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T h i s  second phase o f  t h e  s t u d y  e v a l u a t e d  t h e  proposed heavy equipment 

o p e r a t o r ' s  s a f e t y  be1 t r e s t r a i n t  system under s i m u l a t e d  dynamic c o n d i t i o n s .  

F r o n t a l ,  l a t e r a l ,  and v e r t i c a l  impacts  were produced u s i n g  t h e  UMTRI impact  

s l e d  and t h e  shaker  p l a t f o r m  f a c i l i t i e s .  The performance o f  t h e  proposed 

r e s t r a i n t  was compared t o  t h e  r e s u l t s  o b t a i n e d  w i t h  conven t iona l  two- inch-  

wide l a p  be1 t webbing under i d e n t i c a l  c o n d i t i o n s .  T h i s  proposed harness 

o f f e r s  a  un ique and p r o m i s i n g  approach t o  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 ,  as d e t a i l e d  i n  t h e  Phase I r e p o r t .  F u r t h e r  

development t o  e l i m i n a t e  t h e  problems found i n  Phase I1  impac t  t e s t i n g  i s  

recommended. 

The f i n d i n g s  a r e  summarized as fol ' lows: 

0 I n  f r o n t a l  impacts,  t h e  proposed U. S. .S tee l  r e s t r a i n t s  a l l o w e d  
g r e a t e r  p e l v i s  and h i p  e x c u r s i o n s  than  a  c o n v e n t i o n a l  l a p  b e l t ,  
b u t  t h e r e  was no d i f f e r e n c e  i n  rrlaximum head excu rs ions .  

0 I n  l a t e r a l  impacts ,  t h e  proposet i  U. S.  S t e e l  r e s t r a i n t  p r o v i d e d  
l e s s e r  p e l v i s  and g r e a t e r  head excu rs ions  than  a  conven t iona l  l a p  
be1 t. 

0 I n  v e r t i c a l  j o l t  impacts ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  
performance between t h e  proposeci U. S. S tee l  r e s t r a i n t  and a  
conven t iona l  l a p  be1 t. 



11. Test Procedures and Results 

A to ta l  of ten dynamic impact t e s t s  were conducted to evaluate the 
U .  S. Steel r e s t r a i n t  harness, s ix  on the UMTRI impact sled and four on a 
ver t ica l  shaker platform. A conventional two-inch wide 1 ap be1 t ins ta l  1 a- 
t ion was used fo r  comparison purposes. 

The sled t e s t s  consisted of four frontal  and two la te ra l  impacts. 

The t e s t  platform consisted of a f o r k l i f t  seat  attached to a fabricated 
frame. This assembly was r ig idly  fastened to  the impact sled t o  simulate 
a typical operator seating configuration. Side and overhead high-speed 
movies were taken using Photosonics 1-0 cameras operating a t  1000 frames 
per second. A Polaroid Graph-Check seqluence camera provided a "quick-look" 
a t  the r e s t r a i n t  performance immediate1.y a f t e r  each t e s t .  

The shaker platform t e s t s  consisted of a single vert ical  j o l t  produced 
by a hydraulic servo system. This f a c i l i t y  became available fo r  use during 
the t e s t  program, and provided a more r e a l i s t i c  simulation of vert ical  i m -  

pacts experienced by equipment operators than could be produced on the 
sled. A fork l i f t  sea t  attached to  a frame was r ig idly  fastened t o  the 
shaker platform, s imi lar  t o  the impact sled setup. 

A s ide  view of the j o l t  t e s t  was recorded using a Photosonics 1-0 cam- 
era operating a t  1000 frames per second,. A 50th percenti le  male Part 572 

dummy instrumented with a t r i ax i a l  accelerometer array mounted in i t s  head 
and chest was used in these t e s t s .  GSE be l t  load ce l l s  were used to moni- 
t o r  be l t  webbing forces. These acceleration and force signals were re- 
corded d u r i n g  each impact t e s t  on a Honeywell Model 7600 recorder. 

