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MOLD MATERIALS-STEEL

James T. Christensen
Crucible Stzei, P.O. Box 977, Syracuse, NY 13201

87.1 DESCRIPTION

A wide range of steels are used for plastic molds for & variety of reasons. Many mold shops
and mold designers have cogsiderable experience with a particalar grade of steel that works
in a specific application, but there is not any one, allpurpose tool steel with the wheal
combination of properties for every mold use. Necessarily, irade-offs must be made in
chousing the mold steel bedause ¢ach grade offers advantages dnd disadvantages.

Table 97.1 identifies. the four basic categories of wel stect that are most popular for
pastic molds: prebardenad grades, including a sizinleds prehardened grade; air hurdening
grades, including twoparticle metallurgy grades; stalndess steels, with gne particle moetalhurpy
grades gnd il hardening grade. Thereare some other grades not listed in this table in limited
use iy the plastic industiy; they also fall into these four basic categories.

Table 97.1 also sanks the different grades of tool steel by maclinability, grindability, and
polishability, based on the typical applicarion hardness most often used, The muking s
numeric, with the higher aumbers indicdting superionity in that properiy.

Al pf the (ool steels listed tn Table 97,1, except the three OPM grades, are mcBed in
an glectric arc furnace and refined in an ADD vessel: This s done o control the heat-to-
heat uniformity of chemistry and the cleanliness levels i the stesl. Afrer melting, ingots
are cast, upsel pressed, dnd rolled to produce biocks dnd bars that are alike o structure
throughout the cross section, The blogks are machined and supplied cither i the spherodszed
annealed or the heat-treated (prehard) condition. .

The CPM pracess used to produce the Quee high-vanagium ool steels listed in Table
57.1 is discussed later in this section.

Table 97.2 shows physical and mechanical properties for selected mold steets. These
properties are listed by grade and 4 typical hardness for sach.

1

97.2 IDENTIFYING STEELS

97.2.1 Prehardened Tool Steels

These steels are supplied already heat treated in the ranpe of 260-350 BHN to eliminate .
stze chupges arad extra Fnishing aperations assoviated with hardening molds. For cores and .
cavities, these steels machine in the medium range; they can be polished 1o lens mold
applications, The resulfurized or sulfur-added modificiations to AISE 4140 ¢y 4130 enhance
machinability o the high area; however, these modified steels capnot take on & high polish
because of the sulfur additions. They arfe vsuaily used for shoes, tiolders, and mold bases.
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TABLE 97.1. Too! Stest Nominal Themdsiries for Plastc Molg Siesis

AlS Typical
Type Symbel € M. & Ce NoOM, ¥ W Machinebility®  Grindabifity  Polishabiliy®  Hardness, R,
Prehardened
P20 03 075 05 18 (.40 8.5 16 0 31
4140 046 090 030 1.0 020 83 10 3 28
T4i4 G2 050 850 1T 2w ’ & 8 16 ’ 30.
" Alr Hardening
37 356 470 §33 323 140 078 7.5 8 18 53
H1Z G40 835 105 A 3% 138 7 2.5 14 47
Al 100 B85 4303 328 Lig 0.8 3 7 8 ai
A6 o7 200 830 Fag 1.33 8 8 G 34
B2 S5 036 445 1150 380 098 35 35 & al
A-11 =45 650 886 5.2 1,30 975 4 33 7 51
CPMIGY
CPMoOV? 178 €30 680 323 P30 000 ' 4.5 45 7 55
Stainiess
T4 8335 D45 036 1300 a5 B 1t 56
T4400 LI Ly L0 1 .75 33 4 8 58
CPM
TGP 220 050 030 1750 B30 575, 3.5 4 13 59
il Hardening ' :
01 09 125 0436 930 - 0.30 7 9 g &1
*Low auimber meuns propeny ¥ poor.
High numbor means property is good,
Femoihde rends same
87.2, Physicaj and Mechamcal Properties for Selected Plastic Mold Steals
Tensile Tensiie Yigld .
Streneth,  Modulus Strength Thermai Conductivity Drensity,
ks * Wpsi 2% Offiset ksi BruJui(h-fy ©°F) Ihfin? I i
(»Fa) (GPap (MPa) F wimdk  {glom) °F inJdin F w1070
N 157 (1080 30207 136 (938) 200 347 93 427 GIZBE(TST) 100-500 A 35-260 10.5
) 40 275 204 476 - Rl » -
I8 (30200 300207) 95 (655) 200 24.4 93 422 0.282(7.81) .gg:g?g é;g ES:T(ZJ; iig
N W00 265 204 258 68752, 7.62 20-400 137
MO 2920 12082 00 121 93 208 06N 221 5.8 00 104
Ny o _ i \ 32-608. 8.1 0-318 118
" 93 {841y 360207 324379 {1283 (7.84) TEIRG 7.3 24-400 131
N} o 751000 7.6 14-338 13.7
225 {13303 30420n 200 (137%) 68 142 o246 02800776)  100-%00 .88 38-427 12.4
- ¢ 251 -0 7 0 ho
- 33 (655) 29 {2001 300345 206 14.4 93 249 0:276.(7.65) 32»4?.?{2}9 Sgﬂ 33-2(3]‘3 132
107759 29 200) 65 1448) 200 14.0 93242 G276 (785 §§_§?§ 22 S_fég }82

-iN_} _ . _ 3-8 a0 (-316 .8
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This cjector half of ¢ aylon valve mold utidizes wt feast five different materiads of construction, ench-chosen for a spectfic purpase, Cavily, cores and slides
are af H13 steel, a goud all-around mold indteriul, The corés, howevér, are ndtrided 1o 70 RC hardnéss 1o preveit gatling avd wear dgainst other metal parts.
Cove ping are of M2 high-speed steed, offering rigidity and high strength. Cavity and blade inserts are of 250 maraging steel, chosen for toughness and
resistance to infection pressures. Slide heel blocks are of case-hardened carburized steef, which offers both a hard surface and easy machinabiity pricr to
hardening. In addition, a vore insert is made of beryilium copper lo provide 4 heat sink for extra cooling capacity.

What You Shouid Know

About Moid Steels

I an dge that demeands high productivity in mamfaciuring,
there i no substitute for high-quality molds in vour injection
or other molding provess. Yet few mold buvers are as nowl-
edgeable as ihey should be about the materinls of which their
molds are consiructed. Given the wide variety of mold sieels
avatlable today, proper selection must take into account more

Jactors thun just price or traditipnal practice. Here_ then, s
what one moldmaker thinks the mold buver should know
abaut todav's mold steels, where they're used, and why. Fol-
lowing this general update on the subject, we' ve appended
some commenis from a ool steel supplier on how usage of

mald steels is changing.

