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(57) Abstract: A multi-pulse transformer with multiple taps provides a constant magnitude voltage output to a variable speed
chiller's compressor motor over a range of input voltages. The 3-phase transtormer includes primary windings and a plurality of sec -
ondary windings. The secondary windings are electromagnetically coupled with the associated primary winding. The primary wind -
ings include taps for receiving multiple input AC voltages and the secondary windings have a single output terminal for supplying a
predetermined output voltage which, after rectification produces a DC multi-pulse waveform for powering a DC link of a variable
speed drive. Alternatively the 3-phase transformer includes multiple taps on the secondary windings. Each of the primary windings
has a terminal for receiving an input AC voltage. The taps of the secondary windings provide an output voltage that is converted to a
multi-pulse waveform for powering a DC link of a variable speed drive.
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MULTI-PULSE CONSTANT VOLTAGE TRANSFORMER FOR A
VARIABLE SPEED DRIVE IN CHILLER APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to and the benefit of U.S. Provisional
Patent Application No. 61/934,918 filed February 3, 2014, entitled "MULTI-PULSE
CONSTANT VOLTAGE TRANSFORMER FOR A VARIABLE SPEED DRIVE IN
CHILLER APPLICATIONS", which is hereby incorporated by reference.

BACKGROUND

[0002] The application generally relates to a multiple pulse, or multi-pulse,
transformer. The application relates more specifically to a multi-pulse transformer with
multiple taps to provide a constant magnitude voltage output to a variable speed chiller’s

compressor motor over a range of input voltages.

[0003] AC-t0-DC converters play a significant role in the modern energy conversion
industry. Multi-pulse transformers (18 pulse, 24 pulse or others) along with full wave
rectifiers have been used to reduce input current harmonic and meet industry guidelines
for limits on voltage distortion, e.g., as may be caused by harmonics generated in the

converter.

[0004] Manufacturers of computers and other digital equipment such as
programmable controllers may require AC power sources having a harmonic distortion
factor of no more than a 5%, and the largest single harmonic having no more than 3% of
the rated RMS line voltage. Higher levels of harmonics may result in malfunctions of
peripheral equipment that can have serious consequences. Instruments can be affected by

providing erroneous data or otherwise performing outside the design criterion.

[0005] Intended advantages of the disclosed systems and/or methods satisfy one or
more of these needs or provide other advantageous features. Other features and

advantages will be made apparent from the present specification. The teachings disclosed
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extend to those embodiments that fall within the scope of the claims, regardless of

whether they accomplish one or more of the aforementioned needs.
SUMMARY

[0006] One embodiment relates to a variable speed drive system that receives an
input AC power at a fixed AC input voltage magnitude and frequency and provides an
output AC power at a variable voltage and variable frequency. The variable speed drive
includes a multiple pulse transformer connected to a three-phase AC power source
providing the input AC voltage. A converter converts the input AC voltage to a DC
voltage. A DC link is connected to the converter stage. The DC link filters and stores the
DC voltage from the converter stage. An inverter is connected to the DC link to convert
the DC voltage from the DC link into the output AC power. The multiple pulse
transformer includes three primary windings. Each of the primary windings is connected
to a phase of the three-phase AC power source. Each of the primary windings includes a
plurality of input taps for connection to the AC power source. The multiple pulse
transformer also includes a plurality of secondary windings. Each secondary winding
includes three phase windings respectively. Each phase winding of the respective
secondary winding has a predetermined phase shift with respect to a corresponding phase
winding of the remaining secondary windings. The phase shifting of the phase windings
results in three sinusoidal output voltage waves for each secondary winding. The

sinusoidal output voltage waves are substantially evenly spaced over 360 degrees.

