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I . l NTRODUCTI ON 

Phase I o f  t h i s  program cons i s ted  o f  a 1 i m i t e d  1 i t e r a t u r e  rev iew o f  

harness r e s t r a i n t  systems, an overv iew o f  heavy equi  prnent acc iden ts ,  a 

mu1 t i d i s c i p l  i n a r y  e v a l u a t i o n  o f  t he  heavy equipment o p e r a t o r ' s  envi ronment,  

a rev iew o f  p o t e n t i a l  f u n c t i o n a l  problems w i t h  t h e  proposed ves t  r e s t r a i n t  

system, and one s l e d  impact t e s t  o f  a ves t  r e s t r a i n t .  The ves t  r e s t r a i n t  

approach was seen as a v i a b l e  method o f  i n c r e a s i n g  r e s t r a i n t  usage by 

heavy equipment o p e r a t o r s ,  bu t  ves t  f a i l u r e  d u r i n g  t h e  impact t e s t  i n d i -  

cated f u r t h e r  development was needed. 

Phase I I ,  t h e  s u b j e c t  o f  t h i s  r e p o r t ,  cons i s ted  o f  dynamic s l e d  

impact t e s t i n g  a t  UMTRl t o  a s s i s t  i n  e v a l u a t i n g  subsequent upgraded 

ve rs ions  o f  t h e  ves t  r e s t r a i n t .  I n  a l l ,  seven impact t e s t s  were conducted 

u s i n g  b o t h  a r i g i d  f o r k 1  i f t  seat  and a suspension seat .  The r e s u l t s  of 

t h i s  t e s t i n g  a re  presented i n  Sec t i on  V.  



I I . TEST METHODS 

A1 1 t e s t s  were conducted on t h e  UMTRI impact s l ed .  The s l e d  opera tes  

on the  rebound p r i n c i p l e ,  a c h i e v i n g  a  d e s i r e d  v e l o c i t y  by r e v e r s i n g  i t s  

d i r e c t i o n  o f  mot ion d u r i n g  t h e  impact event .  The s l e d  c rash pu l se  i s  

t r a p e z o i d a l  i n  shape and i t  i s  repo r ted  as a  t o t a l  v e l o c i t y  change and an 

average d e c e l e r a t i o n  l e v e l  i n  g ' s .  The s l e d  v e l o c i t y  i s  mon i to red imme- 

d i a t e l y  be fo re  and a f t e r  t h e  impact. 

GSE seat  b e l t  load c e l l s  were p laced  on the  harness b e l t  webbing t o  

measure t h e  r e s t r a i n t  forces.  One t r i a x i a l  accelerometer  was mounted i n  

t he  head and one i n  t he  chest  o f  t h e  t e s t  dummy t o  reco rd  t h e  s e v e r i t y  

o f  t h e  head and ches t  mot ion  d u r i n g  t h e  impact. The data generated d u r i n g  

t h e  t e s t  were mu1 t i p l e x e d  us ing  an E M R  S igna l  Cond i t i one r  and recorded on 

a  Honeywel 1 Model 96 magnetic tape recomrder. The s i g n a l s  were subsequent ly  

de -mu l t i p l exed  and time-expanded f o r  d i g i t i z i n g ,  f i l t e r i n g ,  and a n a l y s i s  

on a  NOVA/'+ computer. A l l  t e s t  s i g n a l s  were f i l t e r e d  t o  the  requirements 

o f  SAE J-21 1.  

The p h o t o i n s t r u m e n t a t i  on cons i s ted  o f  two high-speed (1000 frame/sec) 

16mm mot ion  p i c t u r e  cameras ( ~ h o t o s o n i c s  18) f o r  s i d e  and overhead views 

and a  qu i ck -  l ook  sequenced P o l a r o i d  Graphcheck camera. The t ransducer  

data and t h e  mot ion p i c t u r e  t e s t  f i l m s  were s imu l taneous l y  marked by a  

t i m i n g  pu l se  genera to r  a t  10 m i l l i s e c o n d  i n t e r v a l s .  A s t r o b e  f l a s h  

recorded t h e  onset  o f  impact. 



I I I .  Dl S C U S S  ION 

I n  phase 1 o f  t h i s  p r o j e c t ,  a  p r o t o t y p e  v e r s i o n  o f  t h e  ves t  r e s t r a i n t  

system was eva lua ted  us ing  t h e  UMTRl imlpact s l ed .  I n  t h a t  t e s t ,  8 2 ~ 0 0 1 ,  

bo th  the  s t i t c h i n g  and v e s t  f a b r i c  f a i l e d ,  and t h e  dummy was n o t  r e s t r a i n e d .  

