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Components involving zinc die castings have been
benefiting people for over 50 vears. Their broad
range of excellent mechanical and physical
propertics, casy castability, and hroad range of

available finishes have established zine as the fourth
most commonly used metal in the world.

Today. designers can also benefit from the added
performance of a whole new family of high
performance zine alloys, the “ZA” alloys. These
alloys complement the traditional “Zamak™ alloys
and further expand the already wide range of appli-
cations in which zine has been successfully used.

Selection of
Manufacturing Process

Dceisions about whether a part should be cast,
forged, stamped, fabricated, or produced in some
other manner usually depends on the characteristics
of the preferred process, such as tolerance range,
production rate. 1'0p0;1tnhility, tooling cost, and

final component cost. Many factors also cnter

into materials selection, including mechanical and
physical properties, required finish, ease and speed
of production, availability and cost.

.
Advantages of Die

Casting as a Process

Ot all metal-tabrication methods, die casting
represents the shortest distance trom molten metal
to finished part. For sound cconomic and functional
reasons, die casting outranks stamping, si n casting,
Forging and screw miachine pmduc‘ri(m i many
applications. See Table 1 [or complete process
COMPArISoLL.

Advantages of

» . .
Zinc Die Castings
Just as clie casting offers advantages over other
manufacturing processes, zinc provides advantages
over other die casting alloys. Die castings in zince
alloys are stronger; tougher, and more ductile than
die castings in aluminum or magnesin. Zine alloys
can be die cast larger, smaller, and with greater
complexity. They can be cast smoother, easier, more
accurately, and at lower cost. Zinc dic castings can
be readily painted and more easily plated than any
aluminum or magnesiu alloy. The melting point
of zine alloys is lower, saving on fuel cost and
prolonging die life.

The EJOT e vintages of zine U(.)lupured to
auminum and magnesium die casting alloys are:

* lowest cost in suitable applications
* closcst tolerances

e fastest production cycle times

o (hinnesl wall sections

* highest tensile strength

* highest impact strength

e most malleable

* casicst finishing
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INTRODUCTION

Selection of
Die Casting Alloy

The decision to manufacture a component as a
znc die casting depends on a number of factors;
total component cost is usually the most important.
Cost advantage, combined with prodnction or
functional advantages, usually deternines the
material of construction and how a part will be
made.

.
ZinC’S SeCONd |-|fe recveled zine. Zine castings are usnally recycled as
As discussed, zinc alloys otter a unique range of zinc oxide, or used for the production of brass.
engineering properties making them snitable for a

variety of applications. However, zinc alloys also have Additionally, zinc is essential to both our physical
a tew additional properties which are benelicial to and mental health. The U.S. Food and Diug

all. Administration has cstahlished a IELUITLH]BH(IL <

claily allowance of 15 g for znc.
Zinc die casting alloys arc completely recyclable

and are cwrently being recyeled. In fact, about 30 Zinc is a truly environmentally fiendly
percent of the zine consumed annually comes from engineering material,
TABLE 1
Die Casting versus Alternate Processes
DIE CASTING FORGING
1, D cssting cin pnﬁluw.s]mpt*s T Ft'rrj-_gl‘.llﬁt l. F ||!tf|uu\ L LRSI |.|]1. denser ad skronger thiian cliie i stines
2 Pty ean be monse |.n;||l'1!m. 2. Mavbe ]‘Jru(l'lla'_':tm fervous tetals and allovs not die costable,
3 Closer tolernees can be achieved. 3 Lawger and heasier parts can be forged
4. Thiomer walls can be cast
5, Allows coring not fsible in fonging,
fi - Eliminates some secomdary 1n:|L']L|'||in_5£nll‘1’;ll‘il:llm
DIE CASTING SCREW-MACHINING
1. Die casting cun produce parts of ahmost any shipe. 1. Tooling is siophe,

2. f"id‘l-llp tipne is shioit

€2

Froduction 1y Bies very fust.

4 Allows ot i custable ety e viser

NOTE:  Screw-machine proclucts have sever: lnnitutions sinee ey must be svmmetrical along a longitucinad was. Serap bosses are ligh in
serew-mmiachine production, escept in simple, regularly shaped parts
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INTRODUCTION

TABLE 1
(continued)

DIE CASTING STAMPING
[ Dig casting can r-ru:hlw .«'||;qx:5 it l'nmlu.r_-ih]r-,ﬁ starmpings, 1. Can be pade i stee] and ather .:[hr_'.n rk clie eastabl
2 More e_u|||!3|ex Frivtiis can e p]'EHII!L'H | 2 Prohiction of some 511|:fﬂ| ] H|=|:1;K‘.x is fster
3. Less material is wisted s serp, Vo Parts iy welal less thiam die cistinas,
4 Prermits nuaedy arepter vacdabion in section Higknoss,
5. Fewer component parts in an sssembly:
B, Redueed sssembly operations.
T, Tooling and die costs s often Jess.

DIE CASTING SAND CASTING
|, Dies castings o D prochoeed mueh faster thin sand castings. L Mo economical farswill procuetion s
2. Labwreost s substantially less: 2. Canpn e shapes ot fieasibalie fer ehive crstine,
3. Fewer secondary aperations are nevded 3 M b larmer
| |1||1'f‘\"|\'ilr]il‘r'ﬂi'llt'{'|llI1Hi1'H|.‘itr|.|llmlﬁii!ltl‘{.t"n.l'FHIIi”'i[ITIh‘Hl |arts 1. .‘I.I:n-[*m]ﬁlm'ulltm ned dlie castalbile

withont replcenent 5. it tooking cost is less,

5 Thinmer walls cae be cast,
6, Much doser toleranees can be el
7. Smoother as-cast surfaces are achieved
"l. |||'d"|'|.\. e I'f':li!i]_'l.' i'll"."ﬂll"[ll'ml“"l!.
0 Comsiderable mitorials AN

DIE CASTING PERMANENT MO CASTING
L Die casting may be muel Faster than permanent mobl] pastings L. Tooling costs are lower sines they are mace in fewer i sinpler
2 Labor costis less, shapes.
3 Cost per finished puart is often loss. 2. Castings can be macke in allovs not die castubile.
Lo Closer belesuoes can be held,
3. Thinner sectioms can he cast,
B Smoother uscast surfaces ane proviced
7. Cored holes are more readilv provided
S Consicerible materials sodigs

DIE CASTING PLASTIC MOLDING
1. Faster procuction vates. 1. Prodducts do ot require lnishing operations.
2. Better higlh/low temperature performance. 2. Products may not require o applied Anish,
3. Stronger in tension ant] compression, 3. May be oblaid in transparenl. frnshicent, ] apiriie forms
4 Higher inpact strength and hardness. fn any color
3 Maore dimenstomally stable, 4. Much lighter than el
¢ 5. Excellent diclectric proportics.

B, Choser tolerances can e held.

T, Much greater thin-wall Sl'l't‘l'lj.{lll'l

S Superior Teat ancl eloctrical oo ncictivity

0. Reaadily finishec by eloetroplating or organic linishes

B Loww thermal conduetivity,

Ceertam ;ﬁiL\‘IiL'ﬁ 1y b I.‘!L-'{:tm|:|||.'lh':|. ltlwsueele thew st be
free from molding stresses. (Plated serap cannot be eeovered
fuor e -:Emﬂih' moldings |
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TATT'L'D ZTINTY

Zinc Casting Alloys:
Specifications and Processing



This section reviews traditional and newer

zine-based casting ulloys used in functional and
decorative elpphcations. It describes compositions
and standard alloy specitications and offers
recommendations tor casting process selection
ancl prototyping of npphcations.

COMPOSITIONS

Of the mauy zinc casting alloys available in

North America, some have only very specialized
applications and will not be discussed here (ie.,
slush castings, forming dies, and sacrificial anodes).
Allovs of main interest for functional caslings are
showu in Table 1. Aluminum is the major alloying
clerent in each of these alloys. Adding aluminum to
zinc increases castability and results in finer grain-
size castings and improved mechanical properties.

Zine alloys fall into two groups. The first group
inclucles the traditional alloys, Nos. 2, 3,5, and 7.
These alloys, often referred to as Zamak alloys in
North America, were originally developed in the
1930s. All contain nominally 4 percent alamninuin
and a small awnowit of magnesium. (Magnesium
is added to improve strength and hardness and to
protect castings from intergranular corrosion. )

Alloys 2 and 5 also contain copper, which further
strengthens and improves wear resistance of castings
but at the expense of stability (dunensional and
property ], especially when copper content exceeds

1 percent.

The No. 7 alloy is w special high-punty allov, which
sonie casters have found to be useful for die castings
requiring optimum surface finish (i.e., decorative
applications). The high purity and small nickel
aclclition permit the ragnesium content to be
lowered for maximized fluidity ad ductility,

This group of zinc alloys are predominantly pressure
die-cast with No. 3 being the most widely used alloy
in North America. It offers the best combination of
mechanical properties, castability, and economics.
Other alloys, being sljghtly NIOTE EXPENSIVE, are s o
only where their specific properties are required.

The second group consists of the relatively new,
high-alunimnn or ZA* alloys: ZA-8, ZA-12, and
ZA-27. These alloys contain substantially more
aluminuro than the first group, with the mnnber
representing the alloy’s approximate percentage of
aluminum content. Fach also containg copper aid
magnesium to optinize castability and mechanicad
properties.

TABLE 1
Nominal Composition of Zine Casting Alloys (wi.%)

Alloy (ASTM) Designation

No. 2 No. 3 No. 3 No. 7 ZA-8 ZA-12 TA2T
_ Ell_'llu'.lll_ - f_-‘] (£:33521) f_f.?ﬁﬁ:]ﬂ] (7:33522) E?.Qﬁfi:]l(l]'_ (£35630) (£358540)
Alnminum 4 | | 1 8.4 11 7
Magnesium | (L035 0,035 0.055 0.013 0.023 0.023 0015
Copper 3 - | 1.0 (55 255
Nickel ~ = 0.013
Haot
Chamber Clold Chamlwe

Hot Chamber Pressure Die Casting

Gty Casting
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Development of ZA alloys began during the 1960s
under the directon of the International Lead Zinc
Research Organization (ILZRO). Research was
conducted to expand the range of zinc casting
alloys. This work resulted in the introduction of the
ZA-12 alloy, which exhibited good gravity-casting
properties. ZA-8 and ZA-27 were subseguently
developed in the Tate 1970s to ineel specific needs
identified during the marketing of ZA-12; ZA-§
was designed for improved metal permanent-mold
castability and ZA-27 for maximum strength and
elongation.

SPECIFICATIONS

The physical and mechanical properties o ZA alloy
castings are greatly affected by the presence of small
amounts of specilic metal impuiities (i.e., Jead, tin,
and cadmium). Zine casting alloys contarninated by
these metals will result in severe intergranular cor-
rosion when exposed to hot, humid environments,
Figure 1 shows the severity of intergramilar
corrosion that can oceur when a zine alloy casting

is contaminatec with lead.

FIGURE L

Zing alling castinis exposid -t o hot, Teoidd cuvimnment

Laft - Costing sqeets woeopnized specification for alloy chemistry

Right — Castivg contaminatvd with load.

The rapid growth of the zinc-casting industry was
made possible by the development of strict alloy
specifications based on high pusity (99.99%) zinc
ensuring stable, corrosion-rosistant castings.

Reference to a recognized specification shonld
always be included when specitying or ordering
ZING alloy castings to ensure the appropriate
chemical quality.

Today, nationally and intemationally recognized
standards detevmine the chenistry of zine casting
alloys. Tahle 2 shows the specifying bodvand
specilications for the Nos. 3 and 5 alloys in several
industrialized countries. In North America. ASTM
specifications for both Zamak and ZA alloys are
used. The SAE. designations for the Nos. 3 and 5
alloys are SAE 903 and 925, respectively. with their
chemical compositions being the swme as ASTM.

TABLE 2
Zine Die Casting Alloy Specifications

Specifving __Speciﬁ@@s‘
| Country  Organization Ingots Castings
Australia SAA AS 185]
Cianada CSA HZ3 HZ.11
Germany DIN DIN 17453
Japan JIs H2201  H5501
United
Kil']g{]mll BSI BS 1004
United
States ASTM 3240 BA56

As Table 2 shows, zine alloys geuerally have two
types of specifications, one to cover the alloy ingot
and one to cover the castings. Table 3 presents

the ASTM chernical requirements for Nos. 3 and

5. comparing alloy ingots with die castings. Ingot
specitications have tighter ranges for alloviug
addlitions and lower impurity limits. 'This aflows [or
some loss of alloying elements and winor piek-up of
impurities during casting operations.

The chemical requirenients for zine alloy ingots,

as specified in ASTM B669, we shown in Table .
Table 5 shows the chemical comnposition for ZA alloy
castings as specified in ASTM B791. As for all zine

INTERZINC



ZINC CASTING ALLOYS: SPECIFICATIONS AND PROCESSING

TABLE 3
Chemical Requirements for No. 3 and No. 5 Die Casting Alloys as per ASTM

Composition (wt.%)

.-ﬁluy Ingot (B240) Die Caslings (BSG)
Element No. 3 No. 5 No. 3 ~ No.5
Aliininyg 39-4.3 38448 AS =43 35 -4:3
Magnesinm 0.025 - 0.05 LR — (LG U020 =05 (LS — 008
Copper 0, L0 mi, e =125 0.25 mux. 075 —=195
[ron (max, ) 0075 0075 {100 (.100
Lead (s, ) (LN 1004 0.005 (LN
Cadminm (max.) (LINE3 (L0035 (1,004 {1004
Tin (. (002 (1002 {1,003 (AN
Line (94 99 remainder remainder renainder remainder
TABLI 4
ASTM (B669) Chemical Requirements for ZA Alloys Ingots
Composition (wt.%)

Element TA-8 7ZA-12 ZA-27
Alvminmm 5288 105-115 25:5= 284
Copper 058-1.3 05 —1.2 2h-25
Magnesium 0,020 — 0,080 (020 — (L080 (2 = 0020

From (s, 0,065 0,065 0,072
Lead (max.) (005 0.005 0005
Cacmivnn (max, ) 0,005 0.005 0.005

Tin (max.) () 2 0002 (002
Zine (99.99) remainder renuinder remainder

TABLE 5
ASTM (B791) Chemical Requirements for ZA Alloys Castings
Composition (wt.%)

Element TA-S ZA-12 TA-2T
Alwminum 50-88 105115 250 -28.0
Copper N8—-1.3 05—-1%2 20 —25

Magnesiim 0,015 — 0,030 0015 = 0.030 OO = 0.026)

Trom (max, ) 0.075 0.075 075

Lead {(max.) (.006 (L0006 (.006

Cadminm (max.) (LN 0.006 0.006
Tin (max.) 0,003 (LK 0,003
Zine (99.99) remainder remainder reminder

Note: Casters order material to Alloy Ingot specitication, i.e, ASTM B240, B669. Designers and end-users
specily to castings specifications, L.e., ASTM B86, BT9L.

INTERZINC
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LZINC CASTING ALLOYS: SPECIFICATIONS AND PROCESSING

ent inpurity levels exist for lead, casting, | , graphite
wson noted previously. el asling, sancl casting.

