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Abstract – In an assembly line, the balancing of 

workload at different workstations is necessary to 

avoid the idle time occurred between them. The time 

taken for the completion of task in a workstation should 

match the task time of next workstations to balance the 

assembly line. In the assembly line, the uniform 

distribution of workload is done by grouping the 

workstations so that waiting time between them can be 

reduced and the workload can be distributed in 

grouped workstations rather than individual 

workstations. If the workload is distributed in terms of 

grouped workstations, the task time of grouped 

workstations are near to the cycle time. This method is 

used in the main assembly line to reduce the balance  

delay thereby increasing the line efficiency. In the sub-

assembly of power train, the time taken for completion 

of power train is more than the cycle time of the 

assembly line. Hence the completion of power train is 

not in synchronization with the cycle time of the 

assembly line. This problem is solved by distributing the 

work elements of the power train sub-assembly into 

different workstations which matches to the cycle time 

of the assembly line. Here, Ranked position weight 

(RPW) method is used for line balancing. By using RPW 

method, we find the number of workstations required 

for the sub-assembly of power train. Also, by using RPW 

method we find which all work elements should be 

grouped in the workstations. This reduces the time 

wastage occurred between the completion of power 

train and its assembly to the chassis. Hence by grouping 

workstations in the main assembly line & using RPW 

method in the sub-assembly, the line efficiency is 

increased & the assembly line is balanced. 

 

Key Words: Assembly line balancing & Ranked 

Position weight method. 

1. INTRODUCTION 

The project work was carried out at Mahindra Reva 
Electric Vehicles Pvt. Ltd, Bengaluru. Founded in 1994 as 
the Reva Electric Car Company, the company was a joint 
venture between the Maini Group of Bangalore and AEV 
LLC of USA. In May 2010, the Mahindra Group acquired a 
majority stake in the company by USD $16.5 billion, & was 
renamed to Mahindra Reva Electric Vehicles Pvt Ltd. The 
company's new manufacturing facility in Bengaluru, 
inaugurated in august 2012 is the first automobile plant in 
India to get platinum rating from Indian Green Building 
Council and is capable of producing 30,000 cars per year. 

In this plant, there is no manufacturing of any 
components. All the components are purchased from the 
suppliers and only the assembly operations are carried out 
in this plant. All the assembly operations are carried out 
manually and components are added from one stage to the 
next stage. The assembly line of this plant is a single line 
flow in w-shape and the waiting time in one workstation 
affects the overall assembly line. Once the assembly 
process is completed, the final product (car) undergoes a 
rigorous testing process to meet the company’s standards. 
This includes a dynamo-run, water testing and finally a full 
body inspection under high intensity lighting to ensure 
that there are no imperfections both inside and outside 
the car. Upon passing these tests, the cars are signed by 
the head of quality control. The main objective of the 
project is to distribute the workload uniformly between 
the workstations in the assembly line and line balancing in 
the sub-assembly of power train. 

Process:  
Number of stages in assembly line= 28 

1. First chassis are dropped into assembly line. 
2. From here, the chassis moves from one stage to 

another. 
3. At each stage, components or parts gets 

assembled into the chassis 
4. This process continues till the final stage and 

finally inspection is done to the car and tested. 
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2 PROBLEM STATEMENT 

1. In a single flow manual assembly line, the starting 
of any work or task of a work station should be in 
synchronization with the completion of task of the 
previous workstation. This is because there is 
least waiting time between the workstations and 
hence the flow of chassis in a assembly line is 
smooth. In the assembly line, there is a waiting 
time between the workstations and hence the 
flow of chassis is not smooth. Since the assembly 
line is single line flow, the difference in workload 
distribution between the workstations increases 
the waiting time of other workstations and 
thereby reducing the line efficiency. To avoid the 
waiting time, workload should be distributed 
uniformly between the workstations so that there 
is least waiting time. 
 

