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Quasi modal test of large flexible structure based on

electromagnetic dry wind tunnel

HOU Yingyu® , LIU Zigiang
(China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract: The frequency of structures is an important dynamic characteristic. For aircrafts,
when the wing and other large scale structures deform under the action of unsteady aerodynamic
forces, its frequency correspondingly changes. For large structural flexible aircraft represented by
high altitude long endurance UAVs, it is very important to explore the variation rules of the
structural dynamic characteristics of the aircraft to develop the design technology and improve the
design method. This paper introduces a test method of a ground electromagnetic dry wind tunnel.
A principle experiment method of the ground electromagnetic dry wind tunnel is established. The
electromagnetic field and Ampere force are used to realize the simulation of aerodynamics force,
and the model is statically and dynamically loaded without touching the model. Based on this new
test technique, a series of experiments were carried out by using the experimental system, and
the influence of the structural quality and stiffness distribution was analyzed on the internal load
of the aircraft under static and dynamic conditions. The results show that the bending
deformation affects the bending and torsion frequencies of the structure, and the dynamic
characteristics of the structure. This new test method is conducive to the study of aeroelastic
characteristics of large flexible structures, and is of great significance for the design and
development of new aircraft.

Keywords: unsteady aerodynamic force; dry wind tunnel test; aeroelasticity; large deforma-

tion wing; quasi modal test

W E#:2018-09-14; {&ITHHE:2018-10-16

E£TH :HK A KR T RO E S H (91216202)

fEHE BN RS (1986-), B, Ht, TR, FF5irm . kLR AR, E-mail: 249049538@qq.com

S| AR I B, X TR, BT AT KU A R A B S I o (1], & K sh 1= %4, 2019, 37(1): 115-120.
doi: 10.7638/kqdlxxb-2018.0162 HOU Y Y. LIU Z Q. Quasi modal test of large flexible structure based on electromagnetic dry
wind tunnel[ J]. Acta Aerodynamica Sinica, 2019, 37(1): 115-120.



116 = KB

71

EE N EHRVE

0 3

3BT 5 K PR 2R XTI A 2 AT ) S L E AR [ Sk
AT SRR AR AL P A (R AR AT LR 2] 42
 CHLPERE AL CHLES M B . S T o Hr % i
TFEE R T P o 520 T § %28 ©HL ZR 5
BETE A7 W B X 2 TCHLTT R — e S s i e

BT IR S TR B S 56 T B R A TR AT S
RS DRI S 56 A TR AR 0L S5, M TR AR 4L S
6 DAL A A% 1K B B 2 M A R R BRI L R LA
BEXT LA DB B BOVE — PR 5T M TR %R
ML R A — O A SR R S B A& S E T
Z R0 R X T DL S5 M AR M S AR R B
PRI 2R 32 VR TG 3 2 0 A st T AR 400 5 50 B LA
([

Kearns 20 TsAGI™W 22 H ZONA 2AHE5 b
TS LR K2 RGN A A S T
PR &5 000 19 07 125 R AT T b T 5041 A5 41 52 56 9 OF
g%, HH,2011 45, EEMY Zeng 7R X FP A 50 47 R
i 44 T MR B R AR 7, R T ASE L S 5
W o3 A B BT A R B AT FRECH 2 R B
T LR B IR 2R 48 ok STt I 48, 33k b 7 vk D B ERL
£ 3 X TN TG S5 00 52 T AT Y AELXE T R 52 M 4 4 52
56 A SR A AT R BR A L SR 0 R B PR 2 L BN
P 32 A R A5 [

FER v | E= A E I A A R B 6 R (B
TR AT B R M SCHR AR A E A Tl
235 S BN I HR W ST BE (6 A AL R T — R
Je s TR Bl T 2 B R g AT SR BRI
SRR 38 2ok 0 37 v 3 T 4 32 B HL ) R R R
SNBEJE 7 A . LA b 1o A 0L 3 3 AR R S B XU 1 R
U N TE =1 s RO B (O N 7 |
SEHARE F RS T RAR A i T RALA AR E
BTG AL BT I RAT TOUA G, 5 TR AL
SEI B S5 RS IE A RAT RS OC, AEE T X B
TF B KGR 86 T 125 AR 08 A 0L LA AT o B P B
TR 32 AR E WS 3, DT A A% 8 b T XU 336
T3 ¥ 5 A S A R 22 B0 1Y [ AL, 3 7 38 o 1 23 A
25 A6y O A0 5 5 0 A R T AL PN 28 A Y S T

AR SCLL R B AR T AL 8 55, AR X T )
BUBLEEL R AIF T8 X5 52 o 48R 1 — Tl 50 11 b o 4804
HEAT R 52 U ML 3R A 2 fr A 40, B 300 R 1 &2
J3Im Sy 2 A 2 AR A o i 20 285 B BE o 2 ) S B
Sk AT RE AL 3 295 R R AN B U XU 287 R 7 ) A
PR AT BE . AR TA% G2 i T XU I3 B 33 oy

T

V5 BB A% it e N 280 A 5 A R A Al T R L T L S A
NSRRI AR RTAR T MO BRI 52 L
R PR Ml 52 BT %k QAT AR B (R 8L I A I il
b R R 5 He 2 A e 2 U AR sl BRI T

1 RIS RIEFNKLE i

FL T DRI 2 36 2 A O R T A 1 R B A
P S 58 2R G0 L MY AT N0 Ok, SR A R AR
JEBRANIE 1 B .

""" HERE |
RS

SASEIRSE |

1 REREE

Fig.1 Test schematic diagram
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Fig.2 Experimental equipment
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Fig.4 Dynamic characteristics of test models
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Fig.5 Schematic diagram of quasi modal experiment

TETCHLTARAS T B AY v 8 (9 Je KR FEZ°R 12 em,
TEREIN L SR E N 1 A2 A3 A4 A5 A BYHLR
B, A S 8 1% Fe KR FE 43 S 2928 9.6 em . 7.2 cm,
4.8 cm.2.4 cm,0 cm,

3.2 EWHER
R EW R S A A i VA B iy B it B €771



118 = KB

RS
¥

1% EHRVE

OC LS 1 I A By BRI [ 5 a5 3 0 B L 4
I 0 SRASAE VR SR EE O 1+ sin(wr) A 28 T3 Y
TSR LA 6 FTs .

10 15 20 25 30
FIRI IR BARII AR (rad s1)

6 ESRMILWER

Fig.6 Partial swept frequency test results
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Fig.7 Frequency results of Ampere force at
current intensity of 1+sin(wt) A
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Fig.8 The result of equilibrium distance when the
current intensity is 1+sin(®¢) A ampere force
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Table 1 A part of the quasi modal analysis results
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Fig.9 Experimental model for variable stiffness

of flexible structures
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Fig.10 Amplitude of different stiffness models
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Fig.11 Principal stress of different stiffness models
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Fig.12 Test point amplitude under different
counterweight positions
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