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Abstract
The paper presents quantitative approach for management decisions of the manufacturing system for
production of fireplaces, related to evaluation of key parameters – productivity and throughput, which
most authors and methodologies consider to be substantial. Methodology was based on creating the
simulation model of the fireplace production line in software Witness; optimizing the production
capacity by selecting constraints, based on results from simulation model; evaluating the simulation
experiments with the goal to increase productivity; setting production to maximize sales profits using
Simplex method. Simulation model was built according to a technological process of fireplaces in a
semi-automated production. Improvement in a production process within theory of constraints
philosophy is complemented by mathematical modelling – Simplex method, that estimate profit
maximization in case the company management decides to produce more product variants.
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1. INTRODUCTION
Generally, factors, such as inputs of goods and services that are inserted into the production
process (business) create the final product (output, process value, etc.). According to
Samuelson and Nordhaus [1], factors of production can be classified into three categories:
land, labour and capital. The production theory describes the production process as a multicriterial and random process. Gutenberg formulates the uncertainty [2] by declaration that
there is no direct relationship between input and output at the level of the individual firm.
Instead, each firm tries to identify optimal values for several selected controlled parameters,
e.g., production speed, operating time, lot sizes, priority numbers, inventory levels, etc.,
which, in turn, induce the consumption of necessary input factors and the production of a prespecified number of output goods. Different level of management quality in the multi-criterial
decision-making process on the shop-floor level results in a kind of waste. Elimination of a
waste is a prerequisite in the Lean Production approach, and each waste shall be diminished in
all important production factors that influence the entire production system. The concept of
the Lean production identifies the following types of a waste: overproduction, overprocessing, inventory, motion, waiting, transport, rework on defects, capabilities of workers
(unused). According to [3-5], two basic concepts of Lean thinking exist: eliminating waste
and creating a value. Duque and Cadavid [3] present a more detailed framework for Lean
production with five basic steps: 1. Specify Value of the product being chosen by customers;
2. Value Stream Analysis; 3. Continuous Flow; 4. Customer Pull; 5. Continuous
Improvement.
https://doi.org/10.2507/IJSIMM19-1-504
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According to the European Commission final report [6], small and medium-sized
enterprises (SME) play a decisive role in jobs creation, support of social stability and
enhancement of economic drive. However, SMEs face market failures diminishing the
conditions in which they operate and compete with other players in areas like finance
(especially venture capital), research, innovation and the environment. SMEs fight with
difficulties such as the lack of management and technical skills or insufficiencies in labour
markets at national level. As SMEs represent 99 % of all businesses in the EU, the most
important task for them is to facilitate the development of their economic activities, avoiding
the affecting of trading conditions and the common interest [6].
In general, manufacturing process of SME relies on general-purpose machines that are
dislocated in several sectors according to the type of technological method used. Usually each
product requires a unique technological processing with a sequence of machining. Typical
characteristics for such SME job-shop production system are: wide variety of products with
low volume, qualified skilled operators able to handle a unique work, large inventory of tools,
parts, more detailed planning for technological process sequencing of each product, work
centre capacities, and order priorities [7].
Theory of Constraints (TOC) is another widely known management concept [8, 9]. The
study [10] investigates TOC implementation in a medium manufacturing system with
products’ diversity, where instead of the five-step sequential approach exploiting constraints
one after another, the cycles of system productivity target points are proposed. Each
improvement cycle simultaneously considers several constraints. Authors stress that the
system’s constraints should be exploited as a set, and the outcome is a new level of the whole
system’s productivity. To meet a new level of productivity, it is necessary to improve a
variety of means and methods. The studied manufacturing system consumes processes’
capacity differently by diverse products. Some irregularities in products and in process
utilisation frequently occur in manufacturing systems. In order to determine a bottleneck and
to understand the different capacities between processes, the calculation of process
engagement is necessary.
The buffer allocation and capacity problem is an important issue in production lines
design. New evaluation and optimization methods to allocate buffers in uncertain production
lines are presented by [11] and [12]. Markov’s process and the aggregation method were used
for analysis of different states of the machines and buffers. Zhou et al. [11] evaluates the
system availability, not the throughput rate of the line. Production system availability is an
important issue, especially when we take into consideration also failure analysis and
dependability of the main production system components. To improve system availability is
possible also by flexible changing the production configuration, as showed in [13]. Yang et al.
apply a genetic algorithm for efficient optimization by changing the production configuration
- workers, machines, buffers, and transporters allocations. The Discrete event simulation
(DES) modelling method for improving factory logistics processes, using the Plant Simulation
software package, was presented in studies [13] and [14]. Aggregate modelling and
simulation concepts are presented in [15] and [16].
The comparative analysis of a production system [17] using simulation identified
necessary changes in three main components - robots, workers and roller conveyors. Applied
changes in the plant layout, group technology, job enlargement and capacity growth increased
throughput and average worker utilization in that job shop production system. An insufficient
motivation of the workforce may cause a negative impact on the productivity of production
lines and business performance. The study [18] examines influence of behavioural and
production line factors on subjects working in teams.
Productivity improvement in the large industry is a key prerequisite to attaining
competiveness that stimulates the economic growth of a country [19, 20]. The research study
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investigates with integrated value stream mapping and system simulation methodologies the
waste in various processes, bottlenecks that limit the productivity development of a
manufacturing environment. The strategic interventions improved stations throughput, and
reduced the work-in-progress components created in a system [21-23]. Different methods
applied authors in the evaluation of the production processes in mass production presented in
[24].
The variety of the presented approaches and our own experience with simulation
modelling allow us to summarise the situation as follows. An efficient production with a
significant impact on productivity of a manufacturing process may be enabled by retaining a
mutual balance between the capacity of the workplace and the load of the workplace in terms
of the volume and the timing of production. The restriction requirement of any downtime at
work leads to the formation of in-process inventory of semi-finished products. On the
contrary, the restriction requirement of in-process inventory for semi-finished products
avoiding waiting for further processing between production levels, leads to downtime of
machinery and equipment. The complexity of a manufacturing system, multi-criterial and
random character of its processes is the main reason for a deep process of analysis and
optimization of a production system. Improvement solutions cannot only be focused on a
bottleneck; they also require a comprehensive understanding of the production flow through
all processes and other potential constraints, considering many criteria, such as the company’s
business strategy, skills, knowledge assets, financial potential, risks, etc. This is also the main
reason why we used in our preliminary case study described further, two different methods to
analyse managers’ plans for expansion of the products variety.
The aim of this paper is to analyse the capacity requirements, and throughput to achieve
the highest productivity in a workplace. First, simulation model was built according to the
production process in the workplace. The analysed workplace constitutes a part of the
production and performs secondary activity in a medium enterprise. The remaining
production area in the company is oriented on different type of engineering production
(conveyors), which has a primary position and also impact on the income of the analysed
medium enterprise. The concept of producing the fireplaces was a part of an owner’s strategy,
and the goal is to settle the production and make it efficient and profitable.

