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(54) SYNCHRONOUS MACHINE STARTUP DEVICE

(57) In a synchronous machine starting device, an
AC voltage detection unit (8) detects AC voltage supplied
to an armature of a synchronous machine (4) through an
electric power line (LN) from a power conversion unit
(71). The AC voltage detection unit (8) has a first output
end and a second output end isolated from the electric
power line (LN), transforms AC voltage supplied through
the electric power line (LN) at a first ratio to output the
transformed voltage from the first output end, and trans-
forms AC voltage supplied through the electric power line
(LN) at a second ratio and then limits the transformed

voltage to a prescribed positive voltage value or lower
and a prescribed negative voltage value or higher for
output from the second output end. Then, a detected volt-
age selection unit (51) selects one of the voltage received
from the first output end and the voltage received from
the second output end, and outputs the selected one to
a rotor position detection unit (11). The rotor position de-
tection unit (11) detects a rotor position of the synchro-
nous machine (4) based on the voltage received from
the detected voltage selection unit (51). A power conver-
sion control unit (19) controls the power conversion unit
(71) based on the detected rotor position.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a synchronous
machine starting device, and more particularly to a syn-
chronous machine starting device which detects a rotor
position of a synchronous machine.

BACKGROUND ART

[0002] Synchronous machine starting devices for
starting synchronous machines such as generators and
motors have been developed. Conventionally, a synchro-
nous machine starting device uses a mechanical distrib-
utor which detects the position of a rotor of a synchronous
machine, for example, by a proximity switch. However,
the mechanical distributor is fragile and is susceptible to
noise due to a large amount of wiring.
[0003] Japanese Patent Laying-Open No.
2006-271038 (Patent Document 1) discloses an example
of a synchronous machine starting device for eliminating
the need for such a mechanical distributor. Specifically,
this synchronous generator starting device includes an
externally communicated converter formed of externally
communicated devices such as thyristors and an exter-
nally communicated inverter formed of externally com-
municated devices such as thyristors for converting DC
(direct current) power obtained from the converter into
AC (alternating current) power, to start a synchronous
generator using AC power obtained from the inverter.
Then, the synchronous generator starting device in-
cludes an AC voltage detector detecting voltage of an
armature terminal of the synchronous generator, an AC
current detector detecting inverter output current fed from
the inverter into an armature of the synchronous gener-
ator, an induction voltage operation circuit calculating an
in-phase component and a quadrature component with
respect to a first reference phase, of induction voltage
induced at an armature winding of the synchronous gen-
erator by field current of the synchronous generator, from
an AC current detection value of the inverter from the
output current detector and a first synchronous generator
rotational speed estimated value, and a PLL circuit out-
putting a second reference phase and a second synchro-
nous generator rotational speed estimated value such
that the orthogonal component of the first reference
phase of the induction voltage from the induction voltage
operation circuit is zero. Then, the synchronous gener-
ator starting device generates a gate pulse of the inverter
at a predetermined control advance angle based on the
second reference phase output from the PLL circuit, and,
in addition, inputs the second reference phase to the first
reference phase of the induction voltage operation circuit
and inputs the second synchronous generator rotational
speed estimated value to the first synchronous generator
rotational speed estimated value of the induction voltage
operation circuit.

Patent Document 1: Japanese Patent Laying-Open
No. 2006-271038

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] The voltage supplied to the armature of a syn-
chronous machine at the time of starting is as extremely
small as, for example, one-thousandth of a rated voltage
at the time of steady operation. Therefore, with the con-
figuration disclosed in Patent Document 1, it is difficult
to detect the voltage supplied to the armature of the syn-
chronous machine with high accuracy at the time of start-
ing and to accurately detect the position of the rotor, so
that the synchronous machine sometimes cannot be
started stably.
[0005] Therefore, an object of the present invention is
to provide a synchronous machine starting device capa-
ble of stably starting a synchronous machine.

