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A b s t r a c t  

Aeolus  EQ-140 i s  one of t h e  mass p r o d u c i n g  medium r a n g e  
heavy d u t y  t r u c k s  i n  China.  Some d e f e c t s  on i t s  t r a n s m i s s i o n  
have been d e t e c t e d .  And t h e i r  improv ing  measures  have come o u t  
i n  s a t i s f a c t o r y  results: ( 1 )  By improving t h e  m a t e r i a l  o f  i n n e r  
r i n g ,  t h e  l i f e  o f  t h e  s y n c h r o n i z e r  h a s  i n c r e a s e d  by 100 times 
compared w i t h  itscfirst p r o t o t y p e  i n  1969. ( 2 )  The f a t i g u e  l i f e  
of 2nd speed  g e a r  h a s  c o n e  u p  by 1 0  t i m e s ,  w i t h  a d o p t i n g  more 
g e n e r o u s  t o o t h  r o o t  f i l l e t  r a d i u s  and s h o t  p e e n i n g  t h e  t o o t h  
r o o t s .  

1. Foreword 

The per fo rmance  and s e r v i c e  l i f e  of 
a t r s f i s m l s s i n n  have great influence on 
a n  a u t o m o b i l e .  How t o  improve t h e  
pe r fo rmance  of a t r a n s m i s s i o n  and  how 
t o  p r o l o n g  i t s  s e r v i c e  l i f e ?  Those 
problems a r e  o f  i n t e r e s t  t o  a l l  au to -  
mobi le  e n g i n e e r s .  

Even i f  you have had a p e r f e c t l y  
d e s i g n e d  t r a n s m i s s i o n ,  t h e r e  would be 
some f a i l u r e  o c c u r e d  i n  a c t u a l  s e r v i c e .  
The c a u s e s  a r e  as f o l l o w s :  
( 1 )  The o b j e c t i v e  d i f f e r e n c e s  between 

p a r a m e t e r s  u s e d  i n  t h e o r e t i c a l  
d e s i g n  and c a l c u l a t i o n  and  t h e  
a c t u a l  s e r v i c e ,  

( 2 )  The u n s t a b l e  f u n c t i o n s  i n  t h e  
p r o d u c t i o n  p r o c e s s e s .  

(3) The undeveloped p o t e n t i a l  i n  t h e  
d e s i g n  and m a n u f a c t u r e  o f  t r a n s -  
m i s s i o n .  

To s o l v e  a problem o c c u r e d  i n  t h e  
e x i s t i n g  t r a n s m i s s i o n  i s  somet imes 
even more d i f f i c u l t  t h a n  t o  d e s i g n  a  
new t y p e  of t r a n s m i s s i o n .  

Aeolus  EQ-140 i s  one o f  t h e  medium 
r a n g e  heavy d u t y  t r u c k s  i n  China.  I ts  
t r a n s m i s s i o n  c o n s i s t s  of f i v e  fo rward  
speed g e a r s  and one r e v e r s e .  The f i f t h  
speed  g e a r  i s  a d i r e c t  d r i v e .  T h e r e  a r e  

and 5 t h  speed g e a r s .  The max. o u t p u t  
t o r q u e  of t h e  t r a n s m i s s i o n  i s  2800Nm 
and t h e  n e t  we igh t  i s  86  kg. I t ' s  a 
t y p i c a l  manual mechan ica l  t r a n s m i s s i o n ,  
which i s  h i g h l y  p r a i s e d  by a l l  
cus tomers .  

There  had been some shor tcomings  on 
t h i s  t r a n s m i s s i o n ,  f o r  example,  poor  
pe r fo rmance  and s h o r t  s e r v i c e  l i f e  of 
t h e  s y n c h r o n i z e r ,  e a r l y  bend ing  f a t i g u e  
damage on 2nd speed g e a r ,  e t c .  I n  con- 
s i d e r a t i o n  o f  t h e  above mentioned 
t h r e e  c a u s e s ,  we have t a k e n  many meas- 
u r e s ,  A t  l as t ,  s a t i s f a c t o r y  r e s u l t s  
have been o b t a i n e d  t h r o u g h  c o n t i n u o u s  
e f f o r t s .  

