t c r e d  
Class 60 

- . - - . . . - -. . , . . r,./ ' ---- .-./ ~-- ~i 1 t e r e d  
Class 600 'I ~1%. -',, /"A'v 

S~pc r i o r - ! r - ,Te r i o r  
C h e s t  Acc.2 i ?;-?,ti on 
12.5 g ' s / a i v i s i o n  
Fi ' l  t e r e d  
Class 600 

Left-Right 
Chest A c c e ?  e , ? z i j  on --.- .-..-..--- -~>\--..k'..\ L Z . . ~ J L - ~ ~ - . - - - . - . - - - - - - . -  

1 2 . 5  gls/divisicn 
F i l  icred 
Class 600 

Rcsul t a n :  Ciiest 
Accelcr3tio11 
I n  g ' s / c i i v i s ! c ~ ~  
F i  1 terc>ii 
Class GO; 



i c j t  i;u::icr ,\- 49s ~ c i t  Type LAUTWST ~7s- ' 

0:lri~y 3 - y~-,~ 2 
Sled Vcloci t y&&Lf t / scc  C R O N ~ ~ L  IMPACT- 

I 

. , 1.. ....... .... . . . .  
Sled Pul:c! , . .  . . -- - _-,._.- , i-:.-.i.--I . , 1 
5 gis/division ! . : . . .  I -- - 
Fil tercd ..... . .  - .... 

Cltss 69 
.......... 

.... . . . - .  

C,ntc~.ior-Pc:t?ric: y y g  ~ c c ~ ' l ? ~ : . ~ ~ ~ : l  
gls/division 

Fil icrrd 
Class 1030 

. . 

Superior- Inferior 
H:ad kccel er;:i cn 

Class lob5 

#.Lef t -R ight  
Head Accclcration 
12.5 g1s/irvijion 
F i l  t c red  
Class 1C33 

' ,  i :  j I , !  I , , . - -- - - - -. . - -. - - - - - -- 
J2.5 msec. 1NST3ii:i lEiuTS DI'/ISICN, GOUL.3 i;iC 

- 
Resul t a n ?  Kcad . . .  .. . . . .  .......... 

.......... . . .  ............ . . . .  Acce le : .? i ion  . .  



. Test Hurnber A - 488 Test Type K A N r W h T  *78 
Dummy ,?-YE&? 
Sled VF76ci t y  43. i t / s e c  ~ u n r J r A ~  /MPAc*r 

Sled Pulse 

Class 60 

Anterior-Pcs t e r i o r  
Chest Acceleration 
12.5 g ts /d iv is ion  
Fil tcred 
Class 600 

superior-1nferior  
Chest Accel5rati on 
12.5 g ts /d iv is ion  

' Fil tered 
Class 600 

Left-Ri g h t  
Chest Accel erat,ion 
12.5 g ' s l d iv i s i cn  
F i l te red  
Class 630 

Resul t z n t  Ches t  
Accelsration 
10 g l s / d i v i s i o n  
Fi l te red  
Class 600 

. . 

I 
-.--- . - - - -  ------- - ' / ,  __ - . _ ._.. !.___._._ - - .- I ----. -- 

. , -  .......... . . . . . .  -- .:. : - I. .. - .-- 
-- 

. , ! . ,  
I , . 

, ..-; 1 --.-. I C-I.~-L--I 
, I .  

. . ,  . ,  , , - 1  : 
-_--_.-. :---!-.- I , . ,  -+-.----*- 1.-- ----- -- 

. a 
____ .C___  .__-- . -W-- 

_ . ........ . - . .... 
, . . , 

L-,- . . ..- -4 .. - . - 
, : I  

, . . , L -4-b 12.5 msec. I 

_ -  _ ,_____r____-__.__-_-_ 

_ -- . . . . . . .  ... . .  .... 
, .  , , .-.---- --: : --.. -- 

, . . . . . . . . .  ...... . 
........... ---+ .... ---.-.-...A.I--.----..-- -- - -  

. . . . . . . . . . . . . . . . . . . .  _ - . .  _ . . . .  

- .- 

._ .. _ _ . _ ,  . ^ .- . -. . 



- .  - . . . . . .  . 
Test !lo-,?;c~ wi 65 - 

1 c t 'rj1i;e-/!nMll--b 
. Dui:;rcy 3 - YF&.l< P R O Z ~ _ C  P A  - 7 0  7 

Sled V e l o c i  t;'&$..Ct!sec F ~ T A L  IMPACZ 

Slcd Pulse 
5 yls/division 
Fil tercr! 
Class 60 

......... . Anterior-Postfrior .-. 

Head Rccelcrati tii .. -..- 

12.5 g 's /d iv is icn  -. I ...... ... .... .... ........ -. - - - -- ....-.. - 
F i 1  terci! , . _  , , .--r+ -.-- 

, . 
Class 12G2 . , ! :  ... .... I .... - I :  , , , I ,  ...... 

, I 1 ' .  , i I 1  , . ,. .-  . , . . , -.--- 

I 

Superi5r-lnfcricr 
!\earl Acce? er2'.icn 
1?,5 9I5/dl>;jsipn 
Fil tcrcd 
Class 1000 

a.Lef t- Ri 211 t 
Head Acceier~tion 
12.5 g'sldivision 
Filtered 
Class lOCO 

Resultant i izad 
Acceleration 
20 gts/division 
Fi 1 t c r d  
Class lOCO 

Severity 1nd.x 
200 g" 5 secfdiv. 

I - -  ~:i:.._iI-.'.._.--. . .  

I BRUSH I'.,: 



Test Iuciber A - 'r/8 Ci\ T e s t  Type g A M I L L  
Dummy 3 - y,?,,:-< ~ R o T ~ - c T / ! ,  - ~ $ 7 -  
Sled k l o c i  t y  /;..j, 3 t ~ / S P C  F R O N T A L  l/l.ii;'Ac-T 

Sled Pulse 
5 g'sldivision 
F i l t e r e d  
Class 60 

Anterior-Posterior 
Chest Acceleration 
12.5 g'sldivision 
Fi 1 tered 
Class 600 

Superior-Inferior 
Chest Acceleration 
12.5 g's/ditiision 
F i l t e r e d  
Class €160 

Left-Risht 
Chest Accsl ?ration 
12.5 gts/divisicn 
F i l t e r e d  
Class 660 

Resul tsnt Chest 
Acceleration 
10 g'sldi>~ision 
Filtered 
Class 600 

. . 



SUiII.'StRY DATA IiEt'iD ACCilEP$I.T.TrO:S 

Tc; t /lur::Bt.r A - Y 9 0 ---- ies t TY pc>A-M&l&f. 

D U K . ; ~ ~  -3 - yz-fiu P_R~zEc~A - 70 7 
Sled V e i o c i  ty ,Ts ,$ t /sec RGAR /NP&cT 

, , ' 8 .  
L . :  

L.'-- * ----.-.----------- . . 
: I 

, . .  ' ! !  r ,  - . . .  Sled P u l s e  / 1 I . ,  I 
a , .  

L :  

L , . , .  . , - -. -- - . .- -. . - 
, . 

I : '  
I I 5 g i s / d i v i s i o n  ...-.--.:.-.A_..---.. z? I 

, , ! F i l  t c r c d  . - -- 1 I I ' 

Class 60 , . ' I . .  ' 1 :  ,-..----- ........... - &-'----.- 1. ...-.- 

.. ............ rq2e I,cc.lri-at.icn / ..-d 
.3 gls/cl- l i v i s i c g  

! .  

F i l t c - r c d  ! . J .  - :  -- --- 
. , ,  .... . Class 1030 . . 

I - -- . .- . 
, , 

, /  
L - -.. - i 

- . 
I!__ _- 

I .  ' i t,i.-1-1-_:-: -.--: .----.-'---.-- 
1 . 1  ; , . ' .  i :  

A--- - . j  . - 

.......... - . -. ........ .- .. ..--- - . -- .. - -... - 

Svjerior- ln ier icr  
[lead i8,cce',r.rat?cn - 
12 .5  g ' s / d i ~ , r i s i c n  ............. .-A . . .  

. . . . . .  - .  -...-.... .... Fil t ~ r c d  --- 
. , !.--...--..---- I .  Class 1000 . . .  . , 

-.--- - -- - 
f " '  ! I . .  

I .  

L , . . I I : . . ,  

: j j ; ! ; i / !  . . . . . . .  * . . '  
. - 
. - i 2 . 5  msec. 

*.Left-Richt 
.-. --.... ..-.. . h a d  h c c e l e r a t i  cn ...-. ---- L-- - 
....-........-..... ... ...... ........... 12.5  g ' s / d i v i s i o n  - - - ..- 

..... - -- ...- -- . --- .. - - ....... - -. ................. Fil tercd 
-. ..--.. ..-.... . . '. Class 1000 

- 
- I , , 

. . .  .- - -- -- 
I 

...-.........-.. .--. - - - - - . . .  .- - - -- - -- .. -- - .. - ........ 

R e s u l t a n t  Fes3 -------- 
Accel ei-2 t i c n  . .  --- .......................... - - .-A ....... 

! . . . . . .  . .  . . . . . . . .  10 g 1 s / d i v i s i o n  .-- - 
Filtered 

. . . . . .  - ..... - . . . . . .  
. Class 1 G C 3  

, . i . :  . ..--- . . .  . - . -  . . . .  
. - . . . . . . .  , . . .  

. . - . . . .  - -.. - ...... - ...... - . - ..- .. - .. - . - . . . . . . . . . . . .  

. .. . . .  ..... Sevcrj ty Index . . -. - - 
135 j - ;  : sec/civ, ...- 

.. . .  . . . . . . . .  + - . . . . . . .  
. . . . . .  - . . . , .. 

. . - .  
. . .  - .. 

. . . .  - - -. . -. - - - . . .  



ACCELERAT 1OIIS 

Test llunlbcr A - 470 Test Type AAMILL  - 
~uo\~IIY , 3 .. yz&z y R  G T 7 ~ T s l -  T O T  

Sled V e ~ o c i t j  : 3 ~ , s  ftisec I ; ,~F~ :CT 

Sled Pulse 
5 g1s/division 
Filtered 
Class 60 

, . ,  Anterior-Posterior -- - -  -:---. , -  L : j i - - - . -  . -  8 . . 
...... --. ...... Chest Acceleration :- --LL-- 

12.5 g's/division . . 
.. . . . . . .  Filtered - -. 

