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Abstract 

 Lean Production System is a major tool to thrive in an industrial environment. It is a 

philosophy as well as a set of methods for dramatically reducing time from customer order to 

building and shipping product. Lean manufacturing is a standard approach to identify and 

eliminate the waste through continuous improvement of the product in pursuit of perfection. 

In this work process time is being calculated for the UPCR pump housing for existing process 

design and process mapping is done for the current process. Modification are carried out in 

process flow in order to reduce the time by way of reallocation of the arrangement of 

machines, Process redesign are done to achieve flexible process flow system and thus enable 

to increase the number of components produced per shift. Hence this paper aims for the 

complete redesign of the existing process flow for the reduction of time and thus increases 

the productivity of the overall manufacturing system. 

Key Words:Lean Production Systems, Process Redesign, UPCR Pump Housing, Continuous 

Improvement, Process flow 

 

1. Introduction 

Lean Production System is the western term for Toyota Production System. This 

production philosophy is now widely used in automobile industries around the world. This 

system has been modified everywhere in the auto industry, adapted to some extent on the 

local Industrial situation or practices; however its core principles remain the same. This 

system is not only used in auto industry but also in other non-auto industries involved in 

assembling process. In order to understand Lean Production System, it is important to 

understand it in its historical perspective first.  If we study the history of automobile industry, 

it can be separated in three eras, which can be termed as milestones of automobile industry. 

These milestones are Invention of Automobile, Mass Production System and Lean Production 

System. 
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2. Pathway of Lean Production Systems 

Mass production concepts were developed in the United States and was established by 

Samuel Colt and Henry Ford [1], [2]. The Lean Production is basically emerged from the 

innovations in the Toyota Production System (TPS) in Japan since 1940s especially the just-

in-time (JIT) delivery of materials between work stations to minimize Inventory Systems[3]. 

Most of the past reviews of lean are available in [4],[5] quote the first theory about the TPS, 

highlighting JIT production and the use of good thinking by all workers to continuously 

improve performance. Most of the works on JIT and the TPS as in [9],[10] emerged in the 

1980s. According to authors in [6],[10] described the TPS as designed for continuous flow 

and based on two main principles: Autonomation (finest practices and standard work) and JIT 

(kanbanand level production). Autonomation gives rise to practices concerning to Visual 

Control, Mistake Proofing, and Housekeeping (or„„5S‟‟sort, straighten, sweep, standardize, 

and self-discipline), while JIT drives changeover reduction[12].The term „„lean production 

was first used by Krafcik and popularized by Womack [3],[8] To some, lean is just a 

repackaging of JIT. For example, according to authors [3],[6] the freshened JIT by recasting 

it as „Lean manufacturing. Gaither and Frazier equated lean with „„the philosophies and 

approaches embodied in JIT [7]. Krafcik and McLachlin viewed lean and JIT as closely 

related [8].Lean manufacturing focuses on the elimination of wastes from an organization‟s 

operations through a set of work practices to produce products and services at the rate of 

demand [3],[11]. Lean manufacturing represents a concept that may be grouped together as 

distinct bundles of organizational practices [12],[13]. 

3. Lean Tools and Techniques 

3.1 Value Stream Mapping  

 VSM is a type of flow chart that uses symbols to depict and improve the flow of 

inventory and information. Value Stream Mapping (VSM) is a lean technique and it has 

emerged as the preferred way to support and implement the lean approach [16].Value Stream 

Mapping is to provide optimum value to the customer through a complete value creation 

process with minimum waste in Design, Build and Sustain [15]. 

3.2 KAIZEN (Continuous Improvement) 

Kaizen is a Japanese term for improvementand  refers to philosophy or practices that focus 

upon continuous improvement of processes in manufacturing, engineering and business 

management[17].The word indicates a process of continuous improvement of the standard 

way of work [18]. It is a compound word of  Kai (change) and Zen (for the better)[19]. The 

International Journal of Pure and Applied Mathematics Special Issue

382



term comes from Gemba Kaizen meaning „Continuous Improvement‟ (CI).By improving 

standardized activities and processes, kaizen aims to eliminate waste [17] 

3.3 Control Charts 

 Control chart is the best tool for monitoring the performance of a process. These types 

of charts can be used for monitoring any processes related to function of the organization. 

