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INTRODUCTION

Expert system known as a powerful tool to those numerical problems accompanied
with logical argumentation, is recently facing the era of extended application
into the engineering fields beyond the classical scopes of diagnosis and consul-
tation. With regard to pressure vessels design it seems the most important
task to establish a general purpose frame based on microcomputer called skeleton
system to meet the various requirements of different vessels. The authors have
made an attempt to perform such skeleton designated file "ESTOOL" in order to
achieve the objectives of executing numerical calculation combined with logical
reasoning, and attaining higher efficiency on rules searching process. Up to
now,it has been successfully patched to the design software package for jacketed
vessel with stirring shaft. This paper would put forward the guiding concepts
and basic structure of ESTOOL via knowledge acquisition subsystem and inference
engine.

THE STRUCTURE OF SKELETON SYSTEM "ESTOOL"
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Fig. 1 The structure of ESTOOL
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As shown in Fig. 1, the skeleton system "ESTOOL" consists of one inference
engine, two libraries, two dictionaries and three management subroutines. A1l
the contents excluding inference engine are subsumed to the knowledge acquisition
subsystem. The physical concepts and constructions of the essential parts each
will be explained below in further details.

Knowledge Representation

In rules library, the common production rules are adopted as the representation
method of procedural knowledges with the relationship of cause and effect. But
the rules are rather reasoned by matching and judgement than by strict predicate
calculus., Nevertheless, in facts library the frame assertions are used to
delineate the attributes, values and inheritance of objects through the hierar-
chical slots, which is recognized to be beneficial to search and retrieval.

Formulation Of Rules Library

The rules library is composed of multi-rule trees. All the rules are arranged
in taxonomic hierarchies according to different subjects. The rules under a
certain subject are usually transformed into a condition matrix followed by a
conclusion matrix column by column to form a decision table. A sample of such
table about the subject of vessel closure option is shown in Table 1.

Table 1 A sample of decision table

R1 R2 R3 R4 R5 R6
€1 Internal pressure in vessel < 1.6 MPa (v) (Y) x (Yg () v
C2 Internal pressure in vessel < 0.6 MPa Yy Y (W) (v) (v) ¥
C3 Internal pressure in vessel < 0 MPa N N (N) Y Y (¥
C4 Medium viscosity > O.1 Pa-s Y XN Yy ¥ /
C5 Medium outlet located in the bottom side y / / Y Y /
A1 Select toriconical head as the bottom closure * * )
A2 Select ellipsoidal head as the bottom closure * ¥ * ¥
A3 Select ellipsoidal head as the upper closure * o* * oox %
A4 Select flat head as the upper closure *

Remarks: Y-Yes, N-No, /-no relation, ( )-implicit condition, *-option

For illustration, the first rule R1 located in the first column of Table 1 is
interpreted as follows:

IF 0 £ Internal pressure in vessel 0.6 MPa
and Medium viscosity > 0.1 Pa-s
and Medium outlet located in the bottom side
THEN Select toriconical head as the bottom closure
and Select the standard ellipsoidal head as the upper closure

For the sake of meeting computer algorithm, the above Table should be represent-
ed in numerical matrices:

Condition matrix Conclusion matrix
rules serial no. rules serial no.

o 1 2 3 4 5 6 o 1 2 3 4 5 6

1 1 1 2 1 1 1 1 1 o o0 1 0 0
condition| 2 1 1 2 1 1 2| conclusion |2 O 1 1 0 1 1
serial 3 2 2 2 1 1 2 | serial 3 1 1 o 1 1 1
number 4 1 2 0 1 2 0| number 4 O 0 1 0O o0 o

5 1 0 0 1 1 0

where 1-Y, 2-N, O0-/ where 1-option, O-nonsense

Moreover, three characteristic parameters designated column count CC, weighted
dash count WDC and DEL value, are necessary for determining the priority of
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conditions trial. CC represents the total number of rules including no rela-
tion terms. It might be calculated by 2™ , where m is the number of no rela-
tion terms in decision table. WDC represents the relativity between rules and
conditions, which might be defined as follows:

