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The Graphical Analysis of WNltrasonic Transducers
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The dynamic parameters of an ultrasonic transducer may be
obtained from its motional immittance diagram (1,2). It may be
expreasged in either impedance or admittance teros (fig.1) and it
consiata of the motional circle and electrical line (a constant
electrical Qe near resonance ls assumed), Hence the dynamic
parapeters of the transducer may be tound, i.e. the resonance
frequency f5 , the electromechanical coupling coefficient k and
the quality factors of the mechenical and electrial branches
Qm and Q¢ . The power transfer factor {3)

n = kZQm Qe 1
which seems to be B very informative and convenient quantity to
determine the operaticnal data (efficency, band-width, loading
conditions etc.) may be e¢asily found as

n = B or n = Em ' 2
‘e

[
The impadance of the transducer is the vector sum of the impedances
of the electricel and mechanical branches:

zt=2e+zm 3

and it corresponds to the parallel - series equivalent circuit
(tig.2). The imaginary part of the electrical line Xg , is
inductive in character in piezomagnetic transducers, and capacitive
in character in the piezodectric ones. Similariy, when the
admjittance is measured:

Yt=YB+'I'm 4

and this correaponds to the series = parallel equivalent cireulit
(fig.3) which is generally accepted for plezoelectric transducers.

Obviously when the impedance 1ia measured, the admittance
may be readily calculated as:

Yt:zl_t 8
which meana that the parallel-seriea equivalent circuit has been
tranaformed inte 1ts dusl, series-parallel form and the resonance
and anti resonance frequencies exchange their position on the
trequency scala (4).

The measurement of the complex immittance loop is, huweven
a tedious and time consuming work unless a rather refined, auto-
matic impedance plotter is used and the result is not the motional
circle but a compesite loop which may be considerably distorted
(fig.4) especially when the tranaducer is loaded.

1t is then necessary to split the loop into circle and
1ine and this must be done not by “cut and try" drawing, but by
a suitably accurate graphical process. The true shape of the




%

L)
X
3

4 Le
* 2=
Z t—r— # - ] Lm
Lm an Cm 9e ce
I Gm
° o
Fig. 2 Fig 3
X | untoaded 1zl @ 2
loaded ;fu) Py D
unload,
loaded




loop may be found when thée phasors of the electrical and mechanicpl
branch are added for corresponding frequencies. This 18 shown

on fig.5 vaing only the impedance terms for simplicity. The

loop 18 "pulled" inside the motional c¢ircle and its distortion
depends on frequency scale along the electrical line, i.e. on

the Lc and R values {or coupling coefficient k).

That 1s why the loop is more distorted when the
transducer is loaded. ¥hen it 1s unloaded the loop usually runs
very closely to the "pure" circle.

The point A, corresponding to the resonance frequency
of the nechanlcal branch fo , 18 one, and the only one point of
the loop that remains on the circle periphery.

The loop is rotated at an angle about 28 where

cotg 5 = Qg 8

and 1t is not asymptotic to the "clamped impedance" line {dotted)
s it 18 usually assumed, but cuts the electric line¢ somewhere
below the mechanical branch resonance.

Conclusion

It should be noticed that to determine the dynamic
parameters of the transducer four points only: A,B,C,D are
needed.

The tedious work of measuring the immittance loop
may be avoided when the imsittance modulus i1s memsured with the
reactive part of the electrical branch compensated for, with a
capacitor in series with the piezomagnetic transducer or with
an inductance in parallel with e piezoelectric one. When the
electriail branch is thus tuned to resonance, the motional circle
or loop is brought down so that its resonance point A is on the
real axis {fig.6).

All the necessary point A,B,C,D may be found here,
the dynemic parameters may be determined or motional circle wmay
be drawn.

When the compensated modulus function had been
measured for unloaded and loaded transducer, the electro-
acoustical efficiency may be calculated (3} aa:

- =N a1
an T n+q+l q

where q = Bg is the ratio of the..motionel circle diameter of
the unloadell and locaded transducer,
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