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(57) Abrége/Abstract:

An Internal heating method for drying, gelling and final curing of epoxy resin insulation systems used for encapsulating dry type
cast distribution transformer colls Is disclosed. The Internal method uses a Direct-Current (DC) power source to control and
supply DC current to resistively heat the transformer coll encapsulated with a liquid resin under vacuum in a mold. DC current is
applied to a given coll based on its conductor cross-sectional area and Iits epoxy resin guantity to achieve a specified
temperature for drying, gelling and final curing. The temperature, controlled by DC resistive heating is maintained for a given
period for each step.
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(57) Abstract: An internal heating method for drying, gelling
and final curing of epoxy resin insulation systems used for encap-
sulating dry type cast distribution transformer coils is disclosed.
The internal method uses a Direct-Current (DC) power source to
control and supply DC current to resistively heat the transformer
coil encapsulated with a liquid resin under vacuum in a mold. DC
current is applied to a given coil based on its conductor cross-sec-
tional area and its epoxy resin quantity to achieve a specified tem-
perature for drying, gelling and final curing. The temperature,
controlled by DC resistive heating is maintained for a given pe-
riod for each step.
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DC VOLTAGE/CURRENT HEATING/GELLING/CURING OF RESIN
ENCAPSULATED DISTRIBUTION TRANSFORMER COILS
Background of the Invention
1. Field of the Invention
S The invention relates to an internal heating method for drying, gelling, and
curing dry type distribution transformer coils that are encapsulated with resins and more
particularly to a method of using DC voltage/current for the heating, gelling, and curing of
vacuum cast, dry type distribution transformer coils encapsulated using mineral filled epoxy
resin insulation systems.
10 2. Description of the Prior Art
The conventional process of heating, gelling, and curing of vacuum cast

transformer windings has been through the application of external heat by way of forced-
air convection ovens. In such prior art process the heat has been applied from outside 1n,
which is opposite to the natural and most desirable process of gelling from the inside out.
15 Inside out heating is not possible with conventional ovens. There are many drawbacks
to outside in heating. First the temperature gradient 1s opposite to the moisture gradient
causing very poor and slow propagation of the moisture out of the coi1l/insulation
structure. Second the outside in heating causes the resin to gel on the outside, again
opposite to the desired natural process of shrinking on the inside first. Both of these
20 drawbacks and others cause the process cycle times to be in the order of two times a
process, which could heat from inside out. This prior art process has been examined in
an effort to reduce cycle time thereby increasing production capacity in order to decrease
the process energy requirements. It would be desirable to use a variable Direct-Current
(DC) power source to rapidly dry, gel and cure a transformer epoxy encapsulated coil
25 through internal resistive heating. The process of the present invention minimizes
internal stresses during gelling and curing 1n comparison to conventional oven and
gelling curing techniques. This stress relief 1s primarily due to the heating of the coil
from inside (conductor resistive heating) to outside compared to conventional oven

heating which 1s from outside to inside. The process of the present invention reduces the
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long gelling and curing time by about 50-70% and the need for costly conventional

OVEIS.

Summary of the Invention

It 1s an object of the invention to provide an internal heating method for
drying, gelling, and final curing of epoxy resin insulation systems used for encapsulating
dry type vacuum cast distribution transformer coils. The present invention is directed to
a method of insulating a transformer coil and includes the steps of placing a transformer
coil into a mold to produce a coil/mold assembly, and applying a DC current to the coil
to resistively heat the coil to a predetermined temperature and for a predetermined time
to remove all moisture from the coil and the interior of the coil/mold assembly. The
method further includes the step of applying a DC current to the coil/mold assembly
while under vacuum to resistively heat the coil to hold a predetermined temperature and
filling
the mold with liquid epoxy resin to encapsulate the coil. The method further includes the
step of applying a DC current to the coil to resistively heat the epoxy encapsulated coil to
a predetermined temperature for a predetermined time to achieve epoxy gellation. The
method further includes the step of continuing to apply a DC current to the coil to
resistively heat the epoxy encapsulated coil to a final temperature and for a
predetermined time to achieve a final cure for the epoxy encapsulated coil, and thereafter
removing the cured epoxy encapsulated coil from the mold.

For a more detailed disclosure of the invention and for further objects and
advantages thereof, reference 1s to be had to the following description taken in

conjunction with the accompanying drawings.
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Brief Description of the Drawings

Figs. 1 and 2 illustrate the conventional gelling/curing process of the prior
art which 1s conducted in a standard convectional oven.

Figs. 3 and 4 illustrate the present invention of heating the coil from
inside to outside using DC heating.

Fig. 5 is a diagrammatic drawing illustrated the various process steps of
the present invention.

