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(57) Abréegée/Abstract:
In a surface potential distribution measuring device for an electric field reduction system of a rotating electrical machine, a Pockels
crystal Is used between a laser and the surface (test location) of the electric field reduction system. Thus, the light intensity of a laser
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(57) Abrege(suite)/Abstract(continued):

beam reflected on a mirror provided between the Pockels crystal and the test location corresponds to an output voltage that Is the
voltage difference between the first end surface and the second end surface of the Pockels crystal. Even when an inverter voltage
IS generated, by using a light detector having a frequency band capable of following the high frequency components of the inverter
pulse voltage, the light intensity Is detected by the light detector. Therefore, from the light intensity (output voltage), the surface

potential distribution measuring device can measure the surface potential of the electric field reduction system in which an inverter
pulse voltage Is generated.
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ABSTRACT

Ina surfacepotential distributionmeasuring device foranelectric

e

field reduction system of a rotating electrical machine, a Pockels

crystal 1s used between a laser and the surface (test location)
of the electric field reduction system. Thus, the light intensity
of a laser beam reflected on a mirror provided between the Pockels
crystal and the test location corresponds to an output voltage that
is the voltage difference between the first end surface and the
second end surface of the Pockels crystal. Even when an inverter
voltage is generated, by using a light detector having a frequency
band capable of following the high frequency components of the

inverter pulse voltage, the light intensity is detected by the 1l1ight
detector . Therefore, from the light intensity (output voltage),
the surface potential distribution measuring device can measure

the surface potential of the electric field reduction system in

which an inverter pulse voltage 1s generated.

35
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DESCRIPTION

SURFACE POTENTIAL DISTRIBUTION MEASURING DEVIC]

L]

AND SURFACE POTENTIAL DISTRIBUTION MEASURING METHOD

4

TECHNICAL FI.

L]

LD
[0001]

The present invention relates to a surface potential
distribution measuring device and a surface potential distribution

measuring method for an object to be measured.

BACKGROUND ART

10002]

An 1nverter-driven rotating electrical system that drives
a rotating electrical machine using an inverter 1s now developed

and widely used. In this inverter-driven system, the 1nverter

transforms a DC voltage into a pulse voltage through switching
operation and supplies the pulse voltage to the rotating electrical
machine through cables. The rotating electrical machine is driven
by a power of this pulse voltage.

[0003]

Conventionally, in a high-voltage rotating electrical

machine, an electric field reduction system is often applied to
a surface of a coil provided around a stator core end portion 1n

order to prevent occurrence of a partial discharge or heat

generation, especially, around a core end portion of a stator coil.

—_

In the electric field reduction system, a low resistance layer led

from an 1nside of a stator core slot and an electric field
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reducing layer formed so as to overlap a part of the low resistance
layer are combined.
[0004]

On the other hand, in the inverter-driven system, a reflected

wave may occur by impedance mismatching among the inverter, the

cables, and the rotating electrical machine. If the reflected wave
1s superimposed on the pulse voltage, high-voltage noise, so-called
1nverter surge may occur between the cables and the rotating
electrical machine, especially, at a connecting portion between
the cables and the rotating electrical machine.

(0005}

When the pulse voltage including the inverter surge
(hereinafter, referred to as “inverter pulse voltage”) repeatedly
occurs, the partial discharge and heat generation at the stator
coll of the core end portion (hereinafter, referred to as “stator
coll end”) which are caused during operating time by commercial
frequency become more serious. And the partial discharge and heat
generation also cause on the electric field reduction system. As
a result, the reliability of the stator coil may be significantly
affected.

[0006]
The partial discharge and heat generation depend on a

surface potential of the electric field reduction system (see

Non-patent Document 1). Thus, there has been a strong need for a

technology that accurately measures the surface potential of the

electric field reduction system in which the inverter pulse voltage

is generated.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS
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[0007]
Patent Document 1: Japanese Patent Application Laid-Open
Publication No. 2011-22007
NON-PATENT DOCUMENTS
[0008]
Non-Patent Document 1: Akiko Kumada, Masakuni Chiba, and
Kunihiro Hidaka “The Direct Potential Distributilon Measurement of

Propagating Surface Discharge by Using Pockels Effect”, the

transactions of the Institute of Electrical Engineers of Japan A,

Vol.118-A, No.6, pp. 723-728 (1998-6) .

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

(0009]

Typically, a surface electrometer 1s used in measurement of
the surface potential (see Patent Document 1). In a technology

described in Patent Document 1, a probe is brought into contact

with or close to the electric field reduction system, and the surface
potential 1s measured by the surface electrometer. The surface
potential 1s used to calculate a non-linear resistance.

[0010]

However, the inverter pulse voltage has a high-frequency

component of kHz order or more. In this case, the surface
electrometer cannot follow the high-frequency component and thus
cannot measure the surface potential of theelectric field reduction
system 1in which the inverter pulse voltage 1s generated.

[0011]

Typically, as the probe, a metal material is used. Thus, 1n

the above method in which the probe is brought into contact with
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or close to the electric field reduction system, static electricity

may occur between the electric field reduction system and the probe.

n addition, when the inverter surge occurs, a corona discharge

may occuxr between the electric field reduction system and the probe.
As described above, 1n a case where a metal material is used as
a measurement point, the surface potential of the electric field
reduction system in which the inverter pulse voltage is generated
cannot be measured due to disturbance to an object to be measured.
(0012]

An object of the present invention is to measure the surface
potential of the object to be measured in which the pulse voltage

1s generated.

