
METHOD AND SYSTEM FOR CONTROL AND PROTECTION OF 

DIRECT CURRENT SUBSEA POWER SYSTEMS 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH & 
DEVELOPMENT 

[0001] The U.S. Government has certain rights in this invention as 

provided for by the terms of Contract No. DE-AC-07NT42677. 

BACKGROUND OF THE DISCLOSURE 

[0002] This description relates to power distribution systems, and, 

more particularly, to systems and methods for a high-voltage direct current (HVDC) 

transmission and distribution system control and protection. 

[0003] As oil and gas fields in shallow waters go dry, producers are 

tapping offshore fields in deeper waters with oil installations that operate far below the 

surface of the sea. The typical equipment for such subsea oil recovery and production 

include gas compressors and various pumps for multiple functions. Electric variable 

speed drive (VSD) and motor systems are one way to power such equipment directly 

under the deep water. Therefore, the delivery of electric power from a remote onshore 

utility grid or power generation is important to secure a reliable production and 

processing of oil and gas in subsea locations. Typically, the transmission power 

requirement is approximately one hundred megawatts for medium to large oil/gas 

fields. 

[0004] For applications wherein bulk power is transmitted over long 

distances to offshore locations, alternating current (AC) transmission faces technical 

challenges, which becomes more significant when transmission distance is in excess of 

one-hundred kilometers. The significant reactive power drawn from the distributed 

subsea cable capacitors restrains the power delivery capability as well as increases the 

system cost. 

[0005] Direct current (DC) transmission is more efficient over longer 

distances than AC transmission. Medium voltage (MV) or high voltage (HV) DC 
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transmission typically requires power electronic converters which are capable of 

converting between HV AC and HV DC. In conventional converter topologies, each 

switch of the converter is designed to handle high voltages which may range from tens 

of kilovolts to hundreds of kilovolts depending upon the application needs. Such 

switches are typically arranged with series connection of several semiconductor 

devices such as insulated gate bipolar transistors (IGBTs) and thyristors. Another 

method is to use switches within modules of lower voltage rating and achieving the 

high voltages required by connecting as many modules in series as the application 

requires. Due to the special application in subsea, receiving-end converters need to be 

designed on a modular- basis which is easy to transport, marinize, install, and retrieve. 

BRIEF DESCRIPTION OF THE INVENTION 

[0006] In one embodiment, a high-voltage DC (HVDC) power system 

includes a plurality of sending-end (SE) modules coupled in electrical series and 

divided into at least two groups that each operate independently with respect to an 

electrical ground and a plurality of receiving-end (RE) power converter modules 

electrically coupled to the plurality of SE modules, the plurality of RE power converter 

modules including a fast ground-fault detection and control device, the plurality of RE 

power converter modules including a receiving-end front-end DC-DC converter 

controller, and an output current damping control. 

[0007] In another embodiment, a method of high voltage DC (HVDC) 

power system control and protection includes coupling a plurality of loads to a 

receiving end (RE) power distribution system, the RE power distribution system 

configured as a plurality of monopole distribution systems configured to operate 

independently with respect to a ground, each of the plurality of loads coupled to a 

branch of the RE power distribution system through a respective load distribution cable 

and a respective RE load power conversion module. The method further includes 

detecting a ground fault in a branch, closing a bypass switch across conductors of the 

load distribution cable associated with the branch to bypass load current from the 

branch, ramping down current in an associated monopole distribution system, opening 

a ground fault isolation switch when the monopole distribution system current is 
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approximately zero, and ramping the current in the associated monopole distribution 

system to supply other loads in the monopole distribution system while the ground 

fault affected branch is isolated. 

[0008] In yet another embodiment, a subsea receiving end (RE) 

assembly of a high-voltage DC (HVDC) power system includes a plurality of 

receiving-end (RE) power converter module branches coupled in electrical series and 

having associated load segment distribution protective devices, each RE power 

converter module supplying a respective load with three-phase alternating current (AC) 

power for each branch of loads, each load segment including a fast ground-fault 

detection system including a first current sensor configured to measure load current 

entering a load distribution cable, a second current sensor configured to measure load 

current entering a RE power converter module downstream from the load distribution 

cable, a ground fault detector configured to compare a residual common mode current 

measured by the first and second current sensors to a threshold and generate a ground 

fault command, and a load isolation device configured to isolate a ground fault from 

the HVDC power system based on the generated ground fault command. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIGS. 1-13 show exemplary embodiments of the method and 

apparatus described herein. 

