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DESIGN METHOD OF PRODUCTS’ PROCESSES FOR GROUP TECHNOLOGY

In contrast to the traditional manufacturing systevhere the basic features are low product vai@ety mass
production, recent manufacturing environment israti@rized by shorter product life cycles, congyant
diminishing batch sizes while the variety of prodtypes and models continues to increase. In hafety
manufacturing , in spite of applying modern managettechniques, setup time still plays an importart in

the production cycle time. Product development &amme many methods and tools for design, test, and
manufacture a new or improved product. Design fanuafacturing methodologies are used to improve
a product’'s manufacturability. For high-varietyguction the cumulative amount of setup time resiuim the
number of changeovers. To shorten the productime tand therefore cost the methods of group techgolo
(GT) are used. This paper presents a method oéasarg the manufacturability of elements produce®T.

The method was validated in the conditions of peattice production for high-variety production.

1. INTRODUCTION

In contemporary markets customized products comigithe manufacturing processes
significantly. The manufacturing systems have esdlover the past several decades in
response to changing customer needs. In relatiasustomer requirements, the company
changed the priorities in the strategy from puogil the mid 1980s, quality until the early
1990s, flexibility until the mid 1990s, and agility responsiveness thereafter [14].

Previously the primary source of competitive adagetfor manufacturing companies
in many industries was related to price. Therefallemanufacturing strategies were driven
by attempts to reduce the cost of the product. fi@clgical advances in manufacturing,
as well as in information, have provided the imgefor change in many paradigms,
including customer expectations. Customers haveorhecmore demanding and want
products that can meet their specific individuafjuieements. Producing customized
products at a low cost, which seemingly is a paxadothe purpose of many enterprises.
This main purpose, which is considered as fulflicustomer needs, results in production
by unit and small batch process. The productionlecyonsists of among others: the

! University of Bielsko-Biata, Department of Induatr Engineering, ul. Willowa 2, 43-309 Bielsko-BiatPoland
phone: +4833827253, e-mail;jmleczko@ath.bielsko.pl



8 Janusz MLECZKO

processing time and setup time. For high-varieddpction the cumulative amount of setup
time results from the number of changeovers [2]shiorten the production time and reduce
costs the methods of group technology have beed tsemany years [16]. The above
research inspired the author to prepare a methodetfp time process based on the
similarity of the products. In order to do thislassifier of a new kind was introduced — the
classifier works at the level of process in therapen production plan. The objective
of the classifier is to aggregate processes imgarozationally similar groups. It allows
production tasks to be completed inside groups:séguences, without changeovers
o by significantly shortening the setup procédse above classification is based on the
features of tasks having influence on changeoveredi and optimization of task
arrangement [21].

The changing organizational conditions of prodaetd semi-products manufacturing,
including the use of dynamic grouping and alter@agroduction routes causes difficulty
in determining the cost of production.

The paper is structured as follows. First, the isaigporoblem is shortly described.
Then, an example to illustrate the problem is presk Main part of the article consists
of the method of calculation production costs ionditions of mass customization.
Computational results are also discussed. Thelartoncludes with some summary
remarks.

2. PROBLEM BACKGROUND

Increase product portfolio in response to custom@uirements has an impact on costs
and delivery time. The main questions are: What thee options and how many offer
product variants ? How to manufacture the proddttslow to shorten delivery time
at the lowest cost?

The way of addressing these questions is concdgasé Customization. The concept
of Mass Customization (MC) producing customized dpoat low costs received
considerable attention in the research literatBg[17],[24],[25],[27]. To implement
product customization, many companies have chatiggdbusiness models from make-to-
stock to configure-to-order [29]. Configure-to-erdCTO) has been recognized as an ideal
model that provides a right amount of product ugréand a quick response time to customer
orders [6],[29]. In CTO, final products are configd from a set of predefined modules
and components subject to the constraints amoag.thWhile production in CTO starts
after receiving of a customer order, order fulfimhetarts from order processing [29].

Focusing on reducing the cost of offering produwriaty, Gupta an&rishnan [10]
propose a methodology for designing product farbdged assembly sequences.

Kusiak et al. discuss the design of assembly syst@mmodular products [15]. To
shorten the production time and reduce costs fonymgears the methods of group
technology are used [16].

