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INTRODUCTION

It became evident .: a recent study mide by & Unido Team at the requeat
of technologically underdeveloped country that a major problem re-
stricting development was inexperierce in &ll types of management skills.
Other problems idertified as contributing to the low deygrece of product-
ivity and growth i: the diemaking and metal forming field were:
1) Lini.ed knowledge of modern production manufacturing
teclaiques.
2) Inadequate manpower develoruent and training programs.
3) Limited investment capital and high interesi rates.
k) Depreciation allowances inadequate and restrictive to
new equipment procurement.
e knowledze and application of management techniques in areas of cost
preparation and reporting analysis, facility loading, procese planning
and methods, are absolutely essential tc the success -, all Metal
Working Plants regardless of size, product type, product volume, product
mix, and labor content,

Q0BT CONTROL AND ANALYSIS

In most metal-forming and die plants observed by the writer in a former
study, the knowledge nr use of cost control and analycsis principles wers
not in use, Espec:alily areas of direct product cost.

It was observed thit the use and app.ication of a cost control and
analysis system was the exception rather than the rule, lLabor and >ther
cost elements relating to plant ecuipment and producis, in most ct:ses,
were unknown. Mai.tanance, depreciat.:n, and cost records of .mc.ine

and perishable too.s were rare. Product scrap and repair coste i . st
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PROCESS PLANNING .3 1,008

™his activity hus . roater control cver product cost than any other.

1" & nrocess breakdown and value analysis study had been performed prior
to production opera.ions, it would have shown that much work pere

formed by the prime contractor sould have been done for less by & sub-
contractcr.

In many plants, considered as medium to large by this underdeveloped
eouatry, 1 ttle or no value was sttached to the importance of having an
up-to-date and active plant layout.

Work flow diagrams showing material handling from rev stock through
machinegs to finish product wverc, for all practical pusposes, non-existent.
Mach improvement of & plant's operation at little cost can be sccomplished

by better use of methods engineering.
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TOOL, DIE ARD MCLD :NJ)USTRY

The siructure of th: Tool and Die and Mold industry falls within two goneral
classifications, inde~tified as:

Captive Shop

(Job shop) Independent Shop
The captive shop is one whose output is exclusively for the use of a
Farent Company. The Parent Company is generally engaged in the manu-
facture of products other than tooling. i.e. the Ford Motor Coapany's
principal product is automobile mmnufscturing, while the Ford Tool and
Die Plant's principcl products are tools and dies for the parent conpany
operations.
The independent shop's principal product is all tools and dies. The ine
dependent shop, however, generally supplies more than one customer vhose
principal proauct is other than tool and dies. ’
The peak and valley requirements of tools and dies for industry his-
torically has had ar adverse effect on worklosd continuity, competitive
pricing, manpover planning and capital investment of both captive and
indspendent shops. Of the two the independent shop is more vulnerable
to these cycles. The captive shop has esarlier visibility on volume ree
auirements and has «. opportunity to gear for manpower and facillity
containment, as well as nev capital investment, if required, with o
ressonable guarantee of return on its investment.,
The oative shop wisc Las the added advantage of more halanced vorkload
when tool and die requirements are at a minimum.
In a tooling faciliity the captive shop has fixed costs that connot be

ignored by the parer. company--some of these may be identified as
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building and equi. ::nt depreciation, sdministratave and clerical cosia
to the parent ooy, convrantural comeituents Lo empaoyes in the fork
of supplexental Jaremvloyment benctits, cic. honéaltion to these, there
{8 ‘n those un o zed plants Drosere oo sare ) compenies te bimdt
sourcing work to wulside contractore, pact fowdarly duriog per.ods whern
a reduction in wory Jorce is ant icinmated. nrll vhese fachtors nove a
significant lnsiucuce on the parcet compeny ii tae piocuent of tool and
die orders.

Independent sho. Lnion agreerents sovers ng the eaployes' wax Lmum hours
to be worked auwring a ﬁermo of reduciion of wora torce also have had au
edverse effect cir Jhe placement of word ir. vhe indepandent sn.op.

The avallenility od teoling .o lae sreatest influencing factor in deter~

mining the public oarpduatlion  date o a Lev pro%iuct. A highly c*l:m.;eto

i ive market and [uwite demend Tor wore sophisticated producis, some-

what conditionca -~y advertising, dictatcs the eycle of product cimnge and
new product inticcaction. no meel critieel target dates, overting has
been inberent ir the tool and die industry, and ary agreemen’ Limiting
overtime that sesuits in & reduscd wook force, rorces .ndusiry ti placa

in their mm Goyoeane ghoos, ek ot s ~eit sl Limin, nature, bhel nurmedly
and historiceisy woulé e purchased from the in&e;x:wient 3HOPS .

The pricin, in thc Lol wod die wcastoy is oreatly inflee aced oy the
captive shop os ong. A financially wnsound indej<indout ool amLi die
industry wala ‘rouUle tert work lowd .r:k;-.',;» Aeopbes wrobleas for tae captive
shop. The fierow apetiticn awon,, Ladependents Jos thoe Janitea amouat OF
work availedle, nosuaslly calied & goit 2 iring n@ar.es, drives the priciog

velow o normal vro Wb lovel, and 1i9s, tuoture, s Dressuse on Tie

captive shop 15 wi LEL LLE COBLE iU i: u6 to recaa conjelitive,

z
]
|
:
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Many manufacturing :ompanies have no die constructiom facility and are
entirely dependent upon a soures outside their own compnies for tool
purchases .

™e ansver in the zaptive gshop has been to automate. The introduction of
naw technology in the tool and die captive shops has expanded significartly
in the past three years end is currently eaccelerating st & rapid rete.
AMMitional benefits of this process of autorating have been improved
product quality, & reduction in construction timing, and an overhaul

of tool and die design standardization. The large independent tool and
die shops are fol_owing suit, while some of the smaller ones are going
out of business or diversifying. The future of the industry probably
lies with the independents supplying tooling of a more specialiszed nature
or that which is not in direct coupetition vith the captive tool and die
shops or the mjor independents.

Most of the changes in the tool and die industry has been the product

of economice, pricing in the market place, and the development and
availability of the newer technologies. To an industry that has relied
over the years on the individusl skills of craftsmen without asny
appreciable increase in oroductivity, the newer technologies have becn

revolutionary.
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TECHNICAL EDUCATLON

The degree ol turcui @ ib upgrading vhe 1ocl, Bte & Metal Forming Industry in
anderdeveloped coant "les will ve argaly dependant apon tne active particlpa-

tion of techn.ciw inutlwtions, tredes rigenizat.ons end governmental suppor?.

Most technicel iunstiuticns are eupable ot pmoaucing oxocellent engineers whose
strength lies ia Une fieid of tnasretical cngineering, aeionce and research;
however, there ‘s . pusilive cducaticna, oap belween Lhe pradace enginear
and the practical Licustrial enginees mroutimed by inaustry. In many inct-
ances the techriciun 13 fuiling tne void <1 the ircuctrial eagineer. To suit
1te need in manuiuc Ur.uge Jrdustly preters to daveicps crioting personnel
then to hire engiraerin,; gruduatss, Cince, adllavagn edrentional ingtitutions
have trained ihsce <ry . ne riiy gradnates sell in Jpeorticel engineering,
they rsve poun derlciary ia toaching them ube ore praccical application of

englneering <i.owleag:.

Cooperative vnginoering pregrais simllar to the ones cperating in the United
States would best rit tne needs 5f the industrially underdeveloped nation,
Thie is u f{our-year lrogram i wiic: wae Jtatent alternates vetween theoretical
educstion &L Lhe Lrsusbludlica cia paav bewds appa-vstion .nder ine tutelage of

skilled mAnapers ara cXperienced enZineei s,

The need can ulso be Iiiled Dy providing m.ti wation and incentive to graduate
apprentices o prrtic pate in sontinuing edicetional programs gpecializing ir

industrial edveat.on, production engineering, and industrial management.

Industrial semina.c. @ ~uia be organized by umivers.ties or government. agencies.

wr the material  reoented gnouid ori, inate from private industry managers and

| vduction enelne v,
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In the area of metsal .orming specialized operations, courses, should be
developed with emj>ha: . on such subjects as:-
» Facility loading and planning
» Production programming and control
. Plart layout
» Methods and works standards
o Cost analysis

+ Mechanical handling

Special instructional ocourses for personnsl engaged in the mamufscture of
dies and molds should include:-

. Tool and die design

. Fundamentals of electrical discharge machining

» Nundanentals of tool steels and heat treating methods

A progrea similar to the technical education proposals outlined through the
assistance of the Unido would provide sufficient training and create the
necessary impetus for the developing nations who are desirous of meeting
the objective of technical equality with developed nations,
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Manpower developuac ouad traniag hous cosn ldentfilec as sceutial Lo
the success of Lue aimaking and oeia formag industry. Apprentice

train e ca e ey, A sk D eentat v SR EEO A T 3% ¥ ol such &
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MApprent cesnip can e jellned -3 & periou of learrin; undex Lue rute.ag e
of master rafisme .. Por scataries tecnsieal skilte nnd knowloedge ware
passed down tran .iler 1o novita - or . fro. Jather Lo sou on &n
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and no testoooks, [l vas commoniy 1, nowewver, that the appeentice

shiould act ap an sscistant Lo a aaster [ rneyran. By verforming ali
gsorts of tasks, arnd by regular ascociallon with tue mastes, the apprentice
was expected to asouive, over & pericd af years, the skiils and knowledge
of the araty.

This method was slw but feirly eflective. Tn those leisurely days,

geven to ten years ald uct scem Loo Lo, The reward - the pay and:
prestige O & abbocd 18T alde - oesned Lo uootn the Lime snd effort.
Tolay, however, a-uiher indusiry sor tne soaavadund 1s widling to wait
for such f Long tLi.oe S0 obuAin results.  Moreover . we have ieveloped
atandards, proced.ces, sad terto.  The oug.t cone2pl of "lcaruring vy
doing" hat nnt oo satered. bul hias Leen £ repeated Dy tany modern

;

LY

teaching aian Loc v Tled instrustom
The norcel cdutat. ooes voqairenel o {or «ary “ato ajorent iceshin ireiniog

15 & hiwh sensds cploan e I8 1S ol w usual T find o, vd lonids sad o

(9%

courst ;o aent Lo Joh two yeers ol coLie s Lruilinlg.  Lohofh LChean
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education is not rendatcry for antry in Lhe tool and dlemaking
apprenticeship tre :ing, however, provided the relatsd educational
instruct.on progren is develioped “o suit.
An example oI this deviatior from normally accepted levels is the tool
end die apprenticeship ut Iscar Comwpany in Israel, developed with assistiance
of the Techniou Tcchnical University, it is a cooperative educational
instruction and shop training program.
The age of entry eligibility to the program (s 14 years, and the training
period is over seven years. This apparently is a successful program and
meets the needs of & highly successful and progress'.ve company.
The comparison is made merely to show that although & suczessful program
in & developed country may not be practical because of its entrance
requirements, to meet the immediate needs of underdeveloped countries,
sducational requirements at entry my be changed, and the end result be
squally successful.
In the United States, the program is normally subject to state approval.
In large companies in Europe and the United States the progrea is often
sdainistered by joint apprencticeship committees of union and management .
Bhop and educational subjects are supervised by a shop instructor or
treaining coordinator.
An apprentice trai.ing program for tool and diemakers consists of 8,000
hours, 7,424k hours of practical shop expericnce and 575 hours of classroom
work in related training subjects.
Smaller corpen.es sarticipated .n accreditec prograns s oroved oy siLate
laws. These progruss meet nigh proficiency standards. Related training

1s usually coordinaixd hetween employer organizalions and local educationa.
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To aequainl ‘ne aew 4oprorc e Lo Leg L rodlan, . sl il or L ey
quide wag rrepes 3 U nis ure. Uhe GANwrL Conalng, Lhe fo.towing
information:

¢ The Coscanv's history

0 JOprerat.ny poliicies.

o vAdV&;ijv& of rearning the Toel and Diewsk ing trade,

o Effeuthv; stuway methods

o PFuaction of the apprenticeship committee.

o Union apprentice ngreement.

