FaL FEI0H
2016 4F 10 A

BEERMISIE
RARE METAL MATERIALS AND ENGINEERING

TEIF & far % USSP &I TC4 RERFN 117

=N i 33
KEEE  F ¥, TEM , TFE HEZS

(P PR RS, B P42 710055)

W OE: RWEAEBULEOR(USSP) AbEE TC4 BUkE, FRLEAT DY 25 M 55 e SR XS 20 B 75 A i 57 In 8 i i
BRI A s FIH TEM 8%, W07 INEAT G TC4 A AT RAE. 45K, SRIMAPKALI)E, TC4 &4
B RIR AT N ) B B SRR s A I A e TR 0T AR RN, BRI W RS s AN i s T
P57 ARBRIST A FF Y5 AT P 084 A T S R S AR N 7 97 S T o e P 0 57 s R v R AR T S MBCE f AR AL

Vol.45, No.10
October 2016

A TR B AR B0 7 AR T L T A ot o
REEIE): RMAARA; RRBS; RAREG BMAR
TEESES: TG146.2'3 SCEFRIRG: A

NEHS: 1002-185X(2016)10-2642-05

B e FUHT R b R G ARE EF H3R
RS O 0, 7 B TN R Tl oo
FIRT BRI, AERUAAR T, — EIGR B A3
PG, SCESRURAE . PBME. PIESEAENSIRAFULAE, T
SR TE 25 O 3 A 2403 6K 2 G I E iR 5
Tl

75 WAL (USSP) & — R 007 10 B0 122 T 2 P 0
i UOTHARSAE R . BIEA, EEREBIEAT
SRS, R T RER R R T AL, Bl
AR AL S5 LN 207 3 G OB AR FE 5L 1 5 8
PO FZVRIER, HLBEIEIS, FLARSE M AR T4 8
e,

R USSP - 2 s A6 bR 11 5 A K T4 K00
HUBR I A R ARFE S F0, 83 3 b 95 B
HISETRION S, Tk H B9 R B bR R 7
5 R S LB T T THE (R Y PR R 3 T,
35 AR VE, B BRI A oA, AR R 4
IR RSB, A ) 3 S0 B AT A
BOMAR F 8 B BRAR IS, RT3 A% 99 5 B2 95 I
SLRR AR, B 004 B 75 51 R RO AL SUR s
A, T A FE T OB . ABFILIE T
TC4 &I £ B R TE SR KSR, FLL LY
S RN, DRI AR MR, 4B 4R
i LA AL

It HEA: 2016-01-12

1 £ I

SEES I BUR ST A 100.0 mm X 100.0 mm X 4.0 mm
M RELIR KA TCA MM, HAZFWR A (RESE, % )
4 5.8Al, 4.08V, 0.21Fe, 0.170, 0.03C, 0.01N, 0.004H,
FEAR Tio 758 75 Mt AL Kb 3 A e RE EAT BB L 25l
BRI SRR B . ARSI SR F BRLTHI R R, UM 9
H, BN 3Imm, %N 7.8 g/lem®, USSP AbH i [a]
HEE 30 ming ML T RS iR 3.3 mm, X
FEBERE 7.1 mm, WFEKE 27 mm; SLiG e B FESEE
18 mm, NP 4 mm, bR B L3478 M AL HE, 8
T R EUE R MR KA Instron 8801 ¥ fA]
IR 55 HLAEAT AN [R]85 DA R i 0 R B0 b s R
JEM-3010 1w 73 #4335 5 L+ 0 Tl 5 W0 4% Ak 2 5 R 1)
NEZIRHA A,

KA R IOCHATRE, e, PRy A
DA JRTHT 5 R VIE B AN XS W oL Ak B2 T 3547 34 J2 Ab 34
K H X STRESS-3000 J3 /34l 5E USSP Ab B FE I IR
FE 7 0] 3R J2 BIFEAR I 5 R B 13 55 A, D€ S 4L
B 30 KV, EHL 8 mA, KM Ti #E4RME X 4R,
WEMAN o M, HH#ME 1202160°, 7 4 I
20=137.4°, 7 4 & 1 A (110) , R 0% R
HCIO,:CH;OH=1:4(#& k), HE 30V, HiiE 1A,

SR Bf R B ) AR 1 e L, R I I AT

E&WH: ERASRIEESE (51274160); FHZTRGTRIGIHE (CXY14383); PHEMEHHTHES — ] (XBCL209); BEyisE BHE T RHL

T H (2014JQ6211)

TEEEN: KIE, 4, 1974 44, Wit %, FR@ENBHIRY, PP Ffi%e 710055, E-mail: jiandazhang2010@hotmail.com



%10 ¥

GRS AT X USSP ALZE TCA R JZFRAR LI 55 Wi 52

© 2643 -

FRic, JFREBE A R ZE A B AR AR iE AL E L T
BB . RIS HER R E, MO
5 AR T . Iy kI P E iR, oy
IR AT PR E R, WA LT BRI, £
MNP S 5ATH IR H &AL, 20 i S ¥ Pl
MEEE, KIe] By K 20 7 .

