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Whe ther it is done f o r  qua l i ty cont r o l  or f o r  homo l o ga t i o n ,  
t e s t ing o f t e n  r evea l s  qua l i t i e s  tha t a r e  no t i n t ended to be 
d e t e c t e d  or mea s u r ed by the t e s t  me thods used . This gi ves the 
t e s t  engineer unique ins ight a s  to t he qua l i ty ,  r e l eva nce a nd 
amb i gu i t y  o f  t he t e s t  me thod and the p r o t e c t ive qua l i t y  o f  the 
produc t . This i n f o r ma t i o n  whi c h ,  as f a r  as the i n s t a n t a neous 
t e s t  r e s u l t  i s  concerned , might be cons i d e r ed i r r e leva n t , can 
and shou ld be used by r e s ea r ch p e r s onne l f o r  d e r iving mor e  r e l e
van t  a nd pe r s p i cuous t e s t  methods a nd f o r  deve l op i ng p r oduc t s  
w i t h  b e t t e r  p r o t e c t ive qua l i t i e s . This paper d i scus s e s  var i ous 
a s p e c t s  of t e s t i ng as a t o o l  in a p p l i e d  r es e a r c h  wi t h  two c a s e  
s tu d ie s , name ly t e s t ing o f .  b o x i n g  g l oves a n d  t e s t i ng of s po r t i ng 
he lme t s . 

INTRODUCT I ON 

T e s t ing can be made f o r  a numb e r  of d i f f e r e nt pur po s e s , l i ke 
inve s t i ga t i o n  o f  t he causes of a c c i dent s , qua l i ty cont r o l  of 
p r oduc t s  for manuf a c tu r e r s , compa r a t ive qua l i ty cont r o l  f o r  c on
sume r o r g a ni s a t i ons and t e s t i ng f o r  homo l oga t i o n .  I n  the l a t t e r  
c a s e  t he r e  i s  a lways a t e s t  method t h a t  i s  e i th e r  a c c e p t ed by 
t he autho r i t i e s  in ques t i o n  at a l o c a l  leve l or a na t i ona l or 
i n t e r na t ional s t anda r d  t e s t  met hod . In t h e  o ther cases there 
might o r  might not e x i s t  an app l i c a b l e  s ta nd a r d  me t hod and mo r e  
o f t e n  than no t the f i na l me t hod u s e d  i s  t h e  r e s u l t  o f  d i s 
c u s s ions b e tween t he t e s t ing engineer a nd t he a u t ho r i ty o r  manu
f ac t u r e r  r eq u i r i ng t he t e s t . I n  the c a s e  of p e r sonal p r o t e c t ive 
wear t he t e s t s  a r e  of t e n  f u l l  s c a l e  t e s t s  and comp r i s e the 
product a s  a who l e . 

Wha t eve r the backgr ound might be t h e  t e s t i ng engineer a lways ha s 
a unique p o s s i b i l i ty t o  d e t e c t  d i s c r epanc i e s  i n  the t e s t me t hod , 
and f l aws in the p r o t e c t ive qua l i t i e s  o f  t he p r oduc t . We have in 
many cases seen that the a s s im i l a t e d  expe r i ence of t he t e s t i ng 
engineer can r e s u l t  in o b s e r va t ions t h a t  might a t  f i r s t  s i ght 
scem pur e ly i ntu i t ive bu t pr ove t o be ver i f i a b l e .  Thes e · o b s e r 
va t i ons may even s e e m  i r r e l evan t  a t  t h e  t ime o f  t h e  t e s t  but 
s hou ld be no t ed f o r  f u tu r e  r e s e a r c h . 