0 Oblirauion of an appreniice to Ghe Compery.

o Obiignvien of ‘une Company 1o the apprentice

0 Opportunitisy upot curipletion of training program

0 3afe woerking baviss.
Pollowing the geaera. orientat.ion progrem, the company becomes more
definitive 1n a.temptir, to creste motivation in the epprent.ice, The
opportunity to lecern & wide varucty of skills 1s siressed; these inciude
the familiarization :f new Lool and die technolory, inciuding numerical
control and elccetricul discnarze puchining.  Furiher career rportunities,
all of which are evaliaiLie within Lbe colpeny, are highlighted to
apprentices upon ccanletion of the apprenticeship program. These are ag

.

follows:

© Superv.zory vositions.

0 Progra wing opportunities in nuwericel control.

0 Electr.cal discharye rachining.

© Manufacturing Engineering opportunities.

o Proce:ssing, tool and vroduct design

0 Jous [ trainang and education.
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They are then :xp...»d to an wervies of the ool and dieraking trade.
Bducaticnal mov.e. a.q 8!ides. in:lulane menufacturing operations,
sutomot ive asse.0.y operaticar, a0 n.he: aroducts meoufactured by the
coPrrTat nn, Are o m e .n o oweantd oo e wds e fr 1 that he playe &
key roll {i tals nmnufacturing :cuplex. In the nreshop training areas,
there are many v.uual aids. The uids ray oe :d:nt .fied as a stamping,

s metal part taa' 18 produced Ly 8 Lie or a seriags of dies; a die is then
depicted as a proaiction tool used to produce stampings; & punch press &8
a power driven racnine used 10 shape metal under pressure Or with heavy
blows; a fixture as a device used for holding work in a fixed posation
during & production or machining opera: .cu.

The new apprentices are then taken on a conducied tour by their shop
{nstructors through the stamping operatious and the tool and die shop.
Puring the coursc or the tour, the operations are explained in detall.,
The next step in the basic orientation progran is to explain the purpose
of basic traiaing, to learn oasic tool and die processes as rapidly as
possible, and tc “ormlate sate working habits. The tasks which the
apprentice will Le cxpected tu leam.are explained in detail. The conditions
under which he wi’l 1'a  weo o we. wowu 2Xplal ed. A Very in-
portant point siressed at thic *ime ig the self pacing concept of the
program. This mec.s that the &pprent ice car. have an opportunity to

pace himself &nu ..ster a glven tisk hefore ne advances Lo the next task.
The confidence ueve.oled in the apprentine due to a seif-pacing concept
18 one of the oui ts:nd.iy; 8spects of the progrn. L is only after he
has completed 1 .dentified iaske that ne achleves an erficiency rating
permitti:; hir to jo on the regulur apureniiceshi) progran. The tasks

are;
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Learning Guid.. Date
Task e mmtmmem e e BCT Accomplished
ll. Debure und 8tamp rongh stovk | 15 A2
2, Drill and countervore a hole ' 1G #13
= — |
3« Drill und tap a hole using either a floor drill 16 #l4 |
proas or a radial drill press
b, Drill und reumn a hole by us.ng either a floor drill 1G #15
preue or s standard drill press _ .
2+ Uarber tool or die components IC #16
et R ao . . o . AR e e ke mee s o e b meses a———— - -vren
6. Spot tool or die components f 1 f17 I
(e« Bton: tool or die components 1G #18
© 4
4o Using u handsaw, safely cut s tool or die detail to Ic #19 1
Jayout 1ice _. - —
9. Opcrate aa overhead crane IG #20
10. Operat: n hydra-drill i 16 f21
1i. Lleyout die or tixturc detalls from s skntch op :
bl i i 16 #22
LUaprink 1
12. Machine stock on a shaper | Wy _
- t - =
13+ Mechin: vtock on a lathe — oA
' 1]
ih, Mecnine stock on a mill —— WA | e
15, Mochine stock on a surface grinder L 1o 429 | ]
|
1 "i”“*m.ﬂ-~ R W e -‘.¢‘ - - - o GE - RE_IRT R R Oy ;-“4-’i" :
' i

T
i
i
t
i
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" OIMAKING AND DIEMAKING APPRENTICE GAIP

SCHEDULE OF REIATED 1NOTHUCTION

Cour: 2 hn. T.bie
loa Shop Arivhmetic
o Biuprint Munlamntals
301 Shop Theory I
2.1 Algebras
1@ Elemertury Progection and
Dimencioning
e Shop Theory Il
"}o:i Qeometry
103 Menufacturing Engineering
giandards
hel Pr.gonunelry
10k Blueprin' Reacing vy Clay Models
5.2 Lugarshms
326 shop Tueor, Iil
é Trigononetry I1
327 Shop Theory IV
7 Trigonometry II1
105 Advanced pfrojection
501 Characteristics of Metals I
106 Machire Sicp Blueprint Reading I
8 Compound /nzles I
502 Characteristics of Metals II
9 Compound Angles 11
108 Detail 4 Assemoly Drawing (Tool)
10 Gearing I
108, L Detail & Asseroly Drawing (Die)
okl Elementury thysics I
109.7 Advanced 2lueprint Reading
(Tocl and Die)
327.4 Shep Theerr TV (Die)
110.4 Elements of Die Deslign
503 Heat Treatment 1
111 Elements of Tool & Fixture Design
504 Heat Treatment II
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TCLMEKING AND JIEMAKING APPRENTICESHIP

REQUIMRANTS ~R WAGE INCREFSES AND TRAINING INCENTIVE

kalated
Hours on wourses Weage
_Coursge Ctoapleted Rate Training Incentive
0 =« 1000 kL 3.17 A training lnceniive for each course

of reieted trawning successfuily

1001 - 2000 8 3.205 | completed consiste ~f the product
of the uumber of class hours oo

2001 - 3000 13 3.325 each course and the straight-time
sbOop hourly rate o=ing rcceived at

3001 -~ 4OOO 17 3047 the course completion date.

hOUL - 5000 21 3.65

UL - GOOO 26 3.87

sl o= 100 35 “03}55

(CC) = Thalh 3 4,375
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TOOLMAKTNG AND LIEMAKING Ao Rai TeRCHLE
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SCHEDULE OF SHOP TRATNING

¥heaer
TR A T

500

L Iasher ; 500

M Miiling Machine s o 800

G Gr.rders ‘ ' 500

8D BENCB - DIF 2000 - 3006

oT ~ 8G0 - 1400 512
MT

Shuper, Planner, and/or Slotier

BENCH - TOOL

Die Try-cut and/or Model and

Peunpuit2s

rResatet Traliuilg

V-PR=-BM=HM=C%-H Optional: Vertical fathc, Frotiling
Machines, Boring Machlnes, Heavy
Mills, speciul Gear, Harvdenilg

500 - 1600
576

Total 8,000
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*Lolid square (3

‘Jurface iag-

*Telescope Gage (set)

*Thi :kr.ess Gage
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*Wiggler

Wrench (crescent, single
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IEGHIRLOGE

Since the early acvent of the Kellering sachine until the current decade,
the tool, die ard mold industry had remained relatively undistributed by
advances in machiring technology. Indeed there was great pride in the
r-aftamanship requi.ad and the quality ¢# yorkmenship that could be
oreated by laboricus hours of hand-finishing by the diesinker. Another
oraftaman much admired aad very much in demand was the machinist who
oould literally ma<e Lis machine "talk" .n producing excellence in form
milling and grindang.

While change was cn the march in the machine tool industry in the form of
newly designed rachines lor wass production such as 3crew machines,
chuoking machines rpresses for nydro-forming, explosive forming, powder
metal form.ng, underdrive stauplug presses, rechanicas handling devices,
and other similar forms of automation for the packaging industry, the
tool and die irdustry maintained a "businees ac ugual® attitude. As
industrial productivity increased, industry wages also increased,

keeping pace ‘sith national growth, The introduction of plastic products,
the wider variety of automotive styles ard new products being introduced
onto the domestic market all ircressed the demand for molds and dies.
These demands were usually met by nlant expanigion, wanpower development,
and overtime, out rarely hy new 1desns and improved *echnology. Minor
changes came ir % ¢ form af tungsten carbide *ouls which, in turm,
necessitated mor< rigid machine tool with high spindie speeds and feed

rates.
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briefly the secacn: . ¢f events related to mrkir, a nomal Jdie or fems iy o
dies or « wanci'ne uring opsration 10 as foliows:
An approved produc, gpecificatica (usdaliy in the “.mm ¢ & blueprint; !s
mbmitied W a process engineer “ter r wufacturing feasalility hus been
estabiished. "hLe .recess engineer detornin:: the wequence of uperations
as 1o now the paiv shoula be manufacticed. o taen zooriinstes his prucesse
ing requiracents wouh faeility londirg pecsonne) L. insure the avallability
of press equipment tw mevt preductlonl requireiornt ..
A typical process line-up for a formed ctamping would require in gome in-
stances a blankirg die and at least & form or uras die (dependent upon the
compiexity of the stamping).
In addition w the above a trimming and, or piercing die would be needed.
This operatior usually wouid be used U'or trirming or removing the surplus
material beyond tiie perineter o the part cutline, as well as for pierc-
ing holes and vperings if any are reaquired.
To eomplete tie next sequence of operation the process engineer would out-
line the munter ~¥ roming or tlanging dies required. There may be severai
such forming or {ianging cperations dependent upon the die tip or complexity
of the part to b wanatactdryd
In establishiny te rumber of operaticns and cperatioral sequence, the
processor consiteieu the best method to be used for juserting and remov-
ing in process ,pa.."t.:; ‘rem the various types oo eguipment in use. The
producet volune uc.aily determines the method of automation or mechanical
handling equipae: . reaquired.
The process inrom.ation and press requirarents are then forwarded to the
die desiyn source or durectly to the purchusing sctivity if the dies are

to be desigrec s buile by the sane sowce,
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Trne Finnl die cev. u is a coupogive of uri ginanityr cumpined wiih gtardard
die design dete to craate ¢ oset of gpecificnt cu= from whiw, will e
manufa. tured patieoms, castings wal tre tinaaned Jdios,

It is importent to be complately luforaot ut il timas of the impact of

4

toolirg costa, Taorefnrs a cost o glimal 1e prorared either by the

manufacturing plu. oz Uy an appeovad die cuppiler, Uzually a minimm o
three (3) die supuiiers are requasted 4w provide a guote as Lo the amount
of money they will require 1lu puilc the .tem, o8 weil a3, providing +1ine

requirements f{or conetraction,  Sumltaseously <ith the atove the pattecrns

and castings are proccgsed in bthe sam: LuL.cr 19 castinza ure required)

in order that they wsy be availabt’e wien the die ~onstruction source has

been selected,

A new cycle or chain of events begin after tlie various sorstruction sources
« have been determirea, Die componenis stoet 1isis are prepared and arrengs-

ments are made to purchase the materisls from upproved vendors.

