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ABSTRACT

The use of assembly lines is one of the important approaches in the mass production of industrial
products. Unbalanced assembly lines increase cycle time and idle times, resulting in reduced production
rates, line efficiency, and increased system costs, which ultimately lead to low productivity. A hybrid
model assembly line is a type of production line on which various models of products are assembled.
These assembly lines are increasingly accepted in the industry in order to overcome the diversity of
customer demand. The hybrid model assembly line is able to respond quickly to sudden changes in
demand for different models of a product without high inventory maintenance. The purpose of this paper
is to present a linear integer mathematical model of multi-objective for balancing assembly lines, in order
to solve which the global criteria method has been used. The three objective functions considered in this
model are: (1) minimizing the cycle time, (2) minimizing the idle time of each station, and (3) increasing
the productivity of the assembly line. In order to study the model, Iran-Shargh Neishabour Company has
been considered as a case study. The results show an improvement in the values of the objectives after
the implementation of the proposed model for this problem.
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1. Introduction

An assembly line is a line in which semi-finished products travel through a sequence of
stations that are connected to each other by material handling systems, and during each
station, an operation is performed to complete the product [1]. An assembly line consists of a
series of stations that assemble a particular product or family of products. Component
processing is done according to a set of activities [2]. This processing is performed at each
station according to a fixed time called cycle time. If the total time of activities performed in
each workstation is not balanced with other stations in the line, the unemployment rate will
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increase in some stations and bottlenecks will occur in some stations [3]. To eliminate these
shortcomings, it is necessary to balance these stations according to the cycle time. The
problem of assigning activities to stations as one or more goals are optimized according to a
certain number of constraints is called the assembly line balance problem [4]. The main
purpose of the assembly line problem is to allocate the activities of an assembly line to
workstations, so that the number of workstations and the idle time of each station are at a
minimum, provide the prerequisite relationships for assembly line activities, and the assembly
line can meet the required output based on the decisions of the organization's senior managers
[5]. Problems due to assembly line imbalance include: Increased production costs, unfair
allocation of labor, unemployment of operators, low efficiency and production, and
bottlenecks in the system [6]. The following are some of the objectives of the assembly line
balance: minimize the number of stations, minimize the cost of all tools, minimize cycle time,
priority and latency relations should be observed after assigning activities to stations, the total
time of activities at each station does not exceed the cycle time, improve productivity, reduce
process redesign time, increase production volume, optimize the use of resources to reduce
production costs [7].

2. Literature Review

The first scientific paper on the problem of assembly line balance was published in 1956 by
Jackson [8]. Since then, due to the growth of industries and also the importance of the problem
of balance of assembly lines, various papers and research have been published in this field
which each have different objectives, conditions and constraints. There are different
categories for the balance of assembly lines. For example, based on the number of different
product models, this problem can be divided into single, hybrid and multiple models. In single
models, a homogeneous product is generally produced for a long period of time in high
circulation. In hybrid models, different models of one type of product are produced
simultaneously in a single assembly line [9], in this type of assembly line, the differences
between production models are small and are usually based on customers' custom options,
and in multiple models, and various products are assembled in batches of different sizes, in
addition to assembly lines. They are also divided into one-way and two-way assembly lines.
In one-way assembly lines only one side of production (right or left) and in two-way assembly
lines, two side of the production line can be used and operations on a product can be
performed simultaneously. Design of one-way or two-way assembly lines depends on the
technical, structural and operational characteristics required to assemble the product; For
example, for large products such as trucks and wagons, two-way assembly lines are more
suitable than one-way lines; Because the use of these lines reduces the length of the line,
reduces delivery time and also reduces the cost of purchasing equipment, tools and
transmission equipment. In two-way assembly lines, two stations facing each other are called
pair stations and two operators, each located on one side of the station, are equipped. They
perform different operations on a product in parallel, without the operation of one interfering
with the operation of the other [10]. Liu and Liu has been considered in situations where one
or more of its parameters have uncertainties in the problem of assembly line balance. These
uncertainty parameters can be operating time, cycle time, equipment cost, etc. [11]. They also
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presented an interactive fuzzy planning method for the equilibrium problem of direct and
multi-objective horseshoe production line [12]. Types of simple assembly balance problems
based on the function, the purpose of the assembly line balance problem is to assign activities
to workstations, taking into account existing constraints and assumptions, and to strive to
achieve one or more optimization criteria. According to the optimization criterion, simple
assembly line balance problems are divided into four types:

= According to the given cycle time, the object is to minimize the number of workstations
available. The problem with this objective function is called the type one Assembly Line
Balance Problem “SALBP-1".