L

]
=<

MEANS FOR SOLVING THE PROBL.

[0013]

According to the present invention, there is provided a
surface potential distribution measuring device comprising: a
laser configured to emit laser light; a Pockels crystal, extending
to a longitudinal direction along the direction of the laser light,
configured to receive, at its first end surface, the laser light
emltted from the laser; a mirror having a mirror surface at a second
end surface of the Pockels crystal and configured to reflect the
laser light 1ncident from the first end surface of the Pockels
crystal 1n a direction opposite to an incident direction of the
laser light; a light detector having a band following a
high-frequency component of a pulse voltage and configured to
recelve the laser light reflected by the mirror and detecting, as

a light intensity of the laser light, a detection light intensity

corresponding to an output voltage which is a potential difference

4
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between the first end surface of the Pockels crystal and the second
end surface thereof; a voltage calibration database configured to

store, when a plurality of mutually different input voltages are

applied to a rear surface of the mirror in voltage calibration
processing to be performed before a test, input-to-output voltage
characteristics representing a relationship between the different
1nput voltages and the output voltages of the Pockels crystal

obtained when the different input voltages are applied to the rear

surface of the mirror; and a computing section configured to set,

when a part of a surface of an object to be measured is set at a
rear side of the mirror as a test location in surface potential
measurement processing to be performed during the test, the output
voltage of the Pockels crystal obtalned when a voltage is applied
to the object as an output voltage at test time and i1dentifying
an input voltage corresponding to the output voltage at test time

as the surface potential of the object based on the input-to-output

voltage characteristics stored in the voltage calibration database,
wherein the first end surface of the Pockels crystal is grounded.
[0014]

According to the invention, there is also provided a surface
potential distribution measuring method comprising: a step in which
a laser emits laser light from a grounded first end surface of a
Pockels crystal, extending to a longitudinal direction along the

direction of the laser light, to a second end surface thereof; a

step 1in which a mirror, having a mirror surface at the second end
surface of the Pockels crystal, reflects the laser light incident
thereto from the first end surface of the Pockels crystal in a
direction opposite to an incident direction of the laser light;

a step 1n which a light detector, having a band following a

5
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high-frequency component of an 1inverter pulse voltage, detects the

laser light reflected by themirror and detects, as a light 1ntensity
of the laser light, where a detection light intensity corresponds

to an output voltage which 1s a potential difference between the

first end surface of the Pockels crystal and the second end surface

thereof; a step 1n which a computing unit stores in a voltage

calibration database, when a plurality of mutually different input
voltages are applied to a rear surface of the mirror in voltage
calibration processing to be performed before a test,

input-to-output voltage characteristics representing a

relationship between the different input voltages and the output
voltages of the Pockels crystal obtained when the different input
voltages are applied to the rear surface of the mirror; and a step
1n which the computing unit sets, when a part of a surface of an
object to be measured is set at a rear side of the mirror as the
test location i1n surface potential measurement processing to be
performed during the test, the output voltage of the Pockels crystal
obtained when a voltage is applied to the object as an output voltage
at the test and i1dentifying an input voltage corresponding to the
output voltage at the test as the surface potential of the object
based on the input-to-output voltage characteristics stored in the

voltage calibration database.

1

ADVANTAGE OF THE INV.

L]

NTION

[0015]
According to the present invention, the surface potential
of the object to be measured in which the pulse voltage is generated

can be meagured.

[0016]
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of

a surface potential distribution measuring device according to a

6a
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first embodiment.

FIG. 2 1s a perspective view schematically illustrating a

stator of a rotating electrical machine, anelectric field reduction

system, and a Pockels crystal of the surface potential distribution

measuring device.

FIG. 3 18 a view 1llustrating input-to-output voltage

characteristics 1n voltage calibration processing.

FIG. 4 is a view 1llustrating, in association with schematic

cross sections of the stator of the rotating electrical machine
and the electric field reduction system, test location-to-surface

potential characteristics 1n surface potential measurement

processing.

FIG. 5 is a flowchart illustrating an example of voltage

calibration processing.

FIG. 6 1s a flowchart illustrating an example of surface

potential measurement processing.

FIG. 7 is a block diagram i1llustrating a configuration of

the surface potential distribution measuring device according to

a second embodiment.

FIG. 8 1s a flowchart i1llustrating an example of potential

difference computing processing.
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EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0017]

Embodiments of a surface potential distribution measuring
device according to the present invention will be described with

reference to the drawings.

[0018]

FIRST EMBODIMENT

FIG. 1 is a block diagram illustrating a configuration of

a surface potential distribution measuring device 1 according to

a first embodiment. FIG. 2 is a perspective view schematically

illustrating a stator of a rotating electrical machine, an electric
field reduction system 3, and a Pockels crystal 23 of the surtftace
potential distribution measuring device 1.

(0019]
The surface potential distribution measuring device 1 1S

applied to the electric field reduction system 3. The electric field

reduction system 3 is applied to an inverter-driven rotating

electrical machine.

(0020]

The rotating electrical machine will be described using FIG.

2. In FIG. 2, constituent elements not directly related to the

electric field reduction system 3 to be described later are omitted.

[0021]

The rotating electrical machine includes a stator and a rotor.

The rotor is disposed inside the stator and rotates therein.