These charts are used to identify the following conditions related to the process that has been 

monitored. Stability of the process,Predictability of the process, Identification common cause 

of variation, Special conditions where the monitoring party needs to react [15] 

4. Process Redesign 

1.Organizing for Improvement  

2.Understanding the Process  

3.Streamlining the Process  

4.Implementation, Measurements and Controls  

5.Continuous Improvement 

4.1 Organizing For Improvement 

Process Redesign methodology that selects the critical processes and assigns someone 

who will be held responsible for improving the selected process‟ total performance, even 

though parts of the process include activities performed in more than one function. Process 

Improvement Members (PIM) that sets boundaries, establishes total process measurements, 

identifies process improvement objectives, and develops a project plan [20]. 

4.2 Understanding the Process 

PIM will model current process (“as-is” process), analyze compliance to present 

procedures, collect cost and cycle time data, and align the day-to-day activities with the 

procedures. The purpose of Phase II is for the PIM to gain detailed knowledge of the process 

and its matrices (cost, cycle time, processing time, error rates, etc.). The flowchart will be 

used to improve the process during Phase III [20]. 

4.3Streamlining the Process 

Streamlining phase of Process Redesign is the most critical and the most interesting. It 

is during this phase of the Process Redesign methodology that the creative of the PIM are 

really put into action[20]. 

4.4 Implementation, Measurements and Controls 

During this phase, an implementation members is pulled together to install the 

selected manufacturing process. The new in manufacturing process will be designed to ensure 
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that there is immediate feedback to the employees, enabling them to contain the gains that 

have been made and to improve the process further [20]. 

4.5Continuous Improvement 

Manufacturing Process has undergone a major breakthrough in performance, thus 

cannot stop improving. Now the process must continue to improve, usually at a much slower 

rate (10-20% per year), but it must continue to improve [20]. 

5. Introduction to Unit Pump Common Rail System 

Automobile Industries specific needs have led to develop an innovative and cost-

effective engine management concept that develops a advanced common rail technology: 

Unit Pump Common Rail (UPCR) system is designed for one to four-cylinder engine 

applications. UPCR system is ideal for small engine vehicles developed for emerging markets 

as a low-cost alternative to the high-pressure pumpas shown in Figure 1 below.It is well-

suited for other non-automotive diesel engine products such as small agricultural and 

industrial equipment. Key features of the Diesel UPCR System are common rail, a program-

tailored Engine Control Module (ECM), an efficient, low cost fuel filter and a robust unit fuel 

pump with an Inlet Metering Valve (IMV).Finally, company is developing a version capable 

of higher pressure for its UPCR system which will enable power and emission improvement 

in order to provide flexibility in engine family range.  

5.1 Unit Pump Concept 

The Comparison of conventional Fuel lubricated pumps with the Primary technical 

requirements of a common rail fuel injection system are high pressure capability and high 

hydraulic efficiency. The legal limitations on CO2 emissions and considering the fuel quality 

in emerging markets, critical technical requirements list can be expanded as:  

 Minimized weight and size 

 Robustness against low fuel quality 

 Minimized cost 

 
Figure 1 UCPR Design 
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6.UPCR Pump Housing Existing Production Flow 

The raw material is moved to Housing Soft Decouple section from the stores directly. 

In Housing Soft Decouple Section, there are five operations done by five machines which are 

Hard Turning, Marking, Widma, Gun Drilling and Bridge Port Cross Hole. The material 

passes through Hard turning to Bridge port cross hole in these section. The Housing Soft 

Machining consists of five operation which are processed by one set of machines. In Housing 

Soft Machine section there are totally three set of machines which are HASS VMC 

1,Machine 2,Machine 3,Machine4, BRIDGE PORT1 VMC1, BRIDGE PORT2 VMC2.The 

material from the Bridge Port Cross Hole go through these Machines and finally moved to 

the Deburring Machine.In housing hard stage section there are six operation which are done 

by six separate machines. The name of the machines are Hard milling,Insight flusing, Kadia 

honing,Insight washing, Mikran match grinding, and Inline c4 washing. The material from 

the heat treatment enters into the hard milling and comes out through the Inline c4 washing. 

