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sropsis

The machine tool design process is looked at in the context of the
intzoduction of a mew product into sn already existing manufacturing
eperation. Ref_rence is made in 2 qualitative way te all of the
phases of a new product project and to the philosophy of the
engineering design process rsther than to the dilailed techmicel
facters invelved in machine teol deaign, these being already

sdequately covered in numercus papers and pudlications siready

existing.

Whilet met wishing te instil wndue peseimism inte these intemding te
embark wpon machine teol design, emphasis is placed on the need for
pecple with net enly scademic hnewledge over s wide romnge of
engineering diseciplines, but with czeative ability that {s nereslly
enly sequited as o fesult of emperience. The depondeonce wpen

avellebility of supplice of sertain specislist types of compenset
snd servieces is aslse pinpointed,

The decision to enter the field of meghine tocl design ond dovelepment,

without an assesistion with semeone with leng emperionse of psovem

capability, sheuld net be wndestaren lightly.
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COVENTRY GAUGE LIMITED

THE MACHINE TOOL DBSIGN PROCESS IN A DEVELOP ING ENVIRONMENT

1.0 INTRODUCTION

Blfabllohing a viable autonomous machine tool operation will

" ianlve the creation of satisfactory product designs. The machine
tool deligﬁ process is relatively complex and invalves numerous
basic ehgineéring disciplines. As always, however, the engineering
‘design prbces’a is only partially a science, it involving a degree
of art generally depending upoh the state of the relevant

technologies.

nevelop:ln;' the art is a time=consuming process, necessitating
long experience of practising the design process in an environ-
ment where not only the relevant scientifically based data is
- available, but in which the .opportunity to evaluate and obssrve

the Jerformance of the prodict in real working conditions also

“ll't-'o

It is most unlikely, therefore, that satisfactory designs of
anythiag other than the simplest of machine toolswill be created
unless the relevant skills are acquired from existing mozre highly
developed cuuntriu‘. There is no reason, however, why simple
machines should not be designed Ly an embryo machine tool engineering
establishment provided that its members are made aware of, and
sppreciate the ineed to consider very carefully, all the factors

that contribute to sstisfactory engincering product design.

. .




; 1 2,0 THB TOTAL OPERATION

The design process nust be te;arded 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 ulfinate product ia to have real use v;lde. User needs must

be established in not only technical terms, but economic values

i~ R A BN ik i e i

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 will be dependent

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

it RN TPt S LN NN S

hence estimates must be prepared of the anticipated demand for

the product. A typical marketing specification is depicted in
Pig. 1.

After the specification of the product has been flnaliqed, it is
necessary to determine the feasibility of satisfying the specifica-

tion. This is invariably an iterative process, iavolving the

progressive development of an initial conceptual idea terminating
when it is considered that the optimum compromist between the

demands of the technical specification and the usually conflicting

,‘4, T yrymam—
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need to achieve a specified manufacturing cost has been reached.

- Raving established the feasibility of the project, it is then
:i ) necessary to embark upon the more technically oziented design

atage or the process, (An extract from a deaign spasification

is depicted in Pig. 2.) Thia is followed by the prepagation of

detail drawings and schedules of all the individual
favolived together

piece parts

with the preparation of arrangement dzawings
to fasilitate the assembly of the ploce parte into working systeme.




On having built the first, or prototype, macmine Steps must be
taken to ensure that the performance meets the original specificae
‘tion snd that satisfactory erdurance characteristics have bLeen

incorporated. A typical proving trial schedule is depicted in
rig. 3. |

on completion of the proving trial programme any modifications
found necessary may be incorporated into the design prior to

!  esbarking upon 'thc 1n1t1g1, or pre-production, batch of machines.
These machines will provide a means of proving the production |

nuiuuri.n. coutent of the deaign and on satisfactory completion

wiil.provide dati to enable sny further modifications that might %

be found neccu‘i:}, to be incorp'&it'od priot to embarking upon | , !

