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Abstract

Expert system is a practical application part of the artificial intelligence and can be generally described
as a computer-based system designed to simulate the knowledge and reasoning of a human expert, and
to make that knowledge conveniently available to other people in a useful way. Expert systems consist
of three major components, knowledge base, inference engine and user interface.

In this paper, it is aimed to construct a prototype system to design the horizontal-typed pressure vessel.
To do this, a representative artificial programming language, Turbo Prolog, was employed, and the knowledge
representation was mainly done by the production rule such as “If(condition), then (action)” style and
by the predicate logic.

In the developed system, it was quite easy to represent the knowledge of “If(condition), then(action)”
style and the various table-like data. It was also effective to represent the graphics. Though this expert
system is by now small and incomplete, it is possible to expand it to a larger and refined system later.
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Table 1 Commercially Available Expert System in Welding

Group System Name System Application
Weldselector Electrode selection
Weldsymple Graphical representation of a welding symbol
Weldcrack Diagnosis of possible crack in weldment

External Welding Procedure Selection Expert System Generation of welding process specification(WPS)
Welder Qualification Test Selection Expert System| Choice of the correct tests for welders
Weld Defect Diagnosis Expert System Identification of the causes of weld defects
Weld Estimating Expert System Estimation of filler metals for particular applications
Miller Expert Program Service and maintenance of welding equipments

Domestic PRO-WELD Weld groove design, fabrication and inspection for

CO; gas welding
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2.3. ME7IAABI] AMA

AE7HA 28L& x) 2l u) o~ (Knowledge base), 3=
&4 7 (Inference engine), A2} E) 3 o] 2~ (User in-
terface) 2] AM7}X] @42 FAHCH
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Table 2 Comparison between Various Programming Languages and Shells for Developing Expert System
Group Features
* Reduction of prototype system implementation
* Unessential for programming skill
Shel * Various shells from small system to large one
or Too) |4}k of flexibility
* Lack of graphic support
* Processing speed is high
. Assembly .
Conventional * Difficult to program and understand
Language Fortran, * Excellent in mathematical computation
Programming Pascal * Necessity of programming ability
Language &C * Longer program when symbol processing
Al Lisp & * Excellent in symbol processing
Language Prolog * Necessity of programming ability
* More time consuming than using shell
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(a) User interface display to construct dimension design

(b) User interface display to construct weld design

Fig.1 Some initial monitor displays of the expert system
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joint efficiency is 1.0,
material is low alloy steel,
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Dimensional Design

Input Data

Shell Diameter,Length

l

Standard Dimension

various vessel
operating pressure
ratio of length/diameter

Jjoint

efficiency

material
corrosion allowance

Shell Thickness

I

Head Type

Head Thickness

]

Saddle Location

l

Shell Split

l

Manhole Location

Weld Design

Shell Long Seam Groove

[

Girth Seam Groove

Girth Seam Orientation

Final Drawing , WPS, etc

Fig.2 Flow chart of pressure vessel design

> first
dimensional
design
display

> second

dimensional
design
display

> weld design

display
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* Your operatisg sressere
s too high

* Lheck your inpat.

» Fress any key o contine.

(a) When input value is smaller than normal database (b) When input value is larger than normal database

value value
Fig.3 Caution message displays
H L H Re=mean radius
= radius,ft
— AN /_th r = radius,in
Wear Plate b
( D; i I _
L 1
B B —
! - [ L =l
f s - | tt’ | S— /
Fll. - F1
A L. A E
On

Fig.4 Representative design parameters of horizontal-typed pressure vessel

» Usually, Joint efficiency is predetermined by ®T plan

+ Uessel's storeging meterial must be known
* Select use arvow key.

+ Yessel 's operating temperature must be abserued

Fig.5 Selection of joint efficiency Fig.6 Material selection
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2 5o faiME kel Akl HEHW

Head4 : tn = %}E‘i%l);—gd— 2(a)
Head5 : t, = §§E_l,»3d—%z?d 2(b)
Head6 © t. = ﬁgj}{(‘)—m 2(c)
Ti=tht+C 2(d)

A7, pE FE

W, n ALY AR
T AMAE A, A
AL H(2d)9) gholth

Ave) £HE A9 A 2 APNE o
g9 H4e SRR TFO W £% A%

7,
AAR AESL AHEEE

SYHY 45 Y= AESo] B gon e
A,

questionl : “Is the ASME code spec required ?
(y/p/m/v/n)”

question2 : “Do you need an inexpensive one ?
(y/p/m/v/n)”

question3 : “Do you need a more safe one {
(y/p/m/v/n)”

questiond : “Do you need a commonly used one ?
(y/p/m/v/m)”

