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ABSTRACT

Assembly is an important part of the product development
process. To avoid potential issues during assembly in apeci
ized domains such as aircraft assembly, expert knowledgeeto
dict such issues is helpful. Knowledge based systems casact
virtual experts to provide assistance. Knowledge acqoisitor
such systems however, is a challenge, and this paper describ
one part of an ongoing research to acquire knowledge thraugh
dialog between an expert and a knowledge acquisition sydtem
particular this paper discusses the use of a situation méatel
assemblies to present experts with a virtual assembly atgl he
them locate the specific context of the knowledge they mdwuid
the system.

INTRODUCTION

Assembly is a process necessary to realize the final prod-
uct which has acquired all the greater importance in viewhef t
fact that many products today are meaningful combinatidns o
various parts [1]. When the assembly consists of a large num-
ber of parts and complex processes that involves differartsp
and sub-assemblies being assembled from different placgs (
aircraft assembly) the planning of the assembly (in ternthef
sequence of parts, the process parameters, the fixturirdgdee
etc.) has to be carried out in a systematic and informed man-
ner. In such a scenario, a well informed decision makinggssc
is helpful. Assembly experts are the owners of knowledge tha
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can make an assembly process easier, by foreseeing issties t
may come up during assembly. Once an expert can predict thi
an issue might be faced with a current assembly plan, a Bbvise
assembly plan can be drawn up to make the assembly less dif
cult. Such an activity might actually result in savings iméi and
cost [2]. However, it is not practical for an expert to be phys
ically available to all the people involved in assembly iy

all the time. It is also unlikely that the expertise would @m
from a single expert who possesses the knowledge in oneesing
area, but rather from a set of experts from various areasfa.g
aircraft assembly, assembly experts would involve peopte w
expertise in structural engineering, manufacturing psses, hy-
draulics, electricals, etc. Virtual assembly can be a swiuor
such needs. Virtual assembly has been formally defined as tt
use of computer tools to make or assist with assembly-iklate
engineering decisions through analysis, predictive mgdesu-
alization, and presentation of data without physical eedion

of the product or supporting processes [3]. As per this defini
tion, the research presented here utilizes informatiom f@AD
assembly models and combines it with assembly processes f
presentation of an assembly situation to experts, and tepiira

ing knowledge about the situation from the expert.

Assembly advisor system

One of the ways to overcome this issue, is to make the ex
perts available to the assembly planners virtually, in soh
their knowledge. To do so, the research described here mak
use of knowledge based systems [4]. One of the challenges th
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has been faced during the construction of knowledge based sy
tems is the acquisition of expert knowledge that goes intllbu
ing such systems [5]. The broader goal of this research is to
build an assembly advisory system, which is responsiblader

quiring knowledge about assemblies from domain experts and

help assembly planners predict potential assembly isssieg u
this knowledge. The acquisition of knowledge, which bylftse
constitutes various activities, is aimed to be achievetouit the
presence of an intermediate knowledge engineer, whicheis th
traditional means of knowledge acquisition [8]. The inttirse
acquisition of knowledge is planned to be achieved usingrass
bly situations as the contexts in which knowledge would be ex
pressed. Assembly situations are discussed in more dethiei
section 'Assembly Situation’.

Structure of the paper

The intent of this paper is to describe our research that inte
grates product information and process information foeagsy
so0 as to enable construction of a virtual model of an assesitbly
uation from the perspective of the assembly as both a prachact
a process. The paper introduces the circumstances undein whi
a situation model for knowledge acquisition became necgssa
in the section 'Overview of research’. In the section 'Asbgm
Situation’, the Situation Model that was earlier developedx-
plained. The section 'Product and process informationlarp
the sources of product and process information for a Sanati
Model, and the section 'Integrating product and procesgimé-
tion’ shows how these are integrated into the Assembly Bitna
Model. Finally, the implementation of this integrated infa-
tion is briefed in the section 'Implementation of situatimodel
for knowledge acquisition’, and the conclusions are drawée
section 'Conclusions and future work’.

OVERVIEW OF RESEARCH

In order to put the contents of this paper in the right context
itis necessary to highlight the broader scope of the rebemmck
that has been presented in this paper. The overall objective
stated before, are to develop an assembly advisor systeicetha

1. acquire knowledge about potential assembly issues and po
tential solutions to these issues, and then

2. to use this knowledge to predict potential issues on assem
blies, in order to prevent them from occurring.

This will require building a system that would help construc

knowledge bases through expert interaction, and make this

knowledge usable by assembly planners.

