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Abstract - In this paper, the metal seal for a pressure vessel has been analyzed
using the Daguchi method. This method may efficiently optimize the design parameters
for a cantilever sealing device of a pressure vessel in terms of dimensions and angles.
The computed results indicate that the optimized design parameters can only be drawn
by sixteen experimental numbers of iterations when the Daguchi design technique has
been employed. This means that the Daguchi design method is very useful for the
optimization design of the curved design of the structure. Based on the computed results
by the Daguchi design technique, the dimension and angle of the metal seal structure
are given as d;=50mm, d-=60mm, a,=20°, 0;=8", and a3=5".
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Table 1. Mechanical and thermal
properties of an aluminium.
Properties Values
Elasticity module [GPa] 79
Density [kg/m"] 2,680
poisson's ratio 0.34
Yield strength [MPa) 315
Thermal expansion coefficient 91
[tmv/m - K]
Thermal conductivity [W/m - K] | 138
Specific heat [J/kg * K] 850

EE 4887 A4 e AY F83A o
F7] W&ol ®Bao tHdAE g9 JIS%

dF7k288 A A A45 20043 129



24

Y

o) Z 2] ASME Sec. VIII Div. 2014 A A3 %
F71Ed 9A HdAE FZEEL s AHE
33 gloh

(a) Pressure vessel

Solid Model
7

.
Z // .

7% /7/2 £

A ,’%W/’%%v A

. Deformable Model 72727

:{

A
i i
1 i

i 1

o
&

Pressure & Temperature

Vo
(b) Applied load conditions
Fig. 1.

Analysis model and boundary
condition of a pressure vessel.
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Fig. 2. Applied pressure and temperature
conditions as a function of working
hours.
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Fig. 3. Five design parameters of metal
seal geometry.
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Table 2. Factors and levels for Taguchi
design method.

. Factors
NO@idl ®: 0 a0 el ® v
[mm] | [mml] |[degree] |[degree]|[degree
1 20 30 20 12 7
2| 30 40 18 10
Level
3| 40 50 16 3
41 .50 60 14 1

Table 3. Experimental layout of orthogonal
array table of Lig(4°).

Factors
Exp. No. ® ©lo®
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 1 4 4 4 4
5 2 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4.
15 4 3 2 4 1
16 4 4 1 3 2
4. HMZAT 2 D@

Table 4= Table 39 Hx MG EAA AA
g 16709 Ady AL E 538l Fig. 3¢
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Table 4. Experimental results and SN
ratios for contact stress at the

edge of the metal seal
structure
Exp. No. | Stress [MPa] | SN ratio [db]
1 314.805 -49.96083243
2 315.019 -49.96673497
3 315.017 -49.96667983
4 315.016 ~49.96665225
5 315.018 -49.96670740
6 315.017 -49.96667983
7 314.819 -49.96121870
8 314.809 -49,96094280
9 315.013 -49.96656953
10 311.449 -49.86773882
11 314.712 -49.95826606
12 311.994 -49.88282484
13 315.017 -49.96667983
14 314.726 -49.95865244
15 314.762 -49.95964592
16 307.852° -49,76683959

Table 491A A|A% SNHIE 7|&goe=s 3}
oF WAy PR oAFelN BAFE
3ol APHo2 FP vA: vy

EX
o] &7 (evel sum)®} 7|4 & (affecting ratio)

_34_



o

R IELEE

)

il

o] &% {7 gAY T2 HH3 4

Table 5. Factors affecting the contact stress at the edge of the metal seal structure.
A B C D E Sum
1 ~-199.8609 | -199.8608 | -199.6526 | -199.7636 | -199.7492 | -998.8871
Levels 2 -199.8555 | -199.7598 | -199.7760 | -199.8526 | -199.6614 | -998.9054
3 -199.6755 | -199.8458 | -199.8528 | -199.5680 | -199.7830 | -998.7251
4 -199.6518 | -199.5774 | -199.7623 | -199.8595 | -199.8503 | -998.7013
Level difference 0.2091 0.0860 0.1097 0.2916 0.1216 0.8179
Affecting ratio [%] 25.5619 10.5147 13.4083 35.6483 14.8668 100
& 7ol EAWE o]&stad AdG AH(E AT Table 4004 AAG AHH ©@x 160
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