(0022]
The rotor includes a rotor shaft, a rotor core, and a rotor
coil. The rotor core rotates together with the rotor shaft. The

rotor coil 18 wound around the rotor core.
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[0023]

The stator includes a stator core 11, a stator coil, and a
main 1nsulating layer 13.

[0024 ]

The stator core 11 is disposed outslde the rotor 1n a radial
direction thereof with a gap therebetween. Slots are formed at
predetermined intervals along an inner peripheral surface of the
stator core 11.

[0025]

A half-turn coil, which 1is a coilil conductor 12, is housed
in each of the slots. The half-turn coils are connected to each
other outside the stator core. That 1is, the half-turn coils are
electrically connected to constitute the stator col1l. This stator
coll is provided for each of a U-phase, a V-phase, and a W-phase,
whereby three-phase winding coils of U, Vand W-phases are produced.
[0026]

The main insulating layer 13 for making insulating coating
for the stator coil is provided on an outer periphery of the stator
core. Specifically, a ground insulating tape mainly formed of
mica-epoxy i1s wound around the outer periphery of the stator coil
as the main insulating layer 13 (see FIG. 4).

[0027]

An end portion (hereinafter, referred to as “stator coil end
16”) of the stator coil on which the main lnsulating layer 13 1s
provided does not directly contribute to power generation, so that
the connecting portion between the half-turn colls in the stator

coll end 16 is formed into a three-dimensionally curved shape,
so-called an involute shape. This allows the rotating electrical

machine to be compact.
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[0028]

The electric field reduction system 3 for preventing
occurrence of a corona discharge to be described later is applied
to the stator coil end 16. The following describes the electric
field reduction system 3 using FIG. 2.

10029]

The electric field reduction system 3 includes a low

resistance layer 14 and an electric field reducing layer 15.
[0030]

A partial discharge which is a corona discharge may occur
between the main i1nsulating layer 13 of the stator coil end 16 and
a part of the stator core 11 that faces a slot wall surface. 1In
order to prevent occurrence of the partial discharge, the low
reslistance layer 14 1s provided on the outer periphery of the main
insulating layer 13. Specifically, as the low resistance layer 14,
a low-resistance semiconducting tape is wound around the outer

periphery of the main insulating layer 13 from a portion at which

the main insulating layer 13 faces an inner periphery of the stator
core 11 to a portion at which the main insulating layer 13 is exposed
outside from the stator core 11 (see FIG. 4). A width of the low
resistance layer 14 provided outside the stator core 11 (hereinafter,

referred to as “end portion 17 of the low resistance layer 14”)

1s about several tens of millimeters.
[0031]

The low resistance layer 14 1s grounded together with the
stator core 11. Thus, when a voltage (AC voltage) 1s applied to

the coil conductor 12, the coill conductor 12 serves as a drive

electrode, and the low resistance layer 14 serves as a ground

electrode. In this case, equipotential lines generated between the

10
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coil conductor 12 and the low resistance layer 14 1n the stator
core 11 are substantially parallel. On the other hand,

equipotential lines generated between the coil conductor 12 and
the low resistance layer 14 at the stator coil end 16 are distributed
in a thickness direction of the main insulating layer 13. At the

stator coil end 16, the equipotential lines are densely distributed,

depending on a difference in relative permittivity between the main
insulating layer 13 and the coil conductor 12 or resistivity of
a surface of the coil conductor 12. Thus, potential gradient 1s
increased on a surface of the stator coil end 16, with the result
that an electric field 1s concentrated along the surface of the

stator coll end 16. Particularly, at the end portion 17 of the low

resistance layer 14, the potential gradient is significantly
increased, so that the partial discharge or surface discharge which
is the corona discharge is likely to occur. Therefore, in order
to prevent occurrence of the partial discharge or surface discharge,
the electric field reducing layer 15 1s provided on the outer
peripheries of the end portion 17 of the low resistance layer 14

and the main insulating layer 13 of the stator coil end 16.

Specifically, as the electric field reducing layer 15, a
high-resistance semiconducting tape for reducing the potential

gradient is wound around the outer periphery of the main insulating

layer 13 of the stator coil end 16 so0 as to cover the end portion

17 of the low-resistance layer 14 (see FIG. 4).

[10032]

The following describes the surface potential distribution
measuring device 1 using FIG. 1. The surface potential
distribution measuring device 1 measures a surface potential of

the electric field reduction system 3 applied to the stator coil

11
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end 16.
[0033]

The surface potential distribution measuring device 1
includes a semiconductor laser generator (hereinafter, referred

to as “laser”) 21, a polarization beam splitter (hereinafter,

referred to as “"PBS”) 22, the Pockels crystal 23, adielectric mirror
(hereinafter, referred to as “mirror”) 24, a light detector 25,
and a computing unit 30.

10034]

The laser 21 emits laser light in an incident direction
(x-direction) perpendicular to a longitudinal direction
(y~direction) of the electric field reduction system 3. The laser
light has a wavelength of 532.00 nm, a maximum output power of 10
mW, and a beam diameter of 0.34 mm. Although the wavelength of the
laser light 1s set to 532.0 nm, 1t 1s not limited, as long as the
laser light can propagate through the Pockels crystal 23 and the
optical components without significant attenuation.

[0035]

The laser light 1s linearly polarized light, and a
polarization plane of the linearly polarized light is parallel to
a direction (z-direction) perpendicular both to the incident

direction x and the longitudinal direction vy.

