DuPont Engineering Polymers

Electrical /Electronic
Thermoplastic Encapsulation

L

. :’I',"'.-:'F_-q

Toroids from Standex Electronics
Solenoid by Dormeyer
Step Motor from Pacific Scientific

Start
with DuPont
E ng I n eerl ng POIymerS ® DuPont registered trademark



Introduction Global Availability

Electrical coils and components have for some time With technology and production increasingly becoming
been encapsulated or potted with thermosets for proteglobally sourced, it is important to use encapsulation
tion from operating environments and to provide elec-resins that are available worldwide and are recognized
trical insulation and thermal dissipation. With their to internationally important standards, e.g., UL and
good electrical properties, mould flow characteristics, IEC. The DuPont resins discussed here are generally
and low cost, thermosets such as epoxies, phenolics, available worldwide and meet the leading national and
and thermoset polyesters were until recently virtually international standards.

the only encapsulation resins used in coil/component

encapsulation.

However, encapsulation materials are now shifting in
the direction of thermoplastics. This is occurring for
reasons of:

 productivity and component integration;

* better physical properties of thermoplastics in thin
sections compared with thermosets;

» extensive |IEC 85 and UL 1446 Electrical Insulation
Systems recognitions for thermoplastics for encaps
lated motors, solenoids, and transformers;

* the virtual elimination of volatile organic compounds

(VOCs) generated in thermoset potting or encapsu|EFig. 1. Hydraulic cartridge valve from HydraForce. Coil form
tion in RyniTe® 530 (Foremost Plastic Products Co.). RyNITE®

encapsulated solenoid produced by Warsaw Coil Co.

Environmental Considerations

Thermoplastic encapsulation processes use only solid
materials that become a melt when heated. The voIatiE . .

organic solvents used in varnish impregnation are not ost compa"so“s with Thermosets

present, so environmentally harmful solvent emission€On aweight basisthermosets can cost substantially

are eliminated. Also, parts encapsulated with thermo- less than thermoplastics. However, any cost compari-
plastics come out of the moulds ready to assemble son between the two material types must be done on
without requiring the inherently “dirty” deflashing or  the basis of “finished encapsulated part ready for ship-
trimming operations so often associated with ther-  ment.” Savings found in faster moulding cycles, higher
mosets. The high-impact strengths of engineering therproduct yields, and fewer secondary operations gener-
moplastics in thin sections compared with thermosets ally favor thermoplastic encapsulation over thermosets.
also contribute to lower cost because there is signifi- This is particularly true in high-volume automotive
cantly less part breakage. component operations and in encapsulated coils and

When thermoplastic parts do break or for some reasoff°MPOnents where brackets and connectors can be
are not usable, they can be ground up, remelted, and moulded-in during the encapsulation step as value-
used again in the moulding process. Many of the DuPd#ided features.

engineering thermoplastic resins used in encapsulatiofmhe inherenthbetter toughnessf engineering thermo-
have been approved by UL to be moulded using up toplastics used in encapsulation compared with thermo-
50% regrind. sets allows use of thinner wallgaple 1, page 3).



Fig. 2. Solenoid coil encapsulated with ZyTeL® glass-reinforced

PAG6 nylon resins (ATR).
Fig. 3. Antenna coil for automotive auto-theft system.

Coil form and encapsulation in ZyTeL® 77G33 HS1L
(Standex Electronics).

Table1 Comparative Impact Strengths of Selected Thermosets and Engineering Thermoplastics

30% Glass- 33% Glass-
Reinforced Reinforced
Thermoset FR PET PAG6
Phenolic Polyester Thermoplastic Thermoplastic
Electrical Alkyd (Electrical) Polyester Nylons
lzod Impact J/m 15,5 17.1 53,4 91,0 107
ASTM D256 Dry as Moulded

The impact strength of thermoplastics is also a factor some thermosets transfer heat better than conventional
in the UL 1446/1EC 85 Insulation Systems recognitionshermoplastics. Recently developed thermally conduc-
now required in many encapsulated solenoid, motor, atide thermoplastics used in transformer encapsulation
transformer applications. Such recognitions are listed laye even better in heat transfer. The thinner walls and
thickness of the encapsulation layEne required test- encapsulation layers made possible using thermoplas-
ing (see page 17) includes a vibration step that favourscs also help with heat transfer (see pages 13-15).

the stronger thermoplastics over thermosets in the thin-

ner sections. Moulding and Tooling Techniques

Thermoplastics also generathould fastethan thermo- Thermoplastic encapsulation is basically an insert
sets. Cycle reductions of over 50% are frequently founghoulding operation. The wound coil or electrical com-
in moving to thermoplastics. Thermoplastics are also ponent is inserted into the mould, and the thermoplastic
more stable in contrast to thermosets, many of which material is injected while lead wires or terminals are
have shelf lives of six months or less. Some thermosetlamped off from the resin flow. The object being
grades must even be refrigerated during storage befoencapsulated can be held either with stationary pins
moulding. Thermoplastics are also more easily colouredr hydraulic pins that are withdrawn before the melt
either through cube blending with concentrates or  freezes. This latter technique was developed by DuPont
through full compounding. Some thermosets do, how-engineers to encapsulate golf balls witlR&/N®

ever, offer two advantages compared with thermoplasionomer resins and is now used extensively in the

tics. Epoxies, for example, can be used to impregnateencapsulation of sensors and transformers (see
thin-wire, high-voltage coils before setting up, and  Figures 4, 5and6).



While some encapsulation is done using horizontal Moulding machines that are convertible from horizontal
moulding equipment, the preferred encapsulation to vertical modes of operation are also available (see
moulding process is based on vertical clamp machineg,igure 5). This allows, for example, solenoid coil bob-
which use gravity to hold the coil or insert in place  bins to be moulded in the horizontal mode and solenoid
during the moulding process. encapsulation to be run in the same press in the vertical
The use of shuttle or rotary table moulding presses wiffffode. In each case, care should be taken to size the
two or more lower mould halves leads to maximum Parrel carefully to the shot size and the clamping pres-
productivity. While a device is being encapsulated at SUre to part surface area.

the moulding station, an operator or a robotic device

can remove finished parts and insert coils at the load-

ing/unloading station(s).

