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(54) Torque sensor

(57) The torque sensor (1) outputs a sinusoidal first
alternating signal the phase of which changes in accord-
ance with change in the rotation angle of a first shaft (3),
and a sinusoidal second alternating signal the phase of
which changes in accordance with change in the rota-
tion angle of a second shaft (4) capable of performing
relative rotation, elastically, with respect to the first shaft
(3). A phase difference correspondence signal the
waveform of which changes in accordance with change
in the phase difference between the first alternating sig-

nal and the second alternating signal is output. A value
corresponding to the torque transmitted by the first and
second shafts (3, 4) is determined from the phase dif-
ference correspondence signal. This value correspond-
ing to the transmitted torque is corrected on the basis of
a value corresponding to the difference between a first
distortion indicator value which changes in accordance
with the waveform distortion in the first alternating signal
and a second distortion indicator value which changes
in accordance with the waveform distortion in the sec-
ond alternating signal.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a torque sen-
sor, which is used, for example, to detect the steering
torque in an electric power steering apparatus.

DESCRIPTION OF THE RELATED ART

[0002] A torque sensor is known which comprises a
first shaft, a second shaft capable of performing relative
rotation, elastically, with respect to the first shaft, a first
resolver for detecting the rotation angle of the first shaft
and a second resolver for detecting the rotation angle
of the second shaft. The torque transmitted by the two
shafts is determined by the rotation angle of the first
shaft as detected by the first resolver and the rotation
angle of the second shaft as detected by the second re-
solver (Japanese Patent Laid-open No. 2002-350181).
[0003] Taking the rotation angle of the shaft as detect-
ed by the resolver to be θ, the angular frequency of the
excitation signal to be ω, the time to be t, and KE to be
a coefficient, then when an excitation signal proportional
to sin(ωt) has been input to the rotor coil of the resolver,
a signal expressed by KE sin(ωt) sin θ having an ampli-
tude proportional to sin θ and a signal expressed by KE
sin(ωt) cos θ having an amplitude proportional to cos θ
are output from two phase stator coils. Therefore, the
rotation angle θ can be determined by calculating tan-1

(sin θ/ cos θ) by means of a computer.
[0004] However, since there are limits on the resolu-
tion that can be achieved if a computer directly reads in
the signal output value from detectors, such as resolv-
ers, then the resolution of the torque sensor is restricted,
and the workload involved in signal processing increas-
es, as the resolution becomes higher. Moreover, since
the output value changes in a non-linear fashion with
respect to the rotation angle θ, improvement in the
torque detection accuracy is impeded. Moreover, there
are always detection errors in the values of the rotation
angles detected by the resolvers or the like, and there
are individual differences in the detection errors. There-
fore, if the torque transmitted by the shafts is determined
from the detected rotation angle of the first shaft and the
detected rotation angle of the second shaft, then the dif-
ference between the respective detection errors creates
a torque detection error, and hence the torque detection
accuracy declines. It is an object of the present invention
to provide a torque sensor whereby the aforementioned
problem can be resolved.

SUMMARY OF THE INVENTION

[0005] The torque sensor according to the present in-
vention comprises a first shaft; a second shaft capable
of performing relative rotation, elastically, with respect
to the first shaft; a first alternating signal source which

