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(54) BRUSHLESS RESOLVER AND ROTATION ANGLE DETECTING DEVICE

(57) A brushless resolver includes a rotor having a
one-phase excitation coil and a stator having two-phase
detection coils. The rotor is mounted to a shaft of a motor
to detect a rotation angle of the motor. An induction coil
is located around the shaft. The induction coil is connect-
ed to the excitation coil. Electromotive force induced in
the induction coil by a change of magnetic flux of the
motor, which passes through the shaft, is used as an
excitation signal supplied to the excitation coil.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a brushless resolver that detects the rotation angle of a motor, and to a rotation-
angle detection device that uses this brushless resolver.

BACKGROUND ART

[0002] Fig. 1 shows a configuration disclosed in Patent Literature 1 as an example of a conventional brushless resolver.
This brushless resolver includes a ring-shaped resolver 13 disposed in a cylindrical case 12 that covers a rotation-center
shaft 11, a ring-shaped rotation transformer 20 disposed side by side with the resolver 13, and lead wires 27 electrically
connected to the resolver 13 and to the rotation transformer 20.
[0003] The resolver 13 is composed of a resolver rotor 14 that is rotatable around the shaft 11 and a resolver stator
17 fixed to the cylindrical case 12. The resolver rotor 14 is configured by winding resolver-rotor windings 16 around
resolver-rotor iron cores 15. The resolver stator 17 is configured by winding resolver-stator windings 19 around resolver-
stator iron cores 18.
[0004] When the resolver 13 is a one-phase excitation and two-phase output resolver, the resolver-rotor windings 16
are made of one-phase distributed windings, and the resolver-stator windings 19 are made of two-phase distributed
windings (sin windings and cos windings) separated from each other by an electrical angle of 90 degrees. In the resolver
13 having such a configuration, when the resolver rotor 14 is excited by an excitation signal sent from the rotation
transformer 20, two signals corresponding to the rotation angle are generated on the resolver stator 17 side, and the
rotation angle can be calculated from the two signals.
[0005] The rotation transformer 20 is composed of a rotor transformer 21 that is rotatable around the shaft 11 and a
stator transformer 24 fixed to the cylindrical case 12. The rotor transformer 21 is composed of a ring-shaped rotor-
transformer iron core 22 and a rotor-transformer winding 23 of a multiwinding magnet wire wound in the circumferential
direction of the rotor-transformer iron core 22. The stator transformer 24 is composed of a ring-shaped stator-transformer
iron core 25 and stator-transformer windings 26, the stator-transformer windings 26 being multiwinding magnet wires
wound around bobbins disposed in the stator-transformer iron core 25 and wound in a bobbin’s circumferential direction.
[0006] When the rotation transformer 20 is configured in this manner, an excitation signal electrically sent via a lead
wire 27 to the stator transformer 24 is transferred to the rotor transformer 21 side in a noncontact manner as a voltage
signal corresponding to the winding ratio between the stator-transformer windings 26 and the rotor-transformer windings
23. Then, this excitation signal is electrically sent to the resolver-rotor windings 16 of the resolver rotor 14 connected to
the rotor transformer 21, thereby allowing the rotation position to be detected by the resolver 13.

PRIOR ART LITERATURE

Patent Literature

[0007] Patent Literature 1: Japanese Patent Application Laid Open No. 2010-101633

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] As described above, a conventional brushless resolver uses a rotation transformer to supply an excitation signal
to the resolver-rotor windings, which increases the number of components used and also the total component cost and
the number of assembly steps.
[0009] An object of the present invention is to provide a brushless resolver in which a rotation transformer is made
unnecessary, so that the total component cost and the number of assembly steps are reduced to reduce the cost of the
brushless resolver, compared with the conventional brushless resolvers. In addition, another object of the present in-
vention is to provide a rotation-angle detection device that uses this brushless resolver.

MEANS TO SOLVE THE PROBLEMS

[0010] According to a first aspect of the present invention, a brushless resolver includes a rotor having a one-phase
excitation coil and a stator having two-phase detection coils. The rotor is mounted to a shaft of a motor to detect a rotation
angle of the motor. An induction coil is located around the shaft and is connected to the excitation coil. Electromotive
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force induced in the induction coil by a change of magnetic flux of the motor, the magnetic flux passing through the shaft,
is used as an excitation signal supplied to the excitation coil.
[0011] According to a second aspect of the present invention, a rotation-angle detection device includes the above-
described brushless resolver; an excitation-signal-component extraction circuit that extracts an excitation signal com-
ponent from output signals of the two-phase detection coils and outputs the excitation signal component as a detection
signal; an angle calculation circuit that synchronously detects the output signals of the two-phase detection coils with
the detection signal to perform an angle calculation; and an angle hold circuit to which a rotation angle and an angular
velocity of the rotor calculated by the angle calculation circuit are input. The angle hold circuit outputs the input rotation
angle when the input angular velocity is not zero and outputs the immediately-before-input rotation angle when the input
angular velocity is zero.

