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Abstract: This paper constitutes a partial output of carried
out research and is focused on modelling the production
process of car seat manufacturing. Given that manufactur-
ing companies are currently struggling with a shortage of
qualified workforce, it is the job of every business to keep
their current employees. Companies make efforts to oper-
ate themost efficient production processes at very low cost
and with labour saving. In order to produce at low cost,
the work environment must be designed efficiently. There
are many ways to do this. In this paper focused on opti-
mizing production processes, Computerized Relative Allo-
cation of Facilities Technique (CRAFT) and a Sankey dia-
gram will be used.

Keywords: Production Logistics, Operational Research,
Optimalization of production processes

1 Introduction
Logistics as a scientific discipline began to manifest it-
self at the beginning of this century. In the 1960s, Peter
Drucker came up with the idea that logistics helped in-
crease business efficiency. Since then, more emphasis has
been placed on logistics than in the past. At present, lo-
gistics is key to helping to improve market positions and
gain competitive advantage [1]. Most companies strive to
find a competitive advantage in the globalization environ-
ment to help them get closer to customers and maintain
a good market position. For this reason, logistics has be-
come an important part of modernmanagement of compa-
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nies; it is logistics departments that organize the flow of
material in the production process, coordinate transport
and transportation processes, provide customer service
and help ensure the smooth operation of the sophisticated
system of the company with the lowest operating costs of
departments [2–4]. Logistics uses innumerablemethods of
mathematicalmodelling and other exactmethods formod-
elling the workplace in order to reduce production times.
This reduction has the effect of decreasing both the com-
pany’s costs and the efforts of individual employees [5–7].
This field can support Samuelson´s variational principle.
It means that maniplation´s costs should decrease to min-
imalize value [8].

2 The production process of car
seats

This paper is focused on technological, handling and con-
trol operations at a selected workplace, where passen-
ger car seats are produced. The production process takes
place through a high material flow that is associated with
the movement of raw materials, components and semi-
finished products [9]. The material flow is formed on the
basis of the technological procedure of seat production.
High emphasis is placed on quality production, as the car
seat represents one of the elements of passive safety. Front
and rear seats are assembled completely in the company.
They consist of a steel support frame that is reinforced by
a wire reinforcement and a seat frame, which is located on
the front guide rail. Electronic and pneumatic systems are
placed inside the prepared frame according to the order.
The seats have thirteen possibilities of electronic control.
Then they are filled with a foam pad. Everything is hidden
in the design cover. The spatial arrangement of the com-
pany plays a big part in the efficiency of production [10].
In cooperationwith themanufacturing company, it will be
verified that the workplace is arranged optimally and can-
not be better organized in terms of cost and time savings.
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All production processes are closely linked to each other
and follow the customer’s production processes. For this
reason, the emphasis is placed on speed and reliability of
delivery [11]. Product assembly takes place in several pro-
duction departments, as shown in Figure 1.

Source: The authors

Figure 1: The production process

As mentioned above, material flow management is
based on the technological procedure of the manufactur-
ingprocess asdefinedbyan internal directive.Materials in-
ventory and the supply chain play an important role in the
production. The company is based on just-in-time produc-
tion [12–16]. The material is transported to the assembly
hall by an autonomous device in the order of seat assem-
bly and distributed to the designated workplace of the pro-
duction line. The individual flows ofmaterial are shown in
Figure 2.

Source: The authors

Figure 2: The flows of material in the production of seats

A mathematical modelling method CRAFT (Comput-
erized Relative Allocation of Facilities Technique) and a
Sankey diagram will be used to analyse the workplace lay-
out [17].

Sankey diagrams serve to illustrate the flow of mate-
rial between workplaces. The use of this method is possi-
ble for both smaller andautomatedor semi-automatedpro-
duction processes. The basis for its use is the ground plan
of the building and the construction of a checkerboard [18,
19]. The results are represented by a diagram where the
flow rate is indicated by the width of the arrow and the
distance between the workplaces by the length of the ar-

row. For better clarity, different colours are used to repre-
sent the individual types of material transported [20, 21].

