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By Douglas A Smaock

Top-tier American moldmakers are aggressively investing in new technology and
even stretching the bounds of imagination to take advantage of bur-geoning high-
value opportunities and enormous challenges in the medical market.

The new Melt-Disk
allows =ide gating into
parts such as syringe
barrels. Photo courtesy
of Mold-Masters.

medical.

are planning to buy at least two mare machines.”

Recent equipment purchases at Fhillips Flastics include: three Roeders BFM 600 high-
zpeed machining centers, two Mazalk Mexus 310 machining centers, one Haas WF355,
three new Charmilles zsinker EDMs, two Charmilles wire EDM=s and three System3R

robotic systems.

Technology Investment
Machining Challenges

"In the medical mold and die industry, customers face even more challenges than in
a typical environment due to the incredibly =mall sizes and the high precision that is
required,” comments Jay Verellen, product manager for Seco-Carboloy (\Warren, MI).
"That i= key—high precision—smaller items with tighter tolerances and better surface
finish. Even though everything is smaller in this industry, in @ way everything is
exaggerated—the ratics can be extreme—you might be using a 2-mm diameter tool

that is 30 mm in length, a 15:1 length to diameter ratio.”

werellen strongly recommends locking at the overall system in the high-speed machining
prevalent in medical, not just the tool or insert. "Good balance is where it all begins,” he
commentz. The Seco EFE line, for example, uzes =olid carbide end millz in applications where

precision and high speeds are important, such as medical.

Componsnt Offerings

Another product that meetz demanding reguirements in the medical market are the new
needle bearing locks from Progressive Components (Wauconda, IL) that provide precise
registration between the two halves of the tool. As the locks engage, the bearings provide
additional lifting power without metal-to-metal wear, =ays Mark Malloy, =ales and marketing

manager at Frogressive.

Who's the Competition?

In medical moldmaking, the competition isnt just offshore
maldmakers, it's competitive processes, Medical device OEMs
may avoid the cost of building a mold and instead machine stock
chapes, a process that also gives them considerably more
flexibility.

"Engineers in the medical area often prefer stock shapes’
machining because their product life cycles are =o short,”
comments Mike Raindl, general manager of Boedeker Blastics in
Shiner, T¥. "We see situations where a customer may make
1,000 of one version of a part, 5,000 of another, and so on, each
with slightly different versions for different customers. It's still 99
percent the same part.” Examples of applications are bone
zcrews and medical trays. Use of machined stock shapes in the
medical market i= growing "extremely rapidly,” says Raindl,
reflecting growth in the medical market and the flexibility of the
process.

Boedeker, which carries $6 million worth of stock plastic shapes
for global =ales, has a =significant on-site machine =shop. Among

itz equipment are a Hurco BMCZ2416 vertical machining center, a
Hawlk 40 CNC mill and two Hawk 30 CNC bed mills and a Fagor

Model 8025 three-axis CNC router.

The caveat is that machine shapes generally have much lower
mechanical properties than injection molded parts. For example,
the mechanical strength of compression molded polyphenylene
zulfide stock shapes is generally only 50 to 80 per cent of
injection molded parts with similar filler systems. Stress histories
of the parts al=o are quite different. The drop-off in mechanical
properties is less severe for extruded stock shapes, such as

e fore in the medica

The rules in medical moldmaking are significantly
different, giving domestic builders an advantage over
offshore sources. Quality, of course, i= absolute. Volumes
are often much lower. Polymer prices are a major issus
and even range into the thousands of dollars a pound for
the rapidly growing bioabsorbable and other saphisticated
materials used for implants, including drug-eluting
compounds. Technology is being stretched to the limits in
every aspect from wire EDMing for micro tool components
to sophisticated new hot runner approaches.

High-end mald builders love the challenge. The old
busineszz paradigm of "molds on wheels” chasing the
lowest purchase order is not the name of the game in

"We have invested over three million dollars in the last
couple of wears. These investments suppart ocur
customer’s needs in the medical market,” =ays Mick
Schommer, director of tooling =ervices at Phillips Plastics in Hud=on, WI. "2l three of
our mold manufacturing locations now have a high-speed machining cell, with
capabilities up to 42,000 rpm. The oldest machine is less than three yvears old, and we
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New Opportunities for Mold Shops
with Micro Molds and Micro Milling
Learning about the trends and
challenges with micro molds and micro
milling will help shops maintain their
competitive edge.

Why You Should Use High-Speed
Machining with Micro-Tooling
Faster machining, lower force, less tool
breakage, no thermal growth, better
zurface finish and better part quality
can be achieved by using high-speed
machining with micro-tooling.
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Croug Smock can be reached at
dsmock@globalcpo.com. He is co-
author of "Straight to the Bottom Line”
a new book on supply management.
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EDM Enhancements
EDM machinery
manufacturers are
dramatically upgrading
product offerings for the
medical moldmaking
market.

