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A new SRM soft switching power circuit

YANG Jin-ling' ,ZHANG Ying-jun®, XIE Bin-hong’

(1. School of Electronic Information Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China ;2. School of Computer Science and
Technology , Taiyuan University of Science and Technology,Taiyuan 030024, China)

Abstract ; With regard to the electromagnetic interference and power loss generated in the operation of the switches in
switched reluctance motor drive (SRD ) system ,the paper proposed a converter with a new kind of capacitor divider par-
allel resonant DC link (CDPRDCL). The converter was to realize the zero-voliage-turn-off of the phase switches by
connecting one buffer capacitor to each switch in conventional asymmetric inverters;and to realize the zero-voltage-
turn-on of the phase switches,and the soft operation of the resonant switches,by adding a resonant link containing, as
the main components,two inductors and one capacitor and through reasonably controlling the resonant switches in this
link. The required condition for soft-switching was obtained by analyzing the working principle and operation process of
the circuit. The soft-switching converter with such a resonant link has a larger effective interval and a lower power
loss, thereby enhancing the efficiency and performances of SRD. Finally, the validity and efficiency of the converter are
verified by MATLAB simulation.
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1.2 EIRIEELXSH

DU IR fL B T AR S R T 40 A R B B . PWM T
YERSC G BRI AR B B
1.2.1 PWM TAEBR BB

DAL T 9 A AH R 138 B L PWM RO S 4 il 1ot
T, MR S B T =0, BIE vV, PRI 3E 551

TV, RH PWM B rs, B2 Sh—A4 PWM $rik
R, 7 A X B B Y SO IR . Hod,
Sy FIFR NV, BT T 5 Sv0 S » Sy 2B R FF R
V.V, V., WS 0,,0, NIETRBERL, &L,
HLL sue, MIERALZ C, UK,

(DB a( ~1) ,WIERBY B, FFEV,,V,, PRFF



W e 45 — Tl BT G BEL R LT S T A v g 181

5513

Svi
Svai t
Ssvaz t
Svas t
iLe oo Th Ts T3 I Ts I t
i t
Ucr Ua !

3Us/4

o b 23 74 ts s t

K2 P RasRisoe
Fig. 2 The time sequence and resonant

waveforms of CDPRDCL converter

Wi, JFe vV, V, RIFES  u., B U, BIRS A A
Htr

(KX b(t, ~1,) , TERBYEE, FE 1, B Z, SCWT
FXV,, HTHE C, 5KV, IFBE, B LU SC B
R ZNS K, B, ARSI O V, -V, S,
BELR [ B LN, o, BEZI, ST BT E V.
AR u, PIEN U, REERAE, FIILIIF LV, K
Wik ZVZCS e, BAERIITEIR Ty =1, 1,

(B e (e, ~t,) R B, TEXBIFFL V,
(R sy, TF 3 R B T ¢ Vo ue, MU, L V,—
Voo =L, —Cpy MIEETCH i), A RESEAR, BT L) Bl
TV, A ZCS T, i\, i 0 BRI u,,
U, BN, 2w, A U,/ 0, iRk
B ZJa,ue, iy, BRI, o W2, ug, i, 20 50980/
0, HTWE V,, WRMBEIEER,fC 5L,
PRGSO, DU, W vV, , BL R JE ZVZCS S,
A FRIA AN

3U,
i, (1) =—"sin w,t (1)
| 4Z0 0
3U U
ue (1) = Tdcos Wyt + Zd (2)
L o
;H;‘EF‘, w, = #,Zo :woLr = ! = ;o EE;YHtlei
/\/LrCr wOCr Cr
KAEN
3U
[erax = 7(] (3)
47,
IR AR B, BT DL S )
Iy=t -t =m/LC, (4)

(OB d(e, ~1y) , FHIRHBL, fEILH B, H

MEHLBEC AE, WAEIFXV, 8 ZVS H&. It
BEmt AT ik & Vo, B2 E R iz B
B T, =t,-1, .

