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The Effect of Compressive Residual Stress on The Fatigue life in Spring

Steel for vehicles

Kyung-Dong Park' - Kyung-Jun Ha** « Hyung-Dong Park**

Key words : Spring Steel(A~X87}) Shot-peening (&£ EHY), Over Shot-peening( 2. ¥ 4
EdY), Compressive Residual Stress(@& 2% F23), Fatigue Crack
Propagation( ¥ 2 # g 21 3), Striation(~E&}o]of o] M)

Abstract

Nowadays, many components used in machinery industry is required lightness and high strength. The
shot-peening method is used in order to improve the fatigue life of spring steel(JIS G SUP-9) which is
used in suspension of automobile. The compressive residual is induced in this shot-peening process. This
paper investigated the effect of the residual compressive stress on the fatigue crack growth
characteristics. Main results are summarized as follows.

1.The fatigue crack growth rate on stage II is conspicuous with the level of compressive residual stress
and is dependent on Paris equation.

2. Although the maximum compressive residual stress is deeply and widely formed from surface,
it does not improve the fatigue life comparing when maximum compressive residual stress is
formed in surface.

3. The threshold stress intensity factor range is increased with increasing compressive residual stress.

4. In fracture surface of fatigue crack growth it is investigated that compressive residual stress

remarkably retards fatigue crack growth.
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Table 2.1 Chemical Composition of Specimen.
(Wt%)
C S8 Mn P S Cr Cu
'SUP9 056 025 0.84 0016 0009 0.88 |-
Table 2. 2 Mechanical Properties of Speclmen
Tensﬂe Handnms(HtC) Yield ‘Elongatl
Material Strength  after  after  Strength| on
(MPa)  Quenching Tempering| (MPa) (%)
SUPo 126 B 41 10 | 9
4
5 heating
©
g /: a70¢ l\ ) )
£ | ! Il\\OlI Quenching
@ 1 1
= [ // E i \ Tempering
/ ! ! \/\ I 490T |
;o /! :\
i | 20min / | 80min \
I / I
x ’ ’ —w Time

Fig 2.1 Condition of Heat-treatment.
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Fig 2.2 Dimension of CT-Specimen.
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Table 2.3 Condition of Shot-Peening.

“shot | shot | shot shot
Content  peened | peened ~ peened  peened
1800 2200 2600 3000
Impéller | I - ‘
Diameter | 9490 = 9490  £490 | 0490
(mm) }
Shot I
Velocity 1800 2200 | 2600 3000
(rpm) ;
Shot Ball | "
Diameter | $08 | 608 608 | 08
(mm) _ _ i

Table 2.4 Measuring Condition of Residual Stress.
 X-Ray

Diffraction Condition
} Target Cr-V
| Voltage 30kV
(r Current 10mA
8 ' 0°,15°, 30°, 45
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Fig. 3.1 Compressive Residual Stress Distributions
Produced by Shot-Peening.

= oA HY 4K A2 g9
AAd&ESe] BAoln 2PAN RS S8



86 AFs ~2yel AZFGAAA o0

L-TOrsnttan
Strens Rato (R=03 -
25°C (RT)

m
!
=

m
&

m
&

O unpaening
/ & ghotpeensd 2200
o Shotpeensd 3000

™ (10HZ)

Fatigue crack growth rate, da'dmmicycle)

1E-T

L
‘s 6 1 89w 20 30
Stiess hiedshy Botormige, o TPam™)

Fig 3.2 Relation between Fatigue Crack Growth
Rate and Stress Intensity Factor Range.

R=Pmin/Pmax7} Ec}. yZ2¢
AFEol FHE5EPH(EEA
dA™e] AXEHE sletA SHIFAAFHAI}
Huo, G714 FHEEY S H(2)9 2ot

da/dN = C(4K)" (2)

o714 Ce AMEFFold me A=A <E
71 @t

SEHFUASF 4K=10MPa vmyg u A2 FF
AA LT = d39 Y (Un-peening)e] 73 ¢ da/dN =
8.595 x 10, 2 E 3] YJ(Shot-peening 2200rpm)2]
A$E da/dN= 4.758x10°0. 22 &£EI
o AEWFSHY FFOZ 1.8 FAEHIAS
Y, 2 &£ E ¥ Y(Over Shot-peening, rpm =
3000)¢] A= da/dN = 5.731 x10°2.Z A} 1.54)
7F A AE Y o] 48 2T g &z
F2Ho Ao FHEHFA -100MPa F % 7+
A2HBEEAN AR FEAAEE Ado] THHE
AFE Gz

AR

33 &

(m
E
C
I
H1
fo
_QL
_(‘)E
xd
0lo
i
ot
=

-I>
rt--l

©
3 L-TOmator
= Stesz Ratb 1R =-D.3
ES 10HZ

LS -
- '/r h—\,._ .
=3
5 -~

-

> e
k] 7
é 6 ///
8 -
]
=
S tF
G
o
= . \ P L . \
= [ £00 1000 1500 2000 2500 3J000

Revolutions Per Minute (tpm)

Fig 3.3 Relation between Threshold Stress
intensity factor range and Revolution Per
Minute of impeller.