Wi thin the s c ope o f  t h i s  paper I wou ld l i ke t o  empha s i z e  t he 
impor t ance of t e s t ing and t he r o l e  of t he t e s t  engineer a s  a 
ma j o r  f a c t o r  p r oviding f eedback f o r  r ü s e a r c h  p e r s o nne l and 
des ign eng inee r s . To accomp l i s h  t h i s  I am g o i ng to d i s cu s s  two 
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c a s e s  name ly t e s ti ng o f  r ec r e a t i onal he lme t s  a nd t e s t ing of 
b o x i ng g l o ve s . Whi l e  d o i ng s o  I d o  not by any mea ns c l a i m to 
have made unique d i s cove r i es in these f i e ld s . I do however c l a im 
that we mus t  take advantage o f  the t e s t  engineers expe r i ences . 
a nd i n c r e a s e  our awa r e n e s s  o f  t he impo r tance of t e s t ing f o r  the 
deve l o pment of p r o d u c t s  with b e t t e r  p r o t e c t ive qua l i t i e s . The 
p o i n t s  to be d i s cu s s e d  in the p a r a g r a phs to f o l l ow a r e .  in the 
c a s e  of h e l me t s . r e s u l t s  of over f ive yea r s  wo r k  at the N a t i ona l 
Swed i s h  T e s t ing I n s t i tute . I n  t he c a s e  o f  boxing g l oves the 
d i s c u s s i o ns in t h i s  paper a r e  based on t e s t s  mad e  f o r  the 
Swe d i s h  B o x i ng As s o c i a t i o n  at the Na t i o n a l  T e s t ing I ns t i tu t e  and 
we have the p e r mi s s i on of the Swed i s h  Boxing As s o c i a t i o n  to 
pub l i s h  t hem . 

CASE 1 :  TEST ING OF SPOR T I NG PROTECTIVE HELMETS 

The s po r t i ng p r o t e c t ive he lmets r e gu l a r ly t e s ted a t  our i n s t i 
tute a r e  i c e - ho c key , r id ing . s k i i ng a nd b i cyc l i s t s  he lme t s . W i t h  
minor va r i a t ions t hey a r e  a l l  tes ted a c c o r d ing t o  t h e  gu i d e l ines 
for r i d i ng a nd s k i i ng he l me t s  i s sued by t he N a t i o n a l  swe d i s h  
Board of Consumer P o l i c i e s . i n  1 9 7 7  ( 1 )  and a r e  c l a s s i f ied a s  
r e c r e a t i o n a l  he lme t s . Dur ing t he l a s t  yea r s p e c i a l  gu i d e l ines 
f or b i cyc l e  he l me t s  have been deve loped und e r  the c o o r d i na t i o n  
o f  t he s ame Na t i on a l  Board a nd based o n  t h e  SP-RAPP 1 9 8 4 : 3 1 ( 2 ) . 
The s e  gu i d e l ines have . howeve r .  no t been put t o  u s e  ye t .  

G S I  vs . r e s u l ta n t  peak a c c e l e r a t i ons [ 2 ] . 

S i nce 1 9 7 8 ,  when t e s t ing a c c o r d i ng t o  the Gu i d e l ines o f  the 
N a t ional swed i s h  Board f o r  Consumer P o l i c i e s  t e s t  r esu l t s  have 
been r ec o r d e d  and s t o r ed . The p r o t e c t i o n  c r i te r i o n  u t i l i z ed i n  
t he Gu i d e l ines i s  t he Gadd seve r i ty I nd e x  ( GS I ) but the peak 
a c c e l e r a t i on wa s kept for r e f e r ence . this mate r i a l  now c o ns i s t s  
of the r e s u l t s  o f  3 4  comp l e t e  t e s t s . e a c h  inc lud i ng 2 0  d r o p  
t e s t s  ( f a l l i ng hea d f o rm ) . Ever y  he l me t  type was d r opped i n  a 
guided f r ee f a l l  f r om f ive d i f f er e n t  d r o p  he ights be tween o . s  
and 2 . 0  me t e r s  t o  imp a c t  f ou r  d i f f e r e n t  s i te s  ( f r o n t . ba c k .  s i d e  
a n d  t o p )  aga i n s t  a f l a t .  r i g i d  s u r f a c e . A t r i a x i a l  a c c e l e r ome t e r  
wa s mounted a p p r o x ima t e ly a t  t he c e n t e r  o f  gravity o f  t he dummy 
head and t he r e s u l tant a c c e l e r a t i o n  and G S I  were c a l c u l a ted in
s t a nt a neo u s l y  u s i ng a n  anal ogue compu t e r . F o r  f u r t he r  d e s c r ip
t i o ns of t he t e s t  me thod s e e  ( 3 ) . 
The peak a c c e l e r a t i o n  and the GS I va l u e  o f  a helmet d r o p  t e s t  
c a n  each be rega rded a s  mono tonous f unc t i o ns of the d r o p  he i ght 
and i t  i s  natur a l  to a s s ume tha t t he i r  g r aphs wi l l  p a s s  through 
t he o r i g i n .  F o r  e a c h  s e t  of f ive d a t a  p o i n t s  o b t a i ned under the 
s a me c i r cums tances . i . e .  the s ame he l me t  type and t he s ame 
impact d i r e c t i o n .  l i near r eg r e s s ion ha s been used t o  c a l cu l a t e  
t he parame t e r s  c 1 .  c 2 .  c s  and C4 of t h e  a s sumed l aws : 

