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Description

BACKGROUND INFORMATION

[0001] The subject matter disclosed herein relates to
a method of delivering power and control voltages in a
distributed DC bus system. More specifically, a system
of delivering power and control voltages over common
conductors in a distributed DC bus system is disclosed.
[0002] A distributed DC bus system supplies DC power
to multiple loads from a single DC source. One applica-
tion for a distributed DC bus is found in industrial control.
A controlled machine or process may have multiple axes
of motion, where each axis is controlled by a motor. A
single rectifier front end is provided to convert, for exam-
ple, a three-phase AC voltage from a utility supply to a
DC voltage. The three-phase AC voltage may be, for ex-
ample, 230 VAC or 460 VAC and the resulting DC voltage
supplied on the distributed DC bus may be 325 VDC or
650 VDC, respectively. The power rating of the rectifier
front end is sufficient to supply enough current at the
corresponding DC voltage level to multiple motor drives
via the distributed DC bus. A first set of conductors is
provided to supply the DC bus voltage from the rectifier
front end to each motor drive in the system. Each motor
drive receives the DC voltage and supplies a controlled
AC voltage, having a variable amplitude and variable fre-
quency, to a motor connected to the motor drive to
achieve desired operation of the motor.
[0003] However, in addition to the DC bus voltage re-
quired to generate the AC voltage used to control rotation
of the motor, each motor drive requires a control voltage
to supply power to control circuits such as a microproc-
essor executing within the motor drive, logic circuits, gate
drive circuits, analog-to-digital converters, digital-to-an-
alog converters, communication circuits, and the like.
The control voltage is commonly at or below 50 VDC,
which is considered a safe voltage that does not require
further guarding against accidental contact, and is simi-
larly distributed to the motor drives. In many applications,
it is desirable to have the control voltage present without
having the DC Bus voltage present. During commission-
ing, for example, the control voltage is required to enable
a technician to set parameters on the motor drive that
will define how the motor controlled by the motor drive
will operate. Consequently, the control voltage is sup-
plied independently of the DC bus voltage. Either a sep-
arate power supply generates the control voltage or the
rectifier front end is configured to supply the control volt-
age via an output separate from the DC bus voltage. A
second set of conductors is provided to connect the con-
trol voltage to each of the motor drives. However, be-
cause the current and power rating of the control voltage
is much less than the current and power rating required
to supply power to control rotation of the motor, the size
of the wires utilized for distributing control power to the
motor drives is correspondingly less than the size of the
wires or than the bus cross-section utilized for distributing

DC bus voltage to the motor drives..
[0004] Use of the smaller size wire to distribute control
power to motor drives is not without certain drawbacks.
Smaller wire has a greater resistance per unit length than
a larger wire. Thus, wire used to distribute control power
has a greater resistance than wire used to distribute the
DC bus voltage when run the same distance. If the control
power is also distributed from the rectifier front end to
each motor drive, this resistance per unit length can gen-
erate a voltage drop on the control power conductors that
may limit the distance that a motor drive may be located
from the rectifier front end.
[0005] Thus, it would be desirable to provide a system
for distributing DC bus voltage and control power to mul-
tiple motors with an increased distance that the motor
drive may be positioned from the rectifier front end.
[0006] Additionally, a motor may require external de-
vices connected to the motor which, in turn, require con-
trol power to operate. The motor may include a brake
and/or a fan which operate from the control power to the
motor. A brake requires a significant current to energize
the brake coil to release the brake. The system must be
configured to supply the current required during opera-
tion if each brake coil is energized in tandem. The current
required by the brakes may limit the number of brakes
and, therefore, limit the number of motors that may be
connected to a single power supply. The total power
drawn from the control power supply is equal to the am-
plitude of the voltage times the amplitude of the current.
If the power supply must be able to supply power to con-
trol components within the motor drive as well as to sup-
ply power to external components connected to the mo-
tor, the number of motors receiving control power from
a single power supply is reduced. Additional power sup-
plies may, therefore, be required either within a central
control cabinet or distributed around the controlled ma-
chine or process to provide the required control power.
[0007] Thus, it would be desirable to provide a system
capable of supplying control power to an increased
number of motor drives, reducing the number of power
supplies required within an application.
[0008] In order to supply both DC bus voltage and con-
trol power from the rectifier front end, cables are required
for each. Additionally, the rectifier front end commonly
requires communication with the motor drive, requiring
still another cable for communication. One method of pro-
viding the DC bus voltage, control power, and commu-
nications between the rectifier front end and each motor
drive is to supply three separate cables. A first cable sup-
plies the DC bus voltage, a second cable provides the
control power, and a third cable transmits data packets
between the devices. The first cable includes three con-
ductors and may include a shield within a jacket or hous-
ing, where the three conductors are for the positive DC
bus voltage, the negative DC bus voltage, and a ground
connection. The second cable includes two conductors
and a shield within a jacket or housing, where the two
conductors are for the positive control voltage and the
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negative control voltage. The third cable includes a pair
of transmit conductors, a pair of receive conductors, and
a shield within a jacket or housing. Each of the three
cables must be routed between the rectifier front end and
a motor drive.
[0009] Routing three cables, however, requires addi-
tional cost, space, and wiring time during assembly of
the controlled machine or process. To facilitate assem-
bly, it is known to provide a bundled cable. In one option,
the DC bus voltage cable and the control power cable
are bundled into a single cable, and the communication
cable is routed separately. The bundled DC bus voltage
and control power cable includes the five conductors
within the jacket, where two conductors are provided for
DC bus voltage, one conductor is a ground conductor
and two conductors are provided for the control voltage
such that both the DC bus voltage and the control power
and included within a single cable. In another option, all
three of the previously discussed cables (e.g., DC bus
voltage cable, control power cable, and communication
cable) may be bundled into a single cable. While the
number of cables that must be routed and assembled is
decreased, the number of conductors remains the same.
The single bundled cable includes nine conductors where
each of the three separate cables similarly require nine
conductors total between the three cables. The number
of connections is not reduced, the weight per unit length
of the cable increases, and the flexibility of the cable de-
creases as an increased number of conductors must be
bent at the same time.
[0010] Thus, it would be desirable to provide a system
for distributing DC voltage and control power in a distrib-
uted DC bus system that simplifies wiring without incur-
ring the disadvantages of the bundled cables.
WO 2019/011444 A1 discloses that a rectifier stage is
used to charge a DC link stage to a first (low) voltage.
Next, the main SMPS circuit is started. Thus, the voltage
output by the rectifier stage in the step must be sufficient
to enable the SMPS circuit to function. Then the control
34 is turned on. In order for the control module to be
turned on, the main SMPS circuit needs to be outputting
a sufficient voltage. Finally, the rectifier is used to charge
the DC link voltage to a second, higher level. This second
higher level is the normal operating level of the system.
Anonymous, "SINAMICS S120 Cabinet Modules",
Equipment Manual, DE, (2008-10-01), pages 1 - 456 dis-
closes on pages 136 and 149 a smart line module and
an the active line module, respectively, each of which
comprise an internal power supply powered by 24 Volt
DC Line to provide power to a braking module over the
DC bus in cases when the main power is interrupted.
US 2014/320048 A1 discloses an exemplary embodi-
ment of a distributed motor control system 10 including
a power interface module, a pair of 14 , and a pair of
integrated motor drives. A first communication cable is
connected between the power interface module and a
first communication connector on the first integrated mo-
tor drive. A second communication cable connects a sec-

