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'l'bis report contai• the re8111ts ancl re~aclations frna a study of the 
knowledge and applica~ioa of mdem mtting tool techaology la the lepublic of 
Korea. 'l'be study took place between July 20 and August 13 1983, a detailed 
itiaeraEY la gift'll in AppendiJC I. 

Due to the abort dlaration of the .taaion ao briefing was held la Vienna prior 
to the Yiait. The objectift8 of the alasioa wre establiahed at aa interview 
la London and froa correspondence with Dr ~ W Jenlmer, UllDP Seoul. 'l'be 
objectl.... can be a• rised as foll01ra:-

i) To assess the leftl of equipment etc at DIST. 
ii) B..iaate to what extent moclem mtting tool technology is applied 

in flmatEY• 
iii) Ideattfy problem areas la iDiutEY which c:oald f om the basis for 

iD ... tEY/Disr c:oaperatioa. 
iv) To gift re1eftat lectuns/ae.tnara. 
v) To •'918e on &care research and teacld.ag progrmaa. 

Daring the alsaion the •thor wu bued at the 'Iona Mvaacect Iutitute of 
Sc:lence and Tedmology DIS'r la Seoul and the Korea Iutitute of llachineEY and 
lletal.8 Ulll i1l Chagwoa. 

Vbilst at DIS'f the •thor was sltaatlon la the CAD/CAif section of the 
-urch DiYiaion (formerly Usr), Mwral diacuasioa8 •re howawr held with 
shff a4 graduate atudenta froa the .Aca.._.,c Dirision (formerly DIS). 
Disc:auiom on course syllabi as •11 as research t~ place. A series of 
foa~ lectures, each of tWD hCMarB claratlon, •re gi'fta. Bag:lneera froa 
UutastEY as wll a graclaate atadellta and staff froa DIST attended these. A 
brief cleacription of tlk! lecture COD.tent la giv•a la Appendix II. During the 
9islt to Ulll the mthor wu situated la the RC Centre, one of the five 
operating dirialom (aee section 3). Dismaslom wre held with staff froa 
the RC Centre and lilllted discuaalou wre held with other relevant staff. 
Visit• wre •de to tWD iadastrial c0111panies. Two s-1nara of 4 hoar• 
duration wre held, these cowred the s- •terial as those gift4 at DIST. 

At both DIST a1Ml Diii BeYeral dismssiom took place on relevant research 
topics for future stw!J. !he areas of wrk m4ert-.n bf owneu, 
partical.arly R, ac...., c and r .... rch imtltute8 •re cllscu ... with a vi• 
to obtalniDg relevant data, software etc and to ...... their capability for 
shff training. 
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2. IDIBA ADYAllZD DstltOtl or SCIIO AID TECllROLOGY DIST 

2.1 Structure of 'IAIS! 

'!he fonation of 'IAIST froa the two separate Institutes ltlST and 'IAIS bas 
resulted in it ba'ri.ng two ph19icslly separate sections. 'l'heae are tbe 
the 'Research and Denloi-nt Di· .. lsioa and the coabined Pamltiee of 
Science and Bnglaeering. 'l'he policy of integrating both sections is 
still coatiDDlDg. '!he Pamltiee of Science and lagiaeering ca11prise 14 
separate departments which mulertake both teaching and research, all the 
teaching being at postgraduate lewl. '!here are 6 Di'ri.siona in the 
lesearch and Develoi-nt Dlmion, these tend to concentrate, bat not 
exclasively, on the mre applied areaa of research. Some staff froa the 
R ancl D Dlneion are also part time profes•on in the tw Pacaltie•. '!be 
111Drk within the author'• fielcl of u:pertue ls carried oat in the 
Department of Pro41actioa 1ng1._.ring and the •cbaaical •ctioa of the 
Dinsion of Electrical and llechaical lngtneering. 

2.2 Oftnies of -.Uch ad Teac:ld.g in the llaaafacturf.9/llachine 
Tool Area 

'!he owtrall t..prualon wa that actlntiee within thl• area had been 
developed ft'fJ nc:entl7, although ill aom area eg fond.ng there bad Mell 
research actintiee for •~ tne. Moat of the mre aenior staff bad 
obtained PbD degrees quite recently from Prance, Japan, United Ungdoa, 
U11ited States and Weat Genany, the United States being the met 
popular. In 'ri.es of this their knowledge of mdera equipment and 
techniqGeS is first had and qUite nteuive. '!he wide range of topics 
atudied 1'J oversea trained pera.,.._l and the sigaif icaatly cliff erent 
train:lng ar•t- in the ftrioaa countries, has giftn DIST an excellent 
hue for de•loping a variety of research anu. 

leserach 

Current and put reaearch co•r• a wide r~age of •nufacturing subjects 
such u eztraaion, ring rolling, control of spot wldiag, grinding, 
uchine tool vibrations and tool war aenaiz.c etc. In a4ditiOI' 
f acilltie• in -rical control englllftriag, robotia aacl CAD/CAM have 
recently been cleftloped. .,._.er, may of the project• are qaite -11, 
uialy u a reault of the 118 aacl P1ID progr- format, the i11plicatloaa 
of this will be di•cu•ed later. Ia the Prodactioll Engillftring 
Departmat the carrent project• falliq within the author'• f.l!ld of 
iatere•t an: 
lloclal Aaalyals of Machim Tool Structure• 1'J T1- Seri.. Approadl 
Tool We Monitorlq 1'J Tim Serie• Approach 
Machininl o,n.lca Indeatif icatioa 
llachiaaltility Data Jue 
111 the M9c:hanlcal. laP,mert.111 Dinalon, project• 111 ._rical Coat~ol and 
certain upect• of CAD/CM a4 lohtica wre relevant. 

TeachiDI 

Cour••• leacU.q to the dear... of Ill and 7bD are offered. loth ogree 
c:ourH8 are plamd on Amrica liw haft.111 credit• for both taut .t 
co.r._ aa4I re ... rch. 

'Ille • •sr• reqairu at 1 ... c 24 creA'lt1 of coara.-ork, 3 credit• of 
f actol:J traild.q aad 12 credit• for a tbaia. 

• 
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!be PbD progr- typically coaslsta of at least 42 credits of coonaork 
beJODd the IS degree and 30 credits of research and thesis into which the 
thesis credit of 1IS •Y be coanted. 
'Dae !IS degree usully takes li to 2 years and the PhD degree 3 to S years 
after the !IS degree. Currently there are 45 students reglstered for the 
llS degree aacl 10 for the PbD degree. 

2.3 !QOIPlllltt 

!be equi.pment rele'98At to •chining and •chine tool technology la mainly 
concentrated in three laboratorlea/wodtahops. •-ly the central 
wodtahop ill the I. and D Dlnsloa and the fonlng and mmerical control 
laboratories in the l'aculty of 'lnglaeerlng. 