The CC generator, shown here
a= part of the Robofil 640,
improves machining speed while
preserving the surface integrity
of the machined material. Photo
Mitsubishi ECM (Wood courtesy of Charmilles.

Dale, IL) last year unveiled

the MO+PRO, which

features a PM4 control that enables full automation from rough
to finish machining. Stepped shape capabilities allow machining
of multiple parts with different shapes and thicknesses without
zetting specific electrical conditions. The new machine comes
standard with 0.006-in to 0.012-in wire capable automatic
threading and all-axis absolute control, allowing very accurate
positioning without returning to zero after power failure.

Charmilles (Lincalnshire, IL) is targeting technology innawvation
in the medical market on the wire side of the business. "Our
new CC generator provides very high cutting speeds and clean
zurface finiches becauze medical users want an absclute
minimum of depasits on the final workpiece,” comments Gisbert
Ledvon, marketing manager for Charmilles. The CC generator
i= a digital generator that features a new spark design,
increasing maximum voltage by 25 percent and tripling
maximum amplitude to 1,200 amps. Cutting speed in tool steel
can reach a high of 42 =quare inches an hour. The previous top
speed was about 37 =quare inches an hour. The CC generator
prevents oxidation on the titanium parts often used for hip and
other implants. It also maintains a surface integrity that is free
of brass and zinc materials that can come from the electrode
during the cutting process.

rods, tubes and sheet,

Hot Runner Advancements

Another example of a technology innovation aimed at the
medical market is the Melt-Disk from Maold-Masters Limited (Georgetown, COntario), which allows side-gating into parts such as
syringe barrels where top gating is not possible. "There are two primary benefits,” says Denis Babin, product development
manager at Mold-Masters. "The first 1= that vou are able to side gate with a hot tip. I alway=s mention the hot tip because vou can
edge gate, but vou end up with a cold =lug riding in the part. The second benefit is that vou are getting multiple gates (up to eight)
with one Melt-Disk. You can mold the same number of parts with fewer nozzles.”

Mold-Masters already has about a dozen applications for the Melt-Disk, some of them in the beta stage. All nozzle lengths are
available for the Melt-Disk, 28-148 mm. & wide range of materials, from polyethylene to polycarbanate, is being used and Maold-
Masters is testing use of glass-filled compounds now. Individual heat cantrol in the gate area opened up the materials’ range
dramatically with the Melt-Dizlk. Thermal profile across the Disk i= excellent, probably within 3#C from tip to tip, says Babin.

Applying Technology

The View at Mayo

Biomedical engineers are very focused on product features and quality and
are less driven by volume and cost considerations due to the applications of
their designs.

Cool New Medical Products

Hot Runner’s Role
Theze pens from
Yp=omed AG
(Burdorf, Switzerland)
are used for zelf
injection of
medications, such as
insulin. Husky
engineered and
configured a four-
drop hot runner
systemn with Ultra 750
valve gate nozzles
specifically for -
Y¥psamed’s processing f
equipment. Channel
layouts and nozzle
design were optimized Photo courtesy of

for ¥Ypsomed's molds.  Ypsomed AG.

A= a result, quality i=

improved and cycle

times are reduced up to 20 percent. The Ultra
technology also provides positive seal-off, which
i= important because the resin can require
injection pressure of 2000 bar or higher.

Froviding some insight an how their market works is Steven R. Jurrens, super-
visor of the Biomechanical Development Unit-Machine Shop in the Division of
Engineering at ane of the world’s greatest medical innovation incubators, the
Mayo Clinic in Rochester, MM,

"We're an internal captive engineering group,” comments Jurrens, "Cur charge
is to worke with staff, phys=icians and researchers to invent, design, develop and
fabricate those items needed by Mavyo, which do not currently exist on the
open market.”

The Division of Engineering staff numbers 52, among a total of 30,000 Mayo
Clinic employvees at Rochester. The Division handles same 1,300 requests
annually, with the machine shop having an active gueue of 200+ projects at
any point in time. "We do a lot of custom development, even custom surgical
instruments,” =ays Jurrens. The Biomechanical Development Unit staff includes
two managers, four mechanical engineers, two mechanical designers and 13
CMC machinists.

One recent request came to the Division from Mayo's Medical Laboratories
group. This department processes millions of medical samples a year for
testing. "Medical lab personnel have to re-tube certain incoming samples due
to existing container design and shipping issues,” Jurrens tald MoldMaking
Technology. "They approached us to develop a new type of tube cap to
increase overall efficiency of the testing process and reduce the internal cost

of operations.” Micro Filter

Theze micro molded
plastic filters used in
medical devices made
by Miniature Tool &
Die contain more than
a thousand 76-micron
(0.003-in.) squares
with wall thicknesses
of 0.006-in. They are
made with a one-step
process Using a ane-
piECce micro core in a
micro injection
molding machine. MTD is vertically integrated and
builds the micro molds internally using
commercially available wire and ram EDM
equipment. Injection pressures of 36,000 psi are
required to fill the cawvity.

