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OPERATING SYSTEM
SOFTWARE

. Performs basic tasks in the computer and queues the tasks according

to established priorities.

. Communicates with all input and output devices (peripherals, mass

storage devices, discs, etc.) as well as any external networking
capabilities.

. Provides fail-safe features, such as preventing loss of data during

a breakdown.

. Provides error checking.
. Provides data security through access coding.

. Determines order of executiun of programs.

aatuiiinns» ; »adPRUOANRRNEINNNNESMINEY CAE-Workshon Naniina. August 1985 «iillieiieus: o sis . aoubs . oo m ottty




pery

RATINGS OF LIVE DEMONSTRATIONS
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VENDOR A VENDOR B
Item or Feature Total Total
Feature Weights Rating Points Rating Points
1. Documentation
a. On-line 10 0 0 0 0
Operations
b. Manuals 10 6 60 8 80
c. Ease of 10 3 0 7 70
Learning
2. Dispiay
3. Speed of 10 8 80 6 60
Response
b. Graphics 10 4 40 6 60
Presentation
3. Database
Management 10 7 70 8 80
4. Text Handling 10 40 4 40
5. Mechanical
Drafting - 2D 10 7 70 0 0
-3 5 0 0 0 0
6. Printed
Circuit Board
3. Ground Plane 10 6 60 4 40
Hand)ing
b. Trace Mani- 10 6 60 8 80
pulation
c. Component 10 7 70 5 50
Placement
7. Schesatic 10 7 70 6 60
Drafting
3. Ket List 10 4 L /] 7 70
Generation
9. Design Rule 10 4 40 < 20
Checking
10. Hardware-Overall 7 7 49 5 35
Desirability
11. File Control 8 S K. S _40
TOTALS ] 819 81 785
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CAD/CAM SYSTEMS

MAJOR CAPABILITIES

Solid
3-D 3-D Shaded Struct. 2-D Multiaxis
Vendor 2-D Mireframe Solids Image Analy. W NC

AN Bruning
Applicon
Arigonni
Aristo
Auto-trol
Aydin

Bausch &
Lomb

Cadam
Cadcal X -- -- -- -- -- --
CADLINC -- X -- -- --
Calaa X X X X X
Com-Code X -- -- -- -- -- --

Computer- X X X X X X X
vision

Computuo) --
Contraves
Control Data

Evans & Su-
therland
Ferranti Ce-
tec

Gerber Systems

» M M X M MM » X
M M X MM >

] >

1

] ]

] )

' >

'

> >

>

» M > M
M > M M X
» X X » X

Graftek

>

X
X
X
HPackard X
Holguin X -- .. -- .-
IBY X
ICS X
Intergraph X

J.S. Staedt-
ler X -- -- -- .- .o -
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MECHANICAL
CAD/CAM SYSTEMS

MAJOR CAPABILITIES
(Continued)

Solid
3-0 3-D Shaded Struct. 2-D Multiaxis
Vendor 2-D Wireframe Solids Image Analy. WC NC

i
i
H
1
i

K&E
Kongsberg
MCAuto
Matra

MCS

( |
§ Micro Control

Omni Tech
Perkin Elmer

i Prime

: Racal-Redac

: Sigma Design

. Sperry

Sumagraphics

——

Omni CADD
Tektronix
Terak

Ta W

Vector Auto-
mation

M X MM M M M M I M X X MM M X X »x > X
»
)
]
>
»

Versatec
ZUkeﬂ ’ - - L - -o - e

»
.
[
[
[
L]
0
]
'
b
]
'
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' SUMMARY OF SOME VENDOR ADVERTISED
CAPABILITIES FOR PR!INTED CIRCUIT BOARDS

|

ROUTINC OUTPUTS Automatic
Check Photo Parts Solder NC Comp. Logic Net List

Veador Manual Auto Plots Plots Lists Masks Drill Place Tester Hybrids Schematics Generation
Applicon X X X X X X X X X ) X
Automated Systeas X X X X X X X X X X X
CADNatics X X
CAlLay X X X X X X X
Calma X X X X X A X X X X X
Calos X X
Computer- X X X X X X X X X X X
vision
Dasoft X X X X X
Design Aids X X
Design Auto-

" wmation X X X X X X X ) ¢ X X
Future Net X X X
GSI ) ¢ X X X X X X
GST . X X X X X X X X X
M y X X X X X X X X X
Intergraph X X X X X X X X
Racal-Redac X X X X X X X X X X X
Scientific
Calculations X X X X X X X X X X
Summagraphics X X X X X X X
Telesis X X X X X X X X
Yersatec X X X X X X X X
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QUALITY
CIRCLES

INCREASING
PRODUCTIVITY

|
i
|
§ WITH
.

PEOPLE POWER

Copyright:
Frentice Hall of India
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SELF-ESTEEM 1950's

SOCIAL (BELONGING) 1950's

SECURITY 1940°s

SURVIVAL 1620
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QUALITY CIRCLE

MODEL |
JAPAN

Company-Wide
Quality Circle Comittee
(President/V.P.)

Quality Circles
Promotional

Trainers

— Committee —
(Plant-Wide)
1
Care-Takers
Meeting
*“ Advisors
1 — — 7]
| |
| I
Q.C. Circle
| Leaders |
| (Foreman) l@+—— Quality Circles
| | 7
I Quality Circle | Sub-Circles
! Members l
| ] Mini-Circles
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MAJOR FUNCTIONS

COMPANY-WIDE QUALITY CIRCLE COMMITTEE

1. Establishment of company policy
2. Promotion of executive committee
3. Overall planning of activities (instruction and training)

PROMOTION COMMITTEE

1. Promotion of group leader meeting, and study of problems
2. Promotion of presentations {twice a year)

CARETAKERS MEETING

1. Promotion of group meetings and study of probleas
2. Work with leaders

TRAINERS

Develop and implement the Quality Circle training materials and
techniques.

ADVISORS

Help to promote program. Help in case of difficulties. Help in
facility arrangements, interiepartmental communications.

LLEADERS

Leader of the Circle

MEMBERS

Backbone of the Quality Circle program. Voluntarily work to solve

problems in the company.

August 1985 umsitims asnc.. . munisn sosiniibibinud)
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KEY FEATURES
OF THE

QUALITY CIRCLE MODEL

1. Well organized system

~N
.

W ~N OO W
« ¢ 8 s

Systematic education and training
programs

Circle leader's conferences
Plant-wide meetings
Company-wide meeting (annual)
Outside visits

Annual awards for best projects

Good publicity through pictures and
posters

Clean, nice meeting areas on the floor

. Well organized recognitio’ pregram

throughout the plants
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ADVANTAGES
OF ESTABLISHING
A QUALITY CIRCLE

~
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1. Quality improvement

2. Waste reduction

3. Attitude change

4. Cost reduction

5. Safety improvement

6. Improved communications

7. Higher productivity

8. Increased job satisfaction
9. Team building

10. Improvement in skills

-~

-

At uconspbRAARNNRIRMNENEY CAE-Workshop Manjing, August 1985 susssmesecsusin.. awsimn. . aonnsiiiitiing’




|

A

r
(

A QUALITY CIRCLE
PROGRAMM IS NOT

SOMETHING MANAGEMENT NEED FEAR
ONLY A MANAGEMENT PROGRAM

A "CURE-ALL"

GUARANTEED TO SUCCEED

ALWAYS GOING TO SURFACE WHAT WE
WANT (O HEAR ......cevevnenenn.

QUALITY CIRCLE
PROGRAM IS

ONE EFFECTIVE METHOD FOR INVOLVING
AN ORGANIZATION'S EMPLOYEES IN AS-
SUMING RESPONSIBILITY FOR "QUALITY"

....... THE "QUALITY" OF THEIR WORK,
THEIR WORK ENVIROWMENT, THEIR PROFES-
SIONAL GROWTH, AND THEIR PERSONAL
DEVELOPMENT.

:
i
|
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QUALITY CIRCLE
LEADER’S FUNCTIONS

Generate enthusiasm for Circle activities
Take care of operation of Circle

. Meet with the Circle once a week
. Use facilitator for assistance

Be responsible for Circle records

6. Create coordination and harmony in the Circle

10.
n.
12.
13.
4.
15.
16.
17.
18.
19.

