Chapter 8. Lean Operations and
the Toyota Production System

Slide 1



The History of Toyota

Sakichi Toyoda, the founder of the Toyota group of

companies, started Toyota as a textile machine company.
Kiichiro Toyoda, son of Sakichi, founded TMC 1n 1937.
Taiichi Ohno, Toyota's chief of production in the post-WWII

period. He was the main developer of Toyota Production
System (TPS).

TPS (Toyota Production System) = outcome of a long evolution
(overcoming the challenging environment of scarcity after

World War II)
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The History of Toyota

Two Crises

(1) Recall several million vehicles caused from unintended
vehicle acceleration in 2009~2010

(2) Japanese earthquake of March 2011

= Shut down several assembly plants
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History of Manufacturing Management

* Toyota’s role in the history of manufacturing management
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Toyota’s Worldwide Sales (units) in 2012

A growing empire

Toyota added assembly plants in places such as South Africa and Argentina this year, and is adding assembly capacity in the United States, Canada, China
and other sites to double overseas output over the next few years.
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Toyota Production System: Framework

Zero non-value added @

activities (muda)

Zero defects, zero breakdowns, zero inventory, zero set-up

Production flow synchronized with demand (JIT)
One-unit-at-a-time flow
Mixed model production (heijunka)
Piece-by-piece transfer (ikko-nagashi)
Match production demand based on Takt time
Pull instead of push

Supermarket/ Kanban
Make-to-order

Quality methods to reduce defects
Fool-proofing (poka-yoke) and visual feed-back
Detect-stop-alert (Jidoka)

Defects at machines (original Jidoka)
Defects in assembly (Andon cord)
Build-in-quality (tsukurikomi)

expose defects

Reduce inventory to

. Adjustment of capacity to meet takt-time @
Flexibility Multi-task assignment (takotei-mochi)
Reduction of Variability
Standardization of work Quartile Analysis @

Standard operating procedures

Quality circles (Kaizen)
Worker involvement Fishbone diagrams (Ishikawa)
Skill development / X-training
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The Seven Sources of Waste
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MATIONAL BESTSELLER
*The best curr g and

T
THAT CHANGED

The IMVP Studies

GLOBAL AUTO WARS
WILL REVOLUTIONIZE
WESTERN INDUSTRY

JAMES P WOMACK, DANIEL T. JONES, AD DAHIEL RO0S

The data are already more than 30 years old s s
= still of high relevance today! WY o

General Motors Framingham Assembly Plant Versus Toyota Takaoka Assembly Plant, 1986

GM Framingham Toyota Takaoka

Gross Assembly Hours per Car 40.7 18
Assembly Defects per 100 Cars 130 45
Assembly Space per Car 8.1 4.8
Inventories of Parts (average) 2 weeks 2 hours

Gross assembly hours per car are calculated by dividing total hours of effort in the plant by the total number of cars produced
Defects per car were estimated from the JD Power Initial Quality Survey for 1987

Assembly Space per Car is square feet per vehicle per year, corrected for vehicle size

Inventories of Parts are a rough average for major parts
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Lean Tool-box

This set of slides summarizes a set of lean operations tools (there is much more):

p—

Mapping the Process Flow

2. Identifying sources of wasted capacity

3. Understanding barriers to flow

4. Standardization of work / standard operating procedures
5. Balance resources and have demand drive the process

6. Overall Equipment Effectiveness / Effective Capacity Utilization
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Tool 1: Mapping Out the Process

> Non-Referrals List of tasks generated:
15 min target
Broker fills . Based on auto UW . .
Customer C Transfer to q Place apps in system *Declaration signed
out rorms —] . . .
goes to broker 30 mins ISC in-boxes Referrals *Direct Debit
L - 20 min target *Valuation Report
) Check app Sorted «Et
Telephone or in- - 55% non-referral » Allocated Flags ¢
person - 45% full referral « Not true FIFO * Shared Ownership
« Call broker and provide * Foreign national
Sales and list of required docs * Sale e‘md completion
marketing * Record on electronic Not simultaneous
disconnected notepad Application No | Call Broker to | - Addto
£ ) » Target 3hr return call for Send Fax answer k directl note
rom operations full referral 24 hrs (based . Speak directly d
on arrival time) from non- * 15/20 min target P
referral
Computer flags automatically Broker [
Post-Offer y Pre-Offer * Requests
: contacts = .
Call for info . required
vV v 13 min target h Review Case customer informati
*Request materials « Check status Phone duty on
Lack of a +Check for errors T * Review post v 7'y
value stream Large WIP Application
perspective and long complete Chase Team Materials
" B
lead times # . « Targets to chase up docs bmitted
Make offer || ooomie - (3/7/12/18/28 days) submite
. e La [
Completion Weeks to months | roxen h Received via
of house _l i Phone duty - Nexus Dadunds
v L3 - PC fax
* 11 ker i Applicati - Manual fax 0
Broker gets Call broker if pplication CPS Team
. . complete
pald Give Up there are D * Review incoming post
document ¢ _* 24 hr target to review .
problems Make offer | | Auomae Variable
| &%l broxer performance

Widely varying

amongst

demand .
associates
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Tool 2: Understand Sources of Wasted Capacity

Poor use of capacity — Waste of the Resource s time

Overproduction Transportation Rework Over-processing

Motion

$ ! 4 $ ! 2

The seven sources of waste (Muda: #&EK)
waste
Potential eighth source of waste:

The waste of intellect t t

Not “orthogonal to each other” Inventory  Waiting

Poor flow — Waste of Customer s time

4

* The first five sources are RESOURCE centric.
* You find them by observing / attaching yourself to a resource.

