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Abstract— In this research we aimed to improve a line 

balancing efficiency of a small scale leather women’s 

handbag manufacturing industry which was having a very 

poor line efficiency of 40.5%. So much of wastage of time, 

manpower and recourses were taking place at the 

organization. The aim of this thesis report was to improve the 

line efficiency of the organization by using heuristic methods 

of line balancing i.e. largest candidate rule, Kilbridge & 

wester column method and rank positional method then we 

have done a comparative study in the existing factory with 

line balancing technologies. First of all we calculated the 

existing line efficiency of the organization mathematically 

which was found to be 40.5%. Then we applied largest 

candidate rule (LCR), Kilbridge and wester column (KWC) 

and rank positional method (RPW) methods of line balancing 

in the existing factory to balance the sequence and time 

duration of work elements. We done mathematical analysis 

and found that by using largest candidate rule method, line 

efficiency can be increased to 77.09, Kilbridge & wester 

column method gives 70.70% line efficiency and rank 

positional weighted method gives 77.09% line efficiency. It 

is proposed that we can use the largest candidate rule or rank 

positional method to increase the line efficiency of the 

existing organization and thus can improve the productivity. 
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I. INTRODUCTION 

An assembly line is a manufacturing process (often called 

a progressive assembly) in which parts 

(usually interchangeable 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. Assembly lines are 

common methods of assembling complex items such 

as automobiles & other transportation equipment, household 

appliances and electronic goods. Assembly lines are designed 

for the sequential organization of workers, tools or machines, 

and parts. The motion of workers is minimized to the extent 

possible. All parts or assemblies are handled either 

by conveyors or motorized vehicles such as fork lifts, 

or gravity, with no manual trucking. Heavy lifting is done by 

machines such as overhead cranes or forklifts. Each worker 

typically performs one simple operation. The principles of 

assembly are Place the tools and the men in the sequence of 

the operation so that each component part shall travel the least 

possible distance while in the process of finishing. Then Use 

work slides or some other form of carrier so that when a 

workman completes his operation, he drops the part always 

in the same place which place must always be the most 

convenient place to his hand and if possible have gravity 

carry the part to the next workman for his own. Afterward 

Use sliding assembling lines by which the parts to be 

assembled are delivered at convenient distances. 

II. METHODOLOGY 

The methodology of this research will have 

Following steps 

A. Process Flow Chart 

The methodology of the research contains the following 

processes to be done for the calculation of balance delay and 

line efficiency so as to increase the productivity of the current 

organization is shown below in figure 2.1. 

 
Fig. 2.1: Process Flow Chart of the Methodology 

B. Calculation of Current Line Efficiency of the 

Organization 

In this step we will calculate the current line efficiency with 

the help of current data available of the organization. For this 

purpose will be requiring number of workstations (N), cycle 

time (Tc), total work content (Twc). The calculation of the 

cycle time, number of workstations and line efficiency can be 

done by using these formulas. 
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C. Use of Heuristic Algorithm for Improvement of Line 

Efficiency 

In this step we will use the heuristic algorithm such as Largest 

Candidate Rule, Kilbridge and Wester Column Method and 

Rank Positional Weighted method to improve the line 

efficiency. These are very sophisticated method used for line 

balancing. 

1) Largest-Candidate Rule (LCR) 

This is the easiest method to understand. The work elements 

are selected for assignment to stations simply on the basis of 

the size of their Te values. 

a) Procedure: 

1) Step 1. List all elements in descending order of Te value, 

largest Te at the top of the list.  

2) Step 2. To assign elements to the first workstation, start 

at the top of the list and work done, selecting the first 

feasible element for placement at the station. A feasible 

element is one that satisfies the precedence requirements 

and does not cause the sum of the Tej value at station to 

exceed the cycle time Tc. 

3) Step 3. Repeat step 2. 

