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Abstract- Lean manufacturing has proven to be an effective strategy to increase productivity and cost competiveness in 
the manufacturing industry. These paper discuses about benefits of implementing lean concept and focuses on Value 
Stream Mapping (VSM) and Single Minute Exchange of Dies (SMED) in Carriage Building Press shop. As VSM involves 
in all of the process steps, both value added and non-value added, are analyzed and using VSM as a visual tool to help see 
the hidden waste and sources of waste. The current state and future state VSM are drawn to documents how things 
actually operated on the Carriage Building press shop. Obtained results to indicate that lead time, changeover time and 
non-value added activities were reduced. 
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I. INTRODUCTION
This specific process of Lean Manufacturing has been implemented and used by all types of leading 

manufacturing companies. Lean means "manufacturing without waste." Waste ("muda" in Japanese) has many 
forms. Material, time, idle equipment, and inventory are examples. Most companies waste 70%-90% of their 
available resources. Even the best Lean Manufacturers probably waste 30%. 'LEAN' has always been important to 
manufacturers. When you reduce inventories, assets, overhead, wait times and out-of-specs, you generally increase 
profits. The following processes carried out in the Carriage Building press shop is given below and as shown in 
figure 1. Phosphate coating are used on sheet metal parts for corrosion resistance as a foundation for subsequent 
coating or painting.  

Figure 1.(a) 
Shearing

        (b) Pressing 
          (c) Phosphating  

Lean manufacturing techniques used for different industry. These lean tools are reduced to non-value added 
activities, improve the productivity and reduced change over time. Therefore, different lean tools are implement in the 
Carriage Building press shop. 

II. SINGLE  MINUTE  EXCHANGE  OF  DIES (SMED)

A.  Single  Minute  Exchange  of  Dies   
 SMED  (Single  Minute  Exchange  of  Dies)  also  called  changeover  reduction  or  rapid changeover, is a 

lean production technique to analyse and reduce resources needed for equipment  setup,  including  exchange  of  
tools  and  dies.  It  is  an  approach  to  increase output and decrease quality losses due to changeovers. The target of 
SMED is that the change of dies or tools takes less than ten minutes, i.e. a single digit number of minutes. 
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 The changeover time can be divided into two parts; mechanical changeover time and adjustment changeover 
time. The  mechanical  changeover  time  is  the  time  it  takes  to  physically replace  parts  and dies in the 
machine.The adjustment changeover time is the time from when all parts and dies are in place until the first good 
piece has been produced. 

The changeover optimization is recommended to be done in three steps shown in figure 2. 

Fig.2 SMED workshop approach 
1.Observation

 In the first step, the team observes a changeover and documents all activities by noting them on a form 
and/or  by filming or taking photos. All wastes should be documented and possible improvements should be written 
down. 
2.Analysis 

The analysis consists of classification of the activities that were observed during the changeover. The change over 
time activities are classified into one out of eight groups as shown table 1 together with the duration of each activity, 
and are thereafter split up into internal and external activities.  
3.Optimization 

 ECRS means Elimination,  Combination,  Redistribution  and  Simplification The ECRS analysis determines 
the improvement potential of each changeover activity, and  the  potential  is  estimated  and  tasks  are  created  based  
on  the  estimations and see explanations below in table 2. 

Table 1  Classifications of changeover activities 
Classification Description 
Breakdowns All breakdowns that occur during the changeover. 

Control Operator controls itself 
Waiting All times the operator / setter is waiting; e.g. for his colleague, 

measurement results, material etc.
Movement All times the operator / setter has to pass distances, e.g. to fetch 

tools, supplies, etc.
Adjustment All activities that support the change over; e. g. move fixtures, 

adjust end stops, move toward reference points
Mechanical

changeover 
All elementary changeover activities; e.g. unscrew fixtures, 
exchange parts. 

Table 2 ECSR definitions 
Elimination The changeover steps can be omitted completely during the internal 

changeover, that means for the next changeover they are not necessary any 
more. This is the most difficult type of waste reduction and it requires 
mostly procedure changes. 

Combination By combining parallel, “rhythmic“ activities of  changeover steps the 
internal change over time can be reduced. 

Redistribution The changeover steps are redistributed to reduce waste. This optimises the 
sequence. 

Simplification By modifying and/or using tools, equipment and fixtures, the changeover 
procedure is simplified. 

 All improvements are defined with help of the ECRS analysis and are thereafter realized in the workshop. 
Following are some examples of improvements. 

1.Improvement of methods and devices 
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2.Definition and visualization of storage areas for tools 
3.Standardization of connections 
4.Provide certain tools as a set 

III. VALUE STREAM MAPPING (VSM) 

Value Stream Mapping (VSM), also known as Material and Information Flow Mapping, is a lean manufacturing 
technique that is used to analyze the flow of materials and information currently essential to bring a product. It 
originated from the TPS and while it is most commonly used in manufacturing it is also used in logistics, supply 
chain, service related industries, software development, and product development. For the most part, it is used 
primarily to identify, demonstrate and decrease waste (any activity that does not add value to the final product), as 
well as create flow in the manufacturing process .The VSM method visually maps the flow of materials and 
information from the time products come in the back door as raw material, through all manufacturing process steps, 
and off the loading dock as finished products.  
Basic Steps in Value Stream Mapping are, 

i. Define the boundaries 
ii. Define the value 

iii. Identify the tasks and flows of material and information between them. 
iv. Identify resources for each task and flow 
v. Create the current state map 

a. Identify value added and waste 
b. Reconfigure the process to eliminate waste 

vi.  Visualize the “Ideal State” and create future state map 
vii. Develop Action plans and track 

A-CALCULATION OF TAKT TIME 
Takt Time 

 Assuming a product is made one unit at a time at a constant rate during the net available work time, the takt 
time is the amount of time that must elapse between two consecutive unit completions in order to meet the demand. 