2. In the sub-assembly of power train, there are 
seven components to be assembled. The 
completion of this subassembly takes 85 mins 
which is 40 mins higher than the cycle time of the 
main assembly line. That is, on a continuous 
production, there is a time lag of 40 mins with the 
completion of sub assembly of power train with 
the main assembly line. This problem can be 
solved by assembly line balancing using RPW 
method. 

 

3.  METHODOLOGY 

3.1 Workload distribution by grouping 
workstations 

 Find out the work activity sequence and record 
the observations such as cycle time, task time of 
workstation, waiting time etc. 

 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. 

 
3.2 Assembly line Balancing by RPW method 

1. Draw the precedence diagram of the activities 
performed 

2. For each work element, determine the positional 
weight. It is the total time on the longest path 
from the beginning of operation to the last 
operation of the network.  

3. Rank the work elements in descending order of 
ranked positional weight (R.P.W).  

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. Repeat this step till 
all operations are allotted to one station.  

 

4 DATA COLLECTION AND CALCULATIONS 

4.1 Workload in the main assembly line 
Observations 

 Time available for work (Ta) 
Shift durations= 8hrs= 480 mins. 
Allowance = 60 mins.  
Ta =480- 60= 420 mins. 

 Total task time for one unit, Tt= 422 mins. 
 Total idle time= 149 mins. 
 Total time taken for one unit= 571 mins. 
 Number of workstation, m= 28 

 Table -4.1: Sum of task time from stage 1-28  

Stages No. of 
workers 

Task time 
(mins) 

Work load 

1 1 15 15 
2 2 20 40 
3 1 8 8 
4 1 11 11 
5 1 15 15 
6 2 22 44 
7 1 18 18 
8 1 15 15 
9 2 22 44 
10 2 17 34 
11 1 15 15 
12 2 20 40 
13 2 22 44 
14 1 10 10 
15 2 35 70 
16 1 16 16 
17 1 8 8 
18 1 11 11 
19 1 8 8 
20 2 12 24 
21 1 8 8 
22 1 11 11 
23 1 10 10 
24 2 16 32 
25 1 11 11 
26 1 10 10 
27 2 21 42 
28 2 15 30 

 

The highest time taken by a workstation in the assembly 
line is 45 mins. 

Therefore C.T= 45 mins. 
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1. Maximum output =   

             =   = 9.33 = 9 units/ day 

2. Line efficiency, n =   

               =    = 0.334 = 33.4% 

3. Balance Delay =   

Where, m- no. of workstations 

                        C.T- Cycle time, T- Task time 

        =    = 0.665 = 66.5% 

4.2 Grouping the workstations 

Grouping is done to the workstations till the task time of 
grouped workstation is near to the cycle time of the 
assembly line but should ever exceed the cycle time (45 
mins). 
Trial l: Stage 1 & 2, total task time= 15 +20 = 35 mins 
Trial 2: Stage 1, 2 & 3, task time= 15+ 20+ 8= 43mins 
Trial 3: Stage 1,2,3 & 4= 15+20+ 8+11= 54mins 
From the above trials we can see that grouping stages 1,2 
& 3, we get the task time of 43 mins but grouping stages 
1,2,3 &4, we get task time of 54 mins. Since the task time 
of grouped workstations should be less than the cycle time 
of the assembly line, we select trial 2. Similarly grouping is 
done for remaining workstations and is shown below. 
 
Table -4.2: Task time of grouped workstations. 
 

Group 
no. 

Stages No. of 
workers 

Task 
time 
(mins) 

Idle 
time 
(mins) 

1 1-3 4 43 2 

2 4-5 2 26 19 

3 6-7 3 40 5 

4 8-9 3 37 8 

5 10-11 3 32 13 

6 12-13 4 42 3 

7 14-15 3 45 0 

8 16-19 4 43 2 

9 20-23 5 41 4 

10 24-26 4 37 8 

11 27-28 4 36 9 

 

Calculations for grouped workstations 

Sum of task times= 422 mins. 