2. S y n c h r o n i z e r  

To u s e  a t r a n s m i s s i o n  w i t h  a poor  
pe r fo rmance  and s h o r t  s e r v i c e  l i f e  
s y n c h r o n i z e r  i s  worse  t h a n  t o  u s e  one 
w i t h o u t  s y n c h r o n i z e r .  The t h r e a d  on 
t h e  i n n e r  r i n g  o f  t h e  p r o t o t y p e  syn- 
c h r o n i z e r  produced i n  1969 was worn 
o u t  j u s t  a f t e r  r u n n i n g  a b o u t  1000 km. 
And a f t e r  p r o g r e s s i v e  improvement t h e  
s e r v i c e  l i f e  o f  t h e  s y n c h r o n i z e r  h a s  
been prolonged from 10,000, 20,000, 
30,000, 50,000, 80,000,  100,000, t o  
a b o u t  150,000 km. To r e a c h  t h i s  v a l u e  
many d i f f i c u l t i e s  h a v e  been overcome 
i n  o r d e r  t o  meet t h e  f r e q u e n t  speed 
chang ing  r e q u i r e m e n t s  b rought  abou t  



Fig. I EQ140 t r a n s m  ission a s s e m b l y  

How t o  improve t h e  s e r v i c e  l i f e  
and per fo rmance  of t h e  s y n c h r o n i z e r ?  

2. 1 .  Improve t h e  a n t i w e a r  perform- 
a n c e  o f  s y n c h r o n i z e r  i n n e r  ring, 

The o r i g i n a l  i n n e r  r i n g  was made 
o f  aluminum a l l o y  t o  s a v e  copper .  F o r  
t h i s  c o n s t r u c t i o n  m a t e r i a l ,  we have 
exper imented  f i r s t  w i t h  e u t e c t i c  
aluminum s i l i c o n  a l l o y  made i n  perma- 
n e n t  mould o r  / d i e  c a s t i n g ,  t h e n  
w i t h  t h e  h y p e r e u t e c t i c  aluminum 
s i l i c o n  a l l o y  t r e a t e d  w i t h  a n o d i c  
o x i d a t i o n  u n d e r  low t e m p e r a t u r e .  The 
s e r v i c e  l i f e  o f  b o t h  had been pro- 
l o n g e d ,  b u t  t h e  e f f e c t s  were  s t i l l  
n o t  good enough. E s p e c i a l l y  t h e  l a t t e r ,  
though i t  had a l o n g e r  s e r v i c e  l i f e ,  
t h e  m a c h i n a b i l i t y  and t h e  u n i f o r m i t y  o f  
q u a l i t y  were poor .  A t  l a s t  t h e  i n n e r  
r i n g  had t o  b e  made o f  copper .  

I n  t h e  u s i n g  o f  c o p p e r  a l l o y ,  man- 
g a n e s e  b r a s s  was found t h e  b e s t  a f t e r  
a s e r i e s  o f  t e s t s ,  which i s  s u i t a b l e  
f o r  d i e  c a s t i n g  and i s  o f 2 h i g h  s t r e n g t h  
( t e n s i l e  s t r e n g t h  600N/mm ) and good 
a n t i w e a r  c h a r a c t e r i s t i c s  (HB 1 5 0 ) .  The 
w e a r - r e s i s t a n c e  o f  t h i s  m a t e r i a l  h a s  
been proved t h r o u g h  g e a r s  of  p r a c t i c e  
and t h e  s e r v i c e  l i f e  o f  i n n e r  r i n g  h a s  
been g r e a t l y  p r o l o n g e d .  

