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FOUR-PHASE SWITCHED RELUCTANCE
MOTOR TORQUE RIPPLE THREE-LEVEL
SUPPRESSION METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
three-level suppression of torque ripple of switched reluc-
tance motor, and is applicable to a four-phase switched
reluctance motor drive system.

BACKGROUND OF THE INVENTION

[0002] Switched reluctance motor attracts great attention
owing to its simple and firm structure, low manufacturing
cost and good speed control performance. However, its
special double salient structure and switch-type exciting
mode make the electromagnetic torque it outputs have large
ripple, seriously affecting its application fields. For this, the
researchers provides various methods to eliminate torque
ripple and meanwhile realize minimum copper loss. These
methods obtain a good effect within certain speed range.
Nevertheless, when the rotational speed is high, due to
limited DC supply voltage, the ability of the system to
control and track desired current, desired flux linkage and
desired torque is weakened and it is difficult to effectively
eliminate torque ripple. Furthermore, due to the limitation of
maximum endurable current of winding and the volt-ampere
capacity of semiconductor devices, switched reluctance
motor system has an upper limit of current and the limitation
of current makes switched reluctance motor only is able to
output smooth torque within a limited range. Therefore, all
the controls over output of smooth torques have a specific
operable range.

SUMMARY OF THE INVENTION

[0003] The object of the present invention is to overcome
the problem in the prior art and provide a method for
three-level suppression of torque ripple of four-phase
switched reluctance motor.

[0004] The present invention provides a method for three-
level suppression of torque ripple of four-phase switched
reluctance motor, comprising the following steps:

[0005] a. Setting a first set of torque thresholds (thl,,,,,
th1,,,,, thl,,) in rotor position interval [0°, 6,/4], and a
second set of torque thresholds (th2,,,,, th2,,,, , th2, )

in rotor position interval [0,/4, 0,/2], wherein these six
torque thresholds meet the following conditions:

th,,>thl_,,>th2,,>0 (6]
0>thly,,>th2,,,,>th2,,, @
Ithl,,, |=Ith2, .| 3
Ithl,, |=Ith2,,,,| (©)]
Ith2,,,|=Ith1,,,| ®

Wherein, rotor position 0° is minimum phase inductance
position, rotor position 0, is angular pitch, i.e.: one rotor
cycle, and a half rotor cycle is 6,/2;

[0006] b. Setting excited state S, as power supply
excited state of phase A, wherein excited state S =1
means exciting voltage of phase A is positive, excited
state S ,=0 means exciting voltage of phase A is zero,
and excited state S,=-1 means exciting voltage of
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phase A is negative; setting excited state Sz as power

supply excited state of phase B, wherein excited state

Sz=1 means exciting voltage of phase B is positive,

excited state S ;=0 means exciting voltage of phase B is

0 and excited state Sz=—1 means exciting voltage of

phase B is negative; and the desired total smooth torque

is T,;

[0007] c. Power is supplied to adjacent phase A and
phase B for excitations, the power supplied for excita-
tion to phase A leads the power supplied for excitation
to phase B by 0,/4. At this moment, phase A is
disconnected, phase B is connected and three-level
suppression of torque ripple of four-phase switched
reluctance motor is realized by dividing the commuta-
tion process from phase A to phase B into two intervals.

[0008] Dividing the commutation process from phase A to
phase B into two intervals is as follows:

[0009] (1) In rotor position interval [0°, 0,], phase A
uses the second set of torque thresholds (th2,,,,, th2_,...,
th2,,,), phase B uses the first set of torque thresholds
(thl,,,. thl,,, thl, ), critical position 6, appears auto-
matically in the commutation process, and no extra
calculation is needed;

[0010] (1.1) Phase B conduction cycle is started in
rotor position 0°, initial excited state Sz=1 is set, and
phase B current and torque increase from 0; excited
state S, maintains original state S =1, and phase A
current and torque increase. Total torque increases;

[0011] (1.2) When total torque increases to torque
value T +th2, , excited state S, is converted from 1
to -1, and phase A torque decreases; phase B main-
tains original state, and phase B torque continues to
increase. As phase B inductance change rate and
phase current are small at this moment, the increase
rate of phase B torque is smaller than the decrease
rate of phase A torque, the change trend of total
torque is determined by phase A, and total torque
decreases;

