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MOTOR CONTROL APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on and incorporates 
herein by reference Japanese Patent Applications No. 2002 
161849 filed on Jun. 3, 2002, No. 2002-175377 filed on Jun. 
17, 2002, No. 2002-175378 filed on Jun. 17, 2002, No. 
2002-177738 filed on Jun. 18, 2002, No. 2002-177739 filed 
on Jun. 18, 2002, No. 2002-207560 filed on Jul. 16, 2002, 
and No. 2002-276521 filed on Sep. 24, 2002. 

FIELD OF THE INVENTION 

0002 The present invention relates to a motor control 
apparatus for rotationally driving (rotating) the rotor of a 
motor by sequentially Switching the current Supply phase of 
the motor on the basis of an output signal of an encoder. 

BACKGROUND OF THE INVENTION 

0003. Among brushless motors such as switched reluc 
tance motors the demand for which has increased recently 
because they are inexpensive and simple in structure are 
ones that incorporate an encoder for outputting a pulse 
signal in Synchronism with the rotation of the rotor and in 
which the rotor is rotated by sequentially switching the 
current Supply phase by counting pulses of the output signal 
of the encoder and detecting the rotation position of the rotor 
on the basis of the count. 

0004 First, in this type of motor having an encoder, the 
rotation amount (i.e., a rotation angle) from a start position 
of the rotor can merely be detected on the basis of the count, 
after starting, of an output signal of the encoder. Therefore, 
the motor cannot be driven normally unless a corresponding 
relationship between the rotor rotation position and the 
current Supply phase is obtained by detecting the absolute 
rotation position of the rotor by a certain method after the 
application of power. 

0005. In this connection, for example, JP-A-2000-69779 
discloses a Switched reluctance motor in which current 
Supply is simultaneously effected for two phases at the 
beginning of a starting period and a current Supply phase is 
determined after a lapse of a prescribed time by using, as a 
reference, a rotation position of the rotor at that time. 
However, mere simultaneous two-phase current Supply at 
the beginning of a starting period not always causes the rotor 
to rotate to a position corresponding to the two current 
Supply phases; there may occur a case that a corresponding 
relationship between the rotor rotation position and the 
current Supply phase is not obtained. Another mode is 
proposed in which current Supply is effected for one phase 
first and for two phases simultaneously. 
0006 An unstable region that will be caused by two 
phase current Supply is eliminated by effecting one-phase 
current supply first. The rotor is rotated to a single stable 
point by later two-phase current Supply and a reference 
position of the rotor is thereby learned. However, producing 
lower torque than two-phase current Supply does, one-phase 
current supply may not be sufficient for the rotor to rotate to 
a corresponding position. Therefore, merely effecting one 
phase current Supply first may not eliminate an unstable 
region that will be caused by two-phase current Supply, and 
a reference position of the rotor may still be learned erro 
neously. 
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0007 Second, where a position switching control is per 
formed with a motor having an encoder, if the rotation 
direction of the rotor is revered due to some inexorability 
while the rotor is rotated to a target position on the basis of 
the count of the encoder, the count changing direction of the 
encoder is also reversed. As a result, the current Supply 
phase switching order that is determined on the basis of the 
count of the encoder is also reversed to generate torque that 
drives the rotor in the reverse direction. Once the rotor starts 
to rotate in the reverse direction, the reverse rotation is 
accelerated rather than Suppressed. This raises a problem 
that long time is needed to return the rotation direction from 
the reverse direction to the normal direction; the rotor may 
reach a target position with a long delay or, in the worst case, 
it may become impossible to stop the reverse rotation, that 
is, the motor may become uncontrollable. 
0008. Third, where the rotor is rotated to a target position 
by a feedback control, the following control is performed. 
Every time a new target position is set, a feedback control is 
performed in which the rotor is rotated toward the target 
position by Switching the current Supply phase sequentially 
on the basis of the count of the encoder. When the count of 
the encoder has reached a target count that is set as corre 
sponding to the target position, it is determined that the rotor 
has reached the target position, whereupon the feedback 
control is finished and the rotor is stopped at the target 
position. In this case, the rotor can be kept at the target 
position by electromagnetic force by continuing to energize 
the winding of the phase corresponding to the target position 
after completion of the feedback control. However, in this 
configuration, if the rotor is stopped for a long time, the 
winding of the same phase continues to be energized for a 
ling time and hence may overheat and burn. To prevent the 
winding from overheating or burning, the winding is not 
energized while the rotor is stopped. 
0009. However, where the rotor is not energized while it 
is stopped, there is no electromagnetic force for keeping the 
rotor at a target position (i.e., a position when the rotor 
stopped) and hence the rotor may deviate from the target 
position. One countermeasure is to provide a mechanical 
stopping and holding mechanism for keeping the rotor at a 
target position by spring force or the like. However, even 
with this measure, the rotor may still deviate from the target 
position due to play amount in the stopping and holding 
mechanism, its variations in manufacture, or the like. If the 
position of the rotor deviates in a period when it should be 
stopped, a feedback control is restarted from a current 
supply phase that is different from A-phase for which current 
supply should be effected first. In this case, the rotor may not 
be rotated normally to a target position; for example, a loss 
of synchronization occurs at the start of the feedback control 
to cause a failure of starting or the rotor is rotated away from 
the target position. 

0010) If the rotor deviates only slightly while it is stopped 
and the position of the rotor stays within a range corre 
sponding to a count of the encoder with which the preceding 
feedback control finished, current supply is effected first for 
A-phase with which the preceding feedback control finished. 
However, a feedback control is performed by using, as a 
reference, a position of the rotor for current supply. There 
fore, even if the deviation of the rotor is so small that its 
position stays within a range corresponding to a count of the 
encoder, a loss of synchronization may still occur at the start 
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of a feedback control to cause a failure of starting if the 
feedback control is started after current supply is effected for 
A-phase for which current supply should be effected first and 
before the rotor is moved to a position for current supply and 
kept there. 

0011 Fourth, the rotation amount (i.e., rotation angle) of 
the motor is converted via a rotation transmission system 
into the manipulated variable for a control object (a position 
Switching device). However, play amount due to backlash, 
clearances, etc. exists between constituent parts of the 
rotation transmission system. Therefore, even if the rotation 
amount of the motor can be controlled correctly on the basis 
of the count of the encoder, an error corresponding to the 
play amount in the rotation transmission system occurs in 
the manipulated variable for the control object and hence the 
manipulated variable for the control object cannot be con 
trolled accurately. 

0012 Fifth, in rotating the rotor to a target position, the 
current Supply phase Switching is performed on the basis of 
the count of the encoder. To generate torque for rotating the 
rotor, the phase of the current Supply phase need to lead the 
rotation phase of the rotor. As the rotation speed of the rotor 
increases after a start of driving, the variation rate of the 
count of the encoder increases and the current Supply phase 
Switching becomes faster. However, torque is generated 
actually with a delay corresponding to the inductance of the 
winding of a current Supply phase from a start of current 
supply of the winding. Therefore, if the rotation speed of the 
rotor is too high, the rotor rotates by a considerable angle 
from a start of current Supply of the current Supply phase 
winding to actual torque generation, that is, the generation of 
torque of the current Supply phase delays from the actual 
rotation phase of the rotor. In this state, the driving torque 
decreases and the rotation speed of the rotor lowers. A 
requirement of increase in position Switching rate (i.e., 
increase in the rotation speed of the rotor) cannot be satis 
fied. 

0013. One countermeasure against this problem would be 
setting the phase lead of the current Supply phase to a large 
value in advance. However, if the phase lead of the current 
Supply phase is large at a start of driving (i.e., at starting), the 
starting torque becomes low and the starting of the motor 
becomes unstable or results in a failure. Further, if the phase 
lead of the current Supply phase is set large and the rotation 
speed of the rotor is thereby increased, the rotor tends to pass 
a target position due to inertia at an end of driving (occur 
rence of an overshoot), that is, it is difficult to stop the rotor 
at the target position correctly. Another measure for increas 
ing the stability of the position switching control would be 
effecting current Supply in Such a manner that the current 
Supply phase is selected so that rotor is temporarily stopped 
and kept there at a start of driving, at an end of the driving, 
and when the target position is changed (or the rotation 
direction is reversed). However, if this is done by one-phase 
current Supply that produces low position-keeping torque, 
the rotor vibrates and cannot be stopped completely at each 
position. 

0014 Sixth, the motor is controlled by a microcomputer 
and the microcomputer may be reset for a certain reason 
(e.g., a short power break) while controlling the motor. If the 
microcomputer is reset, target position data after the reset 
ting become different from those before the resetting 
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because a RAM for storing target position data is also reset. 
AS Such, resetting of the microcomputer may cause a prob 
lem that a control object is switched contrary to the intention 
So as to be directed to an unintended position. 
0015 Seventh, where a motor feedback control according 
to JP-A-2001-271917 is employed, the current supply phase 
is Switched in Synchronism with output of pulses of a pulse 
signal of the encoder. Therefore, if the rotation of the rotor 
is stopped for a certain reason during a feedback control and 
the output of the pulse signal from the encoder is also 
stopped, the current Supply phase Switching can no longer be 
performed. This means a problem that the rotor cannot be 
rotated to a target position. 

SUMMARY OF THE INVENTION 

0016. An object of the present invention is to improve the 
motor control apparatus S having the above drawbacks. 
0017 According to a first aspect of the invention, in an 
initial drive that is performed after application of power, a 
corresponding relationship between a count of the output 
signal of the encoder, a rotation position of the rotor, and a 
current Supply phase at an end of the initial drive is learned 
by counting pulses of the output signal of the encoder by 
effecting current Supply for all phases of the motor around 
according to a prescribed time schedule. In an ordinary drive 
that is performed after the initial drive, a current supply 
phase is determined on the basis of a count of the output 
signal of the encoder and a learning result that is obtained at 
the end of the initial drive. As described above, current 
supply is effected for all the phases around in an initial drive, 
whereby a rotation position of the rotor necessarily coin 
cides with one of the current Supply phases. 
0018 From this time onward, the rotor rotates in syn 
chronism with the current Supply phase Switching and pulse 
output signals are output from the encoder in Synchronism 
with the rotation of the rotor. Therefore, an angle (i.e., a 
rotation amount) by which the rotor has rotated actually in 
synchronism with the current Supply phase Switching until 
the end of the initial drive is recognized by checking an 
encoder count of the output signals of the encoder at the end 
of the initial drive, whereby a corresponding relationship 
between the encoder count, a rotation position of the rotor, 
and a current Supply phase at the end of the initial drive can 
be recognized. Learning this corresponding relationship 
makes it possible to rotate the motor normally by selecting 
a correct current Supply phase in a Subsequent ordinary drive 
on the basis of a count of the output signals of the encoder 
and a learning result at the end of the initial drive. 
0019. According to a second aspect of the invention, in 
rotating the rotor to a target position on the basis of the 
encoder count, the variation direction of the encoder count 
is monitored and it is determined whether the rotation 
direction of the rotor has reversed from the rotation direction 
toward the target position. If reversing is detected, current 
supply for phases with which the rotor is driven in the 
reverse direction is prohibited. With this measure, even if the 
rotation direction of the rotor is reversed due to some 
inexorability and the variation direction of the encoder count 
is thereby reversed while the rotor is rotated to a target 
position on the basis of the encoder count, generation of 
torque that drives the rotor in the reverse rotation direction 
can be prevented. Therefore, the time taken to return the 
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rotation direction from the reverse direction to the normal 
direction can be shortened. A stable position Switching 
control (positioning control) is enabled. 

0020. According to a third aspect of the invention, cur 
rent supply of the motor is turned off after execution of a 
feedback control in which rotational driving on the rotor is 
started each time the target position is changed and the rotor 
is rotated to a new target position by sequentially Switching 
the current supply phase of the motor on the basis of the 
count of the output signal of the encoder. Before another 
feedback control is started from a current supply-off state of 
the motor, in a prescribed period, a feedback control start 
position stopping and holding process in which a current 
Supply phase is selected on the basis of a current count of the 
output signal of the encoder and current Supply is effected 
for the selected current Supply phase, and the control means 
thereafter rotates the rotor to a target position by performing 
the feedback control. 

0021. As described above, a feedback control start posi 
tion stopping and holding process is executed immediately 
before the start of a feedback control, whereby the rotor is 
kept at a position where the preceding feedback control 
finished. Therefore, even if the position of the rotor deviated 
in a period when the rotor should be stopped, the rotor can 
be positioned at a proper position at the start of a feedback 
control. As a result, at the start of the feedback control, the 
position of the rotor and the current Supply phase can 
reliably be synchronized with each other from the first 
current Supply phase. It becomes possible to prevent a loss 
of synchronization and prevent the rotor from rotating away 
from a target position at the start of the feedback control, to 
allow the rotor to reliably rotate to the target position with 
a stable feedback control, and to perform a position Switch 
ing control (positioning control) that is highly stable and 
reliable. 

0022. According to a fourth aspect of the invention, a 
play amount of a rotation transmission system for converting 
a rotation amount of the motor into a manipulated variable 
for a control object is learned. To learn a play amount of the 
rotation transmission system, a first-direction butting control 
for rotating the rotor until butting occurs at one limit position 
of a movable range of the control object and a second 
direction butting control for rotating the rotor until butting 
occurs at the other limit position of the movable range are 
performed. An increase or decrease of the encoder count 
from the one limit position to the other limit position is 
determined as an actual measurement value of the movable 
range of the control object, and a difference between the 
actual measurement value of the movable range and a design 
value of the movable range is learned as a play amount of the 
rotation transmission system. When the rotor is thereafter 
rotated to the target position, the target position is set by 
taking the learned play amount of the of the rotation trans 
mission system into consideration. 

0023. According to a fifth aspect of the invention, the 
phase lead of the current Supply phase with respect to the 
rotation phase of the rotor is corrected in accordance with 
the rotation speed of the rotor. Starting torque can be 
increased by decreasing the phase lead of the current Supply 
phase at a start of driving, whereby the rotation speed of the 
rotor can be raised quickly. Since the phase lead of the 
current Supply phase is corrected so as to increase as the 

Sep. 7, 2006 

rotation speed of the rotor increases, a synchronized rela 
tionship between the generation of torque of the current 
Supply phase and the actual rotation phase of the rotor can 
be maintained even during high-speed rotation, which 
makes it possible to rotate the rotor stably at high speed. 
Superior starting performance and Superior high-speed rota 
tion performance can thus be attained simultaneously. 
0024. According to a sixth aspect of the invention, a 
target position is stored in a nonvolatile memory. At starting, 
the target position stored in the nonvolatile memory is set as 
a target position of starting. With this measure, even if the 
controller (e.g., a microcomputer) of the motor is reset for a 
certain reason, at Subsequent starting a target value that is 
stored in the nonvolatile memory immediately before the 
resetting is set as a target value of starting. Therefore, target 
value data are not changed in association with the resetting, 
which prevents a control object from being rotated to an 
unintended position. 
0025. According to a seventh aspect of the invention, a 

first current Supply phase is set on the basis of an encoder 
count in Synchronism with output of a pulse of an output 
signal of the encoder during a drive control on the motor. A 
second current Supply phase is set on the basis of the encoder 
count in a prescribed cycle until the rotor reaches a target 
position. Every time a first or second current Supply phase 
is set, the a winding of the thus-set current Supply phase is 
energized. 

0026. With this configuration, even if the rotation of the 
rotor is once stopped for a certain reason during a motor 
drive control and the encoder stops outputting a pulse output 
signal, the second current Supply phase is set in the pre 
scribed cycle on the basis of an encoder count of that instant. 
Therefore, the current supply phase can be switched even 
after the rotor was once stopped, and the rotor can be rotated 
So as to come as close to a target position as possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The above and other objects, features and advan 
tages of the present invention will become more apparent 
from the following detailed description made with reference 
to the accompanying drawings. In the drawings: 
0028 FIG. 1 is a perspective view of a position switching 
device according to a first embodiment of the present 
invention; 

0029) 
0030 FIG. 3 is a circuit diagram showing the configu 
ration of a circuit for driving the SR motor; 
0031 FIG. 4 schematically shows the configuration of 
the entire control system of the position Switching device; 

FIG. 2 shows the structure of an SR motor; 

0032 FIG. 5 is a plan view showing the structure of a 
rotary magnet of an encoder, 
0033) 
0034 FIG. 7A is a time chart showing output waveforms 
of the encoder; 

FIG. 6 is a side view of the encoder; 

0035 FIG. 7B is a time chart showing a current supply 
phase Switching pattern; 

0.036 FIGS. 8 and 9 are flowcharts showing an initial 
drive routine; 
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0037 FIG. 10 is a flowchart showing a P-position initial 
drive routine; 

0038 FIG. 11 is a flowchart showing a non-P-position 
initial drive routine; 

0.039 FIG. 12 is a time chart showing an exemplary 
control of a P-position initial drive; 
0040 FIG. 13 is a time chart showing an exemplary 
control in a case that a position Switching manipulation is 
performed during an initial drive; 

0041 FIG. 14 is a time chart illustrating an initial posi 
tional deviation learning method in a case that a position 
Switching manipulation is performed during an initial drive; 

0.042 FIG. 15 is a flowchart showing an encoder counter 
routine; 

0.043 FIG. 16 shows an exemplary count increment AN 
calculation map: 
0044 FIG. 17 is a time chart showing a relationship 
between an instructed shift position, an A-phase signal, a 
B-phase signal, and an encoder count; 
0045 FIG. 18 is a time chart showing an exemplary 
control on the SR motor; 

0046 FIG. 19 is a time chart showing timing of a 
transition from a feedback control to a target position 
stopping and holding process; 

0047 FIGS. 20-22 are flowcharts showing a control 
mode setting routine; 
0.048 FIG. 23 is a flowchart showing a time-synchronous 
motor control routine; 

0049 FIG. 24 is a flowchart showing a mode-1 routine: 
0050 FIG. 25 is a flowchart showing a mode-3 routine: 
0051 FIG. 26 is a flowchart showing a mode-4 routine: 
0.052 FIG. 27 is a flowchart showing a current supply 
processing routine; 

0053 FIG. 28 shows an exemplary conversion table to 
be used for converting a value Mptin'/612 into a current 
Supply phase in the case of a one/two-phase current Supply 
method; 

0054 FIG. 29 shows an exemplary table to be used for 
setting a current Supply duty ratio in accordance with a 
battery Voltage during a butting control; 

0055 FIG. 30 is a flowchart showing a feedback control 
routine; 

0056 FIG. 31 is a flowchart showing a current supply 
phase setting routine; 

0057 FIG. 32 is a time chart illustrating a current supply 
process in which rotation is started from a state correspond 
ing to U and W-phases: 

0.058 FIG. 33 is a flowchart showing a rotor rotation 
speed calculation routine; 
0059 FIG. 34 a flowchart showing a speed phase lead 
correction amount setting routine; 
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0060 FIG. 35 illustrates a relationship between an 
engaging portion of a detent spring and each of a P-position 
holding recess and a non-P-position holding recess of a 
detent lever; 
0061 FIG. 36 is a flowchart showing a play amount 
learning routine; 
0062 FIG. 37 is an exemplary table to be used for setting 
a ride correction value AVover in accordance with a battery 
Voltage; 
0063 FIG. 38 illustrates a relationship between an actual 
measurement value ANact and a design value ANd of the 
movable range of the rotor and play amounts AGp and 
AGpn; 
0064 FIGS. 39 and 40 are flowcharts showing a P-po 
sition-side butting control routine; 
0065 FIG. 41 is a time chart showing an exemplary 
P-position-side butting control; 
0066 FIGS. 42 and 43 are flowcharts showing a non 
P-position-side butting control routine; 
0067 FIG. 44 is a time chart illustrating exemplary 
execution timing of a P-position-side butting control and a 
non-P-position-side butting control; 
0068 FIGS. 45 and 46 are flowcharts showing a target 
count setting routine; 
0069 FIG. 47 is a flowchart showing an instructed shift 
position setting routine according to the first embodiment; 
0070 FIG. 48 is a time chart showing an exemplary 
control that is performed when the CPU is reset in a state that 
the vehicle is being driven with an instructed shift position 
Sft set to the non-P-position; 
0071 FIG. 49 is a flowchart showing an instructed shift 
position setting routine according to a second embodiment 
of the invention; 
0072 FIG. 50 is a flowchart showing the first half of a 
P-position-side butting control routine; 
0073 FIG. 51 is a flowchart showing a Z-phase correc 
tion routine according to a third embodiment of the inven 
tion; 
0074 FIG. 52 is a time chart illustrating a Z-phase 
correction; 
0075 FIG. 53 is a flowchart showing a current supply 
method setting routine according to a fourth embodiment of 
the invention; 
0.076 FIG. 54 shows an exemplary table to be used for 
converting a value Mptn%12 into a current Supply phase in 
the case of a one-phase current Supply method; 
0077 FIG.55 is a flowchart showing a time-synchronous 
motor control routine according to a fifth embodiment of the 
invention; and 
0078 FIG. 56 is a flowchart showing a mode-1 routine. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

First Embodiment 

0079 A first embodiment in which the present invention 
is applied to a position switching device of a vehicle will be 
hereinafter described with reference to FIGS. 1-48. 
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0080 First, the configuration of a position switching 
mechanism 11 will be described with reference to FIG. 1. A 
motor 12 as a drive source of the position Switching mecha 
nism 11 is a Switched reluctance motor, for example, incor 
porates a speed-reducing mechanism 26 (see FIG. 4), and is 
equipped with an output shaft sensor 14 for detecting a 
rotation position of the output shaft 13 of the speed-reducing 
mechanism 26. A detent lever 15 is fixed to the output shaft 
13. 

0081. An L-shaped parking rod 18 is fixed to the detent 
lever 15. A conical body 19 that is provided at the tip of the 
parking rod 18 is in contact with a lock lever 21. The lock 
lever 21 is moved in the vertical direction in accordance with 
the position of the conical body 19 and thereby locks or 
unlocks a parking gear 20. The parking gear 20 is attached 
to the output shaft of an automatic transmission 27. If the 
parking gear 20 is locked by the lock lever 21, the drive 
wheels of the vehicle are kept in a rotation-prevented state 
(i.e., a parking State). 
0082 On the other hand, a detent spring 23 for keeping 
the detent lever 15 at the position of a parking position 
(hereinafter abbreviated as "P-position') or the other range 
(hereinafter referred to as “non-P-position') is fixed to a 
support base 17. The detent lever 15 is kept at the P-position 
when an engaging portion 23a that is provided at the tip of 
the detent spring 23 goes into a P-position holding recess 24 
of the detent lever 15. The detent lever 15 is kept at the 
non-P-position when the engaging portion 23a of the detent 
spring 23 goes into a non-P-position holding recess 25 of the 
detent lever 15. 

0083. In the P-position, the parking rod 18 is moved in 
such a direction as to approach the lock lever 21, whereby 
a thick portion of the conical body 19 lifts up the lock lever 
21 and a projection 21a of the lock lever 21 goes into a tooth 
space of the parking gear 20 to lock it. As a result, the output 
shaft of the automatic transmission 27 (and the drive wheels) 
is kept in a locked State (i.e., a parking State). 
0084. On the other hand, in the non-P-position, the park 
ing rod 18 is moved in Such a direction as to go away from 
the lock lever 21, whereby the thick portion of the conical 
body 19 goes out of contact with the lock lever 21 and hence 
the lock lever 21 goes down. As a result, the projection 21a 
of the lock lever 21 disengages from the parking gear 20 and 
hence the parking gear 20 is unlocked. The output shaft of 
the automatic transmission 27 is kept in a rotatable state (i.e., 
a state that the vehicle is capable of running). 
0085. The above output shaft sensor 14 is a rotary sensor 
(e.g., a potentiometer) for outputting a voltage correspond 
ing to a rotation angle of the output shaft 13 of the speed 
reducing mechanism 26 of the motor 12. Whether the 
current range is the P-position or the non-P-position can be 
recognized on the basis of the output voltage of the output 
shaft sensor 14. 

0086) Next, the structure of the motor 12 will be 
described with reference to FIG. 2. In this embodiment, the 
motor 12 is a switched reluctance motor (hereinafter abbre 
viated as “SR motor”). The SR motor 12, in which both of 
a stator 31 and a rotor 32 have salient poles, has an 
advantage that no permanent magnet is necessary and hence 
the structure is simple. The inner circumferential surface of 
a cylindrical body of the stator 31 is formed with 12 salient 
poles 31a, for example, at regular intervals. 
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0087. On the other hand, the rotor 32 has eight salient 
poles 32a, for example, that project outward and are 
arranged at regular intervals in the circumferential direction. 
As the rotor 32 rotates, each salient pole 32a of the rotor 32 
faces the salient poles 31a of the stator 31 in order with a 
small gap interposed in between. The 12 salient poles 31a of 
the stator 31 are wound with a total of six windings 33 of U. 
V, and W-phases and a total of six windings 34 of U", V", and 
W-phases in order. It goes without saying that the number of 
salient poles 31a of the stator 31 and the number of salient 
poles 32a of the rotor 32 may be changed as appropriate. 
0088. In this embodiment, the windings 33 and 34 are 
wound on the 12 salient poles 31a of the stator 31 in order 
of V-phase->W-phase->U-phase->V-phase->W-phase->U- 
phase->V-phase->W-phase->U'-phase->V'-phase->W- 
phase->U'-phase, for example. As shown in FIG. 3, the six 
windings 33 of the U, V, and W-phases and the six windings 
34 of the U", V", and W-phases are connected to each other 
So as to form two systems of motor energizing sections 35 
and 36. The one motor energizing section 35 is formed by 
Y-connecting the six windings 33 of the U, V, and W-phases 
(the two windings 33' of the same phase are connected to 
each other in series). The other one motor energizing section 
36 is formed by Y-connecting the six windings 34 of the U". 
V", and W-phases (the two windings 34 of the same phase are 
connected to each other in series). In the two motor ener 
gizing sections 35 and 36, the windings of the U-phase and 
the U'-phase are energized at the same time, the windings of 
the V-phase and the V'-phase are energized at the same time, 
and the windings of the W-phase and the W-phase are 
energized at the same time. 
0089. The two motor energizing sections 35 and 36 are 
driven by separate motor drivers 37 and 38, respectively, 
with a battery 40 of the vehicle used as a power source. 
Providing the two systems of motor energizing sections 35 
and 36 and the two systems of motor drivers 37 and 38 in 
this manner makes it possible to rotate the SR motor 12 
through the other system even if one system fails. Although 
the circuit configuration of each of the motor drivers 37 and 
38 is of a unipolar driving type in which a switching element 
39 such as a transistor is provided for each phase, a bipolar 
driving type circuit configuration may be employed in which 
two Switching elements are provided for each phase. It goes 
without saying that the invention is also applicable to a 
configuration in which only a single-system motor energiz 
ing section and only a single-system motor driver are 
provided. 
0090 The on/off control on the switching elements 39 of 
the motor drivers 37 and 38 is performed by an ECU 41 
(control means). As shown in FIG. 4, the ECU 41 and the 
motor drivers 37 and 38 are incorporated in a position 
Switching controller 42. Manipulation signals from a P-po 
sition switch 43 for a manipulation of switching to the 
P-position and a non-P-position Switch 44 for a manipula 
tion of Switching to the non-P-position are input to the 
position Switching controller 42. A range that has been 
selected by manipulating the P-position switch 43 or the 
non-P-position Switch 44 is indicated in a range indication 
section 45 that is provided in an instrument panel (not 
shown). The P-position switch 43 or the non-P-position 
Switch 44 are momentary Switches, for example. 
0091. The SR motor 12 is equipped with an encoder 46 
for detecting a rotation position of the rotor 32. A specific 
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structure of the encoder 46, which is a magnetic rotary 
encoder, for example, is as follows. As shown in FIGS. 5 
and 6, an annular rotary magnet 47 that is magnetized in 
Such a manner that N poles and S poles are arranged 
alternately in the circumferential direction with a constant 
pitch is fixed to a side surface of the rotor 32 concentrically. 
Three magnetism detecting elements 48-50 such as Hall ICs 
are opposed to the rotary magnet 47. In this embodiment, the 
magnetization pitch of the N poles and the S poles of the 
rotary magnet 47 is set at 7.5, which is equal to a rotation 
angle of the rotor 32 corresponding to single current Supply 
on the SR motor 12. As described later, when the current 
supply phase of the SR motor 12 is switched six times by a 
one/two-phase current Supply method, current Supply is 
effected for all the phases around and the rotor 32 and the 
rotary magnet 47 rotate together by 7.5x6=45°. The number 
of N poles and Spoles existing in this rotation angle range 
45° of the rotary magnet 47 is six in total. 
0092 N poles (N' poles) corresponding to reference rota 
tion positions of the rotor 32 and Spoles (S' poles) on both 
sides of each of those N poles are wider than the other 
magnetic poles in the radial direction. In this embodiment, 
in view of the fact that the rotor 32 and the rotary magnet 47 
rotate together by 45° while current supply is effected for all 
the phases of the SR motor 12 around, the wide magnetized 
portions (N) corresponding to the reference rotation posi 
tions of the rotor 32 are formed with a pitch of 45°. 
Therefore, a total of eight wide magnetized portions (N") 
corresponding to the reference rotation positions are formed 
in the entire rotary magnet 47. Alternatively, one a single 
wide magnetized portion (N) corresponding to a reference 
rotation position may be formed in the entire rotary magnet 
47. 

