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Abstract

"A History of Body Buffer Management at Toyota - Interview with Mr.
Kaneyoshi Kusunoki, Chairman of Hino Motors, Ltd. -"

Takahiro Fujimoto
Takashi Matsuo
University of Tokyo

This note is based on an interview with Mr. Kaneyoshi Kusunoki, who
worked closely with Mr. Taiichi Ohno, the creator of so-called Toyota
Production System. An interview with him was conducted on April 17,
1996 by the authors. First, there was a brief interview on Mr. Kusunoki's
involvement in the evolution of Toyota Production System.

The interview then focused on how body buffer management between
Toyota's assembly, paint, body and press shops changed over time. For
example, it was revealed that the main functions of painted body storage
(PBS) between assembly and paint shops changed as the company
automated upstream processes (e.g., welding) in the 1960s and then
expanded exports in the 1970s. It is obvious from this interview that Toyota
did have certain minimum levels of buffers between its production
processes, and that the function of the buffers changed as the situations and
the firm's capabilities changed historically.
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Toyota production system and Kanban system
—materialization of just-in-time and
respect-for-human system

Y. SUGIMORI, K. KUSUNOKI, . CHO and S. UCHIKAWA
Production Control Department, Toyota Motor Co., Ltd., Japan.

The * Toyota Production Systemn ' end * Kenban System ’ introduced in this paper
was doveloped by tho Vico-President of Toyotn Motor Company, Mr. Taiichi Ohno,
and it was under his guidanco thot these uniquo production systoms have becomo
dooply rooted in Toyota Motor Company in the past 20 yoars. There are two major

)

distinctive featuroes in these systems. One of these is tho * juat-in-time production ’, a
specially important factor in an sssembly industry such as automotive manufecturing.
In this typo of production, ‘ only the nocesssry products, at the necessary time, in
nocessary guantity * are manufactured, and in addition, the stock on hand is held
down to a minimum. Sccondly tho System is the respect-for-human system whers
tho workers aro allowed to display in full their capabilitics through active participation
in running and improving their own workshops.

1. Starting point of concept—making the most of Japanese characteristics

The starting point of the concept of Toyota Production System was in the
recognition of Japan’s distinguishing features.

The most distinctive feature of Japan is the lack of natural resources,
which makes it necessary to import vast amounts of materials including food.
Japan is placed under a disadvantagecus condition in terms of a cost of raw
material when compared to the Furopean and American countries. To
overcome this handicap, it is essential for the Japanese industries to put
forth their best efforts in order to produce better quality goods having higher
added value and at an even lower production cost than those of the other
countries. This was the first thing that Toyota recognized.

The second distinctive feature is the Japanese concept toward work such
as consciousness and attitude differed from that held by the European and
American workers. The Japanese traits include: (1) group consciousness,
sense of equality, desire to improve, and diligence born from a long history of a
homogeneous race, (2) high degree of ability resulting from higher education
brought by desire to improve, (3) centering their daily living around worl.

Such Japanese traits have also been reflected in the enterprises. Customs
such as (1) lifetime employment system, (2) labour unions by companies, (3)
little discrimination between shop workers and white-collar staff, and (4)
chances available to workers for promotion to managerial positions, have
been of great service in promoting the feeling of unity between the company
and workers. Japan also does not have the problem of foreign workers unlike
European countries.

As related above, from the standpoint of labour environment, Japan
18 much better off than the Burcpean and American countries. In order
to make full use of the Japanese advantages, it is of importance that the

Published by Taylor & Francis Ltd, 10-14 Macklin Strect, London WC2B 5NT.



2 Y. Sugymori and F. Cho

industries have their workers display their capabilities to the utmost. This
was the second thing that Toyota recognized.

2. Toyota production system and its basic concept

Upon recognition of the matters related above, Toyota is planrning and
running its production system on the following two basic concepts.

First of all, the thing that corresponds to the first recognition of putting
forth all efforts to attain low cost production is ‘reduction of cost through
elimination of waste ’. This involves making up a system that will thoroughly
eliminate waste by assuming that anything other than the minimwm amount
of equipment, materials, parts, and workers (working time) which are ab-
solutely essential to production are merely surplus that only raises the cost

The thing that corresponds to the second recognition of Japanese diligence,
high degree of ability, and favoured labour environment is ‘ to make full use
of the workers’ capabilities . In short, treat the workers as human beings
and with consideration. Build up a system that will allow the workers to
display their full capabilities by themselves.

2.1 Cost cutling by thorough removal of waste

For materialization of this system, Toyota has attached special importance
to ‘ just-in-time production ’ and ‘ Jidoka ’.

2.1.1 Distinguishing features of automobive industry. In order to have an
efficient production system in the automotive industry, it is requmd that the
following three distinguishing problems be solved.

(1) The automotive industry is a typical mass production assembly type
where each vehicle is assembled from several thousand parts that have under-
gone numerous processes. Therefore, a trouble in any of the processes will
have a large overall effect.

(2) There are very many different models with numerous variations and
with large fluctuation in the demand of each variation.

(3) Every few years, the vehicles are completely remodelled and there
are also often changes at a part level.

The ordinary production control system in such an industry consists
of fulfilling the production schedules by holding work-in-process inventory
over all processes as a means of absorbing troubles in the processes and changes
in demand. However, such a system in practice often creates excessive
unbalance of stock between the processes, which often leads to dead stock.
On the other hand, it can easily fall into the condition of having excessive
equipment and surplus of workers, which is not conformable to Toyota’s
recognition.