2. MATERIALS AND METHODS
2.1 Case study description
First, the presented case study focuses on the simulation study built in simulation software
Witness. Witness is a standard interactive simulation software often used to plan and optimize
production, logistics and services. Main applications include: implementation of modern
management methods, capacity planning, identification of bottlenecks in production,
optimization of production batches, verification of production processes, distribution of
production units, reduction of work in progress, quality monitoring, optimization of logistics
processes and services, optimization of capital investments.
The presented simulation model describes a technological process of fireplaces in a
medium-sized, semi-automated production. The design and a nature of the simulation model
was validated referring to analysis of the individual technological operations duration over
time, human labour service, while performing quantitative output of finished fireplaces for
one shift.
Productivity of a machine, procedure, process, or system over a certain period can be
expressed in a figure-of-merit, such as output per hour, cash turnover, a number of shipped
orders. The study is based on the interest of the company’s owner to produce a new type of
products (fireplaces) in the existing plant for the production and renewal of conveyors, also
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Onofrejova, Janekova, Grincova, Soltysova: Simulation and Evaluation of Production Factors …
because of the unused production area. The production plan includes the production of type A
and type B fireplaces (see Table I), which differ in size and price; the manufacturing process
is identical. Input parameters are in Table II. The investigation of a company involved
collecting data. After analysis of data and creating the model, we consulted and verified the
model and its parameters with managers’ views, and particular corrections or suggestions.
Table I: Basic input parameters for the products A and B.
Input parameters

