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ABSTRACT 

For :5e wei~ht  : d u e o n  of suspension d i  s ? ~ n s s  for 
automobiles, high-strengtb steel h a s  been deve!o?ed. 
But, in gxerai, skengt5 and corosion fatigue are 
contradictory. Then ~e technoiogicai basis is to raise 
dcrabiiity and sag :esis'ance, and Li3er  improverner.: of 
3 e  corosion fatigt'e sYersti: is i zpc t a r t  

As a solution for the probiem, e!ement desigr! wkick 
improved the pe fonance  acjairst corrosion a r c  
optimum condition of shot peenins proces were skd'!ed. 
-, 
1 nus high-sken~tk suspension coii spEr,ss h v e  s q e r o r  
corosion fatigue s t r e n g ~ ,  compared wit? t5e sp f ; :~  
r z d e  of SAE3260 were deve!oaed. 

Moreove:, as a cew basic evaiua2on, comic:: 25sce  
test of springs with an art%ciai i t  was wor& out. 

that reason tke exarnina%r: zeE?cds :o eva1:a:e 
corosion %tiSce strens;? 5ave no: beer, es:asiis:,& ye:. 
3: 

Then, ir: this ceveioomen:, exarnIms a ;.ew ne:kod :o 
evalcate cocos:or faasue s t r e n ~ 3 ,  boy maren'ais a rc  
Yze naniifackinzg ;neL!ocs of s x k ~ s  were :xprovec, 
azd ceveio?ed s k c e  it is essen2ai no: c ~ i y  ::e 
improvezec! of the co~os loz  fa2gze s t ' e r ~ 5  5c: :?e 
:aising durabiii3 and s a s  resis:axe as  ';e tecnoiogica: 
basis. 

ELEMENT DESIGN 

-. ;iszre : skows ar: idea of t k  !z?rc!vere?: o: 
corosio:: fa2sce s>ens:k or: ;na:e%is, a r c  :be steps 
were examized. 

INTRODUCTION 

Recently %e demand of :he ke!  ecocorzy 
i~provenen: for :ke autorzoSties has Seer: st.ens:?er& 
from a point of resources and environmen:. Therefore, 
automotive parts have been red~ced as ore  s:ep. As a 
matter of course in case of suspension coil s?rir!ss ;i-?ey 
are :ightened to satisfy the demand. T'nis is :5e same 
meanins as raisiq Lke design st.ess of ?!e s?rkgs, a r c  it 
is necessary to use the high-skengtk matefai. in =akin5 
to a high-stcess spr in~,  the hardness of springs ?as Seer 
m d e  Msher :o keep up basic spring ?efomance, which 
are sag resistance and curabiiity. 5i;t it was repoted ka t  
it causes the adverse effect a: the y i r t  of comsio:: 
fatigue. ('2) 

In suspersion ?a* for 3 e  au:omobiies, it Is Im?otac: 
:c take notice of corrosion faesce syet-gtq becacse :key 
are used in :he environmen: which *eir coa3ns is 
damaged by We store chips and by sai: policeon. '?': 3ut it 
is difficult to incicate it in a quantitaEve way becacse the 
factors which effect conosior, fatigue s3engLh. of spi%g, 
which are hardness, material corpositions, resicuai 
stress and so  or:, are complexly related one a~ot+er .  23: 

- 
I o confim t5e effect of :he addins Xi c;: comsicn :?e 

sai: s?ray test (SST) was examizd, a r c  %e de?tr of 
cc;;c?sion pit ace :\e czan2v r&zcins Sy cor;.osic;: were 
examined. r i p r e  2 shows 3 e  specimen s?a?e. 
Moreover, :!e corosion cyc!e was dor,e as f o i i o ~ .  

(SaIt spray (5%NaC:)35%,3hrs. - 3;y;;ess 35%,2: b5. j  
x 2Ccycies 

-. 
i 2e quanfty :educing by c3rrosior was meas::& 

w e i ~ 5 t  before ard &er corrosior., rerr:ovir.s tee corcsior. 
?rocx 's  by :S% cikc acid amzocic-. The de?;u". of 
corosior: ?it meascr& :he maxixcm ?it w5ch >ad jeer: 
o3se.wed in the sec5cr: where 3 e  specizers ?ad jeer. - 
mt. i ne measuremect resuit of ::e qaantiiy reduci;:~ Sy 
co~osion is shown ir: Figure 3 and ofthe mwimn: depth 