. Be key link between members and management
. Attend leadership training
. Work closely with the foreman

Seek advice and helb if required

Keep the meeting on track

Enforce code of conduct

Maintain a good attitude above Circles
Give assignments

Start and end meetings on time

Help get new members for the Circle
Promote Quality Circle program

Visit other companies

Attend quality programs

. Teach others useful material to better the society

and surroundings
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DUTIES OF THE FACILIATOR

Sits as an active member of the steering comittee

. Serves as Quality Circle program coordinator
. Trains members, leaders, management

. Coordinates Circles

. Maintains Circle records

Arranges meetings with outsiders
Attends in-Circle meetings
Solves personal problems

. Searches for new members
. Works in the shop daily

Searches for new ideas
Publicizes the program

. Spreads a good word about the program
. Links all people in the organization

Prepares for presentation-invitations, papers, visual aids
Prepares new training material

Follows up on completed projects

Attends conferences

. Reads outside materials

Organizes informal gatherings-invites outside speakers

N
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PROBLEMS
IN
MANAGING

QUALITY CIRCLES

Poor &aining
Histay of previous programs

. Exisfmg suggestion system

Uniomrelationships

Insullicient support from top management
Insuflicient cooperation from middle management
Inadegate publicity

Diffmit or unrelated problems

Unredistic expectations

Poor ® slow response from management
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PRODUCT

X
MATERIALS

COMMUNl - S——" CONTRACTS
CATION

CENTER

INDUSTRIAL MANUFACTURING
RELATIONS ENGINEERING

INDUSTRIAL
ENGINEERING
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TOTAL QUALITY SYSTEM

QUALITY
PLANNING

SPECIAL
STUDIES

VENDOR QUALITY

MANUFACTURING

QUALITY
INFORMATION QUALITY
RELIABILITY
AND
TESTING

AND INCLUDING
\‘mvsxs msunsm:u/
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KNOWLEDGE OF ORGA-
NIZATIONAL REEDS

KNOWLEOGE OF DEPART-
MENT PROCEDURES

KNOWLEDGE OF WORK-
LOAD PRIORITIES

SYSTEM CONTROL GUIDELINES
SCHEDULE GUIDELINES
PERSONNEL POLICY GUIDELINES

KNOWLEDGE OF
CAD/CAM

ENGINEERING

Step 3

TRANSITION
PLANNING

/CAM
TRANSITIO%IAFPLP?NNING MODEL

REVIEW

KNOWLEDGE OF
ENGINEERING
STANDARDS

KNOWLEDGE OF
PROCEDURES &
GUIDELINES
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PRODUCT PERFORMANCE PARAMETER

Cost Packaging Ease of Use
As influen- Form both imp- Users include
ced by: iies and permits buyers, managers,
Design function. operators.
Produci- Mechanismus User friendliness
bility Layout Controls, dis-
Technology Surfaces plays
Materials Size, quantity Graphics
Suppliers Modularity Ergonomics
Production Styling Training
Fabrication Geometry Manuals, docu-
Labor cost Interferences mentation
Facilities Fit and finish User-machine
Quantities Color, texture interface
Experience Framewo:v Operating condi-
Scrap Ident ity tions
Inventory Inside, outside MNoise, vibration
Growth trends Handling
Installation Feedback
Financing Simplicity
Selling cost Sensory input
Overheads and output
Automation Anthropometry
Simplicity Il1lumination
Shipping Effort
Distribution Environment
Timing
Human factors
Cognition
Availability Performance Assurances
Providing The primary Assured perfor-
what custo- functions M3y mance.
mers want, be tangible or Reliability
why, when, intangible. Quality
where, and  Function Safety
how they want Appeal Margin for error
it. Specifications Structural inte-
Marketing Speed grity
Sales Capacity Safety factor
Distribution Power Stability
method Payload Redundancy
Stock Size Error detection,
Lead times Accuracy correction
Advertising  Repeatability Fatlproofing
Ordering Productivity Foolproofing
Locations Versatility Diagnostics
Configuration Performance VS Certification
Sizes constraint (po- Testing
Quantities wer vs weight, Guarantees
Options capacity vs
Pricing cost, miles vs
Demonstrabi - gallon)
lity
Awareness
Positioning

Life Cycle

Foresight and guality
often mean lower life-
cycle costs.

Lifetine

Uptime, downtime

Fatigue, wear, corrosion

Deterioration
Maintainability
Parts, supplies
availability
Service

Component
interchangeability
Backups

Monitoring

Upward compatibility
Futures
Obsolescence
Standardizaticn
Depreciation,
appreciation
Energy costs

Operating costs
Installation costs

Disposal costs
Life-cycle costs

Social Acceptance

Often, there ar hidden
costs for builders,
buyers, operators and
bystanders.

Indirect influencers
Status

Effect on bystanders
Effect on environment
Social approval

Legal concerns
Government regulation
Deregulation

Tax incentives
Restrictions

Safety

Product liability
Pollutants

Health effects
Insurance

Resource consumption
Security

Side effects

Toxicity

Customs, taboos
Special interests
Workers, work place
Political impact
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THE
ADVANTAGES

OF
FMS

ARE:

Increaset 1abor productivity with less skilled people needed.
Increasedquality with less scrap and rework.

Increase8production flexibility either by product design or by
productis volume.

Reduced gerating costs.

Much higwr machinery utilization.
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BENEFITS
AND
ADVANTAGES
OF
GROUP TECHNOLOGY

Reduced number of parts in the database.

Reduced part introduction cost through re-use of modified or similar
parts.

Reduced new product design lead time.

Increased capadbility utilization by as much as 10-15%.

Reduced set-up time from fewer set-ups (40% reductions are possible).
Reduced scrap costs.

Reduced design costs by 5-10%.
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} ANALYSIS OF

MECHANICAL DESIGN,

DRAFTING;

AND TOOLING DESIGN

Description Manual CAD
1. Frame Engineering Packages
Type A 12,500 hours 3,800 hours
Type B 2,700 hours 700 hours
Type C 1,000 hours 300 hours
Subtotals Design and
, Drafting 16,200 hours 4,800 hours
2. Tooling Design 3,500 hours 1,200 hours

Totals

19,700 hours

6,000 hours
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ANALYSIS
OF

AND
DRAFTING

ELECTRONICS DESIGN

Description Manual CAD
1. Schematics 3,800 hours 900 hours
2. Printed Circuit Boards 1,800 hours 400 hours
3. Cable Layouts 300 hours 30 hours
4. Mechanical Packaging 1,000 hours 300 hours
TOTALS 6,900 hours 1,630 hours
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FMS GAINS
YAMAZAKI MACHINERY

$ 18 MILLION

INVESTMENT COST

ge1)
FMF
Conventional M
Number of machines 68 18
Number of employees 215 12
Square feet occupied 103,000 30,000
Average processing Time/Work
Piece
Line A 35 days 1.5 days
Line B 60 days 3.0 days

First two year's savings:
Inventory costs
Labor costs

$ 3.9 million
$ 3.0 million

s i, wesetsidbiiteiena BB
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COMPARISON OF FMS

AND CONVENTIONAL

PRODUCTION METHODS

4 FUS in Conventional
Yamazaki production
Ninokamo with identical
capacity
No. of machin tools 43 90
No. of employees, 39 195
in
__production 36 170
managing/ 3 25
“control
Machining time 3 days 35 days
Assembly of 7 days 14 days
modules
Final assembly 20 days 42 days
Total elapsed 30 days 91 days
time
Needed area 6600 m2 16 500m2

source: Yamazaki
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The Major Components of CAE-in-Plastics as Defined
by CAE International Division of GE and SDRC.

eV »UBEA A, A s e 2 DRI PR A SO

Fﬂondly User Intertace

r-Mdod Iteractive
Command

sl b dan.

3 , m——— 2 _—
Mold Design Production

Coarse Definition ' lTooling l

Cooling Analysis l l Prototype Production |

Structural and Prototype Testing
Mechanical Analysis e
ARIR. TR TR T
Detail Design Relvase to
u _Mgnufaclunng

A - FOTRPW e

[ 3

Part Design

l&mctural Analysis l
l Mechanical Analysis '

g i

Y L 2D (b A L 4 e

Data Bases
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Strategic issues affecting cost in an FMS for a

typical medium/ heavy duty engineering company.

