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Design and experiment on active damper of wind-tunnel model
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Abstract: The active damping concept of a wind-tunnel model was researched and a parallel type active
damper was designed based on the piezoelectric effect of a stacked piezoelectric ceramic actuator. Ac-
cording to sting support system and its aerodynamic characters, the sting damping principle was ana-
lyzed and the active anti-vibration structure with piezoelectric ceramic stack actuators was proposed
based on the anti-vibration principle. Then, a real-time control system was equipped for the anti-vi-
bration structure. Aiming at the characteristics of displacement hysteresis, a control program based
on a PD regulator was proposed. Finally, a ground experiment platform was built and the hammering
method and vibration method were utilized to do experiment for the active damper. The experimental
results show that the active sting damper improves the damping ratio of the sting and shows higher
damping vibration abilities on both pitch and yaw directions, especially on the pitch direction. When
the damper is involved the system, the damping ratio of the system increases from 0. 009 to 0. 092 and
the remained vibration amplitude is about 25%. The experimental results demonstrate the effective-
ness and feasibility of the sleeve-type active damper.
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Fig. 1 Schematic diagram of sting deformation in-

duced by aerodynamic load
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Fig. 2 Working principle of active sting damper and

its mechanical model
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Fig. 3  Structure design of parallel-mode damper
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Fig. 4 Parallel-mode active damper
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Fig. 5 Control principle of active sting damper
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Fig. 8 Model response and its spectrum in hammer-

ing method based on PD regulator control

) X B DR SR P v 2 2R il 4R B X
TR . 4R 48 oK T AR i, A5 AL 4k 8h 1Y)
TR P E N 0. 054, BHJE 2R 0. 0095 4R #5 A
A SEHF R G0 T AR B, 45 R0 iR 2 14 %o 4503 0k R 4 1
T 0,580, Je thHE R B T 0,092, HMEE [H]Qiz
SEBTAIHL RS R G A SRR G R L H 5
T8 dB,

T [F)RE 14 S 36 25 1 FD s i S 80T ZE IR A O
] b AT IR I S, A5 B 3 Bh PR 9 O 4R TR
BT A A28 e 7 2 an &1 9 B



2900 b=

% TR

%23 &

|
= =)
= = =

I
]
=
=

Displacement/um

| H \ | n U ‘ H Lﬂ \mwl'\h'\'l'mILr‘)\r‘Jﬂ-WJ\.'WI'WWM'M
aofJIMNHINNN _

0 500 1000 1500 2000 2500 3000 3500 4000
1ms

9 T PD R A% 45 T B0 3R 1 A5 Y i iy
Fig. 9 Model response in vibration method based on

PD regulator control

SORF IR R -0 {H N 440 pm, MR S8 T 24
1 500 mshbIr A RGeS - SCFFHR IR I 46 3 0, 29 78
2 000 ms &b, LAFIR B AR 2 . 28 I B R IR IR 29
110 pm, SIHE TR R LR ST, MR
PR IR JE B E] R 500 ms. T4y IR 0E LN
25.0%.,

WA, 43 ) A P e o 32 R IR 1 0 5k s A
m b ES MR ERE. B2 PD 8N K, =
1.5, Ky=0.005, s 5250, M4k 8% K TAER,
RERL R 2l 09 % B Bl 2 o 0. 151, B LB Ry .
024 s MR &5 A A ST R 58 TAE B, 185898 20 (1) XF
BE W R T 0,396, HE L= F T 0.
063, TE AT RGE M ARE G MR L F 5 =W T
7.5 dB. PR 525 b, 3 g 40 iR R R A 24
700 ms, MR 5 TR IR0E LBl 28. 2%,

¥oriit MRS ELRLHRERY
NASA fir il 2 g 1 iz #% (VIGYAN active sting
damper) 7E NACA0012 #5581 [ [y M ] 52 56 45
Xt H L A 1 prRt

SE 3k

(1] &3 8, R0r. KU R IR AR & L. fus A
FHA,2011(5):8-11.
ZHAN P G,ZHAO X. New development of model
techniques for wind tunnel test [J]. Aeronautical
Science and Technology, 2011, (5):8-11. (in Chi-
nese)

[2] ERICKSON G E. High angle-of-attack aerodynam-
ics [J7. Annual Review of Fluid Mechanics, 1995,
27(1) . 45-88.

F1 2HEFMIRS|HOHEZWERITLE
Tab. 1

Comparison of ground experiment results

between two active sting dampers

MiREs/ B R FHJE Lt PR R
LTy IR EIT/ 0 GRS IT /0 I E] W L 1

A SO AR
i /R
ViGYAN/
0. 498/0. 05
(R
AR
/A

ViGYAN/
_0.409/0.123
fim

0.580/0.054 0.092/0.009 500 ms 25.0%
0.082/0.008 700 ms 27%
0.063/0.024 700 ms 28.2%

0.396/0. 151

0.065/0. 02 / /

b THT S5 8 45 SR R W] AR SR e T Y 3 2l 1 R
i A PR BE 2k 2 [ A [ 2 5] 5 B0 10 4R A4 64 10 4R 1
RE A IR A% BT & B, 223 SRl 75 15 AT AT

