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Fig.2 Finite element model of the four-point bending
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Table 1 Material parameters used in finite element simulation

Density/kg-m™ Elastic modulus/GPa

Poisson’s ratio

Johnson-Cook model

A B C n m &0

Target 6520 94.5
Shot 7800 210

283 338.2 0.027  0.48439 1 3.3x10™
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Fig.3 Optical (a) and TEM images (b) of surface nanostructured and surface nanostructured specimen (b)

CP-Zr (the inset in Fig.3b is SAED pattern of the circle)

320 350 F —=— Theoretical
® Surface nanostructured —e— FEM

300 m As-received 300 ¢

£280f & 2501
=W

5 260} S 200}
£240¢ 2150}
3220 F % 100 |
< L
@ 200 sol
2180+
(7') 0 1 1 1 1 1

160 | 0.0 02 04 06 08 1.0

14 L . . . L St Level,

0790 o5 10 15 20 ress Level, o
Life, N/X10°
K6 ANFInE AT N i H
Bl 4 SR GRAGRN B A R I DY 225 0 9% 57 S-N il 4% Fig.6  Stress values under different loading states
Fig.4 Four point bending fatigue S-N curves of surface
nanostructured and original specimens In# J1 7K1 Nz R i S N Sy, i 7 R .

TR AR R O A7 B R 7R R F L AR T, DB IE B
Ko WIRFER M PT N ST, 0y B NRRETZER)—2F, I R R R S AN AL BB AR bR -2, 2 ALE
o AP, ¢ JRE IR, PO 7 I ML AT - A AR N A A TR A A A B B 7 3 R
AR R TR AR COVW A S A ROTBRME G BRSO R A i SCEEAR A I SR AL, ke i
R vOE R WE 6 Fras, A MM A m Kh N P Pz BN B OK, AE IR 2 ), AR I P
WAL ZE N 34 MPa (100%0,, o WIEURIARE 3N I BONIEA), fF 6 A S50
K Je IR 3 ), 3K H T S iR I AR KRR ] R BRI, BURE rpoL A i 52 7 WK I REAL -
Bopm, RS R B E O, U WIR R TR . Bl 8 25 th TSR 7 1 il rh Lo Bk 4
NP RAUERE RS, VRS A 2 R OBURE 102 PN B J5 R T 1) B SRR N ) 3 A e AT RAAS
Rl CREF7RIMD NS 734w, BUTHSEG M T A 3R B3 Ul I 32 4 N7 S H ) B KR g i



5 8 4]

MRS FTI AR AR Tk Al 0 5075 R 7 PR AR I 5

* 2577

500

—4—30%0;
[ —v—50%0
400} %0
™ I ——75%aq,
W) A
= 300 M ——85%aq,
% i M 100%0,
5) 200 - [erttsttin
wp 2T
{asbdbdcibbbbbanag,, , |
0 1

-4 2 0 2 4

Distance/mm

7 BRERR M IR B ) S A

Fig.7 Stress distribution on the specimen surface
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Fig.8 Stress distribution along thickness direction

PUEBAER T . 98k, W DURBLEBE R 2 K2 100 um
W IER 52, DN gk St o Rt s
P10 7 PR FEAR, LB 847 385 0 4 182 77 AR 1 A o
Xt TP Sl R an R, AR o7 Bt R b, 2L
SCHERE MR AR RN T, IF HAR IR 27 A
KIGPLITT o AR 55 2A T I 4 1l 7K 52 () U AL B
T3 A 8 P o th IR 2 K % B K N )
1SSl i < G2 Y G P e = R AR W
DBCRE 22 B SE R AEIX EAR T o R R IR AL TP
N SRR AR R S Y i AR T RS R TR G B S B
Mt BLBE A B I HLHIER R R R B MR A
LR R 3 57 PEfE
3.4 FREPRMALIEX I SE RN RS
TR AR KA A BEAE R AR ™ AR T B3 IR AR
77, V9 D T A R AR A I8 57 I 3T s v R
Ji T N JZ BIBEAR BB A N ) oAt T LA S 7
HIFURE d50 R SR IO B A% S I T3 20 9 -425 MPa, Bl s 4L )=
IRIE RSN, 5 A% s N 7 BT YK o AE AR THT 150 pm
ReARAG e KIRAR SN Sy, 2970-580 MPa. Bl R 1)

