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Abstract

Heijunka is a Japanese term that refers to a lean manufacturing approach used to reduce variability in
production processes. Heijunka also known as production levelling was developed and implemented as
a part of the Toyota Production System. The main purpose of Heijunka is to create a lean production
process that is least affected by demand fluctuations. This method aims to decrease overproduction by
aligning production plan with actual customer demand, avoiding bulk production in batches, and
promoting a more balanced production flow. This paper presents a simulation-oriented approach to the
design of a Kanban-controlled Heijunka system for the manufacture of automotive seal solutions. With
the developed simulation model, the potential outputs of the planning pattern were estimated according
to the demand fluctuations. Obtained results show that potential decreases in WIP stock levels and faster
deliveries to the customers can be achieved.
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1. INTRODUCTION

This paper presents a comprehensive research on the implementation of Heijunka system in the
production line of a manufacturing company specialising in the production of sealing parts.
Heijunka is a core element of the Toyota production system (TPS). It is used to level the release
of production Kanbans to achieve an even production schedule over all possible product types,
therefore reducing or eliminating demand fluctuations that are hard to avoid. As customer needs
reach their maximum levels, there are large unpredictable fluctuations in inventory and demand
may increase gradually with ups and downs, which is called as bullwhip effect [1]. Heijunka is
a production levelling technique that enhances operational efficiency by facilitating adaptability
to demand fluctuations, optimizing resource utilization, and streamlining the value stream.
Rooted in the Kanban method, it ensures that production is driven by actual customer orders
rather than demand forecasts, thereby minimizing waste and reducing inventory levels [2]. By
promoting mixed-model production through smaller lot sizes, Heijunka mitigates the impact of
demand variability and maintains a consistent production flow [3]. Moreover, it safeguards
manufacturers from workload fluctuations by balancing output over time and prioritizing
products based on demand levels [4]. The system also segments total orders into scheduling
intervals (e.g., week, day, shift) within a defined planning horizon and establishes iterative
production sequences (e.g., AABAAB...), facilitating an optimized product mix and ensuring a
stable, balanced production output [5]. Kanban and Heijunka tools are two key elements of lean
manufacturing that can assist in the effective management of material flow. The application of
these lean pull concepts in manufacturing facilitates the estimation of future work since data on
task cycle lengths and workflow becomes more practicable to collect. The goal of implementing
a pull system is to produce exclusively in response to customer demand, which means that stock
levels of raw materials, work in progress (WIP), and finished products can be kept to a
minimum, boosting flow efficiency and productivity [6].
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Compared to Kanban, the most standard demand control mechanism in practice, Heijunka
aims to neutralize demand fluctuations and stabilize production lines [7]. Although the literature
emphasizes that the implementation of a pull system is a prerequisite for the effective
application of Heijunka [3], studies in which Kanban and Heijunka are applied simultaneously
are relatively scarce. While Kanban has been extensively studied in the literature, there is a lack
of research exploring the comprehensive application of Heijunka, particularly in conjunction
with pull systems. Few studies address how the system responds to demand fluctuations or
provide detailed methodologies on Kanban operations, production line design for Heijunka
implementation, and batch size adjustments. Based on these gaps in the literature, this paper
focuses on Heijunka and contributes to literature by offering a new perspective on the
application of the Heijunka method to the shop floor, including the implementation of tactical
and operational aspects [8]. In addition, the Kanban application process will be explained step
by step as part of the Heijunka study. Different from previous studies, a detailed simulation
model of the Kanban integrated Heijunka was developed; with a comprehensive simulation
model, the potential outputs of the planning pattern were estimated according to the demand
fluctuations. The rest of this paper is organized as follows: Section 2 presents the literature
review related with Kanban integrated Heijunka studies. Section 3 gives description of case
study. The proposed methodology is provided in Section 4. Section 5 gives experimental
results. Finally, conclusions are presented in Section 6.

2. LITERATURE REVIEW

This section provides a brief summary of Kanban integrated Heijunka studies. A number of
studies have been conducted in the literature to determine the optimum values of Kanban
parameters. The majority of these consist of Markov chains, mathematical models and
simulation approaches. For more detailed analysis, the reader is referred to Boutbagha and El
Abbadi [9], Kjellsen et al. [10], and Sendil Kumar and Panneerselvam [11].

