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(57) ABSTRACT 

In a driving control method for a Synchronous reluctance 
motor, a novel vector control method is employed which 
does not need the Salient pole position angle detector. More 
particularly, the present invention provides a vector control 
method which can accurately and efficiently estimate cosine 
and Sine Signals, being rotation signals for the vector rota 
torS. 

A flux vector estimator 12a uses Voltage and current infor 
mation of a Stator to estimate a Stator flux vector by dividing 
it into an in-phase flux vector having the same direction as 
a current vector and a mirror-phase flux vector determined 
as a difference between the stator flux vector and the 
in-phase flux vector. A cosine and Sine generator 12b uses 
the estimated in-phase and mirror-phase flux vectors to 
generate the cosine and Sine values of an intermediate angle 
of the angles of Such flux vectors and outputs a rotation 
Signal of the vector rotators. Thus, vector control is estab 
lished. 
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VECTOR CONTROL METHOD FOR 
SYNCHRONOUS RELUCTANCE MOTOR 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a vector control 
method for a Synchronous reluctance motor. More particu 
larly, the invention relates to a vector control method using 
an estimator, instead of a Salient pole position angle detector 
mounted on a rotor, in order to Secure cosine and Sine 
information of a rotor's Salient pole position angle necessary 
for a vector rotators for the vector control. 

0003 2. Description of the Related Art 
0004) To obtain Superior drive control performance of a 
Synchronous reluctance motor, the vector control method is 
conventionally employed as a well-known control method 
for controlling a Stator current, which is essential for Supe 
rior performance. The vector control method has a current 
control process which divides and controls the Stator current 
contributing to the generation of a torque into a d-axis 
component and a q-axis component of rotational d-q coor 
dinates composed of mutually orthogonal d and q axes 
which mutually croSS at right angles. 
0005 Generally, d-q coordinates synchronized with the 
position of the main Salient pole of the rotor with Zero Spatial 
phase difference are employed as rotational d-q coordinates 
for the vector control system. In other words, the use of 
Synchronous d-q coordinates whose d-axis is oriented to 
direction of the main Salient pole of the rotor and whose 
q-axis is orthogonal to the d-axis is very popular. Generally, 
the position angle of the main Salient pole direction must be 
known in order to maintain the rotational d-q coordinates in 
a Synchronized State free from the Spatial phase difference 
with the main Salient pole direction. Conventionally, in order 
to accurately ascertain the position angle, a Salient position 
angle detector represented by an encoder mounted on the 
rOtOr. 

0006 FIG. 13 is a block diagram schematically showing 
a typical example of the vector control method using a 
Salient pole position angle detector employed in a device 
which is in turn mounted on a Standard Synchronous reluc 
tance motor which can disregard iron losses. In FIG. 13, 1 
is a Synchronous reluctance motor, 2 is a Salient pole 
position angle detector, 3 is a power inverter, 4 is a current 
detector, 5a, 5b are a 3-2 phase converter and a 2-3 phase 
converter, 6a, 6b are vector rotators, 7 is a cosine and Sine 
Signal generator, 8 is a current controller, 9 is a command 
converter, 10 is a Speed controller, and 11 is a Speed detector. 
Components 4 to 9 in FIG. 13 configure a vector controller. 
For clarity and simplicity, a single solid bold line in FIG. 13 
indicates a 2x1 vector Signal deeply related to the present 
invention. Block diagrams in the following are illustrated in 
the same manner. 

0007. In a conventional device such as in FIG. 13, the 
Salient pole position angle detector 2 detects the main Salient 
pole direction as an angle with respect to the center of a 
U-phase winding, and the cosine and Sine Signal generator 7 
outputs its cosine and Sine Signals to the vector rotatorS 6a, 
6b. Together, these comprise a means for determining a 
Spatial phase of the rotational d-q coordinates. In the Syn 
chronous reluctance motor, the rotor Speed is the rotation 
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Speed of the rotor's Salient pole. In other words, the rotor 
Salient pole position angle and the rotor Speed are in a 
relation of integration and differentiation, and it is known 
well by those killed in the art that speed information can be 
obtained from the Salient pole position angle detector Such 
as an encoder as well as the position angle information. The 
Speed detector 11 is a one realizing Such speed detecting 
means. The aforesaid five components 4, 5a, 5b, 6a, 6b, 7, 
8 comprise a means for performing a current control process 
to divide the Stator current into a d-axis component and a 
q-axis component on the rotational d-q coordinates, and to 
control the respective components to follow the current 
commands of the d-axis and the q-axis. 
0008. The 3-phase current detected by the current detec 
tor 4 is transformed by the 3-2 phase converter 5a into a 
2-phase current on the Stationary coordinates, which is, in 
turn, converted by the vector rotator 6a into 2-phase currents 
i., is the rotational d-q coordinates and sent to the current 
controller 8. The current controller 8 generates voltage 
commands Va, v on the rotational d-q coordinates and 
sends these to the vector rotator 6b so that the converted 

currents it, i, follow respective current commands id: is: 
The vector rotator 6b converts the 2-phase signals va, v. 
into 2-phase Voltage command on the Stationary coordinates 
and sends this to the 2-3 phase converter 5b. The 2-3 phase 
converter 5b converts the 2-phase Signal into a 3-phase 
Voltage command and outputs it as a command to the power 
inverter 3. The power inverter 3 produces power correspond 
ing to the command and applies it to the Synchronous 
reluctance motor 1 to drive it. At that time, the current 
command is obtained by converting the torque command by 
the command converter 9. In this example of the speed 
control System, a torque command is obtained as output of 
the speed controller 10, to which the speed command and the 
detected Speed are input. It is known well by those skilled in 
the art that when it is aimed to control the torque generation 
and not to configure the Speed control System, the Speed 
controller 10 and the speed detector 11 are not necessary. In 
Such a case, the torque command can be directly applied 
from outside. 

0009. In order to realize the conventional vector control 
method for the Synchronous reluctance motor, the Salient 
pole position angle detector for detecting the Salient pole 
position angle of the rotor is required, as described in the 
aforesaid typical example. However, fitting of the Salient 
pole position angle detector Such as an encoder to the rotor 
leads to the certain heretofore unavoidable problems, as 
described below. 