ap = C 1  hC 2  

G S I  = C s  hc 4 
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whe r e  a p i s  the peak a c c e l e r a t i o n  a nd h i s  t he d r o p  height . 
The c o r r e l a t ion coef f i c i e n t s  o b t a i ned i n  t h e s e  c a lcu l a t i o ns a r e  
norma l ly h i g h ,  t he mean va lues b e i ng r = 0 . 9 4 4  a nd r = 0 . 9 7 4  
r e s pe c t ively . The f a c t  that t h e  c o r r e l a t i o n  c o e f f i c i ent r i s  
hi gher i n  the c a s e  of t he G S I  l aw t han i n  t he a p law i s  q u i t e  
na tura l .  s i nce p e a k  meas u r ements a r e  mo r e  e a s i ly c o r rupted by 
n o i s e  than a n  ave r aged measure l i ke the GS I .  even when c a r e f u l  
f i l t e r ing h a s  boen per f o rmed . I n  t h e  p r osent s tudy l ow p a s s  
f i l t e r i n g  conf o r mi ng t o  t he c ha nne l f r equency c l a s s  CFC 1 0 0 0  H z  
of I S O  6 4 8 7  has been emp l oyed t hroughout . 

I f  unwe i ghted ave rages a r e  c omput ed f o r  the p a r ame t e r s  t he 
r e su l t s  wi l l  be 

C i 1 4 0  
C 2 = 1 . 0  
C 3  = 6 1 0  
C 4  = 2 . 0  ( 3 ) 

We ight ing the parame t e r  va l u e s  d o e s  not c hange the r e s u l t i ng 
ave r a ge s  s u b s t a n t i a l ly .  I ns e r t i ng the pa rame t e r s  c i ,  c 2 ,  C 3  
and C 4  i nt o  the eqs ( 1 )  and ( 2 )  s hows that the d ependence upon 
t he d r o p  height s eems to take the f o rm 

a = 1 4 0  h 
G� I = 6 10 h2 

( 4 )  
( 5 ) 

Now, l e t  every group o f  f ive expe r iments - same helmet and im
pact d i r e c t i o n  - be noted as a p a s s  or a f a i l  d e pe nd i ng o n  
whe ther the G S I  value c omput e d  f rom t he r e gr e s s i o n  l aws a t  a 
d r o p  h e i ght o f  1 . 5  m f a l l s b e l ow o r  a bove t he p e r f o rmance 
c r i te r ia l eve l GSI = 1 5 0 0 . The c a s e s  whe re t he GSI va lue f a l l s  
be tween 1 4 0 0  and 1 6 0 0  a r e  j udged t o  be b o r d e r  c a s e s . P l o t t i ng 
the pa i r s  o f  parameter va l ue s , c i  and c 2  f o r  the p e a k  a c c e 
l e r a t i o n  r eg r e s s i o n  l aw a ga i n ,  whi l e  d i s t i ngu i s h i ng b e tween 
p a s s e s . f a i l s . and b o r d e r  c a s e s  r e su l t s  i n  F i gur e  1 .  An inte
r e s t i n g  ques t i on is whe t h e r  i t  is po s s i b l e  to make t he same 
pa s s / f a i l  d e c i s i o n  w i t h  the he l p  of another p e r f o r mance c r i te
r i o n .  e . g .  peak a c c e l e r a t i o n . I f  it i s . t hen o f  c o u r s e  t he per
f o rmance c r i te r ia l eve l in q u e s t i o n  wou l d  be o f  i n t e r e s t .  To 
he l p  s e t t l e  that ques t i o n  f ive curve s  have been d r awn in f i gur e  
l ,  e a c h  l i ne i l lu s t r a t i n g  one c ho i c e  o f  p e r f o r mance c r i t e r i a  
l eve l i n  t e rms o f  peak a c c e l e r a t i on .  l t  i s  q u i t e  o bvious f r orn 
the f i gu r e  tha t a cho i c e  of pe r f or mance c r i t e r i a  l eve l a r ound 
a p = 2 5 0  g .  wou l d  r e s u l t  i n  t h e  s ame dec i s i on ma k i ng a s  tha t  
of the p e r f o rmance c r i te r ia l eve l GS I = 1 5 0 0 . 