Unit

Product A

Product B

Steel sheet
Inter arrival time
Lot size
Dimensions (w  l)
Price of steel sheets

mm
min
pcs
mm
EUR/pc

2
45
17
1250  2500
50.78

4
45
2
1250  2500
95.13

Table II: Input parameters for the simulation model of the manufacturing process.
Input parameters

Unit

Product A

Product B

Burning
Bending
Machine
Welding
cycle time
Blackening
(TC)
Assembly
Packing
Planned total production volume (Qp)
Dimensions (w  h  d)
Number of shifts
The length of a shift
Number of workers
Planned production time
Planned maintenance
Rejects

min/pc
min/pc
min/pc
min/pc
min/pc
min/pc
pcs/year
mm
per day
h/shift
per day
h/year
days/year
%/Qp

UNIFORM (48, 52)
UNIFORM (53, 57)
UNIFORM (90, 100)
80
UNIFORM (32, 38)
UNIFORM (8, 12)
600
423  675  357
1
7.5
4
2,250
3
2

UNIFORM (61, 69)
UNIFORM (68, 76)
UNIFORM (115, 130)
80
UNIFORM (47, 53)
UNIFORM (12, 15)
200
592  1,009  442
1
7.5
4
2,250
3
2

The chronological arrangement of workstations in the experimental model is according to
a material flow arrangement in a process of fireplaces manufacturing, and is considering a
labour procedure in a production factory. The study also states proposition for optimal
number of technological workplaces based on the following measures:
 Waiting time in queues (Tw),
 Average number of elements in buffers (N),
 Maximum efficiency of the total operation and its individual working units (E),
 Increased productivity (P).
The number of operators permits to determine the workshop target cycle time, which in
turn allows to establish the parts’ plan objective. The requirement is to be able to determine
an objective for each configuration anticipated (e.g. 120 parts/hour for four people and
90 parts/hour for three people). It is the most frequent way used for daily tracking of the
productivity indicator.
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟𝑠 =

𝑊𝑜𝑟𝑘 𝐿𝑜𝑎𝑑
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒

(1)

Work Load (the total amount of work that goes into a part) is the sum of basic tasks
performed at each workstation to obtain a complete and good product. It is measured by
timing the cycle time of each operator, using the Cycle Time measurement form.
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 = 𝑆𝑡𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 𝑠ℎ𝑖𝑓𝑡 − 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑠𝑡𝑜𝑝𝑠
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Working shift might run in one, two or three production shifts in an operation
performance. Here, start of the working shift is meant as the start of each individual working
shift, and planned stops include meetings, preventive maintenance stops, mandatory breaks,
stops for tool changeover, etc.
2.2 Product definition and the manufacturing process
This preliminary study is focused on the production of the traditional freestanding fireplaces
with fireclay padding, as a final product (see Fig. 1). The type of a production is the
conventional production. The fireplaces are produced based on the below described
manufacturing process and the source material consists of two main parts: 4 mm and 2 mm
sheets.

