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1.0 INTRODUCTION 

This report describes a series of 4 car crash experiments carried out 

as a final phase of Contract FH-11-6962 with the National Highway Traffic 

Safety Administration. The purpose of these tes t s  was to provide data to 

allow a comparison between the sled testing results obtained on the HSRI 

impact sled and actual car crashes. To th i s  end, four 1966 Ford Galaxies 

were crashed util izing restraint  system configurations that were identical 

t o  those used on sled tes t s  described in previous reports on this  contract 

( i  .e . ,  BioM-71-2). These sled tests  were performed with a 1966 Ford Galaxy 

buck. A series of 126 frontal and 22 1/2O oblique tes t s  were performed on 

various restraint  systems, including inflatable occupant restraint  systems 

(IORS) and standard lap and upper torso belt systems. 

The major difference between sled tes t s  and actual, b u t  contrived, 

car crashes i s  the deceleration pulse. For head-on frontal crashes that 

are essentially one dimensional in terms of vehicle or sled deceleration, 

, mathematical models can well predict these differences (see, for example, 

HSRI report number Bio M-71-4 on the above contract). An obl ique sled t e s t  

i s  s t i l l  one dimensional in terms of the sled .phase, b u t  an oblique car 

crash involves 3 components of 1 inear deceleration and 3 components of 

angular deceleration. Therefore, the question, "How we1 1 do sled tes t s  

predict the results of actual car crashes?" i s  both important and timely. 



2.0 INSTRUMENTATION AND TEST PROTOCOL 

2.1 CAR CRASH FACILITY 

A car  crash t e s t  f a c i l i t y  has recently been constructed by The University 

of Michigan Highway Safety Research In s t i t u t e .  Design of t h i s  f ac i l  i t y  

was i n i t i a t ed  a f t e r  a careful study, including s i t e  v i s i t s  of seven other 

f a c i l i t i e s  both i n  the U.S. and abroad. The f a c i l i t y  i s  located on the 

Willow Run Airport property. The f a c i l i t y  i s  secured w i t h  an eight-foot 

chain-1 i n k  fence and i s  accessible only from private roads (Figure 1 ) .  A 

670-foot paved f l a t  roadway approach t o  the bar r i e r  has been.provided (Figure 2) 

A continuous cable and gas01 ine-drive winch, s imi lar  t o  tha t  used by General 

Motors .at t h e i r  ca r  crash f a c i l i t y ,  i s  used as the main drive (Figure 3 ) .  The 

maximum speed i s  90 mph, linii ted by the bearings on the guide t r o l l ey .  The 

maximum payload i s  a t  l e a s t '  8000#. A large s ta t ionary abort brake of 
- . 

the  indust r ia l  disk and ca l ipe r  type i s  provided. Attachment t o  the vehicle 

i s  through a one-half inch diameter s tee l  cable and a maximum deceleration 

of 3 G ' s  i s  a t t a inab le  (Figure 4 ) .  Provision fo r  operating fixed and movable 
\ 

bar r ie r s  and poles has been included. The cable drive direction may eas i ly  

be reversed so t ha t  roll-over and car-to-car crashes a t  veloci t ies  higher 

than those t ha t  could be accommodated i n  f ron t  of the barr ier  can be per- 

formed. A large catch f i e l d  has been provided fo r  t h i s  purpose. 

Instrumentation i s  housed in a large van which can be located appro- 

p r ia te ly  f o r  the t e s t  configuration. Currently, 42 channels of FM tape 

recording and 28 channels of visicorder are  provided. Data i s  transmitted 

t o  the instrumentation van via umbilical cords. High speed camera coverage 



(nominally 1000 fps )  includes s ide ,  obl ique, overhead and undercarriage. 

For the undercarriage view, an 8 '  x 8 '  x 8 '  deep camera p i t  has been con- 

s t ructed immediately i n  f ron t  of the ba r r i e r .  Both on-board and fixed 

camera coverage i s  routinely provided. 

2.2 INSTRUMENTATION SPECIFICATIONS 

2.2.1 TRANSDUCERS. The fol  1 owing transducers were used : 

1 .  Kist1 e r  Piezotron Model 818 Accelerometer (Dummy Heads) 

Type: Piezoelectr ic with integral  impedance converter 
Range: t250 - G 

Sens i t iv i ty :  10 mv/g 

Freq. Response: 1 t o  5000 Hz (+5%) 

Resonant Freq; : 30,000 Hz 

2. Setra Model 104 (Dummy Chests) 

Type: Capacitance with integral  impedance converter 
Range: +500 - G 

Sensi t iv i ty :  10 mv/g 

Freq. Response: 0 t o  7000 Hz (+3%) - 
Resonant Freq. : 7000 Hz 

Damping: 0.7 o f  cr i t i ca l -gas  damped 

3. Statham Model A69TC-100-350 Accelerometer (Vehicle) 

Type: Temperature compensated, unbonded s t r a i n  gage 
Range: +I00 - G 

Natural Freq. : 1800 Hz 
Damping: 0.7 ( t0.1)  of c r i t i c a l  a t  room temperature 