full scale p#odué'tlon. | I ' .
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3.0 USER NERDS
In the case of a developing country, these are llkely to comprise
the means for carrying out the basic metcleworking processes with,

however, a minimal need for skill on the pact of the machine

operator. 1t is necessary to establish these needs and expresa
them in terms of a general specification of the required product,
s forecast of demand expressed, for instance, in terss of ‘ua:ltl
per annum, and an associated product nmafncturing cost expressed .
ot least in terms of material cost content and machining and

fitting labour input content,

The specification, at this stage, will govern the basic type of
h \ (]
‘mstal-vorking process to be carried out on the machine, the size h

of the workpiece components to be sccommodated and the level of
sutomation that will be incorponte,d. It will not, at this tm'.
include oy detailed ften such as it will be found necessary tg
specify during the iubuqucnt deaign stage. rhe foﬂcut of
production rate is neceuuy to enable the nnufsctut!.n; colt to
be estimated and coqm'cd with the specified values in l‘ditlon to‘
pfoviding the designer with information as to the sanufactucing
 processes that will be most ¢conomically applicebie.




4.0 PBASIBILITY STUDY

This is primarily the responsibility of the engince:ih; personnel
concerned, In ahpie texms it is the means whereby thg feuibluty
of achieving all aspects otf the apec'iﬁcatim can be determined,
In some cuses it must be accepted that in a particular environment
it may be concluded that it is not possible to satiafy the
_tqclmicul lpcciﬂcation without exceeding the umuful:lturing cost
| tu;‘t, pacticularly whpn the available nanufuctu:ingl facilities

‘axe taken into account.

This lutqe l(o basically iterative, | !.nvolviﬁ; a sequence of
;'c,tlutlion' esgren«} in lketchcg or acheme drawings, 'apuy‘lil'
(of fhc érut:lon) and its 'd@vclo’punt'l Lq’t?e light q’f'}that
analysis. A typical preliminary ukgtch is dq}ictcd. in 'l"ig. 4*
m§095 the final dﬁign is depicted in Fig. 3‘: It is most |
’;Vu.lrukely thit the truly optlgun solution .wiil t'»e obtained because
~of the ;teed to limit thi time taken by the study and hence the

nunber of iterstive steps it is possible to take,

The resulting scheme drawings will enable preliminicy manufacturing

cost estimates to be prepared and the need for puticuiu scientific
data to be identified,

»t

On completion of the tessibility study it is usual to insert a

“ge" ‘nomgo” type decision-making point into the overall project
progeanme. Satisfactory completion will result in the dicision to
“ proceed to the next phase which is the engineering design process,

\




3.0 ENGINEBRING DESIGN PROCESS

The engineering design process ia a complex operation, the main
nttrlbﬁtes of which have been found difficult to define. Only
:‘cmtly has any success been achieved in identifying those

.‘ ﬁkful which affect and govern the quaiity 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 1ist of all the factors that must be taken into
sccount. In the case of machine tool design, these factors sre
Bumerous and involve not only a wide range of engineering
disciplines, but also a considerable number of practical

‘Mlumces, not to mention the influence of economic and

" ezgonomic constraints.

Bnguring that the practising designer is uurc of all the factors

that nust be considered constitutes the relatively simple,

science~based, element of the overall process. Satisfactory

design will only result if each of these factors i¢ given only
- that preécedence which will enable the optimum solution to all

of the problems to be obtained. Deciding upon the relative

importance of each influencing aspect requites'sun and judgement
which is usually only present in those people who luiic both the
basic acadeaic capnbiuty and the expericucc of practising the
act. over an npp:cciablo perivd of time.




6.0 MACHINE TOOL DFSIGM FACTORS
‘fln specification established in consideration of the user needs
will govern the size and type of componesit to de machined .tocethu
| with che degree of automation to ba incorporate.. The basic
 geometry of the machine , in so far as the relevant motions between

_the Wefkpiece and tool are concerned, is therefore defined.