The harness was e f f e c t i v e l y  e longated by t h e  s t i t c h i n g  f a i l u r e ,  a1 lowing 

the  dummy t o  submarine and s l i d e  w e l l  o f f  t h e  fo rward  end o f  bo th  t h e  seat  

and s e a t i n g  p l a t f o r m .  The remaining harness b e l t s  were p u l l e d  up i n t o  the  

dummy's r ibcage,  i n  a  manner t h a t  would i n d i c a t e  severe abdominal i n t r u s i o n .  

A ves t  r e s t r a i n t  w i t h  improved s t i t c h i n g  was then p rov ided  and e v a l -  

ua ted i n  8 2 ~ 0 0 2 ,  the  f i r s t  t e s t  o f  t h i s  program's second phase. Dur ing  

impact, the  l e f t  s i d e  t e t h e r  s t r a p  I 'D1 ' - r ing  we ld  f a i l e d ,  and the  "D l1- r ing  

p u l l e d  open and re leased t h e  t e t h e r  b e l t s .  The dummy was n o t  r e s t r a i n e d  

and impacted a g a i n s t  t h e  f r o n t  o f  t he  s led .  

To reduce f a b r i c a t i o n  t ime  f o r  r e v i s e d  v e s t  r e s t r a i n t s ,  t he  nex t  

t h r e e  t e s t s  were conducted us ing  o n l y  t h e  b e l t  webbing p o r t i o n  and e l i m i -  

n a t i n g  t h e  ves t  f a b r i c .  I n  t e s t  82M003, t h i s  bare  harness was anchored 

t o  t he  t e s t  p l a t f o r m  u s i n g  conven t i ona l  seat  b e l t  hardware f o r  a t t a c h i n g  

t h e  t e t h e r  be1 t ends. Both t h e  f r o n t  alnd rea r  t e t h e r s  on each s i d e  were 

rou ted  th rough t h e  same be1 t anchor. T h i s  c o n f i g u r a t i o n  w i t h s t o o d  t h e  

impact f o rces  and r e s t r a i n e d  t h e  dummy on t h e  seat, a l t hough  t h e  dummy's 

fo rward  excu rs ion  was excess ive  and almsst  a1 lowed t h e  dummy t o  r i d e  o v e r  

t h e  f r o n t  edge o f  t h e  seat .  Al though abdominal i n t r u s i o n  was n o t  i n d i -  

ca ted,  t h e  l a p  b e l t  p o r t i o n  o f  t h e  harness cou ld  s t i l l  be s l i g h t l y  lower 

t o  o b t a i n  good p e l v i c  r e t e n t i o n  and p rec lude  submarining. 

The nex t  t e s t ,  8 2 ~ 0 0 4 ,  used a  s  i m i  1 a r  be1 t harness as t h e  prev ious  

t e s t ,  bu t  a  suspension- type seat  was s u b s t i t u t e d  f o r  t h e  r i g i d  f o rk1  i f t  

seat .  Lock ing- loop t e t h e r  end c l  i p s  were used t o  f a c i  1 i t a t e  attachment 

t o  t h e  e y e l e t s  s u p p l i e d  on t h e  seat  frame. Dur ing  impact, t h e  r i g h t  s i d e  

e y e l e t  p u l l e d  ou t  o f  t h e  seat  frame because o f  i n s u f f i c i e n t  t h read  

engagement w i t h  i t s  r e t a i n i n g  n u t ,  and t h e  dummy was n o t  r e s t r a i n e d .  

Tes t  82M005 was then conducted as a  re run  o f  t h e  c o n d i t i o n s  o f  t h e  

p rev ious  t e s t ,  b u t  w i t h  t h e  t e t h e r  e y e l e t s  secu re l y  i n s t a l l e d  i n  t h e  seat 

frame. Dur ing  impact, t h e  harness d i d  n o t  f a i  I, b u t  t h e  suspension seat  

p i t c h e d  fo rward  and t h e  dummy s l  i d  o f f  t h e  fo rward  edge. As i n  p rev ious  



t e s t s  when t h e  dummy ramped o f f  o f  t h e  seat ,  very  severe abdominal i n t r u -  

s i o n  by t h e  harness was observed, and t h i s  c o n d i t i o n  i s  q u i t e  obvious i n  

t h e  pos t -  t e s t  photos. 

