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I SUMMARY

I Process planning is the activity which determines how a product is to be
manufactured. There are several levels of process planning activity. Ear ly
in product engineering and development, process planning is responsible for

I determining the general methods of production. In the last stages of design ,
par t design data is transferred from engineering to manufacturing and process

I 
planners develop the detail work package for fabricating the part .

Process planning is a major determinant of the cost of machined

I 
components. It determines the sequence of operations and utilization of
machine tools. Cutting tools , fixtures , gages, and other accessory tpols
are specified. Dimensions and tolerances are determined for each stage of
forming the workpiece. Feeds, speeds and other parameters of a nietalcuttingI process are determined. Requirements for special processes, such as nitriding
and plating, are determined and the production methods specified.

I These activities of process planning are predominantly labor—intensive.
Furthermore, process planners have varied skills and background and seldom

~ will two planners produce the same process plan. Therefore, savings available
through standardization and production cost analysis of the process are often
forfeited. Industry has also observed in recent years a trend of less people

I 
available for process planning. Process planners are retiring from the field
at a faster rate than people are being trained. This situation could endanger
a manufacturer’s ability to perform.

The above situation coupled with government and industry objectives to
- 

- reduce costs or alternatively improve productivity has led to the widespread
interest in computerized process planning. After several years of research
and development activity , computer systems in process planning are beginning
to emerge. Computerized Production Process Planning (CPPP) such a system

- 
developed by United Technologies Research Center. The system assists process
planners in planning the production of machined cylindrical parts. Through
the use of automatic and semiautomatic means , C??? generates a summary of
operations and the detail operation sheets required by the workshop. Opera-
tion sheets include sketches of the fully dimensioned workpiece with toler—
ances. Machine tool, cut sequences, tools , and machining parameters are
also specified.

CPPP is a first system aimed at developing an advanced technolo~ r to plan - 

-

and control the cost of machined parts. The immediate objective has been to
develop a system which will standardize the production process by automating
the planning activities. It was also an objective to develop a system that
could be used to analyze and evaluate process alternatives. Later enhancements

___________________ 
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‘ I
CPPP Demonstration

CPPP was developed and implemented as a demonstration system to show how
a process planner working at a graphic display terminal would develop a process
plan for a nitralloy sleeve. A process model and data base were developed
for a part fami ly of riitralloy sl€ eves manufactured by the Hamilton Standard

- I Division of United Technologies Corporation. The fami ly includes components
of the .TFC78 Fuel Control for the General Electric T700 engine , which was
selected to power the Army UTTAS helicopter being developed by Sikorsky
Aircraft. The demonstration part is made from AMS6’~7O bar stock and has
requirements of nitriding to produce case hardness. The part family consists
of parts with complex ID and OD geometry with cylindrical and noncylindrical
features. Part sizes are up to six inches in length and diameters up to two
inches. Surface finish requirements are very smooth and roundness, straight—
ness, and taper form conditions are tight. The part family is of a complexity

$ that manufactured components can require up to forty (h~O) operations.

The demonstration system shows that advanced computerized process planning
is technologically feasible and the CPPP system can be implemented for any
manufacturer of machined cylindrical parts. It also shows that CPPP reduces
process planning labor and lead time, provides benefits of process plan stan—
dardization , and can be used to evaluate process alternatives. Also, it shows
that process planners can effectively communicate with the computer to perform
a variety of process planning activities.

Benefit Analysis

A benefit analysis of computerized process planning systems and CPPP ,
in particular, was performed. The analysis involved three steps. First, the
benefits of computerized process planning to a broad spectrum of metalcutting
industry were analyzed. Three different computer system capabilities were
considered. An industry survey was used to collect data and sample opinion
relevant to the benefits of each capability. The second step was a case study
to estimate the benefits of the demonstrated C??? system to the Hamilton
Standard Division of United Technologies Corporation. Finally, the benefits
of C??? to defense industry were studied and the results used to estimate
procurement cost savings by defense agencies. The impact on future procurement
costs for missiles and other defense materials was estimated. As in the first
step, a survey was used to develop expected benefits to defense industry.

The analyses show that computerized process planning offers substantial
cost savings to industry and that defense agencies would benefit through
reduced procurement costs. Cost savings in producing machined components will
occur in process planning, workshop operations and tool costs. In addition,

II
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there will be intangible benefits In lead t ime, machine utilization , production
scheduling, and other areas. Net cost reductions of over 5% are expected from
advanced process planning systems. A discounted cash flow analysis of the C???

— syst em yielded potential sav ings of $860 million in defense procurement for the
period FY78 through FY87. If use of the system by 15% of defense industry is
assumed , this translates into savings of $130 million.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
: - ~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

~~~~~



pr  — 
~~~~~~~~~~ r.-

I ~~~~~~~~~ — 
‘ ‘__‘_ __ _

~
• ;__ • __

~~
‘ __ •__

~
_• •_‘___-‘__•“_ ‘•_•_-‘_“_•_ ‘•_ ‘_.—

~—.v— ’.r - -,—-- . .~ I ~, ~~~~~~~ I ~~.

I
R77—9 142625~1l~

I
I PREFACE

I The work reported herein was performed for the U. S.~ Army Missile
Research and Development Command , Redstone Arsenal , Alabama, under Contract
DMK1iO— 76—C—11014 . The M i s s i l e  Research and Development Command ’s technical

I represent at ive was Richard A. Kot].er. United Technologies Research Center
( U T E C ) ,  East Hart ford , Connecticut , was the prime contractor . lIT Research
In s t i t u t e  ( I I T R I ) , Chicago , I l l inois  and the Hamilton Standard Division ,

I United Technolog ies Corporation , Wi ndsor Locks , Connecticut were subcontractors.

UTR C , the prime contractor, developed the description and demonstration of

I the C??? system. In addition , UTRC provided data and estimates relevant to
benefit analysis and participated in the case study of benefits reported in
Section 3.2. Wilbur S. Mann , Chief , Computer Science Research , was Program

I Manager. The Principal Investigator was Mark S. Dun n , Jr.

IITR I performed the major portion of the benefit analyses presented in

I Sections 3.1 and 3.3. Hsien—Hwei Hunger Shu and John D. Meyer were IITHI’s
Princ ipal Investigators.

I Hamilton Standard provided data for the benefit analyses and the data
base for the C??? demonstration. Norman J. Ruel was Principal Investigator .

I An Interim Report was submitted in November 1976. The large quantity of
data and analyses given in Volumes II, III , and IV of the Interim Report are
not reproduced here . Instead , a summary is included and those volumes are
incorporated by reference into the Final Report.
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1.0 INTRODUCTION

I 
Process planning is the first step in manufacturing. The activity has a

major effect on the cost of fabricating goods in the metalcutting industry .
It affects production planning , machine utilization , tooling requirements,

I machining efficiency and other determinants of cost. A large portion of the
widespread interest in Computer—Aided Manufacturing has , therefore , been
focused on computerized production process planning (CPPP). After a decade
of research and development activity , operational CPPP systems are beginning
to emerge.

I The program discussed in this report had three objectives.

I
l. Describe the CPFP system technology.

2. Demonstrate application of the technology .

I 3. Determine benefits of computerized process planning in general and
the demonstration system in particular .

I The introductory discussion below provides general background material and
id entif ies  the objectives that have guided UTRC ’s approach to a CPPP technol—
ogy . The method of approach to benefit analysis is also presented .

I
1.1 General Background

11 Interest in programming computers to generate process plans for manufac—
7 turing parts is world wide and involves private industry , universities , and

I 

governments. In recent years the interest has intensified due to an increasing
awareness of what computers can do for labor—intensive methods of process
planning and manufacturing in general. Process planning procedures that
depend exclusively on skilled or trained production labor are vulnerable to
delays, errors , and higher—than—necessary production costs. Dependence on
such methods often precludes a thorough analysis and optimization of the
process plan and nearly always results in the nonstandardizatlon of processes.

Unfortunately , the complexity of machined parts process planning has

I resulted in computerized process planning remaining in the conceptual stage
I for some time. The benefits are anticipated , but the path to follow has been

unclear. IJTRC presents its CPPP technolo~ r as one possible path and hopes in

- 

- doing so to be making a significant start tovard Automated Process Planning .

There have been several notable projects In computerized process planning
since the late l960’s. Much of the early work originated i n  Sweden , Norway ,
and Germany . In general , these systems , such as SINTEF’s AUTOPROS and systems

_  
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developed by Aachen University , contributed significantly to the present level
01’ u n d e r s t a n d i n g ,  but proved to be too l imited in scope. Other projects  like
EXAPrI and G1~’~U RN were also of in terest , but they p r i m a r i l y  provi ded de t a i l i ng
of numerical  control  operat ions  af ter  much of the  required process planning
was finished. In tiit’ Uni t ed  States , much of the current work is directed
toward the  development of data processing systems capable of s tor ing and
r e t r iev i n g  process plans by coded methods . Although these systems o f fe r
benefits of standardization , they do not address the problems of generating
pn ’ocess plans or economic analysis  of the  process.

in general , the  technology of computer process planning can be charac—
t c n i ~~ed by d i t ’ferent iat -ing between the  basic  t echnica l  approaches that  have
been advocated. Tine hi ghest l evel of’ d i f f e r e n t i a t i o n  divide ::  the technology
U)t 0 the “ van i ants ” and “gerner at ive ’~ pr i  mci 1)10;; . The f’i r ;nt .  In; based on

o r ing t n t  in h ard  procus s plans in the ~‘omput.er t’or S F~~’ I f i n  ‘d fan i i i us of parts .
Us ing a p ar t -  ei :nss  -i f i  e n d -  ion coding t e c l n r n i q u e , process i’l n u n s  can i-ne retrieved
and va r ied  t’or a new par t .  Th i s  approach p a rt i a l l y  automates the conventional
procedure of ’ us ing  an e x i s t i n g  pn ’ocess pl an to produce a now plan.  The concept
is  based on s i m i l a r i t y  of’ fabricated componen ts .  The CA1’P system being developed
by CAM— I is a system based on the variants principle.

The generative approach is more complex because the computer must be capa-
ble of making process decisions . The idea is to provide enough in tel l i g~ rice
about metalworking to allow t ine computer to gen erate a sequenc e of’ operations
and detailed operation plans . ‘rhis kind of system requires detailed input
about- the part design . From this  input , the generative system determines the
sequence of stock removal operations; selects machine tools , cutting sequences
and cut ter  tools; arid determines machining parameters of feed , speed and depth
of cut . A d d i t i o n al l y ,  generat ive systems provide some opt imiza t ion  of the
process p lan by basing decisions on the analysis of p roduc t ion  cost and/ut’  rate.

A basic problem in developing generative systems is the formulat ion and
programming of manufacturing rationale and data reflecti tng sound metal-

working principles . This has led to two basic teehni ’al approaches. One
school of thought advocates a “backward planning” technique whereby the com-
puter looks at the f i n ished  part. specification and works baekwax’d , determining
for each surface requirements for finishing , semifinishing and roughing opera—
t ion s .  The second school of’ thought advo .’;t t  es a “foreward plannir~g” technique
whereby the computer beg ins  with a finished part and raw material description
and works forward producing roughing  and semit’inishinng operations before finish-
ing operations. Both of these approaches have certain advantages.

I t
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1.2 CPPP Technology Objectives

I UTRC initiated its research of computerized process planning technology
in 1973 with several objectives. First , the computer syst em developed must be
adaptable to any manufacturer of machined parts. This meant that the system
should generat e process plans based on the manufacturing methods of a part icu-
lar workshop. Thus, a method had to be developed to formulate and input to the
computer system the rationale for making process decisions in accordance with a
manufacturer ’s resources.

- I The purely generative approach to computerized process planning appeared
to be a capability that would not be developed for many years . The major
obstacle is the difficulty to capture and organize every bit of manufacturing

I logic that might ever apply. Therefore, the best plan of attack was to evolve
the technology toward the goal of a generative system. Thus, UTRC ’s plan was
to include characteristics of both the variants and generative systems. Manu-

I facturers would be required to formulate “models” of manufacturing rationale
to produce a sequence of operations. Each model would be for a family- of
part s. A model would allow CPPP to automatically determine the set of opera-

I tions needed to fabricate a particular part and determine the part surfaces
involved in each operation.

I Although this approach was not considered trivial , It appeared to be
naturally aligned wit h the process planner ’s way of thinking about his work.
It also would allow each workshop to specify its own way of doing business. A

I manufacturer would be able to define standard set s of operations augmented by
the rationale that specifies when an operat ion is required . This approach

I 
could also be used to develop highly sophisticated models of manufacturing
rat ionale covering a large variance of part material, geometry and processes.
The act ual process plan would be determined solely by the design specifications

I of a part .

UTRC also believed that a C??? system should be capable of generat ing

I alternative solutions to a process problem and then pick the best. This Is
based on the fact that there is not a unique solution to how a part can be
fabricated, The sequence of operations, machine tools, cut sequences, type of

i cutt ing tools, and machining parameters can all vary . It was decided that a
1 detail analysis of production time and cost would provide the numerical cri-

terion for selecting the best process.

IJTRC also believed it Important that full part design information be
available to the syst em . This would make it possible to base decisions on pre-
cise part character ist ics, rather than on codings of’ general part features. It

I would also allow for fuJi. analysis of’ dimensions and tolerances and the genera-
tion of workpiece sketches with operat ion sheets.

‘1 17 
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UTRC also felt- st rongly that totally deterministic systems would not be
developed for a long t,ime. There would always be sit uations, where manufac-
turing would want to influence or change computer decisions or prov i de data
that Is mis~ ing in the system. Therefore, an extensive man-machine interaction
c:~pabilit y had 1 o be developed.

Based on t ine above bel iefs, UTRC ‘s chosen approach to CPFP centered around
t h e  following specific technological problems :

1. Define ui An nnl ~~t- ical Framework for Generatln~~Process Plans - The
g e r n e r n i t  ion of o i ’e ces; ’- plan for fabricat ing a machined part requires that- a
i n  n- c c midt i d in t e r n s  i orinil problem be solved . Processes , machi in’s, cutt- I ng sequen—
5, ’:: , I eels nuhi m:i cii in  i h g  pa rnun e-t- 01- :: must hi’ chosen 1-0 mm m u  ze product. ion cost
:ttn d “or nat  e The sit unit - ion ox I n t s wher e  n~ t ernat  lye solut I otis must be examined :-

i i~1 ev:ilu:i 1 0(1 1’~- t ’o ne 1 ‘‘U o :: t ‘ solid ion en in be d et~ ermi ned .

Model M n u n ; n t ’: t c t u ri  U1’~ Rat- iouale t o  Cr cn -n t . e  t h e  ~eq,ueiice of Upt’rat. loris —

A : I -n nn ~I :tr , i  met-hod of modeling moniufactiuring r at - ionnt lc for making process d e—
SiSio l i s  In a computer must be developed . The method should provide the
capabilit y I.e determine requirements for metalcut.t.iiig and special proct’sses
1, heat 1- ne at  mont , plating , et c . ) ineeded to t.r ansform a raw material 1 o a f in ished

~~. ~elect. Machine Tools — A method of select i ng machine tools for met al—
e u tt .  i t n g  oper at ions must be formulat ed and integrat ed into the  overall analy—
t. i cal framework for gcnerot ,  ing proc e:n s plan s

l4~ Celect- Cut Sepuences and C u t t e r  Tools - A method of select i ng cutt i ng
sequence: : nuid t ools for an operat ion must be formulated and in tegrated  int o
he overall :tnal~yt.ical framework for generating process plans. Theoretically,
several ciit t.er tools may qual ify for each cut in an operation . Therefore , a
met t ied of solut ion mus t -  be developed that - ident - if ies t h e  I ype of cut - s  in an
operat I on and t hen ,lel- ermi h i t ’S t h e  best t- eels f rom a el of alt ernat- iv es .

5. Select Feed ::~~ speed s nund Ib~pth of Cut- — A mel-hod of’ del- n ’rmin Ing t h e
feed , speed and dept in of’ cut-  f or a g -i yen cu t t ing  it uat. I em must. be formulated
and int egrat ed int o I t ie  overall nuint l yt ical fram ework for generat ing process
plans . The met hod should include t able look—up and mat-hemat I end model s

Cal culat e Dime ins ions n unt i  To] i ’rnul ces — To general e a dot-ailed process
plan for a machined part- , the computer syst em will be required to calculate

li e dimensions asses I at ed wi th  every cut- in  I he process. Therefore, a general
met hod of calculat ing d imensions and tolerances must. be formulat ed and inte-
gna t e l  in to  I he overal l nmalyi. Ical framework for general ing process plans.

ii IS
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7. Produce Process Plan Document s - The syst em must be capable of pro-
ducing operation summary dat a (sequence of operat ions) and detailed operation
data ident ifying specific cut sequences , tools , machining data , dimensions and
tolerances . It should also genera t e dimensioned view s of the workp iece for

I 
different operat ions .

I 8. Provide Description of Part Design - Dat a describing the part design
must provide the equivalent information content of the blueprint. Therefore,
a method must be develop ed to model the part geomet ry and its physical attr i-’
butes. 

I ~
9. Provide Man-Machine Communication Interface - A standard method of

I allowing a process planner to interact with the computerized process planning E l
system should be developed. The communication interface design must be easy
to use, be flexible and provide the planner with the max imum opportunity to
interact with all decision-making and. analysis functions.

10. Determine Time/Cost Standards - Advanced planning systems will be

I developed to make many decisions based on the analysis of production costs and
rates. Thus, a method is needed to calculate time/cost standards based on
normal industrial engineering practice.

I
I 

1.3 Method of Approach to Benefit Analysis

There is widespread feeling in industry, government, and research
institutions that computerized process planning offers large cost savings.

I To date, however, there has been no significant effort to quantify these
benefits. A major objective of the subject program was to develop an

I 
economic analysis of computerized process planning.

Benefit analysis was approached as three tasks:

1 1. Analysis of benefits of computerized process planning for a broad
I spectrum of industry .

2. A case study analyzing benefits ot’ the demonstration C??? system
for the Hamilton Standard Division of United Technologies Corpora—
tion.

3. Analysis of benefits of the demonstration CPPP to industry supplying
Army missile components and other defense items . Extension of that
analysis to estimat e cost savings to government agencies .

_ _ _  

_ _ _ _  _ _ _ _ _ _  
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To es t  imat t ’ henef ~ t s  for  a broad spectrum of industry , a surv ey  wus sen t
to a large variety ~~~~

. manufastui ’ers.  The survey requested data on machining
‘ ins n tn i costs, it described three process planning sy ::t em:~ and asked

f or  est nmntt ’d cost :; and savings for each. The responses to the survey were
- d e f i n e  analysis cast’s and to set , input parameters t’or a d i scoun t-ed

~‘a. I: :‘ ~~~~ a~ta I~’ :- n :” of’ ~‘actn case for  each ovot em .

Univ i ug part Is i pat ed In CITI’ development i nec l9’~tn , ilain i It on St andard ha:;
‘v;- ~- e d  t he :n t anufac t ur  I ng data and fain! liar! t v with CFPI’ needed fo r  1’ cue t’ i

a : : : n  v .  s . I a anrilyz I ng sniv I ings and cS:~ t- s for  Ilami it s in St a n d a r d , Cfl’I’  ‘
o a n - n e t -  iii I es were oval n -  ted wit i n respect t o  inanufact  ur  I ing cost  f o r  prose::

p I n n s : :  :n t ’or  , innasin I in I rig lab s r , amid consunnabi ~ t soil rig. I rip I emeut at i ci;
so s ncr - i  n’ ’car r iu g  c o s t s  due t o  Cl i i’ i~’ ,’re e::t l imi t  ed .  Tine u t i n l y

‘nrc - i f o r  t vs ~‘}‘} l ca ra t -  i l i t  I t ’s —— t ine Urn : : i s  ::v ::t ~- nr d t ’scr  i t e d  I i n i;n

: - ‘ ;
~~ 

- ; ~~~ :C: - i  a :r’:a’ n t ,iv n nit ’~ ’d c n p n e b i  ]it \ to be , lev e l  ope~i i n  I t i n ’ fat  a re

- a- ‘. ~
-, nat t uk , a urvey C : : mai l ed  t~ a I n n n g n ’ numb er of ~‘cnn l ’ ;nn i  n ’S

- :np l’  1 y I ng :n:n c - i m e  .t p a n t  a t o t t ie bepa rt nici n t or ’ Do fern s e . Tine s urvey des ci’ i t ’  ed

~‘PI P’  5:11 :1 U I l i t  en: :ttrl rna lu e n n t ed  estimate:; or ’ co st s  and ant v  I ri gs- . Ag n i iii ,
a u n v e y  re: a l t  a w er e  nt :u ’d t s de tormi  tie I input s for a di scowi t ed Ca:: h 1’! cv an—
a a is for’ several p a r nu rn -t i - i  cnn ! ly — dt ’ I’ I ti ed cases . U s i n g  pr ocuremoint  C: I i tn :nnt Cnn ,

1:, - !‘n -m : t ’ f i t : ;  I I m lvi dua l esrirpan i en: wet-c then t- m ans 1 nit e,I i n t o  p r o j  ~‘‘  t ed
:; nt v i rig:; t’cr t tie M i  5:~ i t  e Command , tine Arnry , and t t i e  Pepart -ment ot ’ Un ’  f e t n s e

Tint pi’ e l i n t  nary n at u r e  si’ the hemie f i t  nuinly ;; i a r i -por t  ed t ierel  ii nnu:~ t t n ’
e~i . i’ve e t’ t ire t ttm ’et ’ tuna 1\ a is t as Ii:: depend on survey i’e :;poiiSeS . “li t ’

number o I’ ne:: p olice :;  w ;tc  ins t  s u ft ’~ c l en t  for st-at i st- i cal vail ~1 i t  ,v . ‘!‘he nt - n : p en—
de n t a ’ t’nun I l i a r  i tv wit - h t h e  tt ’c t ans I cgv Wa : : u n c e r t a i n .  I t  was ro t  Vent:: I bit’ t o
per t ’er’m 1110 group communi cation amid iterat ion needed to rea ch o, ’n : : e m t a i u :  . Tire
linun l i t  Sri St anita rd annaiv a I S S dt ’pt ’ii~t e i i t  en 1 oca 1 maria fact an i ig prcnrun:’t ci’ :

W it l i e  he anaJ ys I : ;  w ent  I d  v i e1~1 :n inn I I tin result a for 501St’ et in t ’l’ ~-o mt ’nnin  I n ’:: .
g r e n e t  ly d i  t’t’e nt - i t t  r e su l t  :; WoUld be obtained for s t i n t - r n  . F I minI  Iv  , i t  a t n o i m  I
Un ’ inst ed t U n i t t i ne  j udgment of t h e  ~omn t  r u s t  t Clun Wnt : :  ilt ’Ct ’an -:ii ’ I i v  appi  i cd i n

51’ t t i e  ann ly  Sc:;

Ut’~~1’ it e tint ’ et ’ :;t ’ rv ne t i O i i :~ ntt’ove , t t i e  work  i’epe i’t ed here i n :  Vt ’ It t o be n u n
in:l’e m’ t ant advance in t in t ’ economic  as : :es n ;t ;n emn t ot ’ ,‘l’t’I’ . Tile’ attrv t ’Vn :  y i e 1 tied

t int ’ V ii’ :; t kn own comp ii ni t  t om o t ’ I ndus I ry o p i n i o n  on bent’ t it s . ‘l ’he ama ly set; are
vu twi t’ le  as a prel in  i nary ~l u rcmn t  I t ’! cat lo i n  o V C11’1’ !‘t ’nef ’ t s arid nil nno t’xhi U it . a
tnt ’ t hedo 1 ogv Vs r - t ’ut ure tWin i y a i s .

Volum e:; I I , III and I V of tiit ’ Inter in t ’ieport  present -  tin e bent ’ i’it itnaly:; is

for  general I ada:; t i-v . D ata and calculat ions a r e g i vein i n n  do 1-n i l  . Tire sent ent
o t’ t m ean ’  vo l  t Ulle:: n i n e  :1 ummar I sed , i’ut not report-ed in  detail , i n - n t i n  i s f i nal
U -po rt . A I I dat a and on I S U  l a t  I si t : ; i ’on the Haini i t -eu Standard  a t  nn d~ and t i n t ’
U ‘p an t  ment o t’ Pc Vt ’ i t S ; ’ t ’ t ’fl~ fit analy S!:~ are presented inert ’ iii . 
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2.0 CPPP TECHNOLOGY

I
Computerized Production Process Planning (CPPP) is a system to assist

I process planners in planning the fabrication of machined cylindrical parts.
This  would Include parts with cylindrical features for which turning , drilling ,
grinding , honing or lapping operations are required . The system also provides

I assistance in planning cylindrical parts with requirements to machine non—
cylindrical features -such as flats, windows , slots and lugs. Requirements for
milling operations , or others such as EDM , would he identified and their

I operations included in the summary of operations. Unlike the detail planning
t echnology available for cylindrical features , however , CPPP will not plan
operation details for non—cylindrical features. CPPP can also identify re—

I quirements for non—metalcutting operations such as deburring , stress relief ,
heat t reatment , nitriding , inspection and others.

1 The selection of machine tools, cut sequences , cutting tools, feeds ,
speeds, mind cutting depths i~ a complex problem . CPPP attacks the problem

I by evaluating alternative combinations for each operation and then selects the
best ba sed on production cost or ra te. The demonstration system has the
analytical framework for doing the requir ed analys is. Modules are included
for each problem area.

A salient characteristic of CITE’ is its adaptability to different manu~

~ I fasturing environments engaged in metal removal , This has been achieved
through the unique method of “process decision modeling”. T’-is method allows
a manufacturer to define and program the process rationale for fabricating

I parts of certain design characteristics. The process models are added to
the C}’FF system through the data base. This procedure results in extending
the basic e~TPP system with the workshop—dependent methods of the manufac—
tur ing  firm . Figure 1 illustrates the concept .

D A T A B A SE 

1
PROCESS MODELS BASIC CPPP

(WORKSHOP— 
~
..u SYSTEM

DEP ENDENT)

_________________ (WORKSHOP-
- 

OTHER 1 INDEPENDENT)

WORKSHOP -
~~

DATA J
FIGURE 1 . CPPP IMPL~24ENTATION CONCEPT
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“~l : i ’:, a c t  I v~~t i ’~1 t \  C}’k’I’ , a p ;’ocesn m nno , t~’ I wea l d make ~1n ’o i n ;  i e t t : ’-~~ i t  ;~h~~n t ,

~~ ;- n: , ;tr,t non, I :  pi ’ e t ’ ~‘ n - - r n t  I : on :  I ptti ’t :;:nl’t ’nn~’ n -a nt i ’ e cut . i n add I I sin , It t -

I von  l~i d~’’, c -r n: :; tie ;‘~ ‘~~:t I ;‘~-:ne nnt :; Von’ ::on;—mn :eI a l cu t  t lug s~’t ’n’n nt l o i n s .  I n ;  1::
I in ly di’ :: o m ’ It I ing In’ na ina  t ’s nnn :nt t iOu o t’ a raw mat cr1 a 1 o t I n n ’
cn ’,’d ~n t i ’ t  ,

e,I in : 1:5 :tb~ i’;’ i~ a :;c ,’on :d 0 :1 :;t ’mi t ~‘t ;nt m n uct cr1 ::t 
j ,‘ of i’I’I’i ’ —— t he

n: 0 o V ~~‘om: n ; ’t n ‘:~ ‘ ::n - U  I I ng ar id t ’n 1 den :  I gin ; u t ’s t~:nnn t  t o r i .  i ’ roo ; -c: : model :;  ar t ’
1 - 1  ~‘ n : h - : : l  on i m ; ~ ~‘r ,  n - e l  ing  t tit’ dc: :gu a;nd s:- ;’,’jal ~‘r’s ci ’c:- : - t ’;’;’ i i ’ : ,‘nt t i , ’t::- et ’

~l ; : i  i ’ t  . Un - ‘ - i ,’:, t : - i : n I : L t : t  n’ c ’~~n I ;‘n ’n:nen ;t Vo n’ i’ou~ h , a cnn: : V i n :  I :nh n n: d V i ; :  1:: 1;

01- i ’na t on :- ;nn,i a r t ’ ;’ j~~~ I’ i’0~’ 5 - 0 t ’: t 5 t ’  de t - ; ‘ ; : :  m e d  t ’o~ n ’n tct; Int; ’t :nn;’ t ’a O t ’ .

A I i i  :‘ ,I ‘ n n n n n i , ’t t ’r is  , ‘ V ~‘i l i ; .: t hi ’ ;‘Xt t ’n : : ~ ; V t ’ ::::nnn— :: ::t ’t : tie coin::: ::: : ,‘;it I en:

o - i l - n i t  I I I I  \ - ~~0’ t ’ i ’O; ’ ’ :::  ~ l : n n n n n ’;’ , :1:-i ng a ci’:n~~i : no ~i 1 : -p I ;t~ I e : ‘: ::nn 1 , 0 :si ,‘ h s ’~~~ : - n ’

a- . . :n’ ‘n t n : v  I ‘ ‘ V n ’l:; 1 i n V o I i  -: ‘ n r ’ ,  in ~‘l ~~n ’ , ’~’;’;~~ I n  , lI e c n n ; ;  o t ~oo:-t ’ I i )  t’t’V i n ,

:an,I pi ’t’~~ t’, :1 n o d .  t \  CV t ’l’V i ’ l l  : ,U- - ‘ i n n i o n ; , I;~’ ‘ - n : :  o t t  I ’, : ’  :‘ ; n i  h :t ;lI sn:,nt ’ is ~- I:t ::n :imig ,

- i  t:e ~‘:t:: ,- t ’ i t - ct  -on’ ;~ ’ ‘1 ; n I  ;- - :~~ :nt c - V i i  st’ ‘r~ - : - : t I  n o : : ,  I ’l ;; a ~‘:t: : n t  I I i I ci  I n ;: —

i :  I In’ -0 1;’ m e I i  :i:nc~’ ,‘:: ‘on ’ooc . - :- node .- “ ‘ u ’  p n’ sd ; r’ I n :~: n - r , ’c~- -a

A l ’ , b n n~~t n t : ~ ~‘i ’Ul ’  : - :  S t  ~-: :: t o t ,  l e t ’:: , l t V ;‘i,i n ,I t ’sr ;::nnstnn;;t ’d O V I  i mn dm’ioa i p ;nntn:

he c o i n , ’ - :  ‘ - ni p p~~, : 0 r : r n o  n i - i c  e ni l  I :n :: e , ’ t n  tied I :nn t

i’, ’ , Sn ’S’, nsa Ut’ l ow  ;‘i’ o v n d t ’ -. - n it : svt ’r V 1ev s V tin t ’ i~}~l U  : - ~~ St en:; . it: ;-
:- , ‘‘ ,‘t w : i n ’ ;- co inp ; ’ i : c ’::i ;: I In c n - n o s e s : -  p 1 : u n : n n m i g  t’un~~t n o t : : - , n m n d  t i n ’  t :n t r d w ; i r ’ e nt ’t’

‘1. : : ,‘ ,n : : _ :o,1 , UntI a t nt:- ; ’ n’ ;’d ;n nt ’::ni’:;t :i;:,1 I i n p u t  :nn , I  o ;n t  put n n r ’ t - i n n ’  I ~t , It ’d in I ti c ’

-I i  ~nc ’,ia~
; 151 ; 51’ :0  t ’t W :t?’;’ o o: ::l ’on ;cn :t a .  I s  h o w  tug  t l i t ’ 5\’ i ’t ’V  n e w  , :- ;nt : - : ~~t It ’nI ::t ’;’ t n - o n n a

-Ii :; ,‘ac:; ¶1 :;’ t ~ol:un I cal con ;~’c pI : 5 - 0 ::sc i at i’d h’ it ii p1 amt mt I n;g ii :: t S s it t e l i c t ’ c i ’ opem ;nt I en::

p 1  tan I t:~ opn ’inn t ion jet ni l i n ’  on t o u l a t  l un g d i m m e r : ; n o  i: :; ; t : n ,  I I 5 1 t ’niunt ’e:: , :trd n ; mnn: —
‘1;:::; ’ o o : : ’mnnm;  i O n e ’, I on:-

1 n~y a I cnn ~‘v t i \ 1 iv

.‘ . 1.1 ~~~~~~~~~~~~~~~~~~~~~

CPI  1 is :15 l i n t  egmat  ed : :~ 5, c ’:: : Si ’ -° f t  W~I mc soda I e : - , .’\ h i  gin—level 1 n ;eg n’ :~::

01’ t I n t ’ ay s t  cnn j ;n  ‘v :: in: F igu r e  -~ . Ytnt ’i’ n ’ te r n ’ :;CVeii ~~i ’I  I n ’ piti o;’m;l’;’::t ’n t t 5 ,

~‘:to t n  Si ’ wh I ol; j ;n i i  so; t::: ;t ’,h Ut ’ I — ‘n, :

• l i i i ’ U n i t  a I : : n n t t  ;~: ~; ti _ in ;

• ‘l’tit’ ;tnnO ;l:tg ; ’ l ’ t ’ ; i ;’t : ; ;ne r ’_ ,n :;t em

• i ’ t : t ’ i’ n t t  :1 Ii n t : ;t ’

• itt ~’ 
}‘ n’c’ci’: n : l ’ ec r a t  eni nui d Ana~ y a j;i ~y;; tern

__________ — - - . ,—- - —‘—-‘ - - -
- —-— - -- --- 
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• l Ine Vs;’;tUU l :n  ry and Cut App t i cat i sin C_v ::t i ’ll:

• ll;c I a t t ’x ’nnc t I i t -  Ui a p i  a_v Cy st  cnn

• 11:; - 1 u ’co c ’:; : I a : , C, nt  pu t  C_v at  sir.

I t , ; ~ d~~I in i n i p  ut : in - l  i ;tingu:t~ t ’ p nec C:::: or a_v : t t ’ma crov I Ut ’ a m a n u f a c t u r e r  wi t in
t n t ’ : 0 - i n n : .  ‘n o  I - u i  1-i t t : c  i : t i ~,~ t ’ d ;t t  a Unnn :e  required by I ’i’}T. A d e t a i l  de s c r i p t i o n
of I n: - nut :n I-so c I : -  j - r o v  I - i t ’d iri  A p p e n d i x  C. The data base mus t- I-c developed
I ;‘OI i t  :1 n:  do :  or i j  1 on: : o f tine v’oi’kattop ‘s mac m im e and t ool t’ t’::OUrC eS ,
n~-:n .ova :nl ~o v :t : , , ’c ’:: f o r  o ut  t i t n C  :n, n t t  c m l  am , I slen-;ti;c e information wit in ;‘c ’apect

t o  ~‘:1 t I nn ~ s it  :n:tt  i on . : , :nnnc 1~ I I i~~t _ v - :  i t  f c rnn ; :n  t ion and pros can : dc cl s ion models.
I , it I S  :11:0 i’ - -p: I n ’e~I I n u t  prose: : a p lann er: f i n ’ :: t en ter  the part

Us :- I cc: i n: t ~
- t Int ’ -I - n t  - l  t o t :-

Cl i i  r ;’ s U I I  r c :~ i - s t  r t  sl ~’ a mni: I - n t  n equ ival  cut to t l a -  i n n t ’ si’::;ut ion content of
a h i  ini ’ n ’ int . Fl f i n n s  s I n e w . : I he level et ’ data  d e s c r i p t i o n  r e q ui re d . It,
I no t ide s n- s n :-t a h :np i ’ , U : n nt ‘ I I : : or;: , n d  t ’rant ’;~a , su r face  f m l  ::li , geomet -  r I c form
‘or:d i t  j O ;n : : , r n a t t’r i  :11 ap t- s i float idn n:~ and any requ i rements  of : :n nr t ’;ncc  t reatment
s:’ coat  i r igs,  In  add i t  i - c i t  to t i ne  pa r t  ;ie~ i gn dat- a , tine raw tn:at c -ri mu (bar ,
s:i;~ t in g ,  f o rg in f , ext  run ion) to t~ i’ us ~‘d inns I Ut ’ i dent i fi  i ’d and geometr - i cally
-iesc r i b~- d.

Tine language p i -o c e S n ;o r  n :ya t em I:: used to input t o  t h e  system the process
-lt ’ClS  lOin n ;n odc -’l:; 01’ di t ’ferent part t’amil i e s.  Process planners w i l l  use the
oom :pu t t ’;’ mc m’ocesn pla nning  language ( C i T P L ) ,  developed under tine contract , to
pn-ofrmim t h e  lo~t i c  of process decision models. The pro grarinnned models are con—
Vt ’i’ tc ’d i n to  a computer readable ~~Jt ’ I -_ v  t h e  language processor and then stored
i n  I lne  data base. Process p lan ner s u a ing  t u e  c’Ol’I’L language do not require
comp utet ’ progr ammin g s k i l l s .  Time language is more of an E n g l i s h —l i k e  language
t han a compute r programmi ng language . This has resulted from t h ~ objec t ive  t o
develop CCPPI, so’ t in a t  i t  could he used to document or newly s p e c i f y  a manu—

I :tn;-r ‘ a process r ;: I i’s . Theret ’or’e , t h e  language can he 5:101 ly read mind
u n d e r st o o d  by m a nu f a e t u r l n f  people. A i teta l  1 descri p t i o n of the  process plan—
I i i  n :~ language ari d pt’ocenu:er is  pr~ov icl ed in Appe mi di x P.

The Chi ’PL I : tmn f n na ft ’ ~i I I ow:; the pr -ocean :  planner ’  t h e  freedom of choosing
;ocabu lary when forinu Int, lug pu-os eon dec i s i o n  models . Th i n; s l i m  i m i t  en rent-ri e—
tiomis on the process planner and provides the f l e x i b i l i t y  to  express the ra t io-
n a l e  for  fab r i c a t in t l  part fa m i l i e s .  For example , the process planner can use
ei’m:; like the following: deep hole , f ree end , open diameter , exposed ,

counterhore , groove, chamfer , t rue position , dininet-ral tolerance, surface
finish , ct ; ’ . when t h e s e  t,erms are used in programmed expressions c’cf a pro—
,‘saa model , such as:

______  - -  -
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it( ‘— ‘di, ‘ i s . ” ,— I

‘l’urn out: ; s i t ’  : nn m ~ fan ’s on irnanua I I a Lim e I I’
S lit. t” tot’ in n an opt ’ml  d i  ttmnett ~r , (tutU)

U laxnme t - ra 1 t a 1 t r a I n ee  In ;  ~ I t . n f l ) .’ $

t i n t  -V h a y  e a :n pt’o I u’ tnt umnt’att trig . A si mi mp I c  t ’ ncminpti  t ,t’ m ’ e 0th’ , , t i i i  t. be vi’ I t t ,t ’ r i  f o r  cue ii

vincabit I : t i ’~ t e rm  :; n c  that, C1’Pi’ ~‘am t I inl em ’p nt’ t . t lit ’ pm’ogrnimmnmcd sX 
~~~~~~~~~~~~~ 

I on .

_ ‘ , ‘i: ; p n I t  en n ’s ;, t i ’n ;  a re  sit:; I ty added t o  tiit ’ (‘l’Ui ’ nuystt’m through the vocabulary anti
cu t  app I i eat .  lo i n  : : y n : t t ’ m m n . Iii liii ’ above ~XtUin~ It’ , t ine n ’ s t s t ~~ t’ot’ ‘~~) i ) 5 m l  ci it uructt ’m ’’
w,’u I I  I t ’ : : t -  n icn tm’t ::n n nl ’;ns ’t’ dt ’s;’m’ ip t. j o in t o  tlet , c ’ r - r n n  l i n e  ht ~ I t ,  I n n  an n ’pemn it I mtmnet.er —

A , i t ’ t  i t t  I ; h ’n ; s ’ m l  p t - i on ~‘l ’ voe~~ln~1 any pi’cc frm unnn n I n n n p i t ’ m m n e m n t - t ’ s i  for ’ t h e  c t t ’ i m n c c n m n n t n t t t .  I on

i~~m’ I t ’n u s t  1 1 _v I:; pin cy i i  i ’d Iii Append lx 1”

‘(‘t nt ’ t- c ’ s~nn I i’ t ’ i i i t i t  t 5 c , Ic ’v t ’  I c 1  V i c s ’ t t t c U  1 t i n y  n n ’ ; i t ’ :: m’ t ’n l n t ; ’ t ’:: :n I gin I i’l et u m i  l y a ft c - i ’

i ’n ’ , d ,’t ’ ::: li t s shc ’ I:: I ; ntvc ’ t ’ t ’ t ’t t  i min i ; I t ’m i n c ’ m n t c ’ s t  t ’- _ i t ’  c, d i l t ’ s d ’ imlc, ) l’ t ’ i~~ i t ’ t  t ’mum n i t i c ’s .  Mtt i ’ in  c c i ’

V ‘S ;n t ’ l t  [:1 i ’\  l I s t  ~t i -v a unarm m m fan ’ I l i l t  - m n,’ ‘ ; n I ~ I i c c ’  n i t ’  t’ ‘l i n t ’ s! a i ’t c - t ’ l i n t ’ 1’ I i’ s - I it ‘I,

n - l n ’ i  !‘:n nn ; i 1 n c - n : , \‘, ‘,‘ti1 ’n ni ;mi’ ~ Pr’s ’&’- i ’ n ni nn :: c ’ s ct l l c l  a I : : ; c  ‘ c ’  : : t . t i i t n i l i m ’ n l i  c c - I  m t m n s l  i m n m i c i t ’ m m n t ’ m l L t ’ct
t ’~- i ’ un It 11 I p I t ’ nmnttm n nti ’nt ol am’ tr Ig t ’

CI ’l ’I ’  it  I : : s ; i t t  I s I W S  nt r intt mt n n t ’ntc t n t r t ’u’ I ~c s i t ’ 1 ’ t i l t ’  l i n t ’  t-y pe s d ’ cut , ::  I lin t it ummit c in l i n t ’
- I cu lt :n:ikc - . l’~:is ’ ? n  ~ ~ 

- - I ’ em it rc ’c l m t  i’ t ’ : a :: i uI 1c Is ‘S’ n nn l ’it t c i .  S id s i c ’ ( - c c  i t ’  itddt’ci
c t t in t ’ ~‘ l l I : - y : : t  t in ; 1:: 1 : -  c ts ’ m n n ’  (‘on’ t int ’ vs ;i ’i t t ’t t i  t i ny  ~Ir5)gm’nunnH . In  gt’ia’t’mt , t i n t ’

I p c s c I si l t  : t m a t  eit mn ( ‘c ’ u n n n , I t ’  i - v  a milmi ’ it  t i nt ’ m i n t ’ t c m t : : t ’st s t m t  1 i t t ’ i -_ v 1 c c ’ - o m ’ nrn~ t~tt I n i t ’

1 , i t t l i t  sit;;,’ out ‘ n i i n  h i ’  ;tn n , i~’ i-mt mau l t, I p is m i n us in  i r i s  t i c i t  I : :  , It , & ‘ai m hi’ i r id I —

ni I , -U iii t in ’ muc ’ii I n c  t s ’s ’ I  , I ;  t n t  t s ; n : : t ~ . A sie t-ut 1 1 nii ’:; c ’i’ I id n s in  c (‘ ;‘tnt a im p !  t’mt’in t.ti m,

u’s -i ’ t l ie ;lt ’r iis c m t s  t u n i t  t , ’n s : _d, ’ : 1  c ’ m n t  I : :  ~d I ’ s c v  I sit U i t t  A p~c t ’iict  Ix ;; .

li lt ’ I n s c , ’t . : ; n :  s i t ’ ,’ i s t , ’ m n  t t I i ~l n t m l n i  l y : :  I ‘ :d - t ’imr , t i t c ’ l i n t  t ’ m ’ n t i ’t lv,’ sli: npIm ~y ::y::t i n n
tim id t I nt l i ’ s - s c ’: :: p 1 nt rn c c u t  l c nn t s-i  ot  ciii ~~~ -i n tl lint ’ t o t’i)m ’mml t~ tnt’ nine ( c u : :  i t t ’ t- l i t ’  i ’i’}’P
: - ~~ . 1  c ii; . I l n c ’::~ n ’ ‘n i l -  t r t c ~~ n I  :: ; l m ’ i ’ l l s i t ’ } I t ’ n n n i ( ’ i l t .  o f  n im n y mr n armti t ’nn’t .um ’ t’r or tdm trt t’iunt 1 i i ’ : : .

Ti i t ’  ! m ’ O n ’t ’ : . : :  ‘I t ’S I : :  1 — c i t  u n i t  t u n a 1~’ :; I n n  s: ’c’s t  t’ iit I n n  I i i , ’ “heart- ’t I’ t.i~ Pi’ ;c s ’ ’ ::: : p l a n m t n l t m g
t 1 1 ty — It c ’s t n t  a l it:: t i n t ’  iii n c s t t i  I t ’ s :  t i c  r’ t ’t r i  t ’V u’  t I n t ’ part  n i t ’ : :  I g in  s la t - tn  m i n d  t i n t  -

in iit~’d~’ in ; t l ’ c ti i l  t i n t ’ - I n t l  ii ( n i n a ’  t t i l s I  l n ~ V I n i t ’ : ,  t i m t ’ nina i i i  : ; c , m t c : : v  ::t sl i t ; :  t ’-ot’  gt nnt’m ’a—
I h u g  t i n t ’ : :c ’ n I n I t ’i t ; ’ t ’  , ‘t ’ , c 1 c ’ i’~ i ’ n  l i t : , i t IrItmini m g  s n l c c ’ m - a t  I n n m  c i t - i  i i i  I: ; ( n n n , ’ l n  1 i i i ’  t c c c i I : : , ‘ui-

- l i l t  ‘ I n , ’ , ’:: , I ‘e l:; , ; t i n ~i i i t t t s ’ l t  n i m ’n rig ~ttt t’ tLimmc ~I c i ’ :: mi nd i’lL ( S i t  l i nt I irg W c t i ’ k t n  I set’ ill n e m n :; I inn : ;

amid I - I t ’ m ’ niil5 ’e.: . l i t 5 ’ 1 11 , 1  c - - I  i i i  I tOo i sn ’t 5 ) ’ t int ’ :: y :1 em I :: t i n t ’ uns as tu It ’ I t i m  I. h u t ’ t ’ —

I c t ’ t - t :  t i n t ’ s ’ , t c l t ’ni t~~’iu n  c i  * tnt ’ I’ i ’ ’,’t ’ 55 inn , ’n tt - t

‘ l i l t ’  j u t  t ’ ‘:15 ’ 1 I V t ’ n i l  :;
~

c m i _ v  :: : ,  I ciii , ‘ , d m l : :  I i t  ;~~i~ a l  I t hi ’ m mn ~’s1nn  I , ’:; a n l l c I c , c m ’  I I rig
s nn i nn i ln  i o n t i -  n ‘~ n l :  ( c i t wt ’c ’m n ut I ’ m ’  s ’e’ ’; 

~ 
I t t m n m n e n  m i nd  Ci ’l’l ’ . ‘l u cre ’ a i’ t - i n t u t  t h i l t ’ t r i t e r —

;t ~ ’ t -  n emi pit ‘L i n t  • : at wit join ( . i n i ’  i ’ m ’ , n , ’~~’ :  p1 a i n u e ’r ea r n  i ’ c ’V I ,  ‘w ~‘n’ nmnost I i \ ’  d i n ’ Un i s ’il : masts

by ‘f’(’I’. ~c i U  i t  j 5 d i i n t  1 iy , d i : . 1 ’ L i n 5i : - t i l t ’ l l n : c ’ , t  I ’’ t r i l l - i n t l  t ’ n e i n t i  t . t ’ i — im m i m c m i i ’ t in t ’
‘I’ ll ’ ::y::i em it nu n si I s ’ pr~nV I ni t ’  I i nt ’s c u — m ntt nt i n c i i  t ’ i’s t iml t h e’ 1l i t t a I n n - c -

‘l int’- II i ’ ’ c ’ e ’ n ; : ;  p h  ami o u t  put . :n ,\- ::t i -Inn l c m’ s t st tio,’:: I l i t ’  : - t l i l n I l i m i _ v  ‘i ’ c t’~ ’ m ~~~t I s c mns
It- I ni l 1 5 ’j ’c ’ m ’ : i I  i -Oil  :d I e ’ i’t  :n .  i l l  t’acin , ‘ n n : e ’ , I i n , ’ c l i i i  it i n ,  ‘ n u t  p i n t  t i n  it at  ati stit ni l mini m .

i t  w~ d i n 1. I i t ’ a a i n n i c i  ,‘ inn ~ t i t - i ’  I - c ’ i’~ t’n ’i ’i mmi t t  I t i e ’ ,t n n t :n i 1’ a i t i t t i  cm i n n , ’ t t i i ’ t ’ i ’  c i t ’s  m c ’’! it

I t ’ t ’ c ’ i’ c ’ ~ f - m i n t  s i t ’ t ins , c . t t  1 - t n t  . l ” i g n n m ’ c - :: , ‘in t ’ l ‘ - i c - p c - - i  i v c ’ I v  a m ’  -w t i re  : : n i r m n i i n r n n ’ v
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of operat iotio and operation s}mc’eto - The former p rov i des gen eral part I nt ’or—
m : m t  i on at t he t op of t he page and t hen lists sped t ’ Ic Information l’em’ each
~~~~~ r~i t i on 0 ~c~ ’t’at i on numb er and des cr 1 pt ion , mach inc tool , department. et ~,qc

~u~~1 cycle t~ 1 mc , etc. The det all  operation sheet provides general oj c c ’rat  ion
~I~ t at t he top and then i dent i f  I ~-a s the  sequence of cuts , feeds and
and t oo  i s  requl  red - ‘I’he operut .  ion  lmee t also provides  a d i Iflt ’ I l0  i oned  sketeli
of ’ t h a.’ work p i t’oe as it wou l d  look following the operat 1 0 m m  - Di met-ms i ot is  and

o i t ’ t ’ ’ (’S are g I vet i  t ’o m’ each cut

l i’ t’~ c~ ’e50 P1 ann i zig i” un ct -  Ions

Fl gor e t - ikcw a i i i  gI~— 1 (‘V ci view of ’ I he three  pm ’ i mn,i’v ‘O O( ’ so p 1 ann i zig
t uuct on~- ~c l  ~‘ I’ I  I . ‘I’h eV at’ ’ om ’gan I ~ed f o produce a i c m’ ~~~.,~o p 1 t in n t ,hr C’a ’
11i - - ~~t amid c ’pa t’ at  c ’ s t c ’ps  . T u e  t’t i’ . t t ep gc ’nc ’m’ tc t  c ’s I I t ’  O t ’q U t ’t t O ( ’ of ’

- ‘pc ’t’at jouS, it ic c ’g i n c  wh en  t In’ ~‘ m ’ ~ ’~ ’t ’s~’ plan ner i nput s mc p t i m ’ t  muunb t ’r  t o  t l m t ’