[0012] (1.3) When total torque first decreases to
torque value T +thl, , phase A and phase B state
transfer conditions are not met, excited states S, and
Sz maintain original states and total torque continues
to decrease;

[0013] (1.4) When total torque decreases to torque
value T,+th2_,, . conversion of phase A state from
excited state S,=-1 to excited state S,=0 is trig-
gered, and phase A torque decreases, but the decrease
rate is smaller than that when excited state S =-1;
phase B maintains original excited state and torque
continues to increase. At this moment, under the
condition of excited state S, =0 and excited state
Sz=1, the decrease rate of phase A torque is larger
than the increase rate of phase B torque, and total
torque decreases;

[0014] (1.5) When total torque decreases to torque
value T, +th2, . phase A state transfer conditions are
met, phase A state is converted from excited state
S,=0 to excited state S, =1 and phase A torque
increases; phase B maintains original state and
torque continues to increase; total torque increases;

[0015] (1.6) When total torque increases to torque
value T +th2_, and T _+thl, , in turn, but phase A
and phase B state transfer conditions are not met in
both cases, total torque continues to increase;
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[0016] (1.7) When total torque increases to torque
value T +th2, , steps (1.2)~(1.6) are repeated, and
phase B state is not triggered and changed and
maintains excited state Sz=1; phase A excited state
S, is switched among 1, 0 and -1, and total torque is
controlled within [T +th21,,,, T_+th2, ], thereby
suppressing ripple of four-phase switched reluctance
motor torque in rotor position interval [0°, 6, ];

[0017] (1.8) With the increase of rotor position, phase
B inductance change rate and current increase to
certain level. After a critical position is reached,
when excited state S =0 and excited state Sz=1, the
decrease rate of phase A torque is smaller than the
increase rate of phase B torque and total torque
increases;

[0018] (2) In rotor position interval [0,, 0,/4], phase A
continues to use the second set of torque thresholds
(th2,,,,, th2,,,,, th2, ) and phase B continues to use the
first set of torque thresholds (thl,,,,, thl thl, ),
[0019] (2.1) In rotor position 0, total torque reaches

torque value T +th2 , and phase A state is switched
to excited state S =-1; phase B maintains excited
state Sz=1, and in this position the decrease rate of
phase A torque under the excitation of negative
supply voltage is larger than the increase rate of
phase B torque under the excitation of positive
supply voltage, so total torque decreases. However,
this situation is changed subsequently. Following the
increase of rotor position, although the excited states
of phase A and phase B both remain unchanged, the
decrease rate of phase A torque in excited state
S ,=-1 is smaller than the increase rate of phase B
torque in excited state Sz=1, thereby total torque
increases;

[0020] (2.2) When total torque increases to torque
value T +th2,,, neither excited state S, nor excited
state Sz is triggered and changed and total torque
continues to increase;

[0021] (2.3) When total torque reaches torque value
T, +thl,,, , phase B state transfer conditions are met,
excited state Sz is converted into O and phase B
torque decreases; phase A maintains original excited
state S ,=—1 and total torque decreases;

[0022] (2.4) When total torque decreases to torque
value T +th2, ,, neither excited state S, nor excited
state Sz is triggered and changed and total torque
continues to decrease;

[0023] (2.5) When total torque decreases to torque
value T_+th1, , , phase B state transfer conditions are
met, excited state S is converted into 1 and phase B
torque increases; phase A maintains original excited
state S ,=-1 and total torque increases;

[0024] (2.6) Steps (2.2)~(2.5) are repeated, excited
state S, remains to be -1 and phase A torque and
current continue to decrease; excited state Sy is
switched between 0 and 1, and total torque is con-
trolled within [T +th1,,,, T +thl_ ], thereby sup-
pressing ripple of four-phase switched reluctance
motor torque in rotor position interval [0, 0,/4];

