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Tao »¿chin« tool «tesigli process i» looked st  i« the eotitt*t of the 

introduction o/ s new product  into »o  sirena existing mm*fm€\*ting 

operation.    *ef,renee  is «ad« in s qualitativ? way ts sii al  the 

phases of s new product project sud to the philosophy of the 

engineerinj design process rsther than to th* detailed ttchnicel 

fsctors Involved in »sc»in« tool design, these heing slieedy 

sásejMsttly covered in menerò»* nepers end pvfclicatiena already 

existing. 

Whilst net wishing to instil aneWc poseíais« into the** ist 

•afea** apea nechin« tool design, eaatiaais is pieced on the 

people with not «air acaénaic knowledge «ver s wies range «/ 

•nglnTTTlri disciplines, nat with creative nhilltf that is m 

only naaaired s» s result of eapcrie»cc.    The arginatasi 

availability of supplies of eerteln specielist types of t 

nest services is also pinpointed. 

to 

tm 

Ulf 

TIM decision to enter the field of »achine tori design and 

withewt an sssocistion with sea* one with long esperie*«« té* ode* 

cs»a»4lity, aheald met ho »adattate* lightly. 

'    itififfiiMiTi n*'   iliiffi.iiiiäiiiiiiiii     »irr ^—Ê—aam lEM/mm/mf* 
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COVENTRY GAUGE LIMITED 

THE MACHINE TOOL DBSIGN PROCESS IN A DEVELOPING ENVIRONMENT 

1.0   INTRODUCTION 

Establishing a viable autonomous machine tool operation will 

involve the creation of satisfactory product designs.    The machine 

tool design process is relatively complex and involves numerous 

basic engineering disciplines.    As always, however,  the engineering 

design process is only partially a science, it involving a degree 

of art generally depending upon the state of the relevant 

technologies. 

Developing the art is a time-consuming process, necessitating 

long experience of practising thè design process in an environ- 

ment where not only the relevant scientifically based data is 

available, but in which the opportunity to evaluate and observe 

the >¿rfornance of the prodi et in rea.1 working conditions also 

exists. 

It is «ost unlikely, therefore, that satisfactory designs of 

anything other than the simplest of machine toolswill be created 

unless the relevant skills are acquired from existing more highly 

developed countries.   There is no reason, however, why simple 

machines should not be designed by an embryo machine tool engineering 

establishment provided that its members are made sware of, and 

appreciate the need to consider very carefully, all the factors 

that contribute to satisfactory engineering product design* 

•""-1*"' ,,—¿á,<i~t..í ,1.. • .»• ,.«„.,..•,  „ j.     »....••  . .-.W.-..-. .AJtc^jJ—i^a^j^j^amLjt. 
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2,0 THB TOTAL OPERATION 

The design proceas must be regarded as only one element of the 

overall project associated with the introduction into production 

of a new machine tool product. There is a considerable requirement 

for preliminary work prior to embarking upon the design stage if 

the ultimate product is to have real UP« value. User needs must 

be established in not only technical terna, but economic values 

in order that the value of the work ultimately produced on the 

machine bears a satisfactory relationship to the work involved 

in manufacturing the machine. This latter «ill be dependent 

upon the rate at which the machines are to be manufactured and 

hence estimates must be prepared of the anticipated demand for 

the product. A typical marketing specification is deplete« in 

Pig. 1. 

After the specification of the product ha« been finalised, it is 

necessary to determine the feasibility of satisfying the specifica- 

tion. This is invariably an iterative procesa, involving the 

progressive development of an initial conceptual idea terminating 

whan it is considered that the optimum compromist between the 

demands of the technical specification and the usually conflicting 

atad to achieve a specified manufacturing cost has been reached. 

