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Manufacturing companies that produce and assemblgpte products rely on
databases containing thousands or even millionsadfs. These databases are ex-
pensive to support, maintain and the inherent ceriiyl does not allow end users to
utilize fully such databases. Designers and engénaee often not able to find previ-
ously created parts, which they could potentiadlyse, and they add one more part
to the database. Engineered improvements withauoval of the previous version
of the component also cause the avoidable increaskements in the database. Re-
use of parts or planned development of common parsss products brings many
benefits for manufacturers. Search algorithm w@diacross part databases and vary-
ing projects allows identifying similar parts. Theal is to compare part names and
attributes resulting in the assignment of a sirtitascore. Determining common and
differentiating part attributes and characterisiesween pairs of components allows
nominating parts that can become shared in diffggeoducts. The case study utiliz-
es an industrial example to evaluate and assededhiility of the proposed meth-
od for identifying commonality opportunities. Itrhed out that it is possible to find
many parts that can be potentially shared betwédésreht products.
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1. Introduction

Identifying existing parts that can be shared acdierent products allows im-
plementation of strategies increasing competitidgaatage. Manufacturing compa-
nies aim to fulfill particular customer needs byraducing product differentiation
while taking advantage of mass production efficjefi®]. Development of a single
product efficiently and effectively is not enougit high market penetration in many
industries. Academia and industry have well recogghproduct families as a compel-
ling method with which it is possible to gain treeomy of scale to accommodate an
increasing product variety [13]. The product fam#ya group of related goods that
have similar physical characteristics and share ghme production processes.
An example of the product family is an Airbus A3anily that has six products the
A330-200, A330-300, A330-200F, ACJ330, A330 MRTB3Aneo [17].

Product platforms serve as a base for differerassgmblies that are shared by
product families or a set of products. Platformevalthe consolidation of modules
with standard geometries and interfaces in sevasaibinations. Such approach
leads to high flexibility and variety of productst the same time it assures low
amount of parts used [7, 12]. Companies that matwia products for different
markets such as customer goods, electronics, atit@nand previously mentioned
airspace industry create product platforms. Typidady components that are used to
constitute modules, or entire platform are engigks;tric motors, batteries, controls,
etc. It is important to have key internal parts owm, to assure low manufacturing
and development costs, and at the same time highi@xparts variety to serve dif-
ferent market segments [6]. Complex products theingade from the considerable
amount of parts and are highly customized are @hgihg from platform design
perspective. Companies that produce a range offgochicts may benefit from shar-
ing not only key components but as well other dolditt parts. Sharing allows de-
creasing development time and cost as well as wagrthe economy of scale during
manufacturing [5]. Commonality is a part of thegwot family and product platform
strategy that is dedicated to intentional sharihgawts, processes, operations [14].
Implementation of such an approach requires a nesnegt support that will enforce
usage of parts that are created as common andngireyérom local optimizations.
Common parts are designed in the way to meet tg@resnents of the most con-
strained product in which it will be used. In aslesnstrained product, such part
could be potentially improved, but then overall &i@s (economies of scale, learning
curves, etc.) will be lost [4]. For many designatrss often hard to understand the
overall benefits of commonality. Designers tendreate parts the way they like and
not reuse others designs or concepts [13]. In lergeufacturing companies, every
day hundreds of new parts are created. Part dawlaas becoming vast and com-
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plex to use. Such situation makes even harderdsigders to find components that
they could potentially reuse.

This paper is trying to tackle commonality problom a different perspective
than previously found in the literature. The firesearch question is to find out:
"Are there potential commonality opportunities isbmanufacturer part database?".
The research was conducted with the usage of aatibase from one of the leading
bus manufacturers. This study not only investigataew commonality approach but
as well analyze an industry in which commonalitgl ghatform design approach is
rarely implemented. Buses are composed of thousahgsarts. Parts are usually
developed and manufactured for a particular prododt apart from standard parts,
are infrequently shared between different vehiplegluced by the company. Every
week hundreds of new parts are created and placttitipart database. The first
hypothesis is that there are a large number of paidlready existing part databases
that can become common. Parts created for a partiapplication, potentially may
have similar enough form fit and function as asteme other part. If that is the case,
such parts can be shared between different prodeictding the way of selecting
parts for commonality study among of thousandsaofspthat are already made and
stored in the part database is a key problem #pgsmpinvestigates.