~ V s t c ’ltt . i ’ i i c ’ l ’am ’t nu inbe m’  i s  :~c ’c1 t o  t’ c ’t . t’ jt ’vc ’  t h e  d c - t m  i gn  ,hm t tt ’ c ’t~ I i s ’  data
c . l’hc ’ z’ sc,’ ni:c t or 1 :m 1 ~1i ’o,’ m’ 

j pt. j on Sic t S c,.’ i fi i’d l’y t h € ’ mann l’: mL ’ t ,ui’ i’i’ I ’, t’ 1, lie
p m ’cic~ ’s~ w o u l d  also be r et  i ’ i c ’~’cd w i t  Ii the  part  d e s  i g n  data. iTI’!’ dot ’s not
U 0 1 O Ct  o raw ma tt ’r i al the requi i’emeut- nun I icc ’ det m -’rmi z med a cu t  s i~lt’ t la’ sy I i ’m

m u d  i dent .  I t i e d  i r i  t - fme data t ctn . a’ . A l  o c t  conta ined in t h e  den i g m t  c h i t  t i  is a
c i  t l s s i  1’i ea t- ion ec ’dc ’ I dc’ti t i fy ing  t h e  p ar t  l’mun i ly to w i m i  cli t h e  part  b e lon g s
cISiij,t L’OdIi ’ 15 c.un’d t o  ret  t’i eve t h e  mtppz ’op r  ate process model I ’m-on he d a t a

~~~, 
c~t~~ cocit’ can he desi gned t - o prov I de any I eve I of ’ ci miss i f ’i o t t  I i o n  de n i red

by t I me  manu t’ac t ure r. in t, he demonst rat ion system • par t t’wn i i i  en mi re  pr I mar11 y
bi’ok c ’ m c down by t’unet. 10mm • e.g. , compr enso m ’ seals , vul von , I c ’ c ’Vc ’ t ;

The i ’~~ m i e m i c  c ’ 01’ 0 pe rat  i omm i generated w i t  Ic t he  pm ’oees mode l alone em’
by a comb i nat ion c cl ’ t ime model and process planner I zmt .eraot . i zig wit it t i m e  :;y U I ~‘m
‘hc’ mode I i prog, rarmmz ed to d et ernm I n c  a sequence ot ’ operat. i oils but cd Ofl U pee it ’ Ic

ge otmie t -  m’y and material character i st, I cs found in ti m e part  cli’s 1gm dat-a. The
~ , eI t er at .  c ’d seqm mence  wotmi  d cont ai n hot- h meta lent- ting and zion—metal c’’1it - t i t im ’, c cPe r u t —

t- Ions . Add i t  I onal I y the  spec it ’ I c’ part- nm m z’ t ’~~~’ ’U  ccr f ’eat ,ur’ t’s e m i t  I mm an opermtt i Oil

would be I dent i t ’ i cc! . Also , part surfaces requi ring opec i mci p m ’oc ’euusc ’n  su etm . m i s

n i t  riding or p lat I zig would be ident if ’ 1 ~a~j wi tim t h e  o per at i on . ‘I’ii i p1 ~U1zI ’m mm 1.’,
t une I ion  is  1c I’i nec! in greater clet ,a I Iii ~~~~ ion ~ -

Hi ’:; nit :; of’ t i m e  1m m it I a1 p 1 mum i ng f u n c t i o n  are st 0 re~i i n  the  dat a bas c ’ i n
1 is ’ t ’ur ’m o t ’ aZI operat. i c 1 J i  mat r i X , crht , mat - c i x  i 5 organ i  .‘~ ‘d 50 1 1511 0 Ofli~~ I et c

umnmzcry i n  t ’ot’tn t t t  i ott I s known t t l t c c u t  any o i c e z ’ m t t  ion  or par t  s u r fac e ,  c it lit ,  d at a  in
U . c d  hi ’ mc m il co edt mien t. p ian n I ng t unc’ I. j on:; 1 0 cI t ’ t . c m i  me win.  I t i m e  W O rk p i t ’cc’ :; im ou Id

c cok Ii ke after c ’ttc’ ii  opt ’ rut I i o t t .  For exam ple , t he mat- r ix sp ec ’ it ’ i a.’:; f or  a ’~ t 0 i i

p am ’ t , ; u m ’ t ’;c , ’ c ’ t i m e  t y p es 0 1’ ccpt ’m ’ z c t  j o l t : ;  r equ i r ed  to I maims fomnm t h e  raw matei’i  m m !
to a (‘i n  i died pa rt .
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- crhc second planning function will generate time details of each operation
defined in t lie operation matrix. The task is to select machine tools , cut
sequences , and cutter tools and to determine feeds , speeds , cutting depths ,
and number of cutt ing passes . There are many variables and interdependen cies
I n making detai l  dec i s ions  of the above type . There fore , an analysis procedure
huts been deve loped  to evaluate alternative combinations of machine tools , cut
se~~m n ’m ; c t ’:; and cutter tools for each operation . The best combination i s  chosen
base d on optimum production rate or cost performance. As in the first planning
function , the proc ’s:; planner has the option to interact  w i t h  CFl ’I ’  to review
or mod I t’y dec 1 :t i on:; made .

‘ L i m e  detni ~l plann i zig function is factored into t h e  :;uht ’utic ’t I on:; iden t  i f’i ed - -

he low :

• I 1ot . emm i t i e  c ’Ft tici I dat e m a c h i n e  tools

• bet-ermine candidat .e out sequences

• I)e t ermine types ot’ c u t s

• ~eieet. candidate cut ter tools

• Det .ermnine m a ch i n i n g  parameters

• l)et .erm imic ’ production rates and costs

• ,~~‘e i t ’c’t -  bc ’~~t. combinat ion of’ tools

• ~eIect best machine  too.I and cut - sequence

Time s e m u ub funct  ion s mi re  desc ~‘ i bed in  greater detail in ~ eo t.ion c cp i i~~, manu—
fac turet’ TItUS t, p roy I d e s  ‘ve ral k i mids of data to support plann i ng of ojce rat  i Oti

d e t a i l s .  l i i i ’ dat  a r equi red Includes machine t o ol descri  p1 i on:; , l i i i ’ 1 ,V ~‘e5 01’

c u t  mu made by ; ; i~’iu i men , o t  ock removal ai lowan ces • preassigned cut t er I oel m u , and
machi mm ah i  l i t .y  data.  Add t. ioriail y ,  the process planner mus t spec ’ i fy the
approximate  lot mu i Ze and production cm ’ i ter ion t 0 USC’ I ri the analysis

The output generated by time det a i l  planning funct - io n con si 51:; ot ’ 1le t - ; c i  led
ope rat i on dt ’nci ’ i p 1 ions and product ion t i m e  and cost- data. The opem’mi t -ioti data
is mu t ored  in  the  data icase for sub sequent use i n  calcu lat i ng ~l imens ion:; and
tolerances.

The Lii i i’d planrzi rig f u n c tio n  calculates the  actual workpi oct’ di mens Ions
and tolerances for each operation Prior to t h i s  step the system works only
with nominal value:; - Ti~c ’ r ’  fort’, th is t’unct ion also mmccvi ’:; t o  en sure I l i t ’  p at ’  I
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can be made within tolerance by the process plan . A salient characteristic of
this function is the use of tolerance chart procedures for an alyzing tolerance

I buildup and calculating dimensions . To do the an alysi3 and cal culat ion s , the
- - manufacturer mus t provide stock removal allowances and tolerance data. The

output produced is used to generate operation sheets with dimensioned workpiece

I SketChes. ‘l’itj s function 1:; dese rib t ’d in greater detail iri .~ect ion .~~ . ‘~e -

I 
~~ 1. ~~ Hardware

The hardware required by the Cl’I’I’ s y st e m  coz i si st s  et ’ a general pux’pcc :e
computer with common peri pheral devices , a gr aph i c d isp l ay termi nal , and a

I hard copy line plotting device,

The CFI ’I’ system was developed on a gener al purpo :;e computer ut’ t h e  t I N  I \ ‘AC

I i 1 c,~t~ 
- lll m~ class. Modification (‘or’ use on such genera l pu r p ta ;e d ’om pul I ’ m ’ S- m t -s

i-lie iBM ~t-.i) and ~‘(1,i models can be accomplished w i t h  r e l a t i v el y l i t  t i c ’ ef fo r t .

I A:; currently :;egmnented , C?!’? requires about tcO ,000 Wox’dm ’. o t ’ computer
memory . This requirement can be reduced or Increased by v a r y i n g  t h e  software
organization . The computer memory requirement is somewhat dependent otu t l t t ’

I complexity of the process planning problems to which the system Is a p p l ied .
Complex part families and process plans require more memory than simpler O U t ’S.

I Disks or other d ir ect access dev ices are r equi r ed to :;tom’c time Ci’l’i’ :;y:;t- em
and the manufacturing data base. The system itself requires about ~~~~~~~~~~~ words ,
i t ’ source (symbolic) and object (relocatable) code are stored . if only the

I load module (absolute code) is stored , about 60,000 words suffice. Storage
requirements for the manufacturing data base will , of course , vary widely .
The smallest viable data base will require a few hundred thousand words while
very large manufacturers will  require millions . It would he practical to use
magnetic tape , rather than direct access storage, for roughly half of the  dat a
base.

The C!’!’? user Interacts with the system via a low cost graphic display
terminal. The system has been implemented for TEKTRONIX 1t006 , 14010, 14012, and
1t0114 terminals with 021— OO T li --00 Optional Data Communications Interface or its
equivalent . A full duplex transmission rate of at least i~ OO characters per
m ;e~~ozmct is recommended , (Slower rates may be used , hut noticeably degrade

I system performance.) Software support is the TEKTRONIX PL.OT—lO Terminal
Control System and Standard FORTRAN Subroutine Package.

1 A line plotter is used to generate workplece sketches for hard copy
process plans . C??? currently uses a Ca lComp plotter with a local software
package. Conversion to use other line plotters and/or software packages can
generally be accomplished with little effort.

‘I
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2.2 Plan Sequence of Operations

To develop a sequence of operations for a machined part , a process planner
would consider the part shape , dimensions , tolerances , finish and material
requirements , and special process requirements. Generally speaking , the pro-
cess planner prepares himself for the task by organizing his thinking in
accordance with some key characteristics of the part to be fabricated. For
example: th e part is cylindrical and is made from bar stock of AMS 5630; it
has a thru bore; L/D is Less than 2.0; tolerance requirements are less than
.001; surface finish requirements are less than 16; etc. Based on such in-
fo rmation , the planner calls on his  experience to formulate an overall pro-
duction approach. IT!’? provides a similar approach to generate process plans.

2.2.1 The ProI~erties of a Process Model

The CITP system allows a manufacturer to specify to the computer the
ra ti onal e for p lanning time f abr ica t ion  of a part . The method used is called - H
i~rocess dec i s ion  model ing.  The funct ion  of a process model is to determine
for a speci f ic  part the  requirements for ( i )  metalcut t ing and non—metalcutting
ope rations , ( 2 )  operation sequence , ( 3 )  types of machines (or specific machine
tools), ~~4) specific part surfaces cut by metalcutting operations , and (5 )
special processes .

FIgure 7 shows the k in d  of operat ion data that  wou ld  he generated by
a process model. The number cf the operation in the sequence , the operation
desc r ipt ion an d the type of machine tool are determined for each operation.
In the example, Operation 0010 is a turn and face operation on an automatic
bar machine . CPPP would determine the best bar machine to use when planning
the  operation details . Operation 0020, however , shows that the i~i&s H’A C’
(automatic chucker ) Is to be used. This illustrates that process models can
call out specific machine tools for an operation. Figure 7 al so shows
another important characteristic of process models —— they identify the
specific part smm r t ’a~’e ’ machined in a metalcutting operation or affected by
special processes . The heavy lines show the affected surfaces in each
operation. With this information , CPPP determines the geometry of the stock
removal in the operat i on. This  data is required when planning the details of
stock removal.

Figure 8 shows the kin0 of opera t ion  data that -  w i l l  he known about each
part surface following t he planning of a sequence of operations . View A show s
t ha t  t h e  counterbore requires a total of five operations to achieve blueprint
co ndition s . The rat ionale for each of these operations is given in the process
model. For example , a f ina l  lap operation is required for bores whenever
surface fin ish  is 8 or less , diazn etral tolerance is ti ghte r than .000 14 , or
form conditions , such as straightness or roundness , are less than .0002. If’
blueprint conditions for the counterhore were not as tight , then the grind

.“—~~~ ‘~~~~~ —--.~~~~~--—‘-- -—— -- - -‘ ~‘
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could be the final operation because ID gri nders are capab l e of producing the
f i n i s h  condition. The rationale for the second grind includes t ime requirement
t o  r emove the “whi t-c layer” left by time previous nitriding process. Thi s
i’m ’s ti lts in r emov tu g  the  out .  side 1 ayer of the hardened ease which has poor sur—

e iii tegr i ty. The in it- i a I grind is required to “prepare” the our face for the
n i t  ride process . ‘the b~~ t ’t’ operat ion is cal led out by the pr m ~c t’S model to
shape t he ccmun t-er’i?or’e. View B sh o w s  a different situation . In t h is  case the
pros t ’ SS  node I t’ m ’cegn i ~~t’~~ i’equl m’emne m t  t o  for only two operat- ions : shape t lie
shou l,tm ’r ant t’ t n t  oh gr 1 mmd t o  meet . bl uepr in t  condit ions .

I’lm ~ al’cve exainpi t ’s rin d d iscuss  ion i l l ust r a t e  that process models deter—
tnt ne ~-pm ’t’mtt ion re~~u i m ’emm ’ilt s based on t lie part  des i gn spec i ficat ions and the
S i~ ’t t ~ - i ii i es or  : t v mt  I I at’ It ’ pm’odu~’ t. i on  methods . Iii one cas t ’ , grinding and
l i ~~ - i m m g  w ere  r equ i r ed o t ’ i mm i si t  a s u rfa c e  amid in  t ime  other only g r i n d i n g  was
requ i red. 2onm ’ our t a cos may requi I’m’ on l y  a t urn ing  operation to f i n  i o u .

-) show s t I - ’  ki mmd ot ’ l :mt :r t h a t  t o  ~‘otmo I dered in ~Ievelep i ng t ime r a t iona l e
a process  mode . l’yp i cal ranges of surface t’i ml sit obtainable by various

p m’s ,tuct I c m i  met  ho~ls are s i io w m m.  The information is for general guidance only
1-esa ust ’ o t ’ the many v ar i ab l e s  in pm ’oct-’ssing . Each manufacturer would incor—

5:1 ‘ i i i  o it s tnode 1 t he  kt iow l  edge o !‘ sur t’:t~’t’ t’i ml  oh ran go s t’o m’ u . s own

w o r k sh o p .  The ability ot’ production machines to hold tolerances under certain
condit io n s i s  ar istlm ei’ e1xanmple of information considered in the formulation of’
pr’ e~’t ’ss m o d e l s .  Requ irements  for special processes , such as nitriding , are
determined simply by t h e  specification called out in the  blueprint .

A process model would also include rationale based on t ime manufacturer ’s
ex pe r i e rmot ’  or pract ice. For example , i f  th i n  walled cyli ndrical parts over
a ce r t a i n  t - -’l’t range frequently present  d i s to r t ion  or out—of—round problems
ht’~’a u sm ’ c t’ the pm ’ocess or machine  t oo is or t’ixtures , ti m e process model woul d
Include intermediate machi ni zig s t e ps  to ens ure a good part

.‘.2 . 2 F ain i ~y of Parts  C l as s i f i c a t i on

d e m m e m ’ a l l y  speaking , a part  des i gn can ho exaxn irmed in the  computer by
ant  omati .’ means and op”m ’at ion r equ i remen t- s for  each su r face  determined based
ott  tim ’ t i m ~ oret i c a l  c m m p a h i  l i t  it ’s 01’ various product cmi methods and the  I nitial .
raw mater i a l  st at e .  A more d i f f i c u l t  problem , however , is  sequencing the
opem’a t ions. The sequence is based cim machine  tool  capacit .  ies , operation
pm’ecedence , and pm’oct’so requirements.  Time latter inc ludes requirements to
ma ch ine locat ing surfaces . CPu ’ currently deals with the  sequenc i ng problem
by developing proces s models for families of parts. A manufacturer is able
to formulate pz’ocess logic for  part fam i l i t ’ s  more easily because there is
ciii  v a f t  n i t  e number o I’ design cha rac t e r ist i c s  to consider and t here is
im immt l ly the pm’eces:: m ’x~t’rience to draw on.
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I ROUGHNESS HEIGHT RATING IMICROINCHES AA )
PROCESS

2000 1000 500 750 125 63 32 16 8 4 2 1 0 5

I DRILLING

I CHEMICAL MILLING

ELECT DISCHARGE MACH

I MILLING ~~ — — —BROACHING — 
— —

REAMING 
~~~~

- I BOR ING , TURN ING 
~~~~ ~~~1

_ZZ
BARREL FINISHING

I ELECTROLYTIC GRINDING 
—

1 ROLLER BURNISHING ~~ — ~~V GRINDING

I HONING Z2
POLISHING ~~~~/•‘7’~ 77

i LAPPIN G -f .1(71
SUPERFI NISHING 

_______ _______

I _______ 

A V E R A GE

VJJLA LESS F R E Q U E N T

I F IGI T R E ~~~, TYPICAL SURFACE FINISH RANGES FOR PRODUCTION
PROCE SSEB ( D r i t a  produced by general Moto r s  in l~

’
~
’ 1 1

I CPPP allows the manufacturer complete freedom in defining part families.
Figures 10 and ii show four different part designs . They are all sleeve

I components used in fuel controls. The part geometries are quite d i f fe ren t ,
The two parts of Figure 10 are made from nitralloy bar stock and require
special processes of nitriding , copper and nickel plating and electrofilming .

I The parts of Figure ii are made of AIdS 5nln steel. The sleeves normally do
not exceed n i n .  long or i~ in .  in diameter. They have t i g h t -  tolerances and
finish. They may have thru bores. Each of these parts require a nitriding

I process different from the parts of Figure 10 and different from each other.
In one case, Type B nitride is required and in the other Type A n i t r i d e .
The processes involved are quite different .

The grouping of sleeves into part families for purposes of defining ‘I
process models can occur in several wa ys. The sleeves of all four t y-pes could
he classified as one family . In that case, it would be necessary to “code”

I all parts as “ sleeves ” and one process model would be defined for all possible
geometry , material and process variations . This would he a fairly compiex
model. Another approach would group nitralloy sleeves and A115 “bin sleeves of
type A and B nitride into their own respective part families. This would
classify parts primarily by process —— the process models would then he

I required to accommodat e shape and geometry variat ions.
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FIGURE 11. EXAMPLES OF SLEEVES REQUI RING DIFFEB ENT
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I
Logic would be included to machine noncylindrical features (slots, fiats ,

J i windows ) and drill holes if they are specifi ed In the part design . The
seq uence t’or installing these features would depend on “timing feature” re—
quirements and the type of feat ure , Cer tain  features that break In to  the bore
c i t ’  are of a certain shape may not be installed until later La  the proce ss.
The general outline above shows that these features are Installed follow i ng
any requirement for nitriding ,

I ‘Pime logic for hardening time part by a nitride process and plat ing surfaces
‘out  I depend on several variables . Part material and the type of nitride

I ~~‘0’t’t~~t specified are key parameters upon which the sequence of operations
depends . Only under certain conditions Is the entire part nitrided. In
situations where specific surfaces are to be nitrided , the process model must

- I t’u’ o v i d o  for masking , Time masking process is dependent on the type of part
mu tt ermal . Requirements for final plating (e.g., nickel) would follow t i m i ’
n i t r i d e  pm ’ocess and the removal of th e protecting mask material .

Requi m’ements l’or f i n i s h  macimining (hone , grind , lap) are dependent on
t c d b t ’ i ’ i t t iSO , surface f i n i s h  and form conditions and whether nitriding is re—

I g i i l i ’e~1, Time f i nal ope rat io n s to be covered by the logic are requi rements for
in s p e c t i o n , cleaning , marking , preserving and packing. The requirement for
e l c ’c t u ’ o f i l m i r m g  would also be determined in t h i s  pa r t of the model.

pile end result of incorporating logic into the general process outline
for a part family is a process model. ‘pime model will generate different
u m c ’q tmeu mc t ’s  of operations conditional on variance in design data. Figure 1, ’
m ;h oW ~ an example of am-i operation sequencing structure that might he found in
a process model. Each element or box is the equivalent of a sequence

:I “branching ” logic or a test for generating an operation. Boxes from which
c i t  tic ’t’ of two “paths” can be followed are branching elements of the model .
- t ’ t i i ’  path followed depends on whether the specific condition is true or fa l s e

I ( ‘or t ime pa r t being planned.

For example, boxe s 38 , 3m ) and liti might hi’ elements ot ’ the proei ’ss model

I t o  install noncylindrical features ar id stress rel ief  the part I f  the mater ia l
is AMS 56Th and type A nitriding is required . Box 38 would perform a test. to
dot-ermine if th~ part material is AMS (~l(~. I t ’  the answer Is true , the proc’i ’m:s

I model would nranch to box 39 where another test would he made to determine if
the part has a requirement for type A nitride . Again , if the answer is true,
the process model would branch to box 140. At this element a test might he

I made to determine if the part has a timing feature requirement th at should ice
Installed before machining the noncylindrical features, If at any of t hese
branch points the answers were false, a different path would he followed . A

I false answer at element 38 , for example , would result- in a transfer to box 1 4 c .

This  element would be a test for generating a nietalcutting or non—nietalcutting

I
- ‘  -~
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operation , suc h as an OD grind on a centerless grinder or copper plating

I surfaces. Whether an operation would be generated would depend on t he design
characteristics of the par t being planned.

II It C~ti~ (m e seeii in time example of the operation sequencing structure t imat
there are twelve  p o s s ib l e  paths . ‘No of time paths are :

I (
~~ ~~~~~~ ~~~~, ~~ ~~~ ~~~ ~~~ ~~ 14~-~ ~~~~~ ~7, 148 , no , 70

(. ‘) 37, 38 , I( c , , 146 , 1~)

I l’til mm means there are at least twelve sequences of operations that  could be
generated. Timere are In fact many more . For example, boxes 37 and 145 are

I tests t’or generating operations. Depending on the part design , an operation
nmay or may not be generated in e i ther  case. Therefore , In path (i ’) above ,
fout’ (I i  t’t’erent oper’at ion sequences could he generated . f’ i m i c e  both of ’ t-hme se

I 1-oxes occur in all twelve posmm I ble paths of time operation sequent’! ng structure ,
t imer t -’ i s  a m i n i m u m  ot’ forty—eight ( 148 ) possible sequences of operations .
boxes 41 , I i , ” , 143 , 1414 , 147, 148 , In) and 10 are also t e s t u :  for generating opera—

tons . Titus , t h e  number of posmiible operation sequences gets much larger.

Time remainder ci’ thIs section will illustrate the different program

• elements of a process model that are represented as boxes in the operation

I sc ’clul emm c ing  st ruc ture c,’ct ’ Figure I :~ . The elements of logic used to t’orm a
Pl’c)ci’sm m model are:

I . simple metalcutting axiom

• multiple operation metalcutting axiom

I . sui ugl.e feature metalcutting axiom

• non—metalcutting axiom
• branch ing  or program transfer axiom

, ‘ . , ‘ . L I 
~ t e Metalcuttln& AxIoms

I Figure 1 ~ is an example 01’ a simple metalcutting axiom that would nor-
mally be placed at time beginning of a process model. The rat i onale In  t h i s
axiom is to machine any outside surface of ’ time part on an automatic bar

I machine conditonal on a surface being an open diameter , an exposed semlopen
diameter, or an end . This axiom would cause CPPP to generate a turn , face ,
and cut—off operation to shape a piece of bar stock and cut it off. The type
of data generated is shown in Figure 7, operation 0010.

Axiom vocabulary and structure are important in fomm,ulati rmg the rationale.
Time vocabulary includes key words. For example , time term “outside surface”
will cause CPPP to only test surfaces on the external periphery of’ the part ;

I
‘ 1  1(3

- ,~~~~ ~~~~~~~~~~~~~~~ 
— - -
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‘l’urn ou t s i d e  surface on Mc01400 (Automatic Bar) in normal if

Surface is an open diameter (or)

Surface is a semiopen diameter,
surface is exposed (or )

Su rface is an end $

F~GURF~ 1 1. ~:x~
j
~
jp
~,i: OF AXIOM TO SHAPE BAR STOCK

Logical expression : A + ( B ’C)  + D

at  i - r u n  I - ;  n ’ f n m c  t ’s sn’,’ macf i’ onmm mider e d  by Li i i  m m axiom . The t erm “ mmo r mnal ” meamms
t ~:m t t i l t ’  I’ :mr~ des i gmi should i c c ’ cm’ i ented i i i  the direct- ion of normal . On enta—

i cii UX I cmii. — m t r e mist ’d t-o def t  lit ’ t ime normal o r i en ta t ion  of a part ; o mi t ’ of the
f i n - s t  mi x i 0111mm c t ’ :t I c r ’ cc e m m s model would or ient  t ime part for  subsequent CPP}’

m m u n L l V m ;  i mm . 1, -m an . l i k e  “open diameter” , “ semioperm diamet er ” , “exposed ” , and
“ , ‘ n m d ” ii ma ’ c,’oc m tt u l  m m m ’ v  n, m m m ed by t ime manufacturer  i n  f o r m u l a t i n g  t i lt ’ procc ’ mm mm
iflOmli’l . Tht ’j  m’ meaning mus t be def t mm c d to CPPP. Appendix 1” defi i t t - m m  vocabulary
terms used i n  tIme dm ’tnotim m t r at  ion process model (‘or a part t’amni ly of rm it r al loy
mm I 0 eve

‘I’ime st rue t ux’e of  arm axiom is equ.i valent to a Bool ea mm ( l o g  i cal) expreas 10mm .
t - xp ma’ m m s i cmi mimus t I ce  I rue for at I t ’u m ;t  one part 5 Ut’ f a re  he I ’ c m ’ t - an opm ’m’ mt t. ion

can ho ge’nerat~ i’d. A l l  sue faces i’or wim i  cii t i m e Boolean m ’xpm’ emm m m 1 0mm i mm t rue wi 11
he t’ut in t ime opt’ r’tt I O I L .  I t ’ the  Boolean i’xpres m ; i o n i mm t’a lm m t’ for ii i t  part sum’—

an operat i cmi w i l l  not be generat ed and CPU ’ w i l l  go on tO tii&’ next
ax i om in  t im e opt - ’m ’at ion sequel-ice structure,

Time RhoVe axiom resuit m m in a simple Boolean expression :

~-\ + ( b ~~C~~+ ~ = (i ,o)

wimere

A = ‘oper m d iameter ’
11 = ‘ semiopen diameter ’
C = ‘exposed’
I) = ‘end ’

F! ~li ! ’ c ’ 1 1 , i i i  u m m t r a t  en t he “mmy ntax tree” w h i c h  s ( lowm m (m ow CIT1’ evaluates t im e

Roolean exp r’ c ’ m ; m ’, ion for t’ac}m out-s i d e  part surface. 0 i yen a pan t i i’ulam’ part-
S tit ’ t’mtm ’e , t ime evmi l ua t  ~i cm i beg! tim ; by t. en Li img (‘ci’ aim open ml i anmet en ,  I f t ime nmnmswor

_________________ r _ ~~~,-,s~~~~~~~~~r’t ,tte~~~~~_ :pg_ - - - — - - ‘ —— ‘ - ‘ - -‘-— ‘ ‘ “ . c — —  - —

— — ~~~~~~ 
t—~—’— --

~--’--- — 
-~~~ --“-‘---- .‘-- —‘—--- — —-—- —



_ _

1 R71-.9142625—114

I
1 (1 ,0)

I
I (TI /

IT) OR

I /
I

START
A AND

I 
IT)

i 
IF)

\ 
‘(Fl 

-

B c J
• II (1)

• ~~~~~~ F)

I
I FIGUH E i14 . EXAMPLE OF SYNTAX TREE FOR LOGICAL EXPRESSION :

A + (B ’ c )  + D.  T = true ; F false

Is true, then by following the truth path (T) it can be seen the expression is

I 
true. This would cause CPPP to generate a turning operation for the particular
surface. CPPP would then continue to the next part surface and repeat the
evaluation procedure. Conversely,  if the answer were false to the Initial

I test , CPFP would follow the false path (F). This leads to the next test which
is to determiime if the surface is a semiopen diameter. If the answer is true,
the syntax tree shows that a further test is needed to determine if the surface
is exposed. Further evaluations of the Boolean expression by the syntax tree
can be verified by the reader .

Every process axiom has a synt ax tree , The coded f orum of an axiom, which
is generated by the CPPP Language Processor , is equivalent to the logic por-
trayed by its syntax tree.

-
- I
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Figure 15 is another example of a simple metalcutting axiom. The purpose
of this axiom iii the model from which it was taken is to finish shaping the
part in reverse orientation on an automatic chucker or NC lathe. (The model
had previously provided for shaping surfaces of the part in the normal orien-
tation on a bar machine.) The operation generated by this axiom could result
in machining both outside at-id inside surfaces, The upper portion of the axiom
specifies the rationale for machining outside surfaces. It provides for
cutting open diameters that were not previously cut on the bar machine , semi—
open diameters , the free end, reliefs and the largest OD. It also states that
open and semiopen diameters be cut only if they are exposed . The largest OD
will be finish turned only if its tolerance is between .0014 and .010 and any
specified concentricity requirement is looser than .002. This rationale implies
that surfaces with a more open tolerance can be finished by time initial bar
machine operation. Also , a surface with diametral tolerances tighter than .0014
or concentricity ti ghter than .002 will require grinding and , therefore , should
not ice tarried agm i in.

?aL-1m ’ I :dicwmm the  t’u i l  rat ionale of the manufacturer  w i t h  respect to
largest 01) for the part family 01’ sleeves. Similar conditions govern the
machining of’ other diameters and faces that form stepped shoulders (semiopen

TABLE I. MOP~L RATIONALE FOR LARGEST OD

Surface  
- 

Machine 
-

Condition Requi rement Operation

sd i-~I bar machine turn

.OOi-m�t-c .OlO automatic chucker finish turn

~ > .002 NC lathe

t < .0014 00 grinder grind
centerless grinder

o < .002 OD grinder grind
centerless grinder

‘I’ = tolerance
0 = concentricity

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :. ‘~~~~
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I

Turn outside surface on MC21400 (automatic chucker ) or MC2500 (N C lathe )

I 
in reverse if

Surface is an open diameter ,
sur face is not cut ,

- - I - surface is exposed (or )

Surfac e is a semiopen diameter ,

I surface is exposed (or )

I
-, Surfac e is a free end (or )

Feature Is a relief ,

I
feature location is .LE 0.5* part length (or)

Surfac e is largest OD

I 
diametral tolerance is .LT .010 ,
dianmetral tolerance is .GE .0014 ,
concentricity is ,GE .002 $

I ( c )  Turn inside surface if

Feature is a thru ‘bore , - 
-

I feature is not cut (or )

I 
Feature is a counterbore ,

feature is exposed ,
feature is not a sharp edge feature (or)

I Feature is a groove ,
feature is a counterbore feature,
feature Is exposed $

I FIGtJBE 15. EXAMPLE OF SIMPLE METALCUTTING AX IOM
Logieal expression ( top) :  ( A .B . C ) + ( D . C ) ÷ E + ( F . G ) + ( H .I . J ’K )
Logical expression (bot tom):  ( L ’ B ) + ( H ’C~~~) +( O ’P ~ C)
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diameter’s) and cowmterbo2’ea . These sur fac es , however , may have other condi-
tions for opera t ions  that are relat ed to special process requirements of
hardening and plating . Also , surface finish and form conditions of straight-
ness , roundness, e tc . ,  generate requirement s for operations.

‘rhe lower p ort i oim of the axiom in Figure 15 specifies the rational e for
machining inside surfaces .  I t  provides for c u t t i n g  the t h r u  bore , counterbores,
and grooves locat ed in a counterbore. The thr u bore will he cut  onl y orm t he
co nd i t ion  timat it was not- previously cut in arm earl icr  operation , I I ’ t ime bore

mm mm Jeep ho e, the mode.l will cut it wi th  an ejector or gun d r i l l  f o l l o w i n g
the im m i tia l ham’ machine operation . An exposed counterbore w i l l  be ’ cut in
Iii;; opei’at~ ion  pm ’ov Id i ng it is not a “nba m’ I c edge t’eat-ure ” . ‘l’he m;e features

sit ’ ,’ i its tm t :i led by gm’ i mmd ing  C o i l  owing any requirement for  n it r  i 1  i n ig  .

F i g u r e  1 (~ su io wn u m m o t  he m ’ example of ’ a s i m p le  metal cut t. i tm ~-~ mix torn programmed

ci’ - im;h gm’ I nd gn’ooves and omi t- mm ide diameters that -  have not- been omit  or have
to I Or’rLrIeen I & ‘~;m ’~ t h ai m . OOl i . This axiom al. so L’equ i rem ; that- t he separa t ion
bet weetm gr’oovos t o  be crush ground be greater than . 1)t c D . This requl remnent
is based only ott the process of crush grind lug .

Cm’ush grinmd outside surface (grooves ) on MC I 1mOO (crush
gr iimder ) in normal if

fea ture  jmtm a groove ,
feature is not, cut (or )

feature is a semlopon diameter ,
t’eature is not cut (o r )

feature is a semiopen diameter , 
—

diametral tolerance is .i~T .0014 —

pro’~’ i d ing  the Vol lowi rig condition exits:

groove separation (O.OeO) $

FI CURE l i c . EXMIPLE OF ~UMPLE METALCl.ITTING ~\ X 1~~M
Logical expression : (A’B)+ (c’lm)+ (C ‘Di

Figu re 1’  simow s an example of a simple metalcutt-lng axiom programmed to

generat-~ f i r m i s h i m m g  operation on the thru bore. It requires the thru bore to
t’e lapped w i t h  a hand boric whenever the sur face t’inlsh or tolerance is  rio

c i ’  t h a n  8 or .00014 respectively or when the straightness or roundness
Cc en ~‘ - ii- i t  j cml i no gr e at - or  than . 0001

-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I
I Lap the thru bore on MC1700 ( hand hone ) in normal if

Surface f inish is .LE 8 (or )

Dianietral tolerance is .LE .00014 (or )

I Straightness is .LE .0001 (or)

Roundness is .LE .0001 $

FIGURE 17. EXAMPLE OF SINGLE FEATURE METALCUTTING AXIOMI Logical expression : A+B+C+D

1 2.2.3.2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Axiom

This class of metalcutting axioms is s imilar in forms to the simple
metalcutting axioms. The only difference is that multiple operation metal—
cutting axioms instruct CPPP to generate one operation for each part surface
for which the axiom ’s rationale is true .

Figure 18 shows an example of a multiple operation metalcutting axiom. It
can be identified by the key word “each” in the statement of the operation.
This axiom will cause a grind operation to be generated for each inside dia-
meter that is exposed and whose tolerance is less than .002. The rationale
also states that this axiom does not apply to the thru bore.

Grind each inside surface on MC1600 (ID grinder ) in normal if

Surface is a diameter ,
i surface is not a thru bore ,

I surface is exposed,
diametral tolerance is ,LT .002 $

FIGURE 18. EXAMPLE OF MULTIPLE OPERATION
METALCUTTING AXIOM
Logical Expression : A ’~~’C.D

~1
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F i g ur e  ) is another example of a multiple operation metalcutting axiom
programmed t o  generate a m i l l i n g  operation for each “window ” that is exposed
-o s - I  ~m m m m  mio t  p r e v i o u m ’- i y  cut. .4 window is a term for an opening in to  the bore.
~~ Cu rt  icer  ~‘ c r m d l t  ion of the rationale is that the edge where the wi ndow breaks

e the l’ore have a radii ot’ greater than .005. (Windows with smaller radii
-~ill i t ’ j m . s t m t i  L e d  by ar m !- hM process following any requirement for nitriding.)
150 m’st ~ i - s r m - m ~~ - m i l n o  r equires that t he “t iming  feature” be machined before

1st. - ’ s t .  1 i r m ~ a w~ h’w . I ’ a w i n d o w  has  rio t tmsSoc ’l at.ed t i m i ng i’emt t m m r c  , t h e r m  t~he
‘ormdlt iomm does not apply. In the case where multiple patterns of’ windows ‘

be i iss t ailed , an operation is generated for eac h pat tern.  A pat tern of
I m m I o w s m  cm’ army ot 1mcr noncyl indrical feature i m m when more than one feature

m m t i m  mm L’ronms—s;ec t ion of the part .

I
~~i 11 e m m c l i  o m i t  s i d e  surface (window ) on MCi ~0O (miller )

in m ’everse i t’

l ’ c ’ : tt ure is a w I n d o w ,
feat ure 1mm not  cut ,
feat ure 1 m m  exposed ,
ho no e l~~e b rca_k I mm . GT .005

providing the following condition exists:

ti ming condit ion met $

~“ idl i RE 1 ~) . EXANI PLE OF MULTIPLE OPERATION METALCU TTr N (l
AX T S~M FOR NONCYLINDRICAL FEATUR E

Logical Expression : A .~.C.D

1.3 ~ingie Feature Metalcuttin~ Axiom

tm 1 ~ 
‘c it are  met  mu ~‘r i t  t , I t m m ~ ax i om i programmed t,~ gent’ rate mum opt ’ rat- ion

on o n ’  part cur ‘‘Sh’t’ . Fl gitre ‘0 shows an example of a s r i  rigI m’ t ’t ’ s i t.  U n’e m et - a l  ou tt . lug
axiom.  l h ~’ ax i ~‘ mmm i s  programme d to hone the t-hru bert’ on aim mmu to n m m m t I c hone. Aim
ope i ’ i t -  on w i 1 1 a! way mtm be genicrat i’d whenever t.hi mm axiom is e l m t ’ o m u m t t -  m e d  i t t  t h e
pr ‘cc mrs model . ‘Y1a’ onl y cora l i t  ion  is that the  part have mm tim i’mm bore 
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I
I r Hone the thru bore on MCO900 ( automatic hone )

in normal $

I
FIGURE 2 0 .  DIAMPLE OF A SINGLE FEATUR E METALCUTTING AX I OM

I 

2.2.3.14 Nonmnetalcuttin~ Axiom

Nonnmeta lcutting axioms have the same f orm as metalcutting axioms and
result in the generation of operations. The only difference is that CPPF knows
that these operations do not result in the removal of metal. They generally
cover requirement s for special processes , inspection , etc. Figures 21 and

I 2.’ show examples of nonmetalcutting axioms respectively programmed to generate
nitriding and inspection operations. The nitriding axiom specifies that
the process is to use furnace 2780 and that the manufacturer ’s process stan—

I t :ards 11S1173 and PMP5O5 apply. This axiom assumes a particular nitriding
steel. For a different material, the process standard may vary; either a
more general axiom is required to accommodate multiple materials or a dii’-

I ferent axiom is needed for each type of material affecting the process stan-
dards. Fach surface to be nitrided by this operation will be identified by
QTPF .

N i t r i d e  in MCO200 ( Furnace) , MT0203 ( Furnac e 2780)

per HS11T3 and PMP5O5 if

Surface is a nitrided surface $

I
FIGURE 2 1. FD(AMPLE OF NO 1~Th1ETALCUTTING AXIOM TO GENERATE

I 
NITRIDE OPERATION .
Logical Expression : A

I 
‘-

Sample roundness of the thru bore with MC1900

I 
(proficorder ) $

FIGURE 22. EXAMPLE OF NONMETALCUTTING AXIOM TO INSPECT
THE THR U BORE.
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2 .2 . 3 ,5 Branching, Axiom

In the earlier discussion about formulating process models, the concept of
operation sequencing structure was introduced . This structure consists of’
the different kinds of’ meta leu t t ing  and nonxnetalcutting axioms and the log ic
for’ generating different sequences of operations . A principal element used in
formulating the operation sequencing structure is the branching axiom. This
axiom allows the manufacturer to construct process models for a large varia—
tion of material , geometry and process condi t ion s,  The ax i om w i l l  cause ~‘PPP
t o  test for specific part design characteristics and transfer (or branch) to
t ime appropriate section of the process model , Figure 12 i l l u s t r a t e s  the
t ’t ’t ’t~’~’t of branching in a process model. Figure ~~~~ shows several examples
o:’ l ’r m u m ’h i n g  axioms . The first one is programmed to transfer t o  el e’rmen t 0150
of the process niodel it’ the part has a timing feature requirement . ~‘k her’—
wise , CFPP w i l l  t r ansfer  to element O2liO. Branching axioms can be speci t ’it ’d
t o  test, for any condition . The next two examples show branching axioms
that test for surface finish requirements less than 16 and part materia] of’
AN:~ Sb IO respectively .

Do 0150 if part has timing feature requirement , else 02140 $

Do 0200 -i fl,surt’mmoe finish requirement is .LT i~c , else O~20 $

Do 0110 it’ material is .FQ AMS 5630, else 0150 $

FIGURE , ‘ -~. . EXAMPI~ES OF BRANCHING AX IOMS

:‘.:.14 Use of’ Process Models

As stated earlier in this  sect ion , process models provide the necessary
rationale for CPPF to plan a sequence of operations. The mo de l s  consisting of
me t . : t l c m m t t i n m g  and nonmetalcutt ing axioms and branching axioms are converted
into a computer code and stored in the data base. A complete model for t h e
demonstration nitrailoy sleeve family is given in Appendix F, (‘PFF’ will plan
the sequence of operations for a n i t ral loy  sleeve by using the process model
mmml a fu l l  description of the part des ign.  The process pl anner  can also inter-
act with the system to make any des i r ed modifications. All data generated
about operations is stored by CPI’}’ in  t he da t a base so that  it is avai lab le  t o
p rint operation details and calculate workp iece dime n sions an d tolerances ,

The latter furmct ion will determine if the process is good t’rommm the standpoint
of producing accept able parts.

_ 
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I
2. -~ Plan Oper~ation Details

1 The CPPP operation detailing function provides detailed information for
each operation in the sequence of operations. The task of the detailing

I module is to determine the best machine tool (if a particular one in not
specified), best rut  sequence , best cutting tools , and bent machining para-
meter s to use for each operation . In initiating CPPP , the process planner must

I indicate whether he wishes these choices made to minimize machining time or
machin ing  cost,  An illwntrated In Figure ~~~ this task is one of ’ f inding the
best path through a network of possible choices . The figure shows two machine

I tools that could be used for the operation. Each machine tool has three possibl e
cut sequences , i i lth two cut sequences being possible on both machines .  The
four o m i t .  sequences have respectively three , four , four, nnml three possible

I too l combinations , two of which are unique t o  one sequence and the other mix
of w h i c h  ~u’c shared Dy two sequences.

I
OP E. H A I ION

I
M A C H I N E  T OO L S

I
cur SEQUENCES

- I
TOOL COMBINATIONS

I
OBJ ECTIVE FIND THE PATH OF MINIMUM TIME OR COST

I
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The comm (or t line ) of the operation on a machir e  t~~ t 1 i tha t~ ol ’ I Pm t ’ i t  ‘mm

cut so q m m e m m c e  or-i that m a c h in e  t o o l  . The cost . ot ’ a sequence is t i m  t urn  t - ‘e ¶ ot
the best  c o m b i n a ti on  of’ cu t t i n g  t o o l s  operating at t ’ h e m m e ii  t e ’ eui~~ s p e -  1 , mt ~~,t

cut dep ths .  The heavy 1 i lie in the I’ ~ m m r t ’ re ’pr’ e ’se ’n I mm 1 he ’ Itt ’:; t - - I ‘i To
ide i fy  the item ; I path In t he’ ne twork 1 a l l  pat i i ; :  must i t ’  ~‘e ne ’  i’ m ‘ - • exam i iie ’ti

mint -I evalua ted

The n i n e  fuse t - i ons  t hat mu st  be i s ’r t ’or me’d 1 a r r i ve  m i t  t he’ t ’ e ’: ;t  put ii th r t ’u~ h
t ime i;e ’t w ork  mir e’ ~~i you in t ime ’ t ’ol l . ’w i  n m ~ i i  st  . m; mt ’ ’ e ’ m m 5 j v L ~ 1~’~-e 1 m m  ‘i ’ i s - t e ’nt ii—

t t on  nd to u t e m m m s ’ t ’ e m r r m  E v e  l e v e l s  of ’ f’nmne t I outs 1 um emm t . I u m ~~. IA Ir  e ’ x : u r m p  e , I OV e’ I I
j5 N ’pe ’ r m t  o~i m;evt ’n’ :ml t Inc ’s t o  s olv e ’ l c , t ’ l  Uni t ’  and e’iit ’i ; m r ~~t’ I i t  ion of level two
u’ c ’ p i  i r e m  seven ’ s I r ept ’ t- it lois; o 1’ level I hu ’ee

. ~c ’t em m a’ machi no too l ;‘iiiit l i dat  em ;

- , Pet erun i tie cut. sm’qulenc e c a u m~l I d a t  e

. Pet i ’i’uim 1 ni’ types 01’ omit mm

14 . Det er m j i l t ’  en t~ t. i um ~ too l cand idat en

5. Cal en 1 mi tt’ Mach lii i ui~ l’nu’n,mneters

Fomrmu lute cutting t,oo 1 combina t ions

loo t, best. comM nut- i on ci’ cut ti  umg t 01

I oct i t em ;  t. cut ~r tu lmie ’n ce

U , i~ c ’ 1 oct best mac hi me tool

I’ m m m c  I. lor is  I and 1) arc per t’orrne i once per opem’ m i t .  i on ;  2 muiti ~ are p er t  cermed each
machi  nO t oc I cand Id ;it.e . Func I i omm s , 6, 1 a u’c pet’ t’orme~1 f r eve ’ n’y cut- sequent’ 0

~u ; m ~ Id  t ’u ’~ d in the opera t. tori , ant i t~ tinm i S are per formed for  e ’mm ’ ii t ; i t .  i i i  e ’v e’

m m t ’ l l ;e ’it ’e ’ t ’Oul mm itlereti in t i me ’ o p e r a t i o n , and 14 and 5 m ir e ’ pe r t  orined fo r  erich ~‘mtt

i n  every  m ; e ’ q t i e u m t ’e’ . i’lach tI ’ t , } t e m ; o  i i i  nt~ f u me  t l O u i m m  w i l l  lIe S di s~’ m t m s m e d  i m m  dept in

I m et ~ in t im is s e c t i o n .

The main en ;mp hm s 1mm in fc l ; e r n t .  I in~-~ otte ’u’ mt t , 1011 d e t a i l s  u n : ;  l te ’t ’ u i  de ’Ve I 
~‘~

t—

mont t t  t ’ I lie’ analytic f’ramnowork miecesmmar’y t o do t ime .1 oh. The’ current- mode ot’

operat I cii ccl i em ; heav I I y Ofl in tom e t. Ion by the p rot’ CS mm p 1 amum em’ I m t  e’~’ r Cl’l’l’

away t’rom m ’ttllm ; i le ’rat ion of baml or u n l u m t - e .’n’ e ’ mm f - i  im~ p0cm ; i hi l i t  Ic ’S. TIme ’ ti et 11 —

I ng nuotl u I or; m iu’ e’ not- yet t’u 11 y developed 115(1 do not- opt’ rut-c’ i’m’~ mm I oi’ e ’d p r o —

coos I o~ i 1 ’ me: ; t im e iii I t  l i i i  op o rmi  1 i  on mm e ’ mpme lmc I h f  mo~hi It’: ; 1 1 . A m ;  :t i e ’: t i l t
C1’PI’ m m i:mt t~ e ’i;e ’m ’ n e t  C ’  ftfld t” x nj nine :;ever~t l  d i i ’ t’e ’i’ e ’ ’ m t  l t O f i t ’ i I l  p t t O S i  it i I i t  1 c m ;  at
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I
I each detailing step and must attempt by time and cost estimates to make good

selections . The estimates rely heavily on machinability analysis and values
from the C??? data base. The present system requires a manufacturer to

I estimate many data base values used in the analysis. Ultimately , these esti—
mates should be replaced by more accurate methods of calculating the data
values. Thus CFPP might expend considerable effort making estimates from
poor data and make a poor choice if unaided by interaction by the process

I planner .

I A solid framework has , however , been developed for CPPP operation detail—
ing , This framework is dependent on having a description of each metalcutting
and noninetalcutting operation that has been included in the sequence. For

I metalcutting operations the description consists of the type of operation,
type of machine tool (lathe, grinder , hone , etc.), the surfaces that are to
he cut and the workpiece geometry . For nonnietalcutting operations such am ;

I 
heat treating , plating , coating , or inspection , it consists only of the opera—
t ion  type and machine type (furnace, bench , etc.). In addition to this
information about the sequence to be planned , the detailing cycle require’s
complete information about the workshop , This data must Include information
about available machine tools , tooling resources , stock removals and to le rance’s
for different  cutting situations , and machinability . All of t h i s  workshop—

3 dependent information must be stored in the CFI’I’ data base , whence it- is
retr ieved for operation detailing . The information about the opem ’i f ic  opera-
tions is generated by the methods described in ~m ’ctIon 2.2. The data in passed
along jr-i the form of an “operations matrix ,” a summary list of’ the operation
descriptions , and the geometry of the raw material anti finished workpiece.

Figure 25 shows a sample part . The f i r s t  six operations on such aI part, as found in the mmunun ary li s t -  of operat i on mle: ;cr ip t  i.o t m s , m ight be
as follows:

I Op 10 — 1)raw harstock from raw material stores

Op 20 - Turn to rough shape and cutoff

Op 30 — Iteat treat to stress relieve

Op 140 — Centerless grind locating diameter

Op 50 — Gun drill through bore 
- 

-
-

Op 60 — Rough turn the cutoff end

This partial sequence of operations will be used to discuss the operation

matrix, also shown in Figure 25.

- I
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I

At the top of’ the f igure , the final part geometry is shown superimposed on
a section of barstock. The part illustrated has an open outside diameter, two
stepped outside diameters , two grooves , a through bore , and two ends. These
surfaces are numbered in a clockwise fashion starting with the left end. By
adding “E” for end , “D” for diameter , “F” for fac e , ce G i t  for groove, and “I”
for internal diameter to these surface numbers , the four—character C??? surface
names are formed (E001, D002, F003, etc.). The labels appear in the operations
matrix.

At the bottom of the figure is the beginning segment of the operations
matrix for this part. There is a matrix row for each operation , and the
illustration shows the initial six operations described above. The operations
matrix consists of two parts. The f irst  five column s are for general operation
data. The remaining columns, one for each part surface, tell which surfaces
are cut or affected by the operation. The first column, MCT, identifies the
type of machine class to be used . C??? recognizes a hierarchy of three levels
of machine classification. At the bottom is the identity of specific machine
tools such as B&S No. 2 Automatic Bar Machine or Micromatic 723 Automatic Hone.
The middle level groups machine tools into classes such as automatic bar
machines and automatic hones. The top level groups machine classes by types
such as lathe and hone. MCT is a code representing this top level. The ~-1CT
Code -i is used for noncutting equipment such as benches , tanks, and furnaces;
1 is the code for all types of lathes; 2 is for deep hole drills; 5 is for
cylindrical grinders; and so on. The SETU P column determines whether the

- I part is in Normal orientation as shown in the picture or In Reverse orientation
for the operation . The MCi and MC2 columns give the internal code numbers of
the primary and , if specified , alternate machine class for the operation. For
example, 1400 is the code for bar machines, and 21400 and 2500 are the codes for
automatic and NC chuckers, The MT column may specify a particular machine
tool for the operation. In the figure a raw material bench (MT = 108) is speci—

II lied for Operation 10 and a stress relief furnace (MT = 301) for Operation 30.
The remaining columns (affected surfaces) have a 1 to indicate a surface is cut .
in an operation or a 0 to indicate it is not. A 1 is also used to indicate that
a surface is affected by a special process , such as n i t r id ing or nickel plating .

2 .3 . 1 Determine Machine Tool Candidates

To determine the qualified machine tool candidates for an operation , (‘PIT
f irst  examines the MCi , MC2 , and MT columns of the cut mat r ix .  An entry in
MT will cause the specified machine tool to be the only candidate and it is
automatically qualified . Otherwise, all machine tools listed in the data base
under the machine class identified in MC 1 become possible candidates . If MC7
specifies an alternate class , all its machine tools are also included .
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The possible list of candidate machine tools is then examined , one machine
at a time, and those which qualify for the operation become part of the final
list ci’ qualified machines. Machines from the original list qualify for an
operation it ’ they can physical ly accommodate the workpiece and can perform the
required cuts.  The present version of C??? disquali  i’ies a machine tool only if
the overall part length or diameter is too large or small or if some special
feature —— such as bore diameter for a gun drilling operation —— is out of
range . However , information is now available in the i’lt[T machine tool f i l e
and part 1it’si~~n data to support more detai i t’d analysis i-n the selection ol ’

qu a l i f i e d  machine tools.  For example , machines wi th  horsepower rat ings below
a certal ri value could be e’l imi sated (‘or certain h ard to machine materials. The

~ 
ot ’ e’u t n and their  t -~~l e r mi n e  e and f i n  i ii requ i rent - i t t  m ; could also be used to

re ;;t r ic t - t he number 01’ mach ines  con si d e r e d . It - Is of prac t i cal  importance to
I ir i t i  I Lii ~ number lteer tum ;e ’ a machin in~ ana l y s in is performed for each machi n e
:u; ( i :t fl  St’O C I  It I i i  :m i ~p rt ’c iabl e computer cost;;

or q u a i l  f i 1 ’;it - ion  is f i n i s h e d  the opera t i on  w i l l  be (‘UI ly d et a i l  eti on
-very quail fled machine  too I to deterrn m e ’  which is t h e  la-st one .

:‘ Determine Cut ~equonce (‘and idates

The (I rot . step in id ent.it’yimt ~ cut sequences is for C[TP to determine the
: t t ~r’ei~;t t.t’ material to tie rem oved in t- tie IC( ’t’

~ 
t ion .  Figure - 

tf~ shows the
o t ot ’k r emoval Cor Operat ion 20 ci’ the i -n t matr ix  in  Figure ~ . F’rom t h i s  .3

- : ;~~~~- i t mm OSm ; I Iv seen t h a t  wh i l e  there are i’i Vt’ cut m;rzr f’aces —— HOOT , I)OO~i ,
l-0O’ , i~O0~ , and l~00) —— there w i l l  be on ly  four cuts because 000ti and F0O’ must
be formed to~ vther (

‘rum so l id  c o n d i t i o n .  CPPP recogn.i sen these (‘our ’  cuts and
order’s tdn’nir i n t o  d i  t ’fer en t  c u t t i n g  sequences.  Log ica lly  there  are ~ post; i it I c
n e qine l i t ’ en ol ’ t~ lit’ (‘our en to , but some o V times e’ are phy nit ’ m l  1 y impossi b le and

o t h e r s  may not be t~oO&i machi ni Sf prac t i c e. For example, the eighteen I ogi cal
possibilit ies that place EO0l t’irst , second , or t h i r d  in the sequen ce are
pity ;; it - al I y impossible because barstock cutoff’ mu st. be the I n ot ,  cut in t h e
oIte ’r ;t t  iOn

I t ’ t he fr’oove’s wore  a l so  formed iii t-h is operat i ~mi , it wou ld genera l I y be
p cc 1’o r ’z tb  i t ’ to cut . t imer-rn after POOn to avoid an in ter rupted cut . on time ti i ainets’r
rind to avo iti cut.t~ ing excess stock in  a form.i ng operat . ion, it wend ii a lou l’t’

I o~ I cal ty possible to cut ei ther  groove first , thu s dou b l i n g  t he numb er t t l ’

I bi e ni t . nt ’qiit ’!ices to be curio idered without add i nr~ any th ing  01’ inter est
For I hose reasons i in necessary for CPPP to apply some mann t’ac turing intel —
ligence t o  l i m i t  t ime number of candidate cu t .  n e q n i e l i t ’en . I~ar mac i n i ne ’s inn f e ’ mme ’rrt I
n -e q -ri i r e  cu to f f  to he the last cut . Cw ’ -,m ; automatics and t r ac-er 1 at.Ia’s m’et iim ire

a I n~ Ic r ight  to lef t  c u t t  i n~ pass. 0~ any manual nmat’himie it is import -ant -
o cm ~t t lit’ dat_ urn Sc ’ f r  cern- i’ stir (‘ace t’or t ime op em ’a t ion f i r ’  ot . . l i - r e ’;; e ’ m ’o a l l

o xamp I t ’;; 0 1 ’ i t - r I  o I lit~ontot ’ I t i n t .  lire’ not y t ’t imp lement ed iii Ci l’i , but wh it i’ti imevI -

i ’t ’e ’ri  p :m rt . l a i t y  i d e n ti f i e d  and can be fu r t h e r  devel Op~~eI

JL. ~~~~~~~~~~~~~~~ 
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FIGURE 26. MATERIAL REMOVED IN AN OPERATION

I
;f ~ I

What CPPP actually does is to follow heuristic rules to subdivide the —
total stock to be removed into regions. The regions themselves are ordered and
are then each broken down into a subset of ordered cuts, The procedure used
makes all rough cuts before airy finish cuts, cut s diameters before forming
grooves in them , etc . While these heuristics are being improved and even—
tually replaced by process decision logic , the process planner can use the
C??? interactive capability to modify or specify the cut sequence candidates.

- ~
- When the cut sequence candidates have been determined , each one is further

detailed in turn. Any one of the cut sequences is an ordered list of the sur—

faces to be cut and implies a breakdown or decomposition of the material to be

removed . Decompositions for two cut sequences are shown in Figure 27.

( 2.3.3 Determine ~~pes of Cuts

The next problem for CPPP is to recognize the mater ial decomposition for a
cut sequence and to determine the type of cut represented by each element of

I the decomposition. To select appropriate cutter tools and to estimate cutting
time and cost , C?PP must know the type of cut . Under the C??? philosophy ,
each workshop is allowed to specify the types of cut each machine tool can

make . For each cut type defined , a computer program is written and made part
of the library of cut types known to C???. Figure 28 shows examples of some

cuts included in the C??? cut library ; n~ re are de fined in Append i x 0.

I
___-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~
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CUT SE Q U E NC E009 . D004 , D006. F005. EOO 1
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CUT SEQUENCE:  0006 . F005. E 009. 0004. E00 1

FIGURE 7~ . MATERIAL REMOVAL i~1-~’O Mi’O~ 111 1
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TURN & FACE BORE & FACE

FIGURE 28. SAMPLE CUT APPLICATIONS
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A l i n t ,  of a l l  the  cut types each machine  tool c- ann perform i n  ~ t or e d in

t h e ’ cTTF data base. Whei’m a particular sequence of cut s it ; being considered
me pan’ t. ic-u las machi me too l , CPPP s t e ps  through the list - c t’ t hat- machine ’

itt t Y ~~c ’: . I~on’ each on i L i-xe ’ c m t t ,~ - ;; ti me ’ s’O t’SO ;po;mding library px’~ cn ’tUnt on the

f i n ’ s  t cu t  S us fact ’ mm , t ii Oft’ o 1 them n-ceo fmm i so:; the  fi n ’ ;; t -n mr t’mm~-e as it.;- ;;pec- i ftc

c ut  y e -  . ~‘i Pl’ t .t ~on a d v ; n m t —e; ;  to ti-re St’CO ntsh ;; us l’ace in t im e sequ enc e , and no one .

t’i cun’c ’ - ~O ; ; tmo w ; i - he ri ’s a lt  of  th i n ~ct lvi ty —— each cut inn ; ; been i dent Li I’i e d by

t. re . A so , t i me n iomi  m m m c  I stock re m oval can be ’ determined fo r  each cut and whethe r

i t  I S  mc r s ;~h , ;;e -flU ~ i nm i ; ; I i  , on’ finish cut .

OPEN TURN TURN AND FORM

( ‘t’T0H~~~~

‘
t~~~ ~~~~~~~~~~~~~~~~~~~ 

“ ‘ -5

~

c

~

S

~

_

CUT SEQUENCE:  E009 . 0004 1D006 , F OO 5L EOO1

El ~ lfl -~1l :c . tDI ’ I N ’P [  FT CA ’l’ I - 
~N o~ CU T l Y i ’ i - l ~

2 . . 14 Pet orn;ti nt’ ‘ ‘ut t.i rmg I’oo l Candidates

- us; ; ion ifrned to support- two  methods ot ’ c u t t in g  too l se lect -ion .  Only
otie ’ i ;; cur ren t ly  imp I emente’d —— selec t i on o t’ types ci’ t cc l ;; based ott time machi me
too l ar id  the  type of  cut , . Along wit~h tim e l is t- ci ’ ~ut emicli machine tool can
make , the CFYT dat-a 1-m m Se’ includes one or more cu t t ing  t ccl can~1 i do t.e’;; (‘an’ t’micl;

of the machine ’s cut. types . (The cutter candidates are a lmost  always too l
types rat-he r than Spot’ i V i i’ t o o l  mmnmib er s . Cpec i f  I c  t o o l s  c : n n m n o  t he d e ’t-e’rnrm i med
by c u t  type alone . I t  is necessary to know t ine actual cu t -  p n n ’n m n n e t  i’m’ s — — S I so
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I
fillet radius , part material , etc. —— that are encountered in particular cutting

I situations.) The second method is a capability for retrieving specifi c alter-
nate tools using stored process logic from the data base. However , this capa-
bility is not being used by the present demonstration system , Either concept

I results in the situation illustrated in Figure 30, wherein each cut has a
corresponding list of cutting tool candidates .

I A more advanced concept not supported by the current design is to inter-
face CP?P with a separate tool selection system that operates of f of the
workshop’s tooling catalog. C??? would pass cut description data to this

I system , which would provide specific tooling candidates.

ml 0 1
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CUT SURFACES CUT TYPE CUTTING TOOLS

1 E009 OPEN FACE TOOL- 1 1001-2

- - 2 0004 OPEN TURN TOOL-I 1001—3

1 3 0006, F005 T UR N &  FORM TOO L - i TOO L—3 TOOL —4

4 LOO t CUTOFF 1001-5

I
FIGURE 30. CUTTING TOOL CANDIDATES

2.3.5 Calculate Machining Parameters

Each cut is analyzed to determine its feed , speed , depth of cut , and
number of cutting passes . These machining parameters are included as part of
the detailed data on the operation sheets for metalcutting operations . They
are also needed to calculate production times and costs. The C??? framework 
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repeats this analysis of machining parameters not once per cut , but for every
cutting tool candidate for each cut . Although CPPP does currently select only
tool types and not actual cutters , this provision is made to allow the sub-
sequent addition of actual cutter selection, Whe n ‘the actual cutter and its
geometry are known , they become important parts of the overall cutting situa-
tion and can alter the machining parameter results. In particular, the shape
and size of single point turning tools limit the maximum depth of cut per
cutter pass.

t ’~ b l e ’ 2 shows the  list of machining parameters of import ance to
c-crnpu ter i se1 l  pi ’ocenn p l an n imi 1~. The asterisks ident i fy  those parameters not

-: d e t e r m i n e d  by the present version of CPPP. In addition , s ince the present

— 
vt ’m ’s i o n ;  ; ; c m -m ; d l v  meso n on ly  tool types , the machin ing  parameters are the

eme for  e tci~ cm m t - t i  m ;~ too 1 can di date for a speci 1’i c cut

P/IDL E 2. CI-’PP MACHINING FANAMETERS

1. Number ot passes 9. Parts per tool

2. Depth of each pass 10. Chip Volume (per piece) —

3. Feed 11. Rake Angle4

hi . ~3peed - 12, Nose radius*

5. Cutting rate 13. Tool material

Is. Cutting 1~ime (per piece) 114, Tool cost per cutting edge*

7. Cut èost (per piece) 15. Force on tool tip4

8. Tool life 16. Horsepower required

17. Spindle torque*

In manual process planning there is no standard method of determining
feed, spe~d , depth , etc . Often this is left to the machinist . That cannot he
done with C??? because the system needs at least estimates of these values to

make its selection of cutting tools, cut sequence, and machine tool. It is
also C?!’I” philosophy to standardize the process as much as possible by having
Cr?? encompass all processing decisions , even if some must he sometimes over-

ridden manually. If a process planner does specify machining parameters, the
most systematic method in common usage is for him to refer to machinability
handbooks. Handbooks are generally organized by type of cut (turning, drilling,
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I
surface grinding, e t c . ),  part material and hardness , and dept h of cut . For each

I combination of these in the handbook , there will be a recommended feed , speed ,
and cutter material and often estimated tool life .

I The handbook method is easy to use manually and easy to computerize because
it involves a simple table look—up . However, the handbook does not offer the
f lexibi l i ty  of varying the parameter recommendations. On some jobs it is best

I to remove metal as fast as possible even though more cutters are consumed ; on
others a high cutter cost or long cycle time may require longer tool life and
a consequently slower cutting rate. Expressing machinability data as contin—

I uous functions of several variables -- such as extended Taylor tool life
formulas or multiple regression equations —— greatly increases the flexibility
of machining analysis and opens U~e door to optimizing machining parameters for
particular cutting situations.

Currently, CPPP references its data base to determine the maximum depth of -

I cut the machine tool can make on a single cutting pass. This is divided into
the stock removal for the cut to determine the number of’ passes required . The
stock removal is then divided up evenly across the cutting passes, and that

I value is the depth of cut that is used for look—up . C??? looks up the machine
class, type of cut, part material, hardness, and this depth of cut in the
machinability file of its data base to read out recommended tool material ,
feed , speed , and estimated tool life,

Once the recommended machining parameters for a cut have been determined ,

I they can be included in the detail operation information and used further by
CPPP in the analysis of the operation details . In particular , machining para-
meters are used to help estimate time and cost data for individual cuts , combi—

I nations of tools , cut sequences and machine tools. These estimates are used by
C??? to select the tools , sequence, and machine for the operation.

The actual equations used by C??? are the following :

t = N. 
mT•d•L 

• (1+ “ )  + t

c = (c + c ) .— .
~ . + ( N  • M d ’ .c ~/Tc Q. in 60 ‘, f’1. . v  r,

t cutting time (mm ) C
c 

= cutting cost ( $ )

N = number of passes T = tool life (mm )

d = depth of pass ( i n . )  t .~ traverse time (m m .)

I

- 
_ _
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L = cut length (in.) c~ = cost of labor ( $Ihr )

= feed (in./rev ) C cost of machine ($fhr )

V = speed (in./min) C r = cost of replaced tool ( $)

tr = tool replacement time (mm )

In the first equation t~ , traverse time between passes on the same cut ,
is  currently set to zero. Ultimately it could be determined and included by
standard time calculations. Derivation of other terms in the time equation has
atm ready been discussed , One of’ these , the depth of each pass , will be changed
in th e ’ f u t u r e  from uniform depth on all passes to a ligh t cut on the last pass
wi th the remaining stock evenly divided between the remaining passes. That
would modify the time equation to sum over the passes instead of multiplying
number of passes by time per pass. In the second equation Cr ,  cost of consumed
tools , is currently set to zero, but in the future it could be picked up from
a tool cost f i l e . The costs for labor and machine , c~ and Cr are taken
from values entered by process planners in the machine tool file of the
CPPP data base.

The only matter that has not been fully discussed so far is the method of
determining the total cut depth that is used to calculate the number of passes
and depth per pass. This method makes use of the current workpiece geometry,
the operations matrix of Figure 25, and the CPPP data base machine tool
file. The current workpiece geometry contains the current nominal dimension
of the cut surface. The operations matrix tells in which operations the surface
is cut and by what machine classes. The machine tool fi le gives the standard
amount of stock removal of each machine class. If the cut in question is not
the initial cut on the surface, the stock removal value from the machine tool
file for that operation can be used directly . However, in the initial cut
as much stock must be removed as is necessary to leave the proper amount for
all subsequent cuts. So the standard stock removals for all subsequent cuts
on that surface are summed up and combined with the final part dimension to
determine what the dimension should be after the first cut . The difference
between that dimension and the dimension before the cut gives the stock removal
for the first cut on the surface.

The current CPPP system does require process planners to determine and
put in the data base the standard or desired amount of’ stock removal for each
machine class. Actual stock removals should depend also on the particular
machine tool , the type of cut being made , the workpiece material, and its
current hard ness. CPPP could be enhanced to store and retrieve stock r~moval
using these parameters to give more realistic stock removals. 
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1 2.3.6 Formulate Cutting Tool Combinations

Under consideration is a particular sequence of cuts on a particular machine

‘ 
tool . A l is t  of candidate cutters have been determined for each type of cut .
This means there are several possible combinations of cutter tools that can be
used. Picking one candidate from each list gives a particular cutting tool

I combination. It is important to consider these combinations because on some
machines the correct choice of the best tool for one cut, in theory, cannot
be made without knowing the tools for the other cuts. For example, on a manual

I or NC machine it could be possible to reduce the total number of tools and save
turret indexing time by using the same tool for more than one cut .

I CPPP formulates the possible combinations and calculates the resulting
operation t i m e  and cost for each. Essentially this builds up a subnetwork prob-
lem as shown in Figure 31. Proper evaluation of the network requires more

I data resources than are available in the demonstration C???. For example , i f
more than one tool is mounted on a single tool post to make multiple cuts at
the sane time, the recommended feeds must be adjusted to make them the same and
equal to an available machine tool setting. After that, the cost of the
tooling for the cuts is the sum of the tooling cost of each , but the total
time is only the time of one single machine stroke. A similar situation arises

- :  when two separate tool posts operate simultaneously . However, C??? cannot yet
perform this analysis because it has no information on tool layout and simul—
taneous cutt ing .

