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A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACI ON 

CONTINUA 

LO Facul tod de Ingeniería, por conducto del Centro de Educación Continua, otorga constan., 

cia de osi ster.ci a a quienes cumplan con los requisitos establecidos para cada curso. Los pe!. 

sonas que deseen que aparezca su título profesional precediendo a su nombre en el diploma, 

deber6n entregar copia del mismo o de su cédula profesional a más tardar el Segundo Día de 

Clases, en las oficinas del Centro, con la SePiorita Bonazo, de lo contraio ~será posible, 

El control de asistencia se efectuar6 a través de la persona encargada de entregar notos, en 

la mesa de entrega de material, mediante listas especiales. Las ausencias serán computadas 

por las autoridades del Centro. 

Se recomienda a los asistentes participar activomente con sus ideas y experiencias, pues 

los cursos que ofrece el Centro están planeados para que los profesores expongan una tésls, 

pero sobre todo para que coordinen las opiniones de todos los interesados comtituyendD ver ... 

dadoros seminarios. 

Al final izar el curso so hará una evaluación del mismo a través de un cuestionario disei'\ado 

para emitir juicios an6nimos por parte de los asistentes. las personas comisionadas por al .. 

guna institución deberán pasar a inscribirse en las oficinas dei.Centro en la misma forma qu~ 

los dem6s asistentes. 

Con objeto de mejorar los servidos que el Centro de Educación Continua ofrece, es impor .. 

tante que todos los asistentes llenen y entreguen su he¡a de inscripción con los datos que ~e 

les solicitan al iniciarse el curso. 

A H:NTAMENTE 

ING. SALVADOR MEDINA RIVERO 

COORDINADOR DE CURSOS. Tacuba 5, primer piso. Mdxlco 1. P. F. 
leléfonosu 521-
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L:t Divi;;;ión ¡_:~Estudios Su¡>criorcs d{.! la Facultad de !ngcnicrl'ap UNA.Ví. ofrece !as 
sip.nc¡¡(cs ;\i.1L'.:>tr1as y .\)octorado!i: 