outputs a sinusoidal first alternating signal the phase of
which changes in accordance with change in the rota-
tion angle of the first shaft; a second alternating signal
source which outputs a sinusoidal second alternating
signal the phase of which changes in accordance with
change in the rotation angle of the second shaft; an out-
put signal processing section which outputs a phase dif-
ference correspondence signal the waveform of which
changes in accordance with change in the phase differ-
ence between the first alternating signal and the second
alternating signal; a determining part which determines
a first distortion indicator value which changes in ac-
cordance with the waveform distortion of the first alter-
nating signal; a determining part which determines a
second distortion indicator value which changes in ac-
cordance with the waveform distortion of the second al-
ternating signal; and a correcting part which corrects the
value corresponding to the torque which is determined
from the phase difference correspondence signal and
transmitted by the first and second shafts, on the basis
of a value corresponding to the difference between the
first distortion indicator value and the second distortion
indicator value.
[0006] According to the present invention, since the
phase change in the first alternating signal corresponds
to the change in the rotation angle of the first shaft, and
the phase change in the second alternating signal cor-
responds to the change in the rotation angle of the sec-
ond shaft, the phase difference between the first alter-
nating signal and the second alternating signal corre-
sponds to the difference between the angles of rotation
of the first shaft and the second shaft. The waveform of
the phase difference correspondence signal changes in
accordance with change in the difference between
these angles of rotation, and therefore the phase differ-
ence correspondence signal can be used as a signal
that corresponds to the torque transmitted by the first
and second shafts. In other words, it is possible to de-
termine directly the difference in the rotation angle cor-
responding to the transmitted torque, without detecting
the rotation angle of the first shaft and the rotation angle
of the second shaft respectively. Therefore, in order to
determine the torque, it is not necessary to directly read
in signal output values from detectors by means of a
computer, as in the prior art, and hence the workload
involved in signal processing can be reduced and non-
linear components can be eliminated.
[0007] Furthermore, in the torque sensor according to
the present invention, even if the phase change in the
first alternating signal does not correspond accurately
to the change in the rotation angle of the first shaft due
to error, and even if the phase change in the second
alternating signal does not correspond accurately to the
change in the rotation angle of the second shaft due to
error, it is possible to determine a value corresponding
to the torque transmitted by the two shafts without being
affected by the difference between the respective er-
rors. To be more precise, when there is an error in the
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phase change in the first alternating signal, this error is
represented by a distortion in the waveform of the first
alternating signal, and when there is an error in the
phase change in the second alternating signal, this error
is represented by a distortion in the waveform of the sec-
ond alternating signal. Therefore, the difference be-
tween the first distortion indicator value which changes
in accordance with the waveform distortion in the first
alternating signal and the second distortion indicator
value which changes in accordance with the waveform
distortion in the second alternating signal corresponds
to the difference between the error in the phase change
in the first alternating signal and the error in the phase
change in the second alternating signal. Therefore, it is
possible to cancel out the effects of the difference be-
tween the respective errors by correcting the value cor-
responding to the transmitted torque, which is deter-
mined from the signal corresponding to the difference
between the first alternating signal and the second al-
ternating signal, on the basis of a value corresponding
to the difference between the first distortion indicator
value and the second distortion indicator value.
[0008] In the torque sensor according to the present
invention, preferably, the time period from the time at
which the value of the first alternating signal becomes
zero until the time at which the integral value of the first
alternating signal becomes zero is determined as the
first distortion indicator value; and the time period from
the time at which the value of the second alternating sig-
nal becomes zero until the time at which the integral val-
ue of the second alternating signal becomes zero, is de-
termined as the second distortion indicator value.
In a case where there is a waveform distortion in each
alternating signal, the time period from the time at which
the alternating signal become zero until the time at
which it reaches a relative maximum value changes in
comparison with a case where there is no waveform dis-
tortion, and therefore the time period can be used as an
indicator expressing the amount of distortion. Moreover,
the time period from the time at which the value of each
sinusoidal alternating signal becomes zero until the time
at which it reaches a relative maximum value corre-
sponds to the time period from the time at which the val-
ue thereof becomes zero until the time at which the val-
ue of the cosine wave corresponding to the integral val-
ue thereof becomes zero. Therefore, it is possible to de-
termine the first distortion indicator value and the sec-
ond distortion indicator value readily by means of gener-
ic components, without detecting the relative maximum
values of the alternating signals.
[0009] Preferably, the first alternating signal source
has a first detector and a first signal processing section;
taking KE as a coefficient, ω as the angular frequency
of an excitation signal, t as the time and θ as the rotation
angle of the first shaft, the first detector outputs a first
sinusoidal amplitude signal expressed by KE sin(ωt) sin
θ and a first cosinusoidal amplitude signal expressed by
KE sin(ωt) cos θ; the first signal processing section has