Number of workstations= number of groups= 11 

1. Line efficiency, n =   

               =    = 0.852 = 85.2% 

2. Balance Delay =   

             Where, m- no. of groups (grouped workstations) 

                        C.T- Cycle time of assembly line 

                            T- Total Task time of assembly line 

                 =    = 0.147 = 14.7% 

 

4.3 Power train sub-Assembly line balancing 
The assembly of power train has a sequence of procedure 
shown below 
1. Fitment of Hub-subassembly (inserting bearing, bolts 
and pressing) 
2. Fitment of hub-subassembly to shaft (LH). 
3. Fitment of driveshaft to backplate (LH). 
4. Fitment of driveshaft to weldment(LH). 
5. Fitment of hub-subassembly to shaft (RH). 
6. Fitment of driveshaft to backplate (RH). 
7. Fitment of driveshaft to weldment(RH). 
8. Assembly of LH and RH arms to trailing arm 
9. Assembly of motor to trailing arm 
10. Assembly of transmission to motor 
 
There are 10 work operations carried out in the sub-
assembly of power train. The time taken for this is shown 
in the precedence diagram. 
 

 

Fig -4.1: Precedence diagram of power train Sub-assembly 
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Steps for line balancing 

1. Find RPW value of each work element in the 
Subassembly.  

 
Table -4.3: RPW value of work elements of Power train 
 
Work 
element # 

Time 
(mins) 

RPW Immediate 
predecesso
rs 

1 5 60 - 

2 8 55 1 

3 10 47 2 

4 7 37 3 

5 8 55 - 

6 10 47 5 

7 7 37 6 

8 10 30 4,7 

9 8 20 8 

10 12 12 9 

 

2. Arrange the work elements as per the descending 
value of RPW 

The next step is to rank the work elements in descending 
order of ranked positional weight. 
 
Table -4.4: Arranging the work elements as per the 
descending value of RPW 
 
Work 
elem
ent # 

Time (mins) RPW Immediate 
predecesso
rs 

1 5 60 - 

2 8 55 1 

5 8 55 - 

3 10 47 2 

6 10 47 5 

4 7 37 3 

7 7 37 6 

8 10 30 4,7 

9 8 20 8 

10 12 12 9 

 
 
We know that C.T = 45mins 
Using RPW method, grouping work elements 1,2,3,5, 6 we 
get task time of 41 mins and grouping work elements 4, 7, 
8, 9, 10, we get task times of 44 mins. That is, there should 
be 2 workstations.  
1 workstation= work element 1,2,3,5,6 
2nd workstation= work element- 4,7,8,9,10. 
The first workstation has a task time of 41 minutes and 
the second workstation has a task time of 44 minutes. 
Since the task times of both these workstations are near to 

the cycle time of the assembly line, there is less waiting 
time, thereby increasing line efficiency. 

 
Fig -4.2: Work elements in 2 workstations 

 

5. RESULTS & CONCLUSIONS 
By grouping the stages, the idle time is reduced from 149 
mins to 73 mins. The line efficiency after grouping of 
workstation is increased from 33.4% to 85.2% and the 
balance delay reduces from 66.5% to 14.7%. This makes 
the workload distribution uniform across the 
workstations which makes the flow of the assembly line 
much smooth. 

In the sub-assembly of power train, the task time to 
complete one power train was 85 minutes. The cycle time 
of the assembly line is 45 minutes. Since the task time of 
the power train sub-assembly was much higher than the 
cycle time of the assembly line, the completion of power 
train was not in synchronization with the main assembly 
line. By using RPW method, we infer that there should be 2 
workstations for this sub-assembly so that the completion 
of the power train in less than the cycle time of the 
assembly line. If there are 2 workstations for the power 
train sub-assembly, there is a good synchronization of 
power train sub-assembly with the main assembly line. 
That is, the waiting time of the chassis for the completion 
of power train sub assembly is reduced. The first 
workstation has a task time of 41 minutes and the second 
workstation has a task time of 44 minutes. Both the 
workstations have task time less than the cycle time of 
assembly line, but are very near to the cycle time. This 
shows that there is less delay and becomes very efficient. 
Hence 2 workstations are recommended for the sub-
assembly of power train. 
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