Holding Pins Forward

Fig. 5. Vertical-clamp injection moulding machines are idea
for encapsulation. Unit shown is located at the DuPont
Application Technologies Center, where it is used for
development and testing of encapsulation materials,
tooling, and methods. This unit is also convertible to
horizontal operation.

Fig. 4. “Golf ball encapsulation” using hydraulic pins. As the Fig. 6. “Golf ball encapsulation” showing uniform wall sections
molten polymer fills the cavity, the hydraulic pins are achieved with the use of hydraulic pins (DuPont).
retracted, leaving behind a perfectly round, encapsulated
golf ball. This same technique is used in the encapsula-
tion of sensors and transformers.



Tooling Productivity Tip

Tooling for encapsulated coils and components consiskar faster cycling of bobbin moulds, we recommend
of two different types. The first is for the coil forms useaore pins made of Ampcoloy* 940 copper alloy. The
in many encapsulated applications. The second is for core pins generally do not have internal cooling; but
the encapsulation process itself. because Ampcoloy 940 conducts heat six times faster

In designing and moulding coil forms, great care mustthan tool steel, the pins usually run only 1,6 to 2,2°C
be taken to produce fully crystallized products having hotter f[han the re;t of the mould. This leads to shorter
uniform flanges that are tapered slightly for ease of CYcl€ time than with core pins made of tool steel.

part ejection. Uniform flanges are important to help

safeguard against voids or distortion caused by the

shrinkage of the coil form during the encapsulation

process.

A modular type of mould can save time and expense
in making and modifying prototype bobbins. DuPont
engineers developed the design showRigures 7
and8 using a mould frame from Master Unit Die Prod-
ucts, Inc. It combines a standard frame, side-action
mechanism and cooling system with provisions for
interchangeable cavity inserts having their own cooling
side-action wedges and various other components th
differ according to bobbin size and configuration.

Side view showing side
action and cooling.

Cooling lines in mold
frame

Cooling line for cavity
block

Fig. 9. Jim Patterson and Tom Boyer of DuPont Engineering
Polymers setting up an encapsulated coil moulding trial.

Side-action cavity block,
made of hardened tool
steel, and bolted in place
for ease of removal and

modification =
Gating
. G To minimize coil distortion, it is essential to ensure

| Anele Gkew)pin,t0 equal pressure on windings by filling the mould cavity

| nve movement of side 1
action block through two or more gateEigure 13).
Part (babbin) Gate Design

, o iy —— /- Or P The rounded-end design of tunnel gdtg(re 15)
Fig. 7. Modular mould for solenoid coil bobbins. is a necessity for successful encapsulation. It prevents

premature freezing of material at the gate, permits
effective packing out to compensate for shrinkage in
the relatively thick wall sections often used for encap-
sulated components, and ensures a good surface finish.

* Registered trademark of Ampco Metal, Inc., U.S.A.

Fig. 8. Modular mould for solenoid coil bobbins (continued).



Venting

Good venting on the mould’s parting line ensures max ! e
. . . . ! | |t Encapsulated
imum strength in weld line areas as well as preventing i | solenoid
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Fig. 13. Modular mould for encapsulating a solenoid coil
in a vertical-clamp press (top view).

Core pin

Fig. 10. Automotive engine temperature sensor encapsulated TRV : EE= T (cncapsulated)
with ZyTEL® glass-reinforced PAG6. 2T
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Side view.

Fig. 14. Modular mould for encapsulating a solenoid coil
in a vertical-clamp press (side view).

Fig. 11. Danfoss magnet valve encapsulated in CRASTIN® PBT
polyester.

Fig. 12. Electrovalve encapsulated with CrasTIN® T805 PBT Fig. 15. Gate design for encapsulation recommended by DuPont.
polyester (CEME, Italy).



Encapsulation Applications

Thermoplastic encapsulation is used in many applica
tions that require some special manufacturing techniqu
and materials of encapsulation. These include solenoic
sensors, self-supporting coils, transformers, motors,
and electronic components of various types.

Solenoids

Solenoids are generally made by encapsulating coils
wound on coil bobbinsHigure 16). The number one
requirement for coil bobbins used in solenoids is that
they be fully crystallized, because the subsequent hot
encapsulation process can cause additional coil bobbi..
shrinkage and distortion such as the “bubbles” shownFig. 17. Result of encapsulating a wound coil bobbin that is not
in Figure 17. To achieve the full crystallisation needed, fully crystallized.

the typical minimum recommended mould temperature

for coil bobbin moulding are 100°C foryRiTe® PET
thermoplastic polyester resins and 80°C for=®
PAG66 nylon resins.

Level or precision-wound solenoid coil winding is rec-
ommended whenever possibkdure 18). This allows |
smooth flow of the encapsulation material over the su
face of the windings. Random winding can cause flow
problems and magnet wire bunching except in those
coils using very fine wire.

Fig. 18. Smooth surface of level-wound coil eases flow during fill
of encapsulation mould and avoids problems of bunching
of magnet wire.

Taping wound coils prior to encapsulation is not neces-
sary and is not recommended. Also, it is important that
good quality magnet wire be used in all encapsulated
coils. Any defect in the coating of the magnet wire
used will be magnified by the hot melt temperature,
high pressure, and shearing action of the thermoplastic
encapsulation process.

The metal cans used in many cases with solenoids for
magnetic flux reasons are sometimes used as a “shell”
into which the thermoplastic encapsulant is injected.
Alternatively, the can may be included in the encapsu-
lation layer.

Proper termination of the wound magnet wire on pins
inserted into the bobbin flange is also important.

The encapsulation process can cause coil malfunctions
if terminations are loose.

Fig. 16. Cadillac load leveling system solenoid in ZrTeL® 70G33 HS1L
(top) being produced by René Miller and Joey Champion
of Multicraft Electronics (bottom).
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Fig. 20. Double solenoid for fuel pump flow-meter encapsulated
in CRASTIN® T805 (Sirai).

Fig. 19. Appliance solenoid coil encapsulated with RyniTe® PET
polyester (Dormeyer).

The types and thicknesses of magnet wire enamels ai
important for successful solenoid manufacturing.

