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Development and application of virtual flight balance measurement
device for aircraft with lateral jet
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China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China)

Abstract: To meet the requirements of virtual flight wind tunnel testing for aircraft with lateral jet,
the measurement device composed of two independent four-component wind tunnel balances, transmission
shaft and supporting crossbeam, etc, was applied to respectively measure the aerodynamic loads of the
front/rear two parts model at the same time. By finite element software, the sensitivity of each balance, the
interference of transmission shaft and the influence of high-pressure gas on balance were analyzed. The
results showed that the transmission shaft had little effect on the force component of the balance, the
interference on the pitch moment was about 2.5% and that on the yaw moment was 8%, the impact of
pressure on the front balance was less than 2% and that on the rear balance was less than 9%. Based on the
static calibration formula of each balance, an aerodynamic load calculation method suitable for
measurement device was generated. The correctness of the method was verified through simulated loading.
Finally, the performance of the measurement device for aircraft with lateral jet was verified through the
wind tunnel tests. The results of static calibration and wind tunnel tests showed that static calibration data

were consistent with finite element analysis results, the measurement device had stable performance and
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accurate measurement values, so it can meet the requirements of virtual flight test research.

Keywords: virtual flight; lateral jet; wind tunnel balance; finite element analysis;

static calibration; wind tunnel test
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Table 1 Load of model
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Fig. 1 Layout of measurement device
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Fig. 2 Location of balance calibration center (unit: mm)
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Table 2 Design load of balance

LW YN M./(N-m) ZIN M,/(N-m)
WERF 17100 7610 9900 4406
JERFE 18900 8975 11700 5558
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Fig. 4 Transmission shaft
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Fig. 5 Sealing schematic diagram
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Table 3 Average strain of Y and M, component in paste area under design load 10°¢
®mJy Y RHJIE M
(VA= M, M, M, M,
Ls L L, Ly L, L, L, Ls L L, Ly L L, L, L,

WIRF 189 189 —188 —188  —198 —198 198
JFRFE 162 162 -162 -162 -173 -173 171

—-520 518 517 516 —540 539 540 539
—586 586 587 587 —618 —618 613 612
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Table 4 Average strain of Z and M, component in paste area under design load 10°¢
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Fig. 7 Paste area location definition
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Table S Theoretical output of each bridge under design load
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Table 6 Average strain of Y and M, component in paste area under design load and internal pressure 10
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e M, M, M, M,
Ls L L, Ly L L, Ly L Ls L L, Ly L L, Ly L,
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Table 7 Average strain of Z and M, component in paste area under design load and internal pressure 10°¢
i 1y z WAL M,
(AL M; M; M, M,
Ll3 Ll4 L]S L16 L‘) Ll() Ll] L]Z L13 Ll4 L]S L16 L9 LlO Ll] LIZ
HIRX¥ 22 —274 22 274 304 2 304 2 275 =528 275 =526 266 571 266 571
JFRFE 0 266 0 266 264 —6 264 —6 343 —611 343 —612 333 —625 333 —625
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wHE , o
Table 8 Theoretical output of each bridge under design load 4.1 BRMRFRHERAE
and internal pressure mV RV W B L B I i T i i A AR 1),
N > j( S v I=] \//\-./ E-Q&A =
WE AR 0 U v U I Ik W SR HE AR AT KPS Oy B LS kR 22
=i = = ) Vi =]
U, 176364 0.1829 W, MEZEA INEE G IR 2ES o
» Uy 04350 209173
PSS
U, 59460  —0.1038
Usy -0.346 0 16.2020
0,
Uy 67060 0.2002 X 100%
BT Uy 05955 24.0666 4) (5)
U, 524472  0.0801
Uy —0.0350 19.1422 n 1< 2
B AR S PR R AR VR Ry AL AL B g AL Ak B =1 =
. " — NERE -1
(A RIC AR N 8 IR . R BB A Su= a X 100%
—fs frdy > K - S v imax
Sl 4 52 TR B4 L O /55 0 32 B R, 4 Gold ki Jolzeem)  ©

LTS LR a1, ARAR AL Sl A T R/
Ja RV 5y w3 R AR E (WL 9) o X L3 3.
4 MK 9 wT LIS S A& Sh Al TS ROV T
HIEARTC T, WFHT/JE KD 1 46 5 2 i 4
298 2.5%, XTI 0 TP 8%, il 1 %
B R o A% sh Bl O 1 AR sy R T T
DA 3 o A T T ok sl 5 A B AT

8 sl T priss

Fig. 8 Transmission shaft interference analysis model
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Table 10 Calibration results of front balance with/without pressure

RItH

FEH (20 MPa)

SR F153#/N

JiFE S /(N-m)

153 HN J1#E53 1/ (N-m)

Ly Mrmd z AEWIE M, RATHAE M, kY WmD Z o ISR M, RSTIRE M,

BT 17100 9900 7610 4406 17 100 9900 7610 4406
R 18 000 5760 6400 4800 18 000 5760 6 400 4800

HERF LRV 9.8853  9.8853 9.8853 9.8853 9.8853  9.8853 9.8853 9.8853
LEATINEIRZE % 0.11 0.13 0.10 0.12 0.13 0.13 0.12 0.12
GemEEEERZEY%  0.01 0.01 0.01 0.01 0.02 0.03 0.03 0.02

X1l BREZFERTERELER
Table 11 Calibration results of rear balance with/without pressure
RIAE FEE (20 MPa)
ZH Ji53 /N J1%53 48/ (N-m) J143 /N J1%E 5y 1/(N'm)
EmAy Yy My z MHRIFE M, AUDEE M, Ry Mmdy Z DR M. AmATIIAE M,

ang=7) 18900 11700 8975 5558 18900 11700 8975 5558
R 23040 21600 6400 6400 23040 21600 6 400 6400

HERF LRV 10.009  10.009 10.009 10.009 10.009  10.009 10.009 10.009
LEATNEIRZE % 0.12 0.13 0.12 0.13 0.14 0.15 0.12 0.13
LAEMBEEMIREY%  0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02
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