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Research on dynamic sliding mode control applied in MPPT of SRG for the
vertical axis wind power generation system
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Abstract: The vertical axis wind turbine and Switched Reluctance Generator (SRG) are regarded as objects. Based on the
tracking of wind speed, vertical axis switch reluctance wind power system MPPT dynamic Sliding Mode Control (SMC)
algorithm is studied, the principle of SMC is introduced, and the sliding mode controller is designed. Matlab/simulink is
used to establish the system simulation model, step changes of wind speed in different condition are simulated. The
simulation results show that the design of SRG wind power synovial controller has good robustness, and can make the
switch reluctance wind power generation system have good dynamic performance to achieve maximum power point
tracking and to provide theoretical support for the practical application.
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Fig. 1 Vertical axis SRG wind power generation system

1.1 RAHEFEE
HH DUZGE BRI SN, RIHLE R IR L% P, ok
Q:%@«p3 (1)
it':':' A=TER2 » R ﬁ'ﬂﬂﬂf’%ﬂﬂ%ﬂ%& m); pj'il
2R AT kg/m®), C, A XBERI R %, S

BRI14)25 T C, 5K EE A B SR LL AR R G
%, W

A

=

Ks

chﬂﬁKm%_Kﬁ—mx%+&z @)
Ty o B ®)
4 A+K.p B
A K—Ky A HG =oR, RT3 E]
X(4).

5

1 R
F, =5Pncp7a)t 4)

MANWIKB T, =P /ot , MITIAF
T, =£=lpnC R—a)2 5)

o 2 P
1.2 SRG ¥ F1&E
WU MSRGHIHLIE, I JAIHEsE, i A AR,
ROFHGEAL B, 47 SRG HAL % /7 72
dr

Uj = ins +E (6)
ML R T DUEE T BU R 7 R 55 3
r=[(u,-iR, )it @)
;V:ﬁrm (8)
ow'
e % i=constant (9)

A W oAESLRE 6 NIRRT o MR R
SE XA G BE N T, 0) , IS4 MK A
LG,0), . G0 =L3G 0, RARG6OY, H

di. dL
U =L—t+iowo—+iR 10
! de 7 de ¢ (19)

i, a)=%: LM, 25 2 B,

S RS, A
_1.0
L=3"% (b
1.3 RFEHBAIE
RY it H, 1A LS SRGIH A
&, HEZEWFISRGEIN ) K, WA o, =, -
Rgiizd) il 2B TR
e 1
37 = 7L+ - Bo) (12)
X T W RIVIRBI AL, BRI RS, T
G TOA/SFHSRGA L RERE R, B
18, 0L
E‘E;”ae (13)
WA S R, K3 (12)
A



P, 25 AEEAN SRG KU AR AR SE MPPT 8l Bz il it - 111 -
1 1¢ N ] DT LA
%27 52 —_B) (14) 2 MPPT B 4aisH8igit
1.4 [3)5m2 H 1 B RIT | R
LERE ROREAT 20, RILE £ 35 H Afk TR B RS T . 1 3 et

A SEPNA WU M e A IREAR, BRI R
WD R BN EEZS L. 15 E, G
HARARWE 2 Pror. WEH LS A,
Cp B RIELLASGHE R, i), HAFAE R R
T LY Ao 1F 85 KR UREF TR B Comano

A
CP

Comax /

Aopt Ji

B2 KA C, A%
Fig. 2 C,-A curve of wind turbine

A PEAWI RS, F—AER N C, BT
N, DT
G, Gopi> Bop) = € (15)

o R
A o= (16)

opt

X, Bops @opt 2 %ﬁ%%%%&%ﬁw%ﬁ
LE R I A WL B £ AR o AR K (15) 5 20(16)
ARG ERG)F, BRI KINHR Ponax SR
ﬁﬂm%ﬁﬁﬁtﬁMﬁan\ﬁa&o

1 R’

amax :Epncpmax /1 3 t Kopta)t (17)
P
]-;)pt = = Kopta)t (18)
wopt
K, Kope AR FREL, HRN AT RUE S (19)
G ECEIP
1
Kopl 2 /1 p nCpmax Rt5 (19)

R WU SRR T AU TN, A TR
FIFHARE , SR I KT 2R PRI, T8 H 50T Bope BX 0.
KGR AE ARG, AT DRI KL, A
HARFFE Ao 51 T, WM R R AL SRG s
AERH, ff RGAERIAGER HE FI21T, S
MPpPTH 7,

FERIREA B A . BBt R G B i x R4 e
HRGHEZ w2 . B O 2T BIAT R

2855 T s 8
s=cx+Xx (20)
W A
w' (x5,0), s,(x,0)>0,
_ =1, 21
()= { St s (wmi)<o, oo @D
ﬁ*’u()i (%)

A

=V

3 IBETEISE
Fig. 3 Dynamic figure of sliding mode variable structure

ROGUREL TN A FUBAT 2RI B &
AB BURMSITIES) . Bl v, (nh) Bu, (xr) s Bl
SifReE Y. Kl 3 ) BC BOATEBES] TIRES
AR L .