a first phase shift circuit which shifts the phase of the
first sinusoidal amplitude signal by π/2 to obtain a first
phase shift signal expressed by KE sin(ωt + π/2) sin θ,
and a first adding circuit which adds the first phase shift
signal to the first cosinusoidal amplitude signal to obtain
the first alternating signal expressed by KE sin (ωt + θ);
the second alternating signal source has a second de-
tector and a second signal processing section; taking
KE as a coefficient, ω as the angular frequency of an
excitation signal, t as the time and θ + ∆θ as the rotation
angle of the second shaft, the second detector outputs
a second sinusoidal amplitude signal expressed by KE
sin(ωt) sin (θ + ∆θ) and a second cosinusoidal amplitude
signal expressed by KE sin(ωt) cos (θ + ∆θ); and the
second signal processing section has a second phase
shift circuit which shifts the phase of the second sinu-
soidal amplitude signal by π/2 to obtain a second phase
shift signal expressed by KE sin(ωt + π/2) sin (θ + ∆θ),
and a second adding circuit which adds the second
phase shift signal to the second cosinusoidal amplitude
signal to obtain the second alternating signal expressed
by KE sin (ωt + θ + ∆θ).
Thereby, by inputting sinusoidal signals to the first and
second detectors, a first and a second alternating sig-
nals the phases of which change in accordance with
change in angles of rotation of the first and second
shafts can be output by means of generic components,
such as detectors, namely resolvers or the like, phase
shift circuits and adding circuits.
[0010] Preferably, the first alternating signal source
has a first detector which, taking KE as a coefficient, ω
as the angular frequency of an excitation signal, t as the
time and θ as the rotation angle of the first shaft, outputs
a first alternating signal expressed by KE sin(ωt + θ);
and the second alternating signal source has a second
detector which, taking KE as a coefficient, ω as the an-
gular frequency of an excitation signal, t as the time and
θ + ∆θ as the rotation angle of the second shaft, outputs
a second alternating signal expressed by KE sin(ωt + θ
+ ∆θ). Thereby, by inputting a sinusoidal signal and a
cosinusoidal signal to the first and second detectors, it
is possible to output first and second alternating signals
the phase of which change in accordance with change
in the angles of rotation of the first and second shafts,
by means of generic components, such as detectors,
namely resolvers or the like.
[0011] Preferably, the first detector and the second
detector are disposed relatively to each other, in such a
manner that the phase difference between the first al-
ternating signal and second alternating signal becomes
π/2 when the torque transmitted by the first and second
shafts is zero; and the output signal processing section
has a first logic signal conversion circuit for converting
the first alternating signal to a first logic signal; a second
logic signal conversion circuit for converting the second
alternating signal into a second logic signal; and a PWM
processing circuit for outputting a PWM signal corre-
sponding to the exclusive OR of the first logic signal and
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the second logic signal as the phase difference corre-
spondence signal.
Thereby, it is possible to output a PWM signal the pulse
width of which changes in accordance with change in
the phase difference between the first alternating signal
and the second alternating signal, as the phase differ-
ence correspondence signal. Moreover, this PWM sig-
nal can be output by means of generic components,
such as circuits for converting the alternating signals to
logic signals, and a circuit for generating a signal corre-
sponding to the exclusive OR of the logic signals.
[0012] Preferably, the output signal processing sec-
tion has a first logic signal conversion circuit for convert-
ing the first alternating signal into a first logic signal; a
second logic signal conversion circuit for converting the
second alternating signal into a second logic signal; a
detection circuit for the rise time of the first logic signal;
a detection circuit for the fall time of the second logic
signal; and a PWM processing circuit for outputting a
PWM signal the rise time of which corresponds to one
of either the rise time of the first logic signal or the fall
time of the second logic signal, and the fall time of which
corresponds to the other thereof, as the phase differ-
ence correspondence signal.
Thereby, it is possible to output a PWM signal the pulse
width of which changes in accordance with change in
the phase difference between the first alternating signal
and the second alternating signal, as a phase difference
correspondence signal. Moreover, this PWM signal can
be output by means of generic components, such as cir-
cuits for converting the alternating signals to logic sig-
nals, circuits for detecting the rise time and fall time of
the logic signals, and an SR flip-flop, for example, for
generating a signal having a rise time and a fall time
corresponding to the rise time and fall time of the logic
signals.
[0013] According to the present invention, it is possi-
ble to provide a torque sensor of high accuracy and high
resolution, at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a cross-sectional view of a torque sensor
according to an embodiment of the present inven-
tion.
Fig. 2(1) is a diagram showing a first sinusoidal am-
plitude signal in the torque sensor according to the
embodiment of the present invention; and Fig. 2(2)
is a diagram showing a first cosinusoidal amplitude
signal in the torque sensor according to the embod-
iment of the present invention.
Fig. 3 is a diagram showing the constitution of a sig-
nal processing section in the torque sensor accord-
ing to the embodiment of the present invention.
Fig. 4(1) is a diagram showing a first logic signal, a
second logic signal and a PWM signal in a case