In simple n:-i s machine tool may be regarded as being no mece
than a means of muﬂn‘ that thc relative motion detween the
’mhpucc und tbe toox. e toou. may bc controucd ln : pu-
.lutcuim manner., lum mast be provhud fot uhievlu s relative
fspeed? bcm«n the tool snd thc wottphco md in most machinmes
this u brought about by rouuon of clﬂur th mkphcc. a8 in

| ahﬂu. or of the cutter, a8 in a nlum sachine,

“In otdu that there .mn be propculn umn of saterial from
thc mhphcc, the tool must be provuod with an umeum form
ol -ouon gelative to tu won.phu. invariably desczibed as the
'tud' -otion. 'rln direction ol tln feed motion will govern the
| chlpc ol thc mlphcc.

A uut:ln force. bctm thc ntl,hu and tesl um ['™ mﬂn«d

and the combinstion of th relevnt compenent of r.miu force and
“the cutting apccd isplies that n-r vill have to be ptﬂldtd to
l’;‘thl rotatlng menber, In the mu uu amother emt of
- wgutt?mc !otee in co-biuution with tt- lnd mhu will bring

Mﬁ-."

sbout & need to provide fpomes meens withis the feed mechanisa,
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The final size of the verhpioce will, in additien to being
determined by the feemntry of the foed motiens, slse be iafluenced

by any éeflection detween the teol and the Wetipicse. Siace both

the werdpicsr and the nechine teeol! wil} sdwaye heve seme elesticity
e eutting foree wil} give rise to seme felative displagsement.

In order to emowre that the witimate wertpisee otse is net wndul
iafivenced by this dofloction the relative ®static otiffaces?

Sett, of course, emseed , et taia niniawm level.

Besnisation of the telationship between cutting feree charesterioties !
of vertpioce materiale, snd the dymemic deficction ohesesteristice

Fesuitiag ia Mg plitude videation wieh, ot Leest, mey
Sotzincutally offect the sugfase finioh but waieh ia tene cedee

B0y reoult in teed l-nu’c. It Lo thus eescenticl to oonsdder
*éyaemic stiffnece® of the mechise teey iavelving s bnewiedge of met
iy 1ta slastis, but sise of ite denplag chasastertoties.

thote pasts affectes thus, il they ase nge m"‘m
u%&m«%dﬁ-ﬂnﬂn
S92 of the fiaiones motgdons wiis o un




Ia nserly all mechine tools the feed motion will be of & rectie
1ineer neture. Typicsl feed rates expressed in shsolute terms

are quite lew amd prodiems are sometimes encountered in connection
with ineteditiry of motion of the aliding members supporting

either the teol (1sthe) or workpiece (milling marhine). nm
instebility acises from a combimation of the lubricstion characterite
tics of the slideways and the deflection characteristics of the
feod sachanism, At the low feed ratas necessary nay‘o‘udc\‘uyl
sre epetating undes boundaty lubcicatcd conditions and i.mnrinbly
the fristien velecity charscteristic is such that it appears, vwhen
considered o8 on ¢lement of the feed motion system, as having
segative damping. The resultant instabllity, often described as
sticheolilp, will escuc ot very low feed xates and sdditionally
ashe it diffieult te cntr;l the finasl position of a Iu.dlnl nenber
pties to perfotming & cutting eperatiom such as, for imstance, 3

Gziliing of beriag ptosess.

The meshine teel siidewsys will alse be subject to wear and in
eddition, therefore, to cemtrelling the stick-slip characteriatics,
cusfsces end lubcisents sust e 5o chosen a8 to minimise wear it

,n- gosmatzical assusasy is te be maintained over 3 jongez pexiod
of tims.

Moviag provided the besic wemms of schisving relative speed and feod
astiens, it Lo, of couree, cssential to ensure that st least the |
fisal sise of the sertpicce san be controlled., There must, ﬂm‘lfcu,
be sultadle neane of seasuring, not particularly the workpiece, but

the éloplosenents of the Olw on the machine such that, ssouming

o baous esshise gesnstry, the size of the wotkplece may be implied.

