
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,      Volume- 5, Issue-11, Nov.-2017 
http://iraj.in 

Improvement of Process Planning in LHB Bogieby Scheduling Machining Operation 
 

58 

IMPROVEMENT OF PROCESS PLANNING IN LHB BOGIEBY 
SCHEDULING MACHINING OPERATION 

 
1LAXMI KANT RAJAK, 2NOVEL KUMAR SAHU, 3ASHU KUMAR PANDEY 

 

1M-Tech Scholar, Department of Mechanical Engineering, GD Rungta College of Engineering & Technology Bhilai, 
Chhattisgarh, India 

2Assistant Professor, Department of Mechanical Engineering, RSR Rungta College of Engineering & Technology Bhilai, 
Chhattisgarh, India 

3Assistant Professor, Department of Mechanical Engineering, GD Rungta College of Engineering & Technology Bhilai, 
Chhattisgarh, India 

 
 
Abstract - The production research unrestricted has requested systematization and deeper empathetic of industrial process 
planning. This paper subsidizes with a flow chart describing the Process Planning (PP), in consequence of the 
methodological studies. The flow chart contains process planning activities and information drifts between these activities. 
The research has been accomplished in an industrial environment for high volume with low cost of machining in fabrication 
of Linke Hofmann Busch (LHB) bogie frame. Though LHB bogie frame fabrication has many distinctive features, the 
fabrication sequence of frame categories has been arrange to reduce the lead time generally applicable to precision 
fabrication of many kinds of railway parts in Bhilai Engineering Corporation, Bhilai. 
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I. INTRODUCTION  
 
Linke Hofmann Busch (LHB) coaches are the 
passenger compartments of Indian Railways that have 
been developed by Linke-Hofmann-Busch of 
Germany (renamed Alstom LHB GmbH in 1998 after 
the takeover by Alstom) and produced by Rail Coach 
Factory in Kapurthala, India.They have been used 
since 2000 on the Indian Broad Gauge(1676 mm) 
network of Indian railways. Initially, 24 air 
conditioned coaches were imported from Germany 
for use in the Shatabdi Expresses, after which the Rail 
Coach Factory started manufacturing after technology 
transfer.The coaches are designed for an operating 
speed up to 160 km/h and could go up to 200 km/h. 
However, they have been tested up to 180 km/h. 
Their length of 23.54 m and a width of 3.24 m means 
a higher passenger capacity, compared to 
conventional rakes (US: consists). The tare weight of 
the AC chair car was weighed as 39.5 tonnes. 
 
Process planning is work that includes all needed 
activities to define a process plan. A process plan is a 
specification that contains information aimed to 
facilitate production of a certain part in a definite 
fabrication system. In practice, two tacit boundary 
conditions narrow this definition; the process plan 
must be defined in a way that ensures that the 
produced part fulfils all requirements stated in the 
design specification as well as minimising the 
production cost. As process planning in general is a 
very broad topic it is here delimited to fit the purpose 
of this thesis. The PP flow chart includes activities 
derived from my own experiences and ideas; many of 
them, especially sub-activities, are also found among 
the ten activities. These three activities are 
interdependent and are performed in an iterative way 

starting with schematic process planning. Schematic 
process planning includes, for example, interpretation 
of design requirements, definition of production and 
operation sequence, machine tools, cutting and work 
holding tools.  
 
The process control strategy is based on both the 
schematic process plan and the required tolerances, 
but also on the behaviour of all included processes.  
The defined process plan is then analysed regarding 
tolerances and the expected outcome of the process. 
The results are tested against acceptance criteria to 
decide whether the defined fabrication process can be 
approved or not. If the fabrication process has all the 
necessary qualities to succeed, the process plan can 
be established and all needed documents, programs, 
working instructions, etc. Created Significant changes 
to the environment, however, motivated organizations 
to add an environmental scan to the planning process 
which led to the adoption of strategic planning. The 
role of individuals in the planning process was also 
discussed in the literature review. Much of the 
literature agrees that leadership is an important part of 
a successful planning initiative. If a leader is 
committed to strategic planning then the organization 
is likely to be committed as well. It was also 
identified that leadership in the planning process is 
not simply delegation of the planning function to the 
organization’s planning unit. Many researchers 
suggest that planning is more effective when 
employees, or those who will be asked to implement 
the strategies, are involved in the development of the 
plan. Leaders are encouraged to involve members at 
all levels of the organization in the planning process. 
Research suggests that these employees are then more 
motivated to make the implementation of the plan 
effective and successful. 
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II. REVIEW WORK 
 
