1 Sem -direct variable speed drive with N+1 power availability BACKGROUND
OF THE I NVENTION Field of the Invention Enbodi nents of the present invention
relate generally to the field of power systens and, nore specifically, to
systens 5 for controlling speed of a yariable speed notor. Description of
the Related Art Power systens configured to generate energy and to use the
generated energy to drive nechani cal equipnment or notors are w dely used.
Furthernore, often it is desirable or required to 10 be able to control the
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equipment driven by the generated energy. For example, for a
compressor to function properly, the start-up and warm-up speed
of the compressor must be carefully controlled to keep process
variables within range.

15 A system capable of generating energy and using the
generated energy to drive mechanical rotating equipment while
controlling the rotational speed of the equipment is illustrated
in Figure 1. As shown, a system 100 includes gas turbines GT1,
GT2, and GT3. The gas turbines GT1-GT3 are directly coupled to

20 mechanical rotating equipment, such as, for example, compressors
CPR1, CPR2, and CPR3. 1In this type of system, the gas turbines
GT1l, GT2, and GT3 convert thermal energy of combustion gas into
mechanical energy directly used to drive the compressors CPRI1,
CPR2, and CPR3. One drawback of such a system is low

25 reliability because if one of the gas turbines GT1l, GT2, or GT3
breaks down or needs to be taken out for maintenance, the
compressor coupled to this turbine cannot function. The gas
turbine can be any kind of main driver, i.e. fired engine or
steam turbine.

30 As the foregoing illustrates, what is needed in the art
is a system for controlling a speed of variable speed motors in
a reliable manner.

US 2005/177756 discloses a power distribution system
that includes a plurality of loads and a plurality of power
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2 sources. The power distribution systemalso includes an interconnect
arrangenent including a plurality of iAterconnects. The interconnects
connect each load to a given nunber of different ones of the sources so
that each load is fully powered 5 notw thstanding failure of any one of the
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the N variable speed motors 1s driven with the drive voltage

generated by a first generator of at least two of the present

20 generators. In the second mode the any one of the N variable
speed motors is driven with the drive voltage generated by a
second generator of the at least two of the present generators.
In such a system, the speed of the each of N variable speed
motors may be controlled by modulating frequency, amplitude, or

25 both, frequency and amplitude, of the drive voltage.

The gist of the present invention resides in directly

coupling the N variable speed motors to present generators in a
manner that allows any of the N variable speed motors to be
driven by at least two of the present generators. The disclosed

30 system allows, for example, operation of three different
variable speed motors on four generators. As a result, the
generators may be operated at (N+1) availability, which leads to
an increased availability of the system. At the same time, the
one-to-one correspondence between the generators and the

35 variable speed motors due to the direct coupling allows
preserving sufficiently high efficiency of the overall system,
while maintaining a relatively small footprint of the system as

well as a relatively small cost. Due to the above-mentioned



while maintaining a relatively snmall footprint of the systemas well as a
relatively small cost. Due to the aboveé-nentioned 3 features, the disclosed
system may be referred to as a "sem - direct variable speed drive with N+1
power availability." Enbodi ment of claim 2 advantageously allows inclusion
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for  a speC|?|c kind of the drive voltage to be provided to each of the N
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Stand'may receive mechanical energy from a main driver. The main

driver may be, for example, a gas turbine (claim 5) configured

to convert thermal energy of a combustion gas into mechanical

20 energy. The gas turbine may comprise compressor(s) and
combustion turbine(s), a steam turbine, or a gas or liquid fuel
fired motor. Embodiments of claim 6 allow employing different
kinds of variable speed motors.

Embodiment of claim 7 allows using the N variable speed

25 motors to drive mechanical rotating equipment, such as, for
example, a compressor. In other embodiments, the systems of
claims 1, 2, and 7 may altered to include multiple electric bus
bar systems in lieu of the N variable speed motors and the
mechanical rotating equipment.

30 Further, embodiment of claim 8 advantageously allows
for a specific kind of the drive voltage to be provided to each
of the N variable speed motors.

Embodiment of claim 9 allows having a dedicated stand-
by generator for use when one of the other N generators cannot

35 operate.

