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ABS T U C T  

ALL t r u c k s  produced i n  t h e  Second 

Automobile ~ o r k s ( S A ~ ) ,  wi th  annual capa- 

c i t y  of 100,000 t r u c k s ,  have adopted 

l e a f  s p r i n g s  wi th  double-grooves incor-  

porated on t h e  coinpression s i d e .  A 

Silicon-Manganese-Vanadium-Boron grade 

s t e e l  (55SiMnVB) was developed with very 

low tendency of decarbur iza t ion  i n  heat-  

i n g  and very good h a r d e n a b i l i t y  on 

quenching. Xi th  r a t i o n a l  c ross - sec t iona l  

conf igura t ion ,  a re2luction i n  weight of 
10.5% of s p r i n g  assembly is r e a l i z e d .  

SAW adopts  unique induc t ion  hea t ing  

of s p r i n g  l eaves .  The exceedingly s h o r t  
t ime of h e a t i n g  f u r t h e r  excludes  t h e  

p o s s i b i l i t y  of decarbur iza t ion .  Another 
unique technology is  i n d i v i d u a l  cool ing 

of s p r i n g  l eaves .  A f t e r  tempering, s p r i n g  

l e a v e s  undergo p r e - s t r e s s i n g  shot-peening. 

The f i n a l  p rocess  i s  e l e c t r o s t a t i c  coat-  

i n g  with i n f r a r e d  drying.  

China possesses  t h e  h ighes t  mountain 

ranges  i n  t h e  world wi th  some very  severe  
road cond i t ions ,  t h e  s u c c e s s f u l  operat ion 

of over  500,000 AEOLUS t r u c k s  has  wel l  

proved t h e  success  of t h i s  s p r i n g  materi-  

al and i ts  process ing  technology. 

APPLICATION OF A DOUBLE-GROOVED 

SPRING STEEL 55SiMnVB I N  THE 

AEOLUS TRUCK EQ-148 

A NEW ORIGINAL STEEL G W E  55SilrlnVB 

developed i n  China e x h i b i t s  t h e  follow- 

i n g  good mechanical p r o p e r t i e s :  h igh 

t e n s i l e  s t r e n g t h ,  high r a t i o  between 

y i e l d  and t e n s i l e  s t r e n g t h s ,  long f a t i -  

gue l i f e ,  h igh  t e n a c i t y  and good p l a s t i -  

c i t y .  It h a s  a l s o  o t h e r  good c h a r a c t e r i -  

s t i c s  such as low tendency of s u r f a c e  

decarbur iza t ion ,  which i s  a f a t a i  f a c t o r  

i n  f a t i g u e ,  good quenching and temper 

r e s i s t a n c e  p r o p e r t i e s .  

E f f e c t i v e  measures have been taken 
by SAW and DA YE S t e e l  Works i n  resea rch ,  

des ign and manufacture of t h i s  type of 

s t e e l  and s p r i n g  l eaves ,  w i t h  good re -  
s u l t s  such as l o x  weight and long ser- 
v i c e  l i f e  of t h e  f i n a l  s p r i n g  assemblies.  

PROPERTIES OF THE STEEL 55SiMnVB 

The r e a e a r c h  of s t e e l  grade 55SiMnVB 

dated back t o  t h e  R & D s t a g e  of a deve- 

lopment new t y p e  of Chinese t r u c k  i n  

1966. The s t e e l  was purposely developed 

f o r  making l e a f  suspension s p r i n g s  of 

t h a t .  