0010) A first problem is the deterioration in the reliability 
of the motor System. Although mechanically the Synchro 
nous reluctance motor is one of the Strongest types of AC 
motor, as can be seen from the Structure of the rotor, the 
Salient pole position angle detector Such as an encoder is 
mechanically much weaker than the motor body. Conse 
quently, the placement of the Salient pole position angle 
detector decreases extremely the overall mechanical reli 
ability of the motor system. In addition to the deterioration 
in the mechanical reliability, the reliability decrease of the 
motor System due to the fitting of the Salient pole position 
angle detector also occurs in an electrical aspect observed as 
contamination of the Salient pole position angle detector 
Signal with power Supply noise, and also a thermal aspect 
observed as a temperature increase in the Salient pole 
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position angle detector due to heat from the rotor. Thus, the 
attachment of the Salient pole position angle detector Such as 
an encoder to the motor rotor has extremely decreased the 
reliability of the motor system. 

0.011) A second problem is increase in motor size. The 
attachment of the Salient pole position angle detector to the 
rotor increases the Volume of the motor in its axial direction 
by at least several percent to as much as 50% or more 
according to the Volume of the motor itself. 
0012. A third problem is the necessity to secure a source 
of power for operating the Salient pole position angle 
detector, wiring of a signal line to receive a detection Signal 
and a Space for wiring. Naturally, to operate the Salient pole 
position angle detector and to obtain information about the 
main Salient pole position angle of the rotor from the 
detector, wiring therefor is necessary. The Signal line is also 
generally required to have the same Strength as the power 
line for driving the motor body in order to prevent degra 
dation of the mechanical, electrical, and thermal reliability. 
AS a result, a signal line having Substantially the same size 
as the power line and also a Space are generally necessary for 
a single motor. 
0013 A fourth problem is an increase in cost. In the 
production of a compact motor, the cost of the Salient pole 
position angle detector might become higher than that of the 
motor body. Also, the cost of wiring for the Salient pole 
position angle detector cannot be disregarded, especially for 
a compact motor. Maintenance costs also inevitably increase 
when reliability decreases. These various costs increase 
according to the number of motors used. Especially, the 
maintenance cost has a property of increasing exponentially 
in proportion to the quantity of motors. 
0.014. The above problems result directly or indirectly 
from the Salient pole position angle detector and can be 
remedied naturally if a So-called SensorleSS Vector control 
method that does not require the Salient pole position angle 
detector is established. Various types of a SensorleSS vector 
control methods have been developed for an induction motor 
and a permanent magnet Synchronous motor among other 
A.C. motors though they have a different level of perfection, 
and they are used for the application depending on the 
perfection. Development of a SensorleSS vector control 
method for the Synchronous reluctance motor is expected, 
but has not yet been reduced to practice. 
0.015 The present invention was achieved under the 
aforesaid circumstances. The object of the invention is to 
provide a novel vector control method which does not 
require the Salient pole position angle detector Such as an 
encoder for a Synchronous reluctance motor in order to Solve 
the aforesaid problems related to the Synchronous reluctance 
motor drive control. More particularly, it is the object of the 
present invention to provide a vector control method that can 
accurately and efficiently estimate cosine and Sine Signals as 
rotation Signals for the vector rotators. 

SUMMARY OF THE INVENTION 

0016. In order to achieve the above object, the present 
invention provides a vector control method for a Synchro 
nous reluctance motor, which has a current control proceSS 
for controlling to divide a Stator current contributing to 
generation of a torque into a d-axis component and a q-axis 
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component of a current vector on a rotational d-q coordi 
nates with mutually orthogonal d and q axes for vector 
rotators, wherein a Stator linkage flux is caught as a Stator 
magnetic flux vector, the Stator magnetic flux vector is 
divided into an in-phase magnetic flux Vector having the 
Same direction as the current vector and a mirror-phase 
magnetic flux vector determined as a difference between the 
Stator magnetic flux vector and the in-phase magnetic flux 
vector, and estimates of cosine and Sine of an intermediate 
angle of the angles formed by the in-phase magnetic flux 
vector and the mirror-phase magnetic flux vector are used as 
a rotation Signal of the vector rotators. 
0017. In another aspect, the present invention provides a 
vector control method for a Synchronous reluctance motor as 
above, but wherein estimates of cosine and Sine of a double 
angle of the intermediate angle are determined from the 
in-phase magnetic flux vector or its estimate value and the 
mirror-phase magnetic flux vector or its estimate value, and 
estimates of cosine and Sine of the intermediate angle are 
determined from the determined estimates of cosine and Sine 
of the double angle. 
0018. According to still another aspect, the present inven 
tion provides a vector control method for a Synchronous 
reluctance motor as above, wherein determining the esti 
mates of cosine and Sine of the intermediate angle from the 
estimates of cosine and Sine of the double angle is changed 
depending on an expected magnitude of the estimates of 
cosine and Sine of the intermediate angle. 
0019 According to still another aspect, the present inven 
tion is a vector control method for a Synchronous reluctance 
motor as above, wherein the in-phase magnetic flux vector 
or a vector having the same direction as its estimate value 
and the mirror-phase magnetic flux vector or a vector having 
the same direction as its estimate value, both of which are 
normalized So as to have the same norm, are produced, and 
respective estimates of cosine and Sine of the intermediate 
angle are determined in proportion to a first component and 
a Second component of a Synthesis vector obtained by vector 
adding up the above produced two vectors having the same 
O. 

0020. According to still another aspect, the present inven 
tion is a vector control method for a Synchronous reluctance 
motor as above, wherein the in-phase magnetic flux vector 
or a vector having the same direction as its estimate value 
and the mirror-phase magnetic flux vector or a vector having 
the same direction as its estimate value, both of which 
having the same norm are produced, and respective esti 
mates of cosine and Sine of the intermediate angle are 
determined in skewed proportion to a Synthesis vector 
obtained by vector subtraction of the above produced two 
vectors having the same norm. 
0021. The operation of the present invention will next be 
described. For the clear understanding of the invention, the 
operation will be described by using with reference to 
mathematical models in which iron loSS is disregarded. 
Where the rotor of the synchronous reluctance motor is 
captured on a general d-q coordinates rotating at an instan 
taneous angular Velocity (), it can be illustrated as shown in 
FIG. 1. In FIG. 1, the d-q coordinates are not necessarily in 
Synchronization with the direction of a main Salient pole of 
the rotor. Therefore, the d-q coordinates are assumed to be 
general. A circuit characteristic of the Synchronous reluc 
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tance motor in the above State can be expressed by the 
following circuit equations in (1) and (2). 

