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Design for Die Casting

10.1 INTRODUCTION

The dic casting process, also called pressure die casting, is a molding process
in which molten metal is injected: under high pressure int

0 cavities in reusable
steel molds, called dies, and held under pressure during solidification. In prin-

ciple, the process is identical to injection molding with a different class of
materials. Die casting can, in . fact, produce parts which have identical
geometries to injection-molded ones. The reverse is also true, and much of the

increase in the use of injection molding over the past decade has been as a sub-

stitute for-part types which were previously die cast. In many cases, this has

are now very rarely die-cast becau

tabulation of the specific gravity, mechanical properties, and cost of commonly
used exampies of the four principal alloy groups is given in Table 10.].
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Table 10.1 Commonly Used Die Casting Alloys

Specific Yield strength Elastic modulus Cost
Alloy* gravity (MN/m? (GN/m? ($/kg)
Zamak " 6.60 220 655 1.78
Zamak 5'" 6.60 270 725 1.74
A3 2.66 130 130 1.65
A360'0 2.74 170 120 1.67
ZAg™ 6.30 290 86 178
ZA27Y 5.00 370 78 194
Silicon brass 8794 8.50 240 100 6.60
Manganese‘*! 830 190 i 6.60

bronze 865 - :

AZ9IB™ 1.80 150 45 2.93

* Aljoy types: (1) zinc, (2) atuminum, (3) zinc-aluminum, (4) copper, (5) magnesium

The most common die casting alloys are the aluminum alloys. They have
low density, good carrosion resistance, are relatively easy to cast, and have
good mechanical properties and dimensional stability. Aluminum alloys have
the disadvantage of requiring the use of cold-chamber machines, which usually

separatc ladling operation. The distinction between hot- and cald-chamber
machines will be discussed in some detail later in this chapter.

Zinc-based alioys are the easiest to cast. They also have high ductility and
good impact strength, and therefore can be used for a wide range of products.
Castings can be made with very thin walls, as well as with excellent surface
smoothness, leading to ease of preparation for piatj
castings, however, are very susceptible to co
coated, adding significantly to the total cost of
specific gravity of zinc alloys leads to a much hi

rrosion and must usually be
the component. Alsa. the high
gher cost per unit volume than
for aluminum diecasting alloys, as can be deduced from the data n Table
10.1.

Zinc-aluminum (ZA) allo
than the standard zinc alloys.

» THUSE usy-
1s ZA8 (8 percent Al which has
num family.
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Magnesium alloys have very low density, have a high strength-to-weight
ratio, exceptional damping capacity, and have excellent machinability proper-
ties.

Copper-based alloys, brass and bronze, provide the best mechanical proper-
ties of any of the die casting alloys, but are much more expensive. Brasses
have high strength and toughness, good wear resistance and excellent corrosion
resistance. One major disadvantage of copper-based alloy casting is the short
die life caused by thermal fatigue of the dies at the extremely high casting tem-
peratures. ) :

Die life is influenced most strongly by the casting temperature of the alloys
and for that reason is greatest for zinc and shortest for copper alloys. The typi-
cal number of castings per die cavity is given in Table 10.2, However, this is
only an approximation since Casting size, wall thickness and geometrical com-
plexity also influence the Wwear and eventual breakdown of the die surface.

10.3 THE DIE CASTING CYCLE

The casting cycle consists of first: closing and locking the die. The molten
metal, which is maintained by a furnace at a specified temperature, then enters
the injection cylinder. Depending on the type of alloy, either a hot-chamber or
cold-chamber metal-pumping system- is used. These will be described later.
During the injection Stage of the die casting process, pressure is applied to the
molten metal, which is then driven quickly through the feed system of the die
while air escapes from the die through vents. The volume of metal-must be~
large "enough to overflow the die cavities and fif] overflow wells. These
overflow wells are designed to receive the lead portion of the molten metal,
which tends to oxidize from contact with air in the cavity and also cools too
rapidly from initial die contact to produce sound castings. Once the cavities are
i is increased and held for a specified dwell time
takes place. The dies are then separated, and the
eans of automatic machine operation. The open
cated as needed and the casting cycle is repecated.

part extracted, often by m

dies
are then cieaned and lubri

Tabie 10.2 Typical Die Life Vajues

per Cavity
—_—— T TPraviy
Alloy Die life
e— e iehfe
Zinc 500,000
ZA 500,000
Aluminum 100,000
Magnesium 180,000
Copper 15,000
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Following extraction from the die, parts are often quenched and then
trimmed to remove the runners which have been necessary for metal flow dur-
ing mold filling. Trimming is also hecessary to remove the overflow wells and
any parting-line flash that is produced. Subsequently, secondary machining and
surface finishing operations may be performed.

10.4 DIE CASTING MACHINES

Die casting machines consist of several elements:
and clamping system, the die, the metal pumping and injection system, the

metal melting and storing system and any auxiliary equipment for mechaniza-
tion of such operations as part extraction and die lubrication.

namely, the dic mounting

10:4:1 Die Mounting and Clamping Systems

closed with enough force to overcome the pressure of the molten metal in the
cavity. The mechanical or hydraulic systems needed to do this are identical to
those found on injection molding machines and described in Chapter 8. This

fact should not be surprising since injection molding machines were developed
from die casting technology. .

10.4.2 Metal Pumping and Injection Systems

The two basic types of inj
Hot-chamber systems
metal, are used with

ection systems are hot-chamber and cold-chamber.
. in which the pump is placed in the container of molten
alloys of low melting temperatures, such as zinc. Colgd-

machine components [1].

10.4.3 Hot-Chamber Machines

A typical hot-chamber injection or shot System, as shown in Fig. 10.1, CORsists
of a cylinder, a plunger, a gooseneck and a nozzie. The injection cycle begins
with the plunger in the up position. The molten meta’ flows from the metal-
holding pot in the furnace, through the intake ports and into the pressure
cylinder. Then, with the dies closed and locked, hydraulic pressurc moves the
plunger down into the pressure cylinder and seals off the intake ports. The mol-

TS
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Figure 10.1 Hot<chamber injection system.

ten metal is forced through the gooseneck chan
sprue, feed system.and die- cavities.

channel which passes through the cover die half from the nozzie into the feed

10.4.4 Cold-Chamber Machines

A typical cold-chamber machine, as shown in Fig.
tal shot chamber with a pouring hole on the top,
pressurized injection cylinder. The sequence of
the die is closed and locked, and the cylinder plunger is retracted, the molten
metal is ladled into the shot chamber through the pouring hole. In order to
tightly pack the metal in the cavity, the volume of metal poured into the

10.2, consists of a horizon-
a water-cooled plunger, and a
operations is as follows: while
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Table 10.3 Hot-Chamber Die Casting Machines