2. Conceptsrelated to commonality search

In previous academic work, it was assumed that éaisy to find or nominate
commonality parts. As an example "These five eldmean be whatever the de-
signer feels would be good candidates to make camamsong a family of de-
signs" [3]. In practice in large companies withfeliént divisions and many em-
ployees it is hard to make such a decision. Moremgsrrect selection of common
part leads to divergence and additional part dgweént that is expensive [1].
Since existing literature presenting how commoypaiiminations can be made is
limited, interviewing three different manufacturicgmpanies allows finding out
an industrial practice. Commonality nominationsome companies are made not
by the designers but a few specialists or in soases entire teams. The specialists
preference often comes from expertise that the laand do not take to account all
of the available data or know-how of other empleydénding a way of searching
for commonality opportunities with the usage ofoimhation's available in data-
bases allows closing a gap in academic researelelass helping practitioners to
implement widely commonality strategy in their canges.

Since there is no currently available part commignakarch tool, a variety of
solutions from different areas were investigatelge €losest to similar part detec-
tion are duplicate detection algorithms. Duplicdteument or file is the same as
the other record [15]. Some methods use featurectsgh, similarity measure,
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or discriminant derivation to find duplicated docemts [9]. For each sentence in
the record, special terms are selected as featlfesn the similarity degree
between features of one document is compared \Wwghother document. Such
approach is not applicable for commonality paredgbn because large text doc-
uments rarely describe information about partsré&fea stream of research focus-
ing about database entry duplication. In that crge records are duplicates if they
identify the same real world entity [8]. Such resbais applicable mostly to the
databases containing information about peopledpts] clients, citizens, criminals,
etc.) or places (restaurants, stores, businessek, it as well other database en-
tries [2, 11]. In those situations, duplicates farend and removed from a database
for clarity. There are few key differences, frone timethod and research objective
perspective, between duplicate detection approadhtee approach to be selected
for part commonality nomination. First of all altiutes about people and places
have a limited number of options and differentiasitoetween attributes entries can
be predicted. Abbreviations and spelling mistakiezdolresses or names are finite.
For example, "Avenue" will be either "Ave." or "avMoreover, last hame and
first name of a person may be exchanged or misgpéiw typical ways such as
“John” and “Jon”. In the case of part names theeen@ standards and spelling and
phrases used may vary significantly. To improve speed of search databases
containing information about people or places, theords may be pre-sorted
alphabetically. After alphabetic sorting, pairs acenpared only within a range to
avoid time complexity of Of) comparison. In the situation of manufacturedsart
alphabetic sorting and searching only in limitedga would decrease detection
rate of commonality opportunities. Detection of e@uplicates of a part would be
easier, but it is not the point of the commonadigarch. Two database entries that
are exactly the same increase part database catgplext do not cause manufac-
turing or procurement problems. The part numbedetermining if the database
entry is recognized as real part. In a situatioenvpart numbers are different, and
the other attributes of the pair of parts are #raessuch situation may lead to prob-
lems or wasted opportunities. Another differencevben approaches is a similari-
ty measure of part attributes not duplication. [artensions, dates, tolerances, and
other part attribute values even if not identidadyt may indicate that parts are
commonality opportunity. For example steel bar Wwhiength is 100mm may po-
tentially become a common part, in the exchangaes| bar 98mm. This is just an
example, and in particular situation additionallestion need to be made before
one part will be shared between products. Commiynaliportunity search is com-
parable but different than typical data mining aath matching. Described in next
chapter part similarity detection uses elements\afilable tools and approaches
that are usually used in various applications.
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3. Detection of part similarity for commonality nomination

This chapter describes a way of nominating paréd dan potentially be
shared between different products. The initial stefihe extraction of useful data
from a part database. A part is usually charaadrizy many attributes, whose
similarities help to decide about the pair of partsilarity. It is crucial to select the
part attributes from a database that allows therdeenatch. Documentation ex-
perts, depending on comprehension of the part dagalchoose attributes. Fig. 1
presents all the major steps of part similarity et

i Pair of Parts
Part Data Extraction Part Similarity
Database and cleansing Categorization Computation

