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Fig. 1 Geometric model of RABDs assembly Fig.2 Finite element model of RABDs assembly

1.1.2 #RHEE
FHLRREDE A AR N 316 ANEEAN, SiPER Ry 201 GPa, JAFA LM 0.28, Ji IR 11 4 340.68 MPa, % FR
Vi 714 887.8 MPa.
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Table 1 Parameters of RABDs in numerical simulations

A/MPa B/MPa n c m
340.68 116 0.61 0.01 0.517

045101-2



540 % AMESCET s ST/ AT A5 B R B AR 1 S B e S v e st it 54

K J-C Je BRIl A S e ) R B, RRCHHE D v Rk
D= [D1 +Dzexp(D3@)](1 +D,In i)(l +DsT") ?)
g &y

KW D, D, Dy, Dy D AMEVRSHL, Y D=1 B, 45K Rk A 80 W3l o — R 50 i i B 5 e
A6« AN TR bR 20 g A A B AR SR XTI G R , 7R = A v A A A ) B A A
& SRRSO AR B e S AT R R R TR RO AR AR AT o S L, DR, B RS A R
Bl D=0.31, %07 WA 30T BLAER AR AS U2 A3, RERS & BEA AL o #0728 3 & A0 AR R AT 17
1.2 BRTER S IIE

121 5X#EER*TE

SCHR [18] XF - 1 18 1E SR A (% S F T iR A7 1 i e DL S BB DL, R A4 RL R 304 N5
B, R AR IE T Y J-C A R A AT SR [18] HY 304 55 8 0 55 B LA 8507 R, X6 o7 A B A5 401
5 5 SCEREE A XT L] 3 FrR o X TR AR R 0 R AU SO A, ARSI 2 SR 5 SCHR [18]
AR L SR 45 SR — B, DLW R BT A A AT AR L AN, WSR2 BN, BEILE MR I ) 45 R
SCHR [18] i 56 25 S A9 A R 22 88/, AR 3.3 %, AT LLIA Ry, ASBIF 53 6 7 1 BOEURE 0 7 0 43 % F 16
B 77 77 T EL A v AT A

(a) Test!!¥ (b) Simulation!'®!

B3 R ikt 50 ARO[

Fig. 3 Comparison of test!"®! and simulation failure patterns of rupture disc

(¢) Simulation, this work

x2 BHAMTESRE"™ RWEHIEE

Table 2 Comparison of simulation and test"'® burst pressure of rupture disc

Method Burst pressue/MPa Relative error/%
Test!® 125.17
Simulation!"® 135.55 8.3
Simulation, this work 129.24 33

1.22 5G4 RIIEE
K FH T P AR S i TR 1 6 i A BRI R 4 F R AT i R e, AR T 1 R SR A e T Bh
PR IAE, X586 i S BRI A A0 [ G2 e S S R R AT TR AL AL B, T AR S AR 6 25 A a0 18] 4 BITaR (B RE S5

Direction of
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Cone tip y - Simplified clamping
N structure
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// booster cone
7 ( Cone tip
(a) Three-dimensional view (b) Floor plan

Kl 4 bl R i A F R AR A 1A
Fig. 4 Simplified structure of RABDs for test
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Table 3 Dimensionless geometric dimensions of bursting discs with aid-bursting ring cones
d,/rp dylrp
0.31 1.5 1.25

Hiry L/ry blry

0.01

Sample Liry

1 0.0125

0.0375
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Fig. 5 Comparison of calculation results between
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&, Byt m T .

