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Research on Improved Active Disturbance Rejection Control of BLDC in Electric Valve
WANG Shixin', YU Bo?, YUAN Yong’, SI Guolei', DAI Jin*, CAO Taigiang’

(1.Sichuan Aerospace Fenghuo Servo Control Technology Co.,Ltd.,Chengdu 611130, Sichuan , China;
2.8chool of Energy and Power Engineering , Xihua University , Chengdu 610039, Sichuan , China;
3.Chengdu M&S Electronics Technology Corp,Chengdu 611731, Sichuan , China;;
4.Mianyang Fulin Precision Machining Co.,Ltd. ,Mianyang 621000, Sichuan,
China;5.School of Electrical and Electronic Information,

Xihua University , Chengdu 610039, Sichuan , China)

Abstract: Electric valve regulation requires fast response speed, high precision control, no overshoot and
strong anti-interference performance. An active disturbance rejection algorithm based on feedforward compensation
was used to control the brushless DC motor (BLDC) , and the position error was taken as the input of the system.
The nonlinear extended state observer was used to observe the total disturbance of the system, and the disturbance
was fed forward compensation to reduce the influence of the disturbance on the system, so the traditional active
disturbance rejection algorithm was optimized, and the response speed, control accuracy and anti-interference
ability of the system were improved. Theoretical analysis, simulation and experimental results show that the
improved active disturbance rejection controller CADRC) improves the response speed and control precision of the
system, and the position response speed is improved by 2.73% compared with the traditional ADRC algorithm. At
the same time, compared with PID control, the position response speed is improved by 7.76%, and the position
control accuracy and disturbance rejection ability are improved obviously.

Key words: electric valve;feedforward compensation;brushless DC motor (BLDC) ;simproved active disturbance

rejection
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Fig.3 Improved active disturbance rejection algorithm structure
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Vibration Suppression of Flexible Manipulator System Based on Dynamic Torque Feedback
LI Peiying', XIA Jiakuan', WAN Chengchao’
(1.School of Electrical Engineering ,Shenyang University of Technology ,Shenyang 110870, Liaoning , China;
2.Shenyang Yuheng Drive Technology Co. ,Ltd.,Shenyang 110027, Liaoning , China )

Abstract: In view of the mechanical vibration of the manipulator joint servo system due to the existence of
flexible links such as harmonic reducer and toothed belt, a mathematical model considering the change of stiffness
coefficient and large reduction ratio was established, the mechanism of mechanical resonance was analyzed, and a
dynamic torque feedback control strategy was proposed. The dynamic torque was observed in real time by a
disturbance observer to form a dynamic torque closed loop. In order to further suppress the vibration phenomenon
and enhance the robustness and disturbance rejection ability of the system, the speed variable gain PI control
method adjusted in real time with dynamic torque was studied. Simulation results show that the speed variable gain
PI control strategy with dynamic torque feedback can suppress mechanical vibration well, and has strong anti-
disturbance ability and dynamic response performance.

Key words: mechanical resonance; variable gain PI control; dynamic torque feedback ; disturbance observer

FL RS LA 519 14 3l 2R S8 i SR Sl s pIL

WA 20234 $53E HAm

e, S EORE P, (7 BT RS . O PR UE i

Vol T A% RV Bl A% 1A BT Bk A AR A
s B AN R S AN ] R L
AU 45 5 AL A i 22 5, (EUR: AL LS B 2 R -
AN AT B IV , ol T ORIE LU SR A
LF A s 1k 2 DR 2R 2 7 A — e R, R AT
TE2 G RHURIR BB , DA T2 i BIUARUE ) 42 ol
RERE PR EAR L T b 2 i BRI IR R e A B
IR o - e PR e e N T
PR e — o7 1 2 B P 3 T B [R5 W BE R B0
o A48 PLR I T, % e G vk PR o BRI 9 4808

BEE B 10 T4 5 G2 H RAF 5% B 35 K150 H (201834011)
EHZ B 20 (1997—) , £, Wi, Email : 1.15542258343@163.com
WHEE N9 (1962—) , 55, 1+, #4Z , Email : sygdxjk@163.com

REEHE  FEAEAT AR I LRI B, 2 A
RYEHIIRBN

G rp AT Y 220 H ) 301 1 56
P R AN BAE KPR A, AN 25 SR I L, K
FRAERAT G O [ R W 3 2R B L, iR
Bl el sl i 75 AR T I , il HLAE
S5 RN JEE R B ] il R GE AR ED T SOk
[1OHE 3 M A ST sl SR PR SEAT MU Rl i R 42
PIAE ] 48 2805 R GET WA 5 R AR L, 7391
25 T PR B 2R SO [R] XA e {EL A



WA AR 20235F 534 F 4l

B, 4 R T 3h & H 08 R0 0 LR F2 1 R R334 4]

55 TR X A0 i S5 IS A 5 ) R T . PTS Y
SETJ7 1 o ELE TR R C T VR DO R B I
FE AR I 38 28 K00 fm] e 8 S8 S O IR o SRk
[LITETT 1 e DURS R A LI 5 1245 R 25 B 54
DA% 2l 05 BLAS R B UE T 5| AR R 5 1A
B AEJEIF AR AW B — 4 & BEATIESE , O
ARAE AR 1 T 2 PRIl L 1) 77 £ AR il R
GAria T B P RPTILRE ST o SCHR[12) AR H 4K
LT BIBUBE A FFE X4, A B JIRAS ) ik 22 ]
ARSI AN [R] B TR AL, 2 11 T — b 65 e e i
(1 i A BT R il DR S B I ) 2L, (EL i A BRI
TR B DT BT BE, ME LS HIE 524 o

LR b AR SCHR G T — P A B R A5t Y 4 )
TR, AE L FE A L AIFTE T BE S 25 R S R R Y
P s AR g PUIE Tk b — 3058 T R G &
BEVEMGTILRE 1 o B IE NI 75 T Haz 3hid
Hh B 28 AN W A R 1D T 52 A A X el ke
FERYSE MR, S 57 1 LB 21 5 4 s i oy
Br 7 HEAUAR S A BRI o 7R 50 = BR4  AY
BEft b, DADIE Sl 000 5 WL H 4 2 25 B R b
IR TR BB B R 30 o 2B T A e L e
PLAE il 8 2RI C R WESE 1 BE 3 257 FE S 9
RE R U 45 PLIEHIDT I SR i T PIS RO Y
B D7 AR R sh A He 5 5 5
AR 3 At PR A 25 6 10 4 1l SR s E A8 AR 4yt A1)
R AR R MRS .

1 XF AR F Rk 3D R 25T

MU 1) 232 1 A 58 R 198 28 1k AR O 1) 2
PR O A ZEPELEMURE b EAR R, R Ik
AR SCRE AT (R A0 A I | IR 5 567 2 1 %
R G B o HUARE 57 fal il R 40 AL 45 1)
JR AL B A 1A B AR AR AR ER Y . Gl 1
TN A AT UG L + B 8% 8 + gk
MRS BTG =85 A Ik 5
HL LB 1) (B AR R A% 34 B A0 AT A2
FE RECHEE CH o MR (I 2) .