where the transmitted torque is zero, in the torque
sensor according to the embodiment of the present
invention; Fig. 4(2) is a diagram showing a first logic
signal, a second logic signal and a PWM signal in
a case where torque is transmitted in one direction,
in the torque sensor according to the embodiment
of the present invention; and Fig. 4(3) is a diagram
showing a first logic signal, a second logic signal
and a PWM signal in a case where torque is trans-
mitted in the other direction, in the torque sensor
according to the embodiment of the present inven-
tion.
Fig. 5 is a diagram showing the constitution of a
waveform distortion detecting section in the torque
sensor according to the embodiment of the present
invention.
Fig. 6 is a diagram showing the waveform of respec-
tive alternating signals in the torque sensor accord-
ing to the embodiment of the present invention.
Fig. 7 is an illustrative diagram of the function of the
torque sensor according to the embodiment of the
present invention.
Fig. 8 is a diagram showing the constitution of the
signal processing section in the torque sensor ac-
cording to the modification of the present invention.
Fig. 9(1) is a diagram showing a first logic signal, a
second logic signal, a PWM signal, a rise time de-
tection signal, and a fall time detection signal, in a
case where the transmitted torque is zero, in a
torque sensor according to a modification of the
present invention; Fig. 9(2) is a diagram showing a
first logic signal, a second logic signal, and a PWM
signal, in a case where torque is transmitted in one
direction, in the torque sensor according to the mod-
ification of the present invention; and Fig. 9(3) is a
diagram showing a first logic signal, a second logic
signal, and a PWM signal, in a case where torque
is transmitted in the other direction, in the torque
sensor according to the modification of the present
invention.
Fig. 10 is a diagram showing the constitution of a
phase shift circuit in a torque sensor according to a
modification of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] The torque sensor 1 according to the present
embodiment as illustrated in Fig. 1 is used in order to
detect the torque transmitted to a steering shaft of an
electric power steering apparatus, and it comprises a
tubular first shaft 3 and a tubular second shaft 4 consti-
tuting the steering shaft. Rotation of a steering wheel
(not illustrated) connected to the first shaft 3 is transmit-
ted to vehicle wheels via a steering gear (not illustrated)
which is connected to the second shaft 4, whereby the
steering angle of the vehicle wheels is changed.
[0016] A torsion bar (elastic member) 5 is inserted into
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the first shaft 3 and the second shaft 4. One end of the
torsion bar 5 is connected to the first shaft 3, and the
other end thereof is connected to the second shaft 4, by
means of a pin, serration or the like, respectively, and
thus the first shaft 3 and the second shaft 4 can be ro-
tated relatively to each other, elastically, about a com-
mon axis. The first shaft 3 is supported via a bearing 6
by a sensor housing 7, and the second shaft 4 is sup-
ported via a bearing 8 by a ring-shaped resolver press-
ing element 9 press-fitted into the sensor housing 7. A
first resolver (first detector) 21 and a second resolver
(second detector) 22 are covered by the sensor housing
7.
[0017] The first resolver 21 has a first resolver rotor
21a which is fitted onto the external circumference of
the first shaft 3 in such a manner that it rotates together
with the first shaft 3, and a ring-shaped first resolver sta-
tor 21b which covers the first resolver rotor 21a. In the
present embodiment, the first resolver 21a rotates to-
gether with the first shaft 3 by means of the first shaft 3
being press-fitted into the first resolver rotor 21a. The
second resolver 22 has a second resolver rotor 22a
which is fitted onto the external circumference of the
second shaft 4 in such a manner that it rotates together
with the second shaft 4, and a ring-shaped second re-
solver stator 22b which covers the second resolver rotor
22a. In the present embodiment, the second resolver
rotor 22a rotates together with the second shaft 4 by
means of the second shaft 4 being press-fitted into the
second resolver rotor 22a. A tubular spacer 23 is dis-
posed between the first resolver stator 21b and the sec-
ond resolver stator 22b.
[0018] The first resolver stator 21b, the second resolv-
er stator 22b and the spacer 23 are fitted into the internal
circumference of the sensor housing 7 along the axial
direction of the shafts with a clearance in the radial di-
rection of the first and second shafts 3, 4. These two
resolver stators 21b, 22b and the spacer 23 are fixed to
the sensor housing 7, by being sandwiched between the
resolver pressing element 9 and a step 7a formed in the
inner circumference of the sensor housing 7. A ring-
shaped magnetic shielding part 24 extending in an in-
ward direction from the inner circumference of the spac-
er 23 is formed from a magnetic shielding material, in
an integral fashion with the spacer 23. A magnetic shield
is created between the first resolver 21 and the second
resolver 22 by the magnetic shielding section 24.
[0019] The first resolver 21 outputs a first sinusoidal
amplitude signal and a first cosinusoidal amplitude sig-
nal from two phase coils (not illustrated) provided in the
first resolver stator 21b, by inputting an excitation signal
to a coil (not illustrated) provided in the first resolver ro-
tor 21a. To be more precise, if the excitation signal is
taken to be E sin(ωt) and the rotation angle of the first
shaft 3 is taken to be θ, then the first sinusoidal ampli-
tude signal has an amplitude proportional to sin θ, and
is expressed by KE sin(ωt) sin θ. Fig. 2(1) shows the
change in sin θ and KE sin(ωt) sin θ, with respect to