, ,e of corosior. pit ir: c i ~ u r e  4. As Ni ir.c:ezses ir, "" 

ckenical co:pcslSoz, :!e cua::%y redxed Sy ccrrxio;. 
decreases, wkich converges around 3.6i<Qrnz wke;: 
adding Ni by 0.4%. Moreover, wken addir ,~ 5y 0.55%, ';1e 
maxirnxn depth of corros';on ?it becomes about o~e ik i rc  
corn?ared with additivefree one. T:lcs, i: is con5miTled that 
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Fig.4 Effect of adding Ni 
0.55%C,Z%Si,0.7%Mn and 0.2%V steel, 

53.OHRC 
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Fig.5 Specimen dimension for Charpy impact test 
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Fig.3 Effect of adding Ni FRACTURE TOUGHNESS 
0.55%C,2%Si,0.7%Mn and 0.2%V steel, 

53.OHRC To confirm of the effect of reducing C and adding V on 
fracture toughness the Charpy impact test was examined. 
Figure 5 shows the specimen shape. The result of the 
effect of reducing C is shown in Figure 6 and the result of 

adding Ni has an effect on reducing corrosion, especially the effect of adding V is shown in Figure 7. The less C 

the maximum depth of corrosion pit. becomes, the larger the impact value becomes. Besides, 
the more V is added, the larger the impact value becomes 
as well. Thus, it turns out that less C as well as adding V 
has an effect on the toughness. 
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Fig. 6 EEed of  reducing C 

2%Si,0.7%Mn,0.55%Ni and 0.2%V steel, 
53.OHRC 
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Fig.7 Effect of adding V 
0.45%C72.5%Si,1.3%Mn,0.2%Mo 

andl.O%Ni stee1755.0HRC 
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Fig.8 Specimen dimension for delayed h c t u r e  test 
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Fig.9 Wed of adding V. 
0.53%C72%Si,0.7%Mn and 0.2%Ni steel, 

53.5HRC 

DELAYED FRACTURE STRENGTH 

To confirm the effect of adding V on delayed fracture 
strength the delayed fracture test was examined. Figure 8 
shows the specimen shape. After the specimens were 
dipped in 5% hydrochloric acid for 30 minutes, they were 

1 

washed in water and were dried. The examination began 
5 minutes later from the hydrogen charge end. The 
specimens were held under constant tension and were 
measured until breaking. The ratio of delayed fracture 
strength is defined as follows. 

(The ratio of delayed fracture strength) = (Unbroken 
strength for 100 hours after the hydrogen charging) 
/ (Strength without the hydrogen charging) 

Figure 9 shows the examination result. It shows the 
ratio of delayed fracture strength increases as V is added. 
Thus, it turns out that adding V has an effect on the 
resistance against the delayed fracture. 
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Fig.10 Result of hydrogen analysis 

0.55%C,2%Si,0.7%Mn and 0.2%V steel 

HYDROGEN ANALYSIS 

To confirm the effect of the hydrogen trap of adding V 
the hydrogen analysis was examined. 

The specimens were column shape, diameter was 
14mm and length was 20mm. The way to charge the 
hydrogen was the same as in the delayed fracture test 
above-mentioned. The examination began 5 minutes later 
from the hydrogen charge end. Figure 10 shows the 
examination result. Because the peak of diffusion 
hydrogen shifts to the high temperature side, it is 
recognized the effect of the hydrogen trap by adding V. ('@) 

MATERIAL 

As a result of an component design, the quantity of 
additive metal is restrained as less as possible because of 
the spring performance except for corrosion fatigue and 
the material cost, which leads to making the developed 
steel 0.47%C, 0.55%Ni, and 0.2%V in the end. Material 
was made with these elements and evaluated. The 
chemical compositions of both the developed steel and 
SAE9260 are given in Table 1 and the dimensions of the 
springs used in the experiment are given in Table 2 and 
the manufacturing process is shown in Figure 11. 