0093. The three magnetism detecting elements 48-50 are 
disposed so as to have the following positional relationships 
with each other and with the rotary magnet 47. The mag 
netism detecting element 48 for outputting an A-phase signal 
and the magnetism detecting element 49 for outputting a 
B-phase signal are disposed on the same circle at Such 
positions as to be able to face both of the narrow magnetized 
portions (N and S) and the wide magnetized portions (N' and 
S") of the rotary magnet 47. On the other hand, the magne 
tism detecting element 50 for outputting a Z-phase signal is 
disposed outside or inside the narrow magnetized portions 
(N and S) of the rotary magnet 47 at such positions as to be 
able to face only the wide magnetized portions (N' and S"). 
The interval between the two magnetism detecting elements 
48 and 49 for outputting an A-phase signal and a B-phase 
signal, respectively, is set so that the phase difference 
between the A-phase signal and the B-phase signal becomes 
90° in terms of an electrical angle (3.75 in terms of a 
mechanical angle) as shown in FIG. 7A. 
0094. The term “electrical angle” means an angle that is 
obtained when the cycle of occurrence of each of the 
A-phase signal and the B-phase signal is regarded as 360°. 
The term "mechanical angle' is an angle that is obtained 
when the angle of one rotation of the rotor 32 is regarded as 
360°; that is, the mechanical angle of the phase difference 
between the A-phase signal and the B-phase signal is an 
angle by which the rotor 32 rotates in a time from a trailing 
edge (or rising edge) of the A-phase signal to that of the 
B-phase signal. The magnetism detecting element 50 for 
outputting the Z-phase signal is disposed so that the phase 
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difference between the Z-phase signal and the B-phase 
signal (or A-phase signal) becomes 0. 

0095 The outputs of the respective magnetism detecting 
elements 48-50 are at a high level “1” when they face an N 
pole (or N' pole) and are at a low level “0” when they face 
an S pole (or S' pole). The output (Z-phase signal) of the 
magnetism detecting element 50 is at a high level “1” when 
it faces a wide N' pole corresponding to a reference rotation 
position of the rotor 32 and is at a low level when it is 
located at the other positions. 

0096. In this embodiment, the rotor 32 is rotated as the 
ECU 41 counts both of rising edges and trailing edges of the 
A-phase signal and the B-phase signal according to an 
encoder counter routine (described later) and switches the 
current supply phase of the SR motor 12 on the basis of the 
encoder count. In this operation, the ECU 41 determines the 
rotation direction of the rotor 32 on the basis of the order of 
occurrence of an A-phase signal pulse and a B-phase signal 
pulse. The ECU 41 increases the encoder count in the case 
of normal rotation (i.e., rotation in a direction from the 
P-position to the non-P position), and decreases the encoder 
count in the case of reverse rotation (i.e., rotation in a 
direction from the non-P-position to the P-position). With 
this measure, the correspondence between the encoder count 
and the rotation position of the rotor 32 is maintained 
irrespective of whether the rotor 32 is rotating in the normal 
direction or the reverse direction. Therefore, the rotor 32 can 
be rotated in either the normal direction or the reverse 
direction by detecting the rotation position (i.e., rotation 
angle) of the rotor 32 on the basis of the encoder count and 
energizes windings 33 or 34 of A-phase corresponding to the 
detected rotation position. 

0097 FIGS. 7A and 7B show output waveforms of the 
encoder 46 and a current Supply phase Switching pattern in 
a case that the rotor 32 is rotated in the reverse direction (i.e., 
the rotation direction from the non-P-position to the P-po 
sition), respectively. In either of the case that the rotor 32 is 
rotating in the reverse direction (i.e., the rotation direction 
from the non-P-position to the P-position) and the case that 
the rotor 32 is rotating in the normal direction (i.e., the 
rotation direction from the P-position to the non-P-position), 
Switching is made between one-phase current Supply and 
two-phase current supply every time the rotor 32 rotates by 
7.5°. As the rotor 32 rotates by 45°, current supply is effected 
for all the phases around in order of U-phase->U and 
W-phases->W-phase->V and W-phases->V-phase->U and 
V-phases, for example. Every time the current Supply phase 
is switched, the rotor 32 rotates by 7.5° and the magnetic 
poles of the rotary magnet 47 that face the A-phase signal 
magnetism detecting element 48 and the B-phase signal 
magnetism detecting element 49 change from an N pole to 
an Spole (or an N' pole to an Spole) or from an Spole to 
an N pole (or an Spole to an N' pole), whereby the levels 
of the A-phase signal and the B-phase signal are inverted 
alternately. 

0098. As a result, the encoder count increases (or 
decreases) by two every time the rotor rotates by 7.5°. 
Further, every time current supply is effected for all the 
phases around and the rotor rotates by 7.5°, the Z-phase 
magnetism detecting element 50 faces a wide N' pole 
corresponding to a reference rotation position of the rotor 32 
and the Z signal has a high-level value “1. In this specifi 



US 2006/O 197489 A1 

cation, an event that the A-phase signal, the B-phase signal, 
or the Z-phase signal has a high-level value “1” may be 
referred to as “an A-phase signal pulse, a B-phase signal 
pulse, or a Z-phase signal pulse is output.” 

0099. Since the encoder count is stored in the RAM of the 
ECU 41, the encoder count disappears when the power to the 
ECU 41 is turned off. Therefore, an encoder count ("0") in 
the ECU 41 immediately after power application does not 
correspond to an actual rotation position (or a current Supply 
phase) of the rotor 32. To switch the current supply phase on 
the basis of the encoder count, it is necessary to establish 
correspondence between an encoder count and an actual 
rotation position of the rotor 32, that is, between an encoder 
count and a current Supply phase, after power application. 

0100. In this embodiment, the ECU 41 of the position 
Switching controller 42 executes an initial drive routine 
shown in FIGS. 8 and 9 (described later). That is, during an 
initial drive that is performed after power application to the 
ECU 41, current supply is effected for all the phases of the 
SR motor 12 around according to a prescribed time schedule 
and edges of the A-phase signal and the B-phase signal of 
the encoder 46 are counted. A corresponding relationship 
between an encoder count, a rotation position of the rotor 32. 
and a current Supply phase at the time of completion of the 
initial drive is learned. In an ordinary drive that is performed 
Subsequently, the current Supply phase is determined on the 
basis of the encoder count and a learning result that was 
obtained at the end of the initial drive. 

0101 The learning during an initial drive is performed in 
the following manner. As shown in FIG. 12, where an initial 
drive is performed when power is applied to the ECU 41 
with the P-position set, current supply is effected for all the 
phases around according to a prescribed time schedule in 
order of W-phase U and W-phases->U-phase->U and 
V-phases->V-phase->V and W-phases, for example, and the 
rotor 32 is driven in the normal rotation direction (i.e., the 
rotation direction from the P-position to the non-P-position). 

0102 On the other hand, where an initial drive is per 
formed when power is applied to the ECU 41 with the 
non-P-position set, current supply is effected for all the 
phases around according to a prescribed time schedule in 
order of V-phase->U and V-phases->U-phase->U and 
W-phases->W-phase->V and W-phases, for example, and 
the rotor 32 is driven in the reverse rotation direction (i.e., 
the rotation direction from the non-P-position to the P-po 
sition). 
0103) In the initial drive, a time T1 of one-phase current 
Supply is set shorter than a time T2 of two-phase current 
supply; for example, T1 and T2 are set to 10 ms and 100 ms, 
respectively. In one-phase current Supply which produces 
low torque, the rotor 32 vibrates even after synchronization 
has been established between the rotation position of the 
rotor 32 and the current Supply phase during an initial drive. 
In view of this, the time T1 of one-phase current supply is 
set short so that Switching is made to the next two-phase 
current Supply as soon as possible. In this manner, vibration 
of the rotor 32 is stopped quickly and the output signals of 
the encoder 46 are stabilized. 

0104. If current supply is effected for all the phases 
around during an initial drive in the above manner, the 
rotation position of the rotor 32 and the current supply phase 
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necessarily coincide with each other at a certain current 
supply phase. From this time onward, the rotor 32 rotates in 
synchronism with the current Supply phase Switching and 
the A-phase signal and the B-phase signal are output from 
the encoder 46 in synchronism with the rotation of the rotor 
32. 

0105 Both of rising edges and trailing edges of the 
A-phase signal and the B-phase signal of the encoder 46 are 
counted during the initial drive. Therefore, an angle (i.e., a 
rotation amount) by which the rotor 32 has rotated actually 
in Synchronism with the current Supply phase Switching until 
the end of the initial drive can be found by checking an 
encoder count at the end of the initial drive. In this manner, 
a corresponding relationship between an encoder count, a 
rotation position of the rotor 32, and a current Supply phase 
at the end of the initial drive is recognized. 

0106. In the example of FIG. 12, in an initial drive, the 
rotor 32 starts with the first current supply phase (W-phase). 
The rotor rotates by 7.5° and the encoder count increases by 
two every time the current supply phase is switched. The 
encoder count reaches 12 at the end of the initial drive. 

0.107. In contrast, if, for example, the rotor 32 is not 
rotated by the first three current supply attempts 
(W-phase->U and W-phases->U-phase) and is rotated by 
the fourth and ensuing current Supply attempts (only three 
current supply attempts; U and V-phases->V-phase->V and 
W-phases) in such a manner that the rotation position of the 
rotor 32 and the current supply phase are synchronized with 
each other, the rotor 32 rotates 7.5°x3=22.5° until the end of 
the initial drive and the encoder count reaches 2x3=6. 
Therefore, an angle (i.e., a rotation amount) by which the 
rotor 32 has rotated actually in synchronism with the current 
Supply phase Switching until the end of the initial drive can 
be found by checking an encoder count at the end of the 
initial drive. 

0108. Whereas the last current supply phases of an initial 
drive are always the V and W-phases, the final encoder count 
need not always be 12 and may be 8 or 4, for example. In 
an ordinary drive that is performed after the end of an initial 
drive, the current Supply phase is determined on the basis of 
the encoder count. Therefore, correct current Supply phases 
cannot be selected unless a deviation in encoder count that 
has occurred in an initial drive is corrected for. 

0.109. In view of the above, this embodiment makes it 
possible to select correct current Supply phases during an 
ordinary drive by learning an encoder count at the end of an 
initial drive as an initial positional deviation learned value 
and correcting the encoder count using the initial positional 
deviation learned value during a Subsequent ordinary drive. 
In this manner, the deviation between the encoder count and 
the current Supply phase (i.e., the rotation position of the 
rotor 32) at the end of the initial drive is corrected for and 
correct current Supply phases can be selected during the 
ordinary drive. 

0110. After the end of the initial drive, as shown in FIG. 
12, a feedback control start position stopping and holding 
process (described later) is executed in which current Supply 
is effected for the same phases as the current Supply phases 
at the end of the initial drive (i.e., V and W-phases) for 10 
ms, for example, whereby the rotor 32 is kept at the position 
where it existed at the end of the initial drive. Then, a 
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feedback control (described later) is performed, whereby the 
rotor 32 is rotated to a target position Acnt by Switching the 
current Supply phase on the basis of an encoder count at that 
instant and an initial positional deviation learned value. At 
an instant when the rotation position (encoder count) of the 
rotor 32 has reached a position that is 0.5° or less, for 
example, short of the target position Acnt, the current Supply 
phase switching is finished and the rotor 32 is stopped. Then, 
a target position stopping and holding process (described 
later) is executed in which current supply is effected for the 
same phase(s) and the rotor 32 is kept stopped for 50 ms, for 
example. Then current Supply is stopped thereafter unless 
the target position Acnt is changed. 

0111. If a position switching request occurs, that is, the 
P-position switch 43 or the non-P-position switch 44 is 
manipulated, during an initial drive, a transition is made to 
an ordinary drive after the next two-phase current Supply is 
effected (in two-phase current supply itself if a position 
Switching request occurs during that two-phase current 
Supply). And a corresponding relationship between an 
encoder count, a rotation position of the rotor 32, and a 
current Supply phase at the end of the two-phase current 
Supply is learned. In a Subsequent ordinary drive, the current 
Supply phase is determined on the basis of a learning result 
at the end of the two-phase current Supply and the encoder 
COunt. 

0112 Producing high torque, two-phase current supply 
can rotate the rotor 32 to a position corresponding to the 
two-phase current Supply even if there was some deviation 
from it. Therefore, the probability would be high that merely 
performing two-phase current Supply once or twice during 
an initial drive establishes synchronization between the 
rotation position and the current Supply phase. Therefore, if 
a position Switching request occurs during an initial drive, it 
would be proper to make a transition to an ordinary drive 
after completion of the next (or current) two-phase current 
Supply. With this measure, a transition to an ordinary drive 
can be made quickly after a corresponding relationship 
between an encoder count, a rotation position of the rotor 32. 
and a current Supply phase is learned. 

0113 For example, as shown in a time chart of FIG. 13, 
if a position Switching request from the P-position to the 
non-P-position occurs during a second current Supply 
attempt (U and W-phases) in an initial drive, the initial drive 
is finished with the current supply for the U and W-phases 
and a transition is made to an ordinary drive and a corre 
sponding relationship between an encoder count, a rotation 
position of the rotor 32, and a current Supply phase at the end 
of the current supply for the U and W-phases is learned. In 
this embodiment, even in the case where a transition is made 
to an ordinary drive before completion of an initial drive, an 
encoder count that would be obtained at the end of the initial 
drive is estimated with an assumption that the initial drive 
has been completed as scheduled and an estimate value is 
employed as an initial positional deviation learned value. 

0114 For example, in a case that the initial drive is 
finished after two current supply attempts for the W-phase 
and the U and W-phases as shown in FIG. 13, that is, the 
initial drive is finished without performing four current 
Supply attempts that are supposed to be performed thereaf 
ter, it is assumed that the four current Supply attempts 
(U-phase->U and V-phases->V-phase->V and W-phases) 
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have been performed and an initial positional deviation 
learned value is calculated by adding a count increase 
(2x4=8) corresponding to a rotation angle of the four current 
Supply attempts to an encoder count at the end of the current 
supply for the U and W-phases. 
0.115. In the conventional position switching control, 
every time the instructed shift position (target position) is 
switched from the P-position to the non-P-position or in the 
opposite direction, a feedback control is performed in which 
the rotor 32 is rotated to the target position by sequentially 
switching the current supply phase of the SR motor 12 on the 
basis of the encoder count and the current supply of the SR 
motor 12 is then turned off. 

0116. In this case, after the end of the feedback control, 
the rotor 12 can be kept at the target position by electro 
magnetic force by continuing to energize the windings of 
A-phase corresponding to the target position. However, in 
this configuration, if the rotor 32 is stopped for a long time, 
the windings of the same phase continue to be energized for 
a ling time and hence may overheat and burn. To prevent the 
windings from overheating or burning, the windings are not 
energized while the rotor 32 is stopped. 
0.117) However, if the rotor 32 is not energized while it is 
stopped, there is no electromagnetic force for keeping the 
rotor 32 at the target position (i.e., the position at the end of 
the feedback control) and hence the rotor 32 may deviate 
from the target position. In this embodiment, the mechanical 
stopping and holding mechanism is provided that keeps the 
rotor 32 at a target position by spring force of the detent 
spring 23. However, even in this case, the rotor 32 may 
deviate from the target position due to play amount in the 
stopping and holding mechanism, variations in manufacture, 
etc. 

0118. In the conventional position switching control, to 
start a feedback control, a first current Supply phase is 
determined by using an encoder count at the end of the 
preceding feedback control. The feedback control is started 
as soon as the first current Supply phase is determined. 
0119) Therefore, in the conventional position switching 
control, if the position of the rotor 32 deviates while it is 
stopped, a feedback control is started with a current Supply 
phase that is different from A-phase for which current supply 
should be effected first. In this case, the rotor 32 may not be 
rotated normally to a target position; for example, a loss of 
synchronization occurs at the start of the feedback control to 
cause a failure of starting or the rotor 32 is rotated away from 
the target position. 

0120) If the rotor 32 deviates only slightly while it is 
stopped and hence the position of the rotor 32 stays within 
a range corresponding to an encoder count at the end of the 
preceding feedback control, A-phase for which current Sup 
ply is effected first is a current supply phase at the end of the 
preceding feedback control. In this case, even the conven 
tional position Switching control has no problems about the 
first current Supply phase. 
0.121. However, a feedback control is performed by 
using, as a reference, a position of the rotor 32 for current 
supply. Therefore, even if the deviation of the rotor 32 is so 
Small that its position stays within a range corresponding to 
an encoder count at the end of the preceding feedback 
control, a loss of synchronization may still occur at the start 
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of a feedback control to cause a failure of starting if the 
feedback control is started after current supply is effected for 
A-phase for which current supply should be effected first and 
before the rotor 32 is moved to a position for current supply 
and kept there. 
0122). As a counter measure against the above problem, in 
this embodiment, as shown in FIG. 18, to start a feedback 
control from a state that the SR motor 12 is not energized, 
a process (hereinafter referred to as “feedback control start 
position stopping and holding process”) in which current 
Supply phases are selected on the basis of a current encoder 
count and the rotor 32 is stopped and kept at a stop position 
by two-phase current Supply is executed for a prescribed 
time (e.g., 10 ms). The feedback control is then performed 
to rotate the rotor 32 to a target position. 
0123. With this measure, even if the rotor 32 deviated in 
a period when it should be stopped, the positional deviation 
of the rotor 32 is corrected for by the feedback control start 
position stopping and holding process immediately before a 
start of a feedback control, whereby a position of the rotor 
32 at the start of the feedback control can be determined 
correctly. Therefore, the position of the rotor 32 and the 
current Supply phase (i.e., encoder count) can reliably be 
synchronized with each other from the first current supply 
phase at the start of a feedback control. It becomes possible 
to prevent a loss of synchronization and prevent the rotor 32 
from rotating away from a target position at the start of a 
feedback control, to allow the rotor 32 to reliably rotate to 
a target position with a stable feedback control, and to 
perform a position Switching control (positioning control) 
that is highly stable and reliable. 
0.124. To increase the response speed of the position 
switching control, the time that is taken by the rotor 32 to 
reach a target position is shorted by increasing its rotation 
speed. As a result, immediately after reaching a target 
position, the rotor 32 has not stopped completely but is 
vibrating. If the current Supply is turned offin Such a state, 
inertia may cause the rotor 32 to stop at a position that 
greatly deviates from a target position. If the rotor 32 has too 
large a positional deviation at the end of a feedback control, 
the positional deviation may not be corrected for even if a 
feedback control start position stopping and holding process 
is executed immediately before the next feedback control is 
started. 

0125. As a countermeasure against this problem, in this 
embodiment, the current supply of the SR motor 12 is turned 
off after a process for stopping the rotor 32 at a position 
where it existed at the end of a feedback control and keeping 
the rotor 32 there by two-phase current supply (hereinafter 
referred to as “target position stopping and holding pro 
cess') is executed for a prescribed time (e.g., 50 ms) after the 
end of the feedback control. With this measure, the current 
supply can be turned off after the rotor 32 has reached a 
target position and its vibration has stopped, whereby the 
rotor 32 is prevented from stopping at a position deviating 
greatly from the target position due to inertia. This makes it 
possible to satisfy the requirement of increase in the 
response speed of the position Switching control while 
maintaining high stability and reliability of the position 
Switching control. 
0126. In this embodiment, if the instructed shift position 
(target position) is changed during a feedback control to 
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necessitate reversing the rotation direction of the rotor 32, a 
process for stopping the rotor 32 at a reversing position and 
keeping it there by two-phase current Supply (hereinafter 
referred to as “reversing position stopping and holding 
process') is executed for a prescribed time (e.g., 50 ms). The 
feedback control is then restarted to rotate the rotor 32 to a 
new target position. With this measure, when the instructed 
shift position (target position) is changed during a feedback 
control, a reversing operation can be performed stably by 
stopping the rotor at a reversing position and keeping the it 
there. This prevents an event that deviation of a reversing 
position causes a loss of synchronization (i.e., deviation of 
current Supply phases) and makes it possible to rotate the 
rotor 32 to a new target position reliably. 

0127. In this embodiment, a feedback control is finished 
and a transition is made to a target position stopping and 
holding process when the difference between the encoder 
count and a target count that corresponds to a target position 
has become Smaller than or equal to a prescribed value (e.g., 
a count corresponding to A-phase lead of the current Supply 
phase) during the feedback control. To rotate the rotor 32, it 
is necessary to cause the phase of the current Supply phase 
to lead the actual position of the rotor 32 by 2 to 4 counts 
(3.75° to 15° in terms of the rotation angle of the rotor 32). 

0128. Therefore, if a feedback control is finished when 
the difference between the encoder count and a target count 
has become equal to, for example, a count corresponding to 
A-phase lead of the current supply phase, the last current 
supply phase of the feedback control should coincide with a 
current supply phase with which to stop the rotor 32 at the 
target position and keep it there. Therefore, after a transition 
is made to a target position stopping and holding process, the 
current Supply for the last current Supply phase of the 
feedback control can be continued; the transition from the 
feedback control to the target position stopping and holding 
process can be made Smoothly. 

0129. To generate torque for rotating the rotor 32, it is 
necessary to cause the phase of the current Supply phase to 
lead the rotation phase of the rotor 32. As the rotation speed 
of the rotor 32 increases after a start of a feedback control, 
the variation rate of the encoder count increases and the 
current Supply phase Switching becomes faster. However, 
torque is generated actually with a delay corresponding to 
the inductance of the windings 33 or 34 of a current supply 
phase from a start of current supply of the windings 33 or 34. 
Therefore, if the rotation speed of the rotor 32 is too high, 
the rotor 32 rotates by a considerable angle from a start of 
current supply of the windings 33 or 34 of the current supply 
phase to actual generation of torque, that is, the generation 
of torque of the current Supply phase delays from the actual 
rotation phase of the rotor 32. In this state, the driving torque 
decreases and the rotation speed of the rotor 32 lowers. A 
requirement of increase in position Switching rate (i.e., 
increase in the rotation speed of the rotor 32) cannot be 
satisfied. 

0.130. One counter measure against this problem would 
be setting the phase lead of the current Supply phase to a 
large value in advance. However, if the phase lead of the 
current Supply phase is large at a start of a feedback control 
(i.e., at starting), the starting torque becomes low and the 
starting of the SR motor 12 becomes unstable or results in 
a failure. 
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0131 Further, if the phase lead of the current supply 
phase is set large and the rotation speed of the rotor 32 is 
thereby increased, the rotor 32 tends to pass a target position 
due to inertia at an end of a feedback control (occurrence of 
an overshoot), that is, it is difficult to stop the rotor 32 at the 
target position correctly. 

0132) In view of the above, in this embodiment, the phase 
lead of the current supply phase with respect to the rotation 
phase of the rotor 32 is corrected in accordance with the 
rotation speed of the rotor 32 during a feedback control. And 
when it becomes necessary to decrease the rotation speed of 
the rotor 32 (e.g., because the rotor 32 comes close to a 
target position), the phase lead of the current Supply phase 
is corrected in the decreasing direction. Specifically, cor 
recting the phase lead of the current Supply phase in the 
decreasing direction at a start of a feedback control can 
increase starting torque and thereby raise the rotation speed 
of the rotor 32 quickly. Correcting the phase lead of the 
current Supply phase in the increasing direction as the 
rotation speed of the rotor 32 increases can maintain the 
synchronized relationship between the generation of torque 
of the current Supply phase and the actual rotation phase of 
the rotor 32 even during high-speed rotation, and hence 
makes it possible to rotate the rotor 32 stably at high speed. 
This makes it possible to attain both of good starting 
performance and good high-speed rotation performance. 

0.133 When the rotor 32 comes close to the target posi 
tion afterwards, the phase lead of the current supply phase 
is corrected in the decreasing direction, whereby a state that 
the generation of torque of the current Supply phase is 
delayed from the actual rotation phase of the rotor 32 is 
established. In this manner, the driving torque can be 
decreased or torque (braking torque) can be generated in the 
direction opposite to the rotation direction of the rotor 32, 
whereby the rotation speed of the rotor 32 can be decreased 
reliably and the rotor 32 can be stopped at the target position 
correctly. This makes it possible to perform a feedback 
control that is Superior in starting performance, high-speed 
rotation performance, and stop performance (deceleration 
performance). 

0134) The rotation amount (i.e., rotation angle) of the 
rotor 32 is converted into the manipulated variable for the 
position Switching mechanism 11 (i.e., the slide length of the 
parking rod 18) via the rotation transmission system that is 
composed of the speed-reducing mechanism 26, the output 
shaft 13, the detent lever 15, etc. and the constituent parts of 
the rotation transmission system has play amount. For 
example, backlash exists between the gears of the speed 
reducing mechanism 26. In a structure in which a connecting 
portion having a non-circular cross-section that is formed at 
the tip of the rotary shaft of the motor 12 is fitted into a 
fitting hole of the output shaft 13, a certain clearance is 
needed to facilitate work of fitting the former into the latter. 
0135) Further, as shown in FIG. 35, when the engaging 
portion 23a of the detent spring 23 goes into the P-position 
holding recess 24 or the non-P-position holding recess 25 of 
the detent lever 15, a slight gap (play amount) exists 
between the engaging portion 23a and the side walls of the 
holding recess 24 or 25. As exemplified above, play amount 
Such as backlash and gaps between parts exist in the rotation 
transmission system for converting the rotation amount of 
the rotor 32 into the manipulated variable for the position 
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Switching mechanism 11 (i.e., the slide length of the parking 
rod 18). Even if the rotation amount of the rotor 32 can be 
controlled correctly on the basis of the encoder count, the 
manipulated variable for the position Switching mechanism 
11 has an error corresponding to the play amount in the 
rotation transmission system; the manipulated variable for 
the position Switching mechanism 11 cannot be controlled 
accurately. 

0.136. In view of the above, this embodiment is provided 
with a function of learning an amount of play amount in the 
rotation transmission system. Specifically, to learn an 
amount of play amount in the rotation transmission system, 
a P-position-side butting control (i.e., a first-direction butt 
ing control) for rotating the rotor 32 until the engaging 
portion 23a of the detent spring 23 butts against a side wall 
of the P-position holding recess 24 as a P-position-side limit 
position of the movable range of the position Switching 
mechanism 11 and a non-P-position-side butting control 
(i.e., a second-direction butting control) for rotating the rotor 
32 until the engaging portion 23a of the detent spring 23 
butts against a side wall of the non-P-position holding recess 
25 as a non-P-position-side limit position are performed, 
whereby an increase or decrease of the encoder count 
corresponding to the range from the P-position-side limit 
position to the non-P-position-side limit position is deter 
mined as an actual measurement value of the movable range 
of the position Switching mechanism 11. 

0137 The difference between this actual measurement 
value of the movable range and its design value is learned as 
a play amount of the rotation transmission system. When the 
rotor 32 is rotated to a target position afterwards, the target 
position is set by taking the learned play amount of the 
rotation transmission system into consideration. This makes 
it possible to set, even if the rotation transmission system has 
play amount, a target value taking the play amount into 
consideration and to thereby control the manipulated vari 
able for the position Switching mechanism 11 accurately. 

