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Abstract A valve product can be over-designed or too heavy. Finite element analysis was performed using
ANSYS for two and three-dimensional ball valve models, and the ball weight was reduced by
optimization within the allowable design criteria. The ball is structurally safe according to the computed
stress values, which are within the material's admissible stress. The weight was reduced by about 22%,
and the structural safety factor was 1.25. The structural safety of the seat insert and ring, which are used
to prevent leakage, was confirmed through finite element analysis. It is shown that the two-dimensional
analysis can result in similar values to the three-dimensional analysis for the axisymmetric structure. The
redesign of the valve is not included in the results since such changes require a whole new design

process, including all valve components.
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T 23 MPa%t 40 MPao|tt.,

PART LIST AND MATERIAL SPECIFICATIONS (TYPICAL)

insert Seat ring

Ball open Max. fluid pressure

Ball closed

Fig. 1. Open and closed condition of ball valve

Table 1. Main components of trunnion ball valve and

materials
Allowable | Yield | Tensile
Part name Material stress  |strength | strength
[MPal [MPa] [MPa]
Ball, Body, Stem| A182F316
Cap, Seat ring | Stainless Steel 138 205 515
Seat insert PTFE N/A 23 40
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3, 8, A 84 20 mm o™, thAolgt 1/2 HH9]
Solid 84 4= 371,18971 ot} (Fig. 2). 84 7]
oIt Mg o] =2 A7 Lee®t Kim [141E XL
goo], FES 9] 947 ARRE QT AlRE &,
AE & NE JINEF AAota, Eo] 3|4 Ao Z
BT HE5E 118sto] Table 29] H& 7o &
ik WBIE oA 1/2 RS fIste] A
= (@A) frictionless AAIZRA (BO)ol, 449 H
Eolle THA) fixed, B4 7ol AR FEshe 2ol
(HLeAA) frictional BC7F A-&FAT}. 253 bard
o] 9 AFof g5t ot

4 o

Fig. 2. Model and boundary condition for FEA

Table 2. Applied contact conditions

Contact members Types of Frict.io.n al
contacts coefficient
Ball body Seat insert Frictional 0.1
Ball body Seat ring Frictional 0.5
Seat insert Seat ring Frictional 0.1
Ball body Stem Frictional 0.5
Ball body Mount plate Bonded -
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H: Copy of Whole Frictional
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

224.97 Max
199.08
174.98
149.98
124.08
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74991
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24,007
0,00015547 Min
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Fig. 3. Equivalent stress and displacement of ball
(2) Body stress (b) Ball stress (c) Displacement

ELT

(b)

Tabular Date
Length [mm) [[¥ Membrane [MPa] [ Bending (MPa] [[# Membrane+3ending [MPa] [[v Pezk {MPa] [[v Total (MPa] ||
= 7

01479
029581
044371
059151
073052
088742

19405
19405
19405
19405
19405
19405
10405
19405
19405

42727
4087
39012

23542
23361
23181
230.

2819
22639

6546
65531
64662
3143
23046
17086
10939
059497
0.45082

24197
24008
2382

233.01
23045
22795
2255

22311
22076

37.154
35.206
33439
10353
11832
13311

31581
29.723
27.866

22458
22278
22097
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Fig. 4. Fine meshing to find peak stress
(a) Stress (b) Path to find peak stress (c) Peak stress

2.1.2 NE QIME (Seat insert)S3 oA

Fig. 5(@)9] AE JIANELE 3dste 34 &3t AE
B AolollA &t AP ok HlgS =R PTEE,
PEEK(Polyether Ether Ketone), 42 5o] AREH

o o] o] sk Wl e LT £ GAE
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A3l A=) o] Fodsit YAEL FESHO] A1t
REAG7E AA mtR7E AR AL, PTRE= A&7t oFshd
UHL7 A 5k s W %0 19.93 MPa®] 57t &
o] A3t} (Fig.5(b)). PTFE= @580l 23 MPa
oju® FHATE 1.27F Hia AR ¥M= 0.206
mme|th. £9] WjHo] = AE AHE A £5 F
st} g e, 571 S92 0.12 MPa ©Jal HMo=
0.082 mmelt}. £2] 7FAo] il E2] M7} &of
o] g3k Hit |oll e AlE IMES = A2
23t |7 ARt =R FEell 2.85 mmo] E°] A
7] 2o ¥ shso] Aesh= v 2.85 mm WE A
A ol s & At

olo

— Boundary Condition
+— Pressure Load

(a)

(b)

Fig. 5. Equivalent stress of seat insert
(a) Seat insert located between steel components
(b) Equivalent stress

2.1.3 ME 2 (Seat ring) 221 sHA

E3 BB it Alo]of] glom AE QIMEE
she AE ol g 38 166.24 MPa (Fig. 6)=
Ao WAok=d], 5 S
oF 100 MPa®] &Zo] sty 1 W= 0.177
mme|th. AFE A182 F316 2H]QgAZoz (4
S8 moolo k) FEAE7E 205 MPac| B & b5t
o}, 29 Higjdo] QlE AE ¥ A B2 535l gL
1| El=d), 571 882 0.048 MPac]1 = 0.082