Hgbed HEAQ AW 2FE e/HAet /M
& o] A9 BA 7Hed g 7 Al dis 30
7424 % 12074 o tH(Table 3). 91} 2 H&ol hal
AbgAre] tiskel zgol thed i ¥ e
Apg-2k9] e 5 questionl — (y) yes
question2 — (p) probably
question3 — (y) yes
question4 — (m) maybe

et WEel 2RHe ot e
2oz AFHh

2g7zel 54

ans(ql,y,(hl,clm) (h2,cio11) ,(h3,cia), (h4,cinp),(h5,c15
u) ,(h6,C1611))

ans(g2,p,(hl,com) L(h2,c200),(h3,c1a) , (hdcrez) , (5,015
2),(h6,C1e2))

ans(g3.y,(hLcswn), (h2,ca01), (h3,c1300), (hd,Crea) (W5 .15
a),(h6,ciea))

ans(gd,m,(h1,cue), (h2,cizs) ,(h3,c12) ,(hd,Craaa) (W5,
1543) ,(h6,C1643) )

o}

=
-3

ol Ugte 2AR 2 BBl el g2t 2ol
£ Axgt

Xooqin

Sk

Headl :
Head2 :
Head3 :
Head4 :
Head5 -
Head6 :

—99.63
—99.71
value3=cin + izt Cum + Cr3s= —99.66
valued = cun+ Cuz+ Cun + cls =064

valuel = ¢yt Cazet Cain H Cis™=
value2=cunt Comet Cam t C2s=

value5=cisu T ciszt Cism + Cises= 0.72
value6= Cis11 + Ci622 + Ciea + Ciea3™ 0.56
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th Inside depth of dish th
i
I f | - r Fl
(¢]] I ! ——f
0D
(a) Headl : flanged_only head (b) Head2 : flanged and shallow
' dished head
Inside depth of dish th inside depth of dish th
Lp r _l Fl ( 'L r —i Fl
s 7 _f

(ellipsoidal) head

(c) Head3 : flanged and standard (d) Head4 : ASME flanged and dished
dished head (torispherical) head
Insic{o depltg of th th
dish = T
/ \\ .
- Fl / i
} 1D ' Fl
[1s) 7
(e) Head5 : elliptical dished (f) Head6 : hemispherical head

Fig.7 Various types of more common formed heads
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Table 3 Answer Combination for the Questions to select Various Heads
Answer Headl Head2 Head3 Head4 Head5 Head6
ql ql ql ql ql ql
Al Al Al Al
questionl y/p/m/v/n Al Al
hl h2 h3 h4 h5 h5
()] C12 C13 Ci4 C15 C16
q2 q2 q2 q2 q2 q2
A2
question2 y/p/m/v/n A2 A2 A2 A2 A2
hl h2 h3 h4 h5 hé
C21 C22 C23 C24 C25 C26
q3 q3 q3 q3 q3 q3
. A3 A3 A3 A3
question3 y/p/m/v/n A3 A3
hl h2 h3 h3 h3 h3
C31 C32 C33 C C35 C36
o a4 a4 ¢4 ¢ qd
A4 Ad Ad Ad
questiond y/p/m/v/n A4 M
hl h2 h3 h4 h5 hé
| C41 C42 C43 C44 C45 C46
* Note :

y . yes, p - probably, m ! maybe, v vague, n: no
ql, q2, q3, ¢4 * various questions
Al, A2, A3, A4 ! various answers

hl : Headl, h2 : Head2, h3: Head3, h4 : Head4, h5 : Head5, h6 - Head6
C11, C12, -+, C45, C46 . various weight factors, each represents five factors,
for example, C11 represents for cun, Cizy, Cusn Cuay Cusi

olwf FH ANAe NFAE A T oH
oz MR T, o NAFANEG & AL = F
HEL % N & 57 Uy, MY M AE
e IR7F @Al Ageld 7 FEE FEE
29} 99 A9 Heads?t 73 #8% FHEZE
MAAH T, Headd®t Head6S 4zt o] FHEO
"ok e B AFdAe HE d4E AMEAt
T 4 Jx2 gk 3, 9714 Headl, Head2,
Head3S& 714 £8% 27|H0] He o3& ¢
NF A ZE7) g TE FAs §o2 A
Adg £ Jde 7FsAL WAEy) 98 2 35
U3 AENEL L0 & gos A FA

