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(54) POSITION CONTROL APPARATUS

(57) A position controller that performs position con-
trol by outputting a drive signal to a control valve of a
hydraulic actuator that changes an operation position of
an object, includes: a position acquisition unit that ac-
quires an actual value of an operation position of the ob-
ject; a position control unit that calculates an operation
command value for the control valve by closed-loop con-

trol so as to reduce a deviation between a target value
of the operation position of the object and the actual val-
ue; and a vibration wave application unit that applies a
vibration wave to a signal of the closed-loop control so
that the operation command value vibrates at a prede-
termined frequency at start of the closed-loop control.
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Description

Technical Field

[0001] The present invention relates to a position con-
troller that performs position control by outputting a drive
signal to a control valve of a hydraulic actuator.

Background Art

[0002] In a toroidal continuously variable transmission,
power rollers are displaced by a hydraulic mechanism in
order to change the transmission ratio. However, at the
time of startup in a cold region, response to the operation
of the power roller is delayed due to a decrease in fluidity
of the oil, and hence a warm-up operation is required at
the time of low-temperature startup. As an example of
the warm-up operation, in Patent Literature 1, in the
warm-up operation at the time of low-temperature start-
up, a spool of a control valve of the hydraulic mechanism
is reciprocated within a range in which the transmission
is maintained in a speed-reduced state to vibrate the pis-
ton. In this manner, low-temperature control to promote
warm-up by flowing oil is performed. When the oil tem-
perature reaches the reference temperature, normal con-
trol for controlling the control valve so that the transmis-
sion ratio approaches the command value by closed-loop
control is started.

Citation List

Patent Literature

[0003] PTL 1: JP 4495117 B2

Summary of Invention

Technical Problem

[0004] In recent years, further shortening of the warm-
up operation is desired for early startup of the transmis-
sion. However, if the reference temperature at which the
warm-up operation is switched to the normal operation
is lowered and normal control is started earlier, the fluidity
of the oil is insufficient, and hence the viscosity resistance
of the flow path becomes relatively large in the region
where the opening degree of the control valve is small,
so that strong nonlinearity appears in the relationship be-
tween the valve opening degree and the oil flow rate.
Therefore, in the initial stage immediately after the start
of the normal control, the closed-loop control may be-
come unstable for a while, and there is a limit to short-
ening the warm-up operation.
[0005] Therefore, an object of the present invention is
to prevent the instability of closed-loop control after
switching from a warm-up operation to a normal opera-
tion while shortening the warm-up operation at the time
of low-temperature startup.

Solution to Problem

[0006] According to one aspect of the present inven-
tion, there is provided a position controller that performs
position control by outputting a drive signal to a control
valve of a hydraulic actuator that changes an operation
position of an object, the position control comprising: a
position acquisition unit that acquires an actual value of
an operation position of the object; a position control unit
that calculates an operation command value for the con-
trol valve by closed-loop control so as to reduce a devi-
ation between a target value of the operation position of
the object and the actual value; and a vibration wave
application unit that applies a vibration wave to a signal
of the closed-loop control so that the operation command
value vibrates at a predetermined frequency at start of
the closed-loop control.
[0007] According to the above-described configura-
tion, at the start of the closed-loop control, a vibration
wave is added to the signal of the closed-loop control so
that the operation command value for the control valve
vibrates at a predetermined frequency. Thus, microscop-
ically, the vibrational operation command value is applied
to the control valve, and macroscopically, the operation
command value obtained by averaging each value be-
tween the maximum value and the minimum value of the
vibration is given to the control valve. Therefore, as com-
pared to the case where a static operation command val-
ue is given to the control valve, the influence of the vis-
cosity in the region where the opening degree of the con-
trol valve is small is relieved, and the nonlinearity be-
tween the valve opening degree and the oil flow rate is
relieved. Therefore, it is possible to suppress the insta-
bility of the closed-loop control after switching from the
warm-up operation to the normal operation while short-
ening the warm-up operation.
[0008] The frequency may be a frequency in a high
frequency region in which a drive unit of the hydraulic
actuator does not cause vibration due to the vibration
wave.
[0009] According to the above-described configura-
tion, it is possible to accurately control the position of the
drive unit of the hydraulic actuator while stabilizing the
closed-loop control.
[0010] There may be further provided an oil tempera-
ture acquisition unit that acquires information on an oil
temperature of the hydraulic actuator. When it is deter-
mined that the oil temperature acquired by the oil tem-
perature acquisition unit is lower than a reference tem-
perature at the start of the closed-loop control, the vibra-
tion wave application unit may apply the vibration wave
to the signal of the closed-loop control.
[0011] According to the above-described configura-
tion, shortening of the warm-up operation and stabiliza-
tion of the closed-loop control are effectively realizable
in a low-temperature environment.
[0012] The vibration wave application unit may in-
crease a frequency of the vibration wave as the oil tem-
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perature acquired by the oil temperature acquisition unit
increases and/or decrease an amplitude of the vibration
wave as the oil temperature increases.
[0013] According to the above-described configura-
tion, when the oil temperature is low, sufficient lineariza-
tion can be achieved by the vibrational operation of the
control valve, and when the oil temperature rises, the
vibrational operation of the control valve can be sup-
pressed to further improve the control stability.
[0014] There may be further provided a warm-up ac-
celeration unit that outputs a drive signal to the control
valve so as to reciprocate a spool of the control valve
during a warm-up operation before the start of the closed-
loop control. A frequency of the vibration wave of the
vibration wave application unit may be higher than a fre-
quency of the drive signal of the warm-up acceleration
unit.
[0015] According to the above-described configura-
tion, stabilization of control and exact position control are
realizable after the start of the closed-loop while promot-
ing warming up.
[0016] The vibration wave application unit may apply
the vibration wave to the signal of the closed-loop control
in a predetermined first period after the closed-loop con-
trol is started and a second period after the first period
elapses, and the vibration wave in the first period may
have at least one of a lower frequency or a higher am-
plitude than the vibration wave in the second period.
[0017] According to the above-described configura-
tion, sufficient linearization can be achieved by the vibra-
tional operation of the control valve at the initial stage of
the closed-loop control, and the vibrational operation of
the control valve is suppressed when the oil temperature
rises after a lapse of time from the start of the closed-
loop control, so that the stability of the control can be
further improved.
[0018] The object may be a transmission element that
changes a transmission ratio of a continuously variable
transmission in accordance with a position change there-
of.
[0019] According to the above-described configura-
tion, the closed-loop control of the transmission ratio us-
ing the hydraulic actuator can be started stably and quick-
ly.
[0020] The continuously variable transmission may be
a toroidal continuously variable transmission that chang-
es the transmission ratio in accordance with a tilt angle
of a power roller, and the transmission element may be
the power roller.
[0021] According to the above-described configura-
tion, the closed-loop control of the transmission ratio can
be started stably and quickly at the time of low-temper-
ature startup of the toroidal continuously variable trans-
mission.
[0022] Power output from the continuously variable
transmission may be input to a generator, and the gen-
erator may start a power generation operation with a de-
lay from the start of the closed-loop control. The vibration

