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Application and research of self-adaptive fuzzy PID controller in
magnetic powder brake loading system

XUE Chao, BAI Guo-zhen
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200090, China)

Abstract: Aiming at problems of the magnetic powder brake in torque loading system, such as the loading precision is not high enough and
the response time is not fast enough, because of the hysteresis of magnetic resistance, saturation of magnetic flux, Non constancy of magnetic
conductivity. The self-adaptive fuzzy PID controller is studied by matlab/simulink that applicants in worm reducer loading system. It is used
to optimize the parameters of PID online. By the test, the results indicate that the self-adaptive fuzzy PID controller can improve the loading
precision and reduce response time of the system. It also has good adaptability and stability, and can be used to realize effective control of the
loading system.

Key words: self-adaptive fuzzy PID controller; magnetic powder brake; loading; worm reducer

N R L 8 4 P T 2% g e
0 51 & SV SR ) 5 2 TR R 0 25 0 R
w SR s s RO R R A

AR ZE R T R Torhge e Simulink Gy ELH Fuary TRARXTER
FREAR PR BT * B 7 PID P A £, S SRR A
o, OO Lot B BN TSGR LT st R L R R T AR
;iﬁgg%g%ﬁwﬁﬁmE@%E%L“‘“ﬁ%“E’“ 1 24 AR A AL 5
FFPE B R MR 0P 2, 4 9 A )

75 H#9:2015 - 08 - 20

EETE : T A RPRASLE BT H (122R1420700)

PEE R B8 (1990 - ), B INARTS T, 2 AL — Ak, D5 500 05 T A B 5T E-mail :791197502@ qq. com
BEBKRREAN:HER, B, 8#4%. E-mail ;bguozhen@ 163. com



.218 - HL H,

$33 %

RGN 20 %, SR BRI A AR 5%
L Rl i 2l A S B

T A9 ) 0 2 AR FH R 3 e A I =2 D P A E A )
PR = A il ShAL A, T 7= A= 18 3l o0 6 A H 8 e T
P TTAE R o 1% S0 50 3 FH 4 P81 g 1 R0 003 o) B0 2%
HEREE I 1 frs .

g IR

o RHHE
17828 ’ 2
er RERY
PIEF : :
. . : fi
(/?\fﬂﬂ(lﬁ 1 /[[ZL _____ i
BT 2Bl R BUREOR ] Sl A PN PR s AL ]

21T 0 £ VB A ER B, A TR) B R0 i Aoy s v 1) 1
WEESO IVER T R BN AR 32 3h 5% i N BE |, BE Ky
AT RERYEE” B 5 A TR RAS, A
AP . I 2V bl ARG R e, BT A
1) W88 2 3 2 T RE AR B AR L ™, o ) S
FE T HEE TR MM E R, %% 1 shfay 1 b &L shin,
WA U] WA EE” I v IR by 22 (B R Ky 5 0 e
TR Z (] Y EEAEE ), 3 L JRE 482 7 1) S A 1 T FELA:
EshE TR R s .

B TR L A K, G 7 A G S R TR
S Al 0% T SHAH AR AR R o SRR i BN g i ]
DA Rt HH A I T, A5 1 20 2 238 B I e A
S HEmsZ A b R LR . R, N A R IR
AHIKIE , LW 3l i 7 A i EE ARG, TR UL
VPl e — S A L A

T Ry P A 36k 64 1 LR ] 9 A L TR S VR
BRR/IN DR IR H 0 G 3 B WA I R (R
TR R IIEAREE) SRR E o 2 G A Rl i L
FIRTEGC T = A: BN AR , o 50K 2 TR B ] 75000
St Ay R AR 2 D 56 2R AR R .

D’ N°FL,

2 (MeSs | MiS: ’ (0
4:“«01“555( I, + T)
Ao T— $HE  N— LR P 55, — BROOSHE 2%, S,—
[] B2 B s A AR AR, S, — KOOSR AT AR, £y — % i v T R
B, — WEBE TP S, D, — Hl Sk B AR T—
LIS, L, — W 1 3l o £ B 56 32— WK WG
R ow,— BT

A () ATAS, B gL A, Gl ) 2 5 AT A R o
Ao X TR MR UL, oG AN — 8 T
SRR B R A O . F TG BEL ) e i S Y
FPE DL K il S 232 A28 1, A5 75 A9 1 20 8 ) I 280

T =

DRI SR 22 18] TGk P 45 5 — B B RBOR 2, 52
B BCR A AR E FUARBREE . S A B IR ZR PR R
TN D/, SR By N 28 P 2 P 2 s

T/(N + m)
|
R

BB

1 1 1
0 a b ¢
/A

P2 A Sl i - AR A OC &R i £k

ATESR], M AR 0 ~ a BENAELRYERL, 75
a ~b B U ERYERL, 7E b ~ ¢ BERIERIEL

2 NEARLELET 5
BRI ZN B R SE S0 P A A L] 3

e

B3 ARG H 4

BB AT S AR A < A ) B 4% S D) R
JBOR A AL AT I FE TRl &% AR FRLAIL , %750
FZ AR A AL A8 e 4 o HC P REHS 1) 3l 45 2
Ji# FZIOF B4 B i ift 0 ~2. 4 A, BUE HI4E 50 Nim,
22215 300 kW, HIH AL /A A0 +20 Nm, i 48 4%
IR G BLE B E S (U S