[0010] FIG. 1 is a schematic block diagram of a bipolar current-

source based modular stack direct current (MSDC) high voltage direct current (HVDC) 

system and sending-end control scheme. 

[0011] FIG. 2 is a schematic block diagram of another embodiment of 

a bipolar current-source based modular stack direct current (MSDC) high voltage 

direct current (HVDC) system and sending-end control scheme. 

[0012] FIG. 3 is a schematic block diagram of a sending-end control 

system, such as, the first controller or second controller shown in FIGS. 1 and 2 in 

accordance with an example embodiment of the present disclosure. 
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[0013] FIG. 4 is a schematic diagram of an equivalent circuit of 

sending-end system configured as two independent current sources. 

[0014] FIG. 5 is a schematic block diagram of a ground fault detection 

and isolation system for bipolar current-source based modular stack direct current 

systems. 

[0015] FIG. 6 is a flow diagram of a method of detecting and isolating 

a ground fault in system. 

[0016] FIG. 7 is a schematic block diagram of a portion of the system 

shown in FIGS. 1 and 2 illustrating a ground fault location. 

[0017] FIG. 8 is a graph of residual common-mode current from the 

GF detector shown in FIG. 5 on the inlet of a distribution cable. 

[0018] FIG. 9 is a graph of residual common-mode current from GF 

detector shown in FIG. 5 on the inlet of receiving-end module. 

[0019] Figure 10 is a graph illustrates the effects of a ground fault 

transient on system. 

[0020] FIG. 11 is a schematic diagram of a receiving end front-end 

DC-DC converter and controller with an additional output current damping control 

circuit. 

[0021] FIG. 12 is a graph of resonance current that may be present in 

a branch of the system shown in FIG. 1. 

[0022] FIG. 13 is a graph 1300 of overshoot current as a result of a 

current spike due to the load-shedding of other neighbor loads. 

[0023] Although specific features of various embodiments may be 

shown in some drawings and not in others, this is for convenience only. Any feature of 

any drawing may be referenced and/or claimed in combination with any feature of any 

other drawing. 
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[0024] Unless otherwise indicated, the drawings provided herein are 

meant to illustrate features of embodiments of the disclosure. These features are 

believed to be applicable in a wide variety of systems comprising one or more 

embodiments of the disclosure. As such, the drawings are not meant to include all 

conventional features known by those of ordinary skill in the art to be required for the 

practice of the embodiments disclosed herein. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] The following detailed description illustrates embodiments of 

the invention by way of example and not by way of limitation. It is contemplated that 

the invention has general application to embodiments of controlling and protecting 

power systems in various applications. 

[0026] Specifically, this invention disclosure includes the bipolar 

system architecture, the control of sending-end topside power conversion station for 

bipolar operation, the control of receiving-end power converter modules with current 

resonance damping, the distribution switchyard bypass protection structure, and the 

means of fast ground-fault detection and isolation. 

[0027] The following description refers to the accompanying 

drawings, in which, in the absence of a contrary representation, the same numbers in 

different drawings represent similar elements. 

[0028] The whole sending-end modules of those aforementioned 

MSDC in patents are controlled as a single current source. The system is poised to 

operate only when the full system is built, thereby prolonging the construction and 

commissioning time. Any fault may jeopardize the whole system operation, reducing 

the system reliability. The system flexibility is restricted due to the single operation 

mode. The high-impedance grounding scheme, as shown in the aforementioned 

patents, results in the case that the subsea cables need a full- voltage or even higher 

insulation capability to sustain the ground fault transient. In addition, the ground fault 

is not easy to detect due to the limited ground fault current. 
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[0029] In its simple embodiment of this invention disclosure, the 

bipolar modular stack system architecture and the corresponding sending-end control 

are proposed with more flexibility of operation modes, such as monopole and bipolar 

modes. System can tolerate the single transmission cable failure. Switchyard structure 

and the fast but accurate ground fault protection solution are proposed, which provide a 

ride-through capability during ground-fault event. An active current damping 

controller is proposed for the receiving-end modules for a robust distribution system 

operation. 

