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OPERATING SYSTEM 

SOFTWARE 

1. Performs basic tasks in the computer and queues the tasks according 
to established priorities. 

2. Conmunicates with all input and output devices (peripher•ls, mass 
storage devices, discs, etc.) as well as any external networking 
capabilities. 

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

4. Provides error checking. 

5. Provides data security through access coding. 

6. Determines order of executiun of progrt111S. 
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RATINGS OF LIVE DEMONSTRATIONS 

Item or 
Feature 

1. Doc111entation 
I. On-line 

Operations 
b. Manuals 
c. Ease of 

learning 
2. D1spiay 

1. Speed of 
Response 

b. Graphics 
Presentation 

3. Database 
Management 

4. Text Handling 
5. Mechanical 

Drafting - 20 
- 30 

6. Printed 
Circuit Board 
1. Ground Plane 

Handling 
b. TrKe Man~-

pulatian 
c. Callponent 

Pl.caent 
i. Scheuttc 

Drafting 
a. Net Ltst 

&eneratton 
9. Design Rule 

Checking 

10. Hardware-Overall 
Destrab111t:; 

• 11. Ftle Control 

TOTALS 

f eiture 
Weights 

10 

10 
10 

10 

10 

10 
10 

10 
5 

10 

10 

10 

10 

10 

10 

1 

8 

VENDOR A 
Total 

Rattng Po1nts 

0 0 

6 60 
3 lO 

8 80 

4 40 

1 10 

4 40 

1 70 
0 0 

6 60 

6 60 

1 70 

7 70 

4 40 

4 40 

1 49 

5 40 

15 819 

VENDOR B 

Rating 

0 

8 
1 

6 

6 

8 

4 

0 
0 

4 

8 

5 

6 

1 

" 
5 

5 

81 

Total 
Points 

0 

80 
76 

60 

60 

80 

40 

0 
0 

40 

80 

50 

60 

70 

20 

35 

40 

785 
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MECHANICAL 

CAD/CAM SYSTEMS 

MAJOR CAPABILITIES 
(Continued) 

Solid 
( 

,.--

3-0 3-0 Shaded Struct. 2-0 Multi axis 
Vendor 2-D Wirefiame Solids Image Analy. wt NC 

II) 
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K & E x CJ) 
:J 

Kongsberg x x x x 4: 

ICAuto x x x x x x x CJ) 
c 

Matra x x x x x x ·-x ·-c 
ICS x x x x l'G z 
Micro Control x x Cl. 

0 
O..t CADD x ~ 

"' O..t Tech x x .Jtt .. 
Perkin ElRr x x x x ~ 
Pr1• x x x x x x I w 
Rlcal-Redac x c 

0 
519111 Design x 
Sperry l x x x x x 
5-agraphics x x 
Tektronix x 
Terak x 
TIV x 
Yector Auto- x 

·•t1on 

Versatec x x 
Zuk en '1 
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SUMMARY OF SOME VENDOR ADVERTISED 
CAPABILITIES FOR PR!NTED CIRCUIT BOARDS _, 

ROUTIK OUTPUTS AutOMtic -
Check Photo Parts Solder NC COllp. Logic Net List 

~ecldor Manuel Auto Plots Plots Us ts Masks Drill Place lester Hybrids Schet111tics Generation 

Appl icon x x x x x x x x x >: x 
Aut-.ted SystellS x x x x x x x x x x x 
CMM1t1cs x x 
CALQ x x x x x x x 
Cal• x x x x x " x x x x x 
Calos x x 
CC1111Nter- x x x )( x )( )( x x x x 
vision 
Dasoft x x x x x 
Destgn •tds )( x 
Destgr: Auto-
-uuon x x x x x x x x x x 
fut-..re Net x x x 
GSI x x x x x x x 
GST x x x x x x x x x 
18-'t 1 x x )( x )( x x x x 
lntergreph x x x x x x x x 
Rac:a l-Reoac x x x x x x x x x x )( 
Scienttfic 
Ca lcu\1t1ons x x x x x x x x x x 
St-19rephics x x x x x x x 
Telesis x x x x x x x x 
Versatec x x x x x x )( x 

CAE-Workshop Nanjing, August 1985 ·p :i Tit 7 r Zt a~ s M 7 ur: d :' 73 
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QUALITY 

CIRCLES 

INCREASING 

PRODUCTIVITY 

WITH 

PEOPLE POWER 

Copyright: 
' Prentice Hall of. India 
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WHAT DO WORKERS WANT? 

AUTONOMY 
1960's 

SELF-ESTEEM 1950's 

SOCIAL (BELONGING) 1950's 

~CURITY 1940's 

SURVIVAL 1620 
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I Trainers 
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QUALITY CIRCLE 
MODEL IN 

JAPAN 
Company-Wide 

Quality Circle C01111ittee 
(President/V.P.) 

Quality Circles ... Promotion a 1 ~ - COlllRi ttee --(Plant-Wide) 

·-
Care-Takers 

Meeting 

... ... .. .... Advisors ,--- ---, 
I I 
I I 

Q.C. Circle 
I I leaders 

I (Foreman) _.. I Quality Circles 
-- I 

I I 
I I Quality Circle Sub-Circles 
! Melllbers I . 
L ______ J 

Mini-Circles 
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MAJOR FUNCTIONS 

COMPANY-WIDE QUALITY CIRCLE C(lltITTEE 

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

PROtl>TION COlltlTTEE 

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

CARETAKERS MEETING 

1. PrOllOtion of group meetings and study of problems 
2. Work with leaders 

TRAINERS 

Develop and implement the Quality Circle training .aterials and 
techniques. 

ADVISORS 

Help to promote program. Help in case of d1ff1cult1es. Help tn 
facility ar~angements, inter1epartmental c0111Un1cat1ons. 