Tes t  821.1006 was conducted t o  eva lua te  a  r e v i s e d  ves t  r e s t r a i n t  system 

w i t h  new t e t h e r  anchors and rev i sed  be1 t r o u t i n g  and securement i n  t h e  

harness. A f 1 a t - p l a t e  t e t h e r  anchor w i t h  separate feed-through s l o t s  f o r  

t he  f r o n t  and rea r  t e t h e r  was used on each s ide .  However, i t  p rov ided  

t o o  l a r g e  an ang le  between t h e  f r o n t  and rea r  se ts  o f  s l o t s ,  and i t  proved 

very d i f f i c u l t  t o  a d j u s t .  The b e l t s  o f  t h e  harness had been s t i t c h e d  

t o g e t h e r  a t  a l l  i n t e r s e c t i o n s  t o  prevent  any avai  l a b l e  be1 t s l a c k  from 

be ing  p u l l e d  i n t o  the  t e t h e r  s t r a p s  and i n c r e a s i n g  the  dummy's excurs ion .  

Dur ing impact, t he  b e l t  s l o t s  i n  t he  t e t h e r  anchor d i s t o r t e d  bad ly  and 

c u t  t h e  b e l t  on the  l e f t  s i de ,  r e l e a s i n g  t h e  dummy. A s i m i l a r  b e l t - c u t t i n g  

f a i l u r e  had a l s o  been i n i t i a t e d  a t  t h e  r i g h t  s i d e  anchor p l a t e .  

An i d e n t i c a l  ves t  r e s t r a i n t  was eva lua ted  i n  8 2 ~ 0 0 7 ,  w i t h  heav ie r  

gauge t e t h e r  anchor p l a t e s .  I n  a d d i t i o n ,  t he  anchor p o i n t s  f o r  the  t e t h e r s  

were moved rearward on t h e  s e a t i n g  p l a t f o r m  t o  p r o v i d e  a  more rearward 

i n i t i a l  p u l l ,  approx imate ly  a  45 degree ang le  f o r  t h e  f r o n t  t e t h e r s .  

Al though t h e  t e t h e r  anchor p l a t e  s t i l  1 deformed a t  the  b e l t  loops and 

began t o  abrade t h e  t e t h e r  webbing, t h e  ves t  system p rov ided  good r e s t r a i n t  

f o r  t h e  dummy. The e l i m i n a t i o n  o f  b e l t  s l i p p a g e  w i t h i n  t h e  harness worked 

w e l l ,  and t h e  t e t h e r  b e l t s  d i d  n o t  p u l l  s l ack  f rom t h e  harness, reduc ing  

t h e  dummy excu rs ion  as intended,  The h i g h  HIC va lue  o f  1380 r e s u l t e d  

f rom t h e  dummy head s t r i k i n g  t h e  lower  legs  d u r i n g  maximum excurs ion  and 

demonstrates t h e  des i r a b i  1 i t y  o f  p r o v i d i n g  upper t o r s o  r e s t r a i n t .  

The l a s t  t e s t ,  83M001, was a  r e p e t i t i o n  o f  t h e  prev ious  c o n f i g u r a t i o n  

v e s t  r e s t r a i n t  and anchor ing ,  b u t  us ing  improved feed-through t e t h e r  

anchor p l a t e s  t o  rep lace  t h e  seat  be1 t anchors t h a t  had been improvised 

f o r  t h e  l a s t  t e s t .  However, d u r i n g  the  impact, t he  s t i t c h i n g  t o r e  a t  

severa l  j u n c t i o n s  i n  t he  harness, and t h e  ves t  f a b r i c  was a l s o  t o r n  as t h e  

be1 t webbing s h i f t e d .  Subsequently, i t was repo r ted  t h a t  an i n c o r r e c t  

t h read  had been used i n  t h e  harness f a b r i c a t i o n .  F u r t h e r  t e s t i n g  was 

d i scon t i nued  a t  t h i s  p o i n t  a t  t h e  request  o f  t h e  sponsor. 



I V .  RECOMMENDATIONS 

Based on the  t e s t  program t o  da te ,  t h e  f o l  low ing recommendat ions a re  

made : 

a The ves t  harness should be based on t h e  most recent  design t e s t e d  

t h a t  r e s t r i c t s  r e l a t i v e  mot ion o f  t h e  b e l t s  and has a common 

at tachment f o r  t h e  t e t h e r  b e l t s  on each s ide .  