CASTING PROCESSES

1estine

Zine casting alloys enable the product engincer and not shown in the table but wsed to @ e dearce

de | \gav : nclude investment, low-pressure permanent-mold,

ofc SSCS, ancl o SUj ety centrifugal, continuous, and rubber-mold casting.
one up to millio ; '

surpass all other ferrous and nonferrous alloys i A detailed discussion of process-selection guidelines
casting-process lexibility. is beyond the scope of this section, since tl"\c'\;"
_ ) nd on a munber ol variables that ditfer for
ible 6 provides a general overview of the more individal applications. Tn general, ho
common processes used Lo znc alloys. Die " '
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ZINC CASTING ALLOYS: SPECIFIC:

NS AND PROCESSING

casting vields the lowest per-piece cost, followed
by permanent-inold and then sand casting.

Die-cast tooling is the most expensive. but it
provides intricate detail, excellent dimensional
tolerances, and by far the fastest production rate.
When tooling costs can he amortized over many
thousands ol castings, die casting will resull in the
Jowest overall per-piece cost. Sund casting generally
oficrs the Jowest total piece price for low-volume
applications.

- -
Die Casting
The vast majority of zine alloy castings are produced
by pressure-die casting following two basic
processes, hot chamber and cold chamber. The hot
chamber process (Figure 2) employs a metal pump,
called a goosenccek, which is inunersed in a molten
Dath. Metal is pumped from the gooseneck through
a nozzle and into the die. After solidiBfeation, the die
opens, ejecting the lished part.

FIGURE 2

Hot-chenidnr die casting veclune

Hot chamber die casting is used miamly with the
Zamak alloys and ZA-S. Tt produces castings with
intricate detail and excellent surface tinishes at high
pl‘(.)dn(_-tinn rites (Figure 3} For ];n'}_gt—%r components,
200-500 shots per Lhour we t}»pi(;ul, while {or smaller
corponents, $00- 1000 shots per hour are common.

FIGURL 3

Hot-chamber die cast No. 3 secnrity lock components,

Extremely small castings {i.e., up to a lew ounces)
are produced on special hot-chamber machines with
very high cvele times (2000-3000 shots per hour).
The machines are capable of producing flash-free.
zero-draft, very close tolerance castings that require
no secondany trimming or wachining operations.
The componeuts shown in Figure 4 are examples
of castings produced with these machines,

FICURE 4

Minaatire sine castings pvcuced st sy e furt-clwetindier

el casting imactiines

The cold-clhaunber process (Figuwre D) must b

used where casting temperature and reactivity of
molten wetal with iron or steel components prohibit
hot-chamber construction, It is similar to the hot-
chamber process except that metal must he ladled,
either manually oy automatically. into o shot sleeve
for each machine cyele. This ladling action results in

INTEBZINC
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ZINC CASTING ALLOYS: SPECIFICATIONS AND PROCESSING

considerably slower cycle thmes compured to

the hot-chamber process, espectally with smaller
castings and machines. Typical cycle times for cold-
chamber machines are 50-150 shots per hour, ZA-12
and ZA-27 are used in this process becavse they
reqquire higher casting temperatures than other zine
allovs. Exanples ol cold-chamber ZA alloy castings
are shown in Figure 6.

FIGURE 5

Colcdchamibicr dic castine machine

FICGURE 6
Cold-chamdier 7A-27 dic castings nsed in a table-top strapping
meckiing.

Permanent-Mold
Casting

Pel‘]”ﬂiﬂlf‘ﬂrﬁl’l()ld (_'llﬁh..l'l}_’; s 2 conmon near-net
shape process that usually emiploys cast iron ox
steel molds. Compared to sand casting, it provides
superior tolermces and swrface finishes and often
recduces machining costs. The lower tooling cost

versus die casting permits coonomical procuction
ot zinc alloy castings for low- or mediun-volume
1'equiromenl's.

All three ZA alloys can he cast usiug the process,
with ZA-12 preferred for most applications because
ofits good castability and desirable mechanical prop-
ertics. ZA-8 is recommended for decorative parts
requiring a chrome-plated finish. Figure 7 shows
examples of ZA alloy permanent-mold castings.

FIGURE 7
ZA-12 aned graphite permanewt-oold costing satisflied twoo Giportand

it fuctiring process segivements — stiffacss and arinind
machining for this opticed drice deck

Graphite Permanent-
Mold Casting

Graphite permanent-mold casting is u relatively

new commercial casting process developed in the
1970s. Tt enploys higle-density, tine-grained graphite
molds. Compared o conventional permanent-mold
casting, the process offers significantly lower tool
cost, better dimensional AeCuracy, i ieressed pro-
ductivity, and superior surface finish and lolerances.

It is an iddeal process tor relatively simple,
medium-sized castings 1‘(‘[11111'ing cored holes, el d
dimensional tolerances, and voluties u P Lo 20,000
pieces annually. ZA-12 is nsed ahnost exclusively
in the process, with molds lasting from 20,000 to
40,000 shots, depending on complexity. Figuie 8
shows exannples ol pants cast using this Process.

INTERZINC
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> ALLOYS: SPECIFICATIONS AND PROCESSING

FIGURE §
Craphife
'i'Jf‘."H}(Hl("Hl"-Hr‘{Jl’(lr
cest LA-12 CGo-
Kart componeits.

Sand Casting

Sund casting is the oldest and most used

commereial casting process. 1t prmidus the greatest
coufigrationa fexibility and the lowest mold cost.
For zine alloy castings, sl casting is reconmmended
only for low-volume productl(m reguirements, since
mediunm- and higl‘l-\-’o]um(- requirements are better
satishied by permanent mold or pressure-die casting.

ZA-12 and ZA-27 can be readily cast using existing
nonferrous melting equipment and sand systems.
ZA-12 has better castability, but both alloys have
excellent fluidity for producing thin-walled, fine-
detail castings. Figure 9 shows examples ot ZA alloy
sand casting.

FIGURE 9

Sandd cust ?A—f?ﬂltf(l’ feeenedling: c:mgluum‘igr‘\'rﬁu the:
peteoleunt industry.

.
Prototyping

The objective of prototyping is to duplicate. or at
least closely approsimate, the requirements of a
product without incurring the expense and time
required for production tooling. Prototyping ZA
alloy components prior to gravity-casting presents
few problems, since prototypes can be readily
produced in the designated ZA allov using sund or
plaster-mold casting.' The following discussion is
limited to prototyping zine alloy die castings because
it is more difticult to evaluate actual product
pcrf{mnancc without invcsting in cxpcnsi\-’c dic-

(:;1shng mn]mg

Traditional zinc atloy {Nos. 2, 3, 5, and 7 clie castings
can be prototyped as a gravity casting citherin the
designated alloy or the ZA alloys, depending on the
specific property of interest. For appearance or
conceptual studies, plaster-imold castings i No. 3
alloy can be used, but their mechanical properties
will be inferior to those of die castings. If tensile and
vield strengths are the major factors in prototyping
traditional allov dic castings, ZA-12 gravity castings
can be nsed. However, their ductility i soipact
strun}_gth will be lower, and wesu resistance will be
much higher.

When only a few prototypes are needed, plaster
casting is guud choice. Fora Im‘ge number ol
prototypes, either sand or graphite permanent-iold
casting should be considered.

For example, the ransmission shilt-selector housing
shown in Figure 10 was prototyped in a graphite
mold. Several mold modifications were required
during the development program belore the part
was approved for production as a No. 3 alloy die
casting. I hoth the strength and ductility of a No. 3
alloy die casting ure requived. gravity-cast ZA-27
components heat treated at G10°F (320°C) {or three
hours and furnace cooled can be used.

' Detailed information contadned in the book, " Desianing in Zine. pubhshicd by the nteraational Lead Zine Researeh Organization,

Beseareh Triangle Park NC.
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ZINC CASTING ALLOYS: SPECIFICATIONS AND PROCESSING

For protolyping ZA alloy die castings, gravity
casting in the appropriate ZA alloy is recommended.
The properties of gravity-cast prototypes are

slightly inferior to those of their pressuwe die-cast
counterparts. but they are usually high enongh to
meet the end-use service requirements.

FICURE 10
Transinission
ﬁ'hlfk"?{'f{'l Hor
n':'nr.'.s‘in;_{
prototyne
crist in
craphiie
mold.

Another method of prototyping die castings is to
machine prototvpes from a piece ol solid naterial.
This method is especially usetul when a limited
number of parts with relatively simiple {catures
are veqnired.

Semicontinuously cast Zamal or ZA alloy bar

stock is an excellent material tor machining
prototypes. Table 7 shows that the mechanical
properties of sermicontinuously cast zine alloy bay
stock are similar to those of die castings produced in
the same alloy. Therefore, the prototvping bar stock
should be of the same alloy as that being considered
for the production die castings.

One exception occurs when evaluating a No. 3 alloy
die casting application and ductility is an important

INTERZINC



ZINC CASTING ALLOYS: SPECIFICATIONS AND PROCESSING

property. Tn this cuse, heat-lreated ZA-12 bar stock
should be used for the prototyping stage. lts ductility
is virtually the same as that for No. 3 alloy die
castings (11% versus 10% respectively).

T'he technique of using cast bar stock for die-cast
protolyping is discussed in greater detail in a
paper presented at North American Die Casting
Association’s (NADCA} 15th Intemational Die
Casting Congress and Fxposition.*

SUMMARY

Zinc die castings are widely vsed i virtually every
industvy, including automobiles, imachinery, build-
ing, and electronics. In North America, the No. 3
alloy is preferred for most die-cast zine components.
Development of ZA alloys with their improved
properties enables zine to be selected for more
demanding dic-cast applications and for parts to be
gravity cast. Zine dic castings can he prototyped
using several techniques depending on the specific
properties of interest. The availability of these new
znc alloys and enhanced prototyping techniques
presents an excellent opportunity for designers and
end-users to re-evaluate zine for their product
requirerments.

= Prototypes frons Con-Cast Zine Ahanimon Allows” Paper No. GAIS8-081 5th Cangress Transactions, published }),\ Nortlr Winercan e

Casting Assoction. Rosemont, HL
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A busic design principal is the consideration of

all aspects ol a peu‘t’s rCqUITEnents with respect

to applied stresses, cuvirormental and operating
conditions, and economic constraints. Physical and
mechanical propertics as well as other inaterial
atbributes such as corrosion resistance and
maclinability must also be considered.

Zine alloys are very durable, have sood dinensional
stability, provide snperior surface quality, achieve
ligh strength in thin sections and have excellent
resistance to deformation under load (Figure 1).

FIGURE 1

Line alloys are suitable for e wide raonge of

f'r-’”{,”(‘”(‘“l‘ SiTens '}},I/Jn"(.'”f f‘”;‘”l“f.’”l ‘nls can II)(Z a8
small ws the head of a pin,or as large as a truck
vl tithe

Typical Properties Profile
of Zinc Casting Materials

Zinc alloys are not suited for heavy continuous
stresses or high-temperature service in the broad
engineering sense, but perform well undor
conditions of moderate continuous loading and of
high short-term or impulse load. Their thermal and
electrical concluctivity properties are favorable for
widle-runging applications. Zine alloys have impact

A SYSTEMS APPROACH TO ZINC CASTING ALLOYS

values comnparable with gray cast ivon at room
temperatnrc and even alhhiminmumn and magnesium
dic casting allovs at 40° F.

At elevated temperatures, there is some decrease
in tensile strength, an increase in ductility, and

au inerease in creep. Zinc aﬂoys are not recom-
mended [or stressed applications over 200°F. In
unstressed applications, zinc castings can normally
tolerate continuous exposure to 300°F.

The diflerences
ave not significant, so the lower-cost alloy 3 is used
for the majority of applications in North Awmerica.

hetween Zamak alloys 3 aud 5

Zamalk 3 is characterized by good inpact strength
and long-term disnensional stability. Zamak 5
exhibits somewhat higher tensile strength and
creep resistance than Zamalk 3, but has lower
impact strength at elevated temperatures.

Addressing the increased denmad for high-
perfonnance castings, a new family of zine-based
engineering casting alloys has been developed. The
three members in this fanily are generally identified
industry wide as ZA-8, ZA-12, and ZA-27.

ZA-8 can be Lot chamber die cast. It offers excellent
machinability, is anti-sparking and has the best
finishing characteristics of the ZA alloys for
decorative parts.

ZA-12 s the general-purpose alloy and is typically
the first choice when converting from iron, brass or
aluminum. Usuaally cast in sand molds, it performs
well in all gravity cast systems and can be cold
chamber die cast (the aluminum process). The alloy
has excellent pressure tightness, is anti-sparking,
easily machined, and has excellent bearing and
wear characteristics.

ZA-27 is the high-performance inember of the
family, offering the highest strength and hardness,

INTERZINC
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and is generally cold chamber die cast. It has
excellent machinability and the best hearing and
W I)]'(}p("‘,l'h("‘ﬁi.

hysical i

Physical Properties

Melt temperature gives an indication of the useful
operating temperature of the materal. Zinc alloys
have a substantially lower melting point than the
other major casting metals (Figure 2). The zine
alloys begin to melt at about 710°F accounting lor
their maxhmum SL.lggested operating temperature
ol 300°F.

FIGURE 2

Zinc’s low melting point also translates into low

energy requirements ( Figure 33, In fact, a ponnd of

zine only requires a third of the energy required to
melt a pound of aluminum. More importantly. less
enerey means that less heat needs to be removed
from the molten metal before the casting machine
ejects the part. Production times for zine alloys are
much faster than lor aluminu, iron, or bronze. A
part can be produced in zine up to twice as fast as
i aluminom.

NC CASTING ALLOYS

FIGURE 3

Density is becommg avery inportant oriteron in
toclay’s “lets make it portable” society. While zine
aﬂoys are heavier than plasticx, aluminum, and Mag-
nesitm, they are consiclerably lighter than bronze
and cast irons (Figure 4). Also, zine alloys vary in
density; ZA-27 is 25% lighter than Zamial 3. How-
ever, a component’s weight is not always divectly
proportional to its density. Aspects such as minimum
wall thickness, material strength, stiffness-—even
EMI shielding—can play an important role in the
design of the component, and thus its final weight.

FIGURE 4

Themmal conductivity ol a inaterdal is an indication
of its heat-transfer capability. Since heat build-up
can distort a part, this factor miast he considered
in design.

INTERZINC
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The very low values for polymers arc negligible shielding from electromagnetic interference (EMT)
compared to those for the metals (Fignre 5). The anc prevention of electrostatic discharge (ESD)
superiority of zine alloys over copper and aluminum damage (Figure 7).

casting alloys is also immediately apparent.
FICURE 7
This intricete
coustingg is o
horan antenne
fl'fml (o
et stive
radar ddetovior
EMI shicdtding,
s teell s thin
walls 1018,
aie m(.'n.'f(irmy
forthis

appliceatin.

ESD occurs when a concentrated clectrical charge

builds up on an insulating material sucly as plastic.
It then discharges to another body at a sufficiently
different potential, in many cases great enough to

FIGURE 5

Thermal conductivity, like deusity, is not an indepen-
dent property. An effective heat sink requires a large
surface area. Zinc dic casting’s ahility to produce

dmnuge neighbonng circuits. In certain situations,
ESD actually presents an explosive hazard. On the
other hand, conductive materials like the zine alloys
dissipate a charge. They distribute it along their
surface and bleed it oft to the air and ground.

extremely thin walls makes zinc superior to extrud-
ed aluminum as o heut-sink material, even though
alnminun’s thermal conductivity is twice as great

Figuye 6). . - .y
Figure 6) Zinc alloys are excellent conductors of clectricity aud

are superior to aluminum and copper casting alloys
and cast iron (Figue 8).,

FIGURE 6

The above llustrates a novel design for o heat sink, This 1.25"x 25"
heat sink has 76 fins positivacd radiadly.