I t  i s  i n t e r e s t ing to t ry t o  s tudy how the two d i s c u s s ed c r i t e r. ia 
a r e  conne c t ed , and a na lys i s  i s  po s s i b l e  i f  t he s i tu a t i o n  i s  
s imp l i f i e d . The G S I  i s  d e f i ned a s  
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t 1  
G S I  = J a ( t ) 2 . 5a t  

( 6 ) 
to 

The integr a t i o n  can be c a r r ied out under t he a s s umpt i o n  o f  
s im p l e  a c c e l e r a t i o n  curve f o rms . f o r  i n s tance s i nu s o ida l ,  r e c 
t a ngu la r .  and t r iangu l a r . I f  i t  i s  f u r t he r mo r e  a s s umed t ha t  the 
impa c t  o c c u r s  without any r ebound , s o  tha t t he ve l o c i ty change 
dur ing the impa c t  can be c a l c u l ated f r om the d r o p  he i ght . the 
f o l l owing s imp l e  exp r e s s ions r e s u l t  

G S I  = 0 . 2 5 8  a p 
1 . 5  h 0 . 5  t r i a ngu l a r  p u l s e  s ha p e  ( 7 )  

G S I  = 0 . 3 2 5  ap 1 . 5  h 0 . 5  s i nu s o i d a l  p u l s e  s hape ( 8 )  

GS I = 0 . 4 5 1  ap 1 . 5 h 0 . 5 r e c tangu l a r  pu l s e  s hape ( 9 )  

I f , o n  the o t her hand , t he r e bound i s  no t neg l i g i b l e .  whi c h  i s  
n o r ma l ly t he c a s e  f o r  thermo p l a s t i c  helmet s he l l s , t he d r o p  
height h i n the a bove f o rmu l a  s hou l d  be r e p l aced b y  h ( l +q ) , 
whe r e  q i s  t he r e bound coef f i c i e nt . A c o n s tant r e bound c o e f 
f i c i ent wou l d  cons eque n t l y  a p p e a r  a s  i f  the c o ns tant f a c t o r  o n  
the r i ght hand s id e s  of e q s . ( 7 )  - ( 9 )  had b e e n  i n c r e a s ed . 

I n  F i gure 2 a n  a t tempt has been mad e  to c h e c k  t he va l id i ty of 
the a bove a na lys i s  by produc i ng a g r a p h  i n  whi c h  e q s . ( 7 )  - ( 9 )  
wou l d  appear a s  s t r a ight l i.nes wi t h  s l opes equ a l  t o  the c o n s t a nt 
f a c t o r s . I n  t h i s  c a s e  the comp l e t e  ma t e r i a l  comp r i s i ng 6 8 0  
t r i p l e t s  o f  d r o p  he i ght , peak a c c e l e r a t i o n ,  and G S I  va l u e s  has 
been used . The curves c o r r e spond i ng t o  t he p r ev i ou s ly g iven f o r 
mu l a  a r e  a l s o  p l o t ted i n  the d iagram . Obvi o u s � y .  t he bu l k  o f  t he 
ma t e r i a l  does not cont r a d i c t  t he s imp l e  a na lys i s  p e r f o rmed . The 
l aw o f  t he s ame f o rm a s  a b ove whi ch b e s t  f i t s  the d a ta can 
e as i ly be c a l cu l a ted t o  be 