. . . , .  
* -.-- -. - -- - ......... -- ......... Class 600 

. . 
. ' 1 ;  

--.- 
. . . . 

cl-- ...-. .! .... L ...-.-.-,-.-. L .I ..... 
, i :  I ! ,-----...-.*-. .. , ... ............. 

I ; - ! '  . , - .  , . 

----- i 
, . T-- . . 3 ,  -- - - 

, 1 . ;  , . ;  8 . I::.; -.! : I 1 , 1 . - . ., . . .  ~.-:.-L-.I .--. A- - -- -. - - 
1.: 1 . . , .  I . . . .  I . '  ; , , . l  I . 
I - i - - i . -~ . -1- - . - . - .  L- -~ .... .- . . ,  , 

Superior- Inferior ... I -. . ........ 

chest Acceleration - . 
- - . - - - -- - - - - - - - ' 12.5 gls/divisicn -- 

Filtered 
. Class EGO 

... .... .............. --.._ ..--- _ _  _. 

... .... . . . . . . . . -  . . - .  ...-...... Left-Right ' ._ : . . 

Chest Acceleratim 
12.5 gts/division . . . . .  

, *t-- 
. . . . . . . . . . . . . . . . . . .  - 

.... . . . . . . .  . . .  . . . . . . . .  ... Filtered' - 

Class 600 , ,  
----. -- .- - -. . _.- - - -_ -..__ __ _. _ _ _  _ 

. . . . .  . . .  . _ _ . . . . _ . . . . . . . _  _ _- . . 
-*--- - -- - . 

Resul t z n t  Chest 
Acce1erati:n 
13 g's/<ivision 
Fil  tcred 
.Class 600 . . 



- . --- -- - - 
T f s l  lii:,,:bcr A- 9 1 --- Test T ~ I ) C _ ~ - T T ~ - L E E  d r 9 0  

- /  '7 D2::2y d -  yr t  
$/h---- 

. Sled  V~loci:;~=r . ; / ~ c c  . _ R E A R  P/l cT 
I 

Sled Pulse 
5 gls/division 
F i l  t c r c d  
Cl2ss GO 

Superior-Infcricr 
H w d  kcceleia~i zn 
12.5 cj1s/~ivisicn 
r i l  tered 
Class 1030 

#.Left-Ri r h t  
Head k c c e i  v a t i  cn 
12.5 gls/d:'\:ision 
F i l  tere:! 
Class 1003 

Resultant H2.d 
Acceleraticn 
10 gls/division 
F i l  te t -c3 

. Class iC30 

Sever? ty I!idex 
1Ci3 9-'- scc /o iv .  

2 L- L 
. I . ,  

. . I  . 

' 12.5  msec. 



Test tlvr:iber -- 4 - y'?/ Test Type S ~ R ~ L E E  -6 
D L ~ F I ~ Y  3 - y.?,~ 13, .--- - 

. Sled V e 1 o c i t y 2 ~ .  0 i:;sec ~ r ' a  I M P A C T  

~ T ~ - F - 7 - - ' . - - - - ;  , . 
, , . . .  . . . .  , - : - . h-- .. -.--- .-. ----.----I -.-.-.---,.--- . . . . : t 

. , 
: :  

: -- .... .... : ..-.- 

, - - - ,  Sled Pulse ........................................... .- ... - . .  - . ................ 
! . '  

' . I  
. . . . . . . . . . . . . . . . . .  ........................... 5 g's/division 

Filtered .- -- - -. -- . -. - ----.--. - ------- -- 
Class 60 

. , . -- .... ---+ . ; i : .  
Anterior-Posterior ......... .- L :-L. ........... . , I I .  

Chest Acceleration . - ......... 
I 

12.5 gts/division I - 
........ ...-.. Filtered -- - 

Class 600 ........................ - .. -+ .......................-... 

I 
-. .- ....-. 

, , , . 
. . . I I .  

.. .. -- L --- .-. -- , , 

Superior-Inferior . .  I - - - - :  /--.I L--LL-.- . .  - 
Chest Acceleriiti on . . . . . . .  A ----..--------. . . . . .  

7 2 . 5  gls/division .- 

Filtered . . . .  

. Class 600 
......... -........... - ........................ - . .  - .- .-.......-......-. 

....... ..-. ...... - ....-. 
Left-Right ................................................... - ....... , ..... 

Chest Accel sra ti on A 

12.5 g's/division ....................................................... 

Filtered . . . . . .  ..................................... 
. . . . . . . . . . . . . . .  ...-........-.. ....... Class 600 .-.- 
.........-............... - .................................-......-.. 

. . . . . . . . . . . . . . . . . .  - .... -. -.... 
Rcsul t:?t Chest . . . . .  - . .  - - - - - - . - . . . . - - . .  . .  .. . ... . . .  
Accelerati~n . . . .  . . . . . . . . .  ........ - - - - .. . . 

..... 10 g's/divis:on 
. . . . . . .  Filtered . . ,  

Class 600 



.[cs I lu , . l t , i  ;. :I, - \I 9 2 - - . -. . . . . - -.. . . . - Tvi!. T)'i,(' F'!?'TK@-%-C?{(",?$~$- . . . . . . . . . 
[j;l,,,!i\y z -.IF: 4 p - +:-. .' ... :' ; -3 .- --- - . .- -. . - . . --- -- - . -- -- 
S l i d  Vc I V C ~  t:,!;.ji?.(jit/scc . . - - A . . . . -  25 ' en!& ' /,WF'&Csr" -. - .- . . .- - 

*,I. t.;t- !i s;?t 
Il:iarl hccci  er-i.li (j!: 
12.5 g l s / d j y j s < o n  

Iril t c i - e d  
Class 1030 

Lesill t a n t  Iksd 
I!cccScratio~i 
10 gls/division 
Filtercd 
Clilss i O I S O  --.,r-----_____- 



i e s  t l : u ~ : ! e r ~ - ~ ~ ; ~ ~ ~ ~ ?  Test Type p b ~ ~ ; : z , : - d  @&?. 
U~i::iily '7 .- y f .  ., 

._..__̂ !__XI__- ---- -- 
Sled V X c i  tr-ilA2T-f t/sec fi&c,q ,q tttst; p,q c: 7- - 

Sled Pulse 
gls/division 

Fil tercd 
Cless 60 

p f - 7  
r.' 

- i" 

Anterior-Post.crior 
Chest Acceleralicrri 
12.5 gls/divjsion 
F i  1 t e rcd  .---. 
Class 600 

Superior- Infe~ior 
Chest Accelerati on 
7 2 . 5  g's/division 
f i l  tercd 

,-/--.\. Jl 

Class 600 -___-- .-.,'-v +..A <-,--- ------- - 

Left-Right 
Clicst Acceleration , 2. 1 s/djv j i on --- -------.- >$̂--,.-*,A ---------- 
F i i  tered 
Class 609 

Rcsul t a n t  Chest ' 
F\ccel?rati on 
1(1  ~i1~/4i~~jsi~!l 
F i  I tered .-. ,'\ 

C i ~ s s  609 i 
~\ 

' I -- -- .. \.\,,.-'..'. \..- - ..-.- /- . . - 



T e s t  I;~:,:i!i.r A - LI q 3 TCS t Type iLA N r W E  7 =7@ 

r -.-- -. --.-,. -.-I. ... 
I ' . . 

Sled I1ulsc . . 
5 g l s / d i v i s i o n  - '  I , I  . .  -- 
F i 1 t c r l . d  .-.-- 1 - .  .. - L ... 

. .  Class 60 . I  ; ,  __ . , _ 
. - ......................... .- ... - ............ 

< ... -. ............... -. ..... -- - - . . .  

.. . . . . . . . . . .  -. .. .- .... 

I " '  - - -  
. .  .... 

Sup'ericir-Jnf:r;3r 

Class  1093 . . 
... , , , ....... - -- 

12.5 msec. BRUSH I '~STR~~~!EI ' ITS 2 ,  S ~ C I  

. . . .  . . . . . . .  # . L e f t - R i  cht 
! - .  . . .  Head Alccler2'j o n  . . . . . . .  -- - .... 
.. .... . . ........... . -- .............. - - - - - -. -. - - - 12.5 ~ ' s / l i , i f s i 3 n  

.......... . . .  . .. -.. F i l  t o . e d  -.t --.- 
- -  .._Ii-.-_ 

Class 1033 
- - - - - -- - - -. - - - - 

Resul t 2 n t  I i ~ ~ J  
hccel er2 t j : n  
10 g l s / d i v i s i o n  
F i l  tcrcd 
Class 1053 

Sevcrj ty I r d c v  
102 I?- j L  sccjaiv. 



Test ~ i p e  KANTwET 78 

REAR rNPAc-r 

. :  ! ' ' I  1 -  ; - +  ! - 1  I-.-.{. ' I - - : ; . . ! .  :.:..i 1.: ! i . ;  . , , , . -. 
.. . 4 .;..I ,.--...------.---I . . .  ... 

. . 1 . .  i . .- 1 .  ' . ,  

... - ............ - ..... - .+-. 1-.. . 
Sled Pulse . . . . . . . . . . . . . . .  . , ... 
5 gfs/division .............. ; .. ....-...-7.....-..........7..............- 1 -r-. . 

Fil tcrcd - - - -- - - -. - - -- -- - . - 
Class 60 

-- - - - - - -- - - - - - 
: j :  1 .  , . : - i . .  . ! , . * . .  < . . ! . . .  

4 ,  . . . . .  - - - .- - -- --- - - -. - - - - -- - -- .. . . . . .  , . .  
Anterior-Pos teri or - .......... ---- . I I . L  I !  i 
Chest AcceI~r2tion 
12.5 gts/division ! 

Filtered 
Class 600 . . . .  . . I 

Superior- Inferior 
C h e s t  Accei2r-a ti cn 

' 12.5 gls/division 
Filtered 
Class 600 

Lef t-Right 
C h e s t  L,ccs; erlticn 
1 2 . 5  gls/livision 
F i l  t e r e i  ' 
Class 630 

Resul tznt C h e s t  
E\ccclcr*~:isn 



---__I _C- 

e . f . c i i - . R i  ?iit 
iiz::d i',:tclc,1.~ii pi: 
12 .5  y ' s / d j ~ , ~ i ~ ' ; ~ ~  
F i ?  t e l - ~ d  

I 

Clasz lCOO 



Sled P:iI :c  
i; ~ ' ~ , , / : ~ ~ ~ ; j ~ j ~ n  
p i 1  t c r c L i  
Class i,J 

A i r t c r i z i x - P c s t u i o r  
Chest I , c c e l o r a t i o n  
12 .5  g l s / d i v i s i o n  
F i  1 tcrc(j _______-- - 1 . . _ - - - . - - -  

Class 603 

Superior-Infel-i or 
Chest Accel e r z t i  cn 
12.5 gls/division 
Fil terc!? 
Class 633 

----.--- --/-----*-,--.. - ..---..___/--I-- 

L e f t - R i g h t  
Chest C;-col erat ion --..- ---. 7t---------- - ----- - 
12.5 g's/division 
Fil  tercd 
Class 60(! 