A facility loading coordirutor reviews the vericus die astinetes by elements )

to verify for facility loading and containmert, Tnis review i.s made pri-

marily tc determire if lne estimates arc accurate, 1f proper construction

equipment is svailaple and il the cors'ruction date can be met. This is

followed by develoning an individusd dle fabricetiun schuduie, The con-

gtruction progres . (g reviewed regulariy v assure tpat the o matruction

gimfug schedule 3. oelng rollowsd,

Since a cocl estiite io egtabilehed prior the cunctriaction,the per-

centage of ouiputl 5 rorpars Wwith direc. labur iaput st several control

points In the dlo coretmetion proceid, A Lealure S0 pn e fOIMANCE .

Shop operaticns b in with he poeneraticn ol fooding cids, These are

ugually in the oo of meind templates nad astor or jlastic reproduc-
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tions of a die mocc: woditied Lo recrecent the manufacturirg conditions
unique %o srch di operaiion.

The plaster cr pli:iic modei and metal templates are subsequentlr used in
conjunction vii' ka'larin- fime mrehinag tn aneate the contour and prc®ile
on the die poripher for surface configuration, Similtaneous with the
preparation of the tooliag alus, iayout lincs op cagting are made for
proper machining <perativns. The mecliining cperations are a coordinated
effort between the layout operations ana the machining department., After
the required machining operations are completed the material is sent to
the bench area where the work ‘s assambled. This atep in the process is
identified as die build-up. Besically this is the process of mounting
tool steel blocks to the die casting or die shoes.

When the die build-up or assenbly has been completed it is now ready for
oontouring and profiling to the appropriate model or tooling aid. This
contouring and profiling operation is normally performed on conventional
tracer controlled equipuent or numerically controlled profiling machines.
(Rlectrical Discherge Machining is another method of dieainking that ocan
be used to shape die material. When the E.D.M. process is used, an
eleotrode shaped to the 4. -11ad acpdrim am - profiling machine is required.)
After the die has been profiled it is sent to a bench aresa vhere the cusps

or cutter ridges left on the die surface by the profiling machine's cutting
tool are then ground off by portabie hand grinding tools. This operation
is generally called die barbering. After the ccmpletion of the barbering
operation the tool steel sectious are removed from the die,and furnace
heat treatment oprrations on the sections are perforrmed, If the die steel
is of the fleme hardening variety, the heat treatment operation will be

performed at & later step in the sequence,
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Lol slae. seo it oo prudnid bo TaReUe Warhag created Jy tie heat trest
operation i W owiee W e Lagr Wi

The herdenied 1o . oal s@cticns are ~e.s.nxbien to the punch or ir the case
Gf A trm o U oen P L ww the e jartor (o die Locator is the mele
shepe just we Log wnch 1o the nile shape nos Jormiog die) and this portion
of the ale ir “wawy r naster rack grottl p. o iodlcated inoa previous
step a RAE.ET Itk b AL PPONY cust made crom o master die model, The diea
are coated wit: " ow simrna” to read. Ly wdertiany pressulre points when being
gpotted to o Yoo Ah olued" magter Tach,

A gpotting cpertl .o accura tely identit'i -s the surface imperfections and
{nsocuracies inherent Ly the tracer sontrollea profiling and contouring
operation on s G.u.  .lcse inaccurac) o and lapertections ere eorrectad by
portable pgricding w.th hend tools (comnonly nnown &g hiand grinding) until
the surfece of tho anch o- die locator is mated to the apolting master.
BUNCH TO LIE SHri L

The same techri u.: are used ir spotting & punch to @ die cavity as was

used in spotting ..o puaeh to e magter rack with one exception, Jhis
axeception iz tomt .o uir 7ap cquivalent %o the m=tal thickress of the
stamping s mvne.

Thdg g scedmpiis, o oY spacing lenu olre strips intermittentoy in tae dia
CaviLy Bl pfeo T As AT en sl oA urvals talWe o grn nd. and the lead wioe
tnickness 1@ muewr el Tor mes Lotnie nese uniiormoty.  those prinai g anc
moasuriny Cperal ibloaes autil ow o roasen wleownatoruay
boen obisdnca. oo t.rad cputbiogens retici. oo coepaeted o o dater nodut

R IERALT Bequeniu.
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Work in the die firishing arce also requirs a high degree of shill, A
eriss-cross internitiert action ie used in stoning., Thic reduces low spcie,
holes and irregilarities. The vperation continues until all grind witnsss
marks are removed. The puiud uan bE uewsec Out by feel, scaling, oil
stone, or hfghiight oil
KINAL ASSEMBLY
Once the principel die componerts have been mated, the die is now ready
for final assemtl;. When final assembly 1s completed all moving members
of a die assembly, such as drop slides, draw bars, scrap cutters, gaging,
strippers, and automation must be timed in unison to accommodate the
precise mechanical action taking plece atv the right moment during one
ayclical movement of the press. Upon completion of the final assembly the
die is processed for preliminary tryout vhich consist of the final spott-
ing of the dle and miking revisions due to the unique characteristics of the
stamping. These may include form corrections tor spring back in the sur-
faoe of flanges of the stamping, Outline or trim line corrections can
aleo be made due to inaccurate development from a finished produ-t position
to a die position. Alteration to the holding beads or die radii are
uswally nocuufy to control the metal flow and eliminate metal fractur-
ing in the die. These are but a few of the potentinl problems in the
process of making a die function in a production environment and nmeeting

the high quality objectives demanded by the customer from the die supplier,
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Durine the tive o o bne CoAneat s opesatoons an previously outiired ere
i progusd Ll oG L Te e et Mer v othel midcallanecus funetions are belng
performec &t b af€ Lot oun wide variety ol die componenis. These

migcallareous ouoratinue are Loo NUBOTCLT to pe inecluded in this pre-

gentation, theri .o oniy a few can be overed in any Jdepth, These are

namely: -

The Lasics ot LM process and ¥.rd Motor Electrical Dis-

churye Machiring cxpericne?.

o THE FoAM: HARDENINw OF DIES
Cont: ..ed in this paper iz a brief outline cf the process

as i;. nce 1t the Ford Mctor Compary. This process le
applicatle to Flame dardening of die surfaces applied
thrcu hout ohe tool and dic industry.

§:_CASTING PPROCESS

Tals procues re’ates to the use of polystyrene patterns in

the wakine of dir custings. The process originated in the
United States in 1550, The fivet practical use of this
Procubo b - o s Co T4 LiL ee. .1 the | car of 1963,

The rirst known incustrisl appiication was in Garmany in 1967,
Tais proress leeing ased extersively todmy in the United

S*at- . A)l of Tho paiterns Lot oo tie procese of naking

dic cootan Toe the Cord Ponno uonpeny are made of polystyrune.
Ae om .. torocting sldelisnt o recert technolofical breaktaroush
o e Thy navelipment ad makstoe of a2 dupliesting row.ers

-~ - 3 - 3 . 5 M " I P [ e
Lyr ononpne 10 chane dTe tabUevas ol plaster models (soe
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A die macnining pr.zess of imporcance .iot covered in this peper 18 the
ocontouring profili.g and lireal machining of die: by Numerical Control
Machines. Computor programming and tepe procassiig sre a’.s0 excluded
from this paper.
This subject will he covereu in depth in s paper being submitted by
Mr. Donald N, Smith, for the Vienna expert group meeting. The subject
matter chosen Tor detail description in this paper are relatively new
to the industry ard are expanding rapidly i1:. the developed countries.
In the writers opinion these new technologies would contribute sub-

stantially to the upgrading of manufacturing operations in the develop-
ing oountries.
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Tw o aGE3 a Wit tevg nrocess mede LGS nppesrsrel I {rqrastry. This
procesas Known .y . sl names:  Alecuro - Gxegranhy, Spark Erosion, Eloxing,
and finelly Blecuricel NMacpurge HMachiring.

At fipst tne proeefo wub oL recoynized s having & place 1im tool and

Al emaking operat.” . an aschining process.

e process had its nunble bepinning and was used at the Ford Motor
Company G T i Lecken caps Trom ergipe Wiscks. The machine
generally bhad the losige wnd confiuration of a wench drill press. This
pechine wan inertiiled ac 8 aisintegrater. Up urti. thia time the removal
of broken tap. wes &N extrawely cunhersone operation; in fact, some die
steel details werc sevirely dama;=d or destroyud . the process of re-
roving i brokor lap. A fapther extengion of this process was the use

of copper or Lruu. bl electrodes he erode s hole Ln hardened steel
sections. As the vue b the prucess exnenued, it becane wvideat that
thip new maci WL techiique nar the poLentlua Lo serfern precision
operations on Marui. A gioel far the newly in ceodueed exotic metais. The
machine would have t. be designed with 1 servo syctem Lo control spark
gap automstizasly, %l inelude coordinate povement on the machine tables
and prec’ 8i0i Wey: Bl fr-03.

Over a period > to jears o1 eebricrl-diacharge-machining grew from a
gimple salvuge opé ration +0 a high-prcelaion nachining system. Let us
oxamine some o. BE2 fordamentals of the sle it»ter 1 dlscharge machining
aystem:

ELECTHI AL MG Ty [:3 SYSTEMI

Thepre are ' viv «i.olnotiy as ~ferent electrical macihining systems in
operatior, all wing b commaon fundazental poiocipal - MITAL REMOVAL _BY

ELHCTRLCA, ik
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These systems are: First Electrolytic Grinding. Principally, this is
used in the cutter and tool grinding process

ELECTROCHEMICAL MiicHINE /%rm) The second

E.C.M. is & relatively new mechining method by which metal is removed

by high electrical current density and electrolyte velocity ( & rapid
deplating action). The process differs irom E.D.M. in that a continuous
rather than pulsat.ng DC current is employed. The solution is a salt
brine solution. E.C.M. has a potential stock removal rate of up to 60
cubi¢ inches per hour with utilization of a 10,000 ampere pover supply
unit, vhich mekes this process very prouising. Flectrodes may be made
of any electrical conductive material. A major problem, making this
system unfeasible for die machining at this time, is that ELECTRODES

ARE NOT THE EXACT OPPOSITE OF THE DESIRED FORM AS IN E.D.M. BUT MUST

B2 DEVELOPED TO PRODUCE THE DESIRED SIZE AND SHAPE. This generally means
exorbitant cost ani lead time vhen only a small number of like parts are
to be manufectured. |

A salt brine solution is used as tha electrolyte. This presents &
gorrosion problem affacitu, .oclmut pumps, £ixtures, tooling and mchine
gomponents. Thus siainlecs steel aud non-ferrous machis.2 components

are used. Considerable hasic Aevelopment work in this area for improved
filtering systems and electrodes r:main to be accomplished to effectively
improve this process for sutonotive manufacturing. Currently E.C.M. is
being applied in the aircraft and missile field in machining of exotic
materials to make Jet engine turbine and compressor tlsides.