. o o o FIGURE
Electrical conductivity is an indication of a material’s CURES
ability to transmit an electrical charge. This property
is especially important in applications that require

INTERZINC
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Plastics can be compounded with 30 to 40 percent-
by-volume metal tlakes or a lesser amount of metal
fibers to improve their conductivity. Altomatively,
a zine are spray can be used to give the plastic
sufficient surface conductivity to permit EMI
slielding. Both of these processes, however,
introduce additional costs that can make
components prohibitively expensive.

Mechanical Properties
Mechanical propertics differ from physical
properties in that they describe the perfonmance
of wimaterial under load—Dboth elastic and plastic.
This aids in predicting the suitability of a material
for a specilic application (Figure 9).

FIGURE 9

Suap-on ool fornd that the streazih, vigicding, and finishing
clracteristios of ZA alloys fit the Wil for the die cast ZA-27
ale wrmeh,

Tensile strength is gencrally accepted as an indica-
tion of a material’s overall strength. 1t is the mnost
connnonly nsed method [or comparing materials.

The tensile strength superiority of zine alloys is e
diately apparent when compared to other casting,
materials (Figures 10 —12). Zine alloys offer a
20,000-psi range of tensile strengths meeting a range
of design and engineering needs. This versatility
allows analysis of application yequirements and selec-
tion of the alloy that most closcly matches desired
specifications. ZA alloys deliver the highest strength
among the most widely used nonlerrous alloys and
match or exceed Lhe strength of many cast irons,

STING ALLOYS

FIGURL 10

EFFECT OF TEMPERATURE ON TENSILE STRENGTH
OF ZINC DIE CAST ALLOYS AND ENGINEERING RESINS

FIGURE 11
The tensile strength of zine alloys at devated tenperaties sreatly
ontperforms plastics.

FIGURE 12

Agings at higher lemperatures reduces zines eltinaic tensite sirengrl,

Yield strength, closely related to tensile strength,
indicates the clastic limit of the material under Joad.
It is frequently used as a design eriterion.

INTERZINC
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A SYSTEMS APPROACH TO ZINC CASTING ALLOYS

Zine alloys have superior ability to withstand applied
stresses without plastic deformation (Figure 13).
Plastics are not included in this figure since they do
not have separate, distinguishable elastic and plastic
regions on their stress-strain curves as most metals
do. ZA alloys can have a yield strength as higl as
55,000 psi, rouighly twice that of most commonly
used casting wlloys (Figwre 14).

FIGURE 13

Creep ot a material is a design consideration
regardless of ambient operating temperature. The
industry has developed a roeasure known as creep
modulns for plastics. This is the upper design stress
limit at a given temperature. It is usually based on a
1,000-hour test, which assumes a relatively constant
secondary creep rate.

FIGURE 14

Tlhiis tape dvive ok
arlvantage of ZA-Sk
strength for s nwar

vt T this case
ZAS replacedd

AT o ;Jht.\intw.

To compare zinc allovs and plastics. the creep data
lor ZA-27 were converted Lo creep maodnli it varving
temperatures. The tremendons superiority ol ZA-27
is illnstrated at 719, with a value of Bve times the
creep modules of the closest plastic (Figure 15).
Zamak 3 and ZA-12 have secondary creep properties
stimilar to ZA-27 while ZA-S has triple the creep
strength of ZA-27. Zine allovs continue their siperi-
ority over competing plastics at 212°F (Figie 16).

Figure 17 shows additional comparative creep data
for various zine alloys and injection-malded nylou,

FIGURE 15

FIGURE 16
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A SYSTEMS APPROACH TO ZINC CASTING ALLOY

because the polymers are tested differently, the
results cannot be compared.

Zine alloys ofler good impact resistance (Figure 22).
While Zamak 3 and 3 offer the highest values, ZA-27
is still far superior to 380 aluminum and copper-
based alloys at room temperature. At sub-zero
centigrace temperatures, the impact strength of zinc
alloys equals that of 380 dluminum. ZA alloys also
have: more [racture toughness than aluminum alloys.

FIGURE 23

FIGURE 22

Elongation of a materidl describes its ability to
deform plasticly under load. With excessively low FIGURE 24
' This Harley Davidson sotorcigele wses e 2012 dic-cast st fovee

) ‘ ) fwcton. The Jrert ey o el tpct strvsgtle cnel elongation e
VEEY POrons. F-NC»'HHSW@I}’ hlgh dOﬂg‘dUU” suggests a allow for thi lever to be tighteaed wiod the splived shajt

fack of dimensional stability.

elongation, the metal is either brittle or the casting is

Zine alloys have a range ol elongation values, each
with different benefits, with selection depending
on the upplicution"s requirements. Zine a]loys have
elongation values equal to or exceeding certain
cotnpeting materials; the vidues for copper alloys
and untilled polymers are higher (Figure 23).

A motoreyele shift lever ilustrates the combined
value of impact strength and elongation for proper
material and process selection (Figures 24 and 25).

FICURE 25
LA12 dlie cast shift lever

INTERZINC



A SYSTEMS APPROACH TO ZINC CASTING ALLOYS

Youngs modulus, which indicates a material’s rigid- Other Material A“-ribu'-es

ity, is the ratio between the stress applied and the
elastic strain that results. The Youngs moduli of zine
z1ﬂ_0ys exceed those of aumimun and Magnesimn

In addition to the above properties, all zinc alloys
are highly regarded for their good hearing and wear
resistance, high damping capabilities, good corrosion
resistance, excellent machinability and ease of

finishing.

alloys and are an order of magnitude grealer than
those of engineering plastics (Figure 26).

L [ ]
Bearing Properties and
Wear Resistance
The new zinc alloys—ZA-8, ZA-12, and ZA-27—
have outstanding bearing and wear resistance.
This quality refers to a material’s ability to survive
continuous, moving contact without sustaining
damage to its surface. ZA alloys perform best under
dry and lubricated wear condlitions as compared
to the industry standard, C93200 lead-tin bronze.
Zinc'’s low coefficients of friction and good load-
bearing capabilities make them suitable for a variety
of applications {Figures 29 - 31).

FIGURE 26

Harclness is the ability to vesist deformation, usually
point loading. It can also indicate resistance to

satchi Abrasi As a bearing material, ZA alloy castings awe 25-45
scratehing or abrasion.

percent lighter than copper alloy bearings.

AllZA alloys are hard—more so than most
competing materials. This provides, in part, for their
superior bearing and wear resistance bt in no way
impairs their excellent machinability (Figare 27},
Plastics are too soft to be measured even using a
Brinell hardness tester.

FIGURLE 28

Black & Decker vised the
soeel bearing: propertios

of Zenak 3 forits corelo
serercefeives: The herdlened
steel shaft viclos rigfit on the
zine cast sofece withond

hibirication.

FIGURE 27
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FIGURES 29, 30
Connecting rod and piston for conumercial higl-pressire water prmp
utilize 7A- 125 exvecllent hearing and wear propertics.

TIGURE 31

Damping Properties

Damping is a material property that has only
recently begun to receive attention. Damping is

a materials ability to dissipate energy caused by
mechanical vibration, thus reducing the effects of
externally-induced stresses. Mechanical vibration
causes a great deal of damage and equipment

downtime. The damping capability of zinc allovs

is hive times greater than 380 aluminwm at room
temperature. Furthermore. the damping capacity
of these alloys increases with temperatire. At inder-
hood temperatwes, zine allovs can be classilied as
HIDAMATS (High Damping Materials).

Machinability

Machinability is also one of zinc alloys” strong points.
They will accept a relatively wide range of machin-
ing conditions. Surface finish and chip formation
arc excellent. Zine's low cutting force requirenent
results inlow tool wear, peruitting high machining
speeds, high productivity, and minimal tookng costs

{Figure 32).

FIGURE 32

This 78-12TY nucher
dlesht eoinponent is
periimi vwld cast
el thave machied
vver 100G of it
sitifeee

The Zamak alloys are the easiest lo machiue,
followed by ZA-8. ZA-12 and ZA-27 are the most
difficult to machine; however, all the zine alloys
allow higher cutting speeds and less tool wear than
aluminum or brass (Figure 33).

FIGURE 33
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Anti-sparking

Except for ZA-27, zine alloys have excellent anti-
sparldng characteristics. Aluminum castings, in
contrast, donot. This is an fimportant consideration
when components we used in potentially explosive
ariviromnents.

Corrosion Resistance
Zime-hased alloys resist comosion well in normal
atmospheric conditions, in aqucous solutions having
apH ol 6-11.5, and when nsed with petrolein
products. ZA-S is best snited to mildly alkaline
conditions, while ZA-27 is good in acidic environ-
ments down to pH 4. When required, chiromate or
phosphate treabnent enhances corrosion resistance,
and anodizing can substantially inprove it.

. o g o
Finishing

While Zamak 3 and 5 are the miost conunonly plated
zine alloys, the fow-wheel-drive Jocking hub cover is
an example of the excellent platability of the ZA-8
alloy (Figure 34). All zinc alloys readily accept a wide
variety of decorative and corrosion-resistant surface
finishes. Components can be painted to match
adjacent parts, chrome-plated to offer a darable
huster, or hrash-finished and plated to take on the
rich appearance of brass, bronze, or stainless steel at
asmall [raction of the cost (Figure 35).

NG ALL

FIGCURE 34
These hueh covens for CM s SXH el need the hardoess of 7A-8 to
resist deformation from stones Haown wp by the ties.,

FIGURE 35

Zines huali eloctioplete pocd stivasile was also a key solvetion critevia
fad # i

for the $X4 elrome-plaied udss helping thon maintein o lishly
decorative apprarance.

SUMMARY

Zine alloys otter a number of design advantages.
They exhibit high density and superior heat-transter
capability and electrical conductivity, and they
outperform other casting imaterials in mumerous
mechanical functions. Zine allovs also have excellent
damping capacity and machinability, making them
attractive tor a variety of commercial | industrial and
CORSIMeT applimﬁmm
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Designing Zinc
Die Castings



This discussion is meant to provide a better
anderstanding of the zine die casting process i
(o [acilitate clesigns (thal take [ull advantage of the
ProCess.

A cross-section of a typical die is shown in Figure 1,
To allow removal ol custings [rom the die, it is
constracted in tvo halves, knovwn as the fixed, or
cover half, and the moving, or ejector hall. The two
meet at a plane. The cover halt ol the die is attached
to the fixed platen of the die-casting machine.

Hot chamber machine

FIGURE 1
Sclietiatie of hot-chander costine machine showae methiod of filling
e covity.

FIGURL: 2

The die impression is machined into hoth die Talves,
nsnally with the cavity portion of the impression

in the moving hall and the core portion of e
impression in the fixed hall. This ensures that when
the die is opened, the casting will remain in the
cavity and be carried out with the moving halt of the
dic. Kjector pins are then used to cject the casting
from the cavity (Figure 2).

.
Types of Dies

A large portion of dies are made wath a single cavity
to 1‘)1‘0(1{1(:0 one casting per “shot.” When parts

ol tavorable shape and size are required in large
quandties, antomatic die casting machines Using clics
having several cavities offer cost savings. Multiple
cavity dies pr()(hu:(—-é different, imrelated shapes. A
combination die is used Lo casl separate, but related
components. The combination die is pall‘ficu]al']y
suited for the production of ditferent die castings

to be used in asingle product assembly.

Parts required in differiug quantities may be
economically produced in unit dies which are

7 .
smaller die blocks made to fit standard bolsters.
Quick-release unit dies may be readily changed to
suit procuction requirements.

[ ] *
Parting Line
The lerm parting line refers to the seam on the cast-
ing created by the parting plane ol the twvo die halves

(Fig}u’e 3).

FIGURL 3
f V"H

i dildir

Peiabin e
. 4

Selwattic of fot-etenber die-costiins vachine dhasteating die openiug ! g
el cres s wliection. frEnn

\\/' 1y sty [T

. cersii il [t'i.\.‘w'--lp\
To aliow the die to be opened, the moving halt is fiehs ieally el
mownted on the moving platen of the die-casting vewnehrel e ornees,
machine. Hydraulically or preumatically operated
tos_[f_)'le s control movement,
INTERZINC,

29



In many imstances, a natural parting line will be
established either by the shape of the part or by a
previous fabrication method. Given a drawing for u
new part, a die caster will first select u parling Ine
that will yield the flattest die suclace. This selection
depends on the lollowing factors;

1. The best gating Jocation to achieve complete
filing of the clie cavity consistent with strength
and surtace-finish requirements.

The simplest dic with a mininun of undercuts
formed by separate, movable members.

1o

3. Easy removal of the casting from the die on
completion of the casting cycle.

4. Maximum utilization of the casting machines’
locking force. (Generally, the plane of the
casting’s Jargest projected arca should coincide
with or be parallel to the parting plane.) This is
most crucial when large slides are required.

5. Most advantageous use of the principal die
movenent in cotng.

6. The desirability of positioning of close tolerance
elements in the same halves of the die.

=1

The swtace-finish requirements may indicate
that a particular parting line is objectionable.

Ejector pins will leave small marks on the surface of
castings. The die should be designed where possible
with ejector pins positioned so that these marks do
not appear on significant surfaces of finished
(‘;1sl'ings.

See Design Tips at end of scetion for e
information on parting line geomelry.

Tolerances

Dic casting is the most acenrate of the casting
processes. The reason for this is that the zinc alloy
is molded in steel dies machined to very tight
dimensional tolerances.

The tighitest die casting tolerances are held for
leatwes lormed in the same die part. Typically,
tolerance for non-critical linear dirnensions is
+0.010 in. for the first inch and £O.0015 in.

for each additional inch up to 12 inches, Tvpical
tolerance for eritical linecar dimensions is £0.003 1.
for the first ineh and +0.001 in. for each additional
inch np to 12 inches.

Parting line tolerance for dimensions perpendicular
to the parting plane is udditional to linear dimension
tolerwnces. Typically: for die castings with projected
area of up to 50 square inches, the parting line
tolerance is £0.004 inch.

Moving die-part tolerance is also additional to
linear dimension tolerances. Typically, £0.004 i is
required for die castings with projected areas np to
10 square inches.’

The specihications hsted here and in the following
sections are meant as guidelines. Exact specitications
are dependent on the specific application. For more
information consult the die caster of your choice.

Size of the Die Casting

In general, the smaller the size, the lower the cost
of both die and casting. Increased size means higher
metal costs and reduced casting rates. However.
provided the shape is not uncduly difficult to cast
asingle large zine die casting costs less than two

smaller ones cast sopm‘;tiu]}' and assenbled,

A casting’s maximun size depends on e size

of the die-casting machine available. There is uo
limit on i sizes in lact, zine die castings
weighing 1 gran (1300 ounces) or less are in vegula
production. Small components may he produced in
multiple-cavity or combination dics to contain costs.

' For wore insformation on die casting tolerances, see “Product Stncdards for Die Castigs,” prblished v Northe Averiean 19e Casting Association.
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DESIGNING ZINC DIE CASTINGS

Section Thickness

Zinc die castings should be designed tor the thinnest

practical wall thickness consistent with strength and

stifhess requirements (Figure 4). Thin wall sections
provide the following fimction/econonic benetits:

L. Cost savings: Melal saved through thinner
sections cuts the cost of the casting, The die
casting machine cycle time is yeduced and
production rate is increased, providing furthey
Cost savings.

2. Weight Savings: dince thinmer sections can be cast
i zne, it is often practical to produce alighter
procuct m zme than in metals that have a lower
density. Wall sections as thin as 0.020 in. to 0.025
in. {0.50mm to 0.64mm) ave practica for many
small zine die castings and 0.040 in. to 0.050 in.
(LOOmm to L2535 {or larger castings. Wall
sections as thin as 0.015 in. (0.37mm) may be
cast 1 zine in certiain situations. Section thickness
can be retained where necessary [or strength or
impact resistance, or supported and strengthened
by ribs.