1.EADERS 

Leader of the Circle 

MEMBERS 

Backbone of the Quality Circle program. Voluntarily work to solve 
problt!llS in the company • 
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KEY FEATURES 

OF THE 

QUALITY CIRCLE MODEL 

1. Well organized system 
2. Systematic education and training 

programs 
3. Circle leader's conferences 
4. Plant-wide me~tings 
5. Company-wide meeting (annual) 
6. Outside visits 
7. Annual awards for best projects 
8. Good publicity through pktures and 

posters 
9. Clean. nice meeting areas on the floor 

10. Well organized recognitio1 program 
throughout the plants 
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ADVANTAGES 
OF ESTABLISHING 
A QUALITY CIRCLE 

1. Qua 1 i ty improvement 
2. Waste reduction 
3. Attitude change 
4. Cost reduction 
5. Safety improvement 
6. Improved com1Un1cations 
1. Higher productivity 
8. Increased job satisfaction 
9. Te• building 

10. I111prove11ent in skills 
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A QUALITY CIRCLE 
PROGRAMM IS NOT 

SOMETHING MANAGEMENT NEED FEAR 
ONLY A ~EMENT PROGRAM 
A ·cuRE-ALL. 
GUARANTEED TO SUCCEED 
ALWAYS GOING TO SURFACE WHAT WE 
WANT iO HEAR .•.•..•••••.••.... 

A QUALITY CIRCLE 
PROGRAM IS 

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

.•••••• THE "QUALITY" Of THEIR WORK, 
THEIR WORK ENVIRONMENT, THEIR PROFES­
SIONAL GROWTH, AND THEIR PERSONAL 
DEVELOPMENT. 
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QUALITY CIRCLE 
LEADER'S FUNCTIONS 

1. Generate enthusiasm for Circle activities 
2. Take care of operation of Circle 
3. Meet with the Circle once a week ~1 4. Use facilitator for as~istance 

0: 
5. Be respon~ible for Circle records ,--6. Create coordination and harnony in the Circle rr. --1. Be key link between members and management c 

::::: 
8. Attend leadership training ci .. 
9. Work closely with the foreman .... 

c 
10. Seek advice and help if required c 

tt 
11. Keep the 11eeting on track z 
12. Enforce code of conduct c 

c 
13. Maintain a good attitude above Circles ~ 

er. 
14. Give assignments .¥ ... 
15. Start and e"d meetings on time ~ • 16. Help get new lllellbers for the Circle w 

( c( 
17. Pr011Dte Quality Circle program (J 

18. Visit other companies 
19. Attend quality programs 
20. Teach others useful material to better the society 

and surroundings 



DUTIES OF THE FACILIATOR 

1. Sits as an active lllelllber of the steering C0111ittee 
2. Serves as Quality Circle program coordinator 
3. Trains members, leaders, management 
4. Coordinates Circles 
5. Maintains Circle records 
6. Arranges meetings with outsiders 
7. Attends in-Circle meetings 
8. Solves personal probll!llS 
9. Searches for new members 

10. Works in the shop daily 
11. Searches for new ideas 
12. Publicizes the progr .. 
13. Spreads a good word about the progr• 
14. Links all people in the organization 

15. Prepares for presentatton-1nvitations. papers, visual aids 
16. Prepares new training •tertal 
17. Follows up on ce111pleted projects 
18. Attends conferences 
19. Reads outside 111terials 

20. Organizes informal gatherings-invites outside speakers 
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PROBLEMS 

IN 

MANAGING 

QUALITY CIRCLES 
1. Poorhining 
2. Hist., of previous programs 
3. Exislig suggestion system 
4. Uni011rel1tionships 
5. Insu9cient support from top unagement 
6. Insutltient cooperation fra11 •iddle management 
7. In~te publicity 
8. Diffmlt or unrelated problf!lllS 
9. Unre1115tic expectations 

10. Poor• slow response from management 
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FINANCE 

ENGINEERING 
SERVICES 

COMMUNI­
CATION 

INDUSTRIAL 
RELATIONS 

INDUSTRIAL 
ENGINEERING 

PRODUCT 
x 

ENGINEERING 

CAE-Workshop Nanjing, August 1985 
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TOTAL QUALITY SYSTEM 

SPECIAL 
STUDIES 

QUALITY 
ltFORMATION 

AND 
ANALYSIS 

QUALITY 
PLANNING 

RELIABILITY 
AND 

TESTING 

DESIGN 
REVIEW 

VENDOR QUAL ITV 

MANUFACTURING 
QUALITY 
INCLUDING 
MEASUREMENTS 

CAE·Workshop N"1njing, August 1985 2 1T!1r'S' I ., mer Ip ti wrr 2 sr• 



CAD/CAM 
TRANSITION PLANNING MODEL 

KNOWLEDGE Of ORGA­
N 1 ZAT l OllAL NEEDS 

KNCMEDGE Of DEPART- I -4 
MENT PROCEDURES 

KIOl.EDGE Of WORK­
LOAD PRIORITIES 

MANAGEMENT 
REVIEW 

KNOWLEDGE OF 
CAO/CAM 

SYSTEM CONTROL GUIDELINES 
SCHEDULE GUIDELINES 

PERSONNEL POLICY GUIDELINES 

Step 2 
ENGINEERING 

REVIEW 

TRANSITION 
PLANNING 

KNOWLEDGE Of 
£NG I NEER I NG 
STANDARDS 

KNOWLEDGE Of 
PROCEDURES & 
GUIDELINES 

et 7 , t .. PE C;:: E PH - 7 CAE·Workshop Nanjing, August 19.~S.~T•:t•tlmfl·IMlt'~t't.11'••M11iill•••ll 
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PRODUCT PERFORMANCE PARAMETER 
Cost Packa9in9 Ease of Use life Cycle 
As influen- Fo,.. both 111p- Users include Foresight and quality 
Ced by: lies and per11its buyers. managers. often mean lower life-

I 
Design function. operators. cycle costs. 
Produci- Mechanis•s User friendliness lifetime 
bility layout Controls. dis- Upti•. dCMltime 
Technology Surf Aees plays Fatigue. wear. corrosion 
Materials Size. quantity Graphics Deterioration 

~ Suppliers Modularity Ergon<>11ics Maintainability 
Production Styling !raining Parts. supplies - Fabri.:ation Geometry Manuals. docu- availibility & 
labor cost Interferences mentation Senice 
Facilities Fit and finish User-machine C011pOnent 
Quantities Color. texture interface interchangeability 
Experience Fr amr!W('!"!': Operating condi- Bactups 
Scrap Identity tions Monitoring 
Inventory Insi ~~ outside lloise. vibration lJiRMrd COllpatibility 
Growth trends Handling Futures 
Installation Feedback Obsolescence U') 

co Financing Simplicity Standardizaticn O'> Selling cost Sensory input Depreciation. r--Overheads and output appreciation r.n Automation Anthropo11etry Energy costs :J 
a> Simplicity 111 mi nation Openting costs :J SMpping Effort Installation costs ct Distribution Enviroment Disposal costs 
a> Ti•ing Life-cycle costs c: Hlllan factors ·-Cognition c: 
nJ 
z Availability Perf orunce Assurances Social Acceptance Q. 