It is also being widely used in many industrial operations whereby the

nuiber cf pieces «.ud the shape complexity Justifies electrode development
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costs and time. Caie distinct advantage over all other machining systens
is LIVETIME ELECTRODES. The electrode is not subject to wesr. It can be
dsstroyed, hovever, DY machine malfunction, and plate itself beyond
recognition.

ELACIRICAL DISCHAR:E MACHINING
mmrdnndlutmethodwhichwﬂlhcomwmm&w
folloving section is Electrical Dischargs Machining (B.D.M.)
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-~AKRRNCTION .

¥
“fals dlseussion on the fundsmentals of Klectrical Discharge Machining will

b0 limited *o a practical description of the basic process and the various
elmants of dlielectric fluids, pressure and vacuum flow, detritus or
amrf, filtration, surface finish charecteristics, and some occaments om
the most widely used slectrode material, carbon-grephite, A brief seotien
$s included on the programming of ocavity die work,

JER BASIC PROCESS

The theory of Electrical Discharge Machining has been thoroughly imvest-
igated and studied, and the results of these investigations have been widely
published, Certain deductions about the process can be made and applied.
The art however, is preceding the science.

Ne say that certain theories have been derived to explain the EIM process.
This may sound nebulous until we consider that the use of electricty is
based on the electron theory. This theory states vhat all matter is
oomposed of atoms which are composed of a nucleus and literally billions
of tiny particles called electrons and protons. Though these cannot be
seen by even the most powerful microscope, it has been determined that
some free electrons are vwhirling around the necleus at fantastic rates.

If a substance gives up its free electras easily, it 1s called a oon-
ductor,

If a certain potential (or voltage) is impressed for a sufficient period
(On-time) acroes a certein gap created by two conductors (electrode and
workpieoce), we oan csuse billions of electrons to flow repidly (186,000

al, per #00.) and we have ourrent (amperage). In our osse the resultant




1D/WG. 24/

Page 34
of the electror ..v. _she is 8 spark that will creatc a crater in each
of the two concuctor.. If <his procedurc i currica out in a medium

called a dieluctric Tiuid, it can be butter continued and controlled,
partly because tis ©ooid cun wash avay tue purtleles and xeep the work-
plece coocl. Diwie b .en used have Y.cer wineral and cilicone olls,
kerosene, elry.uniu gLyeor polar fiuids, glycerc:, Ae-ionized water, sodivm
silicate soiulivul kG CVel com, reased At wul negative gases.

CThRIC Sl lob
Phe dielectric T.uiis pont commorly ased are miners) oils with certain
propert.ec ard cnamocteriavice. The things we look for are low viscosity
(approx. 4 S.U.o, & 100 .Y, nigh flashpoint (pesr 300° F.) 200 = 250
yolts per mil diuvlectric strength, no ckin ipritants, no unpleasant odor,
no excessive amcke, Luw degred of Impurities, and no undesirable gap
characteristics, Sume mamufacturers arce recommending higher viscosity olils
for high amperag: wor'.
These oils are isual.y fsoparaliinic hydrocurbons, and, when subjected to
gep oonditions, give off various combustible Ci group gases, plus some
oarbon residue. Altnough the corroe’on inhibitors may be consumed, no
other significant changes occur in uhe composition snd it may be reused
indefinitely. The function nf thig vil is to lonize locally, become
temporarily conduct.ve, allow a spark to pass, them carTy away the debris
and some of the heat. The motive [urce may be & pressure pump or a vacuum
eductor. Most work will be done in the 5 to 50 psi range or at 10 to 29
in. hg vacuum. Iraumuch s the purce diclectric gap will be jetermined by
the dielectric strength of the oil and the voltage impressed, it will have

a maximum sparking iistaence of .0001i" at very low voltage and about,002"
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at high voltage. However, the metal and carbon particles, also called

detritus or swarf, are conductive, and these add to gap size by acting as
spacers or "stepplirg stones." Normal gap distances at .100 to 100 amps
will be in the ,005" *c LN range. ‘

PRESSURE AND VACUUM FLOV (Ses Chart - Type o Coolant Flow) No. 1
Pressure flov is most commonly used because it is easier % apply - pin
noles in the system are not critical., It aiso gives more visual indication
of good machining conditions - you can detect & tendency to short by very
dense puffs of smoke ard you can sometines see mmall arcs. The bubble
pattern and size will help estimate electrode jocation and dielectric

flow efficiency. An audible, "frying ogg" sound may assist slightly in
sotting the zap volitage to its lowest, steady reading vhile advancing the
sensitivity, or feed, w0 naimmm, Pressure flow also can be used above

14 pei, vhich is the vacum limitation.

Yacum flow however, doec have definite applications axd is used ex-
clusively by some die mekers, Firet Jhen cavity dies are machined with
pressure flov, all of the gases and detritus are forced out of the gep at
rapidly decreasing velocities, causing somewhat erratic machining. Secondly,
the slugs or spires in the flow holes will cause continually increasing re-
sistance toadl flow, When cuts are one inch or more in depth, these sluge
sst be broken off pericdically in order to proceed to depth. Vaouum flovw
goncentrates the particles around the slug, and excess erosion allows un~-
deterred flow, Vacuum can thus permit full amperage and steady cust to
full depth if all of the requirements are met. No air leaks can be tol-

erated in a vacuum system - the platen is usally gutmerged in the oil.
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The systew nust ha . envugh cepacity ‘o hundle Lhe detritus and the gas
volume, A susiuined rouding o' 27 - &8 inches cf mercary should be
possible,

OUther uses of vecuui, such ne reduction of teper., will he discussed later.
It vacaun and prescare are availsble simultareously, & vacuum chuck can be
used to hold tre paaaed pario, ween as vave discs or tensile west epecimens.,
Vecuun flow car s.80 o asod to eliminste smore nnd to remove dielectric
oil ‘rom "raurd te pe' mtY ureas i a cmvity,
FILTRATION 1
Particle size ig detemminced by tho magnitude of the spark and the amount of
metal that will be libsralea., The latter will rclute to the hea.’t generated
and the amount ¢ ncat required to induce melting of the particular work-
piece material., 4 certain amount o suspended pasccleles has been shown to
be beneficiel in roughing cute at the higher »upe~npes, and way result in
increased metal removai rates wnd less alectrods wesr, On finishing cuts
where corner rudii or DM taper are a factor however, clean, carbon-free
0il is desirsatle,

Clean 0il is achieved by filtering through 3 micron [ilters which remove
about 85% of particles ,0001" and larger. Various: filter systems will have
different capebilitivs due te their inherent nature and variations in the
rating. Asbestos cellulose is congidered & polishing type medium and is

generally used in gcu-tace type fi'ters. Depth tgpe filtration can be

accomplished oy wounu viscose or cellulose yarn, vacuun deposited and resin
bound flocculants of cellulose, or wool and diatomaceous earth,
Large areas, where cuontinuous high awperage machiniag is tie norm, may

require settling tanc<s as the only meuns of remcving detritus. These
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installations are qu.te efficient, economical, and easy to service,

ghops involved in forging die work and large stamping or forming dies

may find this system advantageous. An auxiliary filtering system oan

be switched in for final finishing with cleaner gap supply.

The temperature of the dielectric may become a factor in high amperage
machining., A maximum teiperature of 160° F was determined by limited
tests; above this point the machining efficlency is adversely affected
when using 40 - 50 vicosity mineral oil. This is probably due to the
lesser amount of heat regquired to vaporize the oil, and to the oreatlon
of excess gas - gas has a low dielectric value and would allow premature
sparking. Liquid or air heat exchangers have been used, and should be
capable of holding temperature below 120° F.

THE MACHINING GAP

Wnen an electrode of opposite polarity to the workplece is brought close
enough to the workpiece to allow the voltage to bresk down the dielectric,
e spark w111 occur., The servo control then takes over, and, by comparing
e gap voltage with e variable reference voltage, a steady feed is maintained,
When feeding down, the gep voliage will be slightly in excess of the re-
ference voltage, and some mechanirm will cause a small flow of hydreulic
oil to move the ram iownward.

In series - capacitaace power supplies, the actual gap sise or overcut
will be governed solely by the amount of capacitance switched into the
cireuit. Increasing the frequency will, within limits, serve to increase
the amperage and removal rate, but the surface finish, or crater sige,
remains the same.

(See Chart - Surface Finleh as effected by Spark Frequency and Amperes) No. 1
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When parallel c.pac.tence ie used, the amperupe will divide as the fre-

quercy increase: wri finer finighes will result., The same is true of the
sero capacitance, icay on-lime no-wear circuts.

