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A Study on Structural Analysis of High-Pressure Pipeline Retainer-Type
Ball Valve by Pressure Testing of the Industrial Standard
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ABSTRACT

This study has been performed to evaluate the safety of the retainer-type ball valve for a high-pressure pipeline to a district

heating plant. The retainer-type ball valve is an improved design for conventional ball valves, such as the floating ball valve

and the trunnion ball valve. Numerical analysis of the valve design verification has been applied to investigate the safety factor

and seat leakage of the DN300 and DN400 sizes. The given condition to solve the structural analysis was based on the

international standard for ISO 5208. In this study, the methods for structural analysis are described in detail. The structural

analysis results present the deformations, the equivalent stresses, and the safety factors. Through these results, this study

successfully demonstrates the safety and seat leakage of the retainer-type ball valve. They also streamline the process of

development for valve manufacturing.
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(b) Trunnion type ball valve
Fig. 1 Comparison of floating type and trunnion type
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Table 1 Design specification of the retainer type ball valve
Development Target Design Specification
Size Class DN300, DN400
Pressure Class | PNIOO(ASME 600 CLASS)
Performance Pressure Minimum holding time of
Items Performance Shell test: 180 sec
Tightness Minimum holding time of
Performance Closure test: 60 sec
Table 2 Criteria of the shell test and closure test® ¥
Nominal Nominal
Test |Valve Size,| Pressure, Test Method
DN PN
Shell 15 times of maximum
test Al Al allowable working pressure
<DNS0 All Selecting one of the follows
1) Using a liquid under
pressure such as 1.1 times
the maximum allowable
<PN50 working pressure of 20 C
Closure | =DNI100 2) Using a gas at pressure
test | <DN200 of 600+100 kPa
>pPN110 |Using a liquid under pressure
such as 1.1 times the
maximum allowable working
=DNZ0 All pressure of 20 C
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Fig. 2 Structure of retainer type ball valve

Table 3 Material properties of each part

Young's Tensile
Part | Material | 25 | Moduws, | Leld | Poisson
kg/m Stress, | Ratio
GPa
MPa

Retainer | ANSI 1020 | 7,870 205 350 0.29

Ball Al 8,000 122 206 0.29
Body A105 8,000 173 250 03

Metal | pas) cpg | 7750 200 206 028
seat

Table 4 Pressure conditions for structural analysis

Nominal Valve Size, Shell test, Closure test,
DN MPa MPa
DN300
15 11
DN400
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(b) Closure test
Fig. 3 Grid generation for structural analysis
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(b) Closure test

Fig. 4 Boundary conditions for structural analysis
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(a) Deformation, DN300 (b) Deformation, DN400

(c) Equivalent stress, DN300 (d) Equivalent stress, DN400

(e) Safety factor, DN300 (f) Safety factor, DN40O
Fig. 5 Distribution of each result for the shell test

(f) Safety factor, DN40O
Fig. 6 Distribution of each result for the closure test

(e) Safety factor, DN300
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Table 5 Results of each test

Nminal Max. qul\];[jjlén i Min.
Test Valve Size, | Deformation, Safety
DN mm Stress, Factor

MPa
DN300 0.08 165 15
Shell test

DN400 0.1 170 14

Closure DN300 0.1 199 1.3

test DN400 0.14 140 1.7

Table 6 Safety factors of each part by the closure test

Nominal Valve Size,
DN

Metal

Ball seat

Retainer

DN300 43 48 338

DN400 24 54

E LHO]— }\]@—4 q_ZBH
(PN100)9] 15H}H orglL
A= £

A z2Ae Hg
- gskqlomn,
B E ol FHeRl ¥
o} o g Faro] 49, DN3002 5
HEF 0,08 mm7]— "AY5}9l o, DN400-S
o M 0.1 mmo] LAY} o]t
] FAo] H]8) 0.133% Z 0.142% HF o] WAsI% L
2ha], B o] Zokst HEO W& Zoko|x|u}l L2aA]
g Mo Adgls o, & HE Lz ujA=
719] Q= Aoz dAtdL) o] AyE 3, AAH
BAE A AbFel 4 2N FESE S Tt
o7 gotdn, 571 &8 2o 49 DN300Z} DN4002]
2o 5715 217 55 FYo)A 165 MPay} 170 MPa2
UElytth DN300Z} DN4002] X4 obd A4
145 Bt} olejgt AukE Fall, ZF ET1 o] kA
ATE 7T ER EHsHA AAE Ao & & Sl

Fig, 62 duflito] W Ajge] gt = sfj4] Zatolct,
Yl o] o] AJF2 2bds] @59l Adee] WEV} 2Hs
ALY s A E wf HE 7UE RISk Al e
2 o 318 AR 4E(PN100)9] 1.1 %@‘.% &%o}i‘;
o}, webA, FojE iAo AAxA
TH0o] Fixed support 7L Folgiil,
11 MPa®] ¢S Hofgict, dul o] Y

o) % DN300 2 DN400 E3H xhﬂ TEEZO] Ao
F2o] WiH o)A 0.1 mme} 0,14 mm=E 25 29
JHol| X §EE¥ 7+ o] Ao WS 7} 0.125%2}
HE] MRk FAo FFFE FA &S
ﬁ_i 04]%%4. %F—ﬂ 2 A, B Y 57 S
& 190 MPa¥} 140 MPao] HAYsGlt}, o]t 2 57} &