[0036]

The PBS 22 transmits therethrough only the above-mentioned

linearly polarized light. The PBS 22 transmits therethrough the

laser light emitted from the laser 21 in the incident direction

X .

[0037]

The Pockels crystal 23 is disposed such that a longitudinal

12
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direction thereof is parallel to the incident direction x and 1s
disposed in line with the laser 21 and the PBS 22 in the incident
direction x. A first end surface of the Pockels crystal 23 1is
grounded. Alternatively, the first end surface of the Pockels

crystal 23 may be set to 0 [V] by a power supply unit. The laser

light from the PBS 22 enters the first end surface of the Pockels
crystal 23 and travels toward a second end surface thereof that
does not intersect the first end surface.

10038]

A surface of themirror 24 1s mounted on the second end surface
of the Pockels crystal 23. A voltage 1s applied to a the second
end surface of the mirror 24 from an object to be measured. That
1s, a voltage is applied to the second end surface of the Pockels
crystal 23. The object to be measured is the electric field
reduction system 3.

[0039]

A part of a surface of the electric field reduction system
3 is set as a test location at a rear side of the mirror 24.
Specifically, the rear surface of the mirror 24 1s spaced apart
from the test location by a predetermined distance. The
predetermined distance is set to 1 mm in the present embodiment;
however, it may be changed in consideration of spatial resolution.
The mirror 24 reflects the laser 1ight entering the first end surface
of the Pockels crystal 23 in a direction opposite to the incident
direction X.

[0040]

The Pockels crystal 23 is a piezoelectric isotropilc crystal

belonging to “crystal point group 3m” and generates a Pockels effect.

The Pockels effect is a phenomenon where birefringence 1s observed

13
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when an electric field (voltage) 1s applied to an isotropic crystal

of a dielectric body. And a refractive index (light intensity)

changes in proportion to the applied voltage. As the Pockels
crystal 23, a BGO (B112Geo20) crystal can be exemplified.
[0041]

. The Pockels crystal can be made to have sensitivity to a
component parallel or perpendicular to a propagation direction of
light of an external electric field depending on angle between the

propagation direction of the incident light and the crystal

orientation. The former 1s referred to as “longitudinal
modulation” and the latter as “transversal modulation”. The
Pockels crystal belonging to “crystal point group 3m” is a crystal
that can make the longitudinal modulation arrangement. In this
longitudinal modulation arrangement, light intensity changes in

proportion to an integrated value of a component of the external

electric fileld parallel to an optical path, i1.e., voltage.
[0042]
The light intensity of the laser 1ight reflected by the mixrror

24 corresponds to an output voltage VPout which 1s a potential

difference between the first end surface of the Pockels crystal
23 and the second end surface thereof (hereinafter, referred also
to as “between both surfaces” of the Pockels crystal 23).

[0043]

The PBS 22 transmits therethrough the laser light reflected
by the mirror 24 in the longitudinal direction y (in the present
embodiment, a direction opposite to the longitudinal direction vy) .
[0044]

The light detector 25 has a band following a high-frequency

component of an inverter pulse voltage. The light detector 25 1s

14
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disposed in the longitudinal directiony (in the present embodiment,
a direction opposite to the longitudinal direction y) with respect
to the PBS 22. The light detector 25 receives the laser light from
the PBS 22 and detects a detection light intensity Pout as the light
intensity of the laser light.

[0045]

The detection light intensity Pout corresponds to the output
voltage VPout which 1s a potential difference between the first
end surface of the Pockels crystal 23 and the second end surface
thereof. The detection light intensity Pout 1s represented as the
following expression as a cosine function of the output voltage
VPout.

10046]

Pout = (Pin / 2) x {1 - cos (rn (VPout / vr) - 00)}.

In the cosine function, Pin i1s an incident light intensity

amd

of the Pockels crystal 23, Van 1s a half wavelength voltage, and

00 is a phase difference (arbitrary value) to be provided by a wave

length plate. 1In the present embodiment, the output voltage VPout

of the Pockels crystal 23 1s computed based on the detection light
intensity Pout and according to an inverse function of the above
cosine function. As the Pockels crystal 23, a comparatively long
crystal of 100 mm is used, so that disturbance of the electric field
distribution on a surface of the dielectric body due to approach
of the Pockels crystal 23 is small. Therefore, the output voltage
VPout of the Pockels crystal 23 is proportional to the surface
potential of the electric field reduction system 3 to be measured.
[0047]

The computing unit 30 is a computer connected to the light

detector 25 and an output unit 34. The computing unit 30 includes

15
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a CPU (Central Processing Unit) and a storage unit. The storage

unit stores a computer program. The CPU reads out and executes the
computer program. As the output unit 34, a display or a printer
can be exemplified. The computing unit 30 includes, as functional
blocks of the CPU, a computing section 31, a voltage calibration
database 32, and a surface potential measurement database 33.

[0048] '

The following describes operation of the surface potential
distribution measuring device 1 according to the first embodiment.
[0049]

The surface potential distribution measuring device 1

performs voltage calibration processing to be described later

before execution of a test, and then performs surface potential
measurement processing to be described later during the test. The
computing section 31 constructs the voltage calibration database
32 through the voltage calibration processing, and refers to the
voltage calibration database 32 during the surface potential
measurement processing. To the computing section 31, the voltage
calibration processing or surface potential measurement processing
is set by, e.g., an 1input operation of an operator.