2) Kilbridge & Wester's Column Method (KWC)- 

It is a heuristic procedure which selects work elements for 

assignment to stations according to their position in the 

precedence diagram. This overcomes one of the difficulties 

with the largest candidate rule (LCR), with which elements at 

the end of the precedence diagram might be the first 

candidates to be considered, simply because their values are 

large. 

a) Procedure: 

1) Step 1. Construct the precedence diagram so those nodes 

representing work elements of identical precedence are 

arranged vertically in columns. 

2) Step 2. List the elements in order of their columns, 

column I at the top of the list. If an element can be located 

in more than one column, list all columns by the element 

to show the transferability of the element. 

3) Step 3. To assign elements to workstations, start with the 

column I elements. Continue the assignment procedure 

in order of column number until the cycle time is reached 

(Tc). 

3) Ranked Positional Weighted Method (RPW) 

It Combined the LCR and K-W methods. The RPW takes 

account of both the Te value of the element and its position 

in the precedence diagram. Then, the elements are assigned 

to workstations in the general order of their RPW values. 

a) Procedure 

1) Step 1. Calculate the RPW for each element by summing 

the elements Te together with the Te values for all the 

elements that follow it in the arrow chain of the 

precedence diagram. 

2) Step 2 List the elements in the order of their RPW, largest 

RPW at the top of the list. For convenience, include the 

Te value and immediate predecessors for each element. 

3) Step 3. Assign elements to stations according to RPW, 

avoiding precedence constraint and time cycle 

violations. 

4) By using all these three algorithms we need to find out 

the balance delay and line efficiency of the organization 

in each case. 

III. RESULT ANALYSIS 

The following work element data relates to a small scale 

women handbag manufacturing company namely Gagan 

Leather House Private Limited, Indore, and Madhya Pradesh, 

India. 

A. Analysis of Line Efficiency of the Current Factory 

1) Analysis of Work Element Data of Current Factory 

Task 
Task Time 

(Sec) 

Immediate 

Predecessor 

1 (Cutting) 55 - 

2 (Skewing) 47 1 

3 (Glue Adding) 24 2 

4 (Painting) 55 1 

5 (Hot Marking) 22 1 

6 (Swing) 108 3,4,5 

7 (Painting) 74 6 

8 (Drying) 139 7,9 

9 (Zipper Setting) 114 6 

10 (Manual Material 

Handling) 
61 8 

11 (Cloth Adding) 99 10 

12 (CNC Swing) 60 11 

13 (Hot Work) 34 11 

14 (Logo Punch) 32 11 

15 (Final Swing) 120 12,13,14 

16 (Final Zipper 

Setting) 
130 12,13,14 

17 (Finishing) 61 15,16 

18 (Quality Control) 30 17 

19 (Packaging) 14 18 

Total Task Time 1279  

Table 3.1.1: Analysis of Work Element Data 

2) Preparation of Precedence Diagram 

The below shown diagram shows the precedence diagram of 

the existing factory 

 
Fig. 3.1.2: Precedence Diagram of Existing Unit 

3) Calculation of Line Efficiency & Balance Delay 

Demand per month of hand bags = 6250 pieces 

Working day in a month = 24 days 

Working hour in a day = 12 hours 

Number of workstation (N) = 19 

Total work content = 1279 seconds 

So cycle time is calculated as follows 

 
Tc = 1036800 / 6250 

(Cycle time or takt time) TC = 165.89                (1) 

Number of work stations N = 19 

a) Line Efficiency Calculation 

Balance Delay = {(NTC- TWC) / (NTC)} × 100 

Balance Delay = 
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{(19× 165.89 – 1279) /(19×165.89)} ×100 

Balance Delay = 0.594 = 59.4 %                       (2) 

So now 

Line efficiency (ɳ) = 1- Balance Delay 

Line efficiency (ɳ) = 1- 0.594 

Line efficiency (ɳ) = 0.405 = 40.5 % …………  (3) 