4. Lebow Model 3371 Be1 t Load Cell 

Type: Strain gage 
Range: 3500 pounds, with 50% overload capacity 

Sensi t iv i ty :  2.2906 mv/V/3500 pounds 



2.2.2 SIGNAL CONDITIONERS. The following signal conditioners were 

used: 

1. Honeywell Model 120 D .  C .  Ampl i f i  e r  

Type: Solid s t a t e ,  d i rec t  coupled, wideband d i f fe ren t ia l  
Gain: 10 - 1000 

D.C.  Gain Linearity: be t t e r  than +0.2% of f u l l  scale  

D.C.  Gain Accuracy, Calibrated Gain Ranges: be t t e r  than +0.5% 

Freq. Response: +2% D . C .  t o  10 KHz 
Used with Piezotron Accelerometer 

2. Honeywell Model 105 Bridge Balance (Gage Control) Unit 

Type: Same as above 

Freq. Response: f D . C .  t o  10 KHz within +0.5% - 
Used w i t h  Lebow Be1 t Load Cells 

3. Setra Model SCM Ampl i f  i e r  

Type: Solid s t a t e ,  d i r e c t  coupled, wideband d i f fe ren t ia l  
Gain: 0 - 5 

D.C. Gain Linearity: be t t e r  than + 0.2% of f u l l  scale 

D . C .  Gain Accuracy: bet ter  t h a n  + 0.5% 
Freq. Response: +2% D . C .  t o  20 KHz 
Used with Setra Accelerometer 

2.2.3 RECORDERS. The fol  1 owing recorders were used : 

1. Honeywell Model 161 2 Visicorder Light-Beam Oscil lograph 

Gal vanometer response : 

M-3300 (1 5 channels): f5%,  0 t o  2000 Hz 
M-1650 (4  channels) : +5%, - 0 t o  1000 Hz 
M-1000 (1 channel ) : +5%, - 0 t o  600 Hz 



2. Honeywell Model 7600 F. M .  Tape Recorder/Reproducer 

Tape Speeds: 1 718 t o  120 ips 
Freq. Response: +I ,0 d b  0 - 5000 Hz ( a t  recording speed used - 30 ips)  
Harmonic Distortion: 1.2% 

3. CEC Model VR-3300 F.M. Tape Recorder 

Tape Speeds: 1 718 t o  60 ips 
Freq. Response: t0 .5  d b  0 - 10000 Hz ( a t  recording speed used - 

30 ips) 
Harmonic Distortion: 1.5% 

2.3 CALIBRATION PROCEDURES 

Transducers: The cal i bration s ens i t i v i t i e s  of the transducers are  

checked t o  insure t ha t  there has been no appreciable deviation from manu- 

fac turers  specified sens i t iv i ty .  

1. Kis t ler  Piezotron Model 818 Accelerometers. 

The s ens i t i v i t i e s  of these piezoelectr ic accel erometers , which 
a r e  used i n  the crash t e s t  dummies, are  checked with a Kist ler  
Model 894K Shock Calibration System. This system compares, on 
peak-reading vo1 tohmneters , the output of the t e s t  accel erometer 
and an NBS-traceable load cel l  onto which the accelerometer 1s 
dropped. Accuracy of the load cel l  and associated peak meters 
is  checked against  a NBS-traceabl e standard accel erometer 
pr ior  t o  cal i bration of the t e s t  accelerometers . 

2,  Statham Model A69TC Accel erometer 

This strain-gage accelerometer , used t o  monitor sled decelera- 
t ion ,  i s  cal ibrated by comparing i t s  output w i t h  tha t  of an 
NBS-traceabl e standard accelerometer. The two accelerometers 
a re  mounted piggy-back on a common ca r r i e r  block and impacted. 
Their outputs a re  displayed, via the sled umbilical and the 
signal conditioning system, on the oscil  lograph. The exci- 
t a t ion  voltage of the Statham i s  adjusted until i t s  output 
agrees with the standard accelerometer. This excitat ion 
voltage becomes the standard fo r  subsequent use of the 
accelerometer . 



3.  Setra Model 104 Accelerometer. 

Same a s  Item 2 .  

4. Lebow Seat-Belt Load Cells .  

Calibration s ens i t i v i t y  of these load c e l l s  i s  checked by 
applying a known load t o  a length of seat-be1 t material on  
which the ce l l  i s  mounted. The output signal i s  compared 
w i t h  t h a t  obtained when a shunt r e s i s t o r  i s  para1 le led  with 
one leg of the transducer 's  bridge. The r e s i s t o r  value i s  
t ha t  which has been specified by the manufacturer t o  pro- 
duce a transducer output equal to  the output produced by 
a known load. 

