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How we got here



1980’s OPEC ol
embargo drives

up fuel prices,
Japan

Imports small

cars with increased
fuel mileage
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How we |learned about TPS

* Quality of cars

* Pilgrimages -

* Joint ventures -

* Japanese NA operations-
* Japanese sages-

* American translation-

e Consulting firms-...



Toyota Production System Development History - Taiichi Ohno

1949» 1958 »
Intermediate warchouses abolished Warchouse
withdrawal slips
abolished

1950» ——— 1955 »

Machining and assembly  Assembly and body
lines synchronized plants linked

1961 » ———— (Endedin failure)

Pallet kanban

1948» 1953 » 1962 »

Withdrawal by subsequent Supermarket system Kanban adopted company-wide

processes (“upstream” transport) in machine shop (machining, forging, body assembly, etc.)
1955» 1961 » 1965»

HI s T 0 RY Required number system adopted Red and blue card system Kanban adopted for ordering
for supplied parts for ordering outside parts outside parts, 100% supply system;
0 F THE began teaching Toyota system to affiliates
1953 » 1959» 1973 »
T 0 Y o T A Call system for Transfer system (in — in or in — out) Transfer system

the machine shop (out — in)

PRODUCTION
SYSTEM 1956 »

Whirligig water system
(small load/mixed transportation)

1945-55»

Setups (2 to 3 hours)

1962 » 1971»

Main plant setups (15 minutes) Main office and
Motomachi setups
(3 minutes)

1957 » 1963 » 1971»
Procedural chart Use of inter-writer; system Body indication system
(andon) adopted of autonomated selection of (Motomachi Crown line)

parts adopted; information
indicator system adopted

1963 »

Multi-process operation

1947» ———— 1949-50»
2-machine handling 3- or 4-machine handling (horseshoe)
(parallel or in or rectangular layout)

L-shaped layout)

1962 » 1966 »

Full-work control of machines, First autonomated line,
machine baka-yoke Kamigé plant

Separation of machine work and worker’s work begins

1950» ———— 1955 » — —— 1971»

Visual 1, and. Main pl ed-positi y
wemsdoin - mimmens] 30 Y€ars of development 1945 to 1975 i gt

engine assembly (automation —|

AUTONOMATION




Cost of Mfg.
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Performance Observations

» Early observations of reliability, after some initial start-up problems

* IMVP got actual factory level data 1980’s
e defect counts
e direct labor hours for assembly
* level of automation



Summary of Assembly Plant Characteristics,

?/:JtejggeP]cr(c))r(j ; |(;enrfé Il n9I§a9 ch Region) THE IMVP WORLD ASSEMBLY PLANT SURVEY IN

SUMMARY
Japanese Japanese in American in All Europe FIgUI’B 47 SUITII'naI'IZES d I'ILlIleEI' U'f dImEI']SIOﬂS Uf Gurrent
. in Jopsn | North America) North Americs worldwide performance of the volume producers at the assembly-
errormance: . - s = . . ™
Producvitity (hours/Veh.) 16.8 21.2 25.1 36.2 plant level in addition to productivity and quality. In particular, it is
Quality {assembly P :
afactar100 webickes] e . 02 3 o striking to note the difference between average Japanese
Lo performance and the average in North America and Europe in
ayout: s . :
Space (sq.ft./vehicle/yr) 5.7 9.1 7.8 7.8 terms of the size of repair area needed, the fraction of workers
prpiokrs spluiedanty o Py 124 " organized into teams, the number of suggestions received (and
inventories(days for B the lack so far of suggestion systems in the Japanese
sample parts) 0.2 1.6 2.9 2 . .
transplants), and the amount of training given new assembly
Work Force:
% of Work Force in Teams 69.3 71.3 17.3 0.6 workers'
Job Rotation (0 = none,
4 = fragquent) 3 2.7 0.9 1.9
Suggestions/Employae 61.6 1.4 0.4 0.4
Mumber of Job Classes 11.59 8.7 67.1 14.8
Training of New Production
Waorkers (hours) 380.3 370 46.4 173.3
Absenteesism 5 4.8 11.7 12.1
Automation:
Waelding (% of direct steps) B6.2 85 76.2 76.6
Painting(% of direct steps) 54.6 40.7 33.6 38.2
Assembly(% of direct steps) 1.7 1.1 1.2 31