Simulation occupies a wide place in the Kanban literature. Simulations models are used to
measure the performance of a system in the long and short term. With a simulation software, it
is possible to evaluate the effectiveness of the Kanban system or predict what impact the
Kanban system will have on the current production process before implementing the Kanban
system. A series of simulation models have been developed for the purpose of testing different
configurations in order to determine the optimal number of Kanbans, estimate the optimum
stock levels in buffer stocks, and evaluate the performance of the Kanban workflow that has
been created.

Marek et al. [12] created a simulation model through Arena Software that shows card
reduction heuristics algorithms for Kanban and CONWIP pull systems. While comparing two
different pull system approaches planned to be applied to the production process, the effect of
the card reduction strategy on WIP and its effects on achieving the desired throughput level are
also discussed. Treadwell and Herrmann [13] used Arena software to model a pull system with
Kanban. In their simulation, a Kanban authorizes production and moves with the part until the
next workstation starts processing it. There is no raw material Kanban at the first station, and
the last station always has permission to run as Kanbans are released when parts exit. Selvaraj
[14] used Promodel to simulate a Kanban-controlled system and determine the optimal Kanban
number under different demand frequencies. The study found that machine breakdowns
increase the optimal Kanban count due to reduced efficiency. Al-Hawari et al. [15] developed
a simulation model for analysing a Kanban controlled production system in terms of throughput,
queue lengths and WIP inventory. Yousefi et al. [16] developed a mathematical model to
optimize the number of Kanbans and estimate the required inventory at workstations in a just-
in-time production system. To validate and adapt the model to real-life conditions, they
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simulated the factory's Kanban system using Arena software. Smew et al. [17] proposed a
simulation model for analysing a supply chain that embraces hybrid Kanban-constant WIP
principles. Golchev et al. [18] created a simulation model to test a number of possible
production scenarios with preset settings to maximize the capacity of a limited number of
Kanban transport units based on daily production requirements. The authors point out that
simulation helps improving production throughput and emphasize its contribution to the
Kanban implementation process. Renteria-Marquez et al. [6] used simulation to evaluate the
effect of batch sizes on WIP and lead time when implementing the Heijunka. The results show
that increasing the batch size resulted in an increase in both WIP sizes and lead time. This
finding shows that an incorrectly chosen batch size can lead to system instability. Mullisa and
Abdul-Kader [19] developed a simulation model to optimize Kanban numbers, considering key
performance indicators like waiting times, production rates, and WIP. After verifying system
data, a single-card Kanban and pull system were implemented to reduce waste from large batch
production.

3. CASE STUDY

3.1 Profile of the case company

The case company in consideration produces sealing components for mostly use in automobile
engines. The existing production system consists of five stations: phosphating, bonding,
moulding, postcuring and controlling. Due to the large difference in cycle times of multiple
production stages, production completely progresses with a push system. Production planning
transmits work orders to phosphating and production progresses from start to finish. WIP is
uncertain and there is no tracking system. If the stock amount between two stations is to be
calculated, this can only be achieved by means of a manual count conducted at the relevant site.
In the current situation, there is no structure that will provide flexibility to the customer because
mass production takes place. If the customer wants to prioritize their orders during production
or cancels the orders, there exists no mechanism to detect, prioritize or stop the amount of
product the customer wants in WIPs. However, such a system can be prioritized according to
customer urgency and small batch production can be realized. Another disadvantage of the
system under examination is that since mass production takes place, a considerable quantity of
stock accumulates before the stations, and these stocks occupy space and create an inefficient
work area. In addition, the costs of keeping stock in the business are very high and since the
amount of WIP is uncertain, the cost of keeping stock cannot be determined.

3.2 Calculating number of Kanban cards

In order to ensure the safe operation of the system, it was necessary to determine the quantities
to be stored in buffer stocks. This was achieved by taking into account a number of criteria,
including the speed of supply of raw materials from suppliers, the speed of milkruns distributing
raw materials to production and cycle time differences between processes. With the determined
safety stock quantities and selected container capacities, the Kanban sizes of parts of different
dimensions were calculated. In line with the data obtained, the number of Kanban cards referred
as N was calculated according to Eq. (1) [20]:
dL+S

N== (1)
where d is average demand over a period of time, L shows lead time for order renewal, S is
safety stock and C refers container capacity.
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3.3 Design of Kanban cards

Kanban cards are the most integral component of Kanban system. The movement of cards
indicates the need to move material within a manufacturing plant or the need to move materials
from an external supplier to the manufacturing plant [21, 22]. In the production processes in the
plant, a Kanban card signals that the product, part or material is consumed in that process and
needs to be produced. Therefore, the information on a Kanban card that moves between
production stages must contain clear and comprehensive information for operators.