B, \BL
Bl 1l IR R G0 R i

Fig.1 Equivalent model of joint servo system

10

1.1 FEAREMEL
FR AR ] 1 N7 4530 0 A S B AR, X A
TR, LBILYE Ry 8l U, L35 i — A0 R T 38, A

G Pk 3
dw, T,
Ju =Ty - — - Bywy (1)
dt i

Ko ARV B 5 0, o AL A B
Ty A B WL B B R 5 T R b 5 0 o R 7
(VR LY 5 B, oA 55 L LA A 3 R DG BB ) BEL
JERHL
X T B R, AT U e A A R

T = K (T)(0u/i = 6,) + B(wyli —w,) (2)
A K (T) hy B R A AR 1R SRR BE R %56, 6,
53 R i 0 A RN R A A 5 B TR A% )
B ISR E B 5 0, Ry AN BB A R E
X T CH Ay, SER A LN R 2 9K Bl i, T2y il
Bty , AP T RRANE

JL?:TS_TL_BLQ)L (3)

s SN AN S 5 T, B A R
FEEE AR A s B, R B2 1) S5 5 BELE R 40
ZHAEOT , & F 5 B IE R ER /N, Z 1w
FBH e R BV TR
Juby =Ty = Tl
T, =K(0y/i - 0,) (4)
J.0, =T~ T,
1.2 IREIFENE
2% BELJC, 2 B0 5 ) PR R T i 8 R ML R
(53 PR
Gnls)= 3 J.s + K (T) !
JuJiss + K (T)(Jy + J /1)
B 1 Juss + K (T)
Ty +JD)s Just + K(T)
=Gr(s) Gi(s) (5)

Hrp
Gu(s)=U(Jy+ J)s
Gi(s)=[Jus" + K(T)1/[Jps* + Ko(T)]
Ji=J.0i
Jo = Judi/(Ju + J1)
2 Go (s) A WIVE R GEAL 18 PR G (s ) AT
PEFRT 5 7= A A X B I A BRI A% 326 pR R
45 2 (5) WS B KA XS W i f R w,,, =
VK (T) e R VER AR (52K (5) BURH )N
WAL A 30K o,.. = /KT VT, B0 S
R,



B, 5 K T o0 B4R R 09 B Fo bt & Gk 3h 3 4]

W AAEZy 20235 F 53K FH4H

i 3 e A rAL, TR TSI R
S AR A 5 B 30 W A i P2 38 I (A4 il
/N, FET REEIRD

2 Fh AALE BRI IR AR

21 AREERIBEHERDN
I O T B AR o AT A R AN 18 2 i, /N

IKSEA B M 0 rad (o rad) , TE H AV B w/2 rad
(—m/2 rad) , 1R SEBR#GE i, AR SCHIE S £ 307
HZALE MR 0 rad— /3 rad—0 rad—-m/3 rad—
0 rad. 5K G B AR, W 2 Bt 67 305
FEAR AL AR /N B 0 A 2415 U] R HIL I £ 2
S

T, =T,+T,=[6G, (R2)+G,-R] -cosb (6)
Hrp

T, =G, -(R/2)-cosb
T, =G, R-cosb

K6,y G0 0 R/ INVE B R E 75 R R/
AR (R B LSS 7 o0 KD 5 0 YR IT
SEE &S Ty, S/ INVE 8 T, R I

ﬂﬁﬁﬁfﬁﬁ/raﬁ 3 R R
2 ) Pk

>0
T 17 3 A B /rad

1E BRI AE it K REAR]
ik B+ S HLAG

K2 VB SRS A

Fig.2 Torque analysis of the forearm joint

UGG HE (AN k) A PLES 07 B AR 4k

[SIE

£ s 3 B 7R o
L00;; o—o—o—o—a
S N ]

e %0 4\\ d \’(/ 4 \\ / -

Z 80 .I.'(\ AN JAREO:

= 70f \ [N\ A0 Z

E 60 / .\.\ \ / ,./ 1 —20§

=50 \1qqq ] b .\}qu _‘Z.,."'. {-40
————————— _60

I0E=02 0= 0608 == 0=t 0 =128
s [8)/s

P3RS 507 AT i £

Fig.3  Curves of boom torque and rotor position
22 EFohiSiERIGHRINE 5%
ZMEBEIE SIFERE M, B SR AT IR
AT = Jyou,=T, = T, (7)
o TR ER AR 2 A P BOR Gl ™
Az By, TR L A RS B PR AR SC DL

PSR A R RIRSN . AEAR G = R A
R R DR SRR PRI AT A B RS R
B I Sh AAR A, 2R =0 Pl i, 5% A
AU BN 0 e A 4 ] e e R R R O
£, » 205 78 FHXE L 14 R A RELAEL , R P I B T AL 45
RO GRS, USRI E S H i o AR,
X T HURRE S50 B 2R B H R AP fE s &5z
FT R, 8 1 6 B R R A AR A R A g
IR B PR RN B B A R . (D)
FAL B 3 ) 7 A S T Xk T 4 S B 2 e R Y
ARAR P P R R — A T B e Y B
R 5 1) Ol Bl AR AR T TR G
ZUER o P, AR SO s shASYERE , 8/ R G
PRl , e il A HH O SIS HE, HSI A B
AR 2% 7 R A IR R G i A B i
yiEEZ 8

Pl 4 Sy 25 T B 25 T S At ) 3 I A1) ) i
HE T o 55 S DA S P 1 B b 8 e A D 8
Jei DR 0 P o A o a3k R PR e AT I R AR
5 B AT L 1) A2 A T 45 R AR L ) R P O

AR | L e R | o,
s il 7 ! EX0

sl
WL s

P4 T sl A A R A5t A A 0 o S

Fig.4 Based on dynamic torque feedback

resonance suppression principle

P14 v, B s ps ) 00 0 R sh SRR R Y 45
FE AT, S AR AT 28 [0 R R0 K 7 S 0 22 45 7
fR AT, i A Bl 28 i 4 i e S5 B0 20 B 4 A 36
WP de R P PLEZE ) 4% , w] ARl 3 A e o 22
A HERA 25 5 WG A R i o0 £, B IR BT B
P T AT g o T 2 TR K A 8, Sl L T
SR FHAJE 3 LI 28 4R 1

) R A W 7 R R U KT R B K A A A
Tl 5 PR SRR 1, I B P 5 A 3 F ML R Y
ik PREUE

o B J. s +Ks(T)
mT(S)_ (1+K)]M]L33 +KS(T)[(1+K)JM +]L/i2]3
1 J s +K(T)

(Ju+J)s (1+K)J,s> +(1+KJ, /1] VK (T)
=G (s) Gi(s)
(8)
11



WA AR 20235F 534 F 4l

B, 4 R T 3h & H 08 R0 0 LR F2 1 R R334 4]

Hor

, Js+ K(T)

)= K e+ x K kT Y

B (8) T LIS 51 A B M e, i

, (1+ KJplJ.)- K(T)
@ ‘=/ (1+K) J,

P R 0 BT R 36 A R Bl A A R &R
BN T LS St &, JET RGN T RGN,
AT o6 3 I 401 ALk 1) W AU/ o B A R s
FORGE I, Wi Bl 00 ) R R B R R ) Bl Rk
I ML A Rt 20
.

3 R THEEIE PSR

3.1 HWEESHEEPIHEFSRSHXE

FH_E 3R 4B RN AL 2 B AT iz Bl i
AR A, R A% G0 1) 18 1 5 PLYE i 2% R G 77 21K
PR A BB TR A R ECR G N, A
T AofE 5 ok 7 A S B 0 By, 552 e WIS 3 47 o 4
I PT 28805 AR i O 22 K/ INEEA 7 52 BF ], DA
R PTILhE

(&1 5 Sy 2P i 42 4] ik 3R 0 o 2 A R AE [T, 2%
R 1) B T BN ARG 00 A Y e 7 R B L A A R A
Z B HAERON 1,

L5, o Sy B i 45 5 A 5 G (s) by 38 32 42 1l
ar G KA, G (s) =k + kilss Ky R 30 W80 1
AAEN A (4) X — i R4 -

(10)

PS5 Sl 2] 2 00 42 i ]
Fig.5 Speed control block diagram of flexible

connection servo system

H1 1 5 AT LIS 3 ph e i T 3 H B L g R e
(1% i PRI
Gy (s)

- Jus’ + Kyk,s + Kk, (1)
ok, k30 R R AR s L) B R A
AT i BAORT F AL Bl 5% Dy i 8, AR =
(10) 2z ) HE b e s e M il R an 51 6 T s
12

£, =0.22,k,=10 oo,
paris

k,.=0.44,k.=10

N
7 k,,=0.22,k,=20

_20f

-30

10" 10° 10° 10

10' 10°
W%/ (rad-s™")
Flo  AlR] PLEE 45 HOT BBl IR AT R
Fig.6  Amplitude-frequency characteristics of axial torque

under different PI controller parameters

3.2 EHEIAPI TSI R

H &6 AT LA Y, FEARUE b, AR BL T, Bl
b PO ARSI (B 1 25 o AT L A1 25 A K
HRAE AR Hd KA kS SRR BN
PRAE b AR B ke, 0300, 001 1 25 S5 KA ik
FEIRE RS T REWNIE B KA k25586 B
RGATEE . I BRI E, 0k REA R i 5%
B .

