dnfernetional Jowrnal of the Karean Society af Precision Engimcermg Vol |, No 2, December 2000

A Knowledge-Based System for Assembly Sequence

Planning

Hong-Seok Park*

* School of Mechanical and Automotive Engincering, University of Ulsan, Ulsan, South Korea

ABSTRACT

To save time and cost in assembly process and (o improve the qualily of products, it is very important to

choose an aptimal assembly sequence. In this paper, we propose a methodology that generales an optimal

assembly sequence by using various methods and the knowledge of experts. To ilustrate the eflectiveness of

the proposed methodology, a knowledge-based system is developed. The buill system is applied to ihe case of

UBR(Unit Bath Room). The applying resuli showed the applicability of the developed system.
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I. Introduction

The existing studies for assembly planning have

progressed by the ways that generale assembly
sequences on the basis of subassemblies inputied
manually and then selecl final solution (hrough

evaluation (Gu & Yan, 1995: Jones & Wilson, 1996;
Qian & Pagello, 1994: Wolter. 1991) These ways
of
assembly-resiricled condition via a number of question
Due the detailed
description of the geometiical shapes and connect

were  carriad  out by the  inference

and answelt. 1o 1these reasons,

relationships of parls was requued. Nevertheless, the

existing studies  have defocts thal the  generaled
assembly sequences even include impractical one and
exponenlially increase in proposition o the number of
parts. According (o the kind of product and assembly
ciccumstances, evaluation of assembly sequences
requires varwous evaluation factors. Bul, because ihe
existing  studies  havenl  sulficienily consideicd
geometrical relationships and Lhe degree of assembly
ditficulty, the evaluation aic not only unsatislactory
but also applied only simple assembly
{Walter, 1991).

In order 1o overcome the above problems, the

prablems

developed syslem automatically genelales

3

n

subassemblies on the simple connect relationship

information w some other way ol the exisling studies,
and also  prevenmt d{mpractical and unnecessary
processes by wusing disassembly methods with CAD
To

disasscmbly rules are developed. The information [or

madel. conduct  this

procedure  smoothly,
lhe next evalualion phase such as assembly method,
setup change and accessibility through this process are
grasped. Evaluation using the above information can
improve the accuracy of solution. In ovder to gel a
practical solution, we induced the faclors that are
used in measurement of economy and difficully of
assembly, by analyzing many assembly tasks and
gathering experls knowiedge and much experience.

2. Generation of Assembly Sequence
2.1 System Architecture

of
subsysiems

Generation  system assembly sequence s

consisted  of  several like subassembly
ecneration tool, disassembly szquence generalion tool,
all the [easible assembly sequence generation tlool,
expert system for the optimal assembly sequence and
database system [or managing and storing all dala to
utilize each tool. These data contain the assembly
information acquired from disassembly process and

drawings of a product.
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First of all,
through analysis of a product on CAD system,
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Fig. | System Architecture

information such as geomelric connect relationship,

weight, dimension and material are grasped. The
acquired information s stored in database sysiem.
First,

subassembly on lhe basis of connect relationship

subassembly module generales a product’s
information of part. Next, disassembly operation is
performed by simulation tool on the solid model of
the
subassembly. In this process, the disassembly rules
The

technical

pars as unit ol the previously generated

developed are wvsed. acquired  disassembly

through
disassembly process are slored within database system

sequence  and information

by planer. The third subsystem generates all [easible

by
subassembly

assembly  sequences
of

disassembly system in reverse order. Finally, such

combining  disassembly

sequence each generated  from
generated assembly sequences are evaluated by using
evaluafion critetia. The optimal solution selected by
these processes is the [inal result of the developed

syslem.

2.2 Subassembly Generation Tool

In this paper the minimum assembly planning unit
that generaies assembly sequences is formed with tho
unit of subassembly. Subassembly is compased of a
subgroup or a combination of various subgroup.
Subgroup is defined as a set of parts divided on the
Liatson Graph({Qian & Pagelio, 1994).