Providing 0 The primary Assured perf or- Often. there ar hidden .I; I what custo- functions 111y 111nce. costs for builders. r.n 
.::tt. mers want. be tangible or Reliability buyers, operators and ~ 

0 why, .tien, intangible. Quality bysUnders. ~ where. and Function Safety Indirect influencers I how they want Appp.al Margin for error Status w 
<( it. Specifications Structura 1 i nte·- Effect on bystanders u Marketing Speed grity Effect on environ11ent Sales Capacity Safety factor Social approval Distribution Powr Stability Lega 1 concerns method Payload Redundancy Goveuwnt regu 1 at ion Stock Size Error detection, Deregulation Lead ti•s Accuracy correction Tu incentives Advert ·is i ng Repeatability F atl proofing Restrictions 

' Ordering Producttvtty foolproofing Safety .. Locations Versatility Diagnostics Product liability Conf 1guration Performance VS Certification Polllltants Sizes constraint (po- Testing Health effects Quantities wr vs wight. Guarantees Insurance Options ClplCtty VS Resource consU111ption Pricing cost, •iles vs Sec11rity Demonstrabi- gallon) Sictt· effects 11ty Toxic'ity Awareness Custam, taboos Positioning Special interests 
•r Workers, work place 

Political impact 

I 
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THE 
ADVANTAGES 

OF 

FMS 

ARE: 

0 lncreas~ labor productiYUy with less ski 1 led people needed. 

0 IncreaselquaHty with less scrap and rework. 

0 Increasetproduction flexibility either by product design or by 

productia vol.-. 

• Reduced t1rating costs. 

0 Much higllr 11aehinery utilization. 
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BENEFITS 

AND 

ADVANTAGES 

OF 

GROUP TECHNOLOGY 

0 Reduced number of parts in the database. 

0 Reduced part introduction co~t through re-use of modified or similar 
parts. 

0 Reduced new product design lead time. 

0 Increased capability utilization by as llJCh as 10-151. 

0 Reduced set-up time frOll fewer set-ups (40i reductions are possible). 

0 Reduced scrap costs. 

0 Reduced design costs by 5-101. 
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' ANALYSIS OF 

DRAFTING, 

AND TOOLING DESIGN ..,, 
co 
en 
~ -en 
::s 
a> 
::J 

Description Manual CAD c( 

a> 
c ·-

1. Frame Engineering Packages 
c 
IV 

Type A 12,500 hours 
z 

3,800 hours a. 
Type B 2,700 hours 700 hours 0 

s:::. 
Type C 1,000 hours 300 hours cn 

.Jill: 
~ 

Subtotals Design and ~ Drafting 16,200 hours 4,800 hours I 

llJ 
c 

2. Tooling Design 3,500 hours 
0 

1,200 hours 
Totals 19,700 hours 6,000 hours 
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ANALYSIS 

OF 

ELECTRONICS DESIGN 

AND 
l() 
co 

DRAFTING 
<n ,... -;/) 

:J 
en 
::J 
4: g OJ 
c --

' 
·-c: 
~ Description Manual CAD z 
a. 
0 .. .r:. 
"' 1. Schemat;cs 3,800 hours 900 hours ..:.: 
'-
0 
~ 2. Printed Circuit Boards 1,800 hours 400 hours ' w 
<( 
u 3. Cable Layouts 300 hours 30 hours 

4. Mechanical Packaging 1,000 hours 300 hours 

TOTALS 6,900 hours 1,630 hours 



FMS GAINS 

YAMAZAKI MACHINERY 

$ 18 MILLION 
INVESTMENT COST 

AF 
Conventional JM 

68 18 
Ntlllber 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 t"IO year's savings: 
Inventory costs S 3.9 •ilHon 
Labor costs S 3.0 •i 11 ion 
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COMPARISON OF FMS 

AND CONVENTIONAL 

PRODUCTION METHODS 

No. of machin tools 
No. of employees, 

in 
_production 

managing/ 
-control 

Machining time 
Assembly of 
modules 
Final assembly 
Total elapsed 
time 
Needed area 

4 FMS in 
Yamazaki 
Minokamo 

43 

39 

36 

3 

3 days 
7 days 

20 days 

30 days 

6600 m2 

Conventional 
production 
with identical 
capacity 

90 

195 

170 

25 

35 days 
14 days 

42 days 
91 days 

16 500m2 

source: Yamazaki 
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The Major Components of CAF.-in-Plastics as Defined 
t;y CAE International Division of GE and SDRC. 

