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Adaptive controller for automatic profiling machines
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Abstract: A practical adaptive controlling scheme is proposed for the movement system which has a high degree of
parameter variation and high frequency of transient process. Based on such a scheme, simple in structure, high in robustness and
small in constraint condition, an adaptive speed controller has been designed for automatic profiling machines. The digital simula-
tion has showed that the adaptive speed-governing system can satisfy the design needs. Applied the simulation result to a profiling

machine, it is proved to produce the same result in reality.
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1 (6B AIBKIA (Problem statement)

iR EH IS EEN Za LN AC AR D
B! -4 (B B SRS ER E AR M R LEY . A
FHRBRE— R SR RE R, SR E
WHZEEN RS, HE N RS A A AL, Bk
PR, AR IFR R

BeiHE FSLbrp R B EA RN S % A
18 L ) R4 (MRACS) , 35 A ] 3k 6 3 2 A 21l g 45
SR ERE ABTE T 2 LBR ) B g 2 8
REFEA R AT L2 EIRELH) , R 20T 5 £ MRACS
Wit HRHRAMSHERTENRBLEHER S
B.RABSSRSARES | HES 18 HER LK
/N, BB S BBCRAEL S FRANIF IR
TR R 259 MRACS . 763X 7 1 B R 415 L Ih 9
2 Monopolil !, {1 R A IR EE S MBS
KA B E S NV X S BRI RIS AT,
MRS SN, AEMVHANERRES
g 270, LI 2 i 7 SR AR ME 78 SK B P R
1981 4 ,Hang #1 Tang fE X F R E L T gk T
X7 T A AR (0T SR AR 25 7 2 o U B AR I
BT R BB BOR A, ALK E R ORI R

Wk H 18:2004 — 04— 21; Wi 2R A 199.2004 - 10- 28.

v REEE B E N, NTIZRAS T B0 B B &b
BUR AHETE R LB E 2%, N3 F 1 TR P
F . BLXSCRK (1~ 3] P BT AT 1) M
SEHERRI G RE M5 HiIRE « (ABRMTFE
FHIT SRR B OE M, LB S Sk e R
SERIBRARE; 2) SHMEBORETREE
BATH R R BB R RE, IR A BN AR
HIE5H .
WY R TN
D,(ply,(t) = Ny(p)u,(t). (1)

n-| ™

EE, D,(p) = p" + Lap,N(p) = DA,

my < n - lio, M8 BARAEF ST R
u,(¢) F oy, (1) 3ROSR A R N(p) 2
Hurwitz 2 5% .
SRR HRRN
D(p)yn(t) = Na(p)ug(t). (2)

n-1

Her D.(p) = p* + Eaip",Nm(p) = Nbpt,

=0

i=0
my<n—1,a Fb BIRHERMELR; ug(t) F y, (1)
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B SEEEINE ATR T & £2TPH p A
WArEF(p = dzde).

MRAS W& R . M E B B S — B A
R A RS ue (), MBS RAEFIBA 6, (2),
X FALAWI IR S0, 5725 B R S P05 X0 52 i) o
HiRZE e(t) fﬁiﬁﬂﬁlﬂlﬁlﬂg,ﬂﬂ}jﬂe(ﬂ = 0.
XHB

e(t) = ya(2) - 5,(1). (3)

ORI R RA R REFE TSR E

SRES WA RE v, T R A HIEECR
B HRIE e(1).