[0050]

FIG. 5 is a flowchart 1llustrating an example of the voltage

calibration processing.
[0051]

First, the voltage calibration processing 1s set to the
computing section 31 (step S11: voltage calibration setting) .
[0052]

Then, an AC voltage of, e.g., 50 Hz is applied, as an input

voltage Vin [kV] to the rear surface of the mirror 24 provided at

16
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the second end portion of the Pockels crystal 23 of the surface
potential distribution measuring device 1 (step S12: input voltage
application processing) .

[0053]

In this state, the laser light emitted from the laser 21

reaches the mirror 24 through the PBS 22 and the Pockels crystal
23 and reflected thereby. The laser light reflected by the mirror
24 enters the light detector 25 through the Pockels crystal 23 and
the PBS 22. The light detector 25 detects the light intensity of
the laser light from the PBS 22 as the detection light intensity
Pout (step S13: light intensity detectlion processing).

[0054]

In the voltage calibration processing, the computing section

31 performs the following processing.
[0055]

First, the computing section 31 uses the above cosine function
to compute the output voltage VPout [V] of the Pockels crystal 23
from the detection light intensity Pout. That 1s, the output
voltage VPout [V] corresponding to the detection light intensity
Pout is derived based on the detection light intensity Pout (step
S14: output voltage computing) .

[0056]

The computing section 31 stores the output voltage VPout [V]
in the voltage calibration database 32 together with the above input
voltage Vin [kV] input through the input operation of the operator
(step S15: output voltage storing).

[0057]

Thereafter, when the voltage calibration processing 1s not

el

"inished (NO in step S16), the computing section 31 repeats the

177
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processing of steps S11 to S15 while changing the input voltage
vin [(kV].
[0058]

As a result, input-to-output voltage characteristics
representing a relationship between the different input voltages
vin [kV] and their corresponding output voltages VPout [V] of the
Pockels crystal 23 are stored in the voltage calibration database
32. That 1is, the i1input-to-output voltage characteristics as
1llustrated in FIG. 3 are generated to construct the voltage
calibration database 32.

[0059]

FIG. 3 1s a view 1llustrating the input-to-output voltage

characteristics in the voltage calibration processing. The

computing section 31 refers to the voltage calibration database
32, and performs fitting based on the relationship between the
different input voltages Vin [kV] and their corresponding output
voltages VPout [V] of the Pockels crystal 23 to compute a relational
expressionon the voltage calibration. Then, the computing section

31 obtains the input-to-output voltage characteristics as

illustrated 1in FIG. 3.

[0060]

When the voltage calibration processing 1s finishded (YES
1n step S16), the computing section 31 outputs the input-to-output
voltage characteristics stored in the voltage calibration database
32 to the output unit 34. When the output unit 34 1s a display,
the input-to-output voltage characteristics are displayed on the
display; when the output unit 34 1s a printer, the input-to-output
voltage characteristics are printed by the printer (step S17:

input-to-output voltage characteristics output processing) .

18
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10061]

FIG. 6 is a flowchart illustrating an example of the surface

potential measurement processing.

[0062]

First, the surface potential measurement processing 18 set
to the computing section 31 (step S21: surface potential measurement
setting) .

[0063]

Then, a part of the surface of the electric field reduction
system 3 is set as a test location at the rear side of the mirror
24 provided at the second end portion of the Pockels crystal 23
of the surface potential distribution measuring device 1. One end

portion of the stator coil end 16 that contacts the stator core

11 is set as a first position P (P=0) [mm], and the other end portion

In this case, a test

thereof is set as a second position Q [mm].

location L [mm] represents a distance extending from the first
position P in the longitudinal direction y (step S22: test location
setting) .
[0064]

Then, an AC voltage of, e.g., 50 Hz having a peak value of
10 kV is applied, as a test voltage, to the stator coil of the rotating
electrical machine (step S23: test voltage application
processing) .

[0065]

ITn this state, the laser light emitted from the laser 21
reaches the mirror 24 through the PBS 22 and the Pockels crystal
23 and reflected thereby, and the laser 1ight reflected by the mirror
24 enters the light detector 25 through the Pockels crystal 23 and

the PBS 22. The light detector 25 detects the light intensity of
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the laser light from the PBS 22 as the detection light intensity
Pout (step S24: light intensity detection processing).
[0066]

In the surface potentlal measurement processing, the
computing section 31 performs the followling processing.
[0067]

First, the computing section 31 uses the above cosine function

to compute the output voltage VPout [V] of the Pockels crystal 23

from the detection light intensity Pout. That 1is, the output
voltage VPout [V] corresponding to the detection light intensity
Pout 1s derived based on the detection light intensity Pout. Here,
the output voltage VPout [V] 1s set as an output voltage Vout [V]
at test time (step $25: output voltage computing) .
[10068]

The computing section 31 refers to the input-to-output
voltage characteristics stored in the voltage calibration database
32 toidentify the input voltage Vin [KV] corresponding to the output

voltage Vout [V] at test time as a surface potential Vsuf [kV] of

the electric field reduction system 3 (step S26: surtface potential
identifying) .
[0069]

The computing section 31 stores the surface potential Vsuf
[kV] 1in the surface potential measurement database 33 together with
the above test location L [mm] input through the input operation
of the operator (step 827: surface potential storing).