»aving eatabliahed the feasibility of the project, it i» than 

»teoeeary to embark upon the more technically oriented design 

stage et the process. (An extract from a design spécification 

ia depicted in Wg. 2.) Thia is followed by the preparation of 

detail drawinga and .cbeduie. of M th. iaAMélui pittt part, 

*«**lfed together with the preparation of arrangement drawing« 

to facilitate the trembly of the yiec« parte into working ayate«*, 

E^fc¿. jáLg,«,., tiÉaidfetfìiwT i# 



On having built the first, or prototype, maciunc steps must be 

taken to ensure that the performance »eets the original specifica- 

tion and that satisfactory endurance characteristics have been 

incorporated.    A typical proving trial schedule is depicted in 

Pig. 3. 

On completion of the proving trial program any «edifications 

found necessary nay be incorporated into the design prior to 

«•barking upon the initial, or pre-production, batch of «achines* 

These »achines will provide a swans of proving the production 

engineering content of the design sad on satisfactory completion 

«ill provide data to enable any further laodif lest ions that night 

be found necessary, to be incorporated prior to ««barking upon 

full seal« production* 

•-*•<•   -:    . 
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3.0    USER NEEDS 

In the ease of i developing country, these are likely to comprise 

the Means for carrying out the basic »etti-working processes with, 

however, a minUal need for skill on the part of the «achine 

operator,    it is necessary to establish these needs and express 

the« in term» of a general specification of the required product, 

a forecast of de«and expressed, for instance, in terse of units 

per annua, and an associated product Manufacturing cost expressed 

at least in terms of Material cost content and Machining and 

fitting labour input content. 

Tue specification, at this stage, will govern the basic type of 

Metal-working process to be carried out on the Machine, the sire 

of the workpiece components to be accommodated and the level of 

automation that will be incorporated.    It will not, at this stage, 

include soy detailed i'tema such as it will be found necessary to 

specify during the subsequent design stage,    rbe forecast of 

production rate is necessary to enable the Manufacturing cost to 

he est Wed .nd conpared with the specified values in addition to 

providing the designer with information as to the Manufacturing 

processe, that will be Most economically applicable. 

t 

¡it*  í'-í 

* AM 

•'•*•*' -' •\:S.'a?Ksigg8&&Qká^^Í 
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4.0    FEASIBILITY STUDY 

This it primarily the responsibility of the engineering personnel 

concerned.    In slap le terms it is the «can» whereby the feasibility 

of achieving all aspects of the specification can be determined. 

In some cases It must be accepted that in a particular environment 

it may be concluded thst it is not possible to satisfy the 

technical specification without exceeding the manufacturing cost 

taxgtt, particularly when the available manufacturing facilities 

are taken into account. 

This stsgc is basically iterative, involving a sequence of 

'creation* expressed in sketches oc scheme drawings, * analysis* 

(of the creation) and its »development» in the light of that 

analysis.    A typical preliminary sketch is depicted in Pig. 4 * 

whertas the final design is depicted in Fig. 3.    It is most 

unlikely that the truly optimum solution will be obtained because 

of the need to limit the tine taken by the study and hence the 

number of iterative steps It is possible to take* 

The resulting scheme drawings will enable preliminary manufacturing 

cost est inatta to ht prepared and the need for particular scientific 

Anta to be identified. 

On completion of the feasibility study it is usual to insert .a 

"§•" "no-go" typt decision-making point into the overall project 

programme.    Satisfactory completion will result in the decision to 

•retted to tot next phase which is the engineering design process. 

• tu t*/m.*i/H/m.i 
tj * ".. 

CíE   î*-ïO 
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3.0 ENGINEERING DESIGN PROCESS 

The engineering design process is s couple* operation, the asin 

attributes of which have been found difficult to define. Only 

recently has any success been achieved in identifying those 

. factors which affect and govern the quality of such design. The 

need for a logical approach achieving solutions to the problems 

posed is paramount however, and the first step involves the 

preparation of a list of all the factors that aust be taken lato 

account. In the case of «achine tool design, these factors are 

nuaverous and involve not only a wide range of engineering 

disciplines, but siso a considerable number of practical 

influences, not to mention the influence of economic and 

ergonomie constraints. 

i      « 

Ensuring that the practising designer is aware of all the factors 

that must be considered constitutes the relatively simple, 

science-based, element of the overall process.   Satisfactory 

design will only result if each of these factors is given only 

that precedence which will enable the opt im« solution to all 

of the problems to be obtained.    Deciding upon the relative 

importance of each influencing aspect requires skill and Judgement 

which is ususlly only present in those people who nave both the 

basic acadenic capability and the experience of practising the 

art.over an appreciable period of tine. 

