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Abstract— An assembly line is a manufacturing process 

(most of the time called a progressive assembly) in which 

parts are added as the semi-finished assembly moves from 

workstation to workstation where the parts are added in 

sequence until the final assembly is produced. By 

mechanically moving the parts to the assembly work and 

moving the semi-finished assembly from work station to 

work station, a finished product can be assembled faster and 

with less labor than by having workers carry parts to a 

stationary piece for assembly. A study was carried out in 

ABC Company which manufactures ovens. It was found that 

machines used there are utilizing more time for producing 

ovens. This production time will be reduced by using 

industrial engineering technique called work optimization in 

the assembly line which helps to solve the real life problem, 

the task time data and waiting time data was collected for all 

the nine stages of the assembly and further the results were 

obtained. The line efficiency after grouping the work station 

is increased from 43.07% to 79%. And the balance delay 

reduces from 56.2% to 21%. This makes that work load 

distribution uniform across the workstations which makes the 

flow of the assembly line much smooth. After increasing the 

line efficiency and decreasing the balance delay the 

productivity has increased and now the ovens are 

manufactured in a less time compared to earlier time. And 

real life problem was solved. 
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I. INTRODUCTION 

An assembly line consists of number of workstations which 

are arranged along a conveyor belt or a similar material 

transportation equipment, in order to obtain a sequence of 

finished product types the work pieces are moved from 

stations. Certain operations are performed in the view of 

some constraints. The first primary constraint is the cycle 

time. The cycle time is the time interval between finishing 

two units or maximum available time for the production of 

any work piece at any workstation. Assembly lie exists when 

we assemble or handle any device or product in a planned, 

sequential manner with two or more operations performing 

tasks of repetitive work at a established workstation. In the 

assembly line, workers do their  work in their respective 

workstation. If the worker completes his work and previous 

worker has not completed, he has to wait. In order to avoid 

this waiting time grouping of workstation is done so that 

certain number of workstations can be grouped and the idle 

time can be decreased. 

Steps in grouping workstations 

 Find out the work activities sequence and record the 

observations such as cycle time, task time and waiting 

time.  

 Calculate the performance value of existing workstations 

by using formulae. 

 Find the work load at each workstation to check its 

variation across the workstations. The work load can be 

obtained by multiplying number of workers and the task 

time of the respective workstation. 

 Group the workstations till the task times of grouped 

workstations reaches near the cycle time of the assembly 

line. Note that the task time of grouped workstations 

should never cross the cycle time of the assembly line. 

 Calculate the performance values of grouped 

workstations and note down the results. 

II. LITERATURE REVIEW 

According to Scholl and Becker[1], assembly line is a 

sequence of progressive assembly station linked by material 

handling devices. Assembly line is a special case of product 

layout in which operations pertain to assembly of different 

parts at few stations. 

The objectives of single model assembly lines are  

 Minimizing the number of stations for a given cycle time 

 Minimizing the cycle time for a given number of stations 

 Minimizing the balance delay time (sum of idle times) 

and the balance delay (percentage of idle times) over all 

stations. 

A work was presented by Sotinos Dimitriadis[2], on 

assembly line balancing and group working with a heuristic 

procedure for workers in groups operating on the same 

product and workstation. 

According to Nils Bovsen and Malte Fliedner[3], 

balancing assembly lines is a very important mission for 

manufacturing industries in order to improve productivity by 

minimizing the cycle time or the number of workstations. 

According to Helgeson and Birnie in [4], Ranked 

positional weight method (RPW) is a value to be computed 

for each element in the system. 

Steps in RPW method. 

1) Draw the precedence diagram 

2) For each work element, determine the positional weight. 

It is the total time on the longest path from the beginning 

of the operation to the last operation of the network 

3) Rank the work elements in descending order of RPW. 

Calculation of RPW would be explained in the example 

to follow. 

4) Assign the work element to a station. Choose the highest 

RPW element. Then, select the next one. Continue till 

cycle time is not violated. Follow the precedence 

constraints also.  

5) Repeat step 5 till all operations are allotted to one station. 

According to Osuva Emeka and Aniekan [5], the 

work load distribution in any aseemble line can be made 

uniform by reducing the number of workstations and thereby 

eliminating the idle time. 
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According to Merengo, F Nava and Pozzetti [6] new 

balancing and production sequencing methodologies which 

pursue the following common goals, minimizes the rate of 

incomplete jobs (In paced lines and in Moving lines) or the 

probability of blocking / Starvation events (In unpaced lines 

), reducing WIP. 