0.138 If there is a sufficient time to learn a play amount 
of the rotation transmission system from application of 
power (i.e., turning-on of the ignition switch) to the ECU 41 
which controls the SR motor 12 to a start of a control on the 
position Switching mechanism 11, a play amount of the 
rotation transmission system maybe learned after applica 
tion of power to the ECU 41 and before a start of a control 
on the position Switching mechanism 11 by performing a 
P-position-side butting control and a non-P-position-side 
butting control Successively. However, where it is necessary 
to quickly start a control on the position Switching mecha 
nism 11 after application of power to the ECU 41, there may 
not be a Sufficient time to learn a play amount of the rotation 
transmission system after application of power to the ECU 
41. 

0.139. In view of the above, in this embodiment, after a 
control on the position Switching mechanism 11 was started 
without learning a play amount, in a state that the rotor 32 
is stopped at the P-position, a P-position-side butting control 
is performed and an encoder count when the engaging 
portion 23a is in contact with the side wall of the P-position 
holding recess 24 is stored in the RAM of the ECU 41. In 
a state that the rotor 32 is stopped at the non-P-position, a 
non-P-position-side butting control is performed and an 
encoder count when the engaging portion 23a is in contact 
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with the side wall of the non-P-position holding recess 25 is 
Stored in the RAM of the ECU 41. The difference between 
the encoder counts obtained by the P-position-side butting 
control and the non-P-position-side butting control is cal 
culated as an actual measurement value of the movable 
range of the position Switching mechanism 11. The differ 
ence between the actual measurement value of the movable 
range and its design value is learned as a play amount. 
0140. With this measure, even if there was not a sufficient 
time to learn a play amount of the rotation transmission 
system from application of power to the ECU 41 to a start 
of a control on the position Switching mechanism 11 and 
hence a control on the position Switching mechanism 11 was 
started without learning a play amount of the rotation 
transmission system, a play amount can be learned by 
performing butting controls when the rotor 32 is stopped at 
the P-position and the non-P-position. In this case, the same 
control as in the conventional case that does not take a play 
amount of the rotation transmission system into consider 
ation may be performed before completion of learning of a 
play amount. Alternatively, the control object may be con 
trolled by using a preset, average play amount or a storage 
value of a learned play amount of the preceding learning. In 
the following description, the abbreviated term “butting 
control’ means either of a P-position-side butting control 
and a non-P-position-side butting control. 
0141. In this embodiment, when a butting control is 
performed, the torque of the SR motor 12 is made lower than 
in an ordinary drive by making the current supply duty ratio 
(i.e., current supply factor) of the SR motor 12 smaller than 
in an ordinary drive. The torque of the SR motor 12 is set so 
strong that the engaging portion 23a of the detent spring 23 
can reliably go over the projection between the two holding 
recesses 24 and 25 of the detent lever 15 at the time of 
position Switching. However, in the butting control, the 
torque of the SR motor 12 causes the engaging portion 23a 
of the detent spring 23 to butt against the holding recess 24 
or 25 of the detent lever 15. Therefore, if the torque of the 
SR motor 12 is too strong, the parts of the rotation trans 
mission system Such as the engaging portion 23a of the 
detent spring 23 may be deformed or damaged gradually to 
lower the durability and reliability as the number of times of 
butting controls increases. 
0142. As a countermeasure against this problem, the 
torque of the SR motor 12 is reduced during a butting 
control, whereby the force of butting of the engaging portion 
23a of the detent spring 23 against the side wall of the 
holding recess 24 or 25 can be weakened. This makes it 
possible to prevent butting controls from deforming or 
damaging the parts of the rotation transmission system Such 
as the engaging portion 23a of the detent spring 23 and to 
thereby secure high durability and reliability. In the butting 
control of this embodiment, the engaging portion 23a of the 
detent spring 23 need not go over the projection between the 
two holding recesses 24 and 25 of the detent lever 15. 
Therefore, even if the torque of the SR motor 12 is decreased 
during a butting control, the butting control can be per 
formed normally as long as the torque is higher than a 
minimum value necessary to cause the engaging portion 23a 
of the detent spring 23 to butt against the side wall of each 
of the holding recesses 24 and 25. 
0143. In this embodiment, during a butting control, the 
phase lead of the current Supply phase is corrected so as to 
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decrease the rotation speed of the rotor 32. If the rotation 
speed of the rotor 32 is too high during butting controls, the 
engaging portion 23a of the detent spring 23 collides with 
the side walls of the holding recesses 24 and 25 of the detent 
lever 15 at high speed and resulting impact gradually 
deforms or damages the parts of the rotation transmission 
system such as the engaging portion 23a of the detent spring 
23. Decreasing the rotation speed of the rotor 32 during 
butting controls lowers the speed at which the engaging 
portion 23a of the detent spring 23 collides with the side 
walls of the holding recesses 24 and 25 of the detent lever 
15 during butting controls and hence can weaken resulting 
impact. This makes it possible to prevent butting controls 
from deforming or damaging the parts of the rotation 
transmission system such as the engaging portion 23a of the 
detent spring 23 and to thereby secure high durability and 
reliability. 

0144. In this embodiment, during a butting control, an 
angle (i.e., a ride correction value) by which the engaging 
portion 23a of the detent spring 23 slightly rides the side 
wall of the holding recess 24 or 25 of the detent lever 15 in 
a state that the engaging portion 23a is in contact with the 
side wall is inferred on the basis of the battery voltage as a 
power source voltage for the SR motor 12. And an actual 
measurement value of the movable range of the position 
switching mechanism 11 is corrected by the inferred value. 
The angle (i.e., ride correction value) by which the engaging 
portion 23a of the detent spring 23 rides the side wall of the 
holding recess 24 or 25 of the detent lever 15 during a 
butting control increases as the torque of the SR motor 12 
increases. In general, the torque of the SR motor 12 varies 
with the power source voltage therefor (i.e., battery voltage) 
and hence a correlation exists between the power Source 
voltage and the torque of the SR motor 12. The power source 
Voltage can be used as replacement information for the 
torque of the SR motor 12. Therefore, an actual measure 
ment value of the movable range of the position Switching 
mechanism 11 can be determined accurately by inferring an 
angle (i.e., a ride correction value) by which the engaging 
portion 23a of the detent spring 23 rides the side wall of the 
holding recess 24 or 25 of the detent lever 15 during a 
butting-control on the basis of the power source Voltage (i.e., 
battery voltage) as replacement information for the torque of 
the SR motor 12 and correcting an actual measurement value 
of the movable range of the position Switching mechanism 
11 by the inferred value. 

0145. In this embodiment, a butting control is finished 
when the encoder count comes not to vary in the butting 
control with a determination that the engaging portion 23a 
of the detent spring 23 has butted against the side wall of the 
holding recess 24 or 25 of the detent lever 15. This makes 
it possible to determine a correct encoder count of a state 
that the engaging portion 23a of the detent spring 23 is in 
contact with the side wall of the holding recess 24 or 25 of 
the detent lever 15 and to thereby determine, accurately, an 
actual measurement value of the movable range of the 
position Switching mechanism 11. The above measure can 
also shorten the time during which the engaging portion 23a 
of the detent spring 23 is kept in contact with the side wall 
of the holding recess 24 or 25 of the detent lever 15, which 
can further reduce the degree of deterioration of the parts of 
the rotation transmission system Such as the engaging por 
tion 23a of the detent spring 23 due to butting controls. 
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0146 In this embodiment, a butting control is finished 
when it is determined that the engaging portion 23a of the 
detent spring 23 does not butt against the side wall of the 
holding recess 24 or 25 of the detent lever 15 even if the 
butting control has been performed for a prescribed time or 
more. If the engaging portion 23a of the detent spring 23 
does not butt against the side wall of the holding recess 24 
or 25 of the detent lever 15 even if a butting control has been 
performed for a long time, a certain system abnormality Such 
as a failure of the SR motor 12 or the encoder 46 should have 
occurred. Forcibly finishing the butting control in Such a 
case is a fail-safe measure. 

0147 Incidentally, there may occur an event that the CPU 
of the ECU 41 which controls the SR motor 12 is reset for 
a certain reason (e.g., a short power break). Once the CPU 
of the ECU 41 is reset, the RAM which stores data of an 
instructed shift position (target position) is also reset. An 
instructed shift position after the RAM resetting is different 
from that before the RAM resetting. For example, if the CPU 
of the ECU 41 which controls the SR motor 12 is reset for 
a certain reason while the vehicle is driven with the 
instructed shift position being the non-P-position, the 
instructed shift position data stored in the RAM is initialized 
to a value corresponding to the P-position (indicated by a 
broken line in FIG. 48). Therefore, if a position switching 
control is performed on the basis of an instructed shift 
position stored in the RAM when the CPU of the ECU 41 
has been reset during a drive, trouble occurs that the shift 
position is switched contrary to the intention of the driver. 
0148. To solve this problem, in this embodiment, with 
attention paid to the output shaft sensor 14 which detects a 
rotation position of the output shaft 13 of the SR motor 12, 
an actual shift position that is detected by the output shaft 
sensor 14 at starting (e.g., after resetting of the CPU of the 
ECU 41 or after power application to it) is set as an 
instructed shift position of starting. With this measure, even 
if the CPU of the ECU 41 is reset for a certain reason during 
a drive, the instructed shift position is not changed in 
association with the resetting. This prevents trouble that the 
shift position is switched contrary to the intention of the 
driver; the reliability of the position switching control can be 
increased. If the rotation direction of the rotor 32 is revered 
due to Some inexorability during a feedback control, the 
variation direction of the encoder count is also reversed. As 
a result, the current Supply phase Switching order that is 
determined on the basis of the encoder count is also reversed 
to generate torque that drives the rotor 32 in the reverse 
direction. Once the rotor starts to rotate in the reverse 
direction, the reverse rotation is accelerated rather than 
Suppressed. This raises a problem that long time is needed to 
return the rotation direction from the reverse direction to the 
normal direction; the rotor may reach a target position with 
a long delay or, in the worst case, it may become impossible 
to stop the reverse rotation, that is, the SR motor 12 may 
become uncontrollable. 

0149. As a countermeasure against this problem, in this 
embodiment, during a feedback control, the variation direc 
tion of the encoder count is monitored and it is determined 
whether the rotation direction of the rotor 32 has reversed 
from a direction toward a target position. If reversing of the 
rotation direction is detected, current Supply for phases with 
which the rotor 32 is driven in the reverse direction is 
prohibited and current supply is effected for A-phase for 
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which current supply was effected immediately before the 
reversing. Effecting current supply for the phase for which 
current supply was effected immediately before the revers 
ing can generate braking torque that Suppresses the reverse 
rotation of the rotor 32. The braking torque can Suppress the 
reverse rotation quickly, whereby the rotation direction of 
the rotor 32 can quickly be returned from the reverse 
direction to the normal direction. 

0150. The above position switching is performed by the 
ECU 41 of the position switching controller 42 according to 
the following routines, each of which will be described 
below in detail. 

Initial Drive 
0151. An initial drive is performed according to an initial 
drive routine shown in FIGS. 8 and 9. This routine is 
executed in a prescribed cycle (e.g., every 1 ms) until an end 
of the initial drive immediately after application of power to 
the ECU 41 (i.e., immediately after manipulation of the 
ignition switch from the OFF position to the ACC position). 

0152. Upon activation of this routine, at step 101, it is 
determined whether an open-loop control execution flag 
Xopen is “on” or a recovery process execution flag XrcV is 
"on.” The open-loop control execution flag Xopen is a flag 
indicating whether an open-loop control (fail-safe process) 
to be executed when the encoder 46 or the SR motor 12 has 
failed is being executed. The open-loop control execution 
flag Xopen being “on” means that the open-loop control is 
being executed. The recovery process execution flag XrcV is 
a flag indicating whether a recovery process (open-loop 
control) to be executed temporarily upon occurrence of a 
temporal operation abnormality has occurred is being 
executed. The recovery process execution flag XrcV being 
“on” means that the recovery process is being executed. 

0153. If the determination result at step 101 is “yes,” this 
routine is finished without executing the remaining steps. If 
the determination result at step 101 is “no, the routine 
proceeds to step 102, where it is determined whether a 
prescribed time (e.g., 100 ms) that is a waiting time from 
initialization of the ECU 41 to stabilization of the output 
voltage of the output shaft sensor 14 has elapsed. When the 
prescribed time has elapsed from the initialization of the 
ECU 41, the routine proceeds to step 103, where an output 
voltage of the output shaft sensor 14 is read. Whether the 
current range is the P-position or the non-P-position is 
determined on the basis of whether the output voltage is 
lower than or equal to a range determination value. If the 
current range is the P-position, the routine proceeds to step 
104, where a range determination flag Xnp is set to “0” that 
means the P-position. If the current range is the non-P- 
position, the routine proceeds to step 105, where the range 
determination flag Xnp is set to “1” that means the non-P- 
position. 

0154) Then, the routine proceeds to step 106, where it is 
determined whether the range determination flag Xnp is “O'” 
(P-position). If the range determination flag Xnp is “O'” 
(P-position), the routine proceeds to step 107, where a 
P-position initial drive routine shown in FIG. 10 is 
executed. If the range determination flag Xnp is “1” (non 
P-position), the routine proceeds to step 108, where a 
non-P-position initial drive routine shown in FIG. 11 is 
executed. 
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0155 If the P-position initial drive routine of FIG. 10 is 
activated at step 107, it is determined at steps 201-206 which 
of “0” to “5” the count CASE of a current-supply counter 
that counts the current-Supply during an initial drive is equal 
to. The count CASE of the current-supply counter has an 
initial value “0” that is set in the initialization processing and 
is incremented by one for each current Supply (step 114 in 
FIG. 9). A current supply phase and a current supply time T 
are set in the following manner in accordance with a result 
of the determination of the count CASE. 

0156 If CASE=0 (first current supply), the routine pro 
ceeds to step 207, where W-phase current supply is selected 
and the current Supply time T is set to T1 (e.g., 10 ms). 

0157) If CASE=1 (second current supply), the routine 
proceeds to step 208, where U/W-phase current supply is 
selected and the current supply time T is set to T2 (e.g., 100 
ms). 

0158 If CASE=2 (third current supply), the routine pro 
ceeds to step 209, where U-phase current supply is selected 
and the current Supply time T is set to T1 (e.g., 10 ms). 

0159). If CASE=3 (fourth current supply), the routine 
proceeds to step 210, where U/V-phase current supply is 
selected and the current supply time T is set to T2 (e.g., 100 
ms). 

0160 If CASE=4 (fifth current supply), the routine pro 
ceeds to step 211, where V-phase current supply is selected 
and the current Supply time T is set to T1 (e.g., 10 ms). 

0161 If CASE=5 (sixth current supply), the routine pro 
ceeds to step 212, where V/W-phase current supply is 
selected and the current supply time T is set to T2 (e.g., 100 
ms). 

0162. With the above steps, in the case where the initial 
drive should be performed with the P-position, current 
supply is effected all the phases around in order of 
W-phase->U and W-phases->U-phase->U and V-phases-> 
V-phase->V and W-phases, whereby the rotor 32 is driven in 
the normal rotation direction (i.e., the rotation direction from 
the P position to the non-P-position) In this case, the 
one-phase current Supply time T1 is set shorter than the 
two-phase current Supply time T2. 

0163. On the other hand, if the non-P-position initial 
drive routine of FIG. 11 is activated at step 108, it is 
determined at steps 221-226 which of “0” to “5” the count 
CASE of the current-supply counter is equal to. A current 
Supply phase and a current Supply time T are set in the 
following manner in accordance with a result of the deter 
mination of the count CASE. 

0164. If CASE=0 (first current supply), the routine pro 
ceeds to step 227, where V-phase current supply is selected 
and the current Supply time T is set to T1 (e.g., 10 ms). 

0165 If CASE=1 (second current supply), the routine 
proceeds to step 228, where U/V-phase current supply is 
selected and the current supply time T is set to T2 (e.g., 100 
ms). 

0166 If CASE=2 (third current supply), the routine pro 
ceeds to step 229, where U-phase current supply is selected 
and the current Supply time T is set to T1 (e.g., 10 ms). 
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0167) If CASE=3 (fourth current supply), the routine 
proceeds to step 230, where U/W-phase current supply is 
selected and the current supply time T is set to T2 (e.g., 100 
ms). 
0168 If CASE=4 (fifth current supply), the routine pro 
ceeds to step 231, where W-phase current supply is selected 
and the current Supply time T is set to T1 (e.g., 10 ms). 
0169. If CASE=5 (sixth current supply), the routine pro 
ceeds to step 232, where V/W-phase current supply is 
selected and the current supply time T is set to T2 (e.g., 100 
ms). 
0170 With the above steps, in the case where the initial 
drive should be performed with the non-P-position, current 
supply is effected all the phases around in order of 
V-phase->U and V-phases->U-phase->U and W-phases-> 
W-phase->V and W-phases, whereby the rotor 32 is driven 
in the reverse rotation direction (i.e., the rotation direction 
from the non-P position to the P-position) Also in this case, 
the one-phase current supply time T1 is set shorter than the 
two-phase current Supply time T2. 
0171 After the P-position initial drive routine of FIG. 10 
or the non-P-position initial drive routine of FIG. 11 is 
executed in the above manner, the routine proceeds to step 
109 shown in FIG. 8, where it is determined whether a 
position Switching manipulation (i.e., a manipulation on the 
P-position switch 43 or the non-P-position switch 44) has 
been performed during the initial drive. If a position switch 
ing manipulation has been performed during the initial 
drive, the routine proceeds to step 110, where a position 
Switching manipulation flag Xchg is set to "on.” If no 
position Switching manipulation has been performed, the 
routine proceeds to step 111, where the position Switching 
manipulation flag Xchg is set to “off.” 
0.172. Then, the routine proceeds to step 112 shown in 
FIG. 9, where the count CT of a counter that counts the 
current Supply time of the current Supply phase is incre 
mented. At the next step 113, it is determined whether the 
current Supply time CT of the current Supply phase has 
exceeded the current supply time T that was set in the routine 
of FIG. 10 or 11. If the current supply time CT has not 
exceeded the current supply time T, this routine is finished 
without executing the remaining steps. In this manner, 
current Supply is continued for the current Supply phase until 
the current supply time CT of the current supply phase 
exceeds the current supply time T (=T1 or T2) that was set 
in the routine of FIG. 10 or 11. 

0173 Then, at an instant when the current supply time 
CT of the current supply phase has exceeded the current 
supply time T (=T1 or T2) that was set in the routine of FIG. 
10 or 11, the routine proceeds to step 114, where the count 
CASE of the current-supply counter is incremented by one 
and the current Supply phase is Switched to the next phase. 
At the next step 115, the count CT of the current supply time 
counter is reset. At the next step 116, it is determined 
whether the count CASE of the current-supply counter has 
reached “6” meaning that the initial drive should be finished. 
If the count CASE has reached “6, the routine proceeds to 
step 118, where an initial drive end flag Xend is set to “on” 
meaning that the initial drive should be finished. 
0174] If the count CASE has not reached “6” yet, that is, 
if the initial drive should be continued, the routine proceeds 
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to step 117, where it is determined whether a condition for 
terminating the initial drive halfway is satisfied. Whether the 
condition for terminating the initial drive halfway is satisfied 
is determined according to the following three criteria: 
0175 (1) The range determination flag Xnp is “0” (P-po 
sition). 
0176 (2) The count CASE of the current-supply is equal 
to 2 or 4, that is, two-phase current Supply has finished. 
0177 (3) The position switching manipulation flag Xchg 

is "on,” that is, a position Switching manipulation has been 
performed during the initial drive. 
0178 If at least one of the criteria (1) to (3) is not met, 
the condition for terminating the initial drive halfway is not 
satisfied and hence the initial drive is continued. In contrast, 
if all the three criteria (1) to (3) are met, the condition for 
terminating the initial drive halfway is satisfied and the 
routine proceeds to step 118, where the initial drive end flag 
Xend is set to “on” meaning that the initial drive should be 
finished. 

0179 Then, the routine proceeds to step 119, where it is 
determined whether the range determination flag Xnp is “1” 
(i.e., whether the initial drive has been performed with the 
non-P-position). If the range determination flag Xnp is “1,” 
the routine proceeds to step 120, where an encoder count 
Ncnt at the end of the initial drive is stored as an initial 
positional deviation learned value Gcnt. At the next step 
121, the encoder count Ncnt is corrected to a value having 
the non-P position as a reference according to the following 
equation: 

Norf-North-288 

0180. In this embodiment, if the encoder count Ncnt is 
increased starting from the P-position holding position that 
is the Zero-count position, the encoder count Nicnt becomes 
288, for example, when the rotor 32 has rotated to the 
non-P-position holding position. Therefore, if the initial 
drive is performed with the non-P-position, an encoder 
count Nicnt at the end of the initial drive is corrected to a 
value having the non-P position as a reference by adding 288 
to it. 

0181. On the other hand, if it is determined at step 119 
that the range determination flag Xnp is “0” (the initial drive 
has been performed with the P-position), the routine pro 
ceeds to step 122, where an initial positional deviation 
learned value Gcnt is calculated according to the following 
equation by using the encoder count Nicnt at the end of the 
initial drive: 

Gcini=Ncnt--2x(6-CASE) 

0182) If the initial drive has finished without being ter 
minated halfway, the count CASE should be equal to 6 
because of the repeated execution of step 114 and an encoder 
count at the end of the initial drive is employed as an initial 
positional deviation learned value Gcnt as it is. However, 
where the initial drive is performed with the P-position, if a 
position Switching manipulation is performed during the 
initial drive, a transition is made to an ordinary drive after 
completion of the next two-phase current Supply (after 
completion of the current two-phase current Supply if a 
position Switching request occurs during the current two 
phase current Supply). Therefore, an encoder count Nicnt that 
would be obtained if the initial drive were finished without 
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being terminated halfway is inferred and an inferred value is 
employed as an initial positional deviation learned value 
Gcint. The term “2x(6-CASE) is a count increase (herein 
after referred to as “Ncnt correction value') corresponding 
to a rotation angle of current Supply attempts that were not 
made. 

0183 FIG. 14 is a time chart illustrating a relationship 
among the count CASE of the current-Supply counter, the 
Ncnt correction value, the current Supply phase, the A-phase 
signal, the B-phase signal, and the encoder count Nicnt in an 
initial drive. For example, when an initial drive is finished at 
the end of U/W-phase current supply (the count CASE of the 
current-supply counter changes from 1 to 2), the Ncnt 
correction value becomes 2x(6-CASE)=2x(6–2)=8. When 
an initial drive is finished at the end of U/V-phase current 
supply (the count CASE of the current-supply counter 
changes from 3 to 4), the Ncnt correction value becomes 
2x(6-CASE)=2x(6-4)=4. 

Encoder Counter 

0.184 Next, the details of an encoder counter routine 
shown in FIG. 15 will be described. This routine is activated 
by A/B-phase interruption processing in Synchronism with 
both of rising edges and trailing edges of an A-phase signal 
and a B-phase signal and counts both of rising edges and 
trailing edges in the following manner. Upon activation of 
this routine, at step 301, a value A(i) of the A-phase signal 
and a value B(i) of the B-phase signal are read. At the next 
step 302, a count increment AN corresponding to the current 
values A(i) and B(i) and preceding values A(i-1) and B(i-1) 
of the A-phase signal and the B-phase signal is calculated by 
searching a count increment AN calculation map shown in 
F.G. 16. 

0185. The reason for using the current values A(i) and 
B(i) and the preceding values A(i-1) and B(i-1) of the 
A-phase signal and the B-phase signal is to determine a 
rotation direction of the rotor 32 on the basis of order of 
occurrence of the A-phase signal and the B-phase signal. As 
shown in FIG. 17, in the case of normal rotation (i.e., the 
rotation direction from the P-position to the non-P-position), 
the encoder count Nicnt is increased by giving the plus sign 
to the count increment AN. In the case of reverse rotation 
(i.e., the rotation direction from the non-P-position to the 
P-position), the encoder count Nicnt is decreased by giving 
the minus sign to the count increment AN. 

0186. After the calculation of the count increment AN, 
the routine proceeds to step 303, where a new encoder count 
Ncnt is calculated by adding the count increment AN as 
calculated at step 302 to the preceding encoder count Ncnt. 
At the next step 304, for the next counting processing, the 
current values A(i) and B(i) of the A-phase signal and the 
B-phase signal are stored as values A(i-1) and B(i-1), 
respectively. 

Control Mode Setting 

0187. A control mode setting routine shown in FIGS. 
20-22, which is executed in a prescribed cycle (e.g., every 1 
ms) after the end of an initial drive, specifies a control mode 
in the following manner by setting a control mode determi 
nation value “mode” to one of 0, 1, 3, 4, and 5. 
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0188) 
0189 mode=1: ordinary drive (feedback control start 
position stopping and holding process and feedback control) 

0190. 
CSS 

mode=0: current supply off (standby) 

mode=3: target position stopping and holding pro 

0191 mode=4: reversing position stopping and holding 
process 

0192 mode=5: open-loop control 
0193 Upon activation of the control mode setting rou 
tine, at step 401, it is determined whether a system failure 
flag Xfailoff is set to “on” meaning that the position switch 
ing controller 42 is in failure. If the flag Xfailoff is “on,” the 
routine proceeds to step 402, where a process for keeping the 
SR motor 12 in a current supply-off state, whereupon the 
following settings are made: a rotation direction instruction 
value D=0 (stop), a current supply flag Xon=off (current 
supply off), a feedback permission flag Xfb=off (a feedback 
control prohibited), and the control mode determination 
value “mode'-0 (current supply off). 
0194 On the other hand, if the system failure flag 
Xfailoff is “off (no failure), the routine goes from step 401 
to step 403, where it is determined whether the open-loop 
control execution flag Xopen is “off” and the recovery 
process execution flag Xrcv is “off.” If one or both of the 
open-loop control execution flag Xopen and the recovery 
process execution flag Xrcv are “on, the routine proceeds 
to step 404, where the following settings are made to execute 
an open-loop control: the rotation direction instruction value 
D=0 (stop), the control mode determination value “mode’-5 
(open-loop control), and the feedback permission flag Xfb= 
off (a feedback control prohibited). 
0.195 If both of the open-loop control execution flag 
Xopen and the recovery-process execution flag XrcV are 
“off” the routine proceeds to step 405, where it is deter 
mined whether the current supply flag Xon is “on” (current 
supply on). If the current supply flag Xon is “off (current 
supply off), the routine proceeds to step 406, where the 
difference between a target count Acnt and an encoder count 
Ncnt (i.e., the difference between a target position and a 
position of the rotor 32) is calculated and it is determined on 
the basis of the difference Acnt-Nicnt which of normal 
rotation (i.e., rotation from the P-position to the non-P- 
position), reverse rotation (i.e., rotation from the non-P- 
position to the P-position), and a stop the current rotation 
mode is. At this time, a value as corrected by using an initial 
positional deviation learned value Gcnt that was learned in 
the initial drive routine of FIGS. 8 and 9 is used as the 
encoder count Ncnt: 

Nicni–Nicni-Gcini 

The target count Acnt is set by a target count setting routine 
(described later) shown in FIGS. 45 and 46. 
0196) If the difference Acnt-Ncnt between the target 
count Acnt and the encoder count Nicnt is greater than or 
equal to +Kth (e.g., +10), it is determined that the rotor 32 
needs to be rotated in the normal direction (i.e., the rotation 
direction from the P-position to the non-P-position). The 
routine proceeds to step 407, where the following settings 
are made: the rotation direction instruction value D=1 (nor 
mal rotation), the current Supply flag Xon=on (current 
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Supply on), and the control mode determination value 
“mode'-1 (feedback control start position stopping and 
holding process and feedback control). 
0197) If the difference Acnt-Ncnt between the target 
count Acnt and the encoder count Nicnt is Smaller than or 
equal to -Kth (e.g., -10°), it is determined that the rotor 32 
needs to be rotated in the reverse direction (i.e., the rotation 
direction from the non-P-position to the P-position). The 
routine proceeds to step 409, where the following settings 
are made: the rotation direction instruction value D=-1 
(reverse rotation), the current Supply flag Xon=on (current 
Supply on), and the control mode determination value 
“mode'-1 (feedback control start position stopping and 
holding process and feedback control). 
0198 If the difference Acnt-Ncnt between the target 
count Acnt and the encoder count Nicnt is in a range of-Kth 
to +Kth (e.g., -10° to +10), it is determined that the rotor 
32 can be kept at the target position by spring force of the 
detent spring 23 (i.e., it is not necessary to energize the SR 
motor 12). The routine proceeds to step 408, where the 
following settings are made to keep the SR motor 12 in a 
current Supply-off state: the rotation direction instruction 
value D=0 (stop), the current supply flag Xon=off (current 
Supply off), and the control mode determination value 
“mode'-0 (current supply off). 
0199. On the other hand, if it is determined at step 405 
that the current Supply flag Xon is “on” (current Supply on), 
steps 410-415 shown in FIG. 21 are executed, whereby it is 
determined by whether the instructed shift position (target 
position) has been reversed and, if the instructed shift 
position has been reversed, the rotation direction instruction 
value D is reversed. 