Part Deeign 
I Structural Analyala ---, 

~~~l~v;ia --- , 

--- -. --------~- ---u, r-Anllvell 

Mold Design .. 
lQ;;;~~fln1tl~n J 

f ollng Analysis I 
Structural and 
Meohanlcal Analysis 

I Oet•i' o;;,g~ --1 
. Data Bases 

Production E"'- ·1.-:J ~~-------- -·-= 
Prototype Production 

U U'-WWanJ::lm"ll .. 

Prototype Teat.Ing -- ---1 
~-----·------····· '·-·-
c;z·.w1••.;aw:::J 

aasu to 
nufacturlng 

J..;~ 
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In.,.. 
OepNclation 
~ 
StocklM&aa 
Anance chargM 

MeintlMnee .. 
Tool ,....ar 
Storekeeper 
Production control 
....... light 
Rel1t ! ';"· 

Strategic issues affecting cost in an FMS for a 
typical medium I heavy duty engineering company. 

Capital 
servicing 
25% 

Materials 
30% 

Projects & admin 

Known declared 
waste thro'error E 

_J 
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!:: 

~ 
·-~' 

111 rrn rem· 
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Project implementation and resource programme. 

- ··- .. - . ·-···.. -
I .. y..,. , 2 3 

0.8CripUoft . ;.ii. ; ~· ~ 1 I 2 I 3 I 4 I 5 8 I 7 I 8 9 11 QJ ~U~.~ .. J.12 I 3 I 4 .J .. ti!JJJ~ l1.0.l_11 J ~2 . ! .. J .2 r~rrr;~ 
1.·1 ' 

.; . " Detailed engineering 
I :· and functional specfflcation I 

Issue enquiries ' ! 
Evaluate and order I I. 

Manufacture ! 

Trials and delivery ;:-. 
·:; 

Commieeion ·..-c:t s.rt up . :; I . 1 
.ii .•. I .. ii.i f,1. ' " :.t: . .i. ...... Ll.11.4.u • .II ' ' J..o: '. . ' 

10 

8 

6 
Core project team 

7 .,. .. I I -o 41 
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Implementation - nwchines and equipment. 

Oaacription 

· Agree broad concept I =~lh ~ri 'f' I 1·! i 111 ·e I,;~,, wfP·rrt•,rf ·f~;;t:if4¥f~·t3 
. --+--+· ··- ... _ 

r Detail concept 

o..8tied engineering 
Component rdondladon t--'-- -
Proeeuroutee 
Machining eecauence and toola 

-·-+---+-- - -

Oi*itian timee 
fixtiir• 

-------
·-·---

pment type and quantity 

FlnallZ• concept 
~----~---

Flnallu coet ~ 
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Multi-station, towline materials handling system tor aerospace engine cases. 

DA~ _lt§TALLEO: 
PHASE 1 1979 
PHASE 2 FUTURE 

SYSTEM COMPONENTS: 
PHASE 1 

7 5-AXIS I. 

MILWAUKEE-MATIC -9·fl 
MO OU-LINES 

3 VERTICAL 
TURRET LATHES -- ~o 

PALLET STORAGE 

TOWLINE MATERIAL 
HANDLING SYSTEM 

COMPUTER CONTROL 

PHASE 2 
4f·s-AXiS 

MILWAUKEE-MA TIC 
MOOU-LINES 

FUTURE MACHINES --CJ 
OVERALL SYSTEM SIZE 

t -
200· T1s2· 

=-~l I~ · · ~I l~ 
.. -~I I~,. I~ · 

~ fMI 

c~I I 0 ·F=1 I~ · 
. SYilTIM 
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System E-Gas Turbine Components 

I INDUSTRY 

TYPE 

i TASK 

: SUPPLIER 

HANDLING 

Gas turbine components -------
Engine cases 

Kearney and T reeker 
---

! 0 workstauons comp,.sing seven machining 
centres and three venicaf lathes 

Towline material handling system i 
I 

! 

WORKSTATIONS 

I MATERIALS 

jTOOLING 
~ 

I MANAGEMENT 
AND CONTROL 

·STATUS 
I 

Interdata - computer control 

Implemented D.N.C. hnk only. Total system to 
follow 

; INST. DATE Mid 1980 

• COSTS $20 million 

' ! .., 

I---~----~-----------~------
' BENEFITS Reducedleadtime; 

improved ~ch1rn1 utilisation 

~OMMENTS 

I 
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Reasons for installing system 

WHY WAS THE SYSTEM INSTALLED> 

; EXTRA MAClilf>o~NG Yes 
' CAPACITY lllEEOED 

I NEW COMPONENTS Yes 
I REQUIRING NEW 
\ MACHINING FACILITIES 

I NEED TO MOVE TO No 
ANEW SITE 

I SHORTAGEOFSKILL No 
LABOUR 

INVESTMENT DECISION- Yes 
: INCREASED PROFIT 
'.SEEN 
r I DESIRE TO EXPERIMENT No 

i BETTER CONTROL OF Yes 

1 WORKFLOW 

NEED FOR IMPROVED AND Yes 
1 CONSISTENTOUALITY 

OTHERS 
~~~~~~~~~~~~~~~~~~~~~~----i 

WHAT ARE THE MAIN BENEFITS OBTAINED OR EXPECTED' 

i INCREASEDUTILISATION 
. OF MACHINE TOOLS 

. REDUCED LEAD TIME 

' INCREASED FLEXIBILITY 

: IMPROVED PRODUCT 
I QUALITY 
I 
I REOUCEOW.l.P. 

BETTER LABOUR 
UTILISATION 

1 REDUCEDTOOLING 
' COST ANO IMPROVED 
! RATIONALISATION 
I 

i OURATIONOFRUN-TIME 
, BEFORE MANUAL 
; INTERVENTION 

COST BENEFIT DATA 

OTHERS 

50% improvement 1n machine tool 
utilisation 

3 5% reduction realised 

Yes 

Yes Improved pan loca:1on 

No 

Data not available 

System fully manned at this stage 

Not co::;;:e:j ,et Tl'te, fee• t"le; 111<·" need 
another year before t~ cost benefit 
data will be meaningful 

' 

-
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Nature of production 

\
0 .1.TEQ:.\i..S 

M:.C ... :l\.Ei:> 

S~APEOF 

COMPONENTS 

\~Alll~L'"IA 

OtME~SION OF 
: COMPONENTS 
I 
I 

: NUMBER OF 
I DIFFERENT 
I COMPONENTS IN 
i THESYSTEM 

I PERCENT I.GE OF l 
ALL COMPONENTS ' 

: IN THE PLANT 
j THATGOOVER 
: THE SYSTEM 

S!ee· Alu-P. "'~"' · T-t~"· .. - ' -~Md Others! 
I 

• . : 

A :nurture of both eylindnc a• a,.-d pnsmoid 
I 

UD to 300mm l\i ; 
I 

300-600mm ' 

Three at the moment 

Cve• 600mm "9 : 