Figure 1: Traditional freestanding fireplace, with fireclay padding.
(Material: cast iron, iron, steel. Wood insert. Dimensions: 605 mm  1,051 mm  405 mm)

For manufacturing, sheets with a thickness of 4 mm are used: the main combustion
chamber (1 pc) and steel grating (1 pc). Next, sheets with a thickness of 2 mm are used: door
(1 pc), the top cover (1 pc), front plate (1 pc), rear plate (1 pc), right and left plate (1 + 1 pc)
bottom sheet (1 pc), sheet metal hinges (2 pcs), the tongue on the handle (1 pc), sheet metal
suction opening – regulation (1 pc), box sheet (1 pc), sheet metal – ashtray (1 pc), internal
(reinforcing) parts (4 pcs). The production process consists of six technological operations,
detailed below (see Fig. 2): Burning (material cutting by laser), Bending, Welding,
Blackening, Assembly, Packing. Each operation has specified process time, that includes setup time and process model (see Fig. 2) also describes material flow with specified number of
parts created at first process.
2 mm
sheet
Burning
50 min
(19 pcs =1 unit)
4 mm
sheet

4

7

7
Bending
55 min

12

Welding
95 min
9

1

7
Blackening
80 min

Assembly
35 min

3

Figure 2: Process model for the production of the freestanding fireplaces.
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At the input process "Burning", there are divided parts from 2 mm and 4 mm thick steel
sheets. Process "Bending" changes shape of 2 mm metal sheet parts as: door (1 pc), the top
cover (1 pc), sheet metal – hinges (2 pcs), box sheet (1 pc), ashtray (1 pc); and 4 mm sheet
follows: the main combustion chamber (1 pc). In the process "Welding", parts exiting the
process "Bending" are welded together, with additional 4 units of 2 mm sheet and 5 units of 2
mm sheet (side, front, rear, bottom). Process "Blackening" applies blackened finish with
longer lasting results for 4 finished welds, and parts: from 2 mm sheet tab to the regulatory
part of the suction opening, and out of 4 mm sheet a metal grate. Process "Assembly"
assemble 7 blackened parts into one unit. At the workplace "Packing", the finished products
in quantity of 1 unit are packed for a final expedition [20, 21].
2.3 Simplified mathematical model and optimization by Simplex method
Simplex algorithm is one of the most often used methods belonging to the Linear
programming. Linear programming (LP) is a mathematical method of solving tasks that
makes it easier for managers to do optimal decisions when solving tasks from many areas,
especially economic ones. In principle, it is necessary to determine the optimal value of a
linear function on a set of solutions of a system of linear equations and inequalities.
Mathematical modelling is often used to address the problems of optimal use of raw
materials, machine time, staff, financial resources and so on. The task of such mathematical
modelling is designed to interpret a situation for which the best solution is searched with
certain boundary assumptions. The objectives are expressed by means of target function, Eq.
(3) and boundary conditions by the system of equations and inequalities, Eqs. (4) and (5).
According to the type of target functions and boundary conditions, the model can be linear or
non-linear. Let:
𝑛

𝑧(𝑥) = ∑ 𝑐𝑗 ∙ 𝑥𝑗

(3)

𝑗=1
𝑛

≤
∑ 𝑎𝑖𝑗 ∙ 𝑥𝑗 {≥} 𝑏𝑖
=
𝑗=1
𝑥𝑗 ≥ 0

(4)
(5)

where cj are coefficients of target function, aij are coefficients of boundary system, bi are
coefficients of the right side, xj are decision variables, i = 1, 2, …, m and j = 1, 2, …, n.
If the target functions and boundary conditions have the form of linear functions occur in
the problem of mathematical modelling, the problem of LP can be solved. If there is defined
one target function in the LP problem, one-criterion LP problem is being solved.
Simplex method is a universal method for solving linear modelling problems. The simplex
method algorithm allows to determine the optimal solution after a final number of steps or to
determine that an optimal solution does not exist. Applying this method assumes the problem
model in form of Eqs. (3) to (5) redraft in form of Eqs. (6) to (8).
𝑛

max(𝑚𝑖𝑛) 𝑧(𝑥) = ∑ 𝑐𝑗 ∙ 𝑥𝑗

(6)