Co:il"ro l 
!~~~~~t•·,-~nica 

~~~t1l1C:\~~"'d$ 

jlidt:;\lllC:~ 

Invcs ~i¿~.:.c~6n :0 
O¡)cr.Jcioac.s 

~~c~nica t66ricd y 
Aplicüda 

Exfuncnes de admisión: 

Inscripciones: 

Iniciaei6n de clases: 

~h.:.:n tc.1 do Suelo::; 
¡·.:~.·o~ cr,1 
!\1tc:1cia 
J?lancaci6n 
Sanitaria 

10, 11 y 12 de mayo 

31 de mayo al 4 de junio 

7 de junio 

Requisitos de admisi6n 

~) Cumplir con una do las siguientes condiciones: 

D o e : o r a ~ o s 

~~ .. t ¡-~-~:tt~('!lS 
l~r(~~-.!,.~ ~ca 
;v:~,_-,;~( ~,:J ~:.: S~21os 

l\1.::.;:.:,, • ..__,. . :.-6nca y 
i\p~ lG \:Zl 

Invc;:;t1s;.~ción do 
CJ;.1cr..;.cir..i1f;:> 

1 e PO!iCf:!' título )>rofcsional en In¡.~cnicría o en alguna discí¡;). in,1 a. t'Ú1 
a lób.:> ill.lc=strí~:; que se ofrecen ,.n la D!.visiüno otorgiAdo por l.l IJi.J\\1 o 
pot cu.~lquicr institución n.acion.1.l o cxt:ranjcrao 

lo Ser pasante de la Facultad de Ingeniería, L~J¡ 

b) Aprobú"t' los exámenes de admisión que se cfcctunrfan en l.o5 icch;:¡s s;::i1al~:,das 
arriba. 

e) Presentar~ dentro del período de insc.ri ~c!ioncs a-:-t·iúa ¡;-,c.-.cion;:¡c~o, l J ,;¡¡cur:~n
tación GUC .sa indic.a en el folleto de ActiviJadcs t\cadé:J,ica.s l97.S '"-:: :;¡ JESi=I 

l 
~L:1yores informes: División de Estudios SupC'\'iorcs de Ja Facultad Jo l':lgcr,tc-;;·i'a, 
Apartado Postal 70~~56 9 Ciudad Univcrsitaria~.~~xico 20~ D~ F. Tcl~~ 5~SeSS~77 

HPQR ~!I R\ZA I-L\BLAJt\ EL ES?lRITú' 1 

Cd. Univcrsitc.ria~ febraro lo 1976 

EL DIRECTOR DE V. PAQ:LTAD EL. "JE¡=¡_; !"JI: L·\ DI\"::s:(;~ 

Mo en C. ~\'RIQUE DEL VP~U~ CALmmo~; Di? •• OCr.N!J ;:, A. x;., \SC•:->:, u l:\\,.¿;: 
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DR-" - F.- KOENIGS-BERGER-
~- -----

JULIO DE 1976. 

Palacio de Minerfa Calle de Tocuba 5, primer piso. México 1, D. F. Tels: 521-40-23 521-73-35 5123-123 
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J.' . ..~.:ramcters of ffi(~tnl cutting 

dcpth o:f cut 
m/ mi n ( f r t l - . ~ oJ)ecd oi' cuttine tnovement v e ec on ~oo ~~~o 

and :;u:r.fu.ce finiGh) 

in cnno o.r roto. t ional rnovemon tG · v = 7(. <1. n 
n -· rev/r;ll.n 
d = rotntional <1iarr.eter 

i'eod movement .•.l'a te o (mcn:;ured cither abrJolutclJ in 
tn:o/min or ar; n funct ion oí' spi~.1.dle 
roi.rttion in tnrn/rev;ef'fect on 

crup oection 

,, 
rn:n "· 

a.G 

, llu•l'nce .r irü::;l¡) 

l~:n~irically C.::.ev:i.ned f~[1Ccii'ic eutting rc:,ü:.>tati.Ce "'· 
( efi'cct on chip th.icknosn h unü cll.ip wid th . o) n 

r .-.. a.. G .k -- ""' .. , 
Net cutting power N := 

net 

Input power N = inpHt 

.-
= Nidlint;+ con~>t. 

Cut. ti ti& i'orce _cor:1TlCWt~ 

'['u:rning 

Drilline: 

riJi l..ling 

TF.Ln{,o;~'l'd.Htl, ro.d Lnl, fet!ld componen t 

Axüü ( thru:Jt) l'o:rce, torque 

Innto.ntaneous ) IIori:z.ontuL lonr;itud.i.nu.l 
hori ~•nn·t.n.l axin.l 
V<.'"'J' ti cal, 

or ) 'l'üncentiu.l, .co.c! ial, axial. 

N 
net 

Vari.ntion of chip t.hicknesE; .-~uring Lhc cutt i.ng 
n.cLiun and J"Oouli.inc; vrn.~.iaLion ol' c:uttin1; L'oJ.·co. 

In:, tan tuneouH l • cn:1.p th ickne:.::>c~ 

~1idc.llc chip thickues:J 

OY 

n.nt 

of ~.;ecth) 

cinf 



ConditionG similo.r fo:r .f'o.ce mj_llü•::; rúieht d.iL-:'erencc betHccn 

up anc1 d own rr.ilJ.inc. 

'i'h.i.c 

~·'orce [JUlGo.tlonEJ dfJtcrrri"ÍnC :Cutio oetween ¡r¡aXi:num b.UCl 

r 
moú.n .forco ~ 

ni'foc ted b;,> 

.i.) 
mean 

the cu.ttin..-r conditions 'J.r..u the dimensior.r. 

e u t t.er and 1tJOrkp iec~ viz.-: In Uw en se o f slab milJ_ing hc.;l_¡_x 

ancle o.f -Lhe cu'Ltér •tG woll uu wi.d th antl dej')th oi.' cut; in i..he 

cnr:;e of fncc millinu the ri.:ltio bctHccn width o-f. cut und cutter 

ciir:1mctcr hnd t11e poc;ition ol' !.l1c c-utter axis rulntivc to -r.hc 

b) 1'urpone of t.l10 .;;ncr.inc t:ool 

of' 

'J'o obtrdn lvi.U¡j_n P"l'l'LLlJr>ible :l:Lmiti3 t.lw :.Jf)('CiJ'i.ed n.ccu.r:ncy 

óf ~thnpc u.n.J dim«!lali.f,nll au. \vnl:l lt:l Llu' ;,¡iJ''Í:tl"\0 fi1d.1lil ()J' L}¡o 

i\vcnlnble operutinna.l upeeds anci feeu~j mut.;'t en:;ure áit:;h prGductJ.-

vii.y und rnc..chine cupn.cit.y utill7,( ... tir)J1. Avo.ilable power, Gtronc~ü 

n.nJ ~. t;J.f fneu.:.. rnlH>t a..L Low r .. tct-; o.L' mt'ti.l.l rc:movf:l.l which onf.>UrB 

r• LB;h productivity. 

8 tcppecl 'H~ in.t'i tli -Lely vnr~21'tüc 

Hcquired ~•pcod rnllge t :·J) Lh:¡>encl<; on 

V 

n - rn:1.x 

:..:tep rll.tioe; 

V . 
mJ.n 

( ('í) 
G 

(el , und rnin.:u;,u:r. 
r:~c:d·: J 

( v ) U.Jhl min i.rLulr, 
lriüX 

el 
~ 
d ' mJ..n 

oloctric d.c.'ll··i.vo¡~. 

(d. . ) 
td :L rl 

1 ¡ 
\V . 

lnJ.n 

,_; inmc t cr o_¡_' to ol 
or \Jorlcpiccc. 
cutting spoed 

o 

o 
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C!-.r-J.rr.~c Lt>:c~ll LiCf."i o1' bydrauJ ic ( purnp-rno tor) und t~l<'c t-rie 

\ \~urd-J,coun.rd) set. 

hdjur;t..td.lili.1.y o.f hydntul:i.c IH.t:np-mtltor cct 

l'l,) = ·-
e e n 

1 1 1 - Q 

- )-

e.) = motor adju:.:;tmcnt; .._ Q, . .::: len.ka¡:e los~-:;es; . ' e 
1 

and e,)= desicn 
~ co.n:;tu.rlts. 

}'lo\v of 1'o1·ceo in tt1<: h 1 ,·uc"t.u:re 
Centre J.u.tru:l 

Hn<.iia.l dri.L linc r1achine 
l•'i Lllinc m:1.cinne 
G-r·::LncJin¡: op.::rn.ti <Jn 
Turnlng CC11 '"·¡•e d.ri ve 
Accurucy LlllU co::·t 
Open anJ cloccd frn.mc dr·~:ic;n 

U¿•c of f>tc~l in rnachine tool atruct.urcn 
Combi..natio1:. oi' ~;tec]_ a1\d cu.st iron 

(cxarnple preuc rrumc) 
? p - ~.e~ J,·A . t 

Llape of clone~tion Af 

Ratio botween slope uf etecl (~ 
i., 

'R -::: A3~ EH. 

1». ' 

Load increase (Pudd) ovcr preload 

wherc 

¡.; , .. 
-:¡_ 

1 
B1. 

tun 1:1,. 
llt. 

)? • 
p tun ct • 

e~ 

o. 5(J 

-- (). 3t1 1.) 
p 

-
-l 

and ca.st iron (e. ) 
l 

•) A e¡· IEt:o - -~ - _____.... -.e c. o 

( 1·· ) in the E>teel unchor 
p 

j n exn.rnplo 
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'?ool-work deflectionc~ uue Lo cLarwing cuL:tinr; ;forcfcomponcn te 

l) a.r 1(l l) ) 
X y 

Il" 

i. i~ 

a) J' c<~u:.:;es dt.•flec·d.on Y norraul co t11e cut suri"o.ce 
y 

Y depeud::; U[Jún roce¡)tance of ~>·tructure in 

Y - el irecti <Hl 

h) l) CEHWOI.> dei'elctJ.on ~(. tangentio.l to cut ;;ur=::·acc. 
X 

y(. 

Y/ 
Y r.t1•blo 

() 

Y un~, t.n 0J e 
o 

l:.i.mit 01 F.tnbility = 1 y l 
1 ú 

o 

o 

o 
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Two rnod en o l' vibra tmrun of clone na t,u1·nl. f:rcqur)ncie;,. 

t-r:·nnr;ic:~nt cht•nr~c in I' r¡>nult:; in eJ.li;Jt,i.c~.l tool. puth. 

J·:ncl'r,Y co·;¡oidurntionn ::how tlutt n.n"llt;J.oc~·:wif:Je wovcrnent iG stntl.e, 

cloc\¡wi.Le In(JVOrnen"l un~:Lt.Lb) e. 

Exumplno ol' B"lif'f'ncr,L>, ¡.;tn.bility o'_Án,l UR.:11J)inc- devices (Active 

o.nd pasa:. i.vc )wilJ be ::hown. 

Ope.l.'O. Lion can be 
rno.nuu:L by r;ld.lled \vol·k,Jr ((J. e;. CíJnt:r·c lu."c!-rc) 
IM1.r1Uf\] u,y Un:·,}ciJ...iJ.cd worker (c.c, Cll.llUÜJ.n ür turret 

uutOt:lrt :,::i.c ( mcchanicn.l.) cürn opc'ratcd 
n.u t.omn.t.i..c (N, C.) i.) ¡-,:; con t col. tnpe 

i.:i ) Dl'JC 
iii') CriC 

lathe) 

i'lacninc t.oul. util.iznticm mu.;t bt~ ev.•Jl~.W.tl~d .from cevernl po1.ntc 

O :f Vi C W , Vi ~; , -

l·:xamplc: 

Vt.LI.i~ut i.nn oJ' 
i) avB.ilubJ.e time Cnu.Ctline l.oadj 11g) 

ii) uvailuble carncity (oi~c, powcr, 

iii) obtainnble qw-::.l.ity. 

i) dcpcnd o on ii) [LI ~~1 L.i i.). 

opc>rl. ... Liono.l 
ccüu.l.tions) 

\•/orkpieco él1:u tin ti ce; in Gc:rwnn,y in 1 :)<ÍO<; chowed 

that centre lathes were utilized 

. ) :l. 26').: ovl)ro, ll ( -1 ()~·,·, pe r. r, ll.i. f t ) 
ii) i'or ~~o¡.: o f 1: L t: lC :J • l<. :q~t h Gil] JG>~..-i.. t..;; ;! () l) 0- ~) OCJDm:a; 

dian1Ctor CU.JHtc:i t,y up te~ 25C r;¡;n. 
ucLunJ. dillfnctcrs f1: e '(U'¡u 20u rr.r.l : .• r«l len¡;;Lr1.G 25L; r::;-;¡ 

iii) c1,wli Ly recp.~.irnrnc:nts rnu;_;t be c:!.cu.rly c.1,::..tcu 
( cx.arnple ~:tt.1tl C'l' e:rin<.l1):_~). 

OrJcr:J. Li.(:nal o.ccuru.cy ,}cpC:!nd.o nut on.~y upon th1~ accuracy .,.¡j_ Lll 

whicb. tJ.e mHchin.o i..ool hu::; beon rr,u.nufact~trod but u.l.so UliO:J. the 

J·,rz·or:...; can br) corrcctc·d, bu·t vn.r·iu.Lil>tH.i c{.ulnt;t. 

Cooc..i.r~LeltCy more Íln¡,ori.,tnL tllan hbcolutc: n.ccura.cy(L~xnmrJle:J.1or<>e 
-t ;q)C:r') 
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\¡/ i t li C\)1:!¡ JU Ler nu;r;cri C~ll co 1 1 t. rol (e:. j'~. e o ) [J. n:_.Lni COFI PU. ter j_ :.--; 

cr~n b,; i.l(:u.rporatcd n.t 1/l.L~.l J..tl thf! -¡,r·c,gram whlch co.n Uw.s be vn.clccJ. 

Li CLCcorcl:.nce wi.th opocific requ.i:::·c:rr:cnta at n.ny "Lir.,e. 

'l'ltc Ílid i V .l!lUül CO¡l·-

plL1.:./ 

' . .. J • 
ct~C;! :::~lC:~~.L:1C ~...oo _ cr~n. ot: 

c·r~n\.roJ.lc:r :Ln w()ich c:,.:,e i;n•· LJNC e0n,,r,un.\c,"tion l:in}u., operutc 

In o:cclc!J"' Lu ut..udy tJw }Jl'uulern a;: n. wholc it ir; pcrhapt:> app:ro;:u'Ü.'l.tc 

i t. .;:~e or m·: e. r1ur:-::ct :rr•nt·urch C¿i..Cl' ied out in u.~). A. ' ¡,.Jl-J.ich 

o. ' . .<.·.j:rwb-::.e WOl. .. kpiecG <JUI.l.lit,y, t.J.ccu.rrccy 1·.nd r;ur.f:,cc J:'inish D.ro 

fn.vnur o.f' NC. 

'~'!1e é~O.~>o oi' uct tine-up, the possi-

parte <.iulc::J.y frvlil cxir~ :.iltf_: "LrqJc-;c '-•~-. n.nd ,,hen :rcqu:J..rcd are .ft~:c-

-, ,¡ 
n.no; en· 

o 

o 

o 
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Accuru.c:y Hi th wtu. eh rnn.cld.nc i..oolr> lw.d bccn rnan<.l-

~alíuon ( 1 9Yf) 

introduccd tl,e nw .. nu.J'u.cturc o;' tc~-,-t pir.ces. '.rhesc tec,tB [ ... re 

not t:Ju.ffi e i en t, e;:, ,,ce i.l-lll.Y for C01lVGll t itlna·l machines which h~1ve 

JI.~ro llCCUl'IJ.GY U1Uf;t be }u .. gher and more cleo.-rly 

dcrined bccuuse an opcrator'c intcrfercnce il; undecirublc o.nd 

wor!<vicccG mutJ t be more t-1.ccurn. te beCfJ.UDe o:f thc needs in cor.nec-

tion w.i..tJ1 Dtlbsequent opcrutions. A typ,ical ex:J.mple iu Lhe ·boring 

o.f twc.J co-a.xia.l hr,ler; fron: both :.-3irl.eo o:i:' a wor~-.nic~ce, whlch w.:..y 

Le fll:3 t.er ¡ln<l rcc¡_tti.t'fH> a r:;ho.ctur uurillC bal.' tllun borint~: frorr. 

one uide only. 

j\'lod <-!rn m en c-;ur i nr; E'q u.i: ~m en t (e • r~. L<• r~ er- .[ n t <:-) r~(~ ro:rH~ ~ nr) make<J i t 

pust:IÍ blo tu uL:t.llb].i:__-;h ~utd r•'eord rt<.·cu.r·ntC>.ly n.lH.l c¡uic!<; Ly rnany 

:1. na e e u riLe i es , d ic plac cmc~n tt,, d c'V.i..cL L i o :no e~ te. 1'hey r:lt~.v 01 the:::· 

be geom8t.ric error<; in tile ''l'i 1:-;uw.l maclline conl'i¿:uration or 

Lhey rna,y occur durin¡; t.!tc• opPrat.i.,-,¡, of, the machine> undnr t!1e 

e:~fects o.r tiJe J'orcco 1.1.ctu1{~ "n tlw c:;tructure (eJ.ther cuttJ..ng 

i'(u:·ce::, or c'han.et-~G it• 1..lw distri.l.lutLon c)J.' mac¡;es ciuc to the move

mllntc:; 'l.l' t..hu mtl.~hine paJ•to). 

l'lc rll~t>l. tiit.tiut_:u.ir~h brc'twoen: 

u) protoi . .Yl'f' tet;t.r. which hnJr, .i.n c:.L,Lul.it>hJ.n[.'; Lll<) cü.pHl.ni .. itloo 

o~ n ¡nücblne and 1n .irnproving L'lt turc deniGnr>; 

b) Ft.ccep tance te~, ts oi' mncJ¡ lnec; which x¡H•·VP he en buil t to d er; i.c:n~-; 

whuE-;e performance n tandardc l1avc' bcen t')r:;tablir;hed u.nd üccep <;cu. 

1 Error11 can :.J.l;,o be 

iJltrod uced b,y bad cuttine:-up ~1ncl t.Le~•e muct be e_li:::inn ted. b,~_r\)::."0 

tl!(. l>lum~ for bud machine per.formn.nce can be put en the :~1achir.e 

tool .i tr:::nl -r. 

1. /~ccurucy ol' _v;o:.::·;u.r!,L:_ ...... ~novcrllcnts 
., . 
Lo m par l!:50 :: 



¡ll)OÍ tlon rE..•:.H;);¡CÚ Ht 

( !Je:t.P.n:i ~r.tr.d.i,,n of 

-.)-

nnd o.C ruo'\rcn,ent ancl c. e:-;; "t,L:>.'~-;-e 1," 
¡ ' 

"u,y:-:;t·-~r·¡ errors''). ,\y(~rac;e é::.rror 

vLo0d ¡'u¡· :tll t:umo Jllllnt::r·.~c.tLly C<,ctll~<J.-i.cd rn.:..tc::..:LD<H~). ~l'v10 imp<ll'-
\ 

L.J.nt. .,¡(~Lit<.'<i~; l:1id dO\-Ir1 ll.:,• lJ.l.'J.'I'.;),/1. (í'l:Li.l•·llO.l 11:<.1..-;]·¡l.rlU 'l.'ool :'.u.i..}-· 

r.1e11 t:,. 

·,·J.i.t.h tl1c VDl metttod this lCLrge f3Catter 

v:.<·. ue W01<1.rl JdJL be nhown fl.lld Uw uvt }"'.ceo scat.tcr would appe8.::.~ 

u.t t•J<' yJOc,it.ion who:r·e C<S' = ').'Tt"m• 'J'i~<~ choice o.f tureot 110-

r., t-:.:ic•HD iu ~1!1!''0l1 l.r~nt .i.f cycld:c ( Tl~'.r ~·-;d.i.c) ernort; hnv,~ -co be de-

t (_• ~1n i tl.Gt..i o Cyclic errorn cnn often he cre~tcr than proures~.i.ve 

A t Ul"!I~.l'l' wc: d (J term i.nc f.i.:n1t tnc progr<?!s:::>i ve error b;:,r 

t:1e luuü Hcrow r>i tch o.r· r~ mul t:~plc r _;· it o:f move-

men t' '~'iu~. cJ.imintl. LéA nny i n.fl\>J'rtC e} 
f.' o ... cyclic <~rrors. Then 

ovcr L~ leneth of at l.er .. et two r·itch .1J:z;~0ths of 1;l1e lcad. :.:,ere'"· 

·rrw fH!• ;, e r·ve L'or do te rm:i.:ni nG cycli e ,,_t·:·o c:J. 

l:xampl o: l'JC LorGi' tablc r:Joving ~~lonc.: .1.-axiu. 

o f rnú.c ,, 1.ncr, w .i. th increrne ni.!;l ~ :neo:.u cL.:te L'qui. pmctl·:.: u.rP L.J.suo.lly t>rnn.llcn 

Il' an n.u.•;o]_u t. e ra thcr ·t,}w.n in crcmcnt.'-1.1 rneasurinc: sy::;t er1 is us,;d 

the ucc~u·acy oi' t•e Ltin¡_; i t ~:; vi tnl if cyclic e:r::..·ors are to be 

o.vo i..decl. 

