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IN ORGANIZATIONAL SIMILAR GROUPS - CASE STUDY

Janusz Mleczko

Summary

The paper presents selected aspects of production management related to the product
customization. Product customization leads to an exponentially increased number of product and
process variants, which exaggerates the difficulties in manufacturing in make-to-order production
systems. The direct consequence of product customization on production is evidenced by an
exponentially increased number of process variants, such as diverse machines, tools, fixtures, setups,
cycle times and labors. In the production of mass customization a very important issue is
changeovers times. In spite of applying modern management techniques, setup time still plays an
important part in the production cycle time. The case study includes the manufacture of roller
shutters. This paper presents a method of cost calculation taking into account the manufacturing
roller shutters in organizational similar groups. The main purpose of this method is to identify range
of costs of elements. The method was validated in the conditions of best practice production for
high-variety production.
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Koszty wyrobow wytwarzanych w grupach organizacyjnie podobnych - studium przypadku

Streszczenie

W artykule przedstawiono wybrane zagadnienia zarzadzania produkcja zwigzane z dostosowaniem
wyrobow do potrzeb klienta. Zjawisko kastomizacji produkcji prowadzi do wzrostu réznorodnosci
wyrobow finalnych. Powoduje wiec zwiekszenie stopnia ztozonosci probleméw zarzadzania
produkcja. Bezposrednig konsekwencjg kastomizacji produkgji jest zwiekszenie liczby wariantéw
procesu wytwarzania, tendencja do poszerzenia parku maszynowego, asortymentu narzedzi,
oprzyrzadowania oraz zwiekszenia liczby przezbrojen. Jednoczesnie zwieksza sie dtugos¢ cyklu
produkcyjnego oraz naktadéw pracy. W produkcji masowej jednym z podstawowych czynnikow
efektywnosci wytwarzania jest czas przezbrojen. Oméwiono zagadnienie dla produkgji rolet
zewnetrznych. Przedstawiono metode zmniejszania czasu przezbrojen, obnizania kosztéw
wytwarzania przez tworzenie grup organizacyjnie podobnych. Metode poddano weryfikacji w
warunkach produkgji wielowariantowej w rzeczywistych warunkach produkcyjnych.

Stowa kluczowe: technologia grupowa, kastomizacja produkgji, koszty, rodzina wyrobéw
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The facade of a room is usually composed of differeonstruction
elements, one of which is the window. Buildingsouthern Europe are subject
to a considerable number of hours of exposure mtight every year. To reduce
solar radiation in the rooms of residential buigginthe opening in the facades is
usually closed by means of a window with a rollisigutter [1]. In central
Europe, except reducing solar radiation rollingtsdms are also used as heat
isolator. Due to the placement on the facade obtlikling customers require a
large diversity of product that fulfil their specifindividual requirements. These
types of products are produced under conditionsmalss customization.
Producing customized products at a low cost, wkedmingly is a paradox, is
the purpose of many enterprises [2]. This main gsepwhich is considered as
fulfilling customer needs, results in production unyit and small batch process.
The production cycle consists of, among others:piteeessing time and setup
time. For high-variety production the cumulativeamt of setup time results
from the number of changeovers [3].

To shorten the production time and reduce costsnfany years the
methods of group technology are used [4]. The rebaa industry inspired the
author to prepare a method of shorten the setup based on the similarity of
the products. The similarity is based on the festwf tasks having influence on
changeover times and optimization of task arrangee 6].

The paper is structured as follows. First, the istligoroblem is shortly
described. Then, an example to illustrate the gmolk presented. Main part of
the article consists of the method of calculatiomdpiction costs in conditions of
mass customization. Computational results are dlisgussed. The article
concludes with some summary remarks.

2. Problem background

Increase product portfolio in response to custoneguirements has an
impact on costs and delivery time. The main quastire: What are the options
and how many product variants to offer? How to nfacture the products?
How to shorten the delivery time at the lowest 2ost

The way of addressing these questions is a coméégass Customization.
The concept of Mass Customization (MC); producingtemized goods at low
costs received considerable attention in the hieea[7-10]. To implement
product customization, many companies have chanigeid business models
from make-to-stock to configure-to-order [11]. Cigafe-to-order (CTO) has
been recognized as an ideal model that providegha amount of product
variety and a quick response time to customer erflet, 12]. In CTO, final
products are configured from a set of predefineddutes and components
subject to the constraints among them. While prbdacin CTO starts
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after receiving of a customer order, order fulféimi starts from order pro-
cessing [11].

Focusing on reducing the cost of offeed productietyar Gupta and
Krishnan [13] propose a methodology for designimgdpct family based on
assembly sequences from semiproducts. Kusiak edisduss the design of
assembly systems for modular products [2, 14].

A risk and limit of mass customization is known ‘@sass confusion”,
which is a metaphor for the burden of the consumgulting from attractive but
probably overloaded options [15, 16]. More and naften, small and medium-
sized enterprises (SME) are using software to as#dhe functionality of their
products and offerings.

Variability management by software is becoming ateriesting topic for
SME with expanding portfolios and increasingly céexpproduct structures.
Sinnema & Deelstra classified variability modelteghniques [17].