Figure 1. Scheme of a method identifying similar parts intpatabase

After information about parts is extracted from thetabase, a separate part
database can be created and stored in a formatsthatcomplicated to process.
Moreover, data need to be cleansed from the ergndssymbols that are not help-
ful from part similarity perspective. During pamtegorization algorithm find and
display a list of words with number how many tinthey appeared in part names.
Most frequently reappearing words are displayedtam A user chooses with
which type of parts he would like to proceed (thkested keyword represents that).
After initial keyword is chosen, then this procéssepeated in order to have two
keywords part categorization. Next step is a phiparts similarity computation.
A part is usually characterized by many attributtest contribute differently to
deciding whether a pair of parts is a commonalfigartunity. Part attribute weight
is assigned based on the importance of its cotimivto the commonality deci-
sion-making. Ideally, company experts assign thehis. In the next step, the
algorithm calculates and displays score that detesnhow the pair of parts is
similar. The two main element of the total scorsigieed to a pair of parts under
evaluation is Jaro—Winkler distan@nd part attributes similarity. Jaro-Winkler
algorithm is found effective for fields like name ather short descriptions [16].
In the proposed algorithm, Jaro-Winkler is usedbart name dataset to determine
the similarity between a pair of parts part nanmeshe last step, the algorithm
displays the list of pair of parts with the totahsgarity score. The user needs to
decide if the pair of parts is a true positive ot.tCommonality opportunities may
be treated as a nomination for further in-depthdytor in the situation when
enough information is available a commonality decismay be immediately
made.
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4. Industrial Example

Described method was implemented in leading busufaaturer part data-
base. The first step was to check the current statuparts shared between the
same types of vehicles. Figure 1 a) presents & thiee same type of buses devel-
oped for different cities. A number of individuaanps per bus is different, and the
number of common parts is smaller than expecteguril. b) shows types of
parts that are used multiple times in a bus deeelofor a particular city.
The thickness of the edges, drawn as curved linkicates if a part is used many
times or in small quantity.

Bus city A

a) Bus city A b)

Quantity
of shared
parts

Bus city B
Bus city C

Figure 2. Current commonality status at investigated compaj number of individual
parts per bus and number of shared componentg isatime bus typé) Different quanti-
ties of the same part types used in buses (an dgarhjpp 6 parts)

In presented case the thickness of the edges veagicly, it means that in the
same type of buses different quantities of idehfieaits are used. Such situations
allow making a claim that there are solutions fhaasibly fulfill the same function
but have a different design. The total number @faeted parts from the database
with part attributes was almost 380,000. Extradétédrmation had to be cleansed
to remove counterproductive part attributes andestAfter cleansing, every part
had part number and 6 part attributes, to whichpaomg expert assigned weights
of importance as described in previous chaptett ®uaibutes with weights are as
follow: revision (0.1), unit (0.05), part name (B)6supplier (0.1), drawing num-
ber, date (0.025), and designer (0.075). Compapgréxvas asked to choose an
interesting keyword from displayed list of the mpstpular word is part names.
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The recurring word ‘sensor' was selected, which wsesd 1568 times. Algorithm

analyzed part names that included word sensorsdespdayed list of the most

reoccurring words in the group of sensors. The wtahperature' was used 180
times. That is why ‘temperature sensors' were c¢hdse pairwise comparison.

To confirm the pair of parts nomination for committiyaopportunities they were

checked manually. Figure 3 presents the numberoofnwnality opportunities

found within a range of results.

100%
90%

80%

True positives

70%

60%
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Pair of parts

Figure 3. Commonality opportunity detection rate — percentaigeue positives
vs. a number of pair of parts compared

A total number of 4942 pairs of parts is above 8d%éshold. True positives
are the parts nominated by the algorithm and ménoahfirmed by the company
representative.

Nominated pairs of parts are the commonality oppaties in the subgroup
of temperature sensors. Since every temperatusmis@as compared with all the
other temperature sensors, it is possible thapanecan be used in an exchange of
more than one other part. From commonality perggedhe most beneficial is the
situation when one part replaces as many as pesdiér parts without sacrificing
their performance.

