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EVALUATING
MATERIALS &
PROCESSES

The expanding range of materials and manu-
facturing processes open to designers of engi-
neered products has made selection of the
optimum production alternative more complex
and demanding.

To aid OEM product designers and engi-
neers who are concerned with the optimum
material-process decision for their products,
this bulletin provides an update on the high-
pressure die casting process and the latest die
casting alloy properties data.

|
1. Finding the Right
Mcaterical cmd Process Fit

Material developments and important changes
in process technology have created new
options for product design decision-making,

Along with the introduction of new die cast-
ing alloys, methods now being used to produce
these alloys have been modified to reduce
impurities and improve overall metal quality,
with greatly reduced energy consumption.

As postuse recyclability of product parts
has become Increasingly important in product
design, the long-established recycling of die
casting alloys has emerged as a new material
and process consideration. A worldwide met-
als reclamation infrastructure has been opera-
tive for more than 30 years.

The die casting process itself has been
researched and systematically quantified in
terms of thermodynamics, heat transfer and
fluid flow parameters. This technology has
been transferred to the die casting industry,
where its use has made a significant improve-
ment in the design of die casting dies and in
casting techniques.

Die casting machines today have been fitted
with new, high-technology electronic systems
that control production processes according
to those parameters and continuously monitor
production output. Casting accuracy is greatly
improved, variations from casting-to-casting
are sharply reduced, and production costs are
more closely controlled.

Mechanical Requirements

Die casting materials are precisely formulated
metal alloys which offer the mechanical prop-
erties of medium-strength metals. They are
generally several times as strong and many

An introductory guide
to die casting as an optimum
process and material choice

Prepared for

QEM designers,
specifiers and
purchasers by the

for the production of Diecasting
; Development
engineered components Council
Bulletin No. 1

times mote rigid than plastics, and their
mechanical properties compare favorably with
powdered iron, brass, and screw-machined
steel.

The ZA die casting alloys offer excellent
bearing properties. In some applications
designers have been able to incorporate bear-
ings into their components, eliminating bear-
ings that were formerly fabricated separately
and inserted,

Product Strength

The product-strength equation contains two
key factors: material strength and product con-
figuration. Die casting alloys offer a wide range
of as-cast material strengths, ranging as high
as 60,000 ksi (415 MPa) ultimate tensile. The
designer can usually develop sufficient
strength in critical features simply by provid-
ing adequate wall thickness. Where additional
strength 1s required, reinforcing features such
as ribs, flanges, and locally thickened sections
can be accurately computed and precisely
cast.

The die casting process allows the product
designer freedom to create extremely intricate
contours, varying wall thicknesses over vari-
ous sectors of the product. Where strength
requirements are minimal, high-tech die cast-
ing processes are producing components with
ultra-thin walls. The designer thus has much
more latitude with die castings than with plas-
tics, powdered metals, or stampings to design
relatively thick walls for strength in some
areas, and very thin walls for conserving mate-
rial in others.

Rigidity

Component rigidity is analogous to strength; it
is a function of both the modulus of elasticity
of the material and the configuration of the
component. Rigidity is, therefore, achieved in
the same way as strength: by utilizing ade-
quate wall thickness and adding appropriate
reinforcing features.

Large size die castings that are designed pri-
marily for rigidity, which is essential to mini-
mize noise and vibrations, are being used for
clutch and transmission housings in passenger
cars and light trucks. On the other end of the
scale, a die cast carrier for a high-speed print-
er is selected over filled plastics because it
maintains precise alisnment under high G-
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loads, at a weight of three ounces.

Impciet and Dent Resistance

Impact resistance is the ability of a component
to withstand an impact load without fracture.
It is a function of the material impact strength
and the configuration of the component, par-
ticularly the feature that is impacted.

Dent resistance is the ability of a compo-
nent to withstand an impact load without
undergoing permanent deformation. The mod-
erate-to-high yield strength and low (com-
pared with iron and steel) modulus of
elasticity of die casting alloys allow the
designer to develop die castings with surpris-
ingly high dent resistance.

The impact and dent resistance of large die
castings has been proven in the rugged drive-
lines of four-wheel drive vehicles. Medium-size
die castings display similar properties in
hand-operated portable power tools. Small die
castings, such as scale-model cars and trucks,
routinely survive impacts that are totally
unpredictable.

Fatigrue Strengrth

Under cyclic loading, a component can fail at
stresses much lower than predicted by tensile
strength values. Cyclic loading in metals caus-
es minute cracks that spread, and usually join,
reducing the load-carrying area of the section.
When the area has been reduced to the point
where it will no longer support the load, the
component fractures.