H (1) B2 181 3 mT R, B 2300 S st e S )
2 PRI AR A R AR, 2 She 5 R 1) R A 25
SCHR[ 141 SCHR[ 15 R 2 78 5 3 7 A A 22 2 )5 P
AT PLSEN LT, Joi A6 G o & A D s in kA T
VAT o R A 1 e 7 3 R e PR A A LA Bl
AFEHAE R PUS B PR L AR 5 AT 38 2] 5T 47 1)
TIRCR o F bR 45 i R Geas 2 0 5% F i A F)
SR PR b, 2 5 ol e 22 08 W i T2 0 Lk,
Bt 2 /) | LY 2 o 22 $ 3 N & IR /N o
AHI, 245 Al 22 328 W 38 iy, & B2 36, H. >4
i 22 PR S ARGIE IS e SIS i o

2% T8 R k23 5 ) R RN AR SRS BE , B S
25 WU U /)N, FR 3V FH R 28 B 14 T Js =22 328
N

5 SCk, kR B 5 f (AT ) g (AT),
AR P AL AR AR

m, AT <a
f(AT)—{W a<AT<b (12)

n, AT = b

m, AT <a
g(AT)={kAT a<AT<b (13)

n, AT = b

K omy,my 0,0, b ARGUR K kI EE PREL
AR

S (AT )T g (AT ) XJ 137 (4 e B 1 45 &) 7 f
7o I A PR AR G S RONER S0 3 45 AR R
PR ALl N Bl SR LI RE



B, F R T 3 SRR IR T R KRS 4 BEMEH 20035 BE B4s
" - 3N T 10 AN 11 Bz ol I Al B i 3
HE— AN, B2 A R A /I EL Al L [ )
BAE, N E R KIW2ZEUN 1.1 rad,
g = 2000 1 e
- : o T
1000 ‘ern E
= 500 B R
N ~1n, i of
o ar° 2 -sofgi
BT Hel GRS 55 R BRI ~1000 512‘;3‘ ;::(7:

Fig.7 Variation rule of proportional and

integral gain coefficient function

4 AR5y

mem&mmﬁ$ﬁ%mwg%ﬁ%%ﬁ

IR 2R Gt 00 4% 45 [ 72 38 25 PTAASh | 3h 285 76 0 s 5k
2 1 A 3h & %%Efiuﬂ’\ﬂ*iﬁémﬁ*%”ﬁﬁﬁ
R, 25 0 B3 T 7 B 3805 AR A1 0 RS 6
B DU I S SRS AT FL AT . Dtk
— IR ae U1, 4 A AE 300 CIE % | i
), =30°, —60° PU AN B 521 70 N-m 19 T 253
B, 1% BT I R 1.8 s, AT ELSE T <4
SEYIFRTS0 W, B4 2.4 Nom, ML SR
1.2x10™ kg-m?, 1 2% iy 4% 301 0t & 6.0x10™ kg m’,
BTG5 0.082 T, 28, EL 4 HL /8% 9.828% 107 H, Jik
W 50, B AN 2501 100 N-m/rad , Kk

% 50 kHz.,
45 [ 2 348 2 P il 14) 7 i 17 i £ 4n €] 8

Jirs o A HA R AT LR AU 7 A R
I Fd B ok FUPLRE 1 2% , ME LA A2 S Pras {7
iR o 119 Dy LA Bl AT T R ot A ] 1 3 )

ko H O mIAN, e s e sy 5 A2 9 1] 5 18 45 P
FEH R )N
2 000 r =1575 _ 45
-1600 7 30
2 £ s
1500 H :f’sf £
S-167 S5
] 000 ‘., |7()( F-30
~ T 90 0.91 0.92 45
= 500fF
g
= 0F .
® | 1750 i 7507
¥ o it
—-1 000 F 21650 ;;:?;5,
#1625 51625
~1500} 160075 5 016 017018 16006 & 156 o7 T
-2 000 L L L . L L L d
0.0 02 04 06 0.8 1.0 1.2 1.4 1.6 1.8

i i)/
P8 [ E H A PIAE e s

Fig.8 Speed response controlled by fixed gain PI

T B 25 5 S It 2 W A R Aty 5 A e
Y A PR PR 5 3 Mg 17y 2 0 2 57 A 1 i 2k

= 630

1 640!
1.64 1.65 1.66 1.67 1.68
i il /s

0.1 0.15 0.16 0.17 0.18
-1500 F W il

~2000 . . . M . N— '
00 02 04 06 08 10 12 14 16 18
i [a]/s
PO BIRSTHAHE I At i e s

Fig.9 Dynamic torque feedback control speed response
2000

1662 _ 30

1500
1 000

I 1) /5

500
0F

_ 1670

=500 F %1668

34/ (r-min™")

;:'1,,(»
-1 000 f3'

1664
0.140.15 0.16 0.17 0.18

-1500 F B[/

1664t .
1.64 1.65 1.66 1.67 1.68

1 [ /s

~2.000 S —
0.0 02 04 06 08 10 12 14 16 18
i [a]/s
P10 ShaSFAE R s P+ 72 1 A PLAAS 80 17

Fig.10  Dynamic torque feedback control + variable

gain PI control speed response

37 & ffi/rad
O w
S o &

|
IS
f=1

10
0.76 0.78 0.80 0.82 0.84
I [E)/s

~60 —_——
0.0 02 04 06 08 1.0 12 14 1.6 1.8
i [a)/s

R S VAR X V115

Fig.11  Rotor position change curve
H T 5 8 I B BB/ DR ASOR AN
[ 42 i) 7 2N B SR Sy A B AR L . e X

KZRNFE T shk, A
k, = (wmax ;) /0, X 100% (14)
Ko, , @, 5350 R X W58 N @, B R

%‘ﬁnﬁ%w’%u
R A 3k ) 7 i 2 A5 B0 AN ] 42 41 O U 1Y
k, FEZHLEN 5 R IR M, ANk 1R .
H 5 L5 SR H AT T SR FH Bl A8 56 R Rt Y
e R g PLAES T SR W RE 8% IR B2 Ui/ T 2%
13



WA AR 20235F 534 F 4l

B, 4 R T 3h & H 08 R0 0 LR F2 1 R R334 4]

PRI HE AT K B e B 3l , Bl DAORAIE B RS
P e AL RGRIBTILRE 1 5 BN
R1 HELERYL

Tab.1 ~ Comparison of simulation results

il e s k1% M,

[if] 52 4 25 P 8.19 59.6

A U 1.32 18.2

BIASHEH R i+ 2% PR 0.24 2.70
5 %

B X WL 5% 1 £ i 28 0 2 Pk 3 4 7 A Y
BRI Ik BE G2 , % 58 W JEE il 07 482 2 A B Rk
HHEREOL T, X S Rl i R G AT 1 e i
AAEST , B ) 1 — i s 2 e B At 4 I sl 4 ol 42
il AW, ShASFe R 2 S A WL J i 15 3 5%
A T 5 4 i R R S B AR B T RSN
JE B X T o I 2 P T #4 AN R i A2 DA
) T AR R, i o il e o 5 PT 2 M0 56
BB T RS AR R AL AL 1R 55 Pl 2
PE— I R GRS o @ XA R O R
TR R R G0 L, B0k 1 AR SCH 4 H A
Tl AR S Y B S A PSSR A
RO AT LA N R e s H sl S v RE R4

S0k

(1] XU, T 4kK . HLE ATARFERRM]. 57 2 . Lt . w22
il it 2012.

