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NOTICE 

The Servomechanisms Research Laboratory of the Electrical 

Engineering Department, Massachusetts Institute of Technology, 

announces a change in its name to ELECTRONIC SYSTEMS 

LABORATOR Y. This new name reflects the importance of systems 
1 

concepts in modern engineering, and the interrelationship in many 

complex systems among control t~chnology, data proce s sing, and. 

electronic measuring devices and systems. The Electronic Systems 

, " ,Laboratory.is currently engaged in research in computer technology 

and applications, control technology, electronic measuring syste:ms, 

: a.nd related ,dEivices ~nd components.: 
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NOTICES 

When Government drawings, specifications, or other data are used for 
any purpose other than in connection with a definitely related Government 
procurement operation, the United States Government thereby incurs no 
re sponsibility nor any obligation whatsoever; and the fact that the Govern
ment may have formulated, furnished, or in any way supplied the said 
drawings, specifications, or other data, is not to be regarded by implica
tion or otherwise as in any manner licensing the holder or any other person 
or corporation, or conveying any rights or permission to manufacture, use, 
or sell any patented invention that may in any way be related thereto. 

Copies of AMC Technical Reports should not be returned to AMC Aeronautical 
Systems Center unless return is required by security considerations, con
tractual obligations, or notice on a specific document. 
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ABSTRACT 

The ob~ective ~f the Computer-Aided Design Project is to evolve a :man
machine system which will permit the human designer and the computer 
to work together on creative de sign problerns. This document states the 
philosophy of approach of the design and graphics group of the project. 
A companion document 8436-TM-4 states the philosophy of the computer 
applications group. 

The engineering de sign proce s s is viewed as a stochastic iterative proc
e ss in which a recognized human need leads to a preliminary tentative 
concept of a means for its achievement; subsequent analysis, evolution, 
and judgement leads to modification of the concept and even possibly to 
a modification of the original goal, until certain standards are met and 
the need is satisfied. 

The manpower-time requirements for proceeding from the original design 
concept to its realization in a manufactured part, device, or system is 
investigated, with a view to determining where best to begin consideration 
of computer aids in the sequence. In general, the conclusion is drawn 
that for the pre sent the computer can be most effective in replacing man
power in routine drafting, minor design decisions, engineering computation 
occurring in analyses, (particularly stress computations) and as an aid 
in the selection of standard parts. 
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PREFACE 

The computer -aided de sign project at M. 1. T. is a joint endeavor between 
the Computer Applications Group of the Electronic Systems Laboratory, 
Electrical Engineering Department, and the Design and Graphics Division 
of the Mechanical Engineering Department. Based upon their backgrounds 
in different disciplines, these groups are taking complementary approaches 
to the problem of how to use computers to assist humans in the design proc
ess. The long-term goal is automatic manufacture once the human-computer 
"de sign team" has established the feature s of a de sign. It is not contem
plated that fully automatic de sign without human guidance and decision is 
a possibility for the foreseeable future. However, the possibility of having 
a computer be an active partner to the de signer, to accept and analyze his 
sketches and perform all or a substantial amount of the necessary design 
calculations, doe s seem reasonable for the near future. 

Based upon the first six months work, each group has made an initial 
formalization of its philosophy in approaching the problem, and these 
are published in two companion Electronic Systems Laboratory documents 
(of which this is one): 

"Computer-Aided Design: A Statement of Objectives," D. T. Ross, 
Technical Memorandum 8436-TM-4, September, 1960 

"Computer-Aided Design Related to the Engineering Design Process," 
S. A. Coons and R. W. Mann, Technical Memorandum 8436-TM-5, 
October, 1960 

Details of the work conducted under these programs are contained in a series 
of Interim Reports beginning with 8436-IR-1, covering the period December 1, 
1959 to May 30, 1960. Technical reports and memoranda are also issued on 
spec ific subj ects whe re appropriate. 
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John E. Ward 
December, 1960 
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COMPUTER-AIDED DESIGN RELATED TO THE 
ENGINEERING DESIGN PROCESS 

I. INTRODUCTION 

The engineer's role is the creation of systems, devices, or proc

esses sought by society and conducive to its welfare. The process by \vhich 

the se substantial goals of engineering are achieved we call engineering 

design. The Computer-Aided Design project (CAD) is devoted to reducing 

the elapsed time and resources expended in completing the design process 

by enlisting the special powers of modern data processing-prodigious, 

reliable, accessible storage of information and accurate, incredibly rapid 

manipulation of data. 

In order to discuss effectively the role of the computer as an aid 

to design, it appears desirable to start by describing the engineering 

design processo 

1. 1 The Engineering Design Process 

The process may be said to commence with the awareness and 

expre s sion of some human want or need. Since the human want or -:'leed 

is usually couched in general terms, as a goal, the first obligation of the 

engineer is to develop more specific, quantitative information which 

defines the specifications of the task to be accomplished to satisfy the 

goaL Implicit here would be such matters as defining the scope of the 

problem, collecting pertinent information, questioning the source of the 

original reque st to make certain that the task specifications corre spond 

to the end de sired. 

Subsequent to task specification is the development of a concept for 

the solution of the problem. At this stage, broad, qualitative, usually 

graphically expre ssed approache s to the problem are evolved. 

Having proceeded thus far, we hasten to point out that this nece s

sarily sequential textual description and an associated two-dimensional 

space characterization of the process is not to be construed as an im

plication that the goal, the task specification, and the concept always 

1 
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appear in a simple sequential order. In fact, one characteristic of the 

design process is the seemingly ran.dom, unpredictable iterations between 

the various steps. We can suggest this stochastic character by drawing 

two -way connections between our various stage s (Fig. I), which implie s 

that task specifications will influence the goal to be sought; concepts de

veloped will, in turn, influence the task specifications; they may, in turn, 

change the goal; or, having defined a task and developed a concept which 

TASK 
SPECIFICATION 

SOLUTION 
SPECIFICATION 

ANA LYSES f---....... f-----' 

Fig. 1 The Engineering Design Process 

might provide a solution to it, one might decide the goal sought is not the 

proper one and go back to the original statement of the goal and alter it. 

The concepts are accompanied, sometime s followed by, some

times preceded by, acts of evaluation, judgment, and decision making. 