3. Ingeneral, thin sections in a zine die casting are
relatively tougher than thick sections, with higher

impact and fatigne strengths. These nproved
properties result from the superior grain structure
of thin sections.

LIGURE 4

A porwer plane condieg
dlisplenge wndfora
wetdont HebeRuess uiith

vivtefuaend Lrsiieitions.
Pl

The unilorm fine grain structure of the surface layer,
normally present as the “skin” of a zine die casting,

accupics the tull thickness of thin sections ap to
anproxinsately 0.040 1. Chin). The thin section
consists entirely ol a fine dendritic strictire of alpha
phase and a uniform eutectic netwvork. The thicker
0.080 in. {2Zmm) section has onlyv a thin skin of
unilorm structure below whicly is a coarser dendritic
tormation of zinc-rich solid solution and Tess
unitormly dispersed entectic.

Often the wall stock specified tor other casting
processes depends more on filling the castivg than

it docs on the part’s mechanical function. More
extensive coring and thivnerwalls will, therelore,
resull in a lighter part at a lower cost when produced
as a clie casting,

See Design Tips at eid of scetion for more
information on die filling,

Minimum practical thickness for a new casting

can be realized by designing sections to e as thin

as possible and tooled accordingly (Figure 5). Should
certain areas require greater thickness, cutting out
the die is relatively inexpensive. I contrast, it is
expensive and usually ditticult to build np a die to
reduce the section thickness of a too-heavy casting,

FIGURE 5
Pheis plcle-vpy aeng Ty a i wall theickies of

0,025 in strenethoned big vose-ise ribs.
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Vqriation in Section
Thickness

Sectional thickness should be as unitorm as possible.
Where varialions in section thickness are necessary.
the transition should be gradual. Thin sections cool
nmore 1‘&11)'1([1}/‘ than thick ones, and i extrenie cases
uncgual contraction of nommidfornn sections may
cause distortion or cracking ol the casting. Carcful
design will minimize the eftects of distortion.

Judicious use of cores often aids in maintaning
section thickness uniformity. “Metal saver™ cores,
used it parts of the casting that otherwise would be
necdlessly [illed, aid in achieving uniforn section
thickness.

Draft

Drakt is required on all surkaces of a casting normal
to the parting line of a die and o all surlaces parallel
to the line of pull ol inovable members. The amount
of the dralt angle varies with the depth of dyaw and
depends on whether the surface is an outside or an
inside surface,

When molten metal solidifies, it shrinks away from
the walls of the cavity and onto steel protrucling into
the cavity. Therefore, outside surfaces require less
taper than inside surfaces. Generally. one-hall-
degree mindmmm should be specified on ontside
sirfaces of the casting,

The extent to which internal surfaces require dratt
is more involved. 1t depends on the iethod used
to strip the casting oft the interal surluce-—either
ejector pins (internal surlaces rigidly fixed in the
ejector die), or stationary surfuces {in the case of a
mevable member). In the cover die, it is ditficult to
provide a sbipper mechanism and a nimirmum of
one degree taper is dosirahle on intermal sinfaces.

For best ceconomy, the designer shonld provide tor
the maxinmiomn taper that the parts performance will
pemlit.

»
Ribs
Ribs can add considerable strength and stilTness
to a zine die casting, reducing shrinkage stress
during cooling and adding to casting stithaess hoth
in processing and service (fgure 61, A thin section
reinforced by ribs will usually provide lower overall
weight than nnrbbed sections of greater thickness
with equivalent strength,

FICURE 6

Tlus comerntrie
steree spn ikt
sliwows thin viby,
teiprcived and
Dcaloed indor thee
vtdidi Doy o the
sju erhis) jhe .‘.-f.iul-_i
(i enee) i i u_m‘rrr'iﬁj

i andf.

Bosses subject to load concentrations in senice
should be supported where possible by 1ibs to
distribute loads over a lrger arca of the casting,
Carefully positioned yibs will also improve the
casting by providing extra passages though which
metal can low into thin sections during the casting
operation.

I thin-wall castings, rib thickness should not exceed
the section thickness of the area it adjoins and must
not produce sharp comers at the joint, Ribs should
not be placed where they complicate removal of the
casting from the dlic.

See Design Tips at eid of section for inoie
information on strength and material cconomyy.
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Corrugations

In suitable applications, corrugations will acld
considerable strength and stiffness to thin, flat
sections in zinc die castings. Corrugated profiles
used around the perimeter of flat plates will usually
provide stiffness comparable or superior to ribs or
edge beading, with less weight.

Fillets and Radii

Fillets facilitate the metal flow, prevent stress
concentration due to shrinkage, and add strength to
the casting. Corner radii extend the life of the die,
since the sharper the corner the likelier it is to
develop a crack.

Since thin sections cool more rapidly than heavier
ones and their contraction is generally restricted,
high shrinkage stresses are apt to occur where
sections of nnequal thickness meet. At these
junctions, [illets should be provided Lo vield a
oraclual transition. The magnitude of the radius
should approxmately equal the average of the
joining wall thickness.

The most generous fillets practical should be
provided to elivninate sharp comers, a source of
weakness, Even the smallest fillet has an appreciable
strengthening effect. A radius of 0.15 in. (0.40mm)
minimum is suggested in place of sharp comers and
larger radii are desirable when conditions permit.
Fillets of 0.015 in. (0.40mn) raclius are barely
noticeable even on outside edges and an 0.030 in.
(0.80mm) radius is seldom evident except on close
imspection. Figure 7 shows how fillets combine

with raclii.

FIGUNRLS 7

This fistiing e
rect ddevnonstites
the nse of Bleweds
el fillots,

It is common die casting practice to usc a fillet
having a minimum radius of 0.060 in. (1.50mm) on
inside edges. A slight radius on outside comers of
castings reduces die cost, eases bulling and polishing,
and enhances the durability of any subsequent

finish. Sharp comers are difficult to polish without
damaging their outline, while organic finishes tend
to thin out along sharp edges. Fillets also aid metal

flow in casting.

Cored Holes and Recesses

The intricacy and accuracy of coring irregular shiapes

that clie casting permits is the largest single factor in
L o bl

its selection over alternative processes. This coring

often eliminates machining operations {Figure 8},

FIGURE 8
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Any shape may be die cast il the casting design
reflects the luniting conditions imposed by
withdrawal of the solid core and holding it i

the correct position during the casting operation.
Square. round, hexagonal, oblong, splined, and
other odd shapes are no more difficult to cast than
a diameter of equal perimeter. After the initial cost
of constructing the more complicated coring, no
additional costs arise, since the time requived for
the molten metal to solidify is the sane.

Cylindrical cores are the simplest to make since
conventional grinding equipment can produce
avery accurate, smooth finish. Becanse of the
precision with which such cores can be made, cast
holes can be tapped to 60-75 percent full thread
without prior drilling, The strength of these threads
will be greater than threads of a dhilled hole where
the denser surface metal of the die casting has been
removed.

Recommendations on the ratio of core depth to
ciameter for the common die cast alloys are given
in Table 1. Smaller and deeper cored holes are
possible depending on overall part geometry. It is
recommencled that u die caster be consulted [or
recormmendations.

TABLE 1
Ratio of Core Depth to Diameter

Wl Dyicumester (inches) Muxinm L]:-l:-th in
refation o dinimeter
Aing Strncdles Wgooer £L4053 Mo generally eored

(O o 0,250
(2560 ke 1000

3t B Hmes dimneter
G oy & Himes (laetor

Sce Design Tips at end of section for moie
information on cored holes.

l 3 L ]
Machining Allowances
Zinc die castings may be cast to very close
tolerances, olten eliminating the need for

machining. Where machining is necessary, the cuts
required are usually light and the operation is cased
by the free machining qualities of zine die casting
alloys.

Design drawings should indicate a datum Iine from
a lixed pomt on the casting to show how much metal
is to be removed. Surfaces to he machined should
be of minimum area, consistent with other require-
ments, and when possible, should be positioned to
simplify machining.

FFor example, Hats can often be trued by sanding

or other simple grinding, provided that the surfaces
to be ground arc accessible. Placing flats sucli as
hoss faces all in one plane expedites erinding. Such
surfaces should be slightly above suvounding areas
that do not require machining,

When the number of castings to be produced {rom
one die is sinall, the die cost can usually be kept low.
I such cases, it 1s sometimes preferable to save on
die cost and perform additional machining on the
castings.

Eliminating machining through more intricate and
accurate coring permits major cost reductions when
converting parts to die casting. Where machining
operations are unavoiclable, the highest acenracy

is generaily achicved through milling. boring, and
reaming, with only a finish cut necessary for minor
machining allowances, Minimized machining
allowances are not only desirable {rom a cost
standpoint but are recommended where sound
metal is required for bearing loads, sealing surfaces,
and pressure tightness.

A primary consideration to insure minimum stock
removal is the positioning of the iitia machine
locating points. Locators should be provided in the
portion of the casting containing the majority of the
machine operations.
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In dlesigning the casting ie, die components with
machined surfaces should be positioned to hold
the minimum tolerances relutive to the section
comtaining the locators, Using this eriterii, bocators
are usually positiomed in the ejector die.

Flat plates which ave die cast, and recjuine very tight
tlerances on corner to comer flatness, will recuire
hurther inichinmng, The amount of stock which must
be allonved for in the final machining is governed

by the overnl] surtace area created by the extreinities
of the compeonent |larzer components will distor,
bend and twist more than small components). The
Muching Stock Allowance recommendations in
Table 2 are generous and in many coses can be
reduced by gond die casting practice.

TABLE 2
Finish Stock Allowance

Extreme Avea inches)
< 20 e inches L (LU (ki
2 ) s dhwcties bt

= B s eches fn
= 600 saqueae fiehos Tot

< | M) ".-I‘I.'lllif‘l""‘.['.lr'l b B eee i, (i ¥ il
= 12340 gagunes fuclaes Lot

Eﬂiihq'lmm it e L1

Adl harles shonded b comed 1f at al! possible and only

a reaming, boring, or tapping allowance provided.
When a hole taper 1= objectionable, it 15 advisable to
vone the hole and either deill or resan to remove the
tuper Table 3 providles recommendations governing
ther machining allowsance tor coned holes. This i
particulary important when diameter sccuracy s
inore mportant than the location of the hole

When the location toleranee of an as-cast hole is
unsatisfactory and the hole needsto be machined,
then the machining allowance given in Table 3

should be increased by the difterence between the
cast tolerance and machined tolevance

_ TABLE 3

Machine Stock Allowanee For Cored Holes

Machining

Al snee
on Diameter

DHameter {invelwes)

= mcdy ity 01 s bt
T-Zinidus SN LR
R ALH pls faper
346 hineties A0 s Loy
B jedues 157 s ey
12 hachmee HURD ot By

Divill posints are commonly prosaded when it s
impossible to core holes or impracticable to cost
then. These pomts elinate the need for dlrill Jibas
unless the tolerance on the hole location is estremely
clise. Dmlling to chie-cast cll peints can be
consistently done within 0.005 in. tolerance,

Inserts

Inserts are incorporated to achieve cost-effective

engineerng or imctional valoe, They are venerally

used for one or more of the following reasons:

1. T prowacle greater stremgth, hordness, wear

resistance, or soime other Property not l'J{JH?iID'!.‘i?-r'il

by e chie castig allons

Tor prowicle shapes of parts or passages that ciannot

be comed or cast, or that are cheaper or better us

mserts.

3, To attach an assembly which would be les
efhciently produced othense

fad

Inserts cormmonly take the torm of threaded stods,
grooved studs, plain spindles, and bushes. Lnserts
may be placed m the die so that they are “cst-m™ or
they may be later driven into cored or dnfled holes
w1 the casting, A cast-in insert 15 used to achieve
greater anchorng secunty or positiommng Hat wonld
otherwise be inuecessible
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Inserts designed for casting-in-place should
incorporate knurling, holes, or grooves to ensure
firm inchorage. The casting thickness around the
isert should be thick enough to give the required
mechanical support. Inserts should be used that
prevent the zinc alloy from overtlowing suxfaces that
are intended to be exposed. A shoulder on the base
of the insert usually accomplishes this.

The potential effect of differential thermal
expansion between the insert and the casting must
also be considered. For cxample, the situation where
a large inscrt is incorporated into a small casting,

Plain Surfaces

Suwoth, plain surlaces that are to be highly finished
should be designed with a slightly convex siuface or
“crown.” Crowning will mask minor surface imper-
fections and greatly improve product appearance.
Normally, crowning will not be apparent in the
finished product (Figure 9).

Crowning is necessary to counter the tendency for
gloss paints and electroplated finishes to magnify
even slight surface defects or the eflcets of uneven
polishing over large. flat areas. An alternative lo
crowning is to break the surface with beads, steps,
low relief, or texture.

FIGURE 9

The Ponsou
shaver and lighter
demonstrate the
cffect r)f(‘r':fwuiug
which greatly
improves surface
Sinish appearance

Letter and Engraving

Cast-in lettering, mmerals, tradennarks, diagrans,
or instnictious are readily incorporated in zine die
castings. Raised designs on the casting are prelerred,
since it is easier and cheaper to engrave a design into
the die than to machine a raised design on the dic
surface (Figure 10). In addition, a raised design on
the die is subject to greater wear from the molten
alloy, reducing die life.

FIGURE 10

This conyprivssed gos regdator kool withe raised
lettering illustrates e cavior task of mochiiing «
clesen intor e che siorface vather e vaisiones the desagn

When it is undesirable to have lettering or marking
projecting above the surrounding surface of a
casting, raised engraving on a panel sunk into the
surtface of the casting can often be nsed. The panel
may also include stippled areas.

Engraving should be done on surtaces parallel or
nearly parallel to the dic parting. It should never
involve an undercut, which conld interfere with part
ejection. In imany designs, engraving is used eltec-
tively [or scale or gracuation markings. Recessed
designs may be filled with paint cconomically to
pl'ow'de contrast with Surrounding arcis.
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Undercuts

Undercuts are used to avoid solid or unnecessarily
heavy areas of metal where it may not be economical
or feasible to remove the material after casting.

Undercuts generally raise the die cost and reduce
casting rates dramatically and should be avoided
except where there is no design alternative or where
they provide relative cost or processing advantages.
When undereuts are reqguired on the exterior of

a casting, slides or moveable cores must be used,
otherwise. the casting cannot be ejected from

thie die. Undercuts on the interior of the casting
commonly require the use of a loose picee, which is
withdrawn from the die with the casting and nuwst
be replaced in the die for subsequent castings.

Shrink Marks

Bosses or similar metal concentrations that are
heavier than adjacent thin walls result in unequal
shrinkage. This sometimes gives rise in thin-wall
castings to “shrink marks™ or “shadow marks,”
shallow depressions on the face of a casting oppusite
the thicker section. Such marks may detract from
the finished component, especially if the surface has
a lustrous finish. The eflect can be minimized by
miniiizing variations in thickness.

Shadow marks can be masked by ribs or low-relief
designs and seldom occur in sections over 0.100 in.
{2.5mm) thick.

See Design Tips at cid of section for more
information on strictural soundness.