change in θ, when the first shaft 3 turns at a constant
angular speed. Moreover, the first cosinusoidal ampli-
tude signal has an amplitude proportional to cos θ, and
is expressed by KE sin(ωt) cos θ. Fig. 2(2) shows the
change in cos θ and KE sin(ωt) cos θ, with respect to
change in θ, when the first shaft 3 turns at a constant
angular speed.
E is the signal amplitude, K is the transformation ratio,
ω is the angular excitation frequency, and t is time.
[0020] The second resolver 22 outputs a second si-
nusoidal amplitude signal and a second cosinusoidal
amplitude signal, from two phase coils (not illustrated)
provided in the second resolver stator 22b, by inputting
an excitation signal to a coil (not illustrated) provided in
the second resolver rotor 22a. If the excitation signal is
taken to be E sin(ωt), and the rotation angle of the sec-
ond shaft 4 is taken to be θ + ∆θ, then the second sinu-
soidal amplitude signal has an amplitude proportional to
sin (θ + ∆θ), and is expressed by KE sin(ωt) sin(θ + ∆θ),
and the second cosinusoidal amplitude signal has an
amplitude proportional to cos (θ + ∆θ) and is expressed
by KE sin(ωt) cos(θ + ∆θ).
[0021] The output signals from the two resolvers 21,
22 are input, via a signal cable 25, to a control device
20 provided externally to the sensor housing 7 as illus-
trated in Fig. 3. The control device 20 has a first signal
processing section 26, a second signal processing sec-
tion 27, an output signal processing section 28, and a
waveform distortion detecting section 29.
[0022] The first signal processing section 26 has a
first phase shift circuit 26a and a first adding circuit 26b.
The first phase shift circuit 26a shifts the phase of the
first sinusoidal amplitude signal supplied from the first
resolver 21 via the input interface 20a by π/2 to obtain
a first phase shift signal expressed by KE sin(ωt + π/2)
sin θ. The first adding circuit 26b adds this first phase
shift signal to the aforementioned first cosinusoidal am-
plitude signal supplied from the first resolver 21 via the
input interface 20b to obtain a first alternating signal ex-
pressed by KE sin(ωt + π/2) sin θ + KE sin (ωt) cos θ =
KE cos (ωt) sin θ + KE sin (ωt) cos θ = KE sin (ωt + θ).
In other words, the first resolver 21 and the first signal
processing section 26 constitute a first alternating signal
source which outputs a sinusoidal first alternating signal
the phase of which changes in accordance with change
in the rotation angle θ of the first shaft 3, when a sinu-
soidal excitation signal is input.
[0023] The second signal processing section 27 has
a second phase shift circuit 27a and a second adding
circuit 27b. The second phase shift circuit 27a shifts the
phase of the second sinusoidal amplitude signal sup-
plied from the second resolver 22 via the input interface
20c by π/2 to obtain a second phase shift signal ex-
pressed by KE sin(ωt + π/2) sin (θ + ∆θ). The second
adding circuit 27b adds this second phase shift signal
to the aforementioned second cosinusoidal amplitude
signal supplied from the second resolver 22 via the input
interface 20d to obtain a second alternating signal ex-
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pressed by KE sin(ωt + π/2) sin (θ + ∆θ) + KE sin (ωt)
cos (θ + ∆θ) = KE cos (ωt) sin (θ + ∆θ) + KE sin (ωt) cos
(θ + ∆θ) = KE sin (ωt + θ + ∆θ). In other words, the second
resolver 22 and the second signal processing section
27 constitute a second alternating signal source which
outputs a sinusoidal second alternating signal the phase
of which changes in accordance with change in the ro-
tation angle θ + ∆θ of the second shaft 4, when a sinu-
soidal excitation signal is input.
[0024] The first resolver 21 and the second resolver
22 are disposed relatively to each other, in such a man-
ner that the phase difference between the first alternat-
ing signal and the second alternating signal is π/2, when
the torque transmitted by the first and second shafts 3,
4 is zero.
[0025] The output signal processing section 28 has a
first logic signal converting circuit 28a, a second logic
signal conversion circuit 28b, and a PWM processing
circuit 28c.
[0026] The first logic signal conversion circuit 28a
converts the first alternating signal into a first logic sig-
nal. The first logic signal is represented by a binary
square wave which takes the value H or L, and which
has the same frequency as the first alternating signal.
The second logic signal conversion circuit 28b converts
the second alternating signal into a second logic signal.
The second logic signal is represented by a binary
square wave which takes the value H or L, and which
has the same frequency as the second alternating sig-
nal. The phase difference between the first alternating
signal and the second alternating signal becomes equal
to the phase difference between the first logic signal and
the second logic signal.
[0027] The PWM processing circuit 28c outputs a
PWM signal corresponding to an exclusive OR (EXOR)
of the first logic signal and the second logic signal. In
the present embodiment, the PWM duty determined
from the PWM signal is used as a value corresponding
to the torque transmitted by the first and second shafts
3, 4. To be more precise, Fig. 4(1) shows a first logic
signal S1, a second logic signal S2, and a PWM signal
S3 output by the PWM processing circuit 28c, when the
transmitted torque is zero. In this case, ∆θ = 0, the phase
difference between the first logic signal S1 and the sec-
ond logic signal S2 is π/2, and the PWM duty is 50%.
Fig. 4(2) shows a first logic signal S1, a second logic
signal S2, and a PWM signal S3 in a case where torque
is transmitted in one direction by the first and second
shafts 3, 4. In this case, the phase difference between
the first logic signal S1 and the second logic signal S2
is π/2 + ∆θ (∆θ > 0), and as the transmitted torque in-
creases, the PWM duty rises above 50%. Fig. 4(3)
shows a first logic signal S1, a second logic signal S2
and a PWM signal S3 in a case where torque is trans-
mitted in the other direction by the first and second
shafts 3, 4. In this case, the phase difference between
the first logic signal S1 and the second logic signal S2
is π/2 + ∆θ (∆θ < 0), and as the transmitted torque in-

