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An electronic circult serving as an Interface between a piezoelectric transducer and a circuit for processing a measuring signal
provided by said transducer, said electronic interface circuit serving for providing a constant direct current to said piezoelectric
transducer, and for pre-processing an electric signal provided by the transducer via a voltage modulator, said electronic interface
circuit being connected to said voltage modulator by a cable having two terminals at each end, the two terminals at a first end of the
cable being connected to the output of the voltage modulator and the two terminals at a second end of the cable being connected
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("frame voltage"), said electronic interface circuit iIs characterized In that it comprises (a) a first direct current source for providing a
first constant current to said transducer through an electric current loop; (b) a second direct current source for absorbing a seconad
constant current returning from said transducer to said electronic circuit through said loop while said transducer Is supplied with
sald first current ; (¢) one or a plurality of passive elements allowing to absorb the difference between said first constant current ana
sald second constant current.
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Abstract of the Disclosure

An electronic circuit serving as an interface between a
plezoelectric transducer and a circuit for processing a
measuring signal provided by said transducer, said
electronic interface circuit serving for providing a
constant direct current to said piezoelectric transducer,
and for pre-processing an electric signal provided by the
transducer via a voltage modulator, said electronic
interface circuit being connected to said voltage modulator
by a cable having two terminals at each end, the two
terminals at a first end of the cable being Connected to the
output of the voltage modulator and the two terminals at a
second end of the cable being connected to said electronic
interface circuit. In order to eliminate the error signals

caused 1n particular by common mode interference voltages

("frame voltage"), said electronic interface circuit is

characterized in that it comprises

(a) a first direct current source for providing a first
constant current to said transducer through an electric

current loop;

(b) a second direct current source for absorbing a

second constant current returning from said transducer to

sald electronic circuit through said loop while said

Cransducer 1s supplied with said first current ;
(c) one or a plurality of passive elements allowing to

absorb the difference between said first constant current

and sald second constant current.

(FIG. 1)
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AN ELECTRONIC INTERFACE CIRCUIT BETWEEN A PIEZOELECTRIC

TRANSDUCER AND A CIRCUIT FOR PROCESSING A MEASURING SIGNAL

PROVIDED BY THE TRANSDUCER

5 Field of the Invention

10

15

20

25

30

The present invention relates to an electronic circuit

serving as an interface between a piezoelectric transducer

and a circuilt for processing a measuring signal provided by

sald transducer, said electronic interface circuit serving

for supplying a constant direct current to said

plezoelectric transducer and for pre-processing an electric

signal provided by the transducer via a voltage modulator,
sald electronic interface circuit being connected to said
voltage modulator by a cable having two terminals at each

end, the two terminals at a first end of the cable being

connected to the output of the voltage modulator and the two

Cerminals at a second end of the cable being connected to

sald electronic interface circuit.

Background of the Invention

Piezoelectric transducers are e.g. used for the measurement
of the vibrations of a machine. To this end, the housing of
the transducer is fixed to the machine, and the electric
signals provided by the transducer, which signals are
representative of the vibrations of the machine, are
transmitted by a cable to an electronic circuit for
processing a measuring signal provided by the transducer.
The latter circuit may by very distant from the transducer.

In a measuring chain of this kind, common mode interference

potentials, also called "frame voltages" and often

designated by Uframe, appear between the housing of the
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transducer and the ground (zero volt level) of the
electronic circult for processing a measuring signal and
generate an error voltage which is superimposed upon the
measuring signal provided by the transducer. Furthermore, an

5 additional error signal may result from the fact that the
shield of the connecting cable conducts a current caused by
the voltage Uframe, such a current flowing between the
housing of the piezoelectric transducer and the housing of
the electronilic circuit for processing of the measuring

10 signal. Moreover, electromagnetic interference may also
induce a considerable error signal at the input of the
electronic cilrcult for processing the measuring signal.
Known arrangements for the reduction of the different error

slignals are not efficient enough or relatively expensive.
15

Summagx of the Invention

It 1s therefore a main aim of the present invention to
provide an electronic interface circuit which allows to