By Manfred Hoffmann, VP Mannfacturing & FEngineering, Caco-Pacific Div., Amerace Corp., Covina, Calif.

In a time of increasing compefitivenass i
the marketplace, and of increasing invest-
ment in high-producion, auomated mold-
ing systems, the imporiance of a knowl
edgeable mold buyer becomes greater than
ever. In order fo maximize the life expec-
tancy and minimize operating expenses in
the form of mold downtime and mold-repair
costs, extreme care must be taken in the
selection and, proper combination of mold
steels or special materials.

it is important that not only the mold-
maker, but especially the mold buyer, un-
dercrand what types are required to meet the

needs of specific applications, Both parties,
must understand the influence of such fag-

tars as the plastic material w be processed,
the mumber of parts expected from the 1o,
part surface finish reguirements, and the
mold design wself, A cértain smountof ax-
o up-front expense in selecting the right
motd material can minimize the mach
greater potential cost of mold operating ex-
penses. Those often unnecessary expenses
cost American industrees mullions of dollars
it molded parts production losses, and have
e impact on prodfuctivity as well as
orid market competition.

Maost mold buyers devote their attention
to the number of ¢avities that are needed 10
meet the produgtion requirements.and to the
total price and delivery time of a firished
mold. Meld buyers are often far less con-
cerned with superior mold-design features
gr with the best possible ste¢l and material
selections, both of which will incresse the
purchase price but will also dramatically
decrease operating expenses over the life of
a high-produstion moild,

Most reputable moldmakers will v 10
design and build the best possible mold ata
competitive price. 11is often hard to explain
w a less knowledgeable mold buyer what 3

-gommpefitive price 48, and wnder what condi-
tings and why such mmor details ws
proper steed selechion can make a difference
in the price and performance of the meld.

It mav be éven more difficuis Tor the
mold buyer to explain o his nontechaical
sapervisor how he can justify the higher
price of a mold, unless the purchasing pro-
cess includes very serigus consideration of
the ife and performance of the mold as a
fomg-term investment——which it is.

The knowledgesbile motd buyer can easi-
By correct this problam by educafing hirwélf

or by consulting other experts i his organi-
zation or a repatable mold boilder. The
molder who has to live with a mold for
sormetmes 10 or 13 years, and who is re-
spensible for the molded parts production,
should most certainly have some iaput in
establishing the needs and requirements for
a new mokd project.

The most important part of the mold pur-
chasing process, however, is todevelop and
apply prefessional forms that call out spe-
cial mold-design featuges as well as steel
tvpe, heat treatment and surface finish re-
guirements. Sample forms of this type have
been developed by the Moldmakers Div, of
SPi, for exemple. The value of such forms
5 to provide a fair basis for quoting, thus
preventing companisons of apples and or-
angss, and zenerally guaranteeing a beter
quzlity mold.

While stes! costs are generally conski-
ered (o be a relatively small percentage of
mold building expenses. the best passible
selection of mold steels requires greater in-
ventory, purchasimg and heat-treating 2x-
penses on the pait of the toolmaker. as well
a8 mereased cutting-rool amd grinding
<osts. But over the lifétime of a high-pro-

Reprinted from PLASTICS TECHNOLOGY, April 1982
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:Comparison Chart for 12 Major Tool Steels and Beryllium Copper

"Point Ratings, 1 to 10 (18 Is Highest)’
) Hecommended — Wear ] Comp Mot } Thermal )
AlSi Hargness, Resis- Tough- ressive Hard-  Compsion  Conduc- Hobb  Machine
Type Designation  Rockwelt C° tance  ness St ness  Fesistance ity abllity  abllly
Prehardened 41304140 30-35 2 8 4 3 3 1 5
20 30-38 2 g 4 3 i & 1 - B
Prehardened 414 35 3635 3 8 4 3 7 2 1 4
Stainless
420 85 35-35 3 g 4 3 8 2 1 4
Carburizing P& 5861 & [ & 8 2 3 g 10
P-& 58-60 8 7 & s 3 3 B 10
Ol Hardening $3] 5862 8 3 3 5 ¥ 5 5 8
08 58-60 g 4 8 5 1 5 7 10
Alr Margening H-13 0 BDS2 5 ? ? 8 ] T4 5 i)
§7 5458 7 8 8 8 3 4 8 9
A2 58-80 g 3 =S 7 3 4 4 §
AS 58-80) 8 4 8 I 2 B 5 10
AlG £8-80 g g g 7 2 5 5 8
De 56-58 Lt 3 & g 4 2 4 4
Stainiess 42068 56-52 & & & g 7 2 4 7
440C S5 56-58 8 3 3] 7 g 2 3 8
Maraging 250 50-52 5 16 & 7 4 3 4 4
350 5254 & 12 ? 7 4 3 4 4
Maraging
Stainiess 455M 46-48 5 10 5 7 10 2 3 4
High-Spead M2 6(-62 HY Z 14 16 3 3 2
ASP 30¢ 64-86 19 4 10 10 4 3 H 4.
Beryilum
Copper Be Cu 28-32 1-2 1 2 4 & 10 10 10
e above poicis have been carefily awarced by nanioulation sn0 coss-elerenc of 8vaian 8 technice data Irom vanioys steel marufackurers. prefessionnl exparience, ans appicable formiulas eut ot the Vddendim Sigel
Graing Pamphial. This ehartis agunaral uide only, sines stest manufactusing tolerarces. mackining procedures and hest-teating mathods tan have 2 deirimeniai et on most steei raperties. Mast ol the ooint rafings
oan vary substantigly with ehanging Rockwsll C hardness, "Tha recommendad hardnass is ypically st 'sast 34 BT pointd béiow maxmmm hardness, it orer fo mcrease tughrass and minimize risk ot ceacking, “Trade
pama of Uddshaie Do, Tolowa, N "NA = rof appizatie, i

duction mold, the additional 5% or 10%in
overalicost may prove tobe the best invest-
mext of all, This becomes even mare crucial
m fully automiatic melding operations when
robots, pick-off devices, conveyors, and as-
sembly machines are-depending an s constant
and uninterrupted flow of molded parts.