2.1.2 Just wn lime production. In order to avoid such problems as inventory
unbalance and surplus equipment and workers, we recognized necessity of
schemes adjustable to conform with changes due to troubles and demand
fluctuations. Ifor this purpose, we put our efforts in development of a pro-
duction system which is able to shorten the lead time from the entry of materials
to the completion of vehicle.

3.12
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The just-in-time production is a method whereby the production lead
time is greatly shortened by maintaining the conformity to changes by having
“ all processes produce the necessary parts at the necessary tiine and have on
hand only the minimum stock nccessary to hold the processes together .
In addition, by checking the degree of inventory quantity and production
lead time as policy variables, thig production method discloses existence
of surplus equipment and workers. This is the starting point to the second
characteristic of Toyota Production System, that is, to make full use of the
workers’ capability.

(1) Withdrawal by subseguent processes

The first requirement of just-in-time production is to enable all processes
to quickly gain accurate knowledge of ‘ timing and quantity required .

In the general production system, this requirement is met as follows.
The production schedule of the product (automobiles in the casc of auto-
motive plant) is projected on the various parts schedules and instructions
issued to the various processes. These processes produce the parts in accor-
dance with their schedules, employing the method of ‘ the preceding process
. supplying the parts to its following process’. However, it can be seen that
this kind of method will make it vastly difficult to attain production adaptable
to changes.

In order to materialize the first requirement, Toyota adopted a reverse
method of ‘ the following process withdrawing the parts from the preceding
process ’ instead of the ‘the preceding process supplying the parts to the
following process ’.

The reason for this is as follows: Just-in-time production is production of
parts by the various processes in the necessary amounts at necessary timing
-for assembling a vehicle as a final product of the company. If such is the
case, it can be said that only the final assembly line that performs the vehicle
assembly is the process that can accurately know the necessary timing and
quantity of the parts. V

Therefore, the final assembly line goes to the preceding process to obtain
the necessary parts at the necessary time for vehicle assembly. The preceding
process then produces on the parts withdrawn by the following process. For
the production of these parts, the preceding process obtains the necessary
parts from the process further preceding it. By connecting up all of the
process in chain fashion in this way, it will be possible for the entire company
to engage in just-in-time production without the necessity of issuing lengthy
production orders to each process.

{2) One piece production and conveyance

The second requirement of just-in-time production is that all processes
approach the condition where each process can produce only one piece, can
convey ib one at a time, and in addition, have only one piece in stock both
between the equipment and the processes.

This means that no process for any reason is allowed to produce extra
amount and have surplus stock between the processes. Therefore, each
process must approach the condition where it produces and conveys only
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one picce corvesponding to the single unit that is coming off the final assembly
line. In short, all the shops are withheld from lot production and lot con-
veyance.

Toyota has succeeded in reducing the lot size through greatly shortening
the setup time, improving production methods including the elimination
of in-process inventory within the process resulting from ordering of multi-
purpose machining equipment in accordance with the processing requirements
for a product line, and improving conveyance resulting from repetitive mixed
loading. All of these have been carried out, including large numbers of
subcontractors. '

(3) Levelling of production

Provided that all processes perform small lot production and conveyance,
if the quantity to be withdrawn by the subsequent process varies considerably,
the processes within the company as well as the subcontractors will maintain
peal capacity or holding excessive inventory at all times.

Therefore, in order to make a just-in-time production possible, the pre-
requisite will be to level the production at the final assembly line (the most
important line that gives out the production instructions to all processes).
A degree of this levelling is determined by top managers.

(1) Final assembly lines of Toyota are mixed product lines. 'The pro-
duction per day is averaged by taking the number of vehicles in the monthly
production schedule classified by specifications, and dividing by the number of
working days.

(2) In regard to the production sequence during each day, the cycle time
of each different specification vehicle is calculated, and in order to have all
specification vehicles appear at their own cycle time, different specification
vehicles are ordered to follow each other.

If the final assembly line levels the production as related above, the pro-
duction of all processes practising subsequent process withdrawal and one
piece production and conveyance are also levelled.

The second significant point_in levelled production is to observe the basic
rule of just-in-time; to produce only as much as possibly sold, on the one
hand adjusting its production level according to the change in market, on
the other hand producing as smoothly as possible within a certain range.
Tiven after the monthly production schedule has been decided, Toyota will
still make changes among the different specification vehicles on the basis of
daily orders, and even when it comes to the total number, if there 1s necessity
to meet the changes in market conditions, Toyota will make revisions in the
monthly schedule so as to reduce the shock of market fluctuation as much as
possible.

When the production system related above is compared with the generally
adopted scheduled production system, the former system can operate with
smaller production changes than the latter system. Consequently, it will be
possible to do with the less equipment capacity and more stable number of
workers. (This is specially important to Japanese companies that have
lifetime employment system).

3.12
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Toyote prodiction system and Kanban system

A production control system which has been developed to practice the
above three gencral rules; (1) withdrawal of parts by subscquent process,
(2) small lot production and conveyance, (3) levelling of production, Kanban
System. -

(4) Eliminalion of waste from over-producing

The underlying concept in just-in-time production systems is that the
value of existence of inventory is disavowed.

Tn the conventional production control system, cxistence of nventory
is appreciated as a means Lo absorb troubles and fluctuatious in demand and to
smooth fluctuations in Joad of processes.