creases, the PWM duty decreases below 50%.
[0028] Since the phase change in the first alternating
signal corresponds to the change in the rotation angle
of the first shaft 3, and the phase change in the second
alternating signal corresponds to the change in the ro-
tation angle of the second shaft 4, then the phase dif-
ference between the first alternating signal and the sec-
ond alternating signal corresponds to the transmitted
torque, which corresponds to the difference in the rota-
tion angle of the first shaft 3 and the second shaft 4.
Since this phase difference between the first alternating
signal and the second alternating signal is equal to the
phase difference between the first logic signal S1 and
the second logic signal S2, then the PWM signal S3 cor-
responding to the exclusive OR of the first logic signal
S1 and second logic signal S2 is a phase difference cor-
respondence signal the waveform of which changes as
the pulse width changes in accordance with the change
in the phase difference between the first alternating sig-
nal and the second alternating signal. This PWM signal
S3 is used as a signal corresponding to the torque trans-
mitted by the first and second shafts 3, 4, and therefore,
the aforementioned PWM duty is a value corresponding
to the torque transmitted by the first and second shafts
3,4.
[0029] The waveform distortion detecting section 29
has a first distortion indicator value calculating section
29A as a determining part which determines a first dis-
tortion indicator value which changes in accordance
with the waveform distortion of the first alternating sig-
nal, and a second distortion indicator value calculating
section 29B as a determining part which determines a
second distortion indicator value which changes in ac-
cordance with the waveform distortion of the second al-
ternating signal.
[0030] As shown in Fig. 5, the first distortion indicator
value calculating section 29A has a zero-cross detecting
circuit 29a for detecting the time at which the value of
the first alternating signal rises from zero, an integrating
circuit 29b for integrating the first alternating signal, a
zero-cross detecting circuit 29c for detecting the time at
which the integrated value of the first alternating signal
rises from zero, and a time calculating circuit 29d for
determining the time period from the time at which the
value of the first alternating signal becomes zero until
the time at which the integrated value of the first alter-
nating signal becomes zero, as a first distortion indicator
value, on the basis of the detection signals from the re-
spective detecting circuits 29a, 29c. The second distor-
tion indicator value calculating section 29B has a zero-
cross detecting circuit 29e for detecting the time at which
the value of the second alternating signal rises from ze-
ro, an integrating circuit 29f for integrating the second
alternating signal, a zero-cross detecting circuit 29g for
detecting the time at which the integrated value of the
second alternating signal rises from zero, and a time cal-
culating circuit 29h for determining the time period from
the time at which the value of the second alternating sig-
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nal becomes zero until the time at which the integrated
value of the second alternating signal becomes zero, as
a second distortion indicator value, on the basis of the
detection signals from the respective detecting circuits
29e, 29f.
[0031] If there is no error in the phase changes of the
respective alternating signals corresponding to the
change in the rotation angle of the respective shafts 3,
4, then each of the alternating signals S has sinusoidal
waveform, as indicated by the solid line in Fig. 6. If the
phase changes in the respective alternating signals
don't correspond accurately to the changes in the rota-
tion angles of the respective shafts 3, 4, due to detection
error caused by runout or the like of the resolver rotors
21a, 22a in the resolvers 21, 22, then the waveform of
each alternating signal S is distorted as indicated by the
broken line in Fig. 6, for example. In case where a dis-
tortion has occurred in either alternating signal S, then
the time period from the time at which the value of the
alternating signal S becomes zero until the time at which
it reaches a relative maximum value changes in com-
parison with a case where there is no waveform distor-
tion. Therefore, in Fig. 7, the time period from the time
ta at which the value of each alternating signal S is zero
until the time tb at which it reaches a relative maximum
value corresponds to the time period t1 from the time ta
at which this value becomes zero until the time tb at
which the value of the cosine wave S', which corre-
sponds to the integrated value of each alternating signal
as indicated by the double-dotted line in Fig. 7, becomes
zero. In other words, each distortion indicator value
changes in accordance with the waveform distortion of
each of the alternating signals, and therefore the degree
of waveform distortion can be represented by each dis-
tortion indicator value, and each distortion indicator val-
ue can be determined readily by means of generic com-
ponents.
[0032] The difference between the determined first
distortion indicator value and the determined second
distortion indicator value is determined by an error cal-
culating section 29C, and this difference is subtracted
from the aforementioned PWM duty corresponding to
the torque transmitted by the first and second shafts 3,
4 by the error calculating section 30. Thereby, a correct-
ing part, which corrects the value corresponding to the
transmitted torque determined from the phase differ-
ence correspondence signal by a value corresponding
to the difference between the first distortion indicator
value and the second distortion indicator value, is con-
stituted.
[0033] In the present embodiment, steering assist
power corresponding to the torque transmitted by the
first and second shafts 3, 4 is calculated from the previ-
ously determined and stored relationship between the
PWM duty and the steering assist power, and an electric
actuator (not illustrated) for generating the steering as-
sist power is controlled in such a manner that it gener-
ates the steering assist power thus calculated. A com-

