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I. S u m a r y  

A r e v i s e d  heavy equipment o p e r a t o r ' s  s a f e t y  b e l t  r e s t r a i n t  system 

wi th  f i x e d  i n s t e a d  of f l o a t i n g  s i d e  t e t h e r  s t r a p s  was e v a l u a t e d  f o r  

f r o n t a l  impact p r o t e c t i o n  on b o t h  f i x e d  and suspension- type s e a t s  u s i n g  

t h e  UMTRI s l e d  f a c i l i t y .  F ive  t e s t s  were run and t h e  r e s u l t s  compared 

t o  a  p rev ious  t e s t  u s i n g  a  conven t iona l  2" l a p  b e l t .  

The f i n d i n g  a r e  summarized a s  fo l lows :  

a When t e s t e d  on a  f i x e d  f o r k l i f t  s e a t ,  t h e  r e v i s e d  U. S. 
S t e e l  r e s t r a i n t  system produced s l i g h t l y  lower head and 
knee e x c u r s i o n s ,  and s l i g h t l y  h i g h e r  p e l v i s  e x c u r s i o n s  
t h a n  o b t a i n e d  w i t h  a  2" l a p  b e l t .  

e The f l e x i n g  of t h e  suspension- type s e a t  dur ing  impact 
i n c r e a s e d  d u m y  e x c u r s i o n s  by up t o  f o u r  i n c h e s  over  
e x c u r s i o n s  o b t a i n e d  w i t h  a  f i x e d  s e a t .  

a Metal edges a long  t h e  s i d e s  of a  s e a t  cushion can c u t  
t h e  r e s t r a i n t  t e t h e r  s t r a p s  i f  c o n t a c t  i s  made dur ing  
impact. 



11. T e s t  Procedures  and R e s u l t s  

Five  dynamic t e s t s  were conducted on t h e  UMflU impact s l e d  t o  e v a l u a t e  

t h e  r e v i s e d  U. S. S t e e l  r e s t r a i n t  ha rness .  A l l  f i v e  t e s t s  s imula ted  a 

f r o n t a l  impact. 

Two t e s t  p l a t f o r m s  were used.  For t h e  f i r s t  t h r e e  t e s t s ,  t h e  dummy 

was s e a t e d  i n  a f i x e d  f o r k l i f t  s e a t  a t t a c h e d  t o  a f a b r i c a t e d  frame s t r u c -  

t u r e  which was b o l t e d  t o  t h e  s l e d .  The l a s t  two t e s t s  u t i l i z e d  a heavy 

equipment suspension- type s e a t  b o l t e d  d i r e c t l y  t o  t h e  s l e d  p la t fo rm.  

Pho tograph ic  coverage c o n s i s t e d  of two Photoson ics  1-B movie cameras 

o p e r a t i n g  a t  1000 frames p e r  second prov id ing  s i d e  and overhead views of 

t h e  t e s t .  A P o l a r o i d  Graph-Check sequence camera provided a "quick-look" 

a t  t h e  r e s t r a i n t  performance immediately a f t e r  each test .  Black and w h i t e  

35 rmn s e t u p  and p o s t - t e s t  photos  were t aken  f o r  each test s e t u p .  

A 5 0 t h  p e r c e n t i l e  male P a r t  572 anthropomorphic dummy ins t rumented  

w i t h  a t r i a x i a l  acce le romete r  a r r a y  mounted i n  i t s  head and c h e s t  was used 

i n  t h e s e  t e s t s .  The double webbing t h i c k n e s s  of t h e  h a r n e s s  t e t h e r s  pre- 

ven ted  t h e  moni tor ing o f  b e l t  f o r c e s .  T e s t  d a t a  s i g n a l s  were recorded 

d u r i n g  each impact on a Honeywell Model 96 r e c o r d e r  and then  d i g i t i z e d ,  

ana lyzed ,  and p l o t t e d  u s i n g  a  NOVA/^ l a b o r a t o r y  computer. 

Tab le  I summarizes t h e  t e s t  r e s u l t s  ob ta ined  w i t h  t h e  r e v i s e d  harness  

des ign.  Table  I1 compares t h e  performance of t h e  U. S. S t e e l  r e s t r a i n t  

system on b o t h  a f i x e d  f o r k l i f t  s e a t  and a suspens ion  s e a t  t o  p rev ious  r e -  

s u l t s  ob ta ined  w i t h  a 2-inch l a p  b e l t  on a f o r k l i f t  s e a t .  