[0030] FIG. 1 is a schematic block diagram of a bipolar current-

source based modular stack direct current (MSDC) high voltage direct current (HVDC) 

system 100 and sending-end control scheme. In the example embodiment, system 100 

includes a sending end 102 and a receiving end 104. Sending end 102 and receiving 

end 104 are electrically coupled using a first cable 106 having a first polarity and a 

second cable 108 having an opposite second polarity. In the example embodiment, 

Sending end 102 is positioned above the surface of a body of water and receiving end 

104 is positioned near a floor of the body of water and therefore typically operates in a 

submerged pressure environment. 

[0031] Sending end 102 includes a generator 109 and a plurality of 

sending end modules 110 configured in electrical series. Modules 110 are electrically 

divided into, in the example of FIG. 1, two groups 111 and 113 by a ground 112. In 

the example illustrated in FIG. 2, modules 110 are electrically divided into two groups 

by a low resistance conduit 202, such as, but, not limited to a wire or cable. 

[0032] Sending end 102 includes two sets of identical unipolar 12-

pulse rectifier/inverter systems using modules 110. They operate independently with 

respect to ground. The polarities of cables 106, 108 are opposite. During normal 

operation, the current flowing through the earth ground is negligible due to the 

symmetrical operation. The use of a bipolar system over a unipolar system includes, 

for example, when a fault occurs, with the earth return electrodes installed at each end 

of the system, approximately half the rated power can continue to flow using the earth 

as a return path, operating in monopolar mode. 
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[0033] The sending-end modules are split into two groups by the 

location of the earthing electrode and are controlled separately using a first controller 

114 and a second controller 116. First controller 114 and second controller 116 

regulate the two groups of sending-end converters 110 as two identical current sources. 

Such control also ensures the ground current always approximately zero. Their output 

terminal voltage levels depend on the loading conditions of receiving-end 104. The 

voltages of groups 111 and 113 adjust automatically in accordance with a load 

condition. Therefore, the system 100 doesn't necessarily require a symmetrical 

loading of receiving-end 104. FIG. 2 shows an alternative way of using low-insulation 

metallic return wire to conduct current instead of seawater or earth ground. The system 

illustrated in FIG. 2 is more feasible when it is difficult to build an earthing system in 

subsea area. 

[0034] Receiving end 104 includes a plurality of receiving end 

modules 118 electrically coupled in a series configuration. In various embodiments, 

each receiving end module 118 supplies a single load, such as, but, not limited to a 

motor 120. Moreover, receiving end units 118 include a first stage DC-DC converter 

and a second stage DC-AC inverter (neither shown in FIGS. 1 and 2). 

[0035] FIG. 3 is a schematic block diagram of a sending-end control 

system 300, such as, first controller 114 or second controller 116 (shown in FIGS. 1 

and 2) in accordance with an example embodiment of the present disclosure. In the 

example embodiment, sending-end control system 300 includes two sets of current and 

voltage measurement systems 302 and 304. Two voltage sensors 306 and 308 measure 

the voltage between cables 106 and 108, respectively and ground. Interleaving 

techniques among sending-end (SE) modules in each group 111 and 113 are 

implemented to reduce the link current ripple. The output current from group 111 

converters and group 113 converters can be further interleaved to completely cancel 

out the earth current. 

[0036] FIG. 4 is a schematic diagram of an equivalent circuit of 

sending-end system 102 configured as two independent current sources 402 and 404. 

System 100 is a bipolar MSDC, subsea system installation, initially commissioned as a 
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bipolar system, but may be operated in a monopole mode. Therefore, the system can 

operate as soon as only half of the system is built, thereby shortening the 

commissioning time by half. Under the monopole mode, two subsea cables can be 

used as sending and returning path, or two cables can be paralleled as the sending path 

and the seawater or metallic wire is used as the return path. 