0200 More specifically, first, it is determined at step 410 
whether the rotation direction instruction value D is equal to 
“1” (normal rotation). If the rotation direction instruction 
value D is equal to “1” (normal rotation), the routine 
proceeds to step 411, where whether it is necessary to 
change the rotation direction of the rotor 32 from the normal 
direction to the reverse direction is determined on the basis 
of whether the difference Acnt-Ncnt between the target 
count Acnt and the encoder count Nicnt has a negative value. 
If it is necessary to change the rotation direction of the rotor 
32 that way, the routine proceeds to step 412, where the 
rotation direction instruction value D is set to “-1 (reverse 
rotation). 
0201 In contrast, if it is determined at step 410 that the 
rotation direction instruction value D is not equal to “1” 
(normal rotation), that is, if it is determined that the value D 
is equal to “0” or “-1, the routine proceeds to step 413. 
where it is determined whether the rotation direction instruc 
tion value D is equal to “-1 (reverse rotation). If the value 
D is equal to “-1 (reverse rotation), the routine proceeds to 
step 414, where whether it is necessary to change the 
rotation direction of the rotor 32 from the reverse direction 
to the normal direction is determined on the basis of whether 
the difference Acnt-Ncnt between the target count Acnt and 
the encoder count Nicnt has a positive value. If it is necessary 
to change the rotation direction of the rotor 32 that way, the 
routine proceeds to step 415, where the rotation direction 
instruction value D is set to “1” (normal rotation). 
0202) If the rotation direction instruction value D has 
been reversed in the above manner, the routine proceeds to 
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step 416, where the following settings are made to reverse 
the rotation direction of the rotor 32: the control mode 
determination value “mode'–4 (reversing position stopping 
and holding process) and the feedback permission flag 
Xfb=off (feedback control prohibited). Then, the routine 
proceeds to step 417. On the other hand, if the rotation 
direction instruction value D has not been reversed, the 
routine proceeds to step 417 skipping step 416. 

0203 At step 417, it is determined whether the control 
mode determination value “mode” is equal to “4” (reversing 
position stopping and holding process). If the determination 
result is “yes,” the routine proceeds to step 418, where the 
current Supply flag Xon is set to “on” (current Supply on), 
whereupon a reversing position stopping and holding pro 
cess is executed. 

0204 On the other hand, if the determination result at 
step 417 is 'no' (i.e., a reversing position stopping and 
holding process is not to be executed), steps 419–421 shown 
in FIG. 22 are executed, whereby it is determined whether 
the feedback control should be finished. Specifically, it is 
determined at step 419 whether the rotation direction 
instruction value D is greater than or equal to “0” (normal 
rotation or a stop). If the value De0, the routine proceeds to 
step 420, where whether the feedback control should be 
finished is determined on the basis of whether the difference 
Acnt-Ncnt between the target count Acnt and the encoder 
count Ncnt is smaller than or equal to +Kref (e.g., +0.5°). If 
the rotation direction instruction value D is equal to “-1” 
(reverse rotation), the routine proceeds to step 421, where 
whether the feedback control should be finished is deter 
mined on the basis of whether the difference Acnt-Ncnt 
between the target count Acnt and the encoder count Ncnt is 
greater than or equal to -Kref (e.g., -0.5'). 

0205 That is, by setting the feedback control end deter 
mination value Krefto the phase lead (e.g., 2 to 4 counts) of 
the current supply phase, the feedback control is finished at 
an instant that precedes, by a time corresponding to the 
phase lead of the current Supply phase, an instant that is 
determined by the target count Acnt. With this measure, the 
last current Supply phase of the feedback control comes to 
coincide with a current supply phase with which the rotor 32 
is to be stopped and kept at the target position (target count 
Acnt). 
0206. If the determination result at step 420 or 421 is 
“no' (i.e., the feedback control should not be finished), the 
routine proceeds to step 422, where the count CThold of a 
stopping and holding time counter for counting the time of 
a target position stopping and holding process is reset. 

0207. On the other hand, if the determination result at 
step 420 or 421 is “yes” (i.e., the feedback control should be 
finished), the routine proceeds to step 423, where the feed 
back permission flag Xfb is set to “off” (feedback control 
prohibited), whereupon the feedback control is finished and 
a transition is made to a target position stopping, and holding 
process. At the next step 424, the count CThold of the 
stopping and holding time counter is incremented to count 
the time of the target position stopping and holding process. 

0208. Then, at step 425, it is determined whether the time 
CThold of the target position stopping and holding process 
has reached a prescribed time (e.g., 50 ms). If the time 
CThold has not reached the prescribed time (e.g., 50 ms) yet, 
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the routine proceeds to step 426, where the following 
settings are maintained to continue the target position stop 
ping and holding process: the rotation direction instruction 
value D=0 (stop), the current Supply flag Xon=on (current 
Supply on), and the control mode determination value 
“mode'-3 (target position stopping and holding process). 

0209 When the time CThold of the target position stop 
ping and holding process has reached the prescribed time 
(e.g., 50 ms), the routine proceeds to step 427, where the 
following settings are made to turn off the current Supply of 
the SR motor 12: the rotation direction instruction value 
D=0 (stop), the current supply flag Xon=off (current supply 
off), and the control mode determination value “mode'-0 
(current Supply off). 
Time-Synchronous Motor Control 
0210 A time-synchronous motor control routine shown 
in FIG. 23 is activated in a prescribed cycle (e.g., every 1 
ms) after the end of an initial drive. A feedback control start 
position stopping and holding process, a target position 
stopping and holding processing, or a reversing position 
stopping and holding process is executed in this routine. 
0211 Upon activation of this routine, at step 501, it is 
determined whether the feedback permission flag Xfb is 
“off” (feedback control prohibited). If the feedback permis 
sion flag Xfb is “on” (feedback control permitted), the 
routine is finished without executing the remaining steps. In 
this case, current Supply phase setting and current supply 
processing are performed by a feedback control routine 
(described later) shown in FIG. 30. 
0212. On the other hand, if it is determined at step 501 
that the feedback permission flag Xfb is “off” (feedback 
control prohibited), it is determined at steps 502-504 
whether the control mode determination value “mode” is 
equal to 1, 3, or 4. If the control mode determination value 
“mode” is equal to “1” (feedback control start position 
stopping and holding process and feedback control), the 
routine goes from step 502 to step 505, where a mode-1 
routine (described later) shown in FIG. 24 is executed, 
whereby a current Supply phase determination value Mptin 
indicating a current Supply phase with which to execute a 
feedback control start position stopping and holding process 
is calculated. 

0213 If the control mode determination value “mode” is 
equal to '3” (target position stopping and holding process), 
the routine goes from step 503 to step 506, where a mode-3 
routine (described later) shown in FIG. 25 is executed, 
whereby a current Supply phase determination value Mptin 
indicating a current Supply phase with which to execute a 
target position stopping and holding process is calculated. 

0214) If the control mode determination value “mode” is 
equal to “4” (reversing position stopping and holding pro 
cess), the routine goes from step 504 to step 507, where a 
mode-4 routine (described later) shown in FIG. 26 is 
executed, whereby a current Supply phase determination 
value Mptn indicating a current Supply phase with which to 
execute a current Supply position stopping and holding 
process is calculated. 

0215. As described above, if the control mode determi 
nation value “mode” is equal to 1, 3, or 4, a current Supply 
phase determination value Mptn is calculated and the routine 
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proceeds to step 508, where a current Supply processing 
routine shown in FIG. 27 is executed, that is, a feedback 
control start position stopping and holding process, a target 
position stopping and holding processing, or a reversing 
position stopping and holding process is executed. 
0216. On the other hand, if the determination results at all 
of steps 502-504 are “no,” that is, if the control mode 
determination value “mode' is equal to 0 or 5, the routine 
directly proceeds to step 508, where the current supply 
processing routine shown in FIG. 27 is executed, that is, the 
current Supply is turned off or an open-loop control is 
performed. 

Mode-1) 
0217. The mode-1 routine shown in FIG. 24 is a sub 
routine that is activated at step 505 of the time-synchronous 
motor control routine of FIG. 23. In the mode-1 routine, a 
current Supply phase determination value Mptin (current 
Supply phase) for a feedback control start position stopping 
and holding process is set in the following manner. 
0218. Upon activation of this routine, at step 511, the 
count CT1 of a current supply time counter that counts the 
time of a feedback control start position stopping and 
holding process is incremented. At the next step 512, it is 
determined whether the time CT1 of the feedback control 
start position stopping and holding process has exceeded a 
prescribed time (e.g., 10 ms). 

0219. If the time CT1 of the feedback control start 
position stopping and holding process has not exceeded the 
prescribed time (e.g., 10 ms), the routine proceeds to step 
513, where it is determined whether a stopping and holding 
current supply phase storage flag Xhold is “off” (not stored), 
that is, whether the present instant is immediately before a 
start of the feedback control start position stopping and 
holding process. If the stopping and holding current Supply 
phase storage flag Xhold is “off” the routine proceeds to 
step 514, where a current position count Ncnt-Gcnt is set as 
a current Supply phase determination value Mptin for the 
feedback control start position stopping and holding process: 

Mpin-Ncnt-Gcnt 

0220. The current position count Ncnt-Gcnt is an 
encoder count Nicnt as corrected by using an initial posi 
tional deviation learned value Gcnt, and represents a current 
position of the rotor 32 correctly. 
0221) Then, the routine proceeds to step 515, where the 
current supply phase determination value Mptn is divided by 
12 and a remainder Mptin9612 is obtained. The number “12 
is an increase or decrease of the encoder count Nicnt (current 
Supply phase determination value Mptin) that occurs when 
current supply is effected for all the phases around. A current 
Supply phase is determined according to a conversion table 
shown in FIG. 28 on the basis of the value Mptn%12. 
0222. At step 516, whether one-phase current supply 
(U-phase, V-phase, or W-phase) is going to be performed is 
determined on the basis of whether the value Mptn%12 is 
equal to 2, 3, 6, 7, 10, or 11. If one-phase current Supply is 
going to be performed, the routine proceeds to step 517, 
where the current supply phase determination value Mptn is 
incremented by 2 that corresponds to one step so that 
two-phase current Supply (U and V-phases, V and W-phases, 
or U and W-phases) will be performed. Executing the 
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feedback control start position stopping and holding process 
with two-phase current Supply which produces higher torque 
than one-phase current Supply does prevents the rotor 32 
from vibrating in the vicinity of a feedback control start 
position and hence can reliably stop and keep the rotor 32 at 
the feedback control start position. 

0223 The stopping and holding current supply phase 
storage flag Xhold is set to “on” (stored) at the next step 518. 
Then this routine is finished. When this routine is activated 
later, the determination result at step 513 should become 
“no” and hence steps 514-518 are not executed. That is, the 
process of setting a current Supply phase determination 
value Mptn (current supply phase) for the feedback control 
start position stopping and holding process is set is per 
formed only once immediately before a start of the feedback 
control start position stopping and holding process. 

0224. Then, when the time CT1 of the feedback control 
start position stopping and holding process has exceeded the 
prescribed time (e.g., 10 ms), the determination result at Step 
512 becomes “yes,” whereupon the feedback control start 
position stopping and holding process is finished and a 
transition is made to a feedback control. First, at step 519. 
a first current supply phase determination value Mptn with 
which to start the feedback control is set by adding or 
Subtracting, in accordance with a rotation direction, a count 
(e.g., 4 or 3) corresponding to A-phase lead of the current 
Supply phase to or from the current supply phase determi 
nation value Mptin for the feedback control start position 
stopping and holding process, whereupon driving for rotat 
ing the rotor 32 is started. Then, the routine proceeds to step 
520, where the feedback permission flag Xfb is set to “on” 
(feedback control permitted). 

0225 FIG. 32 is a time chart illustrating A-phase for 
which current supply is effected first in the case where 
rotation is started from a state corresponding to the U and 
W-phases. In this case, to start normal rotation (i.e., rotation 
from the P-position to the non-P-position), a current supply 
phase determination value Mptn is calculated according to 
the following equation by using an encoder count Ncnt, an 
initial positional deviation learned value Gcnt, and a normal 
rotation direction phase lead K1: 

Mpin-Ncnt-Gcnt--K1 

0226. If the normal rotation direction phase lead K1 is 
equal to 4, for example, a current Supply phase determina 
tion value Mptn is calculated according to the following 
equation: 

Mpin-Ncnt-Gcnt-4 

To start normal rotation from a state corresponding to the U 
and W-phases, mod(Ncnt-Gcnt) is 4 and hence Mptn%12 is 
equal to 8 (=4+4). The U and V-phases are set as first current 
Supply phases. 

0227. On the other hand, to start reverse rotation (i.e., 
rotation from the non-P-position to the P-position) from a 
state corresponding to the U and W-phases, if a reverse 
rotation direction phase lead K2 is equal to 3, for example, 
a current Supply phase determination value Mptn is calcu 
lated according to the following equation: 
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Mpin = Ncnt - Gont - K2 

= Noni - Gont-3 

To start reverse rotation from a state corresponding to the U 
and W-phases, Mptn'612 is equal to 1 (=4-3). The V and 
W-phases are set as first current Supply phases. 
0228. In this manner, by setting the normal rotation 
direction phase lead K1 and the reverse rotation direction 
phase lead K2 to 4 and 3, respectively, current Supply phase 
Switching patterns for the normal rotation direction and the 
reverse rotation direction can be made symmetrical. In either 
of the normal rotation direction and the reverse rotation 
direction, rotation can be started by effecting current Supply 
first for A-phase of a position that is two steps deviated from 
the current position of the rotor 32. 
Mode-3 
0229. The mode-3 routine shown in FIG. 25 is a sub 
routine that is activated at step 506 of the time-synchronous 
motor control routine of FIG. 23. In the mode-3 routine, a 
current Supply phase determination value Mptin (current 
Supply phase) for a target position stopping and holding 
process is set in the following manner. 
0230. Upon activation of this routine, at step 531, 
whether the current supply phase at the end of the feedback 
control is one phase (U-phase, V-phase, or W-phase) is 
determined on the basis of whether the value Mptn%12 is 
equal to 2, 3, 6, 7, 10, or 11. If it is one-phase, steps 532-534 
are executed, whereby the current Supply phase determina 
tion value Mptn is incremented or decremented by 2 in 
accordance with the rotation direction of the feedback 
control performed so far and the current Supply phase is 
thereby changed to two phases next to the current one phase. 
0231. In doing so, at step 532 the rotation direction is 
determined in the following manner. The rotation direction 
instruction value D is set to “0” (stop) at step 426 in FIG. 
22 immediately before this routine is activated (i.e., when 
the feedback control has finished). Therefore, the rotation 
direction cannot be determined by checking the rotation 
direction instruction value D. In view of this, in this embodi 
ment, with attention paid to the fact that the current Supply 
phase determination value Mptin at the end of the feedback 
control and the position count Ncnt-Gcnt are different from 
each other by the phase lead K1 or K2 of the current supply 
phase, the rotation direction is determined in the following 
manner in accordance with a magnitude relationship 
between the current supply phase determination value Mptin 
at the end of the feedback control and the position count 
Ncnt-Gcnt. 

0232) If Mptnc(Ncnt-Gcnt), the rotation direction is 
determined to be normal rotation (i.e., the rotation direction 
from the P-position to the non-P-position). The routine 
proceeds to step 533, where the current supply phase deter 
mination value Mptn is incremented by 2 to as to effect 
two-phase current Supply. 
0233. On the other hand, if Mptn-(Ncnt-Gcnt), the rota 
tion direction is determined to be reverse rotation (i.e., the 
rotation direction from the non-P-position to the P-position). 
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The routine proceeds to step 534, where the current supply 
phase determination value Mptn is decremented by 2 to as 
to effect two-phase current supply. If Mptn=(Ncnt-Gcnt), it 
is determined that the rotor 32 is stopped and hence the 
current Supply phase is not changed. 
0234. As described above, like the feedback control start 
position stopping and holding process, the target position 
stopping and holding process is executed with two-phase 
current Supply which produces higher torque than one-phase 
current Supply does. This makes it possible to prevent the 
rotor 32 from vibrating in the vicinity of a target position and 
hence to reliably stop and keep the rotor 32 at the target 
position. 

Mode-4 
0235. The mode-4 routine shown in FIG. 26, which is a 
subroutine that is activated at step 507 of the time-synchro 
nous motor control routine of FIG. 23, sets a current supply 
phase determination value Mptin for a reversing position 
stopping and holding process in the following manner. 
0236 Upon activation of this routine, at step 541, the 
count CT4 of a current Supply time counter that counts the 
time of a reversing position stopping and holding process. At 
the next step 542, it is determined whether the time CT4 of 
the reversing position stopping and holding process has 
exceeded a prescribed time (e.g., 50 ms). 
0237) If the time CT4 of the reversing position stopping 
and holding process has not exceeded the prescribed time 
(e.g., 50 ms), the routine proceeds to step 543, where 
whether the current Supply phase is one phase (U-phase, 
V-phase, or W-phase) is determined on the basis of whether 
the value Mptn'612 is equal to 2, 3, 6, 7, 10, or 11. If the 
current supply phase is one phase, steps 544-546 are 
executed, whereby the current Supply phase determination 
value Mptn is incremented or decremented by 2 in accor 
dance with the rotation direction of the feedback control 
performed so far and the current Supply phase is thereby 
changed to two phases next to the current one phase. Steps 
543-546 are the same as steps 531-534 of the above mode-3 
routine of FIG. 25. 

0238. As described above, like the feedback control start 
position stopping and holding process and the target position 
stopping and holding process, the reversing position stop 
ping and holding process is executed with two-phase current 
Supply which produces higher torque than one-phase current 
supply does. This makes it possible to prevent the rotor 32 
from vibrating in the vicinity of a reversing position and 
hence to reliably stop the rotor 32 at the reversing position 
and keep it there. 
0239). Then, when the time CT4 of the reversing position 
stopping and holding process has exceeded the prescribed 
time (e.g., 50 ms), the determination result at step 542 
becomes “yes,” whereupon the reversing position stopping 
and holding process is finished and the feedback control is 
restarted. First, at step 547, a first current supply phase 
determination value Mptin for the new feedback control is set 
by adding or Subtracting, in accordance with a rotation 
direction, a count (e.g., 4 or 3) corresponding to A-phase 
lead of the current Supply phase to or from the current Supply 
phase determination value Mptin for the reversing position 
stopping and holding process, whereupon driving for rotat 
ing the rotor 32 is started. Then, the routine proceeds to step 
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548, where the following settings are made: the feedback 
permission flag Xfb=on (feedback control permitted), the 
current supply time count CT4=0, and the control mode 
determination value “mode'-1 (ordinary drive). Then this 
routine is finished. 

Current Supply Process 
0240 The current supply processing routine shown in 
FIG. 27 is a subroutine that is activated at step 508 of the 
time-synchronous motor control routine of FIG. 23. This 
routine is also activated at step 603 of the feedback control 
routine (described later) shown in FIG. 30. 
0241 Upon activation of the current supply processing 
routine of FIG. 27, at step 551, it is determined whether the 
control mode determination value “mode' is equal to “10 
(current supply off). If the control mode determination value 
“mode” is equal to “0” (current supply off), the routine 
proceeds to step 552, where all the phases are rendered in a 
current Supply-off state to establish a standby State. 
0242 On the other hand, if the determination result at 
step 551 is “no,” the routine proceeds to step 553, where it 
is determined whether the control mode determination value 
“mode” is equal to “5” (open-loop control). If the control 
mode determination value “mode' is equal to “5” (open 
loop control), he routine proceeds to step 554, where an 
open-loop control is performed. In the open-loop control, the 
rotor 32 is rotated to a target position by setting current 
Supply phases by time-synchronous processing having a 
cycle of 1 ms, for example, when the encoder 46 has failed 
or an operation abnormality has occurred in the SR motor 
12. 

0243 If the determination results at both of steps 551 and 
553 are “no,' that is, if the control mode determination value 
“mode” is equal to 1 (feedback control start position stop 
ping and holding process and feedback control), 3 (target 
position stopping and holding process), or 4 (reversing 
position stopping and holding process), the routine proceeds 
to step 555, where a current supply phase is set in accor 
dance with a value Mpt'/612 using the conversion table of 
FG. 28. 

0244. Then, the routine proceeds to step 556, where it is 
determined whether a butting control is being performed 
(i.e., whether a P-position-side butting control flag Xexp or 
a non-P-position-side butting control flag Xexnp is “on”). If 
no butting control is being performed, the routine proceeds 
to step 557, where the current supply duty ratio of the SR 
motor 12 is set to 100%. If a butting control is being 
performed, the routine proceeds to step 558, where the 
current supply duty ratio of the SR motor 12 is set to 10% 
to 30%, for example, in accordance with a battery voltage as 
a power source voltage for the SR motor 12 by using a table 
of FIG. 29. As a result, during a butting control, the torque 
of the SR motor 12 is made much lower than in an ordinary 
drive. 

0245. In the exemplary table of FIG. 29, in view of the 
characteristic that the torque of the SR motor 12 increases as 
the power source voltage for the SR motor 12 (i.e., the 
battery voltage) increases, the current Supply duty ratio is set 
smaller as the power source voltage for the SR motor 12 
(i.e., the battery Voltage) increases. This makes the torque of 
the SR motor 12 approximately constant irrespective of 
whether the power Source Voltage (i.e., the battery Voltage) 
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is high or low, and thereby allows the SR motor 12 to always 
generate minimum torque that is necessary for a butting 
control. 

0246. After the current supply duty ratio has been set in 
the above manner, the routine proceeds to step 559, where 
the ECU 41 outputs control signals to the motor drivers 37 
and 38, whereby the windings of the current supply phase 
that was set at step 555 are energized with the current supply 
duty ratio that was set at step 557 or 558 and the SR motor 
12 is thereby driven. 
Feedback Control 
0247 Next, the details of the feedback control routine 
shown in FIG. 30 will be described. This routine is executed 
by A/B-phase interruption processing. In this routine, in a 
state that the feedback control execution conditions are 
satisfied after the end of an initial drive, the rotor 32 is 
rotated until its rotation position (Ncnt-Gcnt) reaches a 
position that is 0.5°, for example, short of a target position 
(target count Acnt) by Switching the current Supply phase on 
the basis of the encoder count Ncnt and an initial positional 
deviation learned value Gcnt. 

0248. Upon activation of the feedback control routine of 
FIG. 30, at step 601, it is determined whether the feedback 
permission flag Xfb is “on” (i.e., whether the feedback 
control execution conditions are satisfied). If the feedback 
permission flag Xfb is “off” (i.e., the feedback control 
execution conditions are not satisfied), this routine is fin 
ished without executing the remaining steps. 
0249 On the other hand, if the feedback permission flag 
Xfb is "on, the routine proceeds to step 602, where a 
current Supply phase setting routine (described later) shown 
in FIG.31 is executed, whereby a current supply phase is set 
on the basis of a current encoder count Nicnt and an initial 
positional deviation learned value Gcnt. At the next step 
603, the current supply processing routine of FIG. 27 is 
executed. 

Current Supply Phase Setting 
0250) The current supply phase setting routine of FIG. 31 

is a subroutine that is activated at step 602 of the feedback 
control routine of FIG. 30. Upon activation of this routine, 
at step 611, it is determined whether the rotation direction 
instruction value D indicating a rotation direction toward a 
target position is equal to “1” that means the normal rotation 
direction (i.e., the rotation direction from the P-position to 
the non-P-position). If it is determined that the rotation 
direction instruction value D is equal to “1” (normal rota 
tion), the routine proceeds to step 612, where it is deter 
mined whether the rotation direction of the rotor 32 has 
reversed (i.e., whether the encoder count Ncnt has 
decreased) contrary to the rotation direction instruction. If 
the rotation direction has not reversed, the routine proceeds 
to step 613, where the current supply phase determination 
value Mptn is updated according to the following equation 
by using a current encoder count Ncnt, an initial positional 
deviation learned value Gcnt, a normal rotation direction 
phase lead K1, and a speed phase lead correction amount Ks: 

0251 The normal rotation direction phase lead K1 is 
A-phase lead of the current Supply phase that is necessary to 
rotate the rotor 32 in the normal direction (i.e., A-phase lead 
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of the current supply phase with respect to the current 
rotation phase of the rotor 32), and is set to “4” for example. 
0252) The speed phase lead correction amount Ks is 
A-phase lead correction amount that is set in accordance 
with a rotation speed of the rotor 32, and is set by a speed 
phase lead correction amount setting routine (described 
later) shown in FIG. 34. For example, the speed phase lead 
correction amount Ks is set to “0” in a low-speed range and 
is increased to “1” or “2, for example, as the rotation speed 
increases. As a result, the current Supply phase determina 
tion value Mptn is corrected so as to indicate a current 
supply phase that is suitable for a rotation speed of the rotor 
32. 

0253) On the other hand, if it is determined at step 612 
that the rotation direction of the rotor 32 has reversed 
contrary to the rotation direction instruction, the current 
Supply phase determination value Mptn is not updated to 
prevent progress of the reversed rotation. In this case, 
current supply is effected for the phase for which current 
supply was effected immediately before the reversing (i.e., 
the preceding current Supply phase), whereby braking torque 
is generated in Such a direction as to Suppress the reversed 
rotation. 

0254. If it is determined at step 611 that the rotation 
direction instruction value D is equal to “-1 (the reverse 
rotation direction, i.e., the rotation direction from the non 
P-position to the P-position), the routine proceeds to step 
614, where it is determined whether the rotation direction of 
the rotor 32 has reversed (i.e., whether the encoder count 
Ncnt has increased) contrary to the rotation direction 
instruction. If the rotation direction has not reversed, the 
routine proceeds to step 615, where the current supply phase 
determination value Mptn is updated according to the fol 
lowing equation by using a current encoder count Ncnt, an 
initial positional deviation learned value Gcnt, a reverse 
rotation direction phase lead K2, and a speed phase lead 
correction amount KS: 

Mpin-Ncnt-Gcnt-K2-Ks 

0255 The reverse rotation direction phase lead K2 is 
A-phase lead of the current Supply phase that is necessary to 
rotate the rotor 32 in the reverse direction (i.e., A-phase lead 
of the current supply phase with respect to the current 
rotation phase of the rotor 32), and is set to “3, for example. 
As in the case of the normal rotation, the speed phase lead 
correction amount Ks is set by the speed phase lead correc 
tion amount setting routine (described later) shown in FIG. 
34. 

0256. On the other hand, if it is determined at step 614 
that the rotation direction of the rotor 32 has reversed 
contrary to the rotation direction instruction, the current 
Supply phase determination value Mptn is not updated to 
prevent progress of the reversed rotation (i.e., normal rota 
tion). In this case, current supply is effected for the phase for 
which current supply was effected immediately before the 
reversing (i.e., the preceding current Supply phase), whereby 
braking torque is generated in Such a direction as to suppress 
the reversed rotation (i.e., normal rotation). 
0257. After the current supply phase determination value 
Mptn has been determined in the above manner, the current 
supply processing routine of FIG. 27 is executed. While the 
feedback control is being performed, a current Supply phase 
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corresponding to a value Mptn%12 is selected at step 555 by 
searching the conversion table of FIG. 28 and current supply 
is effected for the selected current supply phase. 