This proc e s s of evaluation is sometime s intuitive and qualitative, but it 

is often mathematical, quantitative, careful, and precise. We call this 

phase "critical analysis." The iteration of concept and analysis invar-

iably gives rise to a focusing and sharpening, possibly a complete change 

of the concept, and so following our two -way connections, we iterate be

tween concept and analysis. Often we go back to task specification to change, 

in light of analysis conducted, our notion of what ~ be accomplished or 

what might be accomplished. We may, as we have seen, go back and 

change our goal. We may decide that we cannot do what we hoped to ac

complish or that we could perhaps do something even more sophisticated 

or more useful than what we initially proposed. 
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The iteration of analysis and concept ultimately develops specific 

information which defines the solution to the problem, and so we have 

the solution specification flowing out of this interplay. Since techniques 

of fabrication must influence design, manufacturing considerations will 

be manife sted in the solution and will also influence the conceptual and 

analytical stages. The substantive goal of any engineering project being 

a device, system, or process, the solution consists of drawings, spec

ifications, parts lists, manufacturing information, etc. 

Beyond the solution specification stage lies manufacture itself, 

with its vital considerations of volume of production, scheduling, quality 

control, etc., followed by distribution and consumption. A complete 

repre sentation of the engineering proce s s include s the se latter stage s, 

since they can be pivotally significant in many engineering situations, 

for example where economy of mass production or ease of maintenance 

are important considerations. 

Having taken this broad look at the engineering design process, 

it will be to our advantage to scrutinize some of the relationships in 

more detail. Let us particularly explore the interactions between con

ceptualization and analysis. We can again re sort to a graphical model, 

Fig. 2. On the left-hand side, as on the right, we have concept. Every

thing in between repre sents what we characterize as analysis. 

Any physical situation of any degree of complexity cannot be an

alyzed in its entirety, owing to inadequate knowledge of the relevant 

CONCEPT MODEL 
FORMULATION 

APPLICATION 
OF 

PHYSICAL 
PRINCIPLES 

r--------, 
I TASK I 
, SPECIFICATION I 
L---T----l 

I 

COMPUTATION 

ANALYSIS 

Fig. 2 The Role of Analysis 

EXPERIMENT CONCEPT 
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physical laws or inadequate time or facilities for the required mathematics 

or a combination of these shortcomings. For this reason, plus its inherent 

vagueness, the concept cannot be analyzed completely. Instead, one con

sciously or unconsciously develops simplified models upon which to perform 

the initial analysis~ One then applies well-known principles and laws to de

scribe the model in mathematical equations. The task specifications provide 

numerical values of parameters and one performs the requisite computational 

tasks. Since in challenging engineering situations the models on which the 

analysis is based cannot be confidently assumed to characterize completely 

all significant attributes of the ultimate physical system, or since in some 

cases one does not have physical knowledge of certain processes involved 

adequate to perform analysis, one usually takes recourse to experiment, the 

final arbiter in any physical study. Having satisfactorily demonstrated the 

adequacy of the analyzed concept, we have completed the concept-analysis 

loop. 

Now in the same sense that in our initial broader picture there 

were all sorts of interconnections between the various stage s, many and 

variable interactions exist here. For example, one defines a model based 

on the concept, recognizing existing physical knowledge about processes 

and phenomena involved, and anticipating the effort that will be involved in 

the reduction of the equations obtained to quantitative results. Or, with a 

critical part, or where one has inadequate physical knowledge, one might 

minimize computation and move rapidly to experiment, perhaps on an analog 

or scaled-down version of certain attributes of the concept to be evaluated. 

Thus, while in the general case the interrelationship of the stages is as 

indicated, in any particular instance of the design process there is much 

interaction and iteration between several stages. 

1. 2 The Hierarchy of Design Problems 

This scheme of the engineering de sign proce s s is quite general 

and can be applied to a wide variety of engineering situations, simple tasks 

and complex, small or large, short-range or far-reaching. Again for pur

poses of discussion and definition, we can tentatively establish a hierarchy 

of problem situations to which we can apply this scheme. 
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At one end of the spectrum we have systems engineering where the 

typical goal is a very broad, general, and ambitious on~ and the concept 

is concerned with the interrelationships of a variety of elements or com

ponents which, taken together, comprise a system to accomplish the 

de sired goal. 

At a different level in the problem hierarchy we can apply the same 

de sign proce s s to the creation of a device which might be one component 

of the over -all system. 

And at the detail end of this hierarchy we can apply this same block 

diagram to the engineering de sign of a single element of a component. 

Let us try to illustrate this hierarchy by concrete examples. If 

the system is continental air defense, then a component in the system is 

a computer or radar transmitter -receiver or perhaps the output printer 

of the computer or the antennas of the radar set. Corresponding elements 

of the se components would be detail parts, chas sis, linkage s, struts, 

gears, fraInes, etc. On the other hand, if the system is a high altitude, 

supe r sonic, long - range bom be r, then a component might be the engine 

starter or landing flap, and the corre sponding elements might be a tur.bine 

shaft, propellant grain breech or bell crank, gear, lock, etc. 

Obviously, when one pursues the engineering design process to 

create one of the se several elements, components, or systems, one 

exercises different phases of the process in different ways and in differ

ent degrees, depending on the particular problem at hand. 

1. 3 The Time-Manpower Evolution of an Engineering Endeavor 

Putting aside the diagram of the engineering design process, it is 

pertinent to discus s at some length the relationship of elapsed time and 

man hours in the evolution of an engineering design problem. Figure 3 

plots elapsed time as the ordinate and effort as the abscissa. Proceeding 

from left to right in time sequence, we have the various stages in the 

evolution from inception through realization of the engineering design 

process. Task specifications and concept and analysis iteration is con

ducted by one or a few engineers in the early stages to establish the 

realizability of postulated forms of solution. As the design concept begins 

to become more specific and to take on more solidity, more and more 



6 

0 0 
Z Z 
t= t= u.. u.. 

'" Z < < w 0 '" '" 
~ 

Q Q 
V'l ~ -J W :::> 0 ~ Q « Z 0 ~ Z 

< >- w 02 
~ ~ Q :::> 

~ 
~ u 
~ < < u.. 

:::> 
Z 
< 
~ 

TIME 

Fig. 3 Manpower Requirements 

engineers, technicians, and draftsmen become involved in the project, and 

the process culminates, crescendo, in,the solution specification-manufac

turing drawings, manufacturing specifications, parts lists, etc. Where 

automated manufacturing techniques are warranted, some time is devoted 

to the transformation of graphic and numeric manufacturing information into 

a form decipherable by computers and machine tool directors. The APT 

program has its substantial impact in this area. Ultimately, the physical 

parts are realized in the manufacturing process. 