[0037] The bipolar scheme of system 100 essentially operates as two 

parallel monopoles. Any system fault can only jeopardize half of the total load. The 

other half system can keep operation as the monopole mode. Due to the nature of two 

independent power delivery operations, system 100 can still keep alive even when one 

of the subsea transmission cables breaks. The system flexibility and reliability is thus 

improved significantly. 

[0038] Additionally, system 100 permits reducing an insulation 

strength of transmission and distribution cables and connectors, which can be 

guaranteed always less than half of the total DC voltage, even in the case of ground 

faults. This reduces the dielectric stress on cable and connectors. 

[0039] FIG. 5 is a schematic block diagram of a ground fault detection 

and isolation system 500 for bipolar current-source based modular stack direct current 

systems, such as, system 100. Insulation failure or ground fault on cables and 

connectors is one of the more significant component failure modes in such HVDC 

system due to the harsh environment. A fast detection of ground fault, an accurate 

positioning of fault location, and a simple way of fault clearing are important. Ground 

fault (GF) detection and isolation system 500 for system 100 is illustrated using four 

receiving-end modules 118. Each branch 502 includes load 120 supplied by a 

respective receiving end module 118. Each branch is supplied by an inlet distribution 

cable 504 and an outlet distribution cable 506. At each end of cables 504 and 506 a 

ground fault detector is electrically coupled to branch 502. For example, a supply-side 

508 of cables 504 and 506 includes a supply-side ground fault detector 510 and a load-

side 512 of cables 504 and 506 includes a load-side ground fault detector 514. 

Additionally, each branch 502 includes a ground fault isolation switch on a supply-side 

of each ground fault detector 510 and 514. Specifically, ground fault detectors 510 are 
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associated with an isolation switch 516 and ground fault detectors 514 are associated 

with an isolation switch 518. Each branch also includes a branch bypass switch 519. 

As shown in an expanded view 520 of ground fault detectors 510, each ground fault 

detector 510 includes a current sensing circuit 522 including a low-pass filter 524 and a 

comparator 526. Comparator receives a signal 528 representative of the current 

flowing though cables 504 and 506 on supply-side 508 and a threshold signal 

representing a predetermined amount of current flow that would be apparent in a 

ground fault condition. In various embodiments, current sensing circuit 522 includes 

current sensors 532, such as, but, not limited to, residual hall-effect current sensors to 

detect the current flowing through cables 504 and 506. 

[0040] The residual hall-effect current sensors are implemented in the 

inlet of distribution cable and inlet of the VSD module 118 in each load branch 502. 

GF detectors 510 and 514 compare the residual common-mode current with threshold 

530 to determine the occurrence of ground fault. GF detectors 510 and 514 are capable 

of identifying the ground fault locations directly and controlling the local isolation 

breakers 516 or 518 to isolate the faulty portion of the affected branch 502 from the 

whole of system 100. Upon detection of a ground fault, GF detectors 510 and 514 

simultaneously transmit a trip signal 533 to bypass switch 519 to bypass current 

around the affected branch 502 and transmit a fault signal 534 to sending-end 102, 

which then ramps down the output current of the faulty side of the monopole system. 

Once the link current drops below a predetermined limit, GF detectors 510 and 514 

open the associated isolation breaker 516 or 518 and let the sending-end 102 ramp up 

the current again. 

[0041] FIG. 6 is a flow diagram of a method 600 of detecting and 

isolating a ground fault in system 100. The complete chain of GF detection, 

positioning, and isolation can be accomplished autonomously. The loss of production 

due to the ground fault can be thereby minimized within a very short time slot. The 

faulty branch or portion of a branch can be detected and isolated quickly, ensuring the 

continuous operation of the rest of the system. In the example embodiment, method 

600 includes detecting 602 the ground fault, simultaneously closing 604 the branch 

bypass switch and transmitting a ground fault signal to a respective sending end 
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controller 114 or 116, ramping-down 606 the current in the affected monopole by the 

respective sending end controller 114 or 116, opening 608 the associated isolation 

breaker when current in the branch decreases to a predetermined value, and ramping-

up 610 the current in the affected monopole back to a normal operational level for the 

existing load on the monopole. 

