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DESCRIPTION

FIELD

[0001] The present technology relates to electronic power supplies. In particular, a circuit
implementing an AC smart fuse for a power distribution unit are disclosed.

BACKGROUND

[0002] Large-scale networks used for cloud computing, search engines, and similar
applications, typically include tens or hundreds of servers for load sharing and for redundancy.
These networks need to be highly scalable, so there is a need to frequently add more servers
to the network infrastructure.

[0003] Large-scale server networks consume very large amounts of electric power and
generate a lot of heat. Any manner of reducing power consumption is desirable.

[0004] Many servers in large-scale server networks required AC power. Fuses and/or relays
may be used to cut delivery of AC power to a server in case of a fault, for example in the
occurrence of a short-circuit. However fuses are typically slow to react and must be replaced
after a short-circuit. Relays may protect a server from a short-circuit, and may be rearmed, but
are very slow to react. Additionally, AC current that is provided to a server must flow through
contacts of a relay, causing important power losses. Measurements have shown that, typically
up to 4% of the power delivered to a server may be lost in a relay. The energy wasted in the
relay causes heat accumulation in the power supply that, for a large server bank, translates
into important cooling needs.

[0005] Eventual loss of a server in a large-scale server network can be compensated when
sufficient redundancy is provided in the network. The loss of one power distribution unit (PDU)
may however have significant impact when it causes the concurrent loss of a plurality of
servers connected thereto.

[0006] Availability requirements for large-scale server networks are extremely high, so
maintenance activities, including connection of additional servers and replacement of failed
units must be done without delay and without service disruption.

[0007] Even though the recent developments identified above may provide benefits,
improvements are still desirable.

[0008] The subject matter discussed in the background section should not be assumed to be
prior art merely as a result of its mention in the background section. Similarly, a problem
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mentioned in the background section or associated with the subject matter of the background
section should not be assumed to have been previously recognized in the prior art. The subject
matter in the background section merely represents different approaches.

[0009] US 5,177,657 A discloses a ground fault interruptor circuit with electronic latch. The flow
of current to a pair of lines extending between a source of power and a load may be

interrupted when a ground fault or a grounded neutral condition is detected. A latch maintains
the interruption until a manual reset command is applied to the latch.

[0010] EP 2 357 711 A1 discloses a method for detecting an over-current or a current
imbalance, as well as a current fault detector, a circuit interrupter. and a housing therefor. A
logic controller receives signals from a sensor of a current delivered to a load and causes a

power controller to interrupt a path of current toward a load when the signals indicate an
abnormal condition.

[0011] US 2016/306397 A1 discloses systems and methods for distributing power in a server
system. A power distribution unit comprises a plurality of connectors for supplying power to a
plurality of corresponding servers.

SUMMARY

[0012] Embodiments of the present technology have been developed based on developers'
appreciation of shortcomings associated with the prior art.

[0013] In particular, such shortcomings may comprise (1) slow reaction times of conventional
fuses and relays used to protect circuits; (2) power losses in relays; and/or (3) concurrent loss
of a plurality of loads, such as servers, connected to a same power distribution unit.

[0014] The object of the invention is solved by a circuit according to claim 1 and a power
distribution unit according to claim 9. Preferred embodiments are presented in the dependent

claims.

[0015] In the context of the present specification, unless expressly provided otherwise, a
computer system may refer, but is not limited to, an "electronic device", an "operation system”,
a "system", a "computer-based system", a "controller unit”, a "monitoring device", a "control
device" and/or any combination thereof appropriate to the relevant task at hand.

[0016] In the context of the present specification, unless expressly provided otherwise, the
expression "computer-readable medium" and "memory" are intended to include media of any
nature and kind whatsoever, non-limiting examples of which include RAM, ROM, disks (CD-
ROMs, DVDs, floppy disks, hard disk drives, etc.), USB keys, flash memory cards, solid-state
drives, and tape drives. Still in the context of the present specification, "a" computer-readable

medium and "the" computer-readable medium should not be construed as being the same
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computer-readable medium. To the contrary, and whenever appropriate, "a" computer-
readable medium and "the" computer-readable medium may also be construed as a first
computer-readable medium and a second computer-readable medium.

[0017] In the context of the present specification, unless expressly provided otherwise, the
words "first”, "second", "third", etc. have been used as adjectives only for the purpose of
allowing for distinction between the nouns that they modify from one another, and not for the
purpose of describing any particular relationship between those nouns.

[0018] Implementations of the present technology each have at least one of the above-
mentioned object and/or aspects, but do not necessarily have all of them. It should be
understood that some aspects of the present technology that have resulted from attempting to
attain the above-mentioned object may not satisfy this object and/or may satisfy other objects
not specifically recited herein.

[0019] Additional and/or alternative features, aspects and advantages of implementations of
the present technology will become apparent from the following description, the accompanying
drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] For a better understanding of the present technology, as well as other aspects and
further features thereof, reference is made to the following description which is to be used in
conjunction with the accompanying drawings, where:

Figure 1 is a high level schematic diagram of an AC smart fuse in accordance with an
embodiment of the present technology;

Figure 2 is another high level schematic diagram of the AC smart fuse in accordance with an
embodiment of the present technology;

Figure 3 is a diagram of an AC to DC converter for the power distribution unit in accordance
with an embodiment of the present technology;

Figure 4 is a diagram of a step-down converter in accordance with an embodiment of the
present technology;

Figure 5 is a diagram of a zero crossing detector in accordance with an embodiment of the
present technology;

Figure 6 is a diagram of a current measurement circuit in accordance with an embodiment of
the present technology;

Figure 7 is a diagram of a fixed high line current detection circuit in accordance with an
embodiment of the present technology;
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Figure 8 is a diagram of a high differential current detection circuit in accordance with an
embodiment of the present technology;

Figure 9 is a diagram of a control logic circuit in accordance with an embodiment of the present
technology;

Figure 10 is a diagram of a controller and of connections thereto in accordance with an
embodiment of the present technology;

Figure 11 is a diagram of a multiplexer/demultiplexer complex allowing communication
between the power distribution unit and the controller in accordance with an embodiment of the
present technology;

Figure 12 is a diagram of a transceiver circuit allowing communication between the controller
and other devices in accordance with an embodiment of the present technology;

Figure 13 is a perspective view of a power distribution unit in accordance with an embodiment
of the present technology;

Figures 14a and 14b are, respectively, top and bottom plan views of a printed circuit board
integrated in a power distribution unit in accordance with an embodiment of the present
technology;

Figure 15 is a schematic layout of components of a power distribution unit mounted on a
printed circuit board in accordance with an embodiment of the present technology;

Figure 16 is a high level schematic diagram of a power distribution unit in accordance with an
embodiment of the present technology;

Figure 17 is a sequence diagram showing operations of a method of limiting a total power
delivered by a power distribution unit having a plurality of output connectors in accordance with
an embodiment of the present technology; and

Figure 18 is a sequence diagram showing operations of a method of preventing disjunctions in
a power distribution unit having a plurality of output connectors in accordance with an
embodiment of the present technology.

[0021] It should also be noted that, unless otherwise explicitly specified herein, the drawings
are not to scale.