Fig 3.39 £EY Yt £59) sst4 29
gojAl4 gKthe] #AE Jeb Aok 19 ol A
Amyel AL JKth7t 4.7MPam' 9 o}
22000rpmol A £EDY S A 4F5F Lo
-720MPag sigtA 39 WA+ JKthrt
8MPam& JElytoen 3000rpmol A £ E 3y
g A+ dgATHEFHAF 4Kthrt
6.9MPam™2 2200rpmell v|s) $38]8 7449
t}. o] & 3000rpme] 7§ W ET ] ko
2 Aztg

34 FUMTAI S SETL S| 2

L)

A2F LA EAT meh £ENY%E rpmel
A& Figdol deisich 1gelA oA

)

50

L- T Orientation
StressRatio : R=03
10Hz

&

8

™~

Fatigue crack growth expaonent(m)
w w
o o

N
™

P a m mn mw  mw am
Rewluions Per Minute (pmy

Fig 3.4 Relation between Fatigue Crack Growth

Exponent and Revolutions Per Minute of

impeller.



o7 % -
o w AHYAAF m=2592%90 1 aEAFH

% 2200rpmell A %‘%7& %":‘1 o] -720MPa= o]
o AANHAF m=3.7442 YEIS O £EY
Q3 &% 3000rpmol H” ﬁli‘% dERTH
Z2F #adE AT YERor o2 3 A
AN AASF m = 3.351F £ETFYEHT 2200rpm
o] H] 3t LYW AX 4 m =0.4230] A8t

SHEEINYOE 3l A AAZR
RoZ Azkgdrh.

L

3.5 FHTHZ

AEZojet AtolZe| 27|

Az Aol ast &F 3 F Noko #AE
Fig 3.5 el it 28l 24 4] 22mm
GlE#E3 5 1097HA = ¢9stA F7hstohrt
A9 7o} 7} 22mm o] 4 F Bl = 315 2G-Sl ol ]
st g ol7t FAsHA F7kE Yreb Ao
a3 9ol 22mm 7tAE A3 YA F 9}
2200rpm % 3000rpm?| £52 ¢&2F$8 S
F A 59 A ZolF HolA ¥y Ao
22mm o] FREE AdHPA G stFFAE R
g LEMGA L 2ol E Yehl AT A=Y A
7y £EFYA A vjs) 2R Q)7 438 S
£ BT

2200rpmo] 7 $-7F 3000rpm FSEcl 287
ol 7} ¢tutdtA 73S UEh AT ol £ EH
Yol 93 tERF Yo g8 244G AE &
o] A2 FEAA] NAdH= Yo R e
oo AHge A ZYde] 28mm A ol A

L-TOmiEtos
Stess Rath ' R=03
10HZ

32

€

E™ R e
@ oF 28
f=3 e nﬂzﬁ;&p
=] 0P ghd

5 2 oﬁzi"b

7 g

S

©  nipeerhg
A 2200@m
o Jnmpm

20

0
Humber ofeycle, N

Fig. 3.5 Relation between Crack Length and
Number of Cycle.

73

o

Z . = 87
522895 N = 619,8243 901} 2200 rpm o
2 A2EAYSH F ¢ aF e384 N =1,222,120
5|2 ok 20 9] W= 5o] 27482, 3000rpm
oz 2ENYS AL =223 4 N =961,590
32 Ao vs) 1.6u]9 A E FHo] i
Stk 22 3000rpme] 72§ 2200rpmE Tk 2
% N = 260,5303] 74282 E4th olE 4
~EAYS A7z AAE AT

3.6 AEASTS HEFGEEX 4 A

()4 A AFAF Co AZAYANAF
m 272 Fig 3.60] Vel G o 2ol o st# A
A4 Co A2adAAAFY BAAAN AR
A 0o A% A7t 7R Lrehd
AT G HEFY £%7) 2200rpm, 182

£ ENY &1 7} 3000rpme) 7 $-7F 73 w@gke
13:] HNZAYAANS me AL Qo2 HEIY

=7} 3000rpm9] F %7t 7hA FX g
ZZOOrpm, a2 Adde] b3
W et

[e] [o]
%‘:—\_ ?:l}\—e

o .0

[e]

[ed

2 we v

L-T Oriertation
StressRato . R=03
10Hz

(C)

188 L

Material constant

1510 1 L L 1 L 2 1
24 28 z8 30 32 34 36 38

an
Fatigue crack gnywth exponent(m

Fig. 3.6 Correlation between C and m in Paris
Law da/dN = C 4K".

ok
=

37 W23y

= =

Photo 3.1 3|29 ¢
1. Photo 3.2, Photo 3.3
AF,L]HQ }\).L\_"/]7]‘0

b,

—

o o)

0z

[¢3

J,a

ok ™ ol H
)

Z]
L

>
R

ol
o3

Z
EE
30u] FoirtKI oz A Fed o] ¢
E HAFT 9t

ot 1o
cgt kL

A
=

e om g
Eop

ne)
=2

2
%
.
o



38

Un-peening Shotpeening

Photo 3.1 Photographs of Fracture Surface Imm.

Photo 3.2 SEM Photographs of Fracture Surface
Un-peeninglmm.

Photo 3.3 SEM Photographs of Fracture Surface
Shot-peening.
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Fig 3.7 Picture Point of Fracture Surface on
Un-peening.

Crack Propagation

Fig 3.8 Picture Point of Fracture Surface on
Shot-peening.
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Fig 3.9 Striation of Fatigue Crack Propagation.
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Photo 3. 5 Striation of Fatigue Crack Propagation

by SEM(Shot-peening).
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