[0042] FIG. 7 is a schematic block diagram of a portion of system 100 

illustrating a ground fault location 702 on a wet-met connector between the distribution 

cable 504 and one of the plurality of receiving end modules 118, as indicated. 

[0043] FIG. 8 is a graph 800 of residual common-mode current from 

GF detector 510 on the inlet of distribution cable 504. Graph 800 includes an x-axis 

802 graduated in units of time (seconds) and a y-axis 804 graduated in units of current 

(kA). A trace 806 illustrates the current detected by GF detector 510 on the inlet of the 

distribution cable. 

[0044] FIG. 9 is a graph 900 of residual common-mode current from 

GF detector 514 on the inlet of receiving-end module 118. Graph 900 includes an x-

axis 902 graduated in units of time (seconds) and a y-axis 904 graduated in units of 

current (kA). A trace 906 illustrates the current detected by GF detector 514 on the 

inlet of receiving-end module 118. Comparing the residual common-mode current of 

the two adjacent GF detectors 510 and 514 shows that the location of the fault to be on 

the distribution cable. Trace 806 shows a spike of approximately 900 Amps and at 

approximately the same time trace 906 shows a spike of only 43 Amps. 

[0045] Figure 10 is a graph 1000 illustrates the effects of a ground 

fault transient on system 100. Graph 1000 shows an upper plot 1002 and a lower plot 

1004 where upper plot 1002 shows the output power of four receiving end modules 

118 representing two 11 MW compressor loads and two 2.5MW pump loads. Lower 

plot 1004 shows the sending-end and receiving-end link current. As the ground fault 

occurs at t=12 seconds, the affected sending-end controller decreases the link current 

to approximately zero right after receiving the fault signal from the associated GF 

detector. The GF detector opens the isolation breaker as soon as the current drops to a 
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predetermined or minimum value. Then the link current is controlled back to the 

normal value. The unaffected receiving-end modules 118 return back to the normal 

state after the ground fault detection and isolation process. 

[0046] FIG. 11 is a schematic diagram of a receiving end front-end 

DC-DC converter 1101 and controller 1100 with an additional output current damping 

control circuit 1102. Although the sending-end current is regulated, the receiving-end 

current is rich in current spikes and oscillations due to various impedance resonances 

from the transmission and distribution cables and the low control bandwidth of the 

sending-end. At least some known transient events, such as the sudden load shedding, 

can easily trigger the receiving-end current oscillation or overshoot. These abnormal 

current behaviors may trip the protection function in any of receiving end modules 118 

as well as leading to more power losses. Receiving-end front-end DC-DC converter 

controller 1100 includes a balance regulator circuit 1102, a power regulator circuit 

1104, and an additional output current damping control circuit 1106 having a 

receiving-end current measurement circuit 1108. Circuit 1108 includes a high-pass-

filter (HPF) that reduces a DC component of the current signal. The other frequency 

information flows through the regulator (Hi) and generates the corresponding duty-

cycle signal dter. The output of current damping control circuit 1106 automatically 

adjusts the terminal voltage to damp out the current oscillation and spike. Because the 

damping loop only copes with the non-DC current, it will not affect power regulator 

circuit 1104. 

[0047] Balance regulator circuit 1102 is configured to balance a 

voltage across each of a top capacitor, VdcP and a bottom capacitor, VdcN. Ideally, 

VdcP and VdcN will be equal, however there may be some difference between 

components or between capacitors resulting in a voltage difference. To overcome that 

difference, balance regulator circuit 1102 controls the two capacitor voltages to be the 

same. 

[0048] Power regulator circuit 1104 is configured to generate a duty 

cycle control signal for each phase of pulse width modulators 1110 and 1112. A 

reference voltage Vdc_ref is compared to the measurement DC voltage Vdc, which 
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generates an error signal input to controller Hv to generate the PWM duty cycle. To 

increase a response of controller Hv a feed forward loop 1114 is used. 

