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Abstract

The ball valve is an important branch of valve and it is switched by a ball. There
are many advantages of the ball valve: small fluid resistance, easy running switch,
good sealing, long life, high reliability, etc. In recent years, with the increasing
demand of ball valve from industry, the performance requirement of the ball valve is
becoming stricter. This thesis researches on design, manufacture and experiments of
high-pressure soft-seated ball valve: combining experience design, CAD and FEA
technology and applying them in the designing and optimization of the ball valve;
researching deeply on the processing technology of the valve ball’s sealing surface;
finally, the experiments verify the FEA simulation and excellent performance of the
ball valve. The major achievements of this paper are as follows:

A high-pressure soft-seated ball valve is designed and it is compact and easily to
be operated; the hydrostatic test, life test and burst test show that this ball valve has
excellent performance: without leakage under static pressure test (water pressure:
30MPa, gas pressure: 0.7 MPa) and burst test (water pressure: 60MPa), the life of the
ball valve is up to 20,000 times.

Based on FEA theory, MSC.Patran/MD.Nastran software is applied for the FEA
stress and displacement analysis of the key parts and assembly of the ball valve.
Finally, the static pressure test verify the FEA simulation: the displacements in the
experiment are very close to the displacements in the FEA simulation.

This thesis researches deeply on the valve ball’s cup-shaped tool lapping method
and gets the removing function of this method; the lapping experiments verify the
removing function and provide a good combination of the technological parameters:
pressure (0.35MPa), concentration of the lapping powder (40%), velocity (35m/min).

A valve ball’s lapping instrument which has a cup shaped cutter is achieved; the
instrument is convenient, efficient, compatible for different size of the valve ball, and

it has a low labor cost. What’s more, the instrument is equipped on an existing
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machine and its price is very low.

Keywords: Ball valve’s design, FEA; Patran/Nastran; valve ball’s processing; ball

valve’s experiment

v



v T |
kg v TR 1l
g = o 1
o2 BRI oottt e e et ettt et n e ee e 1
111 BRI TR R T IR oottt ee s 2

112 BRIR I SN2 I R F oottt 2

L2 FTMEIRIR oottt n et n e e 4

1.3 EIPIIMIETTIIIR oottt sttt e e n e et n e e 5
I = 11 5, OO 6
141 A PR TCIIEEASTEIR oo et 6

142 IR TCHTIIFE A IR oot 7

SRR - ) v AT 8

IO ke - I T 8

(A =1 =SS 9
FoE P XBEHAE TSR oo, 10
2L BRI I TE oottt e e eneend 10

P L e e = o= K 12
PR 3 =)= IR a3 i N 13
231 BEBFHLIE oottt 13

2.3.2 FUMABE B BE TR X oot s e 14

2.33 VEENERIRIEIZZ I TR oo, 16

2.3.4 BB R R T B I B e, 17

B o= = o — AP TPTOS 20
DAL T DR T B2 et 21

242 TRFT GERA LT I TT oo, 24

2D R B N ettt ettt ettt ettt enes 24
F=F RBR BT IFRNARIT T e, 25
3.1MSC.Patran 5 MD.Nastran FEHFITZR .....coveveveereesee s 25
31T MSC.PATAN T oot ea e e e e e eeeneeneen 25

