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SOME PROBLEMS IN THE APPLICATION OF RESEARCH IN
THE MACHINE-TOOL INDUSTRY

André Motta. Technical Director, Sociéte Gemevoise d'Instruments de Physigue, Swit: erlaml

INTRODI CTHON

Today there 1s great awareness of the probiems in the
relationship between research and its industnal apphca-
uon. These problems are a constant topic for discussion
and there is a good deal of information on the subject -
information from which one can draw conclusions as to
the methods that should be apphed 10 order 10 gain
useful results. If. however. a particular industry i
actually 10 make use of this information. it must know
how 1o extract those parts which are relevant to that
industry.

Before entening fuily into the subject of this paper. the
author would like to make a few remarks based on his
expericnce as an industrialist. First, it should be borne
in mind that economic growth depends upon such factors
as the resources which are available. 1n terms of finance
and human skill. It depends also. however, upon a chain
of factors which, beginming with basic research. leads to
applied rescarch and technological development before
culminating 10 economic growth. 1t 1s on this basis that
one must study the problems of the relationship betwecn
rescarch and its application in industry.

One must remember also that the number of scientisis
who are working slone 1s decreasing and that research s
becoming more and more a group actvity. This opens
up all the possibilities inherent in collaboration between
different scientific disciplines. but it also opens the way
to the dangers of bureaucratization of a human activity
which, by its very nature. is refractory 1o orgamizational
pressure. On this point, it s worth while mentioning the
results of the work done by the Organizanon for Eco-
nomi Co-operation and Development (OECD). which.
at the instigation of the International Insutution for
Production Engineering Research (CIRP). has worked
out methods for promoting joint research between various
European laboratorics.

Again, one should remember that the incorparation of
research into the framework of an organization always
results in some upsetting of traditional administrative
procedures. Such questions as the following arise. How
will the scientific and commercial staffs co-operate " How
can the research activity be reconciled with the financial
objectives of the organization ? At what level will research
policy be related to the over-all policy of the orgamaza-
tion’

Most persons consider research a positise investment
that will eventually pay for itself. There are still, nowever,
those who consider money spent on research as money

547

wasted. Why do these opposmg view poaints exast ’ a the
author’s opimion. i s essentiith becanse mvestmen
research entaihs far greater risks than does imestment 1
more tangible things. such av production equipment
Research does not nevessanly produce resufts than can
be commercially exploned and. imdecd. the paths taken
by rescarch do not necessanly lead to any usetul result
all.

If, howeser. one could know i ads ance what research
paths to take, there could not. m fact. be any rescarch
and. as a result, no products better than others

It 18 appropriate also 1o dicuss bisefly what can he
called the “natural industnial pattern™ of a region or of a
country. In this regard. onc must be very carctul because
one’s conclusions can wo casily be completely at varamnwce
with the facts. Generally., what appears to be a natural
state of affairs 1+ merely the result of o particular effort
maintaned over a4 number of vears. Industnial patterns
are the result of the energies, dewres. abilities and fechings
of sacial responsibility of those 1n charge of the industries
that go 1o make up the industrial pattern; this apphes as
much to centrally planned cconomies as 1t does (o free-
enterprise cconomics. The contimued  success of these
patterns. however, will depend upon the results of
research into the organizational structures requited ftor
the atinment of the necessany levels of efliciency.

LTt ot OF INNON ATHON

Research cannaot be regarded as something which s
well defined and whech appears the sanw 10 all men. The
scientist thinks of it as a matter of increasing human
knowledge, while for the technologint, 1t s something
which leads 1o improved processes and new products,

Whatever the rescarch philosophy may be. the results
of rescarch vl in ume. affect the gencral economu
situation, and tin interrelation of research, industry and
the general economy should never be overlooked by
thuse who have (o plan technological research

Why is scientific and technological research so im-
portant ? Frequently. the temptation s Lo consider that
it 1s unnecessary and that it is sufhcent to watch from
a distance the evolution of things as brought ubout by
others.

Unfortunate!s . this is not the case. 1t s in taa, only
by innosation that one can open new markets and 1m-
prove the cconomy  If a firm, or a group of hrms, wants
not only to mantan its turposer bt alvo 1o ncrease it
it 15 essential that it should innos ate 1n some realm. It
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must be hept in mid. hovever. that it nccessary o
hase more than one stnmg 1o one's bow. espectalls if the
one itted s not sery strong. Innosation s benetical not
only m design. b also i production. distnibation and
advertising

To summarnize. mnovation s the means tor mahking a
product more attractine than s competitors. 1t creates
the diflerence that convinces the castomer he s geting
the best value tor his money.