Ce1¢ral Vonal!op 

!Ills ls an uc-1• facility cowrlng the whole range of •talwodtlng, 
lncladlag ndt upecu u shearing, -1'1ag, beat treat.ant an.a fairly 
uc-1• •trology equ:ipment. !Ile grilMllag and prec:1alOD •ddld.ag 
facllitt.ee are particularly good. 'l1le owrall lmpnulon - a •11 
ordered wnahop, bat somewhat underat111secl. 

lloet of the conftlltioaal equi,_.t ls aot really 8altaltle for _.rn 
•chining research, largely ltec.ae the pcRMr acl .,... r ..... are 
iuafflcieat for _..ra tooling. Ba.ner, for certain ~ of proja.:t 
eg •chille tool cbatter, soma of the •chiDH coal.4 1te uaefally 
e11pl019cl. Bachima in this C'.ategory are the llITACllI SBIU horizontal ancl 
vertical llllllng •chines, the LB ILOID and IDRMCll lathes and sneral of 
tlut grlncliag achims. 

Situatecl in the central wnahop at present are the ala RC/bbotlcs 
f acllities, these COllprise:-

A 2t ala PAllUC TAPI <Zll'l'Ell I with a PAllUC Sii controller. 
A 2t a:ls WADO 4rilllng/11illing •chine with a F.AIUC 3000C controller. 
Two PAIUC type 170 single spindle drilling •chines. 
A PAllJC SYS'Dll P progr.-lng aa1 t. 
A PUllA 10 robot. 

In addition to tbue 4 llKO ~bot aacl a FllUITI co-ordinate •uaring 
achlne are on order. 

The single spindle drilling •chines are aot in use and it 1• doubtful 
whether th.,. are of &fJ'f ase for research or teaching, ezcept for •&ry 
simple delloutration parpoeu. Tb• 2t ms •chines an ltuically turret 
clrilling ac:hinea with lipt mlling capability. !be •tal rno.al 
capabiliti• of tbeae -.dainea an low and u •ach they could not h uecl 
effeeti,,.ly for 8DJ project ailla4 at clellOll8tratins increase• in 
prodacti'fttf etc. !bey coalcl bolreftr 1te useful for certain ruearch 
projec:te e1 cleftlopmnt of flniltle maafaeturtns .,..t .. (Piii). 'Dae 
P1llA ro'bot i• a 1tJOd piace of 41qui,..nt and •uitaltle for •41 
applicatlOllSe 

roms 8114 IC Laltoratori.• 

In 14dit1oa to -u item of equi,..nt acl f acilitf.• 1IOt partiftllarly 
'relnaat to achin1&11 _.•chine tool•• Che ma equipmat c:ompria•• 
' 
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A llAUI[ IA CBC lathe 
A LCl>GI and SllIPLBr 54• z 17i• lathe 
A DAB1iOO 400 x 750 lathe 
A retrofitted UTDGIFOll'r 111.lling -chine. 
Tm -U IODOllD latbea 
A Jn universal mllllng -chine 
A JOIBS and SBIPllAR aorf ace grinding -chine. 

The KAZ& lathe la aa old clesip and is not •rklng at preaenc. It is 
understoocl that probl- haft al.ways existed with this -chine. It would 
appear that ea. COGlll.derable effort la reqairecl before thie •c:hi.M can 
be effectiwly a.·-acl. 'Ille LODG'B and SllIPL&Y lathe has an iafbd.tely 
•arialtle speed clrlYe aa4 • nch le wll salted for research pupo8ee. 
Other ueefu1 mcld.nea ·~ ~ D&DOO lathe and the BllDGDOat 11llling 
ucld.De which ha8 ,,._ retrofitted with stepping •ton. Tile only 
apecielteed piece of metal catting research/teaching eqai,_.t e~t 
wu a two climamional etnia page dyn-ter. Mcqute 1Rat not 
ext-iw recorcling i•t~t• eg oecilloseopee etc wre olleenad. for 
the analysis of •chine tools a freqaenq analyser and a two channel nr 
analyser is available. 

CAD/CM Laborato9 

Thia ._ly •eloped laboratory conta:lm sewral graphics tenrlnals ad a 
PIIlll 750 compater. 

• 
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3. IDIBA IBSTI'IUD OF llAQllllD AID ISTALS DM11 

3.1 Structure of KIMM 

The Korea"Inatitute of llachineEy and Metals comprises three stations at 
a..angwon, Daedudt ancl Seoul. '1'b.e Seoul station startecl arouncl 1966 uncler 
a UB develop11ent progr..... Its main function la to offer a testing ancl 
inspection senice for electrical and other •chiueEy. It is also 
iuolved with calibration ancl standards. '1'b.e Technology Transfer Centre 
which vu fonerly at QIST 18 aow situated in the Seoul station of ltDll. 

The Daedadt station which is located in a science puk together with 
other research inatitutes, concentrates on shipbailcling. 

The ai...-on station's min concern la research and dewlopmemt for the 
•drl•~ and •tale indutries. C2umgwn station la split into 5 
DiYiaioas • follon:-

llec:haaical l!llmerts DiYision - this cleal8 with 81ICh topica as thenal 
achimEy, energy utilisation, tribololJ, fatigue and fracture etc. 

Tr!!!f!rtation DiYisioa - this clea1a with IC engines, emsaion control, 
t•tinS and inapection of aatoparta etc. A -11 section clea18 with 
aeronautical •chineEy, this will upaod as aerospace indDatEy develops 
from nglne ••ably to engine and airfr- Mmlfactme. 

lletallurg!.cal Division - this cleals with •chanical properties of 
•teria18, C011P09ites, powder •tallurgy and surface treatment etc. 

'r.echaical Supenision Division - this is not a t and D division, but 
supervises standard of pl.ant construction, specUicationa ancl safety etc. 

llamerical Control Centre - this vu f onecl only s..en •nth& ago, before 
that it was part of the Mechanical lngla.,ring Di91iaion. It concentrates 
on two areas, •nufactur:t.ng techniques ardl automation and control 
engineering. 

3.2 Oveni• of laaearcb in the .._rical Control Centre 

'!be IC Centre was developed bJ' 1J1I ad Korean funds. Although only seven 
maths old, r•earch WD'Ek (pnMat or planned) i• quite est~mive and 
coftr• a cliftrH range of activitiH. 

It i• •nticipatecl that the prueat stdf of 30 will grow cona:lclarably •• 
ruearc:h increMes. At pr•nt approd.mtely 10 of the atatf are gaining 
ezperience in acadeldc or inclaetrial •tabl1s1-ats abroad. It 1• a firm 
policy to send aa ...., people u pHsible to a raop of 1a6astriali8ecl 
natioae. 