𝑗=1

𝑛

∑ 𝑎𝑖𝑗 ∙ 𝑥𝑗 + 𝑠𝑖 = 𝑏𝑖 , 𝑏𝑖 ≥ 0

(7)

𝑗=1

𝑥𝑗, 𝑠𝑖 ≥ 0

(8)

where si are complementary variables, i = 1, 2, …, m. An optimal problem solution is such
solution in which a target function acquires its extreme (maximum or minimum).
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3. RESULTS
The case study and subsequent analysis of the results were performed for the purpose:
 to create simulation model of the production line for fireplaces,
 based on results from simulation model, to optimize production capacity by selecting
constraints,
 to evaluate simulation experiments with the goal to increase productivity,
 to set up production to maximize sales profits.
3.1 Simulation model
The simulation model (see Fig. 3) was created and validated for the process of fireplace
production in the given workplace. At the first implementation phase the production of two
types of fireplaces A and B is considered; fireplace parameters are defined in Table I.
Fireplaces differ in size, labour intensity; the technological process of production is equal for
both types (see Fig. 2). Simulation modelling examines the throughput of the production
system, its bottlenecks to maximize the final output and ensure rationalization of work. The
“Base Model” is built and validated according to the technological process illustrated by the
process diagram (see Fig. 2) and the estimated production volume (see Table II). In the Base
Model, one workstation is considered for each technological operation, the number of
operators in the workplace is 4. The layout of workstations in the production zone is
according to the processing sequence of the product, so called product layout. After each
finished operation, the semi-finished products are stored in inter-operational buffers (buffer
for “CuttedSheets”, “BendedParts”, etc.), (see Fig. 3). The buffers have a capacity of 20 parts.
Production per week in “Base Model” was achieved in quantity of 11 pieces, as is 6 fireplaces
type A and 5 fireplaces type B. The statistical outputs of the simulation Base Model are
recorded in Fig. 4.

Figure 3: The layout of buffers and workstations in the simulation model as direct deployment in order
to achieve one piece flow.

Table III summarizes information for comparing the productivity output, the working
capacity of units, the average waiting times of unfinished parts in the individual buffers,
average number of entities in buffers.
The monitored parameters of the output statistics resulting from the “Base model”, as well
as accomplished experiments, that were carried out in order to eliminate the bottlenecks, are
specified in Table III and Table IV.
Individual statistics show the workload of workstations and operators. Evaluation refers to
bottlenecks in the workstations Welding, Blackening, and from the perspective of the
operators in the Welding and Assembly workstations.
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Figure 4: Simulation base model statistics: machine report, labour report.
Table III: Data of interest gathered from the simulation experiments with the model.
Variable

Unit Operational unit

Productivity (P)
(Total / A + B)

pcs/
week

Working capacity of units
(CU)

%

Average time of entity
waiting in a buffer
(Tw)

min

Average number of
entities in buffers
(N)

pcs

Base Model

Experiment 1 Experiment 2

11

-

6

Burning
Bending
Welding (1)
Welding (2)
Blackening (1)
Blackening (2)
Assembly
Packing
Cutted Sheets
Bended Parts
Welded Parts
Blackened Parts
Cutted Sheets
Bended Parts
Welded Parts
Blackened Parts

11
5

52.18
54.52
95.90
80.54
76.56
9.62
133.06
272.70
0.00
32.55
20.00
16.20
0.00
1.66

6

15
5

73.97
90.07
71.62
74.84
44.75
35.01
78.06
9.62
63.68
54.54
245.82
202.51
13.78
4.63
10.13
11.17

15

0
63.86
67.41
60.50
60.08
47.86
47.58
42.72
12.93
53.13
0.00
5.54
1.26
9.66
0.00
0.20
0.07

Table IV: Data of interest gathered from the simulation experiments with the model – Labour statistics.
Variable

Unit

Labour capacity
(CU)

