
(12) STANDARD PATENT (11) Application No. AU 2014323977 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Method for diagnosing detail coefficient standard deviation of switch reluctance mo
tor power converter failure 

(51) International Patent Classification(s) 
G01R 31/02 (2006.01) 

(21) Application No: 2014323977 (22) Date of Filing: 2014.03.26 

(87) WIPO No: W015/039420 

(30) Priority Data 

(31) Number (32) Date (33) Country 
201310436418.2 2013.09.23 CN 

(43) Publication Date: 2015.03.26 
(44) Accepted Journal Date: 2017.09.21 

(71) Applicant(s) 
China University of Mining and Technology 

(72) Inventor(s) 
Chen, Hao;Han, Guoqiang;Wang, Xing 

(74) Agent / Attorney 
In-Legal Limited, PO Box 7980, Baulkham Hills, NSW, 2153, AU 

(56) Related Art 
CN 103105559 A



(12) tflIA*&PieSA iW 

(10) 
(43)E~# WO 2015/039420 A1 2015 * 3 fl 26 H (26.03.2015) W I P0 I P CT 

(51) 04"$3$*I: ) q 1 t'V: +1 NC4 W t , Jiangsu 221116 
GO1R 31/02 (2006.01) (CN)o 

(21) RIE4f: PCT/CN2014/074097 (74) )A: m* 4 jjttj#yW Ciff k) 

(22) $: 2014 3 A 26 H (26.03.2014) (NANJING RUIHONG PATENT AND TRADEMARK 
OFFICE (GENERAL PARTNERSHIP)); +: NhI 5W 

(25) $4*# : tv M An A Ex fI tFi 1 304 r, Jiangsu 210016 

(26) 4$*# : (CN)o 

(30) (81) 
201310436418.2 2013 4 9 A9 23 H (23.09.2013) CN tP): AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, 

BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, 
(71) itA: t 4RIVAkC* (CHINA UNIVERSITY OF CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, Fl, GB, 

MINING AND TECHNOLOGY) [CN/CN]; 1:P N M GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IR, IS, 

V Mv: 1 4 4f f#46 $ tJiangsu JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, 

221116 (CN), LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, 
MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, 

(72) A: WA (CHEN, Hao); 1F: QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, 
V: 1 [A 4r R t q f4 f PA Jiangsu 221116 ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 

(CN)0 o 4M (HAN, Guoqiang); [: UZ, VC, VN, ZA, ZM, ZW0 

-t t 1 NVt 1Lt#fh f R_, Jiangsu 221116 

(CN)0  A E (WANG, Xing); Th 1iI,5Wt #HtT 

(54) Title: METHOD FOR DIAGNOSING DETAIL COEFFICIENT STANDARD DEVIATION OF SWITCH RELUCTANCE 
MOTOR POWER CONVERTER FAILURE 

(5 4) TYS$ :~ ? f 4 R t A A M! - T, T ) 

- AA 

N2 / FIG.2 

AA Standard deviation (normal) BB Standard deviation (failure) 

(57) Abstract: Disclosed is a method for diagnosing the detail coefficient standard deviation of a switch reluctance motor power 
converter failure, the method comprising: checking the phase current transient value of a switch reluctance motor power converter to 
calculate a detail coefficient standard deviation (5 as a failure characteristic quantity; and employing the detail coefficient standard 
deviation a5 curve of the phase current of the switch reluctance motor power converter in the entire rotational speed range or in the 
entire torque range to diagnose the short circuit failure of the master switch of the switch reluctance motor power converter. The 
present invention is suitable for a switch reluctance motor power converter having a multi-phase and multi-topology structure, can 
accurately diagnose short circuit failure, and has good engineering application value.  
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Method for Diagnosing Detail Coefficient Standard Deviation of Switch Reluctance 

Motor Power Converter Failure 

Field of the Invention 

The present invention relates to a short circuit fault diagnosing method based on 

standard deviation of detail coefficients, in particular to a short circuit fault diagnosing 

method based on standard deviation of detail coefficients for the power converter of a 

switched reluctance motor with any number of phases.  