Now ot has o be achnowledged that the current rate
of progress s much more rapid than o has been in the
past. and the more claborate a product is. the more diffi-
cultat s o aimprose. Moreover., the production lacilities
required are much greater and the costs much higher.

Consequently. any -esearch organization should at-
tempt 1o make itself as efficient as possible. Research
calls for every kind of knowledge. relating as much to
physics as to human behaviour. The efforts exerted by
man to master nature compel him to rethink his relation-
ships with his fellow men and 1o return to the study of
the functioming of s mind. the role played by his
emotions and the causes of his behavicur and attitude.
This 1s why it is useful 10 analyse. at the level of working
methods, the mental processes of scientists and those
whose role it is 1o develop the results of their research.

IL THE VARIGUS STAGES N ESTABLISHING A RESFARCH
PROGRAMME

The establishment of scientific or technological re-
search programmes. the choice of objectives and of the
means for attaining them  require consideration of both
the known and the unknown factors. Before reaching
any magor decisions, one must. as far as possible. at-
tempt Lo see into the future and systematically to evaluate
the vanous hkely possibilities. It 1 only i this way that
one will be able 10 establish what will. i fact, be useful
programmes of rescarch.

How should one go about chomsing our research
objectives ?* Here, one should more of less systematscally
follow what s 10 nsell” a research programnie—- 4 pro-
gramme having a number of stages. of which the most
essential are the following :

(@) The selection by top managemen. from all the
sanous possibiliies. of the general field of rescarch and
the broad lines 1o be followed therein. To do this wisely
one must be able 10 foresee. 10 some extent. the change-
that will come about in the evonomic situation, for it s
necessary. at all costs, to avold putting cutmoded pro-
ducts onto the market. Further. there must be 4 gond
knowledge of the current stage of technology so that,
from a knowledge of the state of scientific rescarch, one
can assexs the probable changes that will come about in
the technologial sitwation. These two requirements can
only be met 1f a team spanit. with all that implics 1n
the way of openness. fair play and honesty, exists between
the laboratory director and his staff -

(M The second stage is the selection of particular
wdeas within e general field. 1t i not sufficient to choose
a field of research capable of vickding useful results ;. one
stll has 10 actually obtain resulis. Therefore, only thow
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deas which can be clearls expressed should be retamed.
Tle research stafl themselves should e associated with
this second ~election and classitication ~o that their own
deas add 1o those under consideration. At this stagg abso,
specabint help from outside may he nseful. 1t 1s oby ous
that althongh all can comnbute (0 the gendration of
weas. only the research stafl caa give detailed expression
o them. It is the author’s opimon. however. that a broad
knowledge of the general factors ivolved. i addinon
10 the purely scientitic ones. can facilitate thar task in
thiy;

(0) The last stage conssts of fixing relative prionties
for the vanous parts of the programme. This is by no
means management’s least important task. of all the work
1s to end together -a necessary condition for efficient
rescarch. Unfortunately. planning scientitic research 1s
practically impossible because planning means defining
not only the aim. the means and the stages. but also the
times allowed for them. This can only be xchieved for
those operations to which known techniques can bhe
applied. Nevertheless. if in applied rescarch the target
15 clearly defined. it is possible. 10 some extent. to pro-
gramme successive experimental stages.

After the iniual establishment of a research programme,
it is necessary 1o consider its periodic revision. Steps
taken previously should be objectively reconsidered from
the points of view of:

(@) Changing the tempu of the work. or stopping it
temporarily or permanently :

(h) Maintenance of the same tempo:

(c) Transference 10 other laboratories for further
development :

(d) Transference 10 other undertakings for industnal
explonation.

As was mentioned earlier, research does not necessarily
produce results that can be commercially exploited. Is
this fact 10 be regretted ? In the author's opinion, it is
not - because 1t is possible to learn in many ways. and
fatlure 1s not always as fruithess as one imagines. paru-
cularly if one 1s aware of the causes.

HI. WoRKING METHODS (SED 1IN RESEARCH AND
PRODUCTION

Expenence has shown that in order to form a link
between rescarch and production. it is first useful to
analyse the working methods of both the scientist and
the production engincer. This is most important if onc
Is to understand their respective points of view.

It enables one 10 find the proper steps Lo be taken in
order to ensure continuity hetween laboratory work
and manufacture of ihe finished product.