The following basic information must be present on the cards [23]:

« Customer information such as customer, customer product name and model type,
 Product information such as part name, part image and quantity per package,
« Production process address and storage area.

While designing the Kanban system, a double-card and multi-stage Kanban system was
preferred. In this regard, three different card types have been created to ensure the most efficient
material flow between production stages: production Kanban, transportation Kanban
(withdrawal Kanban), delivery Kanban (withdrawal Kanban). Production Kanban is the card
that is stored in buffer stocks and gives production orders, while transportation Kanban ensures
material movement. Cards are coloured according to Kanban types. As shown in Fig. 1, the
Kanban card designed for the system shows basic information such as the Kanban size
corresponding to the card, the type of transport unit that enables the movement of the Kanban
size between production stages, the dimensional properties of the material, the address where
the card is located and the workstation where it will be processed.

[N | propucTioN KANBAN| Customer Code

S~ Material Number | oo

UNIT TYPE

SEMI CODE Material Description

PK4000 - * WORKSTATION aty (pe)

2o
D=2 | BUFFER STOCK (SUPERMARKET) ADDRESS © | 20w
E#RE

Figure 1: Proposed production Kanban card design.

4. PROPOSED APPROACH

4.1 Heijunka Kanban system

The management of the created and standardized Kanban cards will be facilitated through
“Heijunka boards”. The production pattern, which will show weekly production on Heijunka
boards, will be created with Kanban cards. The departure of the materials planned to be
produced and to be shipped from the outbound warehouse to the customers plays a trigger role
in the Kanban cycle. The sales order serves as a signal for the Kanban cycle to begin. Materials
equal to the customer order amount are consumed from buffer stocks in the production area,
respectively. The proposed Kanban integrated Heijunka system is implemented to fill the gap
in the buffer stock created by the withdrawal of materials from the buffer stock closest to the
outbound warehouse.

In the first stage for implementing Kanban system to the plant, the locations of the
supermarkets, which are also known as buffer stock to be placed with the Kanban system in the
current layout, were determined. It is proposed to place three buffer stocks for the Kanban loop.
Three buffer stocks were positioned to cover four different production processes. Kanban
system was constructed that the material flow between bonding and phosphating and moulding
and postcuring takes place in accordance with the principles of Constant Work in Progress
(CONWIP) approach. CONWIP operating logic has been proposed to manage the capacity
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difference between processes at a simple level without affecting the operation of the next

process. Controlling is the process that is closest to the customer and determines the pace

(pacemaker). Accordingly, the third buffer stock was positioned between the postcuring and

the controlling process, this way it will be possible to withdraw from production as much as the
controlling is idle and needed.

The entire Kanban cycle managed with Heijunka boards, and this cycle is based on the 4
main Kanban card movements shown in Fig. 2. The Kanban cycle movement is explained as
follows:

1) The first loop is managed with a single Kanban card and the cycle starts with shipment to
the customer. The customer pulls the relevant finished products according to the weekly
plan. In the shipping warehouse, the delivery Kanban card is used to fill the gap created by
customer withdrawal.

2) Using dual Kanban cards, this loop creates the moulding production plan. Production
Kanbans accumulate on the Heijunka board, while transportation Kanbans bring processed
materials to the moulding line. Completed products' Kanbans return to the buffer stock.

3) The third loop starts with the production Kanbans in the bonding buffer stocks coming to
the Heijunka board in front of the phosphating. This loop also works with dual Kanban cards.

4) The last loop works with a single card. It ensures the feeding of materials from the material
warehouse to the Kanban cycle.
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Figure 2: Schema of Kanban integrated Heijunka system.
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4.2 Supporting the Heijunka method with a comprehensive simulation model

This study employs a simulation model of the Kanban system to be implemented in the
company, and by entering data such as batch sizes of the selected references, weekly production
requirements and the quantities into the system, it can be predicted how many Kanban cards
can be used in the system. In addition, the amount of WIP that the Kanban references to be
produced will generate within the system, and the efficiency with which the machines will
operate with the Kanban references can be determined with the developed model. The model
can be run within the specified time interval and the output of the stocks in the supermarkets
can be monitored instantly. The complexity of simulating the Kanban system necessitates the
selection of an appropriate software program.