20 prevent, in an effective manner and at a relatively low
cost, the superposition of the different above-mentioned
error signals to the measuring signal transmitted to the
electronic circuit for processing the measuring signal.
Therefore, the operating characteristics of such an

25 electronic interface circuit should make possible to build a

measuring chain which is capable of:

1) preventing that the presence of a common mode

voltage (frame voltage) appearing between the housing which

30 holds the piezoelectric transducer and the housing which
holds the electronic circuit that processes the measuring

slgnal may generate an error voltage superimposed upon the

measuring signal at the output of said circuit;
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Z2) ensuring that the shield of the connecting cable
cannot conduct a current between the housing of the
plezoelectric transducer and the housing of the electronic

clrcuit that processes the measuring signal;

3) providing an advantageous behavior of the measuring

chaln with respect to electromagnetic interferences.

According to the invention, these aims are attained by an
electronic interface circuit (EIC) comprilsing

(a) a first direct current source for providing a first
constant current to said transducer through an electric
current loop;

(b) a second direct current source for absorbing a
second constant current returning from said transducer to

sald electronic circuit through said loop while said

transducer is supplied with said first current:

(c) at least one passive element allowing to absorb the
difference between said first constant current and said

second constant current.

The main advantages of an electronic interface circuit (EIC)
of this kind are that it makes possible to build a measuring
chain fulfilling above-mentioned requirements 1) to 3), and
that it does not need a transformer, which is bulky and
relatively expensive, for D.C. decoupling of the electronic

clrcuit connected to the transducer from the electronic

circuit for processing the measuring signal.

Brief Descrigtion of the Drawings
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Some examples of preferred embodiments of the invention are
described in detall herelnafter with reference to the

accompanying drawilngs.

5 FIG. 1 shows a basic circult diagram of an electronic
circult according to the 1nvention serving as an
interface between a measuring circuit comprising a
piezoelectric transducer 11, symbolically
represented by voltage sources 27 and 28, and a

10 circuit 12 for processing a measuring signal

provided by the transducer;

FIG. 2 shows a block diagram of a first embodiment of a
system comprising an electronic interface circuit
15 of the type represented 1n FIG. 1. In this figure,

the connecting cable 1s of the twin-wire type and
has a shield.

FIG. 3 shows a block diagram of a second embodiment of a
20 system comprising an electronic interface circuit
of the type represented in FIG. 1. In this figure,

the connecting cable 1s of the single-wire type

and has a shield, and the sensitive part of the

transducer 1s insulated from 1ts housing.

25
FIG. 4 shows a block diagram of a variant of the system
represented in FIG. 3 with the difference that the
sensitive part of the transducer 1s connected to
1ts housing.
30

FIG. 5 shows a block diagram of an additional part added
to the basic diagram of FIG. 1 allowing to obtailn
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an additional function with the electronic

interface circuit according to the invention.

FIG. © shows a block diagram of an additional part which
may be added to the basic diagram of FIG. 1
instead of the additional part represented in FIG.
O 1n order to obtain an additional function with
the electronic interface circuit according to the

invention.

Detailed DescriEtion of preferred embodiments of the

Invention

Fig. 1 shows the basic circuit diagram of an electronic
interface circuit according to the invention serving as an
interface between a measuring circuit comprising a

pilezoelectric transducer and a circuit 12 for processing a

measuring signal provided by the transducer. In the
following description, the electronic interface circuit
according to the invention is designated by the abbreviation

EIC, and circuit 12 is simply called reading circuit 12

although its function is not necessarily limited to the

process of reading the measuring signal.