What are the demands on mold steels? In
order 10 make the proper sslection, one
must understand the multipie demands that
are placed upon mold steels, depending on
the specific application. There are twe ma-
jor categories of demands on plastics. 100l
steels, which together add up fo 12 desir-
able qualities:
A. Molders™ demands
17 Wear resistance
2) Toughness {impact strength)
3) Comprassive Strength
4} Hot hardness
51 Corsrosion resistance
A1 Thermal conductivity
5. Moldmakess’ demands
) Hobbability
8) Machinability

9) Poelishability
1) Heat-treating dimensional
stability

1} Weldability

127 Nitriding ability
Taking each of these requirements in turmn.
wear resistance is important to consider for
cavity components if the plastic matenial is
abrasive-filted with glass or minerals—or
#f metal-te-metai contactis unavoidable dus
to mold-design requirements.

. Toughness, or impact streagth, can be an

important factor in repair Of Componeéut re-
placement cost, especially where small,
thin or uesupportad inserfs of cross-sections
are. NECessaTy.

Compressive sirength is needed to with-
stand mold clamping forces so as to mink
mize “parting-lme hobbing” or “mush-
rooming’” of shut-off surfsces.

Hor hardness is needed when molds must
operate af high temperstures, in order to
prevent annealiog or decarburizing.

Curtosion resesdance 1 véry waportant in
two major aspects—iirst, when cortosive
plastics or additives are used; and second,

when molds operate in high-humidity areas
OF In regrons whese the waler supply 1S par-
ticularly corrosive, (This accounts for -
creasing use of stainess steels, especially in
some parts of the country.)

Thermal conductivity can have an impact
on the cycle time of high-production melds,
and aithough it's not often a majsor factor in
selecting among mold steels, # i5 a reason
for choosing beryllium copper instead of
steel 1o sofnd cuses,

Hobbability has long been a major desire
of moldmakers in order to permif produc-
tion of numbers of intricate moild cavities
fairly egonomicaily . With greater availabil-
ity and refipement of the EDM machining
process. hobbability is becoming less -
portant, since the saenfice of other impor-
tant guatities in hobbing steels is often dis-
advantageous for mold-iife expectancy.

Machinabifity is of gréat cconemic im-
portance for the moldmaker. An estimated
3% of the total mold cost is tor chip-forn-
ing machining operaliions.

Polishabutity of a stee] depends o homo-
geneity and “cleanlingss™ of the micro-
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_ Heat _
Polish-  Treat- Weld- Mitriding
ability: abllity ability Ability
T B
8 bl 4 5
] 10 4 &
9 10 4 7
7 8 'R g
7 8 8 8
8 7 2 3
B 8 2 3
B 8 5 10
8 8 3 8
7 g 2 g
7 7 4 7
8 7 2 NA®
8 g 1 0
10 ] & 8
9 7 4 Nad
7 g 5 g
7 g 5 9
8 g 5 NAl
“ 10
7 8 2 o
8-9 7 7 NA?

structure. Cavittes that require a narrer-like
or optical-quatity figish musg be made of
special mold steels that have bega vacuum
degassed or glectroslag remeited.

Heut treating 15 of key importance tothe
maldmaker, In order 1o minimize the m-
machiyang or Dinish machining costs after
hedt trehlivient, a steel with good dintes-
siomad stabitity must be selected . B should
glso be pointed out that very large ¢avities
orcores, especially with varying cross-see-
tion, cannet be heat treated without risk of
cracking, and therefore such treatment
should be avoided. Special prehardensd
steels have heen developed for ths purpose.

Weldudnifiry of s mold Steed should becim-
sidered bocause part design and enginecring
changes as well as repags are often neces-
sary. Case-hardening steels should be weld-
ed enly in the annedled cosdition, because
after carburizing the risk of cracking is ex-
tremely ligh. As a general rule, very few
steels can he welded after heat treatment
with @ bow risk of cracking, and then only
when careful consideration has been given
to weld location and welding procedure.

Nirriding cbiliey should be considered in
certaln apphications o spectal components.
Mitriding gives a very hard surface layer to
the steel and very good resistance 1o abra-
stor or erosion. Tt also iicreases compres-
sve strength somewhat, However, the hard
nitrided layer (2 to 10 mals thick} 18 very
brittle and pasily cracks or flakes off o the
mold component 3§ subjected to impact
blows, rapid temperature changes, of un-
even pressures. Nitriding :of sharp edges
with angles less than W should therefore
be avaided,

What improves or determines thesg qua-
hues m steels? In order o specifically en-

hamee ceriain qualities of mold steels, spe-
cial alloving elements are added during
steel manufacture. These alloying additives
in plastic mold steels can range in Compasi-
tion from the relatively low-alloy oil-hard-
ening types, comaining less than 3% of -
tal alloying efements, through the medium-
alloy air-hardening types, up w0 the mogt
highly alloyed steels of the maraging type,
which contain over 3% of alloving cle-
ments by weight (see Table, p.70 for-alloy
cotmposition of common mold steels).

While it is wue that certain alloying cle-
ments contribute certain properties in mold
steels, it Is closer to the truth to say thal
alloving elements, citheralone or B comby-
nation, enable heat Heatments to be carned
out that change the microstructure, whichin
turn. provides the desirable propertes or
characreristics of the finished meold.

A list of common alloying elements and
the properties they contribute appears in
the box below.

A steel grading system can help With the
great number of ool steels available today,
the cortect choics and appiication can be-
come @ challenging task. Since it’s prace-
cally impossible to obtadn the highest level
of every desirable quality in anv one stegl,
the selection process musé be based on a
priority: system determined by the specific
applicagion,

There are thres mgjor categortes of appli-
cations in molds, which make somewhat
different or specific dermands on the steelto
be selected, These catsgories dre:

1} Mold cavity and core anit compo-
nents

2} Mold base plates

3% Mold base special function compo-

Alminum (ADH—Combines with nlekel
and meam o formoan infermetalic
compaound, which precipiiates on aging
and provides strength and hardness. Also
used a5 2 deoxidizer and w produce fine
grain size.

Carban {Cr—Very influential in control-
ling hardness, depth of haminess, and
sirength.

Chromipm (Cri-a catude-fomung ol
ment that contributes strongly o arden-
ability and abrasion and wenr resistance.
Hdditional armounts of chirotnium, grester
than are needed for carbade fermation. re-
main in sojusion and ¢phance corosion
resistance,

Cobalt (Cor—An clement added 1o the
maraging stesis 1 mnprove srength.

Manpganese (Mpr—{Combines with free

Effects of Alloying Flements

sultur o form discrete sulfide inciusions
and improve hat workability, It is atso 2
deoxidizing agent, In larger quantities, it
ncresses handenabaliy by decreasing the
required yuenching rate. 315 the prinapal
ctement used (6 obtam suenchmg by s
cotling. which mimunizes distortion,

Molyhdenum {Moi—Promotes harden-
-ahility 1 meld steels. The elevated teme
pering requirement inoreases the seel’s
sirength & migher opeTaling tempera-
tures amd provises more complete relief
of residudl stresses for greater dimen-
siondl slability.

