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Abstract

The work presents five stages of implementation of the assembly platform in an energy company. It focuses on indicating the adaptation
of the assembly platform for the final product, which are low, medium and high voltage switchboards in the energy company. The first two
chapters present the definition and application of the assembly platform. The next chapter deals with the research carried out on the
introduction of the assembly platform to the energy company. The work ends with a summary and conclusions.
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Streszczenie

W pracy zostalo przedstawione pig¢ etapéw wdrozenia platformy montazowej w firmy energetycznej. Praca koncentruje si¢ na
wskazaniu dostosowania platformy montazowej dla produktu koncowego, jakim sg rozdzielnie niskich, srednich i wysokich napi¢¢ w firmie
energetycznej. Pierwsze dwa rozdzialy przedstawiajg definicj¢ i zastosowanie platformy montazowej. Kolejny rozdzial przedstawia
wykonane badania nad wprowadzeniem platformy montazowej w firmie energetycznej. Prace koncza podsumowanie i wnioski.

Stowa kluczowe: platforma montazowa, obszary montazowe, wydajnos¢, rozdzielnice niskiego, sredniego i wysokiego napigcia

1. Introduction

In the 21 century manufacturers are considerably
challenged by low production costs. They focus on
delivering products as soon as possible in order to
satisfy varied consumer demands. Adapting products
to these demands, which combines aspects of econo-
mies of both scale and scope, seems to incrementally
depend on an industrial production mode. Researchers
and companies concentrate on the end product which
is a strategy element in mass product adaptation
project. The end product may increase competitive
power, promote sustained development and improve
innovative skills [5, 17].

The concept of product platform has become a key
term in the entire innovative process of end product
development. Such an approach may have a tremen-
dous effect on the entire process of end product
development, including relations between a supplier
and a customer [12].

Developing a model of the end product family
manufactured on the basis of the same product

platform is considered to be an effective solution.
More and more companies are using such an approach
in the manufacture process of their end products,
which indicates substantial economic benefits in the
face of the ever-changing global production market.
Those benefits mainly arose from a higher quality of
end products, a faster response to market demands and
lower manufacturing costs. Using product platforms
and studying their architecture or structure are
attracting more and more attention from both research
community and industry [8, 9, 22].

2. Definition of product platform

The concept of product platform has become the
key term in innovation process. Such an approach can
have a tremendous effect on the entire product
manufacture including relations between a supplier
and a customer [12].

By definition, product platform, which the author
develops, is a relatively large set of product compo-
nents whose elements are connected with each other as
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a stable component and are common for various end
product models. Some of the components serve the
same function; however, it does not apply to all the
components. By using such a product platform, a com-
pany may create a substantial group of various end
products. Generally speaking, potential benefits resul-
ting from using a product platform can be summarised
as follows:

e lower production costs,

e reducing construction time and end product

assembly time,

e reducing the complexity of the whole con-

struction and end product assembly system,

o facilitating a constant end product improvement

[12].

Using a product platform influences the organi-
zational structure of companies in which such a plat-
form is implemented [12].

McGrath defines a product platform as “a set of
similar elements, especially technological ones, used
in a particular set of products” [10].

Robertson and Ulrich emphasise that “by division
of components and production processes on a product
platform, companies may manufacture varied end
products successfully, increasing flexibility of manu-
facturing processes and taking market shares from the
manufacturers that make one product at a time” [16].
What is more, a product platform facilitates end
product adaptation, which makes it possible to develop
different products in an easy and rapid manner in order
to satisfy needs of different market niches [15, 19].
The influence of product family and product platform
structure on the variety of products obtained from
a given platform and their mass adjustment is still the
topic of extensive studies [3, 6, 7, 20, 21].

The essence of product platform development lies
in acquiring as many end products as possible by using
standardized components and different manufacturing
processes. Therefore, adjusting a product platform
involves discovering common elements of a specific
product family (such as shared functions, parameters,
characteristics, components, subsystems or sufficient
amount of information related to manufacturing of
a specific product family) and subsequent adjusting
and standardization of the aforementioned common
elements or parameters [11, 22].

