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1.0 INTRODUCTION

A DISA Model 51D07 Torsional Vibration Transducer was recently used to
measure the torsional vibration spectrum on the drive shaft of a fire-
boat built for the Department of National Defence in Vancouver, B.C.
The results of the tests showed a large torsional vibration component
at a frequency close to 4 hertz, the torsional resonant frequency of
the transducer. Because torsional amplitudes were not expected to be
significant at that frequency the possibility of torsional resonant
frequency excitation by a forcing transverse oscillation was postulated.
In order to verify the transducer's operation under just such a con-
dition the test described in the body of this report was performed.

2.0 EXPERIMENTAL

The test program involved the operation of the DISA torsional transducer
at known sinusoidal torsional vibration amplitudes over a shaft speed
range equivalent to the speeds which were encountered during the sea
trials of the fireboat. At each test point, i.e. at each shaft speed-
torsional amplitude pair, measurements were taken both with and without
a transverse oscillation applied directly to the transducer mounting.
The results were compared for evidence of an induced torsional oscillation.

An overall view of the experimental set-up is shown in Figure 1. A 5 HP
motor with a variable speed output transmission (680-4100 rpm) drove a
Hooke's couple device (universal joint). A 21 inch diameter flywheel
with a polar moment of inertia of approximately 1 lb sec2ft provided
excellent smoothing to the drive system. The torsional amplitude of the
Hooke's couple output shaft was varied by means of a swivel plate which
altered the angle of intersection of the axes of the input and output
shafts of the couple (see Reference 1 for details). The torsiograph was
not directly coupled to the output shaft but was driven by a "seamless"
steel belt and pulley system, Figure 2, to simulate the actual measure-
ment conditions which had prevailed on the fireboat. (Previous to use
on the fireboat the torsiograph had been calibrated on the Hooke's
couple using the same belt and pulley system and also with larger pulleys
to simulate the actual diameter of the ship's shaft.)
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An electromagnetic shaker mounted beneath the torsiograph mounting plate
was used to apply transverse oscillations to the torsiograph, Figure 2.
The frequency and force applied to the mounting by the shaker were con-
trolled by the force feedback system detailed in Figure 3. For the test
results reported in the next section the oscillation frequency was 4
hertz and the torsiograph mounting plate was subjected to a peak-to-peak
displacement of 0.02 inches.

The torsiograph output was recorded on an instrumentation f.m. tape
recorder operating at a tape speed of 15 i.p.s. and was monitored con-
currently on an oscilloscope. The recorded data was then analysed on a
400 line narrow band frequency analyser and comparisons were made between
runs with and without vertical oscillations.

3.0 TEST RESULTS

The results of the narrow band analysis of the torsiograph output for
tests at zero torsional vibration input are shown in Figure 4 and at a
torsional amplitude of ±0.11 degrees (5 degrees intercept angle on the
Hooke's couple axes) in Figure 5. The shaft speeds were varied from
630 rpm to 1500 rpm. Since the torsional oscillations occur at twice
the shaft frequency this speed range was equivalent to 1260 rpm to 3000
rpm on the actual ship shaft. (Maximum shaft speed was 1800 rpm during
sea trials.) In each photograph the upper spectrum is the result without
transverse oscillation applied to the torsiograph while the lower spectrum
is the result with transverse oscillation.

The primary vibrations evident in the frequency spectra are the Hooke's
couple frequency and the shaft frequency. The analyser cursor indicates
the Hooke's couple frequency in the figures and the amplitudes have been
normalized relative to the amplitude at the Hooke's couple frequency in
Figure 5a. (These amplitudes are indicated in the second column of
figures from the left above each photograph, 1.00 for both A and B in
Figure 5a for example, and 361 x 10"3 and 378 x 10~ 3 for A and B in
Figure 4c.) There is no significant difference between tests with and
without vertical oscillations. A torsional component at 4 hertz is dis-
cernible in some spectra, Figure 5c for example, but the amplitude is
negligible.
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4.0 CALCULATION OF BELT-PULLEY SYSTEM RESONANT FREQUENCY

Al though there  was no ev idence on the t o r s i ona l  f requency spec t ra  from
these t es t  r esu l t s  to i nd i ca te  the presence of  a resonance in the be l t -
pu l l ey  system du r i ng  the t es t s ,  an approximate ca l cu la t i on  of t ha t
f requency was made to see i f  i t  could have had any i n f l uence  on e i t he r
these tes t  r esu l t s  or the r esu l t s  of the sea t r i a l s .

Accord ing  to Reference 2, the na tu ra l  f requency of the be l t - pu l l ey  sys-
tem is  g iven by

0.195 r

(γ ■ Jp · Ls ) 5
her tz

where r = the pu l l ey  rad ius
γ = 1 /ΕΆ
E = Young's modulus
A = be l t  c ross -sec t i ona l  area
Jp = po la r  moment of i ne r t i a  of the pu l l ey  and i n t e rna l  sp ind le

of the t o r s i og raph ,  but not i nc l ud ing  the se i sm ic  mass
L$ = l eng th  of be l t  between con tac t  po in t s ;  t h i s  is  equal to the

leng th  between cen t res  when the d r i ve r  pu l l ey  and d r i ven
pu l l ey  are of the same d iameter

The resu l t i ng  na tu ra l  f requency for  our t es t  system was app rox ima te l y
200 he r t z  and there fore  was of no i n f l uence  on the r esu l t s  repor ted
here.  A s im i l a r  resonan t  f requency app l i ed  to the sea t r i a l  system
because of o f f se t t i ng  changes in  pu l l ey  rad ius  and po la r  moment of
i ne r t i a .

5.0 CONCLUSION

Tests on a DISA Model 51D07 To rs i ona l  V ib ra t i on  Transducer  have shown
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that transverse osci l lat ions at the torsional resonant frequency of the
instrument do not excite s igni f icant  torsional resonant amplitudes in
the instrument.

Belt-pul ley system resonant frequencies were also shown to be well above
the frequency range of interest and therefore were not the cause of large
torsional amplitudes which had been observed during f ie ld  use of the
instrument.
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FIGURE 1 TORSIOGRAPH TEST APPARATUS

FIGURE 2 BELT-COUPLED TORSIOGRAPH MOUNTED
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FIGURE 5 Torsiograph Output Spectra with
Torsional Amplitude = ±0.11 degrees