Embodiment of claim 10 defines a particularly
advantageous application of the system.
Embodiment of claim 11 enables control of the speed of

the variable speed motors.



by generator for use when one of the other N generators cannot 35 operate.
Enbodi ment of claim 10 defines a partit¢ularly advantageous application of
the system Enbodi ment of claim 11l enables control of the speed of the
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and swi tching diagramcorresponding to the systen1of Figure 3, according to
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present rnvention prio
Figure 2 is a schematic illustration of an (N+1)

15 availability system for controlling speed of each variable speed
motor, according to one embodiment of the present invention;
Figure 3 is a schematic illustration of an (N+1)
availability system for controlling speed of each variable speed
motor, according to another embodiment of the present invention;
20 Figure 4 illustrates a duty and switching diagram
corresponding to the system of Figure 3, according to one
embodiment of the present invention;
Figure 5 is a schematic illustration of an (N+1)
availability system for controlling speed of each variable speed
25 motor, according to yet another embodiment of the present
invention; and
Figure 6 illustrates a duty and switching diagram
corresponding to the system of Figure 5, according to one
embodiment of the present invention.
30
DETAILED DESCRIPTION
In the following description, numerous specific details
are set forth to provide a more thorough understanding of the
present invention. However, it will be apparent to one of skill
35 in the art that the present invention may be practiced without
one or more of these specific details. 1In other instances,
well-known features have not been described in order to avoid

obscuring the present invention.
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The system 200 further includes three variable speed

motors, shown as M1, M2, and M3, and a switching arrangement,

20 shown as a switchboard 205, configured to directly couple, in a
one-to-one relation, the generators G1-G4 to the variable speed
motors M1-M3. Each of the variable speed motors M1-M3 is, in
turn, connected to a piece of mechanical rotating equipment, for
example, a compressor, shown in Figure 2 as CPR1, CPR2, and

25 CPR3. Alternatively, one or more of the variable speed motors
M1-M3 may also be exchanged for one or more electrical
distribution networks by introducing multiple bus bars systems
in lieu of the motor and mechanical rotating equipment. The one
or more variable speed motors M1-M3 may comprise one or more

30 electrical motors.

The generators Gl-G4 are configured to drive each of

the variable speed motors M1-M3 with a variable drive voltage.
The drive voltage may be varied (modulated) in amplitude,
frequency, or both amplitude and frequency, in order to achieve

35 the desired speed and torque for each of the variable speed
motors M1-M3. Variable speed motors M1-M3 are driven by a 3-
phase AC voltage. In turn, the variable speed motors M1, M2, and
M3 are configured to convert the electrical energy of the

variable drive voltage to the mechanical energy that drives the




inlieu of the notor and nechanical rotating equipnment. The one or nore
vari abl e speed notors ML-M3 may conpri&e one or nore 30 electrical notors.
The generators GlL-&4 are configured to drive each of the variable speed
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for load sharing. In the second mode the stand by generator G4
20 can be operated to allow for maintenance of any one of the main
driver-generator combinations (i.e., the combinations of GT1-GT3
and G1-G3). With such a configuration, if, for example, the
generator G2 is not operating (i.e., the generator G2 may be,
for example, out of service due to failure or maintenance, or
25 may be in a stand by mode), all of the variable speed motors Ml-
M3 may still remain operating. In such a case, the variable
speed motors M1 and M3 may be operated in the first mode (i.e.,
the variable speed motors M1 and M3 are driven by the generators
Gl and G3, respectively), while the variable speed motor M2 may
30 be operated in the second mode (i.e, the variable speed motor M2
is driven by the stand-by generator G4).
Since in the system 200 four of the gas turbines GT1-
GT4 are configured to drive three variable speed motors M1-M3,
the system 200 is operated by having one redundant gas turbine-
35 generator combination which may be used to provide electrical
power when one of the other three gas turbine-generator
combinations fail. Such a configuration is referred to herein as
having (N+1) availability, where the term “availability” refers

to the ability of the power consumers (e.g., the variable speed



for exanple, out of service due to failure or maintenance, or 25 may be in a
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generators Gl1-G4 configured to convert mechanical energy to
electrical energy. Again, the generators G1-G4 may receive the
20 mechanical energy from gas turbines GT1-GT4 or from other types
of main drivers.