[0025] (2.7) When the rotor is in a critical position
and phase B torque increases when excited state
Sz=0, and the increase rate is larger than the decrease
rate of phase A torque in excited state S ,=—1. At this
moment, total torque increases;

zeros
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[0026] (2.8) When total torque increases to torque
value T_+thl,,, phase B state is triggered and
changed, excited state Sz is converted from 0 to -1
and phase B torque decreases; phase A torque con-
tinues to decrease and total torque decreases;

[0027] (2.9) When total torque decreases to torque
value T +thl_,,, and torque value T +th2, in turn,
neither excited state S nor excited state Sy is trig-
gered and changed, and total torque continues to
decrease;

[0028] (2.10) When total torque decreases to torque
value T, +thl,, . excited state S; is triggered and
changed into 1 and phase B torque increases; phase
A maintains original state, phase A torque continues
to decrease and total torque increases;

[0029] (2.11) When total torque increases to torque
value T +thl_,, . excited state Sz is triggered and
changed into 0 and excited state S , remains to be -1.
The situation at this moment is same as that of (2.7).
Steps (2.7)~(2.11) are repeated, excited state S,
remains to be -1, excited state Sy is switched among
-1, 0 and 1, and total torque is controlled within
[T +thl,,,,, T +thl, ], thereby suppressing the ripple
of four-phase switched reluctance motor torque in
rotor position interval [0,, 0,/4];

[0030] (2.12) When the rotor is in a critical position
and phase B torque no longer increases but decreases
when excited state S;=0 and excited state S =-1,
step (2.2)~2.5) are repeated from this moment and
total torque is controlled within [T, +thl,
T +thl__,. ], thereby suppressing ripple of four-phase
switched reluctance motor torque in rotor position
interval [0,, 6,/4].

[0031] Beneficial effect: Due to adoption of the foregoing
technical scheme, by setting two sets of torque thresholds
and adjacent phase A and phase B excited states, the present
invention makes phase A and phase B switch among three
excited states in which power supply exciting voltage is
positive, zero and negative respectively, controls total torque
be between the two sets of torque thresholds, suppresses
ripple of four-phase switched reluctance motor torque and
realizes smooth control of direct and transient torque of
four-phase switched reluctance motor. The waveform of the
exciting voltage the motor winding receives and the wave-
form of desired voltage have the same features. The actual
phase current is highly identical to desired phase current so
that switched reluctance motor outputs smooth torque in a
maximum range. The present invention has high universal-
ity, a desirable practical effect and a broad application
prospect and is applicable to various types of four-phase
switched reluctance motor drive systems with various struc-
tures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic diagram of setting of three-
level torque thresholds of switched reluctance motor pro-
vided by the present invention;

[0033] FIG. 2(a) is a schematic diagram of conversion of
power supply excited state of phase B of switched reluctance
motor provided by the present invention;

[0034] FIG. 2(b) is a schematic diagram of conversion of
power supply excited state of phase A of switched reluctance
motor provided by the present invention;
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[0035] FIG. 3 is torque waveform of switched reluctance
motor provided by the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] The present invention is further described below in
connection with the embodiments shown in accompanying
drawings:

[0037] As shown in FIG. 1, for one four-phase switched
reluctance motor, the specific steps are as follows:

[0038] a. Setting a first set of torque thresholds (thl,,,,,
th1,,,,, thl,,) in rotor position interval [0°, 6,/4], and a
second set of torque thresholds (th2,,,,, th2,.,., th2, ) in
rotor position interval [0,/4, 6,/2], wherein these six
torque thresholds meet the following conditions:

thl,>thl . >th2, >0 M
0>thl,,,>th2, >th2,,, @
Ithl,,, |=Ith2, .| 3
Ithl,,, [=Ith2,,,| (©)]
Ith2,,,I=Ith1,,,,| )]

Wherein, rotor position 0° is minimum phase inductance
position, rotor position 60, is angular pitch, i.e.: one rotor
cycle, and a half rotor cycle is 6,/2;

[0039] b. As shown in FIG. 2, setting excited state S, as
power supply excited state of phase A, wherein excited
state S =lmeans exciting voltage of phase A is posi-
tive, excited state S ,=0 means exciting voltage of phase
A is zero, and excited state S,=-1 means exciting
voltage of phase A is negative; setting excited state Sz
as power supply excited state of phase B, wherein
excited state Sz;=1 means exciting voltage of phase B is
positive, excited state Sz;=0 means exciting voltage of
phase B is 0 and excited state Sz=-1 means exciting
voltage of phase B is negative; and the desired total
smooth torque is T,;