Clamping Shot Operating Dry Max. die Platen

force size rate cycle opening size

(kN) (cm ($/h) time (s) {cm) {cm)
900 750 58 23 20.0 48 x 56
1150 900 60 25 230 36 x 64
1650 1050 62 29 25.0 66 x 70
2200 1300 64 i3 RN 70 x 78
4000 1600 70 4.6 380 78 » 98
5500 3600 73 5.6 457 100 x 120
6000 4000 76 6.2 48.9 120 x 150
8000 4000 B6 7.5 530 120 x 150

and sh

Specifications for a ny

10.4.

rinks.
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mber of cold-chamber machines arc given in Table
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Figure 10.2 ¢

~id-chamber die casting machine elements.
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Table 10.4 Cold-Chamber Die Casting Machines

Side pull Cover
Clamping Shot Operating Dry . Z-x..&n E.ﬁo: . die haif
force : size rate .nv.n_n opening size Ejector
(kN) (em? - ($/h) time (s) © (em) (cm) pins
900 308 66 22 24.4 48 x 64 : N 2%
1,800 672 73 2.8 36.0 86 x 90 7
3,500 1,176 81 39 38.0 100 x 108 \\\\\‘
. . . 4'
6,000 1,932 94 58 46.0 100 x 120 -7 /
10,000 5,397 116 8.6 76.0 160 x 160 N
15,000 11,256 132 © 102 81.0 210 x 240 .///A
25,000 " 11,634 196 199 109.0 240 x 240 \\ AR,
30,000 13,110 218 233 119.0 240 x 240 \\
A
. '\
- 10.5 DIE CASTING DIES

ject
Die casting dies consist of two major sections—the ejector die half and the Mwmﬂw_q‘
cover die half—which meet at the parting line; see Fig. 10.3. The cavities and
cores are :u.=u=< machined into inserts that are fitted into each of these halves.
The cover die half is secured to the stationary platen, while the cjector die half
is fastened to the movable platen. The cavity and matching core must be
designed such that the die halves can be pulled away from the solidified cast-

e : this reason, full safety doors must always be fitted 1o manial die oo
. | e e

manual die casting
! machines to contain any such escaping fiash material. -
_ One main difference in the die

N Injection
sleeve

Figure 10.3 Dic for cold-chamber die casting machine.

casting process is that overfiow wells are

eter of die casting cavitics. As mentioned

plate and backing support plate. oxides in the casting, by allowing the first
Side-pull mechanisms for casting parts with external cross-features can be » which displaces the air through the escape vents, to pass com-

i
| . .. ) .
found in exactly the same form in die casting dies as in plastic injection molds i pletely through the cavity. The remaining portion of the shot and the die are
nnmn:co.n_ in Chapter 8. However, molten die casting alloys are much less t
i

viscous than the polymer melt in injection moldi prematurely. Such

ing with the high core retraction forces due i m_mo. needed to
to part-shrinkage makes it extremely difficult to produce satisfactory internal i adding substam
core mechanisms. Thus, internai screw threads or other internal undercuts can-

pensive additional machining ._ 10.5.1 ._,1355@ Dies

_ After extraction from the die casting machines

» the sprue or biscuir, runners,
. . | gates, overflow wells and parting-line flash must be removed from the casting.
. It m:o—.._a be noted =..n~ “flashing" always occurs between the cover die and _ This is done either manually or, if production Quantities are larger, with trym-
ejector die halves, leading to a thin, irregular band of metal around the parting _ ming presses. The dies used for trimming operations are simijar (o blanking
line. Occasionally, this parting line flash may escape between the die faces. For and piercing dies used for she

©l metal pressworking. They are mounted on
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mechanical or hydraulic presses, and because the required forces are low, the
bed area to tonnage rating ratio is relatively large. The thickness of the metal to
be trimmed is usually in the range 0.75-1.5 mm.

It is desirable, when designing a casting, to locate the main gates from the
feed channcls as well as the gates to the overflow wells around the parting line

of the cavity and to design a parting line that is not stepped. This simplifies
both the casting die and the trimming die.

10.6 FINISHING

Following trimming, castings are often polished. and/or coated to provide cor-
rosion resistance and wear resistance, and to improve aesthetic appearance.
Polishing is ofien the only surface treatment for aluminum ca
be the preparation stage for high-gloss
Before coating,

stings or it may
painting or plating of zinc castings.
parts are put through a series of cleaning operations to remove
any contamination which could prevent the adhesion of these applied coatings.
The cleaning operations usually performed are degreasing,
and acid dipping. .

Following cleaning, several coatings are available depending on the type of
alloy cast. These coatings may be separated into three groups, namely: electro-
plating, anodizing, and painting. Electroplating is used mainly for zinc alloy
castings because aluminum and magnesium alloys oxidize quickly, preventing
the electroplate layers from adhering properly. Brass castings, although they
may be electroplated after removal of oxides, are often used unfinished.

The most common type of electroplating is a decorative chrome finish on
zinc die castings, which consists of several layers of applied metal. First, a
very thin layer of copper (0.008 mm) is applied to aid in the adhesion of the
subsequent layers. A second layer of copper is then sometimes added to

improve the final surface finish. Two layers of nickel, 0.025 mm thick, are
then applied. These layers aid in co

rrosion resistance by diverting the corro-
sion to the outer layer of nickel beca

use of the difference in electrical potential
between the two layers. The final layer is a thin coat of chromium (0.003 mm),
which also helps to prevent corrosion by serving as a barrier.

Anodizing, used on aluminum, zinc, and magnesium alloy castings, pro-
vides corrosion resistance and wear resistance, and may also serve as a base
for painting. Anodizing of aluminum is the formation of a layer, o.,couﬂobuc
mm thick, of stable oxides on the surface of the base metal by making the cast-
ing the anode in an electrolytic cell, with separate cathodes of lead, aluminum
or stainless steel. This surface is usually a dull gray and therefore not usually
applicd for decorative purposes.

The most common form of applied coating for aesthetic appearance and pro-

tection is painting. Paint may be applied to bare metal, primed metal, or to sur-
faces that have additional protective coatings. Paint is often applied by electros-

alkaline cleaning,
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tatic painting, which uses powdered paint sprayed through a nozzie of the
opposite electrical potential than the castings. .

The process of impregnation, while not a surface finishing process, is some-
times performed after the casting and polishing processes have been completed.
Impregnation is used on castings where porosity may produce structural prob-
lems, as in the case were castings are 1o be used to hold fluids or to contain
fluid pressure. The process of impregnation consists of placing the castings in a
vacuum chamber, evacuating the pores, and immersing the castings in a
sealant. The sealant is then forced into the pores once the casting is in atmos-
pheric pressure.

