
CHAINSAW KICKBACK 
The chainsaw has  long been recognised a s  a p o t e n t i a l l y  dangerous t o o l .  The 
kickback e f f e c t  i s  a prominent f a c t o r  amongst those  which c o n t r i b u t e  t o  
chainsaw acc iden t s .  I n  N e w  Zealand it causes approximately h a l f  (around 
70) of  t h e  t o t a l  number o f  chainsaw i n j u r i e s  each yea r .  L I R A  i n v e s t i g a t e d  
s a f e t y  a s  p a r t  of t h e  p r o j e c t  "Chainsaws - Criteria for Selection", and repor ted  
b r i e f l y  on kickback t e s t s  c a r r i e d  o u t  on va r ious  chains .  The r e s u l t s  w e r e  
inconclus ive  and it was d i f f i c u l t  t o  ob ta in  agreement on what causes  kick- 
back and what should be done t o  reduce it. 

I n  o rde r  t o  inc rease  t h e  understanding of kickback, LIRA a s s i s t e d  Roger 
Foy, a  sen io r  s t u d e n t  i n  t h e  Department of Mechanical Engineering,  
Univers i ty  of  Canterbury wi th  h i s  Bachelor of Engineering P r o j e c t  Report.  
H i s  r e p o r t ,  t i t l e d  "An Investigation of Chainsaw Kickback", p r e s e n t s  a t h e o r e t i c a l  
a n a l y s i s  of kickback and inc ludes  t h e  des ign of a r i g  f o r  p r a c t i c a l  
a n a l y s i s  of t h e  problem. The s tudy inc ludes  a review of overseas  
l i t e r a t u r e  on kickback b u t  f i n d s  t h a t  t o  d a t e  most of t h e  a c t u a l  t e s t i n g  
has  been c a r r i e d  o u t  by cha in  manufacturing companies who a r e  r e l u c t a n t  t o  
r e l e a s e  a l l  d e t a i l s  of  methods and r e s u l t s .  The p r o j e c t  i s  summarised i n  
t h i s  r e p o r t .  

What is Kickback? 

1. Rotating chain meeta obatructlon at tip 
bar, hose, alowa engine and chaln. 

! !  

2. Bar nose climbs over and clean 
obstruction, engine momentum trans. 

r\ k r n d  to body of raw. 

3. Engine and chaln speed up, upward 
motion 01 bar accelerates. 

1-3 ~ a k e s  0.1 aeconda. 

F I G .  1 The Kickback Reaction 

Kickback is t h e  sudden, v i o l e n t  
up and backward movement of t h e  
chainsaw guide-bar. I f  t h e  chain ,  
moving a t  speed, s t r i k e s  t h e  
opera to r  it can cause seve re  
l a c e r a t i o n s  t o  t h e  hand, arm, f ace  
o r  t o r s o .  Kickback i s  i n i t i a t e d  
when t h e  moving cha in  meets an 
o b s t r u c t i o n  a t  t h e  t i p  of t h e  saw 
guide-bar and i s  forced t o  slow 
down. The r e s u l t i n g  kickback 
pushes the  b a r  nose away from t h e  
o b s t r u c t i o n  caus ing t h e  saw t o  
r o t a t e  about  i t s  c e n t r e  of  mass. 
This  sudden movement may break t h e  
saw away from t h e  o p e r a t o r ' s g r a s p  
a t  t h e  forward hand. The saw can 
then cont inue  up and back u n t i l  it 
s t r i k e s  t h e  opera to r .  The 
r e a c t i o n  may be i n i t i a t e d  by an  
o b j e c t  becoming jammed i n  t h e  
cha in ,  o r  by a c u t t e r  on t h e  cha in  
grabbing a t  an o b s t r u c t i o n .  The 
r e l a t i v e  importance of t h e s e  two 
f a c t o r s  is n o t  c l e a r .  



T e s t s  have shown t h a t  t h e  t i m e  t aken  f o r  t h e  saw t o  i n t e r a c t  w i th  t h e  
o b s t r u c t i o n  and t o  r i s e  45" from t h e  h o r i z o n t a l  i s  abou t  one- ten th  of  a  
second.  Th i s  is  t o o  f a s t  f o r  t h e  o p e r a t o r  t o  r e a c t  d e f e n s i v e l y .  

Wbat Causes Kickback? 
There a r e  t h r e e  i n t e r a c t i n g  f a c t o r s .  

(i) The m a t e r i a l  be ing  c u t .  Small d iameter  f l e x i b l e  m a t e r i a l  c a u s e s  
g r e a t e s t  problems,  t h u s  trinuning work can  be t h e  most dangerous.  
Kickback can a l s o  be  i n i t i a t e d  when t h e  guide-bar  t i p  meets  an  
o b s t r u c t i o n  d u r i n g  f e l l i n g  o r  c r o s s - c u t t i n g .  