( 10 )  
GS I = 0 . 3 3 9  ap 

1 . 5 h 0 . 5  

Now, t he p e r. f o rmance c r i te r i a  l eve l of t he Gu i d e l ines of the 
swe d i s h  Board of Consumer Po l ic i e s  was GSI = 1 5 0 0  at a d r o p  
h e i ght o f  1 . 5  m .  I f  the s e  f i gu r e s  a r e  put i nt o  eq . ( 10 ) ,  we wi l l  
o b t a i n  t he c o r r es pond i ng p e r f o rmance c r i te r i a  l e ve l  i f  t he p e r 
f o rmance c r i t e r i o n  i s  chosen t o  b e  p e a k  a c c e l e r a t i o n .  The r e s u l t  
i s  ap = 2 3 5  g .  

Yet another way o f  f i nd i ng c o r r e s pond ing t o l e r ance leve l s  i s  t he 
f o l l owi ng . The f u nc t i o n a l  dependenc e  upon the d r o p  height sug
g e s ted in e q s . ( 4 )  and ( 5 ) , is s e e n  to f i t  t he analyt ica l ly p r o 
p o s e d  f o rms , e q s . ( 7 )  - ( 9 ) . Us ing t he e q s . ( 4 )  a n d  ( 5 )  one 
wou l d  o b t a i n  
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1 0 0 3 0 0  
G S l / 1 0 0 0  

7 

5 

3 

0 

2 6 1 0  1 4  

5 0 0  

1 8  

2 9 5  

F i g u re 1 .  The pa rame t e r s  
o f  t h e  r e g r e s s i on l aw for 
peak a c ce l e r a t i on as a 
f u nc t i on of d ro p  he i g h t .  
Expe r i me n t s  wh i ch con s t i 
t u t e  pa s s e s , fa i l s ,  o r  
b o r d e r  c a s e s  acco rd i ng t o  
a G S I pe r f o rma nce c r i t e 
r i on a re ma rked d i f fe re n t 
l y .  l n c l uded i n  t h e  g ra p h  
a re a l so c u rves i l l u s t ra 
t i n g  t h e  dec i s i on r u l e s  
r e s u l t i ng i f  peak acce l e 
ra t i on i s  u s e d  a s  a p e r 
fo rmance c r i t e r i on .  

Pa r a me t e r c 1 

F i g u re 2 . G S I  v s . 

a 1 • 5  • h O • S  
p 

The t heo re t i ca l  resu l t s 
f o r  t h ree d i f f e r e n t  s i mp -
1 i f i ed pu l s e shapes u n d e r  
t he a s s u mpt i on o f  n e -
g l  i g i b l e  rebound have 
a l so been i n c l u ded . 

(a p * * l . 5 * h **0 . 5 ) / 1 0 0 0  



GS I = 0 . 3 6 8  ap 
1 . 5 h 0 . 5  ( l. l )  

S o l ving f o r  t he peak a c c e l e r a t i o n ,  a p , wi t h  t he s eve r i ty i ndex 
va lue GSI = 1500 and t he d r o pheight h = 1 . 5  m t h i s  t ime g ives 
ap ;:: 2 2 5  q .  

I t  should be po i nt e d  o u t  that the exper ime n t a l  r e s u l t s  o f  t h i s  
d i s c u s s i o n  a r e  dependent u p o n  t he he lmet ma t e r i a l ,  i . e .  helmets 
subm i t ted f o r  t e s t ing a c c o r d i ng t o  the gu i d e l i ne s  f o r  r i d ing a nd 
s k i i ng he l me t s . Cho i c e  o f  another he lme t  mat e r i a l  might not 
c ha nge the f u nc t i o n a l  f o rm of e q s . ( 7 )  - ( 9 )  but wi l l  c hange the 
c o n s t a nt f a c t o r  on t he r i ght hand s id e ,  thus c hanging the 
sugge s t ed c o r r e s po nd e nc e  between t he two p e r f o rmance c r i t e r i a  
l e ve l s . 

