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Application of the Pressure Dlenﬁestlng Process ta the

BEERE TSNS ITITISRITSRIEIZERTIL = amRERAEILITTISRTIOTSSL Ll
Production of Light Metal Cast: ng in the Automotive Industry
ER s S ET SIS SIS IIRISRTE LI TS TN UTSIITIIIN I CISTTII TSRS

This paper deals w~ith the following problems:

Serics or masy production of motor vehicles, eapecially of
automobiles, depends, inter alisn, upon the application ¢f
progressive pro.nction metheds to the production of
metallursical semipre-ducte,

The semiproducts of Al, Mg or 7n alloys used in the manu=
facture ot autcemobiles, may be divided, a3 far as the
casting procedure is concerned, into the following three
groups: :

a. Semiproducta for chasais ccmponent parts,
b. Semiproducts for body comr it parts;
. Semiproducts fer arcescoriea.

The semiproducts of the first svoup are produced mainly of
Al or Mg alloys.

Demends on these castings include:

a. Adequate mechenical velues, as to tensile strength,
hardness, ductility,

b. Dynamic loe? proportics;

¢c. Impermeability of wulls;

d. Sufficiznt neat strenght;

e. Dimensional stability,

f. Excellent machinenhility.

The effort to gain a poosition as supplier of cestings for
chascis component parts has forzced the producer of cast1ngs

to search for new production methods end to comparc their
technical, technelogical and economical advantages. In the
last deuadp the United States has attained the necessary
technological level in the production of pressuce die-castingse
of Al-alloys. At the same time the production of precsure
die-castings has been widely introcduced in Czechoslovakia

and applied to single-track vehicles.

Qur development in this tield, carried out mostly in the
Automobil Norks at Nlad# Boleslav led to the determination
of some 1mportant interrelationships, viz:

a. The intiuence ot prescure applied to the melted alloy
when fi1lling the die upon the tensile strength of the alloy;
L The intluence of the flow velocity of the melted elloy
pon tensile strength;
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¢, The influence of the chemical composition of the slloy
upon ductility and tencile atr ngth,

4, Determination and aspacifica.ion of the influence of
technological conditions of cac:ing upon Ayramic scrength;

e. bDetermination of the necen:ary ~asting conditicns to
obtain impe:rmenhle casting wall,

f. Elaboration of procedares encuring the dimensional
stability of castings,

8+ Elaboration of procedures to obtein excellent machine-
ability.

The semiproducts for body compornent parts have the charscter
of artificial ‘ewellery. The subjects under discu=sion are
fittings, radiator grilles and other groups of trimming
/decorative/ parts. These were already prcduced in the past
by the prescure die csasting process from Zn-alloys. After
casting the finished parts were electroplated.

The above praocedure is broadly used by Nest Geruar. and
Arericen producers, 1t tes veon tirtuer amproved by casting
into vacuum dies. In thic way ceastings with perfect homoge-
nous surfaces, and hence also with perfectly homogenous
electropleted coatings, were obtained.

For these products, the Al-iig alloy AlWMg-9 is used in this
country. It is stable and possesses good pclishing pro-
perties.

The semiproducts for accessories comprise, in the first place,
castings for carburators and fuel pumps. They are mostly
produced from Zn alloys possessing high dimensional stability,
with all holes cast. The remaining castings for accessories
/generetors, starter motors, windshield wipers/ are, in the
majority, made of Al alloys. The applicatinn of pressure die
castings hss the following advantages:

a. High dimeusionsal accuracy with low deviations of individual
castings fecilitetes the design and application of clamping
devices,

b, Small and uniform machining allowences tcgether with
accurate clamping reduce the amcunt of chips during
machinin,,

¢, dmall =17 aniform machinin,” allowances make it pessible
to introdarce mare propgrecasive machining metiods, such as
int>rnal and external hroaching,

d, The cadence of prcduction is much higher than with other
metallurgical methods; therefore by the pressure die
castinyg method castings even for a very high production
scale of the motor vehicles can be produced;

e. The nressure die custing method allows for casting of much
tainner wulls than do other precedures. Thanks tn this
dimeorsicnal eceuracy no allowances tnr orod.ction devia-
tions need b invelved in the deciyn and 3ize determina-
tion c¢.' the parts tr he cuot, The matecial demande by the
rrecsure die-cacting process are 1%. te Z0% lower than
by ~cnventicnal casting methods; qaclified founders car
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easily be /replaced/ by trained workers.,

However the pressure die-casting process has the following
disaedventages:

@. Thus far cnly metals with melting temperstures up to
1000°C can be used. Pressure die casting of steel and
casat iron is only under development;

b. The toonls /dies/ to be used are rather intricate;

¢. The preparation of the precsure die-casting process
imposes higher demands upon the skill of the engineering
staff.

In addition to the material savings the pressure die-casting
process reduces other production c~s8t3s. Jn the sverage, the
cost per piece can be lowered by &3 much a3 15% to 30%.

When prejecting new autemobile plants or rebuilding existing
ones, economic analysis and coumparizon of verious methods
ohouid be carried out first to determine which of them
would be the most suitable for production of tne given type
of casting.

Jindfich Valecky

Director, Fourdry Dept,
Autcmebile Works
Mledé Noleslav
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The Application of Light Metal Oastings, Produced by the Die

Casting Prcoess, for the Construction of Motor Vehicles.