R B LR A SRR i, BRI 4 DM SRR B, o R R A B
L, JEEE H. FAE d, I f R, BUETE R 43515 1.8~2.2 mm. 0.04~0.08 mm. 6.0~12.6 mm Fil 0.5~
2.0 mm,

AR 2. dE AR BT RS BIRE A S R AR AL 0 R A i, FEAS B B2 PR, T IR A2 iR RE
FER D BT B R R R /KO 19 F2 8500 RS AN, $2 = M5 BRI R . L, SR A IERC I ik 4R
B 42 AR BEREA S A, ISR 4 s . $LT 87 J7 (Latin hypercube sampling, LHS ) 317 7 7 7F 42
23 [ S 3R, 38 A R AR BAELI, AT AR BRI AR AL 2 7 5o s . SE Tk, WISR AR TS
W7 AR B 100 MIKS BEFEA 4R 6

x4 BUHTEEOHALRE

Table 4 Sample values of design variables

L,/mm H/mm d,/mm R/mm
1.8 0.4 6.0 0.5
1.9 0.5 8.0 0.8
2.0 0.6 9.3 1.0
2.1 0.7 10.0 1.3
2.2 0.8 11.5 1.6

12.6 2.0

Note: considering that the variations in arch height and thickness are relatively small, fewer sample points were selected.

APIR 30 SR | RORS BE A FROTASE Y 3 1) 530t A WA A A5 18 o 7 (L R TR ) o

IR 42 BT LAE 100 AMIORE BEREAS A5 42 A ok BERR AR A B BB 0 LA 2R, s 23 2 e AR
HASEIRY AL IR T2 2004 i O R T ) 22 18] ) PRBOG &R

AR5 X R B 2= v B MBS R AT R RE A I, AR B AN Bl R B EER, W 0 MR AR AR ik
Frab it 5, BRI REIAR

FEBETH 23 (6] A BEALAE I 8 SR A R A D AR B SRRG 2 23 BT A B8R4, ) SR H 20 )2 o HL 4 AR B ASR
TR0 o N JEE A BIR G ASE TR o 6 4 4 i O (L AT B o AT ARE, SR AR OGS R 25 6 AN — Ak 1 07 R i 22
Dy VAR ZE RN, BoAiE 73 2= v B ACRAR RS (i 1k o ok 2 MR 22T HEE Rk 0T

5= % 100% 3)
Yi
D= 4|3 G 100% @
i=1
s 3 A BRI T A R 7, v, R R 35 100
AR BN AR ST, YRy AP, L 30f
A5 2 TT DR 6 40 A AR TR i 2 25 N g
B T — 305 AR M MR R XA 7 20f S / N ,
BB R P 6 i T RS AR § s 5
MRS HILE 8 A BEHLREA S SRR DB 2 10 Resuliof R
FORIR 2, TTEL A B, R E I AR T oas) PO e et
H11.69%, H 48 K FB 73 FE A £ 00 AH X152 22/ T 010
S%e. WA, 43Ik o e A T AR T 458 W P ) Sample point number
R IR IR 2N 8.57%, VL 255K, 6 QBRI S
@TLE"J ﬁ}’ Eﬁié‘z\ ﬁ:ﬁ’fﬁﬂﬁi‘ﬁ{ﬂﬂfiﬁiﬁ%bﬁﬁ élj:l: Fig. 6 Validation results of the surrogate model
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B2 IR 3 (Pearson) A 5% 28 AT LA 2 /S8 8 ] (i 2R PEAR SC M, BRIk

(x:-%)-(v.-7)
V25 Y -7
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SR BUTAELA (1, 11, B 7 B 46508 (18 K, 00 28 6 AR 3 A
F L 6 R 4 € [0, 0.2) 30 114 25 0t 6 0 A 0559 sk JEHT s 6 € 0.2, 0.4)
LA A 0 A 5 4176 (0.4, 0.6) 16 1A L5t 6] 0 AL R o 56 5 /7 (0.6, 0.8) 1
P A8 R 3 4 4 (0.8, 1] S . i ) 6 AF G R B s 4 > OB, 2 A8 6] o T A
Xes i < OBF, 2 A RLED b SR
Pearson A JCHE /M B I A5 SR AN 1 7 Fir 7, 3k
FE 1 p IR H A3 R BT 22, 01t 2
W P L5 05800, 450 ) 4 2 8 5 MO
1 p S L, B d, AR R 694 R
T, OB | L B fG 101 I, A0 T
IR W Sb, MR 5 M L
ST AR, AT 15 MR A 05 028
FAHGHE U2,y 5B A 54 50
B 2 A 5, KR S 1
SR L, AR B R
R T AT LA R 00T 51, it S
3 725 B 05 0 PR TR 7 1050, F