[0040] c. Power is supplied to adjacent phase A and
phase B for excitations, the power supplied for excita-
tion to phase A leads the power supplied for excitation
to phase B by 0,/4. At this moment, phase A is
disconnected, phase B is connected, and the commu-
tation process from phase A to phase B is divided into
two intervals, as shown in FIG. 1:

[0041] (1) In rotor position interval [0°, 0, ], phase A
uses the second set of torque thresholds (th2, .
th2,,,, th2, ), phase B uses the first set of torque
thresholds (th1,,,,, thl,,,,,, th1,,), critical position 6,
appears automatically in the commutation process,
and no extra calculation is needed;

[0042] (1.1) Phase B conduction cycle is started in
rotor position 0°, initial excited state Sz32 1 is set,
and phase B current and torque increase from 0;
excited state S, maintains original state S ,=1, and
phase A current and torque increase. Total torque
increases;

[0043] (1.2) When total torque increases to torque
value T_+th2, , excited state S, is converted from
1 to -1, and phase A torque decreases; phase B
maintains original state, and phase B torque con-
tinues to increase. As phase B inductance change
rate and phase current are small at this moment,
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the increase rate of phase B torque is smaller than

the decrease rate of phase A torque, the change

trend of total torque is determined by phase A, and
total torque decreases;

[0044] (1.3) When total torque first decreases to
torque value T, +thl,, , phase A and phase B state
transfer conditions are not met, excited states S,
and Sz maintain original states and total torque
continues to decrease;

[0045] (1.4) When total torque decreases to torque
value T _+th2_, ., phase A state is triggered to
convert from excited state S =-1 to excited state
S,=0, and phase A torque decreases, but the
decrease rate is smaller than that when excited
state S_,=-1; phase B maintains original excited
state and torque continues to increase. At this
moment, under the condition of excited state S =0
and excited state Sz=1, the decrease rate of phase
A torque is larger than the increase rate of phase
B torque, and total torque decreases;

[0046] (1.5) When total torque decreases to torque
value T +th2, , . phase A state transfer conditions
are met, phase A state is converted from excited
state S,=0 to excited state S, =1 and phase A
torque increases; phase B maintains original state
and torque continues to increase; total torque
increases;

[0047] (1.6) When total torque increases to torque

value T, +th2_,, and T +thl,_, in turn, but phase A

and phase B state transfer conditions are not met
in both cases, total torque continues to increase;

[0048] (1.7) When total torque increases to torque
value T +th2 . steps (1.2)~1.6) are repeated, and
phase B state is not triggered and changed and
maintains excited state Sz=1; phase A excited state
is switched among 1, 0 and -1, and total torque is
controlled within [T +th2,,,, T +th2, ], thereby
suppressing ripple of four-phase switched reluc-
tance motor torque in rotor position interval [0°,
0.1

[0049] (1.8) With the increase of rotor position,
phase B inductance change rate and current
increase to a certain level. After a critical position
is reached, when excited state S,=0 and excited
state Sz=1, the decrease rate of phase A torque is
smaller than the increase rate of phase B torque
and total torque increases;

[0050] (2) In rotor position interval [0,, 0,/4], phase
A continues to use the second set of torque thresh-
olds (th2,,,, th2,,,,, th2, ) and phase B continues to
use the first set of torque thresholds (thl,,,, thl
thl, )

[0051] (2.1) In rotor position O,, total torque
reaches torque value T +th2,, and phase A state is
switched to excited state S_,=-1; phase B main-
tains excited state Sz=1. In this position, the
decrease rate of phase A torque under the excita-
tion of negative supply voltage is larger than the
increase rate of phase B torque under the excita-
tion of positive supply voltage, so total torque
decreases. However, this situation is changed sub-
sequently. Following the increase of rotor posi-
tion, although the excited states of phase A and
phase B both remain unchanged, the torque

zeros
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decrease rate of phase A in excited state S =-1 is
smaller than the torque increase rate of phase B in
excited state Sz=1, thereby total torque increases;