0022. A characteristic of the torque generation can be 
expressed by the following equation (3). 

0023. In the equations (1) to (3), v, i and (p are 2x1 
vectors respectively denoting a Stator Voltage, a Stator cur 
rent and a stator linkage magnetic flux (stator magnetic flux), 
and R. denotes a copper-loss resistance of the stator, N. 
denotes the number of pole pairs, S denotes a differential 
operator d/dt. And, J denotes a skew Symmetric matrix 
defined by the following equation (4). 

0 - 1 (4) 

0024. In the equations (2) and (3), Q(0) denotes a mirror 
matrix defined by the following equation (5). 

cos28 sin28 (5) 
O(0) = sin26 -cos20 

0025. As shown in FIG. 1, 0 of the mirror matrix denotes 
an instant position angle of the main Salient pole of the rotor 
rotating at an electrical angular velocity (), with respect to 
the d-axis of the general d-q coordinates. 

0026. To perform vector control, the rotational d-q coor 
dinates are Selected So that 0 becomes Zero, or, in other 
words, So that the rotational d-q coordinates Synchronizes 
with the main Salient pole position with Zero phase-differ 
ence. On the Synchronous d-q coordinates, the torque gen 
eration formula of the equation (3) can be reproduced in a 
Simple form as indicated by the equation (6). 

t=2NLiai (6) 
0.027 Specifically, the generated torque is proportional to 
the respective d, q components i. i. of the stator current 
vector. Based on the above relation, the torque generation 
can be controlled through control of the d, q components of 
the Stator current by means of appropriate current control 
Systems. 

0028. However, for the equation (6) for the synchronous 
reluctance to be valid, it is necessary to construct the 
Synchronous d-q coordinates in Synchronization with the 
main Salient pole position angle of the rotor without a phase 
difference. Therefore, conventionally, the Salient pole posi 
tion angle detector Such as an encoder, is conventionally 
mounted on the rotor in order to detect the position angle on 
the Stationary coordinates, and the resulting cosine and Sine 
values were used for the vector rotators described by the 2x2 
matrix of the following equation (7), which perform coor 
dinate transformation between the Stationary coordinates 
and the Synchronous coordinates. 
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cos 6 t (7) 
sin8 cosé 

0029. According to the present invention, the stator mag 
netic flux vector indicated by the equation (2) is divided into 
an in-phase magnetic flux vector (p, having the Sane direction 
as the current vector, and a mirror-phase magnetic flux 
vector (p, determined as a difference between the Stator flux 
vector and the in-phase flux vector. An intermediate angle 
among the angles formed by both of the flux vectors is 
determined as an estimate value of the main Salient pole 
position angle 0 of the rotor. In the present invention, the 
in-phase flux vector (p, and the mirror-phase flux vector (p, 
are determined as indicated by the following equations (8), 
(9). 

(pa-Lai (8) 
(p=p1-pa-LQ(0)i. (9) 

0030) Then, it will be described that the intermediate 
angle among the angles formed by both of the flux vectors 
can be used as an estimate value of the main Salient pole 
position angle 0 of the rotor. In order to simplify the 
description in the following, a unit vector that has the same 
angle as the main Salient pole position angle is defined as 

(10) 
sine 

0031) The stator current i can be expressed in the general 
d-q coordinates as 

0032 where 0, is the position angle of the current. The 
in-phase flux is Synchronized with the Stator current with 
Zero phase-difference as shown in the equation (8) and can 
be evaluated as indicated by the following equation (12). 

(p=LiR(0-0)u(0) (12) 

0033 Meanwhile, the mirror-phase flux can be reevalu 
ated as indicated by the equation (13) in view of the 
equations (9) and (11). 

(i = L, iO(6)R(6 - 6)u(6) (13) 

0034) The equations (12) and (13) describe that the 
in-phase vector and the mirror-phase vector are mutually in 
a State of opposite phases with respect to the main Salient 
pole position angle of the rotor. In other words, they indicate 
that the intermediate angle among the angles formed by both 
of the flux vectors can be handled as an estimate value of the 
main Salient pole position angle 0 of the rotor. Cosine and 
Sine values of the estimate value of the main Salient pole 
position angle 0 naturally become estimates of cosine and 
Sine of the main Salient pole position angle 0. The estimates 
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of cosine and Sine obtained as described above are used for 
the vector rotators necessary for the Synchronous d-q coor 
dinates in the present invention. In order to assist under 
Standing of the present invention, the relationships among 
the vectors of the Stator current, the Stator flux, the in-phase 
flux and the mirror-phase flux on the general d-q coordinates 
described by the equations (8) to (13) are illustrated as a 
vector diagram in FIG. 2. 
0035) It is then apparent from the above description that 
according to the present invention, there is obtained an 
operation that the estimates of cosine and Sine of the rotor 
main Salient pole position angle necessary for the vector 
rotators in order for the vector control without using the 
Salient pole position angle detector to be mounted on the 
rOtOr. 

0.036 Then, the operation of a further aspect of the 
present invention will be described. It was described with 
reference to the equations (8) to (13) that the in-phase flux 
vector and the mirror-phase flux vector were in a State of 
opposite phases from each other with respect to the main 
Salient pole position angle of the rotor. Such a relationship 
can be indicated by the following equation (14) using the 
main Salient pole position angle 0 and the respective position 
angles 0, 0, of the in-phase and mirror-phase flux vectors. 

20=0+0. (4) 

0037. The signal necessary for the vector rotators for the 
vector control is not the position angle itself of the rotor 
main Salient pole but its cosine and Sine values. In other 
words, the following relation is also important for applica 
tion. 

C cosécosé, - sinésiné, (15) 
u(20) = sin28 Sinécosé, + cosé Siné, 

0038. The right side of the equation (15) can be calcu 
lated directly from the in-phase and mirror-phase flux vec 
tors. For example, it may be simply calculated by the 
following equation (16). 