But the important point is, with our pre sent methods, as we have 

pointed out, and as the graph indicates qualitatively, more and more people 

are involved and more and more time elapses as one moves from the initial 

stage of conceptualization and analysis through the detailed de sign and fab

rication processes to the culmination of an engineering endeavor. 

The program we have conducted in the Computer-Aided Design project 

these past six months is based upon our awareness of and experience with the 

processes previously described, the engineering design process itself and the 

time -effort evolution of an engineering project. 



II. PROPER AREAS FOR COMPUTER-AIDED DESIGN 

When one speculate s on the stage s in the time ~effort, Fig. 3, and 

considers the intellectual and manual processes at any particular stage ac

cording to the morphology of design, Figs. 1 and 2, one encompasses a 

spectrum which stretches from highly intellectual, creative acts of initial 

conception and critical analysis to mundane, largely manual, already machine

aided acts of manufacture. In shaping our Computer-Aided Design project 

we have to make some decisions as to where in this spectrum we will con

centrate our effort. 

2. 1 Design Tests and Creativity 

We' have studied situat-ions where creative approaches are possible 

by conducting "design tests" on a number of engineers of de~onstrated 

ability. Their design approaches and subsequent discussion with them il

luminates no common structure in the intellectual and decision processes 

they employed •. Their solutions appear to come about as a result of sto

chastic free as sociation of a wealth of simple concepts, evaluations, and 

judgments, and evaluations and judgments about evaluations and judg

ments. When, on the basis of direct experience, we extrapolate these 

findings to significant real inve stigations at, say, the systems or chal

lenging component levels, where truly original work is necessary, we 

are at pre sent unable to define any de sign methodology which has itself 

a structure. susceptible of total mechanization. Furthermore, in actual 

problems, as suggested by Fig. 3, a very few very talented people make 

their contribution here, absorbing only a relatively small fraction of the 

total effort or elapsed time. Thus the creative end of the problem spec

trum is not interesting from an economic or strategic point of view and 

is not assailable from the point of view of present knowledge. 

While we have a pedagogic and scientific interest in the scrutiny of 

creative design and while we have devoted, and will continue to' devote some 

of our effort to this study, we are convinced that the immediate, strategi

cally significant area of computer-aided design is centered on those 

aspects of the ~esign process which engineers know enough about to aug

ment by means of the computer and which represent the predominant 

portion of the time and effort expended in an engineering endeavor. 

7 
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2. 2 Detail or Element Design 

The design of elements of components of systems is such an area. 

We believe it to be ,the stage of the design process most conducive to 

machine assistance. To begin with, in most engineering projects, by 

far the greater portion of total manpower is involved in this stage, and 

the time lapsed in accomplishing this function is the major part of the 

total time from initial concept to realization. And secondly our current 

understanding of this portion of the design process suggests elements of 

generality which should be reducible to technique s applicable to machine 

computation and machine data processing. 

The plausibility of devoting one I s primary attention to de sign of 

elements is made even more apparent by reflecting upon the historical 

intrusion of machine -automated technique s into engineering de sign and 

manufacture. First we have the development of numerically controlled 

machines' which make it possible to eliminate the set-up time and skills 

and the sustained surveillance of the machinist. Then the problem of con

verting information from the graphic numeric data of the manufacturing 

drawing and specification into a form digestible by the automated machine 

gave rise to such schemes as APT. We are in effect now concerned with the 

next move upstream against time in the engineering de sign and manufacture 

process. 

2. 3 Computer-Aided Design Activities 

Having defined the sphere of primary activity in the Computer-Aided 

Design project we can now draw upon our morphology of the engineering design 

process, Figs. land 2, to abstract those activities whose sufficient gener

ality adapts them to machine -aided de sign. Applied to the detailed de sign of 

~lements, the generalized stage s might take the following specific forms. 

Consider as the goal the de sign of a bell crank for a wing flap linkage for a 

supersonic bomber. The bell crank must withstand certain predictable forces 

and torque s and satisfy a certain mechanical advantage; it must move in 

relationship with other existing or to-be-designed parts; it must be related 

for support purpo se s to the main struc ture of the wing. Its weight must be 

minimized; its de sign should permit the simple st manufacturing technique s; 

it will probably involve the incorporation of some standard parts, ball bearings, 
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fasteners, snap-rings, etc. These constitute the task specifications. The 

concept takes the form of a graphical sketch of a shape of the part in one or 

several views, as many as are nece s sary to de scribe adequately its physical 

form. Since the element must stand certain applied forces and torques, which 

give rise to time-varying combined stresses within prescribed margins of 

safety and with certain allowable deflections, the engineer -de signer must 

apply the techniques of stress analysis. To conduct this study the engineer 

must reduce his complex graphical concept to models amenable to analysis, 

making appropriate simplifications where necessary or desirable. Appropriate 

physical equations are written for the model and numerical calculations 

carried out using data on the material to be used. He thus determines the 

deflections, stresses, etc., and revises his geometric design accordingly, 

iterating between geometry and stress analysis in order to establish, for 

example, an optimum or minimum weight for the part. 

As the geometrical conception and stre s s analysis of the part 

proceeds, the incorporation of standard parts must be considered. The 

bell crank may rotate on a standard ball-bearing and it may accommodate 

standard fasteners and control cables. The geometry of the link must 

be such as to accommodate those fasteners and bearings which are them

selves adequate to the applied forces and duty cycles. For such standard 

parts geometric information and theoretical and empirical data on o.per

ating characteristic s exist. The de signer must relate the se data to. the 

performance requirements and the evo.lving geo.metrical design and may 

have to. pro.ceed thro.ugh several iterations o.f standard part cho.ices. 

