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Abstract — In order to reduce the number of installation processes and the cost, a
unified ball valve and polyethylene-steel pipe is proposed and tested. An integrated design
approach is carried out such that a virtual manufacturing based on finite-element analy—
sis is first performed in order to examine contact conditions under exaggerated tempera-
ture variations (A7 = 60 C and -50 C for summer and winter, respectively). From the final
design configuration, it was predicted that the maximum contact pressures are 71 and 8.1
MPa for summer and winter, respectively, at relatively larger contact surface. Based on this
observation, a prototype model is fabricated to go through an actual leakage test. The proto—
type pipe passed a hydrostatic strength test successfully, showing no leakage at even much
higher (54 MPa) than the operational pressure (0.25 MPa).

Key words : unified ball valve and polyethylene-steel pipe, virtual manufacturing, finite—element
analysis, leakage test, thermal hydrostatic strength test

I ME PE % Mni 53] £E7 8 AN EARAARS
Fdge] AA 1% AXRA PER] HEY

A2 5o YK 0w FeoldAEl TR PE @ WHE Pash %] Soldows, 15
polycthylene)#ho] ol ALl ek, BAkAE b = FAfoltk, Bt 2w

"2 2) 2}:suhy @hannam kr

- 47 -



g 71 spol el Hjgk Ae] F FAAR B
St RRo P02 e Fepry oL A
AR e 4w 2] AT} S0 TR
AY 2% 9 PHFA 9 55 ddstn
) 27 Aak A Ao Aol 1
Salt e 1), o e 39 1
FARZHgo] @ o] Evl, §413 §Re Fol
9 kgl gzl e Aol % oIt

SR Al G ThE A o] AR O sk QFAA} )
9813} wSn)g-o] FA) B3k 6% obx gl

=
(

4
U

HelA Aol Bagth # Ao o
BAHE s Ast At PER Zstee) T LA
WMH 2 Fig. 1(b)9} 2ol AL o] o Zol
= U2 PEXI} AW PEWO| BaH gl AA
-2 31 0] 9} it &el thE
fre)

d rlr

T ¢

oy AAH = 7

=

e e \ \ .
E g,v_: = M2 :
i PERIE s

Fig. 1. (a) Typical practice of ball valve ins—
tallation and (b) proposed concept.
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Table 1. Mechanical properties of steel and

PE pipes.
Steel PE
Elastic modulus 210 GPa 600 MPa
Poisson’s ratio 0.3 0.46
Coefficient of - _
oeaent o 11x10° /C 143107 /C
thermal expansion
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(a) Steel pipe

(c) Steel pipe (1/4)

(d) Assembly of steel and injected PE pipes (1/4)

Fig. 2. Type-1 steel-PE pipe model.
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(a) Flange section for A7 = 60 C

(a) Flange section for A7 = 60 C

-50 C

(b) Flange section for AT =

Fig. 3. Contour of contact opening for Type-1
model.
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(b) Flange section for A7 = -50 T

Fig. 4. Contour of contact opening for Type-2
model.
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(a) Injected PE pipe (1/4)

(b) Steel pipe (1/4)

liy

(c) Assembly of steel and injected PE pipes (1/4)

Fig. 6. Modeling of steel-PE pipe - final design.



(a) Flange section for A7 = 60 C

(c) PE-pipe section for A7 = 60 C
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(d) PE-pipe section for A7 = -50 C

Fig. 7. Contact pressure at flanges and PE-pipe section under different temperature variation based

on the final design.
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Fig. 8. Unified ball valve and polyethylene-
steel pipe with partial dissection.
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