The standard process planning and the group teotndl13],[19],[22] are based
on similarity. Both approaches to the process mlay the variant and the generative
approaches are based on the similarity [3]. A kegblem is to study the similarity
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of products. Similarity of products allow use geative, variant or hybrid design method
of routes.
The starting point for process planning was theceph of similarity. Mathematics
knows similarity, coincidence, identity and equabf abscissas, triangles, sets, vectors.
Sets A and B are created from elements. Let's denghese sets for manufacturing
process planning. Let the set A be the pattemngtandard), the set B the task to be solved:

A = @, B + @ no pattern, full generative,

A+ 0, B+ 0,(ANnB) =0 no pattern, full generative,

A+ @, B+ @,(AnB) # 0 insufficient pattern, partly generative,
A+ @, B+ @, Ac B insufficient pattern, partly generative,

A+ @, B+ @, A= B identical sets, standard (paradigm),

A+ @, B+ @, A> B abundant pattern, variant access.

Other cases have no practical significance [3].

Design for manufacturing methodologies are used ingrove a product’s
manufacturability. There are exist a variety of wofacturability guidelines (for
example [1],[4],[5],[23],[28]. Researchers have veleped various approaches for
evaluating designs, including direct (rule-basealj andirect (plan-based) methods. Three
important issues dominate the discussion abougddsr manufacturing (DFM) also called
design for manufacturability [12]:

a) Can the manufacturing process feasibly fabricagespiecified product design?
b) How much time does the manufacturing operationire@u
c) How much does the operation cost?

DFM compares a product’'s manufacturing requiremeatexisting manufacturing
capabilities and measures the processing time asid[t1]. DFM approaches can be used
during the conceptual design and the detailed desigps. Generally, DFM approaches
focus on the individual manufacturing operationsr Example, Anderson [1], Bralla [4],
use DFM for reducing the unit manufacturing costainy products.

3. PROBLEM FORMULATION

The main problem is determining design of elemantghat the similarity allow the
use in a wide range the group technology (GT)sTifiespecially important in unit and
small batch production. And to be precise rules &rdynamic grouping in the
organizationally similar groups.

To solve this problem finding an answer to thedwihg questions is necessary:

a) Changing of what the workstation parameters atfeetchangeover?

b) Is it possible the design of manufacturing processhat apply this processing
parameters, which occur most often?

c) How profitable is the use of variants of the mawotiieing process in condition
of unit and small batch manufacturing ?

To illustrate the above problem a simple examptguen.
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4. ILLUSTRATIVE EXAMPLE

The example in this paper is the production of pobdamilies on laser cutter. As
a result of CAM software elements are arrangednimatimum way to the sheet so as to
obtain a minimum waste (see Fig. 1).

In conditions of mass customization a component atemwill typically be equal
to the number of demand this item in one unithef product. Is the count of the element
has an effect on costs? Are the components produtadaser cutter able to manufacture ?

The use of unification in the form of shorten tie bf type and the thickness of the
material used increases manufacturability becauseliice costs. As is typical for this type
of production it will not result in the productiai one unit. Cost reduction is mainly due to
the use of group technology. So the technologiilllbe those elements that will have
a greater tendency to create groups.

Fig. 1.Result of an arrangement by CAM software

The unification of sheet metal thicknesses and egaof materials narrow the list
of raw material, increase manufacturability anduee costs. This is due to the possibility
of applying GT in actual organizational conditioro the technological will be those
elements that will have a greater tendency to gnoupf the company use unification when
increase the manufacturability of manufactured eleim But is this the only way ?
If in the process of designing a new product akments produced from the same
thickness and grade of material then despite abke of unification we obtain the similar
effect in the global. In the case of laser cuttelgments would be manufactured in one
organizationally similar group. There is not alwgassible to design the process in that
way, but knowledge of this dependence on one hdifel sgignificant diversification
of product on the other hand preserve the cosinmzation criterion.

5. SOLUTION METHOD

The following is a solution to the problem of co$fproduction in a condition of usage
dynamic method of grouping.
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In conditions of small and unit batch productiorcaculation of unit cost of each
component in isolation from the grouping processcWwhdepends on the organizational
conditions is too far reaching simplification. Cosbalysis should take into account
that the possibility of grouping the item withhets in the organizational similar groups.

