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Description

Field of the Invention

[0001] The field of the present invention generally re-
lates to the field of power converters, more particularly
to medium voltage variable speed AC drives used to drive
AC motors, and to drive various other power conversion
equipment requiring 600 to 15,000 volts.

Discussion of Related Art

[0002] Adjustable or variable speed AC drives are
commonly used to drive AC induction motors allowing
for its speed control. AC drives generally provide the ad-
vantage of energy savings because they control the char-
acteristics of its output voltage and current, and thus con-
trolling the motor speed (of the motor they are driving)
by the user, optimizing the motor power usage as well
as the process it is driving. AC drives operate by taking
either incoming AC or DC power, having a fixed frequen-
cy and voltage, and converting it to AC power having a
voltage or current with variable amplitude and frequency.
This allows for the control of the motor speed and power,
a requirement in many applications.
[0003] Although the use of AC drives greatly enhances
the processes they drive and provide electrical energy
savings, their use is not without drawbacks. One of the
biggest problems with current AC drive systems is their
size. This is particularly true in AC drives used for medium
voltage applications, which require a significant amount
of floor or facility space. Additionally, because the AC
drive components in existing systems are exposed to air
(which is used as the means to cool the components of
the systems, they are required to be located in clean,
environmentally controlled areas requiring significant fil-
tering, temperature and humidity control means, to keep
harmful contaminants and humidity from adversely af-
fecting the operation of the systems. Induction motors on
the other hand are generally rugged not requiring a clean
environment free of contaminants. This difference of en-
vironmental requirements will generally require a signif-
icant distance between drive and motor. This distance
causes motor insulation problems due to reflective wave
phenomena as well as motor dynamic control problems.
[0004] The state-of-the-art medium voltage power con-
version devices use insulating methods similar to the
ones used in low voltage (0 to 600V) devices. The power
switches and interconnection buses have to have signif-
icant physical space between different electric potentials
in order to avoid the effects of partial discharge degra-
dation of the insulating materials. Because ambient air
is present around all the components this distance can
be fairly large. Moreover, the quality of the air incoming
to the drive cabinet needs to be environmentally control-
led because contaminants could surround the insulation
devices and facilitate the ionization around the conduc-
tors and therefore generate corona effect or even cause

a short-circuit. This large volume required for the sake
of insulation will result in an increased stray inductance
distributed in the interconnection devices. The intercon-
nection devices can be either some sort of cables or bus
bars. Because the power switches carry significant
amount of electrical current, during the turnoff cycle the
negative rate of change of the switch current will result
in a voltage spike that is proportional to the magnitude
of the current rate of change and the stray inductance of
the circuit involved. (Vpk = L * (di/dt), where L is the circuit
stray inductance and di/dt is the rate of change of the
switch current.) These voltage transients will destroy the
power semiconductor switches if not limited to adequate
levels. State-of-the-art medium-voltage power conver-
sion devices end up using voltage suppressing devices
that are proportional to the amount of stray inductance.
The addition of these transient voltage suppressors,
which also require proper spacing due to insulation
needs, ends up increasing the physical volume even fur-
ther, as well as complexity and cost.
[0005] Another problem with many power conversion
devices and in particular in AC drives is component re-
placeability. Because the internal make-up of present AC
drives is generally complex, when one component, such
as a semiconductor power switch fails, it is often the case
that a significant amount of time is required to replace
the damaged component.
[0006] Attention is drawn to document US 6,111,328
A which describes three switching units and three
smoothing capacitors that are disposed in parallel with
each other in the x-direction on a substrate having an x-
y plane. A surface conductor and a rear conductor, which
include bases extending in the x-direction and three
branches extending in the y-direction therefrom, are lam-
inated to form a feeding bus bar for connecting the re-
spective units and the respective capacitors. The three
branches have the same pattern and are distributed in
the x-direction at the same pitch as the x-direction ar-
rangement of the units. The connection patterns of the
respective units and the respective branches are the
same for the three pairs.

SUMMARY OF THE INVENTION

[0007] The present invention is defined by the append-
ed claims solely. It is directed to solving the above prob-
lems in power conversion equipment, by allowing more
compact devices which can be placed near, or directly
adjacent to, the machine or load being driven, without
any of the above adverse effects. This invention allows
for an efficient, environmentally rugged, flexible and com-
pact power conversion system for low, medium and high
voltage applications. This invention enables the design
of power conversion building blocks with unprecedented
features using either gas or liquid fluid as coolants.
[0008] An AC drive is made up of a plurality of inverter
modules, which are connected to a converter module to
create the AC drive, wherein each of the above compo-
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nents is packaged in a relatively small unit having a cool-
ing apparatus. Each of the inverters is made of a modular
base, a heat sink or exchanger connected to the base
having a plurality of power semiconductor switches ther-
mally coupled thereto, a plurality of capacitors, a plurality
of electrical buses connecting the power semiconductor
switches to the capacitors, and an insulative medium
which encases or covers some or all of the electrically
live components, such as the electrical buses. The con-
verter is similar in construction, in that it is made up of a
modular base, a plurality of power semiconductor switch-
es or diodes, capacitors, a reactor, a heat sink or ex-
changer, a plurality of contactors.
[0009] In the present invention an insulative material
is covering the electrically live components, such as the
bus bars and the connections to the capacitors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The advantages, nature and various additional
features of the invention will appear more fully upon con-
sideration of the illustrative embodiments of the invention
which are schematically set forth in the drawings, in
which:

Figures 1A, 1B, and 1C show a diagrammatical rep-
resentation of an exemplary aspect of a heat ex-
changer assembly to be used with the present in-
vention;
Figures 2A and 2B show a diagrammatical represen-
tation of an alternate exemplary aspect of the heat
exchanger assembly depicted in Figures 1A, 1B, and
1C;
Figures 3A, 3B, and 3C show a diagrammatical rep-
resentation of an additional exemplary aspect of a
heat exchanger assembly to be used with the
present invention;
Figures 4A and 4B show a diagrammatical represen-
tation of an alternate aspect of the heat exchanger
shown in Figures 3A, 3B, and 3C;
Figures 5A, 5B, and 5C show a diagrammatical rep-
resentation of an exemplary aspect of bus work in
an inverter assembly;
Figures 6A, 6B, and 6C show a diagrammatical rep-
resentation of an exemplary embodiment of an in-
verter assembly in accordance with the present in-
vention;
Figures 7A, 7B, and 7C show a diagrammatical rep-
resentation of two inverter assemblies of Figures 6A,
6B, and 6C secured to each other;
Figure 8 is a diagrammatical representation of an
exemplary embodiment of a converter assembly
used with the present invention;
Figure 9 is another diagrammatical representation
of the converter assembly shown in Figure 8;
Figure 10 is a diagrammatical representation of an
exemplary embodiment of an AC microdrive assem-
bly in accordance with the present invention; and