Source: IMVP World Assembly Plant Survey, 1989, and J. D. Power Initial Quality Survery, 1989



Cost Vs Defects

Ref. “Machine that Changed the World” Womack, Jones and Roos

FIGURE 4.8

Productivity versus Quality in the Assembly Plant, Volume Producers, 1989
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Source: IMVP World Assembly Plant Survey, 1989

One additional and very important finding of the survey bears
note: the relation between productivity and quality. When we first
began the survey and correlated productivity with quality in all
plants, we found almost no relationship. What's more, this did
not change over time. In Figure 4.8, showing the relationship
across the world at the end of 1989, the correlation between
productivity and quality is .15.

This seemed puzzling. We thought it should either be nega-
tively correlated—plants with high quality should require more
effort to achieve this, as Western factory managers had long
thought—or it should be positively correlated—quality should be
“free,” as many writers on Japanese manufacturing had sug-
gested. The answer to the puzzle, as a moment's examination of
Figure 4.8 will show, is that both trends are in evidence and they
cancel each other out. The Japanese domestic and transplant
facilities are all concentrated in the lower left corner of the figure,
For these lean plants, quality really is free. Removing these plants
leaves a pattern in which plants tend to have high quality or high
productivity but not both. For these mass-producers, quality is
expensive when it can be achieved at all.
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Cost Vs Automation

Ref. “Machine that Changed the World” Womack, Jones and Roos

O US/NA
A NIC
O J/NA

L N7
A E
Australia
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Automation (% of automated ass'’y steps)

“Automation’’ equals the percent of assembly tasks that have been automated. Automation
E includes both fixed automation such as multi-welders and flexible automation using robots.
v Automation of materials handling is not included.

Souroe IMVP World Assembly Plant Survey, 1989

First, they ask whether automation is the secret. Our answer
is that it is and it isn't. Figure 4.9 shows the relation between the
fraction of assembly steps that are automated—either by robotics
or more traditional "hard” automation—and the productivity of
plants. There is clearly a downward slope to the right—more
automation means less effort. (Stated another way, higher levels
of automation show a strong negative correlation (—.67) with
higher levels of effort.) We estimate that on average automation
accounts for about one-third of the total difference in productivity
between plants.

However, what is truly striking about Figure 4.9 is that at any
level of automation the difference between the most and least
efhecient plant is enormous. For example, the least automated
Japanese domestic plant in the sample (with 34 percent of all
steps accomplished automatically), which is also the most effi-
cient plant in the world, needs half the human effort of one
comparably automated European plant and a third the effort of
another. Looking farther to the right in Figure 4.9, we can see that
the European plant that is the most automated in the world (with
48 percent of all assembly steps done by automation) requires 70
percent more effort to perform our standard set of assembly tasks
on our standard car than is needed by the most efhcient plant
with only 34 percent automation,

The obvious question is, how can this be? From our survey
findings and plant tours, we've concluded that high-tech plants
that are improperly organized end up adding about as many
indirect technical and service workers as they remove unskilled
direct workers from manual assembly tasks.

What's more, they have a hard time maintaining high vield,
because breakdowns in the complex machinery reduce the frac-
tion of the total operating time that a plant is actually producing
vehicles. From observing advanced robotics technology in many
plants, we've devised the simple axiom that lean organization
must come before high-tech process automation if a company is
to gain the full benefit.’



More than tools



Fundamental Differences in Manufacturing
Technology + Mental Model

* Mental model is what a person believes about the
system at hand.

* Note
* A mental model is based on belief, not facts:
* Individual users each have their own mental model.
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Design Rules



History of the Development of the Toyota Production

ref: Taiichi Ohno

1945...