The fatigue strength of a part is a function
of the fatigue strength of the material and the
design of the component. Fatigue strength has
been documented for most die casting alloys.
These published values are usually conserva-
tive and allow for casting variables such as
porosity.

Die castings can be successfully used in
fatigue applications by following appropriate
design procedures, most of which apply to all
materials. High-tech die casting processes
may improve component fatigue performance
by minimizing the minor casting defects that
initiate fatigue.

|
2, The Working Environment:
Expecting the Unexpected

A thorough review of the working environment
often uncovers unexpected factors that affect
the optimum material decision.

For example, peak operating temperatures
in an environment may exceed the recom-
mended limit for an otherwise desirable die
casting alloy. However, if a temperature-time
profile indicates that the peak temperatures
are of relatively short duration, the alloy may
be satisfactory.

Or the components may conduct fluids that
limit the actual temperature to substantially
lower levels, which are within the functional
range of the desired alloy.

Operating Tempercture

When operating temperatures approach the
upper limits of the acceptable operating
range, the designer must give extra attention
to critical details. Features with high loads,
such as attachment points, or locations with
concentrated loads may require special design
techniques to reduce long-term stresses.

Die cast components are operating at tem-
peratures beyond the range indicated by labo-
ratory research. For example, because of
careful attention to design details in critical
areas, small gasoline engines used on lawn
mowels operate satisfactorily at elevated tem-
peratures.

Environmental Exposure

Die cast components are routinely exposed to
moisture that can cause galvanic cotrosion
and to chemicals that can attack the metal.
Aluminum alloys exhibit very high resistance
to many types of atmospheric corrosion,
because a minute amount of initial corrosion
forms a tight coating that effectively excludes
the corrosive agent. The resistance to atmo-
spheric corrosion of zinc and magnesium
alloys has been sharply increased by limiting
certain impurities to extremely low levels,
making them equivalent to aluminum alloys in
some applications.

Where the exposed, uncoated die casting
does not offer adequate corrosion resistance,
effective, low-cost finishing systems can sub-
stantially reduce or virtually eliminate corro-
sion. Many such systems also offer decorative
value,

Design guidelines for corrosion protection
and galvanic reactions are usually based on
extreme laboratory conditions, and are thus
conservative. In many cases, die castings are
operating with no corrosion protection in
environments where laboratory tests indicate
it may be necessary. For example, die cast
wheels are performing satisfactorily with mini-
mal corrosion protection on wheelchairs that
operate outdoors in salt-laden conditions.

Stress Over Time

All of the materials commonly used in con-
sumer products are subject to creep and
stress relaxation at elevated temperatures.
Most plastics experience these phenomena at
room temperature. The tendency for creep
and relaxation in a die casting depends upon
the alloy, with zinc alloys being most subject
and aluminum least.

The occurrence and severity of these phe-
nomena are a function of the combined effects
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Material Properties Comparison

Aluminum Die Casting Alloys

Typical values based on "as-cast” characteristics for separately die cast specimens, not specimens cut from production die castings.

Aluminum Alloys
Dasignation 360.0 A360.0 380.0 A380.0 383.0 384.0 B390.0 443.0 A413.0 ©€443.0 518.0

Mechanical Properties

Ultimate Tensile

Strangth

ksi 44 46 46 47 45 43 46 43 42 32 45

(MPa) (200) 220 (220) (220) 210 (220) (220 (200) (290) (£30) 10
Toensila Yield Strangth&

ksi 25 24 23 23 22 24 36 21 19 14 258

(MPa) 170 70 1 60) (160) 150) H70) (250) (140 (120 {100) (180)
Compressive Yiald
Strength®

ksi — — — — — — — — — — —

(MPa)
Elongation

%inZ2in.G1mm) 2.5 3.5 3.5 3.5 35 25 <1 245 3.5 9.0 5.0
Hardness

BHN 750 P> g0m S0 780 il 1202 S0 &0 Gh S0
Shear Strength

ksi 28 26 25 27 — 29 — 25 25 19 29

(MPa) (1580 (180) (190) (180) (200) (170) 170 (130) (200)
Impact Strangth

ft-1b — — 3 — i — — — — — 7

) 4 & (@
Fatigue Strength

ksi 20 180 20m 20 213 20 20D 190 1903 170 20

(MPa) {140) (120) (140) 140 145 140) 140) (1320 (120 120) (140
Young's Modulus

psix 106 103 103 103 103 10.3 — 11.8 10.3 — 103 —

(GPs) (71 (71} (71 (1) (r) (61.3) 71) (G}
Physicdal Propetties
Density

b/in? 095 095 089 095 089 102 098 096 096G 057 083
_(g/cmS) (2.63) (263 @74 2.71) @74 (2.88) 2.73) (2.66) (2.66) (2.69) 2.57)
Melting Range