Under this concept, algorithm for generation of
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subassembly is developed (Figure 2). Input formation
is generated by describing all parts that the part has a
conlact relationship on the basis of each parl. By this
way, to describe all contact relationship for entire
parts is called a contact relationship matrix.

The part that is only connecled by ong part is
regarded as single node. To form the closed polygon,
it is removed fiom contact relationship matrix first. It
must be recorded wh al part was connected with il
when removed,

Afer that. we check il ithe row which is cansisted
of the identical parts exist within contact relationship
matrix. If exist, we store it as intermediate solutign.
And then we remove it from the connecled parts
within contact relationship matrix.

Nexl, we examine whether a row 1s partially
contained in other row. In lhe case of not existing the
row consisted ol the completely same parls in the
previous step. we investigate a partial sel relationship
for ihe entire row. On the other side, in the case that
exists the same row. we investigate whether Lhe
compating tow is contained in ithe connected parts of
the compared row within contacl relationship matrix
which is removed the identical parts. For each case,
middle decision statement in ihe

as shown in the

Figure Z. the comparing row (A} in the [ormer case

1"pul of part cantacl relanenship
)
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Fig. 2 Flowchart for the generation of sub-assembly
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and he compared row(B) in the latter are stared as
an intermediaie solution, As the previous steps did,
after storing, it is removed [rom the connected parts
of contact relationship matrix.

In next step. in the case of rows having more
than wwo 1dentical patts by comparing each row, we
store as an immediate solution by coanecling lwo
rows, To have mare than two identical parts means
that all parts of iwo rows are conlainced in the closed
nolvgon when drawing il. Thal is, it means thal iwo
rows cannot be separated. They are slored as an
immediatle solution. and then are removed from the
connected parls of contacl relationship mairix

Also, by combining mwo rows having an identical
parl, an immediale solution s generated, This case s
noi composed ol the clased polygon, bul is stored s
an immediaie solution due fo ihe case thal lines up
8o, process (hat generates the Immediale solulivns
from gontact relatienship maliix is completed.

Finally, by comparing the immcdiate solutions
ecneraled above, Lwo immediale solutions thal have
more than two idenlical parts aie combined as an
immediate zalution becouse they consist of the cloged
palyvgzon that lies adjacent 1o each other. And then, i
the single nodc removed early is added ar the parts
related o the above geperaled solution. subgroup is
gencrated.

The exisling studics thal depend on the simple
Liaison Graph generate the assembly scquence by unit
ol subgroup. [u this case, il the several subgreups on
the basis of a common parl are genervated, it can be
impossible lo asscmble duc to the geometric
interlerence according o assembiy scquence among
subgroups  Therelfore, this method docsnt  always
generate the correct resull. Specially in the case of
machinery assembly, 1ihe sitvalion thal various
subgroups are formed around a cenlered commen part
like assembly around axis ofien happen. We can
know from the analysis result of Liason Graph for
that this problem happens when common part has the
property of basepart various products. Thus. in order
lo prevent the interference pioblem in advance, it Is
appropriate  thal a subassembly is formed by the
subgroups connecled arownd centered baseparl on the
basis of the generated Liason Graph. The selection of

baseparl is achieved by caleulating the weights which
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are switable for the given assembly task in considering
weight, the number ol the connected parts, and size

acquited for, the mput of part nformation

2.3 Disassembly Sequence Generation Tool

It is very ditTicult to develop the stiategy and rule
that can gencrally apply to the generation of assembly
sequence in synthetic consideration of the variety of
assembly tasks, methods, and product structures. Some
systems using simple rules are intreduced. bul it is
only useful under a limited condition.
divided as
subassemblics by ihe tool develeped in the previous

In this research a product is
scetion and the disassembly operation is pefornied by
disasseinbly vules on UG simulation tool wih the
CAD solid model of each subassembly. Disasscmbly
rules are derived [rom the much experience of field
experts, assembly heory and meny assembly {asks. A
past ol disassembly rules is intreduced as follows:
Cisassemble  the part thal s easy 1o pguaranieo
operation space easlier, avoid gravity orientalion in
disassembly direction, disassemble 1he part that s
superiov 1o flexibility carlier, disassemble the past that
has inany simultancous contacis in disassembly as late
ag possible, elc.