2 HFER5R

2.1 TCAKREKR DA

HEAT VY A2 % 57 ARG, e SR Y N 7
PRURH 2x10° ¥k, Atk R=0.1, #il#5 USSP-30 min
Ak B9 57 % PRS- 3 R 3R 416 MPa( i ik 58 B2 1
52%), & 1 5 USSP-30 min 4b 3 5 145 i 5% 43 B 43 4%
MO, BUE RN AR RERARIEN J7. BT HIRE i
RN J19-581.5 MPa, i Kbk /j5-1005.5 MPa
HizECEIT A4S A S ERSRE, & KkRR I E
RZUREE 55 um, BRI IR FE 260 um,  f Kbk
R TG TRAR PS5 IR BE LR s RS A=, 7R R 4T
IRIPRAE T, FRAR R A

Kl 2 /& USSP Kb JS, 435l 76 AH [F) 5 770 8 24
N, ZEAFEESR B RE, BRI 5. B
1 60%, 55%, 53%, 52%, A47%3IFE % T %N 11 A
JiE ARS8 B b, B 2 WA, MRS A&AETE,
B A N PR T I R O 3G 2 i 2 s L LA
1 KRB, AN JI7ERT 100 FA UORGE R A 2a H1,
TE 151 8 77 (60%) N2k T 5 227 [F) 98 B4 J& U fE 8L % 7% B

B, BORERAER JMEZ N 560 MPa, b4 E N /)%
FE/NT 95 um; 1M B 2e TTAL, (R H (47%) Nk
Ja Bk AR BT B A B R BR A R R {208 786
MPa, B&4%E R SR 140 pm; & 2d HF R K
Jii ARG BE 52915 L T, AEFR 10° Yk K 2 X 10° IR Bk 42 B
1oy AT, B 2e H2BBIML . B 2a. 2b.
2¢ TR R FESRAFAEBR AR N ST, A HT N2 T
Wi I = R GURER TN AT, WAL AR AR N
FETCTE 4, T S0 I 3K A R e 3 By 24 8 [l X 3k
BEATI % B B A L 7T

Bl 3 ZAHFIIE A IR & AE T, SRR nE
BRAY FE NS R U B, AT, gk R R, R AR

0
» USSP-30 min -4

~200F == Fit line
& 400+
2
A
o —600F
&

-800+ /

—-1000 ¢ :

4‘ 80120 160 200 240
Distance/pm

Bl 1 AL TCA B B 43 A
Fig.1 Residual stress vs distribution of TC4 after USSP
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Fig.2 Residual stress distribution after different cyclic number under the same stress: (a) 60%, (b) 55%, (c) 53%, (d) 52%, and (e) 47%
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Fig.3 Residual stress distribution under different stress at the same cyclic number: (a) 100 cycle, (b) 10 cycle, and (c) 10° cycle
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Fig.4 Residual stress distribution before and after cyclic loading
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Table 1 Dislocation density at different depth from surface
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Fig.5 Microstructures in different layers before and after loading:
(a) before load, 30 um, (b) 52%, 10° 30 pm; (c) before
load, 50 um; (d) 52%, 10°, 50 um; (e) before load, 100 um;
(f) 52%, 10°, 100 um

3 & i

1) RIMAPKAE TCA Kif 51 E IR AR )
Yy, AN TR 57 BRI, N 3 2 e
2 G0 I AT T BN T 55 A BRI S AR A A KR O
5 KRN B R AR N 8.



2646 -

Wit @M RS TR

i 45 %

2) T AL 2 AL B K AL B — b oa) L3R
RIS, fER 57Tt kA T HS MR,
for 85 P ) AR S 250 T B T I 0 R A it

S0k

[1] Zhou Lian(J& J&), Deng Ju(*¢ #H). Acta Metallurgica
Sinica(4: J8 %#k)[J], 2002, 38(z1): 12

[2] Jame C Williams. Titanium[M]. Berlin: Springer-Verlag Berlin
Heidelberg Press, 2003: 16

[3] Cao Chunxiao(# # ). Acta Metallurgica Sinica(4: & #1k)
[J], 2002, 38(z1): 4

[4] Ding R, Guo Z X. Material Science and Engineering A[J],
2004, 365(1); 172

[5] Valiev R Z, Korznikov A V, Mulyukov R R. Material Science
and Engineering A[J], 1993, 168(93): 141.