As described 1in more detail hereinafter with reference to
Figures 2 to 4, a measuring circuit comprising a
plezoelectric transducer 11 having an electronic circuit 13
integrated therewith is accommodated in a housing 25. A
measuring circuit of this kind is symbolically represented‘
in FIG. 1 by the serial connection of a D.C. voltage source
2/ delivering a D.C. voltage Udc and of an A.C. voltage
source 28 delivering a voltage Uac. Voltage source 29

represents an interference voltage Ucm, i.e. a common mode
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voltage resulting from the above-mentioned Uframe voltage.
As shown in FIG. 1, the just described measuring circuit is

connected to the remainder of the system represented in FIG.

1 by means of a cable which 1is symbolically represented by
box 14.

As described 1n detaill herelnafter by means of Figures 2 to
4, an EIC according to the invention serves for providing a
constant direct current to the piliezoelectric transducer, for
pre—-processing an electric signal provided by the transducer
via an electronic cilircult comprilsing e.g. a voltage
modulator having a high 1nput impedance, and for providing
the pre-processed signal to reading circuit 12. The EIC
according to the invention 1s connected to the piezoelectric
transducer by a cable 14. The EIC according to the invention
and reading circult 12 are incorporated in a housing 26
which 1s represented in FIG. 1 by a dotted line. Housing 26
1s connected to the ground M of the EIC, i.e. 1t is at a
voltage level which represents a voltage level of zero volts
for the EIC according to the invention and for reading

circult 12 connected thereto.

As shown 1n FIG. 1, the basic structure of an EIC according

to the invention comprises

- a first direct current source 15,

- a second direct current source 16, and

- a passive element, e.g. an 1lmpedance Zo, which 1is
connected 1n parallel between current input terminal Q of

the second direct current source 16 and ground M (voltage
level 0 volts) of the EIC.

In a preferred embodiment, an EIC according to the invention

further comprises
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- a high-pass filter 17 serving to receive an electric
signal provided by said piezoelectric transducer, and

— a differential amplifier stage 18.

5 First direct current source 15 provides transducer 11 a
first constant current I1 through an electric current loop.

A terminal S of current source 15 is connected to the

positive terminal of a D.C. voltage source 38 which provides

a voltage UAL+.
10

Second direct current source 16 absorbs a second constant
current I2Z2 returning from transducer 11 to said electronic
circult through said loop while transducer 11 is supplied
with first current Il. A terminal T of current source 16 is

15 connected to the negative terminal of a D.C. voltage source

39 which provides a voltage UAL-.

The current loop comprises current source 15, terminal P,

the circult connected to terminals P, Q, comprising the

20 plezoelectric transducer, terminal Q, and current source 16.

Impedance Zo 1s composed of an electric resistor Ro

connected in parallel with a capacitor Co. The difference
between the two currents Il, I2 is absorbed by Zo.

25
In a preferred embodiment of an EIC according to the
invention, the circuit is designed and dimensioned in such a
manner that Il 1s very close to I2, so that the voltage

appearling across Ro 1s as low as possible. In practice,
30 there is always a small difference between I1 and I2 on

account of tolerances of the components used.
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By fulfilling the condition that Il is substantially equal
to I2, it 1s ensured that the two connecting terminals A, B
of the loop have a high input i1mpedance with respect to the
signal received from the transducer and within the frequency
5 band thereof. However, since Il 1s not strictly equal to 12,
the difference I1-I2 of these currents is absorbed by
resistor Ro. This resistor as well as the current difference
I1-I2 determine the common mode D.C. potential at the
terminals A, B of the transmission loop.
100
High-pass filter 17 provides D.C. decoupling and thereby
eliminates the D.C. component of the electric signal
provided by piezoelectric transducer 11, and provides to
- reading circuit 12 a signal which 1s free of said component.
15 The D.C. component just mentioned is the bias voltage Udc of
the current loop. In the basic circuit diagram of FIG. 1,
bias voltage Udc i1is represented as a voltage developling at
the terminals of voltage source 27, which is a part of the
equivalent circuit diagram of the transducer represented

20 therein.

