5548 % 530 /I S Vol.48  No.3
2020 £ 3 A 55 163—169 1T Journal of Materials Engineering Mar. 2020  pp. 163—169

MR EXT A473M NI 5=
4 BE BY =2

Effect of mechanical rolling on fatigue

properties of A473M steel

XN ok Fa L RRIE . OE AR AR sk AR

(1 PR A ol K2 AR RN 5 TR 2= e, T B 11087052 P FH
SR AT AL 5 A BRZA B L PR B 110869)

LIU Ye-chuan',ZHANG Song', TAN Jun-zhe* ,GUAN Meng?*,
TAO Shao-jia* , ZHANG Chun-hua'

(1 School of Materials Science and Engineering, Shenyang
University of Technology,Shenyang 110870,China;2 Nuclear
Power Pump Industry Co., Ltd.,Shenyang Blower Works
Group Corporation, Shenyang 110869 ,China)

FEE R AVBIREX A473M 5 [CACR B M E MR #E AT R AL BF90R I L2 H A gy 2 . 2k i SEM,
FIGET WAL X SR AT G S AR A B ot L EBSD R A2 30 A1 A1 98 55 328 56 AL 43 53 %o A 2 T T A0 L 2% THD REL R B B AR N
PR B Az A P R R T PR BE HEAT R G RAE . é*;i"é%bﬁ~?§Fﬂu1ﬁt$¥%ﬁiﬂ’ﬂ*ﬂ“**‘*‘%EWE& AR ) T 1/55
VRIEIN TAEATRL T 2 T8 51 AR 4 JE B ), HoAH 5% & 7 35 946 MPa, 3% 3 B J7 6 B Wi /N R R JE B I B IR A N
200 g, % 167 T JE 482 05 30 90 Zc A R BE R R 2 VR BE 1T 3K 200 e s L RL 4R B L AR5 BE K SR R TH T 4026, 22 %6
826 8 55 3w th FE PR MR 5.4 X 10" RIWER = 3 1 X107 AWK, SR FIR N L M kLI ) 24 P RE WA B 4R T 9% 57 5
BER .

KR VR I ERE s FRAR N Ty s POV R 5 9 57 5 A

doi: 10.11868/j. issn. 1001-4381. 2019. 000131

hESES: TGI42.172 XERFRIZAD : A XEHS: 1001-4381(2020)03-0163-07

Abstract: The surface treatment was carried out on the surface of materials of A473M martensitic
stainless steel axle sleeve by rolling technology, aiming to investigate the effect on its mechanical
properties. The surface morphology and roughness, residual stress, microhardness, tensile and
fatigue property were systematically studied using the SEM, white light interferometer, X-ray
diffractometer, microhardness tester, EBSD, tensile tester and fatigue tester. The results show that
the surface roughness of rolling specimen reduces significantly, which is about 1/5 of that of turning
surface. The residual compression stress is induced near surface by rolling processing, the maximum
value can reach up to 946 MPa and the residual compression stress decreases along with the depth.
The thickness of the residual compression stress layer is about 200 um. In addition, the rolling surface
microhardness can be improved by 30% compared with that of turning surface and the hardened layer
can be about 200 pm. As for mechanical properties, the tensile strength, yield strength and elongation
of rolling specimens increase about 40% ., 22% and 8% respectively compared with that of turning
specimens. The fatigue life increases from 5. 4 X 10* cycles to 1 X107 cycles after rolling processing.
The mechanical properties of the rolled material significantly improve, and the fatigue life significantly
increases.
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Fig. 1 Schematic diagrams of tensile and fatigue specimens
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Fig. 2 Schematic diagram of fatigue load waveform
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Fig. 3 Surface morphologies of turning(a) and rolling(b) samples
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Table 1  Surface geometry parameters of turning

and rolling samples

Process R,/nm R,/nm R,/nm R,/nm

Turning 383 477 2399 2663
Rolling 62.7 84.2 522 709
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Fig. 4 Fitting curves of residual stress along the reverse

direction of turning and rolling samples
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Fig. 5 Microhardness distribution curves of cross-section

of turning and rolling samples
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Fig. 6 Stress-strain curves of turning and rolling samples
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Fig. 7 Inverse pole figures of the stretched area for turning(a) and rolling(b) samples

