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Fig. 3 Distribution of residual stress on surface layer
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Table 1 Chemical composition of specimen(wt, %)

C Si Mn P S Cr
0.56 0.25 0.84 0.016 0.009 0.88

Table 2 Mechanical properties of specimen

Tensile Hardness (HrC) Yield .
Elongation
Strength after after Strength o
(1) (1B 6)
Quenching Tempering
1350 57 44 1079 94
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Fig. 4 Shape of shot peening and un peening specimen
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Fig. 5 Dimension of CT specimen(unit:mm)
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Table 3 Conditions of shot peening process

Ir.npeller Shot Velocity S}}Ot Ball Arc Height Coverage

Diameter (rpm) Diameter (mm) (%)
(mm) ds (mm) ?
490 2200 0.8 0.375 95

*—____ 3. Shol ball
4 seperated unit

1.1mpefler unit

6. Cabinet

//5.1'urn tabie

Bl 4. Shot ball supply
unit

2. Shot ball screw

Fig. 6 The structure of shot peening machine
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Fig. 8 Schematic diagram of potentiometer
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Fig. 9 Roughness test(Mitutoyo, SJ-301)

Fig. 10 Rockwell hardness tester (AKA-600)
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Fig. 11 Photographs of corrosion test

Fig. 12 Measuring apparatus for corrosion potential measure



Fig. 13 Photographs of micro digital scale
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41 BN 2EHYH AN Ye] B4
Table 4~5% A& 2}z 2EWY AdH3} Any A FdAe B2
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Table 4 Weight of shot peening specimens

Specimen| Weight |Specimen| Weight |Specimen| Weight |Specimen| Weight
No (g) No (g) No (g) No (g)
1 165.2153] 11 |164.5930| 21 |166.0422| 31 165.6516
2 166.3619] 12 |165.0513] 22 |165.1507| 32 165.0950
3 1643280 13 |164.6291| 23 |165.0569| 33 166.1145
4 1655110 14 |165.2289| 24 |164.4626| 34 165.0950
5 1658534 15 (1659837 25 [166.3393] 35 165.8648
6 |165.7600| 16 |165.7355| 26 |165.2341] 36 164.5020
711634772 17 1644637 27 1654010 37 164.7621
8 11652001 18 |164.2983| 28 |165.3176| 38 |165.6880
9 11648550 19 |164.1225| 29 |164.3792] 39 |165.2719
10 |165.3465] 20 |164.8049] 30 |165.4010 40 |165.3551
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Table 5 Weight of un peening specimens

Specimen| Weight [Specimen| Weight [Specimen| Weight |Specimen| Weight
No (g) No (g) No (g) No (g)
1 164.4499 6 165.1554) 11 (1655006 16 165.9467
2 164.5500 7 164.2374| 12 (164.6713| 17 165.9901
3 164.7468| 8 165.2496| 13 [165.2190| 18 165.0791
4 164.8415 9 1658726 14 |165.0758| 19 164.8102
5 164.8919| 10 |164.2187| 15 |164.3758| 20 164.0317

200
180 || Sping Steel(SAE 5155)
L 25°C
160 |-
140 |
z =g e e e ot
Z 100
2 |
£ a0
& i
T 60|
sl
- —{3— Shot peening
20:' e Un peening
0 L) 1 1 [ I T T
0 2 4 6 8 10 12 14 16 18
Distance(mm)

Fig. 14 Result of hardness test in ambient
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A F Adg AlgHY FAFLFE FAs vebd ol FARATHE
H2 Az A Add AA th7] Foll 93] AAHE = JE FHLE 2 A
s ukS A A A8 AFHL #100~#20007kA4 9] dm ] Hols & AW
kg AAJEEIL oMlESR BAIAZ F F2] Az AXAA 5Y, 154, 30
A

)~

Aulrh A PAEE Aol RAYHEL 98 AAS T 1 FFAHA
35Tk Table 7€ 10% HNOs + 3% HF S-&olA 308 St 37 ¥

sl

g AgHe 59, 159, 0Urit 2T FAREEES U Rolx,
Table 82 6% FeCls & HollA 309 &< X & A9 AFHE 5Y, 16
U, 0Um ZAF FoAAe] WekE vehd ol

1

N

Fig. 15& 4 8ol e] JA7|3te] whe FAZAZES Uebd A o2A,
AAH oz 7} FEdoMe] FARLFES vws|iE F2(6% FeClz T8
Ml M B FAZLFES Ul lx, YAF2(10% HNOs + 3%
HF &)l M 7 @2 FAZAEE b Aok o] o] A87F I
7] gtogx ZFo| #AFL, Cre] mgeo] BT Fe-Critdtze] Alo] ¢
Aol AEgoay AR FAAFYe] £ Aoz AdA},