[0052] (2.2) When total torque increases to torque
value T +th2,,, neither excited state S, nor
excited state S is triggered and changed and total
torque continues to increase;

[0053] (2.3) When total torque reaches torque
value T +thl_,, , phase B state transfer conditions
are met, excited state S is converted into 0 and
phase B torque decreases; phase A maintains origi-
nal excited state S ,=-1 and total torque decreases;

[0054] (2.4) When total torque decreases to torque
value T_+th2 . neither excited state S, nor
excited state S is triggered and changed, and total
torque continues to decrease;

[0055] (2.5) When total torque decreases to torque
value T, +t1,,,, phase B state transfer conditions
are met, excited state Sz is converted into 1 and
phase B torque increases; phase A maintains origi-
nal excited state S ,=-1 and total torque increases;

[0056] (2.6) Steps (2.2)~(2.5) are repeated, excited
state S, remains to be -1 and phase A torque and
current continue to decrease; excited state Sz is
switched between 0 and 1, and total torque is
controlled within [T, +th1, , T +thl__ ], thereby
suppressing ripple of four-phase switched reluc-
tance motor torque in rotor position interval [6,,
0,/4];

[0057] (2.7) When the rotor is in a critical position
and phase B torque increases in excited state
Sz=0, and the increase rate is larger than the
decrease rate of phase A torque in excited state
S /~-1. At moment, total torque increases;

[0058] (2.8) When total torque increases to torque
value T +thl, . phase B state is triggered and
changed, excited state Sy is converted from 0 to -1
and phase B torque decreases; phase A torque
continues to decrease and total torque decreases;

[0059] (2.9) When total torque decreases to torque
value T;+thl,,, and torque value T +th2,, in turn,
neither excited state S, nor excited state Sy is
triggered and changed, and total torque continues
to decrease;

[0060] (2.10) When total torque decreases to
torque value T_+thl, . excited state S is trig-
gered and changed into 1 and phase B torque
increases; phase A maintains original state, phase
A torque continues to decrease and total torque
increases;

[0061] (2.11) When total torque increases to torque
value T +thl_,,, excited state Sz is triggered and
changed into 0 and excited state S, remains to be
-1. The situation at this moment is same as that of
(2.7). Steps (2.7)~(2.11) are repeated, excited state
S, remains to be -1, excited state Sz is switched
among -1, 0 and 1, and total torque is controlled
within [T +thl,,,, , T ,+thl,,], thereby suppress-
ing the ripple of four-phase switched reluctance
motor torque in rotor position interval [0, 0,/4];

[0062] (2.12) When the rotor is in a critical posi-
tion and phase B torque is in excited state Sz=0
and excited state S,=-1, total torque no longer
increases but decreases. Steps (2.2)~(2.5) are
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repeated from this moment and total torque is
controlled within [T, +th1,,,, T +thl_,, ], thereby
suppressing ripple of four-phase switched reluc-
tance motor torque in rotor position interval [0,
0,/4].
[0063] For adjacent phase B and phase C power supply
excitations, when phase B power supply excitation is 0,/4
ahead of phase C power supply excitation, torque threshold
setting, commutation process, and phase B and phase C
excited state switching and transfer methods are similar to
the foregoing circumstance.
[0064] For adjacent phase C and phase D power supply
excitations, when phase C power supply excitation is 0,/4
ahead of phase D power supply excitation, torque threshold
setting, commutation process, and phase C and phase D
excited state switching and transfer methods are similar to
the foregoing circumstance.
[0065] For adjacent phase D and phase A power supply
excitations, when phase D power supply excitation is 0,/4
ahead of phase A power supply excitation, torque threshold
setting, commutation process, and phase D and phase A
excited state switching and transfer methods are similar to
the foregoing circumstance.
[0066] The acquired switched reluctance motor torque
waveform is shown in FIG. 3.