o 

o 

o 



o 

() 

o 

T!-,e t..cccptancfJ tc~·-t had bcen curried out ¡:.~,t t<,rgctf> vúuch were 

Rpc•ced by rnul tiples o r ·¡. 2~i mrn. TL.e error ...-ar, di<;covored whcn 

tes't piecen were found to be fa.ulty. 

}'or ni:J.ch.LnCG which are Lo ¡Jroducc :rro.fllec; by con tinuous pc1.th 

cuntrol e ero :re, can be) e·• u sed by -.;nre:->llold. ef i'ec t eG}J() cially 

w;1cn Ll."~ d 1 t'C:C1,iun ol' rnuVI'IIH~nt ulonr.~ on.c uxls h<'.1.<J ~o be rovcrr.;cd. 

fl.n Amor LC:.,.n :.__; V1nd :·. :·d ( 1'\ ;,~;) rotp..tire:o; a circular t(;:>t pío ce to 'oc 

'L'1 ,_LyroncJ. gr1 Lí>h :>hc,\JÍn~ n 1 L o ~ror :clone oue uxic, \·rhi eh 

n. lus.s ¡;; C::[l\¡:=;ed oy b:.~.cklrwh or c.tcain Í:l tlw leud c-crow cirive, 

the poL~i l::u~n i'ecd back l>eÜl{j tL:l.ken :fr,)i11 the rot.:~tion of the load 

ccrC\1, t:H" ]_oH:0J \oJOLl.ld b(: C(ln:;idered })Os::. ti ve) • 

. LosG o:f 1:1<-VPrnent c.11.n .i.nrJ u.unce ti.e> rr~peatubillt,y ol' n :::;y.::n;cn<~::.ctinc 

of t:tt :-l.:i,léo UJJJer tl.ci.r o~ll"l.> v<'C.}.ght. Errorb co c~useél ~1ave been 

'J'hcy nre c • .1w.-,ecl by chn. ... ·i'ce 

Thc- utruc Ll;.rrc· nJ' -v.c rnacJ,i.:1c i tselJ' cu .• ; vu.r;,r throc.:.r;r. 

chL.i.l'l1;er; in po:·;j_I..Jnn of ¡·.r;hJ.c. rL:.m, sp:u.dlc head, e".;c. 

b) ~~x tc:~rw.l. 

Wci.,r:·ht oí' wo.r·lqn.nc;<-)0 wr. i.cl1 ar<J ;novcd, ".,l1c ·ap-plic...L't:o..cn: 

:;t.:ra1.r~htne<-JG ol' Luo·l pui;h (hori:·.cLl.tal bo~·t-:r) 
( f\ í>CJ.U.-L ·t]l T'U.Ifl d Y\JOp CC!frTH-~lH1:). t ~.,~n) 
;~y •. J.r:Jple: 1-wrL;<.'nl:,ll borcr \Ji. th ¡novi!i{l; cc..•J uL'ln 
[•'1el:.l.ouro<l dcv.i.:,t t()n o~.' J'u.Ju ·, v:1. th the hcnd c.lu.,;¡pr:;cl to -;;rY 

l!id .. g11outic teL t w-L tl1 tf~c_. 

\ 1 O 000 N ut 4. ~ Hz i. e. 

e c~~...:.r;:Jl, 

l1e l p O J: Ll. H1J~j(~;.~c:o- e ~L"t t ~e" e:x ,--; i 't Ol"' 

\\t.:ll lJPlov; "'l.ot:..,-_! tnu.cn Lt1e 1 ¿, rtl4o~ura:L 

l'requcnc_y) 



'l' llc; 
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COi!l,' 1 ·L:j.l"JC{' 
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" L 
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oL' 

Li1~..! : l:l.,Jor· r):Jrl. <) 1 

l. ' ) ~- ~ n. + . 

'•' ',1 

¡he; and 
e 11 

; ', 
~. 1 

wi 1 ! , 

•' 

" l' \ ' l'' .~ r , , + 
'e b 1 '"'" ~ LJ \ 1

i "r1c 

Lhus 

-íC-

-; .... l f ~ 

}' - ) 
co 

Co0.f L'ici en L o.!.' Z :r•cn11 ~nu.i.. b1c :fur d.cvin. 1. :;_un frurn parallelicn o:::.· 

pn-~1, rr·Lnt.ivc i.n itc C>l'.i..,:irH_.l poe'Ltion. 
') 

Co.·frí..cient oe :-~· r·l~!;p 11ouibl8 l'nr r.::r·:-l.ic;htnes:-:. oi' nnvcnent. 

A 

~·:-·ncl. oí tho !li.fi'ercnL cleltlOntr~ fo,.aHl tLrour.:;-h test :cesult.s. 

l t ;.,ra.-; J'uun<1 tuu.t l•' 1t1a1:; t:,c 
e lJ 

tt~c J,,,,t.IJ C:i.nrlr)l: be· e"":::¡n¡pGd Le Liv· ce 1.urnn -t.hen P. \vi]_]_ be S tir:.es 

'1'l¡t · ,., 1 L( t ~ ... i (;f1 () ,. 

'/ 

" 

rnovc~:.:::r1-:,. 1 ~. 

\J '' F • h ~ •llo (~b 

i.f 

JlC 

;'i )(()( ¡ ' ~ 
(. 1,. ~~ 

~ ' -
l 1 J_ 1 ~ 

1;'tlt' l_[t.l"'c~e c..t~r·o:t"' f..) f jÓt) ~ r.L \,;.1~~ CY1L:_!.1:'-..:~~.\ .. 
1 

-¡·<1.r ~;,L\ r··u¡¡ n~{)"Tnn-.c:rlt, \.vh;cL .. :1,~·0 .:-~ :¡_·{~· ... ,.'·f~ 

\,·i~[l1..(l (l.l;.. ~o:L(;rU11Ct'! 

o 

o 

o 
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: · :l..T,)Í J ¡ LJ' [,1
/ 

~thc~.L Lw· L:d)lC" CILX'I'i<!c1 11u ll•:,d, ~.~nl1er 't'·lw IJCrmü~t;.ilJlo worl<.pi0c:c 

wclc;h t u~- í r.lO l:r~ cli.uplacarnentn took :¡;.laco. 

~::rror::-. o t'J' Í.ll./: tllblc :rot: .. t.JJ)n ( bl)ri.n,:~: i'rorn two Giclc<.•, tnble 

rotu.tion 1:)u
0

). 

'j'abJ.e U' 'i.:• muct (;o: nc.id" wi th vc'cticn.l axi::; of' S[lindl0 lleacl 

' :.\) 'l.'n.lJlo :.1.1.. o'oce aL ¡·¡,;}¡t é1.11 1_;le i.o c-.:.XJ.G oJ' :r·otc•tion 
Hll.Lch l~· nr;"c v<)rtic:.1.l ( 1-2 rondinc ot' level). 

b) 'l'hc l'lJ.¡·¡ t.-,'ulc an n) lnl 1~ ¿_xiG of rot:,tion vertic<-:~.l. 
e) 'L'uhlc m.u·ru.c~ noL ·.~.t 1·.i.p·ht angle tl) ;n~iG oi' rotation, 

nntl az·i.:.: c•l' rcJ tai.iun r,ot ver"t.i.c:.~.l. 

-~) '.:.'able :nlci'ltCC not at ri¿:;ht [.t.nGle te. o.xic; 01.' rotution, 
but axi:; o·:' rn1.u.t'i.r;n V<)rtical. 

r-:ca~clrc:;-;en to or. [l. ioJ8.C)d ne Lablo Hi tb a loo.d Cd.rryinc Céi.pac i ty 

of 1 O, U()U k:G \oJCre e crricci out wi Lb tlw tublc wi Lho1. t load, u.nd 

axcc•n tric:.lly loudl~O. In Lhic cu.Ge the accuro.cy wnG i'ound ·to 

ue bo1. t c:.r undc~r loo.cl lr. 't.i1tl.t thc clolH1 oj' the n.xin of ro't.ation 

wae ú.(Jld rnrn/m whilGt \.;i'crlout lo:::,.d it wn.s 0.032 mm/m. 

Lile )~<·a::-. en :for (,;u eh vc·.a.ria tion. 
(lJ+X)V -· 

y 
1 

= 

= 
\o"J ( J,-/:) 
21~ 1 L 

( for jlo:u1 t. 2) c.~n be founJ in i.lH' f:;a.mo mannor 

Y' 
1 = 

::U_l+X) 
21~1 J..J 

\¡ , 1 [ \ \ ~ ·-1\.' 
2 ,, I 

!\.2 J 

The reél.d .illc;d f:rvm thc levcl 

K,> t.':Jr .~ pac~ict .. lur t.Lblc·. 

can 't.hcn be used to dctcrmin 

'· 

'{-V= Y'- vr 2 ~Í= í ~2 

~:J. 
= ') 

2}0.,.,;;.. 

K 
1 
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'J': ' ~ ' l .r : .. -~ · • ¡ ·. ' , ll: ' L i t :; • 11.' . : d J 1 " : : 1J r ¡· · ' e r • : ' n.! n >. i. u o ¡· r • r' t. 1 t i.. c.' J 1 J. r ; l. ( · -

l'iepc::, c.l.c:<;\, of,:?Lo load ,n· t.l!•! exccnLri.,;i t.r o;' iLc <.:.::J;t.rc' 01' 1_';-r:.,,_rity. Q 
I.t', hr.I.C'V<!r', tlto GtifJ.'l,c~.•~; K

1 
P K2 

- Tn <.>. r-:1nchirll·) \oJhich \va:; .Loud tu:.tnd 

re e u. 1 t i n ¿~ t ro u b 1 e .s • 

o:n.blc u.n.d.cr load. 

(~ 

_['•cr Ucc: ~}c:'cJre men"',.LC>t1ed OXIIfiipl.o \.Ui!li!r n }uud ur -),l-CJu ~'-C: d.nc:. 
L~ .. ex c.· :1t.1·ic.L ty ol' 1 OC rnm tlw V<'rtic . .l.l crro:c duo to 1 i-30° :::-o-

\ ... ~ ., ~m ... ' ... ·~· .) • .., J ~ • l"o r· ht~avi er wo:rk oieces nnd greo. t el~ excen-

i~.ffects may be uue t<' 1..t)!npere;..'Lure-cbanges in the wQrl~shop, but 

'rhey c~n1 bt} reduced l)y sui table 

fll"ovinL•Jrl 111 Lhe dcnir:n 'lt' l.ilc' '''uc:,lrlt'G. Unfortunately ho~t 

~·;_,;t.r·.Ll,u:.i.t•>'• 0.ffcctt, Hf'' l•<)t d.cLcc:..d. h;; tlH:? ¡:¡ea.ln'ing by,¡tcm 

'l'ho re' .Lo. l. :i vr. d .i:, p la e e1nc''JJ. t h<~ t we en r,,nch i.ne :~ r' .uulle 1 • nd. wor k 1, ll"..:: e 

un :i ne; 

·L tlll ~~ 1¡ l.l: • 

ca J. (V 1 and, V ) 
2 

( ,, 1 ~'I ' .... u.n, ' 

u.nd ii.,) :óuld ver-..;i-
.:..· 

o 

o 



.. 

() 

o 

o 

1 .. 
-¡_)-

í\xll.l./ r/¡::¡>./ILl:l'fl\("ln\.:; ol" l.lw /l¡rllll[i«' h'!'f'() rll<':d:IIJ'CcJ hy j¡¡;,t.J'Uil•(~,,( /'¡, 

'l'llV V 1 :~·LLC'ii.] ([.i.np]ltC..:c~rilCHt, \-Jhtcil !JILI' .L.i.·t:..J.u L•:J'Iuence Oll t,;;c \.l,1'-

ni.nr; ::c:c:'.lt·.tc;¡r, .:.,~C:J'L··~uH~:; 11:i.th .í.nc:r··nri"i.ng r.pot:d. ';; f"l(; [u;r i ¡.;r:J 1. t.L ... ~L 

.-:Lc .. p11t(;r·rnnnL l'''t:: l<"tit'l al'f'ect:<'d 1>;.' i.J,.-· ;:ll•·od and ¡·.,n¡¡ llfljJI'O:cC.Ií'd 

nn,yrnt• Le, L i e ¡J.J,y t.l1t: v,·, J.uc 1 ; 'f'I..m • 

1\n i..nt.n¡·,::. Li11fS {L'\..J.i:1plu o:!.' ht;at. di..,t.urtio:t cauncd b;,' hy<·,rou~Gr~c;ic 

éll.i.d""''-L.Y hr:arine·.¡, uccul~r·ed Hitll IL co"L.u•¡n ,,¡'a nor.,:~o~,L..-.~.J. bo1~c'.::" 

v:hicJ¡ ::n.d t;o trnv<1J. ctlOll/: l:ho uud oL' tlw rnac.ilirw. '_¡_'he ~·nr.;ular 

~.·r:ror:~ l11 ti•<' colwlln J)Or:;.itiOJl were mt)~¡;;~u"~c-Ll. 'Chc,y ,,,-Jrr: c<.Lt:;~cd 
1 ' 

'u.v 'L)l•: t't:ct :.~¡·,.t tltr~ :·lttChl.nO hud L1riO oil Lnnk:-; 1:hi.Cri wr:t·e conH<~C-·· 

tc(i b,•,r oi .·ipo. 'i'hc pU..1i]l clrew o.i.l i'rom -r;un.<. ancl })U:.Jped i t to 

tb,·· i.J;•al·~nL:t-~. I1t c.ne :poc;i tion o.:.· ~.he cc>lu:rtr" ntJ o ,_l wac ci 1 :·u:;r 

u !";..t.~'ll L't·o: .. or re~ 1 11 ¡~ru,,{ t. e; t: •.nl\. ') 

r. ' {)() t:H.l.~ tht' L) ¡_ J ·t-.~f11J)L""'r: L L.1¡J·c 

i !'l 1. i 1. J l !t vJL'I.~-, hJ.L:hc.c that1 t.hat in t¡¡l"lk 2 unlP:>n t.lH' C(ilumn 1;ar; 
T 

t.cc~vct~:,cd frorn ri¡;1·1t Lo left u.nd lo·"· tcrn)c-:r.o•tu.cc oJ.l SUPJl~-it=d. to 

"t~lnk 1 • 'l'ni:; rc:·.u1L(~<l _i,¡ del'o.rm:lti()nc, .Lnd !Ul Í.lll]H<:;:; '- bi.l i ty to 

c•l;tü.i.n :ccrcu.table pon~·LJ.nni~lG oi' 1.h,~ column. 

l:!i.I'J'~I:.~~_ll_S: .::... _l.?!..:. Ll'~ -~-n _k_l]H; r·: .::_tQ.!:.Y_n_rl~l- i~·.J) ·: ~ ~;l~<.?J2...l!l:-.'..:.!-.!"_!.n'í' rr1en t ~3 

~-~) ';'('r;J()LJ.l'Lc Lure C\¡:ir~¿;es ir. th·c: lvOrc::fJhop '"·'Y oc axcccsivc 

an.l overlookcd. 

h) J":t t.J¡c wo.t·ludtCJf1 el'l'c~cL:. ul' nr::i, .. :lt\;o'd'itl/: ":"'Jl.lll<:G, 

cranOIJ eLe. m:.l.,Y be L:ranl~tnlttccl :.o i.i1o 1~,)~.n:dati,,lle3 

~.n<l al'l'ect. LlH• bt~h:Lv.i.nur of ~ mach.uL<:. 

e) VJ.bratiou:; c:~u::;cd b,y .uu'1lH.'llC<:lG lllCnLi<'l,cd u¡,dcr b~ 

moy n.l'f(~c t ;;pir~ t levol :r<:.:adinc<>. Hlectronic lovcln 

which can-1Jc d<:~.lllj'ed and 'tJhoso ;;ené:;ibili ty i:." adJu:c;tablc~ 

cr11t ovcrCniiiC tlu.n prol>lelll. 

<1 J I L il, impo t' LtLn·t to CinJ'loy t:Xpl?-. .'J.C!tlecd L<',' tCJ'H. 

Faul ty conr.lu:;ionG Gu.uoc~d by lo:-~cl: oí' b:.i.;-,_i_c k.u __ )~,o;J.cd,:o 

llnd L:tc· Í.llll.1J i.J i ty o L' n t;o•uHl ar1al,v L ::..c.:··,J. aplH'Oacl• m:J.~· 

p.cove cu:>tly in Le:rrne> ol' l'•CHloy, time nr"i oi'l'or-¡;. 
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In ttw dcnir:n, m:.: .. nufa.cture awi r •. pplic:at i.Pn or cquiprnent rmccinlly 

intend,Jd ft)r produein¡~ H. pn.r•t.iculnr w"rkpicce or typt~ of' work

piecc cox·ta tn cono:i.d eru. tir ,ru:J n.re ir•1por tan t. 

A epeciflca tion muDt be Cf; tabliBhed, whlch cono id ere tho ul tirr.a te 

rnlr)'lODC Hnd ta.sks O 1' th.c d cvice in qunn'liono The~e ~uut be re-

con e il Cll w i tll the a.vailu.ble pln.nt, thc n.vo.ilo.ble power rcoourccs 

o.nd th" coot which CHn be curried by tlw projnct o 

'Phc ptH~:1one nnd 'lanl:a rnny cover one or oevcl'a.). o f t.l1n t'o.!..lowlll¿;: 

Work!1ieco or rnateria.l JJ[Ul<iling, lt>Ct.lt.i.ng, e Lamp.ing or p1·oducing 

(machining, prem.dng, foralnc, we1diue etc.) 'fhese tael<:s must 

be L'l.rrnnccd in th~- rE.•quired arder of irnportancc, so tha.t i t iu 

poosi blc to t~~; tnbli3h priori ti ea. 'l'hf) noceañary dngrce of' 

accurncy, productivity etc. must bo deEinod. 'fhe tlecir .. ion o.o 

to whether n single purpoae type o.f equipmcnt ie eesentia.J. or 

whethor a more universal device can be employed will inf'luence 

thc coct considerations. 

tiirnple c¡·.ot C!Llculation for specia.l purpoee device ( l"K. Roe, r'lcch. 

l·!ng. I"ob.1911). 

').U()fJt.ionn: 

1. How many componente mur-;t he produced pcr u.nnum to mnke 

th·' Gpecial device (jir;, fixture, mnchine) po.y? 

2. I f a C<~:rtain oo.v in a in lubour e out is required, wha. t 

is thc pormisAihle cont of the f1pecial device? 

3. How long will it tu.l~e for tl.c opecial dovicc to puy 

i'or i t.r:1el.f'~ 

tlo ~Jhat will be Lh(·~ profit cn.rned by tho urcciul devicc 

i'or o. opoci.l'ic so.vinc i11 labour coot and a givcn output? 

The var.touf3 i tema to be considflred ure:-

a. - Ull11l.Hll pe:r•cel.l'lt:tr~o allowunco t'nr "in to.rt~c-~t nn iuvcntment"; 
1 

u = HI111UO.l p<~rcen ta¡.:o u.llown.nce .for fixed ch1:1.rgeo, o u eh Ht.l 

trLXOO 9 int.>u.rnnce etc.; 

e -- f.LrtriUC.Ll percen t.u.,~e u.llowa.nce i.'or moiutcnance; 

h = nurnber of ycnre a.llowed i'or umortieation of' investmcnt 



1 = 
h 

i = 

n = 
u = 

N -
N = 
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nnnun.l percen tace a..llowanco ror clor rc!cintion {lrl!l 

obsol<10cence bnnad on u.ni.forrn de¡>reciutir)u; 

er::timn.tod to f.1t.l. COfJt or· pu ¡•chun in t·~ price o J.' the 

epeci.nl devlce; 

nurnber of workpif~ ces per hatch; 

numbor o.C butches per annum¡ 

number of workpicces pr0ducod per n.nnum¡ 

u.n 

y = cor.t or ml.Cll fletti¡,g-up operution i11cludine coat 

of d inm[l.ntlinrr (in thc case of t\ opecio.l f ixture) 

in order to rentare nnrmu.l conclition o:f the plant 

í'or othc~r opcru.t.ions; 
( 

Y = annual coE;t 01' nettine-ut> ¡ 
N 

Y = y.u = Y·~ ¡ 

li = l11l.Vl n{! in lubour CrJC3t pcr NOrlcpiec"~; 

~1 -- n.nnua.l to:tu:ü, savin¡r in diroct labour ccH_Jt¡ 

~> ': 

t = 
:e = 
T e 

p --

N • sÍ 
overhea.d pt'~rcm1 tnee 

ritJ.nual total st.\ving 

~~. t; 

1.1.ll.U\la.l gros u profi t. 

ol' 

in 

ln.hour cost¡ 

ovt-rhendC1 ¡ 

Crcclit c'ldo n<H' annum Debi t ,picio ~: :uH1Um 

y.u+i(t.ab+ct~) ~; t- 'r "' N n ( 1 + t ) :u u..n fJ ( 1 + t ) ,, 
1\.nnwor io __ gucntion 1. 

Ant¡wer to quent ion ~. 

i~ 
. - Nn(1-tt) -;¡.u 

1 
:.1 1· h 1 f: ·1 -:-

ArlOtV'el .. t_o guc•ot i c:n ¿. 

h ,. 
=' ll 

1 > ll 

h t'l i 

~nuwer to qut~CJtion •1. 

11 

i 
( lll:l ( 1 + ;:r::yJ-- i (H. 1 bH!) 

[ns( 1 +t )-J -(o.+b+c) 

r ~ uns(1+t) - yu - i(a+b+n-~) 

o 

o 

o 
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l,¡uc.1.lity control~· rnuot be 1mc.;ecJ on: the rcquirc~mentn of tiJe dcui.r~n 

e.o indicn.tcn on tho production drrL\~irlgn. 'rhuac l't"?qui.rarnf'ntr> 

may be bn.m~d on' tbn JlNHiuct nati:.f'yin¡;. 'the CtHtd i tir,rw under 