* Observation and data collection on the front line is key.
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Tool 3: Understand the Barriers to Flow: Customer’s Perspective

How much time does a patient spend on a primary care encounter?

Driving Parking Check-in Vitals  Waiting PCP Appt. Check out Labs Drive home

Two types of wasted time:
Auxiliary activities required to get to value added activities (result of process
location / lay-out)
Wait time (result of bottlenecks / insufficient capacity) =>“Product has to flow
like water™?
Inventory: the symptom of poor flow - associated with (a) financing cost (b)
customer wait (¢) quality problems

Total value added time of a unit

. . 0 o
Flow Time Efficiency (or 26 VAT) =~ 2 unit s in the process
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Tool 4: Standard Operating procedures /

Quartile Analysis

Activity times by Operator

KB

NN

oo
~

Best Practice
n team

Call durations

short

long

2:00 min.

2:30 min.

3:00 min.

3:30 min.

4:00 min.

4:30 min.

Operator KB
. Operator NN
. Operator BJ
Operator BK
Operator SD

Operator NJ .

Operator CT

Low High
courtesy courtesy

Courtesy / Friendliness
(qualitative information)

Quartile analysis is an easy tool to identify performance variation

Variation in performance often reflects a poor process standardization
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Tool 5: Balance Resources and
Have Demand Drive the Process

Balance the Line Staff to Demand

Actual Demand
Wolume
60 akt time inutes
30 /M P !
E Tim
5 2@ P
] Time Leveled Demand l e
ta m - vl
Time i al y
3 B 4| 8 2 60 50
27 T g ® s :
2 g ] 5
: : . g B .
S s v
- £/ Takttime™ l
— Takt
12 3 4 5 B ® @ e
Operator s @ Operator 2 e
3 .
- ] = 1 1 Volume flexibility
Labercontent: 116 seconds/ unit 1 Adjustto changingdemands
Demand: 670 units perday Resource planning l Often imbl dwith rk
Work 8h shifts i ten implemented with temporary workers
Pover I 6 Keeps average labor utilization high
3

Look for idle time and measure labor utilization

click.

Reduce idle time by: Y

Staffing to demand (potentially eliminating excess process capacity)
Balancing the line (reduce idle time created by excess capacity relative to bottleneck)
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Tool 6: Overall equipment effectiveness (OEE)

Identify what % of a resource’s time 1s true, value-added time!
100

Total Break- Change- Avail- [dling Reduced Net  Defects Start- OEE
and

planned down overs  gple Speed  opera- up
click. i minor .
up-time (g ume ting
time —
Downtime losses Speed losses Quality losses OEE

Availability rate Performance rate X Quality rate

55 % 82 % 67 %

30 %
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Tool 6: Overall equipment effectiveness (OEE)
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Total paid time Time in practice Time booked Time with True value

For appointments  patients added time

Step 1: start with the “book-ends” (very left and very right bar)

Step 2: Include the results from the previous steps
- Wasted capacity
- Customer wait time (can show up in the form of cancelations and complaints)
- Idle time
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The Toyota Production System —
An alternative to traditional mass production

rTaylorism: Standardized parts and work )

patterns (time studies)
Moving line ensuring working at the same pace

Process driven by huge, rapid machinery
with inflexible batch production

\

Ford

I
1903 1908 1911 1913 1923

1st car 1st Model FW. 1st 21

T Taylor ~ moving  mjllion
Cost 950 line  ehicles/
USD/ vear
unit

360 290

1904

1916

1926

Key idea of Ford: cost reduction through
cheap labor and economies of scale

[ ]

(Mass production driven by economies
of scale impossible
— Low production volume (1950):

GM 3,656,000 — Toyota 11,000
— Low productivity (Japan 1/9 of US)

. — Lack of resources

\% \%

: Toyota

1933
Founded

1946
Major strike

1950

Start of
TPS

1960s

Supplier
develop-
ment

1980s
Trans-

plants

A A A

Key idea of TPS: systematic elimination
of non-value-added activities
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JIT: Matching Supply with Demand

1. Achieve One-Unit-at-a-Time Flow
(e.g. escalator vs. elevator)

; . - . . lick.
mixed-model production, °"‘;" piece-by-piece transport ey

2. Produce at the Rate of Customer Demand
JIT process should follow the takt time imposed by demand!

3. Implement Pull Systems

(1) Kanban-based pull = the upstream replenished what demand
has withdrawn from the downstream

(2) Make-to-order (vs. Make-to-stock)
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Push System vs. Pull System

-

Push vs.