Capital
servicing Materials

30%

Marketing &
eng'g support
15%

Direct labour

and support
15%

Projects & admin

Known declared
waste thro'error

€ by IFS Ltd.
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Project implementation and resource programme.

N AN

1

A ik

Detailed engineering
and functional specification

Issue enquiries

Evaluate and order
Manufacture

Trials and delivery
Commission and Start up

1123415

7[8]9 [10I1..LL12T

it

J.l&],?,l.‘..l.ilﬁfllil? [1of 12

Core project team
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Year

Implementation — machines and equipment.

DO‘CI’ID“OO Month T

| Agree broad concept

P A S e e S DU S e G

Detail concept

Detailed engineering

Component design rationaiization

[Process routes

Machining sequence and tools

S

Operation times

Fixture designe

Equipment type and quantity

Finalize concept

(-1t

Fnalize cost

Functional specifications

Agree project implementation

iasue enquiry documents

| Vendor discussions

Vendor final quotes

Evaluaste and subymil for approvel

Clear finance

Finalize contract

[ Vendor design

Manutacture inspection

Vendor trials

[ installation

(Delivery T

Commission

| Take over
Start up

:

B S

£y Mrsube Ne0RAIY

T by IFS Lid
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Multi-station, towline materials handling system for aerospace engine cases.

PHASE 1 1979
PHASE 2 FUTURE

SYSTEM COMPONENTS:
PHASE 1

7 5-AXIS .
MILWAUKEE-MATIC —"id‘ P
MODU-LINES ’

3 VERTICAL
TURRET LATHES ——-

PALLET STORAGE

TOWLINE MATERIAL . & I
HANDLING SYSTEM | Manacens

COMPUTER CONTROL

PHASE 2

4 5-AXIS
MILWAUKEE-MATIC
MODU-LINES

FUTURE MACHINES -[_] [mmr T
OVERALL SYST;EM SIZE UL ‘“”-”"J

200' 1 152" L ALIUNLDAD AEAS

0

£ by IFS Lta.
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System E-Gas Turbine Components

INDUSTRY Aerosgace
TYPE Gasturbine components
TASK Engine cases
i SUPPLIER Kearney and Trecker
WORKSTATIONS 10 workstations compnising seven machining
centres and three vertica! lathes
MATERIALS Towlhne material handling system
HANDLING
| TOOLING
MANAGEMENT Interdata — computer control
AND CONTROL
; STATUS Implemented D N.C link only. Total systemto
; follow
| INST DATE Mid 1980
' COSTS $20 million
BENEFITS Reduced lead time;
improved machine utihsation
: COMMENTS
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Reasons forinstalling system

' CONSISTENT QUALITY

WHY WAS THE SYSTEMINSTALLED? ﬁ
. EXTRA MACKINING Yes _
' CAPACITY NEEDED ;
| NEW COMPONENTS Yes :
| REQUIRING NEW s
{ MACHINING FACILITIES :
| NEED TOMOVETO No
| ANEW SITE ;
| SHORTAGE OF SKiLL No :
| LABOUR !
_INVESTMENT DECISION- Yes :
' INCREASED PROFIT _ :
» SEEN ' ,
{ DESIRE TOEXPERIMENT | No i
! BETTER CONTROLOF Yes !
| WORKFLOW !
| NEEDFORIMPROVEDAND | Yes ;
|

. OTHERS

WHAT ARE THE MAIN BENEFITS OBTAINED OREXPECTED?

i INCREASED UTILISATION | 50% improvement n machine tool

~ OF MACHINE TOOLS ' utiisation .
- REDUCED LEAD TIME i 35% reduction realrsed
' INCREASED FLEXIBILITY | Yes 3

' IMPROVED PRODUCT Yes Improved part location

! QUALITY i ;
REDUCEDW.I.P. i 1
BETTER LABOUR No !
UTILISATION :
REDUCED TOOLING Data not available |

COST ANDIMPROVED
! RATIONALISATION

; DURATION OF RUN-TIME
, BEFORE MANUAL
. INTERVENTION

System fully manned at this stage

COSTBENEFITDATA

Notcoiisied yet The, fee'they w.lineed

another year before the cost benefit

data will be meaningful

" OTHERS
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Nature of production
\*ATER:ALS tegn Stee Algmoaem Tian.o™ N\ -Zased ) Others!
MACKHINED .
~ % L
SHAPE OF Cybndncal Prs=ad !

COMPONENTS |

A muxture of both cylindnc a! and pnsmond

MAXIMCM - Upto300mm% - 300-600mmN  Cver500mm % |

OIMENSION OF

—

1 COMPONENTS :

Approx 50% | Approx 50%
of parts g of parts

' NUMBER OF
| DIFFERENT
| COMPONENTS IN

Three at the moment

| THESYSTEM L

| PERCENTAGEOF |
| ALLCOMPONENTS '
INTHEPLANT
| THATGOOVER |
| THE SYSTEM

1% of parts of a similar size envelope

{ BATCH SIZE

Average Range

'
' ]
v
:

One

" MANNING LEVEL

Intotal: 31 operators inclusive of four tool
loaders; one computer 0perator; one Supervisor

" SHIFTPATTERN |

Three shifts

| TYPE OF PEOPLE
| SKILLS

NC machinists preferred at the moment. Skill
leve! may change when system fuily
operanional.

HOWLONGWILL |

| 'SYSTEM OPERATE '

! WITHOUT MANUAL '
INTERVENTION

At this stage the ‘system’ is fully manned
at each machine and therefore wili not operate
without manual intervention

PSS W

- ——l—

. THROUGHPUT | Longest cycle time - 10 hours
! Shortest cycle time - six minutes
i Twoperdayonlong cycle. large parts
 Six per day on small range of parts
| COMPONENTS OF
ALLTYPESIN
HOURS
DISTRIBUTION OF Turring | Milling | Dniing Grinding
 MACHINECYCLE
! TIMEBY % 40% | 60%across
' mding and
driling I
' = : '
! i Inprocess nspection ,
Allmanual ,
NUMBEROF . Approximately 13 operat:ons for large long '
, OPERATIONS " cyclapans '
HOW LONG Approximately 12 months '
INSTALLED '
WHAT ARE “HAVE Software development and :
. BEENTHE , toohngproblems !
PROBLEMS | i
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Nature of machining system

S WILLSYSTEM
| ACCEPT MGRE
| THAN ONE

! COMPONENT

- WITHOUT MANUAL

" RE-SETT:NG

Yes bul-esir JteZ by tochng C3p3tity

WILLIT HANDLE
; COMPONENTS
{ REQUIRING MORE
i THAN ONE OF THE
i MACHINE TOOLS
TOCOMPLETE
MACHINING

i

Yes

! WORKPIECE
! HANDLING

YT

Completely
automatic

l Automatc after

| mitial manual load manual

x

[

' PART-
. PROGRAMME
! SELECTION

Maryua’

Mechamical

Cc—zuter

1

i x

| pART
IDENTIFICATION

Coded
paliet

i M
! Individual pant
i

dentfication

Others

i
!
i
!

1

1 CONTROL
| EVERYTHING

Computer controlied for all functions,
not fully operational

- PROGRAM
{ SELECTION ONLY

| PAOGRAM
' SELECTION PLUS
. LOAD/UNLOAD

! LOAD/UNLOAD
ONLY

OTHERS

PROVISION OF
CUTTING TOOLS

Aytomatic

Semrautomatic

Manusl

Automatic
atspindie

Manual load

of tool changer

GAUGING AND
INSPECTION

i

inprocess

Postprocess

Manual

inprocess

U TYPE OF MACHINES |

1 STANDARD

Sevenfive-ax:s Milwauhee Matic
Modu-Lines and three vertica; turret lathes

|
i

" SPECIAL

| MIXTURE OF TWO

I MACHINE
! CONDITION
. MONITORING

B Ao o

None

| SWARF
| MANAGEMENT

p— —

Cenrrat underfioor system

e — s A e
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NC Justification: Initisl Estimate

Dec:s on Factors Yes / No Exampie
(A) Machining Requirements
Low machining/idle time ratio due to:
1. Workpisce complexity () () — Corolex drilling pattern
2. Type of machining () () - Low infling leng®™/d:ameter ratio
3. H:gh cutting speed () () = Al zisy machuning
4. Long setup, loading & chucking times { ) () - Cc=parable to machining time
5. Numaerous operations with same tool () () ~ Several holes of same diameter
6 High-accuracy operations otherwise checked and gaug- () () - Exact depth for stepped bores

ed by operator

|
|

:

(8) Production Requirements

7. Repetition of small batches

8. Small batch size

9. Several suitable workpieces, adequate to load NC
machine fully

10. Frequent workpiece modifications and/or dimensional (
variations in a family of components

11. Replacements required after completing production

) — 5t 10 times a year

) - less than 300

) - Suftcient suitable workpieces for 2-shift ope-
ration

) — Slight dimensional changes in drilling pattern

— g
— S Nt st

— Spare parts needed for fast delivery to
cusiomer

— Driling jigs

— Large or heavy jigs

— Seven tight-tolerance dimensions

12. Cost of jigs & fixtures considerable

13. Storage of jigs & fixtures & problem

14. Time-consuming, expensive inspection, gauging after
machining

o~ p— o~ -
e —
o~ ~ —_— -_— — o~ g~
e ~—

{C) Plant Requirements

15. NC machine solves production bottle-neck

16. Work can be transferred from expensive machine tools
to NC machine

17. Skilled machine tool operator shortage

— New machines have to be purchased

— Conventional machining on expensive machine
tool setups

) — High-accuracy machining of expensive work-

— o~ _—
~— A - -
— o _— g~

pieces

) — Product frequently redesigned to adapt to
changing market conditions

— Lar32 heavy and/or expensive workpieces

18. Shorter product lead time ci importance to company
operations

19. Substantial workpiece transport costs and investmentin () ( )
workpiece storage & work in progress

20. Too! presetting & tape preparation facilities available ( ) () - NC machines already installed

Workpmece Oesgration
Conventongi
vm‘
)
2 t 70%
20n Sovrg
0%
Cost comparison for
conventional machining
intermediote 0% vs. NC machining center.

Compressor
Cosing (A1) )

30'7n

i
Conwent orgt vs NC Machin ng
-1”' s
A Comopressor . NC
e Outiet i [
R Cosing (A1)
- 4 N
‘8 ¢ 'S am . 7
_ .© L 2

Mochmng
Timg /Pace T.me/ Tes. rec Peay

Setuo Frstues Smo:" nrmes Totol

cests

‘Rolls- Rayce Derty Engle. @)

Kostenvergleich fur
ﬁ konventionelies und
74% NC-Bearbeiten auf einem
7Y M .
Py Bearbeitungszentrum.
l ' gd Codt de I'usinage con-
: 3 s» ¢ 2 vennonnel par rapport
_ll & ia CN sur un centre
vermedio » B e 0% d'usinage.
Cosng (Ilo"
60%
. Scv g
! -
+ [-{J
‘ LYY [ 9
. 2
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COMPARISON OF RASTER

REFRESHED DISPLAYS,
DRECT VIEW STORAGE TUBES,

AND YECTOR REFRESHED DISPLAYS

TECHNOLIY ADVANTAGES

DISADVANTAGES

RASTER REFRESE

Cathode gun wlles

for future.
and refreshes @ - .
rizontal linessf . Digital accuracy.

2
data directly Tom 3 %t;:i:::::lity -
2;?:::] :ne:‘i’rrbt 5. Good contrast between
s creeng data and background.

: 6. Excellent gray scale.
7. Multitude of colours.
8. Readback of data by

host CPU.

1. Competitive cost with
decreasing cost trend

9. Selective update/erase.

10. Low maintenance cost.

DIRECT VIEW
STORAGE TUBES

Cathode gun wrlles
vectors on ene
gized CRT scram,
which then mab
tains image
without refreding.

1. Very high resolution
(4096 x 4096 addres-
sable points).

VECTOR REFRESE

Cathode gun wihs
vectors on stalwd
CRT scree=n, vl
phosphoi persifnce
maintaining d
until vectors m
be refreshed gre-
drawing.

1. High-resolution (4096
x 4096) addressable
points.

Resolution currently limi-
ted to 1280 x 1024 addres-
satle points.

1. Higher maintenance
cost.

2. Analog circuits require
adjustment.

3. No gray scale.

4. No color.

5. No readback of data by
host CPU.

6. Low contrast between
data and background.

7. Limited to lTow ambient
1ight working environ-
ments.

8. No selective updating
or erasing.

1. Analog circuits require
adjustment .

2. Flickers when too many
vectors displayed.

AR NNNNENERNNNENNGY CAE-Workshop Nanjing, August 1985
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Industry’'s Risks

HIGH TECHNOLOGY:
mputer-integrated manutacture

Computer-aided design and manufacture

Manufacturing resource planning
Flexible manutfacturing systems
Integrated data bases

MEDIUM TECHNOLOGY:
Computer-aided design
Materials requirements planning
Direct numerical control

Rabots

LOW TECHNOLOGY:
Just-in-time

Cells

Computer numerical control

NO TECHNOLOGY:
Simplicity

Layout

Numerical control

Success, Failure

¢ by IFS Ltd
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A hierarchy of consulting purposes

Additional goals [ ] improve
organizational
effectivensss
7 Facilitate client
learning
Build
consensus and
commitment A
Traditional 8 Assist
purpcses b implementsiion 0
4 Provide ' :
l II I . :_'f
V i
- | Conduct Siand b
diagnoeles that may . H
redefine m /e p
: i o
: solution to b g
‘ given problem | o
| o
) P £, 4
1 " ':' “ ;.‘ N ?
‘. 4..4 FYSTEPY DUy L ohdind BT f
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GCADR/GAM Juatifiantian and Imalemeantation Methedoloav

e ¢ *\r&%"uwg‘m'é“

Acuvlty 1 Prolimimry Projoct lnvestlgataon
Activity 2: Current System Inventory/Audit
Activity 3: CAD/CAM Project Proposal
Activity 4. Project Cost-Benefit Analysis

A wmatdhidesstnd o

7/ 4 ‘ ’
. Phese: Twa — Praject '19"[““3 and System Acquisition

Activity 5: Project Implementation Plan
Activity 6: Project Definition

Activity 7. Project Sperifcations
Activity 8. System Selec.on

e,y ety

[LZILEE XY \l '“V-N DR o U4 @Y - SN

ActMty 9: Pllot/Test Pro]ect
Activity 10: System Implementation ]
Activity 11: Project/System Operations

[:“”N

by Auerbach Publishers. Inc.

£

— i — y y ‘
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The Project Control Process: Project Control Phases (master chart)

Execution | Foliow-up Feed La.k
4.2 Project Manning Phase N T o
©® eslabiish the project pian -
e mmw“ nput 4.3 Ordering the Execution
° °°" wr he t oI'Acnvmn Phase ‘
m“‘m docume [ ma:m the project/
subproject group(s)
® order the slarting of the ¢ eslablish und distnbute
project activity descriptions 45 Inlormalion Gathering
® order the execution of Prase, for Project Control
activities e record project control
3 information continuously
® prepare project control
i statements periodically
4.7 Project Plan Alteration 4.4 Execulion Phase for the
Phase Activities of the Project
® develop proposals for Plan I ‘
project plan alleralions ® execute aclivities
o reler to the governing ® document work resuils 4.6 Evaluation Phase, for
group it aklerations e conlrol the contents, Project Control information
exosed the mite of the form and quality of work o relate project control
project resulits information to project plan
® carry out sherations in dala
the project plan and In e e e e+ e e ® isvlale and define preseint
1080LIC8 (NPt CONtracta and/or anticipated
deviations
4 9 Ination Phase for 2 f from the pr:]oc! plan
Oomoq »on L J determineg the causes and
° m,‘,:m:::b, J— .._._.L [ 1 sftects of deviations & ) _ ., - e ey .
consequent project(s) @ decide on actions ' -
o aliach Ihe schematic 4 8 Project Termination 410 Pruneranyg Phese
plan Phase 1ar § et bigck Informat o .
® develop proposal tor 1o e used lor future
(premalura) project > Piopect
termination and/or @  cullucl v opan@nce 1Inhy natiin
hinai project report and P posals 100 Chatige
o decide on the ®  duvelor pruposdls for o
termination of the IMprovenemts ¥
project ®  daliu vl Cufrty out anl «
® execute the lerminal Commuin ate Informalin ¢
prucess aboul £
® dissolve the project chnnges end inyarovene al, w
organizalion | g
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Typical operator’'s learning curve

Skill

Advanced

training —\

Intermediate

Basic
training

7 1984 Daratech Associates

3 6 9 12 15 Experience »
(month)
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STEPS IN DEVELOPING

'~

A LONG-RANGE
TRAINING PLAN

Identify potential users.