SURFACE FINLSH (M 4sCORP ™89 TS

The surtfecc finirh >L.eined by EM is quite different from conventional
finishes, Jurfece seoorders wiil swoy approxiaately tac same general
ronghness pattecn; he vevnelry 71 consideradbly oifferent however, as
nyriad peaks and ~roters replace the lines und velleys, Thas we have
pulti-directionsl or no-iay finish versus uhe directional pattern of a
conventicnally machined su~face, la addit.on, the EDM surface has a
recast white dayer, snd .r heal-treatable wetals this vill be ultra-hard,
with the sub-layer s1ipghily wnnewled. Minite cracks may be present in
some metels, especielly whove hijh arperage was usec in the EIM operation,
The friction charscteriscien are wiio quite different., wWhere convention-
ally machined surtaces siick wx i then wlip wvith rapidly decreasing friotion,
EDM coefticiente are iinemr ind nonsiderably lower ‘n value, This has
been demonstrated by inelinel pline tests and tie performance ratio is
about 3 to 1 in the better i1inishes, An EDM rinish reading 45 microinch
ms has been demonstrated *o perforn as well ws 15 microinch rms conven-
tional finish when coplied to stemping and hobbing dics.
In forging dies, EDM surfacas soon glaze and the craters form ideal lub-
ricatior pockets. 17 nowal dra’t angles and surface finirhes are observed,
the part will aeldom, 1f ever, stick,
While EIM has beer wccepted es a standard machining process on static
aircraft jet engine and airframe paris, it is still outlawed on thermo-

cycling, rotating ergine parts. This ic because of the possibility of
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incipient failure du: to strees raigers developing at any minute cracks.
Patigue strength of the high strength chrome-nickel alloys, titanium
and aluminum will alweys e significantly lower than conventionally nach~
jeod surfaces.
GARGON GRAVHITE A5 4 YAGHINLIO 200
Surface vondition, gurfece finish, netal removal rete, and cut-to-wear
ratios will te effested by vhe type of' electrode chosen 1o do the job,
Certain grades of cerbon-graphite are fast becoming the universel
electrode material for forging and stamping die work in steel. it 4s
the only electrode for use in no-wear machining. Carbon graphite has
pecently been used to do successful form grinding of 60° "Vn shapes only
,010" wide in carbide crush rools. The grade of graphite chosen for this
job has a very fine and dense gruin atructure snd forms well at low
horsepower with an angied carbide form tool.
All but the very vest KM grades of graphite are 1imited in the sarface
finish attainable without rotaticn. 40 rme is usally considered the
evitoh-over point to netel eiectrodes. In fact, metallic electrode
materials are more officient then good grades of graphite vhen machining
{p the high frequency, low amperage range.
Most oerbon-graphiic will tend to arc and will have exceptionally poor
electrode weer in e high voltage renge (300 - 400 V). However, nedium
voltage is ueed, with vibration, %0 achieve tapered slots in plastic die
polds, The finish attained is usally hand worked with & 320 grit stone

to improve the 30 - 106 rms finish left by EDM.
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PROGRAMMING CAVITY .1 WORK

A1l cavity type wori shouldd be programmed for the amount of anperage

intended and the cegree of draft in inc workpiece, By kiowing the overcut
and pit depth from estabiished duta, one can use Lhe sum as one leg of o
triangle. The anglc opposite ie the amount o degrees of draft, and thus,
a trigonometric sulition to flnd the nypoteunuse is elementary. Accurate
programming requires that the final overcut allowance be subtrected from
each roughing allowarce *o find the distance the bottom of the electrode
must be stopped ahove ihe hottom of the cavity to prevent overcutting.
Taper will be negligible facter in most die work computations,

N ITE CTRO
The rapid evolution of Eiectrical Discharge Machining from that of a
last resort repoir method to its present ccceptance as a practical metal
removal process vhich has tremendsus potential is often attributed to the
development of graphite ss an lectrode material, and, 1 would add, to the
increasing sxill of tue gruphite cleactrods ramifacturer,
Yot, in spite of growing experlerce, DM users toc often conclude that
machining procedures .'or eravhite and sleal are basically the same, except
that graphitc permius faster machining rates &and require~ an adequate dust
collection system, 'this is an unforturate conclusion, and, in many cases,
limits tice application of M tu jobLs requiring electrodes whose cost
differential plus € time 12 bazcd or how mach faster a man can machine
a piece of graphit..
The fact thet graphile nas a faster machining rate should be considered
a3 & point of depuriire towrprds differert machining yrocedures. Obviously,

graphite machines fuster because it offers less resistance to
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cutting tools, This means very simply that the electrode maker has
gained remarkable latitude. Straight cutters can be longer, simpler and
smaller, Form cutters can be made to machine larger and more complicated
shapes in a single pass. Grinding becomes much more flexible, Tooling
can become lighter, simpler and less expensive,

Rlectrodes fall into two main categories: three-dimensional and oomventional,

Both categories require at least three electrodes (or a considerable length
in the case of the conventional) per configuration. Consequently, setups
and tools often comprese the largest portion of manufacturing cost. It

1s in this area that wider machining latitudes make their most important
ocontritution,

IQ-MRAR KM,

When machining with a carbon electrode at reversed polarity, (carben
electrode positive, workpiece negative), low docﬁde wear is experienced,
particularly vhen the discharge time is long and the off-time, or in-
terval between discharges, is short.

When an electric field is applied between the electrode and workpiecs,
electrons, due to ficld emission, initiate an avalanche from the workpiece,
establishing a discharge, The field strength required to initiate an
avalanche will vary with electrode materials. Carbon requires a lesser
electrice field than steel. Many factors influence field strength, and
presently we will consider two: applied voltage and gap dimension.* Sinee
the applied voltage for most power supplies is constant, one way to en-
hance the electric field is to decrease the gap dimension. We can expect
a difference in gap dimension in the two cases: first, when the carbon
slectrode is negative with respect to the workpiece; and, second, when

% SEE EXHIBIT No, 2
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the carbon electrode is positive with respect to the workplece, We would
expeot the latter tc have a smaller gap than the former, particularly whem
the work piece 13 steel,
Considering the sequence of mutzi remwoval during a discharge, some metal
is removed during tke latter s‘ages of a diascharge; however, most is re-
moved instantly fcllowing a discharge. When discharge times become long,
the amount of metal ramoved during the last stages of a Zischarge is
groater, So that, with the smaller gap and higher temperature at the
slectrode surface, most of the metal ejected from the workpiece during
the discharge is splashed onto the electrode and adheres to the electrode
surface because of the high temperature and the porous nature of the
eslactrode surface. SE%O'EIEHBIT of a photomicrograph of an average elec=-
trode surface machined at reverse polarity showing the large amounts of
metal splashed onto the electrode surface,
X-ray diffraction analysis has shown that some of the steel splashed
onto the electrode surface ies iron carbide, indicating a reaction taking
place at the tool surface and accounting for the tenacity with which the
splashed steel adherss to the electrode, With the proper choice cf mach~-
ining parameters, the amount of metal splashed onto the slectrode surface
equals the amount by woich the electrode wears. Thus, in effect, a "no-
wear" tool is obtained, through constant replacement of electrode wear
with molten metal from the workpiece,
IR=iRAR IRSTS
In order to further the understanding of the no-wear phenomenon, tests were
run vith ocarbon electrodes on a high carbon tool steel workpiece for the

purpose of answering two basic questions:
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1, What is the effect of energy per discharge on electrode
wear!

2, What effect does depth of cutNg.an on electrode wear?
As a means of measuring elactirode wear, (SEE FXHIBIT) a hole was drilled
in the workpiaece and dielectric flow introduced through this hole (re-
verse flow). In this manner, the conter of the tool was not machined, and
seorved as a zero refarence. Since wear 1s small, en electrode profile
was obtained by feeding the output from a sensitive electronic displace-
sent-asasuring device into a strip chart recorder. Profiles of the
electrode surface vere made before and after each machining operation,
In each of the profiles, trace dips below the zero reference plane in-
dicate electrode werr, Whenever the trace appears above the sero re-
ference plane, the electrode has "grown,"
IBGL ARAILIS
We mentioned above that metal is deposited on the slectrode face. There
is a certain average amount deposited per discharge, or a certain average
amount deposited per unit time, Thus, there is a certain rate at which
metal is being deposited on the electrode, Although metal is being
splashed on the electrode surfacc at one time, it can be removed at another
(either in the course of the game discharge or by a subsequent discharge
or discharges). There is therefore, a net difference between these two
rates. This net difference in rates is referred to as the metal transfer
rate, When the metal transfer rate is negative, the electrode diminishes
in eise; when it is positive, the electrode increases in aize; and vhen

sero, there is a state of equilibrium or "no-wear.,"
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During the cowrse Lt dlacharge, whe voltae ranalis selatively constant
at approximately o6 wouts for metallic cisctrodes and approximately 30
voltas for carbor. checuradas,  FnerIy per discharge nay bhan be varied by
changlrg eituer discaarge eurrent or dlscharie durition. (Blectrode
profiles ure coown a. ber maehining afhn Jeep welees otherwise stated).

No, °
SEE EXHIBIT sbowwag Tuled eopditlone,  Thero 1s & shalhge in gransfer rate

from regative (oL WCo of oxhiblit) througn Zers (in the middle) to positive
(bottom) . Notice trot ‘he "us-wear" condition is obtained at a discharge
energy of 1 jouie DeEr digcharse., We 280 tren assume that metal transfer
rate is related to encrgy peT dischesge.

We have geen the effect of increasing energy by keeping peak current
congtant, Now obuerve the effect of increasing enerey per discharge by

holding discharge duration ccnstart ard increasing peak current, We may

expect, from our pravious jaformaticn, au 'i§crcase sr. metal transfer rate
O, C

as epergy per discharge 1S increasea. (SEE EXHIBIT) This is indeed the case.

At 0.07 joules/diccharge there :g relatively high wear on the electrode,
less at .0l4 jourles/aischarge prd still less at .02 joules/discharge.
From the last two exhibits, little doubt remsing that metal transfer rate
is dependent on energy per A3 ccherge.

In the previons exaluit we noticed that "no-wear" recured at 1 joule/dis-
charge with a peax Jurrart 5f 120 amps and discharge duration of 450
piiliseconas, 11 wnergy per discharge governs metal transfer rate, as

we have seen, then <.eping discuacge duration constant at 450 milliseconds
and redun.ry 'ue’aui' apererd sho dd e 4t inoa reduction in metel transfer

e

rate, OEE EXLis.T cnewlng Tesw ts o these corditions.
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Contrary to our predictions, these results shovw zero transfer rate for all
three levels of energy per discharge (0.33, 0.57, and 1 joule). This in-
dioates that discharge duration is also important to "no-wear." This
really should not be too surprising. If "no-wear" is devendent upon metal
being transferrod from the workpiece to the slectrode, there must be time
for this tc take place. Also, the temperalura at the discharge region of
the electrode mist be high enough to accept and retain metal particles
from the workplece, and this is also vime dependent., So we see that time
is also egsential to the "no-wear" phanomenca, S.Eh.?k;ﬂ.XH‘;?[BIT.
At a discharge duration of approximateiy 450 milliseconds, time is the
dominant factor in "no-wear" and the effect of energy is masked out. This
is fortunate, for now there is a range of finish over which "no-wear" csn ¥
obtained,

Mo, 3
To oonsider now the effect of depth of cut on electrode wear, SRE EXHIBIT
showing eleotrode profiles as the depth of cut was increased from 1/16" to
3/4" and the energy per discharge maintained constant at 0.2 jouleg--
psak ourrent 120 emps and duration 90 milliseconds. From these conditioms
wo would expect a negative transfer rate, as indeed we have. The deeper

the out, the greater would be the amount of electrode wear, This is showm

inuotho lower right hand commer and is normal EDM electrode wear.

SEE i‘.x?uarr showing the effect of electrode wear as depth of cut is in-
creased under "no-wear" conditions, Here again, "no-wear" is maintained
regardless of depth of cut so that this equilibrium state can be maintained
at least to a depth of 3/4", If the energy per discharge were increased
by increasing time as shown by the dotted lines in upper right-hand corner,

we would have a positive trunsfer rate and the elactrode would "grow" as the
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dopth of out increa.es. This 1s aleo shown in the lower right corner by

& dotted line,

With the advent of "no-wear! slectrodes, even under limited conditions, EDM
users are going to find more and more areas of application for the process.
There is a limited range of finish over which "no-wear" can be obtained
and it is aleo independent of depth of out, resulting in extremely long
tool 1ife,
memumum.mo:mwuumum
1ts potential into much finer finishing capability,
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to provide varyi:..c auvunte of cvercut 05 Whe matiig sige. g,

To suppor' the cur c.. the wretect 4 Do ac iden.a. bresksge or d.ge
location, plasic + .4 ol o (mcked ernid ., The zomiletely carboned
die is thei read; or .a' g e Lts uppos.t el Ly EM.  The amount o
machining, griri.n , and hatd-in ening reauired U i tnis 1ie cone
ventionally wouli ave cee. tresendous.