SCEO TR ORI . AR AR 12 MR B A R
— 41, WU 55 A5 A o B 0E L B AE R 902 DL b AR AR
GB/T 24176-—2009 X 5% 56 %5 4 47 X% b 43 . 141 8
SRy A V0 RV I AR 9 55 5 e A AR . AR ] — 1
SCHG AR TR TR TS R 98 55 A7 i B AR L Gk
BT ST BR 1107 JE K ARG T AR I R 4R
T 3AEEG ., XJE R TEREN Takf2 i, p ok E
U X IR A W) W SR M AR R SO 3R R A AL 4 A
Akt T ) B 7 At 0 R K B B AR AR
PR R R, REOY R BN R )2 R I T
Je B T R BT FLAV A R LA L B T R 1 RE T I 2R
TR A

1.2x107

N Turning
I Rolling
g 1.0x107 -
3
2
= 8.0x10°%¢ pA
()
> 8.0x10° |
E 6.0x10% E._.
4.0x10 |
2.0x10%

Processing technology

T 8 W) P R % 57 A7 i AR TR

Fig. 8 Fatigue life histogram of turning and rolling samples

H LB A Al #f i 2% i T8 5 K ) o7 P RE X
55 A5 A ARG R o 8 S T 5k AR L %) R R 5 7

A REAT I AR B 55 AR A AE 16X 10° IR ZAE A L
IR AE SRR T AR R 97 77 4 5. 4 X 10" FIK
E /N T S2 B IR 1< 107 JRVR . BRE 10 9% 95 7% fir
AR PR A - RN - (L) 3153 % AT A 5 % B ) J2: B 3k
TI50 e {8 3 5% A% 1 ) {6 /D T A B AL JZ 5 AR
I T3 &5 M T 45 2R 5 (2) Bk A B ) FUR % 55 75 i B 3
Wi PR 28 22—« R 2 dtok 40 AL I & 5 T AR n 2
PR B4 ) T8 57 75 i (9 B o

i L FTIR . I AT LR IR A473M R 45 B9 R
LS B2 7 3T 2 11 5 ) A8 PR B T IO 0 9 T
55 1 P AR TN g B TR IR T 5 S o A R
ORPLRE ST 5 S 57 75 i S B e 5 TR N T BB R
T BB ARTE o 7 A i A A i 2 T2 2k A i AL L BE
ik (07 5 1 A+ 2 T JBE R 5 AT B R A R A 9 57 A
BE 5 A4 A 568 JEE 0 o) 1 SR S AR BE TR B T
ORI 3 25 75 . DRI, A473M I B4R 85 49 7
e 57 1 fE £ T A v A A i 3 Y 2k ]
EH.

3 #ig

(DS ZEH N TAH . A473M A& R TG
1) 2% T HELURS B A AR 62,7 nm. BB 4 FE N 7. A%
T BE TR o BE R 57 75 A A0 A AN [ R B A B T L AR A
FE N J) 5 KR 946 MPa, S S8 B A 3k 396HV, L $1T
PR B i Al 5 B AR R A R T T 4026, 22 %0 A



168

BRI 72

2020 4 3 A

820 IR HF Al ik 1 X107 JAK.

(2)A473M A5 80 6 N 05 % 595 75 iy 32 8

FBHER G T BE 3 3L R A B0 5 R L 3R TR RE B L AR
AR N3 BIORE B | i 5 X X % 57 A5 i A AN [
(iR

(1]

(2]

(3]

(4]

L6]

(7]

(8]

9]

S &k

IR EME VR, S 25 TR A A e B I A3 I R X
BERADGS R Ew L] %37 T, 2018.39(4) :58-62.

MA T Y,WANG P F,XU Z B.et al. Flow distribution of heat ex-
changer tubes in a steam generator and its effect on flow field at
entrance of reactor coolant pump[ J]. Nuclear Power Engineering,
2018,39(4) :58-62.

SRR 2 e B YN K A E A R R L] KR
2018(5) :1-4.

