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CUTTING

INTO

Metal injection molding is growing—and so is the need for tooling.

ack in the early 1980s,
Bsomeone looked at

thermoplastics injec-
tion technology and saw a
way to apply its benefits to
metal parts. The result was
the development of metal in-
jection molding.

With MIM, a mold is
mounted on athermoplastics
injection machine and a
metal powder carried in a
thermoplastic binder is in-
jected into the mold—via
conventional injection meth-
ods—to form a part.

This is a simple explana-
tion for a moderately
complex process (see side-
bar, page 44), but MIM
has proven itself in the pro-
duction of small, high-vol-
ume parts. The process
isdesigned to eliminate met-
alcutting—more accurately,
to avoid multiple setups on
small parts.

Why should a person who makes a
living by cutting metal consider it? Sim-
ple: it requires tooling. So, if you're
good at making dies and molds, and if
you like having long-term relationships
with customers, you might consider
joining the MIM supply chain.

MIM has increased noticeably in the
last couple of years. Metal powder pro-
cessing has made its way into class-
rooms. Additionally, word of mouth has
driven MIM adoption in medical parts
and firearms manufacturing and other

.

Federation indicates that annual
sales of MIM products represent
around $200 million in value
worldwide—anything moving
upward in manufacturing is
worth acloser look.

g

Plastics Tooling +
A Little More

MIM toolmaking, like many
toolmaking considerations, pre-
sents two sides—the technical
and the business.

On the technical side, the con-
cepts of MIM tooling are identi-
cal to tooling for thermoplastics
injection molding. Theinnards of
both types areidentical. Geomet-
rically complex or feature-rich
partsarelikely to have undercuits,
through-holes, ribs and bosses.
Because of these geometric fea-
tures, many MIM tools require
slides, complex cores or other

Kinetics

Tooling for MIM is similar to that for thermoplastics
injection molding, but with some differences.

areaswhere small, highly complex parts
would otherwise require many costly
manufacturing setups.

“We've never seen such an uptick in
activity as in the last half year,” said
Paul Hauck, director of design engi-
neering and marketing for Kinetics
Inc., Wilsonville, Ore., a MIM parts
manufacturer since 1982. “Maybe we
as an industry have finally educated
enough people.”

Whilethe MIM market remainsfairly
small—the Metal Powder Industries

itemsboth moving and stationary

that characterize high-end ther-

moplastics tooling. And, similar
to all thermoplastics tooling, MIM tool-
ing requires mold bases, cavities, g ector
pins, cooling channels, sprues and, po-
tentially, hot-runner components.

In practice, however, someimportant
differences exist between tooling for
MIM and thermoplastics injection
molding.

“Anything you can do with plastics-
mold tooling you can do with MIM
tooling,” said Greg Brasel, vice presi-
dent of manufacturing for Earth City,
Mo.-based Megamet Solid Metals Inc.,



cutting into MIM

which has been producing MIM parts
since 1991. “You use standard tech-
niques, materials, coatings, inserts and
components. But you do have to make
sure there is no flash or vestiges on the
molded parts”

Any flash or prominent witness lines
where the mold separates trandate into
unwanted metal on thefinished part. Most
likely, it will have to be machined off, but
thewholeideaisto keep MIM partsaway
from machines that remove metal.

Ontop of this, the leakage that causes
flash is a tooling time bomb. While
MIM feedstock isno more abrasive than
glass- or mineral-filled thermoplastics
molding compounds, like those materi-
as, it will wear the tooling. Because
MIM pressures are higher than conven-
tional thermoplastics processing, leaks
cause relatively more feedstock to es-
cape. Fugitive feedstock will rapidly cut
deeper and deeper into the tooling.

Because of the need to prevent leak-
age, MIM mold shut-off, or kiss-off,
must be as tight as possible. This in-
cludes all areas where metal meets
metal as the mold closes, including
parting lines, molded ribs and features
created by slides or other moving ele-
mentsinthemold. Thus, all pins, slides
and moving components of the cavity
or core must seal tightly.

A second contrast isthat MIM ejector
pins tend to be proportionately larger
than on thermoplasticstooling. Thisisto
minimize distortion or breakage of the
relatively tender part prior to sintering.

Finally, vents must be smaller than
for thermoplastics molds to prevent
creation of tiny, sharp protrusions on

Standard thermoplastics injection machines are used for MIM.

the molded part. Vents for thermoplas-
ticsrange from 0.002" to 0.004"; vents
for MIM tooling are a magnitude
smaller, 0.0002" to 0.0004".

The overriding need for good sealing
of molded parts meansthat making tool-
ing for MIM can beachallenge. “1’d put
it this way,” Brasd said, “if you don't
know GD& T [geometric dimensioning
and tolerancing], you'd be happier
doing something else.”

Another aspect that makes MIM tool-
making a challenge is that MIM parts
shrink 20 percent or more asthey change
from the green to sintered state. There-
fore, tooling can go through severd in-
termediate stages prior to final sign-off.

“For tough geometries, you some-
times have to make the tooling under-
size and whittle metal away after test
shots show you finished sizes,” ex-
plained Brasel.