= Given the number of fixed stations, the object is to minimize the production cycle time. The
problem with this objective function is called the second type Assembly Line Problem
“SALBP-2”.

= If it is possible to change both the cycle time and the number of stations at the same time, then
the performance of the benchmark is the quality of the balance.

= If both the cycle time and the number of stations are constant, the object is to find a possible
solution to the problem. The problem with this criterion is called the Possible Balance Problem
“SALBP-F” [13].

The following is a review of related papers and the background of previous research in this
field in Table 1.

Table 1. Categorize articles and how to solve them.

Author (year) Eif Description Approach Method
Detailed inspection of assembly Mathematical
Baybars (1986) [14] line balance problems. Exact programming

Xiaofeng et al. Reduce the length of the two-

way assembly line.
(2010) [15] blv li Exact Branch and bound
Ozbakir & Tapkan Investigation of two-way Meta- Acrtificial bee colony
(2011) [16] assembly line problems. heuristic algorithm
Chen et al. (2002) [17] Ir;\g:tr:]gba}t; I?]Lélg;ggjlgf':sve h(la\:ljfitst-ic Genetic algorithm
. Multi-objective combination Meta- . .
Mansouri (2005) [18] hybrid assembly line. heuristic Genetic algorithm
Nourmohammadi & Multi-objective assembly line .
Zandieh (2011) [19] balance. Innovative TOPSIS
Delice (2018) [20] Two-way assembly line balance. hgﬂj?;{;-ic Ant colony
Alavidoost et al. [12] Straight line assembly and u- Stochastic Fuzzy matherr_latlcal
(2016)_ shaped. _ programming
Ogan (?O?;zoglu [21] U'Shcaf:sc: daesrsiirgtélqyu:;)nr(:lg?tlance Exact Branch and bound
Graves & Whitne Balancing the assembly line and . .
(1979) y [22] selgcting equipm)e/znt. Exact Mathematical planning
Graves & Lamar Investigation of design line
[23] problems and assembly line Exact Integer planning
(1983)
balance.
Application of Line Balancing
Heuristics for Achieving an Mathematical

Exact

Ahmed et al. (2020) [24] Effective Layout. programming
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Author (year) Eﬁf Description Approach Method
Multi-manned assembly line Meta- MILP model and memetic
Zhang et al. (2020) [25] balancing. heuristic ant colony
Balancing and sequencing i .
Zhang et al. (2021) [26] problem of mixed-model U- h(le\l/ljlraitsa}tic Mztgzrgr?;:;a;lg];?ﬁ:nind

shaped robotic assembly line.
Enhanced branch-bound-

Exact remember and iterative
beam search algorithms

Type 1l assembly line balancing

Li et al. (2021) [27] problem

Multi-objective model of

assembly line balancing Meta- Heuristic and grey wolf
considering preventive heuristic optimizer algorithm
maintenance scenarios

Meng et al. (2021) [28]

According to the reviewed papers in the field of assembly line modeling, so far the
simultaneous efficiency of the mathematical model has not been studied. While product line
efficiency is a very important issue. In the proposed model of this paper, the third objective
function is the efficiency objective. In fact, in addition to balancing and reducing line idle
time, the efficiency of assembly line will be maximized simultaneously, which can make the
mathematical model of the paper very practical.

In the following, first, the proposed mathematical models of the paper will be introduced.
After describing the model, using the global criteria method, the proposed multi-objective
mathematical model is implemented on the Iran-Shargh Neishabour Company problem, and
finally, in the conclusion section, the data obtained from the model and the final results are
analyzed and reviewed.