T




The various machine motions must, of course, de coatrolled. The
¢onirol means can be considered to be one of two basic types. On
the onehand there must be contzol of a displacement invoiving use
of the measuring Reans, and on the other the control of sequence

in which the various motions must be started, stopped or, in some
Cases, have their speed changed. The degree to which such controls
Bt be provided will depend upon the level of sutomation that is
fequized. 1In the simplest sachines, which wil} nevertheless, it 4s
oumed, each be provided with their own prime sover most lihly in
the fern of s electric ®otof, control of the power to that motoe
ean be eoffected directly with o simple contactor. The addition

of even the simplest sequence control circuitey, howsber, invarisdiy
laplies the use of o Contrel system voltage moce Suited to frequemt
switching rather them the pfovision of power and lewer, alternating
veltage supplies are fnﬁntly omployed. The wee of bydraniic

Suth machises may be effected bydsaulically. Where smallers,
Mghor speed machines are cencerned, tonprassed air bas doen
found to be of edvantage and whilst {¢ is sti11 pessivie to ue

Olestrical contrel circuitry, ia wese fosent poass "fiuid legic”
et found & numder of pplications. In aepe sephisticated types
of mechine, sweh o0 Rumerically centrolied Mathines, ia whieh errer
oantrel techaiques are Spleyed, the prediems otising ase of on

muomluntucﬂ.m.%ﬂ&:“d
the seleveamt technelogios is toQuired,
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ln‘ nearly sll machine tool situations, however, théte is the need
to employ & human operator. In the case of the simpler, more
operat 'c=dependent mechines, 1+ i{s particularly "mportant that
Mno consideration be given to the e:;onouic aspects in q‘}ich

the q.chi.nc is matched to the capability of a human bdeing.

m whea ail these factors, and some others which it has not
m ponibu to mention_here, have bun Mly taken into ugmt.

is impoctant, puticuxnly in s hl;hly coqctitlw enviromnent,
te mc that the uchhu will be visusily sttractive and

Mlu mnt. therefore, de tc;um as a0 important duuu

fastor.,

Ia tuouoiu the uncc ol toplel that the du!.pn mnt consider,
censidezation must de ;lnn not ouly to thon hctoﬂ mentioned
sbove which are primarily comcerned -Lth the function the
m has to perform, but slso with those sssociated with tln
MC chuncteustics of *ar product. the means available for
ite manufactuze and the environment in which it 1s uxtmt‘uy
phc to be oqloyod This latter involves not only eonlucntion

ol clhoﬂc conditions, but also of the type of hbour available

fer Both apetation and maintemsnce of the sachine,




7.0

PROTOTYPB BVALUATION
N

,' After the umer need survey, and the subsequent feuibui‘ty study

~ lnd'eugimerlng design stages have been completed, the prototypes

which will be used for proving trial purposes muat be buigt,
Manufacture of prototypes can only be undertaken when deta‘ﬂ
drawings, pﬁts Schedules, fitting instructions and final dullity
control standards in the form of 8cceptance test charts have been
Pfepared. Experience has Shown that it j, very desirabie to

have more than one prototype machine availadble,

The ficet prototype should be to the simplest possible Specifica.

tion and will enabie the basic design PATmmeters to be proved,
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thé often relatively dirty and uncontrolied conditions which
cannot be satisfactorily reproduced in the laboratory or development

facility,

Ducring the proving trial and machine shop evaluation phases
pzepu:afo:y work is put in hand for subsequent manufacture of a
pre~production batch. This will be the first time in which the
machine is manufactured in a typical environment. It provides,
amongst other things, m opportunity to prove the suitability
and economics of the production engineering aspects of the

production engineering sspects of the design prior to entering

la,to* s commitment. often involving the expenditure of considersble

suns on tooling and fixtures associated with full-ssale sanufacture.
The pre-production batch must also be checked for performance,

since the use of typical p'toductlon facilities, as opposed to

those which will have been used for the manufacture of the protoe

types, may well have brought about a situation resulting im

datr mental changes to the f{ inctioning of the .achime,
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8.0 PROJECT CONTROL
M