ALV T T S R B B AR S A i
I M AR 2%, Bl G 2L T PD R #8958
I R 8, SE B T R SRR A A AL 2 4 D 1)
Pl (A ol P o o R AR Ok X U R R A T
by TET S5 AE S AEAREAR 7 1] b AR 28 A SRR
Gl . ZGEELE e 0,009 2 F] 0. 092, MR 5
Tl s P W LU A 29 S 25 %6 5 e T D7 ) b AR 2
AZMRG G, 75 JE i 0. 024 2 5 5] 0.
063, 1 9% J5 8 4% P M 1L B 240k 28. 200, AR SCHY)
TR T A RIS Y (1 i sl 400 il B R A — 2 1
5% 38 AR BB 5T TAE AT LLEE IR T XU 3K 56
IRBE S5 AR XM AR 2% P 58 1 5% ), % 5 100 91 45 76 IR
) o A A AR P A T RE M

(3] #EE. RIEMKL-RBEAEZE RSN
(1], Lk T A2 9% ,2005 (7); 113-114.
YANG E X. Design of combination support equip-
ment with string support and sting support at high
angles of attack [ J]. Mechanical Engineer, 2005
(7): 113-114. (in Chinese)

[4] BUEHRLE R D. YOUNG Jr C P, BALAKRISH-
NA S, etal.. Experimental study of dynamic inter-
action between model support structure and a high

speed research model in the national transonic facili-

ty [J]. AIAA Paper, 1994.94-1623.



510 1 Xl

B 25 KRB F SR A8 9 B 5 S8

2901

(5]

(6]

L7]

(8]

[9]

[10]

[11]

AAER, R, BEE, F. o SE TS HERER
AR []]. k% #E A&, 2013, 21(5) . 1174-
1182.
FUM G. LIU Y,CUI M L, et al.. Metal-rubber
vibration absorber for aerocraft [J]. Opt. Precision
Eng. . 2013, 21(5): 1174-1182. (in Chinese)
IGOE W B, CAPONE F T. Reduction of wind-tun-
nel-model vibration by means of a tuned damped vi-
bration absorber installed in a model [J]. NASA
TM, 1968.
FREYMANN R. Passive and active damping aug-
mentation systems in the fields of structural dynam-
ics and acoustics [ J]. AIAA Jowrnal, 1989,1196.
348 -361.
BALAKRISHNA S, HEATHER H, BUTLERu D
H. etal.. Development of a wind tunnel active vi-
bration reduction system [J]. AIAA Paper, 2007,
961.
BALAKRISHNA S, BUTLER D, ACHESON M,
et al.. Design and performance of an active sting
damper for the NASA common research model [ C].
49th AIAA Aerospace Sciences Meeting, American
Institute of Aeronautics and Astronautics, Reston,
VA Csubmitted for publication). 2011.
AR, BRAER, A, A B AU I ) A
B EHWIR RGBT %2 T2 F ],
2007,20(1): 91-96.
CHEN W D,SHAO M Q, YANG X H, et al..
Experimental evaluation of an active vibration con-
trol system for wind tunnel aerodynamic models
[J1. Journal of Vibration Engineering,2007, 20
(1): 91-96. (in Chinese)
RAEE, EW, ZAMN, F. KSR &8 #
FREHHLI]. FPEREASH A FLMNEHRKE L
AENBERFRZAASHLE, 2013,

EE @I

X BA979 ). BN FE R EN,
+ L BB A A S, 2007 4E TR
TR A4, 3B NS
BT R B AT A L BRLER A
L)W A SE . E-mail: Iw2007 @dlut.

edu. cn

[12]

[13]

[14]

[15]

L1 ZH SH,WANG F, WANG SH L, etal.. The
development tion active control system for the
model of wind tunnel of vibra [J]. China Academ-
ic Journal Electronic Publishing House,2013. (in
Chinese)

Ik, B4, k. 755 XN 3k
REWHIL]. YRR AFLMNERRE LS
%o v R F R B A XA, 2013,

WANG Y X,CHEN W H,YANG ZH Y. The de-
velopment of active vibration control system based
on acoustic guide in a wind tunnel [J]. China Aca-
demic Journal Electronic Publishing House,2013.
(in Chinese)

I, BBE, £F, F. REXFAERRS) £
BT AR5, B 5k &, 2014, 33(5): 14-
19.

WANG X, CHEN L J,HUANG Y, etal.. Active
control method for model vibration in a low speed
wind tunnel [J]. Jowrnal of Vibration and Shock ,
2014,33(5):14-19. (in Chinese)

WRAE, Rk, RA M, F. RT3
SEMPERSEHI] b3 HE TR, 2012, 20
(1): 88-95.

CHEN H,TAN Y H,ZHOU X P, et al.. Identifi-
cation and control of dynamic modeling for piezoce-
ramic actuator [J]. Opt. Precision Eng. , 2012,
20(1): 88-95. (in Chinese)

AR, MEX, AT, . JKESHEREKIW
B EL SR k5 HE 42, 2009, 17(1):
114-119.

TANG K H,KAN ] W,PENG T J, et al.. Novel
linear motor driven by piezostack pump[J]. Opt.
Precision Eng. » 2009, 17(1): 114-119. (in Chi-

nese)

EEBESF (1990 —), 2, i 7 R N, B
+:,2012 48 T K% A2l R R AR e
AL, FENF I REA RS R e i 5F
Jri 5% . E-mail: bxd @ mail. dlut.

edu. cn

(AEZBHE. L )

(WRILEFE KREWFH REEH)