Make all we can
just in case.

Production Approximation
Anlicipated Usage’'s
Large Lots

High Inveniories

Wasle

Management by Firefighting
Foor Communication

Pull

Make what’s needed
when we need it

\

)
.‘:'-'t: i .
i e, [
;*-1.;. ’ .-:::?"" ! : — - - . =
I d qh»x [pears = | [ramw | |manes
)
M“‘ﬁx |mars | [mes | [oers
=
o9 0

= Production Precision
« Actual Consumption
= Small Lots

= Low Inventories

« Wasle Heduction

- Management by Sight

« Beller Communicalion /
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Implement Pull Systems

/ Pull: Synchronized production \ / Pull: Kanban \
\

Lb 2

Authorize

3
@

/"“
7 \
\ B
. \ A
production Lot
of next unit >
HEE HEE
HEE HEE
] ] | ] ]|

AN J

* Part produced for specific * Visual way to implement a pull system
order (at supplier) « Amount of WIP is determined by

» shipped right to assembly number of cards

« real-time synchronization click.
for large parts (seat) » Kanban = Sign board |, 94

» Work needs to be authorized by demand
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Conceptual Diagram of the Kanban System

Conceptual diagram of the Kanban System

Operational Flow of Production

Instruction Kanban m

Sn Tl R ekl @) Production instruction kanban A
E & remaved when an aperator
Only tha exact numbsar
of parts indicated on
the Kanban &

€) The aperator carriss
the kanhan b ratriave

raplacement parts.

Operational Flow of Parts

Retrieval Kanban m

< Next process =

€D The parts retrieval

Eanban iz ramoved when
an pperator uses parts,

http://www.toyota-global.com/company/vision philosophy/toyota production_system/just-in-time.html
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The Impact of Inventory on Quality

Assume a 1 minute takt time

Fool(Mistake)-proofing=Poka-yoke

click.
Jidoka=stop the process immediately

whenever a defect 1s detected  click.

ITAT=6*1 minute 1 ‘ s

H® . Andon Cord

__________________________________

ITAT=2*1 minute

|:| Defective unit

O Good unit

Inventory leads to a longer ITAT (Information turnaround time)
= slow feed-back and no learning
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Exposing Problems through Inventory Reduction

Buffer argument:
T“Increase inventory”

l

Toyota argument:
“Decrease inventory”

Inventory in process

15t approach: Increase the water level (inventory).
2nd approach: Reduce the water level
= Expose problems instead of hiding them

Despite potential short-term losses in throughput, it moves the
process to a better frontier.
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Flexible Cycle Time through Multi-function Workers

“* According to the monthly demand in January, the cycle
time of this combined process 1s 1 minute per unit and
8 workers are involved.

3 4 5
1 2 3 4 O i» 4
i:j :: 2 g 9 =
), 5 r, 6 8 5
18 178 16 6 rg\
15 7 2 l‘-’fi | =
14 8 9 1 2 5 2
13 <O
( - ) 6 3
5 3 i =
10 9 8 7 4
January 5
Cycle time = 1 min per unit,
number of workers = 8 persons,
— = Walking route of each worker
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Flexible Cycle Time through Multi-function Workers

“*In February, the monthly demand is decreased and
cycle time 1s increased to 1.2 minutes.

i b
10 m 2
i

9 (‘é 3

. |l 4
February 7 5
Cycle time = 1.2 min per unit,
number of workers = 6 persons P
— = Walking route of each worker
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Shingo Prize 1s the highest manufacturing excellence
award 1n the U.S. The prize 1s given both to companies and
individuals who contribute to the development of
manufacturing excellence.

Ay

&

THE SHINGO PRIZE

for OPERATIONAL EXCELLENCE ™

Slide 26



SHIGEO
SHINGO

A Revolution
in Manufacturing:
The SMED System
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Full Work System

< Line balancing problem < capacity differences

=solve using the full-work control system

Chute Limit switch

Machine A

&o

R

When six units have been placed

in machine B, machine A will

stop automatically
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Example of a Kanban (&1k)

T e boy clodovier

B0 2400

| 11200 4.00
15:00
2100

64 3604000000007

Mame of supplier

-

Store shell (o rhr- i

35 B-3-

(213)

R

Name Of recemving
plant

Toyota's
Tsutsumi Plant

100003603600001
o

item no.

{ 5
Sumitomao Denko i
' 1 821 54-1 401 1 —nn 20 Place 10 recelve
' Store of supplier ltem back no. | ltem name Box type Mﬁ;;nbly
A4 Rear Door Wire g
| Delivery cycie rtype foruse |Box capacity
1-6-2 BJ-1 10
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Poka-Yokes in Everyday life

(Sequence method): (1) ATM card 1s returned to you before cash
1s supplied.
(1) Airplane restroom lights only come on
when the door lock 1s engaged

(Contact method): Diesel and petrol cars have different fuel inlet

Slide 33
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1
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HEj{l = Automation
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A& =2(Jidoka)

= Autonomation 7| Z| G| A|

A
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