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[ 5 155 75 33 JXU W] ( national transonic facility, NTF ) 1
MR PN #5 75 3 XU ( european transonic wind-tunnel
ETW) ,ZE WIS 46 1 0 H 5 2 XU A 7Y
F AR B BA T RE A T, B4
IR WA 58 2 DY RLAE 1996 4F, ETW Y
Wimmel 255 gt 1 T 1 R 5 o 1R B 2% 6 XU
RN T B 1 1 BRI 6 AR IR HAES)
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ETW KUl kA7 7k ge ge ik, 0 H o 5 1 AR
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2 P AR B 4 BK Bl Y DR AR 25 7 AVS-2 Fll AVS-3,
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DI RIIRARAE 1 . IS NTF £ XA [ 455 41
IR K BESE T & T 3 BRH EhIR RS, 7
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ARG, 4 WEBAES & B fE AT 5K
V-2 0], 1% FRGERES AR A2 R A i S 8, (ELH T
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RAV-HYAL 7005 7 o XU e v | 10l 3R G0
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PR 2 L T S s AR 45 4, [R] I B e AR o3
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e(n) =d(n) - y'(n)

W(n+1)=W(n) + 2ue(n)X'(n)
K. X' (n) BKEN L WIS ARG S KE;
W(n) K n B ZIGEWE AR N AR EE ;u NEES
K, P SRk B S SR S I BIORG BB, FLMIS B3 1%
O es'e Loy

(1)

(2)

|||||

(RIS

d(n)

At [ 0 e(n)
/
%
x(n) Iwo P no 2 "
| Ao SN {
— R x
— B A
am  * +
A\

BT Rdst FxLMS FEAE R

1.2 LADRC-FXLMS B &= #I &%

H (1) R nT 50, & Bk B LMS 5k 25 KX
FxLMS B30 WSl B2 | WO SSOKS B8 RS E 1 JE S i
B, RN A AR e MRS SRS B R L R E
W IR BE AT B o B g | B R GEAE
AH S 1 — BB ] PN A G 1 S 304 T B R 4 i AL
I HARBR B U A8 AR ) T R R (A
KRR R K s tT, 6 R G fRE P&k

%, H o R A1
%183 LADRC #2145 F1 52 5t FxLMS 50k BAR
TESSARIE 1 A AN ], {E DA il 45 1) i A R
WE TR FL R DI 250 (R 225 5
A R A AR A LIRS 3l X 45 1
it Tn 4z il D i 7 A, AT SE R 45 A 4R 3 o7 1Y) 5= B0
i, P, ARG T 1 FRRE U5 FLMS Bk S
LADRC #% il #5 #H 25 & 1) LADRC-FxLMS & & 45 il
Bk, BTEF S KR 2 VLA O 3 XU
FEAY Fe L 3 B8R R G R IR AR
7% R AR B[] () XU 53 750 FE 13 45 44 B 3
FRERT AR A
mi +cx +kx =W + bu (3)
Ky m,e Wk 530 RGeSt | BHJE RINIEE s w
FVERTER G BB 8AT;0 R IR 1 25 5 u
N ARSI R IK S R, K5 (3) ZU R A B DA
m IR 3
i==—cx—kKx+W +bu (4)
H, ¢ =¢/m k' =k/m,W =W/m Hb =b/m, %
JER R HAE S AR T [ IR Hr AR L bE R o i
ANENG 25 I E S | AR 22 | i Lt 3 25 7 o0 Ky
by, N
i=f+byu (5)
f=—ci—Kx+W + (b =b)u  (6)
FREGWN RIS, hk, BR824tk
ok R I % (linear extended state observer,
LESO) FIk MR 1% 22 S i #2 Hil 2E (linear state error
feedback , LSEF) K4 i LADRC #&4i %% |
LESO. z=Az +Bu +L(y - Cz)
7 =Cz

- k,z,

(7)

= kyz, — z,
b()
A.z=[2 2z z] '= [92 % JA‘] ]jﬂ)“u(ﬂﬂ%%lﬁ’ﬂk
BEEL = [3w, 3w’ w]' WiR2E R
B, w, 9 LESO W37 98 sk, #1 k, ol LSEF IS4, AT L)
BWENk, =w] k, = 2w, ,w, H LSEF BPFTE, U yppe
J& LADRC il gt i il 55

A5t FxLMS 595 5 Prig it i LADRC # 4l &%
HHSE S, BT A4 3E H LADRC-FXLMS IR &l & vk,
FIEREEI QK 2 iR, B U ys(n) FU, pre(n) 53
T n B2 R0 FxLMS B LA LADRC #5625 i
G, U(n) IR A 6B 2 s

LSEF: Uy yppe =

(8)



51

O, A5 XA A e H R SR R G R 61

LADRC-FxLMS R &4 6 Ak A3 o
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Experimental study on the piezoelectric active vibration reduction system
of wind tunnel aerodynamic models

. 1 . 2 . .2
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2.School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China

Abstract: During the wind tunnel model aerodynamic test, the slender cantilever model tail support system is sus-
ceptible to low-frequency and high-amplitude resonance caused by airflow separation and turbulence, which has a
significant impact on test data quality. To effectively suppress the flow-induced vibration response of wind tunnel
models, a hybrid control algorithm combining the filtered-x least mean square ( FxLMS) algorithm and the linear
active disturbance rejection control (LADRC) controller is proposed. Subsequently, the corresponding controller is
designed to build a piezoelectric active vibration reduction system, and the active vibration control ground tests of
the wind tunnel aerodynamic model are performed. The results show that the proposed hybrid control algorithm fully
utilizes the advantages of the FxXLMS algorithm and the LADRC controller, as well as having strong anti-disturbance

performance, ensuring reliable measurement of the wind tunnel model aerodynamic characteristics.

Keywords: wind tunnel test; active vibration control; piezoelectric stack actuator; FxLMS algorithm; LADRC al-

gorithm
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