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Abstract

Nozzle-header structures, serving as core pressure-bearing components in critical fields such as
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nuclear power plants, petrochemical engineering, and aerospace, often operate under harsh condi-
tions of high temperature, high pressure, and cyclic loading. Geometric discontinuities in these
structures can induce stress concentration, leading to potential ratcheting effects that threaten
equipment safety. Internationally, the ASME III-5 and RCC-MRx codes are the primary assessment
criteria; however, engineering practices predominantly rely on cost-effective elastic analysis. This pa-
per focuses on elliptical headers with nozzles, presenting a systematic evaluation workflow based on
ANSYS Workbench for both codes. By comparing the differences in elastic analysis results and
providing a process template, this study offers a practical reference for engineers. Finite element
analysis revealed significant stress at the nozzle root, and subsequent ratcheting assessments indi-
cated that the ASME standard yields more conservative results compared to RCC-MRx. These find-
ings contribute to safer design practices and facilitate code-compliant evaluations in high-stakes
industries.
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Figure 1. Structural three-dimensional model
1. G =4EER

2.2. MEXIS S RhERE
AT WA RI A B, 7R AR B Ty ) L% B 2 2 500, WA a0 179,673, Bt 80k 32,292,
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Figure 2. Meshing diagram of the model
2. RBIWER S REE

ABHIEF 316 NEFENMELHHATH R ITCEE S 98T, AFERE PR SEIL N E 1 s, M
RIEE VR T ASME 11-D k5.

Table 1. Parameters of 316 material at different temperatures

=1 TEIRET 316 MRS H

= AR E PUHLIRE Su JE ARESE Sy
C GPa MPa MPa
200 183 496 148
250 179 495 139
300 176 495 132
350 172 495 127
400 169 493 123
425 167 489 122
450 165 482 121
475 162.5 474 120
500 160 463 118
525 158 450 117
550 156 435 116

2.3. BITMAFRFHE

AR SCASE FH B0 SR SRR R A8 FH Ay 2 S i P A A 8 P A, WIRAELE , K/NA 1 MPa,  AhEE
ik, FEIRRBOKE Y 30 Wim»'C, R B MEANESS A N BE L, a0l 3 P, il EE 3 X N AR IR S 5%
PR LIRS RN T 1] 4 s o
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Figure 3. Diagram of temperature load application locations
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Figure 4. Temperature transient conditions

B 4. REBISEMT

WK E N 1 MPa, JINTES Sk LA R A BE b, ik 5 Fas, i T A R AR AE 7 AR 44 i
T PR 55 It A0 4 7 142 1 S L=

FEFF S 25 ) 4 JE Bl o 1L AN B2 A 25K, A 6 P
3. ARRTER

FEFE LG (= ZERR Y, IR BE B AT WU R PEEAT + MU REAT T8, SR

DOI: 10.12677/mo0s.2025.144314 621 5 1 A


https://doi.org/10.12677/mos.2025.144314

fiTHop 45

B+ WU IESR T 280 G R s IR 1A 7 fros

000 400,00 800.00 (mm)
. —

20000 0000

Figure 5. Diagram of pressure load application locations
5. EAHERMIEREE
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Figure 6. Diagram of constraint condition settings
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Figure 7. Equivalent stress cloud diagram under thermomechanical cyclic loads
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WRIEAS BRSNS =BG RAT R Y, AEAHUIE I B Tl A5 AR b Sk 1) (0 A AR 0 DX ) 25
RN AR, RIRFRES, FRN I KETL 313.34 MPa, ziid Sk HARER AL . 102 il Tl 4
A7 51 A IRV FANE 77 5 WU AT 7 AR R G5 e sk B, LRI AN IESEE Rl 7 R s, Az X80
SRR KUK, S SR A PR AR T RE 2 LR AR R R 0L, DRI BEAE o e ROAR Pl 7 =
FAF BRI, BRI 8 fx, 20l iR = 2k Eg4E B RS RS B I R 2% 2~5 Pros, #E—Ex)
P =2% Bt il Path2 7R3 0L N IAF RN BN, iy + HUBAEAEAT T3 PL+ Py K55
KON B i 191.440 MPa, 22 i T HABR AR . X2 Ky Path2 A T 18 HESLER MR E, KX
A BAERESE 2, v UG R 22 Path2, 2 J5 HUBREE VT i LA SR B A5 1 1 B 2 A Bcdis
NBIBEAT, b PONTERRN TS, Py NS R T