The Division designed the new tube cap in SolidWorks and machined the first
batch of prototype parts. Successful validation testing led to approval to
proceed with tooling. First-article testing 1= currently underway on the first core
and cavity set of a 16-cavity tool. Upon final validation, Mayo will be using
250,000 parts per guarter. The new tube cap will solve existing process
problems, improve efficiency and expand Mavyao’s abilities for certain types of
medical testing.

The Division must maintain its "cutting edge” approach to design, fabrication
and technology, applyving newer techmgues such as lazser machining and water
jet cutting with classic technologies of milling and turning.

Photo courtesy of
Miniature Tool & Die.

Medical Trends

Micro Is Getling BIG

ne of the new breakthraugh areas in medical maldmaking is micra molding,
which requires tremendous technology advances in tool construction and
des=ign.

& global innovator 1= Miniature Tool and Die in Charlton, M&, whose business 1=
about 30 percent medical because of the mushrooming use of tiny devices that
traverse blood vessels for noninvasive surgery. Also, extremely tiny new
screws are being made of pricey bioresorbable materials for holding tissue in
place.

Overmolding + Gas
-Assist

One of the hot trends
in medical molding i=s
complex overmolding.
One of the best
examples is the AED
Fro external
defibrillator designed
by

Zoll Medical
(Chelmsford, MA). It's
made of thermoplastic
elastomer,
thermoplastics polyurethane and polycarbonate.
The =zolid overmolding means the only product in
the market that can pass a 1.5 meter drop test.
Gas azsist i= uszed to fill out thick =ections and
insert molding provides a watertight seal. MSI
Mold Builders {Cedar Rapids, &) built 18 =ingle-
cavity molds to make 20 parts. The molder, Mack
Molding, is transitioning from business machines
to medical markets.

"Micro molding is very different from conventional molding,” comments Donna
Bibber, a plastics engineer who is vice president of sales for MTD. "Material is
going through gates that are 0.002- to 0.005-in and that is very different fram
going through gates that are 0.020 or 0.030-in. As a result of that, the
viscosity from shear changes all of the rules of everything you once knew
about molding.”

Fhoto courtesy of Zoll
Medical and MSI Mold
Builders.

MTD has even developed its own mold flow analysis to map changes in the
material caused by the intense pressure and shear heat in the micro process,
MTD also built its own proprietary drying apparatus because hoppers are about
test tube in size.

"Everywhere we turn, there seems to be a new challenge to overcome,”
comments Bibber. "For example, we don't always have the luxury of having a
surface to eject onto. Ejection usually occurs on a gate ar runner or some
other external appendage to the part. Farts are so small that they tend to be
edge gated. It's a whole art form just to get the gate off cleanly. When the
parts go into the human body, there can’t be any jagged edges.” MTD often
uses high-end fixtures to hold tiny knives or wires or other types of secondary
equipment. MTD uses both types of EDM to make the malds, but can't divulae any details.

Cne of the biggest issues with micro is just defining it. "We define micro as a part that has a volume of less than 0.003 cubic
inches,” comments Tony Pelke, an engineer at Phillips Flastics, which is unique in its ability to produce tocling for metal and plastic
micro applications. "They're parts in which yvou need magnification to see features or details.” One of its parts has a diameter of
about 0.003 in.

The cost of single-cavity micro tools at Fhillips Plastics is in the approximate range of $8,000 to $20,000. The company does not
zell micro tools to QEM customers. It quotes a nonrecurring engineering charge and keeps the tools at its metal injection molding
facility in Menomoneeg, WI. Phillips has developed its own proprietary process for making micro tools and =ays "the runner is
virtually nonexistent” in its process. Ite definition of @ micro part (volumes under 0.0003 cubic inches) includes the runner. The
waste issue is significant because no regrind can be used in medical applications and implantable materials can cost $2,000 to
$4,000.

Turnaraund time for micro tooling at Phillips is twa to four weeks for plastics and four to six weeks for metal applicatiaons. Phillips
can achieve tolerances of £0.050-in on micro plastic parts, but cautions that measurement is one of the huge obstacles in micro
molding. MTD's Bibber agrees on the measurement point. "When you're talking about tolerances of 0.0001" on plastic parts, there
ie more error in measurement than there is in the molded part, which is very repeatable,” says Bibber. "When we talk to customers
in the proposal stage, we always talk to them about how we will measure the parts and how they will measure them.” MTD typically
u=es vision systems and microscopes that magnify to 800X to measure surfaces and tolerances.

While the parts in medical are getting tiny, the efforts by maldmalkers and their suppliers are not.