LIU Jifeng, DING Jibin. Ji qi ren ji shu ji chu[M]. 2nd Edition.
Beijing: Higher Education Press,2012.

[2] ELLIS G , GAO Z . Cures for low-frequency mechanical reso-
nance in industrial servo systems[C]//Industry Applications Con-
ference ,IEEE,2001.

[3] Wi, A2 ), EAE, A TR I Sl 4 i £l iR R 2
FRIFIGTEL ] L THORHR,2018,33(15) :3556-3563.
YANG Ying, LI Zhike, WANG Shuang, et al. Research on tor-
sional vibration suppression of servo system based on shaft
torque disturbance observer[]J]. Transactions of China Electro-
technical Society,2018,33(15) :3556-3563.

[4] CARRIERE S,CAUX S,FADEL M. Optimised speed control in
state space for PMSM direct drives[J]. IET Electric Power App-
lications,2010,4(3) : 158-168.

[S] CHOI' H H,VU T T, JUNG J W. Digital implementation of an
adaptive speed regulator for a PMSM[J]. IEEE Transactions on
Power Electronics,2010,26(1) :3-8.

[6] BULEMA, MIEZE A5 T5, 55 . T Al A L i) fa) IR R e AR
R[] %30, 2010,40(7) :61-65.

HUANG Liangsong, QU Daokui, XU Fang, et al. Servo control

14

strategy for low-frequency resonance suppression base on ad-
justable inertia ratio[J]. Electric Drive,2010,40(7) :61-65.
(7] RHINE, B RR, TR 23T, 45 . B TS e S st g LA R 1)
Tk A% 8, 2016,46(1) :45-49.
XTAN Minghui, LUO Xin, SHEN Anwen, et al. Suppression of
mechanical resonance based on disturbance torque feedback|J].
Electric Drive,2016,46(1) :45-49.
[8] TEE, A, kI . 5L PRI AR B3 R SN
PRAHIHI]. A% sh,2015,45(1) :49-53.
WANG Can, YANG Ming, XU Dianguo. Mechanical resonance
suppression of the elastic two-inertia system based on PI control
[J]. Electric Drive,2015,45(1) :49-53.
[91 JURUE . frl it 2 58 b 4 B UG IR 7 12 Y BIF 5 (D], JEat b
LT R, 2016.
GONG Fengjiao. Research on mechanical resonance suppress-
ing for servo system[D]. Beijing: Beijing Institute of Technolo-
gy,2016.
[10] T 98, F . I A IC 8 1) 7 ) 21 g LK 2 22 1 67
APL Y R SR E Tk )] E AL TR A4, 2017, 37
(4):1225-1239.
DING Youshuang, XIAO Xi. Parameter tuning methods based
on pole placement for PI controllers of flexible loads driven by
PMSM[J]. Proceedings of the CSEE,2017,37(4): 1225-1239.
HRHT . XU R GRS H SR AT ], LR 5 BP0
HARZBE I, 2020, 19(1) : 15-20.

PAN Heng. Research on the vibration suppression algorithm of

[1

—

two-inertia system[J]. Journal of Anhui Vocational College of
Electronics & Information Technology ,2020,19(1) : 15-20.

GHAO Y, CHCN W, TANG T, et al. Gero time delay input
shaping for smooth settling of industrial robots[C]//2016 IEEE

[2

—

international Conference on Automation Science and Engineer-
ing (CASE), Fort Worth,TX, USA,2016:620-625.

[13] 2 . Fettk SN0 S M FF LA 3l g 25 A 5 i 3l i o
FFEID]. M 7RIS R U8 Talk K2, 2015.

YANG Yibo. The dynamics modeling and vibration suppression
research of flexible joint-flexible link manipulator[D]. Harbin:
Harbin Institute of Technology,2015.

[14] ¥ T3C, fe2i, AR, 45 JE TS M PLAY KA AL HL 3
BLR S RSN T FHR ,2009,43(4) :32-33.
XIAO Weiwen, XIONG Zhiyao, LI Shichun, et al. Vector con-
trol system of permanent magnet synchronous motor based on
variable arguments PI controller[J]. Power Electronics, 2009,
43(4):32-33.

[15] Z&—+F, W rg . L AL BE ] ik 28 40 1 728 444 £ PTA% A
U1 AAPUER S B shibhn T4 A ,2010(11) :60-63.

WU Yixiang, ZENG Yuenan. Variable gain PI control of linear
motor velocity servo system[]J]. Modular Machine Tool & Auto-

matic Manufacturing Technique,2010(11) :60-63.

Wk B 4 :2021-12-09
&R H 91 :2022-01-21



ELECTRIC DRIVE 2023 Vol.53 No.4 WA AR 20235F H 534 F 4
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A&EE,FISE okt
GAEIRKRF BAILESFR,HIL KL 430000)

FEE X T Halbach 25 F4 1 7K % FOMLHEA T80 % (9 L REAR BRI 75 2307, A7 T K e BILARR 1)
JIWE R AT IR, I T 5 AR B A MRS (8 W 28 2, T AT AR T LAY TR AT
FAE Halbach 4514 ALY B HLARE 00 B AR B R TS PERE , UL T Halbach 2444 R30S 428 1] FERE 2514 19 T 5 HELAIL
BEXFIX PR 5 AL S AT SO BR B 1 S AT, DA SR Sl R PR (1 Lo A8, X L A3 BTt R 3, Halbach 2544 (1 7k %
PG T F B, T O AR SRR IR S . H R TR I SR RE 5 3 U I & fE 19 AN [R] , Halbach 4544
TR HL ML) SR AT 18 40 i o B L A% AR 1) SRR 2 R 1) A R FBL LIRS 1 9.56% , S8 P R 2 e iy
0.65 dB. F3HT & ML — b2 & 1 AL BRI TR AL T A X 560

S48 : Halbach 25 K4 ST % s (G G045 1n) 0G5 K RETR] 20 B AL s R Bl 5 W7

FESES . TM351  SCEFRIRAE: A DOI:10.19457/j.1001-2095.dqcd23510

Electromagnetic Vibration and Noise Analysis of Halbach Permanent Magnet Motor
LU Xihao, QIAO Mingzhong,ZHANG Chi
(College of Electrical Engineering ,Naval Engineering University , Wuhan 430000, Hubei , China )

Abstract: In view of the electromagnetic vibration and noise analysis of permanent magnet motor with Halbach
structure at rated power, the analytical expression of radial force wave of permanent magnet motor was established,
and two kinds of main force waves which cause vibration and noise were analyzed. The main noise sources of the
motor were determined by analytic method. In order to characterize the motor characteristics of the Halbach structure
motor and its vibration and noise performance, two motors of Halbach structure and common radial magnetization
structure were compared. For these two motors, the analysis of the air gap flux density and the comparison of
vibration and noise were carried out. The comparative analysis results show that the permanent magnet motor rotor
yoke of Halbach structure is thinner, lighter, and the air gap flux density is more sinusoidal. However, due to the
different third harmonic content of radial air gap flux density, the vibration acceleration amplitude under main
excitation frequency of Halbach permanent magnet motor are 9.56% higher than those of traditional radial
magnetization permanent magnet motor, and the total sound pressure level is 0.65 dB higher. The analysis results
provide a research foundation for the selection and design of the motor of the integrated pump-mechanical equipment.

