
ADVANCES in NATURAL and APPLIED SCIENCES 

 
ISSN: 1995-0772                                                                                                                                           Published BY AENSI  Publication 

EISSN: 1998-1090                                                                                                                                                           http://www.aensiweb.com/ANAS    

2016 Special 10(10): pages 31-43                                                                                                                             Open Access Journal                                                                                                  

 

To Cite This Article: G. Sathishwaran, Vipin Jose, Ganesh Kumar Nithyanandam., Reduction of Cycle time & Defects of Bogie 
Frames in Rail Coach Using Lean Principles. Advances in Natural and Applied Sciences. 10(10); Pages: 31-43 

 

Reduction of Cycle time & Defects of Bogie 

Frames in Rail Coach Using Lean Principles 
 
1G. Sathishwaran, 2Vipin Jose,  3Ganesh Kumar Nithyanandam 

 
1PG Scholar, Department of Mechanical Engineering PSG College of Technology Coimbatore, India. 
2Department of Production Planning,  M/s BEML Ltd, Palakkad. 
3Department of Automobile Engineering PSG College of Technology Coimbatore, India. 
 
Received 27 May 2016; Accepted 28 June 2016; Available 12 July 2016 

 
Address For Correspondence: 

G. Sathishwaran, PG Scholar, Department of Mechanical Engineering PSG College of Technology Coimbatore, India 

E-mail: sanmugesh.sowmi@gmail.com 

 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 

This work is licensed under the Creative Commons Attribution International License (CC BY).  

http://creativecommons.org/licenses/by/4.0/ 

 

 

 

ABSTRACT 
Productivity is meticulously being monitored by the management in order to satisfy the customer needs. The term called 

productivity is a common measure to determine how well resources are being used. It is also measured as effectiveness of 

resources, usually expressed as the ratio of output divided by input. Thus, it helps the industries to keep their position in market 

for a long period of time. In today's highly competitive environment, manufacturers look for opportunities to improve their 

productivity due to demanding rapid changes in production environment and cost savings. In this paper, a leading rail coach 

manufacturers in India, who produces bogie frames is considered as the case study. The production flow of bogie frames is 

analyzed and several improvements were made using lean principles. The outcome of this study was that the bogie frame 

production was increased from 28 numbers per month to 32 numbers per month, and number of defects in the welding operations 

was reduced from 58 per frame to 5 per frame. With these improvements, the company was able to save approximately Rs. 6.7 

lakhs per month. 
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INTRODUCTION 

In the last few decades, manufacturing scenarios have undergone a rapid change in manufacturing process 
due to high competitive environment. The advent of new materials, products and the customer’s requirements 
has brought a lot of pressure on the organizations especially to developing countries such as India, to perform 
better. The purpose of this project is to improve the productivity of one of the leading railway coach 
manufacturer in India. In this company, production of bogie frame assembly is taken, which is as shown in 
Figure 1. This bogie frame has four sub assemblies, which are as follows:  

(a) Side frame Assembly, 
(b) Head Stock Assembly, 
(c) Longitudinal Assembly, and 
(d) Transom Assembly  
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: 

Fig. 1: Case study - bogie frame 
 
A. Problem Statement: 

The statement of the problem is that the bogie frame 929 sleeper model are manufactured at 28 frames per 
month; however the customer demands 35 frames per month (deficient of 20%). In addition, during 
manufacturing process of bogie frames, average weld defects / frame is estimated as 58 defects, which are 
mostly long rework operations that the company is demand to reduce the weld defects. 
 
C. Objective: 

Objectives of the study are as follows:  
(a) Increase the bogie frame production from 28 frames per month to 35 frames per month by reducing the 

cycle time from 16 hours to 13 hours. 
(b) Study the manufacturing process of bogie frame production and reduce the weld defects by 50%.( from 

current level of 58 defects to 29 defects). 
 