In the author'• fiel.4 of paeral interest, r .... rch topic. currently in 
prosr•• or p111111ed are:-

Developllent of c:GllpUt.er prop-- to atalate the artllclins proce••· 
Dewlopmat of a C011P9ter -. for mc111m.111 data. 
Desip acl daftlopllnt of a pae-.Uc loadlns/unl.oaclin1 robot UKIOT-1. 
rose proc:aNr dewl.opmnt for local 11Miutiy. 
U:,e of QD/CM p:apbic. for clie aad .W.cl •mf Kture • 
.,,.._c a4 Uaemtic simlatioa pac:kap1 for cleftlopmnt of 1adutrial 
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robots. 
Production of •11perimental cutting and grinding data for precision parts 
'Mmfacwre. 
Analysia of •chine tools in order to assist •chine tool mnuf acturera 
develop structural 'and control parts. 
Dynam.c testing of a:lsting Korean •chine tools. 

3.3 !QUil!lllT 

Machine Tools 

At present the oaly •tal cutting -chim tools are situat~ in the · 
central la'boratory/wodcahop. Aa in the Central 1fodcahop at DIST this is 
primrily a mmafactariDg facility amt for each purposes is well 
equipped. !be ..s.n •tal catting mc:b:lne tools are:-

A •ISSR DD ...... .Jaaior centre lathe 
A WIA ClllOB 420 centre lathe 
A •II.II. Briqaport type llllling -mtm 
Tw I-.u ualvenal llllling ..mt-
'fwo ..U D&all. aniftnal allltng •cbtw. 
One ILB scm.m smface griader 
One DUrlllS cylindrtcal gnmer 

With the po98ible ucept:lon of the BISSO DILllOUll lathe and the two 
grinding macblnea 'DOD of the -chine tools are really suitable for •tal 
cutting/•cht.ne tool reaearch. 

l'uacls are aftilable to purchase BC equii-ent, a grinding •chine, a 
9ch11ling centre ancl a lathe are envt.aapd. In addition two indutrial 
robots will be purchased. 

Other lcJuip!!!lt 

The main analysis ancl maaurwnt facilities are a two channel rn 
-lyser and ftEJ eo11prebeuive I ancl J. noise ancl ft.bration equipmnt. 
lxtemift stn•• •uarwnt equipment 1• available, this include• strain 
gaugea ad usociated powr 8Qfplie8 etc ancl brittle lacquer f aciliti••· 

There 1a &Yailable hot 180lltatic pcMler •tallar&J equii-nt ancl a 30 lb 
capacity acu• inclactioll funace. Thi• equipmnt i• particularly 
suitable for Rpportiag research on cutting tool development. 

CAD/CAK facdlitie• 

'lbe main C011p11t:er i• a VAX 11/780 with AIVIL software. ror 1111 analysis 
ADDA software 1a available. 

4. IIDUSDIAL nSITS 

1111fortuaately vi•it• to oaly two illdastrlal C011Pa1e8 wre ..a. Thi• wu 
Mialy ... to tba fact tbat the llf.8•ioa coillcided nth the min YaCation 
perioa in lorea ad •ome 'fi.•it• wn• aacelW at •bort notice. '!bu the 
•Chor'• fine bmd 1mowled~ of 1114111ttrlal coaclltiom .~tice 1•_ ftry 
11111.ted. BonYer, ..tclltioDil lmowl .... - o1'CA_.. • froa •taff at 
WIT ... Diii ... it i• COll8tderN WC • ruNDaltle, f.f ....... t liatecl, 
pietare of the •Cate of cattial tool teclmolo&J ia Corea •• pt.Decl. loch 
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co.,.U.es vtaited wre situated in the Qaepon Inclaa\':rial Complez. 

4.1 'roBG llr1JIC DAVY DDUSTRIIS CO L!D (Dill) 

Tllll 18 a relatively ...U COllpany e11ploying sa. 250 people. Kost of 
the products are mde under ll=ence from Japan or USA. Die company has 
four clivisiona, a Defence Division which was not visited due to security 
reuoas and clivisloaa dealing with hydraulic •chinery, industrial 
•chineEy, and transport service •chineEy. 'lbua a wide range of 
products are ..re f raa -11 •tor and pmp compomnts to large presses 
and steel conatructiona. The •chining facilities were quite good, •st 
•cid.nea, althouah of conwntioaal construction, being quite mdern. BC 
facilitiM were lild.ted to a turret lathe, turret drilling/milling 
achine and a preci81on Mchi:d.ag centre. 

Cutting tools fraa 1..Uq lnteraatioaal mnafacturen such as Sandvik 
and V'alenite wre aed as wall a tools froa Japan and Korea. 

Rearly all the shop floor wodten wre on vacation, so wrking practices 
could not be detenlned. 

V'ery eo11prehemive and mdera qaallty control equipment was endent. 

Specific Probl ... 

The f ollolling wre dlscusaecl la some detail and, where possible, 
suggestions for their solution •re ..re. 

i) llachinability Data Base 

'Diii suggested that they bad no experience oa which to select 
achiDiag conditions. Som releft1lt data hndboots and sources of 
uterial wre suggested. The need for generating 'in house' data 
- aphasised. 

ii) Bole Production 

Several probleils aesociated with producing holes having large 
length to dl ... ter ratio• .. re discussed. In particular one 
problea was proctacing a hole apprn:lmately 10 - di-ter x 650 -
long. With the facilities aYallable it wu suggested that the 
part be sub-contracted for pn drilling. 

iii) Borin1 of lly4raalic CtliJMlers 

Som difficulty -. nperiencn in the boring of larp hydraulic 
cylinders. In particular it wa felt that •tal r..,val rates 
wre too low and that chatter vaa often experiencecl. Som 
iadicatiou of cuttia1 c:oaAlitioas to be used and a brief 
explanation on the influence of cutting cond:i.tioas on chatter .. re 
pven. 'lbe us• of a tuned aacl damped borin1 bar vaa suspsted and 
a b~ief explanation of how oae is COll8tracted waa given. 

4 .2 GOLD rra co L'ID 

'Dai• 18 a larp c:.ompaay which .U. a via rap of products and lo 
reprcled • om of the .. t advaaacl in lorea. 'Ille particular Mctioa 
visited .. tbe Jlachiaei, flat which •pedaU.•es ia die ad mald 
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aaafacture and the •eociatecl presses. 'lhe plant wu formed in 1958 in 
Pusau and mftCI to Cbanpon in 1981. !be standard of engineering is 
generally high and the training progr- for operators is excellent. 
Gold Star is particularly proud that mny of their apprentices (trainees) 
have won gold •dais in international competition. 

!be standard of equii-ent ls quite high. although at present little RC 
equi.pment is used. RCNever. they intend to in'ft&t heavily in llC iv. the 
near future. 

General ltnolrleclp of aftilable cutting tools appeared to be quite high. 
Qaallt:y control equipmat waa of a veEy high standard. 

About 50% of the total oatput of dies and ....tda go to the ftrioas Gold 
Star COllpanies. the ~!Mier being for oats14e c:astomrs. including 
export. 

'f1IO are. of mtual interest wre di8CU8_. in aom detail. 

i) lladd.aa1dlity Data ._. 