In contrast to this, Toyota sees the stock on hand as being only a collection
of troubles and bad causes. We consider that virtually most of the stock
on hand is the result of ‘ over-producing’ more than the amount required,
and is the worst waste that can raise the production cosb.

The reason why we consider inventory resulting from over-producing
is the worst waste is that it hides the causes of waste that should be remedied
such as unbalance between the workers and between the processes, troubles in
various processes, workers’ idle time, surplus workers, excessive equipment
capacity and insufficient preventive maintenance.

Suchlatency of waste males it difficult for workers to display their capability
and it even becomes obstructive of an ever-lasting evolution of a company.

2.1.3 Jidoka. The term ‘ Jidoka ’ as used at Toyota means ‘ to make the
equipment oroperation stop whenever an abnormal or defective conditionarises’.
In short, its distinetive feature lies in the fact that when an equipment trouble
or machining defect happens, the equipment or entire linc stops, and any
line with workers can be stopped by them.

The reasons for ‘ Jidoka ’ being so important are as follows:

(1) To prevent making too much. If the equipment is made to stop
when the required amount is produced, making too much.cannot arise. Con-
sequently, the just-in-time production can be accurately carried out.

(2) Control of abnormality becomes easy. It will only be necessary to
make improvements by directing attention to the stopped equipment and the
worker who did the stopping. This is an important requirement when maling
up the system of ‘full utilization of workers’ capabilities’ related next.

Toyota has made countless number of improvements to realize ‘ Jidoka ™

2.2 Full utilization of workers’ capabilities

This is Toyota’s second basic concept of making the best use of Japan's
favoured labour environment and excellent workers. It has built up a system
of respect for human, putting emphasis on the points as follows; (1) elimination
of waste movements by workers, (2) consideration for workers’ safety, and
(3) self display of workers’ capabilities by entrusting them with greater res-
ponsibility and authority.

2.2.1 Elimination of waste movement by workers. Workers may realize
their work worthy only if the labour of diligent workers is exclusively used to
raise added value of products.
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Then what are the waste movements that lower added value and which
we must climinate? The first of these is workers’ movements accompanying
the waste of making too much. The movements of material handling operations
Lotwoen the cquipment and between the processes duc to large inventory
are all waste movements. It has become possible for Toyota to effect large
reductions of this waste by making up asystem that allows thorough just-in-time
production.

However, cven though the waste of making too much is reduced, it will
be of no avail if the waste of worker's waiting time is created as a result.
In the just-in-time production, even when there is surplus capacity i the equip-
ment, only as much as the subsequent process has withdrawn is produced.
Thus, if the equipment and workers aro tied together, workers are subject to
idleness. To prevent such waste of waiting time being created, various
improvements have been made such as (1) separating the workers from the
equipment by assigning a worker to multiple equipments, (2) concentration
of workers’ zones ab the automatic lines, and (3) making up lines that do not
require supervisory operation.

The second waste is to have the workers perform operations that are by
nature not suitable for men. Operations involving danger, operations in-
jurious to health, operations requiring hard physical labour, and monotonous
repetitive operations have been mechanized, automated and unmanned.

The third waste is workers’ movements as a result of troubles of defects.
Thorough * Jidoka ’ by Toyota has greatly reduced this kind of waste.

2.2.2 Considerations to workers’ safety. Workers of Toyota are diligent and
enthusiastic about attaining production. Thus, he may not stop operation
if the trouble is not of a serious nature and will take non-standard methods
just to keep the line running. If waiting time occurs, he will become im-
patient and eventually start doing something extra. Iowever, such kinds of
unusual operation or extra work are often accompanied by accidents, troubles,
or defects.

The ‘ Jidoka’ and elimination of waiting time now being advanced by
Toyota is not only for reducing the production cost, but also effective as a
measure for safety. :

The results have been reflected in the fact that from an international stand-
point the frequency rate of injury at Toyota is low.

Note: Comparison with the frequency rate of injury in American automotive
industry shows that against the 1-5 shown in the United States
(ILO 1974 statistics), Toyota had 08 or about, one-half lower.

2.2.3 Self-display of workers’ ability. Nowadays, it has become an international
interest to respect humanity of workers in production shops. Toyota firmly
belicves that malking up a system where the capable Japanese workers can
actively participate in running and improving their workshops and be able to
fully display their capabilities would be foundation of human respect environ-
ment of the highest order.

As the first step in this method, all workers at Toyota have a right to stop
the line on which they are working.

3.12
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Bven in a long line like the final assembly line, il any abnormality comes
up such as the worker finding himself unable to keep up or discovering an
incorrect or defcctive part, he can stop the entire line by pressing the stop
button near at hand. It is not a conveyer that operates men, while it is men
that operate a conveyer, which is the first step to respect for human inde-
pendence. ;

As the second step, at all shops in Toyota, the workers arc informed of the
priovity order of the parts to be processed and the state of production advance-
ment. Therefore, the actual authority for decisions of job dispatching and
overtime is delegated to the foreman, and this allows each shop to conduct
production activities without orders from the control department.

As the third step, Toyota has a system whereby workers can take part in
making improvements., Any employee at Toyota has a right to make an
improvement on the waste he has found.

In the just-in-time production, all processes and all shops are kept in the
state where they have no surplus so that if trouble is left unattended, the
line will immediately stop running and will affect the entire plant. The
necessity for improvement can be easily understood by anyone.