ond communication connector from the first integrated
motor drive to the first communication connector on the
second integrated motor drive. A first power cable is con-
nected between the power interface module and a first
power connector on the first integrated motor drive. A
second power cable connects a second power connector
from the first integrated motor drive to the first power
connector on the second integrated motor drive.
G. I. C LOBATO ET AL, "Powerline Communication
(PLC) through power converter’s DC bus: Applicability
assessment", 2015 IEEE 13TH BRAZILIAN POWER
ELECTRONICS CONFERENCE AND 1ST SOUTHERN
POWER ELECTRONICS CONFERENCE (CO-
BEP/SPEC), 01-11-2015, relates to an applicability as-
sessment regarding power line communication through
power converter’s DC bus. An analysis is provided of the
applicability of Power Line Communication, when used
for data transmission between the supervisory system
and remote systems, in an application based on static
frequency converters, using the converter’s DC link as a
transmission medium.
It is the object of the present invention to provide an im-
proved system for distributing a DC bus voltage and a
control voltage.
This object is solved by the subject matter of claim 1.
Preferred embodiments are defined by the dependent
claims.
[0011] The subject matter disclosed herein describes
a system for distributing DC bus voltage and control pow-
er to multiple motors that is not limited in length by a
smaller control wire. A rectifier front end receives AC volt-
age as an input and converts the AC voltage to a DC bus
voltage. The rectifier front end also receives a control
voltage which it may first convert to a desired DC control
voltage or pass directly on to other devices if the control
voltage received is at the desired DC control voltage.
Both the DC bus voltage and the DC control voltage are
distributed via a common set of conductors. Consequent-
ly, the system distributes DC bus voltage and control
power without incurring the disadvantages of bundled
cables. Diodes are operatively connected between the
DC control voltage and the DC bus such that the diodes
are forward biased when the DC control voltage is
present and the DC bus voltage is not present, and the
diodes are reverse biased when the DC control voltage
is present and the DC bus voltage is present. The diodes
allow forward conduction of the DC control voltage and
distribution of control power to distributed devices when
the DC bus voltage is not present. Once the DC bus volt-
age is present, the diodes block conduction of the DC
control voltage. Each of the distributed devices are con-
figured with an internal power supply that is operative to
generate an internal control voltage from either the DC
control voltage or the DC bus voltage. Because the ex-
ternal devices on the motor are not required to operate
without DC bus voltage present, the distributed device
may draw DC bus voltage to power the external devices,
and the system no longer requires control power for op-
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eration of external devices on the motor.
[0012] According to a first embodiment of the invention,
a distributed DC bus system includes a first input config-
ured to receive an AC input voltage, a rectifier section
operative to convert the AC input voltage to a DC bus
voltage having a first amplitude, a DC bus electrically
connected to the rectifier section and operative to receive
the DC bus voltage, and a pair of diodes operatively con-
nected between a DC control voltage and the DC bus.
The DC control voltage is less than the DC bus voltage,
and at least one motor drive is operatively connected to
the DC bus. The pair of diodes are operatively connected
to be forward biased when the DC control voltage is
present in the distributed DC bus system and the DC bus
voltage is not present on the DC bus, and the pair of
diodes are operatively connected to be reverse biased
when the DC control voltage is present in the distributed
DC bus system and the DC bus voltage is present on the
DC bus. Each motor drive includes an inverter section
electrically connected to the DC bus to receive the DC
bus voltage as an input and to provide an AC voltage as
an output and a power supply electrically connected to
the DC bus. The power supply is operative to output a
motor drive control voltage from either the DC bus voltage
or the DC control voltage present on the DC bus.
[0013] According to another embodiment of the inven-
tion, a distributed DC bus system includes a first input
configured to receive an AC input voltage, a rectifier sec-
tion operative to convert the AC input voltage to a DC
voltage having a first amplitude, a DC bus electrically
connected to the rectifier section and operative to receive
the DC bus voltage, and a pair of diodes operatively con-
nected between a DC control voltage and the DC bus,
where the DC control voltage is less than the DC bus
voltage. The pair of diodes are operatively connected to
be forward biased when the DC control voltage is present
in the distributed DC bus system and the DC bus voltage
is not present on the DC bus, and the pair of diodes are
operatively connected to be reverse biased when the DC
control voltage is present in the distributed DC bus sys-
tem and the DC bus voltage is present on the DC bus.
The DC bus is configured to be electrically connected
between the rectifier section and at least one motor drive.
Each motor drive includes an inverter section operative
to output an AC output voltage from the DC bus voltage
received as an input, and each motor drive includes a
power supply operative to output a motor drive control
voltage from either the DC bus voltage or the DC control
voltage present on the DC bus.
[0014] According to still another embodiment of the in-
vention, a distributed DC bus system includes a DC bus
electrically connected to a rectifier front end and opera-
tive to selectively receive either a DC bus voltage or a
DC control voltage and at least one motor drive opera-
tively connected to the DC bus. Each motor drive includes
an inverter section electrically connected to the DC bus
to receive the DC bus voltage as an input and to provide
an AC voltage as an output and a power supply electri-

cally connected to the DC bus. The power supply is op-
erative to output a motor drive control voltage from either
the DC bus voltage or the DC control voltage present on
the DC bus.
[0015] These and other advantages and features of
the invention will become apparent to those skilled in the
art from the detailed description and the accompanying
drawings. It should be understood, however, that the de-
tailed description and accompanying drawings are given
by way of illustration and not of limitation, the scope of
the invention being defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Various exemplary embodiments of the subject
matter disclosed herein are illustrated in the accompa-
nying drawings in which like reference numerals repre-
sent like parts throughout, and in which:

FIG. 1 is an exemplary motor, panel mounted motor
drive, and front-end rectifier incorporating one em-
bodiment of the present invention;

FIG. 2 is a block diagram representation of the motor,
motor drive, and front-end rectifier of Fig. 1;

FIG. 3 is an exemplary motor, integrated motor drive,
and front-end rectifier incorporating another embod-
iment of the present invention;

FIG. 4 is a block diagram representation of the motor,
motor drive, and front-end rectifier of Fig. 3;

FIG. 5 is a schematic representation of a passive
rectifier that may be incorporated into the front-end
rectifier of Figs. 1 or 3;

FIG. 6. is a schematic representation of a inverter
section that may be incorporated into the motor drive
of Figs. 1 or 3;

FIG. 7 is a perspective view of multiple motor drives
and a DC bus connector supplying a DC bus to each
of the motor drives according to one embodiment of
the invention;

FIG. 8 is a top plan view of the motor drives of Fig. 7;

FIG. 9 is a perspective view of the DC bus connector
of Fig. 7; and

FIG. 10 is a sectional view of a DC bus cable used
in Fig. 3.