Figure 11 is a diagrammatical representation of the
AC microdrive assembly shown in Figure 10 with an
exemplary cooling system installed.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The present invention will be explained in fur-
ther detail by making reference to the accompanying
drawings. Further, it should be noted that although the
following detailed discussion is related to medium voltage
AC drives which range from 600 to 15,000 volt capacity,
the following concepts can be applied to any voltage level
power conversion devices. For purposes of illustration,
and not limitation, the embodiment of the present inven-
tion discussed below is a 3 level, 4,160 volt, 1,866 kW
(2,500 HP), 12-pulse AC input drive. Therefore, any spe-
cific or preferred dimensions or parameters mentioned
below are for such a drive and may not be optimal or
preferred with a drive having different operating charac-
teristics, but such dimensions and parameters will be
able to be optimized in view of the following discussion.
[0012] Turning now to Figures 1A, 1B, and 1C, an ex-
emplary aspect of a heat exchanger assembly 20 is
shown with transistors 30, 32 and a diode 31 secured
thereto. In the aspect shown in these Figures, the heat
exchanger is an air-cooled type, which uses air, or other
gases to provide the cooling for the heat exchanger. The
heat exchanger assembly 20 has a heat exchanger con-
denser block 21 thermally connected to a evaporator
plate 22, which in this embodiment, holds the transistors
30 and 32, and diode 31. The heat exchanger condenser
block 21 is a structure used to allow the heat generated
by the transistors 30 and 32 and diode 31 to be trans-
ferred to a cooling medium such as air, which is passed
through the condenser block 21.
[0013] The condenser block 21 can be made from any
material which has good thermally conductive character-
istics, such as aluminum, copper, etc. Further, in the Fig-
ures, a heat exchanger assembly 20 is shown having a
series of heat pipes or tubes 23 to enable the transfer of
the heat into the condenser block 21 and then into the
cooling medium. It will be understood that the configura-
tion of the heat exchanger condenser block 20 is not lim-
ited to this configuration, and may be modified in any
shape or fashion so as to allow the optimal efficiency of
the transfer of heat to the cooling medium. This is par-
ticularly applicable depending on the cooling medium
which is used. Although air is preferred as the cooling
medium (for the assembly shown in these Figures), other
mediums, such as other gases, water, antifreeze, or oil
can be used, by passing them through the condenser
block 21. It should be further noted, that if air is not used
as the cooling medium then additional precautions gen-
erally must be taken to prevent the cooling medium from
entering the components of the AC drive.
[0014] In the aspect useful for the understanding of the
present invention, in the heat exchanger assembly 20,
in addition to heat pipes 23, a stack of fins 28 compose
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the condenser block 21 (Fig. 1B) to provide an additional
thermal surface to increase the efficiency of the heat ex-
changer assembly 20. It is preferred that the heat pipes
23, and the fins 28 be made from a thermally conductive
material, such as aluminum, copper, etc. Also it is pre-
ferred that the fins 28 each have a stabilizing separator
29 positioned therebetween to prevent adjacent fins 28
from being damaged or bent such that the thermal char-
acteristics of the fins 28 are compromised. This can be
done by any known or commonly used method, such as
dimpling the fins, so the dimples act as spacers or sta-
bilizers 29. Without these stabilizers 29 it is possible for
the fins 28 to be bent such that no air, or other cooling
medium, would be able to pass through two adjacent fins
28, thus reducing the cooling efficiency of the heat ex-
changer 20. The use of these separators 29 generally is
dictated by the mechanical and/or thermal conditions un-
der which the AC drive is used or to which it is exposed.
If there is a large cooling margin or if the condenser block
section is protected by other mechanical means, such
that the risk of bending and damage is not of a significant
concern then the separators 29 may not be needed.
[0015] Further, the fins 28 can be secured to the heat
pipes 23 by any known or commonly used means, such
as friction fit, soldering, welding, adhesive bonding, fas-
teners, etc. The spacing between the fins 28 and the fin
28 thickness should be optimized for the specific use and
configuration of the AC drive, taking in to account the
material used, the cooling medium used, the amount of
heat transfer needed and the environment in which the
AC drive is being used. In the exemplary aspect useful
for the understanding of the present invention, it is pre-
ferred that the fin material used is aluminum, with the fins
28 having a thickness of 0.0508 cm (0.020 inches) with
22.86 cm (9.0 inches) of width and the length determined
by the transistors and diode dimensions, and having a
spacing of 0.3175 cm (0.125 inches) between fins 28,
and the heat pipes 23 generally having a diameter of
1.905 cm (0.75 inches), such that six of the heat pipes
23 can cool 3000 Watts of heat energy at 50 degrees
Celsius temperature rise at a maximum ambient temper-
ature of 40 degrees Celsius. Smaller heat pipe diameters
will yield lower cooling capacity per pipe and larger di-
ameters will yield higher cooling capacity. With current
industry standards the range of the heat pipe diameter
that can be used is from 0.635 cm (0.250 inches) to 3.81
cm (1.50 inches).
[0016] As stated previously, the condenser block 21 is
thermally coupled to an evaporator plate 22 which is used
to mount the transistors and diodes 30, 31 and 32. The
evaporator plate 22 is preferably made from the same
thermally conductive material as the condenser block 21,
and could be either made separately and secured to the
condenser block 21 through the heat pipes 23, or can be
formed integrally with the condenser block 21. If the heat
pipes 23 are used it is preferred that the pipes be secured
to the evaporator plate 22 through soldering, where in-
sertion holes in the evaporator plate 22 have solder

placed in them and the heat pipes 23 are inserted such
that the solder rises around and seals the heat pipes 23
into the evaporator plate 22. It is also noted that to ensure
the proper use of heat pipes 23 none of the fastener holes
used to mount structure or components to the evaporator
plate 22 should coincide with the heat pipe location, oth-
erwise the efficiency of the heat pipes 23 would be com-
promised. The exact number, shape, configuration and
size of the heat pipes 23 used should be determined de-
pending on the characteristics and design parameters of
the AC drive. If the heat pipes 23 are not used, the evap-
orator plate 22 can be secured to the condenser block
21 by any commonly known or used methods. However,
the connection between the condenser block 21 and
evaporator plate 22 generally should be such that the
thermal conductivity from one to the other is optimized
to provide maximum cooling efficiency for the heat ex-
changer 20.
[0017] The evaporator plate 22 can be a simple flat
plate, as shown in Figures 1A, 1B and 1C or can be
formed in various other configurations or shapes, such
as rectangular, cylindrical and other configurations. The
transistors and diodes 30, 31 and 32 are mounted to the
evaporator plate 22 at any location that allows for the
optimal performance of the AC drive. This configuration
aids in having an easily manufacturable AC drive where
the same heat exchanger assembly 20 can be used in
different AC drives having different transistor locations,
sizes and configurations. Moreover, the use of a large
flat evaporator plate 22 has an additional advantage with
regard to the thermal management of the system, which
will be discussed in more detail below.
[0018] The transistors and diodes 30, 31, 32 can be
any known or used transistors and diodes that are need-
ed for the particular application of the AC drive. The tran-
sistors shown in Figures 1A, 1B and 1C generally are
IGBTs, although the present invention is not limited solely
to the use of these types of electrical components and
any other types of known or commonly used components
for AC drives can be substituted without changing the
scope of the present invention.
[0019] Turning now to Figures 2A and 2B an alternate
aspect of a heat exchanger assembly 110 useful for the
understanding of the present invention is shown. Unlike
the previous embodiment, this aspect does not use the
heat exchanger condenser block 21 but uses a mounting
cooling plate that works like a manifold (a metal plate
with a serpentine like passage for fluids) formed by return
block 35 and cooling plate 38 through which a cooling
medium, such as air, gas, oil, antifreeze, water, etc. is
passed to provide thermal management of the electrical
components 30, 31, 32. In the aspect shown in Figures
2A and 2B the electrical components are secured to a
cooling plate 38, through which the cooling medium pass-
es, while the return block 35 is used to channel the cooling
medium through the cooling plate 38 to form a serpentine
like passage and to provide inlet and outlet of the cooling
medium. The cooling medium generally enters the return
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block 35 through an entry port 36 and exit through an
outlet port 37 to a pump system (not shown) so as to
ensure constant flow through the condenser block 35.
The exact configuration of internal aspects of the return
block 35 and cooling plate 38 typically will be determined
depending on the needs and operational criteria desired,
but again it is preferred that any mounting holes on the
condenser block 35 not interfere with the path of the cool-
ing medium within the cooling plate 38.
[0020] It should be noted that because this aspect does
not have a large heat exchanger condenser block 21, as
in Figures 1A-1C, the space above the return block 35
can be used for the coolant filters, radiator, pumps, res-
ervoirs, etc. of the cooling system, without adding any
significant additional size to the AC drive. In fact, this
configuration allows a self-contained liquid cooled heat
exchanger assembly to be used adjacent to an air cooled
heat exchanger assembly with relatively little change in
the overall structure and operation of the AC drive. This
capability was not previously available in the prior art.
[0021] Figures 3A, 3B, and 3C show yet another ex-
emplary aspect of a heat exchanger assembly useful for
the understanding of the present invention. These Fig-
ures show a heat exchanger assembly 220 using non-
isolated power semiconductor switches 221, which are
yet another type of electrical device which can be used
(these are commonly known as "hockey puck" switches).
These devices 221 generally can handle higher power
than IGBT’s, but their non-isolated cooling process re-
quires that the mounting plates (also called evaporator
plates) 222 connected to the devices 221 be isolated
from each other and the rest of the cooling system, as
shown in the Figures. Therefore, if heat pipes 223 are
used, the heat pipes 223 connected to the mounting
plates (also called evaporator plates) 222 are electrically
isolated from the heat pipes connected to the heat ex-
changer condenser block 225 by the use of ceramic (or
other insulative material) spacers 224. These insulative
spacers 224 provide protection from electrical current
flowing to the assembly 220 from the devices 221. The
devices 221 can be secured to the mounting plates 222
by any commonly known or used method, although the
fasteners (generally called box clamps) 226 are recom-
mended by the manufacturer of the devices.
[0022] Figures 4A and 4B show a yet another exem-
plary aspect of a heat exchanger assembly 220A that
can be used with the present invention. This aspect is
similar to that shown in Figures 3A, 3B and 3C except
that instead of an open condenser block 225 a closed
cooling manifold block 235 is used, where instead of
passing a cooling medium over fins of condenser block
225, the cooling medium is passed through the manifold
block 235, operating in a similar way as the cooling man-
ifold plate 38 and return block 35 shown in Figures 2A
and 2B. In this configuration the mounting plates (also
called evaporator plates) 222 are not electrically connect-
ed to the cooling manifold block 235 but are isolated
through the use of heat pipes 223 and insulative spacers