Exact shrinkage depends on the
type(s) of metal powder used, the type
of binder and the part geometry. As
with many filled thermoplastics, there

Single MIM component

The MIM process combines
the four components into
one single part, eliminating
three assembly operations
while maintaining part
function and design intent

Typical assembly of multiple parts
CNC Screw machined Screw-machined
machined ; with knurling part is oriented
3NT and pressed into
Sitoee Eallp the stamping and
fp Stamped retained by C-clip
3
T . . .
< CNC-machined part is welded onto the stamping

With MIM, a part that otherwise would need multiple metalcutting operations
performed on it can be made in a single molding.

can also be variances between shrink-
age along the direction of injection
flow and shrinkage transverse to it.

Long-Term Opportunities
Thefact that MIM tooling can be it-
erative and that it almost alwayswill re-
quire maintenance offers toolmakers an
opportunity to strikelong-term arrange-
ments with MIM part manufacturers.
Mike Harris, sales engineer for
Mueller Machine and Tool Co. LLC,
St. Louis, said: “When you're ap-
proaching MIM projects, you want to
be part of ateam. Idedlly, you want to
be included at the beginning and dur-
ing the designing of the part as well.
You have to pay close attention to how
much a client knows about MIM,
shrink factors and MIM tooling.”
Mueller supplies tooling to Megamet
and produces dies for casting, stamp-
ing, drawing and trimming, as well as
special machinery and fixturing.
Interestingly, Kinetics prefers to
work out al tooling dimensions prior
to sending 3-D solid modelsto itstool-
ing suppliers. “Otherwise, we'd con-
sume an inordinate amount of time on
the moldmaker’s part with every
prospective project,” Hauck explained.
“We'd rather have shops focus com-
pletely on eachfinal project’stooling.”
But then, Kinetics has 34 years of ex-
perience making MIM parts. Manufac-
turers with lessin-house knowledge are
more likely to want to bring toolmakers
into the picture sooner rather than later.
If early partnering is useful, collab-
orative arrangements during product
runs can be equally valuable. “When



MIM parts can exhibit geometries almost
impossible to machine.

you make hundreds of thousands, or
millions, of parts, tooling condition is
golden,” said Brasel. “Toolmakers
could help themselves by becoming
more proactive about ongoing mainte-
nance. You can’t just make the tool,
ship it and forget it.”

For high-volume, long-run MI1M tool-
ing, shops might consider formal main-
tenance agreements, both for scheduled
checks and for emergency repairs, such
as replacing an ejector pin that has
begun leaking with an oversized one.

“Anything that allows longer tooling
life and gives us a dependable and pre-
dictable link to ongoing maintenance
would be aplus,” Brasel said.

A more overarching business consid-
eration is that of macroeconomic cy-
cles. Those industries that favor MIM,
including aerospace, military, medical
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What is MIM?

etal injection molding of parts

has been around for 35 years.
Generally, MIM parts weigh less than
250 g and are, at most, the size of a fold-
ing cell phone. However, larger compo-
nents are becoming more common.

1f 20,000 to several million parts are
needed, and the parts have complex
geometries—20 to 30 measurable di-
mensions that would call for three or
more machining setups—MIM is a vi-
able option. Some of the parts it has
been used for include computer hard
drives and other peripherals, hand
tools, firearms, fluid injectors and
sprayers, medical products and cutting
tools.

MIM requires three steps:

m injection under heat and pressure
of a mix of powdered metal and ther-
moplastics or other binder into a mold
cavity, analogous to thermoplastics in-
jection molding;

m removal of the binder by heat or
solvent, leaving just metal powder; and

m sintering of the metal powder at a
temperature below the melting point
of the metal, but high enough to cause
the almost-microscopic powder to coa-
lesce virtually into solid metal (the re-
sulting density is greater than 96 per-
cent that of solid metal).

MIM can be done with carbide, other

and telecommunications, have busi-
ness cycles that differ from general
manufacturing cycles. In other words,
with the right mix, one can stay busy
more or lessindependent of the overall
manufacturing scene.

A final point isthat like all long-run,
mass-production methods, MIM is
time- and price-sensitive. As such, both
MIM toolmaking and manufacturing
have begun to move offshore. But for a
while the potential need for rapid itera-
tion prior tofirst run, combined with the
definite need for responsive, on-going
maintenance, should help persuade
MIM parts manufacturers to have their
tooling done locally.

The upshot is that MIM toolmaking
might be for you if you:

metals and metal alloys, including pre-
cious metals. The metal feedstock par-
ticle size is far smaller than metal par-
ticles used in other powder metallurgy
and might better be described as metal
“flour.” It is as fine as metallic paint
pigment (less than 20um).

Attributes of MIM parts include:

m net shape with good dimensional
tolerancing;

m great freedom of shape, including
molded-in blind- or cross-holes, small
radii, thin sections and other complex
geometry; and

m mechanical properties nearly
equivalent to metal processed with
conventional cutting, welding, forging
and stamping.

Depending on the application, sin-
tered parts might be hardened (includ-
ing case-hardened), polished and fin-
ished. Machining might be required to
add features, remove molded-in sup-
ports for sintering, touch up the part
or achieve a final dimension.

Ongoing and future developments for
MIM include environmentally friendly
binders, continued refinement of metal
powders, process simplification and cost
reduction, and design tools (including
mold analysis) that accommodate the
shrink factors in the process.

—D. Gehman

m welcome metal cutting challenges,

m can be creative about long-term
business arrangements,

m adopt time- and labor-saving tech-
nologies; and

m can add enough value to compete
with offshore suppliers.

If you aready do die and mold work,
moving astep further might not be dif-
ficult. And if you don't, the incremen-
tal—and growing—market offered by
MIM might entice you to take the
MIM toolmaking challenge. A
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