Similar to the system 200, the system 300 further
includes three variable speed motors M1-M3, and a switching
arrangement, shown as a switchboard 305, configured to directly

25 couple, in a one-to-one relation, the generators G1-G4 to the
variable speed motors M1-M3. Each of the variable speed motors
M1-M3 is, in turn, connected to a piece of mechanical rotating
equipment, for example, a compressor, shown as CPR1, CPR2, and
CPR3. The one or more variable speed motors M1-M3 may comprise

30 one or more electrical motors. Again, the generators G1-G4 are
configured to drive each of the variable speed motors M1-M3 with
a variable drive voltage. The drive voltage may be varied
(modulated) in amplitude, frequency, or both amplitude and
frequency, in order to achieve the desired speed for each of the

35 variable speed motors M1-M3. Variable speed motors M1-M3 are
driven by a 3-phase AC voltage. In turn, the variable speed
motors M1, M2, and M3 are configured to convert the electrical
energy of the variable drive voltage to the mechanical energy
that drives the compressors CPR1, CPR2, and CPR3. Thus, by



20 nechani cal energy fromgas turbines GI1-GI4 or fromother types of main
drivers. Sinmilar to the system 200, th8 system 300 further includes three
vari abl e speed notors ML-M3, and a switching arrangenent, shown as a

swi t chboard 305, configured to directly 25 couple, in a one-to-one relation,
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For exampl&, the sw1tchanida905 may include switches S1
and S2 as shown on Figure 3. The switches S1 and S2 allow the
20 following dedicated combinations: the variable speed motor M1
may be driven, in the first mode, by the generator Gl and, in
the second mode, by the generator G2; the variable speed
motor M2 may be driven, in the first mode, by the generator G2
and, in the second mode, by the generator G3; finally, the
25 variable speed motor M3 may be driven, in the first mode, by the
generator G3 and, in the second mode, by the generator G4. With
such a configuration, if, for example, the generator G2 is not
operating (i.e, the generator G2 may be, for example, out of
service due to failure or maintenance, or may be in a stand by
30 mode), all of the variable speed motors M1-M3 may still remain
operating. In such a case, the variable speed motor M1 may be
operated in the first mode (i.e., the variable speed motor M1 is
driven by the generator Gl), the variable speed motor M2 may be
operated in the second mode (i.e, the variable speed motor M2 is
35 driven by the generator G3), and the variable speed motor M3 may
also be operated in the second mode (i.e., the variable speed
motor M3 is driven by the generator G4).
Person skilled in the art will recognize that operating

switches will require coordination of voltage and phase angle to




second node the variable speed notor M, M2, or M3 is driven wth a drive
vol t age generated by another one of th@ generators Gl- 4. For exanple, the
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operating. By keeping both of the switches S1 and S2 open, the

20 generators Gl, G2, and G4 may be configured to drive the
variable speed motors M1, M2, and M3, respectively. The other
two combinations may be analyzed in a similar manner.

The (N+1) availability of the generators G1-G4 within

the system 300 leads to an increased availability of the system

25 300 relative to that of the system 100 illustrated in Figure 1
because even if one of the generators G1-G4 is not operating,
the three variable speed motors M1-M3 may be driven by the
remaining three generators. The permanent one-to-one relation
between the gas turbines GT1-GT4 and the mechanical rotating

30 equipment CPR1-CPR3 is decoupled in the system 300, allowing for
continuous speed control of the mechanical rotating equipment
with redundancy in the main driver-generator combination. At
the same time, the direct coupling between the generators G1-G4
and the variable speed motors M1-M3 allows maintaining the

35 overall efficiency of the system 300 substantially equal to the
efficiency of system 200. The system 300 has a number of
further advantages for applications that require a small
footprint of the mechanical rotating equipment and physical

separation between the main driver and the mechanical rotating



the system 300 of Figure 3, four conbinations are possible. In the first
conbi nation, the generator 4 is not dgerating. By closing the switch S2,
the generator GL nmay be configured to 15 drive the variable speed notor M,
the generator & nmay be configured to drive the variable speed notor M,
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or fired engi ne.” Second, € SYyS Ines 1 GT4 or
any ot h#ergdilnlayout. The one-to-one relation between main driver-

generator combination and mechanical rotating equipment may
20 eliminate the requirement of having a gearbox between electric
motor and mechanical rotating equipment.