Establish user requirements.

. Prepare a basic operator course and custaiged class material

to complement vendor training manuals.

Establish prerequisites for students.

. Start basic training oriented toward usersdiscipline when

practical.

Prepare application-specific courses (e.g,finite-element
modeling, and NC programming) and trainingmterials.

Prepare familiarization course for supervirs and managers.
Prepare new software release courses as rgpired.

Prepare refresher course for operators whalave not used the
system for a long time.

At SNNSENNSARNRERERY CAE-Workshop Nanjing, August 1985 AiimastuenasaiioshiiNSERRG




10.
1.
12.
13.

CAD/CAM

INVESTIGATION-PLANNING
CHECKLIST

. Define CAD/CAM feasibility assessment objectives
. Develop questionnaires and interview formats, including:

Creator and user questionnaires
—_Engineering documentation questionnaire
" Cost questionnaire
" Information flow process questionnaire
__System interface requirements questionnaire

. Develop schedules and assign responsibility for interviews

and questionnaires

. Complete data-gathering activities
. Prepare data reduction formats to aid analysis
. Analyze collected data according to performance and cost

objectives

. Complete the current system inventory/audit report
. Define CAD/CAM functional requirements
. Develop the CAD/CAM macro strategic plan, including:

Schedule
~ Pilot study
" Conversion plan
" Implementation team
" Personnel costs
““Data base design
~ System operation design
~Consultant costs
" Hardware configuration and costs
" System implementation costs
" System interface costs
" Applications software costs
—_Ongoing operations; performance and cost factors

Complete the needs/wants/risks decision analysis
Complete the cost analysis of the CAD/CAM system
Complete the CAD/CAM cost/benefit analysis
Decide whether to proceed

AR, .. xcoatiiienRENRNRENERRMRASIRY CAE-Workshop Nanjing, August 1985 4iitlissitmuetisssutedtnbiRERG




OUTLINE FOR
TECHNICAL SYSTEM

SPECUFICATIONS DOCUMENR

—

1. Introlktion

2. Intenl system use

3. Curregmethods of operation
4

5

i
)

August 1985

. Anticipted method of CAD/CAM system operation
. Systemsoftware requirements
6. Systeshardware requirements
7. Produdion system support/maintenance requirements
8. Systemiocumentation requirements
9. User wining requirements

¥
(l
10. Systessmvironmental considerations
: 11. Systemmrranty and acceptance requirements
12. Systemuality assurance considerations

13. Vendorsbjective statement.
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CAD/CAM SYSTEM FEATURES LIST

Mechanical Drafting/Design

Essential Features
3D drawing
Text scaling
Line weighting
Line typing (chain, dot, etc.)
Dimensioning (metric, imperial)
Cross-hatching
User library of standard parts
Generation of cross-sectional views
Tolerance and error checking
Calculation of moment, mensuration, etc.
Assembly checking for separately drawn parts
Developable surface layout
Access to geometric database via software (vendor-supplied language or
FORTRAN)
Output of 3D geometry in IGES format

Desired Features
Automatic dimensioning
Grid generation for finite element work
Kinematics
Structural stress analysis
Architectural drawing capability
Gear tooth generation
Vendor-supplied finite element analysis package that is linked to CAD/CAM
geometry

Numerical Control

Essential Features
Production of NC tool paths for up to 5-axis contouring machines
Cutter path generation for milling machines with pocket and boundary
routines, planers, flame cutters
Cutter path generation with drill, tap, threading, profiling and boring
tools
Fixture avoidance
Inclusion of tool change and auxiliary functions in cutter path file
Capability to drive machines using controllers with parabolic and circular
interpolation
Tolerance setting
Regulation of cusp height between cuts
Validation of cutter path
Boundary recognition
Availability of post-processors for a wide variety of modern automatic
machine tools
Desired Features
Output from APT including extended surface geometry
Output of cutter location file

.
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Page -2-

General CAD/CAM System Features

Desired Features
Task accounting
Secure filing system
Archive management
Ability to set process priorities and virtual memcry management
characteristics for the system
Data storage on magnetic tape
Output of paper tape at user stations
Flexible user station hardware
Use of current computing machines
Data communication protocol via RS232
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‘ 1.

. Indicate the extent of your current involvement in CAD/CAM.

CAD/CAM SURVEY
Page -1-

Rank your interest in the following areas. (®1" is most important, “2"
is next in importance etc.)

____ Chap generally _____ Computer graphics

_______ CMM generally _____PC/IC layoutcheckout
Engineering Analysis

____ Automated Drafting _____ Electrical

______Piping/Flow ______ Mechanical/Architectural

_______ Other (specify)

______ Other (specify) ______ Graphic arts

Comment

None Some Fair Heavy

Comment

. Estimate the growth rate of CAD/CAM in your laboratory for the neit

five years.

None Some Fair Heavy

Comment

. In your opinion, what are the major benefits of CAD/CAM. ("1" is most

important, etc.)

Productivity increases Quality/accuracy improved
Ease of modification
Information integration/ New capabilities
byproducts available
Other (specify) Dollar savings

Comment

e e CAE-Workshop Nanijina. Auaust 1985 s SpeTpepp———— g
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Page -2-

5. What deyou feel are major problems in current CAD/CAM systems and
packaget (Use "1" for the most important, etc.)

Madequate user interface __ Inadequate capabilities
Sortage of trained personnel ___ Economic justification
Bproven for “"one-off* work

Bher (specify)

Ber (specify)

L

Comment

l 6. Which @the following would you require in the CAD/CAM area?
Input
Baphic CRT Digitizing tablet
Wyboard Other (specify)
Processm/analysis
z B capability 2D plus depth
Wructural analysis codes Circuit analysis
f {
' \
i

Heat/cooling analysis

Wrts-list generators

Sessure/flow analysis
Ber (specify)
Ber (specify)

CAE-Workshop Nanjing, Auqust 1985 suililisim s onatiime - Seiso RSN
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___ Mge flatbed plotter ___ Automated drafting
___ WOKC-compatible output ______KC tools

____ Waphic 16/35 mm film output ______ Optical-head plotter
_ Ber (specify)

_ Wer (specify)

Comment




Page -3-

7. In your areas of CAD/CAM interest, do you know of ...

____ reports of successful CAD/CAM entry?
products available meeting your requirements?
CAD/CAM trends in outside research labs?
available processing/analysis codes?

Comment

8. Please provide general comments on CAD/CAM which you think might
be of interest:
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RFP
CONTENTS

A recommended RFP includes the following sections:

1. Invitation to bid

6. System benchmark considerations
7. System technical specifications

(Organization of the system technical specifications section is
detailed later in this article).

|

2. Bidder/vendor list
3. Instructions to bidders/vendors
4. Terms and conditions
5. Special considerations
i‘
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CONCLUDING COMMENTS :

TECHNICAL SPECIFICATIONS
REVIEW LIST

Ben writing the technical specifications, the investigative team
Bould focus on the following objectives:

* Language should be simple and clear. The team should not try to
develop a document that is overly legal or technical.

User needs should be thoroughly discussed with several verdors
before finalizing the technical specifications.

The vendor should be told what the organization wants and needs,
not how to build each system component.

Document everything. System capabilities should not be presumed,
and vendor assurances should not be taken on faith.

The purchasing and legal members of the team should review matters
that may have financial consequences.

The vendors must respond according to the format specified, to
ensure that proposals can be compared effectively.

The RFP and technical specifications should be presented to all

vendors simultaneously with sufficient time allowed for vendor
review.

Al CAE-Workshop Nanjing, August 1985 Aliiline sennsitibsnssidiRasing
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SAMPLE VENDOR
SUPPORT QUESTIONS

How long has the company been in business?
How many employees does the company have?

Did the company design or is it only marketing the hardware?
Software?

What are the business, technical, and applications backgrounds
of key members of the firw?

Is the company profitable? Please supply annual report.