Approx 50" 
of parts 

1 "cf parts of a similar size envelope 

~~~~~~~~~~~~~~~~~~~~~-

8 ATC H SIZE 

: MANNING LEVEL 
I 
1 SHIFT PATTERN 

! TYPE OF "PEOPLE' 
• SKILLS 

; HOWLONGWILL 
; 'SYSTEM OPERATE'. 
; WITHOUT MANUAL 

INTERVENTION 

; THROUGHPUT 

I 
•
1
· COMPONENTS OF 

ALL TYPES IN 
HOURS 

i:>ISTRIBUTION OF 
i MACHINE CYCLE 
'.TIME BY" 

NUMBEROF 
: OPERATIONS 

HOW LONG 
:·~STALLED ------------
WHAT AP.E ... l-IA\.'E 

. BEE'11THE 
, PROBLEMS 

Average 

One 

In total: 31 operators inclusive of four tool 
loaders; one computer operator: o"e supervisor 

Three shifts 

NC machinists prefe"ed at the moment. Skill 
leve! may change when system fully 
operatlOl\al. 

At this stage the 'system· is fully manned 
at each machine and therefore win not operate 
without manual intervention 

Longest cycle time - 10 hours 
Shonat cycle time- siJI minutes 
Two per day on long cycle. large ~s 
Six per day on small range of parts 

T urn"'IJ Milling Drilling 

40% 60% across 
m1ll1ngand 

drllhng 

1 In process •nspectoon 

All manual 

Appro1umatefy13 operations for lar;e long 
cyclapart1 

Appro•1mately 12 months 

Sohwilre development 1nd 
1oolrn9 problems 
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Nature of machining 1ystem 

-------·-------- -·---- --- --
INl:..LSVS-t"A 'res t:".v: ·es<r ·:te=o, too!•:";c.;p3".;1t.,. 

I ACCEPT MORE 
1 THA~O""E 
: C0'1POr..ENT 
· WITHOUT MANUAL 
P.E-SETI~°'llG 

WILLIT 11A!'li0i.E Yes 
COMPONENTS 

: REQUIRING MORE 
i THANONEOFTHE 
i MACHINE TOOLS I TO COMPLETE 

MACHINING 

1 WORICPIECE Completely I Automatic •fter l.al'gely 
! HANDLING automatic t initial manu•l load manual 

I 
I x 

' PART· Ma,..:ia· Me~ha,.,1c.!l Cc-:::~:e-r 

: PROGRAMME 
: SELECTION 

! PART 
IOENTIFICA TION 

I 
I 

i 
I 
; COMPUTER 
: CONTROL 
! EVERYTHING 

. PROGRAM 
i SELECTION ONLY 

I PROGRAM 
! SELECTION PLUS 

LOAD/UNLOAD 

I LOAD/UNLOAD 
: ONLY 

OTHERS 

PROVISION OF 
CUTTING TOOLS 

I GAUGING ANO 
! INSPECTION 

I 

• 
Coded lnd1.,iclual pan 01hers 
pallet idt!f'trf1cat1on 

• 
Computer controlled for all functions. 
not fully operational 

Automatic I Sem .. automatoe ! Manu•I 

I 

Automatic I at spindle 

In process 

Manual 
1np•ocess ----

I Manual load 
of tool changer 

' PoSt pro::ess 

: TYPE OF MACHINES Se..en five-axis M1lwault.ee Mat•t 
1 ST ANDA~- Modu-L1nesandthree1oen1ca: turret lathes ..--- ____.. _____ _ 

SPECIAL 
r ---· --------+---

'

' MIXTUREOFTWO ; 
I 

. MACHINE ! None 
! CONDITION ; 
: MONITQR1~G 

i ., 
I 
' 

: 

I 

I SWARF ------"j 

i MANAGEMENT l 
----------------. 

Cen•rat underfloor system 

• 
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NC Justific•tlon: lniti.a Estiru'8 

Oec:s on Factors 

(A) lleddnlng R ............ 
low machining/idle trr.e ratio due to: 

1. Workpiece comple•ity 
2. Type of machining 
3. High cutting speed 
4. Long setup, load•ng & ciludiing time• 
5. Numerous operat1ona woth same tool 
6. High-accuracy operations ot."lerwise chedi.ed and gaug­

ed by operator 

(8) Production Requirements 

7. Repetit;on of small batcftes 
8. Small batch size 
9. Several suitable workpieces, adequate to load NC 

machine fully 
10. Frequent workpiece modificat:ons and/or dimensional 

variations in a family of componanta 
11. Replacement. required after completing production 

12. Coat of jigs & fi.turea considerable 
13. Storage of jig• & fi.tures a problem 
14_ Time-consuming, e.pensive inspection, gauging after 

machini~ 

(C) PmntRequlnmen~ 
15. NC machine aolvea production bottl•neck 
16. Worli can be transferred from expensive machine tools 

to NC machine 
17. Skilled machine tool operator shortage 

18. Shorter product lead time ci importance to company 
operationa 

19. Substantial workpiece transport costs and investment in 
workpiece storage & work in progress 

20. Tool presetti119 & tape preparation facilities available 

Yes I No 

) ( 
) ( 
) ( 
) ( 
) ( 
) ( 

( ( 
( ( 
( ( 

) ( 

( ) ( ) 

( ) ( ) 
( ) ( ) 
( ) ( ) 

( ) ( ) 
( ) ( ) 

( 

Eumple 

- Co-ale• drilling pattem 
- l:. 3,,!!ir..g :eng•i,/d,ameter ratio 
- A! a;'.oy machining 
- Cc-;ia!ab!e to machining time 
- Seweral holes of aame diameter 
- &act depth for stepped bores 

- 5 ta 10 ti-. a year 
- less than 300 
- Sv-f!'cient suitable workpiece• for 2-ehift op• 

ratjgn 

- Slig"rt dimensional changes in drilling pattem 

- Sp.. parb needed for fut delivery to 
customer 

- Dri5ng ... 
- Urge or heavy jig• 
- s_,.i tight-tolerance dimenaio,. 

- N .. machiriea have to be purc:haaed 
- C-tional machining on ••pensive machine 

tool setupe 
- Hig't-accuracy machining of expensive work­

piec91 
- Product frequently redesigned to adapt to 

c:h&f"lling market conditions 
- La·;~. heavy and/or a.pensive workpiecee 

- NC machines alreedy installed 

C~·.t!":• or.;1 -.,s N~ Yacf'i1n n9 
!IC• 1s. C-11()1'01 .,.., ·~'\. 

Dfs.c;rot1on 

) 

Cost comparison for 
conventional machining 
vs. NC machining center. 

Kostenvergleich fiir 
konventionelle• und 
NC·Bearbeiten auf einem 
Bearbeitungszentrum. 

CoUt de l'u11nage con­
ventronnet par rapport 
a 11 CN sur un centre 
cfusinage. 

U') 
co 
(J) ,.. 
..­
f/j 

~ 
:J 
<( 

er. 
c: 
c 
co 
z 
Q 
0 
~ 

"' ~ r.. 

~ 
I 

w 
c( 
0 



COMPARISON OF RASTER 
REFRESHED DISPLA VS, 

IJllECT VIEW STORAGE TUBES, 
AND JECTOR REFRESHED DISPLAYS 

TECtaam ADY Ml AGES DISADVANTAGES 

-i 
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Industry's Risks 

HIGH TECHN L Y: 
mputer-lntegrated manufacture 

Computer-aided design and manufacture 
Manufacturing resource planning 
Flexible manufacturing systems 
Integrated data bases 

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

LOW TECHNOLOGY: 
Just-in-time 
Cells 
Computer numerical control 

Success. Failure 

; •: ~ 

[t_] 1 
[ ·w rJ 

. 
NO TECHNOLOGY: 
Simplicity 
Layout 
Numerical control 
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Addltlonal goal• 

Traditional 
D&ll"Da9M 

A hierarchy of consulting purposes 

I 

Facilitate client 
leemlng 

COllllM•end 
commlllMnt 

I A.ulat 

Conduct 
dlegnoele that may 
redefine oroblem 

"·· ... 
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QADIQAM .1 .. atifia•ti•n and lm•l•m•nt•tion Methedolouv 