The use of a product platform consists in:

1. Analysing the usefulness of a product platform

in manufacturing a given set of end products.

a) Developing a product family and a suitable

structure of the product platform in the way
which allows obtaining the final platform that
stands out among others in terms of design or
construction.

b) Discovering restrictions which impact the parts
manufactured by the most frequently used
product platforms, which includes:

o identifying both common modules/sub-
systems in a given product platform and the
correlations between their interfaces,

e identifying both common components of
a given end product developed on the product
platform and the correlations between them.

Product platform standardization is made pri-
marily by using the elements of a given platform as
well as its components and subsystems.

This process involves the standardization of:

a) components of a product platform, including its

structure and parameters,

b) subsystems and interfaces,

c) the process of production and product system
managements, etc. [22].

Using product platforms has become the priority in
competition between companies, and therefore many
businesses accept the concept of such a product
platform. However, they interpret it differently and
vary in the way they make us of'it. Japanese companies
have introduced a strategic programme of using
a product platform in the process of manufacturing end
products, which, thanks to further efforts, resulted in
simplifying the end product model. Different functions
of a platform need to be examined if one wants to
understand why the strategic programme has been
adopted [12].

Table 1 shows strengths and weaknesses of
product platforms.

The significance of a product platform can be
examined both from strategic as well as from orga-
nizational or technical point of view. Implementing
a product platform strategy has an effect on the course
of product manufacturing process, and particularly on
the costs, reduces the end product design time as well
as the time of its introduction onto the world markets.
The programme of strategic use of product platforms
improves the management of companies in which such
they are implemented. The product platform strategy
is closely connected with the way in which a platform
is developed in relation to other elements of the
product. The process of product platform development
is also subject to technical correlations because it
involves the use of various troubleshooting aspects
related to further stages of end product manufacturing
such as its construction or its modularisation. The
significance of product platform does indeed have
a close relationship with both end product modules and
its construction or appearance [12].
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Table 1. Strengths and weaknesses of product platforms, the author’s own compilation based on [1, 2, 12, 18]

Product platforms

Strengths

‘Weaknesses

Strategic phase
- various products reach the market faster,
- entering niche markets,
- implementing new technologies,
- lower technological risk,
Design phase
- lower development costs,
- reusing components and systems designed earlier,
- reusing well-tried technologies,
Product managment phase

products,
- economical manufacturing,

manufacturing various products,
- reduction in warehouse stock,
- lower quality-related expenses,
- flexibility in the number of product variants,
Phase of testing and putting into operation

operation for the first time,
- shared testing equipment of various products,
- reduction in the number of certification tests,

Phase of operating and maintaining the product

shared functions,
- lowering costs of staff training,

- possibility of using the same tools in the production of various

- possibility of bulk purchasing of the same subsystems used for

- reduction in the time devoted to testing and putting product into

- reduction in fixed costs of maintaining products due to their

- lowering variable costs due to more efficient logistics activities.

Strategic phase
- restrictions on future investment in extending the platform,
- risk of the market being monopolized by a company
developing the product manufacturing strategy,
Design phase
- the necessity to do research into the technical and economic
feasibility of developing a product,
- extra costs connected with the necessity to design additional
product-differentiating components of the product platform,
- overhead costs connected with commonality management of
the product platform elements,

Production management phase
- increased complexity of product configuration management
on the assembly line,
- increase in the costs of subsystems production,
Phase of testing and putting into operation
- increase in the costs of developing the methods of verifying
and validating the product and the product platform,

Phase of operating and maintaining the product
- risk of failure in manufacturing common elements for
a variety of end products,
- increased complexity of operating multi-purpose elements,
- increase in the costs of operating subsystems,
- increase in the costs of product platform management.

End product construction involves setting func-
tional elements of the product into physical blocks.
The goal of end product construction is to define basic
structural blocks of the end product in terms of both
their performance and their cooperation with the
remaining elements of a piece of equipment. There-
fore, a module can be described as a large group of
physically interrelated parts forming a component,
which often has a standardized design interface.
Modules can be the same in different projects, but they
can be specific only for one end product model as well.
In such case, using modularisation has many benefits,
including:

e possibility of manufacturing various end pro-
ducts which has little effect on manufacturing
end product components,

e reducing the number of manufactured end
product components,

e better effectiveness resulting from automation
[12].