The figure 3.1.3 shown below shows the processes with their 

respective times 

 
Fig 3.1.3: Processes with their Respective Times 

B. New Layout by Using Largest Candidate Rule of Line 

Balancing 

By following largest candidate rule method we have found 

out the optimum number of workstations to be 10. The line 

efficiency and balance delay calculation shown below- 

1) Calculation of Line Efficiency & Balance Delay 

 Demand per month of hand bags = 6250 pieces 

 Working day in a month = 24 days 

 Working hour in a day = 12 hours 

 Number of workstation (N) = 10 

 Total work content = 1279 seconds 

So cycle time is calculated as follows 

                       (1) 

Tc = 1036800 / 6250 

(Cycle time or takt time) Tc = 165.89             (2) 

Number of work stations N = 10 

a) Line efficiency calculation: 

Balance Delay = {(NTC- TWC) / (NTC)} × 100 

Balance Delay = {(10× 165.89 – 1279) / (10×165.89)} ×100 

Balance Delay = 0.229 = 22.9 %                    (3) 

So now 

Line efficiency (ɳ) = 1- Balance Delay 

Line efficiency (ɳ) = 1- 0.229 

Line efficiency (ɳ) = 0.779 = 77.9 %              (4) 

The below 3.2.1 table shows the summary of line balancing 

with the help of LCR. 

Workstat

ions 
Processes 

Time 

Duration 

(Sec) 

1 (Cutting,Painting,Skewing,) 157 

2 
(Glue Adding,Hot 

Marking,Swing ) 
154 

3 (Zipper Setting) 114 

4 (Painting) 74 

5 (Painting) 139 

6 
Manual Material 

Handling,Cloth Adding) 
160 

7 
(Cnc Swing,Hot Work, 

Logo Punch) 
126 

8 (Final Zipper Setting) 130 

9 (Final Swing) 120 

10 
(Finishing, Quality 

Control,Packaging) 
105 

Table 3.2.1: Summary of Line Balancing with the Help of 

LCR 

The below shown figure 3.2.1 shows the line balancing by 

LCR. 

 
Fig. 3.2.1: Line Balancing by LCR 

C. New Layout by Kilbridge & Wester Column Rule of Line 

Balancing 

By following kilbridge and wester column method we have 

found out the optimum number of workstations to be 13. The 

line efficiency and balance delay calculation shown below- 

1) Calculation of Line Efficiency and Balance Delay 

 Demand per month of hand bags = 6250 pieces 

 Working day in a month = 24 days 

 Working hour in a day = 12 hours 

 Number of workstation (N) = 13 

 Total work content = 1279 seconds 

a) Line Efficiency Calculation 

Balance Delay = {(NTC- TWC) / (NTC)} × 100 

Balance Delay = {(13× 139 – 1279) / (13×139)} ×100 

Balance Delay = 0.292 = 29.2 %                  (3) 

So now 

Line efficiency (ɳ) = 1- Balance Delay 

Line efficiency (ɳ) = 1- 0.292 

Line efficiency (ɳ) = 0.707 = 70.7 %                   (4) 

2) Distribution of work elements to workstation according 

to KWC method- 

The distribution of work elements to workstation according 

to KWC method is shown below in figure 3.3.2. 

 
Fig. 3.3.2: Distribution of Work Elements to Workstation 

The below shown figure 3.3.3 shows the line balancing with 

KWC method 
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Fig. 3.3.3: Line Balancing With KWC Method 

D. New Layout by Rank Positional Weighted Method of Line 

Balancing 

1) Calculation of Line Efficiency and Balance Delay 

 Demand per month of hand bags = 6250 pieces 

 Working day in a month = 24 days 

 Working hour in a day = 12 hours 

 Number of workstation (N) = 10 

 Total work content = 1279 seconds 

a) Line Efficiency Calculation 

Balance Delay = {(NTC- TWC) / (NTC)} × 100 

Balance Delay = {(10× 165.89 – 1279) / (10×165.89)} ×100 

Balance Delay = 0.229 = 22.9 %                    (3) 

