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FEESES: TG113.2575; TG146.4714

XERFRIRAG: A

XE4RS: 1002-185X(2019)06-1954-07

o — Pl AR, M Sk 1852 °C, ML )E
N 6.49 glem’, FLAAR R (R I ook g RS bk g,
Rk R ET . SRR N o BB
HRFsm g AR et . . Ak
TR By S T A T2 0 A I AR Dy )
R kL, JLLR4E 128 v e i3 i A B T BRARAT A,
[l I 4 LY Y

W HoE A B R E B —, M
BHRHT. MORMERE 5 R el TR v vk v A 45 B
VER 5 . & Jm AR R BAT K 2 R AELER R
TP, A R T (1 45 R A BE AR IL AR, B 1999
4F Ke Lu # H R AR MEE LR, & @ RN
RIMEAKA— 2 S EH2EF RS REYIKL
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i HEA: 2018-06-09
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%, L USSP B TR MK, MM TR
DKW RIZ NG Gy BRI RIS, 2
1T USSP Aab AN [ i 5] 5 T 45 10 R 9% 55 1
FR i, JE I A A R S B S 9 5 IR 1) T B AT UL
2504,

1 % &I

ARSI (I U GO I8 KA Tl gl P35 ok
JSFZ000 30 um, HARZE o R 1 fios. w5, X
MPEREATRRAE . Lo, B, BAIETS AR . L5
SR FH IR 7R 88 AL 1 4% b 55 [ A 77 1) DT 1480 3% Wi AL
ML, BRM R ZG30 CHFAN M) BN EHAE 0.3 mm;
TR, W £ 85°, TAEFEJ) 0.4 MPa. ASLKR
FHOBUIT 8 AL, W55 LIS TR] 23 ) e Y 154 304 45, 60 min.

K H OLYMPUSGX51 % fl i Xt USSP &b 4 (1) Fl Ji
BAREEAT S AR SE, VR B AT A AR, B ok
F29 2HF+9HNO3+9H,0, JE s [ 4 10 s5 K
XRD-7000 ! X 4 £ A7 5 A (XRD ) &b BE 2 71 1T 5 A

F1 TlagErEms
Table 1 Chemical composition of industrial pure
zirconium (w/%)
Zr+Hf  Fe+Cr Hf C N H O
=99.2 0.2 4.5 0.050 0.010 0.005 0.10

eI KR, 2, 1974 4, W4, B2, BRI KRGS TSN, Bt 1i% 710055, HiE: 029-82202547, E-mail:

jiandazhang2010@hotmail.com
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0.98 N, fr/k 10 s, R)GEaEE, FFMERENF 5
UOFBCEME . R LextolS4000 OGS A 414 &
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F5 MU 55 B R, g8 7 KO TE 52 4, #oar bl
9 R=0.1, HNEMAR K 10 Hz, 5048k S 7 LU 5E 9%
FABR i STl (9% 57 A5 i o 2X10° 2K)5 R
F S-2700 2414 F B WL W5 55 BT 11 5 PR 45 A =
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mm, AR AE I AL R R AR T, Sk R R D)
2 cm HEAT XM AL, FFUIEK 2 mm 2

2 HR5R
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min I, FECHBAS, NRE B CLW] Bk,
M5 AL 30 min Ji5 % 2 SRR AL B ZL I B AR T, 4K 2
PUR P2 A K28 i, PER TR SR, RIE RN,

SRR M AR T X JE PR i A VAL IS ) PR 9 n i R m, A
Je AR 7 5 B 253 B M A .

Kl 3 AR T = S gl oK 2 5 R B USSP Ak # I
(B PRI AR 2 o AR S 56 DLW 558 AN 38 2 it o2 S R R 2R
PEAS IO, i 3 T A, 40t 150 304 45 A1 60 min
AR, HREWIARIE)ZEIE 0 h 200 120,
140 #1180 um, 44K J2 )& 435124 204 35, 40, 50 pm.
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B SR o7 e 1R 75 3C BB AR R
Fig.1 Sample preparation method and shape size of tensile-
tensile fatigue specimen (mm): (a) sample preparation

diagram and (b) sample size diagram

K2 USSP 4 B AN ] I [) T2 2685 30RF 1R i 5 1 4 28
Fig.2 Cross section microstructures of commercially pure zirconium treated by USSP for different time:

(a) 15 min, (b) 30 min, (c) 45 min, and (d) 60 min



* 1956

Wt &R TR

848

200 | —=— Plastic deformation layer
—e— Nano layer

Thickness/um
S o
S S

D
(=]
T

0 1 1 1 1 1
10 20 30 40 50 60

Treatment Time/min

K3 SEPEARTE B e 4K 2 )5 B B USSP Ak IR i) ) 2244 ith 2
Fig.3  Variation of thickness of plastic deformation layer and

nano layer with USSP treatment time

Bl 4 Dy USSP Ak 3 AN [] fiof 5] A5 4 iR 11 X5 2k
frgt B, AEA 4, Tolkaifh 4t USSP abH,
(1010). (1011)~ (0002). (1013)F1(0004) % [ fi7 5} &
S 5 S5 A W A 0