2.4 INSTRUMENTATION CHANNELS 

The fol  lowing channels were instrumented with appropriate transducers, 

signal conditioners and recorded on FM tape recorders during the car crash: 

Channel s 

Tri -Axial Head Accel erometer 
Dummy No. 1 (50% male, standard be1 t )  

Tri-Axial Chest Accelerometer 
Dummy No. 1 

Seat Be1 t Load Cells 
Dummy No. 1 

Right Vehicle Tri -Axial Accel erometer 

Timing Pulses and Contact Switch 

Tri-Axial Head Accelerometer 
Dumy No. 2 (50% male, IORS) 

Tri-Axial Chest Accelerometer 
Dumy No, 2 

AP Head Accelerometer Dummy No. 3 (3-year-old) 

S1 Head Accelerometer Dummy No. 3 



Channel s 

2 3 AP Chest Accelerometer, Dummy No, 3 

24 S1 Chest Accelerometer, Dummy No. 3 

25-27 Left Vehicle Tri -Axial Accelerometer 

28 Timing Pulses and Contact Switches 

2.5 TEST METHODS 

The following t e s t  matrix was used: 

Test Number Speed MPH Barri e r  Type 
Programmed Actual 

83 30.5 30.36 Flat  Frontal 

B 4 30.5 . 30.36 Flat  Frontal 

B5 30.5 30.38 22 l/ZO Oblique 

B 6 40.5 40.47 Flat  Frontal 

All cars were 1966 Ford Galaxy 4-door sedans except B6 which was a &door 

hardtop. Test B3 and B4 were identical  t o  provide a preliminary check of 

reproducibi l i ty ,  Three anthropometric dummies were used in each t e s t .  The 

r i gh t  f ron t  and l e f t  f ron t  passengers were 50 percenti le  #850 Sierra anthro- 

pometric dummies with the new 1050 pelvis and General Motors rubber necks. 

The steering wheel, sha f t ,  brake, and accelerator pedals were removed so 

t h a t  the dr iver  s ide  and  f ron t  passenger s ide  of the vehicle presented the 

same geometry. A standard 4-point lap  and upper torso  be l t  r e s t r a i n t  system 

was used on the l e f t ,  or d r i v e r ' s ,  s ide  while an in f la t ing  occupant r e s t r a i n t  

system (IORS] supplied by Eaton Corporation was used on the r igh t  f ront  



passenger side.  This IORS ut i l ized a 10 cubic foot bag inflated by compressed 

gas. A Styrofoam block was ins ta l led  on the r igh t  side t o  catch the dummy's 

knees and prevent submarining. A standard 3-year-old Sierra child dummy rode 

i n  the back seat  restrained e i the r  with a Ford Tot Guard or an American Sefety 

Engineering Child Safety Seat. Inflat ion of the IORS was in i t i a ted  by contact 

switches on the f ront  bumper of the car i n  order t o  provide comparison w i t h  

recent IORS s led  t e s t s  with similar  contact switches (Figure 5 ) .  

This experimental design allowed a d i rec t  comparison of the three 

r e s t r a in t  systems employed, i n  addition t o  providing data d i rect ly  comparabl e 

t o  sled t e s t s .  For a complete discussion of the sled t e s t s  referred to  

subsequently i n  t h i s  report the reader i s  referred to :  

1 - HSRI Report No. Bio M-71-2, "Studies of Inflat ing 
Restraint Systems" 

2 - HSRI Report No. Bio M-71-8, "Integrated Seat Restraint 
Sys terns" 

2.6 VEHICLE SPEED MEASUREMENT 
\ 

The vehicle impact velocity was determined photometrically and as a 

check the longitudinal impact velocity was determined from a speed t rap  

consisting of two tape switches placed i n  f ront  of the barr ier ,  5 f e e t  

apart .  A dig i t a l  electronic counter with an accuracy of +I microsecond 

was switched on by the f i r s t  switch when the vehicle wheel passed over the 

switch and switched off by the second switch. The photometric analysis 

compared qui te  well w i t h  the speed t rap  data and, since i t  yielded a com- 

ple te  velocity prof i le ,  was used i n  the analysis reported here. 



2 . 7  CAR PREPARATION 

The aim of the car preparation was to reproduce as nearly as possible 

the sled t e s t  configuration with which comparisons were t o  be made. A 

1966 Ford Galaxy buck was used in these sled t e s t s .  Therefore, the doors 

and roof were removed from the vehicles to be crashed. Reinforcing members 

were added to the roof and door frames to provide essentially the same 

st i f fness  and  mass as was removed. A simulated mesh door was provided that 

was open enough for film coverage. This simulation provided essentially the 

same boundary conditions for  the a i r  bag a s  a car door with the window down. 