which i t j ~· t<' :be uAed, or on u1nnu t'u.c l.urinc need:;~, r::uch r.1.o i'i t.-

tinr: i.ntu 'l'ixtureu, proviuinc. rr·fl'~:r·rnc~ fuc:on, bcn·en eLe. for 

nub::e'lucnt op~ration~:; etc. Qunlity control cnn be effected 

~ t 1 . ¡: t' . 1. ' l' l l. ~· t b o,y O.C U!t ·J..IlSJlC!'C J..OU O~h~1.'fo!..:LClnu1 oy f"(! 1-C.lOC CJ..n(t l.J..X ·urca, • Y 
.. 

i.n-proccSII r.HHusurcrr¡en t e te. 

Inspec t.im~ equ ~rment, gv.u¡~ee, CQmp:.a.rf."Lto'rr;;, r;uri'~ .•. ce finic:::h n.nd 

rnun<lneo:~ mca.e:-;urint; el oviceo etc. nrc nvu.il.uble. Ad v~ ~n tages 

0.f "go" umi ''no L;O" er¡ •ti pmant rtt.ther thnn mcu.m.ll'Í!It; llevicea 

t:ivinrr u.bno.Luto ·reo.dings. 

dhn.ngeo.hility. 

Uel~ctivo nt~ non-aclcctive intur-
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Period 

1969 
Oct.t Nov.B Dec. 

1970 1970 
Average Average Average 

Sales 1 t -19 1- 54 
-

Total labour 1 Oo95 0-94 

Maehin~ L'Cbour t ¡ .. os 1· 15 ·'' 

Stock 1 1 . 16 1· 60 
:',):q. 

Work -in= Progr(lss 1 O -EH 0-14 cS-1' ..... 
> 

Stock~ Work-in~Progress 
~ 1 0·91 o.gs 
u 
< Rat ios 
~ Sal~s/Jota1 lobo.u.r 1. 1 •.25 1 o 64 • r o 
e Sales/ M achine Labour 1 1 . 11 1· 34 
@ 

Sales/ Stock j 1 ·03 0-97 lb. 

< 
Scles/Work-in- Progress 1 1 . 4 7 2·08 
Sales/Stock+ W.I. P. 1 1 . 30 1. 62 

Pe r forman e e In de x Figures Re la t i ve T o Un i t y l n 19 6 9 A t T he S t a r t O f T he 

Appli cat ion Of Group Technolog y 

¡; r Fig. 7 1 University of Manchester lnstitute of ~cien ce & Technology 1 ( 0136/G 
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"NECESIDAD 00 FORMACION 00 RECURSOS l-llJ.IANOS PARA LA INDUSTRIA DB BIENES 

lE CAPITAL" 

Dr. Jorge Angeles Alvarez 
Profesor, 
División de Estudios Superiores 
Facultad de Ingeniería 
UNAtvf 

''Machine tools are an international commodity" 
United Nations Industrial Development Organization 

En este trabajo se propone un progr~ para la formación de los rerursos h!:!, 

manos que requiere el país en materia de producci6n de bienes de capital que 

consta de dos etapas: 

En la prunera, a tres afiosp se forman especialistas en las diversas áreas de 

Ingeniería de Manufactura, a nivel de Maestría, con la intervenci6n de espe-

~ cialistas extranjeros en un 80\. En la segunda etapa, .a cinco años se for-

u 

man especialistas en esas áreas a nivel de doctorado, contando para esto con 

la intervención de especialistas extranjeros en wt SO\. A partir de esos ci!!. 

co afios el país contará con el mín~ de especialistas a nivel de doctorado, 

requerido tanto para proyectos de investigación y desarrollo de la industria 

de bienes de capital como para la continua formación de recursos humanos pa-

ra esa industria. 

En la prllnera etapa se elabora el currículum académico, dentro de los progra

mas de Maestría en Ingeniería Mecánica existentes en la DESFI~, que tiene 

tres objetivos principales, a saber 0 

i) Formar recursos humanos para satisfacer la demanda de personal docente 

en instituciones de educaci6n superior, que ofrecen licenciaturas en 

Ingeniería Mecánica 

RDivisi~n de Estudios Superiores de la Facultad de Ingeniería, UNAM 



z. 

ii) Formar recursos humanos para satisfacer la demanda de personal de in

vestigación en los centros nacionales de investigaci6n científica y 

tecnológica. 

iii) Formar recursos humanos con un nivel de especialización a la altura de 

los que se encuentran en aquellos países industrializados productores 

de bienes de capital, para la producción de estos bienes con la cali

dad y costo requeridos para competir internacionalmente en este mercado. 

NECESIDI\D DE PRODUCCION DE MAQUINAS HERRAMIENTAS EN EL PAIS 

La producción industrial de bienes de consumo, desde un bolígrafo hasta una 

flota de buques tanque petroleros, requiere el concurso de una amplia gama de 

procesos de corte y formado de metales • 

e 

Para la realización de estos procesos se necesita la utilización de diversas 

máquinas tales como: tornos, fresadoras, cepillos, taládros, brechadoras, rec 

tificadoras, dobladoras y prensas. Las seis primeras~ englobadas bajo el nom 

bre genérico de máquinas herramientas (MH), son las que intervienen en el pro

ceso productivo de bienes de consumo más notablemente, tanto por su número 

como por su costo. Por esta razón, la Organización de las Naciones Unidas pa 

ra el Desarrollo Industrial (UNIDO) ha realizado investigaciones acerca de la 

demanda, a mediano plazo, de máquinas herramientas tanto en países desarroll~ 

dos industriaLmente como en aquellos en vías de desarrollo. En este sentido, 

miDO ha publicado las siguientes estimaciones para México en 1980 ( 1 ,p.67] 

... 

. . -

o 

o 

o 
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TADI.A 1 

Poblaci6n (miles) 

PNB per c~pita (dólares) 

Demanda anual de maquinaria industrial 
(miles de dólares) 

Demanda anual de máquinas hernuaientas 
(miles de d6lares) 

70,664 

751 

998p500 

83,310 

:S. 

Las estimaciones correspondientes a Brasil, que es el país latinoamericano 

con cifras m:is prnximas a México soo: 

Población (miles) 
l 

PNB per cápita (dólares) 

TABLA 2 

Demanda anual d~ maquinaria industrial 
(miles de dólares) 

Demanda anual de m~quinas herramientas 
(miles de dólares) 

125,742 

389 

490,540 

66,590 

De las estimaciones anteriores puede observarse~a influencia que tendrá en 

los países en desarrollo el consumo de máquinas herramientas en las economías 

de esos países. 

En México, el consumo predicho de MH para 1980 será del orden del 30\ del pr~. . 

supuesto de la Federaci6n para 1975, lo cual representará una fuga de divisas 

considerable si no se producen esas máquinas en México. 

México está produciendo m~quinas herramientas; pero el consumo de las misnas 

( '] excede desproparcionadamente la producci6n 11 pues mientras que en 1970 ex¡10rtQ 
"--._/ 

100,000 d6lares en M-ID tuvo ~rtaciones, por este concepto, de §2 .... !!!.!1:~ 

... 
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de cjólares, en el mismo año. En ese mismo afio, México ocup6 el 29° lugar en 

la producción ~dial de MH, y el 30en Latinoamérica, después de Brasil y Ar

gentina, corno se muestra en la Tabla 3 (z,pp-16 y 11] 

Rcp~blica Federan 
de AlemBnia 

E!!ltadoa Un!CJos 
Jap6n 

O. R. S. S. 
Gri'ln Bretaña 
Italia 

Francia 

Repablica Democrg 
tica Alemana -

Checoslovaqu!m 

Suiza 

Polonia • 
España 
Suer:ia 

Chif"la 

Hun<.:rle 

Canad3. 

Mlgice 

Brasil 

Argentina 

India 

Holanda 

Yuqoslav!e 
Austria 

Bulqaria 

1\ustralie 

Rumania 

Dinamarca 

Sud:! frica 

H~xico 

Turquía 

Portugal 
Egipto 

!!Ira el 
Chile 

'!'ot:al 

TABLA 3 
1270 

Corte de Forma 
metales do di' 

met¡;o
leg 

CmU.lones elle 
dólares» 

lt,o18.4 
992.9 

Par ti 
cipa= 
c16n 
en 1& 

prod. 
liiUndial 

(\) 

18.9 

18.5 

Total 

!,820.0 

980.0 

1,479.0 
1,443.1 

1,109.4 

!,073.0 

é67.4 242.0 14.2 912.0 

803.0 a70.G · 13.7 1 0 160.0 

476o9 

433.6 

316.5 

252.3 

250.0 

242.0 

123.0 

88.6 

66.0 

53.0 

44.7 
34.9 

33.9 

33.8 

33.4 . 

31.2 

29.7 

26.0 

25.4 

23.0 

22.5 

17 .o 
14.7 

7.2 
5.0 

4.9 
2.8 

1.7 
1.3 

0.9 

378.5 98.~ 6.2 465.0 

346.9 96.7 5.6 423.0 
240.5 76.0 ~.1 387.0 

185.7 66.6 3.3 

210.0 40~0 3.2 

206.0 36.0 3.1 

112.0 ll.J 1.6 

77.5 

43.0 

31.0 

.Cl. 6 

21.1 

16.3 

19.6 

19.0 

29.3 

18.5 

22.5 

11.6 

:n.o 
6.2 

15.5 
1 

, :9.1 

·3.3 

2.0 

2.9 

1.5 

0.7 
1.0 

o.s 

11.1 

23.0 

22.0 

3.1 

1.0. 

0.8 

0.6 

o.s 
13.8 . o. 4 

17.6 0.4 

14.2 O.IJ 

H.4 0.4 
1.9 0.4 

11.2 0.4 

3.5 O.J 

13.8 0.3 

2.0 0.3 

16.3 0.3 
1.5 0.2 

5.6 0.2 

3.9 

3.0 

2.0 

1.3 

1.0 
0.3 

0.4 

260.0 

275.0 

266.0 

145.0 

98.0 

79.0 

58.0 

47.3 

37.0 

37.4 

34.4 

34.3 

45.0 

33.7 

36.2 

29.1 

26.9 

23.9 

22.8 

15.3 

1.0 
s.o 
... 
3 .. 1 

• o o 

• o. 

• o. 

1971 Cestir.~~d~o~l __ __ 
Corte Forma Parti-
de me do de cipa-
tales meta- c16n en 

les la pro
(millones de ducci6n 

d6lares) mundial 
(\) 

!,230.0 

662.0 

590.0 

318.0 

23.4 

12.6 

722.0 190.0 11.7 

865.0 295.0 14.9 

367.0 98.0 6.0 

338.0 ss.o 5.4 

273.0 114.0 s.o 

193.0 

230.0 

226.0 

132.0 

83.0 

51.0 

43.0 

44 .J 

22.0 

17.7 

20.0 

19.1 

42.5 

21.1 

29.0 

12.9 

24.6 

6.8 

20.8 

10.1 

67.0 3.3 

45.0 J.S 
40.0 3.4 

13.0 1.9 

15.0 

28.0 

15.0 

3.0 

15.0 

19.7 

14.4 

15.2 

2.5 

12.6 

7.3 

15.2 

2.3 

17.1 

2.0 

5.2 

1.2 

l. O 
0.9 

0.6 

o.s 

3.0 4.0 

. o. 5 

0.4 

0.4 

0.6 

0.4 
0.5 

0.1 

0.3 

0.3 

0.2 

0.2 

0.1 

0.1 3.0 2.0 

1.7 1.4 

... 
• o • • •• 

o 

o 

o 
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Se puede obtener una idea más precisa sobre los tipos de MH de más consumo en 

O México con la siguiente infonnaci6n ( Z, p. 42] 

o 

ü 

' 

TABLA 4 

Porcentaje entre manufactura nmcional y consumo, por tipo de máqui 
nas herramientas, en 1969. 

Tomos 

Taladros 

Rectificadoras 

Prensas y cortadoras 

Forjas 

Máquinas para corte de madeTa 

15.6 

12, S 

7.9 

19.4 

5.2 

l7. S 

En la tabla S se muestra estimaciones de importación9 por tipos de 
M-Ij) hasta 1980 (2, lh 42] ' 

TABLA S 

~Unidades) 

U 57 1969 1969 1970 1975 1980 

Tornos 1,362 1,685 1,903 1-,500 2,029 3,051 

Fresadoras 390 400 526 365 500 734 

Taladros 929 957 835 993 2,020 3,070 

Rectificadoras 643 819 872 954 945 1,450 

Prensas 540 601 790 su 1,105 1,555 

Otras m3quinas para 
procesos de metal lr973 '·:z,2U 2,242 2,406 J,040 3,840 

M~qu!nas para corte 
de madera 1,560 1,195 1,586 . 2,127 1,170 2,260 

l?U®II\lt®B Foreign Tradu St~tiut!cml Yaarbooka, Ge~eral Offico of 
Stathlt.tos. . 

.. 

Según estudios de la propia UNIDO, ning(in país satisface totalmente su cons\.Dl\0 

de M-f. No se puede esperar, por lo tanto, que México llegue' a ser la excepción. 

e o o 
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Lo que sr se puede conseguir es abatir el volumen de importaciones, al mismo 

tiempo que incrementar el de exportaciones~ coo el objeto de obtener una me

joría en la balanza de pagos del país. 

Lms alternativas que se presentan para satisfacer la demanda en MH son: 

1. Importar 

2. Producir bajo contrato 

3. Explotar una patente extranjera 

4. Producir a partir de disefios propios 

S. Reconstruir m~quinas obsoletas 

Desde luego que de estas alternativas la rrkis sencilla de realizar es la pr1-

mera, que requiere una inversi6n inicial mínima y no requiere técnicos es¡~-

cializados. Tiene el grave inconveniente de quep en primer lugar, propicLa 

o 

la dependencia tecnol6gica del país YP en segundo, desequilibra desfavora0¡eo e=) 
1 

mente la balanza de pagos del mismo. 

La seg~mda alternativa solo requiere la existencia da mano de obra b arata, 

pues la participación técnica del país es mínima. Deja dividendos al país 

solo por concepto de mano de obra y, en grado mucho menor, por concepto de ad-

ministraci6n. 

En cuanto a la tercera alternativa 9 se requiere contar con técnicos expcrimen 

tados en procesos de manufactura y control de calidad adecuados para que la 

compañía concedente de la licencia confíe en que el producto que aparecerá 

con su marca sea de la confiabilidad de aquel que ella misma produce. Impli

ca la fuga de divisas por concepto de regalías pagadas por la explotación de 

la patente extranjera. . 
Respecto a la cuarta alternativa, producir MH m partir de diseños propios, es 

la más difícil y más costosa 9 i~icialmentep de ;ealizar, pues el proceso que 

o 
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o 

o 
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comprende desde la conceptuali7.~ci6n de la r..áquina hasta el desarrollo de ' did 

seño particular es tardado y requiere del concurso de expertos con los que no 

se cuenta~ al menos en n6mero suficiente, dentro del pa{s. Tiene la venta:a de 

que, una vez iniciada la producci6n, el paí~ comienza a recibir no s6lo la uti

lidad que la producción üuplica, sino además, abate la fUga de divisas por~ue 

no hay que pagar regalías por ningún concepto. 

La íiltima alternativa desde luego que también debe considerarse, aunque nc puede 

esp~rarse que por sí sola satisfaga una demanda cada vez mayor. En efect~, dada 

la longevidad de las MH, las ~quinas in6tilesp accesibles para reconstruc:i6n 9 

no abundan. La tabla 6 (1, p. 42J muestra la distribución de MH en la Gran 

Bretafta11 por edades 0 en 1970 o 

Edad ( afios) 

S 6 menos 

6 - 9 

10-20 

más de 20 

TABlA 6 

Porcentaje 

19 

23 

37 

21 