Table I. Summary of Sled Test  Resul ts  

Test Number: 83S001 

Res t r a in t  System: U, S. S t e e l  

Sea t ing  : F o r k l i f t  

Veloci ty (rnph) : 17.5 

Decelerat ion (g)  : 33.5 

Impact Direct ion:  Fronta l  

Max. Excursion ( i n . )  

HEAD : N A 

KNEES : N A 

PELVIS : N A 

Peak Resul tant  
Accelerat ions (g) 

HEAD : 34.7 

CHEST : 16.6 

Head I n j u r y  C r i t e r i a  
(HIC) : 7 2 

838002 

U. S .  S t e e l  

F o r k l i f t  

16.9 

31.9 

Fronta l  

838003 

U. S .  S t e e l  

F o r k l i f t  

30.7 

22.7 

Front a 1  

838 004 

U.  S.  S t e e l  

Suspension 

18.4 

29.8 

Fron t a  1 

838005 

U. S. S t e e l  

Suspension 

17 .8  

29.8 

Front a 1  



Table 11. Performance Comparison 

Test  Number: 828002 

Res t r a in t  System: 2" l ap  b e l t  

Seat ing:  F o r k l i f t  

Veloci ty (mph) : 18.5 

- D e c e l e r a t i o n ( g ) :  30.0 

Impact Direct ion:  Fronta l  

Max. Excursions ( in . )  

HEAD: 33.7 

KNEES : 7.9 

PELVIS : 6.2 

Peak Resul tant  
Accelerat ion (g) 

HEAD : 

CHEST : 

Head I n j u r y  C r i t e r i a  (HIC) : 652 

838002 

U. S. S t e e l  

F o r k l i f t  

16.9 

31.9 

Front a 1  

833 005 

U. S. S t e e l  

Suspension 

17.8 

29.8 

Front a1  



111. Discuss ion  

The r e v i s e d  b e l t  h a r n e s s  a s  f i r s t  r e c e i v e d  had t h e  s i d e  t e t h e r s  

s t i t c h e d  t o  t h e  main b e l t  a t  90 d e g r e e s ,  e l i m i n a t i n g  t h e  p rev ious  f o r e - a f t  

motion b u t  n o t  p r o v i d i n g  an optimum load ing  angle .  P u l l - t y p e  a d j u s t e r s  

were provided on t h e  t e t h e r s ,  which g r e a t l y  s i m p l i f i e d  b e l t  t e n s i o n i n g ,  

b u t  t h e y  r e q u i r e d  an  awkward, downward p u l l  by t h e  o p e r a t o r .  

I n  t h e  f i r s t  test ,  83S001, t h e  s t i t c h i n g  which h e l d  t h e  s i d e  t e t h e r s  

t o  t h e  main b e l t  f a i l e d .  The fo l lowing  improvements were decided upon: 

The use  of a l o c k - s t i t c h  t o  i n c r e a s e  t h e  s t r e n g t h  of t h e  s i d e  
t e t h e r  a t t achment .  

Angling t h e  s i d e  t e t h e r s  rearward t o  reduce b e l t  s l a c k  and pre- 
v e n t  t h e  s t i t c h i n g  from being loaded unevenly.  

r Changing t h e  adjus tment  c o n f i g u r a t i o n  of t h e  s i d e  t e t h e r s  t o  
pe rmi t  an upwards p u l l  by t h e  o p e r a t o r  f o r  b e l t  t e n s i o n i n g .  

A l l  t h e s e  improvements were i n c o r p o r a t e d  i n  a second set of r e v i s e d  

h a r n e s s e s ,  w i t h  t h e  s i d e  t e t h e r s  angled rearward a t  25'. The upward-pull 

t e t h e r  t e n s i o n e r s  worked v e r y  w e l l  and should make i t  much e a s i e r  f o r  an 

o p e r a t o r  t o  p r o p e r l y  a d j u s t  h i s  r e s t r a i n t  ha rness .  

Four a d d i t i o n a l  s l e d  t e s t s  were then  conducted on t h e s e  upgraded 

h a r n e s s e s ,  a s  i n d i c a t e d  below: 

Tes t  83S002 was run  a t  16.9 mph and 31.9 g on t h e  f o r k l i f t  s e a t .  

The U. S. S t e e l  h a r n e s s  r e s t r a i n e d  t h e  dummy w i t h  e q u i v a l e n t  o r  b e t t e r  

e x c u r s i o n s ,  peak a c c e l e r a t i o n s ,  and HIC than  a c o n v e n t i o n a l  2" l a p  b e l t .  