Rotor Rotation Speed Calculation 
0258. A rotor rotation speed calculation routine shown in 
FIG. 33, which is executed by A/B-phase interruption 
processing, calculates a rotation speed SP of the rotor 32 in 
the following manner. Upon activation of this routine, at Step 
621, it is determined whether the feedback permission flag 
Xfb is “on” (a feedback control is being performed). If the 
feedback permission flag Xfb is “off” (feedback prohibited), 
no correction is performed on A-phase lead of the current 
supply phase in accordance with a rotation speed SP of the 
rotor 32 and hence the routine proceeds to step 624, where 
stored rotation speeds SP and SPa of the rotor 32 are reset. 
Then this routine is finished. 

0259 On the other hand, if the feedback permission flag 
Xfb is “on” (a feedback control is being performed), a 
rotation speed SP of the rotor 32 is calculated in the 
following manner. First, at step 622, time intervals AT(n) 
between rising/trailing edges of an A-phase signal and a 
B-phase signal of the encoder 46 (i.e., time interval at which 
the encoder count increases or decreases) are measured and 
an average of past n time intervals AT(n) is calculated. And 
a rotation speed calculation value SPa is calculated accord 
ing to the following equation: 

0260. In the above equation, Kp is the number of time 
intervals AT(n) per one rotation of the rotor 32 (i.e., a 
variation of the encoder count per one rotation of the rotor 
32). In the case of the rotor 32 having the structure of FIG. 
5, Kp is equal to 96. And ATavXKp is a time sec that is 
required for the rotor 32 to make one rotation. 
0261) Then, the routine proceeds to step 623, where a 
rotation speed SP of the rotor 32 is calculated through 
Smoothing according to the following equation by using the 
rotation speed calculation value SPa: 

where SP(i) is a current rotation speed, SP(i-1) is a preced 
ing rotation speed, and R is a Smoothing coefficient. 

Setting of Speed Phase Lead Correction Amount 
0262 The speed phase lead correction amount setting 
routine shown in FIG. 34, which is activated in a prescribed 
cycle (e.g., every 1 ms), sets a speed phase lead correction 
amount Ks in accordance with a rotation speed SP of the 
rotor 32. Upon activation of this routine, at step 631, it is 
determined whether the feedback permission flag Xfb is 
“on” (a feedback control is being performed). If the feed 
back permission flag Xfb is off (feedback control prohib 
ited), no correction of A-phase lead of the current Supply 
phase is necessary and hence this routine is finished without 
executing the remaining steps. 

0263. On the other hand, if the feedback permission flag 
Xfb is “on” (a feedback control is being performed), steps 
632-636 are executed, whereby a speed phase lead correc 
tion amount Ks is set in the following manner in accordance 
with the rotation speed SP of the rotor 32 that was calculated 
by the rotor rotation speed calculation routine of FIG. 33. 
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0264. If it is determined at step 632 that the rotation speed 
SP of the rotor 32 is lower than a prescribed value Klow 
(e.g., 300 rpm), the routine proceeds to step 634, where the 
speed phase lead correction amount Ks is set to a minimum 
value Ka (e.g., 0). If it is determined at step 633 that the 
rotation speed SP of the rotor 32 is higher than a prescribed 
value Khigh (e.g., 600 rpm), the routine proceeds to step 
636, where the speed phase lead correction amount Ks is set 
to a maximum value Kc (e.g. 2). If the rotation speed SP of 
the rotor 32 is between Klow and Khigh, the routine 
proceeds to step 635, where the speed phase lead correction 
amount Ks is set to an intermediate value Kb (e.g., 1). In this 
manner, the speed phase lead correction amount Ks is set 
larger as the rotation speed SP of the rotor 32 increases. 
0265). Then, the routine proceeds to step 637, where 
whether the rotation position of the rotor 32 has come close 
to a target position (i.e., has entered a deceleration range for 
a stop) is determined on the basis of whether the absolute 
value of the difference between a target count Acnt and an 
encoder count Ncnt, Acint-Ncnt, is smaller than a pre 
scribed value. 

0266 If Acnt-Ncnt is greater than or equal to the 
prescribed value, the routine proceeds to step 639, where it 
is determined whether a butting control is being performed 
(i.e., whether the P-position-side butting control flag Xexp 
or the non-P-position-side butting control flag Xexnp is 
“on”). If no butting control is being performed, the speed 
phase lead correction amount KS that was set in one of steps 
634–636 is used as it is. If a butting control is being 
performed, the routine proceeds to step 640, where the speed 
phase lead correction amount Ks is set to a small value Ke 
(e.g., 0 or -1) to decrease the rotation speed of the rotor 32. 
0267 On the other hand, if Acnt-Ncnt is smaller than 
the prescribed value, it is determined that the rotation 
position of the rotor 32 is in a deceleration range and the 
routine goes from step 637 to step 638, where the speed 
phase lead correction amount Ks is set to a small value Kd 
(e.g., 0 or -1). 
0268 Although in this routine the speed phase lead 
correction amount Ks is switched between three levels in 
accordance with the rotation speed SP of the rotor 32, it may 
be switched between two levels or four or more levels. 

Play Amount Learning 
0269. A play amount learning routine shown in FIG. 36 

is executed in a prescribed cycle (e.g., every 8 ms) after the 
end of an initial drive. Upon activation of this routine, at step 
700, it is determined whether a play amount learning 
completion flag Xg is “on” (i.e., play amount learning 
completed). If the play amount learning completion flag Xg 
is "on, this routine is finished without executing the remain 
ing steps. As a result, play amount learning is performed 
only once during an ignition Switch on-period. The play 
amount learning completion flag Xg is set to "off by an 
initialization processing routine (not shown) that is executed 
immediately after the ignition Switch is turned on. 

0270. On the other hand, if it is determined at step 700 
that the play amount learning completion flag Xg is "off 
(i.e., play amount learning has not completed), the routine 
proceeds to step 701, where it is determined whether the 
instructed shift position is the P-position. If it is the P-po 
sition, the routine proceeds to step 702, where a P-position 
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side butting control routine of FIGS. 39 and 40 is executed 
and an encoder count Np at the time of P-position-side 
butting is stored in the RAM of the ECU 41. On the other 
hand, if the instructed shift position is the non-P-position, 
the routine proceeds to step 703, where a non-P-position 
side butting control routine of FIGS. 42 and 43 is executed 
and an encoder count Nnp at the time of non-P-position-side 
butting is stored in the RAM of the ECU 41. 
0271 Then, the routine proceeds to step 704, where it is 
determined whether both of P-position-side and non-P- 
position-side butting controls have completed (i.e., both of 
a P-position-side butting control completion flag Xp and a 
non-P-position-side butting control completion flag Xnp are 
“on”). If at least one of P-position-side and non-P-position 
side butting controls has not completed yet, this routine is 
finished without executing the remaining steps. 
0272. On the other hand, if both of P-position-side and 
non-P-position-side butting controls have completed the 
routine proceeds to step 705, where an actual measurement 
value ANact of the movable range of the rotor 32 (i.e., the 
movable range of the detent lever 15) from the P-position 
side limit position (i.e., the side wall of the P-position 
holding recess 24) to the non-P-position-side limit position 
(i.e., the side wall of the non-P-position holding recess 25) 
is calculated according to the following equation: 

0273. In the above equation, Nnp is an encoder count at 
the time of non-P-position-side butting and is set to a value 
GNnp that is learned by the non-P-position-side butting 
control routine (described later) of FIGS. 42 and 43. And 
Np is an encoder count at the time of P-position-side butting 
and is set to a value GNp that is learned by the P-position 
side butting control routine-(described later) of FIGS. 39 
and 40. 

0274. After the calculation of the actual measurement 
value ANact of the movable range, the routine proceeds to 
step 706, where a P-position-side play amount AGp and a 
non-P-position-side play amount AGnp are calculated 
according to the following equation using the actual mea 
surement value ANact and a design value ANd of the 
movable range taking a relationship of FIG. 38 into con 
sideration: 

AGp=AGnp=(ANact-ANd)/2 

The design value ANd of the movable range may be calcu 
lated in advance on the basis of design data or set to a center 
value of varied movable ranges in manufacture of mass 
production devices (i.e., an actual measurement value of the 
movable range of a standard device). 
0275. As shown in FIG. 38, the difference ANact-ANd 
between the actual measurement value ANact and the design 
value ANd corresponds to the sum AGp+AGmp of the 
P-position-side play amount AGp and the non-P-position 
side play amount AGmp. Since the P-position-side play 
amount AGp and the non-P-position-side play amount AGmp 
generally coincide with each other, each of them can be 
calculated according to the above equation. 
0276 After the calculation of the play amounts AGp and 
AGmp, the routine proceeds to step 707, where the play 
amount learning completion flag Xg is set to “on” that means 
completion of play amount learning. Then, this routine is 
finished. 
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0277. The actual measurement value ANact and the play 
amounts AGp and AGnp that have been calculated at steps 
705 and 706 are stored, with updating, in a nonvolatile 
memory (not shown) such as an SRAM of the ECU 41 and 
the stored values are held even after turning-off of the 
ignition Switch. After the ignition Switch is turned on next 
time, a target count Acnt is set by a target count setting 
routine (described later) shown in FIGS. 45 and 46 by using 
the actual measurement value ANact of the movable range 
and the play amounts AGp and AGnp that are stored in the 
nonvolatile memory of the ECU 41. 
P-Position-Side Butting Control 
0278. The P-position-side butting control routine shown 
in FIGS. 39 and 40 is a subroutine that is executed at step 
702 of the play amount learning routine of FIG. 36 when the 
instructed shift position is the P-position. Upon activation of 
this routine, at step 711, it is determined whether the 
P-position-side butting completion flag Xp is “on” (i.e., a 
P-position-side butting control has finished). If a P-position 
side butting control has already finished, this routine is 
finished without executing the remaining steps. As a result, 
a P-position-side butting control is performed only once 
during an ignition Switch on-period. 
0279. On the other hand, if it is determined at step 711 
that the P-position-side butting completion flag Xp is “off 
(a P-position-side butting control has not finished), the 
routine proceeds to step 712, where it is determined whether 
the control mode determination value “mode” is equal to 0 
or 3. The control mode determination value “mode” being 
“0” means “current supply off (standby), and the control 
mode determination value “mode” being “3’ means “target 
position stopping and holding process.” 
0280. In this routine, a P-position-side butting control is 
performed when the control mode determination value 
“mode” is equal to 0 or 3 so that it is performed in a state 
that the rotor 32 is stopped at the P-position. 
0281) If the control mode determination value “mode” is 
equal to “0” (current supply off), the routine proceeds to step 
713, where the count CT0p of a mode-0 time counter that 
counts the time during which the value “mode” is kept at “0” 
with the P-position is incremented. If the control mode 
determination value “mode” is equal to 3’ (target position 
stopping and holding process), the routine proceeds to step 
714, where the count CT3p of a mode-3 time counter that 
counts the time during which the value “mode” is kept at '3' 
with the P-position is incremented. The above two time 
counters are used for waiting until vibration of the rotor 32 
settles and the rotor 32 is stopped at the P-position. 
0282) If the control mode determination value “mode” is 
equal to “1” (ordinary drive), “4” (reversing position stop 
ping and holding process), or “5” (open-loop control), the 
rotor 32 is not stopped at the P-position and hence the 
routine proceeds to step 731, where the counts CT0p and 
CT3p of the respective time counters are cleared. 
0283) Then, at step 715, it is determined whether the 
count CT0p of the mode-0 time counter has exceeded a stop 
determination value K0p or the count CT3p of the mode-3 
time counter has exceeded a stop determination value K3p. 
The stop determination value K0p corresponds to a time that 
is necessary for settlement of vibration of the rotor 32 in a 
state that the shift position is the P-position and the control 
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mode determination value “mode' is equal to "O' (current 
supply off). The stop determination value K3p corresponds 
to a time that is necessary for settlement of vibration of the 
rotor 32 in a state that the shift position is the P-position and 
the control mode determination value “mode” is equal to “3 
(target position stopping and holding process). 

0284. If the determination result at step 715 is “no,” it is 
determined that vibration of the rotor 32 has not settled yet. 
The routine proceeds to step 716, where the P-position-side 
butting control flag Xexp is set to “off” In this case, a 
P-position-side butting control is not started. 
0285. On the other hand, if the determination result at 
step 715 is “yes,” it is determined that vibration of the rotor 
32 has settled at the P-position. The routine proceeds to step 
717, where the P-position-side butting control flag Xexp is 
Set to “on.’ 

0286 Then, the routine proceeds to step 718, where it is 
determined whether the P-position-side butting control flag 
Xexp is “on.” If the flag Xexp is “off” the routine proceeds 
to step 719, where all of a butting target count Ag, the count 
CTstop of a stop time counter, and the count CTg of a butting 
control time counter are set to "0.” Then this routine is 
finished. 

0287. On the other hand, if the P-position-side butting 
control flag Xexp is “on,” the routine proceeds to step 720, 
where the butting target count Ag is set to a prescribed value 
Kgp. The butting target count Ag (Kgp) is set to such a value 
that a P-position-side butting control can cause the engaging 
portion 23a of the detent spring 23 to reliably butt against 
the side wall of the P-position holding recess 24 of the detent 
lever 15. 

0288 If the P-position-side butting control flag Xexp is 
"on, the target count Acnt is set to the target count Ag (i.e., 
Kgp) by a target count setting routine (described later) 
shown in FIG. 45. Therefore, a P-position-side butting 
control is performed as shown in FIG. 41, whereby the 
engaging portion 23a of the detent spring 23 butts against 
the side wall of the P-position holding recess 24 of the detent 
lever 15. 

0289. During the P-position-side butting control, the 
count CTg of the butting control time counter is incremented 
at step 721 in FIG. 40 to measure the execution time of the 
P-position-side butting control. At the next step 722, it is 
determined whether the execution time CTg of the P-posi 
tion-side butting control has exceeded a maximum allowable 
learning time Kg (e.g., 500 ms). If the P-position-side 
butting control is performed normally, the engaging portion 
23a of the detent spring 23 should butt against the side wall 
of the P-position holding recess 24 of the detent lever 15 in 
a time that is shorter than the maximum allowable learning 
time Kg, whereupon learning of an encoder count Np at the 
time of P-position-side butting (i.e., the P-position-side 
butting control) is finished. 
0290 Therefore, if the P-position-side butting control is 
not finished even after a lapse of the maximum allowable 
learning time Kg, Some system abnormality Such as a failure 
in the SR motor 12 or the encoder 46 should have happened. 
Therefore, in such a case, to finish the P-position-side 
butting control forcibly, the routine proceeds to step 723, 
where the following settings are made: the P-position-side 
butting control flag Xexp=off, the P-position-side butting 
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completion flag Xp=off, the stop time count CTstop=0, the 
mode-3 time count CT3p=0, the mode-0 time count CTOp= 
0, and the butting control time count CTg=0. Then, this 
routine is finished. 

0291. On the other hand, if the execution time CTg of the 
P-position-side butting control has not exceeded the maxi 
mum allowable learning time Kg, the routine proceeds to 
step 724, where a learned value Vp of the P-position output 
of the output shaft sensor 14 is updated according to the 
following equation: 

where vp(i) is a current P-position output learned value, 
Vp(i-1) is a preceding P-position output learned value, 
Vnsw is a current output of the output shaft sensor 14, and 
Rnsw is a Smoothing coefficient. 
0292 At the next step 725, a learned value of the encoder 
count at the time of P-position-side butting (hereinafter 
referred to as "P-position-side butting learned value') GNp 
is updated according to the following equation: 

0293. In the above equation, GNp(i) is a current P-posi 
tion-side butting learned value, GNp(i-1) is a preceding 
P-position-side butting learned value, and Ncnt is a current 
encoder count. The function “min' is a function of choosing 
a smaller one of GNp(i-1) and Ncnt. The encoder count 
Ncnt is set to a value that has been corrected by using an 
initial positional deviation learned value Gcnt that was 
learned by the initial drive routine of FIGS. 8 and 9. 
0294 Then, the routine proceeds to step 726, where 
whether a state that the engaging portion 23a of the detent 
spring 23 is in contact with the side wall of the P-position 
holding recess 24 of the detent lever 15 has been established 
is determined on the basis of whether the current P-position 
side butting learned value GNp(i) is the same as the pre 
ceding P-position-side butting learned value GNp(i-1). 

0295). As shown in FIG. 41, until a state that the engaging 
portion 23a of the detent spring 23 is in contact with the side 
wall of the P-position holding recess 24 of the detent lever 
15 is established, the rotor 32 rotates and the encoder count 
Ncnt decreases gradually and hence the current P-position 
side butting learned value GNp(i) should be smaller than the 
preceding P-position-side butting learned value GNp(i-1). 
Once a state that the engaging portion 23a of the detent 
spring 23 is in contact with the side wall of the P-position 
holding recess 24 of the detent lever 15 is established 
afterwards, the rotor 32 stops rotating and the encoder count 
Ncnt oscillates or no longer varies. Since the learned value 
GNp(i) is no longer updated, the current P-position-side 
butting learned value GNp(i) should be greater than or equal 
to the preceding P-position-side butting learned value 
GNp(i-1). 

0296) If the determination result at step 726 in FIG. 40 is 
'no.' a State that the engaging portion 23a of the detent 
spring 23 is in contact with the side wall of the P-position 
holding recess 24 of the detent lever 15 is not established 
and hence the routine proceeds to step 727, where the count 
CTstop of the stop time counter is reset. 
0297. On the other hand, if the determination result at 
step 726 in FIG. 40 is “yes,” it is determined that the 
engaging portion 23a of the detent spring 23 may have 
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butted against the side wall of the P-position holding recess 
24 of the detent lever 15 and the routine proceeds to step 
728, where the count CTstop of the stop time counter that 
counts the time of a contact state is incremented. 

0298. Then, the routine proceeds to step 729. The P-po 
sition-side butting control is continued until the count 
CTstop of the stop time counter exceeds a prescribed time 
Kstop (e.g., 60 ms) at step 729. At an instant when the state 
that the determination result at step 726 is “yes” has con 
tinued for the prescribed time Kstop or more, it is deter 
mined that occurrence of a contact state has been confirmed 
and the routine proceeds to step 730. At step 730, the 
following settings are made to finish the P-position-side 
butting control: the P-position-side butting control flag 
Xexp=off, the P-position-side butting completion flag 
Xp=on, the P-position-side butting encoder count Np=GNp+ 
ANover (ANover is a ride correction value), the stop time 
count CTstop=0, the mode-3 time count CT3p=0, and the 
mode-0 time count CTOp=0. Then, this routine is finished. 
0299 The ride correction value ANover is an angle by 
which the engaging portion 23a of the detent spring 23 
slightly rides the side wall of the holding recess 24 or 25 of 
the detent lever 15 in a state that the engaging portion 23a 
is in contact with the side wall during a butting control. The 
ride correction value ANover is set in accordance-with a 
battery voltage as a power source voltage for the SR-motor 
12 by using the table of FIG. 37. 

0300. The angle (i.e., ride correction value ANover) by 
which the engaging portion 23a of the detent spring 23 rides 
the side wall of the holding recess 24 or 25 of the detent 
lever 15 during a butting control increases as the torque of 
the SR motor 12 increases. In general, the torque of the SR 
motor 12 varies with the power source voltage therefor (i.e., 
battery voltage) and hence a correlation exists between the 
power source voltage and the torque of the SR motor 12. The 
power source Voltage can be used as replacement informa 
tion for the torque of the SR motor 12. Therefore, an actual 
measurement value of the movable range of the rotor 32 can 
be determined accurately by calculating an angle (i.e., a ride 
correction value ANover) by which the engaging portion 23a 
of the detent spring 23 rides the side wall of the holding 
recess 24 or 25 of the detent lever 15 during a butting control 
on the basis of the power source Voltage (i.e., battery 
voltage) as replacement information for the torque of the SR 
motor 12 and correcting an actual measurement value of the 
movable range of the rotor 32 by the ride correction value 
ANover. 

0301 If the side wall of each of the holding recesses 24 
and 25 of the detent lever 15 is formed so as not to be rideed 
by the engaging portion 23a of the detent spring 23, it is not 
necessary to use the ride correction value ANover and hence 
a relationship ANact=Nmp-Np holds. 

Non-P-Position-Side Butting Control 
0302) The non-P-position-side butting control routine 
shown in FIGS. 42 and 43 is a subroutine that is executed 
at step 703 of the play amount learning routine of FIG. 36 
when the instructed shift position is the non-P-position. 
Upon activation of this routine, at step 741, it is determined 
whether the non-P-position-side butting completion flag 
Xnp is “on” (i.e., a non-P-position-side butting control has 
finished). If a P-position-side butting control has already 



US 2006/O 197489 A1 

finished, this routine is finished without executing the 
remaining steps. As a result, a non-P-position-side butting 
control is performed only once during an ignition Switch 
on-period. 

0303. On the other hand, if it is determined at step 741 
that the non-P-position-side butting completion flag Xnp is 
“off” (a non-P-position-side butting control has not fin 
ished), the routine proceeds to step 742, where it is deter 
mined whether the control mode determination value 
“mode” is equal to 0 (current supply off) or 3 (target position 
stopping and holding process). In this routine, a non-P- 
position-side butting control is performed when the control 
mode determination value “mode' is equal to 0 or 3 so that 
it is performed in a state that the rotor 32 is stopped at the 
non-P-position. 

0304 If the control mode determination value “mode” is 
equal to “0” (current supply off), the routine proceeds to step 
743, where the count CTOnp of a mode-0 time counter that 
counts the time during which the value “mode” is kept at “0” 
with the non-P-position is incremented. If the control mode 
determination value “mode” is equal to 3’ (target position 
stopping and holding process), the routine proceeds to step 
744, where the count CT3np of a mode-3 time counter that 
counts the time during which the value “mode” is kept at '3' 
with the non-P-position is incremented. The above two time 
counters are used for waiting until vibration of the rotor 32 
settles and the rotor 32 is stopped at the P-position. 
0305 If the control mode determination value “mode” is 
equal to “1” (ordinary drive), “4” (reversing position stop 
ping and holding process), or “5” (open-loop control), the 
rotor 32 is not stopped at the non-P-position and hence the 
routine proceeds to step 761, where the counts CTOnp and 
CT3np of the respective time counters are cleared. 
0306 Then, at step 745, it is determined whether the 
count CTOnp of the mode-0 time counter has exceeded a 
stop determination value KOnp or the count CT3 np of the 
mode-3 time counter has exceeded a stop determination 
value K3mp. The stop determination value KOnp corre 
sponds to a time that is necessary for settlement of vibration 
of the rotor 32 in a state that the shift position is the 
non-P-position and the control mode determination value 
“mode” is equal to “0” (current supply off). The stop 
determination value K3mp corresponds to a time that is 
necessary for settlement of vibration of the rotor 32 in a state 
that the shift position is the non-P-position and the control 
mode determination value “mode' is equal to 3’ (target 
position stopping and holding process). 

0307) If the determination result at step 745 is “no,” it is 
determined that vibration of the rotor 32 has not settled yet 
and the routine proceeds to step 746, where the non-P- 
position-side butting control flag Xexnp is set to “off” In 
this case, a non-P-position-side butting control is not started. 

0308. On the other hand, if the determination result at 
step 745 is “yes,” it is determined that vibration of the rotor 
32 has settled at the non-P-position and the routine proceeds 
to step 747, where the non-P-position-side butting control 
flag Xexnp is set to “on.” 
0309 Then, the routine proceeds to step 748, where it is 
determined whether the non-P-position-side butting control 
flag Xexnp is “on.” If the flag Xexnp is “off” the routine 
proceeds to step 749, where all of the butting target count 
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Ag, the count CTstop of the stop time counter, and the count 
CTg of the butting control time counter are set to "0.” Then 
this routine is finished. 

0310. On the other hand, if the non-P-position-side butt 
ing control flag Xexnp is "on,” the routine proceeds to step 
750, where the butting target count Ag is set to a prescribed 
value Kgnp. The butting target count Ag (Kgnp) is set to 
Such a value that a non-P-position-side butting control can 
cause the engaging portion 23a of the detent spring 23 to 
reliably butt against the side wall of the non-P-position 
holding recess 25 of the detent lever 15. 
0311. If the non-P-position-side butting control flag 
Xexnp is "on, the target count Acnt is set to the target count 
Ag (i.e., Kgnp) by a target count setting routine (described 
later) shown in FIG. 45. Therefore, a non-P-position-side 
butting control is performed, whereby the engaging portion 
23a of the detent spring 23 butts against the side wall of the 
non-P-position holding recess 25 of the detent lever 15. 
0312. During the non-P-position-side butting control, the 
count CTg of the butting control time counter is incremented 
at step 751 in FIG. 43 to measure the execution time of the 
non-P-position-side butting control. At the next step 752, it 
is determined whether the execution time CTg of the non 
P-position-side butting control has exceeded the maximum 
allowable learning time Kg (e.g., 500 ms). If the non-P- 
position-side butting control is performed normally, the 
engaging portion 23a of the detent spring 23 should butt 
against the side wall of the P-position holding recess 24 of 
the detent lever 15 in a time that is shorter than the maximum 
allowable learning time Kg, whereupon learning of an 
encoder count Nnp at the time of non-P-position-side butting 
(i.e., the non-P-position-side butting control) is finished. 
0313 Therefore, if the non-P-position-side butting con 

trol is not finished even after a lapse of the maximum 
allowable learning time Kg, some system abnormality Such 
as a failure in the SR motor 12 or the encoder 46 should have 
happened. Therefore, in Such a case, to finish the non-P- 
position-side butting control forcibly, the routine proceeds to 
step 753, where the following settings are made: the non 
P-position-side butting control flag Xexnp=off, the non-P- 
position-side butting completion flag Xnp=off, the stop time 
count CTstop=0, the mode-3 time count CT3np=0, the 
mode-0 time count CTOnp=0, and the butting control time 
count CTg=0. Then, this routine is finished. 
0314. On the other hand, if the execution time CTg of the 
non-P-position-side butting control has not exceeded the 
maximum allowable learning time Kg, the routine proceeds 
to step 754, where a learned value Vnp of the non-P-position 
output of the output shaft sensor 14 is updated according to 
the following equation: 

where Vnp(i) is a current non-P-position output learned 
value, Vnp(i-1) is a preceding non-P-position output 
learned value, Vnsw is a current output of the output shaft 
sensor 14, and Rnsw is a Smoothing coefficient. 
0315. At the next step 755, a learned value of the encoder 
count at the time of non-P-position-side butting (hereinafter 
referred to as “non-P-position-side butting learned value') 
GNnp is updated according to the following equation: 
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0316. In the above equation, GNnp(i) is a current non 
P-position-side butting learned value, GNnp(i-1) is a pre 
ceding non-P-position-side butting learned value, and Ncnt 
is a current encoder count. The function “max’ is a function 
of choosing a larger one of GNnp(i-1) and Ncnt. The 
encoder count Nicnt is set to a value that has been corrected 
by using an initial positional deviation learned value Gcnt 
that was learned by the initial drive routine of FIGS. 8 and 
9. 

0317. Then, the routine proceeds to step 756, where 
whether a state that the engaging portion 23a of the detent 
spring 23 is in contact with the side wall of the non-P- 
position holding recess 25 of the detent lever 15 has been 
established is determined on the basis of whether the current 
non-P-position-side butting learned value GNnp(i) is the 
same as the preceding non-P-position-side butting learned 
value GNnp(i-1). 
0318. Until a state that the engaging portion 23a of the 
detent spring 23 is in contact with the side wall of the 
non-P-position holding recess 25 of the detent lever 15 is 
established, the rotor 32 rotates and the encoder count Ncnt 
increases gradually and hence the current non-P-position 
side butting learned value GNnp(i) should be greater than 
the preceding non-P-position-side butting learned value 
GNnp(i-1). Once a state that the engaging portion 23a of the 
detent spring 23 is in contact with the side wall of the 
non-P-position holding recess 25 of the detent lever 15 is 
established afterwards, the rotor 32 stops rotating and the 
encoder count Nicnt oscillates or no longer varies. Since the 
learned value GNnp(i) is no longer updated, the current 
non-P-position-side butting learned value GNnp(i) should 
be greater than or equal to the preceding non-P-position-side 
butting learned value GNnp(i-1). 
0319). If the determination result at step 756 in FIG. 43 is 
'no.' a State that the engaging portion 23a of the detent 
spring 23 is in contact with the side wall of the non-P- 
position holding recess 25 of the detent lever 15 is not 
established and hence the routine proceeds to step 757, 
where the count CTstop of the stop time counter is reset. 
0320 On the other hand, if the determination result at 
step 756 is “yes,” it is determined that the engaging portion 
23a of the detent spring 23 may have butted against the side 
wall of the non-P-position holding recess 25 of the detent 
lever 15 and the routine proceeds to step 758, where the 
count CTstop of the stop time counter that counts the time 
of a contact state is incremented. 