Excepto la primera de las alternativas anteriores, todas requieren del ce t.(:urso 

del personal con diversos grados de capacitación y especialización, aume1.1ando 

la demanda' de personal técnico especializado en la tercera con relación ~ la s~ 

gunda. La cuarta requiere, además. de la participación de expertos en di~cfio, 

investigación y desarrollo de MH, con los que el pais no cuenta actualmer.ia en 

n<imero suficiente~ como ya se apuntó 
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ESfRA:EGIA PARA LA FORMACION DE REQJRSOO HUMA.'~OS 

Como ya se expuso antes en este trabajo, la industria de bienes de capita: re

quiere personal capacitado a diversos nivelesp desde obreros especialistas hasd 

ta ingenieros investigadores y disefimdores. Aquí se trata solamente de 1~ pre 

paraci6n de estos altimos. 

Los ingenieros especialistas en uti1izaci6n y disefio de MH deben contar cvn los 

antecedentes académicos de una licenciatura en Ingeniería Mecánica. La e$pe

cialidad que sigan será de posgradop a nivel de Maestría por lo menos. 

El entrenamiento que se propone de este personal es a base de W1 programa de 

Maestría que consiste en: 

1o Cursos de formación básica: modelos mat~máticos, teoría del corte de meta 

o 

les (mecánica de la fonnación de viruta, temperaturas de corte, pote11cia O 
requerida en el proceso de corte de metales), vibración en sistenl&S r.tecá-

nicos, análisis de cargas en estructuras~ métodos numéricos de trata~iento 

de modelos matemáticos y simulación. 

· 2. Experimentación: Determinación de fuerzas y temperaturas de corte, d~

flexiones estructurales y desgaste de herramientas. 

3. Investigación: Desarrollo de proyectos originales sobre problemas no reD 

sueltos en las greas de: procesos de fon~mción y de corte de metales y 

diseño de MH. 

El proyecto definitivo de estOís programas se espera realizar con el concurso de 

expertos en esta industriap, procedentes de países con tradici6n en producci6n 

de MH. 

o o. 

o 
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Design invo~veo: 

a) To estab~iah a epeci~ication which takes into conside~ation 

the purpose a.nd :f'unction of ·che proC.u.ct, parf'o.t·nw.nc...:; req,·u.il•er;:¡e~·.;.;;: • 

tl-.es environl2leni; o~ i ts opGJ.qati or. p servio0 a.nd. me.in-cena:.:lco co:c.di t:::.:>::J.s 

productionlrates and ccst 03~imates. 

b) To axp~ora those datails whioh r.~y determina not only the 

toohnical pel .. :formanoe and rolia.bili ty but a.lso the com¡>oti .. c:!.vo 

v~uo of tha pro¿uot. 

o) To produce tha m.anu:faoturinrr spooi:f."ic¿;,·i;ic;,¡¡.;; uhicll-i;;-. th0 :fol. .. m 

of drawines, pla.cmine ins"tructions, con·l;rol ta.p8.:::, puncl-'~cd 

carda eto. - :form the baai¡;:; for ms.king the dasi,zn a pra.;:.i;ica.l 

propoaition. 

Dos~gn is not invention~ 

The baaic prinoipJ.e of a designar v s t<:ork io, the::.qef'oro, to 

allow for and ma.ks uss 'ot: a.~~ thoso i'aci~i tios which a;¡,~a e.v·~-
1 

~ab~o both for ca:o.·rying out the deaign prooo¿;¡.:;; c..."ld. ·.;ha ao·::\.:.0.~ 

munu~ncture of ~he produot. 

~e ta.dk oi' the. daaignor ~ioa thuo::s in oonvertins idGas in·.:;.;:;. 

toohno~ogioa.~ rec.ú.i ties p e.r.d ha must, J.;hexo:foro ~ oonsider 

i) Materi~ se~eotion (tochnioal and aconomio oonaidara.tio~ 

E:r,n.mnlee:- Shcc.:t" pi,:'}, · 

Torq,u~ "" 
:p 

o R 

p 7,2 r{"' 
"" ...!.Q_ " ""ul. .. ;; 

4 

~i h .,1 d d h' h('i?-' . ~ t or am&~ &n ~e ~ o~ v~oo vero~. 

il_fldcd '.:Jo_sc.QQ_ 

Stt')<Jl PJ,e.t0 u;t th rrootf'r.ccd hoJ.,f:,c; 

Copy o~ oe.&ting with bozoes weieht 

Stoc.l pl.:1.te .:s.l.ono 

incraase in oos~ for 5kg o~ stQe~ about.~1.00 

20:0.:g 

25ke; 

Lo.bour + overhes.d oost ~or J;n~oparine boooo.s s.nd waldinrr (1 :.lou:..~).;;.Z3.00 

C.I. voraue stc3l (strongth and otiff~e~a) 
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ii) the manufacturing procesa and procedurc are affected ~o a 

certain oxtent by' i) in ths.t "'i:he sts.te a..."'1.d properties o:i: tl-' • .a 

rav materid.~ may have a considers.b~e inflw~nce on th.e ma.nne~ 

in which it can be treatad during reanufactureo Por examp.lo .::.n 
~he design of cast iron parta the moulding procedure and the com

p~exity o~ patterns has to be considerad whilat in the dosis~ of 

forcings or drop stampings batch size entera into the conaide~aoiouS. 

Whc..n considerine the design of ms.chined components th.o avs.i.l.a.bl\;l 

facilities, capacitiea and possibilitias of looa~ion 9 resi~t~~ce 

to c1aruping and cutting forcea (apo~ we~ded bed pla~e). inspeo~i~g 

(jig bored p~ate) must be borne in mindo 

ii:i_) An important aspect ia the fullest utiliza.tion ~~d axploit~-

tion of the advantaeas offarad by stcndardia~tion both i~ tha 

dasign of a~pemb~iea and of co~ponents. 

Tha importanps OI variety raduction ca an aid to impr6ving t~c 

economios of prod~otion ha& long becn rec9gnisad. From the 

extrowe application of the princivlcs in~olvedp e.g. when Ronry 
' ' 

Ford offered "any colour as long as it was blackn~ 
1 ¡ 

to the 

duc~ion of wida r~ngos of industrial, nat~onal and in terna. tio;;.'l.a.¡ 

st" ~~d.a.rda :fo,r cl~ments, componente o.nd ur.i ts, which coul.d be 

np~~ied to a variety of producta, desisn~rs and ~roduction en

giL-~Gera l0..a.va endeuvoured to reduce the timas a.nd ef:forta needed 

for spacial sat-up raquirements of machina tools a.nd equipme~t 

a.nd te incre'a.se tha quantities of products \.;hich could be manu:fa.c

tureC. in ba.t'chos, proi'ere.bly in spccia.lly l.a.:id out workshops. 

Howaver, inspite of the undoubted aconomic a.dva.ntages which can 

be ob~ained,, ene often finda either open or at least sub-co~sciouo 

opposition to atandurdiaation on the part o~ dc~i0~o~a who =col 

tha.t i t cra.mps t~,eir stylo. Thoy do not rea.liso tha.t '::>y making 
-~ 

".:;he f'ullest pooaible use o:f the ava.il.c.blc sta.nd.a.rdisatio.;:~ -;;h.;;y 
1 

can cono4:lntra.te all their anergy on the solutio~-. o:f now d.ooi,:::-... 

p~oblema, withou~ having to wastg time a~d af~c~t on thoso problems 

for whioh eqlutions are known or which can be more e~~icie~t~y 

dea~t with by apepialiata. vfuere would machi~o desisn and co~-

struction be if, ,f'or oxa.mple, each deeigner had ~o desi&n, and 

oa.ch :factory'. to manuf'a.otura, its own ba.ll a.nd rolle:r bea:ings? 

o 

o 

o 



o 

o 

o 

'l'no otandard.i~u tion oJ: p:nll.:t~;¡ uavd ..i.·" u • .-.::.;..ll (;!,Uü.Y ... ti ·.;;iüo i'v..c- di f /(...·o .... 

a.ppl.ic~i.tions·, · a.nd in dif:fero:.:;:t ind.ut3tTi<80, enableo wa.nu:fa.C'"..:;¡rc:..~s 

who spocialiee in the mur.ufuoture of Guch perta to produc0 th0~ 

in largor bcv\.ches tl1e..."l would otherui~:;u b0 poosi bJ.e .. 

Whilst eta.nd~rdiaation o~ tima, monoy, w&ightc und mea~~roa hao 

o::cis-ced fo-:..~ r:la.ny y0a.rs in va:cious co~"J.-trieG ~ the bc.-;inni;:-~E:;G of 

etando.rdisa~~on in enginoeri~s aa~e back to tho middla e~ tho 

nineteenth century. 

ocrow three.ci~ wao cto.ndar<iisod by Sir Jus.aph. llhit·wcr"'ch ir. 184'l 

and weo followod by the stundard~eatinn of illa~erial cpociEioatio~~. 

wiro o.nd ~hce·t; metal si:4os, ro.i.iliod sec tions ~ keyu ~ ocrcv¡::;, end. 

nuto~ ~iveto, eto. 

The tarro otsndardlee.tion is commonl;:.r (;¡,l1Pliod te r.;a torial.s v pu:;.~·¡,a 

or ;nechs.n.ismo. 
. . ,.., . 
~B J..~ c.a.c 

C6.lJ. :.:·12duce design wo:rk and ·coo:.ina; c..~-:.d 

~he et~~dardi&etiou cr 
covering composi tiono, m.:::oho.nica.l. propot:n.~·~i.aéJ ~ ~;izea s: .. d. sb.a..p0n 

re;:;ul t.s iJ."- simpl.~f'iccl 1'-u:-.~ch.d.Sií."l~ P -'e o¿¡ ·c::..:-J.¡:;-, inepG e tion ar~c. s;:;;ora.¡.;;, 

' ' ' 

:\::i:le' ·s~o..::-J.dv.J..~li:i.s""'t:l.on of' dia.mo·.;o:rz e.x:.d tL-..·p0:.:•.:;¡ leads to c.. roduc·:;:Lon 

in· tho neceuaary stocke ox auch to0le. as drill:::.. rea:ne:..~s 6-.úd &S.\."O.G\0::"-. 

Tha standardisaticn of radii i~ machiued ~~ams e~d castin3s ~o-

and b~ending tools used by pattcr~ ~ak~r~. 
, ., 

cf machina tccl spindle spe~ds au~ ~f ~e~r ~ed~ction rat~ou ~elp~ 

r-.. o·:: or-~y -ce. t>impiify the d;;.~ignúr 1 e wo:..-1::. ·~:.u-.; also ·.:;o .i.:::....:.ili ·.:;¡_.t,:;. 

o!lo.nd te speed up productio.•. p.J..o.:c .•. r .. i;.:: .. g ,u-.;& :::_"Jrogrvsein.s .. 

?he :.n.:.:::--po.:;v 1• o:f c..t,:_.¡, .. :;.da:-crliu.::...tio:::-. isr thuro:fo:.:o, 0:::1. ·:::nG ano =.c.nd 

ef":i:'i.::i~;~ncy &.nd ~co:aom,¡ ir. ·.:ho ·...¡.::, ... ;. o:f 1-:.t.u-.:•.s.:-:. ·ci:ne ..... n.i o:.:-:for--¡; ~ 0::.1. 

the othor hand oc'Ji.:.:üncmy o:? rr.u i:.oric\l v.:: .. .~.·:i 8·;; .J. u e .C.!.:l~~ , __ .-.;;ock q\J.<. .. :·.\:;;. -.:.ie::::. 

ancip ·thoro:í:'oru·, :¡_:...::duct.iul-:. of Cf,.}.1:l.tn·i, ~w..1.:•.:·:..y .z:..:.d :'ól".-...coas..-. o:: ·c;ur:r:.-

O V\:.:o~."ot 

;:.>c~;J..-~do.rd.iou-,~ion oar; bo diviC.:oC. in·;;o: 

(a) Basic standardi"~-cio~ 

P).""Oforr,~d riumbel. .. ~ ~ pr<.1f~l.""re-d. si~~úi.7.J., ~c~.l.t..-s~ C.l'ld. "..t.!.Ji¡;l'.t.ts ~ ··..r<~·J- '";.J..,F_.~vs, 
¡. 
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,. ;¡.r prsaourej; in .fa.cto:..•y pipó linee, screw three.d pro :filos 9 li::ni 'ts 

nnd fi te, sur.fo.ce te~ture, teating procedures » drawing a..c...d. •.;ri·:::ing 

papar aizea, etc.; in other words, sta.nda.rdisa.tion of items ,..úlich 

are a.pplied in all fields o.f industrial life. 

(b) Dimensional standardisation of engineering componente: 

s~rews, nuts. rivets, dowels, keys, gear tooth pitchasp etc. 

(e) rvra.teriai standardisa. tion 

TyJ,J<')3 a.nd quali tiE.Js, sizes a.nd shapes of ma. teria.ls U6ed. for ti'~e 

ruunufncture of various producto, aa w~ll as toolc: lubTicunta 

and other consumabla goods. 

Group (a) is based on general considerations of numer:i.cal theori.os. 

An example ia the use, of geometrica.l progressions :for pre:ferred 
b '1'" .. 1 ~.;,1"'\ ' ··¡;e ¡o r--- ~ "''],...- ,¡;¡ () .--

numberc wi th ratio a basad on ~ 10 , -~ O 1 ~ ¡() a. lA~ -:j iv. 

Another exnmple is the stundardisa.~ion of paper sizes in which 

the length-to-width rati~are ~1. This resul~s not only in 
~ 

tt1e sama lel).gth-~o-wid th ratio of the va.r,ioua aizes bu"t e.l.so i:c. 

atar~nrd sh~ets ~olded in half, quarters, etc. 9 always remainine 

of atundurd aizes. 
: ~~ 

It aleo makee ¿ossible the photo-copyinc o~ 

a.ny sheet o+.ze o~ tho sama :films and p::..~.:.zjting papara, thus a"'.;::,is-
~ r , 

ti~g :filing proc~d.urea. 
~ 

Gro~ps (b) ~nd (e) roully repraso~t the result of a suitable 
:· 

selectior. from the :full r~~ge of a.ppoovad quantities ~~d qualities, 

auch as tha Interno.tional Sta:nda.rd.a in wl;lich all theoretically 

justi:fied o.nd practically suitable items are representad. An 
' ' 

exa.mple is the I.S.O. standard of limits und fits, which a.llo••z 

for any a.pp~opriáte combination of allowances and tolerar.cos ~o 

be selected~ F:x;.om this la.rge group oí' interna. tional sto.nda.::::·C.o. 

na tional sta:nda.r~i"a are aeleoted for those i temz whion are co:::-~s.:::.C.;;.rGc. 

aasentia.l a.xjd suita.ble f'roc the point of view of the induat:;:-is.l. 

o.nd sconomi9. roq\,l)iremanta of a. pnrtic-.;.lo.r count:::-y; s.nd frorn t::v 
1 

national ot4ndar~ioo.tion tha soloction onn procood to 0v0n s~Dller 

a.nd losa v~~ried groupings in dif:'erer..t indust:..~ios or oth.Jr w:;..ya 

of ~if'o. 'l:;hua ata.nda.rdioa.tion nced not oven be limí t0d to :¡,? .... :r-:::::; 

o 

o 

in common u~~ in :a1.1 .fielda o:f engineo3ring. Groups of ir.dus;;ri.as Ü 
or even single f:i.rma can :find groo.t a.dvanta.gaa :Ln introducin.::; . 
thoir own sta.nda~de i.f and when requir~do 
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A. fw¡,damenta~ condition o-I technica.lly and. economically e:f:l?::.ci3nt 

manufacture S..l"'ld oi' the a:f:fcctive use o:f standard componente a..c:..d 

modules ia i~terchangea.bility; or better, non-selectiva intcr-

Thia involvos aocuracy requir~meuts in pro~uctionp 

whioh tha de~igne~ muat epaci~y. It ~uat be stra~aed &g~in in 

this connoct~on that accuracy ror its own .sake must be a.voided. 

and tha.t •. ;m.ch pa.r:t should be;lproduced to tho l.o\-:est s.nd ch.¡;,a.peat 

quq.J.i ty roquirementG which prGduc~:.~ a e c. tis:fii<nory pe:..1 for;r.e,;:lco. 

On the other hand the final coat dependa not only on t~o coot of 

the detuil parta but aleo on thut o~ the complote assembly and 

i.i' tha aa.vin~ in o.soembly cost, due -;;o more a.ccura.to thoueh more 

cootly machil'1ing, reaul ta in lower total coet 7 high &ccul~a.oy is 

not only jua'tif'iod but economical.ly oesent;~a.l.. 

The degraa o~ a.cc~raoy oan be definod by the 'tolerance' which iG 

the dif:f&r.adbo be~\.,e0n tho UpjJur ar.~d "l.ower permil5si bJ.a 'limi t 1 