DETAILED DESCRIPTION

[0022] Various aspects of the present disclosure generally address one or more of the
problems found in conventional power supplies for large-scale server networks. To this end,



DK/EP 3595112 T3

the present disclosure, amongst other aspects, introduces a circuit that provides AC power to a
load, this circuit being adapted for integration with other similar circuits into a power distribution
unit (PDU).

[0023] In an embodiment, the circuit comprises an output connector adapted for connecting
the circuit to a load and a relay connecting the output connector to a source of AC power. The
relay is responsive to a disabling signal to disconnect the output connector from the source of
AC power. A sensor senses a level of power delivered to the load via the output connector. The
power level may for example be based on a measurement of a current delivered to the load via
the output connector. A detector receives a sensed power level from the sensor and emits a
first fault signal when the power level is found to be excessive. A latch maintains the first fault
signal until it receives a rearm signal. A controller receives the sensed power level from the
sensor and emits a second fault signal when the sensed power level exceeds a configurable
power threshold. The controller ceases the emission of the second fault signal and emits the
rearm signal to cause the latch to release the first fault signal when receiving a user command.
A logic combiner generates the disabling signal when it receives at least one of the first and
second fault signals. The circuit of this embodiment is thus an "AC smart fuse” that is turned off
to cut power delivery to the load in case of a fault. The AC smart fuse may react to a fault
determined in view of either of a fixed power limit or a configurable power threshold, which
may, for example, be defined in terms of a fixed current limit or a configurable current
threshold. The AC smart fuse also allows controlling a level of power or current into the load in
normal operation.

[0024] Figure 1 is a high-level schematic diagram of an AC smart fuse in accordance with an
embodiment of the present technology. Without limitation, the AC smart fuse may be integrated
in a power distribution unit (PDU) 10. In the illustrated embodiment, the PDU 10 includes an
input connector 12, for example a CEE 7-type plug for use in European countries or a National
Electrical Manufacturers Association (NEMA) 5-type plug for use in North American countries,
and one or more channel, each channel being adapted for powering a load (not shown). The
input connector 12 is adapted for connecting the PDU 10 to a source of AC power (not shown),
also called a sector or a grid. The PDU 10 is protected against overcurrent by a fixed
protection 16, for example a 15-ampere circuit breaker. Each channel comprises an output
circuit 14. A power line 18 connects the input connector 12 to each of the output circuits 14.
Each of the output circuits 14 comprises an output connector 20 adapted for connecting the
output circuit 14 to the load, for example a C13-type plug, connected in series to the input
connector 12 via the power line 18, a relay 22, and an internal power line 24. The relay 22
selectively connects the output connector 22 to the source of AC power via the input connector
12. Each output circuit 14 comprises a detection sub-circuit 26 that protects the output
connector 20 by controlling the relay 22. The detection sub-circuit 26 includes a fixed detector
28 adapted to apply a fixed power limit of the output circuit 14 and a configurable detector 30
adapted to apply a configurable power threshold of the output circuit 14. The fixed power limit
is greater than a maximum value for the configurable power threshold. The fixed detector 28
emits a first fault signal when the sensed power level exceeds the fixed power limit and the
configurable detector 30 emits a second fault signal when the sensed power level exceeds the
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configurable power threshold.

[0025] In an embodiment, the fixed detector 28 is adapted to enforce a fixed high-level current
limit, for example 10 amperes, and the configurable detector 30 is adapted to enforce a
definable current set point. In the same or another embodiment, a differential detector 32
compares a load current flowing from the output connector 20 to the load and a neutral current
returning to the output connector 20 from the load in order to detect any ground fault at the
load. The differential detector 32 emits a third fault signal when a difference between load
current flowing from the output connector 20 to the load and a neutral current returning to the
output connector 20 from the load exceeds a maximum differential current set-point.

[0026] Any one of the fixed detector 28, the configurable detector 30 and the differential
detector 32 may thus issue a fault signal to cause a combining logic 34 to generate a disabling
signal 36. The disabling signal 36, in turn, causes the relay 22 to adopt a non-conducting
position, causing the output connector 20 and the load to become disconnected from the input
connector 12 and thus from the source of AC power. The combining logic 34 maintains the
disabling signal 36, once set, until it receives a rearm signal.

[0027] In the output circuit 14, a sensor 38 senses a level of power delivered to the load via
the output connector 20. In an embodiment, the sensor 38 measures the load current flowing
from the output connector 20 toward the load and the neutral current returning from the load to
the output connector 20. Use of other types of sensors, for example a voltmeter, an ammeter,
a power meter and a combination thereof, is also contemplated. The sensor 38 provides
measured power or current values 40 to the detection sub-circuit 26.

[0028] As illustrated, current flows from the input connector 12 and the fixed protection 16 via
the power line 18 through the relay 22 before its measurement by the sensor 38. However, in
at least one embodiment as illustrated in later Figures, the current may flow through the sensor
38 before reaching the relay 22. Figure 1 is therefore highly schematic and is intended to
provide a conceptual view of some aspects of the present technology.

[0029] The PDU 10 also comprises a controller 42, for example a microprocessor (uP),
operatively connected to the detection sub-circuit 26, to the combining logic 34 and to the
sensor 38 of each output circuit 14 via an internal bus 44. The controller 42 receives the
measured power values or the measured current values 40 from the sensor 38 via the internal
bus 44. The controller 42 provides signals, also via the internal bus 44, to define the set point
of the configurable detector 30 of the detection sub-circuit 26. The controller 42 may also send
a rearm signal allowing the combining logic 34 to release the disabling signal 36.

[0030] Amodem 46 allows the controller 42 to communicate with other devices, for example to
a remote controller (not shown) or to controllers of other PDUs, via the power line 18, using for
example a power line communication (PLC) protocol. A user interface 48 allows a user of the
PDU 10 to communicate with the controller 42. The user interface 48 is not necessarily part of
the PDU 10 but may be connected thereto via a communication link.
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[0031] In an embodiment, the PDU 10 includes one (1) input connector 12, one controller 42,
and eight (8) distinct output circuits 14, each of which includes its own output connector 20,
detection sub-circuit 26, combining logic 34 and sensor 38. In the same or another
embodiment, the input connector 12 with the fixed protection 16 can deliver up to 15 amperes
to the output circuits 14. The controller 42 may control each distinct configurable detector 30
so that a collective load current delivered by all output circuits 14 of the PDU 10 does not
exceed a maximum limit, for example the 15-ampere limit of the fixed protection 16.

[0032] Figure 2 is another high-level schematic diagram of the AC smart fuse in accordance
with an embodiment of the present technology. Figure 2 provides an alternate representation
of the PDU 10 introduced in the foregoing description of Figure 1. Although a single instance of
the circuit 14 is represented on Figure 2, the PDU 10 may include a larger number of instances
of the circuit 14.

[0033] The fixed detector 28 comprises a sensor 28A of a line current and a high line current
detector 28B. The sensor 28A is one possible implementation of the sensor 38 of Figure 1 that,
in this particular implementation, senses the line current to provide an indication of the power
delivered to the load via the output connector 20.

[0034] The configurable detector 30 is implemented, in this embodiment, as a software
function in the controller 42 that uses, as an input, a measurement of the line current received
from the sensor 28A.