Nicket (Np—Usually added w0 improve
hardenability of low-alloy steels. Tn ma-
agmg steels. nickel combimes with aiuns-
U aned Tsamom o form an imermetallic
comnpourid thal indheatss hardness and

strength on aging. Larger amounts of
mckel algo assist in corrosion resistance.

Siicon (Si-—Prindipal funtion is 1 7 de-
oxidizing sgent dunug melting. in higher
Gquantitieg, i retards {empenng, thus ai-
lowing higher wmpering and operating
temperatires (hot hardriess).

Titanivm (TH—Found in mamging sweels,
where 1 3015 a8 & poient strenpthener by
combimag with rackel andior alumimam
w2 form an inarmeraiiic compound,
which precipitates on aging.

Tungsten (W)—Increases hardness,
stength and toughness.

Nanadiom (VA strong carbide-locming
giement, which is usually added 1 controt
Fratn $I7e anid 1O Worsase wear resilance.
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Ch:emiéai- Composition of Typical Mold Steels

aents,
Gf tHese threg categonies, the [inst one
(ol cavity and eore unit components) is
the mgst demanding category by far, be-
cause optimum steel selection for it is fur-
thier influcnced by the folfowing factoss:

4} Type of plastic to be molded-glass-
fitled, corrosive, e

b} Molding process—emperalare and
PrESSUTS FEQUIrTmEnts;

¢) Number of parts 0 be molded;

dy Surfuce finish of molded parts:

¢y Cavity design requirements—imetal-
to-metal contact. elo.;

1 Method of cavity forming—machin-
g reguirements,

g) Méthod of heat ueating—related o
size of component and other factors.
In owder to balance all these sometimes con-
flicting requiremients, it is Baady o have a
prading systern for the many twol sieels

available. Of all the grading sysiems | have:.

seen,. the one developed by Uddeholn
Corp.. Towwa, N1, provides a compari-
son-chart that 13 ¢asy to understand even by
the nonspecialist, ver conclusive ennugh to
assist in making a proper chowe, Cur own
grading system, based in part on the Udde.
iolm chart, appears i the lable op p.B38. 1t
awards points from one to t0, where 1 i3
best, to each steel for gach of several chin
aéteristics. These point ratings were oare
fuily awarded by manipulation angd cross
eererencing of avadabie fecharcal data Trom

AlSH Alloy Parcent By Weight
Stesi Type Desigration . © M 8i Cr Hi Mo ¥ W Co Ti Al
Prehartened 1304140 340 .30 G35 .85 0.20
B2 L3 HA 457 170 G40
414 58 003 1.0 1400 125 180
420 83 0B &80. .80 135
Carburizing B 2.9 830 3.20 23
Fg g .50 025 150 380
Off Hardening Ol 0.5 iR 9.5 43
06 145 1:00 125 .25
&iz Hardening W3 05 240 L300 5D 14D 10
N 57 T 4.7 G235 328 148
A2 1 470 Eac S00 100
Ag 47t 205 hicy ERE TE
A0 135 185 1.20 135 150
iz 1ED i) 230 28 B 140
Sialnlsss 42335 0.3 (8 L0 115
4455 58 10 108 140 118 73
Maraging 250 .63 (RIE &0 185 488 750 .48 &40
B0 0.02 0140 410 1858 450 120 140 .10
Maraging Sialivess 4550 485 834 .40 128 240 228 500
High-Speed M2 0gs esid 508 2ED 800
ASP 30 127 4.2 508 R 11 .40 250
~ “Conlgins free graghile i microstructure 1o mprove machinatilty and snhance wesr :esiszancs,;‘ Trade nams of Uddehiols Corp. Totowa. M.

various steg! manufacturers, professionad
experience, and applicabic formulas out of
the Uddeholm Steel Grading Pamphiet,
Most of the pomnits wore awarded on the
basis of well known test methods, although
in sormdé cades no sich objective methed
existed apd we had kyorely on subjective
gvalugtion based v gxpericace. The poist
chart is mtended as 2 generasl guide only,
since stect manufacturing tolerances, ma-
chining procedures, and heat-treating meth-
ods can hdve a dettimental effect on most
steel properties. Alke, mostof the assigned
poiil ratings ean vary substantially with
changing Rockwell hardness.

Where typical sieels are used The foliow-
ing 15 an indication of where most common
muold sicels and beryllium copper find ap-
pilcition i mechon molds, aloap wath
comments on cach materal’s particular
strenpths or weaknesses, This information

- is summarized i the table at right.

* Types 4130, 41d0: Most commonly
used in a prehardened state at a hardoess of
36 RO for losd- or pressure-bearing
mokd base plates. such as cavity and core
retaingr plates, or oxwra-lurge cuvites and
cores which have no special surface-yuniity
requirements.

o Type P03 Samne as 413074146 how-
ever, i cloaner manufacturing requirement
restliy g more homogeneous micTesirue.
fure and s good polishubilny, By used

for large cavities and cores requiring good
polish, and for hot-runner manifoids.

s Types 414 85/420 58 prehardened:
Most commonly used at J0-33 RC hard-
ness; excellent for large cavities and cores
that require good pohshed finish and corre-
sion resistance. They're also very good for
cavity and core retaingt maold base plates,
providing toughness and corrosion resis-
ance without need for pluting.

# P.5 and P-§: Carburizing steels avail-
able in annealed condition. They're easy to
hob andior machine for making cavities,
and can be varburized w a depth of 60 mils
and & case hardness of 58-61 RC. The rela-
tively soft core hardness (153-30 RO lowers
the overall compressive strength. which isa
kev quality 1 modern mold-ste¢] require-
ments. In the [omg run. it is oiten more
econdinical to pay for the highsr mold man-
efactunag cost of EIM 'd tool steel cavities
of the through-hardencd type, rather than
usimng the hobbing process. because of the
much longer life expectancy.

¢ 01 ol hardening: Avaiable it an-
neuled comdition: 18 capable of anaining 2
maximum of 67 RC hardness, s excellent
for ibs, shdes, wear plates, and the like,
but not recoramended for cavity or core
components or mold. base plates.