Differential amplifier stage 18 has a high input impedance
which serves to reject the common mode potential (frame
voltage) and to amplify the alternating signal Uac delivered
25 by the piezoelectric transducer. Differential amplifier 18
is preferably an operational amplifier. The input of stage
18 is connected to the output of high-pass filter 17. The
output (terminals X, Y) of stage 18 delivers a signal Uout
to the input of reading circult 12.
30
In preferred embodiments of an EIC according to the
invention represented in Figures 2-4, the latter further

comprises a filter 19 for the purpose of eliminating
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electromagnetic interferences, said filter 19 being inserted
between terminals C, D of the second cable end and input

terminals P, Q of the high-pass filter 17.

FIG. 5 shows a block diagram of an additional part which may

be added to the circuit represented by the basic circuit

diagram of FIG. 1. This additional part comprises a
differential amplifier 48 having a high 1nput impedance,

whose input is connected to terminals P and Q of the circuit

diagram shown in FIG. 1. Differential amplifier 48 1is
followed by a low-pass filter 47 which serves to reject the

signal component representing the physical value measured by

piezoelectric transducer 11 and to retain and deliver to

terminals W, Z a signal which corresponds only to the D.C.

component of the signal, i.e. a signal corresponding to the

bias voltage Udc of the loop.

By monitoring the output voltage of low-pass filter 47, 1it

is possible to monitor the level of the D.C. voltage present
between the two loop connecting terminals A, B (bias loop
voltage Udc) and to detect a possible failure 1n the

transmission loop, e.g. a malfunction with respect to the

electric connection of the electronic interface circuit to

piezoelectric transducer 11.

FIG. 6 shows a block diagram of an additional part which may

be added to the basic diagram of FIG. 1 instead of the

additional part represented in FIG. 5 in order to obtaln an

additional function with an electronic interface circuit

according to the invention

The additional part represented in FIG. 6 comprilises a low-

pass filter 57 and an amplifier stage 58. Low-pass filter 57
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has a high input impedance and receives at its input an
electric signal provided by transducer 11 via cable 14, 34.
Low-pass filter 57 serves to eliminate the component of the
signal provided by the transducer which corresponds to the
physlical value measured by the latter, and to deliver an
output signal repreSenting the D.C. component of said
signal. The input of amplifier stage 58 is connected to the
output of low-pass filter 57. The output signal of amplifier
stage 58 allows to detect a malfunction with respect to the

electrical connection between the transducer and the

electronic interface circuit.

The use of an EIC according to the invention is illustrated

by the following examples:

Example 1

FIG. 2 shows a measuring chain where an EIC according to the

invention performs two functions:

- 1t supplies a constant direct current to a
plezoelectric transducer 11, and

- 1t pre-processes an electric signal provided by
transducer 11 via an electronic circuit 13 integrated with
the transducer. Electronic circuit 13 essentially comprises
a current-fed voltage modulator 13. Instead of a voltage
modulator, i1t is possible to use a current-fed
charge/voltage converter. In a preferred embodiment, the

voltage modulator, or the charge/voltage converter used

instead thereof, is followed by an integrating stage.

In the example represented in FIG. 2, piezoelectric

transducer 11 and electronic circuit 13 integrated therewith

are 1nsulated from housing 25 in which transducer 11 and its
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ha |

integrated electronic circuit 13 are enclosed. Capacitor

Ccap shown next to transducer 11 in FIG. 2 represents the
electric capacitance of the measuring element of the
transducer itself. Cparl and Cpar?Z2 represent stray

capacities between the transducer and housing 25.

A cable 14 having two wires 21, 22 and a shield 23 covered
with an insulation 24 is used for the connection of the EIC
according to the invention (represented on the right side of
the diagram of FIG. 2) to plezoelectric transducer 11 and
electronic circuit 13 integrated therewith. Two terminals F,
G at one'end of cable 14 are connected to terminals J, K at
the output of electronic circuit 13, and two correspondilng

terminals C, D at the opposite end of cable 14 are connected

to terminals A, B of the EIC according to the invention

The arrangement shown in FIG. 2 and the use of an EIC
according to the invention in such an arrangement make 1t

possible to obtain the following operating characteristics:

a) it is prevented that the presence of a common mode
voltage (frame voltage) appearing between housing 25, which
holds transducer 11, and housing 26, which holds the EIC
according to the invention, generates an error voltage
superposed to the measuring signal at the output of the
circuilt;

b) it is ensured that the shield of the connecting cable
cannot conduct a current between housing 25 of the

transducer and housing 26, whose voltage level defines the
zero volt level of the EIC, and

c) an advantageous behavior of the measuring chain with

respect to electromagnetic interferences 1s provided.

