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Abstract: For aircraft thrust vectoring test, two six-component strain-gauge balances
and an air-line bridge weré applied to respectively measure the performance of the whole air-
craft and nozzleat the/same time. Based on the finite element software, the strains of two
balances and the interference of the air-line bridge on balance were analyzed. The results
showed that the interference values of air-line bridge to the force components were better
than 5%, and the interference values to the moment components (except for rolling mo-
ment) were better than 15%, which reached the design index. By calibration, the formulas
of single balance and balance with air-line bridge (pressurized and non-pressurized states)

were obtained. The calibration results showed that the comprehensive loading error of each
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component of the two balances was better than 0.3% , the comprehensive loading error of

each component of balance with air-line bridge (pressurized and non-presswrized states) was

better than 0. 5%, and the interference values of air-line bridge to balance were consistent

with the results of finite element analysis. Theoretical analysis and test results show that the

development of balances and air-line bridge has reached the predetermined goal and its accu-

racy is high, which meets the requirements of the thrust vectoring wind tunnel test.
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Table 1 Aerodynamics loads of whole model and nozzle
WFRRT 5 Y/N M. /(N + m) X/N M, /(N + m) Z/N M, /(N + m)
IR 19000 1220 2200 700 3400 710
I 45 500 500L 1400 90 500 500L
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Table 2 Interference index of air-line bridge to balance
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Fig. 1 Layout of force measuring device
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Table 3 Design load of whole model balance

ESW T Y/N M./(N +m) X/N M, /(N « m) Z/N M, /(N « m)
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Fig. 2 Baldnce used for the whole model“balance
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Table 4 Design load of thrust balance

o 43 Y/N M./(N +m)

M,/(N+ m) Z/N M,/(N + m)

BITHE 500 149

90 500 149
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Table’5 Average strain of whole model balance under design load
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Fig. 6 Structure of thrust balance
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Fig. 7 Structure oftair-line bridge system
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Table 6 Theoretical output of each component of whole model balance under design load

BH Ew o FHMAhEsRE R AR EEAIESE WEaR WA ESE
M (5 5 He
7.4 15. 36 5.4 2.26 5.92 23.32
BB/ mV
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Table 7 Average strain of thrust balance under design load
A i Wy MR B REONE R Mm DR R R
S5 R AR {E /10° 121 510 213 210 122 524
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Table 8 Theoretical output of each component of thrust balance under design load
24 Wi MR B o REE A e RS
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Fig. 8 Model for interference analysis
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Table 9 Interference value of air-line bridge to each component of thrust balance

IR 25 S AR A

Jite T 28 7 Y/N M. /N« m) X/N M, /(N + m) Z/N M, /(N « m)

Y=500N —9.26 —0.04 0. 24 —0.002 0.003 0
M.=149N + m —67/4 —10.22 —0.07 —0.022 0.034 0

X=1400N 3. 289 —0.01 —2.95 —0.002 —0.034 0
M,=90N *« m —0.13 —0.003 0.001 —10.77 —9.6 0.052

Z=500N —0.014 0 0.003 0.017 —10 0.038
M,=149N » m —0.059 0 —0.038 1.75 61.4 —10.15
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Table 10 Calibration results of whole model balance

14y 5/N J15 4y 5 /(N » m)
! 4l g ) 1 R AR 1w fc
BETT 2 19000 2200 3400 700 3293 1223
1% HEZK fur 16000 2000 6400 480 1440 960
HEBF i/ V 10 10 10 10 10 10
(B8 bRk M/ mV 6.676 5. 274 5.375 1.736 14. 236 21.775
ZEATINERIRE/ Y 0.12 0.18 0.19 0.25 0.21 0.16
LA mEEmEEN/ X 0.01 0.02 0.01 0.02 0.01 0.01
K1l EHARERESER
Table 11 Calibration results of thrust balance
J14y % /N J15 4y 5 /(N » m)
5 In) Hfh In) ] =) R s A1 it A
Wit 500 1400 500 90 149 149
1% U 28ty 500 1000 500 90 135 96
HERF L/ V 9. 831 9. 831 9. 831 9. 831 9. 831 9. 831
{E2 b s B/ mV 4.33 4.1101 4. 381 3.182 23.201 23.613
ZEATINERIRZE/ Y 0.1 0.1 0.13 0.15 0.12 0.16
AR EENME/% 0.01 0.02 0.01 0.02 0.01 0.01
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Fig. 9 Balance and air-line bridge
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Table 12 Calibration results of thrust balance with air-line bridge (no pressurized state)

£ Ji45at /N 15w/ (N« m)
2l | A R s 4 i f9
A A 500 1400 500 90 149 149
BEHE B AT 500 1000 500 90 135 96
HEHF R R/ V 9. 831 9. 831 9. 831 9. 831 9. 831 9. 831
FIZRE/(N/mV) 119.57378  340.73642 118.07242 32.52014 7.13930 6.89015
-2 AS 0y 5/ % 0.29 0.18 0.22 0. 36 0.31 0.33
LA M EL T/ % 0.03 0. 04 0.03 0. 04 0.03 0.03
25 KM R T/ 2% 3.6 0. 04 3.5 14.9 11.2 9.2
K13 BAXRFEHFEER(RE)RAER
Table 13  Calibration results of thrust balance with air-line bridge (pressurized state)
B 43 i Em iy MW B bk REOIE S Mm o R A
A MEIRE/ % 0. 32 0.3 .15 0.42 0.3 0.36
LEAIMEREE 1/ % 0.03 0. 04 0. 04 0. 04 0.03 0. 04
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