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Abstract: One of the important issues in facilities planning is to decide about the number of work stations, work
elements (tasks) assigned for each station and the number of operators engaged in each station. Various
combinations of these factors can result in different cycle times. Change in the cycle time can directly affect
technical and financial indices of the assembly line. Most of the researches that have been carried out have
focused on the relationship between the cycle time and technical indices like line efficiency, smoothness index,
balance delay and similar elements; however, enough investigations have not been conducted on the subject
of financial indices. Considering the importance of these indices for explaining the profitability of a firm in
different layout cases, it seems essential to study these indices in assembly line designing. For this purpose,
a plant with farming machinery products has been chosen to study the cycle time role in product safety margin
in assembly systems. After studying the technological information of the assembly line, the available position
of the firm has been examined from cycle time viewpoint. Afterwards, using the suitable balancing methods and
regarding the available constraints, different arrangements of work stations have been simulated and the cycle
time has been computed for each arrangement. Product safety margin as a financial index has also been
calculated for each cycle time. The result of this experiment shows that product safety margin chiefly improves
with reduction of cycle time and this change results in the creation of safe position for a firm.
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INTRODUCTION Traditionally,  assembly  line  balancing problems

Assembly lines are flow  oriented  production
systems which are still typical in the industrial production
of  high  quantity standardized commodities and even
gain importance in low volume production of customized
products [1]. An assembly line consists of (work) stations
k=1,…, m arranged along a conveyor belt or similar
mechanical handling equipment. The work pieces (jobs)
are consecutively launched down the line and are moved
from station to station [2]. A certain set of operations is
performed repeatedly on any work piece which enters a
station, whereby the time span between two entities is
referred to as cycle time. In general, the line balancing
problem  consists  of optimally partitioning (balancing)
the assembly work among all stations with respect to
some objectives [3]. A feasible  line  balance  assigns
tasks  to  stations  observing some general constraints.
All precedence relationships must be considered.
Furthermore, each station has to finish its operation
within the cycle time, as otherwise the work piece leaves
the station to the next one.

focused  on  the  relationship  between  the  cycle  time
and technical indices like line efficiency, smoothness
index,  or   balance   delay.   This   paper   studies  the
cycle time role in product safety margin in assembly
systems. For this purpose, the available position of a
sample firm has been examined from cycle time viewpoint.
Afterwards,  different  arrangements  of work stations
have  been  simulated  by  appropriate  balancing
problems and the cycle time has been computed for each
arrangement. Then for each position, the safety margin
has been calculated.

The basic pre-assumptions in this paper are as
follows:

The production is in the form of mass;
The duration of activities is definite;
The market demand is supposed to be infinite;
The equipment and tools are always available;
There is no access limitation to required materials and
parts;
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The Used Notations in Article Include: sales. The margin of safety is a measure of risk. A large

FC: fixed cost
: average contribution margin per unit

S: actual sales
S : break-even sale*

Q: expected number of productions
MS: margin of safety ratio
P: selling price per unit
n: number of stations
C: cycle time

The remaining parts of this paper are organized as
follows. Section 2 presents some concepts in conceptual
references. Section 3 provides an overview of the relevant
literature. The other sections involve the analysis of
available position, line balancing for different cycle times,
calculation of required indices for proposed positions and
adding up the conclusions.

CONCEPTUAL REFERENCES

To introduce the issue of the relationship between
cycle time role in product safety margin, let us begin with
a discussion of the concept of these terms.

Fixed Costs: Fixed Costs are costs for which the total
amount is independent in changes in volume of activity.
“Independent” means that the changes in the volume of
activity do not change the total amount of a fixed cost.
Costs, such as insurance, depreciation and property taxes,
are fixed costs for a given level of capacity [4].

Variable Costs: Variable costs are costs for which the
total amount of cost changes in direct proportion to
changes in volume of activity. Another way to state the
definition which is exactly equivalent is to say that a
variable cost is one where per unit cost remains constant
as volume changes [4].

Breakeven Point: The breakeven point is that point of
volume where total revenues and total expenses (total
costs) are equal; there is neitehr profit nor loss [5]. We
divide fixed costs by the average contribution margin per
unit to obtain the breakeven point volume (see equation
1) [6].

(1)

Margin of Safety Ratio: The margin of safety ratio is a
measure of the difference between the actual activity level
and the break-even point,  expressed  as  a  percentage  of

ratio means that the firm is less likely to operate below the
break-even point if a decrease in sales occurs. The margin
of safety ratio may be computed in terms of revenue or in
terms of activity by expressing sales either in units of
dollars by equation (2) [6]:

(2)

Cycle Time: A certain set of operations is performed
repeatedly on any work-piece which enters a station,
whereby the time span between two entries is referred to
as cycle time [1]. This is the time between two successive
assemblies coming out of a line. Cycle time can be greater
than or equal to the maximum of all times, taken at any
station.

