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Detailed Description of the illustrated Embodiment Background of the
Invention                           The embodiment chosen for purpose of
illustra- tion is an article of manufacture generally designated This
invention relates to encapsulated electrical   5   10 that includes an
electrical device consisting of a and electronic devices and, more
particularly, it re-  plurality of electrically active wire coils 12, 14
wrap- lates to electrical and electronic devices encapsulat-  ped around a
coil form 16  positioned on a metal core ed with both an insulating
material and a thermally  18. The coils 12,14 serve as the primary and
second- conductive material.                               ary windings of
a transformer with connections lead- Specific techniques for encapsulating
electrical  10  ing to external terminals (notshown). Surrounding the and
electronic devices are known as disclosed by   electrical device is an
encapsulating layer 20 of an Eickman et al. in U.S. -A- 4,632,798. They
also dis-  electrically Insulating material which in turn is encap- close
that it is common practice to include, within the  sulated with a thermal
conductive layer 22 which encapsulating resin, particulate filler material
such as  serves as a case for the transformer. silica oralumina which
serves to increase the thermal  15  The thermally conductive layer 22
exhibits a conductivity.                                      three
dimensional arrangement of fibers within the The market segments for
electrical devices such  resin matrix as estimated from shrinkage data in
the asforwindings of motors, transformers and solenoids  x, y, and z
coordinate axes directions from mold size and electronic devices such as
microchips are in-  to the final part. More particularly, essentially equal
creasingly moving to miniaturization of such devices.  20  shrinkage of the
final part in the x, y, and z directions This in turn leads to a rise in
internal equipment op-  indicates three dimensional isotropic fiber
reinforce- erating temperature resulting in not only a need for  ment while
shrinkage of the final part that varies by higher temperature ratings on
insulation materials  several orders of magnitude between directions sug-
used for these applications, but also a need for mate-  gests
highlyoriented reinforcing fibers. rials with improved thermal conductivity
properties to  25 rapidly remove the heat generated.
Example Summary of the Invention                               In step l, a
non-encapsulated transformer is intro- duced into a steel injection molding
tool held in a stan- In order to complement the move toward minia-  30
dard injection molding machine. The cavity of the in- turization ofsuch
electrical and electronic devices, an  jection molding tool has (1) notches
cut into them so article of manufacture has been developed which    as to
allow the transformer leads to protrude from the comprises an electrical
device encapsulated with an  cavity holding the transformer and (2)
positioning electrically insulating material that in turn is encapsu-  pins
to hold the transformer in place so that the inject- lated with a thermal
conductive material forming an   35  ed polymer can flow completely around
the transfor- outer surface of the article. The thermal conductive  mer. A
commercial grade Du Pont Rynite[err] FR-530 material comprises 10 to 70% by
weight and prefer-  NC-10 polymer which is a 30 wt% chopped glass fib- ably
from about 15 to about 60% carbon fiber, the bal-  er reinforced flame
retarded polyethylene terephth- ance being made up of a resin or a
combination of a  late polymer is heated to a melt temperature of [err]
resin and an alternate fiber or filler.       40  and injected into the
closed steel mold containing the Suitable resinous materials which may be
used  transformer. After two minutes, the transformer is re- as the resin
include, but are not limited to, polyethy-  moved from the original steel
mold. In step 11, a sec- lone terephthalate, Teflon[err] PFA by E. l. du
Pont de  ond steel mold with similar notches and positioning Nemours and
Company (Du Pont), amorphous copo-     pins having approximately 1,27 cm
(1/2") to 1,9 cm lyamides as described in U.S. -A- 4,681,411, and Hy-  45
(3/4") larger overall Inner dimensions than the first trel[err] 7246 by Du
Pont as well as thermosetting res-  mold replaces the first mold in the
injection molding ins.
machine. A 50 wt. % pitch carbon mat fiber reinforced The carbon fibers are
centrifugally spun from   flame-retarded polyethylene terephthalate polymer
mesophase pitch as disclosed in EP-A-0 306 033     made by compression
molding alternate layers of (U.S. PatentApplication No. 092,217 filed
September  50  flame retarded polyethylene terephthalate polymer 2,1987).