Therefore, Toyota is endeavouring to make up a working place where
not only the managers and foremen but also all workers can detect trouble.
This is called * visible control " ’

Through visible control, all workers are taking positive steps to improve a
lot of waste they have found. And the authoriby and responsibility for
running and improving the workshop have been delegated to the workers
themselves, which is the most distinctive feature of Toyota's respect for
human system.

3. Kanban system
3.1 dim of Kanban System

A production control system for just-in-time production and making
full use of workers’ capabilities is the I{anban System. Utilizing Kanban
System, workshops of Toyota have no longer relied upon an electronic computer.
It is shown in Tfig. 1. -

The reasons to have employed Kanban System instead of computerized
system are as follows:

(1) Reduction of cost processing information. It calls for huge cost to
implement a system that provides production schedule to all the processes
and suppliers as well as its alterations and adjustments by real time control.

(2) Rapid and precise aquisition of facts. Using Kanban itself, managers
of workshops may perceive such continuously changing facts as production
capacity, operating rate, and man power without help of a computer. Hence,
data of schedules corresponding to the change are accurate, which urge work-
shops to found responsibility systems and to promote activities for spontancous
improvements.

(3) Limiting surplus capacity of preceding shops. Since an automotive
industry consists of multistage processes, generally the demand for the item
(the part) becomes progressively more erratic the further the process point
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Long term demand forecast j ‘ Hew product planning‘J Current plent cepacity
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, Long term production plonning %\“
I
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{ Long term preduction capacity planning }'
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[ Annual production planning
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l naily order !

Production scheduling
{determination of delivery date) J

!

i Dispatching of indivisual order i

i

"’{:ihssembling vehicles;:]

2z X e
Delivery instruction Delivery instruction denotes instruction
of purchase parts " of large subassemblies carried by Kanban

L2

-"(: Processing and assembling parts‘]

X
Delivery instruction
of xaw materials

Figure 1. Structure of production planning.

is removed from the point of the original demand for finished goods.

Pre-

ceding processes become required to have surplus capacity, and it is more

liable to have waste of over-producing.

3.2 Description of Kanban system

(1) In the Kanban System, a form of order card called Kanban is used. These
come in two kinds, one of which is called ‘ conveyance Kanban ’ that is carried
when going from one process to the preceding process. The other is called
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“ production Kanban’ and is used to order production of the portion with-
drawn by the subsequent process.

These two kinds of Kanban are always attached to the containers holding
parts.

(2) When content of u container begins to be used, conveyance Kanban
is removed from the container. A worker takes this conveyance IXanban
and goes to the stock point of the preceding process to pick up this part.
He then attaches this conveyance Kanban to the container holding this part.

(3) Then, the ‘ production Kanban ’ attached to the container is removed
and becomes a dispatching information for the process. They produce the
part to replenish it withdrawn as early as possible.

(4¢) Thus, the production activities of the final assembly line are connected
in a manner like a chain to the preceding processes or to the subcontractors
and materialize the just-in-time production of the entire processes.

The flow of parts and Kanban are as shown in Tig. 2.
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!
1
|
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I

e e v vom e v e et < 30 o e e 4 @b 41t 2 o o e to s s ot S v s i

Ti; Operation of process i

17+ Pare duventery for process i

1
H
LE; Finished goed inventory for process i
—fpy { Flow of Kanban—

w3y, Flow of parts

TFigure 2. Flow of parts and Kanban.

_ The equation for calculating the number of Kanban that play the most
mmportant part in this system is as follows:

Let, ¥ =Number of Kanban
D =Demand per unit time
T = Waiting time of Kanban
T, =Processing time

a =Container capacity (not more than 109, of daily requirement)
= Policy variable (not over 109%,)
Then,y = D(Tw+ Tp)(1+a)
a
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3.3 Nolable points of operations of Ilanban System
—Meaning of the equation compuling number of Ianban—

In order to materialize Toyota production system through Kanban System,
we do not accept each factor as a given condition, but we attach importance
to modify cach by means of positive improvements.

(1) « is a policy variable which is determined according to workshop’s
capability to manage external interference.

(2) D is determined with a smoothed demand.

(3) Value of v is rather fixed despite variation of D. Therefore. when
D increases, it is required to reduce the value of (T'p+Tw), that is, a lead
time. At a workshop with insufficient capability of improvement, they cannot
avoid overtime for a while. They might even cause line-stops. However,
the ultimate objective of Toyota Production System is to visualize such
wastes as overtime and line-stop, and to urge each workshop to become capable
in improvement. Incapable shops might have to cope with the situation by
means of increasing «, that is, number of anban for the time being. Hence,
the top managers consider the value of « as an indicator of shop capability in
improvement.

(4) In the case that demands decreases, the lead time becomes relatively
larger. Consequently waste of increasing idleness becomes visible, which
is an object of improvement called ¢ Syojinka —-to decrease the number of
workers as demand (production) decreases.

(5) Work-in-process inventory could become much less by conducting
an improvement to reduce the value of , «, and (T'p -+ Tw).

What Toyota considers as a goal through Kanban System related above
is total conveyor line production system connecting all the external and
internal processes with invisible conveyor lines. Because, a set of values of
«, 6, and Tw is 0, 1, and 0, respectively, which means nothing but attributes
of a conveyor line. All the parts that constitute a vehicle are processed and
assembled on a conveyor line, raising its added value. Tinally they come out
as a completed vehicle one by one. On occurrence of troubles, the whole
line may stop, but it begins to move again immediately. Toyota Production
System is a scheme seeking realization of such an ideal conveyor line systemn,
and Kanban is a conveyer connecting all the processes.