Manufacturing elements with GT usage the processing and cost are depended
on the counts of the groups. On cost of manufagun conditions of mass customization
the key role have the setup time.

Complete time of task Idi on machineF;;

Fra;j = Fsetupyq; + Fwork,y; (1)

where:
Fworkq,; - process time of taskl; on j machine,

Fsetup,q,; — setup time of taskd; on j machine.
Fq;j-complete time of taskd; on j machine,

If the tasks have not been arranged and the orgiomally similar groups have not
been created then total duration time on j machine:

Fj=Xi=1Fua (2)

In the case of creating groups: &, means the total duration time of grou@,
and Oy:{ld;Id;,, .. 1d,}then finally task duration time is:

Tok < 271'1=1‘7:Idi (3)
and will be calculated by the following formula

Fo, = fsetupOy(PL, .., P¢, ..., Py) + Xios Fwork, (4)
where: fsetupO,(P%, ..., P&, ..., P¢) , is a function of the recalculation of setup tinfies
the groupO,, dependent on the set of paramerts= {P?, ..., P2, ..., P¢} of the machines
me.

In case of accepting of the largest time of setxgnfall tasks as the setup for

the group
fsetupOy (PP, ..., P, ..., PY) = max, <, Fsetupq, (5)

then

Fo, & Maxigicn Fsetupyg, * G + Lisg Fworkg, (6)

where: ,, is a factor to increase the setup time, takenro@téstic from knowledge base
for each machine:“.
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The more the multiplicity of organizational grougs) to the greater number
of produced elements can be disposed of setupaindehus the complete time is decreased.
Complete time of taskd; on machinen® - F 4.

a pa a
Tldi _ fsetupOy(PL,...PE ,...P%) n TWOT‘kldi (7)

n

or simplify:

_ maxy<i<n Fsetupyq;* {m

Tldi]' -

- +Fwork,y, (8)

To increase manufacturability Author checked theapeeters of the highest frequency
impact on the changeover times.

To confirm this thesis and to determine the martufability of the product with
the organizational grouping verification by tegtim the selected company A was done.
The object was a manufacturing system producingiehes in conditions of unit and small
batch. The study analyses the organizational simgeoups created formed from
2007 to 2011. The company has a manufacturing systensisting of several dozen
workstations performing mainly processing by modedNC controlled, machine park.
Bottleneck has a tendency to move [18]. In theistlidystem bottleneck was often placed
on the milling and laser cutter machines performshgets processing. Data were taken
from real processes collected in databases of R

6. DEFINING PARAMETERS OF TASKS HAVING INFLUENCE
ON CHANGEOVERS TIME

For the manufacture product families dynamic grogpmethod was used. In this
method [20], groups were divided into homogenoypes$yby those parameters which have
an influence on changeover time. For each elemehtthe set of machines
M = {m?, ...,m%, ...,m%}, (A- means the amount of machines) a choice watenoéthose
parameters which have an influence on changeawesstand they were assigned to

Pl = (P}, .. PL, .. P},... P*={(P% .. P%, .. P&}, .. PA={PA . PA . PA. (9)

where:

P& — parameter having a significant impact on the gkamer time for machine typeg
x- identifier of parameter,

X- amount of parameters.

The assignment of parameters will not be sufficighe influence of the above
parameters on reducing changeover time also neetls taken into account. The above
parameters will constitute the basic criterionha tlassification and the creation of groups.
The criterion itself can assume static values lhg t assignment of the given task
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to the group will take a dynamic character depemdon the organizational features
0 resource constraints.

Apart from the choice of parameters, limitation®©wd also be introduced in the
division of the tasks into groups. The major limda in the assignment of tasks to groups
Is the time criterion. Tasks with a distant planpediormance deadline can be rejected from
a group. In the above way a dynamic classifier risated according to task features
at the level of the production process operatiorhich causes, depending
on the classification moment, that the same ehénseclassified differently. In one case
it can be assigned to a group and in the otheantlme rejected. The above features have
positive, negative or neutral influence. The feasucan be design (D), technological (T)
of organizational (O) type. In order to define thdluence of features on the tasks
arrangement process, a matrix of assignment tona@g@onally similar groups is created
for each of these types. In order to do that focheaf these groups the dependence
of features as well as the kind of influence fus ttype of connection is defined. Influence
means assignment to the organizational group andhetthods of calculation of changeover
time and manufacturability.