Compared wi th  t h e  t r a d i t i o n a l  choice  



of l e a f  s p r i n g  s t e e l  such a s  t h e  Chinese 
60Si21b and Japanese SUP6, t h e  content  

of s i l i c o n  i n  55SiMnVB i s  reduced from 
1.5% - 2.& t o  0.7$ - 1  .@ t h e  r e s u l t  of 

which i s  a  reduc t ion  of both  s e n s i t i v i t y  
of decarbur iza t ion  and i n c l i n a t i o n  t o  

g r a p h i t i z a t i o n ;  while t h e  content  of 
carbon i s  cu t  down from 0.5% - 0.64% t o  

0.5& - 0.6@, which r e s u l t s  a l i t t l e  

f u r t h e r  reduc t ion  of tendency of decar-  

b u r i z a t i o n .  (Fig .  I )  
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F ig .  1  Comparision curves  of decarbur i -  

z a t i o n  of s t e e l  55SiMVB and 

6OSi$ at ~ O O O C  

By adding 0  .Ow0 - 0.1 @ vanadium, 
t h e  c r y s t a l  g r a i n s  of t h e  s t e e l  a r e  r e -  

f ined .  Th is  improves s t r e n g t h  and tough- 
n e s s  of t h e  s t e e l . ( T a b l e  1) The a d d i t i o n  

of 0.3015 - 0.003% boron ensures  deep 

quenching dep th(1) .  (Fig.2) 

Table 1 Comparision of mechanical pro- 

p e r t i e s  between 60Si21?n and 

55SiMnVB a f t e r  hea t  t r ea tment  

Fig.2 Hardenab i l i ty  band of 55SiNnVB 
and 60Si2Mn 

DESIGN OF THE LEAF SPRING SUSPENSION 

Design f a c t o r s  t h a t  f  avour longer  

s p r i n g  f a t i g u e  l i f e  a r e  e x p l o i t e d  t o  

decrease  s p e c i f i c  s t r e s s .  These a r e :  

p roper ly  i n c r e a s e  t h e  l o n g t h  of t h e  

s p r i n g  l eaves ,  and p roper ly  i n c r e a s e  

t h e  t h i c k n e s s e s  while reducing t h e  

number of l eaves .  
Proper  i n c r e a s e  of designed s t a t i c  

s t r e s s  of t h e  s p r i n g  wi th in  t h e  s t r e n g t h  

capac i ty  of t h e  m a t e r i a l  w i l l  decrease  

t h e  s t i f f n e s s  of t h e  l e a f  s p r i n g  assemb- 

l y  a s  wel l  as t h e  uncoupled n a t u r a l  

frequency of t h e  veh ic le ,  t h u s  w i l l  

improve v e h i c l e  r i d e .  
The t r a d i t i o n a l  r e c t a n g u l a r  c ross  

s e c t i o n a l  l e a v e s  aFe replaced by l e a v e s  

wi th  double grooves roll-formed on t h e  

compression s i d e  ( ~ i g . 3 )  wi th  t h e  r e s u l t  

t h a t  t h e  n e u t r a l  l a y e r  of l e a f  is  s h i f t -  

ed towards t h e  t e n s i l e  s t r e s s  s i d e .  Th is  

g i v e s  r i s e  t o  unsymmetrical s t r e s s  d i s -  

t r i b u t i o n  a c r o s s  t h e  l e a f  th ickness .  

Therefore,  t h e  maximum t e n s i l e  s t r e s s  

i n  t h e  l e a f  i s  always smal le r  than  t h e  

maximum compressive s t r e s s  i n  operat ion.  

A s  f a t i g u e  f a i l u r e  always i n i t i a t e s  a t  
t h e  t e n s i l e  s i d e ,  our measure t o  coope- 



.ate the  double grooves on t h e  compres- 
s i o n  s i d e  s o  t h a t  t h e  r a t i o  of maximurn 

t e n s i l e  t o  maximum compressive s t r e s s  

1s i n  the  range of 0.839 - 0.845 : 1 

will f i n a l l y  r e f l e c t  i n  a  Saving of ma-  

t e r i a l  and v e h i c l e  curb  weight. 
To compare wi th  ano the r  v e r s i o n  

w i t h  only a  s i n g l e  groove, t h e  double 

grooved one can be b e t t e r  assembled and 
h e l d  i n  p l a c e  wi th  t h e  h e l p  of r i v e t e d  

clamps without t h e  n e c e s s i t y  of t a p e r i n g  
of t h e  leaf-ends .  T h i s  i s  of s p e c i a l  

s i g n i f i c a n c e  when a p p l i e d  t o  t h i n n e r  

l eaves (  2) 
Table 2  shows t h e  comparision of 

s e v e r a l  l e a f  s p r i n g  assembl ies  f o r  ve- 

i l i c l e  wi th  s i m i l a r  g r o s s  weight and 

load ing  c a p a c i t i e s .  