(ii) The o p e r a t o r .  The chainsaw o p e r a t o r  h a s  s e v e r a l  f a c t o r s  i n  h i s  
c o n t r o l .  He should  avoid  c o n t a c t  between t h e  b a r  nose and any s t r a y  
o b j e c t s ,  and keep a f i r m  g r i p  on t h e  saw wi th  bo th  hands a t  a l l  t imes .  
C o r r e c t  cha in  maintenance i s  very  impor t an t .  T r a i n i n g  and educa t ion  
programmes h e l p  awareness i n  t h i s  a r e a .  

(iii) The power u n i t  and c h a i n .  Foy ' s  r e p o r t  c o n c e n t r a t e s  on ana lys ing  
t h e  power u n i t  and c h a i n  a s  they  can  be p h y s i c a l l y  c o n t r o l l e d  by 
des ign  o r  maintenance.  The r e s u l t s  a r e  summarised below. 

THE C H A I N ,  C h a i n  c h a r a c t e r i s t i c s  a r e  p r i m a r i l y  r e s p o n s i b l e  f o r  i n i t i a t i n g  
k i c k b a c k  t h r o u g h  i n t e r a c t i o n  w i t h  the m a t e r i a l  b e i n g  c u t .  

1. Chain Type. 

There a r e  t h r e e  f a c t o r s  i n  c h a i n  d e s i g n  which may a f f e c t  k ickback .  
CHAIN PITCH de te rmines  t h e  l e n g t h  of t h e  hazard  zone. ( S e e  F i g . 2 )  I f  it -- 
could  be  c o n c l u s i v e l y  shown t h a t  kickback i s  caused when o b s t r u c t i o n s  
e n t e r  t h e  hazard  zone, t hen  a  l onge r  hazard  zone o r  g r e a t e r  p i t c h  
would mean a h i g h e r  i nc idence  of k ickback .  

CUTTER TYPE. The shape  of  t h e  c u t t e r s  -- 
a f f e c t  t h e  smoothness of  t h e  c u t t i n g  

Depth Hazard zone Cuner a c t i o n .  Rounded o r  ch ippe r  c u t t e r s  may 
c u t  t h e  wood less a g g r e s s i v e l y  t h a n  t h e  
squa re  o r  c h i s e l  type  o f  c u t t e r  which 
may tend  t o  grab  a t  t h e  wood and i n i t i a t e  
a  kickback r e a c t i o n .  

CHAIN PROFILE.   he h e i g h t  and shape of  t h e  -- 
depth  gauge i n  r e l a t i o n  t o  t h e  c u t t e r  
edge and t h e  shape of  t h e  d r i v e  l i n k  a r e  
impor tan t .  I f  t h e  depth  gauge i s  t o o  
low t h e  c u t t e r  edge may grab  i n  t h e  wood 

Drive link Tie strap caus ing  a  kickback r e a c t i o n .  Kickback 
may a l s o  be caused by o b s t r u c t i o n s  
s t r i k i n g  t h e  f r o n t  o f  t h e  dep th  gauge i n  

FIG.2 S e c t i o n  o f  S t a n d a r d  C h a i n  t h e  hazard  zone. 

2.  Chain Speed. 

A f a s t  c h a i n  r e s u l t s  from t h e  engine  o p e r a t i n g  a t  h igh  speeds .  I n  
t h i s  s t a t e  t h e  engine  can  impar t  more kickback r e a c t i o n  t o  t h e  moving 
b a r  and c h a i n  t h a n  a t  slow speeds .  On t h e  o t h e r  hand, a  f a s t  c h a i n  
i s  less l i k e l y  t o  g rab  o r  jam a s  it h a s  g r e a t e r  c u t t i n g  power. Thus 
t h e  i n i t i a t i o n  of  kickback i s  more l i k e l y  a t  t h e  v a r i e d  engine  and 
c h a i n  speeds  a s  commonly occu r  d u r i n g  t h e  de l imbing  p roces s .  

3 .  Chain Condi t ion .  

The sha rpnes s  of  t h e  c u t t e r s  and t h e  dep th  gauge h e i g h t  and p r o f i l e  



must a l l  be  c o r r e c t l y  main ta ined  t o  reduce  k ickback  s e v e r i t y .  C o r r e c t  
c h a i n  t e n s i o n  i s  i m p o r t a n t  a s  a  l o o s e  c h a i n  i s  more prone  t o  k ick-  
back .  These f a c t o r s  a r e  w i t h i n  t h e  c o n t r o l  o f  t h e  o p e r a t o r .  

