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Abstract

The high-pressure anti surge valve with large pressure difference is a key component in the high-
pressure air compressor system, and its design needs to meet the requirements of high pressure,
frequent opening and closing, and sealing performance. This article takes the 1500 LB metal hard
sealed butterfly valve as an example, and combines theoretical calculations and experimental veri-
fication to explore its design method. The theoretical part covers material selection, structural me-
chanics analysis, and sealing performance calculation; the experimental part verifies and evaluates
the rationality through finite element simulation and physical testing, ultimately ensuring the safety
and reliability of the valve under 1.5 times the maximum working pressure difference, demonstrat-
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ing good mechanical performance and sealing. Finite element analysis provides a basis for optimiz-
ing design, and physical experiments verify the accuracy of the theoretical model.
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Figure 1. Design of a DN50O caliber tree-eccentricity all-metal trouble-free butterfly valve

1. DN500 = w2 & B T HPE 1S ik it &

22. NFEMEETH

A SR A KA A th =1.5PDn/(nS-1.2P) + C , £5& itk J1(16 MPa). 45 414%(584 mm) &
JE A (4.8 mm), 1HEFEREEE th=70.71 mm, SZPREEE ta =199 mm (% 1), Jif 2 ta>th.

Table 1. Maximum equivalent stress

F 1L RAFHNN

(Y 371 W + MR (B2 JSETLES
Valve stem Valve plate Valve stem and plate Valve body Assembly
DN500 15 i
DN500 butterfly valve 124.32 (MPa) 592.76 (MPa) 327.68 (MPa) 173.07 (MPa)  519.43 (MPa)

HE R B FMZ = FMI+FMF , H 4 /) FMI = 2P (DMN +bM) /4, i 77
FMF = 7(DMN +bM)bMgMF . #A%iHE L g = 151.05 MPa, KT ¥FF{H[q] = 250 Mpa.
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Table 2. Maximum deformation
Fz2 mAEE

B AT AR AT + FEAR [5E2N PER LN
Valve stem Valve plate Valve stem and plate Valve body Assembly
DN500 18 g
DN500 butterfly valve 0.42201 (mm)  0.18528 (mm) 0.13902 (mm) 0.09085 (mm)  0.12615 (mm)
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B E LAl . XM QB AR S IR AL T RIA[T], e A R T 2 R R
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Figure 2. 3D model of a DN500 caliber tree-eccentricity all-metal trouble-free butterfly valve. (a) Valve stem; (b) Valve plate;
(c) Valve body; (d) Butterfly valve assembly
2. DN500 =m0 & & B T HPEIRR = HAREE, (a) [@4F; (b) BR4R; () MMd; (d) MRMRER AR
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Figure 3. Cloud diagram of total deformation and equivalent stress of valve stem. (a) Total deformation of valve stem; (b)
Equivalent stress of valve stem
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TR A RAR T, Y5 IR [T B AR G AR E ko

SERN ST I A RFAIRE 7R, 5] 4(D), HH AR IX A S RN ) (AR X3 XA T A R 32 T
TIEATIS, B ATBONE A, ARSI AT AN 5 2 RN Ty B BN e A AR T AR
R, AE AR SZ BRIV A T 7, [ IS % e ) A i 2 P v 8 7 2 Sy B e i 2 g, X e PR 3R )
BOrb A RO TR B o %S RN A E R VR RIS AV B 2 N o IR B R RE % K 52 T
PE UL BRI KT s NS R SR R [ 10] o A4 KD 558 P A B A2 LAREXT SEEBR AR B 224k,
IE 7 SR AL I Y 2 1 2 A PR AT AT FE 1

33 RFNEERSFINNEE
I ()R 5(0)AT LA, IR 0 S5 08T 55 A0 ) S B4 T/ R s A SRR L. PR G5H3

DOI: 10.12677/ijfd.2025.133014 153 TARS) S


https://doi.org/10.12677/ijfd.2025.133014

PREEAR, BARER

GATAE [ € LA NI BEBOR IR SZ 4%, TS IIALRS 2 R B,  TT0 O XIS 20 A 8s, A8 A4 A2
TZRKSE E . TR “ O ARTE R AT /AN BRI A [11]e BRICZ AN, PRAREBALS RS . 2 Pl 4
PR, A T B AR L RN A S P EUR TN /Tt e JE ST AR DX B B A oA, BRI
JURTANESENE, o w] I A V3 LA, A rhoCe XIS S R F-10 2%, T AT N 7

(@ (b)

Figure 4. Cloud diagram of total deformation and equivalent stress of valve plate. (a) Total deformation of valve plate; (b)
Equivalent stress of valve plate
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Figure 5. Deformation and equivalent stress cloud map of valve body. (a) Total deformation of valve body; (b) Equivalent
stress of valve body
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Figure 6. Cloud diagram of total deformation and equivalent stress of the final assembly ligand. (a) Total deformation of the
final assembly ligand; (b) Equivalent stress of the final assembly ligand
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Figure 7. Test on the shell and sealing of the triple-eccentric butterfly valve
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4.2. BRTIAERENE

G R BN, AR KM N 0.09085 mm (WL 3), W& AN /18 124.32 MPa (L4 4). 4
SSRGS B, WEEIE R R — 8. X — WA A SOGAE T 5 AT HE R, R
TR A T 5 b s B SIZ s 448 A0 PR g 2 i SR

Table 3. Maximum deformation

#=3 BRAET

T TR 5EEN PEE N
Valve stem Valve plate Valve body Assembly
DN500 $4
DN500 butterfly valve 0.42201 (mm) 0.18528 (mm) 0.09085 (mm) 0.12615 (mm)

1E 1.5 R TAERE TR, & PERT2 N /735 B80T AR e ARG B e, R AR A B R e
R FRVEZ o I RRW], SEMFER T oL T UDREM 2 /1 AP ERE R, A RUSIE 1 Bt i %
iDE-ee oy ERS T ETY i

Table 4. Maximum equivalent stress

=4 RAFHREAN

AT THEAR [5EEN PEE UWEN
Valve stem Valve plate Valve body Assembly
DNS00 £XF4 124.32 (MPa) 592.76 (MPa) 173.07 (MPa) 519.43 (MPa)
DN500 butterfly valve ' ' ' '
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Figure 8. Opening and closing torque test of triple-eccentric butterfly valve
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