Introduotinn

When comparing the technical and econciio aspects of teohe
nological processes, by which parts of motor vehicles are to
de produced, the die casting process 1s often frund to be ad-
vantageous. It is almost always advantageous, if it is to be
used for the production »f a part, whioch has buen hitherto pro-
duced by welding of & nuxber of stampings. E.g., the bottom
reflector guard of tho well-known motorcycle Jawa, which was
originally produced by welding four coid formed stampings, 1e
now being pruduced by the die casting process /Fig. /. By
applying this technology of dle casting, the production coste

have been reduced by 14 %. Another example is the part of the

bottom casirt of the motor Skoda 1000 MB, which is buing pro=
duoed either by stamping /Fig. 3/ or by die casting, the cast-
ing being provided with both innser und outer ocooling rids
/Mg. 3/. In this case, no production costs savings have been
achisvec by the adoption of the die casting proocess, but the
heat passuage from the o1l hath of the mnotor to the surround-
ing atmosphere has been substantianlly increasad.
I. Olassi’?ication of the Proomss

The process of dis casting is defined as a method of cast-
ing, ac..; ‘ingz te whic' ' mould cavity 1s filled under &
pressure axc: -ding the gravitaticnal preasure of the column
a5 the 1iguid alloy of a common height. According to the value
of the praissure, under which th. mould navity is being filled,
the jle caeting procese is c.asp!fled as follows i
»~ lov-presdure - ating, when t&  filiing is carried on under

& pressurs of avrut 0,3 atm.
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- pressure-casting, wheu the filling of the cavity is ocarried
out under a pressure higher than 50 atm., commonly in the

range of 30N etm up to 3000 atm.

I1. The Development oY the Quality of Castings Produced dy the

Die Casting F.ocess

The opinion that cuaetingse, produced by die casting, are of
a lower quality 1.  omparison to castings, produced by olassic
mothods, as ¢ ¢. sand casting or chill casting, originates in
the past. When the die casting process is being applied, the
quailty of cantings can get subsiuntially worse i{if the ‘echno-
logy of casting is not 'ully ocntrolled or if the technological
regime 18 not respeoted d..ring the ocasting cperation. It was
the aim of foundries to get contracts for surpliee of castings
for the construction o° motar vehinles, which first led in 1949
to 1954 to an intensei': developmeit of the pressure casting pro-
ceas with the goal of & .utstautial enhancement of the quality
of oastings. This davelopment hasn tean carried out mainly in
the UBA - the Dehler Jarwis Toledo Company ~ as fa' as concerns
castin s for motorosrs, in the Czachuslovak Republic the natio-
nal enterpriese lleské sdvody motoovklov4 /Czech Motoroycle Works/
in Btrakonice, latexr on in the national enterprise Automobilnvé
sbvody /% torcar Works/ in Mladd Bolsslav. The result of the
aforementioned worke, which were gradually published in special
journaje, ia an enhmnoement of tiie inner quality of castinge
produced bty toe dio certing method to the quality l1evel of caste
ings producei Lv “lassicnal nasting processes. By ths eanhancement
nf qu-’ity, the scrp» ~f applic tion haa been widaned. The dia-
gramm in Fig ¢ shows tte rate of produotion of castings, pro-

@uoad L'y the dia casting process in general. The increass in

the »iume of produciion ie for the greatest part dus to the
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inorease of production of castings for motor vehioles.

III. The Results of Research and Development Work

Works, which have been carried out in Ozechoslovakia in
the field of the research and develorment of the die ocasting
process resulted in the dafinition of some impanrtant technolo=-
glcal relations, which influence the gquality of castinks. Let
ue mention e.g. !

o the relation between the speocific pressure of the alloy
during the filling of the mould cavity and the tensile
strength of the alloy. The relation for an aluminium alloy
i1s shown in Fig. 5. From the figure it oan be aseen, that
the tensile strenzth increases with an inoreasing specific
pressure on the alloy up to the value of 1800 kp/cma. A
further increase of presasure, which is both from the teche
nical and economic points of view rather difficult, bringe
about only a slight inorease of the tensile strength of the
alloy. Therefore, modern die casting units for aluminium
alloys, 1.e. units with a cold horizontal chamber, are proe
vided with a ocontinuous ocontrol of the filling force and
it 18 possible to work without difficulties with specifio
prossures up to 3000 kp/omd.
the reistion between the strength of the alloy and the
flow velocity of the alloy in the gate during the filling
of the mould. This relation is shown in Fig. 6. It oan de
neen from the diagramm, that the strength of the alloy in-
oroases parabolioally up to the velooity of about 60 m/sec
presiasely 57 m/sec/. This finding is being anplied when
solving the problem of the Jocation of the gate and of ite

dimensions.
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e« the optimum time of the mould oavity filling has bees

established, which sssures that the casting does not in
olude air and gas pookets, and that it has at the sun= .
a high quality surface. Then establishing the optisum time
of the mould cavity filling, the well-known relation, de-
fining the time of solidification of an unbounded plate of
the following formuls has been applied :

':k]/&'
- .3

where © =, solidification time

k s heat removal constant

8 = wall thickness
Beoguse the cavity has to be f11led prior to the orystalli-
sation of 30 $ of the alloy volume it is a case of parabo-
1ical relation between the wall thickness and the time of
£111ing of the mculd ocavity. The relation is showi in Fig.”
The sptioum time of the cavity £11ling is & compromise De-
tween two extremes, i.e. between & slow filling, during
whioh it 1s possible to let the gases escape from the cavi-
ty /to deaerate the mould/, but 1t is not possible to attain
e faultless coherence of the flowing alloy. The other ox -
treme, a very fast filling, results in agod coherence of
the alloy flow, but, at the same time, a certain vclume of
geses is olosed in the alloy flow. T I t of the
optimum f1lling time serves during the oconstruction of the
mould for the caloulation of the dimensilon of the gate and
to the determination of the velocity of the filling pieton
of the machine during the caeting cperation.
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= $hs optimum velocity of the alloy flow in the gate has bsen
sstablished. For the determination of this value, both the
wall thiokness of the casting and the maximum length of the
alloy flow in the mould cavity have been taken into consi-
deration. The relation between the optimum velooity and the
values msntioned ie shown in Fig. 8. The dlagramm ig being
applied for the calculation of the gate dimensions.
the maxismum time interval, during whioh the effsot of ths
inoreased filling pressure must be remarkadle in the cast-
ing oavity, has been established. For the establishment, &
measuring equipwent has besn used, similar to that used by
She company WOTAN-VAT Duseeldorf. The maximum time-interval
depends on the gate thiokness leeser then 0,04 sec. A repro=
duotion of the graphical record of the measuring equipment
is shown in Fig. 9. Provided the optimum mould cavity fille
ing time and the optimum alloy velooity in the gate are maine
Sained, the soccurately timed effeot of additional pressure
enables to attain quite homogeneous casting walls. The mea~
suring equipment 1s shown in Pig. 10.
one of the basic domande 1s a good machinability of the cast-
ings. It is charaoterized Dy & bhigh quality of the machined
surface and a long outting life of the edges of ocutting tools.
Even 1f this condition wae maintained, it was thought in the
past, that castinge, produced by die casting of aluminium
alloys, were lese maohinable dus to the higher ocontent of