Table 6 Weight loss of un peening specimens in 3.5% NaCl solution

) Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
Specimen No
5 days 15 days 30 days
52 148.8 259.2
6 56 1514 265.5
11 59 1535 2729
16 49 146.7 2517.2
average 54.00 150.10 263.70
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Table 7 Weight loss of un peening specimens in

10% HNOs; + 3%

HF solution

. Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
Specimen No g5 days g15 days g30 days
2 21.2 108.4 164.3
7 26.5 1125 169.4
12 29.8 114.2 172.7
17 22.5 110.5 168.8
average 25.00 111.40 168.80

Table 8 Weight loss of un peening specimens in 6% FeCls solution

Specimen No Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
P 5 days 15 days 30 days
3 934 261.1 523.3
3 90.1 259.2 520.6
13 87.2 2575 5187
18 89.3 254.6 5126
average 90.00 258.10 518.80
600
Un peening
500 L Immersion time: Tmonth A
~~ 4m B
[=1)]
£
g 300
= VN |
Eb 200
g =
- ®
100 | A [ W 3.5% NaCl
o 10 HNO3+3% HF
- A (%FeCl
0 1 |. M 1 N 1 1 1 : L 3 I 31 L 1
0 100 200 300 400 500 600 700 800

Immersion time (hours)

Fig. 15 Weight loss versus immersion time of un peening specimens
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S B 98 5, 159, 0= 7)7HE At 4 %

Table 102 10% HNO; + 3% HF 8delA 30 F<+ A 5 LEAY
ANPHEE 59, 159, 30¢ritt A% FARAZE UERd Zlo|al, Table 11
£ 6% FeCl; =804 304 B¢t AA F 2EIY AFHE 5, 159, 30
Auir} 2% FAZLF WlE JeRd Aot

Fig. 162 7} 8ol xESY A@AL] A7 wE FAZE
Uebd Aoz, 7 gz vus|Rd 6% FeCls 789 7HE =

73S JERNI 13, 10% HNO; + 3% HF &9oA 7 w2
|7HA2S UeEh ok ole 9 AFE Biel 2ol fiAldA 9] gElE 4
o8] YAFEANNA 7FF L& FAAPEE vl ey, £EIY
Ve & A 2N wat == AFgEHe] V& AsxHel A
e FEAFsE e 43FEo] o) nuTTte] gto] AAPLEA &
Enge g3t Qe ez aadag®,

g o of
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Table 9 Weight loss of shot peening specimens in 3.5% NaCl solution

Weight loss (mg)

Weight loss (mg)

Weight loss (mg)

Specimen No 5 days 15 days 30 days
1 24 80 183
11 25 73 176
21 21 70 174
31 26 77 179
average 24.00 75.00 178.00

Table 10 Weight loss of shot peening specimens in 10% HNOs + 3%

HF solution
Specimen No Weight loss (mg) | Weight loss (mg) | Weight loss (mg)

5 days 15 days 30 days

4 8 22.6 61.6

14 6 21.5 59.1

24 10 26.8 62.5

34 12 28.7 64.4
average 9.00 24.90 61.90

Table 11 Weight loss of shot peening specimens in 6% FeCls solution

Weight loss (mg)

Weight loss (mg)

Weight loss (mg)

Specimen No 5 days 15 days 30 days
7 43 182 381.1

17 52 189 388.8

27 54 192 394.9

37 46 177 378.8
average 50.00 185.00 3%5.90
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Fig. 16 Weight loss versus immersion time of shot peening specimens
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Table 12 Corrosion potential of un peening specimens in 3.5% NaCl

solution
. Corrosion potential (mV)
Immersion time (days) RCC S
0 days -680 -680
10 days -634.5 -633.1
20 days -637 -635
30 days -648 -637
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Table 13 Corrosion potential of un peening specimens in 1096 HNOs +

3% HF solution

L Corrosion potential (mV)
Immersion time (days) RCC IS
0 days -510 -510
10 days -414.75 -412.45
20 days -498.75 -495.5
30 days -483.5 -456.25