Through Holes
in Thin Sections

Sroall through holes in sections up to 1/8 in. {(3mm;
are olten drilled or punched instead of cored, since
the flash from cored holes normally must he re-
moved. It is almost as quick to drill or punch the

[ull depth of the hole as it is to remove Hash [rom
the cored hole, unless this can be done during
the normal trimming operation. The diilling or
punching operation inay he eased by spotting the
hole position with a short conical pin in the die.

Bending and Forming
Zinc Die Castings

The duetility of zinc die casting allovs can be used
to advantage by designing parts to achicve their
final shape through bending, [orming, or spinning
after casting (Figure 11).

FIGURE 1

Zine's ductifity is dliestreded i this monbee plate
serrortid. I s cast first i a horizontal plaia and Tl
to the requiied angle.

This ductility makes it possible to shape integrad
fhmges and curving contonrs, bend hollow ans,
spin out undercuts, upset odd projections. and twist
casting components 90 degrees or niore.

Simple bencing and [orming operations can often he
carried out satisfactorily without preheating castings.
The ductility of zine dic castings increases above
TO°F (21°C); more invohed bending and [orming
should be carried out above this temperature.
Where severe delonnation is required, preheating
of parts up to approximately 212°F (100°C) will
increase ductility. Bending and forming should he
completed before electroplating or painting,
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Trimming Zinc Die Castings
Castings should he designed to minimize the
amount of flash and the cost of removal. Flash is the
thin web or film of metal on the casting that occurs
at die parting lines. Flash removal usually constitutes
a considerable factor in a casting’s cost. While prac-
tically unavoidable, the cost of flash remaoval cain be
minimized by positioning the parting to facilitale
removal.

FIGURE 12
Adric tension ring s shown before and
affor it is trimmed.

To remove flash, a casting is typically pressed
through a trim die (Figure 12). If the parting is in a
single plane, preferably at right angles to the motion
of the die, the flash is casily sheared. Cost increases
wlhen the parting is not in a single plane.

Where possible, design should confine Hash to a
flange or bead, rather than in a recess or on flat
surfaces. Flash that yuns along a flat surface and
not at the extreme edge of the casting is difficult
to rernove cleanly without leaving tool marks on
adjacent surfaces. Designs often allow for {lash to
occur on a surface or edge where machining is
required, eliminating a separate flash removal
operation.

Models to Assist in Design
Models are a useful design aid in visualizing
products, assessing aesthetic (ualities, checking
tolerances, incorporating various design details, and
die tooling. They can be made in wood, fiberglass,
liard plaster, metals, and combinations of these.

Designers often get help visnalizing by construeting
even arongh nodel, althougly one made to scale is
still better. The model often reveals design features
that can be altered to lower die or piece cost.
Constructing a modet ot a portion. of the proposed
design may help solve a particular detail problen.

Ordinary projection views show the part from just
three positions. A model illustrates how the dic
might be built to fit around the part and how it
might be easily removed from the die after casting,

The Zamak casting alloys do not produce good
results in sand and plaster molds whicli are slow
cooled. However, ZA-12 produces castings with
propenties little affected by cooling rates. Except lor
its impact strength and ductility, this alloy compares
in nieclanical properties with Zamalk alloys and is
uselul for sand or plaster mold prototypes. These
prototypes can be used to assess die casting tor the
proposed application. Gravity casting can be used
{or short production runs. ZA-12 castings can be
machined, plated, or othenvise finished Like
pressure-clie castings.

Means of Atachment

When two or more die castings are to be assembled.
or when stampings or parts fabricated by other
means are to be assembled to a die casting, they
must be fastened by some miethod. Generally, a
boss with a hole to be tapped Jater or to be used in
conjunction with sell-tapping serews is provided.
Often, lowever, integral rivets or cast studls can be
economically used as [astening and locating means.
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These Fastenings can be threaded and a nut added
later, secured with a spring steel clip, or peened and
headed over,

Quite often a boss is udded providing greater
bearing thuan could be achieved by having a lole
pass through the casting wall. Adding several ribs to
a boss adds strength and distributes stresses over a
larger area. Coincidentally, the boss becomes easier
to fill.

Studls formed as an integral part of the casting
usually cost less than mserted studs and often
constitute a highly economical means for fastening
a casting to a mating part {Figure 13}, Production
rates slow considerably when separate inserts must
be placed in hot dies before each shot.

FIGURE 13
This reashibu:
inachine puifey
wets cast in fleo
sections ane Leld
fosether with

cest-in strels,

Integral studs should be large enough to avoid
handling damage. Stud diameters of at least

0.236 1u. (6mm; for large or medinm sized castings
are recommended. With small, light castings,
proportionatcly smaller studs can be salely used.

L} *
Ejector Pin Marks
Once the casting cycle finishes, the part must be
removed from the die. Typically this is accomplished
by pins fastened to a pair of ejector plates and

mechanically or hydraulically passed through the
cjector die. While ejector pins may take any shape
that can be machined. pins that are circular in cyoss
section are the least expensive. Depending om the
size of the casting, ejector pins should be 1/5 - 1/2
inch in diameter:.

Because ejector pins are movable, the casting
swiace has a slight seam around the perimeter of
the pin, hence the tcrm “gjector pin mark.” Ejector
pins are normally quite long, so small changes m
temperature affect their length appreciably with
marks that are raised or depressed on a casting.

Awareness of this condition is exemplilied by an
autornotive iming chain cover. Heavv gaskets
cnabled the cover to be used without machining
the ejector hall of the casting.

Ejector pins arc most effective and create the least
distortion if they can be placed under a vertical wall.
(Vertical in the sense that a major dimension length
or width is parallel to the axis of the pin.) Since the
wall thickness in a die casting is gencrally thinner
than the diameter of the ejector pin, a boss o the
casting may be required to clear the pinin its travel,

Threads, Gears,
and Gear Teeth

Internal threads may be casl in zinc using a complex
mechanisim designed to rotate the core in the die.
‘This allows casting a full thread to the bottom of

a hole, something tapping cannot do since chip
clearance is needed between the tap and the
botton. Casting an internal thread is also leasible it
the thread is special and the cost ol procuring and
using special taps exceeds the additional cost of the
slower evele time.
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FICURE 14
Extemal threads
are sty more
coonondeal to
st [h(-'” ”h’ﬁ"ﬁ‘”ﬂ!’
thivads

External threads are much easier to casl

(Fignre 14). The most common practice is to
nachine the lemale thread in the separate die
halves; in which case a seam appears across the
thread parallel to the thread asds. This is not
objectionable with most thread classcs. Variations in
metal shrinkage can create an error in the pitch, but
if the thread is not excessively long, the lotal error
will he slight. The finest threads that this method
cun success(ully produce in zine are 32-per-inch.

Any type of gear form that can clear the die can be
dic cast. In general, the teeth ure acceplable as-cast
and need not be machined (Figures 15 and 16).

Internal gears arc as casily die cast as external gears,
whereas intermal gears inade by other methods are
much more expensive. especially if the gear is small
and the teeth must run to the bottom of the hole.

FIGURE 15
Black & Decker Power Serewdritet.

FIGURE 16
The gear case for the Black & Decher Power Driver is cast net shapn
clucing the ving gear

In addition to strength, there is another factor to
consider when using die cast gears. When one gear
is cast, the mating gear should also be cast. Die cast
gears generally cannot be expected to run smoathly
with a gear that has been machined.

See Design Tips at end of section for more
information on threaded components.

- L]
Design Points
to Remember
Final selection of the parting line should be the
responsibility of the caster. A nunber of factors
will influence this decision including: ejection,
configuration, coring, finish specifications, gating,
type of cie, and (Jash removal.

Caores and slides often save much more than they
cost to incorporate. In addition, cores often allow
high-volume production of complex parts that are
reacy for assembly.

Wall stock should be as thin as possible. consistent
with strength and finish requirements.

The total quantity of castings as well as the volume
per production ran inay have an important imfluenee
on part cost. This is especially true 1f machining and
[iuishing operations are keyed into the production
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cvele. The longer the production run, the lower
these costs will be for each individual casting,

Discuss the specific part requirements with the die
caster so that the most practical alloy can be chosen
for the application.

Smiall hosses or studs can be formed integrally
simplilying assembly of the finished product. 'The
automotive industry often daces this with letters,
escutcheons, and decorative trin. Assembly then
can be completed simply by inserting the projections
into preprmched or precuilled holes, securing the
part with spring stecl clips or other inexpensive

IS,

Lrregular or eccentric gears or cams, difficult to
machine from solid blanks, can be die-cast as easily
as parts willh unifonn profiles.

Interchangeable die sections can produce castings
with the swne external shape and size but with
dilferent ]ellglh, Cavit_y, or hole 1*equir<=nu_'nts.

This greatly reduces the tooling tor similar parts,
especially when one of the parts has low production
requirciients.

Elimination of inachining is one of the greatest
benehits of the die-casting process and every ellort
should be made to take advantage of the accuracy
casting ofters.

External threads can be cast cither by positioning
the part so that hall ot the thread eircumfercace is
formed in the cover die, the other lalf in the ejector
clie: or by nsing side slides to accomplish the same
puipose. Loose die pieces or threaded inserts can
also he emploved.

The swrfuce finish specilications should only be as

High injection pressuwres and the nse of process
control equipment and technignes produce dic
castings with little internal porosity.

Closest tolerances can he held hetween elements
located in the same dic component. Closer
tolerances than those listed in the Die Casting
Stanclards often can be held, bat such customer
reqniteinents should be disenssed with the clie
caster belore the job is begun. Tolerances and
limits awre subject to variation, depending upon such
features as the size and shape of the casting, the die
construction, and the casting pressies employed,

Bimetal assemblies can be produced hy nsing a
b : &
precast component of one alloy as an insert or
interlocking part ol another casting,
v kN

Fillets and radii should be as generous as possible
to aid metal flow and avoid stress concentrations,

Large, [lut sections are more dillicult to cast withont
surface imperfections than contoured or rihbed
members. If the exterior must be flat, soine degree
of surtace impertection st he tolerated anid more
liberal allowances may he necessary, pationlarhs
regarding flatness.

If the only difterence between the right wd eft
parts of an asscimbly is the position of a lange or
other integral member, a single die may possibly be
used for both picces. Parts could be formed into the
desired shape atter casting by a simple bending or
machining operation to eveate the necessary
illerence,

Desigus ellect onall secondary operations
(incluching machindug and tinishing! should be
considered betore freezing the design, so that the

dit--(;ustillg process will provide the ndnm

good as is necessary for appearance and [unctional benetit.
priposes. Ultratuigh guality increases die production
ancd mamtenance costs.
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DESIGN TIPS

Consider Parting Line Geomeltry
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DESIGN TIPS

Design for Structural Soundness
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Design Using Cored Holes
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FINISHING OF ZINC ALLOY CASTINGS

Zine casting alloys can be easily finished with
mexpensive coatings, pmducin g many attractive,
functional, and corrosion-resistant parts. This review
of coating characteristics, part design for surface
finishing, and surface-preparation techinigues will
assist designers in specifying the most cost-effective

coating for uwide range ol applications.

COATING SYSTEMS

When selecting a top coat svstem, the designer must
fully understand the properties of the casting and
coating as well as the service conditions the product
will be expected to withstand. Many engineering
applications do not require surlace coating of

zinc custings. Their excellent casting and matenal
propesties often enable them to be utilized as-cast.
Coatings and finishes are specitied to enhance the

properties of castings in these ways:

* provide a decorative finish
* increase colrosion resistance
* improve engineering propertics

The coating systems available for zinc castings offer
a wide spectrum and are most often classified into
three categories: chemical, metallic and organic
finishes.

Chemical Finishes

These finishies are usually based on proprietary
chemical solutions applied by animmersion or
spray process. The chemical solution reacts with the
surface of the casting to form a complex conversion
coating system. No current is involved in the for-
mation of these coatings, which are usually based on
zine chromate or zine l)husphatt' formation. Two of
the more popular solutions for chemical blackening
are based on chlorate or molybdate salts.

CHROMATE COATINGS. Tlic priniary purpose
of these chenical conversion coatings is low-cost
corrosion protection. In addition. with the colors
now available, these finishes cin be aesthetically
pleasing, This coating process imvolves a controlled
oxidation-recluction reaction.

Hexavalent chrominm oxidizes the mietal surelace.
This increases pH at the metal/liquid interface

and promotes trivaent chromium to precipitate

in a gelatinous form. The wnount of entrapped
hexavalent chromium will determine the cormrosion
resistance, while the trivadent chromium oxide Glm
provides a mechanical barrier to abrasion. The ralio
of hexavalent to trivadent chromiom determines e
coating color and, in tun, the corrosion resistance
(which depends on pH, concentration, time, and
lemperature).

Clear chromate coatings, usesd primarily to
prevent (inger printing and the formation of white
Corrosion or storage stam, have the least corrosion
resistance. Iridescent {vellow) chronate coatings

have a greater corrosion resistance; alive dimb, the
highest. Figures 1and 2 show exaimples of typical
chromated parts.

FIGURE 1
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FINISHING OF ZINC ALLOY CASTINGS

FIGURE 2

Trfelrseent !/{’”{)w chinate coating prot il rether corvusion

ssistonee then e clivcinating

To produce the alternative-colored chromate
castings, film is dved after the rinsing cycle before
it has dried. Colaors that can be obtained include
green. blue, black, turquoise, gold, red, brouze,
and violet in light-pastel colors and deep tones.
Chromated purts should be lacquer-coated to
protect the dyed finisle,

PHOSPHATE COATINGS. Phosphatc conversion
coatings are used primarily as a precoat for organic
finishes. Metal swfaces do not provide a good base
for paint filims, since these surfaces remain conduc-
tive. The underlying casting will comrode when the
organic surlace is broken or when the atmosphere
diffuses through organic coatings.

Phospliate coatings impart an insoluble
nonconductive film to the casting, minimizing the
spread of corrosion if the paint fibm is broken. These
coatings also improve mechanical achesion and
reduce paint blistering since the surface iorphology
ot the conversion coat is “imicro rough.”

The two types of phosphate coatings in commercial
use for zine castings are amorphous phospliate/
molybdate coatings and crystalline wine phosphate
coutings. Zine phosphate conversion coatings are the
most widely used (or zine castings. The gray

erystalline coaling that forms is a mixture of metal
oxides, iron phosphate, and zine phosphate. More
recently, polyerystalline phosphate coatings offering
improved corrosion resistance have hecome popular
as a base coat on steel and zine-hased pruts.

Phosphate coatings should be sealed prior to
painting with a reducing chromic acid vinse,
chrome-bree rinse, or a phosphate-free ringe.

These coatings can be applied by an immersion or
spray process. Compared to the inimersion process,
the most popular spray process is characterized by
higher prochetion rates, better consistency. and
lonver chemical cost,

L ] L ] -
Metallic Finishes
The maujority of metallic coatings on zinc castings
are electrodeposited, while a small percentage are
electroless deposited or vapor deposited. Metallic
coatings are favored for their appearance. corrosion

resistance, wear resistance, and electvical propeorties
(Figure 3).

FIGURIL 3.
Clastives el an
ventinnensiy oyposed
o herste cinciem
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platest 1 nrinteris
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ELECTROPLATING. 1n tle electroplating process,
the metal to be plated onlo the casting 3s introduced
into solution by dissolution of a metallic salt or by
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metal dissolution as an anode. The zine parts to

be plated become the cathode. The most common
methods of electroplating are rack electroplating
for large parts and ham'r:l-clec-tropluting for
srnaller parts.

Rack electroplating requires good clectrical contact
between the part and the rack, and the rack and the
bus har: Parts must be securely Inmg from the rack

and l)()siti()ned i such wity as Lo prevent exCessive
drag-out or abr and solution entrapment.

