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Fig.1 DNW air bridge balance
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ASTH LRI 4 PR, & oot ERE PN 515 R1 STNERNEESHL
RN Table 1 Strain of each element and measurement

signal output

MG Y M, M, M, X z

PAE 4.1x10* | 5x10* | 2.0x10* | 6.0x10" | 4.5x10* | 1.9x10*
{55V | 8.2x10° | 10x10° | 4.0x10° | 12.0x10° | 9.0x10° | 3.8x10°
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Fig.5 Air bridge balance system and decoupled
disturbance elimination unit
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Fig.6 Stiffness evaluation of air bridge system
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Fig.7 Grid division of air bridge balance model
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Fig.8 Strength calculation results of air bridge balance
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Fig.9 Calculation results of static pressure on air bridge
balance pipeline
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Table 2 Combined modal analysis results

P 1 2 3 4 5
B IHz 184.65 211.93 832.08 | 103850 | 114830
ik 6 7 8 9 10
FHRIHz 1463.40 2012.50 2020.10 2118.30 2124.00

K10 KRS
Fig.10 Modal analysis of balance
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Table 3 Calibration accuracy of balance without air bridge

T X Y z M, M, M,

K& BEI(%F.S) 0.07 0.03 0.10 0.16 0.07 0.06

HEFEI(%F.S) 0.09 0.04 0.11 0.17 0.06 0.05
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R4 HERENNRTESREREE
Table 4 Calibration accuracy of balance combination with
air bridge

Lo X Y z M, M, M,

FEEEI(%F.S) 0.091 0.07 0.09 0.086 0.08 0.08
HERE/(%F.S) | 0.054 0.04 0.28 0.171 0.16 0.05

&5 BBRHESENTHREZTEREK(0.1~8.3 MPa)
Table 5 Balance under 0.1~8.3 MPa pipeline air
supply pressure zero point change

T X Y z M, M, M,
01MPa | -1595 596 2318 44.2 2318.7 -95
83MPa | -1594 596 2316 44.9 2316.3 -95
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2 MR st WS T P — e it T Fig.12 Reverse installation of nozzle
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Research on the Technology of New Internal Air Bridge Balance
XuYue'?, Wei Xuemin'?, Chen Jingwei'?, Li Cong™?, Jin Yongfeng'?, Xu Tiejun™?
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Abstract: A large-scale low-speed wind tunnel turbofan aircraft dynamic simulation test system is established to accurately
obtain the dynamic influence of turbofan engine intake and exhaust on the aircraft, providing technical support for the
refined development of military and civil turbofan aircraft in China. The technology of internal air bridge balance is one of the
core technologies in the test system. The turbine powered simulator (TPS) needs to be driven by high-pressure gas. The
stiffness of the high-pressure gas supply pipeline and the high-pressure gas flowing through the fixed end to the measuring
end of the balance will bring great measurement interference to the balance, and then affect the force measurement
accuracy of wind tunnel test. It is necessary to weaken the rigidity of the high-pressure air supply pipeline and eliminate the
interference of air supply. Eliminating or weakening the interference load caused by the air supply pipeline and high-
pressure air supply flowing through the pipeline on the balance force measurement is a necessary prerequisite to ensure
that high-precision test data can be obtained. In this study, a new type of air bridge disturbance elimination unit structure is
proposed. The technical research on the design mechanism and calibration correction of the influence of air bridge stiffness,
air supply pressure, air supply temperature and air supply flow on the force measurement interference of the balance is
carried out. The final test results show that the corresponding technical indicators of the internal air bridge balance meet the

expectations and can meet the needs of turbofan aircraft dynamic simulation wind tunnel test.

Key Words: wind tunnel strain gage balance; air bridge; decoupling unit; finite element calculation; strain beam
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