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Description

[0001] This invention relates generally to converter
topologies useful for direct current (DC) transmission.
[0002] Transportation of electrical power to oil and gas
sub-sea electrical equipment often requires high power
to be transported over long distances. Transmission to
sub-sea equipment is used to supply the power from an
onshore utility to a point where the power is distributed
among individual loads. Generally, a step down trans-
former is implemented in order to bring the high voltage
level of the transmission stage to a lower voltage level
for a distribution stage to individual units of the electrical
equipment. Distribution distances are typically shorter
than the transmission distance, and the voltage levels to
be supplied to individual loads or load clusters are lower
than the voltage levels of the transmission stage. Typi-
cally power in the order of 50 megawatts is transmitted
by high voltage alternating current (AC) transmission ca-
bles to a high voltage transformer, thereafter stepping
down the voltage for a medium voltage AC distribution
system.
[0003] Typically, in AC power systems, medium volt-
age is used in the power distribution system and includes
nominal voltages of 12, 24, and 36 kV. The next com-
monly used nominal voltage is 72 kV (which is not con-
sidered to be a medium voltage but rather a high voltage
for power transmission). Since the phase-to-phase volt-
ages in a 36 kV three-phase-system reach amplitudes
of more than 50 kV, DC transmission systems with +/-
50 kV also fall within the scope of this invention on MVDC
power transmission systems for sub-sea loads. Trans-
mission voltages of +/ 100 kV or higher are outside the
scope of our invention. Such voltages are used in HVDC
transmission projects where high power is transmitted
over long distance (e.g., in transmitting 100 MW or 200
MW over a distance of 100 or 200 km).
[0004] For applications wherein bulk power is trans-
mitted over long cables, AC transmission provides tech-
nical challenges. Capacitance causes charging current
to flow along the length of the AC cable. Because the
cable must carry this current as well as the useful load
current, this physical limitation reduces the load carrying
capability of the cable. Because capacitance is distribut-
ed along the entire length of the cable, longer lengths
produce higher capacitances, thus resulting in higher
charging currents. As the cable system design voltage
is increased to minimize the line losses and voltage drop,
the charging current also increases.
[0005] Typically, multiphase booster pumps require
electrically driven motors delivering a shaft power be-
tween 2 MW and 6 MW. Future offshore oil and gas re-
source installations will require pump installations at dis-
tance above 50 km from the shore. Such distances re-
quire a high voltage power transmission; however, high
voltage AC transmission is very costly when supplying
single sub-sea pumps or clusters of a few sub-sea pumps
only, where the power to be transmitted is at or below 20

MW.
[0006] Further, sub-sea motors driving gas compres-
sor typically have a higher nominal power (e. g., in the
order of 10 or 15 MW). As such, sub-sea compression
clusters may be required to transmit a total power in the
order of 50 to 100 MW over a distance of 100 or 200 km.
The transmission of high power over a distance of more
than 100 km and distributing the power sub-sea is very
challenging with AC transmission and distribution sys-
tems because of the high charging currents and the high
number of components involved in the distribution sys-
tem.
[0007] In general, DC transmission can be achieved
more efficiently over long distances than AC transmis-
sion. High voltage (HV) DC transmission typically re-
quires the usage of power electronic converters in the
transmission systems that are capable of converting be-
tween HVAC and HVDC. In conventional HVDC convert-
er topologies, each switch of the converter is designed
to handle high voltages. The converter nominal voltage
may range from tens-of-kilovolts to hundreds-of-kilovolts,
depending upon the application. Such switches are typ-
ically configured utilizing a plurality of series connected
semiconductor devices (e.g., such as insulated gate bi-
polar transistors (IGBTs) and thyristors). Because of the
size and the high number of components involved, con-
ventional HVDC terminals are not well suited for sub-sea
installations.
In addition to the power conversion required for HVDC
transmission, converters are also required on the load
side of a power distribution system when supplying var-
iable speed motors. Typically, a high voltage transformer
is used to step down the voltage from the AC or DC trans-
mission level to the voltage level used in the AC power
distribution system. On the load side of the distribution
system, the converters convert the power from fixed fre-
quency AC voltage (stepped down from the transmission
system) to a variable frequency AC voltage of individual
motors that must be controllable over a wide speed range
when driving sub-sea pumps or compressors.
WO 98/43336 discloses a plant for transmitting electric
power, including VSC-converter and DC/DC-converter.
EP 1 385 259 discloses a system for high power drives.
[0008] We describe a system for the transmission and
distribution of a direct current (DC) at a medium voltage
level. The system comprises a system DC link (135),
wherein the system DC link (135) is configured to carry
power from a source (115) to a load module (140). The
load module (140) comprises a DC-to-DC voltage step-
down converter (240), and a DC distribution system on
the load side of the DC-to-DC voltage step-down con-
verter (240). The DC distribution system comprises at
least two DC-to-AC power converter modules 245 cou-
pled to the output of the step-down converter (240), each
power converter module comprising either a current
source inverter (CSI) (546) or a voltage source inverter
(VSI) (410) coupled with a DC-to-DC converter (405), the
DC-to-DC converter (405) being installed between the
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system DC link downstream from the DC-to-DC voltage
step-down converter (240) and the VSI (410). Further,
the system comprises at least two system AC links (145)
for carrying power from each DC-to-AC inverter (245) to
a motor system (155) on a load side of the system AC
link (145) and a controller of the DC-to-DC voltage step-
down converter (240), the controller being configured to
drive a current delivered from the DC-to-DC voltage step-
down converter (240) to a command value.
[0009] Additional features and advantages are real-
ized through the techniques of the present invention. Yet
further embodiments and aspects of the invention are
described in detail herein and are considered a part of
the claimed invention
[0010] The foregoing and other objects, features, and
advantages of the invention are apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings in which:

FIG. 1 is a diagram showing a system for MVDC
power transmission in accordance with exemplary
embodiments of the present invention.
FIG. 2 is a diagram showing a bipolar DC/DC con-
verter enabled load module in accordance with ex-
emplary embodiments of the present invention.
FIG. 3 is a diagram showing a system for MVDC
power transmission and distribution in accordance
with exemplary embodiments of the present inven-
tion.
FIG. 4 is a diagram of a DC/AC inverter in accord-
ance with exemplary embodiments of the present
invention.
FIG. 5 is a diagram showing a system for MVDC
power transmission and distribution in accordance
with exemplary embodiments of the present inven-
tion.
FIG. 6 is a diagram of a bipolar DC/DC converter
and enabled load module comprising a transformer
in accordance with exemplary embodiments of the
present invention.

[0011] One or more exemplary embodiments of the in-
vention are described below in detail. The disclosed em-
bodiments are intended to be illustrative only since nu-
merous modifications and variations therein will be ap-
parent to those of ordinary skill in the art. In reference to
the drawings, like numbers will indicate like parts contin-
uously throughout the views.
[0012] MVDC distribution systems avoid the installa-
tion of a high number of components within sub-sea en-
vironments (components such as multiple sub-sea trans-
formers, AC switchgear and AC-to-AC converters). Be-
cause of the limited voltage level in MVDC distribution
systems (e. g., voltages levels such as 20 or 30 kV) the
economic transmission capability of MVDC distribution
systems is limited to distances below 30 or 40 km. Trans-
mitting bulk power over long distance requires high volt-
age. Conventional high voltage AC and DC transmission