wave application unit may apply the vibration wave to the
signal of the closed-loop control at least in a period after
the closed-loop control is started and before the power
generation operation of the generator is started.
[0023] According to the above-described configura-
tion, the power generation operation can be stably started
early after the closed-loop control is started.
[0024] The vibration wave application unit may apply
the vibration wave to the signal of the closed-loop control
in an initial stage after the start of the closed-loop control
and before start of the power generation operation of the
generator and in a stable stage after the start of the power
generation operation of the generator, and the vibration
wave in the initial stage may have at least one of a lower
frequency or a higher amplitude than the vibration wave
in the stable stage.
[0025] According to the above-described configura-
tion, sufficient linearization can be achieved by the vibra-
tional operation of the control valve at the initial stage of
the closed-loop control, and the vibrational operation of
the control valve is suppressed in the stable stage after
the start of the power generation operation, so that the
stability of the control can be further improved.

Advantageous Effects of Invention

[0026] According to the present invention, it is possible
to prevent the instability of the closed-loop control after
switching from the warm-up operation to the normal op-
eration while shortening the warm-up operation at the
time of low-temperature startup.

Brief Description of Drawings

[0027]

Fig. 1 is a skeleton diagram of an integrated drive
generator according to an embodiment.
Fig. 2 is a hydraulic circuit diagram of the integrated
drive generator shown in Fig. 1.
Fig. 3 is a cross-sectional view of a control valve
shown in Fig. 2.
Fig. 4 is a block diagram of a transmission controller
of the integrated drive generator shown in Fig. 1.
Fig. 5 is a graph showing a test result of the relation-
ship between a command value (drive current) of a
control valve and an oil flow rate.
Fig. 6 is a timing chart showing an example of the
oil temperature at the time of startup by a transmis-
sion controller shown in Fig. 4 and other temporal
changes.
Fig. 7 is an enlarged view of Fig. 6.

Description of Embodiments

[0028] Hereinafter, embodiments will be described
with reference to the drawings.
[0029] Fig. 1 is a skeleton diagram of a drive mecha-
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nism-integrated power generator 1 according to the em-
bodiment. As shown in Fig. 1, the integrated drive gen-
erator (hereinafter referred to as "IDG") 1 is used as an
AC power supply for an aircraft. At the time of startup of
the IDG1, even if rotational power of an engine rotary
shaft of an aircraft starts to be transmitted to the IDG1,
until the IDG1 can be stably operated, electrical compo-
nents in the aircraft are driven by an auxiliary power sup-
ply that is different from the IDG1 (for example, an exter-
nal generator or an auxiliary generator). When the IDG1
can be stably operated, the power supply of the electrical
components is switched from the auxiliary power supply
to the IDG1. Since the IDG1 is used as a main power
supply of the aircraft, the power supply is switched from
the auxiliary power supply to the IDG1 before takeoff.
[0030] The IDG 1 includes a casing 2 attached to an
engine of an aircraft, and a generator 3 is accommodated
in the casing 2 together with a constant speed drive (here-
inafter, referred to as "CSD") 4. The CSD4 forms a power
transmission path that transmits the rotational power of
the engine rotary shaft (not shown) of the aircraft to the
generator 3, and a toroidal continuously variable trans-
mission 10 (hereinafter referred to as "toroidal CVT")
forms a part thereof. The rotational power of the engine
rotary shaft is input to the toroidal CVT10 via an input
path 5 of the CSD 4, is changed in gear by the toroidal
CVT10, and is output to a generator shaft 7 via an output
path 6 of the CSD4. When the generator shaft 7 rotates,
the generator 3 generates AC power at a frequency which
is proportional to the rotation speed of the generator shaft
7. The transmission ratio SR of the toroidal CVT10 is
continuously changed so as to keep the rotation speed
of the generator shaft 7 at an appropriate value (value
corresponding to the frequency at which the electrical
components in the aircraft are stably operated) regard-
less of fluctuations in the rotation speed of the engine
rotary shaft. In this way, the frequency of the AC power
generated by the generator 3 is maintained at an appro-
priate value, and the electrical components in the aircraft
are stably operated.
[0031] In the toroidal CVT10, a CVT input shaft 11 and
a CVT output shaft 12 are coaxially arranged on the CVT
axis line A1. Input discs 13 are provided on the CVT input
shaft 11 so as to be integrally rotatable, and output discs
14 are provided on the CVT output shaft 12 so as to be
integrally rotatable. The input disc 13 and the output disc
14 face each other and form an annular cavity 15. In the
present embodiment, the toroidal CVT10 is a double cav-
ity type, and includes two sets of input discs 13A and 13B
and output discs 14A and 14B having the same structure,
and two cavities 15A and 15B are arranged in the direc-
tion of the CVT axis line A1. Two power rollers 16 (ob-
jects) are arranged in one cavity 15, and each power
roller 16 is supported by a trunnion 17 so as to be rotat-
able around the rolling axis line A3. The trunnions 17
correspond to the power rollers 16, respectively, in a one-
to-one correspondence. The trunnions 17 are supported
by the casing 2 so that each of the trunnions 17 is dis-