¢ 06 oil-hardening: Same applications
as (4 but provides bewer machinability and
aspecially good wear characeristios in ap
phaanens with metal-lo-metal contagt, be-
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¢ause of the presence of free graphite in its
picrostracture.
& H-13 air-hardening: One of the most

" useful steels for moldmaking, providing-

goud all-around steel qualities for cavities
atid cores, as well as insens,

# 8.7 gir-hardening: Same 25 H-13 but
providing the often reqiired higher haid-
ness of 34-36 RC. Extreme care is required
in the heal-treating process; and, 1o provent
cracking in the quench, a double draw is
highly recommended. It is very impotiant
also that bardness of 55 RO is achieved
securately, because of this stecls very
shiarp break-off point in impact strength or
toughness (lghest at 535 RC, lowest at 57-
38 RCL ’

* Types A2, A6, AlQ air-hordening:
Medium-alloy too] steels available in an-
nealed condition. A2 is the most abrasion-
resistant steel of 1his group under molding
conditions, because of #s higher chrome
comient. A 10 has remarkable wear and non-
seizing gualitiss in metal-to-metal contact
applications, because of its free graphite
content. All three are sasy to machine and
very ‘high in compressive strength. Welds
g, however, can credfe cracking probe
lems.

& D2 air-hardening: In a class by iself
with respect to excellent abrasion resis-
mnce. and is recommended for severe
moiding conditions, such as when glass or

éjwr.ese Typical Mold Steels Are Used

16506182548

mineral fillers are used. It"s not recom-
mended for welding and is somewhat sensi-
tive to cracking, owing to ity low tough-
nEAS -

* Types 420 and 440C stainless: Good
choices for corrosion resistarce where core
rosive plastics are used or where molsture
or humidity conld sffect cavity surface fin-
ish or ¢oohng-channel corrosion. Type
440 13 somewhat beiter in wear resistance
and compressive strength, dae to its hgher
hardness, while 420 S5 represents the true
mdld cavity sl with good 1o yery good
all-avound qualities and exceptionafly high
and consistont polishability, provided that it
is manufactured by vacoum degassing and/
or electroslag remelting, Relatively jow
thermal conductivity compared with other
miold steeds is only 2 minor factor in the frst
few days -or weeks of processing 4 new
mold: As soon as corrosion inside cooling
chiannels takes hold, thermal conductivity
of other mold steels, with respeet (o cool-
mg-channel effectivesess, will be worse
than that of stainless steels!

& Maraging types 2580, 350, 440M: Fx-
ceilent mold cavity amd insert stecls. They
are by far ihe best performers when tough-
ness is the number-one priogity. This could
be 2 very important factor in cases of very
thin cross-sections orsmall, fragde and un-
supported cavity or core inserts. Their resis-
tance 10 cracking could, fu the long life of

Type of Steel  Typical Uses in Injection Molds Type of Steel
41304140 Gengral mold base plates A5
P20 High-grade mold base plates, hot-

runnar manitoids, large cavities and AlG

cores, gibs, sfides, interlacks
414 88,420 88 Best graze mold hase plates {no plating. : D2

{prehardened) required), targe cores, Cavities and
inserls _
420 85

Ps, Pg Hoboed cavities
01 {3ibs, shides, wear pidtes #40C 58
08 Gibs, slides, wear piates. stripper

rings A 250, 350
He13 {avlliog, coras, inserts, siobior ping

and sigeves (nitrided} 455M 83
S7 Cavillas, coras, ingens, stripper _

fings 42
A2 Serall inserts int high-wear sreas
X ABP 3¢
Teaoe man of Undsholm Com.
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the mold, be a crucial factorin moid-repair
sxpenses, offsetting the much higher initial
price of these steels {3-10 times that of gther
ool steelsy. Dimensional stability and sin-
plicity of heat freating these sieels are valu-

" alble considerations for the moldmaker.

# M2 and ASP 30 highspeed sieels:
Peobably the most useful of all the many
high-speed siesls formoldmaking. M2 isby
far the most useful steel for good-quality,
long-fasting round core pins or blade ¢jec-
tors, and is alsoreadily available, ASP 30
ari advanced-gentration steel manufactured
by Uddeholm, using 2 new powder-metal-
lurgy process. Ts extremely high density
glves it remarkable rigidity, which can be
very mportant in resisting deflection of
tall, unsupported cores.

* Beryliium copper: When heat treat-
ed, the strongest of all copper-based alloys.
It's not wsually recommerded for bigh-pro-
duction molds, because of its relatively fow
wear resistance, loughness and campres-
sive strength, compared with tool steel. It
does, however, have & special place in
moldmaking when sconiomy n cavity man-
ufacturing and injection melding cycle time
{the latter mipiized by Be/Cu's lugh ther-
mal conductivity) are -of the utmost impor-
tance, Bat one must take into consideration
that, over the lifetime of a mold, periodic
cavity veplacemens cosis can become a
great disadvantage.

Typical Uses in injection Molds

Cavities, cores, inserts far high-
WEAr Areas

Excellent for high-wear areas, gibs,
interipecks, weoges

Cawities, cores, runnet and gate -
seris for abrasive plastics

Best all-around cavity, cors and in-
sert sigel; best pOfishabiity’

Small b medium-siza cavities, <or8s,
insens, Sinpper rings

Highest toughness for cavities, cores,
gmait ungunported ingerls

High toughness for cavilies, cores,
insens

Smait core pins, ejector pins, ejector
Dlades {up to % in. diam)

Best high-sirangth steel for tak, un
supported cores and oo pins

[0



3/26/2012 1:05 FM  FROM:

Component size limits. steel choice As 4
general rule, the larger the phvsical size of &
piece of tool steel, and the greater the cross-
section vagiations ir the machined details.
the more risk there is of developing cracks
either during heat teatnent or after 4 rola-
tively short time of mald operation. Even
with careful mold design and manulachsr-
e methode waeh crarke are o g Baron ot
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nents, the choive of steel can be made from
the wtal spectrum of available materialy,
since distortion of crucking i beat trgat- .
ameat becomes msignificant,

Special plating and surface treatments
There are & graat number of spevial surface
weatments and plating procedures available
revedony Fivr brmymresworics peTtoen caiuirlibren 1EE .
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Component size limits. steel choice As 4
general rule, the larger the phvsical size of &
piece of tool steel, and the greater the cross-
section variations in the machined details.
the more risk there is of developing cracks
either during heat teatnent or after 4 rola-
tively short time of mald operation. Even
with careful mold design and manulachsr-
ing methods, such cracks are o 4 farge ox-
wntunpredictable, and almost alwiys rosult
in the total loss of the cavity component or
mold base plate, since welding of such
cracks usuaally results in repeated or further
failare.

ft 1s therefore advisable to limit the mate-
nal cheoicas for larpe mold components or
moikt base plates © the following pre-
tmrdened steels:

® 413024140 prehardened o 30-36
Rockwell C;

#® P-20 prehardencd to 30-36 RC (for
good polishability);

414 ord20 stamless prehardened o 30-
36 RC {for good polishability and cortosion
resistance).