Figs. 6 and 7 are simplified schematic drawings illustrating the typical
series connection arrangement for using DC current to process multiple, 1dentical
windings simultaneously.

Fig 8 is a simplified schematic drawing illustrating the typical parallel
connection arrangement for using DC current to process multiple 1dentical windings

simultaneously.

Description of the Prior Art

Referring to Figs. 1 and 2 there 1s 1llustrated the conventional
gelling/curing process for dry type epoxy resin encapsulated distribution transtformer
coils, which 1s conducted 1n a standard convectional oven. The process of the prior art
involves placing a transformer coil 10 1n a mold 12 to produce a coil/mold assembly 14,
then moving the coil/mold assembly 14 with the molded part 10 and liquid resin 16 into
a standard gel/cure oven, not shown. The oven temperature profile (80 to 140° C) 1s
controlled by a computer control device, not shown. The temperatures that are normally
monitored are the temperatures at the top (T,,, ) and bottom (Tyom ), the exterior (Teyerior
) and the temperature of the conductor (T ,,4.0r ) @ Shown In Fig. 1, and the temperatures
at the ends (T,,q ) and the centre (T, ) as shown in Fig. 2. InFig.1 T y4om 2T op and 1n
Fig. 2
Teere 2Tena  The temperature of the molded part or coil 10 1s held constant at about 100°
C for a period of approximately six hours at which time the gelling should be complete
and then the temperature 1s gradually increased over a period of four hours until the

temperature reaches 140° C. At 140° C the curing cycle begins and normally extends

30 over apernod of six hours. In this conventional process, the heating is from the outside
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to the inside of the part as indicated by the large arrows, since the heat energy is coming
from the oven. This is not a good gelling condition, since the outside gels first; thus
closing or sealing the object with liquid resin within. The un-gelled resin is still
expanding and evolving gases, which are now trapped; thus causing a potential internal
void. To overcome or to minimize the risk of internal voids, the process times must be
extended and conducted very slowly. Theoretically the resin should cure from 1nside to
outside and bottom to top. In this way liquid resin 1s always available to fill voids due

to chemical shrinkage and to fill voids due to gas evolution during the gelling phase.

Description of the Preferred Embodiment
Figures 3, 4 and 5 1llustrate the present invention process of heating a coil
from inside to outside, as indicated by the large arrows 1n Figs. 3 and 4, using DC
heating. As seen in Figs. 3 and 4 a transformer coil 20 1s placed 1n a mold 22 to produce
a coil/mold assembly 24. A DC current 1s applied to the coil 20 to resistively heat the
coil to a predetermined temperature and for a predetermined time to remove all moisture
from the coil and the interior of the coil/mold assembly 24. A DC current 1s applied to
the coil/mold assembly 24 while under vacuum to resistively heat the coil 20 to hold a
predetermined temperature and filling the mold 22 with liquid epoxy resin 26 to
encapsulate the coil 20. A DC current 1s applied to the coil 20 to resistively heat the
epoxy encapsulated coil to a predetermined temperature for a predetermined time to
achieve epoxy gellation. The DC current flows through the conductors causing the
conductor temperature to increase to a selected level; thus causing the gelling to occur
from inside to outside. This eliminates the risk of internal voids. A DC current 1s
continued to be applied to the coil 20 to resistively heat the epoxy encapsulated coil to a
final temperature and for a predetermined time to achieve a final cure temperature for
the epoxy encapsulated coil and thereafter removing the curing epoxy encapsulated coil
from the mold. The process 1s completed at ambient temperature and pressure (room
conditions) and no oven 1s required. In Fig. 3 Tyyyom > Tiop a0d Tiperior 2 T

conductor

>Tovierior. N F12. 4 T e > Teng By Way of example T, 4u.or = 110-120°C as the

approximate
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temperature range for gelling and up to about 140° C for curing. The overall cycle time
is reduced by 50% or more and there is a reduction in capital equipment investments.

The four basic steps that describe the casting production process of the
present invention include drying, encapsulation, gelling and curing. See Fig. 5. The
drying step requires heating to remove all moisture from the insulation system prior to
the epoxy encapsulation step. This 1s performed after the coil is placed into the mold. In
the encapsulation step the coil/mold assembly 1s placed under vacuum and filled with
epoxy resin. In the next steps the resin filled coil/mold assembly must be gelled and
cured at certain specified temperature vs. time profiles. The drying, gelling and curing
steps require the application of energy to heat the coil/mold assembly to specified
temperatures. The invention uses DC current to resistively heat the parts to the specified
temperature vs. time profile. DC current 1s applied to a given coil based on its
conductor cross-sectional area and its epoxy resin quantity to achieve a specified
temperature for drying, gelling and final curing.