Avanish et al., plays a key role in transportation of 
goods and passengers across India. As part of our 
contribution we have taken up a project related to 
Indian Railways i.e., to optimize the present bogie 
design. After completion of this project we will be 
able to suggest some changes in the design so as to 
enhance the strength of the bogie and to optimize the 
material usage in its production. The main aim of this 
work is to optimize the design of the bogie of a goods 
train in order to reduce the material costs without 
significant reduction in load bearing capacity [1]. 
Marshall (2004) cautions leaders of higher education 
institutions that a “cookie-cutter” approach to 
strategic planning is not effective, noting that, 
“General prescriptions for ‘fixing’ higher education 
rarely work because colleges and universities are 
complex civic institutions with singular identities”[2]. 
Paris (2004) writes, “the process by which the 
campus strategic plan is developed strongly 
influences how fully it is implemented”. This study, 
understanding the importance of the strategic 
planning process, will attempt to identify processes 
used in strategic planning by intercollegiate athletic 
departments. Most authors include the idea of 
environmental scanning or an environmental 
assessment as part of the planning process. This 
environmental scanning component is an important 
part of strategic planning and helps to distinguish 
strategic planning from other types of planning.[4] 
Yaseen&Wani investigate on Bogie is a chassis 
carrying wheels attached to the train. The cast bogie 
is made in singlepiece and handling of such 
components are difficult due to its over design and 
manufacturing cost is also high. This work deals with 
replacing the casted bogie with fabricated bogie by 
making major changes in design to take the load 
without failure. These forced vibrations resulting in 
stress and fatigue of the bogie frame are investigated 
by simulations. A critical analysis of the railway 
bogie frame fatigue strength assessment procedure, 
with special attention to welded joints is carried out 
[5]. 
 
III. OBJECTIVE  
 
Predicting fabrication process outcome and making 
comparisons to the design part specification have to 
be integrated parts of a framework of methods to 
support process planning. The objective of work has 
an all-machining cost has to reduce, that cover 
essential activities for process plan synthesis and 
analysis, including the possibility to predict the 
outcome of a proposed process plan. These essential 
activities are all found in the PP flow chart. Much 
attention is paid to understanding and analysis. Two 
main process planning problems are discussed in this 
thesis. The first has its background in my own 
industrial experiences and relates to the need for 

different kinds of process planning methods. The 
other is identified as a result of studies of related 
academic research about process planning. The 
research objectives are a consequence of these two 
problem definitions as illustrated in Figure 1. 
 

 
Figure 1:- Problem Arises in Industry 

 
IV. METHODOLOGY 
 
The organized process planning has been 
characterised as a descriptive and qualitative part of 
the process planning domain. This has mainly been 
dealt with in the licentiate thesis “An approach for 
systematic process planning of gear transmission 
parts” (Bagge, 2009).  There is always an inflow of 
information from part design to process planning, and 
often a possibility to feed back to part design. This 
depends on the situation and where the designed part 
is in the product life cycle. In product development 
stages it is common to have collaboration between 
part design and process planning and here are 
considerable possibilities to make design adjustments. 
When the product is mature, possibly becoming a 
spare part, and a sub-supplier is assigned to start 
production, the threshold for changing the design is 
conversely high. In addition, collaboration with 
external providers of fabrication technologies very 
much depends on the situation and on company 
strategies. Design of multi-step fabrication processes 
can be compared to product design of an assembly 
containing several parts. 

 

 
Figure 2:- Role of organized planner 

 
The assembly must be suited to the intended 
application and satisfy the needs of the customer. 
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This requires that each constituent part of the 
assembly has an appropriate design and that they all 
are assembled in the right way. Putting the parts 
together often requires a specified sequence. As per 

the problem of process planning taken from the 
fabrication department of BEC fertilizer of LHB 
Bogie Frame and bolster, there fabricating and 
assembly cost are shown in table 1. 

 
S. No Particulars Specification UOM QTY Rate Value 

1 Milling M/c Child Parts Hrs 16 504 8,064 

2 Lathe M/c Child parts Hrs 24 776 18,624 

3 TOS Final Machine Hrs 20 2599 51,980 

4 BO Final Machine Hrs 6 205 1,230 

5 FEMCO Final Machine Hrs 11 1566 17,226 

6 Drill M/c Final Machine Hrs 3 127 381 

 Sub Total     97,505 
 

Table 1 Machine required for LHB Bogie Frame 
 
The possible criterions for evaluation of process 
planning plans are calculation of times (fabrication 
process), production costs, achievement realization of 
requested criterions, TQM etc. Process planning deals 
with setting up machines while manufacturing 
planning refers to setting up the production. Process 

planning associates the design to manufacturing and 
is very important part of the manufacturing system. 
Now the machining time will be calculated with 
consider 6 min losses in each machining so the new 
cost of machining are tabulated in table 2. 

 
S. 
No Particulars Specification Time in 

min 
Ideal 
Time QTY Rate 

/hrs Value 

1 Milling M/c Child Parts 84.56 6 min 16 504 12171.26 
2 Lathe M/c Child parts 3.33 6 min 24 776 2896.032 
3 TOS Final Machine 0.62 6 min 20 2599 5735.127 
4 BO Final Machine 0.7 6 min 6 205 137.35 
5 FEMCO Final Machine 0.69 6 min 11 1566 1920.699 
6 Drill M/c Final Machine 2 6 min 3 127 50.8 
 Sub Total      22911.27 

 
Table 2 Machine required for LHB Bogie Frame 

 
The aggregate production plan is an overall plan that 
balances the total customer orders and production 
capability of the company. After the aggregate 
production plan is delivered, the next step is to 
develop master production schedules, which specify 
when each and every product shall be made. 