In addition, if variable speed is only required during
start-up or controlled stopping of the mechanical rotating
equipment, the normal steady state operation may also be with N

25 generators and N motors coupled via the switchboard 305, thus
enabling load sharing between the active main drivers and
generators all running at the same speed. This circuitry and
operation differs, because of the maintainable one-to-one
relation, from configurations presently found in the industry

30 where multiple main driver and generators are combined on a
single bus bar driving multiple motors at equal variable speed.

Figure 5 is a schematic illustration of an (N+1)
availability system 500 for controlling speed of each variable
speed motor, according to yet another embodiment of the present

35 invention. As shown, the system 500 includes five generators
Gl, G2, G3, G4, and G5 configured to convert mechanical energy
to electrical energy. Again, the generators G1-G5 may receive
the mechanical energy from gas turbines (shown as GT1l, GT2, GT3,

GT4, and GT5) or from steam turbines or other fired engines.



drivers to be |ocated away fromthe processes that the conpressors
CPR1-CPR4 are involved in (such as, fadrl exanple, 10 liquefaction of gas),

| eading to an inproved safety because of renoval of hot surfaces fromthe
process area and by not introducing fuel in the process area. Third, the
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Eg energy. Again, the generators Gl-G5 nmay receive the mechanica
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including one or nore electrical notors, two fixed sgeed nmotors (shown as
V4 andam@yrlable drive voltage Again, the drive voltage may be

varied (modulated) in amplitude, frequency, or both amplitude
20 and frequency, in order to achieve the desired speed of each of
the variable speed motors M1-M3. Variable speed motors M1-M3
are driven by a 3-phase AC voltage. In turn, the variable speed
motors M1, M2, and M3 are configured to convert the electrical
energy of the variable drive voltage to the mechanical energy
25 that drives the compressors CPR1, CPR2, and CPR3. Thus, by
modulating the drive voltage provided to the variable speed
motors M1-M3 to control the speed and the torque of the motors
M1-M3, the rotational speed of the compressors CPR1-CPR3 may be
controlled. 1If variable speed 1s only required during start-up
30 or controlled stopping of the machinery, the normal steady state
operation may also be with N+1 generators and N motors combined
on bus bars 510, 520 and 530 at a fixed voltage and a fixed
frequency thus enabling load sharing between the active main
drivers and generators. Alternatively, one or more of the
35 motors can also be exchanged for one or more electrical
distribution networks by introducing multiple bus bars systems
in lieu of the motor and mechanical rotating equipment.
By using switches, the switchboard 505 allows any of
the variable speed motors M1-M3 to be driven by at least two of



and a swi tching arrangenent (shown as a swtchboard 505), 5 configured to
directly couple, in a one-to-one relatfon, four of the generators GL-G5 to
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also be operated in the third mode (i.e, the variable speed

20 motor M2 is driven by the generator G4), and the variable speed
motor M3 may be operated in the first mode (i.e., the variable
speed motor M3 is driven by the generator G1).

Figure 6 illustrates a duty and switching diagram
corresponding to the system 500. As shown in Figure 6, when the

25 switching arrangement includes switches S1-S4 as shown in the
system 500 of Figure 5, twenty one combinations are possible.

In the first combination, the generator G4 is not operating
(i.e, the generator G4 may be, for example, out of service due
to failure or maintenance, or may be in a stand by mode) and the

30 generator G5 is providing fixed voltage to the fixed voltage and
fixed frequency bus bar 510. In this case, the generator Gl may
be configured to drive the variable speed motor M3, the
generator G2 may be configured to drive the variable speed motor
M1, and the generator G3 may be configured to drive the variable

35 speed motor M2, while all of the switches S1-S4 remain open. 1In
the second combination, the generator G5 is not operating and
the generator G4 is providing fixed voltage to the fixed voltage
and fixed frequency bus bar 510. In this case, the generators

G2, G3, and Gl may be configured to drive the variable speed



12 the generators G -G5. For exanple,.the switchboard 505 may i nclude
swtches Si, S2, S3, and S4 as shown Figure 5. The switches S1-$4 all ow
the variable speed notor ML to be driven, in the first node, by the
generator Gl, in the second node, by 5 the generator &, and, in the third
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K- generators may be connected to a fixed voltage and fixed

20 frequency bus bar (with one of the generators being in stand by
mode or in maintenance). If variable speed is only required
during start-up or controlled stopping of the machinery, the
normal steady state operation may also be with N+1 generators
and N motors combined on bus bars 510, 520 and 530 thus enabling

25 load sharing between the active main drivers and generators.