Som discussion took place on the availability of auitable 
mcbining data -.... Again it waa Mpb•ieed tha~ at som etace 
'in house' data aet be pmr•ed. '!be .ya of doing this aaing 
en.sting data --•l• • a atartirc point wre disc:asaed. 

ii) Purchase of RC Bsuient and Tool!!I. 

!be author'• vi .. on certain cieeign featurea of mdern WC 
mcbining centres wre aoapt. In adclition the suitability. 
particularly with respect to high •tal remftla 9 of certain 
tooling ayst- wre disc:aseed. 

• 
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S.l Current State of Deftl()JmDt in Cutti!ll Tool Technolop and 
Related Are~ 

The general illpreaaion is that whilst Korea is now producing a 
significant number of engineers. the •jority of these are in the mre 
theoretical areas. This I understad is particularly true at the BS 
leftl. 

If w now consider ....Uacturing engineering. in particular cutting tool 
tecbllology and •chine tools. e'Ven at DIST teaching in these areas only 
started in 1977 by the introdllction of the production engineering 
progr-. BOMeftr. •tal c:ntting pro~aea vu taught in 1983 for the 
first tia in 7 years and subjects Ille •chiae tool d•ign are still not 
offered. AC present there are still no faculty _..rs at DIST in the 
cutting tool tedmolo&J/•c:hiae tool cleaip area. Althoa&h I • led to 
believe that there is some research actid.ty in this area at certain 
Korean mdveraitiea. It woa.ld appear that any of the recently qualified 
staff have specialised in such areas u system design. CAD/CM aad 
robotics. etc. .. Vhilst apertiae in these areas of mdem development is 
desirable. c1ae attention .. t also be paid to the basic technologies. 
!his 'leap frogging' of the buf.c tec:hnololiea can. in the author's 
opinion. often lead to a slower application of the mdern technologies. 

This lack of knowledge in certain buic technological areas can. and 
of ten cloea. lead to misconceptions regarding such processes as 
-chining. Thia often •nifeata itself in the belief that once a systea 
baa been clesigned. it ia only a •tter of inaertiag reaclily available 
data. Nothing can be further f roa the truth. This sort of attitude was 
obeerftd on several occasions. The only real solution is an improvement 
in the courses offered in the basic technological areas and 'in service' 
training of engineers froa industry. Downer. before this training can 
be effective, •re qualified and experienced staff in such institutes as 
UIST and KIMM are required. 

It is. therefore, re~nded that som priority be given to recruiting 
and/or training staff in the cutting tool technology/machine tool area. 
Although in the author's opinion extensive iNlustrial experience for 
faculty --.rs is by DO Ma1U1 usential, aom espoaure to industry is. 
Staff should, therefore, be encouraged to flpend some tiM in industry, 
•SJ 2/3 year• and/or run mre joint raearch projects v.lth induatry. In 
addition, the integration of appropriate ar... of the Mechanical 
ID1111eering Diri.aioa with the Deparu.at of Production lagineering should 
contiDUe. It i• essential, that atudenta on advancecl coureea are exposed 
to u mch modern re~earch work as possible. 

Proa the foregoing it 1• apparent that in the author~• opinion there is a 
alaortap of wll trained engiaeer• in the cutting tool tecbnology/•chine 
tool area. Thia _. coafimed by the Ullited indlaatrial vi.sits •nd 
cliccu•ionae There i• DO cloabt that the extemift uae of f oreip 
lic:eac:e• racluua the DNcl for certain skills etc. Bawner, u mnre 
lor- cleeiped products are introduced, particularly such proclucta as 
ucblm tools, there v.l.11 be an urgent aeed for hiply qualified cuttiq 
tool/mchine tool techaolostata. 'fhue will only be produced by a 
j114iciou tuesration of re-rch aacl tucb:ins prosr-•· 

It 1a anticipated that DIST/~Dlt v.1.11 play a leacl1n1 role in proncling 
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the espertise required. 

it: will nt be enough co train people to apply standard techniques such as 
comercially available CAD/CAM pactaps. for eu11ple, it is relati"Vely 
easy using modern instrumentation to undertake a mc1a1 analysis of a 
achine tool, it is quite a different thing to kaaw'what you should do 
with the results. 

5.2 Relative lolea of DIST ancl DIM 

As already •ntioaecl the min ftbicl.. for illprov1111 u:perti&e in 
--.facturing will be the mm of DIST and UIB. It 1• anticipated that 
this will take the follonng fom1. 

1. '1'he educ:aUon of engl-rs tbroaaJa the llJ mul PhD progr-s. 
2. the daelotmanc of long tem fund ntal research arw. 
3. lleclba aad abort tem raearc:h projects of iadutrial releftDCe. 
4. Orpaisation of aped•Hst ..... nan ancl courHS for r~training of 

engineers froa ilu1aetry. 
5. To undert*8 a.aealt8DCJ WDEk for iadastry aad to provide specialist 

teet facilities ancl upertiee. 
6. Development of prototype products. 

It la aot possible to precisely clef ine the function of each iutitute and 
there will, inevitably, be some overlap in their activities. However, 
prt'Vicled espenaive facilities etc are not duplicated mmecessarily then 
some overlap is considered desirable. It is essential that the taught 
courses at MS and PhD level include realistic exa11ples of industrial 
application. '?hie is mat effectively brought about by faculty being 
involved in cla) to clay industrial problem. Conversely if DMll is to 
assist industry in developing certain new •chines and products, some 
research experience is essential. 

Obviously DIST will concentrate on education and fundamental research, 
whilst 1tDll will concentrate on the mre practical aspects. 

The relative roles of DIST and KIMM as envisaged by the author is shewn 
in Pig. 1. 
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BDUCATIOR - MS MID 
PbD PROGIWISS 

SJQll1IAIS MD 
COURSES IOI. 
IIDOSTl.Y 

IIDOSTIIAL mRSOLTAllC! 
AID TEST PACU.ITIIS 

DBVBLOPERT or 
PIOtOHPI PRODUCTS 

DIST 

Some diacuesion on hos the various functions •Y be carried out is given 
in eection 5 .4. 

5.3 '!be •eel for Increaed Activity in Cutti!f Tool Technololf/llachine 
Tools 

Proa the variooa discusaiona and visit• four •in area within the 
c:atti91 tool tec:L~lo&J/mchiae tools field can be identified where an 
incr-• in apertiae will lead to •re effective writing. 

1. Deftlop!!!t of Cllttiag Tool Industry 

There i• no doubt that lorea ehould continue to cleftlop it• catting tool 
iadutry. 'Iba pneral i11prueion pined wu that at pr--t lorean 
cuttiDI toole an •Ollfthat auophieticated alMI that couiderable 
de•lopmnt won i• required. 