2 HRBSERIENEG RS (MRACS) /)&

11313 #2 (Design of MRACS)

Ffr >k F #) MRACS (Model-reference adaptive con-
trol system) 7 RUE 1| s . B P SE BRI MR
X R LA 5> B R A 15 R #5128 . 78 MRACS H,
HiE NI RS SHRARISE T REH EHAR.
B,

G(p) = Eg,p K(p) = Ekp (4)

HAp, g5k ﬁJﬁEE =PRI @%ﬁﬁ’]?"%ﬁ B 1R
F(p) ARASZBIRPE A . 5303 149 RS 1948
W, ARRESH EDHT —HREEEERES MN

MifE4L T HiE N RS 5544 .
u,(t)
R*}—‘ Nl PY D P) )
N, (PYF(P) + e(r)
O
! ! — 4
& O ] —
Yo (D) P
L/F(P) V/F(P) HiENE
!
pr (1) Yor () |
IG(P) | |1<(P)| ’,
______________ v

B 1 MRACS RS HENER R
Fig. 1 MRACS scheme and the structure of adaptive controller

LR, HE HIE R A K(p) A G(p) BY
S8 EZ R E
K(p) = D,(p) - D,(p),
G(p) = N(p) - F(p),
BLAEfE
YP(P)
u,(p)

_ N.(p)
~ D.(p)’

RSG5 S EHAMLER, SARSH HIRE
B 1 HL S RERSA o, MEERTLHE
R BB R A u,, T u, FE 2 SEE &N R
e ry . HWR S 5 A & AR R B R
HEBR R
d (1) ~ (3) Al {5
D, (ple =
[D,(p)-Dn(p)ly,+ Nu(plu,-N,(p)u,. (5)
HE 1A
Nu(plug = F(p)(uz + u,). (6)
FA(ORAGS)EF
D, (p)e =[D,(p) - D,(p)ly, +
[F(p) - N,(p)]u, + F(plu. (7)

n-1
1/F(p) = I/ D, fp
=0

(f B Joit 5 B IEAR 3 30 MR (7) B3 AT 8
e B F(p) FIB et g mh L 14

D, (p)e/F(p) =
[D,(p) - D(p) ]y + [F(p) = Ny(p) Juy + u,.
(8)
XH, 5, = yp/F(p),upf = u,/F(p).
BUH @& R B E R A u, N
u, = K(p)y, + G(p)uy. (9)
¥R (DA B RIBEMHIRIRERS
o(t) =5 PNID,(p) = Dalp) + K(p) Iy +
[F(p) = N,(p) + G(p) Juy,t. (10)

Xt (10) 7 B E E Y R T A4S
B, WE 189 MRAS BN EBREMN

D) fE#E R w(s) = F(s)/D,(s) RF#EIESL
Y5

2) HBIMER S BN SEREE A

k,- = - ¢kije(plypf)dl - Yki?‘kie(p‘ypf) >

. = 0,1,-,n -1,
3 n (1

g = — b e(Puy)dt — Yabue(pu,),
t =0,1,+,u - 1.
AR b, v M, 7, WRANEEWNEETE.
FFERIEE (1) AT R 58— S RO Ik
BRI, 2] FE L B, MR ERAT e, MIfiZDHT
—HIERAR, LT ARG E - W TF g i >
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m, BYBRELTR, R E HE R, T R g = - fi,1X
BASENIBEL T, RS —FEL, LHE
KBRS E =, BHTES ply,y Hpiu, BT RS
BB F(p) K48, LBl (11) WS R AEL
et BRI AR 3, WA el A EPH
ICREGE SIS S AR, RERETMT ,
H 3 B S R R A u, (¢) HWHE T .

X0 E W, F(p) BRAERSERIER
W0, BEFREAMERNEN . — B IEL &
el TREMESHRR, RETBIERAN
BRI EEZ B T . X FE AT B G Sk B U U
25 R BUMRRT .

BRI, AR uw,(¢).

¥R ODREK(9), 15 BEN R R A

uu(t) =

(kn—lpn-l
g+

+ ka2 4 4 ko) yy +

(gn-1p" 4 gy =
[_ ¢kn—l‘[e(Pn_lypf)dt -

Yin-1Pk_1e(p"”

+

Ly ) 10" ) 4 e

[- ¢k0je}'pf de - 7’k0¢ko€ypf]ypf +

[- ¢g,,_1_[e(p""1 iy )de -

Voue 1 Bne1e (" ) (5 ) 4o 4

[— ¢gojeupf dt - yg0¢gOeypf:| Upse (12)

A (12) 2 A & b d 2 09O i (12) AT LA
B CHEEFHIRZE () LU TEHS.HX02)
RAE 1 BIAIRAR u,(t).