The cost of surface treatments is often represented as a simple cost per

square area of casting surface. Typical 1991 costs for the more common sur-
face treatments and for sealant impregnation are given in Table 10.5.

10.7° "AUXILIARY EQUIPMENT FOR AUTOMATION

Several operations in dic casting may be automated in order 10 reduce cycle
times and to produce more consistent quality. These operations, which may
utilize mechanized equipment or simple programmable manipulations, are the
removal of the casting from the die, transfer of castings 1o subsequent opera-
tions such as trimming, application of die lubricants, and transfer of molien
metal to the shot chamber of cold-chamber machines. -

Automatic extraction involves the use of a mechanical manipulator that
simulates the actions of a human operator in removing the pant from the die.
The fingers of the manipulator are open upon entry into the die opening, they
then close on the casting, which is usually suspended on the ends of the ejector
pins, pull it out of the die opening, and drop in onto a conveyor beit or into a
trim die. These devices range from simple two-degrees-of-freedom mechan-
isms to programmable robots that are capable of multiple-axis motions. Nate
that small nonprecision die castings may be simply dropped from the die in the
same snanner as small injection moldings.

Table 10.5 Cosis of Commmon Finishing Processes

Fimshing — Cost per 50 em? of
process

surface area (cenis)

Scalant impregnantion

12
Cu/M,c, plate 3.0
Polish 0.9
Anodize [
Prime cost 14

Finish paint coat 16




LA Chapter 10

Die lubricants may be applied automatically by Stationary spray heads
located near the die, or by reciprocating 5pray heads located near the die, or by
reciprocating spray heads that enter the die after the casting has been extracted.
These are sometimes mounted on the back of the extractor arm and are sprayed
as the arm is retracting from the die.

Automatic metal transfer systems are used to transfer molten metal from the
holding furnace to the shot chamber of cold chamber die casting machines.
These systems may be simple mechanical ladles as shown in Fig. 104 or a

variety of more complex Systems, some of which fill at the bottom in order 1o
reduce the transfer of oxides.

10.8. DETERMINATION OF THE OPTIMUM NUMBER OF
CAVITIES

Diecasting Eonnmu.:m‘nouv,m‘:ﬁ‘v.da:n”‘oq ‘the die casting cycle time and: the
operating rate of the die casting machine and its operator. In order to determine
the operating rate, the machine size must be known, This, in turn, can only be
determined if the number of die cavities is known. Since the procedures being
developed in this work are to be used in early design, the number of cavities
which may be used in later manufacturing cannot be ascertained with certainty,
It can only be assumed that the part will be manufactured in an efficient

0 be an optimum number of cavities
lue is the subject of this section.

Figure 10.4 Simple mechanical ladie for cold-chamber machine.

!’I’
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C=Cq+C, + Con+ Cin+ C, 8
where
C, = total cost for all the components to be manufactured: Nt §
Cye = die casling processing cost, $
C, = trimming processing cost, $
Con = multi-cavity die casting dic cost, $
Cin = multi-aperture 1rim dje cost, $
C. = toal alloy cost, $

(1o.n

~ "Ny ="10@! number of components to be cast
N = number of cavities
Cr = die casting machine -and operator rate, $/h
t4 = die casting machine cycle time, h
The hourly operating rate of a die casting machine
can be approximated by the following linear relat;
Co =k + mFs/h
where
- F= awn;‘n%:mw\amnmEmm_u?n force, kN
Ki.m; = machine rate coefficients

» including the operator rate,
onship:

(10.3)

Hot-chamber: k| =554, m; = 0.0036
Cold-chamber: ki =62.0, m, = 0.00572"
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The form of the relationship is supported by the nature of the variation of
die casting machine capital costs' with rated clamp force values as shown in
Fig. 10.5. This machine cost data, obtained from five machine makers, shows a
linear relationship between clamp force and machine costs for hot- or cold-
chamber machines up to 15 MN. However, it should be noted that very large
cold-chamber machines in the range of 1S to 30 MN are associated with
greatly increased cost. For these machines, the smooth relationship results
obtained in this section should be applied with caution,

The cost of trimming, C,,, can be Tepresented by the following €quation:

Cie = (N/n) Catp §
where _
Cq = trim press and operator rate, $/h
tp = trimming cycle time, h

(10.4)

-In-the-present analysis, the
stant value for trim presses

small-capacity presses are necessary in the trimmin
this reason, C, is dominated by the hourly rate of th
than by the cost of the press itself,

The trimming cycle time may be represented by the following equation:

b=t + nat;h (10.5)

800

600 |- e

a
400 |-

Machine Cost, k3

200

0 i 1 1 A L i

0 2 q 6 8 10 12 14 18
Machine Clamp Force, MN

Figure 10.5 Capital costs of die casting machines.
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where
lw = trimming cycle time for a single-aperture trimming operation for a
single part, h

additional trimming cycle time for cach aperture in a multiaperture

trimming die, mainly due to increased loading time of the muiticavity
casting into the press

A

i

P

The cost of a multicavity die casting die, Cun. relative to the
single-cavity die, Cy;. follows a relationship similar
ing dies. Based on data from Reinba
fepresented as the following power law:

Can = Cin™$

cost ¢ a
to that of injecuon mold-
cker [3], this relationship can be

(10 6)
where - - :
C4y = costof a single-cavity die casting dic, $
m = multi-cavity die cost exponent
n = number of cavities

The decreased cost
ical cavities foll
Thus, as discuss:

per cavity resulting from the manufacture of mulitiple ident-
ows the same trend as for the manufacture of injection molds.
ed in Chapter 8, a reasonabje value for m is 0.7.

The cost of a multiaperture trim die, Cin. relative to the cost of a single-
aperture trim die, C,;, will be assumed 1o follow a similar relationship, namely .

Con=Cyp™s S (10.7)
) where
Cy = cost of a single-aperture trim die, §

m

i

multi-aperture trim die cost exponent

It is assumed that the cost cxponent
that for multicavity die casting dies.
The equation for the tota] alloy cost, C

for multiaperture trim 100ls is the same as

ay I8
Cu=NC,$ . (10.8)
—~where- - - - - \ -
C, = alloy cost for each casting, §
Compiling the previous equations gives
Co= (N/n) (k, + mFyy, (10.9)

+ (Nin) t + nay,)C,
+(Cy + C)n™ 4+ N,C,
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If full die casting machine clamp force utilization is assumed, then:
F = nfkN
or

n = F/f (10.10)

where
F

f

die casting machine clamp force kN
separating force on one cavity, kN

Substituting Eq. (10.10) into Eq. (10.9) gives
C = Nk fIF + m)y,

+ NiCytyg F/F

+NCaty,
+{(Cy + C) (FIH™ + NC, (10.11)
In order to find the number of cavities which gives the lowest cost for any

given die casting machine size, the derivative of Eq. (10.11) with respect to the
clamp force, F, is equated to zero. This gives

dCYdF = —Nif (kytg + Cutyg)/F?