Knowledge based systems

Knowledge based systems, or expert systems as they are also
known, are systems capable of storing knowledge about a do-
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main. When provided with information about the state of the
world, such systems are capable of deriving new facts abeut t
world, with the help of domain knowledge and through infer-
ence [7].

Knowledge acquisition The major bottleneck to build-
ing expert systems is the acquisition of knowledge [5]. Khow
edge acquisition comprises of a sequence of activitiescqaise
the knowledge from a human expert, formalize this knowledge
and represent it in a representation used by the knowledgpriba
system [8]; attempts to automate this process have been ma
earlier [9] [10] [11].

Knowledge types

When dealing with our research problem, one of the first
guestions that needed to be answered was, what knowledge
we need to capture? After conducting a set of experiments wit
experts [6], the following types of knowledge about assgmbl
that were identified as necessary: knowledge assuies, con-
straints, parameters - derived and basamdsolutions

Questioning Procedure

After identifying the types of knowledge needed for acquir-
ing knowledge for identifying potential assembly issuesewh
presented with a situation, the next step was to develop asnea
of acquiring this knowledge. For this, a questioning praced
was developed. The procedure presents the expert with an a
sembly situation and asks a set of questions that resemlie a «
alogue with the expert. The questions are directed to therexp
one after another, thereby acquiring necessary knowlebgeta
the various issues in the assembly situation, which can éé us
by the system to predict later what issues might occur in nev
assembly situations.

Implementation of knowledge acquisition tool
The questioning procedure was implemented as a Windows O
based software tool named jaert Knowledge Aquisition and
Validation (ExKAV). The implementation was done using MFC
[13], with CLIPS [14] as the expert system shell. Initiallyet
assembly situation was presented as a picture only; ane-subs
qguently as a view-only CAD format. Further, as describedhen t
section 'CAD as a means of representing product information
CAD software Solidwork5" was integrated with the knowledge
acquisition tool such that the presentation of assemhblyasdn
using 3D interactive models became possible.

ASSEMBLY SITUATION
For the purpose of conducting a dialog with an expert, an as
sembly situation is presented to the expert, and used a®the ¢
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text within which the knowledge is acquired from the expant]
also as the context in which it is used by an assembly planner.
The assembly situation is meant to be a representative égamp
for a group of assembly examples that are similar. In theémpl
mentation of the knowledge acquisition tool, an assemitiyasi
tion was initially presented just as a picture, and lateiraply as

a CAD model. However no image or CAD model of an assembly
alone is sufficient to represent the whole process of tharasse
bly. Gui et. al. opine that an assembly model that only places
components together with their features cannot hold foneli
knowledge or design intent [15]. Extending this argumerd, w
say that assembly involves not only artifacts in the formanttg
and sub-assemblies, but also the processes that must lcarr
out on these parts and sub-assemblies. Hence, a meansesf repr
senting an assembly situation that can accommodate batk the
details of an assembly, and at the same time is simple enough t
be used to present an assembly situation to both assemldptexp
and assembly planners, is needed.

One of the frameworks for assembly modeling in CAD [15] in-
volves a process model that refers to the producability ef th
structure of assembly. However this is intended towardslimg

a functional model for assemblies from a design point of view
It does not enable one to visualize or structure an assentbly s
uation for presenting that situation. A similiar situatierists

in virtual prototyping systems [16] that integrate the us&ask
level human interaction, knowledge based descriptions af m
ing possibilities and dynamic knowledge representaticsmnodis-
sembly scene, to create a real-time assembly simulatioedbas
on CAD parts. However these simulations do not carry details
of the industrial assembly processes (e.g. riveting) thghtrbe
required by an assembly expert, who needs to interact with th
system for enabling knowledge acquisition.

Assembly Situation Model

Assembly Situation

Final
State

Initial

State >

Process >

FIGURE 1. THE ASSEMBLY SITUATION MODEL (ASM) FOR A
SINGLE STEP OF ASSEMBLY

The Assembly Situation Model (ASM) was developed with
the aim of classifying important chunks within an assemioty- p
cess with a simple model that was usable within the available
information constraints of the project [6]. The ASM, at it®sh
basic representation, identifies any assembly processraas t
formation from aninitial state of unassembled components, to
thefinal stateof assembled components by means ohagem-
bly process The distinctive feature of this model is that at any
particular stage of assembly, all the components are alimays
volved, but have different relations (like assembly caaists)
among them. This means that while the information is avail-
able about what the current status of the assembly is, irform
tion about all the other parts of assembly that are not ctlyren
involved in the process for that stage is still retained. The
table application of this model is to enable the expert toplois
knowledge of issues, cause of issues, etc. to a particidge st
of the assembly or the assembly processes. When an exper
knowledge is placed in the context of a specific assembly situ
ation it specifies one level of context. However, the abilidy
identify this knowledge with a particular stage of the asisigm
process specifies the context at a level deeper than thextofite
only the situation.