The front seat was reinforced and welded in place as in the sled t e s t s .  The 

steering wheel, column, and pedals were removed to provide the same inter ior  

geometry for  bo th  front passengers. Two tr i-axial  accelerometers were 

installed just  behind the front seat on the floor,  one on the right side of 

the car and one on the l e f t  (Figure 6 ) .  An umbilical cord patch panel and 

outrigger were installed i n  the trunk (Figures 7 and 1 1 ) .  Figures 8 

through 10 show the typical t e s t  setup. 



3.0 RESULTS 

3.1 SUMMARY 

The speed control and drive winch performed exceptionally in the i r  

f i r s t  ser ies  of t e s t s .  Speed control was well within acceptable tolerances. 

The instrumentation and recording devices worked well and  a l l  data was 

obtained for  the f i r s t  three tes t s  of the series.  In the fourth t e s t ,  the 

piezotron accelerometers (dummy heads) failed t o  function properly, probably 

due t o  a heavy thunder shower that  had previously wet the umbilicord and 

junction box. This type of accelerometer i s  notoriously sensitive to small 

impedance changes in the conditioner wiring. Due t o  this  experience, 

these accelerometers are being replaced with Setra capacitance type trans- 

ducers which are much more re1 iabl e under car crash conditions . Fortunately, 

i t  was possible t o  obtain the dummy head accelerations through photometric 

analysis. This technique has been significantly extended by researchers a t  

HSRI (refer  to  HSRI Report Bi o M-71-5, "Door Crashworthiness ~ r i  te r ia")  . 

Table 1 presents a comparison of peak accelerations for  the l e f t  and 

r ight  front passengers with IORS and standard be1 t restraints .  

Table 2 presents a comparison of peak belt  loads for  the car crashes 

or representative sled t e s t s .  

3.2 ANALYZED DATA 

The recorded data, consisting of tr i-axial  accelerometer signals, was 

played back a t  a reduced speed 1/16 of the recording speed. These signals 

were f i 1 tered according to  SAE-J211 recomended practice and then entered 





TABLE 2 

COMPARISON OF PEAK B E L T  LOADS 

TEST TEST NOMINAL LOAD ( 1  b s )  LOAD ( I  bs) LOAD (lbs) 
NUMBER TYPE SPEED L A P  B E L T  L A P  B E L T  SHOULDER B E L T  

( m ~ h )  LEFT R I G H T  L E F T  

B3 Barrier, 
Frontal 

B 4 Barri er, 
Frontal 

B 5 Barri er , 
Obl ique 

B6 Barrier, 
Frontal 

A323 Sled, 
Frontal 

A402 Sled, 
Frontal 

A292 Sled, 
Frontal 

- - - -- 

A309 S l e d ,  
Frontal 

\ A220 S l e d ,  
Obl ique 

A246 Sled, 
Frontal 



in to  an analog computer t o  compute the vector resu l t an t  and sever i ty  index. 

Recording of these computed quant i t ies  was done on a Brush Mode1 206 

recorder. The slower speed playback insured tha t  the recorder was capable 

of responding t o  s ignals  well above the cutoff frequency of the f i l t e r s .  

Summary Data Sheets 1 through 9 show these computations fo r  the car crash 

t e s t s  83, B4, 85 and B6. In addit ion,  typical sled t e s t  data analyzed i n  

the same way is  presented. Summary Data Sheets 10 through 1 4  show the be l t  

loads f o r  these car  crash t e s t s ,  along w i t h  a typical be1 t load time history 

fo r  a sled t e s t ,  

3 . 3  PHOTOMETRIC ANALYSIS 

HSRI has pioneered in the development of advanced methods of analyzinp 

h i g h  speed movie data.  Fortunately, i t  was possible t o  bring this tech- 

nology t o  work and obtain the head accelerat ions that  were l o s t  in t e s t  B.6. 

The films fo r  car  crash B6 were analyzed on a Vanguard f i lm analyzer and 

computer cards punched w i t h  the head displacement data.  Differentiati,on 

and smoothing routines were used t o  obtain the l inear  and angular displace- 

ment, velocity and accelerat ion of the heads. In addit ion,  the displacement, 

velocity and accelerat ion of the vehicle were determined. Figures 22 through 

27 show the r e su l t s  of these analyses. 