For example, thermoplastic-overcoated, polyurethane
enameled wire works far better in thermoplastic encay.
sulation than wire coated only with a single layer of
polyurethane. Also, the thermoplastic encapsulation
should be matched to the solenoid end-use environ-
ment. For example, in some automotive applications, ¥
polyamides function far better than polyesters. Solenof i_\-
terminals can be encapsulated in place using a pre- § ]
moulded insert. The high strength of the engineering %
pIaSt.ICS ”?ed in solenoid encapSUI.atlon help retain t.hﬁg. 21. Yumiko Nakaniwa and Hajime Shiozawa of DuPont KK
terminals in p]ace as well a_s permit Co_mp_a_Ct SOIenQ'd (Japan) testing the insulation resistance of encapsulated
to be made with encapsulation layers significantly thin- solenoids.

ner than is possible with thermosets.

Types of encapsulating resin used, moulding conditions,
and coil bobbin flange design are all key to manufac-
turing quality solenoids. In extensive testing at our
Yokohama, Japan, research facility, different solenoids
having various resin combinations of coil bobbin and
encapsulant are tested by first heating them at 80°C f
an hour, immersing them for an hour in a 0°C, 5%
NaCl solution, rinsing them off, and then measuring
solenoid insulation resistance values. From this work
we are able to tailor encapsulation resins to meet
specific application requirementSigure 21).

Fig. 22. Deltrol Controls solenoid with a board mounted bridge
rectifier chip encapsulated with RyniTe® 415HP.



Our testing also shows that minor changes in the flanggensors

design of solenoid coil forms can improve solenoid The rapid proliferation of electrical and electrical-
performance dramatically. For example, switching  mechanical systems in automotive, appliance, and
from a flange design with straight ends to one with industrial applications has dramatically increased the
tapered edges leads to dramatically better adhesion demand for sensors. Sensors are used in such systems
between coil bobbin and thermoplastic encapSUIant, to measure variables such as Speed, position1 tempera_
because the tapered flange tip melts more easily duringre, or fluid level. Many are encapsulated to provide
the hot encapsulation step than does a straight flangejnsulation and to protect them against moisture, dirt,
edge Figures 23and24). or mechanical damage. An example is the wheel speed
sensor, shown iRigure 25, encapsulated with a glass-
reinforced PA66, ¥TEL® 70G33 HS1L. Automotive
sensors like this one used to require a two-step process:
potting the coil in epoxy, followed by overmoulding.
Today, the same part is encapsulated in a single step.
I:| Note that the metal inserts in the mounting flanges are
moulded in. The cable is provided with a grommet
and the encapsulation mould is designed to support
the grommet and prevent flashing down the cable.

nlll

Fig. 23. Vertical flange.

Fig. 25. Wheel speed sensor encapsulated with glass-reinforced
ZYTEL® PAGB.

Fig. 24. Tapered flange.

Thinner, tapered coil bobbin flanges improve solenoid performance  Another major type of sensor being used in increasing
by melting more easily during encapsulation and forming a strong numbers is the “Hall Effect” or electronic sensor.

hond with the encapsulant upon cooling. The flange design shown  Tjs tyne of sensor is used in ignition and transmission
in Fig. 24 is far superior to that in Figure 23. control applications as shown Figure 26.

The primary challenge in encapsulating “Hall Effect”
Finally, solenoids used in appliances and some contrasensors is to avoid damage or displacement of their
systems may have to meet both UL94-V0 flammabilityintegrated circuit chips, other delicate components, and
and UL 1446 and IEC 85 Electrical Insulation Systemsonnections among them. In relatively simple sensor
standards. It's important to recognize that both standardsnstructions, success has been achieved using con-
have thickness guidelines. Meeting these standards ventional polyester resins and slow injection rates.
requires that both coil form thickness and encapsulatiohhe hydraulic pin configuration discussed (page 4)
layer thickness be taken into account. (Salele 3, in golf ball encapsulation is also used in encapsulating
page 18.) electronic sensors.



For encapsulated sensors having to take very high tem-
perature spikes, e.g., during soldering processes, both
Typical "Hall Effects” Circuill ZyTEL® HTN high temperature nylon ancciTe™

liquid crystal polymers (LCP) can be used. (Some
additional sensors are shown belowrigures 27, 28
and29)

Fig. 26. Typical “Hall Effect Sensor.”

Glass-reinforced (GR) PAG6 resins are widely used
in sensor encapsulations. However, in more complex
constructions involving multiple components, crimpec
connections, or other delicate assemblies, prototype
work has shown that (GR) PA612 can produce even
better encapsulated sensors than those encapsulatec
with either (GR) PA66 or PBT polyester. The reason is
that the (GR) PA612 has a slower crystallisation speet
than either of the other two resins. It also has higher
flow and lower moisture absorption than (GR) PA66
and excellent elongation at low temperatures. The ne
result is an encapsulated sensor with much better adt
sion between coil bobbin and encapsulation layer and
better resistance to thermal shock cycles.

Fig. 27. Metor “knock” sensor encapsulated in ZyTeL® 70G25.

“Wire friendly nylons”

The abrasion of magnet wire enamel during winding
or handling can open the way to electrolytic corrosior
of the wire. Given the right conditions of moisture,
temperature, time, and certain additives contained

in many thermoplastic resins, electrolytic corrosion  rig 23 wWheel speed sensor for ABS system encapsulated
of any exposed conductor wire can occur, sometimes in RynITE® 530 PET.

quite rapidly. However, as a practical matter, wire cor-
rosion is rarely an issue for sensors that use 30 AWG
or larger magnet wire because surface oxidation is
insignificant compared to the volume of copper that
must be corroded to cause failure. However, wires ust
in many sensors are much finer, typically AWG 39 to
50, and these can be affected more easily.

