|~ AD=A060 244  NAVY UNDERWATER SOUND LAR NEW LORDON CONN F/6 9/3

o/

TWO METHODS OF DETERMINING DAMPING OF FREE: DAMPED SYSTEMS.(U)
DEC 63 H N PHELPS

UNCLASSIFIED USL=TH=933~329-63

|

AQBC

END
f\nllriil
-_—x8

.




’ - / ' 7 ':.-',{L’ L
{ - MoST ProJect '/ & A /,/,;/C ( “Zrse)
CcopY No, R b

~ - USL Project
No. 1-650-02-00
(s-F0O01 03 03-
8213)
U. S. NAVY UNDERWATER SOUND LABORATORY —
FORT TRUMBULL, NEw LONDON, CONNECTICUT
(~ [ TWO‘ﬁETHODS OF DETERMINTNGE?AMPING OF FREE DAMPED
,’ s!u >N

/ ; : By /1/ et

} A 'JC 1}1«)'482'(1 N Phe ps,g_x/ Z/ / "'"'// - D D C
Z80/1 03 1 Ustheéhnical gemokandum No. 933-329-63 ]

/77 4 Decummmnane3 |
Ilé,WZMm. 1846

INTRODUCTION S g OC:/ A

““SThis memorandum discusses a comparison that was made of two methods
of determining damping coefficients of a free, damped system. Although
both methods have been used in the calibration of the electronic cir-
cuitry that was used in the tests, they may also be used in mechanical
damping tests of plates, beams, structures and materials.
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EXPFRIMENTAL PROCEDURE

In each method, three sets of oscillograms were taken for each
1/3 octave band center frequency beginning at 200 cps and ending at
16,000 cps.
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Method 1

Reference (a) gives a detailed description of the instrumentation
used for this method. Figure 1 shows the setup of this instrumentation.
The decade attenuator in the circuit was used to calibrate the vertical
scale (dbs./cm.) of the oscilloscope. The horizontal scale of the
oscilloscope was then calibrated in seconds per centimeter. These two
calibrations had to be done using a continuous wave for each 1/3 octave band
center frequency, After the oscilloscope was calibrated, a pulse equi-
valent to the 1/3 octave band center frequency was transmitted. This
pulse and the decay in the system were recorded on the storage oscillo-
scope. A Poloroia photograph was taken of each oscillogram. The
entire procedure was repeated for each 1/3 octave band center frequency.
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Method 2

Figure 2 shows the block diagram of the instrumentation used in
this method., It should be noted that the equipment is identical to
that used in Method 1, except that the decade attenuator is removed.
A pulse was transmitted through the system and the decay of the elec-
tronic circuit was recorded on the storage oscilloscope. A Polaroid
photograph of the oscillogram was taken. This simplified procedure
was used for each 1/3 cciave band center frequency.

In each method, three sets of data were taken and analyzed, and
the final results were averaged.

DETERMINATION OF DAMPING COEFFICIENTS
Method 1

Reference (b) outlines the procedure for computing the decay rate
of a system with a single degree of freedom. In place of the logaten
described in reference (b), a logarithmic amplifier and a decade
attenuator were used for the purpose of obtaining the vertical scale
calibration constant.

In this method, using the circuitry of Figure 1, the decay rate

of the system in db/sec was found from the relationship:

) .
nx

(1)

where: m = the calibration constant of the vertical scale of the
oscilloscope, db/cm

n = the calibration constant of the horizontal scale of the
oscilloscope, sec/cm

y - the vertical amplitude of the pulse, cm

x = the distance on the abscissa from the pulse to the end
of the dacay, cm

From reference (a), the percentage of critical camping, % ¢/cg,
was found from the relationship:

% c/cc s 18 O/F (2)
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where: D - the decay rate, db/sec
f = the 1/3 octave band center frequency, cps

Method 2

Reference (d) outiines the procedure for the calculation of the
damping ratio for use with the instrumentation of Figure 2, The damp-
ing ratio can be determined by the relationahip:

Q0:75

n (3)

Dr

where n = the number of cycles of motion in the length of record

required for the smplitude of the envelope of the motion to decrease to
1% of its initial value.

From reference (f), the differential equation of motion of a
viscous - damped, linear, single degrze of f{reedom second order system
is:

2
d %% dx
- > o SR TS ' R S o (4)
dt dt
1b -sec?
where: m = the mass,
in,
x = the depenaent variable, inches
t = the independent variable, seconds
lb, - sec,
¢ = the viscous damping constant, in Z PA
inch
k = the spring constant, in 1Ds.

ncn,

For sub-critical damping, the solution of equation (4) becomes
(from reference {(f,):
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t -
A 1 o e cos gt + ¢, sin q%J (5)

where: x = the instantaneous displacement of the mass in inches,

¢ = the viscous dsmping constant, lb. - sec.
inch

2
m = the mass, 1b. - sec

inch

t = the time, seconds
e = the base of natural logarithms, 2,71828

¢, = an arbitrary constant

¢y = an arbitrary constant

and 2
m -
4m<
where: k = vthe spring constant, _}bs.
inch,
2
m - the mass, 1lb.-sec
inch.
lb. - sec.
¢ = the viscous damping constant
inch.