So now 

Line efficiency (ɳ) = 1- Balance Delay 

Line efficiency (ɳ) = 1- 0.229 

Line efficiency (ɳ) = 0.7709 = 77.09 %               (4) 

The below table 3.3.1 shows the optimum number of 

workstation according to KWC method 

Worksta

tion 
Processes 

Time 

Duration 

(sec) 

1 (Cutting, Skewing, Painting) 157 

2 
(Glue Adding, Hot Marking, 

Swing ) 
154 

3 (Zipper Setting) 114 

4 (Painting) 74 

5 (Drying) 139 

6 
(Manual Material Handling, 

Cloth Adding) 
160 

7 
(CNC Swing, Hot Work, 

Logo Punch) 
126 

8 (Final Zipper Setting) 130 

9 (Final Swing) 120 

10 
(Finishing, Quality Control, 

Packaging) 
105 

Table 3.3.1: Optimum Number of Workstation According to 

RPW Method 

The below shown figure 3.4.1 shows the line balancing 

through RPW method 

 
Figure 3.4.1 Line Balancing Through RPW Method 

E. Result Summary 

We have done the numerical analysis of the line efficiency of 

the current organization with existing setup and then analyzed 

numerically for line balancing with three heuristic methods 

i.e. largest candidate rule, Kilbridge and wester column 

method and rank positional weighted method respectively. 

Sr 

No

. 

Line Balancing Methods 
Line 

Efficiency 

1 Current Factory 40.50% 

2 Largest Candidate Rule (LCR) 77.09% 

3 
Kilbridge And Wester 

Column(KWC) 
70.70% 

4 Rank Positional Weight (RPW) 77.09% 

Table 3.5.1: Result Summary of line efficiencies of LCR, 

KWC & RPW methods 

The below shown figure 3.5.1 shows the line efficiency 

comparison of existing, LCR, KWC and RPW line balancing 

efficiencies 

 
Fig. 3.5.1: Line Efficiency Comparison 

IV. CONCLUSION 

In this research we have study and analyzed the line 

efficiency problem of a women hand bag manufacturing 

industry. At first we have calculated the current line 

efficiency of the organization which was very poor only 

40.5%. So we used some heuristic methods of line balancing 

which are largest candidate rule, Kilbridge & wester column 

and rank positional weighted method of line balancing for the 

organization to balance the sequence and time duration of 

work elements. We done mathematical analysis and found 

that by using largest candidate rule method, line efficiency 



Improvement of Production Rate by Line Balancing for Small Scale Industry: A Case Study 

 (IJSRD/Vol. 6/Issue 09/2018/024) 

 

 All rights reserved by www.ijsrd.com 91 

can be increased to 77.09, Kilbridge & wester column method 

gives 70.70% line efficiency and rank positional weighted 

method gives 77.09% line efficiency. Hence we can use the 

largest candidate rule or rank positional method to increase 

the line efficiency. All of the three heuristic method of line 

balancing i.e. largest candidate rule, Kilbridge & wester 

column method and rank positional weighted method were 

studied for the line balancing of the existing women hand bag 

manufacturing organization. 

REFERENCES 

[1] Nurul Nazeerah Mishan and Masine Md Tap, 

“Increasing Line Efficiency By Using Timestudy And 

Line Balancing In A Food Manufacturing Company”, 

Jurnal Mekanikal, Vol 38, 32-43, DEC 2015. 

[2] Ahmad Naufal Adnan, Nurul Ain Arbaai And Azianti 

Ismail, “Improvement Of Overall Efficiency Of 

Production Line By Using Line Balancing”, ARPN 

Journal Of Engineering And Applied Sciences, Vol. 11, 

No. 12, June 2016. 