placeable in the extension direction of the tilt axis line A2
and is rotatable around the tilt axis line A2.
[0032] The power rollers 16 are supplied with traction
oil, and pushed against the discs 13 and 14 by a clamping
force generated by a clamping mechanism 18. The
clamping mechanism 18 may be a cam type (sometimes
referred to as a loading cam mechanism) or a hydraulic
mechanism. As a result, a high-viscosity oil film is formed
on the input side contact portion (contact interface be-
tween the power roller 16 and the input disc 13) and the
output side contact portion (contact interface between
the power roller 16 and the output disc 14). The CVT
input shaft 11 is driven to rotate by the rotational power
input from the input path 5. With the rotation of the CVT
input shaft 11, the input discs 13 rotate together with the
CVT input shaft 11 and the power rollers 16 are driven
to rotate around the rolling axis line A3 by a shear resist-
ance of the oil film which is generated in the input side
contact portion. With the rotation of the power rollers 16
around the rolling axis line A3, the output discs 14 are
driven to rotate by a shearing resistance of the oil film
which is generated on the output side contact portion,
and the CVT output shaft 12 rotates integrally therewith.
The rotational power of the CVT output shaft 12 is output
to the output path 6.
[0033] The transmission ratio SR is continuously
changed in accordance with the roller positions X (posi-
tions in the extending directions of the tilt axis lines A2
of the power rollers 16). The transmission ratio SR is
defined as the ratio of the output rotation speed (rotation
speed of the CVT output shaft 12) N2 to the input rotation
speed (rotation speed of the CVT input shaft 11) N1 of
the toroidal CVT10, and is equal to the radius ratio (SR
= N2/N1 = rin/rout). The radius ratio is a ratio of the input
side contact radius rin (distance from the CVT axis line
A1 to the input side contact portion) to the output side
contact radius rout (distance from the CVT axis line A1 to
the output side contact portion). With the change in the
roller positions X, the power rollers 16 rotate around the
tilt axis lines A2 until a side slip is ceased, and tilt angles
ϕ (rotation angles of the power rollers 16 around the tilt
axis lines A2) are changed. With the change in the tilt
angles ϕ, the input side contact portions and the output
side contact portions are displaced, and hence the input
side contact region radiuses rin and the output side con-
tact region radiuses rout are continuously changed.
Therefore, the radius ratio, that is, the transmission ratio
SR is continuously changed.
[0034] Fig. 2 is a hydraulic circuit diagram of the inte-
grated drive generator 1 shown in Fig. 1. As shown in
Fig. 2, the roller positions X are changed by a hydraulic
actuator 20. The hydraulic actuator 20 includes a plurality
of hydraulic cylinders 21 (drive units). The hydraulic cyl-
inders 21 correspond to the power rollers 16 and the trun-
nions 17, respectively, in a one-to-one correspondence.
The hydraulic cylinders 21 each include a body 21a, a
piston 21b, and a rod 21c. The hydraulic cylinder 21 is a
double-acting type, and the inside of the body 21a is par-
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titioned into a speed increase chamber 22 and a speed
reduction chamber 23 by the piston 21b. The rod 21c is
arranged coaxially with the tilt axis line A2, connects the
piston 21b to the trunnion 17, and moves in the extending
direction of the tilt axis line A2 together with the trunnion
17 and the power roller 16 supported by the trunnion 17.
[0035] When oil is supplied to the speed increase
chambers 22 and discharged from the speed reduction
chambers 23, the roller positions X are changed to the
speed increase side in the extending direction of the tilt
axis lines A2. When the oil flows in the opposite direction,
the roller positions X are changed to the speed reduction
side that is the opposite side to the speed increase side
in the extending direction of the tilt axis lines A2. The two
power rollers 16 arranged in one cavity 15 are displaced
in opposite directions in the extending direction of the tilt
axis lines A2 in order to keep the radius ratio equal to
each other when the roller positions X are changed.
[0036] When the roller positions X are changed to the
speed increase side, the tilt angles ϕ increase and the
transmission ratio SR increases. When the roller
positions X are changed to the speed reduction side, the
tilt angles ϕ decrease and the transmission ratio SR
decreases. When the roller positions X reaches the upper
limit points Xmax, the tilt angles ϕ become the maximum
tilt angles ϕXmax, and the transmission ratio SR exceeds
the maximum transmission ratio SRXmax which exceeds
1. When the roller positions X reach the lower limit points
Xmin, the tilt angles ϕ become the minimum tilt angles
ϕmin, and the transmission ratio SR becomes the
minimum transmission ratio SRmin which is less than 1.
The allowable tilt range of the power roller 16 is
mechanically determined by a stopper (not shown)
provided on the trunnion 17 to prevent excessive tilting.
If the roller positions X are the neutral points Xn, the tilt
angles ϕ become the neutral angles ϕn, and the
transmission ratio SR becomes 1. The neutral angle ϕn
is approximately equal to the median value of the
allowable tilt range, and the minimum transmission ratio
SRmin is approximately equal to the reciprocal of the
maximum transmission ratio SRXmax.
[0037] The hydraulic actuator 20 further includes a
control valve 25. The hydraulic cylinders 21 correspond
to the power rollers 16, respectively, in a one-to-one cor-
respondence, whereas the control valve 25 is single for
the plurality of power rollers 16, for example. The control
valve 25 is a four-way switching valve, and has a supply
port PS, a return port PT, a speed-increase control port
CA, and a speed-reduction control port CB. A hydraulic
pump 27 that sucks oil from the oil tank 26 is connected
to the supply port PS, and the return port PT is connected
to the oil tank 26. The speed-increase control port CA is
connected to the speed increase chambers 22, and the
speed reduction chambers 23 are connected to the
speed-reduction control port CB. The control valve 25 is
a spool valve, and the connection states of the ports are
switched in accordance with the position of a spool 28.
The control valve 25 is a three-position switching valve,