-
~~~ I

OPEN FACE OPEN TURN TURN & FORM CUTOFF

~~~~

- I
I Ti

- I 
J r 1 ):—( Ti )

~~~~~ /

- 1 <~
COST OF COMBINATION - MACHINING COST + TOOLING COST

• TOOL CHANGE COST f MACHINING OVERHEAD COST
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- : When the re are no mmlmui taneous cuts , the cu t t ing  t l ine for an ope’rnt I • i~ wi t h
nt part i cu 1 at’ sequence of cut .  mm i s  the sum of al l  cut t ing times , In r ret I ti~t ex I

line , traverse t ime between cut -mm and too l se’t up time . To the ou t  I I ti~ time
CUlT add m m machine s e t u p  time and part hand 11 tig t line to on lou I me t e ’  n i h  enm t  iIIICt t C .
Of ’ t s t.m e 1 ope’t’mt t . ion t i m e  for that  comb Inati  on of’ tools on t he much I us t
CPI 1’ mi n e -mn the tot ztl opct’net I ott time for ;~t’ f t ’ s  t I ng the ma chi tee t 1 t5  I I m e t e ’  r on.
;~t r i~’t ly mnpe ’mi k in~~, only  the cutting time i m m relevant to a n a l y n i  mm of ’ t h e -  t ool
comb i t i nt -  I sum ; on n mach i tie ; the addi t ton ol’ a constant amount. of’ notmc me t . t I ng

inc ~toe ’m ; not m e t’1’e’o t whi cli co m b i n a t i o n  is Se’ 1 cct~et1 . ~ im i t a r  I y , ‘I I~I ‘ cnn  t I mat 0mm
lie t o  t n t  I comm I of’ the opt ’ tic t I ni t’or the t oo  I eonihi nut ! on being considered and

n ot  j u s t t lIs c u t t i n g  t oo I . The e n s m m t  of’ the operation In c  I ti de ’m ; die cost of ’ cut—
i n~ and nonsut .  t~ 1 tt~ t iUt ’ p l i i m m  t.he com m I of ’ connutne f so 1mm and mmpec  I a  I I y ordered

i u r m i h l  e -  I u ’~~ l m m . 1)tet ’ n t t m  I t ’ t o o 1 m m  inc h ide ’ cont. rot c’iunm; arid NC tmtpem n ;t m m we~ 1 m e ; m

m111 f 1 ’ m m mmd 1’ i x  t ure ’m m . i h i  m in t’ortnnt i o n  1 m m  i n  - t a -i I p r om m et i t .  in  t u e  current. C1’l’1 5
.-yO I simm . Th e’ mIs t un e I t st’nut I nec  i tSemi  mc t ’ e ’ m m h o w t i  (m e  low .

= 
m n

/i + ~~ + t~ + 
o~~-m ; 

~~~~ 
(tn’t’ p i e - c e - )

= / 1  ~~ - 
+ ) . (t 

~ + . + ~~ . + ~~ ) + 
- 

• ‘ (per p ie ee’)
o f . In m . t I it

t = I m c ’  o t ’ t lie ope ’ r m t t  I sit = O O n t  SI ’ I-tie o pei’-.O m

= mu’ fit P t I tnt ’ I = t Inic ot’ ii m m i tig Ic ’ c u t

t~ = t raverne’ time between ‘iitm ; 
~~~~~ 

= cost .  ot ’ dur m el m ie ’ tool i n~

t
1 

= ind ex i n g I m e - = c o m m  t . m i t ’ labor C $.hr ‘I

I - = I ; m t ~ ;n ‘~ ~~~~‘ Os; ;  t - o f ’ much i tie ( 1~ 
- 
l i t ’

= p i e’e ’e hand II rug t I t ime ’ = c ’ m m  t S I ’ a ;m I og l e ’ - m i t

m ’smm t n  m o o  von in 1 . ’ ! !  ar m and t u SeS i i i  min ute ’mm . The vat m u — m m  t ’or I. tnt ’ and cost
SI’ m C  omi t - , 1 ittUI ‘ me re ’ I h o m e p r t ’V I ores 1 y •‘me tout i t t  t’d in Om ’ t- i on ~~ . • 

‘ ‘ . rrtcve~r’mn—
i ri g arid I r m i e ’ x  I rig I mes me r e ’ out mm ide ’  t h e ’  cu r r e n t  CUlT iuialymm in; and m e t ’ e ’ ;m e ’ t  t o

Tin’ coma In I tmg vu I lien ; me i’e me t - p resent- t’ e ’t 1’ I c ’  vt’ 1 from t l i e ’ m ’I’l’l’ d m t t a bii~~e ’
I n i t  m e  w h i c h  pr n’e ’m m m ’, ph annern; t t i l I m m t .  i t i m m e - t ’ t  ac t.mi 1 vat i t e m ;  ot’ e;;t itnat .ed i e v e t ’ m e g e ’c
l i t  t ’m i t  mt i ’e  e x t  • ‘ l i m m i sim m of ’ I - lw’  Cl I’ i ’  nta~’hi  n i ng mm I ,Vm ; in ; m ’ m t p m e b i  l i t  y , lm mm tny of t h i e ’~~e ’ ,

m e n ; well mis I r ’ m e v e ’t’ ;ne n t t i ~l I i i i  ox 1mg t- trite ’;; , coo hi be det .erm t ned by ;mt ,nrntard 1 i Chit ’
m en i c o m m  I cit to te I i t  I on ; ; .
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I
2.3.7 Select the Best Detailing of the Operation

So far this discussion of the C??? detail planning cycle has descended in
detail to the deepest level to analyze individual cutting tools. It has then

I stepped back up one level to analyze the use of a particular candidate combina—
tion of tools. This was all done for a particular cut sequence candidate
on a particular machine tool candidate for the operation being detailed . These

I analyses are repeated many times to cover all combinations of alternate candi-
dates. When each level of analysis is completed , CPPP makes a process decision.
There are three levels at which decisions must be made.

1 1. Each candidate cut sequence may have several candidate tool combina—
tions. When each tool combination has been analyzed and assigned time

I and cost- estimates , the best tool combination is chosen . (The process
planner must inform the system at the start whether he wants “best”
to mean least time or least cost.) Its time, cost , and detailing

I information become the detail data for that particular candidate cut.
sequence arid are saved while C??? analyzes other cut sequence
candidates.

-~~~~ After  each candidat e cut sequence has been analyzed by detailing its
candidate tool combinations and selecting the best, C??? selects the

I best cut sequence. The time and cost data for each are reviewed t~
fi nd the ‘best one . That sequence with its tools becomes the tentative
detailing of the operation on that particular machine tool and is
stored for later consideration . C??? then repeats the detailing pro—

- cedure on the remaining machine tool candidates.

I 3. When a cut sequenc e , tool combination , and the resulting time and
cost have been determined for each machine tool candidate, C???
selects the machine to use for the operation. Again this is the

I candidate with the lowest time or cost. The detailing on the chosen
candidate becomes the final detailing of the operation.

~ This procedure of economic analysis is repeated for every metalcutting
operation . Noninetalcutting operations are handled similarly but much more
simply because there is no cut sequence or cutting too] combination. When the

I last operation has been detailed , the detailed operation plan lacks only final
I dimensions and tolerances for the intermediate workpiece geometry of each

operation. Subsequent subsystems of Ci’PP calculate dimensions and tolerances

l 
and produce the finished process plan . The methods used to calculate climen—
510115 m e r e ’  ije’:ncribed in  the next section.

(Si
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~‘.h Calculation of Dimensions and Tolerances

The pu rpose of’ a pr ocess plan is to provide instructions to the workship
telling how to make a part. A portion of’ the instructions for a machining
operat~~on specil ’iem. the mu-ichine to use, the tools to use , and the part
features  to machine . Another  vital portion of’ the machining instructions
g i v e n ;  the size of features and t he i r  location relat ive to some other features.

I t ’ each t’catum’e ’ is machined o n l y  once meri t is machined a f te r  I t ; ;  location
cc r ’c ’r emnoe  ( d a t u m ) features  have been ma chr i t i e d , th i l n is mm rather s imple  matter .
The part  pt’int d in ;en s io r i ;m  cmiii  t hen  be used d i r e c t l y .  For example , the s imple
part in Figum ’e 3~ com i I d  be planned mis Cs ( l o w s

Cp . 10 — I mmc ’ b l a n k  to di rn ens  ions A ,mnel 11

Op. ~O — Cut le ’ 1’t , step to di me’nmm ions C and P

Op. 30 — Cut ,  t’ iglit  step to dimensions C a im ! P

_ _ _ _  I

_ _ _  _ _ _  
_ _ _  
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_ _  _  _  nJ. L~~~
OpEl ~A TIt )N 20 On RAT ION 30
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I
However, if the right step is cut first it cannot be measured at dimension E

I 

from the left step, ‘because that does not yet exist. The calculated dimen-
sion (D + E) must be used, as shown in Figure 33. This simple example
illustrates the basic problem of workpiece dimensioning.

I 
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FIGUR E 13. MACH INING TO CALCULATED DIMENSIONS

I

I : is, ‘r i s ion ing  is only one aspect of locating; the other is tolerancing.
It is impossible to achieve or to measure an exact dimension. The dimension
“ : I i i . ” n i g h t  be taken to mean less than one and one half Inoi -ies , between
0.~~e an-I 1.05 inches; etc. Manufacturing requires a more explicit statement

of’ dimensional tolerance , usually in the form “C ± c”. This means that- the
actua l dimension must be between C—c and C+c. When tolerancing is applied

- to the example of Figure 42, Operations 20 and 30 above would be modif ied
to use C c, D I ml and E ± e.

- i. -—- -.
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Now , if Operat ions ~O— A and 30—A are used as lii Figure 33 , the calcu-
lation is more comp lieat,e-I. The toleranced step height is still C ± c.
The nomina l dimension micros;; the major diameter is s t i l l  ( D+E) ,  but what
to le rance  shoul d  be required?  I t ’ (D+ E ) e were used for the cut on the
r ’ighit step m u m - I  subsequent ly  I) I d were used for the cut on the left  step ,
the l ’o 11 ~w i rig “worst. ease ’’ s i t ua t i on  con Id  r e s u l t :

I . First cut machined to (D+E) + e —— i i i  tolerance
~~. C-eeond cut machi ned to l)—d —— in to lerance

~~, R e su l t in g  f l ange  w i dt h  is

+ e j — [ D—d J = E + e + d —— omi t of to

ma i n  t a i  ii Cl i i i  shed to.] erruice e , the mu c l i i  i i i  ug to ] e m um - en; t- and d must
sat. i s i ’v t ue  l ’s]  l o w i n g  i t l e m l m m ; m l i t i t . e u

i .  [ (D+l ~ ) + t. — [D— ~fl = E+t+ct ~c l-~+ e m , whem’ c lkd

‘. E—e < [ ( D + i - : ) — — = E — t—d

s mean;; (t +mi ) must -  r iot he gr’eater than e. In general , t = e—el wou Id be
m ist - m i .  However , it ’ t im i  s resulted in a very srna 11 or tee ga t  I ye v ;ml Ut’, the mmiehi iiie

ecu Iti not hold t he t o l e r a n c e,  Thus , t i i t ’ value of’ d would have to he r ’ed ueed
to ml wii 1 cli is ;;ni~’iJ let’ than bluepi’ m t. . Tiii emise pi’ov ides  a s i m pl e  introduction

to the  prob lem o t ’ workp i eec l u  1 ~ rune  i r ig .

.~~, Ii , I Maehiie in~ Dia.rnetet’s
/

Di tuneters present the most- s itup It’ m’oqu I mexuent f o r ’  dirnensi  siting aiid
(-ci er anei ie~— • rpj~~ ml incus ion ot’ an ex t e r n a l d i  wnetei’ miCe ’ t’t~m i 50;; by lie - m t h t O U I l  t

ot’ stock i’emova 1 for th e e  cut. The dimens imsu of an internal di wneter 01’ mm
h o  i.e i no retin a-s by t. he amount te l ’ s t o ck  reniova 1 • I t ’ t he dl rime tee’ is on ly
m m m c i i i  ned once , t . is’ t’ina I d imens ion  ~‘ an he m iss  i i~~ ml di t’ec t 1,’, ( ‘ruin t. lie ~~ 

i’ t~
p r i n t .  r t’ znam’h i nemi  mort ’ t han S i m t ’C , it s dimension cii the ~i r i m u  cut  in ; the
t’mn :iI p;ii’ t- dimension. The d i timerumiorm on previou s e ’u i t ; ;  i s d e t . e t a i  tied tmcy
aml ~1 lug t h e  stock i’emoval back on l’m m t ’ ext-ei’ i ; m u I di;mrue t .sr’;; ( I l l ’  mmmdc l rm ie titig

b:~m ’k oh ’ I ’ t’si’ i n ter n al  d i  ;ur ie ’t- cm’s mind ho] en;

For example , e’Ot15 i 1icr  t h e  t ’oI l owi ng cut - s  sit t e r m e x t  e t ’ t i : i l  diaj net~-i ’:

Op. ‘() — Rough t u r n  ( t’rom so i i  i

Op .  50 — F i n i sh t u r n  .OoO stock t ’eTn~c v m t  I m u

Op. ~O — Semi — 1’] n i  sh gri rid • 0 ) st 0-’ k rernovze I allowance

& t p , 11 0 — F in  i s ~ ~n d • d l  ;m - C m ’ k m ’e un ov mm I m e l 1 ‘Wm et ‘ e

I 
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~~~~~~~~~~~~~~~~~~~~~~~~~~
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If the final dimension were 2.000, then that is the value for Operation 110;

I and the previous values are 2.010 for Operation 90, 2.030 for Operation 50,
and 2.090 for Operation 20. If this is the largest diameter and the part
is made from 2.250 barstock, then the stock removed in Operation 20 is
0.160 inches off the diameter (0.080 off radius).

Since a diatnetral dimension is measured from one side to the other of a

I cylindrical surface or hole, there is no locating reference surface to worry
about. Thus, there is no tolerance buildup problem. The tolerance on the
final cut is the value on the part print. Any tolerances can be assigned

I to previous cuts provided they are consistent with machine tool capability
- and the desired amount of stock removal.

Figure 314 shows the relationship between tolerance and stock removal .
Every cut starts with a previous dimension and tolerance, P ± p, and ends
with a subsequent dimension and tolerance, S ± s. Stock removal is nominally
the dif ference of the dimensions , R = F.-S; but the actual stock removal may
range anywhere from a maximum of (P+p)— (S—s ) to a minimum of (P—p)— (S+s). It
is bad practice to allow the maximum to get too large. It is absolutely

- I essential to prevent the minimum from getting too small. Too much stock
removal may result in excessive machining time. Too little stock removal

I
~u m m  JJJJ S 1 5 1  ON I ) , A I L I t  1 1 1 1  sI lesm LII), NI UI I N  L J,\iIJ 11.11
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FI~URE 314, RELATIONSHIP BETWEEN TOLERAI~CE AND STOCK R~14OVAL
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can result in bad surface finish or form conditions. Suppose A is the
minimum actual stock removal~required to remove scratches, correct for out—
of—round , and insure cu t t ing  rather than plastic deformation of the workpiece
by the tool . Then for automatic machines set to cut at a fixed diameter:
( P — p ) — ( S + s )  � A , i .e., R = P — S  ~ A+p+s. ( For manual machining using a fixed
stock removal ra ther than a f ixed cut diameter , it is only necessary that
( P — p ) — ( S — s )  ~ A and hence that H ~ A+p—s.)

~~~~~~~~ Machining Faces

Vertical part faces step from one diameter to another or from the end
surfaces  for c yl i n d r i c a l  parts . Although faces follow the same general theory
ot ’ d i m e n s i o n i n g  and t e el e r an c i n g  as diameters , they present additional
- 1 i l ’ t i c u m l t i e s .

Faces , l ike d iameters , require  coord ina t ion  of nominal stock removal
with tolerances to assure adequate actual stock rem oval. But calcula t ing
thim ’ Im it ,er ’m iI dimension of mi subsequent cut from knowl edge of i ts  stock
removal and ee l’ the dimension of the prior cut is d i f f e r e n t  than for diameters.
Whe ther the surfac e is external or internal  makes no d i f ference in the
c a l c u l a t i o n  for faces. Whet-her the stock removal is added or subtracted
depend s on the mater ia l  side of’ the face and the pos i t ion  of the ret’erence
sur t’ace , as shown in F igure  35, Each part surface is a boundary between
the part material on one side and air on the other. The matee ’ial side of’

C a t’ace is “ left ” if the material  is on the l e f t  and the air on the right ,
and time mater ia l  side is “r ight ” if the material is on the right an d the air
on the  l eft . I t ’ the material  side is the same as the direct ion from the
face  to i t s  reference surface, stock removal is subtracted from the p r io r
dimension because the di s tant ’e is decreased . If the mater ial  and ret ’erence
sides d i f f e r , the stom~k removal is added to the pr ior  cut to increase the

~i imens ion.

This analys is  of adding or subtract ing stock removal on a fa ce  is
o n l y  an in t roduc t ion  to the real problem. In (‘act , this analysis is v a l i d
orm ly l ’ et ’  the simple case in which two successive cuts on the same face
are inma te from the same reference surface with no intervening cuts on that
reference surface. In any more complex case , it is necessary to amid or sub-
tract several cuts  and s tock  removals to f ind  out what the di mension
between the cu t surfa ce and referenc e sur face was before the cut. A f t e r  i t
is found , th is  prior d imens i on  plus or minus the stock removal give;; the
d imension a f t e r  the cut . The tolerance ee l’ the new dimension is  the m a c h i n i n g
tolerance of that cut , p l u s the ma ch in ing  tolerances of every cut  used in
calcula t ing the dimension prior to the cut.
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The m imma lys i s  of La teral dimensioning , for both the simple and complex
cases , has proceeded forward from a prior dimension to a subsequent dimen-
sion. In p rac t ice , the calculations are mostly done backward , starting from
the final part dimensions. So the formulas that result from the analysis are
i nve r t ed  t o  solve for prior dimensions when subsequent ones are known.

W i t h  manua l process pLann ing  it is sometimes possible for the process
lt ~ keep track m e n t al ly  of al.1 dimensions involved in calculating

mm i r’io r ’~ te~ cut dimension amid to make the correct calculation. However,
this rmt - timod is very susceptible to human error and is not well adapted to
nm t e ’p l-y step checking . To remedy this , the process planner often uses a
t o l e r n t m i c o  c h a r t .  The tolerance chart , shown in Figure -36 , records each

1~ in d i incu s ioni  ng and toleraric rig of machin i rig cuts on faces. On the
t ’- ’ m ’r in the figu re , t ime pmtm ’t  o u t l i ne  is shown at the top,  ami d each face
h as mm Vt ’i’ t i cmi i Line ru n mi  ing down the chart • 1mm the middle section of t tm ie
c ham ’t  are im’ r -c~ s r ’epr eserit ing the rm mach i n ing  cuts cmi I ’aces , nil or ig  w i t h  their
op t -I ’s i cmi number ’ and m a c h i n e  too I . The arrowhead pee:1 m i t - s  t ee  t I m e  cu t  face ,
a r m j  the  m iee t .  is  on t h e  re t’erence su r f ace .  At the bottom , t he fi min t I dinmen—

ic-mis f I ’ C Ifl the part pm ’ i ri t mu’ e showni . These have dots  at both ends , as they
do riot  r epresen t  c u t s .

Figure 31 shows the same tolerance chart completely f i l l e d  out .
HI m i e p r i m i t  d imens ions  :‘) m — ~~( correspond exact ly to cut-s lt—1 9 and h ave been
“l i ft e d ” up to them. Dimensions 28—30 are not produced d i r e c t l y  by a final
cut and must be lifted up to balance lines l~~, 114, and 10. (Note that cut
P1 corresponds to dimension - ‘9 but cut 13 intervenes thus r equ i r ing  balance

• - l in e l~e . )  A balance l i n e  represents a dimension calculated by adding or
subt rac t ing  two o ther  emi t  or balance lines above it imi the chart .  The
l i n e s  tha t  nu’e involve d and whether they are added or subtracted t o  produce
time balance dimension are shown in the far r igh t  column. For example ,
balance 114 is the  d it ’t’erence of cut 13 and b a l ance  10 , l i i i  balance 10 is
t h e  di t i e r e n ce  between cuts  6 and 8. Oimilar ly , dimension 28 tI ’nim - C -5 upward

• - thro ugh balance L2 , cut- I] , and cut 8. Dimension 30 traces t-lit’eeugh balance
10 , cut 8 , and emi t - ii.

Balance l ines ILe , I , ’, and 10 resu l t  freer determining the e m i t - s  involved
in establishing the blueprint d i m e ns i on s .  Balance l ines  may m i l s o  be be H

necessary to determine milmemisions on nonfi na i cuts such as t~ and 3 , wiaesC’
faces are f i nished in 13 and 11. The pai r 6 amid 13 does not imeed balance
lines as it is the simple case of the same reference surface w i t h  no inter-
vening cuts. The l ines involved column shows I ~~~b—l tee indicate t ime

length of 13 is the length of 6 minus  the stock remova l on I ~~. Balance 7
is needed to subtract cuts 3 and 6 in calculating emi t. LI.

By solving the “equations” like 13=6—13 or lt m l~ — 1O that- are implicit
in the lines involve~l column , i t  i s possible to calculate all intermediate 

—~~~~~ - ~~~~~~~~~~~~ ~~~ -
~~~~~~~ , ~~~~



r - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _

R77—9142625—l14

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _

MUL)L L UkAW N V A I l$ (J$ m N$ _ — ~ 6 6 ~~
- _______________

~~~~~~~~~~~
L A T I R A I  hIm ’ S H-~ t A~~( 1  SIlK I~ E M  I l 5$_~

‘NO !0ACm$~ ~ m Im’ ~~~~~ 
•
~ 7’ ~37~ N VO t

— _ _  __ -
~~~~~~~

~‘O 41 TO 3 —

1$,514 4 — —  — — —
60 1 tiN 6 _______ 

-

L A  — — — — — — —

_ _ _  _ _ _0 — —  _ _ _  _ _ _

90 0 0 I — —  — — — —
GPO — —

100 SURI ‘~ — ______ 
1. 1

GPO ‘~ — — —

~~~ 

gus ’ P — — — — —
GPO l’— — — — lb — — — — —

_  _ _  

E~~E E E~~— — — — — — A ( I L A t  HIP

t h I m ’  h u m

— — ________ _________- — — — — 
— 

0 ?50 0 006 
—— — — — — — I) 2”O 0 004— — — — . I,,; — — — — — — —— — — — 0 150 0 006

- p — — — 0 3 Th (1 004

_ _ __ __ -
~~~~
- -;- - —_ -- -

__
~~~~~~~~ 9

__ _
ml ~5~b 0010

_ _- _ _  
m u 

_ _ _ _
— —  

0

_ _ _  
• 1

‘1
FIGU~ E 36. TOLERANCE C HAR T LAYOUT

77
_ _

__ -- - .



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

~~~~
-----—---

-~~~~ 
- ____________________________________________________

:~~~~
-“ —

~~~~~~~

117 ‘_ m) 14~~S25 ,_ l 14

- 

j  
~~~~~~~ 

SL -~ m 
ImIUUIL 

1

DRAW N 
~~ 

DATE 
6 6 7 1

PP V IS) 014 S

L 11_S-J

4 _ _

-‘ -m - ‘,. - m m m l  — — SOLI D
4 — —

NA N 4.’ lO l l  4 — — — SOilD

,s~ ~~~ -u - mm — _____ ______ P 
— — — 

— — 0035 0014 — — 4 6

LA - _______ — — 0 ) 1 1  0 0 14  6

‘~ _~_~~~~i ~ — _____ — — — — — Som ID

_ _  _ _  6 8

I I )  - ‘ ‘647 • l m b b  - — —  — — — — — 00 1 7 0.015 7 Ii— — —- — 17 - — — — —
_______ ________ — -— ) 500 0 004 1 1 - 8

100 51 I I - l 1 5 m b  - — —  — - — — — — 00 1 0  0004 — — 6 1
— 

~~m m I — — - -‘ 
‘4 

_________ _________ — — 0 250 000? 13 10— — — — Pm — — —1111  $-$t mS $ ml ‘‘ ml mms ~ , P. — — - — — SO Ill 
—— •

~~~~~~~ _ I
- — — — — — — SO IL)

— 18  — — — —

0715 0 004 I — — — 00 )0

— — — —3 . ____ ____ 
— — —

_________ _________ — A CT UAL N P 
—— — — — — — — D IM TOL 0mM IOL

— 24
— — — - — — 0 7511 i 0011 0 25) 3 (106 16

2 
— 0 750 0004 0 21,0 0004 I ?

26
-~ - — — _ _  _ _ _  — — -— — m (1 0 5 0 0 7 5 0 6

_ -
— 

— ____ ____ — cm .175 0004 0 3 a 0004 ‘9

- — 
H 

_________ — (1 5(8) 0 1)04 0 5(14) 0 0478 I?— — .- -m ~~~~~ — — 0 750 0007 0 250 0010  14— — — — . .10 — — —
_ _  _ _

_
I m ?_ _  I ::~~~

FIGUR T 37. COMPLETED TOLERANCE CHAR T

1

1

— - 
- - - - - -- -

- —-
—a---- -



~•1~~’ ~‘P~ ~~~~~~~~ ‘~~~~~‘ 
—

-- ‘ 
~~~~~~~~~~~~~~~~~ 

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

‘.‘- ~-~~~~~~- ~~- ~~
‘—

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

I R77-9142625-l~

workpiece dimensions . But what about the tolerances? There are three kinds
of machining tolerances. Tolerances on cuts 16, 17, 18, and 19 come

I directly from the blueprint . Tolerances on cuts 6, 8 , ii , and 13 c ombine to
form blueprint tolerances on dimensions 28, 29, and 30. Tolerances on cuts
3 ard 14 do not affect blueprint tolerances at all and can be chosen to

I m i n i m i z e  machining cost. The restricted but not totally determined tolerances,
then , are 6 , 8, 11, mind 13.

I Tracing through the lines involved gives the following three tolerance
inequali t ies  for solution :

1 30:

! 
29: 1Im~~~ l 3 + 6 + 8

28: 12 ~ 11 + 8

I The best so lu t ion  is the largest set of tolerances 6 , 8, ii , and 13 that
sa t i s fy  the inequali t ies;  but it is less important to have a large value

I for 13, which is a grind , than for the turning cuts. The method implemented
by CPFP for solving the inequalities starts with fixed maximum tolerance
values for grinding and for turning . Process planners must store in the CPPP

I data base values for these toler&nces that are loose enough to be easily
mac’hined yet t ight enough to keep stock removal small. The process planners
also specify in the CFPP data base a tightest allowable tolerance for each
type of machin ing  and a step size by which the trial values are decreasedI from the starting value toward the tightest al lowed value.

I For example , suppose the grinding limits are .005— .OO1 wi th a step of
.002 ; the tu rn ing  l imi t s  are .011— .003 with a step of .0014; and the blue-
pr in t  tolerances are .010 for 30 , .010 fo r 29 , and .008 for ~8, The init ial

I tr ial  values would be

30: .010 ~ .011 + .011 = .022 1 ( f a i l )

29: .010 ~ .005 + .011 + .011 = .027 ( f a i l )

I 28: .008 .005 + .011 = .016 ( f a i l )

Decreasing one step on both grinding and turning gives

I 30: .010 .007 + .007 = .0114 ( f a i l )

29: .010 .003 + .007 + .007 .017 ( f a i l )
$ 

28: .008 ~ .003 + .007 = .010 ( fa i l )  

~~ -- - - --m .~.TT ~- --- ‘jTT~ ::I~ ~~~~~~~~ 
-
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Decreasinm m another  step gives

~O: .010 ~ .003 + .003 = .006 (pass )

~b9: .010 ~ .001 + .00 3 + .003 .007 ( p a s s )

~I8: .OcJS -~ .001 + .003 .0014 (pass)

1mm thmi s case t h ee  algeem -ithni has failed to use t 1~me total tol erance in all cases
Pee c : u icee  si ’ the  m i  i’ge s tep s izes  in the  example , but a solut ion was found .

he tL-tht.e~m m t 51 l oW n I h i c  v a l u e s  do not result  in a solution , something is
wn’omnc and mnamlual jut ervention is required to improve the sequence of cuts
cm - the L m e I c c t  i - -u ot ’ reference  sur faces , or else to allow a tighter tolerance

va l  a- .

m m he m i s .  - m i s s  i eem m a bove  sin the tol e m ’ann ce  m -har t , th ree areas were
u K i p I l e m i  over  in eei ’dem’ t o  concent ra te  on the  mechanics  of the chart . These
are t he see cc t form of n - er en -on ce  surfaces for each cut , t h e  supply i ng of free
t . c - l e e m - n m ces , am m i the determinat ion stock removals. The selection of proper

- 

- re~~eremnce sui’faces is very important  to the procedur e because poor reference
s ( m m ’ f a c e s  can l ead to a dras t ic  increase in tolerance bui ld—up , i.e. , more

cr’mma; and larger values in the tolerance inequali t ies .  The ideal  s i tuat ion
is t o  use the b luepr in t  re fe rence  surface  for the s’ut - re ference  when i t  is - -

mm i ready f i ni s h e d  and is a surface from which  it is easy to locate and gauge
time cut , but that is not the usual si tuation. Much work has been directed
toward dove I-pim (g an algorithm to choose the best reference surface , but the
in i ti a i  imnp l e n i e m m t m t t i e e i i  for CPPP simply chooses the free , mmchucke d  end of’
the won ’kpi ecee . —

It  is C[’PP philosophy not to code i n t o  the programs any manufac tu r ing
VS mim ’S, scm all t.cd -sauce and stock removal v a l u es  used by CPPP in tolerance
c h m a n ’t i n g  -u -t i  d imcimsion in g  come from time CPPP workshop data ba~ t- as supplied
by time process  p l a m m r m i  ng stat’:’. In particular the f ee l  lowing values mire used :

i. The f ree  to le rance  to use wherm time m3ext cut is 01’ the same typ e
(e.g • , t i n  l i m ing followed by turning )

2. The free t o i e m m m n m ’ee tee use when time next e m i t  is  of a differ-cut- type
(e.g., turn ing followed by grinding ) —

3. The in i t i a l  t o l e e n ’ n m m m c e  to use in tolerance inc~ i m n m i it ie s

~m . The t ightest  to l e rance  allowable in tot em -m utce inequalil  les

5. The increment  t.o use for the  tolerance i n e q u ali t i e s

- ‘~~~~~~~~~ _ -
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• The des i reemi ml jametrim I and I aterrm 1 imo m lurm 1 stock r eem n ’ v nm 1 mm

I ‘( . ‘I’iie miii  imumn ne twt  I d lmunet , r im I and 1 m m  t ee m m  I stock removal s

I 
The f it - st  s i  X of ’ t .iim ~~~t ’ are pr ovided for the ma ch in e  L ’ I mEmumemm ( l a thes , tD
gm i ru ler s , hon es , t’te. ) ; the last 1m m prey i tied t’or each spm’m ’ i I l L ’ mat - im im ie  f -eu •
CPI’i’ ass 1 gin; t ime m i e m m  I red remova 1 L ( i L Inn urge m’i m emrgim ( Or 1 m m  1-go -n— than
n mem ’es mm m i my ) . Ot imem ’w I se i t -  mi m bi mm t h e  m l i i i  Imnmmnm m zmc tu mt  I v rm l i r e  tee t im e p r io r  mtnrd

I m ’ ~ c~P~ ’nt t m l~~ emnim mc en m tp( f ’  t nemi liii I toe k I~Cfl1OV1t i

14. Mmmcii i i i  i n m g  l’m t p e r m m  s i m m !  Co n t , cni i — s

i~Iv t ’mi on p a r ts  whose s m i r t ’ai-e can be g c m m e n - m m t e d  by i-eve I Vinig a mme c t i err

I 
around t i r e  pal- t cen t-en i n n ’ , there can be smi rinscem ; o t h e r  than ml intmetern;
ci mcmii ar c_y 1 i n dcn ’ m m ) amid f a c e s  1, p1 munem ;  p e rpe u m i  I cu I n n ’  t o  t im e cent - e r  I h im ’ ) .

Aimm ong t l t m ’ m ; m ’ of i m em ’  m m m i i ’  t’am -em; are t . m m p e r m m  , chn un mfemni  , m ’ omm m m t , e e m m ;  i n k s , mmd p it’  i i  1

P° m m i i  m m ( mm 1 1 comm i m ’m i I cy I I r i d e r s )  p lu s  u-ouci t ve  nmtm p l c o n i v ex  i -mud i I mmd nlmOme
g emmm ’ra I c - i m t . e m n i - ’n 1’Imeema’ m m i ’ e  more di  f t ’ i c t i  I t~ ti m d i  m n mem m m .; toni . 1 1 m e v  mm 1’ m ’ n il m mm l

lm m m ~ m ’ m ’ m l 1 I l l  m ’t i I t -  t o  gm ’ i m e i ’ m i t  e mi nd h e n c e  m i m e  t i s i m n i  I l v  11 n i  sit em it. fr o imi so 1 i~1

I wh en ever p e e s m m  I h i t ’. ‘4hen t hey :u’t’ cut. more th itnm once , (.1 mm ’ m t - m m m -k memnovu I

i n ;  ~‘e n m e r m m  I ly a mind t’emnim b:mnm d n i l onig I he u’oiit .omir. l’lim ’y are usua l I y mliineenim ; I Oiled

lm _y g m m u  I ’ ~ O I i i t . m m  ( t’;i mm lee ml ininnietet’ wit h t el er anl p ’etl I m t f m ’m m m I p0m m i l o i n  m u ’ bs mm i m ’

I
I mi t  t ’i’ mI 1 p o s i t - i o u  w i t - l i  t e l  m ’mnueed d I m i i m m e t . e e i -  I or by mm s e m i  m ’m m of’ i’o hit .  mm on t h e

m m m i i ’  t a m  - ( each i’e t i n t  1-tee ing ii 1mm f ermi I X jm~~m ; i t - i on; m m ml ni ml i run et .  1mm 1 ~u’ mmd tnt
‘i p o s i t - i o u ) .

