Hot-melt technology |

takes the pressure

0ff low-Cost §
Qermolding |

A new, unigue hot-melt polyamide

molding technology enables custom over-

molded cable/interconnect solutions using

standard low-cost connector components.
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Overmolding has long been a proven
strategy for transforming funcrional
but not particularly robust connec-
tOrs into superior interconnections
that will stand up well under punish-
ing conditions. This may involve en-
capsulating the connector o protect
it from moisture and providing a
better mating seal. Ar the same time,
the cable/connector interface can be
protected with enhanced strain- and
bend-relicf Fearures. Unforrunatcly, a
wide range of connector systems do
not adapt well to conventional ther-
moplastic molding,

Depending on the application, hot-
melt polyamide molding can be used
as a single-step approach for encapsu-
lating low-cost connecrors, or aga pre-
mold process to prepare for thie rigors
of injection molding, In either case,
this approach can reduce unit costs by
as much as 809, while dramatically
shortening lead times for a wide range
of connectors used in industrial, mili-
tary, and medical-device applications,

The problem has to do with the high
pressures developed within the injec-
tion mold. While injection pressurcs
at the nozzle of the mold machine are
relatively low, the pressure gcnerated
within the mold cavity is exponentally
greater, enough to crush a fragile con-
nector. Since many low-cost connec-
tors were not designed for thermoplas-
tic overmolding, they are likely to have

interstices thar make it difficult to seal
off the part in the mold. This males
the process difficult to control effec-
tively, resulting in poor manufacruring
yields. Polyamide hot-melt molding
can provide a solution to both of these
pressure-related problems.

Polyamide advantages

Hand potting is the method widely
used to waterproof connectors that
cannot be U\.’tl’molﬂlcd. Or to pre-treat
them so that they can be overmolded.
Unfortunately, hand potting is two
variable a process w hold consistent
dimensional tolerances. It is also labor-
intensive. There is, however, a common
adhesive polyamide, which can be ap-
plied accurately o connector assemblies
via a hot-melt molding process.

The advantages of pre-molding
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ide are numerous. The low-viscos-
ity polyamide material is molded ac
low pressure, so mold shut-off is not
cause for concern, The low-pressure,
hot-melt molding technique will not
crush fragile connector designs.

polyamidc is cnvironmn:ntu”}" sta-
ble, which makes it perfect for encap-
sulation. This marerial is stiff, resul-
ing in high-integrity encapsulations
thar resist shock and vibration dam-
age. Polyamide has a high dielectric
constant. It can be used freely to
fill in between contaces and solder

joints without creating conductivity
issues berween them. The material
is recyclable so thac the sprucs and

tunners trimmed from the
finished pares can be rein-
troduced into the process.
Material utilization is cs-
sentially 100%.

Hotmele  polyamide
molding  equipment s
portable so that it can be
rolled into placr: to pro-
duce parts in line with an
assembly operation. This
climinates an expensive
and space-consuming step
of staging and transport-
ing parts for assembly.
The process uses standard
machining  technelogies
and aluminum tooling that can be
manufactured quicky, and at about
half the cost of conventional injec-
tion-molding rools.

Rapid tooling evaolution

The key to making hot-melt polyam-
ide molding work to the customers
advantage is in tooling designs that
reduce connector unit costs, slash lead
times, eliminate COMpOoNEnts, and/or
reduce subsequent device assembly
steps. Since the inceprion of the hot-
melt polyamide-molding program in
2002, substantial progress has been
made in cach of thes: arcas.

Two years ago, hor-melt polyam-
ide molding was used primarily as a
pre-mold process w fill in connec-

Hot-melt polyamide
molding can be used as
a single-step approach
for encapsulating low-
cost connectors, or as
a pre-mold process 1o
prepare for the rigors
of injection molding.

tor interstices, and provide a stable
and gcumclriw“y consistent pl.‘-lt-
form for high-yield conventional
overmolding of low-cost connec-
tors, Since then, the approach has
evolyed rapidly to accommodate
many applications.

Because small prowiype tools can
be manufactured easily with a shore
tumnaround, optimizing two or more
tooling design concepts at once rarely
presents a cost or time penalty. In the
beginning, almost cvery application
led to new design concept innova-
tions. These were cataloged and stored

confinued an page 16



as clectronic design archives.