A. Similarities between the work of the scientist and that
of the production engineer
Is there. in fact, a similarity between the work of a
wientist and that of the production engineer” The
duthor believes that there is. because the engincer must
comstantly resort 1o scientific theories, even though he is
mainly concerned with practical circumstances.
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However, just as improvement in manuficiunng tech-
mgues cin be said 1o depend upon advances moscrence.
these advances themiselves may have been muade possible
M progress in practical manutaciure and there s,
fact, a conmstant teracion between the progress of
wienee and the improsvement of manufacivred products.

Both the designer and the scientist use imagmaiion ind
seeh truth, precision and obgecinaty. The engineer must.
as the scienuist does. consider that there must be a ratwonal
cevplangon of 1he diccrepancies he obsenves in the
phenomena he predicis on the basis of physical laws:
they cannot be simply the result of whimsical construe-
nien. Furthermore. in extreme cases. he must check 10
ascertain wheiher the laws he has applied are really
apphcable in the domain explored.

B. The scientist - nental processes

How does the scientist go about his work? He gener-
ally proveeds in three stages:

Gt Observing. This is usually done by examning those
phenomena that the research worker himselt’ chooses,
conwiously or unconsciously, depending upon his cunos-
Iy, awareness, patience and experience. At this stage. the
role played by instrumentation is by no means negligible,
for it enormously widens the scope of the senses and
allows one to make exact measurements:

tb) Hypotnesizing. In the second “inge, the scientist
formulates hypotheses and makes experiments with a
view to verifying them. Hypotheses are the product of
creatne imagination and of the application of calculations
to new phenomena el :

tc) Tesring. Scientific thought accepts only knowledge
thai can be proved by experiment and observation. The
research worker must. consequently. always submit his
wdeas 1o experimentation and be ready o modify or
change them according to the results of his experiments.
Needless 1o say, this experimentation must be organized
on the basis of carefully developed theories and is an
intimate fusion of the practical and the theoretical.

C. Professor Gonseth's point of view

Dr. Gonseth. late professor of higher mathemaiis and
of the philosophy of science at the Ecole Polytechnique
Fédérale, in Zurich, corresponding member of the
Institut de France. considered that there are really four
stages to the scientific method:

ta) Fust stage: emergence of the problem. The re-
searcher recognizes the general problem. In the case of
the experimental sciences. this recognition comes from
observation;

{b) Second stuge. working out of the hypothesis. No
research will progress without an inventive mind and a
creative imagination;;

tc) Third siage: proving of the hypothesis. In the
experiinental sciences, this proof must obviously come
from practical experimentation;

1d) Fourth stage: recapitutation. The research worker
integrates the results from stage three into the general
problem.

In the author’s opinion, the omission of this fourth

stage s often the cause of desappomtments and of mis-
undersianding berween saiennists and management. and
icreatesa hind of barner that is notalwavs casy 1o cross
When a research worker has isotaied a problem, he emds
quite nainrally. to sobve i tor hiomsedt slone and tneh
concerns himsett” with the etfears thar fus tindings man
have on the whole rescarch programme  fndeed, o oas
questionable whether he can be eapeated 1o without g
wide knowledge of murhet demand. prodoction poten-
s and proposabs for tonre develepmenis

In view of dhe abave-menttened  problem, e s
appropriate to disciss the methods thar i the authaa’s
opimon, should be applicd i order wo evploar profiabh
the results of research.

IV EAPLOHING 10 RESTE IS OF RESUARC N

txperience s shown that the transference of research
restilts into the workshop s hikely 1 be the magor
ohstacle to their successtul expleataiien. Resubis of work
which has been enthusiastically underuahen may never
achieve concrete form, keadimg 10 discovragement for
both rescarch workers and management. On this subject,
the report of the First European Regnaal Symposium
on Rescarch Admimistration and Organizanion states.

“In apphed rescarch, the transference o resubis trom
laboratory 10 workshop v a constint, deheate and
complex problem. We think 1t advisable 1o onthine
the essential features of the proposed solutions for at
is at this stage that research work tinds its pisbfication.
This transference takes place either ahen the rescarch
programme conies Lo an end or when o coheremn et
of results has been obtained.™

There are two solutions which can be apphed cther
singly or together, 1.e. the creation of piloi planis and o
the introduction of “rescarch and produciion engineers™
In the authors opimion, however it s advisable o0 add 4
third solution for the machme-tool indusiry. namely. the
introduction of “rescarch and deselopment engimeers™
Such engineers form a hink between research and manu-
facture. They play an important part for (he reason that
a machine. even though manufactured vath advanced
technical means, will never be worth more than the de-
sign principles on which 1t s based.