"he t e t h e r  b e l t  anchor p o i n t s  shou ld  be s e l e c t e d  t o  p r o v i d e  the  

most forward t e t h e r  s t r a p s  w i t h  an ang le  o f  approx imate ly  45  

degrees t o  h o r i z o n t a l  t o  min imize  fo rward  excurs ion.  

* The ves t  r e s t r a i n t  should be s i z e d  t o  t he  t o r s o  h e i g h t  o f  t he  

wearer  t o  p revent  abdominal i n t r u s i o n  by the  l a p - b e l t  p o r t i o n  o f  

t he  harness d u r i n g  an impact. 

* Upper t o r s o  r e s t r a i n t  t o  p r o t e c t  a g a i n s t  f r o n t a l  impact would 

s i gni  f i cant  1 y reduce o p e r a t o r  head excu rs ion  and exposure t o  

i n j u r y  and shou ld  be s e r i o u s l y  considered as a f u t u r e  upgrade 

t o  the  ves t  r e s t r a i  n t  system. 



V. RESULTS 

The impact t e s t s  be ing  repo r ted  a re  as f o l l o w s :  
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For each s l e d  impact t e s t ,  i n f o r m a t i o n  i s  p resented i n  the  f o l l o w i n g  

sequence : 
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* Tes t  Setup Photos 
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fi Pos t - T e s t  Photos 

fi Data P l o t s  



TEST SUMMARY 

TEST NUMBER: 82M002 

IMPACT VELOCITY: 20.5 mph 

DECELERATION: 27.0 g 

TEST RESULTS: 

PEAK HEAD ACCELERATIONS 

P-A: 30.0 g 

R-L: 8.9 g 

I-S: 90.3 g 

PEAK RESULTANT: 92.0 g 

HIC: 1028 

PEAK CHEST ACCELERATIONS 

P-A: 22.3 g 

R-L: 11.79 

I-S: 30.7 g 

PEAK RESULTANT: 39.2 g 

BELT LOADS 

RIGHT SHOULDER STRAP: 459 lbs 

LEFT SHOULDER STRAP: 102 lbs 

OBSERVATIONS: Left side tether "])"-ring failed, releasing dummy 
during impact. 





































TEST SUEMARY 

TEST NUMBER: 82M003 

IMPACT VELOCITY: 20.0 mph 

DECELERATION: 27.4 g 

TEST RESULTS: 

PEAK HEAD ACCELERATIONS 

P-A: 118.5g 

R-L: 64.1 g 

I-S: 82.8 g 

PEAK RESULTANT: 158.2 g 

HIC: 673 

PEAK CHEST ACCELERATIONS 

P-A: 17.3 g 

R-L: 5.4 g 

I-S: 30.2 g 

PEAK RESULTANT: 31.6 g 

BELT LOADS 

RIGHT REAR TETHER STRAP: 609 lbs 

LEFT REAR TETHER STRAP: 461 lbs 

OBSERVATIONS: Belt harness did not fail, but dummy experienced 
excessive excursion to the forward edge of the seat as well a s  
possible abdominal intrusion fro'm the lap belt portion of the 
harness. 
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TEST SClMMARY 

TEST NUMBER: 82M004 

IMPACT VELOCITY: 20.2 mph 

DECELERATION: 27.9 g 

TEST RESULTS: 

PEAK HEAD ACCELERATIONS 

P-A: 8.9 g 

R-L: 12.0 g 

I-S: 21.9 g 

PEAK RESULTANT: 22.3 g 

HIC: 97 

CHEST ACCELERATIONS 

P-A: 8.5g 

R-L: 4.2 g 

I-S: 34.6 g 

PEAK RESULTANT: 34.6 g 

BELT LOADS 

RIGHT SHOULDER STRAP: 132 lbs 

LEFT SHOULDER STRAP: 24 lbs 

OBSERVATIONS: Right tether anchor pulled out, releasing the 
dummy during impact. 























