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1. INTRODUCTION

Integrated planning, formation, carrying out andtealling of tangible and with them
connected information flows from the supplier te tompany, inside the company and from
the company to the supplier is very important pathe life of the company. Systems Just in
Time (JIT) and KANBAN are helping to manage the ofanturing company that among
others costs are minimised and the productivitynaximised, that 100% quality is ensured
and the stock is as low as possible.

Very important thing is to set kanban sizes — @ng of the first decisions that users of
kanban must address. This paper examines the effieatarying kanban size on the
performance of JIT manufacturing systems. We aeaty® types of JIT production systems
using computer simulation models — the Pull-type #me Hybrid-type. The performance
measures considered simultaneously are the fdl ratprocess inventory, and manufacturing
lead time. Also parameters as a demand rate, @iongesme, and kanban size are taken into
consideration. Single product and multi-products nafacturing environments are
investigated.

The aims of this paper on JIT systems are:

* An investigation of the influence of kanban size tbe performance of JIT
manufacturing systems, including Pull and Hybridteyns.

* An examination of the effect of kanban size onititeraction of the fill rate
and the manufacturing lead time in a JIT system.

» With reference to the above findings, to determanfeasible kanban size to
optimize the performance of production in termdilbfate and manufacturing
lead time.

2. JUST-IN-TIME AND KANBAN

The American Production and Inventory Control Spc(@PICS) defines JIT as “In
broad sense, an approach to achieving excellenaemanufacturing company based on the
continuing elimination of waste (waste being coasd as those things which do not add
value to the product). In the narrow sense, JIEreeto the movement of material at the
necessary place at the necessary time. The implicas that each operation is closely
synchronized with the subsequent ones to maketssible”.

JIT systems are designed to produce and delivedggoo services as needed, using
minimal inventories. It is a logistics philosophgctised on reducing inefficiencies and
unproductive time in the production process andphiacticed by many manufacturing
companies. JIT philosophy, first introduced by ffeyota Motor Co. around 30 years ago,
has attracted much interest in its basic underlytogcept of which provide only the
necessary products, at the necessary time ane imettessary quantity (Lai, Lee, Ip, 2003).

Kanban system is one of the means of achievingpdd@uction. Kanban pull system
model is developed to analyse the logistics pdiodd a company and understand the
customer, competitors, and suppliers relationshiganban” is the Japanese word with the
meaning “a card”. In JIT, it is connected with kanbsignal, which usually comes from the
customer order — the signal than flows backwards each work centre. Each work-in-
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progress (WIP) container is attached with a kanbpacifying details of that particular WIP
(product name, part code, card number, batch nurdiesize, due date etc.)

Manufacturing systems controlled by kanbans ardemdifiit from conventional
methods of control owing to the existence of limita-process inventory (ie. constraints on
buffer capacity) between workstations, and the equent station blocking. This can be
viewed as the limited floor space or the limiteanter of containers that could be present at
the workstation. Continuous process improvemeintiieated when smaller buffer capacities
expose new problems. However, kanbans cannot blenmgnted in every production process
because the degree of usability of kanbans vadepending on the production system
(Ramanan, Rajendran, 2003).

It is commonly believed and it has been proven Kaaban size is a critical factor in
providing better customer service. Generally, gdakanban size implies a higher inventory
level but a shorter lead time benefited by lesgdemt machine set-up time.

Toyota’s equation for computing the optimal numimeof kanbans required for
production is:
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Where d.e means the average daily dematgthe waiting time t,. the processing
time per containess the safety factor, arkicontainer size.

A balance must be achieved between kanban sizdugtion volume and a product
variety. This paper provides a proposal of a sotufor choosing the kanban size in order to
approach as close as possible to the 100% fillataéeshortest manufacturing lead time.

Fig. 1 shows the mechanism of material and mesBagein the Pull-type system.
That means that station K withdraws materials frtime previous station K-1. After
completing the process on station K it is senddxt rstation K+1 and at the same time the
kanban card will be sending backward to the upstretation K-1. In other words, every
station will not start the production process usliesth a kanban signal and the relevant input
material are present.
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Fig.1. Mechanism of the material and message flow in a Pull-type manufacturing system

The Hybrid manufacturing system is a combinatiothefPush and Pull modes (fig.2).
Sometimes it can be defined as a long-Pull manufiagi system. The difference from Pull-
type is in the flow of the message. The kanbanadjgnstead of flowing backwards from
station K to station K-1, flows from the last statidirectly back to the first station to actuate
the production activities in station 1.
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Fig.2. Mechanism of the material and message flow in a Hybrid-type manufacturing system

3. MEASURING OF PERFORMANCE
Four major criteria were used for the evaluationthef JIT system performance. Their
aims and definitions are presented clearly asvi@lo

1) Unsatisfied order is defined as the difference betwthe actual number of
units produced and the level of demand.