da Jibald, (16) 28) = (2) - III 

0.039 The following general trigonometric function for 
the double angle is well known. 

sin28 E. C. 1 C (17) 2sinecosé 2sinecosé 

0040. It can be seen from the above that, when the cosine 
and Sine values of the double angle of the main Salient pole 
position are known, the cosine and Sine values of the main 
Salient pole position can be determined from the relationship 
of the equation (17). 
0041 According to another aspect, the present invention 
is a vector control method as above, wherein the estimates 
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of cosine and Sine of the double angle of the intermediate 
angle are determined from the in-phase flux vector or its 
estimate value and the mirror-phase flux vector or its esti 
mate value, and the estimates of cosine and Sine of the 
intermediate angle are determined from the determined 
estimates of cosine and Sine of the double angle. It is 
apparent from the above description with reference to the 
equations (16) and (17) that the present invention can 
provide the direct calculation of the estimates of cosine and 
Sine necessary for the vector rotators from the in-phase and 
mirror-phase flux vectors themselves without calculating the 
position angles of the in-phase flux vector and the mirror 
phase flux vector. The calculation of the position angle from 
the vectors requires an inverse operation of a trigonometric 
function that is a kind of nonlinear functions. It is known that 
the inverse operation might cause a great error or need a 
large amount of computation depending on the position 
angle. In this aspect of the present invention, however, Such 
an inverse operation is not necessary, and estimates of cosine 
and Sine of the position angle can be determined with 
relatively high accuracy by a relatively light calculation. In 
other words, according to this aspect of the present inven 
tion, the operation described earlier can be obtained with 
relatively high accuracy by a relatively light calculation. 
0042. The operation of yet another aspect of the present 
invention will be described. When the relationship in the 
first row of the equation (17) is used to calculate the 
estimates of cosine and Sine of the main Salient pole position 
angle from the estimates of cosine and Sine of the double 
angle of the rotor main Salient pole position, a Square root 
operation is required. When the relation of the second row 
of the equation (17) is used, division operation is required, 
but no Square root operation is necessary. Generally, the 
amount of computation required for performing division is 
Small compared with that for Solving a Square root, So that 
it is desirable to use the Second row as much as possible. 
However, because in division the error tends to be large 
when the absolute value of denominator is extremely Small, 
from a practical point of view it is desirable to avoid Such 
instances. It is apparent from the above description that 
when the cosine value has a large absolute value, for 
example, it is preferable to have the determining method 
indicated by the following equation (18). 

1 + cos26 sin28 (18) 
cost = 

0043 Meanwhile, when the sine value has a large abso 
lute value, the determining method indicated by the follow 
ing equation (19) is preferable. 

(19) 
ine= 1 - cos20 8 = sin28 
St 3 - cost = 2, 

0044) In a further aspect of the vector control method as 
described above, the method of determining the estimates of 
cosine and Sine of the intermediate angle from the estimates 
of cosine and Sine of the double angle is varied according to 
a predicted magnitude of the estimates of cosine and Sine of 
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the intermediate angle. As a result, it is apparent from the 
above description, referring to the equations (18) and (19), 
that there is obtained an operation that the estimates of 
cosine and Sine can be determined as the rotation Signal for 
the vector rotators in the State maintaining the highest 
computation accuracy, as well as in the State that the amount 
of computation is reduced rationally. In addition, according 
to this aspect of the present invention, the operation 
described above can be obtained with a high accuracy and a 
rationalized amount of calculation. 

0.045 Next, the operation of yet another aspect of the 
present invention will be described. In this aspect of the 
present invention, in a vector control method described 
above, the in-phase flux vector or a vector having the same 
direction as its estimate value and the mirror-phase flux 
vector or a vector having the same direction as its estimate 
value, both of which having the Same norm are produced, 
and respective estimates of cosine and Sine of the interme 
diate angle are determined in proportion to a first component 
and a Second component of a Synthesis vector obtained by 
vector adding up the two vectors having the same norm. 
0.046 FIG. 3 illustrates the above vector synthesis on a 
general d-q coordinates. In the drawing, the direction of the 
main Salient pole of the rotor is indicated by a unit vector 
u(0), and two vectors with the norm made the same are 
indicated by Ki and KQ(0)i. The Synthesis vector 
obtained by addition of such vectors is indicated by 5. It can 
be readily seen from FIG. 3 that the synthesis vector has the 
Same direction as the main Salient pole of the rotor. It is also 
possible to describe rigorously by using equations as given 
below that the synthesis vector by addition has the same 
direction as the unit vector indicating the main Salient pole 
position. 

(20) 

0047 The equation (20) proves that the additive synthesis 
vector becomes Scalar multiple of the unit vector indicating 
the main Salient pole position and that the description 
referring to FIG. 3 is valid. 
0048. It can be seen from the equation (20) that the cosine 
and Sine values of the main Salient pole position angle of the 
rotor can be estimated from the following relation. 

s (21) 

sanksia(0), iu(0) + () 

0049 Specifically, the estimates of cosine and sine of the 
intermediate angle can be determined in proportion to the 
first and Second components of the Synthesis vector by 
addition as described in this aspect of the present invention. 
0050. According to the present aspect, it is apparent from 
the above description referring to the equation (21) that there 
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is obtained an operation that the estimates of cosine and Sine 
of the intermediate angle and further the rotation Signal 
necessary for the Vector rotators can be determined by Very 
Simple calculation excepting an area where the absolute 
value of the inner product (i."u(0)) of the stator current and 
the unit vector becomes Small. As a result, according to the 
present aspect, the operation described can be achieved by 
very simple calculation. A method of avoiding the absolute 
value of the inner product of the Stator current and the unit 
vector from becoming too small will be described in detail 
below with reference to an embodiment related to the 
present aspect. 

0051. The operation of a further aspect of the present 
invention will now be described. The present invention 
according to this aspect is a vector control method described 
above, wherein the in-phase flux vector or a vector having 
the same direction as its estimate value and the mirror-phase 
flux vector or a vector having the same direction as its 
estimate value, both of which having the same norm are 
produced, and respective estimates of cosine and Sine of the 
intermediate angle are determined in skewed proportion to a 
synthesis vector obtained by vector subtraction of the above 
produced two vectors having the same norm. 
0052 FIG. 4 shows an appearance of the above vector 
Synthesis on a general d-q coordinates. In the drawing, the 
direction of the main salient pole of the rotor is indicated by 
a unit vector u(0), and two vectors having the norm made the 
same are indicated by Ki and KQ(0)i. The Synthesis 
vector obtained by subtraction of such vectors is indicated 
by 5. It is readily apparent from the same drawing that the 
direction of the Synthesis vector becomes perpendicular to 
that of the rotor's main Salient pole. It is also possible to 
precisely describe this as follows with reference to a math 
ematical equation. 

4 = K.I. 2. = Ki - O(6)i. (22) 

0053. The equation (22) is used to ascertain that the 
direction of the Subtraction Synthesis vector is perpendicular 
to the unit vector indicating the main Salient pole position 
and its size becomes Scalar multiple, and also to prove the 
validity of the description with reference to FIG. 4. 
0054) It can be understood from the equation (22) that the 
cosine and Sine values of the main Salient pole position angle 
of the rotor can be estimated from the following relation. 