312 MDD .NGSIAN TT G oo e e e e e et e e e e e e e eeeeneeseen 26

I 1=k s Y S A ) T RS 26
32,1 R EE SRR AZ oot 27

3.2.2 WIS IR KA oottt 29



N LNk s 0 5 31 A 1 AR 31

B BB R A oo 33
341 BB AETE oottt 33

342 JEBEAETH oot 34
ISR 1 ¥ -SSR 39
FHUE BkRkEZHEMITHEARNEFRIESTR ... 40
V% = b1 TR 40

4 TR L T B R R I I B oot 42
A2 BB oottt 42

4.0 BB T R SR A G 2 AT oot 43

423 T T SR AT 0T B T oo, 46

424 T BB TRISR A .ottt 48

4.5 B R T T B T oo, 49

IR 113 = = - L TS 52
A3 BB T LI oo, 52

4.3, T B B T A T T oo, 53

4.3.3 WFEER A B REARGE R TN AR IR e 54

A BB BRI E B T3 oot 56
A T B B oo e, 56

442 A IIEEAE I oo, 57

A B B R I oo e e 58
4.5 I TR e 59

4.5 B IE AT S0 oot e et s e e et e e 61

W SR = SRR 67
= i 4= b e N A 68
5.1 B AR T B RIE RIS oo 68
WA L i 10 5 AU OSSR 70
521 B R I oo r s 70
5.2, A R oottt et e s 71
5.3 A R et e, 71
LRI =1 Y -SSR 72
BN B E D R oo 73
B et e et et e et e et et ee et ee et eaer et eaaeeeeereneneeeanen 73
ST 1= - SRR 74

B TR oottt et erer ettt aranas 75
B HAIB) A B B R N oo 79
L SRS RSRR 80



Table of Contents

ADSEFact IN CRINESE.......cciiieieeeeee e I
Abstract in ENGiSh ..o 1
Chapter 1 INtroduCLiON ........cccveeiieiie e e 1
L1 Ball VABIVE. ... 1
1.1.1 Working mechanism of the ball valve...........ccccoovveeeiiiiiniiiiiiiieee, 2

1.1.2 Classification and characteristics of the ball valve...............cccooeeennnne. 2

1.2 Current state of the INAUSIIY ..o e 4

1.3 Current research statein and out of China...............ccciininiiiiiie 5

LA FEATECNNOIOQY ...eoieeieieiice e ettt s 6
1.4.1 Basic theory Of FEA ... ...c.oo i 6

1.4.2 Basic steps Of FEA ......ooiiiie et 7

1.5 Sources and significance of thiSProject ... 8

1.6 Major WOrk of tNISPrOJECE ........iiriiiiiieie e e 8

1.7 Chapter SUMMEAIY ....occoiieieiee et sre e st sreensesneens 9
Chapter 2 Design and Verification of the ball valve key parts........... 10
2.1 Theoverall design of theball valve ... 10
2.2 Thestructuredesign and calculation of thevalvebody ............ccccceennn. 12

2.3 Design and calculation of the Sealing pair .........ccocovveveniinenene e 13
2.3.1 Sealing MEChANISIM .......ccceieiiiieiiieeciieeeiee e e e e 13

2.3.2 Factors affecting the sealing performance ............ccoecveeevvveeiieeenieennnee. 14

2.3.3 Sealing principle of floating ball valve...........cccoeevieriiiiiieniecieeeee. 16

2.3.4 Calculation and verification of pressure at ball valve's sealing faces... 17

2.4 Srength calculation of thevalverod...........cccoeiinniene e 20
2.4.1 Strength calculation at the 10d part .........ccccccveeevieriieiieeiieieeeeee e, 21

2.4.2 Strength calculation at the connection of the valve rod and valve ball.24

2.5 Chapter SUMMAIY .....coiiieiieiieieeie ettt seesreenee e 24
Chapter 3 FEA simulation of the ball valve'skey parts...................... 25
3.1 Introduction of MSC.Patran and MD.Nastran software...........c.cc.ceeeeeee 25
3.1.1 Introduction of MSC.Patran..........ccceevvrieiieieiiieniieeeie e 25

3.1.2 Introduction of MD.NAStraN........ccevcuiieriieeiieeieeeiee e 26

3.2 Srength verification deformation simulation of the valve body .............. 26
3.2.1 Verification of thickness of valve body..........ccccceevviiiviiiiniiiiieeee. 27

3.2.2 Verification of the ring on the top of the valve body .........cccceevuveenneen. 29

3.3 Srength verification defor mation ssmulation of the valve cover ............. 31

VII



3.4 Verification of the assembly ... 33

3.4.1 Pre-PrOCESSINE...uviiiieeieeiieiieeieeieeeteesteeetteebeeseaeeseesaseeseessseensaessseenne 33
3.4.2 POSE-PIOCESSINE ...veeeevieeiiieeiieeeiteeesiteeeieeesireesaeeesseeesnseeensseeensseesnsseens 34
3.5 Chapter SUMMAIY .....cooiiiirieeieeee et st e s b e saeentesneens 39

Chapter 4 Mathematical model and experiment of valve ball's

Processing teChNOlogy ........oocuveeriienii s 40
4.1 Current processing teChNOIOQY ......c.covveereeiieiiere e e 40