oxidio filzs and non-metallic inolusions. By choosing appro-

priate systeme of melting and holding furnaces, it is possi-

ble to attaiu a very good machinability even with castings
produced by the die casting process. The presence of oxidio

filme in the melt oan be reduced to a sinimus by the use of
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electrioal induotion ohannel furnaoes, both melting and

holding. The holding furnaces must be provided with an

automatio feeding appratus. It 1e indispensable to enable

a thorough refining either by appropriate salts or gases

to be oarried out. An example of appr priate melting fur-

naces is shown in Fig. 11, a bolding furnace with a feed-

ing sppratus iu Fig. 13, & refining chamber with good ex~

haustion for the refining of the melt is shown in Fig. 13,

« by meane of water analogy /the viscosity of water at 30 °0

is vory near to the visoosity of the molten metal at 750 %0/

and the use of slow motion, the analyses of processes in

the mould oavity during the filling and of processes in the

£111ing ohamber have been oarried out, using transparent

moulds. In Fig. 14, an enlarged shot of the f1lling of &
multiple mould is shown. Fig. 15 represents the prooess in
the filling ohamber ofa die casting maochine.

Other procesees, which influence the quality of oastings,
bave basn analysed. The results make possible to find safe solu~-
tions of moulds especially of the filling, deaerating and sjeot-
ing systeme. Further, they make possible the establishment of
sppropriate oasting parametsrs, necessary for the attaining of
dimensionally accurate osstings of a good quality of material
at low production costs.

The utiliszation of the aforementioned development work brought
about such an enhanoement of the quality of castings produoed
by the die oasting process, that suoh oastings were applioable
even for the parts of ohassis exposed to the greatest stress,
as 6.g. the cylinder blook of water-oooled motors, the bodies

of gear boxes, the bodies of steering boxes etc. In Fig. 16,

sone examples of castings, produced by the die oaeting prooess




e AR S SO

10/%0.13/18

English

Page 7
in great series, are shown, which are used for the oconstruo-
tion of passenger cars and of motorcvoles. Wheress oylinder
bloocks produced by die casting are used only by some manmu-
faoturers nf crve /fkoda 1000 MBR, Renault R-18, Peugeot 303,
Lancis Fiavia, “hevrolet, Hillman, 8ajks und motor casings of
all types of %+ Volkew geun-curs/, nearly all manufsacturers
use oacti:pgs produce’ by die casting for gear boxes. Bome exam-
rles of cylinder bloocks, gear box halves and steering gear boe
xes are shown in Fig. 17.

The tightness of casting walls, resulting from the intro-
duction of the findings of development work into praxis, mad
1t possible to utilize castings produced by the die casting
procoes in a whole range of other parts, such as the front
faoe of the ornnk :se, the thermorezulator case, the main oy-
linder of the brake a1 ulutoh, the front 1id of the gear box,
thes ‘un arm etc. Some exampl s nf tle mentioned castings are
shown in F4.. €.

Bome n.stings can be produced only by die casting, as e.g.
castings of valve gear bodies ¢f the hydraulic ocontrol of some
servofunctions in the vehicle. It is a casting with many flat
channels and openings for the distributing valvee. Very oclose
dimensional tolerances are required in the case of flat chan-
nels, the vertiocal walls of whioch form the distributing edges
of hydraulic distributing valves. The single channels must be
ent - 2l: oloes one "¢ snother. It ie very difficult tc main-
tain thoae corditions by neing other technological processes.
an vracple of castings of thie kind is shown in Fig. 19.

The gocd wuality of ocastings produced by the die casting
process made it poe=idble tec Dass over to this process when

produdsing & range of aluminium-alloy castings, whioh were hithe
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erto produced by sand oasting or ohill casting. 1t brought
about, besides other aivantagees, & reduotion in the alloy ocon-
eumption per part, the reduction of labour costs per piuvuuct
and an incresnas of ths productica speed. The aforementioned
rivantagens rvesult, iun the witni- in the reduction of product-
ion coets. Bo, e.g., for the set of castings shown in Fig.30,
s reduotion of production coste of 18 % has been achieved by
paseing over from the mechanized ohill casting to the die cast~

ing process.

IV. Classification of Metallurgical S8emi-Products for the
Construction of Vehicles
Semi-products mide of aluminiui, magnesium and zinc alloys,
which are used for the construction of motor vehicles, can be
oclaseified fror the point of viuw of alloys uttlized and of the
easting procesess into the following groups .
-~ semi-products for parts of the chassis
- gemi~products for parts of the body
« semi-products for parts of the accessories.
Metal...igioal Bemi-Producte for the Purts of the Chassis
Semi-products for the parts of the ohassis are usually most-
1y produced of aluminium alloye, in soms oountries of magnesium
alloys. They are mostly parts, which are during the running of
the vehicle exposed to dynamio stress ard must fulfill the fol-
lowing Lasic conditions i
e to huve sufficiently high mechanioal values, such as ten-
sil» strength, drawing wuality, hardness, impact strength
= 0 have esatiefactory strength when under dynamio stress
« to show only a slight decrease of mechanical values in the

vange of temperatures, to which the part of the vehiols is

exposed when running.
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= the walls of most of the semi-prodouts must be entirely
homogenecus, so as to avoid the penetration of madle whep
the vehiole is running /lubricants, fuel, cooling 11 quia,
brake fluid/

» dimensional stability 1s required lotrn auring tie machine-
ing operation and when the vehicle 1e running, when the tem-
perature and t<usion are changing

- 8 gond machinebility {8 required, aso as to achiava & suffi-
olent between-urind 11fa of machinine tools, 1.e nreoti-
oally between the replacemants of tools on single purpase
machines.