2 .  2. Improve t h e  d e s i g n  of sgnchro-  
n i z e r  

Redesign a  new d e v i c e  f o r  l o c a t i n g  
t h e  r a d i a l  p o s i t i o n  o f  t h e  i n n e r  
r i n g  t o  make i t  c o n c e n t r i c  w i t h  t h e  
s l i d i n g  s l e e v e .  Thus when s e l e c t i n g  
speed g e a r s ,  t h e  i n n e r  r i n g  can  be  
i n  c o n t a c t  w i t h  t h e  o u t e r  s t o p  ring 
c o n c e n t r i c a l l y  and t h e  f r i c t i o n  
moment can be b u i l t  u p  a t  once  f o r  
e a s y  synchromeshing and a l s o  t h e  
i n n e r  r i n g  d o e s  n o t  touch  w i t h  t h e  
o u t e r  s t o p  r i n g  t o  p r e v e n t  meaning- 
l e s s  p a r t i a l  wear when i t  is i n  
n e u t r a l  p o s t i t i o n .  

Improve t h e  a x i a l  p o s i t i o n i n g  of 
t h e  s y n c h r o n i z e r  s l i d i n g  s l e e v e  t o  
make t h e  l o c a t i o n  more p r e c i s e  and 
t h e  s h i f t  f e e l i n g  more c l e a r .  The 
d i f f e r e n c e  between t h e  o r i g i n a l  and 
t h e  improved s y n c h r o n i z e r  i s  shown 
i n  F i g .  2. 

Reexamine t h e  c l e a r a n c e s  o f  t h e  
s y n c h r o n i z e r  

A s  shown i n  F i g .  3,  8 1  i s  t h e  a x i a l  
c l e a r a n c e  between t h e  i n n e r  r i n g  ( a t  
n e u t r a l )  and t h e  o u t e r  s t o p  r i n g ;  

5 2  i s  t h e  c l e a r a n c e  f o r  wear 
between t h e  end f a c e s  o f t h e  o u t e r  s t o p  
r i n g  and t h e  inner r i n g ;  

6 3  IS t h e  c l e a r a n c e  between t h e  
s l i d i n g  s l e e v e  and t h e  dog t e e t h  end.  

These  t h r e e  c l e a r a n c e  v a l u e s  and 
t h e  r e l a t i o n s h i p  among them a r e  v e r y  
i m p o r t a n t  t o  e n s u r e  t h e  pe r fo rmance  and 
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Fig. ?a T h i n -  w a l l  s p r i n g  pin 
for  ax ia l  posit ioning 

( before  i m p r o v e m e n t )  

Zb Locating p i n  for ax ia l  

& rad ia l  posit ioning 

( a f t e r  i m p r o v e m e n t )  

; 1 i s  e f f e c t e d  by t h e  d e s i g n  v a l u e  
and t h e  m a n u f a c t u r e  p r e c i s i o n .  

6 2 i s  d e t e r m i n e d  by t h e  t h r e a d  d e p t h  
and t h e  a n g l e  o f  t h e  c o n i c a l  s u r f a c e  o f  
t h e  i n n e r  r i n g ,  as  w e l l  as t h e  f r i c t i o n  
c o e f f i c i e n t  which can s t i l l  keep  tkLe 
s y ~ c i r o n i z ; . r  vor l t ing  i n  good o r d e r  when 
t h e  t h r e a d  i s  worn o u t  t o  a c e r t a i n  
d e g r e e ,  

3 3 i s  i m p o r t a n t  t o  keep  normal  
working of s y n c h r o n i z e r  and t o  e x p l o i t  
i t s  p o t e n t i a l  s e r v i c e  l i f e  f u l l y .  

6 1 and 8 3 a r e  a f f e c t e d  by t h e  
m a n u f a c t u r i n g  p r e c i s i o n ,  

Tha t  is  why t h e  a c c u r a c y  o f  t h e  
a x i a l  d i m e n s i o n s  f o r  t r a n s m l s s l o n  w i t h  
s y n c h r o n i z e r  i s  much h i g h e r  t h a n  t h a t  
without  s y n c h r o n i z e r .  

I f  t h e  c l e a r a n c e  g 1 ( i n  n e u t r a l )  is 
t o o  small, t h e  s y n c h r o n i z e r  would be 
b u r n t  . 

I f  t h e  c l e a r a n c e  8 2 is  t o o  small, 
t h e  s y n c h r o n i z e r  can n o t  work any  more 
even i f  t h e  I n n e r  r i n g  i s  o n l y  worn o u t  
s l i g h t l y .  