4. Expansion of just-in-time production by reduction of setup times of pressing dies

In applying the concept of just-in-time production for reduction of lead
times and work-in-process inventory, we faced difficulty in press shops practising
lot production. After discussing a solution of this difficulty in lot production,
we concluded that lead time was proportional to setup times, using the following
illustration.

Let, 7T =Operation time a day or 480 minutes

S =Total setup time for all products, assuming that § is inde-
pendent of sequence of products

= Unit processing time for the ith product

tmi

d.

=Demand for the ith product per day
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z = Lead time for all products (in number of days)
@; =Lot size for the :th product
Then, T 2=84%t,,,-d,-x

B S
N j’”2£n1“ di

]

Hence, x

Lead time is proportional to setup times for a given set of £,; and d, for all
1=1,2, ..., 7. And lot size for each product ¢, is;

Qi=d;-x foralli=1,2 ...,n
Improvements in production engineering have been made 50 as to reduce
sctup times since 1971. We have succeeded in reducing setup time down

to ten minutes at 800 ton-line pressing hood, fender and others, while it used

to take one hour. (Under the present condition of western countries, four
to six hours as shown in Table 1),

Table 1. Press plant productivity characteristics (hood and fender).

Toyota A (US.A.) B (Sweden) C(W.Germany)

Setup time (hour) 0-2 6 4 4

Number of setups a day 3 1 - 0-5
Lot size ~ 1 day-use* 10 days-use 1 month-use —
Strokes per hour 500-550 300 - -

* Tor less demanded products (below 1,000 units per month), as large as 7 days-use.

5. The result=the present condition of Toyota

As related above, Toyots has built up a unique production system through
its history of more than 20 years. The results are as follows:

(1) Labour productivity is the highest among automotive industries of
major countries. (Table 2).

(2) Turnover rate of working asset is also extremely high. (Table 3).

(3) Number of proposals and rate of acceptance in a proposal system

shows the condition that workers positively participate in improvement.
(Table 4).

Table 2. Man-hours for completion of a vehicle in automotive assembly plants of
major counties.

Takaoka
plant of
Toyota A (U.S.A) B (Sweden) C(W.Germany)
Number of employees 4,300 3,800 4,700 9,200
Number of outputs a
day 2,700 1,600 1,000 3,400
Man-hours for
completion of vehicle 1-6 3-8 4-7 27
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Table 3. Turnover ratio of working assets in automotive companies of major
countries.

Toyota A {(Japan) B(U.S.A.) C(US.4)

1660 41 13 7 8
1965 66 13 5 b
1970 63 13 ) 6

Table 4. Transition of number of annual proposals per capita and acceptanco rato.

Year  Total number of proposals Number of  Acceptance

proposals per
capita
1965 ' 9,000 10 399%,
1870 40,000 2:5 70
1973 247,000 12:2 76
1976 380,000 15-3 83
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ABSTRACT =

We classify production control systems for a multistage
production process into two species, namely Push System
and Pull System.

‘The former is a conventional method in which inventoried

parts at each stage are forecast, considering the total
flow time .to the completion of the process at.the-final
stage. Production and inventory contrel is done, based
myﬂmim@mmfvmu& ' |
C this - |
The latter4isva;proposed system in +he paper in which
certain ambunt*of inventory 1s held at each stage and
replenishment of that is ordered by the succeeding
process at the rate it has been consumed. |

We formulated the Pull System and gave the model simula-

tion of fluctuation in production and.inventory through

the whole process in terms of system parameters like

lot size, lead time, etc.



1. Introduction

1.1 Conventional Production Order System and Its Problems'In general, a

multi-stage mannfacturing process calls for prospective production on

account of.the longer flow time than the allowance for delivery lag.

We may classify production control systems of such a series of processes

into a couple of species as follows.

(1)

(2)

Push System: They forecast the demand of inventoried parts or
material in-process at each stage, cdnsidering the flow time up to
the final stage. Based on this forecast value, they control the
whole multistage byvjustifying inventory of finsl products and
parts %n each process, We call this Pushjggpe Production Order
Systeﬁ? Push System in brief.

Pull System:  There is certain amount of inventory at each stage.

A Succeeding process orders and withdraws parts‘from‘the storage. of

the préceding proéess only at the rate and at the time it has con-

sumed the items. We call this Pull type production order system,

Pull system in brief. Most of conventional production control

systgmé belong to the former species. The larger a system becomes,

the more the following problems are inherent,

® 1In case that dfastic changes in demand or troubles in production
happen, it is virtually‘not possible to renew production plan
for each process. Therefore it is‘likely that they cause excess
inventory or even dead stock.

@ It 1is practically impossible for production control staff to
scrutinize all the situnations related to production rate and
inventory level. Hence, a production plan must be with excess
safety stock. .

©) Iﬁprovement with regard to lot size and timing of processing

could not make progress, because it is too cumbersome to compute



optimal production plan in detail.

Pull system has been devised as a measure to solve such problems,

Welﬂay achieve improvement, provided that it is possible in a

simple and dependable manner to replenish, at a proper rate, the

item as much as the succeeding shop has consumed.

1.2 Aims of Pull System

In multi-stage production process iucluding,outside suppliers:

(1)

(2)

- (3)

1.3 Objectives of This Research.

Prevention of transmitting amplified fluctuation of demand or pro-

duction of a succeeding process to the preceding process. -

-

Minimization of fluctuvation of inventory in process so as to
provide a situation simplifying inventory é&htrol.
To railse the level of shop control through decentralization: to

give supervisors or foremen of the shop

LN

control a8 well as inventory control.