[0070]

Thereafter, when the surface potential measurement

processing is not finished (NO in step S28), the computing section

31 repeats the processing of steps S21 to S27 while changing the
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test location L, [mm]. For example, when the test location L is set

at different positions in an area from the first position P to second

position Q with respect to the rear surface of the mirror 24, the
computing section 31 stores the different test locations L [mm]
and their corresponding surface potentials Vsuf [kV] of the electric
field reduction system 3 in the surface potential measurement
database 33.

[0071]

As a result, test location-to-surface potential
characteristics representing a relationship between the different
test locations L [mm] and their corresponding surface potentials
Veuf [kV] of the electric field reduction system 3 are stored in

the surface potential measurement database 33. That 1s, the

computing section 31 uses the surface potential measurement

database 33 to generate the test location-to-surface potential

characteristics as illustrated in FIG. 4.

(0072]

FIG. 4 1s a view 1llustrating, in assoclation with schematic
cross sections of the stator of the rotating electrical machine
and the electric field reduction system 3, the test

location-to-surface potential characteristics 1n the surface

potential measurement processing. As 1llustrated 1n FIG. 4, as a

result of measuring the surface potential Vsuf [kV] of the test
location from the first position P to the second position Q in the
longitudinal direction y, a slope of the surface potential Vsuf
[(kV] becomes steep from a boundary region between the low resistance
layer 14 and electric field reducing layer 15 in the longitudinal
direction y. This reveals that a large electric field occurs at

the boundary region.
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[0073]

When the surface potential measurement processing 18

finished (YES 1n step S28), the computing section 31 outputs the
test location-to-surface potential characteristics stored in the
surface potential measurement database 33 to the output unit 34.
When the output unit 34 1s a display, the test location-to-surface

potential characteristics are displayed on the display; when the

output unit 34 is a printer, the test location-to-surface potential
characteristics are printed by the printer (step S29: test
location-to-surface potential characteristics output processing) .
(0074]

In step S29, the computing section 31 may compute an electric
field E [kV/m] between a first test location L1 [mm] and a second
test location L2 [mm] as the different test locations L [mm] from

the test location-to-surface potential characteristics stored in

the surface potential measurement database 33 and may output a value

(L]

representing the electric field E [kV/m] to the output unit 34.

Assuming that the surface potential Vsuf [kV] at the first test
location L1 [mm] is a first surface potential Vsufl [kV] and the
surface potential Vsuf [kV] at the second test location L2 [mm]
is a second surface potential Vsuf2 [kV], the computing section

31 computes the electric field E [kV/m] according to an expression:
E = (Vsuf2 - vsufl) / (L2 -~ L1). The first test location L1 [mm]
and the second test location L2 [mm] may be arbitrarily selected,

or the second test location L2 [mm] may be selected as a next test

location of the first test location L1.

[0075]

As described above, the surface potential distribution

measuring device 1 according to the first embodiment uses the
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Pockels crystal 23 disposed between the laser 21 and the surface
(test location L) of the electric field reduction system 3. That
is, the Pockels effect brought about by the Pockels crystal 23 1is
utilized. Thus, when the laser light i1s emitted from the laser 21
toward the test location L, the light intensity of the laser light
reflected by the mirror 24 disposed between the Pockels crystal
23 and the test location L corresponds to the output voltage
VPout ,which is a potential difference between the first end surface
of the Pockels crystal 23 and the second end surface thereof.
Therefore, the surface potential distribution measuring device 1
can measure the surface potential Vsuf of the electric field
reduction system 3 from the light intensity (output voltage VPout)
of the laser light.
[0076]

The surface potential distribution measuring device 1

according to the first embodiment uses the light detector 25 having

a band following a high-frequency component of the inverter pulse
voltage. Thus, even when the inverter pulse voltage 1s generated,
the light intensity of the laser light reflected by the mirror 24
disposed between the Pockels crystal 23 and the test location L
is detected by the light detector 25. Therefore, the surface
potential distribution measuring device 1 can measure, from the
light intensity (output voltage VPout) of the laser light, the
surface potential Vsuf of the electric field reductlion system 3
in which the inverter pulse voltage 1s generated.
[0077]

When the different input voltages Vin are applied to the rear

surface of the mirror 24 in the voltage calibration processing to

be performed before the test, the surface potential distribution
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measurling device 1 according to the first embodiment stores, 1in
the voltage calibration database 32, the input-to-output voltage
characteristics representing a relationship between the different
input voltages Vin and their corresponding output voltages VPout
(detection light intensities Pout detected by the light detector
25) of the Pockels crystal 23. Thus, when a part of the surface
of the electric field reduction system 3 1s set as the test location
L. at the rear side of the mirror 24 in the surface potential

measurement processing to be performed during the test, the output
voltage VPout (detection light intensity Pout detected by the 1ight
detector 25) of the Pockels crystal 23 obtained when a voltage is

applied to the stator coil i1s set as the output voltage Vout [V]

at test time. The input voltage Vin corresponding to the output

voltage Vout at test time can be 1dentified as the surface potential
Vsuf of the electric field reduction system 3 from the
input-to-output voltage characteristics stored 1in the voltage
calibration database 32.

[0078]

In the surface potential distribution measuring device 1
according to the first embodiment, a metal material 1s not used

as the measurement point (test location), disturbance to the

measurement polint can be minimized.

[0079]

As described above, according to the surface potential
distributionmeasuring device 1 of the first embodiment, the surface
potential of the electric field reduction system in which the

inverter pulse voltage is generated can be measured.