HH IR IR A %, 6 AR — N EPishE
vt Rt

Xx=f(x)+bu (22)
e x HRGIPRSZR R u WRGEWEA .
WO BT Ay

s=cx (23)

c HTEBRFIHSHEL W RYERZ . A
s=cx=cf(x)+cbu 24)

ws=0, WIATFRE ARG Q2) RN
Uy, =—(ch) ™ ¢f (x) (25)

M T — A E& P R G2 T

Ji e

x=f(x)+Af(x)+v+bu (26)
e Af (x) W RGSESES): v I RGNS TR
YRR S KA TR — A Psh A &
d=A(x)+v, WXQ26)LEH


file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);

- 112 -

@ ERIEF B R

i=f(x)+d+bu 27)
[ A3 3 R e 7) A AAE I
Uy =—(cb) " cf (x) = (cb)'ed (28)

A INZUTREQ T AL , T SRS A
AL s s AU s=0 M, 24 lim § <0

&ggnm,%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁi,wﬁ
y=s(,x)=5(x)=0 (29)
H T IR RGWSOE %, A SCRIEB0) MR
BB SR
§=—¢|s|" sign(s) (30)
XH, e BT KT 0 MHE, o RIRBRL,
Ho<a<l. g|s|" BAFRBIRE S, AR
INPRSE T AR R RS st R SR R . AR SE, ik
B R R B v=57/2, AT LI73 5
V(t)=ss=—¢ls| “ <0 (31)
R, UE B (28) P (il = BE ARAIE RS2 8
EVRRIN L, JF HLAEEAT BRI 1) Py U8
2.2 SMC #=# 85t
TR IR R TP B DR AIE
(FREIH, RGREREAL U A RIS TN AR |
WP ATER I, ARG PRI N RE
WERNRHBI, FR R R PEPR . sk
{EHE E Al SRG AT ERERHEE A& 4 Frr

4 BHIRGIREE
Fig. 4 Principle diagram of the control system

BREZ RN x =0 -0, x,=do/dt, WA
X =-x,, Ru=T, &4 HRITFCHE KR
LR A T e ik o )
MRS R
= + ut| |7
X, 0 a|lx b b
s a=—BIJ; b=1/J; u AR HIS RS 4
TR, =T, =2K 0,0, . RIFEXQ23), 337K

(32)

s(t,x) =cx, + x, (33)
W@ AR kS, A
§=cX +X, =c@ —cor—d=
-+ B .. u 1 (34
co —(ct—=)o+—+—1
J J J

ML GOE PRSI, AT HES
PEHIRE u 150N

u= J[cd)* +(c+ g)a') —%Kopta)a') - 8|S|a sign (s)}

(335)
AR (D),
1dL di?
"y (36)
T w5 3 P
iy =y Judt/k (37)

1oL

A, & e,gsﬁﬁﬁﬁeﬁﬂﬁowﬁ

Simulink & HIENA SMC Bk,

nnnnnnn

GGGGG ransfer Fonl Ceriuathve mect
- © :|:
sign

w

Iul A Y

#dd P Sart

Divide3
) J o
— C+BA

it

& 5 SMC &R E

]
S A

e st Gaturati ion

Fig. 5 Chart of SMC module


file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
file://D:/Program Files/Dict/6.3.69.8341/resultui/frame/javascript:void(0);

O, 45

T 4 SRG X ) K& HL R 48 MPPT Bl A1 A2 I 9% - 113 -

3 MmERESS

AUBEFERT SRG FEHLA7SAH(12/10 1) T 5
BHRHML, HZE 1 . WIpPLE 42
R=2m, B p=125kg/m’, BERGEIUE 6
e

# 1 SRG HHEXSH
Table 1 Related parameters of SRG prototype

ZH Ml
JE THREUN 12
BTN, 10
HUE IR Py/kW 3
BUEHLE UnV 110
Fe K HLES Lipa/mH 35
/N Lpi/mH 5
e J(kg/m®) 0.0015
PEHEZHL B/(N + m(rd/s) ™! 0.0813