JUST-IN-TIME

inven tory ok il e ’ ol

withdrawal slips

abolished

1950» 1955» ———
Machining and assembly  Assembly and body
lines synchronized plants linked

1948» — 1953 » e

Withdrawal by subscquent Supcrmarket system
1 P
processes (“upstream” transport) in machine shop

1955»

HISTORY Required number system adopted

OF THE Set_up

for supplicd parts

TOYOTA Call system for
PRODUCTION
SYSTEM 1955

the machine shop

Whirligig water system
(small Toad/mixed transportation)

1945-55» —

Sctups (2 to 3 hours)

cells

1947 »

1957 »

Procedural chart
(andon) adopted

—1949-50» — — -

2-machine handling 3- or 4-machine handling (horseshoe)
(parallcl or in or rectangular layour)
L-shaped layout)

Separation of machine work and worker's work begins

Andon

1950» ——— 1955» —

Visual control, andon Main plant assembly line production system

system adopted in (andon, line stop, mixed load)
engine assembly (automation — autonomation)

1953 » P R

— 1961 » —

Palict kanban

Transfer system (in

1961 »

1962 »

(Ended in failure)

Kanban adopted company-wide

(machiming, forging. body assembly, etc.)

Red and blue card system

for ordering outside parts

1953 » —— 1959»

s inor in —s out)

— 1962 »

- 1965 »

Kanban

outsic

adopted for ordering

parts, 100% supply system;
began teaching Toyota system to affiliates

1973 »

Transfer system
(out —= in)

— 1971 »

Main plant setups (15 minutes) Main office and

1961 »

Andon installed, Motomachi assembly plant

— 1963 »

Usc of inter-writer; system
of autonomated selection of

Motomachi sctups
(3 minutes)

— 1971»

parts adopted: information
indicator system adopted

——— 1963 »

Multi-process operation

1962 »

1966 »

Full-work control of machines, First autonomated line.

machine baka-yoke

Kamigo plant

= 1971 »

system in assembly

System

Body indication system
(Motomachi Crown line)

Fixed-position stopping

~ ..1975

o
e

U U T
U U U

ke
cell

Lean Shop




JT Black’s Design Rules

Final Assaemibly
= s, o, P

1: Final assembly (FA) line which has a takt time (TT)
thatis based on the daily demand for the goods
being made in the factory.

2. All the goods producing aspects of the system

2 _ nsiAEEsmon operate on a MO-CO-MOO basis, like final assembly.
= zE
= i =z Station 3. The subassembly manufacturing factories must
3 B = . : .
- Ly L = £ ! be redesigned into parallellines or U-shaped
_________________________ I . .
Ay assembly cells to achieve one-piece flow
i Rack &
Subassembly =3 .-r‘:? 'L'J . F'E'”;f; BEFORE: Layout with conveyor- Subassambly with two conveyors
Inventory Out, 4 = = oo
" 1 s | i e :? }E2RRIENX R ER R | ------- SREDY
_— == — T e - R vl 7
% £ Sunh i TS N hmf’*"'* s e
— 1I Workers
{% U ‘.L'I. _'t" Maasurable Paramaters
[F"-EI.I‘tS ﬁtﬂrage] U 15' ‘ Betore: Ater
Subassembly cells .,.‘Eﬁ Output 700 1056 units/shift
C___;____________‘r"_f‘:_ AFTER: U-Shape layout-Conveyors removed L‘:E‘Wﬁfim"'w ?g’-" 3:::»9:5
omponan “50';:'3 r pErson : 1 LII'IEiIE
Jﬂb Ehﬂll:l l::LJ l\_/J U HE‘I:IH - sassasa -~ . . &d:ﬁrgtpe ke ;Clﬁummu'.c ﬂaf:]-mitnutc
fecls) comveyor HE= R R @
L Dirill i -
Lathe SGrind Lean Shop ol ——s E i e | e
- Componants in Mig Cells
Raw materials | “IU" Shaped one piece flow
P - 4. The manufacturingcomponents are connected to final assembly
Production o o Production with Kanban links, a pull system which withdraw material from the

subassembly and component suppliers cells as needed by final
assembly and give production orders to all the suppliers automatically



Evolution of Principles
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14. %gt_:zoeme a learning organization through relentiess reflection (hansei) and
izen.