MEANS FOR SOLVING THE PROBLEMS

[0006] A synchronous machine starting device in ac-
cordance with an aspect of the present invention in-
cludes: a power conversion unit for converting supplied
power into AC power and supplying the AC power to an
armature of a synchronous machine; an electric power
line for supplying the AC power from the power conver-
sion unit to the synchronous machine; an AC voltage
detection unit for detecting AC voltage supplied to the
armature of the synchronous machine through the elec-
tric power line; a rotor position detection unit for detecting
a rotor position of the synchronous machine, based on
the detected AC voltage; and a power conversion control
unit for controlling the power conversion unit, based on
the detected rotor position. The AC voltage detection unit
has a first output end and a second output end isolated
from the electric power line, transforms AC voltage sup-
plied through the electric power line at a first ratio to output
the transformed voltage from the first output end, and
transforms AC voltage supplied through the electric pow-
er line at a second ratio and limits the transformed voltage
to a prescribed positive voltage value or lower and a pre-
scribed negative voltage value or higher for output from
the second output end. The synchronous machine start-
ing device further includes a detected voltage selection
unit for selecting one of the voltage received from the
first output end and the voltage received from the second
output end and outputting the selected one to the rotor
position detection unit.
[0007] Preferably, the AC voltage detection unit has a
first output end and a second output end isolated from
the electric power line, lowers AC voltage supplied
through the electric power line at a first ratio to output the
lowered voltage from the first output end, and lowers AC
voltage supplied through the electric power line at a sec-
ond ratio and then limits the lowered voltage to a pre-
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scribed positive voltage value or lower and a prescribed
negative voltage value or higher for output from the sec-
ond output end.
[0008] Preferably, the AC voltage detection unit in-
cludes a voltage transformer including a primary coil cou-
pled to the electric power line and a secondary coil cou-
pled as the first output end to the detected voltage se-
lection unit, and a voltage conversion circuit having an
input end coupled to the electric power line and the sec-
ond output end isolated from the input end and coupled
to the detected voltage selection unit, for transforming
voltage at the input end and then limiting the transformed
voltage to a prescribed positive voltage value or lower
and a prescribed negative voltage value or higher for
output from the second output end.
[0009] Preferably, the AC voltage detection unit in-
cludes a first voltage transformer including a primary coil
coupled to the electric power line and a secondary coil,
a second voltage transformer including a primary coil
coupled to the secondary coil of the first voltage trans-
former and a secondary coil coupled as the first output
end to the detected voltage selection unit, and a clamping
circuit coupled to the secondary coil of the first voltage
transformer and having the second output end coupled
to the detected voltage selection unit, for limiting voltage
of the secondary coil to a prescribed positive voltage val-
ue or lower and a prescribed negative voltage value or
higher for output from the second output end.

EFFECTS OF THE INVENTION

[0010] According to the present invention, a synchro-
nous machine can be started stably.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a diagram showing a configuration of a syn-
chronous machine starting device in accordance
with a first embodiment of the present invention.
Fig. 2 is a diagram showing a configuration of an AC
voltage detector 8 and its peripheral circuit in detail.
Fig. 3 is a diagram showing a configuration of a syn-
chronous machine starting device in accordance
with a second embodiment of the present invention.

DESCRIPTION OF THE REFERENCE SIGNS

[0012] 1 converter, 2 inverter, 3 DC reactor, 8, 58 AC
voltage detector, 9 AC current detector, 11 rotor position
detection unit, 12 reference sinusoidal wave operator, 13
gate pulse generator, 14 β command circuit, 19 inverter
control unit (power conversion control unit), 51 detected
voltage selection unit, 61, 62 DCVT, 71 power conversion
unit, 101, 102 synchronous machine starting device, CB
control board, LN electric power line, VT1, VT2 voltage
transformer, L1, L3, L5, L7 primary coil, L2, L4, L6, L8

secondary coil, CP1, CP2 clamping circuit, R1, R2, R3,
R4, R5, R6 resistor, ZD1, ZD2, ZD3, ZD4 Zener diode.

BEST MODES FOR CARRYING OUT THE INVENTION

[0013] In the following, embodiments of the present
invention will be described with reference to the figures.
It is noted that the same or corresponding parts in the
figures are denoted with the same reference signs, and
a description thereof will not be repeated.