5. Discussion

The purpose of this part of the paper is to stager¢sults interpretations, pre-
sent opinions and make suggestions for next stepgh may lead to future
research. Its primary function is to address treblem posed in the introduction
and, how the achieved solution corresponds to xistieg knowledge. Also, this
section identifies potential limitations and weasses of the results and how they
may affect the findings.
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This paper tackles part commonality from anothaspective than previous-
ly found in the literature. The research answergdiestion asking if there are po-
tential commonality opportunities in bus manufaetypart database. The created
algorithm found multiple parts, in a part databfieen a leading bus manufacturer,
that are commonality opportunities. Parts are agerd and manufactured for
a particular product now have a greater chanceetpdientially shared between
different vehicles produced by the same compang. stated hypothesis turned out
to be true; there are thousands of parts in alrexdting part databases that can
become common. The time required to find and s@as for commonality study
among of thousands of parts that are already madistared in the part database is
significantly reduced with the developed algorithm.

No previous research presents data that couldtlyiree compared with the
results shown in this paper. The closest streams®arch is focusing on database
entry duplication. Such research is applicable mdst the databases containing
information about people or places. There are fewdifferences from the method
and research objective between this approach anagproach used to nominate
parts for commonality study. Attributes describpepple and places have a limited
number of options. The differences between paibates entered by designers are
harder to predict. Detection of exact duplicatesadsthe point of the commonality
search. Exactly the same database entries ingpasisdatabase complexity, but do
not cause manufacturing or procurement problenmssdbted algorithm for com-
monality search is based on Jaro-Winkler distaribes allow comparing part
names. The originality of this work is a combinatif string comparison with the
weight assigned to part attributes. Another diffiiegion factor and gain for the
body of knowledge is an industrial example. It @®that there is an opportunity
and need for creation of such algorithm in the gtdu In industry there is a great-
er implementation potential when solution is simghel straightforward. Company
do not have to invest time and resources to leam the algorithm works and ho
to use it. Results presented from one case stuElyféen treated as not enough
statistically significant. Future work could alsmfis on additional companies from
similar industry or with a similar data structure.

This paper presents an initial stage of the algoridevelopment and high-
lights its industrial application. Created algonitltould be improved to work fast-
er, and a number of false positives could be rediuitecould be done by greater
analysis of part names and possible inputs. Omttiner the same algorithm would
applied in a different industry may have decregsatbrmance due to such customi-
zation. Another limitation is that after commonalitominations are found there still
need to be a vast amount of engineering work toenth& common part. It is be-
cause common parts are designed in the way to tmeetquirements of the most
constrained product in which it will be used. Tisatvhy in some cases what is theo-
retically similar part it would have to be adaptedbe utilized in few products.
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The last problem is connected with the workflowttban be found in many com-
panies. The designers often do not understandviglb benefits of commonality.
Even with the usage of presented algorithm, thégdess may not be willing to
reuse existing designs or concepts. Such probleaidamave to be solved by an
appropriate management approach.

6. Conclusions

Algorithm was proven to be a useful method to nat@nparts for in-depth
commonality study. This method allows searchingae gatabase to find interest-
ing groups of parts and present the results ointh@idual part comparison.

Implementing the method in an industrial exampleved proving that there
are possible commonality opportunities in bus macufrer part database.
Conducting research with the collaboration of teading bus manufacturers al-
lowed analyzing an industry in which commonalitydgmatform design approach
is rarely implemented. Algorithm allowed findinglarge number of parts in al-
ready existing part database that can become comhmse parts that were creat-
ed for a particular application, but have similapegh form fit and function as at
least one other part, can be potentially sharedvdmt different products.
Jaro-Winkler distance turned out to be a suitald¢hod of comparing part names.
Other types of string metric could be potentialbed for measuring the difference
between two part names. Only key part attributed tlescribe a part should be
used to identify commonality opportunities. Weighssigned to part attributes are
crucial for correct commonality opportunity seapriocess. In this particular case,
highest weight was assigned to the part nameseasstfential attribute in this part
database.
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