(5) B ety ~ 1), TR LB IR 5 T 20 AR 7
MW B, ¢y W20, FFE I OC V,, Mok Z2CS JHiE, itk
B 2 AR R L, —»V,, =V, —V, —A
-V, TR i, SMERIN G R, 2208 A V),
PRI iy ZRPED/N, ¢, BEZ 0, 5 A PR Z A
I, AHEE Vy, B m gk, B ERIA A

3U,
. _ Y 5
i(t) 4L,»t (5)
BERT BT,
41,L,
T3=t4—t3=Lrﬁdl (6)

(6) BER £(1, ~ 1) WHRHL AT BB, 1, 2
J5 LKL iy, JFARSR T GBI 1, LAk S,
Ui iy, T M S L 1, P 5
SYHLI AR Co, P R IR, T, LRI g,
HESHS TR A ST W
(30U, I, ) I I

A . 0 0
ue, (1) = 42,C. szot) sin w,t + acos Wyt — Et
(7)

Mou,, BEFEIU 4B L, PG EAE 6, iR
BRI, 25,0, /N, L, R hRe i, ff
we, RS LT o BEZ) B0 we, FHE U, B IR
BV, BOEM S, B u, R U, A2, RS
Fre s i, MEE MBI [, 450, S A AR
R A B R E

T, =t -t, =m,/LC, (8)

(T)BE g (5 ~ 1), RPN B, 15 B2, H
u., TR U, BLAJFE V,, J& ZVZCS JFil, BLAT,
TR 1, B FR R R H R G, SRR R
H T IR AL L, P s S [ N U4, B DL LR
i DGR PR, 1 B2 BRI i, BERE, T
UL L, TP i R IR R R, O, 7E S ) L R AR
R, WV, #m ik, B v, &8
ZVZCS XKW, FILAN

U,
; =] - 9
i(1) =1, 4L,.t (9)
B,
41,L,
Ts =15 =15 = l;d (10)

Z5 LIRS I B W R A a, HERITHR T
—JEJEQE@I{/EO



182 # x

F #® 2014 445 39 %

1.2.2  HAsE=CR B

MFFAGAR T A AT E] B A A7 AE PR AT
AEM TAERK . © BB, B v, WA 6V,
WKW, BEE, T C, 5V, R B Wl ZVS
K, @ AR, BIFSE v, V, A bl AT 56
Wi, T V,,V, 23 EE C,, C,, TIL XKW
ZVS Wi, TEME—Fh T/ERI, SCW S, A MHZe4]
LA BEAREIN A M-V, —V,, — IR U—V,,.
XFF B AH V,,V, BFFER 2], NIZEFF RV, A
BEARRES il &, HLRE SR B R o 2 8] T3, &
ZVS Frid , RIS, AT 3% A—>B—C—A it

2 ERPEFAREFMH

HRAE LA 125 TAREB S AR o i, fE T S 800
(IEDL T BR T T, , T, RTIRSE AL, Hop d A i) 0 2
WEm, %,

T=T +T,+T, +7T (11)

AHFF I AT N 2 o f o S /T

R HAT R N TR IR A, BRI R
ZC, FHEE U4 W REBIR L, TGN e R
L. /2, NARFEFHEEC WEEH3U,/4 THE U,
o T 5 ) e ;c( - 196j U2, VL% A
Bemt R N BTSRRI B R 12, T, Z 0 B,