[0035] The differential detector 32 comprises a sensor 32A4 that uses a current transformer
32A5 to detect a difference between a current flowing toward the load via the output connector

20 and a current returning from the load. The differential detector 32 also includes a high
differential current detector 32B.

[0036] The combining logic 34 comprises a logic combiner 34A, a first latch 34B that receives
and maintains a fault signal 28C from the high line current detector 28B and a second latch
34C that receives and maintains a fault signal 32C from the high differential current detector
32B.

[0037] The relay 22 comprises a first relay 22A4 having a contactor 22A, adapted to selectively
stop conduction on a live lead 24A of the internal power line 24, and a second relay 22B4
having a contactor 22B, adapted to selectively stop conduction on a neutral lead 24B of the

internal power line 24.

[0038] When the high line current detector 28B determines that a fixed, high current limit is
exceeded, it sends the fault signal 28C to the first latch 34B. The first latch 34B becomes set.
The first latch 34B maintains and forwards the fault signal 28C to the logic combiner 34A and
to the controller 42 until a rearm signal 42A is received from the controller 42.
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[0039] When the controller 42 determines that a configurable current limit is exceeded, it
sends a fault signal 30B to the logic combiner 34A. The controller 42 internally determines
when to remove the fault signal 30B.

[0040] When the high differential current detector 32B determines that the maximum
differential current set-point is exceeded, it sends the fault signal 32C to the second latch 34C.
The second latch 34C becomes set. The second latch 34C maintains and forwards the fault
signal 32C to the logic combiner 34A and to the controller 42 until a rearm signal 42A is
received from the controller 42.

[0041] When any of the fault signals 28C, 30B, 32C, or a combination of these signals, is
applied to the logic combiner 34A, the logic combiner 34A sends a disabling signal to the first
relay 22A. The first relay 22A4 in turn causes an opening of the contactor 22A, and power

delivery to the load connected to the output connector 20 is interrupted.

[0042] In case of a ground fault, the fault signal 32C is also applied to the second relay 22B,.

The second relay 22B4 in turn causes an opening of the contactor 22B,.

[0043] The controller 42 may send to the user interface 48 information about operational
conditions of the PDU 10 and of each of its output circuits 14. In particular, when a fault has
been detected in a given output circuit 14, following which power delivery to the load connected
to the output connector 20 of that output circuit 14 has been interrupted, the user may consult
information related to the type of detected fault. After having taken care of the root cause of
the fault, the user may enter, via the user interface 48, a command for putting the given output
circuit 14 back into service. The controller 42 receives this command and issues the rearm
signal 42A applied to the first and second latches 34B and 34C of the given output circuit 14. If
the controller 42 has previously set the fault signal 30B due to the configurable current limit
having been exceeded for the given output circuit, the controller 42 also terminates the fault
signal 30B at that time.

[0044] A particular embodiment of the output circuit 14 integrated in the PDU 10 will now be
described with reference to Figures 3-9, each of which show example details of some
components of the PDU 10.

[0045] Figure 3 is a diagram of an AC to DC converter 50 for the PDU 10 in accordance with
an embodiment of the present technology. The AC to DC converter 50 includes an input
connector 52 connected to the power line 18 of Figure 1, downstream of the fixed protection
16, and having three (3) pins 521, 525 and 523. Pin 524 has a neutral voltage, pin 525 is
connected to ground (GND) and pin 523 is a live pin having an AC voltage of the sector as

applied to the input connector 12 of Figure 1. In an embodiment, the relay 22 of Figure 1 is
directly connected to pin 524 and is connected to pin 525 via a fuse 54. A varistor 56 protects

the AC to DC converter 50 from eventual overvoltage at the input connector 52. A transformer
58 provides a low AC voltage 60 to an AC/DC converter 62, for example a VTX-214-001-105
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from Vigortronix™, via a fuse 64. The low AC voltage 60 is proportional to, and representative
of, the voltage of the source of AC power. The AC/DC converter 62 provides a +5 VDC tension
for use by various components of the PDU 10. Capacitors 66 stabilize the +5 VDC tension.

[0046] Figure 4 is a diagram of a step-down converter 70 in accordance with an embodiment
of the present technology. The +5 VDC tension from the AC/DC converter 62 of Figure 2 is
applied, via a resistor 72, to a step-down regulator 74, for example a STS10PUR from
STMicroelectronics™, that provides a +3.3 VDC tension. Various resistances 76 and capacitors
78 are used to stabilize the +3.3 VDC tension. A light emitting diode (LED) 79 provides a visual
indication of the availability of the +3.3 VDC tension.

[0047] Figure 5 is a diagram of a zero crossing detector 80 in accordance with an embodiment
of the present technology. The low AC voltage 60 present at the input of the AC/DC converter
62 of Figure 3 is also applied via two (2) parallel series of resistors 81, 82 to inputs of an
amplifier 83, for example an isolated differential amplifier. A voltage sampled at point 84 of the
series of resistors 82, at the level of a Zener diode 85, has characteristics of a DC voltage and
is applied as a voltage source of an input side of the amplifier 83. An output side of the
amplifier 83 is powered by the +3.3 VDC tension from the step-down converter 70. An output
86 of the amplifier 83 is proportional to the voltage of the source of AC power. This output 86 is
applied to an amplifier 87 that is biased by resistors 88 and 89 to provide an output 90 that
alternates between positive and negative values and thus detects voltage transitions of the
source of AC power. The same output 90 passes through a diode 91 and through a voltage
divider having resistors 92 and 93 to provide a sector presence indication 94, which is filtered
by a capacitor 95.

[0048] Figure 6 is a diagram of a current measurement circuit 100 in accordance with an
embodiment of the present technology. The measurement circuit 100 is an example
implementation of the sensor 38 of Figure 1 and of the sensor 28A of Figure 2. In an
embodiment, the circuit 100 is connected to pins 524 and 523 of the input connector 52 of

Figure 3, between the input connector 52 and the relay 22 of Figure 1. Current from the sector
flows through pin 524 into a current sensor 102, for example an ACS723 from Allegro™

MicroSystems, LLC , via an input 104 and flows out from the current sensor 104 via an output
106 on the live lead 24A. An output 108 of the current sensor 102 provides a voltage that is
proportional to the current flowing through the current sensor 102.

[0049] The current sensor 102 is powered by the +5 VDC tension from the AC/DC converter
62. An internal impedance of the current sensor 102 is very low, being for example less than
one (1) miliohm, so there is no noticeable voltage drop or power wasted as the current flows
through current sensor 102. The current sensor 102 may use a Hall effect detector 105
isolating an internal generator 107 of the output 108 from the current flowing from the source
of AC power toward the load via the pin 52.

[0050] Figure 7 is a diagram of a fixed high line current detection circuit 110 in accordance with
an embodiment of the present technology. The output 108 of the current sensor 102 oscillates



DK/EP 3595112 T3

about a +2.5 VDC tension. It is applied to an input 111 of an amplifier 112 having an output 114
directly connected to another input 116. The amplifier 112 has a unity gain. A resistor 118 and
a capacitor 120 filter variations of the output 108 so that the output 114 becomes a reference
voltage having a stable +2.5 VDC tension. This reference voltage 114 is applied to a cascade
of amplifiers 122, 124 and 126 of the high line current detector 28B.