[0007] Another embodiment relates to a variable speed drive system that receives an
input AC power at a fixed AC input voltage magnitude and frequency and provide an
output AC power at a variable voltage and variable frequency. The variable speed drive
includes a multiple pulse transformer connected to a three-phase AC power source
providing the input AC voltage. A converter configured to convert the input AC voltage
to a DC voltage. A DC link is connected to the converter. The DC link filters and stores
the DC voltage from the converter. An inverter is connected to the DC link to convert the
DC voltage from the DC link into the output AC power having variable voltage and

variable frequency. The multiple pulse transformer includes three primary windings

-
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connected to the three-phase AC power source. Each primary winding includes at least
one input tap for connection to the AC power source. The multiple pulse transformer also
includes a plurality of secondary phase windings. Each secondary phase winding includes

multiple voltage output terminals.

[0008] Still another embodiment relates to a chiller system including a refrigerant
circuit. The refrigerant circuit includes compressor, a condenser, and an evaporator
connected in a closed refrigerant loop. A multiple pulse transformer includes three
primary windings connected to a three-phase AC power source and a plurality of
secondary windings connected to a variable speed drive to power a motor of the
compressor. The primary windings or secondary windings include multiple taps for
providing a multiple phase output voltage with a predetermined phase shift with respect
to a corresponding winding of the remaining primary or secondary windings. The phase
shifting of the multiple phase output voltage provides three multiple sinusoidal output
voltage waves for each of the plurality of secondary windings, with the multiple

sinusoidal output voltage waves being substantially evenly spaced over 360 degrees.

[0009] An advantage of the embodiments described herein include a multi-pulse
transformer that has multiple taps either on the input winding or on the output winding
such that AC output voltage with constant magnitude is obtained under different input

voltage levels, for example 380V input voltage, 460V input voltage or etc.

[0010] Another advantage is a constant value of AC output voltage may be provided
from a DC link in a variable speed drive with an optimal DC link voltage value. The DC
link voltage is obtained after the AC input voltage is applied to multiple full wave

rectifiers.

[0011] Another advantage is that for low voltage (600 Volts AC or less) HVAC
applications, a 575V 60 Hz motor may be used for all 380 to 600 Volt AC 50 and 60 Hz
applications, which allows one family of motors for all applications globally, is most cost
effective; maximizes the output rating in horsepower for a given insulated gate bipolar
transistor (IGBT) inverter power pole; and minimizes the cost of the motor. This is

because IGBTs are rated in amps, so a higher voltage motor increases the output
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horsepower rating. The use of a 575 V, four pole motor that is driven over a range of at
least twice the power line input frequency could further reduce system cost and size for a
given horsepower rating. For all input voltages ranging from 380 to 600 Volts AC, 50
and 60 Hz, if all compressor motors selected are rated at 575 Volts, 60 Hz, the DC link
voltage could be fixed at 820V.

[0012] A further advantage of the disclosed multi-pulse constant voltage transformer
is to simplify variable speed drive design in global applications, since utility grid voltages

vary from country to country.

[0013] Still other advantages provide by the use of a multi-pulse transformer in a
variable speed drive include reduced input current harmonics, improved immunity to
power quality issues, and increased efficiency over PWM rectifiers. Transformers are
generally more efficient than PWM rectifiers since a PWM rectifier has switching and
conducting losses associated with the IGBTs or other power semiconductor switching

devices.

[0014] Alternative exemplary embodiments relate to other features and combinations

of features as may be generally recited in the claims.
BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 shows an exemplary embodiment for a heating, ventilation and air

conditioning system.
[0016] FIG. 2 shows an isometric view of an exemplary vapor compression system.

[0017] FIG. 3 shows schematically an exemplary embodiment for a heating,

ventilation and air conditioning system.

[0018] FIG. 4 shows schematically an exemplary embodiment of a variable speed

drive.

[0019] FIG. 5 shows an exemplary multi-pulse transformer with multiple tap primary

windings.