[ necessary. these large components Can
be inserted with high-prade, heat-reated
wol steel in strategically Jocated wear or
shutoff areas, 1n-order 1o extend moid tife
-and provide replaceshiiay.

Conversely, on very smudl mold compo-

Trends in Mold Steels —
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nents, the choive of steel can be made from
the wtal spectrum of available materialy,
since distortion of crucking i beat trgat- .
ameat becomes msignificant,

Special plating and surface treatments
There are & graat number of spevial surface
weatments and plating procedures available

today for improving cortam gualihics 1w oa-

muald steel, OF the 3 o meed spedial tedt
ments that are obtainehis under many dif-
ferent proprietary mnws, @ very smail per-
centuge has # life-prolonging cifect on the
mold Cuvity, and then only when (he pro-
cess v performed sader exremely careful
and conscentious methods.

More often than not, plating procedures
can be, and-are, gvér-used-—typically as an
atterthought w0 make up for improper mold
steel sefection in the first place. Also, in
many such cases, the improper application
of these plating pracedures or treatments
has only @ very short protective effect; and
when they start cracking andror peehing,
they drastically shorten the lite of the mold

and actually theieast the dégree of damage
in metalso-metal contaet areas.

H 3% therefore advisable to'be extienwly
selective and apply plating orsurface neai
ments only i very spocial cases and with
exach:quality cantrals.

N

fed L

A Steel Maker's View

By John Worbye, Technical Service Manager, Uddeholm Corp., Totowa, N
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For More Information
o Motd Steels

The following referances were used i
tis aricle

Mozl Progrexy Dira Book, Amerivan
Society for Metals, Maal Purk, Obio,

Plustic Muld Steefs thookiety, Chmax
Meivhdenure Co., Greenwich, Conn

Universal Cyclops Specialiy Seel
Dy, Pussburgh.

Uiddeholm Fool Stéel Grading Fumph-
fer and Patishing Mold Steel, Uddeholm,
Corp.. Tofowa, NI

Carpenier Steel Div., Carpenter Tech-
noiogy Corp., Resding, Pa.

Bethlehem Tool Steels Reference
Gaide, Bemlehem Steel Corp., Bedile-
hem. Pa.

Teledvne Vasco Guide, Teledvue
Viasca, Latrobe, Fa.

Foul Steels Today pewsletter, Commits
e of Tool Sieels Producers, Americai
lronund Stest Institute (AISH, Washing-
wn, LG

Plustivs dold Engineering Handbook,
dnciety of the Plastics Indosiry, Van Nog-
trand Reinhold b, NUY.CL

In the last eight to 10 vears, sieef makers began devoring sticngon
specifically roward R&D on plasnic nsold steels, The changes thu
have resulted have been more in the way of cvolutionary improve-
ments rather tum deamany maovagons. Soime chanyes 18 the pat-
tern of use of ol sieels Bave come m comequence of changing
needs in the muarheiplace, as well as mew devclopiweaty i mold-
making technology.

One area of advance inothe stovi-making provess o mproved
“eleantiness " through techmgques such e vacuum sdegussing and
etectrodlay remelting By reducing the ineidence of partickes of
nenmetallic mclusions, and making what wolisns do rensin
softer und more cusidy machinable, waduy's steeks fond themselves
mare readily 1o pelishisg and wxturmg, Cleanhiness also lessem the
chances that & moeidmaker mignt spend bumbreds of hours of wow
machining a coriponcat, only 50 seike sn unvickliag melosion,
resulting in semppage of the workploce,

Another area of stech-making advanees has been in unitormity of

the metal’s microstructure, esulling mograker wnbommdy and

prediciability of hear-treating behavior and also in mere congistent,
isorrapic properties in three dimensions, Sore new developments
in thix ares kave been achieved very recently in MY3-vpe steel {sée
PE #eh "82 po 1)

Other agwer developrients have fellowed changes in necds and
preferenoes in the marketpiace, For cxample. the need for loager
toed Tufe in high-progduction applications has led toincreasing domi-
mance of through-hardened steels, which offer higher hurdness than
prehardened types, A relatively recent adgdition te the repertoire of
through-hardening tool steeh is the 57 wpe. which offers extra-
high hurdness for special apphicauons,

Ever-mencasing wsage of swasive fifers and réinforcements is
sho spurring demead $or bigher hardngss and 15 ore factor m the
moneasiy populaony of so-calicd gh-speed steels for inserts and
sl components subfee! o wer, A recend advance in iy arez i3
e dovelopment of wd advanced-penerition high-speed steel hased
v powder metalineey, which has even higher working hardness
than previows fupfspeed steels.
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Stilt another trend has been fo greater and greater usage of stain-
less steels, both because of more frequent processing of corrosive
resins and additives, and siso because of greater inferest in protect-
ing molds from corrosion and rusting doring use and/or storage. In
1os Angeles, for instanice. use of stainless is a popilar medns of
protecting one’s mold investment from smoggy air the same is true
iti Florida, where the enemy is chronic high humidity. In these and
many other locations, processors have learned that stainless is not
really more expensive, when one considers the longer life expec-
tapcy and the elimination of chrome plating. What's more, the
somewhat fower thermal conductivity of stainless (about 85% as
great as a P20 steel and 95% of an H13) is insignificant, considering
fis greater resistance o formation of rust inskde cooling channels,
which greatly reduces heat transfer. The result is that stainless-steel
melds can go five 1o six times longer without downtime for clean-
ing out the cooling channels.

Improvements in steel “cleanliness”™ in recent vears have been
particularly mportant to stainless varieties, because of the more
stringent demands placed upon them, These improvements have
led to development of new grades with even belfer polishability
than in the past.

Climbiug that learning curve Perhaps not sumprisingly, the arrival

Af o craatic amd Ahamroimag nafterne ndb iyvcade aF A cltasic haus

ceriain cold-work and powder-metallurgy steels. Case-hardening
hf;}bb%ng stezls are relatively Hitle used today; because the barden-.
ing is only “'skin deep™ over a siill soft core, these steels have fow
overall compressive strength and do not meet the long-life reqoire-
ments imposed by the ccondmics of molding today.

Originally, prehardened steels had the signal advantage of oot
requiring heat treatment after machining, and thercfore were not
subject to the risk of distortion from the multiple stresses induced
by heating, transformation of the microstructre and subsequent
cooling. This iade up for the lower final hardness of prehardensd
steels—typically arosnd 32 Rockwell C, vs. 48-56 RC for heat-
treated molds.