Will the company support the installation of the package?
What warranty and future support will the company guarantee?
What nonwarranty support will the company supply?

Is there a regular program of revisions and enhancements?

Is training of user/technical perscnnel included in the package
price?

How many systems has the vendor deliverec?
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CHECKLIST OF QUESTIONS
TO ASK ABOUT |
CAD/CAM SERVICE ORGANIZATIONS‘

. Where is the service office located?
Are there district and regional offices? Where are they located?
How many representatives work from the service office?

oW —
P

- How many customers ard systems are supported from the service
office?

5. Is technical support available from the district office? From
the regional office?

6. How many representatives work from the district office? From the
regional office?

7. How many customers and systems are supported from the district
office? From the regional office?

.
e ————re—r—

8. What level of training and experience do the service represen-
tatives have?

9. What range of spares is carried by the service representatives?

-
<& 10. What range of spares is kept at the district office? At the

regional office?
11. What method is used to dispatch service representatives?

12. Is the service organization's management able to monitor the time
of each dispatch? Does it?

13. Is there an established problem escalation procedure? What is it?

14. How is problem escalation procedure communicated? Is it
documented?

-Workshop Nanjing, August 1.

15. What authority does the service office have? District office?
Regional office?

16. Which individual has the authority to decide when system

equipment is replaced? Does the service organization report
to that individual?

17. Are technical manuals and current drawings of system configuration
supplied with the equipment?

S oSN CAE

| 4




SAMPLE SITE VISIT QUESTIONS

System Features and Design Characteristics

° Describe your organization's major CAD/CAM system use and key appii-
cations.

Describe system configuration and cost. Is the system turnkey or
unbundlied?

From a general perspective, describe the system's intelligence and
flexibility in handling design and manufacturing control information.
Does the system support high-level languages (e.g., FORTRAN, C,
Pascal)?

Is the CAD/CAM system required to communicate with other systems?
Have any interfaces been effected?

Does the system support remote workstations? For which applications
or users?

Is the system upgradable? Give the range.

o

System Performance and Operational Characteristics

° How many workstations can be operated before moderate degradation
occurs? Unacceptable degradation?

Can application program development occur concurrent with routine
system operation? Does this produce any significant degradation in
routine operations?

Have you experienced data translation problems when interfaces have
been implemented? What kinds of problems?

What is the system's rate of downtime?

Describe data input sources and forms and data output flexibility.
What data security controls can be used between different CAD/CAM
user groups?

How often are data backups required for adequate protection against
data base degradation?

Venc r Support

° Does the vendor supply good system documentation? Describe any prob-
lems in this area. Are new software releases adequately debugged

before they are issued?

Does the vendor provide hardware maintenance? Describe the overall

quality and responsiveness of maintenance.

° Does your CAD/CAM vendor have an active user group?

® Describe the vendor's user training program. How long does it take

to train an operator on the system to reach beginner, intermediate,

and expert skill levels?

Describe sources of applications software. Indicate satisfaction.

Py

A ANSHREEEEE Seam )P C S MR -

o

Organizational Impacts

°® How has CAD/CAM affected information flow and business practices
within your organization?

What considerations had to be made regarding the location of equipmsent

and workstations and the design of the surrounding environment?

How has the system affected turnaround and error rates?

Provide any additional insight into the CAD/CAM system's strengths and
weaknesses.

(-]
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CAD/CAM
TECHNOLOGY
INFORMATION SOURCES

Literature

Books and reference documents

° General textbooks
° Specific topics
® Directories

Conference and seminar proceedings

Periodicals

° Newsletters
° Industry magazines
° Association journals

Vendor literature (includes hardware, systems, software, and ser-
vices vendors)

° General corporate/product information
Technical specifications

Price lists :

Customer references and project descriptions

§ ° News releases
i|
.’.

Analytical reports

Conferences and Seminars (Schedules are available in trade publi-
cations)

Hardware/system oriented (also includes vendor-specific user
conferences)

Application oriented
Industry oriented
Site Visits

Visits to operational CAD/CAM installations with applications
similar to those desired
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Consultin g or N ey
robotizeA Indnsiry Maynard MEC AB g

Three Phaded

Anait of the fotal production system ]

B FUTURE MANUFACTURING STRATEGY { r\:
B AUDIT OF PRESENT PRODUCTION SYSTEM

INCLUDING CONTROL SYSTENS
B POLICIES FOR FURTHER DEVELOPMENT

Feasibility study for robotizing

B REVIEW OF RELEVANT FACTS
B Scope of Installations

8 Product Mix

B Capacity

A Type and Size of Robot/s

B Auxiliary Equipment, Layouts

MAINTENANCE IMPLICAT]ONS
IMPLEMENTATION PLAN

COST-BENEFIT ANALYSIS

FEASIBILITY REPORT, RECOMMENDATIONS

Implementation, follow up |

ESTABLISHING WORKING GROUPS
OETAILED PLANNING OF INSTALLATIONS

PURCHASE OF ROBOTS AND AUXILIARY EQUIPMENT

APPOINTING ORGANISATION, MANNING, b (
CONTROL SYSTEMS ﬂ UUU
TRAINING OF PERSONELL moniths

INSTALLATION, TESTS, “OEBUGGING" [ I [ ]4T5T 6[ 7
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Copyright by
Develovmeni 0' lavouis > Maynard MEC AB sz
PLE OF WELDING OPERATIONS | :

i _F&rﬁf&ml lah?r with 3 MIxeA moAels on same line

(4roup technoloyy)

| A S

L I CENTRE Ik

FRAME w f
2 4 ] Fmg :‘l—‘li-—t_]—.- :E -J l__.}
N \\wewmé.
WORK iIN PROGRESS BOOTH

Lines lnf rateA
With followmg processes

WELDING PRODUCTION LINES
ErﬂZ“T*T-—
JHD AP HI

[

' BUFFER STORE
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Technological Evolution

Production
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CAD/CAM Applications Growth.

Other
5%

Mapping
12%
Other
. 5% .
Mapping ‘ Mechanical
10% \, 36 %
Mechanical
Electronic 39%
29%

Electronic ,
A & E 27 0/0 - _g
17 % §
8
AS&E €
20% &
¥y
1979 total market $ 334 million 1983 total market (est.) $ 1520 million %)

At aanitinedithiiohetRRaNSGtaRNY CAE-Workshop Nanjing, August 1985 gusmser vmvvvn 2o i uressidideintisatiely
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European Semiconductor Consumption

Rest of Europe 8.2% Benelux 6.3 % Telecommggigg/tlons Automotive 4.6 %
. 0

France 144% _Computer 20.2%

Germany 27.1%

| itaty 10%

"~/ Consumer 20.3%
_Scandinavia 8.2 %

Gowt./Military 9%

SOURCE: DATAQUEST

BY REGION 1984 $ 4,805 BY END USE

anm . usmetottiitesitaliosmatibiny’ CAE-Workshop Nanjing, August 1985 semmrau. -0 o 6 kst 1. o iy
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Number of Turnkey CAD/CAM Installations Worldwide — 1982

Installed Systems (CPU's) January 1, 1983

Applicon
2200+ / ggo
20001
1800
ﬁ Computervision
1600 Intergraph
1400 -
1200 - Auto-Trol 5%
- 0
1000 CADAM 4 % O REA
Gerber Systems 3% <o Calt 2%
800 - erber cystems (] — c. Calc.
Gerber Scientific 3% &‘Rj’% de 2%
600 - Redac 3% Bruning 2%
IBM 3% Summagraphics 2 %
McAUTO 2% Grafcon 2 %
400
“J 00000000
0 ' ,
s & S & 8 » ¢ & X L §F & &
§ & FTELF TSI §F g
& N & o &

S0 . cossciunsinaediiessssidiismceagy’ CAE-Workshop Naniing. Auaust 1985 msorwe. 1

o sbes ittt

Source Daratech Associates, Cambridge. Mass
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1984 U.S. CAD/CAM Industry Estimated Revenues

Sales ($million)
100 2?0 3?0 400 500 6C|)0

' ) ' [ ' '

-0

Source: DARATECH. Inc Cambridge Mass.