The objective of this research is to prove that Pull System acfually

satisfles the aims noted above. We especially analyse influence of

fluctuation of demand or production in a succeeding process on pro-

duction and inventory fluctuation in the preceding Process in terms of

characteristics of relevant system parameterssuch as ordering unit and

lead time from ordering to‘deiiﬁéryu

2., Outline of Pull Systenm.

2.1 Methodology of Pull System.

As defined before, Pull system is:

(1)

They hold inventory of a certain level at each stage.

(2) A Succeeding process giyes the preceding process brders'hs it has

consumed in order to replenish material.
In order to practice this system, they follow the procedures as’

follows:



® To establish standard re-order poilnt and standard lot silze.
@ To know inventory level and back' order all the time.
® To give .continuous inventory lével check and replenishment order
of the itéms below re-order point.
The system must satisfy all the requirements mentioned above.
It is although quite difficult to desigﬂ a syétem to meet all
the above conditions in a complex multi-stage production process,
because cost and performance to acquire the condition (2) do not
go together.
In Toyota Motor Co., Ltd., we have approached this problem by
’means of Kanban, a sort of tags.
2.2 Kanban
‘Kanban carries information as below.
(1) Part naﬁe,f?art number
{(2) Quantity designated usually equals to a coutainer cepacity. Re-
order point and ordering quantity are as much as container size
multiplied by an integer.
(3) Preceding process: wmanufacturing shop, assembly line or storage
location.
(4) Sutceeding process; (same as above.)
Other information like type of packing and the number of identical
Kanban iss;ed are also specified as reference, A typical format

of Kanban is shown in Fig 1.



Figure 1.  KANBAN layout

Succeeding Stage: &K
Address: A-12

Production Line Number: F

No. of KANBAN Issued: le
Part Mumber: 33331-35010
Part Name: Gear Reverse‘

Container Type: 6

Preceding Stade:

Container Capacity: 50

2.3 Procedurejgfﬂﬂandliﬁg
(1) in?pgﬁéé;deénﬁén
Parts praceééed ét a certain stage are put in a contaiﬁer,.
A Kanban is,g?acheﬁ'orhungon the container and then sﬁ%%d at the

location designated by the Kanban. (See Fig 2. )

Figure 2. Recurrent Procedure of In-process KANBAN
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(2)

When succeeding process withdraws this part or material, a worker
1ifts off the Kanban and he puts it into kanban box. Kanbans are
collected from the box at regular intervals and they are hung on
hooks on a schedule board. The sequence of various Kanbans on the
board plays role of showing workers dispatching order of jobs in
the process. (Fig 2. ©)

A worker produces various items, in accordance with the sequence of
the various Kanbans on the board, as mucﬁ as indicatéd by the
Kanban, at the rate as set in advance. Kanban itself mbygé in the
procéss with the first unit of the batch (Fig 2. @)

They repeat procedure @ Through @ and tﬁé% production is effectively
continued, | ﬂ

What we should keep in mind here is a probable fact in the
procedure @ ; If the succeeding process nevei Qithdraws material
from the prededing process, neither Kanban is collected from Kanbgn
box nor Kanban ishung on a hook of the schedule board.
Consequéntly, the item is never processed at this shop;
Inter-process Kanban

A procedure to handle inter-process Kanban 1s counted just the same
as that of in-process Kanban, comsidering transportation as a sort

of operation like manufacturing. (Fig 3.)



Figure 3. Recurrent Procedure of fnter—process KAMBAN

Transfer

Storage Storage
' Locatign g)j /. %\ Lo/cation'“.
W/ i

Succeeding 45022: - . @ . 42824 .+ Preceding
_Stage s eé”557222 g Stage

. ) @ . "
\ ’ T
i . » PRI PR,
Lf—-‘ @ Z\i LT
KANBAN Withdraw- KANBAN
Box -with KANBAN . Box

Wﬁgtv&é~ahould'keé§ in miﬁd is also the rule‘thét_fheyiwiypdraq as
much’éé.wﬁét.xangéﬁ indiéétes Sut nﬁthing withcut Kﬁnbaﬁain'the. |
box, | |
‘In the Fig 3. broken lines imply in-process Kanban and its movement
in ﬁhe preceding shop. ﬁhen material or parts are withdrawﬁ from
the storage, in-process Kanban on the container is exchanged with
inter-process Kanban. The removed in~process Kanban will be
transfered to in—procesgﬁ?anban box. |
'As we have illustrated aﬁéﬁé, a rate (quantity) of production of
the succeeding piocess is transmittéed to the preceding process
through in-process Kanban and inter-process Kanban. All the Kanban
in such a multistage production process maintain wholeness of
production of all the stages.

2.4 Production Plan for Adjusting Facility, work»force; and raw material.

We give a detailed production plan only to the final étage as we employ

Pull System.

However what we call here a detailed production plan is a daily schedule,



but not a long range production plan to adjust facilities, work-force

and raw material which require longer lead times for provision. We

. q
release such a plan to each stage fpr in advance, consldering necessary

lead times.