[0051] The output 108 of the current sensor 102 is also applied to the cascade of amplifiers
122, 124 and 126 that detect when the current flowing through the current sensor 102 exceeds
the fixed high-level current limit, for example 10 amperes. In that occurrence, an output 128 of
the amplifier 126 becomes the fault signal 28C applied to the latch 34B. The latch 34B, for
example an SN74LVC1G175 flip-flop device from Texas Instruments™, is powered by the +5
VDC tension. It has a clock input 130 that is connected to the output 128 of the amplifier 126 to
receive the fault signal 28C when set. The latch 34B also has a clear input 132 on which the
controller 42 may apply the rearm signal 42A. Application of fault signal 28C on the clock input
130 causes an output 134 of the latch 34B to forward the fault signal 28C to the logic combiner
34A and to the controller 42 as shown on Figure 2. Once the fault signal 28C is set at the
output 134, it remains set in case of removal of the fault signal 28C at the clock input 130 until
the rearm signal 42A is applied by the controller 42 on the clear input 132.

[0052] Figure 8 is a diagram of a high differential current detection circuit 140 in accordance
with an embodiment of the present technology. The current transformer 32A, senses a

difference between currents flowing through the live lead 24A and the neutral lead 24B of the
internal power line 24 leading to the output connector 20. This measurement is applied to the
sensor 32A4, more precisely to a cascade formed of amplifiers 142 and 144. An output 146 of

the amplifier 144 is an image of the differential current applied to an amplifier 148 of the high
differential current detector 32B. The amplifier 148 issues the fault signal 32C when the
measured differential current exceeds the maximum differential current set-point. The fault
signal 32C is applied to the latch 34C. The latch 34C is similar to the latch 34B and is also
powered by the +5 VDC tension. It has a clock input 150 that is connected to the amplifier 148
to receive the fault signal 32C when set. The latch 34C also has a clear input 152 on which the
controller 42 may apply the rearm signal 42A. Application of fault signal 32C on the clock input
150 causes an output 154 of the latch 34C to forward the fault signal 32C to the logic combiner
34A, to the relay 22B4 and to the controller 42 as shown on Figure 2. Once the fault signal 32C

is set at the output 154, it remains set in case of removal of the fault signal 32C at the clock
input 150 until the rearm signal 42A is applied by the controller 42 on the clear input 152.

[0053] Figure 9 is a diagram of a control logic circuit 160 in accordance with an embodiment of
the present technology. Inputs to the control logic circuit 160 include the fault signals 28C, 30B
and 32C, and the sector presence indication 94 (Figure 5). The logic combiner 34A as shown
is an OR-AND gate, for example a SN74LVC1G3208 from Texas Instruments™. The logic
combiner 34A includes an OR gate 162 having inputs 164, 166 and an output 168. The logic
combiner 34A also includes an AND gate 170 having inputs 172, 174 and an output 176.
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[0054] At least one of the fault signal 28C, indicative that the high current limit has been
exceeded, or the fault signal 32C, indicative that the maximum differential current set-point has
been exceeded, when present, takes the form of a voltage that passes through a diode 178 or
180 and is applied to the input 164 of the OR gate 162. The fault signal 30B, indicative that the
configurable current limit has been exceeded, is applied at the gate of a transistor 182. The
fault signal 30B, when present, takes the form of a low voltage that disables the transistor 182,
allowing the +5VDC tension to be applied at the input 166 of the OR gate 162. In the presence
of any of the fault signals 28C, 32C or 30B, or in the presence of a combination of any of these
fault signals, the output 168 of the OR gate 162 is set an applied at the input 172 of the AND
gate 170. The sector presence indication 94 is applied to the other input 174 of the AND gate
170. The output 176 of the AND gate 170 is not set when the sector presence indication 94
reveals that the output circuit 14 is not connected to the AC power source. In the presence of
one or more of the fault signals 28C, 32C and 30B and when the sector presence indication 94
shows that the PDU 10 is connected to the AC power source, the logic combiner 34A issues
the disabling signal 36, which is applied to the first relay 22A1. An optocoupler 184 of the first

relay 22A, isolates the logic combiner 34A and the various sources of the fault signals 38C,

30B and 32C from the live lead 24A and the neutral lead 24B of the internal power line 24.
When the disabling signal 36 is set, the optocoupler 184 becomes conductive, applying a
signal on a gate of a transistor 186, which becomes conductive. In turn, conductivity of the
transistor 186 causes forwarding of the disabling signal 36 to gates of transistors 188 and 190
that form the contactor 22A,, which becomes non-conducting, effectively stopping current

conduction on the live lead 24A.

[0055] The current sensor 102, the current detection circuit 110, the latch 34B, the logic
combiner 34A, the first relay 22A, and its contactor 22A, of the output circuit react quickly to

changes to the current flowing into the load via the live lead 24A. In laboratory tests, opening of
the transistors 188, 190 took 23 microseconds from an increase of the current in the live lead
24A above the high current limit. The current only flows through the current sensor 102 and
through the transistors 188, 190 of the contactor 22A,, all of which generate minimal power

losses.

[0056] The fault signal 32C from the high differential current detector 32B is also applied to the
second relay 22B4 that, when energized, opens the contactor 22B, that becomes non-

conducting, effectively stopping current conduction on the neutral lead 24B. The the second
contactor 22B, does not generate any noticeable power loss when closed.

[0057] Figure 10 is a diagram of a controller 300 and of connections thereto in accordance
with an embodiment of the present technology. The controller 300 is an example
implementation of the controller 42 of Figure 1. The controller 300 may for example be an
ATSAMD20G microprocessor from Microchip™, or any other processor adapted to support the
features described herein. Adaptations of connections to another processor may become
necessary when using other processors. Such adaptations are believed to be within the
capabilities of the person of ordinary skill in the art of processor use and programming.
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[0058] The controller 300 includes several analog and digital pins identified with the letters
"PA" or "PB" and with respective numbers, as well as input power pins, ground pins and a reset
pin. An external connector 302 controlled by a pushbutton 304 is linked to the reset pin and to
some other pins and allows programming the controller. It is powered by the +3VDC tension. A
crystal 306 is connected to pins PAOO and PAO1 to provide a clock signal to the controller 300.

[0059] The output 86 of the zero crossing detector 80 (Figure 5) applies a voltage proportional
to the AC voltage of the sector to pin PAO4. The output 90 of the zero crossing detector 80
informs the controller 300 of the timing of zero crossings via the pin PA0S5.

[0060] Figure 11 is a diagram of a multiplexer/demultiplexer complex 400 allowing
communication between the PDU 10 and the controller 300 in accordance with an embodiment
of the present technology. The multiplexer/demultiplexer complex 400 implements the features
of the internal bus 44 of Figure 1. The multiplexer/demultiplexer complex 400 comprises four
(4) multiplexer/demultiplexer 402, 412, 422 and 432, for example 74HCT4051 from
Nexperia™, all of which are powered by the +5VDC tension.