K7 41T Xk v=3 m/s. 4m/s. 5m/s FIXTY.
PRSI A i e . NI el UG H, H R
T 3mvsy 4m/s. 5 /s AR X A L HE A AN
B RH I 75 n,=114.6 r/min F1 P,,_105.8 W,
ny=148.7 r/min 1 P,,=300 W, n;=175.6 r/min fll P,;=

K8 20t TR BRI A 2k . 6 R H B
BRI, X RGN DR R MEf
AT E A S%E. YIEHRGEA 4 m/s, 0.3 s I
BRE] 5 m/s, 0.7 s I RGEFE R 3 m/s.

K9 g5 T PLFET BRI R 1) SRG 5K frf
HEREE ML . A% 0.1 s I IR ER R 5%
i, WAL, FER R R Lt SRR .

K10 FHE 11 45 H T R0 5 mys B, PTEHIT
(RS LR I T LA R B e A T o B R il L
LGS PI ES SRS R CCC I LR M AF AR R R
Ik, 6 TRESEI P S A e KR, FaZSHs
Rz B 12— 14 8 4E035). XGB6)s ik
HAHH SRG W) K RGAEIE I A G N R
PRESR I LA K XGHE 5 m/s B2 IR /S A FLF R E «
FL LI D T SR i o 54640 P& LE, JEAR
3 AL R B RN E) 0.05 s BT PT R
0.1s, HAJUFICHE WK /NFTERESRG B =R
I ELIE AN R SRS N IRAR FE R RS R L
AT CAFE HA SR T ASE 30 47 Tl W S 0 T A e
o, AR T RS, PRI T WA
(IR o

rrerre
EeEaElE .

[l 6 SRG X /1 & B AR GRE
Fig. 6 SRG wind power system model

600

500

400

PIW

300

200

100

0

0 50 100 150 200 250 300 350 400
n/(r/min)

7 KA ER- SR I 2

Fig. 7 Power-speed characteristic curve of the wind turbine

6

v/(m/s)

0

0 01 02 03 04 05 06 07 08 09 1.0
t/s

B8 KUz
Fig. 8 Wind speed curve



-114 -

@ ERIEF B R

25

20

wi(rad/s)

0 01 02 03 04 05 06 0.7 08 09 1.0
t/s

9 PIIEHI T HIRE R IRER fh 2
Fig. 9 Speed tracking curve under the PI control

60

50

40

ilA

30

20

10

0 L
0.600  0.604

0.608 0.612 0.616  0.620
t/s

10 PI =8I T BY7H8 RIFTK

Fig. 10 Six phase current waveform under the PI control

TJ(N-m)
I
>

-40

0.600  0.604 0.608 0.612 0.616  0.620
tls

& 11 PLI=HI TRy BB REEESE

Fig. 11 Electromagnetic torque under the PI control

—

0
0 01 02 03 04 05 06 07 08 09 1.0
t/s

& 12 SMC ¥=#| T 45 iR R ER ph 2%

Fig. 12 Speed tracking curve under SMC control

—

60

50F 1

40

00.500.52 0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.680.70
t/s

[&] 13 SMC #=# T B9 7~ 48 B AT R 2

Fig. 13 Six phase current waveform under the SMC control

-20
-21
22
23
-24
25 ]
26 N~~~
7 ]
-28
-29

730930 0.52 0.54 0.56 0.58 0.60 0.62 0.64 0.66 0.68 0.70
t/s

T./(N'm)

14 SMC = T B9l 55 5E

Fig. 14 Electromagnetic torque under the SMC control

Kl 15 72 /SAH SRG i th 1~ 22 L D% Po=T, @
Phek. MEIMTLUE H, R AR, 7N
A SRG KA1 & HiL 2R 45 R R i 38 P 5 IR BBk
DRI, Brisew] X 4 m/s I, S Dha A4
BUNRZESN, RGO TR, UFSE TR
By 2 & E A AT Bl 16 MK 17 A3
SIS R KRR RAL C, R LA S 15 i 2k