I limo p01 nm t .m ; on m i contotmt’ cart bee ml l u me n s [ormed amid tel e m i i n m c e m l  much  m is any
tot-hem- point , ex cept that  the change in diameter or lat er al p os i t i on  wil l  be

I greater than the stock removal. This is because diameters are measured
Vei~ t I p’i-i I I y RUt1 I mt t .er a  I po m ; it ,  lenin hor’ i zonmta  I I y , wh I e t im e st o ck  r enm iova 1 t o m
mm m ’Oni t ori,’ in ; inc m mnmmrr eml ne i t h e m  v e r t .  icit 1 ly  nor’ hor I c e n t - m i t Iy  but. peempt mdi cmii mm u’

I f ’  f i l m ’ c - n I t  m t m l i i ’  • i”eer I m mp e n-n m iiud rind I i t.he la— m ; m m taut. cht nmnigc ’ ‘m mii lme cmi l c m i l  n ( cmi

l’v p I a i i m ’ fm ’Ollim ’’ i’~
. TUi m i t n  gm m i m m l l l m e t . r V  . Mot’e gellm ’n’a I simm t ’muu ’em ; t’eu lmu i t ’e  m ; o l l mm ’  n m m m i ’ t .

m ’f ’ f ’o mm mi 1 m m  f ’oi’ t h e m ’m f l  I e m i t ’ .

m \ n m m m t  ( r e m  m ’o~m m } ’ I I cut. i t ig  t’entt,ure of c o t m t c m m m m m m  [~; t . l i m m t .  t l m e y  m - l rmwgt ’ l m ° m ;  i t - i  m u m
W!m m ’nm (- l it ’ im ~m d~~m m m ’m ’ n m t -  m m m i i ’  ‘seem ; m m - c cut. . ‘l’uii mm i n ; I-i ’ some ex t - m u m t .  t - r m m e  m m t ’ n ; ini rp l em

I 
: m n i m f : m m ’e mm , t ’m m m t ’xitmp l e , it f n m m ’e ge t m ; m n l m o r t - m ’r when time tliiimmi eet.er nim oVe I t .  I ; ;  m ’ m n t  • 

I 
-

l i m i t It j;; f no ‘on m - -e n’ mm I lmu’i’e hem - m mn amu ’ Lime si mig lee ml imenn ; I om m o f ’ i i m t -  m ’ rm ’m ; t.

li e i — m i  ei’;m I po~ I t  i o n  of ’ tnce or d l m iii n ee t -i ’ i I v a l m i m -  of ’ n ml i ntmnu’ t,er) m l u m m ’ m m  h ot

I - ‘himmnm ’ m ’ w h ei m I In’ m I t m m m ’ m ’ i m t .  m m m i i ’  fac1 ’ j n ;  cu t  • A t ’o n t - onm i m ;  ol’t - eenm part .  I n t l  ly  , or
- ‘ - ‘ii: : v ’  m ’ ~

‘ ‘ .- i  l ” ’~~’ ’ -! slim i’nm ce connp lct ,e  I y , mle t em ’m I t ied (my bet I i  t - hm ’ I i i  t. -n’ ni I
p c S  I - i 1. ml I I I  - t m - i - ’ - Il vu lire of i t m I n m t .m ’m mm em ’t l o i n s  w i t h  I f - m n im t’igl mbors . ion’

- . - , “iwi f . - i . - m n ’ ~- o r t  , - nm .1 i m ; m i ’n : m  jm ’ iim ’d I I V w i d t  In m m m l  he i gh t - ,  arid w l u — n m m ’v m ’n ’
- fl’, 

~~~~ 
! f -  m -~~~~~ - m - 1 t m : m , ’ - • -i’ 1 m m  m u n c h  j l S ’ ml t im e t’liamn t’m ’i’ get m m mmhorter .
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The CPP }m 
~:m~ m ; t t ’i mm now in the demon strat  ton phase has t ’o nmc cnn t rat ed on

mis I 1m g mm t 0 n’e~I p i’ m ce: m S I m l g  I c I.e determine  m m l m p ’ m’ mt I. ions in the m u  t I iii p lnmnmn m I ii~~-~

m ’•~~m ’ 1 ‘‘ . ~“mmbs tm um t m i  I wpm i -k has bet -n m i m t i m e  on the i’emainder of ’ time sym ;t .em n , b u t
t 1mm ’ m l i m ; m t ’ n m m ;  i or ; I ;nc ~ m in i t o  I t ’r ’ m m m i c  i n m g m mi ’ m ’m mm ; are not. ye t -  ceemp It —t o . Wi t i  Ic t ime
t ee I m i ’ m i r m m ’p c l m m m m ’ t .  l u g  code works for (‘muse;; simd diamm ieter m ; , i t .  i n ; m ; t - i  1 1 fri t,lmt’
p m ’ m m ’ m ’ m n m m  ~m b ’ he lug i- x t . e n m m i e d  t o  t - m ip ~- m ’e d sur t’aces nind e e m o r m t , m m m i m ; ;

• l~ I~ S tock  dr’owth aim -i Pin ; tot ’ (-I cit I roeen;sem;

i t  in ; kniowim t limit I t m e m m ’  mm m ’ e m m pm ’r;tt i 0 1 m m ;  m mmii ’ Ii  m m; ;  p I n i t .  I rig , c o m m t , i  i m m ~ , arid
h a  i’ lm ’m ’ m I I lug iii w hm i cii t 1mm - out, r~’ 1m m - t i’ I m uul ’ lmte ’p’ gi eWm omit Wn_i’ml by ;umnmtt’ m i n i  f orm
mmn i o ;m nmt - . Tim in ; gi’owt I ;  m u m ;  m m pr’m ’m ’t ’ sm ;  I —  I o r ;m n u ’e  ,i u;’,t. m ms m uim ’I ; m ’ m i t  h i m m ; m  m l

m mm m mm -h i n  j u g  I - m m I e m ’ : m n m m ’e . ll mwevei’ , CPPI I ; ;  rio t ym ’t. m ’qmn i p jm e m i t o  m l i i m m e n n n m  ion ; L im o
I -hm ’m’ :ence ~n t  -k g m - . - w t it  m m m ’m’ m t t imsi mm : . It. i n; m i I ma ’ riot - t’qu h r ’ ’ 1 I mtm u ’ ot ’ i f m i i ’ m-

t e e  Ie n’ arm m ’es : m t ’t t s m ’  st i ’ m — S ; m r e e l  l e t ’ mi nd ill hem ’ pm ’ — m ’ e m m m ; t ’ n ;  t h a t ; ‘e sm i l  t~ in ; i -~~ ’t I i ; ; —
i T t  h u m h m m L  l m m m v m - h I m ’ pree~li~’t ,m mbI m ’ c t m : i r i ~~ 1 mm im oii m i ummd m l l m n m - i m m m h m m h m m m . ‘ i l m m - m ; m ’ m m i ’ e

;e’ m - m m m ;  f - i -  1~m i I  mim ’ e work  f - i  l o W I n g  t ime a m id it - i m ’ i m o h ’ I m m i ’ e r n ’ mm md c- - itt - n m ’  1 m m  f - l i-

t i m 1 er ance  m i m m i i t  I big .uthnny ;;t - t ’m mm.

m Mntr m_ tm lm uc hi n e  (‘onm imuim I ‘ mm td m ’n m n ;

i” m m l  ly  m i m m t  e e i ; m m i t e m l  pb ’ m m m ’ ’ m m m ; p I m iri mm ing t’om’ t ime l’m m I 1 m ;pt - m ’t.n’mmm ml ’ m mcm i ne.! i - m e m ’ t  mm

s l’m ’yOim l I Im p - m ’a j m m iI m I l i t  v ot ’ c m m m ’ r c n t -  t e i ’h nm o I - -g,v —— nul mi Wi 11 mt’i mm mm i ii Si) t’om \ ‘e m i l’;m

It in : I lie me t’m ’ i ’ m ’ b m m ’m ’ m -m ; Smt i’y f - In mt m m m ’.m~~ip t  m l  m ’i ’ I ceml p i’m m ’em ; m p1 m m m i i  r ig  n- V m m I ~- mm; o t ’t ’i’ i’ m m

- - m ’mmn V m ’ hm j m -i m t , m ’ f ’ fm ’ m ’t - i Vi’  flI’~ n mmn S  of’ lium nma n -n’ m ’b ’ m ; l  girt m m l m m l  t i n  I e ; ’v e n n  f - i oim . ‘I’h i mm S m - i’ t . i t 5

mli-s~’i’i i’m -n ; 1 1 mm’ ~l’PI’ e mm i m nIb I H t.y ton ’ mi m ani —mmmachi no comin n mm r mi r i -it ion . m\pp t ’ n m m i i  \ P gi  i’m’ ;:

l e t  n i l led m l m m i - m nr r nm m n mt mmt i en ; t i n d  i I I m i s t  n - m i t - i ens c-I ’ ~~~~~~~~~~ mm 1st eeb ’m i m t b i t  em m i mm il m i Ii t i m - ;;~

2.  •~ 1 Thee I’ n asc em: m m T ’ luiii m j im ~ l ee  ;‘m j i m :  -

‘l ’ l ip ’ i ’Pl l m ’m ’mi nmmnn i Im ’ m t  I on nnedi m in im i m m mm I m ’W m ’m m ;  t f-m ’nin i i m nu l wit -h i i  nt ’— mlr mm wi im g

~m rd tee \ t cm ipmml ’ I l i t  It ’;; t .hm m t - ‘ann ( m m ’ 1 t n m ’ ; m m c m l  ; m wm uy l ’i’m m m; ; t Pm’ m ’p m ib m l m h i t en Un the f l r ’ c m 5

P i  s h i m  I ng ; m n ’ e m m  . ~
‘I ‘ I I  - m m;; !‘ei ’ m m  -l m ’m ; fulmSI m ; m ’ t I c - m t  no m ’m m i’ m m’ mmt e n -  ski 1 1 m m  mmi ’e rm ’m iu t t’(’m l

t o ; ’  t he  11;’ . 1 _ I ’m :: p1  mtni m e i’ t ee - p m ’ m : m  t e t I m  e ;my -.n t on :; m m m l p h ’ o m ’ m ’ m m m  p 1 minim in g, mm m m ; n ’ e e

by t.hm ’ mi ser  m m t ( 1 m m ’  t m - m u  I us I , pr ’ m ’gl’ t ’m ; n ; m ’;; in mm I ’m m n n i  I I ii . m ; mni t i e e i - . l’ m m m ’ sk m ’ t ‘1mm ’:;
m m u ’ m 1mm - m i  vi I ~

‘ n im ; e ( 1 -  p’onmnl m mui m I m ’ m m  I e t i n t ’ m m ( m t t  mm:: m m m i  p l ’m m g i a ’ ; ;n ;  o I ’ p h  m mn m i img . m ’m ’l’Ii ’;;:h: i —

‘n i t  1 m m  1;; m ’im mmv ei’m m m m t I orm I . l m S S b m m - u ; ; n m  t m m n m s e n ’  i i m p m m t  ; ‘mu ;gm ’;; fi’m ’m lm m m i n m o m ;  1 I h i :: t a m ;  I ml —

m m e i m m i m ;  t . - m m few m ; e ’m ’; m h l i m ;  I f ’ : m - I c q  ; i m m  t m — - ‘ - h i q ’ m i  1 m m  m u n p p m m r t  i n n i’ m ’\’ I d em i . m ’ V t ’ i’m I
i ’ve i n ;  of j r - t I m ’ i ’m m m — t. j m m mi m m i’m ’ : m i ’ m l i  I m m l i i ’  — —  t i m e  t m r m u ’ m ’;; ; ;  

~
m I m l h m m m e ’r - ‘mimi m ’ t i 0 m ’m n e  : m . m m m ’ n m - - :

I I m emmi ’ m i - - - ’ 1’ mI I ;mt ~ to th e  cm tmmj’ let -im m ’m ;m ; m u m I m ’o l ’ i e t ’ t i -tm ’ :;;; 01’ t Im e nm n t mm m m m m -  1 h i m ’ 1 m m ’ ti mm t mm
b m i m m e , I; j i’m l t  f i  m leer i m ’t’ i i i  i’i’PP , m m m i i i i i  m . -i~ n i w m ’i’k h tm l ’  i t : ; .

‘I ’h ’ t m ’  i’i’; I m mm i  I I ; ;  em nitem ’ t m ’ ! I ’  ni ‘ m’n ;m -’,’;m I j mmn i’ im~~m m m — e m m i i n p m i t  e n —  S m ’ S I t’l’l i’ll W I ;  l e h i
e ’ l i ’h  - I ; ;  I up I m ’m ’mm ’m m t m ’ h .  I n n i’ m ’ m ; p m m i m n ; m ’ I — - •h I reet’t I .  -hu m i h ; 1 - m i t  it t I ; ’ I - ‘  1 1’; in;; I • t i m e
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computer system accesses data in the m~nufacturirrg data base, 
uses this data

to ex ecute CPPP code , transmits graphic displays which inform the process

planner of the status of planning and options available to him , arid stores the

process plan data that are generated . CPPP is currently implemented for

TEKTRONIX lmoO6 , 14010, 14012, and 140114 graphic terminals. 
These may be connected

to the computer by voice—grade (telephone or intercom) 
lines or by more spe-

cialized lines. The terminal may be very close to or distant from the com-

puter .

~‘.5 .2  CPPP Modes of Operation

The process planner can choose among three CPPP modes of 
operation whi ch

ot ’fer d i f fe ren t  degrees of user involvement . Conf idence  in the (IPPP data

b m m s e , especial ly  process decision models , wil l  usually determine the desired

n m ;omie

The highest  level of’ automation is fully automatic process p l a n n i n g .  In

th is  mode CPPP uses coded manufac tur ing  rules , other manufac tu r ing  data , and

part design s to generat e comp lete process plans without human intervent. iOfl .

I 
~ost obviously, 

this level is used to prepare process p lan s when there is f ul l

r onfi cence in ; the system. When confidence is less than total , it may be

pract ica l  to use th i s  node to generate a 
n first pass” plan which can be

s tud i ed before generating a f ina l  plan and also for make—or—buy , producibillity ,

and cos t e st ima t iumg  studies.

If the data base is somewhat less than complete or there is not ful l

confidence j ut  i ts correctness , semiautomatic process planning is appropriate.

In this  mode , process planning is performed by CPPP with the user overseeing

and, to the extent desired , modifying the plan as it is developed. The user

may select the degree of supervision he wishes to exercise 
by speci fying the

points  at which he desires to interact  with the system . (See the discussion

of in te rac t ion  points b e low .)

When process decision models are unavailable or 
the process planner

f wishes to investigate radical ly different processes
, interactive process

planning may he used. In this  mode the user supplies the sequence of’ opera-

tions , af ter which the system helps to provide a detai led plan for each

operation . As with the semiautomatic mode, variou
s degrees of interaction

mi re available.

2.5.3 Interaction Points

There are f’~fteen major 
points where the user can interact with C1’PP . To

describe the role of these interaction points , a skeletal review of the syn;—

tern ’s processing is appropriate. Figure 38 gives a high level view. The

procesS planner init iates a CPPP session by entering basic 
data and instrue—

h
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PROCESS PLANNmN G

SESSiON

PLAN SEQUENCE
OF OPERAT IONS

I-
PLAN OPERATIONS

mN DETA i L

T E R M I N A T E

PROCESS PLANNmN G
SESS m ON

FI GURE 38. OVEHVIEW OF CPPP

tions. A sequence of operations is then produced (Section 2.2). For each
operation , operation type , machine class(es ) or part icular  maci -t ine tool , setup
orientation , and surfaces to be affected are determined.

When the sequence of operations is complete , each operation is p lanned  in
m,~e ta il  (Sect ion 2.~~) .  A l t e rna t i ve  machine tools are i d e n t i f i e d .  For each
machine tool , al t e - n ’ i m a t i v e  e m i t .  sequences ar-c generated . For each cu t- iii emecim

sequence , al t e r ria t i  ye tooling  in ;  i denti  1’! ed. The opermiti  on is then p1 annemi

for various tool i ng combina t ions , w i t h  t ime and cost- c alc u lat e d .  1 1 m m ’  b m ’ m m t
tool i ng comb inat ion for each c u t sequence , then the beat- rut seqmn enc i - for macfm
m a c h in e , then the best machine for the operation an-c chosen . Thi- ~i~’t ; i i l e d
p l a n  for that opera t ion  is them ; stored and th e next-  operat ion-i a t t acked  in the
same manner - . Once a ll  om;e m’:m t. i otis have been p1 anned lii 11 1 t m m 1 1 , i-lie pi’o

plan is complete and the p l a n n i n g  ai ’as ion is ter’mnuura t-ed.

Two i r n tm ’ i ’ m i e L m  on poin t s  m m c c  m u -  in C L I P in I U at - i  m u m ( ~~
‘ I m ’~mm u’ m- ~o ) —

1. Initiate Method of Process Planning. The pr’ocess planner enters hi m ;  name,
part number , and the desired method of process p l a n n i n g .  In the present
system he may choose to generate mi new plan , ei ther  by u s i n g  process
decision i - - t i l e s  or by d e f i n i ng  operat ions manua l ly . Iiesum n rpt ion of a p ar —

Ii
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t ially completed plan or edi t ing  of a completed plan could be offered in

I 
the future .

2 . In i t i a t e  Startup Data for a New Plan. The process p lanner gi ves let  sim ~e

I and the economi c c r ite r ion  to be used for decision making (cost  or t i m e ) .
He selects the interaction points he wishes to use and the operations for
which  he wishes interaction.

I
I

IN ITiATE
METHOD OF

I PROCESS PLANN ING

I m NiflAYE
S T A R T U P  D A T A

~~OR N I W  P L A N

I
FiG U RE 39 - IN TFlIlAC I ’ 1 m ~N }‘C I NT S IN CPPP I N I T I A 1 I C N

Three i n t e r a c t i o n  p o in t~n’. are ava i l ab le  in pl an n i n g  the sequel-tee 01’ opera—

I 
loris (Figure 140 ) .

~~. A ecep t /M o di  t’y Genen’ateml L’ 1m m ’c m mt i c-n. ‘l ime Wit a amid workpieee n ; k m ’ t  m ’I m ci ’ m u m

operat ion genie rated by a p n’ m m eem ; a 1cm ’ IS I k - i n  mo le I ;ii ’ m- di mmp I ; iym ’ mf . I’he n m m ; m ’ i ’

I may niodi fy t ine m ;pm ’ i’;i t - ion in aeve mmml ways : m u m fd I iig or rennovi nig s mu’ l ’~m m ’m ’n; /
features , ehmumg i i;g t im e mach i tie m ’ I mm ;; ;m em; ) t o t~e m ’c-ilS I m i t ’ n’ eml , chanigi mi g t tm -

Sm ’t m qm o m i t -n t  m i t  i c - mm , m t  m ’ . iii ’ ’ Opt i’ ;tt len smuy mm I mm m m I-c en n t - i n.e ly rm ’ ,~e c t e m l .

I rmten’ m mc t I ye ly Pet ’i ne opi -r a t lonu  . ;\ pr’Oceam ; p1 annen’ can use this i ni t .e r —
m uc t I cnn pci nit to define a se que n m m ’e of ’ c - I - t  b’ m s, 1 ic - h i m ; W i  t - i i m ’Ut .  us lug a pm ’c-m ’u- m ;m

m iee in; jOn; mode I . The user -  wc’ul - h ;m pem ’ I t’y I t i m ’ type c-i’ operati on , machine
tool or’ mac?; I rue tool class , mm m l  m ; i i i’  l ’i~~’e n ; t m ~ he cut in it me tal removal
m i m e  r a t  i ,m m n. Tini s method of operat i on ; ‘um I d m ’m m im t i nue unt.i I a fiul 1 sequenuce

of  operations had been m c i f i e f .

)• Accept/Noii fy SeQuence o f ’  Operat i ons. The sequence of operation;~ cm-tnt be
reviewed mi t  t h i s  i n t e r a c t i o n  po in t .  The process planner has several
options available: delete an operation , add an operation , modify an
operation , or accept the seq uen ce of opera t ions .

r 85
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F L G UR F 140. INTF IR AC ’IION POINTS IN PLANNING SEQUENCE 01” OPF ,RAT I ONS .
It’ operations are generated by process dem ’ision rules ,
( a )  is app ii cable .  Inte rac ti  ye p l an n i  rug in ;  shown i n (b).

Petailed planning ot’ operations of fe r s  a n umber c - n ’ oppur- t- un i t i e s  f’or
interaction by the process planner (Figure i~ ) .

tm . AL ’m eJmt Mc -m i i t ’y Macli i n m e  Tool Candidates. The pro m -c an ;  p i m u m i m m e n ’  may spec i fy
m l i i  t. i m m mm ; ; ci’ d e l e t , j t m n m s  to the maci inc tool candi mht t. em~ m ; O] em ’t  c i  by CFI P
i c r  pc - mm : ; lb  I m ’ USe in am; operation; .

‘m’. A ’ce,pt. ‘Mcm d i f~~m Cu t SeQuence Can cii dates. The carudi date cur t  mmcm l m it ‘hi m ’e:m

cc I m -e t e m i  by S it m i l  - to remove stock in an opera t i c -r i  are mit n;p 1 ny c -I - ‘ 1 1 1 m m

l im i t ’ ! ’  may m u l j  or de l e t e  cand ida te  seq u en m ’ ’;m

S. Acm ’t~j  t j~~i u i  m m m l i .  I mi~ Tool Cand i in t,es . Thi’ ~itru ii uhit t m ’ m m m ~~t i  rig I - m m I , ; ( -

t m  ~m ; 1 I y ~-c~m St’ I em ’ t m ’ml by CFPP tot ’ each cut are di:; p 1 my em! • ‘100 I a  im m mu ~’ I - t ’
- l i - l c t e m t  or new onn es  spe ’ifi ed.

I) Ac - ‘ep t -‘Mod i t’y M acli ining Ilata . Mach i n  h u g  data (e.g. m hep tin m l I ’ ~‘t1 t m m m i ni - cr ’

of ’ emit ;; , f ec u i , speed , time , t c-cl ii t’e, too I mate n-i m m 1 , in c  r ’ am ’p m mwe m )  1m t e e —
minm ’ m i for each type of’ t’ut and tool are displayed.

I i;

~~ ~~~
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I ACCEPT/MODIFY

MA CHINE TOOL
CANDIDAT ES

ACCEPT MODIFY
CUT SIOULNC

CAN DIOA TES

II F
I ACCEPT MODIFY

CUTTING TOOL
CANDID Al ES

I --

A CCEPT MI )Dm EY
MACU m NI N D

D A T A

I I
I ACCEPT M OD m EY

SEL~ C T ( O  T OOi
COMAI NAT ON

I F
A C C I PT MUmm IF Y

S E L E C T  Em )
CUT SEUtIE NCE

I 1:
I A m m m  P 1 M O I m m I  V

t i m  l I l t
MACIIINI I l imIt

I [ ALICIP T MOD mI
m E T A I L I O

I IP E I 1 A T I I I N  Pm AN]

I A: —

ACC EPT MOmFI V
m I N A L  PRmmctss

I
I FIGURE 141. INTERACTION POINTS IN PLANNING OPERATION DETAILS
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10. Accept/Modi fy Selected Tool Combination. The combination of cutting
tools selected by CPPP for a candidate cut sequence may be changed.

11. Accept/Modify Selected Cut Sequence. The cut sequence selected by CPPP
for a candidate machine tool may be changed .

F. Accept/Modify Selected Machine Tool. The machine tool selected by CPPI’
for an operation may be changed.

l l . Accept/Modify Detailed Operation Plan. The detai led plan for an opera—
tion is displayed , iden t i fy ing  the chosen machine tool , cut sequence , and

- - tools.  The process planner has the option to accept the operation as
planned or replan the operation wi th  fu l l  in te rac t ion.

I 1 m . Accept /Modify  Final  Process Plan Data. The en t i r e  process plan can be
reviewed in detai l at the terminal  before i t  is pr inted by CPPP. The
process planner  has few options at t h i s  point  in the present  system.
Enhancements can be added in the fu tu re  that  wil l  enable  a process
pl anner to selectively add , delete or modify opermit ions .

Terminat ion of a CPPP session involves a single in terac t ion  p o i n t .

15. ‘Fe n -mj n at e Process P lanning Session, The process planner  has the option i’

to i’equesl the type of process p l a nn i n g  documentation t o  he produced by
SPIT , i t  can be the sequence of operat ion s (sunnmar-y sheet  I , operation
shee t s, or both .

l eVels ci’ Interaction

Most. c-f the interaction point-s described above are opt I t m m m n  . ‘ l i m e  J - rc- m ’e m mm ;

p lanner  may chcoa t ’ w h e t h e r  to review and accept /n m -m i  i l~’ the Tl’I dcci mm ion; which

p mccc I€’ m 1 emmcl; interact’ ion point • I V he e lee  tn ; i nter:uc t i c - m u , ii gn ’ap lm i c l i s p ]  ny
i;; shown w h i c h  e x h i b i t  ~; t i m e  deci  s iorm and offe m’a opt i i r m a  i c r ’  v i e w i n g  a dmi t  t i c mnm n I

t i m m t . ; t  and nc ij  l~ ’ I rug or m ’ I i m m n m g i n l g  the item ’ i S  I c - m m .  I t ’ mmcl , I hi ’ m i l  ~~p I m m y  15 l- y —p m tm ;; m i - - I

arid t ’l’FF p r c - ee e ml : m wi t i m c m m t  I a t  m - r ’m im ’t. i mS m l .

The j n t , e r ’ m m m ’t i on i  ~ c - iil i  a ;lm ;m ’ m m c i ;mt .c I w i t h  i n i t i a t  l a g  ari d t i ’n - n m i m n m m t  I mi ~~ a p r o—

m ’C5i3 p 1  m u m m r ;  I m g  m ; m ’~;S i c - ni ( 1  , ~~ and i t ~~ ) are nc-I - T t  I i t m i l m m  • 1 n;t e;’aeti - t i m - 1  t l m i ’ s m ’
pc-i n t ; ;  i s  requ i  rem i l t - - opT-rn t e  i ’rrr ’ . I I ’ b ’i l  I Iy m m m i i - cn;:i t m ’mi p I min im i mmg i mm r l ’m l m u m ’ m m t I ’ m !

no o t h e r ’  int -c ’n ’ m tc t  ic -n N -1  n i t s  (ire used, 1nt ,ermic tic-n po int 1i i S  ! ‘ / m i h m m l m m t  m m y  i t ’
t im e  i n t e r a c t i v e  process p 1 running mode is r e q u es t e d .  ili er-wi m ; m-  , the p r m m c l - m m s

p1 ariner may choose wir a t ever  comb i nat i  o nm c-f ’ t he  n’ e’rmmm i n n  i rug lt m t it; 1 m m  ( , 5 t i m  n ’ m t m m i i ’ t n

1 1 )  he des i res .
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I
3. 0 BENEFIT ANALYSIS‘ I

- l Analysis of the benefits of computerized production process planning was

I 
performed as three tasks. First, benefits to metalcutting industry in general
were analyzed. In this effort , alternative computer capabilities were con-
sidered. The second analysis was a case study of benefits of the demonstra—

- - tion CPPP system to the 1-lamilton Standard Division of United Technologies I -

Corporation . Third , benefits  of CPPP were projected to industry producing Army
missile components and other defense items .

. 1 - i
3.1 General Industry Benefits

I A survey was mailed to 153 metalcutting companies. Data on process
planning methods , associated. costs , and the expected savings/costs of c omput— -

‘

erized process planning were requested. The response to the survey was used
as the basis for an analysis of benefits of the technology.

I 3.1.1 Industry Survey

- 

- The survey consisted of three sections. The first section described the
purpose of the survey and provided definitions needed to complete it. The
second section requested information which would characterize the company , its
products, and other relevant parameters——process planning methods and costs,

I current and planned usage of computer aids to process planning,  machining
costs , tooling costs , etc. In the third section , ‘three different levels of
process planning automation (Systems 1, 2 and 3) were described. Each company

I was asked to estimate benefits over manual process planning, implementation
costs , operating and maintenance costs, and obstacles to implementation for
each system.

I - I System 1 provides a capability to retrieve process plans using part I
c lass i f ica t ion  coding or group technology . The system also helps produce

1 
process plan documentation. Every machined part is assigned a code number
which classifies its geometry and machining requirements. The code is used to
access computer—maintained data files that can be examined by a process plan—
ner to ascertain whether the process plan of a given part is currently avail—
able , can be prepared by modifying an existing process plan for a similar part ,
or must be created from scratch . The planner uses the information uncovered
when manually producing a process plan for the part. Once the process plan is
manually prepared , the mach in ing  and other process steps are coded into the
computer by keypunch operators. The computer produces hard copy documents f or
the shop .

1The work reported in thi s section was largely performed by the lIT Research
Ins t i tute,
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System 2 offers the capabilities of System 1 plus Interactive modi fication
of existing plans, automatic determination of machining parameters (feed, speed,
etc.) and times, and automatic documentation (without workpiece sketches), It

- m contains a computerized data base which allows the retrieval of lists of parts
belonging to the same part family , standard process plans for a particular
family and process plans for an existing part number.

System 3 provides semi—automatic process planning with computer generation
of’ operations. This system is considerably different from the previous systems
in several respects. One of the major differences is that it has a generative
process planning capability. The system contains decision logic concerning
process planning.  It can produce most or all of the process plan for a specific
par t wi thout re lying on modif icat ion of a standard process pl an for a similar
part. (However, this system could also operate in the same mode as System 2.
Sy stem 3 has an extensive data base containing process decision logi c, machine
data , tool ing  data , and machinabil i ty data. The process planner may use a
graphic terminal to review and modify the system ’s planning.  Documentation is
automatically produced.

3.1.2 Response to Survey

Twenty—one companies responded to the survey (Table 3 ). Four are missile
prime contractors or subcontractors , eight are nonmissile aerospace companies
and nine are nonaerospace.

TABLE 3 ,  COMPANIES RESPONDING TO GEN ERAL INDUSTR Y SURVEY

ACF Industries , WKM Valve Div.
Beckman Instruments
Bell Helicopter
Boeing Commercial Airplane Company
Borg—Warner
Deere & Company
Fai rchi ld  Republic
General Dynamics, Pomona Div.
Giddings & Lewis Machine Tool
The Gillette Co.
Hughes Aircraft
International Harvester
Lockheed~~~eorg ia
Loek ineem i Miss i le  & Space
Midland—Ross Corp., Surface Combustion Div .
Sundstran d Aviation , Div. of Sundstrand Corp.
l I m i ted Technologies , Chemical Systems Div.
U n i t e d  Technologies , Hamilton Standard
United Technologies , Sikorsky Aircraft
Vought Corporation , Michi gan Div .
W est in g house Electric Corp. , Large Turbin e Di v.

I I
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19%
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FIGURE l~l i .  NUMPER OF LOTS PER YEAR FOR A PART
Some responses did not t c - t - a i  t o
1 ~ ) ~ lx~c:~ u se i~ i’t not made In a
year were i n c l ud e d .

The survey requested estimates of the port ion of m a n uf act u r i n g  costs
for part s produced in—hou se  which were a t t r i b u t a ble  to process planning , direct .
labor , mater ia l , too l ing ,  scrap and rework , and overhead and p ro f i t , . The
average responses ~

.e shown in E l  ~ini - c - ~ 5. There was considerable vu;’ i at ion in

mesp~ iises to th i s  ques t im - m i .  Process planning costs were genera l ly  higher for
m i s s i l e  and ot }n~- r u- n-c-cl-u c- - manufacture n-s than for nonuoros puce ,‘Oni~~i i m n  I Ps.
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I
I PR OCESS TOOLING
I / \ PLA NNING (7%) / ~~~~“S~~

18%)

I
I D I R E CT L A B OR \ /7 M A T E R I A L

(28%) \ V (23%)

I
O V ER H E A D , PROI IT ETC.

(30%)

I
I

FIGURE )~5. RREAKD OWT~ OF ~ANIJFACTURING COST

I FOR MACH INED PARTS . The chart
shows average response to the
general indus t ry  survey .

Process plan preparation can be divided into three a c t i v i t i e s :  planning
for a new part , modi fication of exist ing plan s , and planning for study purposes

I ( cost estimates , make ’huy studies , producibil i ty analyses) .  Table )4 shows
rela t ive  frequency and costs for the three act ivi t ies . The survey showed
that aerospace manufacturers  expend a larger portion of process p l an r n im ;g  co st s
for s tudies  (20 percent vs. 5 percent for nonaerospace companies ) .

I TABLE i t .  TYPES OF PROCESS PLANS ANT) THEIR COSTS

Average

I Type Frequency Cost

Plan for New Part 30% $lnQ ,7

Modified Plan 39% $i66

Study Plan S~% $121t
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A f~ c ’t  I c :nu l  breakdown of costs for new pm -oc e ss  p l a n s  was af ~~o r equec  I
h~

m s-~r’;ey . ~he average response is shown in Fi~’:u n’ - i t (~ . Cost c :tfC We I
r l-n ~t cc o v e n -  t he var ious func t ions . De te rmina t ion  of ope n -u t  ion sequen -  - ‘c

an.1 p m ~~ n a  ‘~~ Ofl c - I  ope ra t ion  sheets are the cost] j es t  act i v i t  i c c .

D E T E R M I N E
T IME STANDARDS DE TE R M I N E  OP E R A T I ON

SEQUENCES

A N A L Y Z E  
(2 2%)

1(1 L FR A NCE S
15’ , )

SE L E C T  M A C H I N E
AND EQUIPMENT

PHEPAHE ROUTING SHEETS 
(7 ” ,,)

(9-’,)

S E L E C T  T OO L I N G, G A G E S , ETC.
(1 1’\ ?

PREPAR E TOOL
ORDERS

(1~m -~,-)

PR EP A R E  OP E R A T I ON SH E E T S OET ER M I N E

(16%) PROCESS ING
P A R A M E T E R S

(9%)

FI t i I I R E tt’ . hR1 \i’1~OWN OF FROCESf PLANN I N~ (‘COTS FOR N i W  PROCESS
Tine s nun of  t h e  component costs is less than ioo% becaus e
5 c-na’ res pc-n mlent c I nn~’ I uded other  t’ rnct  ionnc

‘i’he n-ecpc -nscc t c- t he survey c lear ly  i n d i c a t e  t,hat I nmluat- n -v is rec ept -  I vt’

to computer i - - c d  process  ~l ann i r ~n’ - Many respondents are c u rt - c u t  1 y u s in g  some

n- tn t I’ c-c nnnpnn t -er ass i c t woe .  A nna~ or i ty c— m Id I hey plan t o  i m i t r O O n n ~-t’  RCW a I mIS

on- inc -n- case t he cc -c -pt ’  c-f m ’ur r ent  ones it ;  t h e  nex t  two yea;-c -

A ci ,~ on- po n - t  ic-n c-I’ I he survey was devc-t e1 t o  t ine pot eat  i a I I n n n p c m ’t- c-f t he

Itn ’cc ,-c - n -~ - ’ t  c-- ice,) P ’ m m ’t ’~~ p~ n mnni tng cy s t  en -nc - . Ci vet ;  ni desc ; - i  pt ic -u c-I’ t h e

sys tem --s . Inc n’O m -l p l eat s  were ask-c-I to 05 I- t I n t - c  pot  m t -i al c-nv i ngs and cc-st

i - p  c r c - n  I ann! r’nnn I tn t a inn t he cyst ens - They were also rem lnnt ’c t ed I c eva I I n n )  - -

I n~ 
- -~ih  le heuel ’i I c I he sy c - I

______________ - - - 
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I
The average estimated cost savings for the systems are shown in rTable 5

The potential savings for each system are significant. System 1, the least
sophisticated from a technological standpoint, had the smallest potential
savings. Systems 2 and 3 showed increasing savings potential, in keeping
with their greater capabilities.

I TABLE 5. POTENTIAL COST SAVINGS FOR CPPP SYSTEMS

— Cost Area ~~ystem 1 System 2 System 3

I Process Planning 28% 39% 58%

Material 3% 3%

Direct Labor 5% 7% 10%

Scrap & Rework ~ % 6% 10%

Tooling 5% 7% 12%

Work in Process 2% 1~% 6%

I
The savings estimates of Table 5 and the cost breakdown of Figure ~5

were merged to calculate estimated savings in overall fabrication costs. The
projected savings were ~.3 percent, 6.5 percent, and 9.6 percent for Systems
1, 2 and 3, respectively (Figure 4i). It should be noted that the calculation

I assumed no impact on overhead costs. In practice , reductions in nonoverhead
costs should be accompanied by some reduction in overhead costs.

I The average estimated costs to install and maintain the systems are shown
in Table 6 . Most companies felt that hardware such as interactive terminals
and interface equipment would be required for Systems 2 and 3; however, it

I was apparent that costs for complete computer installations had also been
included in some responses. Therefore, average hardware costs were much higher
than anticipated . In all cases, as the systems became more complex and power-
ful, the implementation and maintenance costs increased .

The impact of the three systems in less tangible areas was also evaluated .
In the rirst survey , the companies were asked to rate each system on a scale
from —2 to +2, with —2 implying a significant negative impact and +2 a signi—

~ t’icant positive impact. The average responses for each system are shown in
Table 7. Each system showed a favorable Impact in all areas. The most

—
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TABLE 7. IP.~ ACT OF COt~ UTF~ IZED PBOCESS
PLANNING TN INTANGIBLE AREAS

_____________ 
Average Hanking

System I System 2 System

I Production Leadtime 0.86 1.30

I Process Planning Leadtime L211 1.55 1.89

I Machine Utilization 0.57 0.85

Product  Qual i ty  0.38 O . I m 5 0.19

I l~ i m’ect Labor U t I  1 i zat ion 0. ~~ 
)~5 I .00

Uni  formi ty  ot ’ Process P lans  1 . 1~5 1 .10 I .

Cost Est imut  lug  Procedures 1 . 1. .

I M:tke .‘ I3uy Dec is ions  0. ‘(6 1 . ‘
~~~ ‘ I .

I Product  St anda rd i za t ion  0.81 1.16 1 .3

C r i t i c al  Labor Sk i l l s  0.2° 0. ~1 0.78

J Material Standardization 0.57 0.68 0.89

I Produc ib i l i ty  of Parts 0.55 0.65 Lii

Plant  Layout 0.Im~ O.(~” O.8~

I Material  Hand l ing  0.62 0.79 1. 01’

Production $chedul ing 0.80 0.95

Capac i ty P lanning 0.80 1.00 1.

*Ra nked on a scale of —2 to +2 , where -2 = s ign i t ’icant .  f l t ’ g at iV e

impact , —l slight negative impact , 0 no change , +1 : : l i g I i i
improvement , +2 = significant improvement .
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TABLE 8. TYPE~1 OF MANUFACTIJREES USJ~ I N BENEFIT ANALYSiS

I The parameters below were used for both cy liri ;ln ical
and noncyiindrical cash flow analyses.

Type oil ’ Manu l’at’ t U I.e r

Sunal I / h h i gh l y  M e d i u m/ F a i r l y  L ar g e/ H i g h l y
P l lnwn e te r  I ’imi .Iar Parts 511111 1 ar Part, s Si ml I ur  l’ n rt , ::

AnTI I,ua l Va l ue oi l ’ $‘ Mi ‘I l i on  $10 Mu I lo l l  ~$‘~o M i l l  I t T I

I Parts  Produced

W ork  in I’ roct ’s:; Inven to ry  $2 .5 M i l l i o n  $ b M i l l i o n  $.“ M i l l i o z u

l :u’t: ; I l : ipi l t ’ I t ’d by Sy:; term 90% Ro~
i ’y Dol 1:4!’ V bt I I le ’)

I ’ i’ ot ’e~~ :; I’ I m i i i  I i 1~ ~~~~~~~ t • ~ ‘
~~~~

I) i nt ’, t. labor Cost:; ,
i ,

j’~~ 20~

St ’u’ : I l i  and Hework Cool  ;;  :~

1 1’ ‘oi l i n g  Coot , :; ‘(‘c ‘I 5~

I M a t e r i al  Co st s  15% l’ ,~’i

Overhead and Fee 145% 50%

I
I TAPLF 0 , CrI’1’ COST RKI )UC ’I’ I ONS IJS}’,l) I N  ANAl  ,?Si ::;

Syst, em I Sy SI . t ’ubl ,~~ Sy:: t ,, ’m ~

Fro& ’e’os P l a n n i n g  14 0~

DI nrc t Labor 5~ i”~ I

Scrap and Rework % 1

• Tooling ‘~~~ 7%

Material 3%

Work In Process In ventory “~ ii%
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t h ~t t  :;oi l ’t ,ware woo I d  be p r ay  i ded wi thout  cost. hardware costs for te !’T h ui lu TLl ii

ph ’ I I I  c~’ o m l  I n t e n t ’ia’ing equipment were i ni ’luded . Costs i’or computer U0ht~~c’
we a t ’  b: tot ’ I  on ‘ h ;tu ’gt ’s  l’or tAme 1 1 0 ’ l  rather than the purchase of’ computer

01

~h i i ’  t y — o I x : t l  ut I y :0’ 5 we’  no per fornr ue d . For each type 1) 1 ’ !iuU iiu I ’btt ’ I. i iu’ t’ I’ and
l l ~ t i l t ’ i ’or:I ltOO I I  e 01’ t ’Ofll [)ltT! 100 ~‘t ’spon l i r i g  t,o t h e  survey , hone I i  t s w er’~ ‘:t I —
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‘y l i u l ~h’i ‘‘ I  I s t i n t  I y: ; I Wa::  p e rf orm e d  fo r  two u’ ! t l ,e ’t ;  0 1’ at ta ini  uig hene i’i ts , ti me
Ot ’ ’ ’ ! ; I u O i i : m  I ly  n i ’~ ’ op t  in !  ~t . i c  th a u m the l’ir st  . Table 10 gi ve s  t he  b’O: ; l l  I

1 ’ I l i t ’ i :  i t ~ r i : t I : t ; i : l  y . st ’;: , h’e smi I t :; to t ’ t h e  oecorni  set 01’ l U s t  l y sc o  pt” r t ’o rmed
I ’ ’ I ‘v 1 : 1 1 1 ‘:11 1t: I ‘1 0 , 1 I t ’ ::Ilowrl j i i  ‘Pttb I t ’  11

ii , SUMMARY OF CASH i.’ I , l W  A N A l Y S i S  RFSU1:I’S
h” ClR I’W SN’I’ Y—FOUJI OH I (U NA I ,  CA S

P~’t ~ llb ’ ll i l l  N e t  }‘ l’eSont .
M a I I I 1  1 s t ’ I ‘ i  I’I’I’ Pnrt , s ~ty 0 t.t’ u ll I l i V t ”St f l l t ! st  V alue
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Si TIll 5 t h ’  t .y ) 1 ‘ I ’

N on—to y .1 1. ~ I
:1W,

i ~ o hB ~i’’
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Non— to y I 1 109
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l ” I T T I  11  : tr i  t y  ) sO ,‘8 s
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TIIF NF:LVF A D D I T I O N A l  CASFS  . ‘I ’ i I t ’ S t ’ :~ r i i t  I

I 
W c ’l’ e ’ j e’r t o  t ’brle’d It  i n  each ~‘v I i n .  u’l ‘:41 ‘a .‘ s t ’ s : o

au u  a l l  t ’ i ’ u i b i t  I V t ’ , 11011111 ,V l I i , ’h ’ t ’ opt  1 1 1 1 1  s t  I t o , i ’ I t e ’  i t ’

i t t ,  t h I !  l i i  SC l o l a ’  t ’i I

Re t  t i t ’ u i  a N t ’ I  I r ’ t s s t ’ u i t
t ’ I s t t ;  ‘ so ’ t  l l l ’ t ’ I ’  ~~y S t . (~ ibl l t u v e ’::I h I l t ’ ! ! !  V : t I  l i e

I I . : t i ’ ~~e ~‘. i , ’,e I 4 I ’f ’~
~ I i  C li  i i ’ !  S
: 1 : s : I  1 : t l ’ i t v )  S I t ’, ’

~‘~t ’ . : j s ; : s .  S l o e  I L’s
( ‘ s t i r  : t : t  ,~ :5

I : 1 5 5 1 :  s I n ’ i v 1 i i ,
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:1 ~‘a I I on , Sy:: t t osi I y i t ” I do ( .hie ~ 5 I’ , ’a I no I i ’ , ‘ I  a ‘ I I  0 :  I I I  V t ’S I In t ’l t t  I l l  : i  1 1
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NET PRESENT VALUE RETURN ON INVESTMENT
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$3.70M 200% — 
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“
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S3M — 1 50% -

$2M - 100% -

83%

S1M — 50% —

$0 45M

$0 1 ‘1 SO J T M  

01
L A R G E , MEDIUM , SMALL , LARGE , MEDIUM , SMALL .
HIGH FAIR HIGH HIGH FAIR HIGH
SIMILARITY SIMILARITY SIMILARITY SIMILARITY SIMILARITY SIMILARITY

F I d U R E  I~5, lfl ’:I’Is:ri [)l ’:flCF OF BEN EF [‘l’s ON M .ACH 1N I N G  VOLUM E AND }‘AHT
SI M I L A R I T Y . Each bar shows average results for
t h e  nine analyses per l ’orrned t’or the manu t’ac t un ag
(‘1 IV I ronn’ient .

NET PRESENT VALUE RETURN ON INVESTMENT
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S3M — :~ :~ ::5.:::. 200% — _ _ _ _ _ _ _ _

$2.303M

150 16 —
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SI 662M

100: 1 
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SYSTEM 1 SYSTEM 2 SYSTEM 3 SYSTEM 1 SYSTEM 2 SYSTEM 3

FI GUR E li9 . RE SUl TS OF CASH FLOW ANALY SES F’OR
COMPO SITE OF RE SPONDIN G COMPANIE S
‘l’he graphs above are t’t) r cy 11 ndr ict i l
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I , pr’ ’ce’S:~ ~ s i t ; : :  I 1 : 0  “oh ’  , ‘\ ‘ I i n dj ’ i  ,‘:t l p ar t s  Srlrnp I n.j  i t :  t h e  ol  : , t v

an :1 ~~~~ an : lv ’ ’r ’ : t gt ’ oi l’ I S ’’ :‘ : t U t : ~0 i r ’ S  . ( Th i s  i n~’ I : i , l to : :  t hin ::c’t 1. 1115 to t ’ 01 , S I f l d a l ’ ,t
I me:: :111.1 , ‘ois :: . ) 1” i~ ’ :  “0 t~~~ 

: :hoiw: : a breakout oi l’ th i s  t o t  :m I b y  fun ’ I ion . Tho
1 oi 1’ i’PFI’ ‘r : ~~~~ 5 ’ ’ r l , ’t I to r i was  ov a l  si : i I  i’d toi y i e l d  t h e  I :tl ’ , ’:’ reqim i r ’omcbl t  S

0 1 v O I l  I ri ‘l’ :tb I n  15 , TUt ’ b a o i , ’ U l i  ,‘apsi l t  I l i t  y is o:: t 111:11 t ot  I o reduce I :iboi’

I’ :‘ a new p l : t u i  b~’ ~ pt ’ ‘, ‘ ts r ;  I I to a . S manhour s  . ‘l’he labor  : ‘ e’ s l s  I i’cr;e’ i it  I a

‘sa t  c i  I ’  he ~‘1 , “ !l, ’: h b ’ :: 10 1115 t h e ’ s t . I v : i r i , ’ e’ t  515 1’ , a 0 pt’i’ t ’tor it  s a v i  ng .

F lc : i . i’ t ’ ‘a ” I l i s i o t  S O I l  ‘‘0 1 l it ’s ’  I t o t  : 4 1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — -
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~ DE T E R M I N E
D R A W IN G  OP E R A T I O N
REVIEW SEQUENCE

I DETERMINE /“ (
“

~

“ ‘
~
7•N SE L E C T

STAN OAROS
J,7 \ / ‘\

\
MACI-IINES

I / \ 8  8 /

p / a ~~~7~\
CLERICAL

~~ T A Sk S a
16 

T O L E R A N C E
A N A L Y S I S

$ 16 /f

I SI L ECT 

-

TOOLING , 3
G A G I N G  29

I
PRODU CE

I SUMMAR Y
SHEETS D E T E R M I N E  PR OCE SS

PARAMETERS , P R E P A R E
OPERATION SHEETS

FIGURE )1, LABOR REQUIREMENTS FOR MANUAL PROCESS
PLANNING . ( Numbers show manhours.)

I TABLE 1?. CPPP IMPACT ON PROCESS PLANNING

I Demonstration

i 

~~~~~~~ t . i v i t . y  ~~~~~an~~~i 
—

~~

-. ‘—.

~~~~~

- - 
CPPP ~~~Advanced CPP~

St”,i,,’ii - review 
, 

L mnui l io u i ’s ’  ~ m m n h o u r s  5 manhours

I
‘ I~t ’tu’ n: int ’ operation oe~ uence 8 1 1

Sc.’loi . ’t mn, ’ i I i y l e : ;  1 8 1

To1e~” i~:” a na lys i s  in is

I 
Detennine process  pai ’nmcter s , ‘

r rcp a re operation sheets C’) i~4 3
Produce sumni~ ry sheets 3 5 , 5  0.5
Cc ’it ’ct . tooling., gaging Ico , 114

I C ler i c a l  tasks 8 8 2

Petermine standards 8 8 2

[Total 
— 

1014 manhours 63.5 manhours 21.5 manhours

R, - Iu , ’t ion 79%‘ I - , ,  
, .  

~
, , , I , , , , ,

, ,
,~~ ,, . . . ,~~~~~k 

105

‘~~~1 —s:---~~- 
—-—- --- -

5’ —— ‘—  — 
‘~~~~~- s-—-’— ‘

~~~~ 
—‘ — -“‘ -“_“i ” .’— - -—‘--~~-—~~~ ‘-— --~~~~~.,~~ ~

-‘
~ -— “—-- “— ‘-‘.- ‘.~~~ - ‘~~~~ .—‘-



I
~ ‘

________________________________________________________________________________________104

100 —

— 
635

U) :~. f ______

50 -

z “S ‘- ‘ ‘ ‘ s : :

2 : —  

1 

2 1 5

MANUAL DEMONSTRATION ADVANCED CPPP
CPPp

l ’ I , I t I f l , V  t,5’)• ~~~~~~ ltt} ’A; ’o,’ “I N  l ’ } ~~, ) i ”}’ 5 5 ’ , P L A N N I N i  i APSH

ISa’ ~~:‘~~~‘e ;sS st ar s , 1 :et’~! i; :at  ion r e s u l t i n g  from use  of C 1TI’ is expected to
ylel .1 igni :‘i . ; ’ : i r : t  reductions in machining c’o:.:ts . Oper’at jonaS experience wit h

ho : :y s tn s o  is rle ’ t ’ ICsI  b efo re  these savings ~‘an he quant . i l’ied w it h  c o i u t ’i ~1ence.
15 is s”it’ at ’iiS. ly t’~~ t ;isi ~ tes1 that a 2 percent  to 1 percent  :‘e i u t ’t lon  in  m a c h i n e

5 I ” ’r ’ : 1 t 5 15  1:thor’  w i l l  be ob ta ined  fi ’oiu:  the demonstration CFPP system .

Thin enhanced ,‘‘ i’~ system offers additional savings in the shop.
Cpt  m i  ; 5 : tS  lOll or t h e  :na,’hmi si rig process is expected t o  increase oip t ’i ’ : i t .o i r  savings

to Pot  veer; ~ pt ”ce t i t .  and 15 percent. The tool selection capab i,l ity will
yi  e l i  :omv :155 due to ~s t  i t :  jar~1i ~;et i o ij~~ and machining optimisat ion  will result in

‘ ‘~~t l i f e . S si ings t ’ror: st andar i  zat loll  and reduced  cu tt e r  consumption
;t b’c ~‘,:l i osat ci sit p0 h’ ’ C ’OS oi 10 percent of t o o i s t s  t’oib ’ c u t t i n g  ( c o i l s .  F igure
53 i l l  t S t  ra tes  51 15 ,; s i ’ .’ j ug s  i s :  the  sho~i .

R e c u r r i n g  too st. S l ’ ”~ ‘ o i mp at ; ’ l’ l i St ,’, system maintenance , and data base
mairm~ enance w i l l  p a r t  i:i i ly o f f s et .  the savings discussed ab ove .  Average to~~ m—

pute:’ costs foi’t ’ a pr ’oi5 ’ess p l an  are ’ es t imated at $ios for the demonstration
Ch ’i ’l’  an ,l $155 t ’oir t h e  advan ’ e I  s y s t e m . Main tenance  of CPPP programming and
the l : t r ’ge  da ta  base w i l l  require progrrutimer5aniilyst labor , process engineer
I t hoi:’ , and coimp:i to: ’ l :;a1’c’ . ‘F :tl ’ 1 e I ~ shows the expected .1 evt’l t o t’ et’foirt
It shou ld be emphasiz e~I that those figures do not. include the substantial
effort requir’ei ~o i n s t al l  CPI’I’ and build the necessary data base.

-~~~~~~~~~~ m~~_-~~ _ _ _ _ _
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DEMONSTRATION ADV A NC ED CPPP
CPPPI

3 % - 1 0 %

I I :  