Rcsul t 3 r i t  Ciiest 
P,t:ccl r; L i r ~ n  
]!j p t ~ % i . ' . ; t  d :-: I:, 

/ : i  I t P;.'~J 
i l x s  6 . 2  



Fi  ', . ,. . ' 

: L ,  8 . .  

c'-,-,- ! c .- : I I;, :.' 1 

*.LcTi-Ri!;i,t -------.--__A/.- --- 
ti?:(; li ~ e l r . r ~ t i i ~ ~  
12.5 ~ ~ t ~ / ~ i ~ ~ j s ~ ~ ~ ~ l  
Fiil t.~;:ci 
C lass  l C O O  



; ; .fi g y  

Tes t  Hu~iit!i~r iL, - ': ; , f  --. -.. --.-. ---- 
[j~l];;;!?.;~ ;. I .. \<. I . , . I  .-, I_.. -1-2 i i  

Sled Vi3-i;c.l t j f  - : r , f . % / . , / r ; i ;  

$1 cd P u l  s Y 
5 gis/divisicn 
F i 1  t p r e d  
Class El! 

Anterior-Pcstcrior 
Chest Acce ieration 
12.5 gts/division 
F i  I tered 
Class 609 

Superior-Infericr 
Chest Acceleration 
12.5 gts/division 
F i  1 tered --I. -- 

----A - -./' - ---\, ----... --,,--A,-.--- 

Class GOO 

Left-Ri ght -.-- -/-- .-.,, -..\ -.-- --------- 
Chest Accelfraticn 
12 .5  gts/division 
F i l  tercd 
Class 600 

Resultant C h e z t '  
F,ccelcraticri 
-, I . ~  rs, g ' s / d i v i s i o n  
F i  I t c rcd  
C1,:ss 600 





,. , !*/ cj 8: Test I{un>!!cr i, , . ..-' - - - .. .- T c s t  Type ; . / S : : ~ ~ - ~ . - - Y , G A R  
Dlli!i;;ly j-: - \! . - .  , . -.__ _A. _ . . : - - -  ------- 
Sled  Vcloclty. :.uLf t / s c ! c  - ~ I D A  / + * . - ? ~ s i i c - l -  -. 

Sled I1ul se  
j g l s / d i v i s i o r :  
F i  1 tiired 
C ' ~ ~ S S  GO 

F.ntc; ior-Post~r iur  
Chcs t Accel e r a t  jcr~ 
12.5 g ' s / d i i l i s i o t i  
F i  1 l.er.ed ---- -.-. 

Class 600 

S u p e r i o r - I n f e r i  c r  
C l i p s t  Acceler,;.ti on 
72.5 g l s / d i v i  s i o r i  
F i  1 tered IV. 

Cl8 .s~  600 / 'L~--,I %,.-,----, -.be. - ---- 

I..ef ti.-Ri g h t  
C i m t  Acce l  e r a t i c ! )  ---.-.- -,J ---- - ---. -- - ---. 
12,5  g l s / d i v i s i o n  
F-il tcred 
Class 603 

i:csirl t a n t  Chc-rt 
ficcc'lcr:ticn 
10 q ' ~ / d i ~ ~ ~ ~ i ~ i !  
T i ?  1.c1.cd 
~ 1 2 5 s  coo 





- 
-. - .  - 

SUYIIWRY DATA CtIEST A C C E L i i \ F \ T I O i ; S  

. . i.-L.. '-. . ... i ....... :.-- .... --.--- 1.. ... 
i . ! ! .  

.......... . . . . . . . .  ......... ....... Sled Pu1 se - 
. . . . .  ....... -__ . . . . . . . .  -, . 

5 gls/division . -. 

Filtered 1 . , 
............... .- .............. - ..... -. .............. -- -- -- ----.  

Class 60 , . ,  
.......... -. ..........-.-. --;- - +- - - - -  . . ,  

.......... ... 12.5 g's/division 
F i  1 tered .............................. . . . . .- . . . . . .  ..--.... 
Class 600 

! 
. . .  : !  ......... ..- ! .-..- : L ;-.--.. . . . . i i .  

8 , .  ............................ ,._ ... 
< . .  

. , .  , , ,' 9 .  , , I !  

. . . . . . . . . . .  ....... Superior-Inferior - .--- 
' ..........-.... ....... ........... .. ....-.--.-. Chest Accelerati on - -- - - 

, . 12.5 o ~ s / d i v i s i o n  ---- 
Fil teted' 
Class 6 0 0  

i 

-4 1 2 . 5  msec. 

. . . . . . . . . . . .  . . - . .  Left-Right . - 
Chest Acceleration - 

- . . . . . - . - . . . . .  ... .. .....-.... . -. .. 12.5 gls/division -- - - - -- - - , . 
. . .. - . . -  . . . . . . . . . - .  . Filtered a 

' ; - 
. . . . - . . . - . . .  ...... . . . ...-....- 

Class 630 
. . - - . - . . - - - - - - - - 
, .......................-. .-. ..-...... - .-. ..... --. ......- 

Resultant Chest 
Acceleration 
10 gls/division 
Filtered 
Class 600 

. . 



-.. .., -.+---y 
~.Ler't.Fli g i i t  

l!cr:ii i : c i c?c i . ; i t i on  
12.5 g':/ci.,l:.is.i2n 
F i l  trrcid , 
Class 100g 



Sled  Pol se 
5 ! ) ' s / d i v i s i o r !  
F i  1 t s c d  
Cla<.s 60 

Anterior-Posterior 
Ches t  Accele1-atic,;7 
12.5 g l s / d i v i s i o n  
Fi l  t e r e d  - ~ 

.---.A/- _____-..--.---____ 

Class 600 - "u,"-J' 

Sup2rior-Inferior 
Chest I icccle,-a' i i  on 
12.5 q l s / d i v i s i o n  
F i l t e r e d  

-f' d\l> Class 600 <q, / ----vL,\. . - 

 eft-~icht pJ-\ 
Chest Acccl e , - a t j c i l  - - - . - I  ',",~------ --------- ---- . - 
12.5 g f s / d i v i s i o f i  
Fil tered 
Class 600 

Rcsul t z n t  Chest 
F:cceic~.c?tion 
10 q l s , / J i v i s j o ~ ~  
F i l  i ~ , > p t i  
C i a s s  !;C'S 



Ecs\~' i  t a n t  Head 
Accclrr.ticn 
20 g ' s / d i v i s i o ! i  
Fil i c I . ;d  
C 1 z s s  1 C 3 9  



2 :  / y p p  
T e s t  1iiin;bc.r 6': *. --------- Test l y p e  ____---- 
I)un,.ny .= , * - a  CP /.,,f:p,i'~i :=,n-;;~-t-- c> Ot4 ;2. :;.-- ,,,-.-.:;, 1. ..---- 
Sled  ' J c  I G L ~ ~ J - , , ; ~ . : . ~ ~  f ~ / S C C  -- :, , c,:.e / / , . a  ,c:: :'-7" - . .- 

Sled P u l s ~  
g 1 s / d i v i s i o r l  

F i l  tf:l'ed 
Class 00 

Antsrior-Posterior 
C l ~ e s t  Accc l t . i *a t , ion 
12.5 g ' s / d i v i s i o n  ----. *----- __ ...- r i  1 tered 
C l a s s  600 

-%f~-l' 

Superior- Inf e r i  or 
Chest A c c e l e r a t i o n  
12.5 g l s / d i v i s i o n  I 

F i l  k r e d  --- A w ' !  ;A, Class 600 
. - - - - -  

A 
8 

Left -Ri~ht  
1, 

....--- .-"' /'. !;Y 
Chest A c c e l e t - a t i a n  --------- j/ L.uz-,_--- --__-_-_-...... 

12.5 y l s / d i v i s i o n  
Fi l  tered 
Class  600 

Rcsul l a n t  Chest 
Acceleration i ' ,  \ , 

10 ~ ' s / c ; ~ v : ~ ~ ( J I \  '! 
( ! ) \  

F i  1 t e red  !i. ! : . ,  

Z:lnss kCiO 
, 

I .  i j r - - .  ., 
. .... - -- - 



T C S ~  l i l l ! rbcr --- A-500 T - r +  I C J L  T J p ~  .rnn STRoi-G-c *~C30- 

D l  3 - y ~ ~ g  -- -- 
Sled Veioci  t?=i:/sx SIDE I M P ~ C T  

. .  .-.. .. c r --- -I-.<.. 2-2- ..I -. _ ..- _ ...-. 
Sled Pulse . I 

, :  
... L. 

5 g ' s l d i i f i  s i o n  . . , 

F i l t e r e d  ----& 

; , , - - T i - - -  -+. : , . Clzss 60 r__._____________.. /_. ..__._. __... _ _ _  _ ~ _ _ _ _  . ._ . .  
: I '  

, ! ...--.. . p--,-. . . -  -. .- --..- I -. ... - -: -- 
I I 3  

...-...-...... --- - - ... .. . - - . . . .  ..:.- 
Ar,tel*i:~r-P;:?:crior .................... - . . .  ............ 

. , . . ..-.. Fi1 tcrcii - +-._- 
, , 

.....-.... ... ..... - .. .... . . Cless 1G29 - -. -. : - - - - - *.-.L .2._- i 
! .  . , , , 

.. --: - i- .r -.TiL-I.i-_ .-.... 1 :.-. . . ! I . . . ....... -.!-. 2 LA.-* -. -:.-A .-.. :-:-. -:... .-- 
I . :  . , I ( , 1 1 / " ,  i 

- L L  .-.. 1 - L - i . - 2  ...-I- JI.-L--.I 

...... 

Superior- l n f ~ r i . ~ r  . ..... .... ............. - . 
}lead hccc.1 ,!-Lt:cn - - - 

! ' 
........ 12.5 g's/divisic;; . I ................... - . . . . . . . . . . .  ... I F i l t c r e d  I .- -. 