As a r e s u l t  o f  t h i s  wo r k  t he N a t i o n a l  Swed i s h  Board f o r  Consumer 
P o l i c i e s  has i s sued d r a f t  Gu i d e l ines f o r  b i c yc l i s t s 1 he lme t s  
whe re t he p e a k  a c c e l e r a t i o n  i s  u s e d  a s  the pe r f o rmance c r i t e r i o n  
ins tead o f  GS I .  The s ame cha nge i s  expected t o  b e  made i n  the 
gu i d e l ines f o r  s k i i ng ,  r i d i ng a nd i c e - hockey he l me t s . One o f  t he 
que s t i ons tha t a r i s e s  i s  whe t h e r  t h i s  wou l d  lead to he lme t s  with 
b e t t e r  p r o t e c t ive q u a l i ty .  In t h i s  pa r t icu l a r  c a s e ,  the a nswer 
i s  l i ke l y  t o  be no , as the new per f o rmance c r i te r ia l im i t  i s  
d e r ived d i r ec t ly f r om the o l d  a nd t he c o r r e l a t i o n  be twe e n  t he 
two l i m i t  va lues i s  ve ry h i gh . The change that i s  e s t a b l i s hed in 
t h i s  case is mo r e  a s i mp l i f  ica t i on o f  t he method t ha n  a n  in
c r ea s e  or d e c r e a s e  o f  the seve r i ty of the r e qu i r ement s . I t  i s  
the r e f o r e  n o t  be l i eved that the manu f a c t u r e r  wi l l  s u f f e r  in
c r e a s ed c o s t s  due t o  t h i s  change . The next que s t i o n  that natu
r a l ly a r i s e s  i s  why t he p e r f o rmance c r i t e r i a  is changed if it i s  
n o t  expe c t ed t o  r e s u l t  i n  b e t t e r  pe r f o rmance o f  the produc t . 
Expe r i ence s hows that the c l o s e r  t o  phys i c a l  quant i t i e s  a p e r 
f o rmance c r i t e r i o n  i s  t h e  e a s i e r  i t  i s  t o  und e r s t a nd a nd exp l a i n  
the phys i c a l  phenomena gove r n i ng t he outc ome o f  the t e s t s . This 
i s  a ve r y  d e s i r a b l e  qua l i t y .  Ano the r  a s p e c t  whi c h  i s  j u s t  a s  
d e s i ra b l e  i s  tha t  phys i c a l  quant i t i e s  a r e  11 tangi b l e 11 a s  opposed 
t o  c a l cu l a t e d  quan t i t i e s  in the d i a l ogue b e twe en manuf a c tur e r s , 
d e s igne r s  a nd t e s t  enginee r s . 

CASE I I  TEST I NG OF BOXING GLOVES [ 4 ]  

On reque s t  o f  the Swe d i s h  Boxing As s o c i a t i o n  t e s t s  wer e  made to 
c ompa r e  t he s ho c k  a b s o r p t i o n  capac i ty of boxing g l oves o f  6 
d i f f e r ent type s . A l i t t e r a ture r e s e a r c h  revea l ed i . a .  that c om
p a r a t ive s tu d i e s  o f  b o x i ng g l oves a s  t o  the i r  s ho c k  a b s o r p t i o n  
capac i ty have been made o n  seve r a l  o c c a s i o ns a nd have l e d  t o  the 
f o l l owing c o nc l u s i ons . 

- The impa c t  ve l o c i ty a c hi eved wi t h  a g l ove o f  6 o z  wa s about 
2 . 7  t imes greater tha n  tha t achi eved with a 1 6  oz  g l ove [ 5 ] , 
[ 6 ] . 
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- The impo r ta nce o f  a p r o t e c t ive he lmet i n c r e a s ed w i t h  i nc r e a s e d  
ha rdness of the g l ove ( i . e .  w i t h  d e c r e a s i n g  number of ounc e s ) 
[ 5 ]  . 

- On t he ave r age . h i gher a c c e l e r a t i ons wer e  r e g i s t e r ed f rom the 
l a s t  b l ow of a s e r i e s  o f  3 t o  4 consecu t ive b l ows . wh i c h  meant 
a d e t e r io r a t i o n  of t he shock a b s o r p t i o n  c a pa c i ty of the ma t e 
r ia l  [ 5 ] . 

