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RINGKASAN : Sistem Berasaskan Pengetahuan atau /ebih dikena/1 sebagal Sistem 

Pakar merupakan salahsatudarlpada cabang Kecerd/kan Buatan yang sedang mendapat 

perhatian dalam bldang pembuatan. Artikel In/ member/ pandangan secara keseluruhan 

mengenai penggunaan Sistem Berasaskan Pengetahuan dalam perancangan proses. 

Satu sistem prototaip, TURN PLANNER adalah dihuraikan bagi menunjukkan kebaikan 

penggunaan Sistem Berasaskan Pengetahuan dafam perancangan proses. Pengetahuan 

pakar bagi proses pemesinan disimpan dafam pengkafan pengetahuan dalam bentuk 

peraturan. Dengan menggunakan kaedah deskrlpsl l)ahaglan dan pangkalan-pangkalan 

data, slstem in/ telah menunjukkan kebolehan bag/ menghasilkan data pelan proses yang 

bo/eh digunakan dalam proses pemeslnan komponen-komponen putaran. Walaupun · 

maslh dalam peringkat pembangunan, hasl/ ujlan menggunakan TURN PLANN~R 

menunjukkan pelan-pelan proses dapat dihasilkan dengan /ebih tepat dan selaras dan 

. juga telah mengurangkan masa perancangan jlka.dibandingkan dengan kaedah manual. 

~ 

ABTRACT : Knowledge-based System (KBS) or commonly called Expert Systems is a 

branch of Artificial I ntelllgence which is receiving increased attention in the manufacturing 

area. This article gives an overview of the application of KBS In process planning. A 

prototype knowledge-based system, TURN PLANNER is described to demonstrate the 

benefits of using KBS in process planning. Expert knowledge on the machining process 

is stored as a knowledge base in the form of rules; Using a part description method and · 

databases, the system has shown to be capable of generating useful process plan data 

for machining of rotational parts. Although still at its developmental stage, test results 

show that proc1;1ss plans produced using a TURN PLANNER are more accurate, 

consistent and have reduced planning times, compared to the manual methods. 

KEYWORDS : . Knowledge-based systems--expert systems--computer-aided process 

planning--turning--features--operation sequence. 
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INTRODUCTION 

Process planning is defined as a function 
within a manufacturing facility that 
establishes which machining process and 
parameter are to be used to convert 
a part, from its initial form to a final 
form, predetermined from an engineering 
drawing (Chang and Wysk, 1985). The 
process planning function is to determine 
the most economical method to 
manufacture a part, given its description 
and the available resources. It generates 
the necessary information to initiate and 
support the various production-related 
activities such as capacity planning, 
machine scheduling, material and tool 
requirement planning, cost calculation, 
fixture design and generation of numerical 
control programs. Traditionally, this task 
has been achieved manually and it 
requires considerable amount of human 
expertise, skill and time. Although they 
are developed by experienced planners, 
the resulting plan is likely to result in 
errors and often causes delay in 
production. 

Process planning draws heavily on 
empirical knowledge acquired by 
experience, where there is no general 
theory or rules that can be used in deriving 
at a solution. Thus, a high level of 
expertise is required to generate an 
efficient plan. The combination of a 
shortage of human process planners and 
the suitability of using computers to store 
vast amount of the required knowledge 
and data has led to the introduction of 
Computer-Aided Process Planning 
(CAPP) systems. CAPP is currently the 
subject of much discussion and research 

within industry· and academic worlds. This 
high level interest is due to the potential 
role CAPP will play in factory automatio·n 
and the effect of the process . plans on 
the cost, quality and the rate of production 
(Woohead et al., 1986). The role of CAPP 
becomes · more crucial as the use of 
computers in the design (CAD) and 
manufacturing (CAM) becomes more 
extensive. CAPP is seen as one of the 
key issues in the integration and the 
effective utilisation of the two systems. . . 