of ~ given d~mansio~. ';i:he to::..0ra.n . .::e vrüues depond u.pon tha ta.sk 
• 1 
f "' of the componant 'in queation w--id the · required ':fi t 1 Hi ~,h the 

lA) 
mating pa.rt.~ Th~s ma.y be eithor a 'clea.re..nca í'it' when tho me.-

~ 

ting ?arts hhve tb move easil.y in rela.~iari ~o each other, an inter-

f'erenoo f'i t {yrñen '~ho two pu.rta r.aut-.t be rl.j;idl.y oonnected or a. 

'truneition f'it 1 between (u) a.r.d (e). 

Tho baoio for o.chioving a. Pn.rtiéulo.r f"i t b0tweon mu"'.;in¿; pn.r~B 
~ r 

may be eithcr tho hola or tho sha~t, difroront fits boing obtdinud 
" 1 " 1 

oither by keeping the limitu ror tho hole di::..me"Cer cont:>tant nnd 
· · r. , , " 

varying those for the aha.í't diameter ('hole baais') or vice ve:::-sa. 
' ' ' ,, 

( 
1 ahu:ft ba.oia' ) • The tooling cost id ueualj_y 1.0viO:::' ror the 'holo 

).) (. 
basia 1 eystc9 bec~use, ror axample, only one size o~ reamer is 

required ::for~ :fini~hing each die.meter · anc'. the ve.rious sizes of 
r • 

shufts can b~ producod by controllinu the infeed o~ a grinding 

machine_, whilot the shuft bnsio 8yatem raquires a nu~ber oí 
¡" 

ree.mer sizeo :j:per diameter oqua.l to t}-.;.c nu;ober of :fi "te uoad.. ~h0 
~ -

she.Et basie Sy~tem io, however. applicaulo in the 1manufac~uro o~ 
( 

trani':!mission J nhufta, o:r in other OlJ(n·a t io:;-¡.:~ \olho::t.•o . : 

of bright. drawn 1nator.:..al can be Ud.;~ci wi thou t i\:;.rtLcr muc:hin:i.ng 

opera.tions. It ~s important to be aware .of tbe influance which 
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t~e use of elthar V¡e 'hola basiG' or ~he 1 shaft basis 0 exarts 

upon dosign details. 

An example ip a shaft wrich is ~uppo~ted by two plain bearings 

( running :fi t! and"· carries a. gear block ( kqying :fi t) o 

The actual. va.lues: of' -:;oJ.er~nces and J..imi te ca.."'l be found in "':he 

relavaut standard specif'icationso The a.ppl.ication of the v~rious 

fits which reaul.t·from the uso of these tolaranoes c~n be basad 

o:t. -;he following coneide:..-ations; 

CliH."r,:l1ance fi ts ar~ used between par"'cs which in service must movo 

moro or leso·: oasily in relation to etl.Ch othor, euch as rota.ting 

or alidin& uhafto in their boarings e.g.: 

a. sl.a.ok running :fi t for m0cha.nicmi levare and pins, long eha.:f-".;a 

running in more t.uan two bearinge; 
'. 1 -

u normal,running fit for crankoha.f'te a.nd uimil.ar parte; 
·• 1. ,. 

a cl.ose runni~é fit for ma.in apindloe .of machi.ne1 tool.a and 

othar cuoea ':"hero ~ minmurr. play is i:r.pprtE.nt; 

a sl~dine1 :fit:for parta which can: eli~e without being actue.l.ly 

looaa, auch &s clutch membars or alidin& ge~ra on shafts. 
f. 

Tra.c1si tion :fi. ta are uaed batween parte wh.ich do not necessa.rily 
(, 

:no"l/01 in se¡evice a.nd when assembly shoul.d require a certa.in a.mou..-·'l.t 

o= force, e.¿. :for a. 

push i'i t :' hea"'fy ma.nua.l prassuro; 

light keying fit: use of a mall.et; 

hea.vy kojing :Éit: light hammer btbws. 
- ~{ 

Interferenco~rita~are uaed between parta wp~ch must be rigidl.y 
' 

joined so th~t l.odds can be transmitted. ·The force required 

:for j oi.ning ~uch p:arta ma.y be considerable:, e. g o :for a 

drive fii!': heavy hammer blowa; 

force fi~: preaaure exerted by a hydraulic or screw presa or 

by ahrinking.~ 

' Tho force. f'i t' can ~,generally be reli0d upon: to ~ ... ~nnsmi t s.xial. 

foro es a.nd to'rqueá. The dri ve a.nd keying~ f'i ts resJ..s·.-; axial. 

di~.:;~pl.a.cement ~ut Joto.t.ion muet be pro~enta·d by ~.:>ui·:.c.bJ..G key 

a.rra.ngements ·if tcfrquas are likely to be ci~nside:..~able. 
f 

o 

o 

o 



o 
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Apo.rt fZ"om uc-r;;ual i"unction cf -¡;}-.o parto conoornud. -che :p:..~ob~em 
) 

of assembl.y ,1must be considcred. A sli~i~~ fit is ausy to assemble, 

aver. in a r~stri~tod space, e.g. i4üide ~ machine body or in a 

searbox. 

when BGGambiect o~ the be~ch but may be awkward when the pb~tc 
~ \": 

~uat be aso~mble~ in a space ox reatricted accessibility. ~he 
' ,. 
i : 

&.ssambly of' .,a. dr~:ving .fi t roprosents heuvy :;:'i t·t;ing work, whatl:l.er _, ,. ' 
. ' 

inGide or o~teid~ a mechine part, and the asaombly of force fits 

cs.n only be ,.carr{od out under D. preBi.:l or ':Jy -.. sh:cinking oper.:.. -ciar .... 

Whil.st forcq fit~ should be ticht enough to trandmit toroional 

louds they ~ust lf.Ot reaul t in the :>kltt:r.ia.l being overstresoaci. 

when the twq, par~s are being conxwcted. The wall thicknoas und 

length of t4e ma~e e.r~ci f'emal<:~ parto, -r;ha .surfa.ce condi tio:nc o:i: 
/' 

the parta t,'f' be {:oined, temperatu.;.~e vc.:cia tions in s.:;;rvice ar..d the 

choi.co of ltj¡b:J:·ic~nt UL;!ed for pl'EJs<:-:.ía..::i: tha parta ~ogeth.er must b0 
1, 

considarea ~~rcf~lly. 
' 1' ~ 

I"iachining a.q"oura.G1ies obtainable by pr.a¿¡ar!t da.y 'coril!Ilercia.l' sta.n-

dards are od the ~prder of ISO qua.litios i.T 5-7. About 80~ o:f 

workpieces m~nuf~ctured to this accuracy a&tisfy the condit:io:as 

of intarcharfgeab~~ity. For non-aelec¡;i\.)0 interchangeability 

to"be achieved, i".e. when no akilled' 1 fittin[~ op.:;rs.tions are re

quired, maci;hnind~ a.ocura.cies to higher ISO qus.li -'cias are necdssa.ry. 
:¿ E 

Dimensional ;'toler~ncing f'or ob~ai:ning th01 :..-eq,uired fi ts is only 

t "-~ ~ . f · ' +~ . T' h l ... one a.epeo o.r ensurl.ng a.ccuraoy o mc.r.u~:s..?tu..r.EJ. ne w o e geome ..,'l.~y 
~ ,, 

of thc: de.3ié(n det~il. nus t be a.ne.lyse~ c~r·a:f·...Uly in t;:-üs respect.. 
~ ! '• : 

She.po, fla.tn~sti a~d alignment aocaracios ~ust ba tipeciZloc e~¿ 
L :' ¡ ~ 

, • ' 1 
checkad, in pa.rti:cular cylindr:i.cal shupes measu:::-ed a.:~ially ~ ir.::·e-

•J ' 1 

gula.ri ty or 'taper~) an.u ro.diEúly ( ovc.lness'), ate;¡;:.pnes:;o, o.Z ·!:;~p2:r;;:; g ,. 

eymmetry andf conc~:cic:i. ty of cylindr:ical l.~ar~cs ~ paralJ..elism o;;; 
~' • t¡ 

perp0ndicula~~ty ~etween axea and f~ces o~ bctwaen two or mor& 

:fo.ceo, E:tc. 

Wh:ilst the error::.>"· in, circular .:.~hc;,.pu c:f u cyli.:..1.der mt.y be wi·chi:¡~ 
r1 f' 

the dimunsiono.l toleranceo, "'"he ro::;ul '.:i;;'l.g irregul.c.ri ty muy no·;; 
~ (: 

be permLssib~o and may have to be J..i~stod. indep,endently; a shaf~ 
~... (' 

whioh' ia ver~ o.co~rate o.s 2r.~r as tho 'circular sho.pe o:Z :i. tf:i c:::o..'.ls 
"' ·~ section ie cpncer:Ó.ad ma;y h&YO a ou:r·vod a=-~i.o; con tra¡,csc ¡;x·ir.din¿ 1': ,, 

may producG ¿oood'Ghapea, etc. 
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Q 4. Eguipmgnt Sel:'eption and LaY-out," Pl.a'tulins and :Pro,s;reaa Cgntrol. 

o 

o 

In the establishment of ,~ manufacturing organiaation the type 

and marketing conditione concernins the produot muet be consi

derado Whilet many heavy eneineoring produots are produced 

againet a apecifio order and in more or laae amall quantitiee 

(ofton on~ off} light engineerin~ produota mmy be produoed in 

amall ba.tohes. medium or J.arge 

i t ·J~·" 
~~Mt6f 

tu 1 
I" ~~ 

UJ 
lt 

~ Q () 

·-~' •J ¡t:l o 
~ 10 ., ?:r l - .J 

~ /~ e4 ür 
.1) \t ~ A¡ .... ~ 

"' ~ o 
Q ft u 1 e, 8 

TIMti ;> 
T16';1'- __,p -

.H~tfY EAot~lrJ~•AIC. L8'eN1" ev,,~~,,.,l4 

For the purpoee ot our discussion we eha11 deal with the more 

general caee,-of l.ight engineerinag. In ligh't engineering, pa.rti

cular1y in the manufacture of oonsumer soode the problema encoun-
' tered today are two-fold:-

s) If a standard product can be marketed tor a considerable time 

masa pro~uction methode oan be ueed, resultiac in coneiderb~o 

eoonomio advantaseeo 

b) The tima when• atandard produota oould be easa1y·marketed 

(Ford'e famous statement that tb@ cuatomer could have the 

mode1-T car in any oo1our or ehade, provided it w&a b1aok) 

ie paes~do 

In other worda in moat 1ine8 of oonaumer soo4& the demand for 
1 

&psoia1is®d produqt~ Abd tor 1iait~4 1if~ oons~er coods i® on 
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the increaee. 

Tbie d®mand must u1timately be eatiefied et the aeaemb1y etage 

when the whole produot io oomplGtado In tbg preparation of the 

oompon~nt~, howsver 9 a certmin var~sty reduotion can lead to oon

siderabl® eaonomi9So Thie prep&rationp the manufacture of ds

tail componente wi11 now b® dieoueeedo eo0t is the deciding 

factorp unleea - as in ~ame oaess - safety, reliability or other 

neoaeeitiee ov~r~ide oost oonsiderations (e.g. epaoe travel, 

nuclear energy, mining machineryp traneport equipment, etc.). 

Deeign of the produot muet make poseible lcw-cost manufacture. 

Apart from ~ell known prinoip10e oonoerning quite generally aim

plification of manufacture, the corroct e~1ection of materia.ta, 

th® deaign to ~uit eaay and low ooet maohining etc. are ~mpo¿tant 

points. B&e®d on the deeign dr~wings the p1anning of tbe mn!lU

facturing prooeesee muet inolude the aelection of the most eui

table machina toole and ths dQtermination of tbeir avai1abiltty 

qnd oparQtion at th~ right tim®o {Gentt ch~rt)o In order ~) de

tsrmin® the manutaoturing oost it ia neoeee~ry to coneider not 

on1y th~ ra~ materiale used but aleo the cost of labour for e~t

ting up and running the maohins tools and ths overheads which da--
pend, upon investment ooat 0 running ooet of the tactorypepecial 

tooling equipment etoo If w0 take for a given oomponent to be 

m&ohingd the. direct 1abour and tocling cost thia consista of the 

abare ot 1abour coste tor eettin~ up the machines (e ), the l1abour 
S 

coets par oompon•nt eor operating th® maobin0a (e
0

), the abare of 

the coat cf changing tecle (Cct> and of speoia1 too1ing equip~ent 

(et)o C can be subdividGd into motual maohining coet ~e ) ~d o m 

handling coet (Ch). 

e a e + eh ~ labour oost of floor-to-floor time o m 

The coet of aetting-up oocurs only once pGr batch (batch aime A) 

whilet th® cbanging of tools m®Y have to takc place after a c•·rtain 

number of componente (B) ha~ bosn oompletedo The cost par m~cbined 

oomponent depGnde thenp ep~t from the oost oE ra~ material a~d 

tbe overbeada 0 eep0oie1ly th® inveetm@D~ and maintenAoe oost of 

the manufaot~i~& plaDt ~a ~ whol®pupon th6 oo~t of apeoial too1s 

o 

o 

o 
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() Exam¡ple> .from Brommer ... Ho~nt0, Por~mohu.lll'o l~ntwiokl\Ulll unci Kon~~&-:-~uktiora 
im MaeohinQnb~u VDMA, 9.5o~968, Hambura. 

o 

() 

T a Tp ~ TNP 

T A e slaoktime due to 
'Qlru. 

No parte 

No material. 

No tools or inatruotiona 

1\tmohina·faulta 

PJ!.wuniq faul. tes 

Th!B fl.oor-to ... :tloor tim(!! 

'r;, 1111 Tp + T19~ 
mnd ~he timG utili~atioD factor (~tfioieno7) 

f~ m ~-p 

Cost 

Cost per ~mit time at labour + overheada m PL 

maohine dcpreciation a PM 

PL + ptf 

.. f~ 
With. mul.ti-shi:ft production PM would be reduced in proportio_, 

to the number o:f ehif~whilgt PL would tend to increase baoat• o 

hourl.y wagea \'#oul.d probably be ino¡oeem~ed. Disouesion of pr: a.ciple 

of premet tool.e whioh &rli ei'Íthexo poei~ioned ready for aotion ~.n 

the tool. oarrier 

a) mul.ti-tool lath~ 

b) mi11ing maohine 

or r0ady to b0 put into poeition in a rotating multi-tool hol~er 

f'ixed to thta tool oezrier, turrQt lathe or a.vail.abl.e in a :toc.J_ 

m&gamin@ from whioh they oaa be tr~oferrsd to the too1 oarri~r, 

macbining oentreo 

Advant~gee oan be obtained by comb~ning the need for ema11 quantity 
y 

or batch manufaotdre vitb tho ~oonomio benefite obtainabl.e fr<~ 

le.r¡ge qUJ&ntity produotion, it th& "group t@O!mol.oQw oono®pt is 
1 

Gíl.ppl.:1<9d o tlo:rkpi®oo attm.tistiO~~» -~ mhowc 'tba't thore i® a otu·tain 
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r{t/,$ull!?:.ri ty in tho dietribl.:,·tion of GJhoptiH& tl\\nd adzee of workv~ .• coo 

~hioh hs.ve to ba produoed · :ln 'the mli!l.ob.inc9 ebop® of th0 <an8in••ering 

induatry, 12.nd hou thGa® oe·cJupy- tb® S'\,"'S.il.ab1c time oapaoi ty < f the 

maohinG too1&o For th® e'~mplQ of turnsd componente tbe ratio 

ba hHiHJn tim® oooupiQd a~; a funotio~m of tban total. timQ ava~.i1• ·ol.e 

on e.1l turning maohinGs in a faotory b&a been plottedo If one 

can bring ~imilar oompon®nta tog~thor 0 taking aleo into aoc~unt 

o ther op®ra t ione, 1 t is po¡9 ed. bl® to ¡pooup sma.l.l. ba. tohee of • .. vmpo

nente whioh ar® similar ®i1:h®r by vrhrtus of their shape anc some

tim6e eisG or tsoh:no:losical.:lY" by virtuCSJ of thQ!l mm.obining op< rations 

noc.H!HElwi!'í'.ry for their mtrunufso ·ta.ttr~B, Bnd thus to f'orm largar bs: • .:lbsa 

witb r~a~eu1ting toohnologica..:l'. e.nd e1oonomio benG:~fitso 