Fig.3 Cross s e c t i o n  of t h e  double 

grooved s p r i n g  l e a f  

Table 2 

CROSS NOMINAL TOTAL LOAD/ 
SECTION LOAD WEIGHT OF WEIGHT 

NODLE CAPA- VEHICLE OF 
CITY SPRING SPRING 

( kg) ASSEMBLIES 
(kg)  

wi th  
EQ140 double 5000 246.6* 20.3 

grooves 

C A I O  r ec tan-  
gu l  a r  4000 240 

* Weight of c a s t  i r o n  hangers  of t h e  

l e a f  s p r i n g  suspension assembly i s  
a l s o  included 

For  t h e  same v e h i c l e  modle EQ140, 
i t  i s  i n d i c a t e d  i n  t a b l e  2 t h a t  t h e  dou- 

b l e  grooved type  saves  10.5s of t h e  
g r o s s  weight of s p r i n g  assembl ies  com- 
pared wi th  t h e  r e c t a n g u l m  one. 

It i s  a130 found i n  p r a c t i c e  t h a t  

f o r  double grooved sp r ings ,  t h e  l e a f  
d e f l e c t s  i n  such a  way t h a t  l a t e r a l  war- 
page is  e i t h e r  reduced o r  e l iminated.  

T h i s  t e n d s  t o  a l l e v i a t e  s t r e s s  concen- 

t r a t i o n  and improve Contacts between 
l e a v e s ,  which c o n s t i t u e  one of t h e  rea -  

sons  f o r  longer  f a t i g u e  l i f e  of s p r i n g  

assembl ies .  

Polyformaldehyde p l a s t i c s  is  em- 
ployed t o  make s p r i n g  eye bushings.  The 
use  of t h i s  m a t e r i a l  has  prolonged t h e  

s e r v i c e  l i f e  of t h e  assemblies,  and 

a l s o  reduces  t h e  g r o s s  assembly weight. 
The bushings a r e  b e t t e r  than  bronze o r  

powdered metal  bushings. 

MANUFACTURING TECHNIQUE 

A s e r i e s  of advanced, r e l i a b l e  ma- 

n u f a c t u r i n g  t echn iques  have been employ- 

ed, which p l a y s  an important  r o l e  t o  en- 

s u r e  good q u a l i t y  and long  s e r v i c e  l i f e  
of t h e  f i n a l  product ,  as wel l  a s  e f fec -  

t i v e l y  improve working cond i t ions  of 

workers. 

Fig .4  Medium frequency induc t ion  heat -  

i n g  set-up of s p r i n g  l e a v e s  

Applied t o  t h e  hea t ing  p rocess  f o r  
quenching, t h e  induc t ion  hea t ing  wi th  

medium frequency range,  (IHFIFR f o r  s h o r t )  



( F i g ,  4) o f f e r s  t h e  fol lowing advantages; 
s h o r t  hea t ing  t ime, ve ry  t h i n  oxidized 

sur face  l a y e r ,  with l i t t l e  i n c r e a s e  of 

su r face  decarbur iza t ion  depth  and,hence, 

long s e r v i c e  l i f e  s p r i n g  l eaves .  A s  com- 
pared wi th  o ther  t r a d i t i o n a l  h e a t i n g  me- 

thods  IHPIFR has  e l iminated t h e  t ime used 

f o r  p rehea t ing  of both  fu rnaces  and 

s p r i n g  mate r ia l ,  t h u s  i t s  f l e x i b l e  i n  
production planning. With s t a b l e  h e a t i n g  

parameters,  IHWR set-up can be put i n t o  

continuous production soon a f t e r  t h e  ad- 
justment of t h e  system i s  accomplished. 