[0017] In describing the various embodiments of the
invention which are illustrated in the drawings, specific
terminology will be resorted to for the sake of clarity. How-
ever, it is not intended that the invention be limited to the
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specific terms so selected and it is understood that each
specific term includes all technical equivalents which op-
erate in a similar manner to accomplish a similar purpose.
For example, the word "connected," "attached," or terms
similar thereto are often used. They are not limited to
direct connection but include connection through other
elements where such connection is recognized as being
equivalent by those skilled in the art.

DETAILED DESCRIPTION

[0018] The various features and advantageous details
of the subject matter disclosed herein are explained more
fully with reference to the non-limiting embodiments de-
scribed in detail in the following description.
[0019] Turning initially to Figs. 1 and 2, an exemplary
motor control system 10, which may be used in conjunc-
tion with the various embodiments of the invention dis-
closed herein, is illustrated. According to the exemplary
embodiment, the motor control system 10 includes a
front-end rectifier 20 and a motor drive 11. Although il-
lustrated as separate components, it is contemplated that
some embodiments will include a front-end rectifier and
motor drive as a single component. The front-end rectifier
20 is configured to receive a three-phase AC voltage 15
at an input to a rectifier section 21. The rectifier section
21 may include any electronic device suitable for passive
or active rectification as is understood in the art. With
reference also to Fig. 5, the illustrated rectifier section 21
includes a set of diodes 22 forming a diode bridge that
rectifies the three-phase AC voltage to a DC voltage on
the DC bus 25. Optionally, the rectifier section 21 may
include other solid-state devices including, but not limited
to, thyristors, silicon-controlled rectifiers (SCRs), insulat-
ed-gate bipolar transistors (IGBTs), power metal-oxide
semiconductor field-effect transistors (MOSFETs), or
other transistors or solid-state devices to convert the in-
put power 15 to a DC voltage for the DC bus 25. The DC
voltage is present between a positive rail 27 and a neg-
ative rail 29 of the DC bus 25.
[0020] The front-end rectifier 20 also includes a DC
bus capacitance 24 connected between the positive and
negative rails, 27 and 29, to reduce the magnitude of the
ripple voltage resulting from converting the AC voltage
to a DC voltage. It is understood that the DC bus capac-
itance 24 may be a single capacitor or multiple capacitors
connected in parallel, in series, or a combination thereof.
According to one embodiment of the invention, the pos-
itive rail 27 is at a voltage potential generally equal to or
boosted above the magnitude of the peak of the AC input
voltage and the negative rail 29 is at a voltage potential
at zero volts, where the negative rail 29 may be a floating
common or tied to an earth ground. According to the an-
other embodiment of the invention, the DC bus capaci-
tance 24 may be arranged in a split-bus configuration,
such that a first portion of the DC bus capacitance 24 is
connected between the positive rail 27 and a ground con-
nection, and a second portion of the DC bus capacitance

24 is connected in series with the first portion of the DC
bus capacitance between the ground connection and the
negative rail 29. The total voltage potential across the
DC bus 25 in the split bus configuration remains generally
equal to or boosted above the magnitude of the peak of
the AC input voltage, but the voltage potential across
each portion of the capacitance 24 is one-half of the total
DC bus voltage.
[0021] Similarly, the front-end rectifier 20 may also re-
ceive a control voltage 17 for distribution to each of the
motor drives 11. According to the embodiment illustrated
in Fig. 2, the control voltage is a 24 VDC input voltage.
The front-end rectifier 20 includes a control power supply
130, which is a switched mode power supply. A switch
131, which may be implemented by a transistor, is se-
lectively opened and closed to establish conduction
through a transformer 132. The inductive nature of the
transformer, in combination with the diode 133 and ca-
pacitor 134 work in combination with the switch 131 to
boost the 24 VDC at the input 17 to a 48 VDC control
voltage at the output of the control power supply 130. In
addition, the transformer 132 provides electrical isolation
between the control voltage at the input 17 and the control
voltage at the output of the power supply 130. A pair of
diodes 140, 142 are connected between the output of
the control power supply 130 and the DC bus 25. As will
be discussed in more detail below, the pair of diodes 140,
142 allow the 48 VDC control voltage to be present on
the DC bus 25 when the DC bus voltage output from the
rectifier section 21 is not present and disconnect the con-
trol power supply 130 from the DC bus 25 when the DC
bus voltage output from the rectifier section 21 is present.
[0022] According to another embodiment of the inven-
tion, as shown in Fig. 4, it is contemplated that the control
voltage 17 is a single-phase AC input, such as 115 VAC.
The front-end rectifier 20 may further include a voltage
regulator 144 that converts the AC input to the 48 VDC
control voltage. A capacitor 146 is provided at the output
of the voltage regulator 144 to help smooth any ripple of
the DC voltage and/or to provide some ride through due
to the loss of the AC input. Optionally, the capacitor 146
may be incorporated within the voltage regulator 144.
Once again, a pair of diodes 140, 142 are connected
between the output of the voltage regulator 144 and the
DC bus 25. As will be discussed in more detail below,
the pair of diodes 140, 142 allow the 48 VDC control
voltage to be present on the DC bus 25 when the DC bus
voltage output from the rectifier section 21 is not present
and disconnect the voltage regulator 144 from the DC
bus 25 when the DC bus voltage output from the rectifier
section 21 is present.
[0023] According to still another embodiment of the in-
vention (not shown) it is contemplated that a 48 VDC
voltage may be supplied as a control voltage 17 input to
the rectifier 20. If the 48 VDC voltage is referenced to the
negative potential on the DC bus voltage, the front-end
rectifier 20 may include just the pair of diodes 140, 142
to selectively connect the control voltage input 17 to the
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DC bus 25 as a function of whether the DC bus voltage
output from the rectifier section 21 is present. Alternately,
an isolation transformer 132 may be provided which pro-
vides a one-to-one turns ratio while also establishing
electrical isolation between the control voltage input and
the control voltage output. The output of the isolation
transformer is then connected to the pair of diodes 140,
142 to selectively connect the 48 VDC to the DC bus 25.
Various other sources of 48 VDC as a control voltage
may be provided for selectively connecting to the DC bus
25 via the diodes 140, 142 without deviating from the
scope of the invention. Similarly, it is contemplated that
the control voltage may be selected at other DC voltage
levels, such as 24VDC, where the magnitude of the con-
trol voltage is less than the magnitude of the DC bus
voltage level, without deviating from the scope of the in-
vention.
[0024] The front-end rectifier 20 further includes a con-
trol circuit used to control operation of the rectifier. Ac-
cording to the illustrated embodiment, the control circuit
includes a processor 120 and a memory 122. One or
more modules are used to control operation of the front-
end rectifier 20. The modules may be programs stored
in the memory 122 and executed on the processor 120,
logic circuits, or a combination thereof. The memory 122
is configured to store data and programs, which include
a series of instructions executable by the processor 120.
It is contemplated that the memory 122 may be a single
device, multiple devices, or incorporated, for example,
as a portion of another device such as an application
specific integrated circuit (ASIC). The processor 120 is
in communication with the memory 122 to read the in-
structions and data as required to control operation of
the front-end rectifier 20. The processor 120 receives
input signals from input terminals, communication cir-
cuits, such as an industrial network, and the like, which
include, for example, an enable signal, a disable signal,
or other command signals defining desired operation of
the rectifier 20. The processor 120 similarly receives
feedback signals from sensors indicating the present op-
eration of the rectifier 20. The feedback signals may in-
clude, but are not limited to, the magnitude of voltage
and/or current present at the input power 15, the control
voltage input 17, or on the DC bus 25. The processor
120 executes a control module responsive to command
signal(s) and the feedback signals to generate control
signals, if necessary, for an active rectifier or for the
switched mode control power supply 130.
[0025] As illustrated in Fig. 1, a single motor drive 11
is connected to the front-end rectifier 20 to receive the
DC voltage present on the DC bus 25. A pair of bus bars
26, 28 conduct the voltages present on the positive and
negative rails 27, 29 between the rectifier 20 and the
drive 11. It is understood that still additional motor drives
11, may be mounted adjacent to the illustrated motor
drive and the bus bars 26, 28 may extend from the front-
end rectifier 20 to each of the adjacent motor drives, ex-
tending the DC bus 25 to the additional motor drives 11.