0321) Then, the routine proceeds to step 759. The non 
P-position-side butting control is continued until the count 
CTstop of the stop time counter exceeds the prescribed time 
Kstop (e.g., 60 ms) at step 759. At an instant when the state 
that the determination result at step 756 is “yes” has con 
tinued for the prescribed time Kstop or more, it is deter 
mined that occurrence of a contact state has been confirmed 
and the routine proceeds to step 760. At step 760, the 
following settings are made to finish the non-P-position-side 
butting control: the non-P-position-side butting control flag 
Xexnp=off, the non-P-position-side butting completion flag 
Xnp=on, the non-P-position-side butting encoder count Nnp 
32 GNnp-ANover (ANover is the ride correction value), the 
stop time count CTstop=0, the mode-3 time count CT3np=0. 
and the mode-0 time count CTOnp=0. Then, this routine is 
finished. 
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0322 FIG. 44 is a time chart showing exemplary execu 
tion timing of a P-position-side butting control and a non 
P-position-side butting control. In the example of FIG. 44. 
when the instructed shift position is switched from the 
P-position to the non-P-position sometime after a non 
manipulation on the ignition Switch (i.e., application of 
power), the target count Acnt is set to a temporary target 
count (e.g., 18°) for the non-P-position. The temporary 
target count (e.g., 18°) corresponds to a rotation angle at 
which the engaging portion 23a of the detent spring 23 has 
reliably gone over the projection between the holding 
recesses 24 and 25 of the detent lever 15. 

0323 Therefore, after being rotated to a position corre 
sponding to the temporary target count (e.g., 18°) by a 
feedback control, the rotor 32 is rotated to the non-P- 
position target position (i.e., the bottom of the non-P- 
position holding recess 25) by utilizing momentum of the 
engaging portion 23a of the detent spring 23 being dropped 
toward the bottom along the inclined side wall of the 
non-P-position holding recess 25 of the detent lever 15 by 
elastic force of the detent spring 23. 
0324. Then, when the non-P-position-side butting control 
flag Xexnp is set to “on, the target count Acnt is set to a 
non-P-position-side butting target count Ag (i.e., Kgnp) and 
a non-P-position-side butting control is started. An encoder 
count Nnp (i.e., GNnp) is learned when the engaging portion 
23a of the detent spring 23 butts against the side wall of the 
non-P-position holding recess 25 of the detent lever 15. 
After the learning of the encoder count Nnp, the non-P- 
position-side butting control flag Xexnp is set to “off” and 
the non-P-position-side butting control is finished. 

0325 Then, when the instructed shift position is switched 
from the non-P-position to the P-position, the target count 
Acnt is set to a temporary target count (e.g., 0') for the 
P-position. After being rotated to a position corresponding to 
the temporary target count (e.g., 0') by a feedback control, 
the rotor 32 is rotated to the P-position target position (i.e., 
the bottom of the P-position holding recess 24) by utilizing 
momentum of the engaging portion 23a of the detent spring 
23 being dropped toward the bottom along the inclined side 
wall of the P-position holding recess 24 of the detent lever 
15 by elastic force of the detent spring 23. 
0326. Then, when the P-position-side butting control flag 
Xexp is set to “on, the target count Acnt is set to a 
non-P-position-side butting target count Ag (i.e., Kgp) and a 
P-position-side butting control is started. An encoder count 
Np (i.e., GNp) is learned when the engaging portion 23a of 
the detent spring 23 butts against the side wall of the 
P-position holding recess 24 of the detent lever 15. After the 
learning of the encoder count Np, the P-position-side butting 
control flag Xexp is set to “off” and the P-position-side 
butting control is finished. 
Target Count Setting 

0327. The target count setting routine shown in FIGS. 45 
and 46 is executed in a prescribed cycle (e.g., every 8 ms) 
after the end of an initial drive. Upon activation of this 
routine, at step 771, it is determined whether a butting 
control is being performed (i.e., whether the P-position-side 
butting control flag Xexp or the non-P-position-side butting 
control flag Xexnp is “on”). If a butting control is being 
performed, the routine proceeds to step 772, where the target 
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count Acnt is set to a butting target count Ag. The butting 
target count Ag is set at step 720 in FIG. 39 or step 750 in 
FIG. 42. 

0328. On the other hand, if no butting control is being 
performed, the routine proceeds to step 773, where it is 
determined whether an instructed shift position sft that is 
stored in the RAM of the ECU 41 is the P-position. If it is 
the P-position, the routine proceeds to step 774, where it is 
determined whether a P-position-side butting control has 
completed (i.e., whether the P-position-side butting comple 
tion flag Xp is “on”). If a P-position-side butting control has 
completed, the routine proceeds to step 775, a P-position 
target count Acnt is calculated according to the following 
equation: 

0329. In the above equation, Np is an encoder count at the 
time of P-position-side butting and is a value GNp that was 
learned by the P-position-side butting control routine of 
FIGS. 39 and 40. And AGp is a learned value of the 
P-position-side play amount, and is a preceding value that is 
stored in the nonvolatile memory of the ECU 41 until it is 
updated by a current (i.e., newly calculated) learned value 
AGp of the play amount at step 706 of the play amount 
learning routine of FIG. 36. 
0330. On the other hand, if a P-position-side butting 
control has not completed, the determination result at step 
774 is 'no' and hence the routine proceeds to step 776, 
where it is determined whether a non-P-position-side butting 
control has completed (i.e., whether the non-P-position-side 
butting completion flag Xnp is “on”). If a non-P-position 
side butting control has completed, the routine proceeds to 
step 777, where a P-position target count Acnt is calculated 
according to the following equation: 

Acnt=Nnp-ANact--AGp 

0331 In the above equation, Nnp is an encoder count at 
the time of non-P-position-side butting and is a value GNnp 
that was learned by the non-P-position-side butting control 
routine of FIGS. 42 and 43. And ANact is an actual 
measurement value of the movable range of the rotor 32, and 
is a preceding value that is stored in the nonvolatile memory 
of the ECU 41 until it is updated by a current (i.e., newly 
calculated) actual measurement value ANact of the movable 
range at step 705 of the play amount learning routine of FIG. 
36. 

0332) If neither a P-position-side butting control nor a 
non-P-position-side one has completed (i.e., both of the 
P-position-side and non-P-position-side butting completion 
flags Xp and Xnp are “off”), the target count Acnt cannot be 
corrected by using a play amount AGp or AGmp because 
neither an encoder count Np at the time of P-position side 
butting nor an encoder count Nnp at the time of non-P- 
position side butting has been learned. Therefore, in this 
case, the routine proceeds to step 778, where the P-position 
target count Acnt is set to a temporary P-position target 
count “O.’ 

0333) On the other hand, if it is determined at step 773 
that the instructed shift position Sft is the non-P-position, the 
routine proceeds to step 779 in FIG. 46, where it is deter 
mined whether a non-P-position-side butting control has 
completed (i.e., whether the non-P-position-side butting 
completion flag Xnp is “on”). If a non-P-position-side 
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butting control has completed the routine proceeds to step 
780, where a non-P-position target count Acnt is calculated 
according to the following equation: 

0334. In the above equation, AGmp is a learned value of 
the non-P-position-side play amount, and is a preceding 
value that is stored in the nonvolatile memory of the ECU 41 
until it is updated by a current (i.e., newly calculated) 
learned value AGmp of the play amount at step 706 of the 
play amount learning routine of FIG. 36. 
0335). On the other hand, if a non-P-position-side butting 
control has not completed, the determination result at step 
779 is “no” and hence the routine proceeds to step 781, 
where it is determined whether a P-position-side butting 
control has completed (i.e., whether the P-position-side 
butting completion flag Xp is “on”). If a P-position-side 
butting control has completed, the routine proceeds to step 
782, where a non-P-position target count Acnt is calculated 
according to the following equation: 

Acnt=Np+ANact-AGmp 

0336. If neither a P-position-side butting control nor a 
non-P-position-side one has completed (i.e., both of the 
P-position-side and non-P-position-side butting completion 
flags Xp and Xnp are “off”), the routine proceeds to step 
783, where the non-P-position target count Acnt is set to a 
temporary non-P-position target count Knotp “e.g., 18.5°. 
0337 In setting a target count Acnt in this routine, 
preceding values stored in the nonvolatile memory of the 
ECU 41 are used as play amount learned values AGp and 
AGmp and a movable range actual measurement value ANact 
until the former are updated. Alternatively, the target count 
Acnt may be set to a temporary target count (0 or Knotp) 
until values stored in the nonvolatile memory are updated. 
Setting of Instructed Shift Position 
0338 An instructed shift position setting routine shown 
in FIG. 47 is activated in a prescribed cycle (e.g., every 8 
ms) Upon activation of this routine, at step 801, it is 
determined whether the present instant belongs to a starting 
period (i.e., the present instant is immediately after resetting 
of the CPU of the ECU 41 or application of power to it). If 
the present instant belongs to a starting period, the routine 
proceeds to step 806, where an actual shift position that is 
detected from an output Vnsw of the output shaft sensor 14 
is set as an instructed shift position of starting. Then this 
routine is finished. 

0339. On the other hand, if it is determined at step 801 
that present instant does not belong to a starting period, the 
routine proceeds to step 802, where it is determined whether 
the P-position switch 43 has been manipulated. If the 
P-position switch 43 has been manipulated, the routine 
proceeds to step 803, where the instructed shift position Sft 
is set to the P-position. 
0340) If the P-position switch 43 has not been manipu 
lated, the routine proceeds to step 804, where it is deter 
mined whether the non-P-position switch 44 has been 
manipulated. If the non-P-position switch 44 has been 
manipulated, the routine proceeds to step 805, where the 
instructed shift position Sft is set to the non-P-position. 
0341 Next, a method for setting an instructed shift posi 
tion Sft will be described by using a time chart of FIG. 48. 
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FIG. 48 shows an exemplary control that is performed when 
the CPU of the ECU 41 is reset for a certain reason in a state 
that the vehicle is being driven with the instructed shift 
position sft set to the non-P-position. If the CPU of the ECU 
41 is reset for a certain reason while the vehicle is running, 
it is determined immediately thereafter that the present 
instant belongs to a starting period and an actual shift 
position detected from an output Vnsw of the output shaft 
sensor 14 is set as an instructed shift position Sft. Since the 
actual shift position is the non-P-position while the vehicle 
is running, the instructed shift position Sft is set to the 
non-P-position on the basis of an output Vnsw of the output 
shaft sensor 14 in a starting period after the CPU of the ECU 
41 has been reset for a certain reason. 

0342. As described above, even if the CPU of the ECU41 
is reset for a certain reason while the vehicle is running, the 
instructed shift position Sft is not changed in association 
with the resetting and remains the non-P-position. This 
prevents an undesirable event that the shift position is 
switched to the P-position contrary to the intention of a 
driver. 

0343 Except during a starting period, the instructed shift 
position sft is switched to the P-position or the non-P- 
position in response to a manipulation on the P-position 
switch 43 or the non-P-position switch 44. 
0344) In the above embodiment, in an initial drive that is 
performed after application of power to the ECU 41, current 
supply is effected for all the phases of the SR motor 12 
around according to a prescribed time schedule. Therefore, 
a rotation position of the rotor 32 necessarily coincides with 
one of the current Supply phases. From this time onward, the 
rotor 32 rotates in synchronism with the current supply 
phase Switching and an A-phase signal and a B-phase signal 
are output from the encoder 46 in synchronism with the 
rotation of the rotor 32. Both of rising edges and trailing 
edges of the A-phase signal and the B-phase signal of the 
encoder 46 are counted during the initial drive. Therefore, an 
angle (i.e., a rotation amount) by which the rotor 32 has 
rotated actually in Synchronism with the current Supply 
phase Switching until the end of the initial drive is recog 
nized by checking an encoder count at the end of the initial 
drive, whereby a corresponding relationship between the 
encoder count, a rotation position of the rotor 32, and a 
current supply phase at the end of the initial drive can be 
recognized. 

0345 Therefore, in this embodiment, an encoder count at 
the end of an initial drive is learned as an initial positional 
deviation learned value and each encoder count is corrected 
by using the initial positional deviation learned value in a 
subsequent ordinary drive. Therefore, a deviation between 
an encoder count and a current Supply phase (i.e., a rotation 
position of the rotor 32) at the end of an initial drive can be 
corrected for and correct current Supply phases can be 
selected during an ordinary drive. 
0346 Further, in this embodiment, one-phase current 
Supply and two-phase current Supply are performed alter 
nately in an initial drive. Therefore, the rotor rotation angle 
per step (i.e., per current Supply) is made a half of that of the 
one-phase current Supply method in which current Supply is 
always effected for only one phase and the two-phase current 
supply method in which current supply is always effected for 
two phases, whereby the rotation position of the rotor 32 and 
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the current supply can reliably be synchronized with each 
other during an initial drive. Further, output signals of the 
encoder 46 can be stabilized by stopping vibration of the 
rotor 32 by two-phase current supply which produces high 
torque. 

0347 Even after the rotation position of the rotor 32 and 
the current supply have been synchronized with each other 
during an initial drive, the rotor 32 still vibrates with 
one-phase current Supply which produces low torque. In 
view of this, in this embodiment, during an initial drive, the 
one-phase current Supply time is set shorter than the two 
phase current Supply time. Shortening the time of one-phase 
current supply which causes vibration of the rotor 32 and 
making Switching to the next two-phase current Supply as 
Soon as possible makes it possible to stabilize output signals 
of the encoder 46 by stopping vibration of the rotor 32 
quickly and to shorten the initial drive time. 
0348 However, in the invention, the one-phase current 
Supply time is set the same as the two-phase current Supply 
time. The intended object of the invention can be attained 
even in Such a case. 

0349 Although in this embodiment an initial drive is 
started with one-phase current Supply, it may be started with 
two-phase current Supply. In the latter case, even if a 
position of the rotor 32 at a start of an initial drive does not 
correctly coincide with a position corresponding to first 
two-phase current Supply, the rotation position of the rotor 
32 and the current supply phase can be synchronized with 
each other from the start of the initial drive as long as the 
rotor 32 is located in Such a range as to be moved by high 
torque of the two-phase current Supply. 

0350. The invention is not limited to the configuration 
that one-phase current Supply and two-phase current Supply 
are performed alternately in an initial drive; an initial drive 
may be performed by the one-phase current Supply method 
in which current Supply is always effected for only one phase 
or the two-phase current Supply method in which current 
Supply is always effected for two phases. 
0351. As described above, producing high torque, two 
phase current Supply can rotate the rotor 32 to a position 
corresponding to the two-phase current Supply even if the 
rotor 32 is deviated from the position corresponding to the 
two-phase current supply. Therefore, the probability that 
effecting two-phase current Supply only once or twice during 
an initial drive synchronizes the rotation position of the rotor 
32 and the current supply phase with each other would be 
high. 

0352. In view of the above, in this embodiment, if a 
manipulation of Switching the range from the P-position to 
the non-P-position is performed during a P-position initial 
drive, a transition to an ordinary drive after completion of 
the next two-phase current Supply (after completion of 
two-phase current Supply itself if a position Switching 
manipulation is performed during the two-phase current 
Supply) and a corresponding relationship between an 
encoder count, a rotation position of the rotor 32, and a 
current Supply phase at the end of the two-phase current 
Supply is learned. Therefore, when a manipulation of Switch 
ing the range from the P-position to the non-P-position is 
performed during an initial drive, Switching from the P-po 
sition to the non-P-position can be made quickly in Such a 



US 2006/O 197489 A1 

manner that a corresponding relationship between an 
encoder count, a rotation position of the rotor 32, and a 
current Supply phase is learned and then a transition to an 
ordinary drive is made quickly. This prevents the driver from 
feeling incongruous. 
0353 Usually, the SR motor 12 is not started with the 
non-P-position (because the ignition Switch cannot be turned 
off with a range other than the P-position). However, under 
a special condition, there may occura case that the SR motor 
12 is started with the non-P-position. For example, the SR 
motor 12 may be started with the non-P-position in a case 
that the power to the ECU 41 is shut off instantaneously 
while the vehicle is running or the vehicle is maintained or 
inspected in a service station. 
0354) A logic for starting the SR motor 12 with the 
non-P-position may be omitted to simplify the control 
specification. However, in this embodiment, to accommo 
date the case that an initial drive is performed with the 
non-P-position, if a manipulation of Switching the range 
from the P-position to the non-P-position during a P-position 
initial drive, switching from the P-position to the non-P- 
position is made in Such a manner a transition to an ordinary 
drive is made after the initial drive is completed as sched 
uled. 

0355 Naturally, in the invention, even in the case that an 
initial drive is performed with the non-P-position, a proce 
dure may be followed that is like the one employed in the 
case that an initial drive is performed with the P-position. 
That is, when a position Switching manipulation is per 
formed, a transition is made to an ordinary drive after 
completion of the next two-phase current Supply (after 
completion of two-phase current Supply itself if a position 
Switching manipulation is performed during the two-phase 
current Supply) and a corresponding relationship between an 
encoder count, a rotation position of the rotor 32, and a 
current Supply phase at the end of the two-phase current 
Supply is learned. 
0356. As a further alternative, even if a manipulation of 
switching the range from the P-position to the non-P- 
position is performed during a P-position initial drive, 
switching from the P-position to the non-P-position may be 
made in Such a manner that a transition is made to an 
ordinary drive after the initial drive is completed as sched 
uled (priority is given to learning of an initial positional 
deviation). 
0357. In the above embodiment, in a feedback control, 
the variation direction of the encoder count is monitored and 
it is determined whether the rotation direction of the rotor 32 
has reversed contrary to a rotation direction instruction (i.e., 
an instruction of a rotation direction toward a target posi 
tion). If reversing of the rotation direction is detected, 
current supply for phases with which the rotor 32 is driven 
in the reverse direction is prohibited and current supply is 
effected for A-phase for which current supply was effected 
immediately before the reversing. This makes it possible to 
generate, upon detection of rotation reversing, braking 
torque that suppresses the reverse rotation of the rotor 32. 
The braking torque can Suppress the reverse rotation quickly, 
whereby the rotation direction of the rotor 32 can quickly be 
returned from the reverse direction to the normal direction. 
A stable position Switching control is enabled. 
0358 In this embodiment, upon detection of rotation 
reversing, current supply is effected for A-phase for which 
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current supply was effected immediately before the revers 
ing. Alternatively, current Supply for any phase may be 
prohibited upon detection of rotation reversing. Also in this 
case, generation of torque in the reverse rotation direction 
can be prevented and hence the intended object of the 
invention can be attained. 

0359. In the above embodiment, as shown in FIG. 18, to 
start a feedback control from a state that the SR motor 12 is 
not energized, a feedback control start position stopping and 
holding process in which a current Supply phase is selected 
on the basis of a current encoder count and current Supply is 
effected for that phase is executed for a prescribed time (e.g., 
10 ms) and the rotor 32 is thereafter rotated to a target 
position by performing a feedback control. Therefore, even 
if the position of the rotor 32 deviated in a period when the 
rotor 32 should be stopped, the rotor 32 can be positioned at 
a proper position at the start of a feedback control. 
0360. As a result, at the start of the feedback control, the 
position of the rotor 32 and the current Supply phase (i.e., 
encoder count) can reliably be synchronized with each other 
from the first current supply phase. It becomes possible to 
prevent a loss of synchronization and prevent the rotor 32 
from rotating away from a target position at the start of the 
feedback control, to allow the rotor 32 to reliably rotate to 
the target position with a stable feedback control, and to 
perform a position Switching control (positioning control) 
that is highly stable and reliable. 
0361) Further, in this embodiment, after the end of a 
feedback control, current supply of the SR motor 12 is 
turned off after a target position stopping and holding 
process in which current Supply phase is selected so that the 
rotor 32 is stopped and kept at a position where the rotor 32 
existed at the end of the feedback control and current supply 
is effected for that phase is executed for a prescribed time 
(e.g., 50 ms). This prevents the rotor 32 from passing a target 
position due to inertia at the end of a feedback control 
(occurrence of an overshoot). The requirement of increase in 
the response speed of the position Switching control can be 
satisfied while high stability and reliability of the position 
Switching control are maintained. 
0362. In this embodiment, when the instructed shift posi 
tion (target position) is changed during a feedback control to 
necessitate reversing the rotation direction of the rotor 32, a 
reversing position stopping and holding process in which 
current supply phase with which to stop and hold the rotor 
32 is selected and current supply is effected for that phase is 
executed for a prescribed time (e.g., 50 ms). Then, a feed 
back control is restarted to rotate the rotor 32 to a new target 
position. Therefore, when the instructed shift position (target 
position) is changed during a feedback control, a reversing 
operation can be performed stably by determining a revers 
ing position of the rotor 32. This prevents a loss of synchro 
nization (i.e., deviation of current Supply phases) due to 
deviation of the reversing position and thereby makes it 
possible to reliably rotate the rotor 32 to a new target 
position. 

0363. In this embodiment, a feedback control is finished 
and a transition is made to a target position stopping and 
holding process when the difference between the encoder 
count and a target count corresponding to a target position 
has become Smaller than or equal to a prescribed value (e.g., 
a count corresponding to A-phase lead of the current Supply 
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phase) during the feedback control. Therefore, the last 
current supply phase of the feedback control coincides with 
a current Supply phase with which to stop and keep the rotor 
32 at the target position. This makes it possible to continue 
to effect current supply for the last current supply phase of 
the feedback control even after the transition to the target 
position stopping and holding process. The transition to the 
target position stopping and holding process from the feed 
back control can be made Smoothly. 

0364. In this embodiment, the current supply method by 
which a feedback control start position stopping and holding 
process, a target position stopping and holding process, or a 
reversing position stopping and holding process is going to 
be executed is one-phase current Supply, it is corrected to 
two-phase current supply. Therefore, each of the above 
stopping and holding processes can be executed by two 
phase current Supply which produces high torque. This 
provides an advantage that vibration of the rotor 32 can be 
prevented and the rotor 32 can reliably be stopped and kept 
at an intended position. 

0365 However, in the invention, each of the above 
stopping and holding processes may be executed by one 
phase current Supply. Even in this case, the effect of pre 
venting position deviation of the rotor 32 can be obtained. 

0366. In this embodiment, the rotor 32 is driven by the 
one/two-phase current Supply method in which one-phase 
current Supply and two-phase current Supply are performed 
alternately. Alternatively, the one-phase current supply 
method in which the rotor 32 is driven by only one-phase 
current Supply or the two-phase current Supply method in 
which the rotor 32 is driven by only two-phase current 
Supply may be employed. 

0367. In the above embodiment, a play amount of the 
transmission system of the position Switching mechanism 11 
is learned. Therefore, even if the rotation transmission 
system has play amount, a target position (i.e., target count) 
can be set with the play amount taken into consideration. 
This makes it possible to accurately control the manipulated 
variable for the position Switching mechanism 11. 

0368. Further, in this embodiment, in a state that the rotor 
32 is stopped at the P-position after a control on the position 
Switching mechanism 11 was started without performing 
play amount learning, a P-position-side butting control is 
performed and an encoder count at the time of P-position 
side butting is stored in the RAM of the ECU 41. In a state 
that the rotor 32 is stopped at the non-P-position, a non-P- 
position-side butting control is performed and an encoder 
count at the time of non-P-position-side butting is stored in 
the RAM of the ECU 41. The difference between the 
encoder count at the time of P-position-side butting and the 
encoder count at the time of non-P-position-side butting is 
calculated as an actual measurement value of the movable 
range of the position Switching mechanism 11. The differ 
ence between the actual measurement value of the movable 
range and its design value is learned as a play amount of the 
rotation transmission system. 

0369. Therefore, even if there was sufficient time to learn 
a 25 play amount of the rotation transmission system from 
application of power to the ECU 41 to a start of a control on 
the position Switching mechanism 11 and the control on the 
position Switching mechanism 11 was started without per 
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forming play amount learning, a play amount of the rotation 
transmission system can be learned afterwards by perform 
ing each butting control when the rotor 32 is stopped at the 
P-position or the non-P-position. 
0370. In this embodiment, during a butting control, the 
current Supply duty ratio (i.e., current Supply factor) of the 
SR motor 12 is set smaller than in an ordinary drive, 
whereby the torque of the SR motor 12 is made lower than 
in an ordinary drive. This makes it possible to weaken the 
force of causing the engaging portion 23a of the detent 
spring 23 to butt against the side wall of the holding recess 
24 or 25 of the detent lever 15 during a butting control. As 
a result, the parts of the rotation transmission system such as 
the engaging portion 23a of the detent spring 23 are pre 
vented from being deformed or damaged due to butting 
controls, whereby high durability and reliability can be 
secured. 

0371. In this embodiment, the rotation speed of the rotor 
32 is lowered during a butting control. This decreases the 
speed at which the engaging portion 23a of the detent spring 
23 collides with the side wall of the holding recess 24 or 25 
of the detent lever 15 during butting controls, and hence can 
weaken resulting impact. With the above effect of the 
reduction in the torque of the SR motor 12, this measure 
makes it possible to more reliably prevent the parts of the 
rotation transmission system such as the engaging portion 
23a of the detent spring 23 from being deformed or dam 
aged, to thereby increase the durability and reliability. 
0372. In this embodiment, during a butting control, an 
angle (i.e., a ride correction value) by which the engaging 
portion 23a of the detent spring 23 slightly rides the side 
wall of the holding recess 24 or 25 of the detent lever 15 in 
a state that the engaging portion 23a is in contact with the 
side wall is inferred on the basis of the battery voltage as a 
power source voltage for the SR motor 12. And an actual 
measurement value of the movable range of the position 
switching mechanism 11 is corrected by the inferred value. 
Therefore, even if the position switching mechanism 11 is 
configured in Such a manner that the engaging portion 23a 
of the detent spring 23 rides the side wall of the holding 
recess 24 or 25 of the detent lever 15 during a butting 
control, an actual measurement value of the movable range 
of the position Switching mechanism 11 can be determined 
accurately. 
0373) In this embodiment, when the butting learned value 
has come not to be updated during a butting control, it is 
determined that a state that the engaging portion 23a of the 
detent spring 23 is in contact with the side wall of the 
holding recess 24 or 25 of the detent lever 15 has been 
established, whereupon the butting control is finished. 
Therefore, an encoder count corresponding to a state that the 
engaging portion 23a of the detent spring 23 is in contact 
with the side wall of the holding recess 24 or 25 of the detent 
lever 15 has been established can be determined correctly, 
and hence an actual measurement value of the movable 
range of the position Switching mechanism 11 can be 
determined accurately. Further, the period during which the 
engaging portion 23a of the detent spring 23 is kept in 
contact with the side wall of the holding recess 24 or 25 of 
the detent lever 15 can be shortened, whereby the degree of 
deterioration of the parts of the rotation transmission system 
Such as the engaging portion 23a of the detent spring 23 due 
to butting controls can further be reduced. 
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0374. However, in the invention, the butting control may 
always be performed for a constant time. Even in this case, 
the degree of deterioration of the parts of the rotation 
transmission system can be reduced by weakening the 
torque of the SR motor 12 during butting controls. 
0375. In this embodiment, a butting control is finished 
when it is determined that the engaging portion 23a of the 
detent spring 23 does not butt against the side wall of the 
holding recess 24 or 25 of the detent lever 15 even if the 
butting control has been performed for a prescribed time or 
more. This makes it possible to finish a butting control 
forcibly when a certain abnormality such as a failure in the 
SR motor 12 or the encoder 46 has occurred, which is a 
fail-safe measure. 