%Lr[im = ;Cr(l - 196) Ui+ LZ, T (12)
Ko, 1, S H I R S X R I e K L IRE; T,
RN 3U,/4 T+E U, BFFT BB Z, Ak
FHATC,

I VERIF IV, AR 2 R OTE, V,
ANBEZEHL I T

2R L 5 C, HERR B, 50 2 &R
Givkfe, HBELM V,,,V, ARESZIEGHE T,

LR, L 5 C MBS EEEE, NG AEE
PWM JE X (12) R dy, BEESCEE V,, Z R E FE
PO U

3 HERERSH

R T RIE L AN T S ERS HT, AR SR
JH Matlab 1 %F SRM DR B AT TECF i L, 18
PICHSERBENL— A S BENE 1,

BT, =3 ps, T, =15 ws, M40 A4 X A0 25 5
TS E BT S5, Lk 2,

M (1) 15, B/ DRI REIR T 29. 81 ps, ik
PWM JTEJEIH T 4 100 s, EIAZH 10 kHz,

*1 IWEETHSH
Table 1 A set of circuit parameter of CDPRDCL circuit

R,/ L./ Uy/ L.,L,/ c./ C./
mH \Y wH nF pF
2 15 280 10 25 0.1

®2 BEXREE

Table 2 The calculating values of intervals in every mode

s
T(] Tl T’Z T3 T4 Ti
3 1.57 15 6.67 1.57 20

3.1 FAETHHFEERSH

FE—AFF KN, & JF S TT i i 5 5
ey iy, Mi, BIDFECHETEANEE 3 iR, ATLAE Y
HBHIF IV, KW,V AR AR u,, th U, IF
AR B IR IR L, R Y B R R
10.45 A MG WM BRE, (ERRZ R Z W E AT
6V, JTi  SERBhIT O V, MA)E, TR L,
Gt i, R L LA SRR I,
Bl Gy WE— 2B u, TFAR R R THE U,
ZIa B v, A, i, S EEBE R R
112.9 A JEIFURIS/N , ISR AR i, WIREE
i,V KW, AIUL (i B2 SR S 3e T — 2L,

1

Fﬁ ar '

900 910 920 9?;0 94;-0 950 960
RoJ [R)/ps
3 SRD Asfd P il i e SOEHIR BT
Fig. 3  The resonant simulation waveforms of SRD converter

Pl 4 (a) AATFIE V, ST 42 ] (55 B A
HEPEIE, 16 S, N E PR, uy, B RF; 0, R
AR AL Y — 2 (X2 R TE V) TR, —2f
AL LV, —V, B 71— B RS s
V,—Vy, ) BV, 7E ZVS AT IR, vV,



5513

W e 45 — Tl BT G BEL R LT S T A v g 183

IF B I e Sl R R R P 4 (b) s, FTRAE 1, 24
iy, BEAEE uy, HETFLG B, BTLLV, 7E ZVS &40
TG,

IR 3 NP RV, ,V,, V, Bt EES W
T EEIE K 5 Fros, FTRVE W, V,, A ZVZCS
WP, ZVZCS FFii ; V,, i ZCS FFil , ZVZCS KWi; v,
M ZCS JFif , ZVZCS K,

TG W
3.2 iERTTHNRBRFER T EEE ST

FEL S D) S AR RE— Pt phy PR 0 AL i« T AR FE A
WARFE AL e A T ST O
FARFENT, I, 7E RS HOH R, H 23k
S BGER AR FE R A TF R LB IO D RAAE R
Je IR IT 5C B M 1 Sl SRR A E . TR

DL SRR AR 85 00 T A T OGRS BT Ap, FERIAA
1.0 1.0
Z05r & 051
o —m— . ot
100k ——/_ 100
< 5l
<\C; sol \E 50
ol . ‘ s . s o . .
300 300
>200F > 200}
$100 S 100f
0 1 1 Il T T T O L 1 1 L
895 900 905 910 915 920 925 930 899.9995 900.000 0> 900.000 5 900.0010 900.001 5
TR s i [5)/ps
(a) HRBAE V) EH TR (b)) FFOCERME v OC TS 2B A =) AR
B4 AHV, FFREITRTE
Fig. 4 The soft-switching simualationswaveforms of V,
1.0 1.0t 1.0}
- o 3
. 0.5 cEO'S F i 05}
0 i 0 1 1 1 0 Il 1 1 1
150 10F 100k
< <
< 50 u 3 5F /\ T 50
z £ z
-s0l__, . . . . 0 —— 0f . . .
300 300 300
> 2001 >200F 22001
100t £100f 1001
00— : or oL

900 9'10 9'20 9'30 940 950
A [/ s
(a) Va MFIF BT

&l 5

890 895 900 905 910 915 920 880 890 900 910 920 930
B [8]/ps
(b) Vo MBETF AN HHTE

WEITR VYV, ,V, &V, I

H () /s
() Vas FIHOHRAT R

Fig. 5 Auxiliary-switch waveforms of V,,V, and V4

16

Ap, = frus] i) de (13)

XL TP R  ug, JIF R AR A 1 25 R
K30y, (o) A RIS TR] AR AL R 1 IR FELIAE

BN DIRAGRE  FEMAR A8 IR 5 S A
SRR ZE AT T A BB 55 SCHR [ 14 ] 2 1 B9 50T
RIYPR AT T AL, B 6(a) JSCHR[ 14 ] AR
LR AL LT , B 6 (b) S AS eI A 3R e R A e