(wnc)j = §§ (cc)i- dij (i=1y2ye0een; J=1,25000.m)

i=1
where i — the order of rules; j — the order of conditions

4. = {1, the ith rule without relation to jth condition
ij =10, the i'h rule with relation to jth condition
DEL value represents the absolute value of the difference between the number of
'Y' terms and that of 'N' terms relating to a certain condition corresponding to
rules each. For instance, in Table 1 the 3rd condition C3 is possessed of two
'Y' terms and four 'N' terms corresponding to the all six rules. Hence, DEL
value is equal to |2-4|, or say 2.

In order to establish the process path of rules tree in accordance with the
priority of conditions trial, two principles in following statements have to be
complied with:

Principle 1 The conditions are rearranged in the order of WDC values with
the minimum one being first trialj;

Principle 2 In case of equivalence of WDC values, the conditions are
rearranged in the order of DEL values with the minimum one
being first trial.

After applying these principles to the same sample, a bifurcate rules tree of
dual-branch (yes/no) might be formed as shown in Fig. 2. It is worthwhile to
point out that the 5th condition C5 is appeared no more in the tree. It implies
that no sufficient rules have been put forward by the field experts. 1In that
case, the inference engine will propose a conclusion via its heuristic reasoning.

Fig. 2 Rules tree

Formulation Of Facts Library

As regards mature experiences or conclusions, it is better to use frame structure
to set up facts library. For instance, a certain frame of transmission mechani-
sm for stirred vessels is shown in Fig. 3, where slot represents a subframe or an
attribute/value. Any subframe contains all the attributes of its parent frame,
so-called the inheritance of frame, The procedure of facts search is realized
by the matching process between slots.

Functions Of Dictionaries

There are two dictionary files, i.e. variables dictionary and procedure diction-
ary, in the skeleton system. They have the function of automatic translation
between two features of rules representation. One feature called external
version is based on the English conventions, which could be easily handled by
the field expert, knowledge engineer and user. Another one called internal
version is based on the support software of computer, which is used in the
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Fig. 3 Prame structure of transmission mechanism

process of information storage and reasoning only. For illustration, two equi-
valent features of option rules for vessel closure are enumerated as follows:

External feature

IF < (internal pressure in vessel, 1.6)
and > (internal pressure in vessel, 0.6)
THEN is (shape of bottom head, ellipsoidal)
and is (shape of upper head, ellipsoidal)
Internal feature
IF < P g 1.6)
and > (p5, 0.6)
THEN = bﬁead I 'ellip'g
and = (uhead N\ , 'ellip!

Functions Of Management Subroutines

Rules library management subroutine EJRS will display an index 'menu' during the
start of execution. A lot of rule subjects are listed on the menu, by that the
users could set up or revise the rule files conveniently and request an instruc-
tion or interpretation from it as well. Meanwhile, the field expert or
knowledge engineer could establish new rule files and change any existing rules
via EJRS. Moreover, EJRS could verify the conformability and redundancy of the
entire rules effectively too.

Facts library management subroutine FMS will also do so like BJRS doing during
the start of execution. After user's menu call, FMS could establish or visit
the corresponding facts file. On the other side, the user might visit or change
the frame contents of facts library rank by rank accordingly through the
functional key conveniently.

Dictionary management subroutine BUILDD will put forward or expand any new
dictionary automatically by means of couple input of specialistic key words and
the relevant variables., Besides, BUILDD could form a transfer module of
variables, while the new dictionary is setting up. In short, BUILDD might be
recognized as an interface between the skeleton system and any new application
system,

Control Strategy Of Inference Bngine

Control strategy of reasoning is usually regarded as an important link in the
resolution system. The inference engine in skeleton system ESTOOL has adopted
the forward-chaining reasoning as its control strategy, which is based on the
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Table 2 A sample of I/0 informations for
vessel design by JACKEL/ESTOOL