0

—

-100

200

-300

P/W

-400

-500

066702 03 04 05 06 07 08 09 10
t/s

B 15 RURITLAT, SMC 354%] THY SRG it
T B AT R ph 4%

Fig. 15 Average electromagnetic power curve of SRG output

under SMC control when wind speed changes



OB, A TEEAN SRG KUK HLFR S MPPT )45 i 5T - 115 -
00 Sk
05 (1] FESCHT, WRNIR, & )54, & —FhIFRMERLN ) Al
04 BLE K A REEREE T IA[T]. H THEAR 2R, 2009, 24(11):
N 1-6.
o0 XIONG Lixin, XU Bingyin, GAO Houlei, et al. A
0.2 switched reluctance wind turbine maximum wind power
o1 tracking method[J]. Transactions of China Electrotechnical
Society, 2009, 24(11): 1-6.
0

0 01 02 03 04 05 06 07 08 09 10
t/s

16 RURTILET, Kaed AARE C, thik
Fig. 16 Wind energy utilization coefficient C, curve

when wind speed changes

0o 01 02 03 04 05 06 07 08 09 1.0
t/s

17 RURZE{LRS, MosiEbba dhék
Fig. 17 Tip speed ratio curve of A when wind speed changes

M AT 2 AR, IS S HEEA
FRGEAEERAE Comax=0.48+ Aop=8.0 FHIT, Wi R
GRE I T aR R AT LG St K ) 3R R

4 ZE5iE

I FF S G BH FL ML 8 8 S B DY 4 BR IS AT 1y
R S R B B K Dy BRER LR [ Y 454
KBTI — A, (A2 SRG fEIB T I FE A7
TERAH  PUBh S5 R A H kS, FE480 P14l
T s B D R AR e S, T WAL SR D —Fh kT
A e B2, R I SR S e M I oK,
T8 NYEE T, O V2 Y AR HARAL GE e L i

ARSI FFIREBR A ) HEL ZR 48 MPPT i 41l
SRV T TS, JE5T Simulink #2377 SRG K
JIR RS MPPT 5 R G, AN ] XUEE B
AN AT T 7 FLSEEG, SIS A5 U B s (R
HIZFREM SRG KUy kLR S DL R UF Il TR S
L MPPT, mJ LLh P fE SRG 2 wiH TF & By
PR R SCFNSE FHANE

[2] BARAZARTE R Y, GONZALEZ G G, HALL E.
Comparison of electric generators used for wind
generation[J]. IEEE Latin America Transactions, 2012,
7(9): 1040-1044.

[3] LI Zhi, YE Lin, ZHAO Yongning, et al. Short-term wind
power prediction based on extreme learning machine with
error correction[J]. Protection and Control of Modern Power
Systems, 2016, 1: 8pp.

DOI 10.1186/s41601-016-0016-y

(4] B, F2te, Brefh. BT BOR# HI0 I G HE

Wy B AR G K% BRI D). W) A3k ik
#2012, 32(5): 129-132.
YUAN Chunchang, WANG Honghua, RUAN Yueyu.
The switched reluctance wind power system based on
fuzzy control of maximum power point tracking control[J].
Electric Power Automation Equipment, 2012, 32(5):
129-132.

(6] RESEHT, m)E4E, IR, 55, JFOCHER A ML K

H DR g o S [D]. EL S 5 i 244R, 2009, 13(2):
250-254.
XIONG Lixin, GAO Houlei, XU Bingyin, et al. Switched
reluctance generator of maximum output power control
principle[J]. Electric Machines and Control, 2009, 13(2):
250-254.

(6] ZIEME, HRZ, XIOR. HIT/MERII K SRG

AR S PEIT). UL, 2010, 38(5): 70-73.
PENG Hanmei, YI Lingzhi, DENG Wenlang. SRG
modeling and control for small wind power generation[J].
Small and Special Electrical Machines, 2010, 38(5):
70-73.

(7] haE, Bz, MRS FFOCHARL A D) K i R Giim K

I FIB BRI SIS BT[], fF L, 2008, 36(10):
42-44.
SUN Xin, ZHAO Dean, TIAN Chuanbang. Research on
maximum power tracking control strategy of switched
reluctance wind power generation system[J]. Small and
Special Electrical Machines, 2008, 36(10): 42-44.



-116 - €0 % HEP B M

[8] 48R, FRILMI, Ji%971. SRG W JJ Kk i & Gedp KTy ER [16] ZERE%, Rk, AT 6. SRA M LR R 48 &
BRI T[], FUEHOR, 2016, 40(1): 162-165. TSI R S R G KD R R BRI X))
HUANG Zhao, CHENG Jiangzhou, WAN Junli. Research H ARG E i, 2015, 43(13): 66-70.
on maximum power tracking control of SRG wind power LI Xianshan, XU Hao, DU Yulong. Maximum power
generation system[J]. Power Supply Technology, 2016, tracking of wind power generation system using the
40(1): 162-165. combination of tip speed ratio method and climbing

(9] XBHE, £5ite, NI, TF ISR B AL AR AR 45 b search method[J]. Power System Protection and Control,
B ] T, 2006, 39(7): 1-4. 2015, 43(13): 66-70.