As t he ma i n  pu r p o s e  o f  t he t e s t  wa s t o  o b t a i n  compa r a t ive d a t a .  
the shock a b s o r b i ng qua l i t i e s  o f  the t i s su e s  o f  t he f a c e  have 
not been taken i nto a ccount . 

Mor eover a r ea l is t i c  s e t-up i nc lud i ng a l l  a s pe c t s  o f  a r e a l  
f i ght l i ke swea t .  hea t  e t c  was a bandoned i n  f avour o f  a 
c o nt r o l l a b l e  s e t-up w i t h  a c c e p t a b l e  r e p e a t a b i l i ty .  

The boxing g l ove t o  be impact tes ted was p l a ced on a s t e e l  p l a t e  
of 60xlOO mm . mounted o n  a r ig i d  anvi l .  The imp a c t  was mad e  by 
mea ns o f  a 4 . 8 5 kg ma s s  of a lumi nium w i t h  a curva tu r e  o f  � 1 6 5  
mm o n  the c o n t a c t  s u r f ac e .  A guided f r e e  f a l l  f rom a he i g h t  of 
6 3 0  mm wa s u s e d  to g i ve a n  impact energy o f  3 0 J  and a n  impact 
ve l o c i ty o f  3 . 5  m/ s ( 1 2 . 6  km/ h )  whi c h  c o r r es ponds t o  a b low of 
no rma l har d ne s s .  

The a c c e l e r a t i o n  of the mas s  was measured by means o f  a n  
a c c e l e r omete r .  Each g l ove was impacted 1 0 - 2 0  t imes a t  t he s a me 
p o i nt . to s e e  how t he s ho c k  a b s o r b ing c a pa c i ty o f  the ma t e r i a l  
changed a s  a func t i on o f  the number o f  impac t s .  The t e s t s  we re 
made at room t emper a t u r e  a nd wi t hout p r e c o nd i t i o ni ng . The g l oves 
tha t we r e  t e s ted wer e  s tu f f ed with hor s e - ha i r .  synthe t i c  
wad d i ng .  and f oamed - p l a s t i c  wadd i ng . Foamed - p l a s t i c  l a m i na t e . 
known by our t e s t  eng i ne e r  t o  have good s ho c k  a b s o r b i ng c a pa c i ty 
wa s a l s o  imp a c t  t e s t e d  i n  o r d e r  t o  p r ovide a compa r i son w i t h  t he 
c omme r c i a l ly ava i la b l e  boxing g l ove s . F i gur e s  3 - 5  s hows t he a c 
c e l e r a t ions f o r  t h e  g l oves a f t e r  t he s ta ted number o f  impac t s  
the same d i r e c t i o n  a t  t he s ame po i nt . 

The t e s t s  s howed that g l oves s tu f f e d  wi th ho r s e - ha i r  o r  syn
the t i c  wad d i ng .  have b e t t e r  shock a bs o r b i n g  c a pa c i ty t ha n  g l ove s 
s tuf f ed w i t h  f oamed - p l a s t i c  wad d i ng . Fur thermo r e . ho r s e -ha i r  a nd 
s t ynthe t i c  wad s tuf f i ng do not l o o s e  t he i r  s h o c k  a b s o r b ing ca
pac i ty as e a s i ly as f oamed - p l a s t i c  wad whi c h  t e nd s  t o  be 
11 punc t u r e d 11 when exposed t o  r e p e a t ed impa c t s  a t  t he s ame po i nt . 