................ --.-.- - ....... --- ....... Class 1GC3 . . 

. - 1 2 . 5  msec. 

*. teft-Ri g!: t 
Hezd Acccl,.cr~ L ion 
12 .5  gis/ t i ivisi i : l  
F i l  t c r s d  

, Class lOCO 

.... . . . . . . .  . . - . . . . .  - -.... - .-...... - - ......... - ......... - -- 
Resultant  ii2.d .. - ...... ., - -. --- - -- -. - . - - - - - I . 

-. ......-...... . . . . .  ................................ Acce1sr:iicn - - -. - -. 

- . -  - .  -. .... . . . .  10 g ' s l d i v i s i c n  .- 
........ . . . . . .  F i l  t e rd  

........ . Class 10C3 

r-- -------;------;--. *--4 - - ----- - .......... 



SU!i:.I."IP,Y DATA Ct iEST A C C i L E i l A T I O E I S  

Test I:u~~~ber A - 500 
Dunmy 3 - y ~ n ; :  

- Sled 'Velocl t y  2 9 .  a t t/sec 

Test Type ss;rb?o LE  E e-0 

.- 

SIDE I W P r i c T  

. . . .  - . . 7- 
. I .  I ' !  lL-,-4. , . .  , ---- :-. . .  ,. : . . .  .! , , , .  . , . 

, .  t , . . , , ,  
j / .  Sled Pulse - A ...--..-- --. -. .. ... 

. . . . .  ..... . . . - .  5 gls/division I , ,.__ 

--- 
1 ' ;  

Filtered +- 
--- 

....... . . .  Class 60 , . ,  : : ;-c-~.-.L I- , , . , 

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

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

---- .. .... ' - -  .-- . ., , . .  ------ *-- . , , . I , : : , .  , , , . Anterior-Posterior . . - - -  . :--- . . .  , . ' . ...... 
' ! . , , . .  , . . ,  .. . , . - '  . Chest Acceleration - -.-L-:--LL-----L----~ 

, . , . 
........... 12.5 gls/division I . . .  ....... 

Filtered 
Class 600 ....- - - , . ,  ,. . - ,  

; ! . a  . , I  , . I  , , . .  
7i.--d--i-:- - ,  , - -. - , .  , + . 

L .  ' I : ,  
L -I-- -. -.+A---- . . -2 .---. . - 

, , i . 8 I '  . . .... --A-- -.--- 
5 .  -I----- 

- -. -. - 
, . , . ,  . . : , i l , , . : . . . j .  8 , .  f - , . 
i - - [  , 

t) 
- 

Y U 

, . ,  , , ( .  

, . 
Superior-Inferior - .--- + - ---- . . . .  - - - - ., . . 2 4 ! . i  ; . : : . . ! : , : .  , , 

. . 
Chest Accelerati cn .......... . , , .......... 

12.5 y's/division ----A- 

' Filtered ........ ..... ... . .  -- -. -- -. -- 

. Class 600 

-- ---- . . . 4 
.- - ----  

Left-Ri~ht , . 
. . . . .  .. - - . . .  

Chest J,cc:lerat,isn 
12.5 gls/division .............. - ........ - - ........ - . . . . .  

Filtered : , . !  . . ,  - - . - -. - - -- - . .-- - -. -. -- -- - .- -- - -. .- . - - - - -. - . . -. 

Class GCO - . - - ................ .- ...... - ... -- ......... .- ... - . . . . . .  

. . . . . . . . . . .  -. . -. ...................... -- --- .. -. . .  
Resultant Chest . . . . . .  - . . .  -- - . - .. - - ... ... - - - . 
Accelerztion . . . . . . - . .  - - ... , . - ... - - -. .. - -. -. -- .... - .... -- -. - -. . .  - . .  

10 gls/divisicn ....................... -. . 
- .  - - - . . .  ...-.... Fil tcred - - 

Class 600 
. . 



*. l .~Ft.- I:; ?h.t 
lic:-(I [.:r,pl c-l.c?ij cn 
1 ? . 5  p ' s / d i \ - i s i c l n  
F i l  . l ,~rcr j  
Class 10110 

Rcsul t s i l t  Head 
hcccl c1.2 ti:,n 



T e s t  / { " ~ ~ ~ ~ ~ r  J! - 5 0;' -- .- Tcs t Ty pc PLT 7;:,?!? .S ~ f i !  ,-c.115 
bumy 2- - 2 .  .- ..'L fi. 3 I 

--L I .--- _--I__-.-- 
-.--.- 

Sled V e l o c i t y  :?oOg f L / S Q C  5 I L;-[:-~ 1 fq PA cv -7- 

Sled Pulse 
5 gls/division 
F i  1 tered 
Class 60 

Anterior-Posterior 
Chez t  Accel?r?tion 
12.5 y's/division 
Fi 1 tered - -.- , , ~ . , F ~ Y ~ - \ - ,  V--------- 

Class 600 

Superior-Infcrior 
Chest Acceleration 
12.5 g's/division 
Fil tcred 
Class 600 

Lef t-Ri g i l t  
Chest Acceleration --- -...--- / "dflxp cp'--,---I /-__---- 

12.5 gls/division 
Fi l te red  
Class 600 

Resultant C h e s t  
/iccclcr:jti:.n 
10 g1s/divi3icn 
Fi 1 tc-rcd 
Class G O O  



Tes l Ir~.::,,lrr A - d 
-. -..-- ~ o t  ~ y p c  &N%AGT 4~ 

DL:!,,,;:~ 3 - y~~~~ 
Sled \ ' ~ l o ~ i  t y J ~ $ T t / s e c  slnr  I I ~ ~ P A c T  

-r 
I 

:.. .. . . - i  . . . . -  i . - - . .  . . . . . .  - 
, I '  . . .  .-.-. Sled Pulse 1 , 7 .. , . . I  ii , a  -..-L.--L--.--:. :. 

, , T . , ,  5 g l s / ~ j , , i s i o n  . -.:.- . .--; , .... --: -..- 
. , ,  

) - -I---- ! 
Fil tcl-ed --T-T--- -, -' 

------ 

Class 60 

............... .... ...................... Antcricr-Po::erior I 

...... -I i. -. .... ..... .... -I ..-.- --- :.-- . .  . Fi I t2ri .J . . .  , , . . ...... --.r. ... --.:.  .. .... ,. ": -,  
' Class 1633 # I  .... . , ........ . , 

, ,-:.- '...--..--'-I--- l-.- 

Su jcrior- I n f e r i o r  
Head k~ce lc~-? . i , i  zn 
12.5 $'s/2:visim 
F i l t t r c d  
Class i:30 

..Left-P,ici?t 
tlesd Arcelerat i  cn 
12.5 gls/divisicn 
Filtered 
Class  1603 

Resul t:nt l e a d  
Accel~ra  t ion 
10 gls/division . - . - - -. - . . . . .  . . . . . . . . .  

Filtered .. . .  ... .. . 

. Class  lC30 .... . 

. . .  ........-.. -. ................................... -. S e v c r j  ty Index . . 
, ,  i .- ..- . . . .  - . - - .  - -- ... .- .. -- ...... ..-....... - - 

100 g" '  s c c / d i v .  . - - . . . . . . . . . . . . . . . . . .  ........ 



Test tiun)ber /?- 502 
Duaigy ,3 - y r,? i:< 

Sled Ve o c ~ t y y & . ~ $  ft/sec 

Sled Pulse 
5 gis/division 
F i  1 tered 
Class 60 

Test Type K'AhfTbvET "78 

FT i tered* 
Class 600 

Superior-1 nferior 
Chest Acceleration 

, 12.5 gls/division 
Filtered 

. Class 600 

Left-Ri ght 
Chest ~ccelerzfion 
12.5 g1s/division 
Filtered 
Class 600 

Resultant Ches t  
Acceleration 
10 g'sldivision 
Fil tcred 
.Class 600 

L . .  . 1 . . . . . . .  - a -. . . . .  



T ~ ~ L  I. ",,..t i~d~~#J;r-b: 5O3 T f s t  T y r z [ ] L j R P  G-YLtlR ---- 
--.-.--- - .  

-.. - .. . .-. . Du;,:i;6_ 6 -  y.:,.:~ 
Sled \'eloci ty~.0.2jtlscc sID&f&fpB~i'Z:- 

Sled Pulse 
5 g'sldivision 
Filtered 
Class ' 60 

Supzrior- I n f e r i o r  
Ee3d A c c e i  et-: i i  o;, 
12.5 g is /d i : l i s io r ,  
F i l t e r e d  
Ciass 1090 

. - . . . - - . . . .  - .... 
* .Left-Rich t . - - .- -- - - - - -. - -- - - .-..--... - . - . - . - .... - .... 
tiead A c c e l e r a t i o n  . . . I\ ............. . . . . . . .  

12.5 p ' s / d i ~ ~ i s i c n  . . .  . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  F i l  tet.e? ... . . . .  

Class 1003 j -- 

. . . . . . . . . . . . . .  f i l  terc:! . . 

. . . . . . .  Class 1220 ... - 



I 
Test I:umber A- 503 Test Type S R I  6 - YEAR I 

Dur;:ny 6 - y z a  A~L ! 
. Sled 30.2 t t l s e c  SIDE l / . . I P A C T  1 

I 
- - . . .  

--- - . . . .  . . .  1 . :  ? 1 . . , - .  . . : . . ,  b . { 7 , . k:.. 
, . , . ,  

, , . . , . , .  !..i:--:...1- -. _.; !--.**_.... . . . .  .' I 
) .  

. . . . .  , c 
. , I  

i 
;.-A_.: ..-. L.i- -.-: --..---- 1 .-.,.. ... , , . . . m , , . . ,  . :  i ' ' . , . , 

* , ,  . , 
Sled Pulse ..... . ..... --.- , , ,  -.-.+ 1 

gls/division . - . . . . . . . .  '..: 

........ Filtered .- 4 

Class 6 0  

.- - - - - ---.--- -- . . . .  . . . . . . ! i l '  

, , . . I .  
Anterior-Pos terior ........ - .- . - .............. - - . - .. .- - I . , -- + . - - - -- - ..- .. - . -. , 8 

Chest Acceleration ........... - . -. . - . - - ...~-7- - -.-: ..... -. 

12.5 gts/division . . . - .  - .. -- . -. .. - .. - ..... --- . - - . . , . . . .. --- -. -. - - -- 
i 

Filtered . . 
...... - . - ...... - ... - .......... - .. -. ... - - - . - . -. -. -. - -. -- - -. -- Class 600 , , , . ,  ... .- . . . . . .  - - --. - - .. -- -. .. .. - --.-- .... 