224. This configuration generally is preferred when using
a liquid cooling medium and the electrical devices are of
a non-isolated type or the so called "hockey puck" devic-
es. This is because the mounting plates 222 remain sep-
arated while remaining thermally coupled to the cooling
manifold block 235.
[0023] Also shown in these Figures are the electrical
buses 229 and insulator 230 which are used to intercon-
nect the devices 221.
[0024] The various embodiments of the heat exchang-
ers for the present invention function by having the heat
generated by the electrical devices (whether IGBT or
non-IGBT) pass to a mounting structure (also called
evaporator plate when heat pipes are used) and into a
heat exchanger manifold (also called condenser block
when heat pipes are used) or to a cooling fluid source
(whatever the configuration) and then into a cooling me-
dium (whatever is chosen). Further, the configurations
discussed above for various heat exchanger assemblies
are compact and relatively easy to manage, which allows
each module of an AC drive (i.e. inverter, converter) to
have its own independent and separate cooling method
or system, and as such would allow modules having dif-
ferent cooling methods used in the same AC drive as-
sembly. For example, an AC drive can be made where
all of the inverters used the aspect shown in Figures 1A-
1C, using air cooling, while the converter uses the as-
pects shown in Figures 2A-2B.
[0025] Figures 5A, 5B and 5C depict a partial assembly
of an inverter 100. Although the inverter shown is em-
ploying a heat exchanger assembly 20 as depicted in
Figures 1A, 1B and 1C, the present invention is not limited
to such a configuration and any of the previous heat ex-
changer embodiments can be employed without altering
the scope of the present invention.
[0026] It should be noted that the AC drive of the
present invention would comprise a plurality of inverters
100, typically the number would be three, but may be
varied depending on the type of application for which the
AC drive is being used. The inverter 100, of the present
invention, is set in a modular base 10 which allows all of
the components of the inverter to be mechanically se-
cured to the base 10. Further, the base is designed such
that it can be easily secured to (or detached from) an
additional component of the AC drive, such as an addi-
tional inverter 100, or a converter 200. The trays 10 of
adjacent components (i.e. inverters/converters) can be
secured to each other by any known or commonly used
method, such as bolts, screws, rivets, etc. As stated pre-
viously, it is preferred that a method of attachment be
used which allows an inverter 100 or converter 200 as-
sembly to be removed from the AC drive with relative
ease. For example, by simply removing the air duct that
involves the-condenser block of the heat exchanger as-
sembly 20 and the four bolts in the four corners of the
modular base 10 (if bolts are used), the inverter 100 can
be removed from the top or from the side, depending on
the engaging feature on the modular base 10. This will
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greatly reduce the amount of time and effort needed to
replace a component.
[0027] The heat exchanger assembly 20 can be se-
cured to the tray 10 by any commonly known or used
methods. For example, mounting brackets 25 may be
used to secure the assembly 20 to the tray 10, where the
brackets 25 are secured with screws, bolts, rivets, etc.
[0028] Attached to each tray 10 is a capacitor bracket
15 which can be either mechanically secured to the tray
or made integrally with the tray 10. The bracket 15 pro-
vides support for a capacitor bank 60, having a number
of capacitors 61, 62. Any commonly known or used power
capacitors 61, 62 can be incorporated with the present
invention, without affecting the operation of the present
invention. The capacitors used must be low inductance
type (the type used in the preferred embodiment has in-
ductance values less than 30 nano Henry) and be capa-
ble of withstanding high ripple current. The preferred em-
bodiment uses oil or gas filled polyethylene film, non-
polarized capacitors that are rated at 4000V and 550 Mi-
crofarad for 4160V operation such as the Montena Direct
Current Power Capacitors. Also secured to the capacitor
bracket 15 is a connect area 80 which is configured to
connect the inverter 100 for whatever application or use
is desired.
[0029] Connecting all of the transistors and/or diodes
30, 31 and 32 and the capacitors (and other major elec-
trical components) are electrical buses 50, 55, 70, 75,
50A, 55A, 70A, and 75A. The buses carry the electrical
current to, and from, all of the major electrical compo-
nents (and to adjoining inverters and converters). The
buses for the present invention are most accurately de-
scribed as balanced low inductance buses, and the in-
verter of the exemplary embodiment shown is a multilevel
inverter bridge.
[0030] A multilevel inverter bridge has a more complex
electric current path layout than that of a two level. Sem-
iconductor switches and diodes are limited at a given
time to a maximum operating voltage. Multilevel topolo-
gies are used to achieve higher output voltages of the
power conversion device by effectively connecting power
semiconductor switches in series and therefore multiply-
ing their voltage capability by the number of switches
connected in series. In the present invention, the me-
chanical layout of the switches and diodes is defined to
prevent current loops. Electrically conductive buses con-
nect the switches and diodes in such a way that every
electromagnetic field generated by the electrical currents
in the circuit is counteracted instantaneously and exactly,
in magnitude and in phase. This is what is referred to as
a balanced low inductance bus. It allows for evenly dis-
tributed electric fields and for minimization of the stray
inductance of the electric current path, thus minimizing
the voltage transients at the switches’ turn off time. These
features are particularly important in medium voltage de-
vices in order to minimize the effects of partial discharge,
insulation fatigue and eliminating the need of voltage
transient suppressors. Inductance in this type of system

can be determined by the following formula: 

[0031] Where:

L is the total inductance of the conductive bus bar,
D is the dielectric thickness between the parallel bus
bars,
W is the width of the conductive bus bar,
L is the length of the conductive bus bar, and
SD is the skin depth of the current passage inside
the conductive bus bar due to skin effect at high fre-
quency and defined by: SD = 1/[√(π F M N)]. Where
F is the frequency of the electrical current; M is the
magnetic permeability of the metal and N is the con-
ductivity of the metal. E.g. for copper SD = 2.6/[√F].