T f  t h o  * l a - m n r r n  X 7 h a t u n a n  + h a  +vn 

Fig. 3 T h r e e  i m p o r t a n t  c learances  

a n d  the i r  re la t ionship  of 

pin t y p e  synchronizer  

c o n i c a l  s u r f a c e s  o f  t h e  s y n c h r o n i z e r  
can  n o t  engage d u e  t o  t h e  t o o t h  e n d s  
s t r i k e  a g a i n s t  e a c h  o t h e r ,  s o  t h a t  t h e  
s y n c h r o n i z e r  c e a s e  t o  be e f f e c t i v e .  

After modi fy ing  t h e  d e s i g n  and cor -  
r e c t i n g  t h e  c l e a r a n c e s  o f  t h e  synchro- 
n i z e r ,  t h e  pe r fo rmance  o f  s e l e c t i n g  
speed  g e a r  and  t h e  s e r v i c e  l i f e  o f  t h e  
s y n c h r s n i z e r  have been g r e a t l y  is l j rovzd.  

2. 3. Improve t h e  r i g i d i t y  o f  t h e  s h i f t  
f o r k  

The s h i f t  f o r k  h a s  been r e d e s i g n e d ,  
t h a t  is, i t s  l e g s  were  t h i c k e n e d  ( t o e  
t h i c k n e s s  from 6mm t o  8mm) and  a r e i n -  
f o r c i n g  r i b  w a s  added t o  i n c r e a s e  i t s  
s e c t i o n  f a c t o r  and s o  t h e  r i g i d i t y  o f  
t h e  s h i f t  f o r k ,  p r e v e n t i n g  from changing  
t h e  r e l a t i o n s h i p  among t h o s e  c l e a r a n c e s  
o f  t h e  s y n c h r o n i z e r  d u e  t o  t h e  deform- 
a t i o n  o f  t h e  s h i f t  f o r k .  So t h e  syn- 
c h r o n i z e r  can m a i n t a i n  i t s  d e s i g n e d  
f u n c t i o n .  

Fig. 4 T h e  re la t ionship  b e t w e e n  t h e  

thread  d e p t h  of inner r i n g  and  



2. 4. I n c r e a s e  t h e  i n t e r f e r e n c e  of 
f i t t i n g  d imens ions  between t h e  l o c k  
p i n  and t h e  i n n e r  r i n g  t o  e n s u r e  t h a t  
t h e  s , y n c h r o n i z e r  would n o t  be l o o s e n e d  
d u r i n g  o p e r a t i o n .  A f t e r  improvement,  t h e  
f r i c t i o n  moment between each  l o c k  p i n  
and t h e  h o l e  of i n n e r  r i n g  i s  a b o u t  
3 - 5 t i m e s  more t h a n  p r e v i o u s l y  
o b t a i n e d  f o r  b e t t e r  r e l i a b i l i t y  o f  t h e  
s y n c h r o n i z e r .  

2. 5. Another  measure i s  t o  i n c r e a s e  
t h e  s u r f a c e  f i n i s h  o f  t h e  o u t e r  s t o p  
r i n g  t o  improve t h e  w e a r a b i l i t y  of t h e  
i n n e r  r i n g .  The r o u g h n e s s  s h o u l d  be 
improved from Ra 0.32 t o  R a  0.16. Care  
must be t a k e n  f o r  i n s p e c t i n g  t h e  o u t  
o f  roundness  o f  t h e  o u t e r  s t o p  r i n g .  

2. 6. The l o c k i n g  f a c e  a n ~ l e  of t h e  
l o c k i n g  p i n  and o f  t h e  s l i d i n g  s l e e v e  
s h o u l d  be s t r i c t l y  t h e  same and a l l  t h e  
c o r r e s p o n d i n g  l o c k i n g  f a c e s  s h o u l d  
c o n t a c t  each o t h e r  s o u n d l y  i n  o p e r a t i o n .  
The p o s i t i o n  a c c u r a c y  o f  t h e  t h r e e  h o l e s  
f o r  f i t t i n g  t h e  l o c k i n g  p i n s  on t h e  
i n n e r  r i n g  and on t h e  s l i d i n g  s l e e v e  
h a s  been r a i s e d  t o  keep  t h e  normal  
working o f  t h e  s y n c h r o n i z e r  and t o  
i n s u r e  e a s y  s h i f t i n g .  