Barrel electroplating introduces cinrent to the parts
throngh contact with each other as they tumble in
arotating harrel. Parts with complicated geometry
may be dillicult to plate, but if the designer decides
harrel plating is the logical choice, dimples, grooves,
or other configurations can be incorporated to
prevent the parts from nesting together, optimizing
the plating distribution.

Virtually all electroplating of zinc castings will fivst
require a thin deposit or strike of copper from a
copper-cyanice solution. This protects the 7ne
substrate fromn acid solutions used in subsequent
plating. Usually bright-acid copper will follow the
copper strike, but il heavier de posits ul'cuppm' dre
not required. a Rochielle copper bath can be used to
I'eplu(:e the two-stage (Jpc‘u‘ation.

Metals such as nickel, chromium, silver, gold, brass,
and bronze can be plated over the copper layer. Zine
can be plated directly over zine castings to provide a
low-cost altermative to the Cl/Ni/Cr systenn, Nickel
and clrormium can also be plated directly from
solations tormulated for thal purpose.

CU/NI/CR SYSTEM. This svsten is used
extensively in both indoor and outdoor applications,
com bming 4 decorative appearance with corrgsion,
wear, and tunish resistance. Bright-acid copper over
the copper strike is generally used to provide

excellent leveling and brightness prior to the nickel
plate. This can eliminate the need for polishing or
huffing before snbsequent plating.

Depending on the enviroriment, nickel can he
deposited in different thicknesses and inonore thasa
one laver (duplex nickel). Th plex nickel inproves
the comosiou resistance ol the Cw/Ni/Cr systen.
Semibright, sulpln-lrec nickel is first deposited
over the copper, followed by a bright-nickel deposit
contaning sulphr. This ereates an electrochemical
potential difference between the two lavers. The
outer layer covrodes preferentinlly, effectively
providing cathocdic protection to the inner nickel
layer wnd stowing corrosion to the substrate.

In addition to providing excellent corrosion
resistance, duplex-nickel coatings also produce
attractive finishes. Corrosion resistance is enhanced
by a thin deposit of chromium over the hright nickel
layer. The recently introduced micro-discontinnous
chromium (microcracked or microporons
chromium) has provided especially good results.

The advantages of microcracked chrominm are best
realized by controlling the erack densitv. This en-
sures that any corrosion condition is distributed over
a large arca and not limited to a single isolated site.
A typical specification for microcracked chromium
wonld call for 64,000 active sites per square inch

Chromium also provides a slightly blue tane to the
Iwight finish, often found to be more acceptable
than bright nickel (Figl.lre 4, Figure 3).
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TABLE 1
Plating thicknesses recommended under ASTM B-156

Acetic Acid salt spray Cu Ni Cr
Service Condition His. Hm Hm Lm

SCH — Extended Severe Serviee - 5 35d 25me or g
SC4 —Very Severe Servige [44 5 35l 2hHr

A a0 25me or hp
SO — Severe Service 96 5 25d 25

5 2kl 20me or mp

5 35p 207

5 25p 25me or mp
SC2 — Moxlerate Serviee 24 5 20h 35

5 151 2B or
SC I — Mild Service 5 5 10 Jar

Nickel
b — for nickel deposited in e fully bright condition
p ~ for dull or semi-bright nickel requiring polishing to give full brightiness
d — double- or trple-layer nickel coating
Chromium
r— Regilar Clhiromium
mie — Micro Cracked Chrominm. more than 30 enwks/num in any divection
mp — Miero Porons chrominm, more than (00 pores/mm’

Delinitions:

SCL: Exposure indoors in normally warm, dry, atmospheres with coating subject to minimum wear

o abrsion,

SC2: Exposure indoors in places where condensation of moistire may ocenr: for example, in

kitchens and bathrooms.

SC3: Fxposure that s likely to inclnde occasional or requent wetting by rain or dew or possibly
strong cleaners wnd saline solutions; lor example, conditions encountered by poreh and L

furmiture; bicveles, hospital harniture and fixtures.

5C4: Service conditions that incinde likely damage from denting, seratehing and abrasive wenr in
addition to exposure to corosive environments: tor example, conditions enconmtered by

exterior o OIPOTents ol automobiles and h'l. haoat fittin W i st wwaber service.

SC5: Serviee conditions that include likely damage from denting, seratehing and abrasive wear in
addition o EXPOSUTE Lo COTTOSTVE environments where long time protection of the substrate is
required; for example. conditions encountered by some exterior components of antomabiles.

ASTM recommends 3 plating thickness configurations. depending on the environmental exposure

which the plating will be subjected to (exemplified in Figures 4 & 5).
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FIGURE 4

Platbns welels Tl ane brings ont the detail in zine castings.

FICURE 5
This Co™NuCr plats .J'_fx-g.rv-f sitisflos consmer denand for e igh-
(||lrr|'{.:|'|_|' hardehit finish.

An alternative to bright-chromium plate is a

black chromium. Many industries now use this
electroplate, nonreflective, durable and corrosion-
resistance surlace.

Minimum thickness requirements for the Ca/NvCr
systein vary according to the specification. In Noith
America, ASTM B-136 delines Bve service condi-
tions and mininmm thickness required for the
various plating methods. For example, aimild
service condition is defined as exposure indoors in
a normally warn, dry atmosphere with the coating
subject to minimum wear or abrasion. This might

include tousters, oven doors, nterior auto hardware,

hair dvers, and luggage racks.

The minimum recommended coating thicknesses
using single-layer bright nickel is 0. 13 micrometers
Crover 1O micrometers Niover 5 micrometers
Cu. This compares to (.27 micrometers Cr, 35
wicrometers duplex Ni, and 5 micrometers Cu,
which is recommended for severe conditions.

Alternative Electroplated Systems.
Numerous other coatings can he plated on top of

a CwNi system, effectively replacing chromium.
These inchide gold, sitver, copper, ronze, brass, and
tin/nickel. Many of these can also be directly plated
aver copper for a lower-cost altemative.

FIGURE 6

Thiy dic-cast wicrowcave coupler and cover wbifize o thi golel
fllrrfim_{ o log f{f}t copn stnicked subnlrate, This i teles snariimingin
(:(m(frrr}ﬂ'z'm/ and taimish resistence,

Brass coating can vary considerably in tint [rom red
to yellow to white, depending on the ratio of copper
to zine in the brass. Normally, a 60/40 or 70/30
Cu/day ratio is atilized, producing a familiar rich
yellow color. Bronze coatings can be bulfed or bright
plated to an attractive appearance, which is richer
and wore golden in color than brass,
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FIGURE 7

Thiv collaoe of
fittues illustrates
v tacge -

coatidd parts.

Plated copper and its alloys are often used to
produce antique finishes. The copper electroplate is
usually oxidized by a chemical treatment producing
a darker brownish color, depending ou the copper
content and treatment nsecd. Purts can then be
scratch-brushed or relieved to provide the desired
antigue [inish. Clear and tinted lacquers can be
used after clectroplating to protect copper and

ght or oxidated

[

brass electrodeposits in cither the by
condition. Lacquers may be applied hy brushing,
spraying, or dipping (Figure 7).

Satin finishes on Cu/NVCr electrofinished parts

are generally obtained by wire brishing the nickel
deposit prior to Cr plating, Tlis provides a more
durable finish than brushing the chromiom topcoat.

Some proprietary baths can produce satin colors, but
they do not have the same reflectance as wirebrush
finishes. Textured dies are wlso used to produce a
satin finish and other desired surface textures
(Figures § and 9).

FFICGURE 8§

These parts weve prodnced b tedired dies to obiain the desived

CroNHCr fingsih,

FIGURE Y

This sex iy ol
Hfstoates a satin

Jineste oltemed by
wine brasteing,

Zine plating of zine castings has heen used {or inany
vedrs to produce mare nnifornn coaling appearance.
Zine deposited fronm eyanide (and, more recently,
noncyanide solutions) provides a good bright
appearance at a low cost. Subscquently chromating
and cloar-lacquering parts increase seivice life,

In addition to melallic coutings, some applications
nse i combination electroplate/organic coat. Parts
that have been electroplated can be masked and

pamted to highlight certain arcas. Highlighting
CwNVCr electroplate with paint is very elfective

{Figure 10).
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FIGURE 10

N combination ()fr'fr'r'(mp/umig anel peinding can b

wseed for Listilights, as ifhestrated by the Cadlilac hocel andd
tevenk orveiients,

The traditional Zamak alloys are widely recognized
as excellent substrates for plating. ZA-§ and ZA-12
are the preferred ZA alloys for plated applications.
ZA-27. having a higher alueinwn content
(25.5-28.0%), is not normally plated.

ELECTROLESS DEPOSITION, Metallic coatings
can also be applied with an clectroless deposition
process. Compared to electroplating, this process
improves coating harduess, wear resistance,
corrosion resistance, and dimensional tolerances.
Disadvantages include higher chemical costs, lower
deposition rates, and less ductile deposits.

This method is used extensively to apply a con-
ducting Layer to plastic prior to electroplating. On
zinc castings, electroless plating is used to plate parts
containing many low current-density areas snch as
recesses and holes. Gears and sprockets can be given

anniform cont using the electroless process.

From a commercial standpoint, the most widely
used metals for clectroless deposition are nickel and
copper. New procedures allow electroless plating of
nickel directly on zine castings, eliminating the need
[or a cyanide copper strike.

VAPOR DEPOSITION. Vapor deposition or
vaenum metallizing is & method used to deposit thin
metallic Alms on high-volune, Jow value-added
parts. The miain objective ol this process is to
improve the finished part’s appearance.

. . »
Organic Finishes

Organic finishing systems usnaily dissolve the

resin (the filtn-fovining imedia) wid the pigment {lor
color and hicding power) in organic solvents or water
based solutions. Water or organic solvents allow the
property-torming media to be dispersed over the
zinc casting. The solvent is evaporated by air drving
or force drying, or aided by baking to leave a diied
bavrier film on the casting.

Many types of organic finishes are available today.
Some of the more popular resing include acylics,
alkyds, epoxies, polyesters, vinyls, and other
polymers including polyurethanes. The choice
depends on service environment, application
n‘lethod, ppearance J'equirements. emvuonnent,
health concerns and cost.

COATING RESINS. Aciylic resing ave nsed
prinmrﬂy in top coal paimt systems over a primen.
avoiding adhesion problems between he zinc
substrate and the acrylic coating. A dharable primer
such as epoxy should be used in combination with
acrylic resins. Acrylics have good outcloor durability
andl resist chemical and heat damage very well.

AH{_{/(] resins are goud, low-cost t()p coats
characterized by high gloss and good durability,
although they will vellow over time. Alkyvds are
slightly aciclic and will react with the casting, cansing
adhesion problems. They shonld be nsed in
combination with a suitable primer
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FIGURE 1)
Asprranppainted ash Gy somencladue Sprong peasins s stifl

o of the masi widcly-used methods of applying paint

IMGURE (2
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in i organie conting ancl eitd e,

Epoxy resins are widely used to coat zine castings.
They can be used as prime coats or top coals
offering good witer resistunce, excellent adhesion,
and excellent corrosion resistance when in contact
with petrochemical derivatives,

Epoxy resins can be formudated Lo improve
gloss, hardness, and impact resistance. Thev tend
to chalk and lose color when exposed to sunlight
for prolonged periods: therefore, they are not

recommended as a top coat lor outdoor application.
Epoxies can be applied in thick deposits (1-20 mils),

maldng them suitable for a single coal.

Polyester resing produce high-gloss ciumels that
olter good weatherahility and vetain good appew-
ance when exposed to sunlight. Hardness and
impact resistance are as good as epoxy coatings, but
nnpact resistance is slightly better. Thev can also be
applied in thicknesses up to 20 wils for good one-
coat coverage.

Polyurethanes are also popular coating vesins. These
coatings produce smooth, even filins at low filin
thickness. Most types resist weatherving and
ultraviolet exposure well.

Chemical and abrasion resistance is good. pennitting
high color retention. Polywrethance coatings are not
recommendec where heavy Bl huildup is required.
since mechanical propertics decline when cured fhn
thickness exceeds 3.0 wils.

CHARACTERISTICS OF ORGANIC RESINS.
This section is only a general overview of resin
characteristics and application methods. Ouee

the product characteristios are determined, the
designer/specifier should consult the coating shop
and/or the coating supplier to ensure the most cost-
ellective coating is specified.

Comparing the cost of couting resins is difficalt, but
polvester resins ae generally the most expensive,
followed by acrylic, epoxy. polyvurethane, and alloyds.

I addiion to the basic resia gronps, some hybrid
coatings are avadlable that combine the properties of
hwo or more groups to form a coating.

Most resing are now available as both organic solvent
anc water-hased paints. Increased government
regulations, particularly in the United States, have
generaled a ot of interest in water-based paints, high
solids loading, powder coats, electracoats, and spray
painting with improved transfer efficiencies.
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Even thongh organic solvent-hased paints still usually placed on a convevor that will travel through
oceupy a lage percentage of the market, designers a {low coating section, crain section, and bake cycle.
and specifiers should be familiar with the current,

more environmentally acceptable application Inlvicate shapes can be coated by this method, anc
methods, using such leatures as reduced organic paint utilization is usually better than with dipping.
solvents, nonorganic solvents, or water-based Coating will be more consistent than with a dip
solvents. method but it will have a wedge-shape thickness,

cue to the draining methads.
Organic tinishes can be applied by spray painting

(Figure 11), dip painting ( Figure 12), flow coating, ELECTROCOATING. Electiocoat or electro-
powder coating, and electrocoating, ploretic paints are always applied from a dip

tank, with the part acting as either the cathode or
SPRAY PAINTING. Spray painting is still one ol anode, depending on the resin used. The vesin and
the most widely-used methods of applying paint. pigments are then electrolyically deposited onto the
Tracitional spray painting mixes a solvent and part. Subscquently, parts are huked to forn the final
binder together, and ar pressure then forces the flm (Fignre 13).

mixture through an orifice, causing atomization of
the liquid. The deposited filim is either air dried,
force evaporated, or buked.

Conventional air-atonized spray guns have poor
transter efliciency and are being replaced by
methods such as airassisted SpriLy, electrostalic air
spray, aud high-volume, low-pressure spray (HVLP).
Table 1 illustrates some of the characteristics of
these newer systens.

DIP PAINTING. As the name implies, parts are

d_lppc.‘d in an organic coating and then withdrawn FICURE 13

at asteacly; even rate to he air dried or baked. The fuee plote deft) of e dollar bill eharser i finishd with ne
Complicated large parts can be etfectively coated clectrocont while two fulvonal componeats are back dicomat pliteel

in quantity. Dipped parts will typically have coating

J P 7 X o
variations around holes and corners and from top-
to-hottom because of coating run-oft.

Flectrocoats are widely used in the awdo industry.
They provide uniforn: coatings with reduced
€1N1SS10Ns.

Parts st be withdrawn from the bath at a

POWDER COATING. This method invalves
electrostatically spraving a premixed granulated
powder onto a workpiece and then curing to

consistent rate to prevent sag or ring marks. Parts
may also be dipped to obtain complete coverage
and then spray coated for appearance. . _ :
obtain final coabmg propertics. Powder coating
FLOW COATING. Tliis metliod applies the paint has many advantages, including the absence of

: ganic solvents, awide choice of coating materials
as a heavy coating that flows over the parts. Parts are OTgAnIC solvents, a wide choice of coating matevial
for many service conditions, mininial material waste,

and easy handling.
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Di.sadvantages mclude high capital investment,
process limitations (the process is suited lox long
production runs with one color), and part-geometry
limitations due to the Faraday cage eftect.