Obviously, the use of EDM leads to savings. Five to ‘en percent car be
cut from the tota. Cost of mKing 'vir d.es - sav.nes are even grester in
the production of Llanking d.es, If only tne affected upers'ions are
compared, the saviigs to be had w.'h EDM are st .l «reat r. For instanet,
to hand £t 100 inches of cutting edge o & tr.m die takec from 1«12 to
3 hours an inch (avout 200 hours,. To dc tue seme (ob w.tr DM takes
pproximately .2 nours per lineal inch for eiec'rode prenparation (that
is, for cerenting '.ie :artor in Lhe steel and routering it) s:d another

6 to 1k hours devesding on the complex!ty and the gize of the die, to lomd,
machirg ed wnlomi taue e set, loading wnd wiocading takes 2 to k hours and
the mach_ uing o te 10 hours.  But .achis ‘g . .roowith EDM {s not dire~tly
chargeahle to the ot o' tnhe die helnuSe he machine needs no direction
fromn diemmker or . eratur ut the atpearance oY a mlifunction, the machine
will automstica.’y shat .veell off. The total taw with EDM (20 hours =
+2 hours per incu a L0o tnches pius ¢ for jomding, iuspectiion while :ache
ir.ng, and unlomad ) ic mooul 176 hours less thar, that taken with cone
ventionai ethoy,

Ta addition torscu. ing the time and 20LL of dlie fittiug “Dit also inproves
quality Ly mmking .. p).fled desirrs' and wy aseuring w owuifors punch and

die ciearance a.d + whafory, cromp-sec: jona! nerdness. The nany runch and
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The most recent development at Ford has been the use of numerical control
and EDM in tander .o produce three-dimensional surfaces on automotive body
dies with more accuracy and lower cost than is possible through the use of
conventional methous. Thig new process uses numerical information to machine
carbon electrodes for use with high amperage, modularized power supplies to
machine electrically die surfaces for production dies. This method eliminates
many of the conventiional die construction techniques, such as die models
and spotting aids, and is certainly the most important development in die-
making since the advent of numerical control itself.

8ince the introduction of EDM into the large captive die plants eight years
2g0, many attempts have been made to economically produce accurate sw: faces
in sutomotive dies with this process. First, metal was sprayed onto master
shapes and backed with an easily constructed base of plastic or wood., The
distortion and the unavailability of master models frustrated this effort,
however. Next zinc-tin electrodes were tried, but electrode vear and sise
limitations and unavailability of master models frustrated this experiment
also.

In these attempts as in many others, the master model for spraying, casting,
or otherwise duplicating shapes was not available long enought because of
the automotive company's tight tooling schedules. The union of EDM and
bumerical control provided an invalusble substitute for master models.

With numerical information from styling and engineering phases, carbon
electrodes can now oe machined without models.

Another major problem wae tool wear. The cost of resurfacing the electrode
after each machinir; ope-ation used to undercut the economy of EDM for die
surface work. Within the last two years, however, a refinement in the EDM

process has virtual.y eliminated tool wear by reversing the polarity with
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development of modu.irized, adaptive power supplies which can rough and

finish die surfaces automatically, EDM will become as integral a part of

surfacing automotive body dies as it is of fitting trim dies today.

The process just outlined as operational at Ford is growing at a rapid
rate jn the independent shops engaged in the manufacture of blank and
trimming dies, cavity sinking in forging dies and for roughing and finishing
vhite metal and plastic molds.

A major forging die operation in Canton, Ohio has 9 EDM machines in a two |
shif't operation.

A plastice mold company in east Hartford, Connecticut has 1l machines
engaged in the manufacture of plastic dies.

A company in Portsmouth, Maine has four machines engaged in making

forging dies for chains and hoist forging.

The electrodes are made principally out of graphite and machined on decal,
gorton and bridgeport conventional duplicators, it is this type of appli-
cation vhat would meet the immediate needs of tooling being manufactured
in underdeveloped countries.

The training of personnel in these techniques can be developed in amech
shorter time span than for conventional methods.

The quality of too.ing produced by this method is of higher quality and

at & lower cost. -




DA HASDRIING OF DIES

Flame bardening of %ool stesl is a groving technology in the dis-and-mold
industry in the United States today. The equipment is inexpensive, ut
ite operation requires a high degree of skill., The benefits realized are
in the uniform surface hardness after all machining operations have been

oompleted. In addition, no re-machining, such as the grinding and re-
fitting that is required after conventional heat-treat operations is nec-

essary. This reduces the scrap and repair work generated by the usual
heat-treat damage.




FL: 2 HARDENING DATA FOR DIES

-3

INTTION
Flane hardening is a method of hardening the desired surfaces of hardsnable
steels and cast irons. When properly done, a high temptutux;o flame is im-
pinged on the surface to be hardened and the surface is heated to the desired
temperature and then cooled in the best manner for the rion or steel being
hardened. The hardness obtained is controlled by the type and quality of iven
or steel being heat treated, the speed and temperature of heating, and the
choice of proper cooling method. When properly done, nothing is added to or
removed from the surface being hardened.
WHY FLAME HARDEN DIES
The flame hardening of dies can be described as a means of "having our cake
and eating it too". Our die irons and steels, as received for mchining into
the die shapes, must be low in hardness to make the die machining operations
as easy as posesible. Without further hardening, the relatively low "as re-
ceived" hardness in the die materials does not result in good vear resistance
from the die materials and rapid wearing results.
As draw die components are large in size and weight, normal hardening methods
are not practical or desireable to use, nor would desired hardnesses be ob-
tained readily. Corsequentty, in comparison to all other hardening reihods,
flame hardering is ‘he only practlical way to harden the wearing area of drew
dies.

DIE MATERIALS THAT iRE FLAME HARDENED

Certain die steels and irons are specified and used because they have the

properties needed for the application. In the case of larger die components
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where guod vear -: starce or resistan:e Lo deforailon s neeled, laoe
hardening of criti.cl vreas s epecified,

See chart T for a ‘abulation uf the Pord Motor Commany dle aterials that
are flame hardened together with the approxisate €lame hardening temper-
ature, quenchant v:ed, and minimum hardness expected.

DEPTH OF HARDNESS

The desired depih of hardening for lle surfaces 's 33" to 1/8", The
depth of hardening (s :ontrolled by the temperature of the flame, the
distance maintain:¢ ‘etween the flame head and the die face, and the rate
of travel of the {lame head over the Adle face bYeing hardened.

QUENCEING FouTRENT

As most Ford Motor Compary die materials have alloying eienents present,s
quenching media with a cooling rate slower than water is veing used to
reduce cracking of die surface and reduce retained austenite to give vetter
bardness. This quenching media is mixed vith water in & mixing tank and
then pumped .o the flame-quench heads. The quenching zedia should leave
the flame-quench Lead et as high & volume as possible, but when the flame-
quench head is pos.itioned on the work, the pressure should not be high
enough to cause the quenching media to bounce off. It should not splash
off the die surface being hardened.

QUENCHING MEDLA

As mentioned under juenching equipnent, & quenching solution of water

soluaoie piastic uisuolved in water is veing used. The rmin purpose for
using this quenchan. solut.on rather than plain water is tnatl the tead-
ency to crack or check is reduced and oetter as-quenched hardnesses are

usually ovtainecd.
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s

M-3AT1A Alloy
Cast Iron

N-3A30A Alloy
Perrlitic Nodu-
lar Iron

M-3A76 Alloy Die
Steel Casting

k-30624 Alloy
Die Stesl

* p.V.A, - Polyvinyl Alcohol

Vater £ 3% P.V.A.*

Water« 3% P.V.A,

Vater ¢ 38 P.V.A,

Wter ¥ 3 P.V.A,

ter 4 88 P.V.A,

Yeter

Yotee

Yater £ 38 P.V.A,

Vater+ 1% PV.A,

Vater ¥ 2 S PV A,

Ro 58 - Test File

Ro 58 - Test File

Ro 55 - Tesat I'lle,
Rookwell or Sclero-
scrope Type Test

Ro 55 - Test File,
Roakwell or Selero-
sorope Type Test

Ro 60 - Test File,
Mockwell or Sclero-

scrope Type Test

Ro 50 - Test File,
Rookwell or Sclero-
sorope Type Test

RC SO - Test File,
Rookwell or Sclero-
sorope Type Test

RC 50 - Test File,
Rookwell or Sclero-
sorope Type Test

RC 55 - Test File,
Rookwell or Seclero-
scrope Type Teat

Ro 55 - Test File
Re 60 - Test File,

Rookwell or Sclero
sorope Type Test

i Lot it S
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As can ve seen fro the sheet, Polyviuyl quench is specilied in con-
centrations ranzin,, “rom 1% by volwne up to 3% oy volume. The foliowing
chart illustrates ne amount of polyvinyl to add for different amounts of

water.

QUENCH SOLUTION

STRENGTH DESIRED 1% 2% 3%
GALLONS GALLONS GALLONS GALLONS
WATER POLYVINYL POLYVINYL FOLYVINYL
25 ~ /4 1/2 3/4
50 1/2 1 1-1/2
75 b 1-1/2 2-1/4
100 1 2 3
125 1-1/b 2-1/2 3-3/4
150 1-1/2 3 k172
175 1-3/4 ; 3-1/2 5<1/b

The recommended procedure for dtluting the plastic quench concentrate is to
mix the measured amount with an equal amount of warm (100-130° F) water.
Then add this prenix to the metered water already in the 175 gallon tank
with the propellor agitator turned on. The propelior agitator in the tank
should be on at al. times when the quench system is vein used.

Bach time water (s wdced to the main susjly tank, the proper amount of
polyvinyl must ve meusured and added as cutlined avove. When mixed wilh
water as quenching solution, the polyvinyl solutlion will not surh so there
18 uo fire hazard. Tue polyvinyi leaves a residue of plasiic in the flame-
quench heads, clear warrn water should be ruu through the ouench poris after

each use to prevent cesidue buildup.
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FUEL GASSES

The fuel gas thet i. being used is MAPP gas frow the Dow Chenical Coupany.
MAPP is an apbrevia..on for Methylacetylene tropadiene. Although the MAPP-
oxygen gas mixture .urns with a temperature of 530CY § and oxygen-acetylene
6000-6200° F, in die flame hardening tlhere are advaitages irom using MAPP
gas. One of the advuntages is greater safety in use and nandling. The lower
flame temperature s.ves greater depth of hardening with less danger of
burning the suriace and makes the flame haraenin, in eneral less critical
when varying die cortours are beiry hardened.