Ultimately, the geo.metrical restraints o.n the element and related parts 

are satisfied, stre s s consideratio.ns are satisfied, and standard parts to 

be incorporated are chosen. The results culminate in a manufacturing 

drawing of this element and whatever specifications are necessary for its 

manufacture and te st. 
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III. PRIMARY AREAS OF CURRENT INVESTIGATION 

Insights drawn from this scrutiny of the detail design process pro

vide the basis for the primary areas of current inve stigation under the 

Computer-Aided Design project. These are: 

1. A graphical input device and associated programming so as to 

enable the de signer to introduce a geometrical shape de scription into the 

computer memory and proce s s this data for ultimate use in manufacture; 

2. A graphical output device (oscilloscipe, pantograph, etc.) to 

permit the designer to query the computer about the state of graphical 

information content; 

3. A symbolic input device, perhaps a typewriter keyboard, by 

means of which both verb~l and numerical inputs of data and instructions 

can be introduced; 

4. Symbolic output devices, perhaps a printer, for program diag

nosis, replies to queries from the designer, and publication of results of 

computations; signal lights to indicc;tte the state of the computer; 

5. A translating system for converting de signer I s language to 

machine language and the conve r se; 

6. A shape description memory system; 

7. A shape description computation system, consisting d'f a library 

of geometrical programs for computation, largely automatically selected 

and initiated by the geometrical inputs from the graphical and. sYlllbolic 

input devices~ 

8. Program~s for strength of materials calculations, to be selected 

and initiated by the designer, with pa rameters introduced both externally 

and by interconnections with the shape memory when needed; 

9. A catalog,. of standard parts, including descriptive specifications, 

strength data, and duty cycle data; this memory system to be accessible 

through the symbolic input system. 

The first Interim Report 8436-11\-1 9 outlines ih some detail our 

present course of action in these a~eas. One chapter discusses several 

possible approaches to the problem of graphical input-output equipment. 

11 
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In the category of information storage and retrieval, other chapters discuss 

(1) the standard parts selection problem and (2) stress analysis problem in 

which is explored two possible approaches, one based on the existing fund of 

analytic and experimental formulae describing the. performance 6f rela"tive.1y 

simple geometries and the second a scheme where possibly the speed of the 

computer could be enlisted to generalize somewhat the stress analysis 

problem. 

Although under stress analysis we concentrate on that body of scientific 

knowledge characterized by applied and solid mechanics, the techniques for 

computer handling of these physical laws ought to be equally applicable in 

other fields of engineering science, to wit, fluid mechanics, thermodynamics, 

thus the study o£ stress analysis ought to be generalizable to design problems 

which involve the se other engineering fields. 

Finally, since the realization of some of the se concepts of graphical 

storage and manipulation and information storage and retrieval make ever 

increasing demands upon the storage capability of the computer we are 

endeavoring to devise scheme s to organize data stored in the computer so 

as to reduce the memory capacity necessary. A chapter in the report dis

cus se s a po s sible arithmetic, algebraic manipulative scheme. 



IV; SUMMARY 

By way of summary then, we have endeavored to define the engi

neering design process and to describe the progression of an engineering 

project from initial conception to realization, commenting on the time 

lapse and ever -increasing manpower involved, and have used both the se 

examples to define the area of the design process in Iwhich we feel activity 

can be most profitably copcentrated. 

We will not study the more prosaic element design field to the 

complete exclusion of continued intere st and sc rutiny of the over -all 

design process. But whatever may evolv ... ! from long-range investiga

tion of the rationale of creative design, the facilities of graphical com

munication and information storage and retrieval now under study are 

certainly sufficiently general as to be relevant to broad as well as the 

more restricted design situations and will, in fact, be essential to a 

computer-aided design facility of any magnitude. 

Finally we tend always to move from the known into the unknown 

and as we move from the present design practices to their automation, 

by data-processing techniques, we are on safer and more productive 

ground exercising first our automation of those processes which we 

understand relatively well.. We use this as experience in preparation 

for venturing into the design process for which we and others have as 

yet no satisfactory conceptual model. 

13 
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STRATFORD CONN 

AVCO MFG CO 
LYCOMING DIV 
ATTN W H PANKE SUPT MFG ENG 
STRATFORD CONN 

AVCO 
ATTN J E DRATCH 
SYSTEMS SYNTHESIS STAFF 
WILMINGTON MASS 

AXELSON MFG CO 
ATTN MR JAMES F BERE PRES 
LOS ANGELES 58 CALIF 

BATTELLE MEMORIAL INST 
CLASSIFIED LIB 
ATTN OR IVER IGELSRUD 
CHIEF INTER MANAGEMENT DIV 
505 KING AVE 
COLUMBUS OHIO 

BEECH AIRCRAFT CO 
ATTN R H OWEN 
MGR MANUFACTURING ENGR 
WICHITA KANSAS 

BELL AIRCRAFT CORP 
ATTN R W VARRIAL 
MGR PRODUCTION ENG 
POBOX 1 
BUFFALO NEW YORK 

BELL AIRCRAFT CORP 
ELECT DATA PROC BLDG 
ATTN R MSCHMIDT 
WHEATF I ELD PLANT 
BUFFALO NEW YORK 

BENDIX AVIATION CORP 
ATTN MR J R BALLINGER 
IND CONTROLS SECTION 
21820 WYOMING 
DETROIT 37 MICH 

BENDIX AVIATION CORP 
INDUSTRIAL CONTRLS SECTION 
21820 WYOMING 
DETROIT 37 MICHIGAN 

BENDIX AVIATION CORP 
ATTN REPORTS LIB 
RSCH LABS DIV 
POBOX 5115 
DETROIT 35 MICH 

BENDIX AVIAT.ION CORP 
DONALD N SILCOTT 
95TH AND FROOST AVE 
KANSAS CITY MISSOURI 

BOEING AIRPLANE CO 
ATTN W 0 BEEBEY 
0-71 
WICHITA KANSAS 

BOEING PLANT 11 
ATTN J H GRAY 
DEPT 9240 EDP 
WICHITA KANSAS 

BOEING AIRPLANE CO 
ATTN FRED P LAUDAN V P 
MFG HOOT OFFICE 
POBOX 3707 
SEATTLE 24 WASHINGTON 

BOE I NG A I RPLANE CO 
WICHITA DIV 
ATTN W W RUTLEDGE 
MANUFACTURING MGR 
WICHITA KANSAS 

BOEING AIRPLANE CO 
ROBERT WILBURN ASST CHIEF 
PLANT PLANNING ENG 
WICHITA KANSAS 

BOEING AIRPLANE CO 
ATTN E F CARLBERG 
ORGN 2-5762 
APPLED MATH SEC M S 50-85 
POBOX 3707 
SEATTLE 24 WASH 

BOEING AIRPLANE CO 
ATTN G M FAIR ORGN 2-2200 
NUMERICAL CONT REP MS 57-16 
POBOX 3707 
SEATTLE 24 WASH 

BOEING AIRPLANE CO 
ATTN H E LAUGHLIN 
ORGN 2-36t.O 
TOOL & PROD PLAN M S 57-16 
POBOX 3707 
SEATTLE 24 WASH 

BOEING AIRPLANE <:0 
ATTN LYLE MHYRE ORGN 2-1826 
IND TRAIN UNIT MS 36-13 
POBOX 3707 
SEATTLE 24 WASH 

BOEING AIRPLANE CO 
ATT H PINTER ORGN 2-5762 
APT REP MS 50-85 
APPL I EO MATH· SECT ION 
POBOX 3707 
SEATTLE 24 WASH 

BUICK MOTOR DIV 
T R TRIM GEN MASTER MECH 
HAMILTON AVE 
FLINT MICHIGAN 
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BURROUGHS CORP ELECT DI V 
ATTN MRS JOYCE LOGAN 
SECRETARY LIBRARY 
460 SIERRA MADRE vILLA 
PASADENA CALIF 