[0061] Referring at once to Figures 10 and 11, the multiplexer/demultiplexer 402 is used to
multiplex signals from the output 108 of the current sensor 102 (Figure 6) of a first output
circuit 14, received at an input YO of the multiplexer/demultiplexer 402, and from similar
outputs from other output circuits of the PDU 10, received at inputs Y1-Y7. In the non-limiting
example of Figures 10 and 11, the controller 300 and the multiplexer/demultiplexer complex
400 are adapted to control the PDU 10 having eight (8) distinct output circuits such as the
output circuit 14. A PDU having a different number of output circuits is also contemplated.

[0062] The controller 300 provides a 3-bit signal 308 from its pins PA13, PA14 and PA15 to
cause the multiplexer/demultiplexer 402 to select one signal from the output 108 or from
another of the output circuits of the PDU 10 for transmission to the controller 300. The selected
signal, which is representative of a load current, or more generally representative of a power
level, for a selected one of the output circuits of the PDU 10, is presented at an output 404 of
the multiplexer/demultiplexer 402. This output 404 is applied as an analog load current value
408 to pin PB09 of the controller 300. Instead of the output 108 of the current sensor 102,
receiving at the multiplexer/demultiplexer 402 power level measurements from a power level
meter (not shown) is also contemplated.

[0063] The multiplexer/demultiplexer 412 is used to multiplex the fault signal 28C, indicative
that the high current limit has been exceeded, from the first latch 34B (Figure 7) of the first
output circuit 14 and from similar latches from other output circuits of the PDU 10. The
controller 300 provides the 3-bit signal 308 from its pins PA13, PA14 and PA15 to cause the
multiplexer/demultiplexer 412 to select one fault signal 28C from the first latch 34B or from a
latch of another one of the output circuits of the PDU 10 for transmission to the controller 300.
The selected signal, which is an indication of an overcurrent for a selected one of the output
circuits of the PDU 10, is presented at an output 414 of the multiplexer/demultiplexer 412. This
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output is applied as an overcurrent fault signal 418 to pin PA25 of the controller 300.

[0064] The multiplexer/demultiplexer 422 is used to multiplex the fault signal 32C, indicative
that the maximum differential current set-point has been exceeded, from the second latch 34C
(Figure 8) of the first output circuit 14 and from similar latches from other output circuits of the
PDU 10. The controller 300 provides the 3-bit signal 308 from its pins PA13, PA14 and PA15 to
cause the multiplexer/demultiplexer 422 to select one fault signal 32C from the second latch
34C or from a latch of another one of the output circuits of the PDU 10 for transmission to the
controller 300. The selected signal, which is an indication of a differential overcurrent for a
selected one of the output circuits of the PDU 10, is presented at an output 424 of the
multiplexer/demultiplexer 412. This output is applied as a differential overcurrent fault signal
428 to pin PA12 of the controller 300.

[0065] The controller 300 analyses its various inputs, including the AC voltage of the sector
read at pin PAO4, the timing of the zero crossings of the AC voltage of the sector read at pin
PAO5, and the load current values that are read sequentially from the various output circuits of
the PDU 10 and acquired by the controller 300 at pin PB09. The controller 300 considers the
load current for a given one of the output circuits, as reported for example from the output 108
of the current sensor 102 (Figure 6) of the first output circuit 14 and presented to pin PB09 of
the controller 300. This load current is compared to a configurable current value of the given
one of the output circuits. If the configurable value is exceeded, the controller 300 sends a fault
signal to the given one of the output circuits. For example, the fault signal 30B may be sent
from pin PA16 of the controller 300 and be received at the control logic circuit 160 (Figure 9) of
the output circuit 14. The controller 300 may optionally synchronize the fault signal 30B with
zero crossing detections of the AC power source, received at its pin PA05. As illustrated, the
fault signal 30B is sent directly from the controller 300 to the control logic circuit 160 in order to
ease synchronization. Similar fault signals may be sent by the controller 300 to other output
circuits directly from it pins PA17-PA23. It is contemplated that the controller 300 may sent
signals from its pins PA16-PA23 to the various output circuits of the PDU 10 in the absence of a
fault, to disable any one of the output circuits for maintenance or for other reasons.

[0066] Whether one of the output circuits of the PDU 10 has been disabled by autonomous
action of that output circuit or as a result of the controller 300 issuing a fault command,
information about the status of the output circuit is provided to a user of the PDU 10 on the
user interface 48 (Figure 1). Without limitation, the controller 400 and the user interface 48
may be connected via a RS-485 connection over a local network link. Figure 12 is a diagram of
a transceiver circuit 500 allowing communication between the controller 300 and other devices
in accordance with an embodiment of the present technology. The transceiver circuit 500
comprises a transceiver 508, for example an ISL83483IBZ-T RS-485 transceiver from
Renesas™, powered by the +3.3 VDC tension, and connected to the controller via a direction
indicator 502 linked to pin PAO6, a transmit connection 504 linked to pin PAO8 and a receive
connection 506 linked to pin PA09. Outputs 510 and 512 of the transceiver 508 are applied to
an external connector 514 adapted to be connected on a communication link via terminals 516.
The outputs 510 and 512 are also connected to a surge suppressor 518, for example a
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SM712-TPMSCT-ND from Micro Commercial Components™, mounted in parallel to the
external connector 514. The controller 300 can cause the transceiver circuit 500 to transmit
data from the transmit connection 504 when the direction indicator 502 is set. The controller
300 may receive data [[46]] over the receive connection 506 when the direction indicator 502 is
reset.

[0067] A non-limiting example of data that may be exchanged using the transceiver circuit 500
includes power measurements, voltage measurements, current measurements, and output
circuit statuses sent from the controller 300 to the user interface 48. Following the reporting of
a fault, the user of the PDU 10 may correct the situation having caused the fault and enter, on
the user interface 48, a restart command for the failed output circuit. The restart command and
an identity of the output circuit intended to be restarted is received via the transceiver circuit
500 and presented at the receive connection 506 to pin PA09 of the controller 300. The
controller sets the 3-bit signal 308 to the appropriate value for the selected output circuit and
sets a clear indication 438 at pin PA24. This clear indication is presented at an input 434 of the
multiplexer/demultiplexer 432. In turn, the multiplexer/demultiplexer 432 issues a rearm signal
at one of its outputs YO-Y7, for example issuing the rearm signal 42A received at the first and
second latches 34B, 34C (Figures 2, 7 and 8) to remove the issuance of the fault signals 28C
and 32C. The controller 300 internally removes the issuance of the fault signal 30B (Figures 2,
9) at the same time, if previously set. All fault signals having been removed, the output circuit
14 and the load attached thereto are energized again by the AC power source.

[0068] The controller 300 may be connected to the PLC modem 46 via its pins PB22 and PB23
that respectively provide a PLC transmitting port 444, and a PLC receiving port 446. Data
exchanged between the PDU 10 and other devices using the PLC protocol may include, for
example and without limitation, power levels, voltages, currents and statuses of the PDU 10
and/or of any one of its output circuits. Such data may be used, for example, for analysis,
diagnostic and planning purposes for a large data center.

[0069] Other connections may be made to various pins of the controller 300, for test,
programming and debugging purposes. Such details are outside of the scope of the present
disclosure and may be obtained for example by reference to a datasheet for the SAM D20
Family of microprocessors available from Microchip™.