KHUHAR 220, VAN [R] IS Ta] 3 kA 3 1 R 3
J bR RS O AR s SR H PR b s A SR 2 R
RSy, g5 R aR 2 fros . R A&, Tk gl 48 USSP
AR PR 15 min J& K )2 diob KT Cs 240K Ak, B4 USSP
Ak BN T) PR B0, G fORE RS 3 sk /N 22 37.9 nm,
ML AZ M 0.313%38 14 0.708%, 5% 430 4 N—197.6+
12.6 MPa 411 42 -397.2£19.7 MPa.
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Fig.4 X-ray diffraction patterns of original sample and commer-

cially pure zirconium treated by USSP for different time

&R 2 USSP A3 [E AT B Tk di sk B2 R RRIR T
WA ERFERE N
Table 2 Surface grain size, microdistortion and residual
stress of commercially pure zirconium treated by
USSP for different treatment time

USSP treatment  Grain Microdistortion/  Residual stress/
time/min size/nm % MPa
15 61.9+12.6  0.313+0.0284 -197.6+12.6
30 55.2+48.6  0.434+0.0279 —273.2421.1
45 40.2+7.4  0.711+0.0449 -314.1+11.4
60 37.9£3.9  0.708+0.0222 -397.2+19.7

TE 50 X 308 25 A7 AE KRS R AR B4 i, P 2B g
K TAE4k . B S ok USSP Ab B[] i 1) Tk gl )
AR R B R R IR B I AR M 2 . H TR
28 USSP bR, BRI 2 00 5 IR 38 s, B db
TN [R) 1S Iy, 2 )2 P Y TR P 528 14 K, T A A [ Ak
RIS ()T, BRR AR BN, )2 0 b K

AN TA) A 3 T2 % DX 3 A0 AT 5 i R 5 ) A A
PR3, EDBEEREE G I, (R FRAC, AR
£E 275 pm AbiE B FEARTERE (1600 MPa), i H.AHJF th
25T B 1R R A BE A R R TR B ORI IR , I T AR T il
J& o 3X 55 USSP Ab B Tk 4l 35 2 (R0 B 9 K 4L 2L 1) b
Rianfbfa 5. 25k 15, 30, 45 1 60 min AbFE, iR
FEL 2 WAMAE FEAE 2 514 3500, 4600, 4900 A1 5500
MPa. M 5 250 24 1600 MPa, USSP 4b2E 60
min LV AlRS 2 2 ]t S ARl FEE AT 1) 3.3 1%
222 AR FEvEHt Tk s 6B

USSP Ab 3R A5 d R (0 RERS B2 G 1] 6 P
FEAEFEAR 5 A SRR B E . SRR
FIFLREE RN 0.41 um, 2834 15, 30 45 F1 60 min

600 -
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Fig.5 Variation curves of microhardness with depth to surface of
commercially pure zirconium treated by USSP for diffe-

rent time
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Fig.6 Surface roughness of commercially pure zirconium samples

treated by USSP for different time
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95 57 FEVETEAT RAL

S-N 1 & #0045 42 v % 55 = 2 B ar HosE A 5
(1) AT
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X, N—ROTERRE (D; av b= ona—
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Kl 8 2y USSP Ak 3 AN [m] I [8] "Mk 4045 1) S-NV 1T 2k
B AT %0, USSP AbHE 5 Tk 2l 85 9% 55 it 2 r 1 5 R
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EFA 8 Aur 1 FH B R A2 90 55 TR 284 o BB I 280 1. ) (1) BRI
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Fig.7 Surface morphologies of zirconium samples treated by USSP for different time: (a) 15 min, (b) 30 min, (c¢) 45 min, and (d) 60 min
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Table 3 Fatigue data of original samples and commercially
pure zirconium samples treated by USSP for diffe-

rent time
. Fatigue life, N/cycle
MPa Original USSP- USSP- USSP- USSP-
specimen 15 min 30 min 45 min 60 min
355 2000000
372 607 510 2000 000 -
390 421732 754 234 2000 000 2 000 000
400 362103 453 201 812301 2000000 1123544
410 306173 361 234 542123 923541 893 245
418 - - 462 468 791 434
427 - - 413568 655961 -
445 220154 251246 375412 543251 432565
464 155047 172 451 265741 351244 283213
482 132434 168 312 135 421 151452 144 364
500 112050 124 855 104235 135014 125176
® Original sample
520+t e USSP-15 min
i USSP-30 min
480FH v USSP-45 min