WO 2015/116447 PCT/US2015/012193

[0020] FIG. 6 shows an exemplary multi-pulse transformer with multiple tap

secondary windings.
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0021] FIG. 1 shows an exemplary environment for a heating, ventilation and air
conditioning (HVAC) system 10 in a building 12 for a typical commercial setting.
System 10 can include a vapor compression system 14 that can supply a chilled liquid
which may be used to cool building 12. System 10 can include a boiler 16 to supply a
heated liquid that may be used to heat building 12, and an air distribution system which
circulates air through building 12. The air distribution system can also include an air
return duct 18, an air supply duct 20 and an air handler 22. Air handler 22 can include a
heat exchanger that is connected to boiler 16 and vapor compression system 14 by
conduits 24. The heat exchanger in air handler 22 may receive either heated liquid from
boiler 16 or chilled liquid from vapor compression system 14, depending on the mode of
operation of system 10. System 10 is shown with a separate air handler on each floor of
building 12, but it is appreciated that the components may be shared between or among

floors.

[0022] FIGS. 2 and 3 show an exemplary vapor compression system 14 that can be
used in HVAC system 10. Vapor compression system 14 can circulate a refrigerant
through a circuit starting with compressor 32 and including a condenser 34, expansion
valve(s) or device(s) 36, and an evaporator or liquid chiller 38. Vapor compression
system 14 can also include a control panel 40 that can include an analog to digital (A/D)
converter 42, a microprocessor 44, a non-volatile memory 46, and an interface board 48.
Some examples of fluids that may be used as refrigerants in vapor compression system 14
are hydrofluorocarbon (HFC) based refrigerants, for example, R-410A, R-407, R-134a,
hydrofluoro olefin (HFO), “natural” refrigerants like ammonia (NH3), R-717, carbon
dioxide (CO;), R-744, or hydrocarbon based refrigerants, water vapor or any other

suitable type of refrigerant.

[0023] Motor 50 used with compressor 32 can be powered by a variable speed drive

(VSD) 52 or can be powered directly from an alternating current (AC) or direct current
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(DC) power source. Motor 50 can include an induction, or synchronous motor, or
switched reluctance (SR) motor, or permanent magnet synchronous motor (PMSM) that

can be powered by a VSD or directly from an AC or DC power source.

[0024] FIG. 4 shows an exemplary embodiment of a VSD including a multiple pulse
transformer 100. VSD 52 receives AC power having a particular fixed line voltage and
fixed line frequency from an AC power source and provides AC power to motor 50 at a
desired voltage and desired frequency, both of which can be varied to satisfy particular
requirements. VSD 52 can have four components: a multiple pulse transformer, a
rectifier/converter 222, a DC link 224 and an inverter 226. The multiple pulse
transformer transforms a 3-phase input AC voltage into multiple AC or sinusoidal voltage
waveforms as described in greater detail below. The rectifier/converter 222 converts the
multiple sinusoidal voltage waveforms from the multiple pulse transformer 100 into DC
voltage. The DC link 224 filters the DC power from the converter 222 and provides
energy storage components such as capacitors and/or inductors. Finally, inverter 226
converts the DC voltage from DC link 224 into variable frequency, variable magnitude

AC voltage for motor 50.

[0025] In an exemplary embodiment, the rectifier/converter 222 may be a three-phase
pulse width modulated boost rectifier having insulated gate bipolar transistors to provide
a boosted DC voltage to the DC link 224 to obtain a maximum RMS output voltage from
VSD 52 greater than the input voltage to VSD 52. Alternately, the converter 222 may be

a passive diode or thyristor rectifier without voltage-boosting capability.

[0026] VSD 52 can provide a variable magnitude output voltage and variable
frequency to motor 50, to permit effective operation of motor 50 in response to a
particular load conditions. Control panel 40 can provide control signals to VSD 52 to
operate the VSD 52 and motor 50 at appropriate operational settings for the particular
sensor readings received by control panel 40. For example, control panel 40 can provide
control signals to VSD 52 to adjust the output voltage and output frequency provided by
VSD 52 in response to changing conditions in vapor compression system 14, i.e., control

panel 40 can provide instructions to increase or decrease the output voltage and output
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frequency provided by VSD 52 in response to increasing or decreasing load conditions on
compressor 32. The estimated rotor phase angle 6; and rotor frequency w;, of motor 50, as
described in more detail below, may be input to the control panel for feedback control of

the position and rotational frequency of motor 50.