Background of the Invention 

Though the research on fault detection and diagnostic techniques for switched 

reluctance motor system has received extensive attention gradually in all countries 

around the world, only a few of achievement have been obtained since its late start. The 

research on fault diagnosis of switched reluctance motor system is mainly based on 

qualitative theoretical analysis or comparative analysis of system performance in 

normal state and fault state. The power converter is an important component of a 

switched reluctance motor system and is a fault prone point. Most fault protection 

measures for power converters are still at the level of protection for power devices 

against over-current, over-voltage, and overheat, and are not effective until the fault has 

developed to a level that it affects characteristics of externally measurable variables, in 

addition, owing to the difference in system structure and parameters, only a threshold 

for fault protection can be set roughly, but the fault type cannot be judged. The strong 

nonlinear characteristic and unique control mode of switched reluctance motor system 

itself also bring considerable difficulties to the research of system fault diagnosis, and 

conventional fault diagnosing methods for power converters cannot be directly applied 

to the power converters of switched reluctance motors.  

Summary of the Invention 

To solve the technical problems in the prior art, the present invention provides a short 

circuit fault diagnosing method based on standard deviation of detail coefficients for 

the power converter of a switched reluctance motor.  

The fault diagnosing method based on standard deviation of detail coefficients for the 

power converter of a switched reluctance motor in the present invention comprises: 

detecting the transient value of phase currentf(t) in the power converter of a switched 

reluctance motor; and, with the following expression: 

- = (d -'k)2 
k 

the standard deviation of detail coefficients - is calculated, wherein, the real values of 

detail coefficients are d= =.R f(t)2 0(2-)t- k)& , the mean values of detail
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d,,k =-Y dj 
coefficients are k k , t is time variable, j is resolution level, k is discretized 

translation value, #(2-1t -k) is the conjugate complex of wavelet function #(2- t - k), 

and R is the integration range with respect to time, carrying out a transformation for the 

transient value of phase current f(t) as follows: 

f(t) j kc, jf2 2(2 - k) ± Y djk 2j12 0(2- - k) 
j=1 k j=1 k , wherein, the scale factor is 

CfJk R f(t)2-/ 2 c( 2 it - k)dt and qp(2- t-k) is the conjugate complex of scale 

function #(2-'t -k) 

taking the standard deviation of detail coefficients a as a fault characteristic quantity to 

diagnose whether there is any short circuit fault in the main circuit of the power 

converter of the switched reluctance motor; 

if the standard deviation of detail coefficients a in the entire range of rotation speed 

fluctuates between 0.005 and 0.01 or if the standard deviation of detail coefficients a in 

the entire range of torque fluctuates between 0.005-0.01, it indicates that a short circuit 

fault has occurred in the power converter of the switched reluctance motor.  

Beneficial effects: the present invention is applicable to the diagnosis of short circuit 

faults in the power converter of a switched reluctance motor with any topological 

structures, with any number of phases. By detecting the transient value of phase current 

in the power converter of a switched reluctance motor, the standard deviation of detail 

coefficients a is calculated and taken as a fault characteristic quantity, by a curve of 

standard deviation of detail coefficients a of phase current in the power converter of the 

switched reluctance motor in the entire range of rotation speed or a curve of standard 

deviation of detail coefficients a of phase current in the power converter of the switched 

reluctance motor in the entire range of torque, a short circuit fault in the power converter 

of the switched reluctance motor is diagnosed, so as to attain the object of the present 

invention. The fault diagnosing method for the power converter of a switched 

reluctance motor can extract a fault characteristic quantitatively, is ideal for diagnosis 

of short circuit fault, can achieve reliable and accurate fault diagnosis, and has a great 

value in engineering application.  

Brief Description of the Drawings 

Fig. 1 is a topological structure diagram of a three-phase dual-switch power converter 

of a switched reluctance motor, for which the present invention is applied; 

Fig.2 is a curve diagram of standard deviation of detail coefficients a of a three

phase dual-switch power converter of a switched reluctance motor in the entire range 

of rotation speed, for which the present invention is applied; 

Fig.3 is a curve diagram of standard deviation of detail coefficients a of a three

phase dual-switch power converter of a switched reluctance motor in the entire range
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of torque, for which the present invention is applied.  