Table 1 summarizes the impact sled t es t ing  of the proposed r e s t r a in t  
system. Frontal t e s t s  were conducted at; two di f ferent  severi ty levels  of 
approximately 18 mph a t  30 g and 21 mph a t  20 g. The higher velocity 
produced larger  peak excursions of the knees and pelvis w i t h  e i t he r  re- 
s t r a i n t  system. The proposed r e s t r a in t  system gave a 75% greater  pelvis 
excursion than the 1 ap be1 t a t  18 mph, a n d  120% greater  excursions a t  21 

mph.  Peak head excursions showed very l i t t l e  sens i t iv i ty  to e i t he r  re- 
s t r a i n t  system or impact severi ty.  The s ign i f i can t ly  higher peak head 



accelerations and HIC in t e s t s  82S005 and  82S006 resulted from the dummy 

head's striking the legs. Head/leg interaction also occurred during t e s t  
82S002, b u t  the lower t e s t  velocity lessened the effect.  

Lateral t e s t s  were conducted a t  a severity level of 1 2  mph a t  18 g .  

The proposed restraint  system gave a 4% lower peak head excursion and a 
9% greater peak pelvis excursion than the conventional two-inch lap be1 t ,  
an i nsi gni f i  cant difference. 

Table I1  summarizes the vertical j o l t  testing on the shaker platform. 

The proposed restraint  system and  the conventional lap belt  b o t h  provided 
the same degree of restraint  on peak vertical excursions of the head and 
shoulders. Also, b o t h  res traint  systems; provided lesser peak vertical ex- 
cursions than those produced when simulating an unrestrained operator. 



Tab le  I. Summary o f  S l e d  Tes t  Resu l t s  

T e s t  
Number: 82S001 82S002 82S003 82S004 82S005 82S006 

R e s t r a i  n t  2" l a p  2 "  l a p  2" l a p  
Sys tem : U.S. S t e e l  be1 t U.S. S t e e l  b e l t  U.S. S t e e l  b e l t  

V e l o c i t y :  
( m ~ h  18.2 18.5 11.9 12.0 21.2 21.1 

D e c e l e r a t i o n  : 
( 9 )  29.8 30.0 18.8  18.4 20.3 20.9 

D i r e c t i o n  o f  
Impact  : F r o n t a l  F r o n t a l  L a t e r a l  L a t e r a l  F r o n t a l  F r o n t a l  

Maximum 
Excurs ions  

( i n c h e s )  

HEAD : 
KNEES : 
PELVIS : 

Peak B e l t  
Loads 

(pounds) 

RT: 
LT: 

Peak Res u l  t a n  t 
A c c e l e r a t i o n s  

( 9 )  
HEAD: 
CHEST : 

Head I n j u r y  
C r i t e r i a  

(HIC) : 





111. Discussion 

From the tes t  resul ts ,  the proposed restraint  system appears t o  offer 
comparable protection t o  a conventional lap be1 t during la teral  and verti-  
cal impacts, b u t  allows excessive pelvic excursions during a frontal im- 
pact. Analysis of the frontal t e s t  high-speed movies suggests the higher 
excursions result  from the ab i l i ty  of the short side belts t o  move fore- 

. and-aft along the main belt loop. While this  provides adjustabili ty so 
the restraint  will f i t  a wide range of operators, i t  also appears t o  feed 

in additional effective be1 t length during frontal impact. 

To eliminate this  condition, i t  may be necessary t o  eliminate or 
modify the adjustability feature of the short side belts along the main 
belt  loop. Either st i tching the side blelts t o  the main loop or providing 
several shorter adjustment ranges should reduce the forward excursion o f  

the occupant. 

Another consideration i s  the proper length or tension adjustment of 
the short side belts.  For a l l  the impalct t e s t s ,  these were pretensioned 
between 1 2  t o  15 pounds to provide consistent i n i t i a l  conditions. However, 
the short belts are not as easy t o  tens.ion as a conventional lap be l t ,  
increasing the probability of misuse or non-use. A simplified tightening 
method for the side belts that  could be easily performed by a restrained, 
seated operator should improve usage rates as well as impact performance. 

For the vertical j o l t  t e s t s ,  the proposed severity level of 7 mph a t  
6 g was not attained. The low excursior~ of the unrestrained operator 
would suggest retesting a t  the higher severity t o  obtain a better compari- 
son of the two restraint  systems. 

A suspension-type seat could not be obtained in time for inclusion in 
the Phase I1 t e s t  program. However, this  type of seat was recently eval- 
uated on the UMTRI impact sled using a similar restraint harness. I n  a 
frontal impact the ent i re  suspension-type seat rotated forward and re- 
mained permanently deformed in this position. This motion allowed the 
dummy t o  s l ide off the end of  the seat cushion and submarine under the 
restraint.  Because o f  the greater pelvis excursions produced by the pro- 



posed r e s t r a i n t  system, the  i n t e r a c t i o n  w i t h  a  suspensi on-type seat  and 

t h e  h i g h  p o t e n t i a l  f o r  submarin ing should  be i n v e s t i g a t e d .  