.4; 

i.î»$l 



- ? • 

6.0   mCHIWB TOOL DF3IQH FACTOKS 

Tli« apocification established in consideration of the user need« 

will govern the eia« and typ« of conpoaetft to be aachined together 

with th« dcgre« of automation to te incorporate ».    Tbc baaie 

geoaetry of th« Machine, in ao faf as th« relevant notions b«tw««a 

th« wockpiece and tool arc concerned, ia therefor« defined. 

In siapl« terna a «achine tool «ay he regarded M being ao ante 

than a aeans of ensuring that the relative notion between the 

workpiec« and the tool, or tools, amy be controlled ia a pre- 

deterained «anner.    M«ana «uat be provided for achieving a relativ« 

•speed« between the tool and the workplace sad in «oat «achine« 

this is brought about by rotation of either the workpiec«, ss in 

s «the, or of th« cutter, as in s willing aachin«. 

In order that ther« ahall be progressive reaoval of astsfisl ffss) 

the workpiec«, the tool aust be provided with sa addi tiessi fora 

of aotion relativ« to the workplace, invariably described ss the 

•feed« aotion.   The direction of the fsed aotion will avvera the 

shape of the workplace. 

A reistive fore« betwsaa the workpiec« sad ts«4 will h* e«y«*it*c«* 

sad the combination of tat relevant cosponoat of cutting face« sad 

the cutting speed inpliea that power wilt have t« be provided to 

the rotating aeaber.   X* the general ess« another ceaaoaeat of 

cutting force ia combination with the feed aotien will bring 

shout a need to provide «power« aesas within the Í—Ú aechsnift«. 

-••* J *** , ;| X. 
SM      \   *$* 

&-LÏ*i 
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Th. »«lo« «ehi« «ti« «.», rf eoyrM> u eoottolu<1     ^ 

««.tr.l Mw e« b. c«.id.„a to fe. o« of tw bMic trp...    o, 

th. »M th«. ..« fe, ,„,,„, „ , al.pl«tMIlt m^vtoi „„ 

rf th. »„„,lot mmi mámtt. othtr tht CBotrel rf M<utn£i 

i. -M«h th. „„!«. «tloM „., b, ,t,rtt-   it<wgd w    ta ^ 

««~. h.>. th.1, „„< «»„„«,.    „, 4mm u ^ ^ iMtiou 

—t M p,„io^ »ai dv.»d „«, ,„. um rf „toMtioB th,t u 

««•»«*.   i. tw .uplt.t „ci««., wllUII „m „mrthil„,  |t u 

«—«. .«» t. pro,!«* »4tk tfe,,, „, prtai mmt moat Ukiir ta 

tto /«. of . .,«„lc wtor> tamtnl rf th# ^ to   kit ^ 

.- h. .ff«.,, ilt„tly wiu , #1^u ^^   ^ ^^ 

•» «« th. .1^».., M^llc, mmUtl clicultry   ^^    iiwttitfclr 

«-«« th. ... „ . «„„., ,y.tw wl|âi# ^ HIM u tn^^ 

•it.hU, „th., th«. th. potato. „ _, .* w> utwBrtllf 

--»»^- »M MM fouari viry evitati« 

**•*•* •*••« MCMM. «r« «tae^n-4         .   „ • •••«Nili  —yg^BSKI *|» |»£#  —MM 

«i. .. ». rf -T-t^, „, ^iut |t u tiu ^^ ^ ^ 

'•••*  •  Ml<   «f   »»lUrtl«M.     I« 

r**""r —*'•»»- «W«, to MM «w, 

«- f«I..Mt  t.-»!.,!.. U t--t#i< 
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In nearly M "**»' tocl •«uâtlo«., however, there is the need 

f «ploy a hunan operator.    In the case of the simpler, «ore 

eper.t ^-dependent «schine., -- is particularly   »portant that 

«!•««*• ceneldcretion bt given to the ergonomie aapecta in which 

the a»dilne ia «etched to the capability of a hu-an being. 