and the spool 28 is positioned in the shut-off region (cent-
er position in Fig. 2), the speed increase region (left po-
sition in Fig. 2), or the speed reduction region (right po-
sition in Fig. 2).
[0038] In the shut-off region, the control ports CA, CB
are cut-off from the supply port PS and the return port
PT. At this time, the supply/discharge of oil to/from the
speed increase chamber 22 and the speed reduction
chamber 23 is stopped, and the transmission ratio is
maintained. In the speed increase region, the speed-in-
crease control port CA is connected to the supply port
PS and the speed-reduction control port CB is connected
to the return port PT. At this time, oil is supplied to the
speed increase chamber 22 and discharged from the
speed reduction chamber 23, and the transmission ratio
increases. In the speed reduction region, the speed-in-
crease control port CA is connected to the return port PT
and the speed-reduction control port CB is connected to
the supply port PS. At this time, oil is supplied to the
speed reduction chamber 23 and discharged from the
speed increase chamber 22, and the transmission ratio
decreases. When the spool 28 is positioned in the speed
increase region or the speed reduction region, the open-
ing degrees of the supply port PS and the return port PT
are variably set in accordance with the spool position in
the region.
[0039] The control valve 25 includes a drive unit 29
that drives the spool 28 to control the spool position and
opening degrees. The flow rate and pressure of oil sup-
plied/discharged to/from the speed increase chamber 22
and the speed reduction chamber 23 are adjusted by the
drive unit 29. The control valve 25 is an electric valve,
and the drive unit 29 receives a drive signal from a trans-
mission controller 40 (position controller) and controls
the spool position and opening degrees in accordance
with the output value I (current value) of the drive signal.
[0040] An IDG2 is provided with an oil temperature
sensor 35 (oil temperature acquisition unit) that detects
the temperature of the hydraulic oil in the hydraulic ac-
tuator 20. The oil temperature sensor 35 may be arranged
anywhere as long as it can detect the temperature of the
oil flowing through the hydraulic circuit of the hydraulic
actuator 20, but as an example, the oil temperature sen-
sor 35 is arranged at a position for detecting the temper-
ature of the oil stored in the oil tank 26.
[0041] Fig. 3 is a cross-sectional view of the control
valve 25 shown in Fig. 2. As shown in Fig. 3, the control
valve 25 is a nozzle flapper type servo valve. The drive
unit 29 includes a motor unit 31 that generates torque
when a drive signal is input, a nozzle flapper unit 32 that
displaces the spool 28 in accordance with the torque gen-
erated by the motor unit 31, and a feedback unit 33 that
operates the motor unit 31 and the nozzle flapper unit 32
in accordance with the displacement of the spool 28.
[0042] In the motor unit 31, when a drive signal is input
to a coil 31a, a torque corresponding to the polarity and
magnitude of the drive signal is generated in an armature
31d based on the magnetic force acting between upper