Preliminary Project Investigation 
Current System Inventory/Audit 
CAO/CAM Project Proposal 
Project Coat-Benefit Analysis 

and System AcQul•~on 

Activity 5: Project Implementation Plan 
Activity 6: Project Definition 
Activity 7: Project sper.1•1cations 
Activity 8: System Selb.:~.on 

Activity 9: Piiot/Test Project 
Activity 10: Syetem Implementation 
Activity 11: Project/System Operations 
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The Project Control Process: Project Control Phases (master chart) 

-- ------+·---- ------·- -·- -----------------

lnillallon Planning EJ.ecution Follow-up 

4 I l'loted lrllMllOtl PNM l 

• oollect ..,...,. ldMI end 
propoMla 4 2 Proiec:t Plannlnt PhaM - J, --• ..,... pnifect pr~ • Mlabllan Ille protect pl•n 
Md ..... ..-.1ar • !MM ..-.roe Input 4 3 Ordering the Eu1cuhon 

'*"""" ~--- of Act1111llH Ptiaae 

• .... tp(Mrllel) pnijed • inlUMI lie docutMnt 
_..., Md order IN ..... • Initiate the pro1ec11 

--.o1--~ order Ille ltalting of Ille 
aubproJect group1s1 • • Hlabllsh 1ond distribute 

~ 
projecl actlyity de1cript1ons 4 5 lnlormat1on Gathering 

• order the execution ol PhaM, tor Project Control 

ac:Uvltlel • roteord project control 

i 
1ntormatlon contlnuoualy 

• pre1M1r• pro,.ct control 

l 1tattment1 pertodlcally 

•.1 ~PIM AIWetion 4.4 Execution PhaH for the 
~ 

PtlllM ActhriUM of the Pro1ect I • delll6op Pfopoall for Plan I 

project pllln ellefallon• • execute ect1v1t1es 

• reler to the eo-ntng • dOCument work re11ull11 4.6 Ev1tluat1on PhaM, for 

group ii ...,etion, • control the contents . Pro1ect Control Information 

••OMd the limlll of the form and quality of work • relate pro1ect control 

projK1 188Ulll information to project plan 

• carry out ....,lllon1 In dele 

IN prQfed plan and 1n ---·-~- - .. -·-- ·- - ·--- • laulele and define preHnt 

- r-..roe tnpul contr•cll and/or ant1clpeted 
d11vt•hon1 

4 9 ''"'•alion ..._ lor -. from the project plan 

ConMQuent PrQfecll•I ____ _l • deletm1ne the cauH• end 

• document DfOPOMllll tor -·- 1nect1 of deYl1t1on1 

conMQuent proJect111 • dec1d• on 11etlon1 -• aa.cn ..... ICNmlliC 4 8 Prn1ttet Termination 

oroiect pllln Pt111~• 

• ll11volop proposal tor 
(pren11lure) pro1ect 
t .. rm1nat1on ind/or 
fm11t proiecl reporl 

• dec1d1 on the 
termination of Ille 
pro1ect 

• e•ecute the termmMI 
pr1Jce111 

• d1asotve lhe IJroject 
or11an1zat1on 

·-- -------'----· 
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Typical operator's learning curve 

A Skill , ., .. .. 

Advanced 
•raining 

Basic 
training 

~l 

3 6 9 
(month) 

Expert 

Intermediate 

12 15 Experience ... 
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STEPS IN DEVB.OPING 

A LONG-RANGE 

TRAINING It.AN 

1. Identify potential users. 
II) 

2. Establish user requirements. co 
:' O> ,.... -3. Prepare a basic operator course and custailed class material (I) 

~ 

to complement vendor training manuals. 
CJ) 
:1 
4: 

~ 

4. Establish prerequisites for students. en 
c: ·-

5. Start basic training oriented toward user~discipline when c: 
co 

practical. z 
Cl 
0 

6. Prepare application-specific courses (e.g. finite-element s::. 
(I) 

modeling, and NC progra11111ing) and trainin.-terials. 
~ 
~ 

0 
~ 

1. Prepare familiarization course for superYilrs and managers. I 
UJ c 

8. Prepare new software release courses as "llired. 0 

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



.I 
i 

~ !ti 

CAD/CAM 
INVESTIGATION-PLANNING 

CHECKLIST 

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

Creator and user questionnaires 
-Engineering doc111entation questionnaire 
-cost questionnaire 
-Infon1ation flow process questionnaire 

System interface requirements questionnaire 
3. Develop schedules and assign responsibility for interviews 

and questionnaires 
4. Complete data-gathering activities 
5. Prepare data reduction for11ats to aid analysis 
6. Analyze collected data according to perforaance and cost 

objectives 

7. Complete the current system inventory/audit report 
8. Define CAD/CAM functional requirements 
9. 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 i11plmentation costs 
-system interface costs 
-Applications software costs 

Ongoing operations; perfon111nce and cost factors 
_10. Complete the needs/wants/risks decision analysis 

11. Complete the cost analysts of the CAD/CAM system 
__ 12. C0111plete the CAD/CAM cost/benefit analysis 

13. Decide whether to proceed 
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OUTLINE FOR 

lECHNICAL SYSTEM 

( 
1. lntr•tion 
2. Inte~ system use 
3. Currel11ethods of operation 

4. Anti~ted method of CAD/CAM syste11 operation 
5. Syste11oftware requirements 
6. Systellardware requirements 

7. ProdUlllon system support/maintenance requirements 
8. Syst~lllefttation requirements 
9. User trining requirements 

10. Systl!lllflvironmental considerations 

-l 

11. Syste911rr111ty and acceptance requirements 
12. Syst~ality assurance considerations 
13. Yendonbjective state11ent. 
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CAD/CAM SYSTEM FEATURES LIST 

Mechanical Drafting/Oesign 
Essential Features 

30 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 mo11ent, mensuration, etc. 
Assembly checking for separately drawn parts 
Oevelopable surface layout 
Access to geometric database via software (vendor-supplied language or 
FORTRAN) 
Output of 30 geometry in IGES fonaat 

Desired Features 
AutOlllatic 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 llilling 11achines with pocket and boundary 
routines, planers, flame cutters 
Cutter p~th 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 11aehines 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 
11achine tools 

Desired features 
Output fr<>11 APT including extended surface geometry 
Output of cutter location file 
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General CAO/CAM System Features 

Desired Features 
Task accounting 
Secure filing system 
Archive 11anagement 

Page -2-

Ability to set process priorities and virtual memory management 
characteristics for the system 
Data storage on mgnetic tape 