mmo]|t}.
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AL QMES 7ML 8 ZH(meb AL 1ol
‘]E% ulZKfrictional) HEZ7ACE y & vk} o
WFo 2= AREA F2olA =AYk &3 A E
EQ] vl Ag+= 0.10]2 o sk Ao, AlE QA
o] ®¥sl= 57 &3 2 Fig. 804 19.66 MPa
o], ¥9+= 0.268 mmelt} (Table 4). §8Z23= 3%
S22 19.93 MPaﬂ' 0.206 mmZ H]5=5l H
A= 2= T, 1 o= S WA A oA &2
28 (Stem)32 34 AA7} opd gRgt 79"7ﬂ REYE gdo] 1A= o]
282 B9l QS AofatH Fig. 7@ Hd o] B HAE AT vy E9| WFo] 1E=R
162.71 MPa2] 32| sl gl ol Zbd B2 o] o[t
9] SE& AQstd, shhRo] oF 80 MPao] 571 ¢
I #1191 0.069 mm7t B et (Fig. 7(b). A=
FFE-3HL 205 MPac|EE SHAs|T

lm _u ‘{N F_o. N

-

Fig. 6. Equivalent stress of seat ring

(a) (b ©

Fig. 8. Equivalent stress of seat insert by 2 Dim. analysis
(a) Boundary condition, (b) Stress, (c) Displacement

@ ®) 2.2.2 NME 9| F043 2xt =64 (Fig. 9)
Fig. 7. Equivalent stress of stem A HEo| WAIsl= F= 28 175.3 MPag AlY
(a) Equivalent stress (b) Displacement _ -
St °F 105 MPa®| 57F&go] WA¥stH, 33 =d

Table 3. Result of 3 Dim. FEA (Front: Loading side) 3149 52 102 MPaft AL QHAl= 2.00] &
t}. #H9= 0.23 mmeo|th

Components Sici;;isv?ll\;;;] E:ri] Safety factor
Ball 128.7 0.230 1.6
Seat insert(front) 19.93 0.206 12
Seat insert(back) 0.12 0.083 185.5
Seat ring(front) 102 0.177 2.0
Seat ring(back) 0.04 0.082 4100.0
Stem 80 0.069 3.3

A 7291 7 W SXH OH*—‘M Ee‘i 237t @ )
T2EL 3157 Y5f 23+ sf4do] L= Yt AA Fig. 9. Equivalent stress of seat ring by 2 Dim. analysis
(a) Stress (b) Displacement
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Table 4. 2 Dim. FEA analysis (Front: Loading side)

Components Equivalent Stress Disp. Safety
[MPa] [mm] factor
Seat insert (front) 19.66 0.268 1.2
Seat ring (front) 105 0.230 2.0

3. & B &4

ASME B16.34 Class 150001 sk= @4 £9] 37]
(F9)7t Fkoto], £9] WA oF7} Fgolrt. slo|=o]
27 250 mms= AsiA 7] HiZel, £9 A4S 44
Heg S8 AR ACcE, BEXgeg 9] FTHA
P T 4 AUk Fig. 1091= ANSYSel| 95t & 2174
9] Wgle] w2 3} A7t itk ANSYSS] vHHEH
H(Response Surface Method)°o| Z-8H &3} v
A= AAHES 9ol DOE (Design of Experiment)
W Hd) 38 g2 AR Ao R sk, o] 2 &
919 BARAL 47 FEoA LAYt gholth A
3} 232 £9] Aol 370 mm=E, FF2 122.1 kgol
41 90.0 kgo=2, &2 2ol 197.05 MPa7t AFEEI3)
S B 9 BAY 47 BE9 89 g AYst
, B9 3olwt AlghS Fil 423 ZT}= Table 52
It} AR 917 402 mmolA] 370 mmE 49 F
&3 gkol 162 MPa, A2 90 kg7t HaL FAIS
1.260] "ch. & A9 25 E9 4 Ao L3
ATE EEsto] A FAE 90 kgl E Y5

o

my Rl

fr o

B c D

Name ~ | P4-XYPlane.D1 ¥ | P5-Equivalent Stress Maximum ¥ | P6 - Geometry Mass ~ ||

Units mm | MPa kg
DP O (Current) | 402 184.88 122.16
DP 1 400 190.11 120.04
DP2 395 169.94 114.79
DP3 390 206.1 109.64
DP 4 385 194.55 104.58

DPS 380 209.6 99.627
DP& 375 184.86 94.769
OP7 370 197.05 90.003

Blo|o|w|lo|n|ls|um|-

Fig. 10. Optimization result by Max. stress

Table 5. Optimization of ball body by admissible stress

Diameter VM Stress Weight Safety Factor

[mm] [MPa] [kgf]

402 128 122 1.6
400 130 120 1.6
395 134 115 1.5
390 139 110 1.47
385 145 105 1.4
380 151 100 1.36
375 156 95 1.3
370 162 90 1.26

w

1 29 ZX™HA o et S HE oM

370 mm7HA] 7FssH,
9 fAE Yol F9 2Lt AAst 9HFL 3765
mmi= Fojof st R, £ BHo] Fig. 119 itk &
9] 9]Fo] FAshe (A2 419 gt <o) MAH A
E 3t AE AAMEZL B HE3 EHo] o) Fig
12(2)°1A4 AAY 2t F&9] Hd dF &S ALst
A Eof YYo= 57§82 F 164 MPao|il Table
6ol grol St eFAAE 1.250]2 Fig. 12(b)o] BY
£ 0.271 mmoltt. A 43t A7ka U2 Table 59
<9 gt 162 MPa%t {AksH)

r

ﬂ
2
o
Eﬁ
U

o
1o,
o
oM,
flo

9|7=376.50 mm

Fig. 11. Assembly of optimized model

(@ (b)

Fig. 12. Verification analysis for optimization result
(a) Stress (b) Displacement
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