7 8 



EP 3 633 485 A1

6

5

10

15

20

25

30

35

40

45

50

55

and lower magnetic poles 31b and 31c and the armature
31d. As a result, the armature 31d is inclined with respect
to the upper and lower magnetic poles 31b and 31c. In
the nozzle flapper unit 32, a flapper 32a integrated with
the armature 31d is displaced in conjunction with the in-
clination of the armature 31d. As a result, the amount of
orifice restriction between the flapper 32a and a left noz-
zle 32b and the amount of orifice restriction between the
flapper 32a and a right nozzle 32c change, and the bal-
ance of the nozzle back pressures is broken (the nozzle
back pressure on the side that the flapper 32a approach-
es increases and the nozzle back pressure on the side
from which the flapper 32a separates away decreases).
Both end surfaces of the spool 28 receive the left nozzle
back pressure and the right nozzle back pressure, re-
spectively, and the spool 28 starts to be displaced as the
nozzle back pressures are imbalanced. The feedback
unit 33 is configured by, for example, a spring 33a sup-
ported by the spool 28 and the armature 31d. When the
spool 28 is displaced, a torque opposite to the torque
based on the magnetic force is generated in the spring
33a, and the flapper 32a and the armature 31d are re-
turned to the neutral position by the torque. Thereby, the
balance of the nozzle back pressures is obtained and the
spool 28 is stopped. Based on the above-described prin-
ciple, the spool position and the opening degrees corre-
sponding to the polarity and magnitude of the drive signal
can be obtained.
[0043] The hydraulic actuator 20 includes a bias mech-
anism (not shown) that forcibly holds the roller positions
X at predetermined positions when the drive signal sat-
isfies a predetermined condition. For example, the bias
mechanism forcibly returns the roller positions X to the
lower limit points Xmin when the condition that the output
value I is the zero value Iz is satisfied, and maintains the
transmission ratio SR at the minimum transmission ratio
SRmin on the safe side. Even when the condition that the
output value I is a negative value is satisfied, the roller
positions X are forcibly returned to the lower limit points
Xmin. The bias mechanism is realized by mechanically
giving the armature 31d a constant initial inclination with
respect to its neutral position. If the output value I is the
zero value Iz, a differential pressure corresponding to the
initial inclination occurs between the right and left nozzle
back pressures. As a result, the spool 28 is positioned
not at the neutral position SPn in the shut-off region but
at the bias position in the speed reduction region.
[0044] If the output value I becomes the zero value Iz
and the spool 28 is maintained at the bias position, the
roller positions X, the tilt angles ϕ, and the transmission
ratio SR reach the lower limit points Xmin, the minimum
tilt angles ϕmin, and the minimum transmission ratio
SRmin, respectively, and are maintained thereat. Con-
versely, in order to maintain the roller positions X by po-
sitioning the spool 28 at the neutral position SPn in the
shut-off region, it is necessary to set the output value I
of the drive signal so that torque required for canceling
the initial tilt is generated in the armature 31d to continue

energizing the coil 31a with the drive signal. Hereinafter,
the output value I for obtaining the neutral position SPn
is referred to as "neutral value In".
[0045] Fig. 4 is a block diagram of the transmission
controller 40 of the integrated drive generator 1 shown
in Fig. 1. As shown in Fig. 4, the transmission controller
40 includes a tilt angle estimation unit 41 that obtains the
estimated value ϕest which is a value obtained by esti-
mating the actual value of the tilt angle, a position esti-
mation unit 42 (position acquisition unit) that obtains es-
timated values Xest which are values obtained by esti-
mating actual values of the roller positions, and a position
control unit 43 that obtains the operation command value
Iref of the hydraulic actuator 20 so as to eliminate the
deviation ΔX between target values Xref and the estimat-
ed values Xest of the roller positions. The tilt angle esti-
mation unit 41 obtains the estimated value ϕest of the tilt
angle by calculation without using a sensor that directly
detects the tilt angle. The operation command value Iref
is, for example, an output value (current value) of a drive
signal given to the control valve 25 of the hydraulic ac-
tuator 20.
[0046] The tilt angle estimation unit 41 includes an ac-
tual transmission ratio calculation unit 44 (actual trans-
mission ratio acquisition unit) that obtains the actual
transmission ratio SR, and a converter 45 that converts
the actual transmission ratio SR into the estimated value
ϕest of the tilt angle. The actual transmission ratio calcu-
lation unit 44 obtains the actual transmission ratio SR in
accordance with the ratio between the input rotation
speed N1 of the toroidal CVT10 (rotation speed of the
engine E) and the output rotation speed N2 of the toroidal
CVT10. The input rotation speed N1 and the output ro-
tation speed N2 are detected by an input rotation speed
sensor and an output rotation speed sensor, respectively.
[0047] The converter 45 obtains the estimated value
ϕest that is a value obtained by estimating the tilt angle
in accordance with the actual transmission ratio SR
based on the inverse function (ϕ = f-1 (SR)) of the function
of the tilt angle ϕ with respect to the actual transmission
ratio SR. The converter 45 may actually perform the arith-
metic operation of the inverse function. Further, in order
to reduce the calculation load, a table in accordance with
the inverse function may be created in advance and
stored in the transmission controller 40, and the estimat-
ed value ϕest may be obtained by table processing.
[0048] The position estimation unit 42 is an observer
created using the models of the tilt angles ϕ and the model
of the hydraulic actuator 20, and obtains the estimated
values Xest of the roller positions based on the estimated
value ϕest of the tilt angle, and the operation command
value Iref of the hydraulic actuator 20.
[0049] The transmission controller 40 includes a target
transmission ratio calculation unit 46 that obtains the
command value SRref of the transmission ratio. The tar-
get transmission ratio calculation unit 46 calculates the
command value SRref of the transmission ratio in accord-
ance with the ratio between the input rotation speed N1
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detected by the input rotation speed sensor and the com-
mand value N2ref of the output rotation speed stored in
advance. In the present embodiment, the command val-
ue N2ref of the output rotation speed is set to a constant
value corresponding to a frequency suitable for the op-
eration of electrical components in the aircraft. For ex-
ample, when the target frequency fref is 400 Hz, the
number of poles of the generator 3 is 2, and the detection
target of the output rotation speed sensor is the rotation
speed of the generator shaft 7, the command value N2ref
is a constant value of 24,000 rpm.
[0050] The transmission controller 40 includes a trans-
mission ratio subtraction unit 47 that obtains the deviation
ΔSR between the command value SRref of the transmis-
sion ratio and the actual transmission ratio SR (ΔSR =
SRref-SR). The transmission controller 40 includes a tar-
get position calculation unit 48 that calculates the target
values Xref of the roller positions so as to reduce the de-
viation ΔSR of the transmission ratio. That is, the target
position calculation unit 48 calculates the target values
Xref of the roller positions with the predetermined calcu-
lation gain G1 so that the deviation ΔSR approaches zero
by major closed-loop control LP1 (first closed-loop con-
trol; feedback control). In the present embodiment, the
calculation gain G1 is constant.
[0051] The transmission controller 40 includes a posi-
tion subtraction unit 49 that obtains the deviation ΔX be-
tween the target values Xref and the estimated values
Xest of the roller positions (ΔX = Xref-Xest. The position
control unit 43 calculates the operation command value
Iref of the hydraulic actuator 20 so as to reduce the devi-
ation ΔX. That is, the position control unit 43 calculates
the operation command value Iref with the predetermined
calculation gain G2 so that the deviation ΔX approaches
zero by minor closed-loop control LP2 (second closed-
loop control; feedback control). The calculation gain G2
will be described later.
[0052] The minor closed-loop control LP2 returning to
the position subtraction unit 49 is a loop included in the
major closed-loop control LP1 returning to the transmis-
sion ratio subtraction unit 47. When the control valve 25
of the hydraulic actuator 20 is given a drive signal indi-
cated by the operation command value Iref, the actual
roller positions are brought closer to the target values
Xref. Then, the actual transmission ratio SR is brought
closer to the command value SRref, and the output rota-
tion speed N2 is brought closer to the command value
N2ref. For control stability, it is desired that the sensitivity
of the minor closed-loop control LP2 (roller position con-
trol) is higher than the sensitivity of the major closed-loop
control LP1 (transmission ratio control). That is, it is de-
sired that the ratio (ΔIref/Δref) of the change rate of the
output (operation command value Iref) to the change rate
of the input (target value Xref) of the minor closed-loop
control LP2 is higher than the ratio (ΔXref/ΔSRref) of the
change rate of the output (target value Xref) to the change
rate of the input (command value SRref) of the major
closed-loop control LP1.

