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1.“Nested Structure” of Product and Process
2.From Product Design to Process Design
3.Product/Process Matrix
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Operation (work)

Mono flow Information flow

Process and Operation (interpreted as transmission and reception of 
information)

Design information assigned to each station (worker, 
facility, software, manual, etc.)

Legends: 

Process



“Meshing” Structure of Product and Process

Chain of material, in-process product, and product

Chain of production process

＋



Example: Process of Sewing Machine Needles and In-process Product



Example: Production Process of Autos 
and Raw Material/In-process Product

‡

It becomes a layered 
structure to which skirts of 
a mountain extends for the 
assembly product. 

(part table)

Takahiro Fujimoto 'Note concerning Technology System' Nihon Keizai Shimbun, Inc.  (p.151 figure.8) 
Reference: Moriaki Tsuchiya 'Technical Improvement and Business Maneuver'

Figure removed

due to copyright restrictions



Example: Production Process of Autos 
and Raw Material/In-process Product

‡

'Body spot welding number of small passenger cars.' The Society of Automotive Engineers of Japan 1982 
Reference: 'Automotive Engineering' No.7



2. From Product Design to Process Design

(1)Examine product design chart 
(design information)

(2)Draw a basic concept of process
Material and manufacturing method
Separate factors into self-manufacturing
or subcontracting

Production capacity
Process route

(3)Process layout
(4)Detailed design for each workstation

Product design chart

pick material and 
manufacturing method

decide on separation of factors by self-
manufacturing or subcontracting

decide on production capacity

decide on 

manufacturing pathway

layout design

detailed design on each process
(choice on manufacturing means, 

facilities, tool design, work standard, 
inspection, transportation design, etc.)

to process preparation



Product Design Chart and Corresponding Process-Flow Diagram (1)

Masao Akiba 'Production Management' Japanese Standards Association 1987 (p.67 figure.3.7) 

‡



Product Design Chart and Corresponding Process-Flow Diagram (2)

In essence, translation of 
product design information
to process design information

Masao Akiba 'Production Management' Japanese Standards Association 1987 (p.62 figure.3.3) 
‡



Choice of Manufacturing Method (1)

Molding (casting, forging, press, sintering , extrusion, rolling, 
etc.)
Cutting operation (lathe, drilling, jointing, shaper, boring, fraise, 
grinding, broach,  gear-cutting, etc.
Treatment (coating, painting, heat treatment, etc.)
Assembly (welding, adhesion, screw cramp, pinning, swaging, 
press fit,inset, etc.)



Choice of Manufacturing Method (2)

Case of Machinery Industry
sand mold casting,  precision casting,  centrifugal 
casting,  die-casting,  low-pressure casting, vacuum 
casting, sequential casting

casting process,  rolling process, tube material process,  
extrusion process,  drawing process cold casting,  press 
workss working, component rolling
cutting, drilling,  boring, planing, shaping, milling,
grinding, broaching, toothed wheel cutting, metal 
cutting
（flame cutting,  arc cutting）

cementation, metal coating method, anticorrosive,
facing, electrochemical treatment, painting

powder and metal 
processing

（fairing , sintering ）

deformation 

processing 

meltdown process
surface treatment process

magnetizing process

gas weld,  arc welding,  resistance welding, pressure 
welding, brazing, soldering

（screw cramp, pinning, rivet, swaging, press fit ,  inset ）

casting process

cutting process

welding process

adhesion process

jointing process

machining 
process

treatment 
process

assembly 
process



Find time to look at realities
(factory floor, museum, etc.)



Casting/Molding (vertical casting process molding machine)

The sand type of inelegance ..vertical.. is formed in the upper row. The sand 

type is continuously arranged to the the lower, and it casts. 



Machine Manufacturing 
(engine cutting operation) 



Machine Manufacturing (old lathe and grinder)



Press Molding（old press facilities）



Press Molding (auto side body)



Welding Assembly (special-purpose multi-spot welder for auto body)



Process Route(process steps)

Single unit part → single line pattern

Multiple products (manufacturing assembly products)
→ tree patternl (hierarchy pattern)

Petroleum chemical products → decompose pattern



Single Line Pattern

‡

Katsundo Hitomi 'Production System Theory' DOBUNKAN SHUPPAN. CO., LTD. 1990  



Example of Tiles (Single Line Pattern)



Hierarchy (Tree Patternl)

Shizuo Senju, Takeshi Kawase, Akiyuki Sakuma, Zentaro Nakamura, Hiroshi Yada
‘Work Research’ Japanese Standards Association 1987  

‡



Example of Installed Print 
Base (Tree Pattern)



Example of Installed Print Base (Tree Pattern)



Decompose Pattern (Coal Chemical)

Katsundo Hitomi 'Production System Theory' DOBUNKAN SHUPPAN. CO., LTD. 1990  

‡



Example of Ball Bearing: From Product Design To Process Flow (1)



Decompose Pattern (Petroleum Refinement)

Seichi Konishi 'Release of Oil' Japanese Standards Association 1999 (p.90 figure.3.2)

‡



Example of Ball Bearing: From Product Design To Process Flow (2)



Process Layout

All-purpose layout
By-function layout
By-product layout

Case on layout improvement



Types of Layout

Takahiro Fujimoto 'Introduction to Production Management‘
Nihon Keizai Shimbun, Inc. 2001 (Ⅰp37 figure.2.18) ‡



施 盤

ボール盤

フライス盤

セーバー

作業台

火 造

定盤

溶
接
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(a) all-purpose formula

(b) by function
(施盤組) （ターレット組)

(仕上組) (穴あけ組)

(フライス組)

(ｃ) by product (semi-conveyer)

(d) conveyer model (machine processing)

(ローラーコンベヤ利用 × シュート利用)

●

●

●

●

●

●

●

Types of Layout

‡
Takashi Namiki 'Knowledge of Factory Administration‘
Nihon Keizai Shimbun, Inc. 1972 (p.88 figure.6-1)

Figure removed

due to copyright restrictions

Figure removed

due to copyright restrictions

Figure removed

due to copyright restrictions

Figure removed

due to copyright restrictions



Layout improvement can sometimes bring 
about an dramatic increase in productivity
without a large-scale capital investment.

