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Abstract— This paper ‘Implementing Pull Leveling Between 

an Automotive Industry And Its Customers’ is based on the 

detail study and implementation of pull leveling process 

which was carried out in one of the esteemed organization 

whose products are used in top companies to produce 

customer end products. The name of the automotive industry 

is used as ABCD here. The objective of this work was to 

avoid the impact of demand fluctuation directly to the pace 

maker process and to produce the product as per the customer 

demand in order to reduce inventory. The ABCD plant was 

following the first level of leveling process that is Push 

leveling, so to enable pull system (that is second level of 

leveling process), this work was initiated as System CIP 

project .Firstly to start with, we had a complete overview of 

the products and its Value Streams. We selected one value 

stream namely ILM-1 Value stream of ABCD. The finished 

goods of ILM-1 is been supplied to the high end customers 

like namely  RT, VT, FT, CT etc, So we decided to start up 

the project as a pilot project for RT customers, whose 

products were produced in ILM-1. 
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I. INTRODUCTION 

We initially studied about the product and the value streams 

of ABCD company. Then we collected the data like what are 

the product part numbers produced in different value streams 

and who are the customers for those part numbers.  We started 

studying about this value stream and planned to adopt some 

improvements in it.                                                                                          

The VSM (Value stream mapping) is newly revised for every 

6 months and the kaizens are applied on the VSM to produce 

VSD (Value stream design). So this VSD describes the 

changes and the improvements that need to be adapted in the 

particular value stream for the year in order to achieve the 

business goals and targets and make the work easier. So when 

analyzing at VSD, we came to know that the company is 

following first level of leveling pattern –that is called as ‘push 

leveling, in this the parts are produced without considering 

the customer demand and line capacity. Just the line is not 

kept idle and parts are produced blindly, because of this the 

customer delivery fulfillment was very poor and  the huge 

unwanted inventory was building in the company. So we 

decided to implement the second level of leveling process, 

that is nothing but ‘pull leveling’, by considering the capacity 

of the line and detail demand list from the customer for the 

particular  month.  

So, we took the confirmed demand from the 

Logistics Planning  team and filtered all RT demand for the 

month. Then we collected some of the details like cycle time, 

through put time, OEE losses, delivery pattern etc, which are 

very much important for the calculations like Capacity 

Analysis, ABC-XYZ Analysis to decide runners and exotics 

and RE-LO-WI-SA calculation to decide the number of 

Kanban cards needed for all parts numbers for the month.  

So once we done with the calculation part, next we 

made some of the mandatory arrangements like purchasing of 

Heijunka Board with all necessary provisions, acrylic 

pouches to keep Kanban cards on trolleys, printing of 

monthly Kanban cards and inserting them in Kanban pouch, 

In and Out Pouches at Logistics 3 and the standards. 

Next the calculations were finalized and the kick off 

meeting was done followed by the implementation of project. 

Careful monitoring of BTS, OEE, and delivery fulfillment 

was made. Finally after one week of initial trail run, the 

project was made to run for a month, then the Point CIP was 

started to further stabilize the project. 

Based on the result and other successful parameters 

of the project, the project was horizontally deployed to the 

other lines such as ILM-2, ILM-3,ILM-4 and so on. 

The whole work into four subdivisions and discuss 

here  

II. FIRST STEP – STUDY AND PURPOSE OF PROJECT 

As discussed when kaizen applied on the VSM was analyzed, 

the need for betterment in delivery fulfillment, built to 

schedule, improve quality, transparency in production were 

the parameter need to be improved for business development 

. As a improvement for the year, this project work was taken 

as a System CIP project.   

In the lean manufacturing there are four levels of 

leveling pattern which are used in order to supply the right 

products in right quantity at right time .As customer 

satisfaction is the upmost priority for today’s industries, so 

this leveling pattern plays a vital role in fulfilling customer 

needs. 

The four types of leveling are: 

A. Level 1: Push Leveling: 

In this type of process production is not done according to the 

anticipation of customer demand. Here in this the main 

criterion is utilization of the every minute available in the 

machine. That is leveling is not done and the production is 

done as per the convenient of the assembly line. If the 

customer is not willing to buy the product also, we insist him 

to buy due to the over inventory. In this type there are many 

disadvantages,- 

1) The huge inventory- that is in this type we produce as per 

the convenient of line without considering customer 

demands due to this the huge inventory of unwanted 

parts are filled. 