[0049] Feed forward loop 1114 receives a power signal P and the 

measured Vdc. Power, P is the load side power consumption, which is divided by the 

Vdc, which generates a corresponding current reference 1116. Current reference 1116 

is scaled by a predetermined gain factor, G. The voltage signal from controller Hv and 

scaled current reference are combined to generate the duty cycle ddc. Feed forward 

loop 1114 helps correct a sudden change on the load side, which can create a sudden 

change on the power. The sudden change of power can suddenly change the duty 

cycle too quickly for the Hv controller to maintain a proper output. 

[0050] FIG. 12 is a graph 1200 of resonance current. Graph 1200 

includes an x-axis 1202 graduated in units of time (seconds) and a y-axis 1204 

graduated in units of current. A trace 1206 illustrates the current of receiving end 

module 118 without circuit 1106 and a trace 1208 illustrates the current with circuit 

1106. 

[0051] FIG. 13 is a graph 1300 of overshoot current as a result of a 

current spike due to the load-shedding of other neighbor loads. Graph 1300 includes 

an x-axis 1302 graduated in units of time (seconds) and a y-axis 1304 graduated in 

units of current. A trace 1306 illustrates the current of receiving end module 118 

without circuit 1106 and a trace 1208 illustrates the current with circuit 1106. 

[0052] The above-described embodiments of a method and system of 

controlling and protecting a surface to subsea power transmission and distribution 

system provides a cost-effective and reliable means for providing a redundant, fault-

tolerant, and reliable using a bipolar topology, fast-acting ground fault detection and 

isolation system and a current damping system. More specifically, the bipolar 

topology described herein facilitates supplying electrical power from a surface location 

to a harsh subsea location. As a result, the methods and systems described herein 

facilitate operate remote equipment in a cost-effective and reliable manner. 
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[0053] This written description uses examples to disclose the 

invention, including the best mode, and also to enable any person skilled in the art to 

practice the invention, including making and using any devices or systems and 

performing any incorporated methods. The patentable scope of the invention is 

defined by the claims, and may include other examples that occur to those skilled in 

the art. Such other examples are intended to be within the scope of the claims if they 

have structural elements that do not differ from the literal language of the claims, or if 

they include equivalent structural elements with insubstantial differences from the 

literal languages of the claims. 
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[0054] PARTS LIST 

[0055] HVDC system 100 

[0056] Sending end 102 

[0057] receiving end 104 

[0058] first cable 106 

[0059] second cable 108 

[0060] generator 109 

[0061 ] sending end modules 110 

[0062] group 111 

[0063] ground 112 

[0064] group 113 

[0065] sending end controller 114 

[0066] sending end controller 116 

[0067] receiving-end module 118 

[0068] load 120 

[0069] low resistance conduit 202 

[0070] sending-end control system 300 

[0071] voltage measurement system 302 

[0072] voltage measurement system 304 

[0073] voltage sensor 306 
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[0074] voltage sensor 308 

[0075] current sources 402 

[0076] current source 404 

[0077] detection and isolation system 

[0078] load branch 502 

[0079] distribution cable 504 

[0080] outlet distribution cable 506 

[0081] supply-side 508 

[0082] ground fault detector 510 

[0083] load-side 512 

[0084] ground fault detector 514 

[0085] isolation switch 516 

[0086] isolation switch 518 

[0087] bypass switch 519 

[0088] expanded view 520 

[0089] current sensing circuit 522 

[0090] low-pass filter 524 

[0091] comparator 526 

[0092] signal 528 

[0093] threshold 530 
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[0094] current sensor 532 

[0095] trip signal 533 

[0096] fault signal 534 

[0097] method 600 

[0098] detecting 602 

[0099] closing 604 

[00100] ramping-down 606 

[00101] opening 608 

[00102] ramping-up 610 

[00103] ground fault location 

[00104] graph 800 

[00105] x-axis 802 

[00106] y-axis 804 

[00107] Trace 806 

[00108] Graph 900 

[00109] x-axis 902 

[00110] y-axis 904 

[00111] trace 906 

[00112] Graph 1000 

[00113] upper plot 1002 
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[00114] lower plot 1004 