°F 1035-1105 1035-11056 10001100 1000-1100 960-1080 960-1030 950-1200 1065-10280 1065-1080 10656-1170 995-1150

") (667-606)  (567-600) (540-60%) (540-505) (H16-582) (316-682) (G10-G80) (674-880) (574-6B%) (A74-631)  (635-G24)
Specific Heat

BTU/Ib°F 230 230 230 220 230 — — 230 230 220 —

(J g C) (963) (963 (963) (963 (963) (963 (963) (B62)

Coefficient of
Tharmal Expansion

W in/in./~F % 10-€ 11.6 11.6 12.2 121 1.7 11.6 10.0 11.3 11.9 122 134
(7 m/m" Ky 21.0) (21.0) (22.0y 21.8) @1.1) (21.0) (18.0) (204 (21.6) (22.0) 4.1)
Tharmal Conductivity
BTU/Mt hr =F G65.3 G5.3 556 556 556 55.6 774 701 701 822 556
W/m*HK) {13) (113) (B6.2) (96.2) (96.2) (B6.2) 134 (121) H121) (142 {96.2)
Elactrical
Conductivity
% |ACS 30 29 27 23 23 22 27 31 fch| a7 24
Poisson’s
Ratio 0.32 0.33 0.33 0.33 0.23 — — — — 0.23 —

n/a = dats not svaisbls @ 0.2% offsst @ 0.1% offsst €2 500 kg load, 10mm bal @ Reotary Bend 5 x 10% cycles & in.dn.An/m ® Notched Charpy. 09 Averags hard-
nees ased on scattered data. & ABTM E 23 unnctched 25 in. dis cast bar D Rotating Bearn fatigus test according to DIN 5011 2. Strees corrsgponding to | lifstimes of
5 x 107 cycles. Conservative values; higher valuss have been reported. Soundness of samples hae great effsct on fatigus properties resulting in disagresment

Although every effort as Desn mads 10 assurs the accurasy of dats presented here, the Diecasting Development Councl cannat e responslizie Tor results obtalned by use of this data.
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Material Properties Comparison

Magnesium, Zinc (Zamak) and ZA Die Casting Alloys

Typical values based on “as-cast™ characteristics for separately die cast specimens, not specimens cut from production die castings.

