EARVE I S § =1 Vol. 37 No. 4
2022 4% 8 H JOURNAL OF EXPERIMENTAL MECHANICS Aug. 2022

XEHS:1001-4888(2022)04-0528-13

ETHROHEERZITHNESTENKE
HATHREZTHFETN

FrEt, R E L

(P2 TR R ST LR 5 7 B TR~ e . BRVG P %2 710048)

BE: AR P R4 K E A% KT 547 3 R, 38 AR R JE 5 X 5o 4 2] ST AR ) AF AR g AL
Y REREAX A NARRTRAAGLEHOBEFRBREE AL T ARAEMER, KA
BAG B FR A3 7 i 5 456 Miner KA R AR AT LI o7 F 9 0 A7 . 35342 88 K T4
BB B RO REFARAEFE AT R, EREFT.HRARTFZELTHRT. A
LAy AT R R IR T B A TR 69 AR A FR A iRt O ik T A R R MR

BRI BEAE,

KT BRI F; MG AR S FeTN; BT A RTEM

hE 5 EKS: 0346.2 XEkARIRAD : A DOI: 10.7520/1001-4888-21-146
0 5lF

Vg [R] 2 4R 5 2% B (Shanghai Synchrotron Radiation Facility, SSRF) J& — & [ A 4e 3k 0 vp REZE =
AR T) 20 0 ST 24 2 v PR T 8 0k e A AR 5 A 0 S TR A A R N A T AR L R O
TEYIL Ty 1] = A R 20 B A O o ] 20 8 S O PR 68 B B e L 6l B AR K, O BB B HE B L W5 7E A IR &
S w0 51 R Ak AR b B ORI DR A R S O TR R 2 R B M R A AL 32 A A AL
(6] 25 558 7 A 1 22 4% v BB A ORE 9% I XG5 BR Xt B9 IRRE ER Aot 1 R R S04 T
PR B GRS Horp e BT MR B ) O S s RRAVE RO oo R . B AR I o XA 4
FETC A HEA B 1 TR TR 2B Gl MBS I 0 2 R JE A R 4 i R 6 T A i E R
(Premask) JEF #0648 1(Photon shutter 1) [ & Y6 1( Fixed Mask1) [ 6 2( Fixed Mask 2)
A F 4% 2(Photon Shutter 2,

SSRE it 5 3t i 9 X 1 [ 5 S B (Fixed Mask) & i 82 PG 2 — H E 2R Y W IE
WIS ATIN S XA PR OGoR HEAT 2 ORI 5, WA B3 vh O DG AD 1 42 B O R T 24 BRI e A TR AR I AR
P15 SEAE /K ¥ O S OGS0 B BT . SR T S 't R PR Sy S 7 32 A R 1 ) 25 i A AR B AR, SR T UK
V- 7 ) B SR XV RS A 't [ A2 ' T B AT R e A KV A T, AT AR K R B LA |
T Y 7K GE 2 ) 238 A PR A 2l S A B R SE R AN 1R 2 B

PICTTAIF R 2 3 i D) 35 5 0 IR T BEAE ol P 0T R P4 22 4 IR A3 o o LB F iy SR AR 2E5K . H AT
R A% 1 55 = AR ) 2 i S 2 ) O T v P R A U AT 0 B AR R AR SR L ARk, PR A
PN 5 = AR TR 25 A S 2 5 2 S R A G S DO AR TR 5 e e b TR R i P AR e

* WFRBHI: 2021-06-12; €@ HHE: 2021-07-09
HEEWMAB: EEAAR =S (109751300 % Bl B K 8 2= 5 4 P % 51 45 (201406340014 )
BEMEE: BIRA989 —) o Wit i, REIF T A RN 594557 . Email: 45876713@qq. com



55 4 1 BRERAE T U0 2R BRSO () 20 0 2 B O Tk B 97 A i o i 529

1 2 3 4 5
SR e .
[EE =~ tg i u tﬂ ; a l [
YIIg{rTTIIf[YhIGIIYYI|:lI]|l|rfTT1|f[1[2 llllllll [1r3 IIIII TIII];[[ IIIII 1115 rrrrrrrr ]ilslr['['llirLl; rrrrrrrr [1Yaltlnl)
171 5 6 296 RE 3-[if] s G 1 4-[] 52 2 S5 PEHE2

I N TR A=Y |
Fig.1 Layout of high heat load components on the undulator front end
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Fig. 2 Structural Schematic diagram of a typical fixed mask(unit: mm)
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Fig. 3 Stress-strain curves under three different temperatures of Glidcop Al-15
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Fig. 4 Dimensions of plane and holed specimens
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Fig.5 Photo ofthe drilled hole on the fracture surface Fig. 6 Relationship between fatigue life and plastic
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Fig. 9 Comparison of high loads between conditions of normal beam on and beam drift
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Tab. 3 Predicted thermal fatigue lives for Mask2 with Miner linear cumulative damage theory
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Analysis of thermal fatigue life for high load component
at synchrotron radiation facility based on damage tolerance

YIN Yan, LAI Xiankai

(School of Urban Planning and Municipal Engineering, Xi'an Polytechnic University, Xi'an 710048, Shaanxi, China)

Abstract: Low-cycle fatigue experiments were conducted to obtain the crack propagation equation of
the material for the components at the front end of synchrotron radiation facility. The temperature and
the elastoplastic stress-strain are simulated with FEM for a typical high heat load component. In view
of damage tolerance design, the crack propagation equation of the material for the components is
introduced to predict the fatigue lives, combining with the Miner linear cumulative damage theory.
Meanwhile, a thermal fatigue life evaluation method for the high heat load components is ultimately
provided. It is revealed that the static strength design method is too conservative and the local
equivalent strain model is not reasonable and comprehensive for engineering. Therefore, the finite life
design method based on damage tolerance theory is accordingly proposed, which aims to improve the
current conservative design method and to promote the overall performance of the facility.

Keywords: thermal fatigue; damage tolerance; fatigue life prediction; high heat load component; FEM



