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Abstract
The Assembly line balancing is used to balance the workload 
to the different workstations. And these workstations are within 
assembly arrange in serially. The line balancing is the process in 
which task assign equally to the each station. The assembly line 
balancing is help us to increase the efficiency, product and reduces 
the cost. But there is some weakness in ALB. Like high workload 
(overburden) in some stages. In this condition the workload come 
to some workstation and output variation will increase, and the 
work will stop.  For this kind of problem we will solve by the soft 
computing method. In this paper proposed SALBP. The objective 
of this paper is to optimize crew size, system utilization, the 
probability of jobs being completed within a certain time frame 
and system design costs. 
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I. Introduction
Now this time some of the businessman try to solve all problem, 
solve the problem they are used line balancing. Line balancing 
is big area for the research. A production strategy that includes 
setting an intended rate of production for required form 
of materials to be fabricated within a particular time frame. 
In addition to this, effective line balancing requires assuring that 
every line segment’s production quota can be met within the time 
frame using the available production capacity rate.
An assembly line is a flow-oriented production system where 
the productive units performing the operations, referred to as 
stations, are aligned in a serial manner. The workpieces visit 
stations successively as they are moved along the line usually by 
some kind of transportation system, e.g. a conveyor belt.
Originally, assembly lines were developed for a cost efficient 
mass-production of standardized products, designed to exploit a 
high specialization of labour and the associated learning effects 
(Shtub and Dar-El, 1989; Scholl, 1999, p. 2). This strategy includes 
setting a planned rate of production for necessary materials to 
be fabricated within a particular time frame. This is an efficient 
device to develop the turnout of assembly lines and work cells 
while decreasing manpower requirements and expenses. 
There are two types of line balancing that are classified as- Static 
Balance and Dynamic Balance. Static Balance .

Mathematically, this objective can be stated as follows:

            R
min ∑Wj  Subject to tj ≤ C wj for j = 1..…R  (1)
          J =1
Where,

R is the number of work centers, • 
W is the (integer-adjusted) number of required workers in • 
work centre j, 
t• j is the estimated time required to complete the tasks in work 
centre j, and 

C is the pre specified cycle time. • 
In short, with the traditional assembly line-balancing problem, 
it is desirable to place minimum number of workers, as far as 
possible, to each work centers, at the same time one should also 
adhere to the policy that no worker is ‘overloaded’.

A. Line Balancing Operates Under Two Circumstances

1. Precedence Constraint
Products cannot advancement to other station if it doesn’t complete 
important task at that station. It should not be across other station 
because only certain part that is in need to be performed before 
other activities.

2. Cycle Time Restriction
Cycle time is the largest time for products spend in every type of 
workstation. Different workstation has different cycle time.

B. Objective of Proposed Work 
Following are the major objectives of Line balancing procedure. 
It is used to be as follows:

Manage the workloads among assemblers.1. 
Recognize the location of bottleneck.2. 
Decide number of workstation.3. 
Decrease production cost.4. 
Assigning task to each work station in such a way that there 5. 
is little idle time.
Terms in Line Balancing Technique6. 
There is range of terms used in assembly line balancing 7. 
system. Each of them has their meaning and purposes.

II. Basic Parameter of Line Balancing
Largest amount of time allowed at each station. This can be found 
that by dividing required units to production time available per day. 
This is the time expressed in minutes between two simultaneous 
products coming out of the end of production line. Gaither and 
Fraizer (2001) explained that cycle time demonstrates how often 
the production line can be generated the product with current 
resources and staffing. It is a precise form of indicator to signify 
how the line is currently set up to run. The calculation of the 
cycle time takes into the consideration of the entire production 
quantities. If  the multiple lines are to be used to producing the 
same product, then the time of composite cycle is less than the 
actual blunder time of any individual line.

Lead Time:1.  Addition of the production times along with the 
assembly line.
Bottleneck: 2. Detaining in the transmission that slows down 
the production rate. This can be overwhelm by balancing 
the line.
Task Precedence:3.  It is the pattern by which tasks are to 
be carried out. It can be represented by nodes or graph. In 
assembly line the products must have to obey this rule. The 
product cannot be moved to the next station until the previous 
station is not complete.
Idle Time:4.  A period of duration when system is not in used 
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but it is available.
Productivity: 5. It is defined as the ratio of output over input. 
Productivity depends upon the several factors such as worker 
skills, jobs process and machine used.
Task Times:6.  The time required by competent worker 
or unattended machine to perform a task. This is usually 
expressed in minutes. Heizer and Render (2010) stated that 
takt time is pre-requisite process in doing line balancing 
task. Takt time is the swiftness of production that aligns 
production with client demand. It shows how fast is the need 
to manufacture product in order to fill the customer orders 
(Vome lean Briefs, 2006). Producing faster rate than takt time 
results in the overproduction which is a type of waste ,whereas 
producing slower rate than takt time results in bottlenecks 
where the customer orders may not be fulfilled in time. There 
are numerous benefits of using task time (Heizer and Render, 
2010). These are consist of: Achieve a steady and continuous 
flow of production. Eliminate the waste of overproduction 
by producing actual customer demand.Improves accuracy 
of planning.
Work Station: 7. A physical area where a worker with tools / 
one or more machines or unattended machines such as robot 
perform specific task in a production line (Gaither and Fraizer, 
2001).
Downtime: 8. Downtime explained as the time that is non value 
added (Chase, et al. 2000). It is often associated with the 
seven wastes as under:
Defects: 9. Defect is direct costs of a company.
Waiting: 10. It occur when the goods are not moving or being 
worked on. It affects both goods and workforce where the 
waiting time should be used for some value added activities 
such as training and maintenance.

