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Numerical analysis on reusable performance of metallic U-E rings
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(National Key Laboratory of Aerospace Liquid Propulsion, Xi’an 710100, China)

Abstract: The metallic seal structure of liquid rocket engine works in the harsh thermo-mechanical cou-
pling environment, and the cyclic stress-strain behavior and ratcheting accumulation effect will signifi-
cantly affect the rebound ability and fatigue life of the U-E rings. Based on the unified viscoplastic theo-
ry, the cyclic mechanical behavior of the sealing ring was numerical studied. The combined strain hard-
ening model was used to describe the cyclic mechanical behaviors of the seal. The total contact force and
damage evolution process of the seal during the 8 using cycles were analyzed. The results show that after
the secondary seal was subjected to cyclic thermo-mechanical load, significant ratcheting strain was su-
perimposed. The residual plastic strain and cumulative plastic strain are much higher than that of the
main seal, which leads to its rebound ability decay faster than that of the main seal and its fatigue life is

shorter than that of the main seal. In addition, the increased medium pressure and insufficient preload
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will lead to the accelerated accumulation of plastic strain, which will affect the cyclic compression re-

bound performance and fatigue life of the seal ring.

Keywords :liquid rocket engine; metallic seal; reusability; compression springback property
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Fig.1 Geometric diagram for metallic U-E seal
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Tab.1 Chaboche model parameters for the material of U-E rings

REE/C MEZSEL
’s E =204 GPa,y =0.3;K =900 MPa,n =0.3,C, =33.54 GPa,C, =208 MPa,C, =5.895 GPa,y, =105,7y, =
1291,y, =25;6=15;Q, =1.003 GPa;R_, = —200 MPa
500 E =165 GPa,y =0.3;K =550 MPa,n =0.3,C, =119 GPa,C, =722 MPa,C, =27 GPa,y, =159y, =223 ,y, =7;

b=8;0, =840 MPa;R_, = —200 MPa

R2 FEEZMHERESE
Tab.2 Material properties of flange

/T Ik Ja IR bR Wris
Wilt/GPa  SREE/MPa  HEEE/MPa KR/ %
25 204 885 1180 20
500 160 843 1165 15
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Fig.3 Axial contact force of secondary seal during

cyclic loading procedure
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cyclic loading procedure
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Fig.5 Radial stress-strain hysteresis curve at the critical
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Fig. 6 Radial stress-strain hysteresis curve at the critical

site in cantilever root of main seal
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