The research findings revealed that the Arena Simulation Software encompasses the
requisite modules for the design of the Kanban system for the company. The modules used in
the simulation model shown in Fig. 3. In the Kanban system simulated in this program, 18
references were successfully run without any problems.

_OEneen_
' ‘T 2 o
process

= -
for
inventory

Signal Module Pulling
the parts from the
supermarket

Create Module: Assign Module: Batch Module:Defining
Pioviding for parté Used for labelling lot sizes, and calculating

entering to the system. the entering parts. kanban cards

nerneen

customer = | Part production Supermarkets b

Dispose Module:
Providing the parts to

exit system.

{ Deliver parts to

Hold Module: Holding the
parts to form supermarkets
until receiving the customer
order signal

Process Module:
Defining cycle time,
and processing time

Figure 3: The modules used in the simulation model.

In order to implement the Kanban system, the system precisely needs to contain a signal
logic. As previously stated, the Kanban system should be triggered by customer order. The
system is designed to initiate production with the customer order and only the amount of
product requested by the customer is produced with signals. The flow of the system commences
from the end and progresses to the beginning. Supermarkets must be full for the Kanban system
to initiate, and this is achieved with the “Create” module. The “Create” module allows entities
to be entered into the system. Since initial values cannot be assigned to supermarkets, “Create”
modules have been created to fill the supermarkets only once. Each reference entering the
system is defined as a new “Entity”. After the create module, variable numbers are assigned to
“Assign” module to each line. These variable numbers determine the Kanban batch sizes and
the number of items in the case. This approach ensures the automatic assignment of the desired
values to the modules by entering these variable names in determining the stock number of
supermarkets or reference batching processes. This definition facilitates the use of the
simulation model, as simply changing the number of the variable of the relevant entity in the
assign module automatically changes the numbers in all remaining processes. Consequently,
manual data entry by the user is entirely eliminated. In the system, the necessary batching
operations are carried out using the “Batch” module. The “Decide” module is used to create the
necessary route by separating the assets from each other. Once the customer order data has been
received in the system, the supermarket in front of the last process must be activated with a
signal and production must start. Then a signal needs to be sent to the previous process, and the
required number of productions must be made to fulfil the remained order quantity in the
supermarket. The signal logic is established with “Hold” and “Signal” modules. Hold modules
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are defined as supermarkets, and when a customer order arrives, the supermarkets are triggered
via the signal module and sent to produce the required number of products for the next process.

The algorithm for designing the Kanban simulation model is explained in detail in Fig. 4,
which represents a comprehensive flow diagram to provide insights into the Kanban studies
that have been conducted and supported by the simulation model.

Send the parts to the final process
from its supermarket to start

production
Build expression: Customer order/
kanban lot size of final process

Assign a variable to
references for labelling

[ Trigger the previous process ]

Fill the supermarket stocks

production, and label to the
the
xupermarim inventory again

( Complete the current process line

Wwait for the
customer orders

Have customer
orders received as
much as the final
process capacity?

Have labelled
products passed
through the
production line?

Ne

Customer order/ Lot
size of final process

( Calculate kanban card numbers 1

Gather the labelled products to

the lot size of next process.
Use batch module to decrease the entity Batch Size: Customer order/ lot
numbers to 1 for a production order size of next process

!

Continue to
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wait for the
work order

Have production
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received?

Is there aything
missing about next
supermarket stock?

Trigger the shipment and the final
process

Trigger the customer order
to start loop again.

Wait the signal

Are there any
remaining customer
orders that will trigger
the final process?

1s the folowing
process triggered
by the signal?

Figure 4: Algorithm of the simulation model

5. EXPERIMENTAL RESULTS

The implementation of Kanban will facilitate the traceability of WIPs in the material flow and
the stocks, as the number of materials will be equivalent to the number of cards in the system.
The inhouse production lead time was reduced from 11.01 days to 6.32 days, as presented in
Fig. 5, by eliminating the non-value adding activities of a part in production line and equalizing
the stored quantities in levelized stocks to the customer withdrawal rate.
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Figure 5: In house production lead time comparison.