[00115] DC-DC converter controller 

[00116] DC-DC converter 1101 

[00117] balance regulator circuit 1102 

[00118] power regulator circuit 1104 

[00119] current damping control circuit 

[00120] current measurement circuit 

[00121] pulse width modulator 1110 

[00122] pulse width modulator 1112 

[00123] Feed forward loop 1114 

[00124] current reference 1116 

[00125] Graph 1200 

[00126] x-axis 1202 

[00127] y-axis 1204 

[00128] trace 1206 

[00129] trace 1208 

[00130] graph 1300 

[00131] x-axis 1302 

[00132] y-axis 1304 

[00133] trace 1306 
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Claims 

1. A high-voltage DC (HVDC) power system comprising: 

a plurality of sending-end (SE) modules coupled in electrical series and divided into 

at least two groups that each operate independently with respect to an electrical ground; 

a plurality of receiving-end (RE) power converter modules electrically coupled to said 

plurality of SE modules, the plurality of RE power converter modules comprising: 

a fast ground-fault detection and control device; 

a receiving-end front-end DC-DC converter controller; and 

an output current damping control comprising a receiving-end current 

measuring loop; and 

at least two SE control systems, each SE control system of said at least two SE 

control systems configured to regulate each group of said at least two groups to facilitate 

maintaining a substantially zero amp ground current, wherein said fast ground-fault detection 

and control device is configured to simultaneously transmit a fault signal to at least one SE 

control system of said at least two SE control systems. 

2. The system of claim 1, wherein said HVDC power system further comprises a bipolar 

configuration having an earth ground and two opposite polarity transmission cables 

supplying said RE power converter modules from said SE modules. 

3. The system of claim 1, wherein said HVDC power system further comprises a bipolar 

configuration having a low impedance metallic wire return and two opposite polarity 

transmission cables supplying said RE power converter modules from said SE modules. 

4. The system of claim 1, wherein said HVDC power system further comprises a 

monopolar configuration having two transmission cables in electrical parallel supplying said 

RE power converter modules from said SE modules and at least one of a low impedance 

metallic wire return and an earth ground. 

5. The system of claim 1, wherein said plurality of receiving-end (RE) power converter 

modules further comprises one or more ground fault detector devices implemented in each 

terminal of a switchyard configuration to facilitate identification of a ground fault location. 

6. The system of claim 1, wherein said receiving-end current measuring loop 

comprises: 
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a high-pass-filter configured to eliminate a direct current component of the current; 

a regulator configured to generate a corresponding duty-cycle signal configured to 

modify the duty cycle of a first stage DC-DC converter of the RE power converter modules. 

7. The system of claim 1, wherein said receiving-end front-end DC-DC converter 

controller comprises: 

a receiving-end front-end DC-DC converter; 

a receiving-end front-end DC-DC controller; and 

a current reference circuit configured to generate a current reference signal based on 

a ratio of electrical power through said receiving-end front-end DC-DC converter, a voltage 

across an output of said receiving-end front-end DC-DC converter, and a reference voltage. 

8. A method of high voltage DC (HVDC) power system control and protection, said 

method comprising: 

coupling a plurality of loads to a receiving end (RE) power distribution system, the RE 

power distribution system configured as a plurality of monopole distribution systems 

configured to operate independently with respect to a ground, each load of the plurality of 

loads coupled to a branch of the RE power distribution system through a respective load 

distribution cable and a respective RE load power conversion module; 

measuring a first current of the load at an inlet of the associated load distribution 

cable; 

measuring a second current of the load at an inlet of the associated RE load power 

conversion module; 

detecting a ground fault in the branch; 

closing a bypass switch across conductors of the load distribution cable associated 

with the branch to bypass load current from the branch; 

ramping down current in an associated monopole distribution system; 

opening a ground fault isolation switch when the monopole distribution system 

current is approximately zero; and 

ramping the current in the associated monopole distribution system to supply other 

loads in the monopole distribution system while the ground fault affected branch is isolated. 