II. Literature Review: 
A. Lean Principles: 

Any activity one does should be viewed in term of value creation. This value creation can be categorized as 
value-added activity, non value-added activity or necessary non value-added activity. The customer is interested 
and willing to pay only for value-added activity. The second and third category is called waste. In other words, 
it deteriorates the productivity of the company. In addition, the company need to observe the cost involved in 
these two categorizes. Therefore, the company need to take all actions to minimize or eliminate those two 
category activities. The non value-added activity can be eliminated, where as necessary non value-added activity 
cannot be eliminated but can be reduced. 

Lean manufacturing is one of the systematic methodology to eliminate various types of waste (also called as 
Muda) in a system (mechanical, manufacturing or service). This waste is usually created through overburden 
(called as Muri) and unevenness in workloads (called as Mura). Ganesh et al [1] implemented lean principles in 
pump industry to improve its cycle time. In their study, eleven types of wastes were identified on the production 
floor and they were either eliminated or reduced, as shown in Table 1. Thus, pump manufacturing cycle time 
was improved by 24%. Lean manufacturing is also defined as management philosophy derived mostly from the 
Toyota Production System (TPS). Lean aims to make the work simple enough to understand, do and manage. 
The key lean principles are to eliminate waste by continues improvement, implementing leveled production, 
just-in-time and quality improvements in the system. 
 
Table I: Eleven Types Of Waste  

Type of waste Definition 
Over- production Produce more than needed or produce too early.  
Wasting time Any process creates idle time for worker or machine. Delay occurring between processing. 
Transportation Any movement of material that does not add value to the product. 
Inventory Unnecessary high level of raw materials; Unnecessary high level of WIP; Unnecessary high 

level of finished products. 
Over- processing Doing more than needed. Unintentional activity or action. 
Motion Unnecessary physical motion or activity from standard process 
Defect Failure to meet the customer requirement. It includes rework, repair and scrap. 
Correction Repeat of any action or activity. The work is not done correctly first time. 
Knowledge Disconnect Information or knowledge is not available when it is needed. 
Untapped resources Not utilizing its own potentials in terms of workers, machines and space. 
Misused resources Using unqualified worker or machine for the given activity or action. 

 
Muthiah et al [2] reviewed several productivity improvement methods. Some of them were based on 

operations research and control theory. Vinoth et al [3] argued that by implementing lean principles, lead time of 
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their study was reduced by 40% and their operator's efficiency was improved. They used  failure mode and 
effect analysis (FMEA) and value stream mapping for achieving the above outcomes. Sharma et al [4] used lean 
principles in engine manufacturing industry. The outcome of their study was improvement of machine 
utilization by 20% and handled man and material smoothly. For this, total productive maintenance, kanban 
system, and 5S lean tools were used. Parik et al [5] used Pareto analysis and value stream mapping to reduce the 
cycle time and set-up time of their study. 
 
B. Welding Defects: 

Katare [6] used six sigma methodology to reduce the causes for welds and able to reduce the cost of poor 
quality and labour cost. In this study, cause and effect diagram, pareto analysis and root cause validation were 
utilized. 
 
C. Cycle time reduction: 

Lumia et al  [7] has pointed out how cycle time can be reduced in panel manufacturing unit and showed 
productivity improvement by 30%. In their study, arena (simulation software) was used to determine the 
bottleneck operation. Krishna et al [8] improved the cycle time of manufacturing black tea production by 
analyzing the black tea manufacturing operations (processes), labor and material utilization. Karthik and 
Senthilkumar [9] optimized their facility layout to improve the plant productivity 
 
D. Summary: 

From these various literature surveys, it is clear that lean principles would be an ideal choice to reduce the 
cycle time of a production line and improve the quality of welds.  
 
III. Methodology: 

In general, methodology is the one which explains how the project / research is sequentially, brought 
towards the objectives. Figure 2 illustrates the methodology of this study.  

 
Fig. 2: Methodology of the case study  
 
IV. Case Study-Bogie Frames: 

The case study company should satisfy the terms and conditions including delivery schedule set by the 
customer. When the delivery schedule is not met, then the customer may demand penalty monetary. Hence, the 
company should focus on delivering the finished goods on-time or  ahead of time sustain in its business. For this, 
manufacturing processes of bogie frame was analyzed and following wastes in the operations were identified, 
which is illustrated in Table II. 
 