TITE , R EEE R, TLUE . 6 (a) Uik
PRTCHAE B BE 2 L R B B RN B 2 v e i VR B B
(BB R U, i3 PR 0 Sk 0 393 U) A
FE, AE = BT AR R B BE TG DI FE 5 7 H % 1 1 e oo 14
AAE B2 L 3 U 9 B DA T 6 2 P IR By B
AE P OR R BT BT AR, IF RS | 5 T =
TR B[R] A R 1 T B D3RR, B 7 B
FTLAE Y, SCHR [ 14 ] B8 4% 20 FE Bl £ 28 7 22 16 A B
WL HELA 511 W AT T B W T 1 R



184 # x

F #® 2014 445 39 %

AFELI N 42.79 W, /NTICHER[ 14 | W DIFE, JF HLFEE
FERIN TR DIFEE— 2PN, O B TR R
L, Bl SR R R S R 1, A G
PRI, 55 3Gk 14 ] BT DG AR H 2 A e, 7 oL B 14 T
REFERN

700 705 710 715 720

i [E)/us
(a) 3CHA[14]
300
> 200
2100}
0 Il 1 1
0
< 57 \f
-10 | . . s .
100 |
iﬁ 501
0f N A . )
900 910 920 930 940 950
e R/ s
(b)) HUBRH B

Fl6 e 20 IR R L R BOE

Fig. 6 The waveforms of u, and ij;

K7 Rk
Fig. 7 Power loss curves of resonant link

TE—> PWM B7i Jil 4 4, BEER TR i AR
SEFT 5 K] A RN S PWM G 5 28 A 56, Te/NRE
L R b U B[] A AT R PWM YA 280X ]
BEE RGN TAEYERE . MR 6 Il B2 TR it
I3 M 11, 05%2=2. 1 s F10. 85%x2=1.7 ps, Al
U FE6(b) v i) e 3 Y s i) A e, ROV A ) ] 30
NP g = O R N ES E NA T C S Pl L] B N8
({25 8

4 & it

S AR5 R O s O IR iR EL IR PR O G AR Hy
%, S SR SRR H 9 07 L R, PR P A
FE AR ] R T AN R B e AL AT A A 4
IER/REZ2 0 G N E R/ LN [ AN Sy PN TN ]
P T R TAERTERE, Lohl DR Ik L % 15 300 AL A
I, HAAERFEZ ST i A B 0, (i iR
(G R ANy i R WA N S L L1 (i
B B IR AFE, R T RCR,

B2k

(1] Fhede, A Bafe, B JE. JT B i ALY E 5 4R Sh AR 2 20 i
[J]. AL C R 244 ,2005,25(22) :148~151.

Sun Jianbo,Zhan Qionghua,Huang Jin. Modalanalysis of statorvibra-
tion for switched reluctaficemotors [ J ]. Proceedings of the CSEE,
2005,25(22) :148+151.

[2] Balaji M, Kamaraj V. Evolutionary computation based multi-objective
pole shape optimization of switched reluctance machine[ J]. Electri-
cal Power and Energy Systems,2012,43:63-69.

[3] Muhammad Rafiq,Saeed-ur Rehman, Fazal-ur Rehman et al. A sec-
ond order sliding mode control design of a switched reluctance motor
using super twisting algorithm [ J ]. Simulation Modelling Practice
and Theory,2012,25.:106-117.

(4] kK EER, SRE TR, . SRIBEHLIF SCRE LR 8 2R 8 1Y e s
BRI RIEOR )], BER#H,2012,37(8) :1408~1411.

Liu Songyong, Tan Guojun, Zhang Xulong, et al. Control technology
for no-position sensor of shearer switched reluctance motors drive
[J]. Journal of China Coal Society,2012,37(8) :1408—-1411.

(5] skjdpe, EEE, FIFS A, 55 56T 48 ) Bl 22 W 2% 1) Jo o &A%

JRARITOCHE A MR ML 51 R [ T]. M 2= 4k, 2011, 36
(9) :1570-1574.
Zhang Xulong, Tan Guojun,Kuai Songyan, et al. Position sensor less
control of switched reluctance motor for shearer traction system based
on RBF neural network[ J]. Journal of China Coal Society,2011,36
(9) :1570-1574.