Cross linking of the epoxy encapsulation 1s dependent of the temperature
vs. time profile which must be accurately controlled throughout the entire process. This
new process invention improves the accuracy of the temperature by DC conductor
resistive measurement. Traditional temperature control methods use sensors, such as
thermocouples, resistance temperature detectors, etc. which can compromise the
dielectric integrity of a high-voltage insulation system. For these reasons, the gel/cure
temperature must be controlled externally by the DC Power Source. This invention
controls the temperature by the drop of potential (a conductor resistance method).
Specifically, the resistance of the coil conductor 1s continually monitored by a personal
computer/programmable logic computer (PC/PLC) controller and thus translated to
temperature, as shown 1n Figs. 6 and 8. DC voltage is applied and monitored along with
circulating current to maintain the required conductor temperature for the various process
steps. This method can be used for the complete process (i.e. pre-drying of the
insulation material, gelling the epoxy, and final cure of the epoxy). By inter-connecting
1dentical windings 1n a series, F1g.6, or parallel, Fig. 8, arrangement, multiple coils can

be processed simultaneously. The examples shown in Figs. 6 and 8 include three coils.



CA 02461276 2004-03-19

WO 03/0281935 PCT/US02/29657

10

15

20

25

-6 -

As shown in Fig. 7 the tapings of each coil are connected so as to allow current flow
through the entire winding.

While various types of molds may be used to practice the present
invention, a disposable mold of the type disclosed in U.S. Patent No. 6,221,297 is
particularly suitable. The DC current required for complete processing in the present
invention is dependent on the various characteristics of the windings being processed.
The present invention has been used over a wide range of product, for example from
112.5 KVA through 12,000 KVA, which results in an extremely wide range of DC
voltage and current required for heating to a specific temperature. In order to determine
the requirements to DC process a specific winding or set of windings, it is necessary to
obtain the following design data. Conductor type (aluminum or copper), conductor
cross-sectional area, rated operating voltage, rated operating current, and temperature rise
at rated current. From this data, and measurements of winding resistance at room
temperature, one can calculate the resistance of the winding at the target process
temperature. In addition, further data such as physical dimensions of the winding,
epoxy volume, conductor and insulation mass will help to predict the time/temperature
profile to ensure the best cured characteristics of the encapsulated winding. By way of
example, windings of the type disclosed herein normally have relatively large epoxy
encapsulation thickness in the order of 250 to 375 mils.

An analysis of experimental data has provided a range of resistance as
follows: Cast Low Voltage coils - 0.00008 to 0.05 ohms at 25° C. and Cast High Voltage
coils - 0.01 to 55.0 ohms at 25°C.. A DC power supply capable of processing around
90% of the aforesaid examples would need an output ranging from 5 volts at 3,000 amps
to 1,000 volts at 250 amps.

While a preterred embodiment of the present invention has been described
and 1llustrated, 1t 1s to be understood that further modifications thereof can be made

without departing from the spirit and scope of the amended claims.
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What is claimed is:
1. A method of insulating a transformer coil comprising the steps of :
(a) placing a transformer coil into a mold to produce a coil/mold
assembly,

(b) applying a DC current to the coil to resistively heat the coil to a
predetermined temperature and for a predetermined time to remove all moisture from the
coil and the interior of the coil/mold assembly,

(c) applying a DC current to the coil/mold assembly while under
vacuum to resistively heat the coil to hold a predetermined temperature and filling the
mold with liquid epoxy resin to encapsulate the coil,

(d) applying a DC current to the coil to resistively heat the epoxy
encapsulated coil to a predetermined temperature for a predetermined time to achieve
epoxy gellation,

(e) continuing to apply a DC current to the coil to resistively heat the
epoxy encapsulated coil to a final temperature and for a predetermined time to achieve a
final cure temperature for the epoxy encapsulated coil, and

(f) thereafter removing the cured epoxy encapsulated coil from the

mold.

2. A method of insulating a transformer coil according to claim 1
wherein a DC voltage 1s applied to the coil conductor and monitored along with

circulating current to maintain the required conductor temperature for the process steps

(b)-(e).

3. A method of insulating a transformer coil according to claim 2
wherein the resistance of the coil conductor 1s continually monitored and translated to

temperature.

4. A method of insulating a transformer coil according to claim 2
wherein a plurality of coils are processed simultaneously by electrically interconnecting

identical coil windings 1n a series arrangement.
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5. A method of insulating a transformer coil according to claim 2
wherein a plurality of coils are processed simultaneously by electrically interconnecting

identical coil windings 1n a parallel arrangement.
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