The rapid penctsation 6f EDM machining techniques in the fast
5-10 years has greatly reduced this advantage of prehardened
steels, since the EIDM work is now done after heat-treating a block
of stzel, Thus. fiot only is there ap Further dsk of losing dghe
wilerances from distortion during heat treatinent, but through-
hardened molds actually retain their tolerances better in use because
of their greater hardness and wear resistance. Besides lower wear
resistance, prebardened steels also fack the compressive streagth of
heat-treated types, making thern subject to impressions caused by
bits of flash, and other damage. Prehardened steels also don't
measure up in fatigue strength——i.2., ability to resist the cyclic

cFPmeEat AF mdrting
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Stilt another trend has been fo greater and greater usage of stain-
less steels, both because of more frequent processing of corrosive
resins and additives, and siso because of greater inferest in protect-
ing molds from corrosion and rusting doring use and/or storage. In
1os Angeles, for instanice. use of stainless is a popilar medns of
protecting one’s mold investment from smoggy air the same is true
iti Florida, where the enemy is chronic high humidity. In these and
many other locations, processors have learned that stainless is not
really more expensive, when one considers the longer life expec-
tapcy and the elimination of chrome plating. What's more, the
somewhat fower thermal conductivity of stainless (about 85% as
great as a P20 steel and 95% of an H13) is insignificant, considering
fis greater resistance o formation of rust inskde cooling channels,
which greatly reduces heat transfer. The result is that stainless-steel
melds can go five 1o six times longer without downtime for clean-
ing out the cooling channels.

Improvements in steel “cleanliness”™ in recent vears have been
particularly mportant to stainless varieties, because of the more
stringent demands placed upon them, These improvements have
led to development of new grades with even belfer polishability
than in the past.

Climbiug that learning curve Perhaps not surprisingly, the arrival
of new steels and changing patterns of usage of old sieels have
created a need for greater familiarity with some of these materials
on the part of moldmakers and heat reaters. For example, relative-
Iy few heat treaters @me vot knowledgeable in handling H13 or
stainless steels {420 in particular}, which require special care in
heat treating. Likewise, although stainless steels are actually casier
to palidh than other materials, fshy moldmakeérs dd notrealize that
different polishing technigues must be used with statnless grades.
particuladly the newest, easiest to polish ones. And some heat
treaters have yet to learn that optimum twoughaess and comosion
resistance in stainless steels reguires tempering at no higher than
4D0-300 F. This is even a probler with HI3 steel—most heat
treaters are sti}} tempering 4t at temperatures over [000 F, which are
fine for dic casting molds, but provide lower mechanical properties
than empering at 400-5G60 F.

And besides the growing variety of steels, proliferation of special
surface treatments and coatings adds further complexities to the
industry’s learning curve. To cite just one example of & potentially
promising approach that’s still too new 10 be well known in plastics
molds, chemical vapor deposition (CVD) of titanfumy carbides and
mitrides i3 & process that can bé combined with heat treatment o
provide extreme viedr resistance o certain stegls, such as HI3 and
high-speed types (but not low-alloy steels. )

Ang besides the many new processes not vet fully evaluated,
there™s much to be learned about established methods, Hard chrome
plating, for ckample. &5 well kpown, yet most commonly is rot
used to full advantage, The reason is that the chrome Is typically
applied directly to the too! steel, whereas it should be underlaid
with nickel platng for maximum corrosion resistance.,

Heai trestment becoming the norm As was indicated above,
probably the single most important and widespread trend in selec-
tion of mold steels has been the shifting of emphasis away Gom
prehardened and toward through-hardening steels. In the sarly days
of plastics moldmaking, case-hardened steels such as P4, PS5 and
PG, und prehacdencd stecls like P20 and 4140 were dominant;
today, the greater number of melds being built {though probabiy
© not the greatest tonpage of mold steel) consists of throu gh«hardcm
ing steels, primarily mir-hardening types Hke H13, 420, 87 and

ceriain cold-work and powder-metallurgy steels. Case-hardening
hf;}bb%ng stezls are relatively Hitle used today; because the barden-.
ing is only “'skin deep™ over a siill soft core, these steels have fow
overall compressive strength and do not meet the long-life reqoire-
ments imposed by the ccondmics of molding today.

Originally, prehardened steels had the signal advantage of oot
requiring heat treatment after machining, and thercfore were not
susbject to the risk of distortion from the multiple: stresses induced
by heating, transformation of the microstructure and subsequent
cooling. This iade up for the lower final hardness of prehardensd
steels—typically arosnd 32 Rockwell C, vs. 48-56 RC for heat-
treated molds.

The rapid penctsation 6f EDM machining techniques in the fast
5-10 years has greatly reduced this advantage of prehardened
steels, since the EIDM work is now done after heat-treating a block
of stzel, Thus. fiot only is there ap Further dsk of losing dghe
tolerances from distortion during heat treatient, but through-
hardened molds actually retain their tolerances better in use because
of their greater hardness and wear resistance. Besides lower wear
resistance, prebardened steels also fack the compressive streagth of
heat-treated types, making thern subject to impressions caused by
bits of flash, and other damage. Prehardened steels also don't
measure up in fatigue strength——i.2., ability to resist the cyclic
stresses of molding.

In today's competitive environment, molders simply cannot tol-
erate the economic penalty imposed by unnecessary downtime for
mohd maintenance. Hence, they bave been turaing more and more.
10 through-hardened steels, especially H13 and 420, for greater
moid life expectancy I high-production jobs. The higher hardness
of these steels has the added advantage of ivproved polishsbility
and better release of parts from the mold. These benefits have more
than made up for the slightly greater initial expense and lead time
required for the added step of heat treatment.

However, prehardencd steels definitely still have a place-—most
notably in very large auntomotive and other molds that wonld be
prohibitively expensive or impossible to heat treat because of their
size. Prehardened steels may also make sense for short-nm jobs and
it cases where sharp corners or other elements of mold design rec-
ommend these-steel’s higher toughness and resistance to cracking.

As the predominance of heat-treated molds should only increase
m the future, o is essential thet moldmakers, heat treaters and
molders understand fully how 1o obtain best performance from
through-hardened steels. For one thing, time pressures shouid not
b an exeunse for atempting to rush e heat-treating process, That
can only resuit in poorer dimensional stability and premature erack-
ing of mold components,

Also, for the sake of dimensional stability, mold components
should definitefy be stress relieved after rough machinmg. (Typi-
catly. this fequires heating for 1-2 hiat around 1200 F )y Although
most moldmakers kaow this to be good practice, many neglect it
because it’s an extra step that usually requires the mold componeny
1o be sentout to a heat-freating facility. Although it's alse important
to relieve the stresses of machining with prehardened steels, this is
even more cssential with through-hardening steels, as those stress-
es, if not relieved, will be compounded by the siresses of heat
reating. Moldmakers should get into the habit of stress relisving
and should incorporate the cost of this step in the original quote.