©)

r=

-
>

m
i=
m
i=

T RSM @4 5 J5 22 43 #7 (analysis of variance, K7  Pearson KISk SMHr4s SR 4
ANOVA) . RIEITE A P E A 8 A28 Fig. 7 Result matrix of correlation analysis

(oS BT ) X W JO2 45 2R (9 52 0 - 24 P<0.05 I, 12728 B 0 25 SR04 i 35 525 24 0.05<P<0.10 i, 78 1 X
SERA —E R, 95 R 2 P=0.10 W, 1248 X5 SR A B E R, AR A T e BEALIE B . BT
SRR 5 I, A 50% FY 52 B3P CUNJREJEE 15 ELAR ) X ey o7 A7 S 255 52 0, 50 B 726 1] O IR 5 1 AN T 220

®5 ZEIEMEAH

Table 5 Analysis of interaction effects

Interaction term P Result
L:H 0.203 8 Not statistically significant
L:d, 0.673 7 Not statistically significant
H.d, 0.000 3 Statistically significant effect
LR 0.069 3 Marginally significant effect
H:R 0.016 2 Statistically significant effect
d\:R 0.0107 Statistically significant effect
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3 SRR R B AL IR

3.1 L4k io) @ R

Al e A P HR WL RE I 45 B T A B R R 75 7 TR 1 TE 0 R AT RS VAR 10, T Tl 78 2 B AR 1
F AR S B A ik A R I TR 2 X DA AR, T B R AR e TR 25 W BRURR AR B . e 2.3 T AR
ST T, KA TR ) R (] R MR S VR, TR OE . TR I, 2 IR R
TR 2%, LURRE R ) ik shie /ME R R4 B AR, 2901 5514 A 48 i s 0 89 e/ il a0 3 1) % 45 i 178 1 A 0
FHASARTE R, Qi 6 s o e AL e fb Bk AT AL R i, 25 6 B 19 0 J2 o L AR PR, 280
R AT, W RIS R R 7 0% B/ N0 A R B AR e

&6 MUBHRMAREN

Table 6 Optimization objectives and constraints

Proxy model p=f(H, Ly, di, R)
Optimization objective [f(H+4, L, d,, Y- f(H-4, L, d;, R)]

Po—0.5<p<py+0.5
0.04 < H<0.08
Constraint conditions 18<L, <22
6<d <126
05<R<2

Note: p,=1.5 MPa, ideal blasting pressure; 4 = 0.02 mm, processing tolerance; the allowable fluctuation range of the
blasting pressure is p,—0.5 < p < py+0.5; the units of A, L,, d,, R are mm.

32 MUEitaRiE

TR B P AL BT R AR 2 PUE 4 BB (1) Il e R BE, B fE B bR R AR
NH SN (2) WITRFEA A= 7= By B, SR T SE 06 A w0 B AR A o5, 538 3 5 P B4 B T LA B o7
(3) AR B AU A4 2 By B, 1 P8 A A9 A BRAR USSR ) FH R A B Hh R A 7R I SR AR IE 5 (4) 1AL R f By
B, VEBEA A WAL B, &5 A A T AR IR SR B L
33 M ER S

HEEREBE B w1 iG55 2 PO B AL T T R P IWAE IR T a5 5 nse 7 im . 45 RER, 2
o FL A AR () R T R TN AR A B A BR R A4 LA 22 8] B9 AR R R 22 AR /N (7 % PO W R IE 2
P45 T AR R R RE A i 2z —), gE— B IE T A WE 58 b 8 A B HE AR Y B T bR S A
PR Y () a] FEME, AR B T R HER A . DAL BTSSR AN EE 8 TR, U5 & Pl 1E % R AR AR
BN TR 22, Bk S 3 sk 0.61 MPa, 547851511 7 & PO A Hb, 45 8% 1 3 & i 3 s /N 1
58.8%. J5 % P1 AW F KR IR ) 52 S bR A 7= hn A B8 i 52 ma AR /N, KRk RE e .