Th is  guarantees  f i n e  c r y s t a l  g r a i n  

s t r u c t u r e  of l e a f  s p r i n g  a f t e r  quenching. 

Th is  hea t ing  method emits  no s t r o n g  

r a d i a t i o n ,  nor  environment a1 contamina- 

t i o n .  The working environment has  been 

so  improved t h a t  t h e  hyg ien ic  appearance 

of t h e  workshop has  been g r e a t l y  renew- 
ed. One of t h e  s i g n i f i c a n t  meri t  i n  

adopt ing I W R  technique l i e s  i n  t h e  

f a c t  t h a t  t h e  hea t ing  e f f i c i e n c y  i s  

h igher  than 6%, which obviously means 
a some energy saving.  

Fig .5  Hydraulic forming machines f o r  

quenching wi th  semi-automatic 

rocking 

The quenching p rocess  employs a 
specia l ly-designed h y d r a u l i c  semi-auto- 
matic rock-quenching machines(Fig.5).  

That machine clamps a s p r i n g  l e a f  auto-  

mat ica l ly ,  d i p s  it i n t o  t h e  quenching 

medium with  a rocking motion, then r e -  

l e a s e s  i t  and l i f t s  up f o r  next working 

cycle.  Th i s  quenching method not  only 

r e s u l t s  i n  good coo l ing  e f f e c t ,  but 

a l s o  i s  e a s i e r  t o  a d j u s t  and ensures 

s t a b l e  l e a f  shape a f t e r  quenching. 
A continuous pass ing  through tem- 

per ing  fu rnace  y i e l d s  high production 

e f f i c i e n c y  and s t a b 1  e  product qua l i ty .  
The hardness  v a r i a t i o n  of t h e  l eaves  

can be c o n t r o l l e d  g e n e r a l l y  wi thin  HRC2 
and f o r  t h e  same l e a f ,  g e n e r a l l y  wi thin  

HRCl (3 )  
The p r e - s t r e s s  sho t  peening pro- 

c e s s  can change micro t e x t u r e  of t h e  

s u r f a c e  l a y e r ,  e l i m i n a t e  drop of  s t reng-  

t h  due t o  s u r f a c e  d e f e c t s ,  i f  any on 
some l e a v e s ,  and t h u s  g r e a t l y  enhance 

mechanical p r o p e r t i e s  of t h e  s p r i n g  as- 
semblies.  A high r e s i d u a l  compressive 

s t r e s s  (measured up t o  588 MPa) is  i m -  

posed on t h e  l e a f  s u r f a c e  sub jec ted  t o  

t e n s i l e  l o a d  ( 4 ) .  I t  is  this compres- 

s i v e  r e s i d u a l  s t r e s s  on t h e  t e n s i l e  

s u r f a c e  of t h e  l e a v e s  t h a t  h e l p s  t h e  

l e a f  s p r i n g  assembly t o  m m i v e  f o r  s 

long  s e r v i c e  l i f e .  

Fig. 6 Continuous passing-through 

tempering fu rnace  

The changed s u r f a c e  t e x t u r e  a l l e -  
v i a t e s  t h e  p rcpaga t ion  speed of micro- 

f a t i g u e  c racks  on t h e  l e a f  su r face ,  
hence, prolongs  t h e  u s e f u l  l i f e  of 

sp r ing .  
Shot-peening t r e a t m e n t s  cau be 



c l a s s i f i e d  a s  u n s t r e s s e d  and p re - s t r ess -  
ed. By uns t ressed  i s  meant t h a t  t h e  

shot peening i s  a p p l i e d  when t h e  l e a v e s  
are i n  a f r e e  s t a t e ;  whi le  t h e  pre- 

s t r e s s e d  one means t h a t  t h e  l e a v e s  a r e  

sho t  peened a t  t h e  t e n s i l e  s u r f a c e  when 

they a r e  sub jec ted  t o  a t e n s i l e  load 

dur ing peening. 
The l e a f  s p r i n g s  produced by SAW 

have a l l  been through t h e  p re - s t r essed  

shot-peening t rea tment .  The shot-peen- 
ing ,  esp., p re - s t r essed  shot-peening 