9. The method of claim 8, wherein detecting a ground fault in the branch comprises: 

comparing a residual common mode current of the first and second currents to a 

threshold; and 

determining a ground fault and location based on the comparison. 
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10. The method of claim 8, wherein ramping down current in an associated monopole 

distribution system comprises ramping down the output of a monopole system of a sending 

end power distribution system. 

11. The method of claim 8, wherein opening a ground fault isolation switch when the 

monopole distribution system current is approximately zero comprises opening a ground 

fault isolation switch upstream of the load distribution cable to isolate the respective load 

distribution cable and the respective RE load power conversion module from the RE power 

distribution system. 

12. The method of claim 8, wherein opening a ground fault isolation switch when the 

monopole distribution system current is approximately zero comprises opening a ground 

fault isolation switch upstream of the respective RE load power conversion module to isolate 

the respective RE load power conversion module from the RE power distribution system. 

13. The method of claim 8, further comprising coupling a plurality of sending-end (SE) 

modules in electrical series and divided into at least two groups that each operate 

independently with respect to an electrical ground. 

14. The method of claim 8, further comprising automatically adjusting a terminal voltage 

of the RE load power conversion module to damp current oscillations and spikes. 

15. The method of claim 14, further comprising measuring a receiving-end current using 

a high-pass-filter configured to eliminate a direct current component of the current and a 

regulator configured to generate a corresponding duty-cycle signal. 

16. The method of claim 8, further comprising: 

coupling the receiving end (RE) power distribution system to a plurality of sending-

end (SE) modules coupled together in electrical series and divided into at least two groups 

that each operate independently with respect to an electrical ground using a pair of opposite 

polarity transmission cables; and 

operating the HVDC power system in a bipolar mode where current through the 

HVDC power system is balanced such that an approximately zero amp current flows through 

a system ground connection. 
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17. The method of claim 8, further comprising coupling a system ground connection 

between the receiving end (RE) power distribution system and the plurality of sending-end 

(SE) modules through earth. 

18. The method of claim 8, further comprising coupling a system ground connection 

between the receiving end (RE) power distribution system and the plurality of sending-end 

(SE) modules through a low-impedance wired connection. 

19. A subsea receiving end (RE) assembly of a high-voltage DC (HVDC) power system, 

said assembly comprising: 

a plurality of receiving-end (RE) power converter module branches coupled in 

electrical series and comprising an associated load segment comprising an RE power 

converter module, a load, a load distribution cable, and load segment distribution protective 

devices, each RE power converter module branch of said plurality of RE power converter 

module branches supplying a respective load with three-phase alternating current (AC) 

power for each branch of loads, said associated load segment comprising: 

a fast ground-fault detection system comprising: 

a first current sensor configured to measure load current entering said load 

distribution cable; 

a second current sensor configured to measure load current entering said RE power 

converter module downstream from said load distribution cable; 

a ground fault detector configured to compare a residual common mode current 

measured by said first and second current sensors to a threshold and generate a ground 

fault command; and 

a load isolation device configured to isolate a ground fault from the HVDC power 

system based on the generated ground fault command, wherein the HVDC power system 

includes a sending-end (SE) system, said ground fault detector further configured to 

simultaneously transmit a fault signal to an SE controller, said SE controller configured to 

ramp down an output current of the faulted side of the SE system. 

20. The system of claim 1, wherein each SE control system of said at least two SE 

control systems comprises: 

a first measurement system coupled to one group of said at least two groups and 

configured to measure an electrical current and a voltage with respect to the electrical 

ground, wherein each RE power converter module of the plurality of RE power converter 

modules comprises a load distribution cable. 
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21. The system of claim 20, wherein said fast ground fault detection and control device 

comprises: 

a first current sensor configured to measure load current entering said load 

distribution cable; 

a second current sensor configured to measure load current entering said RE power 

converter module downstream from said load distribution cable; 

at least one ground fault detector configured to compare a residual common mode 

current measured by said first and second current sensors to a threshold and generate a 

ground fault command; and 

a load isolation device configured to isolate a ground fault from said HVDC power 

system based on the generated ground fault command. 
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