The f oamed- p l a s t i c  laminate s howed the b e s t  r e s u l t  i n  t h i s  p a r 
t i c u l a r  t e s t . The d e f o rma t i o n  o f  t he l aminate was r e s t o r e d  
wi t h i n  2 5 - 3 0  s .  l e a v i n g  t h e  ma t e r i a l  w i t h  i t s  o r i g inal s ho c k  
a b s o r b i ng capa c i ty .  T h i s  means tha t t he c r i t i c a l  p a r amet e r  f o r  
f oamed- p l a s t i c  l a m i n a t e  was the t ime e la p s ed be tween impac t s . 
d u r i ng the t e s t  a p e r i o d  of 1 5 - 2 0  s was a l l owed to e la p s e  be-
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acceleration ( g )  
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0 5 10 15 t i me ( m s )  

F igure 3 .  Acce leration vs . t ime f o r  1 0  o z  boxing 
glove with foarned-plastic wad stuffing , a f ter 
1 ,  2 ,  3 ,  4 ,  5 and 1 0  irnpacts . Mas s  = 2 6 2  g .  
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accelera t ion  ( g )  
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F i gure 4 .  Acceleration vs . t ime for 8 oz 
boxing glove with horse-hair stuff ing 
a f ter 1 ,  5 ,  1 0 ,  1 5 and 2 0  impacts . 
Ma s s  = 2 5 3  g 

acceleration ( g )  

0 5 10 15 time (ms) 

F'igure 5 .  Acceleration v s . t ime for foamed
p l a s t i c  laminate , a f t e r  1 ,  5 ,  1 0 ,  1 5  and 2 0  
impact s . Ma s s  = 1 2 3 g .  
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twee n  the f t r s t  1 0  impa c t s  g iving a c c e l e r a t i o n  va lues b e l ow s o  
g .  The t i me per iod wa s then d e c r e a s e d  t o  5 s whi c h  caused an 
i n c r e a s e  in t he measured a c c e l e r a t i o n  t o  100 g .  See F i gu r e . 
As t he number o f  spec imens used i n  t h e s e  t e s t s  i s  low,  t he d a t a  
o b t a i ned cannot be s a i d  to have s t a t i s t i c a l  va lue . 

Med i c a l  r e s e a r c h  s hows that depend i ng on t he length and i nten
s i ty of t he i r  c a r ee r , boxe r s  inva r i a b ly have ma j o r  or m i n o r  
pe rmanent i n j ur i es whi c h  may o r  may n o t  be d e t e c t e d  du r i ng the i r  
a c t ive per iod . The v i o l e nc e  o f  a b l ow t o  t he head depend s  ma inly 
on the ve l o c i ty o f  t he impa c t  and the mas s e s  i nvo lved but a l so 
on t he mecha n i c a l p r o pe r t ie s  o f  the impa c t i ng bod i e s . In t he 
c o l l i s i on be tween the head a nd t he g l ove a f o r c e  i s  pr oduced 
which a c c e l e r a t e s  t he head and dece l e r a t es t he g l ove . Depend i ng 
o n  whe t he r  the impa c t  i s  c e n t r a l  o r  o b l i que the a c c e l e r a t i o n  of 
the head i s  l i near o r  r o t a t i o na l .  I n  b l ows d i r e c te d  t o  t he s o f t  
t i s sues of the f a c e  the a c c e l e r a t i o n  i s  somewhat r educed , but 
b lows d i r ec te d  to t he unp r o t e c ted pa r t s  of t he head l i ke t he 
c h i n  and t he yoke bone i nduce h i gh a c c e l e r a t i ons t o  the head . 
G l oves w i t h  high s h o c k  a bs o r p t i o n  c a pa c i ty wou l d  d e c r e a s e  the 
dama g i ng e f f e c t s  o f  the impact t o  t he head a nd .  hopefu l l y ,  i n  
t h e  l o n g  r u n  even c ha nge some o f  t he compe t e t ive a s p e c t s  o f  
boxi ng . W e  expect t h a t  a s  the awa r e n e s s  of the i n he r e n t  dang e r s  
o f  boxing i nc r ea s e s , t h e  e f f o r t s made t o  d e c r e a s e  them wi l l  a l so 
be i n t e ns i f i e d . We a l s o  be l i eve tha t r e s e a r c h  t o  impr ove the 
s h o c k  a b s o r b i ng c a pa c i ty o f  boxing g l oves s hou l d  be i n t e g r a t e d  
w i t h  r e s e a r c h  o n  s h o c k  a b s o r b i ng f a b r i c s  i n  o t h e r  f i e l d s , l i ke 
mo t o r cyc l i s t s ' outf i t . 
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