[0027] Compressor 32 compresses a refrigerant vapor and delivers the vapor to
condenser 34 through a discharge passage. In one exemplary embodiment, compressor 32
can be a centrifugal compressor having one or more compression stages. The refrigerant
vapor delivered by compressor 32 to condenser 34 transfers heat to a fluid, for example,
water or air. The refrigerant vapor condenses to a refrigerant liquid in condenser 34 as a
result of the heat transfer with the fluid. The liquid refrigerant from condenser 34 flows
through expansion device 36 to evaporator 38. A hot gas bypass valve (HGBV) 134 may
be connected in a separate line extending from compressor discharge to compressor
suction. In the exemplary embodiment shown in FIG. 3, condenser 34 is water cooled and

includes a tube bundle 54 connected to a cooling tower 56.

[0028] The liquid refrigerant delivered to evaporator 38 absorbs heat from another
fluid, which may or may not be the same type of fluid used for condenser 34, and
undergoes a phase change to a refrigerant vapor. In the exemplary embodiment shown in
FIG. 3, evaporator 38 includes a tube bundle 60 having a supply line 60S and a return
line 60R connected to a cooling load 62. A process fluid, for example, water, ethylene
glycol, calcium chloride brine, sodium chloride brine, or any other suitable liquid, enters
evaporator 38 via return line 60R and exits evaporator 38 via supply line 60S. Evaporator
38 lowers the temperature of the process fluid in the tubes. The tube bundle 60 in
evaporator 38 can include a plurality of tubes and a plurality of tube bundles. The vapor
refrigerant exits evaporator 38 and returns to compressor 32 by a suction line to complete
the circuit or cycle. In an exemplary embodiment, vapor compression system 14 may use
one or more of each of variable speed drive (VSD) 52, motor 50, compressor 32,
condenser 34, expansion valve 36 and/or evaporator 38 in one or more refrigerant

circuits.



WO 2015/116447 PCT/US2015/012193

[0029] Referring next to FIG. 5, an exemplary multi-pulse transformer 100 includes
input or primary windings 102a, 102b and 102c¢ for connection to a three-phase input
power source 104. Each of input windings 102a, 102b and 102c includes multiple
terminals for connection to input power source 104. In the exemplary embodiment shown
in FIG. 5 there are three terminals on each input winding, indicated as terminals A, Al
and A2 on winding 102a; terminals B, B1 and B2 on winding 102b, and terminals C, C1
and C2 on winding 102c.

[0030] Transformer 100 further includes output or secondary windings 104, 106 and
108, each of which has three phase windings designated as a, b and c, respectively. As
indicated in FIG. 5, secondary phase winding 104a has a phase shift of © with respect to
secondary phase winding 106a, and secondary winding 108a has a phase shift of -© with
respect to secondary winding 106a. Similarly each of the respective output windings
104b, 106b, and 108b is phase shifted +/- © with respect to the adjacent phase, and each
of output windings 104¢, 106¢ and 108c is phase shifted +/- ©. Phase shifting of
secondary windings 104, 106 and 108 and their respective phase windings results in nine
sine waves at the output terminals D, E, F, respectively of phase windings 104 a, b & ¢;
106 a, b & ¢, and 108 a, b & c, respectively at substantially equally spaced phase angles,
or at about 40° angles of separation between voltage peaks. When rectified by
rectifier/converter 222, the resulting wave form results in an 18 pulse DC waveform
supplied to DC link 224. While the exemplary embodiments as described are for 18 pulse
(9 phase) output waveform, it should be understood that other configurations, e.g., 12-
pulse (6-phase), 24-pulse (12-phase), as desired to achieve the desired ripple factor
available at the DC link.

