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Abstract— The main objective of the project was to improve 

the productivity of the production line, by identifying the 

value added activities and eliminates the non value added 

activities through time study. To improve the value added 

activities of the line and to carry out line balancing of the line 

with respect to the allocation of workers and stations of the 

line. Using the technique of ranked positional weight method 

the line balancing of workstation was done. Line efficiency 

and balance delay of current and future state were calculated 

to know the changes in the production line. Volvo 

Construction Equipment, Bangalore is a worldwide known 

brand company that deals with construction equipment like 

excavator, road machinery, and pavers. In India they 

manufacture only Excavators, Road machinery and Pavers. 

The project was carried out in the Paver assembly line, where 

they manufacture two models of pavers, which are 4370B, 

4320B. 

Key words: Productivity improvement, Time study, line 

balancing, over assembly line effectiveness 

I. INTRODUCTION 

A. Line Balancing: 

 Line-balancing strategy is to make production lines 

flexible enough to absorb external and internal lack of 

discretion 

 Assembly line balancing involves the action of 

assembling different parts together. 

 Line Balancing is the problem of assigning operations to 

workstations of an assembly line, in such a way that the 

assignment to be best in sense. 

 There are two types of line balancing which include 

Static Balance and Dynamic Balance.  

 Static Balance denote long-term differences in 

capacity over a stage of several hours or longer. 

Static imbalance effects in lack of utilization of 

workstations, machines and people. 

 Dynamic Balance is the short-term differences of 

capacity like over a period of minutes, hours at most. 

Dynamic imbalance occurs from changes of product 

mix and work time difference which are  dissimilar 

to product mix. 

 The intent of Line balancing is to match the output rate 

to the production plan. Line balancing operates under 

two circumstances: 

 Precedence Constraint: Products will not progress to 

other station if it doesn’t complete the  task at that station. 

It will not across other station because definite part needs 

to be performed before other activities. 

 Cycle time Restriction: Cycle time is maximum time for 

products spent in every workstation. Different 

workstation will have different cycle time. 

 Objective of Line Balancing: Major objectives of Line 

balancing procedure. It is used to: 

 Finding the location of bottleneck. 

 Deciding number of workstation. 

 Decreasing production cost. 

 Manage the workloads among assemblies. 

 Assigning the tasks to each work station in such a 

way that there is little idle time. 

B. Terms in Line Balancing Technique 

 Cycle Time: Maximum time allowed at each station. It 

can be found by dividing required units to production 

time available per day. The time expressed in minutes 

between two concurrent products coming to the end of 

production line. The calculation of cycle time considers 

the entire production quantities. If multiple lines are 

producing the same product, then the composite cycle 

time is less than the actual lapse time of any individual 

line. 

 Lead Time: Total of production times along the assembly 

line. 

 Bottleneck: Delay in transmission will slow down the 

production rate.  

 Task Precedence: It is the series by which tasks are 

carried out. The product cannot be moved to the next 

station if it’s previous station is not completed. 

 Idle time: A stage when system is not used but is 

available. 

 Productivity: It is the ratio of output over input. 

Productivity depends on many factors such as workers 

skills, jobs method and machine used. 

 Takt times: The time required by competent worker or 

unattended machine to perform a task. This is usually 

expressed in minutes 

 Work station: An area where a worker with tools if one 

or more machines or unattended machines such as robot 

perform specific task in a production line. 

 Downtime: Downtime is the time that is non value 

added. 

C. Assembly Line Balancing by RPW Method: 

 The assembly line balancing problem is considered as 

one of the classical industrial engineering problems. 

 It is used to assemble components or tasks into a final 

product. The fundamental of the line balancing problem 

is to assign the tasks to an ordered sequence of 

workstations in order to minimize the workload variance 

of the line. 

 Some of the terms associated with general assembly lines 

are work content, cycle time, delay, line balance 

efficiency, line efficiency. All these values can be 

calculated after the collection of data. 
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D. About The Company 

 This project is carried out in the major international 

company that develops, manufactures and markets 

equipment for construction and related industries 

 The project was carried in paver assembly line. These 

company is a make to assemble industry which is also a 

make to order industry.  In the plant it has 3 stations and 

5 substations (feeders).   

 Since it is a make to order industry, it works on the takt 

time, where is Calculated by: 

 Takt time – Available time for production/required units 

of production 

 If the demand for month is 5, the takt time is 2000 

minutes, like wise if the demand is 3 for the day 3692 

minutes is the takt time. 

 To assemble a Paver it takes twelve days to assemble, 

which is around 5760 hours.  

II. LITERATURE REVIEW 

 Kumar and Antony [1] explains in this paper the Lean 

Sigma framework to reduce the defect occurring in the 

final product (automobile accessories) manufactured by 

a die-casting process.   

 Dinesh Sethy & Vaibhav Guptaz [2] explained in this 

paper, they have made use of VSM as a technique to 

achieve productivity improvement as supplier end for an 

auto industry.   

 Naveen Kumar & Dalgobind Mahto [3] explained in the 

paper what is line balancing and how tasks are to be 

assigned to work stations, so that the predetermined goal 

is achieved.    

 Hung-da wan and Frank Chen [4] gave an insight about 

how various tools & techniques are used to improve the 

process in order to track the progress, lean metrics were 

developed correspondingly. 

III. PROBLEM STATEMENT 

Application of lean techniques to reduce the losses in the 

assembly line process, by eliminating the non value activities 

and improving the value added activities and by using the 

lean tool, i.e to acknowledge the use of line balancing 

techniques like RPW method to allocate the workers 

uniformly across the line and also to the lines . 