Key words: Halbach structure magnetization; traditional radial magnetization; permanent magnet synchronous

motor;vibration;noise
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Fig.1 New integrated pump and its application
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Fig.2  Cross section of permanent magnet synchronous motor
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Fig.3  Air gap flux density of two motors at rated power
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Fig.5 Total stator deformation at 333.3 Hz
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Fig.6  Spectrum of vibration acceleration
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Fig.7  Spectrum of noise sound pressure level
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Fig.8  Distribution of noise sound pressure level at 333.3 Hz
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Fig.10  Distribution of noise sound pressure level at 2 666.7 Hz

FES 297 B AT IR T RN AR 4 1A BRI

20

C:ACT

Acoustic SPL
Expression:RES189
Frequency:2666.6 Hz

73.926 Max
72.564
71.202
69.84
68.478
67.116
65.754
64.392
63.03

61.668 Min
(a)Halbach% )

C:ACT

Acoustic SPL
Expression:RES189
Frequency:2666.6 Hz

74.567 Max
73.213
71.86

70.506
69.152
67.799
66.445
65.091
63.738
62.384 Min

(b)Y e A% 0] FERE LS 1)
K110 2 666.7 Hz IR 5 R 434l

SRrp FUBL R E O A I R T — A A A A
I 11 FEL T S U0 R 7 AR e o L 1 TR OB IR AL X
P o FNME S A E AR A, R T S5 58 5 0 FL O
— 3, HUHLAS BB T 422 R FH — 0 1 A8 A 2 4 it
FL AR SCBE TG S0 R B A T

1) 5 Halbach £5 44 ¥ 7K g FLHLIR S5, Hal-
bach 4514 (1) 7K 1 F AL R A A% ) 78 14 179 7K 9 [7)
AL ), Hi 555 R 1000 v/min, #5463 1Y
Halbach 45 #4) i 3CHE [R] 25 UL =48 73 il # A =
AH 21 H B 7 2, i R B A TR R A B 11
kW, I 1) Halbach 45 #4) 7 g H AL ) 2 - FA, Tt 422
IE L HL L . FEIZACF T, DI Halbach 4544 7k
il AL - F1 3% 18 4 HR B 830 -

2) 1] 5 295 A58 1) S0 45 ) 1 K G ) 20 AL
IR BN, 5 A2 1) 75 W4 405 ¥ 4 A R ) A6 B Bl
Halbach 2 ¥4 i) 7 g B ALK HE 21, Hoe s 56 45 3%
S kS iR N .

Jr R S5 - B A 11 R .
NIRRT AR

popspend i d SRy R

HalbachZ5 My HIHL 55044 1] Fo 0 4540 Fa AL
BRSSP &

Fig.11 ~ Vibration test platform

Fi R DL SCI05 RAS 2 A W 5 F AL A AH Y R
i T B AR B 3 fige G 11 12 RN 13 s,
HL VL O 1) e R it i FL T LA 1 7 65 PRI
FEFHEA T IR

FEE T LR IE 7% IR A IS B0, 00 e
HL AL 2R I PRSI sk BE AR 5, I &5 F AL A )
EERUMEN14 7R

A& 14 A5,

1) 15 LA R ST s B2 me W 47 333.3 Hz Hif
F K, Horf Halbach 2548 8 7 [ 20 Ha LR 20 in ik
FEWRAEL 499.33 mm/s® AL B4R [n] FE0E 25 A8 1 7
Ivi) A B LR Sl i 10 488.54 mm/s?, Halbach
S A 1) K R P LR 2T 1 i o, R 1 EE A% 4
128 ) FERG A5 FR 1) K R TR) 20 AL ) 2.16%

2) HR B T v by S {1 A A ) A R A



5 A % 4 . Halbach % MK R% & HLGY W, BE3R 3h 55 w5k 5 A

W AAEF) 20234 £ 53K F4M

FRAEAIR B B, 4 000 Hz 22 J5 B 3% 3l i ek 5 ne) )i
RN

3) P 5 ELAL A 3 20 in 3l 3 AR AR AH 25 R KL (H
Halbach 454 (1) 7 F ALY S 1 BB fl 2 — 2

4) K 5 B 25 SR AN TR 0 2, IR Bh 1 A
BT 1 166.6 Hz, 1 949.9 Hz 25 4R 355, i%
U559 AN 333.3 He OB EA , IR L 1tk 26 41% 5
554 T el 2s R 8l e s sl 3 U

5) 32 IR RE RS 05 B SE g R 3N
MERZE RAFE ST ALK E5 e A —2 .

301 Halbach%sty
fle e ) FERELE

FL AL IR/ A
—_ )
= = =]

1
=3
T

=20
-30 1 1 L ! L !
) 0.00  0.01 0.02 0.03 0.04 0.05
IR [fl/s
K12 PE LA ML
Fig.12  Phase A current of two motors
251 éHalbaché';'foJ
fegeit i SERESSH
20
<
= 15 I
2 |
= |
£ 10 \
2 |
‘\
s
0 L'DTFHJL uin
L 1 1 1 1 1
0 2 4 6 8 10
IR R

P13 5 HUFLA AR I Ao £ HE A

Fig.13  Fourier decomposition of phase A current of two motors

Halbach%% 4
0.5F :éfufmm Fo Lt

e o =
53 5] =~
T

Ry i B W B/ (m s )
e

0.0

0.00 1.333 2.666 3.999 5.332 6.665 7.998
$i/kHz

F14  #E HRALEY PRSI

Fig.14  Vibration comparison of two motors

6 it

-2

ARLLL—F 11 kW [ Halbach %5 14 (1) 7 HE
BLAWFFEXS G, 07 A BT i N7 1 R F LA E
B AT B AR ] SR AR A T R R A
FE LA ) HL 7 ) SR T B RIS % . 7 i Hal -
bach 25 ¥4 7k i LML Ak I, #4898 T Halbach 45
5 4% G 43 [ 58 1% 235 K4 1) K W T) 20 LT 3 1
S5R RBIRE IR AN S T T A 2 5 AR T
LI 458,

1) Halbach 45 14 1Y /K G H AL, % 5~ B8 &6 w] LA
80 T, A LU A% 8 A% ] 70 4 25 7 1) R BIL T i
BN,

2) Halbach 45 14 1) 75 B H LB 3 1 74
B IR B N

3) HUEE A LA AR R ESORN S 1R, T
DINERIS b PR R o | R 2 LR 3l RN R A 1Y
F BT B B UCRIAR AR A 11 G I K [
AL, B EA A EYE ] SIS B R S5
Bk, 51 RSO & B LR S AT R A 322 %
=4 B 3, 5 0 333.3 Hazo

4) A BRIGIF F B , Halbach 454 19 7K 1 F
BIULE 2R B3R 0 2 el L i etz
[61] 2 1 45 K 14 7 Tk B BIL 3 H 9.56% 3 Halbach £5 44
AR RV R R LU A G A 1) SERE 5 M Y S T 9 e 1
0.65 dB, P {5 By AL A s 4% 5 A1 A 4B BE 45155 , Hal-
bach 4514 7 A HLEE AR 4z 2 A e L RE RS 22

5) Halbach 25 4 7¢ 333.3 Hz i (Y AETE f5 2 7
VLR TAE G AR 1] FERE A5 R | 52 PR SR 4% [ 4 %% 114 3
YRR 2 4% Ha, D A58 1) H 00 A D s T L i
i B AR E 5% M 1R O — i AR R Bl R S
RELF

6) TENLAE — A e &5 iy AL AT T I
5 AL RV RE AL B B LR R iR 3
HIME 7S 7 255 F I

SE
(1] 95, Feng &, 520, A5 A% e D) 2382 BE KRG ) 25 L ATL iR
TS T AL, 2019,52(11) 1 1-6.
JIANG Chao, QIAO Mingzhong, PENG Wei, et al. Design and
analysis of high power density permanent magnet synchronous
motor for warship pump[J]. Micromotors,2019,52 (11):1-6.
[2] EWiE, PUREE, MG . S e vV B R vk wE i L
A HL i i 2l M 7S 58 7 2 ST ). b R AL TR A
2019,39(16) :4919-4926.
WANG Xiaoyuan, HE Xiaoyu, GAO Peng. Research on electro-
21



LA

AtEFH 2023F £53K F4H

5 A %, % . Halbach 45 MK 8% b LY & BE3R 30 55 5 5 547

(3]

[4]

(5]

[6]

(7]

(8]

9]

[10]

[1

[12]

magnetic vibration and noise reduction method of V type mag-
net rotor permanent magnet motor electric vehicles[J]. Procee-
dings of the CSEE,2019,39(16) :4919-4926.