A. Pilot planis

The above-mentioned Sy mposium report continues as
follows:

“The question is how to pass from small-batch to
quantity production under totally ditferent environ-
mental and processing conditions.

“The technical difhculties of such an extrapolation
are 1o well k.own to dwell on. Nevertheless, there are
some remarks which must be made. Ty absolutely
necessary that the research worker or research team
‘follow” the process under iransterence iy pere-
grination from the laboratory 1o the mioi plant and
from the pilot to the man production plani.

“The laboratory engincer must, before any actual
manufacturing has begun. form a 1cam with the engr-
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ncer 1n charge of the pilot plant. Close co-operation 15
most important for making a satisfactory start. It ca
be relaxed as the pilot activity increases. The procedure
must abso be followed when passing from the pilot to
the production plant. and a reverse procedure. if the
production schedule is not attained and it is necessary
to return to the beginning again.
“Two points deserve attention:
“The advantage of having the pilot plant located
within, or as close as possible to the laboratory,
because perfecting industrial techniques is more dif-
ficult than shifting them from place to place.
“The advantage. equally obvious, of allowing
those who carried out the laboratory studies to help
run the pilot shop, in order to avoid a ‘break in
psychological involvement® and the loss of a great
part of the benefit of previously established human
relationships.*

B. Research and produciion cngineers

With regard to research and proeduction engineers. the
report states:

“In order to make the transference from the labora-
tory to the workshop, certain engineers responsible to
the production departments may be used to assure a
permanent link between the laboratory and the work-
shop concerned.

“These engineers will preferabl ¥ be chosen from ex-
perienced laboratory stafl in order 10 have the prob-
lems clearly revcaled. They are. furthermore, propa-
gandists for scientific ideas in the workshop.

“Let us close this chapter by pointing out that the
recommendations it contains relate to a major link in
a firm’s organization that ties the applied research to
the use of its results in production.™

This may be an astonishing point of view, but it is
Justified in those instances where 3 drastic modification
of production techniques is called for. The extent to which
an organization can profit from research in gencral
depends upon the extent 1o which it carries out its own
research and employs production engineers capable of
exploiting 1t.

C. Research and development engineers

It s advisable 1o stress again that in an industry the
role of the university-trained engineer is to form the link
between research and that industry. For this reason. it is
worth while examining the working methods used by
engieers. whether or not they have to deal with the con-
struction or manufacture of machine tools, in erder to
show the similarities and differences between their work
With respect to that of the scientist —using Professor
Gonseth’s theses (see chapter N1, section ).

L Emergence of the problem

A very wide range of problems is encountered in the
construction of machine tools, They may result from
discussions with customers. from personal observations,
from practical tests or. and this i frequently the case,
from manufacturing costs which are considered too

high. They can concern the operational convenience of
the machine and the safety of the operator. as well us
improvements in output and accuracy.

The engineer must not neglect one problem in favour
of another. He must first observe the phenomena and the
environmental conditions in which they arise. Observa-
tion is the objective recording of facts without trving to
modity them. This observation is not sufficient. Measure-
ment is needed in order 1o gauge the importance of the
problems. Mcasurements allow one to evaluate the order
of magnitudes involved and to decide on the advisability
of envisaging new developments.

A point worth noting is that it is the accuracy of the
measuring means which limits the detectability of the
phenomenon sought. Charles-Eugéne Guye rightly says
that “it is the scale of the observation which creates the
phenomenon™, that is to say, the phenomenon changes
in accordance with the scale on which it is considered.

2. Establishment of solutions

While the scientist tends at this stage to formulate
hypotheses, the engineer looks for means to solve the
problem in terms of his knowledge. In both cases, how-
ever. imagination is the mainspring for their thoughts.
The mear. differ. but the intellectual processes .re the
same.

The engineer often complements the inventor and the
scientist. His mission is to give the most favourable con-
struction 1o a technical concept. He uses imagination to
obtain several solutions, which he then examines for
vahdity. According to the nature of the object to be given
a practical form. he will orientate his efforts towards
appropriate solutions and. today. engineers have at their
disposal widely different techniques for solving the same
problem.

Louis Armand. a well-known French engineer, a
member of the Académie Frangaise and author ol
Plaidoyer pour Pavenir, says that the engineer ol the
future will have to change his “knowledge stor¢™. on an
average. three times during his life. In the present author's
opinion. however, the term “change™ is too strong; it is,
rather. a matter of adding to and extending one’s store
of knowledge.