Table 14 Corrosion potential of un peening specimens in 6% FeCls

solution
Immersion time (days) Corrosion potential (mV)
RCC CIS
0 days -620 ~620
10 days -591 -589.4
20 days -592 -5795
30 days -595 582
-300
i Un peening
3%0 [| Immersion time: Imonth 6% FeCl,
& RCC ’
4o - < cs ’
S 50 [ -~ \\\ /s 7
g~ S~ v
T S00E | 10%HNO, + 3% HF -___ .- X
= i 4 RceC T
% 550 |- v cs
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Fig. 20 Corrosion potential versus immersion time of specimens
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Table 15 Corrosion potential of shot peening specimens in 3.5% NaCl

solution
) Corrosion potential (mV)
Immersion time (days)

RCC CIS
0 days =700 =700
10 days ~-663 -661.8
20 days -655 -649.25
30 days -657.25 -651
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Table 16 Corrosion potential of shot peening specimens in 109 HNO;

+ 3% HF solution

Immersion time (days) Corrosion potential (mV)
RCC CIS
0 days -530 -530
10 days -429 -428.5
20 days -492.75 -490.75
30 days -474.75 -446.25

Table 17 Corrosion potential of shot peening specimens in 6% FeCls

solution
Immersion time (days) Corrosion potential (i)
RCC CIS
0 days -6250 -650
10 days -602.5 -601.2
20 days -581 -593
30 days -599 -593
300 ‘
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400 - e «cas s
R S X’
= 7 e Py A
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[ m RCC
750 - e Cis
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Fig. 21 Corrosion potential versus immersion time of specimens
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Fig. 22 Corrosion potential versus immersion time of specimens in
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Table 18 Weight loss of un peening specimens in 3.5% NaCl solution

Specimen No Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
30 days 60 days 90 days
1 259.2 339.6 034.5
R 6 265.5 344.5 539.7
C 11 272.9 349.4 543.9
C | 1 257.2 336.9 529.9
average 263.70 342.60 537.00
CIS #1 (30 days) 120.4
CIS #2 (90 days) 451.3
1000

900 _’ Corrosion solution (NaCl) |

800
700 |-
2 wf
Py ]
2 sk
2 A
5 or .
(]
= 300— u Un peening
200 - B RCC
- ° ® CIS#1
100 - A Cs#
0 . ] . 1 . ) P
0 500 1000 1500 2000 2500

Immersion time (hours)

Fig. 25 Weight loss versus immersion time of un peening specimens
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Table 19 Weight loss of un peening specimens in 10% HNOsz + 3%
HF solution

_ Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
Specimen No
30 days 60 days 90 days
4 164.3 344.3 569.3
R 14 169.4 354.4 579.6
C 24 172.7 358.1 582.9
C 34 168.8 349.6 574.2
average 168.80 351.60 576.50
CIS #1 (30 days) 94
CIS #2 (90 days) 384.2
1000
900 || Corrosion solution (HF+HNO)) I
800 F
700 |
2 ol .
2 500}
5 400 A
) - |
= 300 - Un peening
200 m RCC
- u ® CIS#1
100 ) A CIS#2
0 [ 2 1 2 1 N 1 1 1 M
0 500 1000 1500 2000 2500
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Fig. 26 Weight loss versus immersion time of un peening specimens
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Table 20 Weight loss of un peening specimens in 6% FeCls solution

) Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
Specimen No
30 days 60 days 90 days
7 523.3 674.5 994.4
R 17 520.6 678.2 998.2
C 27 518.7 670.1 990.7
C 1 37 512.6 666.8 985.1
average 518.80 672.40 992.10
CIS #1 (30 days) 223
CIS #2 (90 days) 810.4
1000 |
900 i l Corrosion solution (FeCIa) |
800 | A
700 | a
3 ol
2 500} u
g, 400}
o I
= 300 - Un peening
200 } o B RCC
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Fig. 27 Weight loss versus immersion time of un peening specimens
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Table 21 Weight loss of shot peening specimens in 3.5% NaCl

solution
Specimen No Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
30 days 60 days 90 days
1 183 285.3 462.1
R 11 176 281.4 453.2
C 21 174 275.1 447.1
C | o3 179 282.6 4584
average 178.00 281.10 455.20
CIS #1 (30 days) 42
CIS #2 (90 days) 275.5
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Fig. 28 Weight loss versus immersion time of shot peening specimens

Table 22 Weight loss of shot peening specimens in 10% HNOs3 + 3%
HF solution

Specimen No Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
30 days 60 days 90 days
4 61.6 150.8 341.2
R 14 59.1 149.5 339.4
C | 24 62.5 152.2 345.6
¢ 34 64.4 154.7 350.2
average 61.90 151.80 344.10
CIS #1 (30 days) 15
CIS #2 (90 days) 210.3
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Fig. 29 Weight loss versus immersion time of shot peening specimens