A f t e r  t h e  improvements ment ioned 
above  on t h e  s y n c h r o n i z e r ,  i t s  s e r v i c e  

l i f e  h a s  been i n c r e a s e d  p r o g r e s s i v e l y  
t o  150,000 km, a b o u t  100 t i m e s  more 
t h a n  t h a t  of 1 9 6 9 ' s  p r o d u c t i o n .  

3 .  E a r l y  bend ing  f a t i g u e  damage on 
2nd speed g e a r  

The 2nd speed g e a r  of t r a n s m i s s i o n  
i s  n o t  l i k e l y  t o  have b e n d i n c  f a t i g u e  
damage i n  g e n e r a l .  But d u r i n g  t h e  
s e r v i c e  t e s t  of EQ 140 t r u c k  i n  moun- 
t a i n o u s  a r e a ,  t h e  2nd speed  d r i v e n  g e a r  
h a s  been broken s e v e r a l  t i m e s  a f t e r  
r u n n i n g  a b o u t  35,000 km d u e  t o  bend ing  
f a t i g u e .  A t  t h i s  t ime  t h e  p r o p o r t i o n  o f  
f u l l y  l a d e n  m i l e a , ~ e  of t h e  t r u c k  i s  
83.1 %, i n  which t h e r e  is  37 -; r u n n i n g  
i n  mountainous  a r e a  and 74.7 7; r u n n i n g  
w i t h  t r a i l e r .  A f t e r  c h e c k i n g  o v e r  t h e  
m a t e r i a l  and h e a t  t r e a t m e n t  o f  t h e  
g e a r ,  no abnormal c a s e  w a s  found.  
Bendin,? s t r e s s  f a t i - w e  damage o c c u r e d  
r e p e a t e d l y  i n  such a  small m i l e a g e  
was no t  r e p l a r .  So i t  was n o t  f i t  

f o r  mass p r o d u c t i o n  o f  EQ 140 t r u c k .  
How t h e  bending f a t i g u e  l i f e  o f  

2nd speed y e a r  i s  improved? 

c o n d i t i o n  

Running a n  EQ 140 t r u c k  equ ipped  
w i t h  r e l a t i v e  t e s t i n g  i n s t r u m e n t s  i n  
t h e  above  ment ioned a r e a  on v a r i o u s  
road  and u n d e r  v a r i o u s  l o a d i n g ,  measure  
t h e  a c t u a l  s e r v i c e  l o a d  and p ropor -  
t i o n a l  m i l e a g e  f o r  each  s e l e c t e d  speed  
o f  t r a n s m i s s i o n .  A f t e r  d a t a  p r o c e s s i n g ,  
t h e  e q u i v a l e n t  s e r v i c e  l o a d  and t h e  
c o r r e s p o n d i n g  f r e q u e n c y  have  been 
o b t a i n e d .  These  may be  u s e d  as  t h e  
b a s i s  t o  a s s e s s  t h e  r e s u l t  o f  t h e  bench 
t e s t .  The t e s t i n g  t r u c k  was d r i v e n  by 
t h e  same d r i v e r  on t h e  same road  and 
w i t h  t h e  same l o a d  t o  make t h e  t e s t i n g  
c o n d i t i o n  c l o s e  t o  t h e  p r e v i o u s  
r u n n i n g .  

C o n v e r t i n g  t h e  measur ing  r e s u l t  
i n t o  t h e  l o a d  c y c l e s  a t  t h e  max. 
e n g i n e  t o r q u e  o f  360Nm, 35,0006km i s  
e q u i v a l e n t  t o  (0.3 - 0.4) x 10 c y c l e s ,  
s o  t h e  c y c l e s  f o r  EQ 140 t r u c k  r u n n i n g  
200,000 km i n  t h  s a r e a  s h o u l d  b e  &i 
(1.7 - 2.0)  x 1 0  + 

3.  2. The way t o  a t t a i n  l o n g e r  bend ing  
f a t i g u e  l i f e  o f  2nd speed  g e a r  