TR, T SCR, 45 R R R R 20 AL R
2R/ 4 Nl S KR o i I R R v R B o
2021,41(14):5004-5013.

XING Zezhi, WANG Xiuhe,ZHAO Wenliang, et al. Calculation
of electromagnetic force waves and analysis of stator vibration
characteristics of surface mount permanent magnet synchronous
motor[J]. Proceedings of the CSEE,2021,41(14) :5004-5013.
FEEIG, B 153 BURHBUK RS 7] 25 ro L HL R R 3 e
WFFE)]. L AAE5),2021,51(2) :75-80.

WANG Yujuan, WANG Huagiang. Research on electromagne-
tic vibration and noise of permanent magnet synchronous motor
with rotor step skewing[J]. Electric Drive,2021,51(2) :75-80.
CHEN'Y S ,ZHU Z Q, HOWE D. Vibration of PM brushless
machines having a fractional number of slots per pole[J]. IEEE
Transactions on Magnetics,2006,42(10) :3395-3397.

LIN F,ZUO S,DENG W, et al. Modeling and analysis of elec-
tromagnetic force, vibration and noise in permanent magnet syn-
chronous motor considering current harmonics[J]. IEEE Tran-
sactions on Industrial Electronics,2016,63 (12):7455-7466.
BARZEGARAN M R,MOHAMMED O A. 3-D FE wire modeling
and analysis of electromagnetic signatures from electric power
drive components and systems[J]. IEEE Transactions on Mag-
netics,2013,49(5) : 1937-1940.

PARK S, KIM W, KIM S. A numerical prediction model for vi-
bration and noise of axial flux motors[J]. IEEE Transactions on
Industrial Electronics,2014,61(10) :5757-5762.

SUN T,KIM J M,LEE G H, et al. Effect of pole and slot combi-
nation on noise and vibration in permanent magnet synchronous
motor{]]. IEEE Transactions on Magnetics,2011,47(5):1038-
1041.

R e, FRIN AR BLPE SR 4R A ik pLis Sl U KR
M. B A%, 2014,44(10) :35-39.

YANG Yulong, GONG Shihua, YU Yang. Stepper motor motion
planning and the vibration suppression under working condition
of frequent starting and stopping[J]. Electric Drive, 2014, 44
(10):35-39.

KUROISHI M, SAITO A. Effects of magnetostriction on electro-

—

magnetic motor vibration at sideband frequencies|J]. IEEE
Transactions on Magnetics,2018,54(2) :1-8.

YANG H , CHEN Y. Influence of radial force harmonics with
low mode number on electromagnetic vibration of PMSM[]J].

IEEE Transactions on Energy Conversion,2014,29(1) :38-45.

[13] BRACKE , 3% H 5, Wi A . F AL 7 19 3 S5 4 (). oM

BT A, 1987.

CHEN Yongxiao, ZHU Zigiang, YING Shancheng. Dian ji zao
sheng de fen xi yu kong zhi[M]. Hangzhou: Zhejiang University
Press, 1987.

22

[14]

[15]

[16]

[17

—

[18]

[19]

[20]

[21]

w8, PN  RUAR 5 . HL B R K RE TR 2B Fa ML AR
ZHEF 3T AR, SR L, 2019,52(12) : 7-12.

GAO Peng, SUN Xibin, TAN Shunle, et al. Reseach on electro-
magnetic vibration and noise analysis and optimization of per-
manent magnet synchronous motor for electric vehicle[J]. Micro-
motors,2019,52 (12):7-12.

W A WRBH AR RB 2y A IR A6 s WL T I A IE 45 Y el
ARSI AL THARHR,2011,26(9) :24-30.

YANG Haodong, CHEN Yangsheng, DENG Zhiqi. Electromag-
netic vibration of PM synchronous motors with different combi-
nations of slot and pole number[J]. Transactions of China Elec-
trotechnical Society,2011,26(9) :24-30.

2Rl TR URAL, SIS AN SIS R KR () A0 R LR
IV S5 PELT]. WL R A2 2 4 (LA R L 2018, 52(11)
2210-2217.

LI Quanfeng, HUANG Surong, HUANG Houjia. Noise and
torque characteristics of permanent magnet synchronous motor
with unequal pole arc structure|J]. Journal of Zhejiang Universi-
ty (Engineering Edition),2018,52(11):2210-2217.

TUY Bk, IFI A 45 25 1L A S BB A e A 1) S 4k
) TR HLBILER O HURERE ) 23T (). H TR 5441, 2019, 34
(1):66-74.

BEN Tong, CHEN Long, YAN Rongge, et al. Stress analysis of
induction motor core considering anisotropic magnetic and mag-
netostrictive properties|J]. Transactions of China Electrotechni-
cal Society,2019,34(1) :66-74.

BEFRLE, D SCA MMM . Jekil R s A0 L AN ST 4k 3l A
FEREI)]. B A% ), 2015,45(5) : 70-74.

LU Chunxiao, BU Wenshao, ZU Conglin. Unbalanced vibration
compensation control of bearingless induction motor[J]. Electric
Drive,2015,45(5):70-74.

SRR, G, B et . R TR N P Sl WL P AR S i B 3 2
JITEL A EAL TR A4, 2012,32(9) : 109-115.
LIANG Yanping, LIU Jinpeng, CHEN Jing. Dynamic electro-
magnetic force calculation for single-phase short circuit fault of
large induction motors[J]. Proceedings of the CSEE, 2012, 32
(9):109-115.

556, Y NAL, XD 45 RS L Tk DR I RE
SR AR SEAIBEFEL]. b LT AR 2402, 2005, 25(1) - 81-86.
MENG Liang, LUO Yingli, LIU Xiaofang, et al. A case study of
electromagnetic force distribution on rotor core surface of turbo-
generator[]J]. Proceedings of the CSEE,2005,25(1) :81-86.
PEREIRA L A, LOCATELLI E R, ZOLET G, et al. Single
phase permanent-magnet motors. I. parameter determination and
mathematical model[C]//IEEE International Electric Machines
& Drives Conference, IEEE,2002.