‘A typical machine (ool Project would invariably exterd over a

number of years; (a typical p:i gramme is depicte. in Pig. 6)
involving the expenditure of quite large sums of money and
involving the employment of marketing, deﬂ‘n, development ind
manufacturing personnel all of whom will typical‘ly be concerned
with a wide range of activities other than those specifically
associated with the pew product project, It is euenthi,
thexefore, to ensure that adequate control is exected over
the project if the forecast time Scale is to be achieved and
the cost of the project is to be minimised.

| ’
A project control system based on net-work amalysis techniques
43 to be recommended in a1 other than the simplest of projects.
Such o System can yieid worthwhile ilq':rovemtl even when
eWploying manual processing, the application of conputdrhed
techniques only being necessary in the larger projects involving

S very high number of work items OF events. A typical precedence
chart is depicted in Fig, 7®

It is customary to aonitor the progress of mew product projects
&t corporate level through the Suspicies of /g body such as s
product review comnittee, This Committee is interested only 1n.
the more important, or key, decision pointe being achieved
According to the pre-agreed time~scale and with the project

Cost estimates, A typical monitoring chart s depicted in Pig, @,

* Ses IDAW.87/33/4a.1
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9.0 ORGANISATION FOR DESIGN

In addition to'th'c design team itself there is a need for proving
trisl facilities manned with suitable development personnel. The
design o:ginintion must, therefore, comprise not on}y drawing
office facilities but suitable laboratory facilities sdequately

equipped.

The most successful machine tool designs have been pquuccd by
jrg‘uct oriented teams in which the person responsible for design
--pu'wut up, over & period of time, extensive knowledge and
knowshow of a particular type of machine tool. This product
diupcr will control a team, typically of two or three persons,
| who will have the ability to davelop ideas and comcepts, most
‘ of which will have been put forward by the product designer, iate
practicabie schemes. A production engineer repocting to s
menufacturing executive will be availsble for consultation
purposes ﬁutlcululy in connection with problems uu@chtod
with msnufacturing cost. Preparation of detail drawings and
schedules would normally be the responsibility of s technical
utv!..cu -un(ger. thus relieving the product designer of the

zesponsibility for the more routine matters arising.

A development engineer, kynfeubly with specialist knowledge of
the type of product inveived, would be given the responsibility for

careying out & pre=sgreed schedule of proving trisl tests and,

_ in order thst the results of these tests are incorporsted in &

purely un=bissed way, it is essential that the development miaut

{s mot made subordinate to the product designer.




It is most unlikely that ail of the technical support facilities
. Tequired to enable satisfactory Completion of the design and
development phases of the project be imp lemented without the
need to resort to external sources of specialist information,
There are Universities with worldewide reputation in machine
tool technology that are capable of providing assistance of a
Seneralised nature and in certain cou’ntrie'a there are other .
organisations supported by predominantiy governaental funds

' which are prepared to not oniy provide information 88 a resuit

of their genénl fesearch programmes, but Are capable of taking

o8 specific projects under Sponsored conditions,

The adility tu obtain support from academic lm’titut.io'u and
organisations of this typg will he of considerabie value to
811 machine tool design and manufacturing operations particularly
those, usually the smaller ones, which areunable to provide their

o¥n research and development facilities,
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10,0 THE FINANCIAL ASPETS OF MACHINE TOOL DBSIGN