%

Average job time
(Tj)

min

No. of jobs completed
(N)

pcs

Operator

Base Model

Experiment 1

Experiment 2

1
2
3
4
1
2
3
4
1
2
3
4

61.80
58.62
100.00
86.18
27.81
18.40
30.04
40.33
26
39
40
25

78.26
93.41
83.78
67.15
35.62
30.70
35.76
47.88
27
37
56
18

65.60
71.07
62.77
53.90
38.38
27.74
29.82
23.50
20
31
51
28
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3.2 Optimization of the production capacity by selecting constraints and evaluation of
the simulation experiments to increase productivity of the production line
Based on above mentioned facts, the entire model needs to be optimized to eliminate
bottlenecks. The first experiment called „Experiment 1“, is to increase the number of Welding
and Blackening workstations. Since Welding requires the presence of an operator and the
operator is 100 % busy in this position, an increase in the number of operators for the position
as well as the workstation by 1 is necessary. After simulation run in „Experiment 1“, we can
assume, that workload at workstations has been reduced and also operators’ workload is
rather even. When monitoring production, we can assume that it has not increased and
remains at total quantity of 11 pieces, as is 6 fireplaces type A and 5 fireplaces type B. The
waiting time in buffers “Welded Parts” and “Blackened Parts” has been increased (see Table
III), indicating a bottleneck in the Assembly process.
For the next optimization in the experiment called "Experiment 2", we considered the
results of the Simplex method, whose findings recommend producing only one type of
fireplaces, type A at an optimum number of 8 pieces per week, ensuring maximum profit
from sales (see subchapter 3.3). "Experiment 2" is considering the production of one type of
fireplace A, and is based on the settings related to the number of workstations and operators
in "Experiment 1". The simulation results in "Experiment 2" point to a final production of 15
A type fireplaces per week. Furthermore, we can also state a more even and lower load on
individual production workstations, as well as more balanced performance of operators and
their reasonable load with an average value of 63.33 %. The waiting time of parts in buffers
has also been adjusted, and reduced by 90 %.
3.3 Profit maximization
Especially in SMEs, with optimized productivity and smoothing of internal processes,
a company can handle cost creation, its nature and cost dependence on production volume.
Results from simulation study are supplemented by quantitative tool of mathematical
modelling, particularly the linear programming approach. The profit maximization criterion is
often used for an optimization task. Linear programming method selects the optimal solution
according to the specified criteria. The Simplex method is frequently used method of linear
programming, which solves the task sequentially. The initial state is refined by successive
calculations, merged to other solutions with a more convenient target function until the
optimal solution is obtained. Optimizing linear tasks allow to determine the optimal range
under given production conditions, raw materials, energy and work resources to minimize
costs, minimize waste, maximize profit, and so on.
To solve the problem, a target function z(x1, x2) with two variables will be used. The aim
of the analysis is to find the optimal solution (number of products x1 of the A type and number
of products x2 of the B type of fireplace), in which the function of weekly profit z(x1, x2) from
the sale of produced fireplaces is maximum with predefined boundaries (see Table V).
Table V: Coefficients of target function and boundary conditions.
Index

Unit

Product A (x1)

Product B (x2)

Profit from sales (PS)
Base surface (S)
Cycle time (CT)

EUR/pc
m2/pc
h/pc

78.4
0.15
4.58

86.7
0.26
6.33

Produced fireplaces are stored in a storage space with extent of 38.4 m2. Available
working time per week for the production of fireplaces is 37.5 hours during a working shift.
With the given conditions, coefficients of the target function and boundary conditions (see
Table V), the problem is solved in such a form Eq. (9):
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max 𝑧(𝑥1 , 𝑥2 ) = 78.4 ∙ 𝑥1 + 86.7 ∙ 𝑥2
0.15 ∙ 𝑥1 + 0.26 ∙ 𝑥2 ≤ 38.4
4.58 ∙ 𝑥1 + 6.33 ∙ 𝑥2 ≤ 37.5