               Net Time available to work per day 
 Takt time =  

         Time demand per day 
Total working hours per day  = 8 hours 
Break time     = 30 minutes 
5 days demand = 600 components 
Total available time per day  = (8 hrs-30mins) 
         = 7hrs 30mins 
    = 7hrs 30mins×60×60 
    = 27000 Sec 

Takt time = 7hrs 30mins/ (600/5 days) = 225 Sec   
B-CURRENT STATE VALUE STREAM MAP

The first step, identifying the product, pertains to choosing what product the VSM will focus on. After having 
chosen the product to focus on, the next step is to draw the current state VSM, also known as a Current State Map 
(CSM). The first step, identifying the product, pertains to choosing what product the VSM will focus on. After 
having chosen the product to focus on, the next step is to draw the current state VSM, also known as a Current State 
Map (CSM). This CSM contains all the steps and the parameters used in these steps. These parameters include but are 
not limited to cycle times, TAKT time, Work-In-Progress (WIP), production rate, number of operators, and waiting 
time. Having compiled the CSM all the information deemed necessary to perform analysis, the team then assesses the 
current situation.   

Figure 3 shows the current state map that was constructed; the small boxes in the map represent the process and 
the number inside the box is the number of workers at each process. Also, each process has a data box below, which 
contains the process (Changeover time) CT, the number of shifts, and the (Cycle time) CO time. It should be noted 
that this data was collected whilst walking the CB press shop and talking to the foreman and operators at each 
workstation. 
C-FUTURE STATE VALUE STREAM MAP 
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 A VSM identifies where in the manufacturing process value is added and where there are non-value added 
steps. Upon assessing the current situation and determining where there might be non-value added steps, or wastes, 
the next step is to develop methods to eliminate these wastes. Upon developing these methods, a final VSM known as 
a Future State Map (FSM), can be drawn with these wastes removed. The future state value stream map used to 
reduced the non-value added activities like that change over tine, lead time. The final step is to implement the changes 
so that the drawn FSM can be followed as closely as possible. This will in turn make a more efficient lean 
manufacturing process. 

The future state value stream map as shown in figure 8. Its shows that kanban and kaizen activities, continuous 
improvement in Carriage Building press shop. 

Fig.3 Current value stream map 

The current state value stream map is drawn for the Carriage Building press shop. Visualizing source of waste in 
the current state map as shown in figure 3. The current state map has illustrated the value added activities and non-
value added activities.  

Fig.4 continuous flow processing 
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Fig.5 Unbalanced and balanced cycle time 
The cycle time are reduced in phosphating process as shown in figure 4. The work content is unbalanced. We need 

to drive this time down so that we need faster changeover or increasing machine up time as shown in figure 5. Figure 
8 shows the future state map to focus on the current state map for cycle time, changeover time and lead time. The 
kaizen and kanban techniques are introduced as shown in figure 6. 

Fig.6 Kaizen and Kanban technique
The changeover time were reduced by ECRS techniques as shown in figure 7.

.

Fig.7 Changeover time in current and future state map
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Fig.8 Future state value stream map 
Figure 8 shows the future state map that was constructed; the small boxes in the map represent the process and the 

number inside the box is the number of workers at each process. Also, each  process has a data box below, which 
contains the process CT, the number of shifts, and the CO time for the future state. The change over time and lead 
times were reduced. 

  The SMED technique used to  reduced the change over time. The change over time was 44.16% 
decreased from an average change over time of 98 minutes to 60 minutes.  

Table 3 Initial and after duration for changeover time 

CLASSIFICA
TION 

INITIAL  
DURATION 

(HRS:MINS:
SEC) 

AFTER 
IMPROVEMENTS 

(HRS:MINS:S
EC) 

Movements 00:15:55 00:01:15 
Documentation 00:03:20 00:01:50 

Adjustment 00:04:50 00:14:39 
Control 00:00:30 00:00:37 

Mechanical 
changeover 00:48:47 00:33:14 

Transports 00:66:23 00:03:25 
Cleaning 00:03:23 00:01:00 
Waiting 00:17:40 00:05:00 
TOTAL 

duration 01:38:30 00:55:00 

Initial and after duration for changeover time is shown in table 3. Initially total duration is 5910 Sec, after 
improvements is 3300 Sec. The changeover time was 44.16 % reduced. The before and after change over time 
activities as shown in figure 9. 
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Fig.9 Before and after changeover time 

IV.CONCLUSION 
The project presents a significant amount of the time products spend on the production system usually was 

waiting and non-value added. Quantitative evidence showed that many of the Lean manufacturing tools have an 
expected impact related to the reduction of this waiting time. The current state VSM is drawn for the Carriage 
Building press shop. The SMED techniques used to reduce the change over time. The change over time was 44.16% 
decreased from an average change over time of 98 minutes to 60 minutes.
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