Software product family process evaluation is re¢dy a young area of
research. Current, scientists have invented a regske way to measure the
functionality of the software product family proseld8]. Software variability
management is a key factor in the success of sdtwgstems and software
product families. In [19] Deelstra et al. descrilthd requirements for software
variability management. To utilize commonality, eriging product diversity
and process variation, it has been a widely acdgmtactice to develop product
families, in which a set of similar variants shammmon product and process
structures and variety differentiates within thesenmon structures [11, 20, 21].

3. Problem formulation

The problem discussed in this paper concerns thdysia of the cost of
producing product families. It is connected witk ttevelopment of methods for
calculating cost of the product family in a multide analysis taking into
account the dynamic classification. Hence the neeahswer the question: are
the standard methods of calculating costs availfslase in conditions of mass
customization?The main problem results from the variability irganizational
conditions. The method should be accurate and ctatipoally efficient so that
at the stage of confirmation of order the valueadt of products produced in
the current organizational conditions, can be daétezd. Due to the number of
changeovers to mass customization profitable, grtoalu must be based on the
group technology (GT). Using the GT methods theilanity of the products is
analyzed.

If organizational factors such as the desired dejivdate, the current
availability of resources will not be included, ath@ cost calculations would be
charged with an error. Too high values will resnltejection of the contract by
the customer while too low will result in a salddve cost. In summary, the
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methodology to solve the problem of calculating ¢bet of customized products
is to answer the following questions:

How to define the algorithm for of calculating tbest of products and their
components manufactured in conditions of GT?

Is it possible to determine the cost of the prodattthe stage of
confirmation of order?

To illustrate the above problem, a simple exampiefindustry is given.

4. llustrative Example

The example in this paper is the customization predluction of product
families for roller shutters manufactured in SMEoIIBr shutters are one
example of family products.

The shutter can be made in many options. Prodechesits are given in
Fig. 2. The main optional features are: systemilgrofimensions: height and
width of the blinds, color, drive type and others.

A crucial role in waste-free manufacturing of roléhutters is played by the
roliforming line. The production of the product ¢piuct family) as shown in
Fig. 1 assumes zero waste of roller shutters. passible to produce, in one
process, a complete roller shutter curtain. Thiorohing line is equipped with
tooling suitable to produce the foamed roller shwugrofiles in different sizes.
The process consists of foaming, punching andngutt length operations. The
line is designed for high density or low densitarfeed profiles. The process can
be implemented by alternative routes (Fig. 2).

Shutter bo

)

Moy o> o> o7 o> o> o2 =
Y




www.czasopisma.pan.pl P N www.journals.pan.pl

I

Cost of products manufactured ... 35

Fig. 1. Roller shutter's components
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Fig. 2. Alternative routes of the manufacturingqass

5. Solution method

In conditions of small and unit batch productiocadéculation of unit cost of
each component in isolation from the grouping psscethich depends on the
organizational conditions is too far-reaching siifigation. Cost analysis should
take into account the possibility of grouping them with others in the
organizational similar groups. Manufacturing eletsewith GT, using the
processing time and cost are depended on the cotitite groups. On cost of
manufacturing in conditions of mass customizatiom key role have the setup
time. Reducing the setup time has a significant achpon unit cost of
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production.Currently, a lot of methods of calculating costspodduction are
used. In each of the methods the most importanthardirect costs [22].

The componenKst (workstations costs dfth product) is the sum of the
costs of each operation of the manufacturing po@s

(@]
Kay =2 Ké
o=1 (1)

Unit cost of a single operatidﬁosm results from the number of performed
elements. It consists of two components:

s = Ksetup,g + Kworkg, )

Component of direct cost associated with the chargetimeKsetupi is
related to the production batch size. The largerlthtch size is, the smaller is
the share of the cost associated with the changeattributable to unit cost.
Hence, in the case of unit production share ofst component associated with
the changeover is relevant.

6. Verification of the method

To confirm this thesis and to determine the costhef product with the
organizational grouping verification by testing teelected company A was
done. The test object was the production systeroritbesl in section Il. The
study analyzes the organizational similar groupsnéa in 2011. The Table 1
shows the multiplicity of existing orders for tharameter type PA39 and color
combinations. The main parameter influencing thengeover of the line is the
type of the profile and the color of the curtairor Eelements listed in Table 1
a detailed analysis of counts formed groups wemeddhe time structure of
value P7 parameter is varied. The number of elesnesithin the group was
examined. In the cases of P7#-Bl and P7#-BR aréatiyest groups. For values
of the parameter P7#CD groups are rare and of lae; slthough the same
manufacturing process parameter P7 affects the.cost

From the above analysis it can be assumed thabtteof producing a from
profile P7#-Bl and P7#BR is lower than the costh&f product with the profile
P7#CD. It resulted from the number of elementsachegroup. The problem to
solve is to calculate the cost of the product @aaccomponents manufactured
with the use of grouping. In this case, and maremwtsimilar systems, the
production takes place in alternative manufacturmges.
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Table 1. The number of orders within organizaticiadilar groups