System Formulation

We formulate Pull system to clarify the system characteristics. We

{1llustrate it as follows., We here consider the system simply as

multistage series process with a single item,

3.1 Notation

3.2

t

ni.

o
Dl..t"H..

we

weo

we

we

LY

.
b

-period

production (transportation) order quauﬁity for the n~th stage
in the t-th period.

production quantity for the n-th stage in the t-th period.
finished good inventory at the n-th stage in the end of t-th
period.

order unit (number of units indicated by a Kanban)

remainder of ﬁevision of T by M*°

production capacity of the n-th stage

a flow time between the moment when Kanban gets removed from a
container an& the momgnt when:%;bduction {or transportation)
begins.

a flow time between the moment when production begins and the
moment when the operation is completed.

demand of final product in the t-th period.

demand forecast at the end of t-th period for the (t+L)th period.

Flow Chart of Information and Materials.

Information and materials' flow of the Pull System are illustrated in

Fig 4.



Figmre 4.  Flow Chart of Pull System
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Basic Equations of the Systam
In Pull System, Kanban i1s removed from a container when the first plece
of the content has been used. Therefore, in every inventory station,
one container holds content partially.ﬁséd, from whiqh the Kanban has
been already removed off. The other cgé}ainers aré filled with the full
content, with Kébnan~attache&.l Let 2§ be the numbsr of the content
partially used and it would be written as

2° = Mod (I%, M°)
where the symbol Mod (A, B) signifies remainder of A/B. The Number of
Kanban.removgd from containers at the n-th inventory *d_ determined by

{5

the productioﬁ quantity P?"‘ of the succeeding stage.
But the portion of P, which corresponds to Z§., at most, could be
covered by the material of the container from which Kanban is already

removed.



Therefore

- .- .
X =Ptz (B2 > 28 )

t~1

or ‘ (3.2)
X=0 (prr <z )

i3

are the amount of material which is indicated by the number of Kanban
removed in this period. Then the number of the Kanban removed in the
t—-th perdiod is

’ -1
(X . max (0, Pl - Zioy ) ]
ﬂn + Mn ‘é‘

The symbol [Al+ signifies Gaussian Symbel Trailsing A to a unit.
After the'period L% , those removed Kanban are added to the orders to

the n~-th production stage. So the production drder Oz is

-1
[ —max (0, Pe13-27 (2,

v )]+M'“+ 0%, = Pi_, (3.3)

o=
whére”otwl— P} ,is the backorder at the end of the preceding period.
Prodnction quantity.dis
Pi= min (0}, C°, I+ P{llanr ) (3.4)
where Itj: + Pﬁiﬁ signifies the restrictions of inventory worked at
the preceding stage.
The n-th inventory level 1is given by
It= It '+ Plye -2y (3.5)
The above (3.3) (3.4) (3.5) are the basic equations of Pull Bystenm.
4, The Analysis of Production and Inventory Fluctuations
4.1 With a Relatively Small Unit Ordering Quantity.
4,1.1 Production Fluctuations

When unit ordering quantity M® is relatively small enough compared

with production quantity P} , we may let

max (0 Pi-L? - ZiLi-n ) -
i -
[ . : lu : : ] Mn = P:‘I“‘;

then from (3.3)

= pul - -
O3S Pyl +0L,- PL, (4.1)



4.1.2

When there are no restrictions as for production capacity C*®
and the inventory of the preceding stage If” s, (3.4) wouid then
be written as | |

Pi= 0} (&4.2)
from (4.1) (4.2)

Pi= Pl (4.3)

= PA:ZEL“ +127%)
PL{Lffo“v e 4Ld) (4.4)

As the result:

In‘PullmSystem, when unit ordering quantiﬁy is relatively smail
enough compared with production quantity, the produation fluctu«
ation in the succeeding stages is tranbmitted To the preceding
atages in the identical shape of the origLnal pattern. ~The
timelag between them equals to the summation of flow time between
the moment when Kanban gets removed from a cqntainer and:the

moment when production begins.

Especially when the production series of the final stage {P?}

‘are mutually independent, variance of {Pt}is

V (PP) = V (P*1) = —xmm = ¥ (PY) (4.5)

Under the definition of amplification ratioj

from (4.5)
Amp (2%) = Amp (R57 ) = - = 1 4.6)

Inventory Fluctuation

From (4.3)
n = -1
Py = Frasan

Hence from (3.5)

a "y -t
I‘ = I“"l P':"(L "‘L ) P:‘l



By solving this equation, we obtain

13

I8 = A -3 . PR’ 4.7)
B=t~(LZ+L:)*1
Where A = I +“§ PS™  1is the initial conditionm.

When {P}} are mutually independent, we get from (4.7)
vV (I*) = (LY +L; DV (P ) (4.8)

Substituting (4.5) into (4.8), we obtain

vV (I®) = (L® +L; )V (P") (4.9)
Let
Amp (1") %wz gti

then from (4.9)

Amp (I®) =1% +1 (4.10)

o
3
L} + L means that the flow time between the moment when Kanban
. is removed from a container and the moment when production of the

stage is completed,

Hence

In Pull System, when the fluctuation of {P'}is mutually inde-
pendent, the inventory fluctuation at each stage is amplified in
éomparison with the fluctuation of final stage {P'}. The degree
of amplification becomes larger-in proportion to the flow time
between the moment when Kanban is removed from a container and
the moment when production of the stage is completed. Although,
the amplification does not increase by going farther up the

stream of production.