Computervision

IBM

Intergraph

A

Calma

McAuto

Applicon
Control Data
Mentor
Daisy

Auto-trol

1)
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Smokestack America Embraces Automation
Worldwide Shipments, U.S. Manufacturers

$ Millions
$16§B—
Manufacturing Information Systems $15,070
$12@8—
(CAD/CAM/CAE $10.5664/
T
sePp—
Manufacturing Information Bystems $2,430 Automatic Teal Cauipmont $3.816
$48_ CAD/CAM/CAE $1,764 Process Control $1.510 A
Automatic Test Equipment $1,000 NC Tools $2,000 —

Material Handling Systems $1,798

Procesa Control $990 Programmable Controllers $2,510

NC Tools $748

Material Handling Systems $650
Controllers $450

Robots $164

Robots $900

Computer NC Tools $200

1983 ' 1990

sanirsninindtaibibi sty CAE-Work-hot Naniina Auaust 1985 srvtentie. cosomn . - .

Source: international Data Corporaton
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Robot applications will shift during the 80s.

Spot Welding 40 %

Arc Welding 6 %

Material
Handling
29%

Finishing &
Coating 11%

Assembly
6%

1981

dsad LI

Finishing &
Coating 4%

LRI IT
“’aﬁ’ M
1/ \
Material
Handling &
Load /Unload Arc Welding
32% 16 %
Assembly
35%
Spot Welding
3%
1990

€ by Prentice Hali Inc.
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Projected proportion of worldwide robot usage
Number of robots
worldwide: 13750 59000 220000
100
vo L— " Assembly - T
80 =
70 -
% of 60 — -
robot
usage | o Sudace treatment =
40 S e
30— e .~ Material handling
20 - ... Welding .
10 e — e — e e e
0 o | 4 1 A i 1 | L i k

1981 '82 ‘83 '84 '85 '86 ‘ ‘87 '88 ‘89 '90 Time

w g 1SR
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The industrial development

2L R SRR . -

SE Copyright by . e
ard MEC A snnvens
[}

” Mayn

M
Consuitan 113

Management development

in fhe manufacturing

industry

InAustrial
revilotion

e .AM

| scientific

manage -
ment

world war I +
recovery
?Raesonrce
mobpilisafion”

1940

1955

CAE-Workshop Nanjing, August 1985 susmmamns. i atinmeic.omhalnmubithte

Infense com-

petition

PROSOUNCe 1'a-

tionalization”
Japun
@IT/1Q¢)
Wostorm
Europe
USA

1985
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for contiol of manufacinuring

1 MRP: material reauirements plannfna

<~

Materinls and proauction conirol

7 | \  pelivery fo
2 iz?‘ﬁv\gry —-{ Coods \/ Mn:.trn‘c’t uL&A Assembly % Dfspatch = CMSfOanPB

ceceipt
stocR of
Store we?&aé iate |in&ch¢A proaucts
folgl ~~—_ 71—

overall
Cost per period cosyg stock Total stock level
order and setting ( L‘ ng 1 Ceorcr
up costs l’:cono' g pornr'
mié
Order. _ ROP
Quantity ‘(
croa) (LN NL N -
3 ' Baftch BUFFER - . $TORE o
— S12C —— > fime

fOQ:fmrE&onE orderquntity  ROP: ?aorder point
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Jnst-in-fime (JI7) Tolal Quality control (1QC)

Basic thesis: Bastc policies:

B The objective is continued quality improvments, The wastern

a Inactive, “dead™ stores means waste of short material
term "Acceptable quality® 1is rejected.

resources and, indirectly, wasrte of energy in extric-

ting and refining raw matertials.
B The individual operator has the responsibility for perfect

quality not a quality Control - or Final [nspection depart-
ment,

B Stockholding of dead stocks means 'waste of
valuable space.

B Preventive inspection is carried out at source so that the
problem can be adjusted directly instead of a random dis-
covery after a whole batch has passed through the produc-
tion process.

B Oefective parts, preassendled units and stock of
finished products means a waste of material and

energy.

B Only such measures of quality which are obvious, visible,
simple and understandable are justed.

Q Produgtion. Order

Production control

proceaure
” KANBAN ”

DeYivery to
the customer

Purchase of Manufacturing Assembly Assemd)y
aaterisl of parts components finished products

" The KANBAN ordering procedure:

The Production Order is just given to the last operatfon in the
manufacturing chain. This station than orders the exact number of
components they want from the previous stage, which order parts from

‘M’ERE‘-WSi%S}iéS'Nanjiné, August 1985 ilblisbtisime it siues. s dtiaiih SAMRIG
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Manufacturing Information Flow

START
Product Conceptual Detailed Design Completed
l_)oﬁnlﬂon Design Analysis Design
Engineering
Changes
t
Tool & Facliity Manufacturing Routing
informagion Engineering Sheets
MERTIEY
Sa.¢8 & Product Production Production Completed
Requirersants 8cheduling Monitoring Production
L -

Al <ot RNIRNENINY CAE-Workshop Nanjing, August 1985 suismemsenesssmatunantitsitiliily
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A Production System-P.S.

Information

M
a
t
g=ad) ||
r
i
a
|
=P |
e
qQ. Products
P
Raw Material |
a
n .
ARG b 6

T AR I RN SN

[ AT
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1. Order Production system

Manually
controlied
Machins Tool

Robot
controlied
Machine Tool

Raw Maternal

Intorination
oo s e -
— | — 4 order A
L )
(=N (e "3 woe | .
bl | iahtnaiead NI Itm)
1 \ L ]
. Prod. Conwol
I = 3
T
: "
Qe - ’:“ T . [f—J( Produs 13
! ==
: J
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2. Order Production system

Robot-fed and
-controlled Machine-
Tools (Production cell)

3 )
Do:m e \"'_"
== N|g )
| eet—p M\
9 ||: .
L e e E_] | | Products
Raw Material E » D[ﬂ
el b |

A .onutnfiNRMENERERESNERE CAE-Workshop Nanjing, August 1985 siksitiaaessnusaitninuscaitindtaiietiey
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4. Order production system

Development
and Design

J

Developraent
Factory

L

Assembly
Unit

McJduls Moduls

Component
Producer Producer

Producer

Rew Maternal

intormation

s sobinsmmmnsutaasiatibitemesy CAL-Worksnop Nanjing, August 1985 s vy
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Manufacturing mode spectrum

- r LTI
Large
Increasing
Batch
Size
Medium [§ .
\‘\r.
Conventional )
] i Robotics
(4 1V 1| Regime | -
R} I .
| Functional Layout
Small . " - L _[ or Manual Work

a4 .

Product Mix = Increasing

s -y il

-olaneteeensshiiiibesdiatindgy’ CAE-Workshop Nanjing Auiust 1985 sumemien .ot esshibb  iadlh LOAREASMNY
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CIM - computer integrated manufacturing functions

CAD
Development

Requisition
® Dratting

@ Drawings
® Part lists

CAP

reC Planning Preparation

Disposition schedules for manutacture

(logietics), and Master and lesting
Incoming aoquisition capacity, data ® Work plans

ol matwriale master data

Project planning
Requisition Design

Preparing Sottware
Documentation

® Assembly plans

CAQ

Quelity
assurance
Quality

control
Company wile
yuslity contiul

Quality
data

and parts administration & Test plans
@ NC-programming
Manulaciuring- EEEIEN
order Actual Tesl i ,
Production- data specilicalions ‘ Correction
data L] jeedback NC programs § 1 data
Work plans
N e
——— ~ S,
CAM o Document o Progress ® Qperating o Orders
Control and Issue monnoring dala ® Machinas
monttoring of ® Machine ® Parsonnel Issue/ ® Pgrsonnel
manulacturing allocation allocation recording ® Malenaia
Processes ® Tools i
® Transport
XXy bl LSNP N
Pre- — Despatcn |

0

S =0

production

?

iil

Assembly

T

CAE-Workshop Hanjing, Auaust 1985 gussescamii: . ;. .
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Manutacture and assembly
Manufacturing systema
Machinety groups
Machines

Handling ecuipmont
Assembly robots
Swrage sywiema
Material how systems

PPC: productiion planming
and control

I:ONC: direct numerice. contiol
p = by LoD

y 4
| ODR: operating data recording
J I

L

l MC: machining centre

—

e
ﬁc: numericai control

FMS. flexible

manufacturing
systems

| N —

£ - D o
{ Automagiy spechaniosl handiing devices

\ Pam "'\
Technical order processing terms
Computer back-up
CAE: computer-aided engineering ‘9
£ ™
CAD: computer-aided design y
CAP. computev-sided » §
planning
/
CIM
e e CAM: computer- compuler -
aided 1lgyratud
manufacturing manu
luntuning

sam. . . omeseeibibiibeditiitaaiatimly CAE-Workshop Nanting, Auaust 1985 sssewsens... ..
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Concept of ccmputer aided technolgies in manufacturing

Manipulation
(robots)

Materials
Handling
(transpcrt &
store)

Machining
(numerical
control)

Logistics | (routing, tooling,

Drafting/
Design

Information
Technology

NC-
programming |

Process-
planning

timeregistration)

Lol eeemmekitemudiiibtessniny CAE-Workshop NanjingG, August 1980 auttetesdiiii.. o . du. i . . . v GASER GRS
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CAD/CAM Administration Relationships

Design a Manufacturing
Englneerin ngineering
S CAD/CAM )
Production | Administration | \
Control Drafting

2 Da

Processing

" by Auerbach Publishers. Inc.