[0070] Figure 13 is a perspective view of the PDU 10 in accordance with an embodiment of the
present technology. The PDU 10 is shown with the input connector 12 that, as illustrated and
without limitation, is a CEE 7-type plug for use in European countries, and with the output
connectors 20 that, as illustrated and without limitation, are C13-type plugs. In the non-limiting
example of Figure 13, the shown PDU 10 includes eight (8) output connectors 20. The output
circuits 14 for each of the output connectors 20, the controller 42 and, more generally, the
various components shown and described in Figures 1-12 are contained in a body 520, which
may be manufactured from a flame-retardant plastic material. Cables, for example 3G2.5mm2
cables, form the lines 18 and 24 introduced in the description of Figure 1. These lines may be
of various lengths so the representation of Figure 13 is solely for illustration purposes. Light
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emitting diodes (LED) (not shown) may be inserted within nipples 522 from which the lines 24
extend from the body 520 of the PDU 10. The material forming the nipples 522 is transparent
or at least translucent in order to allow visual indications from the LEDs to be externally
distinguishable. For example, the LED within the nipple 522 leading to a particular output
connector 20 may be green when power is available at that output connector 20 and may be
red when that output connector 20 is disconnected from the input connector 10 by the
corresponding output circuit 14. An additional LED may be inserted in the body 520, at an entry
point 524 of the power line 18, the additional LED providing a visual indication that AC power is
available at the PDU 10. Brackets 526 may be provided to allow mounting the PDU 10 on an
external support (not shown).

[0071] Figures 14a and 14b are, respectively, top and bottom plan views 532 and 534 of a
printed circuit board (PCB) 530 integrated in the PDU 10 in accordance with an embodiment of
the present technology. Figure 14a shows that the top 532 contains eight (8) areas 536 that
each correspond to one channel of the PDU 10 and include one instance of the output circuit
14. Components of the PDU 10 that are not specific to any particular output circuit 14, including
for example the controller 42, are for the most part located in an area 538 of the PCB 530, with
the exception that the input connector 12 that is mounted to an area 540 of the PCB 530. The
bottom 534 of the PCB 530 shown on Figure 14b contains a large ground plane 542. Figure 15
is a schematic layout of components of the PDU 10 mounted on PCB 530 in accordance with
an embodiment of the present technology.

[0072] Figure 16 is a high-level schematic diagram of the PDU 10 in accordance with an
embodiment of the present technology. The PDU 10 of Figure 1 is reproduced on Figure 16,
however highlighting some of its other features. The PDU 10 is shown including the input
connector 12, the fixed protection 16, the controller 42, the communication bus 46, and three
(3) channels that each includes an instance of the output circuit 14. The PDU 10 may include
more of less than the three (3) channels as illustrated on Figure 16. Each channel includes a
respective output connector 20, a respective relay 22, a respective sensor 38, and a respective
detector 550 that, in each output circuit 14, combines the various components of the detection
sub-circuit 26 and of the combining logic 34 of Figure 1. The detectors 550 and the relays 22
of all the channels of the PDU 10 together selectively connect the input connector 12 to each of
the plurality of output connectors 20.

[0073] In each channel the detector 550, being operatively connected to the relay 22 and to
the sensor 38, may generate a first fault signal when the power level reported by the sensor 38
exceeds a high power limit, or a second fault signal when a maximum differential current set-
point is exceeded. The detector 550 has a latch function to maintain the first or second fault
signal until it receives a rearm signal from the controller 42. The controller 42 may individually
provide the rearm signal to any one of the detectors 550 of the PDU 10.

[0074] The controller 42 receives the power level reported by the sensor 38 of each channel,
either directly or by calculating the power level based on a voltage, current, or like
measurement reported by the sensor 38. The controller 42 may assign a power threshold to
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the output connectors 20 of all channels of the PDU 10, the power threshold being calculated
by the controller 42 so that a sum of the power thresholds of the output connectors 20 does
not exceed a maximum rated power for the PDU 10, this maximum rated power being for
example consistent with the 15-ampere limit of the fixed protection 16. The power threshold for
each output connector 20 may take the form of a configurable current limit enforced by the
controller 42. The controller 42 may issue a third fault signal causing a respective relay 22 of
PDU 10 to disconnect one of the output connectors 20 from the input connector 12 if the power
level delivered by that output connector 20 exceeds its assigned power threshold.

[0075] Once a given one of the output connectors 20 has been disconnected from the input
connector 12, whether the disconnection was caused by the controller 42 or by the relay 550,
the controller 42 may receive a user command to activate again the given one of the output
connectors 20. In response, the controller 42 may reset the third fault signal if previously set,
and forward the rearm signal to the detector 550. This action unlatches the detector 550 that
removes the first and/or second fault signal applied to the relay 22, allowing a reconnection of
the output connector 20 to the input connector 12.

[0076] Figure 17 is a sequence diagram showing operations of a method of limiting a total
power delivered by the PDU 10 having a plurality of output connectors 20 in accordance with
an embodiment of the present technology. On Figure 17, a sequence 600 comprises a plurality
of operations that may be executed in variable order, some of the operations possibly being
executed concurrently, some of the operations being optional.

[0077] A power threshold is assigned for each of the plurality of output connectors 20 at
operation 610 so that a sum of the power thresholds of the plurality of output connectors 20
does not exceed a maximum rated power for the PDU 10. The power thresholds may be
assigned by the controller 42. Different power thresholds may be assigned to distinct ones of
the output connectors 20. Assigning the power threshold for each of the plurality of output
connectors 20 may for example comprise configuring a current limit for each of the plurality of
output connectors 20. At operation 620, a visual indication may be provided in proximity to one
of the plurality of output connectors 20 having a power threshold of zero. The visual indication
may for example be provided by turning on a LED to show a selected color.

[0078] A power level of a given one of the plurality of output connectors 20 is sensed at
operation 630. This operation 630 may comprise sub-operation 632 in which a power
parameter including one or more of a voltage, a current, an effective current, an instantaneous
power, an instantaneous active power, an instantaneous reactive power, and a phase angle of
the voltage relative to the current is sensed, and sub-operation 634 in which the power level of
the given one of the plurality of output connectors 20 is calculated based on the sensed power
parameter or parameters. In an embodiment, the current sensor 102 measures a load current
flowing through the live lead 24A and provides this measurement to the controller 42 that, in
turn, calculates the power level for the given one of the plurality of output connectors 20.

[0079] The PDU 10 may transmit, over a communication bus, an indication of a power level of
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the given one of the output connectors 20 at operation 640. This indication may be transmitted
over the communication bus using the PLC protocol.

[0080] At operation 650, a delivery of power by the given one of the output connectors 20 may
be stopped if the power level of that output connector 20 exceeds its assigned power
threshold. The power delivery may be stopped, for example, by the controller 42 comparing
the sensed power level to the assigned power threshold for the given one of the output
connectors 20 and emitting a fault signal, causing the relay 22 to disconnect the given output
connector 20 from the input connector 12. At operation 660, another visual indication may be
provided in proximity to that output connector 20 when the delivery of power by that output
connector 20 is stopped. That visual indication may for example be provided by turning on the
LED to show another color.

[0081] A user command to rearm the given output connector 20 may be received at the
controller 42, from the user interface 48, at operation 670. In response to the user command,
the controller 42 removes the fault signal applied on the relay 22 and the delivery of power by
the given output connector 20 is resumed at operation 680 by reconnection of the given output
connector 20 to the input connector 12 by the corresponding relay 22.

