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Abstract

Recent &ides toward cotlcurrcrtt cnglneering !lave
called for a nod for intcgmling deign with assem-
bly pianning, That is, A t r w conchrrent engineering
piatfarm must be able to, Far example, ptrfortn pm-
timinay assembly planning dutiog emcepiuof dcsigll
stages sc, that alternative asmnbly plans can be eval-
uated and compared for rcdesjgo or rfiing a design
with a pmmising candidate assembly plm - This pcb
per pr-nts such iw1 integrated system of an assem-
bly planner and a (re)deuigocr, in which, results frarh
comparative analysis of prelinlinary candidate assern-
bly plws are l lSed to (re)de5ign further detaiis of a
given assembly. The integration results in a mote ef-
fective way of doing asernbly plagaing and ‘Design-
for-Aembly”. A redtsign process of a simple swi tch
bOk is demonstrated to illuslwtc the hchefits.

Generally, the pr~blarnof assanbly plitnnitlg mn-
mtns delerrnining an order (linear or partial) of w+
sanblmg a product. Most uuually, asscmbly pluming

performed upon a final design, and basscd 011 the
results, a need for redwign may be revealed. This
is a rather inefficient and ineffective redwign proeoss
which may mquirc rcpetitive and lengthy design revi-
sions, starting from early stages of design.

Theconcept Qfasembly piannirlg a.5 asepntate pro-
ce-a from design i s k ing chaIknged a6 the practice of
concurrent engineering is bccoming mare prevalent in

Figure 1: Designing for fewer w m b l y dirmtions.
Reprinted with permiasion of the Society of Manufac -
turing Engineers (SME). Copyright I983 from [I].

the hmericiln industry. A hue cancurrent engineering
syskrn should, if pwible, allow prediclian and rego-

It&R ddesign problems wi th a preliminary assembly
pIan before the design is finalized. Conversely, an as-
sembly plan may change due to new constraints given
by a mvised design.

Closdy relatcd t o the issue of achieving cgt>cur -
tent engineering in this wntext are the princaples of
“Design-for-Assembly (DFA)”. ISFA is a set of dasigll
guidelines for improving product &sighs for easy and
low cost wernbly (4. Principles of DFA have sur-
faced as one of the irnporbnt criteria and heuristics
lor determining a cost-effective wsernbly plan.

Figure 1illustrates an example of (re)drsigning a
subassembly for fewer rrssernbly directions. Note that
this particular (re)dcsign is depondmt on a choice of
a particular base p a t and subamernb[y grouping &e.

itssernbIy plan).
This paper prcsenti; an integrated system of an

awwnbly planet and a DFA redesignex, c a k d
INSPIRE-2(INtelligent aernb ly Platming Incegraced
wilh RXdesign), in a conti~~uedeffort to bile work rc-

ported in [B]. It is more t.han a mere software i n t q x -
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Figu*2: System archibx~un.of INSPiRE-2. Modulev
from BAP and REV-ENGE are enclbsed in rectangles
abd ovals tespectivcly.

an output in the form of a naw design process and
a new assembly plan is produced. For it better un-
derstanding of the details of BAP and REV-ENCE,
pleasc refcr tn [12] and (IO].

4 Interleaving Assembly Pfanning and
(1Re)Design

4.1 Design Representation

A D~sigtr Object *few to any object whosc exis-
tents or form is to b e dcternlined by a designer and
includes Anlrfmt and Operaliaa. An Artifact is a col-
lection of ddgn objects that rcpwscnt tbe assembly -
Note that an assembly operation is regarded as a de-
sign object as well Each design object is aswciated
rvith design decisions, which create and sct various
attribute values d the design object, and define its
relations ta others. Each design dwlsian may be sup-
ported by number of design rationales, and marked
with design problems (after ~u~aly is ) .Design prob-
lems may map to redesign cases that might be ablc LC,

soo(ve them. An example assembly of a switch box ifi
shcwn in Figure 3.
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4.2 Generating Default Design Process

Once descriptions of a&sign and associated assern-
bly operations are ca le td into the system, the next
step is to generate a default design prams in order
tostart t h e process d(re}ddgn by mplay and modt;tjr
[14]. A ddault design ptocess is d&n& as a probable
sequence of design decisions and thcir justifications th
at could have crcated the given design,

Vocabularies describing diffcrmt d&gn decisions
are preddned in terms of a pte?crrndition -and-eflect
operators. Different types of design declsions w e
grouped int4 different design ciztssesl starting from
functiend deign to dclailed form design, and rurther
subdivided into I1 ricsign s t q p +s show11 in Table I.
Each design stage is camposcd of serios of design deci-
sions af which arc responsible for filling in eertail~de-
tails of the d&gn appropriate for i t s stage. A heuristic
algorithm, based an a geueric design prows model,
selects and schednlm probable duign decisionlc, add
conrtrutts design states assnciated wi th them. The
reconstruction etrtrts from a defautt null initial design
state, and ends at a find statc where allof design ob-
jects and deign hfwmation have been accounted for.
The detailad daign process model is shown in Table
1.

4.3 Incrementa1 Design Analysis

A redesip fitst proceeds by incrcrrwatally geerler-
r t ing each stage of thc design proem md perform -
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4.3.2 Gl~brtlDFA Analysis
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4.3.3 Comparative Anaiysiir



8.

Note that the second and third redesign sduticmh:
in Table I V are only applicable in the contcut of sub-
assembly groupings of pIak 1. Wideniu of slot sizes
in the panel for plan Pmu1d make the subassembly of
p a w l and m e t d contacts unstable,

1st this paper, we have pmented an integrated
system of [re)daign snd assembly planning, 414
IKSPXRE.2. INSPIRE2 has becn implcrnented
in COMMON LfSP (about 15,000 lines of code).
INSPIRE-2 is more than a mere solwwe integra-
rim, since the activities of assembly planning and
{re)dcsign me interleaved durmg the {m)design pro-
cess under a single framework.

Iakdeavirtg preliminary assembly planning wi th
design can result in a reduction of cycle time b e
twccn ahfact desip aud process design. According
ts, Kesbavan [9], nlahual ssurmhiy planning usually
goes through many itmations (typicd &lo), and plan
maintenmm {in response to dcsigrl changps) i s about
5 tilnov the cost of pian generatiow Traditionally,
prows design follows after an brt i~dctdesign is Corn-
pleted 1x8 a worst case enar io, this results in a vi-
cious &e drequests for design revisions and degra-
dation in the levd of automation.

Although conventional DFA methods have proven
to be acc t i vc analysis bals, they do not pmvide a
framework b r considering alternative iFssembly pisns
and subassembly groupings. CaoRquently, a correct
analysis may not be possible since came IWA criteria
must be meamred with rcspctt to an actual assembly
sequence. Combining design and assembly planir~g
is a natural step to both realize a mare global DFA
analysis and eKective redesigs strategies,

Certainly, there are: st i l l many numhu of probkms
that need to be resolved, in order to further enhare
the system in terms of ita udi l i ty a d dectiveneas.
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