3 BRI S R PID f i 2% A9 BT

ORI 428 il 2 — P L RN 0, & B R IS
T B RN, AN TG B ST X GRS i O B A
HAT B G0 S BB /N 2o 9 5 AR e A A

FORH B iGN PID #5588 LATR 22 e FNRZEAAL R ec
YEMEA F PID 56 8809 3 DS BB 25k, 55
Rk, TGS A kg VE Rt o AW ST F ORI A1
NFEL XS PID SHGHAT O AL IR 3%, AT IR T RS rd 1k
REFIR 2 , b4 JF P dn e 4 s,



42

OB, SF ORI IE PID Pl g AR ) Sl Ak R G P A RIS - 219 -

E 2ty ”
e—| i it ,
S 1 e LI N I

ec—>| fk e HL P Wi

P4 B E IS PID P a4t R ZE
3.1 AR I ML BE A0SR R oR B Ry i it
PSRy 182 i 4 i e 0 ) TR b v FH R e s il R

M, N 1 fiR,
R SRR I

UNEC N\ NM NS 70 PS PM  PB
E
NB NB NB NB NB NM 70 70
NM NB NB NB NB NM Z0 70
NS NM NM NM NM ZO  PS  PS
70 NM NM NS ZO PS PM PM
PS NS NS ZO PM PM PM PM
PM 70 70 PM PR PB PB PB
PB 70 70 PM PB PB PB PB

bifE =g g kg -3,3], il 5 fr,
TR S R A A /i E L EC 4y R R
AN/ IEF B R T MRS, o 3R 3R
1 1) NB NM NS .ZO .PS .PM .PB,"*

FOM) A 0 PID Pl gl vEne an &l 7 pros . ifh
1 ML PID FEifil, ihdk 1| S8 Nk, =1.2,
k;=0.2,k, =054 2 JFEAEI PID f 62k, 2 /1)
RN ok, =1.55,k =0.2,k, =0. 01 ; HIZE3 R4 5

N PID 45441, Bk 3 IS8Rk, =1.95,k, =0.1,k,
=0.01, XFLen] DU G RSN B RS A SR T A
3 R PTD F55 i i 0 A ] 12 B /0, RH O R TR R

FIS Variables Membership function plots plot points: 181

[ N 1
XX

EC

NM NS 20 PS PM PB

0.5

Raange

0
=3 -2

=1 0 1 2)
FIS variable “E”/“EC”/“U”

KIS b =ML k%

3.2 EMIBREN PID =HSR A ERBENES

AWFFEAE Matlab/Simulink iy BCER 5T T 57 145
I E 3 R PID 42 il S A R By i) sl i 0 LA R 4 ]
6 IR, & Jois AT R ofE AR 5, 5 ORI HE B AR 40
fuzzpid. fis P A NAFH , FRAE4T B SO [ & 1 PID
Pl s RGBT

Value

B7 R N PID 5 il A5 4 il 1 fiE

AN

Fuzzy Logic
Controller

D
_r_%CF__[:@m
Step E’»—»mm_>

Gainl Derivative

Kp y ]

. [N
Gain3 Product
Ki X+ In1 Outl D
Gaind gl -l Productl Scope

Subsystem
Integrator +

Kd >

. > Add
Gain5 Product2
| du/dt

Derivativel

K6 B E Y PID P 2% R Gopn

4 S R EER

4.1 MEFERZEFHFSHFESIE

SRR T A R 8 2 AR b — A
Wk Sh st A S R AR OCR . LR
K HVLUE RS 30 s, iE{E 27 0.9 A B9IE s R 2%, 1E
St il sh i AR 5, SR EERRE R R Sh L
TSR

AT I 2o SIS B 1) R 3 ] Sl E AN [ 2 s s

FRy i A FEL DRI EE DR DG AR R, TR 8

AP 8 AL, BUALAE 0 ~ 0.3 A I, iy TREFH
AR TG i 0 368 8 PR R LA R e R A AR E e, S AP
TG AR A BT R E R R LR AE 0.3 A ~
0.55 AW, AT E s HU K T 0. 55 A |,
F o i) Sl AR AL T AR G RS R RS, IR I Sy 25 iy
FLPILEL 8T A R A A o L 25 A AL UK N, A A
GEIE AL R S S NPAY S I NS N CIE S0 WU Y VAE U= SN
AR 2 FroR,