FIGURE 14
This kitehen yixer
is pender coated
Jora siooth, rich

fook.

Surface Preparation

All the top coating systems mentioned, regardless
of application method, share the need for proper
surface cleaning prior to the application ol the
finishing system.

Zinc Die Castings
1

] |
| Vibratory finish  |—»—| Palishing and buffing |
S 7

1

¥
Hol soak, pressure spray Vapor, solvent, ultrasonic
ar calhode glestrociean or emulsion degrease

| Waler rinse |

Anadic electrociean

|

| Waterrinse |
| Mdl ip ]

|
| Waterrinse |

Copper plale ]

TABLE 1
Typieal strfee preperation s ‘,f.]r((‘*;.'r'r'ﬁlrlj.m(‘ dhie: castings, prior to
deetroplating. Sequetce oy sary

Table 1 illustrates a tvpical cleaning sequence

for zinc clie castings prior to electroplating, This
sequence varics, depending on the tvpe of contam-
mation present and the finishing systen to be
applied. biproper cleaning may cause top coat
filure due to substrate adhesion (ailure and/or
blistering.

Coating System
Summary

Table 2 summarizes the comparison ol the coating
systemns discussed. Tt ontlines the three criteria that
distinguish a coating system: appearance. corrosion
resistance, and engineering propertics.

This comparison is very general und many individual
exceptions exist. Metallic finishes have various
degrees of corosion resistance and ditferent
engineering properties, depending on the makeup
ol the total plated system. Organic finishes also
exhibit varying degrees of corrosion protection and
abrasion and impact resistance, based on the type

of resins used.

SURFACE
FINISHING DESIGN

To effectively finish zine casting alloys the desiguer
needs to understand the required lnish at the
carliest stages of design. Several proven teehnigues
can be employed minimizing sccondary finishing
and preventing substandard coating quality.

Most castings can pass divcetly trom the bim press
through many of the top coat processes without
secondary operations. If required, inexpensive bulk
tinishing in automated vibratory machines can
improve the “as produced” surface fnish.

Exceptionally stiooth finishies ¢an be obtained by
lightly bufling the castings prior to linishing or by
proprictary chemical polishing. If a textured finish is
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specified, the die surface can be tooled accordingly wodification, added linishing costs. or in-service
to produce a “cast in” textured surface. quality concems.

T}.]f:? (_‘il()i(_‘t‘ ()fl fll]_lHll Cilll llLlV(-! il llic‘.ll"l((%(] (-Bﬁl(".(ft On DESIGN CONSIDE RATIONS

part design. A shaup corner tends to develop a thick

clectrodeposited coating, while void of finish with an When a coating is specified for a part. the coating
innmersion-type coating. Involving the finishing shop quality quciﬁcaﬁon usually applics only to certain
early in part design eliminatcs unnecessary part surfaces. Optimizing the coating on significant
TABLI 2 — Service Properties
I L orrosion Wear and Abrision
Appearance Resistance Resistmee Il
Finish Fxoel | Good | Fair | Fxcel. | Good | Fair | Exeel. | Good | Fair | Poor
| Chemical Finishes i
Chromtes .
b, Clear ® | o ®
B. Yellow i JI - ® { _ l @
(2 Gold o e o
U3 Cfive D @ @ ®
Plisphates el - o
A, lrom iJiIIIH[‘Jl ke ® @ ®
B. Zine Fl |nl.1r|1:|rv ® ® ®
Metallic Coatings
Electroplting i et e e
A Copper/NickelCliromimn @ ____L i _._ b R o S
B. Black Clirominm o | o o ® |
. Direet Cliomivm on Zine ® o o |
l]]t i_j._;th-uI! (:Iill'ijlllillljl ® ® ® .
_E.Zine Electroplate @ [ ] o
F. Silver O | @ @ a o
B ® e o o
H. Copper [ ) [ o
Vacuum Metallizing _
A Alomimm \;L[mrtf.['r ® ® W
| Organic Finishes _
All types and methods of application | @ @ @ @ @ o
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surfuces, wlile working under constraints of the
couting process, can provide a formidable task for
the design engineer.

Significant material savings, time, aud part quality
can be achieved by design. The door handles in
Figures 15 and 16 are good exariples of material
optimization on exposed critical surtaces. The
CwN/Cr system is applied to the outer sunface for

appearance, durability, and corrosion resistance. The
handies underside does nol require the same degree

of finisling,

FIGURE 15

The vuter surface of Huse 1992 Buick Paik Avene cer dow Tenedles
Tress o ivren-like clirome finesh ffmm;/i G COppeE duplex nickel and
chrome plating process.

FIGURE 16

The level of pluting is recuced on e backsice of handles where Hhe
onliy requirainent is corvosion resistanee,

When designing parts that will be electroplated or
electropainted, coating nniformity depends on the

part’s current distribution. Shapy comers, protru-
sions, and areas near the part anode will receive a
lawger percenlage of the current, resulting in thicker
deposition. Deep recesses tend to be starved of
current, resulting in thinmer deposits (Figare 17).

DISTRIBUTION OF NICKEL ELECTROPLATE
ON A DOOR HANDLE

P

e = = Sl T

RELATIVE

THICKHESS
R 104 H
T 200
= ==4

100

FER' CEMNT QF
FoTAL AREA

Bl
— 400 0
=T w00 14
ST ) B
- s ] U]

| | BED o0

TAMOTHER 3 PER CENT ON BACK SiDl

FIGURE 17
Pr’n‘lhi‘;j clistribiitions v 1970 \ff,t{r oo fraell:

Sonie subtle design changes (Table 3) can be
applied, reducing the effects of cwrrent distribution
om thickness requirements. For example, a flat
surface can be improved by slightly crowning the
part. A crown of only 0.005 inches per inch will
improve current distribution.

Clontemporary designs that often call for « square
took incorporating right-angled comers and cdges
can be modified slightly to bencfit courent distii-
bution. Rounding corners will save time ad
material. Slots, blind holes, aud through holes aee all
usually starved for current. Premature corrosion will
olten propagate from inside these areas, and when
close tolerances are required, the heavy buildup
around the v(lges will change the effective diameter.

Rounding comers is nnportant, I general,
diaunelers less than 1432 of an iuch are ditficult to
coat. Blind holes should be tess than hall as deep

as l’ll(‘}’ are wide for effective coating.

Grooves, whether flat-bottomed or Veshaped. will
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TABLE 3

Design Features that Influence the Electroplatability of Zine Die Castings

Convex Surfaces
Vlea] shupe. By to phite unifommiky
espectally where edges e yound

Flat Surfaces

Moo an i betrlabe aaceramed sirfices.
e 1 0000 S=tnehearect eroman o chidp
unlalations cosed by vineven biiffing

Sharply Angled

Edlmes undesirable. Reducess thickness o
center arss and eguives increied
pluting titee for depositing i mbnkimnm
thickness of duruble eloctroplate: Al
el shouled He el (Edges tht
will exsabind lm.iuh-ul surbies shonld lsne
W mirdrrnn rodins of 192 jheh.)

Flanges

Latrge Manges with shiarp tnsick: angles
shertlel e dvraiediad 1o minimize r1lllﬂ:1|lj’.
oty Ut u genorons rdivs on Brside
anghes nnd tuper the abntment i an
vstppertid, narvow g like this i
HECENSETY,

Slots

Nurrow, vlosehempaced slots and holes
rothice ek '||u!u!:||1'1} aiel ennot b
properly 1:||.nlul! with corposionsptective
ricke] it climrminm unless comers are
ronsniched

Blined Holes
Blind holes must uspally be exempted
(ke ronianan Hiickness reduirements.

Sharply Angled Indentations

Shirp steigghess e plating G
oots fora npi*rrﬁr'cf prrinbrenin Hhieckoess
aned reeduee the chirmbility of the 5!|.1H'|.I
[t

A

Flat-Bolleam Grassves

Ervsie b el enabsicle anglies slwoilad L
rentnibed generonshe o mimmize plating
costs. Plating thickness distaluntion wall feaod
ter Pt e ertap design coneept a4
nanlly desived for steing sroones,

Vshaped Grooves

Exiepn, Voshuigsea] apvuives canmot e
sutisdictorily I:|.l|[:'xl with corvesion Jarabective
ket sl chrovsiven s shoabd be
svvibrded], Sheiliny, rotvicdia] grovmes e

Liekti

Fins

IFinis inevensie plitig e o cosks Tee
spwecilvesd winimem Hhickness and wedoes
|L|- eharbitity of {he plated pant

Ribs

Siirrow vl sith shiorp aishes wslly
redie elee-troplatabilitg: wiche ribswith
rontiaclechedies npose v prillisng, Tapses
wasccdy piby dronn s cedeer bo Daotl sices ol
sk ool] vchges, Dierease spuacing il prossibile

Coneave Recesses
Eleetrophabubilit i dependent upon
s,

Deep Seoep
Rd'ixlEl\ TTesiEe ||I.|li:u_g o o] crses log o
specatied minman thockowss

Spewdike Juts

l"|||'|||]||[rlri'inr wll ey cominers fron it
\l:l..Ll.l'I.iIIl'li".".].'ﬂl i, Clreosagy e Buses ol
praei] off all eemness

Q-
O

Rings

Eleetroplatubilite is depuendent apon
timemaons: Renmoed of] cormess md crown
fronm dentier Hie, sh |11|||I_'_!ﬂ'.'|:|l1l\]'l:[|| sitlek,

A = Design Feature

B = Improved Design

The distribution of dlectroplete is indicated e exvaggerated fushion by heaciy inking

INTERZINC

58




FINISHING OF ZINC ALLOY CASTINGS

distribute current more evenly if they are ronnded
and shallow. When fins and ribs are required design
elements, rounding, tapering, and wide spacing
will improve current distribution and decrease
coating time.

While these considerations apply to electrodeposited
coatings, the opposite situation usually exists for
immersion coatings and non-electrodeposited spray
coatings. These coatings tend to be thinnest at
corners, cover Bat plates more uniformly then
comercd plates, and accumulate in deep recesses.

Of course, other process concerns should be of
interest to the design engineer. Parts designed witly
proper coatings will result in smoother transitions
from prototype to production part.

Finished casting quality can be drastically affected
by how a part is positioned on a coating rack or by
how it is beld. If parts cannot be secured to a rack in
a spray process, a Change in design ancor coating
process will be required.

Redesigning parts for drainage and cttective wetting
by rinse water and cleaning aud coaling solutions
will ensure proper surfuce activities and minirmize
drag out in continuous immersion-type operations.

Similarly, shapes that entrap uir upoin entry into
processing tanks can block the access of solution to
critical aveas and prevent proper surface activation.
Considering these and other process-related
parameters will lead to a smoother transition.

SUMMARY

When proper design is combined with effective
part processing, zinc castings will accept a wide
variety of surface finishes. Quality finishes that
enhance cormosion pr'otcction, aesthetic ;,1pl)m1l,
and engineering properties have been applied to
zine castings for decades.
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ZINC CASTING APPLICATIONS

This section describes numerous industrial
applications for zine casting allovs. The applications
included represent the broad range of zimce alloys
and thetr casting process capabilities, as described
in the other sections of this manual.

Zine alloys and casting should be considered in

component manudacturing for two excellent reasons:

» Zinc alloys ofler desirable mechanical and physical
properties. These properties challenge those of
traclitional metals, including steel, bronze,
aluminum, and cast ron, and exceed the
properties of inost engineered plastics.

* Zinc alloys suit a wide range of casting processes
that will satisty most quality and quantity
requirements. For example, sand casting and
precision-plaster or ceramic-mold casting are
ideal {or prototyping and short runs of a few to
several hundred castings. Peymanent-mold and
near-net-shape graphite-mold casting fill the gap
for production ol 1,000-10,000 pieces. Pressure-
die casti ng and miniahre-clie casti 1w I)I‘()vide
the ultimate cast-to-size technology for precision
high-volume production. This versatility provides
unlimited opportunities for designers to consider
zinc alloys for virtually any shape, sizc, and
uantity.

Die casting is probably the most important process,
and major technical advances over the last few
years have made it even more competitive. Casting
machine variables can now he monitored and
controlled better. New high-elliciency die design
teclmigues have also been developed. As a result,
smaller, more officient casting machines can
produce thinner castings at higher procduction rates.
The new technology permits extremely predictable
production performance of new die-cast parts. As
rosult, zing die castings are being made that just a
few years ago would have been considered difficult

or impaossible. Toclavs castings we lighter, have
closer tolerances, and cost less 1o manulacture.

The [ollowing applications have been grouped by
casting process to assist designers in selecting the
process and zine alloy that best mecet their needs.

SAND CASTINGS
Angle Valve

The sand-cast [uel-cispensing angle valve shown
was switched from bronze to ZA-12 to lower the
miaterial cost {Figure 1) The cost ol zine allov was
onl one-thivd that of bronze. I addition. ZA-12
p]'(}\fed to be more pressure-{igln, (:‘]il'nj_nuting a
leakage problem. Porosity in bronze had accounted
for up to 10% of production losses. Direct snbstitu-
tion with ZA-12 was possible using existing casting
patterns. Machining cost was the same as with the
original redt brass (83-5-5-5) valve (Figure 1.

FIGURE 1
Anhe alve

Blender Base

Castings form the base for a conmicraial foud
processor and are unicue becase the sand-cast wall
sections are only 0.10 inches thick (Figure 21 This
demonstrates the excellent thin-wall sand castabilin
of ZA-12. A smooth finish was wlso important to
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minimize surface preparation for painting.
Aliminum sand casting would have required walls
two to three times thicker to fill properly (Figure 2).

FICURE 2
Blender base.

Hand-Held Air Hammer

A hand-held aiy hammer operating at pressures
ranging lrom 50 to 125 p.si. now utilizes a ZA-12
alloy hammer cap. The cap was converted from cast
iron carly in the production stage because machining
exposed porosity and weakened the air grill vents.

The: ZA-12 sand casting has greater tensile strvngjh
than cast iron and is free of porosity. ZA-12 alloy
miachines faster and with less tool wear than cast
iron. Moreover, surface finish is improved and zines
dampening characteristics reduce vibration and user
fatigue (Figures 3 and <),

I'IGURE 3
ZA-12 sundd cast hanimer cap.

NG APPI

FICURE 4
Hand-hold air havien

e
Scoop Tram Bearings
Underground mining SCOOP trains oW use ¢
bearings instead of SAEGGO bronze. Figure 5
compares a ZA-12 hearing (on right) and a bronze
bushing after one year of mugged service. The
bearings weye installed side-bv-side in the oscillating
rear axle of a front-end loader. The mainterance
department rated the zine bearing suitable (or
another year of service while the bronze bearing
required replacement. Tiaddition, zine bearings
cost 30% less.

The recent availability of continuously cast ZA-12
hollow stock gives desiguers and end-users an even
more cost-effective product for sleeve bearing
applications (Figures 5 and 6).

b

FIGURL 5
Browze and LA-L2 allory scoop frai hearings
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FIGURE 6
S g branie

PERMANENT MOLD
CASTINGS

L ]
Piston Pump
A heavy-duty piston purnp used in car washes and
inclustrial spray-cleaning equipment features 7ZA-12
metal permanent-imold castings for two critical high-
wear/bearing components. The connecting rod and
piston eross lieud, showi in Figure 7, eycle at 775
RPM and 1200 psi and swpassed 12,000 hours of
arouncl-the-clock testing.