1. A method for three-level suppression of a torque ripple
of a four-phase switched reluctance motor, comprising the
following steps:

a. setting a first set of torque thresholds (thl,,, thl .
th1,,,) in rotor position interval [0°, 8,/4], and a second
set of torque thresholds (th2,,,, th2_, th2, ) in rotor
position interval [6,/4, 0,/2], wherein the first and
second set of torque thresholds meet the following

conditions:
thl, >thl_, >th2, >0 M
0>th1,,,>th2,, th2, ()]
th1,,,,/=Ith2,,,,| ©)
Ith,,,I=th2,,,,| ]
Ith2,,,=Ith1,,| ®

wherein, rotor position 0° denotes a minimum phase induc-
tance position, rotor position 8, denotes an angular pitch that
is equal to one rotor cycle, and 6,/2 denotes a half rotor
cycle;

b. setting excited state S, as a power supply excited state
of phase A, wherein excited state S ,=1 means phase A
exciting voltage is positive, excited state S ,=0 means
phase A exciting voltage is zero, and excited state
S ,/~1 means phase A exciting voltage is negative;
setting excited state S as a power supply excited state
of phase B, wherein excited state S;=1 means phase B
exciting voltage is positive, excited state Sz;=0 means
phase B exciting voltage is 0 and excited state Sz;=—1
means phase B exciting voltage is negative; and desired
total smooth torque is T.;

c. power is supplied to adjacent phase A and phase B for
excitations, wherein the power supplied for excitation
to phase A leads the power supplied for excitation to
phase B by 60,/4, such that when phase A is discon-
nected, phase B is connected and a three-level suppres-
sion of a torque ripple of a four-phase switched reluc-
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tance motor is realized by dividing commutation
process from phase A to phase B into two intervals.
2. The method for three-level suppression of the torque
ripple of the four-phase switched reluctance motor accord-
ing to claim 1, wherein dividing a commutation process
from phase A to phase B into two intervals comprises the
following steps:
(1) in rotor position interval [0°, 6,], phase A uses the
second set of torque thresholds (th2,,,, th2_ th2 ),
phase B uses the first set of torque thresholds (th1,,,,,
thl ., thl, ), critical position 8, appears automati-
cally in the commutation process, and no extra calcu-
lation is needed;

(1.1) phase B conduction cycle is started in rotor
position 0°, initial excited state Sz=1 is set, and
phase B current and torque increase from 0; excited
state S, maintains original state S =1, phase A
current and torque increase, and total torque
increases;

(1.2) when total torque increases to torque value
T, +th2, , excited state S, is converted from 1 to -1,
and phase A torque decreases; phase B maintains
original state, and phase B torque continues to
increase; as phase B inductance change rate and
phase current are small at this moment, increase rate
of phase B torque is smaller than the decrease rate of
phase A torque, the change trend of total torque is
determined by phase A, and the total torque
decreases;

(1.3) when total torque first decreases to torque value
T, +thl, . phase A and phase B state transfer con-
ditions are not met, excited states S ;, and Sz maintain
original states and total torque continues to decrease;

(1.4) when total torque decreases to torque value
T +th2_ ., phase A state is triggered to convert from
excited state S ,=—1 to excited state S =0, and phase
A torque decreases, but the phase A decrease rate is
smaller than that when excited state S ,=—1; phase B
maintains original excited state and the phase B
torque continues to increase; and wherein under a
condition of excited state S,=0 and excited state
Sz=1, the phase A torque decrease rate is larger than
the phase B torque increase rate, and the total torque
decreases;

(1.5) when the total torque decreases to a torque value
T +th2, .., phase A state transfer conditions are met,
phase A state is converted from excited state S ;=0 to
excited state S,=1, and phase A torque increases;
phase B maintains original state and phase B torque
continues to increase; and the total torque increases;

(1.6) When the total torque increases to a torque value

T,+th2 . and T _+thl,,,, in turn, but phase A and
phase B state transfer conditions are not met in both
cases, the total torque continues to increase;

(1.7) When the total torque increases to a torque value
T +th2,,, steps (1.2) through (1.6) are repeated, and
phase B state is not triggered, is not changed, and
maintains excited state Sz=1; phase A excited state is
switched among 1, 0 and -1, and the total torque is
controlled within [T, +th2,,,, T +th2, ], thereby sup-
pressing the torque ripple of the four-phase switched
reluctance motor in rotor position interval [0°, 0,];