KNOWN DATA

Mode of operation blending
Phase of medium T
Rotating speed of shaft 1.483 &
Temperature in vessel 85° ¢
Temperature in jacket 100° ¢
Operation volume 20 m®
Density of medium 1000 kg/m?
Viscosity of medium 0.001 Pa-s
Pressure in vessel 0.2 MPa
Pressure in jacket 0.1 MPa
Material of vessel “1Cr18Nig9Ti
Material of jacket A3R

DESIGN RESULTS
1. Structural dimensions
Height of vessel (bottom head inclusive, but

upper head exclusive) 5.28 m
Height of jacket (bottom head inclusive) 4,22 m
Inside diameter of vessel 2,60 m
Inside diameter of jacket 2,80 m
Distance between impeller and bottom head 1.10m
Shape of upper head ellipsoidal
Shape of bottom head ellipsoidal
2, Coefficients and factors
Filling coefficient 80 %
Shaft factor K, 0.12
" " K, 0.00
" " K} 0. 30
" " G 6'30
Percentage of NDE of weld joint (for vessel) 100 %
" " " (for jacket) 20 %
weld joint efficiency (for vessel of double-
groove and butt weld) 1.0
" " " (for jacket of single-
groove and butt weld ) 0.7
3. Mechanical parts
Number of impeller 1
Type of impeller paddle (HG 5-220-65) with
baffle (dia. = 1.1 m)
Support type of shaft cantilever
Material of shaft 1Cr18Ni9Ti
Diameter of shaft 0,08 m
Length of shaft 5.14 m
Power of shaft 5.75 kw
Bearing J-B-80
Coupling split-butt
Transmission and electric motor BLD 7.5-4-17, J02-51-4T2
(HG 5-745-78-L)
Power of motor 6.60 kw

Mechanical seal type single face, multi-spring,
non-balanced (HG 5-752-78)

The previous results have been saved in file JACKEL.RES.
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considerations of simpler structure, smaller storage space, acceptableness of
users and easily to track along the reasoning path. The key work in forward-
chaining reasoning is perhaps the conflict resolution during matching procedure
with the least matching steps. As regards ESTOOL it rather selects the context
restriction method as its basis of control strategy than any others. Hence,
the described rules are classified taxonomically beforehand. Any applicable
rule could be searched out only in the case of context conforming during
retrieval process, In addition, this inference engine might be able to access
the design variables directly via the variable-transfer module, and possesses
of the abilities of explanation and heuristic power, if necessary,

THE APPLICATION OF ESTOOL TO STIRRED JACKETED VESSEL

As well known, the design problem of stirred jacketed vessel can not be per-
fectly solved by the mathematical formulae hitherto, and should be partly
complied with the engineer's experiences, 1In order to aid the designer of less
experiences to make decision on overall dimensions, components option and para-
meters determination, the ESTOOL has been patched to a specific main system
called JACKEL which had been taken trial run last year. The function of JACKEL
is that in case of a series of chemical process parameters being known, it could
propose all of the design results such as structural dimensions, fitting parts
and various engineering factors etc., via the search procedure of the database
visiting module together with inference engine to acquire the required informa-
tions from database and knowledgebase, For illustration, a 1list of input and
output is shown in Table 2, which is typically completed by both ESTOOL and
JACKEL combination.

Moreover, some interfaces for man-machine interaction are developed as well in
this expert system, which seem much attractive to users. Thus, anybody might
enquire the instructions or explanations at anytime, and operate the screen
display, definition, location, string, window and direct dialogue more conve-
niently. As regards the CAD interface, ESTOOL and JACKEL are already in line
with the legal computer software of pressure vessels design issued by the China
National Standard Committee of Pressure Vessel.

In conclusion, it is our point of view that the foresight of expert system
application to engineering design field would be quite optimistical, although
the knowledge-collection work from field experts seems extremely arduous on
many occasions, The frame work of expert system, or say skeleton system, will
prlay an important role in promoting the wide application of artificial intelli-
gence within the scope of computer science.
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