I V .  Recommendations 

To improve t h e  impac t  performance o f  t h e  proposed r e s t r a i n t  system, 

emphasis shou ld  be p laced  on f a c t o r s  t h a t  reduce t h e  p e l v i s  and knee ex- 

c u r s i o n s  d u r i n g  f r o n t a l  impacts .  

These i n c l u d e  t h e  f o l l o w i n g :  

8 Ensur ing  t h a t  i n s t a l l a t i o n  o f  t h e  harness a t t a c h i n g  anchors w i l l  
p r o v i d e  t h e  recommended 50" + 5" b e l t  ang le .  V e r t i c a l  at tachments 
w i l l  s i  gni  f i c a n t l y  i n c r e a s e  f o r w a r d  mot ion  d u r i n g  impact. 

a Prov ide  an e a s i l y  per formed l e n g t h  ad jus tment  f o r  t h e  s h o r t  s i d e  
b e l t s  t o  encourage o p e r a t o r s  t o  use t h e  r e s t r a i n t  i n  a  c o r r e c t l y  
t ens ioned  manner. 

a Min im ize  o r  e l i m i n a t e  t h e  f o r e - a f t  t r a v e l  o f  t he  s h o r t  s i d e  b e l t s  
a l o n g  t h e  mai n  l oop .  Th i  s  a d j u s t a b i  1  i ty  f e a t u r e  u n f o r t u n a t e l y  
degrades f r o n t a l  impac t  performance. 

A d d i t i o n a l  t e s t i n g  shou ld  a l s o  be cons ide red  t o  e v a l u a t e  t h e  f o l l o w i n g :  

a The e f f e c t  o f  h i g h e r  s e v e r i t y  v ' e r t i c a l  impacts  on r e s t r a i n t  pe r -  
formance. 

0 The i n t e r a c t i o n  o f  a  suspens ion- type s e a t  w i t h  t h e  proposed re -  
s t r a i n t  system t o  check f o r  p o t e n t i a l  s e a t  cush ion o v e r r i d e  by 
t h e  o p e r a t o r ,  r e s u l t i n g  i n  submarin ing.  

r The e f f e c t i v e n e s s  o f  any a1 t e r n a t i v e  m o d i f i c a t i o n s  t o  t h e  proposed re -  
s t r a i n t  system design.  



V .  Appendix 

1. T e s t  Data 

Data a r e  a r ranged  i n  t h e  f o l l o w - i  ng sequence f o r  each impac t  t e s t :  

e T e s t  summary 

e Data P l o t s  

a Setup Photograph 

a Graph-Check Photograph 

a Pos t -Tes t  Photograph 



Test S umrria ry 

Test Setup 

Test Facility: UMTRI Impact Sled 

Impact Parameters 

Velocity : - 18.2 mph 

Deceleration : - 29.8 g ,  with trapezoidal waveform 

Di recti on : Frontal 

Restraint System: U. S .  Steel 

Test Results 

Peak head accelerations 

P-A (Posteri or-Anteri or) : min= -12  g m a x =  9 g 

R-L (Right-Left) : min= - -11 g m a x =  6 g 

I-S ( Inferior-Superior) : min= - - 1  g m a x =  41 g 

Resultant - 42 g 

HIC (Head Injury Criteria) - 309 from - 118 t o  256 ms 

Peak chest accelerations 

P-A ( Posterior-Anteri or) min= -13 g m a x =  9 g 

R-L (Right-Left) : min= - 3  g m a x =  5 g 

I -S  ( Inferior-Superior) : m i n =  - 1  g m a x =  18 g 

Resultant 2o g - 
Peak be1 t 1 oads 

Right side: 

Left side: 

1 386 pounds - 
1 547 pounds - 

Maximum Excursions (from H, S. film analysis) 

Head: 
Knees : 
Pel v i  s : 

33.2 inches - 
inches - 

10.9 inches 

Observations : 

