Figure 8. Stress path diagram at the root of the central pipe connection
8. PRIEERMINNBERIEE

Table 2. Equivalent stress values on three paths

=2 ZHERBRELNFHNNE

s 5 A1
T N N Ay
BRKEMRN ) B/NERRLT] PR
Pathl 126.35 101.08 112.29
Path2 215.7 115.44 148.11
Path3 210.31 107.64 139.51
Table 3. Stress linearization data of Path2 under pure thermal load
52 3. diETT T Path2 AR 2k ML 338
Sx Sy Sz Sxy Svz Sxz SinT Seqv
PL 0.528 0.423 —1.786 0.511 0.000 0.000 2.775 2.430
Pb _ _ _
(inside) 1.251 1.898 3.427 1.725 0.001 0.002 3.607 3.559
Pb -~ _ .
(outside) 1.251 1.898 3.427 1.725 0.001 0.002 3.607 3.559
F?L + Pb 1.779 2.321 1.641 -1.214 -0.001 —-0.002 2.487 2.192
(inside)
P+ Py 0.528 0423  -1786 0511 0.000 0.000 2.775 2.430
(center)
PL+ Po N _ N
(outside) 0.723 1.474 5.213 2.236 0.001 0.003 6.381 5.687
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Table 4. Stress linearization data of Path2 under mechanical load

4. HIWETET T Path2 MR h&k ML R

Sx Sy Sz Sxy Svz Sxz SINT Seqv
PL 39.291 16.248 148.090 —-0.652 -0.010 —0.006 131.860 121.970
(insitzje) 56.931 71.705 33.731 —66.758 0.038 0.005 134.330 120.290
Pb —-56.931 —71.705 —33.731 66.758 —-0.038 —0.005 134.330 120.290
(outside)
(F:;; dPe; 96.222 87.953 181.820 —67.410 0.027 —-0.001 157.270 147.430
PL+ Py 39.291 16.248 148.090 —0.652 -0.010 —0.006 131.860 121.970
(center)
PitPo 17641  -55457 114360  66.106  -0.048 0010  219.660  192.240
(outside)
Table 5. Stress linearization data of Path2 under thermomechanical cyclic loads
5. # + HUMTBIFETT T Path2 YR D4k M 1L B4R
Sx Sy Sz Sxv Svz Sxz SINT Seqv
PL 39.815 16.669 146.270 —-0.144 -0.010 —0.005 129.600 119.720
(insibde) 58.183 73.599 37.201 —68.479 0.037 0.002 137.820 122.760
Po —-58.183 —73.599 —-37.201 68.479 —-0.037 —-0.002 137.820 122.760
(outside)
E;; dF;; 97.998 90.268 183.470 —68.623 0.026 —0.003 158.070 148.840
PL+ Py 39.815 16.669 146.270 —-0.144 -0.010 —0.005 129.600 119.720
(center)
PL+ P -18.368 —-56.930 109.070 68.335 —-0.047 —-0.008 217.720 191.440
(outside)

4, M IEER SIS E
4.1. EF ASME Il -5 ¥R ER S VEE

ASME-I11-5 FrE R B 7 =ttt 2B i 5 ok 0 Wi A4 2 75 & A2 S 2380, 40 )2 TestA-1.
TestA-2 DL K TestA-3, TestA-1 fil TestA-2 & L T HANSEL, Bl—IRNIZE X M IRNIZEY, &

AT
_(PL+Pb/Kt)max
_S—y
% :(QR)max
S

o))

@

S W S 2 B R R A PP R IR, HLrh TestA-1 3d& I T-FE AR R 793 S P FEE 40
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TestA-2 J&H TR 1 558 LRI BRG] (Qg ), B9 IR A AR T IS (KPS BERAR T %44
b AR P TR PRARL, T L 1) S R v D) Ay -
X +Y <1.0 (4)
TestA-3 & T A 44, (B2 5] R 5 i A8 T iR 3 A 3 4 75 e OO VP o T A2 12 1R 56 il 22 T s
AF ] 20, A AEL LIRSS V-2 2 MR U1 T 3, 7 B PR AE RO .