<First Embodiment>

[0014] Fig. 1 is a diagram showing a configuration of
a synchronous machine starting device in accordance
with a first embodiment of the present invention.
[0015] Referring to Fig. 1, a synchronous machine
starting device 101 includes a power conversion unit 71,
an AC voltage detector 8, an AC current detector 9, a
rotor position detection unit 11, and an inverter control
unit (power conversion control unit) 19. Power conver-
sion unit 71 includes a converter 1, an inverter 2, and a
DC reactor 3. Inverter control unit 19 includes a reference
sinusoidal wave operator 12, a gate pulse generator 13,
and a β command circuit 14.
[0016] A synchronous machine 4 and a motor M are
connected with each other via a shaft SH. Synchronous
machine 4 is, for example, a synchronous generator or
a synchronous motor and has an armature and a rotor.
Motor M rotates at a prescribed speed when synchronous
machine 4 is on standby. The rotational speed is low, for
example, a few rpm. By contrast, the rotational speed in
the normal operation is 3000 rpm to 3600 rpm. Therefore,
the voltage applied to the armature of synchronous ma-
chine 4 at the time of starting is as extremely small as
one-thousandth of the steady operation, as described
above, and is difficult to detect accurately, partly because
the detection voltage by AC voltage detector 8 is often
distorted.
[0017] Converter 1 is formed of an element such as a
thyristor and converts AC power from an AC power sup-
ply e1 into DC power.
[0018] Inverter 2 is formed of an element such as a
thyristor and converts the DC power obtained from con-
verter 1 into AC power for supply to the armature of syn-
chronous machine 4, thereby driving synchronous ma-
chine 4.
[0019] Converter 1 and inverter 2 are connected with
each other via DC reactor 3.
[0020] The AC side of inverter 2 is connected to the
armature of generator 4.
[0021] AC voltage detector 8 detects three-phase AC
voltage supplied to the armature of generator 4 and out-
puts voltage detection values V1, V2, V3 to rotor position
detection unit 11.
[0022] AC current detector 9 detects the three-phase
AC current supplied to the armature of generator 4 and
outputs current detection values II, 12, I3 to rotor position
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detection unit 11.
[0023] Rotor position detection unit 11 detects the rotor
position (phase) of generator 4, based on the detection
values received from AC voltage detector 8 and AC cur-
rent detector 9, and outputs a rotor position signal POS
to inverter control unit 19 to indicate the rotor position of
generator 4.
[0024] Inverter control unit 19 controls inverter 2 based
on rotor position signal POS received from rotor position
detection unit 11.
[0025] In inverter control unit 19, reference sinusoidal
wave operator 12 outputs a reference sinusoidal wave
sin ϕ based on position signal POS received from rotor
position detection unit 11.
[0026] β command circuit 14 calculates and outputs a
control-advance-angle command value β to gate pulse
generator 13.
[0027] Gate pulse generator 13 outputs a gate pulse
to the element in inverter 2, based on reference sinusoi-
dal wave sin ϕ received form reference sinusoidal wave
operator 12 and control-advance-angle command value
β received from β command circuit 14.
[0028] Fig. 2 is a diagram showing a configuration of
DC voltage detector 8 and its peripheral circuit in detail.
[0029] Referring to Fig. 2, synchronous machine start-
ing device 101 further includes a detected voltage selec-
tion unit 51, a control board CB, and an electric power
line LN. Detected voltage selection unit 51 and rotor po-
sition detection unit 11 are mounted on control board CB.
AC voltage detector 8 includes voltage transformers VT,
VT2 and DCVT (Direct Current Voltage Transformer) 61,
62. Voltage transformer VT1 includes primary coils L1,
L3 and secondary coils L2, L4. Voltage transformer VT2
includes primary coils L5, L7 and secondary coils L6, L8.
[0030] In voltage transformer VT1, of three phases of
AC voltage supplied to the armature of generator 4, AC
voltage between U-phase and V-phase and AC voltage
between V-phase and W-phase are transformed at a pre-
scribed rate of transformer, and the transformed AC volt-
ages are induced to secondary coils L2, L4.
[0031] In voltage transformer VT2, the AC voltages in-
duced at voltage transformer VT1 are transformed at a
prescribed ratio of transformer and induced to secondary
coils L6, L8, and the induced voltages are then applied
to detected voltage selection unit 51.
[0032] For example, in steady operation of generator
4, AC voltage of 3.6 kV is applied to the primary side of
voltage transformer VT1, that is, electric power line LN.
The AC voltage of 3.6 kV is lowered to AC voltage of
100V, which is output from the secondary side of voltage
transformer VT1, and the AC voltage of 100V is lowered
to AC voltage of a few V, which is output from the sec-
ondary side of voltage transformer VT2.
[0033] Therefore, if the voltage range handled in con-
trol board CB is, for example, �10 V, rotor position de-
tection unit 11 can correctly recognize the supply to the
armature of generator 4.
[0034] DCVT 61 has an input end connected to electric

