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Table 1 Characteristic value of stress corrosion crack

growth data of Ni-based alloy 600

No. Characteristic parameters Value
1 As received condition AR, MA, HTMA
2 Cold work/% 0~32
3 Processing method CF, CR, HAZ, HT, TS
4 Product form CRDM, bar, plate
. . C-L, C-R, L-T, S-L, S-T,
5 Orientation T-L, T-S
6 Yield strength/MPa 166~827
7 Load type CK, CL, PPU, bolt
8 K/MPa -m'/? 7~69
9 Temperature/'C 252~363
10  Dissolved Hp/cm® kg™ 3~80

Note: AR-as received; MA-mill anneal; HTMA-high temperature
mill anneal; CF-cold forged; CR-cold rolled; HAZ-heat affected
zone; HT-heat treatment; TS-treat surface; CRDM-control rod
drive mechanism; CK-constant stress intensity factor; CL-constant

load; PPU-periodic partial unloading
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Table 2 Evaluation standard of Pearson correlation
coefficient
Range Correlation
0.8=<|p/=1 Extreme
0.6 <|p| 0.8 Strong
0.4=<|p|N\0.6 Moderate
0.2=<|p|N0.4 Low

0=|p|A0.2 Extremely low or uncorrelated

* 3 XGBoost HZEMEESH KR

Table 3 Main parameters and description of XGBoost

No. Parameter Range
1 Learning_rate 1x107°~1x10"
2 Max_depth 1~15
3 Min_child_weight 1~6
4 N_estimators 1~300




%7 W

M4 ihas . T TPE-XGBoost 53 HER3E 600 & 45 1 J& i 40 e 3 R T i 7Y

* 2403 -

KiwZE, ¥ SRR Sz, KA SR 67
¥irZ (MAPE) ¥ RMSE {E R SE A 5 F5
P& AR 0 SR S e .

(18)

Yi

1 n
MAPE =ﬁzi:1

yi_yi|

3 HR5E

3.1 HFHEENHER

B 2a Al 2b 4 BN EREE 600 B &R LY R HHE
B IR AR S M o T A AE B BT . TR
Je i, bR A KRR AL B R A R 2K
AR, R AR R A R R R Er Hr . AL 2a AT
DLE Y, JE R R0 VA i T2 B 2 [A) 7 7R 38h R A {E
9 0.94, ULHIWE AE AN R A A S, H IR 0
FERFAE BB AVE 08 53, KT TR, Kyl
A5 ) A B BR A I TR ERRAE AL . A AN, M
FIHEE N T Ky IR T R IR R T S Ay R R
CGR [ /R ZENIE, WA S5 DH 534y
J&#H % CGR [ /R b R E 9 . NI 2b W] L
AR B 2L VT 20 | e B O B ) 58 BE R K
MWE T JERGREE . o R A, WAMAE S & DH. &
Gy R B TR A LREE. WA
MURFE & BRI, 285G R R b AH 28 SR 300 A Ak
TEE BV 4R, € S R AR 1 SR Y N g R S
R B BRGEREE . Hamki., BMEASE.
RO EJym . A T7 0. X R RS HUY 0 N
N LY RERAEAFEERZE, X5 A
ST A A B, e TR TR
SER g R MR RE N, Moy R R T
s BT RGO R BT R B RO R
FTH SN TH R R A A A R R R A,

Yield strength

Processing method

As received condition

IR T XL R E CGR 1Mk L 5 2
i e 5 JEE 48 K 4 PR AR S P IXOROF, 386 R 2SR v 1)
LA B, AR HE R R T R A
3.2 XGBoost E#HER

BARIE 600 & 4N 1R vh R L JE Sd BE ML 4y
NGRS RN RE W 7, HAh Ul gidESs 300 414K
W, AT IGEEE, WREH 40 HEHE, FHT PN
BRI SRR R . @ R UK 3. NiiH XGBoost
SR MR A UEG T, B R R 4 TR R 4R
F ke M . S FF M & [\ AL Csupport  vector
regression, SVR) ML Al 9 Sk I AL 45 ] . T
DB RS AE I R® AL Bl & Rl R i 1, M
RICHME MR . WA, JETAEZ M1 XGBoost
k. GBDT HiEM SVR Bk R2IHME T3 T4t
Linner %%, REIEE 600 &4 M HEMALY &
HEE SR EEZ M 2IERMIELE X R Hh,
SVR HykH LK & 5% w2 2, RMERLA R R 2
K, T fg 2 A% bR ETE 1 i o s TR S N AR AR
ZER RN . TR ) XGBoost 5741 GBDT %
VR SE B R? 4y 1 0.929 F1 0.924, MAPE 435Il A
0.140 1 0.129, #l & % B & 3% T SVR 5L M Linner
Hk, UiB XGBoost H % F1 GBDT H vk 7 b #E vy 4
JEE B0 4 7 T B A W

MR LR IES R Z R, SRILE 4.
ATLVEH, 4 FEZEME SR A A REE T &,
{H XGBoost fil GBDT % i 78 #ll i % - 1) R* Fl MAPE
EARFFR B K, AR EREEL 1, U
BERZ A BE B AL T Linner A1 SVR 5k, X2
BT XGBoost fl GBDT % i i it 14 % A3 vk 5% W 1F
TGS A, BT AR RE AR I 2R B AT R T
AT 3T AL SVR R Linner &3k, &
PETE SR, B A RHAE LA ROR L 4F il XGBoost

K 219 P

Temperature

Load type
Dissolved Hy
Orientation

Cold work
Product form

0 50 100 150 200 250
Feature Importance Score

B2 3k 600 & 7 i 5 S0 e B Bz 2R A 5% 1 23 A AN RF AL 3 24 HE

Fig.2 Stress corrosion crack growth data of Ni-based alloy 600: (a) Pearson correlation analysis and (b) feature importance

ranking
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Fig.4 Prediction results of XGBoost (a), GBDT (b), Linner (c),
and SVR (d) algorithms on the stress corrosion cracking

test set of Ni-based alloy 600
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Table 4 Hyperparameter optimization results of different

algorithms
Algorithms XGBoost TPE sgz;rlgh sIz:rncdh
Learning_rate 0.3 0.028 0.1 0.078
Max_depth 6 3 5 6
Min_child_weight 1 4 3 3
N_estimators 10 257 151 91
Time/s 0 47 1013.75 295.18
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Prediction of Stress Corrosion Crack Growth Rate of Ni-base Alloy 600 Based on
TPE-XGBoost Algorithm

Mei Jinna, Wang Peng, Han Yaolei, Cai Zhen, Peng Qunjia, Xue Fei
(Suzhou Nuclear Power Research Institute, Suzhou 215004, China)

Abstract: Stress corrosion cracking (SCC) endangers structural integrity of the nickel-base alloy 600 components widely used in
the water environment of high temperature and high pressure in pressurized water reactors (PWRs). Due to the complexity of the
interweaving influences, the existing prediction models developed for SCC are limited for engineering assessment by accuracy. In
this study, a non-algebraic model with multi-dimensional data associations was developed for predicting the SCC growth rate of
the Ni-base alloy 600, which utilized the TPE-XGBoost machine learning algorithm to describe the correlation between the
multiple characteristic parameters including stress intensity factor, temperature, yield strength, dissolved hydrogen content, crack
propagation direction, load type, heat treatment process and SCC growth rate. It is found that the TPE-XGBoost algorithm could
achieve rapid global optimization of multi-dimensional data sets rather than the local optimal values. The obtained SCC model
with sound generalization ability demonstrates potential engineering application on SCC growth rate prediction of Ni-base alloy
600 components in PWRs.
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