Wk H 1 . 2021-05-18
ks H 1 :2021-07-01



ELECTRIC DRIVE 2023 Vol.53 No.4 WA AR 20235F H 534 F 4

BT DIt SRR AT A A 5 o 2% Jsg FHE 478 | /)
IM & 42 1l

kR e PR
(1. B R\ WA e AR NG HAe) P, i BN 2150005
2. ek A RS HELEVHEERLTELEZRET, LT 102206)

FEE BT X7 A A R F L (SpCRIM) 7E AN A2 BBl 2 44 T (e il , 4 11— Fh 55 T ot RO AL
(AACO) 3 U B B i 3 Ik 22 101 20 f 28 R 24 (RROPNIN) 4 SR 3R S o 1 20, 6 T R st B B0 17
SpCRIM (& il , I Hh T — Bl el i ELAT F 38 R AR 1 RRoPNN, LA S BX 5 442 il 150 v 19 AN 8 16 A7
ATt s SRIG AR T T AR AR 25 A8 THHERT P00 2 I 15 22 A T A | [T S0 AR 2 S 00819 5 Ry 7 1 BRI b
$£ RRoPNN [ SIGH B, $2 H T AACO B35 RRoPNN 3 322 BUE 2 37 1784 5 38 32 Lyapunov FUE P #118
W T Fr B i 7 ik B A T 5 i, T 4 ) A A (o7 S BRI P BE TR A T T S BR B8IE , O 5 2k PR il 3 B
FET TR PR SOHERE T A HEAT 17X o G5 SRSR W, a4l ek B T A IR G A o7 5 R BEONE B8 R Ak o

SEGER) AN AT HLAIL 5 20 200 3 i 28 I 28 5 2 s 1 5 ORI A 330 5 5 s ol

FESZES . TM346  CERARIRAG:A  DOI:10.19457/j.1001-2095.dqcd22795

Advanced Ant Colony Optimized Neural Network Based Backstepping Robust Control for
Induction Motors
LI Bingran', FU Hongquan', CHEN Xi'*
(1.Skills Training Center ,State Grid Jiangsu Electric Power Co. ,Ltd. ,Suzhou 215000,
Jiangsu , China ;2. Beijing Key Laboratory of High Voltage and EMC,
North China Electric Power University, Beijing 102206, China )

Abstract: Aiming at robust control of six-phase copper rotor induction motors (SpCRIM) under uncertain
disturbances, a new backstepping control strategy based on advanced ant colony optimized (AACO) recursive
Romanovski polynomial neural network (RRoPNN) was proposed. Based on the theory of backstepping control
theory, the control law for SpCRIM was firstly designed,and an improved RRoPNN with adaptive law was proposed
to estimate the lump uncertainty in the backstepping control law. The error estimation law was then designed to
compensate the network observation error and to realize on-line parameter adjustment. In order to prevent precocity
and accelerate the convergence rate of the proposed RRoPNN, an AACO algorithm was proposed to adjust the
learning rate of RRoPNN connection weights. The robustness of the proposed control method was proved based on
Lyapunov stability theory. Finally, the position tracking performance of the proposed controller was verified by
experiments and compared with the classical PI controller and the switch function based backstepping controller. The
results show that the proposed control method has better position tracking accuracy and robustness.

Key words: six-phase induction motor ; polynomial neural network ; backstepping control ; ant colony

optimization algorithm;robust control
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Research on Digital Sampling Delay Compensation Strategy and Impedance Analysis
for LCL Type Active Power Filter
ZHA Haitao', XU Kexin®, LI Xiaowen®, LIU Bin®
(1.Tuolin Hydropower Plant, State Grid Jiangxi Electric Power Co.,Ltd.,Nanchang 332000, Jiangxi,
China;2.School of Information and Engineering , Nanchang Hangkong University,
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Abstract: Active power filter CAPF) is one of the main ways to eliminate harmonic quality problems in power
grid, and LCL filter is commonly used to connect APF to power grid. In order to suppress the resonance problem
caused by LCL filter, active damping based on capacitor current feedback is a common method. Active damping
can effectively suppress the resonance caused by LCL filter, which can be equivalent to the resistance parallel to the
filter capacitor under simulation control. However, due to the delay of capacitance current sampling, the virtual
resistance will be negative, showing negative damping characteristics, which will affect the system stability.
Therefore, the problem was studied from the perspective of duty cycle prediction, and three methods for
capacitance current sampling delay compensation were proposed. The transfer function of the system was
calculated for each method, and the corresponding virtual impedance was analyzed. It can be seen from the results
that the second compensation method has the best effect. Finally, taking the three-phase LCL type active power
filter as an example, the feasibility of this controller was verified by simulation and experiment.

Key words: active power filter(APF) ;digital delay; capacitance current;duty cycle prediction
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A Gear-shaped Loosely Coupled Transformer with Guiding Magnetic Core
DONG Yi,ZHOU Yufei, LIU Shuai, WANG Yingying
(College of Electronic and Information Engineering ,Nanjing University of Aeronautics and Astronautics ,
Nanjing 210016, Jiangsu , China)

Abstract: The coupling coefficient of the loosely coupled transformer in the inductively coupled wireless
power transmission (ICPT) system is a key parameter affecting the conversion efficiency of the wireless energy
transmission system. To improve the coupling coefficient, an equivalent magnetic circuit model was established and
analyzed based on the magnetic field simulation results of ordinary disc-shaped loosely coupled transformer. On
this basis, the disc-shaped magnetic core was optimized by digging through holes and adding guide cores, and a
new gear-shaped transformer structure was proposed combined with multi-U-shaped magnetic core structure.
Simulations and experiments verify that the structure can effectively increase the coupling coefficient of the
transformer while reducing the weight of the transformer,and has good rotation stability.

Key words: inductively coupled wireless power transmission (ICPT) ; loosely coupled transformer; magnetic

circuit model; gear-shaped magnetic core
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A Method of IGCT Three-level Converter Fault Identification and Condition Monitoring
TIAN Kai'?, LI Fengsheng'?, CHU Zilin*, YU Zhibin'?, LI Teng'*, WANG Mingyue'"
(1.Tianjin Research Institute of Electric Science Co.,Ltd. , Tianjin 300180, China;2.National
Engineering Research Center for Electric Drive, Tianjin 300180, China)

Abstract: Aiming at the short circuit fault protection of medium voltage three-level converter with IGCT as
the core and the monitoring of changes in main circuit device parameters during operation, a method was proposed
to simultaneously realize fault identification of IGCT three-level converter and monitoring of main circuit operation
status. The voltage waveform at the back end of the inductance was detected by the hardware circuit and combined
with the switching state of the device to predict whether there is a short circuit fault. The peak voltage and peak
voltage time in the voltage waveform data were selected as the characteristic values, and the relationship between
the electrical parameters of the main circuit and the peak voltage and peak voltage time was derived to form the
corresponding data training neural network weight to build a numerical fitting observer, real-time sampled
waveform data was fed into the numerical fitting observer to identify the main circuit parameters of the converter
online, so as to give an alarm when the parameters change due to abnormal reasons such as faulty soldering, aging,
heating , etc.

Key words: three-level inverter; integrated gate commutated thyristors (IGCT) ; fault identification; condition

monitoring
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Fig.1  Schematic of the buffer absorption loop
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Power System Reliability Prediction Model Based on Collaborative Machine Learning
WANG Junlong, QIAN Xujun, LI Yongxiang, WANG Shouchang
(Xuancheng Power Supply Company , State Grid Anhui Electric Power Co. ,Ltd.,
Xuancheng 242099 , Anhui , China )

Abstract: It is well known that the power system operation process will appear to require explicit just
prediction difficulties and other problems, the power system operation reliability prediction model based on
continuous collaborative machine learning algorithm was constructed. First, the continuous collaborative machine
learning algorithm mechanism was constructed to achieve accurate prediction of power system operation reliability.
Then, the sample accurate prediction mechanism for core elements of power system operation reliability under
positive time sequence was constructed. Finally, the optimal prediction result was output by means of the power
system operation reliability prediction function. The verification results show that the model meets the needs of
intelligent transformation of power system operation reliability prediction, greatly optimizes the intelligent
controllable perception mechanism of power system operation reliability prediction, and the core parameters of
power system operation reliability prediction model meet the requirements of engineering practice.