(mm) (mm) I (mm) I active coil4 -&I&) 
b 11 1 6100 1 311 1 5.29 1 27.2 

Table1 Chemical composition (mass %) 

Shaving + Heating -+ Coiling - Oil quenching -r Tempering 
-Setting a, + Shot peening - Tempering + Secondly setting 

a For fatigue test of springs with artificial pit 
@ For corrosion fatigue test of springs without coating 

SAE9260 
Developed 

steel 

MATERIAL EVALUATION 

SALT SPRAY TEST (SST) 

Table2 Dimensions of the springs used for test 
hire diameter 1 Coil diameterf Free height1 Number of 1 Spring rate] 

C 
0.60 
0.47 

To compare the difference of corrosion in the 
materials, the SST was conducted. The examination 
method is similar to the above-mentioned. The shape of 
corrosion pit is shown in Figure 12, the quantity reducing 
by corrosion is shown in Figure 13, and the maximum 
depth of corrosion pit is shown in Figure 14. It can be said 
that developed steel makes the corrosion less, the 
corrosion pit shallower, the surface smoother and stress 
concentration decrease than SAE9260. It also appears 
that the quantity reduced by corrosion improves by about 
20% and the maximum depth of corrosion pit by about 
50%. 

t---i!W,zn 
Fig.12 The shape o f  corrosion p i ts  

(a)SAE9260 @)Developed steel 

Si 
2.00 
2.00 

Developed steel SAE9260 
53.OHRC 52.8HRC 

Fig. l 3  Comparison of the quantity 
reducing by corrosion 

Mn 
0.85 
0.70 

- - 
Developed steel SAE9260 

53.OHRC 52.8HRC 
Fig. 14 Comparison of the maximum 

depth of corrosion p i t  

P 
0.020 
0.014 

ROTATING BENDING CORROSION FATIGUE TEST 

To compare corrosion fatigue strength from the 
difference of the level of corrosion with the material 
elements, the rotating bending corrosion fatigue test was 
cioiie. The method of making the specimens was that after 
they were processed coarsely and were heat-treated, and 
then were processed to finish up afterwards. (Figure 15) 

S 
0.022 
0.005 

The specimens were made to corrode by SST, after 
that the rotating bending fatigue test was done. The result 
is shown in Figure 16, and the difference in metals is 
clearfy seen. Though the developed steel is harder than 
SAE9260, the fatigue limit increases by about 22% if both 
steels are compared by it. Then the difference of both 
steels were investigated. It is thought that the developed 
steel becomes advantageous against corrosion when 
compared to the shapes of corrosion pits of both steels, 
the depth of corrosion pit of it is shallower than SAE9260, 
and smoother shape, (the aspect ratio of it is smaller) as 
shown in Figure 12,and that, as a result, the fatigue 
durability increases. (7.8) Moreover, the corrosion section is 
shown and the result of EPMA is shown in Figure 17. In 
the developed steel, the concentrate of Ni is seen in the 
rust layer and the amount of Cl is a little at the position 
where Ni exists. Thus, it is thought that there is an effect to 
disturb the attack of CI to the metal part by the existence 
of Ni. (') 

Ni 
- 

0.55 

V 

0.20 

- 
Cr 

0.20 
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Fig.15 Specimen dimension for rotating 

bending corrosion fatigue test Fig.16 Result of rotating bending 
corrosion fatigue test 



To congare corrosion fatigue strength of the 
deveio?ed steel and S E 9 2 6 0 ,  the springs of both steels 
were tested. 

CORROSiON =ATlGLJE TEST OFSSPRINGS WITHOUT 
COATiNG 

A: 5rs:the corrosion fatigue test was done by using the 
sgr inp which were of same  hardness, the s a m e  material 
componenh and which were given shot peening without 
coatins to investigate the influence of the compressive 
residila! stress on c o m i o n  fatigue sireng+h. As for the 
procedure, the s?rings received shot peening were d e n  
z z d e  to comde; and the durability was examined 
dze,-wa.rds. The corrosion cycles were simi!ar to the case 
of SST as s2ited above. 

-. 
I ne fatigue test was done by using springs of the 

deveioped steel, to wkch the residiral stress distrib~Ted 
before corrosion as shown in F i g ~ r e  18, and afier 
corrosion by SST. in this case the relation between the 
residua! stress of comsion s u h c e  and C?e corrosion 

G", ,ad,Je durabi!:Q is shown in 'igure 19. 

- - t r o z  rlgure 79 i: can be saic! i?at t!ere is a correlation 
in 3 e  residual stress and the corrosion fatigue durability 
azd that it is eEective to the c o m i o r :  fatigue tihat as high 
con?ressive residuai stress as possible is given to t !e 
s;'r;ice aRer cormion. For that it is necessary to reduce 
corosion or to d i s ~ M e  the compressive residua! stress 
deegly. 