Connecting rods were previously specified in
aluminunt or cast iron with babbitt-coated steel-
bearing insexts at the large end and a bronze wrist
pin bushing in the small end. The piston cross head
was made as a chyome-plated steel tabrication.

ZA-12 parts, without bushings or plating, showed
minimal wear and were rated superior to the old
designs. The cost of both ZA-12 parts was less than
half that of the original parts. Some secondary
machining and assembly operations were also
eliminated for additional savings (Figures 7 and 8),

HIGH FRESSLIE FLMY
1'_! Cucarier i r_mll-'}.'_\-'ll‘r

! w -‘J{r‘r. = P
i L
L Jl—

\.“..\'\.'H.\
oEEa

T e A V2 LT i v T uctin
il 10 v equrebeiat i Fsberal sl gl o gitsh 441
wirdemi Yot syl disd teei Dstangs
FIGURE 7

Pistor privp diagrim with ZA-12.

FIGURE 8
Heewvyp-chdiy piston puemp,

Parabolic TV

Antenna Parts

At the focus of tis parabolic TV antenna is an
electric [eed horn assembly that uses six ZA-12
castings made by the graphite-mold process. The
parts had to be dimensionally stable and leak-proot
uncler all weather conditions. ZA-12 castings proved
to be strong and durable and had good machinability
and the necessary RF shielding qualities.

The graphite-mold process, with its Jow tooling cost,
was idcal for the production quantities required,
while epoxy coating gave the assembly an aesthetic,
durable [inish (Figures 9 and 10).
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FIGURE 9

Peevabolic E N anfenna cast components.

FIGURE 10
Parabolic TV
anfenna.

Blood Analyzer Centrifuge

Not all designs need thin walls. The blood analyzer
centrifuge casting, shown in Figure 11, 1‘equ'1red
high mass and high strength. A ZA-12 permanent-
mold casting was selected because of its soundness
for heavy-walled designs. Several coats of paint
protect the casting from aggressive chemicals used
in equipment cleaning (Migure 1 1),

FIGURE 11

Blewl aerlip=cr contrifuge.

GRAPHITE PERMANENT
MOLD CASTINGS

Collage of Castings

Figure 12 shows an assortment of ZA-12 graphite
permanent-mold instrment brackets, levers, and
machine components. These components dramat-
ically illustrate the guality of the as-cast finish and
design detail possible with this relatively new casting
process; particularly, cast holes with diamcters down
to 0.030 inches. The process can veadily satisfy
guality and precision requirements (simiku to
investment casting tolerances) al reasonable tooling
costs for production volumes from several hundred
to several thousand pieces (Iigure 12).

FIGURE 12

Cruphite perinancnt wold castings.
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Tucker Vise
(Wood Worker’s Vise)

This award-winning vise is a complex, protessional-
quality tool intended for pattern makers, cabinet
makers, and serions hobbvists. The patented design
containg many features including three types of
jaws, integral swivel “dogs” and a quick-release
mechanisu (Figares 13 and 14,

The vise uses cight graphite mold-cast ZA-12
c(m"lponents that were chosen over cast ron, for the
following reasons:

* ZA-12 has higher strength (48,000 pst UTS vs.
31,000 psi UTS for cast iron).

* Thin-wall complex shapes were made without
machining or fabricating.

* Close tolerances and good surfuces eliminated
most of the machining and finishing,

* Tooling cost was 25-30% less.

FIGURE 13

Waood working vise compongits

FIGURE 14

'l‘.“'r'fl{l"." s,

Card Racks for
IBM AS400 Computer

Two grids we used (top & bottow) in the IBM
AS400 computer to support the electronic “cards”
The grids are 10-1/4 by 16-3/4 inches, and have a
critical flatness tolerance of 0.020 inches.

Final production quantities will eventually be high
enough to warrant investing in dic-cast tools, but as
an interim measure, initial production USOS gmphihs
mold-cast ZA-12 components. This was considerably
less expensive than the altemative of machining
from solid aluminuni, while stll permitting design
changes to be carried out gquickly and inexpensively:

FIGURE 15

Cotepnter card deck
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The castings met all dimensional and surface-finish
requirements and proved strong enOngh to pass a

severe drop test with flying colors (Figures 15 and 16).

FIGURE 16
TBM ASH00

congpritern

PRESSURE-DIE CASTING

Tower Model

Mini Computer

NCR’ Tower Model minicomputer features two
sels of No. 3 alloy zine die castings. The first are
long, thin, bulkhead castings (Figure 17), which
support computer logic cards loaded with micro-
chips and electronies (Figure 18). The second are
rectangular lugic module frasoes {Figure 19), which

separate and position bunks ol logic cards. The outer

edges ol the [rames can be seen in Figure 18 above
and below the logic cards,

FICURE 17

Budlk hewel castings,

Four bulkhead castings were developed [rom a
single tool, using die inserts to cast vayiations of
tabs, slols, and openings that would accommodate
different /O connectors. The 19-inch-long castings
lave a nominal thickness of 0.075 inches. Part
complexity, thinness, and tolerances were heyond
the capability of stoel stampings, which were found
to be expensive and inadequate.

Wire form weldments were tried for the logic
module frames, but this design proved too heavy
and tolerances too loose. Inovative application of
die inserts permitted three styles to be die-cast from
a single master tool. Wall sections were lightened to
0.060 inches using an oval channel cross-section tor
strength. Zinc die castings reduced cost by one thivd
and weight by 35%. In fact, die-cast tooling costs
were recouped within eight months. The parts are
given a bronze chromate finish, machined, and
imspected by the die caster for JIT delivery to NCR's
assembly plant.

1
Eaapiast |

FIGURIL 18
NCR Tower Medde!

necongpiiter:

Using the latest casting auid design technology, the
die caster achieved “predictable” castability with the
demanding wall [imes. First shot success resulted
in immediate customer approval and product
introduction (F igures 17 - 19).
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The alternate view, IFigure 21, shows the casting
is divided into 14 individual cells by a network of
0.019-inch ribs running perpendicular to the length
of the casting providing the necessawy RF shielding,

Costs were astronomica when investigutcd as il
light-gauge metal stamping asscmbly. A desion
using a Zamak 3 zinc alloy die casting was the ouly
economical choice (Figires 20 and 21).

FIGURE 19 Truc k Wi nc h

Logic module frames Higli strength is the main requirement for the two

ZA-27 die castings shown in Figure 22, They are
major structural components in a line of recreational
winches used on trucks, jeeps and off-road velicles.

High-Frequency

[ ]
Rad,lo RF eCk The casting functions as a rotation aud slalionarv
Another dramatic exaunple of zine die-cast ring gears that st transmit the entire load during
enginecring excellence is the high-frequency winching. The original design used aluminuin die-
radio RF deck shown in Figure 20. The casting cast ring gears. However, the aluminum casting
is made with 98 cored holes, slots, and grooves. limited loading to 1500 pounds.

Secondary machining is limited to tapping of
selected holes.

FICURL 22
ZA-27 (!HUU' winele conponcnts,

FIGURE 20 FIGURE 21
Higfe-fregueney radic 0 deck with O.019-01. s,
RF deck - front seen from backside.
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The manufacturer cust ZA-27 parts using the
origind dies and lound ZA-27 gears significantly
stronger and harder. Subsequently, the company
designed two higher-load winches ot 2500- and
3500-pound capacity using ZA-27 castings. Today,
this manufacturer casts both aliminmum and ZA-27
with the same dies. As a result, new looling costs
were miniiized and product design and market
mtroduction for the new designs shortened by
nearly one vear (Figures 22 anct 23).

FIGURE 23
Heavig-duty
recivational winch,

Axle Tube Extension

and Valve

The axle tube extension is another high-strength
application. The 9-pound ZA-27 casting is used on
pickup trucks. It is shown with a smaller ZA-8 die
cast valve part. The ZA-27 die casting is o key
component of the fixed front drive axle/differential
in a General Motors four-wheel drive system.

FIGURLE 24

Axle tule extension and valve,

The die-cast fubes arc a radical departure from a
steel fabrication. As a vesult, ZA-27 went through
years of exhaustive testing, using literally thousands
of castings on prototype vehicles at GM's Milford,
MT, and Mesa, AZ, proving grom s In torgue-to-
failure tests, ZA-27 tubes withstood 40.000 hich
pounds, while a [ubricated steel altemative failed
at 11,000 inch pounds. Both ZA items have been
in production since 1987 (Figures 24 and 25).

FIGURE 25
Axle fule extension esenbly,

Subminiature Die Castings

Imagine die castings so small that a pound of zine
produces 170,000 [iushed parts. One instrinnent
manufacturer was able to accomplish this. Tivo
separate castings, one 0.0155 by 0.019 by (1100
inches and the other 0.020 by 0.031 by 0,100 inches,
are produced for use in scientific instniments.

Both castings have detailed featuwres that require
tolerances of £0.00023 inches.

Using miniature zine dic castings saved the
instrument manufacturer $390,000 wnaally
(Figures 26 aud 27),
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FIGURE 26
Sulunindatiore dic cvrstivigs, 170,000 purts e ;mm!uf

FIGURE 27
Zine clic casting next tor o stayidard siraight pin.

Automatic Transmission
Selector Tube

This component was originally designed as a steel
tube with dic-cast magnesium ends. By converting

it to ZA-8 dic casting, the desiguer combined high-

strength material and one-piece construction, He
wats also able W mcorporate the indicator arnn anc
brake cancel cam, thus reducing assembly costs,
Total savings was calenlated at $1.50 per assembly
Hmes a pr()dndi(m rate of 35.000 per week
(Figures 28 - 30).

FIG:URE 28

ZAS afloy transmission selector bl

FIGURE 29
Biplaced steef tnbe and iagnesitng casting assembly.

FIGURE 30

Augtomatio Vvavesiiission selector {.'.)'.\‘('Utl'n’r/
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Computer Heat Sinks

The 1-172-inch-diameter ZA-8 die castings shown
are usexl to cool u powerful tower-type computer.
The threaded ends are screwed directly into the PC
cardls to give a very efficient heat path. The 0.020-
inch-thick radial fins provide an exceptionally large
surface area and eflicient radial How direction to
the air, which is ducted into the center of each die
casting via a pleninn chamber (Figures 31 and 32).

IIGURE 3}

T 122k ~dieineter vacied-fin heat sinde.
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FIGURE 32
[ q Cooting air flow diagrein for

mcinfraie conynifers.

Air Compressor

Manifold & Check Valve
Iy this example, a single Zamalk 3 die casting
replaced an assembly of machined parts in a

pressure-tight application. This change cut
manufacturing costs by 85 percent. The casting
weighs 13 oz, and measures 5.75 by 4 by 1.25 inches,
It has seven male threads and nine cared holes, all
cast in {Figure 33).

FIGURE 33

Adr compressor wanifold and check value.

Miniature Electronics Jack
This miniature electronics jack, used iy professional
digital video systems, oviginally was a six-piece brass
assembly that was soldered (ogether. Changing to a
Zamak 3 die casting reduced the cost and improved
tolerances and durability. The jack is electroless
nickel plated to give low electrical contact resistance
and corrosion protection, without build-up on
projecting portions (Figure 34).

FIGURE 34

Dig-cerst miniature electeones jack and vopleced welded

brass assendly.
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ZINC CASTIN

APPLICATIONS

High Security Lock

This drop-bolt jimmy-proof lock was designed to be
strong and rugged, but inexpensive. The designer
chiose to use Zamak 3, which has a good combina-
tion of strength, toughness. and ductility. The
surfaces are textured to aid die flling and to give the
required finish. The housing is copper/mickel/brass
plated to protect against corrosion and retain the
acsthetic appeal of brass (Figure 35).

FIGURE 35
Higlescaurity lock,

Air-Drive Ratchet Wrench
This high—qnulity 1/4-inch preutnatic ratchet
wrench was completely redesigned to reduce cost
and improve looks and performance. Die-cast ZA-5
was used for the intemal air manifold, reducing the
number of parts and simiplifying assembly.

Dic-cast ZA-27 was used (or the body because of
the high stresses and abusive conditions the wreneh
undergoes in garage nse. The thin-wall, two-part
assemnbly recquires virtually no machining and it is
ftrushed by polishing and epoxy coating, giving the
look and feel of stainless steel. A design bonus is the
sound-dampening characteristics ol zine, which
recdluce the wrench’s operating noise (Figure 36).

FIGURE 36
Abr-drive ratchet wrenele and dic cast eomponents.

Radio Circuit Board Frame
A professional-quality personal radio utilizes three
different zine dic castings which all provide thin-wall
design, strengtl, EM1and REL shielding. The
castings include the circuit board frame or chassis,
the chassis shield and the synthesizer housing,

The maost intricate casting is the circuit board frame
which compartimentalizes and isolates the various
electronic components of the transmitter. The bame
provides protection for the clectronics by stiffening
the circuit board and dampening damaging
vibrations.

The rame is cast
with 0.032-i.
poed i wall
thickness at the
parting line and
0.024 . at the
taper in addition
to zero-dralt for
tight assembly
requirernent
(Figures 37 and 35).

FIGURE 37

Professional-gpidity

1 pcmmﬁl’ reiclio
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FIGURE 358

Tlese threee =ine dic custings are ili(‘.uf’pur(.'fr:(f i the pur‘yomfﬁ retedicr

Power Seat Adjuster
Gearbox

This gearbox is 11 inches Jong and has two 1.75-
inch diameter intermnal ring gears. The 27 gear

teeth are cast with zero draft and held to 0.003 in.
TILR. Die-cast zinc alloy peyrmitted zero clearance
between the tceth and the wall as well as incorpora-
tion of the warn gear mountings and reversing
mechanism. The extensive use of fins and buttresses
reduced weight and cost while giving great rigidity
and strength to the part (Figures 39 and 40).

FIGURE 3%

Cast 27-tooth, 1-3/4 av-diaiietcr res sear

FIGURE 10

14 in fomg powwer scat achuster goar cuse,

Grinding Disk Arbor

This eritical salety item had to retain and support
a high-speed grinding disk used under extreme

(=
conditions.

The die casting process was used to achieve

close dimensional tolerances and cood balance.
Zamak 3 alloy is specilied for its good balance of
strength and toughness, conpled witl its ability to be
“spin” riveted providing u tight, sale joint hetween
the abrasive disk and the arbor (Figure 41).

FIGURE
41
Crineling
elivk el

conter arbos,

SUMMARY

Zine castings have application across a broad range
of products and industries, ranging from high-
volume automotive components to one-of-a-kind
prototypes, and from nonprecision wear bearings to
precise subminiature components.

In fact, zinc castings have such wide application that
500 million pounds of zine alloys are cast in North
America annually by over 500 casters.
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INTERZINC is a market development
and technology transfer group, dedi-

cated to increasing awareness of zi
casting alloys among engineers,
designers and specitiers. It dims to
accomplish this mission through

technology transfer, technical services

and designer education programs.

Zinc casting technology is not a process

nc

frozen in time. Rather, it continues to

undergo advancements benefiting

©@1992 INTERZINC

those who specify and select
englneeting materials. INTERZINC
assists designers to take maximum
advantage of this technology.

Since its formation in 1986, INTERZINC
has participated in national and
international exhibitions; presented
technlcal sessions at these exhibitions
and conducted its own technical
seminars. Through these activities
INTERZINC has provided potential

end-users of zZinc castings with the

following services:

* Technical literature.

* Alloy and process selection help.

* Casting design and prototyping
assistance.

s Product feasibility studies,

For information and assistance
contact INTERZINC:
1-800-247-6265 or (313) 794-3940

P.C. Box 455, Algonac, Ml 48001-0455

Printed in U.S.A.
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