The significance of a product platform can be
examined in terms of organization. A product platform
is essentially a method of creating a functional set in
the process of end product development. However,
integrating such a set can be limited to technical
decision-making or can involve some responsibility
for commercial aspects of the end product. Looking at
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the significance of a product platform from organi-
zational perspective, requires different criteria of
aggregation (the process of combining elements into
a larger whole) which are significant for the platform
operating team.

Technical criteria usually have priority in selecting
the “universal’ product platform. Nevertheless, factors
such as a market segment and a method of market
saturation should be considered as well.

There are many similarities between various types
of product platforms, as a result of which organi-
zational and technical aspects of product platforms can
overlap with each other [12].

3. Research product platforms

Research on the implementation of the assembly
platform has been carried out in an energy compa-
ny. He provides comprehensive construction and
assembly services for investments related to the
energy, petrochemical, mining and public utilities
industries in the turnkey system [4].

The significance of product platform is more and
more visible in various industry sectors and many
companies have to make a number of decisions on this
matter. Work is heading towards elaboration of the
five basic stages of the product platform development.




Stage One — creating the product platform as
a physical structure of the product. This raises two
essential questions. Firstly, how should a product
platform be defined from a technical perspective when
complexity of the product is considered? Secondly, in
what way does the product platform relate to other
concepts connected with end product planning process

such as product construction or modularisation? To
illustrate this stage Table 2 enumerating the com-
ponents of low and medium voltage switchboards is
complied and Figure 1 showing a diagram of the
product platform for low and medium voltage switch-
boards is presented.

Table 2. The components forming low and medium voltage switchboards

Equipment (Safeguards)
Component @ » @
- - 2 - 5 = E:
& % E 5 S =5 g b -]
=85 =< g g = S S
23S % g 5 =5 g z ¥
= > = = e O = S = =
=] ] /M &) = 1] i S
. O £ = 3
Supplier et =] =
Elektrobudowa - - - - - MV -
ABB LV & MV LV & MV LV & MV LV & MV LV & MV - LV & MV
Siemens - LV & MV LV & MV - LV - LV & MV
Schneider Electric - LV & MV LV & MV - - MV LV & MV
ZWAE - LV & MV LV & MV MV MV - -
Drive
Manual LV & MV
Motor LV & MV
Conductor rails
Rectangular (30 x 3) LV
Rounded (10 x 80) LV & MV
Rounded - Special (24 x 33,30 x 15) LV & MV
Channel Section and T Section (45 x 45) LV
Cables & cable cross-sections
power 75 — 240 mm?, control 1,5 — 4 mm?, in auxiliary circuits 1 — 4 mm? LV
power 75 — 400 mm?, control 1,5 — 4 mm?, in auxiliary circuits 1 — 4 mm? MV

Source: the author’s own study (LV —

low voltage, MV — medium voltage).
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Fig. 1. Diagram of a product platform for low and medium voltage switchboards (the author’s own study based on [13, 14])
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variants for manufacturing low and medium voltage

Below there are combination matrices (i.e. all the
possible customer choice combinations for a given

16 variant choices are available for

manufacturing both low and medium voltage switch-

boards (Fig. 2 & Fig 3).

switchboards.

product; lines of a matrix represent switchboard

components while columns of a matrix represent
variants of switchboards possible to manufacture) of

A platform for low-voltage switchboards
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Fig. 2. Matrix of combinations for manufacturing low voltage switchboards [the author’s own study]

A platform for medium-voltage switchboards
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Fig. 3. Matrix of combinations for manufacturing low voltage switchboards [ the author’s own study]
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An example of the matrix is shown below:

Columns

represent

feasible

variants of
switchboards
(e.g. frame or

enclosure)
Lines of the matrix represent 10000
switchboard components 01100
(e.g. design, safeguards, 171000
drive, conductor rails, cables 11110

and cable cross-sections)

10000

Authors used binary system in combination
matrices in which 1 represents an occurrence of a

specific component while 0 represents no occurrence.
The matrix consists of five columns, which is
determined by five types of safeguards. As regards the
number of lines, it is connected with the number of
switchboard components.