4.2 Lapping theory of the cup-shaped CUtter..........ccoevvvieveecnvieseeiiceecie e, 42
4.2.1 Lapping theOTY ...c...eeiuieiiieiieeieeieeeee ettt 42

4.2.2 solution and analysis of the lapping track...........cooccoiiciiiiiniiinninnnn. 43

4.2.3 Solution and simulation of the lapping velocity .....c..ccccoceieiiinennnnnen. 46

4.2.4 Solution of the [apping tIMEe........cccerieriiriiiiiiiieiieie it 48

4.2.5 Removing function and its simulation ...........cc.ccecceeiiieniienienieeniee. 49

4.3 Design and manufacture of the lappinginstrument ........ccccccovevecvvceenienen. 52
4.3.1 Processing MeChaniSm .........ccc.eoiuieriieiiieniieeie e 52

4.3.2 Structure design of the lapping instrument ...........c.ccoceeveereenerieneenns 53

4.3.3 Overall structure and working mechanism of the lapping instrument.. 54

4.4 Usage of the lapping iINStrUMENT.......coooeeiieeceece e 56
4.4.1 Calculation of processing parameters .........ccceeveererreereeneesueneenenseennees 56

4.4.2 The steps of the lapping instrument ...........cccceevceerienieeiienieeeesee e 57

4.5 Lapping EXPeriMENT........coiviiriiieieieereeieeseesteeeesee e eee e e seeeee e e reeeesseenes 58
4.5.1 Theory verification €XPeriment...........c.eeeueereeriieenieeieenie e ees 59

4.5.2 Orthogonal lapping eXperiment ..........ccceecveveererieneenieneeneeneneeseeenens 61

4.6 Chapter SUMIMAIY ...ooeecieeeeeeerieeeesieesie e seeste e sre e seesee s e eaessaesseeseesensseenees 67
Chapter 5 Ball valve'Sexperiment .........cccccceeveeveenie e creesee e 68
5.1 FEA verification eXPerimeEnt ........ccoieiiiieeienieseee e 68

5.2 Ball valve performancCetest........cciiiiiiinieneee e 70
5.2.1 StAtiC PrESSUIE tEST....ueierurreeriiieeiiiieeiieeeiteeeieeeeteeesreeesreeeareesareeesneeens 70

S22 LA ESE woueiiiiieiieiecee e 71

5. 2.3 BUISEEEST c.eiiiiieiiieiieeetee et 71

5.3 Chapter SUMIMAIY .....cooiiieiieeiieeeesiee et e e sbessaesaeessesneens 72
Chapter 6 Summary and ProSPECt .......ceceeveererrirrie e 73
6.1 SUMIMAI Y ...ttt sttt et sat e s ae e e s be e e sbe e e sabeeesaneeesaneeens 73

B.2 PIOSPECL ......coiiiie ettt ne e nne e nneeea 74
REFEIENCES......oici 75
PUBIICALIONS ... 79
ACKNOWIEAGEMENTS .......eiciecie e 80



(T IE E R TSN T A& Z MR A RIS ERA L
IR SEMIn AV IERE R G AL dh BRAGME A REH; £
KHL S KRR FLEL 2B s AR TR Dk Al e HEK . BRI R 4
iy ERHPHRE RS et /gt M. FW. WILLLE Xz
PRI R ge b, ACOKEMMGE IR, sAh, B RS0 AR SR
BORTU HAAE FE  F PR REAF IR IR T T o DRIE, 1R 1052 33 SE L DY A BARAE A
AR ) B U o B S AR PR R BB RO AR A A B VIR &R

IR 22 B AE A i R 0 0 T AR 1 5 70 AR A . TR AR A
JE70 R R A EAL A TR B AN R, AL AR G 0 4 ) SR ] EE R A
AN, eI TR AR SEAN AR AR 2 o Leh e IR, AR T BRI
WL FEZEIRSESE. N 7 SEBLR AR RO, W] AN R & LU PERE: B
e, BREEPERE. PHTIERE. FEVEREMIIE MR

