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Abstract
Alloy 617 is a high-temperature nickel-based material with excellent characteristics such as high
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temperature resistance and corrosion resistance. It is a primary candidate material for high-tem-
perature components in the fourth-generation nuclear reactor systems. ASME III-5 only provides
data for five materials—304 stainless steel, 316 stainless steel, alloy 800H, 2.25Cr-1Mo, and 9Cr-
1Mo-V, required for evaluation processes. However, ASME Code Case N-898 supplements data for
alloy 617 and is expected to be incorporated into ASME codes in subsequent revisions. N-898 also
introduces an elastic-perfectly plastic analysis method for ratcheting evaluation of alloy 617, which
can replace elastic analysis methods and simplify inelastic analysis methods. This paper, based on
the creep constitutive model of alloy 617 provided in N-898, developed an Abaqus subroutine using
Fortran language to implement ratcheting evaluation based on the inelastic analysis method. Through
numerical examples, a comparison among elastic analysis method, simplified inelastic analysis
method, inelastic analysis method and elastic-perfectly plastic analysis method was conducted,
highlighting the advantages and disadvantages of different evaluation methods.
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IR IES] o ST HER TN 43 S A JE AR, Sl o B AT ) — S A A RN AT R,
MITTAFAESE R 1 22 425 AL AR T 775 =2 L ASME [HI-NH 433511 Bree BN SEAT BREE 2047 5
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ST, HTT VR A 2 /N B AR B (1 B AR PR A SR, i R 5 P AR 2 R 00 4 S AR
BEATREE, DAPRHI RAR AR N AR, e rp 44 S AR B B 7E 398 S B8] P9 5162 H AR R S AR 1 N ) 58
S[8] IXFH I IEANE F FAF REEIFAALE AT AR LR (W 20, T 52 B35 50 il 1 3mr 1) 55 EL A2 AT . Omega
WP . 1% 05 ik ELR R VRN A B A BV Ve IR AR BIRIESE[9] [10]
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2. ASME #3261 N-898
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Figure 1. Flow diagram of elastic-perfectly
plastic analysis method
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Table 1. Parameters of the plastic constitutive model when T <750°C

3 1. T<T750CHI, ZBMAMIRE S

T/°C oo/MPa K n
427 175 0.056 1.96
450 170 0.053 1.97
500 166 0.050 2.01
550 165 0.052 1.84
600 178 0.067 1.50
650 209 0.13 2.13
700 206 0.12 2.29
750 205 0.093 1.55
i T > 750 CHY:
0 c<o
%In(l— Gap__o;o J o>0;

(4)

®)

X, oy WIEARSRE, o, AR J1, 6 R — MR R WA i A 5 e 5 2 AN AR 82 Fr) i

REEL, BARBUERER 2 g

Table 2. Parameters of the plastic constitutive model when T > 750°C
2. T>750°CHY, ZEMARMIERISH

TrC o1/MPa op/MPa 0
750 228 522 9.70
800 178 317 355
850 50 214 482
900 51 164 1250
954 54 122 1240

T 617 &4, MILE/NTEEET 750°CHE, 224N Tk, WifE 850°C LA B ER, MRS
ik, FHHJLFese 2P AR [13]. N-898 4 7l{fH Ramberg-Osgood A #J# AL F1 Voce AF AL

I TP .
WA
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Table 3. Parameters of creep constitutive model
5 3. BT AWRE S

25 g4
& 1.656 x 1077 hr!
A ~4.480
B: ~2.510
B2 -3.174
b 2.019 x 107 mm
k 1.38064 x 102° mJ/K

X2, 617 IR S A AL IR BY DI B 22 QR s :
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A, v N SERBEMHKPIAA L.
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Figure 2. Schematic of the radial opening structure for spherical head
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Figure 3. Mesh division
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Figure 4. Stress linearization paths for stress evaluation
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1) AR rh YRR L B T S U LA [R] J 10,000 /NN IR X821 1,258, , b, S, (R EL7E N-898 H
FH% HBB-1-14.4F i

2) AR H B PR e o A B (S T Je AR B PSP L

XS A-2:

X +Y <1 (11)