A planer deterntines the disassembly  sequence
according to the given disassembly rules, and stores
the assembly information such as assembly direction,
sctup change and the shape ol assembly location o
accessibility indo the database of the system. The
derived infonnation can be used as evaluation criterda
to selecl the optimal assembly sequence in experl
gystem  We  can  select the better solution by
estimaiing mere various perameters  through  this

mformaton,

2.4 Generation Of Feasible Assembly
Sequences

Al feasible  assembly  sequences  should  be
generaled by combining all assembly sequences of
each subassembly.

Paris that have priority rather than the sequeunce of
common part in a subassembly always have priority
rather than the assembly seguence of commoir parl.
Also, parts that are later assembled rather than
common part are always assembled [ater rather than
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the assembly sequence of common part even in the
case of generation of the cntwe assembly scquence.
Like the above explanation, the assembly sequence of

cach subassembly can be combined wilh one.

2.5 Parameters For Evaluation Of Assembly
Sequence
To capturc parameters that have an influence on
the determination of assembly sequence, the various
kinds
analyzed in the technical and economical aspects.

of assembly sequences are systematically
Several cxperiments show thal assembly scquence is
largely influenced by the joined shape and structure
of parts(Ben-Arieh,1994; Ténshoff et al, 1992). In
relation to that, parameters for the deiermination rules
of assembly sequence are derived. Each parameter is
the the

determination of assembly sequence by considering

weighted by degree of importance for
cosl, 1ime, and difficulty on assembly process(Figure
3). This is performed by ihe synthetic assessment on
the basis of experiiments results and expert knowledge.

Emrors on arrangement and position are siricily
controlled in the automated assembly, bul also have
an important effect upon the easiness and time of
assembly operation in the manual assembly. Assembly
operation should be performed under the mintmum
setup change because these errors are incutred by the
setup change.

Specially, the sctup change of the heavy and
bulky producls
sometimes about the huge addilional expenses and

such a5 induslry machines bring
time loss. These changes can be recognized by the
required jig and fxture, setup location, etc. acquired
in disassembly operation,

According 1o experiment results, the adjacent
shapes 1o assemble play an important rele in assembly
the unrestricled

process.  Assembly operalion in

accessibilily is performed much easier than the
assembly operation in the limited space. Therefore,
the assembly operation must be performed in the
easily accessible direction at the location ol assembly.
For this, we classified the degree of freedom [or
assembly into 5 types frem 1 10 3 by analyzing the
jointing spot. The direction for assembly is defined
into 6 axes (+X, =Y, =7Z), and on the basis of this,

the accessibility on assembly operation of each part is
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evalualed accoiding to the degree of [reedom for
disassembly by analyzing the access patterns in
disassembly operation, Foir example, il the assembly
is accomplished in a pocket of part. the degree of
freedom [or the assembly is equal to 1 because of the
accesaibilily of one ditection only. And, in the case
that is assembled in a plain, the degree of freadom
for assembly is equal o 5 since assembly make
possible for all directions exclusive of Z direction.
To reducc the non-processing tume of assembly

operation, it is appropriate thalt ihe process using the
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Fig. 3 Pacameters and weight values for the selection

ol assembly sequence

identical tools and same direction in a setup is
composed of as a group. The productivity of
assembly is improved by changing tools afier

performing assembly operations of each different

direction with the identical tools. Therelore, the
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assembly scquence that has the small number of tool
change was selected prefoientially