film and carbon fiber bats made according to the dis- closure in EP-A-0 306
033 which is subsequently Brief Description of the Drawing
chopped into 0,635 cm (1/4") pellets and fed to the in- jection molding
machine where it is heated to [err] The drawing is a schematic
cross-sectional view   55  and injected into the tool cavity containing the
previ- of a transformer according to the invention.       ously
encapsulated transformer of step l. This doubly encapsulated transformer is
removed from the mold after 1 minute and 40 seconds. A two shot encapsu- 2



3                   EP 0 375 851 B1                4 lated transformer was
tested for electrical insulation  RevendIcations properties of the inner
layer and thermal conductivity properties of the outer layer, according to
the Under-  1. Un article manufacture perfectlonne compre- writers
Laboratories standard UL 1585, sections 28,   nant: un dispositif
6lectrique comportant des L    Rated Secondary Current Test, and 29, Rated
Output   5  composants  6lectriquement actifs, lesdits Heating Test, and
the temperature rise of [err] was    composants 6tant enrobes par une
premiere cou- much less than the specified maximum temperature      che
(20) en une matiere 6lectriquement Isolante, specified in the UL 1585
standard. The integrity of the  et une deuxieme couche (22) en une matiere
electrical insulation was maintained.                thermiquement
conductilce formant la surface 10      externe dudit article, ladite
deuxieme couche comprenant une r6sine renforcee parun arrange- Claims
ment tridimensionnel de fibres de carbone, leadi- tes fibres de carbone
6tant des fibres de carbone 1. An improved article of manufacture
comprising:     A base de brai m6sophasique filees par centrifu- an
electrical device having electrically active   15  gation et ayant une
structure lamellaire, des lar- components, said components being encapsu-
geurs de section droite de 2 A 12 pm et des Ion- lated with a first layer
20 of an electrically insu-  gueurs superieures A 10 mm. lating material,
and a second layer 22 of a ther- mally conductive material forming the
outer sur-  2. LUarticle de la revendication 1 dans lequel ledit face of
said article, said second layer comprising   20  dispositif electrique est
enrobe par une proces- a resin reinforced with a three dimensional ar-
sus de moulage par injection en deux temps, la- rangement of carbon fibers,
said carbon fibers    ditb resine etant themmoplastique. being
centrifugally spun mesophase pitch based carbon fibers and having a
lamellar structure, a cross-sectional widths of from 2 to 12 microme-  25
tars and lengths above 10 mm. 2. The article as defined in claim 1 wherein
said electrical device is encapsulated by means of a two-step injection
molding process, said resin be-  30 ing thermoplastic. Patentanspriche 35
1. Verbesserter Fabrikationsgegenstand, umfas- send: eine elektrische
Vorrichtung mit elektrisch aktiven Komponenten, wobel die genannten
Komponentbn mit elner erston Schicht 20 aus ei- nem elektrisch isolierenden
Material und elner  40 zweiten Schicht 22 aus einem thermisch leiten- den
Material, welche die AuSere Oberflache des genanntbn Gegenstands bildet,
eingekapselt sind, wobei die genannte zweite Schichtein Harz umfalt,
welches durch sine dreidimensionale An-  45 ordnung von Kohlenstoffasern
verstarkt ist, wo- bei die genannten Kohlenstoffasern zentrifugen-
gesponnene Kohlenstoffasern auf der Basis von Mesophasenpech sind und eine
lamellare Struk- tur, Querschnittsbreitn von 2 bis 12 Mlkrometer  5o und
Langen von oberhalb 10 mm aufweisen. 2. Gegenstand nach Anspruch 1, bei
welchem die genannte elektrische Vorrichtung mit Hilfe sines zweistufigen
SpritzgieBverfahrens eingekapselt  55 worden itt, wobei das genanntb Harz
thermopla- stisch ist. 3    