A ratio of 3-95 1o 1 netween oxygen and MAFPP gas produces aa efficient heating
flame. When properly adjusted, the ceuter [{lawe co.or will ve light to dark
blue. The coupling distance, (distance frou flume-nead face to work), should
be 1/2" to 3/8" approxinately when the flame is properiy adjusted.

MAPP gas can be safely operated at high pressures sc outlet gage pressures
of 20 to 30 pounds :an be used as needed to operate the larger flame-

quench heads.

Dark Blue ] /Li‘ht Blue
White /
AN
\f ’ Work Piece
\ Y
3lue Blue
Steel Cast Iros

5 ¢0 1 Ratio + to 1 Ratio
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ZIAN-QUINCH KD

A series of flame-quench heads have been supplied for various surfeces

on dies. IEach of these heads is intended for a specific purpose in flame

hardening dies and should be used for the die area that each is designed

for.

LEOSEING OF FLAME ERADS

The following general procedure should be sued in lighting flame heeds.

Mmtuny:boucedtompththlucooltomntmnu;e!m
bosds around the gas ports.

1.

b

L

3

MJust NAPP gas and oxygen gas cutlst meters to proper pressure
setting.

Ten quench 1iquid om alvays before lighting flame. Turm on @
smll flov of oxygen and MAPP gas and light. Increase axygea
to shorten flame to approximately 1/4" long

Turn up the MAPP gas and the oxygen in succeusive steps, in-
creasing the velocity until the flame becomes slightly unstabls.
e primary center part of the flame should remain 1/b" long
with & neutrsl blue color.

Waen the flames are neutrsl and approaching instadility at

high velocity, operating conditions have been reached. The
flames should become completely stable when applied to heating
of the die surfacer.

When turning the flame head off, turn down the oxygen and them
the MAPP gas in successive steps until the oxygen is completely
turned off with the MAPF gm still burning, then the MAPP gas is
turned off,
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O.

The que..:. water or sosution is turned ofi' last.

A8 outlined above &.. on the previous puge, the heating flame should not

remain burning i'or .onger than a fow secouds without the quench liquid

flowing through tine nead.

COMPLETE PROCEDUkL ~CR GPRERATING FLAME HARDENING EQUIPMENT

l.

10.
11.
13.
il

Exam.ne :ie areas tu ve tlane raraened and select flame-quench
heads Lc ve used. Check surfaces for welds, as welded areas
iust ve .voided to preveut cracking of welds. Use 5% Nital#
etchant Jor check.ny welds.

Deterniie type of stect or irou to pe flame hardened and

select quench solution strenith from chart.

Run aetered water supply 1ato nixing tenk and add measured
amount o diluted poiyvinyi into tank with wixer running.
Conrnert oroper CLame head to torct and quench supply hose.

Turn on #APP pas and axyJen supply aud start pump that pumpe
quench solut.un 1o aead.

Light flane head using proccdure already outlined.

AQjust quench soiution Lo proper level.

Begil proxressive flame hardening of die surface.

After & irial urea is cowpleted, check for quality of hardening
with & t.st ri.e aad Ged ewch,

Comp.ete hardening of areas.

shut oi'l’ Jlawe heads using correct proceduce.

Checs Qqu.iity of hardening, using test flies and nital acid etch.
Shut ot _wmp, nixer, turn off gas aac OXyi€u

Rui pure, wark wBLer through heads to reamove residue of polyviayl
to preve o cloggiang of suench ports.

* A 5, ._.tul etchant consists of Lp nilric acia added to welhyl

FUTLIOL I O
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SUMMARY

e AB——

Flane hardening of cies is done by the progressive or scanning method.

The hardening is done by moving the flame-quench head over the die surface
to be hardened. Proper hardening results depends on the Judgement and
skill of the operator. He must adjust his flame height and quench properly
to give proper resuits of hardening depth and hardness. As the head is
scanned over the area to bve hardened, the operator must judge the temp-
erature accurately and move the head forward at the proper rate to give

BAXimum attainable hardness without burning the surface.
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I ON 4/
Pa‘ternmakers have worked hand in hand witn the foundry man for over 2,000
years in one of th: {irst and most basic industries. There have Leen
many changes in th.s industry in recent years, but none has been s0 dramatic
and exciting and h.u had such far reaching etrfects as the new "Full Mold
Process." No deveicpuent has so attacked the very basic nature of the
age-old art of met.. casting as well as patternmaking, Only a few years
ago, no pattermmakcr would have thought it possible to cast an intricate
configuration in & sand mold without the usual use of core boxes, loose
pieces and other devices to make the pattern moldable,
This nev revoiutionary development had its formal birth with the issuance
of a U.S. Paten #-,330,343 on April 15, 1958 to Harold F. Schroyer, en-
titled "Cavityless Casting Mold and Method for Making Seme." The prisary
purpose of this effort was to promote more art work castings in this
oountry, However, the industrial spplication of this process was pro-
moted by a Dr. Wittmosser in Furope, after his company, Grunzweig &
Hartmenn, purchased the patent fram Mr. Schroyer. Its first ocommerical
use as an industrial tool came about in Germany in 1962, A samall group
of Americans, seeing its potential, got together and purchased the rights
to bring the proc(ss back to the United States under the name "Full Mold
Process.,"

i AL (.
The first commerc a. casting produced by this process in the United States

was made in Detro.. on June 26, 1963. As is typical of Americans, they
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developed and refi..d the process to where it is toduy s proven method
capable of proauci .y cunsistent quality castings of any cive or shape in
sand molds., As eviaence or its rapid adoption in the United States,
foundry licensees ..cre have p~cduced, (1. he first year of its use,
approximateiy .2,.00 ton: of castings renging it size from a few 1b to

30 tons.

It 1s the authcr's purpose % show *hat “he ruil Mold process, to date,
bas proven itseif to be tie most direcl approach to metal casting., This
premise will be based on the fact that the overall cycle to produce a
finished machined casting is shortened with resulting economic savings,
and that it is also simplified, reducing the chances of error. The steps
to be considered in this cycle will be design, pattermmaking, casting
and machining; however, being a foundryman, the emphasis will be on the
making of the castings. Likewise, this discussion will be limited to
prototype and one of a kind castings such as those used for making metal
stamping dies.

SDFLER DESIGN FUNCTION

The overall design function should be simpler with this process, now
that there ie no need for the designer to be concerned with the molda-
bility of the casting parts. Anything that sand can be put in or around
can be cast, thereoy giving more design freedom. This simplicity has
some limitations, .owever. GCool metallurgical consideralions must still
be observed, such us avoiding drastic changes of metul thicknesses, using
fillets, and being cognizant of the physical properties of the metal to
be used. The desi ner can now also easily inspect his idea in three
dimensions by visicing the pattern shop and viewing the polystyrene dup-

licate of the part,
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The pattern being uerely a duplicate of the ummachined casting, it ocan
now be constructed in a much more direct way. The patterrmaker no longer
needs to scratch his head while studying a blueprint, trying to visualise
how this part can be molded. There 1s no nced to provide core boxes,
loose pieces and draft, or to consider parting lines, He no longer needs
to think of how to frame in and tie a wood pattern together to produce a
durable product. He can now simply reproduce the part from the print
providing only for machine stock and solid shrinkage of the metal, Check-
ing the pattern accuracy should also be shortened resulting in less
chance of error, ‘

8ince the castings made using the Full Mold process can, at best, be no
better than the pattern that is furnished the foundry, it is fitting that
a foundryman should make a few remarks about the quality of the patterns
required for good results. Presuming the patterns are made acourate to
the print, these remarks will concern only the material and constructiom,
Mrst, the most successful material used to date is expanded polystyrene
bead boards. The beads should have good adhesion, one to another, and
the density should be in the range of 1 to 1.2 1b per cu ft, with oom-
pressive strength of 13 to 15 psi. This material can be purchased in
boards 4 by 12 ft, with thickness varying up to 17 in, PFor stability,
the material should have bsen cured properly by aging one month by the
supplier. The patterns can be fabricated from these boards using all
woodworking tools, plus the use of hot wires.

There are, however, important precautions that should be teken in its
construction, Patterns should be solid, not framed in; adhesives should
not attack the polystyrene, and should be fast drying, Wax fillets and
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cold self-hardenirg waxes for pstching or for sealing szams and joints can
be used, However, w«ll of these materiale, adhesives, waxes, etc,, should
have low ash conteut, preferably loss than one per 2ent. In regard to the
surface finish ol' the patlcrm, it shouud be rememdered that the casting
surface faithfully reproduccs the palterm texture, Therefore, the cast-
ing finish is to &« large exleut, cetermined by the paiternmaker.
PATTERMMAKER'S RES:ONSIBILITY
It must be emphasized tnat it is the pattermmaker's responsibility to

construct a good patlern as outlined previously because the foundry can
no longer doctor up a poor one. It was possible, before, with a wood
pattern., The mold could be patched up, but not so with a poly pattem,
which never leaves the mold,

The making of a casting from a good polystyrene pattern in the foundry
will be discussed in a chronological order. The basic steps to be con-
sidered are the following: preparing the pattern, coating with refractory,
gatings, facing with suitable sand mixture, backing sand, roll over, pre-
paring cope, clamping and binding, pouring, shake out, and cleaning the
finished product.

During the transporting and storage of the poly pattern, some minor
damage may occur, These minor defects can be repeired by the foundry
with the use of wuxes and pieces of polystyrene glued in as patches,

Now the pattern can be coated with & refructory wash, This ls necessary
%o prevent burn or. of cand to the casiting. There is no otner time to put
on this coating ir. this process, since the pattern never leaves the molrl.
Several layers of wash ere applied by means of brushings, swabbing or
spraying to build up approximately a 1/16 in, wail. A good wash is made

of a combination of zircen, graphite and ceramic binder with an isopropyl
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aloohol ocarrier. Wnen the coating is being applied, it should be remembered
that the casting sucfaco is the pattern refractory interface. The refractory
build-up is actnally the beginning of the mold.

The gating cystem can be pui on either before or after the coating., We
prefer having the nclder put “hem on after the pattern is on the molding
floor. Theee gates mni runners are made of polystyrene strips cut to stand-
ard dimensions., We uce stripe cut as follows: 1 in. by 2 in, by 12 £,
21n, by 2 4n, by 12 ft and 2 in, by 3 in, by 12 ft, Thess strips can be
out with a knife or dull hacksaw blade and fastened to the pattern and to
each other by low ach idhngives or srell nails, At this point in the
development of thia procasc molds are slways bottom gated, On deep patterns,
atep gates can be uced es long a3 thoy ere inclined toward the oope to
prevent. metal frca entering the step gates prematurely.