The rate of decay is controlled by the decay constant, k. It is shown,
in reference (e), that the decay constant can be represented by the
relationship:

k =¢
2m (6)
& 1b,.-sec.
where ¢ = the viscous damping constant,
2 inch
m = the mass, 1b.-sec

inch
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In reference (d), it is shown that:

(9] .
el S (7)

Therefore: k = D_(J

where: D, - the damping ratio

&%l: the circular frequency, radians/second

From reference (f):

W=24( (8)
where: f = the freauency, cps

'k‘/’_' 301416
Therefore, it can be seen that:

. e

k ‘ i f Dr (9)
where: “ = 3,1416

f = the 1/3 octave band center frequency, cps

D. = the damping ratio

From reference (f), the decay rate (db/sec) is given by the relationship:

D = 20 logy, ek = (20 logype) k = B.68 k (10)
where: k - the decay constant, 1lbs./inch
Therefore: D = 2¢/(8,68) f D,.

D= 54,6 ¢ Dr (1)

9,1
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where: f the 1/3 octave band center frequency, cps
Dr = the damping ratio

From reference (a), the per cent of critical damping is given by the
relationship:

% c/c, = 1.84 D/f
where: D - the decay rate, db/sec
f = the 1/3 octave band center frequency, cps
-or-
% C/cc = 27(1.84) (8.68) Dr (12)
Therefore:

% e/e, - 100 D,

where: D = the damping ratio
Y

DISCUSSION OF THE TWO METHODS
Method 1

This method involved the calibration of the vertical scale of
the oscilloscope using the decade attenuator for each center frequency
of the filter band. Also, the horizontal scale had to be calibrated
for each . requency. This involved transmitting a continuous wave
through the system each time. To find the decay rate (db/sec), equation
(1) was used. To use this equation, the calibration constante of both
the horizontal and vertical scales must be known. The vertical ampli-
tude of the pulse had to be measured, as well as the horizontal dis-
tance from the pulse to the end of the decay. The percentage of criti-
cal damping was found by equation (2).

This method, described in reference (d), required only that the
oscilloscope be initially calibrated. No calibration constants were
needed, The only measurement needed was the amplitude of the pulse,
From this, one could find the location of the point in the decay where
the amplitude had decreased to 1 per cent of the amplitude of the pulse,

6
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The only other information needed was the number of cycles that occur
between the two points. This can easily be counted from the oscillogram.

The damping ratio was found from equation (3). The decay rate
(db/sec) was found from equation (11), and the percentage of critical
damping was found from equation (12).

RESULTS

Reference (g) gives the relative error as:

E = e
rel ..
y (13)

where: e = the error or deviation from the reference in this case
y - the reference value

Reference (g) also shows the percentage error as:

100 e

y (14)

%E

Table I shows the average decay rates for each freguency for
each method. The percent errcor is also shown using Method 1 as a
reference. Figure 3 shows a comparison of the average decey rates for
the two methods.,

Table II shows the average percentage of critical damping for each
frequency for each method., Figure 4 shows a plot of per cent of
critical damping for the two methods.

DISCUSSION OF RESULTS

Referring to Figure 3, one can see that the two methods give
results that are very close, The per cent error is low for frequencies
from 500 cps to 16,000 eps. For these same frequencies, the per cent

of critical damping for Method 2 closely follow the per cent of critical
damping of Method 1.

The amount of time apent in Method 2 was considerably less than
that of Method 1., Also, the experimental procedure cf Method 2 was
much simpler than that of Method 1.

——
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CONCLUSIONS

Method 2 was found to be much more direct and less time-consuming
than Method 1. The results were very good for frequencies above and
including 500 cps. It is believed that Method 2, can be used with
confidence and with little chance of error for those frequencies from
5C0 cps to 16,000 cps. One must be more careful for frequencies below
500 cps. In the writer's opinion, Method 1 would be better for fre-
guencies below 500 cps. Both methods may be used; to conduct mechanical
damping tests of plates, beams, structures, and materials; and to cali-
brate the instrumentation, It is recommended that Method 1 be used
for systems with a very small amount of damping.

Yk N Vhigee  f.

HOWARD N. PHELPS, JR.
Mechanical Engineer
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