THE GUIDE-BAR, I t  i s  r e s p o n s i b l e  f o r  t r a n s f e r r i n g  t h e  kickback r e a c t i o n  from 
t h e  chain t o  t h e  power u n i t .  

The k ickback  r e a c t i o n  is i n i t i a t e d  a t  t h e  t i p  o r  nose  of  t h e  gu ide-bar .  
The r a d i u s  o f  t h e  nose  i s  i m p o r t a n t .  A l a r g e r  r a d i u s  means a  g r e a t e r  
s u s c e p t i b l e  l e n g t h  o f  c h a i n ,  and a s  t h e  c h a i n  i s  runn ing  f l a t t e r ,  t h e  
dep th  of  t h e  haza rd  zone i s  g r e a t e r .  Although t h e  k ickback  r e a c t i o n  can  
occu r  when an  o b s t r u c t i o n  meets any p a r t  of  t h e  nose  o f  t h e  gu ide-bar ,  t h e  
problem is  g r e a t e s t  a round  t h e  t o p  h a l f  o f  t h e  nose .  I n  t h i s  p o s i t i o n ,  
t h e  f o r c e s  o f  t h e  k ickback  r e a c t i o n  w i l l  t end  t o  d r i v e  t h e  saw backwards 
away from t h e  o p e r a t o r ' s  forward-hand g r i p ,  and  t h e  b a r  up where it c o u l d  
s t r i k e  t h e  o p e r a t o r .  

THE POWER UNIT, I t  i s  r e s p o n s i b l e  f o r  ampl i f y ing  t h e  kickback r e a c t i o n .  

The magnitude o f  t h e  k i c k  r e a c t i o n  i s  p r i m a r i l y  due t o  t h e  momentum 
t r a n s f e r r e d  from t h e  r o t a t i n g  eng ine  p a r t s  t o  t h e  body of  t h e  saw. T h i s  
o c c u r s  when t h e  eng ine  is sloweddownmomentarilybecause of  an  o b s t r u c t i o n  
jamming t h e  c h a i n .  I n  a d d i t i o n ,  i f  t h e  saw c h a i n  c l e a r s  t h e  o b s t r u c t i o n  
t h e  eng ine  p a r t s  and c h a i n  w i l l  a c c e l e r a t e ,  and  r e a c t i o n  t o  t h e  developed 
eng ine  t o r q u e  w i l l  i n c r e a s e  t h e  f o r c e  o f  t h e  up and backward movement o f  
t h e  saw. 

Oevelopments to Reduce Kickback Injuries 
Anti-kickback d e v i c e s  a r e  a  b i g  s e l l i n g  p o i n t  on  t o d a y ' s  cha insaws .  Some 
developments  r educe  t h e  f r equency  o f  t h e  k ickback  r e a c t i o n  w h i l e  o t h e r s  
reduce  i t s  s e v e r i t y .  

1. SAFETY CHAIN AND GUIDE-BAR. 

The p r o f i l e  o f  t h e  c h a i n  can  b e  changed i n  Standard cultor 

s e v e r a l  ways. Low p r o f i l e  c u t t e r s  and 
ramped d r i v e  l i n k s  a r e  o f t e n  used on s a f e t y  
c h a i n  t o  gu ide  any o b s t r u c t i o n  o u t  o f  t h e  
hazard  zone w i t h o u t  c a u s i n g  a  k ickback  
r e a c t i o n .  (See  F i g . 3 )  The e f f e c t i v e n e s s  o f  
t h e s e  d e v i c e s  i s  n o t  c l e a r l y  unde r s tood .  m-h 
Smal l  r a d i u s  gu ide-bar  nose s  a r e  now common Low Protlle Cutter 

a s  t h i s  shou ld  r educe  t h e  f requency  o f  
k ickback .  On such  b a r s ,  r o l l e r s  and 
s p r o c k e t s  c an  be used a t  t h e  nose  t o  over -  
come h i g h e r  wear f a c t o r  a s s o c i a t e d  w i t h  t h e  
s m a l l  r a d i u s  nose .  

Ramped drlve llnk 

FIG.3 C h a i n S a f e t y F e a t u r e s .  

SAFETY AT THE FORWARD-HAND GRIP. 