[0032] As it can be seen, the inductance is directly pro-
portional to the dielectric thickness. In this invention the
reduction of D, the dielectric thickness is made possible
because of the elimination of air by dipping the bus bar
assembly into an insulating medium that keeps air, hu-
midity and contaminants away. This will be discussed in
more detail below.
[0033] The buses generally are made from any elec-
trically conductive material, such as copper, aluminum,
steel, etc. However, aluminum is preferred in the exem-
plary embodiment shown. The use of aluminum serves
to provide higher resistance values per cm (inch) than
other materials, such as copper, which aids in dampening
the AC drive system electrically. Although the shape and
dimensions of the bus bars may be changed as needed
for the various configurations that are contemplated, or
for alternate transistor placement, there are certain as-
pects of the geometry of the bus bars which are important
to the optimal operation of the present invention. In the
preferred embodiment, the thickness of the bars are
0.3175 cm (1/8th of an inch), and although the width of
the bus bar can vary, it is preferred that the width of the
bus bars be significantly larger than the thickness of the
buses (refer to the inductance formula above). Further,
there are to be no sharp corners or edges on the buses.
The bus bars typically have rounded edges, to aid in re-
ducing the adverse effects of electrical field concentra-
tion. The bus bars also generally are formed as short as
possible to reduce inductance (refer to the inductance
formula above) and to improve the manufacturing and
assembly characteristics of the bars.
[0034] The effects of high voltage potentials are well
known and include the corona-effect due to ionization of
gases around electrically live terminals and buses. The
shape of the exposed electrically live terminals and buses
can exacerbate the corona-effect that effectively extends
the conductivity path of the metal terminal into the sur-
rounding gases such as air, and undermining the insu-
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lation barrier placed in between terminals of different
electric potential. Corona effect can cause the break-
down of insulation. In the present invention, the applica-
tion of insulation is done to substantially reduce the co-
rona effect. Further, the ionization of air molecules in
pockets between insulation materials can cause what is
known as partial discharge phenomena. This phenome-
non causes electric charges to discharge inside the air
pockets releasing high heat in the form of an electric arc.
Eventually, after repeated discharge, or arcing, inside
the air pocket, carbon tracking will form a bridge across
the air pocket. The arcing and carbon tracking genera-
tion, deteriorate the insulation layers between buses and
other electrically active devices over time. Both corona-
effect and partial discharge are exacerbated by the many
factors, including: (1) sharp-cornered conductor surfac-
es, particularly when exposed to air, with partial discharg-
es increasing the amount of the charges for a given in-
sulation thickness; (2) air or gas filled cavities or crevices
surrounded at least partially by using insulating materials
or conductors; (3) air or gas filled spaces between plane
surfaces of conductors and insulating materials; and (4)
small, exposed areas on insulating materials that have
lower surface resistivity than surrounding areas.
[0035] In the preferred embodiment, the bus bars are
polished prior to assembly to remove any and all defects
that may exist in the surface of the buses, which helps
optimize the performance of the buses, and aids in re-
ducing electric field concentration as much as possible.
[0036] Figures 5B and 5C show the balanced low-in-
ductance interconnection bus for a three level inverter
bridge implemented in accordance with the present in-
vention. In these Figures each side of the heat exchanger
20 is shown, even though in this embodiment the sides
are symmetrical (which does not always have to be the
case). In the embodiment shown, the bridge leg is divided
into two parts: the positive half and the negative half. As
shown in Figures 5B and 5C, one side is used for positive
current flow while the other is used for the negative cur-
rent flow. In the preferred embodiment, the layout of the
power semiconductor switches 30, 31, 32 is done so that
the instantaneous current path is well determined.
[0037] The following discussion will refer to what is
shown for Figure 5B which shows the positive half of one
third of the three-level inverter bridge, but would be the
same for 5C which shows the negative half of one third
of the three-level inverter bridge. In the configuration
shown, the system includes an IGBT switch 32, a diode
31, and a second IGBT switch 30. Because the current
of the switch 30 is always turned on whether or not the
diode 31 or switch 32 is on, it is preferred to locate this
switch 30 farthest from the capacitor bank 60. Capacitor
bank 60 is composed of two capacitors placed side-by-
side, one serving the positive half and the other the neg-
ative half of the one third of the three-level inverter bridge.
It should be noted that the locations of these components
can be changed as needed depending on the desired
configuration. Next to the switch 30 is the diode 31 which

carries the neutral current, and next to the diode 31 is
the switch 32 which carries the positive current (or neg-
ative current, shown in Fig. 5C). The switch 32 is con-
nected to the capacitor terminals 61 through the electrical
bus 55, and to the diode 31 and switch 30 through the
bus 50. If the switch 32 is turned on and the diode 31 is
off then the current path goes from the capacitor terminals
61 to the switch 32 at the terminal 63, then through the
switch 32 out through the terminal 64 and past the diode
31 to the terminal 65 on the switch 30. The current then
goes through the switch 30 and comes out of the terminal
66 and returns through the return bus bar 70, which runs
back towards the capacitor bank 60 as far as reasonable
possible (between the bus bars 50, 55 and 75) to reduce
the overall system inductance. In this configuration, the
current coming out of the capacitor terminals 61, along
the buses 50, 55, returns in a parallel path back towards
the capacitors 61 in the bus bar 70. This close parallel
path tends to cancel (or greatly reduce) the magnetic
field generated by the passage of the current through the
conducting buses both in magnitude and phase and,
therefore, reducing overall system inductance.
[0038] When the switch 32 is turned off, the diode 31
is turned on and conducts current from the capacitor ter-
minals 62 through the bus bar 75 to the terminal 67 of
the diode 31, through the diode 31 and out of the diode
31 at the terminal 68 to the switch 30 via the bus bar 50.
The current then goes through the switch 30 and out of
the switch 30 at the terminal 66 back towards the capac-
itor bank 60 along the bus bar 70, creating again the close
parallel current path that minimizes the bus inductance.
It is the bus 70 which is used to carry the current to the
motor (not shown) or whatever other device is being op-
erated by the drive through a connection 69 to the bus.
It is also noted that in this configuration, during both of
the above cycles (whether the switch 32 is on or off), the
inductance of the system will be very similar, as the return
bus 70 is located in the middle of the two driving buses
(50, 55 and 75, respectively), thus ensuring that the active
buses are equidistant during operation.
[0039] It should be noted that it generally is preferred
that the portions of the buses which are parallel to each
other have no attachment holes or defects of any kind in
the parallel portions of the buses to help optimize the bus
performance.
[0040] The electrical connection between the buses
and the electrical components (diode, capacitors, and
switches) should be made via flanges 51-54, 56-59 of
the buses. The flanges 51-54, 56-59 are preferred to be
integral with parallel portion of the buses 50, 55, 70, 75
to optimize the transfer of the electrical current from the
buses to the diode, transistors and capacitors. Moreover,
it is preferred that the buses be secured to the capacitors,
transistors and diodes at right angles. This configuration
minimizes the amount of inductance generated by the
buses at the contact points to the electrically live devices.
Further, to keep inductance to a minimum, the flange
angles where the buses are secured to the devices
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should be as sharp as possible. This will ensure that the
parallel portions of the buses stay as close to each other
as possible as they approach the connections.
[0041] The bus bars 50, 55, 70, and 75 are sandwiched
on either side of an insulator 40 and 41. The insulators
40, 41 can be made from any non-conductive insulative
material such as pressed mica, Teflon, polyester sheets,
aramid fibers or sheets, and other, similar synthetic in-
sulating materials. However, it is preferred to use a lam-
inated mica for AC voltage bus bars because of its optimal
characteristics regarding the prevention of partial dis-
charge between the buses, while an aramid material,
such as Nomex®, generally is preferred for the DC volt-
age bus bars.
[0042] With regard to the AC voltage bus bars 50, 55,
70 and 75 of the present invention, although in existing
AC drives the thickness of an insulator can be as high
as 5.08 cm (2 inches) to avoid problems from the Corona-
effect (i.e. arcing) because of the novel aspects of the
present invention (which will be discussed further below)
the thickness of the insulators 40, 41 can be as low as
0.0508 cm (0.020 inches) (but should be higher for higher
ends of the medium voltage spectrum). The type of in-
sulation material used will determine the thickness re-
quired for a given voltage level. For example, in a pre-
ferred embodiment of the present invention, the thick-
ness generally is about 0.1524 cm (0.060 inches) to pro-
vide added protection and longevity. This reduced thick-
ness greatly reduces the inductance between the parallel
bus bars and, in the preferred embodiment, a 30 nano
Henry per meter inductance is achieved with a 10.16 cm
(4 inch) wide by 0.3175 cm (1/8 inch) thick aluminum bus
bar with 0.1524 cm (0.060 inch) thick mica insulator in
between bus bars. Because the inductance of two flat
bus bars with opposing fields is directly related to the
distance of space between the bars, the use of a very
thin insulator creates a significant reduction in overall in-
ductance, and allows for a significant reduction in the
overall size of the AC drive.
[0043] Further, in current AC drives there is a need to
have the insulator extend significantly beyond the edges
of the bus bars to maximize the insulation between the
bus bars because they are exposed to the air. Because
of the novel configuration of the present invention, which
will become more evident in the following discussion, it
is not necessary to have the insulator extend significantly
beyond the edges of the bus bars. It should be noted,
however, that it is preferred that the insulators 40, 41
extend at least some distance from the edge of the bars
to provide adequate protection and added damage tol-
erance characteristics. Having the insulators 40, 41 ex-
tending further than is required ensures that field or on-
site repairs of the insulator are non-critical, thus not re-
quiring replacement of the entire insulator if a small edge
portion is broken or removed.
[0044] Turning now to Figures 6A, 6B, and 6C a sub-
stantially completed inverter 100 according to the present
invention is shown. In these Figures, it can be seen that