TEST SCIMMARY 

TEST NUMBER: 82M005 

IMPACT VELOCITY: 20.4 mph 

DECELERATION: 27.9 g 

TEST RESULTS: 

PEAK HEAD ACCELERATIONS 

P-A: 163.4 g 

R-L: 25.59 

I-S: 104.3 g 

PEAK RESULTANT: 194.2 

HIC: 7 7 5  

PEAK CHEST ACCELERATIONS 

P-A: 22.5 g 

R-L: 5 . 4 9  

I-S: 35.2 g 

PEAK RESULTANT: 35.2 g 

BELT LOADS 

RIGHT SHOULDER STRAP: 77 lbs 

LEFT SHOULDER STRAP: 34 lbs 

OBSERVATIONS: Suspension seat pitched forward, ramping the 
dummy off the forward edge and pr'oducing severe abdominal belt 
intrusion. 

























TEST SUMMARY 

TEST NUMBER: 82M006 

IMPACT VELOCITY: 20.2 mph 

DECELERATION: 28.2 g 

TEST RESULTS: 

PEAK HEAD ACCELERATIONS 

P-A: 66.5g 

R-L: 77.4 g 

I-S: 40.8 g 

PEAK RESULTANT: 104.2 g 

HIC: 334 

PEAK CHEST ACCELERATIONS 

P-A: 15.7 g 

R-L: 17.0 g 

I-S: 23.2 g 

PEAK RESULTANT: 24.5 g 

BELT LOADS 

RIGHT LAP: 1490 lbs 

LEFT LAP: 1346 lbs 

RIGHT SHOULDER STRAP: 440 lbs 

LEFT SHOULDER STRAP: 369 lbs 

OBSERVATIONS: Left tether anchor bracket distorted and tore the 
belt webbing, releasing the dummy during impact. 





































i 
I I I I I I I I I I I I I I 1 I I I I I I I I 

O msec 
I 

50 100 1 SO 200 250 

12/17/82 

B E L T  L O A D S  

- 
- 
- 
- 
- 
- 
- 
- 
- - 
- 
- 
- 
- 
- 

<Fl> = R T  L R P  P e a k  = 1490 LB 
< B >  = L T  LFlP P e a k  = 1 3 4 6  LB 
< C >  = R T  S H L D R  P e a k  = 4 4 0  LB 
< D >  = L T  S H L D R  P e a k  = 3 6 9  LB 

- 
- 
- 
- 
- 
- - 
- 
- < R '  - A - 
- 
- 
- 
- 
- 
- 

03 < B >  - 
- 

0 - - - 
- - 
- - 

<C' - 
- 
- 
- 
- 
- 
- 

< D >  
- 
- 
- 
- -. 



TEST SUMMARY 

TEST NUMBER: 82M007 

IMPACT VELOCITY: 19.2 mph 

DECELERATION: 27.7 g 

TEST RESULTS : 

PEAK HEAD ACCELERATIONS 

P-A: 154.9 g 

R-L: 8 9 . 7 g  

I-S: 118.7 g 

PEAK RESULTANT: 211.3 g 

HIC: 1380 

PEAK CHEST ACCELERATIONS 

P-A: 33.8g 

R-L: 5.9 g 

I-S: 34.4 g 

PEAK RESULTANT: 36.8 g 

BELT LOADS 

RIGHT LAP: 1895 lbs 

LEFT LAP: 1655 lbs 

RIGHT REAR TETHER STRAP: 270 lbs 

LEFT REAR TETHER STRAP: 115 lbs 

OBSERVATIONS: Harness system performed well. The dummy was 
restrained on the seat with acceptable excursion, and the lap 
belt portion of the harness appeared to remain low on the pelvis. 
The high HIC value of 1380 resulted from the dummy's head 
striking its lower legs at maximum excursion. 
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TEST SUMMARY 

TEST NUMBER: 83M001 

IMPACT VELOCITY: 19.4 mph 

DECELERATION: 28.5 g 

TEST RESULTS : 

PEAK HEAD ACCELERATIONS 

P-A: 20.6 g 

R-L: 4.9g 

I-S: 40.1 g 

PEAK RESULTANT: 40.8 g 

HIC: 287 

PEAK CHEST ACCELERATIONS 

P-A: 31.0 

R-L: 4.6 

I-S: 35.5 

PEAK RESULTANT: 42.3 g 

BELT LOADS 

RIGHT FRONT TETHER STRAP: 1227 lbs 

RIGHT REAR TETHER STRAP: 822 lbs 

LEFT REAR TETHER STRAP: 671 lbs 

LEFT FRONT TETHER STRAP: 1110 lbs 

OBSERVATIONS: Harness stitching failed, allowing the dummy to 
slide off the front edge of the seat and producing abdominal belt 
intrusion. 
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