_ _  _ _  _ _ _  

‘

~

1’

~~~~~!~ _  _ _  _

I MACHINE MACHINE CUTTER
OPERATOR OPERATOR TOOLS
LABOR LA BOR

I
FIGURE 53. ESTIMATED CPPP SAVINGS IN SHOP FABRICATION

I Estimates were expressed as ranges. Dark
shading represents the lower end of the range ; ‘I
l igh t  shading , the upper.I

I
TABLE I 3. ESTIMATED ANNUAL EFFORT FOR CFPP MA I NTENAN CE .

Demonstrat ion CPPP Advanced CPPP

i~ystem Engineers 1/3 tnanyear I manyear

I Process Engineers i/ 14 manyear 1 .1/2 manyear

Computer ~Ti~e $3,000 $6 ,000
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The recurring costs ari d savings presented above were reduced to dollars
using 1977 rates and volume of’ business . Net annual recurring savings ,
which b not include implementation costs , were calculated using the mean of
the  range for’ shop savings . This yielded an estimate of $1145,000 yearly
savings for the demonst ra t ion  system and $350 ,000 for the advanced CP P F

5 14).

$400K $350I(

300 —

200 —
$145K

1 0—

DEMONSTRATION ADVANCED CPPP
CPPP

FIGURE 514 . ESTIMATES OF N E~I’ ANNUAL RECURRING
SAVINGS FROM CPPP . These savings
were calculated ir i g  the me ans of the
ranges es t imated  for shop cost reduct ions .

A manufacturer implementing CPPF wi l . l Incur s ign i f ican t  costs in
installing the system and , especially , in developing the necessary dat a
base. Some t r a i n i ng  of personne l wi Ll be required . Terminals will probably
be purchased . Table 114 gives estimates of’ the implementation effort . For

both the demonstration and enhanced systems, the implementation cost is
s l i g h t l y  greater than a single year ’. estimated savings as shown in Fi gure 524 .

~ij

e_~. —-~-~ - — --. 
- . , . . . — —

~~
-‘ — ,S_-~ — -.
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TABLE 14. CPPP IMPLEMENTATION COST ESTIMATES .

Demonstration Enhanced
_______________________________________________ CPFP CPPP

Process Engineers 3_3/It manyears 9— I /C rnanyear s

Sy stem Engineers 1/C manyear 3 manyear :;

Computer Use $7,000 $28,000

( Terminal s $15, 000 $15, 000

II
~~. Dc fetine I ndus t ry  r Ind Government  Agency liene f i t

A thi ‘e—step estimation t o t ’ C1’PF’ b enefit .s  t o  d ef e ns e  i n du s t r y  and G o v e r n —

meat agencies is reported below . F i r s t . , j n du st ry  op in ion  on the pot e n t i al
ec or io r u iL ’ impact  of t h e  system was surveyed . N e x t , an a n a l ys i s  of CPPI’ impact
or: do fense  ini lust  r’y was developed . This t ook the form to t’ cash f l o w  analyses
fou

~ 

th ~~~ h~~~othtet  i cal  manufactu re r s  to t  ~‘Y1 ~ ndr i  on I p a r t s .  Fi ~~ ,
r e su l t s  oil’ the defense indus t ry  a n a l y s i s  were used to project  sav ings  i n  t }ir’ e&’

procurement  areas —— Army m i s s i l e s , to ta l  Army equipment , and D e p a r t m e n t  ol~
Del’ense equipment .

3.3.1 Survey and Response

The survey was mii i led to .150 companies .  The rna i I i  ng ,i i at.  eons i st,ed ot ’
de t’ense supp l iers who r’eco 1 veil the ge n er a  1 .i ndust ry  survey p lu s  a d d i t i o n a l
companies named by the M i s s i l e  Command . The survey descr ibed the c ap a h i li t . i i’::
,~~~

. CPPP and requested data  on m a n u fa ct u r i n g  costs t’or machi  ned cy l ind r icii l
pa r t s .  h’~s t .imates  of t,he impact of ’ ( ‘h ’l’P on f a b r i cat i o n  of c y l i n d r i c a l  pa r t s
were ii  id  ted : cost.  savi ngs , in t a ng i b l e  bene f’i t a , .1 tonal I mpi ementat . ion
cost s and r e c u r r i n g  cos t s .  (The survey is shown in AppendIx i i . )

Thirteen companies responded to the survey ( Table I.5~ . F iv e  i ndicat ed
they supply products  for Army missil es and rockets , three are s u p pl ie r s  of

other Army equipment and all thirteen manufacture products for other
Department of Defense agencies.

‘The work reported in this section was largely performed by the ITT Research
Inst It. u te .

1o~
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‘JAItLE 15. COMPANIES RESPONDING TO DEFENSE INDUSTRY SURVEY

Avco—Lycoming
Genera l  Dynamics , Pomona Div .
Grumman Aerospace
Lockheed Ca l i fo rn ia
Lockheed Georgia
Lockheed Miss i les  and Space
McDonnell  Douglas Ast ronaut ics
Rockwell In terna t ional
Rockwell In terna t ional, B— i
Syst ron  Donner
United Technoiogies , Ch em ical Sy st ems Div .
U n i t v d  Technologies , Sikorsky A ircraft
W~~st , i ng h ou s e

The ann ual  v a l u e  a t  mach ined  c yl i n d r i c a l  parts  produced by these conipanies
averaged over $5 m i ll i on . Process p lann ing  costs for cyl indr ical parts
averaged $168,000 per year. Three of the companies use some form of computer
a l l  in process planning .

The survey requested anticipated savings , impl ementat ion costs and
maintenance costs 01’ CPPP for the addressees ’ manu f’acturing operations .
Table 16 gives average responses. The average reduction in overall manu—
factut’in:g doOt,s (ii: ’ lad in g process p1 anniing) was estimated at ‘), 14 percent .
Process p l a n n i n g  co s t.  savings were estimated to be 37.5 percent . Based on the
average m an u f a c tur i  ng and process planning costs reported by the surveyed
companies , the est imated cost reduct ions  from CPFP would yield savings of
$1488 ,000 in m a n u f a c t u r i n g  costs , i n c l u d i n g  $63, 000 in process planning .
Annual r ecur r ing  costs were es t imated at $50 ,000 , o f f se t t ing  the annual

TABLE 16 . AVERAGE SAVINGS AND COSTS ESTIMATES
FROM DEFENSE INDUSTRY SURVEY

Annual  f av i ng s  — — Overall . 14% $1488,ooo
( Process P l a n nin g )  (37 .~~ ~ 6~ ,ooo)

Annual  Ma in t enance  Costs $ 50 ,000

I nst a l l  at ion C o st s  —— Hardware $116 ,000

Data Base and $i~~;’ ,0oO
T r a i n in g

- -~~~~~~~~~~~ - -  -~~~~~~ --- i __ - _
~~_~~~._~~._, , 

_ _
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savings by approximately 10 percent. Installation of CPPP was estimated to
requi re 10.14 months and $162,000. This effort inc1udes system Installation
and testing , Initial data base construction , and training of personnel .
An average of $116,000 worth of new computer hardware was felt to be needed .
Responses to this question varied radically . Some respondents apparently
fel t, they would need larger computer installations to use the system .

In order to identify specific benefits , the survey listed several areas
i n  w h ich  CPPP was fe lt  to have a potential  impact . Addressees were asked
t o  check those I tems for which  CFPP offers a major positive advantage .
Tab le l ( shows responses . The majority of the companies felt that CPPP
ot’t’ers major benefits in manufacturing costs , production lead time , produc—
t i o n  scheduling , process plan uni formity, and cost estimation . Almost half’
felt that machine and direct labor utilization would improve signi ficantly.
(The Contractor feels there will be major advantages in these two areas.)

Each company was also asked to identify possible obstacles to CPPP
imp l ementation . Economic j u s tL ’ica t i on  and the establishment  of’ in it i al
.i:ita bases were most often oited . Management commitment and three items
pertainin g to the needed technical effort (interfacing with existing systems ,
testing and ilel uggin:g, system complexity and re liability ) were checked by
abtou t ,  h a l f  of the  respondents .

3 . $ .C Bcn et ’i t s  t o  Defense Indu st ry

Cost b e n ef i t  analyses were performed using the cash f l ow model described
in 3.l.3.The three manufacturing environments defined in 3 .1.3  were analyzed
t’oz’ two CPPF capabilities. The first is the demonstration CPPP. The second

is the advanced version described in 14.0. Inputs to the model (installation

costs , recurring cost , savings factors , process plan turnover rate, etc.)

were estimated by the Contractor . Responses to the defense industry survey

plus the Contractor ’s judgment were the primary determinants of input values.

(It- should be noted that the CPPP system described in the survey is an in ter—

med i ate capabili ty , more advanced than the demonstration CPPP hut less capable
than t I e  enhanced system.) A complete listing 01’ Inputs for each analysis is

given in Appendix H.  Table 18 shows the cost reduc t ion  f a ct or ’ s  used for  the
major cost areas treated . These are the u l t i m a t e  sav ings  achieved al ’ter  C1 IT
is fu l ly operat i onal .

The cash flow analyses y id (led good econorni c pe rfo  r ’nr:an ce in  eve
case .  F l  gures  55 and 56 show resul La in terms 01’ l;ene f i t  — t o — c o a t ,  r a t io : ;  ari d
net .  p r esen t  value . Evaluation of r’ esul t .a  w i t h  respect to manufac t uring
environment and system sophistication l eads t o  t h e  same o o n c l n a i o u : ;
reached in the general industry analys i s .  B e n e f i t  a are greater  as inanu—
f R ’  t am’ i ng volume and part similar i ty i ra’ r,~a:;e . The ana lys i s  does not
sh ow which  of t hese two factors i s  more important. The more capable system
y ie l ds  greater dollar savings . The smaller Investment  required for the
less capable system resul t- :; in quicker payback and higher benefits—to—
cost ratio .

111
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TABLE I i ’ . RESPONSES TO THE QUESTION : WILL CPPP
HAVE MAJOR ADVANTAGES iN TillS AR EA ?

Area “Yes ” Responser

More t i n i  form Process Plans 92%

Reduced Pr - cd ;  c t. on Leadtime 77%

P t s l ; a ’o - l  Ins  :‘ R ’tur in g  Cva t~ 69%

I I’ r ’cd :~’t . i on  Sche du l  i

‘p rov ed  Cost Est I ri -it i rig I ‘ I’ok ’edu r ’es

Tr io  r eased M a c h i n e  tj t i  I i  zm t t i o n

lm’r’eaae i D i r e c t  l z L l I e r  Pt H l : a t t.i on  hi6~

i t  y P1 anz m i  rig

Reduced Cr i t ic a l l abor Ski I I s

Imp  roved Product ~aa I ity

N et t er ake } t uy Pcs ’ I si era ; C

I n~’r ’e:i sod Product .  Ct an I a r ’d i ,‘srt. ion  C

improved F r ’od mci  l’i I i ty or ’ Part. a

Netter’ M a t e r i a l  I N i r i l I i  r ig C

l t e t  t , c i ’  Pi an t. l s r y c ; m t  I ~~

I m p r o v e l Flaw ~‘1at.em’ i i i  t an l i a r i h i sat I or ;

:11 . ’
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I
I DEMONSTRATION CPPP ADVA NCED CPPP

8CR

I 
8 

6.4

I __

SMALL . MEDIUM , L A R G E , SMALL , MEDIUM , L A R G E ,
H I GH F A I R  H IG H HI GH F A I R  HIGH

SIMILARITY SIMILA RITY SIMILARI TY SIMILARITY SIMILARITY SIMILARI TY

‘ I FICIIEF; 5 L~ EST IMATI: p CPPF RENEFIT—TO—COST RATI OS FOR
DEFENSE COMPAN r ES FOIl A TEN YEAR PER 100.

I
DEMONSTRATION CPPP ADV A N C E D  CPPP

S4669K

S2921Ic

1 600K .~~~~~ -~~-:-~ 
$SSOK —

40(1K 5370K 5345K I\~J i..: .~..
5258K 11 ~ I ~~ ~~1 L

Uliti
SMALL . MEDIUM, LARGE, SMALL . MEDIUM, LARGE ,
HIGH FAIR HIGH HIGH FAIR HIGH

SIMILARITY SIMILARITY SIMILARITY SIMILARITY SIMILARITY SIMILARITY

FIGURE 56. ESTIMATED DISCOUNTED CUMU LATIVE NET PR ESENT
VALUE OF CPPP TO DEFENSE COMPANIES FOR A TEN
YEAR PERIOD .

113
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‘I’ABLE 18. I ’~ ST REDUCTION FACTORS USE!) I N DEFEN SE
I NOUS i ilY CA CI1 F’1 OW ANALYSE S

Demonst rat ion A l  v a r  :, ‘e, l

— - 
C FIT

Fr~ a’ea:; Fl : tnni r ig  lr O%

P I n’eL ’ t I , : tbor Machi tie Cper ’a t .o r ’ s  ‘
~ 1

C ’ r ’ : i p  ;tn I Rework I - ’.’ I 0~

I t rig

~~ i t &~n ’ i ; 1  I ~
_‘ ,

I~. r’k in  Fr ’e~’e;;s I r ; ’ . t ’t i t  or’\’

it sin’s I 1 be r i o t  e l  t hat the an al  ys i a r ibev i a s~ :l ,~ ~‘c 1 e tire s;u~.o
: i t r , ’ei ’t i i r i t  i t ’;; r~~’ ; i t  ie r r e d  i n  1 . 1.  i t  is  pen’ !’orrne~h ~~~~~ 

‘‘ t ,v p i c a l ’’
a i t  s it  i o n s ar id  b:r;;;’.I on t i r e  j  i m d g r r i e r i t .  01’ ‘eapari l e a  ;‘ t ’ :;p. ’trd  i r :g t . ‘ t l i t ’

a r d  t h e  l ’or i  t r aR ’ t or . . l.~;, t . i nir ; r t  I e r r  of l~er ; e t ’ i t  S t 0 ; inv p a r t  i c i i  l a s  de ; ‘ t ’; :st ’  srm pp I icr
r e ; ;  can’ t’ f in  I cons i de~’:it i on o l  CPIT ‘a ~‘:rp :ib I I it 1 ; ;  i mm so :r t i c r ;  t o t h a t

company ’ s oper ’ : r t .  l or i s .

1. 1 . I e t ’enis ’~~ A~ eu cv Pt’r it ’t ’i I.;;

( ‘l ’ I ’ l ’  tierir’ 1’ i t  a were pro ,~ et ’ t c i  t o  det ’er rs ~’ :igt’rrc i c c  l i ; ; i n r c  t I i  t ’ ’ l cs ;rr’i ~ ‘I i on I mu

1Iet ’ense rmp p! ~~~~~ ~r av i  r igs ar i d  ~‘oa t a  ire passed i i  I o r ig  t o  pr ocur’  I r n  I c e r l i ’ i t -s

No rm et ’i t a were c a t .  j i s :i t  t ’d In t h r e e  r ; o t ’ ; r r ’ e r r ; e rm t  a r ’ i ’as : A ;- ; r ~ m i s s !  h~ ; , evet’a II
\n’ r l k \  e t i r n  I pm ent .  , and l 1epri rt .r ’rer ;t -  c i ’ Ft ’ t ’t ’rrse equi  pmn ernt . I) i scotia t oil cash t’l oW

; m n ra ly : ;o : ;  I ’d ’ t I r e  p er iod  l’i ’~’I~ t . h t ’ o r n glr i”Y~~7 were  p er l ’ormi ’iI . I r r p u t . s  t o  t im e n u n  I y —
sea won’’’ dr awn i’ronr t h e  ileferi: t ’ i r u m s t  ry ;uialyses ol ’ ~~. ~. C , S l 5 ’ p  I e r r r t ’ r i t  e~l l v

; l l ’ t ’t ’S: :LI’ y coat  n m ’  t o n ’  i ’ ; t l i n n i t e a .

t O t ’ ar i a  I sac;; , c t ’t ’er i r i g  t irr ee di t ’ t ’t ’ re n t . p o i n t - a  c i ’ v i e w , were pt ’ri ’~trrn ~’~l.
The i’i r;; I ;;hows (T1’l’ 5 fil l 1 lvi rugs j t e I ont -  j u l  . l’ r’ S ’ lmr’ t ’!l ’r ; t  :SIV 1 r igs wt ’r ’ ; ’

.‘uIonl ;tt.etl ; l S ; l l r ’ t i m g  li t ’  o t ’ t lit’ ;;ys I 051 lt ,v m l  I ~1t ’i ’en se sr ip ~’l b r a .  ‘i :;t ’ c or i s l

ar :a  t ,vs  is  was 1t t ’ r . t ’,l rmt~ h , I i ;  I r ig a ia’s I I ; ;  t I c  pr’oj~’~’t  i i i  o f ’ Ci’? ’P l a s t ’ Nv I i i I ’ i : ; !  i’,\-

1 r r  ‘i~~’ l h ;  t I ’ t i~t ’ac i n n  I v ; t S ; , i t  w i  ; i ; ;  a r~nred I l i t  t t i re  t~r m I I I l i v  ‘;; t men t W ;i; ; rr r r idt ’
Nv i ad lv i illltt .i li’ t ’t ’r ; ; t ’ srnpp  I i~ ’ tar ) a t  s t i r ’  1. of t l i t ’  t I nt per i ~~ti t ur d t I ra
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Inc p r’ ch I crier t. t o r t  1 e:; t. I ma i t ’: ;  ; I’ I nves I r i ca  I and beat’ t’ it pu n s  i i i ; ~ . ‘~‘h , ’::t ’ I sa r i ’ s
wer e ;nh l r ’ t ’:;st ’d i n  t h e  t i i  i’d ; u r r ; t i y : ;  i s .  A n I r a l rna t r’y !r ’;i l ~‘rn , ’r i t  n i t  i on  ;, ‘ t i e d r n l t ’
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The CPPP system is currently applicable only to machined cylindrical

I parts. It was , therefore, necessary to est imat e procurement cost s for these
parts. These were estimated as the product of two factors: (1) total procure-.
ment budget and (2)  the percentage attributable to machined cylindrical parts .

I To est imat e total procurement cost s , actual and projected procur ement
budg et s published by the Office of Management and Budget were obtained . After

I considering the trends of the 19714 through 1978 budgets, it was decided that an
annual increase of approximately 10 percent could be expected. Hence, procure-
ment costs for 1979 through 1987 were estimated using 1978 as a base year and a

I 10 percent increase factor. The 1978 base estimates were $657 million for Army
missiles, $6.3II~2 billion for all Army equipment , and $35.1143 billion for Depart-.
ment of Defense equipment.

Very few data were available on the portion of procurement costs attribu-
table to machined cylindrical parts. In the general industry survey discussed

I in Section 3.1, companies were asked to estimate the value of machined cylin-
drical parts as a fraction of total product value. The average response for
missile contractors was 12.1 percent . In a case study presented at the Missile

I Manufacturing Technology Conference in 1975, machined part s (including non-
cylindrical) account ed for 114 percent of the standard hours for production of a
missile.’ From this evidence, it was estimated that machined cylindrical parts

I represent 10 percent of Army missile procurement costs. Cylindrical component
costs for overall Army and Department of Defense procurement were extrapolat ed
from the estimate for missiles. Machined cylindrical parts are clearly a

( smaller portion of cost s in many major procurement area s of these agencies --
J am m unit ion , weapons , tracked vehicles, ships, etc. Hence, it was estimated

that 5 percent of Army and Department of Defense procurement is attributable
to cylindrical parts.

The investment required of defense suppliers implementing CPPP and the re-

I suiting benefi ts  were derived from the analyses for “model ” defense manufac-
I turers. For the demonstration CPPP, implementation costs for the three

companies averaged l.3O3~ of annual cost s for cylindrical part fabrication. The
corresponding figure for the advanced syst em was 2.99%. Net savings, with full
system utilization, were 3.15% for the demonstration CPPP and 5.11.5% for the
advanced capability.

Cash flow analyses were performed us ing the paramet er s above and assuming
use of CPPP by all defense manufacturers. The results, shcr.~rn in Table 19, give
an estimate of CPPP ’s potent ial to reduce procurement costs.

1.
Peterson , R .S . :  An Approach to Long Range Cost Effectiveness, Proceedings
of the U.S .  Army Material Coninand Missile Manufacturing Conference , 1975 .
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TABLE 1’-). PROCU R~ 4ENT COS’r SAVING S POTENT IAL OF CPPP .
These saving s est imates were calculated for
FY78 through FY87 , assuming full use of
CPPP by defense suppliers.

Perricras I r a t  I on CPPI’ Advant ’e ii (‘I ‘I I’

I S t ’o U n i  ¶ t a t  Pt :;t’otrnil ed Ibid I scorrn t .ed  Pt :a ’or i rmt . ed
( :i I-l i I I  j o l t s ’) ($ M i l l i o n s ) ( ,~ ~‘ti Ii i ons ) ($ t’~i I Hen s )

~~ i :; : ; j i t ’:;) i , ’ . I , ~’) l~~.I~ i’~ 
t , r t .~~Q2

An ’n ’ y ‘ ‘- .t ) i• i .1 i~ , ‘1, 5 t) i ; t )

t ‘:~ ‘;i I
- ‘ 1 ~~, ”) ‘ ‘~ ll m .tl O l ~ ‘i~

’
~’ ~ 

‘0 ~

The same met hod W a s u sed for a :;eeennd arma lysi mr , except that a projection

~~ ~‘~‘I’P use by ~tcf ~ n rse  industry was  t’aet.ored into the calculat 1 ens • Such an
‘‘at irnat e I a of oe ;rr’  re , h i~~hly ,jutl.gmeni t al . The sui’voy respon:~e shows a favor—
rihie op in ion 01’ t he ‘.y 51 i ’m • a ant v  .1 r r ~-, e pot .  ou i t .  lal . Then’ :’ :rn ’ :’, however , many
ob. r t  :mo1 t ’s t am widespread adoption of a aingi e ay’,rt.em . Time willingness of stilt—
able erg :mni  i a r t t  bo r i s  to commercial i a:’ the :;y st em ( i • e. , mak e it publicly avail—
tNT .‘ and p rov ide  market . in~ and U:; ei’  suppor t .  ‘~ , f u t u r e  enhancement . a funded by
I r a i r t : :t  n.y en ’ govoi ’? uhiemit , arid t h e  :~is.’,’~’s a of ;rlter’n:it, ly e  :ry at ems are  important
t a c t  or’s .  It s~’ au ’ t h e  syst em by 1~~ ot ’ th ’ferr ;~e industry was felt I ar h~’ a

I’ ’.’:? SO I I r i N 1  e t ’ ;rj ima t e . l,Is:’ et ’ t in  a t ’r r , ’t cur resulted in I he saving:; ‘‘si. imntes of
Tab le ‘(1

TA1ThE ‘O. E~;TThATEfl PROC Ri~’WNT COST SAV1N C O FR~~ CrPl’.
The:; e saving s were caleulrit .  ed for FY78 t .hroWh
FY87, assum ing t hat. 15’~ of ,iefei i :re  indust.r ’y
iiSt ’S l im e syst em .

Dt ’racni: ; I i ’;it . I t~t i ( ‘i’ l’i ’ A~l v : m n i ~’ t ’d (‘I’PI’

i s  ~‘, ‘s ri ’ c i  P1 :;, ‘o r in i  t e,I U n i t :;:‘ouiit o~l P1 500111 ) 1 c, j

i i i  , ‘n ; : ;  ) ( ~ ~t i  I ]  lamar ; ’) 11 i o n s ’) i~ Mi l i i  onu ;
.•\ r’r’ i~c

( ‘t U : : : ;  i i t ’,;) hr .81) ,‘.i~ ~ ,
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I
In the third ;mnial . y r ; i s  of defense procurement benefits , time—phased real i an—

I t ion ;  of a a v ir l j~;; wnt s :‘omta jdered. There are two time factors that affect, the
“vt ’n ’a ’ni t o t’ procurement. r ’~av I ri~ a. Fl rr; t . ,  adoption of t.he CPPP sy :;tem by

0’’ I ’, ’la : t ’ i nidus I rv would COC ur over a period cu t’ time. Second , cos t redact i cu r l : ;
oh n’~ I fled by an i n  1~1 I vi tinial do t’en: ;, ’ a app I I or ar’t’ dependent 0mm the am ount of t ime

~ I : in ’ s t ’ ,I si ri ce t h a t  company at  t r ’t  is! i m p l e m e n t a t i o n .  These two factors  were
Ou:tfl I I Vied by proj ect  i ni~ a ;;:‘iiod nzl u ’ of (‘U1’1’ adopt. t or i  by i n d u s t ry  and by den y—

I i n t ~ I i r ne — ~1epe ndent company sav inl m ~:; f ac tors  from the analysis of !~.3.2.

E s t i m a t ion c u t ’ an indus t ry  implementa t ion  schedule was, of course, highly

I j u d gm en t a l .  I t  was felt that ( 1)  implementat ion before FY70 is unlikely , (2)
aLl i i ’ S l t u ’ USC em ’ CITI’ by about 15 percent of defense machining industry is a

Li’ pr o j e c t i o n , arid ( ~) i m p lemen tat ion wi l l  occu r , at an i n creasi ng

I t ’a te , ever ’ ::ovt ’r ;m 1 y ear s . ~1 is  r a t i o nale  yie lded the schedule shown in
‘ ‘ a bl e ‘i

: ‘A I i I , I  .~ i . rRoJ Ec ’I’EP DE1”F,N~ E INDUST RY T 1’I~F~ fl~N ’rA ’ri0N OF CPPP .
Figures  show i ndus I ry mis i r ig  CUP!’ as a percentage, by

I dol Tar val uc , of machined :‘y ~ in dr i cal  part . procurement.

I l” i r;,’;iI Year New Inipl ement .a t lon  Cumulative Imp lementation

I I ‘Mli .) 1 ~~

I I ‘M 11 ì~’~

I 1082 t~~ 10%

‘[‘he i india: I r’v ann I ‘ts~ i a i t , ’: an ’ Ned i a 
~~. 3.:’ and Tab les  Hi — H 18 was used t o

I ~ uarm t t  (‘v Cl’!’!’ I rip ;n ’ t On company ,‘c:; t ,‘; nia a fun t’ t ion o t’ t. i me. For t.he demon—
1 rat, I en amid t h e  advanced C1’i’l’ capab i i i  1.1 en: , a ,‘or: t. impac t I ’m:’ tor was derived

for  each year’ ~nt ’t .er  a t  ar t  ci’ imp lementa t ion .  This factor is tlit’ average , for’
the  three model companies cons ide red  in 3. 3.2, of t h e  be fore  taxes impact  on
the companies ’ cos ts  for  tha t .  year . For example , in the fi f th year a f t e r
at  ;tr ’ t .  a t ’ inipi emu ’r i t n i t  ion , before taxes say i rigs due to  the demonst .rat ,ion (‘Fl’l’
were $1,186,000, $225,000, and ~k1,’3,O0O for the three model companies (Tables
H2, H5, and H8). These arc 2. 37 percent, 2.25 percen t  and 2.146 percent .  01’
total costs. Hence , a reduc t ion  factor of’ ,‘.3ta percent~ was estimated in t i m e
coat. of parts procured from companies in the fi f th  year after impl ementing t h e
demonstration Ci’l’ I system. Table 22 shows the factors derived in t h i s  manner.

t
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I’AIiLE n:’. PRO, 1i:cI’i . :D C I I A N O P  IN COST OF PROCUREM~:N’I’ FOR A COMI ’A NI
[PU NC (TI P . Coat reduc t b cum n nn / inc  reaser~ an’:’ shown as i

t’uni ct  ion of t i rnie ::i ace s tar t  of impl ement  itt 1 a. l u:; i t  iv ’ ’
numbers ind ica te  incrt ’ ;t : ;t ’d coat : ; ;  r ieg: i t  lvi’ , n’educ ’ ’d .

V ein . 1) erno n nn t , ra t i on CPPP Advanced CITP

1 + ‘(i ) ”~ +

2 4- • 
‘ m )~

’
~ + 1.

‘I — 
r ,~ , ’ +

—

5 —: ‘ . ~~~~ —

I — 
~ 

r,~~ — .

~ ,8 , el,’. — ~.l5~’ — 5• li ’~”~

i l i u ~ I r ;n ’  1 t ’n nt ’ n m t  a t  j~” n j  acht ’di i  ie or ’ ‘l’ali ’l e ‘‘i a r id I l i e  I i m e — c I e t ’ t ’i a icnt  ‘o:;t
‘‘ :; ui ’e ~~~~ t o r’:; cu t ’ :ab Ii ’  • ‘2 were used to  project proc unremimo nn t :: iv inca I’ ‘n’ Vi’H

e~’ ; n , ’h i”Y~~’(, 2:iv I n ; ,s~ 1cr e:t,’ii year’ were cal au l  ate ! by I li t ’ t’on’n’;ii l a

N N

= 5:11’ 1 ~551 i~~l t ’V I mi d  l’I c’ ri . l ~‘ si’t pr’o~’ur’oment. in ~ l’n ’om ’ ur t p l t ’n 1 a n ’ ,’. :

,~ ; ‘r :t ml an; I I  u’ :’ , ovei’nil . l Arniy equipment . , or De~t an’ I m eri t  am I ’ Pc t ’t ’ n i : ; e

i’~~ii 1 l’ ’i~’1 I )

C = c a l  m in t , ‘d i ’ :’:  (b e l ’,u n ’e  C1’!’l’ I n ’pse ’ t . )  am t’ cyl  i n d r i :‘:i 1 j : i  i t

= i a i r ’ t t - ’ r’ • ‘t ’ yt ’a ra :~~~ii i ’t’ at art c u t’ :‘l’fl~ I ;nple n at ’ mmt i t  I on

‘ n I  ion  ol ’ i nd rm: ; I n’y i n n  Iii, ’ N I ’ m y ea r c u t ’ in:  i as C I’F}’ ( ‘ :mbl e I I

F t l i t ’ ~‘o :; I :‘l:.’iii, ~c t’ac I on’ l’on’ I im d un i  t ry I a I lu ’  N h v e i n ,  cut ’ n n: ; i in~’ C} PP
“ (Table

Tabl e 23 :;liow. ; t o t a l  :;;lvj ng: ; for  t i n , ’ pe r iod  for  e:icti CITI’ onp ahi  l i t ,  ar id ‘u—
cun ’ . ’n ’ a ’nnl  an ’  ‘a. I’ ab h  u ’s HI ~

) — l lO I i  ~~ ye ,let ;ii 1;; ~ 1’ each ar i a  lv : ;  i s .

.~~
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I

TABLE 23. PROJECTE D SAVIN GS IN DEFENSE PROCUREMENT USING

I ESTIMATED SCHEDULE FOR CPPP IMPLEMENTATION
BY INDUSTRY. These savings for the period FY78 —

I FY87 were calculated using the industry ixnple—
mentation schedule of Table 21 and the phased
cost changes of Table 22.

I _______________ 

Demonstration CPPP Advanced CPP

M enit ’y Undiscounted Discounted Und i seounted Discounted
____________— 

($ Million ) ($ Million) 
- 

($ Million) ($ Million)
Army

I 
(Uias i l e s ) 1.146 3 .627 l.97l~ .801

7.06 5 3.027 9.526 3.863
Department of

I Defense 39.1147 16.773 52.785 21. 14014

I There is a striking difference between the results in Table 20 and those
in Table 23. This is primarily due to the short period of system usefulness

I implicit in the latter analysis. in that analysis , the average period of CPPP
implementation and use is only six years. In the first two or three of these
years, implementation costs exceed savings. Hence , there are only three or
four years during which savings are obtained . In the analysis of Table 20,I full savings were obtained during the entire ten—year period.

I In the Contractor’s opinion , the useful life of CPPP (or equally capable
systems) will extend well beyond the l980’s. Major manufacturing systems
which apply state—of—the—art technology are not replaced every few years by the

I typical company . Instead , they are incrementally improved as additional tech-
nology is proven useful. Furthermore, the replacement of multi—user systems
occurs gradually, as did their adoption. It is therefore felt that, with
effective support, the benefits of CPPP in defense procurement would continue
well after the 1987 limit in the analysis of Table 23.

The analysis above cannot be considered conclusive. Little evidence was

I 
available for estimating several of’ the factors used in the calculations ——
procurement budgets, the fractions of budgets attributable to cylindrical
parts, the implementation of C??? by defense industry , and the expected period
of system usefulness. Furthermore, the calculations are dependent on the
defense industry benefit analysis, whose uncertainties have already been
mentioned .
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I
14.0 RECO~~1ENDED CPPP ENHANCEMENTS

The demonstrat ion CPPP system is  viewed as only the f i rst  phase of
run advanced computerized process planning technology . Several years w i l l  t t u ’

r e q i n i  n ’t ’ ti be fore CPPP fu l ly matures. The present system was developed w i t h
evolution in mind. It is highly modular and provides t,he overal l frame—

‘ 
work to plan production methods for machined parts . To date, the main
ef for t,  inns been to fully understand the variables of process plan ning and
to develop an approach that systematically incorporates all aspects of
tine planning process. The result has been the development of a base system
i nt o  w h i c h  scientific principles of metalworking and workshop practice are

t ’; t : ;  i I y introduced . The following list. of’ enhancements in; o u f cr ’ t ’d t o  guide
t ’u t ur e  prog m u m p l a n n i n g:

I . I ‘ n’ tn’ u ’;: a :1cc 1:; ion iniodel inig should cost, i sue to hi’ dcvi’ 1 opi’d . A
m e t, h o t  i t !

, 1 rirp i ememn I i ng manufacturing rat. I onal t’ i n n t, hi’ comm t r i t e r
is  i n :5 ’: ’’.: :iar ’y t’or eoniiputer’ i ~cd process p1 ann i rig . ‘l’hie m cii’’ I in
I u - ‘ 1 1 0  1 que cain  he advanc ed to prov ide f t i l  .1 gu~n i: ’t ’ ;t t .  i vi’ plans i rig
t’o n ’ c ’y Ii ndr i  cal ar id non— cy l i rid ri cal par’ t a

C. Dcvi’ Lopme n t c I ’ advanced meth oil:; o 1’ gt ’omnnc t. i’ i c  moult ’ Ii ing is mneed e~L

to 1)1 an product  ion methods ‘or non—cy I inn tin ciii parts and l ’eat ii ru’s ,
[‘art s nnru:; t . be mode l c,l a:; :;‘ l i i i objects and t ,hc” i r data s t r uet u re
must.  con vey nil ] p iny s  teal nt.t,rihut,,’:; a!’ the de: ; i gn .

~~
. Methods of , di men;; i cr1 i rig machi  t i ed part;; should co r n Li sue to b’

developed . This  includes the capabil i ty to analyze tolerance
bui ldup and the impact of tolerance on processing for all design
COS f’ I gurat ions. Spec i at proet’a:; It fCec to arid the  :‘t ic  L’~’ of ’ datum
: inr  t ’; tu ’ :’:; sl uoti Id  a lso be I r id tided in t ine nnie t , lnod ol ’ imalys i s .

C ut t e r  tool no ’ oct. I cii aria iy:; in ; simorni d hi’ developed . ‘lb i s  w i l l
n i l  lo w t ’or a t ’ I cot. i rig quai l t’ied c u t te r  t o o l :; from a dat . : t  ba :o’ ol’
t , t ’t o t s  , CI’ l ’l  ‘ current LI y :;e I’c ta only tool I; pr’.’i ;ss i gned t o  ii mac i n l i ne
too l for a :; poe it ’ i c type of cut.. Tint ’ enhancemen t would an alyze
var i ab l e s  of ’ t ine  c u t t i n g  o r  tuat ,  ion and deten’mine wh i  cli t o o l s
slioul d be cons iden’ cd

“ t . A method of calculating st ,andard t, irne;; and coo I.: ’. should  be

~t ’’vel . opt’d . Th i s  wi 1.1 allow t,he use ot ’ s tandards data in CI ’P I ’

~~ product ion rate and cost ca lcula t ion: ; . CPI’I -’ now r e q u i r e s  the
manufacturer to estimate variable:; such a:; piece h a n d l i n g,
machine setup , too l change , operator t ime , etc .

I
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I’. Macli i i i  1 m g  n tm ; n t  I y a i S methods shoul it cost i nue t a  hi ’ t]ev~’ I oja’d
‘I’m 1:; l i ne Ludu’s a ile t.aj 1 a t o t ’ It i’enmova l nina ]  y a I :; and mat. ht ’nnn ,t t ,  i en !
me tho d s  i t t ’ d e t crmmni  U ir ig  comb i nat j o i n : ;  01’ feed , spt’t’d , arid depth
in a I in g 1’.’ ‘und multip le pa:;s cutt- ing I I I  tw it  I t i l l : ; ,

1. Met hind:; i i ! ’ no’ l t ’ i’t . l rig hotdi rig tout! a nun !  I rm: ;pr’ i ’i I cmi tool : : am”
mnu ’ u ’~l u ’,! , Tin I: : w i I prov lil t ’ fon’ t h e  it ’ I ‘et , i o n  or ’ t’i xt .ur t ’s  arid
g:i~o’a l’romni a Wit it Iunt n ;t ’ ci ’ tool I rig li.n: ;, ’’l on c I i n r m n r c t ~ ’r i :;t i i ’: ; i t t ’

t ine wuur ’kp it ’ec atid nmnnieli I I i i ’  eat.:’ .
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Ii APPENDIX A

I I S’I’HUC’ftJR t’I) 1)ECOMPOSI’l’I ON OF’ C

I This Appendix contains a top—down decomposition ci’ the CPI’P system .
Figure Al i l l ust r a t e s  the technique of factoring general n ;y a t . t ’mn n f unc t ions  i n t o

I greater levels of detail. In the example , the most general view of’ CPPP in ;  t ine
box AO —— “ P, ’ Computer Process Planning .” This  view in ; also represented by a
diagram in which  f ive  boxes are interconnected —— t i n :; is  the fi rst , level of
s t ruc tu re d  decomposition . Each box represents a h igh— l eve l sy n ; t  em I’innnc t . i on  and
tIne con ies’ t .i ’ il paths carry data between t’unct  l o i n s . Theret’ore , a t any I t ’V O I
01 ’ v i ew i ng t ine i ’}’ i ‘I’ :;y :; t ern , t ine dat a I. n t - en’  t’ii: ’t’s are dcl ’ I neil . ‘ l I n t ’ p m’o et ’a n ; 01’

t ’:ic t i - t m’ i ng t ’in r ’ie t lo in : ;  can eont.i nin e to any level of iletn i .1 t Ie: ; :1 red . 1 n the

I example , two 01’ t ine Al) t’ir n c t i  cnn ;; are t’urther factored rind e r i e  ot ’ t , i i i ’ : ; i ’  ——
“ l~ t’nle r ’at  u ’ Operation Plans ” —— has a func t ion  t ’n ue t .om ’eil once aga in .

I This method of d e commn po n i t i on  has been cafled “cell modeling ” and more

n ’~’~’eti I I y ‘‘ :;t rue t u n e d  analysis  atnd design ” . It .  m’eaui ta I a ni doeumnnenn t at  f o r m  t hat

I i a somewhat . a b I i teprint  of the sys tem . ‘l ine d iugramnn s i dent. i fy t in t- ’ m u - t i n t .  “ cnn t I t i n t
data in t e r f a c e s  between funct ions of the snun e ci’ h i g h e r  levi ’ In ;  ~r~ l show t in t ’
tleconnpo: ; i t  ion of a funct i on in to  I t s  subt ’umict. l e n i n ;  . Al t .lnough t h e r e  in ; a corn—

I v ‘ n i t  1cm m acil i n di agr aming , the diagrams earn be read with innide rstamuil inig wI t h n o u t .

a fini I explanation of the conventions . For the diagrams present-ed lucre , i t  i s
o n n i  y necessary to know that connect ing paths point 1mg i n i t - c  a l-’ox carry i n p u t .

I on ’ eom ’t t rol i l a t n i  and that  paths co mn ni mg out. 01’ a box carry output .  d nn t n  . A I so ,
paths that  Ic not connect with a box 01’ a diagram car ry  da t a  t ’ronn i or to fu se—

t. l e n i n ;  c i ’ t.he next. higher’ level diagram . 
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I
DO Computer Process Piannir~~ ( Context)

I
CUT PARAMETER DATAI

—PROCESS DECISION RULES
MACHINABIL ITY . MACH INE TOO L,

I 
TOOL ING ANO STANDARD S DATA ,~~~ 

I

P A R T  DESIGN AND R AW

I 
MATER IAL DESCRIPTIONS

PR ODU CTI ON

I PRODUCTION REQUIREMENTS — — COST/TIME

DO COMP U T E R

I 
PROCESS PLANNING

PAR T N U M B E R  SUM MARY AND
DET AIL PROCESS PLA NS

I
CONSISTS OF STOCK REMOVAL ALLOWANCES , TOL ERANCE LIMITS , M I N I M U M

ST OCK REM OV A L , AND DEPTH OF CUT DATA

I
This diagram shows computer process planning in the context of the data

‘ I needed to perform that function -- which is , the generation of summary and
detailed process plans from input of part design and raw material (workpiece )
descriptions. The data describing the part design must contain the equivalent

I information content of a blueprint for all part surfaces and features. It
must include dimens ional data , tolerances , form conditions (concentricIty,
straightness , perpendlcu.larlty, flatness), rad ii and ed~~’ breaks , f ini sh ,
heat treatment, coding and plating requirements, feature specifications (win-
dows, radial and bolt holes, flats , keyways, slots, threads), and the type ,.-t1

,

material and its hardness. Input describing the workpiece must specify dimemn-
sions of the raw material , which can be in the form of bar stock, extrusions ,
forgings or castings. The finished part dimensions must be located relative
to the raw material envelope so that the system will know how much stock must
be removed from each surface.

The generation of a process plan also requires data about product ion
requirements and the workshop. The production requirements must be inpu t .  each
time a plan Is to be generated . It. specifIes tin e lot s iz e  and I n d i c a t e s

Lu , 

~~~~~~~
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I f ’  (_ ‘t ? , , ’( , , ”,_ I I ,

whe t hit ’m’ t int ’  ~‘n ’ i t e n ’  I cmi t’i ’n ’ 1.~~’ m n i ’i’n i t  mg t l i t ’  pm’eces:; p I ann i n ;  i t jt t I nn ummn ~~~ I is ’  I

n u t  c m ’ , ‘o;; t . Tim , ’ m~Lt ’ i n i n n ~n b i  I i t y  , mm n mu ’ hr  hit ’ t o o l , too l l ug , st , ann i iam ’ i t ; ; • : n n : l  i ’ m 1
t ’ r ’  ~i u t t  :t lu t IS t  i c  ~le t ’ I mcd by m m r a m u u t ’act u rl  m g and i m n p n n t  t i ’  t is’ : - ,’ . I t ’ ; ’ :

I tnt ’ m i t  :t t t i i a t ’ . ‘ ‘ i m t ’ tmnnt ~’iiI Inn ib i 1 ‘n y d i n t  mu apn ’ t ’ i1’ i t ’:; t ’et ’51 , : ; 1n, ’t ’i l  , , 1i1,t  i n  i t t ’ c u r t  • amn l
I cci i i  m ’i ’ f or ’ d i  ‘ n ’cm ’ t ’ m n t  ,‘m n t  t- j u g  : ;j  t int I it nm :; — —  (lit ’ d a ta  I:; im n pmn t to t l i t ’ a S’at  ‘ - n - i

in  ¶ hi ’ I~o. n ci ’ I n t i s  I t ’;; . P ;ns ’ i m i n e  t o o l  imu t mu pn ’cnvlIea h’:;i ’ m ’ i p1 i c m m  t ’l ’ l ; n t  i n , ’ :
- di’ I )  I l t n ’ t ’:;s~’;; , n i n n i null ot hu’i’ machint’s t hur t ,‘ iu i i  i t t ’  n i :;,’il  i n n  1 : 1  ‘ ‘ i  ‘ n i t

I mu g ;n l ’ : t n t  . ‘co I I m mg W n t - m t  1~ n m  I I ’ t ’ ;; , ‘ m n t  1 , ’ m’ I s t  I : ;  , ~ t ;nnm jn m’ I:: i n t l  :n  ; i m ’ t ’
cat n n:nmt ‘- : ct ’ I I ;;nt ’ :un~t - ‘0:: t t’or act u p ,  r i  , ‘ in’ l n ; t m n i i  I i m n g ,  t~~~’ I ‘ m i m e ’  m m n g ,

i n i g ,  c i  . ‘ . Tic’ ‘m t. p in n ’ :mn:mi ’ I , ‘i ’  In i  I n n  1;i s i t ’ l’l mit ’tl i n n mmci t ’ 1 ‘1’ t In e
i n n n : m n : ; ; I lit ’ I ‘aL u’tn n m v;i n t i  I s ’ w n r n i s ’c; : , 1. 1’’ n’ tu mm , ’c , nu n ! m u  n n i m i n i m ; :;t ‘ ‘ k

• i n n  I n n  :n nn  n’ , : ; : ,  .1 t ‘ d o t s ’ n ’ m mn i n , ’ t t i  nmne nn ; : I . ‘i i : :  ruid I ‘ I , ’ man n at ’s I mm ‘

O~ i i , n ’ ; u I  [cnn . Tint pn ’. • ,
~ ’ n ;  a Jo, ’ I a t o r n  n i t  h’: 

~ 
m ’ c \  I ic I Inc m - ; u t  ‘ n a n  I 1 0

,- e n m t ’ n  m l • ‘ n n  :t ’, l ; : i ’ n m . ’ c o r ’ i’’ ru t  t e r m ; ; .

\ ‘

hi :ngn’;uJmn A ’  sinews t i n nu t m ’l’l’i’ [a t’:ni ’I cm • ,’,l m i t  ‘ t’l V I ’ p n n m ’ t  a :  l i m i t  l i t , ’ i ’cnunput i ’ m’
- , pm’ i ’s ’t ’a ;; p I m r t i n i  lug ; , , i ’ mit ’i ’ ; n t e at ’i i m mt ’ nn i ’t ’ cm ’ open’s i t e m s ;  genen’ ;r t  e lo t  n u l l  oil c 1tt ’r~n ; t  l i - t in

let I ’m’;’: i mit ’ t’i ~n nul J inma’nn; ; i -sirs numni l  t e l  i ’ m ’ n u n n i ’ca ; m imi ! tem ’ mnui  m i n u t e  at t n - p u t  ci’ ~‘n’o—

i ’OSS p1 c n n ;  i i : ; : .  ‘ta I m i l l  ann i t ’d i n n  t hi t ’ i ’j  rat i’~’x , L’ol nnpri t  i ’ m’ lt i ’~~t ’0a ;; p1 n n i n i m n g  1;;
j u n 1 1  I m t  t i  ( ‘~ I mmpm nt i t t ’ ;r p ; u m ’ t  m n u n n m n b o t’ . T i n t ’  p m ’  i m n u n my i ‘u t - p u n t s  01’ t i n t ’ ayn : I i ’S , n u n
a!m cwnn 1mm I ir e :‘ i ft in l’ . ’x , art ’ t ine sm n mi nm numu r y  r u n t !  op e r m r t - i  cii sheet a I ’ ’n’ l ’; n t ’ m ’  i a n t .  i r ig
t inc pntn’ t  .

Ti n t ’ i n n  ~n t  j n u t  t ’ m ’FI’i ’ fr u i t ’ t I cmi r eqr n  I na’s t ire pu’ocen ; :; i t t  m um m er ’ I o I nipin t I li t ’ p n u m ’ i

n n m : n - n t ’ , ’ n’ a o m n ~ w i t - I n  i t t  im t ’n’ a t  a r t r n p  u n i t - n i  I ilt ’n mt I t ’y I mig I lit’ pm’ t t s ’n ’ :;s p1 m t n u u l t ’ u ’  ‘ a

1 ‘1 :n I ;, ‘ • h s m’ s ’.I m n i ’t  I c n n  i ’m’  I t - e r iou , p1 nununer I n t - t ’n’ nui ’( ion  eomnt .re  I opt  I . ‘n n: ;  , n u m a t  n ’s’ ,i~’

- t i ’ ~~~~‘ ‘  i’ : n t  I ~m m , u ) n i ~’c t he :: ( n i  r’t rip inn t n t  i n ;  i nu p lu t .  , Cl ’l ’l’ w i l l  ro t  i’ i i’v t ’ i ’i’ i ’i’i ( lie

I n n t n t  l ’ n u a t ’ t ire p n r u ’ t lea I , ‘:ml n t in d  Wi t i ’ k 1t  I t ’ i ’ t ’ ~h’at’ri pt - torn :; a nnu l  t in t ’  n u s a ’,’ i n u t  t ’ ,i pmt i ’ t

1 ,v pn ’ ”u ’t ’:;:; h ’ ‘ I n ;  i o n  r u le s .

‘Vine t’.i r’ n; 1- i’ .i annul iia function ( aeu .’c mud box ) wil .1 gem rem ’s t .t ’ ~ nc’ t l i ;L ’n i i ’ t ’ o I’

‘I’ ’ ’ m’:n t ,  .1 cnn : ; • Tiui ~ is done un der control at ’ ci t in t ’t ’  t ine :;i ’,l cc I’ ’,! pn’~~’t’nn :n dcc Inn lo m u
i ’m ! i ’S Ot’ t.irrougln l i i  I t ’ !‘ k’ ti cnn wi t i n  t i n t ’  I ’ n’c,’eni u p1 run n er  • hi t i m e  i n n  I t t ’  n ’ ..‘nn ;e
tin t ’ p i’~-t ,’ i’s:’, p.1 ar nu n er weal ii Spt ’t.’ I t’y tint ’ cpen’ ;nt tour: ; (met .~ ,1 cut. t .ing and n on n—n ne t .a~ —

cut t- .m n u g  ‘I ain d t i n e  SU,r l ’.’Lu ’n ’s to b n’  i ’l l 1- i n n  enru .’in metal removal operat ior ~,

I n , ’ n n o x  t . p i  nu n s i mg t’u u n m c t  1 cnn ( t iii nat box w i l l  gt ’ n i t ’ n ’ n r t e  l et  ;t ( 1  cii p1 n u n ; : :  ‘or’

, ‘a a l m  mnmt ’t cr l a n n i  I i n m ~ nn~i nm i ’ n mn ; m , ’ t i i  I t ’ l l  t I  I nig t t l t u ’i’il 1 - i  on I i l t ’nn I i t ’ I cit in t ine st’il \n t ’uiu ’t ’ ci ’

~tp0n’n  t l e n t : ;  . ‘~‘ Im t ’mu n ut ’ t torn n’eupn I ri ’s , hu t nn ul to i; t t ine I~! at  aia’ii pn n n’ t  • se t l nne mnc e
ci ’ t t p , ’n ’ n u t  l e n i n ;  , n u n n i p rednn t ’t. t o n i  m ’eqrn i  m’ t ’n ; m t ’ m m  I . :: . Act  I mu g cmi t i n t : :  in  t ’on’ m nnur t  I cm i , I lie
I’; ; m n u ’ t loin W i  11 at ’l ~ ‘ ‘  1 1 he tn’:; I nnnat ’im I m i en : , c u r t  t hug : m t ’ n l n m e n n u ’t ’n ; , i ’ m : t  t e n ’  I cc l :; amid
nina~’h i n n  I m n - ~ l t n n m ’ n n . n - : , ’ 1 t ’m :n I i ’e’’.l :n pt ’t ’ l  , l o p t  I n ol ’ ‘ n i t  ‘1 fo r  m i l l  nmi et -a 1 c i i i  t i  mug op ’I ’ul — —

I 1 m m ; : I ’ ;r : : , ’.i ~~iu i~n ’ o i m n ’  I I cmi  I I nn , ’ ‘n ’ ,‘, ‘S I , ,\ l a o , mis  I n n  t i l t ’ t ’m i i i i ’ t i cii I c gu ’I ie l ’mi t  0 
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:i seq uen ce of cp& ’ I ’ m I i e m m a , the pm ’oi ’ea :n planner may I internet I a “x i ’m’ ,’ I ; : t ’  u ’cn:t  m’ i’ I
cvn ’r ’  the ~lt ’ t n m i l e ~l p l a n n i n g  of’ operations .

‘l’mne I m u s t  p1 m ul n i m ig  t ’unct , lo in  ( fourth box ‘I i l t ’t - en ’m n i n u t ’ s  the 1’ 1 n it I ii’ , t r k l t  j t ’ t ’ t-
d iurre n s ion:; an,1 t o t  e n ’ n m n m s ’ea . ti p t o  t h n i  a po in t -  , t i m ’ :ny a t , t ’mn m in : ; , ’:: e m i l y n m n ’ :nn I rm a !
ii linens 1cm ; ;;  m i  gi ’ma ’ m’ n m t  i r ig  ‘let -n i l  ~l ad pi ’oi ’t ’aa p 1 n u n : ; . ‘l iii:; i ’n m i m c t -  t or i  i s  mi tc~~; i i ’ t i  —

u ’ m ’ ; n n m i ’ t ’ i’ } n a n — t.  I r m g p m ’ u ’i ’t ’:::; ai ’ nm :n Inn! , I m n g i t t ’ 1 inunnetn’nn 1 and 1 at eral  e m i t -  1 n t y c m ; t  , d i n t  n’ I —

l ’n ; t  [ i ’m ; 5 7 ’ t ~~~~ t ’i’ : n t ; i ’,’s i ’Vt ’T’ di f’t’u’ru’mrt- ty1te :; ci’ i ant n ; 
• and cal cmii at- ion of’

.1 I ;n :i ’r ::: I cnn: ;  l m n u s , ’~l on; : n t  oak r’ t ’nnno ~’ :ni  a l l  owan i ’e::

emii ’r’ n i t ( ’

It-’ I

I ’u i (n t ’I SS DI CIS I O N Ru L ES

t . I N F H A T E

~~ J OI’ I DA T I O N S  111CM 
____________________________________

I u ’FI i i i ’I SS D E C I S I O N  ( \
I RUL ES MACHINE

PA RT ANt ) t TOOL DA TA
W OI1KPIE CE L_

D E S C R I P T I O N

t E N E H A T E
_________________________ 

OP EFI A TIO N SI1 Y
MANUAL _ .i;I N I H A I E D SE O U L N i ’i

INTERA CT ION I e~ O P ER A T I O N S

T ER MINA l  IN TEF1At ’TIO N~~~~~ 

~~~~ AccEP~~ MODIf~~

1 
~? ~

,u A CCI i’ 1 1 1 )

~~~~ Sin ,)I, nu NC I n i l
OI’I I1A I (i NS

1 I R M I NA L  IN) EH AC 1 ION

‘[‘in is di agrntnn ; : l n c m , n n  1 liii I t i m e  I ’: n n m u ’ I ion  to gt ’n n e n ’ n t t u ’  a n a ’q n u i ’ m u i ’ t ’ o n ’ ct t t~~m ’ ; L t  m c m i
i n n  ‘n m , ’ t , ‘re~1 [ m i t t ’  t i :u ’ u ’u ’ p ;n n ’t  a :  gcmni ’ n ’ n m t  e cp em ’:m I ions f r~’ nnm l t n ’ i t i ’ ’:;:; s l o t ’ I ci on r u m ! , ’:; ;

-~ u ’ m m ’ n ’ nm I e c lt t ’m ’nt t  I c n n : :  t ’l’ o ln n n nn nn n m i n i  I 1 m m  1 era ’ I l i - t i n ;  n n m , l n ra  t’i ’1st ~ nnm o , i  1 I’\’ :a’ u l m ; t ’ n m u ’t ’ ci’

‘pt ’r ’n n I I cmi:: , Ann I m: m I’ i sr ’ t  n u n n t  o t ’ cn ’ :r t  b u n t  I t ’e:r t  m tl ’ n ’ t ;; I m i l l t ’nt .t ’il by ( . i n i : ;  d iagr nur n — —
in s  I I a  • c}’en ’u I le n in ;  ‘nu n inc ;~( ‘ n n ( ’i’ n n I a l  l’y c i t  ht ’n ’ a rn t - o m nm n t -  I i ’ cm’ mn m r t i’ i — mni m ’ui ’hi nrc  int er—

‘ I i ’ I I ~‘ nm i n c  I h o , i ;  . ‘Pine pu ’cn ’u ’s: ; p1 a n u m u c i ’  t i n , !  i t ’s t o n ; win l a i n  m m n ’ t - h n o , 1  c i ’ u ’p& ’m ’ ni I I on I: ;
I a I- , ’ n u n ; , ’,! r u t  the t rio c i ’ ny : :  I err i n n  i t  I n t l  i :‘.nm I on.  Wlmenn op t ’ a n n I i  mug i n n  t int ’ I n i t  en ’ —
:u’ I I v~’ mode ( b~’x~~ ‘1 

• t i c ’  pl ’-sae:;:; p1 sunnier •ioi ’i i i t ’: to 1-l i t ’ t ’ o m m m p n r t . e m ’  t ’:m ’) r  , “i’ u ’m ’ : n —

l i o n  ,‘; ‘ i i i ’ n : i ’ q i u ’ n i i ’e. ‘~ l n I : ;  weal ,i In’ len t’ l ’y :nj ’ n ’ a I t ’y I n m : ~ t i m e  t y p t ’  o t ’ t ’j ’a r ’ ;u t I cn n ; ;

Inns,’!; I n un ’ ¶ . ‘, ‘t  a , amid -n o ’  ‘n u t ’,’;: I , ’ be t ’ u n t  i n n  u’n.’tr ‘p m’ n i l

-— ‘-‘5- - -‘ 
--~ 

— 
•‘~.F 
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~~~— —— —‘- 

—a—’ —_ -_,_,,‘, __.-_ 
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‘:‘ime I’m ’s I i c ’, ct ’ t i n , ’ i l l  nuj~rz-wn :;inow: ; I -lint t im e operations generated autom atic—

I a l l y  art’ ~lcm ;a  :; ,‘ n n n u , I e r  t ’e n m t  me 1 i t t ’ p m ’ ci ’e:: a ,iei’ i s i  onn rule : ;  and input describing
t int’ pau’t .1,’;: 1 ran nun ;, ! w sn’ kI’ I ,, ’,’,

I ‘ ‘ic ’ t b  tr ’d ito \ pm ’ov I di ’:; the  ltm ’ ini ’ o:: : ’~ p1 numi nuci ’ WI t i m  t int ’ opp ort ,minni  t~y to accept
or I’ii ’,!l fy :n ;n “ i~ 

;enn ~’n ’ 01’ u t p i ’n ’ :ut  I ‘mu: : t,Inat. linus been generat ed by ci t-iner t he  a m i t - i s—

n’; ;n I I a ci’ i n :  I ‘ n ’ : m u ’ t I V 0 mn n t ’t imot l ; ;  , Ii ’ t ire opt. ion is mno t n ’ t ’quest.eii , t u e  sy a t - am nm w i l l

I :nm ; t on’n :ut i a n t  I ly  n u a i ’ t ’ I t t  t i n e  : :n ’i l m n , ’ n m u ’I ’ et ’ opt ’i’ n i t -  1, -t m ; . t4lneun t int’ i’’n m n t c t i o n  Is acti—
VS t e d  • t h e  pr ’oae :n n p I numi unem ’ can rev jew the emit  i ma’ : : e tpucuu i ’e i t t ’ opera t tori :; and
n nm:tkt ’ : rm r ,’,- add i t  [cmi ; :  i - t i ’  dcl et i i ’m :; t o t i n e  Sequence on’ i mid i vi dual  cpei’ m t t loin;:

L e n n e n ’ n u t e .’ ~rer :tt [cnn:; Fn’omnu Prci’e’;’; Dec is ion  I~ul es (A2l

i ~ I n n g  rsinm A. ‘1 sinew: : that t ho func t ion  t o generate operations from process
,Ie~’ I a i o n ;  r an !t ’:: j :: ~

‘n u u ’ to r e , !  i n i t  ~s t ’iv ’ ’  p n n m ’ t  .-; : :;eli ’  at  proec:;a n ’mulem: ; t ie t  cmliii ru e
a n n  n’ ‘n i  , ‘ta :  t a ~‘u t ; ~i t ’t  cn’nl n [no Sun’ t ’mn a as at’ i’oa t - ~‘d by nomnuune t .n I t ’ at t~ I rug oporni t 10mm ;

I n i t ’ a t ’ pt ;n ;o ,t I t’y gt ’miera t -oil  opt’ m u t  ion ;  and b rm 11, 1 i spt ’r ’:u t-  ion n n nn i t m’ ix . Time i ’ m ’s t t’u mu c —

i err a c t  c at ; ;  I is’ j ’roct’:; :; dcci:; I ou r ru 1 e t 0 ti e t emimi i tie whet -he m ’ acr id I t - I  onu s exi  a
l’o m’ nun i s ~-t0 m u t  [ c n n  . Each p u’ea cc:; mu I e I ;; p n’og mr unmmnr eii t’or s a p,’ u ’ 1 t ’i ~‘ I y ~‘t t’  ci ’

I oporat  I ott  ( t mnn ’ m n  • dm1 11 • ;~ n’ I nil honnt’ ) annul to liSt’  a i’e n ’ t n r  i n n  a m is:; ( e:; ‘~ ol’ miu a e iu in n t ’
t o ~s I I, eung l int ’ 1 :tt. iic , auto mnra t -  Ia • nunnuer i cal control • VT! , at a . ‘~ cm’ a :;pt’i’ I t’i ~‘

l n m:ti ’ hn l ine I cc 1 i~ - ‘A P • J & I, PFM • Van N or mnninu a i’S t. em’ lea:; gu’ I nude n’ . l’PPI’

I i ’i ’n i : ; i i l t ” m ’ :n ,‘; n , ’ii pm’c ~’ t ’ : :  dec ;; i err r u l e  in turn ann u l dot en’n’ri inca i t ’  an n op emmrt .  ion
ot’ t ine  I y pe spai ’ i t ’ t ed  shoal ~l be Si’ 1 eat -ed  fo r’ t in t ’ I-tart - I as l am ’ part -

I ~\ n  ac t ’ i n n  t ‘ti wit -hi enc’ ~ ~ S ii et ’! :31011 mmii  t.’ is ii p m’ u ’gr’ nu ’nn ;; e , l  act or t ’OI’iil —

i Oti:; ~~ r’ wi mi ‘ ln  t ire :; t :n ted epen’nnt ion iS  appi i s ,’ n ib t o .  These n’omnd it i c r n s  are
I mmt en ’pm ’t’t e~l i n n  the at ’ac mm d l t ox  to  determine whh ’ hi part. sum t’nnaea are to be a n mt

I ntni ~! i n n  t i n e  t i m  I m~t i’ox t c determmul ne sum fact’:: affect-ed by ::omnie mn onmet a i c tn t  t I ng
OI’ot ’:r I ion . TIne aenul i t  I orl:~ pn’ c gr ’ ;u mm the  sym; t - u ’m nm t~o test- tint ’ part fcn’ a nrpe ’ I I’ic
;dm;ipc • :; I St ’ • a~’mi t ’ I gnl n ’nn t- u-~m-u , I’omm , m i n i  I cm ’ liii , won’kpiece at ni t  ii :: • e tc  11’ tin e

at . u - t i’ corn d it.i~-tm is  n l u’ t ’ pr ’i’:; emit  • t.i it’ type 01’ opt’ rat. [out i ,it’nt j 1’! ‘ad i. n m t i m i ’
b s n ’oi ’ ’ ;n ; :  ,ii’s,’ I:; ‘I on n ’ulo w i l l  1st ’ ;:t ’ I e c t e uj  . Conn ~’t’u’se 1 v , w!nt ’nn a pr’ i s u ’eS: ‘lOt ’ 1 51 on
r im i t ’ t ’:u II:; I c Id emi t  i i ’y :t ai im t’at’ t’ t.o lst ’ cut p t n t  t Oil , e l i ’ . , t - he opt ’ m’s t i  on w i l l
r i o t  iso at ’ l ea  ted i c r  exiuinp Ic , i t ’ a I s n’ t -t i’ 0 :nS , it ’a I :; ion  r u l e  were progmnunmnioil t-o
e m i t  mu ,lt ’t ’p 1k’ 1 t ’ and t inert ’ was net i - t i m e , t.uut’ sy :;t en nm would  ak (p :;ucii nun o1st’t ’ m n t  ( c m i

‘ ‘l ;t ’ t’olLr t b  t’un nc  t. I cmi pu ’ov I d  0:7 I he proi’e’a:; p 1 aiiunt ’ r w i t in t ire op poi’t inn it y

is n u i ’a ’l st  cm ’ m m m c l i  fy an opt’n’mut i~ n generat ed by a pn’ ci ’t’:;:’~ ,ie c i s i  cnn r u l e .  I t ’
the opt i onn is nrc t r eqtut ’st-ed the :n~ ;: t ann ; w i l l  an ;  I em nmm t I ,‘nt i 1 ,v nu a i ’t’pt t i n e gener—

ni t ed ~‘p~’ r’ : t I cmi When ti n! a fume t 1~~ ii I n ;  as,’ t iv  ni t -  Oil • t ine proceSs  p1 nuinier t’IUl nih!
on’ jo I etc s,,nn t :n i’m- sm the  Open’s t i cnn as w e l l  ,‘i n; pam’ t’on ’r ;r :neveral d in e r’  iiu ’t I cnn:;.
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I The final function builds the sequence of operations summary. The sum-
ma.ry identifies for each operation the type of operation, machine class or

I specific machine, and the surfaces affected by the operation. A full
sequence of operations is generated by cycling through all process decision
rules programmed for the particular part family.