It i• not aagpatecl that at ea.a atap in the future, lorea 1hould become 
1elf-.afficient in cuttin1 tools. '!bare will alw&J• be special areas 
wbare importation :l.1 wirable aDCI in •DJ ea• •pec:lal toole are •r• 
ruclily ••ailaltle ..._ tbe •?Plier 11 a wll ut•lisbecl ~er or 
--factaTer. la M41tioD u·lorea 1Mild8 up it• apol'tatioD of •c:him 
tool1, the UM of internationally accepted toolinl IY•t- will often "8 
cle81ra1t1e. 
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Ii.met •nufacturing engineers and 

loint research progr-s between QIST/DllM 

1t teat facilities .. ad pilot •nufacturing 

a Tool 11ulastry 

mt the •jority of •chine tools built in 
and o. of tbe mre conwmtional type, 
a produce4. 'lben is a strong desire to 
:hine tools. In order to cto this, 
'Diii will be an a4ft1ltage. '8 · cl1sc:usecl 
[Ill will hoe to deftlop their CllWll espertise 
offer the .help requinct. 

of CAD/CAM 

t are not enough wll qualified engineers ill 
• support tbe CAD/CAK deftlopments ill the 
Liie tools field. Whilst this is mre true of 
L espertlse ill achine tool design is 
'8ly transfer the results of CJD packages to 

There are couiderable problem associated 
~espect t? •nufacture by •chimng. It 
•licatioaa of CAii worlclwide are very 
: BC •chining and certain other BC 
r sipificant applicationa. Even in this 
1pects such a selection of •chilling 
1ed, and successful applicatioll8 are usually 
tngineers and/or operators. 

:echnological areas of CAii cannot be over 
•ly take the fona of mre trained engineers 
1le tec:lmological clata bu••· 
.y Data 

•chin1111 data for UH in conaection with 
~•te data for conventional an4 •tmcl alone BC 
there is a need to proncle 
IDOld.c application of mchilliq conditions. 
is 1111it labour costs incruae acl then i• an 
dliaaa. 

•ly to tm the fora of relnaat abort 
cular probl ... 

lacomalldatiou of the Various lolea of 

ST/allll coald uaiat illcklatry wr• outlined 
• cli•cae•cl in more detail her• ad in some 
• will be .... ID t44itin sm ftargtm 

a _ 22 _ I 2 -- -



I 
. \. 

' ! 

• 

• 

13 

5 .4 .1 Uucation - llS ancl PhD Progr-s 

With respect to the edacatlonal progr- the 15 degree progr
could be eeea to haft a cllf fenat function then the PbD 
progr-. '!be llS degree le seen u the .nu fthicle for training 
eaglaeere for :lndaatry. On the other bancl one 1llOUld ezpect the 
ujorlty of PbD8 to enter ......_,c establialments. research 
institutes ancl 1l and D sectloas in lndaatry. In the •thor'e 
oplnlon_ the re1.evance of cheH progr-• to hlprovlng 
manufactur:lng englmerlag in Korea met be qwtioaed. 

• Proar-
As ••tloaecl earlier the format follon that which 1• ~co-n 
the Unltecl States. 

It is •• generally accepted that the lnel of basic .uufacturlng 
eagiaeerlag in the USA lap behind that la Barope mul Japan. 
'!here are of coarse...,. reaons for thle9 llat it le the vi• of 
D11J US acadeld.cs ad :lnclaatriali9ts that a slp1flcant factor la 
the lack of good training progr s for maaiacturing engineers 
ia the US aniftreltln. 'lhe bmadly based. often scientifically 
oriented c:oanes in the US •Y be releftnt to certain branches of 
elllf.neerlng, bat of ten leaft mc:h to be cleslred as a training for 
the unuf acturlag lDdlastrl•. Stuileate f rcm these coarees 
nomally receift their indaetrially orientated training in 
industry itself. 'Ibis can be imdeqaate if the indaetry i• itaelf 
underdeftloped or la certain area of rapidly adftDciag 
technology. 

It is not eugguted that DIST a'beaclou its preeeat llS progr
fonat9 bat rather that it lodta at it in relation to alternative 
•thoda and then f '1rmlate a revised progr- geared to Korean 
indutry. 

It is perhapa9 pertinent to COD81cler briefly the training ia 
Europe in order to hi&bliaht the cliff erencea froa the US ayatea. 
There are faad--utal cliff ereaca betwen. the ayatw in Europe as 
a whole and that operated in t1la United 11ng4oa. '!be different 
IJSt- are clued.bed in Appendis IV. 

A COD8iderat1on of the ftriou laropean 91•t-, inclicat• that 
whilst t1aey cliffer comiclerably in detail, there are aillilaritia 
in that they tend to 1'e more practically orintatecl than the US 
1ystm. It 1• the lack of rel.nuce aacl practical orientation in 
•DJ of tbe us -iaetarina •limerilll prosr-• tbat 1• 
COD8141ftecl to coatrS.kte to the relatift low lnels of 
mmaf actarS.111 ezpertiH la ..., UI ilUlastrS.e•. In paeral tbe 
laropaa 1y1t• 1• more laboratory ltuecl alld tbaa nqaires hilbar 
leftls of fmacU.n1e 

It 18 appredatecl tlaat a r.,U cb"P la proar- stnctare i• 
•itber f-ible or cle8lrule, •iaca preHDt ftmd.1111 ad staff 
espertiM wa1cl aot a1lolr tlai•. U oae c:ouiden tlle cour•• 
CODteat (24 credits) for tbe • desrH, it allon for I c:oar1e1 to 
be t*-n. llolreftr c:ouicleracion of t1le cour 
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(or eections of coane•) will not be studied. 'lhe min problea i• 
that too m11J 4i"Rne coarR8 are offered. 

It is suggested that eecti.ona of certain co.iraes could be combl•d 
to fora a new list of •re nlewnt courses. Unfortunately many 
of the coanes of fend are stanUrd courses in the min faculty 
based llS progrw a4 u nch agre at for conalderable change 
would ha"R to be soa&ht or som dapllcatioa of lectures woal'1 be 
neceasuy. 'lhe matbor i• well mare of the probl(mS usociated 
with such action and la the abort tera at least alternative 
solutions slloal.4 be se.ght. 

A po98lble eo11promlae walcl be to offer a 'core' of •8.7 4/5 
coana specially desq.d for people enbrtng ....tacturing 
iadaatries which coal.d '8 eapported by ;/4 'electi"R1 co.iraes. 

Typical core coaraea wald be 

1. llllJV'AL PIOCBSSIS - ,..ch:lnfag. GriMing. B1119 ICll etc. 
2. DDOIMTICll PIOCISSIS - Forging, btausion. Sheemetal 

Ponlng etc. 
3. POIICAUCll PIOCISSBS - Cutillg9 Welcl1ng, Braing, ~IMling 

etc. 
4. ~ !OOLS - Buie Dnip, Teatillg, Acmracy, ai&tter eto:. 
5. llumlICU. OOfiiUL AllD AIJTCllATIOS - 'fJpea of llachiaea, 

Progr-1.ng, Tooling. Aatomtic llach:lnee etc. 