Expected Number of Productions: For computing the
expected number of productions, equation (3) can be
used; where ‘D’ is the number of working days, ‘SH’ is
the net working shift (shift time minus allowed free time)
and ‘C’ is the cycle time. 

(3)

LITERATURE REVIEW

Extensive researches have been done about assembly
line balancing; some of them are as follows:

Rekiek et al. studied line balancing and resource
planning step for the preliminary design stage [7]. Gaia
Nicosia et al. considered the problem of assigning
operations to an ordered sequence of non-identical
workstations, observing precedence relationships and
cycle time restrictions [8]. Amen studied cost-oriented
assembly line balancing. In this paper, the author focused
on the special objective function and a formal problem
statement [9]. Simaria and Vilarinho presented a
mathematical programming model and an iterative genetic
algorithm-based procedure for the mixed-model assembly
line balancing problem (MALBP) with parallel
workstations, in which the goal is to maximize the
production rate of the line for a pre-determined number of
operators [10]. Gökçen et al. presented a shortest route
formulation of simple U-type assembly line balancing
(SULB) problem which is presented and illustrated in a
numerical example [11]. A paka and Gökçen introduced a
new approach to establish balance of the assembly line
with minimum number of station and resources [12].
Sotskov et al. addressed the simple assembly line
balancing  problem  to minimize the number of stations m
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for processing n partially ordered operations V = 1, 2, …, On the whole, it should be noted that in the studies
n within the cycle time c [13]. Chiang and Urban
investigated the stochastic U-line balancing problem. A
hybrid heuristic is presented consisting of an initial
feasible solution module and a solution improvement
module [14]. Chiang et al. examined the impact of
workflow interference considerations on facility layout
analyses. Linear and nonlinear integer programming
formulations of the problem are presented [15]. Van Hop
addressed the mixed-model line balancing problem with
fuzzy processing time. A fuzzy binary linear programming
model is formulated for the problem. This fuzzy model is
then transformed to a mixed zero–one program [16].
Bukchin and Rabinowitch examined the special case that
allowed a common task to be assigned to different
stations for different models. They sought to minimize the
sum of costs of the stations and the task duplication [17].
Gamberini and Grassi presented a new heuristic for
solving the assembly line re-balancing problem. The
method is based on the integration of a multi-attribute
decision-making procedure, named “Technique for Order
Preference by Similarity to Ideal Solution” (TOPSIS) and
the well-known Kottas and Lau heuristic approach [18].
Bautista and Pereira focused on the application of a
procedure based on ant colonies to solve an assembly
line balancing problem [19]. A paka and Gökçen studied
chance-constrained 0–1 integer programming models for
the stochastic traditional and U-type line balancing (ULB)
problem [20]. Crescenz et al provided a new approach to
the on-line load balancing problem in the case of
restricted assignment of temporary weighted tasks [21].
Bautista and Cano proposed some procedures for solving
a variant of the mixed-model sequencing problem on
assembly lines and compared them with others taken from
literature using two computational experiments [22].
Boysen and Fliedner discussed a two-stage graph-
algorithm, which was designed to solve line balancing
problems including practice relevant constraints (GALBP),
such as parallel work stations and tasks, cost synergies,
processing alternatives, zoning restrictions, stochastic
processing times or U-shaped assembly lines [23].
Andrésa et al. investigated Balancing and scheduling
tasks in assembly lines with sequence-dependent setup
times [24]. Simaria and Vilarinho presented an approach to
address the two-sided mixed-model assembly line
balancing problem. First, a mathematical programming
model is presented to formally describe the problem.
Then, an ant colony optimization algorithm is proposed to
solve the problem [25]. Sabuncuoglu et al. proposed ant
colony algorithms to solve the single-model U-type
assembly line balancing problem [26].

relating to the assembly line balancing, the cycle time’s
role on product safety margin in assembly systems has
not been considered.

OBJECTIVES AND STUDY METHOD

For the purpose of better perception of this study’s
objective, a company with farming machinery assembly
line is chosen. The assembly line of this company is
manual; it contains several work stations and each
operator performs a portion of total assembly operations.
Work stations layout and assignment of elements in this
assembly line are in a way that the workload of each
station differs significantly from others. With regard to
this matter, it seems that the efficiency of this line can be
increased under study and using suitable methods.

In the current research by the utilization of ranked
positional weight heuristic method and the basis of the
available constraints, different arrangements of assembly
line are simulated and the cycle time is computed for each
arrangement. Afterwards, on the basis of each
arrangement’s cycle time, the safety margin is computed
for internal and external market. Finally, considering the
calculations, cycle time role in safety margin is examined.