Key words: power system operation; reliability prediction; continuous collaborative machine learning
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Stochastic Assessment Method of Voltage Sag Considering the Influence of Fault Distribution
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Abstract: There are many fault distributions along the actual distribution network lines, but the existing
voltage sag stochastic assessment methods only consider the uniform fault distribution. According to the different
fault distribution characteristics along the line, a stochastic assessment method of voltage sag was proposed, which
considers the influence of fault distribution along boundary line of vulnerable area. The critical points of system
lines were calculated according to the given voltage sag threshold and the vulnerable area of bus which connected
sensitivity load was formulated. The distribution of boundary lines was analyzed within the determined vulnerable
area and three fault distribution Cuniform distribution, exponential distribution and normal distribution) along the
boundary line were simulated to assess the expected sag frequency. Finally, the proposed method was verified valid
by taking the IEEE30 bus system as an example.
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Automatic Push System of Power Grid Dispatching Control Commands Based on Feature Selection
MENG Chao, WANG Lianzhi, XIE Min, FU Yichao
(Hainan Digital Grid Research Institute , China Southern Power Grid,Haikou 570100, Hainan, China)

Abstract: As the existing system fails to evaluate the process of pushing the power grid dispatch control
instructions, the push delay and energy loss increase. A feature selection-based automatic push system for power grid
dispatch control commands was proposed. According to the characteristics of power grid dispatch control commands,
the automatic push process of control commands was evaluated in multiple dimensions. Hierarchical classification of
power grid dispatching instructions by feature selection method. The instructions were analyzed in multiple
dimensions, the transmission power of matching nodes were added, and the automatic push model of operating
instructions was built, and the instructions were transmitted at different levels. On the basis of the above, combined
with the requirements of the system,a design scheme for the automatic push system of power grid dispatching control
commands was given, and the working process and task modules of the system were analyzed and introduced in
detail. Experimental tests prove that the designed system can effectively reduce the push delay and energy loss, while
the packet loss rate and congestion time are also reduced accordingly.

Key words: feature selection; power grid dispatching; operating instructions; automatic push system
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Flexibility Evaluation of Biogas Driven Combined Heat and Power Considering the Thermal Inertia of
District Heating Systems
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Abstract: Along with the promotion of carbon neutrality and clean heating in countryside areas, operational
flexibility plays a more important role in electric power systems. Following this trend, a novel method was proposed
for evaluating the flexibility of biogas driven combined heat and power (CHP) considering the thermal inertia of
district heating systems. First, the structure and operating scheme of the zero-carbon rural integrated energy system
were introduced. The biogas driven CHP, biogas storage system and district heating systems were modelled. On this
base, key performance indices and evaluation methodology were proposed to characterize the flexibility of this
system. To deal with the optimal control problem with time delays in flexibility evaluation, a decomposition and
aggregation method was proposed, which ensure the heat supply to buildings while supporting the operation of the
electrical system. The results show that district heating systems enhance the flexibility of the CHP by accommodating
the imbalance in heat supply and demand,also,the use of district heating system can help the operator avoid dumping
heat when increasing the CHP power output.

Key words: rural integrated energy system; biogas driven combined heat and power (CHP) ; electricity

flexibility ; district heating systems
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Tab.2  Parameters of the pipelines in the district heating systems
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Reverse Power Anomaly Identification Method in Information Sampling of
Digital Electric Energy Meter
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(State Grid Shanxi Marketing Service Center, Taiyuan 030062, Shanxi, China)

Abstract: Aiming at the problem of low accuracy and comprehensiveness of current identification methods, a
method of reverse power anomaly identification in digital electric energy meter information sampling was proposed.
Through the data acquisition system, the digital electric energy meter information sampling work was completed,and
the missing value filling, data standardization and other pretreatment were implemented. Based on the processed data,
the state features of the watt-hour meter were calculated, including the features of three dimensions, such as the
change of the user's electricity consumption, voltage/current and active power, and AdaBoost algorithm was used to
construct a classifier to realize reverse power anomaly recognition. The results show that under the application of the
proposed method, the F1 score of the method is higher, the method can detect the electric stealing more accurately and
comprehensively,which provides a reliable basis for the electric stealing user.
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Short-circuit Fault Identification Method of DC Distribution Network Based on Wavelet Approximate

Entropy and BP Neural Network
ZHANG He, CAO Tianbi, LI Xianyun

(School of Electric Power Engineering , Nanjing Institute of Engineering,
Nanjing 211167, Jiangsu , China)

Abstract: In view of the complex transient characteristics of short-circuit faults in DC power network and the

difficulty of fault identification, the short-circuit faults in DC power network can be identified by detecting the change

of capacitance voltage through the analysis of the VSC topology and switch characteristics. A short-circuit fault

identification method based on DC-side capacitive voltage wavelet approximate entropy was presented, which is used

to train BP neural network. The simulation results show that the characteristics of time-frequency localization and

approximate entropy of wavelet variation are combined with the characteristics of approximate entropy of wavelet to

describe the transient signal. The fault features can be extracted accurately and the short-circuit faults of DC power

network can be identified accurately and quickly.
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Fig.2 Wavelet coefficient diagrams of fault signal

AT DL HR A (] e e 28 R ) /N 3 B0 7 A
B 22 5%
oA i A 2R AR E OFF i B L BHL R 2 R 2
100 Q) , FH7 K UG 5 19 /N Rl o 25 21— 4n
4 F 2 s .
AT LU HA A (] e e 26 0 A [ 286 28 g e
%v%ﬂﬁﬂMﬁ“%i#ﬁﬁwﬁimm_

0.45

=g BB

0.35

SN AR SR UG R T S

Fig.3  Variation trend of wavelet approximate entropy of fault signal

OB AE 10 A2 A e 2 A7 P Wl s S 1, L)
@ﬁﬁ&%v%ﬁ& SFAE(E T T kR

87



WA AR 20235F 534 F 4l

R, 5

T AL B BP AV 2 M 4049 B W 4RSS IR ) ik

R BEGES/NGECUEER

Tab.l Wavelet approximate entropy value table of fault signal
d, d, d, d, d;

WA 02881 02555 0.0387 0.1191 0.1127
Wit 03041 03101 02572 04122 00103
WithiZ 03118 02099 0.0634 0.0375 0.008 3
AR 03221 03660 0.0515 0.0357 0.0096
IEfEH 02976 00383 0.0288 0.0410 0.0055
WEM L 02810 01221 03966 03710 0.007 4

B4 BB SRR S /NI A A2 T 5
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Piecewise Varying Impulse Integral Control for Casting Mould Quantitative Pouring Device
LAI Yongbo'?, LU Jun"?, LI Huarong’

(1.School of Intelligent Engineering ,Jiangsu College of Information Technology , Wuxi 214153,
Jiangsu , China ;2. Wuxi Presize Intelligent Mould Limited Company , Wuxi 214153,
Jiangsu , China;3.Rongsheng Technical Internet of Things Limited
Company , Wuxi 214059 , Jiangsu , China)

Abstract: To deal with the mould quantitative casting over-pouring and spillage, based on the analysis of the
technological process and the control characteristics for a kind of auto molten bucket casting mechanism, under the
condition without depending on system concrete models, a three stages casting was proposed to real-time control
servo motor push-pull molten bucket casting production by the programmable logic controller (PLC) high-speed
pulse output function. The control solves the spillage in the fast pouring stage,designs the uniform decreasing variable
pulse to infinitely approximate the integral control process to solve the over-pouring and reach the quantitative casting
pouring in the precise pouring stage. Simulation and experiment show that the control method effectively attenuate
the disturbance and the pouring mechanism vibration phenomenon. Compared with the traditional control application
of the molten bucket pouring, the designed control system have few adjusting parameters less over-pouring and
spillage,and more convenient to be realized by the PLC.

Key words: pouring device;automatic quantitative pouring;piecewise variable impulse;integral control
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