E

)

mlo
2T o ot & ro

o1

[ea

e
==

e
p=R
=

5
L= g

71—71— 1.5 ul

PSRN
o=

ujj 2l

lﬂ rEr
O ok J

g Bxo] A3E E3) DN300 ¥ DN4002] E%(body), &
(ball), 2lH|o]H(retainer), &% AlE(metal seat) 5 2+ &



Z1
(=]

2

50 S A B 10149 g e, ofof wh
]% ZHgE 2o g2 Holtlh Table 5=
u%l*l?%ﬂ ik sl dat
B el o A

o] A= 10189 & 271 o
ol Qhdsiehar ol d=ut, DN4009] AJE9] QA 47 o
& dEel vlEl AAS] WAl EEE ol dute]
Ul e LR S| 2ol A DN4002| v P
©] DN300°] H]3] 0.04 mm ©tf & Z°f F5 Ba7} lo
o, o2 WPl FFol =t w52 dgHel AT o=
gste] HFAHoRE NE dFS £ AoR H4HEnh
A4 02 DN300 A4 £ WH 378 S-(FF0l
71¢] Z-2) DN400 8 E = B3} SWAE Z3ohe 582
QPAA4=7} DN300°] Bls) Aoz 22 groz 7ixE=

Hl, ©]Z2 DN4009] 27 43 Al Rkl

asforete gttt F7HA o R AEe| P B AlE
dE il AAES GEAEE SR AR Asol

U= o0
=4 s,

e
X,

X
BN
2~

6.2 B

o
i)

E A= FAITFE IS0 5208(KS B ISO 5208)9] o

AF FAHL Agst 5% WH =7] DN300Z} DN4002]

of g 2lElojvE £ ES] ANSYS WorkbenchE ©]

Sl ;stHg Asgs].odr,]. 7L7L94 —5—HM 7:131,].§ \ﬂ‘&é%k,

7red, A E =ESHAL, olE F6f BlEHlelv® &

sof by 3 A ol e gHekch, TelA] i
ol o2 22 AES Wt

I
oft oo Rl 4

=

il

BE QAEL U AsAG 2AAY el
olwg BUuL 35 s AAHNSS Bl
Bpsict

2) && WA =29 s Ao Ae BME 559
O

q
of ¥go] Brfo] Wagh 2 5]
FEREESDE REEE RIS RRE At
oo upgsig oL, Qb 9 ol o 34 o

3) olefat TRINL 1 olH =
.]

4

N
o

T_'IL .

0o

Ho
i

= 7|
2 A= 201349 F47|Y AHAEY e A
(FRMCE] Aol st == qHUTE olof] TA
24 o HeA FAEHYT
References

(1) Kim, D. S., Bea, S. K., Lee, W. H. and Kim, H. S., 2006,
“Thermal Stress and Flow Analysis of a Cryogenic Ball
Valve,” Journal of Drive and Control, Vol. 3, No. 4, pp.
8~13.

2) Jeon, H. P., Kim, D. Y. and Lee, J. C., 2014, “CFD Analysis
on the Flow Characteristics with Flow Coefficient in a
PFA Lined Ball Valve for Different Opening Degrees,”
The KSFM Journal of Fluid Machinery, Vol. 17, No. 4, pp.
76~80.

(3) Moujaes, S. F. and Jagan, R, 2008 “3D CFD
Predicteions and Experimental Comparisons of Pressure
Drop in a Ball Valve at Different Partial Openings in
Turbulent Flow,” Journal of Energy Engineering-ASCE,
Vol. 134, No. 1, pp. 24~28.

(4) Chern, M. J, Wang, C. C. and Ma, C. H, 2007,
“Performance test and flow visualization of ball valve,”
Experimental Thermal and Fluid Science, Vol. 31, pp.
506~512.

(5) Song, X. G, Kim, S. G, Baek, S. H. and Park, Y. C,
2009, “Structural optimization for ball valve made of
CF8M stainless steel,” Transactions of Nonferrous
Metals Society of China, Vol. 19, pp. s258~s261.

(6) Bagheriard, S., Pariente, . F. and Guagliano, M., 2013,
“Failure analysis of a large ball valve for pipe-lines,”
Egineering Failure Analysis, Vol. 32, pp. 167~177.

(7) Rogula, J., 2012, “The Influence of Seat Fatigue Test on
the Leakage in Ball Valve,”
39, pp. 91~97.

(8) Shin, M. S., Yoon, J. Y., Park, . W., Lee, S. H., Park,
H Y. and Jung, S. H, 2010, “A Study on Structural
Analysis of Butterfly Valve Components by Pressure
Testing of the Industrial Standard,” The KSFM Journal
of Fluid Machinery, Vol. 14, No. 3, pp. 5~9.

(9) ISO 5208, 2008, “Industrial valves—Pressure testing of metallic
valves,”

Procedia Engineering, Vol.

International Organization for Standardization,
Geneva, Switzerland.

(10) IEC 60534-4, 2006, “Industrial-process control valves,
Part 4: Inspection and routine testing,” International
Electrotechnical Commission, Geneva, Switzerland.

(11) KS B 2304, 2001, “General rules for inspection of
valves,” Korean Standard Association.

(12) ANSYS User's Manual version 14.0, ANSYS Inc., USA.

(13) SolidWorks 2012 User’s Manual, Dassault systems solidworks
corporation., USA.

s=FHIIHE S =28 H18d, M55, 2015