For carrying out this research, after selecting and
defining the problem, the following activities are
performed in cooperation with production and assembly
planning department:

Collecting the Required Data
Analyzing the available position from cycle time and
safety margin viewpoint
Simulating the new position using the assembly line
balancing with appropriate method considering the
available constraints and analyzing the proposed
position (repeating this action for different cases)
Comparing the available position with proposed
positions and drawing necessary conclusions 

Analyzing the Available Position: Tractor assembly line
consists of 199 elements and 11 stations. Table (1)
represents the summary of the available position. As it is
noticed in Table (1), the cycle time is 57.89 and it relates to
station 6 (with greatest working time). This station is
determined as bottleneck (C= 57.89, n=11).

Computing Sale in Break-Even Point: For the purpose of
computing safety margin, sale in breakeven-point should
be  computed first. Selling price, variable cost per unit and
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Table 1: Work Stations of Available Position

Station IDs of Assigned Elements Working Time Idleness Time

1 1 to 33 55.09 2.80

2 34 to 41 14.27 43.62

3 42 to 57 38.48 19.41

4 58 to 75 44.97 12.92

5 76 to 102 32.60 25.29

6 103 o 106 57.89 0

7 107 to 121 20 37.89

8 122 to 128 14.93 42.96

9 129 to 154 and 199 47.06 10.83

10 155 to 161 6.72 51.17

11 162 to 198 36.11 21.78

Total 368.12 268.67

Table 2: Selling Price and Variable Cost of Product

Selling Price per Unit Variable Cost per Unit Profit Margin Sales Mix Percentage

Internal Market Product 92000000 10847680 81152320 77

External Market Product 102000000 10847680 91152320 23

Total 194000000 21695360 172304640 100

Internal Market Profit Margin Percentage - - 47.1 -

External Market Profit Margin Percentage - - 52.9 -

Table 3: Sale in Break-even Point

Fixed Cost 51´120´000´000

Average Contribution Margin 0.88
Break-even Sale 57´779´087´18
Sale in Rials in Break-even
Point for Internal Market 27´212´888´59
Sale in Rials in Break-even
Point for External Market 30´566´198´59

annual sale mix are drawn out from existing papers and
documents in company. Table (2) shows this information
briefly.

In Table (2) according to the estimate of the
company, variable costs for sellable products in internal
and external market are equal. The profit margin
percentage is also computed from dividing profit margin
by total profit margin. So, the average contribution margin
per unit ( ) is computed as follows:

The company’s fix cost amount is 51,120,000,000.
According to equation (1), sale in break-even point is
equal to:

Break-even sale for internal and external market is
obtained from multiplying break-even point (S ) by profit*

margin percentage of each market. Subscript 1 and 2 are
considered respectively for internal and external market.

Table (3) represents the summary of the above
calculations.

 Computing  the   Expected  Number   of  Productions:
The  number  of  produced  products  from the
establishment  of  the  firm  is   6747   units.  Supposing
that the firm continues its production one more year, the
number of working days in year is 267 and net working
shift time is 380 minutes per day; therefore, the expected
number of productions will be 1753 units using equation
(3).



Yes

Yes

Yes

No

Yes

No No

Selection of station I (I=1)

Are the predecessors of
selected elements 

assigned?

Is the sum of this element 
duration and assigned 

elements to the station is 
less than cycle time?

Selecting the element 
with one rank less

I = I + 1

Is there any 
element

with lower 
rank?

This element is assigned to station I.

No

Are all elements 
assigned to stations?Stop

Selecting the element with the highest rank from among unassigned elements

1

2

602 114 094 268 27 212 888 593 0.95
602 114 094 268

199 401 420 829 30 566 198 590 0.85
199 401 420 829

MS

MS

′ ′ ′ ′ ′ ′−
= =

′ ′ ′
′ ′ ′ ′ ′ ′−

= =
′ ′ ′

World Appl. Sci. J., 12 (10): 1931-1938, 2011

1935

Consequently, the total expected number of
productions from the establishment of the firm with
computation of one more year of production will be 8500
units.

1753 + 6747 = 5800 BALANCING THE ASSEMBLY LINE

Computing the Expected Sale for Internal and External For the purpose of simulating various cycle times’
Market: With view to the calculations done, it is expected role   in  the assembly  line,  it  is  required  to  use
if the firm continues its production one more year, scientific methods. The balancing methods propose
quantity of productions will be 8500 units. According to various producing positions by creating different
Table (2), 77 percent of productions are sold in internal combinations from assignment   of   elements   to   work
market and 23 percent in external market. Thus stations   on  the basis of constraints and available
considering  different  selling  prices  of  products in optimization criterion. These methods are classified into
internal  and  external  market,  sales  for  internal  and exact, heuristic and meta-heuristic. In the current research,
external market are  computed with following equations as ranked positional weight is used. This method briefly
subscript 1 and 2: involves the following steps: 