[0031] In the exemplary embodiment shown in FIG. 5, input windings 102 may be

wound for input terminals arranged as follows:

575 Volts ——» terminals A,B & C
460 Volts ——  terminals Al, B1 & C1
400/415 Volts —— terminals A2, B2 & C2
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Thus, depending on the utility voltage available at input power source 104, any of the
three voltages above may be applied at the respective terminals to provide the same
output voltage at the output terminals of secondary phase windings, e.g., 580 VAC RMS
voltage in order to convert the output voltage of secondary phase windings to 820 VDC
on the DC link. As indicated above, it is common to use a 575 volt motor for HVAC
applications to maximize output power for a given IGBT inverter power pole. A 575 V,
four pole motor may be driven over a range of at least twice the power line input
frequency to reduce system cost and size for a given motor horsepower rating. For a
575V induction machine, the preferred DC link voltage is 820V, although transformer
100 may be designed to provide various DC bus voltages, €.g., in a range of 813V up to
1000V, suitable for motor voltage ratings of 575 volts.

[0032] Referring next to FIG. 6, in an alternate embodiment an exemplary multi-
pulse transformer 200 having secondary windings with multiple taps is shown. In another
embodiment multiple taps may be provided on the output winding 204, 206, 208 such
that AC output voltage is maintained with constant magnitude is obtained under different
input voltage levels, for example 380V input voltage, 460V input voltage or etc. In an
embodiment where secondary windings include multiple taps, primary windings 202 may
include only one terminal connection to the input voltage. Alternately primary windings

202 may also include multiple taps.

[0033] Multi-pulse transformer 200 includes input or primary windings 202 with 3-
primary phase windings 202a, 202b and 202c¢ for connection to a three-phase input power
source 202. As shown in FIG. 6, each input winding 202a, 202b and 202c¢ includes a

single input terminal A;, B;, C,, respectively, for connection to input power source 202.

[0034] Transformer 200 further includes output or secondary windings 204, 206 and
208, each of which has three output phase windings with multiple terminals. On output
winding 204, phase A terminals are designated as Ao1, Aor1, and Aoiz; phase B terminals
as Boy, Boi, and Borz and phase C terminals as Coi, Corr, and Coia, respectively. On
output winding 206, phase A terminals are designated as Aoz, Ao2i, and Aopy; phase B

terminals as Bos, Bozi, and Boy and phase C terminals as Coz, Co2i, and Coo,
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respectively; On output winding 208, phase A terminals are designated as Ao3, Aosi, and
Ao32; phase B terminals as Bos, Bosi, and Bos; and phase C terminals as Co3, Co3i, and
Cosa, respectively. As indicated in FIG. 6, secondary phase winding 204A has a phase
shift of © with respect to secondary phase winding 206A, and secondary winding 208A
has a phase shift of -© with respect to secondary winding 206A. Similarly each of the
respective output windings 204B, 206B,and 208B is phase shifted +/- © with respect to
the adjacent phase, and each of output windings 204C, 206C and 208C is phase shifted
+/- © with respect to the adjacent phase. Phase shifting of secondary windings 204, 206
and 208 and their respective phase windings results in nine sine waves at the output
terminals D, E, F, respectively of phase windings 204 A, B & C; 206 A, B & C, AND
208 A, B & C, respectively at substantially equally spaced phase angles, or at about 40°
angles of separation between voltage peaks. When rectified by rectifier/converter 222, the

resulting wave form results in an 18 pulse waveform supplied to DC link 224.

[0035] In the exemplary embodiment shown in FIG. 6, input windings 202 may be
wound for a standard input AC voltage, and the output terminals arranged to output 575
Volts at one of the 3 terminal options, depending on the standard input AC voltage, e.g.,

575V, 460V or 400/415V, applied at terminals 202 A;, B;, C;.

[0036] Thus, depending on the utility voltage provided at input power source 202,
any of the three voltages above applied at the input terminals will provide the desired
output voltage at one the output terminal combinations of secondary phase windings, e.g.,
575 volts for a 575V motor. As indicated above, it is common to use a 575 volt motor for

HVAC applications to maximize output power for a given IGBT inverter power pole.

[0037] It should be understood that the application is not limited to the details or
methodology set forth in the following description or illustrated in the figures. It should
also be understood that the phraseology and terminology employed herein is for the

purpose of description only and should not be regarded as limiting.