the electrically live components of the inverter 100 are
sealed off from the outside atmosphere, by an insulative
material 90 and a protective housing 95. The insulative
material 90 covers all, or substantially all, of the electri-
cally active devices (i.e. switches, diode, capacitor con-
nections, and bus bars) so as to seal out the harmful
atmosphere or air. According to the inveniton a de-gased
a potting compound is used.
[0045] The potting compound 90 can be any known or
commonly used non-conductive insulator, but is prefer-
ably a RTV silicone based compound., It is also preferred
that the compound have at least some of the following
physical characteristics:

Viscosity of resin as poured - 20,000 mPa s (20,000
cps),
Hardness, Shore A - 28,
Tensile Strength - 6,991 kPa (1,014 psi),
Elongation at break - 600%,
Tear resistance 2975 N/mm (170 lbs/inch), and
Linear shrinkage - less than 1%.

[0046] An example of such an insulator that can be
used is Elastosil® M4601, made by Wacker Chemie Gm-
bH for its excellent reparability characteristics. Any other
silicone based compound having similar or equivalent
characteristics would also be desirable. The use of the
potting compound 90 around the above components,
prevents all, or almost all, of the air or other harmful gas-
es, that these components would normally be exposed
to, from contacting these components. This removal of
the air or gases prevents them from acting as a conduc-
tor, and as such prevents corona-effect and partial dis-
charge from occurring. Because of this all of the electri-
cally active components can be placed very close to each
other, whereas in the prior art they would have to be kept
at a relatively large distance from each other, thus in-
creasing the size of the drive.
[0047] The insulator 90 is sprayed, poured or otherwise
applied, using known processes, over and about the
components in such a manner as to substantially pene-
trate all, or almost all of the air pockets and gaps in and/or
around the electrically active devices. The presence of
any substantial amount of air or atmosphere would allow
occurrence of the adverse effects related to having high
voltage devices close to each other to which this invention
is directed to greatly reduce or eliminate. Another bene-
ficial aspect of the above compound 90, and its equiva-
lents, is its removability from the electrical components
when repairs are needed, since after curing the silicone
insulator compound may turn from liquid to a consistency
like a gel with varied amount of firmness. It is desirable
to have as little adhesion as possible between the com-
pound 90 and the components when removing the com-
pound for repairs. This will reduce repair time and costs.
[0048] It should also be noted that the preferred sili-
cone compounds are not susceptible to many of the prob-
lems which can occur in medium voltage AC drives. For
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example, silicone compounds are resistant to high volt-
age transients and the stresses that come with them,
magnetic forces, temperature variations and levels, and
high voltage dielectric stress without fatigue or failure.
Moreover, the silicone compound maintains its integrity
in any environmental condition, regardless of altitude,
temperature, humidity, air quality, etc. Also, because air
is removed from contacting the electrical components,
there is no need to condition or filter the air to prevent
any adverse effects of the air contacting the buses and
other components. Current AC drives are cooled by pass-
ing air over the exposed electrical components, thus re-
quiring substantial filtering and environmental controls
for the cooling system. This makes using current drives
in some harsh applications prohibitive.
[0049] Additionally, the potting compound 90 transfers
and absorbs heat as well as, or even better, than air, thus
allowing for heat transfer from the buses and other elec-
trical components into the compound, which is then either
transferred into the evaporator plate 22 of the heat sink
assembly 20 or emitted through the surface of the potting
compound 90 itself to the enclosure 95 and then to the
air. Therefore, there is no loss in the thermal manage-
ment characteristics of the AC drive. As shown in Figures
6A-6C, the potting compound 90 fills a significant portion
of the space of the inverter 100 where the buses 50, 55,
70, and 75 contact the diode 31, the transistors 30, 32
and capacitors 61, 62. In fact, although it may not be
necessary, it is preferred that the potting compound 90
at least cover all of these components so that air is pre-
vented from contacting these components. When the
compound is used to cover the capacitors 61, 62 termi-
nals the height of these terminals can be reduced, thus
allowing the capacitors to have lower internal inductance.
However, if the compound 90 is not used to cover these
contact points, then the manufacturer requirements for
clearances of the capacitors 61, 62 should be main-
tained.
[0050] The potting compound 90 typically is applied so
as to cover almost the entire surface of the evaporator
plate 22 to provide the maximum thermal transfer surface
possible between the compound 90 and the heat ex-
change assembly 20. Additionally, it is preferred that the
potting compound 90 be installed on the inverter 100 as
a single piece, and not in sections to ensure its integrity,
and that the compound 90 have a thickness such that
minor damage would not compromise its protective char-
acteristics. In addition to providing adequate protection,
the use of a thicker coating of compound will allow the
compound to provide mechanical support for the busses
50, 55, 70, and 75 dampening mechanical vibrations and
thus eliminating the need for many additional structural
components which exist in current AC drives to hold the
buses into place.
[0051] The exact configuration and outside dimen-
sions of the compound 90 can be varied depending on
the configuration and characteristics of the drive and
components used. In the embodiment shown in Figures