III. PROBLEM STATEMENT 

ABC Company has got three shop floors in which shop floor 

1 manufacture Rotary rack oven (RRO) which earns the 

major revenue for the company. As mentioned below, the 

manufacturing of RRO takes place at fixed layout, that all the 

parts and sub assembly brought to one place where complete 

fabrication and final assembly is done. There B-700 consist 

of 114 parts and these can be broadly classified into three 

major components which are sheet metal parts, structures& 

frames and mechanical and electrical components. 

In a month’s duration company is able to assemble 

only 30 ovens where the target is to assemble 50 oven. Hence 

the challenge is to reduce the cycle time of oven by using IE 

techniques. 

IV. PROJECT OBJECTIVES 

 To distribute the work load uniformly. 

 To balance the assembly line. 

 To optimizes the resources (manpower). 

 To identify the wastes and non-value added activities. 

V. PROJECT PLAN 

To carry out the project work in a ABC Company at first 

observation of the plant was done and found the area of 

interest and then specifically came to the problem to be 

concentrated upon. After getting the problem definition all 

the data were collected and the data was analyzed and 

respective results were obtained and then gave the solution to 

the real life problem. 

VI. DATA COLLECTION 

 Time available for work  

Shift duration =9 hrs=540 

Allowance =60 min (30 min for lunch and two tea breaks 

of 15 min) 

=540-480=480 min  

 Total task time for one unit, Tt=2441 

 Total idle time= 349 

 Total time taken for one unit=2790 

 Number of workstation, m=9 

 Time taken for stage 1- 366 min 

 Time taken for stage 2- 219 min 

 Time taken for stage 3- 112 min 

 Time taken for stage 4- 456 min 

 Time taken for stage 5- 140 min 

 Time taken for stage 6- 310 min 

 Time taken for stage 7- 642 min 

 Time taken for stage 8- 121 min 

 Time taken for stage 9- 75 min 

 

 
Table 1: 

VII. RESULTS 

A. Calculation for Existing 9 Stages: 

The highest time taken by a workstation in the assembly line 

is 708 mins. 

Therefore C.T= 708 mins. 

1) Maximum output = Available time 

             Cycle time 

= 480 min ⁄ 708 min 

= 0.678 Units/day 

2) Line efficiency n= sum of task time ⁄ (actual no. of 

workstations* cycle time) 

        = 2790 ⁄ 9*70 

       = 0.437 

       = 43.07% 

3) Balance Delay =  (m*C.T)- T  

         m*C.T 

             Where m= No. of Work stations 

              C.T=Cycle time 

             T= Task time 

  = (9*708)-2790 

            9*708 

   = 56.2% 

B. Grouping the Station: 

Grouping is done to the work station till the task time of 

grouped work station is near to the cycle time of the assembly 

line, but should never exceed the cycle time(708 min). 

Trial 1: Stages 1and 2, total task time= 366+219=585 mins 

Trial 2: Stages 1,2 and 3, Task time= 366+219+112= 697 

mins 
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Trial 3: Stages 1,2,3 and 4, Task time= 366+219+112+456= 

1053 mins 

From the above trials we can see that grouping states 

1,2 and 3, we can get the task time of 697 mins, but grouping 

stages 1 2 3 and 4, we can get task time of 1053 mins. Since 

the task time of grouped worked stations should be less than 

cycle time of the assembly time, we select trial 2. Similarly 

grouping is done to remaining work stations and is shown 

below. 

 
Table 2: 

C. Calculations for Grouped Work Stations: 

1) Line efficiency n= sum of task time ⁄ (actual no. of 

workstations* cycle time) 

              = 2790 

           5*708 

            = 0.790 

          = 79% 

2) Balance Delay =   (m*C.T)- T  

     m*C.T 

             Where m= No. of Work stations 

              C.T=Cycle time 

             T= Task time 

      = (5*708)-2790 

                    5*708 

              = 21% 

The line efficiency after grouping the work station 

is increased from 43.07% to 79%. And the balance delay 

reduces from 56.2% to 21%. This makes that work load 

distribution uniform across the workstations which makes the 

flow of the assembly line much smooth. 

VIII. CONCLUSION 

 Work load in the main assembly line main assembly line 

Since the assembly line in the plant is manually operated and 

the work allotted to workers is in individual stages, there is a 

lot of time wastage between the workstations which is the 

reason for its high balanced delay. By grouping the 

workstations, the work allotted to the workers are in groups 

and this which has a task time near to the cycle time of the 

assembly time. This reduces the waiting time between the 

workstations and decreases the balanced delay in the 

assembly line. The changes in line efficiency and balanced 

delay before and after grouping the workstations is shown 

below. 

 
Table 3: 

The flow in the assembly line becomes smooth. Due 

to the results shown above. Hence the work load distribution 

in terms of grouped workstations is recommended rather than 

individual workstations. 
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