Finally, molders and 100l makers should anticipate greater diffi-
culty in welding heat-treated molds if repairs become necessary.
The higher hardness of these molds means greater risk of cracking,
but this risk can be evercome by careful preheating and stess
tempering afterward. O

ko
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Figare 1
8 E;ematm of iﬁe EDM Process
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lectrical Discharge Machining (EDM)

techiiology has bécome 2 hasic means

of making parts in virtually all forms of
toclmaking. The process itself has many
advantages o toolmakers and ity popularity
has grown becanse of this. Even though the
EDM process has many advantages, one mus{
consider the metallurgical aspect. EDM has a
dramatic effect on the surface of the materal
‘being machined. This effect may contribute oy
be the sole cause of ool faflure, if not under-
Stood and addressed properiy.

This amicle 18 going to show the EDM
provess end the metallwgical effects this
process has on tooling materidis. The article
will also offer reconmendations on ways ©
iminimize potential problems associated witky
EDM.

A Review of the EBM Process

EDM is frequently used o produce compo-
nenis for mokds and dies: The process is
typically vsed for two reasons:

1. Parrs can be muchined affer heat fregh
ment. This reduces the sk of distortion
caused by heat freatment and essentially
allows g finished part w0 be prodoced in
one step.

2. Complex geometries that would be very
difficelt or fmpossible (o produce using
conventional machining technalogy are

" possible using EDM.

There e iwo hasic types of elecmical
discharge machining—wire EDM and ram or
plusge EDM. Wi EDM uses a thin metat
wire as an electrade 1o “cut” throagh materials.
Ram EDM uses a three dimensional elécirode
of eithér graphite or metal to cut” sl sorfaces
of a complex shape,

The EDM process itseff isrelatively simple.
The matérial fo be cat and the electyode are
fmmersed in a dielecude fluid. Aa elecrrical:
field is established between the electrode and.
the workpiece. This electric field causes an
slectric arc or spark in the gap betwesn the
rmatertal and the electrode. The heat generated
by the arc melts the workplece material—

- causing some of material to be removed o

the diclectric fhuid. The matenial solidifies in
the fluid and s Sushed away from the pan
surface. This series of events is repested over

- and over until the material is cut trough or

the desired thres-dimensional contour is

i achieved (see Figure 1.

| Surface Effects of EDM

Whils most of the molen material is

- flushed away during the EDM process, some

of 1he molter muterist solidifies on the surface
of ihe wol material. This re-solidified layer on
the workpiece is cajled e “white layer”

e T
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because @ normally does ot etch when micro-
scopic inspections are done on the miateriul
surface. Figure 2 shows a typical elched crogs-
section of an BEDM white layer on H-13 1ol
steet. Figure 3 shows the white laver on a
cracked section of CPM 3V wol sieel. 1t &
important to nate the materials were properly
heat-treated and showed no material defects
other than the white layer effect.

To understand why the EY3M laver can be
detrimental, ong must understani the metailor-

gical effectof this process. EDM creates three

distinet layers that have an-effect on the perfor-
mange of the ool material,

The first Iayer is oue mentoned earfier, the
“white layer”. This layer is (he molten material
that solidiffes on the surface of the work
mzterial. This Jayer s typically one-half o
one-thausandth of an inch thick. The problem
with this layer is the structure is composed of
re~cast and Haquid-guenched ool material, This
re-cast lyer is under 2 considerable amount of
stress due to the solidification and steucwre
changes during EDM.

The second layer will be two- 1o five-
thousandtis of an inch thick and will be
iocated directly bebind the re-cast laver. This
fayer will be composed of material that has
reached a high encugh wemperature o te-heat
teat. This re-hardened layer will have consig-
eiable stress. from the heat reatment affect,

The last area of concern is lovated directly
behiind the re-hardened layer. This layer will
be composed of material that has seen temper-
atures not high enotigh 1o re-hardes, but higher
thar the base matetiale’ tempering tempera-
wre, The re-tempered zone will have a
bardress Jower than the base material The
lewer hardness results in Jower tensile and
yields strengthy in this zone, This re-tempered
zong is typically one- to five-thousandths of an
inch thick. Figare 4 fsee page 25 shows a
schemutic of these EDM layers.

The first two layers are under an exveme
amount of stress, due to the fact they are not
stress relieved (tetupered). The layers may be
only a few-thoussndths of an inch thick, but
cover 2 large surface area. The stresses
involved may be enough to crack 2 part by
itself, bot usually need a smal] amount of
stress ax 4 push over edge. This typicalh

Figurg 3

e o
White kyer on o Criss section o1 CPM
3V ton] steed. (SR0X nracaifinating
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Figre 4
£0M Diagram

b

Basge Materal
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happsns during the initial use of the tool
Apabysis of failed rooling over the last three
to four years has shown that tool failures due
ta breakage can be directly relaed 0 EDM
mearly one out of three times. Tool materials
themselves have somewhat limited ¢racking
resistance. Combine comner areas, which was
one of the iain reasons for using the EDM
process, and the potential for cracking is very
high,

Addressing the EDM Layer

There are two basic ways o address the
ED laver effect. The first is to remove the
few theusandths of sn ineh of affected
material, thus elindnating the condition. This
solution may not always be practical due 10
infricate geometses and dimensional congid-
erations.

The second and most efficlent way to
address the EDM Jayer effect is o give the
entire ool a stress relief (temper) operation
The recompended process for deing this
temper s to use a temperature that s 25°F
below tHat used for the original heat treal-
ment. This will elimingte the stress caused by
the localized heat generated by the EDM
process and greatly dimdnish the risk of
cracking. The as-solidified strucuire of the
white layer will not be changed, but with no
stresses in the layer the polential for cracking
becomes g minor issue, Tool maserial that has
not been heat-reated, but hag been EDMed
will be stress relieved during the haal teat-
ment process itself

Summary

The above comments are not designed 1o
disconrage anyone from using the EDM
process. The intention is 10 make those wsing
M aware that a condition exists from the
EDM operation that may causs tool faihores if
not addressed. The EDM manufacturers over
the last few years also have been attempting
@ minirize the depth of e lavers wsing
better EDM paranieters and equipment. Thelr
efforis combined with tfempering of the EDM
fayers can greatly feduce amy potemial
cracking problems associated  with the
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