ZHANG L P,CAI L. Nuclear main pump technology for domestic
small pressurized water reactor nuclear power plant[]]. Pump
Technology,2018(5) : 1-4.

WIHFR 55 T, B ) BH L AL SR ) MIFTS 3R 98 51 5 19 12 1R 1R
JERAET AL ] 48 AL T, 2016,41(4) :137-141.

HU Q X,ZHAO X M, MAO X Y,et al. Cold rolling process on
MFTS8 non quenched and tempered steel surface for fasteners[J].
Heat Treatment of Metals,2016,41(4) :137-141.

MISHRA V D, RAO B C, MURTHY H. Enhancement of me-
chanical properties by cold-rolling of Al6061[]J]. Materials Today
Proceedings,2018,5(2) :8263-8270.

A2 o, AR X 5 5%, S 3 TR A VR R AL BN R 4 4 A A
B9 I Ak RE MR A LT . AR TR, 2015,43(12) 1 1-5.

REN X C,CHEN L Q,LIU X G,et al. Effects of surface ultrason-
ic rolling processing on fatigue properties of axle steel used on
high speed train[ J]. Journal of Materials Engineering, 2015, 43
(12) :1-5.

NAGARAJAN B.KUMAR D.FAN Z, et al. Effect of deep cold
rolling on mechanical properties and microstructure of nickel-
based superalloys[ J]. Materials Science and Engineering: A,2018,
728:196-207.

JE AR AR R S R IR R SR AL 7075 B G 4 LR R M g
WBFF )], R A ,2018,47(2) :8-13.

YE H,LAI L S,LI J.et al. Surface properties of 7075 aluminum
alloy workpieces after ultrasonic burnishing processing[ J]. Sur-
face Technology,2018,47(2) :8-13.

o . L R SR A X 23Co14Ni12Cr3MoE 9 9% 55 7 58 i 5% i)
[J7. 4 Jm #44b 3, 2007,32(11) ; 34-36.

GAO Y K. Influence of cold hole expansion on fatigue property of
23C014Ni12Cr3MoE steel[ ] ]. Heat Treatment of Metals,2007,32
(11):34-36.

FRAHT L H BAE. 7050 555 4 T 4 M IR R N AR A B ) 3 BF 5T
[J]). FEMH A 2017,46(12) :265-269.

ZHENG J X, JIANG S X. Residual stress field in the process of
2D ultrasonic rolling 7050 aluminum alloy[]J]. Surface Technolo-

g2y+2017,46(12) :265-269.

(107 CL7E¥S ., ph e ik, BISE 45. J T- 94 0K b B0 IR T 28 735 it 2 e o

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ST B B RE LT ). P e TR, 2017,30(6) : 140-148.
BA D M, SUN X F,QIU J, et al. Tribological behavior of low
temperature ion sulphurizing layer based on nanocrystalline un-
der oil lubrication[ J]. China Surface Engineering,2017,30(6)
140-148.

NAKATA T,XU C,UEHARA Y,et al. Origin of texture weak-
ening in a rolled ZEX4101 alloy sheet and its effect on room tem-
perature formability and tensile property[]]. Journal of Alloys
and Compounds,2019,782.304-314.

MIPH, EARSE RER M, 45, Ti-6 A4V KT8 5 R K i % Al O,
JIR 2 A AOUL 20 2 B e e o LT 1. AR L2, 2015, 43(7) :8-13.
LIU Y,.WANG D P.DENG C Y,et al. Microstructure and prop-
erties of Al; O3 films on Ti-6 Al-4V using ultrasonic surface roll-
ing processing [ J ]. Journal of Materials Engineering, 2015, 43
(7):8-13.

KONG X,DING S, YANG H,et al. Effects of sizes and mechani-
cal properties of fuel coupon on the rolling simulation results of
monolithic fuel plate blanks[J]. Nuclear Engineering and Tech-
nology,2018,50(8) :1330-1338.

R AR TS o AT il 25 3 T8 7P 9 Ak BT 25 % iy 3 9] 4 42
A 2 DR S i e [T . o [ e LA, 2014,27(5) 1 96-101.
CHEN L Q,XIANG B,REN X C,et al. Influences of surface ul-
trasonic rolling processing parameters on surface condition of ax-
le steel used in high speed trains[ J]. China Surface Engineering.
2014,27(5) :96-101.