0376. In the above embodiment, during a feedback con 
trol, the phase lead of the current Supply phase is corrected 
in accordance with the rotation speed of the rotor 32. 
Therefore, the starting torque can be increased by decreasing 
the phase lead of the current Supply phase at a start of a 
feedback control, whereby the rotation speed of the rotor 32 
can be raised quickly after the feedback control is started. 
Since the phase lead of the current Supply phase is corrected 
So as to increase as the rotation speed of the rotor 12 
increases, a synchronized relationship between the genera 
tion of torque of the current Supply phase and the actual 
rotation phase of the rotor 32 can be maintained even during 
high-speed rotation, which makes it possible to rotate the 
rotor 32 stably at high speed. 
0377. When the rotor 32 has come close to a target 
position afterwards, the phase lead of the current Supply 
phase is corrected in the decreasing direction. This estab 
lishes a state that the generation of torque of the current 
Supply phase delays from the actual rotation phase of the 
rotor 32, which makes it possible to decrease the driving 
torque or generate torque (braking torque) in the direction 
opposite to the rotation direction of the rotor 32, whereby the 
rotation speed of the rotor 32 can be decreased reliably and 
the rotor 32 can be stopped at the target position correctly. 
This makes it possible to perform a feedback control that is 
Superior in starting performance, high-speed rotation per 
formance, and stop performance (deceleration perfor 
mance). 
0378. In this embodiment, as shown in FIG. 18, to start 
a feedback control from a state that the SR motor 12 is not 
energized, a feedback control start position stopping and 
holding process in which current Supply phases are selected 
on the basis of a current encoder count and the rotor 32 is 
stopped and kept at a stop position by two-phase current 
Supply is executed for a prescribed time (e.g., 10 ms). The 
feedback control is then performed to rotate the rotor 32 to 
a target position. With this measure, even if the rotor 32 
deviated in a period when it should be stopped, the rotor 32 
can be positioned at a proper position at the start of a 
feedback control. 

0379 As a result, at the start of a feedback control, the 
position of the rotor 32 and the current Supply phase (i.e., 
encoder count) can reliably be synchronized with each other 
from the first current supply phase. It becomes possible to 
prevent a loss of synchronization and prevent the rotor 32 
from rotating away from a target position at the start of a 
feedback control, to allow the rotor 32 to reliably rotate to 
a target position with a stable feedback control, and to 
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perform a position Switching control (positioning control) 
that is highly stable and reliable. 
0380 Further, in this embodiment, after the end of a 
feedback control, current supply of the SR motor 12 is 
turned off after a target position stopping and holding 
process in which the rotor 32 is stopped and kept, by 
two-phase current Supply, at a position where the rotor 32 
existed at the end of the feedback control is executed for a 
prescribed time (e.g., 50 ms). This prevents the rotor 32 from 
passing a target position due to inertia at the end of a 
feedback control (occurrence of an overshoot). The require 
ment of increase in the response speed of the position 
switching control can be satisfied while high stability and 
reliability of the position Switching control are maintained. 
0381. In this embodiment, when the instructed shift posi 
tion (target position) is changed during a feedback control to 
necessitate reversing the rotation direction of the rotor 32, a 
reversing position stopping and holding process in which the 
rotor 32 is stopped and kept at a reversing position by 
two-phase current Supply is executed for a prescribed time 
(e.g., 50 ms). Then, a feedback control is restarted to rotate 
the rotor 32 to a new target position. Therefore, when the 
instructed shift position (target position) is changed during 
a feedback control, a reversing operation can be performed 
stably by determining a reversing position of the rotor 32. 
This prevents a loss of synchronization (i.e., deviation of 
current Supply phases) due to deviation of the reversing 
position and thereby makes it possible to reliably rotate the 
rotor 32 to a new target position. 
0382. In this embodiment, the current supply method by 
which a feedback control start position stopping and holding 
process, a target position stopping and holding process, or a 
reversing position stopping and holding process is going to 
be executed is one-phase current Supply, it is corrected to 
two-phase current Supply (U and V-phases, V and W-phases, 
or U and W-phases). Therefore, each of the above stopping 
and holding processes can be executed by two-phase current 
Supply which produces high torque. This provides an advan 
tage that vibration of the rotor 32 can be prevented and the 
rotor 32 can reliably be stopped and kept at an intended 
position. 
0383) In this embodiment, the rotor 32 is driven by the 
one/two-phase current Supply method in which one-phase 
current Supply and two-phase current Supply are performed 
alternately. Alternatively, the one-phase current Supply 
method in which the rotor 32 is driven by only one-phase 
current Supply or the two-phase current Supply method in 
which the rotor 32 is driven by only two-phase current 
Supply may be employed. 
0384. In an open-loop control, processing of stopping and 
holding the rotor 32 at a start of driving, at an end of driving, 
or in changing the target position (i.e., in reversing the 
rotation direction) may be performed by two-phase current 
Supply which produces higher torque than one-phase current 
Supply does. With this measure, also in an open-loop control, 
the rotor 32 can be stopped and held stably at a start of 
driving, at an end of driving, or in changing the target 
position (i.e., in reversing the rotation direction). The sta 
bility of an open-loop control can thus be increased. 

Second Embodiment 

0385) In the above first embodiment, with attention paid 
to the fact that the output shaft sensor 14 for detecting a 
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rotation position of the output shaft 13 of the SR motor 12 
(i.e., an actual shift position) is provided, an actual shift 
position that is detected by the output shaft sensor 14 at 
starting (e.g., after resetting of the CPU of the ECU 41 or 
after power application to it) is set as an instructed shift 
position sft of starting. Where the output shaft sensor 14 is 
not provided, it is appropriate to set an instructed shift 
position Sft of starting as in a second embodiment of the 
invention shown in FIGS. 49 and 50. It goes without saying 
that the instructed shift position setting method according to 
the second embodiment may be applied to a system that is 
provided with the output shaft sensor 14. 
0386. In the second embodiment, a latest instructed shift 
position Sft is stored in the nonvolatile memory Such as an 
SRAM of the ECU41 while the vehicle is driven. At starting 
(e.g., after resetting of the CPU of the ECU 41 or power 
application to it), an instructed shift position storage value 
SRAM sft of the nonvolatile memory is set as an instructed 
shift position Sft of starting. 
0387 If the battery is removed, the instructed shift posi 
tion storage value SRAMsft disappears from the nonvolatile 
memory such as an SRAM which needs to be backed up by 
the battery while the power is off. In view of this, in the 
second embodiment, when removal of the battery is 
detected, the instructed shift position sft of starting is set to 
the P-position, for example, that is a shift position with 
which work of removing the battery is performed. 
0388 If the battery is removed, a butting learned values 
GNp etc. that are stored in the nonvolatile memory also 
disappear. Therefore, when removal of the battery is 
detected, not only is the instructed shift position sft of 
starting set to the P-position but also a P-position-side 
butting control is performed forcibly, whereby a P-position 
side butting learned value GNp is determined. 
0389. Further, in the second embodiment, the instructed 
shift position SRAM sft that is stored in the nonvolatile 
memory is made a value that is different from an initial value 
“0” that is set when power is applied to the nonvolatile 
memory. More specifically, a value (e.g., 10) representing 
the P-position and a value (e.g., 20) representing the non 
P-position are stored in the nonvolatile memory. With this 
measure, at starting, whether the battery was removed can be 
determined on the basis of whether the instructed shift 
position SRAM sft that is stored in the nonvolatile memory 
is equal to the initial value "0. Only routines that are 
different than in the first embodiment will be described. 

Setting of Instructed Shift Position 
0390 An instructed shift position setting routine shown 
in FIG. 49 is activated in a prescribed cycle (e.g., every 8 
ms.). Upon activation of this routine, at step 2901, it is 
determined whether the present instant belongs to a starting 
period (i.e., the present instant is immediately after resetting 
of the CPU of the ECU 41 or application of power to it). If 
it is determined that present instant does not belong to a 
starting period, the routine proceeds to step 2902, where it 
is determined whether the P-position switch 43 has been 
manipulated. If the P-position switch 43 has been manipu 
lated, the routine proceeds to step 2903, where the instructed 
shift position Sft is set to the P-position. 
0391) If the P-position switch 43 has not been manipu 
lated, the routine proceeds to step 2904, where it is deter 

Sep. 7, 2006 

mined whether the non-P-position switch 44 has been 
manipulated. If the non-P-position switch 44 has been 
manipulated, the routine proceeds to step 2905, where the 
instructed shift position Sft is set to the non-P-position. Then, 
the routine proceeds to step 2906, where the latest instructed 
shift position Sft is stored in the nonvolatile memory of the 
ECU 41. Then this routine is finished. 

0392. On the other hand, if it is determined at step 2901 
that the present instant belongs to a starting period, the 
routine proceeds to step 2907, where whether the battery 
was removed is determined on the basis of whether the 
instructed shift position SRAM sft that is stored in the 
nonvolatile memory is equal to the initial value “0.” If it is 
determined that the battery was not removed, the routine 
proceeds to step 2910, where the instructed shift position 
storage value SRAM sft of the nonvolatile memory is set as 
an instructed shift position sft of starting. Then this routine 
is finished. 

0393) If it is determined at step 2.907 that the battery was 
removed, the routine proceeds to step 2908, where a battery 
removal flag Xbat is set to “1” to perform a P-position-side 
butting control. At the next step 2909, the instructed shift 
position storage value SRAM sft of the nonvolatile memory 
is set to the P-position. Then, the routine proceeds to step 
2910, where the instructed shift position storage value 
SRAM sft of the nonvolatile memory is set as an instructed 
shift position Sft of starting. Then this routine is finished. 
P-Position-Side Butting Control) 
0394. A P-position-side butting control routine shown in 
FIG. 50 is the same as the first half (FIG. 39) of the 
P-position-side butting control routine of FIGS. 39 and 40 
according to the first embodiment except that step 2711 is 
added to step 711 of the P-position-side butting control 
routine of FIG. 39 and 40. 

0395. Upon activation of the P-position-side butting con 
trol routine of FIG.50, at step 2701, whether the battery was 
removed is determined on the basis of whether the battery 
removal flag Xbat is “1. If the battery was not removed, 
step 2711 and the following steps are executed in the same 
manner as in the first embodiment. 

0396. On the other hand, if it is determined that the 
battery removal flag Xbat is “1” (i.e., the battery was 
removed), the routine proceeds to step 2717, where the 
P-position-side butting control flag Xexp is set to “on. A 
P-position-side butting control is performed thereafter in the 
same manner as in the first embodiment, whereby a P-po 
sition-side butting learned value GNp is determined. 

0397. In the second embodiment described above, a latest 
instructed shift position sft is stored in the nonvolatile 
memory of the ECU 41 while the vehicle is driven. At 
starting, an instructed shift position storage value SRAM Sft 
of the nonvolatile memory is set as an instructed shift 
position Sft of starting. Therefore, even if the CPU of the 
ECU 41 is reset for a certain reason while the vehicle is 
driven, the instructed shaft range Sft is not changed in 
association with the resetting, which prevents trouble that 
the shift position is switched contrary to the intention of the 
driver. 

0398. Further, in the second embodiment, in view of the 
fact that an instructed shift position storage value SRAM sft 
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stored in the nonvolatile memory disappears upon removal 
of the battery, when removal of the battery is detected, the 
instructed shift position sft of starting is set to the P-position 
that is a shift position with which work of removing the 
battery is performed. This secures safety at starting. 

0399. The nonvolatile memory may be a device such as 
an EEPROM that does not require a backup power source. 
In this case, an instructed shift position storage value can be 
held even if the battery is removed. Therefore, at starting it 
is appropriate to set an instructed shift position storage value 
of the nonvolatile memory as an instructed shift position of 
starting irrespective of whether the battery was removed. It 
is not necessary to perform a P-position-side butting control 
again even if the battery is removed. 

Third Embodiment 

0400. During rotation of the SR motor 12, as shown in 
FIG. 52, the encoder 46 outputs an A-phase signal pulse and 
a B-phase signal pulse alternately in Synchronism with the 
rotation of the rotor 32 and also outputs a Z-phase signal 
pulse every time current supply is effected for all the phases 
around and the rotor 32 is rotated by 45°. Since reference 
rotation positions of the rotor 32 can be detected correctly by 
using the Z-phase signal, whether the corresponding rela 
tionship between the rotation position of the rotor 32 and the 
current Supply phase (i.e., encoder count) is not deviated 
from a correct one can be checked by determining whether 
a current supply phase (i.e., encoder count) with which a 
Z-phase signal pulse is output corresponds to a reference 
rotation position of the rotor 32. A highly reliable motor 
control can be performed by performing, if a deviation from 
the correct relationship is found, a Z-phase correction for 
correcting for the deviation. 
04.01 The Z-phase correction is performed by a Z-phase 
correction routine shown in FIG. 51. This routine is acti 
vated by A-phase interruption processing in Synchronism 
with both of rising edges and trailing edges of an A-phase 
signal. Upon activation of this routine, at step 3401, it is 
determined whether a Z-phase signal value Z is equal to “1” 
(high level) and an encoder failure flag Xfail is “off 
meaning that the encoder 46 is not in failure. If the Z-phase 
signal value Z is equal to “0” (low level) or the encoder 
failure flag Xfail is “on” meaning that the encoder 46 is in 
failure, the determination result at step 3401 is “no, where 
upon this routine is finished without executing the remaining 
steps. 

0402. On the other hand, if the determination result at 
step 3401 is “yes,” the routine proceeds to step 3402, where 
a position detection count NZon at the time of output of a 
Z-phase signal pulse (i.e., when the Z-phase signal value Z 
has been inverted to “1”) is stored. The position detection 
count NZon is an encoder count Ncnt at the time of output 
of a Z-phase signal pulse as corrected by using an initial 
positional deviation learned value Gcnt, and a reference 
rotation position (i.e., a position where the Z-phase signal 
pulse is output) of the rotor 32 is detected on the basis of the 
position detection count NZon: 

Nzon=Nont-Gcini 

0403. Then, the routine proceeds to step 4303, where 
whether the rotation direction of the rotor 32 is the normal 
direction (i.e., the rotation direction from the P-position to 
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the non-P-position) on the basis of whether the instant of 
activation of this routine coincides with a rise of the A-phase 
signal. 

0404 As shown in FIG. 52, an A-phase signal pulse and 
a Z-phase signal pulse are output with A-phase difference of 
90° (electrical angle). Therefore, in the case of the normal 
rotation direction (i.e., the rotation direction from the P-po 
sition to the non-P-position), the A-phase signal rises during 
output of a Z-phase signal pulse. In case of the reverse 
rotation direction (i.e., the rotation direction from the non 
P-position to the P-position), the A-phase signal falls during 
output of a Z-phase signal pulse. Therefore, whether the 
current rotation direction is the normal direction or the 
reverse direction can be determined on the basis of whether 
the A-phase signal rises or falls. 

04.05 If it is determined at step 3403 that the instant of 
activation of this routine coincides with a rise of the A-phase 
signal, that is, the rotation direction of the rotor 32 is the 
normal direction (i.e., the rotation direction from the P-po 
sition to the non-P-position), the routine proceeds to step 
3404, where a deviation gz between an actual value and a 
design value of the current Supply phase at the time of output 
of the Z-phase signal pulse. 

0406. In the above equation, K1 is A-phase lead of the 
current Supply phase in the normal rotation direction that is 
necessary to rotate the rotor 32 in the normal direction and 
is set to “4” for example. And mod(NZon/12) is a remainder 
obtained by dividing a position detection count Nzon with 
which the Z-phase signal pulse is output by 12. 

0407. In this embodiment, as shown in FIG. 52, the 
system is designed in Such a manner that mod(NZon/12) 
becomes “4” in the case of the normal rotation direction (i.e., 
the rotation direction from the P-position to the non-P- 
position). Therefore, as long as the control system operates 
normally, gZ=K1-mod(NZon/12) becomes “O.” 

0408. On the other hand, if it is determined at step 3403 
that the instant of activation of this routine coincides with a 
fall of the A-phase signal, that is, the rotation direction of the 
rotor 32 is the reverse direction (i.e., the rotation direction 
from the non-P-position to the P-position), the routine 
proceeds to step 3405, where a deviation gz between an 
actual value and a design value of the current Supply phase 
at the time of output of the Z-phase signal pulse. 

where K2 is A-phase lead of the current supply phase in the 
reverse rotation direction that is necessary to rotate the rotor 
32 in the reverse direction and is set to “3, for example. 

04.09. In this embodiment, as shown in FIG. 52, the 
system is designed in Such a manner that mod(NZon/12) 
becomes '3' in the case of the reverse rotation direction 
(i.e., the rotation direction from the non-P-position to the 
P-position). Therefore, as long as the control system oper 
ates normally, gz=K2-mod(NZon/12) becomes “O.” 

0410. After the calculation of the deviation gz between 
the actual value and the design value of the current Supply 
phase, the routine proceeds to step 3406, where the deviation 
gZ between the actual value and the design value is equal to 
“0.” If the deviation gz is equal to “0” which means that the 
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control system is operating normally, thus routine is finished 
without executing the remaining steps such as a Z-phase 
correction step. 
0411. On the other hand, if the deviation gz between the 
actual value and the design value of the current Supply phase 
is not equal to "0, it is determined that a Z-phase correction 
is necessary and the routine proceeds to step 3407. At step 
3407, the count CgZ of a number-of-Z-phase-corrections 
counter that counts the number of times of Z-phase correc 
tion is incremented. The routine then proceeds to step 3408, 
where a deviation of the initial positional deviation learned 
value Gcnt is corrected for by the deviation gz between the 
actual value and the design value. 

0412. Then, the routine proceeds to step 3409, where it is 
determined whether the count CgZ (i.e., the number of times 
of Z-phase correction) of the number-of-Z-phase-correc 
tions counter has exceeded a determination value. If the 
count CgZ is Smaller than or equal to the determination 
value, it is not determined yet that the encoder 46 is in 
failure. On the other hand, if the count CgZ is greater than 
the determination value, it is determined that the encoder 46 
is in failure and the routine proceeds to step 3410. At step 
3410, the encoder failure flag Xfail is set to “on's meaning 
that the encoder 46 is in failure. The routine is then finished. 

0413. Once the encoder failure flag Xfail is set to “on.” 
the determination result at step 3401 is always “no even if 
this routine is activated by A-phase interruption processing. 
Therefore, this routine is finished forcibly and hence a 
Z-phase correction is not performed. 
0414. In this embodiment, whether the corresponding 
relationship between the rotation position of the rotor 32 and 
the current Supply phase (i.e., encoder count) is not deviated 
from a correct one can be checked by determining whether 
a current Supply phase (i.e., encoder count) with which a 
Z-phase signal pulse is output from the encoder 46 corre 
sponds to A-phase corresponding to a reference rotation 
position of the rotor 32, and, if a deviation from the correct 
relationship is found, a Z-phase correction is performed to 
correct for the deviation. A highly reliable motor control can 
thus be performed. 
0415. If Z-phase corrections are performed repeatedly, 
there is a possibility that erroneous Z-phase corrections are 
being performed. In view of this, in this embodiment, if 
Z-phase corrections are performed a prescribed number of 
times during an ordinary drive, further Z-phase corrections 
are prohibited. This makes it possible to prevent the SR 
motor 12 from being stopped or operating erroneously due 
to repetition of erroneous Z-phase corrections. 

0416) In the Z-phase correction routine of FIG. 51, it is 
determined whether a corresponding relationship between a 
current Supply phase (i.e., encoder count) and a rotation 
position of the rotor 32 when a Z-phase signal pulse is output 
from the encoder 46 is not deviated from a correct one. For 
example, whether a corresponding relationship between a 
current Supply phase (i.e., encoder count) and a rotation 
position of the rotor 32 is not deviated from a correct one 
may be determined on the basis of whether an increase or 
decrease of the encoder count from output of a preceding 
Z-phase signal pulse to output of a current Z-phase signal 
pulse is equal to “12.” 
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0417. In the invention, an encoder that does not output a 
Z-phase signal (i.e., an encoder that outputs only an A-phase 
signal and a B-phase signal may be employed. In this case, 
the Z-phase correcting function is emitted. 

Fourth Embodiment 

0418. In the above embodiments, the phase lead of the 
current Supply phase is corrected in accordance with the 
rotation speed of the rotor 32 or presence/absence of a 
deceleration request. However, almost the same advantages 
can be obtained by Switching the current Supply method in 
accordance with the rotation speed (i.e., whether the present 
instant belongs to an initial drive period) of the rotor 32 or 
presence/absence of a deceleration request. 
0419 For example, if the one/two-phase current supply 
method is employed in an initial drive period, the rotor 
rotation angle per step (i.e., per current Supply) is made a 
half of that of the one-phase current supply method in which 
current Supply is always effected for only one phase and the 
two-phase current Supply method in which current Supply is 
always effected for two phases, whereby rotation of the rotor 
32 can be started quickly by virtue of high torque. If the rotor 
32 is thereafter driven by the one-phase current supply 
method in which current supply is always effected for only 
one phase, the rotor rotation angle per step (i.e., per current 
supply) is made two times that in the initial drive period 
(one/two-phase current supply method), whereby the rotor 
32 can be rotated stably at high speed. 
0420. In this case, when it becomes necessary to decel 
erate the rotation speed of the rotor 32 (e.g., when the rotor 
32 comes close to a target position) in a period when the 
rotor 32 is being driven by the one-phase current supply 
method, Switching may be made from the one-phase current 
Supply method to the one/two-phase current Supply method. 
That is, if Switching is made to the one/two-phase current 
supply method in a state that the rotor 32 is being rotated by 
the one-phase current Supply method, the phase of the 
current Supply phase delays from the actual rotation phase of 
the rotor 32, whereby torque (braking torque) for rotating the 
rotor 32 in the direction opposite to the current rotation 
direction is generated. The rotation speed of the rotor 32 can 
be decreased reliably. In addition, in the one/two-phase 
current Supply method, the rotor rotation speed per step (i.e., 
per current Supply) is a half of that of the one-phase current 
supply method. Therefore, the rotor 32 can accurately be 
stopped at a target position. 

0421. The fourth embodiment of the invention which is 
an implementation of the above concept will be described 
with reference to FIGS. 53 and 54. 

0422. A current supply method setting routine shown in 
FIG. 53, which is activated in a prescribed cycle (e.g., every 
1 ms), sets a current Supply method in the following manner 
in accordance with a rotation speed of the rotor 32 (i.e., 
whether the present instant belongs to an initial drive period) 
or presence/absence of a deceleration request. Upon activa 
tion of this routine, at step 4701, it is determined whether the 
feedback permission flag Xfb is “on” (a feedback control is 
being performed). If the feedback permission flag Xfb is 
“off” (feedback control prohibited), this routine is finished 
without executing the remaining steps. 
0423. On the other hand, if the feedback permission flag 
Xfb is “on” (a feedback control is being performed), the 
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routine proceeds to step 4702, where it is determined 
whether the present instant belongs to an initial drive period 
is determined by using at least one of the following three 
criteria: 

0424 (1) Whether the rotation speed SP of the rotor 32 is 
lower than or equal to a prescribed value. 
0425 (2) Whether the variation of the encoder count (i.e., 
rotor rotation amount) from the start of the drive is smaller 
than or equal to a prescribed value. 
0426 (3) Whether the elapsed time from the start of the 
drive is shorter than or equal to a prescribed value. 
0427. Whether the present instant belongs to an initial 
drive period may be determined on the basis of whether two 
or more of the above criteria (1)–(3) are met. Naturally, a 
criterion other than the above criteria (1)–(3) may be used. 
For example, whether the present instant belongs to an initial 
drive period may be determined on the basis of whether the 
motor load torque is higher than or equal to a prescribed 
value. 

0428 If it is determined at step 4702 that the present 
instant belongs to an initial drive period, the routine pro 
ceeds to step 4703, where the current supply method is set 
to the one?two-phase current Supply method. At the next step 
4704, the speed phase lead correction amount Ks is set to 
“0, for example. As a result, in the initial drive period, the 
rotor 32 is driven by the one/two-phase current supply 
method as in the case of the above embodiments. 

0429. On the other hand, if it is determined at step 4702 
that the present instant does not belong to an initial drive 
period, the routine proceeds to step 4705, where it is 
determined whether a deceleration request has occurred. For 
example, whether the rotation position of the rotor 32 has 
come close to a target position (i.e., whether the rotation 
position of the rotor 32 has entered a deceleration range for 
a stop) is determined on the basis of whether the absolute 
value Acnt-Ncnt of the difference between the target count 
Acnt and the encoder count Ncnt is smaller than a prescribed 
value. Or whether the rotation position of the rotor 32 has 
entered a deceleration range that is set in a feedback control. 
0430) If no deceleration request has occurred, the routine 
proceeds to step 4706, where the current supply method is 
set to the one-phase current Supply method. In the one-phase 
current Supply method, a current Supply phase is determined 
on the basis of a value Mptin'/612 by using a conversion table 
shown in FIG. 54. 

0431 When a deceleration request occurs afterward, the 
determination result at step 4705 becomes “yes” and the 
routine proceeds to step 4707. At step 4707, the current 
Supply method is set to the one/two-phase current Supply 
method. At the next step 4708, the speed phase lead correc 
tion amount Ks is set to "-1" for example. As a result, torque 
(braking torque) for rotating the rotor 32 in the direction 
opposite to the current rotation direction is generated. The 
rotation speed of the rotor 32 can be decreased reliably. 
0432 Combining the switching of the current supply 
method and the correction of the phase lead of the current 
Supply phase in the above manner makes it possible to 
increase the starting performance, high-speed rotation per 
formance, and the stop performance (deceleration perfor 
mance) effectively. However, in the invention, only the 
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Switching of the current Supply method may be employed 
(the correction of the phase lead of the current Supply phase) 
is omitted. 

0433. Further, the rotation speed of the rotor 32 may be 
controlled in accordance with a request rotation speed (i.e., 
a target rotation speed) by setting a request rotation speed 
(i.e., a target rotation speed) during a feedback control and 
correcting the phase lead of the current Supply phase or 
Switching the current Supply method in accordance with the 
thus-set request rotation speed (i.e., target rotation speed). 
For example, when it is intended to increase the rotation 
speed of the rotor 32, it is appropriate to correct the phase 
lead of the current Supply phase so that it is increased or to 
switch the current supply method from the one/two-phase 
current Supply method to the one-phase current Supply 
method (or two-phase current Supply method). Conversely, 
when it is intended to decrease the rotation speed of the rotor 
32, it is appropriate to correct the phase lead of the current 
Supply phase so that it is decreased or to Switch the current 
Supply method from the one-phase current Supply method 
(or two-phase current Supply method) to the one/two-phase 
current Supply method. In this manner, the rotation speed of 
the rotor 32 can be controlled while a feedback control is 
performed on the basis of the encoder count so that the rotor 
32 is rotated to a target position. 
0434. The position switching device according to this 
embodiment is such that switching is made between the two 
ranges, that is, the P-position and the non-P-position. How 
ever, for example, the invention can also be applied to a 
position Switching device that Switches between ranges of P. 
R. N. D., etc. of an automatic, transmission by Switching 
between a position Switching valve and a manual valve of 
the automatic transmission in link with a rotation operation 
of the detent lever 15. 

Fifth Embodiment 

0435. Where a position switching control is performed 
with the SR motor 12 having the encoder 46, a feedback 
control for rotating the rotor 32 to a target position is 
performed every time the instructed shift position (target 
position) is switched from the P-position to the non-P- 
position or in the opposite direction by rotating the rotor 32 
by sequentially Switching the current Supply phase of the 
rotor 12 on the basis of the encoder count. When the encoder 
count has reached a target count that is set in accordance 
with the target position, it is determined that the rotor 32 has 
reached the target position and the feedback control is 
finished, whereby the rotor 32 is stopped at the target 
position. 

0436. In a feedback control on the SR motor 12, the 
current Supply phase is Switched in Synchronism with output 
of A-phase signal pulses and B-phase signal pulses from the 
encoder 46. Therefore, if rotation of the rotor 32 is stopped 
for a certain reason during a feedback control the encoder 46 
stops outputting the A-phase signal and the B-phase signal, 
the current supply phase cannot be switched in the feedback 
control and hence the rotor 32 cannot be rotated to a target 
position. 

