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Tab.1 Static strength distribution parameters of the copper cylinder
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Tab. 3 Static strength reliability coefficients of cylinder and spherical tank under the most demanding test
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Tab.4 Allowable static strength reliability coefficients of copper cylinder under the most demanding test
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Tab.5 Allowable static strength reliability coefficients of the copper cylinder under general test and normal operation
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Tab. 6 Test stress limit coefficients based on allowable reliability coefficients under the most demanding test
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Tab. 7 Yield safety factors based on allowable reliability coefficients under general test and normal operation
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Tab. 8 Burst safety factors based on allowable reliability coefficients under general test and normal operation
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Tab.9 Load coefficients based on allowable reliability coefficients under general test and normal operation and safety factors in this study
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Tab. 10 Load coefficients based on allowable reliability coefficients under general test and normal operation and safety factors in national

standard

— B AR (5=1.25)
ZH

— SRR B R AR (8=1.15)

1EF##AE(6=1.00)

i Hie e PRI i i PRI i Fie e PRI
Thrr p m p m p m
TR 1 1 2 2 3
[BL, H ﬁ,‘:y‘J 0.723~1.065 3.304~4.430 1.241~1.652 3.821~5.084 1.877~2.312 4.280~5.456

n, 1.50 3.00 1.50 3.00 1.50 3.00

55;5:_} 1.302 16~1.30228  1.88937~1.88942 1.19795~1.19799 1.738 16~1.73828  1.041 68~1.041 80  1.511 54~1.511 55
5(,- 1.302 1.889 1.197 1.738 1.041 1.511
6]. 1.30 1.19 1.04

7 EERXRENZE RIS 8 it

FESCAAT T — M ial 36 5 1F 5 5 4 v 4 il 5] £
SR R R TT i E 2R 2 R T X
e R 205 T Ay — e e v 5 B A R Y )
KB ACE RSO . AT AR =i Hi=
1,20 YT 2 v] 52 FE 3 A i 2 fr R 408, 5
N BRI R E, B0 5, i (9) 5 (12) v, far
ZR 55 5 — M g0 ) B BHE AR G R, R
A, =0,p (57)
B0 RAZ(57) T A5 85T 20 i e 5] o
SRIE ML FRBN,, J

N .

7

u, _ 9,

p )‘rf

(58)

A58 P i 63 £ e M BE AT A A L AV
Sy 22 X I ) B8] A AT A A 0 2 4 R A

TEF T 20T IR I, ARG 3% 9, U 22 K06,
1,25, M4 2% 6, JOHE Tt ARz 7 e 1 g PR o] 2R
A 40,90, BURE THhr vz Jy 356 1y g BRI R A,
0. 735 120 (58) Al 153 I Ik 2 4> R AL N, =1. 25/0. 90=
1. 388 MBI LA REIN,,=1. 25/0. 73=1. 712,

e g 0] 2 IR B IR AL AR iR ER 9,
Haur 2808, 9 1. 15, MR 6, UL T I IRV g #93
517 7 BRI R A, R 0. 80, B TP hi iy Ay i 5
I ) BR A R EC A, 4 0. 655 p1 =X (58) AT 15 it e 42 4 5
BN ,=1.15/0. 80=1. 444, 15 ¥ %2 & R KU N,,=1. 15/
0. 65=1.769.

12 7 W T — Ml 15 1 4R A A i AR 22 4
FAn =145 3 8 PR T — e 5 1F 5 A 00 4R
22 42 28, =2. 00 A] R, fie T 221X 36 5 1l 94 7 Jd A
U4 FRRS BRI A FR RN /N T AR B — Bl 5 IR
R (H IR

I FHABE 2R S0 AR, A8 A T ] o] 5] T 7 0 3 AE AN T
T LT Fe il ol S R R B GR50 0  FR ) R L IR &
G B R A R B R B R G e ik K
Fie AT FH B SR IRE 5K, A3 AT DR e 1 4 i (B £ e
588 E Ay 203 — PR B0 A E R R R i SR T
SERE R BTSRRI ) R
il ZR B R 22 A 2B R A A AR R Aar R
KR, TG 73T ] 5 5 A4 i R w0 3 i 1 N
RN R

1) f i 20 He 3 6 1 4 i T8 6 e IR e B ) AR
A 5E BE R BB M 0. 487~0. 798, KT IR W F1 A
56 1 77 IR ) 22 BT BUE R AN 2 0. 905 frear 20 UK I
565 RS-V 2 A i 6 % 0 o) (530 e e I R R ) e 1/ ]
FE 2B N 1. 231~1. 640, 5 T J IR 0 77 593856 17
JIBR ) R B BUE A K T 0. 80,