[0038] While the exemplary embodiments illustrated in the figures and described
herein are presently preferred, it should be understood that these embodiments are offered

by way of example only. Accordingly, the present application is not limited to a
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particular embodiment, but extends to various modifications that nevertheless fall within
the scope of the appended claims. The order or sequence of any processes or method

steps may be varied or re-sequenced according to alternative embodiments.

[0039] It is important to note that the construction and arrangement of the multi-pulse
transformer as shown in the various exemplary embodiments is illustrative only.
Although only a few embodiments have been described in detail in this disclosure, those
who review this disclosure will readily appreciate that many modifications are possible
(e.g., variations in sizes, dimensions, structures, shapes and proportions of the various
elements, values of parameters, mounting arrangements, use of materials, colors,
orientations, etc.) without materially departing from the novel teachings and advantages
of the subject matter recited in the claims. For example, elements shown as integrally
formed may be constructed of multiple parts or elements, the position of elements may be
reversed or otherwise varied, and the nature or number of discrete elements or positions
may be altered or varied. Accordingly, all such modifications are intended to be included
within the scope of the present application. The order or sequence of any process or
method steps may be varied or re-sequenced according to alternative embodiments. In the
claims, any means-plus-function clause is intended to cover the structures described
herein as performing the recited function and not only structural equivalents but also
equivalent structures. Other substitutions, modifications, changes and omissions may be
made in the design, operating conditions and arrangement of the exemplary embodiments

without departing from the scope of the present application.
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CLAIMS:

1. A variable speed drive system configured to receive an input AC power at a fixed AC
input voltage magnitude and frequency and provide an output AC power at a variable
voltage and variable frequency, the variable speed drive comprising:

a multiple pulse transformer, connected to a three-phase AC power
source providing the input AC voltage;

a converter configured to convert the input AC voltage to a DC voltage;

a DC link connected to the converter stage, the DC link being configured
to filter and store the DC voltage from the converter stage; and

an inverter connected to the DC link, the inverter being configured to
convert the DC voltage from the DC link into the output AC power having the
variable voltage and the variable frequency;

the multiple pulse transformer comprising:

three primary windings, each of the primary windings connected to a
phase of the three-phase AC power source; each of the primary windings
comprising a plurality of input taps for connection to the AC power source;

a plurality of secondary windings, each secondary winding comprising
three phase windings respectively; each phase winding of the respective
secondary winding comprising a predetermined phase shift with respect to a
corresponding phase winding of the remaining secondary windings;

wherein the phase shifting of the phase windings results in three
sinusoidal output voltage waves for each secondary winding, the sinusoidal

output voltage waves being substantially evenly spaced over 360 degrees.

2. The variable speed drive system of claim 1, wherein the plurality of secondary
windings comprises a first, a second and a third secondary winding; and the first
secondary winding comprises a phase angle shift of -© with respect to the second
secondary winding, and a phase angle shift of +© with respect to the third secondary

winding,
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10.

11.

The variable speed drive system of claim 2, wherein the respective phase angle shift
of the secondary windings and their respective phase windings results in nine

sinusoidal output voltage waves at output terminals of the phase windings.

The variable speed drive system of claim 2, wherein the sinusoidal output voltage

waves are spaced at about 40° angles of separation.

The variable speed drive system of claim 1, wherein the converter is configured to
rectify the nine sinusoidal output voltage waves to generate an 18-pulse DC

waveform supplied to the DC link.

The variable speed drive system of claim 1, wherein the sinusoidal output voltage
wave comprises 12-pulses and 6-phases to achieve a predetermined ripple factor at

the DC link.

The variable speed drive system of claim 1, wherein the sinusoidal output voltage
wave comprises 24-pulses and 12-phases to achieve a predetermined ripple factor at

the DC link.

The variable speed drive system of claim 1, wherein the primary windings are wound
for input terminals arranged for 575 Volts on a first set of input taps, 460 Volts on a
second set of input taps, and 400 to 415 Volts on a third set of input taps, wherein any
of the respective voltage levels may be applied at the respective input taps to provide
a fixed secondary voltage at the output terminals of the associated secondary
windings.