DENG Jun, ZHAN Qionghua, SUN Jianbo. Sliding variable (17] P, ZRam, A, /AN H IR OK IR D R &
structure control speed of switched reluctance motor{J]. WL K Th 2B B0 SO )). ) R G S ¥
Micromotors, 2006, 39(7): 1-4. i, 2016, 44(5): 142-145.

[10] B #E, 2=, FFOCHEPH d WL i 2 e I8 B4 I [ LIU Dan, LI Qiang, FENG Chengchao. A simulation study
PORAE 24T, 2002, 25(10): 81-83. of small direct drive permanent magnet synchronous
XIAO Huihui, LI Shan. Intelligent sliding mode control generator fast maximum power tracking[J]. Power System
of Switched reluctance motor[J]. Journal of Chongqing Protection and Control, 2016, 44(5): 142-145.

University, 2002, 25(10): 81-83. (18] BrRGMy, T uit, skIFi. TR G5 R 3 B0 K BV

[11] SAHOO S K, PANDA S K, XU J X. Direct torque M. dbat: B Tk AR AL, 2012.
controller for switched reluctance drive using sliding [19] RS, SR, & T Bl ) ik sete e e R ™
mode control[C] // International Conference on Power BB AT REZE LR SRS TR L[], I R GRS
Electronics and Drives Systems, 2005, 2: 1129-1134. i1, 2016, 44(16): 36-42.

[12] SUN Yaning, WANG Weiping, QIAO Dengpan. Study on ZHAO Hantong, ZHANG Jiancheng. Research on bus
switch reluctance motor drive system using variable voltage control strategy of off-grid PV microgrid with
structure control with sliding[C] // IEEE International flywheel energy storage system based on sliding mode
Conference on Information & Automation, 2010, 6: control[J]. Power System Protection and Control, 2016,
2154-2157. 44(16): 36-42.

[13] LI Yan, TANG Yi, CHANG Jibin, et al. Continuous [20) s, R, ST B GRIITT G L
sliding mode control and simulation of SRM[C] // IEEE HTE[I]. R E, 2009, 26(12): 351-354.
International Conference on Cognitive Informatics & LI Mohan, LI Yuren. Switched reluctance motor control
Cognitive Computing, 2011: 314-317. simulation based on VSS[J]. Computer Simulation, 2009,

[(14] BISERL JFRMEREL X ) A L B &8 Dy 23 PR 28 T R I 5T 26(12): 351-354.

[D]. Z5E&: MK, 2012,

HU Baoying. Research on power closed loop control of Llfé;ﬁ’h Ef}j 2016-10-09; PRI FA: 2016-12-19

switched  reluctance  wind  power  system[D]. f g” ;‘El (1991—), B, :EMEE LT LIRS L

Qinhuangdao: Yanshan University, 2012. B B 8, E-mail: tanyang709671005@163.com
[15] Zpufgle, Seazte, SRR, 55, F TP &K K

T E IR R R HL R SE MPPT 38 I B HII]. )
RGRY 5T, 2014, 42(18): 58-64.

MAO lJingfeng, WU Aihua, WU Guogqing, et al. Extended
state observer MPPT permanent magnet direct drive wind
power generation system based on adaptive sliding mode
control[J]. Power System Protection and Control, 2014,
42(18): 58-64.

FEK1957—), F, @fE4EH, HEAFF, TENK
B AT IRE AR A L AR L R K AR 5 @ 6 5
%.; E-mail: Wgq.ntu.edu.cn

FE1976—), B, TEMREAAL G, BAELIE
FIHARF @R . E-mail: ntmjf@163.com

(i REF)



	DOI: 10.7667/PSPC161664 
	垂直轴SRG风力发电系统MPPT动态滑模控制研究 
	Research on dynamic sliding mode control applied in MPPT of SRG for the  
	vertical axis wind power generation system 
	  
	1.1 风力机数学模型 
	1.2 SRG数学模型 
	1.3 系统机电方程 
	1.4 问题提出 
	2.1 滑模控制原理 
	2.2 SMC控制器设计 
	LI Mohan, LI Yuren. Switched reluctance motor control simulation based on VSS[J]. Computer Simulation, 2009, 26(12): 351-354. 