+mF'™ D (Cy+ CHM =0
Finally, rearranging Eq. (10.12) gives
™ = Ny(kyty + Calio)/(m(Cq + C,))
as the equation for the most economical number

die casting task.
Example:

An aluminum die cast component has an estimated die casting cycie time of
20 s for a single-cavity die and an estimated 7 s trimming cycle time for a
single-aperture trim die. The cost of a single-cavity die for this part has been
estimated to be $10,000 and the trim die has been estimated 1o be $2,000.
Determine the optimum number of cavities for production volumes of 100,000,
250,000 and 500.000 assuming k, = 628/h, C, = 35%/hand m = 5.7,

Using Eq. (10.13) when N,

[ I

ne''” = 100,000(62 x 20 + 35 x 7)/(3600 x 0.7 x 12,000)
n.=2.6

- (10.12)

(10.13)

of die cavities for any given

= 100,000 components, gives:

Similarly, for 250,000 components, n, =44, and for 500,000 components,
0. = 6.6. These numbers indicate that for production volumes of 100,000,

Design for Die Casting a1

250,000 and 500,000, dies with cavity numbers of 3, 4 and 7, respectively,
would lead to most efficient manufacture. In practice, it is unusual to have an
odd number of cavities, so for these three cases, the likely number of cavities
would be 2, 4 and 6, respectively. . .

Once the most economical number of cavities has been determined for a
particular die casting task, the physical constraints of the equipment must be
examined. The first consideration is the number and position of shiding cores in
the die.

As with injection molds, sliding cores must be located in the die such that
they may be retracted, and such that there is space for their drving mechan-
isms. Also, as with injection molds, cavities that require sliding cores on four
sides are limited to single-cavity dies, while cavities with cores on three sides
are limited to two-cavity dies. Cavities containing core slides on two sides are
restricted to either two- or four-cavity dies, depending on the angle between
slides; se¢ Fig. 10.6. v

The remaining constraints are on the die casting machine and trim press to
be used for the task. The die casting machine must be large enough to provide
the required clamp force, as well as to provide a platen area, shot volume, and
die opening large enough for the specified casting arrangement. Similarly, the
bed area of the trim press must be large enough to accommodate the area of the
shot. If the available machines and presses cannot meet all of these constraints,
then the number of cavities must be lowered until the corresponding machine
size falls within the range of available machines. The process of determining
the appropriate machine size will be covered in detail in the next mnn:c:‘ii

10.9 DETERMINATION OF APPROPRIATE MACHINE SIZE

Several factors must be considered when choosing the appropriate machine size
with which 1o cast a particular die cast component. These factors include the
machine performance, as well as the dimensional constraints imposed by the
machine. The most important machine performance capability 10 be considered
is the machine clamping force. Dimensional factors that musi -- ~onsidered
include the available shot volume capacity, the die opening stroke icngth, also
called clamp stroke, and the platen area.

10.8.1  Required Machine Ciamp Force

Die casting machines are primarily
force. In order 10 prevent the die h
exerted by the machine on the die
of the molten metal on the die duri

F>f

specified on the basis of machine clamping
alves from separating, the clamp force, F.

must be greater than the separating force, f,
ng injection:

(16.14)

- . SEE——
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Cavity Cavity
Insert insert
)
_ +
] A
Side puli Side puli
Side puil " Side pull—
)
Side Cavity Cavity Side
pull insert ) insert o pull
Cavity Cavity
Side _ | I insen! = linsen | & Side
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Figure 10.6 Restricted number of cavities with 2 side-pulls.

For a given die casting task, the force exerted b
represented as follows:

f= PmAn/10
where
f = force of molten metal on die, kN
Pm = molten metal pressure in the die, MPa

A total projected area of molten metal within the die, cm?

y the molten metal-may- be

il

Pt

:c.;v.
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The total projected area, >1. is the area of the cavities, feed system, and
overflow wells, taken normal to the direction of die opening, amd can be
represented by the following squation:

Ap = Ap + A + Ay (10.16)
where

A = projected area of cavities,

Ay, = projected area of overflow wells

Ay = projected area of feed system

Figure 10.7 shows the relative size of a typical casting before and after trim-
ming. The proportions of Ay and A, to the cavity area, A, vary with the size
of the casting, the wall thickness and the number of cavities. However, analysis
of a wide variety of different castings has failed to establish any logical rela-
tionships between the geometry of the cavity and the area of the feed and
overflow system. One reason for this situation may be, as stated by Herman
[4], that the relationships betweer, casting geometry and overflow size are not
well understood. The size of overflow wells is thus a matter of individual
diemaker judgmem coupled with trial and error modifications during dic
tryout. The range of variation of (Ap, + Ay). from examination of actual cast-
ings, appears to be from S0 percent of A, to 100 percent of A,.. The mean
value of total casting projected area can thus be represented approximately by

Ap = 175 Ap (1017
Equation (10.17) is intended to be used at the sketch stage of design in order
obtain a first estimate-of required clamp force from Eq. (10.15). The pressure

at which the molten metal is injected into the dic depends primarily on the die

Figure 10.7

Hot-chamber die casting before and afte; trimming.
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casting alloy being used. Typical pressures for the main classes of alloys are
given in Table 10.6. It should be noted that the metal pressure is often
increased from the instant that the die is filled in order to reduce metal porosity
and surface defects which can result from metal shrinkage. However, this
intensification of pressure occurs when a skin of solidified metal has already
formed from contact with the die. surface. This skin acts like a vessel which
helps 1o contain the pressure increase, and for this reason machine builders
suggest that the unintensified pressure should be used for clamp force calcula-
tions. Thus, the values for Pm in Eq. (10.15) may be taken directly from Table

10.6.
10.9.2 Shot Volume

The shot volume required for a particular casting cycle may be represented by

<_H<n+<o&K_nF:H.‘

’ T T ) (10.18)

where
s = total shot volume

< <
wn

¢« = volume of cavities
volume of overflow wells
volume of feed system

]

<
I

As with the projected area contributions, the volumes of the overflow wells and
the feed system fepresent a significant portion of the shot volume.
tion of material_in_the -overflow and runner syst
greater for relatively thin wall castings. Blum (5] analyzed a number of
different castings and has suggested that the volumes of the overflow and feed
Systems can be represented by the approximate relationships

Vo= 08V /n'23cm?
V=V /hem?

i

(13.19)
(10.20)

Table 10.6 Typical Cavity Pressures in Die Casting

. Cavity-pressure

Alloys (MN/m?
Zinc 21
Aluminum 48
ZA 3s
Copper 40
Magnesium 48
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Vo = Vi/hiSem? (10.21)

For the present early-design assessment purposes,
will be further reduced to the simple expression for

Vo= V(i + 2/h)

these tentaiive relationships
shot size

(10.22)

where again h = average wall thickness, mm. The difterence between Eq.