Each motor drive 11 connected to the DC bus 25 receives
the DC voltage present on the bus and uses the DC volt-
age to control one or motors 40 connected to the corre-
sponding motor drive 11. According to the embodiment
illustrated in Figs. 7-9, a DC bus connection member 200
includes a housing 202 in which the bus bars 26, 28 are
mounted. Terminals 206 on the upper surface of each
motor drive 11 are configured to receive the bus bars 26,
28. Each pair of terminals 206 on one motor drive 11 are
connected to the positive rail 27 and negative rail 29 of
the DC bus 25 within the corresponding drive. DC bus
connection members 200 of varying length may be sup-
plied to connect terminals 206 between adjacent motor
drives 11 according to the width of the corresponding
drives 11.
[0026] The motor drive 11 may also include a DC bus
capacitance 56 connected between the positive and neg-
ative rails, 27 and 29, to reduce the magnitude of the
ripple voltage resulting from converting the AC voltage
to a DC voltage and to provide some ride through in the
event of variation in the voltage level present on the DC
bus 25. It is understood that the DC bus capacitance 56
in the motor drive 11 may be a single capacitor or multiple
capacitors connected in parallel, in series, or a combina-
tion thereof. Optionally, all or a portion of the DC bus
capacitance 56 may be provided in the front-end rectifier
20. The DC bus 25 is connected in the motor drive 11 to
an inverter section 51. Referring also to Fig. 6, the inverter
section 51 consists of switching elements, such as tran-
sistors, thyristors, or SCRs as is known in the art. The
illustrated inverter section 51 includes IGBTs 52 and a
free-wheeling diode 54 connected in pairs between the
positive rail 27 and each phase of the output voltage as
well as between the negative rail 29 and each phase of
the output voltage. Each of the IGBTs 52 receives gating
signals 57 to selectively enable the transistors 52 and to
convert the DC voltage from the DC bus 25 into a con-
trolled three phase output voltage to the motor 40. When
enabled, each transistor 52 connects the respective rail
27, 29 of the DC bus 25 to an electrical conductor 53
connected between the transistor 52 and the output of
the motor drive 11. The electrical conductor 53 is selected
according to the application requirements (e.g., the rating
of the motor drive 11) and may be, for example, a con-
ductive surface on a circuit board to which the transistors
52 are mounted or a bus bar connected to a terminal from
a power module in which the transistors 52 are contained.
The output of the motor drive 11 may be connected to
the motor 40 via a cable 37 including electrical conductors
connected to each of the output terminals 35.
[0027] One or more modules are used to control oper-
ation of the motor drive 11. The modules may be stored
programs executed on a processor, logic circuits, or a
combination thereof. The modules used to control oper-
ation of the motor drive 11 will be referred to herein gen-
erally as a control circuit. According to the illustrated em-
bodiment, the control circuit of the illustrated motor drive
11 includes a motor interface circuit 154, a non-transitory
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storage device, or memory 150, a processor 152, and a
switch mode power supply (SMPS) 160. It is contemplat-
ed that the control circuit may include additional devices,
such as a dedicated processor or gate driver circuit 55
(as shown in Fig. 6) to generate gate signals 57, buffers,
analog-to-digital converters, and the like as may be need-
ed to control operation of the motor drive. The non-tran-
sitory storage device, or memory 150, is configured to
store data and programs, which include a series of in-
structions executable by the processor 152. It is contem-
plated that the memory 150 may be a single device, mul-
tiple devices, or incorporated, for example, as a portion
of another device such as an application specific inte-
grated circuit (ASIC). The processor 152 is in communi-
cation with the memory 150 to read the instructions and
data as required to control operation of the motor drive
11. The processor 152 receives feedback signals from
sensors indicating the present operation of the motor
drive 11. The feedback signals may include, but are not
limited to, the magnitude of voltage and/or current
present on the DC bus 25 or at the output 53 of the inverter
section 51, as supplied to the motor 40. The feedback
signals may also include position feedback, temperature
feedback, or brake status signals from the motor 40 re-
ceived at the motor interface circuit 154. Optionally, the
motor drive 11 may also transmit, for example, a brake
release signal via the motor interface circuit 154 to the
motor 40. It is contemplated that the motor drive 11 may
utilize one of many various methods of controlling oper-
ation of the motor 40 as is understood in the art without
deviating from the scope of the invention,
[0028] The SMPS 160 is configured to operate over a
wide range of input voltages. The SMPS 160 may receive
the control voltage, for example at 48VDC from the con-
trol power supply 130 or, alternately, may receive DC
bus voltage at 680 VDC or greater. The SMPS 160 con-
verts the input voltage to control voltages such as 5 VDC,
3.3 VDC, or any other DC voltage required by control
circuits within the motor drive 11. The SMPS includes a
switch 161, which may be implemented by a transistor
that is selectively opened and closed to establish con-
duction through a transformer 162. The transformer 162
includes a primary winding 164 and at least one second-
ary winding 166. The transformer provides electrical iso-
lation between the primary winding 164 and each sec-
ondary winding 166. The switch 161 may be controlled
and operative in combination with a turns-ratio between
the primary 164 and one of the secondary windings 166
to supply each of the desired control voltages (e.g., 5
VDC or 3.3 VDC) within the motor drive 11. The control
voltages are used to power, for example, the memory
150, the processor 152, and other logic, control, or elec-
tronic elements within the control circuit. Turning next to
Figs. 3 and 4, a second exemplary motor control system
10, which may be used in conjunction with the various
embodiments of the invention disclosed herein, is illus-
trated. In a manner similar to the motor control system
illustrated in Fig. 1, the motor control system 10 in Fig. 3