Netallurgical Semi-Products for the Construction of the Body
Netallurgioal semi-products - castings - for the construo-

tion of the body are of the nature of jewellery. They inolude

parts of the fittings, sometimee the radiator cover, decorative
bands etc. For the manufacture of such parte, custings produced
by die casting of ezinc alloye and galvanized for decorative pur-
poses, heve becn csed already in the past. Recently, to achieve
an entirely homogeneous surface of the casting and, trereby, @&
durable galvanized layer, the oavities of moulde are exhausted
to vaouum during the ocasting operaticrn. The machines used are
maochines with a warm filling ohamber, very often with an auto-

matio oyole. The output of the machines is very high, up to 85000

operations per shift,

In Oxcchoslovakia, an aluminium alloy Al Mg © 18 used for
the metellurgiocal seemi-products of parts of the body, as zino

Alleys e.¢ wenting. Thic ¢:loy is eusy to polish even without

geivanizatien and 4t 1¢ resiatant to the comman I1ndustrial atmow-

wpdere. Lxamples of castings are shown in Pig. 31.
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Metallurgical Bemi-Produots for the Accessories of Vehiolss
Semi-products for scoesacries, produced by die ocasting,
are, primarily, gasifiers, fuel pumps, and fuel filters. For
the production of the aforementioned castings, zino alloy ie
used almost exclueively. Castings are being cast by all open~
ings. Only nminimum machining operations are needed, mostly
trueing off of contact surfaces and outting of threads for
pozzles and pluge. Other parte of the acoesscries, for the
production of which ailmoat exolusively semi-produots produced
by the die castiag prooess are used, are starters, dynamos,
windsoroen wipers, heating equipment motore and valves eto,
Both aluminium and zino alloys are used for these purposes.
Examples of castings for the production of accessories of

sotor vehicles ars shown in Fig. 33.

Y. The die casting prooers is, generally, characteriged Dy
the following advantages :

- a Quiock produotion even from a single mould, into whioch
often a sot of castings is plaocad

e %he possibility of produotion in olose dimensional toler-
ances; the castings sometimes do not need to be machined
to the final form, and, if machining 18 necessary, it is
always less costly than in the case of castinge produoed
by other proocesses.

= @ smoother surface of castings in comparison with any other
caeting proocess

« necessary dimensions of openings are easily aohieved /oo
sand cores are naeded/

« the possibility of production of parts of complex forms
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the possibility of produotion of thin-wall oastinge /caste
ings produced by die casting compete in that line with
pressed work/, the most suitable wall thickness being 0,8
to 4 um

extraordinarily low labour coste per one oasting

insigni ficant material losses

lower material coets for the produotion of one casting in
comparigon with auy other method of oasting of non-ferrous
motals

sasy use of cast-in ineerts of other metals or eome non-me-
tallio materials;

the possibility to use a wide range of alloys of the six
basic metals : lead, tin, zino, aluminium, magnesium, oopper,
and, for the future, it 1s not out of question to use iron
alloys for some simple oastings or epecial uses;

a relatively easy galvanizing with various metals, due to
the smooth surface, and the possibility to use other methods
of surface finishing

a higher strength in coumparison with castings produoed by
sand casting

the possibility of caeting-in attaching 1links.

sdvantages of applying oastings, produced by the die cast-
process, for the manufaoture of automobiles, are the follow=
H

a high dimensional accuracy /slight dimensional deviation/
of single castings makes possible an easy design of fixtures.
8imple fixtures are reliable in operation and do not cause
difficulties.

small and uniform machining allowances and a precise olamp=-

ing make it possible to take a lesser number of cuts during
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maohining. Dingle purpoee machines, event. autnmatic lines
oan be designad with a lesser number of units and, there-
fore, of lesser dimensicns and lower capital and operating
Ccosts.

snall and uniform allowances make it possidle to use in a
substantially greater extent internal and external broache
ing, whioh repres~nts a modern and economic method of ma-
ohining

small dimensional differences between the single castings
and the possibility of easy oluiping enable the designer
to choose the dimensions of a part according preciscly to
the strees, to whioh it will be exposed, without reserves
for the uneveness of the casting walls. When using the die
cesting process, wallz of a lesser thickniss can be cast
without difficvlties. The lower weight of parts thus de-
eigned contributes to the reduction of the weight of the
whole vehicle.

for the production of oastings by die casting, it is nos
necsesary to smploy qualified founders. Modern casting
machines eliminate the influence of the human fasctor on
the quality of ocastings almost entirely. The floor spaces,
needed for the production of castings, are reduced ia ocom~

parison to classiocal processes approx. to 850 £.

The disadvantages of the die casting process are, in gene-
ral, the following ones :

tha production costs of the mould are rather high. Even eo,
they are ofter. lower then the costs of other production

tools. The costs are gensrally ocutweighed Dy the economies

in machining and by other eocononiee




ID/7G.13/18
English
Page 13

e the die casting prooess oan be, up to now, ueed general.
1y only for oastinge of alloys of non-ferroue metals, and
of a lesser number of non-ferrous metals than the sand
cast.ng process

e 1t 1s not suitable for some kinde of castinge, where sand
oores must be uss' bacauee of the form of cavities, and
whioch can be produced by gravity casting

- tho'onatings ars always to a certain extent pnrous, even
1f the pnrosity can be controlled in acceptavle linits,
1f vacuum casting is not used. The porosity iroreases in
relation to the wall thiokness

e« the maximun dimension of ocastings is limited by the die
mension of the oasting machine

= the die ocasting process involves oonsideradle capital exe
penses for the casting machines and other equipment

= this process of casting requires certain experienoes, so
that only qualified lzbour can be employed.