CESSNA AIRCRAFT CO 
ATTN DEL ROSKAM V P 
WICHITA KANSAS 

CHANCE-VOUGHT 
ATTN RICHARD CAMPBELL 
APT REP 
BOX 5907 UNIT 53460 
DALLAS TEXAS 

CHANCE-VOUGHT AIRCRAFT CO 
ATTN E G SCHUYLER 
POBOX 5907 
DALLAS TEXAS 

CHANCE-VOUGHT AIRCRAFT CO 
ATTN C H SCHWIND 
UNIT 54203 BOX 5907 
DALLAS TEXAS 

CHEVROLET AVIATION ENG DIV 
2450 KENMORE AVE 
TONAWANDA NEW YORK 

CINCINNATI MILLING MACH CO 
A TTN OR M EUGENE MERCHANT 
4701 MARBURG AVE 
CINCINNATI 9 OHIO 

CINCINNATI MILLING MACH CO 
ATTN MRS HAMILTON 
ENGINEERING LIB 
OAKLEY CINCINNATI 9 OHIO 

CLEVELAND PNEUMATIC TOOL CO 
ATTN LIBRARIAN 
3781 E 77TH ST 
CLEVELAND OHIO 

CONCORD CONTROL INC 
ATTN MR J 0 MCDONOUGH PRES 
1285 SOLDI ERS FLO ROAD 
BOSTON 35 MASS 

CONT AVIATION & ENG CORP 
ATTN FRED WEST LIBRARIAN 
12700 K.ERCHEVAL AVE 
DETROIT 15 MICH 

CONVAIR 
ATTN E BATES 
DIGITAL COMPUTER LAB 
PLANT 1 
SAN 01 EGO CALI F 

CONVAIR DIVISION GEN. DYN. CORP: 
DIGITAL COMPUTING LAS 
ATTN: H.W. BUCKNER 
MAlL ZONE 6-167 
SAN DIEGO 12, CALIFORNIA 

CONVAIR ASTRONAUTICS DIV 
ATTN H If HOLMfRUO 
MFG DEV ENG 
5001 KEARNEY VILLA ROAD 
SAN DIEGO 11 CALIF 

CONVAIR DIV GEN DYN CORP 
ATTN THOM E PIPE~ EXEC STF 
ASST GENERAL OFF I CE 
SAN DIEGO 12 CALIFORNIA 

CONVAIR PL 1 
o I V OF GEN DYN CORP 
ATTN A P LANGLOIS 
DEPT 190-20 
SAN DIEGO CALIF 

CONVAIR DIV OF GEN DYN CORP 
ATTN RALPH A FUHRER 
CHIEF MFG ENG 
FORT WORTH TEXAS 

CONVAIR-A DIV GEN OYN CORP 
ATTN B J MCWHOR T ER 
DEPT 6-1 
AEROPHYSICS COMP LAB 
FORT WORTH TEXAS 

CONVAIR 
DIV OF GEN DYN CORP 
ATTN J B RANKIN 
FORT WORTH TEXAS 

CORP FOR ECON AND IND RSCH 
ATTN MR ARTHUR F PHINNEY 
1200 JEFFERSON DAVIS HWY 
ARLINGTON 2 VA 

CRANE COMPANY 
ATTN. JAMES L. YATES 
4100 SO. KEDZIE AVE. 
CmCAGO, ILLINOIS 

CURTISS-WRIGHT CORP 
WRIGHT AERONAUTICAL DIV 
ATTN F W MENCIK 
VICE PRES FOR MFG 
WOOD RIDGE N J 

DOUGLAS AIRCRAFT CO INC 
ATTN W J KINNEY 
LONG BEACH CALIF 

DOUGLAS AIRCRAFT 
ATTN CHARLES B PERRY 
SUPERVISOR PLATN ENG 
LONG BEACH 8 CALIF 

DOUGLAS AIRCRAFT CO INC 
ATTN MR 0 L RUMBLE 
TOOLING MGR 
3855 LAKEWOOD BLVD 
LONG BEACH 8 CALIF 

DOUGLAS AIRCRAFT CO IND 
ATTN CHIEF COMP ENG C-250 
LONG BEACH CAL I F 

DOUGLAS AIRCRAFT COMPANY 
C. C. NANCE, A2-260 COMPUTING 
3000 OCEAN PARK BLVD. 
SANTA MONICA, CALIFORNIA 

DOUGLAS AIRCRAFT CO 
MR JOSEPH P IVASKA A260 
MISSILES ENG DEPT 
3000 OCEAN PARK BLVD 
SANTA MONICA CALIF 

DOUGLAS AIRCRAFT CO INC 
ATTN N H SHAPPELL WORKS MGR 
SANTA MONICA OIV 
SANTA MONICA CALIF 

EX-CElLO-O CORP 
ATTN MR GORDON A MCALPINE 
IND SALES DIV 
POBOX 386 
DETROIT 32 MICH 

FARRAND OPTICAL CO INC 
ATTN GERTRUDE L MURRY 
LIBRARIAN 
4401 BRONX BLVD 
NEW YORK 70 NEW YORK 

FERRANTI ELECTRIC INC 
ATTN MR R H DAVIES 
30 ROCKEFELLER PLAZA 
NEW YORK 20 NEW YORK 

THE FRANKLIN INST 
ATTN MR LAURENCE C MCGINN 
DIR COMPUTING CTR 
20TH AND PARKWAY 
PHILADELPHIA 3 PA 

GENERAL ELECTRIC CO 
WESTERN AVE 
WEST LYNN 3 MASS 

GENERAL ELECTRIC CO 
ATTN MR W W SPENSER 
MGR OF INSPECTION 
BUILDING 32 
SCHENECTADY N Y 

GENERAL ELECTR I C CO 
ATTN C E CHAPMAN 
AD MFG ENG 
CINCINNATI 15 OHIO 

GENERAL ELECTRIC CO 
ATTN MR W F COOK 
EVENDALE COMPUTATIONS 
BLDG 305 
CINCINNATI 15 OHIO 

GENERAL ELECTRIC CO 
ATTN MR GEORGE W HEINEMANN 
MGR ROOM 6472 
3198 CHESTNUT ST 
PHILADELPHIA 4 PA 

GENERAL ELEClR I C CO 
ATTN MR 0 0 DICE MGR MUG 
WAYNESBORO VA 

GENERAL MACHINE CO INC 
ATTN THOMAS HEBEIN 
3628 W PIERCE ST 
MILWAUKEE 15 WISC 

GENERAL MOTORS RES LAB 
E L JACKS SUPERVISOR 
DATA PROCESS ING GROUP 
SPECIAL PROBLEMS DEPT 
12 MILE (. MOUND ROAD 
WARREN MICHIGAN 