While i t  i s  ii~:poss-i b'tc t o  dr;iw s t ; a l<s ' i i  c a l  l y  mc?;inin~jful c0;7c'lusiori~ 

froni f o u r  ciclta p o i n t s ,  t h e  r e s t i l t s  of t h e s e  t e s t s  i i l d i c b t e  t h a t  severe 

d i f f j c t i l  t i e s  e x i s t  i n  c x t r ~ p o l a t i  1-1.; even  gross  s l  cd t e s t  r e s u l t s  t o  actual 

car crash s f t ~ i a t - i o n r , ,  These piflob1en)s go f a r  beyc~nd i ' h c  e f f e c t s  of d i f f e r e n t  

crash pulsc. shapes. They itlr.1 u::!e the unr~pz; ! t . i ib i l  i t,j/ of dunlay j a l n t  s e t t  ings 

and posit ions anci t i l e  SO-called r i ng ing  r~-' the tiui:itnies' head and  chc!st t o  

l ~ h S c i ~  the a c c e l e r o i ~ 2 t e ~ s  are  a t t a c h e d ,  vjiiich l e a d s  t o  vas t ly  differet i t  ac- 

ce lera t ion  s i  y na l s  . The duin:y heads us23 jn this  t es t  ser ies  17!ad a na;:iiraI 

frequency of 360 Hr;~tz a n d  a v e r y  low d;~il.ii-ig co!is";arlt. TI-ris f r e q i r e n c y  i s  

vii thi rt t h e  baiid2~:i!dti; of  the data as presei-I t e d .  Thus,  the head accel eromc?ter 

outpirts a re  qu.ite c'::pe;~de~it on local c~;r\r.i.itic;irs thai a r e  essent- ial ly u n -  

con t r~ ' l aS ie  vi-i t h  ~ i i c  curret1"r.ly a v a i i a t i 2  ::!:;.;i;!ikj. A 1 ai-ge amcurit cf' diil-3 Cu 

'is c~!r.i*etltly bei t-~g ex?!l;ineci a t  tlSRI ~ i t h  t h e  air11 o f  careful l y  docum~n-t . i tq 

t h e  ~liirejje;tablc- n a t u r e  o f  s l e d  3i:d c a r  crash t e s t i t : g .  T t l i s  ~ i l ' l  be repiirted 

a t  sohie f i i ture  d a t e  3 s  i t  i s  outside Lhe i:r30;~isfons of  t h i s  c~~it;i . \ t ict.  Tests 

B2  a n d  R3 itere vir"ivalijl icient'ici:l i n  a l l  rnajor i-esp27.c.t~. The saii ie n'iodel 

cars  i.:cri? crashzd a t  virtual Iy  i del l t ical  speecis . 'The S C I I ; ~  t y p e  of res t.rci-ii~t~ 

\ /e re  ~~t :cc i  , t l i c  sai:;c iluii;;i:i cs a.r!d i !is i;\'~i.l:i::ii';?.t4 on \,iei-.e used , yet tlie recorded 

a c c e l e ~ ~ i ; : ~ ~ ~ r . r  t races si!p?osed?g i;i!ciSica ti iic of  t i le  i i ; j ~ i i ~ ~ l  reducir i~j  potei:ti:l 

05- t i i c  r\estrair;t  sys~c;r.:; \ ; e r r :  vcyy d i f f c r - ;? l? t .  

)io;i?vcr, cii.i~i.!ilji ill's;~l ace~~lci,I. tin?.? h f  stories f o r  .the t , \ i~~ siriij I ar car  

crar h c c ,  i:i->r? CP; ; l > ~ i . r  bl:! $1 ~d t e ~  t~ \./ere (1~1.i  t t  ~;?:l:l.i 1 ;):r iiS C ~ C ~ C J - F :  i l? td  ~ I I c ~ o - .  

l i * ~ ~  t,;*j c t l l  'i $ 1  
J . Dui :  j~ : io to : ; 'e ! r ic  ~ n i l y s i s  i s  c - : r i ~ i  v;,?ci!:, t o  f-i lt.ei-i'iig ti;? ci ; i ta .  

T-oy l i i O 0  i:-;;r:~rs i.lc:r. secoilti .a tes  usrn' i t :  t,l:nsc ~ P F T S  , pt~ot~::~oi .r i  c i i t 1 2 1 ~ ~ I . ~  

,, . 
c,.f- ti;!-, tyl;:i &:vI . lC- r . -  d t  /-/s?{'[ .is c[j \ j !  ~ ~ : I ~ i ~ l , :  :.;: f j  7'ii:rj 119 ~ j j t t ~  2.0 I . j ~ r t ~  11 r<,t 



or.clct- f, i l  t.er. I t  i s  for t h i s  r e a s o n  t h a t  ti12 l e a d  accelerations fo;. t e s t  

L% which wer-c cl~terii!.i ~-rc:d p i ~ o t o i w t r i c s l  l y  a r e  n o t  d i  r e c t l y  cornpar;~bl c \;ri th 

t,he head d a  La fo;* ti?? c~?;f;ciu t e s t s  s i nce  this  d a t a  wc?s f ' i l  tewd w i t h  a 1650 

t4.i-tz f i w t  orcfer F i ' i l . ? r .  Grezlt csri. mcst Ci;2rcforc 112 excrciscd i n  u s i n g  

accc le ro i? l?b~r  dsta i ; ~  p;-edi c t  tht .ii: jury rsducing p o t e n t i a l  o f  ;!ui:omoti ve 

occupanl. rc>s t r a i  n  t sy s i w s .  