(10.22) and Egs. (10.18), (10.19) and (10.20) over the range h = |
mm is only 4 10 7 percent.

-It_should be noted “that

mm {o 10

‘the feed system and overflow wells, which are
trimmed from the casting, cannot be reused immediately as is the case with
injection moldings. The Scrap materiai from diecasting must be returned to the
material supplier where oxides arc removeq and the chemical compasition
recertified. This “conditioning " process typically costs 15 to 20 percent of the

cost. Material cost per part should, therefore, be estimated
from the weight of the part, plus say 20 percent of the weight of overflow wells
and feed system, using the cost per kilogram given in Table 10.1,

do.w.u\_“.m‘.:.:____,.::__‘,r.nz.:a Constraints — -

: ) T operator or mechanical
extractor, will be
Li=2D+ 12cm

The factor 2 s required to achieve scparation fi

The second requirement is that the area between the
clamp. unit, sometimes referred to as
accommodate the required die. The

AR
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Example:

A 20 cm long by 15 cm wide by 10 cm deep box-shaped die casting is to be

made from A360 aluminum alloy. The mean wall thickness of the part is 5 mm

and the part volume is 500 cm®. Determine the appropriate machine size if a
2-cavity die is to be used.

Projected area of cavities is given by

Ap =2 % 20 x 15 = 600 cm?

and so estimated shot area is

Ap =175 x 600 = 1050 cm?

Thus, the die separating force from Eq. (10.15) and Table 10.6 is

F,, = 48 x 1050/10

it
2
3

The \m:ow size is m?nr ‘c‘v. mA (10.22) to be

V, =500 (1 + 2/5) = 700 cm®

The clamp stroke, L,, must be at _.num.

Li=2x10+4+12=32cm

The clearance between the cavities and with the plate edge is likely to be

Clearance =75+ 0.5 x (20 x 15)/100
=90cm

~ - Thus;the two' cavities may be arranged end to end with 9.0 cm spacing

between them and around the edges and with a 20 percent width. increase to
allow for the overflow wells. If an additional increase of 12.5 cm is then
applied to the plate width for the biscuit, a final plate size of 67 x 42.5 cm is
obtained. The layout within this plate is shown in Fig. 10.8. The appropriate
machine from Table 10.4 would thus be the one with 6000 kN clamp force
which can accommodate plate sizes up to 100 cm x 120 cm.

1010 DIE CASTING CYCLE TIME ESTIMATION

A die casting machine cycle consists of the following elements:

(i) Ladling the molten shot into the shot sleeve (for cold-chamber machines
only)

(i) Injection of molten metal into the feed system, cavities and overflow
wells .
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Required plate area

y

Allowance for
\\ overfiow wells Ja
’

P = - e e -

- v - —

N L/

Cavities

Feed o
system Injection

sieeve hole

Figure 10.8 Layout of 2-cavity die.

(iii) Cooling of the metal in the feed system, cavilics and overfiow wells
(iv) Opening of the die and the safety door
(v) Extraction of the diecasting which is usuall
tor pins B
(vi) Lubrication of the die surfices
(vii) Closing of the die for the next cycle

10.10.1

y held on the projecting ¢jcc-

Ladiing of Moiten Metal

The time for manual ladling of the molten metal shot into a n.s_a‘nrs‘:vi
machine has been studied by Ostwald [6], who presents time standards for

different shot volumes. This can be represented almost precisely by the lincar

relationship
. hm =2 40,0048V, (10.24)
where
tim = manual ladling time, 5

i

V, = total shot volume, cm?

Note that this time does not include the transfer of the ladle to the machine

pouring hole which occurs while the die and safety door on the machine are
closing.
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10.10.2  Metal injection Ly

n

Metal injection and the resulant filling of feed system, cavities and overflow
wells occurs extremely rapidly in die casting. This is essential to avoid prema-
ture solidification, which would prevent complete cavity filling or cause casting
defects where partially solidified streams of metal come together with incom-
plete bonding taking place. It is clear that the problem of premature
solidification will be greater for thinner wall diecastings since, during filling, a
thinner stream of molten metal, with less heat content, will contact the cooled
die walls. The Society of Die Casting Engineers [7] has recommended that fill

lime should be directly proportional to the average casting wall thickness
governed by the following equation:

4t =0.035h(T, - T, + 6L)(T, - T, (10.25)
where S
- t¢ = fill time for feed system, cavities and overflow wells, s
T; = recommended melt injection temperature, °C
Ty = die casting alloy liquidus temperature, °C
Tr = die temperature prior to shot, °C
h = average wall thickness of diecasting, mm

Typical values of T,, T, and Ty, for the different families of die casting alloys
are given in Table 10.7. Substitution of these values into Eq. (10.25) yields fill
times ranging from 0.005 h to 0.015 h. It can be seen that fill times in die cast-
ing will rarely exceed 0.1 s and are usually represented in milliseconds. Thus,
for the purposes of estimating cycle times, fill time can simply be neglected.

10.10.3 Metal Cooling

As described briefly above, the casting cycle proceeds when molten metal, at
temperature T, is injected rapidly into the die which is at initial temperature
T The casting is then allowed to cool to a recommended ejection temperature

Table 10.7 Typical Die Casting Temperatures (°C)

Alloy . Injection temp. Liquidus temp. Die temp. Ejection temp.
Zine 440 387 175 300
Aluminum 635 585 220 385
ZA 460 432 215 340
Copper 948 927 315 500
Magnesium 655 610 275 430
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T.. while the heat is being removed from the die through the circulation of
cooling water.

During solidification of the metal, latent heat of fusion is released as the

metal crystallizes. This additional heat can be represented by an equivalent
increase in temperature, AT, given by the following equation:

AT = HyH, RN A {10.26)
where . o

_Hy = latent heat of fusion coefficient, J/kg

H; = specific heat, Ji(kg K)
The equivalent injection temperature, T, then becomes

T, =T + AT {10.27)

This-approach to the inclusion of heat of fusion in ,noc_:.m calculations has been

used extensively in the literature. The term AT is often referred to as
“superheat.”