includes a front-end rectifier 20 and a motor drive 111.
The front-end rectifier 20 is configured to receive a three-
phase AC voltage 15 at an input to the rectifier 20, and
to provide a DC voltage on a DC bus 25 as an output of
the rectifier 20. The rectifier 20 may include any electronic
device suitable for passive or active rectification as is
understood in the art. The magnitude of the DC voltage
between the negative and positive rails, 29 and 27, is
generally equal to or boosted above the magnitude of
the peak of the AC input voltage. One or more motor
drives 111 may be connected to the DC bus 25 to receive
the DC voltage present on the bus and to use the DC
voltage to control one or motors connected to each motor
drive 111.
[0029] Unlike the motor control system 10 illustrated
in Fig. 1, the motor drive 111 illustrated in Fig. 3 is mount-
ed to the motor 40. Just as with Fig. 1, a single motor
drive 111 is shown in Fig. 3 being connected to the front-
end rectifier 20. A DC bus cable 50A extends between
the front-end rectifier 20 and the integrated motor drive
111. With reference also to Fig. 10, the DC bus cable 50
includes a first conductor 220 and a second conductor
222 which serve as the positive and negative rails 27, 29
of the DC bus 25. A third conductor 224 may also be
provided which establishes a ground connection be-
tween the front-end rectifier 20 and each motor drive 111.
The DC bus cable 50 include an outer jacket 228 to in-
sulate the cable 50 and may include a shield 226 sur-
rounding the conductors. The first and second conduc-
tors 220, 222 provide the positive and negative rails 27,
29 of the DC bus 25 from the rectifier 20 to the motor
drive 111. Optionally, an additional DC bus cable 50B
may connected to the motor drive 111 to form a daisy
chain connection and pass the DC bus 25 on to an ad-
ditional motor drive 111, not shown. Other than the
mounting location, the motor drive 111 is configured in a
manner similar to the motor drive shown and discussed
above with respect to Figs. 1 and 2. Because the motor
drive 111 is mounted to the motor 40, connections be-
tween the motor drive 111 and the motor 40 may be made
via short leads or bus bars internal to the housings of the
drive and motor.
[0030] In operation, the DC bus 25 is operative to pro-
vide either control voltage or DC bus voltage from a
source, such as the front-end rectifier 20, to one or more
loads, such as the motor drives 11 or 111 over a shared
set of conductors. By providing both control voltage and
DC bus voltage over a single set of conductors, the total
wire count is reduced, which, in turn, simplifies the inter-
connection between devices, cost of materials, and re-
duces the potential for errors in wiring. Further, because
the number of conductors within the cable is reduced,
the weight of the cable is reduced and the flexibility of
the cable is increased, which again simplifies the inter-
connection between devices and may improve routing of
cables.
[0031] In a first operating mode, the front-end rectifier
20 supplies control power to each of the motor drives 11
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or 111 without having the DC bus voltage present. This
may be desirable, for example, during installation or com-
missioning. The motor drive 11 requires control power to
energize the processor 152 and memory 150. Similarly,
if a user interface, network interface, or other communi-
cation interface is present, the interface similarly requires
control power. A technician is able to configure operation
of the motor drive 11 via the interface, for example, by
pressing buttons to directly adjust parameters displayed
on a user interface, by downloading a set of parameters,
or by interacting with an application executing on a mobile
computing device connected to or located proximate the
motor drive 11. Optionally, a technician may be in a lo-
cation or facility remotely located from the motor drive 11
and connected via one or more suitable networks, such
as the Internet, an intranet, or a dedicated industrial net-
work. The control power enables the processor 152 to
execute instructions stored in the memory 150 and to
read and/or adjust parameter settings stored in memory
150.
[0032] Similarly, it may be desirable for the motor drive
11 to initially power-up with just control power present
prior to having DC bus voltage present on the DC bus
25. At power-up, the motor drive 11 may perform initial
diagnostic tests on the motor drive 11 to verify that the
motor drive is properly configured or that the electronic
components of the motor drive 11 are operating normally.
After completing the initial diagnostic tests, the motor
drive 11 may set a flag or transmit a message to the front-
end rectifier 20 indicating it is ready to receive the DC
bus voltage. In either event, the control power is required
to power the control circuit and other control elements
present in the motor drive 11.
[0033] During this first operating mode, the control
power supply 130 or voltage regulator 144 receives the
control voltage 17 and is operative to provide the control
voltage at its respective output. For discussion purposes,
a 48 VDC voltage will be output from the control power
supply 130 or voltage regulator 144. Optionally, an ex-
ternal power supply may provide the 48 VDC control volt-
age directly to the input 17 of the front-end rectifier. It is
contemplated that various other control voltages, such
as 24 VDC may be output from the power supply 130 or
voltage regulator 144 without deviating from the scope
of the invention. The positive output terminal from the
power supply 130 or regulator 144 is connected via a first
diode 140 to the positive rail 27 of the DC bus 25. The
first diode 140 is connected such that it is forward biased
when the 48 VDC is present on the positive output ter-
minal of the control power supply 130 or voltage regulator
144 and no DC bus voltage is present on the DC bus 25.
The anode of the first diode 140 is connected to the power
supply, voltage regulator 144, or directly to the input con-
trol voltage 17 and the cathode of the first diode 140 is
connected to the positive rail 27 of the DC bus 25. The
negative terminal from the power supply 130 or regulator
144 is connected via a second diode 142 to the negative
rail 29 of the DC bus 25. The second diode 142 is con-