6A through 6C the compound 90 generally has a thick-
ness of at least 2.54 cm (1 inch) surrounding all of the
covered high voltage components to allow operating volt-
ages of up to 4, 160 VAC RMS. The thickness should be
optimized primarily for the amount of voltage being ap-
plied, as well as space, cost and weight considerations.
To aid in reducing the cost of the compound 90 it is further
contemplated that a dielectric filler (such as pellets or
other shapes) can be used in the compound 90 to reduce
the overall amount of volume of the compound used with-
out compromising its beneficial characteristics. Although
the compound 90 is shown in the Figures as somewhat
following the contour of the components and the buses
(there is a bulge where the buses are located) a solid
block can be used having flat sides. Such a configuration
may be desirable for applications where added protection
of the silicone would be needed such as higher voltages
than 15,000V. In Figures 1C, 2B, 3A-3C, and 4A a dashed
line is used to show an exemplary encasing of the com-
pound 90 around the electrically live components with
respect to the heat exchanger assemblies.
[0052] Also shown in Figures 6A-6C is a compound
housing 95. The housing 95 is added to provide added
protection for the components and the compound 90 and
to aid the compound 90 in retaining its shape. In some
applications, and with some compounds, it may not be
necessary to use a housing 95, however, it is preferred.
The housing 95 can be made from any known or com-
monly used material, such as plastic, metal, carbon com-
posite, etc. However, it is preferred that the housing 95
be made from a material to provide added electrostatic
and electromagnetic shielding for the internal compo-
nents.
[0053] Further, the structural integrity of the housing
95 should be made to match the type of insulator or com-
pound 90 used. The present invention contemplates us-
ing silicone potting compounds. These insulation method
substantially removes air and/or seals out the atmos-
phere from the high voltage components and impregnat-
ing any open spaces in and around them, thus allowing
them to be placed in close proximity to each other.
[0054] With regard to the dielectric insulator compound
90 that is used, although a one part, two part, three part
silicone, or similar insulator compound 90 can be used,
it is preferred that the insulator compound 90 that is used
be "de-gased" prior to its installation on the inverter 100.
When compounds are mixed it often causes the intro-
duction of air bubbles and gas into the mixture, if these
air bubbles were to remain in the insulator compound 90
when it is placed on the inverter 100, the operation of the
system would be adversely affected as the air would be
making contact with the components and the buses, thus
causing similar problems as with current AC drives.
[0055] Further, when the AC drive of the present in-
vention is to be used for the higher voltage range of the
medium voltage spectrum, it is preferred that the insulator
compound 90 be "vacuumed" after its application. Es-
sentially this process entails applying the insulator com-
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pound 90 to the inverter 100 (or any other component)
and placing the entire component in a vacuum chamber
of some kind, while the insulator compound 90 is still
setting. Then while the insulator compound 90 is setting,
the air pressure in the chamber is reduced, thus allowing
any remaining air in the mixture, or remaining between
the components and the insulator compound 90 to be
removed from the insulator compound 90 and/or inverter.
This will ensure that the adverse effects of air are avoid-
ed, thus greatly increasing the operational life and effi-
ciency of the AC drive, and allowing the components of
the inverter 100 to be placed closer together to reduce
the inductance created, and thus reducing the overall
size of the AC drive itself. It should also be noted that in
applications where the AC drive will be operating in the
lower voltage ranges, the process of "vacuuming" is not
necessary as the electrical loads and forces are not as
critical.
[0056] Additionally, it is preferred that the insulator
compound 90 be applied to the inverter assembly 100
while the insulator compound 90 is still in liquid form. In
liquid form, before it cures, the silicone compound has
very low surface tension, and it allows the compound 90
to impregnate the insulator 40, and/or any other small
gaps in and around the buses, thus removing the air ex-
isting in any gaps and replacing it with the insulator com-
pound 90. In the preferred embodiment, this impregna-
tion is enhanced with vacuuming of the entire inverter
module 100 prior to it.
[0057] When manufacturing an inverter 100 (or any
other comparable component) in accordance with the
present invention it is preferred that first a clamping force
of some kind is provided to sandwich the buses 50, 55,
70 and 75 and the insulators 40, 41 as tightly as possible,
while maintaining a truly parallel relationship between
the upper and lower buses. Once the bus assembly is
completed, the assembly is installed into the inverter 100
and is tested to ensure that there are no voltage isolation
problems. Air, gases, moisture, contaminants, etc. then
generally are purged from the electric buses and com-
ponents by using a heated vacuum chamber to purge all
adverse contaminants from the components. Afterwards
(or during the cleaning stage) the unit is potted with the
insulator compound 90 as described and set forth above
(depending on the compound and method used). The
amount and size of the potting should be such to provide
adequate protection from air and other harmful elements
and to provide a level of thermal conductivity from the
components’ surfaces to the heat sink assembly 20, and
through the external surface of the insulator compound
90 to the enclosure 95. Because the insulator compound
is applied in liquid form, it is easier to get the insulator
compound 90 into the small areas of the electrical com-
ponents to eliminate all air or gas. For this purpose it
generally is preferred that the insulator compound 90
used have a low surface tension when in its liquid form
to allow the insulator compound to penetrate into all of
the required spaces.

[0058] Alternatively, to create additional impregnation
of the insulator compound 90 into the insulator 40, and
other components, pressure can be added to the insula-
tor compound 90 after it is vacuumed (through either me-
chanical pressure or atmospheric pressure), to force ad-
ditional compound material into any remaining air pock-
ets. The compound 90 can then be cured at ambient tem-
perature or any temperature recommended for the par-
ticular compound used. Once this process is completed
the component (for example, inverter 100) should be test-
ed again. At this point all, or almost all, of the air has been
removed from contacting the critical components, such
as the buses which allows the buses to be placed very
close to each other, thus reducing inductance, and thus
allowing for a significant reduction in the overall size of
the AC drive. Further, there is no concern that the air
quality or atmospheric conditions in a particular location
would adversely affect the AC drive, because no air
makes contact with the high voltage components. This
greatly reduces the costs of filtering and conditioning air,
and allows the AC drive to be placed directly adjacent to
the machines which they would control, without taking
up too much space and without requiring significant elec-
trical routing. Additionally, some components required in
current AC drives, such snubbers, are no longer needed.
[0059] Figures 7A, 7B and 7C show two inverter mod-
ules 100 of the present invention secured to each other
as they would be in an exemplary embodiment of an AC
drive according to the present invention. As stated pre-
viously, the trays 10 of the modules 100 are secured to
each other by any commonly known or used method
which would allow the easy removal of one module 100
from the other for repairs. Also shown in these Figures
is a cosmic ray filtering device 96 mounted on the outside
of the housing 95. As shown in these Figures, the potting
compound or insulator 90 and the housing 95 are con-
figured or applied in such a way as to effectively follow
the contour of the components, thus providing the ledge
portion 97 where the buses are located, and onto which
the cosmic ray filter 96 can be positioned.
[0060] Cosmic ray effects on power semiconductor
switches were discovered by accident, and are still not
quite truly understood. Power conversion manufacturers
discovered that their products were failing prematurely
when using the power semiconductors within their volt-
age ratings. These power semiconductor switches would
fail in a manner that indicated a semiconductor substrate
insulation breakdown. The linking of such failures to cos-
mic rays arose because power conversion devices used
underground, by about 91.44 m (300 feet), were not sub-
ject to the same failure rates. Further tests with energized
power semiconductor switches bombarded by particle
accelerators caused the same effect as the ones seen
in products operating at the earth’s surface. The solution
presented by the semiconductor manufacturers was to
de-rate the operating voltage of a power semiconductor
switch such as the IGBT (Insulated Gate Bipolar Tran-
sistor) to about sixty percent of its rated voltage capability.
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The voltage limit is defined by statistical processes. Also,
polyethylene has been used in manned spacecraft de-
vices to protect equipment and humans from the effects
of particles emitted by the sun in particular during the
solar storms. These particles are larger in comparison to
what is called cosmic rays.
[0061] Cosmic rays are high-energy subatomic parti-
cles that are emitted by celestial bodies. Some types of
particles can pass through the whole cross section of the
earth while others are dissipated when contacting with
materials on and in the earth. This energy dissipation and
subatomic recombination may cause adverse effects on
biological (cells) and electrical systems (semiconductor
devices).
[0062] An aspect useful for the understanding of the
present invention includes a cosmic ray filter 96 that may
be added to increase the semiconductor voltage utiliza-
tion. For containing these particles, or greatly inhibiting
their adverse effects on the electrical systems of the
present invention, it is preferred that the filter 96 be made
of lead or similar material, which covers the power sem-
iconductor switches such as IGBT. The electrostatic and
electromagnetic shielding container or housing 95 is de-
signed to closely surround the power semiconductor
switches, and create a ledge 97 where a polyethylene-
coated lead block is inserted to absorb large and small
subatomic particles from cosmic rays. In the preferred
aspect useful for the understanding of the present inven-
tion, the cross section of the lead block is at least 5.08
cm (two inches) thick and the polyethylene coat is at least
1.27 cm (half inch) thick filling the space above the ledge
97. In reality, the use of any amount of material such as
lead will reduce the effects of cosmic rays, by filtering,
and the 5.08 cm (two inch) thick minimum is based on
experimentation to achieve adequate power semicon-
ductor life when increasing the applied voltage or increas-
ing its life expectancy when used with manufacturer rec-
ommended operating voltage.
[0063] It should be noted that the positioning of the
filters 96 shown in these Figures assumes that the AC
drive assembly will lay on its mounting surface (floor) as
shown, thus not needing filter 96 protection on the bottom
sides of the ledges 97 (as harmful cosmic rays come from
the sky and not through the earth). However, it is possible
to have the AC drive sit upright (on its side). In this case,
the filters 96 would be located on either side of the ledge
97, on the top side of the housing 95, to provide adequate
protection for the internal components of the drive. Alter-
natively the filters 96 can be encapsulated in the potting
compound prior to the compound 90 curing.
[0064] With the present invention, small volume power
conversion devices such as the inverters 100 are created
allowing the use of a reasonably sized block of polyeth-
ylene clad lead, that fits in the opening between inverter
modules 100, to protect the power semiconductor switch-
es from the effects of cosmic rays and moreover allowing
the applied voltage to be higher than the recommended
sixty percent to about seventy five percent of the switch’s