HE RIS A-2 AT PRI, 75 BT L — UL 5 P 55 KA B (Qg ), FITRT IS BB JB2 7 1] ) - )
RJERAR T N-898 Hi3 HBB-T-1323 45 tH Ui/, I 1090°F (588°C), PHULASCIEHI A A-2 KA 1T
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Table 4. Evaluation results of elastic analysis method

4. BESAETNER

W E P/MPa e X Y X+Y <1
Path-1 0.4140 0.1993 =
6 Path-2 0.6856 0.1986 P
Path-3 0.3097 0.1813 P
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Path-1 0.4830 0.1993 2
7 Path-2 0.7998 0.1986 =
Path-3 0.3613 0.1813 &
Path-1 0.5520 0.1993 P
8 Path-2 0.9141 0.1986 5
Path-3 0.4130 0.1813 R
Path-1 0.6210 0.1993 2
9 Path-2 1.0283 0.1986 =
Path-3 0.4646 0.1813 &

4.2. EAEENE ST E

HNE BT T IEARRT 5, (H 2 ) OR A, 80 T A AR 20 AT 502 mT AR PR <7 P [14]. ASME 115
HB 704 B ks 44t 7 Wi4Likes ik, Hoh, 56 B-1 (0E H TR R JyaT LIS I Z5 ), 1iikie B-2 /]
DS FAER I SE s, (HEE oA SRS o IR S5 v (R0 (BB AN T 228, TR AR SOKs
AR B-2 #4704

I B-1 AL B-2 PR IRFEIE A —5, #B& 18 A B T 30A5 20 1) — VORI KB 77 3 SR 8 6 3L
WEARNL ) oy = Z S, T TS50 18 7 AR 28 A1 1.25 4 A 005 A 18 7 8 7 S RS I AR AR L o,
S, NUTEEJE BN TSI T B AR s Z A R AN IS H, AR B-1 ARG B-2 T i M
Kl HBB-T-1332-1 fI[& HBB-T-1332-2 H13k45, fEHMEHT T iEFNE X FY 1€ LAEHKARIEH, H
B S, BN S,

T 617 &4, R HIEEANET 1, 200°F (650°C)i, A il LidiRE B-1 AR B-2 K470k
VY, ZTVELGRR M T A E PR R . BRIVEI S R 5 PR U RIS KR, 7R
GERANTELL AL (1) R AR 38 B B WK T 5 0 2 X ek, 4 RIS 3 11 MPa i, A5 A0 AR 33U 231 7 VR
TALIEIS VR -

Table 5. Evaluation results of simplified inelastic analysis method

5. EHIEBMDIRSERTNER

Vg3
W E/MPa BB z
THEAEI% FR{E/%
Path-1 0.5882 0.05522 1
8 Path-2 0.9846 0.09968 0.5
Path-3 0.4474 0.04198 1
Path-1 0.7714 0.07291 1
9 Path-2 1.0929 0.15575 0.5
Path-3 0.4929 0.04625 1
Path-1 0.7435 0.07012 1
10 Path-2 1.1969 0.35074 05
Path-3 0.5524 0.05184 1
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=
Path-1 0.8154 0.07747 1
11 Path-2 1.2208 0.50787 0.5
Path-3 0.6077 0.05706 1

4.3. RS E

WA Fortran 5 544 617 A &k A AK /7 #2490 5 B Abaqus F G AS FRET, AT SEIL T X &5 44
(S S HT

1247 10 Ji/NIJE, MR 11 MPa S5k AR S OEE 5 g, nTLLES], B i
1 f K 2 B AR IR B KAE 2R 0.97%, 359/ F 1%, AR WS35 2 N AR BRI A9 2R . 1 4 R3S m ) 12 MPa
I, 25 A HRAZTE S K 2 R R T 1% A7 B, by il 75 8 20 T B30 T 8 )~ 1 I A R L 5| RS P R T AR o
S5, WEIEH] 14 MPa I HI AR 2 47 07 1205 vl 8 PR E