systems use transformers to step-up and step-down the
voltage of a transmission system. Combining such HVAC
or HVDC transmission with MVDC distribution is not prac-
tical for sub-sea installations because of the high number
of components involved.
[0013] Exemplary embodiments of the present inven-
tion provide a solution for the delivery of electrical power
from a power source to a distant load by the use of DC
transmission methodologies. As such, the exemplary
embodiments of the present invention provide novel
methodologies for combining MVDC transmission with
one or more sub-sea converter systems for the driving
of sub-sea motors. Within the exemplary embodiments,
the DC voltage level falls within a medium voltage level
range. The solution provided by the exemplary embodi-
ments is most effective at delivering power over distanc-
es that are greater than 30 kilometers. Further, the solu-
tion is effective for the delivery of power from an on-shore
to offshore sub-sea load. As such, the solution provided
by the exemplary embodiments of the present invention
markedly reduce the costs, complexity (i.e., the actual
number of implemented components for implementation
is reduced), weight, and required implementation space
usage that would typically be required for the utilization
of conventional power conversion equipment.
[0014] An exemplary MVDC power transmission sys-
tem and drive system is shown in FIG. 1. The system of
FIG. 1 comprises a plurality of elements that are dually
positioned on-shore (105) and offshore at a sub-sea lo-
cation (110). A power source (115) situated on-shore
(105) delivers an AC power supply to a transformer (120),
thereafter the transformer (120) delivers the power sup-
ply to a rectifier (125) (e.g. a diode rectifier, thyristor rec-
tifier or a rectifier that is based on self-commutated de-
vices such as IGBTs, integrated gate commutated thyr-
istors (IGCTs) or gate turn-off thyristors (GTOs), wherein
the power supply is converted to a MVDC power supply
(130). The MVDC power supply (130) is delivered to a
load module (140) via a DC cable link (135), wherein the
DC cable link (135) is positioned in a sub-sea (110) lo-
cation. The MVDC power supply (130) is converted to a
MVAC power supply (150) at the load module (140) and
is thereafter delivered to a motor system (155) via an AC
cable link (145). Within the exemplary embodiments the
motor system (155) comprises a motor (151) that is cou-
pled to a pump (152). Within the exemplary embodiments
the pump (152) may comprise, but is not limited to a mul-
tiphase pump that is based on twinscrew or helico-axial
technology, or is a liquids pump (e. g. a centrifugal pump).
In further exemplary embodiments the motor (151) can
be coupled to a sub-sea gas compressor (i.e., for pres-
sure boosting operations that require the utilization of
rotating centrifugal equipment).
[0015] FIG. 2 shows a load module (140) that can be
implemented within the exemplary embodiments of the
present invention. As shown, the DC cable link 135 de-
livers the MVDC power supply (130) to the load module
(140). As configured, the DC power supply (130) is ini-
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tially delivered to the DC-to-DC step-down converter
(240), where in this instance the DC-to-DC step-down
converter (240) is a bipolar step-down converter that
comprises a plurality of bipolar IGBT or IGCT compo-
nents that are serially connected in relation to each other.
As shown, the DC-to-DC step-down converter (240) is
configured to take an initial voltage value of +/-15kV and
convert the voltage into two +/-5kV values. Within further
exemplary embodiments the DC-to-DC step-down con-
verter (240) can comprise a unipolar step-down converter
in this instance voltage values on the magnitude of 0 to
30kV can be converted to 0 to 10kV values.
[0016] As shown in FIG. 2, the converted MVDC (130)
output from the DC-to-DC step down converter (240) pro-
vides the input to a DC-to-AC inverter (241), wherein the
DC-to-AC inverter comprises a plurality of IGCT or IGBT
components. The DC-to-AC inverter (241) is charged
with converting the output voltage of the DC-Dc converter
(240) to a MVAC (150). The output MVAC (150) is there-
after delivered to a motor system (155) via an AC cable
link (145) that is coupled between the output of the load
module (140) and the input of the motor system (155).
[0017] FIG. 3 shows a yet further exemplary embodi-
ment of the present invention provided for a system for
the transmission and distribution of a MVDC (130). In this
configuration a system DC cable link (135) is configured
to carry power from a power source (115) to a load mod-
ule (140). In this instance the load module (140) com-
prises a DC-to-DC voltage step-down converter (240)
and a DC distribution system on the load side of the DC-
to-DC voltage step-down converter (240). The DC distri-
bution system comprises at least two variable input volt-
age DC-to-AC power inverter modules (245), wherein
the DC-to-AC inverters (245) are coupled in series to the
system DC cable link downstream from the DC-to-DC
voltage step-down converter (240). As such, the DC-to-
DC converter (240) is operably coupled between the sys-
tem DC cable link (135) and the DC-to-AC inverters (245).
Further, respective AC cable links (145) are implemented
in conjunction with each DC-to-AC inverter (245) in order
to carry power from each DC-to-AC inverter (245) to a
motor system (155) that is coupled to an AC cable link
(145) on the load side of the DC-to-AC inverter (245).
For illustrative purposes all sub-sea converters are
shown installed in one module. Within exemplary em-
bodiments in order to facilitate the sub-marine configu-
ration and maintenance of the sub-sea equipment, an
installation of each single sub-sea converter (240) in re-
lation to an upper motor system (155) and lower motor
system (155) as shown in FIG. 3 may be considered fa-
vorable.
[0018] Within further exemplary embodiments a con-
troller (not shown) can be implemented in conjunction
with the MVDC transmission and drive or distribution sys-
tems. As such, the controller is operably coupled with the
DC-to-DC step-down converter (240). Within the exem-
plary configuration of supplying only one sub-sea motor,
the controller would be implemented to ensure that the