CAPP falls under two main categories -
variant and generative (Chang and Wysk, 
1985). The variant system is based on 
retrieval of standard plans with coding 
and classification as the main elements. 
The generative system can create process 
plans for a new part by synthesizing the 
process information and the decision logic 
used in their programs. The present trend 
in the development of CAPP systems is 
towards the full utilisation of the generative 
type, with greater emphasis on the 
development of KBS - a computer 
program that uses knowledge and 
inference procedures for solving problems 
which are difficult to resolve and require 
a large amount of human expertise to 
develop a viable solution (Martin and 
Oxman, 1988). This is reflected by the 
results of several researchers working 
on CAPP systems (Atling and Zhang, 
1989; Wysk and Chang, 1985; Nolen, 
1989). Examples of knowledge-based 
process planning systems that have been 
developed are EXCAP (Darbyshire and 
Davies, 1985), SIPS (Nau and Gray, 
1986), XPLANE (van't Erve and Kais, 
1986) and TURBO-CAPP (Wang and 
Wysk, 1987). 
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The wide growth in the application of 
KBS for CAPP system development is 
Elttributable to · several reasons. The 
dynamic nature of the process planning 
activity ~equires that facts and rules which 
constitute the logic of the CAPP system 
be changed or mo9ified constantly. This 
is best achieved by· using KBS approach 
as knowledge i_n KBS is maintained 
separately from the program control, and 
can be modified dynamically. KBS 
organises knowledge in a way which 
permits intelligent reasoning and this is 
necessary to represent the thinking of 
human process planners. A KBS also 
has an inherent flexibility where 
knowledge bases can· be customised to 
suit a particular organisation's need and 
to maintain its know-how in a practical 
way. It is further characterised by its 
capability of dealing with incomplete or 
uncertain data, its ability · to handle 
unforeseen situations and explaining or 
justifying its results. KBS is ideal for 
problems involving formal reasoning 
which involves the use of rules and facts 
to solve a problem. The addition of natural 
language user interface to KBS provides 
a more friendly system to the user. 

Knowledge consists of symbolic 
description that characterises the ·· 
definitional and empirical relationships 
in a domain and the procedures for 
manipulating these descriptions. In the 
process planning domain, knowledge is 
divided into component and process or 
procedural knowledge (Wang and 
Walker, 1989; Wang and Wysk, 1988). 
Component knowledge consists of facts 
or data on the workpiece, machines, 
tools, workholding devices and other 
production parameters. They are 
acquired from engineering handbooks; 
company records and industry standards. 

. Process knowledge defines how the 
component can be manufactured and 
the rules related · to the production 
processes. This includes rules for 
identifying part · shapes, selection of 
operations and determination of cutting 
times and costs. The inference engine 
applies the process knowledge in a logical 
manner and uses the component 
knowledge to infer certain actions which 
form the output of the KBS. Figure 1 
shows a typical structure of a knowledge- · 
based process planning system. 

STRUCT\JRE OF KBS FOR PROCESS DEVELOPMENT OF TURN PLANNER 
PLANNING 

A typical KBS consists of a knowledge 
base, an inference engine, a user 
interface and a knowledge acquisition 
module. The knowledge base and the 
infe~ence engine are essential parts of 
the system. A user interface with varying 
degrees of sophistication is generally 
available in most. systems, whereas the 
knowledge acquisition module may not 
often be available (Pham and Pham, 
1988). 

A CAPP system is developed to fit the 
requirements of a particular environment, 
manufacturing. operations, its products 
and resources. Several knowledge-based 
CAPP systems have been developed for 
the machining of rotational parts, each 

· having its own design strategy 
(Da~byshire and Davies, 1985; _Bok and 
Nee, 1988; Hinduja and Barrow, 1987; 
Mouleeswaran and Fischer, 1986). TURN 
PLANNER · is a prototype knowledge
based process planning system for the 
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Figure 1. Structure of KBS for process planning 

machining of rotational parts, based on 
the resources and practices available at . 
the machine shop of SIRIM rt'Jan Harun 
et al., 1990). It is a rule-based system 
written in the Turbo Prolog language and 
runs under the DOS environment on a 
personal computer. Turbo Prolog is a 
data-driven declarative language, wh.ere 
the user only supplies a description of 
the problem and rules on how to solve 
it, the language will then use an inherent 
deductive reasoning to solve the problem 
(Townsend, 1987). It has a built-in 
structure for creating databases and a 
ready-to-run inference engin·e. This 
language was chosen for the work 
described in this article as it is of good 
value and quality, easily availa'ble in the 
market and has many useful features 
for the development of a KBS. The 
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language has also been used in several 
other KBS (Bok and Nee, 1988; Snoeys 
and Dekeyser 1988). 