As an ®~amp1ep th® basio s1aament~ ~~eh ooour in turned oom .onento .. 
bave b11:1(i}n d~fin~d and combiu•~d ii-'A an artii'ioi!l?.1 "'oompl.ex" p rto 

If SQW\1.1 or s:Jl.mi1mr Gl'l.lem®ntmt of tnis. oomplex part oocur in · ... ffe

rsn't oomponentflll thaltslal Oll!!.n blllt group0d together into b&tchee · . .úioh. 

o 

oe.n tb.an bs produosd on oor:r·cesponding groups of ma.ohine too _a o Ü 
Ir~ ord®r to idEJnti:fy the aim:L1s.rity of ®JI:iatin~ parte and . ~· 
se5ist tha deeign oftio~ in r~king us~ in thsir ne~ deeign 

t11oa® f> Lements ll1hioh e.J.rem.dy ooour in existing oomponentsg .. l.asei

fiomtion eyatGme mre oftan u,e,~d o 

He re i 1: appenrta neoeaaary to strE!lGafi th® fo11owing: the i"ac·t. that 

tha olt.flltalifiomtion e&.nd oodin¡S' ot workpiooauJ we.e oonaidered . pre

raquit!'n. ts for implementing gJ:o·oup tGohnology methoda in pro.J .otion 

reaul t•.,i in me.ny people oonoanntrating a11 their a:fforta onl_., ·ohleme 
: ' 

connec. ed wi th the ooding eyÚt®m wl!doh a.f'ter a.l.l is only &. _ean-3 

to an ~nd and not tba end in itsQ1f. Argumenta. aroae &~ ~o 

~hethar ths eha.pGl of compon®nte or the proossees involved .l-J the~1: 

manufat..;ture ohould provid® tt.l.e overriding considera.tiorum 0 lo).: 

wh0the.c a eyratsm that \:leloS ~&~::Lor-mad® for eaob ape-oifio oe. s ~ was 

pre:fer.::"'b1® to al. \llniV®X'Il!I®.J. OXM!I t1h:n.oh OOV®rad, ee.y 0 80% oí' 't.:-~ 

requiram®nte. 

Al.l. sy~tema hav~ their pros and oons and muat be judged ir ~on

n®otion ~ith th~ neGde for s~oh ~p0cifio app1ioation. 

1 

Ho~~ver, whi1at th® oap~oit~· snd ~ualit7 of thie ~mportan~ ~ool. 

have been extenaively ~tudi~d 9 progreaa in the praotioal ~r/l.e

m@nta~ion ~app~o~tion of tb® wbo1~ oonc0pt of group 1~' )~o1o-

o 



() 
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gy in fu11 eosl~ manufacture appear~ to have been muoh alower. 

~ha oritioisma of individual ooding e7atoma, ~hioh hQve b8en · ~n

tilated in tha t®ohnioR~ pr0eap have di~erted the attention f~om 

the value of th~ whol~ ooncep~ to th~ detail ot ons meanm of 0~hie

vi~ it. 

Aooording to the requirQments of group manufacture machines ct~ 

b® arrmnged eith0r inflo~ lin~or in oellao 

Tha f~o~ line layout is advantageous if the eequenoes of msoL~4ing 

do not maka it nsc®Bsar,y to ~®nd componente forward end b&okw~~~. 

whil.ZJt the osllul.Q.r layout oan btCD.'mor® f'l.exibl.e both in the pJ . .&.n

ni,ug El!..llld :progrea®ins of oompon\Bnt JmWnu:taoture. 

Th® bensf¿te of group t~ohnology me~hods oan best be demonotrL~ed 

by thQ re~~~ts of introduoin~ th~m into t~o ~aotorieee 

In order to control the produotion ü~etem ~e a who1®o from oua~om~r'e 

order via desi~o manufaoturQ, inap~otion to dea~atoh 9 th~ oo~

put$r has be0n pl~ins an ®ver inore&~ins ro1ep ma a fa~ e~am~.~o 

t.1ill now show. 

This tgrm ia ueed rather 1o~a~ in that it ie appl.ied not or~y 

to· the aotual daeign aotivity, i.e. the oonvereion of ideas iL~o 

.fea.ai b~e rea~i ti~S~e 9 but altBo to the cheo!d.ng by cal.cul.ation a.r.d, 

if neo®esary 0 modification of &xisting oomponents and atruoturaa. 

The formar is basad mainly on a sto~Q of mvail.abl.e data conoszaing 

datail ®l0m~nts (~MQnun &7®tem) whioh are seleoted and oombin&d 

by the oomputQr ( of't0n in & dial.ogue wi tb the designer) in !BlU.0-1 

a manner IB!.e to satisf¡r the IEDPC90ifitad requiremente of the pro(b..lt 

that is to b~ de~i~®d, wh@thor it i~ ~ ooapl.ete aee&mbly or ~~ae

p~t@9 more or leas oomp1Qx oompon~nt. 

The firat ax~p1~ oonoerna the design of a motor shaft by puttíng 

() togethsr thrce e&6mente, driving en~, midd1e (torque transmittins) 

portion $.Od fe..n driv® end, :free e. etore oontaining all. poeeib.le 

a:iihap~6;ll and «.Jii'il@Glg tthioh bef:l b®e!ll eetu'bl.iehw 'ffor tb.&ae P'Wt"POeo..u., .. = 



Tho ro9u1t iw ~ working drmwing ~nd ~ plannin~h0vt. Tho ator4ge 

capoi ty wt1.ioh ita n®eded in ords:1· to provid.e thG meana for a Bl·aroh Q 
on ~bioh the oombinQtion of ®uitabl~ e~amsnts can be baaed, and 

tho lo~io requirGd for automatioQlly pr®pmrinm th~ produotion 

plana nooeseitato tho ue® of ~ V®ry 1&rge and expansiva oompu~er. 

Ho'tfevor, by memns of l.imitin~ th®®C tm.a;¡ks¡ through ve.riaty redt,"'·;1on 

and a ~SfHll ambitioue ®.ppromoh 0 ®o~a by omitting the a]>lttomatio ~.!'e

par~tion of ~ plcnnin~ sheQt 0 manuf~cturing dre~inge hav® bee~. 

®uooeaeful1y produo®d with r0lativ~~ small ~d $oonomioa1ly 

vigb1g oomput0r®o 

As at!'>U" as tha oomput®r operations f:>r establisbing the geomet::·y 

of the dre.taing arG oonoernGd i i; ia tH~cesewry to distinguish b ... -· 

t~Qen tha d~scriptiv~ input snd ths proc®~eing efforto If tL~ 

information .. deaoribin~ the geo§!etric ahap® ia provided in ths 

form of oo-ordinate~ the input ®ffor~ is higb whilst the proc• .,

sin(i <B:ff.o¡rt im rslativoly low~ If on th® othl!!lr hand ths inp,.·

conai~rotlili of a performance epeci:fioation~ suoh a.a for the exa.m: .::....:. 

of (S. ¡ge&r drivo1 pot:1or OC!\paoity &nd ep®<l'ó\ 9 thQII oompl.et& oorr<m:.. .... t_L~s Ü 
· logio muwt be avai1~b1® in th® comp~tsr; in other uords ths D4-

o®r.n·Jjl.ey inpu~ Glffort dGJor0®.W€1ta t1b!l.srt th~ prooom~ming effort i.:.

or~QS®Sa In pr~oti@G thGl~G ~111 bo ~ny om~0~ b®tw®GD th®~® _,o 

Tha dQcsi.an funotiola. ita not ooDCH:>rned m®r<E>~ t1:1l th thllll d<lllt(l)rmin ..... ·: .. on 

of gmom0trio s~pG~ &nd simG~e It m~y &1oo invol.ve ths opt1.~.~a

tion of funotio~1 1cyouts for oombinin~ & ~ri®ty of elQment~ 

tmld oomponentmo 

In oontraet to a ro&1 d~sign funotion aa deecribed above the ;om

put~r o~n ~1Go bo uaQd for oarrying out m ohsoking znd corr~J~~ü~ 

funotiona This ia of oonai~e~bl~ importono® uhen oomp1ex ~~:~o

tural designe arQ to b0 optimissd ~nd ~b®n oonv0ntiqna1 oa1o~~

tion m®thod® ~ould b® so invo1vsd th~t th0 tim® &nd effort re

quir®d ~uld wA~® th~m imprao~io~blao 

Thia iw tho eamG in maohin® tool d~sig.n, ~h®~® statio oomputdtions 

ar0 us~d fe~ oa1ou1m~i~ tho wtnti@ fl®xibility of &n exieti.~ 

deeign for a ~truot~Oo ~h~®t a~~O oo~puta~ion~ ~re ~pp1ied 
o 
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wh0n not onl.y the natural. :trec¡u.~noi~.:ll and modal. aheP"'·" b\.~t ,..:._ .• 

thn tool./workpiooo d7namio oharaote~·1atioa mu.at be d~termined. 

In oomparieon tri th the three-dimeneional. deeign requl. .·ernente t •l" 

meohanioa.:,.. parta the deaigrn of eleot .·onio circui te an:1 le.yov.·te ... a 

genorall.y a two-dimensiona1 ezercise and as euoh more easily J- :~

ned P progra.uuued amd traneforred to e&. two-d imenei ona.l. ··: re.win.g. 

This ia p~rhaps ono reason for oleot ·onioa oompanies being in 

th0 :toret:.·ont of thoeo vho use CAD i.o. their everyday work .. 

Tha oompu 'ter aidod desisn o entre!) of ,,iemene in Cte r-ma:,, ... emp~oy. · 

thtt "menu and dialosue~:~ eyetem to¡fet er vi th a. ligr. t ''"m toen· 

nique e.ra \.ct~~ aa a chee.per VQraion ,. .. ioh u.aea a dig~ ~ ,1 p~ott~~

It vae intereating to note that al.th•JI..lgh the ligbt peu i.8chni;t 

ir~ioated the 1stGst deve~opm~nta in this tield the co~t of i~ 
,. 

use amountad to ebout .t200 per hour, egainat L80 per bour vi't 

th0 digital plotter. The lt'4Uiu1 te ' both ooul.d be t re.nefer:r. r 

() to punched tape and util.ised aooordi ~}.yo 

It ie of intereet to note that the ¡:, . .!loeophy of the :aemAne ~>· 

gineere concerni:ng the introduotion c.nd application "f CAD a.p,• 

to diff®r from that encounter€lid with engineera in G.n'~tt Bri ta., 

wlare the :.?irat stepa are usual.l.y te. •. en b;v manua1 des.{ gn enu 

~ork ia th~n traneferred to oompu.ter •aeiated draving Qnd Pl ~-' 

mingo Siclmena engineera believe in etarting with thn comp•1":" ' 

aseietad d.aaian and filling in by ha .. d tboee gape vhioh catu.l:-l 

be oovered easily by the oomputer. \fhen the computar is tr·-,_ 

uoad for cvntroll.ing produotion the ~~annina and programmin~ 

the whole ,;rooeae muet be even morCB •• oou.rate than i t. hs.e 1.ú . 

~ith manuai produ.otion control.. 

For a give.-~ deaign of a produot the "arioua operatiom" must • 

coure• fir st be pl.annad, the moet au: .. table maohinea a .. teo1:eri • • 

the manuf~oturina oost es~imated. 

If new pl.ant and equipment ie to be -natal.l.fJd to eui t the re:~ 

Q mente o:t a epeoifio ~l'~duot the esta l!ehment of eroup teohn· 

ce2l.o, fl.ow linee or other eyeteme a 1 be oonaidered moet &;, 

Por the oaee of asohine 9hop »rooeme G, i.e .. tbe manu~actur0 , r 



_,,_ 

detai~ components prior to a~s~mb~y cf the finiahed produot, L 

timsa rcsquired for outting or forminf', th® varioue piecee on c'd!. f' '!ti- o 
rent maohine tooJ.e¡¡ 0 tb® s®'t ting-up ~ l·..andl.in~ and inepeotion ti.~· .:e o 

eto o muet 1HJ Cll'l.loulated or <Sstim®.tod and th® machina ~oading m· a Jt 

be determir.ed 1 ta.kinB into o.ooount tl:.e batch sizes of saoh par t 

es WQl~ ao the tota1 qumntity to bo rroduoed par annum. 

Theao oa~oul&tions ~a ua~1y basod on an estimate< of an exp~;ted 

~a~0~ d@ma~d &nd it is p®.rt of th~ t~ok of produotion control t ~ 

be auf'fioi-m.t1y fl0xibl.Cj for m.djuatir-~g thes!3 to euit any devel·:l >

mentn or ohang~~ in d®msnd for ths producto At th® eame tim~ 

the ord~ring of ra~ material.s, ep0oial too1&p jigs and fi%tur®q 

®too reust eneurG tbat th® ~ork~hop& ~Q enab1~d to work to the 

p1anned time sohedul®o 

When th~! p:c'6groas control is to bs O&%rr:lGd out by human opere.to :-s, 

c1sr~etc. apparent Qmsrgenoiee may ~eed to penic activ:Ltieso 

One of thse<l!J may be eoa>en in th® ®.ppo .. ntment of "progrese ohaee:- ." 

~ho - vbil.a't tempor~mril.y eol:v:lng d:lf:..'icul ti®ca by pusbing e. "de~

per~t®1y urg®nt~ job ah®ad op ~ wur~ent" onG may create furthar 

troub1~ and grGater oh&o~ latar ono 

In~the CQSG of comput~r oontrolp ov®~tualiti®Q And emerg®noies 

muet be tak0n into eooount ~h®n the !®n®~~ progr&mms ie devel~ 'ed. 

As an ~xample in th~ mmnufaoturG of ~l.Gotrio motora and pumpe t .Q 

uraual. manual. syat®m f~ilsd to providar ~ ole&ll" &pprecia"tion of t .• G) 

baeio probl®m of rs~tin3 produotion oommitmente for a given p~

riod of tim® to thQ produotion oapDity that ~a~ available. Co.1· 

sac¡uently tho 6Yail.tm.bl.@ oa.paoity wae r,ot alloc~tGild to the ""obe t 'l 

hand in ~u~h a manno~ asto maximies the oompletion oí finiehPt 

produots in order of priori ty or to t-rovido for thta f'raquent e. 1 :. 

scourmt® f~~d-bsok of informetion, OLno~rning for example over-

due!l, .ord®ra, to ths commc:aroi~1 dGpe.rtr..antl§.. It ~a.s. deoid<Sd, th Jre-

tor<a, to i o troduoc;) produotion control by oomputer. T'e!lo eolutio :11'8 

t:!Qg>Q p!ZJ®ISi11l®&-

1o Tha dav®lopm®nt of a produot~on oontro~ ®~~~~m th&t~a~ 

ta¿J..or-~d~ for th~ job in ~do 

2o Tbe \ll.QG ct m propriG~~ ~o~twmr® paok~SSo 

o 

o 



o 

• 

-34-

Whi~&t the formar ~ould h&VQ b®en as near as poaeible toan id~t~ 

so1ution it wou1d h&vs required 1engthy development work which id 

unavoidab1® in th0 impl®m®ntation of a new and as yet untriod 
fl~&t 

ey~~~m. A propri~t~~ eoftwar0 paokaMG whioh wesqonly avai1abl~ 

but aleo alr0ady ueed in another f&otory of the Company oonoornP~, 

~&B ther~for® aooeptod. 

Tha paokage oompri~Q~ a auite of oomputer programa whioh oan be 

®p11t into tbmsG mein progr&ms denoted by I,II and IV. Frogr&~ 

IIA m optiona.l and providetm a nat~ork sohedul.ing faoil.i ty ~ whe.r "· · 

by, tools p partm 9 rl!ilub-assembl¿i;ea iADd aé&eemblies are l.inked togath.aer 

ao that the1r mva.llabili ty a.t the emtimated times ie aecertai.net • 

Program I ia ths ma.int0nenoe proosdure o:f tho eyetem 0 by \Shich c,_,A 

~on Order~ :i~@ is updated vith thQ addition of ne~ incoming ite~s 

and delmtio~e of oomp~0te operationa. The input to the syats~ 

is in punoh~d oard ~orm, detailing control parameters, ~ork c0nt~e 

dat& and ~order 8 produotion dateo When al1 parte in an ord®F 
1 
i 

hav® b@$n finished 0 the complete orderv inaluding part contro1 

• rsoorde, is eres0~. Tha output from ~hie eeotion ia:an audit 

iist of thQ input, to feoilitot® oorreotion of arrora. 

Fró~a.m II' is the sohedul.ing prooedu...•e wh<.treby the lateet sta:rd 

and finieh ~ates for evsry opermtion on ti~e are determinsdo 

This o~~tation a~eum®a an infinito resouroe avai~abi1ity, and 

the output repor~ i~ a etat~ment of the veekly mmohining 1oad 

dewend on each ~ork oentre 0 1ndioatin6 any overloads by oompari~~n 

with thG aotua1 oap~oityo A furth0r print-out is &1so obtain~¿ 

~ieting the file oont~nt by ord0r number sC~quence • Thua 11} Vit:u...U. 