To prevent this destructive wire corrosion, new DuPor
encapsulation resins called “Electrical/ Sensor Resins
have been formulated for fine-wire encapsulations.
They virtually eliminate the potential for electrolytic
corrosion of magnet wire with punctured coatings.
Both (GR) PA66 (2TeL® FE5389 BK-276) and (GR)
PA612 (A TEL® FE5382 BK-276) resins of this type
have been introduced for the encapsulation of sensotl
and other fine-wire electrical components (see pages j 29. Temperature sensor for outside of car, encapsulated
and 19). in DELRIN® 107 acetal resin.
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Self-Supporting or Bonded Coils Toroids

A particularly noteworthy type of coil now being used Toroids used for power filtering applications are another
in thermoplastic coil encapsulation is the “self-supporttype of coil well suited to thermoplastic encapsulation.
ing coil.” Self-supporting coils are just that: they do Conventionally potted with epoxies in either thermoset
not depend on an independent coil form for support. or thermoplastic cups, toroids encapsulated instead
Where feasible, assembly costs are lowered and manwith engineering thermoplastic resins can generally
facturability is enhanced-{gures 30and31). be produced more quickly at significantly lower

The self-supporting or bonded coils are formed by co.sts. In the case of thfe Standex encapsula’ged toroids
winding a bondable magnet wire on a mandrel. The (Figure 32), encapsulation with reL® glass-reinforced
coils are then charged electrically to melt the adhesivé A66 or PAB12 nylon resins is done in multiple-cavity
coating, compressed, cooled, and ejected from the tooling in less than a minute; epoxy potting in a_thermo-
rotary head winder used in their manufacture. A majorS€t CUP can take up to 24 hours of epoxy cure time.
supplier of such coils is Alcoils located in Columbia

City, Indiana, U.S.A.

Permanent magne! frnke

Armaure dise
L e Fig. 32. ZvTeL® nylon resin encapsulated toroids for surface-mount
Arwature spring applications (Standex Electronics).

Faidiey n'.'-.'\.lml'h'_l

. Sofeaoid encapaulinned
Fad = Rwadine ©

Motors
Motors are another area in which thermoplastic encap-
sulation is beginning to expand rapidly, particularly
in stator insulation. Being replaced are the tapes, films,
etc., used in conventional motor insulation. Complexity
of encapsulation can vary from the small Hansen stator
Fig. 30. Warner Electric’s “Mag Stop” clutch and brake solenoid coils shown irFigure 34to the larger and more intricate
for riding lawn mowers encapsulated with RyniTe® PET. Cadac Figure 35) and Pacific ScientificRigure 36)
The clutch solenoid is wound without coil bobbins, with encapsulated stators. Using the steel laminate covers as
the wire insulation being heat bonded to retain shape . - . .
during encapsulation by Alcoils. an ms<_art, the stator |s'made Ina one-step overmouldlng
operation. Encapsulation provides slot and end insula-
tion, termination holders, contour supports, and guide
posts for windings — all in a single moulding step.

Fig. 33.

Steve Fecanin

of DuPont Automotive
working on another
coil project.

Fig. 31. Warner Electric’s self-supporting clutch coil for automotive
air conditioners encapsulated in ZyTeL® 70G33 L.
Interchangeable mould permits use of the same tool

to encapsulate coils terminated with either leads

or connectors.
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Fig. 34. Encapsulated stator coil replaces a tape-insulated unit Fig. 35. When used in a washing machine, this very energy-

in a hysteresis synchronous motor that operates timing efficient Cadac 1,3-HP (1-kW) DC motor eliminates the
devices, vents, and valves in heating, ventilation, and air need for a gearbox. Stator components in RynITE® PET are
conditioning equipment. Both coil bobbins and encapsula- part of an UL 1446 Class F (155°C) Electrical Insulation
tion are in ZyTeL® PAG6. Encapsulated coils withstand System.

3000 V versus a test limit of 2200 V for the taped coils
being replaced (Hansen Corp.).

Neodymium-iron-baron All-in-one molded Integral electrical receptacle provides
rotor magnets stator assembly high retention force of mating
connector

Laminaled rolor - optional
low inerlia construction
available

Exposed laminations aid
thermal dissipation

Class B insulation

Optional encoders and rear
shall extensions

Precision ground rotor

0D and honed stator 10 for
concentric air gap

Many drive shaft modilications

available Rugaed end bell, encapsulated

windings and electrical receplacle
utilize high tech polymer

New end bell runs cooler; encoder
life is enhanced

Largest available shaft ,_——-"""’"'_# =
diameter (0.375%) on a NEMA
23 stepper withstands high
radial and axial loads,
supparts numerous shaft

Oclagonal shape simplifies
automated assembly

modifications
+ Available Sigmax” technology
adds flux concentrating samarium
; - cobalt stator magnets for highest
NEMA Size 23 mounting _OverSIzcd 30mm bt‘_dﬂ ngs torque and acceleration

increase bearing fatigue life (L,g)

400% over typical 22mm + Optional planelary gearhead
bearings

Fig. 36. Key to the Pacific Scientific step motor encapsulation is the replacement of the aluminum rear end bell, an 8-pin connector and

epoxy potting with RyniTE® 530 polyester in one moulding operation. This thermoplastic encapsulation also eliminates eight
connectors and a circuit board, reduces production time from the 2 hours spent on epoxy potting to 45 seconds and forms an end
bell that runs significantly cooler than the aluminum end bell used before.
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UL flammability and insulation system recognitions ardully encapsulated with Yute® FR530, we found that
also as important in motors as they are in transformerthe operating temperatures for the encapsulated trans-
DuPont qualifies all of its open UL 1446 insulation former were 10°C lower than those for the potted
systems using motorettes so that the results are applitransformer. By adding a layer of thermally conductive
able to both motors and transformers. Encapsulated polyester resin containing carbon, we were able to
insulation systems are qualified using encapsulated reduce the transformer operating temperature yet
coils for use in both solenoids and motors (see UL 144éother 14°C.

insulation systems, page 17).