(1.8) with an increase of rotor position, the phase B
inductance change rate and current increase to a
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certain level; after a critical position is reached, when
excited state S =0 and excited state Sz=1, the phase
A torque decrease rate is smaller than the phase B
torque increase rate and the total torque increases;

(2) in rotor position interval [0,, 6,/4], phase A continues

to use the second set of torque thresholds (th2,,,,,

th2__ . th2 ) and phase B continues to use the first set

of torque thresholds (thl,,,,, thl th,,);

(2.1) in rotor position 6,, the total torque reaches a
torque value T +th2, , and phase A state is switched
to excited state S =-1; phase B maintains excited
state Sz=1, and in this position the decrease rate of
phase A torque under the excitation of negative
supply voltage is larger than the increase rate of
phase B torque under excitation of positive supply
voltage, such that the total torque decreases; and
wherein, following an increase of rotor position,
although the excited states of phase A and phase B
both remain unchanged, the decrease rate of phase A
torque in excited state S_,=-1 is smaller than the
increase rate of phase B torque in excited state Sz=1,
such that the total torque increases;

(2.2) when the total torque increases to a torque value
T +th2,,,, neither the excited state S ; nor the excited
state Sy is triggered or changed, and the total torque
continues to increase;

(2.3) when the total torque reaches a torque value
T +thl__,, phase B state transfer conditions are met,
excited state Sz is converted into O and phase B
torque decreases; phase A maintains original excited
state S ,=-1, and the total torque decreases;

(2.4) when the total torque decreases to a torque value
T +th2,,, neither the excited state S ; nor the excited
state Sy is triggered or changed, and the total torque
continues to decrease;

(2.5) when the total torque decreases to a torque value
T, +th1,,,,, phase B state transfer conditions are met,
the excited state Sy is converted into 1 and the phase
B torque increases; phase A maintains original
excited state S =-1, and the total torque increases;

(2.6) steps (2.2) through (2.5) are repeated, the excited
state S, remains equal to —1 and the phase A torque
and phase A current continue to decrease; the excited
state Sy is switched between 0 and 1, and the total
torque is controlled within [T +thl,,,, T +thl__ ],
thereby suppressing the torque ripple of the four-
phase switched reluctance motor in rotor position
interval [0,, 0,/4];

(2.7) when the rotor is in a critical position and the
phase B torque increases in excited state Sz=0, and
the phase B torque increase rate is larger than
decrease rate of phase A torque in excited state
S =-1, the total torque increases;

zeros

(2.8) when the total torque increases to a torque value
T +thl,,, the phase B state is triggered and changed,
the excited state S is converted from 0 to —1 and the
phase B torque decreases; the phase A torque con-
tinues to decrease, and the total torque decreases;

(2.9) when the total torque decreases to a torque value
T.+thl,,,, and a torque value T +th2,, in turn, nei-
ther the excited state S, nor the excited state Sy is
triggered or changed, and the total torque continues
to decrease;
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(2.10) when the total torque decreases to a torque value
T, +thl, ., the excited state Sz is triggered and
changed to 1, and the phase B torque increases;

phase A maintains original state, the phase A torque
continues to decrease and the total torque increases;

(2.11) when the total torque increases to a torque value
T, +thl, ., the excited state Sy is triggered and
changed to 0, and the excited state S, remains equal
to —1; steps (2.7) through (2.11) are repeated, the
excited state S, remains equal to -1, the excited state
Sz is switched among -1, 0 and 1, and the total
torque is controlled within [T +thl,,,, T +thl,],
thereby suppressing the torque ripple of the four-
phase switched reluctance motor in rotor position
interval [0, 0,/4]; and

(2.12) when the rotor is in a critical position and the
phase B torque is in an excited state Sz=0 and an
excited state S,=-1, the total torque no longer
increases but decreases; steps (2.2) through h (2.5)
are repeated and the total torque is controlled within
[T, +th,,,, T.,+thl_,], thereby suppressing the
torque ripple of the four-phase switched reluctance
motor in rotor position interval [0,, 0,/4].

#* #* #* #* #*