[0082] Figure 18 is a sequence diagram showing operations of a method of preventing
disjunctions in a PDU 10 having a plurality of output connectors 20 in accordance with an
embodiment of the present technology. On Figure 18, a sequence 700 comprises a plurality of
operations that may be executed in variable order, some of the operations possibly being
executed concurrently, some of the operations being optional.

[0083] A power level of each of the output connectors 20 of the PDU 10 is sensed at operation
710. This operation 710 may comprise sub-operation 712 in which a power parameter
including one or more of a voltage, a current, an effective current, an instantaneous power, an
instantaneous active power, an instantaneous reactive power and a phase angle of the voltage
relative to the current is sensed, and sub-operation 714 in which the power level for each of
the output connectors 20 is calculated based on the sensed power parameter for each of the
output connectors 20. In an embodiment, the current sensor 102 measures a load current
flowing through the live lead 24A and provides this measurement to the controller 42 that, in
turn, calculates the power level for the given one of the plurality of output connectors 20.

[0084] The PDU 10 may transmit, over a communication bus, an indication of a power level of
at least one of the output connectors 20 at operation 720. This indication may be transmitted
over the communication bus using the PLC protocol.

[0085] At operation 730, it may be detected that the power level of a given output connector 20
exceeds a high power limit. This detection may be made, for example, by the detector 550
comparing the current flowing through the live lead 24A to a fixed high current limit. In
response to the detection, a delivery of power by the given output connector 20 may be
stopped at operation 740. To this end, the detector 500 may issue a fault signal to the breaker
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22 and maintain that fault signal until a rearm signal is eventually received. A delivery of power
by a remainder of the output connectors 20 is maintained when the delivery of power by the
given output connector 20 is stopped. A visual indication may be provided at operation 750 in
proximity to the given output connector 20 when stopping the delivery of power by that output
connector 20.

[0086] The rearm signal may be received at operation 760, the rearm signal being for example
provided by the controller 42 to the detector 550 corresponding to the given output connector
20 when the controller 42 receives a user command from the user interface 48. In response to
the rearm signal, the detector 550 removes the fault signal applied to the corresponding relay
22. The delivery of power by the given output connector 20 is resumed at operation 770 by
reconnection of the given output connector 20 to the input connector 12 by the corresponding
relay 22.

[0087] While the above-described implementations have been described and shown with
reference to particular components of the output circuit 14, of the controller 42, and of the PDU
10, it will be understood that these components may be combined, sub-divided, or reordered
without departing from the teachings of the present technology. Accordingly, the order and
grouping of the components is not a limitation of the present technology.

[0088] It should be expressly understood that not all technical effects mentioned herein need
to be enjoyed in each and every embodiment of the present technology.

[0089] Modifications and improvements to the above-described implementations of the present
technology may become apparent to those skilled in the art. The foregoing description is
intended to be exemplary rather than limiting. The scope of the present technology is therefore
intended to be limited solely by the scope of the appended claims.
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Patentkrav

1. Kredslgb (14) til effektforsyning af en strgmbelastning, omfattende:
en udgangsforbinder (20) indrettet til at forbinde kredslgbet (14) til
strgmbelastningen;

5 et fgrste relee (22A1,22A2) som selektivt forbinder udgangsforbinderen (20)
til en vekselstrgmseffektkilde, hvor det farste relae (22A1,22A2) reagerer pa
et deaktiveringssignal (36) til at afbryde udgangsforbinderen (20) fra
vekselstrgmseffektkilden;
en fgrste spaerre (34B) indrettet til at opretholde et fgrste fejlsignal (28C),

10 sa snart det er sendt, indtil den modtager et genoprettelsessignal (42A); og
en logisk forbinder (34A) indrettet til at generere deaktiveringssignalet
(36), nar den modtager mindst en af det fgrste fejlsignal (28C) og et andet
fejlsignal (30B);
kendetegnet ved, at kredslgbet (14) yderligere omfatter:

15 en fgrste sensor (28A) indrettet til at detektere et niveau af effekt forsynet
til strembelastningen via udgangsforbinderen (20);
en fgrste detektor (28B) indrettet til:
at modtage det detekterede effektniveau fra den fgrste sensor (28A), og
at sende det fgrste fejlsignal (28C) nar det detekterede effektniveau

20 overstiger en fastsat effektgraense; og
en styreenhed (42) indrettet til:
at modtage det detekterede effektniveau fra den fgrste sensor (28A),
at sende det andet fejlsignal (30B) nar det detekterede effektniveau
overstiger en konfigurerbar effekttaerskel,

25 at modtage en brugerordre om at genoprette kredslgbet (14), og
som reaktion p& modtagelse af brugerordren, at sende genoprettelses-
signalet (42A) og afslutte udsendelsen af det andet fejlsignal (30B).

2. Kredslgbet (14) ifglge krav 1, hvor styreenheden (42) kan programmeres til at
30 indstille den konfigurerbare effekttaerskel til en lavere veerdi end den fastsatte
effektgraense.

3. Kredslgbet (14) ifglge krav 1 eller 2, hvor den fgrste sensor (28A) detekterer
effektniveauet ved at male en strgm forsynet til strembelastningen via



10

15

20

25

30

DK/EP 3595112 T3

udgangsforbinderen (20).

4. Kredslgbet (14) ifglge et hvilket som helst af kravene 1 til 3, yderligere
omfattende:
en anden sensor (32A1) med en forskel mellem en strgm, som forsynes til
strgmbelastningen via udgangsforbinderen (20), og en strgm, som kommer
tilbage fra strgmbelastningen til udgangsforbinderen (20);
en anden detektor (32B) indrettet til:
at modtage den detekterede forskel mellem strammen forsynet til
strgmbelastningen via udgangsforbinderen (20) og strammen som kommer
tilbage fra strembelastningen til udgangsforbinderen (20), og
at udsende et tredje fejlsignal (32C) nar forskellen mellem
belastningsstrgmmen og stremmen, som kommer tilbage fra
strambelastningen til udgangsforbinderen (20), overstiger et maksimalt,
differentielt stramindstillingspunkt;
en anden speaarre (34C) indrettet til opretholde det tredje fejlsignal (32C),
sa snart det udsendes, indtil den modtager genoprettelsessignalet (42A);
hvor den logiske forbinder (34A) er yderligere indrettet til at generere
deaktiveringssignalet (36), nar den modtager det tredje fejlsignal (32C).

5. Kredslgbet (14) ifglge krav 4, hvor det fgrste relae (22A1,22A2) er indrettet til at
afbryde udgangsforbinderen (20) fra en linjeindgang (24A) af vekselstrgmseffekt-
kilden som reaktion pa deaktiveringssignalet (36), idet kredslgbet (14) yderligere
omfatter et andet relae (22B1,22B2), som reagerer pa det tredje fejlsignal (32C)
for at afbryde udgangsforbinderen (20) fra en neutral indgang (24B) af
vekselstrgmseffektkilden.