A thorough evaluation of various production processes often

results in favour of the die oasting prooess, if another pro-

oees of ocasting, drop forging, ocutting on an automatio lathe

or even pressing was considered
Ths following disadvantages of the die casting prooess oone
oorn eepsoially its applying in the production of automodbilss !
e the produotion of steel moulds, necessary for the die oast-
ing process, requiras a specially equipped workshop and
qualifisd tool-makars. The 1lifs of the moulds is limited
to B000 un to N0000 overations. The moulde must be there-
fors rastorved. It is therefcre economic to ocarry out the

modernization of vehicles in cyolss, ocorresponding to the

oycles of the renewal of the moulds.
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« the preparatory og,rationl for the die casting process
are more exacting as far ae concerns the qualification,
knowledgee and technical standard of technicians than

the classioal nm«thods.

VII . Economic and Technical Comparison of the Die Oasting
Prooess with Other Production Meghods

Chill Casting

In oomparieon with castings produced by chill casting,
castings proaucetli by the die casting process are much more
advantn~ous, because a greater number of alloys cun be used,
and it is possiitle to attain more acourate dimensions, smoother
walle, more cormplicated cores, thinner walle and a greater
spesd. The casting costs are higher for ohill casting, but
the costs of the rou'd are lower, even if its life 18 shorter
and the maintenance more expensive. A casting produced by the
die casting process usuaily has better mechanical properties
of eurface layere than a casting produced by chill oasting
of the c:.'0 alloy, which, on the otusr hand, is not so porous.
Band corou can be fsed for the production of castings by chill
ocasting tr achieve forme which caunot be produccd by die cast-
ing. They are, howover, relatively expensive, as they must be
prepared individually for each cze*ing.
Sand Casting

If we compure the cile casting process with the sand ocast-
ing method, we must take into consideration, primarily, that
for sand casting a new mould or core must be prepared for
every single casting or a se: of castings. Further, patterns
and pattern plates ure necessary, which aré, however, much

cheaper thar. moulds for the ale casting process. doulds for

¢he a.e rasting pricoss have a 1ite of rbout 8000 operations
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/for aluminium alloys/ and after depreciation are much more
soononmic than sand moulds. Oastings produced by the die cast-
ing process have a smoother surface and more accurate dimen-
sions than castings nroduced by sand casting, and almost every
dimension and every kind of opening can be produced, whereas
by sand casting, only relatively great and unacourate openings
and recessee can be achieved. Castings produced by die casting
thus do not nead to be machined to such an oxtent. Moreover,
thinner walles can be achieved, the casting speed is mzuoh greate
er end the m*chanical properties of castinge are better in ooli=
parison with castings produced by sand casting of the same all-
oye. On the other hand, iron ocan bs used for sand casting, and
tho dimencions of castings are practically unliuited. Grey cast
firon and other {ron alloys, used for sand otsting, are less ex-
pensive than non~ferrous alloys, which are necessary for the
die casting procees. Labour costs are much higher in the cuse
of sand caeting than for die casting.

If we compare castings produced of the same kind of alloy,
our own experiences show, that by changing over to the die
casting proosss, metal consumption per casting can be reduced
by 10 to 20 %, the same quality of castings being maintained.
Apart from the reduction of metal oonsumption, operational
costs in the foundry, especially for oleaning, were reduced by
15 to 30 %. In comparison with chill oasting, the eoonomies
are similar, especially as far as the reduotion in metal cone
sumption is concerned.

Lost Wax Process or Oombustible Model Oasting

In contrast to the die oasting procees, even alloys of

high-nelting metals, especially iron, nickel, cobalt, can de

used, for which the aforementioned method is mostly used, ale
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though even suoh alloys, which are used for the die casting
process, are convenient. The minimum th C o3 an
be achieved, the ninimum Aiameter of openings oan be 1 mm,
the weight of steel castings seldom overpasses 5 kg /recent=
ly, 4t increases/.

Tolerancus of dimensions are greater than for the die
casting process, e 7. 0,15 % for steel, mechanical properties
are excsllent. The most cozplicated forms can be prodaced,
waler  wo ot tu produced by any othser method. The coats of
tne woulde are considerable, about 60 $ of the costs of moulds
for die casting, overational costs are relatively high an d
coats for the finishing of castings are low.

Proguction of Parts by Sintering of Metal-Powders

For the production of oconstructional parts, iron powdey
1s uscd most Sfrequently, the cost of whic. i. Riguis «.i COM
parisoin wii! -~teel, but lower than for non-ferrous met.ls.
There .. an advantage, that there occurs no waste. The pPro=-
duc.inr »rte 16 considerable, even 1200 pressed parts per
hov=, . :h nust be, of course, sintered. Small parte of con-
von..'n. lorme ocan be produced by this process, the forme being
less complicated than the forms of ocastings produced by the
die casting proocess; the dimensions are limited by the power
of the press. Wall thickness oan be even less than 0,7 mm. The
Quality of the surfacd is approx. the same as when the die
Oastlry process is used. The accuracy of dimensions and the
strength are, at present, better than with aluminium castinge.
The costs o7 the pressing tools are approx Lo .. &8 the
coete of moulds.