- J. (23) 

J. ; i Ju(0) + () 

0055 Specifically, as specified in the present invention, 
the estimates of cosine and Sine of the intermediate angle can 
be determined in skewed proportion to the Subtraction 
synthesis vector 5. It should be noted that the skewed 
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proportion is expressed in terms of the skew Symmetric 
matrix Jacting on the Subtraction synthesis vector 5 in (23), 
and that the skewed proportion, rather than a simple pro 
portion, is required for the estimates because the Synthesis 
vector 5 is perpendicular with respect to the main Salient 
pole direction. 
0056 According to this aspect of the invention, it is 
readily apparent from the above description referring to the 
equation (23) that the estimates of cosine and Sine of the 
intermediate angle, and further the rotation Signal necessary 
for the vector rotators can be determined by very simple 
calculation excepting an area where the absolute value of 
skewed inner product (i'Ju(0)) by the stator current and the 
unit vector becomes Small. As a result, according to the 
present aspect, the operation described in the first aspect can 
be achieved through a relatively very simple calculation. A 
method of avoiding the absolute value of the skewed inner 
product by the Stator current and the unit vector from 
becoming small will be described below in detail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0057 FIG. 1 is a vector diagram showing one example of 
relations between direction of main Salient pole of rotor and 
d-q axes on general d-q coordinates, 
0.058 FIG. 2 is a vector diagram showing one example of 
relations among a Stator current, a Stator flux, an in-phase 
flux and a mirror-phase flux on the general d-q coordinates, 
0059 FIG. 3 is a vector diagram showing one example of 
relations between an addition Synthesis vector and direction 
of a rotor main Salient pole on the general d-q coordinates, 
0060 FIG. 4 is a vector diagram showing one example of 
relations between a Subtraction Synthesis vector and a rotor 
main Salient pole direction on the general d-q coordinates, 
0061 FIG. 5 is a block diagram showing a basic structure 
of a vector control device of one embodiment; 
0.062 FIG. 6 is a block diagram showing a schematic 
Structure of a position angle vector estimator of one embodi 
ment, 

0.063 FIG. 7 is a block diagram showing a schematic 
Structure of a flux vector estimator of one embodiment; 
0.064 FIG. 8 is a block diagram showing a schematic 
Structure of a cosine and Sine generator of one embodiment; 
0065 FIG. 9 is a block diagram showing a schematic 
Structure of a command converter of one embodiment; 
0.066 FIG. 10 is a block diagram showing a schematic 
Structure of a cosine and Sine generator of one embodiment: 
0067 FIG. 11 is a block diagram showing a schematic 
Structure of a cosine and Sine generator of one embodiment; 
0068 FIG. 12 is an example of relations between a 
judgment indeX for Selection of a decision method used by 
an intermediate angle's cosine and Sine generator and a 
Selected result, and 
0069 FIG. 13 is a block diagram showing a schematic 
Structure of a conventional vector control device. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0070 Referring to the accompanying drawings, preferred 
embodiments of the present invention will be described in 
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detail using Specific examples. FIG. 5 shows a basic struc 
ture of one embodiment of a vector control device and a 
Synchronous reluctance motor to which the vector control 
method of the present invention is applied. This structure 
basically differs from the structure of a conventional control 
method in that a position angle estimator 12 is used instead 
of a Salient pole position angle detector 2 and a cosine and 
Sine Signal generator 7, and in that a Speed estimator 13 is 
used instead of a speed detector 11. Other units are basically 
the same as those according to the conventional control 
method shown in FIG. 13, though the command converter 
9 is slightly modified. The principal unit of the present 
invention resides in the position angle vector estimator 12. 
The speed estimator 13 estimates a rotor speed from the 
estimates of coSine and Sine of the position angle that is 
output from the position angle vector estimator 12. The 
Speed estimator has been developed in connection with the 
Sensorless vector control method for an induction motor and 
a permanent magnet type Synchronous motor and well 
known to those skilled in the art. The command converter 9 
will be described along with a configuring method Suitable 
for the present invention in connection with the description 
of the embodiments of the present invention. In this embodi 
ment, Speed control is described as an example for com 
parison with the conventional method shown in FIG. 13, but 
it is to be understood that it can also be used for torque 
control and that the Speed estimator 13 is not be necessary 
for torque control. The following description will focus on 
the position angle vector estimator 12, as it is at the 
conceptual core of the present invention. 
0071. It is apparent from FIG. 5 that the position angle 
vector estimator obtains current vector information and 
Voltage vector information of the Stator as input and outputs 
cosine and Sine Signals as a rotation signal to the Vector 
rotators. In this embodiment, the Voltage vector command 
on the Stationary coordinates is being received as Voltage 
information So that mounting can be made relatively easily 
without using a Special line Voltage detector, and the mea 
Sured Stator current vector on the Stationary coordinates as 
current information. Naturally, when the associated cost is 
not a significant factor, Voltage information may be obtained 
by using the line Voltage detectors Similarly to SensorleSS 
vector control methods for other AC motors. It is also 
possible to use as current information Such estimate value as 
a current vector command instead of the measured current 
value. The position angle vector estimator also obtains a 
d-axis current command and a q-axis current command, 
which are input of the current controller, in addition to the 
above Voltage and current information. According to the 
present invention, Such current commands are not always 
necessary but may be useful in certain embodiments. There 
fore, a Situation of auxiliary input was specified by a dashed 
Signal line. Output of the position angle vector estimator is 
an estimate value of cosine and Sine of the intermediate 
angle of the angles formed by an in-phase flux vector and a 
mirror-phase flux vector as described in detail, and is used 
as rotation signals of two vector rotators as shown in FIG. 
5. 

0072 FIG. 6 shows the inside structure of the position 
angle vector estimator 12. The position angle vector esti 
mator 12 generally comprises two components, Such as a 
flux vector estimator 12a and a cosine and Sine generator 
12b. The flux vector estimator 12a estimates and outputs the 
in-phase magnetic vector and mirror-phase flux vector from 
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the current vector information and Voltage vector informa 
tion of the Stator. The cosine and Sine generator 12b obtains 
the estimates of the in-phase flux vector and the mirror 
phase flux vector and outputs the estimates of cosine and 
Sine of the intermediate angle of the angles formed by them. 
As apparent from FIG. 6 and the above description, the 
estimates of cosine and Sine of the intermediate angle of both 
of the flux vectors are determined by using the estimates of 
both of the flux vectors. The d-axis current command and the 
q-axis current command may be additionally used by the 
cosine and Sine generator, as indicated by dashed lines in the 
drawing. 
0073 FIG. 7 shows a typical structure of the flux vector 
estimator 12a. In the drawing, 12a-1 denotes a Stator flux 
vector estimator. This unit Serves to receive the Voltage 
information and current information of the Stator, and to 
estimate and output the Stator flux. As a method therefor, a 
method which is known to those skilled in the art for the 
Sensorless vector control of an induction motor and a 
permanent magnet type Synchronous motor can be used. In 
this embodiment, the Stator flux is estimated by a simple 
method indicated by the following equation. 