power line LN and an output end isolated from the input
end and connected to detected voltage selection unit 51.
DCVT 61 isolates the voltage at the input end, transforms
the voltage at the input end appropriately, and then limits
the transformed voltage to a prescribed positive voltage
value or lower and a prescribed negative voltage value
or higher for output from the output end to detected volt-
age selection unit 51. More specifically, DCVT 61 in-
cludes a not-shown transformer isolation circuit transmit-
ting the AC voltage between U-phase and V-phase, of
three phases of AC voltage supplied to the armature of
generator 4, from the primary side to the secondary side,
and a not-shown clamping circuit limiting the AC voltage
transmitted by the transformer isolation circuit to a pre-
scribed positive voltage value or lower and to a pre-
scribed negative voltage value or higher.
[0035] DCVT 62 has an input end connected to electric
power line LN and an output end isolated from the input
end and connected to detected voltage selection unit 51.
DCVT 62 isolates the voltage at the input end, transforms
the voltage at the input end appropriately, and then limits
the transformed voltage to a prescribed positive voltage
value or lower and a prescribed negative voltage value
or higher for output from the output end to detected volt-
age selection unit 51. More specifically, DCVT 62 in-
cludes a not-shown transformer isolation circuit transmit-
ting the DC voltage between V-phase and W-phase, of
three phases of AC voltage supplied to the armature of
generator 4, from the primary-side coil to the secondary-
side coil, and a not-shown clamping circuit limiting the
AC voltage transmitted by the transformer isolation circuit
to a prescribed positive voltage value or lower and to a
prescribed negative voltage value or higher.
[0036] For example, DCVT 61 and 62 each include a
clamping circuit clamping an output voltage larger than
10 V, to 10V. At the time of starting generator 4, AC volt-
age of a few V to a few hundred V is applied to the input
ends of DCVT 61 and 62, that is, electric power line LN,
and AC voltage lowered to a few V or lower is output from
the output ends of DCVT 61 and 62. During acceleration
and then in steady operation of generator 4, AC voltage
of a few kV is applied to the input ends of DCVT 61 and
62, that is, electric power line LN, the AC voltage of a few
kV is lowered, and the voltage exceeding �10V is further
clamped for output from the output ends of DCVT 61 and
62.
[0037] Accordingly, the voltage at the time of starting
generator 4 is transmitted to rotor position detection unit
11 at a level as high as possible within the voltage range
handled in control board CB, so that the voltage detection
accuracy at the time of starting generator 4 is improved
and the detection accuracy of rotor position detection unit
11 can be improved. Furthermore, during acceleration
and steady operation when the starting of generator 4 is
completed, the voltage supplied to the armature of gen-
erator 4 increases to exceed the voltage range handled
in control board CB. However, the clamping circuit of
DCVT prevents overvoltage from being applied and
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causing a circuit failure in control board CB.
[0038] Detected voltage selection unit 51 selects one
of the voltage received from voltage transformer VT2 and
the voltage received from DCVT61 and 62, and outputs
the selected one to rotor position detection unit 11. More
specifically, at the time of starting generator 4, for exam-
ple, when the rotational speed of the rotor of generator
4 is lower than a prescribed value or when the magnitude
of the terminal voltage of generator 4 is smaller than a
prescribed value, detected voltage selection unit 51 se-
lects and outputs the voltage received from DCVT 61 and
62 to rotor position detection unit 11. On the other hand,
for example, when the magnitude of the terminal voltage
of generator 4 becomes a prescribed value or greater
because of acceleration of generator 4, or when the ro-
tational speed of the rotor of generator 4 is a prescribed
value or higher, detected voltage selection unit 51 selects
and outputs the voltage received from voltage transform-
er VT2 to rotor position detection unit 11.
[0039] With such a configuration, at the time of starting
when the level of AC voltage supplied to the armature of
generator 4 is extremely small, the small-level AC voltage
can be transmitted to rotor position detection unit 11 by
DCVT 61 and 62 without being excessively lowered and
causing deterioration of detection accuracy.
[0040] In steady operation during which the level of AC
voltage supplied to the armature of generator 4 is large,
the large-level AC voltage can be lowered appropriately
by voltage transformers VT1 and VT2 to be transmitted
to rotor position detection unit 11. Furthermore, since the
large-level AC voltage is clamped and transmitted to rotor
position detection unit 11 by DCVT 61 and 62, exces-
sively high voltage can be prevented from being applied
to the circuits mounted on control board CB.
[0041] Therefore, the synchronous machine starting
device in accordance with the first embodiment of the
present invention can detect the voltage supplied to the
armature of generator 4 at the time of starting with high
precision and can detect the position of the rotor of gen-
erator 4 correctly, thereby stably starting generator 4.
[0042] In the synchronous machine starting device in
accordance with the first embodiment of the present in-
vention, AC voltage detection unit 8 is configured to in-
clude voltage transformers VT1 and VT2 as well as DCVT
61 and 62. However, the present invention is not limited
thereto. Any circuit may be employed as long as AC volt-
age detection unit 8 has a first output end and a second
output end isolated from electric power line LN, trans-
forms AC voltage supplied through electric power line LN
at a prescribed ratio of transformer to output the trans-
formed voltage from the first output end to detected volt-
age selection unit 51, and transforms AC voltage sup-
plied through electric power line LN at a prescribed ratio
of transformer and then limits the transformed voltage to
a prescribed positive voltage value or lower and a pre-
scribed negative voltage value or higher for output from
the second output end to detected voltage selection unit
51.

