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Composite control for electric load simulator based on iterative learning

NIU Guo-chen'2T, WANG Wei? , ZONG Guang-hua?®
(1. Robotics Institute, Civil Aviation University of China, Tianjin 300300, China;
2. Robotics Institute, Beihang University, Beijing 100191, China)

Abstract: A composite torque controller combining iterative learning control and the feedforward compensation of a
rudder angle was built for an electric load simulator in order to increase loading accuracy. The spring beam was used
to improve the system stability and the loading accuracy, and constraints to the stiffness coefficient of the spring beam
were analyzed based on system response speed, frequency width and stability. The mathematical models of plants were
established, and three close loops were used. The feedforward compensation of the rudder angular displacement was
introduced into the torque controller. The iterative learning controller was designed by modifying the magnitude and
the phase of the command torque to improve loading effects, and P-type iterative learning controller was used. Finally,
experiments of loading torque and testing the extraneous torque were performed, and experiment results proved that this
controller is effective in achieving a perfect torque tracking accuracy and restraining the extraneous torque for electric load
simulators.
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Fig. 1 System structure of electric load simulator
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Fig. 2 Torque control system scheme
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Fig. 3 Control system scheme with rudder angle compensation

TE SR A A FRASALL I 20 45 A 30 B R I A2
BB SR, X AU e AU e Al RADUME P d K
(KI5 5. BRI, BB s AR O 5 10 T 8hia 8l
IR G S RN 2835 BAT B . 3R 2] Pl
T TRAEAT A B MR PN 5, i

X R GRAT R 20, DLAR G 5 40 e
(K3 22 A5 5 18 IEANEARIK 65 5, 7 A8
FEBIE T, (A3 RGERERTE RESE =, SBLAT BRI 1)
D[R] E 58 AR ERAT 25 . A fEHL LAAS [R5 A
{EMGESZIZ SN, FENLUAN L4 ) N [0



1744 7

5 N A H31 4

HRIESZAR 5. BB PR AL, S o e 2%
AR RV BE (VI (L s AR AR . e vt—A4>
S, AN 3R IR o, RERE— AN ES
JESYIE IE45- T IR (B AL, 315 52 B ) ke
Y PR ER 5 0, D TRALHE IR 54, R 1 3 R £k
HE AT T B4 “ D R S e bl R 487 NS,
PEIE R U 4 7.

Ocns [ | Tomo [ apezsn | Tt [ | S
—1 K, FEI s
!

Bl 4 ST A I s i R ST
Fig. 4 Control system scheme based on

iterative learning control

Elarh: Toma WIER J15E(E S, Tmoa NEIEFR S
JIFEAE T, TL A LB NI FEAS 5, # Tema M 1E %
155, W T oa T, A FRIAIESZAE 5, Wx(6)Fis:

Tema(t) = Agesin(2m ft + ¢re),
{Tmod (t) = Atm Sin(271'ft + ¢tm)7 (6)
T1.(t) = Aasin27ft + ¢u),
Horr: Age, Atm, Aa 73 M A 1E 5 Tema (8), Timoa (),
T, (t) R 8 B Gre, Gem, o 73 ) 8 A5 5 Temal(t),
Timod (t), TL(¢) AIAHAL.

Pl 3 ki R ALE A 8 il s 22 2 08 Ja AR e )
LM 2 T R, WM T o (1) 5T () 2 ] N3 A2 20(7)
IENIES S

A = CO(f)Atm,
¢t1 = ¢tm + ¢(f)

—AEDL T, RGOERTAER, FET R K
Bt HE R R A () 22, 3000 2 ) das i e B
BN 7, BRAER T RS, kiR, RIS
B AT 58 AN R R A 5. AR SR IX
BT 2, MR IE 215 5 PR R 24T
BIE.

RS — N EZ A, R XN RS
By R AEAS 5, AR T3 a2 RS 1IE 4R
A 1 SEBR IO FAE T IR AR AL O &R, A
PARUEAE 25 IE T 2 0 A R E R WA A7 24,
()P

{ At (k + 1) = Atm (k) + a1 (Ase (k) — Aa(k)),

Gim(k + 1) =dum(k) + a2(dwc(k) — gu(k)),

8)
Forb g Ffllag 2 2 26, k Mk + 1Rk Lk + 14
1E5Z 3]

(7)

H=0(7)FI(8) T 7
Am(kE+1) =
(1= a1C(f))Atm(k) + a1 Ase(k),
¢tm(k + 1) =
(1 — a2)dum (k) + a2 (dre(k) — o(f)).
AR AN B (1 — an O(f)) < 1
Kp(l —ag) < 1, MAZIEARE: ] P Hl 2 8, e
P2 S R IECH0.5.
M3 AH L HS v S, BT 5 Il B S AR A 22
AJ HE N = O [ B AH OC BR 280 A A O R £k
£FUSI RIS (9):

Age = /2R, (0)
Ag = /2R4,(0) 9)

2R, Ay(0)

AtCAtl ‘

7 g T PMACIE 328 - S2 B, doAH
FKPRH TR B TR A L, W (10)Bow:

bte — Pr1 = arccos(

1 m=1
Ra . Au(0) = — >~ Tema[n]Ti[n],
M n=0 (10)
1 m=1
RAtl (0) = E 20 T12[n]’

FLrbm A SRAE s AN
5 IUFSEE (Experiment verification)
5.1 F5ENE SR (Torque loading experiment)
AR PP EL, 4 AATIHEI SER T & Rt
17T OB 5206, W SFTR. FEp L% i E s
Tk, JLlE AR 10, ¥ $1 Hz, S Hz M 10 Hz3 5 45 %
VE R TAE SR, N4 kb Ky = 50 Nm/(°). 4%
FHIEAREE X 1 3 I, Rt W (L B AR 34588
Fa. WIAE TOHz A0 2, 75 57 5 A J8 31, 77 5 e A
4% %) 45072 Nm, 49.93 Nm, 49.12 Nm, 50.36 Nm,
49.98 Nm, #4722 73 5 4 6.31°, 5.31°, 4.32°, 2.63°,
2.36°.

fepl HAE e H:

mE mEE T e

AR

DI L

£,
=

K5 s Bt &

Fig. 5 Electric load simulator test workbench
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