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Knowledge Representation Model for Basic Design
of Power Plant Equipment

HIDEYUKI YAMAGUCHI, ™ ISAO NAGASAWA,2 MASANOBU UMEDA, 2
MASAMITSU MOCHIZUKI'* and ZHIHUA ZHANGT

Design sections of power plant equipment have introduced problem-oriented CAD systems
for the sake of design productivity. It has, however, become difficult that design works follow
the changes of the marketplace needs and evolution of technologies because of their improper
handling of design knowledge. As a result, design works have been stiffened. The lack of tech-
nologies also becomes a serious problem since it is difficult for a new designer to learn design
knowledge since the design tasks strongly depend on the CAD systems and design knowledge
is hidden in the systems. It is important to provide a framework which enables designers to
systematize and manage design knowledge by themselves. This paper proposes a modeling
technique of design knowledge about basic design of plant equipment. This technique rep-
resents a design problem at first as a design space which describes a search scope of design
plans and design conditions. Computational complexity of the search of the design solutions is
then reduced by using typical methods without reducing the quality of the solutions. Design
procedure of a large complex problem is finally represented as a chain of small design spaces.
This technique enables designers to organize design knowledge not only in maintainable and
understandable form but also in robust form. Experiments on modeling of design knowledge
about basic design of heat-exchanger show that both understandability and maintainability of
the knowledge are improved. Design experiments also show that there exist better solutions
than the past designs due to availability of distributions of all possible solutions.

1. 00O 00O

f1 00000000
Choryo Design Ltd. Co. goboobobOo0oboooboooooooobo

200000000000 0000000000000000000000000
Faculty of QOmputer Sience and System Engineering, 0000000000000 00000000000
Kyushu Institute of Technology

t300000000000000 ooY000000000000000000000
Information Sience Center, Kyushu Institute of Tech- 000000000000 O0O0O0O0O0O0O0Ooooon
nology

t400000000 00000oOD0OOoO0OobOooOoooOoo19e000dTo
Sanyo Women’s College 000000 O0O0O0000000bOO0ObO0O00oOooOoao

3180



Vol. 41 No. 11 gooooooooobooooooooobooobooo 3181

0000000000000000000000000 O000000000000000000000000
0000000000000 00000000000 0000000000 00000000000000
0000000000 00000000000000 000000400000000000000000
000000000000000000000000 000000000000000000000000
000000000000000000D0000O0O0 O000000000000000000000000
000000000000000000000000 000000000500000000000000
000000000000000000000000 000000000000000000000000
00000000000000000000 CAD®? 000000000000000000000000
000000000000000000000000 0000000000000000000060000
0000000000000000000000000 O000000000000000000000000
000000000000000000000000 0000000000000 00000000000
000000000000000000000000 000000000000000007000000
0000000000000 O00000000000 000000000000000000000000
000000000000000000000000 000000000000 O000000000000
0000000000000 000000000000 00000000000
1980 000000000000000000000
000000000000000000 AIODOO
000000000000000000000000 2.1 0000000
00000000000 000000000000 01000000000000000000001
000000000000000000000000 000000000000000000000000
0000000000 D0O0000000000000 0000000000000000000000000
000000000000000000000000 O000000000000000000000000
000000000000 cCADODOOODOODOO 00000000000000D0O0000000@®@O
ooooooooY90
00000000000000000000D000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
DSPO~9 QOO0 OO0O000DO0DO0OODOD0O0n
0000000000000000D00000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooo
000000000000000000000000
000200000000000000000000
300000000000000000000000

2. J00oooooooboaoo

Y 000000000 0000000000000 FORTRAN
gooo0o0o0ooo00oboOoo0boOo0oooboOooooool1o

(a) el i (b) AT IE

godleo0ooOOoOoOOOOOODOOOODOOOOODODO 01 000booooooooooooo
ooooooo Fig.1 Shell-and-tube type heat exchanger.



3182 goooooooo

00D@EUO0000000000000000®0D0
00000000000 00000D00000000
000D0000000000000@0I000000
000000000000 000@ODOO0 (b)do
00000000000 0000000000000
00D000000000000000@EO00000
0000000000000 00000000000
000000D00000@EI0D0O0O000@ 000
0000000000000 0000000000
2.2 00000

00000000000 D00D0000000000
000000000000 D0D00000000000n
000O00o000DOoDOoo®Yooooooon
000000000000000000000000
0000000000000 000000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
000000D0000D00000000000000
0D000D0000000000000000 200
000000D0000000000@EOO0O0000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 0000000000000
000000000000000000000000
000000000000 000000000000
0000000000000 D000®O000000
000000000000 000000000000

Yo & 1L BENEET

- GAE, BEREE. MESUEE.
BB S DT

ME HiESD
HERE T L TG

@& ththia S5 ¥ AF(l

BEIRER AR
02 000000O0O0O0OOO
Fig.2 Basic design procedures of a heat exchanger.
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Fig.3 Design space of a tank design.
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Fig.4 Dependencies between attributes.
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Fig.5 Nominal form of a design space.
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Fig.6 Nominal form of a design space with modified
domain constraints.
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Fig.7 Data flow diagram of a generate and test method.
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Fig.9 Decision of the number of tubes.
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Fig. 10 Heat and mass transfer parts design.
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Fig. 15 Relation of the scramble for spaces between parts.
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Table 1 Design experiments.
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oo 2 0 2
02 0O0oooo
Table 2 Example of the design results.
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Table 3 The number of the design solutions.
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Table 4 Optimal solutions.
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(mm) | (mm) (mm) | (mm) | (@/0)
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0 ® | ¢15.9 1.24 1629 10 1257 2600 2.07
0| ® | ¢15.9 | 1.24 311 17 675 1700 2.52
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0 ® | ¢15.9 1.24 2256 22 $1350 3080 2.28
0| ® | ¢15.9 | 1.24 430 21 $483 2100 4.25
05 000000000000
Table 5 Comparison of the design results and the
optimal solutions. .
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U | @ oo 3491 0.22 0.047 ) : :
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0o|®| oo - - - 6.0e+007{
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0| ® | oo 215 0.05 0.050 S R
ooo 387 0.03 0.029 . : I
- 3 - - - - 4.00+007 ﬁﬁﬁ@
ooo 3109 0.03 0.068 ‘/ : :
0|l@]| oo 507 0.28 0.58 2064007 ] ? ¢
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Fig.17 The number of spaces between baffles vs. tube
(1) oooo volume.
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Fig. 18 Optimal solution for the experiment.
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Fig.19 Comparison of the optimal solutions for U tube

type and direct tube type.
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Fig.20 Relationship between the design spaces of heat
and mass transfer parts design.
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Fig.21 Relationship between the design spaces of
pressure resistant parts design.
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