3. The Proposed Three-Objective Mathematical Model of Assembly Line
Balancing

In this section, a proposed mathematical model is presented to balance the assembly line in a
multi-objective mode. In this model, the integrated balance of the assembly line for all
production models in order to achieve 1) minimum cycle times, 2) minimize unemployment
time, and 3) increase the efficiency of the assembly line. Due to the existence of such
conflicting goals, the multi-objective optimization method has been used to achieve the
highest level of satisfaction between the above goals [29]-[32]. The basic assumptions in the
model are as follows: mass production, activity time is fixed and static, unlimited market
demand is assumed, equipment, and tools are available continuously and there are no
restrictions on access to the required raw materials and parts. The proposed mathematical
model of the paper is presented through relationships 1 to 8. Table 2 shows the parameters
and symbols used in the proposed model.

Table 2. Parameters and symbols used in the proposed model.

Description Symbol
Number of activities m
Number of stations n
Standard time of activity i ti
Time of station i 5

Production work cycle c
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minZ; =C. (1)
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min Z, = Z(C - Sj). (2)
j=1
2j=1 S
. _ 3
min Zz - (3)
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n
=1
n
Z(Kxhk —-KXy)=0; VieLheP. (5)
k=1
n
Ztixi]‘ <C; vViel (6)
=1
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Eqg. (1) indicates the optimality of the cycle time and the object is to minimize cycle time. Eq.
(2) guarantees the second objective, which is to minimize the idle time of each station. Eq. (3)
determines the third objective, which is to increase the efficiency of the assembly line.
According to Eq. (4), each work element can only be assigned to one workstation and it is not
possible to division of labor between two stations or more. Eq. (5) is the order of precedence
in the allocation of elements, i.e. an element can be assigned to a station when the prerequisite
elements are assigned to one of the previous stations or to the current station. Eq. (6) does not
allow the workload in a station (total time of elements assigned to a station) to exceed the
cycle time. Eq. (7) added to other constraints in order to determine the time of each station by
having a set of activity times assigned to each workstation that is used to calculate the
productivity objective.

4. Implementing the Proposed Mathematical Model in Iran-Shargh Neishabour
Company

Iran-Shargh Neishabour Company, located 2 km from Mashhad Road, which was established
in 1977. The factory has been established on a land with an area of 30130 square meters with
7500 square meters of infrastructure. The company produces heaters, oil and gas water
heaters. The heater assembly line of this company has 18 working elements and 3
workstations. The assembly line employs 25 workers, who spend about 420 seconds
assembling a heater. The division of labor in some stations has caused bottlenecks. According



61

Presentation and implementation multi-objective mathematical models to balance the assembly line

to the diagram in Figure 1 in the first line at station 6 (control and testing of other connections),
second line at station number 1 (cleaning and placing the boiler windshield), in the third line
in station number 9 (packing) we are facing an increase in time. Also, according to the
obtained statistics, the capacity of one shift is about 500 heaters.

e ——————

Figure 1. Workstation diagram of the current state of the factory.

In order to implement the proposed model of the paper and determine the exact time of each
element, stopwatch timing has been used. The times obtained are shown in Table 3. Also Table
4 shows information on activities assigned to workstations in the factory and before the
implementation of the model.

Table 3. Information on each element in the heater assembly line.

NO. Task Prerequisites time
1 Cleaning and placing the glass in front of the boiler. - 3
2 Insert and install bronze. 1 18
3 Insertion and installation of thermocouples. 1 21
4 Insert 6 and 8 mm tubes. 3 27
5 Tight work and installation of pipes. 4 17
6 Quality control to ensure the correct installation of connections. 5&2 32
7 Clean and place the windshield of the boiler. 6 30
8 Install the connection bar above and below the boiler windshield. 7 20
9 Installation of side connection strips on the windshield of the boiler. 8 16
10 Placing the boiler in the side walls. 1 11
11 Install the side frame. 10 13
12 Insert the front frame. 11 22
13 Place the heater series on the frame. 12 10
14 Install the heater series to the front frame. 13 12
15 Insert and install the back cover of the heater. 14 22
16 Put the board under the heater and install the windshield. 15 25
17 Final control. 16 &9 17
18 Packing. 17 103