3 HEMEEEHHREITSH R (Design
and simulation of adaptive controller)
3.1 #HITELKE N (Introduction of the controlled sys-
tem)

PSR — BT EMEMETHRMI,
BREGBEAESIM T HSHERENZTH. A
SMATESEIR A AR & &% B AP 3 T kS 28 L A%,
AL B3 R T B 0 LA B e T A B A L B R
GRIPITHLII R S — C2K160 RUAARMLA , S i K
PANETK TR E .

THEAERBEIBEARASH.

BEBME: 110 Vi BIERT:6 A; B E HE:
0.5 kg-m; & KE B ny = 10000 r- min~'; 47 £ 75 @
ny = 1000 r-min" ; BHLER C, = 0.1V/(r-

min~').
PEE R G B R R
BLREET Rl B3 T, = 0.00246 s; PR A ] 3 %K
Ty = 0.078 s.
3.2 ERHVEE R 1% 88 5 #8 (Required index of
system performance)

1) EEEH

Nmax 10000
b= T min - 1 ’
2) HEBHE
M, < 10%;

3) ETEE]
t, < 0.01s (A = 0.05).

3.3 EHIEE RS %% BB (Transfer function of

the conventional speed control system)

EHEHRGR AT BRI - B8 ER
S4B LR S IR R PLIRIYT 4%

HL IR 5 AL G B PR 3 B X B A5 i
PR AL

¢(s) = N(s) 2371011.5

Ug(s) = s2 4+ 2252.87s + 5747.23°
(13)
XE, N(s) ICRFFTRMR L, BB LR
Uy (s) IRERZEBOT R WIS A , B 3 A 375 28 )
W ELRETP, RPN RBTRBESEH RS
SR ENSRRKBERERRREERELSHN
M.
3.4 £ %E4A (Reference model)
RBATAEREIEARER, W HE N ARER R L

BT HESEHEERL LR
W(s) - Yn(s) 25 x 1¢°
TU(s) T s246x 105 + 25 x 10°

(14)
XHE, Y,(s) AERMENRGR S, DRl R
NGs)U(Gs) RERFRGRERBA, BRELSE
U (s) BT R, ZERIERE(M, = 9.5%;¢, =
0.01s) IXF| T RGEK.
3.5 BEMFEEEGRIZITS RS 5HE (Design of
the adaptive controller and simulation)
BUKs H AL R 2R G U AR O N R R A B
B3 N BB, PLIR IR, T 5@ Ror 7 B 45
UL PLEE RN 3, REHR BRI RFF N E R
A 3% B (12)3# 47 B & RE R 2R A 2
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M 2(a) KIPRBEIRZE MR e (¢) KRBT THERH)
HERERE. BRHAEWRAA ) 2—1TEE
>4 1000 r-min~ 'Y BRAF 5 . ATLAE 3, A & R i 3
AW R KBIF#EZPME=5.8r-min"", WAL
By, (1) BT HUEE T B E BB 5.(p),
38 R R LR RS PR TR BE MR RE R @ AT
fy. & 2(b) R BR T A& B R G h i AL sh AT e
By y() ARFMRERBIEE.T = 3.0
B, 7E A GeH im0 T — S HEE D 200 remin~
FrEERS a0 0.5 s FOER M. \LES], A
N RGEFE/NT 0.01 s BIET ] Y BI RE AR T 4K, i A
PUFERE 2 T RO M fa 500, HIU Rt s sk
JIRARGRAT .
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Fig. 2 Result of simulation
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