This procedure aids in supplying hot metal to the top of thLi colusm of metal
rising in tho mold. The number of gates to be used depends on the sise of
the casting, The gsneral rule is to gate heavily to insure that the metal
flows in repidly w'th - mindmm of turbulence., It is also good practice to
gate into all *he lowcst peints in the drag,

With the gates in place, the pattern can now be faced with a good sand mix- .
tures includo low moisture green sand, oxygen setting sands, sodium silicate
bonded sards end furrn "no teke" bonded sands., Our preference on large jobs
is the no bote furon acid retting sands. It is most essential, no matter
vhich type of facing sand ia used, that they be hand tucked, packed and even
ramred to sufficicnt density to insure good resulta. Low density facinge
will cause metal penetrrtion into the voids around the sand grains, It is

good policy to usu sone rode in deep horizontal pockets and through window
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openings., Since t-crec is no apportunity to inspsct uie finisned moid, great
care should be exei.cised at this stage. An extrs minute spent Lere can save
an hour of possibli. cleaning labor.

The remainder of the drag portion of the moid ca:. be ramped with regular
green back-up sand. Thic srean sand backing should be an open sand or at
least sufficiently vented %o the facing, With the plate put on, the drag
48 bolted or ciamped and then carefully rolled sver. Unclamped, the mold-
ing board or plate is removed exposing the cope surface of the poly pattern.
This surface is prepared by filing away any loose sand, attaching risers in
the appropriate locations, and locating the down sprue to the rumer,
SERUES AND RISERS

A few words about the sprue and risers ara in order, Both of these items
are best to be made of polystyrene to prevent having to 1ift the cope,
Risers, either side or top, should be blind to prevent excessive flames and
smoke by providing oxygen to the excessive concentration to CO gas formed
by the vaporization of the poly while pouring. Sprues should be large
enough to supply metal to the gating system but less in ares than the sum
of the ingate areas. This will help to discourage metal turbulence, At
least one riser should have & 1/4 in. pop off on top t help indioate when
the mold is full during pouring.

With the cope flaix in pluce, tue cope cen be made similar to the drag.

It is again most important to get good sand density tut likewise good
permeability. 1f the whole cove iu nut mace -n no bake sand, the green
back-up sand shou.d be vented to the facing., It 1s also pood insurance to
hang rods in ceep cope pockets. The cope rnow shoild be clamped right to
the bettom of the plate of the drag. If the flask cquipment (s not rigid,

binders should be wsed. Mold welihte ure lisew.se pood policy, The mold
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must be securec in all directions to withstand the tremendous gas pressures
gonerated by the vaporization of the polystyrens pattern while pouring.
Allowing sufficiert tinc for che chemicl sand mixturc to cure and secur-
ing the mold properly, .l muld is reecdy ic . poured. Metal is the flrst
thing to go into tne wold, in f{aet it actually forms its own cavity by
oausing the polystyrene to veporize just uhead of the melt, Since the
poly has no permcaoility, th: gases {ormed must travel out toward the side
wall of the mold end then either continue horizontally or follow along the
pattern wall vertically to the cope. The present theory and practioce is to
prevent any turning of the poly in the mold, but rather on the outaide of
the m0ld after the games ilter through tho sand. By doing this, the
flames are reasonably short and smoke is hold to a minimm, The flames tum
out very shortly after the mold is poured full, except the norwal blue flame
of the burning of the sarnd binders,

It eppears at this time that this type of mold can be and should be poured
hotter than oonventional molds. It ocan be pcured hotter because the poly-
styrene being an ‘nsulater, protects the upper portion of the mold while
the metal is filling the mold therehy eliminating expansion defects such
as soadbs, rat tails, btuckles, etc. It should be poured hotter because heat
is extracted fr-u the melt during the ply vaporisation process. Pouring
hot will also insur: little or no residual.

RONR MOLD BAPIDLY

It is imperative to pour the mold rapidly and without interruption in order
to insure that the molten metal keeps up with the vaporisation rate of the
polystyrene, thereby nrevanting any large voids between the metal and poly.
The pouring rate sill be determined by two factors. The first one is

naturally the design of the gating system. The second consideration is
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the permeability .’ the closed mold. If the pages, O and -2, formed by

the vaporization ¢f the poly can not escape fast enough through the sand,

they will create ¢ back pressure which will tend to reduce the pouring rate.

On large molds, a jood rute to aim at is one ton of iron per ten sec per
ladle,

When the casting is nooled in the mcld to the proper temperature, it is
renoved in the usual manner. At thiy stage, it can be seen that the pe-

fractory coating that was sprayed on the pattern has been completely trans-
ferred to the casting. This coating easily peels off, The fact that this
takes place indicates that the mold is always full either with polystyrens,
iron or sufficient gas pressure between them to hold the thin coating in
place, Next, it can be noticed that there is a lack of fins, holes in side
wall are completely through,

I the mold ia carefully rammed up pariicularly in corners and pockets to
the proper density, no "burn on" or metal penetration of the sand appear
on the casting, providing, likewise, that the mold was poured at a reason-
able temperature. If all poes right. the casting made by the Full Mold
process has the potential of being cleaned easier than & conventional cast-
ing. Again, the best casting finish that can be expected will be exactly
the surface finish of the polystyrene pattern.

OEROVED MACHINING

Due to the quality of the cacting made with this process, the machining
operation can be grestly improved, This quality i1s exemplified first of
all by a casting which has closer tolerances and which should require less
stock for machining. Thigs accuracy can be explained by the fact that the
oaming duplicate. the pattern for there is no pattern removal or core

setting. Also, die to the chemical setting binder in the sand placed
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oompletely around tho pattern, the mold is completsly rigid and seamless,
vhich affords little or no mold wall movement, Besides being wore accurato,
this casting is also potentially cleancr under the surface than a conven-
tional casting. There is no mold dirt or sand tc float to the surfaco.
Metal is the first thing to enter the mold and with proper pouring prastice
no slag will enter the cavity, With the absonces of sand and slag inolu-
sions along with no chaplets, nails, or chilled fins tool 1life will be in-
oreased. With cleaner castings held to closer tolerances there is a
significant reduction in machining costs.

QNCLUSION

The Jull Mold process is & proven end progressive method of making castings
having far more advantages than disadvantages. The overell aycle, from
design to finishcd machined casting, is shortened resulting in economic
savings and reducing the chance of error. Its few disadvantages are steted
as follows. The pattern is destroyed in the casting process but if all
g908 well this could be considered an asset for it eliminates the necd to
got rid of the vood pottern in prototype jobs. The patterns are more
delicate and require rore careful hendling. There is also the possibility
of entrapped rosidual in the cope surface area, but this can be mini~iged
by using low ach materials and proper gating and pouring practice,

The advantages far outweigh these few disadvanteges. Design freedom is
greatly increased. The chence of error from design to finished casting i
oonsiderably reduced by the elimination of the reverse thinking required
with the conventional wood pattern and core box method, There is definitely
an increase in the casting quality, both in regard to closer tolerances

and cleancr castinss for reasons stated previously, All things considered,
the Full Mold proces:c i3 certainly a scnsible, practical and tho most direct
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approach to metil casting to date, produocing economic
fower headaches,

sav.ngs as well ag
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The Tool, die and ..>.4 shiops in developing countries have boen created for
the most part by a macter ocortsean, 4vhe success of his business is largely
dependent upon his persoral technical siiills erd in hda ebility to me.t
product commitment., In such clrcumstances businoss growth is severely re-
strioted, since he is completely pre-occupied with current operations. In
s previcus study wiiln a meiler of a Unido mutal working expert group,
rarely did we find whore thn indapendent Jhop owner had a qualified re-
placemcnt to manago the chop in bls abzence. In meny cases the owner or
shop manager was 111 equippad to develore sound plans for continuing growth
in keeping with new techmolcciecal carnces, The buriness practices that
formerly preveilcd cin no lon-or bo purcuei. Tho {.ebility or lack of
opportunity to preirre fo= ruch cevulopments ¢ only recult in erosion to
the operations abiliiy ‘o prelver r -ducts competitively or possible businoes
fatlure., It is owners or ranage:s freing these probizns in devaloping
oountries who could grin roat, smd probatly cratzibut: rore through the
wpgrading of technolopy #nd rraporer d~velcenoent pro; cems,
In oconsideration of the ebars the £~llovir 7 recorzonlations are sutmitteds -
1/ Cloesr Miucen botwesn edveational institutions and industry
to unpreda thz practical regrirements of production and
industr’rl onzinacrs.
2/ Contimr: edncation progrsas for shop ranagers and foremen
with snce’ai refr=~nzo to - Tcol cost estirating - Electrical
Discherge lachining - Fimerical Contrcl Machining - Job
analysis and ev:luaticn - Industriel organization end

manacemont manpower plenning and faecllity loading.
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¥ Indvicrial workshops conducted by universities in similar

asnr 2 to those in the United States and Europe should be
pursued. LErperus in the newer techrologies shouid be in-
vited to parti:ipete in there developr ng,

b/ Expert sssistwnce by the Usiteo “ations Irdustrial Develop-!
ment Orginizatior in the prime subject natter outlined in
this paper.

5/ A prohlem facing the die and mold vaking irdustry in develop-
ing countrics is that it is severely fragmented. The many
ana.l shops have cverleppirg facility of iow productive
capability. (Bridgeport, Deeal, Toolmaster) if the combined
production volme:s of for example fovr (4) plants represents
100,000 direct labor hours and a tctal skilled force of
diemakers and muchinists of 48 were to be intoegrated into
one manufacturing onera*icn, the selection of machine tools
would be much different. The “otal number of machines would
be less. Tha :apftal investment way be the ceme or preater, The
newer muachin: tocls would be cepable of a much higher rate of
productivity, r.re ripgid, kigsher feed rates, higher spindle
speeds, morc hovzepower, (ir, Th. operation Jith this new equip-
ment would - . pelic o supporting full u*ilization of
mmerically conurolled di1lliug and miling equipment, and
electrical diar. . .»e pachiner frr cavity ainking and finishing
operation:.

Modern dis and wo.a mi?;g.wyum‘ r. and techniques will
permit eas.or epuiteting vatternr, uceting estimates with
higher qulity .ni less acrap csonirs, The die and mold mek-

ing industry ic nuch in need of expert acsirtance in the
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production use of electrical discharge machining equipment,
Much hand filing and fitting is performed on blanking dies
which should be processed for spark erosion (E.D.M.). Much
bridgeport and decal dupliceting equipment is being uscd

on oavity sinking where carbon electrodes and spark erosion
(E.D.M.) would be more economical and will produce tools of
higher quality. The ability to master this technique would
be & major step forward in msking this industry oompetitive
in both quality and cost in the export market, A machining
omter or model plant would be an excellent media to introduce
modern methods and technology to the developing countries.
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1/ Pord Notor Company "Tool & Die Training Ouide" of 1967

&/ Oincinnati Milling Machine Company
Publication No, EM-1184
*Rleotrical Discharge Machining"

¥y Ford Notor Company "Process of Flame Hardening of Die Surfaces®
a8 of 1967

&/ BExtrected fyom information prepared by:
Jo. H, Barron, Jr,, Vice-Pres.
Motor & Machinery Castings Company Detroit









