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Vibration Induced by Unbalanced Rigid Rotors
Running Through a Critical Speed

Takuo NAGAMINE*!, Yuichi SATO and Kouke KAWASE

* Department of Mechanical Engineering, Saitama University,
255 Shimo-Okubo, Sakura-ku, Saitama-shi, Saitama, 338-8570 Japan

Vibration characteristics of a structure on which unbalanced rigid rotors are operated are
investigated experimentally and analytically. Rotor speeds cannot exceed a critical speed when drive
power to each rotor is not enough. Further running speeds of rotors are entrained into a single speed
just below the critical speed and phases of rotor unbalance are locked so as to excite the structure
violently. On the other hand, two or three rotors operated by sufficient power supplies can run above
the critical speed and unbalance forces cancel each other, that is, vibration is very small. When four
rotors are operated with enough power supplies, the phases of rotor unbalance are not locked for
speeds above a critical speed.
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Fig.2 Measured torque -speed characteristics
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Fig.3 The rotors are passing through the critical speed
(Experimental result: out-of-phase synchronization
Ny =1.117,n, =1.118,n,, =1.116)
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Fig4 The rotors are passing through the critical speed
(Calculated result: out-of-phase synchronization

Ny =1.119,n, =1.119 1., =1.119)
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(c) Phase difference of rotors
Fig.5 Rotational speeds of rotors are entrained into critical
speed (Experimental result: in-phase synchronization
N, =1.011, ny =1.027, n.,=1.011)
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Fig.6 Rotational speeds of rotors are entrained into critical
speed (Calculated result: in-phase synchronization
n,=1.034, ny, =1.04, n., =1.034)
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(c) Phase difference of rotors
Fig.7 Experimental result: quasi-synchronization
(n,, =1.03, n, =1.018)
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(c) Phase difference of rotors
Fig.8 Calculated result: quasi- synchronization
(n,, =1.021, ny, =1.026)
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Fig.9 Types of synchronization versus 7, (Two rotors)
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(b) Four rotors (n, = np, =1.05)

Fig.10  Amplitudes of the base plate versus #;o
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Fig.11  Torque -speed characteristics (L: driving torque,
n;, =1.048 5 R: vibrational torque)
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Fig.12 Time history of phases between rotor 7 and rotor A
(Calculated result, 5,0 =npo = ne =npy =1.129)
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Fig.13  Types of synchronization versus 7
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