Due to the fact that the proposed model is a multi-objective model, there is a need for multi-
objective problem solving approaches. In this paper, the global criteria method has been used
due to its ease and applicability. In this method, considering the degree of optimism for the
decision maker, all objective functions of the problem are integrated and the problem becomes
a single objective. Then the appropriate approach can be used to solve this one-objective
problem [33]. Eq. (9) represents the objective function of the problem. In this relation, a
represents the optimist rate of the decision-maker, the p represents the type of distance (which
can include the values of 1, 2 and ). f;"and f;" also represent the worst and best values of the
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problem function. The desired parameters for implementing the global criteria method are
shown in Table 5. In solving the model with the method of global criteria, we have considered
the distance as Euclidean and the optimism rate is 50%.

Table 4. Workstations current status.

Station

Assigned activity code Time of station
number
1 1,2,3,4,5,6 118
2 7,8,9 66
3 10,11,12,13,14,15,16,17,18 236
Total - 420
1 1

o [(fi-h B-f BB\ fi-ff B-f E-BVP (g
e | IRl (= = = DI

Table 5. Three-objective model information for global criteria method.

Best value of objective function (f")  Worst value of objective function (f)

The first objective function 142 1000,000,000
The second objective function 6 1000,000,000

The third objective function -0.98 -0.3
(Assuming 50% optimism) a=0.5 p=2

After implementing the proposed model, the results are shown in Table 6. Therefore,
according to these results, new workstations are created according to Figure 2.

Table 6. Suggested workstations according to the proposed model of the article.

Station number Assigned activity code Time of station
1 1,2,3,4,5,10,11,12,13 142
2 6,7,8,14,15,16 141
3 9,17,18 137
Total - 420

Figure 2. Workstation diagram of the proposed condition of the factory.
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In order to validate the proposed model of the paper, workstations before and after the
implementation of the multi-objective model are compared and the results are shown in Table
7.

Table 7. Assembly line utility indicators before and after the implementation of the proposed article model.

Assembly  working time working time working time  Cycle time Stations idle effiLcIir:lc
line state of station 1 of station 2 of station 3 (f2) (f2) time ) y
Proposed 142 141 137 142 6 0.9
state
Current state 118 66 236 236 288 0.59

Suggested status Existing status

250
200 236
150
142 HEE 37
100 =
50 -
0
Station 1 Station 2 Station 3

Figure 3. The degree of uniformity and smoothness of the line in the position before and after the
implementation of the proposed model.

As shown in Figure 3, in the proposed state, uniformity is observed at the times of each
workstation while in the current situation there is a lot of non-uniformity. Also, productivity
in the suggested mode has increased dramatically compared to the current situation, and
unemployment times have been significantly reduced.

The degree of uniformity is a very important issue in the balance of the assembly line. If the
assembly line is not smooth, some stations will be unemployed and others will be bottleneck,
which is a problem in the current state of the assembly line and has led to low line efficiency.
While in the proposed state, the assembly line has been completely smoothed and the time of
each station is close to the cycle time. Line productivity has also increased significantly due
to reduced line unemployment. And as can be seen, line unemployment has fallen sharply,
which could lead to reduced line costs and increased line output.

5. Conclusion

In this paper, the problem of assembly line balance was analyzed by multi-objective method.
A three-objective mathematical model was proposed to solve this problem, which includes
the objectives of line unemployment, cycle time, and productivity. In order to validate the
proposed mathematical model, a case study was used in Iran-Shargh factory. The proposed
model was implemented to balance the heater production line of this factory. The results of
the model implementation indicate the improvement of the allocation of activities in the study
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line and the achievement of the minimum amount of cycle times for the heater assembly line.
Line productivity also increased significantly.

For future research, the mathematical model can be considered for several products and out
of the single model mode. The other objectives mentioned in the review of the problem
literature can also be considered in the mathematical model.
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