There  a r e  many f a c t o r s  i n f l u e n c i n g  
t h e  bend ing  f ~ t i f u e  life of g e a r ,  I t  
is  most i m p o r t a n t  t o  f i n d  o u t  t h e  
main f a c t o r ,  which s h o u l d  be  e f f e c t i v e  
and w i t h  l i t t l e  c o s t .  A f t e r  c a r e f u l l y  
o b s e r v i n c  t h e  damaged sample ,  w i t h  t h e  
a u t h o r ' s  e x p e r i e n c e ,  i t  is r e c o y n i z e d  
t h a t  t h e  main c a u s e  o f  t h e  e a r l y  
damage o f  2nd speed g e a r  i s  t h e  r e s u l t  
o f  t o o  much s t r e s s  c o n c e n t r a t i o n  due  
t o  t h e  t o o t h  r o o t  f i l l e t  r a d i u s  t o o  
s m a l l .  We d e c i d e d  t o  i n c r e a s e  t h i s  
r a d i u s  as much as  p o s s i b l e  and  make 
t h e  bot tom o f  t o o t h  s p a c e  t o  approx-  
i m a t e l y  s e m i - c i r c u l a r  t o  d e c r e a s e  t h e  
s t r e s s  c o n c e n t r a t i o n  f a c t o r ,  t h a t  is,  
by means o f  chang ing  t h e  t o o t h  t i p  o f  
hob from d o u b l e  a r c s  t o  a  s i n g l e  a r c ,  
a l t e r i n g  t h e  r a d i u s  o f  t o o t h  r o o t  from 
0.8 mm t o  1 .5  m a ,  w h i l e  k e e p i n g  t h e  
s t a r t i n g  p o i n t  o f  i n v o l u t e  t o o t h  
meshing c o n s t a n t .  I n  t h i s  wav, t h e  
stress c o n c e n t r a t i o n  f a c t o r  w i l l  be 
s i g n i f i c a n t l y  r e d u c e d ,  s i n c e  t h e  
t o o t h  bot tom i s  an  even s e m i - c i r c u l a r  
a r c .  To i n c r e a s e  t h e  f i l l e t  r a d i u s ,  t h e  
a d v a n t a g e s  are more t h a n  t h e  d i s a d -  
v a n t a g e s  f o r  bend ing  s t r e n g t h ,  though 
t h e  whole d e p t l ~  of t o o t h  i s  s l i g h t l y  
i n c r e a s e d .  The a t t e n t i o n  o f  such  a 
m a t t e r  h a s  n o t  been p a i d  w i d e l y  i n  
o u r  c o u n t r y  e s p e c i a l l y  f o r  t h e  c a s e  . . .  



s p e c i f i e s  t h a t  t h e  f i l l e t  r a d i u s  o f  
b a s e  r a c k  i s  0.25M. Because  i t  i s  n o t  
s t r i c t l y  c o n t r o l l e d  a s  a f a c t o r  
e f f e c t i n g  s t r e n g t h ,  t h e  a c t u a l  f i l l e t  
r a d i u s  o f  t h e  g e a r  t o o t h  i s  l e s s  t h a n  
t h i s  v a l u e .  Fig .  5 shows t h e  t o o t h  
s e c t i o n s  o f  t h e  2nd speed d r i v e  g e a r  
b e f o r e  and a f t e r  improvement. - 

Before improvemen t  

After improvemen t  

Fig. 5 The  tooth sec t lons  of 2nd speed d r i v e  gear 

I n  o r d e r  t o  f u r t h e r  d e c r e a s e  t h e  
t e n s i l e  s t r e s s  o f  t h e  t o o t h  r o o t ,  i t  
i s  d e c i d e d  t o  r a i s e  t h e  r e s i d u a l  
c o m p r e s s i v e  s t r e s s  o f  t h e  t o o t h  r o o t  
by s h o t  p e e n i n g  on t h e  g e a r .  A s  a 
r e s u l t  t h e  magni tude o f  t h e  t e n s i l e  
stress i n  s e r v i c e  is reduced  and t h e  
b e n d i n g  f a t i i g u e  l i f e  of t h e  g e a r  i s  
p r o l o n g e d .  