Transformers and Lighting Chokes

Encapsulating transformers and lighting chokes with
thermoplastics is basically the same as for solenoids
and sensors and generally follows the same principles.
As in the encapsulation of solenoids and sensors, tra
former connectors or terminals can be moulded in. Cq
forms with stepped configurations or the usual tapere
flanges are used to ensure a secure bond with the
encapsulation material, and coil windings are wound
smooth to ease thermoplastic flow during encapsula-
tion. Differences found in transformer encapsulation
compared with the others include the large size of
some of the encapsulated transformers, the use of co
ductive resins to remove heat from the coils/lamina-
tions, and the use of thermoplastic compression moul
ing compositions to encapsulate transformers larger
than 3 kVA. RNITE® thermoplastic PET polyesters are
generally used in transformer encapsulation because =
continuously operating transformers require encapsulfig. 37. This example from U.S. Patent 5,236,779 to DuPont shows

tion resins having higher relative thermal indices (RTI the effect on transformer operating temperature by first
than those of polyamides. encapsulating with RvniTe® PET polyester and then

overmoulding that with a thermally conductive RyNITE®
While transformers and lighting chokes have been containing carbon.

encapsulated with potting thermosets for years, the saine
needs for higher productivity, cleaner environmental
processing, and better product designs driving the

thermoplastic encapsulation of sensors and solenoid
are also applicable here. The growing importance of
UL 1446 insulation system recognitions is also a driv
ing force, because thermoplastics are able to achieve
such recognitions at thinner encapsulation thicknesse
than are possible using thermosets. Thermoplastic
encapsulation also leads to a better locking of the
lamination plates and less noise than can be achieve
with thermosets.

We divide encapsulated transformers into three classg
based on size: 0 to 500 VA, 500 VA to 3 kVA, and 3 to
>100 kVA.

0 to 500 VA

These are relatively small transformers that are encay
sulated just like sensors and solenoids using conven-
tional thermoplastics and moulding technigues. A goo
example is shown ifigures 37and38 from DuPont

U.S. Patent 5,236,779. In comparing small, epoxy-pot
ted 20-50 VA transformers with the same transformerFig. 38. Cross section of the transformer above.
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While heat transfer through theiRTe® PET polyesters
is rather low at about 0,23 W/m-K, Philips found in
1988 that replacing the PA 66 encapsulating their 250
and 400 W lighting chokes withyRiITE® 935 still
resulted in a 2—3°C lower heat rigéqure 41).

To minimize the unit heat rise further, Philips lighting
chokes are encapsulated only on five faces. The
exposed laminations on the base face are attached
to the metal base plate to maximize heat transfer.

Fig. 39. Rakesh Puri, DuPont Americas Encapsulation Leader,
planning another project.

Fig. 40. Valentine Technologies Class Il transformer with coil
bobbins and encapsulation in RyniTE® FR 530 polyester.
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500 VA to 3 kVA

Wansformers of this size can be encapsulated through

Injection moulding ; however, heat buildup begins to
become a problem. One possible solution here is the
use of conductive thermoplastics such asiR®

CR503 PET polyester which has a thermal conductivity
of 1,5 W/m-K, some six times that of normatNrree.
Because the conductivity is enhanced through selected
carbon additives, these compositions are electrically
conductive as well. Therefore, a transformer encapsu-
lated with this resin has to be insulated electrically in
various areas before overmoulding with the conductive
layer. This is illustrated ifigure 38 Note, too, the use
of a three-flange coil bobbin with the tapered flanges
used to get a good bond with the insulating encapsula-
tion layer of RNITE® FR530 PET polyester (white).

Resin selection for transformer encapsulation is parti-
cularly important because of product requirements
involving heat transfer, thermal cycling, insulation sys-
tems recognitions, and long-term thermal stability. In
addition, if both conductive and insulating resin layers
are used, the interface between the layers must be void-
free for optimum heat transfer. These requirements
favor the polyesters over polyamides for transformer
encapsulation.

Fig. 41. Philips lighting choke transformers (250 and 400 W)
for gas discharge lighting encapsulated in RyniTe® 935,
a PET polyester with glass and mineral reinforcement.



Also, a 3 kVA transformer contains 20 kg of coils and
laminates and requires 2 kg of thermoplastic encapsu-
lation resin. Dealing with this size of shot in injection
moulding requires prohibitive investments in both tool-
ing and moulding equipment. In addition, experiments
carried out at DuPont show that it is unlikely that, for
this size transformer, injection moulded encapsulation
layers can survive heat cycles to 200 °C without crack-
ing.

In order to fulfill these requirements, DuPont has
developed a proprietary thermoplastic, compression
mouldable composite sheet (MCS) approach to the
encapsulation of large transformers. In the thermo-
plastic encapsulated transformer concept shown in
Figure 43,the transformer is overmoulded with a layer
of electrically insulating, thermoplastic SC 140 and

a layer of thermally/electrically conductive SC 500.
Properties of the DuPont thermoplastic MCS materials
are shown imable 2

- | Pl -

Fig. 42. A 400-ton compression moulding press at DuPont's Appli-
cation Technologies Center (ATC) holding a mould and
a 3 kVA transformer being encapsulated with SC 125
mouldable composite sheet. (See U.S. Patents 5,236,779
and 5,338,602 to DuPont).

3 to >100 kVA

The thermoplastic encapsulation of larger transformers
(3 to >100 kVA) is particularly challenging for a variety
of reasons. Incumbent dry-type transformers of this
size go through heat cycles up to 200°C. Therefore, |
any thermoplastic encapsulation layer of such a trans [

former has to be able to withstand significant therma s
cycling without cracking and be able to dissipate heat

Metal Core
SC 125 Coil Form

Wire Windings with
Nomex®, Aramid Fiber
Paper Interlayers

SC 140 (Insulation layer)
Overmoulded with
Thermally Conductive
SC 500

Fig. 43. Concept drawing of a thermoplastic encapsulated distri-
bution transformer. Such transformers in the 100 kVA
range are now under development.
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Fig. 44. DuPont Distribution Transformer Encapsulation Team of
Bob Ward, Dr. Lana Sheer, and Gary Kozielski examine an
SC 500 encapsulated transformer and the Zyte,® HTN coil
bobbin from Miles Platts that goes into it.