®7T TRRTHAROERTSMER

Table 7 Finite element results of different design schemes

Structure parameters/mm Blasting pressure/MPa
Scheme - — - Error/%
L H d, R High-precision finite element Proxy model

0.06-4 0.64 0.61 —4.7
PO 2.0 9.3 1

0.06+4 2.09 2.09 0

0.06 -4 0.94 1.00 6.3
Pl 22 9.3 2

0.06+4 1.71 1.61 -5.8
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*=8 MUER

Table 8 Optimization results

Structure parameters/mm Target variable
Scheme - - Optimization effect/%
L, H d, R Fluctuation of blasting pressure/MPa
PO 2.0 0.06 9.3 1 1.48
P1 22 0.06 9.3 2 0.61 58.8

4 % i

AW FEHEST T S HE R R 20 e ) BB AR A A T ) v B 4 AR BASE AR L S BN S HER A
SR R 7 ) PR T, e 2 T R HE AR I 1 R A AL T B AR AL, T R T R R R S5 R
ALY, 15 8 LA T 4598 .

(1) $2 8 FR Il A IR oA 7R T34 1) R 0 e ) 5 SR B b e 1 485 SR W B 34T

(2) 75 JE B R M o B b 2 far b PR B X O BLTHSR A B s e, ST T ION AT BROTECAY, DAt
PR T B T 1 - S5 M S 5000 43 )2 i L 4 AR BRAE R, 22 b Y A o B TN s BE IR B AL 1 AR I T, S5
e b A BT A SR A X IR 25 7E 12% 2, HLE T4 174 RGO B B AR .

(3) S HLER D 45 S5 00 S 05 SR 0 T I B A S PEHE ST b v B 53 500 A - R TR R L R L
(N 0 e N s =

4) B3 ER B 7 % (B 2.0 mm, JEJF 0.4 mm, H 4% 9.3 mm, fE1£f 1.0 mm) JF & T 4k i%it,
FRHERERE 7 AE 2 SRR R TR N TR 22 R, L R T i Bl R BN T 58.8%, KR FRAR T [ Hh Ak
F A R 6 PR o T 2 Y SRR R

(5) WIF 5 2 57 1Y J6 78 1T {5 B8 A QB AR R A 00 Ak 863D vk mT 488 10 P 1 S Bk R v s bR A ) e
BT SAE ], A B T3 TR e B 0 e vk S mT AR, H e BT E
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Bursting Performance Optimization of Reverse-Arched Bursting Discs
Based on Variable Fidelity Surrogate Models

YU Yaowen', LIANG Hao”, CHEN Changhai', PU Weigiang®

(1. School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology,
Wuhan 430074, Hubei, China;
2. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: To address the optimization design problem of the bursting performance of reverse-arched
bursting discs (RABDs), a hierarchical Kriging (H-Kriging) surrogate model was constructed based on both
high- and low-fidelity finite element analysis results. This model enables the rapid prediction of the burst
pressure of RABDs, facilitating the development of a mathematical model for performance optimization and
structural improvement. The results show that the H-Kriging surrogate model relating burst pressure to
structural parameters based on high- and low-fidelity finite element models can significantly reduce
computational cost while accurately predicting the burst pressure of RABDs. For the initial structural design
scheme of RABDs, optimization was carried out using a genetic algorithm, with the optimized design
accounting for manufacturing tolerance in disc thickness. This resulted in a 58.8% reduction in burst pressure
fluctuation, significantly reducing the sensitivity of burst pressure to thickness manufacturing errors and
providing valuable engineering reference.

Keywords: reverse-arched bursting discs; bursting pressure; surrogate model; optimization design;
structural parameter
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