EFFECTS OF THE INVENTION

[0012] According to the present invention, the rotation transformer conventionally required to supply an excitation
signal to the excitation coil provided for the rotor is made unnecessary, so that the total component cost and the number
of assembly steps are reduced to reduce the cost of the brushless resolver.
[0013] The excitation circuit conventionally required to generate an excitation signal is also made unnecessary, so
that the cost of the brushless resolver is further reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a half sectional view of an example of a conventional brushless resolver;
Fig. 2 is a perspective view of a brushless resolver according to an embodiment of the present invention;
Fig. 3 is a perspective view of a rotor shown in Fig. 2;
Fig. 4 is a perspective view of a stator shown in Fig. 2; and
Fig. 5 is a block diagram showing an exemplary functional configuration of a rotation-angle detection device according
to the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0015] Embodiments of the present invention will be described below.
[0016] Fig. 2 shows a one-phase excitation and two-phase output brushless resolver 30 according to an embodiment
of the present invention. The brushless resolver 30 includes a ring-shaped stator 40 and a rotor 50 positioned in the
internal space inside the stator 40. Fig. 3 and Fig. 4 show the rotor 50 and the stator 40 separately. 60 in Fig. 2 shows
a shaft of a motor to which the rotor 50 is to be mounted.
[0017] The rotor 50 has a cylindrical shape and has teeth 51 which are formed in a protruding manner, disposed on
one side, in the center-axis direction, of the outer circumferential surface of the rotor 50 and arranged at equal angular
intervals in the circumferential direction of the rotor 50. The number of teeth 51 is set to eight in this embodiment. Each
of one-phase excitation coils 52, which has a predetermined number of windings and a predetermined winding direction,
is wound around a corresponding one of the teeth 51. A detailed illustration is omitted, but the excitation coils 52 are
connected in series.
[0018] In this embodiment, a ring-shaped depressed part 53 is formed on the other side, in the center-axis direction,
of the outer circumferential surface of the rotor 50. The other side of the rotor 50 serves as a winding frame 54. An
induction coil 55 is wound around the winding frame 54. A detailed illustration is omitted, but the induction coil 55 is
connected to the excitation coils 52 in series.
[0019] Teeth 41 are formed in a protruding manner, disposed on the inner circumferential surface of the ring-shaped
stator 40 and arranged at equal angular intervals in the circumferential direction of the stator 40. The number of teeth
41 is set to 14 in this embodiment. A detailed illustration is omitted, but two detection coils (COS coils and SIN coils) 42
are wound around the teeth 41. Each of the COS coils, which has a predetermined number of windings and a predeter-
mined winding direction, is wound around a corresponding one of the teeth 41. Each of the SIN coils, which has a
predetermined number of windings and a predetermined winding direction, is also wound around a corresponding one
of the teeth 41. The COS coils are connected in series, and the SIN coils are also connected in series.
[0020] When the rotor 50 is mounted around the shaft 60 of the motor, as shown in Fig. 2, the stator 40 is disposed
in a fixed manner around the rotor 50 to constitute the brushless resolver 30. The diameter (outer diameter of the rotor)
of a virtual cylindrical surface formed of the protrusion end surfaces 51 a of the teeth 51 of the rotor 50 is smaller, by a
predetermined length, than the diameter (inner diameter of the stator) of a virtual cylindrical surface formed of the



EP 3 358 310 A1

4

5

10

15

20

25

30

35

40

45

50

55

protrusion end surfaces 41a of the teeth 41 of the stator 50. Therefore, the rotor 50 is rotatable in the internal space
inside the stator 40.
[0021] The brushless resolver 30 having the above-described structure is different from the conventional brushless
resolver shown in Fig. 1 in that the brushless resolver 30 does not have a rotation transformer used to send an excitation
signal to the excitation coils 52 wound on the rotor 50 but has the induction coil 55 wound around the winding frame 54
formed on the rotor 50 as a single unit. The induction coil 55 is wound around the winding frame 54 of the rotor 50, which
means that the induction coil 55 is located away from and around the shaft 60 of the motor in a state where the induction
coil 55 coils in the circumferential direction of the shaft 60. Therefore, electromotive force (induced electromotive force)
is induced in the induction coil 55 by a change of magnetic flux of the motor which passes through the shaft 60. In this
embodiment, the electromotive force induced in the induction coil 55 is used as an excitation signal supplied to the
excitation coils 52.
[0022] Consequently, in this embodiment, a rotation transformer, which is formed of many components and used to
send an excitation signal to the excitation coils 52, is unnecessary, allowing the total component cost and the number
of assembly steps to be reduced in response to unnecessity of the rotation transformer. In addition, since the electromotive
force induced in the induction coil 55 is used as an excitation signal, an excitation circuit for generating an excitation
signal, which was conventionally required, can be made unnecessary.
[0023] The winding frame 54 around which the induction coil 55 is wound is formed on the rotor 50 as a single unit in
the above-described embodiment. The winding frame 54 may be formed separately from the rotor 50.
[0024] The electromotive force induced in the induction coil 55 by a change of magnetic flux of the motor, that is, an
excitation signal in the above-described brushless resolver 30, can be expressed as follows: 