(24) 1 
(i = - V - Ri 

S 

0074) In FIG. 7 and the equation (24), 1/s denotes 
integration processing by an integrator. AS is well known to 
those skilled in the art, the integration processing can be 
accomplished by digital approximation. 
0075. The in-phase flux vector with the same direction as 
the current vector is fundamentally estimated according to 
the relation of the equation (8). Meanwhile, mirror-phase 
flux is fundamentally determined according to the Second 
formula of the equation (9) as a difference between the stator 
flux vector and the in-phase flux vector. It is apparent from 
the comparison between the equation (2) and the equations 
(8), (9) and FIG. 7 that the estimation processing here is to 
divide the Stator flux vector estimate value into the in-phase 
flux vector estimate value and the mirror-phase flux vector 
estimate value. 

0076 FIG. 8 shows a first embodiment of the cosine and 
Sine generator 12b. In the drawing, 12b-1 is a double angle 
cosine and Sine generator and 12b-2 is an intermediate angle 
cosine and Sine generator. And, 12b-3 is a judging device 
which generates a Selection signal to be used for Selection of 
a determination method by the intermediate angle cosine and 
Sine generator. 
0077. The double angle cosine and sine generator 
receives as input the estimates of the in-phase flux vector 
and the mirror-phase flux vector, determines the estimates of 
cosine and Sine of the double angle of the intermediate angle 
of both vectors and outputs them. This estimate value 
determination processing is performed according to the 
equation (16). The intermediate angle cosine and Sine gen 
erator 12b-2 receives as input the cosine and Sine estimates 
of the double angle output from the double angle cosine and 
Sine generator 12b-1 and uses them to determine and output 
the estimates of cosine and Sine of the intermediate angle. 
0078. According to the present invention, the method for 
deciding the estimates of cosine and Sine of the intermediate 
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angle from the estimates of cosine and Sine of the double 
angle is changed depending on an expected magnitude of the 
estimates of cosine and Sine of the intermediate angle. For 
example, the intermediate angle cosine and Sine generator 
12b-2 may be provided with the four types of determination 
methods indicated by the following equations (25) to (28) 
and may selects one among these according to the estimated 
magnitude of the estimates of cosine and Sine of the inter 
mediate angle. 

8 = 1 + cos20 ino = "...sos (25) 
CoStic 2 Sint = 3, 4 st's 

in = *.coso- ". . . 0s (26) St 3 - cost = 2a: ... < t s 

oil t?, sino - "P". - 0 < . (27) CoStic 2 Sin 2s. 4 is < 

in0= | *.coso = "... is 0 < * (28) St 3 - cost = 3, 4 st' < 

0079. In the equations (25) to (28), considering that a 
magnitude of the cosine and Sine values of the intermediate 
angle directly depends on the value of the intermediate 
angle, the conditions for Selecting the determination method 
are shown with an intermediate angle value at the rightmost 
term of each equation. 
0080. The judging device 12b-3 serves to determine an 
expected magnitude of the estimates of cosine and Sine of 
the intermediate angle and to Select the aforesaid determi 
nation method. In each component of the present invention, 
processing may be digital. As a specific embodiment, FIG. 
8 shows an example of determining an expected magnitude 
at present by using the estimates of cosine and Sine of the 
intermediate angle earlier by one control cycle considering 
the digital processing. In this example, it is assumed that the 
present moment is a moment k, the one control cycle earlier 
is moment (k-1) and the cosine and Sine estimate value of the 
intermediate angle at the moment (k-1) is u(0, k-1). In FIG. 
8, Z' is a delay element for one control cycle and serves to 
output the input signal after delaying it by one control cycle. 
The operation after the above element is as follows. 
0081 First, the cosine and sine estimate value of the 
intermediate angle at the moment (k-1) are processed 
according to the relation of the equation (29) to generate a 
judgment index d(k), d(k) at the moment k. 

d 2 E- 'ad, k-1) (29) d2(k) 1 1 

0082 Then, according to the above judgment index, it is 
judged which of the equations (25) to (28) shall be used as 
a judging method at the moment k. The judgment according 
to the index d(k), d(k) is performed according to the 
method shown in FIG. 12. The method of FIG. 12 judges 
only by positive and negative signs of the judgment index 
and its third row shows output (selected results) while its 
first and Second rows show input (codes for the judgment 
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index). Thus, the present invention described with reference 
to the embodiment is very useful and can Simply and 
rationally Select an equation to be used. In the embodiment 
of the cosine and sine generator of FIG. 8, the commands 
values of the d-axis and q-axis current are not specified 
because they are not used. 

0.083 FIG. 9(a) is one example structure of the command 
converter 9 Suitable for the embodiment of the cosine and 
sine generator shown in FIG.8. As specified with reference 
to the equation (6), when the absolute values of the d-axis 
current and the q-axis current on the Synchronous d-q 
coordinates are equal, a torque can be generated with a 
minimum copper loSS. The example Structure of the com 
mand converter 9 of FIG. 9(a) is an example of achieving 
the minimum copper loSS for efficiency. According to the 
present invention with the cosine and Sine generator 12b of 
FIG. 8, efficient drive control can be realized. 