Another impetus for rapid evo-
lution was the cross-pollination of
ideas from applications developed for
many differenc industries, including
handheld bar-code seanning, mobile
communications, medical devices, in-
dustrial equipment, and military ap-

plications, to name a few, Tt was not

long before toaling expertisc had be-
come sufficient to deliver a big payoft
in many applications, replacing con-
ventional thermoplastic molding with
the polyamide technique. In general,
toling cost and ol design/develop-
ment time can be reduced as much as
50%, due to the cavity material used

and simplified tooling designs.

Developing tooling with madular
interchangeable components added
even more value to the polyamide
hot-melt process. As a result, connec-
tor solutions can be prototyped rapid-
Iy within a few days or less by making
inseres for tooling that already exists.
Proof of concept is almost immediate,
and multi-cavity production  tool-
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ing can be ready within a few weeks
of approval. Providers with available
wooling for the hot-melt polyamide
encapsulation of selected connectors
can further reduce the cost impact of
tooling development to the customer.

Representative applications
Hor-mele polyamide molding has
been used to darte on a variety of con-
nector systems for encapsuladon or
preparation for injection overmold-
ing. The following cases are represen-
tative of the advantages.

The military Ohjective Force War-
rior (OFW) program integrates so-
phisticated  electronics within  the
soldier’s uniform. A flar woven mate-
rial (with embedded wire), to be used
inside the uniform, had to transition
o a round connector and also meet
rigid MIL/Spec standards for water-
proofing, pull strength, and other
tests. The OEM failed to find a cable
supplier that could shur off on the
uneven woven surface, and provide
a flash-free thermoplastic transition.
Two-thirds of the lead time for de-
veloping the prototype had already
been consumed when pre-molding
the cable with polyamide was recom-
mended {see Fig. 1).

"The hor-melt system was used o
encapsulate a portion of the flar wo-
ven cable and a portion of the con-
nector in polyamide. This created
a stable and controllable platform
for precision overmolding, The pull
strength between the polyamide and
the woven cable was in excess of 60
lbs—three times greater than that re-
quired for the termination. The con-
cept was proven within three days,
and production tooling was ready in
less than four weeks,

In another case, a simple sterco
jiack was chosen as the connecror on
an R5-232 dara interface cable for

FIGURE 1. A MIL/Spec cable assembly
used pre-molded polyamide as a guick
solution to marry a wire embedded in a
flat woven material to a round cannector.




a portable defibrillator used in the
field by emergency medical techni-
cians. The jack met the limited space
requirements on the console and
ensured thar other RS-232 devices
would not be mistakenly plugged
into the unit. Attempts to waterproof
the connector via conventional tech-
niques, such as hand potting with
UV materials, two-part cpoxies, or
premixed silicones, failed to produce
consistent resules.

‘The hor-mele polyamide process
was used to encapsulate a similar con-
nector system for another medical-
device manufacrurer. Prototypes were
provided within a day. Polyamide
encapsulation brought this connec-
tor up to the IP6Y level of connector
systems that cost $20 to $45. Encap-
sulation added just $0.30 in value to

FIGURE 2. A stereo jack module incor-
porating Bluetooth technology was wa-
terproofed using the hot-melt polyamide
process, saving steps and costs for the
OEM.

the cost of the $0.98 stereo jack.

In the same product, a similar stereo
jack was used to incorporate an exter-
nal Bluetooth RF accessory {see Fig.
2). 'The customer asked for a quote
on waterproofing the connecror. We
reviewed the design and determined
that it would be possible to waterproof
the entire subassembly, which included
two connectors and a polycarbonate/
ABS housing. An innovative process
used the housing as the mold, which
not only eliminated several installation
and waterproofing steps for the OEM,
but also the cost of gaskets and o-rings
that would have been required if the
entire assembly had not been sealed
with polyamide, with an additional
bonus of lower tooling costs.

The original design for an RFID
bar-code scanner interface included
two high-end circular waterproof
connectors that cost about $25 each.
The required performance was met
by substituting two polyamide hot-
melt waterproofed mini-DINs (with

a polyurethane overmold) that cost
$0.38 each. Total assembly cost went
from $50 to $14 per device.
Manufacturers are evaluating the
possible substitution of all applica-
tions that require pre-mold processing
for hot-melt polyamide encapsula-
tion. If a “non-moldable” connection
is selected, this process is preferred.
If the part does not require flexible,

thermoplastic bend relief at the cable
interface, and tooling designs do not
require EDM  machining, hot-melt
polyamide is being used with increas-
ing frequency as the primary connec-
tor/interface encapsulation method. It
allows for the encapsulation of fragile
or previously difficult-to-overmold,
low-cost connectots. At the same time,
the process reduces tooling costs and

trims lead times for both protoryping
and part delivery.
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