- KIE0M Lsaeiiibanilineintensrlitbaly’ CAL-WorkStion Nicono Lo onst 1988 e e : a e e -



CIM FUNCTIONS

BUSINESS PLANNING AND SUPPCRT

Economic Simulation

Long-term Forecasting
Customer Order Servicing
Finished Goods Inventory Mgmt.

ENGINEERING DESIGN

Computer-Aided Drafting
Computer-Aided Tool Design
Group Technology

CAD

AANUFACTURING PLANNING

Process Planning Systems

Parts Programming

NC Graphics

Tool & Materials Catalog

Material Requirements Planning
Production Line Planning Simulation
Bill of Materials Proccssors
Machinability Data Systems
Computerized Cutter, Die Selection
Materials/Parts Inventory Mgmt.

MANUFACTURING CONTRGL

Purchasing/Receiving

Shop Routing

Methods & Standards
In-process Inventory Mgmt.
Short-term Scheduling
Shop Order Follow System

SHOP FLOOR MONITORING

Machine Load Monitoring
Machine Performance Monitoring
Man-time Monitoring

Mzterial Stores Monitoring
Preventive Maintenance
In-process Quality Testing

AnscmSNRRENNNERERNNERRENNY CAE-Workshop Nanjing, August 1985 uilsiiihasmsetulitebiiv nndushi NNy




CIM BENEFITS

R o kil

GRBP TECHNOLOGY

Nespart design
Shy drawings

s dran

InBstrial engineering
Priliction floor space
Ramaterial stock

Selp time

Priluction time 70
Walk in process inventory 62
Owsdue orders 82

PREESS PLANNING

Plmning activities 58
Dimt labor 10
Matrial 5
Scwp and rework 10
Tading . 12
Wod in process 5

2ENB B
CAE-Workshop Nanjing, August 1985 smtiitem amms i . na. amnin weaiinantbodido

MARIAL REQUIREMENTS PLANNING

Prictivity 5 to 30
Wod in progress inventories 30 to 50
Lakorders . 90
Lalw requirements 10

A'ww ATC
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Improvement of Flexibility of Technical Organization

Product
Design

—;' Production H

—-»i Mple

(The four "P’s”)

group technology
modilarity
technology

structure
batch size
technology
subcontracting

just-in-time (jit)
tool management
MRP/MRP i

job rotation
training
working hours

A sns WMESCISENNNENMNEEY CAE-Workshop Nanjing, August 1985 i bt saiiduiidolitt




Process Flow Factory of the rFuture.
Maragement

Order Inveniory
Evtry >| MRP Contrad >

m—

Meterials

& l
Standard ;
Parts I Ordearing
Requirementa

Recuirements

Planning

NC
Control
Programs

Bills of

:l‘ea::' rli)tljigns New and
) Modified
Parts

Requirements

CAD /GAM

ENGINEERING & MANUFACTURING DATA BASE

Schaduling
Manufacturing Statistics

DESIGN
ENGINEERING

by, 3 «tNNRRAALTRRAIENNRARANRENRNY CAE-Workshon Naniina. Auqust 1985 statitumesmmms + msramiouite . witusdiitendBifisiny

MANUFACTURING
ENGINEERING

ONC
L NC Programs or
CONTRO Schedulingq MS
¥ | t
Sequence
of Processing
Parts
ESS Texting & OC
PLANNING
Drawing Sequence Statistics
Files — of Processing
Pars &
Tooling
QC
NC Test »| ENGINEERING &
Programs INSPECTION

Shipping®

€ by Prentice Hall Inc



ideal Structure for Product Design and Manufacture Information Flow

Research
Product
Markating Conoept
Manufacturing =
Engineering Design
Production ~{ Change Request Engineering
Planning

Request for
Sales-» Quotation

|

Product Drawings
Bills of Material

_—

[ e Ve ol

Revised Product
Drawings and
Enginearing
Change Order

——

Initlal Quotation
and Drawings

Manufacturing
Engineering

Product Drawings

Tooling Drawings '
Routing Manufacturing

Specitications

Revised Product
and Tooling
Drawings and
Routing Specifi-
cations

"

Manufacturing

>

Manutacturing Planning and Control System

Basis for
Quotation and
Product Sales é
Drawings g
&£
ﬁ
Machine 2
Control g
Programs / ‘>
o
v

W CAE-WOrkShOD Naniina. Auaust 1086 umlitdemsnmiame . .. .wustaba b . totustidil un@iniingy



Mainframe Computer Based CAD/CAM System.

Graphics processor may be supplied to partially off-load the
mainframe or central processor of some of the graphics manipulation.

Disk(s)
200 Wi
Magnetic Megabyte
Tape

Keyboard Diskette

Printer

Computer Console
Bills of Materials

Electronics Design & Drafting

Color Additional

: e
Graphic Terminals
Work as needed
: Stations

Electro-Mechanical Design + Dratfting

Color Additional

i ————
Graphic Tool Terminals
Work Design as needed
Stations Optional

g

=

I

Optional NC Programming ‘ 8
€

iti (Y

Color Graphic ML. a

Work Station Terminals Fy

as needed o

s RN CAE-Workshop Nanjing, August 1985 diiliiiliiseesns: - onnisiine: i Siatoniliiily
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Levels of Standards.

IGES leve!
"GKS", "CORE",
or "PMIG" level
———————————— —‘— ~—=—— -——— VDI interface level
Device
Driver l
Physical Physical
Device Device
Standard Nonstandard
interfece Interface
Universal NAPLPS Videotex
Device Driver World
v — — NAPLPS level

< by Prentice Ha!. In¢
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STRATEGIC IMPLEMENTATIO

OF [CIM[)

How to secure
SUCCESS

Competitive Operational

Position Performance
Design Product Operational Manufacturing Labor/Asset
Excellence Quality Flexibility Costs Productivity

!

LSugc_essiactQLs_j

Product/Process Manuf. Planning Production
Design and Control Automation
CAD/CAM FRP CAPP

FEM I+11 DNC/CNC

~Shared Product/
Process Database ?

i e SIINRNNPRSREEY CAE-Workshop Nanjing, August 1985 At oitnsmt.iand RS
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CIM State-of-practice today

Manual
Planning and
.Control Systems
(MRP)

Production

Automations New "Busswords”
Expert Systems
Artificial Intelligence (Al)
Machine Vision

Robotics

AN CAE-Workshop Nanjing, August 1985 Aiiiilsiissesiisn: ; satinus snatisiithtiy




COMPUTER-INTEGRATED
MANUFACTURING

AS A
STRATEGIC WEAPON

MANAGEMENT'S ROLE IN MAKING CIM SUCCESSFUL

I. Strategic Implications of Advanced Engineering/Manufac-
turing Technology

- Critical Success Factors
- Operational Requirements to Achieve CSF Goals
- Potential Contribution of CIM Technologies

I1. Current State of CIM Technology and Practice

;
/'
- Base Technologies
- Technical Integration: Communications and Data Sharing
- Organizational Integration: Treating CIM as a Strate-
C
i

qy

II1. Management ‘s Role

Understanding
Stimulating
Planning
Organizing

- Guiding

 eritsaiiiaaddi e RNy (A F-Warkchan Naniina_Auaust 1985  statiesisttu e » womutimendin.
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