Kenichi Sekine, Sumio Iwasaki, Keisuke Arai 
'Assembly Number of Men 1/2 Making' THE NIKKAN KOGYO SHIMBUN,LTD. 1988 (p.100 figure.8.1) 

‡

Case with layout improvement (example of engineering shop)
The layout according to the function (Before improved). 



Layout improvement can sometimes bring 
about an dramatic increase in productivity
without a large-scale capital investment.

‡

Kenichi Sekine, Sumio Iwasaki, Keisuke Arai
'Assembly Number of Men 1/2 Making' THE NIKKAN KOGYO SHIMBUN,LTD. 1988 (p.110 figure8.5) 

The layout according to the function (After improved). 



Process Flow Diagram
In case of by-product line, 
actual facilities are often laid out 
in the order of the process 
flow diagram.

Layout

Takashi Namiki 'Knowledge of Factory Administration' Nihon Keizai Shimbun, Inc. 1972 (p.112-113 figure.7-2)

‡

Figure removed

due to copyright restrictions



4.Product/Process Matrix

Product Variety and Production Volume ⇔ Types of Process Design

One production item           ⇔ Project

Large-variety and small-volume production items  ⇔ Job/shop (by 
function)

Medium-variety and medium-volume production items  ⇔ Batch/flow(by
product, batch)

One-product and mass-volume production item   ⇔ Assembly line (by 
product)

Conveyer production line(by product)

Hypothesis: “Compatible ground” exists in the vicinity of diagonal lines of 
product/process matrix. 



Project

Job/shop 

Batch/flow

Line/flow 
(single-item 
flow)

Conveyer flow 

One product
Large-variety 

and small-
volume

Small-variety 
and mass-

volume

One-product 
and mass-

volume

General Framework of Product/Process Matrix



Project

Job/shop 

Batch/flow

Line/flow 
(single-item 
flow)

Conveyer flow 

One product
Large-variety 

and small-
volume 

Small-variety 
and mass-

volume

One-product 
and mass-

volume 

Product/Process Matrix and Compatible Ground

compatible 
ground



Basic Types of Process

‡

Author making (Hayes, R.H. and Wheelwright, S.C. 'Restoring Our Competitive Edge, John Wiley & Sons.') 
Reference: Takahiro Fujimoto 'Introduction to Production Mmanagement' Nihon Keizai Shimbun, Inc. 2001 (Ⅰp45)



Case: Main Products of Iwaya Porcelain (1)
1.Relief 

2. Vesela (outdoor objet d’ard) 

3. Traditional Porcelain



Case: Main Products of Iwaya Porcelain (2)

4.Tiles for Building Exterior 

Balls

5. Products for Chemical-Related Industry 
(acid-resistant porcelain)

施工例（滋賀県議会棟）

Saddles



Project

Job/shop 

Batch/flow

Line/flow 
(single-item 
flow)

Conveyer flow 

One product
Large-variety 

and small-
volume

中品種

中量

One-product 
and mass-

volume 

岩屋磁器の製品系列と製品・工程マトリックス

Small-variety 
and mass-

volume

Relief (wall 
painting)

Vesela
(large-size 
porcelain)

Traditional 
porcelain

Acid-
resistant 
porcelain 
catalyst

Tiles for

building 
exterior

Takahiro Fujimoto 'Introduction to Production Management' Nihon Keizai Shimbun, Inc. 2001 (Ⅰp42 figure.2.22)
‡



Characteristics of Process of Iwaya Porcelain’s Main Products

‡
Author making 
(Porcelain investigation of actual conditions) 
Reference: Takahiro Fujimoto 'Introduction to Production Mmanagement' Nihon Keizai Shimbun, Inc. 2001 (Ⅰp43)



Usage of Product/Process Matrix and Problem(s)

Is it difficult to accommodate a manufacturing assembly industry and an 
apparatus industry on the same matrix?

----Prepare, sometimes, a separate product/process matrix by construction 
method.

Vertical axis of the matrix (types of process) does not include new production 
methods.

just in time (JIT), group technology (GT), flexible    
manufacturing system (FMS), etc.

Horizontal axis (product’s variety and production volume) of the matrix 
needs to be analyzed
More precisely.  For example, there can be a difference in the degree of 
heterogeneity within
the same product variety.

If excessively strained by a diagonal line,  dynamics of competition will be 
overlooked.
---- Sometimes, it is better to miss a diagonal line intentionally.



Prepare a separate matrix
by construction method.

"Takahiro Fujimoto 'Introduction to Production Management' Nihon Keizai Shimbun, Inc. 2001 (Ⅰp46 figure.2.23) "

‡

‡



Meaning of Flexible 
Production Method

Takahiro Fujimoto 'Introduction to Production Management‘
Nihon Keizai Shimbun, Inc. 2001 (Ⅰp47 figure.2.24) ‡



Meaning of Flexible 
Production Method



Meaning of “Large-Variety 
and Small-Quantity”

---- Size of variety alone 
cannot tell all.

Variety of “similar items”
greatly differs from a variety 
of “quite dissimilar items”.

"Takahiro Fujimoto 'Introduction to Production Management' 
Nihon Keizai Shimbun, Inc. 2001 (Ⅰp48 figure.2.25) " ‡
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