6. Kredslgbet (14) ifglge krav 4 eller 5, yderligere omfattende en strgm-
transformer (32Az2), som isolerer den anden detektor (32B) fra strammen forsynet
til strembelastningen via udgangsforbinderen (20) og fra strammen, som kommer
tilbage fra strgmbelastningen til udgangsforbinderen (20).

7. Kredslgbet (14) ifglge et hvilket som helst af kravene 1 til 6, yderligere

omfattende:
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3

en tredje detektor (83,87,91) af en sektorspaending ved vekselstrgms-
effektkilden, idet den tredje detektor (83,87,91) udsender et
tilstedevaerelsessignal (94), nar vekselstrgmseffektkilden forsynes med
strgm;

hvor den logiske forbinder (34A) er yderligere indrettet til ikke at generere
deaktiveringssignalet (36), nar tilstedevaerelsessignalet (94) er fravaerende.

8. Kredslgbet (14) ifglge et hvilket som helst af kravene 1 til 7, hvor:

den fgrste sensor (28A) omfatter:

en generator (107) af det detekterede effektniveau, og

en Hall-effektdetektor (105), som isolerer generatoren (107) af det
detekterede effektniveau fra en strgm, som strammer fra vekselstrgms-
effektkilden mod strembelastningen; og

det fgrste relee (22A1,22A2) omfatter:

en indgang af deaktiveringssignalet (36), og

en optokobler (184) som isolerer indgangen af deaktiveringssignalet (36)
fra strommen, som strgmmer fra vekselstrgmseffektkilden mod
strgmbelastningen.

9. Stromfordelingsenhed (PDU) (10), omfattende:
en indgangsforbinder (12) indrettet til at forbinde PDU’en (10) til
vekselstrgmseffektkilden; og
en eller flere kanaler, idet hver kanal er konfigureret til at effektforsyne en
respektiv strgmbelastning, idet hver kanal omfatter kredslgbet (14) ifglge
et hvilket som helst af kravene 1 til 8, idet den ene eller flere kanaler er

operativt forbundet til en faelles styreenhed (42).

10. PDU’en (10) ifglge krav 9, hvor styreenheden (42) er operativt forbundet til
den fgrste detektor (28B), til den fgrste spaerre (34B) og til den logiske forbinder
(34A) af hver kanal, idet styreenheden (42) er indrettet til at tilvejebringe
genoprettelsessignaler (42A) til individuelt at nulstille den fgrste spaerre (34B) af

hver kanal.

11. PDU’en (10) ifglge krav 10, hvor styreenheden (42) er yderligere indrettet til
at indstille de respektive konfigurerbare effekttaerskler for hver af den ene eller
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flere kanaler.

12. PDU’en (10) ifglge krav 10 eller 11, yderligere omfattende:
en nulgennemgangsdetektor (80) operativt forbundet til styreenheden (42)
og indrettet til at detektere spandingsovergange af vekselstrgmseffekt-
kilden;
hvor styreenheden (42) er yderligere indrettet til at synkronisere det andet
fejlsignal (30B) med spaendingsovergangene af vekselstrgmseffektkilden.

13. PDU’en (10) ifglge et hvilket som helst af kravene 10 til 12, yderligere
omfattende:
en multiplekser (402) konfigureret til at modtage effektniveauet fra den
fgrste sensor (28A) af hver af den ene eller flere kanaler; og
en demultiplekser (432) konfigureret til at lede genoprettelsessignalet
(42A) til den forste speerre (34B) af hver af den ene eller flere kanaler;
hvor styreenheden (42) er indrettet til:
at styre multiplekseren (402) til at modtage, fra multiplekseren (402),
effektniveauet fra den fgrste sensor (28A) fra en hvilken som helst af den
ene eller flere kanaler valgt af styreenheden (42), og
at styre demultiplekseren (432) for at forarsage, at genoprettelsessignalet
(42A) ledes til den fgrste spaerre (34B) af en hvilken som helst af den ene
eller flere kanaler valgt af styreenheden (42).

14. PDU’en (10) ifglge et hvilket som helst af kravene 10 til 13, yderligere
omfattende et modem (46) operativt forbundet til styreenheden (42) og til en
strgmledning (18) for at lade styreenheden (42) kommunikere med andre
indretninger.

15. PDU’en (10) ifglge krav 14, hvor modemmet (46) er yderligere indrettet til at
anvende en strgmledningskommunikations- (PLC) protokol over strgmledningen
(18).

16. PDU’en (10) ifglge krav 14 eller 15, hvor styreenheden (42) er yderligere
indrettet til at forarsage, at modemmet (46) sender en indikation af effektniveauet
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5
af den mindst ene af den ene eller flere kanaler over strgmledningen (18).
17. PDU’en (10) ifglge et hvilket som helst af kravene 9 til 16, yderligere

omfattende en brugergraenseflade (48) til at tilvejebringe brugerordren om at
5 genoprette kredslgbet (14).
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Figure 4
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Figure 5
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Figure 6
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Figure 13
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Figure 14b
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Figure 15
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600 ( BEGIN )
.y
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Assign a configurable power threshold for each of the plurality of oulput connectors so
that a sum of the configurable power thresholds of the plurality of output connectors
does not exceed a maximum rated power for the PDU

610

Provide a visual indication in proximity to one of the plurality of output connectors having
a configurable power threshold of zero

~—620

Sense a power level of a given one of the plurality of output connectors

Sense a power parameter selected from a voltage, a current, an effective current, an
instantaneous power, an instantaneous active power, an instantaneous reactive
power, a phase angle of the voltage relative to the current, and a combination thereof

Calculate the power level of the given one of the plurality of cutput connectors based
on the sensed power parameter

L~

—~—630

632

634

Transmit from the PDU, over a power line, an indication of a power level of the given one
of the output connectors

640

Stop a delivery of power by the given one of the plurality of output connectors when the
power level of the given one of the plurality of output connectors exceeds the configurable
power threshold for the given one of the plurality output connector

~—650

Provide a visual indication in proximity to the given one cof the plurality of output
connectors when stopping the delivery of power by the given one of the plurality of
output connectors

660

Receive a user command to rearm the given one of the plurality of output connectors

(~—670

y

Resume the delivery of power by the given one of the plurality of output connectors in
rasponse to the user command

~—680

Figure 17
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700

( BEGIN )

Sense a power level of each of the plurality of output connectlors ~—710

Sense a power parameter selected from a voltage, a current, an effective current, an
instantaneous power, an instantaneous active power, an instantaneous reactive
power, a phase angle of the voltage relative to the current, and a combinalion thereof

712

Calculate the power level for each of the plurality of output connectors based on the ..714
sensed power parameter for each of the plurality of output connectors

Transmit from the PDU, over a power line, an indication of a power level of at least one

/\/
of the plurality of output connectors 720
Detect that the power level of a given one of the plurality of output connectors exceeds a
fixed power fimit 730
Stop a delivery of power by the given one of the plurality of output connectors while 740

maintaining a delivery of power by a remainder of the plurality of output connectors

Provide a visual indication in proximity to the given one of the plurality of outpul connec-
tors when stopping the delivery of power by the given one of the plurality of output ~—750
connectors

Receive a user command to rearm the given one of the plurality of output connectors  f~_780

Resume the delivery of power by the given ane of the plurality of output connectors in

~-770
response to the user command

Figure 18
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