0084 FIG. 10 shows a second embodiment of the cosine 
and Sine generator 12b. In this drawing, 12b-4 is a vector 
addition synthesizer. The vector addition synthesizer multi 
plies the estimate value of the in-phase flux vector and the 
estimate value of the mirror-phase flux vector by the recip 
rocal of their respective inductances, makes its norm the 
Same, and then generates and outputs a Synthesis vector by 
adding the vectors. In the vector addition Synthesizer, K is 
a design parameter whose design is entrusted to a designer 
and may be generally Selected as desired but can be pref 
erably selected to be 1, L, or L. In FIG. 10, 12b-5 is a 
vector normalization device for the additive Synthesis vector 
and determines the estimates of cosine and Sine of the 
intermediate angle in proportion to the Synthesis vector. In 
this embodiment, the vector having the cosine and Sine 
values of the intermediate angle as first and Second compo 
nents is a unit vector, So that Such a unit property is used to 
normalize the Synthesis vector to a unit vector So to deter 
mine the estimates of cosine and Sine in a form proportional 
to the Synthesis vector. In principle, this embodiment uses 
the operation described with reference to the Second formula 
of the equation (21). As shown by the second formula of the 
equation (21), the sign factor which judges a positive or 
negative sign needs a value of inner product of the current 
vector and the unit vector. This is approximated by the d-axis 
current command in this embodiment. In other words, the 
following relation is used. 

i, u(0)si (30) 
0085. Only the positive or negative sign of a signal is 
required to estimate the cosine and Sine values, the actual 
magnitude of the Signal is not needed. From the Signal used 
to estimate the cosine and Sine values, only the positive or 
negative sign is determined, and the magnitude itself is not 
considered. In View of the above characteristic, the d-axis 
current command, which is little influenced by noise, often 
provides a favorable response as compared with the mea 
Sured value. 

0.086 Of course, it is also possible to decide the estimates 
of cosine and Sine of the intermediate angle according to the 
first formula of the equation (21). The inner product of the 
current vector and the unit vector can also be approximated 
by the d-axis current command or the like. 

0087 FIG. 9(b) shows one example structure of the 
command converter 9 Suitable for the embodiment of the 
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cosine and sine generator shown in FIG. 10. In order to 
cause the cosine and sine generator of FIG. 10 respond 
rationally, it is necessary to avoid the d-axis current becom 
ing a very Small value including Zero. This can be simply 
accomplished by configuring the command converter 9 as 
shown in FIG. 9(b). In other words, the command converter 
9 is configured Such that the d-axis current is maintained at 
a predetermined constant value while the q-axis current is 
varied depending on a torque command. Thus, the d-axis 
current can be prevented from becoming a very Small value 
including Zero, and can be made to rationally respond to the 
cosine and sine generator of FIG. 10. Naturally, the embodi 
ment shown in FIG. 9(b) fundamentally satisfies the rela 
tionship of torque generation of the equation (6). 
0088 FIG. 11 is a third embodiment of the cosine and 
Sine generator 12b. In the drawing, 12b-6 denotes a vector 
Subtraction Synthesizer. The Vector Subtraction Synthesizer 
multiplies the estimate value of the in-phase flux vector and 
the estimate value of the mirror-phase flux vector by the 
reciprocal of each related inductance to make the norm the 
Same, and performs vector Subtraction to generate and 
output a Synthesis vector. In the vector Subtraction Synthe 
sizer, K is a design parameter whose design is entrusted to 
the designer and generally Selected as desired, with 1, L., L. 
being preferable candidate values. In FIG. 11, 12b-7 is a 
vector normalization device for the Subtraction Synthesis 
vector and decides the estimates of cosine and Sine of the 
intermediate angle in Skewed proportion to the Synthesis 
vector. In this embodiment, the vector having the estimates 
of cosine and Sine of the intermediate angle as first and 
Second components is a unit vector, and the estimates of 
cosine and Sine of the intermediate angle are in skewed 
proportion to the Synthesis vector. This embodiment utilizes 
the operation described with reference to the Second formula 
of the equation (23) in principle, and skew Symmetric matrix 
J of the vector normalization device 12b-7 that also appears 
in the equation (23) is defined by the equation (4). AS 
indicated by the second formula of the equation (23), the 
Sign factor for judging the positive or negative sign requires 
a value of skewed inner product of the current vector and the 
unit vector. This is approximated by the q-axis current 
command in this embodiment, and the following relation is 
used. 

i"Ju(0)si, (31) 
0089. Only the positive or negative sign of a signal is 
required to estimate the cosine and Sine values, the actual 
magnitude of the Signal is not needed. From the Signal used 
to estimate the cosine and Sine values, only the positive or 
negative sign is determined, and the magnitude itself is not 
considered. In View of the above characteristic, the q-axis 
current command, which is hardly influenced by noises, 
often provides a favorable response as compared with the 
measured value. 

0090. Of course, it is also possible to decide the estimates 
of coSine and Sine of the intermediate angle according to the 
first formula of the equation (23). The skewed inner product 
of the current vector and the unit vector can be approximated 
by the q-axis current command or the like. 
0091 FIG. 9(c) is an example structure of the command 
converter 9 Suitable for the embodiment of the cosine and 
sine generator shown in FIG. 11. In order to make the cosine 
and sine generator of FIG. 11 respond rationally, it is 
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necessary to prevent the q-axis current from becoming a 
very Small value including Zero. A simple method for 
accomplishing this is to configure the command converter 9 
as shown in FIG. 9(b). The command converter 9 of FIG. 
9(b) is configured so that the q-axis current is always kept at 
a predetermined value while the d-axis current is varied 
depending on a torque command value. Thus, the q-axis 
current can be prevented from becoming a very Small value 
including Zero, and can be made to rationally respond to the 
cosine and sine generator of FIG. 11. Naturally, the embodi 
ment shown in FIG. 9(c) in principle satisfies the relation of 
torque generation of the equation (6). 
0092. The position angle vector estimator according to 
the present invention was described in detail in the above 
embodiments with reference to the accompanying drawings. 
AS described at Several points in this specification, the 
position angle vector estimator according to the present 
invention is preferably configured digitally in View of the 
remarkable progreSS in digital technology in these days. The 
digital Structure includes a hardware structure and a Software 
Structure, and, as apparent to those skilled in the art, either 
of these can be used as a structure of the present invention. 
0093. As apparent from the above description, the present 
invention provides the following effects. Particularly, the 
invention of claim 1 divides the stator flux vector into the 
in-phase flux vector having the same direction as the current 
vector and the mirror-phase flux vector which is determined 
as a difference between the stator flux vector and the 
in-phase flux vector, and uses the estimates of cosine and 
Sine of the intermediate angle of the angles formed of the 
in-phase flux vector and the mirror-phase flux vector as a 
rotation signal of the vector rotators. According to the 
present invention, there is obtained the operation that the 
estimates of cosine and Sine of the intermediate angle can be 
handled as the estimates of the cosine and Sine values of the 
rotor's main Salient pole position angle, So that the rotation 
Signal for the vector rotators can be obtained without using 
the Salient pole position angle detector mounted on the rotor. 
AS a result, there are provided effects that the vector rotators 
required for the vector control of the Synchronous reluctance 
motor can be operated normally, and that the vector control 
of the Synchronous reluctance motor can be performed 
without using the Salient pole position angle detector which 
is conventionally mounted on the rotor. There are also 
provided remedy effects to various problems with the con 
ventional art, Such as a deterioration in reliability of the 
motor System, a dimension increase in the axial direction, a 
wiring problem and an increase of various costs caused by 
the attachment of the Salient pole position angle detector to 
the rotor when the vector control of the synchronous reluc 
tance motor is performed. 
0094. As described above, the present invention can also 
be configured Such that the estimates of cosine and Sine of 
the double angle of the intermediate angle are first deter 
mined from the in-phase flux vector or its estimate value and 
the -mirror-phase flux vector or its estimate value, then the 
estimates of cosine and Sine of the intermediate angle are 
determined from the determined estimates of cosine and Sine 
of the double angle. Therefore, the estimates of cosine and 
Sine required for the vector rotators can be calculated 
directly from the in-phase flux vector and the mirror-phase 
flux vector without calculating their position angles. 
Because an inverse computation for calculation of the posi 
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tion angle is unnecessary, there is also realized an effect that 
the estimates of cosine and Sine of the position angle can be 
determined with relatively high accuracy and by a relatively 
Small amount of computation. Thus, it is possible to con 
figure the present invention Such that the operation can be 
Secured rationally. As a result, there is obtained an effect that 
the effects described above can be achieved with relatively 
high accuracy and in a relatively Small amount of compu 
tation. 