Table 2 DuPont Mouldable Composite Sheet Preliminary Physical Properties (23°C)

Property SC 125 SC 140 SC 500

Thermal Conductivity (W/m-K) 0,3 0,3 >3,4

Volume Resistivity (ohm-cm) 1x1016 1 x 106 0,05

Tensile Strength (MPa), ASTM D638 180 226 64

Elongation (%), ASTM D638 2.3 2,0 14

Flexural Modulus (GPa), ASTM D790 8.3 11 94

Specific Gravity, ASTM D792 1,56 1,69 1,81
Electronic Component Encapsulation Housings for Potted Coils and Components

Thermoplastic encapsulation of active electronic com-FOr high-voltage coils used in such applications as
ponents such as integrated chips is extremely difficult2Ut0Motive ignition systems and television flyback

and rarely done. The reason is that even at low preS_transformers, the wire used is too fine anq too tightly
sures, thermoplastic encapsulation can easily result Wound to be encapsulated successfully with thermo-
in fine wire distortions. Also, getting thermoplastics Plastics. Instead, such coils are vacuum impregnated
to penetrate tightly wound coils or very fine spaces with epoxies. Coil forms and housings used are typically

is quite difficult. Components such as rectifier chips, moulded from @astin® PBT or RiniTe® PET poly-
resistors, etc., can be encapsulated. esters. Critical to success is the adhesion between the

. epoxy and thermoplastics used. Poor adhesion leads to
Some small assembled circuit boards have also beenyinte air pockets being formed. This is an invitation

encapsulated with thermoplastics. However, this can Bg -orona discharge degradatidfigure 46).
done only with thermoplastics that have melting points

low enough that solder on the circuit boards is not

affected and the electronic components are not damaged.

An example of an encapsulation resin used here is
DeLRIN® acetal resinKigure 45). Other resins that can
be used here include the low melting poimMrkeL®
polyester elastomers.

Fig. 46. Autometive ignition coil and coil bobbins in RyniTe® PET
chosen for its excellent dielectric properties, outstanding
heat resistance, and ability to provide a good and lasting

il ' adhesion between the epoxy and the housing wall
Fig. 45. Circuit board encapsulated with DELRIN® acetal resin. (Standard Motor Products, Inc.).
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UL 1446/IEC 85 EIS for Encapsulation

A fundamental requirement for many encapsulated
solenoids, transformers, and some motors is that they p, i
meet either UL 1446 or IEC 85 EIS requirements (or g"*",' A=,
both). To meet this need, we have gained UL 1446/ | '
IEC 85 recognitions for Rute® PET encapsulation oo :
systems in Classes B (130°C), F (155°C), and H (180°C
The successful systems are listed below and in the Ul- e
“Yellow Cards” under “Plastic Materials and Electrical
Insulation Systems (OBEUZ2)” for UL 1446 and under |
“Insulation System Components, electrical, evaluated |
in accordance with IEC publications (OCTUZ2)” for i NS ' '
IEC 85. We continue to expand our number of recog- Fig. 47 The DuPont KK (Japan) Encapsulatlon Team Mitsura
nized encapsulated EIS; as additional systems receiv: Shimada, Hitoshi Shibata, Yoshiyuki Kuwazawa, and
recognitions, they will be listed. Tosio Abe.

UL standard 1446, paragraph 3.4 defines an electrical
insulation system as follows: “An intimate combination
of insulating materials used in electrical equipment.
For example, the combination of a coil form, separatorsor a 600 V system, the test voltage is 2200 V. The test
magnet-wire coating, varnish, lead wire insulations, angrotocol requires that the low temperature have a geo-
outer wrapping of a relay coil.” In the case of encapsunetric mean time to end-of-life of at least 5000 hr. The
lated coils, the combination includes as major compohigh temperature must have a geometric mean time to
nents the coil form, the magnet wire, and the encapsend-of-life of at least 100 hours. System evaluations are
lation layer. It isextremely importantio note that in carried out according to UL 1446.

UL 1446 encapsulation system recognitidnsththe

coil form thickness and encapsulation layer thickness
have to be measured.

Using this test procedure, DuPont has obtained UL
recognition of the following UL 1446 Listed Insulation
Systems for Encapsulated Systems operating at a 600 V
To gain a UL 1446/IEC 85 EIS recognition is very maximum {Table 3, page 18).
difficult. At DuPont, UL testing is performed with bifilar
wound solenoids that are encapsulated with thermo-
plastics in our laboratory. After the encapsulated sole-
noids are approved by a UL engineer, they are tested
as follows:
« Heat Ageing
High temperature: 3-day cycle
Middle temperature: 7- or 14-day cycle
Low temperature: 28-day cycle
» Cold Shock
Hold until stabilized at —20°C
* Mechanical Stress
Vibration at 60 Hz for 3 min
« Moisture Exposure
48 hr at 92-100% RH room temperature
* End of Life Test
Check for shorted turns.

Ground insulation dielectrically stressed to ground Fig 48. Solenoid from Amisco (Cinisello Balsamo, Italy)
at two times the rated voltage plus 1000 V for 10 min encapsulated with ZyTeL® 74G20.
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Table 3 DuPont Electrical Insulation Systems (EIS) for Encapsulation Recognized in UL 1446 /IEC 85 Classes B, F and H

System Designation Coil Bobbin Magnet Wire Encapsulant
Class B (130°C)
Z110E ZyTel® 70G33L, 0,75 mm MW78 ZYTE® 5429ER, 0,75 mm
E101N RynITe® FR530, 0,75 mm MW28 Rynie® FRB30ER, 1,07 mm
E102N RynITE® 530, 0,75 mm MW28 RyniTe® 815ER, 0,83 mm
Class F (155°C)
E200N RyniTe® FR530, 0,75 mm MW80 RyniTe® 815ER, 0,83 mm
Class H (180°C)
E300N RyniTe® RE5220, 0,75 mm MW35 Rynime® 830ER: 0,83 mm

Notes:

1. All thicknesses are minimum thicknesses allowed.

2. Numerous minor ingredients (tapes, lead wire, sleeving) are available with these systems. Also, both Nomex® and MvLar® have been qualified in several of these systems as interwinding (major) insulation
if needed.

3. The 600 V these systems are listed at refers to the input voltage. Qutput voltages can be considerably higher.

4. These systems are listed in UL File No. E-69939 and can be made available through DuPont.

DuPont Thermoplastic Encapsulation Resins

Most thermoplastic encapsulated coils and E/E compd-or sensors, WeL® PA612 resins have recently emerged
nents use one of the following DuPont resingL®N®  as the best choice in many cases. Owing to its crystalli-
acetal resins, ¥TEL® nylon resins, €AsTIN® PBT and sation characteristics, this polymer is inherently well
RyNITE® PET polyester resins, andgMite™ LCP resin.  suited to relatively slow, low-pressure injection.

