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METHODS OF CALCW ATING THE FAIL URE ROTATING SPEED
AND FAIL URE EXPERIM ENT OF COM POSITE AL YWHEEL
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(1. Department of Modern Mechanics, University of Science and Technology of China,
Key L aboratory of Mechanical Behavior and Design of Materids, USTC, ASC, Hefe 230027, China;
2. Institute of Mechanics, Academy of Science of China, Beijing 100080, China)

Absgtract :  Based on the plane stress f ull-elastic model and 3D numerical model , 2D and 3D methods of calculating
the failure rotating speed of the composite flywheel were established. In these methods, the maxima tension stress
criterion of orthotropic material was adopted. Two strength criteria were adopted in the 3D method , namely average
val ue criterion and maximal val ue criterion. High speed rotating and failure experiment was developed on three fly-
wheels and the failure occurred at the interface between mandrel and flywheel. The test results show that the actual
failure speed is very close to the theoretical failure speed and the 2D and 3D methods are reliable. The theoretical
fallure speed calculated by the 2D method is comparatively higher. And the actual failure speed isin between of the
theoretical failure speed calculated by the 3D method. It shows that the 3D method is more accurate.
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Table 3 Material parameters of mandrel
E GPa V Strength/ GPa Interface strength/ M Pa
202 03 700 1 489
4

Table 4 Volume ratio, modulus, strength and
density of composite flywheel

Vil % B/ GPacg/ MPa B/ GPac®%/ MPap/ (kg- m-3)

No.1 694 707 1433 573 343 2139
No.2 691 696 1413 565 343 2135
No.3 69.3 703 1426 570 343 2138
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Fig 2 Interface strength testing
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Fig 1 Schematic diagram of fiber winding process
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Table 2 Sze of the composite flywheel e RN REN
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No. 1 40 126. 1
No. 2 40 126 2 3
No. 3 40 126 1 Fig 3 Principle diagram of high speed testing system
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Fig 4 Photo of the testing system
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Fig 5 Variationsof driving current of

frequency converter in high speed testing
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Table 5 Failure frequency and failure speed
| Hz / (kr- min-1)
No. 1 320 19.2
No. 2 314 18 84
No. 3 316 18 96
6
Table 6 Theoretical failure speed and actual failure speed
No. 1 No. 2 No. 3
[ (kr- min-1) | % | % | %
19 2 18 84 18 96
(2D) 20098 47 20016 62 20068 58
E?’D) ) 19878 35 19765 49 1983 48
E3D) ) 18375 -43 18257 -31 18334 -33
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Fig 6 Fow chart for the calculation of theoretical

failure speed using 2D model
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