In addition att-.u shoolcl be mde to haft some of th• thesis 
topics inda•try ..... 

PhD rrosr-
Si nce the PbD Progr- is aot c:oaaiclered to be a sigDif icant 
•thod l)f traiaiag Ullafacturiag eagi .. ra, some of the cov 
regarding the MS progr- are aot entirely rel.n .. t • 

.U -11 u training stacleats la raearch •tboda, the Pa. 
progr- should CC>Dtrllute to the deftlopmnt of long terw. 
reHArch ezpertise. 

In the f.aropean syst• where ao coan• are ua•lly taken, the Phi? 
stadeau often ..U slpificaat c:oatrilutioas to lmowledp u a 
reaalt of tbeir lenathf coaceatratecl r .... rch projects. '!his is 
mch mre dif f icalt wlda die us SJ8ha ... to tlae llborter t:lm 
aftilabla DI somt:lms I.Mk of coaaacratecl effort. Ia the 
latter case t;berefore, mcb of tbe 84WDCe41 r...arch i• ofua don 
1'J facalty staff. 

Vitia die prueat staffiaa laftls, facalty staff an laeaftly 
illftlftd la teacllt.81 coane daftlopmnc 11114 roatl• nsearcla 
•11f9ttisioa, t11as leaftq little tm for perSODal rwarch. 

It is raca ra•• tllerdore, tbat coasi41aracioa be at.•a to an 
iacr ... ia •tafflllr l.aftls m/or ·- dl•p la die ...., 
,roar- f or..t. 
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Aa iadicate.4 lu Mctiw 2 .2 aad 2 .3 long ten had 1 1 ntal 
reaearch in the area of cottlng tool technologr/•chi• tools has 
Gilly j•t started l1l Korea. !he need for thl• tne of research 
cannot be oftr-aphalaed. !he •jorlty of the •Jor dnelopmeuts 
Oftr die lut qurter of a century lD the ge•ral area Of •chine 
tool technolOIJ, haft s~• frca fvndn1utal research lu 
md:venlty aud research lmtltate laboratories. U Korea la going 
to e,,.lop it• CMD tedmology • a solid fvncl 1 atal research Nae 
-t be •tullabed. 'Ibis wlll not only produce the ._le 
research which la •c:e98UJ llat also prnic1e wll tralad 
researchers who caa hrther de-1.op the ._le fAlea la llulatry. 
TualDg to the tn- of research project Mce988EY; it la abraye 
clifflcult to predlc- which area vUl proft t1le .. t blportaut. 
ao..-r, there an areas when it la nic1eat that further research 
la ~· Ia ..., of t1wee area Mftral research group• on a 
worlcl wlc1e bula are a1rea4J •ktng siplficaat ..mmce.. 
With respect to the •c:htnf.ag proces• itself, it ls wll lmOlnl 
that the Yariou theories .tftllCed are not nff ldeatly acc:arate 
to preclict wbat bappeu in ,.netlce. Ia ft.• of this there baa 
'been ut-lft aR of aplrlcal formlae an4 tbu the •election of 
sub-optima condition. 1be - approach to this prohl• i• to 
clnelop season for the illportaat cottt.Dg parmeten ani to link 
these to saltahle optt .. utl..Oll roatlms. 

'lhe tread wlth •chla tools appears to be attapt• to lncreue 
their output bf better •tnctural cluign aacl bf tba clnelopmat of 
-chlDe tools with higher •terlal remftl capahilitlea. 

lesearch areas wbich should be considered are 

1) Semor• for tool failure, tool war, chip coutrol and surface 
fiaiah etc. 

2) Dnelopmeat of auitule algorttm. for the optt.aLzation of 
mcbt.Diag processr•. · 

3) Deftlopmeat of routlMS for selectiag •chining •thods for 
procea• pluaiug applicatiODS. 

4) InftstiptioD of tool hreuap la iatenuptecl cottiug 
operatiou. 

5) Structural aaly•ie of ... chi• tools la order to inerwe 
pt ~ormace bf better dietrillatioa of ... etc. 

6) laft8tiptioD of Yi•co-elastic •tarials for illprod.ug 
clamp1q la ac:hi• tool •tnctans. 

7) DeYelopllaat of 1d&b ........ hip lMd hearing •J•t-. 
8) Dnelopmat of f•t nefOllS• - bt.p accaraq feed driTe 

•chaai-

OU would nput the •Jort.ty of topics la ch!.9 area to he 
fonulatecl by iUuCry. Jlomftr, there are certain topics wbt.cb 
are paeral la aataro, llat wbt.ch caaot he clu•.. u lODI tera or 
faaclH111Cal. Ia tbi• catesot:J are Rd. topics • the creation .>f 
a •cbild.DI clata 1tue. It U. ._. 91atf.oDH earlier t.n the 
report (sectior. 4) that COl!pai• •boal.4 lie acoarapcl to paerate 
tlleir OlfD 't.a boue' clata. ._. .. r, dlere 11 a wcl to fora a 

ral _. 1 oc:HDns OD wlaicb s en llllilcl. 
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As a first step eJCl.sting clata froa data baadhoaka and tool 
..auf acturera etc eboalcl be collected with a vier to assessing 
their relevance to Korean •teriala and the available tooling. 
there is also a need to UIMlertate research in order to fora a base 
on vhf.ch to baild the long tera fmul_.tal projects. Ia •DY 
cases this will •an repeating, at least in part rer.earcb which 
has been done elaahere. BORver, this is a necessary step 
tonrds building up the required upertise and if o.t.tte4 entirely 
can leM to serious coasequeacies. Let us take for ezaple the 
deftl.o.-ent of a seaaor for clete :ting tool war and tool 
f ailare. It 1a dlffimlt to interpret the results alee• the 
r•earcher has had uperienc:e of the diff ereat mdea of tool 
f allure and the dtffenat form of tool 1iMr that occur. Within 
DIST it is etm.sagecl that ach of th1a upertiae will be 
geaerated bf the llS thesis projects. 

5.4.4 s-lnan and Coar ... 

the retraining and updating of euCi.neera bf various aalnara and 
short counes is ... u aa lllportant •chaai• for i11prov:lng the 
efficiency of the mmaf Ktaring illdlaatries. 

Coanes sboalcl be cles1-cl for and off erecl at various leftls. 1.'he 
duration of tbe c:oar... will ft1J ac:cording to the subject et;c, 
1-it due attention should be paid • to h• 1oag ln .... try i• 
prepand to releaae a aprticular gracle of staff for. 

Typical counes coal.cl be ecoaomlca of add.Ding pro.-sea, toolillg 
system, tool •t•rioals, p~ogr_.,ng of WC •chlnu etc. Where 
PM•ible CCMana •hoalcl be Rpportecl by laboratory t1P8 
earci••· 1hi8 la not allraJ• feMible, 1-lt video r•cordiap are 
a gooc1 and somtimu a better aumtitue. 