Table II: Analyzing Eleven Types Of Waste  

SL NO TYPE OF WASTE SCOPE FOR ELIMINATING 
1 Transportation Scope Exist 

2 Over Production No scope 

3 Waiting Scope Exist 

4 Over Processing No scope 

5 Inventory No scope 
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6 Motion Scope Exist 

7 Defects Scope Exist 
8 Untapped resources No scope 
9 Corrections No scope 
10 Knowledge disconnection No scope 
11 Misused resources No scope 

 
From the Table II, only "Scope Exist" type of waste was analyzed further for lean implementation. 

 
V. Lean Implementation: 
A. Cycle time improvement: 

As a first step, the cycle time of manufacturing bogie frame is analyzed from MRP system. For this, time 
study was performed on bogie frame assembly. 
 
A.1 Time Study data: 

Table III illustrates the steps involved to manufacturer a bogie frame-929 Model (Sleeper Class). The time 
taken to manufacturer each step or activity was collected using Stopwatch. This time study data was then 
uploaded to ERP system. Based on this, job cards were created and released to employees. This data was 
considered as standard man hour (SMH). Again, this data was informed to all the employees involved on the 
plant floor showing each and every stage of bogie frame production. This process is considered as motivational 
tool because employees were informed and this created synergy for employees to work harder. 
 
Table III: Time Study Data Of Existing Bogie Frame Manufacturing 

 
From Table III, it is noted that 16 man-hour is required to manufacture a bogie frame. 

 
A.2 Reduction of defects: 

The weld defects are defined as the irregularities in the weld metal produced due to various reasons such as 
incorrect weld parameters, in-correct welding procedures and improper filler material, etc. These weld defects 
may be in the form of variations from the intended weld bead shape, size and desired quality. They may be 
noticed on the surface of welded portion or inside the welding zone. This weld defects could be any one of the 
types such as cracks, porosity, solid inclusions, lack of fusion and in-adequate penetration, imperfect shape and 
miscellaneous defects.  

All sub assemblies of bogie frame involves welding. The weld defect - cracks at weld joints in the bogie 
frame may break during operation and it may lead to serious accidents. However, the weld defect - craters and 
whiskers may be accepted if they are in permissible limits. From the historical observation, bogie frame reworks 
occur only due to weld defects. Figure 3 illustrates the cause and effect diagram of welding defects. 
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Fig. 3: Cause and effect diagram of weld defects in bogie frame fabrication 

 
Table IV shows welding defects of bogie frames during one month period. From the table, it is clear that 

there were 28 defects exist during bogie frame production in 30 days period.  
 

Table IV: Weld Defects Data For The Period Of A Month Period (30 DAYS) 

 
From Table IV, pareto analyze was carried out, which is as shown in the Figure  4. 

 
A.3 Analyzing the weld defects: 

Based on 80/20 rule (see Figure 4), the following weld defects were listed for further analysis: 
1. Irregular Weld Bead (80%) 
2. Fillet thickness not sufficient (70%) 
3. Under Cuts (25%) 
4. Blow Holes (18%) 

 
Fig. 4: Pareto Analyze of weld defects in bogie frames 
 
A.4 Root cause analysis: 

Table V shows the root causes analysis with validation status for the above weld defects. Various validation 
tools such as IED standard, maintenance records, HR Records, quality inspection check sheet, RITES 
(Inspection agency appointed by Ministry of Railways) and receiving inspection records were referred to 
validate each cause. 
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From pareto analysis figure 4, the predominant factors were analyzed in detailed by comparing with 
welding process standards (WPS) set by the company and OEM supplier. Based on this, appropriate solutions 
were proposed. Table VI shows the root cause analysis for the case study.  
 
B. Current Manufacturing method: 

Figure 5 illustrates the current manufacturing method often requires cranes for frequent turning. Due to this, 
waiting time was high. The head stock assembly, transom assembly and longitudinal assembly also requires 
frequent turning and corrective welding position (for example, 2F in railway welding position). These 
operations were standardized and fixed. 
 