3.18. ME AAH(Saddle support)e] Al

PP LIS QA AN AF BRSL
WA BASe st utz o] @A, 1 o

S Figsd o] 7P8 AE2 1 AV ¥l
wA] zt BERoMe $FEo A iy, olw
Eo] 274 O 279 3849 ol
Eojobyt W24 AMES HAA7F AMA 5 U7 W
Bolth, B m&dME o] A& AAHXNE A
2 AZ3}7] 98 LPZicke] HH& HE3}A. 3
et g 7)o AdA 9 BAst M, LPZick7t 19514
n)2 LA Ao AFEEL GET olHE FtY
FARANS AR ASTE 7P g o451 Qith
Fig89 #4149 14718} S-S0 th3 AE& A8k
AXEIE Y, Figgoll A9 2o MEXAY 4L
A doF AEE HAH AHozA APsyrt

718 ANEe $lxgke]l HAAA Y S8E WE
87] fsiMe AvAclA g5 AN § 9 £4
oA A AR A2AEZ AL F8F F Table
49} WS W v|Foz 3t 2z ¢ A
g2 AZFS4ct o BFY AAFANAM AFEHI

= ©
x2eE 5
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S1-3 = longitudinal bending at saddle
(tension at top,compression at bottom)

S14 = circumferential

stress in stiffener
= h\\
Fete—”
S4 = longitudinal bending at midspan S12 = circumferential compression

at bottom of shell

-8§5-7 = tangential shear,results in

diagonal lines in shell S13 = circumferential compression

in plane of saddle

S8 = tangential shear in head(ASR/2)

§9-10 = circumferential bending

t horn of saddle
L S11 = additional tension in head(ASR/2) at ho 2

Fig.8 Various stresses of horizontal-type pressure vessel

A
]
I E E o
[ [ T1/2 in 120
c 4N l _n_ G N B
” 4 + % F
| \\ F/2 H
— T AY 1 9 in
¢l Leclc \_ Bolt hole d |—L
Lo
Fig.9 Saddle support
Table 4 Various Dimensions for Saddle Support
Vessel OD. | Total Weight| Wear Pl |Cont Angl| A B C D E F G H | Bolt hole
mm kg nm ° nm nm mm mm mm mm mm mm nm
610 7000 200 122 560 534 0 14 203 | 102 6 386 30
760 7570 200 120 680 610 0 14 254 102 6 419 30
910 7120 250 125 840 686 0 14 305 153 6 478 30
1060 7000 250 123 970 762 0 14 381 153 6 508 30
1220 11400 250 127 1118 838 0 14 457 153 6 567 30
1980 25600 350 124 1778 | 1219 280 20 838 24 10 757 30
2440 29660 350 125 2185 | 1448 356 20 1067 204 10 882 30
3350 57834 350 125 2998 | 1905 508 20 1524 254 16 1131 35

Note . For Dimension A-F, refer to Fig9

KREBBEPEEE, £108 $455 19924 12
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g AgAelA AAE & ARS T

o] gik o] WA fEEY AT AES 9
A9} §719) s} 2 o)7e] B AEAAWY 3
ARG R BF WAF FAAY 0 AR
d, o] A4 HF UAmwe] A 1
$4e 98 AHg T

Hg A

A5 ol
3

RE AzEo] dasiy,

wA ANGAR dolrhd AEe] A E el

e Zog {1V F AL @A #AR ﬂ} go
HAE B FAAE Asgchd, 2 98

g3k AWA AR o] wEd

.‘;"_
}.
]
A}

319 ¢H&7)o EEEA
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If shell thickness is under 15[mm]
and SAW can be applied to weld shell long_
seam, then V-groove is recommended.

Rulel :

If shell thickness is over or equal to 15[mm]
and under 50(mm] and SAW available,
then X-groove is recommended.

If shell thickness is over or equal to 50(mm]
and SAW can be applied to weld shell long_
seam, then U-groove is recommended.

Rule2 :

Rule3 :
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Fig.10 An example of weld design

324. &4 21k (WPS © Welding Process
Specification)

$AAANPIE HAHY $UE FY A
W= Bad FA0H 71 HQ) A4 ASME Code
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Fig.11 An example of WPS

3.3. ANAY =270 S8t
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Fig.12 An example of final drawing
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Appendix : Some static knowledge base of components of WPS
/* WPS knowledge base

kb_wps(process, groove, filler, wire_dia, current, voltage, speed) */
kb_wps(saw, v, eg_us49, 4, 400, 25, 20)

kb_wps(saw, x, eg_us49, 4, 600, 30, 27)

kb_wps(gmaw, v, er_70s, 12, 150, 25, 30)

kb_wps(smaw, v, €7016, 3.2, 150, 25, 12)
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