Tes t S umnia ry 

Test Setup 

TEST 8?~007 

Test Faci l i ty:  UMTRI Impact Sled 

Impact Parameters 

Velocity: 18.5 mph 

Deceleration : 30.0 g ,  with trapezoidal waveform - 
Di recti  on : Frontal 

Restraint System: 2"  1 a p  be1 t webbing 

Test Resul ts 

Peak head accelerations 

P-A (Pos t e r i  or-Anteri or )  : m j n  = -138 g max = 1 2  g - 
R-L ( ' ~ i ~ h t - L e f t )  : min = - 44 g m a x =  85 g 
I-S ( Inferior-Superior) : min = - 20 g m a x =  9 3 !I 

Res u l  t a n t  185 g - 
HIC (Head Injury Cri ter ia)  652 from 149 t o  216 ms - - - 

Peak chest accelerations 

P-A (Pos terior-Anteri or) m i n = - 3 f i  g m a x =  6 g 

R-L (Right-Left) : m i n = - 3  g m a x =  4 g 

I-S ( Inferior-Superior) : min=  - 3  g m a x =  20 g 

Res u l  t a n t  35 g - 
Peak be1 t loads 

Right s ide :  

Left s i  ae: 
1631 pounds - 
1628 pounds - 

Maximum Excursions (from H .  S. film anislysis) 

Head: 
Knees : 
Pel vi s : 

33.7 inches - 
7.9 inches - 
6.2 inches 

Observations : 





















Test S urnnia ry TEST 82S003 

Test Setup 

Test Facili ty:  UMTRI Impact Sled 

Impact Parameters 

Velocity : 11  ~ 9 m p h  

Deceleration : 18.8 g, with trapezoidal waveform 

Di rection : Lateral 

Restraint System: U. S .  Steel 

Test Results 

Peak head accelerations 

P-A (Posteri or-Anterior) : m i n = - 2  g m a x =  - 4 g 

R-L (Ri ght-Left) : min=  - - 8  g m a x =  - 10 g 

I -S ( Inferior-Superior) : min= - 1 2  g m a x =  1 g 

Res u l  t a n t  13 g 

HIC (Head Injury Criteria) 30 from 150 t o  408 ms 

Peak chest accelerations 

P-A (Posterior-Anteri or )  min=  - 2  g m a x =  1 g - 
R-L (Right-Left) : min = - 1 g m a x =  - 5 g 

1-5 (~nfer ior-Superior)  : m i n = - 2 1  g m a , =  2 g 

Resultant - 21 g 

Peak be1 t 1 oads 

Right s ide:  

Left s ide:  

601 pounds 

37 pounds 

Maximum Excursions (from H .  S .  film analysis) 

Head : 
Knees : 
Pel vi s : 

3 6 g 1  inches - 
NA inches 
9 . 7  inches 

Observations : 







o z x  















Test Sumrr~ary 

Test  Setup 

TEST 82S004 

Test  F a c i l i t y :  UMTRI Impact S led  

Impact Parameters 

V e l o c i t y  : 12.Omph 

Dece le ra t i on  : 18.4 g, w i t h  t r a p e z o i d a l  waveform 

D i  r e c t i o n  : L a t e r a l  

R e s t r a i n t  System: 2 "  l a p  be1 t webbing 

Test Resul t s  

Peak head acce le ra t i ons  

P-A ( P o s t e r i  o r - A n t e r i o r )  : m i n =  n g m a x =  1 g  

R-L (R i  g h t - L e f t )  : m i n =  - g  m a x =  7  g  

I - S  ( I n f e r i o r - S u p e r i o r )  : m i n =  - 3  g  m a x =  2 g 

Resu l tan t  2 3 - g  
H I C  (Head I n  j u r y  Cri t e r i a )  135 from 147 t o  3 7 6  ms 

Peak chest  acce le ra t i ons  

P-A ( P o s t e r i o r - A n t e r i  o r )  m i n =  - 3  g  m a x =  3  g - 
R-L ( R i g h t - L e f t )  : m i n =  - - 5  g  m a x =  1  g  

I - S  ( I n f e r i o r - S u p e r i o r )  : m i n =  -11 g  m a x =  1  g 

Resu l tan t  1 2  g  - 
Peak be1 t 1 oads 

R igh t  s i d e :  

L e f t  s i d e :  

578 pounds 

357 pounds - 
Maximum Excursions ( f rom H. S. f i l m  a n a l y s i s )  

Head: 
Knees : 

Pel v i  s : 

37.6 inches - 
NA inches - 
8.9 inches 

Observat ions : 



