In a competitive economy, puticululy where ptoﬁt and/or public
investment is involved; jt is of course =ssential to show that
. expenditute jncurred in the introduction of a new product, such

a8 B mﬁhine tool, will be financially rewarding. Having
estaslished the user needs, therefore, consideration should be
given to the most satisfactory means of satisfying them, rathes
than taking it for granted that {nehouse design snd development
will be embarked upon. In order to estimate the financial
benefits that will be derived ss a result of incurring design
and development expenditure, estinates must, of course, be

made of this expenditure, followed by sowe estimate of the
income thqt will De dcti.nd from ulu of the product. Ilavin; |
evaluated the p:c‘:joct on this basis, co-puhm can be qn-n
with alteznstive means, such as licensed manufacture, and the

oy

#etevant décision be made.

or , \

In some cases in-house design and development has been

jutiﬁed using a discounted cash flon project md N typical

set of tabulated data is shown in Fig. 10.
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1.0

4,0

7.0

.0

e

All machine functions and cyeles wili be cheched against
apes.

Neshine alignments will be checked as por aligament
charts

Mashine stiffness will be msasured - static and dynands
teste will be carried owt

mntmt-u.mdmnmnuu
choched

Begencnic aspects of the sachinme will be tlevated; ease of
eperation, ease of maintensnce, sdequacy of guarding and the
control functions will be checked.

Thermal variation of the machine during & day's cutting and
the thersal variation of the machime under diffezent loads

The kisenstic sccuracy of the transaission will be msasured
with seisaic tramsducere

The power vezsus metal removal rates of the hobber wiil be '
Measured during cutting tests

Nelse levels will be measured during cutting tests and any
Source of nodse identified with o view te roduse theis
datwmeities. .

Cuttiag teste;
These will comsist of tests to ehesh partisularly:

(1) Neshise copadility
(14) Nashise sutting sceuracy
(al) Nachine stabitity during sutting
(iv) Predustion time during ewttiag epele
(44 Relihie eporation of mechine over o umber
of bowrs undes bign podustion centitions.




clo
()

LA

@)
vl
¢
T
N}
e
wh
O

L

L 4
L
o
L}

1 4]

L L
C
v,
ol
W
o
oLe

¢
{

D AMEBEMELY

v

SAPaaE SEOYO-

VGG HAMNDBOOK.

T

PROVING TRVLS

G &




LBVHD 3OLINON -T108LNOD »oohﬁ ®

‘IWOIW0 2D SOPN 9I10IVANE IO "WOPSTALD O3 PIIITUGRS O 03 SE0dRS O OU A9 TUIRAS SOWWOINE oo

w0y | o g L W PEC =g w L L4 pag | o "l sangnd

SEFMENIDS © IIVANS ‘TS







"LBYHD MO

HE /D Q3LNNOISIA - NOILVIISILSNT TIVIONVYNIS]! @
[ ] Iy
o) iz
.\11
(zec'ze)| vBc’coc | 98¥ 1L (216°L9) (A0l 1NO) /AONEANT 23N
veo'scc | ovo'cet] evo‘czi | voe'tzi| voe'cEr| T6E’ON 1$6° 11 AvVioL
26 z6c’or | 1868°11 L9T' €T SLICINO NOILIVYVL
900°yc2 90G°' ¥¢€2Z ‘d°1°a RI 3Svduoaa
Qoo‘ 02 000° 02 3dALOLO¥d 40 TTIVS
gvo'cet| evo'czr | wvo‘czt| ovO’ COI ze9Les STIVS NO L1a0ud 13N
2014 NI WD
H
gee'ze | ocz'ze | oetze | 1e0’2Zs coc'zv | 9g6°'se | 28214 | 122011 | Z1StL0 zoL'uvs Jviol
gee’es | osz'ess | osi‘es | te0°ee coe’ey ot 158 NOLAVYVL
occ’ec | 28212 | €92 tOn 900°¥%1T *d"1°A N1 IBVEENI
oor’11 o AR oes'6¢ S1S00 LANdONIANG WRLO
#O1’Y T6L°6E (v %7 SAJALOLONd OAL 40 1900
ROV3 iDO HEVY
+ -
ZT¢ N@NL3¥ d0 Rdve 4°0°0 . "od BV
SUTION TO'N OOC AGNLS TVIONVNIA