monly known system can be used for this electric actu-
ator for generating the steering assist power, for exam-
ple, a system can be used wherein the steering assist
power generated by an electric motor is transmitted to
the steering shaft by means of a reduction gear mech-
anism.
[0034] According to the torque sensor 1 of the afore-
mentioned embodiment, it is possible to determine di-
rectly the difference in the rotation angle, which corre-
sponds to the transmitted torque, without detecting the
rotation angle of the first shaft 3 and the rotation angle
of the second shaft 4 respectively. Therefore, there is
no need to directly read in the respective output values
for the sinusoidal signal and the cosinusoidal signal in
order to determine the torque, as in the prior art, and
hence the workload required for signal processing can
be reduced and non-linear components can be eliminat-
ed.
Moreover, even if the change in the phase of the first
alternating signal does not correspond accurately to the
change in the rotation angle of the first shaft 3 due to
error, and the change in the phase of the second alter-
nating signal does not correspond accurately to the
change in the rotation angle of the second shaft 4 due
to error, it is possible to determine a value corresponding
to the torque transmitted by the two shafts 3, 4, without
being affected by the difference between the two errors.
In other words, if there is an error in the phase change
in the first alternating signal, this error is represented as
a distortion in the waveform of the first alternating signal,
and if there is an error in the phase change in the second
alternating signal, then this error is represented as a dis-
tortion in the waveform of the second alternating signal.
Consequently, the difference between the first distortion
indicator value which changes in accordance with the
waveform distortion of the first alternating signal and the
second distortion indicator value which changes in ac-
cordance with the waveform distortion of the second al-
ternating signal corresponds to the difference between
the error in the phase change in the first alternating sig-
nal and the error in the phase change in the second al-
ternating signal. Therefore, it is possible to cancel out
the effects of the difference between the two errors by
correcting the value corresponding to the transmitted
torque, which is determined from the signal correspond-
ing to phase difference between the first alternating sig-
nal and the second alternating signal, by a value corre-
sponding to the difference between the first distortion
indicator value and the second distortion indicator value.
[0035] Moreover, in the aforementioned embodiment,
it is possible to output a first and a second alternating
signal by means of generic components, viz. the resolv-
ers 21, 22, the phase shift circuits 26a, 27a, and the add-
ing circuits 26b, 27b, and moreover, it is also possible
to output a PWM signal the pulse width of which chang-
es in accordance with change in the phase difference
between the first alternating signal and the second al-
ternating signal, by means of generic components, viz.
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the logic signal conversion circuits 28a, 28b for convert-
ing the alternating signals into logic signals, and the
PWM processing circuit 28c for generating a signal cor-
responding to the exclusive OR of the logic signals.
[0036] Fig. 8, Fig. 9(1), Fig. 9(2) and Fig. 9(3) show a
modification of the control device 20. Here, the differ-
ence from the embodiment described above is that the
first resolver 21 and the second resolver 22 are posi-
tioned relatively in such a manner that the phase differ-
ence between the first alternating signal and the second
alternating signal becomes zero when the torque trans-
mitted by the first and second shafts 3, 4 becomes zero.
The output signal processing section 28' has a rise time
detecting circuit 28d for the first logic signal which is out-
put from the first logic signal conversion circuit 28a, and
a fall time detecting circuit 28e for the second logic sig-
nal which is output from the second logic signal conver-
sion circuit 28b. The PWM processing circuit 28c' has
an SR (Set Reset) flip-flop, instead of a circuit for out-
putting the PWM signal which corresponds to the exclu-
sive OR of the first logic signal and the second logic sig-
nal. The rise time detection signal for the first logic signal
is input to the S terminal of the flip-flop constituting the
PWM processing circuit 28c', and the fall time detection
signal for the second logic signal is input to the R termi-
nal thereof. Accordingly, a PWM signal is output from
the PWM processing circuit 28c'. The PWM duty of this
PWM signal corresponds to the torque transmitted by
the first and second shafts 3,4.
[0037] To be more precise, Fig. 9(1) shows a first logic
signal S1, a second logic signal S2, a PWM signal S3
output by the PWM processing circuit 28c', a rise time
detection signal S4, and a fall time detection signal S5,
in a case where the transmitted torque is zero. In this
case, ∆θ = 0, the phase difference between the first logic
signal and the second logic signal is zero, and since the
time period t1 from the rise time of the first logic signal
until the fall time of the second logic signal is equal to
the time period t2 from the fall time of the second logic
signal until the rise time of the first logic signal, then the
PWM duty is 50%. Fig. 9(2) shows the first logic signal
S1, the second logic signal S2 and the PWM signal S3
in a case where torque is transmitted in one direction by
the first and second shafts 3, 4. In this case, the phase
difference between the first logic signal and the second
logic signal becomes ∆θ (>0), and the time period t1
from the rise time of the first logic signal until the fall time
of the second logic signal is longer than the time period
t2 from the fall time of the second logic signal until the
rise time of the first logic signal, and therefore as the
transmitted torque increases, the PWM duty rises above
50%. Fig. 9(3) shows the first logic signal S1, the second
logic signal S2 and the PWM signal S3 in a case where
a torque is transmitted in the other direction by the first
and second shafts 3, 4. In this case, the phase differ-
ence between the first logic signal and the second logic
signal becomes ∆θ (<0), and the time period t1 from the
rise time of the first logic signal until the fall time of the