2) S5 ny 20 F iR e ) 0 ) (B G AR B R BE ) SR
A E BE R BURA K 2. 211~3. 059, K T Hihi i J1 ik
5 0 77 B ) 28 00T BUE AN B AL 0. 735 e nr 20 AR IR
5 18-V 2L T 1% A (R e R e e R ) AR AT
JE BB N 3. 037~4. 094, JE F-HLhi b7 77 59 3R56 17
JI BRI ZR B EBUE A KT 0. 65,

30) ef ] o 152 5 Je ek B Ao v/ ] A R AR A, HUE
16— BRI 56 P BURE 4 0. 723~1. 065 5 75— i<
TR0 B A A I U R 1. 241~1. 6525 TR IEH
BEVEIFEUN M 1. 877~2. 312, JETFh iR A 21w Ik %
EREATHL. 45,

4) X i [52  A  5i E Fo0/F ] HE E ARB, HUE
TE— MR T IR 56 Hh B N 3. 304~4. 4305 76— FRSUE
R0 BRI A a0 T AT HCFE 3. 821~5. 0845 7EIEH
EEVEIEURE Ky 4. 280~5. 456, J2 T iR A s R 2



248 B 4 ¥y WL, A LTI

JEE F1% 50 s 68 fe i € 7 157

EFRBATHC2. 00,

S)TE SRV AT AR FE R A5 4 R 500 i 2 ik
HUME I, 28 far 28 85078 0 3556 v %) IO R S N T
1. 08 AN KT 1. 25; 7 AR g0 sl - 4L A 15 771050
W EUE Y AN /N T 1. 08 AN KT 1. 155 78 1E & BRI
(A EUE VAN R F 1,000 S o v gk FH 04 AN [) T30
T RBUE A E

6) TE FR VT A &E B 2R A0 48AT ZR 80 5 1 1 g BR 1
FE 5 R L AR IR, S5 2130 g i o) 152 5
R B 1 22 4 R B, BN T AR N — U 5 O R B E Y
Y ) VR i ) 4 R B

7) 24 AV AR BE R B 2 FIR U, TR FE K
Y TP IR 22 4 ZRBUR 1. 50 BRI 22 4 R BUI3. 00 1),
At R ECE R B ERE AN F 1. 08 A KT
1. 30 7E SRR IR AN -ALA SR8 H 0 BUE R A /N T
1. 08 AN K F 1.19; 76 1E F 45 1E B (% BUE B AR K
T 1. 04,

F 7S ST A3 AT AT AN R RE AN ) 7R e 465 /) %
7R 8548 T 5 BE 118 AN () 5 0T 7 P 85 ) i it i
FIRE L B2 SR — U AR — D IR IR

2 % Lk (References)

(1] YIRS FOR Z 52 R 724 . IB/T
4755—2006[S]. JtHT: HUAR T H At , 2006 1-16.
China Standardization Committee on Boilers and Pressure Vessels.
Copper pressure vessels: JB/T 4755—2006 [S]. Beijing: China
Machine Press,2006:1-16. (In Chinese)

(2] &RE#PEI AR ARZ b 2. TR AR : GB 150. 1~
150. 4—2011[S 1. Jtx: FrEERHE T AL, 2011 1-15.
China Standardization Committee on Boilers and Pressure Vessels.
Pressure vessels: GB 150. 1~150. 4—2011[S]. Beijing: Standards
Press of China,2011:1-15. (In Chinese)

[3] B, XA BREL T, 45 . AR L XS TP2 H 8 SR i 1 053 il ik
WE5EL]. BT 1241, 2019,36(5) : 1160-1166.
YANG Fan, LIU Cen, ZHANG Hongwei, et al. Test study of the
influence of slenderness ratio on the burst pressure of TP2 copper
tube [J]. Chinese Journal of Applied Mechanics, 2019, 36 (5) :
1160-1166. (In Chinese)

(4] /N BRELTE, 004, 45 AT JERE DA TR [ e i 32 101K 6
JEl1]. FEJI454%,2009,26(7): 11-14.
LIU Xiaoning, ZHANG Hongwei, LIU Cen, et al. Test research on
static strength of steel thin wall short cylinder at internal pressure
[J]. Pressure Vessel Technology,2009,26(7):11-14. (In Chinese)

(51 #WL, AR WL, &5 . 022 Iodl e T2 5 o A T B A5 T FEE AR R A
(1], AL T3 4R, 2023, 44(5) : 5-9.
YANG Fan, HUA Bin, CHEN Fan, et al. Probability distribution of

(6]

[8]

[10]

[12]

[13]

[14]

static strength of single-layer cylindrical copper pressure equipment
[J]. Chemical Equipment Technology, 2023, 44 (5) : 5-9. (In
Chinese)

XA AL, XA, A5 BRI AT 2 e R AR 0 P RE R A3 A7 [T,
MR ,2020,42(2) :365-373.

