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Fracture fault analysis of main blades girder on a helicopter

HOU Bo, XU Guanfeng, YAN Huijuan, REN Zhanpeng
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Abstract: In view of the fatigue fracture fault of the main blade girder of a helicopter and the failure
of fault warning from the pressure sensor, a fault tree was applied to analyze the reason of the faults. Blade
failure and main fault mode of the pressure sensor were analyzed, based on which the mechanism of the
accident was discussed. The results of macro and micro fractographic analysis showed that spalling holes
appeared from multiple non-metallic tesseras on the surface of the girder and the fracture appeared from
the bottom of the fatigue spalling holes on the external surface of the lower main girder, which
demonstrated clear characteristics of fracture caused by high-cycle fatigue. Energy spectrum analysis to the
source area of the fracture showed the existence of Si and O-rich tesseras on the surface and sub-surface of
the main girder. General investigation carried after the accident showed that the pressure sensor had the
fault mode of proper manual inspection function but without warning when the pressure level of the base
chamber was low. Comprehensive analysis indicated improper shot-peening parameters. There were initial
defects on part of the surface of the main girder, which led to the initiation and extension of fatigue crack
from the part of defect because of the fatigue load. Pressure level of the main girder dropped out of air
leakage when the fatigue crack extended throughout the inner chamber. Meanwhile, the sealing component
of the pressure sensor failed, leading to pressure loss of the base chamber. In this way, the warning
function and blade monitoring safety mechanism failed and the crack running through the main girder

extended along both directions of the girder, leading to the fracture of the blade after 23 ups and downs.
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Fig. 1 Fault tree of main blades girder fracture
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Fig.2 Fault tree of girder unreasonable design
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Table 2 Energy spectrum analysis of non conductive
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JLHE Jte H /% JFFE 4%
C 13.70 22.08
0 41.18 48.85
Mg 1.18 0.92
Al 12.88 9.06
Si 20.14 13.61
K 0.64 0.10
Ca 7.10 3.36
Fe 0.51 0.17
Ni 0.67 0.22

JLH SRR T 70 H/% JETH 5 E/%
Mg 0.64 0.72

Al 97.40 97.95

Si 0.91 0.87

Mn 0.26 0.13

Fe 0.31 0.15

Cu 0.43 0.18
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Fig. 14  Structure of the pressure annunciator
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