[6] FERLL S, ZEHE. BT I KRR A WL Ak BUITT L 2R ge m 0F 52
[J]. R4, 2007 ,32(6) :600-603.

Huo Hongyi, Li Leijun. Study of intelligent gas discharging system
based on switch resistance motor[ J]. Journal of China Coal Society,
2007,32(6) :600-603.

(77 X0 0, WP T kU SR LIRS RS [T]. 4]
24,2009 ,34(2) :280-283.

Liu Xu,Pan Zaiping. Switched reluctance motor driver system for un-
derground mining conveyor[ J]. Journal of China Coal Society,2009,
34(2):280-283.

[8] Murai Y, Cheng J, Sugimoto S, et al. A capacitor-boosted, soft-
switched switched reluctance motor drive [ A ]. Proceedings of Ap-
plied Power Electronics Conference and Exposition| C ]. Piscataway ;
IEEE Inc. ,1999.424-429.

[9] Gallegos Lépez G,Kjaer P C,Miller T J E, et al. Simulation study of



5513 W e 45 — Tl BT G BEL R LT S T A v g 185

resonant DC link inverter for current-controlled switched reluctance [13] @iER, FIRR,FEW. PP LEARAE SRD RGH 1YL F

motors[ A ]. Proceedings of the International Conference on Power FE[J]. KRIFRFET K222 ,2009 ,40 (4) :403-406.
Electronics and D rive Systems[ C]. Piscataway: IEEE, 1997 .757 - Meng Runquan, Wang Zhenmin, Xu Chunyu. Study on the applica-
761. tion of soft-switching technique in switched reluctance motor drive
[10] Murai Y,Ji Cheng, Yoshida M. New soft-switched/switched-reluc- system[ J]. Journal of Taiyuan University of Technology,2009,40
tance motor drive circuit[ J]. IEEE Transactions on Industry Appli- (4) :403-406.
cations, 1999,35 (1) ;78-85. [14] i, FIRE, IR, TTSCHE R HL AL 4 I A HOT G S
[11] B EHAE X B — R B SRR B MUK e 2 s BefFELI] LT R ( AR 0R) ,2010,31(3) 1323~
HearAATIEL )] . TP ERAL TR, 2005,25(17) :142-149. 327.
Luo Jianwu, Zhan Qionghua, Deng Qiong. Study of a novel soft- Meng Runquan, Wang Zhenmin, Bu Qinghua. Strategy and simula-
switching converter for switched reluctance motor[ J . Proceedings tion for switched reluctance motor converters to achieve soft switc-
of the CSEE,2005,25(17) :142-149. hing[ J]. Journal of Jiangsu Unlversity ( Natural Science Edition) ,
(12] iR, FARE VPR B AT OCHE L R MLSK 3 R G HOT 6 ) 2010,31(3) :323-327.
FA e BT S5 R[] MBS, 2009,34 (11) 1563 - [15] 2 2 Thm IR{EM. — R 2 40 kW BT 6 = A0 bk 56 99
1568. il Ay (], o E AL T R0 ,2011,31(33) :93-100.
Meng Runquan, Wang Zhenmin , Xu Chunyu. Principle analysis and Li Rui, Ma Zhiyuan, Xu Dehong. A novel 40 kW soft switching
simulation of a novel soft switching converter for switched reluc- three-phase pulse width modulation rectifier[ J]. Proceedings of the
tance motor drive [ J ]. Journal of China Coal Society, 2009, 34 CSEE,2011,31(33) :93=100:

(11) :1563-1568.

T T T YT YT TYCCTYLCTCY T YUY YU T YDV YYD T T T T T T T T T T T

(EREFRY ZEHREHET 2

2013 9 A 27 B, % BAEMRA A # L0 28 RAA, (F BAB A T HERE (S R) ) it HAFE T,
(BRI BAFIIRAE T 3 812, % a BT A BT 10238, L2 53k S0 4 93.8 o, Ak th S A%t
#1994 FAEAZCHR P LI H O 4L, AL 2012 F09 R IGAF (BT MAR3 191 R FaBE-TF 1119 %46
MBS 82 o AL E 34 155) 2013 FRX LT —AHFHEH