7. DETERMINATION OF THE PARAMETERS INFLUENCE TO ATE
ORGANIZATIONALLY SIMILAR GROUPS

Accordingto (9), the set of parameters (P) dbeswi the operation of the
manufacturing process is equal:

P® = {px}x=1,..x (10)

Every parametepg belonging to the sét® is described by:

px = (vly, img) (11)

where:
vl — means value of theparameter foM* workstation,
im% — means impact of theparameter on changeover time for workstatidf,

i% € VIZ (12)

where:
VL- set of parameter valuasfor M¢ workstation.
For the laser cutter sheet changing has significapact on changeover time.
The pattern for classification was created on tlasid of P2 parameter values
(P2 means the same raw materials). In the stusistbm, the analysis of created groups
for P2 parameter were done. The data are categbinzdescending order of the parameter
P2 which occurs most frequently. Number of groupsmed for the most "popular"
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parameters were varied during manufacture. The e@besearch shows the most "popular”
P2 values for the raw material. Analysed elememsevproduced over the past 5 years. The
most natural direction of increasing manufacturgbiis the standardization of raw
materials. For the customized production it is aletays possible. It is also important to
answer the question about the profitability taihslardization.

If we know list of raw materials from which prodscire most often manufactured, is
it possible to change the manufacturing procesthamh way to use materials which have
tendency for grouping ?

If the answer to that question is yes, how to mesathe profitability of this process.
To solve the problem of increasing the manufaciiitglthe author proposes to create
indicators based on the concept of "throughput aaiteg” (TA).

Theory of Constraints (TOC) defines three simplasuees of efficiency [7],[9]:

Throughput (T) - the rate at which the system gatesrmoney through sales.

Investments (1) - all the money spent by the systenthe purchase of what is going
to sell.

Operating Expenses (OE) - all the money spent by #ystem to replace
the investment in processing.

Throughput can also be expressed per unit prodyrbfy the following formula:

T,=P—TVC (13)

where:

P - is a unit price of the product,

TVC - is a totally variable cost of the produch (host cases mean raw materials).
Total throughput for the product during the peraddime is:

TT, =T, *q (14)

where:
g- is the quantity of product p sold during thecfied period.
Factor determining the profitability of the prod§ads equal:

f= 2 (15)

where:
CCR — means working time of bottleneck.

The higher throughput and less time spent on btk the more profitable
Is the production of product. Extending the udetltos measure for the production
of components it can be stated that this ratio eaduate the profitability of production
elements. In conditions of unit and small batchdpiadion, it is essential to reduce the time
changeovers. Reducing the CCR were done by dynagmuaping. But is it possible
to influence the throughput ? Assuming that thiéingeprice is fixed and at the start
of production it is difficult to change it, theremains only the issue of TVC - totally
variable costs.
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Considering equations (8) and (14):

P-TVC _ P-TVC _ P-TVC

CCR Fra; fsetu.pok(P‘ll,...,P,ag,...,PS"()+ Fworkyy, (16)
n i

€=

Throughput Accounting (TA), as one of the few melhof cost calculation, takes into
account the processing time on the bottleneck. &beg, in conditions of production suited
to customer needs, where delivery time is a pdaituimportant parameter TA could find
the right application.

Here, for example for laser cutter production, éssence of the approach to improve
manufacturability of the product with the use ot throposed measure was explained.
To improve manufacturability, there are two posisybof changing parameters: changing
the grade sheet and changing the thickness ofeigried element

The increase the cost of the proposed element easompensated by reduction
of manufacturing time. Let's imagine the designeng optimal static condition without
taking into account the grouping.

The analyzed element can be made of either mat8diabr S2.Material S1 costs
12.35PLN per 1kg, S2 10.45PLN per 1kg. Price addefrom the sale of element is
15PLN. Changeover time is 0.15 hours. The procgssime is 0.12 hours. Number
of elements is one. The consumption of raw mdtésraone item is 1kg. According to the
proposed methodology ratio was calculated for batiants:

_P-TVC _ 15-1235

= = = 9.81 PLN /h
Fla; 0,15+0,12
_P-TVC _ 15-1045 _
§07 50" = trsrors = 1685 PLN/h

System in case of S1 generates 9.81PLN/hour icdke of S2 - 16.85PLN/hour. The
simple dependence shows that the variant S2 isrbett

[ 3 10 15 20 ltems 25

Fig. 2. £51 coefficient
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Is S2, in all conditions of the manufacturing preg&emore advantageous variant ?
Assume that S1 is a material occurring relativegg@iently in the manufacturing process.
The element is produced within the organizationailpilar groups, and number of the
items in this group is 5. Then

P-TVC __ 15-12,35

551 fsetupOy(P%....P%,..P%) - Fwork;g %.H) 02
i

= 17.6PLN/h

n

and S1 variant is advantageous.