There i s  one iil:;:ij:r*;.airi: aspec t  o f  tl7t.s. Lcs ls  that bears c:i!l~has.is. No 

c l t i l d  = e a t  t e s t  dais i s  pi~est!l:t:ed. Tl l ' is  i s  !iel:;\usc tlic rcirr s ~ d t  back a n d  

ti)? r e a r  s 2 a t  c u s t ~ i c r  repeatedly c:;rrie loose  in the c r a s h .  This e x t r a  

1i13ding o ; ~  thc ASE se;,t and  the Fl; l ld 'Tot G ~ . i a r c i  causeti structurz.1 fai l i rre  

o f  the clii 1 6  seat  ~ t i ' d c t i v l r r ' .  ( F i  girl-c 21 ) . The chi 1 d di!ii;.i~y cxperienccd 

Levere l o a d  i n g  d u c  "io t h i s  very r e a l  pihoh1ei;l. I t  i s  i.oo ~iiuch t(:, e x p e c t  a 

c h i i d  s c z k  t ~ !  restrain tile ch-i l d  occ . i~pan t  ai ld tile adu! t s c a t  2s \ ~ ' c l l .  
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F I G U R E  4. ABORT BRAKE 
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F I G U R E  20, CONFIGLIIIATI0.N A F T E R  TEST B6 



FIGURE 21. FORD TOT GU!Y?D AFTER TEST 















6.0 SUMMARY DATA SHEETS 



Impact Veloc i ty30.30 mph SUMMARY DATA SHEET 1 
B a r r i e r  Type F l a t  F ron ta l  HSRI CAR CRASH FACILITY 

THE UNIVERSITY OF MICHIGAN 

IORS 
HEAD 

S u p e r i o r - I n f e r i o r  
Acce le ra t ion  
F i  1 t e r e d  
Class 1000 

Test  No. B3 
Dummy 50% 

STANDARD BELTS 
Y EAD 

L e f t - R i g h t  
Acce le ra t ion  
F i  1  t e r e d  
Class 1000 

An te r io r -Pos te r io r  
Acce le ra t ion  
F i  1  t e r e d  
Class 1000 

Resul tant  Head 
Acce le ra t ion  
F i l t e r e d  
Class 1000 

Car Dece le ra t ion  
Long i tud ina l  
5 g l s / d i v i s i o n  
F i  1  t e r e d  
Class 60 

Sever i t y  
Index 



Impact V e l o c i t y  30.36 mph SUMRY DATA SHEET 2 
B a r r i e r  Type F l a t  F ron ta l  HSRI CAR CRASH FACILITY 

THE UNIYERSITY OF MICHIGAN 

IORS 
HEAD 

Test  No. B4 
Dumny 50% 

STANDARD BELTS 
HEAD 

S u p e r i o r - I n f e r i o r  
Acce le ra t ion  
F i l  t e r e d  
Class 1000 

L e f t - R i g h t  
Acce le ra t ion  
F i l t e r e d  
Class 1000 

A n t e r i o r - P o s t e r i o r  
Acce le ra t ion  
F i l t e r e d  
Class 1000 

Resu l tan t  Head 
Acce le ra t ion  
F i  1  t e r e d  
Class 1000 

Car Dece le ra t ion  
Long i tud ina l  
5  g i s / d i v i s i o n  
F i l t e r e d  
Class 60 

S e v e r i t y  
Index 

VTS DIVISION I d T E  CDRPORATION/BRUSH INSTRUMENTS DIVISION 



Impact V e l o c i t y  3!.38 mph SUEFlARY DATA SHEET 3 
B a r r i e r  Type 2 2 . 5  Obl ique HSRI CAR CRASH FACILITY 

THE UNIVERSITY OF MICHIGAN 

S u p e r i o r - I n f e r i o r  
Acce le ra t ion  
F i l t e r e d  
Class 1000 

IORS 
HEAD 

L e f t - R i g h t  
Acce le ra t ion  
F i  1  t e r e d  
Class 1000 

A n t e r i  o r -Pos te r i  o r  
Acce le ra t ion  
F i l t e r e d  
Class 1000 

Resu l tan t  Head 
A c c e l e r a t i o n  
F i  1  t e r e d  
Class 1000 

Car Dece le ra t ion  
Long i tud ina l  
5  g 1 s / d i v i s i o n  
F i  1  t e r e d  
Class 60 

Test  No. 85 
Dummy 50% 

STANDARD BELTS 
HEAD 

ISH INSTRUMENTS DIVISION 

PRINT D IN  A 

I 

S e v e r i t y  
Index 

~ . .  
i 1 I I - C i  I i t m  . .  .- ~ -- ~ ~- 



Impact V e l o c i t y  30 mph SUMMARY DATA SHEET 4 Test  No. A-407 
B a r r i e r  Type F l a t  F ron ta l  HSRI SLED TEST 