(See  Table  1 1 ) .  A s l i g h t  pucker ing was observed i n  t h e  b e l t  f a b r i c  a t  

t h e  s i d e  t e t h e r  s t i t c h i n g  a f t e r  t h e  impact ,  bu t  seemed t o  r e l a x  w i t h  

t ime. No d e g r a d a t i o n  of t h e  r e s t r a i n t  webbing o r  hardware was observed.  

T e s t  838003 was r u n  a t  30.7 mph and 27.7 g on t h e  f o r k l i f t  s e a t .  

Th i s  h i g h e r - v e l o c i t y  impact was used t o  e v a l u a t e  t h e  U. S. S t e e l  r e s t r a i n t  

under  t y p i c a l  automotive  compliance c o n d i t i o n s .  The excurs ions  were on ly  

s l i g h t l y  i n c r e a s e d  from t h o s e  ob ta ined  i n  t h e  p rev ious  test .  Belt puck- 

e r i n g  occur red  a t  t h e  s i d e  t e t h e r  s t i t c h i n g ,  bu t  no degrada t ion  of t h e  

r e s t r a i n t  was absented. The s i g n i f i c a n t l y  h i g h e r  head a c c e l e r a t i o n s  and 



HIC r e s u l t e d  from t h e  dummy h e a d ' s  s t r i k i n g  t h e  l e g s  d u r i n g  impact,  and 

cannot  be  meaningful ly  compared t o  t h e  o t h e r  t e s t  r e s u l t s .  

T e s t  838004 was run a t  18.4 mph and 29.8 g on a  suspension- type 

s e a t .  The r e s t r a i n t  t e t h e r s  could n o t  b e  shor tened  adequa te ly  t o  u t i l i z e  

t h e  b e l t  a t tachment  p o i n t s  on t h e  seat s ide - f rames ,  so  a d d i t i o n a l  brack- 

e t r y  was f a b r i c a t e d  below t h e  side-frames w i t h  anchor  p o i n t s  t h a t  main- 

t a i n e d  t h e  45' t e t h e r  ang le .  The r i g h t  s i d e  t e t h e r  s t r a p  f a i l e d  a s  i t  

p u l l e d  a c r o s s  t h e  upper edge of t h e  s e a t  side-frame. The l e f t  t e t h e r  

a l s o  d i s p l a y e d  s i g n s  of s i m i l a r  a b r a s i o n ,  a l though  t h e s e  edges were n o t  ab- 

normal ly  sharp .  The edges on bo th  s i d e s  of t h e  s e a t  were rounded w i t h  a 

f i l e  and covered w i t h  s e v e r a l  l a y e r s  of duc t  t a p e  b e f o r e  f u r t h e r  t e s t i n g .  

T e s t  83S005 was run  a t  17 .8  mph and 29.8 g on a  suspension- type 

s e a t .  Th i s  d u p l i c a t e d  t h e  c o n d i t i o n s  of t h e  p rev ious  test ,  bu t  w i t h  t h e  

seat side-frame edges rounded and t aped  t o  p r o t e c t  t h e  r e s t r a i n t .  Desp i te  

t h e  forward t i p p i n g  of t h e  suspens ion  seat,  which i n c r e a s e d  excurs ion  

v a l u e s  somewhat, t h e  r e s t r a i n t  kept  t h e  dummy well p o s i t i o n e d  on t h e  s e a t  

cushion d u r i n g  impact. The d u c t  t a p e  on t h e  s e a t  s ide-f rames was abraded 

by t h e  r e s t r a i n t  t e t h e r s .  (See  p o s t - t e s t  photos  i n  t h e  appendix) .  

The U. S. S t e e l  r e s t r a i n t  system, a s  redes igned  w i t h  f i x e d  i n s t e a d  

of f l o a t i n g  s i d e  t e t h e r  s t r a p s ,  o f f e r s  e q u i v a l e n t  o r  b e t t e r  p r o t e c t i o n  

than  a c o n v e n t i o n a l  2" l a p  b e l t  i n  f r o n t a l  impacts .  While t h e  program 

budget d i d  n o t  permit  r e t e s t i n g  t h e  r e s t r a i n t ' s  s i d e  impact performance,  

t h e  i n i t i a l  f l o a t i n g  t e t h e r  des ign  had performed reasonab ly  w e l l  i n  pre- 

v i o u s  l a t e r a l  tests. The f i x e d  t e t h e r s  of t h e  redes igned  r e s t r a i n t  

should  p r o v i d e  e q u i v a l e n t  o r  b e t t e r  p r o t e c t i o n  from t h e i r  e l i m i n a t i o n  of 

p o t e n t i a l  be1  t s l a c k .  