13. Make decisions slowly by consensus, thoroughly considering all options.
implement rapidly;

12. Go see for yourself to thoroughly understand the situation (Genchi
Gembutsu);

Problem
Solving
(Continuous
Improvement
and Learning)

11. Respect your extended network of partners and suppliers by
challenging them and helping them improve;

10. Develog exceptional ﬁeople and teams who follow your
compahy's philosophy;

9. Grow leaders who thor_ouglglt“ understand the work, live the
philosophy and teach it t ers;

People and Partners
(Respect, Challenge

8. Use only reliable, thorou%hly tested technology that serves
and Grow Them) S.

your people and process
7. Use visual control, so no problems are hidden;

6. Standardized tasks are the foundation for continuous
improvement and employee empowerment,

5. Build a culture of stopping to fix problems to t quali
Fight the 1st time (idoka). 5 i suaty

4. Level out the workload (heijunka);
3. Use Pull Systems to avoid overproduction;
2. Create Process Flow to surface problems;

The Right Process
Will Produce the Right Results
(Eliminate Waste)

Long Term Philosophy

(Long Term Thinking) 1. Base management decisions on a long-term

philosophy, even at the expense of short term financial
goals,

= Source: Toyota Way, Liker
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Figure 1.2. Hﬂ;w costs, quantity, quality, and humanity are improved by the

Toyota production system.

Ref Yasuhiro Monden
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A more recent view

Continuous improvement

7- Quality
2- Delivery reliability
3 Flexibility

4- Costs

i . . Remove Lean
Kaizen Measure Visualize Flow
waste approach

Thinking in processes

Real
improveents




JT Black’s Implementation

Table 3 of 4

Table 3. Lean production methodology for implementation.

Level and balance the manufacturing system, smoothing the material flow (Monden 1983 ):Leveling invelves the development of mixed model final assembly. Level or
smooth the demand on the cells or the suppliers. Balancing is getting the output from the cells to match the needs of final assembly.

* Establish the daily demand

# Develop mixed model final
assembly; takt time

» Balance the output from the
suppliers

» Develop single-piece flow in
subassemblies

» Sequence subassemblies with
order of assembly

» Design Rule 1

2

Design or reconfigure the manufacturing system:Design and implement manufacturing and assembly cells. The design of the manufacturing system must consider the
design of the product and the need of the internal and external customers while meeting the FRs for system stability. FRs functional requirements.

« Standard work for operators in
cells

» Design/implement
manufacturing cells {Black 1991)

» Design Rule 2




JT Black’s Implementation (Cont

Setup reduction, changing methods and designs to reduce setup Bime (Shingo 1985):5etup time is delay time. Affects lot size. Optimum lot size is one. Use SMED
because it involves everyone on the factory floor (SMED = single minute exchange of dies). Permits small lots and creates flexibility.

* Teach everyone SMED

+ Develop one touch setups in the
cells

» Dperators perform changeovers

4

Integrate guality control info the manufacturing system (Shingo 1986):Does the manufacturing process satisfy the design specifications every time? Inspection to
prevent the defect from occurring (pokayokes).

* Inspect to prevent defects
[Sekine 1990)

# Use the seven (7) tools for
quality control and line stop

= Teach everyone quality

« Zero defects via Design Rule 3

5

Integrate preventive maintenance {Makajima 19B88):Do the machines and people behave reliably? Design equipment to be reliable. Design metheds to check people and
methods for people to check machines, identify and sclve problems. System will breakdown if machines and support equipment fail.

* Machines designed for
reliability using TPM [(MNakajima
159490)

# Dperators solve problems

« Dperators perform daily
maintenance

6

Integrate production control, link the cells, pull material to final assembly:Control the where, when, and how much material. The design of the manufacturing system
defines flow and the kanban operates within the structure. This is integrated production control or kanban (Black 1591).

» Link the cells

# Pull material to final assembly

» Kanban drives the production

= Design Rule 4




JT Black’s Implementation (Cont

Integrated inventory control:Reduce the WIP in the links that connect the cells. This is control of the quantity of material in the links. Minimized and optimized and
controlled by the internal customers, the users of the materials (Black 1991).

» Gradually remove inventory
from links

* Expose problems

« Solve problem, improve system
TPT

8

Integrate the suppliers: make them JIT manufacturers just like you:Suppliers become remote cells. Suppliers become partners. Relationship built on trust. This is how
real technology transfer takes place.