rated voltage. For example, with current AC drive con-
figurations a 3,300V IGBT cannot operate over 1,900V
on the earth surface level. With the present invention the
operating voltage could be raised to 2,500V, for example.
[0065] Figures 8 and 9 show a converter assembly 200
which is to be used in an AC drive of the present invention.
The converter 200 is used for converting an incoming AC
voltage into a DC voltage so it can be manipulated and
converted back to a variable amplitude and variable fre-
quency AC voltage in the inverters 100. The manufacture
of the converter 200 is similar to that of the manufacture
of the inverter 100, as previously discussed. The con-
verter 200 generally includes a modular base 210 having
a capacitor bracket assembly 215, which is similar in con-
struction to the base 10 and capacitor bracket 15 of the
inverter 100. The base 210 typically made from the same
materials as the base 10, and is to be able to easily con-
nected to or disconnected from the inverter base 10. This
ensures the modular aspects of the present invention,
thus allowing various portions of the AC drive to be re-
moved or installed easily without significant cost or loss
of operating time.
[0066] The converter 200 also includes a capacitor
bank 260, similar to that in the inverter 100. Additionally,
the converter 200 includes a reactor 280, a high voltage
sub-assembly 240, and a connector sub-assembly 230.
[0067] Further, much like the inverter 100, discussed
above, the converter 200 has a heat exchanger assembly
220. The heat exchanger assembly 220 shown in these
Figures is similar to that shown in Figures 3A-3C, but can
any of the previously discussed configurations, depend-
ing on the desired cooling method, and electrical com-
ponents used.
[0068] It should be noted that an AC drive according
to the present invention generally will use modular com-
ponents (for example, inverters 100 and converters 200)
which have compatible or similar heat exchange sys-
tems. This will allow for easy replacement and repair of
inverter/converter modules, by allowing a replacement
to be quickly inserted to replace a removed component.
Further, it is contemplated that different heat exchange
systems can be used for different modules in a single AC
drive assembly. When this configuration is used it is pref-
erable that the overall size and shape of the heat ex-
changer assemblies be similar so as to maintain the com-
pact and accessible aspects of the present invention.
[0069] As with the inverters 100, the converter 200 is
to have potting compound 90 cover any and all high volt-
age components on the heat exchanger system and on
the capacitor bank connections. As shown in Figures 8
and 9 the container 91, in which the heat exchanger as-
sembly 220 sits is substantially filed with insulator com-
pound 90 to provide the necessary protections provided
by the using of the insulation 90. Typically the same proc-
ess as described for the inverter 100 is utilized to apply
the insulator compound 90. That is to eliminate dirt, con-
taminants, moisture and air in a heated vacuum chamber
and applying the insulator compound 90 in liquid form
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during or prior to this process. The insulator compound
90 is typically applied to cover all of the high voltage com-
ponents and bus bars. It is noted that the methods of
insulation previously discussed with regard to the inverter
assemblies 100 equally apply to the converter assembly
200. Additionally, the cosmic filter 96 of Figure 7B could
also be applied in this case to protect the high voltage
semiconductor components of the converter 200.
[0070] Figures 10 and 11 show an assembled AC drive
1000 according to the present invention, where there are
three inverters 100, and a single converter 200, and a
common cooling system, 1100. As noted previously, and
as can be seen in these Figures, the modular aspect of
the present invention provides the advantage that a sin-
gle inverter 100 can be easily removed and replaced in
the AC drive assembly 1000 without significant cost or
down time, even though the elements of this invention
could be used on a non-modular ac drive in such a way
that all of the high-voltage components and bus bars of
the three inverter modules and converter module would
be inside one single enclosure. Further, it is noted that
because of the fact that air is not used to cool the buses
and electrical components of the drive 1000 almost any
commonly known or used cooling system 1100 may be
used. A forced air-duct cooling system 1100 is depicted
in Figure 11, however it is noted that other cooling me-
diums such as oil and water can be used. If oil (or any
other liquid is used) is used, the oil (or liquid) should not
chemically attack and degrade the insulator compound
90 used to seal the electrical components in case some
of it drips on top of the enclosure 95.
[0071] Moreover, because of the benefits of the use of
the insulator compound to eliminate the exposure to air
of the high-voltage components, no elaborate environ-
mental control or filtering system is needed to control the
quality of the air used to cool the AC drive. As the high-
voltage components are air tight, air flow which contains
a significant amount of contaminants such as coal dust
(as an example) could pass through the condenser
blocks without adversely affecting the operation of the
drive.
[0072] It is of course understood that variations, mod-
ifications, and departures can be made from the preferred
embodiments of the invention by those of ordinary skill
in the art without departing from the scope of the invention
that is limited only by the claims.

Claims

1. An inverter assembly for use in an AC drive, said
inverter comprising:

a heat exchanger (20),
a plurality of transistors (30, 32) thermally cou-
pled to said heat exchanger,
a plurality of capacitors (61, 62), and
a plurality of electrical bus bars (50, 55, 70, 75)

electrically coupling said transistors to said ca-
pacitors at contact points respectively located
on each of said transistors and said capacitors,
wherein all of said electrical bus bars and all of
said contact points between said electrical bus
bars and said transistors are covered with an
insulation (90) such that said all of said electrical
bus bars and said contact points between said
transistors and said electrical bus bars are
sealed from an atmosphere, wherein the insu-
lation is a potting compound, and wherein the
insulation is in a de-gased state.

2. The inverter of claim 1, wherein said electrical bus
bars are aluminum.

3. The inverter of claim 1, wherein at least two of said
electrical bus bars are in a parallel relationship with
each other and have an insulator positioned there-
between.

4. The inverter of claim 3, wherein each of said parallel
bus bars has flanges extending therefrom to electri-
cally couple said bus bars to said transistors.