where ϕ indicates the magnetic flux, f indicates the number of rotations, and K indicates the constant determined by the
number of windings of the induction coil and the cross-sectional area of the shaft.
[0025] The magnetic flux of the motor which passes through the shaft 60 is, for example, a leakage flux of the motor.
Therefore, a leakage flux of the motor can be used to generate an excitation signal. The magnetic flux of the motor is
not limited to this. For example, one idea would be to intentionally generate a magnetic flux from the motor just for
generating an excitation signal.
[0026] The configuration of a rotation-angle detection device made by using the above-described brushless resolver
30 will be described below by referring to Fig. 5.
[0027] As shown in Fig. 5, the rotation-angle detection device in this embodiment includes the brushless resolver 30,
an excitation-signal-component extraction circuit 70, an angle calculation circuit 80, and an angle hold circuit 90. The
two-phase output signals (COS signal and SIN signal) output from the two-phase detection coils (COS coils and SIN
coils) 42 of the brushless resolver 30 are both input to the excitation-signal-component extraction circuit 70 and to the
angle calculation circuit 80. These COS signal and the SIN signal can be expressed by the following expressions.

where A = ϕ·2πf·K·T, ω = 2πf, T indicates the voltage transformation ratio, N indicates the drive number, and θ indicates
the rotation angle.
[0028] The excitation-signal-component extraction circuit 70 extracts an excitation signal component from the input
COS signal and SIN signal. The excitation signal component is extracted by the following operation. 
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[0029] The excitation-signal-component extraction circuit 70 outputs the extracted excitation signal component to the
angle calculation circuit 80 as a detection signal.
[0030] The angle calculation circuit 80 is designed to execute, for example, an angle calculation of a conventionally
known tracking loop type. The angle calculation circuit 80 synchronously detects the input COS signal and SIN signal
by using the input detection signal to perform the angle calculation.
[0031] When the motor is stopped, a change of magnetic flux does not occur, making the output signals (COS signal
and SIN signal) of the brushless resolver 30 zero. Therefore, the angle calculation cannot be performed. In this embod-
iment, an angle hold circuit 90 is provided in order to compensate an output when the motor is stopped.
[0032] The rotation angle and the angular velocity of the rotor 50 calculated by the angle calculation circuit 80 are
input to the angle hold circuit 90. The angle hold circuit 90 outputs the input rotation angle when the input angular velocity
is not zero. When the input angular velocity is zero, the angle hold circuit 90 outputs the rotation angle input immediately
before.
[0033] Since the above configuration is employed, even when the motor is stopped, the rotation angle of the rotor 50,
that is, the rotation angle of the motor, can be detected.

INDUSTRIAL APPLICABILITY

[0034] A brushless resolver and a rotation-angle detection device according to the present invention can be used to
detect the rotation position of a rotor of a motor used in a hybrid vehicle or an electric vehicle and also to detect the
rotation position of various units, such as a machine tool driven by a motor.

Claims

1. A brushless resolver for detecting a rotation angle of a motor, comprising:

a stator having two-phase detection coils; and
a rotor having a one-phase excitation coil, the rotor being mounted to a shaft of the motor,
wherein an induction coil is located around the shaft,
the induction coil is connected to the excitation coil, and
electromotive force induced in the induction coil by a change of magnetic flux of the motor, the magnetic flux
passing through the shaft, is used as an excitation signal supplied to the excitation coil.

2. The brushless resolver according to Claim 1, wherein the magnetic flux of the motor is a leakage flux of the motor.

3. The brushless resolver according to Claim 1 or 2, wherein the induction coil is wound around a winding frame formed
on the rotor as a single unit.

4. A rotation-angle detection device comprising:

a brushless resolver according to one of Claims 1 to 3;
an excitation-signal-component extraction circuit that extracts an excitation signal component from output signals
of the two-phase detection coils and outputs the excitation signal component as a detection signal;
an angle calculation circuit that synchronously detects the output signals of the two-phase detection coils with
the detection signal to perform an angle calculation; and
an angle hold circuit to which a rotation angle and an angular velocity of the rotor calculated by the angle
calculation circuit are input,
wherein the angle hold circuit outputs the input rotation angle when the input angular velocity is not zero and
outputs the immediately-before-input rotation angle when the input angular velocity is zero.
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