It is in choosing from amongst the above-mentioned
techniques that the university-trained engineer must
show his skill. Because of this. he must. throughout his
career. keep abreast of technical developments.

Having a wide choice of techniques at his disposal,
the engincer, who uses and masters his imagination, pro-
gressively reaches the point where he knows in what
manner he will be able to give shape to his initial ideas,
Then. his faculty for imagining the material aspect of
things comes into play. He must possess the faculty
of cuncentration in order to force his nebulous imagin-
ings to take a form sufficiently concrete and previse for
transmission to others.

Owing to the difficulty of obtaining technical perfec-
tion and scientific rigour. the solution the engineer selects
is often a compromise between contradictory require-
ments. Indeed. when one considers the range of ditferent
techniques available, one sees that the ability to decide
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between them is not the least of the qualities that an
engineer must possess. In this decision-making. shetches,
drawings and calculations obvicusly play an important
part in fixing the engineer’s thoughts,

X Verification of the solution adopted

In order to be in a positon to venify that the proposed
design meets the requirement. it s generally necessary
to carry out one or more tests, and perhaps to build a
prototype: such prototypes are often made in the machine-
tool industry. Before reaching this stage. however., the
engineer must examine his solution from two different
aspects:

(a) The technical aspect. so as to see whether the pro-
posed design rex'iy is an improvement on the previous
design;

(b) The commercial aspect. since even the best concept,
from the technical point of view, is useless if 4 market
cannot be found for it.

11 the engineer concludes. alone or with specialist aid,
that the solution he suggests is the right one. the ime has
come to pass onto manufacture. The engineer must then
be able to show managerial ability, as he will, an occasion,
be called on to supervise the various personnel in tie
mechanical, optical, hydraulic, electrical and electronic
fields. who are concerned in furthering the solution. He
must care about costs and. consequently. about the manu-
facturing processes and assembly methods.

Then, once the drawings are completed. they are sent
ta the workshop and, finally. the engineer can see the
fruit of his thoughts taking shape. His feelings of pater-
nity with regard to what his imagination has led him to
develop grows and he waits confidently for the first trial.

At this stage. the engincer often finds difficulties ans-
ing. for he comes up against the engrained habits of the
workshops. What seemed to him an improvement turns
into a complication, then to a nuisance and. finally, toan
obstacle. The prototype is considered by the shops to he
something difficult to produce; they consider that they
have neither the necessary tooling nor the required infor-
mation for its manufacture. Consequently. the engincer
must be a good psychologist and leader, or enjoy the total
support of the management. Nathing is more comforting
for the engineer than seeing other people. at all levels,
taking an interest in "his” prototype and showing their
willingness to aid him in its develapment.

A real team spirit is essential because many different
specialists are ncw concerned in the development. At this
stage also, the production staff must study possible im-
provements and simplifications of the manufacturing and
assembly methods. Operating. testing. dismantling, in-
specting and retouching are repeatedly carried out unul
the machine is ready to be delivered to the customer
or is ready for manufiacture on a production basis.

4. Re-examination of the solutions: their incidental effects

In principle. the incorporation of a new development
in a machine tool or an instrument must result in an im-
provement, but the secondary effects of this incorpora-
tion must be considered, for they can, in some instances,

prove to be gquite distarbing. Thos re-exanuination as the
analogue. for the rescarch and development engineer, of
the scientists reintegrition of his resnlts inte the stite of
Anowledge at the begmming of his rescarch
Gonseth's tourth stage.

In spite of all tests, results obtamed under prodoction
conditions G sometimes be different from those ob-
tained from esen the best prototvpe. Al engineers en-
counter ditheulties which did not occonr durmg mann-
facture and testing of the prototype and which give nise
to serious  problems as soon as gantity. production
begins.

At this point. the anthor would Tike to make some com-
ments based on his experience s a designer of measurning
machines and machine tools, First, improvements i the
concept or in the mannfactuning methods of a machine
tool often result i a price increase. The iser wonders
whether this increase m price is worth the hugher perfor-
mance. His criteria of judgement are notalways the same
as those of the engincer. The likelihood of the new con-
cept becoming a commercial success must be cunmined
with the sales department. 1t may then be necessary to
abandon a technical improvement in favonr of a lower
price. hoping that in future a simplification of the design
will allow guantity production to be undertahen ccono-
mically. Furthermore, the prototype often does not pro-
vide enough information as to the hie that can be ex-
pected from the vanous separate parts of the nachime.
Here. one can at least say that the fewer the number of
assemblies or components, the sater the fnchonimg,
and the lower the specitic pressures between the moving
parts, the least wear.