second logic signal is shorter than the time period t2
from the fall time of the second logic signal until the rise
time of the first logic signal, and therefore as the trans-
mitted torque increases, the PWM duty decreases be-
low 50%. Accordingly, it is possible to output a PWM
signal the pulse width of which changes in accordance
with change in the phase difference between the first
alternating signal and the second alternating signal, by
means of generic components, viz. the logic signal con-
version circuits 28a, 28b for converting alternating sig-
nals into logic signals, the circuits 28d, 28e for detecting
the rise time and fall time of logic signals, and the SR
flip-flop for generating a signal having a rise time and a
fall time which correspond to the rise time and fall time
of the logic signals. The rest parts are the same as those
of the foregoing embodiment, and the same parts are
labeled with the same reference numerals. The fall time
detection signal for the second logic signal can be input
to the S terminal of the SR flip-flop constituting the PWM
processing circuit 28c', and the rise time detection signal
for the first logic signal can be input to the R terminal
thereof. Therefore, the PWM processing circuit 28c' can
outputs a phase difference correspondence signal in the
form of a PWM signal the rise time of which corresponds
to one of either the rise time of the first logic signal or
the fall time of the second logic signal, and the fall time
of which corresponds to the other thereof.
[0038] The present invention is not limited to the
aforementioned embodiment or modification.
For example, in the aforementioned embodiment and
modification, the first and second alternating signals are
output by respectively adding the first and second phase
shift signal, which are obtained by shifting the phase of
the first and second sinusoidal amplitude signals output
by the first and second resolvers 21, 22, to the first and
second cosinusoidal amplitude signals, but it is also
possible to output the first and second alternating sig-
nals directly from the first and second resolvers 21, 22.
To be more precise, it is also possible to output a first
alternating signal expressed by KE sin(ωt + θ) from the
coil of the first resolver rotor 21a by inputting excitation
signals expressed by E sin(ωt) and E cos(ωt) to the two
phase coils of the first resolver stator 21b, and to output
a second alternating signal expressed by KE sin (ωt + θ
+ ∆θ) from the coil of the second resolver rotor 22a by
inputting excitation signals expressed by E sin(ωt) and
E cos(ωt) to the two phase coils of the second resolver
stator 22b. In this case, the first signal processing sec-
tion 26 and the second signal processing section 27 in
the aforementioned embodiment are not required for the
alternating signal source. Thereby, it is possible to out-
put the first and second alternating signals by means of
resolvers 21, 22, which are generic components, and
hence the constitution can be simplified further.
[0039] Moreover, as shown in Fig. 10, it is also possi-
ble to provide adjusting parts to adjust the amount of
phase shift in the first phase shift circuit 26a and the
second phase shift circuit 27a. To be more precise, in
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each of the phase shift circuits 26a, 27a, a sinusoidal
amplitude signal is input to the inverting input terminal
of an operational amplifier OP via a resistance R1, and
to the noninverting input terminal of the operational am-
plifier OP via a capacitor C, the output terminal of the
operational amplifier OP is earthed via a resistance R2,
the phase shift signal output by the operational amplifier
OP is supplied as negative feedback via a resistance
R3, and an earth connection is provided between the
capacitor C and the operational amplifier OP via a var-
iable resistance R4. By changing the resistance value
of the variable resistance R4, it is possible to adjust the
amount of phase shift in the sinusoidal amplitude signal.
Thereby, it is possible to eliminate errors from the
amount of phase shift in the first and second sinusoidal
amplitude signals, when these signals are phase-shifted
by π/2.
[0040] Moreover, in the foregoing embodiment and
modification example, the PWM duty of the PWM signal
output by the output signal processing section 28, 28' is
used as a value corresponding to the transmitted torque,
but it is also possible to use the time integral of the PWM
signal as a value corresponding to the transmitted
torque.

Claims

1. A torque sensor comprising:

a first shaft (3);
a second shaft (4) capable of performing rela-
tive rotation, elastically, with respect to said first
shaft (3);
a first alternating signal source (21, 26) which
outputs a sinusoidal first alternating signal the
phase of which changes in accordance with
change in the rotation angle of said first shaft
(3);
a second alternating signal source (22, 27)
which outputs a sinusoidal second alternating
signal the phase of which changes in accord-
ance with change in the rotation angle of said
second shaft (4);
an output signal processing section (28, 28')
which outputs a phase difference correspond-
ence signal the waveform of which changes in
accordance with change in the phase differ-
ence between said first alternating signal and
said second alternating signal;
a determining part (29A) which determines a
first distortion indicator value which changes in
accordance with the waveform distortion of said
first alternating signal;
a determining part (29B) which determines a
second distortion indicator value which chang-
es in accordance with the waveform distortion
of said second alternating signal; and

a correcting part (30) which corrects the value
corresponding to the torque which is deter-
mined from said phase difference correspond-
ence signal and transmitted by said first and
second shafts (3, 4), on the basis of a value cor-
responding to the difference between said first
distortion indicator value and said second dis-
tortion indicator value.

2. The torque sensor according to claim 1, wherein the
time period from the time at which the value of said
first alternating signal becomes zero until the time
at which the integral value of said first alternating
signal becomes zero is determined as said first dis-
tortion indicator value, and wherein
the time period from the time at which the value of
said second alternating signal becomes zero until
the time at which the integral value of said second
alternating signal becomes zero is determined as
said second distortion indicator value.
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