2) Delivery Fulfillment – By this process, delivery 

fulfillment is very low. The necessary parts can be 

supplied at time and the unwanted parts are produced and 

forced customers to buy them. By this the customer line 

stoppages are very frequent. 

3) iii. No Transparency- By this process, there is no 

transparency, like what are the raw materials needed in 

time to match customer requirement. How should the 



Implementing Pull Leveling Between an Automotive Industry and Its Customers 

 (IJSRD/Vol. 4/Issue 06/2016/122) 

  

 All rights reserved by www.ijsrd.com 512 

sub-assemblies plan in-order to fulfill the demand 

 of pacemaker process etc. 

 So in order to overcome all these problems, the next 

level of leveling process need to be followed. 

B. Level 2: Pull Leveling With One Supermarket: 

 
Fig. 1: 

In this type the production is done according to the 

customer confirmed demand and all the problems mentioned 

in the above process are resolved by this level of leveling. In 

this one supermarket is set up at the customer end and the 

buffer inventory is available to have the better customer 

delivery fulfillment.  To achieve this, there are various tools 

like Heijunka etc, So in this the finished goods are supplied 

to the customer supermarket and customer withdraws from 

his supermarket. As he consume, the customer supermarket 

is filled with the Finished Goods. By this, there is lot of 

transparency between line and the customer and also between 

final assembly and sub assemblies. 

C. Level 3- Pull Leveling With Two Supermarkets: 

 
Fig. 2: 

In this type the production is done according to the 

customer confirmed demand In this two  supermarket is set 

up one at the customer end and another at our end (at our final 

assemblies), so the dual side buffer inventory is available to 

have the better customer delivery fulfillment.  So in this, the 

Finished goods are supplied to the supermarket present at our 

end from there it is moved to the customer supermarket and 

as required customer pull from his supermarket. So the 

finished goods are available at our and customer 

supermarkets as buffer, so there is no issues of line stoppages 

and customer delivery fulfillment will be achieved almost 

100%.  

D. Level 4- Just In Time: 

In this type the production is done according to the customer 

consumption of the finished goods. It is the highest leveling 

process. In this the finished goods are supplied directly to the 

customer line therefore ensuring him the perfect on time 

delivery. Here delivery fulfillment and customer satisfaction 

is 100%. But this type of technique is very tough to handle as 

there are many obstacles between systems. But still the 

company like Toyota is following this JIT concept. 

So, as a improvement we started implementation of 

second level of pull leveling. 

Also we studies about certain lean tools what we use 

for this project such as, 

 Kaizen  

Kaizen is tool which is adapted to enhance the 

improvement process of the company.  Kaizen is a continuous 

improvement process that makes people to think and adapt 

their views ideas and thoughts which bring improvement in 

the process. It is used to reduce the non value added activities. 

The kaizen is marked on VSM and on priority and pareto 

basis they are taken as a system CIP project in an industry. 

 Kanban  

In the push type, the products are manufactured 

without considering demand and are just produced and sold. 

So to produce as per customer requirement Kanban plays a 

vital role.  A Kanban is a card with information about the 

product and its flows. Kanban consists of details such as part 

number, number of quantity, from where to where the product 

flows, date of card printing, number of cards and lot more 

things. Kanban are used to buffer variations in customer or 

next process step demands. Kanban refers to the pulling of a 

product through a production process. The purpose of Kanban 

is to signal a preceding process that the succeeding  process 

require parts or material.   

 Heijunka  

Heijunka is a tool which helps in implementing the 

pull system to the production industry. In industry it is very 

much important to produce the product as per the customer 

demand, so in this scenario heijunka plays a vital role in 

helping this customer pull process. 

Heijunka consists of number of slots as per day and 

time basis just like post box, where the cards are placed and 

this enables for production. The discipline is created where 

the production occurs only if production Kanban card is 

found in the slots as per day and time basis. It is normally 

used for a pacemaker process, where actual value is added in 

a company. In this, all the problems can be detected  and also 

the perfect decision can be taken for the production and 

delivery activity.  

 Both Pull systems and Heijunka work well hand-in-

hand. So, both are important aspect of our project. 