 There are two correlated terms: master 
production schedule and production 
operations schedule.  

 Master production schedule deals with the 
overall time schedule problems of the 
production such as whether overtime is 
necessary. It is usually easier to conduct. 

 Operations schedule deals with Machine 
loading – how to assign the jobs to the work 
centers (workstations) and when 

 Job sequencing – which job shall be done 
first and when 

 We will focus on operations schedule. 
 The objectives of operations schedule may 

be 
 Meet the due dates 
 Minimize manufacturing throughput time 
 Minimize work-in-process 
 Maximize work center utilization 
 There are two important indices in 

operations scheduling: 
 Loading time = setup time + Q * unit run 

time (processing time) 
 Manufacturing throughput time = setup time 

+ Q * unit run time + move and queue time, 
where, Q is the lot size (processing time + 
waiting time).  
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Now BEC fabrication workshop LHB bogie frame 
preparation time has been taken where multiple jobs 
enter a work center as shown below: 
 BEC fabrication complete LHB bogie Frame in 

Four steps which are side frame left, side frame 

right, brake beam assembly and Bracket 
assembly  sequentially with the expected due 
date, the remaining process time and the 
number of remaining operations shown in table 
3. 

 

Job Due date Remaining process time 
in Day 

Number of remaining 
operations per day 

SIDE FRAME 
LEFT 17 3 9 

SIDE FRAME 
RIGHT 29 17 17 

BRAKE BEAM 
ASSEMBLY 27 7 14 

BRACKET 
ASSEMBLY 26 11 3 

 
Table 3 Processing time to finished product 

 
 Using different rules, different job sequences may be obtained. 
 Use the rule first-come, first-serve (FCFS): side frame left, side frame right, brake beam assembly and 

Bracket assembly. 
 Use the rule shortest production time (SPT): side frame left, brake beam assembly, Bracket assembly and 

side frame right 
 Use the rule earliest due date (EDD): side frame left, Bracket assembly, brake beam assembly and side 

frame right. 
 
Slack Time 
Use the Slack Time rule: the slack time is determined by taking ideal time of each event is 10 days, after 10 days 
remaining time of due date is started so the slack time will be evaluated by:   
Slack time = time remaining up to due date – process time remaining 

 

JOB Due date Ideal time Number of process time 
in days Slack Time in days 

SIDE FRAME LEFT 17 4 3 4 

SIDE FRAME 
RIGHT 29 2 17 2 

BRAKE BEAM 
ASSEMBLY 27 10 7 10 

BRACKET 
ASSEMBLY 26 5 11 5 

Table 4 Slack Time Evaluation 
 
 Therefore, the job sequence is obtained from table 4 are side frame right, side frame left, Bracket assembly 

and brake beam assembly. 
 
LSPO Rule 
Use the LSPO rule (least slack per operation rule): the slack per operation is defined as the ration of slack time 
to the number of operation remaining, evaluation of slack time is shown in table 5. Therefore, the job sequence 
is: Side frame right, side frame left, brake beam assembly and bracket assembly.  
 

remaining operations ofnumber 
remaining  timeprocess - date due until remaining time slack   

 

JOB Slack timing in 
days 

Number of operation 
remaining in days Least Slack 

SIDE FRAME LEFT 4 9 0.444 
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SIDE FRAME RIGHT 2 17 0.117 
BRAKE BEAM 

ASSEMBLY 10 14 0.714 

BRACKET 
ASSEMBLY 5 3 1.667 

 
Table 5 Least Slack per operation 

 
Critical Ratio 
Use critical ratio (CR) rule is defined as the time remaining until due date to the lead time remaining which 
shown in table 6 as: 
 

remaining  timelead
date due until remaining time

CR
 

 

JOB Time remaining until 
due date in days 

Lead time remaining 
in days CR 

SIDE FRAME LEFT 7 3 2.333 

SIDE FRAME RIGHT 19 17 1.117 

BRAKE BEAM 
ASSEMBLY 17 7 2.428 

BRACKET 
ASSEMBLY 16 11 1.454 

 
Table 6 Critical Ratio Rule 

 
CONCLUSION 
 
The optimum sequence will follow for job complete 
the work in given due date time. Three methods for 
capture of process behavior have been discussed. One 
or more of these methods can be used to investigate 
process behavior and bring valuable input data to the 
development of the process plan. Sequence the bogie 
frame fabrication as applied three methods of least 
slack (LSPO) gives the optimum schedule of working 
environment. The workshop facilitates representation 
of the process chain and has been used to analyses 
linked tolerances and process behavior propagation. 
Also has a potential to form a basis for process failure 
analysis by using the same structure as for tolerance 
analysis in future work. 
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