Superior-Inferior 
Chest Acceleration 
12.5 g'sldivi sion 

, Filtered 
Class 600 

Left-Right 
Chest Acceleration 
12.5 g'sldivision 
Filtered 
Class 600 

Rcsul t m t  Chest. 
P,ccelcrst i o n  
1 0  gts/division 
Filtered 
Class ECr3 



Tcs t llu:l!!nr --{-- /I - 503 I T e s t  Type 7 r -  GUAP 5 ' 

Sled Veloci t y ~ ~ f t l s e c  I M P A C T  

t : . ; ! , ,  : !  ; - I : : .  
Sled Pulse . I ! I  . I ..-,- i i-..+ .-.-+ :-- .. . - - --. - 

, , 5 ,  t .  . , , :  5 gls/,Jivjsion :.- :-.- .. --.-- :.-' ---...---.-..-. .--....... 
, , . , )  , . !  9 .  

1 j : :  

F i l  tercd ---- , . -- . I ! .. ..... ... ....... ...-...... 
Class 60 

,-.- -: ;- ,-! - 
' . I  i :_i.-.f'-y-1-... i-:--iL---;-~ ..... 

hnterjor-PcsiErjo,. . . . . . . . . . .  - ... - .- ........ .- . . - - - - . - . - -  
.- . - 

-- 
.- ............... .- * - ... 

F i l  tercd I . ...-- -- .. -- ..... 
, Class 1033 ' . I ,  

! .. .. . .  r-.-' ,- ..-- ---" . ....... 
. , ,,- .. .- - . - - -. -- - - .... - -.. - .. ---- L--' - . - -. -- ... ... 

L 1 1--. L-I-L.,-----L- . . - - - - - - -. . - -. . - - 
! . . .  i 

I 

$ ~ $ ~ ~ i o r - I ~ f p r ; ' o r  . . . . . . . - . . . .  

Hesd /scc?lerat.; cn .... ....... . . . . . .  ................... 
12.5 g l s / d i v i s i c r i  . . . . . .  - . . .  - . - ... - - ........ - - . - - ......... - . . . .  -. . 
f-jlt:r,?J -.-- :..-~-.1.. . ... 

. , Clzss 1CG3 --.-. .-. .- . -..---7-.-: - 
, , .- . -- - ---I-=--' . - 7 '12 .5  me;, i 

.. Fi l tered  
, Class 1CCO 

-- ........-........ ---- .. - -- 
Resul tznt  l : 2 i d  - -  - . . . . . . . . . . . . . . . . . . . .  
Acct1er.z t i o : i  ............ 
10  g ' s i d : v i s i c n  
F i l  tcrc! 

. Class lCC3 . - -  ..... .... 



- 
SU!~:.MRY D A T A  C I i E S T  A C C E L E R t l T  I O:IS 

Test t:gnCer /J- 5 0 4 T e s t  TY pe TOT:G_U~LRD- 

S l e d  Pulse 
5 g l s / d i v i s i o n  
Fil tcrcci 
C l a s s  60 

Anter io r -Pos  t e r i o r  
Chest A c c e l e r a t i o n  
12 .5  g ' s l d i v i s i o n  
F i l t e r e d  
Class 663 

............. - .... ..-. -- .... .......-..-..--.-...-.-.. 
S u p e r i o r - I n f e r i o r  . .  , . , , . ,  ......-.. ....... .--, .-....-. .. -- .. .- .- - . - - . .  
Chest A c c 2 l e r a t i  on . . I ! ! ............... -- ...... -2 - .  ----. ................-....-. 
12.5 g l s / d i v i s i o n  . - -------- -- -- Fil t e r e a  .-.... - ................ 

.' C l a s s  600 
......................................... .- ......-.............- 

.-....... ........-...... - ........ - ..-....... 
... - ..... -- . - - - .....-- - -.-.... 

4 12.5 rnsec. I 

Left -% ch: 
C h e s t  kcc?ier2ti~n 
12 .5  g ' s / d i v i s i o f i  
F i l t e r e d  
Class 609 

Rcsul t z r  t Chest . 
Acceler2ticn 
10 g ' s l d i v i s i o n  
F i l  tersd 
C l a s s  E C O  



Test  Type TOT- GU.4.g.D . . 

Sled \'el o c i  t y & x i L / s e c  FRO-, IMPACT 

---;. - *  L--- :-.- .- ;-- . .  , . . s . .  . . . . , . 

Sled Pulse . . . / . . .... ...-.--- ---- & .. ---.--.. ...... , . I t 

I 

- - I 
5 gls/division : , . , -- ---T-------T-- 

. , ! I 
... .... ...... ..... Fi 1  tered I +- i -2 

3 .  . , , . I 
.- -- - .-- - .- -. .......... 

I 
Class 69 I '  . , . .  .-: -..... -.:.. ...... ' j 

" .  5 : ' '  ........... -- .... - ....... - . -. -. ----- ......-.-. , , 

Fil tcrerl , , . . . . .  ,_-_. ............ .___.-I.-- -. 
Class 1033 , I #  I !  . , , .  , , , . , , 

?-,.-., - -  - 

S i ~ p ' e r i c ? - I ~ T e r i ~ r  
tlead i:ccel t i - a l i s n  
12.5 ~'s!division 

i,:t i d  F i i 2 . - - - I  
Class 1023 

#.Left-Ri g h t  
Head itccelcr.;t ion 
12.5 g's/jivi;i;n 

Fil t e r c d  
Class 1GS3 

Resul t:nt Head 
Accel ci.2 ti$:) 
10 g 4 s / d i v i s i c n  
Fil tersd 

. Class 1C;3 



T e s t  ?lumber 4- 5 0  5 
D ~ f i i ~ y  , 4 - :,,%: f~ 

Sled V e i o c l  t y  ;;o. .T f:/sec 

Sled Pulse 
5 gls/division 
F i 1  tered 
Class 60 

Anterior-Posterior 
Chest Acc2leration 
12.5 g 1  sldivision 
Filtered 
Class 600 

Superior-Inferior 
Chest Acce1er:tion 
12.5 gis/division 
Filtered 
Class 000 

Left-Right 
Chest Accelsr2ticn 
12.5 gls/division 
Filtered 
Class 630 

Result2nt Ches t '  
Acceleraticn 
10 ylsldivisicn 
F i l  tersd 
Class GCO 

T e s t  Type T ~ T -  G U A R ~  



--. - .. 
Tcst I;~.,,tisr /I - 506 

- L - - - - - - - - : i _  _. . 
----- T e s t  ~ y p ~  --.- 6-YEA.?,, 

Sled Veloci ty_?oJff/sec 

............. ..- . .- - -. . - -  . . . . .  
............... L-. ............... , ........... - - - -.-.--...-. 

t -  . ..... . - t+!.- . . , : . 1-L I ( . ,  L ---..-------.-.f-.--... , . 
Sled Pulse ,! .'--.-:.-: - - - : + :-- -.&.-i - i . - - ~  - .. - . . 

I .  
. . ' . , . 5 glsjdivision ........ I 4 i . . - .... :. . . . .  

Fil  tcred I ' --------.------ - . 8 . . - 
.............. .... . .  Class 60 L /. L -+ -.: . .  . - ............ ' -  .. -.:. ; . 

....... . . ..... . - - ...-.. .- . -. ..... -. - ........ I 

. ........................ _ ......... . .  

hntcricr-Pc;t~7rirj~r . . 

y e r d  A c c e l i r ~ ? i o  
L . 5  g ' s /d i i r is icn,  

Fil ; e r e ~  ....... ..... . ..... Class 10C3 _ .._. ^ .._. .___ _ _-._LL_._. 
I .  ... ... . i-; L , -.I . , ! ' 

12.5 ~ ' > / d i ' v j j f : ;  
Fil tcred 
Class IOCO 

#.Left-?,i ~h t 
tlead /.icel:r.tisn 
12.5 g's/division 
F i 7  tered 

. Class 1959 

Resul t jnt  t !e~Ci 
Acceler:t?c~ 
10 g's!division 
Filter?:! 

. C l a s s  1C33 



. . L - 

SUI.1:WRY DATA CliiST ACCELERATi Oils . I 
I 

Test tlur.ter 4 -mi% 
Dunrmy 6 - y.?:,:~ 3 
--7--- -- 

Sled veiocltj .:,cj.y ~ i , s c c  

I 

T e s t  f r p e > ~  R I G - YEAR 

Sled Pulse 
5 gls/division 
F i l  tcred 
Class 60 

, . , . . .  .... Anterior-Posterior ._ 
--! . , . , 

. . .  . Chest Acceleration ...-.,.-.----- - 
... , .--.....--. -.-. - .L .- ..-.- 

12.5 gts/division 
..... - ..... . . . . .  .... -. 

Fi l t e red  . . . , 

Class 600 . - -. -. . - . ... -- 
.... - ...-... - - . - ....... , - . - ....... -- -- ....... 

- .. -. - -.. - . . . . . . . . . .  - ... - ............- - .. -. .. - .. .. 

. . 
. . . . . . . . . . . . . . .-. .  * -. ..... --- .... -. . -. ... ..... Superior-Inferi or 
. . - . . . . - .  - Chest Acceleration - 
. . . .  ......... . -  12.5 gls/division 

Filtered 
- . -. - . -- - - - - --. - - - . - -- - - - -. -. - - - -- -. - -- -. - - -- - 

............................................... 
Class 600 

i 

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

.......-............... . . . . . . . . .  .... . . . . .  L e f t - R i g h t  - - - 
. . . . . . . .  ............................. Chest Acceleration - 

12.5 gls/division - 
-. . . - - . . . . . . . . . . . . . . . . . . . . . . . .  ---. Filtered . . .  - . .  . . .  

Class 630 
. . 

. . . . . . . . . . . . .  . . . . . . . . . .  

Resul t s n t  Chest 
. -... . . . . .  .. - - - -..-....... -- - - .- .-.. - -- - - -- -- - - . . . .  Acceleration 

10 g'sldivision 
Fil tercd 
Class 605 

c -  - L \ ~ - - -  



Test :::. ;,l,cr 4- 50 7 ---- Test  T y ? c A Z - R I  6-YEAR -- 
Dun?,n;' 6 - \ L : F , ~  -c 
Sled \ reloci  t y ~ i i l s e c  . FRONTAL IMPACT 

Sled Pulse 
5 gls/division 
Fil tercd 
Class 60 

A n t c r i c r - ? o j t e r i o r  
t l tad i\.ccc-1 eraxi  on 
12.5 5 ' s / d i ~ ' i ~ i ' : n  
Fil tercd 
Class 1033 

, . 
L.. .. .......- -- -. -.,... r..- -. .. . . : / I  

. , 

... 