Detailed Description of the Embodiments 

Hereunder the present invention will be further detailed in an embodiment, with 

reference to the accompanying drawings: 

As shown in Fig. 1, in the main circuit of a three-phase dual-switch power converter of 

a switched reluctance motor, each phase in the three-phase dual-switch power converter 

has two main switches and two flywheel diodes, and phases A, B, and C are connected 

in parallel to the positive pole "+" and negative pole "-" of power supply. Wherein, one 

end of the upper main switch SI of phase A is connected to the positive pole "+" of the 

power supply, the other end of the upper main switch SI is connected to one end of the 

winding of phase A, one end of the lower main switch S2 is connected to the negative 

pole "-" of the power supply, the other end of the lower main switch S2 is connected to 

the other end of the winding of phase A, one end of the upper flywheel diode VD 1 is 

connected to the positive pole "+" of the power supply, the other end of the upper 

flywheel diode VD 1 is connected to the other end of the winding of phase A, one end 

of the lower flywheel diode VD2 is connected to the negative pole "-" of the power 

supply, and the other end of the lower flywheel diode VD2 is connected to one end of 

the winding of phase A. The internal connections in phase B and phase C are identical 

to the internal connections in phase A, therefore, the description is omitted here. The 

fault diagnosing method based on standard deviation of detail coefficients for the power 

converter of a switched reluctance motor is as follows: 

First, the transient value of phase currentf(t) of phase A in the three-phase dual-switch 

power converter of a switched reluctance motor is detected; and, with the following 

expressions: 

0- = (d d)3 
k 

the standard deviation of detail coefficients - is calculated, wherein, the real values of 

detail coefficients are d k =.R f(t)2 0(2-)t- k)& , the mean values of detail 

d,, =-Y dj~ 
coefficients are k , t is time variable, j is resolution level, k is discretized 

translation value, #(2-1t -k) is the conjugate complex of wavelet function #(2- t -k) 

and R is the integration range with respect to time, a transformation is carried out for 

the transient value of phase current f(t) as follows: 

f(t)z1z cjk j12 t- k)k 2 -j(2-t-k) 
j=1 k j=1 k , wherein, the scale factor is 

CfJk R f(t)2-/ 2 c( 2 it - k)dt and p(2- t-k) is the conjugate complex of scale 

function #(2- t -k);
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the standard deviation of detail coefficients a is taken as a fault characteristic quantity, 
to diagnose whether there is any short circuit fault in the main circuit of the power 
converter of the switched reluctance motor; 

as shown in Fig.2, if the standard deviation of detail coefficients a in the entire range 
of rotation speed fluctuates between 0.005 and 0.01, or, as shown in Fig.3, if the 
standard deviation of detail coefficients u in the entire range of torque fluctuates 
between 0.005-0.01, it indicates that a short circuit fault has occurred in phase A of the 
dual-switch power converter of the switched reluctance motor.  

The fault detection, fault type identification, and fault phase locating method is similar 
to that for phase A of the dual-switch power converter of the switched reluctance motor, 
when there is short circuit fault in phase B of the three-phase dual-switch power 
converter of the switched reluctance motor; 

The transient value of phase currentf(t) of phase B in the three-phase dual-switch power 
converter of the switched reluctance motor is detected; and, with the following 
expressions: 

1 
0-= -(dk -d 3k)2 

the standard deviation of detail coefficients a is calculated, wherein, the real values of 

detail coefficients are dl = R (t)2 0(2-)t- k)& , the mean values of detail 

coefficients are k k , t is time variable, j is resolution level, k is discretized 

translation value, #(2-1 t k) is the conjugate complex of wavelet function #(2- t - k), 

and R is the integration range with respect to time, a transformation is carried out for 
the transient value of phase current f(t) as follows: 

f(t) - : Z Zc,,,2- 12 q(2- t- k)±+Z:Y ZdjkP2 2(2--t -k) 
j=1 k j=1 k , wherein, the scale factor is 