Assembly & Testing is the final section in theselayout. This section contains five process 

which are AMSUNIC CI washing pump assembly, Flushing & testing   finish off & final 

inspection and packing. The materials from inline C4 washing enter into AMSUNIC CI 

washing and come through the packing of a processed material. The processed material from 

packing goes to the ware house. 

 

6.1 Existing Time Calculation For  Housing Soft Machining 

 In housing soft machining five drilling operation  is done by one set of machine which  

will produce a product in 360 seconds as shown in Figure 2 below. There are totally three set 

of machine and each set of machine will produce three products in 360 seconds as shown in 

Table 1 below. 

Table 1 Current Process Timing for Production flow 

S.No Operation Machine name Time taken 

1 HP,IV ,BANJO HASS VMC 1 180 sec 

2 IVM,CROSS Machine 2 180sec 

3 HP,IV ,BANJO Machine 3 180sec 

4 IVM,CROSS Machine 4 180sec 

5 HP,IV ,BANJO Bridgeport 1 180sec 

6 IVM,CROSS Bridgeport 2 180sec 
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Figure 2 Time calculation for existing Housing Soft Machining Operation 

 

Figure 3 No of components Produced vs Time taken (sec) 

6.2 Production Process before Redesign. 

   Before the Production Process Redesign graph is plotted between No of components 

produced in x axis vs Time taken in sec in y axis. The current process produces three 

components and each component takes 360 seconds for production. For each and every 360 

seconds it produces 3 components as shown in the above graphical Figure 3 above. 

 

6.3 After Production Process Redesign, Time Calculation for Housing Soft Machining  

 In housing   soft machining five drilling operation is done by five separate machine, 

Each machine will take 90 seconds processing time as shown in Table 2 below. These 

machine operations are done simultaneously and arranged accordingly. Therefore one 

product is manufactured in every 90 seconds and as a result it produces 4 Products in 360 

second as shown in Figure 4 below. 
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Figure 4 Time Calculation after redesign of process flow for Housing Soft Machining   

 

 Table No 2. New process timing Soft Machining. 
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Figure 5 Number of components vs. Time taken 

6.4 Production Process after modification 

     After the production process modification, graph is plotted for No of component produced 

vs Time taken as shown in above figure 5. Plotted result indicates that there is a change in 
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production rate that one component is produced in every 90 seconds as shown in above Table 

2. Therefore it results in producing four components in 360 sec as shown in Figure 5 above. 

7. Results and Discussion 

   In the present production process flow  there are three set of machines each one machine 

consist of  three operation which will done in 3 minutes. Finally, machined products take 6 

minutes by two machines. Totally three set of machines which will produce three components 

in 6 minutes. There are too many disadvantage in this manufacturing process flow because 

each machine will do three operation. Loading and unloading time consumes more. Tool life 

will be less. In new manufacturing process flow design, there are five machine each will do 

single operation. The IV machine operation takes 90 sec. The banjo machine operation takes 

80 sec,The IMV machine operation takes 80 sec. The cross hole operation takes 90 sec and 

name plate hole operation takes 90 sec and thus the total component produced per shift 

increases from 210 to 280. The scope of the production process redesign concludes that for 

every 90 seconds one finished component is manufactured. The advantages in the modified 

production flow are Tool life is more, Loading and unloading time is less,and the operation 

time for final product is less thus increase the number of product per shift. 

8.Conclusions 

       Lean Production plays a major role in manufacturing system,Usage of lean Tool 

&Techniques will improve the process flow in our day to day operations in the existing 

product system. Hence this work states that there are 3 sets of machine available out of which 

each one set of machines will do five operations. As a total 3 sets of machine which will 

produce 3 products in 360 seconds. Redesign of the manufacturing process is being carried 

out to improve the flow, After the redesign, five operations done individually and time taken 

for completion for 4 product in 360 seconds. Hence number of component produced per shift 

is increases and thus increases the overall productivity of the manufacturing system 
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