THE UNIVERSITY OF MICHIGAN 

STANDARD BELTS 
HEAD 

50'1, Dummy 

S u p e r i o r - I n f e r i o r  
Acce le ra t i on  
25 g l s / d i v i s i o n  
F i  1  t e r e d  
Class 1000 

L e f t - R i g h t  
Acce le ra t i on  
25 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 1000 

A n t e r i o r - P o s t e r i o r  
Acce le ra t i on  
25 g l s / d i v i s i o n  
F i l t e r e d  
Class 1000 

Resu l t an t  Head 
Acce le ra t i on  
25 g l s / d i v i s i o n  
F i  1  t e r e d  
Class 1000 

S led Pulse 
10 g l s / d i v i s i o n  
F i  1  t e r e d  
Class 60 

STANDARD BELTS 
HEAD 

95% Dumny 

i : l l l l l l l l l l t l t - , - l  

O N  eRUSH INSTRUMENTS DIVISION 

S e v e r i t y  
Index 
312 .5 /d i v i s i on  



Impact Vel o c i  ty30 30 rn h SUMMARY DATA SHEET 5 
B a r r i e r  Type ~ l d  HSRI CAR CRASH FACILITY 

THE UNIVERSITY OF MICHIGAN 

S u p e r i o r - I n f e r i o r  
Acce le ra t i on  
12.5 g ' s l d i v i s i o n  
F i  1 t e r e d  
Class 180 

Le f t -R igh t  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 180 

Anter ior-Pos t e r i o r  
Acce le ra t i on  
12.5 g 1 s / d i v i s i o n  
F i  1 t e r e d  
Class 180 

IORS 
CHEST 

Test No. 83 
Dummy 50% 

STANDARD BELTS 
CHEST 

Resu l tan t  Chest 
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 180 

Car Dece lera t ion  
Longi tud.ina1 
5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 60 

I CLEVTE CORPORATIONIBRUSH INSTRl 

CLE\'ELAND OHIO PRINTED 



Impact' Ve loc i  ty30.36 mph SUMMARY DATA SHEET 6 
B a r r i e r  Type F l a t  F ron ta l  HSRI CAR CRASH FACILITY 

THE UNIVERSITY OF MICHIGAN 

IORS 
CHEST 

S u p e r i o r - I n f e r i o r  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 180 

Le f t -R igh t  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 180 

Anter io r -Poster  
Acce le ra t i on  
12.5 g t s / d i v i s i  
F i l t e r e d  
Class 180 

Resu l tan t  Chest 
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 180 

Car Dece lera t ion  
Long i tud ina l  
5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 60 

Test No. 84 
Dumny 50% 

STANDARD BELTS 
CHEST 



Impact Ve loc i  ty30.38 mph SUMMARY DATA SHEET 7 
B a r r i e r  Type 22.5' Obl ique HSRI CAR CRASH FACILITY 

THE UNIVERSITY OF MICHIGAN 

IORS 
CHEST 

S u p e r i o r - I n f e r i o r  
Acce lera t ion  
12.5 g l s / d i v i s i o n  
F i  1  t e red  
Class 180 

Test No. B5 
Dumny 7 

STANDARD BELTS 
CHEST 

Le f t -R igh t  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i l  t e red  
Class 180 

An te r i o r -Pos te r i o r  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1 te red  
Class 180 

I CLEVTE CORPORATION, BRUSH INSTRUMENT 

Resu l tan t  Chest 
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 180 

Car Dece lera t ion  
Long i tud ina l  
5  g l s / d i v i s i o n  
F i  1  t e red  
Class 60 

I CLEVELAND OHIO PRINTED IN U S A I 



Impact Ve loc i  ty40.47 mph SUMMARY DATA SHEET 8 
B a r r i e r  Type F l a t  F ron ta l  HSRI CAR CRASH FACILITY 

THE UNIVERSITY OF MICHIGAN 

IORS 
CHEST 

'Supe r i o r - I n fe r i o r  
Acce le ra t i on  
12.5 g ' s l d i v i s i o n  
F i  1  t e r e d  
Class 180 

Tes t  No. B6 
Dummy 56% 

STANDARD BELTS 
CHEST 

Le f t -R igh t  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i l  t e red  
Glass 180 

Anter ior-Pos 
Acce le ra t i on  
12.5 g l s / d i v  
F i l  t e red  
Class 180 

t e r i o r  

As ion 

Resul t a n t  Ches 
Acce le ra t i on  
12.5 g t s / d i v i s  
F i  1 t e r e d  
Class 180 

t 

i o n  

Car Dece lera t ion  
Long i t ud ina l  
5  g l s / d i v i s i o n  
F i l  t e red  
Class 60 



Impact 'Ve loc i t y  30 mph SUMMARY DATA SHEET 9 Test No. A323 
B a r r i e r  Type F l a t  Fronta l  HSRI SLED TEST ~ummy 50% 