Tlz|w|s |8 |(5|8|8|2|s|%|%|(%|~]|E
week | ® = - =» = | o= [ ® | % | = | = x| = Bty 7
2 8 1 3 12
3 1 26 8 3 2 1 41
13 14 17 22 3 2 4 19 20 30 131
14 9 22 24 20 12 18 2 49 5 16 34 21
15 9 19 26 23 3 19 14 5 8 3 157
16 5 21 41 3 4 5 38 6 21 8 152
17 4 19 29 15 2 4 7 1 7 9 97
18 F i 23 17 19 5 8 27 4 3 1 114
19 16 34 59 4 14 9 1 1 28 3 6 13 188
33 2 42 18 27 8 2 7 6 23 135
34 13 34 35 2 9 9 3 13 1 7 25 151
35 29 35 9 10 2 15 15 6 121
43 17 35 17 23 4 12 13 12 34 167
44 7 40 29 7 9 34 8 6 42 182
45 1 28 24 28 15 1M1 1 1 13 31 153
sum 119 605 | 1727 1232 124 723 31 194 94 830 298 | 603 917 7497

P7 — the value for the number of the week, #-ABEf ... — the colors of the panels

In the first variant production takes place engireh the rollforming line.
Changeover time is long and it is 1-2 hours. Wastterial is approximately 12
m of tape needed to start the line. The valuesre€dcosts in the first variant is:

'Kh ='Kmh +'Ksth 3)

where: 'Kmb, — material costs foi-th element in the first variantKstb,
— workstation costs farth element in the first variant

'Kmb = (s 0 +d,) & (4)
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where: s — the width of thei-th element (curtain)l; — number of blades in
curtain,d,, — length of the tape resulting from the start o€&lic; — price of raw
material (1 m of tape)

'Ksth =[(s O +d,) Oty + Fsetupy,] k, (5)

where: 't,, — efficiency of rollforming and assembly linen) m/h, Fsetup,
— changeover time o line, k;, — workstation costs per hour wifline.
The cost of thé-th element manufactured with grouping in the fustiant:

Fsetup,,

'Kh =(s 0 +‘:'1—ij; {(s 1, +d,) Oty +

e

|
° (6)
where:n, — count of elements manufactured within organaei similar group
Ce.

In the second variant semi-product is manufactarethe rollforming line.
The semi-product is the 6 m profile. Changeoveetohline and waste material
for the semi-product production is the same a&énfirst variant. The difference
is that they can produce a larger number of semilmts and then use it in the
further process. The problem is the semi-produdtevan cutting. Depending on
the width of the curtain waste ranges from 5 tanel/8%.

The values of direct costs in the second variant:

”Kh - IIKn.h + IIth (7)

where:"Kmb, — material costs foi-th element in the second variabKsth, —
workstation costs fairth element in the second variant

"Kmh = (s [ +d,) (& (@ @®)

where:d; — waste factor connected with the production feami-products.

For the second variant assumdgn = 0, wheren — count of semi-
products manufactured without changeovers.

" KSth = [(SI |:I]i + dw) |jltm + Fsetupm] |:Ikm +( ”tai + Fsetupa) Dka (9)

where:"t,, — efficiency of rollforming line ) [m/h] (without assembly).
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In this case assumell, > 't,, "ta — cutting and assembly time,
ko — workstation costs of cutting and assembly weattikshs @) (per hour),
Fsetup, — setup time of cutting and assembly workstati¢a)s in this case
assumed-setup, =~ 0, k., — workstatation costs per hour mfline, in this case
assumedky, ~ k.
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Fig. 3. The value of cost for elements with P7#-B&thriants in 2011

When calculating the cost of changeovers with grayipfor the
manufacturing of semi-productssetup,/n~ 0.

"Kh = 0 & 8 +[(s 0 +d) O] Dk + Ma ke g

The calculations of costs for all values of theapagter P7 at five days
aggregation for dynamic grouping were done. Setecesults of calculation
of direct cost (per 1 frof the shutter) manufactured in both variants|asted
above (Fig. 3).

7. Conclusions

The contemporary customer requirements determine phoduction
systems. Strategies for small and medium-sizedrmiges are increasingly
being directed towards the production of produdth wiany options. Currently,
production systems must be prepared to produceuptddmilies in the shortest
possible production cycle and low cost. For thigetyf production method of
costs calculating should focus on the analysisefdost of the grouping at the
stage of preparing the organization of productidme use of grouping leads to a
reduction of time changeovers and thus reduce.costs

An introduced method of cost calculation allowsamprehensive assess
ment of the impact of the option parameters on pwoducts and their
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components manufactured in a production adjusteclisbomer’s needs (mass
customization). The method can provide a basisnplémentation of the
appropriate values of the matrix of discounts depenon the selected option of
the product and the counts of elements producell wiganizational similar
grouping. Without adequate supporting informatigstems to carry out the
calculation of cost of the stage and the order@taree do not seem practicable.
The study showed the possibility of reducing prdiunccosts both theoretical
and achieved in practice. Both studies and pratizaee shown usability of the
proposed manufacturing solutions.
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