A simulation model is developed for the Kanban flow of 18 references to support the
Kanban system in order to track WIP of other references to be commissioned, to determine
optimum batch sizes, and to predict bottlenecks that may occur and take action against them.
In the simulation model created for 18 references, it was observed that the lot sizes for the
sampled assets (references) decreased/increased in direct proportion to the WIP. The effect of
Kanban batch sizes on WIP is presented in Table I, showing that WIP stocks change by reducing
batch sizes. For a reference, Fig. 6 demonstrates how the batch size reduces WIP stocks while
increasing the number of setups. In the simulation model of sampled Entity 1, the finishing
operation lot size was reduced to be a multiple of the order quantity. As a result of the simulation
input set at different batch sizes for Entity 1, making more setups and working with as many
work orders as possible which is valid for all other 17 Entities, an improvement in WIP stocks
is observed.

Table I: Effect of specified kanban batch sizes on WIP based on four different entities.

Entity | Customer order (pcs) | Lot size (pcs) | No. of Work order | WIP (average pcs)

Entity 1 9600 9600 1 3630.61
y 9600 4800 2 2491.07
Entity 3 9600 9600 1 3871.83
Y 9600 4800 2 3382.40

. 2800 1400 2 942.51
Entity 16 2800 700 2 650.38
. 4800 2400 2 2281.44
Entity 17 2800 1200 2 109119

WIP Stocks

WIP (in pes)

9600 4800 3200 2400 1200 800 600

Specified Kanban Lot Sizes

Figure 6: WIP amounts with customized simulation outputs.

In the simulation model, the waiting times of the references waiting in the workstation
queues are shown in Fig. 7. According to this output, the busiest workstations were determined.
As can be seen here, it has been determined that waiting times are longer for references with
larger batch sizes. It is anticipated that waiting times will also be shortened by reducing batch
sizes. Furthermore, bottlenecks in the system could be identified when the simulation model
debugged in certain period of time. The workstations, which constitute the majority of the
bottleneck in the system, are respectively; postcuring, phosphating and machine 2 which
belongs to moulding process.
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Figure 7: Queue waiting times at workstations.

The number of parts entering the given machines is presented in Fig. 8. According to this
output, the busiest workstations were determined. Especially the postcuring, phosphating and
finishing machine 1 were observed as the three busiest workstations.

Number of Parts Entering the Machines (in pcs)

94.480

80.830

5

E‘. 48.820

“E 35'36030.840

£ 19.20018.84016.80016.200

g 2

2 7.920 7.000 4.800 3,780 2.900 3500
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u Postcuring = Phosphating Finishing 1 mBonding 1 = Bonding 2 Molding 2 m Molding 7 m Molding 1
u Molding 8 mMolding 3 mMolding 4 mMolding 6 = Molding 3 mFinishing 2 Finishing 3

Figure 8: Ranking the busiest workstations.

One of the benefits of the Kanban system is that WIPs can be easily tracked. By checking
the supermarkets, one can see which references are in production or at the beginning level, and
how many containers of storage space are required in total, through this model. The simulation
model recommends that production should be carried out with a levelized stock of 478
containers in total, 155 of which are in the Phosphating supermarket, 259 in the Bonding
supermarket and 64 in the postcuring supermarket.

When the simulation model is run and stopped at a desired time, it can be observed to what
extent the supermarkets in the production area are full at a certain time t. This offers significant
advantages in the interpretation of long-term outputs and the projection of the system's
occupancy rate with the new batch sizes adjusted. Occupancy rates are shown in Fig. 9.

Supermarket Occupancy Rates (at time t)

v Rates (%)

74% 80%

Occupanc

36%

Phosphating Bonding Posteuring

Supermarkets

Figure 9: Occupancy rates of supermarkets.

In the current system, customer orders were scheduled to the machines according to the
order delivery date, without adhering to any parameters. All orders entered by the customer into
the ERP system was managed with weekly plans for fulfilment. With implementing Heijunka
method, a fixed production plan was created within the framework of Kanban references by
creating a meaningful pattern between the customer demand rate and the total requirement of
the high runner products. Sustainability in planning was ensured by producing the improved
batch size from each piece within a certain time period. Production plans were improved to be
specific to each reference and adhere to the customer consumption rate in optimum amounts.
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The mentality of sending goods to all customers as much as they need within the same time
period, instead of working with overstock based on all customer orders, has become possible
with the Kanban integrated Heijunka method. As a result of determining the finished product
stocks according to the customer consumption rate and supporting the constant outputs of the
determined quantities with the developed simulation model, a decrease of 25,590 pcs in WIP
stocks was achieved. According to the developed simulation model, after the Kanban system is
put into operation, the predicted entity-based WIP amounts are as shown in Fig. 10. In the lights
of these results, 31.54 % of WIP decrease is observed.