nected such that is also forward biased when the 48 VDC
is present on the positive output terminal of the control
power supply 130 or voltage regulator 144 and no DC
bus voltage is present on the DC bus 25. The anode of
the second 140 is connected to the negative rail 29 of
the DC bus 25 and the cathode of the second diode 140
is connected to the power supply, voltage regulator 144,
or directly to the input control voltage 17. With no DC bus
voltage present, the first and second diodes 140, 142 are
forward biased and allow the power supply 130 or voltage
regulator 144 to supply control power to each motor drive
11 connected via the DC bus 25.
[0034] During this first operating mode, it is anticipated
that each motor drive 11 requires only sufficient power
to energize the control circuits within the motor drive 11.
Because there is no DC bus voltage present, the motor
drives 11 will not be controlling operation of their respec-
tive motors. As a result, external devices mounted on the
motors, such as motor brakes and/or fans, will not need
power for operation either. For example, the opening and
holding current required to energize a brake coil is not
necessary, reducing the power requirements of each
node connected to the DC bus 25, where the node in-
cludes a motor drive 11, a corresponding motor 40, and
external devices connected to the motor. The reduced
power requirements of each node allow more nodes to
be connected to a single front-end rectifier than if the
control power is required to energize motor brakes and
the like.
[0035] Additionally, the control power is supplied via
the DC bus 25 connection between the front-end rectifier
20 and each motor drive 11. As shown in Fig. 7, this
connection may be made via a DC bus connection mem-
ber 200 which includes a pair of bus bars 26, 28 as shown
in Fig. 9. Alternately, this connection may be made via a
DC bus cable 50A or 50B, as shown in Fig. 3, where the
DC bus cable 50, as shown in Fig. 10, includes a pair of
conductors 220, 222. The cross section of the bus bars
26, 28 or the wire size for the conductors 220, 222 is
selected appropriately to handle the current rating re-
quired to supply power to each motor 40 and motor drive
11 combination that is connected for the DC bus 25. The
power requirements for the motor 40 are substantially
greater than the requirements for control power and,
therefore, the cross-section or the size of the wire are
selected accordingly. As a result, during the first operat-
ing mode, the cross-section of the bus bars 26, 28 or the
size of the wire required for the conductors 220, 222 is
substantially greater than a corresponding conductor that
previously would have been selected if the conductor
were dedicated to conducting control power. The value
of the resistance per unit length of these bus bars 26, 28
or conductors 220, 222 is similarly reduced in comparison
to a corresponding conductor that previously would have
been selected if the conductor were dedicated to con-
ducting control power. The voltage drop along the DC
bus bars 26, 28 or conductors 220, 222 sized to conduct
the current for operation of the motors 40 is less than
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conductors that previously would have been selected just
to conduct current for the control power and, therefore,
this also allows additional nodes to be connected to the
DC bus 25 and to receive control power from the front-
end rectifier 20.
[0036] In a second operating mode, the AC voltage 15
is present at the front-end rectifier 20 and the rectifier
section 21 is operative to supply DC bus voltage on the
DC bus 25. The magnitude of the DC bus voltage be-
tween the negative and positive rails, 29 and 27, is gen-
erally equal to or boosted above the magnitude of the
peak of the AC input voltage. If passive rectification oc-
curs in the rectifier section 21, the magnitude of the DC
bus voltage is approximately equal to the peak value of
the AC input voltage. For example, a 230 VAC input volt-
age yields a DC bus voltage of about 325 VDC and a 460
VAC input voltage yields a DC bus voltage of about 650
VDC. If the rectifier section 21 has an active rectifier, it
may be desirable to boost the DC bus voltage slightly
above the peak value of the AC input voltage, such that
the DC bus voltage may be, for example, 350 VDC or
700 VDC for a 230 VAC or 460 VAC input voltage, re-
spectively. Regardless of whether the DC bus voltage is
supplied via passive or active rectification, the amplitude
of the DC bus voltage is substantially greater than the 48
VDC output from the control power supply 130 or voltage
regulator 144. When the DC bus voltage is present on
the DC bus 25, therefore, the first and second diodes
140, 142 become reverse biased, preventing current flow
through the control power supply 130 or voltage regulator
144.
[0037] Because the control power is no longer supplied
via the DC bus 25 to the motor drives 11, each motor
drive 11 must be able to utilize the DC bus voltage at, for
example, 325 VDC or 650 VDC in addition to the control
voltage at 48 VDC to generate internal motor drive control
voltages within the motor drive 11. Each motor drive in-
cludes a SMPS 160 configured to operate over a wide
range of input voltages. The SMPS provides the internal
control voltages, such as 3.3 VDC or 5 VDC, for the motor
drive 11 to power the processor 152, memory 150, and
the like. The input of the SMPS 160 is connected to the
DC bus 25 and, therefore, during the first operating mode,
the SMPS 160 receives the 48 VDC control voltage and
in the second operating mode, the SMPS 160 receives
the 325 VDC or 650 VDC bus voltage. In either operating
mode, the SMPS is configured to supply the necessary
control voltage (e.g., 3.3 VDC or 5 VDC) for operation of
the motor drive 11.
[0038] According to still another aspect of the inven-
tion, it is contemplated that communication between the
front-end rectifier 20 and each motor drive 11 may addi-
tional be performed via the DC bus conductors. Both the
front-end rectifier 20 and the motor drive 11 may include
a transceiver in their respective control circuits, where
the transceiver is configured to communicate via a power
line. The transceiver may, for example, modulate a car-
rier signal on top of the control voltage or on top of the

DC bus voltage at a transmitting device and the receiving
device is configured to receive and decode the modulat-
ed signal. Data packets may be passed between the two
devices via the DC bus conductors, thereby further re-
ducing the wiring between the front-end rectifier 20 and
each motor drive 11.
[0039] It should be understood that the invention is not
limited in its application to the details of construction and
arrangements of the components set forth herein. The
invention is capable of other embodiments and of being
practiced or carried out in various ways, so that variations
and modifications of the foregoing are within the scope
of the present invention if they do not contradict the ap-
pended claims (i.e. if they comprise, at least, all features
of the independent claim). It also being understood that
the invention disclosed and defined herein extends to all
alternative combinations of two or more of the individual
features mentioned or evident from the text and/or draw-
ings, all of these different combinations constituting var-
ious alternative aspects which similarly belong to the
present invention if they do not contradict the appended
claims. The embodiments described herein explain the
best modes known for practicing the invention and will
enable others skilled in the art to utilize the invention.

Claims

1. A distributed DC bus system, comprising:

a first input (15) configured to receive an AC
input voltage;
a rectifier section (21) operative to convert the
AC input voltage to a DC bus voltage having a
first amplitude;
a DC bus (26, 28; 50A) electrically connected to
the rectifier section and operative to receive the
DC bus voltage;
a control power supply configured to output a
DC control voltage, wherein the DC control volt-
age is less than the DC bus voltage;
a pair of diodes (140, 142) operatively connect-
ed between the output of the control power sup-
ply and
the DC bus, wherein:

the pair of diodes are operatively connected
to be forward biased when the DC control
voltage is present in the distributed DC bus
system and the DC bus voltage is not
present on the DC bus to provide the DC
control voltage to the DC bus, and
the pair of diodes are operatively connected
to be reverse biased when the DC control
voltage is present in the distributed DC bus
system and the DC bus voltage is present
on the DC bus to prevent the DC control
voltage from being provided to the DC bus;

15 16 



EP 3 736 933 B1

10

5

10

15

20

25

30

35

40

45

50

55

and

at least one motor drive (11) operatively con-
nected to the DC bus, wherein each motor drive
includes:

an inverter section (51) electrically connect-
ed to the DC bus to receive the DC bus volt-
age as an input and to provide an AC voltage
as an output; and
a power supply (160) electrically connected
to the DC bus, wherein the power supply is
operative to output a motor drive control
voltage from either the DC bus voltage or
the DC control voltage present on the DC
bus.