5.4.5 Couult!!!CY and Te•t Pac:ilities 

Ia •111 area, particularly in tbe -ller eo11pall1.e•, espertiae 
aad facilities are limtecl. It 1a essential therefore, that 
important apertiae ancl f mdlities are uailable froa UIST/Ulll. 

'!be •ic ••rt1ae for c~ultiag 11111 of coune be pneratecl bJ 
the raearcla proar-• and 1taff trai'lliag achem•, 1-lt 11111 haft 
to be ~ up "1 tbe appropriate equi,...t. !be t•t facilities 
11111 c-. tw N81c foa., atatie eqai,_at ltaH penamatly in 
IAIIT/DJll aacl portable eqai,...t for uaMrt.Uaa t•t• in 
iada•try. !be autbor doea not c:oaaider it to be within hla tea. 
of reference to detaftllu wbieb eJlpertiae ad f acilitlea ahoal.cl 'be 
~lope4 in w1W:b imtitute. ._...r, u •ntloaed prmoaaly 
._. cwerlap will occar aad u comidered dairable • 

. 
Within the author'• fielcl of 1nterut fadlitia are required to 
uaiat in the cleftlopmnt aacl UH of both cattiDI tools acl 
mac:bim tools. 

for the deftl0flll9nc of cattiDI tools .... aately pORre• •chine 
tools are required in or•r to offer a tool tatiac facility. In 
addition it la uaaatial to haft •- of •uari fora• a1MI 
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•tallurgical aa4 scamd.111 electron acroscopea are required. 
BJ:pertiee for ad~Silll on the selection of cuttillg condltioaa and 
the developmat of •cblm:ag data haea is required. 

The f adlitiea required for the develop.eat and application of 
•chine tools are possibly •re eo11prehe11Sive. 

CAD padtap:a for any upecta of ·-~ tool design haft been la 
use for a number of ,ears. 'lbeee include roatlaee for structural 
analyaia and tbe design of spiDdlee and bead.ap etc. It la 
re~ IMle4 that Hm of tbe8e are olataimd aa4/or de..toped. 

the deaip of uiating -cbt• tools caa be 4*18icleraltly tllproved 
bf an aaalyeia of tbe stnchre. lotb •cbalcal vi.bratioa and 
acoustic aoiae ~at feciliti• an reqainMI. 

For the efficleat uae of •chtM tools ..t la order to achieYe 
good COllpOMat quality• high accar-r !a nqai.nd. Ia order to 
chedt wc:btae tools laeer laterf eromtJ:y eqaipmat should be 
available. !Ilia type of 1D8tnmnt la also illportant for 
calibrating co-ordinace -.-rag weht•s· 

5.4.6 Development of Prototm ProdDcts 

!Ilia i• not npected to be a •Jor activi.ty, ,.rticularly if oae 
iacladee fiaal. ..-facture. ....._r, ._. activi.ty la relnaat 
areaa, eg aaembly rollot• etc la foreseen. 

5.4.7 lgulJ!!!Dt ... St.tf 

Ia the imtnmeatatloa and ~at area, mch of the ltuic 
equipmat to Rpport the propoHd research etc la aftilable in 
either or lloth imtltat•. .M activity 111ereues thia will 
require aaa-nti111 and some of the lee• apeci.aliaecl eqaipmat will 
h.Ve to be ckplicated. the •jor piece of equii-eat not oailable 
la either imtitate is a t...er iaterfero11ater for calibrating 
•chiDe tool.a etc. Ia vi.• of it• tllportace, parcbae of thia 
eqai,_at •hoald be giftD soma priority. 

It hM alra4J 1teea •ntioad that tbe wmbopa in Nth 
imtitat• are •re tbaD ......_. for tbeir ....iactariag role, 
hat coetaia f• •chiMB that are really Rita•le for r .... rch in 
tbe cuttias tool teclmololf /mc:hi• tool area. la particular 
there 18 DO lathe or m.lliag •c:bia dtb the poftr ancl speed 
rap to adequately tat _..n cattilll toola. If cattiq tool 
clnel.opmat la to be ..,,ort .. , thia aitaatioD mat be rectified 
ad mr• aophiaticate41 f orca ..... ..u eqai,_at cleftloped or 
parcbaecl. 

It hM air.-, Mn •atioaed that Ulll 1Dte1MI to parcbae three 
IC mclsi••• It ia f.llportaat that tlle8e Uft pocl •terial 
r.-..1 capald.lity. Ia a441tioa, ,_ COll8ideratioa •hoald be 
Pftll to -iacc•er• *° an prepancl to ..,,1, ....p 
iaf onation •"°"t the hardlrare alld Hf &ware to f adlitat• r ... rch 
... deftlopmat. 
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dUc:aued. It abold b.,.._r, t.e r n'-nd that appndately 10 
staff frm DIM are c:arreatly Ming trai.Md oftneas. It would 
appear that until atroag f acalty groape ill the releftllt areas are 
eataltli•hed, mch of the traia:l:ag of DIST/Ulllf staff will haft to 
t.e «lor.e Oftrseall• It la reCG I Died that where appropriate this 
trainlag i• carried oat ill ladut'EJ'• 
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APPllDIX II LBC!UU/SDIDWt COllIDI 

!be lectures conc:entracecl on the more practical aspects of the catting 
processes and mclem dewloi-ents. More fund cntal aapects were h011ev"·r, 
included in the text which vu given to all participants. 

1. -ic llec1umics and Tool Materials 

Brief introclaction to chip foEmatioa and revi• of aillple catting 
analyses. llapitude and diatrlbation of noEmal and shear stresses. Beat 
g.-ratioa and t_,erature distribution. Type, properties and 
claaaification of tool mterlala with particular ref ereace to high speed 
steel and carbicle tools. 

z. Tool Wear and Tool Life 

General fora of tool •ar. Tool war •c:hai-. Brittle and plastic 
tool failure. Tool cluign to aYOid failure. Tool life criteria and 
influence of •chf.Ding coaditioas. Development of tool life equations 
for turning and ld.lling. Influence of therm! cycling OD mlliag cutter 
life. Problem ••ociated with mlling mcle and entiy and e:d.t 
conditiODS. 

3. llachinig lcoaamcs and Selection of Cuttiaf Conditions 

-ic coat equatiou for turning and ml.lling. Appropriate econoll1c 
criteria. Calculation o~ optima tool life for mlniaa coet etc. 
Influence of catting flaide and catting fluid maapmnt syst-. Brief 
ootllne to the selection of tools for turning and ld.lllng. Iaf luence of 
machine cost and tool coat on selection of catting coaditlou. 