Drop Forging

Many parts, produced by drop forging, ocan be produced by
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die casting am far ae the forr ie concerned. Caftin;g can,
however, nct comte with forgings, ag f-'1 ~o m» - - . 41 proe
perties are conce.:.d /small brass partes are an ~--r- iopn/,
For the production ¢’ small parts we prefer casctiny ‘ecouse
of th~ vveater nccurs v of dimensions, the poesibility of
achieving thinner walls and core openings, whioh can be Pro-
vided on forgings only by machining. The costs of drop dies
are thr so2 or alightly higher than the coste of rnu.ds for
the die casting process, and their 1ife ie ehorter. TForged
matsrials huve, however, beatter mechanioal proverties than
cast materials, v  if the material is the same. For drop
forging we therefore ~haose most freouently chexp sfel, whiod
hae very g .4 mech-nicel properties.
Btemping of Steol &% ~ts

In comparison with stamping, the costes of toole for the
die casting process are lower, the castings c:n be of more
complicated forms, a lessor number of assoendbling operations
in comparison with stamped parts ie needed, and the dimensions
are more accurate. The sirgle parts of the products can be
changed more easily. Froducts of non-ferrous metals are more
Corrosion-r.sistant than steel sheet. On the othar hand, the
pProduction by stamping is usually faster, cheaper and more
easily procurable steel can be used, a higher strength of proe
duote csan be achieved at the same weight and emaller wall thioke
nees. The stampings are not porous, they have a smoother sure
face and can be handled with lese care than castings produced
by the die casting process. Other conditions, which can influe
ence the choice between die casting and stamping, must be judg-

ed individually by the designer according to the forr end appli-

c3tlon of the product. It 1s olear from this comparison, that
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castinge produced by the die ocasting process, oan oompete
with atampings only in relatively few cases.
Machining on Automatic Machines

Many parte protu. #d on automatio la ™~ AT RTINS . £
well and at lower cosi., be produced by the die casting pro-
cecs. Even 1f w» com,.ars steel parts, produced on automatio
machines, the coste of vastinge produce< by the die casting
process £re uwvtily lower because, notithstanding the higher
price of the non-ferrous alluy used, the loss of material,
ocouring during the mechining of bar steel, is usually balane
ced by the reduotion of material consumption for casting. In
most cases, castings are not so strong and their surface is
pot so smooth as with machined parts, but often this differ
ence is uot dachialve, sothat name cuastings oan compete with
parts produced on auccinatlo machines, even if they are pro-
vidod with & threrd, Lccause even a thread can be procduced by
casting. Mfanv machined parts have tc be additionally treated,
e.g., tapors and grooves or Lored holes must be milled, whereas
the same p-rte produced by the die casting proocese do not need
any additionel machining, with the exception of cleaninge-off
of tlashén‘ If it 18 necocsary to maching‘oastings, the chips
can be melted anew in the workshop and used for further caate
ing, whereas chips from automatic machines have a much leeser
value,
Plastice lMoulding

By tbe wule casting procees, almoet a11~uhapoo of mouldings
sen be produced. Plastice moulding does not, however, enable
euch & complexity of shape of the product, ae can be aohieved

by W49 oestinyg. Moreover, & part producsd by the die casting

process, is more strong at the same thickness of walls, 1t can
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be produced with more accuracy, according to the results of

impact tests it 1a less brittle and has & batter dimensional
stability than a plastio moulding. Moulds for the production
of plastic mouldings are usually more expensive than moulde
for casting. The speed of die casting is alwaye higher than
the epeed of plastic moulding. Plastic mouldings a&re non-cone
ductive, they are corrusion-resistant, they do not need sur-
face finishing and, for the same dinenaions, they are lighter.
VIII. Economic Evaluation

When designing new motor vehiocles and plants for their pro-
duotion, event. before their reconstruction, it ie necessary
to carry out an economic comparison of both variants of the
production of semi-products. We compare both the costs whioh

do not depend on the number of demi-products produced, and the

costs which do depend on the number of semi-products produced.
We take into consideration, if special equipment necessary for
the technological processes which are being compared, will be
Consumed entirely, or if ite searvice life ig greater than the
amount of semi-products produced. If the equipment is consumed
entirely, the result of the economic comparison has a form
shown in Fig. 33. If the number of semi-products produced is
lower, than the service-life of epecial eyuipment, the graphie
oal result of the economic comparison has the form shown in

Fig. 24.

IX. Adaption of Bhape of Parts, which are to be produced by
the 01 Caating Process

Ty achieve good economic results and a high quality of

castings produced by the die casting process, it is necessary
to adapt the shaps of castinys, when changing the technology

of custing, e.g. when passing over from gravity chill casting
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to the die casting process. Tha adaption of shape of newly
designed parte must be oarried out on the beginning of design
work. The maximum efficiency of these adaptions can be achieved
only in oloee co-operation of the designare of the vehicle with
specialiste in die casting, and specialists in machining. From
the point of view of casting technology, ths adaptione of shape
necessary for {he achievement of good technological results,
can be divided into the following three groups @
- shape adaptions neceesary for good terhnological results
in the production of moulds :
an example is shown in Fig. 35. The mould cavity for & hande
wheel aocording t» Fig. 33a can be produced in such a way,
that a tracing model 1s prepared by hand and the shape of
4he cavity 13 traced according to 1t. The shape of the oa~
vity aocording to Fig. 33b can be prepared by turning and
boring, that means without the use of rhe expensive trao-
ing model
= shape adaptions necessary for good technological results
of the casting prover :
an example is shown in Fig. 38, With the casting shown in
Fig. 36a, the free shrinkage of the oasting is prevented
by the massive flange on the one side and on the other side
only by the core of the mould, which has a relatively small
diamster. This ocndition results in the core being ocut off
by the oonsiderable shrinking force. By adapting the shape
according to Fig. 35b, 1.e. by adding two massive projeo-
tions beeide the cores, the shrinking force affects the proe

Jeotions and the ocore is not strossed by this foroe.
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shape adaptions nercassry for achieving good technologle

cal results in the cleaning of caatings

an example is shown in Fig. 37.

According to ¥!. 37a, bath openings in the place of 0on-

tact of cores ar of the eamn if{amater The film, whioh

arises on the area o:f cunta 't «f Ltoth corws, Ceaunot be re-
moved by eiupiy =« ‘aring 1t off. It will be decessary to
chooB® a rore Sl Lred cpasgt g Dy fintgn *“e open.
ing by nand. “hen cre of tha dlanetars 18 - vap.,ad acco dw
ing to Fig. 37b, the f1lm can be reanvaed by sizply iLeare
ing 1t ~ff on & prees.

