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Fig. 1 Schematic diagram of the radial stiffness definition of the
bellow
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Fig.2 U-shaped bellows structural model
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Fig. 3 Half-corrugated curved rod mechanical model of the bellow
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Fig. 4 Equivalent statically indeterminate beam model of the
pressurized bellow
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Fig. 5 Loaded deformation model of the multi-segment bellow
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Fig. 7 Stress and displacement contour plots of the single-segment
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Fig. 8 Stress and displacement contour plots of the multi-segment

bellow
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Fig. 9 Overall structural model of the DN500 force-balanced
compensator

3.1 BEEBOHN

P10 T s W AMEESAE 0. 6 MPa | [ B AR AR IE 1
o B E 10 AT, AR T A MR 32 58 1 5200, R
B s g g m A, AR TR U0, K R U R,
25 B W/ o Bl A 2o I 48, AME 2R B 7 5%
e K VA 5 [RTERE D28 i ] P50 225 T2 s 3 0k, 5%
HH 7 5 M 320 T B T
3.2 NIESH

& 11 U7 i DNSOO FEAN ] 78 WILEE A BR T 40
Brasil o R R MERR A T FRIC /P al 0, kM
NFRAYFE 23504 0. 2.0. 4.0. 6.,0. 8.1. 0 MPa i}, 23t
I EE 4331 Ay 55. 03 .48. 67.37. 46.26. 26.15. 07 N/mm,
MR PN 78 AE 0~1. 0 MPa i [l Y IRE, H: A
S IR A A T T R R, i M e M DR N
P AN, M FEIE KT 1. 0 MPalf, 23 28 i (936 i

BN, B2 s W ER /N

(a) WIUPIRAE

(b) HEARZS

() FZRE
10 0.6 MPaFt/E T DN500 #MEREA TR = E
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compensator under 0. 6 MPa pressure
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Fig. 12 Test principle and device for compensator mechanical properties
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Fig. 13 Test flow for compensator mechanical properties
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Modeling and test study of the radial stiffness of the force-balanced compensators

GAO Xianming' LU Shaohui' XU Hongpeng’ LI Yuhan' ZHANG Yanlong'
(1. College of Mechanical and Electrical Engineering, Shaanxi University of Science & Technology, Xi’an 710021, China)
(2. Xi’an Institute of Aerospace Dynamic Test Technology, Xi’an 710100, China)

Abstract: [Objective] To address the challenge of accurately identifying the mechanical properties of force-balanced
compensators in high-thrust liquid rocket engine tests, this study investigates the radial stiffness characteristics of a DN500
force-balanced compensator under various operating conditions. [Methods] Firstly, a mechanical model for the radial stiffness
of a single-layer U-shaped bellow was established based on the curved beam model and energy method, and its deformation
behavior under load was analyzed. Secondly, a finite element model of the entire compensator was developed using Ansys
software to simulate its mechanical response under internal pressurization (0-1.2 MPa) and end-loading conditions. Then, a
dedicated experimental setup for mechanical property testing was designed and built, where real working conditions were
simulated by pressurizing with liquid nitrogen to conduct loading tests on the compensator. Finally, by combining finite
element analysis with experimental results, the correction coefficients in the stiffness model were calibrated. [Results] The
results indicate that the compensator initially sinks due to gravity. As the end load increases, it gradually moves upward, and
the internal deformation decreases. When the internal pressure ranges from 0 to 1.0 MPa, the terminal radial stiffness of the
compensator decreases linearly from 55.03 N/mm to 15.07 N/mm according to finite element analysis, and from 63.49 N/mm
to 20.17 N/mm according to experimental measurements, showing a highly consistent trend. The established stiffness model
and correction coefficients can effectively predict the radial stiffness of the compensator, providing a reference for the
structural optimization design and thrust correction of similar compensators.

Key words: Force balance compensator; U-shaped bellow; Radial stiffness; Mechanical property test; Finite element
analysis
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