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Abstract: The aviation airworthiness law and related safety standards all set requirements for the safety de-
sign when aero engine blade off event happened, so it is necessary to clarify the load environment of key parts in
the blade off event. In this paper, the Newmark—£ method is used to solve the differential equation of transient
motion of the load transfer system, and the relationship between vibration response and force load is obtained. A
simulated rotor unbalance response test is designed, and the rotor response test after sudden unbalanced mass is
carried out, and then the transmission law of shock load is obtained through the internal and external vibration re-
sponse of the test piece. At the same time, in order to study the effects of damping on blade off of external load, a
comparative test of vibration response with damping and without damping was carried out by controlling whether
the damper of the test piece was supplied with oil. The results show that the shock load will be significantly attenu-

ated after passing through the stator, the maximum transfer ratio of the tester in this paper is only 53%, and the
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load away from the rotor support is much lower than the load at the rotor support. At the same time, damping sig-

nificantly reduces the external load at the moment of impact, but it has little effect on the steady—state load after

the rotor is stabilized. Through the research of this paper, it is explained that the attenuation and damping effects

of shock load should be considered when analyzing the safety of the aero engine in the blade off event. In addi-

tion, a reasonable damper layout will effectively reduce the shock load caused by the blade off event, which will

help improving the impact resistance of the engine.
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Fig. 2 Overall scheme of the tester
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Table 1 First order mode data acquisition

300r/min 2800r/min
Item O .
Amplitude/pm Phase/(") Amplitude/pm Phase/(")
CHI1 11.40 84.2 17.66 129.1
CH2 27.00 142.6 19.86 140.5
CH3 10.78 194.6 18.81 290.2
CH4 1.36 151.1 35.88 285.8
CH5 21.99 204.6 49.28 254.5
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Table 2 Comparison of measured and calculated critical speed
Item Measured result/( r/min) Theoretical result/(r/min) Difference/%
1st critical speed 2750 2785 1.3
2nd critical speed 5550 5498 0.9
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Fig. 10 Device of imbalance
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Fig. 14 Comparison between experiment and theory
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Fig. 15 Internal and external load transfer relationship of No.1 support
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Fig. 16 Internal and external load transfer relationship of No.2 support
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Fig. 17 Internal and external load transfer relationship of No.5 support

Table 3 Internal and external load transfer ratio

Support No. Internal External Tral.lsfer
load/N load/N ratio/%

1 1079 552 51

2 3172 1179 37

5 546 289 53
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Fig. 18 Axis track comparison
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