A m i t t  may be  s t r a p p e d  t o  t h e  forward  hand l e  t o  p r e v e n t  t h e  o p e r a t o r  
from l o s i n g  h i s  g r i p .  A r i g i d  s h i e l d  may be  p l a c e d  i n  f r o n t  o f  t h e  
hand l e  t o  p r e v e n t  t h e  forward  hand from c o n t a c t i n g  t h e  moving c h a i n .  
These d e v i c e s  d o  n o t  d e c r e a s e  t h e  f requency  o r  s e v e r i t y  o f  t h e  k i ck -  
back r e a c t i o n  b u t ,  i f  used  c o r r e c t l y ,  d e c r e a s e  t h e  i n c i d e n c e  of  
i n j u r y .  



3 .  CHAIN BRAKES. 

There a r e  s e v e r a l  d e v i c e s  t o  s t o p  t h e  cha in  b e f o r e  it s t r i k e s  t h e  
o p e r a t o r .  I n  some, a  b rake  i s  a p p l i e d  t o  t h e  c l u t c h  drum when a 
l e v e r  i n  f r o n t  of t h e  forward handle  i s  s t r u c k  by t h e  hand. 
Another t ype  s imul taneous ly  d isengages  t h e  c l u t c h  and a p p l i e s  a  
brake  when a l e v e r  i s  s t r u c k .  A more r e c e n t  type  o p e r a t e s  on t h e  
d i f f e r e n t i a l  movement of  t h e  guide-bar/power u n i t  and t h e  handle/  
f u e l  tank  u n i t  made p o s s i b l e  through t h e  use  o f  r e s i l i e n t  a n t i -  
v i b r a t i o n  mounts, and w i l l  t h e r e f o r e  work i n  any s i t u a t i o n  regard-  
less of  t h e  p o s i t i o n  of  t h e  o p e r a t o r ' s  forward hand. 

4 . THE BAR NOSE COVER. 

Kickback can  be e l i m i n a t e d  by a t t a c h i n g  a cover  t o  t h e  guide-bar  
nose.  However, s i n c e  t h e  nose cannot  t hen  be used f o r  c u t t i n g  i t  
i s  of  l i m i t e d  use  t o  p r o f e s s i o n a l  c u t t e r s .  

Conclusions 
The work which i s  summarised i n  t h i s  r e p o r t  c l e a r l y  p o i n t s  t o  t h r e e  
i n t e r r e l a t e d  f a c t o r s  i n  t h e  chainsaw kickback problem. 

- The kickback r e a c t i o n  i s  i n i t i a t e d  when t h e  moving cha in  m e e t s  
an o b s t r u c t i o n  a t  t h e  t i p  of  t h e  guide-bar .  There is u n c e r t a i n t y  
about  t h e  e f f e c t i v e n e s s  o f  dev ices  f o r  reducing  t h e  i nc idence  of  
t h e  r e a c t i o n .  

- The power u n i t  i s  r e s p o n s i b l e  f o r  ampl i fy ing  t h e  kickback 
r e a c t i o n .  

- The o p e r a t o r  can  p r e v e n t  t h e  kickback r e a c t i o n  by keeping  t h e  
t i p  of  t h e  guide-bar  away from p o t e n t i a l  o b s t r u c t i o n s .  C o r r e c t  
cha in  maintenance w i l l  r educe  t h e  kickback problem. The o p e r a t o r  
can  dec rease  t h e  danger  of  t h e  kickback r e a c t i o n  by keeping  a 
f i r m  g r i p  on t h e  saw and by us ing  saws wi th  cha in  b rakes  o r  
s a f e t y  f e a t u r e s  a t  t h e  forward handle .  

LIRA a s s i s t e d . t h i s  s t u d y  wi th  t h e  o b j e c t i v e s  o f  examining kickback 
mechanisms and s t i m u l a t i n g  t h e  b u i l d i n g  of  a  cha in  t e s t i n g  dev ice .  How- 
e v e r ,  e x t e n s i v e  l i t e r a t u r e  r e s e a r c h  and t h e o r e t i c a l  a n a l y s i s  showed t h a t  
t h e  complex n a t u r e  o f  kickback and i t s  causes  a r e  n o t  f u l l y  unders tood ,  
and t h a t  it would t h u s  be premature t o  b u i l d  such a t e s t i n g  r i g .  The 
r e p o r t  however p rov ides  a  b a s i s  upon which t o  do f u r t h e r  work on k ick-  
back when t h e  r e s o u r c e s  become a v a i l a b l e .  I n  looking  a t  t h e  t e c h n i c a l  
a s p e c t s  of  kickback it is  impor t an t  n o t  t o  l o s e  s i g h t  of  t h e  p a r t  p layed  
by t h e  o p e r a t o r .  Given t h e  p r e s e n t  unders tanding  of  k ickback ,  t h e  
g r e a t e s t  g a i n s  i n  s a f e t y  can  be made through improved o p e r a t o r  awareness 
and t echn iques  brought  abou t  by t r a i n i n g .  
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