Total WIP Quantities

Qry (pes]

Eamtity  Emtity 10 Estity1]l  Easity 12

Estity]  Estiy)  Estited Enmtity 6 Entity]  Estiy § Eatity 13 Estityl4  Eastiy 15 Eamtity 16 Eméity17  Eatiey 13

Bnitial WIP Stocks BEanban integrated Heijunka Model WIP Stocks

Figure 10: Comparison of WIP reduction in entity basis.

In another point, implementing production levelling and enabling the simultaneous
manufacturing of different products often requires more frequent model changeovers.
Therefore, a conclusion was reached regarding the setup times. Since moulding is the process
most impacted by setup time, the analysis focuses on this stage. Accordingly, setup times were
adjusted, resulting in an observed increase in setup times as shown in Table Il. Due to this
increase in setup times, the overall production output was affected. If setup activities were
replaced by continuous part processing, an additional 4,475 parts could have been produced.
However, considering that the Heijunka system resulted in an improvement of 25,590 parts in
total inventory, the balance between the production loss (4,475 parts) and the inventory
reduction proved to be acceptable. The cost associated with the reduced production output was
offset by the significant gains achieved through inventory reduction, making this an
economically viable outcome.

Table 11: Model changeover frequency vs. production output.

234

N Moulding Cycle _time Cur_rent total set-up | Total set-up time _for If prodl_Jction
Entities - per piece time for each each reference with | performed instead of
machines . o .
(sec) reference (min) Heijunka (min) change-over (pcs)
Entity 1 Moulding 7 15 26 104 312
Entity 2 Moulding 2 15 30 90 240
Entity 3 Moulding 2 15 30 120 360
Entity 4 Moulding 7 15 26 104 312
Entity 5 Moulding 7 15 26 104 312
Entity 6 Moulding 7 15 26 104 312
Entity 7 Moulding 8 15 26 104 312
Entity 8 Moulding 1 15 30 90 240
Entity 9 Moulding 1 24 30 120 225
Entity 10 | Moulding 7 15 26 104 312
Entity 11 | Moulding 5 33 30 120 164
Entity 12 | Moulding 8 15 26 104 312
Entity 13 | Moulding 8 15 26 104 312
Entity 14 | Moulding 1 15 30 13 360
Entity 15 | Moulding 4 50 30 90 72
Entity 16 | Moulding 4 50 30 120 108
Entity 17 | Moulding 6 60 30 120 90
Entity 18 | Moulding 3 30 30 90 120
Total Parts 4,475
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6. CONCLUSION

This study differs from previous research on Heijunka in that it focuses on the operational
implementation and management of the Kanban system with Heijunka boards in a multi-
product and multi-stage production system. Additionally, it seeks to ascertain how the
constructed Heijunka system will respond to the existing production system. For this purpose,
a simulation model of the Kanban integrated Heijunka system was developed. This paper aims
to contribute to the literature by bringing together the operational steps of the Kanban system
established within the framework of Heijunka and a comprehensive simulation study. In
addition, it is aimed to guide future studies by visualizing the logic and algorithm behind the
created simulation model. Detailed information about the concrete implementation process of
Kanban, determination of Heijunka batch sizes and the status of buffer stocks in different
combinations of batch sizes with the simulation model, revision of Kanban card numbers, and
instant access to the Kanban cycle at the specified time t are among the unique aspects of the
study.

This article presents a methodology for the flexible planning of production processes
involving mass production. It describes the implementation of the Kanban system, with
supporting simulation model, and illustrates the improvements and findings resulting from the
activation of the Kanban system. Results of the simulation study based on Kanban indicate that
in the area where mass production is carried out, one can ensure faster deliveries to the customer
by tracking WIP with Kanban integrated Heijunka system, and the potential decreases in WIP
stock levels. It is observed that Kanban integrated simulations have been developed in the
literature. As outcomes of these studies, the Kanban integrated Heijunka applied simulation
was further developed for this case, and a more realistic working model was obtained with the
Kanban signal logic, the practice of multi-batch production of a reference and the shift working
system. With this model, it is possible to achieve optimum results with different batch sizes by
observing the stock tracking in production.
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