 Changeover Reduction  

 Changeover is a non value added activity, so the 

time incurred in changeover should be minimized and the 

number of changeovers in a day should also be reduced. The 

time to convert the equipments parts and all necessary things 

from the running part to the next change part is a challenge 

process and time incurred in this process is called 

changeover, which need to be minimized to lower extent in 

order to have a  good production rate and meet customer 

demand in time.  

Changeover time consists of two parameters. First 

one is internal parameter, that is working on the machine and 

the second one is external parameter, that is the working off 

the machine, like preparation of tools, materials etc.. It is very 

much important to reduce the mean changeover time and also 

its variability using a standardized process.  

Converting the possible internal activities to 

external activities, will reduce more time and help the 

machine to run for much more time as the preparation 

activities are scheduled off the machine.  

III. SECOND STEP  – PROBLEM DEFINITION 

In ABCD plant, the level one push leveling was followed , it 

means the  production was done without considering the 

demand of customer which led to lot of problem such as, 
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 Delivery Fulfillment was very low  

 Very High Inventory 

 Customer variations today is being directly passed on to 

pacemaker process 

 More Customer Complaints 

 No perfect planning for sub assemblies and packaging 

materials 

 Bull whip Effect 

 To overcome all this, our project was initiated as a 

system CIP project 

IV. THIRD STEP – PROGRAM DESIGN 

To implement the second level of leveling called as pull 

leveling initially we started with studying about the various 

plants which are following second and third level of leveling. 

And based on these studies we started collecting relevant 

data’s which help us in calculating and implementing pull 

leveling smoothly. 

We planned to implement the project in four phases 

mentioned as below, 

Phase 1  

 Map the current process (as a flowchart) 

 Identify gaps and areas of improvement in the current 

process 

Phase 2: Proposal for new process  

 Process Flow defined  

 Responsibility matrix  

 What has to be done 

 Who has to do what  

 How it is monitored  

 Escalation matrix  

 Virtual Supermarket for FG  

 Backlog Visualization at Heijunka Board 

Phase 3  

 Pre - Implementation  

 Deciding on Heijunka Board  

 Print cards for FG  

 Procuring the items 

 Designing Heijunka Board  

 Calculation of Kanban Cards and making them ready  

 Preparing standards for working of entire project 

including CFT  

 Train the people  

Phase 4  

 Implementation  

 Implement the new process   

 Setting standards in place  

 Resolving problems that arise  

 Move into System CIP  

 Monitor for 2-3 months   

 Handover completed 

That is in the phase one we studied about the detail 

procedure that is followed at the company. That is raw 

materials are brought and stored at log 1, from there it is 

moved to the line in every one hour interval, and the finished 

goods move from line to log3 /supermarket for every one 

hour. 

In phase 2 we allocated work for all departments, 

that is who has to do what and if any discrepancy occur then 

whom to escalate all we decided at this phase 

In phase 3 we designed the heijunka board, 

calculated the number of cards needed and all other necessary 

calculations. 

In phase 4 once all calculation and necessary items 

were ready we implemented the project and further to 

stabilize it we started a systematic stabilization process with 

standard format called as Point CIP.  

V. FOURTH STEP – PRE-IMPLEMENTATION CALCULATIONS 

We had certain data to be collected and the calculations to be 

made in order to implement the pull leveling . So the below 

mentioned data’s were collected  and calculations were made, 

A. Data Collection: 

The data such as cycle time, Throughput time, number of 

parts per Kanban, Total demand, delivery pattern were 

collected before starting with calculation 

Once it was done the next part of calculation was 

initiated that is the capacity analysis to know capacity of line, 

ABC XYZ analysis to decide runners and exotics, and the 

RE-LO-WI-SA calculation to decide the number of Kanban 

cards that need to be printed and released to the line. 

B. Capacity Analysis:  

This is to determine the capacity of the line, that is the number 

of good parts that can be produced in the line on daily basis, 

 
Table 1: 

C. Abc/Xyz Analysis: 

The parts which need to be produced on regular basis called 

as runner the part which can be produced once or twice in a 

week is called runners to decide this the procedure is followed 

that is ABC/XYZ Analysis 
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Table 2: 

  So, AX is treated as runners, rest all are treated as 

exotics as per this method. 