DC-to-DC step-down converter delivers a constant out-
put voltage value to the DC-to-AC inverter (241). When
at least two DC-to-AC inverters (245) are coupled in se-
ries to the output of the DC-to-DC voltage step-down con-
verter (240), the controller may be configured to deliver
a constant output current value to the series connected
DC-to-AC inverters (245). The controller may be operat-
ed in island mode or connected to a high-level control
system. The implementation of the controller might use
a redundant configuration of the control boards.
[0019] FIG. 4 shows a detailed diagram of a DC-to-AC
inverter (245) that may be implemented within the exem-
plary embodiments of the present invention. The DC-to-
AC inverter (245) comprises an inverter (410), wherein
a half bridge (405) is coupled between the output of the
DC-DC step-down converter (240) and the inverter (410).
A module DC link (415) couples the half bridge (405) and
inverter (410). In a further exemplary embodiment, the
half bridge (405) comprises an asymmetrical half bridge.
The half bridge (405) is used for controlling current to a
load, whereas the inverter (410) is used for controlling
voltage to a load. The power to the load may be adjusted
by controlling the current, the voltage, or a combination
of the current and voltage. As shown in FIG. 4, the half
bridge (405) comprises two diodes (425), (430) and two
switches (435), (440). Terminal (420) is configured for
receiving input power and supplying the input power to
the inverter through the diodes (425), (430) when the
switches (435) and (440) are open. The switches (435)
and (440) may comprise any appropriate switching de-
vices with several examples including IGBTs, IGCTs, and
GTOs.
[0020] FIG. 5 shows another diagram of two series-
connected DC-to-AC inverters (245) that may be imple-
mented within exemplary embodiments of the present
invention. Within this configuration the variable input volt-
age DC-to-AC power inverter module (245) comprises a
six-pulse (alternatively a twelve-pulse) GTO bridge
(546). Control of the bridges (546) is performed by meas-
uring the voltages at the inverter (245) output and con-
trolling the inverter (245) input voltages by applying cor-
responding switching patterns to the GTOs (standard six-
step GTO control pattern). A DC link inductor (547) as
shown in Fig. 5 provides de-coupling of the two CSIs.
De-coupling elements between the series connected in-
verters may also be implemented in other embodiments
(e. g. in FIG. 3), but are of less importance than with CSIs
because the applicable switching frequency for the GTOs
in FIG. 5 is significantly lower than the switching frequen-
cy of the VSIs as presented in FIG. 4. The series con-
nected CSI bridges are not limited to using GTOs but
could also be realized with other self-commutated devic-
es, such as Switching Gate Commutated Thyristors
(SGCTs), or with line commutated devices such as thy-
ristors. In the case that thyristors are implemented, the
same control scheme as with Load Commutated Inverter
(LCI) driven motors would be used.
[0021] An advantage of the structural configuration of
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the exemplary embodiments of the present invention is
that the usage of transformers is not necessitated. How-
ever, in the event that it is desired to reduce the voltage
of the DC-to-DC converter (240) yet more, or to electri-
cally insulate the downstream motor system (155), a
transformer can be implemented within further exempla-
ry embodiments. As shown in FIG. 6 the DC cable link
(135) delivers the MVDC power supply (130) to the load
module (140). The DC power supply (130) is initially de-
livered to the DC-to-DC step-down converter (240). The
converted MVDC (130) output from the DC-to-DC step
down converter (240) is input to a DC-to-AC inverter
(241), the output from the DC-to-AC inverter being input
to the transformer (642). The output MVAC is thereafter
delivered to a motor system (155) via the AC cable link
(145) that is coupled between the output of the load mod-
ule (140) and the input of the motor system (155).

Claims

1. A system for the transmission and distribution of a
direct current (DC) at a medium voltage level, the
system comprising:
a system DC link (135), wherein the system DC link
(135) is configured to carry power from a source
(115) to a load module (140), the load module (140)
comprising:

a DC-to-DC voltage step-down converter (240),
and
a DC distribution system on the load side of the
DC-to-DC voltage step-down converter (240),
the DC distribution system comprising:

at least two series-connected DC-to-AC
power inverter modules (245) coupled to the
output of the step-down converter (240);
at least two system AC links (145) for car-
rying power from each DC-to-AC power in-
verter module (245) to a motor system (155)
on a load side of the system AC link (145);
and
a DC link inductor (547) series connected
with the at least two DC-to-AC power invert-
er modules (245), for decoupling the at least
two DC-to-AC power inverter modules
(245).

2. The system of claim 1, wherein each DC-to-AC pow-
er inverter module (245) comprises a voltage source
inverter VSI (410) and a DC-to-DC converter (405),
the DC-to-DC converter (405) being coupled be-
tween the DC link (135) downstream the DC-to-DC
voltage step-down converter (240) and the VSI
(410).

3. The system of claim 1, wherein each DC-to-AC pow-

er inverter module (245) comprises a current source
inverter (546).

4. The system of claim 1, wherein the DC-to-AC power
inverter module (245) is coupled to a transformer
(642) on a source side of the system AC link (145).

5. The system of claim 1, further comprising controllers,
the controller of the DC-to-DC voltage step-down
converter (240) being configured to drive a current
delivered from the DC-to-DC voltage step-down con-
verter (240) to a command value.