« Suppliers are sole source

= Teach suppliers steps 1 to 7

g

Autonomation: autonomous control of quality and quantity within the manufacturing system: Automate the integrated pull manufacturing system.

« Design/implement lean
manufacturing cells

« Apply computers, robots,
automation

10

Design the lean enterprise around the [-CM5,

« Design new products
concurrently with customers in
mind.

« Design/implement lean
manufacturing with lean machine
tools.




J T. Black’s 10 Steps

Ref; JT. Black “Factory with a Future” 1991

Form cells

Reduce setup

Integrate quality control

Integrate preventive maintenance
Level and balance

Link cells — KANBAN

Reduce WIP

Build vendor programs

O 0 NO Uk WD PE

Automate

10. Computerize

30



JT.Black -1, 2

1.

Form Cells

Sequential operations,
decouple operator
from machine, parts in
families, single piece
flow within cell

2. Reduce Setup

Externalize setup to
reduce down-time
during changeover,
standardize set-up

31



TPS Cel

Toyota Cell, one part is produced

for every trip around the cell

Direction of part movement within cell

— VM

HM __D_
S e

[] / NS V

VM :]‘,

rd
Lo

Final
inspection

S ® _______ e B R EE C Finished

@R D)
B

A 4 \
IN Raw | I OIGT
material
cart

Key:

S =Saw ——~— Path(s) of worker(s)

L = Lathe moving within cell

HM = Horizontal milling machine —— Material movement paths
VM = Vertical milling machine within cell

G =Grinder Kanban square

® = Worker positions (Decoupler)

TTATIDIT A A

J T. Black
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JT.Black—-3, 4

3.

Integrate quality
control

Check part quality at
cell, poke-yoke, stop
production when parts
are bad, make
problems visible,
Andon - info about
work being done...

4. Integrate preventive
maintenance

worker maintains
machine , runs slower,
operator owns
production of part

33



JT.Black—=5, 6

5.

Level and balance

Produce to Takt time,
reduce batch sizes,
smooth production
flow, produce in mix to
match demand

6. Link cells- Kanban

|II

Create “pull” system —
“Supermarket” System

that indicates the
status of the system

34



Balancing and Leveling

* Balanced line: adjust process time for smooth flow “Takt time”

* Leveled Line: each product is produced in the needed distribution.

35



Pull System at the Supermarket

36



Comparison of Toyota Production System and Lean

Method

Designer

Goal

Principles

Normal Condition

Focus of
Improvement

Primary leaching
Method

Object of Interest

Desired Outcome

Toyota Production System

Industrial Engineers

Cost Reduction

Productivity Improvement

Continuous Improvement
Respect for People

Flow

Human

Genba Kaizen
Waste, Unevenness,
Unreasonableness

Customer Satisfaction
Survival

Lean (1988)

Mechanical Engineer®

Quality
Productivity

Continuous Improvement

Flow

Technical

Team Leader

Inventories

High Plant Performance

Lean (1996-—)

Social Scientists**®

Maximize Customer Value
Specify Value
Identify the Value Stream
Flow

Pull
Perfection

Perfect Processes

Technical

Classroom

Value Creating Activities

Perfect Value




Four Rules...

Rule 1: All work shall be highly specified as to content, sequence, timing and outcome.

Rule 2: Every customer-supplier connection must be direct, and there must be an unambiguous
yes-or-no way to send requests and receive responses.

Rule 3. The pathway for every product and service must be simple and direct.

Rule 4: Any improvement must be made in accordance with the scientific method, under the
guidance of a teacher, at the lowest possible level in the organization.

Spear and Bowen



Real World Examples
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Real World Examples

Optimizing the Economic Efficiency by Micro-drill Life Improvement
during Deep-hole Drilling in the 212-Valve Manufacturing Process

By
Yan Zhuang
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Abstract

This thesis addresses the value of optimizing lot sizing to meet part demand within the
limits of machine capacity, focusing on a method for improving productivity within the CNC
turning and CNC milling departments at the Waters Corporation Machining Center in Milford.
Massachusetts. A detailed study of the machining center revealed problems with low machine
utilization in turning and milling, low on-time delivery performance and a need for day-to-day
adjustments to the production schedule. These problems were attributed to inefficient data
collection and use of data. poor production scheduling. and lot sizing that the system’s capacity
could not handle, causing frequent occurrence of redundant part setups and enabling delays in
turning and milling which cascaded to downstream processes. This thesis addresses the latter
problem by implementing optimized lot sizing for ten selected part types going through the
turning and milling departments: the system design called for increases to the lot sizes of five of
these part types. In order to prevent increased lot sizes from causing unforeseen problems in
downstream processes, the project further implemented a supermarket for these selected parts at
the end of milling operations, in order to decouple turning and milling from other processes.