B.1 Corrective action: 

Figures 6 (a-d) shows the weld manipulator process for all four sub assemblies (side frame assembly, 
transom assembly, longitudinal assembly, and head stock assembly), which are not used during welding 
operations. This makes weld guns to maintain welding position difficult. By introduction of weld manipulators 
helped to eliminate the welding defects such as irregular weld bead and under cuts. These weld manipulators 
can be tilted to any position as instructed in WPS document. 
 
B.2 Analysis of weld data after implementation: 

After the introduction of weld manipulators, weld quality was improved, as shown in Table VII. 
 
B.3. Post study of weld defects: 

Figure 7 shows the comparison of weld defects before and after implementation of weld manipulator. 
 

B.4. Timings data revised: 
The time study was conducted again after implementation of weld manipulator to study the manufacturing 

processes of Bogie frame-929 model sleeper class. Table VIII shows the resultant of that time study.  This data 
was again updated into the ERP System. 
 
Table V:  Root Cause Validation Of Weld Defects 
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Table VI:  Root Cause Analysis Of The Case Study 

 

 
Fig. 5: Side frame turning during welding 
 

 

 
Fig. 6: Introduction of weld manipulator  
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Table VII: Weld Defects Data Of Bogie Frames After Implementing Jig &  Fixtures 

 
C. Importance of Radiography : 

Radiographic testing is a non-destructive testing to detect the weld defects by penetrating radiation through 
metal by either electromagnetic radiation of very short wave-lengths or particular radiation wave-length. 
Depending on the density of the radiation and thick of the metal, the accuracy of the readings is measured. 
Using this technique, bogie frames are tested for weld defects. 

 
Fig. 7: Comparison of pareto analysis before and after implementation of proposed solution 
 
Table VIII: Revised Timings Data After Implementing Solution  

 
 
C.1.Analyse of Radiography weld joints: 

The bogie frames were subjected to 100% radiography inspection test. Figure 8 illustrates the cause and 
effect diagram of radiography weld defects. 
 
C.2 Pareto analysis: 

Based on the historical radiography failure data, pareto analysis was created, as shown in Figure 9. 
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C.3 Root Cause validation of Radiography weld defects
From the Figure 8, root causes with validation were
From the Figure 9, Incomplete Penetration was selected as major contribution factor, which was taken for 

further study. On further analyses, it was observed that these problems were occurring because of the following 
causes: 

• Excess Root Face 
• Too small root gap 
• Too low current 
• Too small bevel angle 
To fix the problems, work instructions were created based on the current settings and employees were 

trained to use these work instructions.
The next predominant issue was root gap

thickness of 8mm, the existing root gap is 35 degrees with 2 mm root face gap. With this geometry change, 
rework time was very high. Therefore, this geometry was changed to 38 degrees and 
reduced. 

Fig. 8: Cause and effect diagram of 
 

 
Fig. 9: Pareto analysis of radiography test weld defects
 
Table IX: Root Cause Validation Of Radiography Weld

CAUSE OBSERVATION

Lack of Contact 
between Tip & 
Nozzle 

Visually  
 

Discontinuities of 
speed  
 

Visually  
 

Improper 
Straightening 

Work Centre 

Under Cut Work Centre 

Wire feed Work Centre 
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C.3 Root Cause validation of Radiography weld defects: 
root causes with validation were created, as shown in Table IX.  

From the Figure 9, Incomplete Penetration was selected as major contribution factor, which was taken for 
further study. On further analyses, it was observed that these problems were occurring because of the following 

To fix the problems, work instructions were created based on the current settings and employees were 
trained to use these work instructions. 