D. Relowisa: 

RELOWISA calculations  

K = RE + LO + WI+ SA 

Where,   K = Total Number of Kanban cards required 

       RE = Replenishment time Coverage 

 LO = Lot Size Coverage 

 WI = Withdrawal Peak Coverage 

 SA = Safety Time Coverage 

1) Replenishment Time Coverage (RE-Factor):  

Replenishment time can be calculated as shown below 

RE   =    PR ×RT loop  

               POT × SNP           

Where, 

 RE                         =    Replenishment Time Coverage 

 PR (Pcs/Period)     =    Requirement per period 

 RT loop (min)         =     Replenishment lead time for the loop 

POT (min/period)   =    Planned operating time 

SNP(pcs)                =    Standard number of parts 

RT loop                  = RT1+RT2+RT3+RT4+RT5+RT6 

RT1                        = Time to move the lot size formation box 

from the supermarket to the production chute. 

  RT2 = Maximum waiting time at production chute. 

  RT3 = Time for transportation through milkrun 

   RT4 = Time incurred in changeovers  

   RT5 = Time required to produce entire lot size 

   RT6 = Time to bring lot size to the supermarket. 

2) LO Factor - Lot Size Coverage:  

LO = (LS/NPK) – 1 

Where, 

 LS = Lot Size = (Daily requirement / change-over frequency)     

 NPK = Number of parts per Kanban 

3) Wi Factor - Withdrawal Peak Coverage: 

Planned Customer Withdrawal 

WI = (WA/NPK) - RE - LO 

If WI becomes negative, then WI = 0  

WA = Withdrawal Amount (Maximum PLANNED 

cumulative withdrawal amount of customer demand for part 

number within RTLoop) 

4) Sa Factor - Safety Factor 

SA = SA1 + SA2 + SA3 

SA1: unknown fluctuations in output and lead time in the 

production process 

SA1 = (WAext - WA)/NPK  

WAext = Extended withdrawal amount is Maximum 

cumulative withdrawal quantity or PLANNED customer 

demand for part number within the extended replenishment 

lead time RText 

RText: Extended Replenishment Time of Loop - Extended 

replenishment lead time for the Kanban in the cycle. 

SA2: additional safety 

SA3: additional safety  

SA3 = additional quantity/NPK 

Note** SA2 and SA 3 are additional safeties and 

they are mostly Taken into consideration by thumb rule and 

previous experience. 

VI. FOURTH STEP –IMPLEMENTATION  

Once the data’s were collected and the calculations were 

made the Kanban cards were printed as per RELOWISA 

calculation and were released to the heijunka board placed at 

the line  

As shown in above the Leveling Board or the 

Heijunka Board consists of number of slots to insert the 

production Kanban as per the leveling schedule planned for 

the week.  Here in our case we have designed the slots for 

every two-hour interval. That is today consists of 12 slots for 

every two-hour interval which cover 24 hours and tomorrow 

consists of 12 slots for every two-hour interval. The 

production card is populated into the slots according to the 

part number which is mentioned on the board at left hand side.  

The card is populated as per the production plan, that is what 

has to be produced first and what is next. Red cards called as 

change over cards are used to differentiate between the two 

parts numbers.  

The third column is returned cards. The cards which 

return from the Log 3 out box on daily bass from Mon to sat 

(The operation of pull leveling is explained in next chapter) 

is inserted in this returned slot according to the day on day 

basis when it is returned from the Log 3 to the board. This 

enables the close loop and also the visualization process. 

At bottom there is a provision for B and C parts 

which are nothing but exotic parts which are produced very 

rarely. Along with that there is also the not produced slot 

where the backlogs cards, which are not produced in the day 

is moved over there corresponding to that time slot 

irrespective of reason for failure. Next day when planning and 

populating cards, these backlog cards are considered first and 

are planned in first slot, then the rest production planning is 

done as per leveling sheet. If the backlog cards are not 

planned for the next day production, then those cards are 

noted in the backlog tracking sheet and are discussed in the 

meeting. 

Operation 

The operation of pull leveling in detail steps with a 

block diagram is as follows.  

 At first once we receive the demand for the month from 

the customer end; we start with the initial calculations as 

discussed above and decide the quantity of Kanban cards 

that need to be printed and released to the closed loop of 

pull leveling. 

 Then the Planning team will prepare the Leveling sheet 

for first 2 weeks keeping in mind the customer demand 

and the withdrawal pattern along with the fact that daily 

production schedule should not exceed the daily planned 

production rate. At the beginning of every week, this 

leveling sheet is displayed on the Heijunka Board which 

helps employees to know about the production quantity 
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and sequence for entire week. The old filled leveling 

sheets are scanned and used for references.  