When considering sbupa alaptions, 1t ig nececassary to re-
8pect the oparational costs of the whole part. Sometimes the
shape «¢.;t10on reduces tn~ coste of the initial steps of the
praduciion, - “ercis * “.8%8 of tus later phases of production
Cal te greater than the economies 1 tuq ini*ial etep. Sometimes
it 18 onotte, Thersafore, a . loa- co=-operation of all intereste
ed i3 vury neccveriy to rots'n the single 490t &ty reduce
ths total srst: o f the firiehed pa-" nY the vehicis,

X. The Use of Cact-in Parts of other Matertals than the

Casting Uatertal

The dieadvantage, that 1t ie up to uo7 {fmnossible to use
iron alloys currently for the die cagting process, can be fre-
quently oveicoms 85, tha® we seleot a suitable lighi-metal alle-
OY 18 the rov material .1 we cast in a Bte:l acrew or & brass
eleeve .tc. The condit.n» waich must te always ensured is a
8afe d»  ..ion 0f T H vl derias the casting aperation. E.g.
#tc) alocewe cast !n ligar-matal alloy castings are shown in

Fig. 38. According to Fig. 38a, che screw is hold in the longi-

“udinal axis by moans of an auxiltery ocore, in other cases shown
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the sorews are prevented tn change their position by passing
tume whole thiokness of the casting wall. Betwaen the castlng
wall and the threaded part, there is left a cylindrioal part
without threada. It is neocessary to leave .'is part smooth to
nrevent the ulloy to £':1 up the threads o’ the gcrew. The re-
moving would he o:,81.81ve. A 8ection of a casting with cast-in
sorews is shown :n Tig., 89. A sleeve of seif-.luliicating sin-
tered bironze, cast=in {n 4 light maetal all'oy castiag, ia shown
in Fig. w. The snape of the casting according to Figz. 3Xa does
ne . ensgvre 4 8afe deat outioo. 0 che cast oo as I 16 nace
esBar: to make z1Bntiui. o covduny o3 K1z 3L tU e 1ncreased
oore will revre:ent a sunporting surface, which holds the sleeve
sa’2ly during the casting operation.

Pulleye of orankshafts are verv often designed for ths use
of vehiole motors according to Fig. 31. The V-groove 1is formed
of sheet-stesl etarct! 128, cornected by spot welding. The whole
18 0a.’ va 8ium.nium-alloy nuwe both steel partis, forming the
V=-groove, are provided with cdrrying ovenings. During the cast-
ing the opening 1s filled ty «he alloy, which upon shrinking
2. with ¢ ;reat foo.a to snsure the oarrying of tho steele

stamping by the aluminium hub.

XI. Machinee for the Tie Casting Process

The ¢anand for an enhancsment of the juaiity of castings
produ - rd by the A4~ =rating proocess not only led to a greater
sotivity in the finld of Aevelopment and - ..aroh of *he caste
36 Yecuaclogy. but it aiso called fe: the increase of the teche
noiogl sal oconvani snce of the “urction of casting machines.

Tho mat™ conditions. wi:n which the functiona of the ma-

ohines auet comply, a4y~ @ !»lluming ones :
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- the machines must enable a perfeot olamping of the two
| halves of the mould even when the overall haight of the
mould is changiag due to tharmal expaneion of the mould.

This conditisin iz fulfilled in machinas with a mechanioal

hinged c.ou .y de tece, 7ith four gtiding n111ars

- the machine wust oo designed for a continuous control of
the speed oz t: v t1iling piston, in &ll throu phinsas of
1tu'novement, l.e. the olosing of the filling opening, pre-
filling and f1l14ing.

- the machine muet be dssigned for a continuous control of
the filling force, i.e. the control of the pressure on the
alloy during the fi1lling of the cavitv mould

- the set fi1ling force must attain its maximum vulue in a
time ehorter than 0,03 soc. after the complete filling of
the mould cavit, ty the allsy

- the mac..ve wuat te dosigned so as to encble the sevting
of 81l necessary valuse of all steps ¢f the casting proocess.
The set values must De reproduced dur!ng further oasting
only with negli:ible deviations

- the machine muset by designed for an automatio casting pro-
cess including an automatio control of the dosing furnace,
sutomatic cleaning and lubrication of the mould, automatio
strinping of caestings from the mouald, automatio placing of
parts to ve cast-in, automatioc control of the mould temper~
wtuce.

+i1 crder to cnhanzs the wuality of castings produced ty the

die oasting process, the epecific pressures on the alloy during
the filling of the mould cavity have been incressed. This trend

corresponds to the results of davelopment works. Fo- a safe

? Oolamp of the mould halves, a greater olosing foroe in nevessary
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for the same diasnstions nf the castings. The gnod quality of
the castings mais 1t, haowavar, poaaible to prnduce caatin,a
ot graatar dAimsral nn and, oconsequantly, of s Rraat.pr wa'! ht,
That {ssus tn .: .ar dimensions of the machines. Tip ro 1029,
the greatsst mactitnes for die casiiug had a clasing farce of
800 Mu. As & uniqun machina, & machine manufac ured by the
Sompany Polék withr : closing force f 1000 Mp hus been tested.
The aforementioned post-war development led to a subsequent in.
oreasm of the 1oy’ . force af the preataarn tvo- o 4 anhinags
to 1500 Mp /Triulzi, Mileane - Italy/, 2000 Up /200 t Ar the

U8 made machines of the company Dehlar-Jarwis, Toledo, USA/,

23500 Mn /Vin o rlat, "N, &nd A rangs of other mirhin~g, such

a8 Triulzl, Yotan v¥F Dussoldorf atc /. A machine with & clos-
ing force of 390 Mp 1s about to be finished /Yotan-VAP Diissel-
dorf/. A modarn macnine for the Aie casting process 1s shown in
Pg. 32.