GIDDINGS LEWIS MACH TOOL CO 
ATTN MR K S JENSEN 
FOND DU LAC WISC 

GLENN L MARTIN CO INC 
ATTN VINCE M WERBACH A-66 
POBOX 179 
DENVER COLORADO 

GLEN L MARTIN CO INC 
ATTN R A BENNETT 
POBOX 179 
DENVER 1 COLORADO 

GLEN MARTIN CO 
ATTN G BENDER 
SR MFG ENGR 
MAIL 666 
BAL TIMORE 3 MD 

GOODYEAR AIRCRAFT CORP 
ATTN R C ABBOTT 
ERUIPMENT ENGINEER 
1210 MASSI LLON 
AKRON 15 OHIO 

GOODYEAR AIRCRAFT CORP 
A TTN A D SHAPR 
MGR ENG EQUIP (. SERV 
AKRON OHIO 



GOODYEAR AIRCRAFT CORP 
ATTN S F TINGLEY 
COMPUT ING lAB 
PLANT C 
AKRON 15 OHIO 

GRUMMAN AIRCRAFT ENG CORP 
ATTN G 0 FOGEL 
AUTOMA TIC COMPUT I NG GRP 
PLANT 5 
BETHPAGE NEW YORK 

GRUMMAN A I RCRAFT ENG CORP 
ATTN WILLIAM J HOFFMAN 
V P OF MFG 
BETHPAGE l I NEW YORK 

GRUMMAN AIRCRAFT ENG CORP 

ATTN F E TUPPER 
CALVERTON l I NEW YORK 

HIllER HELICOPTER 
A TTN MRS MARC I A NACHTWl Y 
LIB ADV RSCH DIV 
PALO ALTO. CALIF 

HUGHES A I RCRAFT CO 
ATTN 0 F DAVERN 
CHIEF TOOL ENG 
TUCSON AR I ZONA 

HUGHES TOOL CO 
ATTN G E KINNEY 
CULVER CITY CALIF 

HUGHES TOOL CO 
ATTN WILLIAM W lAMPKIN 
DIR OF MFG AIRCRAFT DIV 
FLORENCE AVE & TEALE ST 
CULVER CITY CALIF 

HYDO-Mlll CO 
ATTN MR HARRY EMR I CH V P 
1707 ClOVERFIElD BLVD 
SANTA MONICA CALIF 

HYSON EASTERN INC 
ATTN MR JOHN E DETURK 
DIR DIGITAL SYSTEMS GROUP 
CAMBR I DGE MASS 

IBM 
ATTN S MATSA 
APPLIED MATH DIV 
425 PARK AVE 
NEW YORK N Y 

IBM 
MR G M HESSLING 
APPLI ED SC I ENCE BRANCH MGR 
1933 W WISCONSIN AVE 
MilWAUKEE WI SC 

IBM APPLI ED SC I ENCE 
CHARLES J ADOlFSON 
573 BOYLSTON ST 
BOSTON MASS 

IBM APPLI ED SC I ENCE 
A TTN DONALD BOSS I 
72 SOUTH MAIN 

POBOX 82 
PROVIDENCE R I 

IBM CORP 
ATTN R W BEMER 
PROGRAMMING RESEARCH 
590 MADISON AVE 
NEW YORK NEW YORK 

IBM DATA PROCESSING DIV 
MR F E CHAPPELEAR 
705 NO BRAND BLVD 
GLENDALE 3 CAL I F 

IBM SERV BUREAU CORP 
ATTN MR J l HAWK 
635 MADISON AVE 
NEW YORK 22 NEW YORK 

JONES AND lAWSON MACH CO 
ATTN 0 N SMITH 
MGR OF RESEARCH 
SPRINGFIELD VT 

KAISER AIRCRAFT ElEC CORP 
ATTN llOYD H WALDEN 
CHIEF ENGINEERING 
POBOX 275 STATION A 
PALO ALTO. CALIF 

KEARNEY AND TRECKER CORP 
ATTN MR W E BRAINARD 
CHIEF ENG AIRCRAFT TOOLS 
6784 WEST NATIONAL AVE 
MilWAUKEE WISC 

KIDDE PRECISION TOOL CORP 
ATTN MR JOSEPH W MOllEK JR 
MGR SPEC PROD DIV 
lOCUST AVE 
ROSELAND N J 

lADISH CO 
ATTN MR PAUL VERDOW 
ASST TO PRES 
CUDAHY WISC 

lITTON INDUSTRIES 
ATTN MR WARREN SHEPARD 
COMPUTERS & CONTROLS DEPT 
336 NORTH FOOTHIll RD 
BEVERl Y HIllS CALI F 

lOCKHEED A I RCRAFT CORP 
ATTN l H FERRISH 
DEPT 11-01 
BURBANK CALI FORN IA 

lOCKHEED AIRCRAFT CORP 
ATTN W SCHROEDER 
MATH ANALYSIS DEPT 
PLANT A-I 
BURBANK CALI F 

lOCKHEED A I RCRAFT CORP 
ATTN F P COZZONE MGR 
MATH ANALYSIS DEPT 
PLANT A-I DEPT 72-25 
BLDG 63-1 
BURBANK CALI F 

lOCKHEED AIRCRAFT CORP 
ATTN K H COLEMAN 
COORDINATOR NUMERICAL CONTR 
DEPT 11-01 BLDG 72 
lOCKHEED A I RCRAFT CORP 
BURBANK CALIF 