[3] Akshay D. Wankhade & Dr. Achal S. Shahare, 

“Productivity Improvement by Optimum Utilization of 

Plant Layout: A Case Study”, International Research 

Journal of Engineering and Technology, Volume 04, 

Issue 06, June -2017. 

[4] Yotsuda Buranasing and Juthamas Choomlucksana, 

“Lean Manufacturing and Work Study: Analysis and 

Integration in an Outbound Logistics Case Study”, 

Journal of Engineering and Science Research, volume 2, 

issue 2, pp 17-25, 2018. 

[5] Balaji Rathod, Prasad Shinde, Darshan Raut & Govind 

Waghmare, “Optimization of Cycle Time by Lean 

Manufacturing Techniques Line Balancing Approach”, 

International Journal For Research In Applied Science & 

EngineeringTechnology, Volume 4 Issue V, May 2016. 

[6] Sleem S.N., Helal M. and Elassal A.M., “Using 

Computer Simulation in Lean Manufacturing 

Implementation”, Benha Faculty of Engineering, Benha 

University, Mechanical Engineering Technology, 

EGYPT. 

[7] Maciej Pieńkowski, “Waste Measurement Techniques 

For Lean Companies”, International Journal Of Lean 

Thinking ,Volume 5, Issue 1,December 2014. 

[8] Mr. Satish Keru Raut, Prof. Kedar M. Relekar and Mr. 

Vikas Sarjerao Dhane, “A Case Study of Productivity 

Improvement by using IE Tools”, International Journal 

Of Innovations In Engineering Research And 

Technology [IJIERT], volume 1, issue 1 NOV 2014. 

[9] Jaana Koistinen, “Automation Of Pre Assembly Cell 

And Improvement Of Material Flow”, Management 

Oulu University Of Applied Sciences, 2015. 

[10] Shravan Dhanpal Harinath and Shakeel Ahmed Siddique 

, “Identifying specific line balancing criteria for an 

efficient line balancing software”, Production 

Development and Management, January 2018. 

[11] Amol Nayakappa Patil And M Prabhakaran, “Labor 

Productivity Improvement By Work Study Tools Of 

Fiber Composite Company”, International Journal Of 

Research In Engineering And Technology, Volume: 05 

Issue: 09, Sep-2016. 

[12] Amal S Das & P V Gopinadhan, “Productivity 

Improvement Using Industrial Engineering Tools – Case 

Study Of a Typical Spinning Mill”, International Journal 

of Engineering Development and Research, Volume 4, 

Issue 3 , 2016. 

[13] Chyntia Ramadina and Ineu Widaningsih Sosodoro, 

“Manpower Planning of Assembly Line Part 

A005TG2991ZJ at PT. Mitsubishi Electric Automotive 

Indonesia, Jawa Barat”, Faculty of Engineering, 

Industrial Engineering Department, President 

University, J. Ki Hajar Dewantara Kota 

Jababeka,Cikarang, Bekasi – Indonesia. 

[14] Thosapon Thongchai & Pichit Sukchareonpong, “The 

Improvement of the Airbag Manufacturing: A Case 

Study of the Automotive Safety Equipment”, Journal of 

Engineering and Technology, Volume 5, issue1, January 

- June 2017. 

[15] Nur Nadiah Binti Mohammad Alwudin, “The Reduction 

Of Work In Progress Between Process In Strut 

Production Line Of A Manufacturing Factory”, Faculty 

Of Manufacturing Engineering University Malaysia 

Pahang , June 2012. 

[16] Masudul Haque Talukder, Mohammad Ali Afzal, 

MD.Abdur Rahim & Mohd.Rifat Khan, “Waste 

Reduction and Productivity Improvement through Lean 

Tools”, International Journal of Scientific & Engineering 

Research, Volume 4, Issue 11, November-2013. 

[17] Subrata Talapatra, Sharif-Al-Mahmud & Imran Kabir, 

“Overall Efficiency Improvement of a Production Line 

by Using Yamazumi Chart: A Case Study”, Proceedings 

of the International Conference on Industrial 

Engineering and Operations Management Paris, France, 

July 26-27, 2018. 