A f u n c t i o n a l  problem no ted  dur ing  t e s t i n g  was a  tendency f o r  t h e  main 

3" b e l t  t o  f r e q u e n t l y  s l i p  adjus tment  and loosen.  An improved means of 

main ta in ing  b e l t  t e n s i o n  i s  needed t o  e l i m i n a t e  t h i s  annoyance, such a s  

improved adjus tment  hardware o r  v e l c r o  securements f o r  t h e  l o o s e  b e l t  

ends .  



I V .  Recommendations 

The f o l l o w i n g  changes a r e  sugges ted  t o  f u r t h e r  improve t h e  U. S .  

S t e e l  r e s t r a i n t  system: 

I n c r e a s e  t h e  a n g l e  of t h e  t e t h e r  s t r a p s  t o  t h e  main b e l t  
t o  45' rearward.  

e Allow t h e  t e t h e r  s t r a p s  t o  be  a d j u s t a b l e  t o  a s h o r t e r  
l e n g t h  than  t h e  p r e s e n t  d e s i g n ,  t o  accommodate s e a t -  
mounted b e l t  anchors .  

Provide a b r a s i o n  p r o t e c t i o n  such a s  a s t r i p  of nylon o r  
p l a s t i c  s h e e t i n g  on t h e  inboard f a c e s  of t h e  t e t h e r  
s t r a p  t o  p reven t  c u t t i n g  on s e a t  frames.  

P rov ide  a b e t t e r  means of m a i n t a i n i n g  t h e  t e n s i o n  i n  t h e  
main b e l t ,  such  a s  a v e l c r o  securement o r  improved b e l t  
adjus tment  hardware. 



V. Appendix 

1. Test  Data 

Data a r e  arranged i n  t h e  fol lowing sequence f o r  each impact t e s t :  

cr Test  Summary 

cr Data P l o t s  

cr Setup Photograph 

Graph-Check Photograph 

cr Post-Test ~ h o t o g r a p h ( s )  



Test Summary 

Test Setup 

Test Facili ty:  UMTRI Impact Sled 

Impact Parameters 

Velocity : 17-5  mph - L 

Deceleration : - 3 3 -  5 g, pe;k, with ha l f - s ine  waveform 

Di rec t i on : Frwntal 

Restraint System: U. S. Steel 

Test Results 

Peak head accelerations 

P-A (Posterior-Anterior) : m i n =  - - 7  g max= g 32 

R-L ( Right-Left) : m i n =  - - 5  g max= 4 g 

I-S ( Inferior-Superior) : min= - -22 g max= 9 g 

Resultant - 34.7 g 

HIC (Head Injury Cri ter ia)  - 72 from - 88 to  248  ms 

Peak chest accelerations 

P-A (Pos terior-Anteri or) m j n =  - -10 g m x =  - 1 g 

R-L (Ri ght-Left) m i n  = - 3 g max1.-9 4 

I-S (~nferior-Superior) m i n =  -15 g max= 12 g 
Resultant - 16.6 g 

.Peak be1 t 1 oads 

Right side: 
Left side: 

N *  A* pounds - 
N * A *  pounds - 

Maximum Excursions (from H. S. film analysis) 

Head : A  

Knees : 
Pel v i  s : 

~ , a .  inches 
~ , a .  inches 

y . ~  inches 

Observations : 
Tether s t r a p  s t i t c h i n g  f a i l e d ,  dummy was not  r e s t r a ined  during t e s t .  





















Test Sumary 

Test Setup 

Test Facili ty:  UMTRI Impact Sled 

Impact Parameters 

Velocity: - 1 6 . 9  ~ P J  
Deceleration : - 31.9 9, wit6 half-sine waveform 

Di rection: Fruntal 

Restraint System: U. S. Steel 

Test Results 

Peak head accelerations 

P-A (Posteri or-Anterior) : 
R-L (Ri ght-Left) : 
I-S ( Inferior-Superi or) : 
Resultant 
HIC (Head Injury Cri ter ia)  

Peak chest accelerations 

P-A ( Posterior-Anterior) 
R-L (Ri ght-Left) 
I-S (Inferior-Superior) 
Resultant 

Peak be1 t loads 

Right side: 
Left side: 

min = -13 - g max = 79 g 
mjn = -28 2 8 

, g max = g 
min = -13 g max = 56  g - 

97 g - 
330 from 93 to  204 ms - - 

N . A .  pounds - 
N . A .  pounds - 

Maximum Excursions (from H. S. film analysis) 

