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Abstract : The compressive residual stress, which is induced by shot peening process, has the effect of increasing the
intrinsic fatigue strength of surface and therefore would be beneficial in reducing the probability of fatigue damage.
However, the effect of shot peening in corrosion environment was not known. In this study, investigated is the effect of
shot peening on corrosion fatigue crack growth of SAE 5155 steel immersed in 6% FeCl; solution and corrosion
characteristics with considering fracture mechanics. The results of the experimental study corrosion fatigue
characteristics of SAE 5155 are as follows; the fatigue crack growth rate of the shot peening material was lower than
that of the non-peening material. And fatigue life shows more improvement in the shot peening material than in
non-peening material. This is due to the compressive residual stress of surface increases resistance of corrosion fatigue
crack propagation. It is assumed that the shot peening process improve corrosive resistance and mechanical property.

Key words : Compressive residual stress(}2+5-29)), Corrosion fatigue crack growth(F-2]3] 27 d A7,
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Table 1 Chemical compositions of SAE 5155 steels [wt%]
Material C Si | Mn P S Cr \%
SAE 5155 | 0.56 | 0.25 | 0.84 | 0.016 [ 0.009| 0.88

Table 2 Mechanical properties of SAE 5155 steels after heat

treatment
Tensile Hardness (HrC) .
. Elongation
Materials | strength After After %)
(MPa) | quenching | tempering ’
SAE 5155 1350 57 44 9.4
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Fig. 1 Shape and dimensions of specimen
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Fig. 3 Schematic diagram of potentiometer

ANEeE F FAGE A E die AT
S7EAFOZANFHAS AAAT o7 sl =4
FtHon, BAZATEL 59,159,302, 60, 90
wit} S48 v

222 EZ2AHFHAE

NEFEAAAGEL A7) FM R H2ZAE )
(INSTRON 8821S)oll 2]3} s}5=Ao] Whal oz Ag
< sttt Ag3slE 33 A9 s, 3y

L - T Orientation
Stress Ratio : R = 0.05
10Hz Shot peening

164 |

Iﬁ —1E-9(4K)™*"

1E-5 |l

Fatigue crack growth rate, da/dN(mm/cycle)

1E-6 | J
F $h  da/dN=5.04E-11(ak)**"
O O
0 o (Ambient)
d O (FeCl)/ Imonth
< (FeCl,)/3month
1E-7 . T z
3 4 5 6 7 8 910 20 30

Stress intensity factor range, ax (MPam"?)

Fig. 4 Relation between fatigue crack growth rate and stress
intensity factor range of shot peened material

9N siExsAZsts=27 M4 3B, 2006

ﬂﬂiﬁﬁﬁ@ﬂﬂﬂgﬂﬂﬂ”ﬂ4%4%

g3} 2y
Ak = AP (2+a) (0.886 +4.46cx

B \/_ (1 3/2

—13.3202 +14.72a° — 5.60)
a=a/W(a/W =0.2)

A71A, o stssAl oAl e 84 o], W 35
FAloll A el AlgH o), B Al@He FA o),
AP(P max - P min)+&= 315 9] o)t}

3. MlgZa ! pnE
31 mEadss
Fig. 4~5% SAE51557 9] £ E¥Y {59 o}a}

Aem B2 @0 J2FdAdd &5/
dN) ¢} -$-H ) Al 4 LK) 2] BAE A3 I

L - T Orientation
Stress Ratio : R=0.05
& 1E<4 ' 10Hz Non-peening
3 s
2 [
E [ | awaN-9E-9(ax)"**
§ L
&
'U. 1E-5 |
2 d :
© - ':;-;-6
£ 7 L 33940
2 R da/dN=4E-9(4K)
o & <
(o) <
é 1E-6 A<> \
S 1E-6 |- O :
S i | awan=4E-9ax)*"™ |
G) L
3 - v
D -
K ' O (Ambient)
A (FeCl)/ 1month
v  (FeCl,)/ 3month
1E-7 P :
3 4 5 6 7 8910 20 30

Stress intensity factor range, 4k (MPa m")

Fig. 5 Relation between fatigue crack growth rate and stress
intensity factor range of non-peened material



An Effect of Shot Peening on Convosion Fatigue Crack Growth of Suspension Material

2ud Sl 9l

b AW AR e L s UrEMﬂ At o]

%M A AFY Evy =

A AEE - hEAR8He] Had

2ol A d A W
A

_%
R
rir
rZi
2
Y
jo
f
B
im
S
ol
)

o2 R S

HOXN e
o )
R Ins)
ox P o
o N, 2
o2 ¥,
Bl ©
B X
I I
' > (2 -
2 N
TET LR
Aoox T oy
LIV Hu
2 9 Lo
IS >
T A )
o 2y
My ol 10 2 o i ofv o

M rfo

7)4\
TE 8 &xn) o) $A A S ke o)
S YT Z FASHE Paris 24" da/dN=C(4K)m
o w& z}zke] 2719 t) gk 418 Table 39] LFERY
At H2FEAHAAFm)E Lol 14
BAANA B A5 el o Qlow, g
o

(€)= Aure] P4ke YeRha Ak

Table 3 Paris linear regime of material in several conditions
Material
Ambient

FeCl; 1month

FeCl; 3month

Shot peening
5.04B-11( 4K)"*"
1E-9( AK)***"
9.94E-10( 4K)*™*

Non-peening
4E-9( AKYT?
4E-9( / K)3.0058
9E-9( A K)3A3940

Fig. 62 999 AK(AK=14MPa/m, 8MPam)
Mg HgFERY £50lE BAE3 Aot

188 YA S T7H AK=14MPa ym) K.t} A 2-&
S AlG FIH AK=8MPaym)oll Al Hx] 7] 7kl w}
E 09E5%7) g kel gl AL A 57
T} o= 71 AA =233t stk ko] FAl HE
Adte] o] FojH o= s vehd dapeta Ak
"ok &, S SAG el Jo M= B2 5
Fo) AT A 2818 H2Fd A ush 7
2 o] FaFo] & Ao Vet