LIU Cen, YANG Fan, LIU Bing, et al. Probability distribution of
single-layer cylindrical vessel burst pressure [J]. Journal of
Mechanical Strength,2020,42(2) :365-373. (In Chinese)

XINT L RGBT R E B E [T]. M R A e g4
K ,2003,25(6):11-14.

LIU Xiaoning. Rational determination of design pressure for
pressure vessels[J]. Boiler and Pressure Vessel Safety Technology,
2003,25(6):11-14. (In Chinese)

XA AR, SRARR 5 THERE R (5 e 0 3o e e o ]
FHI] RUCTREBMAAR 2B 441, 2023,35(2) :20-24.

LIU Cen, FU Lin, WU Senglin, et al. Static strength reliability
coefficient of thin-walled pressure cylinder under pressure test[J].
Journal of Wuhan Engineering Institute, 2023, 35(2) : 20-24. (In
Chinese)

e N RSLAIE AT B IR & A i . ARG M SR s —
FRifE: GB 50153—2008[S 1. bt sHEEF Tl A4, 2008
1-150.

Ministry of Housing and Urban-Rural Development of the People’s
Republic of China.
engineering structures: GB 50153—2008 [S].
Architecture & Building Press,2008:1-150. (In Chinese)

ARIEZ G2, Pk MRS S RGN I IM]. 2 h).
Jent: Bk ek, 2009:151-153.

XIONG Dezhi, ZHANG Zhijun, LUO Jin. Probability theory and

Unified standard for reliability design of
Beijing: China

mathematical statistics and its applications[M]. 2nd ed. Beijing:
Science Press,2009:151-153. (In Chinese)

TR HUAROR B AT SE BT [M L JEst: AUl i Ak
1984:1-130.

XU Hao. Reliability design of mechanical strength[ M ]. Beijing:
China Machine Press, 1984:1-130. (In Chinese)

SO AL TR R [ML de st flas Tl Rk, 2012
1-263.

FENG Wencheng. Applied mathematics in chemical engineering
[M]. Beijing: Chemical Industry Press,2012:1-263. (In Chinese)
KA AR A, A5 L R 5 o BE BT A AR A 5 AT
PERFFELT]. HULBRERIE ,2021,43(4) : 856-867.

LIU Cen, WU Senglin, YANG Fan , et al. Research on adaptability
and reliability of design formulas in pressure equipment pressure
[J]. Journal of Mechanical Strength, 2021, 43 (4) : 856-867. (In
Chinese)

XA A, SRR, S5 . 7R 58] R A 5 T 2 =K s B R,
SEPELT]. MU ,2021,43(5) : 1104-1118.

LIU Cen, YANG Fan, WU Senglin, et al. Precision and stability of
the prediction formula for burst strength of pressure-bearing
cylinder[J]. Journal of Mechanical Strength, 2021, 43 (5) : 1104-
1118. (In Chinese)



158 HL M L i 2026 4

Static strength design of copper cylinder based on reliability

YANG Fan CHEN Gang CHEN Fan LIU Bing ZHANG Hongwei LIU Xiaoning
(School of Mechanical Engineering, Wuhan Vocational College of Software and Engineering, Wuhan 430205, China)

Abstract: [Objective] Aiming at the lack of systematic reliability design method for static strength of copper thin-walled
cylinders under internal pressure, a reliability design method for static strength of copper single-layer thin-walled long
cylinders under internal pressure was established, and the value boundaries of key design parameters under different working
conditions were quantified. [Methods] Firstly, a general correlation formula between cylinder reliability coefficient, test stress
limit coefficient, load coefficient and safety factor was established by probability theory when both static strength and load
obey normal distribution and the static strength distribution parameters are interval values, which provided a calculation basis
for quantitative reliability analysis; secondly, benchmarking against the reliability standard of steel cylinders and spherical
tanks, the allowable reliability coefficients of yield strength and burst strength of copper cylinders under different working
conditions were determined according to the minimum service requirements; then, based on the allowable reliability
coefficients, the value ranges of test stress limit coefficient, yield and burst safety factors, and load coefficient under different
working conditions were determined; finally, the rationality of relevant design parameters in the national standard was verified.
[Results] The recommended yield safety factor and burst safety factor of copper cylinder are 1.45 and 2.00 respectively, and
the value ranges of test stress limit coefficient and load coefficient under different working conditions are quantified. The
analytical results are basically consistent with the parameters in the national standard, which enriches the content of reliability-
based static strength design of copper cylinders and provides a reference for the structural design of copper pressure-bearing
cylinders.

Key words: Copper cylinder; Static strength; Reliability coefficient; Test stress limit coefficient; Safety factor; Load
coefficient
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