USSP-60 min

Stress/MPa
I
S B
S o

(O8]

[*))

[
T

0 1000000 2000000
Fatigue Life, N/cycle

Bl 8 USSP Ab BN [ i i) Tl 205 15 46 iR ) S-NV il 26
Fig.8 S-N curves of original sample and zirconium treated by

USSP for different time
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ST Ok, S m AR 57 2 2 R Y
THRZR, RIZWR0EN, iz, SRk
PEAZTE (B ) oK, < A4 ARG R B 45 TR 4%
ER2 2R e R AR N Y L NS G L P & N S
IAEAE I T RIS R BN B rp, wl A 2
TR ST 2 o PR R AOUE MR A ) 38t 2 ik A
P REMIA & A3 20 s, PG REUNYRE, L T
N2 % 55 P AT B 2 o IeAh, BRI 4K 4140
A AE KR AR IR AR A2 A, T i A 2 FELAG 0
Mgz, (EXLERRINEEAEM T, Tk #1557
At A 3 2 R

JR GG R FE 9 55 M B A 355 MPa, BE#E USSP ik

HRI () (R 38 00, T B, )% 5 A PR 2 39 K ok
USSP 4 #E 45 min J& T Mk S8 1% 55 B B 552K, 4 400
MPa, LE UGG T2l 8 1) 95 55 B BRBE A 11.2% . 5 ik
WA, R AR AR 42 i R 25 A BRI 52 el DX 35
B4 R N g 36 I 2 T REDRE B8 386 K, 8 R DA
L0 A 21T e g 4 RN B0 . R A
R AR ZE, MR R AR 2= . T,
USSP A5, Ak T A B 9K 0], RR s
B MRS B R P B A A BN ) B nim 3G . 4
95 55 0280 R v R B KON s I, USSP Ak B
AL 5 IR 98 95 A7 AT, USSP AbHE % A
I BB PL A, X T USSP B2 J5, lFER
THT P REL RS 8385 R, 3 — 98 577 A PR PR A R AT 35 7 K
BN TR IPEROR, R T RIZHOW AL i Bk
ENAIN AR Y DS S NS R RS ip- Al R
232 AeBE A TR S HF G0

Kl 9 SHTEAR NN J3 F USSP Ab BEAS [ i 1] T
M2t g iR 95 e 2k . i R, 98 Y ndad
(RN A, USSP A BEAAF 1R 98 55 77 i i s B Xl
2NN BRI (482 F1 500 MPa), USSP Jf¥&AS
P T gl (9% 55 5 y, S REAS[H N [R] USSP Ab B2
() b 4l 5 PR 9 55 4 i T B AT e s BEAE DAY ) 9k
/NEE 445 F1 464 MPa, USSP HL 4K n] DAHE s Lok aligh 1)
W95 i, AHBCRIEAI R, TSl 195 95 77 iy A
JRERAFER) 20 TIRAALRTER 40 J5IK. AR AR IR
USSP 43 45 min %19 55 7 iy R A2 T8O ok W3
USSP 4t #E 60 min TV 285 [F19% 57 7% fi AR T 45 min
CA BN B 2 Ny Jy o/ 42 410 F1 400 MPa I,
USSP &b BRI 57 3 i 1) 38 e b 23, N3N ) o4
400 MPa I}, USSP 43 45 min M &l%S (1995 55 77 fiv
M 36 T3 IREETE A 200 JT K.
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Fig.9 Fatigue life of zirconium under different average loading

stress
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Fig.10 Fatigue fracture morphologies of commercially pure

zirconium: (a) USSP-45min and (b) original sample
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Effect of Ultrasonic Shot Peening on Tensile-Tensile Fatigue
Properties of Commercially Pure Zirconium

Zhang Conghui'?, Yang Jun', Song Guodong', Ren Haitao'
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Metallurgical Engineering Technology Research Center of Shaanxi Province, Xi’an 710055, China)

Abstract: Ultrasonic shot peening (USSP) was used to treat commercially pure zirconium and its tension-tension fatigue properties were
studied. The microstructure and surface hardness of the samples were characterized by optical microscopy (OM) and microhardness tester,
respectively. The grain size, micro distortion and residual stress of sample surface were analyzed by X-ray diffractometer (XRD). The results
show that after USSP treatment, the grain size is refined to the nano scale, and the residual compressive stress, surface roughness and hardness
of the surface increase with prolonging the USSP time. USSP treatment can significantly increase the fatigue limit, which increases to the
maximum 400 MPa of the sample treated by USSP for 45 min from 355 MPa of original commercially pure zirconium, with the increment of
11.2%. The lower the loading stress is during fatigue loading, the more obviously the fatigue life increases by USSP treatment.

Key words: USSP; roughness; fatigue property; fracture morphology
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