Output of paper tape at user stations 
Flexible user station hardware 
Use of current cGllpUttng machines 
Data c01111Unicatton protocol via RS232 
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CAD/CAM SURVEY 
Page -1-

1. Rank your interest in the following ~eas. (•1• is most important, ·2· 
is next in i!lpOrtance etc.) 

CAO genera 11 y -- Computer graphics --
CAM genera 11 y --- PC/IC layoutcheckout --
Engineering Ar.alysis --
AutOlllted Drafting -- Electrical ---
Piping/Flow -- Mechanical/Architectural ---

-- Other (specif~) __ 
Other (specify) Graphic arts -- -- --

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

None Fair Heavy ---

COlllllent 

3. Esti11ate the growth rate of CAD/CAM in your laboratory for the neAt 
flVe years. 

None Fair Heavy --
C~nt 

4. In your opinion. what are the ujor benefits of CAO/CM. (•1• 1s most 
i111pOrtant. etc.) 

Productivity increases --
Ease of lllOdification --
Information integration/ -- byprodlicts 
Other (specify) --- -~~ 

Connent 

Quality/accuracy improved --

New capabilities 
-- available 

-- Dollar savings 
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Page -2-
5. What c9Jou feel are major problems in current CAD/CAM systems and 

packaglP (Use •1• for the llOSt important, etc.) 

--Jadequate user interface 
__ .. rtage of trained personnel 

--lproven for •one-off• work •r (specify) -- --
aer (specify) -- --

Cc.aent 

--

Inadequate capabilities 
Economic justification 

----------~-------~---~-

6. Which .U.e following would you require in the CAD/CAM area? 

Input 

--llphic CRT 

lfboard ---

Proces!l!l/analysis 

• capabi 1 i ty --
--lructural analysis codes 

-- ~s-list generators 

--ltssure/flow analysis 
... (specify) -- --
•r (specify) -- ~-

Output 

-- .lrge flatbed plotter 

-- ~NC-c011patible output 

-- llphic 16/35 .. fil~ output 
--•r (specify) __ •r (specify) -- --
CCJment 

-- Digitizing tablet 

-- Other (specify) __ _ 

__ 20 plus depth 

Circuit analysis --
-- Heat/cooling analysis 

__ Automated drafting 

NC tools --
-- Optical-head plotter 

-----~~~---~-----~-------
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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? ---

C0111Dent 

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

A rec011111ended RFP includes the following sections: 

1. Invitation to bid 
2. Bidder/vendor list 
3. Instructions to bidders/vendors 
4. Ten11s and conditions 
5. Special considerations 

6. System benchmark considerations 
7. System technical specifications 

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

TECHNICAL SPECIFICATIONS 
REVl.EW LIST 

men writing the technical specifications, the investigative team 
~uld 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 ver.dors 
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 11atters 
that 11ay have financial consequences. 

• The vendors 11Ust respond according to the for.at specified, to 
ensure t~at proposals can be compared effectively. 

• The RfP and technical specifications should be presented to all 
vendors si11Ultaneously with sufficient time allowed for vendor 
review. 

-----------------------·---
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SAMPLE VENDOR 

0 How long has the company been in business? 
0 How many employees does the company have? 
0 Did the company design or is it on 1 y marketing the t.ardware? 

Software? 
0 What are the business, technical, and applications b~ckgrounds 

of key lllelllbers of the fina? 
0 Is the COlllpany profitable? Please supply annual report. 
0 Will the c<>111pany support the installation of the package? 
0 What warranty and future support will the COllpany guarantee? 
0 What nonwarranty support will the CClllpany supply? 
0 Is there a regular program of revisions and enhancements? 
0 Is training of user/technical perscnnel included in the package 

price? 
0 How many systems has the vendor deliverec? 
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CHECKLIST OF QUESTIONS 
TO ASK ABOUT 

CAD/CAM SERVICE ORGANIZATION~ 

1. Where is the service office located? 
2. Are there district and regional offices? Where are they located? 
3. How many representatives work from the service office? 
4. How many customers ard systems are supported fra11 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? 

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 110nitor the time 

of each dispatch? Does it? 

13. Is there an established problem escalation procedure? What is it? 
14. How 1s problem escalation procedure COlmlUflicated? Is it 

doc1111ented? 

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 ~anuals and current drawings of system configuration 
supplied with the equipment? 

·­·-c: 
<O z 
a 
0 

.i::. 
r/'J 

.Y. 
~ 

~ 
I w 

c:( 
0 



I 
i 
I 

j 
I 

I 
'• 

SAMPLE SITE VISIT QUESTIONS 
System Features and De~ign Characteristics 

0 Describe your organization's major CAD/CAM system use and key ap~ii­
cat ions. 

0 Describe systeR configuration and cost. Is the system turnkey or 
unbundled? 

° From a general perspective. describe the system's intelligence and 
flexibility in handling design and manufacturing control information. 

0 Does the system support high-level languages (e.g •• FORTRAN, C, 
Pascal)? 

0 Is the CAD/CAM system required to c<J1m11nicate with other systems? 
Have any interfaces been effected? 

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

0 Is the system upgradable? Give the range. 

System Performance and Operational Characteristics 
0 How •any workstations can be operated before 110derate degradation 

occurs? Unacceptable degradation? 
° Can application program development occur concurrent with routine 

syste11 operation? Does t~is produce any significant degradation in 
routine operations? 

0 Have you experienced data translation proble11S when interfaces have 
been implemented? What kinds of probleas? 

0 What is the system's rate of downtime? 
c Describe data input sources and foF'llS and data output flexibility. 
0 What data security controls can be used between different CAD/CAM 

user groups? 
0 How often are data backups required for adequate protection against 