•ven «IM« all theee factors, and aoiat others which it has not 

*•«, poasibl. to action.hare, have baan duly take» into account, 

it ia lisportant, particularly in a highly coapetltive environnent, 

te inniffî that the »achine »ill be viauaUy attractive and 

teetbetic. «uet, therefore, be retarded ai an important design 

factor. 

I« fUli.ing the range of topic» that tnedaalffM« swat «»elder, 

MMiéWfttioe sMtN given not only to those factora »entloned 

which ara primarily concerned with the function the 

»*• to perfor», but alao with those asaociattd with tha 

cHaracteristlcs of • .* product, the «eana available for 

ltd ini--M—— má the environnent in which it la ultimately 

mir§ u *« ««ployed.   TU» latter involves not only consideration 

•f alUati. conditions, but alao of the type of labour available 

fat tota operation and Maintenance of the ««chine. 

.«#",<•• 

*m «. i -. ,^4^4,*^,^ *:*% 
tif^f. 
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7,0 -WownfPB BVALWTiai 

• *"** ,h« "»« need «utvtv   m*il «..     .. 

•"«« -a b. UMd ,„ „ovln, trl ,      ^1,led' ** "«•*»•• 

-*— - Prot. J PUrPO"" -t * """'• 

*-i»f.. p«t. «hed.!... ílttin   ^ 

F   p   "•    «P«rienct hat shown th«t <• , 
fcw-otMhttflWprotetyptBi 

** *t*d toward. . .~. •*»"«•*•.   Thi. atiw. frfl|| - town«. . ^ wrwh to ^ 

«* • f utim, wide mut, of ttMr „^ * 
*• « minimum nuatfxr of Dl#Cft liM^-       • 

P*«c« pirta and a«ooa*li«.     <n. 
the« the #M4ii4. —»««»lie«.   H*r€ u 

m fÄci"tr available to offor ««•     , 

— - «. en«,*. tfct b„ie 2        --"• -^- 
«•«im para«*t«ra to bt ,rm>i 

«« t»t wrio«. optto«« ft.»,,,... 

"-'*».t phM. ,tf p,^ 
_._  , r"«Bf «Ut Me«««it.*» th. ... .. 
--*-*-*—v^^, ** — 

"~ -a ^ „tmlmmt ^"«*—' -—-  **. 

•—«• .*«**. „ t. m _/""' - **** » «*•«> - 
«Ployed io , t    , -—**—*« tk. ,.*,,., „^ 

*~ *' to d*.,^ ^        .     "'   * **•"« - **. U*H, 
i- .. '     ***** *• -nifcfcji --> ii* 
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thÉ often relatively dirty and uncontrolled condition« which 

cannot be satisfactorily reproduced in the laboratory or development 

facility. 

During the proving trial and machine thop evaluation phasea 

preparatory work is put in hand for subsequent Manufacture of a 

pre-production batch.    This will be the first tiste in which the 

nachine ia manufactured in a typical environment.    It providea, 

amongst other things,» opportunity to prove the suitability 

tad économies of the production engineering aspects of the 

production engineering aspect» of the design prior to entering 

iato a commitment often involving the expenditure of considerable 

•tats on tooling and fixtures aaaociated with full-scale manufacture. 

The pre-production batch must aleo he cheeked for performance, 

•luce the use of typical production facilities, as opposed to 

those which will have been used for the manufacture of the proto» 

types, may well have brought about a situation resultinf ia 

detr mental changea to the Í motioning of the   lachtae. 
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A typic.! «chi« too» proj.« „„J, lnVârl|(My «twd „„ . 