The next predominant issue was root gap at angles, as shown in Figure 10. In this, for a given sheet metal 
thickness of 8mm, the existing root gap is 35 degrees with 2 mm root face gap. With this geometry change, 
rework time was very high. Therefore, this geometry was changed to 38 degrees and the issue was dramatically 

 
of Radiography failure 

 

of radiography test weld defects 

Root Cause Validation Of Radiography Weld 
OBSERVATION STANDARDS VALIDATION 

STATUS 

Nil  
 

Validated based on 
Visual Inspection  

Nil  
 

Validated based on 
Visual Inspection  
 

Routing Chart Validated Based on 
process 

Work Instruction Validated Based on 
process 

Work Instruction Validated Based on 

2016, Pages: 31-43 

From the Figure 9, Incomplete Penetration was selected as major contribution factor, which was taken for 
further study. On further analyses, it was observed that these problems were occurring because of the following 

To fix the problems, work instructions were created based on the current settings and employees were 

at angles, as shown in Figure 10. In this, for a given sheet metal 
thickness of 8mm, the existing root gap is 35 degrees with 2 mm root face gap. With this geometry change, 

the issue was dramatically 

DATA 
SOURCES 

Validated based on Visual Check  
  

Validated based on Visual Check  
  

Validated Based on Straightening M/c 

Validated Based on Work Instruction 
manual 

Validated Based on Work Instruction 
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process manual 
Edge Preparation  
 
 
i) Pre Heating Visually No proper Instruction Not Validated. There is 

no work instruction 
manual 

Visual Check 

ii) Weld Edge angle Route sheet As per Process sheet Not validated. There is 
no standard weld angle 
for given 8mm  

Operation master 

iii) Non usage of 
DPT Tester 

Visually No proper Instruction Not Validated. There is 
no work instruction 
manual 

Visual Check 

 

 
 

Fig. 10: Existing Root Gap / Angle & Root Face of Transom Top plate 
 
D. Facility Layout Optimization: 

Figure 11 shows the existing facility layout of bogie frame assembly. It is interesting to note that the parts 
were moving in zigzag manner.  

 

 
Fig. 11: Existing Layout Diagram of Manufacturing Hangar  

 
In addition, there was a huge waiting time for crane movement in order to transfer the parts to next stage. 

The proposed layout   was analyzed using Arena simulation software package, as shown in Figure 12.  
 

SCOPE FOR 
IMPROVEMEMNT 
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Fig. 12: Simulation study for the existing manufacturing process 

Figure 13  shows the proposed facility layout, which was then analyzed using Arena software, as shown in 
Figure 14. Figure 15 shows the resultant of the study where 41 minutes were saved by changing the facility 
layout. 

 

 
Fig. 13: Proposed Layout Diagram of Manufacturing Hangar 

 

 
 
Fig. 14: Simulation study of proposed manufacturing process 
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Fig. 15: Simulation data for the revised layout using Arena  
 
E. Work Study: 

The work study involves analyzing the work methods and equipments used to perform jobs, design an 
optimum work method and standardize it. This work study is a direct tool to improve productivity of an 
organization. For this, time study needs to be conducted. Table X shows the time study conducted while 
fabricating a complete bogie frame. 

 
Table X: Time Study Data Of A Bogie Frame 

 
 

RESULT AND DISCUSSION 
 
Various lean tools such as cause and effect diagram, pareto analysis, root cause analysis, facility layout 

optimization, value stream mapping and arena simulation package were used to improve the productivity of a 
leading railway coach manufacturer. The following benefits were achieved: 

  
• The weld defects were reduced from 58 defects per bogie frame to 17 defects per bogie frame. 
• The cycle time was reduced from 16 hours per bogie frame to 14 hours per Bogie frame. 
• The productivity was improved by 14% (from 28 bogie frames per month to 32 bogie frame per month). 
     

Conclusions: 
During the initial stage of the study, the bogie frame production was increased from 28 frames per month to 

30 frames per month by reducing weld defects and rework time. Later, it was improved to 32 bogie frames by 
introducing radiography weld inspection, facility layout optimization and introduction of standard operating 
procedure.  
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In essence, the productivity of the bogie frame was increased by 14% (28 frames per month to 32  per 
month). This resultant in cost savings of Rs. 6 lakhs per month. Future scope of this study includes the 
implementation of motorized weld manipulator so that turning time of the bogie frame can be still minimized. 
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