                        k
BD=[{(K) x (CT) - (∑STi    (2)
      I=1
Where,
STi=Station time of station work station and CT=Cycle time

III. Steps used in Solving Line Balancing
There are four steps involve in solving line balancing described 
by G. Andrew (2006).

A. Determining Cycle Time
Cycle time is the longest time that is allowed at each station. This 
can be expressed by the following formula:

This defines that the products required to leave the workstations 
before it reaches its cycle time.

B. Assigning Tasks to the Workstation
The tasks distribution should be taken after completing a time 
cycle. It’s good to allocate tasks to workstation in the order of 
longest task times.

C. Calculating an Efficiency Line 
This is done to find effectiveness of the line. The formula is given 
by:

 k
LE = [{ ∑STi / (K) x (CT)} x 100 %]  (3)
            I =1 
Where,
STi= Station time of station I, K= Total No of work stations and 
CT = Cycle time 

IV. Methods
There are several techniques to continuously improve quality and 
reduce operation costs; SALBP is one of these techniques. For 
decreasing production time, maximizing the output or minimizing 
the cost of a product, it is quite an important tool. When the 
product has many operations and the demand is high, the process 
of balancing the line becomes more and more difficult. So it can 
be said that line balancing is the problem of assigning tasks to 
workstations.

A. Kilbridge-Wester Heuristic Approach
The procedures proposed by Kilbridge and Wester numbers are 
assigned to each operation describing how many predecessors it 
has. Operations with the lowest predecessors are assigned first to 
the workstations. The procedure consists of the following steps

Construct the precedence diagram for the work elements1. 
Select a feasible cycle time2. 
Assign work elements to the station so that the sum of 3. 
elemental time does no exceed the cycle time (Step 3)
Delete the assigned elements from the total no of work 4. 
elements and repeat the step 3
If the station time exceeds the cycle time due to the inclusion 5. 
of a certain work elements this work element should be 
assigned to the next station
Repeat step 3 to 5 untill all elements are assigned to 6. 
workstations 

No matter how tired you are a competent, if not achieved excellent 
performance can’t raise prices, a measure of the process output 
quality, efficiency and cost of, by increasing the line balance rate, 
can improve production efficiency.

B. Helgeson-Birnie Approach 
The procedure proposed by Helgeson and Birnie is based on the 
ranked positional weight technique having the following steps

Construct the precedence diagram for the work elements 1. 
Determine the positional weight for each work elements 2. 
Rank the work elements based on the positional weight in 3. 
step 2. The work element with highest positional weight is 
ranked first 
Proceed to assign work elements to the workstations where 4. 
elements of the highest positional weight and rank are 
assigned first. 
If at any work station additional time remains after assignment 5. 
of an operation, assign the succeeding ranked operation to 
the work station, as long as the operation does not violate the 
precedence relationship diagram and the station time does 
not exceeds the cycle time. 
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Repeat step 4 and 5 untill all elements are assigned to 6. 
workstations

Balance rate = total time each process / (number * bottleneck 
process time) X100%

V. Result Analysis
This result analysis is part of research which takes some data of 
the company. This company is design several mechanical element 
like bolt, screw and Bearing. In this paper is showing the analysis 
part of SOCKET HEAD CAP SCREWS.
Which follow several processes to design –

Cold heading1. 
Secondary operations-repetitive machining and thread 2. 
rolling
Heat treatment 3. 
Surface finishing/coating4. 
Adhesive/sealant patch application5. 
Testing6. 

This above all process is station which have own work and also 
have some worker. In above some process(station) have some 
co-part.

Table 1: Assembly Process for 100 unit/Day

Process Time Min Manpower/
Shift

Cold heading 30 5

Secondary operations-repetitive 
machining and thread rolling 10 3

Heat 
treatment  

Hardening 10 3

Tempering 7 3

Surface finishing/coating 5 3

Adhesive/sealant patch 
application 7 2

Testing

Strength 5 1

Dimension 3 1

Structure 2 2

∑ 79 23

Table 1 is show initial work of the company, which is performed 
without use line balancing.
In this industries first calculate distance of each station and its –

 

A 
B C D 

G E F 

Fig. 1: Station and Distance of Industries

Table 2: Station and Distance
Station Distance

A 10
B 25
C 15
D 20
E 12
F 40
∑ 132 meter

In this industries apply line balancing (SALBP), Kilbridge-
WesterHeuristic approach, and Helgeson-Birnie Approach with 
optimized method artificial intelligence. According to proposed 
research cost and time optimized as show in Table 3.

Table 3: Proposed Line Balancing Result for 110 Unit/Day

Process Time Min Manpower/
Shift Distance

Cold heading 27.1 4 8
Secondary operations-
repetitive machining and 
thread rolling

9 3 19

Heat 
treatment  

Hardening 8 2 8
Tempering 6.4 2 4

Surface finishing/coating 4 2 14
Adhesive/sealant patch 
application 5 2 9

Testing
Strength 3.2 1 15
Dimension 2.4 1 5
Structure 1.7 1 11

∑ 66.8 18 93

Comparison Table 1, 2 and 3 and calculate optimization

Table 4: Comparison of Before and After Line Balancing 
Results
S.No. Factor Initial After Saving % saving
1 Time 79 66.8 12.2 15.44
2 Distance 132 93 39 29.54
3 Worker 23 18 5

VI. Conclusion
In this time production is major part of the industries with low 
cost and time. Proposed line balancing system optimized cost, 
time and no of worker also production will increase. In this paper 
proposed work based SALBP and optimized method. Some of this 
innovation based on parallel and mixed modal structure.
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