C f R(t)2 -j( 2 it - k)t and q(2- t - k) is the conjugate complex of scale 

function #(2- t - k); 

the standard deviation of detail coefficients a is taken as a fault characteristic quantity 
to diagnose whether there is any short circuit fault in the main circuit of the power 
converter of the switched reluctance motor; 

as shown in Fig.2, if the standard deviation of detail coefficients a in the entire range 
of rotation speed fluctuates between 0.005 and 0.01, or, as shown in Fig.3, if the 
standard deviation of detail coefficients u in the entire range of torque fluctuates 
between 0.005-0.0 1, it indicates that a short circuit fault has occurred in phase B of the 
dual-switch power converter of the switched reluctance motor.
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The fault detection, fault type identification, and fault phase locating method is similar 

to that for phase A of the dual-switch power converter of the switched reluctance motor, 
when there is short circuit fault in phase C of the three-phase dual-switch power 

converter of the switched reluctance motor; 

The transient value of phase currentf(t) of phase C in the three-phase dual-switch power 

converter of the switched reluctance motor is detected; and, with the following 

expressions: 

1 
0-= -(dk -d3k) 2 

the standard deviation of detail coefficients a is calculated, wherein, the real values of 

detail coefficients are dl = R (t)2 0(2-)t- k)& , the mean values of detail 

coefficients are k k , t is time variable, j is resolution level, k is discretized 

translation value, #(2-1 t k) is the conjugate complex of wavelet function #(2- t - k), 

and R is , a transformation is carried out for the transient value of phase currentf(t) as 

f(t) - ck 2-12 q(23 t - k) ± I Y dj1,2-1 2 0(2--t - k) 
follows: -1 _1 , wherein, the scale 

factor is cJ' JR f -/(t)2-2 p(2t - k)dt and p(2-' t - k) is the conjugate complex 

of scale function #(2- t -k); 

the standard deviation of detail coefficients a is taken as a fault characteristic quantity 

to diagnose whether there is any short circuit fault in the main circuit of the power 

converter of the switched reluctance motor; 

as shown in Fig.2, if the standard deviation of detail coefficients a in the entire range 

of rotation speed fluctuates between 0.005 and 0.01, or, as shown in Fig.3, if the 

standard deviation of detail coefficients u in the entire range of torque fluctuates 

between 0.005-0.0 1, it indicates that a short circuit fault has occurred in phase C of the 

dual-switch power converter of the switched reluctance motor.  

The fault detection, fault type identification, and fault locating method is similar to the 

method described above, when there is lower tubes short circuit fault simultaneously in 

two or more phases of the power converter of the switched reluctance motor.  

By detecting the phase current of phase A, B, and C respectively, whether the standard 

deviation of detail coefficients u in the entire range of rotation speed fluctuates between 

0.005 and 0.01, or whether the standard deviation of detail coefficients a in the entire 

range of torque fluctuates between 0.005-0.01 is diagnosed, so as to locate the phase in 

fault.
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Claims 

1. A fault diagnosing method based on standard deviation of detail coefficients for 
the power converter of a switched reluctance motor, wherein: 

detecting the transient value of phase current f(t) in the power converter of a 
switched reluctance motor; and, with the following expression: 

-= (d,, -d )2 

the standard deviation of detail coefficients a is calculated, wherein, the real values 

of detail coefficients are dl = f (t)2-/2 0(2-) t - k)d, the mean values of detail 

- 1 
k -

coefficients are k t , t is time variable, j is resolution level, k is 

discretized translation value, #(2 It-k) is the conjugate complex of wavelet 

function #(2- t - k), and R is the integration range with respect to time, carrying 

out a transformation for the transient value of phase current f(t) as follows: 

f(t) - _ ck 2-12 q(23 t - k) ± 1 Y k j1 12 0(2--t - k) 
j=1 k j=1 k , wherein, the scale factor is 

Cf1k -R (t)-j2 -j(2[-kdt , and cp(2'-t-k) is the conjugate complex of 

scale function #(2- t -k); 

taking the standard deviation of detail coefficients a as a fault characteristic 
quantity to diagnose whether there is any short circuit fault in the main circuit of 
the power converter of the switched reluctance motor; 

if the curve of standard deviation of detail coefficients a in the entire range of 
rotation speed fluctuates between 0.005 and 0.01 or if the curve of standard 
deviation of detail coefficients a in the entire range of torque fluctuates between 
0.005-0.01, it indicates that a short circuit fault has occurred in the power converter 
of the switched reluctance motor.
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