»«*« of „„„ {. typlcal pl >tctmt u ^^   in Mj    w 

i««lvi„f th. .»««t«. of ,uit, !„„ auiM „ .„,,, .„„ 

i»«>m„, th. n,ur«»t ,£ ««1»ti„„ d..lfn, d.v.lopa.nt ^ 
.«uf«turl„f p„10Mlel ail of ,,„„. wlu typleaiiy be eoBMrnw) 
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• *• iB/m.^/ii/uá.1 
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9.0    «¿AHlSjgïON W* PBStgj 

to »édition to" th. design tea» itself there is a need foe proving 

trial facilititi manned with suitable development personnel.   The 

design organisation must, therefore, comprise not on*y drawing 

office facilities but suitable laboratory facilities adequately 

equipped. 

The most successful machine tool designs have been produced by 

product oriented teams in «hie» the person responsible for design 

has built up, over a period of time, extensive knowledge and 

know-how of s particular type of machine tool.    This product 

designer will control a team, typically of two or three persons, 

Who will hove the ability t© develop ideas and concepts, most 

of which will have been put forward by the product designer, into 

practicable sebosos.   A production engineer reporting to s 

«anufscturing executive will be available for consultation 

purposes particularly in connection with problem* associated 

with manufacturing cost,   »reparation of detail drawings and 

schedules would normally be the responsibility of a technical 

services manager, thus relieving the product designer of the 

responsibility for the more routine matters arising. 

A development engineer, preferably with specialist taowledge of 

the type of product involved, would be given the responsibility fof 

carrying out a pre-agreed schedule of proving trlsl tests and, 

in ordsr thst the results of these tests are incorporated in a 

purely urn-biased way, it is essential that the development englnttf 

U not mede subordinate to the product designer. 

s "wé" •'-Ttó^'SjM   ni« i Iut 1mm enact ijsjÉft. JhWfilfJtf lÊbJÊÊÀÊÊÊÊÊÊËÊBÊiJËtzSKÊ&WlÈSM 
¿it •ÄÜJ 



• 16 •* 

» i. *»t „„akely ttat M of th« t.chnic .w„t £wUltles 

r"M«<l t. «n.M. ..ti.f.ct.rv conplction rf th, dMlgn ^ 
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«-» „« «nWe^ltl.. .«„ wlMá, teput|iHon ln ^^ 

««! t.«h«ol()fy th.t „. c^.ble rf tmUlat tMi<t(mM rf 4 

f».r.U.«<. „.,„« „, tll cerujn countrieg thw ^ ^ 

«•«l..ti«. .„„,„*.„ oy pr.d0.ln„tly fownMnU1 /OIKI# 

*i«» «. P«p«.. to „ot only provlde lofMMHoo „ , rMuM 

*t tktir genor.1 tmuck pronam.   I»* ...        ...      - » "n«w», nut ut ciprtil« of takiaf 

- .ptelfic projet, undo, VOMOT«, conditio«. 

». *lUty t„ oot.1, ^ fro. „^ ^.^^ i- 

«Mni-.ti• of thi. typ« „lu ta „, coo.ldetrtl, mue to 

*" Ur the "*"" —• "«* —*U to .,.*„. thtlt 
<"> r.M«oh .*, <l«wl<lplient fMiliMtgi 

ÛÀÀ 
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10.0    Tff" "~^TAT. ^PflCTS OP MACHINE TOOL DHSIGK 

In a comitive economy/particularly «here profit and/of public 

investment i. involve*;  it is of course essential to «how that 

expenditure incurred in the introduction of n new product, such 

as a machine tool, will be financially rewarding.   Having 

established the user needa, therefore, consideration should be 

given to the most satisfactory means of satisfying them, rather 

than taking it for granted that in-house design and development 

«ill be embarked upon.    In order to estimate the financial 

benefits tust will be derived as a result of Incurring design 

and development expenditure, estimât«« muat, of course, be 

„dm of this expenditure, followed by sos* estimate of the 

incorna tfcal? will bt derived from sales of the product.   Hawing 

evaluated the project on this b*si«, comparUona can be d¿a*m 

with alternative mean«, •«<* « Uçanted manufacture, an« the 

relevant décision be made. 
•t : 

In «orne caaes in-house design and development ha« been 

Juatified uaing a discounted cash flow project and a typical 

set of tabulated data is shown in Pig. 10. 

*    / 
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