[6] Qian Miaogen( %% 1 #2), Yao Shoushan(#k 7 1), Zhang
Shaozong(ik /> 5%). Modern Surface Technology (F 482 1 5
A)[M]. Beijing: China Machine Press, 2004: 8

[71 Xu Binshi(#:%+). Nano Surface Engineering(44K % L
F£)[M]. Beijing: Chemical Industry Press, 2004: 24

References

[8] Liu Jinxiang, Yuan Huang, Liao Ridong. Materials Science
and Engineering A[J], 2010, 527(s 21-22): 5962

[9] Demulsant X, Mendez J. Material Science and Engineering
A[J], 1996, 219(s 1-2): 202

[10] Gao Yukui( 7= & %t ). Surface Integrity Theory and
Application (% I 58 % 7 ¥ & 5 N A )[M]. Beijing:
Chemical Industry Press, 2014: 8

[11] Christopher J Lammi, Diana A Lados. International Journal
of Fatigue[J], 2011, 33(33): 858

[12] Liu Changkui(X1] & Z), Zhang Weifang(5k . 75). 5° National
Air and Space Equipment Failure Analysis Seminar (4 [E %5
T AR 2 R 3 4% 5 30 HTWF it 42)[C). Beijing: National

Defense Industry Press, 2006: 2

[13] Huang Xinyue(#&#7EX), Hu Benrun(#14< i), Wu Xueren(#
2247) et al. Journal of Mechanical Strength(HLH5% E)[J],
2002, 24(4): 584

[14] Gao Yukui, Li Xiangbin, Yang Qingxiang et al. Materials
Letters[J], 2007, 61(2): 461

[15] Gao Yukui, Li Xiangbin, Yang Qingxiang et al. Journal of
Materials Engineering and Performance[J], 2005, 14(5): 591

[16] Zhang Dingquan(ik % %), He Jiawen({T % 3). X Ray
Diffraction Analysis and Effect of Residual Stress in
Materials (B F B A2 B2 77 B X 5 24T 55 23 BT A4 AT M.
Xi’an: Xi’an Jiaotong University Press, 1999: 4

[17] Hu Naisai(# 243 %§), Xu Kewei(#& 7] &), Fang Gang(75 KI).
Surface Engineering (K i L#2)[J], 1992, 5(1): 24

[18] Fang Gang(77 HMl), Zhang Dingquan(ik 7€ £2), Hu Naisai(i
% 3%). Ordnance Material Science and Engineering(S% #5474
BERLYE 5 TRE)[J], 1989, 12(11): 27

[19] Gloaguen D, Francois M, Guillen R. Applied Crystallography
[J], 2004, 37(37): 934

[20] Hu Yonghui(#7k 22), Wu Yunxin(%&ig#7), Guo Junkang(Z8
12 FE). Material & Heat Treatment(#1 ¥} & # 4L #)[J], 2010,
39(18): 24

[21] Zhang Jiwang(7k4kHE), Lu Liantao(&3%#), Zhang Weihua
(3k 2 4£). Acta Metallurgica Sinica(4: J& %% 4%)[J], 2009,
45(11): 1378

[22] Prakash N Arun, Gnanamoorthy R, Kamaraj M. Surface &
Coatings Technology[J], 2012, 210(8): 78

[23] Wang Yaomian, Yang Huanping, Zhang Conghui et al. Metals
and Materials International[J], 2015, 21(2): 260

[24] Dini G, Ueji R, Najafizadeh A et al. Materials Science and
Engineering A[J], 2010, 524(s 10-11): 2759

[25] Ni S, Wang Y, Liao X et al. Scripta Materialia[J], 2011, 64(4): 327

Effects of Cyclic Loading on Residual Stress Field in TC4 after USSP Treatment

Zhang Conghui, Wang Yang, Wang Yaomian, Li Fengbo, Xiao Guizhi
(Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: TC4 surface was treated by ultrasonic shot peening (USSP), and then the samples were loaded by a four-point-bending
fatigue test. The residual stress distribution before and after fatigue loading was tested by X-ray stress tester. Microstructure of TC4
before and after fatigue loading was characterized by TEM. The results show that the maximum residual compressive stress of TC4 after
surface nanocrystallization exceeds its yield strength. When the loads are higher than the fatigue limit, the residual stress is released and
the residual stress field decreases significantly. When the loads are close to or lower than the fatigue limit, the residual stress field tends
to be stable and no longer alters evidently with the change of cyclic time and loads. The configuration and quantity of dislocations and
dislocation cells are changed in the process of fatigue, and the decrease of the dislocation density results in the relaxation of residual

compressive stress.

Key words: surface nanocrystallization; residual stress; stress relaxation; microstructure

Corresponding author: Zhang Conghui, Ph. D., Professor, School of Metallurgical Engineering, Xi’an University of Architecture and
Technology, Xi’an 710055, P. R. China, E-mail: jiandazhang2010@hotmail.com