(9)

𝑥1 , 𝑥2 ≥ 0

For the purpose of using the Simplex method, the problem formed with equations Eq. (9)
needs to be redefined to form Eq. (10):
max 𝑧(𝑥1 , 𝑥2 ) = 78.4 ∙ 𝑥1 + 86.7 ∙ 𝑥2
0.15 ∙ 𝑥1 + 0.26 ∙ 𝑥2 + 𝑠1 = 38.4
4.58 ∙ 𝑥1 + 6.33 ∙ 𝑥2 + 𝑠2 = 37.5

(10)

𝑥1 , 𝑥2 ≥ 0

The optimum obtained by solving the problem using the Simplex method is, as follows
Eq. (11):
𝑥1 = 8.19
𝑥2 = 0
𝑧(𝑥1 , 𝑥2 ) = 642.1

(11)

Based on the result obtained, it can be stated that in the case of profit maximization, it is
recommended to produce only the A type of fireplace with assumed weekly profit EUR 642.1.

4. CONCLUSION
Manufacturing system is complex, that’s why improvement solutions require a
comprehensive understanding of the production flow through all processes and other potential
constraints. To meet a new level of productivity, the manufacturing system needs to have
adopted an improvement solution mix that is composed of a variety of means and methods
[10]. Process synchronization and balanced flows are considered as fundamental lean
conditions, due to lean production unit. Prerequisites for a balanced flow in a production can
be considered the stability in processes from the measure of quality, reliability and time, such
as balanced capacities, well operated production environment as logistics, technical
preparation for production, administrative, and a production in a small batches. It is obvious,
that every system has at least one constraint, which avoids achieving the higher level
of performance.
The paper presents quantitative approach for management decisions, related to evaluation
of key parameters – productivity, throughput (which most authors / methodologies consider to
be substantial) of the manufacturing system for production of fireplaces, and was based on:
 creating the simulation model of the production line for fireplaces in software Witness,
 optimizing the production capacity by selecting constraints; based on results from
simulation model,
 evaluating the simulation experiments with the goal to increase productivity,
 setting production to maximize sales profits using Simplex method.
Based on the Theory of Constraints, the aim of this simulation study and the applied whatif analysis was to identify bottlenecks; remove losses in this point by new investment or
modification of a system and verifying whether the modification could bring improvements
for the entire production system. The target for the medium production company, for which
this study was performed, is settling the production with the goal to achieve increase in
productivity, efficient production time, optimal number of operators, and high capacity
utilization of machines and equipment in a process.
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Base simulation model established production output in a total quantity of 11 fireplaces of
both types A and B. Such production system identified bottleneck at the workstations
“Welding” and “Blackening”, and lead to decision of increasing number of those workstations
for 2. Moreover, new bottleneck in operator’s position at “Assembly” was found, what lead us
to decision increase number of operators at the workstation “Welding” for 2. Production
output by such improvements in “Experiment 1” adjustment was not achieved, although
improvements in lower workload of workstations were identified.
For the next optimization in the experiment called "Experiment 2", we considered the
results of the Simplex method. Profit maximization was analysed by mathematical
programming method – Simplex method, estimating the possible implementation of two
products (fireplaces A and B) into production process. Results accomplished by calculation
claims that implementing also type of fireplace B would be counterproductive in this stage of
a production; and in the case of profit maximization, it is recommended to produce only the A
type of fireplace with assumed weekly profit rate EUR 642.1. The achieved results in
“Experiment 2” show improvements in growth of labour productivity due to the proposed
measures compared to the current situation about 36 %. Furthermore, we can also state a more
even and lower load on individual production workstations, as well as more balanced
performance of operators and their reasonable load with an average value of 63.33 %. The
waiting time of parts in buffers has also been adjusted, and reduced by 90 %.
Simulation studies and Simplex method supported the process of management decisionmaking for the fireplace production; we relied on the key parameters of optimization of
production processes.
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