Is pro-
because in injection molding, the thermal
conductivity coefficient of the thermoplastics is of the order of 0.1 W/{mK)

whereas die casting alloys have typical conductivity values of approximately
100 W/(mK). This. . .

vided by the polymer itself, This is

component of cycle times. In die casting, “lubricants" are sprayed onto the die

to protect the die surface, but aiso 10 provide a heat resistant coating in order (o
slow cooling for satisfactory die filling.

The resistance of the die interface
coefficient, H,, which has units kW/(m2K
surface is then given by

inz$3;ai

is represented by its heat transfe;
). The rate of heat fluw into the dic

(10.2%)

where
T

i

alloy temperature adjacent to die face, °C

T = temperature of die adjacent to die face, "C
A = area of contact with die surface, m?
H, = heat transfer coefficient, kW/(m?K)
W = heal fiow rate, kW
Reynolds (9] has shown that for permanent mold (nonpressurized) casting of
alumi

inum alloy, the heat transfer coefficient with z polished die surface is ay
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high as 13 kW/,..’K). However, with a thin coat of amorphous carbon, the
heat transfer coefficient varies between | and 2 kW/(m?K). Sekhar et al. [10]

metal. For typical die casting pressures between 20 and 50 MN/M?, and car-
bon layers between 0.05 and 0.2 mm thick, Sekhar’s results show an average
heat transfer coefficient value of approximately 5§ kW/(m?K).

Dewhurst and Blum (11] have shown that, based on the heat ‘transfer
coefficient as the principal heat resistance mechanism, the cooling time may be
represented by the simple equation

te = pHiloge [(Tyy — To)/(T, — Tyy) Jma/2H, (10.29)
where
p = density, Mg/m®
H, = specific heat, J/(kgK)
T/ = “super heat” injection temperature, °C
Ty = mold temperature, °C

T = casting ejection temperature, °C
hmax = maximum casting wall thickness, mm
H, = heat transfer coefficient, W/(m’K)
Example:

Determine typical cooling times for zinc die castings. For a typical zinc die
casting alloy, the following parameter values can be used:

p=6.6Mg/m’ -
H, = 419 J/(kgK)

T; = 440°C

300°C

175°C

112 % 10% J/kg
5000 W/(mK )

—Thus, from Eq. (10.26) and (10.27) ~
Ty =440 + (112 x 10°)/419
= 707.3°C

ZxgaA
W a

{10.30)

Substituting the above valyes
cooling time as

t, = 0.4h,,,s

into Eq. (10.29) gives an estimate of nominal

(10.31)

" longer than for the casting itself. A rule of thum
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where
t;; = nominal cooling time for zinc alloys
Bmax = maximum wal] thickness, mm
~ Similar substitutions intg Eq. (10.29) with appropriate parameter values for
other die casting alloys give the foliowing simple expressions for cooling time.
—n\ = m:.:: s
where

8

and

8

(10.32)

H

cooling factor

0.4 for zinc alloys

It

0.47 for aluminum alloys
= 0.42 for ZA alioys

= 0.63 for copper alloys

= 0.31 for magnesium alloys

€ cavily and core blocks to cover the casting surfaces. For
+ cooling of the dies becomes less efficient

geometrically complex castings and that the trend represented by

L= A>s\>vv—\~m 73.- ) (10.33)
Bives a better fit to actual cooling times,
where

A = cavity surface area

Ap = cavity projected area

Note that for thin wall castings, the cooling time for the feed system may be

b, obtained from industrial
er be less than for a flat 3 mm thick
r Ay and A, the overflow wcells and

sources, ‘is that the tooling time will nev

casting. Also, in calculating the values fo
feed systems are neglected.
Example:

Determine the cooling time for a 50 mm diameter b

cylindrical cup, with 3 mm wall thickness which is to
num alloy.

y 100 mm deep plain
be die-cast from alum;.
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Cavity area, A; = 17671 mm?
Cavity projected area, A, = 1963 mm?
Thus, from Eg. (10.33), with the appropriate b value of 0.47,

.= (17671/1963)'2 x 0.47 x 3
=423s -

10.10.4 Part Extraction and Die Lubrication

On die opening, the ejector pins protrude through the core and push the cast-
ing. with its feed and overflow system, into the gap between the cavity and
core plate. Small nonprecision castings may then be dropped into the gap
below the die, usually into a water tank where a conveyer belt transports the
part into a bin. However, die castings always stick onto the ejector pins
-because of flashing around the pin ends in the die and a secondary ejection
mechanism must be employed to break the casting free. This usually involves
putting small rack and pinion actuators behind a small proportion of the pins,
which move these pins further forward at the end of the main ejector stroke.

For larger or precision parts, the casting must be removed from the ejector
pins by the machine operator or by a pick-and-place device on an automatic
machine. In this case, the time for casting removal depends principally on cast-
ing size. Discussions with die casters suggest that a typical time for unloading a
10em x 15 cm casting is 3 s and that unloading a 20 cm x 30 cm casting will

take 5 s. If it is assumed that the unloading time increases linearly with casting
size, then these values give the relationship

-
i

1 +0.08(W+1L)s forW+L>25cm (10.34)

t, = 35 otherwise

1y = casting extraction time, s
W, L = width and length of the smallest rectan
tem, cavities and overflow wells, cm
Example:

A box-shaped aluminum alloy casting,
deep, is to be cast in a 6-cavity die.
ing from the die casting machine.

Using the guidelines for casting layout given in section 10.8, the size of
each cavity plus overflow wells will be approximately (8 x 1.2) by 10 or 9.6
cm by 10 cm. Assuming a two by three pattern of castings with a separation of

gle which will enclose feed Sys-

8 cm wide by 10 cm long by 2 em
Estimate the time for extraction of the cast-
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8 cm (7.5 plus 0.5 for a cavity area of approximately 100 cm?), BIVES a cavity

array size equal to 28 cm x 44.8 cm. Finally, allowing a2 12.5 cm width

increase for the sprue or biscuit gives a total casting size of 40.5 x 44.8 cm.
The time for part extraction, from Eqn. (10.34) is thus

t,=1+008(40.5+44.8) =785

The time for die opening and closing is estimated in the same way as for
injection molding. The only difference is that in die casting, the full clamp
stroke is commonly utilized to give adequate access for casting removal. As in
injection molding, the die must be opened at less than full clamp speed io allow
safe separation of casting from the cores. If 40 percent of full speed is

assumed, as discussed in Sec. 8.6.3, then the die opening pius closing time can
be given by

—svn: Flaoe = 17535~ - - (10.35)
where
tg = machine dry cycle time

Thus if the 6-cavity die above is operated on the 6000 kN cold-chamber
machine in Table 10.3, the die opening and closing time will be given by

topen + tetose = 1.75 X 5.8 = 10.2s

After part extraction, and before the die is closed, the dic surfaces are
sprayed with an appropriate lubricant. The-resulting-lubricant-film serves-two—
purposes. It forms a barrier to heat flow, as discussed in Sec. 10.10.3, 10 allow
more time for satisfactory cavity filling. It also protects the die surface from
erosion by the high-pressure wave of hot metal. The time for application of dic
lubricant depends on the alloy being cast and on the number of cavities and
cavity size. It also increases with the number of side-pulls since the slideways
require additional lubricant concentration. Typical times ohtained from indus-
trial contacts are given in Table 10.8.