Sl,perior-Infcrjor . .  

ticad k c c c l  c ra t i  i n  .. ,-- 
-;- - - iuV . .- -.- - . ~  . .. 12,5 gt: , / i f$; j : jc , ]  

. . . . . . . . . . . . . .  - .. - - ..... 
Fi 1 terca - - . - . . . -- . - . - . . . . . . . .  --.- ... . . . A  

Class 1030 I , . / I _  . 1 . - L  --+-.-. , . 
! L . . ---- L L U - - -  - -. 

12 .5  msec. 

r- - - - -- - - - -- - - - 1- ------ 
! 

#.Left-Ri ;ht 
tlcad l i c c ~ l e r a t i o n  
12.5 ylsidivisic:: 
Fil t c r e d  
Class 1GOO 

R e s u l t a n t  Bead 
hccelerzrion 
10 gls/divisian 
Fil t c rx i  
Class 1029 

Severi t:~ !ndcx 
2C0 g'. 5 csc/?iv. 



T e s t  f:va,ter --- A-507 - - . - 

Sled Pulse 
5 g's/divisicn 
Fil t c r d  
Class 60 

Anteri or-Posterior 
Chest A c c e i e r a t i ~ n  
12.5 y'sjdivision 
F i  1 tcred 
Class 603 

. . 

. - Superior- Inferior 
Chest Accelera t ion 
12.5 g8s/division 
Fil tcrcd 

. Class 600 

Lef t-Ri g h t  
Chest Accelera t ion 
12.5 g8s/division 
Fil t-?rcd 
Class 605 

Resultant C h ~ s t  
Acce1c1-a t i=n  
10 g8s/di*:ision 
Fil tel-c: 
Clsss  t'23 



cl<:t!-, f!. f"" 

-- Id L --.-...------ 
ri;ili.! I . ' i .  : ' : .-,icj. l o t  - -  

--- /--- 
-.--- -I--- 

} ; :> i ; [ ;  ; . ( , , :,{*>> ( ; 
Z $ , [ ,  ~?':,;;.,j': i<l<!.; 

t ~ ,  -.: 

1 L e f t - R i v h t  
Ilea(; iicc.ci ?~-;..licn 
25 .0  g1s/di \ : is icn 
Fi1tcr.t.d 
Class 1689 

Eesul l?r , t  I lchd 
!,ccclt~.;.:ion 
10 gls/division 
Fil l c ~ ~ : !  
Class 10;13 



' L; r">,j". 
T e s t  t { \ ~ i ; ; ! j ~ ~  ,.'.',' \ ,d +LA* , , , ' r \  t c i, 'i' 4,g - t ;p ;? - A-.. --- - - ---- - - . - --. -.. .. -. .- T e s t  TJ , ; ( - (~ t ) .L2 , ; -4L~2-+-  
I : : . .. . . , : 

4 .-.. . ' .. . . . -- --..-------- --- 
S I P ~  \ / e l ~ < .  I iy  -,,-- ; > i , l i ~ / > : , ~  &=. p*F , ., :+ ,/ -:: .; fw /;4: {a ?;;2- 

-, f ~*.~V-'.AL.U..- 
'2 - 

- Sled P u l  sc 
5 g t s / t i i v i r i c i i  
F i l  tcrcd 
Class 60 

~ . i  1 t e &  _ _ _  Jb \-4-/----- Class 600 
.--*'-- 

S!~~)~r io r - I~- rc ; - io r  
Ci:cst i;ccclc:-?I i on 
1 2 . 5  y ' s / d i y j s j 3 n  

F i ?  tered 
Class GOO -. - . . .- . - . -.--.., 

i, 
, - ~  --,.---- ../'\--,., --' . '  .,," ..-- -. ---- 

I 

-'L$L., ' 

I 

Lcft-l?i g h l  
Cticst A c c e l ~ r ~ a t i c n  _-._...- --,- \ .  -----------.-----I"\-.--.-- .-.---.-. 
1 2 . 5  gis/divisicn 
Ff 1 l e w d  
Class GO9 - ' 

P.:s::l t:.n t Ches t  
Iicrcl r,.a;ion 
10 g ' s / d ' . ~ i s i o l i  
j'i 1 :.cd 
cl;;5s cz:] 



Lcft..P,iri;t 
I(!is(l i , cc ic , . ,?  i:i cn  
25.0 g l > , / d i \ f j s  i< j : l  
F i l  t ~ r d  
Class 1033 

Resultant t 'ezd 
kcceler+ticn 
10 g l < / c i ; ~ i s i o n  
f i l  tc-id 
Class 10C: 



I*.. 

['!u;llqiy : - & / ,.,: . * > 

.----I . -.-L .. ,. J '. r --..---- 
Sled Vc ~oc;:y-~&,~;f t/:c:c 

Sl cci Pu'l :. P 

5 s's/tii-!ision 
F i  1 iercd 
Class 69 

hntcrior-Posterior 
Chest kccc?cralion 
12.5 gts/division 
F i  1 t e r e d  ----- +/\/ -. \/--- 

--\ 
Class 600 

Superior- Inferior 
Chest kcccl c r a l i  on 
12.5  y1s/divjsjon 
Filtered 
Class G33 

Lef t -R i  g h t  
Chest iiccclerstion ----~~,-l~--' i.---,---- -- --qN--. --------- 
12.5 g1s/division 
Fi l te red  . 

Class 600 

Resul t>n t  C k s t  
l ,ccelr ; \s t  i sr l  

10 g ' : / d ~ \ ~ i s i o n  
Fi !  t . ~ r . t . ~ l  
Class tG3 



n . L t f t - i : i  c h i  ----. J L---.--- uv: 
lloail h iccSer? t i  c'n 

v'-'--.- 
12.5  ~ f ~ / c i : ~ : i ; i o n  
F i i  tpr;  d 
Class 1099 

l:csi!l tznt !:?ad 
I ; c c c . i c ~ ~ a t i ~ n  
1 0  9 ' ~ / d i \ ~ i s i i . n  
F i l  tr.1.:3 ,I 

. Clzss 10:3 . ..d .-- 



'.led I'vl se  
5 g t s / t . d i v i s i cn  
F i  I icred 
Class GG I ,,:\, " 'Lri.,-, 

r , , L  
, ' ; I  ' 
, . 

', 
\. 

Anterior-Posterior 
Chest F , c c c I e r ? t i a n  
12.5 $ ' ~ / d i \ / i s i o i i  
Fi 1 tw.5 -- - . . . . f i  - P I - -  

Class 600 
. . 

Superior-Inicrior 
Chcst A c c c i e r  a t i o n  
12.5 g ' s / t l i : r i s i c i i  
Fil 'iered 
Clsss 600 .-- --- * h,, \J\r.--/-- -L-~.-*- ,J'. . 

\ lA, ,, ./' 

, 
Lcf t-Ri g i l t  
Chest  i , c c e l ~ . r a i i o n  .. ,/" '\F- --?",...r-%y--- 

12.5 g ' s l d i v i s i o n  
Fil tercd 
C l a s s  600 .. 



~ e s  t il!.::i:!!.?r' - 5/3 - Tes t  Type STROLEG H590  

D L I ; I ; ~ ~ - J ~ + ! ~ ~  3 
Sled V e l o c i t y ~ f t / s e c  FRONTAL ItYIPA cT (~/13_r3 ~3 aY) 

t ...... . - .  . . , , . . r-T ----.T-. -.T-' --, .- -- " 
. , . 1 , , ,  a , 4 L .  ; I .  

- .- - - ... ... ... . . . . . . . . . . . . . . . . . . . . . . . . .  ..... 
-!- - ... ----.-: .-.----.--.. ..- , < , , 

.. - 

Sled  Pulse ' 1 ; ' : '  . , 1 

.... . , l-._..-.:.. -..- I-.:-.L.LYI..+. :-A .-I 
. , ,  

i ' 
. , , . ,  5 g l s / d i v i s i o n  . 1. i.. -- -: .-L .:-.:..--.--.-I : ' L. ...... 

( I ' 

Fi 1 tercd ; 1 
I . . , . , . , ....... Class GO L : , .  . , -.-I 

:. ..:-. -1 - ........-. ... .. 
. . . . . . . . .  ..- - .-  - -  

. . . . . . . . . .  !---- -- 

. . . . .  (Iqad A c c i ?  r r ~ i i p n  - 
.5 g l s /o i \ ' i s ;on  

- - - -. - - , ... .. . . ...-.... ... F i  1 t e r e d  - .* 
! ................ ... ... ..-..- Class 1033 -- -.-- 

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

S ~ ~ p ' e r i o r -  1nferi:or 
! ( cad  / , ,cccjcy2t jon-  . 
12.5 51s/? iv j : . jcn 
I:<>&.: ,.,. 2 

I r &..I i u  . , I  .- .-.: .......... I - . .  ...-. L-.L-- .. Class 1633 . . .  I -- - tT-.- - --.-i-- .---L_L_-_ ;-- 

r-T ?_/ 
1 

---- .L ,--.- 
I !  . 

.............. ............ ............. .. .- -. - -- .- ---- - 
I ' , i .. . --.-- . . .  

........ ......-..--.. .. -..- ,-. L 

...... ...... ...........-...- .. . . .  - 
t .Lcf t -k i~ht  

....... ..................... ... Head hccel c r - a t i o n  .- --- - -  
! 

.............. .............. . --............... 12.5 g t s / ' i v i s i c n  , - 
.............. ............ .-..- - . F i l t e r e d  -r 

- ......... - .-... ...... ..... 
. Class 1003 , , .  : I -. . A . 

-.. I . .  ............. .......-.-... . .- . ~ .  . 

I - - - . - -- - .- .- . - -.. ----- 
--f 

. ........ ! 
I . . .  ................. -- - . - +  

I I 
. - ........... - .-...... -- ... .... - .. - .. - .  . . - .... - .. 

- . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

Resultant  1ie.d 
Accelcr-2 t i o n  

.................. 
10 ~ ' ~ / d i v i s i o n  ....... 
Fi 1 t e rcd  r-.-- - ...... ..... . . . . .  . Class 1 C S 3  ... ................. - . . . . . . .  - . . .  

i 

. , , I 

I 
--.---.-.--.--r----..-.--.----..-.- ..-- -.-! -- 

I ..........-....... - - . . . . . . . . .  - ......-...- , .......... - 
. .  - . . . . . . . . .  . . .  . . . . 
................................. 

...................... Sever j  ty  I r ,dcx  
103 g. ... s e c / ~ i v ,  ...... ---- .... ....... .... .- -- - - ... -- 

. . .  . . . . . .  . . 

. . . . . . .  . . 

. .  -. . . . . .  . . .  . . . . . . .  
. . . . . . . . . .  I . . .  



Test Iluii~ber A- 513 Test Type S T R O L E E  * S $ O  
DUELTY kT - !/ .:.:.*? ,? 

. Sled WOC;~~ i j , : ; . ~  T L / S C C  f Ronl7AL i f 4 i ; l C T  (o/A) /$5 /T/OH) 

, . . . 
7 7 - i  f - y - - -  
. I .  . .  ! .. 
, . . a , , , , ,  . .  L . .  

1.. r.-. ... 
Sled Pulse 

. . - .  3 
, . 

. . . . . . . . .  i ................. - I l-I.-.: :---~ - . . ' , ,  
5 gls/division ................. . .  ... , .. 

3 ,  

F i l  tcred ----- . ---- --.-- t 

Class 60 

Anterior-Pos terior 
Chest Acceleration 
12.5 gfs/division 
F i  1 tered 
Class 600 

, . ,  , , 
. . , , 

..... .- 
, 1 . I  

... . . .  , . ,  , . ,  

. superior-~nferior : . . '  . . ....... .L ---- _.L.~-!--L;._ ... 
Chest A c c e l  era t; on . .  .- . ... 

, 12.5 gis/division ' 

. . . . . . . ......-. . . . . - -  Filtered 
..... . Class 600 

....... .... ...- 

I . . , . , . . ,  ............. ............... ...-.---.. .--- .. -1 -  --. ....--... . . I '  -. ......... ...... .- ..-..... -. -- - - ...............-. 
............ 

Left-Ri g h t  j ....-.......................................... , .. .--+ .. - 
Chest ~ c c c l  er2ticn - 

. . . .  . . . . . . .  . .. . -  . . .  . . . . -  . .  1 2 . 5  gts/d:visicn .- - -- - .-. - - -- .- . -. . - 
-- . . . . . . . . . . . . . . . . . . . . . . . . .  . . . - . - .  Fiitersd . -. - - - 

. . ...... . . . ... Class 000 -. - - .-- -. *.-.L - .- 

- ........ - ....... 
! - .--- - 
1 

L . .  ........ ! . . . .  

Rcsul tznt C h e s t  
Acccleraticn 
10 gis/diuision 
Fil t e rec l  
Class 600 . . .  



SU:'II.'JIRY DATA t i E f j D  ijCCE!.EPS\T 1O:IS 

T e s t  Type 7-07- C V A  R D 

Sled Veloci t j ~ 3 ~ f t l s r c  

............ .-, .- .......... + --.. .-s -.... - 
.... Sled Pulse i i- ._: - ... I--: . 4-. ---:-:LL , , .-.--! .... . , 

5 gls/division .. :- .; ..... .. -.L 1 I . .  .. 
-& - - - - -  , ' 

Fi l  tc red  -- 
..... ........ Class GO i. .; -.rI- 

.. .. -. -. - .- .........-..- 
.---.- .....---.- ! ..+ 

..... . .  - ...... -. - ..........-.. - . -  
.. ..... 

I 

Ar,tc.ri cr4-Prstcricr 
/ x c e l c ~ : i ~ n  
g l s / ~ i v i s ~ c n  -- 

F i l  tc rcd  
Class lC0O I .. j- 

-- -........ ............ . . 

. 8 . ,  . . .  ..... i 
+ 

'. .' 

.. 

........- . . .  ....... Supkrio~-1nfe:-icr - - - - -  - - - 
- - 

Head kccpl e r a t j  cn -- 
. -. - .- . -- -. - --- -- -- - - .- - - - - -- - . - 12.5 g's/?ivisign .. 

. 
Fil!crc!.l . -  . . -- - 
Class 1603 , , -- .L-___C_._- .---.- . . . +--- . . I 

- -- - - - 
--- 

. - 12.5 msec. I 

. , I ._-.. --- 
I , !  . , I  

# . L C ~  t - R i  :!it 
........ -. . - ............ -. . - . - --+ .. ... - .. - . - - -. . . . . - . .  Head Accc lcv i t i  cn . . . . . . . . . .  -. ....... 

12.5 gls/divi;i:n . . . .  ..... ...... , . - . . - - . -  
F i l t e r e d  .. + . __ _ . . -  .. . . .  

. Class lCCO I -~ ---.- 
i 

R e s u l t a n t  i tcad 
hcczl era t i c :  
10 g's/livisicn 
Fil teraed 
C1:ss IGC3 

. . . . . . . .  . .  . . . . . . . .  Severity I r?cu /. . - 
. .......... . .  . - .  

- - 
163 g i ;  set/ v ,  

- - 
- 

I '  



T e s t  l4ur::ber A05/Y --. T e s t  . ' ~ y p e  7-07- t UA RD 
- 1 .  .- - 

Dufimy -- 6 - cl; ;; 
. Sled V c r o c ~  ';y d;?. 4 i t / s e c  F/? n ,A r TA c /r.,.~ PA c - 7  

, . ......... ___-_._.~_~_- ..... .. _ ...... . . .  - Sled Pulse 8 ,  , , 
.. . . . . . . .  - .... .-. . .  -. .... .... - . .  - -. - ... -. -- - - ..... .- ... - . - 5 g i s / d i v i s i o n  - - - --- -- --- .--- ----- - - 

F i l t e r e d  . .  

Class  00 -- -- --_- -. 

. . .  .. - . . . .  

. . . . .  

I ,  -- - - - .- . 
, a  

: 
r ! . .  . .  , 

. , ,  
. . , !  _ .. __ .... ?._ .. ____. __ . ...... . _ ...- . , 

Ante r io r -Pos te r io r  
Chest  Accelera t ion 
12.5 g l s / d i v i s i o n  
F i l t e r e d  
C lass  600 

. . S u p e r i o r - I n f 2 r i o r  
Chest  Accelera t ion 
12.5 g l s / d i v i s i o n  
F i l t e r e d  

. Class  600 

- -  . . .  ... ................ . .  
left-Risht 
Chest Acce lc ra t i cn  . . . . . . . . . . . . . . . . . . . . .  - . . . . . .  .- - - ... 
12.5 g l s / l i v i s i o n  . . .  - - ........ - - .... .. -- - -- .... - ...-... -. -- .. .- - . . . . .  

Filtered . ..... . -  ... . . . . . . . . .  . 

Class  6 C O  1 ... _ ..:. . ..-........ . . . . .  

Resultant C h s s t  
Accelcr~tion 
10 g ' s l d i v i s i o n  
F i l t e r e d  
Class  ECO . . 



s2,; ' l ' \ i { i  [i/,l /, I / [ . j i L j  ~.C:,L!.~.:?J'\'[ 1 (!:,': 

/:' 4 " 
TC:, t I / ~ ~ i ~ ! , ~ ~ i ~  A - %*,J, (9 -- . - - - . - . . -. . -. 1 ~ 5 f  -".- .-------- 

t<,- * 6.9 [ ~ ~ ' ~ ~ ' ~ ! ~ . . _  .-+--- I:;<; ?. _- -..! MOD I F IE  Q ~ ~ ~ ~ p : - ~ g L ! 4 ( ~ ~  
S 1 t i j  i ' t : ic~ciy!$~~-<: , i  ; / ~ : c z  ,(?:-i?A!S- !ktC?3-Gr- --.-.-- 

Sled T!,ilsc 
5 { > ' ~ / : ! i ~ j ; j ~ , ~  
F i l t r  1 \.;$ 
c.1 . ,r  L U b  LLl 

S v ! > p y i o ~ * . . I ~ : f ~ y j g , ~  

I-iei!d ;,:cc? crc!l I on 
1 2 . 5  g 's / , . ; iv is ic .n  .. . .. . , 
F-1 11;; c:u 
C l a s s  i O O 9  

#.Left-Ri ghi 
l iead P . c c c l c r c . . t i c n  
12.5 g L s / d i v i s i o n  

. Filtered 
Class 1C03 

Resultant :!cad 
hcccler2tion 
10  g l s / d i v i s i o n  
F i l t c r c d  
Class 1630 



Sicd I'u1 s c  
g'sfdivision 

F i  1 tcrrd 
Cl;ss EO 

Aiiterior-.Posterior 
Chest: Accel crr:tiori 
12.5 y'sldivisian 
F-i 1 tered 
Class 600 ___C 

Super..ior-Ir~ferso:. 
Chest Accelera t i  gn 

12.5 g's/divisiun 
Fi l te red  
Class 603 A ,  

_--C - .---\-,'*L,/-L/ .- -_------ 

L e f t - R i g h t  
Chcst  Acceleratisn 
12.5  gls/divjsjcn .-.-., -,------.- -.-,.- ------ 
Fil tered 
Class 600' 

kcst11 t a n t  Chcst 
Accc? era:  i on  
10 g ' s l d i v i s i o n  
Fi 1 tcrcd .- . 
C ~ J : . S  boo 

\ 

\ 8 



! , , ~;+-+-~--~-C-.-~-I.-LL-L t I ----; , :_-L . .  
;--I-. :--: ---- :-L- - - - i - - L - L -  :--J-!-;-.-L..~-L<- L . 2 . . ! ! .  , : , ; "  - . .  . , .  * , Sled Pulse ...... ...- ......................... -. ; I-i 

i ! .  . . ' I 10 g f s / d i v i s i o n  ------ , . '  . , . , .  
. ,  # : j 1 .  . . Fil tcred . ..-..-.-----.--.-. -2--  .......-..................... I ..... -.-.. -_ 

, . -- 
Clsss 60 . . .............................. . . .  .. .--.: ! .  

. . 1 - 
- - - -  .- -~--- -. 1- 

Anterior-Posterior 
Head 'Ac:el e r a l i o n  
!?-5. gls/division 
Filtcrcd 
Class 1 O O O  

Superior-Inferior 
-Jlc;;2 ],ice; L Y L  t i  oi l  

12.5 g l s / d i v i s i o n  
' F i  1 tercd 

Class 10% 

12.5 g's/divi:icn 
Fil teri.6 
Class 1000 



Test Iluo:t.er A-&PO T c s  t T y p ~  5~=!.!!& 

... ' . ,..., 
t . ' ? , !  