Toint method is conneclion by shape of parts and
kind of joining[5,6]. In counection with this, the
correlation  berween joinl method and  assembly

sequence is  investigaied. Technically, assembly
sequence is accomplished according o the degree of
difficulty for assembly which was cvaluated by the
force required 1o joining and the complication of
operation required in the assembly process. Generally,
assembly sequence is from joinl meihod with the low
degree ol difficulty to joinl mecthod with the high
of difficulty. [In

indivisible joinl method must be performed carlier

degree economic  aspect, the
than the divisible one. Il can reduce the loss of
maletials to thal exlent because a minimum assembly
was performed through the wrang assembly can be
taken. Bul. in the case of welding, assembly is
performed  later for continuous assembly progress
because of transformation by heat. According lo the
experiment resull. the more the number of parls
increase, the harder assembly is performed. Thus, the
later the hard assembly operation is performed, the
warse the assembly sequence grows,

For assembly slability, assembly must  be
pregressed under the symmetrical siructure as wuch
as possible. Also, the sensilive or expensive paris
should be assembled later in order to prevent from
the damage of them. Thus. we caused them to be
selected the late assembly sequence as far as possible.

According  te this study, basepart should be
assembled as carly as possible because it has an
ability 1o accommodate other parts So, in (he case
that basepart is assembled first, the resulls of
assembly arc evaluated as good,

Since each parameter introduced above has its
own properiy for determination of assembly sequence.
it is embodied in Lhe form of the rules of JF-THEN.
Using them. expert syslem was built up and is
applied to decide the difficully of the entire assembly.
Each parameter is evalualed individually and is finally
quantified by mulliplying weight on the property of
assembly.

2.6 Algorithm For Selection Of Assembly
Sequence

Product informalion like weight and volume of
parts taken Irom the drawing. assembly inlormation
acquired 1hrough disassembly operation such as
direciion change, lools used and the degree of safety
and subassembly informatian are stored in database.
Experl system is run on ihe basis of the Duilt
database.

It is impossible thal all parameters affected to
assembly are quantitalively evaluated and are
representied. A property ol working method in tield
and  assembly system cannol  help  evaluating
qualitatively, Theiefore, through communication with
the developed sysiem, a planer and an cxpert made
the final decision in consideration of the qualilalive

amount.

3. Case Study

The developed system using the above proposad
methodology was applied to a UBR (Unit Bath
Foom) (or a prefabricated building in erder o show
the steps choosing optimal selutien, Through ihese
steps, we  verrfied various methodologies used in
system, and investigated the elfecis of the rules and
the evalvaled parameters proposed In this paper.

UBR 15 made up of the first parls that [o1m basic
steucture and the second parts thal is the inside
funclion pact. This ¢ase made assembly of the second
parts an objecl of study. The second parts are
composed of 17 parls. The related parls are provided
mn the form of CAD Madel tom a company

First of all, the connccting relationship of cach
part and the poduct information are stored  al
database. This process is performed by analyzing
CAD Model and design information of product.

On the basis of the described input information,
sub-assembly is generaled using the sub-assembly
generation lool. In the case of UBR, because of
spatial constraint the weight and size of part should
be given much moare weight than the number of the
connected parts at the determination af the basepart,
With this criteria, a bathtub is selected as basepart.

The (ollowing Figure 4
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Fig. 5 Disassembly process of sub-assembly

show the result of sub-assembly displayed in the form
of the given pail numbers using the sub-assembly
tool.

The next procedure 15 lo carry out disassembly
task per the uait of the generated sub-assembly. This
task is performed through the call of UG assembiy
module in developed system and the results are stored
at datahasc, At this procedure, various disassembly
rules proposed in scetion 2.3 are used. And, through
this process, information such as assembly direction,
the degree of freedom for assembly, and selup
change, is acquired, and is alse stored ai database,
and is used in the evalustion step of the linal
assembly sequence. The following Figure 5 shows
disassembly process of sub-assembly.

The next step is to generate all feasible assembly
sequences by combining assembly sequence of
sub-assembly. This process is accomplished by a

perception of the commeon parl in sub-assemblies.

Internanonal Jouwrnal of the KSPE, Tl I, No 2

The

sequence using the knowledge for various judgements

[inal step is (0 select optimal assembly
on the basis of input information such as all assembly
sequences generated. The following Figure 6 shows
the final result estimating two [easible asscmbly
sequences.