2. The distributed DC bus system of claim 1 further
comprising a second input (17), wherein:

the control power supply is an external power
supply,
the second input is configured to receive the DC
control voltage from the external power supply
and
the pair of diodes are operatively connected be-
tween the second input and the DC bus.

3. The distributed DC bus system of claim 1 further
comprising:

a second input (17), wherein the second input
is configured to receive a second input voltage;
and
the control power supply (130) is operatively
connected to the second input to receive the
second input voltage at an input to the control
power supply and to generate the DC control
voltage as an output from the control power sup-
ply, wherein the pair of diodes are operatively
connected between the output from the control
power supply and the DC bus.

4. The distributed DC bus system of one of claims 1 to
3 further comprising:
a rectifier front end (20), wherein the rectifier front
end includes the first input, the rectifier section, and
the pair of diodes, the rectifier section further com-
prising:

a first conductor (27) and a second conductor
(29), wherein the first and second conductors
are electrically connected between an output of
the rectifier section and the DC bus; and
a third conductor and a fourth conductor, where-
in the third and fourth conductors are electrically
connected between the pair of diodes and the
DC bus.

5. The distributed DC bus system of claim 4 wherein
the at least one motor drive is mounted adjacent to
the rectifier front end, the distributed DC bus system
further comprising a first DC bus bar (26) and a sec-
ond DC bus bar (28), wherein the first and second
DC bus bars define the DC bus and are electrically
connected between a first pair of DC bus connectors
on the rectifier front end and a second pair of DC
bus connectors on the at least one motor drive.

6. The distributed DC bus system of claim 4 wherein
the at least one motor drive is mounted remotely from
the rectifier front end, the DC bus system further
comprising a DC bus cable (50A), wherein the DC
bus cable includes at least two conductors defining
the DC bus and the DC bus cable is electrically con-
nected between a first pair of DC terminals on the
rectifier front end and a second pair of DC bus ter-
minals on the at least one motor drive; or
wherein the rectifier front end further comprises a
communication circuit (120, 122) operative to gen-
erate a plurality of data packets, wherein an output
of the communication circuit is operatively connect-
ed to the DC bus to transmit the plurality of data
packets to the at least one motor drive via the DC bus.

Patentansprüche

1. Ein verteiltes Gleichstrombussystem, aufweisend:

einen ersten Eingang (15), der so konfiguriert
ist, dass er eine Eingangswechselspannung
empfängt;
einen Gleichrichterabschnitt (21), der die Ein-
gangswechselspannung in eine Gleichstrom-
busspannung mit einer ersten Amplitude um-
wandelt;
einen Gleichstrombus (26, 28; 50A), der elek-
trisch mit dem Gleichrichterabschnitt verbunden
ist und die Gleichstrombusspannung aufneh-
men kann;
eine Steuerstromversorgung, die so konfiguriert
ist, dass sie eine Gleichstrom-Steuerspannung
ausgibt, wobei die Gleichstrom-Steuerspan-
nung kleiner als die Gleichstrombusspannung
ist;
ein Paar von Dioden (140, 142), die betriebsmä-
ßig zwischen dem Ausgang der Steuerstrom-
versorgung und dem Gleichstrombus ange-
schlossen sind, wobei:

das Diodenpaar betriebsmäßig so ange-
schlossen ist, dass es in Durchlassrichtung
vorgespannt ist, wenn die Gleichstrom-
Steuerspannung in dem verteilten Gleich-
strombussystem vorhanden ist und die
Gleichstrombusspannung auf dem Gleich-
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strom-Bus nicht vorhanden ist, um die
Gleichstrom-Steuerspannung für den
Gleichstrom-Bus bereitzustellen, und
das Diodenpaar betriebsmäßig so ange-
schlossen ist, dass es in Sperrichtung vor-
gespannt ist, wenn die Gleichstrom-Steuer-
spannung in dem verteilten Gleichstrom-
bussystem vorhanden ist und die Gleich-
strombusspannung auf dem Gleichstrom-
Bus vorhanden ist, um zu verhindern, dass
die Gleichstrom-Steuerspannung dem
Gleichstrom-Bus zugeführt wird; und
mindestens einen Motorantrieb (11), der
betriebsmäßig mit dem Gleichstrombus
verbunden ist,
wobei jeder Motorantrieb Folgendes um-
fasst
einen Wechselrichterabschnitt (51), der
elektrisch mit dem Gleichstrombus verbun-
den ist, um die Gleichstrombusspannung
als einen Eingang zu empfangen und eine
Wechselspannung als einen Ausgang be-
reitzustellen; und
eine Stromversorgung (160), die elektrisch
mit dem Gleichstrombus verbunden ist, wo-
bei die Stromversorgung dazu dient, eine
Motorantriebs-Steuerspannung entweder
aus der Gleichstrombusspannung oder der
auf dem Gleichstrombus vorhandenen
Gleichstrom-Steuerspannung auszuge-
ben.

2. Das verteilte Gleichstrombussystem nach Anspruch
1 umfasst ferner einen zweiten Eingang (17), wobei:

die Steuerspannungsversorgung eine externe
Spannungsversorgung ist,
der zweite Eingang so konfiguriert ist, dass er
die Gleichstrom-Steuerspannung von der exter-
nen Stromversorgung empfängt und
das Diodenpaar betriebsmäßig zwischen dem
zweiten Eingang und dem Gleichstrombus an-
geschlossen ist

3. Das verteilte Gleichstrombussystem nach Anspruch
1 umfasst ferner

einen zweiten Eingang (17), wobei der zweite
Eingang zum Empfangen einer zweiten Ein-
gangsspannung konfiguriert ist; und
die Steuerstromversorgung (130) betriebsmä-
ßig mit dem zweiten Eingang verbunden ist, um
die zweite Eingangsspannung an einem Ein-
gang der Steuerstromversorgung zu empfan-
gen und die Gleichstrom-Steuerspannung als
Ausgang der Steuerstromversorgung zu erzeu-
gen, wobei das Diodenpaar betriebsmäßig zwi-
schen dem Ausgang der Steuerstromversor-

gung und dem Gleichstrombus angeschlossen
ist

4. Das verteilte Gleichstrombussystem nach einem der
Ansprüche 1 bis 3 umfasst ferner

eine Gleichrichtervorderseite (20), wobei die
Gleichrichtervorderseite den ersten Eingang,
den Gleichrichterabschnitt und das Diodenpaar
enthält, wobei der Gleichrichterabschnitt ferner
Folgendes umfasst
einen ersten Leiter (27) und einen zweiten Leiter
(29), wobei der erste und der zweite Leiter elek-
trisch zwischen einem Ausgang des Gleichrich-
terabschnitts und dem Gleichstrombus verbun-
den sind; und
einen dritten Leiter und einen vierten Leiter, wo-
bei der dritte und der vierte Leiter elektrisch zwi-
schen dem Diodenpaar und dem Gleichstrom-
bus angeschlossen sind.