S  = 8500 × 77% × 92´000´000 = 602´114´094´268 The First Step: Defining the cycle time for available1

S  = 8500 × 23% × 102´000´000 = 199´409´420´829 position is 57.89 and the longest time is 35.1 among 1992

Computing the Safety Margin for Internal and External distances are chosen in this interval and the following
Market: Safety margin is obtained on the basis of break- steps are repeated:
even sale and expected sale in equation (2). Safety
margins of internal and external market are computed for The Second Step: Defining the minimum theoretic number
available position respectively with MS  and MS . of stations based on equation (4).1 2

elements. A number of times with relatively equal

Fig. 1: Flowchart of Assigning Elements to Stations
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Table (4) indicates that with change in the cycle time,
(4) the total number of production changes; therefore, the

In the above equation, the numerator is the sum of product in internal and external market, the amount of sale
working elements’ duration and the smallest integer can be predicted in internal and external market like the
greater than n  is considered as the minimum theoretic available situation in section 5-4.+

number of stations. Sale in break-even point has been computed in

The Third Step: Defining a weight for each element using would not alter with change in cycle time. By determining
equation (5). the sale amount per the cycle time, the safety margin is

(5) Weight of element = duration of element + the computed for internal and external market like section 5-4.
sum of successor elements’ duration Table (5) exhibits the summary of these calculations. 

The Forth Step: Ranking elements. Elements are ranked in margin has been computed by comparing proposed
the order of their weight and this process continues until position with available position; as a result, the value of
the end. this improvement for cycle time 57.89 (available position)

The Fifth Step: assignment of elements to work stations margin of internal and external market for cycle time 55 is
is according to Figure (1). computed as follows:

For  the  purpose  of  analyzing  the proposed
position, the expected production for different cycle times
should be estimated first. For each cycle time after
assigning work elements, the number of expected
productions is computed similarly to available position in
section 2-5. Table (4) represents the summary of these Figure (2) indicates the relation between cycle time
calculations. and improvement value of internal and external market.

amount of sale would change for internal and external
market. By knowing the sale mix and selling price of the

section 5-1 previously. These amounts are fixed and they

In Table (5), the value of improvement for safety

is zero. For instance, the improvement value for safety

Table 4: Expected Quantity of Production for Different Cycle Times
Production from Expected Production Total Expected Production

Position Cycle Time Establishment Time of Next Year until the End Of Next Year 
Available 57.89 6747 1753 8500
Proposed (balancing 55 6747 1845 8592
on the basis of different 53 6747 1914 8661
cycle times) 50 6747 2029 8776

47 6747 2159 8906
45 6747 2255 9002
42 6747 2416 9163
40 6747 2537 9284
37 6747 2742 9489
35.1 6747 2891 9638

Table 5: Relation between Cycle Time and Safety Margin of Internal and External Market
Sale amount Sale amount Safety Margin Safety Margin Improvement of Safety Improvement of Safety

Cycle Time (Internal Market) (External Market) (Internal Market) (External Market) Margin (Internal Market) % Margin (External Market) %
57.89 602,114,094,268 199,401,420,829 0.9548 0.8467 0 0
55 608,637,960,000 201,561,921,818 0.9553 0.8484 0.05% 0.19%
53 613,569,298,868 203,195,027,547 0.9556 0.8496 0.09% 0.34%
50 621,706,008,000 205,889,652,000 0.9562 0.8515 0.15% 0.57%
47 630,881,445,957 208,928,271,064 0.9569 0.8537 0.22% 0.83%
45 637,678,066,667 211,179,100,000 0.9573 0.8553 0.26% 1.01%
42 649,086,680,000 214,957,277,143 0.9581 0.8578 0.34% 1.31%
40 602,114,094,268 199,401,420,829 0.9586 0.8597 0.40% 1.53%
37 608,637,960,000 201,561,921,818 0.9595 0.8627 0.49% 1.89%
35.1 613,569,298,868 203,195,027,547 0.9601 0.8648 0.56% 2.14%
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Table 6: Spearman’s Correlation Coefficient between Improvement of Safety margin and Cycle Time
Internal Market External Market Cycle Time

Spearman’s rho Internal Market Correlation Coefficient 1.000 1.000 -1.000
Sig. (2-tailed) 0.00 0.00 0.00
N 10 10 10

External Market Correlation Coefficient 1.000 1.000 -1.000
Sig. (2-tailed) 0.00 0.00 0.00
N 10 10 10

Cycle Time Correlation Coefficient -1.000 -1.000 1.000
Sig. (2-tailed) 0.00 0.00 0.00
N 10 10 10

Fig. 2: Improvement Value of Safety Margin for Different Cycle Times 
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