. 220 - HL H,

™ & $33 %

ks
k4

T/(N * m)

Hh#E1 400 r/min
&2 800 r/min
H££3 1200 r/min
&4 1600 r/min
Hh£&S 2 000 r/min

o 01 02 03 04 05 06 07 08 09 1
1A

P8 AN[R)AHe T i A R I Al LR G AR il £k
x2 BEETHRAHNEE

LS/ (r» min ") %6/ (N« m)
400 9.80
800 10.34
1200 11.02
1 600 11.50
2 000 12.08

4.2 MEMRZEHEFFEIZRE

e PN DPIVE S o RSP t=F g i 1B E e IR NG R e S
BRASAGIS , A7 e R A WA LR o I SE R T, WA
i 2l 31 28 7 A B ORI ) B8, AR ROR] 1 3 )
PID il g B3 R, Sege g R e 9 (& 10 Frs o

O = N W s N9 0
x\‘
r Sl
2
=
o

25 3 35 4 45 6
/s

PO R oy e ] L 6 2
P TR BEL A R i, B R o) 0 2 1 LR i 8 A7 TR 4
FEE G . R 10 AT LUE B, S S e HAE R
7N - mif, FTFBY B R A R 298 100 ms, T R B B
M) 137 5k 6] 249 k7 60 ms , - B B g Sz st ] Lb T 8 B B s
18 5 [T, SEBGTERH | R i Sl as i A L3 — i)
53 il St 0 B9 B g iz st ] 5 i WL i T

T

S
<L
wn
n
)

w &

()
N o— W B
— T — T

T/N - m

=}

=
ok
[
=
N

T s

P10 AR 1 T 0 PID 42 1 25 4 5 19 3 A5 R P I 24

A5 A

NP 9 &L 10 P, S bR £k 0 o 7 e
PR B0 , S PR X B AR R B ACR AL, Ul
WIS 193 RN PID 2 ] 8 16 WA o Sl e Xk B 2 0 AT
T AR ARSI R G R B T R ER, s 2 A
N A D A A 8 57 N A5 At T O e

5 ZEHIE

AWIFEA G T WA ) 3 A 2R SRR 7
XoF R A Tl B e 0 5 S AT DBl 45 28 2R Gt ) R 2
11 T WEE, o eI i 25 8 1k A A B R L 3
BB ERE , LUK B B ARS8 8 57 PID 42
RS R S AR A R

SRON SR T PSRET i R En RN Y b=
FEIN R A5 A58 « Tl AU 1 Y PID 53 4%
Xt PID SR AR E , R w5 1 b ) 3l 4 (9
ARG BRI R AL T T 2 2 R
o) | E= S G

2 % X Hk ( References) :

(1] 1 8M0r, @ B BR324 1 HEA S HERAT 5T
[J]. < A3sh1k,2010,32(5) 56 - 58.

(2] BRI, BT ARE T, 45, T mR G 9Kl 5L 8- & i 2k
R ] Sl o BE A R EAT S (T ] P92 B TR 222 4,
2008,24(1) :58 -61.

(3] Bpsi>é, R, JA 2 75, KO A 150 PID #4485 & Simu-
link f FLSCBALT]. LA HL T T2 ,2010(4) :127 - 130.

(4] XUZER XGHF B0 O, 5. PID S5 R0R] 42 i 500k 10 He A
JeHCHGE[ )] 45 T2 ,2003,10(1) :51 -53

[5] &, ikER, T B WIS e aE G
B PID I EARBESE )], 52T A 31k, 2014, 33
(10) .77-81.

(6] ORI JET PID S5 A50M 47 il ) U0 H) i ok e RURE 7 ]
[J]. BT HLME,2015,33(2) :61-64.

(7] XUmisg R 5,000 K #ob i Sh s m R s [ 1]
sk Bl F AR ,2013,49(2) 52 - 56.

(8] ¢ M, a[7K5. Fuzzy — PID Wit Kefs il tERE AT [ T].
[E] 18 PR AR 27 4% ,2006,14(2) 160 —68.

(9] X3, SEik PID 45 MATLAB ffEC[ M]. 3 fit. JE5t:
T Tk Hi A, 2011 :288.

[10] GAO Xiang, FENG Zheng-jin. Design study of an adaptive

Fuzzy-PD controller for pneumatic servo system|[ J]. control
engineering practice. 2005,13(2) :55 - 65.

[#REE: 5k %]

BE R, R SO E & R PID 4 i SRR GRS T Shas i R G P ORI AT FE L) ] MLRL TR ,2016,33(2) <217 -220.
XUE Chao, BAI Guo-zhen. Application and research of self-adaptive fuzzy PID controller in magnetic powder brake loading system[ J]. Journal of Mechanical &

Electrical Engineering, 2016,33(2) :217 -220.

<<HLEE.I7‘E"E'>>%,%:\:}1H}J .//WWW. meem. com. cn