5. Das verteilte Gleichstrombussystem nach Anspruch
4, wobei der mindestens eine Motorantrieb neben
der Gleichrichtervorderseite angebracht ist, wobei
das verteilte Gleichstrombussystem ferner eine ers-
te Gleichstromsammelschiene (26) und eine zweite
Gleichstromsammelschiene (28) umfasst, wobei die
erste und die zweite Gleichstromsammelschiene
den Gleichstrombus definieren und elektrisch zwi-
schen einem ersten Paar von Gleichstrombusver-
bindem an der Gleichrichtervorderseite und einem
zweiten Paar von Gleichstrombusverbindem an dem
mindestens einen Motorantrieb angeschlossen sind.

6. Das verteilte Gleichstrombussystem nach Anspruch
4, wobei der mindestens eine Motorantrieb entfernt
von der Gleichrichtervorderseite montiert ist, wobei
das Gleichstrombussystem ferner ein Gleichstrom-
buskabel (50A) umfasst, wobei das Gleichstrombus-
kabel mindestens zwei Leiter umfasst, die den
Gleichstrombus definieren, und das Gleichstrom-
buskabel elektrisch zwischen einem ersten Paar von
Gleichstromanschlüssen an der Gleichrichtervor-
derseite und einem zweiten Paar von Gleichstrom-
busanschlüssen an dem mindestens einen Motor-
antrieb angeschlossen ist; oder wobei die Gleich-
richtervorderseite ferner eine Kommunikations-
schaltung (120, 122) umfasst, die betriebsfähig ist,
eine Vielzahl von Datenpaketen zu erzeugen, wobei
ein Ausgang der Kommunikationsschaltung be-
triebsfähig mit dem Gleichstrombus verbunden ist,
um die Vielzahl von Datenpaketen über den Gleich-
strombus an den mindestens einen Motorantrieb zu
übertragen.
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Revendications

1. Système de bus CC distribué, comprenant

une première entrée (15) configurée pour rece-
voir une tension d’entrée en courant alternatif ;
une partie redresseur (21) permettant de con-
vertir la tension d’entrée en courant alternatif en
une tension de bus en courant continu présen-
tant une première amplitude ;
un bus CC (26, 28 ; 50A) connecté électrique-
ment à la partie redresseur et fonctionnant pour
recevoir la tension du bus CC ;
une alimentation de commande configurée pour
délivrer une tension de commande CC, la ten-
sion de commande CC étant inférieure à la ten-
sion du bus CC;
une paire de diodes (140, 142) connectée de
manière opérationnelle entre la sortie de l’ali-
mentation de commande et le bus CC, dans
lequel :
la paire de diodes est connectée de manière
opérationnelle pour être polarisée en avant lors-
que la tension de commande CC est présente
dans le système de bus CC distribué et que la
tension du bus CC n’est pas présente sur le bus
CC afin de fournir la tension de commande CC
au bus CC, et la paire de diodes est connectée
de manière opérationnelle pour être polarisée
en sens inverse lorsque la tension de comman-
de CC est présente dans le système de bus CC
distribué et que la tension du bus CC est pré-
sente sur le bus CC afin d’empêcher la tension
de commande CC d’être fournie au bus CC ; et
au moins une commande de moteur (11) con-
nectée de manière opérationnelle au bus CC,
dans laquelle chaque commande de moteur
comprend :

une partie onduleur (51) connectée électri-
quement au bus CC pour recevoir la tension
du bus CC en tant qu’entrée et pour fournir
une tension CA en tant que sortie ; et
une alimentation (160) connectée électri-
quement au bus CC, dans laquelle l’alimen-
tation est capable de fournir une tension de
commande de l’entraînement du moteur à
partir de la tension du bus CC ou de la ten-
sion de commande CC présente sur le bus
CC.

2. Système de bus CC distribué selon la revendication
1 comprenant en outre une deuxième entrée (17),
dans laquelle : l’alimentation de commande est une
alimentation externe, la deuxième entrée est confi-
gurée pour recevoir la tension de commande CC de
l’alimentation externe et la paire de diodes est con-
nectée de manière opérationnelle entre la seconde

entrée et le bus DC.

3. Système de bus CC distribué selon la revendication
1 comprenant en outre :

une deuxième entrée (17), dans laquelle la
deuxième entrée est configurée pour recevoir
une deuxième tension d’entrée ; et
l’alimentation de commande (130) est connec-
tée de manière opérationnelle à la deuxième en-
trée pour recevoir la deuxième tension d’entrée
à une entrée de l’alimentation de commande et
pour générer la tension de commande CC en
tant que sortie de l’alimentation de commande,
dans laquelle la paire de diodes est connectée
de manière opérationnelle entre la sortie de l’ali-
mentation de commande et le bus CC.

4. Système de bus CC distribué selon l’une des reven-
dications 1 à 3 comprend en outre :
une extrémité avant de redresseur (20), dans laquel-
le l’extrémité avant de redresseur comprend la pre-
mière entrée, la partie redresseur et la paire de dio-
des, la partie redresseur comprenant en outre :

un premier conducteur (27) et un deuxième con-
ducteur (29), dans lesquels le premier et le
deuxième conducteurs sont connectés électri-
quement entre une sortie de la partie redresseur
et le bus CC ; et
un troisième et un quatrième conducteurs, dans
lesquels les troisième et quatrième conducteurs
sont connectés électriquement entre la paire de
diodes et le bus CC.

5. Système de bus CC distribué selon la revendication
4, dans lequel ledit au moins un entraînement moteur
est monté à côté de l’extrémité avant du redresseur,
le système de bus CC distribué comprenant en outre
une première barre de bus CC (26) et une deuxième
barre de bus CC (28), dans lesquelles la première
et la deuxième barre de bus CC définissent le bus
CC et sont électriquement connectées entre une pre-
mière paire de connecteurs de bus CC sur l’extrémité
avant du redresseur et une deuxième paire de con-
necteurs de bus CC sur ledit au moins un entraîne-
ment moteur.

6. Système de bus CC distribué selon la revendication
4, dans lequel ledit au moins un entraînement moteur
est monté à distance de l’extrémité avant du redres-
seur, le système de bus CC comprenant en outre un
câble de bus CC (50A), dans lequel le câble de bus
CC comprend au moins deux conducteurs définis-
sant le bus CC et le câble de bus CC est connecté
électriquement entre une première paire de bornes
CC sur l’extrémité avant du redresseur et une
deuxième paire de bornes de bus CC sur ledit au
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moins un entraînement moteur ; ou
dans lequel le redresseur frontal comprend en outre
un circuit de communication (120, 122) fonctionnant
pour générer une pluralité de paquets de données,
dans lequel une sortie du circuit de communication
est connectée de manière opérationnelle au bus CC
pour transmettre la pluralité de paquets de données
à ledit au moins un entraînement motorisé via le bus
CC.
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