®  Before fatigue

OF ® 200cycles 2
4 2x10° cycles v,
=100} 8x 10° cycles
v
—200 +

A A

Residual Stress/MPa

=300
—400
=500
u
—600 - "
0 100 200 300 400
Depth/pum

B9 8 5 T i 2 10 A KA Db 40 5 Ak N g 93 Al
Fig.9 Residual stress distribution of surface nanostructured
specimens before fatigue test and fatigued for different

cycles

HE—20H00, R H N g IR E B 008y, T 21 PR 2 T
PR 370 pm LB AR Hs N I3 2K

FEARAF AR, T A0 KA AL B BT 5] N 5%
RN )2 AR, TE B T LA AR 8 N % Rk
INFARAY 42 UN Y- (S VAT P E I VAL LA B 1 =TI
9 W5, FER SN 200 KRR AN S RET
BRI BEINER R A 2x10° J 8 X 10° 4
W, BRI HE— DR, AHREBOE % C W) il BRI

TE VY A0 g 57 ks, A N IRFER 2 R
PNy, HA RN S oA Bl 8 fiok. &Nk 8 fin
AN IRFE TR ) S RA b S R AR Y T, WA DY R
5 R AR 57 N AR N SR R (R KN . JLRPAS
[Fi] Zh g fir A 1R B N g 43 A B 10 BT

H1 1 10 FTLUE . 20N )N T 75%0; I
F M ARAGRE G IR N2 8 X 10° Ym i AE 2 X 5]
NI Ty, BEER BB INAE KL 150 pm AbAZ R Hr)vi 7).
113 224 N FJIESE I 75%0 I, AEFR IR 8 X 10° Yk ik
FERZ DI LF A BN 7, ARG T AR A HAAE

R ARAG AL FR 5 SRR 1) 48 J2 90K s SR A 43 A
W 11 Pros. wf DURILEEARREE K250 1.5 GPa, %
0 24 KAk AL B A 22 2 250 pm ¥ Bl A R B P 5 3
P, HPREMESEIE 4.6 GPa, ZAILAKMEER 3
%o BEERJESG N, RS GRHTRRAC . 3RTE A0 KA A R R
J2 0 v b 5 BEL LR T 57 dfer T 2 DX 3R 9 AR T
MR, AR R R ZE X (50~150 pm R JEAL), &
BT 4 SON MR TR 2, (R WK TR 2,
DAL 17 B 4% ) R AR R SR AR T o IR 2 R A R
YA G, T 3R g KA TS K 1 2R )2 v 5 R =
WA, AT PRy 3 0 9 A A IS A DA 2 T 4 oK



2578 - My G Jm AR5 TR 5 48
300 300 300
I ® 200 cycles a ® 200cycles ® 200cycles C
200f & 2x 10°cycles 200F & 2%10 cycles 200} 4 2x10°cycles
s 100 i 8% 10° cycles 8x10° cycles 8x10° cycles
s 100t 100}
=N
2 | ot of
£4m:
2-200¢ ~100} ~100}
-300 i 7 —200F =200+
7400 L L L L L _300 L L L L L _300 1 s 1 1 L 1 L 1
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Depth/um Depth/um Depth/um

P10 3% 000 b KA TR 855 N 10 35 K g 73 A

Fig.10 Maximal stress distribution of surface nanostructured specimens during fatigue with different stress amplitudes:
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Effect of Surface Nanocrystalline on Four-Point Bending
Fatigue Properties of Commercial Pure Zirconium

Wang Yaomian, Cheng Jiapeng, Zhang Conghui
(Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The surface mechanical attrition treatment was used to process the commercial pure zirconium and the fatigue properties of the
samples were examined by four-point bending fatigue test. By observing the microstructure, characterizing the microhardness and residual
stress, and combining the finite element method simulation of the stress distribution in the four-point bending specimen, the effect of
surface nanocrystalline on the fatigue property was analyzed. The results show that the fatigue limit of the surface nanostructured
commercial pure zirconium increases by about 23% compared with the original sample. This is due to the fact that the maximum tensile
stress of the original sample under loading is located at the surface region, which leads to the initiation of fatigue cracks in the surface
layer. For the surface nanostructured sample, the microstructure strengthening effect and residual compressive stress are beneficail for the
fatigue performance. In addition, crack source is shifted to the subsurface layer because of the high strength of the surface layer. Therefore,
the surface nanostructured commercial pure zirconium samples possess better fatigue properties.
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