I denerate Operation Details (A3)

I

I:S 
HA T E N 

OF cm sTo

:HE:::~ 
A

I OPERA T ION 
2 

~~,7
M4CHINE TOOL DATA

( D E T A I L E D 0PER A T I ON~~~~~~~~~LAT ~~~~~~~~~~~~~~

’

~~~~

’

PLAN DATA ACCEPTED
DE T A I L PLAN

I TERMINAL INTERACTION

I
Th i n; diagram shows th at the function to generate detailed operation plans

is factored into three parts: generate data for nonsuetalcutting and metal-
cutting operations, and accept/nuodify detail operation data. The input to this
part  of tine systenni is a sequence of operations summary fully describing eac h 

- 

-

H operation -— the type of operation (turn, drill , bore, crush grind , mi ll , plate)
and either the type of machine tool or specific machine tool required . Also
identified are the surfaces affected by each operation .

Depending on the type of operation, the first or second function is aeti-
vated to generate the detail operation data. Detailed data generated for
noninetalcutting opera’ions consist of a dimens ioned sketch of the workp iece
identifing the surfaces affected by the operai ion . For example , in the ease
of a plating or nitri d ing operation , the workpiece surfaces Invo lved woul d be
identified .
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Detail data generated for metalcuttinig operations specify tine machire
tool , cut sequence • type of cutter tools , suggested feeds and apec i , inn  i mm
I i n n n e m m : ; i o n e d  sketcim of the workpiece ident ifying the mmn a chi n u e d sur m ’n t a t ’ a .
speci t ’y in g special f ixtures or clamping tools required by the operat i
not c u t p m : t  lay the current  system —— this data w i l l  have to be nud lod t y ( l i t ’
process planner . Also , t ool [101 1am ’:; , c u t t e r holder ’s , aL l  p b reakers , ; m m ~ ing

1 t~1 oaks w i l l  norn mal ly  m ay a to lie added by the pr’cce’.; a p1 ntn n :ei’ .

t\~~ w i l l  he st -er in later diagram s , the planning ci ’ a metal ‘at  t i n t ’ - per’ a—
t ~c m.  involves  n m , ’h analysis because of tine interrelated natm; :’e a t ’ t I -  (nick on’:;
I nv  l v t ’ - I . The n ;ma ’bine tool , a n t  sequence cutter t oo i a and m n n u c h  I n ; i n .g  

~~~ 
m ’ n - i —

m e  crc -ir a le t  c m i  ned cm : I y a ft er  a l t e r n a t i v e  ic 1s t  ions have l e t ’; . c an ; ~t ‘i” a - ~fl

i s : ’ p r o - i  us t I - n n - i e n m - i  c c -  t , To Ic ¶ he a n a l ys i s  , d n ~ ni is n ’ a~ i ci ’ - ;  ni l,~’u
; m ’ ~~: :~’~ i - sn ‘‘‘1 1 :1 r- cn !mt ’n:t n , m n - m a i m  inc too a , ‘ut t i —i ’ I oc t  a , m~n n i ’ l j  sn d i i i  f ’ ,’ , 1 n nn in u ’ l :
an,h c i  ~~~~ r ’ -‘ ~‘, ; m  I ci~ - ‘ w a n n ’ t s  ,

- H e  t i n ’  ; ‘an -ct L - : i  pm ’~ U lea t i n t ’ I n c  - ‘ass  p1 a m n c n ’  ~ it i n  li e  c~~’p i t  I v
is,’ ,’ an”  . n s i  “s H Inc l e t  a I pa n’s I ion in n t n t  g o m : t ’ m :m 1 1 l t ~ in - s  ny c- I -

~~ 1 ’ t i n e

I.  - t I’ s ’s,~~1i ’s ¶ 1 , t in e cyst  cnn ; Wi 1 1 n u n  - i n ’ : n ml  I ‘ :m ,y n m ’ ’cp t - i nc  : e n n i~ sn
n i t  a .  h ::en m th e  f a n ’t  i o n  is ac t iv ;m t.ed , the 15:’oce s p l u m e n ’  , ‘ ; n m n i i l iz ’. t n t

n’ ;ake 5 ’}ru m :gec to t h e  l e t n i  i i  d a t a .  For exasnmp le , cu t t e r  too l s c o in  i ito nm d ic~i
whore t hey were n :cs t a m m t o m n u t  I cal ly se I ea t ad by t he a ,v a t en —— :m I sic , i ’:n t en-
Inc .  - :a r n n  • c m mc l - l en ’s , e t c .  c c i i i  1 ice n u i s l i ’

l~-n:em ’nit e Data for M e t a l c m n t t - i n ~ Op e r a t i o n : ;  c A ~ :)~

‘ ia g t ’n L ’ m  ~‘m~~~ l o w  t i n i t  the t ’un a’ t ion to m~ ’ni t ’m ’ ’~ a l : n t n n n ’
~~1’ ::mi ’ I t  I ni ’

o l s e r ’ at i o m ;  is fa c t  cn’ed in to  four  pn n’t s si°Iect nn n n i ’ l n i n n t ’  I c c  e l e ct  ~~t

;t - I l ini ’: co; se l e c t  cm ;t - t em - t oo ls ;  and n e t , - m ’n ’ i n t ’ ~n : I  Ic :’ n i : ” , ’ t  a ;- ;; , ~‘l- n m ’ ’  l n ’ ’ : n v n : t  a
a p m - s i -  cm- : whose so I at ion :  is dopt ~’ r m 5len :  t an cclv i n n - - ’ 1:, ’ c - I  I; t ’n ’ n n ’ ~- 1- . an - -c- - , That -
is , s a l ’ ’  t I ann of a nmac hi no tool is lap on it ’:: cmi k n o w i ng  he - 

- ‘  sc-~~:, ’n ; a
ii t en’ tao a , and feed a , speeds , an l 1 0 1 5 +  1 a t ’ s ’ m ; t  :; . I ‘:1 in: n’ly • t im e c-ca - ‘ i t

sequence is 5le i e m n - I t ’ n t  on: t ine a i m o i c e  ot ’ ‘- - naP  m e  i~~ - m n - t l  a n t - i t ’d a ‘ - - - 1
a- ‘m n bi  ni t  t i a n  . ‘t I n e  abe j e t ’ at ’ i t or ’ a s I :n : 0 -a r .  I t ’:: ,~n : m mci :  i n - , ’ t s- s i  • 

- - - Ic —
c c ’  u - na t  or ’  i n i l , n , I  ,‘i-On ’et in , t ’ -t ’d • , t t ” l~- • I i r m a - n’ and I :  n i - !:  , ‘1:0

— n - ’ t. I - n :‘ fee- i  - mn ,: croc i :; i n -  - 1  t ’ n - t ’m : I an  a n n a - 1 of t i c  : n I ’a v n -  v a n ’  - i t  c:; i n c - i
j~. ~n ! s , lj tj~~r i n c  : io . n ,‘o nn ~ j l ~- i ’ ni ~ l i n t  at ’ I 1 - a t -‘c nut i ’m ’ i : m l  n n l m u c ‘‘ ‘ t~~~ m’~ • c c - I  I in i a

• and mach in e  t a t I 5 -p cn ’nnt I ng 1 n i t  a .

The TI’I’ sy s t e m  has l’t ’en : -l ea i anne I I a s o l v e  I hi ’ 1 nd lv i  dual pn’~~st ’ 1 ems t ’

machine se lec t ion  , cut :3atpit’tm n’ a select  ion  , - -a se oct ion : - - 1 cut l’nl SnS ’ 01  an ’

sd oct (cm; imul  tamneou s  ly . ‘iTh i ’ t ’i m ’s I ‘inn; - ’ t I ,-‘n n St ’ e at  3 71 flint.i - I no t ccl irma e l  a-:
the i np n nt  loser i pt  ion ot ’ t ine  ma pan’ nm t  I - ‘ n :  amid t he lot ii I :;eilmmeni ’n’ dat ni 1ev ,’ 

~~
t ’

for each candidat e machine  t eal  , ‘ t i m a  da ta  channe l  c’ cn’ inn g  t i n n ’ t’ i rat i’cx t ’n’ ’n’:
t h e  r i g u I  carries detail cpermmt ter m i n  t m  gene ra l  c i  by t ine n n t ’ ’ i - ’ti d ,h~~~’ * I - n ——

cl m ’ m n n n t ’  in ;  in whi cm data can l I n t : ;  5 in n I ws, s - i i  me at  La nn s n um ’ e Id en; I it ’ I el i-v ni - - -

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



-‘ 
— — 

T ~~~~T

R77_9h2625_114

I 2I 
_ _ _ _ _ _ _ _

~P O~~~-

>‘
~~~~~~“ r~I ~~~~~~ 0 ,‘ ,J~~~L 1 I I• ~~~0 L~, <4 2

F

~ _ _ _

I ~~~~~~~~~~~~~~~~~~~~~ i’-~~~I -~~

1

~ ~~~~I >- I 00  I—
3 4 ~~‘ ‘)~~~¼ . ,,~~~~ 

0
I ~~~~~~~~~ 0 <  04 1 ~~~LLi Z 0  ‘ 0o ‘ 0 ~~~0 W~~~ 

W
z z

I 0 Z ozp 0 W W  0
3 4 _ _ _ _ _ _ _ _ _ _ _ _ _ _  _I o 4

0 w W W 
~
_ 0

2 I- -4 — 4 0(n  iii

4 ;  
~: 

H

~~~~~~~~~~~~~~~ ~ 2
.( 0 4 0 < 2

0

3 b  -~~~ , , g 2w
O W  

0
W 

-
-w z  4 _ 0,

W I  iii 4 ,~n

I

133

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~

--



- 

--—-- - —w ~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~ - —‘- — — -- -

R77—9&u262 5— 114

placed next to the arrow head . In similar fashion, the second function selects
a cut sequence based on input of the surfaces to be cut , a machine candidate ,
and the detail tool data generated for each candidate sequence, The third
function selects cutter tools based on input of a candidate machine tool, can-
didate cut sequences , and the detail cut data generated for e;,~h type of cut
nm n i candidate cutter tool. The fourth function determines detail cut data
(feed , speed , depth of cut , cost and time) based on inputs  of a candidate
machine tool , cutter tool and cut definition data.

The procedure for generating detailed operation plans can be summarized
as :‘oflows: i) select a set of candidate machine tools for the described
e p e r ’n m t i o n ;  ~7) determine candidate cut sequences for removing metal on each
machine ;  c-i) select candidate cutter tools for each combination of machine tool
:uai ‘-i t sequence; it ) determn ;ine the cut parameter ’ data for eac h cut and tool of
a. ‘:nt a c m m ; n ’ n u e ;  and 5) select in turn the best combination of cutter tools,
om it sequence and machine tool. This process will first build a network of
poss l l - l e  solutions and then select the best solution based on either produc-
tion rate or cost.

:le loot  tIach Itis ’ Tool ( ~i 321

C2 cn
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i)I n~ u’mun A ~~,
‘ I show:; t hat ,  the function l.a select, a machine tool for a

nle t’l i i t ’ st operation i n ; factored into three parts: determine qualified machine
I ,ta I :n ; nrc  I t ’ s ’ I, t ic : :  t. Blact I t n i t ’  tool ; and accept/modi 1’ at’ lee ted machine ton -, I
‘l’lu I :n : a ’t ,  s i t ’ l’mun uc t I cnn; w i l t  1 dent I t’y mach t rue  t o - s  I n n  quai l 1’1 ed I - s n~ L ime operat I onm ,

1, - I , ’ mm i r e ’  L i  mien ; ant i  s ’im :nt. :; mt:;:u c I r l t . n ’ m i  w i t h  n ’re ’ lm machine  tool , and a’ I s ’ s ’t . t imt ’
macin ;u ~’ i i s ~~l n u t  i a i ’y j u g  1 l u ’ ’  p m ’ o i I I u i ’t . I m u ar t  t o r t  an ,  Time I’l r a t  I ’m u m i ’ l l  an ; w i l l
qua i l t ’y n n u n m s ’h I n n , ’ : ;  br i ned cmi I - t u e  emit:; t o 1w manIc • t ine  t y p o  ci ’ machi nit ’  l i s a  I
spec I i’Icd I n  t -hs ’  -sps ’t ’mmt ion , and tim ,’ workpl i ’m’s ’ n i ac . ‘line maclit nue too I n ;
a w c m ’k a l m o p  are  t ’ I nu: ; : ;  I I ’tod by n’at t’goni em ; : ; m m c l m  m u ; ;  s ’n i g i  tie I s i t u , ’ : :  • t umm’ ’’ t -  I m t t ~iut ’ : n
n u t  c n n m n u t  i i ’ :; , i ’t ’ m mtem’I “ nm ” gu ’ i r u ler: ; , :;mmrfacn’ ~n’I m m i i i ’ ! ’ :; m m m i i i  gun tin t i n .  In t h e
i’nL: n s ’ who me n~ :nps ’n’ I (~I t ~ n m um u ’ I m I no t a o  I I :; :;pt’i’l 1’! cii i i i  t i m e  operat i on ; dat , mu , on ly
t hat- mnu mmt ’h I nu t ’  w I l l  he ‘cnn: ; I itered

The n a’i ’cmud fmuu-net Ion :a’ I acts the ben t 5 macm i ne tool based on opt imum
p n ’ i s h u u ’t j o m i  ~‘; i t . s ’ cm’ s’it n ; t . it t ’  I’ii r~’ mm selec t- I ISti arm 1w mmmdc , tie’ openmiti aim mmnunt -

ii ,’ j oI n t I I sal f-sm’ ‘‘nI ~’lm 5’nun sl I u n i t ’ mm tn ’lm taut ’ 1-aol . ‘I’harc i’ere t l m e bent  emil-
:~~‘i I m u , ’ m m u ’~’ , I i ) i ’ l  S • t’s ’s’i lnn annul :;paesl:; rinud i ’m il .t I ng t~ (me n u, m uml i ’st :;I . niuuis t  I ’i n’n ;t . Ps ’

sIs ’t n ’m ’nn I m m c i i  fan ’ , ‘ n u u ’I I  mn i’ai i  I me’ . T h i n ;  s t r u t - r u  connih I n n , ’ s t  w i tim I n  I’n rm nmmut , I ~‘ nu rmh ~~m m t , I oil
i ma ’ m u i  nt ’ t m u p  ‘s t a t  ‘ i I nn ue w I  I o t m n t l i  1~ ’ ;u umuitch i no too I t o lit’ a’ I t ’s ’ t~~’ i i .  }‘ m’a d l i m ’ —
I Oni I I I nis ’ ; u m u i l  i ’ ‘n ~ I p ’  m~ ph ’ i ’~’ m m m ’ s ’ cal i ’ l l  1 m m  t - s ’ il t’ r ii nn u t i m e  t’ol law l in g eq mun t t -  I i  ~in ;

“ t :; ÷~~~(t .  ~ ~t )  + (1)

c~~ 1:; ~~‘ Cm 

~~ 
~~‘ 4 )  ~ 4- n ’~ t~5 + i ’~ (;‘)

= I I nit ’ a t ’ apt ’ m aul  b u n  pc I’ p i ec e

= n t ’  h i p  t~ j Inc pam ’ p1 ,‘c+ ’ — — t l u  I :; I :; baat ’ il i i i ;  the I at- :; I 7,e annil :;tn,nnlansi t . i  mc
‘ 

cmi i  aol  ru t .  ion . ( n u a eh i n c  ne t  i m p ,  list :n i n n ’ + I ’ d  n : , ’ t  u p / I  at  m n I no + .s ’ i ’ lcn ’ I “as ’
I m n u m i t  i i  rm g~

I,, t i m e n i t ’ ( ‘u t t . I m n l t t tpe i ’mt t m o i u  —— tlui,s j: isa-ad orm t i u t ’  c lmo .i i ’s’ 01’ un i t . ;5’ u l j l O m I i ’ n’ .

t ool:; anti imu:in ’l u ,Ln i in g pmu’num m e t -t ’r :; i’o r i l  ut ’  s ’ Uitl 1tt~tt ’ s - m:u ’lm: i.m -ui ’ tool ; ri m ; m ; em ’ m I  In
t ime s1 .i a m -~n ’ n u nm • I - t i n ’  t i re amid can al -  a t ’ t i m t ’ I ’t ’St - end n : s ’ i l l l i ’ m u cs ’ will l’ t ’ i ’: L I,i ’j u l _ a t - n ’ ,j
anti I mu pu t -  t i )  t I u  I n ;  i’Uflt ’tiOIl .

t . 1 ~— 1,1_nrc ;t l . .Lunn ’nit .n ’d los t o t d . ttlmn.mugc ~ t ’1’ p I .na’ t ’ —— h I m  I:; i:; irunn’d oh t h e  niutnnber at ’
s ’mmt - :: that- ‘‘ni;u in ’ made wittu a nlcm.rp tool; Lime l ime i s detorrnmliu ’d i.zu I - l i t ’
:;t ’l,t ’- ’ l -  ‘j ut.  j s n i m ’ r um usc t . t ’  n’ t ’iu m a t -  ion 0_lid inpu t- i -sc  i. Im .i: n t’uuuat Ion .

I- i . m m t - e m m u n t 1 .  nn n~ ’lmimra t ime —— h u t ,  n ; .1: ; t ime inst s l um ’  t o  t;ool 1-ravel mund I r i s  I OX —

. 1 m u g ;  i t -  ,Ls Isased on time tool lnyout anal can Pt ’ doternuineti from t - l m t ’  stan —
1:tm’ ii t l i n t - ’ n’a1~uj,at loin
I internal apem’a t -a m ’ time —— thin in t ime ~p n ’ni t .  by the operator attending
the machine too l in operat lain (machine control , tool change , gaging);
It. i n ;  ,ietermint’d from the standard time calculation .

= i’d rI Of ’ Opt rat-  ion pen ’ rI. et ’o
lni,bom ’ tllreet rind overheam,l cost

Cm machine direct and overh ead cost

I V s 
ii_~ 

-

—
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= ‘njtt,’r tool i ’s s : n h  —— t h i  a is detenn j rued from the m uuinuber ‘ci’ part:; that cuuu

1- ,’ mn:t - ’ I m i  mm ~’~j w i t - lu  a, n; immg L e cutter edge ; a proportion n i l ’ all. cutter tool
‘ so ;I 1 ,; nLL 1,os ’:Ltos i to aac ’Im opei ’mi t . m on

~‘ ! m s ’  t t m  n ’s! t ’m ; m m u ’ t 1 ‘cii t m n ’ u v  I u t t ’ S  t I m ’ ~ i’ u ’u ’ ‘ n n : ; t ’ l  m o u n t e r  w i t  Ii  t t u e  u i p p i  u m ’ I m ; m m  i t - v  h a
: t u ’ s ’ i ‘t - I n ’ c ) u n u n m  - ‘s ‘ l i i i ’ n ; s ’  I s ’ ’ t  - i  nn m n uu ’li 1 m m , ’ I s u - 1  . r t ’ t i , , ~ s l i t  h u t  i n ; nm a m ’s ’u l  iii’:: t , m ’ul
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Dett’rnuine Alternat ive Tools (A3231)
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I This diagram shows that the function to select alternative tools is
I factored into three parts:  select preassigned tools , select tools fro m inven—

tory, and accept/modify tool candidates. The first two functions will select

I candidate tools for specific types of cu ts .  The first function will select
preassigned tools for different types of cuts made on a specific machine
t o o l .  In add i t i on  to cutter tools, cutter and tool holders, chip breakers ,

I heads an d blocks can also be selected .

The second f u n c t i o n  ( not available in current  system ) wi l l  select cutter
tools from inventory as described in the data base. This function is activated
whenever tools are not preassigned or only a general type of tool has been
specified. Cutter tools are selected from inventory according to the type of
cut and specif ic  cut t ing s i tuat ion . In the situation where the system fa i l s
to select a candidate tool for a cut , the process planner is required to
spec ify a tool .

When all tool candidates have been selected , the third function will pro—
vide the process planner with the opportunity to accept or modify the chosen
tool candidates . This function permits the process planner to specify new

- ; tools or delete tools from further consideration, If the option is not
requested , the system will automatically accept the selected tool candidates .
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Select Cut Parameters (A32l)~
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T h is  diagram ~hiows t ha t  t h e  funct ion  to select cut param eters for
di t ’feren it  types of cuts is  factored in to  three parts : det.e rmine values
from tab les , determine value s from tables and equa t ions , and da t a r m n;i n e

values from equat ions .  Each 01’ these suhfunctiomis provide alternat i ve
methods for annalyzint~ cutting time and cost. The basic  equation:; invo l ved
are shown below :

time=! +~~~ 
(1)

H

c v  c vt  c.1.vL + “ (2)
H RT HP

v volume -- the amount of’ material removed by a cut

t time to change a worn tool

CL labor direct and overhead coat - -

I —

l~ i s t
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Ct cutter tool coat per cutting edge

- I R cutting rate

T = tool life

I
Althou gh the equations are simple, the probl em of deternm1nin~’, val ues for

II s’Ut t j f lp ’,  rate ( H )  and tool l i f e  (T) is not simple. Itt the most rigorous treat—
ment at’ these variables , they are quantitatively defined by a multidimensional
space relat in g speed , feed , depth of cut , f inish , tolerance , wo rkpiece materi al ,
t o o l  materi al and geometry , and other variables. Unfortunately , the data is
often not available in a workshop to develop accurate cor relat i ons between
variables, Therefore , a computer process planning system must provi de several
way s ot ’ approaching the machining analysis problem; three methods have been
n ; l i o u ’i f l ed  a t ’ w h i c h  on l y  the first  is avai l able in the  current system .

I n  the t’i r ’ n : t  approach feeds , speeds and depth of ’ cut mu’s’ determined from
tables prepared by manufacturing. This part of the system also es t imates
too l l i f e  for d i f f e rent combinations of workpiece and tool mater ia ls .  I t  is
assume d that the tool l i f e  dat a w i l l  be correlated with the i’eed and speed
t: i l i le s , arid there fo re , can be used to est imat e the n umber of cut: ;  (and  parts )
that can to’ macIt’ wit -h one cut t in g edge . The second approach j ;; specified( t a  use eq ua t i - c n m : :  r e l a t i ng  cu t t i n g  speed and tool life for different types at’
cuts , machine  tools , workpiece and tool maLerials , depth of cut , tool
geometry , tolerance and f i n i s h  condi t ions .  Coeff icient  data is t us ’ t’ded for
t’u l m u n m ,t I au~; at’ t !n~ foil  awin g  fo rm :

V~~~ = c  (3)

Other fo rms at’ c’sjuat.ions could also be accommodated by making chan ges to the
system. The cutting feed would be determined from tables. 

- 
-

The third approach is spec i f ied  to use equat ions from which the
optimum combinat i on a t ’ feed , speed and depth woul d he determined. As
improved machinabili ty models re lating cutting param eters of tool l i f e  and
cut t ing rate become available , optimization techniques can be added to the
system.

In each approach the process planner can interact with the system to
accept or modi fy values that are automaticall y determined by the system.
Data val ues are displayed for number of cutting passes , depth of cut , feed ,
speed , rat e , t ime , cost , tool l i fe , volume of’ material removed , tool material ,
ra ice ang le , tool cost , n umber of’ parts cut per too l edge , horsepower , spindl e
torque , and resul tant  cu t t ing  force . I f  this function is activated , the
proces s p lanner  can independently set f e e d , speed and depth of cut values 

- -

and th e system would use them in the cutting ana lysis.
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APPENDIX B

INTERACTIVE DISPLAYS

Though CPPP can be used in a bat ch processing mode , it is most often
operated from a graphic terminal. There are fifteen interaction points at
which the process planner can influence CPPP planning (Section 2 . 5) .  Most of
these are optional .-— the process planner can choose whether he wishes to
review/modify the CPPP decisions associated with the interaction point.

Operation of the CPPP terminal is described in this appendix. Each
interact ion point is discussed , using an example of the terminal display that
appears at the interaction point .

/

Terminal Operating Procedures

CPPP is currently implemented for TEKTRONIX 14006 , 14010 , 14012 , and 140114
graphic terminals.  From the user ’s point of view, the terminal contains two
or three basic elements —— a cathode ray tube screen , an alphanumeric key-
board, and probably a hardcopy device. Information and instructions from the
CPPP computer to the process planner are displayed on the television—like

- II screen. The process planner sends directions to CPPP using the typewriter—
like keyboard. The hardcopy device enables the user to save a copy of any
display for later reference.

The sc reen is of the “storage” type rather than the “ref reshed” type .
That is, a portion of the screen surface remains activated or bright until
“erased” , rather than requiring periodic reactivation. Storage terminals are
far less expensive than refreshed ones, but do not have the capability to be
selectively erased. To delete or modify any portion of a display , the screen
is completely erased and redrawn. For the CPPP application , it is felt that
selective erasure is a minor convenience which is far outweighed by the lower
terminal cost.

The process planner input s directions and dat a by typing them on the
keyboard. He signals the end of a message by depressing the RETURN key . As
he types his message , it is displayed on the screen. The message can be
aborted at any time before the RETURN is typed by simultaneously depressing

the CTRL ( CONTROL ) and X keys . The message can be restarted immediately
after doing so. The most recent character entered may be deleted by simul—

& ~~~~~~1143 — 
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taneous ly depressing the CTRL and Z keys . This may be done repetitively to
delete several characters . ( Deleted messages and characters remain on the
screen but are ignored by the computer. )

The terminal may have a hardcopy device attached to it. If so, a copy
of the current display can be obtained by pressing the COPY key in the upper

- : r i gh t  portion of the keyboard.

Interaction Points

The remainder of this appendix contains a discussion of each CPPP inter-
action point. The context in which the interaction point occurs is related —

and user options are described. An example of the primary display at the
interaction point is given . (Some of the options offered by primary screens
cause subordinate  displays to appear. ) Process planner messages may be
dis t ingu i shed  in the examples by the symbol > in the l ef t  marg in .

Each screen offers a list of options available to the process planner.
If  an option requires data from the process planner, the option list m di-
cates the required data. For example, the option for adding cutter tools
might appear as follows:

14 , CUT ID , LIST OF NEW CUTTE R TOOL CANDIDATES

I f  the process planner wished to add the cutters 1203—006 and 1203—012 for
consideration in the third cut shown in the particular display, he would
type

14,3,1203—006,1203—012
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Interacti on Point 1

- t

UTRC CPPP SYSTEM . INITIATE METHOD OF PROCESS PLANN ING ,

{ TYPE 1N METHOD OF PROCESS PL.AP4MING YOUR NAME 1 PART NUNBER~
1 NEW PLAN1 W iTH OPERATIONS GENERATED BY PROCESS DECISION RULES
2 NEW PLAN 1 WITH OPERATIONS GENERATED INTERACTIVELY
3 RESUME PLANNING SESSION (NOT YET AVAILABLE )
4 EDIT COMPLETED PROCESS PLAN (NOT YET AVA ILABLE )

- - >11NARK DUHN 1 74?91?-28

The process planner selects the method of CPPP planning he desires. Two
methods are currently of fe red , both for development of a new process plan.
In the first, the s um m a r y  of operations is generated by a process decision
model w i t h  or without the assistance of the process planner. In the second ,
the process planner compos es t he summary of operations by repetitive use of
interaction point 14 .  The input message shows that the first option is chosen
to plan a process for part T14 T91 7—2 0.

The display indicates two additional process planning methods that coul d
be implemented in the future —— resumption of a CPPP session that was suspended
and modification of an existing process plan .

1145
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I flt t~X’~i(’t ion Pu I nt ~ •

UTRC CPPP SYSTEM . INITIA TE STARTUP DATA FOR NEW PLAN

TYPE IN LOT SIZE S CRITERION FOR DEC ISION MAKING . (1 FOR MINIMUM COST .
2 FOR MINIMUM TINE):

TYPE IN NUMBERS OF DESIRED INTERACT ION POiNTS OR TYPE d R  FOR FULLY
AUTOMATIC PLANNING

I ACCEPT /MODIFY GENERATED OPERATION (DECISION RULES )
2 ACCEPT /MODIFY SEQUENCE OF OPERATIONS
3 ACCEPT /MODIFY MACNINE TOOL CANDIDATES
4 ACCEPT /MODIFY CUT SEQUENCE CAND iDATES
5 ACCEPT ’MOO IFY CUTTING TOOL CANDIDATES
6 ACCEPT ’MOOIFY MACHiNING DATA
7 ACCEP T’MO OIFY SELECTED TOOL COMBIN A TION
8 ACCEPT’MODIFY SELECTED CUT SEQUENCE
9 ACCEPT’NOOIFY SELECTED MA CH INE TOOL

18 ACCEPT ’NOO IFY DETAILED OPERATION PLAN
It ACCEPT ’NOD !FY FINAL PROCESS PLAN DATA

~~~~~~~~~~~~~~~~~~~~~~TYPE OPERATION NUMBERS TO BEGIN AND END INTERACTION WHEN PLA NNING
SEQUENCE OF OPERATIONS . OR C~’R FOR ALL OPER A TIONS
‘28 .118
T’(PE OPERATION NUMBERS TO BEGIN AND END INTER A CTION WHE N PLAN N ING
OETAI L OPERAT ION DATA , OR diR FOR ALL OPERA TIONS-

-‘-20 110

[nt ’ortnat ion r t ’qu i red to deve lop  a new process p lan  is  amit . ~- t ’ s ’d. The ‘t-
i a t ’ is ~‘ r ‘V I dt’d ari d the p r’o&’s’s m m p1 annter st mi t as whet-her deal a i ~m a wi t h ccc pot’ t

t a  the se l ec t ion  at ’ machines , t -oa i s  , at c . shoul d he b :t sad  an mi  r i I mum product i om - ~
c~~- ’t or time .

The process p l anner  spt ’cit’ i t h e  level of in t e r a c t.  ion dcc i red by cut or—
ing t h e  m t  am’ma’~ I aim pot n it - s  he o-i she:; t o  ii5t ’ • gt ’Iect ion of ’ an op t i o n a l  nt -er—
act ion p o i n t  t ’im :ih ~ ‘.: h i m  t a rev j aw and acs ’ept/modi i~i’ t t ie  mi s im ac i it-ad CITY’

.h’i ’ is  i ar m: ;  . lie cciv re~ ues t- t he iii  tera at .  ion t’o r the ent ir a  p t  an or some par t  ion
at ’ i t . . The above example shows tha t -  i nt -erac t -  ion is n’ e q u e m ;t s ’d b eg i n n i ng  w i t h
m t p t ’ r : m t  t an  ‘0 and end i ri ~~ v i  t b  Opet’ m n t - t o n i  110 • Al so , int-s -r;ut ’t ion is t’equost ad
in bat h I h i ’ p 1 ann i ru ~ or  a sequenat’  at’ operat- ions and dat  mm i t  pl . mitmni  ng of
t lj o ’ t ’ :t t  m a n - .
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UTR C CPPP SYSTEM . ACCEPT /MODIFY GENERATED OPERATION
OP. 2$ DESCRIPTION : TURN
MACH . CLASS 1~ 41$ BAR MACNINE MACH CLASS 2-  ( NONE )
MACHINE TOOL SPECIF i ED ( NONE )

I
LOFOFOGRG GGWGGG RGGGWG GRGGGGRG RO

I
8~800801 111222333444 55566667788
123456782692592 5825815884581601
x xxx x
T (PE C R TO ACCEPT OPERATION .  OR TYP E AN OPTION . AND REQUIRED DA TA
1 .NEW OP DESCRIPTION 2~MA CN INE CLA SS NUMBER i.1 OR 2 ’ .COO E . NAME
3 .NACHINE TOOL CODE S NAME 4 .L IST OF ADDED CUTS ~ .L IST OF DELETED CUT~6 CHANGES SETUP ) 7 ( DELETES OPER A TIO N ) S ( SHOWS MA CHINE DNTN~9 (TERMINATES PLANNING )
a

I
-\ I hi s i n i t  a n ’ ; l t ’ t j o in  paint • t he process p 1 anne n’ ccvi ow a mmli  ope cmi t ion

colic n’:m~ ed by a pl’at ’t ‘as de~’ I sian mode I . l i i i ’  d i sp l ay  appear s i mme ,1i mit  e l y
ml t ’t cc li i ’ Opt ’ r a t  ion is  ~t -nmt ’;’:tt i’d , Pt’ I ’ar t ’ suhst’ t j u a n m t  ep en ’mit. i anna are da t ’ i ned

I : 1~~-r ~’ t ’t ‘r - , : l n m y  ; 1; an’ —a pi -c I t’i ad t ’!mnuigt ’s art ’ t aken  j u t  a ;i t ’~’ o m n n m t  Iii (hit ’ cxe~’ut loin

at’ t he n’a;’i;n I n dt ’r at ’ t itt ’ p roct’:;s model

The ~‘pon’at  l o i n  descr i pt ion and machi  Ut ’ a I ass (a s  t a be ~‘a nms i dar ed t. or
si’ ’c I t ’i i’d r;:m~’1m i no t o o t ‘I m m n • t ’ sh own . ‘l’ha par t  : m m n r t ’ ;ica a I’emi t mir es t o  Pa cut an’

~‘t ’ at ’ L ’5: m ad are i tid i cat  ad by heavy l i n es  in t h e  w ark p  i act ’ sket cli and h~ X
in  t i i t ’ a a ” t ’ml ~’a feat nra name Ii:; t . Time sicat ch I m~ a r t  an t  ad so t hat t he f ret ’
t’fld I t o  t hi’ ci ~h it  .

~‘i m -  lro~’t ’a:
; p l m m u n t ’r t ’ :mn .‘~m :mnigt ’  any at ’ t h e  ~i ;nt mm mi s sac I ni t  ad w i t  ii t hi t’ —

opt ’ cmi t ion .  lie can a hiooma’ t a di’ i t ’ t a i t  ant - i r ely .
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UTRC CPPP SYSTEM , INTERACTIVELY DEFINE OPERATION
OP. 20 DESCRiPT ION TURN
MACH . CLASS 1: S MACH . CLASS 2- i~NONE ,
MACHINE TOOL SPECIFIED (HONE)

LOF DFDGRGGGWGGGRGGGWG GRGGCGRGRD
E 08000RHRRRORRRHRRRDRRHRRRRHREB
8000000111122233344455566667788
12345670269259258258 ! ~~~~458 1681
x xxx x
TYPE CiR TO ACCEPT OPERATION; OR TYPE AN OPTION . AND RE QUIRED DAT A
1.NEW OP DESCR IPTION 2 .NACHINE CLASS NUMBER (I OR 2).CODE .NAM E
3.NACHINE TOOL COOE.NAME 4 .LIST OF ADDED CUTS 5 .LIST OF DELETED CUTS
b ( CHANGE SETUP ) 7 (SHOW MACHINE DATA ) 8 (END SEQUENCE OF’ OPERATIONS ’
9 (TERMINATES PLANNING )
2,1 4IS.~~~ M~ NlNE

H , ‘t it i Va m i s t ’ a t ’ I l i i  a m t  t ’r at ’t . ion Y ’O1 u t  , a m ;aqUef l t ’t’ a t ’ a r e rmi t  t ans  i s
::a p - i t  a,1 W I  tm ’ m m t  :i pr at ’eSa dat ’ i ml ion model . Ret ’ore mini  opt ’rat ion is  d e f i ne d ,

hi’ di sp nty appears wi t  hout - operation data spec i fled and w i t h  t h e  cur r en t
work p i ea t ’ shape shown in t he  ske tch  I t ’ no more opern i t  I aiim ; are ~1es I n -ed ,
opt cm:  0 i a m i s  i’d t a si gna a amp I at- i on a I ’ t he  sequence at ’ ape;’ mi t  l o r i s  . 0 t h en ’ —
vi  Si’ • apt ions t hrough e mi re used t o  d ef i n e  snottier a er :mt ion . 1~FTURN is
ty ped to in ~I L’at  e comp letion at’ an operation . The opt ’r nm t  ion dat- a 1mm t hen
at  aced by CFPI’ and the det ’ini  t ion of a new opera tion  can bag in i
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I Int e t’act iou l’a l in t

UTRC CPPP SYSTEM . A CCEPT /MODIFY SEQUENCE OF OPERATIONS

1 ~1
I II Ii U

LDFDFOGRGGGWGG GRGGGWGGRGGGGRGR D
E 88880 R H R RR ORRR HR R R OR R H RRR R H RE O
80090881 11122 233344455566667788I 1234567026925925825815804581 60 1

60 TURN 
- 

AUTOMATIC CHUC KER N’C LATHE
111 1880008080$80008080008000000

I re HAND REAM THRU BORE BENCH LAP
I 080808008008880808888088800888 I

80 HONE THRU BORE AUTO MATIC HONE
88088888080888008088e800090000l

1 98 GRIND LONGEST 00 00 GRINDER
I 8888ii8688088880008008808000008

100 GRIND FREE END SURFACE GRINDER
- I $80909088888800808000008880880I ‘- THERE ARE MORE OPERATIONS )

TYPE C’R TO ACCEPT SEQU ENCE OR TYPE AN OPTION AND PEOL IIRED DATA
1 ‘ SHOW MORE OPS ) 2 (SHOW PREVIOUS OPS ’ 3 (SHOW MAC HINE DATA ’

I 4 OP NUMBER (HIGHLIGHT CUT SURFACES ) 5.NOT AVA iLA BLE
I E ..NOT AVAI LABLE 7 .OP . NUMBER (TO DELETE ) 8 I, TER MI NA TE ’

-‘1 -~~~~

- Tine aaqu enm ’c at ’ aperat - i ons can be revi eyed and modified at thi s i st e m ’—
m;- ~~ Ian p o in t .

~‘l m a aket  cli shows t tie final wa rkpiece shape . P at- mi I’ar operat ions , in ca t a
at’ t’l Vt’ , are di ap i  mmy ad —— cpa rat. I on m inihe a , deacri  pt la in , mach ine  cI mis: ; , seaanm ~I
machine class or spec i f l e d  machine  tool , and mmmnn’ t ’mi c a s/ fea t -um ’em ;  cut or pr aL ’eaaad .
The I mi tt en ’ are in d i c a t e d  by “ 1” und er the su r fa ce / f e a t u r e  name . S

Op t t an s  1 and 0 permit- paging t o  the next- and p rov iou s  set- s of f i ve
operat r a n m a .  At- p r’em ;P ~~~~, the process planner can modify the sequence only
by deleting operat ions. Vuture opt-ions could permit modification of any
operation data as well as addition of operations.

l~c)

~~~~~~~~~~~~~~~~~ —-  ~~~~~~ :i
- 
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UTRC CPPP SYSTEM. ACCEPT /MODIFY MACHINE TOOL CANDID ATES

OP 20 DESCRIPTION - TURN
MAC U CLASS 1 BAR MACHINE

t TITIT~~~~~~~~~~~~~~~~~~

MACHINE TOOLS TO BE COHS IOEREO FOR THE OPERATION ARE
4 401 8&S NO 4 AUTOMATIC 403 TABE R

o 404 PETERMA N P25
H I T  C— ’R TO ACCEPT CANDIDATES OR TYPE AN OPTION AND RE I1UI RE D D k T H
I - L I S T  OF MACHINE CODES TO BE DELETED .~ - SHOW MA C HIIIE DHT~~’

~1.4 $3

Ph~’ imcti ’h m i  in ~ ’ t ca t :; t o  I i i ’ t ’ t i l l : ; i  i t - red far  nf l  ~i p - r a t  I an  m n t ’ c ’ d i  . :p I m n y -~i .

l n ~~t ’ m m : m  p t ; i u m t n ’ i ’  o m m i n  ‘i imi t ia t a nm mn ’hi  in ’ t a c t . : t ’ i’n ’ min c a m ; : -  I t i - i m i t  h i m .  Run  ept  I i i  t o

I b i t  t m :  ‘etn  I I  Iii ’ p i ’av j dcii i i i  I - t i e  f i u t .  m i c a

Inc prt ’ - am ;  p I ;i i i I l t ’i’ ;ij ;~~i’~~vt’: ; t In I i mm t~ i f ’ f l u u l t i  1 m m ?  - ;‘mmm ’t i I - m m  • I h i t ’

I : ;  t i a t m i  I l e t  fan ’  i ’:nt ’ h m .  ( ‘~~~~t u u i d  I t n t ’ : m n ’ a  a mi  c m l  - m t  ~‘d f r ’  ‘m m - t i

rm m:i ’ t n  I inc  m i i i !  a ‘ t m  i ‘ c~ mm nma it’.

- J
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_ _ _  _ _ _ _  ~~ — - -- - - -



- 

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

I R77_9~2625~ 11i
THIS PAGE IS RE ST QUALITY PRACflCABIi
YRI~M ~ On I I ~~ i I . i i l m.~) £0 Di)C ~~~~~~~

I l i n t - i ’  i ’it( ’ t~ 1011 l’~ 1 nt (

I UTRC CPPP SYSTEM . ACCEPT /MODIFY CUT SEQUENCE CANDIDATES

OP 20 DESCRIPTION TURN
CANDIDATE MACHINE TOOL : OtIS NO.4 A UTOMATIC

I 1Jt SEQUENCES TO BE CONS IDERED FOR THIS MA CHINE APE
I D~84 0886 FOOS RESO LEOI0804 PE8O 0006 F085 LEO 1
3 0086 FOOS RE8O 0084 LEOI

HIT C ’R TO ACCEPT CANOI OAT ES OR TYPE It-4 OPTIONS AND PEOUIR ED tt~tTA
~.SEOU EHCE OF SURFAC E ELEMENT NAMES TO BE ADOEO
2 . L I S T  OF CUT SEQUENCE ID ’ S TO BE DELETED

I
The cut- sequt- ’ncem ; to he rain ;  I dei’ed in per formin g an operat i on -n an a

I i ’ m - id I d mn t t - machi  t i e  I aol are d i  sp I . miyci l  . The pi’on ’ea:m p lanner  can remove St’i~n U’i i m ’ t ’:m

f rom cans i ~1t - i ’ m m  I I a im o r sp at ’ I t ’,v add i I i o man  I a m e n d  I tin t 1 m m .

I\ ft an ’ t lit ’ I I a t  a t ’ 
~‘;mnid I dat e cut  m . e q m l a n n ’ - m ; i s  t ’i i m m i  1 , t - iit ’ a p t ’i ’~ t 1 011 i s

I I ;un n t ’d f ’ ‘ a cacti :;t ’t l m n t ’nat ’ an t im e mact i  m i ’ ha l  im ~’~ cOi l :; i dared.  Ca:; t ~~i ini  t I lilt ’

m m l ~~- ~‘;t I~’u 1 ; t t t ’d mmmi i t tie l a ’ : m t  m m e I ) I l e i O ’ c  i m m ~‘li a : m i ’ m i .
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UTRC CPPP SYSTEM ACCEPT’MODIFY CUTTIN G TOOL CANDID A TES

OP 20 DESCRIPTION : TURN
CAND IDATE MACHINE TOOL - OtIS NO 4 AUTOMATIC

10 CUT CUT TYPE CUTTER CANDIDATES

1 0804 TURN OPN DIA (TO ) 1 1203-00 1 2 1203-003
3 .1203-085

0 0006 TURN $ FORM (TS) 1 1203-00 1 2 1203-003
F085 3 1283-007

-~ RE8O FACE OPEN (FO) 1 1203—002 2 1203-004
3 1203-006

4 t.E01 CUTOFF (CO) 1 1207—861 2 120 ’-802
i THERE ARE NO MORE CUTS >

~1I~ C - R TO ACCEPT CANDIDATES OR TYPE AN OPTION AND RE QUIRED DATA- SHOW MORE CUTS ) 2 (SHOW PREVIOUS CU TS~Tul I D~ LIST OF CUTTER ID’S TO BE DELETED
4 - U 1  10~ LIST OF NEW CUTTER TOOL CAND iDATES
C 
~‘J~ 10. LIST OF NEW CUTTER TYPE CAND I DATES

) 4 , 3 ,  1203-005

A t ’t ci’ ~‘ain I m i : m t  - c m i i  : i t ’qut ’ !nca: ; }m:lvn ’ l i t - i ’ll t le ’ t  an ’m i  t ie d fan ’  ni ~‘:nnd l i n t  a

; ‘;:ti ’ ? t j  n i t ’, t ime ’  y p t ’:m ol ’ cu :: m nm ’ i - dat e ’i ’niminianl . Cut t - i ’n’ I ~it ’ I: ; I t ’ hi ’ tfl ’ m n m m i I ’ r ’ i —~ i

f - n ’ ‘ - - n - - l i  cu t  : 4 1 - t i n — m i  , i t ’ t  - ; ‘ n m I t l m ’ i .  f l i t ’  ~‘ u i m i  I l i i i - ~‘i C t ‘1’ :: m m l m n \ -  h i - ; I i ’ t  i i ’i i l ;t i ’
t i c  I m m ‘ m -  t aa I I 4 -  a

~~~ ~1 1 ;j’l mt ~ ;lnaw m , i n n  ~‘i ’ t1i ’ r , t i n t ’  t ’ni t m m I t ’ l i t ’ m m i i - . f’h,’ m ; nnr t :mt ’i ’m; “mi t , I

- t ’ - m l  , - m n !  ‘mi n t i Jm n I e t ’ n n t  I I ’ .: m I l l ’  ‘1 V e i n . ‘ f i n t ’ pr an ’n ’m n; p I m n n m n i - l ’  ~ - m m ;  ;‘ t -ml mt ’\’ i -

- i ’ m ;  t ’ram ‘ ‘ m m  : m I a n ’ : tt  ion an - In m m m an ’t n w  ~‘ m t n m ~i i  li m i t  a;: . l i m o  n l t ’vi — - \ m u ’ m p l a  : ; l m s ’i~. m

I i mm i t i i ?  t a t ’  I ,  ‘C ~— C t ) ’ i 1:; t a I ’ ’  m m ! !  - 1  t o t i m e ’ t ’m nt i ~1 l i m i t  m’s far ~‘ n u t  n mnnml t t ’  a
I, ‘ m i ’ i ’ Cp ’i m I

ci’ t In’ cu t - I  , ‘t ’ n ’ mm n ’ I i  l i m i t  I ’ ; ;  m m c i ’ m m t ’ t ’i p t  ad , nmmn’ h l i i i  m m ~ } ‘ m n i - m l m ~’t el’ m ; t m m ; t ’

I - I  - i ’ m ’; ’i t med t’m m i ’  i - m t ’ l m  t ’m i n i I jm mt

_ _ _ _ _ _ _ _ _ _ _  —4
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UTRC CPPP SYSTEM . ACCEPT /MODIFY MACHINING DATA.

o
~ 

ZS DESCRIPTION : TURN
CAND IDATE MACMIN E B*S NO .4 AUTOMATIC CUT TYPE ’ TURN OPN 014 (TO)

CAND IDATE CUTTER : 1203-553 SURFACE (S) 0004

H

81 NO , OF PASSES * 1 10 VOLU ME REMOVED 05 CU IN
*02 CUT DEPTH ~ .008 IN 11 RAKE ANGLE ~ 0 DEC
*83 FEED - .005 IPR 12 NOSE RADIUS ~ 000
*04 SPEED z 2226 RPM 13 TOOL MATERIAL aC6
05 CUT RATE g . 195 CU IN/M IN 14 COST/EDGE ~ $ .08
06 CUT TIME ~ 36 MI N 15 FORCE ON TOOL , TIP ~ 00
07 CUT COST $ 09 16 HORSEPOWER ~ 00

~ ~~~~ 
~~~~-! MIN 17 SPINDLE TORQUE • 00

TYPE d R  TO CONTINUE
>

Pu t’ machu m t iC dat ;m t ’o~’ a (‘m u ll  I d a tn ’  c u l t .  I mm ~ toa~ nrc  ii i : ; !’  I m n v i ’i l .  Ct ’vi ’i’; m I

j’ m mt’ ; u m e ’t. en’:; :u’ i ’ t ma t .  i ’ur n ’ e n t . l y  ~‘ m n I c u I ; m t - i ’ i l .  i I i hl c5 ( ,  c m i i i  he ’ :n&l i ln ’ d  i n  l i i i ’ t ’ut m ir e .

At - p r a: m i ’ t m t -  , t h e  P n’O ( ’ t ’:~ p1 mn .flTia a j m m  not. mii i i i ’ ta maci i t ’,v t i n ’  tTPI ’— d t ’t e rrm I im i ’ tl

machim InC paranne’t n ’ r s. Fmi t -n it ’t’ t’n}iani’emenl-a can il d p e r m i t -  h i m  t o  cli ;un ~ e i n m t l t ’ —

r ‘ndent. parameter ;; ( a • . feed ; m u m i t  t n - a u  ) , w i  t i m  mu t t  cr ime I I a n’c cni I c m l  mi t Ian at ’

dajit ’nldm ’flt . val  li - m m .

I
t

151
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Interaction Point 10

UTRC CPPP SYSTEM . ACCEPT/MOD iFY SELECTED TOOL COMBINATION

OP 20 DESCRIPT iON TURN
CAND IDATE MACN INE TOOL : 8$S NO .4 AUTOMATIC
SEQUENCE : 0114 0906 F555 REBS LEOI
CUT TYPE TO IS FO CO

i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~E~~~~~~~~~~~

TIME COST ID CANDIDATE CUTTER COMBINATIONS

8.08 $ 150 ,00 17 TO 1283—803 TS 1203-007
FO 1293—884 CO 1207-00 1

859 $ 175 .88 18 TO 1293-005 TS 1203-08?
FO 1293—084 CO 1207-08 1

825 $ 149 .66 19 TO 1283—OO i IS 1203-00 1
FO 1203—006 CO 1287-00 1

8 80 $ 149 .66 28 TO 1293-903 IS 1203-00 1
FO 1293-806 CO 1287-801

C THERE ARE M ORE CANDIDATE COP ISIWAT IONS )
COMB INATION 19 HAS BEEN CHOSEN FOR MINIMUM COST

T’ e’PE C’R TO ACC EPT CHOICE OR TYPE AN OPTION AND REQUIRED DATA
1 ( SHOW MORE DATA ) 2 (SHOW PREVI OL~S DATA ) 3 .10 OF PREFERRED CHOICE

Identification of’ candidate cutting tools for each cut determines a
number of possible tool combinations, If there are four cuts with two , four ,
t hree , and two cutter  candidates , for example , then there are forty—eight
po:;sible tool combinations.  Using t ime and costs calcul ated for each can—
(lidate cutter , CPPP determines the t ime and cost for each tool comb i nat i on
(to -m maximum of 30 combinations).