Example: i

“The box-shaped aluminum castings discussed above have a hole in the side
wall which requires one side-pull for each of the six cavitics. The average wall
thickness is 4 mm and the maximum wall thickness is 10 mm. The projected
area, A,, of each cavity is 80 cm? and the cavity surface area, A, equals 280

cm’. The volume of each casting is 85 cm’. Thus, from Eq. (10.22), the shot
volume is given by

V,=6x85% (1 +2/4) = 765cm’

Referring to Table 10.8, the die lubrication time per cycle s given by

:Hu+_x?_x:nv+~xﬁ=n|: (10.36)
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Table 10.8 Lubricant Application Times for Die Casting (Seconds)
Added time
Basic .

Part size time Per side-pull Per extra cavity

Small 3 1 1

(10cm x 10cm)

Medium 4.5 1 2

(20 cm x 20 cm)

Large. 6 1 3

(30 em x 30 cm)

Number of machine cycles per lubrication
Aluminum 1
Copper 1
ZA 2
Magnesiiim 2
Zinc 3l

where
n, = number of side pulls per cavity
=] ‘
ne = number of cavities
=6
Thus
4 = 145

Note that if the boxes were cast from zinc alloy, then lubrication would occur
every three cycles, so the value for t; would be 4.67 s,

The cooling time for the box castings is given by Eq. (10.33) as

t = (280/80)'"? x 0.47 x 10
88s

The time' for ladling of the molten shot into the cold- chamber machine is

given from Eq. (10.24) as
tm =2+ 0.0048 X 765 = 5.7 5 *

Finally, from Sec. 10.10.2, it can be shown that the fill t
mately 0.05 s,

Thus, the complete cycle time for the six-cavity die casting operation is as
follows: ,

ime will be approxi-

'
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Cooling time = 88

Part extraction time = 7.8
Die lubrication time = 14.0
Die open/close time = 10.2
Metal ladling time = §.7
Total = 4655

10.10.5 Trimming Cycle Time

The need for the trimming operation in the dic casting process is an imporiant
factor distinguishing die casting cost estimation from that of injection molding.
The trimming processing cost is the product of the trimming time and the
hourly operating rate of the machine and operator. As previously mentioned in
the discussion on optimum number of cavities, the hourly trimming rate can be

approximated by a constant value for all machine sizes due to the small ton-

nages of the machines as well as the relatively small range of machine sizes.

This small press size requirement means that the hourly rate is dominated by

the hourly labor rate of the trim press operator rather than by the cost of the
press itself, -

The trimming cycle time,
is similar to punch press load
by Ostwald [6). These times
of the part and can be rep
from these data:

(i =3.6+0.02(L + W)s

where

including the time to load the shot into the press,
ing and cycle times for sheet metalworking, given
vary linearly with the sum of the length and width
resented by the following relationship developed

{10.37)

ty = sheet metai press cycle time, s

L = length of reclangular envelope, cm
W = width of rectangular envelope, cm

il

i

Discussion with industrial sources indicates that press loading times of
casting shots are generally longer than sheet metal loading times. One reason
for this is that die casting shots- are oddly shaped and are, therefore, morc
difficult 1o align in the die. Additional time is also required for periodic cican-
ing of the trimming die;-as flash-and o 1ET SCrap create a buildup of debris.

It appears from data on a limited number of castings that trimn press cycle
times are typically 50 percent higher than manual press operations for shcet
metal. Thus, for early costing purposes, the trim press cycle time can be
estimated by v

die

L =544 0.18(L+ W)s (10.38)

Note that for castings with side holes produced by side pulls,
required in both the die opening and side pull directions. In some

wimming s
cases, these
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scparate trimming tasks will be carried out with separate trim tools on separate
presses. In these cases, a multiple of the time estimate from Eq. (10.38) would
give the appropriate total trimming cycle time. The cost of trim dies and the
effect on die cost of multiple trim directions are discussed in Sec. 10.10.3.

10.11  DIE COST ESTIMATION

The tooling used for die casting is somewhat more expensive than for injection
molding. There are three main reasons for this. First, because of the much
greater thermal shocks to which a die casting dic is subjected, finer steels must
be used for the die set and cavity and core inserts than are necessary for injec-
tion molding. This gives rise to increased costs for the die set even though it is
identical in basic construction to an injection-molding mold base. It also results
in greater costs for manufacturing the cavity and core inserts from the more
difficult to machine material. Second, the overflow wells and larger sprue or
biscuit take up mof# plate area than in injection molding with th
for a larger die set than the corresponding mold base for an inj
part. Third, for other than the smallest
must be manufactured 1o remov
from the finished castings

€ requirement
ection molded
production volumes, a separate trim tool

¢ the flash, feed system and overfiow wells

10.11.1 Die Set Costs

A major supplier of interchangeable die sets and mold bases offers them with
three qualities of steel: No. | steel (SAE 1030), No. 2 steel (AISI 4130) and
No. 3-steel Av.wowam_‘ﬁuov. Steels No. | and No. 2 are recommended for
injection molding, while steels No. 2 and No. 3 are recommended for die cast-
ing. For the same plate areas and thicknesses, the average cost of mold bases
(steel No. [ or 2) is compared with the average price of die sets (steel No. 2 or
3) in Fig. 10.9. The line drawn on the graph has a slope equal to 1.25, which
means that for the same plate sizes, a die casting die set will be typically 25
percent more expensive than a mold base for injection molding. Thus, from
Sec.8.7.1in Chapter 8, the cost of a die set, Cy, can be represented by

Cy = 1250 + 0.56 Ahlts
where

A, = area of die set cavity plate, cm? (which can be estimated from the cast-
ing layout rules given in section 10.9.3)

(10.39)

h

]

p = combined thickness of cavity and core plates in die set, cm.
As with injection moldin
of plate material separat
10 cm plain cylindrical
7.5 cm thick core plate

8. typical plate thicknesses .mro:_a be based on 7.5 ¢cm
ing the casting from the outer plate surfaces. Thus, a

cup would typically have the main core mounted onto a
and the cavity sunk into a 17.5 cm thick cavity plate.
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Figure 10.9 Relative cost of die casting die sets.

