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Measuring resonant frequency and Q factor of blade springs

To measure the loaded resonant frequency and Q of the two blade springs
(named Remus and Romulus), we attach masses to the spring, place the mass
such that the bottom edge of it oscillates in and out of the path of a laser, which
is then incident on a photo-diode whose output we read on an oscilloscope. We
expect the output to take the form of a damped sinusoid.

Note that the mass on the blade spring has three modes of oscillation. We
are trying to measure only one of them (the vertical mode) by measuring small
amplitude oscillation, but obviously there is some noise from the other two
modes.

Figure 1:

To �nd the resonant frequency, we measured the time elapsed over a few
cycles on the oscilloscope. We see for Remus:

Figure 2:
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where the independent variable is
time and the dependent variable is
voltage (from which we can �nd dis-
placement). From this we can mea-
sure the resonant frequency (with
load m = 2.331kg):

∆t = 2.73sec for 6 cycles

⇒ f0Remus
= 6/2.73 ≈ 2.20Hz
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To �nd the Q factor, we measure
the signal over many more periods,
normalize such the equilibrium point
is at zero displacement by subtract-
ing the mean value, and take the absolute value to more easily see how the
amplitude changes with time.

Figure 3:
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We can use the assumption

A(t) = A0e
−αt

to give a rough �t by eye, where
A0 is the amplitude at 0 seconds
(note the plot is currently from t =
−50s to 50s) and α is the time con-
stant. Our �by eye� �t gives us A(t) =
.115e−.0028t, in volts. The damping
is very low, such that it seems to be
damping by a linear function rather
than exponential.

The half-life of the amplitude is
then T1/2 = ln(1/2)/(−.0028) ≈, and
so

QRemus =
π

ln(2)
f0T1/2 ≈ 4.53(2.20)(248) ≈ 2470

Figure 4:
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This Q value is quite high (I think
100-1000 is fairly typical). As far as
uncertainty is concerned, some of it
is from scattering noise in the sys-
tem, but most of it will come from
the quality of our �t, which will hope-
fully improve once I understand more
about curve-�tting to a damped sinu-
soid in Matlab.

Doing the same for Romulus:
we get a resonant frequency f0 =

6
2.74s ≈ 2.19Hz.

And doing a rough �t to the
damped amplitude:
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Figure 5:
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Figure 6:
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we get A(t) ≈ 0.84e−0.0037t. So
for the half life of the amplitude we
get T1/2 ≈ 187seconds and

Q ≈ 4.53(2.19)(187) ≈ 1860
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