t rea tment  has  a s i g n i f i c a n t  r o l e  i n  i m -  

proving f a t i g u e  l i f e  of t h e  i n d i v i d u a l  

l e a f .  Our exper imenta l  work h a s  shown 

so:  
( 1 )  Compared t o  t h e  unpeened l e a f ,  t h e  

uns t ressed  shot-peening t rea tment  

i n c r e a s e s  l e a f  f a t i g u e  l i f e  up t o  

16%; 

( 2 )  The p re - s t r essed  s h o t  peened leaf 
can reach a f a t i g u e  l i f e  2 t o  7 
t imes  a s  long  as t h a t  of t h e  l e a f  

processed wi th  u n s t r e s s e d  shot-  

peening t r ea tment ,  depending upon 

t h e  r e s i d u a l  s t r e s s  implanted i n  

t h e  l e a f  whi le  peening. 

Fig.7 Pre - s t ressed  shot-peening set-up 

S i n g l e  l e a v e s  a r e  assembled i n t o  a 

l e a f  s p r i n g  assembly and a pre-compres- 

s i o n  t rea tment  of t h e  assembly i s  ap- 

p l i e d ,  as show i n  Fig.7.  The pre-com- 

p ress ion  t r ea tment  produces l o c a l  per- 

manent ~ l a s t i c  d e f l e c t i o n  of l e a v e s ( 5 )  . 

T h i s  d e f l e c t i o n  s t a b i l i z e d  t h e  

he igh t  of t h e  s p r i n g  assembly and a l s o  
improves c o n t a c t s  between l eaves .  The 
r e s u l t a n t  i n c r e a s e  i n  t h e  r e s i d u a l  com- 

p r e s s i o n  s t r e s s  on t h e  t e n s i o n  s u r f a c e  
of t h e  l e a v e s  i s  a l s o  f a v o r a b l e  t o  t h e  

s p r i n g  f a t i g u e  lif e(6)  . 

Fig.8 S p r i n g  assembly pre-compression 

Af te r  t h e  assemblage i s  completed, 
t h e  assembly i s  hung on a continuous 

chain  conveyor f o r  coa t ing  and drying 

processed.  

The e l e c t r o s t a t i c  coa t ing  wi th  in-  

f ra- red t a k e  on ly  20 - 30 minutes. It 

r a i s e s  t h e  product ion e f f i c i e n c y ,  makes 

t h e  o p e r a t i o n  of workers convenient and 

improves working environment. The re -  

s u l t e d  c o a t i n g  f i l m  i s  f i l m  i s  f i r m  and 

b r i g h t .  

Fig.9 S p r i n g  e l e c t r o s t a t i c  c o a t i n g  and 

i n f  ra-red drying l i n e  

CONCLUDING REMARKS 

SAW conducted B & D work of s p r i n g  



manufacture i n  l a t e  6 0 ' s  and incorpor-  
a t e d  t h e  r e s u l t s  i n  h e r  p l a n t  des ign.  

Leaf s p r i n g  t h u s  produced have ob- 
t a i n e d  good customer r e c e p t i o n ,  from 
home and abroad, not  only i n  v e h i c l e  

r i d e ,  but a l s o  i n  a good s e r v i c e  l i f e .  
Kore than h a l f  a m i l l i o n  on- and off- 
road t r u c k s  with double grooved l e a f  
s p r i n g s  of s t e e l  5 5 S i F J n V B  a r e  now i n  
s e r v i c e .  

Spr ing  assembl ies  f o r  s p a r e  p a r t s  

market of o t h e r  v e h i c l e  des igns  a r e  
a l s o  produced i n  t h e s e  product ion l i n e s  
as t h e  production method and f a c i l i t i e s  

a r e  q u i t e  v e r s a t i l e .  
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