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Reliability improvement of a spacecraft reinforced beam
adhesive joint based on fault tree analysis

LI Yingge!, YANG Qiang?, ZHANG Xuan®, WANG Xiaoyu?, CHEN lJia!
(1. Institute of Telecommunication and Navigation Satellites, China Academy of Space Technology;
2. Beijing Institute of Spacecraft System Engineering;
3. Beijing Spacecraft Manufactory Co., Ltd.: Beijing 100094, China)

Abstract: In view of the disconnection fault occurring at the adhesive joint of the reinforced beam in the
static test of a spacecraft cabin structure, a fault tree was established by analyzing the design and process status of
the test piece. The main causes of the fault were then identified by a qualitative analysis method to obtain the
minimum cut set of the fault tree and troubleshoot the development process. In addition, the corresponding
improvement measures were proposed. The ground test and in-orbit flight verification proved that the fault
location was accurate and the improvement measures were effective, which verified the reliability of the
structural system. The proposed analysis methods and measures may provide a reference for the structural design
and technological improvement of beam adhesive joint for spacecraft.
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Fig. 1 Design configuration of the bonding between
reinforced beam and joint
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Fig. 2 Fault tree of the disconnection fault of the adhesive joint from the reinforced beam
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Table 1 The minimum cut set of the fault tree obtained by the
descending method
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Table 2  Analysis and confirmation table of fault tree based on the development process troubleshooting
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Fig. 3 Morphology of the bonding area of the detached joint
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Fig. 5 Cross-section of improved reinforced beam and
adhesive joint
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Table 3 Loads of each test condition

INBEZ/N
b 0, 0, 0, 0, 0,
TP it e | M | i | 1% |y | 220% | 20% |
xIA] 3488.2 | 5813.6 | 8139.0 | 8 720.2 |{10464.0|11 627.0|12 790.0 |13 371.0| 17 441.0
T yIA] 384 640 896 960 1152 1280 1408 1472 1920
z[n] 296.16 | 493.60 | 691.04 | 740.40 | 888.48 | 987.20 | 1085.90 | 1135.30 | 1480.80
xIA] 292.32 | 487.20 | 682.08 | 730.80 | 876.96 | 974.40 |1071.80|1 120.60| 1461.60
T2 yIA] -3197 -5328 -7459 -7992 -9590 | -10656 | -11 722 | -12254 | -15984
z[n] 796.8 | 1328.0 | 1859.2 | 1992.0 | 23904 | 2656.0 | 2921.6 | 3054.4 | 3984.0
xIA] -759.6 | -1266.0 | -1772.0|-1899.0|-2279.0|-2532.0|-2785.0|-2912.0| -3 798.0
TH3 yIA] 876 1460 2044 2190 2628 2920 3212 3358 4380
z[n] 4519.8 | 7533.0 |10546.0|11300.0|13 559.0|15 066.0|16 573.0|17 326.0| 22 599.0
xIA] 201.6 336.0 470.4 504.0 604.8 672.0 739.2 772.8 1008.0
T4 yIA] 1867.8 | 3113.0 | 4358.2 | 4669.5| 56034 | 6226.0 | 6848.6 | 7159.9 | 9339.0
z[A) -264 -440 -616 -660 -792 -880 -968 -1012 -1320
xIA] 519.6 866.0 | 12124 | 1299.0 | 1558.8|1732.0| 19052 |1991.8 | 2598.0
TS5 yIA] 484.2 807.0 | 1129.8 | 1210.5| 14526 | 16140 | 17754 | 1856.1 | 2421.0

z[f) -3943.8|-6573.0|-9202.2 | -9 859.5

-11 831.4|-13 146.0|-14 460.6|-15 117.9| -19 719.0
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Table 4 Displacement measurement values of each test condition

f7#/mm
y N ; ; ; ; : : :
TIBIMRES e n1 T gDz | WiADS | MiAD4 | BIADs | WiADe | WIADI
100% -0.048 0 -0.016 -0.106 -0.092 0.012 -0.006
T2 150% -0.066 0.002 -0.008 -0.218 -0.172 0.018 -0.018
200% 0.090 0.005 -0.013 -0.446 0.296 0.026 0.051
365% -0.490 0.118 -0.144 -0.798 -0.634 0.373 0.242
100% 0.122 0.132 -0.126 -0.014 -0.030 0.092 0.166
T3 150% 0.250 0.250 -0.190 -0.004 -0.058 0.206 0.265
200% 0.390 0.396 -0.312 0.038 -0.050 0.299 0.431
300% 1.502 1.414 0.006 0.347 0.141 0.806 1.190
100% 0.002 0.005 -0.001 0.003 0.006 0.004 0.003
T4 150% 0.005 0.009 0.001 0.006 0.009 0.007 0.006
220% 0.011 0.015 0.004 0.012 0.013 0.013 0.012
100% -0.086 -0.150 0.076 0 0.016 -0.018 -0.060
THs5 150% -0.132 -0.256 0.110 0.008 0.044 -0.024 -0.092
200% -0.204 -0.386 0.168 0.028 0.080 -0.058 -0.142
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Fig. 8 Load magnitude-strain curve for each test condition
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