Stage Two — grouping operations in order to
define the technological similarity or commonality of
the manufactured products. This raises two essential
questions. Firstly, how should operations involved in
installation of a particular switchboard be grouped
(Table 3)? Secondly, how is the product platform
connected with other operations related to the process
of manufacturing the end product such as the
construction of a given product?

Table 3. Operations performed in making low, medium and high voltage switchboards

No. | Summary LV MV HV
1 Manufacturing essential structural elements 1 1 1
2 Adhesive bonding of bushing insulators on stainless steel sheets 0 0 1
3 Combining the detailed parts of the tank and priming with switchgear 0 0 1
4 Filling the tank 0 0 1
5 Switchboard buses assembly 1 1 1
6 FOBOX box assembly 1 0 0
7 Upper earth switch box or voltage measurement box assembly 0 1 0
8 Slide-out modules assembly 1 1 0
9 Earth switch modules assembly 1 1 0
10 | Assembling modules for drying the motor or measuring the transformers 0 1 0
11 | Lower measurement modules assembly 0 1 0
12 | Hub assembly 0 1 0
13 | Bus bar assembly 0 1 0
14 | Control gear assembly 1 0 0
15 | Screwing the FOBOX enclosure together 1 0 0
16 | Assembling the post for modules 1 0 0
17 | Switchboard access platform assembly 0 1 0
18 | Back or side attachment for switchboards 0 1 0
19 | Testing the proper functioning and technical state of the switchboard before shipment 1 1 1

20 | Final assembly of external front and back shields 1 1 1
21 | Packaging and shipping 1 1 1
Total 11 14 8

Source: the author’s own study (LV — low voltage, MV — medium voltage, HV — high voltage).

It was assumed that the basic grouping criterion
should be the technological commonality of the
manufactured parts, thus on a scale from 0 to 1 it was
assigned weight of wr = 1. For the mass of the product
(switchboard), a weight of wy = 0,75 was assigned,
and for the external dimension (width), significant
because of the amount of the occupied space, a weight
of wpz = 0,2 was assigned.

The next stage of the procedure is the normali-
sation of the value of a feature. It was assumed that the
numerical value representing a particular feature
should be placed between 0 and 1. In such a case, the
normalised value of a feature:

8

o for a technological process of product 1 is equal
to a ratio of 11 operations performed on the LV
switchboard to a maximum number of opera-
tions, that is 11/21 = 0,52; this value multiplied
by weight wr = 1 results in a final value of 0,52,

o for a technological process of product 2 is equal
to a ratio of 14 operations performed on the MV
switchboard to a maximum number of opera-
tions, that is 14/21 = 0,67; this value multiplied
by weight wr = 1 results in a final value of 0,67,

o for a technological process of product 3 is equal
to a ratio of 14 operations performed on the HV
switchboard to a maximum number of opera-
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tions, that is 8/21 = 0,38; this value multiplied
by weight wr = 1 results in a final value of 0,38.

The comparison performed on the basis of these
calculations indicates that basing solely on the
criterion of technological commonality, the deviation
between features of product 1 and 3 amounts to 0,14,
that of product 1 and 2 amounts to 0,15, and that of
product 2 and 3 amounts to 0,29.

Under these circumstances, if one intends to
perform a division of operations into two groups,
group A can consist of operations of product 1 and 2,
whereas one should attempt to incorporate operations

of group 3 into another group (obviously, one can
also decide to incorporate it into group A, but this
commonality is a slightly lower than for operations
for products 1 and 2). An additional criterion was
introduced into the grouping example. The criterion
was a switchboard mass: LV = 760 kg, MV = 600 kg
and HV = 11100 kg. Assuming that there is a ratio of
760/11100 = 0,07 for LV, then the feature multiplied
by weight of 0,5 has a value of 0,03. The values of the
feature of external dimension (width) were calculated
in a similar manner. Thus, every operation has defined
feature values (Table 4).