EI-HADDAD M H.,POOK L P, TOPPER K ]. Metal fatigue
[M]. London: Oxford University,1974;130-195.

KR RGBT R R R R B 457 B R 2 R O 97 PERE 1Y
WFgE)]). Fm4E AR ,2017,46(9) :185-190.

ZHANG F,ZHAO Y C. Research on surface characteristics and
fatigue properties of 457 steel by ultrasonic surface rolling[ ] ].
Surface Technology,2017,46(9) :185-190.

T A PN R B SR TV VR TR S I U I DR A R AR 9% 07
F i oy BT, MUA A% 5. 2019.43(1) - 131-135.

WU S S,SUN H L, YANG Q. Fatigue life analysis of harmonic
reducer flexspline based on cold rolling process[]]. Journal of
Mechanical Transmission,2019,43(1):131-135.

WP G TR OB D R OV VR U G S AR ST LD )M AR
M FE T K%, 2017:66-67.

YU Z M. Research on key technologies of cold rolling for flexs-
pline of harmonic reducer[ D]. Guangzhou: South China Universi-
ty of Technology,2017:66-67.

AT 5 L AR B L AR T Bl AR 15 1Y B A o 57 75 i T
WILT]. bt R K 2E 244k . 2013, 35(6) : 813-817.

YU B Q,LI W,XUE J H,et al. Prediction of bending fatigue life
for gears based on dynamic load spectra[ J]. Journal of University
of Science and Technology Beijing,2013,35(6) ;813-817.

B RATS » R SR B IR T 5 45—l L vk Sl R BT R L 9 U7
PEBELT]. 4R AL FE,2014,39(2) :19-22.

SHAO C W,CHEN S L,ZHAO X L,et al. High-cycle fatigue
property of high vanadium medium-carbon microalloyed steel
[J]. Heat Treatment of Metals,2014,39(2) :19-22.

KB R IR L SF L IR IE S R SO R Y RO TR R AL



548

5% 3 3

WLBK VR FE Xt A473M 845% 25 M f

B HY 5 T

[22]

(23]

[24]

HARLID. &8 A4, 2015,40(4) 1 135-138.

ZHANG S Y,ZHOU Z M, WU X S,et al. Trace rolling strength-
ening technology of steep-pitch nonstandard thread[ J]. Surface
and Coatings Technology,2015,40(4) :135-138.

SUN J,JIANG T,WANG Y,et al. Effect of grain refinement on
high-carbon martensite transformation and its mechanical prop-
erties[ ] ]. Materials Science and Engineering: A, 2018,726; 342-
349.

KRAE Bt . ot I o 32 5 9%
1989,11(1):35-39.

PO UG T i 18] A 56 AR LT HUBRCR 2

ZHENG X L. On the relationship between fatigue crack initiation

life and yield stress of metals[ J]. Mechanical Strength,1989,11

(1):35-39.
FH S IEIE . AR B I [M. b RT3 A R AL

2001.
L1Y R, YUN Z Z. Materials physics introduction[ M ]. Beijing:

[25]

Tsinghua University Press,2001.

e E L bR M. F A A VR AL ATSI304 N K 57 1 g
BRI ], B0 T2 ,2017,46(16) : 144-148.

ZHANG F, SHANGGUAN X C. Effect of surface ultrasonic

rolling processing on fatigue properties of AISI304 austenite

stainless steel[J]. Hot Working Technology,2017,46(16) ; 144-
148.

E4£mA:
(Z18-5-
Y78 HH9:2019-02-19; 48T B #3: 2019-12-05

BIAEE KA (1963 —) L, B8 W, 32 2 NGOG 1 b i 3 2+t
o3 T AR D AR LG R bk -

LT T S &R (2018106004) 5 v BH 17 BH R %) 35 B
012)

1T 48 TR BT UL BH 28 B B RO R IX

AL VG % 111 S0 FH oMk K 2% 44 8 2 BE (110870) , E-mail ; songzhang_sy
@163. com

(AXLwéh:E &)