2) Manufacturing lead time is defined as the time leetavwhen the customer
order is made and that when the order is complsegigfied.

3) In-process inventory is defined as the total nunddexork-in-process item in
the system excluding the number of finished goodden

4) Fill rate is defined as the percentage of the dehsatisfied (Chan, 2000).

The testing of the effect of the kanban size ofedght types of JIT manufacturing
systems were done according to two simulations tsageng the SIMPROCESS simulation
package.

Experiments are carried out by varying the kanbaa fom 5 units to 100 units.
Those are applied to following cases: 1. singledpod Pull-type manufacture, 2. single
product Hybrid-type manufacture, and 3. multi-produ Hybrid-type manufacture. All
systems are modelled as a six-station flow line ehod

4. RESULTS
4.1 Single Product

In the situation of single product system, all thachines only need to be set-up once,
hence the set-up time is insignificant as compé#oetthe total processing time — the ratio of
production time to non-production time is large efiéfore, no matter how large or small is
the batch to be processed, the time to completpdheular quantity of products will not be
seriously influenced by the amount of machine getiue.

4.1.1 Pull System

Fill rate — Fig.3 shows that the average fill rate decreasdbe kanban size increases
(processing time for a batch of large kanban igéordespite the insignificant machine set-up
time). Obviously, there is a longer time for a kEfgatch size, and a shorter time for a small
batch size. Therefore, at the end of each dateatah period, the probability for a batch of
larger kanban size to be completed is lower.

In-process inventory — Fig.4 shows that the in-process inventory leneteases with
an increasing kanban size. The processing timenigelr for a large kanban size, so the time
for the batch to stay within the system will alsolbnger. Moreover, the time for each station
to serve a full container becomes longer, so aetiteof each data collection period it is easy
to find a large percentage of the input materillgorking in process.

Manufacturing lead time — The behaviour of manufacturing lead time is egimilar
to the inventory process (fig.5). Theoretically,matter how large or how small is the kanban
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size, the available time for production is the saberause the machine set-up time is not
significant in the case of single product manufetiractically small kanban size allows the
system to move the WIP faster between machiness&gprently, finished goods are available
in the form of small batches within a short time.
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Fig.3. The effect of kanban size on thefill ratein a Pull system for a single product.
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Fig.4. The effect of kanban size on the in-process inventory in a Pull systemfor a single

product.
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Fig.5. The effect of kanban size on manufacturing lead time in a Pull system for a single

4.1.2 Hybrid System

product.

Fill rate — the trend in this case is very similar to a pres case in the Pull system.
As fig. 6 shows the fill rate decreases as the &ardize increases. However, the service level
of customer order satisfaction is found to be miosker than the performance of the Pull
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system (the fill rate is much lower for the sameban size). With a kanban size of 50, the
Pull system gives a fill rate with 96%, but the Hglsystem only achieves a fill rate of 50%.
This is mainly because the machine utilizationghe first case are higher than those in
second case in Hybrid system.

In-process inventory — Fig. 7 shows that the in-process inventory leneteases with
the kanban size (again similar to the Pull systeHpwever, the maximum in-process
inventory is found to be just over 250 units, whistsmaller when compared to about 400
units in the Pull system (fig. 4). As was alreadylained before, more machines are fully
utilized in the Pull system so therefore also hbee difference is mainly due to the higher
machine utilization in the Pull system.

Manufacturing lead time — again the behaviour (fig. 8) is in the samedrasa in Pull
system. Even in the case of the largest kanban thigePull system needs about 4.32 min to
produce one unit of finished goods (fig. 5). Howe\eg. 8 shows that the highest value is
about 16.9 min per unit. Therefore, on averagenthaufacturing lead time is longer in the
Hybrid system.
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Fig.6. The effect of kanban size on thefill ratein a Hybrid system for a single product.
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Fig.7. The effect of kanban size on the in-process inventory in a Hybrid systemfor a single
product.
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Average Manufacturing Lead Time (Hybrid)
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Fig.8. The effect of kanban size on manufacturing lead time in a Hybrid system for a single
product.