1.1 FKi®

BRI /& CABRAA 55 9 FE DA IR 1), S 1) o 1 2R 22 4 5 BRI R A YA BE )
N TR FEELF Fdri, ArEEMEm S

IR R JE KEUA DT T =AM B — /&M 19 T4 80 AR E 20 HH£2 1% 20 4
R, 36 EFFARTE— M AR s FAEE A /N AR BRI IR 2E 1R, 3R IR R 11 0]
B T 20 D 20 FEARF 50 EAR, 1921 FEdgLF . B T(Escher Wyss)2A
F), SR T DABEBETEEAT % 3 W SO, AR T AR 2m HARMERIE(S H
AR IRAT AR R ZE0]), AE T3 A RH AT iR, BRIRER b T3 AN BT RRES
=M 20 tH2E 50 AT, TRk E 4 T IRME S H AR I, Bk
453 TR . 60 FACH . Sy E SR E K& S EERIR, BE S E T FE ]
PN T BRI % R 1) A B 3, Rt 3t AT 2% PR R 1R 11 AR ol T — i Y
17, BCA— RO I8, 588 TRz NP



1.1.1 BRiREER R3E
BRI LA 1.1 fros, Hfﬁﬁﬂ% MRJRE BRI HRAF. FALL.

1ﬂw2MV*3m%4HWF5$m
B 1.1 FahERekmE s iR

BRI ) 3 2Dl e U)W B 3 8 38 Hh () A, RIVEK IR 58 5 D P 1 o A
SRR R (1 ' P R g - 6 1) A L e X 2 A WA i — S PR 4
T ERIK, (T RESE 90° CRPERER L5 R 41, BRAR I8 FLIU 5 1 43 18
HU R E G AR B, BRIR A AR T AT e AR B R

1.1.2 KB REHFR

(1) $2ERUR ¥ 3% J7 3053 200

OFF S ERER I HE By SO ERARTE SN, B R AR IR THE L HY 1 P 14 1
a7 UASCHEE, B 11 R AT SRS SNERE, Bk, IXPPER R ER A
PRI RS R L 2 Al RS . HERIR I UE AL S 1T IEIE AL RIS, BRI 2
TR, WiRigiE, WAL il BRI S 0o, BRIAIFTE fL
5SS E, BRI ERMRES, BRIBAERUR S AT PERITS , e i ]
Y P R, A e B ORAIE S o S ERBK IR (1) 2 B s R S5 Tl By G 7
i, RARAR. LAFar5e, AR Z M.

@R ERKERIE: W 1.2 s, BRRS EL NRER A, s s
FhaUER, BLRRERIRS b T IRAT 8B OFF) il — AR AE K |, BRAR R 5 1 1]l



Paran

R S i

FHFE B AHZR B s, EARENIEIEMZ&M ). Kk, BERRERE LR, A
EAEBRAR R i W RS Bl DRI 1R AN 2 7 2 KK 705 i AT 5 TR 1 (1
Ferbas, AT/, Bk Reiae, MK, Gl Fak. KiErnms.

- rars

1 |
5 “{
9y

1-Mk 2-1RE 3-IER 4- BIIAE 65— IFF
Bl 1.2 [ e Ekek i gt it

(2) HETKIR P ASE FH A e 2K

O #EERIE: R A B ER e R EE R, HI 2 E iR
7, SRR AR REOHE AR, REGEMA S, ATRUERIZEA B, AR
T RRZEL . S EM B &, BRSBTS s E, RUER AR
BB E B, HREE HROR, WA AERAR 2 8] B AR K, 1 H i & e e
T PR AR RO, ORI R R P AR o DRI, S B R R 2 R P i
e, HAEREARE, FRPEAMERETI0R, (EANREVEE T, JEXHE S ERER AN
BR3P

@QBCEEEF BRI F— FRR AT A0 1) A AR R ORI SR DU 98 2 0 1) S P T, R0 AR
SEARBCI IR 7 S AEERAR b o BR B8 3 B BRI AL R A e e gzl AR, JiLARH
b, AR bR AASZIRE], WITAMEEA B o AR E]
d PRk, RFHERE 90° o e K R (R P ) BB (BRAA) s B, T DA 3 28 5 S8
£ DR ER A L3 W S e, eIy, R AR T £ 1 AR I T 2y, e S ] ) A
. g AT, HERAR. BOR BRIk ST, T IR AR BRG], A

.



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