[0053] The position control unit 43 performs gain ad-
justment to increase the calculation gain G2 of the oper-
ation command value Iref at a predetermined change rate
as the oil temperature detected by the oil temperature
sensor 35 becomes lower. Specifically, the position con-
trol unit 43 calculates the operation command value Iref
based on the calculation gain G2 determined by a gain
setting unit 60 in accordance with the oil temperature T
detected by the oil temperature sensor 35.
[0054] As described above, the transmission controller
40 implements a feedback control function for normal
control by the tilt angle estimation unit 41, the position
estimation unit 42, the position control unit 43, the target
transmission ratio calculation unit 46, the transmission
ratio subtraction unit 47, the target position calculation
unit 48, and the position subtraction unit 49, and the trans-
mission controller 40 further includes a warm-up accel-
eration unit 38 that implements a feed-forward control
function for low-temperature control at the time of startup.
The control by the warm-up acceleration unit 38 and the
control by the position control unit 43 are switched to
each other in accordance with the oil temperature detect-
ed by the oil temperature sensor 35.
[0055] The transmission controller 40 includes a com-
mand value addition unit 50 that adds the vibration wave
applied from a vibration wave application unit 51 to the
operation command value Iref calculated by the position
control unit 43. The vibration wave application unit 51 is
arranged inside the unit provided with the position control
unit 43, the target position calculation unit 48, and the
like, but may be arranged outside the unit as long as a
vibration wave can be applied to the operation command
value (current value) input to the control valve 25 of the
toroidal CVT10.
[0056] Fig. 5 is a graph showing a test result of the
relationship between the command value (drive current)
of the control valve 25 and the oil flow rate. Fig. 5 shows
the relationship between the command value of the con-
trol valve 25 and the oil flow rate at different oil temper-
atures T1 to T3 (T1> T2> T3), and it is found that the oil
flow rate decreases as the oil temperature decreases.
That is, as the oil temperature decreases, the oil viscosity
increases and the oil flow rate in the control valve 25
decreases. In Fig. 5, the oil flow rate decreases as the
drive current of the control valve 25 approaches the value
corresponding to zero valve opening degree, and the
change rate of the oil flow rate accompanying the change
in the valve opening degree has different nonlinearities
between the low opening-degree region LD and the high
opening-degree region HD. That is, the absolute value
of the decrease rate of the oil flow rate accompanying
the decrease in the valve opening degree is smaller in
the low opening-degree region LD than in the high open-
ing-degree region HD. In the present embodiment, when
the opening degree α of the control valve 25 is to be fully
open at 100% and fully closed at 0%, the low opening-
degree region LD is, for example, a region including at
least 0% <α <20%, and the high opening-degree region
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HD is, for example, a region including at least 80% <α
<100%. The vibration wave application unit 51 is provided
in order to correct the nonlinearization of the change rate
of the oil flow rate accompanying the change in the oil
temperature/valve opening degree.
[0057] Fig. 6 is a timing chart showing an example of
the oil temperature T at the time of startup by the trans-
mission controller 40 shown in Fig. 4 and other temporal
changes. As shown in Figs. 4 and 6, when the oil tem-
perature T detected by the oil temperature sensor 35 is
lower than the reference temperature T1 at the time of
startup of the IDG 1, a warm-up operation in which the
control valve 25 is subjected to open-loop control by the
warm-up acceleration unit 38 is executed. The reference
temperature T1 is, for example, a value within a range
of -20 to -10°C. When the oil temperature T becomes
equal to or higher than the reference temperature T1,
and the warm-up operation is completed, the normal op-
eration in which the control valve 25 is subjected to close-
loop control by the position control unit 43 is executed.
[0058] In the warm-up operation, the warm-up accel-
eration unit 38 outputs the operation command value I
so as to reciprocate the spool 28. The waveform of the
operation command value I is set, for example, such that
the maximum value Ihigh is a value larger than the neutral
valueIn and the minimum value Ilow is a value smaller
than the neutral value In. As a result, oil flows alternately
between the speed increase side and the speed reduc-
tion side in the control valve 25, and the piston 21b of
the hydraulic cylinder 21 also vibrates slightly. Thus, the
increase in the oil temperature T is promoted by forcibly
causing the oil to flow by reciprocating the spool 28 and
the piston 21b. Further, in the waveform of the operation
command value I, the difference from the neutral value
In of the maximum value Ihigh is smaller than the differ-
ence from the neutral value In of the minimum value Ilow.
The piston 21b cannot respond sensitively to the opera-
tion command value I. Therefore, the piston 21b recip-
rocates on the speed reduction side with respect to the
neutral position PSn, and an excessive increase in the
output rotation speed N2 is prevented.
[0059] When the oil temperature T reaches the refer-
ence temperature T1 (t1), the reciprocation of the spool
28 and the piston 21b is stopped, and the drive signal is
output so that the roller positions X are maintained at
predetermined positions (maximum speed-reduction po-
sitions) for a predetermined standby time by the action
of the bias mechanism described above. Until the stand-
by time elapses, the operation command value I is fixed
at the bias mechanism operating value (zero value Iz).
When the standby time elapses (t2), the warm-up oper-
ation is terminated and the normal operation is started.
[0060] In the normal operation, the position control unit
43 obtains the operation command value Iref by closed-
loop control. That is, when the position control unit 43
outputs the operation command value Iref corresponding
to the deviation ΔX, the roller position X is brought closer
to the command value Xref, and the transmission ratio