(0080]

-

SECOND EMBODIMENT
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A second embodiment will be described only for different
portions thereof from the first embodiment. Other configurations
not described are the same as those of the first embodiment.
[0081]

Operation of the surface potential distribution measuring
device 1 according to the second embodiment will be described.
[0082]

The surface potential distribution measuring device 1

performs the voltage calibration processing before the test and

then performs, during the test, the surface potential measurement

processing and the potential difference computing processing to
be described later. To the computing section 31, the voltage
calibration processing is set, or a combination of the surface
potential measurement processing and potential difference
calculation processing is set by, e.g., the input operation of the
operator.

[0083]

FIG. 7 is a block diagram illustrating a configuration of
the surface potential distribution measuring device 1 according
to the second embodiment.

[0084]

A plurality of the surface potential measurement databases
33 are assigned corresponding to a plurality of different electric
field reduction systems 3. That is, the surface potential

measurement databases 33 are provided in the computing unit 30

corresponding to the number of the electric field reduction systems
3.

[0085]

FIG. 8 is a flowchart illustrating an example of the potential
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difference computing processing.
[0086]

First, the surface potential measurement processing 1S
performed fora first electric field reduction system 3A and a second

electric field reduction system 3B which are disposed adjacent to

each other. In this state, the potential difference computing is
set to the computing section 31 (step S$31: potential difference
computation setting).

[0087]

n the potential difference computing, the computing section

31 performs the following processing.
[0088]

The computing section 31 checks whether the same test location

L is stored in the surface potential measurement databases 33

assigned respectively to the first electric field reduction system

3A and the second electric field reduction system 3B (step S32).
[0089]

When the same test location L i1s stored (YES in step S32),

the computing section 31 computes a surface potential difference
VAB (kV] which is a potential difference between a surface potential
Vsuf [kV] of the first electric field reduction system 3A at the

P

test location L and a surface potential Vsuf [kV] of the second

electric field reduction system 3B at the test location L. Assuming

that the surface potential Vsuf [kV] of the first electric fileld

reduction system 3A is set toa first electric filed reduction system
surface potential Vsuf3l [kV] and surface potential Vsuf [kV] of
the second electric field reduction system 3B is set to a second
electric filed reduction system surface potential Vsuf32 (kV], the

computing section 31 computes the surface potential difference VAB
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[(kV] according to an expression: VAB = Vsuf 32 ~ Vsuf 31 (step 833:
surface potential difference computing) .
[0090]

When the surface potential measuring is finished (YES 1in step
S34), the computing section 31 outputs the test location-to-surface

potential characteristics and the value representing the electric

field E [kV/m] to the output unit 34 and, at the same time, outputs

the surface potential difference VAB [kV] to the output unit 34
(step S35: surface potential difference output processing) .
10091]

As described above, according to the surface potential
distribution measuring device 1 of the second embodiment, the

potential difference between the adjacent electric field reduction

systems 3 can be measured.
[0092]

Although the preferred embodiments of the present invention
have been described above, the embodiments are merely 1llustrative
and do not limit the scope of the present invention. These novel
embodiments can be practiced in other various forms, and various

omissions, substitutions and changes may be made without departing

from the scope of the invention. The embodiments and modifications
thereof are included in the scope of the present invention and in

the appended claims and thelr equivalents.

EXPLANATION OF REFPFERENCE SYMBOLS

[0093]
1: surface potential distribution measuring device

3: electric field reduction system

11l: stator core

12: coil conductor
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13:

14 .

15:

16:

17

271:

22

23:

24

25

30:

31:

32:

33:

34

main insulating layer

low resistance layer

CA 02856201 2014-05-16

electric field reducing layer

stator coil end
end portion of the low resistance layer

laser (semiconductor laser generator)

P

Pockels crystal
mirror (dielectric mirror)
light detector
computing unit

computing section

BS

voltage calibration database

surface potential measurement database

output unit
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CLAIMS

1. A surface potential distribution measuring device
COmMPrising:

a laser configured to emit laser light;

a Pockels crystal, extending to a longitudinal direction

along the direction of the laser light, configured to receive, at

1ts first end surface, the laser light emitted from the laser;

a mirror having a mirror surface at a second end surface of

the Pockels crystal and configured to reflect the laser light

incident from the first end surface of the Pockelg crystal in a

direction opposite to an incident direction of the laser light;

a light detector having a band following a high-frequency

component of a pulse voltage and configured to receive the laser
light reflected by the mirror and detecting, as a light intensity
of the laser light, a detection light intensity corresponding to

a measured output voltage which 1s a potential difference between

the first end surface of the Pockels crystal and the seccond end

surtace therxreof;

a voltage calibration database configured to store, when a

plurality of mutually different input voltages are applied to a

rear surface of the mirror in voltage calibration processing to

be performed before a test, input-to-output veoltage
characteristics representing a relationship between the different

1nput voltages and the measured output voltages of the Pockels

crystal obtained when the different input voltages are applied to

the rear surface of the mirror: and

a computlng section configured to set, when a part of a

surface of an object to be measured is set at a rear side of the
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mirror as a test location in surface potentia1 measurement
processing to be performed during the test, the output voltage of
the Pockels crystal obtained when a voltage 1s applied to the object
as a test time output voltage and i1dentifying an input voltage
corresponding to the test time output voltage as the surface
potential of the object based on the input-to-output voltage
characteristics stored 1n the voltage calibration database,
wherein the first end surface of the Pockels crystal 1is

grounded.