System S!ructure 

The structure of the TURN PLANNER 
is shown in Figure 2. It consists of seven 
program modules and eight databases. 
PP-MAIN is the main module that controls 
the access to all other modules and 
database$. PP-GRAPH is a graphic 
module to provide the users with the 
graphical representation of feature types 
and definition used in the program. pp,. 
MOD1 and PP-MOD2 are process 
planning modules. PP-MOD1 is a module 
for selection of stock material .and machine 
tool while PP-MOD2 collects information 
on feature types, determines the operation 
and its sequences, selects the types of 



Application of Knowledge-based System In Process Planning 

cutting tool together with the cutting 
parameter for each operation. - PP
STOCK, PP-MACHINE and PP-TOOL 
are knowledge-ba~ed interface modules 
for material, machine too.I and cutting 
tool respectively. The interface module 
allows a user to.access data from external 
databases primarily · for editing and 
printing purposes. Databases for these 
modules include specifications, standards,. 
size and type of materials and iools in 
stock, speeds and feeds for a particular 
operation and material · type and machine 
specifications. The contents of the 
databases, especiany on the cutting 
parameters, can be continuously updated 
and improved from the experience gained 
from the shop floor; By continuously 
updating the files, data cari be improved, 
and_ultimat~ly ov~r a p~riod (?_f time, the 
machining practices will approach the 
best that can be achieved in the shop 

PROGRAM 
MODULES 

PP-MODl 

PP-MAIN PP-MACH 

PP-GRAPH 
PP-MOD2 

PP-TOOL 

floor. PP-TOOLS also contains databases 
for checking the correct drill sizes and 
its necessary clearances . prior to tapping 
and reaming operations. GLOBALS is 
a linker module which contains 
programming elements common to more 
than one module. 

At the present stage of development, 
the program is capable of recommending 
the stock material size and machine 
tool for a particular workpiece. That is 
by selecting any of the sixteen different . 
types of external and internal lathe· 
operations (as summarised in Table 1), 
in accordance to their sequences and 
recommending the cutting speed and feed 
rate for each operation. Figure 3 shows 
an example of the final output from the 
system in the form of planning data sheet. 
The data generated can · be saved into 
a file or printed for reference. . 

DATABASES 

Selection of Material 
Stock Material Data 

MAT.DAT 

Selection of Machine 
· Machine Tool Tool Data MACH.DAT 

Selecti9n · of CUT.DAT 

Operations 
INSERT DAT 

Selection of Cutting 

Cutting Tool Tool Data DRILL.DAT 

Selection of Cutting 
Cuttin.g Data Parameters TAP.DAT 

Sequencing of REAM.DAT 
Operations 

REAMER.DAT 

Figure· 2. Structure of TURN . PLANNER 
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TABLE 1. OPERATIONS IN TURN PLANNER 

Sequence 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Operations 

Facing 
Centre drilling 
Rough turning 
Taper turning 
Finish turning 
Grooving 
Chamfering 
External threading 
Drilling 
Boring· 
Reaming 
Tapping 
Internal threading 

PLANNING DATA SHEET 

PART NAME Shank 
PLANNER X'<Z 
MATERIAL · Mild Steel 
STOCK SIZE 90 x 95 mm 
MACHINE Wasino 

OPERATION TOOL SPEED 

1. Facing TU1 140-220 
2. Centre drilling CDRIL 1600* 
3. Turn 90 mm TU1 70-120 
4. Turn 51 mm TU1 7~120 
5. Finish turn 50 mm TU1 200-300 
6. Grooving QCUT 120-200 
7. Chamfering TCHM 30-50 
8. Drill ORI 440-1200* 
9. Boring BTO 80-120 
10. Int threading ITHR 2-15 
11. Parting-off QCUT 120-200 

*Speed in rpm. 

FEED 

0.1-0.6 
0.1 
0.1-0.6 
0.1-0.6 
0.1-0.6 
0.1-0.3 
0.1-0.6 
0.1-0.3 
0.1-0.3 
0.125 
0.1-0.3 

Figure 3. Example of process planning data for a sample part 
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Description of Part Shape 

A method for describing a machined 
part was developed using features. 
Features are basic geometrical shapes 
which are . combined to form a more 
complex · shape, each having a 
particular significance for the 
manufacturing process. Six· .external 
and five internal features have been 
defined, as shown in Figure 4. They 
represent the most common types of 
feature found on the . · workpieces 
machined at SIRIM. Other features not 
commonly found on rotational parts, 
such as splines, keyways and gears 
are not included in the current 
implementation. 