Also, as for injection molding,

the plate area should be increased to allow
for any hecessary side pulls; see th

e description in Sec. 8.7.1.

10.11.2 Cavity and Core Costs
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(i) Minimus. rinish required to achieve clean separation from the die
(i) Medium finish which will allow parts to be buffed or polished
(iii) Highest-quality finish, which is usually reserved for zinc alioy parts
which are to be chrome-plated to mirror standard

The percentage increases which should be used in the point cost system of
Sec. 8.9 to account for cavity and core finishing are given in Table 10.9.

10.11.3 Trim Die Costs

The basic trim die performs essentially the same function as a sheet metal
blanking die. However, the trim die construction is less expensive than for
blanking dies because of the smaller forces which are encountered. Examina-
tion of a range of industrial trim dies indicates that the cost of a die to trim a
casting with a flat parting plane and no internal holes is approximately half the
cost of an equivalent sheet metal blanking die. Moreover, if additional punches
are required to trim internal holes in a casting, os

then the cost is approximately
the same as for the purchase and fitting of standard punches into a sheet metal
die set.

Thus, from the equations developed in Chapter 9, the cost of a trim die can
be- estimated as follows. Complexity of the outer profie is defined as for sheet
metal parts by

Xp = PU(LW) (10.40)
where

P

Lw

outer perimeter of one cast part, cm

length and width of smallest rectangle which
surrounds outer perimeter of one cast part, cm

it

Taking 50 percent of the basic manufacturing points for blanking dies give

M, = 15 + 0.125 X0 *p (10.41)

Using the average of the curves used in Chapter 9 for area correction of blank-
ing dies gives

Table 10.9 Surface Finish Effect on Point Score.

Percent
Appearance increase
Minimum finish 10
Medium finish 18
Highest quality 27
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fi = 1 + 0.04 (LW)07 {10.42)

Using the sheet metal value of 2.0 equivalent manufacturing hours for the pur-

chase and fitting of standard punches gives the estimated hours for a basic trim
tool as

M, = fluM + 2N, - - (1041
where
M, = basic 100l manufacturing time, h

Ny = number of holes to be trimmed

Two additional factors can substantially increase the cost of the basic trim
tool. These are the complexity of the parting line and the existence of through
holes, produced by side pulls, which require trimming in a nonaxial direction.
Data on trim tool costs obtained from dic casters suggests the following
approximate relationships for these added cost factors.

(i) Each additional trim direction will require approximately 40 extra hours
of tool making. This is the time 10 produce an extra trim tool with one or more

shaving punches, or to incorporate a cam action into the main trim tool for
angled punch action.

(ii) Approximately 17 h of additional tool making are associated with each
increase in parting line complexity. Parting line complexity is defined accord-
ing to the levels given in Table 8.8 of Chapter 8. Thus, a casting with parting
line complexity 4 will require approximately 68 extra hours of manufacture for

the trim tool. This time is required to produce a segmented die with cutting

edges on the different levels required to follow the parting line contour. .
‘Example: T

A die casting has the following defining characteristics:
Outer perimeter, P = 68.6 cm
Envelope dimension, L = 24.0 cm
Envelope dimension, W = 13.5 cm
Number of holes to be trimmed, Ny =9
Number of side pulls per cavity, n, = 2
Numbser of cavities, n_ = 2

Parting line factor = 2 -

Estimate the cost of the required irim tool.

QOuter profile compiexity, X, 68.62/(24 x 13.5)

145

i

Area correction factor, fiw

1l

14004024 x 13.5)77
33

it
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. Basic manufacturing points, M,, = 15 + 0. 125(14.5)%75

The base manufacturing hours for the trimn tool for a single cast part is given
by Eq. (10.43) as

M =33x16+2x9=708h

Two additional trim directions are required for the side-pull features, which
will require 40 added hours of tool making. The parting line has several steps,
Biving a parting line factor of 2 and, thus, 34 added hours to achieve the
stepped trim die surface.

If a typical tool making rate of $40/h is assumed, then the cost of the trim
tool(s) for one cast part would be approximately

Cui = (70.8 + 80 + 34) x 40 = §7,392

In this case a two-cavity die is used, so the trim too] must have two shaving
dies and two sets of punches to accommodate the two-part casting. To allow
for the manufacture of trim tools for multicavity castings, the multicavity cost
index is used exactly as for the cost estimating of multicavity dies and molds.
Thus, using a multicavity index value of 0.7 (as used in Sec. 10.8) the
estimated total cost of the complete trim 100l is

Cin=7,392 x 2°7 = $12,000

The actual 199
$14,000.

purchase cost for the tool for trimming this casting was

10.12 ASSEMBLY TECHNIQUES

Die castings can be produced with a variety of features which assist with
assembly. Alignment features such as chamfered pins, holes, slots, Projecting
alignment edges, and so forth have insignificant cost and yet can ensure
frustration-free quality assembly work. Unfortunately, there is no analogy of
the injection-molded snap fit elements in die casting. The only integral fasten-

of cast projections 10

. alloys, projecting rivet posts, tabs or projecting edges ¢
assembly 10 achieve strong attachment.
As with injection molding,

However, unlike injection molding, screw thread bushings are not used since
cored holes in the casting can be tapped to produce high-strength attachment.

__
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Examples can be found of die castings with spring steel inserts where the
spring satisfies a functional requirement in the assembly. This suggests the pos-
sible use of spring steel inserts to.produce snap fit die cast parts. Hewever, the
authors are unaware of any such application.

10.13 DESIGN PRINCIPLES

me stiffness as the 5 mm injec-
- This comparison suggests an

economic advantage mechanica! properties or heavy

walls are required.-
2. Features
moiding, this would produce delayed cooling of the localized thickened section

he 1 £ in contraction of the surface (sink marks) ur internal
Cavitation. A general rule js that the thickness of projections, where they mect
the main wall, shoyld not exceed 80 percent of the main wall thickness.

Is of castings should not, if possible,
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viewed in the direction of die opening can often be produced by making a step
in the parting line to pass over the center of the projection. .

4. Internal wall depressions or internal undercuts should be avoided in cast-
ing design since moving internal core mechanisms are virtually impossible to
operate with die casting. Such features must invariably be produced by subse-
quent machining operations at significant extra cost.

Notwithstanding the above guidelines, the power of diecasting lies in its
ability to produce complex parts with a multitude of features to tight tolerances
and with good surface finish. Thus, having made the decision to design for die
casting, the most important. rule is to get as much from the process as is
economically possible. In this way, the structure of the assembly will be
simplified with all the resulting cost and quality benefits. The main purposc of
the procedures established in this chapter is to help the designer to identify
economic applications of the die casting process and 1o quantify, if necessary,
the cost of alternative designs
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