Secondly, Figure 25 shows tCle corrosion fatigue tes: 
resill: of the springs of the developed steel to which :he 
compressive resid~ai stress is as deep and disMiuted as 
n e n ~ o n e d  above and of the springs of SA59260. The 
sa5ngs of develo?& steel have the corrosion fatigue Me 
Tore  aa r :  5 e  eqrral though hardness and t?e 
exaninabor: stress of the s?rings are 'aised. 

1: 
3 
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Fig.19 Relati02 jetween residnal stzess of szrface a d  

corrosior: fa:i-e Lfe (Developed steel) 

Sg .20  Result of corrosion f a m e  life of 

FATIGUE TEST OF SPRINGS WIYH AN AKIFICIAL 
PIT 

I: is thought that one of the caLses of the strength 
decrease due to c o m i o n  is the stress concentration near 
t4e pit Ho:vever various influences are included in the 
corrosion lest when the influence of hardness on the 
cxck  receptiviw of the material is examined. Then, as a 
new evaluation nethod, Lie fatigue tesi of the springs 
which were given an acificial pit withot* shot peening to 
investigate the influence of the stress concentration near 
Lye pit purely was done. 

As for the method of making an artificiai piti masking 
with a small hole was done on the surface of the spring, 
and the electrolytic grinding was done up to the depth of 
the aim. The ammonium chloride was used for the 
elecbnlysis liquid. The  fatigue test was done afterwards, 
the shape of an art;ifidai pit like Figure 21 was observed 
with SEM, and shape was measured. 

Rgore 22 shows the reiation between the depths of an 
artificial pit on 3 fevek and the fatigue durabilw In case  of 
the sp r ing  of developed steel. The resuft of fatigue test of 
the springs with an  artificial pit is that ~e fatigue durability 
fak as metal hardness becomes increased even with the 
s a m e  depth of pits. That is shown a similar tendency to 
the result of corrosion fatigue test on past studies about 
the relation between hardness and corrosion fatigue. (') 

BL@ when ?he depth of pit is shallow, the fatigue durability 
increases when the m e w  is harder. 



This is corresponding to that the smoother the surface 
roughness of sample approaches, the smaller the stress 
concentration becomes, and that results in the 
improvement of fatigue strength. (617) 

Moreover, the result of fatigue test with an artificial pit 
of the springs of the developed steel and SAE9260 is 
shown in Figure 23. It can be said that crack receptivity of 
this result is low even if hardness improves as well as 
corrosion fatigue test result of the springs without coating. 

I Imm t 
Fig.21 An example of an artificial pit 

ArtiGcial p i t  depth(p ml 
Fig.22 Relation between the d e ~ t h  of an 

p i t  and fatigue l i f e (~eveho~ed  steel) 
r =490 + 294MPa 

F i g . 2 3  R e l a t i o n  b e t w e e n  h a r d n e s s  a n d  
f a t i g u e  l i f e  

r = 4 9 0 +  2 9 4 M P a ,  d e p t h  of  p i t - 3 0 0  .u m 

-3 
CONCLUSIONS 

The following conclusions were obtained result in 
development of highstrength suspension coil spring by 
which the improvement of corrosion fatigue strength was 
gained. 

(1)Adding Ni by about 0.55% makes the corrosion of 
developed steel less, the corrosion pit shallower, the 
surface smoother and stress concentration decrease. 

(2)A combination between reducing C by 0.47% and 
adding V by 0.2% increases toughness of the developed 
steel. 

(3)lt turns out that there is a correlation between the 
compressive residual stress in the surface after corrosion 
and the life of corrosion fatigue. Therefore, it is a good 
idea to make the compressive residual stress distribute 
deeply before corrosion in order to improve the strength of 
corrosion fatigue. 

(4)As a result of fatigue test of springs with an artificial pit, 
which is a new evaluation method, it shows the life of 
fatigue is shortened because of the rise of hardness. This 
makes it possible to indicate the influence of the only 
hardness over the strength of corrosion fatigue in a 
quantitative way. 

(5)As a result of both of corrosion fatigue test of springs 
without coating and fatigue test of springs with an artificial 
pit, it turns out that the springs of the development steel 
have high corrosion fatigue even if hardness and the 
examination stress are improved compared with the 
springs which have used sieei (SM9266) so far. 
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