Tes t S umnia r y  TEST 82S005 

Tes t  Setup 

Tes t  F a c i l i t y :  UMTRI Impact S l e d  

Impact Parameters 

V e l o c i t y  : - 21 - 2  mph 

Dece 1 e r a t  i on : 20.3 g, w i t h  t r a p e z o i d a l  waveform 

Di r e c t i o n  : Fron ta l  

R e s t r a i n t  System: U. S.  S tee l  

Tes t  Res u l  t s  

Peak head accel  e r a t i  ons 

P-A ( P o s t e r i o r - A n t e r i o r )  : m i n =  -50 g  m a x =  6 g 

R-L ( R i g h t - L e f t )  : m i n =  - 9  g m a x =  42 g 

I - S  ( I n f e r i o r - S u p e r i o r )  : m i n =  -57 g  m a x =  0  g 

Res u l  t a n t  -z3-g  
H I C  (Head I n j u r y  C r i t e r i a )  976 from 118 t o  228 ms 

Peak chest  a c c e l e r a t i o n s  

P-A (Pos t e r i o r - A n t e r i  or) m i n =  -27 g  m a x =  1  g - 
R-L ( R i g h t - L e f t )  : m i n =  - 7  g  m a x =  23 g 

I - S  ( I n f e r i o r - S u p e r i o r )  : m i n =  -25 g m a x =  3  g 

Res u l  t a n t  32 g  - 
Peak b e l t  loads 

R igh t  s i d e :  - 1425 pounds 

L e f t  s i d e :  - 1558 pounds 

Maximum Excurs ions ( f r o m  H. S. f i l m  a n a l y s i s )  

Head: 
Knees : 

Pel v i  s : 

33.9 inches - 
15.6 inches 
15.2 inches 

Observat ions : 























Tes t  Summary 

Tes t  Setup 

Tes t  F a c i l i t y :  UMTRI Impact S l e d  

Impact Parameters 

V e l o c i t y  : 21 - 1  mph 

Decel e r a t i  on : 20.9 g, w i t h  t r a p e z o i d a l  waveform 

D i  r e c t i o n  : F ron ta l  

R e s t r a i n t  System: 2" l a p  b e l t  webbing 

Tes t  Resu l t s  

Peak head a c c e l e r a t i o n s  

P-A ( P o s t e r i  o r - A n t e r i  o r )  : m i n =  - -97 g  m a x =  11 -5' 
R-L ( R i g h t - L e f t )  : min = -139 g  m a x =  1 4 g  

I - S  ( I n f e r i o r - S u p e r i o r )  : min = - 9 5  g  max = 7 g 

Resul t a n t  194 g  
HIC (Head I n j u r y  C r i t e r i a )  1439 f rom 119 t o  226 ms - 

Peak ches t  a c c e l e r a t i o n s  

P-A ( P o s t e r i o r - A n t e r i  o r )  m i n =  -66 g  m a x =  12 g  - 
R-L ( R i g h t - L e f t )  : min = -11 g  max = 17 g  - - 
I - S  ( I n f e r i o r - S u p e r i o r )  : m i n =  -33 g m a x =  45 g - 
Resul t a n t  7  1  9 

Peak be1 t 1  oads 

R i g h t  s i d e :  

L e f t  s i d e :  
1922 pounds - 
1632 pounds - 

Maximum Excurs ions ( f rom H. S. f i l m  a n a l y s i s )  

Head : 
Knees : 
Pel v i  s : 

32.6 inches - 
8.4 inches - 
6.9 inches  - 

Observat ions : 























Test Surnnary TEST 8 2 5 0 0 7  

Test Setup 

Test Facility : Vertical Shaker PI atform 

Impact Parameters 

Platfonn Motion : Upward jo l t  and  return 
I 

Pulse Shape: Triangular displacement wavefom 

Peak Platform Acceleration: 2 . 2  g 

Restraint System: U .  S .  Steel Restraint Harness 

Test Results 

Peak head accelerations 

P-A (Posteri or-Anterior) : m i n  = - 2  g max = g 

R-L (Ri ght-Left) : min = - - 2  g max= ' g 

I-S (Inferior-Superior) : - 3 m i n  = g max = 6 g  

Resul t a n t  - 6 g 
HIC (Head Injury Criteria) - 1 from 9 7  t o  614 ms 

Peak chest accelerations 

P-A (Pos t e r i  or-Anteri or) m i n = - 1  - g max= 1 g 

R-L (Right-Left) : min= 0 g m a x =  0 g 

I-S ( Inferior-Superior) : m i n = - 3  g max= g 

Res ul tant - g 

Peak be1 t 1 oads 

R i g h t  side: 5 6  pounds 
Left side: - 6 7  pounds 

Maximum Excursions (from H. S. f i l m  analysis) 