The Fig. 2 shows the dependencet gf coefficient from the number of items in the
group. Above the amount of 5 items the variantsSthore profitable. The Fig. 3 shows the
dependence df,, coefficient from the number of items in the group

Second possibility of element’s design is manufectirom greater than required
thickness. Let it be a raw materials S3. When thesls increases the raw material
consumption should be greater and equal 1.15kge Por 1kg of material S3 is 10.45PLN.
Laser cutting time is also greater and equals 0.I6&¢,, value without grouping is:

P-TVC _ 15-10,45+1,15
Fla; 0,15+0,16

£oa= =~ 9.62PLN/h

The maximum throughput value in S3 variant, usinguging, is just over
18.5PLN/hour. But not always designer allow to tisg variant.

It is possible to get the effect of cost reductidme to the possibility of group
technologies, in particular the dynamic grouping.

But is grouping always possible ? The problem & there is no certainty. Solving
of this problem is collecting of three variantstioé process. Choice the appropriate variant
Is possible at the stage of organizational pregasinproduction, especially by the operator
or CAM software. The more options we have the bettatabase capabilities are. It

20

{s 2

1 \I|I|||.‘,:'I\||||||
bk

16 f

14

12

10

30 tems 3%

Fig. 3.&,, coefficient
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sounds as the paradox but in conditions of madsisation, product and the elements
manufacturability can be increased by creatingradiitve variants of process routes.
Preparing alternative variants increase the lalaensity of organizational preparing the
production but it is compensated, according tolt®€, by increasing throughput.

The next question concerns the limit of the grogpiprecisely the conditions
of profitable adding elements to the group orgat@nally similar when a variant
of the process is not optimal in static condision

Limit should be calculated for the element factoif the condition is satisfied

fX > fstat (17)

then grouping is profitable.
where:
&x — means the coefficient value calculated at adtbrthe group X.
&star — Means the coefficient value calculated at themapn variant without grouping.

Adding the elements to the group benefit from iasieg throughput of the other
elements of the group and thus the whole systens rEguire further study in a specific
production system.

8. CONCLUSIONS

The contemporary customer requirements, determime production systems.
Strategies for small and medium-sized enterprisesr®re and more often directed towards
the manufacturing variant products. Currently, piitbn systems must be prepared
to produce product families in the shortest pdssijwoduction cycle and low cost.
The mass customization is realized in the systénunst and small batch production
in  Make-To-Order mode (MTO). For this kind of pumtion of the definition
of manufacturability of products and their compatiseshould focus on the tendency
to reduce the changeovers tiniderefore, easy and inexpensive to manufacture tlaee
products that have a tendency for grouping. Intcedumethodology and set of measures
can comprehensively evaluate manufacturability mfdpcts and their components, and
determine the direction of their increase. It maya basis for modification of existing
designs and technologies. The study showed thebildsss of production costs reduction
in both theoretical and achieved in real manufattusystems. Dynamic grouping is not
based on the structure of the manufacturing presessit on the parameters of the
operation. These preliminary studies were basedhistorical data, allowed evaluate
manufacturability of products from the perspectwwehe earlier production orders. Another
area of research would provide a tool to evaluaaaufacturability at the design stage. The
designer should analyse manufacturability fromglespective of grouping.

The above calculations without the IT support anpassible. The attached examples
show the possibilities of improving the manufachiiligy of elements produced in the laser
cutter. The main direction leads to the creatingraative manufacturing processes, where
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the key is the possibility of use sheet metal vinipher requirements. Despite the higher
cost of materials, the use of dynamic groupinguced its negative impact.

Calculation of the cost by the algorithms basedtloe TOC allow find the limit
of profitability changes. Both studies and pragtichow usability of the proposed
manufacturing solutions.
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