[0043] AC voltage detection unit 8 shown in Fig. 2 is
configured to detect AC voltage between U-phase and
V-phase and AC voltage between V-phase and W-phase,
of three phases of AC voltage supplied to the armature
of generator 4. If the AC voltages of these two phases
are detected, the AC voltage between W-phase and U-
phase can be obtained by calculation.
[0044] In the synchronous machine starting device in
accordance with the first embodiment of the present in-
vention, power conversion unit 71 is configured to include
converter 1, inverter 2, and DC reactor 3. However, the
present invention is not limited thereto. Power conversion
unit 71 may be, for example, a matrix converter, in place
of converter 1, inverter 2, and DC reactor 3, as long as
it is configured to include any circuit that converts sup-
plied power into AC power and supply the AC power to
the armature of synchronous machine 4.
[0045] Anther embodiment of the present invention will
now be described using the drawings. It is noted that in
the figures the same or corresponding parts are denoted
with the same reference signs, and a description thereof
will not be repeated.

<Second Embodiment>

[0046] The present embodiment relates to a synchro-
nous machine starting device which differs from the syn-
chronous machine starting device in accordance with the
first embodiment in that a high voltage circuit is eliminat-
ed. Except the description given below, it is similar to the
synchronous machine starting device in accordance with
the first embodiment.
[0047] Fig. 3 is a diagram showing a configuration of
a synchronous machine starting device in accordance
with the second embodiment of the present invention.
[0048] Referring to Fig. 3, a synchronous machine
starting device 102 differs from the synchronous machine
starting device in accordance with the first embodiment
of the invention in that AC voltage detector 8 is replaced
by an AC voltage detector 58.
[0049] AC voltage detector 58 includes voltage trans-
formers VT1, VT2 and clamping circuits CP1, CP2.
Clamping circuit CP1 includes resistors R1, R2, R3 and
Zener diodes ZD1, ZD2. Clamping circuit CP2 includes
resistors R4, R5, R6 and Zener diodes ZD3, ZD4.
[0050] In clamping circuit CP1, resistor R1 has a first
end connected to the first end of secondary coil L2 and
the first end of primary coil L5, and a second end con-
nected to the first end of resistor R2, the cathode of Zener
diode ZD 1, and detected voltage selection unit 51. Re-
sistor R3 has a first end connected to the second end of
secondary coil L2 and the second end of primary coil L5,
and a second end connected to a second end of resistor
R2, the cathode of Zener diode ZD2, and detected volt-
age selection unit 51. The anode of Zener diode ZD1 and
the anode of Zener diode ZD2 are connected with each
other.
[0051] In clamping circuit CP2, resistor R4 has a first
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end connected to the first end of secondary coil L4 and
the first end of primary coil L7, and a second end con-
nected to the first end of resistor R5, the cathode of Zener
diode ZD3, and detected voltage selection unit 51. Re-
sistor R6 has a first end connected to the second end of
secondary coil L4 and the second end of primary coil L7,
and a second end connected to the second end of resistor
R5, the cathode of Zener diode ZD4, and detected volt-
age selection unit 51. The anode of Zener diode ZD3 and
the anode of Zener diode ZD4 are connected with each
other.
[0052] Clamping circuit CP1 limits AC voltage induced
to secondary coil L2 to a prescribed positive voltage value
or lower and a prescribed negative voltage value or high-
er for output to detected voltage selection unit 51.
[0053] More specifically, when the amplitude of AC
voltage induced to secondary coil L2 is large, Zener diode
ZD1 or ZD2 performs a constant-voltage clamping oper-
ation, so that the AC voltage induced to secondary coil
L2 is clamped to AC voltage of a prescribed positive volt-
age value or lower and a prescribed negative voltage
value or higher, for example, +10 V or lower and -10V or
higher. Furthermore, the AC voltage induced to second-
ary coil L2 is divided by resistors R1, R2, R3, so that
excessive current is prevented from flowing through Zen-
er diodes ZD1, ZD2 when the amplitude of the AC voltage
is large. Moreover, even when the amplitude of the AC
voltage induced to secondary coil L2 is small, resistors
R1, R2, R3 allow the AC voltage induced to secondary
coil L2 to be transmitted to detected voltage selection
unit 51.
[0054] Clamping circuit CP2 limits the AC voltage in-