rsoord of tne order statu~ is providod. Program IIA may be rLr. 

in thie aeotion if re~uired 0 to oheok the at~tue of any batch ~· 

en order using RPERT~ Qn&lysie teohniquee, but the net~ork for 

eaoh aeeembLy must b0 providedo Thie oomputer run ~1ao orea~e~ 

a oopy tap®, on whioh the detai1 r®quirementa of the short ter~ 

1oading period QrG reoordedo The per1od oan b8 varied a~ requirad 

but, ~or economio oonsidermtiona, ie norm&l1y 1imited to 2-3 ~ai~Q. 

Tho oopy tap® prov!d®~ thc dat~ for tae Frogrs& IV sohed~ling ~ .~. 
The program soh~dulee ®aoh operation record on thie fi1®p -takin~ 

i.nto moooun·t e .tn.ambe>r of pmra.mcters suob ae s work centre oapaoi t y, 

too1 &vailabi~ity, and order priorit7. There are a host of pJ tj~ 



rity ru1os, aomG ®imp~® 9 aom® oompl9Xp whioh re~st0 to the dag~· 

of 1~tonG@~. ordor duo dot®p numb~r of op®~ation~ to b® oomplo· -~• 

dirsotor priorit~ 0 sddGd va1us 0 ~ohinina tim® 9 1ength of queu~ 

atoo In héltween opsrationra 0 ths prCJ;.ír&m automs.tice.lly adda 

traneit timQ, whioh i6 gov~rned by mnotb®r eet of rQ~~a. lf 

the batch ia l.a.te, the trsnsit time itJ reduoed by ata,;HJ to br 1 ~ 

the -work b~.Jk on tBob.edu.l.e. ThiEill is 1ometimes further con::;:;l.ic," .:~a 

if tha batch apli tting and opltlra.tion overl.mpping facil ti ti ea .. -,~·· 

®.xmroi!i!HDd. Tbe main output of thie run is e l.ist, in priori~ 

e~quenc~ 0 of work to b® prooessed at each ~ork station. Othe: · 

optiot.vs<l &.nri euppl.ementa.¡ey"reports are proviól.ed 9 euoh ae a ate.'td 

men.t of capital. tied in 't10rk-in~·progresa, e.nd a priori ty l.istin~· 

of ordera on fil®o If an underload ooour®o ths program aleo p.•,

vidos the f~cility of bringin~ ~o~k forward 0 provided ~t ie on 

the ahort ~Grm meobins 1omd tape. 

To improvta contro~ further 0 preparet:1 :>niEil were put in har.d to .. n ro

duce an add-:. tional computar program -wnich providea ready Be c.: as .. a 

te datm ot stock levs1s 0 groea e.nd nett re~uiremente of part~ 

requir'9d te me0t order commitmen~a!l 0.1. mark®t f'or®oaEJtil!lo produo ; .:>n 

ooets and engina:Jerin¡¡ dat®.. This a:!.lO\'#Cil'l tha ma.nu:faoturing ma. l:w~e-.. 
ment to modify planta quickl.y in respc.n®0 to ohangC!IIe o'f dcmaign, 

mmrket polioy or out of patt~rn d®~d® of ®&leso 

.Q.run12.l.! t. e :r. .Q.Qn t x:g,l,..R.(_ MPt,Qb;lne Togl,A 

With computar numerioal control (C.N.C.) & mini computer ie pe. 

manantl.y connsoted to the machina toc,l.o This a.l.lows coneider,• , ... e 

floxib.il.i ty beoauee cha.nges in operational. condi tiona can be :.. .• 

corpora.t~d a.t ~il.l in ths progrsm ~hich can thua be varr0d in 

eooorda.noe with ~peoifio r®quirement~ &t mny time. 

The introduction of d.ireot numerioal control. (DNC) ~ee.de to tb.: 

poee:J.bil.i ty of controlling ~S~. tf:roup o. ma.ohin.OSl too.:A.s from a <>e:-~ . ,..J. 

proceeeor via m.n interfQ0611 at css.©h. mi!:...::hin.®o The individual c.•l.-

trol equip~ent aitu&t~d next to eaah mmohin® aleo includsa the 

:power el.ElotronioiBl for the f'e®d óbrivee, and in ®ome oaeee a die!.· _.e.y 

tormi~l plovi&ed for maximisin~ int~r-aot!vo oommun~cation be

t~Q~D th® c~ntr&l. p~ocGsao~ mnd tbo ~p®~~O~o A1ternatiV$l.Yo 

o 

o 

o 
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eaoh maohine tool oan be oontrolled by a conventional NC or CNC 

oontroller in wh!ob oas® the DNC oommunioation linke operats be

hind thG tap$ r@ader. 

In ord~r to study t~® problem as Q vhoi~ it is perhapm appropriat® 

to ooneider fira~ tha main advsntage of using NC in gensral 9 b® 

it CNC or DNCo Mark~t reaearoh oarri®d out in u.s.~.o ~hich 

has b~en reported and dieouss®d in Gsrmany 9 indioat®d that the 

obtainablo workpi®OG qumlity, aoouraoy and surfaoe finish ar® 

the deoiding faotors ~hioh influenoe the production enginear in 

f~vour of NC. Baee of programmina, reliabi1ity and oonaiatenoy 

~e &l®o importa~t Ze~turoa. The ease of eetting-upi the po$Bi

biiity of using atandard outting tools and of producing spar~ p~to 

quiok2y from GXisting tap~s me and ~hen required ars fur~har ad

vantag~s. ~he provision of 1mrge etcrce of work in progrese 

c&n be replao0d by programmed aDd tap9-oontrolled int®rmedimte 

etora~0Q Modifia~tions in the d®aign cf the produot oan b® 

oatored for by quick oh&nges ot programmes and tapes. VariBtions 

of the outting too1 dimensions due to ~ear &nd/or regrinding oan 

be a11owed for by me~& of simple manual input aignals. 

'A~thPU8h aom~ expert@ have ~tatad that CNC is more vsrsati~a and 

cheap®r tha.n- a h&rd'--wlir®d rayetem, 't:he Japanese Compa.ny Fuji teu

F~uQ appear to oonsider a DNC instal1ation mor@ economica1 than 

s number of CNC maohineso Siemens have ext®nded thie concapt 

by or~r~!i!.ting a syste1m in whioh working and pe'rformance data. of 

dif~er~nt workehops and machines oan be not on~y diatributed but 

~~ao monitored, using manual or oomputer-aeeisted dietribution, 

ádm~iatration and controlo Tb~ir eystem o~n be app1i&d to ~ork

ahops ~quipped ~ith both NC and conventiona1, manual1y ope~atad 

maohine tool&o 

Moreover~ Siemene have oarri®4 out a very thorough etudy of DNC 

®oonomioa. An important point in this oonn®otion ie their di~tin-

tion between quantifiab1e and non-quantifiab1e benafitao 

aa the formerl~e oonoerned it hae been ehown that an inveatrnent 
i 

() ot about DM1,000,0ÓO oan lead ~o savings of ~bout DM250POOO psr ~UM; 

amongat the l8tter they oount better de~iveri@epvari~biJ.ity of 

oontro1 inform&tione aoourat® oontro1 of maob~~ ~oadingo yaria

bi~ity ot infórm&t!on oono0rniag progrese i~ tbe fao~or~, ~¿i~i= 
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na.tion of manual. ini'ormetion whioh c&.n laad to human errors, a:::•:. 

others. 

Two intert~Ietixs ~ppl.ioe.tion~ of DNC, in which the human opera.to:..· 

ia pra.otioa1l;v n0ed0d on1y if' eomething ahould go wrong, are W.)~··;i:a. 

mentioningo 

The firat is the control of 8NC lat~ee to which workpiecee ar~ 

eupp~ied by ~robot travelling alon~ the whole line of the ma.cL~LdBo 

The robot picks up the raw mat®rial trom oonveyor balta, loca~6¿ 

it in the chuoks and after complotion of the operation withdr&wé 

the finishsd workpi®oe from the chuok and placee it baok on ~~~ 

CC'1nvsyor bel t., One operator looks after ths whole layout anL 

supp1isa the oonveyor loading ~tstion with the raw material 

(oaetinge or forginga) ae and ~ben requiredo The eeoond exam~~é 

ie in the DieeGl-Engine Faotory of Yanmar (Japan) where five 

maohining centres and their mmtsriaía hand~ing snd tra.neport 

equipm®nt (conveyo~s, etc.) arQ oon;ro1led by o~central comp~;4r. 

The workpieo®a ere 1ooa~~d on plets~e, a21otted and direoted Ly 

the oomput@.:t' to th® most eu.i table maohine wh:lch beoomelbl m.~i.la..b.l.a 

~t th~ right timQo Ths progrmmming ~ffort aov®ring a varie~y 

of .. tllorkpiec®s ie ol.ai~lfid to hnVQ amoUQtQd to on® man year ( e.cr.;ual.-

1y 2 mon ~orking for Gia montha). 

The ~oonomics of NO eysteme oan be sreatly affaoted by ~o~ utili

a~tion oaueed aither by single ehift work or by down time du~ to 

l.aok of re1iability 0 break&owns 0 etco The tormer ia a eerioue 

probl.em beoa.uee both in Europe l1.ll.nd in Jape.n tbera ie conside:l'a.ble 

reluotanoe amonget operatora to ~ork outside the period of a cay 

ehift. It uould appear that the beat which can be achieved ~a 

two ahift worke It is thue ev<an more ILD'lportant to keep thf-.· 

non-produotiv® tim& during tba QVSi1able ~hifte down to a mi~~mum. 

At ths DNC plant of Yanmar { Japan), down time for me.intena.not• 

during the two ehifte (20 houra) per ~ay ie reokoned to be 8 ~o 

10~ of the availab1~ tim®. In order to maintai~-such a very 

good rocord thr.0 mo.int0nanc~ etaf':f' tr •. :.Asi: be higb1y competent ern:.. 

effioi0nt. In one partiou1ar c~s~ it ~as mentioned tha.t tha 

aupp~i0r had a r~aident e~rvio® ~n~inQ~r p®rmen~ntly stationvn 

in the oustomsr'w work®o 

o 

o 

o 
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DIRECTORIO DE ASISTENTES AL CURSO DE INGENIERIA DE MANUFACTURA 
LDEL 2 AL f3DEAGOSfODE197b) 

NOMBRE Y DIRECCION 

1. !NG. AARON BUENDIA PEREZ 
Hga. de Carreteras No. 21 
Col. Moc tezuma 1 a. Secc 1 ón 
Méxtco 9, D. F. 
Tel: 5-42-51-52 

2. SAUL CAMPOS HERNANDEZ 
Vicente Garcra 
e. T. M. E 1 R i seo 
México 14, D. F. 

38 ING. VICTOR CARRASCO SOLIS 
Santander No. 63 
San Nicolas Tolentino 
México 13, D. F. 
Tel: 5-63-81 ... 05 

()4~ L. ARTURO CERVANTES OSORIO 
Feo. Leyva No. 502 
Cuernavnr:a 1•. Mor. 
Tel: 4-02-10 

5. JUAN JOSE CORTES ROMO 
León Guzmán No. 309A-1 
Col. Aiami tos 
Snn Luis Potosi, S. L. P. 

6. l NG. FRANCISCO A. DAVI LA PALI Yl ERI' 
Av. Copi leo No. 300 Edif. 7-303 
Copi leo-Universidad 
Mé)d co 20, O., F. 

1 
r 

7. ING. J. MANUEl DEL RIO PACHECO 
Ga 1 i e i a No. 442 
Co r. A 1 amos 
México 13, D. F. 
Tel: 5-79-85-30 

ING. FERNANDO GARDUÑO TABOAOA 
México, D. F. 

EMPRESA Y DIRECCION 

REPARACIONES DE EQUIPO PESAOO,S.A. 
Calle Juárez No. 422 
a espaldas de Calz. Tuyehualco 4746 
lxtapalapa, D.F. 

FABRICA ENVASES GENERALES CONTINEN
TAL DE MEXICO 
Oriente 107 No. 114 
Co 1 • Bondoj i to 
Méx i e o , O • F • 

REPARACIONES DE EQUIPO PESADO S.A" 
Juárez No. 422 
Col. Insurgentes Mixcoac 
México 19, D. F. 

INDUSTRIA AUTOMOTRIZ DE CUERNAVACA, 
S. A. DE C. V. 
Km. 87.5 
Autopista Fed. México-Acapulco 

AHMSA-FANAMHER, S.A. 
Km. 416 
Carretera Central 

PRODUCTOS COWEN, S.A. 
Felipe Angeles No. 22 
Méx i e o 1 8 , D . F . 

o 

CIA. DE LUZ Y FUERZA DEL CENTRO,S.A 
Nonoalco 174 
Fab. de Tableros 
Méx i e o , O. F . 

CIA. DE LUZ Y FUERZA DEL CENTRO,S.A. 
México, D. F. 
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DIRECTORIO DE ASISTENTES AL CURSO DE INGENIERIA DE MANUFACTURA 
D"EL 2 AL 13 DE AGOSTO DE 1976 ) o 1 -

NOMBRE- Y DIRECCION 

9. MARCELINO HERNANDEZ ORTIZ 
Playa Oias Altas No. 439 
Co 1 , Marte 
México 13, D. F. 
Tel: 5-79~41-84 

lO. !NG. RAMON LEYVA HERNANDEZ 
México, D. F. 

11. ING, RICARDO LOBATO GONZALEZ 
Estelos No. 99 
Col. Agui las 
México 20, D. F. 
Tel: 5-93-12-91 

12. ING. ALEJANDRO A. LOZANO GUZMAN 
Uxma 1 No. 29'6 
Co 1 • Na rva r te 
México 12, D. F. 
Tel: 5·-23-84-24 

13. ~~~. SALVADOR MARTINEZ ZAMBRANO 
Scniller No. 215-4 
Col. Polanco 
,'+':-x t co 5, D. F. 
Tel: 5-31-83-19 

14. ING. JOSE A. MACIAS CUESTA 
Luis G. lndan 2509-6 
Vi 11 a de Cortés 
México 13, D. F. 

15. ING. SOlLO MENDOZA NUÑEZ 
México, D. F. 

16. ING. GUSTAVO NAJERA 
Gabriel Manoera No. 940 
Co 1 • de 1 Va l 1 e 
México 12, D. F. 
Tel: 5-75-25-44 

r, 

EMPRESA Y DIRECCION 

FABRICA NACIONAL DE MAQUINAS 
HERRAMIENTAS, S. A. DE C. V. 
Km. 416 Carretera México-Piedras 
Negras 
San Luis Potosi, S. L. P. 

CIA. DE LUZ Y FUERZA DEL CENTRO,S.A. 
México, D. F. 

MOTORES Y REFACCIONES, S.A. 
Norte 35 
Col. 1 ndustrial Vallejo 
tv1éx i e o, D. F • 

FACULTAD DE INGENIERIA, UNAM 
Ciudad Universitaria 
México 20, D. F. 

o 
PANAMERICANA DE VALVULAS, S. A. DE 
e. v. 
Av. Henry Ford. No. 257-E 
Co 1 • Bondoj i to 
México 14, D. F. 
Tel: 537-67-15 

GENERAL ElECTRIC DE MEXICO 
Km. 1 7. 5 
Carretera México-Laredo 

UNIVERSIDAD AUTONOMA METROPOLITANA 
Av. San Pablo s/n 
México, D. F. 

DIVISION DE ESTUDIOS SUPERIORES DE 
LA FACULTAD DE INGENIERIA,UNAM 
Ciudad Universitaria 
México 20, D. F. o 
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DIRECTORIO DE ASISTENTES AL CURSO DE INGENIERIA DE MANUFACTURA 
:(DEL 2 AL 13 DE AGOSTO DE 1976 l 

NOMBRE Y DIRECCION 

17. ING. JOSE RABAGO BARRAGAN 
Bosque de los Milagros No. 9 
Fuentes de Satélite 
Edo. de México 
Tel: 5-72-44-74 

18. ING. LUIS F. RAMIREZ VERA 
Lorenzana No. 302 
Pachuca, Hgo. 
Te 1 : 2-6 3-99 

19. J. BERNARDO RAMIS FOSTER 
Edif. 10-302 
Vi 11 a O 1 i mp i ca 
Tlalpan 
México 22, D. F. 
Tel: 5-68-3623 :, 

Ü20. FERNANDO A. SALGADO ARRIAGA 
Av. Cuauhtémoc No. 1015 
Cuernavaca, Morelo~ 

o 

Tel: 4-15-63 

21. 1 NG. 1 SI DRO TAMARIZ SANCHEZ M. 
Agustfn Ahumada 255 
Lomasde Chapultepec 
México 10, D. F. 
Tel: 5-20-18-69¡ 

22. ARMANDO VELAZQUEZ BOTELLO 
Latacunga 868 
Col. Lindavista 
Méx i e o 1 4, D • F. 
Tel: 7-54-12-87 

EMPRESA Y DIRECCION 

PETROLEO$ MEXICANOS 
Av. Marina Nacional No. 329 
México 17, D. F. 

HERRAMIENTES CLEVELAND, S.A. 
Av. Juá rez No. 1602 

UNION NACIONAL DE TALLERES, S.A. 
Ermita lxtapalapa 2001 
México, D. F. 

INDUSTRIA AUTOMOTRIZ DE CUERNAVA
CA 
Km. 871/2 
Autopista México-Acapulco 

SPEED - MEX, S. A. 
Km. 20.5 
Carretera México - Texcoco 

CONECTORES ELECTRICOS, S. DE R.L. 
Poniente 83 No. 130 
Méx i co 1 8 , D. F. 
Tel: 5-15-63-28 
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