At this interaction point , each tooling combination that was evaluated
is displayed. The time and cost assoc i ated with each is shown and CPPP ’s
choice is given. The process planner can examine this data, paging forward
and backward with option:; 1 and 2. Option 3 permits him to override CPPP’S
choice. Once the choice is f inal ized , the cutter t oot s for the  cur rent  machine
tool and cut sequence are determined.
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I
I UTRC CPPP SYSTEM . ACCEPT /MODIFY SELECTED CUT SEQUENCE

OP 20 DESCRIPT ION TURN
CAND I DATE MACHINE TOOL : BIS NO .4 AUTOMATIC

• ‘ C n i  • .  c i  ;. e s  ‘ . . ; ,  ,ji
• • • •  • ,  • s  • C C I  • • I,  I I I S  I I: • : : •—‘: ~ . ~ : ~~

. •—~~: :: : : ~~. •‘ :
‘

~

‘u :1: :1: :1: 
~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

I
I TIME “i35~ ID CANDID A TE CUTTING SEQUENCES

S 2~ 1 $ 149 66 1 0804 0006 F005 RE8O LEO1 
- -

8.6 12 $ 1i5 80 2 0884 RE88 0006 P005 LE O1

I
- THERE APE HO MORE CAND IDATE SEQUENCES )

‘~.EOUENCE I HAS BEEN CHOSEN FOR LOWEST COST
!~IT C - P 10 ACCEPT CHOICE OR TYPE AN OPTION AND REQUIRED DATA

I SHOW MORE CUT SEQUENCE DATA ) 2 ‘ SHOW PREVIOU S CUT SEQUENCE 0AT~~?~ IO OF PREFERRED CHOICE 4 .ID OF CUT SEQ (SHOW SELECTED TOOLS~

I
run ~ I in t . a  n’ac t .  ion p o i n t  a c ’  uirs ft .  t a  cut . t ypes , t oo l  I ng , and mach in I n~

‘ 

p:u r :umnet .er s ;t t ’ t~ cia t . t ’n ’mmn ed far  each c m e nd  I dat-a cut. st’qtnt ’i~ ’t’ . Cl ‘I’i’ 01 005 i ’mm

t ine be:; t s e q m i e n m u ’a ann m m t I mi - or cam : t has i mm . The m’:n. nnul I Wit i -mm and the aba i u ’a

m n t ’ i ’ ci ispi :t,ycd .  The t. I tin t ’ and cc:; t . c a l e m n  t at-ed far  each ~‘ m m m n ~i I I m m I  i~ m m n’ a m;haw n

~ pt n a m e s  I , C mi nd i~ permi t, r e V i e W  ot’ t i n t ’  u i p a m ’ ; m I  ion m l ; :  p l : m n n e d  fa r  i ’ m i ~~im

cut  sem]n ft’nIct’ • (‘UPP ‘ mm cho ice  at ’ cu t - sequeiiu ’t’ cann be avct ’r  I iu le i n  m m ; m  i t m f  (
~~~t - I on

~, AI ’t -er I l - n m ’  t ’ i m o t t ’ i - of &‘ut. 5t ’m l t l t ’flt ’e 1:; f i n i n i l , t . l m a  l i t  m i t  i t ’ !  p l an  t ’ot’  t i n e

‘ m t n m d  I tlat.e mach Inc  I aol  I s  det -ermn i m i a m i .

I i i ,,
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interact ion Point 12

UTRC CPPP SYSTEM . ACCEPT/MODIFY SELECTED MACHI NE TOOL
OP 20 DESCRIPTION TURN

TIM E COST 10 MACHINE TOOL
8.251 $ 149 . 66 1 B$IS P40 4 AUTOMAT IC
8 438 $ 150 .80 2 lAGER
9.315 $ 175 .00 3 PETERMAN P25

MACHINE TOOL I HAS BEEN CHOSEN FOR LOWEST COST

TYPE C’R TO ACCEPT CHOICE OR TYPE AN OPTION AND REQUIRED DATA —

I.~ ID OF MACHINE TOOL (SHOWS SELECTED CUT SEQUENCE )
2 ,10 OF MACHINE TOOL (SHOWS MACNINE TOOL DATA - 1401 AUA LLAB LE ’m
3 .ID OF PREFERRED MACHINE TOOL
4 (SHOW MORE CANDIDATES )
5 (SHOW PREVIOUS CANDIDATES )

)1,1

A f t e r  a p lan h am ; been det.erzn i ned for f’ mtO II c a n d i d m t t  a mach in e  t oo l , a
cho ice  i s  made on the bmt:;I s m l ’ t ime  t i  S cast  . Tin i s in t e ract - ion  p o in t -  displays
the  data. associa ted w i t h  each candidate mach ine  and al l ows t h e  process p lanner

to override CPPP’s choice.

Th m- process p 1 anner may m m m c  opt. ions 1, 14 an~1 5 a review t h e  p lan asso—
c i m m t . a - .i with each m ’a i idj  date m ach l ane . (~pt ion ~ i ’i iabl  i - mm h i m  t.~ chance the choice
cii ’ mach ine  tool . A ft er  the  ma ch i ne  tool to he used is fi anal isemi , a detailed

plan for the operation has been en ta h l i s h i ’ l .

“

~ 

—
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T n t e r m n ’ I  j o i n  l a  j u t .  13

II
UTRC C~~P SYSTEM . ACCEPT’MOOIFY DETAILED OPERATION PLAN .

OP 20 DISCUPTION TURN
MACHINE TOOL 81$ NO.4 *)TCNATIC

I ID CUT 
- 

CUT TYPE TOOLS
1 0084 TURN OPN DIA (TO ) 1203-081 1285-802

I 1205 ’100
2 0886 TURN & FORM (IS) 1203-001 1285-882

FOGS 1205—100
3 RE8G FACE OPEN (FO ) 1203-806 1205-804

1205—101I 4 LEGI CUTOFF (CD ) 1217-Ill

TYPE C’R TO ACCEPT OPERATION PLAN OR TYPE AN OPTION AND REQUIRED OAT~ mI i (SHOWS MORE CUTS) 2 (SHOWS PREV IOUS CUTS )
3 (SHOWS MACHINING TOOL DATA ) 4.CUT ID (SHOWS MACHINING OATH ”
5,P9Ej~ OPERATION DESCRIPTION 6.CUT ID~ LIST OF NEW TOOLS
7 (REPLACES OPERATION WITH INTERACTION ) 8 (TERMINATES PLANNING )I ~4.2 

F

1 
This interaction point provides for review ari d modificat ion of the d e-.

tailed plan for an operation . All dat a for the operation can be reviewed.
All components of composite cutting tools are listed , rather than just the
cutter.

The process planner uses options 1 and 2 to page through the cuts  ire I he
operation . The operation descript i on and tooling may be changed. If option
7 is exercist ’tt , the detailed plan far  the operation 1mm redeveloped using a l l
in te rac t ion  points  (6 through I C ) .  Th is  allows an operation to he repianned
wi th  maximum in te rac t ion  by the  process Pl anner.

i i

C 
-
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FROM C-n.)x ~ 1~Uk!~1US11~D TO DDC .._._. _.—

-

I ant. arac t ion l’o j u t .  l i e —

UTRC CPPP SYSTEM . ACCEPT’NDD3FY FINAL PROCESS PLAN DATA.

TIME COST OP I DESCRIPTION MACHINE TOOL

.88 .88 18 DRAW MATERIAL DRAW MATERIAL BENCH
6.72 317.92 20 TURN 81$ NO .4 AUTOMATIC
1 38 32 58 30 HEAT TREAT PER PM P5IO HEAT TREAT FURNACE
1.8$ 52 .73 40 GRIND LONGEST OD CINN C’LESS BAR
4 92 629 31 50 DRILL THRU BORE DEHOFF 2 SPINDLE
2.40 210.01 60 TURN LIS PTIS

. 42 25 42 79 HAND REAM THRU BORE BENCH LAP
2 25 847 24 80 HONE THRU BORE M ICR OMA T IC 723
3.35 168 88 98 GRIND LONGEST 00 8*19 ND 5
1 88 293 24 180 GRIND FREE END 8*19 (8X24 )
9.25 622 . 88 110 CRUSH GRIND O .SEAL GROOVES UAN NORMAN 418
9.88 783.84 128 CRUSH GRIND GROOVES VAN NORMAN 418
88 .88 138 DEBURR PART VIBRAT ORY TUB
08 00 140 STRESS RELIEF PER PM P1IO STRESS R EL I EF FURN
08 .08 158 MASK NITR IDED SURFACES M A S K ING BENCH
60 00 160 COPPER PLATE PART PER PMP2IO TA NK - COPPER PLA TE
00 .80 178 UNMASK PART TA NK - COPPER PLHTE

2 6? 84? 25 180 HONE THRU BORE M IC ROM A T I C 723
88 .90 190 NITR IDE PER H SI I ? 3  AND PPIPSO5 FURN A CE
08 88 280 STRIP COPPER PLATE PER PMP21O TANK - STRIP

‘ .9 2 6699 . 32 TOTALS ( THERE ARE MORE OPERATIONS ’

TYPE d R  TO ACCEPT SEQUENCE OR TYP E AN OPTION A NO R E Q U I R E D  OATH

1 (SHOWS MORE OPERATIONS ) 2 (SHOWS PREVIOUS ORER A TION S
3~NOT AVAILABLE4~I4OT AVAILABLE
S NOT AVAILABLE 6 .OPERATI ON NUMBER .N EW DESCRIPTION
? .OPERATION NUMB ER SNEW MACHINE TOOL
~. OPERATION NUMBER (SHOW OPERATION PLAN )

>

I h n a  s ’s -sip I a t  i ’s! pr acesm ; p1 sn - n s i tu  he rev i Ow ’si l u st mod I t ’i cmi mi t  t h i  mm le nt - er—
m i s ’ I i on  p a i n t . . T i i i ’ ~l i m p !  ay g 1 Vt m ; t ha ,los5’ r I pt i o n , nn ut ch l i e , t lan e , m m i i i m ’Om m I t ’or
m ’mns ’in o~’- - r : n t  i on . t’ i n t ’ .1~ ‘;~ ‘ n’i ~ ion  send m ;tch i n s ’ ‘ m i i i  i — i ’ .‘ l i m n i n  ; 1  • Ulim ’ 51a 1 ;~ i l  c i
p1:  m u m  u

’
s ’ ; ’  mm iv ape 5:1 t 1 0 1  cain  I - so v I S W - I  • A f in I I sm m I-al’ I I It y t a a5td • 51e 1 at c ,

i i i  I niomli fv ap i - r a t  i 5 ’n. m c o ul d  l’i ’ i m m ip i i - u - a - n t  ad i m I In c ¶ ‘mit lis t ’.

i~
‘
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I nt e r a c t  iou Poten t 15

~1 UTRC CPPP SYSTEM . TERMINATE PROCESS PLANNING SESSION

‘ 
TYPE C’R TO SIGN OFF OR TYPE NUMBER OF SELECTED OPTION

I PRODUCE SUMMARY OF OPERATIONS
2 PRODUC E OPERAT I ON SHEETS

‘ 3 PRODUCE SUMMARY OF OPERAT IONS AND OPERATION SHEETS1 4 SAVE PARTIAL/COMPLETED PLAN JUST GENERATED (NOT YET M*ILMLE)
5 STAR T ANOTHER PROCESS PLANNING SESS ION (NOT YET A~MILASLE )

>3

I
A cl’PF :m i ’m i m ~ j o i n  j~ terminated m n t  t h is  in te rac t ion  point . The j ’act ~ss

p l anner  cane d i r e c t  tha t  mm summary at ’ ope r a t ion s , detailed operat ion sheets ,
or bet -h ho out-put . These are produced by a. l i ne  print-er and p lot ter .  At.

I pl’ m ’mm s ’f lt  , t h e  sm ’ssi on must . end with  the user typing R ‘URN to end h i s  t e rminal
j Oi n . F u t u r e  opt. OilS could permit  saving a part ial/complete p1 ~~ in corn

put or m i t  O ’ ~Lm~s ’ acid start- I r~~ :n flew CPPP session .

I
I

- 

I
I,
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I APPEIWIX C

MANUFACTURING DATA BASE

I
CPPP requires a large data base containing a variety of manufacturing

I information. This is a local data base in the sense that its content is
determined by the manufacturing practice and environment of a particular
workshop. The size of the data base and the frequency with which it will
be accessed require that it be efficiently organized and managed.

The current manufacturing data base is divided into six files;

I 1. Part file

2. Process decision rule file

I 3. Machine tool file

~~~~ Cut application file
5. Cut parameter file

1 6. Machinability file

Five of these contain essentially numeric data . The process decision model

I file contains manufacturing rules rather than numeric data. In addition to
the files listed above , there are t emporary files created by the CPPP system
for use in subsequent processing .

File Content Descriptions

I Part File

I The part file contains part design and raw material specifications . The
-lesign specifications are equivalent to design drawings, giving a full geometric
description of the part as well as other information .

The file consists of an index and part descriptions . The index simply
lists the part numbers contained in the file , giving the location and length

1 of each part .

A part description is itself a hierarchial dat a structure that consists

J of a part header block , surface and feature blocks , and geometric control
blocks . The part header block contains general information on the part -—
part name and number , part family , classification code, material and material

j hardness, raw material form, overall part site , latest engineering change and
proces s plan revision number , etc.

I
~~ ~~~ ~~~

161
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Finished part and raw material geometries are specified using data blocks
which describe surfaces and features . A surface is a portion of the cylindrical
part geometry that can be represented by a canonical geometric form . The CPPP
system handles three surface types:

(1) Diameters , described by cylinders whose axes are the cylindrical
part ’s axis of rotation .

(2) Faces, described by planes perpendicular to the part ’s axis of
rotation.

(3) Tapers, described by cones whose axes are the part ’s axis of
rotation.

Feature blocks are used to describe features machined into surfaces.
These may be of two types:

(1) The feature is a surface of rotation about the part axis. In this
case, if the feature has more than one surface, the feature block
serves as a linkage between the parent surface and the surfaces
composing the feature. In this class are grooves, recesses , chamfers

(2)  The block describes a noncylindrical feature in the basicafly
cylindrical geometry . It may also specif y a feature which is
geometrically cylindrical , but whose axis is not t m h e  part  axis
( e.g.,  a radial hole). This typ e of feature block is used for
slots , radial holes, bolt holes, lugs , face windows, threads,
and flats.

The individual surface and feature blocks are integrated into a full part
geometry description by hierarchical chaining. Primary part surfaces compose
the highest level. There is al:o, for each primary surface, a chain (possibly
empty) containing the features n~ chined into that surface. For each multi—
surface cylindrical feature, there is further a chain containing the surfaces
of the feature. Feature and surface chains continue to alternate in this
manner until the lowest level surfaces/features are described . Figure Cl
illustrates the chaining mechanism.

The data content of surface and feature blocks is divided into common
at,tributes and particular attributes . Common attributes are relevant t.o
all surfaces/features and appear in all blocks. These c-’ive such data as 

-

block type,, sarface/feature name , point.er for chaining , pointer to canon-
ical geometric representation , and governing surface. Particular attribut es

give information applicable to one or more surface/feature types, hut. not

~o all. Particular attributes of a radial hole, for example, include

162
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diameter, diaiinetral tolerance, depth, depth tolerance , drill point angle,
point of entry, and surface finish.

Geometric control blocks are used to state geometric constraints such
as concentricity , angularity, and straightness. One or more geometric control
blocks may be associated with each surface or feature block.

Machine Tool File

The machine tool file contains data on machine classes and machine tools.
The machine class data contains the machine class name plus average diaznetral
and lateral stock removal.

The data describing a machine tool consists of general data given for
all machire s and specifie data relevant to the machine’s class. The gen-
eral data includes the machine tool name, number, and location; a number
of time and cost related parameters (e.g., operator cost. per hour, machine

rat-c, average t ime for basic setup and additional setup t ime per tool,
average tool change t ime , average piece load time); and minimum diametral
and lateral stock removal.

The specific machine tool data in the file is a function of the machine
tool’s class. It is present for cylindrical metalcutting machine classes such
as lathe, deep hole drill , crush grinder, internal diameter grinder , outside
diameter grinder , surface grinder , and hone. This data is used to help select
the proper mactim es. Data for a lathe, for example, includes minimum and maxi—
mum part length, maximum chuck diameter, type of control (manual, automatic ,
or N/C), horsepower , number of spindles, and maximum speed. The number of
tool positions, longitudinal stroke, cross stroke, number of feeds, minimum
feed and maximum feed are given for theturret, front slide, and rear slide.
Drilling depth and maximum drill diameter are given for the turret. Number
of feeds, minimum feed, and maximum feed for cutoff are also included.

Cut Application File

This file includes a list of each cut type that each machine tool can
make and the tool (s) or type(s) of tool it would use to make the cut. It is
organized hierarchically by machine class and machine tool.

Each machine tool has a list of numeric codes for the cut applications
it can perform and for each cut application a set of alternate cutting tools
or tool types that can be used. An entry in the cutting tool set represents
a cutter but may In fact be from one to three separate tool numbers .-- such
as holder, insert , and chipbreaker for single point lathe tools.

- 
___

i6

~ 

_ _ _

- -—~~~~~- -~~~~~~~~~~::~



R77_ 9l42625_lI~

I 
(‘ut Parn.meter Ffle

The en t partuneter N it ’ COflt . t t t i tS  ft  X ed—i  en~tIi data hi  ocks • en~ h of wh I

I ~ I ye s  cer tain maehi n ing pitrnnieters for a mach i t ie  e l : ;s—part m:i l - r  :t I comb I nu-
t - i  cii , w i t h  the hi cck:;  I n  random order .

I Kach data hi te h con ta I us t h e  fol  I ow ~ rig

I . Muc h I t ie c 1 ~t55

I ‘ . [‘art nut t .e r I n  I

I . ~t cck i’(’iflOVtt I ~t I I cW~~r i c e

~I .  1S ’I I ’ ? ~~I f l i ’ ’  t i i l ’t~ i~i i u i t  i t ~ i l  . ‘ l t ~~l ’ i ~~i r n ’ ’:; • l~~t - } i  3 i u n i ~~t- rzii  r i ) i t l  l u t  ( ‘1’~l I •

I ~~ I yen for I In’ f~-’1 1 ow I nj-~ ~‘s ~’s

( ‘
~ h~cugIi I nj~ or :u’ul I N ni sh i- ct erances w u t i  cit u re npp I I i ’d wheti I he ‘ut

I i s  Co I I owed by :uiot .ln ’r  c u t -  of the siune type’ . . , I It Is I urn i ng
c ut  is f ’o 1 I t 1w(’d by :tnot her t~nrni fl?-~ 

cu t . )
I, it) Houghit n~ or 5~~f l~ ( ‘j u t sit  I 01 ( ‘T’ Rilc( ’s witi cii u i i ’  t1j’~

i1 I (~SI whet, the c u t

I i to ll owed by u,,iiot-hcr of a di  1’frr cnt -  t y p e  ( i ’ ~~~~ . . t u r n  foil ‘-I

by gr in d
( c  ‘~ N or m a l ly  des ired  f i n ish  c

I ( d ) I’I g ilt -es  I - Iu ’nt ’t . I cn 1 I ci ‘r:iiic ’ ’ t in’ machi n ’ cmi ho I d  .

~u surface fini sh

I ~~~. Maximum depth c t ’ cut for roughi rig cut-s

I 7. Maximum dep th  of cu t .  for  f l i t  I sh c u t - s .

~‘Ij~_f h 1 nabi I I Ly F Ii

t The mach I nab III ty f i l e  prey 1 1’s  t;he cii p a t t I  I !  t.y I o old u I it mach I ni tig recoin—

uuit ’ i u t t u t  I t ’tt~ and ti too I 1 1 fe ( ‘ i t t .  i t n u  t o  i c r  ii gIven cut.. The’ ft Ic Is orgiiiti ~-e-l

h i cr archl cal l y  I ~ fr,.e 11 lt ~ I r seuirclii ng t’or t h e  upp I i  c u i l ’  I c  machi n u b i l i t y  lui t

F I rs 1 levi’ I mach I tie ‘ I :tss

~(‘ t ’ ’I l I l e v ( ’l  c t i t  I
purl . m,tt t’rt n I t1i ’sct~I pt Ion
h u t  rdi u’uts I’arigc
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‘l’hui ri 1 eve 1 : d e p th  ci ’ cut.
recommended too l material.
recommended feed
es t I mitt .ed t to I i i  t ’o per edge

I-c rIb love 1 pai ’t m a t e r Ia l  spec i f  I cat -  ion
t’ecoinnte’nde’tt sj’ee t

\~; t lie i t  em i ‘ i t t  Io n :iI - tvt ’ : u i I ’Ws ~~~ I si on of t h e machi tie ci t i t u s , t ’ i i t

app h eat ion , 1t 51 ’t nu t  en til description , hat’dncsu.; , and tep t  Ii i t t ’ ‘i i t .  WI I I
let  ortn l i i i ’  reconun(’ll ted too l mu I ci’ I t i l , r ei’onimen l.’d feed , and eu t I m u t t  c i  I ‘- i
1 1 t ’e . 1t  the part niui t cr1 iii spec i f l e a f  ion i~ also given , rv ’ ’mnn’n-li’ I spec- I

tu i - I  erin i ne t .

i t mj’r:t~~t F I I ci;

l l~(~ COi l’ I i  I t ’s I I I  0 w It ch ~‘l’I’1’ u t  t i -s  t i n t  v i i i  ‘h i s  ret n i  ov o l

(‘ ‘1’ l i t ’ r use

— I . -\ I t  et’nu to cut :;eqw’nce t’I I.’
- ‘. ,\ I t-ei’nnt ’ m u i c t i  i i i ’ 1,1 Ic

i~1t(’~’fl~ I tn let ut 1 1  t ’i I  (‘

~~ 
‘I . t l l~ I ’ f l t  t ’t 1 ’

CUl l’ C:~’n rut I I v  5’ t n: u I l o r u t  more t h i u t i t  ‘iii’ sequence ot ’ cu t -~ for  ti mttt’httne tool

tin - I ruin ’ t h a n  ‘t ic machi tie I it  I fo r  a g iven  titerat. i o n .  ‘l’l i I ;  I ;  dow’ by p 1 ann i tig

- - 
t h e  operuit ic~ for i u ’ vei’ ut 1 i t t  C ern i t t  I \ ‘~~ , i - t ’ii chtt t,tu I ng t h e  mo st .  cconolni cal ly
- li ’s i i’ul’ I e o i l . ’ . ‘l’hic t i l t  ( ‘runt . e ‘at sequence ft Ii’ I s used I o store  d a t a  ott  t h e

• ~~‘5 t - l ’ 5 l  ‘i i  t i n t t i - i t t  t i n~ worlcpit ’ct’ ~‘, ‘ ‘ t u t ’ t  t ’V t ’ot ’ l i t ’ t ’ ’i’ i ’ i t t  t . ’ 1 11 - l i t - - t - ’t ’ c ’ i it  t t i i

I lie stunt ’  nnt ’i i  I in ’ t - I . When I - I t . ’  t o o t  ~~t i t  50 1110w’.’ Cot (-lie i~a~’li h u e  1 ‘ci i s
d - t  ‘rn i t t — I , I hat :;.‘t lttt ’lt ce ‘ s l u i t ~~ I s  ret  t ’ i  i ’v ~~tI t in t ~~~ Ott ’s t h e  i t t  I a I ’s-i’ I i~ t t .
m acl itt le I - t i  . ‘I’lte a i t  oi -ii :i 1 c mut’h , I n c  I’ l i e  i i i  t i u s - t i  t ‘ sI s - t i -  Is 1:1 o t t  I lie ‘~s ’ i ’u i  —

I ion :ui I Itt - ~ : i n ’ t  ~~‘ ‘t u i ’ t  I - v  ‘\  1 s t  t i g  t
’
- t t  low ing p.’nt’oi’m:tuli ’.- s-I’ lii.’ tpi ’ r n l i t n  for
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I
2. Cut data. Each cut made in the operation is described by giving cut

type, stock removed , per piece time, tools , surfaces cut , speed,

I feed, etc.

3. An end—of—operation workpiece geometry description .

I The output file is generated when the entire process plan is completed .
This file contains the equivalent of process sheets (routing sheet/summary of
operations plus individual operation plans). This data is stored in a form

I which (1) minimizes the effort necessary to output it using the devices avail—
able at a given computer installation and (ii) is amenable to the text—editing
mode of process planning.

I
Procedures for Constructing the Data Base

Each of the five numeric files is generat ed usi ng punched cards or t heir
equivalent. Each file is built from a card deck containing the entire f i le ,

I rather than being incrementally buil t/modified.  A stand—alone input program
processes each deck. The format and content of each of the input decks is
given below.

I Part File

I The input deck for the part fi le is a sequence of individual part des—
criptions. Each description consists of (i) a header card giving the part ’s
file retrieval name, whether the part is NEW or OLD to the file, and current

I file size, (2) three cards giving general part data, (3) a number of’ cards des-
cribing finished part geometry , and (14) a number of cards giving raw material
geometry . There is also a separator card which divides the two geometric des—

I criptions. TableCi gives the format of the general part data cards.

- 
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TABLE Cl. FORMA T OF GENERAL PART DATA CARDS

Column(s) Forzn * Dat a

First card. 1-20 A part number
21-14.0 A part name
L~l..1~8 A part code

A engineering change number
A revision number

l-o~3 A area
A model

~c~’orid card l4~ R maximum outer diameter
°-ie~ R minimum internal diameter

l7-2~ - R part length
A material tlrpe

37 .I~~ A material s~~~-ification
4~) I hardness type code (1 if

Rockwell U , 2 if thousand s of
psI)

50-53 1 raw material hardness - low
limit

1 raw material hardness -

- 
- limit

58-ni 1 finished hardness - low
limit

i ’f l—c ’ I finished hardness — h ig l t
limit

too I code number for row ni : t t .~ r -

form (i for bar st-ocl~, 2 ~c r -

l’orging, 3 for cast ing)
t o f _ 7 14 H bar din.mel ci’ (if l ’uu - ~ t t - -s~- . ‘I

Th ird card 1—16 A forging or i ’ a s t . I r it -, u i W5~’c?’

H surface treatment thickness

~‘5-3O H surfac e treatment thickness
t.olerance

32—33 1 Up to 6 code numbers for blue—
35—36 print motes applicable to the
38-39 entire part
141— 142 . -

liii_ 145
147—148

*R indicates a real (decimal) number , I an integer, A an alphanumeric u t’ i ri ~~ .~ 
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Finished part geometry is input using cards which describe each surface
and feature of the part . One or more pairs of cards is used for each surface

I or feature. The surface/feature descriptions are given in clockwise order .
If there is no through hole, the surface making the left intersection with the
centerline is given first and the surface making the right intersection last.

I If there is a through hole, the left end is first and the internal surface
(internal diameter or countersink ) that intersects the left end is last Figure
cr). Feature cards are placed after the cards describing the surface -into

I
I

FIRST LAST

I 
FIRS T

I (c )  
— —

FIGUREC2. ORDER OF SURFACES IN GEOME’I’RIC DESCRIPTIONS .

In (a), the left end would be the first surface
given and the right end the last. In (b), the
drill points of the left and right internal
holes would be the first and last surfaces,
respectively. Since the part in (c) has a

through hole , the left end is given first and
the internal surface intersecting it is last.

- t  169
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which the feature is machined. A relief groove or recess is an exception to

this and will precede its parent diameter when at the leading end of the di
ameter.

It ’ a surface has more than one feature , its features are given in a clockwise

order. If the feature is multi—surface, cards describing its component surfaces

in clockwise order are placed after the feature’s card(s). The normal order in

which surface/t’cature descriptions are placed is illustrated in Figure C3.

01 left end
02 diameter
03 recess (first feature of diameter)

left side of recess
05 bottom of recess
06 groove in bottom of recess
07 left side of groove
08 bottom of groove

09 right side of groove

10 right side of recess

11 radial hole (second feature of diameter)

12 right end

FIGURE C3. ORDER OF INPUT FOR SURFACES AND FEATURES IN ~EOMETR1 DESCRIFTION



-1
I

Each surface or feature description requires one or more pairs of cards.

I The second card in each pair may be omitted if none of the data on it is
relevant . The general form of the pair of cards is shown in Table C2. Table C3
gives certain codes used in those cards. The relevance and/or interpretation

I of some entries may depend on the type of surface/feature being described .

I 
Surfaces and features fall into four categories:

1. Surfaces have type numbers of the form OXX. Geometrically, they are
cylinders or cones having the part axis as axis of rotation or are

I planes perpendicular to the part axis. The input card pair describes
this rotational geometry.

I 2. Multisurface rotational features that have the part axis as axis of
rotation and that are expanded into surfaces. These have type numbers
of the form 1XX. The input card pair for such a surface contains

I 
only the feature type. (There is one exception to this rule . For a
groove or recess, other than a relief, the beginning corner break is
described , and for every groove and recess the identification number
of the parent diameter must be given.) This card pair serves to
indicate that the following surface card pair describes the first

I 
surface of the feature.

- 3. Rotational features with axis other than the part axis. Type numbers
have the form 2XX. The card pair is used to describe the feature ’s

I I geometry .

14. Nonrotational features. These have type numbers of the form 3XX . The
card pair contains only the type number. It indicates the presence
of the feature and , by position , the surface into which the feature
is machined. There is no geometric description .

Surface/feature identification numbers are assigned sequentially to surfaces
and features. Figure C~ illustrates the numbering scheme .

It
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TABLE C2. FORMAT FOR SURFACE/FEATURE CARD PAIR

Column(s) Form Data

First card 1—2 I surface identification number 
•

14—6 I surface/feature type (see Table
C3)

8—15 B diameter
17—22 H diametral tolerance
2 14—31 H lateral dimension
33—38 B lateral tolerance
140—141 I iden t i f i ca t ion  number of

reference datum surface.
For grooves , recesses and
reliefs use ID number of
parent diameter

14 3—50 H nominal lateral position
52— 57 H angle or intersection radius
59— 614 H angular or radial tolerance

66 I angle/intersection code
(see Table C3)

68—70 I surface f in ish
72 I window type or shape code - ,

(see Table C3)
Second Card 8—9 I geometric control type

(see Table C3) . -

11—18 H geometric control tolerance
20—21 I identification number of ref-

erence surface for geometric
control

26—31 B surface treatment thickness
33—38 R surface treatment thic iess

tolerance
140—146 B radial or bolt hole depth
148—53 H radial or bolt hole tolerance
55—56 I identification number of

surface—thru—to for hole - ;
58 I 0—seal groove flag (1 if o-~seal,

0 otherwise)
60—6 1 I up to 3 code numbers for blue—
63—614 I print notes applicable to
66—67 I this surface
69—714 H angle of radial or bolt hole

~ 2

-
~~~
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I
TABLE C3. CODE NUMBERS USED IN SURFACE/FEATUR E CARDS .

Surface/feature types ~~gle/intersection codes
001 diameter 1 angle
002 face (not an end) 2 fillet
003 left or right end 3 corner break (in this case the
0014 taper minimum and maximum radii
005 chamfer are given by fields 52-57
006 centerd .rill (fo r turning center) and 59—64).
007 drill point - 14 left fillet radius and tolerance,
008 countersink ( for turning center ) slots only
009 countersink ( not for turning center) 5 right fillet radius and
100 groove tolerance , slot s only
101 recess 6 bore edge break and tolerance ,
102 relief radial holes and windows
103 half f i n
200 radial hole Ge omet r ic con trol types
201 bolt hole 01 t iming feature reference
300 ax ial slot , round bottom 02 concentricity
301 axial slot , square bottom 03 straightness

I I 302 lug O~4 roundness
303 flat 05 angularity
3014 window 06 true position

I I 305 thread
306 cross slot, round bottom Window type or shape code
307 cross slot, square bottom 1 face window with curved top
308 tab and bottom
309 scallop 2 face window with straight top

and bottom
3 irregular window in OD thru H

to lD
14 regular window in OD thru

to l D

173
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Following are notes on the relevance and interpretation, for each surface
type , of the fields of the surface cards.

1. Diameter. Fill diameter fields, omitting lateral fields. Give
fillet or corner break rather than angle. Fill in surface finish.
Give geometric control and blueprint note codes if present .

2. Face or end. Complete lateral fields, omitting diameter fields.
Give fillet or corner break rather than angle. Give surface finish.
Other fields are completed if needed.

3. Taper. A taper is described using one of three methods. Each
method requires two card pairs with the same surface identification
number.

a. Gauge diameter method. On the first card pair give diameter ( but
not diametral tolerance), all lateral fields, and surface finish. ..
The angle and angular tolerance fields are used to describe the
angle of the taper. Complete geometric control and. blueprint
note fields as needed . On the second card pair enter
intersection fields .

b. Gauge dimension method. On the first card pair fill both
diameter fields, lateral dimension (but not tolerance), datum
surface, nominal lat eral position, angle and tolerance, and
surface fields. Give geometric control and blueprint notes
as needed. On the second pair enter intersection data.

c. Two point method. Each card pair is devoted to a point. Fill
in diametral and lat eral fields on each , excep i- that-  either
diametral tolerance is left blank on both card pairs or
lat eral tolerance is left blank on bot h card pairs. The first
pair is used to give int ersect ion and surface finish and,
if needed , geometric control and blueprint notes.

1TH
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‘ I
14. Chamfer and countersink. Two card pairs having the same surface

I number are used. On the first , two of the following three sets of
fields must be given : (1) diametral fields , giving the inter—

I 

section with the adjacent .ace , (ii) lateral fields, giving the
intersection with the adjacent diameter, (iii) angle fields ,
giving the angle of the chamfer . Enter surface finish and , if
needed , geometric control and blucprint notes. On the second ,

I f i l l  the intersection fields .

5. Centerth’ill . The sam e data is given as for a diameter. There must
be a turning countersink between the centerdrill and the adjacent
part end .

o . Drill point . The end or bottom of the smallest diamet er blind hole
in each end must be a drill point . The ends of larger blind holes
may be described as drill po int s provided they are not vert ical .

I Two card pairs are usually used. On the first , give aU lateral
fields, angle fields (to describe t-he drill point angle), and
surface treatment . On the second , having the same surface number ,

I ent er only int ersection fields. This second pair is not used if
the drill point is the final surface given for the part ; i .e . ,  the

I smallest hole in the right end when there is no through hole.

7. Radial hole . Diameter f ields give the size of the hole , lateral
f ie lds  locat e the hole ’ s cente rli ne , angle f ields are used to give
drilipoint angle and tolerance , and the geometric control  surface
gives the surface—through-to , if any . Surface f in i sh  is given , as

f 
are blueprint notes present . On the second card of the pai r the
hole depth and tolerance are give n in column s 140—14 6 and h 8— 5~~.-

8. Bolt hole. Data given is the same as for a radial hole, except
that lateral dimension and tolerance are used to give the c~’nt erline ’s
diameter and diametral tolerance.

175
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R aw mat erial geomet ry is desc ribed by surface/ feature card paPrs in th t~
same manner as the f i n ished part geometry . (Of course , there will generally
be fewer surfaces and features to describe.) The order in which surfaces!
t’eatures are input i. ; determined by applying to the raw material geometry
the same rules g i v e n  above for the f inished geometry . Surface/feature
identification numbers are identical in the raw material geometry descrip-
t ion to what t hey were in the finish geometry , with missing items omitted
(See Figure C~4 ) .  The datum plane used for lateral positions in the raw

material descri’~-t ion may , if desired , differ from that used in the finished
geometry de~~ r i p t  ion .  The correlation between the two is input on a card
w h i c h  i~ placed betwee n t h e  two geometric de sc r ip t i or iL . Thi ; card must
l e  included even i t the  ~~Uf l t -  orig in is used for both geometry descri p t ions — —
j  ; a ’. :t ~e~~trt t or. Table c14 gives the format . of t h i s  ca rd .

2

r - —  1 r T 1
I L_ _ _ — - - -J I I

~~~~~~~~~L_ 

L _ ~J 

- _ _ _ _ _  _ _ _ _ _ _  - _ _ _

- 

- 

FIGURE c14. NUMBERING SCHEME FOR RAW MATERIAL GEOMETRY .
The ends of the blank are associat ed wi th the ends of the
part , and the diameter of the blank with the maximum par t
diameter (see Figure C3) .

TABLE c14. FORMAT OF GEOMETRY SEPARATOR CARD .

Colui tn ( s) Form Data 
—

4—6 I “999”
214-31 H The lateral position , according to the datum

used in the raw material descr ipt ion , of t he
datum plane of the finished geometry .

i l l )  
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I
Machi n e Tool File

Four card types are used to construct the machine tool file:

1. Machine class card
2. Machine tool card.
3. Common machine tool data card for data relevant to machine tools

of all classes
14. Particular machine tool data cards for dat a specific to machine

tools of a particular class. As many as four such cards may be
required for a machine tool.

41 The input deck is built from these cards in the following manner:

Machine class card for first class
Machine tool card for machine in f i r s t  class

Common data card for that machine
Par t icular  data card( s)  for that machine (if any )

Machi ne tool card for another machine in f i rs t  class
Common data card
Particular data card(s)

Machine class card for second class
Machine tool card for machine in second class

Common data card
Particular data card(s)

.
S
S

Tables C5, c6, and C7 give formats for the machine class card ,
machine tool card , and common machine tool data card . Particular data cards
for each allowable type of machine tool are given in Tables C8 through Cl14.

177 
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TABLE C5 . MACHINE CLASS CARD FORMAT

Columi i~~i) Data

I A “ C ”

A m achine class name
I machine class code number (user determined )
I average diam etral stock removal in uni ts

of 1/100 ,000 i nch
3O_ 14~ I average lateral ~it o ck  removal in units  of

1/100 ,000 inch
I I machine class type (see l ist  below )

I me ç~ 1 t~i~ typ e  cues t h e  pr oeec ~or on t he spec if !  c -Pit a to Pt
p t \ v I ded for ~uh~ cquetiL mach ine  tools . There arc ni me accept ab~ t’ codec

— 1 riot a metal cu t t ing  machine clase- ; no s p e c i f ic  data present
0 a non—cyl indr ica l  metal cutting class; no specific data

provided
1 lathe
2 deep hole drill
3 crush grinder
14 internal diameter grinder
5 external  diameter grinder

surface grinder
7 hone

TABLE c6. MACHINE TOOL CARD FORMAT

Co1umn(s~ Form Data

1 A
14-23 A machine tool name
2b-29 I machine tool code number (user determined)

__________ - - 
—— --
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I
TABLE C7 . COMMON MACHINE TOOL DATA CAR l) FORi’1A~

I I

I Column(s) Form Data

1 A “0”

I ~~~~~ A shop ’s machine cod e
A location (shop , shop area, or other)

.Lt~-.t H operator cost (dollars per hour)

1 22-27 H machine cost (dollars per hour)

H average setup cost (dollars)
H average time for basic setup (minuteri )

I 140-14h H average added setup t ire per tool (mlnutes~
average tool change tIme (minutes)

H averago workplece load t ime (mi n t i t - e :~)

I L~~~~ _ (~ turret index t ime (minutes )

—~~~~~ H minimum dimmetra l i-~t - - ~ck removal (inches
H minimum lateral stock removal (inches~

1 71 1 n~ chine rate

- 
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I
TABLE C9. FORMAT OF PARTICULAR MACHINE TOOL DATA CARD FOR DEEP HOLE DRILLS

I
I 

Card Column(s) Form Data

1 1 A “1”
2-8 R maximum hole diameter (inches)

1 9-16 R minimum hole diameter (inches)
17-24 H maximum hole length (inches)
25-32 R max imum part length ( inches )
33-40 H maximum part diameter (inches)
41-48 1 control type
49-56 H horsepower
57-64 I number of spindles
65-72 R maximum speed (RPM )
73-80 R max imum feed (IPH)

I
TABLE ClO. FORMA T OF PARTiCULAR MACHINE TOOL DATA CARDS FOR CRUSH GR INDERS

( Card Column(s) Form Data

1 1 A “1”

( 2-8 R maximum form depth (inches)

1’ 9-16 R max imum form width (inches)
17~214 H maximum part length (inches )

1 25-32 H max imum part diameter ( inches)
33-140 I center/centerless (1 or 2)
41-48 I control type
149-56 H horsepower
57_614 R maximum part speed ( RPM )
65-72 H minimum part speed (RPM)
73-80 H maximum in-feed (IPR)

2 1 A “2”

• 2-8 R maximum wheel diameter ( inches)
9-16 R minimum wheel diameter (inches)
17~2I4 R maximum wheel width (inches)
25-32 H minimum wheel width (inches)
33-40 H wheel hole diameter (inches)

I’
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TA BLE Cl!. FORMAT OF PARTIC U LAR MACHIN E TOOL DATA CARDS FOR INTERNAL
DIAMETER GRINDERS

Card Column(s~ Form Dat a

1 1 A “1”
2-8 H maximum hole diameter ( inches)

H minimum hole diameter (inches)
17-24 R maximum hole length (inches )
2b- ~2 R max imum part lengt h ( inches )
33-140 H max imum part diamet er (inches)
41-48 R faceplate diameter (inches )

I control type
57~~~14 H hcrsepower
-5-7? B max imum part speed ( RPM )
73-80 R minimum part speed (RPM)

2 1 A “2”

2-8 R max imum in-feed ( IPR )

TABLE 212. }211M X 1 ui ’  PART ICULAR MAC tU NE TOOL DATA CARPS I V EX TE RNAL
DIA METER IlVINDERS

Hr 1 
Columri Cs ) Fo;; Data 

- _ _  _ _

2-8 R maximum part diamter (inches ’)
9-16 H minimum part diameter ( i nc h e s )
17_214 R max imum part lengt h ( inches )
25-32 I center/centerless (1 or 2)
33-40 I cont rol type
41-48 B horsepower
49-56 H maximum part speed (RPM )
57-64 H maximum feed (IPR)
65-72 R maximum wheel diameter (inches)

73-80 H maximum wheel width (inches)
2 1 A “2”

2-8 H minimum wheel width (inches)

______ _ _ _ _  - 
9-16 

—
~~~~ H wheel hole diameter (inches )

- t 
j -

-\
---- ::

~~~
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TABLE C13. FORMAT OF PARTICULAR MACHINE TOOL DATA CARDS FOR SURFACE GRINDERS

1 
___________________________________ _________________________________________ ____________________

I 
Card Column ( s) 

-- 

Form Data

1 1 A “1”

‘ 

2-8 H maximum part length (inches)
9-16 R maximum part width (inches)
17-214 B maximum part height (inches)
25-32 R maximum grind lengt h ( inch es)

1 33-140 R max imum grind width (inches)
I control type

49-56 B horsepow er
I 57-tc 14 H maximum speed (RPM)

-5-72 H maximum feed (IPR)

I 
73-80 R wheel diameter ( inches)

2 1 A “2 ”

H wheel width (inches)

________ - 

2-1 R wheel hole diameter (inches )

I
TABLE CI14 . V~HMA I OF PARTICU LAR MACMINE TOOL DATA CARD FO R H~ N i~

I Card Column(s) Form Dat a

1 1 A “1”
2-8 H maximum hole diam eter ( i n c h e s ’)

R minimum hole diameter (inch es ’)
17-214 R max imum part length ( i n c h es)
25-32 H horsepower
33-40 1 number of spindles
41-48 H maximum speed (RPM)
149-56 H minimum speed (RPM)
57-64 H maximum stroke (inches)
65-72 I control type

183
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Cut Application File

The input deck for the cut application file consists of seven types
of cards:

1. Machine class card
2. Machine tool card
3. Part family card
4. Directory header card
5. Directory data card
6. Tooling header card
7. Tooling data card.

The input deck is built from these cards in the following mann er :

Machine class card for first class
Machine tool card for first machine in class

Part f amily card of f i r s t  family f o r  ns te lm ine

Part family card of last fami ly for machin e
Machine tool card for second machine in class

Machine class card for next class

Part family card of last family for last machine in l~ist~ class
Directory header ca rd for f i rst directory

Directory data card(s) -— as many as needed
Directory header card fo r second di recto ry

Directory header card for last directory
Directory data card(s)

Tooling header card for first directory
Tooling data cards —- as many blocks of 50 as needed

Tooling header card for last directory
Tooling data cards 

- 

—

l8~ . J
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p I
I

Each part family card must reference a directory , although several
can reference the same one. Each directory header card must reference
a unique tooling header card. (The tooling header cards do not actually
have to occur in the same order as the directories , contrary to what may

I 
be suggested in the deck setup example.)

The complex organization of this file is a result of the flexibility
designed into it. In particular , It is possible to designate different

I tools for the same cut if the parts come from different families ; however ,
this is not done in the demonstration .

Tables Cl5 th rough C20 specify the formats of all cards except the

t ee1 in~ data card .

I
TABLE C15. FORMAT OF MACHINE CLASS CARD FOR CUT APPLICAT ION FILE

I Column ( s)  Form Data

1 A ~
S C U

14T~
’
~ 

A machi ne clas s n ame*
I machine class code *

I *must be identical to entry in machine tool f i le

I
TABLE ci6. FORMAT OF M A C H I N E  TOOL CARD FOR CUT AP PLICATION FILE

I ___________ _______ 
_____________________________

Column( s)  Form Dat a

t 1 A
14—23 A machine tool nalne*

26—2 9 I machine tool code*

*must be identical to entry in machine tool file

I
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TABLE Cl?. FORMAT OF PART FAMILY CARD FOR CUT APPLICAT ION FILE

column(s)  Form Data

1 A “F”
14—9 A family code (same as in part file)
16—21 A directory name (same as on some

following directory header card)

TABLE C18. FORMAT OF DIRECTORY HEADER CARD FOR CUT APPLICATION EILE

Column(s)  Form Data

1 A “D ”
14-) A directory name (same as on one or

more part family cards)
16—21 A tooling data name (same as on some

following tooling header card)
26-20 I number of pairs of items to follow on

directory data card(s)

TABLE C19. FORMAT OF DIRECTORY DATA CARD FOR CUT APPLICATION FILE

C~~i u m n ( s)  Form Data

2—8 1 cut appl i cat -  I ~ t i  I~~ L~~d ( ’

9—1t I word number In too l ing  Jat- a -it  which

tool l ist  for above cut appl icat ion
starts

lo_2 t~ I cut application code
2 5— 32 1 tool list start

.~ 33—140 I cut application code
41—148 I tool list start
14 9 —5 6 I cut application code
57—614 I tool list start
65—72 1 cut application code

73—80 1 tool list start

ii
186

I
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I
TABLE C20. FORMAT OF TOOLING HEADER CARD FOR CUT APPLI CATION FILE

I -

Column(s) Form Data

1 1 A “A”

14—9 A tooling data name (same as on one

I preceding directory header card)
26—29 I number of blocks of tooling data

cards immediately following

The tooling data cards contain a computer-readable representation of
the tooling lists for the cut applications and are grouped together in blocks

I that represent 300 words of computer storage. For thi~ reason it is rather
difficult to manually prepare these cards , and a compui..er program has been
provided for that purpose. This program punches out both the tooling data

I cards and the directory data cards. The input format for this program is
given in Table C2l.

- TABLE C21. FORMAT OF INPUT CARDS FOR TOOLINO DATA

Column(s) Form Data

1 1—12 A cut application name
114 A “X” if next application is same as this
16—21 A tool list key (see below)

1 23—28 A tool name
A tool name

57—62 A tool name
79—80 I cut application code

Each entry in the tooling data list is a set of one, two, or three
items , and each item may be an actual tool number or a tool type . If there
are more than one item, only one can actually be a cutting tool and the
other(s) must be auxiliary tools. If there is only one item it must be in
columns 23—28, and if there are two they must be in columns 23-28 and 140-55.
The tool list key (columns 16—21) tells how many items are present and what
they are. The key is composed of three two—digit subkeys corresponding
to the three possible tool names. TABLE C22 gives the possible values

for each two—digit subkey .

L -
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TABLE C22. SUBKEY VALUES FOR TOOL LIST KEY IN TOOLING INP UT DATA FOR
CUT APPLI CATION FILE

Subkey Corresponding tool name

H 00 (blank—no tool)
- - 

01 holder tool number
02 holder tool type

— 03 insert tool number
014 insert tool type
05 chipbreaker tool number
06 chipb reaker tool type
07 cutter tool number
08 cutter tool type
09 head number
10 grinding wheel number
11 gr inding wheel type
12 drill number
13 drill type
114 reamer number
15 reamer type
16 lap number
17 lap type
18 honing mandrel number
19 honing mandrel type
20 

- 
honing stone number

21 honing stone type -.
22 adapter number
23 adapter type
214 regulating wheel number
25 regulating wheel type
26 electrode number
27 electrode type

Cut Parameter File

The input deck for the cut parain~ter f i le consist s of t hree types
of cards:

1. Mach ine class card
2. Material card
3. Cut parameter data card

- ~

— 

.— )

- 
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The input deck is formed as follows . The fir st card is a machine class
card. This is followed by several pairs of cards, each consisting of a

I material card followed by a data card. Each pair gives cut parameter data
for the machine class - mat erial combination. The second, third, etc.,

I 
machine classes are handled in the same way:

Mach ine Class card

I Material card
Data card

Mat erial card
Dat a card

Machine class card

I Mat erial card
Data card

I I  :

T-~bles C2 3, C24 and C25 give formats for each of these cards.