[18] Bhavik Shaileshkumar Sheth, Tanmay Swaroop & 

Rabinder Henry , “A Case Study On Improving The 

Productivity Using Ie Tools” , International Journal Of 

Mechanical And Industrial Engineering (IJMIE), ISSN 

No. 2231 –6477, Volume-2, Issue-2, 2012. 

[19] Akashdeep Singh Gandhi, “Productivity Improvement 

through Time Study (Work Measurement) and Line 

Balancing at Automotive Seat Belts Manufacturer”, 

International Journal of Innovative Research in Science, 

Engineering and Technology, Vol. 7, Issue 7, July 2018. 

[20] H. Mapfaira, M. Mutingi, V.P. Kommula, K. Mashaba, 

M. Malema, and T. Selema, “The Use of Productivity 

Improvement Tools and Techniques in the Botswana 

Textile Industry”, International Journal of Mining, 

Metallurgy & Mechanical Engineering (IJMMME), 

Volume 3, Issue 3 2015. 

[21] Muhammad Farhan Mohd Suhaimi and Noor Azlina 

Mohd Salleh, “A Case Study On The Improvement Of 

Productivity And Efficiency Of A Quality Control Line 

For A Cutting Tool Manufacturer” , Journal of 

Mechanical Engineering , Vol SI 5(1), 222-239, 2018 . 

[22] Dušan Sabadka, Vieroslav Molnár, Gabriel Fedorko & 

Tomasz Jachowicz, “Optimization Of Production 

Processes Using The Yamazumi Method”, Advances In 

Science And Technology Research Journal, Volume 11, 

Issue 4, Pages 175–182, December 2017. 

[23] B. Naveen and Dr. T. Ramesh Babu, “Productivity 

Improvement in Manufacturing Industry Using 



Improvement of Production Rate by Line Balancing for Small Scale Industry: A Case Study 

 (IJSRD/Vol. 6/Issue 09/2018/024) 

 

 All rights reserved by www.ijsrd.com 92 

Industrial Engineering Tools”, IOSR Journal of 

Mechanical and Civil Engineering, p-ISSN: 2320-334X, 

PP 11-18. 

[24] Sandip K. Kumbhar, Niranjan M. R and Sanjay T. 

Satpute, “Assembly Line Production Improvement By 

Optimization Of Cycle Time”, International Journal of 

Mechanical And Production Engineering, Volume- 2, 

Issue-8, Aug.-2014. 

[25] EHR Consultants, “ NGIA Waste assessment project 

(NY13003)”, 2014. 

[26] Ottman J. “Green Marketing Opportunity for Innovation 

2nd Edition NTC Business”, Chicago ,(1998) 

[27] Wutichai Promsuwan, and Jeerapat Ngaoprasertwong, 

“Increase Productivity with Lean Concept in Final 

Visual Inspection Process of Hard Disk’s Suspension”, 

International Journal of Mining, Metallurgy & 

Mechanical Engineering (IJMMME) ,Volume 3, Issue 4 

(2015). 

[28] Dhruv Shah & Mr. Pritesh Patel, “Productivity 

Improvement by Implementing Lean Manufacturing 

Tools In Manufacturing Industry”, International 

Research Journal of Engineering and Technology 

(IRJET), Volume: 05 Issue: 03, Mar-2018. 

[29] Kelvin Chan, “Productivity methodologies, tools, and 

techniques” , Teian Consulting International Pte Ltd, 

Development of Productivity Practitioners ,Singapore. 

[30] Fahzy Abdul-Rahman, “Reduce, Reuse, Recycle: 

Alternatives for Waste Management”, Extension Family 

Resource Management Specialist, Department of 

Extension Family and Consumer Sciences, New Mexico 

State University, January 2014.  