Magnesium Alloys

Zamak Die Casting Alloys

ZA Die Casting Alloys

AZND AMGOBE AS41B No. 2 No. 3 No. & No.7 ZA-B ZA-12 ZA-27 Dasignation
Mechaniccal Properties
Ultimate Tensila
Strength
34 32 ey 52 4 43 41 53-56 57-60 59-64 ksi
@20 (@20 @15 (259 (283 {328) (283 (365-286)  (202-444y  @o7-4H) (MP3)
Tensile Yield Strengtha
23 19 20 41 az 39 32 41-43 45-48 52-55 ksi
H &0 430 {40 (283 {@24) {2E0) {224y (283-206) (M 0-321)  (360-379) (MP3)
Compressive Yield
Strength®
24 19 20 93 G0 a7 & G0 a7 39 42 ksi
(165 (1:30) (140 (B4H) 230 (600) {1y (252) (269 (368) (MPa)
Elongation
3 G-5 G 7 10 7 13 G6-10 4-7 20-3.58 % in 2 in. (51 mmm)
Hardness
7H8 G2t 75% 1000 820 AN S00 100-106d2 95-106¢% 116-122¢ BHN
Shear Strength
20 n/a n/a 46 ey 38 feh| 40 43 47 ksi
{40 (17 (214) (262) (214 (279 (296) (229) (MPa)
Impact Strength
1.68 4 55 3.0& 35 435 438 43& 24-35& 15-27®  7-12& ft-1b
(2.5 6.1) @1 (47.5) (58) (65 (58) (32-48) (20-37) (9-16) )
Fatigue Strength
10D 10D n/a 5.50 6.9 G20 6.9 1560 — 210 ksi
70 7o) (58.6) “7.8) (56.5) (47.6 (103 (145 (MPa)
Young’s Modulus
6.5 6.5 6.5 s s s iz 124 12 11.2 psi ¥ 108
(49) (@35) (5) (85.5) (@3) (77.3) (GPs)
Physical Properties
Density
066 065 .064 24 24 24 .24 227 215 181 Ib/in3
.84y 1.79 17N (6.6 (6.6 6.7 (6.6) (6.3 (6.03) (5.00) {g/emd)
Maelting Range
&8756-1106 10051140 1080-1180 718-734  718-728 717-727 718725 707-789 710-810  7058-903 °F
@70-508 (640615  (565-G20)  (379-390) (3S1-387y  (380-386) (391-387) (37540 (377-422)  (375-484d) ")
Specific Heat
25 25 24 A A A | 104 107 125 BTU/ALF
(1050) (1050) ({020 9 [Z31=) oy (19 @25 (450 525 (g0
Coefficient of
Thermal Expansion
12.8 14.2 14.5 154 15.2 15.2 15.2 129 124 144 Hin.Ain/F x 107
(256.0) (25.6) (26.1) (27.8) 7.4 @74 (27 .4 232 24 1) (26.0) {r /MK
Thermal Conductivity
41 6@ feled 40 G0.5 G65.3 G259 G65.3 G6.3 671 72.5 BTU/t hr °F
72) (62) (63 (104.7) {13 (109) 113 (119 (116 (122.9 MW/m*K)
Elactrical
Conductivity
10 11 n/a 25.0 270 26.0 27.0 277 283 287 % |ACS
Poiszon’s
0.25 0.35 0.35 0.20 0.20 0.30 0.30 0.20 0.20 0.30 Ratio

among dets sources. DAL 212-5727F (100-30070) & Estimated @ Casting conditions may significantly afect mold shrinkags. & Compressive strength & Variss
with stress laval; spplicalls only for short-duration loads. Uss 107 as a first approximation. Al Sources: ASTM Standard B25-02a; ASM; BAE; Wabash Aloys. Mg
Soures: Internationsl Magnssium Assn. Zn/ZA Soures: International Lead Zinc Ressarch Crganization.
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of temperature, time and stress level. Pub-
lished design data can identify the conditions
under which creep and relaxation may occur.
Design and testing are usually necessary to
determine the tendency and extent.

When redesigning a component from a plas-
tic to a die casting alloy, creep and relaxation
may not occuyr. In those cases, the design may
be simplified. When redesigning from brass,
iron or steel, creep and relaxation may
become a factor that needs to be accommo-
dated in the design.

|
3. The Economic Equcation:
Optimizing Your Product

A thorough analysis of the working environ-
ment may reveal interfacing parts that can be
combined with the component under study.
The total costs of fabrication, installation, fas-
tening and joining can often be significantly
reduced.

It is particularly important to be aware of
overdesign. For example, a material-process
that was selected primarily for favorable fabri-
cation costs may incidentally offer strength,
rigidity, or wear resistance that is many times
greater than the application requires. Die cast-
ings with an economic advantage, but lower
mechanical properties, may still offer proper-
ties adequate for the application.

In all cases, it is essential to define the
product function, then review the environ-
ment with an eve for function, rather than
form, It is rarely desirable to replicate the
exact configuration of an existing component
by die casting. It is most cost-effective to gen-
erate a design that performs the required
function and takes maximum advantage of the
die casting process.

Die casting holds a significant niche in the
marketplace for components produced in
large quantities. It can also prove economical

at relatively low production levels when cost-
ly machining can be eliminated on an as-cast
part or several assembled parts can be com-
bined into a single die casting.

High-Tech Die Casting

Today high-technology die casting systems
are producing castings with extremely close
tolerances and reduced draft angles (in some
cases zero draft) on selected features, elimi-
nating finish machining operations. This cast-
ing precision further lowers the break-even
point for die casting versus low-volume pro-
ducticn processes and increases the econom-
ic advantage over high-volume alternatives.

One of the most important but often over-
looked factors in the economic equation is the
proven track record of die casting alloys,
backed by several decades of continuous use
and testing. In many cases, thirty-year data
are available.

This documentation enables the designer to
predict the long-term performance of die cast-
ings with a significant level of confidence.
Warranty costs may be accurately predicted,
or virtually eliminated, as desired. Product lia-
bility may also be sharply reduced.

Product designers should work
closely—and early—with their custom die
caster or other manufacturing resource to
maximize material, process and environmen-
tal benefits.
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