So far, we have assumed that there are no restrictions in the
production capacity and inventory level., If there are these
restrictions, the upper values of series {P]} are constrained
under the level of C" or IT” + P:3€¢x , (See eq. (3.4)) so the

flactuations become smaller in this case than in the case of no



restrictions. But on behalf of the smaller fluctuations; there
happens the increase of back orders and production delay.
In any case, these are different management problems from the
objectives of our research.
4.2 With a Relatively Large Unit Ordering Quantity.
In case that unit ordering quantity M" in n-th stage is relatively large
as compared with production quaﬁ;ity Pi., , the equation (3.3) giving
production quantity Q% camnot be regarded as the equation (4.1)
approximately. Therefore it is difficult to analyze theoretically.
Thws, here we try an analysls by the method of simulation as follows. .
4:2.1 Notation
Q% ; order quantity of transportation‘from the»nathAstaga to

‘the (n~1)th stage in the t-th period.

R, ; quantity of transportation ffom the nwth séage fo the
{(n-1)th stageviﬁ the t-th perild; |

BY ; inventory quantity carried from the (ntl)th stage, awaiting
to be processed in the n-th stage at the end of the t—~th
period.

Ly, ; the same meaning of L; defined in 3.1

Ly, ; the same meaning of L; defined in 3.1

Lﬁl ;3 a flov time between the moment when Kanban is rémoved from
a container and the moment when transportation begins.

Lﬁ‘ ;'a flow time between the moment when transportation begins

and the moment when the operation is completed.
§° ; safety stock of the final product.

The other symbols except above defined refer to the definitions

in 3.1
4.2.2 Simulation Model

(1) General figure of model; illustrated as Fig 5.



This is the single item multl-stage process which consists
of n producing stages and n transporting stdges from each
stage to the succeeding stage.

’(2) Demand of final product Dy ; normal distribution of average

D, variance &) , both of which are already known.

(3) Timing of Production and transportation; production and
transportation start at the beginning of egch period.
(4) System Equation

- Inventory quantity of the final stage

- D‘ . (409)

Bl = B{_,+ Ry-1}
Hy
Shipment of product
Ri= Ii_, (4.10)

Inventory quantity before shipment

L=Pl R (4.11)
Pz.. . R . .

Production ordering quantity in the first stage.

(We adopt Push System only for the final ‘stage.)

0'=D s v FDimr i = Pl - B+ S (4.12)

- b} )
Where L LE + Lu,
The equations of production,, transportation and inventory

from the 2nd stage are led by the method mentioned in 3.3.

4.2.3 Value of Input Data and‘Parameter

(1) ¢t s 1, 2, 3, ———=— , 100
. - ¢
(2) D, s D = 100 —> = 0.1
D
3) D ; D
(4) = ;S

(5) 12, C" ; very large number
(6) LY=1Lp =Ly =Lln =0 (n =1, 2, ——5)
4.2.4 Experiment Result

~ Under these conditions mentioned above, the experiment with order

unit M® changing, resulted as Fig 6. and Fig 7.
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T Amp (P*) Hy=1
Hy= M= M= H,
Amp (P*) = Amp (P®) = Amp (p') = Amp/(P*)

104 Figure 6. Influence of Ordering Unit M°

Production Fluctuation
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Pigure 7. Influence of Ovdering Uait: M°
on Iuvanth‘jf Fluctuation
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In case of Pull System, Production and inventory fluctuations
become larger as unit order quantity becomes 1arger compared
with producing quantity level. Although, the fluctuation 1is not
magnified as going up to the farther preceding stages.

4.2.5 Comparison with Push System |

In order to compare between Push and Pull System about the

[y



{nfluence of Production fluctuation of succeeding stages to those

of the preceding stages, the experimental result of Push System

“hich has been done by Mr. Y. Tanaka and T. Tabe in Waseda Univ.

and the result of Pull System in this research are illustrated

and Fig 9.

o

as Fig 8
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The value-of input data and parameter in both sysﬁems are the
same as those of 4.2.3 except Lp = 0, Lp, =1, Lj =1, Ly,

= 0 and the unit order quantity M d1n case of Pﬁsh System 1is
&lways "1". The detail of Push System ﬁodél is shqwn in the
referkence 1.

As these figures show, in the case of Push System,'thé fluctua-
tion is more amplified in the father preceding stage. This is a
conséquence of errors in forecasting. Therefore, it is necessary
to keep the éontrol parameter at the"prpper level in the casé of
Push System. On the other hand, in the case of Pull System,
amplification rgtioybecomes larger as orxder unit becomes large.
Thqs, it will ﬁe necessary to attempt to minimize the ordering

unit, -

5. Conciusions

(1)

In the case of Pull System, size of the order unit has much im—

portance. In the case that the size 1s small enough compared with

- the production quantity level, production fluctuation won't be

amplified in the preceding stage. Amplification will be brought
about when the size 18 rather large., Although, also in this case,
the amplification is not farther magnified in farther preceding

Btages.

(2) In the case of Push System, amplifications of production and in-

(3)

ventory fluctuations occur under the influence of errors in fore-
casting. As far as amplification is concerned, ﬁhe choice between
Push and Pull System is ditermined by the degree of errors in fore-
caszi,

The other factor in the system parameters of Pull System, which
affects to amplification ratio is "Lead-Time" from the moment when

Kanban is removed from a container to the moment when production of



the stage 1s completed. The louger the lead-time is, the larger
the amplification ratio becomes.
Finally, we would like to express our sincere gratitude to
Dr. Rintaro Muramatsu in Waseda Univ. for his considerable in-
struction and advice.
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