A. Objectives of The Project: 

 To identify the wastes and NVA activities of paver 

assembly line  

 To balance the production line 

 To optimize resources (manpower) 

B. Research Methodology: 

 Studied the entire plant assembly process. 

 Collected data, by carrying out time study. 

 Identified value added and non value added activities 

 Eliminated non value added activities and improvised the 

value added activities 

 Used techniques like line balancing to balance the line  

 Analyse the results to develop a method to do line 

balancing. 

IV. DATA COLLECTION 

A. Observations: 

 Time available for work  

Shift durations=9hours 30mins=570mins 

Allowance=90mins(30 mins for lunch and  three tea 

breaks of 20 mins) 

=570-90=480mins. 

 Total task time for one unit Tt =5068.6mins 

 Total idle time =1163 mins 

 Total time taken for one unit=6231 mins 

 Number of workstations, m=9 

B.  Time Taken for The Completion of Screed Assembly: 

There are 20 work operations carried out in the sub-assembly 

of screed. The time taken for this is shown below. 

Work element Time(mins) 

A 20 

B 10 

C 90 

D 70 

E 20 

F 15 

G 15 

H 130 

I 180 

J 260 

K 240 

L 180 

M 180 

N 120 

O 180 

P 120 

Q 30 

R 60 

S 90 

T 130 

U 30 

V 30 

W 70 

X 630 

Table 1: Time taken for screed sub-assembly 
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C. The Precedence Diagram of Screed Is Shown Below: 

 
Fig. 1: 

 The number inside the node of the above precedence 

 Diagram shows the work element number. 

 The time taken by the work element is shown outside  

 the node in the precedence diagram. 

 Final RPW value of each work element in the sub-

assembly. 

Rank position weight is the total time and the longest 

path from the beginning of the operation to the last operation 

of the network. It is calculated by going in a reverse direction 

of the precedence diagram. Its value is obtained by adding the 

time values of current worl element and the sum of time 

values of next work elements. The RPW value for the 20 work 

elements is calculated using the precedence diagram, and its 

shown below. 

Work 

element 

Time 

(mins) 
RPW 

Immediate 

predecessors 

A 20 2390 - 

B 10 2370 A 

C 90 2360 B 

D 70 2270 C 

E 20 2200 D 

F 15 1400 - 

G 15 1385 F 

H 130 2180 E 

I 180 2050 H 

J 260 1870 I 

K 240 1610 J 

L 180 1370 G 

M 180 1370 K 

N 120 1490 - 

O 180 1370 N 

P 120 1190 M 

Q 30 1070 P 

R 60 1040 Q 

S 90 980 R 

T 130 890 S 

U 30 760 T 

V 30 730 U 

W 30 700 V 

X 630 630 W 
Table 2: RPW value of work elements of screed. 

D. Calculations: 

 Minimum number of workstations=

𝑻𝒂𝒔𝒌 𝒕𝒊𝒎𝒆

𝑪𝒚𝒄𝒍𝒆 𝒕𝒊𝒎𝒆
=

𝟐𝟗𝟎𝟎

𝟔𝟑𝟎
=4.68 

Workstations                           = 5 

Stages Total time 

I 535 

II 620 

III 555 

IV 560 

V 630 

Table 3: Time taken by each group 



Application of Lean Techniques in Paver Assembly Line 

 (IJSRD/Vol. 4/Issue 05/2016/351) 

  

 All rights reserved by www.ijsrd.com 1438 

E. Precedence Diagram of Grouped Workstations: 

 
Fig. 2: Precedence diagram of grouped workstations 

V. RESULTS 

We know that cycle time = 630 mins 

Using RPW method, grouping work elements 

1,2,3,4,5,6,8,9 we get task time of 535 mins and grouping 

work elements 10,11,14 we get task time of 620 mins 

,grouping work elements 7,12,13,15 we get task time of  555 

mins, grouping work elements of 16,17,18,19,20,21,22,23 we 

get task time of 560 mins ,grouping work element 24 we get 

task time of 630 mins. 

That is there should be 5 workstations. 

 
Fig. 3: work element in 5 workstations. 

  The above graph shows the RPW method where, 

grouping work elements 1,2,3,4,5,6,8,9 we get task time of 

535 mins and grouping work elements 10,11,14 we get task 

time of 620 mins, grouping work elements 7,12,13,15 we get 

task time of  555 mins, grouping work elements of 

16,17,18,19,20,21,22,23 we get task time of 560 mins 

,grouping work element 24 we get task time of 630 mins. 

VI. CONCLUSION 

A. Applying RPW for The Assembly Lines: 

In the assembly line, the task time to complete one screed and 

its extensions was 2900mins the cycle time of the assembly 

line is 630mins. Since the task time of screed in the assembly 

line was much higher than the cycle time of the assembly line, 

the completion of screed and its extensions was not in 

synchronization with the main assembly line. By using RPW 

method we infer that there should be 5 workstations for this 

assembly line so that the completion of screed is less than 

cycle time of the assembly line. If there are 5 workstations for 

the screed assembly line there is a good synchronization in 

the assembly line. Thus the waiting time is reduced. The first 

workstation has a task time of 535mins, the second 

workstation has a task time 620mins, the third workstation 

has a task time of 555min, the fourth workstation has a task 

time of 560mins and fifth workstation has a task time of 

630mins. All the workstations have task time less than the 

cycle time of the assembly line but are very near to the cycle 

time. This shows that there is less delay and becomes very 

efficient. Hence 5 workstations is recommended for the 

assembly line of screed. 
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