Table 23 Weight loss of shot peening specimens in 6% FeCls solution

Specimen No Weight loss (mg) | Weight loss (mg) | Weight loss (mg)
30 days 60 days 90 days
7 381.1 506.8 8194
R 17 388.8 509.2 821.1
C 1 27 394.9 512.5 8285
¢ 37 378.8 498.7 814.2
average 385.90 506.80 820.80
CIS #1 (30 days) 115
CIS #2 (90 days) 995
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Fig. 30 Weight loss versus immersion time of shot peening specimens
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Fe?* +2H 20+2(:l __Fe(OPD 9 +2HCl

Table 24 Weight of un peening specimens in 3.5% NaCl solution

Immersion time (days)

Corrosion potential (mV)

RCC CIS
30 days -648 637
40 days -650 -627
90 days -651 -636
60 days -654 -646
90 days -639 -630

solution

Immersion time (days)

Corrosion potential (mV)

RCC CIS
30 days -483.5 -456.25
40 days -464 -459
50 days -456 -449
60 days -450 -436
90 days -414 -430

Table 26 Weight of un peening specimens in 6% FeCls solution

Immersion time (days)

Corrosion potential (mV)

RCC CIS
30 days -595 -b&2
40 days -985 -575
50 days -601 ~-572
60 days -604 -583
90 days =577 -557
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Table 25 Weight of un peening specimens in 109 HNOz; + 3% HF
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Fig. 34 Corrosion potential versus immersion time of specimens
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Table 27 Weight of shot peening specimens in 3.5% NaCl solution

_ Corrosion potential (mV)
Immersion time (days)

RCC CIS
30 days -657.25 -651
40 days -658 -653
50 days -656 -651
60 days -652 -647
90 days -636 -631

Table 28 Weight of shot peening specimens in 10% HNOs; + 3% HF

solution
Corrosion potential (mV)
Immersion time (days)

RCC CIS
30 days -474.75 -446.25
40 days -460 ~-474
50 days -450 -446
60 days -438 -427
90 days =377 =370

Table 29 Weight of shot peening specimens in 6% FeCls solution

o Corrosion potential (mV)
Immersion time (days)

RCC CIS
30 days -599 -593
40 days -597 ~-587
50 days -601 -585
60 days -597 -b61
90 days -583 -569
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(a) 3.5% NaCl (b) 10%HNOs+3%HF (c) 6%FeCl3

Fig. 46 Corrosion pattern of shot peening specimens by various corrosion
solutions

(a) 3.5% NaCl (b) 10%HNO3+3%HF (c) 6%FeCl3

Fig. 47 Corrosion pattern of un peening specimens by various corrosion
solutions

(a) Shot peening (b) Un peening

Fig. 48 SEM photography of corroded surface in 3.5% NaCl solutions
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(a) Shot peening (b) Un peening

Fig. 49 SEM photography of corroded surface in 10% HNQO; + 3% HF
solutions

(a) Shot peening (b) Un peening
Fig. 50 SEM photography of corroded surface in 6% FeCls solutions
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The Effect of Compressive Residual Stress on

Corrosion Characteristics for Spring Steel

Jae—pil An

Dept. of Precision Mechanical Engineering,
Graduate School of Pukyoung National University

Abstract

The compressive residual stress, which is inducing 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, it was not known that the
effect of shot peening in corrosion environment.

In this study, the influence of shot peening and corrosion condition for
corrosion property was investigated on immersed in 3.5% NaCl, 10%
HNOs; + 3% HF, 6% FeCls. The immersion test was performed with two
kind of specimen. The immersion periods was performed 30days and
Hdays. Corrosion potential, weight loss were investigated from
experimental results. From test results, the effect of shot peening on the
corrosion characteristics was evaluated. The important results of the
experimental study as the effect of shot peened spring steel on the
environment corrosion are follows

The corrosion solution(6% FeCls) has more accelerate corrosion of the

specimens than the other solutions for weigh loss. Moreover, in case of
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potential RCC(removal corrosion chemical) specimen has more activated
negative direction as compared with CIS(continuous immersed specimen)

specimen.

Key words : Shot Peening(&£E. 3]4), Compressive Residual Stress(Y4=:
ZH7-8-9), Corrosion Characteristics(F24573), Corrosion Potential(-4] A

#1), Weight Loss(FA17242F), Corrosion Solution(F2] 48-of)
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