As a result. we can know that assembly sequence
1 gets higher score than assembly sequence 2. In the
the ihe

precedence of the jomit method, the assembly safely

aspect  of assembly  direclion  change,
and the location of basepart the alternative sequences
are different. A few kinds of tool is used and there is

no dilterence in tool change, Because the UBR parts

are  assembled in  enough  spaiial  allowance,
accessibility of joiniing
w {Bf Example - Anaylsis o ]
Selairn » Foanb's o sl ;L\‘-‘quju;lpé-t ’ Secuence’] |

detpMhanes 1 Wweighl 20 % Dosult fosa

cutrilily Praedan 1 Yesight [15 % ot {775?
oy TooiChange | welghs Oy Besdlt foCn
« DpectonChange | woghs [0 %  Resut om0
Buseriblybehod | waight [5 o+ Resdk i
Assé:pfm‘;@amy wiolght Resaie Baoa
Basupan | Weigh Fasl [gate

LMP v “1 :‘: T

(a) Feasible sequence 1

w UBH Example - Anaylcls el B

. Belesion o) Fraskre Assarmbly Seqllc;i

Sonp Shangw | Weight [f0 ;

‘éesu"r 7053

fasembly Fr Wit (15 Fesult: {32 50
~anl “hangn wegnt 1o Resud {5000
Lrpeien Changn Vet o . Resuft [eses

wiaght 15
eight [10
Weight [5

’ Assembly Method
Agsamnly Safey
Sagepan

 Final Flasull

(b} Feasible sequence 2
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(b} New sequence
Fig. 7 Comparison of the conventional sequence with
the new sequence
assembled in cnough spalial allowance, accessibility
ol jointing spot is not restricted in case of the degree
ol asscmbly freedom.

With these step. the assembly sequence generaled
from ihe developed sysiem and the conveniional
assembly sequence from expeiience are compaied
(Figure 7).

In the above assembly sequence diagram. haose in
conventional sequence is considered as ome, but the
new assembly sequence is generaled by dividing it
into two hoses A. B becausc assembly lask is
performed at the different time and place. According
flange, bath-iub fixer
loilet bowl base regarded as single node have no

lo analysis, since upper and
influence  on
that

previous assembly al the time of assembly for

change of assembly sequence, we

propased they should be assembled as the
the
lirst parts. Generally, we can know that two assembly
scquences have a pretfy similar aspect. Through this,
we can verily that proposed system is developed

utilizing the enough knowledge of the exisling experls

Inrernational Jouwrnal of the KSPE, Vel !, No

field And after
previously assembled with the parent part involved

related 1o this small  parts  are
with them, we have the next assembly performed.
This gives a convenjence in the actwal assembly
operation. Also, becanse of reduction in the number
of changes of tools wsed or assembly direction, we

can expecl the reduction of time.

4, Conclusion

In this paper the influential factors required to
generale the assembly sequence and the parameters
lor

analysis of various assembly

evaluation of assembly are derived through
On the basis of

knowledge-based

tasks.

this information. a syslem is

developed for selection of the optimal assembly
sequence ameng various solutions.

To veiify the performance of the developed
the case of UBR (Unit Bath Room)

applied. The result is proved by field experls in view

svstemn,

of the good solution for assembly plannming of real
world. The advantages of owr systcm are as follows,
First, an abundant knowledge and experience of a
field expert was employed. Second, the subassembly
is  aulomatically  generated  from
Third,
disassembly operation such as orientalion change and

connecting
information ol parls. information taken from
setup change that is difficult to consider was used at
the cvalualion of assembly sequence.

Further study areas are the improvemeni of the
degrec of aulomation for the generalion of automaied
assembly sequence with abundanl disassembly rules
and the direct application of feature from CAD data,
and the method of development :md quantificaiion of

various paramefers for  evaluation of lhe optimal
assembly sequence.
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