1. PACE 2. CYLINDER 

Each feature is further defined . by 
attributes, which . are properties of the 
part to be machined. These are 
engineering properties which cannot be 
easily expressed using geometry alone. 
Six types of attributes have been specified 
using this approach, namely diameter 
(D), tolerance on diameter and length 
(T), distance of the end point of the feature· 
to the datum (Z), angle (A), length of the 
feature (L) and thread pitch (P). For 
example, . the attributes for a THREAD 
feature are defined by its diameter, length 
of feature, . pitch ·and distance to the datum. 

. A CYLINDER is defined by its length, 
distance to the datum and the tolerance 
on diameter. These attributes have direct 

I. CENTRE 2. BORE 

... datu?m ·_ . . ·. .. . 
D+t - D - - D+T 

___I. ~ 
. datumm--·. ---'----, ~--, 

. . . . . 

, . 11fREAD 6 . . GROOVE ,. CBORE 

... ~ · ~-=-1 
1-----c....l. ~· ~ · 

External Features Internal Features 

Figure 4. Features used In TURN PLANNER 
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relationship with the selection and 
sequencing of machining operations. 

Data and features are entered from a 
menu and a graphical view of the selected 
feature type is presented to guide the 
user during the interaction. The user has 
to specify and select the types of feature 
on the part, whether they are external, 
internal or both. For each selected feature, 
data on the attribute will be asked. A 
datum line has to ~e specified, during 
the interaction process. According to 
the system convention the datum is 
alw~ys on the left-hand end of the part. 
The order of describing each feature 
is always from the right-hand end 
working towards · the datum. Figure 5 

Cl, 30 d e g 

shows an example of how this approach 
is . used to describe a, stopbolt. 

KNOWLEDGE BASES IN TURN 
PLANNER 

The knowledge bases form the core 
of the system. KnowJedge elicitation 
exercise was carried out in order to 
determine the structure of the component 
and the process knowledge. Expert 
knowledge was· acquired from 
experienced machinists through 
interviews and observations of their 
work. This was further supported by 
documentation of work procedu'res in 
various literatures. The knowledge is then . 
analysed and reconstructed into facts 
and rules. There are currently eight types 

!------.------;~ - - •t:--r 
22. 6- 0 pitch 1 LJ ~- _L . . t10 I J~ 2 lj~ l.

5 

16 --I--- .29 -----+- 15 

Tolerance 0.05 mm 
Drawing No 13-25-26 
Part Name Stop Bolt 
Material S45C 
Quantity 4 
Date 9.3.1985 
Drawn by Wan 

FEATURES D T p A L z 

FACE 10 0.00 60.0 
TIIRBAD 10 1 11.5 58.5 
GROOVE 8 2.0 47.0 
CYLINDER 16 0.05 29.0 45.0 
CYLINDER 66 0.05 15.0 16.0 
CHAMFER 1 30 1.0 

Figure 5. Feature definition for stopbolt 
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, of databases and seven main types of 
rules in the TURN PLANNER. 

The databases are for : 

a. .Material types and sizes 
b. Machine tool specifications _ 
c. Cutting speeds and feeds for each 

operation 
-d. Hole size allowance for tapping 
e. · Hole size allowance for reaming 
f. Cutting tool types and sizes and their 

holders 
g. Drill types and sizes 
h. Reamer types and sizes 

The main types of rules are for : 

a. Checking the availability of stock 
material type and size 

b. Determining stock material size 
c. Selection of machine tool 

. d. Selection of operations 
e. Sequencing of operations 
f. Selection of cutting tools 
g. Selection of cutting parameters 

Rules and databases are represented in 
the form of Horn Clauses based on the 
first order predicate logic. An example 
of the structure of the machine tool 
database, MACHINE.DAT is: 

machine (Code, Brand Name, Swing 
Over Bed, Distance Between Centres, 
Spindle Speed Range, Feed Range, 
Machine Accuracy, Operating Cost per 
hour). 

Using the Turbp Prolog database 
format, specification of a machine tool 
can be represented as foll<;>ws_: 

machine (2, wasino, 470, 800, 33-1500, 
0.25-0.4, 0.05, 3.97). 