The variable speed drive system of claim 8, wherein the fixed secondary voltage is
580 VAC RMS voltage input to the converter to provide 820 VDC on the DC link,

and wherein the motor being a four pole motor to be driven by the inverter over a

range of at least two times a power line input frequency.

The variable speed drive system of claim 9, wherein the DC link voltage ranges from

813V to 1000V, and the inverter output voltage is 575 volts.

A variable speed drive system configured to receive an input AC power at a fixed AC
input voltage magnitude and frequency and provide an output AC power at a variable

voltage and variable frequency, the variable speed drive comprising:
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12.

13.

14.

15.

16.

PCT/US2015/012193

a multiple pulse transformer, connected to a three-phase AC power
source providing the input AC voltage;

a converter configured to convert the input AC voltage to a DC voltage;

a DC link connected to the converter stage, the DC link being configured
to filter and store the DC voltage from the converter stage; and

an inverter connected to the DC link, the inverter being configured to
convert the DC voltage from the DC link into the output AC power having the
variable voltage and the variable frequency;

the multiple pulse transformer comprising:

three primary windings, each of the primary windings connected to a
phase of the three-phase AC power source; each of the primary windings
comprising at least one input tap for connection to the AC power source; and

a plurality of secondary phase windings, each secondary phase winding

having multiple voltage output terminals.

The variable speed drive system of claim 11, wherein each secondary phase winding
has a phase angle shift of © with respect to a first adjacent secondary phase winding,
and has a phase angle shift of -© with respect to a second adjacent secondary
winding.

The variable speed drive system of claim 12, wherein the phase angle shift between
each of the secondary phase windings generates nine sinusoidal voltage waves at the

multiple voltage output terminals respectively of the secondary phase windings.

The variable speed drive system of claim 13, wherein the respective sinusoidal

voltage waves are at substantially equally spaced phase angles.

The variable speed drive system of claim 13, wherein the phase angles are about 40°

angles of separation between sinusoidal voltage waves.

The variable speed drive system of claim 13, wherein the converter is configured to
rectify the nine sinusoidal output voltage waves to generate an 18-pulse DC

waveform supplied to the DC link.

-14-
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17.

18.

19.

20.

The variable speed drive system of claim 13, wherein the primary windings are
wound for a predetermined fixed input AC voltage, and the multiple output voltage
terminals are arranged to output 575 Volts on at least one of the multiple output
voltage terminals, the output voltage terminals depending on the predetermined fixed

input AC voltage.

A chiller system comprising:

a refrigerant circuit comprising compressor, a condenser, and an
evaporator connected in a closed refrigerant loop; and

a multiple pulse transformer comprising three primary windings
connected to a three-phase AC power source and a plurality of secondary
windings connected to a variable speed drive to power a motor of the
compressor;

at least one of the primary windings or the secondary windings
comprising multiple taps for providing a multiple phase output voltage
comprising a predetermined phase shift with respect to a corresponding
winding of the remaining secondary windings;

wherein the phase shifting of the multiple phase output voltage provides
three multiple sinusoidal output voltage waves for each of the plurality of
secondary windings with the multiple sinusoidal output voltage waves being

substantially evenly spaced over 360 degrees.

The chiller system of claim 18, wherein the primary winding comprising the multiple
taps for receiving the three-phase AC power source, wherein the primary windings
are wound for input terminals arranged for 575 Volts on a first set of input taps, 460
Volts on a second set of input taps, and 400 to 415 Volts on a third set of input taps,
wherein any of the designated voltage levels applied at the associated first, second or
third input taps provide a fixed secondary voltage at the output terminals of the

associated secondary windings.

The chiller system of claim 18, wherein the plurality of secondary winding each
comprising three phase windings, and each phase winding comprising the multiple

taps for outputting a multiple sinusoidal output voltage wave wherein the multiple

-15-
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sinsusoidal output voltage provides multiple sinusoidal output voltage waves for each
of the plurality of secondary windings with the multiple sinusoidal output voltage

waves substantially evenly spaced over 360 degrees.

-16-
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