Shot  p e e n i n g  i s  conduc ted  on a 
se l f -made  s h o t  p e e n i n g  machine. The 
r o o t  i s  v e r t i c a l  t o  t h e  d i r e c t i o n  o f  
t h e  s h o t  p e e n i n g ,  and t h e  c e a r  r o t a t e s  

a u t o m a t i c a l l y .  
The p e e n i n g  s h o t  i s  made of tempered 

c a s t  s t e e l  (HRC 30 - 4 4 ) .  
Shot  d i a m e t e r  0.6 - 0.8 mm 
Shot speed 61 m/sec 
Shot p e e n i n g  i n t e n s i t y  

Almen 0.1 5 - 0.16C 
I t  i s  n e c e s s a r y  t o  p rove  w h e t h e r  

t h i s  measure  i s  e f f e c t i v e .  S e v e r a l  
g r o u p s  of samples  have been t e s t e d  t o  
compare t h e i r  e f f e c t s ,  w i t h  u s i n g  
l a r g e r  module g e a r s  and s t u b  t o o t h  
g e a r s .  

About 1 , 0 0 0  h r s  o f  c o m p a r a t i v e  t e s t s  

u n d e r  t h e  max. e n g i n e  t o r q u e ,  And t h e  
t e s t  r e s u l t s  v e r i f i e d  t h a t  t h e  s e r v i c e  
l i f e  o f  t h e  2nd speed  g e a r ,  which t h e  
f i l l e t  r a d i u s  was i n c r e a s e d  and t h e  
r o o t  f i l l e t  s h o t  peened ,  i s  t h e  l o n g e s t ,  
S e v e r a l  p a i r s  o f  p c h  g e a r s  were  t e s t e d  
f u r t h e r  t o  4  x 10 c y c l e s  ( d r i v e n  g e a r )  
w i t h o u t  f a i l u r e ,  t h e  s e r v i c e  l i f e  was 
r a i s e d  up t o  1 0  times compared w i t h  
t h a t  o f  t h e  unimproved 2nd speed  g e a r .  
I t  can e n s u r e  350,000 km f o r  EQ 140 
t r u c k  t r a n s m i s s i o n  r u n n i n g  i n  t h e  
mountain a r e a s ,  T h i s  c o n f i r m s  t h e  
judgement i s  c o r r e c t  and t h e  measure  
t a k e n  i s  e f f e c t i v e ,  and t h e  problem i s  
s o l v e d  within t h e  a l l o t t e d  t i m e ,  

S i n c e  t h e  improved 2nd speed  g e a r  
w a s  p u t  i n t o  p r o d u c t i o n  i n  1975. no 
bending f a t i g u e  damage h a s  e v e r  
happened i n  s e r v i c e .  

I t  i s  e v i d e n t  t h a t  t h i s  improvement 
i s  a n  e f f i c i e n t  and economic way t o  
open up  t h e  p o t e n t i a l  o f  t h e  g e a r  d e s i g n  
and manufac tu re  and t o  s o l v e  t h e  
problems m e t  i n  t h e  s e r v i c e  o f  t h e  
t r a n s m i s s i o n  w i t h o u t  c h a n g i n g  t h e  g e a r  
b a s i c  s p e c i f i c a t i o n s ,  material and  t h e  
e x i s t i n g  p r o c e s s .  Only new hobs  have 
t o  be p rocured .  

The EQ 140  t r a n s m i s s i o n  i s  s t i l l  
b e i n g  improved, w i t h  t h e  a i m s  a t  
r a i s i n g  i t s  l o a d  c a p a c i t y  cornprehen- 
s i v e l y  i n  o r d e r  t o  make i t  f i t  t o  l a r g e r  
t o r q u e  e n g i n e s  f o r  t r u c k s  w i t h  more GVW. 
T h i s  a r t i c l e  i s  j u s t  a b r i e f  d e s c r i p t i o n  
o f  a few examples  i n  o u r  work f o r  
improvement, 

h a v e  been c a r r i e d  o u t  on a c l o s e  