4.2 Multi Product

4.2.1 Hybrid System

Under the situation of multi products manufactutlee time for set-up becomes
important and significant when comparing to thecpssing time (the ratio of production time
to non-production time varies significantly withffdrent size if kanbans). A system with a
smaller kanban size, which requires frequent macket-up, would probably involve more
waste of time in set-up.

Fill rate — fig. 9 presents the curve of fill rate increasgponentially, but eventually
flattens out (as the size of kanbans increasesothé machine set-up becomes increasingly
less significant). When comparing fig. 9 and figtleere is an obvious difference. For the
single product system, the machine set-up time as a significant factor in the total
processing time, therefore a large percentager@f s productive.

In-process inventory — fig. 10 presents products A, B and C going uphaskanban
size increases. The reason is similar to thatercdse of single product in the Pull and Hybrid
systems.

Manufacturing lead time — with a small kanban size, the average manufactur
leading time is very high for the same demand I¢figl 11) — a large percentage of time is

spent on non-productive activity (machines neeoktget-up frequently).

(Hybrid Muolti-products) setup time = 10 min
Demand = 250 units
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Fig.9. The effect of kanban size on thefill rate in a Hybrid system for multi-products.
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In-process inventory (Hybrid multi-products)
setup time = 10 min
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Fig.10. The effect of kanban size on the in-process inventory in a Hybrid system for multi-
products.
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Fig.11. The effect of kanban size on the manufacturing lead time in a Hybrid system for multi-
products.

4.3 Possible solutions

Machine set-up time can be reduced in many wayar 4rfstance, introducing an
automatic tool changing system for an NC machintegtre, the elimination of special
tooling via standardization, the upgrading of th@lgy of the workers (training), etc.

A benefit from reducing the kanban size is the ctida of the in-process inventory,
which in fact frees the production facilities foewkloping new products. Shorter delivery
time, and higher fill rate are the key competitfaetors which lead to a better customer
service.

Fig. 12 shows that the fill rate increases as tugbln size increases, however, a fill
rate greater than 100% is not desirable. Excesmsninvies would be made for a stock than,
which ties up resources and generate no immedsaenr from sales revenues. The feasible
solution of kanban size is found to be around 6%suo fulfil a nearly complete satisfaction
of customer order.
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5. CONCLUSION

This paper describes an approach to determine @malkanban size via simulation,
with one of the objectives of being achieve 1004« dite. In a single product manufacturing
systems (Pull and Hybrid systems) the values op#r®rmance measures differ significantly
although the trends of the performance are similar.

The impact of increasing the kanban size on varipggormance measures are
summarized as follows in tab.1 and tab.2:

Perfor mance measures Pull system Hybrid system

(single product) (single product)

Fill rate Decrease Decrease
In-process inventory Increase Increase
Manufacturing lead time Increase Increase
Tab.1. Changes when increasing the kanban size on various performance measures (single
products)
Perfor mance measures Pull system
(multi-product)
Fill rate Increase
In-process inventory Increase
Manufacturing lead time Decrease
Tab.2. Changes when increasing the kanban size on various performance measures (multi-
products)

According to above mentioned in the multi-produdigorid systems, a larger kanban
size often leads to the result of higher averaljeatie, and lower average manufacturing lead
time. Contrariwise, a smaller kanban size needsrfrequent machine set-up, thus the non-
productive time is increased significantly. In atleords, for a larger kanban size situation,
the productive time in normal working hours camieximized, and the factory may probably
benefit from savings such as the reduction of labmours in overtime production, and
energy. Nevertheless, a fill rate of over 100%asdesired. Therefore, the kanban size needs
to be controlled within limits.

The main advantage of the smaller kanban size asldlwer level of in-process
inventory — inventory means money and smaller kardize facilitates a faster movement of
materials between stations. Therefore, the manufag resources are easily free from
production, which may help in other manufacturing\dties as Research and Development.

-8-
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However, a 100% fill rate is not easily achievabldhen a smaller kanban size is
implemented.

In reality, reducing the kanban size to achievedoimventory level and at the same
time retaining the full customer satisfaction itymeot be easily implemented. Also there may
be required capital investment in equipment; tlereefbreakeven analysis should be carried
out for detailed investigations of the possibilityterms of sales revenue. The decision of the
kanban size should be made based on the tradeebffebn inventory level and better
customer service.
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