E, Max Prmmpal (Abs) E, Max Pnnmpal (Abs)
(Avg: 75%) (Avg: 75%)
+9.679¢-03 +1.010e-02
+9.615e-03 +1.000e-02
+9.551e-03 +9.905e-03
+9.487e-03 +9.806¢-03
+9.424¢-03 +9.706e-03
+9.360¢-03 +9.607¢e-03
+9.296¢-03 +9.508e-03
+9.233¢-03 +9.408¢-03
+9.169¢-03 +9.309¢-03
+9.105¢-03 +9.209¢-03
+9.042¢-03 +9.110e-03
+8.978e-03 +9.011e-03
+8.914e-03 +8.911e-03
(8) W11 MPa (b) W4 12 MPa
E, Max Pr1nc1pal (Abs) E, Max Prlnclpal (Abs)
(Avg 5%) (Avg 5%)
+1.084¢-02 +1.205¢-02
+1.068¢-02 +1.179¢-02
+1.051e-02 +1.152e-02
+1.035¢-02 +1.126e-02
+1.019¢-02 +1.099¢-02
+1.003e-02 +1.073e-02
+9.869¢-03 +1.047¢-02
+9.708¢-03 +1.020e-02
+9.546e-03 +9.940e-03
+9.385e-03 +9.676e-03
+9.224e-03 +9.412¢-03
+9.062¢-03 +9.149¢-03
+8.901e-03 +8.885¢-03
(@) WHH 13 MPa (d) WX 14 MPa

Figure 5. Contour plot of the maximum principal strain
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SR, PRIAE A B ORI O A rh S R AR — B 05 AR 9 MPa i, BRI P9 I #id 72
SR AR AN R AL AR U R AL T2 e IR DY 10 MPa i, FE S ] R A m 2t 7 o
DR A REYE R R R AR, (BB PR ORI 3G I A5 R N AR A S B A IS BN EN R A AR AR,
I 25 R A T2 e IRAS s MM RN 11 MPa B8 12 MPa i, 78 4 3 AR 0E R it A v 25 20008 1k B AR 2=
FEAEI B IGINIZHT BAR, LI 25k th g b TR IR -
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Figure 6. Equivalent plastic strain history curves

6. FAEBM RN T HIEML

4.4. Hatt - IRIBEBM TS

TEAS B - FRAR IR 0 A 7 VAT MREC VRAN I, TR EEIED IR B G IE Y H AR AR EE R DA 4 SR
PR B2 AT AT [15] 0 AEAIR It R, R 4 kAT 2 FEEIE T BARIEHPERIAE A 0.1%.
0.2%VA % 0.3%3X =FEHL, THEAEIMBIERARWE 7 B, 24 B ArIERPERN AR KT 0.1074%5K, %
TRy B AR W 26 F0 H AR RS R ARAF B (1) S ) Sissc KT BEA By (1) Jf ISR FE, LI Sade B Jee Al B2 A
24 S R B AT IR B 40 AT, A T TR, B4 T AE N R 9 10 MPa 1 11 MPa i BL Sisse A
4 S PR P 1 25 TR o NP rp Al ] DU A SR — B Sisse A4 XU RIS 7, T 55 45 2 id Tt
BN H AR RS AR SR 4 SR IR AE, S ECBEPERIASIE N, ARk N AR v] g 5O IS
RASRAE . ESRORSE, (H W] Re 2 PSSk A A BT SORE R BRI 80

TEIE AR R - ERARYE R AT R AT T, 2% B I E AR SR AR 0.3% 0 i% F 1 44 S
i 5 H AR AR R AR 0.2%H FELARR], PR IGFE AR S0 PPAN B3 FE 0 E bl 3P R 5 0.1% 1 0.2%,
BHARBIIT 45 R a5 6 P .

IR HH PP S R T A, BRE FTIROR B B bR RS AR 2 4 SRR E R R, SEUHER
SEPE N AR (s, AE DA 2 PR (R RS g T 19 3 ) SR B AR 5 B AR R SR B AR A I &5 R, TEARS
B, i BRI B ARAESME N AR 2 S ECE IR ST VP 45 5 . fE N RBURET, SN B H AR R B
XSG, SRR RN B AR IR AR DL BRG] TR R B, TS B0 A B AR 2 (5
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Figure 7. Plastic strain obtained from calculation
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Table 6. Evaluation results of elastic-perfectly plastic analysis method
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