duced to secondary coil L4 to a prescribed positive volt-
age value or lower and a prescribed negative voltage
value or higher for output to detected voltage selection
unit 51.
[0055] More specifically, when the amplitude of AC
voltage induced to secondary coil L4 is large, Zener diode
ZD3 or ZD4 performs a constant-voltage clamping oper-
ation, so that the AC voltage induced to secondary coil
L4 is clamped to AC voltage of a prescribed positive volt-
age value or lower and a prescribed negative voltage
value or higher, for example, +10 V or lower and -10V or
higher. Furthermore, the AC voltage induced to second-
ary coil L4 is divided by resistors R4, R5, R6, so that
excessive current is prevented from flowing through Zen-
er diodes ZD3, ZD4 when the amplitude of the AC voltage
is large. Moreover, even when the amplitude of the AC
voltage induced to secondary coil L4 is small, resistors
R4, R5, R6 allow the AC voltage induced to secondary
coil L4 to be transmitted to detected voltage selection
unit 51.
[0056] For example, in steady operation of generator
4, AC voltage of 3.6 kV is applied to the primary side of
voltage transformer VT1, that is, electric power line LN,
and the AC voltage of 3.6 kV is lowered to AC voltage of
100 V, which is output from the secondary side of voltage
transformer VT1. Here, the AC voltage of 100 V is applied

to the input ends of clamping circuits CP1, CP2, the AC
voltage of 100V is divided by the resistors, and the AC
voltage exceeding �10V is further clamped and output
from the output ends of clamping circuits CP 1, CP2. On
the other hand, at the time of starting generator 4, AC
voltage of a few V or lower is applied to the input ends
of clamping circuit CP1, CP2, and AC voltage divided by
the resistors is output as it is from the output ends of
clamping circuits CP1, CP2.
[0057] Detected voltage selection unit 51 selects one
of the voltage received from voltage transformer VT2 and
the voltage received from clamping circuits CP 1 and
CP2, and outputs the selected one to rotor position de-
tection unit 11. More specifically, at the time of starting
generator 4, for example, when the rotational speed of
the rotor of generator 4 is lower than a prescribed value,
or when the magnitude of the terminal voltage of gener-
ator 4 is smaller than a prescribed value, detected voltage
selection unit 51 selects and outputs the voltage received
from clamping circuits CP1 and CP2 to rotor position de-
tection unit 11. On the other hand, in steady operation of
generator 4, for example, when the rotational speed of
the rotor of generator 4 is a prescribed value or higher,
detected voltage selection unit 51 selects and outputs
the voltage received from voltage transformer VT2 to ro-
tor position detection unit 11.
[0058] The other configuration and operation is similar
to that of the synchronous machine starting device in
accordance with the first embodiment, and therefore, a
detailed description thereof will not be repeated here.
[0059] With such a configuration, at the time of starting
when the level of AC voltage supplied to the armature of
generator 4 is extremely small, the small-level AC voltage
can be transmitted to rotor position detection unit 11 by
clamping circuits CP1 and CP2 without being lowered by
voltage transformer VT2.
[0060] In steady operation during which the level of AC
voltage supplied to the armature of generator 4 is large,
the large-level AC voltage can be lowered appropriately
by voltage transformers VT 1 and VT2 within the voltage
range handled in control board CB and then transmitted
to rotor position detection unit 11. Furthermore, the large-
level voltage induced to secondary coils L2 and L4 is
clamped by clamping circuits CAP and CP2 and then
transmitted to rotor position detection unit 11, so that ex-
cessively high voltage can be prevented from being ap-
plied to the circuits mounted on control board CB.
[0061] Therefore, the synchronous machine starting
device in accordance with the second embodiment of the
present invention can detect the voltage supplied to the
armature of generator 4 at the time of starting with high
precision and can detect the position of the rotor of gen-
erator 4 correctly, thereby stably starting generator 4.
[0062] The embodiments disclosed here should be un-
derstood as being illustrative rather than being limitative
in all respects. The scope of the present invention is
shown not in the foregoing description but in the claims,
and it is intended that all modifications that come within
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the meaning and range of equivalence to the claims are
embraced here.