Persons skilled in the art will recognize that while
Figures 2, 3, and 5 illustrate the generators receiving
mechanical energy from gas turbines, in other embodiments the
generators may also receive mechanical energy from other fired

30 engine, such as, for example, steam turbine, gas motor or diesel
motor operating on any fuel. Furthermore, while Figures 2, 3,
and 5 illustrate compressors being connected to the variable
speed motors, in other embodiments, other types of mechanical
rotating equipment may be used, such as, for example, pumps,

35 fans, blowers and ship’s propulsion. In addition, any of the
variable speed motors M1-M3 and any of the fixed speed motors M4
and m5 illustrated in Figures 2, 3, and 5, may comprise one or

more motors.



t he second conbi nation, the generator G5 is not operating and the generator
G4 is providing fixed voltage to the fli4«xed voltage and fixed frequency bus
bar 510. In this case, the generators &, G3, and GL may be configured to
drive the variable speed 13 notors M, M2, and M3, respectively, as in the
first conbinatiofe ddviheagdisd @@@b@ﬂ@éé@@,1&@@nﬂ§@ﬁrﬁ§0fh£8 i's not

operati,ng and the ener tor rov di n ed VO o the i xed
O agtnaraafeiotePraBRINEY fhstBaPsRiheh Hay Pe raaLi®e, ke (oReabies a

may bethen@eguredots dtlwﬂ+uheavamnabhelspeedAtnﬁhersbﬁe theegenreator &
may be confi Lo drlve he va bIe eed not nd. t he gener at or
Gty oB8 - £8P hE e ErBYhieb08e, KEELERPaETE ERnlR  hr B anB Tk e i of the
swid chesri&hi&4speadi mobpen. dthetot hke dbnbchatouptsinmgyabéownal yzed in a 10
simla I n h j Lhi,ty:qry be

ot ovi dBiCrarina SelupplBIEsEaue Bablifl RRUCEaBERAERMIL KDY P2,
voltag@fﬁmdlénﬂedOfréhaeﬂvyrpé&esyebﬁ@uﬂﬁes aguchlastronic sraagle, the
fixed éBﬁ%E‘oﬂDEHYL% Mingnd Némkglg@ﬂgrgl reiQti"vé?KIS&%?ﬂ‘ E88£59h89 Ne

vari abl e spee not OI‘S and enerators wher e 1S an I nt eger equal to or
greatthﬁhaﬁr&aaha Rpﬁgdamotpﬁtégeweéauaﬁ foretagiealér ShAdh 20SEhEON

V@Klabb@té@ﬁe@NﬂP§Oé$a1m3M1D§t9lre@h'XdQQﬂDbﬁﬂ beckhed) cgeapeabpssncyhi l e
the re |n|ngﬁgi 1%bgenerators may, be connected to,a fixed voltage and

fixed 26 F¥e& CBaP“%ﬁFthHSnEaB?O?h% EREPRELPE béuh@tFﬁd§ &fd by
node Otoiﬂh@afﬂkeaamcetagéfanarfabée spegdensyonbystrgust edThduring start-up

| | ed h h [
mmy ol S0B6S At RORGL BSREFAFoPE SAHACRENbt BF 51 CBrbi Red RCBhchare Bib. 520
and 538reaushenabthagra2tatond shaipmgnbevikénbéhkoastede imen drovess and
g?ﬂgra%géﬁ%espe%ﬁ 0S4 gk%%égglgﬂlgh§eféeaﬁilkofeg9gghé§eFQ§#lT@5£fon I gures
,7 3, an e ener at ani c

|rlus ra ors recéivin energy from gas
t ur bi nekereénsafaey enﬁomamehasnahellgEn@ratDrsdﬂnynamsoaseeetve mechani cal

ener gy EOQPB?B EEhéléggl QeRPOLPEanSUGEnAS, for exanple, steam turbine, gas
motor Of di ese erating on an Uel . Furthernore, while Figures 2,
3, While the forg01ng is directed to embodiments of the

present invention, other and further embodiments of the

20 invention may be devised without departing from the basic scope
thereof. For example, aspects of the present invention may be
implemented in hardware or software or in a combination of
hardware and software. Therefore, the scope of the present

invention is determined by the claims that follow.