Head :. 
Knees : 
Pel v i  s : 

32.5 inches - 
7 . 7  inches - 

6.5 inches - 
Observati ons : 

















Test Sumnary 

Test Setup 

Test Facility: UMTRI Impact Sled 

Impact Parameters 

Ve1 oci ty : 3 0 - 7  mph 

Deceleration : 2 2 * 7  9, with trapezoidal waveform 
Direction: Frontal 

Restraint System: U. S. Steel 

Test Results 

Peak head accelerations 

P-A (Posterior-Anterior) : min = - 22 g max = 1 7 7  

R-L (Ri ght-Left) : mjn  = -205 g max = -9 1 2 2  

I-S ( Inferior-Superior) : min= ' l g  max= -9 1 4 7  

Resultant 9 307 

H I C  (Head Injury Cri ter ia)  2603 from 110 to 144 ms 

Peak chest accelerations 

P-A ( Pos terior-Anteri or)  min = -51 g max= 57 g 

R-L  (Right-Left) min = -15 g max= g 14  

I-S ( Inferior-Superi or) min= - 9  g max= 66 g 

Resultant 67 g 

Peak be1 t loads 

Right side: 
Left side: 

N.A.  pounds 
N.A. pounds 
7 

Maximum Excursions (from H .  S .  film analysis) 

Head : 
Knees : 
Pelvis : 

35.2 inches 
9 .2  inches 
7 .9  inches 

Observati ons : 















Test Summary 

Test Setup 

Test Facili ty:  UMTRI Impact Sled 

Impact Parameters 

Vel oci ty : - 1 8 . 4  mph 
Y 

Deceleration : - 2 9 . 8  g, with trapezoidal waveform 
Di rection : Frantal 

Restraint System: U. S. Steel 

Test Results 

Peak head accelerations 

P-A (Posterior- Anterior) : m i n s  - -11 g max= - 8  9 

R-L (Ri ght-Left) : min = - - 8  g m a x =  g 

I-S (Inferior-Superior) : m i n  = - -25 g max - 2 5  g 

Res ul tan t  9 2 5 . 7  

HIC (Head Injury Cri ter ia)  - 127 from lo3 t o  218 ms - - 
Peak chest accelerations 

P-A (Posterior-Anteri or)  min = - 4  - g max= l3 g - 
R-L (Ri ght-Left) m i n  = - 6 g max = g - 
I-S ( Inferior-Superi or)  min = - 2 1  g max = 25 g 
Resultant 2 4 . 7  g - 

Peak be1 t loads 

Right side: 
Left side: 

N . A .  pounds - 
N . A .  pounds - 

Maximum Excursions (from H. S. film analysis) 

Head :. 
Knees : 
Pelvis: 

N . A .  inches - 
N . A .  inches - 
N . A .  inches - 

Observations : 
T e t h e r  webbing was c u t  by s i d e - r a i l s  of  s u s p e n s i o n  seat. Right  s i d e  
t e t h e r  s t r a p  f a i l e d  and dummy was n o t  r e s t r a i n e d  d u r i n g  t e s t .  



















Test Sunary TEST 83W005 

Test Setup 

Test Facility: UMTRI Impact Sled 

Impact Parameters 

Velocity : - 17.8  mph 
A 

Deceleration : - 29.8 g, with trapezoidal waveform 
Direction: Frontal 

Restraint Sys tem: U. S. Steel 

Test Results 

Peak head accelerations 

P-A ( Posterior-Anterior) : min = - -15 g max = 98 g 

R-L (Ri ght-Left) : ,in = -113 g max = 9 4  g 

I-S ( Inf erior-superi or) : min = -19 g max = 108 

Resultant - 183 

HIC (Head Injury Criteria) - 686' from - 193 t o  - 2 0 1  ms 

Peak chest accelerations 

P-A ( Pos terior-Anteri or) min= - 9  g max=  2 4  g - 
R-L (Ri ght-Left) min= - 3  g ma,= 5 g - - 
I-S (Inferior-Superi~r) min= - 6  - g m a x =  2 9  g - 
Resultant -9 2 9 . 4  

Peak be1 t loads 

Right side: 
Left side: 

N * A *  pounds - 
N - A *  pounds - 

Maximum Excursions (from H. S. film analysis) 

Head :. 
Knees : 
Pel vi s : 

35.5 inches 
1 1 . 5  inches 

9 .4  inches 

Observations : 






