PRODUCT AND PROCESS INFORMATION

This section describes the different pieces of information
about an assembly as a product as well as the different meses
involved in an assembly. This information is the basic mater
from which an assembly situation has to be constructed. gBein
the only specifications of the parts and processes involvéue
assembly, product and process information dictate theditoi
which we can specify an assembly situation in a virtual manne
during knowledge acquisition using the ASM.

Product information

Information about an assembly as a product- the artifact tc
be represented in an assembly situation, is about the padts a
sub-assemblies that constitute the assembly. A part capeme s
ified in terms of the name of the part, the number of instan€es c
that part in the assembly, part geometry, mates betweeratte p
hierarchy, material information etc.

CAD as a means of representing product informa-
tion The product specification of an assembly is what is usu-
ally followed in a CAD model of the assembly; this contains
details about the individual parts of the assembly, the comept
sub-assemblies, and details of how the parts are relatedeo o
another in terms of assembly constraints (sometimes kn@wn ¢
mating conditions). As mentioned above, the CAD model of an
assembly is able to supply details about the geometry oitsp
their material specifications, the assembly tree strucaioc(See
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FIGURE 2. THE ASSEMBLY TREE STRUCTURE AS REPRE-
SENTED IN A CAD SOFTWARE

Figure 2). Usually, each individual part is represented differ-

ent CAD part, and a CAD assembly would combine these parts
using defining relations of assembly, such as mates, thagy bri
these parts together in the final assembly. Also, since CAbeis
used as the standard way of expressing the final assemlif@carti

in our work, it is a reliable source of product informatiom the
purposes of presenting an assembly situation to an expett, a
for subsequent use by an assembly planner.

Assembly process information

For assembly of parts, a major element is feguencen
which the parts are put together to form the assembly. Of the
variety of methods proposed to compute feasible assembly se
quence(s), one is the geometric method, wherein the blgckin
directions for the parts are used to determine the sequence i
which the parts are to be assembled [17]. In our work, thefset o
possible assembly sequences is directly supplied to theslkno
edge acquisition module, and this forms one part of the aslyem
process information.
The other set of information is the individual assembly psses
that are responsible for each step of the assembly. An atedci
research within our group is used to identify the relatigoshe-
tween the process model and the product model for an assembly
by evaluating the liaisons between the parts on the baskseof t
features [18]. Information about the assembly processebied
serves as an input to our knowledge acquisition tool. Inferm
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tion about a process consists of : the name of the main proce:
(e.g. riveting), the processes that must precede (e.glindril
deburring) and succeed (e.g. cleaning) it, as well as deltalié-
scription of the main process itself. Current virtual ptgfng
systems enable simulation of manufacturing processes pii2]
not the assembly processes involved; our work uses a combin
tion of the assembly sequence, individual processes anghtite
involved in these processes together to describe an asgsitabl
uation.

INTEGRATING PRODUCT AND PROCESS INFORMA-
TION

Once the assembly product information is available in terms
of a CAD assembly model, and the assembly process informatio
is available in terms of an assembly sequence, the asseiaibly |
son and process information, the next issue is to how to dmhoot
integrate these pieces of information, so that an assenthb-s
tion can be adequately represented. The general strudtthie o
overall assembly situation resembles that of an assendsyitir
self [6]. Currently, only linear assembly sequences hawnbe
represented.
For the situation shown in Figure 3(a), we see that the adgemb
sequence information is available on one hand, and the assel
bly liaison information (represented here by a liaison gjamnd
hence the assembly process information is available onttiex o
hand (Figure 3(b)). Taking assembly sequence (Figure 3&))
the basis, product and process information (Figure 3(b))b=a
brought together as in Figure 3(c). To achieve this, front-Par
1, the next part to be assembled into the assembly is looked fo
which, in this case, is Part-2. Then, from the liaison infarm
tion, the association of Part-1 with Part-2 is checked fat #re
required assembly process information is retrieved. Thisee
chunk of information is organized using the ASM, and we obtai
the first step of this assembly represented using the ASM, se
Figure 3(c). Repeating this process for the entire assemigly
obtain the entire ASM for the assembly situation.