THE UNIVERSITY OF MICHIGAN 

STANDARD BELTS STANDARD BELTS 

S u p e r i o r - I n f e r i o r  
Acce lera t ion  
12.5 g l s / d i v i s i o n  
F i  1  t e red  
Class 180 

Le f t -R i  g h t  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1  t e red  
Class 180 

Anterior-Pos t e r i o r  
Acce le ra t i on  
12.5 g l s / d i v i s i o n  
F i  1  t e red  
Class 180 

Resul tant 
Acce lera t ion  
12.5 g 1 s / d i v i s i o n  
F i  1  t e r e d  
Class 180 

Sled 
10 g  
Unf i 

PuTse 
' s / d i v i s i o n  
1  t e red  

nsec j"P- 



Impact V e l o c i t y  30.30 mph SUMMARY DATA SHEET 10 T e s t  No. 63 
B a r r i e r  Type F l a t  F r o n t a l  HSRI CAR CRASH FACILITY Dummy 50% 

THE UNIVERSITY OF MICHIGAN 

BELT LOADS 

s 

L e f t  Shoulder  Be1 t 
250 pounds ld i  v i s i o n  
F i l  t e r e d  
Class 60 

R i g h t  Lap Be1 t 
250 p o u n d s / d i v i s i o n  
F i l  t e r e d  
Class 60 

L e f t  Lap Be1 t 
250 pounds ld i  v i s i o n  
F i  1  t e r e d  
Class 60 

Car Pu lse  
5 g l s / d i v i s i o n  
F i l  t e r e d  
Class 60 



Impact V e l o c i t y  30.36 mph SUMMARY DATA SHEET 11 
B a r r i e r  Type F l a t  Fronta l  HSRI CAR CRASH FACILITY 

THE UNIVERSITY OF MICHIGAN 

Test  No. 84 
D u W  50% 

BELT LOADS 

1 1 1 1 ! 1 1 1 1 1 ; / ; ; ; ; ; / ; ;  

L e f t  Shoul der Be1 t 
250 pounds ld iv i  s i on  
Ffl t e r e d  
Class 60 

L e f t  Lap Be1 t 
250 pounds / d i  v i s i  on 
F i  1 t e red  
Class 60 

Car Pulse 
5 g l s / d i v i s i o n  
F i  1 t e r e d  
Class 60 



Impact Ve loc i ty  30.38 mph SUMMARY DATA SHEET 12 Test No. 85 
B a r r i e r  Type 22.5' Oblique HSRI CAR CRASH FACILITY Dumny 50% 

THE UNIVERSITY OF MICHIGAN 

BELT LOADS 

L e f t  Shoul der Be1 t 
250 p o u ~ d s / d i  v i s i o n  
F i l  te red 
Class 60 

R ight  Lap Be1 t 
250 pounds/div is ion 
F i  1 te red 
Class 60 

L e f t  Lap Be1 t 
250 pounds ld iv is ion  
F i  1 te red 
Class 60 

Car Pul se 
5 g ' s l d i v i s i o n  
F i  1 te red 
Class 60 



Impact Veloci t y  40.47 mph SUMMARY DATA SHEET 13 Teqt No. 86 
B a r r i e r  Type F l a t  Fronta l  HSRI CAR CRASH FACILITY Ovmny 50% 

THE UNIVERSITY OF MICHIGAN 

BELT LOADS 

s 
L e f t  Shoulder Be1 t 
500 pounds ld iv is ion  
F i l t e r e d  
Class 60 

R igh t  Lap Be1 t 
500 poundsldi v i s i o n  
F i  1 te red  
Class 60 

L e f t  Lap Be1 t 
500 pounds/div is ion 
F i  1 t e r e d  
Class 60 

Car Pulse 
5 g l s / d i v i s i o n  
F i l  t e red  
Class 60 



Impact V e l o c i t y  30 mph SUMMARY DATA SHEET 14 

B a r r i e r  Type F l a t  F r o n t a l  HSRI SLED TEST 
THE UNIVERSITY OF MICHIGAN 

T e s t  No. A402 
Dumny 50% 

BELT LOADS 

n '  1 $ 1  I F ' ;  ; ; ; - '  

L e f t  Shoulder  B e l t  
250 p o u n d s / d i v i s i o n  
F i  1  t e r e d  
Class 60 

R i g h t  Lap Be1 t 
250 pounds /d iv i s ion  
F i  1 t e r e d  
Class 60 

L e f t  Lap Be1 t 
250 poundsld i  v i s i o n  
F i l t e r e d  
Class 60 

S l e d  Pu lse  - - . --- - - -- -- - - - . - . . . . . . -. - - . . - - - . . - - - . 
I .  - + .- -- - 1 0 g l s / d i v i s i o n  + - - L  - .  .- 

F i l t e r e d  , , , , 

Class 60 
. . . . .A... . - . . - - --- - -.* . 