Table 4. Feature values for low, medium and high voltage switchboards

No. Feature L M H
1 Technological process 0,52 0,67 0,38
2 Switchboard mass 0,03 0,03 0,50
3 External dimension (width) 0,21 0,19 0,25

Source: the author’s own study (LV — low voltage, HV — medium voltage, HV — high voltage).

Applying a distance classifier (KO — abbreviation
derived from the initials of the Polish name) in which
every part is represented by a matrix of feature value,
the value of KO was calculated for each pair of
products.

e for product 1 and 2:

T

0,52) (0,67 0,52) (0,67
KO, = ||| 0,03 |-| 0,03 0,03 |- 0,03 || =
021) 10,19 0,21) 10,19
-015) (-0,15
0,00 | -| 0,00 ||=4/0,025+0+0,0004 =/0,0229 = 0,15
0,02 0,02

(D

e for product 2 and 3: KO, 3 = 0,55,

e for product 1 and 3: KO3 = 0,49.

The lowest value of a distance classifier for
products 1 and 2 indicates the highest level of
commonality from the perspective of the analysed
features.

Stage Three — performing the cost analysis of
manufacturing products by means of a product
platform. This raises two essential questions. Firstly,
what factors should be taken into account for
determining the cost of a product manufactured by
means of a product platform? Secondly, what will be
the value of a coefficient for the cost analysis?

First, the analysis of the time required for the
switchboard assembly was performed in to the energy
company. The time study was divided into three
stages: preparation, the measurement of the time
consumed by the operation and the calculation of the

results (of the time study). Steps taken during the time
study were as follows:

1. familiarizing with the employees performing
the researched operation, as well as with the
organization and operation of the workstation
and the device on which it will be performed

(table 5),
Table 5. Analysis of an assembly workstation, the author’s
own study
Company
employfe s Res_earch Researched workstation
responsible time
for research

technologist 6% -14%  Work team of engineers and

electricians who were responsible
for assembling the product

2. Familiarizing with the correctness of the
working methods, the usefulness and sequence
of actions performed, groups of operations and
actions,

3. Preparing observation worksheet of the time
study,

4. Determining the number of essential measu-
rements dependent on how much time is
consumed by particular operations or its
elements as well as the production volume,

5. Performing the measurements of time con-
sumed by the product assembly by means of
continuous observation or random observation
using instruments selected for this task (dura-
tion times of each operations for every product
were measured by stopwatches manufactured
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by German company Hanhart MODUL fea-
turing the accuracy to one second).

6. Entering the values of the time consumed by
product assembly into the observation work-
sheet prepared beforehand (which form a series
of timings).

7. Analysing the series of timings by rejecting
values grossly deviating from the average
values calculated by means of the so-called
‘integrity coefficient’,

K, = Zmax )

where:
Xmax — the longest measurement duration,
Xmax — the shortest measurement duration [30],

8. calculation of the average measurements (arithmetic
averages) of time required for performing specified
tasks (only percentage values are shown due to trade
secret policy of the company) (Fig. 4).

Time consumption for an assembly [%]

T2 - T3 -
measurement measurement measurement
i 2 3

Fig. 4. Presentation of time consumption of switchgear
assembly in an energy company (the author’s own study,
T1 — measurement 1, T2 — measurement 2, T3 — measurement 3)

The conducted research shows that the time
required for switchboard assembly is inversely
proportional to the number of repeated operations
performed by a particular employee. As for cost-
effectiveness and profitability of manufacturing, it was
proved that both indicators are directly proportional to
the number of repeated operations. In short, the more
particular operation is repeated, the less time is
required for assembly with a simultaneous rise in cost-
effectiveness and profitability of the manufacturing.