2. The surface potential distribution measuring device
according to claim 1, wherein

the detection light intensity i1s represented by a cosine
function of the measured output voltage, and

the computing section uses the cosine function to derive the
output voltage of the Pockels crystal from the detection light

intensity.

3. The surface potential distribution measuring device
according to claim 2, further comprising a polarization beam
splitter (PBS) that transmits therethrough only a linearly
polarized light, wherein

the laser emits the laser light which is the linearly
polarized light in the incident direction perpendicular to a

longiltudinal direction of the object,

the PBS transmits therethrough the laser light emitted from
the laser in the incident direction,

the Pockels crystal, which is disposed such that a

longitudinal direction thereof is parallel to the incident
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direction and is disposed in line with the laser and the PBS in

the incident direction, receives the laser light from the PBS at gt

1ts first end surface, .ﬁ%

the PBS transmits therethrough the laser light reflected by
the mirror in the longitudinal direction of the object, and i

the light detector, which is disposed in the longitudinal

direction of the object with respect to the PBS, receives the laser

light from the PBS.

4 . The surface potential distribution measuring device

according to any one of claims 1 to 3, wherein

the object further comprises two end portions,

when one end portion 1s set as a first position and any other

F

end portion thereof 1s set as a second position, the test location i

1s represented by a distance extending in the longitudinal .ﬂﬁ

direction of the object from the first position, and

when the test location is set at a plurality of mutually

different positionsg in an area from the first position to the second

position with respect to the rear surface of the mirror in the

surface potential measurement processing, the computing section

generates test location-to-surface potential characteristics

representing a relationship between a plurality of mutually

different test locations and the surface pctentials of the object

1dentified when the different test locations are set with respect f:;,:,

to the rear side of the mirror.

5. The surface potential distribution measuring device Eﬂﬁi
according to claim 4, further comprising a surface potential

measurement database, wherein
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when the test location is set at a plurality of mutually ‘ﬁ&

different positions from the first position to the second position

with respect to the rear surface of the mirror in the surrface

potential measurement processing, the computing section stores the

test locations and the surface potentials of the ocbject obtalned fvﬁ
at the test in the surface potential measurement database CO i

generate the test location-to-surface potential characteristics.

ﬁ&
6. The surface potential distributilion measuring device A
according to claim 4 or 5, wherein

the device further comprises an output unit, and

in the surface potential measurement processing, the i

computing section outputs the test location-to-surface potentilal ; M%

characteristics to the output unit.

7. The surface potential distribution measuring device

according to any one of claims 4 to 6, wherein f%

in the surface potential measurement processing, the |8

computing section computes an electric field between a first test k

location and a second test location as the different test locations

from the test location-to-surface potential characteristics.

8 . The surface potential distribution measuring device
according to any one of claims 1 to 7, wherein i

the at least one object includes first and second objects

which are disposed adjacent to each other, and

when the surface potential measurement processing is it
performed for adjacently disposed first object and second object,

the computing section computes a surface potential difference which MI
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is a potential difference between a surface potential of the first ‘ﬁlii’*,‘l

object at a given test 1ocation and a surface potential of the second

object at the same test location as the given test location.

9. The surface potential distribution measuring device H

according to any one of claims 1 to 8, wherein the Pockels crystal

is a Bil2Ge020 crystal. i

10. The surface potential distribution measuring device 4

according to any one of claims 1 to 9, where the object is an electric il
field reduction system applied to a stator coil end which 1s an

end portion of a stator coil of a rotating electrical machine.

11. A surface potential distribution measuring method -
comprising:

a step in which a laser emits laser light from a grounded f

fFirst end surface of a Pockels crystal, extending Lo a longitudinal

direction along the direction of the laser light, to a second end -;l

r

surface thereorf;

!

a step inwhich a mirror, having a mirror surtace at the second i

end surface of the Pockels crystal, retflects the laser light ﬂ@

‘neident thereto from the first end surface of the Pockels crystal .
in adirection opposite to an incident direction of the laser light;

a step in which a light detector, having a band following

a high-frequency component of an inverter pulse voltage, detects

the laser light reflected by the mirror and detects, as a light
intensity of the laser light, where a detection light intensity
corresponds to a measured output voltage which is a potential

difference between the first end surface of the Pockels crystal

33
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and the second end surface thereotf;

a step in which a computing unit stores 1n a voltage e

calibration database, when a plurality of mutually different input

voltages are applied to a rear surface of the mirror in voltage

calibration processing to be performed before a test,

input-to-output voltage characteristics representing a if
relationship between the different input voltages and the measured 'i
output voltages of the Pockels crystal cbtained when the different Zﬂg
input voltages are applied to the rear surface of the mirror; and |

a step in which the computing unit sets, when a part or a 1L
surface of an object to be measured is set at a rear side of the ;&

mirror as the test location in surface potential measurement

processing to be performed during the test, the output voltage of
the Pockels crystal obtained when a voltage is applied to the object %

as a test time output voltage and identifying an i1nput voltage

corresponding to the test time output voltage as the surface

potential of the object based on the input-to-output voltage ot

characteristics stored in the voltage calibration database.

12 . The surface potential distribution measuring method

according to claim 11, where the object is an electric field

reduction systemapplied to a stator coil end which 1s an end portion T

g

of a stator coil of a rotating electrical machine. il
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FIG. 5
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FIG. 7
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FIG. 8
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