I TABLE C23. FORMAT OF MACHINE CLASS CAR D FOR CUT PARAMETER FILE

I Column(s) Form Data

1 A “C”

I 
14..23 A machine class name

3 25-28 I machine class code number
30-33 I number cd’ material/dat a card pairs to follow

TABLE C214. FORMAT OF MATERIAL CARD FOR CUT PARAMETER FILE

Column(s) Form Data

i A

14-15 A material description

189 
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TABLE C25. FORMAT OF CUT PARAMETER DATA CARD

Column(s)  Form Dat a

14— 9 R depth of stock removed
10— 1 5 R roughing tolerance , same type , dia metr al
16—21 B roughing tolerance , same t ype , lateral
22—27 H roughing tolerance , different  type ,

diametral
28—33 B roughing tolerance , d i f fe ren t  type ,

lateral
3I~~39 B finish tolerance , diametral
140—145 B finish tolerance , lateral
146—51 R tighest tolerance , diametral
52—57 H t ighest  tolerance , lateral
58—63 - R surface f i nish
614-69 R maximum depth , rough cuts
70— 75 B maximum depth , f in i sh  cuts

Machi nabili ty File

The machinability file is construct ed from four card types:

1. Machine class card
2. Cut application/material card
3. Depth of cut card
4. Material specification card

The input deck is constructed hierarchically:

Machine class card
Cut appllcation/material card -

Dept h of cut card
One or more material specification cards

Cut application/material card

Machine class card

Tables C26 reu~ h C20 give formats for these cards

~ ~~-

‘

~~~ 

- 
-
. 
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‘ TABLE C26. FORMAT OF MACHINE CLASS CARD FOR MACHINABILI TY FILE

Column( s )  Form Dat a

1 A “C”
14—23 A machine class name
25—29 I machine class code number
31—314 I number of cut application/material cards

to follow

TABLE C27 . FORMAT OF CUT APPLICATION /MATERIAL CARD FOR MACHINABILITY FILE

Column(s)  Form U~ t a

1 A “T”

14—7 I cut application code number
9—20 A part material description
22—25 I low limit of part hardness
27—30 I high limit of part hardness
32—35 I number of depth of cut cards to follow

TABLE C28. FORMAT FOR DEPTH OF CUT CARD IN MACHINABILITY FILE

Column(s)  Fcrm Data

1 A
14— 9 H depth of cut (inches)
11—22 A recommended tool material
2 14—2 9 H Recommended feed ( IRP )
31—36 H estimated tool life per edge (minutes )
38— 142 I number of mat erial specif i cat ion cards

to follow

TABLE C29. FORMAT OF MATERIAL SPECIFICATION CARD IN MACHINABILITY FILE

Column(s) Form Dat&

1 A
52—63 A r~~teria1 specification

65—70 H recc.mmended speed (SFPM)

• 1  

_ _ _ _ _ _ _  
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1 APPENDIX D

I COMPUTER PROCESS PLANNING LANGUAGE
AND LANGUAGE PROC ESSOR

A special purpose Computer Processing Planning Language (COPPL) has been
developed to express process decision models . The language is English in

I form and its vocabulary consists of common words and manufacturing terms .
Models written in COPPL are readable with little training or experience.
Therefore, models also serve to directly document the manufacturing rationale
of a wo rkshop .

A language processor converts the process planning language into a

I more e f f i c i e n t  computer readable code . The COPPL language could be inter-
preted directly , but that approach would be less efficient . There are three

I 
steps in converting process models written in COPPL: lexical analysis,
syntactical analysis , and code generation. The lexical analysis reads the
input language constructs and decomposes the character sets into words and

I 
symbols known to the language processor. The syntactical analysis determines
the structure of the language constructs so that the granmatical meaning is
known . The final code generation step produces the code that is stored in

I 
the CPPP data base.

The fi rst two steps of lexical and syntactical analysis combine to
- 

I 
provide the basic language translation function . This function reads the
programmed elements of a process model and through a “syntax—directed ” parsing
procedure determines the type of elements and their grammatical stcucture .

I 
For example , Figure Dl shows an example of a programmed element that mi ght
appear in a process model. The language t ranslation woul d recognize this as
a “simple metalcutting axiom” consisting of the structure in Table Dl.

I
Turn outside surface on MCO1400 (Automatic Bar) in normal if

Surface is an open diameter (or)

Surface is a se tiiopen diameter ,
surface is exposed (or)

Surface is an end $

FIGURE Dl. EXAIVPLE OF A PROCESS MODE L PROGRM~v1ED ELEMENT

— ~~~~~~~~~~~~~~~~ - - -— - 
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TABLE Dl. EXAMPLE OF METALCUTTING AXIOM STRUCTURE

Structural Elements Parsed Language

Type of operation turning

Part surface reference outside surfaces

Machine reference MCO1400

Part orientation normal

Conditional expression A + (B.C) + V

The conditional expression has the form of a boolean equation. In this
example , a surface must be an “open diameter” (A) or a “semiopen diameter”
(B) that is “exposed” (C) or a part “end” (D). All programmed elements of
a process model have a simi.lar structure.

There are six basic elements , called axioms, that can be used in
formulating a process model . They are: simple metalcutting axiom, multiple
operation metalcutting axiom, single feature metalcutting axiom, non-
metal cutting axiom, branching or transfer axiom and orientation axiom.
Examples of all but the last axiom are provided in Section 2.2.

The construction of axioms is governed by the syntax rules that have
been developed for the COPPL language. These same rules are used by the
language translator to parse programmed statements of a process model. A
formal specification of the COPPL language is given in Table D2, using the
Backus Normal Form (BNF) for language definition . By this method, each
language element or construction is defined in terms of lower level con-
structions until a primitive level of elements is reached. The BNF definition
is of the following form:

A :

The definition is read as ... P~ is defined to be an X, or a Y, or an X
rollowed by a Y.

BNF language definition generally depends heavily on recursive definition

in which a construction is defined in terms of itself. An example of this
form is:

A :

This definition defines A to be an X or any number of Y’s followed by an X.
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Line 10 of the coded sequence is an instruction to “call A”. This would
cause CPPP to transfer control to the vocabulary program OPEN DIAMETER,
which would test the particular part surface to determine if it is an open
diameter. The program returns a 1 it’ the answer Is true, otherwise aO
is returned. Line CO of the coded sequence Is an instruction to “transfer
on non—zero”. Therefore, If OPEN DIAMETER of the previous Instruction returns
a true Indication of 1, the instruction at line 20 will transfer to line 00
which is coded to transfer to a program called CUT —— this program Identifies
surfaces to he cut in an operation .

The example and discussion provided above are intended only to provide
some Insigh t into the code generation procedure. This is a complex program
and requires much more space to document than is available in this report.
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APPENDIX E

PROCESS DECISION MODEL FOR NITRALLOY SLEEVES

The process decision model used in the CPPP demonstration is given below.
CPPP executes this model to generate a sequence of operations for parts in the
nitralloy sleeve family.

Nitralloy sleeves are made from bar stock and generally do not exceed
six inches in length or two inches in diameter. Parts are characterized by
stepped diameters; complex groove patterns; through holes; tight tolerances and

I surface finish; form conditions of concentricity, straightness and flatness;
and rotational and nonrotational features such as radial holes, windows and
flats. Also, requirements exist for gas nitriding, copper plating, through

I hardening, nickel plat ing , electrofilming and other nonmachining operations.

I Figure El illustrates the shape variance of parts covered by the process
I model . The model has been programmed for a large family of parts with signi-

ficant variances of geometry, machined features, form conditions, etc. The

f same model with minor modifications could be used for nonnitrided sleeves
I and other kinds of parts of similar shape that are made from bar stock.

I The model is programmed in the Computer Process Flanning Language (COPPL)
defined in Appendix D. Explanatory notes, identified by an “N” at the right
margin, give the motivation for individual process rules or several rules.

I These notes are not a part of the model executed by CPPP; they are ignored
when the model is compiled by the language processor. They are included
in the model to provide documentation.

Appendix F explains each of the special vocabulary terms used in the

-
‘ nitralloy sleeve model.
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APPENDIX F

VOCABULAR Y PROGRAMS

Process decision modeling enables process planners to develop their own
vocabulary when expressing the models in the special computer process planning
language (COPPL). CPPP requires that each vocabulary term be defined and
implemented in the form of a “vocabulary program.” These programs are executed
by CPPP for each occurrence of the respective vocabulary terms in the process
decision models. Each vocabulary program is programmed to perform one of six
general functions:

1. Perform logical test for part surface/feature. These programs answer
“true” or “false” for a given part surface or feature For example,
the program for “semiopen diameter” determines whether a given surface
is part of a setniopen diameter

2. Determine Quantitative attribute of part surface/feature. These
programs retrieve or calculate a numerical value assoc iated with - 

-

a particular attribute of a given surface or feature. “Diametral
tolerance ,” for instance, retrieves the diametral tolerance of a
surface.

3. Perform logical test for the part. Here a “true” or “false” condition
is determined for the part as a whole. One such program is “nickel
plate requirement ,” which gives a positive answer if any portion of
the part is to be nickel plated.

14 Determine quantitative attribute of part. These programs retrieve
or calculate a quantitative attribute of the part as a whole. “Part
length ,” for examp le, returns the finished length of the part being H
planned .

5. Test acceptance of defined operation. These programs may modify the
list of’ part surfaces/features participating in an operation. They add
or delete surfaces/features from an operation or leave the operation
as initially def ined by the process decision rule . For example , the
vocabulary program “minim um diameter separation” will selectively
eliminate d iameters from being cut in an operation if’ adjacent dia—
meters are not separated by a specified minimum distance.

—
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6. Establish standard part orientation. This type of’ program sets the
normal part orientation . Subsequent uses of the words “normal” or
“reverse” in process rules are interpreted accordingly . For instance,
“longest OD setup” establishes the normal setup orientation as that in
which the longest outside diameter of the part is exposed for machining .

As the functional classification above suggests , the use of vocabulary terms
in a process decisiur. model must be compatible with their context. Table Fl
lientifies the appropriate use of each vocabulary class in terms of the lan—

~uage constructions specified in Appendix D.

TABLE Fl.  VOCABULAR Y TERM USAGE

Class Function COPPL Usage

1 Perform surface logical test Feature conditional statement
Single feature metalcutting statement

2 Access surface attribute Attribute conditional statement

3 Perform part logical test Conditional transfer statement

14 Access part attribute Attribute conditional statement
Conditional transfer statement

5 Test acceptance of operation Proviso function statement

6 Orient part Orientation statement

Table F2 lists the vocabulary terms used in formulating the process
decision model for nitralloy sleeves. The model is given in Appendix E. A
brief description of each vocabulary program is provided below.
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TABLE P2. VOCABULARY TE~ 4S

Term Class Term Class

Bore Edge Break 2 Multiple Cut s 5
Chamfer 1 Nickel Plat e Requirement 3
Concentric ity 2 Nickel Plat ed 1
Counterbore 1 Nitrlded Surface 1
Counterbore Feature 1 Number of Cut s 2
Cut 1 Open Diameter 1
Cut t)iameter Faces 5 O.Seal Groove 1
Cut Sleeve Feature 3 Part Length
Cut Timing Feature 3 Radial Hole 1
Diameter 1 Rect angular Window 1
Diam eter Dimension 2 Relief 1
Diametral Tolerance 2 Relief Face 1
Electroflim Surface 1 Resulting Longest Diameter 5
End 1 Roundness 2
Exposed 1 Semioperi Diameter 1
Feature Locat ion 2 Sharp Edge Feature 1
Flat 1 Shoulder Height 2
Free End. 1 Slot 1
Groove 1 Straightness 2
Largest OD 1 Surface Finish 2
Lateral Tolerance 2 Thru Bore 1
Longitudinal Hole 1 Timing Condition Met 5
Longest OD 1 Timing Feature 1
Longest OD Feature 1 Timing Feature Requirement 3
Longest OD SetUp 6 Timing Feature Setup 6
Minimum Diameter Separation 5 Window 1
Minimum Groove Separat ion 5
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CLASS 1 -- PERYO}~4 ~URFACK L(~ I CAL TE~’r

___________________  CHAMFER

Dcterrnin:s if a feat ure i a chamfer

COtS IN T 1-~RBOR 1~

~eterm I ~ : if  a p ar t  ~-u r f ace  I a
surface of a counterbore feat ure. SURFACES OF

The ~ur fac& ’  can be either au int er~ ~
ii~t1 cI :Inmet er t hat is open to one end 

—

of the bore or the upstepp ing vert i-
cal or tapered surface intersecting
w it h  the count erbore internal
ii:uneter .

j:ture i s  installed 
IN

CO” r~;RPORI,

CUT

Determines if a surface or feature
has been cut in ~ previou s operation .

r ~~~~~~~ .1 

~ 

~~~~~~~~
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I
D IAM~~ ER PB]~4ARY

a

~LECTROFIU4 SURFACE

Determines ii’ -l surface or feature
huts an elect rof ilm requirement .

_______________________________________________

-

; 1 
_ _ _ _ _ _ _

~ 

Determines If a surface Is an end of 
ff~~~~~~~~~~~~~~~~~ FND

~~POGFiD EX POSED
SURFACES

Det ermines If a part surface or fea-

- 

- 
____ ____ ____ ____ ____

are exposed If their parent surfaces

are exposed.
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FLAT
— FLAT

Pt t. e run i ui ~ 
- II t lie feature I a flat

or whet  her  t lu rt ’ I a pat tern  of — _______ __________ _______ —

f l ’~t~ (e.r., m u l t i p le f1at~ angu—
I -

~ ri V I i  p 1 L~’~-(I ‘1 rounu
1 ’ 1 I-~’~unt e ~~ iee ) .

I R I 1- t- ND

p0 ‘1 ~n~t I ) t  I. he p ar t  ( t  ~~ 

t h e  cx- 

~~~~~~~~ 
FRFF

if a feature 1~ a groove.

OUT C1DI~ PIAM I’TFR
LA RG EST OD

1arg e~ t outside ~~
rt

~~
surface Is t h e

j

L ~ 
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LONGITUDINAL HOLE LONGITUDINAL
ff7/f 

~~~~~~
_— HOLE

h e r r 

____ ____ ____ ____ ____

LONGEST OUTSIDE
LONGEST OD DIAMETER

the

_____ FEATURE IN LONGEST
LONG EST OD FEATURE OUTSIDE DIAMETER

the long:st outside

NICKEL PLATED

Det ermines If a surface or feature
Is to be nickel plat ed .

NITRIDED SURFACE

Determines if a surface or feature

~~~
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OPEN DIAMETER OPEN DIAMETER

-; 

r;aces fo ;st pl houl 

-

____  ____ ____ ____ ____

ders).

O.SEAL GROOVE

Determines if a feature Is identi-
f l e d  as an 0.seal groove .

I t

RADIAL HOLE RADIAL
7777 771 HOLE

Determines whether a feature Is a Ø~V ,, ,, ,
radial hole (the axis of the hole is 7/ /////

center

hole pattern (e.g., mult iple holes
angularly d isplaced around the cir-
cumference).

.1
RECTANGULAR WINDG.4

Determines If a feature Is a window 
- .

of rectangular shape.

- — 
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Det ermines If a f eatur e isa relIef.

RELIEF FACE RELIEF

Determines if a part surface is a 

FACE

out from a relief

I
SURFACES OF

SE)IIOPEN DIAMETER _____________ 

SF}IIOPEN D IAMETER

Determines If a surface Is either ______________

diameter . 
____ ____ ____ ____ ____

__________________________________________________________

I
SHARP EDGE FEATURE

____

__

____ 

SHA GE
_
FEATURE

to .020. ThIs counterbore must be — ____ — — — ____ ____

adjacent to the thru bore.

_ _ _ _ _ _  — — —— -
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SL~ Y~~

~ SLOT

—

I

Det ermines if an m t  ernal diameter

both ends of the part. THRIJ

_____ — _____ — _____ — 
BORE

TIMING FEATURE

Determines if a feature is a timing 
-

feature. - - .

wii~m~i V~~
Do

~7
Det ermines whether a feature is a 

-

window or window patt ern ___________________________

(e.g. ,  multiple windows angularly -

displaced around the circumference). — — —  ____ — — ____ — ____
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I CLASS 2 -- ACCESS SURFACE ATTRIBUTE
BORE EDGE BREAK

I 

ce t edge eak condition at 
_ _ _ _ _

EWE BREAK ON HOL E 
____

I
I CONCENTRICITY

A O A . O O 1

I Det ermines the tightest concentric- ~~~~~~~ ~~1OFBL .O 02i 
—

______ ___________

I value is returned. _____— ____ — ____ B 
—

I
DIAMETER DD4ENSION

I Retrieves the d~inensional value of a
I diameter surface.

DIAMETRAL TOLERANCE

Retrieves the d~mensIona3. tolerance
of a diameter surface.

229
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FEATURE LOCATION DISTANCE

Det ermines the location of a feature

end 
lateral distance from the free

LATERAL TOLERANC E

Retrieves the lateral tolerance
arsociat ed with a part surface or
feature.

NU!~~ER OF CUT S

Determines the number of cut s that
have been made on a surface or
feature.

ROUNDNESS

Retrieves the roundnes s condition
assoc iat ed with a diameter . If there
is lb roundness requIrement , a de-
fault value is returned.

- I

- 
- 
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__I
SHOULDER HEIGHT SHOULDER HEIGHT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
____ ____ ____ ____ ____

STRAIGHTNESS

Retrieves the straightness condit ion
associat ed with a diamet er . If
there is no straightness requirement,
a default value is returned.

SURFACE FINISH

Accesses the finish specified for a
surface. If there Is no surface
finish requirement, the program re-
turns a default value.

231
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CLASS 3 -- PERFOI~4 PART LOGICAL TEST

CUT SLEEN E FEATURE

Det ermines if a sleeve feature ( slot ,
flat , window or hole) has been cut In
a previous operat ion .

CUT TIMI~~ FEATURE

Det ermInes if a fea ture  desig-
nated as the ti~nin~ f ea tu re  has
been cut in a previous operation.
If the part- does not have a
t iming feature , the vocabulary
program will return a default
answer -

-
i

- ! NICK RL PLATE REQUIRF~4ENT

Determines whether the part has at
least one surface or featur e t hat- is
to be nickel plated.

TII4flE FEATUR E REQUIRE}4E~~

Determine s if the part- has a timing
feature control for Installing other
features.

I

i f -
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CLASS ~~ - - ACCESS PART ATTRIBUTE

PART LENGTH

Det ermines the overall length of
the part .

I
I

2 3 3  

- — - S_____ _ _ _
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CLASS 5 -- TEST ACCEI’TANCE c~F

CUT D IAMETER FACES

Adds a face or t aper ot’ a semi-
open diamet er or count erbore t o  t h e
l ist  of surfaces to be cut if it s
adjacent- diameter is t o  be cut in
the operat- ion and t here is no cut
rd ief feature.

M I N ThR IM D1AM~~ ER SEPA RAT ION (x~
Det ermines ii’ the iistance between 7//////// HEIUFtI’ BETWEEN
:i~i~j : i ce r tt  ilamet ers formed by the  D L M T I R~

t ions are less t han the minimum
value.

MIN ThIUH GROOV E SEPARATION ( x )

Det erm ine s  if the  d ist ance  between
Ijacent ~rooves formed in the ~ I ~T~\NC~ I~--~~~-~-N ~~~~~

ope rat ion is at 1 east- equal t 0 a - ,  - //

pLL fiUJ mi (x) Th oram /

deletàd from the oper at ion if there — ~~~~~~
-ire st’p~irat-ions less than the
minimum .

____-1
~~~~:

’, 

~~~~~~~~~

-
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MULT IPLE CUTS

Determines if more than one surface
is cut in this operat ion. If not ,
the program will delete the opera-
tion.

I

RESULTING LONGEST DIANFTER (x)

Determ ines if the lengt h of the
longest diameter formed in the
operation is equal to or longer than
a specified percentage (x)  of the
part length. If the length is less
than the minimum, the program will
delet e the cut (s )  so t hat the re-
maining diameters to be formed are
equal to or longer than the minimum.

TThING COND ITION MET

Det ermines if the timing feature of
each feature ( e .g .,  flat , slot ,
window , hole) to be cut has also been
cut or will be cut in the same opera-
t ion . If a feature has no t iming
feature requirement , the condit ion is
considered met . The program will
eliminat e any feature from the opera-
tion whose timing feature is not cut~.

-
r

235

1’-
_______ — -. - 

~~~~~~~~~~ 
r 

—— S



~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _

R77—9 142625—114 -~~

- CL1A~S ( -- ORIENT PART

so that t-he long- 

LoNG~sT o(rr~ JD1 :

~~~~~~~~~~~~~~~~~~~~~~~ 

1oc~tted ~~

‘1’ I M  I w; FEA rtIRI . : ~U~TlTF

i ~‘nt I-h - part so f-hat 1-he 1- im lrtg
w I I I b ’  open ( exposed ) to

ii ’ ’ r i~-~ht  ih- . r r t.II ( ’  t :iming t eni - .—
t u r e  can h i ’ ~~~~‘ii from el t i ter  I t I ~~,
t he part. wil l  be or I i ’ii l e d  so that ,
I he t’entt.iu-e is closest. t o  t h e  right.

i i i  -

—
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-
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APPENDIX G

TY PES OF CU TS

Detailing of a meta:lcutting operation includes determination of the type
of cut made on each part surface or feature machined in the operation . CPPP
uses cut application programs to make this determination. (See 2.~~.3.)

For each machine tool in the CPPP data base, there is a list of the types
of cuts the machine can make. Associated with each cut type is a computer
program that tests the workpiece data for the particular cut . When CPPP plans
an operation for a machine tool and cut sequence, the appropriate type of cut
is determined for each cut in turn. This is done by invoking the machine ’s cut
application programs until the applicable one is encountered . Thus , a cut
application program is programmed as a logical function. It responds “true”
or “false” to the proposition that its associated type of cut is appropriate
for a t-~iven part surface or feature to be cut in the operation -

Table Cd lists the types of cuts available in the demonstration CPPP system .
The remainder of this appendix gives a description of each cut application
program.

-t
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TABLE G ~ - TYPES i)F CU I’~

Turn and Form ~hou 1~1er or Had I inn  Form Claunrt ’r
Bore and I’ t . ’rn ~ Iioii l~ier or Bad I urn r i  1 1  I ’ort  -

Face and Form I)iitmet-er or Bail [ i n ;  I)r .i I I Boi-e a n l  Iior(’ — s

Turn and F a s t ’  l)r I ~ 1 Bore r u n t  }-~e1UII

!~or t - i i t i ~t I n s t  I)r i  11 ilo l t ’
Face and Turn Dr ii ~ lb li’ and Hewn
Face and Bore C o t i n t e ’r - rn I n k
‘I~Lrxl and Cl tar- ~1tou 1 der Gr [n il I ii  ameter *

Bore and Clea r  Ghott ider or Enti r Bore C’. r i rid Pus e — ‘
Face and Clear Diameter Ur i nd I-n ~i
Turn Open I) i aineter Ur I nd B I arnet er  and Fast ’
Bore Open DI aznet ,er (‘vu ~ i t  U r In t l
I”ace Upen Hone Diameter
Cutoft’ Lap Diameter
Generate Contour Mi ti Feature
Form Tapered Contour RDM Feature
Form Groove shape Feature
Plu nge and (‘ut U r-oove Tap lie er ;
Form Fin

p

-S.
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TURN AND FO~4 SHOULDER OR RAD IUS
BORE AND FO~ 4 SHOULDER OR RADIUS

An upstepping external shoulder or down-
stepping internal shoulder is formed by ‘ -1the shape of the cutting tool. The 1..
shoulder may be a stra ight surface or a 

~, 
r

radius. The included angle may vary from
900 to 135°, with a max imum taper length 

______ _____ ____

of .1~00, depend ing on the type of lathe — ______ — ____

control and whether a rough or finish cut
is made. Tapered shoulders are generated
on NC or tracer controlled lathes except 

_______

for rough cut s where standard cutt er tools ii ar-I
can be used . One or more cut s may be re-
quired , depending on the amount of stock h

removed in each cutt ing pass . The param e 

-

____ ____ _____

ters of the cut s are specified below : 
— _____ _____

Manual , Automat ic Numerical Control ,
~ype of Machine Semiautomatic Tracer Lathe
‘ype of Cut rough finish rough f inish
Included Angle 90-135 90-135 90, 105, 90
_______________ _________ _________ 

120, 135
Shoulder Height �. I#OO �.100 �.1~00 �.lOO
(A = 900) 

________ ________ _________ ______

‘aper Length �.1400 � 100 �.1~ O0 N/A

(A > 90°) 
________  ________  ________  ______

~adius �.250 �.125 �.125 � 125

~/h �1.O �1.0 �1.O 
______

239
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‘1

FACE AND FOl~4 DIAMETER OR RADIUS - -

-j  A diamet er or fillet radius is formed by I -•
the shape of the cutting tool . The in-
cluded angle may vary from 900 to 1350, h r

with a max imum taper lengt h of .l iOO ,
depending on the type of lathe cont rol and — _____ _____

whether a rough or finish cut is made .
Tapered diameters are generated on NC or
tracer controlled lathes except for rough
cuts where standard cutter tools can be J...
used. There may be one or more cuts re-
quired depending on the amount of stock
removed in each cutting pass. The parame- —

ters of the cut are specified below :
-.

~~~~~~~~
-

- ; Manual, Automatic, Numerical Control ,
‘ype of Machine Semiautomat ic Tracer Lathe

~ype of Cut rough finish rough f inisi
Included Angle 90-135 90-135 90 , 105 , 90
_______________ _________ _________ 

120, 135 
_______

)iaineter length �.li-OO �.100 �.ti0O
( A = 9 0 °) 

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _

‘aper length �.Z~00 �.l0O ~~~.14OO N/A

(A >- 90°) 
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _

ladlu s �.250 �.125 � 125 ~.l25
IJ h <1.0 < 1.0 < 1.0 <1.1

H 
‘ it - _ n

- 
_ _ _ _ _
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TURN AND FACE
BORE AND FACE

A shoulder is cut that cannot be formed by I
the shape of the cutting tool . The cut Is 

_______________

made by cutt ing in two directions . There h (If f Illcan be one or multiple cut s in either -.1-- If f~
,,,,,,j I SOLID

direct ion depending on the amount of stock T _____ — 
I~_111 1 1 ~~

removed in each cutting pass. The parame-
ters of the cut are specified below :

_

~

LLL

~~~

f 5 l $

Manual , Automat ic, Numerical Control,
[‘ype of Machine Semiautomatic Tracer Lathe

~ype of Cut rough finish rough - finish
Included Angle 90 - 90 90 90
Shoulder Height >.ll OO >.lOO >.1400 >.100
Radius �.250 ~.l25 �.125 

________

I/h
( cut from solid) �l.O �l.O ~l.O - �l.O
Is/f’
(not from solid) �1.O �l.O �rl.O 

_______

2~1___________  ~~~~
5- 

- - ----- - - - -  - -—--— 
—
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FACE AND TURN
FACE AND BORE --

A shoulder is cut that cannot be formed by
the shape of the cutt ing tool . The cut --
must be made by cutting in two directions .
There can be one or mult iple cut s in either soiio
direct ion depending on the amount of stock 

______ _____

removed in each cutting pass. The parame- -
t ers of the cut are specif ied below: ~~~~~~~~~~~~~~~ (t ç ) 

-

/ 
I,77 1r— 

DIAMETER
STOCK Id,)

—~~~~I k---

Manual , Automatic , Numerical Control ,
[‘ype of Machine Semiautomat ic Tracer Lathe
rype of Cut rough f inish rough f inish
Included Angle 90 90 90 90
)iameter Length >.1400 >.100 >.1400 >.lOO

~adius �, 250 �.125 �.125 �.125
I/h
(from solid) <1.0 <1.0 <1.0 <1.0
is/fs
(not from solid) <1.0 <1.0 <1.0 <1.0

-a

.1

.1 

--
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TURN AND CLEAR SHOULDER
BORE AND CLEAR SHOULDER OR E~D OF BORE

A diamet er is cut with the requirement to _____ — _____ — ______ —

feed the cutting tool up to, but clearing,
the surface of a shoulder. Outside diame- /

— ters will be cut with a turning tool , and
inside diameters with a boring tool . _____ — _____ — ____
There may be one or multiple cut s required
depending on the amount of stock removed ////I1!IIII
in each cutting pass. —~~ 

_____ — ____

FACE AND CLEAR DIAMETER 17/I ~A face is cut with the requirement to feed 1/the cutt ing tool int o, but clearing, the
adjacent diameter or tapered surface. The — _____ — — —

face cut can be internal or external to
the part , can be a “back ” face, groove face
or any exposed face. There may be one or
multiple cut s required depending on the
amount of stock removed in each cutting
pass.

TURN OPEN DiAMETER
BORE OPEN DIAMETER ____________

An open diameter is cut perm itting a thru ______ — _____ —

cutt ing operation. Outside diameters are 
-

- - - cut with a turning tool and inside diame-
ters with a boring tool . There may be one

- 
‘ or multiple cut s required depending on the

-
~ amount of stock removed in each cutting

pass. 
_____ — ______ — ______

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ -
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FACE OPEN

An open face or end of a part is cut per- 77] - .

mitt ing a thru cutting operation. The ____ — /11/I —

face cut can be internal, or ext ernal to
the part . There may be one or more -

~~

mult iple cut s required depending on the 
_____

of stock removed in each cutting / 7//LI - 
-

CUTOFF

The workpiece is separated from the bar 
- -

stock . The cut applies only to bar wi/il riiii
machines and only one cut is made.

_

— a

_ _  _ _ _- __________________ _________________
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GENERATE CONTOUR 
~,

At least one tapered surface is cut or a d
f illet radius greater than .125 is 

Tgenerated. A numerical controlled lathe _____ — ____ — ____

or a lathe with tracer control must be
used to make the cut . The cut is not made
on a manual , automatic or semiautomatic .1 l~uu’ w

lathe. There can be multiple cuts depend-
ing on the amount of stock removed . The d
parameters of the cut are specified below: 1” 

_____ 

F

TM

F- ~

4 LIIL~LLL

Manual, Automatic, Numerical. Control,
Type of Machine Semiautomatic Tracer Lathe
Type of Cut N/A N/A rough finish

~idth of Cut
(w >_a) N/A — N/A >.300 >.100
Depth of Cut
(d. > w) NJA N/A >.300 >.]OO
Radius
(no tapers) N/A N/A >.125 >.l25

2~45

~~~~~~~~~~~~~~~~~~~~~~~ 
— - - -——5-- —5--
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FO~~~4 TAPERED CONTOUR

A contour consisting of a taper and located 
W

at a corner is formed by the shape of the d

cutting tool. In general, a specif ic tool 1 
____ ____

will be required to form the cont our . The — ____ — - ,

cont our can be external or int ernal to the
part . The parameters of the cut are spec i- “l W I..s.~
fled below: T 7j ~

Manual, Aut omat ic, Numerical Cont rol ,
Type of Machine Semiautomatic Tracer Lathe

Type of Cut rough finish rough finish

Ji dth of Cut
(w > d) � 1.0 

— 
�.500 �.300 ~.lO0

Depth of Cut
(d ~ w) � 1.0 �.500 �.300 �.lO0

I

-a

—

- -

- ~~-- —~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
- - - — — — - —  - - - - -—,-—- - . -  - 5 - _ - -

- --—-5--- —--- — 
5—- -5- ~a~~~t~
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FO~~~4 GROOVE ,,,,,..4
A groove or relief is formed by the shape
of the cutting tool. The groove can be cut J,,, 

r 1~ 
~ (

r 2

into any surface external or Internal to h~ / 11/1? ~4’IIJ h 2

the part. In general, grooves are always T / / I/ / I I f I/ / /  1
formed if they are within a specified width. 

______  ____ — ____

Larger grooves are formed by several plunge
cut s depending on the sit e of the groove ’s
radii. When using numerical control or ,,,,_

~,jtracer lathes, the preference is to plunge -

and turn larger size grooves or grooves
whose radii can be generated. The parame- r r
ters of the cut are specified belov : ._f_. _j_,

+_

“

~
Ø

~~~~
r/

~~~ 
$

Manual , Automatic, Numerical Cont rol,
‘ype of Machine 

— 
Semiautomatic Tracer Lathe

‘ype of Cut rough finish - rough f in ish

~ondit ion A
Csurfaces �3) w �l .O  w � .500 w � .~ 0O w �.300
Condit ion B l.O<w�l.5 .500<w�l.50 .500<w�1.0 .3O0<w~..50(

( surfaces 3) h i > r i h1 > r j  r1 orr 2 ~ .200 h 1 >

~ondition C .300<w ~ .50).
( surfaces = 3L ___________ ____________ ___________ 

ri or r~~~~05~
~onditIon D .500<w �1,0
( surf aces = 3) 

___________  ____________  ___________  

r1 ~~~~

0

— - —5— - 5— - -—— - —5 ~~~~5 •_ •~~~~5- — 5 - —  - —5-—- —5---- - -
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PLUNGE AND CUT GROOVE

A groove or recess is generated by a
combinat ion of plunge and turning or , I
boring cuts. The groove can be cut int o i_ ,r~ r 2
any surface external or internal to the ~~ ///Lf
part- . in general, larger size grooves are T iij / 71 f/ I/f I ’not form ed by a single direction plunge nor —

will grooves with  large radii . Numerical
control or tracer lathes must be used to
cut grooves with tapered surfaces. There ____ ____

mz~y be multiple cuts depending on the •

amount of stock removed . The parameters 
~ j_

of thc- cut are specified below : 
h / r , - _r ‘

T 
/_~~~~~~~

t _ —

Manual , Automatic , Numerical ‘~~t~k rc1 ,
T~~~~of Machine Semiautomatic Tracer Lathe
L’ype of Cut rough finish rough finish
Condition A w>l .5 w>l .5 w~-l .C~ w ~~~~~~~~~~

no tapers no tapers 
____________ _____________

Condit ion B l ..0<w~~l.5 .500<w sl.50 ~~~~~~~~~~~ .~~\<w .~ OC
( surfaces 3) r

1 
or r~ > h1or h~- r1 or r2~~-~1orh~ 

i-~ > . :~O~ 
-

~ .

no tapers no tapers -

ondition C
(surfaces 3) ______________ _____________ ____________ _____________

-iI~

- - —~~~— _5~~~~ --
--— 5— -

- —~~ — — -5-- — ~~~~~~~—---- 
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- FO~~~4 FIN

A particular kind of feature is formed by
the shape of a special cutting tool . The ____ — _____ — ____

- f-eature can be cut into any flange external
or internal to the part.

/ 1/Ill

F0~ .t CHANFER- 

A chamfer is formed by the shape of the
cutting tool . Chamfers are small tapers

I locat ed at the corners of a part . The
- length of a formed chamfer must be .1~OO or — — —

less.

I
lit

2L9
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D R I L L  BORE Wi/rn//I/A
An Int ernal (tiRmeter paraflel to t-h (- center — r— —

line i~ formed by cut.t ing I nt-a or k;~~u 
, , I

~~i id mat er Ia]. . The parameters ~~ I - in ’ cut v//Jill/li I ~
are :

_ _ _
_ _ _ _ _  

H

r Type ot’ j
Mneh t nt ’ Cut. flilUnet.e! er~ iR’ e i/1

‘ori l I t i on A t~~~.i~~1 1 at-he ft n ish . 2 ’O — .‘0( ~J.. -
~ - _ 1 • C —

~oti t I t ,  ion 11 1 u r r e t -  m t - tn ’ 1’ In  isli --- .~O0 
- - .001

I
DRILL BORE AND BORE 

•

~n h t .ernal d I amt-t.er paral 1 el to t. lit’ ‘et i t -  ‘r

1 ne S Formed fr ~ n ~~~ Id by n f inal p ern — — — — ~~ ~~m I

t. ion ( I .e .  , t he (t ia lnet -er  I 1’ ln ~ sh e i i t -  ~ . 
H() I1I

The par~unet.orS of t he eut . are:

Machi t i e  Cut. Plameter To] ernln e ~J ti

ion A L t u r i~~~ l a t h ’  F i n  lOl l  - .~~~ 00 ~ ~~~~ ~_I~ .J
I t .  ion Ii ( I urret .  lat he f i n i s h  ~~~~ ~ .001 NJ~ j

~~; ~:

_ _  

- ‘~~I~ 

- -~~ -—~~---~ - - --- - --5- 5-—-—
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DRILL BORE AND REM-i

An internal diameter parallel to the cen- I ”  ‘~

ter line is formed from solid by a final I ______________operation (i.e., the diameter is finish 
— 

I’ ._ ..._~~’’1 .s DRILL
cut). The parameters of the cut are: I REAM

- T
Type of I

L Machine Cut Diameter Tolerancç~ tjd
Condition A turret lathe finish .250 - .500 �.OOl � 1.0
Condition B turret lathe finish < .250 ~ .0Ol ] N~~

DRiLL HOLE

A radial , longitudinal or angular hole Is
formed . Depending on the size (diameter) of I
the hole and tolerance, holes may or may not f//lA 17/1/
require reaming . The following parameters 

— 
I — 

_____

are for holes that require only a drill ing
- 

- operat ion on a drill press:

\i\1
.

I IlIx \vl[f 
- -

— — —— — ______

H Icondit ion A I B C D

~
jpmeter < .125 .125 - .250 .250 - .500 .500 - 1.0 > 1.0

~rolerance > .002 [ > .0014 > .005 � .010 ~ .Ol5

Ir ~~~~~

.
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
—

~
-- :~~~~~~~~~ -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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DRILL HOLE AND REAM

A radial, longitudinal or angular hole is 
d 

~~~~~~~~~

formed. Depending on the size (diameter)
of the hole and tolerance, holes may or may
not. require reaming. The following parame- I
e rs :tr e for holes that require both drilling I//lA ‘ V/i//

and reaming ott a drill press: 
________ ______

~~ IL L .
RE AM

Condition A B C D E J
Diameter < .125 .125 - .250 .250 - .500 .500 - 1.0 j >1.0
Tolerance �.002 �.0014 �.005 < .01 0 1  < . O~5I

Cc!.I IrERSINX

A tapered surface or chamfer is formed at —‘
the opening of a bore or radial, longi- /1//I//I
tudinal or angular hole. If the diameter _____ — -

of the bore is greater than 2.0, the cut
is made with a chamfer tool instead of a ‘‘/ 1/ 111/
countersink .

— I
~~~~~~

, 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~ - -
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GRIND DIAMETER -
~~

An inside or out side diameter is ground. 
____

The diameter can be open on both ends or
bounded on end by a shoulder. The require-
ment. for grinding is specified by the
process decision rules. _____

~llI~~
4

~~~~~

GRiND FACE

A t’~ic t ’ is ground . The face cut can be In- 
~

- 1
t.ernal or external t o the part. . I t ca n be —

t. he ide ot ’ n groove. The r t~ u I rement for
grinding is spec i t ’i t-d by the process
decision rules. 

Q 
~

- 

-
~

GRIND END 
_______ 4

The end of the pa rt. Is ground . The require- I/I/lA-
ment, for grinding is speeii’Ied by the ‘11//Il
process decision rules.

L 
______ --5- . 

. 5-~~~~• 5 -—~ - 5 5 .~~~ 

—

---5 
. 

- 
-
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GRIND DIAM~~ ER AND FACE - -

A diameter and face are ground in the same 11111
operat ion . The shoulder feature can be (I/Il
internal or external to the part. The re- f/ / f f fJ f / / ,A
quirement for grinding is specified by the 

-
~

process decision rules .

>
~

77
~77Y277tZI%77

HONE DIN4ETER

An inside diam et er is honed . The re-
quirement for honing is specified by

the proces s decision rules .
-4

LAP DIAMF~ ER

A diameter , internal or external to the
part , is lapped. The requirement for
lapp ing Is specif ied by the proces s

decision rules .

_ _ _ _ _ _ _ _   
5— -— ~~~~~~~~~~~~~~~~~~~~~~~
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MILL FEATURE

A feature (e.g., slot s, flat s, windows) is
milled. The requirement for milling i
specified by the process decision rules.

EDM FEATURE

A feature (window or hole) is cut by an EDM
operat ion . The requirement for EDM is
specified by the process decision rules.

SHAPE FEATURE

A particular type of feature (flat, slot , 
+ +

window , lug , tab ) is cut into a diameter.
The requirement for each type of cut is
specified by the process decision rules.

TAP HOLES

A radial , long itudinal o angular hole is
threaded.

ci

25 5
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APPENDIX H

DEFENSE BENEFITS DATA AND CALCULATIONS

Data and calculations generated in the analysis of defense benefits from
CPPP are reported in this appendix. The contents, in order, are :

1. The survey sent to defense industry, with a compilation of responses.
(The results of an earlier general industry survey are presented in
the Inter im Report , which is incorporated by reference into the Final
Report.)

2. The CPPP description included in the defense industry survey.

3. The discounted cash flow analyses performed to estimate CPPP benefits
to defense industry. Six analyses were conducted , treating the demon—
stration and enhanced CPPP capabilities for three model defense
suppliers. For each case, three tables are given : inputs, results,
and sensitivity analyses.

14. The analyses of CPPP impact on defense procurement costs. Six analyses
are shown, projecting benefits of the demonstration and enhanced CPPP
systems on Army miss ile procurement , overall Army procurement , and
Department of Defense procurement.

I I 
- -  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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fl[I L I T  Re~~ t c I  I ! I , I I t I I t t

~ L ~~ West 35 SI,nf t (:hi,- - iije, IIhnu~ 6061I~
1 312/567-4000

Gentlemen :

The U. S. Army Missile Research and Development Comand , under
its Manufacturing Methods and Technology Program is sponsoring the
development of a ‘omputerized production process planning (CPPP)
system. The system will perform process planning of machined , cylin-
drica l , meta l parts. United Technologies Research Center, Eas t
Hartford , Connecticut, is the contractor for this development. A
brief description of the CPPP system accompanies this letter.

One objective of the program is to project benefits of the sys-
tem to industries producing Army missile components or other defense
items. The lIT Research Institute (IITRI), Chi cago , Illinois, :aS
subcontracted for the majority of this task. In the attached data
request, we are soliciting an estimate of the cost reduction poten-
tial of the CPPP system. Should you choose to respond , your estimate
will be consolidated with those of other respondees and used in the
benefit projection.

Your cooperation in the evaluation of this new technology would
be very helpful and sincerely appreciated .

Cordially,

~~~~~~~~~~~~~~~~~~ 
MeYe~~~~~u7~eaderndustrial and Manufacturing

Engineering

JDM/nino
Encs.

25b j
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DATA REQUEST

The purpose of this data request is to collect some general infor n ’ation

concerning your company and products , your current process planning procedures

and your estimate of the impact the prototype process planning system would

have on your manufacturing operation. All da ta will be considered proprietary

and wil l  be summarized or consolidated so that specific sources cannot be iden-

t i f ied .

Please take a few minutes to read each question carefull y before answer —

ing i t .  I f  the informatIon we request is not readily available or you are
una ble to obtain it , p lease give us the best estimate you can .

in order to complete our study within the allotted t ime , we request that

yo u comp lete this form and return it by April 15 , 1977.

If you have any questions or need additional iaf ormat lon , p lease f ee l f ree

to c~i l i  (co l lec t)  M r. John Meyer at 312/567—4609.

1. Does your plant produce products which are used in any of the following?

Yes No

U.S. Army Missiles and Rockets 

~J ~J
Yes No

Other U . S .  Army Equi pment 
~~~
Yes No

Other Dept.  of Defense Eq uipment 1~ 1~J

NUMBER OF RESPONSES ARE SHOWN IN EACH BOX

555
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2. What is the approximate dollar value of all machined , cylindrical , metal
parts manufactured in your plant annually? (By cylindrical parts , we mean
those which are symmetrical about an axis of rotation and the primary
manufacturIng operations are turning, boring, etc.)

$____________

NUMBER OF RESPONSES = 1.0
AVERAGE = S5,193K
STANDARD DEVIATION S9,669K
RANGE = S4K to S30,000K

3. ApproxImately how much does your plant spend an nual ly  for preparing or
modif ying process plans for machi ned , cyl indr ical , meta l parts? (T his
should also include process p lanning costs for make/buy studies , cost
est i mates , e t c . ,  i f appropriate.)

$ _ _  _ _

NUMBER OF RESPONSES - 10
AVERAGE = S168K
STANDARD DEVIATION S139K - .  

-

RANGE = S9K to S371K

4. Is your plant currently using any form of computer assisted p r ocess
planning for machined , cylindrical metal parts?

Yes No

-4

5. Is your p lant current ly using any form of computer assisted p r ocess

planni ng for other parts or assemb lies?

Yes No

L~~~D

..
~~ 

-

- ~~~~~~~~~~~~~~~~~~~~~
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PLEASE READ THE ENCLOS ED DESCRIPTION OF THE PROCESS PLANNING SYSTEM BEING DE-

VELOPED BY UNITED TECHNOLOGIES RESEARCH CENTER BEFORE ANSWERING THE FOLLOWING
QUESTIONS.

6. Assuming such a system was operational in your plant , what would be the
approximate percentage change in the overall cost of manufacturing a typ-
ical machined , cy lindrical , metal part over one planned manually?
(Changes in process planning costs , including recurring computer charges ,
and the costs of tooling, dire ct labor , material , scrap and rework , and
overhead , should be considered . Please exclude the costs of installing
and maintaining the system in your estimate.)

Plus or Minus (circle one) 
________________

NUMBER OF RESPONSES = 13
- - $ AVERAGE = -9.4%

STANDARD DEVIATION = 8.6%
RANGE = -25% to +10% :1

I

7. What would be the percentage chan ge in process p lanning costs for machined ,
cylindrical , metal parts if such a system were used instead of manual
process planning?

Pl us or Minus (circle one) ________________
%

NUMBER OF RESPONSES = 13
AVERAGE = -37.5%
STANDARD DEVIATION = 18.7%
RANGE = -60% to +25%

261
-- 
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8. Assuming that reliable software , good user documentation , and a training
source were available , and that the system was given to you free of
charge , what do you feel would be a realistic cost and time for your corn—
pany to install such a system? (This should include establishing initial
data files , training of personnel , testing the system , etc. It should
exclude costs of computer hardware.)

$____________________

__________ 
Months

NUMBER OF RESPONSES = 11
AVERAGES = $162K~ 10.4 Months
STANDARD DEVIATIONS = S204K~ 4.4 MonthsRANGES = SIOK to $3OOK~ 45 to 18 Months

9. I I  additional computer hardware would be required to install  the system
in you r plant , please estimate its cost.

$ ________________

NUMBER OF RESPONSES = 12
AVERAGE = S116K
STANDARD DEVIATION = S151K
RANGE SO to 5500K

10. What would be the approximate annual costs for maintaining such a system?
(This should include costs for program maintenance and up dating of data
files.) —

$ ___________

NUMBER OF RESPONSES = 12
AVERAGE = $50.2K
STANDARD DEVIATION = 541.2K
RANGE = S8K to 5120K

. 1
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11. Considering the answers you gave to questions 8 , 9, and 10, what percen—
tage (by dollar value) of the machined , cylind rical , metal parts you
manufacture in—house would benefit from the system each year , starting
from the time you made the decision to install the system?

YEAR 1
~~~ 

2 3 4 5 6 
~~ ~1I 

8 10

PARTS IMPACTED (Z) J I ~ IL IL~JL I _____

NUMBER OF RESPONSES = 11
YEAR 1 2 3 4 5 6 7 8 9 10
MINIMUM (%) 0.1 0.5 1 5 10 10 10 10 10 10
MAXIMUM (%) 40 80 100 100 100 100 1.00 1.00 1.00 100

AVERAGE (%) 13 34 52 64 70 72 75 76 78 79

12. Please p lace a check—mark in front of those items which you feel would be
major advantages of this computer aided process planning system.

9 Reduced Manufacturing Costs 3 Increased Product Standardization

j~ Reduced Production Leadtime ~~ Reduced Critical Labor Skills

.~~~ 
Increased Machine Utilization I Improved Raw Material Standardization

5 Improved Product Quality 3 Improved Producibility of Parts
6 Increased Direct Labor Utilization 2 Better Plant Layout

~~ More Uniform Process Plans 3 Better Material Handling

7 Improved Cost Estimating Procedures $ Improved Production Scheduling

3 Better Make/Buy Decisions ~~ Improved Capacity Planning

* Number of res pon ses J Others (Please Specif y) Better

— Tool Usage

13. Please place a check—mark in fr ont of those items which you feel would be
major obstacles or disadvantages to implementing the system .
*

10 Economic Justification 7 Getting the System Debugged and
Operational

7 Management Commitment
3 insuring Quality of Input Data

I Training of Personnel —

3 Maintenance of the Data Bases
2 Lack of Qualified Computer Analysts —

7 System Complexity and Reliabilit y
5 User Acceptance of the System —

0 Others (Please Specify)
7 Interfacing with Existing Syste ms —

10 Establishing Init ial Data Base s for
Machines , Tooling and Process Decision
Ru les

Number of resoonses
263
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14. Other Comments?

(1) Would not imp l ement system unless all machined and fabricated Parts

were inc l uded.

5-- _____________________________

15. Name 
______ _____

Title 
_______________ _______ ___________

Organization 
- —-— —-— —--—55——------ -———--_______ _______ _____

Address 
____________ ___________ _____________

Phone ____________________________________ ___________________

Thank you for your cooperation . it is sincerely appreciated . Please return

this form in the attached , self—addressed envelope to:

Mr. John D . Meyer
Management & Computer Sciences Division
lIT Research Institute
10 West 35th Street
Chicago , Illinois 60616
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COMPUTERIZED PRODUCTION PROCESS PLANNiNG (CPPP)

CPPI’ provides a computer capabili ty for process planning of machined ,
cy l i n d r i c a l , meta l  parts .  The equivalent of a fully detailed blueprint is input
to the sy stem. The process plan  documentation output by CP P P consists of a sum—
nar y of op cr at  tons and an operatio n sheet fo r each operation . The operation sheet
c on t a i n s  a dimens [oned s ket c h  and shows cuts to be made , too ls , feeds , speeds , an d
o t h er  da ta .

il- ic sy st e m  generates the sequence of metalcutting and non—metalcutting operations
required to manufacture a part . It selects machine tools and determines the types
01 cuts to he made in an operation . Planning  data such as tools , feeds , and speeds
can be det e r m i ned  in some s i t u at i o n s , but the~ c w i l l  usually  be added b y the p rocess
p t anner  In t h i s  [nit .  [at  vers ion of the sys tem .  i t  may also be necessary to modif y
t :Pl’P—ca I en I .ited dimensions in certain cases.

Data Base

cr i’i’  USeS a large manufacturing data base . Files containing part ai-id raw
m a t e r i a l  spec i f  [cat ions , machine tool data , cutt lag tool data , and m a ch i n a h i l  i tv
d a t a  arc rcqui red. The data base also holds process rules which de term ine sequences
of operations and can be a p p l i e d  to select types of cut ting tools for specific cut—
tI ng situations . These rules are formulated in an English—like process p l ann ing
language deve loped for CPI ’I ’ (El gure 1) . Becau se manuf acturing rules are Inc luded  in

the dat a base r a t her  than in CPPP programming, the system is independent of loca l
m a n u f a c t u r i n g  p r a c t  Ice . Each workshop can place its own manufacturing rationale in
i t s  data base.

Alternative Modes of Operation

A proces s planner operates CPPP from a grap hic computer terminal. Th ree modes
I opt’ r a t  ion are available: automatic , semi—automatic , and I n t e r ac t ive  • in t he

au t om a t  i c mode , CP1’P uses stored p recess rules to generate a process p lan v i t h ou t
human s u per v i s i o n . Process rules arc also used in semi—automatic operation , but the
pro  ess p lanner  may review and mod i f v  CPPP dec isions as they arc made . ( F i g u re  .~

shows the  t er m i n a l  d isp lay at one review/modi fica tion point.) in the In t e r a ct  lvt’
mode , the sequence of ope rat Ions Is spec I t led b y the p recess p lanner in a d i a lo g
vi th CP}’P. The system is then used to produce d e t a i l e d  opt’ rat I on p l an s . in b oth
t i i t ~ sen i t— au t oma t  Ic and Lu te ractive modes , the process p 1 stifler can choose vary ing

1 eVe is ol ove r sct’ i ng CPPP b y specif y ing wh I cl-i dcci s [otis he wishes to review and
w h i c h  he w i l l  accep t  . lie can also use the se modes to enter new data (e.g. , t~~o 1s ,
machines , feeds , speeds) Into the system . - 
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CPPP Processing

Figur e 3 give s an overview of CPPP process p lanning. The process p lanne r
Initiates a CPPP session b y specif y ing part number , lot size , mode of operation ,
and other data . CPPP retrieve s from the data base the part  desi gn , work p lecc
descri ption and , if desired , proc ess rules for the part ’s fami ly.

The I I rs t ( 1’Pl’ p lanning s top  is gei c rat ion ol a sequence ol ope rat ions. Tb is
is done u s i n g  process r u les or through interaction between the system and the  process

planner. Oper at lot -is are de f ined In turn by spec! fyln~ operation type , the type of
machIne  too l to be used , and the p a r t  s u r fa c e s  to  be aff e ct e d. Non—me ta lcutti ng
o p e r a t i o n s  (p l a t i ng ,  heat  t re atment , deburr ing, inspection , ‘t e  . ) may be generated
.is w e l l  as metalcetting ones.

Once the sequence o I Oj)C rat Ions Is comp tote , each ope r at  I on ~~ p l anned  In
d ’  t a i l  . The p rocedu re  be low is used for metal cut t in g ope rat.  ions . D e c i s i o n — m a k i n g
is based on economic a na ly si s  ot  cost a n d/ o r  p r o d u c t i o n  r a t e .

identify candidate machine tools.
2~~ Se lect candidate cut sequences for  each machine .
3. i d e n t i f y candida te  c u t t e r  tools fo r  cacti cut in each sequence .
4. Determine cut parameters (feed , speed , time , tool l if e , etc .) for each

(‘U t and too l.  The se d e t e r m i n a t i o n s  arc made u s i n g  m a c h I n i n g  recomm enda—
t ions  rathe r than b y o p t i m i z i n g  m a t h e m a t i c a l  models .

5. Choose the best  tools  for  each cut sequence .
~~~. Choose the best sequence fo r  each machine .
7. Choose the best  mach ine .

No economic ana l y s i s  Is performe d for  no n—m eta ic u t t i n g  op e r a t I o n s

After all operations have been planned in d e t a i l , d imens ions  and t o l e r ance s
are ca lcu lated backwa rd from the last oper ation to the firs t . For each ope r at  ion ,
to lerances are det ermined , stoc k remov al calculated , an d wo r kp lece d imens ions  pre-
vious to ti - ic op er a tion are e s t a b l I s h e d .

The completed process p lan can be reviewed and motH l ied at  the termin al. A
summary of operations and detailed ope ra t i on  shee t s  can be r equest ed .

Areas of P o s s i b l e  Sav ings

CPPP lisa , ci V may have , cos t roduct . I o n po t en t  I a I In the I o i l  owing  a t e a s

Process  p l a n n i n g  labor and lead t I me .

I
1
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2. Reduced tooling inventory due to standardized tool select ion
3. Benefits resulting from the use of standardized rules to generate

sequences of operations
-
~~~ 4. Reduction in machining costs due to the economi c analysis of alternative

- 
cutting tools , cut sequences , and machine tools .
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DOlt) DRAW MATERIAL AT NCO100 (BENCH) $
0020 ORIENT PART FOR LONGEST OD SETUP $
0030 TURN OUTSIDE SURFAC E ON MC3500 (AUTOMATIC BAR MACHiNE) IN NORMAL iF

SURFACE IS AN END (OR )
FEATURE iS A SEMIOPEN DIAMErER ,

FEATURE IS EXPOSED (OR)
FEAT U RE IS AN OPEN DiAMETER ,

FEAT U RE iS EXPOSED (AND)

PROViDING THE FOLLOWiNG CONDiTIONS ARE SATiSFIED:
RESULTiNG DIAMETER SEPARATiON (0.040),
RESULTING LONGEST DIAMETER (0.025) $

0040 h EAT TREAT IN MC 13OtJ (FURNACE) , MT2 700 (FURNACE 2700) ‘i i) SPECIFIED HARDNESS PER
— Pt’IPSIO $

0050 GRIND ThE LONGEST OD ON MC2500 (CENTERLESS GRINDER) $
0060 DRILL THE THRU BORE WiTH MC3100 (GUN DRILL) iF

DIAMETER IS .LE 0.787 $
0070 DRILL THE TIIRU BORE WiTH MC3200 (EJECTOR DRiLL) iF

I ) IAMET ER IS .CT 0. 787 $
0080 TURN OUTS IDE SURFACE ON MC3bOO (AUTOMAT iC CI I UC KER)  OR MC9 300 (NC LATHE) iN

REVERSE IF
SURFACE 15 A FREE END (OR)
FEA’I’URE iS A SEMIOPEN DIAMETER ,

FEATURE 15 NOT CUT ,
FEATURE 15 EXPOSEI) (OR)

FEATURE is AN OPEN l) IAMETER ,
FEATURE 15 NOT c~IT,
FEATURE IS EXPOSED (OR)

FEATURE IS A RELiEF (OR)
SURFACE IS LARGE S’i’ 01) BAC KFACE ,
SURFACE 15 NOT A RELIEF FACE ,
LATERAL TOLERANCE IS .CE .005 $

O0t~)C TURN iNSIDE SURFACE iF

FEA TURE IS A COUN TERB ORE ,
FEA’I’URE iS EXPOSED,
FEATURE iS NOT A SHARP ED GE FEATURE (OR) (

FEATURE IS A R E L I E F  (OR)
FEATURE IS A GROOVE ,
FEATURE IS EXPOSEI)
FEATURE iS A COUNTERBORE
FEATURE LOCATiON 15 .LE O.5*PART LENGTH $

0090 LIANI ) REAM THE TII RU BORE ON MC5300 (BENCH LAP) IF
1)1ANETER iS .LT 0.375 $

0100 h ONE THE THRU BORE WITH MC2830 (AUTOMATIC HONE) IN NORMAL $

Figure 1. Process rules for generating sequence of operations. These rules are
compil ed b y the  CPI’P language hi rocessor. The comp ile d form of the ru l e s
is stored In the data base and used in process p l a n n i ng .
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UTRC CPPP SYSTEM. ACCEPT/MODIFY GENERATED OPERATION.

OP 0030 DESCRIPTION : TURN
MACH. CLAS S 1: 0300 LATHE
MACH . CLASS 2 :  (N ONE)

EDH FCDC FDEDF
00000000000000
000000000iliil
12345678901234

XXXxXxX

TYPE d R  TO ACCEPT OPERATION OR TYPE AN OPT I ON AND THE REQUIRED DATA:
1 NEW DESCRIPTION 2 MACHINE CLAS S N UMBER (1 OR 2), CODE , NAME
3 MACHINE TOOL CODE, NAME 4 LIST OF ADDED CUTS 5 LIST OF DELETED
CUTS 6 (CHANGES SETUP) 7 (DELETES OPERATION ) 8 (SHOWS MACHINE
DATA) 9 (TERM iNATES PLANNING)

Figure 2. Terminal display at one of the optional points offered

for review /modification of CPPP decisions .
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