This analysis indicates a possibility of imple-
menting the rule known as ‘practice makes perfect’ in
the technological process and implementing the
learning curve (Fig. 5) since performing repeating
operations, which is training, causes a reduction of the

10

time required for performing a particular action. In
Figure 5, R value specifies the expertise rate which is
‘learning’ rate; it means improving efficiency in
relation to each succeeding execution cycle of a par-
ticular operation. Obviously, the listed methods of
production capability adjustment are presented as
examples. With creativity of managers in this regard,
the range of these possibilities is constantly expanding
[13, 14].

h

»

logR logR
']" — Tonlogz — Ton—o,gm

time required for performing T operation

v

n number of repetitions

Fig. 5. A typical learning curve: To — time required for
manufacturing the first unit, R — expertise rate [13, 14]

On the basis of research performed in the company
it was determined that the basic indicators for a cost
analysis for the manufactured products will be:

e runtime ratio

W, =§—m-100% 3)

o

where:
Tm — direct working time for switchboard assembly,
T, — standard working time for switchboard assembly,

e cost-effectiveness ratio
P
W, = E -100% 4

where:
P — production value,
K — production costs,

o profitability ratio
D
W, = f -100% 4)
where:

D., — company income ,,net profit”,
K — production costs,
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¢ material consumption ratio

w =N 1009 (6)
P

m
where:
Nm — materials required,
P — production value.

Using the data from the company about the
runtime, cost-effectiveness, profitability and material
consumption ratios, a comparison of manufacturing
with and without the product platform was made.
Thanks to an analysis performed on the basis of the
“learning curve” it was estimated that in case of the
application of the product platform, production
effectiveness will increase by 4,3%, and that there will
be a decrease in timing and material use factors and
increase in cost-effectiveness and profitability factors
at the same time, compared to the standard manu-
facturing.

Stage Four — defining the structure of the
elements used in the product platform. First, it should
determine what elements will be required for
developing the given product platform. The process of
designing every new element can be divided into three
steps: preparation, design of the model in the
CAD/CAM software selected by worker or by
company and calculation of the performance results.
The project procedure may be as follows:

1. familiarizing with the employees performing the

researched operation, as well as with the

organization and operation of the workstation on
which it will be performed (Table 6),

Table 6. Analysis of an assembly workstation, the author’s

own study
mpany empl
Coripn ¥y employees Product
responsible for Researched
platform .
product platform . workstation
research time
research

e.g:6%-14% eg.: Work team of
engineers and elec-
tricians

e.g..: technologist

2. familiarizing with the structure of assembly tools
present in the assembly hall which can facilitate the
design of new elements of the product platform
structure,

3. analysing the evolution of the tools selected by the
employees,

4. defining, in cooperation with the technologist, the
requirements the new elements of the product
platform will have to comply with,

5. designing the model of the element for the product
platform in CAD/CAM software which is selected
either by worker or by the company,

6. doing the strength test calculations essential to
design the element for the product platform in
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CAD/CAM software selected either by worker or by
the company,

7. working out the whole manufacturing process on
operation and instruction sheets.

Fifth Stage — developing the product platform.
This stage involves implementing the action strategy
for the given product platform in the company. In this
stage, the presentation of all elements of the given
product platform on the CAD/CAM software selected
either by a worker or by the company, as well as
putting it into operation in the selected manufacturing
plant. Additionally, the authors will perform timing
measurements via several methods of working time
regulation. On the basis of these measurements, it
will be possible to specify time saved after the
implementation of the whole product platform in the
chosen workplace.

4. Conclusions

The principles of making product platforms is the
topic of further research conducted by engineers in
every manufacturing company of national and inter-
national scope.

The main purpose of the article was to develop the
assumptions for the creation of an assembly platform
in an energy company.

In order to effectively use product platforms in the
manufacturing process, one should start using them at
the stage of product development. Presented by the
author in this paper, the five stages of developing
a product platform allow creating the plans of
production lines, which decrease the cost of end
product design and result in products which satisfy
customer demands better.

The platform developed in the energy company
can be extended with the use of more and more
elements such as pre-assemblies workstation. In the
next stage of the assembly platform implementation,
a cost estimate and a launching schedule will be
developed. Due to the usage of additional elements in
the platform, the costs incurred by the company will
be reduced. The analysis of the assembly platform
shows that the efficiency of production in an energy
company will increase by 4.3%.

In order to find out that product platforms can
rightly be used by engineers, they can be analysed with
regard to more complicated technological assembly
processes.
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