data base degradation? 

Venc _r Support 
0 Does the vendor supply good system docU11entation? Describe any prob­

lems in this area. Are new software releases adequately debugged 
before they are issued? 

0 Does the vendor provide hardware maintenance? Describe the overall 
quality and responsiv2ness of 11aintenance. 

0 Does your CAD/CAM vendor have an active user group? 
0 Describe the vendor's user training program. How long does it take 

to train an operator on the syste11 to reach beginner. intermediate. 
and expert skill levels? 

0 Describe sources of applications software. Indicate satisfaction. 

Organizational Impacts 
0 How has CAD/CAM affected information flow Jnd business practices 

within your organization? 
0 

What considerations had to be made regarding the location of equipment 
and -.orkstations and the design of the surrounding environment? 

0 How has the syste11 affected turnaround and error rates? 
0 Provide any addit·iJnal insight into the CAD/CAM system's strengths and 

weaknesses. 
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CAD/CAM 
TECHNOLOGY 

INFORMATION SOURCES 
Literature 

Books and reference docU11ents 
0 General textbooks 
0 Specific topics 
0 Directories 

Conference and seminar proceedings 

Periodicals 
0 Newsletters 
0 Industry magazines 
0 Association journals 

Vendor literature (includes hardware, systems, software, and ser­
vices vendors) 
0 General corporate/product information 
0 Technical specifications 
0 Price lists 
° Customer references and project descriptions 
0 News releases 
0 Analytical reports 

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

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

Application oriented 
Industry oriented 

Site Visits 

Visits to operational CAD/CAM installations -1th applications 
si•ilar to those desired 
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t!on~ltinQ 
robotf%eA 

1 II FUTURE MANUFACTURING STRATEGY 
II AUDIT OF PRESENT PROOUCTION SYSTEM 

INCLUDING COHTROL SYSTEMS 
II POLICIES FOR FURTHER DEVELOPMENT 

~ Copyright by 

Maynard MEC AB ~~-.:::!·.::~', 
Con11111an11 

'5y5hzrn I 

'12Asfbllrty ~~y. for rorotiZmfi 

• 

a 

II REVIEW OF' RELEVANT FACTS 
• Scope of Installations 
• Product Mix 
• Capactty 
• Type and She of Robot/s 
• Auxiliary Equip1111nt, layouts 

II MAINTENAftCE IMPLICATIONS 
II IMPLEMENTATION PLAN 
II COST-BENEFIT AICALYSIS 
II FEASIBILITY REPORT. RECOftlENDATIONS 

lmplementAtfon, follow ""P 
II ESTABLISHING WORKING GROUPS 
II DETAILED PLANNING OF INSTALLATIONS 
II PURCHASE OF ROBOTS AND AUXILIARY EQUIPMENT 
II APPOINTING ORGANISATION, MANNING~ 

II 
II 

CONTROL SYSTEMS 
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Technological Evolution 

Product 
Technology 

Auto me lion 
Technology 
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Electronic 
29% 
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I Other 
5% 

CAD/CAM Applications Growth. 

Mechanical 
39% 

Electronic l 
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1979 total market$ 334 million 1983 total market (est.) $ 1520 million 
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European Semiconductor Consumption 

Rest of Europe 8.2 % Benelux 6.3 % Telecommunications Automotive 4.6 % 
2 3. s O/o ....... :llit"Z 'I a 

Computer 20.2 % 
/-· --·-----· ·- .. -

__._!ta l_'t 1 o O/o -- ---·-

~ 

. Consumer 20.3 % ~ 

Govt.IM!!~t_a_r_y ~ ~!~ 

BY REGION 1984 $ 4,805 BY END USE 
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Number of Turnkey CAD/CAM Installations Worldwide - 1982 

Installed Systems (CPU's) January 1, 1983 
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1984 U.S. CAD/CAM Industry Estimated Revenues 
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$Millions 
$1618-

$129-
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$49-

Smokestack America Embraces Automation 
Worldwide Shipments, U.S. Manufacturers 
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Manufacturing Information Systems $15,070 
I ~ 

CAO/CAMICAE $10,566 

Automatic T111 r.c~u1sm111111 $~1.a 1 er. 
_. =::7 Proceaa Control $1,blO 

..----r NC Tools $2,000 
Material Handling Systems $1,798 

Programmable Controllers $2,510 
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Robot apphcations will shift during the 80s. 

Spot Welding 40 % 
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Projected proportion of worldwide robot usage 

Number of robots 
worldwide: 13 750 59000 220000 
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ap~n~e phlloSOphy f~ 
a>ntrol of ~n"fact"rfn~ 

.... 

~ Copyright by 

- . :tvlaynard MEC AB ~~~:;!·.::~·. 
Con1ull•n1t 

J"';t---fn.,ffme ()11') 1'ott\I ®t\lily control (1QC) 
Buie thesis: 

II lnacttvt, •dead• stores means waste of short material 
resources and. tndtrectly. wafte of energy tn extrac­
ting and refining raw materials. 

II Stockholdtng of dead stocks tneans'waste of 
valuable s.,.ce. 

II Defective parts, preassell'bled units and stock of 
ftnl,hed products tneans a waste of material and 
energy. 

ProA~tiOn control 
pr~t\~re 

"KANSAN'' 

0 Q 

Pvrcllu1 of 
Nttrtal 

Mlnuflcturlng 

ot parts 

, The KANBAN ordering procedure: 

Bute policies: 

II The objective is conttr.ued quality improvments. The w'stern 
term "Acceptable quality• ts rejected, 

II The Individual operator has the responsibility for perfect 
quality not a quality Control - or final Inspection depart· 
ment. 

II Preventive inspection ts carried out at source so that the 
problem can be adjusted directly instead of a random dis­
covery after a whole batch has passed th~ough the produc· 
tion process. 

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

Asstl!Cly 

components 

Pro~tton·Ord1r 

A11110l1 
ftntshed products 

Oellver-y to 
tllt CUSlOllllr 

The Production Order.is just given to the last operation tn the 
1111nuf1cturing chain. Thi~ station than orders the exact null'btr of 
cQ11Pon1nt1 they want from the previous stage, which order parts from 
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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. 
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