Computerized Relative Allocation of Facilities Tech-
nique (CRAFT) method is suitable for use in assembly line
plants or mass production plants where multiple compo-
nent products are assembled. This method is used to de-
termine the most suitable position of two elements in the
overall layout and serves to organize the space of a work-
place. CRAFT can be applied if it is guaranteed that the
workplace determined the order of the product in terms of
the technological procedure [22, 23]. Before this method is
implemented, any workplace layout (suitable for using al-
ready existing processes) is selected and the changing of
workplaces is carried out in a few steps until the handling
costs are the lowest. It is taken into account during the cal-
culations that the workplaces may have a fixed position
or may be adjacent to other workplaces [24, 25]. CRAFT is
a mathematical method that will be applied to determine
the optimal distribution of elements in the production pro-
cess [26]. The solution will be done by means of a mathe-
matical model using the following elements [27]:
n –number of activitieswithin theworkplace, department,
workshop
vij – number of load units between the activities
uij – handling costs (distances between the activities)
lij – distance between the activities

The final solution that will result in cost and volume
optimizationwill be used to create themodel. The formula
for calculating the cost of movement will be given by the
relationship:

cij = uij × vij (1)

Changing the layout of departments will change the
distance between the workplaces, and the cost of the lay-
out will be expressed by the relationship:

N =
n∑︁
i=1

n∑︁
j=1

cij × lij (2)

3 Research
Firstly, a matrix table is created consisting of details about
the material transported during the production program
within one day in pieces. These values are obtained from
the economic department. The individual movements
from thewarehouse to the productionprocesses are all pre-
sented in Table 1 without their division to the production
lines.

To build the Sankey diagram, e-sankey demo version
program was used. The input data for the compilation
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Source: The authors

Table 1: The flows of material in pieces

of the diagram are based on the table above. In the dia-
gram, the blue colour represents the material flows, the
red colour represents the flows of semi-finished and fin-
ished products. The products designed for repairing defec-
tive components are green and run from process three to
process five. The reverse flows of material and scrap are
shown in orange [28]. The fully-constructed Sankey dia-
gram is shown in Figure 3.

The Sankey diagram revealed frequent crossings of
routes, which indicates an inappropriately arranged work-
place. The flows of material intersect the reverse flows
of mixed and recycled waste. The CRAFT method will be
used to design a newworkplace layout. The costs are deter-
minedusing standard costs andprice deviations. Standard
costs used in cost accounting are determined before the
start of production and represent the norms for unit costs.
The costs between the individual processes are shown
in Table 2 and are expressed in Czech crowns. The data
are set to three-shift operation over one working day and
two assembly lines. The purpose of applying the CRAFT
method is to find a workplace layout with minimum han-
dling costs [28, 29]. At the same time, the implementation
of the new layout design must not be costly for the com-
pany. The handling costs of material and semi-finished
products do not have a specified unit handling cost be-
cause of the use of several material transfer methods dur-
ing the production process. In order to apply CRAFT, it was
first necessary to determine the flows of material between
the workplaces for the original layout. In addition, it was
necessary to specify the cost of material handling per day
for the original layout. The costs of the flows of material
before optimization in CZK are shown in Table 2.

Distances between the individual objects are shown in
Table 3. The distances are inmeters. The largest distance is
between the warehouse and process 7, where the packing
line is located. Here the products must be properly packed
prior to their loading into a vehicle and it is necessary to
move the packaging from the warehouse. Also, a long way
must be overcome by the employees in order to transport

Source: The authors

Figure 3: Sankey diagram

material when delivering components to repair a defective
part, which is happening in process 5. However, in this
case, the routes are not regular and the company is not
able to create a warehouse near the repair line.
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Source: The authors

Table 2:Material handling costs in CZK

Source: The authors

Table 3: Distances between the objects in meters

4 Research findings
The production processes were evaluated during the anal-
ysis. In order to reduce handling costs, investment in a belt
conveyor was proposed, whichwould limit the steps of the
operators in process 2 and process 3 when they need to go
get semi-finished products. There is currently a two-meter
gap that the operators have to overcome. The belt conveyor
would become a part of the assembly line’s technological
equipment and would convey the prepared seats continu-
ously to the location where the seat assembly machine is
located. Its design is shown in Figure 4.