SR is brought closer to the command value SRref. How-
ever, when the warm-up operation is shortened by setting
the reference temperature T1 low, the control immedi-
ately after the start of the normal control may become
unstable. Therefore, in the present embodiment, in the
initial stage of the closed-loop control which is a period
after the start of the closed-loop control in the normal
operation and before the start of power generation by the
generator 3, a vibration wave is applied to the operation
command value Iref calculated by the position control unit
43 by the vibration wave application unit 51 (the vibration
wave is minute and is not shown in Fig. 6).
[0061] Fig. 7 is an enlarged view of Fig. 6. As shown
in Fig. 7, when the closed-loop control in the normal op-
eration is started (t2), a vibration wave is applied to the
operation command value Iref by the vibration wave ap-
plication unit 51. The vibration wave is a waveform having
a positive maximum value and a negative minimum val-
ue. The vibration wave generated by the vibration wave
application unit 51 is a sine wave in the present embod-
iment, but may be a pulse wave, a triangular wave, a
sawtooth wave, or the like. The vibration wave applied
to the operation command value Iref by the vibration wave
application unit 51 has a higher frequency and lower am-
plitude than the operation command value I during the
warm-up operation by the warm-up acceleration unit 38
described above. Therefore, the spool 28 of the control
valve 25 vibrates due to the vibration wave, but the trans-
mission ratio SR does not vary due to the vibration wave,
and the piston 21b does not vibrate due to the vibration
wave.
[0062] Thus, in the initial stage of the closed-loop con-
trol in the normal control, since the vibration wave is ap-
plied to the operation command value Iref for the control
valve 25, microscopically, the vibration command value
Iref is given to the control valve 25, and macroscopically,
the command value Iref obtained by averaging each value
between the maximum value and the minimum value of
the vibration is given to the control valve. Therefore, as
compared to the case where no vibration wave is applied
to the command value Iref by the vibration wave applica-
tion unit 51, the influence of the viscosity in the region
where the opening degree of the control valve 25 is small
is relieved, and the nonlinearity between the valve open-
ing degree and the oil flow rate is relieved. Therefore, it
is possible to suppress the instability of the closed-loop
control after switching from the warm-up operation to the
normal operation while shortening the warm-up opera-
tion. As a result, the control when the output rotation
speed N2 approaches the command value N2ref is sta-
bilized in the initial stage of the closed-loop control, and
the power generation operation can be stably started ear-
ly after the closed-loop control is started.
[0063] The frequency of the vibration wave generated
by the vibration wave application unit 51 increases as
the oil temperature detected by the oil temperature sen-
sor 35 increases, and/or the amplitude decreases as the
oil temperature increases. As a result, sufficient lineari-
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zation can be achieved by the vibrational operation of
the control valve at the initial stage of the closed-loop
control, and the vibrational operation of the control valve
is suppressed when the oil temperature rises after a lapse
of time from the start of the closed-loop control, so that
the stability of the control can be further improved. Note
that the frequency and the amplitude of the vibration wave
generated by the vibration wave application unit 51 in the
initial stage of the closed-loop control may be constant
regardless of the oil temperature detected by the oil tem-
perature sensor 35.
[0064] When it is determined that the output rotation
speed N2 has converged to the command value N2ref
(t3), power generation by the generator 3 is started, and
the frequency of the AC power generated by the gener-
ator 3 is maintained at the target frequency. In the present
embodiment, the vibration wave application unit 51 ap-
plies a vibration wave to the operation command value
Iref even in a stable stage after the start of the power
generation operation of the generator 3. However, the
vibration wave generated by the vibration wave applica-
tion unit 51 in the stable stage after the start of power
generation has a higher frequency and a lower amplitude
than the vibration wave generated by the vibration wave
application unit 51 in the initial stage before the start of
the power generation. Therefore, the vibration of the
spool 28 caused by the vibration wave is minute, the
transmission ratio SR does not vary due to the vibration
wave, and the piston 21b does not vibrate due to the
vibration wave. As a result, sufficient linearization can be
achieved by the vibrational operation of the control valve
at the initial stage of the closed-loop control, and the vi-
brational operation of the control valve is suppressed in
the stable stage after the start of the power generation
operation, so that the stability of the control can be further
improved.
[0065] The present invention is not limited to the
above-described embodiment, and the configurations
can be changed, added, or deleted. For example, the
vibration wave application unit 51 may vibrate the oper-
ation command value Iref of the position control unit 43
by applying a vibration wave to a signal between the po-
sition subtraction unit 49 and the position control unit 43.
The drive unit of the hydraulic actuator 20 is not limited
to the hydraulic cylinder 21, and may be another form
(for example, a hydraulic motor) as long as it generates
a displacement force by hydraulic pressure. As the oil
temperature acquisition unit, instead of the oil tempera-
ture sensor 35, a device that acquires information related
to an oil temperature (for example, a temperature pro-
portional to the oil temperature) (for example, a sensor
that detects a piping temperature) may be used.
[0066] As the position acquisition unit, instead of the
position estimation unit 42, a sensor that detects the roller
positions may be used. That is, as long as the position
acquisition unit acquires the actual values of the roller
positions, the position acquisition unit may estimate the
actual values of the rollers, or may receive a sensor value