0437. In view of the above, in a fifth embodiment of the 
invention, the ECU 41 of the position switching controller 
42 executes, parallel with a feedback control on the SR 
motor 12, in the following manner, a time-synchronous 
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current Supply phase setting process that sets the current 
Supply phase on the basis of the encoder count in a pre 
scribed cycle (e.g., every 1 ms) from a start of the feedback 
control until the rotor 32 is rotated to a rotation position. 
0438. With this configuration, even if the rotation of the 
rotor 32 is once stopped for a certain reason during a 
feedback control and the encoder 46 stops outputting the 
A-phase signal and the B-phase signal, the time-synchro 
nous current Supply phase setting process sets the current 
Supply phase on the basis of an encoder count at that instant. 
Therefore, the time-synchronous current Supply phase set 
ting process can Switch the current Supply phase and hence 
rotate the rotor 32 so that it comes as close to a target 
position as possible. The reliability of the drive control 
(position switching control) on the SR motor 12 can thus be 
increased. 

Time-Synchronous Motor Control 
0439 A time-synchronous motor control routine shown 
in FIG. 55 is activated in a prescribed cycle (e.g., every 1 
ms) after the end of an initial drive. An ordinary drive (a 
feedback control start position stopping and holding process, 
a time-synchronous current Supply phase setting process, 
and a feedback control), a target position stopping and 
holding processing, or a reversing position stopping and 
holding process is executed in this routine. 
0440 Upon activation of this routine, at step 5501, it is 
determined whether the control mode determination value 
“mode” is equal to “1” (ordinary drive). If the control mode 
determination value “mode” is equal to “1,” the routine 
proceeds to step 5505, where a mode-1 routine (described 
later) shown in FIG. 56 is executed, whereby a current 
Supply phase determination value Mptn indicating a current 
supply phase with which to execute a feedback control start 
position stopping and holding process and a time-synchro 
nous current Supply phase setting process is calculated. 
0441) If it is determined at step 5501 that the control 
mode determination value “mode' is not equal to “1,” the 
routine proceeds to step 5502, where it is determined 
whether the feedback permission flag Xfb is “off” (feedback 
control prohibited). If the feedback permission flag Xfb is 
“on” (feedback control permitted), this routine is finished 
without executing the remaining steps. In this case, current 
Supply phase setting and current Supply processing are 
performed by a feedback routine (see FIG. 30). 
0442. In this routine, if the control mode determination 
value “mode” is not equal to “1,” step 5505 (i.e., the mode-1 
routine of FIG. 56) is executed even during a feedback 
control. That is, the feedback control in which current supply 
phases are set in synchronism with output of A-phase signal 
pulses and B-phase signal pulses from the encoder 46 by the 
feedback control routine of FIG. 30 and a time-synchronous 
current Supply phase setting process in which current Supply 
phases are set in a prescribed cycle by the mode-1 routine 
are executed in parallel. With this measure, even if the rotor 
32 is stopped for a certain reason during a feedback control, 
current Supply phase determination values Mptn are calcu 
lated by the time-synchronous current Supply phase setting 
process and the rotor 32 is rotated toward a target position. 
0443) On the other hand, if it is determined at step 5502 
that the feedback control permission flag Xfb is “off (feed 
back control prohibited), it is determined at steps 5503 and 
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5504 whether the control mode determination value “mode' 
is equal to 3 or 4. If the control mode determination value 
“mode” is equal to '3” (target position stopping and holding 
process), the routine goes from step 5503 to step 5506. 
where the mode-3 routine shown in FIG. 25 is executed, 
whereby a current Supply phase determination value Mptin 
indicating a current Supply phase with which to execute a 
target position stopping and holding process is calculated. 
0444 If the control mode determination value “mode” is 
equal to “4” (reversing position stopping and holding pro 
cess), the routine goes from step 5504 to step 5507, where 
a mode-4 routine shown in FIG. 26 is executed, whereby a 
current Supply phase determination value Mptn indicating a 
current Supply phase with which to execute a current Supply 
position stopping and holding process is calculated. 
0445. As described above, if the control mode determi 
nation value “mode” is equal to 1, 3, or 4, a current Supply 
phase determination value Mptn is calculated and the routine 
proceeds to step 5508, where a current supply processing 
routine shown in FIG. 27 is executed, that is, an ordinary 
drive, a target position stopping and holding processing, or 
a reversing position stopping and holding process is 
executed. 

0446. On the other hand, if the determination results at 
both of steps 5503 and 5504 are “no,” that is, if the control 
mode determination value “mode” is equal to 0 or 5, the 
routine directly proceeds to step 5508, where the current 
Supply processing routine shown in FIG. 27 is executed, that 
is, the current Supply is turned off oran open-loop control is 
performed. 

Mode-1) 
0447 The mode-1 routine shown in FIG. 56 is a sub 
routine that is activated at step 5505 of the time-synchronous 
motor control routine of FIG. 55. In the mode-1 routine, a 
current Supply phase determination value Mptin (current 
Supply phase) for a feedback control start position stopping 
and holding process and a time-synchronous current Supply 
phase setting process is set in the following manner. 
0448 Upon activation of this routine, at step 5511, the 
count CT1 of the current supply time counter that counts the 
time of a feedback control start position stopping and 
holding process is incremented. At the next step 5512, it is 
determined whether the time CT1 of the feedback control 
start position stopping and holding process has exceeded a 
prescribed time (e.g., 10 ms). 
0449) If the time CT1 of the feedback control start 
position stopping and holding process has not exceeded the 
prescribed time (e.g., 10 ms), the routine proceeds to step 
5513, where it is determined whether the stopping and 
holding current Supply phase storage flag Xhold is "off (not 
stored), that is, whether the present instant is immediately 
before a start of the feedback control start position stopping 
and holding process. If the stopping and holding current 
supply phase storage flag Xhold is “off” the routine pro 
ceeds to step 5514, where a current position count Ncnt 
Gcnt is set as a current Supply phase determination value 
Mptin for the feedback control start position stopping and 
holding process: 

Mpin-Ncnt-Gcnt 

0450. The current position count Ncnt-Gcnt is an 
encoder count Nicnt as corrected by using an initial posi 
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tional deviation learned value Gcnt that was learned in an 
initial drive, and represents a current position of the rotor 32 
correctly. 

0451. Then, the routine proceeds to step 5515, where the 
current supply phase determination value Mptn is divided by 
12 and a remainder Mptin9612 is obtained. The number “12 
is an increase or decrease of the encoder count Nicnt (current 
Supply phase determination value Mptin) that occurs when 
current supply is effected for all the phases around. A current 
Supply phase is determined according to the conversion table 
shown in FIG. 28 on the basis of the value Mptn%12. 
0452. At step 5516, whether one-phase current supply 
(U-phase, V-phase, or W-phase) is going to be performed is 
determined on the basis of whether the value Mptn%12 is 
equal to 2, 3, 6, 7, 10, or 11. If one-phase current Supply is 
going to be performed, the routine proceeds to step 5517, 
where the current supply phase determination value Mptn is 
incremented by '2' that corresponds to one step so that 
two-phase current Supply (U and V-phases, V and W-phases, 
or U and W-phases) will be performed. Executing the 
feedback control start position stopping and holding process 
with two-phase current Supply which produces higher torque 
than one-phase current Supply does prevents the rotor 32 
from vibrating in the vicinity of a feedback control start 
position and hence can reliably stop and keep the rotor 32 at 
the feedback control start position. 
0453 The stopping and holding current supply phase 
storage flag Xhold is set to “on” (stored) at the next step 518. 
Then this routine is finished. When this routine is activated 
later, the determination result at step 5513 should become 
“no” and hence steps 5514-5518 are not executed. That is, 
the process of setting a current Supply phase determination 
value Mptn (current supply phase) for the feedback control 
start position stopping and holding process is set is per 
formed only once immediately before a start of the feedback 
control start position stopping and holding process. 

0454) Then, when the time CT1 of the feedback control 
start position stopping and holding process has exceeded the 
prescribed time (e.g., 10 ms), the determination result at Step 
5512 becomes “yes,” whereupon the feedback control start 
position stopping and holding process is finished and a 
transition is made to a feedback control. During the feedback 
control, every time this routine is activated in the prescribed 
cycle (e.g., every 1 ms), the current Supply phase setting 
routine of FIG. 31 is executed at step 5519, whereby a 
current Supply phase determination value Mptn is calcu 
lated. It is noted that the current Supply phase setting routine 
is also activated by a feedback control routine. Then, the 
routine proceeds to step 5520, where the feedback permis 
sion flag Xfb is set to “on” (feedback control permitted). 
0455. In the control mode setting routine of FIGS. 20-22, 
when the difference Acnt-Ncnt between the target count 
Acnt and the encoder count Nicnt has become smaller than 
or equal to the prescribed value because of the execution of 
the feedback control, it is determined that the rotor 32 has 
reached the target position (timing for finishing the feedback 
control) and the feedback permission flag Xfb is set to “off.” 
The feedback control is finished and the control mode 
determination value “mode” is set to 3’ (target position 
stopping and holding process). When the prescribed time 
(e.g., 50 ms) has elapsed thereafter, the control mode deter 
mination value “mode” is set to “0” (current supply off). 
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0456 Since the mode-1 routine of FIG. 56 is not acti 
vated after the end of the feedback control, the current 
Supply phase setting by the time-synchronous current Supply 
phase setting process (step 5519) is performed from the start 
of the feedback control until the rotor 32 reaches the target 
position (i.e., until the feedback control is finished). 
0457 FIG. 32 is a time chart illustrating A-phase for 
which current supply is effected first in the case where 
rotation is started from a state corresponding to the U and 
W-phases. In this case, to start normal rotation (i.e., rotation 
from the P-position to the non-P-position), a current supply 
phase determination value Mptn is calculated according to 
the following equation by using an encoder count Ncnt, an 
initial positional deviation learned value Gcnt, and a normal 
rotation direction 29 phase lead K1: 

Mpin-Ncnt-Gcnt--K1 

0458 If the normal rotation direction phase lead K1 is 
equal to 4, for example, a current Supply phase determina 
tion value Mptn is calculated according to the following 
equation: 

Mpin-Ncnt-Gcnt-4 

To start normal rotation from a state corresponding to the U 
and W-phases, mod(Ncnt-Gcnt) is 4 and hence Mptn%12 is 
equal to 8(=4+4). The U and V-phases are set as first current 
Supply phases. 

0459 On the other hand, to start reverse rotation (i.e., 
rotation from the non-P-position to the P-position) from a 
state corresponding to the U and W-phases, if a reverse 
rotation direction phase lead K2 is equal to 3, for example, 
a current Supply phase determination value Mptn is calcu 
lated according to the following equation: 

Mpin = Ncnt - Gont - K2 

= Noni - Gont-3 

To start reverse rotation from a state corresponding to the U 
and W-phases, Mptin9612 is equal to 1 (=4-3). The V and 
W-phases are set as first current Supply phases. 

0460. In this manner, by setting the normal rotation 
direction phase lead K1 and the reverse rotation direction 
phase lead K2 to 4 and 3, respectively, current Supply phase 
Switching patterns for the normal rotation direction and the 
reverse rotation direction can be made symmetrical. In either 
of the normal rotation direction and the reverse rotation 
direction, rotation can be started by effecting current Supply 
first for A-phase of a position that is two steps deviated from 
the current position of the rotor 32. 
Current Supply Phase Setting 
0461 The current supply phase setting routine of this 
embodiment is the same as that shown in FIG. 31. Upon 
activation of this routine, at step 611, it is determined 
whether the rotation direction instruction value D indicating 
a rotation direction toward a target position is equal to “1” 
that means the normal rotation direction (i.e., the rotation 
direction from the P-position to the non-P-position). If it is 
determined that the rotation direction instruction value D is 
equal to “1” (normal rotation), the routine proceeds to step 
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612, where it is determined whether the rotation direction of 
the rotor 32 has reversed (i.e., whether the encoder count 
Ncnt has decreased) contrary to the rotation direction 
instruction. If the rotation direction has not reversed, the 
routine proceeds to step 613, where the current supply phase 
determination value Mptn is updated according to the fol 
lowing equation by using a current encoder count Ncnt, an 
initial positional deviation learned value Gcnt, a normal 
rotation direction phase lead K1, and a speed phase lead 
correction amount KS: 

0462. The normal rotation direction phase lead K1 is 
A-phase lead of the current Supply phase that is necessary to 
rotate the rotor 32 in the normal direction (i.e., A-phase lead 
of the current supply phase with respect to the current 
rotation phase of the rotor 32), and is set to “4” for example. 
0463 The speed phase lead correction amount Ks is 
A-phase lead correction amount that is set in accordance 
with a rotation speed of the rotor 32. For example, the speed 
phase lead correction amount Ks is set to “0” in a low-speed 
range and is increased to “1” or “2 as the rotation speed 
increases. As a result, the current Supply phase determina 
tion value Mptn is corrected so as to indicate a current 
supply phase that is suitable for a rotation speed of the rotor 
32. 

0464 On the other hand, if it is determined at step 612 
that the rotation direction of the rotor 32 has reversed 
contrary to the rotation direction instruction, the current 
Supply phase determination value Mptn is not updated to 
prevent progress of the reversed rotation. In this case, 
current supply is effected for the phase for which current 
supply was effected immediately before the reversing (i.e., 
the preceding current Supply phase), whereby braking torque 
is generated in Such a direction as to Suppress the reversed 
rotation. 

0465. If it is determined at step 611 that the rotation 
direction instruction value D is equal to “-1 (the reverse 
rotation direction, i.e., the rotation direction from the non 
P-position to the P-position), the routine proceeds to step 
614, where it is determined whether the rotation direction of 
the rotor 32 has reversed (i.e., whether the encoder count 
Ncnt has increased) contrary to the rotation direction 
instruction. If the rotation direction has not reversed, the 
routine proceeds to step 615, where the current supply phase 
determination value Mptn is updated according to the fol 
lowing equation by using a current encoder count Ncnt, an 
initial positional deviation learned value Gcnt, a reverse 
rotation direction phase lead K2, and a speed phase lead 
correction amount KS: 

Mpin-Ncnt-Gcnt-K2-Ks 

0466. The reverse rotation direction phase lead K2 is 
A-phase lead of the current Supply phase that is necessary to 
rotate the rotor 32 in the reverse direction (i.e., A-phase lead 
of the current supply phase with respect to the current 
rotation phase of the rotor 32), and is set to “3, for example. 
The speed phase lead correction amount Ks is set in the same 
manner as in the case of the normal rotation. 

0467. On the other hand, if it is determined at step 614 
that the rotation direction of the rotor 32 has reversed 
contrary to the rotation direction instruction, the current 
Supply phase determination value Mptn is not updated to 
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prevent progress of the reversed rotation (i.e., normal rota 
tion). In this case, current supply is effected for the phase for 
which current supply was effected immediately before the 
reversing (i.e., the preceding current Supply phase), whereby 
braking torque is generated in Such a direction as to suppress 
the reversed rotation (i.e., normal rotation). 
0468. After the current supply phase determination value 
Mptn has been determined in the above manner, the current 
supply processing routine is executed. While the feedback 
control is being performed, a current Supply phase corre 
sponding to a value Mptn%12 is selected at step 555 by 
searching the conversion table and the windings 33 or 34 of 
the selected current Supply phase are energized. 
0469. In the above embodiment, a time-synchronous cur 
rent Supply phase setting process that sets the current Supply 
phase on the basis of the encoder count in a prescribed cycle 
(e.g., every 1 mS) from a start of a feedback control on the 
SR motor 12 until the rotor 32 is rotated to a rotation position 
is executed parallel with the feedback control. Therefore, 
even if the rotation of the rotor 32 is stopped for a certain 
reason during a feedback control the encoder 46 stops 
outputting an A-phase signal and a B-phase signal, the 
time-synchronous current Supply phase setting process can 
set a current Supply phase on the basis of an encoder count 
at that instant. Therefore, the rotor 32 can be rotated so as to 
come as close to a target position as possible. The reliability 
of the drive control (position switching control) on the SR 
motor 12 can thus be increased. 

0470. In this embodiment, a time-synchronous current 
Supply phase setting process is executed in the entire period 
from the start of a feedback control to an instant when the 
rotor 32 reaches a target position. Therefore, with whatever 
timing the rotor 32 is stopped, the time-synchronous current 
Supply phase setting process can set a current Supply phase 
without delay immediately after the stop of the rotor 32. This 
provides an advantage that the stop time of the rotor 32 can 
be shortened. 

0471 However, in the invention, a time-synchronous 
current Supply phase setting process-may be continued until 
the rotor 32 is rotated to a target position in a period when 
the rotation speed of the rotor 32 is lower than or equal to 
a prescribed value. With this measure, a time-synchronous 
current Supply phase setting process is executed only after 
the rotation speed of the rotor 32 has decreased to a value at 
which the rotor 32 may stop temporarily. This provides an 
advantage that the computation load of the CPU of the ECU 
41 can be reduced. 

0472. As a further alternative, a time-synchronous cur 
rent Supply phase setting process may be executed only 
when the rotor 32 has stopped in the middle of a feedback 
control. 

0473. The present invention should not be limited to the 
above embodiments and modifications, but may be imple 
mented in various other ways without departing from the 
spirit of the invention. 

1-9. (canceled) 
10. A motor control apparatus comprising: 
an encoder for producing a pulse output signal in Syn 

chronism with rotation of a rotor of a motor; 



US 2006/O 197489 A1 

control means for rotating the rotor to a target position by 
detecting a rotation position of the rotor on the basis of 
a count of the output signal of the encoder and sequen 
tially Switching a current Supply phase of the motor; 

reversing monitoring means for monitoring a variation 
direction of the count of the output signal of the 
encoder, and determining whether a rotation direction 
of the rotor has been reversed from a rotation direction 
toward the target position; and 

reversed rotation preventing means for prohibiting current 
supply for A-phase with which the rotor is driven in a 
reversed direction when the reversing monitoring 
means has detected reversing. 

11. The motor control apparatus according to claim 10, 
wherein the reversing preventing means causes current 
supply for A-phase for which current supply was effected 
immediately before detection of the reversing. 

12. The motor control apparatus according to claim 10, 
wherein the reversing preventing means does not cause 
current Supply for any phase when the reversing monitoring 
means has detected reversing. 

13. The motor control apparatus according to claim 10, 
wherein the motor is a Switched reluctance motor. 

14. The motor control apparatus according to claim 10, 
wherein the encoder produces an A-phase signal and a 
B-phase signal that have a prescribed phase difference in 
synchronism with rotation of the rotor; and 

wherein in updating the count of the encoderby counting 
pulses of the A-phase signal and the B-phase signal in 
rotating the rotor, the control means determines a 
rotation direction of the rotor on the basis of order of 
occurrence of the pulses of the A-phase signal and the 
B-phase signal and increments or decrements the count 
of the encoder in accordance with the determined 
rotation direction of the rotor, and the control means 
Selects a current Supply phase in accordance with a 
resulting count of the encoder and the determined 
rotation direction of the rotor and effects current supply 
for the selected current Supply phase. 

15. The motor control apparatus according to claim 10, 
wherein the motor drives a position Switching mechanism 
for Switching between gear positions of an automatic trans 
mission of a vehicle. 

16. A motor control apparatus comprising: 

an encoder for producing a pulse output signal in Syn 
chronism with rotation of a rotor of a motor, and 

control means for turning off current Supply of the motor 
after executing a feedback control in which rotational 
driving on the rotor is started each time a target position 
is changed and the rotor is rotated to a new target 
position by sequentially Switching a current Supply 
phase of the motor on the basis of a count of the output 
signal of the encoder, 

wherein the control means executes, before starting 
another feedback control from a current supply-off state 
of the motor, in a prescribed period, a feedback control 
start position stopping and holding process in which a 
current Supply phase is selected on the basis of a current 
count of the output signal of the encoder and current 
Supply is effected for the selected current Supply phase, 
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and the control means thereafter rotates the rotor to a 
target position by performing the feedback control. 

17. The motor control apparatus according to claim 16, 
wherein the control means executes the feedback control 
start position stopping and holding process by two-phase 
current Supply. 

18. The motor control apparatus according to claim 16, 
wherein the control means executes, after an end of the 
feedback control, in a prescribed period, a target position 
stopping and holding process in which a current Supply 
phase is selected and current supply is effected therefor so 
that the rotor is stopped and kept at a position where the rotor 
was located at the end of the feedback control, and then the 
control means turns off current Supply of the motor. 

19. The motor control apparatus according to claim 18, 
wherein the control means executes the target position 
stopping and holding process by two-phase current Supply. 

20. The motor control apparatus according to claim 18, 
wherein the control means executes the feedback control 
start position stopping and holding process and the target 
position stopping and holding process for preset, prescribed 
times, respectively. 

21. The motor control apparatus according to claim 18, 
wherein the control means makes an execution time of the 
feedback control start position stopping and holding process 
shorter than that of the target position stopping and holding 
process. 

22. The motor control apparatus according to claim 16, 
wherein when a difference between the count of the output 
signal of the encoder and a target count corresponding to the 
target position has becomes Smaller than or equal to a 
prescribed value, the control means finishes the feedback 
control and causes a transition to the target position stopping 
and holding process. 

23. The motor control apparatus according to claim 16, 
wherein when the target position has been changed to a new 
target position during the feedback control and it has become 
necessary to reverse a rotation direction of the rotor, the 
control means executes, in a prescribed period, a reversing 
position stopping and holding process in which a current 
supply phase with which to stop and hold the rotor is 
selected and current supply is effected therefor, and the 
control means thereafter restarts the feedback control and 
sequentially Switches the current Supply phase on the basis 
of the count of the output signal of the counter so as to rotate 
the rotor to the new target position. 

24. The motor control apparatus according to claim 23, 
wherein the control means executes the reversing position 
stopping and holding process by two-phase current Supply. 

25. The motor control apparatus according to claim 23, 
wherein the control means executes the reversing position 
stopping and holding process for a preset, prescribed time. 

26. The motor control apparatus according to claim 16, 
wherein the motor is a Switched reluctance motor, and 
wherein the control means performs one-phase current Sup 
ply and two-phase current Supply alternately in the feedback 
control. 

27. The motor control apparatus according to claim 16, 
wherein the encoder produces an A-phase signal and a 
B-phase signal that have a prescribed phase difference in 
synchronism with rotation of the rotor, and wherein the 
control means counts edges of the A-phase signal and the 
B-phase signal by edge interruption processing on the 
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A-phase signal and the B-phase signal and sequentially 
Switches the current Supply phase on the basis of a resulting 
count of the encoder. 

28. The motor control apparatus according to claim 16, 
wherein the motor drives a position Switching mechanism 
for Switching between positions of an automatic transmis 
sion of a vehicle. 

29.-38. (canceled) 
39. A motor control apparatus comprising: 
an encoder for producing a pulse output signal in Syn 

chronism with rotation of a rotor of a motor, and 

control means for rotating the rotor to a target position by 
detecting a rotation position of the rotor on the basis of 
a count of the output signal of the encoder and sequen 
tially Switching a current Supply phase of the motor, 

wherein the control means corrects A-phase lead of the 
current Supply phase with respect to a rotation phase of 
the rotor in accordance with a rotation speed of the 
rOtOr. 

40. The motor control apparatus according to claim 39, 
wherein when decreasing the rotation speed of the rotor is 
necessary, the control means corrects the phase lead of the 
current Supply in a decreasing direction. 

41. A motor control apparatus comprising: 
an encoder for producing a pulse output signal in Syn 

chronism with rotation of a rotor of a motor, and 

control means for rotating the rotor to a target position by 
detecting a rotation position of the rotor on the basis of 
a count of the output signal of the encoder and sequen 
tially Switching a current Supply phase of the motor, 

wherein the control means raises a rotation speed of the 
rotor in an initial drive on the rotor by driving it by 
one/two-phase current Supply method in which one 
phase current Supply and two-phase current Supply are 
performed alternately, and thereafter drives the rotor by 
a one-phase current Supply method in which only 
one-phase current Supply is performed. 

42. The motor control apparatus according to claim 41, 
wherein when decreasing the rotation speed of the rotor is 
necessary in a period when the rotor is driven by the 
one-phase current Supply method, the control means 
Switches from the one-phase current Supply method to the 
one/two-phase current Supply method. 

43. The motor control apparatus according to claim 41, 
wherein the control means determines timing of Switching 
between the one-phase current Supply method and the one/ 
two-phase current Supply method on the basis of at least one 
of the rotation speed of the rotor, a rotation amount and an 
elapsed time after a start of driving, a rotation amount to the 
target position, and load torque. 

44. The motor control apparatus according to claim 41, 
wherein the control means corrects A-phase lead of the 
current Supply phase with respect to a rotation phase of the 
rotor in accordance with the rotation speed of the rotor. 

45. A motor control apparatus comprising: 
an encoder for producing a pulse output signal in Syn 

chronism with rotation of a rotor of a motor, and 

control means for rotating the rotor to a target position by 
detecting a rotation position of the rotor on the basis of 
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a count of the output signal of the encoder and sequen 
tially Switching a current Supply phase of the motor, 

wherein the control means controls a rotation speed of the 
rotor by correcting A-phase lead of the current Supply 
phase with respect to a rotation phase of the rotor 
and/or Switching a current Supply method. 

46. A motor control apparatus comprising: 
control means for rotating a rotor to a target position by 

sequentially Switching a current Supply phase of a 
motor, 

wherein the control means executes a process of tempo 
rarily stopping and keeping the rotor at a drive start 
position by two-phase current Supply at a start of 
driving. 

47. A motor control apparatus comprising: 
control means for rotating a rotor to a target position by 

sequentially Switching a current Supply phase of a 
motor, 

wherein the control means executes a process of tempo 
rarily stopping and keeping the rotor at a drive end 
position by two-phase current Supply at an end of 
driving. 

48. A motor control apparatus comprising: 
control means for rotating a rotor to a target position by 

sequentially Switching a current Supply phase of a 
motor, 

wherein when the target position has been changed during 
driving and reversing a rotation direction of the rotor 
has become necessary, the control means executes a 
process of temporarily stopping and keeping the rotor 
at a reversing position by two-phase current Supply. 

49. The motor control apparatus according to claim 39, 
wherein the motor is a switched reluctance motor. 

50. The motor control apparatus according to claim 39, 
wherein the motor drives a position Switching mechanism 
for Switching between positions of an automatic transmis 
sion of the vehicle. 

51-57. (canceled) 
58. A motor control apparatus comprising: 
an encoder for producing a pulse output signal in Syn 

chronism with rotation of a rotor of a motor that rotates 
a control object; 

pulse counting means for counting pulses of the output 
signal of the encoder; 

control means for detecting a rotation position of the rotor 
on the basis of a count of the pulse counting means 
during a drive control on the motor and sequentially 
Switching a current Supply phase of the motor so as to 
rotate the rotor to a target position; 

first current Supply phase setting means for setting a 
current Supply phase on the basis of the count of the 
pulse counting means in synchronism with output of a 
pulse of the output signal of the encoder during the 
drive control on the motor; and 

second current Supply phase setting means for setting a 
current Supply phase on the basis of the count of the 
pulse counting means in a prescribed cycle until the 
rotor reaches the target position, 
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wherein every time the first or second current supply 
phase setting means sets a current Supply phase, the 
control means energizes a winding of the current Sup 
ply phase thus set. 

59. The motor control apparatus according to claim 58, 
wherein the encoder produces an A-phase signal and a 
B-phase signal that have a prescribed phase difference in 
synchronism with rotation of the rotor, 

the pulse counting means counts edges of the A-phase 
signal and the B-phase signal by edge interruption 
processing on the A-phase signal and the B-phase 
signal, and 

the first current Supply phase setting means sets a current 
Supply phase by edge interruption processing on the 
A-phase signal and the B-phase signal. 

60. The motor control apparatus according to claim 58, 
wherein the second current Supply phase setting means sets 
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a current Supply phase in the prescribe cycle from a start of 
the drive control until the rotor reaches the target position. 

61. The motor control apparatus according to claim 58, 
wherein the second current Supply phase setting means sets 
a current Supply phase in the prescribe cycle until the rotor 
reaches the target position in a period in which a rotation 
speed of the rotor is lower than or equal to a prescribed 
value. 

62. The motor control apparatus according to claim 58, 
wherein the motor is a switched reluctance motor. 

63. The motor control apparatus according to claim 58, 
wherein the motor drives a position Switching mechanism 
for Switching between positions of an automatic transmis 
sion of a vehicle. 