and 5 illustrate conpressors being connected to the variable speed notors,

i n other enbodi nents, other types of nechanical rotating equipnment may be
used, such as, for exanple, punps, 35 fans, blowers and ship's propul sion.
In addition, any of the variable speédd notors M-M3 and any of the fixed
speed notors MM and nb illustrated in Figures 2, 3, and 5, may conprise one
or nore notors. 14 One advantage of the present invention is that
increased reliability of the systemnay be realized by operating the
generators at (N+1) availability. ACLAAMSsane tinme, the one-to-one
correspondence between the generators and the 5 variabl e speed notors due to
the direct coupling allows preserving speed and torque control and
sufficlent|d sygftemefdr c¢emeyobiinher osreead oS yadm ol wawladbbetsprnd

speed T&@&H%-mié g d e OB B &1 i gr& rﬁeiétéﬁ’elﬁtéi@ye&@é’ip{é gy of the
vari abl e speed notor as well as™a relatively small cost to” 10 obtain (N+1)
avai | abF¢atgr thardbi t¢OROrbeERUse of the absence of switching el ectronics,

no harnonic di st Q{41 OnydSeididLucsori drddad ied;ealiage and {vxed
frequency consuners. e electric power generation equipnment will not be
i nst al FRYPE MeHersard@where the rotating equipnent will be located, i.e.

process 15 nodul esyitldh Snd Saespegdmddty dal empided do aff s ey applp xat i ons
wher e safet¥ and maintaipability, are predoqépant aggects governiq% t he

equi pnEtd aPTENGRTRAT . TSHT FECT het i oriof gt 31 Wi FRETE ™Y BP ERrbbdi RER Y bf t he
pr esengendwerdrOnso ot het amyg 6w t diert oo dvaeidls] ©f spded 2ot owents on may be

devi sed_wit hout dggarting fron%%hfégg ig éfP e thereo For e&gqglgg

aspect%a%?b %eOfpro St 1Y ehti Bh nay” be  TTnp terrr%% LTH har oAt e Br9%0f t war e

orl0i n a conbi natwreraifn: hardware and software. Therefore, the scope of the

present inuenti i i b i t, f CLAIMS 1. A
system f or %\glo@ntélg%élrﬁtgdiérg%%e 0 é/eoé&ré}eio% %H\%r{%gﬁ )e %prleeg%&t%%’or s wth a
drive vol tage, vittertdeN filgrsin naveddre eéqualone afr the N variable speed

motors is driven with the drive voltage generated by a first
generator of at least two of the present generators, and

15 in the second mode the any one of the N variable speed
motors is driven with the drive voltage generated by a second

generator of the at least two of the present generators.

2. The system of claim 1, further comprising an additional
20 generator, wherein:
the present generators further comprise the additional
generator,
the switching arrangement further includes a fixed
voltage and fixed frequency bus bar, and
25 the switching arrangement is further configured to
directly couple one of the present generators to the fixed

voltage and fixed frequency bus bar.

3. The system of claim 2, wherein one or more fixed speed
30 motors are connected to the fixed voltage and fixed frequency

bus bar.

4, The system of claims 1 or 2, wherein each of the present
generators is connected to a main driver.
35



greater than 1, conprising: (N+1) generators configured to drive the N
variable 5 speed notors; and a switching arrangenent configured to directly
couple, in a one-to-one relation, the N variable speed notors to present
generators so that any one of the N vdrd abl e speed notors is capable of
operating in at least a first node and a second node, 10 wherein: the

present generators co ise the (N+1 enerators, in the first node the any
he-of Ot he N19aFTSbFE Shect? o oreiesoil s ban T th THeVEF| veTHE Tages

gener aged byrhaifierst generator of at |east two of the present generators,
and 15 in the second node the any one of the N variable speed notors is

driven with the drive voltage generated by a second generator of the at
| east fwo ofhéheyptemenf géaémat dbrsr 2, Thersysteneof vhaiable Speeder

