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ABSTRACT

A convenient process to measure the rotational vibration of a shaft in a mechanical or electrical
rotating system using an ordinary absolute encoder is introduced. The output voltage signal from the

encoder is sampled at an appropriate rate with a data recorder. The variation in angular position of

the shaft at each time step is calculated based on the output voltage of the encoder. The angular
speed of the shaft for a specific time step is then calculated by dividing the angular displacement by
the corresponding time interval. The frequency components of the rotational vibration are calculated
from the frequency analysis of the series of angular speeds. The validity of this process is examined

via computer simulations and simple experiments, showing relatively good correspondence. The pro-

posed method exploits the simple and convenient rotational speed measurement system using an ab-

solute encoder and data recorder. The test results confirm that the proposed method can effectively

measure the rotational vibration of a rotating machine with reasonable accuracy.
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Table 1 Parameters for the simulation to verify meas-
urement process

Description Unit | Value
Nominal speed ({2) r/min | 150
Rotating Mag. of 1st order vibration ({2,) | r/min | 0.75
shaft | Mag. of 2nd order vibration (£2,) | t/min | 1.5
Phase (¢, ¢,) rad 0
Max. vol. (V,,.¢) \% 5.0
Encoder
Max. angle (0,,,) rad | 327
Data Sampling freq. (f,) Hz le3
recorder Time duration (7) sec 32
04
. 02p . , A
@ i K rﬁcﬁ £ I, 7
g 0 a%, o d& c,\f qbv. E}l né‘ q? c;v‘ of |
CR I VAR T A VA A
5 AW
02 ot b
04 02 0.4 06 08 1
Time(s)

Fig. 5 Results of simulation to verify the measurement

process (key: o o o: theoretical, - — simulation)
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©
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0 A N ‘
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Fig. 6 Results of frequency analysis on the result of
the simulation to verify the measurement process

Table 2 Parameters of the Ist and 2nd order CPA

system
Magnitude (rad/s
Order g ( ) Egror Remarks
Theoretical Sampled (%)
Ist 0.0785 0.0783 0.25 -
2nd 0.1571 0.1577 0.38 -
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Fig. 7 The set-up for the experimental verification of
the proposed process
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Fig.8 Voltage output characteristics of the MCD-
AC005-0412-M100-CAW encoder

3.2 Universal Jointoll 2|$t 3|MZIE

Universal joint= 013 ZFZ=(9)2 WASh= F
= Abolell A 75 (torque)s HEsl7] 9fate] ARE-
A7 7133 single universal joint] <7} Fig. 9
of AwE o] vk TN FEH(A)S IEHB)S
7} 92 wxpsta 9tk

IR Aol e TR Al
5559 AL (ay) Al A (5)5F T ¥
7h G,

@B _ cosd
s 1—cos’asin’d ®)

A7) o= FEFe| HA7olt) mebd, F Fo 3
A ST (/e TEE S92 mhebd 154
g 23]9) 72 WEae Aol Aage 247 4
(6)3} o] ERdTans)

cosé 1

wp
cosg (62

@wp

o4 2 2
max 1T cCOST@sin’@ |

W,/ o

Fig. 9 Single universal joint

11 T
i & &
1.05r% &% S % % 4
“ s c. s % 3
= 5 e [ S o
o - B c. B u c. B
a o o o o o o o )
g 1 ° o o o o o B o o
< o - o o o @ o o
a 5 o o o o o o o
R s PR R
R R s R
0.05 Y g CR I CR
09 !
0 1 2 3 4
a(m rad)

Fig. 10 Time data for the variation in the rotational
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11 Time data for the variation in the rotational
speed of the driven shaft when 6=0°
(key: ° °: Theoretical, - -: Encoder)
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12 Time data for the variation in the rotational
speed of the driven shaft when 6=20°
(key: ° o: Theoretical, - = Encoder)
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Fig. 13 Order contents in the rotational vibration of the
output shaft in the test set up with 6=0°
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Fig. 14 Order contents in the rotational vibration of the
output shaft in the test set up with 6=20°
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