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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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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 | PNI100(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 1.5 times of maximum
test Al Al allowable working pressure
<DNR0 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 | =DN100 2) Using a gas at pressure
test | <DN200 of 600100 kPa
>PN110 |Using a liquid under pressure
such as 1.1 times the
maximum allowable working
=DN250 Al pressure of 20 C

2, 2lHoj4y =wHe| £EH

o

%Hé H

eliE 0 8| A FAo] wfet Fig, 13} 2o
Z 283 (floating type) =WHO} E E’-]14 A& (trunnion
type) %glﬂi =] Eb‘l— 2 th-.

=
Aot or 2o oA FEE ‘%le
A

-
.

x o
u
o kI
ox
ol i
o

e o

=

1N

|r
2o

2 r
L
)
ﬁ.\l'.
S
[
A
k]
N
Y
©
)
jait)
ﬁoa
N
=)

o
)
o
b o
o
z

2
T
Tb
ol
T
L
>~
o
o
oy
;O
o
m
_Vli
T
e
ot
tE

k) Hx

lo Mo w

L
ol

bt

H
ol
M

>
~|
rr

=
=)

g =2

o FP,L' o

o}‘\.

__>Ll1

Y

b

{127
fl

o,

2

i)

Uﬂ(retalner type) %%EL—‘E EfUos st
elgol| 7t =4 Witel §IAIskaL 217 wizol ¥

7S RAISIER &/l gt Aol



Retainer

Body

Fig. 2 Structure of retainer type ball valve

Table 3 Material properties of each part

Young's Tensile
Part Material Densﬁg/, Modulus, Yield P01s§on
kg/m GPa Stress, | Ratio
MPa
Retainer | ANSI 1020 | 7,870 205 350 0.29
Ball A182 8,000 182 205 0.29
Body Al05 8,000 173 250 0.3
Metal ABI-CF8 | 7,750 200 206 0.28
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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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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Table 5 Results of each test

Nminal Max. quj;é | Min
Test Valve Size, | Deformation, Safety
DN mm Stress, Factor

MPa
DN300 0.08 165 15
Shell test

DN400 0.1 170 1.4

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
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