CO@?V'ﬁb@@r?”céﬂgk%EQ”%E.1893968§é369ran“5fé8 PictPﬁdﬁé@%gﬂtm8€8?r8£053
further conprirse the additional generator, the swtching arrangenent

furt hesynagrodegsameted voltage and fixed frequency bus bar, and 25 the
switching arrangenent is further configured to directly couple one of the
present generators to the fixed voltage and fixed frequency bus bar, 3. The
systemof cTRenPPstomerti alakBSot breér fYRRECEPeRICh 30f nblhery BrEldBhfect ed

to thea%éé&dm&@b%@@ﬁsa@anié@He&r@QU@BQVe REShER ca B rdhee siygtem of clains 1
or, 2, erein each of the present generators is connected to a nain driver.
35016 ©§ULRRR System of claim 4, wherein the main driver conprises a gas
turbine. 6. The systemof clains 1 or 2, wherein the N variable speed 5

not or s conpLise at. least one.of an_electric induction notor a_ .
synchr%hous{ﬂ%t%¥§tem o% ePSiRS #Nof ?, whErL PRYUERL 08, TRL vo9£age is a

single-phase voltage.

15 9. The system of claims 1 or 2, wherein the first generator or

the second generator comprises a dedicated stand-by generator.

10. The system of claims 1 or 2, wherein the system comprises an
off-shore power system.

20
11. The system according to claims 1 or 2, wherein the drive

voltage is a 3-phase AC voltage.

12. The system according to claims 1 or 2, wherein each of the N

25 variable speed motors comprises one or more electrical motors.

13. A method for controlling a speed of each of N variable speed
motors with a drive voltage, where N is an integer equal to or
greater than 1, in a system comprising:

30 (N+1) generators configured to drive the N variable
speed motors; and

a switching arrangement configured to directly couple,

in a one-to-one relation, the N variable speed motors to present
generators so that any one of the N variable speed motors is

35 capable of operating in at least a first mode and a second mode,
and wherein the present generators comprise the (N+1)

generators, the method comprising:




7. The systemof clains 1 or 2, wherein each of the N variable speed notors
is configured to drive nechanical rotating 10 equi pnent. 8. The system of
claims 1 or 2, wherein the drive voltage is a single-phase voltage. 15 9.
The systemof clainms 1 or 2, wherein tihve first generator or the second
generator conprises a dedicated stand-by generator. 10. The system of
claims 1 or 2, whereipn the systemconprises an off-shore power system 20
11. The system accor dtAgtEs %%ﬁfﬂ;mig%r CLVHRS ei WS h@DYr PUR O@oF%%g% is a
3-phase AC vakiapee 3Becedhmosysbewiancondi agite cbatagelgeneatwbebei & each
of the N 2 iva?iabl rsFegd gnggrzecggp£&sesf0£ﬁ or_nore electri%al not or s.
13. A nethod*fdr E6HTTo Plna a sp 80°6f ~8ach of "N BE?FSBFeg88858 °hBt or s
with a drivendoltage, where Nis an integer equal to or greater than 1, in
a system comprising: 80 (N:ldogeRerabaLs GO QYT el tongrbne bpecfbvariabl e
speed notors; and_a swtching arrangenent configured to directly couple, in
a one-to-on¥aréphtfoAPeeHemNtospi HbFl Sheedribeorsliadpr esearatgenbrators so
that any ongegbnfhgehe¥atbabbe speedtMESEs too39rCanabbeegbneperating in at
| east a first node and a second node, and wherein the present generators
conpri se t heePREAYOr§enerators, the nethod conprising: 17 in the first

node, driving the any one of the N variable speed notors with the drive

val tage ,generated by a _first generator of at |east two of the present

gerfbr atérs, TRHEEERPR PheCetBnbl mofks CRF F VEFRPE et BflyS BRES o SFhe N

vari abbpesgeefdgnoher systein hbeodding vel tagemgenerated by a second
generator of the at |east two of the present generators. 10 14. The net hod
of claim1l, further conprising steps for operating the system according to
clainms 2-13.