Key factors in selecting encapsulation thermoplastic SUCh process conditions are a key factor in the preven-

include end-use performance requirements and operden ©f bunching of the very fine magnet wire (AWG

ing environment, moulding considerations, and costs.39 {0 50) used in variable-reluctance sensors or dam-

Costs are also affected by the availability and pricing 29€ OF displacement of delicate assemblies of electron-

of the required coil forms from the major coil form ic circuitry and components employed in “Hall Effect”
moulders.

Sensors.

D ° Acetal ZYTEL® PA612 has advantages in end-use performance
ELRIN™ Ace a.s . _ as well. Its thermal cycling performance and resistance
As noted earlier, ELRIN® acetal resins are used in Someyg road salt are even better than that of PA 66. Moisture

printed wiring board (PWB) encapsulations. The reasoBgsorption is also significantly lower, providing better
include very low moisture absorption and a low 175°Cgjmensional stability.

melting point that allows PWB encapsulation without

melting solder traces. Low melting pointFREL®

polyester elastomers can also be used for PWB encaRymire® PET and Crastin® PBT Polyesters

sulations. Thermoplastic polyesters are also being used in encap-
. sulated solenoids, sensors, and transformers. The pri-
2YTeL® Pol;_lz_'lmldes (Nylons) _ _ _ mary reasons include very low moisture absorption
Heat-stabilized grades of the PA resins fulfill the servicg,q petter heat-aging performance than the polyamides
environment’s requirements for chemical and solvent (nylons). Both PET and PBT polyesters are used.
resistance, broad service temperature range, tough”eﬁ?general, the RuTe® PET resins offer higher tempe-
and strength. PAG, PA66, and PAG12 all excel in thermaly e resistance in service and slower crystallisation
cycl_lng _performance, a key requirement in the auto- during moulding than €asTin® PBT polyesters.

motive industry. Material costs are moderate, and prorne |atter is an advantage in the relatively long injection
cessing economics are favorable owing to their ease cycles typical of encapsulation moulding. A toughened
of moulding. RYNITE® PET formulation with 15% glass reinforcement
Standard ZTEL® PAG6 resins, usually glass-reinforced, has proven particularly well-suited for slow, low-pres-
are firmly entrenched as workhorse encapsulation  sure injection cycles. Also, as noted above, the1R®
materials for solenoids. With proper mould design andPET polyesters have been used successfully in gaining
moulding process controls, they give excellent results UL 1446 insulation system recognitions for encapsula-
for most part configurations. tion in Classes B (130°C), F (155°C), and H (180°C).
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H|gh Temperature Po|ymers: knit-line strengths of LCP when designing the part.
ZENITE™ LCP and ZyTer® HTN Resins ZENITE™ LCP also has exceptional dielectric strength
at high temperature.
Polyamides (nylons) and polyesters function well at The newest candidates for thermoplastic encapsulation
service temperatures up to 130°C and 155°C , respeare the “high-temperature nylons.” These resins are
tively. Above that, thermoplastic encapsulation is dongpartially aromatic polyamides featuring melting points
with either LCP or HTN. The high temperature resis- around 300°C compared with the 262 °C melting point
tance and outstanding dimensional stability of LCP, foof PAG6. It is expected that they will be used in sensor,
example, makes it ideal for sensors that must withstarsblenoid, and some transformer applications where
temperatures greater than 175°C. Furthermore, its lowhort-term exposures to high temperatures occur and
melt viscosity (approximately half that of polyamides better chemical resistance is required than is possible
and polyesters) makes it possible to fill thin wall sec- with the polyesters. ZeL® HTN resin also has signifi-
tions and to avoid damaging the fragile sensor compa@antly higher dielectric strength than PA66 at elevated
nents. However, attention must be given to the low temperatures.

Table 4 Specific Product Information on Selected DuPont Thermoplastic Encapsulation Resins

UL94 UL 1446/IEC 85
Flammability Encapsulation
Generic % Glass at0,8 mm Recognition
ZYTEL® Polyamides
101 PAG6E — V2 -
70G30L PAG6 33 HB -
FR70G25 V0 PAG6 25 V0 -
5429ER PAGG 33 HB Class B
ZyTEL® “Electrical/Sensor Resins”
FE5382 BK-276 PAG12 33 - -
FE5389 BK-276 PAG6 33 - -
ZYTEL® HTN
HTN51G35 HSL NC-010 HTN 35 HB -
HTNFR51G35 L NC-010 HTN 35 V0 -
CrAsTIN® PBT Polyesters
T803 PBT 20 HB -
T805 PBT 30 HB -
T841 FR PBT 10 V0 -
T843 FR PBT 20 V0 -
T845 FR PBT 30 V0 -
RyNITE® PET Polyesters
415HP PET 15 HB -
FR515 PET 15 V0 -
530 PET 30 HB -
FR530 PET 30 V0 -
RyniTE® “Electrical Specialty Resins”
815ER PET 15 HB Classes B, F
830ER PET 30 HB Class H
FR815ER PET 15 V0 -
FR830ER PET 30 V0 Class B
ZENITEM LCP
6130 WT010 LCP 30 V0 -
Potted Coil Housings
CRASTIN®
W9020 PBT/ASA 20 HB -
[W3030 PBT/ASA 30 HB -
W9020 FR PBT/ASA 20 V0 -
W9030 FR PBT/ASA 30 V0 -
RYNITE®
935 PET 35 mica/glass HB -
530 PET 30 HB -
FR530 PET 30 V0 -
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For further information on Engineering Polymers contact:

Benelux Hellas Romania United Kingdom
Du Pont de Nemours (Belgium) Du Pont Agro Hellas S.A. Serviced by Interowa. Du Pont (U.K.) Limited
Antoon Spinoystraat 6 12, Solomou & Vas. Georgiou Street See under Osterreich. Maylands Avenue
B-2800 Mechelen GR-152 32 Halandri, Athina GB-Hemel Hempstead
Tel. (15) 44 14 11 Tel. (01) 680 16 14 Russia Herts. HP2 7DP
Telex 22 554 Telefax (01) 680 16 11 E.l. du Pont de Nemours & Co. Inc. Tel. (01442) 34 65 00
Telefax (15) 44 14 09 Representative Office Telefax (01442) 24 94 63
Israél B. Palashevsky Pereulok 13/2