Patentansprüche

1. System für die Übertragung und Verteilung eines
Gleichstroms (DC) mit einem mittleren Spannungs-
pegel, wobei das System umfasst:
eine DC-Systemverbindung (135), wobei die DC-
Systemverbindung (135) dazu konfiguriert ist, Strom
von einer Quelle (115) zu einem Lastmodul (140) zu
befördern, wobei das Lastmodul (140) umfasst:

einen DC/DC-Spannungsabwärtswandler
(240), und
ein DC-Verteilungssystem auf der Lastseite des
DC/DC-Spannungsabwärtswandlers (240), wo-
bei das DC-Verteilungssystem umfasst:

zumindest zwei in Reihe geschaltete
DC/AC-Strominvertermodule (245), die mit
dem Ausgang des Abwärtswandlers (240)
gekoppelt sind;
zumindest zwei AC-Systemverbindungen
(145) zum Befördern von Strom von jedem
DC/AC-Strominvertermodul (245) zu einem
Motorsystem (155) auf einer Lastseite der
AC-Systemverbindung (145); und
einen DC-Verbindungsinduktor (547), der
mit den zumindest zwei DC/AC-Strominver-
termodulen (245) in Reihe geschaltet ist,
zum Entkoppeln der zumindest zwei
DC/AC-Strominvertermodule (245).

2. System nach Anspruch 1, wobei jedes DC/AC-Stro-
minvertermodul (245) einen Spannungsquellenin-
verter VSI (410) und einen DC/DC-Wandler (405)
umfasst, wobei der DC/DC-Wandler (405) zwischen
die dem DC/DC-Spannungsabwärtswandler (240)
nachgeschaltete DC-Verbindung (135) und den VSI
(410) gekoppelt ist.

3. System nach Anspruch 1, wobei jedes DC/AC-Stro-
minvertermodul (245) einen Stromquelleninverter
(546) umfasst.

4. System nach Anspruch 1, wobei das DC/AC-Stro-
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minvertermodul (245) mit einem Transformator
(642) auf einer Quellenseite der AC-Systemverbin-
dung (145) gekoppelt ist.

5. System nach Anspruch 1, das weiter Steuerungen
umfasst, wobei die Steuerung des DC/DC-Span-
nungsabwärtswandlers (240) dazu konfiguriert ist,
einen von dem DC/DC-Spannungsabwärtswandler
(240) gelieferten Strom zu einem Befehlswert zu trei-
ben.

Revendications

1. Système pour la transmission et la distribution d’un
courant continu (CC) à un niveau de tension moyen,
le système comprenant :
une liaison CC de système (135), dans lequel la
liaison CC de système (135) est configurée pour
transporter du courant à partir d’une source (115)
vers un module de charge (140), le module de charge
(140) comprenant :

un convertisseur abaisseur de tension CC à CC
(240) ; et
un système de distribution de CC du côté charge
du dispositif abaisseur de tension CC à CC
(240), le système de distribution de CC
comprenant :

au moins deux modules inverseurs de CC
en courant alternatif CA (245) reliés en série
couplés à la sortie du convertisseur abais-
seur (240) ;
au moins deux liaisons CA de système
(145) pour acheminer de l’énergie de cha-
que module inverseur de CC en CA (245)
à un système de moteur (155) d’un côté
charge de la liaison CA de système (145) ;
et
une série d’inductances de liaison CC (547)
reliées à au moins deux modules inverseurs
de CC en CA (245), pour découpler l’au
moins deux modules inverseurs de CC en
CA (245).

2. Système selon la revendication 1, dans lequel cha-
que module inverseur de CC en CA (245) comprend
un inverseur de source de tension VSI (410) et un
convertisseur de CC en CC (405), le convertisseur
de CC en CC (405) étant couplé entre la liaison CC
(135) en aval du convertisseur abaisseur de tension
CC à CC (240) et le VSI (410).

3. Système selon la revendication 1, dans lequel cha-
que module inverseur de CC en CA (245) comprend
un inverseur de source de courant (546).

4. Système selon la revendication 1, dans lequel le mo-
dule inverseur de CC en CA (245) est couplé à un
transformateur (642) d’un côté source de la liaison
CA de système (145).

5. Système selon la revendication 1, comprenant en
outre des dispositifs de commande, le dispositif de
commande du convertisseur abaisseur de tension
CC à CC (240) étant configuré pour commander un
courant délivré par le convertisseur abaisseur de
tension CC à CC (240) jusqu’à une valeur de com-
mande.
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