5. The inverter of claim 4, wherein each of said parallel
bus bars is connected to said transistors such that
said parallel bus bars are at right angles to said tran-
sistors.

6. The inverter of claim 3, wherein said insulator is lam-
inated mica.

7. The inverter of claim 3, wherein said insulation im-
pregnates at least some of a surface of said insulator
so as to remove air from said at least some of said
surface.

8. The inverter of claim 1, wherein said insulation is
silicone based.

9. The inverter of claim 1, wherein said insulation is a
RTV silicone.

10. The inverter of claim 1, wherein said insulation has
a Shore A hardness of 28.

11. The inverter of claim 1, wherein said heat exchanger
comprises an evaporator plate to which said transis-
tors are thermally coupled, and wherein said insula-
tion covers all of said evaporator plate.

12. The inverter of claim 1, the insulation being a cover-
ing with a cured insulator compound (90).

13. The inverter of claim 1, wherein the potting com-
pound is a silicone-based insulation having a low
surface tension when uncured and a gel-like consist-
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ency when cured.

14. The inverter of claim 1, wherein the insulator com-
pound contains a filler.

15. The inverter of claim 14, wherein the filler is a die-
lectric material.

Patentansprüche

1. Eine Wandleranordnung zur Verwendung in einem
Wechselstromantrieb, wobei der Wandler Folgen-
des aufweist:

einen Wärmetauscher (20),
eine Vielzahl von Transistoren (30, 32), die ther-
misch an den Wärmetauscher gekoppelt sind,
eine Vielzahl von Kondensatoren (61, 62), und
eine Vielzahl von elektrischen Sammelschienen
(50, 55, 70, 75), die die Transistoren elektrisch
an die Kondensatoren an Kontaktpunkten kop-
peln, die jeweils auf jedem der Transistoren und
Kondensatoren angeordnet sind,
wobei alle elektrischen Sammelschienen und al-
le Kontaktpunkte zwischen den elektrischen
Sammelschienen und den Transistoren von ei-
ner Isolierung (90) abgedeckt werden, so dass
alle elektrischen Sammelschienen und alle Kon-
taktpunkte zwischen den Transistoren und den
elektrischen Sammelschienen von einer Atmos-
phäre abgedichtet sind, wobei die Isolierung ei-
ne Vergussmasse ist, und wobei die Isolierung
in einem entgasten Zustand ist.

2. Wandler nach Anspruch 1, wobei die elektrischen
Sammelschienen Aluminium sind.

3. Wandler nach Anspruch 1, wobei wenigstens zwei
der elektrischen Sammelschienen in paralleler Be-
ziehung zueinander stehen und ein Isolator zwi-
schen ihnen angeordnet ist.

4. Wandler nach Anspruch 3, wobei jede der parallelen
Sammelschienen Flansche hat, die sich davon er-
strecken, um elektrisch die Sammelschienen und die
Transistoren zu koppeln.

5. Wandler nach Anspruch 4, wobei jede der parallelen
Sammelschienen mit den Transistoren verbunden
ist, so dass die parallelen Sammelschienen in rech-
ten Winkeln zu den Transistoren vorliegen.

6. Wandler nach Anspruch 3, wobei der Isolator Spalt-
glimmer ist.

7. Wandler nach Anspruch 3, wobei die Isolierung we-
nigstens einen Teil einer Oberfläche des Isolators

beschichtet bzw. imprägniert, um Luft aus wenigs-
tens dem Teil der Oberfläche zu entfernen.

8. Wandler nach Anspruch 1, wobei die Isolierung auf
Silikon basiert.

9. Wandler nach Anspruch 1, wobei die Isolierung ein
RTV-Silikon ist.

10. Wandler nach Anspruch 1, wobei die Isolierung eine
Shore-A-Härte von 28 hat.

11. Wandler nach Anspruch 1, wobei der Wärmetau-
scher eine Evaporatorplatte aufweist, an welche
Transistoren thermisch gekoppelt sind, und wobei
die Isolierung die gesamte Evaporatorplatte ab-
deckt.

12. Wandler nach Anspruch 1, wobei die Isolierung eine
Abdeckung mit einem gehärteten Isolatorgemisch
(90) ist.

13. Wandler nach Anspruch 1, wobei die Vergussmasse
eine silikonbasierte Isolierung ist, und zwar mit einer
geringen Oberflächenspannung, wenn sie nicht aus-
gehärtet ist, und mit einer gelähnlichen Konsistenz,
wenn sie ausgehärtet ist.

14. Wandler nach Anspruch 1, wobei das Isolatorge-
misch ein Füllmaterial aufweist.

15. Wandler nach Anspruch 14, wobei das Füllmaterial
ein dielektrisches Material ist.

Revendications

1. Onduleur pour utilisation dans un pilotage en courant
alternatif, AC, l’onduleur comprenant :

un échangeur de chaleur (20),
une pluralité de transistors (30, 32) couplés ther-
miquement à l’échangeur de chaleur,
une pluralité de condensateurs (61, 62), et
une pluralité de barres de bus électriques (50,
55, 70, 75) couplant de façon électrique lesdits
transistors auxdits condensateurs à des points
de contact situés respectivement sur chacun
des transistors et des condensateurs,
dans lequel la totalité des barres de bus électri-
ques et la totalité des points de contact entre les
barres de bus électriques et les transistors sont
recouvertes d’un isolant (90) de telle sorte que
la totalité des barres de bus électriques et des
points de contact entre les transistors et les bar-
res de bus électriques sont étanches par rapport
à l’atmosphère, dans lequel l’isolant est un com-
posé d’enrobage, et dans lequel l’isolant est
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dans un état dégazé.

2. Onduleur selon la revendication 1, dans lequel les
barres de bus électriques sont en aluminium.

3. Onduleur selon la revendication 1, dans lequel au
moins deux des barres de bus électriques sont en
relation mutuelle de parallélisme et comportent un
isolateur disposé entre elles.

4. Onduleur selon la revendication 3, dans lequel cha-
cune des barres de bus parallèles comporte des re-
bords partant de celle-ci pour coupler électriquement
les barres de bus aux transistors.

5. Onduleur selon la revendication 4, dans lequel cha-
cune des barres de bus parallèles est connectée aux
transistors de telle sorte que les barres de bus pa-
rallèles soient à angles droits par rapport aux tran-
sistors.

6. Onduleur selon la revendication 3, dans lequel l’iso-
lateur est en mica stratifié.

7. Onduleur selon la revendication 3, dans lequel l’iso-
lant imprègne au moins une partie de la surface de
l’isolateur de façon à retirer l’air de ladite au moins
une partie de la surface.

8. Onduleur selon la revendication 1, dans lequel l’iso-
lant est à base de silicone.

9. Onduleur selon la revendication 1, dans lequel l’iso-
lant est un silicone RTV.

10. Onduleur selon la revendication 1, dans lequel l’iso-
lant a une dureté Shore A de 28.

11. Onduleur selon la revendication 1, dans lequel
l’échangeur de chaleur comprend une plaque d’éva-
porateur à laquelle les transistors sont couplés ther-
miquement, et dans lequel l’isolant recouvre la tota-
lité de la plaque d’évaporateur.

12. Onduleur selon la revendication 1, dans lequel l’iso-
lant est une couverture faite d’un composé isolant
durci (90).

13. Onduleur selon la revendication 1, dans lequel le
composé d’enrobage est un isolant à base de silico-
ne ayant une faible tension de surface lorsqu’il est
non durci et une consistance similaire à du gel lors-
qu’il est durci.

14. Onduleur selon la revendication 1, dans lequel le
composé isolant contient un matériau de remplissa-
ge.

15. Onduleur selon la revendication 14, dans lequel le
matériau de remplissage est un matériau diélectri-
que.
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