An example of a rule for determining 
· the reaming operation is giv~n below: 

41 

IF the feature is BORE, 
AND tolerance value on the bore is 
specified within +/-0.5 mm, 
AND hole size is less than X mm, _ 
AND hole size is equal to the 
standard_ reamer size in the database, 
THEN do centre drilling operation, 
do drilling , operation (oper9) with 
allowance A mm, and 
do reaming operation (oper11) to the 
. required size. 

In the above rule, X is the maximum 
diameter of the reamer available in the 
database (in stock) and the value of A 
will be determined by the program, based 
on the recommended values in the reamer 
database. 

The above rule is represented by the 
following clauses in Turbo Prolog: 

speclfy_bore:- . 
_feature82(Boredia, Boretol, Boredist), 

Boretol < > 0, 
det_ream(Boredia). 

det_ream(~oredia):-
consu/t("a:ream. dat", ream), 
check_ ream(Boredia), fail. 

check_ ream(Boredia):-
Boredia<=X. 
Reamsize=Boredia, 
ream(Reamsize,f)rillsize), 
assert(ho/e(Oper9,Drillsize),dba6), 
assert(process(Oper11,Reamsize), 

process). 
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Operation Sequence 

The sequence for machining operations 
is based on the following rules: 

i. External features are machined first, 
( except for parting-off) followed by 
internal operations. 

ii. Operations are grouped · together 
so that the workpiece is machined 
in the fastest and most economical 
way. Consideration was made for a 
minimum tool change in order to 
reduce the tool set-up time. For 
example, since the same type of tool 
is used for roughing and taper turning 
operations, they are sequenced next 
to each other. 

iii. Certain operations have to be done 
prior to other operations .. For example, 
drilling must always be done before 
reaming, boring and internal threading 
operations. 

iv. Some operations have to be executed 
to meet the tolerance requirement. 
For example, if the specification 
requires high accuracy for the 
workpiece, then finish turning is carried 
out after rough turning but before 
external threading. 

v. Some such sequences have been 
established and documented by 
various researchers (Esterzon, 1980; 
Gerling, 1972). · 

Based on the above rules, an operation 
sequence table was established, as 
shown in Table 1. The program will list 

specified operations according to this 
sequence. However, certain operations 
cannot _be applied to the same feature 
at the same time. For example, both the 
boring and reaming operations cannot 
occur together for a BORE feature. 
Similarly, tapping and internal threading 
cannot be executed together as they 
represent the same type of operations 
using only different types of toot 

PROGRAM VERIFICATION 

The program was tested in an actual 
working environment in SIRIM using 
several test pieces. Three experienced 
operators were asked to prepare 
manually, process plans for the parts, 
and then machine the parts according to 
the respective plans. The parts were also 
planned using TURN PLANNER and 
then machined accordingly. The results 
showed that the time taken to generate 
process plans using TURN PLANNER 
was 60-80 percent faster than the manual 
method. Furthermore, the operators were 
provided with better and more complete 
data when TURN PLANNER was used. 
Therefore, for simple turned parts, the 
plan generated by the system was better 
than the manually produced data. This 
was testified by the shorter time taken 
to machine parts planned by the TURN 
PLANNER. For more complex parts which 
involved many external and internal 
features, it was found that the system 
had some limitations. Additional rules are 
required to take into consideration the 
different clamping methods and to 
generate. more flexible operation 
sequences. This will be the basis for 
future development work in this area. 
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CONCLUSIONS 

The application of KBS in the manu
facturing sector is increasing. This · arises 
from the need to reduce the lead time 
and manufacturing cycle time for riew 
products and to cater for the shortage of 
process planners and operators both in 
terms of numbers and level of expertise. 
The KBS technology is a valuable tool 
and when it is used properly will provide 
reasonable returns on 'the investment. 
It can offer a repository to capture 
expertise which is easy to transfer 
between sources, easy to document and 
consistent in performing tasks. 

The prototype system, TURN PLANNER 
shows some of the advantages of using 
KBS approach in process planning. 
Although the system was developed for 
simple rotational workpieces, the principle 
can be extended to cater for more 
complex parts and to other domains. 
TURN PLANNER eliminates the need 
for the machinists and process planners 
to continuously refer to other p~ople and 
sources to obtain various data for 
machining. The system illustrates the 
use of a technique within a manufacturing 
environment where knowledge can 
be effectively utilised to increase 
productivity. 
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