The lot sizing methodology focused on parts going through a turning operation followed
by a milling one, with selected part types being machined on one of two machines in each
department. In order to limit increases to work-in-progress inventory caused by increased lot
sizes, the supermarket was designed to be managed by a Kanban-based pull system using a
modified (Q, R) inventory policy with an expected weekly service level of 95%. Over the course
of the implementation period. the lot sizing methodology saved an estimated 36.75 hours of
setup time for parts made in 407.25 productive hours of run time. Moreover, a simulation over a
year-long period estimates that with the new lot sizes, the machines in question will achieve an
aggregated increase in productive hours of nearly 10%.
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Real World Examples
ABSTRACT

This thesis addresses the challenge of improving on-time delivery performance of stators in the
high mix valve manufacturing cell at the Milford facility of Waters Corporation with a focus on
efficient line design without exceeding the average WIP levels observed in the current system. A
detailed study of the current process was done and it was concluded that the poor on-time
delivery performance of stators to the assembly department could be attributed to the
unacceptably long fabrication lead times—due to the long waiting induced by the fabrication of a
high mix of 28 different types of stators— and the lack of an efficient inventory management
policy that makes the system susceptible to extreme situations of either stock-outs or inventory
explosion. Therefore, a pull-type production system with a responsive fabrication line
establishing WIP control and an end of line standardized finished goods inventory management
was designed and implemented.

An efficient line design was developed by dedicating lines for high volume and high mix parts
and by placing in-process buffers to implement a Kanban based pull-type production process that
in turn limits the amount of WIP as well. An overall lead time reduction from 21 days to 3 days
was achieved through the implementation of this line design and a 40% reduction in WIP levels
was observed simultaneously. For standardizing the finished goods inventory management in
order to maintain high service levels while eliminating the possibility of WIP explosion, a mixed
inventory review policy or the (s,S) policy—that uses a re-order point to trigger production at
appropriate times and a base stock level that maintains an upper control limit on the inventory
levels— is suggested for implementation. With this policy, a calculated service level of at least
96% is expected even for high demand periods alongside a 50% reduction in average finished
goods inventory levels.



Fig. 1 Valve cell layout
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Layout of Mercedes Benz Truck Plant

4th design rule: The manufacturingcomponents are connected
to final assembly with Kanban links which withdraw material
from the subassembly and componentsuppliers cells as
needed by final assembly and give production orders to all the
suppliers automatically.
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Design Rules

* 4th design rule: The manufacturing components are connected to
final assembly with Kanban links which withdraw material from the
subassembly and component suppliers cells as needed by final
assembly and give production orders to all the suppliers
automatically.
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Design Rules

* The 2nd design rule is that all the goods producing aspects of the
system operate on a MO-CO-MOO basis, like final assembly. One-
piece flow or single-piece flow).
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Design Rules

* The final assembly (FA) line which has a takt time (TT) that is based on
the daily demand for the goods being made in the factory.







Design Rules

* The 2nd design rule is that all the goods producing aspects of the
system operate on a MO-CO-MOO basis, like final assembly. One-
piece flow or single-piece flow).
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https://www.youtube.com/watch?v=zhqYqKiwTVQ

Numerical Problem

Example Operations

Machining Operator] Operator]
Machine Operation times manual walk time
tool Or Process (MT) (min) time (min) {min)




Cabins




Cabins - Cont




Final Assembly - Start




Moving Assembly line — Moving Workers —
Moving Information







Kanban (Cont)



Information Flows






* The Toyota Production System &
Implementation in a highly automated (4.0)
Assembly / Manufacturing Plant
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