detected by a roller position sensor. The control target
of the hydraulic actuator 20 may be a continuously vari-
able transmission of another form instead of the toroidal
continuously variable transmission, or may be a device
that requires position control other than the transmission.
The continuously variable transmission may drive anoth-
er one without driving the generator.

Reference Signs List

[0067]

1 integrated drive generator (IDG)
3 generator
10 toroidal continuously variable transmission
16 power roller (transmission element)
20 hydraulic actuator
25 control valve
28 spool
35 oil temperature sensor (oil temperature acqui-

sition unit)
40,140 transmission controller (position controller)
42 position estimation unit (position acquisition

unit)
43 position control unit
51 vibration wave application unit
T oil temperature
Iref operation command value
Xref target value

Claims

1. A position controller that performs position control
by outputting a drive signal to a control valve of a
hydraulic actuator that changes an operation posi-
tion of an object, the position control comprising:

a position acquisition unit that acquires an actual
value of an operation position of the object;
a position control unit that calculates an opera-
tion command value for the control valve by
closed-loop control so as to reduce a deviation
between a target value of the operation position
of the object and the actual value; and
a vibration wave application unit that applies a
vibration wave to a signal of the closed-loop con-
trol so that the operation command value vi-
brates at a predetermined frequency at start of
the closed-loop control.

2. The position controller according to claim 1, wherein
the frequency is a frequency in a high frequency re-
gion in which a drive unit of the hydraulic actuator
does not cause vibration due to the vibration wave.

3. The position controller according to claim 1 or 2, fur-
ther comprising an oil temperature acquisition unit
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that acquires information on an oil temperature of
the hydraulic actuator,
wherein, when it is determined that the oil tempera-
ture acquired by the oil temperature acquisition unit
is lower than a reference temperature at the start of
the closed-loop control, the vibration wave applica-
tion unit applies the vibration wave to the signal of
the closed-loop control.

4. The position controller according to claim 3, wherein
the vibration wave application unit increases a fre-
quency of the vibration wave as the oil temperature
acquired by the oil temperature acquisition unit in-
creases and/or decreases an amplitude of the vibra-
tion wave as the oil temperature increases.

5. The position controller according to any one of claims
1 to 4, further comprising a warm-up acceleration
unit that outputs a drive signal to the control valve
so as to reciprocate a spool of the control valve dur-
ing a warm-up operation before the start of the
closed-loop control,
wherein a frequency of the vibration wave of the vi-
bration wave application unit is higher than a fre-
quency of the drive signal of the warm-up accelera-
tion unit.

6. The position controller according to any one of claims
1 to 5,
wherein the vibration wave application unit applies
the vibration wave to the signal of the closed-loop
control in a predetermined first period after the
closed-loop control is started and a second period
after the first period elapses, and
wherein the vibration wave in the first period has at
least one of a lower frequency or a higher amplitude
than the vibration wave in the second period.

7. The position controller according to any one of claims
1 to 6, wherein the object is a transmission element
that changes a transmission ratio of a continuously
variable transmission in accordance with a position
change thereof.

8. The position controller according to claim 7, wherein
the continuously variable transmission is a toroidal
continuously variable transmission that changes the
transmission ratio in accordance with a tilt angle of
a power roller, and the transmission element is the
power roller.

9. The position controller according to claim 7 or 8,
wherein power output from the continuously variable
transmission is input to a generator, and the gener-
ator starts a power generation operation with a delay
from the start of the closed-loop control, and
wherein the vibration wave application unit applies
the vibration wave to the signal of the closed-loop

control at least in a period after the closed-loop con-
trol is started and before the power generation op-
eration of the generator is started.

10. The position controller according to claim 9,
wherein the vibration wave application unit applies
the vibration wave to the signal of the closed-loop
control in an initial stage after the start of the closed-
loop control and before start of the power generation
operation of the generator and in a stable stage after
the start of the power generation operation of the
generator, and
wherein the vibration wave in the initial stage has at
least one of a lower frequency or a higher amplitude
than the vibration wave in the stable stage.
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