4. Oetild.zation and Current De..aloent• in llachiaes and Tools 

Co11puter •thods for selecting turning coaditiODS with particular 
ellphasis on process coastrainta and file structure. 
Possible estemion to mllling procea••· 
Dewlopment of higher .,... •chines. 
Modem cleftlopmata in quick change tools and tool 3ettiq. Current 
state of deftlopmnt of cuM.c 'boron nitride, di..,.d and cerald.c tools. 
?he tat soppliecl comprised 159 P•• of typeScript, inelwlins cliagr-. 
Som 5 or 6 enpwrs from inclast..:y attended the course at DIST ancl 
appros:f.Mtely 50 at Ulll. 
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a) ~· Coerses - Jlaaufacturi•g Processes, lletrology, Sol!d ifechanics, 
Iaatnmentation, CAU, Factory-training. 

b) llaaafacturiag Proceaipl Courses - :.J.k Deformation Processes, Sheet 
lletal Processes, Pol,_r _Processing, Welding Procawes, Welding 
lletallargy, llondestructive 'resting, llecbanical lkihav!ou.r of Solids, Metal 
Fatigue, Fracture Jlechaatca, Bsperimlltal Stress Analysis. 

c) Promcti• Allta.atiOD Courses - Allt~tic Control, .Aat~ted Production, 
A&haaeed Control S,.t-, Aaalyaia and Design, llaicl POW9r Control 
llacbi• Control La._, Optial Control, lngi.wring lleaaur1•1nt, Pnwtic 
Control, Discreta-Ttm Control, .Application of lllcroprocessors, lobots. 

cl) llacbine Tool Courses - Vibration in Li.ar Systas, Metal Cutting 
Procesaea,llfu:htne Tool Dylumlcs, lfachlne Tool design, lloise Control, 
laadoa Data, Analysis and Control, ftae Series and Syst• Analysis, 
Syst• Identification, Tribology, Bydrod.Jumlc Lubrication. 

e) Promction lfall!l-llt and Process Desip Courses - Proclllction llanagemnt, 
lfallafacturtng Process Design, Product Design, lacilities Plaaning ancl 
Desiga, Qaality Control, Advanced llanufacturing Process Design, Mvancecl 
Pro4uc:tf.on 11anag .. 11t, Manufacturing•~., and Coat Analysis. 

i) Many of the courses are given by staff fr• other clepartmenta. 
ii) At present aoae of the courses in the area of Procluction Management 

and Process Design are off erecl. 
iii) Kost of the cours• are worth 3 creclits ta.ards the MS or PbD degree. 
iv) Each course is 3 hours per wek for one a._.ter (15 •eks). 
v) Appropriate courses are supported by suitable laboratoTy exercises. 
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General Buropeaa Stat• 

'lbe aonal professional eagineering train:lng in mat Western European 
cOUDtries eg W Ge~• Wewtherlaads etc la a coarse of some 5 ,.ars or mre 
leading to the Dlpl. Ing. degree or equivalent. 'ftle final lnel t.f this 
degree j.a COll(tU&ble to the llSc degEee in the R or llS degree in the US. !he 
latter part of the prosr- tncl...tea a aobatantial. tWUally iadlvi.dual. 
research project. In Europe. iJArtlcularly in Vest Genay • Inclutrial 
lesearch InetJ.tutes ere often attached to the -jor tecb9ologlcal 
uai:nnltJ.ea. !be naeareh projects are uaully auoctated in one way or 
anothu with these nHarCh lmtltutes .a therefore. are of iadlletrlal 
aipificaace. It ls uaal in the latter stapa of the pngr- to specialise 
in a particular area of engineering eg amf actarlng tedmolo11 etc. 

m snt• 
:"> 

The 1Nl81c format of the R ayat• la amt.lar to the US ayat• in that the 
•jorlty of engf.men enter inclaatry with a BSc degree (US BS degree). 
althaaah a incr-lag -ber do bPe a ISc degree. 'ftle min cliff.ennca 
betwen the lie clegne aa4 IS degree is that the former is mre a1.:racture4 la 
that las optloaal .-ject• an allowed. 'lbere are. or can be9 significant 
4ifferencea bebeell the 1ISc 8lld MS clegreea. '!here are ,baaically tw cliffez~at 
ways of obtaining the llSc degree. 

i) By thesis only 
ii) By coarse anc1 thesis. 

The latter •tho4 is nos •re pre.alent. bat specialist •ch-• for •tho4 i) 
es:lst. Iu •thocl 11) the coune and the8is carry the •- approd•te 
wighting. In MDUfacturing eag:lneerlag9 f • optiom are usually allowed. the 
courses beiag designed to :~ve a 'broad tralning relevant to a specific area eg 
Mdd.ae tool desip. 'Die ruearch project is of ten of cllrect indaatrial 
relewnce aa4 aay be carried oat in iadaatry. Fo~ certain indaatrial 
situatiOll9 eg •Dllf acturiag eag:laeerlng it is conalderecl that training of mre 
iadaatrial relevace i• cluirable acl t1llD acbaea, the teaching ce>11pany achem 
am total tedmolo&J' acbae are operated bf the gcma~nt. 

Teach!• Cmaat Sdaw (TCS) - 'Ebia 1• a two year iac1uatry/anivenity 
iatqrat .. •duma wblch uaaally 1.ead9 to a Mic ctesree, althaagJh the min a1a 
1• to prortcle trainiag. ._ically the student undertatea a project or 
project• ia iadutry under the joint aapemaion of a ac•--.c frOll the 
U111Yaity and an ap. ... r frOll ilUlutry. 'Dae trainiq in iaclaatry 1• 
aopportecl "1 atteadaace at coar .. /•a.laara wbich are tailored to the student 
...... '!be •diem 18 currently in the Mcon4 of three phaa••• tn tlae fint 
pllMe the aclaem - lOOI 1overmaat ,_..., whilat in the aecod pbue 
fuadlq 18 oa a 50:50 pwr-t/ia618try N8i•• Ia the tblrcl ,.._. it 1• 
illtetldecl to be lOOI 11Mlaatry f...... 'Ille •Cadent• receift a 1alar, roaply 
equivalent to wbat they wulcl nceift la pel'Wllt iadutrial -.1o,mat. 

Tocal Teclmolo&Y k"i:JTrl) - 'Ibis 1• a .. 1i.r 1cbw than tlae TCI ad 
tr8iae people tO Mi 1 o.r a period of 3 or mre ,..r1.. IMically a 
r ... rc:b topic of 1116aatrid illpoftaaca 11 foli..4. Ia pneral, bolrner, the 
acadnt 18 expect.. to relae• lai• wlk to a wNder 1taH e1 he •hould aot only 
coaaidu tecllaoJ.op.cal •CC••• 11Dt mo COMl.4er tba relavaace of bi8 
!~·~_!1~_!~cc to 81lcb tutor• • •lllet:imr ~~- 'l'ha _ ....... ., _ _. •L.-

., 
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PhD Progr-

The PhD progr-a are fairly COllparable throughout &:rope. Unlike the US 
aystea they do not norully include couraewo'Ek and as such the thesis is 
usually larger and of a higher standard. Some are highly theo~etical whilst 
others are very practical. 

I 
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