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Dynamics simulation research on fault conditions of deflecting to

airflow flap mechanism of civil aircraft
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Abstract: The deflecting to airflow flap of civil aircraft are generally driven by complex multi—hinge mechanisms in
space. According to the requirements of the airworthiness clause CCAR25.671, it is necessary to carry out research
on the mechanism characteristics under typical faults. Firstly, a digital prototype of the mechanism motion is con-
structed, and the hinge point of the rigid multi-hinge mechanism is associated with the flexible flap body by using
the RBEZ2 unit, and the rigid—flexible coupling dynamic model of the flap mechanism is established. Then, under
three aerodynamic load conditions of cruise, take-off and landing, two typical faults, hinge jamming and one-side
failure of control system, are simulated by adjusting the hinge friction coefficient and setting one-side driving fail-
ure. Finally, the variation law of driving torque and hinge point load is analyzed. The results show that: when the
hinge is stuck, the inner drive link ear piece is stretched and damaged; when the inner drive fails, the radial load at
the hinge point of the outer rocker arm increases significantly. In practice, we should focus on the middle joint of the
outer rocker arm of this type of flap. The radial and axial load—bearing capacity of the bearing avoids the situation of
separate manipulation of the outer mechanism, and at the same time, it is necessary to increase the torque protec-
tion for the entire drive system.
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Fig.1 Schematic diagram of the deflecting to airflow flap
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Fig. 3 Model of flap mechanism in Motionview
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Table 2 Flap material properties
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Table 3 flaps cruise load condition information

Felo RIESNIL/ % SRmA L/ % F./N F,/N
1 11.10 36. 20 —269.709  3249.5
2 32.50 35.20 —180.318  2172.5
3 49.70 35.20 —92.6363 1116.1
4 66. 80 35.70 —133.572  1609.3
5 88.30 31.80 —113.212 1364.0
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Table 4 Take-off load condition information of flaps

R N ER A I A NE R F./N F,/N

1 11.10 36. 20 —2671.56 8061.7
2 32.50 35.20 —1964.24 5927.3
3 49.70 35.20 —1052.53 3176.1
4 66. 80 35.70 —1651.25 4982.8
5 88. 30 31.80 —1496.52 4515.9
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Table 5 Flap landing load condition information

e RIMEI/ % skm A/ % FJ/N F,/N
1 11.10 36. 20 —1992.08 7488.4
2 32.50 35. 20 —1553.00 5838.1
3 49.70 35. 20 —838.42 3151.7
4 66. 80 35.70 —1189.54 4471.6
5 88.30 31.80 —1077.41 4050.1
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Fig.4 Load coordinate system of flap mechanism
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Fig.7 Schematic diagram of the rocking arm force balance

F6 TR AL T R BOHE A A

Table 6 Cruise position of rocker arm hinge point load

¥ BhE A F,/N F/N F./N
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Fig. 8 Normal inside and outside driving torque
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Table 7 Friction coefficient of plain bearing

e R ALY EEECT R #EEGR fe k)

BRI R A HE/(N-mm) 4E/(N-mm)
EH P 0.120/0.080 7663 190 6 344 574
—fRWF 0.225/0. 150 8467 728 5634 083
FeEARWE 0.450/0. 300 10 049 824 4381578
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Fig.9 Change curve of driving torque of inner mechanism
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hinge is completely jamming
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Fig. 19 Change of radial load at the outer rocker arm hinge
(inner driving failure)
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Table 8 Maximum axial load of the rocker arm joint bearing
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