—_ L - T Orientation

&£ 1B-3 | Stress Ratio : R=0.05/ 10Hz

2 corrasion solution:6%FeCl,

=1

E

% 1E-4 |

=

g J—

§ o \ m}
£ ESE I

= e

4 o b

3 ; S e S
< ™ " e

S 1E6 k o

o t

3 P —0— AK=14
> O AR=8
T 1E-7 ) A [ TN ]

Non-peening  Imonth 3month  Shot peening  [month 3month

Condition parameter

Fig. 6 Correlation between da/dN and condition parameter of
material
35 L-T Orientation
Stress Ratio : R =0.05
10Hz
30 -
£
E
®©
c |
o
c
o
% 251
o
[®]
r shot peening
o (ambient}
®  (FeCt,/ tmonth)
(FeCi,/ 3month}
Non-peening
20 | 1 o (ambient)
(FeCl, / 1month)
@  (FeCi,/3month)
(NI R TIT ) i tdgetild g il PPN AT BTy e

10° 10° 10° 10° 10" 10°
Number of cycle, N

Fig. 7 Relation between crack length and number of cycle

Fig. 7-& ¢-21] R=0.05, =34~ 10Hzol| A 3] =47
A dAolet Ato]E 840 AAE HER Zlo]

&

T4 o] 30mmA| A A 9] Ato]E & H] L3
o WA eI Ao 6.53x10%Cycle, 1
AL AA A 3.62XI06Cycle, 3L FA oA
2.55x10°Cycle & VeI, A3 g A o] 7 &= A&
ol 4 1.18x10°Cycle, 171 2] ol 4] 7.48x10°Cycle,

it

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 3, 2006 91



3702 AR o A 5.41x10°Cycle & VFEREHTH

2} 270048 MR E-E REI Y7 A9
R BT Ao A= 453%, 171 H A o) A &= 383%,
30D A A= 371% Z7hsE k. whaba] 3= 7]
7bol whel 2 ET Y] B3t WolA: RS & F
ek ol A 7ZEEN ‘—}éq Okﬁ%ang Sk

N
2,
=
=
—H
b
e
o
ilin)
£ O
™
[
fu
S
>
A
flo
H
fru

9 o 527} Qlk. o) Zube) REFWATL £E

4

oz A4% AoE Bty

ol whe} Au g A= H

Al AR+ Hihow
o] B3uHe)

g %‘ﬁr 7|E £E

A 4EFFFSH A FT G
o=}

o
o

i o
B>
[m

0% f
oz
tlo
e
2
N
=
32
_Q.

3_1;

of, oXx off
N R
ok oX
jo ol
b lo
oy M
S
o
Ol
ok
rir
0.>l: O
)
oo

A<
1]
1=

1o ok

oot

o,

R

o

9,

s

L

2

Lo,

-1m

e

i

2 Eoox O L9 i A
i) =
= 4
. o

T
>
i
)
oﬂ.(‘
Mo
g{;

ox
=2
=
oy
2|
2
o

T

l-otl
N
ofr
<
o
i
By
pos

lo

i

-450 |-

wl
550

600 /"

650K

Corroston potential (mV)

2700 |

Non-peening
750 |- ; -—— Shot peening

800 s N L ! L N \
0 500 1000 1500 2000 2500 3000

Immesion time (Hours)

Fig. 8 Corrosion potential versus immersion time of
specimens in 6% FeCls

92 #IRXEAReE =27 HM14A 335, 2006

1000 AT
Corrosion solution (6% FeCl ) l g

Weight loss (mg)

—— Non-peened
O~ Shot peened

0 1 1 1 1
0 500 1000 1500 2000 2500

tmmersion time (hours)

Fig. 9 Weight loss versus immersion time of specimens in
6% FeCls

gerEc & 24
2 msvetel 44 2 4%
A A, o] BE %S g 1-& - el 49

BEo]s0] $-Usld Aoz werd

Fig. 9= 5%, 15, 304, 60, 902l F¢F A#]
A BADATES = 3 A#AE JEM A Rojr},
A M Aol 53-& Sg8haL H-2 84
S 9138 AAT Fof 24 & AT FAGE
e AmH o2 A A7t LEH YA R =
2%S YeERa glvk 3 309(720A4131) 3 60
(1440 A] 7 Akl ol A o} F-AZhA7Fo] ZRlel Bls)
wo ZrbEg vEhg L JEd o 1 x84
uhel AR BE vl o3 ojie) BAFA)
ek F4:9) 37 gade] vt Ao Ad
SRy

A)Zhe] B FAERS BH 309 2t IAA
7] Tol| = AT YA £HEF JA N B35l 2F 1.2u
(0.714mg/hours—0.560mg/hours) = =k 21} 90U
ol AAA)F ZFeji= ¢F 1.179)(0.415mg/hours—
0.352mg/hours) & H 2} 1 x}o] 7} FE A 3L % 25
oF =7} 9lch

r\r
4
A

3.4 Toie S
Fig. 102 £E5)1d Al@3} A3 Al @A) 30



(a) Shot peening
(AK=14MPa /m)

(b) Non-peening

(c) Shot peening (d) Non-peening
(AK=10MPa /m)
Fig. 10 Fracture surface of different crack propagation stage
in 6% FeCl; solution
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