P, +R,+Q<min(3s,,35,) ®)
>.6<0.2% (6)
3(4)/(t,) <01 )

U B X = AR L A AT = — AR R] LA SR RS PR il e, e R A RS R A
4.2. EF RCC-MRx MIEHBmEIEE

RCC-MRx FFE 0 TG 26 1F T, T EHE S R  th BRAE 2T R A B e/ 2 U5
— IR A4 SN — YOS T SR K IRk SRy A SRy FEHEAT T4

SR, = Ag/max(o,,) (8)
SR, = Ag/max (o +®a,) ©)
AR AT 20 1 — K LA 1) 20% B R R v B v, RIS 2 300 A 28— DRI g 3 B R 28— 1K
[ I3 EE Py A Pas
R =max(c,)/v, (10)
P, =max(c, +®ay)/V, (11)

AR RIS IS OL T, T B Py AT Py AT BRAERAL VP AE s ZEORTIAL P, <Ky Spv Py SK Ky Sy o

AR AN T 20, R AR I AR I AR LR, G4 b SRR R R T«

1) AR MR J 58 L 1.25 5 PR RIS + A SCIEAR B AR AN B 1T Dmax;

2) RS RN IE B R0 NG R FE SRR 1.25 N S0P AT + A eI A8 B A8 AN it 2Dmax.

Horr, BVERAR AT LIRS RB 3261.1123 45t (i SRR HE, AR AR ] IRYE RCC-MRx Ff3x
A3.3S.54 Tfi &, Dmax MIEIE IS 3% A3.35.46 15 .

43. TEELER
ATHLUTHEEAE Path? —imfik T 316 AORMIIRAZIR R, — S e TR0 it VG B0 048 Hh ) die IR
FRE(425°C), WUk +F TestA-2 #EATIRIE(E 6).

Table 6. Evaluation results of TestA-2
5% 6. TestA-2 i ELE

PEAZ TiL TiH SyL Kt PL + Pu/K;
Path2 200 439.05 148 1.25 185.456
(Qr)max X Y X+Y X+Y<1 PP gt R
6.381 1.253 0.043 1.296 % ANjEt
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MR FZ I 73 W AR BT 1) Py 5 4 L A P #4932 B Ky 435.06°C, K1k #| RCC-MRx #i
S A3 T H T 2 AR R T S PR AL (450°C ), PRI 8 23 T 5 A5 ) PT Zm i 3R 1) RAEL VY & T T & RCC-
MRx HE P e M A PR E 45 R (R 7).

Table 7. Evaluation results of RCC-MRx
52 7. RCC-MRx i EHER

FEAZ 5 e il P Max(om) Max(oL + ov) Max(Aq) SR: SR,
Path1 435.06 129.6 196.56 71.67 0.553 0.365
Vi V2 P1 P2 K_dpl K_dp2 K
0.981 1 132.052 196.559 1.3 1.3 15
Sm K_dp1*Sm K*K_dp2*Sm P1<k_dpl1*Sm P2 < K*k_dp2*Sm Rt
102.196 132.854 199.281 & = bGiBu
5. &g

A A ANSYS Woekbench BRAFZEAT A R IG /0T, Xy B AR IR 3 S AE PR R 2 A 1R T 1
AR IC M aE AT A SR, @ SIS 1A BRI FE TR AT, A5 3 T kNN )
DAL TR, TEREE R BN R IR BN R E, AR R, ik, N TE
TR TR X I N AR IE L, BRATIE R NG R 23 BE AR SR N ) e MBS, O 5 SR e 7 i
59758 TAERME T SE M EE S . RN )t #ds, 8T ASME 11-5 F1 RCC-MRx FiFE o i) 5
P W T35 AT BREC VT8, TEVEE AR T, MRS S I AN R PP e Ar e AN 25 5, DL ASME
PR AT PR E I BRI, X R 1R ASME Frifk, 782/ (A [ B Sk AE AR AR A 1 FH R 10
VIR I E, SR RCC-MRx VG o€ AT LUEIS, Kt ASME AR 7ESEAT IR 1T € I 5E
IRsF . X—ZRRW, ERATHEITEER, ASME brfErEXS B RARSE, X5 A4 (1 22 41 BR T4 .
1M RCC-MRx R LE VT 72 1% 45 4 I T 22 AL HH AT 56 A BRI AF 2. ASMIE A B AR ST PR mT T i XUR: 3 55 1)
A%, RCC-MRX BT (138 FH 4 U 0 T RE B R A o RS IVl B 42, DAL, 78 S B TR R FH o
BRI E RV 75 B 455 25 R AR 1) HARE SR 22 e bRt
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