lOCKHEED A I RCRAFT CORP 
ATTN H CALDWEll MFG MGR 
POBOX 511 
BURBANK CALI F 

lOCKHEED A I RCRAFT CORP 
ATTN MR R A KELSEY 
7701 WOODLEY AVE 
VAN NUYS CALIF 

lOCKHEED A I RCRAFT CORP 
ATTN l WHITE 
DEPT 72-22 
MARIETTA GEORGIA 

lOCKHEED A I RCRAFT CORP 
ATTN C K BAUER MGR SC I-TECH 
INFO DEPT DEPT 72-34 B2 
MARIETTA GEORGIA 

lOCKHEED A I RCRAFT CORP 
ATTN H FLETCHER BROWN 
MANUF AC TUR I NG MGR 
MARIETTA GEORGIA 

lOCKHEED A I RCRAFT CORP 
ATTN G W JOHNSON 
DEPT 37-06 
MARIETTA GEORGIA 

lYCOMING DIV AVCO MFG CORP 
MR WAYNE STONE SOR 
MFG ENG ANAL & lIASON 
DIV ENGINEERING STANDARDS 
STRATFORD CONN 

MARQUARDT AI RCRAFT CO 
ATTN A J TRIMBLE 
16555 SATICOY ST 
VAN NUYS CALIFORNIA 

MARQUARDT AIRCRAFT CO 
ATTN JOHN S L1EFElD 
DIRECTOR MFG 
16555 SATICOY ST 
VAN NUYS CALIF 

MARQUARDT AI RCRAFT CO 
A TTN ROY KRUESKE 
DIRECTOR MFG 
16555 SATICOY ST 
VAN NUYS CALIF 

MARQUARDT AIRCRAFT CO 
ATTN JAMESl DAVIS 
DEPT 3140 
1000 W 33RD ST 
OGDEN UTAH 

MARQUARDT AIRCRAFT CO 
ATTN MR KLEIN FACTORY MFG 
BOX 670 
OGDEN UTAH 

THE MARTIN CO 
ATTN FORREST l BLASSINGAME 
A-26 
DENVER COLORADO 

THE MARTIN CO 
ATTN llOYD W KISTLER 
MFG ENGINEER 
DENVER 1 COLORADO 

THE MARTIN CO 
A TTN HERMAN BAREN 
EQUIP PLANNER NUM CONTR 
BALT I MORE 3 MD 

THE MARTIN CO 
ATTN R l TREXLER 
T6032 DIGITAL UNIT 
SIMULATION SECTION 
BALTIMORE MD 

MCDONNEll AIRCRAFT CORP 
ATTN lEN AUSTIN 
APPLIED MATHEMATICS 
POBOX 516 
ST lOUIS 3 MO 

MCDONNELL AIRCRAFT CORP 
ATTN BEll EN T M 
DEPT 666 
POBOX 5-16 
ST lOUIS 3 MO 

MCDONNEll AIRCRAFT CORP 
ATTN MR ARTHUR J BURKE 
CHIEF METHODS ENG 
lAMBERT-ST lOUIS MUN AIRPRT 
BOX 516 
S T LOU I S 66 MO 