The indiviiual manufacturers produce machines in a certain
eeries of closing-force values. E.«¢., the following range s
being nroduced : 160, 350, 400, 8%, 800, 1000, 1800, 3800 Mp.
For the f-undry, 1t is advantageous to be aquipped by machines
only from ons manufacturer and with 8 minimim poasible range of
8izes. Th- raby, the neei of ®pAre puris and the matntenanca gogts
can be considerably reduced. We prefer machines with a greater
cloeing force. We try to plecs in the mould a greater number of
castinge o/ luves r dira.. '‘une, 8y as tr Bonleve a8 full exploite
tioa of the machine. It is, however, possible to produce caste
1oge of greater dimennions. It is uot necessary to be apprehen-
8ive of the Jeaigning of mniicde yith & greater number of caste

ings, which ars sometimee oa!led mlti-cavity moulds. The afore-

Rentioned reaearc: and davelopm:nt eorks oconcaerned the protlemg
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of multicavity moulds and sst up prinoiples of a correct de-

oign of moulds. From the point of view of economy, multicavy

moulds are advantegesis. By their introduction, thre following

Costs are reduced :

= labour

=. Oosts of special tools /moulds/

= materia) melting coste, the melting loeses /a8 better exze
Ploitation of the liquid alloy/

= depreciation and interests of machine and construction oapi«
tal costs.

All these eoonomies result in a reduotion of overall costs of

$he production of castings.

Yodern machines for the die casting process are designed
&8 hydraulic aachines. They are of electrohydraylic design, the
electrical part of the equipment being contactless. Incorbusti-
ble 1liquids are usod as driving media, which are winning over
Commonly used hydraulic oils. The combustidbilityof these oils
1s a source of serious hazzards in the foundry and i{te surround-
ings.

Modern machines are well squipped with apparatuses which preo-
vent injury of the attending workers. These equipments have the
following functions :

- they prevent the hot melted alloy to burn the attending wor-
kers, if it eventually spatters out of the mould or the
filling chamdber

* an erulpment whioh prevents a spontaneous confusion of the
eingle steps of the casting process. Ths set sequence of the

cteps is dDlooked in suoch a way, that the next step can foll-

o¥ only after the foregoing step has been completed
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- an esquinment which prevents a spontaneous movement of any
part of the machine or the mould /the closing of the mould,
the movement of the filling pieton, if the attending worker
could be endanger:d by such a movement/.
X1I. Principles of Ectabli«hinir the Optimum 8ize of & Die
Casting lachine
The ellov reprea:ts during the f£111ing of the mould and of
the f11liny rchesher 4 retullonlastic syctem, lMessurements, which
have been carried out in the scope of alreacy mentioned research
work, have shown, thet the gpecific prrscure on the alloy in the
£1114ny cherber 1 only negligibly reduced during the transfer
to the oavity of the mould. The static nominal filling force in-
cresses, hovever, very Intensively, when the mould hue been en=
tirely 7illcd. The kinatio energy of the filling mechanism evokes
upon .le filll 7z 5f she mould and, concequently, upon stonping
of the . cveorant, o Lioxe oo of the preesure, the so cclled pre-
gsure oo, The heipht of this peak dopends on the speed of the
mcvorat of the :.1ling picton. The matalloplastic eystem "filla
ing chasber - mould cuvity” is diagi'rraticnlly shown in Fig.39.
In the mev.lloplastic syeter, the pressure of the alloy evokes
during the f11ling a force, which acts againat the filling force
o?f the mechine. The greatnese of this force 1is given by the proe-
jection of the surface, which is affected by the alloy pressure.
¢ force must, however, be alweays lessser than the closing
Yores of the machine, 80 as o prevent the apattering of the
&lluy. Tue  icatec :elation 16 anplied for the establiehing

of tto opticmua wegnitide of tno oclosing force of the ocasting

wachine, I+t ts valid @ Po
Pz B  cenmiiin. om - 'hor‘
L
P, » nc-tual closing force of the machine Jup/
Fo w i uzioum openiny force of the wachine /ep/

/during the pressure peak/

¢
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K = gsafety coeffioient, where 0,8 suffices

The relation is, of course, valid only under the condition,
that both forcee act in the same axis. It is, therefore, neo-
essary to place the projection of the surface affected by the
alloy pressure so, that the centre of gravity of thie eurface
be on the axie of the cloaing force of the machine.

An undiepeneat s condition of an economioc production of
high quality cretings Ly the dles casting process are ~all de=-
signed and perfectly canufactured moulds. It ie, therefore,
necessary to give attention to the design of the rioulds and
to the technology of their production. The eservice 1life of
moulds depende on the alloy, which 1s being cast. It is very
short for copper ~lloys, attalining approx. 10000 operations.
For aluminium and magaarium alloys, 1t is FOOCO to 30C0D0 oper-
atio-3, end for zinc 1lleye 1t is the highest ono, £70000 up
to 1,000000 oneratirni. It ie therefore nccessary to r-nevw the
producud roulds. The cerecity of mould produotion muet corres-
pond to thesa requiremente. Great attention must be glven to
the ecuipment for a complete treatment of the active parts of
the moulds. A mould for casting the oylinder blook iu showmn ia
Fig. 33.

XIII. Oonolusion

The quantity of castings for motor vehiocles, produced by
the 11s cnsting process, is steadily lnoreasing. Onstings will
De esubsequently used for other parts, which are up to now pro-
duced by olassiocal technologies. It conoerns e.g. aluminiua Oy~
1in3cr heads, which are produced by the die casting process ia
two parts, connected by cemecnting or welding and subsequently

mact.ired together. An assiduous development of the tochnology

of 4le cesting, of the machines, furneoes and other foundry
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equipment, whioch 1s carried out om many places in the whole
world, brings about further improvements of the produotion
process and a continuous enhancement of the quality of oast-
inge.

In a whole range of organisations throughout the world,
development problemes are being solved with the goal %o improve
the teohnology of the dle casting process, the improvement of
machines and other equipmert. The reeults of this worz are
go- arent in an ever increasing quality of the castings, whioch
rakes nossible to apply them even in such cases, whers perts,

produced hy other classical procosses, have been used up to

now.
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