0095 The present invention may also be configured such 
that the method of determining the estimates of cosine and 
Sine of the intermediate angle from the estimates of cosine 
and Sine of the double angle is decided according to an 
expected magnitude of the estimates of cosine and Sine of 
the intermediate angle. In this manner, there can be obtained 
the operation for obtaining the estimates of cosine and Sine 
necessary for the vector rotatorS Such that the highest 
calculation accuracy is maintained while the amount of 
computation is reduced. As a result, the effects of the present 
invention can be achieved in a State Such that the highest 
calculation accuracy is maintained while the amount of 
computation is reduced. 

0096. The present invention can further be configured 
such that the in-phase flux vector with the norm made the 
Same or a vector having the same direction as its estimate 
value and the mirror-phase flux vector or a vector having the 
Same direction as its estimate value are produced, and the 
respective estimates of cosine and Sine of the intermediate 
angle are determined in proportion to first and Second 
components of the Synthesis vector obtained by addition of 
the two vectors having the same norm. Thus, there is 
obtained an operation enabling the estimates of cosine and 
Sine of the intermediate angle to be determined by a simple 
computation excepting an area where the absolute value 
with the Same component as the rotors main Salient pole 
direction of the Stator current becomes Small. Thus, the 
effects of the present invention can be achieved by a very 
Simple computation. 

0097. The present invention may also be configured such 
that the in-phase flux vector with a norm made the same or 
a vector having the same direction as its estimate value and 
the mirror-phase flux vector or a vector having the same 
direction as its estimate value are generated, and the respec 
tive estimates of cosine and Sine of the intermediate angle 
are determined in Skewed proportion to a form with codes 
mutually inverted with respect to Second and first compo 
nents of a synthesis vector obtained by subtraction of the two 
vectors with the Same norm. In this way, the estimates of 
cosine and Sine of the intermediate angle can be determined 
by a very simple computation excepting an area where the 
absolute value of the Stator current component vertical to the 
rotor's main Salient pole direction becomes insignificant. 
Accordingly, the effects of the present invention can be 
achieved by a very simple computation. 

0098. According to certain aspects of the present inven 
tion as described above, use in the area where the same 
component as the rotor's main Salient pole of the Stator 
current or the Vertical component becomes Small is restricted 
as cost of the decrease in an amount of computation. The 
practical method for avoiding Such an area in Such a way that 
the effects of the present inventions are not lost was spe 
cifically described above. 
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0099 While there have been described that what are at 
present considered to be preferred embodiments of the 
invention, it is to be understood that various modifications 
may be made thereto, and it is intended that the appended 
claims cover all Such modifications as fall within the true 
Spirit and Scope of the invention. 
What is claimed is: 

1. A vector control method for a Synchronous reluctance 
motor, which has a current control process for controlling to 
divide a Stator current contributing to generation of a torque 
into a d-axis component and a q-axis component of a current 
vector on rotational d-q coordinates which consist of mutu 
ally orthogonal d and q axes mutually interSecting at right 
angles associated with vector rotators, wherein: 
A Stator linkage flux is determined as a Stator flux vector, 

the stator flux vector is divided into an in-phase flux 
vector having the same direction as the current vector 
and a mirror-phase flux vector determined as a differ 
ence between the Stator flux vector and the in-phase 
flux vector, and estimates of cosine and Sine of an 
intermediate angle of angles formed by the in-phase 
flux vector and the mirror-phase flux vector are used as 
a rotation Signal for vector rotators. 

2. The vector control method for a Synchronous reluctance 
motor according to claim 1, wherein the estimates of cosine 
and Sine of a double angle of the intermediate angle are 
determined from the in-phase flux vector or its estimate 
value and the mirror-phase flux vector or its estimate value, 
and the estimates of cosine and Sine of the intermediate 
angle are determined from the determined estimates of 
cosine and Sine of the double angle. 
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3. The vector control method for a synchronous reluctance 
motor according to claim 1, wherein the method of deter 
mining the estimates of cosine and Sine of the intermediate 
angle from the estimates of cosine and Sine of the double 
angle is Set according to an estimated magnitude of the 
estimates of cosine and Sine of the intermediate angle. 

4. The vector control method for a Synchronous reluctance 
motor according to claim 1, wherein the in-phase flux vector 
with a norm made the same or a vector having the same 
direction as its estimate value and the mirror-phase flux 
vector with a norm made the same or a vector having the 
Same direction as its estimate value are produced, and 
respective estimates of cosine and Sine of the intermediate 
angle are determined in proportion to a first component and 
a Second component of a Synthesis vector obtained by 
addition of the two vectors having the same norm. 

5. The vector control method for a synchronous reluctance 
motor according to claim 1, wherein the in-phase flux vector 
with a norm made the same or a vector having the same 
direction as its estimate value and the mirror-phase flux 
vector with a norm made the same or a vector having the 
Same direction as its estimate value are produced, and 
respective estimates of cosine and Sine of the intermediate 
angle are determined in skewed proportion to a form with 
codes mutually inverted with respect to a Second component 
and a first component of a Synthesis vector obtained by 
Subtraction of the two vectors with the same norm. 