Claims

1. A synchronous machine starting device comprising:

a power conversion unit (71) for converting sup-
plied power into AC power and supplying the AC
power to an armature of a synchronous machine
(4);
an electric power line (LN) for supplying said AC
power from said power conversion unit (71) to
said synchronous machine (4);
an AC voltage detection unit (8, 58) for detecting
AC voltage supplied to the armature of said syn-
chronous machine (4) through said electric pow-
er line (LN);
a rotor position detection unit (11) for detecting
a rotor position of said synchronous machine
(4), based on the detected AC voltage;
a power conversion control unit (19) for control-
ling said power conversion unit (71), based on
the detected rotor position,
wherein said AC voltage detection unit (8, 58)
has a first output end and a second output end
isolated from said electric power line (LN), trans-
forms AC voltage supplied through said electric
power line (LN) at a first ratio to output the trans-
formed voltage from said first output end, and
transforms AC voltage supplied through said
electric power line (LN) at a second ratio and
then limits the transformed voltage to a pre-
scribed positive voltage value or lower and a pre-
scribed negative voltage value or higher for out-
put from said second output end; and
a detected voltage selection unit (51) for select-
ing one of the voltage received from said first
output end and the voltage received from said
second output end and outputting the selected
one to said rotor position detection unit (11).

2. The synchronous machine starting device according
to claim 1, wherein said AC voltage detection unit
(8, 58) has a first output end and a second output
end isolated from said electric power line (LN), low-
ers AC voltage supplied through said electric power
line (LN) at a first ratio to output the lowered voltage
from said first output end, and lowers AC voltage
supplied through said electric power line (LN) at a
second ratio and then limits the lowered voltage to
a prescribed positive voltage value or lower and a
prescribed negative voltage value or higher for out-
put from said second output end.

3. The synchronous machine starting device according
to claim 1, wherein said AC voltage detection unit

(8) includes
a voltage transformer (V1, VT2) including a primary
coil coupled to said electric power line (LN) and a
secondary coil coupled as said first output end to
said detected voltage selection unit (51), and
a voltage conversion circuit (61, 62) having an input
end coupled to said electric power line (LN) and said
second output end isolated from said input end and
coupled to said detected voltage selection unit (51),
for transforming voltage at said input end and then
limiting the transformed voltage to a prescribed pos-
itive voltage value or lower and a prescribed negative
voltage value or higher for output from said second
output end.

4. The synchronous machine starting device according
to claim 1, wherein said AC voltage detection unit
(58) includes
a first voltage transformer (VT1) including a primary
coil coupled to said electric power line (LN) and a
secondary coil,
a second voltage transformer (VT2) including a pri-
mary coil coupled to said secondary coil of said first
voltage transformer (VT 1) and a secondary coil cou-
pled as said first output end to said detected voltage
selection unit (51), and
a clamping circuit (CP1, CP2) coupled to said sec-
ondary coil of said first voltage transformer (VT1)
and having said second output end coupled to said
detected voltage selection unit (51), for limiting volt-
age of said secondary coil to a prescribed positive
voltage value or lower and a prescribed negative
voltage value or higher for output from said second
output end.
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