Without dwelling to fong on rehabitity of operation,
the author would like to point out that the incthods wsed
in the develonment of missiles are possibly appheable.
1n industry. 1t is necessary, above all. for o producer to
heep an eve on the troubles the customers nuy cieonnter
with his machine and to make certam that this mtorsua-
tion is passed back o the engimeers concerned. I'hes hind
of long-term feedbach » indispensable i caoguinng the
necessary experience and skl reguired tor hbuiding
better “the next time™. In the case of the machine tools,
this approach assures the quabity and regnlanty of the
production by lessening the down-tune required for
repair and maintenance.

With regard to more scientific matters, in very tigh-
precision machine tools, one sometimes cncounters dit-
ficultics which seem quite extraordinary. 10 as at the
physical laws did not fit one another. One mist heep i
mind. howeser. that a physical law ims at desenbing. in
a4 manner as precise and as quantitiative as possible, the
relationships between phenomena in a partenlar system
But it is a formulation which is more or less exact, accord-
ing to the accuracy of the instrnments used i ats extab-
lishment. A result of this is that onc may apply certam
laws in optics. forgetung that. ulumately, i the con-
stitution of the retma that hmits the resolving power of
the eve: or. further. one may apply Hooke's Liw. which
states that the deformation of matenial s proporti mal
to the force it 1s subjected to, forgetung that it s not vahd
for very small forces, especially af they are torsional

Professor
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There s no discussion here of oil films, for all of 1he
author’s recent observations have been most perplexing
and not open to interpretation at this time. The realm
of physical laws is a limited domain. poorer than the
reil one. and to this domaim must be added factors that
were neglected when 1t was established. This s piccisely
why applied rescarch 1y necessary. It results from one’s
inability to fully grasp the problems.

V. TiME REQUIRID TOR RESEARCH

It s appropriate o mention some factors which atfect
both production and research equally. First, management
looks forward to receiving positive results from research
waork at relatively short notice and is often disuppointed
by the long ume spent in working out a new solution.
It must. however. be recalled that the more closely a
product nears perfection, the more difficult it s to im-
prove at, as the influence of secondary effects becomes
more important.

For example. i 1961, the Conférence Genérale du
Metre decided to change the definition of the Metre.
is now defined in terms of a Krypton 86 wave length
instead of heing the length between two lines engraved
on‘a platinum-indinm bar. But, if with the latter. it was

necessary accurately to know its temperature, the use of

the new standard requires one 1o know the compositions,
the temperature and the barometric pressure of the air in
order 1o determine its refractive index. It may be seen,
therctore, that the change from the old to the new defini-
tion introduces a wider range of dependence upon ex-
ternal physical conditions, and the control of these con-
ditions and the determination of their clfects are not
always casy and may entail lengthy side studies.
Another point s that the technigues applied in industry
are often the result of accumulated experience: they
have been progressively developed- - sometimes empiric-
ally. sometimes on a more scientific basis - but they have
seldom been systematically investigated. 1t is obvious that
the change-over [rom methods lounded on empirical
knowledge that may be hundreds of years old cannot
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be effected within a few weeks. The skill and experience
of one’s predecessors cannot be abruptly replaced by
scientific method. Fis necessury o decide on the methods
of analysis. to determine the problem and to study the
effect that a new solution may have on the other factors
imvolved, and for this one requires not only intelhgence
and knowledge, but also time.

The author has often wondered what factors affect
the time for getting something new into production.
Obviously, if the newness is only a4 matter of several
detal moditicatons, 1t will be casy o predict accurately
the required tume. but the question 1s quite different if a
complete change s mvolved. It may be preferable 1o
return to rescarch and completely revise the projeci rather
than to alter a product already in production. It is clear,
however, that one must refrain from secking exaggerated
perfection and that one must bear in mind that any
object produced today is marked with obsolescence with
regard to the future.

CONCELUSION

Today once must add knowledge of the mental pro-
cesses of research and production people and a num™er of
methods have been developed for overcoming the ob-
stacles to a satisfactory relationship between them. In
the author’s opinion. this knowledge must be used to the
fullest possible e¢xtent if the results of reseaich are to
contribute effectively to the economic growth of industry.
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