Source: The authors

Figure 4: Design of a conveyor belt

The removal of the material would take place without
unnecessary steps and the operator would only assemble
the seats. Another proposal for material flow optimization
is to move the workplace where defective parts of the prod-
uct are repaired to the middle of the production hall so

that bothproduction lines have the samedistance fromdis-
carded defective products. This would result in reducing
the overall costs of the process. At the same time, the dis-
tance between this workplace and the warehouse will be
reduced. Moving process 5 closer to the production lines
will decrease the average distance between the processes
by 19.11 m. The resulting distance would be 25.74m. In this
case, the costs would decrease by CZK 181.16 per day. This
amount may appear to be negligible for the company, but
in case of annual recalculation, the total cost would be
CZK 76 128 if process 5 was located closer to the produc-
tion lines. If this change is made, it is necessary to recalcu-
late the costs that are incurred during the handling of the
products from the warehouse. Here, the resulting average
distance will be reduced to 74.9 meters and the costs will
be reduced by CZK 50.31; the total annual costs for moving
material from the warehouse to process 5 will be CZK 52
965.12. If we add to these amounts the cost of moving the
workplace (CZK 3 250), the total costs are CZK 132 343.12.
Before the change, the total costs were CZK 201 311.76. It
is evident that even in the case of investing in the reloca-
tion of the manufacturing site for process 5, it would make
a significant benefit for the company in the first year of its
implementation.

In order to eliminate unnecessary handling costs dur-
ing the transfer of products from the packaging line to the
place where the finished products are put aside ready for
loading, it would be appropriate for the company to join
these two phases of the production process. Since a com-
plete product is already produced and packaged, the han-
dling is very costly. If these two phases were linked, the
company would save CZK 522.68 per day. The new arrange-
ment of finished products and packing lines could con-
tribute to speeding up loading where loading would take
place simultaneously into two cars.

Table 4 shows the cost change for the new layout of
production including the establishment of a conveyor belt.
The total costs after optimization are CZK 706 988.4. The
workplace was adjusted based on these changes. Figure 5
below shows the resulting layout of theworkplace after ap-
plying the CRAFT method.

5 Conclusion
The research in this paper focuses on the analysis of a lo-
gistics chain that takes place in the production process
of car seat manufacturing. A Sankey diagram was used
to analyse the flows and the current layout. The diagram
wasmade bymeans of a checkerboard showing themagni-



448 | K. Rudolf and H. Martina

Table 4: The costs of material flows after optimization

Receipt – control 247 705.66 Warehouse – scrap 258.9 2 – scrap 126.36
Warehouse – control 351 927.62 Entry into production – 1 7 412.69 3 – 4 292.73

Control – entry 63 912.78 Entry into production – 2 5 925.71 3 – 5 244
Control – scrap 677.85 Entry into production – 3 10 573.97 3 – scrap 341.87
Warehouse – 1 3 141.13 Entry into production

-scrap
466.46 4 – 6 2 235.8

Warehouse – 2 2 693.13 1 - 2 355.27 4 – 7 1 116.9
Warehouse – 3 6 027.76 1 - 3 378.14 5 – 4 318.9
Warehouse – 5 169.76 1 - scrap 258.68 6 – 7 223.78
Warehouse – 7 192.44 2 - 3 30.1 7-finished products 0

Source: The authors

Source: The authors

Figure 5: The new arrangement of the production processes

tudes of material flows. The diagram showed that the ma-
terial flows often intersect the reverse flows of mixed and
recyclable waste.

Subsequently, the CRAFT method, which contributed
to the search for an optimized layout of production pro-
cesses in the company, was used to create the new work-
place layout. CRAFT was used on the basis of the costs of
handling flows and distances between the individual pro-
duction processes. As emerged from the analysis, the pro-
duction process and material flow in the company were
very optimized and low-cost. Nevertheless, after applica-
tion of this method, several new changes in the arrange-
ment were proposed, which, despite a considerable invest-
ment, would bring some cost savings.

Although all activities in the logistical processes in-
fluence one another and the outcome of the proposed
changes cannot be estimated in advance, the current lo-
gistical process is of very high quality. It represents an op-
timal state for the company and brings high productivity
ofworkwith excellent economic results. However, through
the appropriate applicationmethods, the research has suc-
ceeded in finding several possible adjustments that can be
applied to reduce costs and optimize the flows of material.
These optimizations would reduce costs and improve the

production process as well as all manufacturing activities
performed by the company employees.
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