Bulgaria Gadot SU-103 104 Moskva Argentina
Du Pont Bulgaria Chemical Terminals (1985) Ltd. Tel. (095) 956 38 50 Du Pont Argentina S.A.
18, Tcherni Vrah Blvd. 22, Shalom Aleichem Street Telex 413 778 DUMOS SU Avda. Mitre y Calle 5
Bldg. 2, Floor 5 IL-633 43 Tel Aviv Telefax (095) 956 38 53 (1884) Berazategui-Bs.As.
BG-1407 Sofia Tel. (3) 528 62 62 i i . Tel. (541) 319-4484/85/86
Tel. (2) 66 59 13/66 57 36 Telex 33 744 GADOT IL Schweiz/Suisse/Svizzera Telefax (541) 319-4417
Telex 24 261 DUPONT BG Telefax (3) 282 717 Po'def AG o

mmengasse Brasil
Telefax (2) 65 63 25/66 56 11 Italia Postfach 14695 Du Pont do Brasil S.A.
Ceska Republika a Du Pont de Nemours Italiana S.p.A. CH-4004 Basel Al. Itapecuru, 506 Alphaville
Slovenska Republika Via Aosta 8 Tel. (061) 326 66 00 06454-080 Barueri-S&o Pablo
Du Pont - Conoco CS Spol. S.R.0. -20063 Cernusco sul Naviglio (M) Telex 962 306 DOL CH Tel. (5511) 421-8468/8556
Palac Kultury Tel. (02) 25 302 1 Telefax (061) 326 62 04
5, Kvetna 65 Telefax (02) 92 107 845 N Asia Pacific
CZ-14009 Praha 4 Slovenija Du Pont Kabushiki Kaisha
Tel. (02) 422 641 to 422 646 Magyarorszag Serviced by Interowa. Arco Tower, 14th FI.
Telex 121 834 DUPO C Serviced by Interowa. See under Osterreich. 8-1, Shimomeguro 1-chome
Telefax (02) 61 21 50 51 See under Osterreich. - Meguro-ku, Tokyo 153

Suomi/Finland Tel. (03) 5424 6100
Danmark Beos Piispankaliotc 17 South Afri
Du Pont JET Danmark A/S 20, boulevara dAnfa - 10 P.O. Box 136 Plastamid
Roskildevej 163 . FIN-02201 Espoo
DK-2620 Albertslund MA-Casablanca Tel. +358.9-88 72 61 P.O. Box 59
Tel. 436 236 00 Tel. (2) 27 48 75 Telef '9-88 72 62 Elsies River 59

; Telex 23 719 BOUKBEN elefax +358-9-88 72 62 00 Cape Town

Telex 33 263 DENDUPONT

Telefax (2) 26 54 34 Tel. 27 (21) 592 12 00

Telefax 436 236 17 Sverige
Du Pont Conoco Nordic AB Telefax 27 (21) 592 14 09
Deutschland Norge Torshamnsgatan 35
Nordic Polymers A/S g USA

Du Pont de Nemours S-164 86 Kista (Stockholm)

Niels Leuchsvei 99 DuPont Engineering Polymers

(Deutschland) GmbH ) : Tel. (08) 750 37 00 : P
DuPont Straie 1 D133 Ekemarka Telex 12 410 DUPONO S Bartey I foag™: Bullding #22
?g?l(%‘é:;%é)ld;;'%mbmg Telefax 67 14 30 44 Telefax (08) 750 90 41 Wilmington, Delaware 19880
: R Tel. (302) 892 0541
Telex 410 676 DPD D A - Tiirkiye
Telefax (06172) 87 27 01 Osterreich Du Pont Products S.A. Telefax (302) 892 0737
( ) Interowa . -
Firer-Haimendorf KG Turkish Branch Office
Egypt . Brauhausgasse 3-5 Sakir Kesebir cad. Plaza 4 Requests for further information
Medgenco International Trade Co. 1050 Wien No 36/7, Balmumcu from countries not listed above
13, El Bostan Street Tel. (01) 512 35 71 TR-80700 Istanbul should be sent to:
- Cai : Tel. (212) 275 33 83 '
ET-Cairo Telex 112 993 IROWA A Tolex 26541 DPIS TR
Tel. 02) 39278 66 Telefax (01) 512 35 71 12/ Telofax (212) 211 66 38 Du Pont de Nemours
elex 5123571 31 International S.A.
Telefax (02) 392 84 87 Ukraine 2, chemin du Pavillon
Espaiia glt;l;(l)(; Conoco Poland Sp.z 0.0 Du Pont de Nemours 82;1:2\2/;8 e Grand-Saconnex
Du Pont Ibérica S. A. Intraco Bldg - Floor 13 gtemat'onal-s'p" , Tel. (022) 717 51 11
e ! epresentative Office
Edificio L'llla ul. Stawki 2 3 Glazunova Street Telex 415 777 DUP CH
Avda. Diagonal 561 PL-00193 Warszawa - Telefax (022) 717 52 00
E-08029 Barcelona Kyiv 252042 :
ol (3 29260 00 Tel. (2) 635 04 01 Tel. (044) 294 9633/269 1302 Internet location:
T:|é§a>)< 20 82 00 E:g?aglé)?»ggs%%lﬂ Telefax (044) 269 1181 http:/Awww.dupont.com/
France PortuQaI This information corresponds to our current knowledge on the subject. It is offered solely to provide pos-
Du Pont de Nemours_ (France) S.A. ACENYL sible suggestions for your own experimentations. It is not intended, however, to substitute for any test-
137, rue de I'Université Rua do Campo Alegre, 67221 ing you mq%/hne_ecg to cc;nduct to l(363terr11]1_inet Ior yourself the suitlflbilitly gf our pdroducts_ for y%ur particular ;
: urpo: . IS Information m. revision new Know! n Xperien m vall-
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Tel. 01 45 50 65 50 Tel. (2) 69 24 25/69 26 64 gnd ass%mesdno Iiall)jlity in connection witg any use of this ingormation_. l;lpthing in this pub_licr?tion is to
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Telefax 01 47 53 09 67 Telefax (2) 600 02 07 other medical applications, see “DuPont Medical Caution Statement”, H-51459.
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