! - ,  .:. L f ! : !  

. Sled Pulse ! .  : . --.-. - --- -- - . .- -- ---. -- .- . . 
; , . /  ! .  I , , , .  . . . . I .  , . , 

. . 10 g'sfdivisicn ,. . . , ,  
. - ---. 

, . ,  . , ' ............. .. .-. ... ..... - ~ i l  t i red I 
.'..- -- -- 

I -  . _ : . ., . 8 
! : 
, ; . . 

.. .....-...-........... ...... .. Class 60 ..-----,..-- . . 
I 

Anterior-Pcs tcrior ----- , . ! - - :  ; . :  
Chest P,cce l  cr., t icn ..-. ... --2 .... 

....... - ...- .... ...... 
12.5 g1s/divi jion , . , . 
Filbcrcd 
Class 600 

. . i 

-.Supsrior-lnfcri 3r 
Chest Accclsr?.ticn 
12.5 g t s / c iv i s ion  
Fi 1 t e r d  
Class GC3 

Left-Richt , 
Chest kccel?r:ticn 
12.5 gls/divisicn 
Fil t c ie?J  
Class 630 

;-., ~ L - - L  r V . - - &  
> l , l  b..,. . , o t - > *  

P,ccclc~*>:i:n 
10 g'sidivision 
Fil  tcrc.? 
Clsss 6 2 3  

, . 



. ' .  

. . 

Anterior-Pos tcrior 
Head 'Ac:cl cr?,i i  on 
1g.5 gls/divisicn 
F i l t c r ~ ?  

. . 

. - ... - -- - .- .. -- .. -. -- - . .- .-.. -. . -. .. -- .. . r--- . I , . -- i" .- ---- ' I  I . I 

; .  I 
Ecjiil t s ~ t  i:::.! I I 

. . . . . .  ...... 
i : 

/,ccc? ?l.:t.cl - 
. ! ,  

10 S ' S I ~ I V I ~ ~ O D  
Fi 1 : ~ : - L O  ! ; 
C i : s s  1::; 

i 8 

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

. . . . . . . . .  - - .  . . . . . . . . . .  . 
- .  - -  L-. 

I i 
.. . . .  . .  . .. 

! . . . . . . . . . . . . . . . .  - ................. .. .. - . 
.- 

! I 
I . . . . . . . . . . . . . . . . . . . . . . . .  ......... 

...-..... ------.- -..:, 
. . . .  . . .  Scvcri t y  ::-?cx 

. . . ; . I  i '., 200 g 2 - ' )  S ? C / G ~ V ,  . . . . . . . . .  
. . . . . . . .  4' 

: j  
. . .  . . .  . . 

: :. 4' : ) - - . I  . 'I.' . . . . . . . . .  '. . . . . .  . . ! 2 '\. . . ',. .: ! 

. . .  . . * .  . . . . 



T e s t  i:uo:ber /(j - !~fll 
; 5 - x : s -  . - -  - 

. bled V c i o c i  ty-;-?-~ t l s e c  

. Sled Pulse 
10 gts/division 
F- i l  tered 
Class GO 

Anterior-Pos terior 
Chest Acceleration 
12.5 g'sjdivision 
Filtered 
Class 600 

. . 

. Superior- I nferi or 
Chest Acce1er:ti cn 
12.5 g's/division 
Fil tercd 

. Class 600 

. . .  I-TrvT------, 1 . .  , _  , .  . -- , 
. ) .  , .  , , -  1 . ,  , : .  

' , .:. . ! 
._.__-.__-___ ----- d 

. , . . . . . .  . , , . ,  .- - -. 
. I . :  . , I , . , '  . ., 

.......... -.- . . , , - ............. -- --&.- . ..........-....... ....... 
. . 

_ . - L .  ..:. ! -- i : . .  .... 

1 2 . 5  nsec. 
I 

! 
---A- - --.. Left-Right , ' 

Chest Accel er?t!'cn 
12.5 g'sldivision ................ - -. . .-- --. -. - . .... ..... .- - -. ... - -- 
Fil tel-e3 - ........ ......... -..- .. --- 
Class 600 . , 

. -- -... - ........ - . - .. -- .. -- .. - . - - .... -- - -- -- - -- - .-.- .- - - 

. . . . . . . . .  .......-. 
Resultant Chest -- ----- 
Acceleration . . - . - . . I ....... , . - ............. - .. - ... - . , . 

. . - . . .  ...... .. ..... ..... ... . . . . . .  10 g's/aivision -. - - -- .- .- - -. 
. . . .-  . ... .- . . . .  .... ... . . .  Fi 1 tercd - - - - 

. . . . . . . . .  Class 030 --. . . w . -. ..... - . -.- - - - 
. . 



Test flu- :rr qJ(&!3--- 
.. @ur,m,t 

. . rest T ~ ~ ~ - & T F z & ~ ~  .. C q i k  - SEAT ..- 

.,. 4,.-.$\9:k 2 %  LL_t . - :-. \bclp&=f 
. Sled Y C ~ D C I L Y J ; ~ ~  : ! < e c  -- . 

r 
. .  ' ' 

.. : ............ , . .  . . .i- ..-- .. - -r.- .-.. 
. Sled Pulse . .  .-:._- , . . : 4.. .L.-l--.-: -I -2. 

j , :  

I '  ~. 
. 10 g t s / d i v i s i c n  - --.-.-- - ;? ; 

1 ! '  ... Filtct.ed , . -..... 1 -I---:- -. , I -...--.-..---.--:.]Y . I bit .... 
Class 63 L-- ; 

-. . ------- ---- --- -. 

Anterior-Pos t.rior 
Chest  h c c e l c r ? t ' o ~  

gts/divisi3n 
Fi l  tcrcd 
Class 600 

. . 

.. .Sup?rior-Inf?ricr 
Chest E.ccci t.rr t i  cn 

g's/divisi;n 
Fil tercd 

. Cls.ss €23 
* .  . . 

. . 
. . . .  

L e f t - R i ~ h t  ' 
Chest hcc?:rr::!3n 

g's/lil:isicn 
Fil t s r i i  
C l a s s  ES9 

GCS:I:::I~ r::.~: 
rrccct c.1.2: i 2 ?  

g ' s j i i v 1 s i c . l  
Fil tcr.c;i 
C1:ss fZl! 



. t 
I 

i 
. Sled Pulse I . .  

10 g's/divisicn 
Fi l tc r ,? l  
Class 63 

I 

Anterior-Poztcrior 
Chcst A c c e l e r ~ t i c n  

g8s/divisicn 
Filtered 
Class 600 

. S?lpet.ior-lnf?ri$r 
Chest !.ccels:?. t i c n  

gls/divisicn 
Fi l  te1.d 
Class 633 

-. -- - .- .- ....... ...... .. .... g'sllivisicn . . ,  , , ? - - - . .- - - -. - - 
...... . . . .  ..... . . . . .  Fil t e rc i  .- .- .- - 

, . 
.- 

I 
.... ... . . . . . .  Class 653 ____ . _  ___ IL  L i _____ 1 

1 I 

Class 623 
- .  

, . 
. . . 4  

. . 
. . . . -4 



APPENDIX B ANALYSIS OF FRAMING REQUIREMENTS 



APPEI,IDIX B .  ANALYSIS  O F  FRAMING REQUIREMENTS 

The photographic film coverage since i t  will be the means used t o  establish 

performance must use the proper framing ra te  t o  insure tha t  an adequate number 

of frames are available t o  properly document the event. In photographing a 

object ,  blurring of the image will occur depending upon film exposure duration, 

velocity of the object and the image magnification. Blur or  minimum definable 

motion i s  determined by the equation: 

( 7 )  b = TMV cos a 

when 

b = image blur ,  inches 

T = exposure duration, sec. 

M = optical magnification (image s ize )  

V = object velocity,  inches/sec 1 
! 

a = angle between the direction of motion and the fill11 plane, deg. 

The magnification, M ,  i n  practical terms i s  the r a t i o  o f  the film frame i 

width, in t o  the f i e l d  w i d t h ,  M, covered by the lens.  For 16 mm f i lm the I 
i 

frame width i s  0.4 in .  Exposure duration, T ,  i s  determined by 

0 aper 1 P 

( 2 )  T = ----- - : - 
360" F F 

where oaper i s  the angle of the open sector in a disc shutter  and F i s  the 

frame ra te  in frames per sec. The rat ion oaper/3600 i s  known as the shut ter  

duration r a t i o ,  p .  The determination of the appropriate frame ra te  in terms 

of  acceptable image blur ,  geometry, object velocity and the camera construction 

may be determined from equations 1 and 2 above: 

(3)  P 0 b = -- 
F \d V cos a ,  

or F = pWV cos a 
bW 

for  1 inear motion. 



Vibration or cycl ic  motion presents a s l i g h t l y  d i f fe ren t  problem in frame 

r a t e  determination because of the variable veloci ty.  If  we assume harmonic 

motion, then the objec t  veloci ty,  V ,  becomes: 

(5)  V = nAF 

where 

A = amplitude of motion 

F = frequency of notion 

Thus fo r  harmonic iilotion of the dummy head, the  frame r a t e  requirement i s :  

Ne may apply equations ( 4 )  and ( 6 )  t o  a chi ld s e a t  t e s t  A-601 which used a 

Strol l ee  Model 590 chi ld  s e a t  with the three .year  duriny ins ta l  1 ed on a Ford 

bucket s e a t .  For the l i n e a r  pos i t ion:  

V = 30 mph  = 528 in/sec 

W / W  = 0.4 in184 in = 4.8 x 

ci = 0; cos a = 1 

p = 1/2.5 = .4(Hycam) 

b = 0.5% of f i lm franle width = 0.002 in. 

then F = 506 frameslsec. 

f o r  the o s c i l l a t o r y  motion the pulse was 0.1 sec in duration which has a 

fundamental frequency of 5 h z . ,  and an amp1 i tude of 20 inches. Therefore 

F = 302 frarnes/sec. 

thus i f  we allow a measurement induced e r ro r  of 1 / 2  of 1 percent we can u t i l i z e  

a camera capable of 500 fps.  By requir ing only 500 fps , the type of camea 

required i s  sinipl i f i e d  and the cos t  of developing a compliance f a c i l i t y  

s ign i f i can t ly  reduced. 