 Once Kanban cards are printed the number of cards 

which has to be released to the loop is determined by 

RELOWISA calculation and those many cards are kept 

in the heijunka board.  

 Daily morning meeting is scheduled at 9 Am where the 

entire cross functional team like Planning team , Mfg will 

be present near the assembly line. 

 At that time Planning  team member will populate the 

Kanban Cards as per the sequence to the tomorrow slot 

of the heijunka board according to the leveling sheet . It 

means today we plan for tomorrow production. So 

Planning team  member will populate the card (as one 

card represents one palate or NPK, leveling sheet is as 

prepared in multiples of NPK). So the number of cards is 

placed as per the time slot in the Heijunka board. For 

Example, in leveling sheet we have planned part number 

A123.00.25 total of 500 numbers then we inset  5 cards 

to the  slot correspond to time plan. 

 The first slot of two hours slot in heijunka board is 

always kept blank to occupy backlogs which are not 

produced or in case if backlog doesn’t exist then we can 

plan for exotics over there. 

 Careful measures are taken while populating cards, that 

is during lunch break tea break shift change time etc less 

cards are populated and during other active time due to 

rhythmic production more cards are populated. 

 This is the work of PLANNING TEAM people and they 

also displayed tracking sheet called BTS (Built to 

schedule that is whether production is going on as per 

leveling schedule or not.) 

 Line Manager  from the manufacturing department at the 

line will move the card from Heijunka board to the 

production chute/ board which are placed at the final 

assembly line. For every two hours interval they take the 

cards present in the slot and place them in the production 

chute. 

 Once the production is done and the palette is ready to 

move from final assembly line to the LOG 3 

supermarket, the card from production chute is removed 

and placed in the trolley pouch of finished palette. This 

is normally done by LTM or casual labor. 

 The milkrunner will pull this finished palette trolley from 

line to Log 3 and place the Kanban card according to the 

part number in the IN pouch present at the LOG 3 Stock 

Visualization Board. 

 Once the finished goods are dispatched from the LOG 3, 

the Log3 member will shift the card from IN pouch to 

OUT pouch of Stock Visualization Board. 

 If Milkrunner in his rotation if find any card in the OUT 

pouch of stock visualization board, he picks it up and 

brings it near assembly line and put it in the returned card 

slot of heijunka board corresponding to the day and part 

number . 

 The same routine is followed and the cards which come 

to the backlog slot are perfectly planned and also tracked 

in the sheet called Backlog Monitoring Sheet. 

 Also the formats like OEE (Overall equipment 

effectiveness) and BTS (Built to Schedule) sheets are 

displayed on the Heijunka Board and these sheets need 

to be filled at morning meeting by manufacturing team 

and if any discrepancy occurs, it should be discussed then 

and there itself. 

 The training was provided to all the staffs and the 

standards were made and displayed at the line for 

workers to know more. 

 We made a standard and updated it thrice as per the 

suggestion meeting and the working of the project. 

Finally third version of standard was well accepted by all 

and was made as regular standard and was displayed at 

board. 

 We made a trial run for a week and we ourselves did all 

the work of populating board going with milkrunner to 

Log3 and bringing back card and putting in return slot, 

Checking stocks and comparing available stock and the 

cards present in IN pouches, dispatched stock and the 

invoice with cards all were cross verified for initial one 

week and training was provided to all staff members. 

Then finally project was implemented and was made 

routine activity for one month. 

 Then after one month we started a stabilization process 

to make the process stable called as “Point CIP”. 

VII. SIXTH STEP – RESULTS 

We implemented Pull Leveling in order to overcome from 

problems that we faced in push leveling. So some of the 

benefits are. 

1) Improved delivery fulfillment 

2) No More Quality issues 

3) Reduced inventory 

4) Very good planning efforts  

5) Transparency  

6) Problems can be identified and traced 

7) Overall equipment effectiveness losses are less 

8) Built to schedule (BTS) is improved 

9) Bull Whip effect was reduced 

VIII. CONCLUSION 

 The second level of leveling pattern  was successfully 

implemented  using RELOWISA (Heijunka Technique) 

and the process was initialized in all other value streams 

too. 

 It helped in business improvement process and had many 

benefit as mentioned above. 
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