MCDONNEll AIRCRAFT CORP 
ATTN A F HARTWIG 
CHIEF INDUSTRIAL ENG 
POBOX 516 
lAMBERT ST lOUI~ MUN AIRPRT 
ST LOUIS 3 MO 

MENASCO MFG CO 
ATTN MR G E VERSCElUS 
V P ENGINEERING 
805 SO FERNANDO BLVD 
BURBANK CAL I F 



NATIONAL MACH TOOL BLD ASSN 
ATTN ROBERT H MCGRATH 
2139 WISCONSIN AVE 
WASHINGTON 7 0 C 

NORTH AMERICAN AVIATION CO 
DEPT 56-30 
ATT 0 H MASON STAFF ENG 
ENG OF DATA SECTION 
LOS ANGELES 45 CALIF 

NORTH AMERICAN AVIATION CO 
ATTN 0 DALE SMITH 
DEPT 56-30 
LOS ANGELES 45 CALIF 

NORTH AMERICAN AVIATION INC 
ATTN F V WAGNER 
ENG COMPUTING 
LOS ANGELES 45 CALIF 

NORTH AMERICAN AVIATION INC 
ATTN S V DAHL PROF ENG 
INTERNATIONAL AIRPORT 
LOS ANGELES 45 CALIF 

NORTH AMERICAN AVIATION INC 
ATTN C CORLEY 
DEPT 211 
LOS ANGELES 45 CAL I F 

NORTH AMERICAN AVIATION INC 
ATTN E R BROWN 
DEPT 56 
COLUMBUS OHIO 

NORTH AMERICAN AVIATION INC 
COLUMBUS DIV 
ATTN MR 0 H ROSS DEPT 64 
4300 EAST FIFTH AVE 
COLUMBUS OHIO 

NORTHROP AIRCRAFT INC 
A TTN A ESKELI N 
DEPT 5150-30 
HAWTHORNE CALI F 

NORTHROP AIRCRAFT INC 
ATTN R R NOLAN V P 
1001 E BROADWAY 
HAWTHORNE CAL I F 

NORTHROP A I RCRAFT CO 
ATTN W P ROBERTSON 
DEPT 3330 
HAWTHORNE FIELD 
HAWTHORNE CALI F 

NORTRONICS-SYSTEMS SUPPORT 
A TTN GORDON WILCOX LI B 
500 E ARANGETHORPE AVE 
ANAHEIM CALI F 

ONSRUD MACHINE WORKS INC 
ATTN MR EARLE PNKONIN 
V P DIR OF ENG 
7700 NORTH LEHIGH AVE 
CHICAGO 31 ILL 

PHILCO CORP 
G &. I DIV 
ATWN MRS FERGUSON LIB 
4700 WISSAMICKON AVE 
PHILADELPHIA PENN 

PHILLIPS PETROLEUM 
ROCKET FUEL 01 V 
ATTN LI BRARY 
POBOX 548 
MCGREGOR TEXAS 

PIPER AIRCRAFT CO 
LOCKHAVEN PENNSYLVANIA 

PLESSEY INC 
41 EAST 42ND ST 
NEW YORK 17 N Y 

PRATT-WHITNEY 
ATTN ROBERT C WRIGHT 
CHIEF PROD ENG 
363 SOUTH MAIN ST 
EAST HARTFORD 8 CONN 

PRATT-WHITNEY 
MR J J JAEGER V P 
MACHINERY (,. ENG 
CHARTER OAK BLVD 
WEST HARTFORD 1 CONN 

REACTION MOTORS INC 
ATTN WILLIAM F BROWN 
CHIEF TOOL ENG 
FORD ROAD 
DENVILLE N J 

REMINGTON RAND 
ATTN GASTONE CHINGARI 
2601 WILSHIRE BLVD 
LOS ANGELES 57 CALIF 

REMINGTON RAND 
LOW I LSON MGR 
UNIVAC SCIENTIFIC SALES 
315 FOURTH AVE 
NEW YORK 10 N Y 

REPUBLIC AVIATION CORP 
ATTN J J CHILDS 
CHIEF MFG ENG 
FARMINGDALE LIN Y 

ROBERT A KEYES ASSOC 
ATTN MR ROBERT A KEYES 
821 FRANKLIN AVE 
GARDEN CITY LIN Y 

ROHR AIRCRAFT CORP 
ATTN 0 L S MCCOY 
POBOX 878 
CHULA VISTA CALIFORNIA 

RYAN AERONAUTICAL CO 
ATTN L R BARRETT 
2701 HARBOR DRIVE 
SAN DIEGO 12 CALIF 

RYAN AERONAUTICAL CO 
ATTN ROBERT L CLARK 
VICE PRES MFG 
2701 HARBOR DRIVE 
SAN DIEGO 12 CALIF 

SANDERS ASSOCIATES INC 
ATTN E A BEAUPRE 
ASST TO V P OF OPER 
95 CANAL ST 
NASHUA NEW HAMPSHIRE 

SANDERS ASSOCIATES INC 
ATTN MRS EILEE~ COLLINS 
DOCUMENT LIB 
NASHUA NEW HAMPSHIRE 

SIKORSKY AIRCRAFT DIV 
A TTN ALEX SPERBER 
FACTORY MGR 
UNITED AIRCRAFT CORP 
NORTH MAIN ST 
STRATFORD CONN 

SOLAR AIRCRAFT CO 
ATTN J A LOGAN 
MFG FAC DIV 
SAN OIEGE 12 CALIF 

SOLAR AIRCRAFT COMPANY 
WM. DIXON, PROD. ENGRG. SUPVR. 
202000 PACIFIC lflGHWAY 
SAN DIEGO, CALIFORNIA 

SPERRY GYROSCOPE CO 
ATTN G W JACOB ENG SECTION 
HEAD FOR MACH TOOL CTR 
MAIL STATION R-21u 
GREAT NECK LIN Y 

STANFORD RESEARCH INST 
ATTN MR R C ROLLINS 
INDUSTRIAL ENG 
SO CALI FORN I A LABS 
820 MISSION ST 
SOUTH PASADENA CALIF 

STUDEBAKER-PACKARD CORP 
ATTN MR C E GI ERK& MGR 
701 CHIPPEWA AVE 
SOUTH BEND IND 

SUNDSTRAND MACHINE TOOL CO 
ATTN MR GEORGE SEEBERG 
MACH TOOL DIV & DIR ENG 
2531 ELEVENTH ST 
ROCKFORD ILL 

TEMCO AIRCRAFT CORP 
ATTN V N FERGUSON 
MFG MGR 
POBOX 6191 
DALLAS TEXAS 

THOMPSON PRODUCTS INC 
ATTN EMIL F GIBIAN 
STAFF DIR IND ENG 
23555 EUCLID AVE 
CLEVELAND 7 OHIO 

THOMPSON PRODUCTS INC 
ATTN CARL W GOLDBECK 
ASST STAFF DIR IND ENG 
23555 EUCLID AVE 
CLEVELAND 17 OHIO 

UN ION CARB I DE NUCLEAR CO 
MR J L GABBARD JR 
POBOX P 
OAK RIDGE TENN 

UNITED AIRCRAFT CORP 
RESEARCH DEPT 
ATTN C ROBINSON 
EAST HARTFORD CONN 

UNITED AIRCRAFT CORP 
ATTN S 1.. CROSSMAN 
MACH COMP LAB 
RESEARCH DEPT 
EAST HARTFORD 8 CONN 

UN I TED SHOE MACH I NERY 
ATTN TROCHE 
RESEARCH DIV 
BALCH ST 
BEVERL Y MASS 

USI TECHNICAL CENTER 
DIVISION OF U. S. INDUSTRIES, INC. 
ATTN: MR. J. HOEY 
3901 N. E. l20th AVENUE 
POMPANO BEACH, FLORIDA 

U S RUBBER CO 
DAN SCHICHMAN 
RESEARCH CTR 
WAYNE NEW JERSEY 

VERTOL DIV 
ATTN MRS LYDIA M RANKIN 
TECH LIBRARIAN 
BOEING AIRPLANE CO 
MORTON PA 

THE WARNER AND SWASEY CO 
ATTN HELEN MCCORMICK LIB 
5701 CARNEGIE AVE 
CLEVELAND 3 OH I 0 

WARNER AND SWASEY CO 
ATTN MR S T wINCHELL 
D I R OF RSCH & DEVELOPMENT 
5701 CARNEGIE AVE 
CLEVELAND 3 OHIO 
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The objective of the Computer-Aided Design Project is to 
evolve a man-machine system which will permit the human 
designer and the computer to work together on creative 
design problems. This document states the philosophy of 
approach of the design and graphics group of the project. 
A companion document, 8436-TM-4. states the philosophy 
of the computer applications group. 

The engineering design process is viewed as a stochastic 
iterative process in which a recognized human need leads 
to a preliminary tentative concept of a means for its 
achievementj subsequent analysis. evolution. and judge
ment leads to I;llodification of the concept and even possibly 
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iterative process in which a recognized human need leads 
to a preliminary tentative concept of a means for its 
achievementj subsequent analysis, evolution, and judge
ment leads to I;llodification of the concept and even possibly 
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The objective of the Computer-Aided Design Project is to 
evolve a man-machine system which will permit the human 
designer and the computer to work together on creative 
design problems. This document states the philosophy of 
approach of the design and graphics group of the project. 
A companion document. 8436- TM-4. states the philosophy 
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to a modification of the original goal, until certain standards are met and the need 
is satisfied. 

The manpower-time requirements for proceeding from the original design concept 
to its realization in a manufactured part, device, or system is investigated with 
a view to determining where best to begin consideration of computer aids in the 
sequence. In general, the conclusion is drawn that for the present the computer 
can be most effective in replacing man-power in routine drafting, minor design 
decisions, engineering computation occurring in analyses, (particularly stress 
computations) and as an aid in the selection of standard parts. 
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