Head: - . 9  inches 
Shou l  der : 1 . 7  inches - 

Observations : 







a a," - c Ln a," 
0 %  







Test Sumnary 

Test S e t u p  

Test Facility: . Vertical Shaker Platform 

Impact Parameters 

Platform Motion : Upward jolt a n d  return 
I 

Pulse Shape: Tri angular d i  spl acement waveform 

Peak Platform Acceleration: 1 . 6  g 

Restraint System: U .  S .  Steel Restraint Harness 

Test Results 

Peak head accelerations 

P-A (Posteri or-Anteri or) : min= -7  g m a x =  1 g 

R-L (Right-Left) : min= -7 g m a x =  1 g 

I-S ( Inferior-Superior) : min = -3  g rnax = 5 g 

Resultant L g  
HIC (Head Injury Criteria) - 1 from 133 t o  575 ms 

Peak chest accelerations 

P-A (Posteri or-Anteri or) m i n = - 2  - g m a x =  1 g 

R-L ( Right-Left) : m i n = - 1  - g m a x =  0 g 

I-S ( Inferior-Superior) : min = - 3  g max = 6 g 

Resultant - g 

Peak be1 t 1 oads 

R i g h t  side: - 65 pounds 

Left side: - 64 pounds 

Maximum Excursions (from H. S. film analysis) 

Head: 

S h o u l  der: 

Observations : 

1 . 0  inches - 
2 .0  inches - 













Test Sumnary TEST 82S009 

Test Setup 

Test Facility: Vertical Shaker Platform 

Impact Parameters 

Platform Motion : Upward j o l  t of 5 . 7  inches and return i n  370 ms 
I 

Pulse Shape: Tri angul a r  d i  spl acement wavefom 
Peak Platform Acceleration: 2 . 5  g 

Restraint System: None 

Test Results 

Peak head accelerations 

P-A (Posteri or-Anteri or) : min = -4  g max = g 

R-L (Ri ght-Left) : m i n  = - -2  g m a x =  1 g  

I-S ( Inferior-Superior) : min  = - 7  g max = g 

Res u l  tant - g 
HIC (Head Injury ~ r i  te r ia )  1 from 442 t o  482 ms 

Peak chest accelerations 

P-A (Pos terior-Anteri or) min = - -2 g max = 1 g 
R-L (Right-Left) : m i n =  0 g m a x =  1 g 

I-S ( Inferior-Superior) : m i n t  8 g m a x =  3 g 

Resultant - g 

Peak be1 t loads 

R i g h t  side: - pounds 
Left side: - pounds 

Maximum Excursions (from H. S. film analysis) 

Head: 

S h o u l  der: 

Observations : 

1.9  inches - 
2 .6  inches - 













Test Sumnary TEST 82SOlO 

Test Setup 

Test Facility : Vertical Shaker PI atfom 

Impact Parameters 

Platform Motion : Upward j o l t  o f  5 . 7  inches and return in 370 ins 
I 

Pulse Shape: Triangular displacement waveform 

Peak Platform Acceleration: 2.8 g 

Restraint System: 2 inch wide lap be1 t webbing 

Test Resul t s  

Peak head accelerations 

P-A (Posteri or-Anterior) : m i n =  -2 g m a x =  1 g 

R-L (Ri ght-Left) : min= - -2 g m a x =  1 g 

I-S ( Inferior-Superior) : m i n  = -3  g max = 4 g 

Resul t a n t  - 4 g 
HIC (Head Injury Cri ter ia)  - 1 from 44 t o 5 4 3  ms 

Peak chest accelerations 

P-A (Posteri or-Anteri or) min = -2  g max = ' g  

R-L (Right-Left) : min  = 0 g m a x =  ' g  

I -S  (~nferior-Superior) : min= - -4 g max=  g 

Resultant 

Peak be1 t loads 

R i g h t  side: 
Left side: 

86 pounds - 
75 pounds - 

Maximum Excursions (from H. S. film analysis) 

Head: 

Shoulder: 

inches - 
l a 8  inches - 

Observations : 