IMPLEMENTATION OF SITUATION MODEL FOR
KNOWLEDGE ACQUISITION

The assembly situation modeled using the ASM needs to b
utilized in knowledge acquisition. Implementation invetiithe
following two steps:

Before the questioning procedure starts, the ASM is usel
for presenting an assembly situation to an expert, sendng &
an example around which knowledge acquisition would be
based

During knowledge acquisition, the questioning procedsre i
deployed with the ASM being used for enabling the expert
to better clarify the contents of his/her knowledge, by sug-
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FIGURE 3. THE INTEGRATED SITUATION MODEL AFTER COMBINING THE PRODUUT, SEQUENCE AND PROCESS INFORMATIONS

gesting suitable phrases or terms, based on the stage of aspart of the assembly, then the processes involved in assembl
sembly to which this knowledge is relevant (and has been of the second part to the first part, and then the geometryeof th
earlier clarified as such by the questioning procedure) subassembly of the two parts. Then, similar details of the ne
process for assembling the third part to the above subas$génb
presented, followed by the resulting subassembly of theset
parts. The situation presentation for the first three pdrth®
assembly example (shown in Fig.4) is shown in Fig. 6. Infor-
Presentation of situation mation about the geometry, features, material compositiand
Before acquisition of knowledge via the questioning proce- other parameters related to these parts can be sourcedHeim t
dure starts, the ASM is used first to present the relevantdsge respective CAD part models. Although the assembly mate in
situation to the expert. The assembly situation is an exarofl formation can be derived from the CAD assembly model, this is
a typical assembly that would be encountered in the domain of not utilized here. This is because the liaison and procdes-in
aircraft assembly. There could be many possible assentbly si mation used here (see the section 'Assembly process inform:
ations in the database of the knowledge acquisition sysben, tion’) is richer in content - it has information about thedrfaces
of which one is chosen for viewing by first presenting the first involved in the mate, the respective liaisons, the procetsat

In order to explain the above two steps, we use the assembly
shown in Figure 4.
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FIGURE 4. AN EXAMPLE ASSEMBLY THAT SHOWS THE PARTS LABELED

vt pipbien, Ix]
Cause of the lssus | Distence betwoen top bt rib and riveting hoks i tap 5par b less than space for uman hand
The eause of the issus s now determined. Put the cause of the kssue inthe farm of
%" ralation Y™, where the relation i given below.
Dstance between top left rib and riveting hole in top spar Is besser than e | remingl width of buman hand
Can you put the abve "7 in the form of an Can you puk the sbove 0 in the form of an
Attribute of an Obiect 7 Antribute of an Object 7
. IF the above fisdd wars Bending Strenath; ., i the abaorve: Field was Bending Strength,
write in the expanded form as wirke in the expanded Form a5
Bending Stréngth of the Lever Bending Strength of the Lever
| distance of siveting hole Fi | of b= | ] g

FIGURE 5. THE FIGURE SHOWS A WINDOW OF THE KNOWLEDGE ACQUISITION TOQIA PIECE OF KNOWLEDGE NECESSARY
TO ACQUIRE IS THE ATTRIBUTE OF AN OBJECT INVOLVED IN THE ASSERLY.BASED ON THE EXPERT’'S EARLIER FEEDBACK OF
WHERE THE ISSUE IS SITUATED, THE TOOL PROVIDES SUGGESTIONSR THE PART-NAME (THE HIGHLIGHTED TEXT BOX)

need to be performed, and the respective pre- and post--opera Figure 4) an issue that might be faced at the stage when Part!
tions for these processes. Hence we see that a virtual agsemb is assembled to Part4, using the the if one of the issues \aas th

presentation that uses CAD representation as the basissand
also capable of conveying information about assembly psEe
has been developed as part of EXKAV.

Placement of expert knowledge

Another use of the ASM is in providing assistance to experts
by helping them to refine the context of the knowledge acguire
to levels beyond than only that of the situation. This is dbpe
asking the expert early on about the stage of assembly tahwhic
the knowledge in terms of the issue, its cause and potertalr
lution acquired from the expert can be attributed, and trebmgu
this knowledge for supplementing the context in which thisse

sues etc. should be placed in the system. For example (from

6

the riveting gun cannot be used in the gap between Part-9 ar
Part-4 as shown in the Figure 4. The expert inputs this issoe i
the knowledge acquisition tool, and chooses the stage where
occurs (During assembly of Part10). The cause of this issue |
also input by the expert. The cause is resolved into a relalio
form between two attributes. These attributes are put taua st
dard form using assistance provided by the ASM. As shown ir
Figure 5 the tool suggests the part names concerned with th.
step of assembly one by one.

Copyright © 2011 by ASME



ASSEMBLY
PROCESSES

ASSEMBLY
PROCESSES

FIGURE 6. THE PRESENTATION OF THE ASSEMBLY SITUATION TO THE EXPERT IR VIRTUAL MANNER IS SHOWN HERE FOR
THE FIRST THREE PARTS OF THE ASSEMBLY EXAMPLE
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