FMR Wi (Tt SIS - Wt
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Example 2

FIG. 3 shows a measuring chain whose structure is similar to
that according to FIG. 2 but where a cable 34 having a
single wire 41 and a shield 43 covered by an 1nsulation 44
15 used for the connection of the EIC according to the
invention (shown on the right side of the diagram of FIG. 3)
Lo plezoelectric transducer 11 and electronic circuit 13
integrated therewith. Cable 34 is preferably an insulated

coaxlal cable.

The measuring chain represented in FIG. 3 also allows to
obtaln operating conditions a) and c¢) indicated above with

respect to example 2, but characteristic b) is not obtained

because a current Ishield can flow through the shield 43 of

cable 34. This current amounts to

Ishield = Uframe / RO for low frequencies, and to
Ishield = Uframe * Co * ® for high frequencies.
Example 3

FIG. 4 shows a measuring chain whose structure is almost

ldentical to that according to FIG. 3 but where terminal K

Oof electronic circuit 13 integrated with transducer 11 is

connected to housing 25. The measuring chain represented in
FIG. 4 allows the same operational characteristics as the

measuring chain represented in FIG. 3.

Determining the parameters of an EIC according to the

invention
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The equations and relationships which define the operation
of the electronic interface circuit (EIC) according to the

invention are as follows:

- The voltage Ucap generated by electronic circuit 13

integrated with the transducer is equal to:

(1.1) Ucap = Uac + Udc

- The D.C. current Iro flowing through Ro is equal to:
(1.2) Iro = 11 - 12

- The common mode D.C. voltage Uro across Ro on account of

the 1nequality of the currents Il and I2 is equal to:
(1.3) Uro = Ro * (I1 - I2)

The voltage Uro should be as low as possible in order to be

able to process the maximum common mode voltage Ucmpeak
(A.C. voltage).

The value of Ucmpeak is dictated by:

- Tthe maximum value of the bias voltage Udcmax,

~ the minimum value of the supply voltages UAL+, UAL-,

- the maximum voltage drop (Uil, Ui2) at the terminals
of the D.C. current sources,

- the maximum common mode D.C. voltage Uromax caused by
the dissymmetry of Il - I2 and by the peak A.C. signal

generated by the transducer (Uacpeak).

It 1is required that

- (1.4) Uromax + Uacpeak + Udcmax + Ucmpeak < (UAL+) -Uil
and
(1.5) IUromaxl + IUacpeakl + |Ucmpeak| < IUAL—I - ]UiZl

From equations (1.4) and (1.5) it follows that:
(1.06) Ucmpeak < (UAL+) - Uil - Uacpeak - Udcmax - Uromax
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and
(1.7) lUcmpeak‘ < 'UAL—l = IUi2| ~ |Uromax| - ,Uacpeakl
while |
(1.8) Uromax = AImax * RO

5 (1.9) AImax = (I1 - I2) max

The cut-off frequency of high-pass filter 15 which serves

for decoupling the D.C. component (bias voltage of the
current loop) is:

10 (1.10) Fchp = 1/2 * © * 1

(1.11) T =R * C = time constant of the high-pass filter
The gain of high input impedance differentisl] amplifier 18

1s:

15 (1.12) G = Uout / Uac
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Claims

1. An electronic circuit serving as an interface between

a piezoelectric transducer and a circuit for processing a

5 measuring signal provided by said transducer, said

10

15

20

22

30

electronic interface circuit serving for providing a
constant direct current to said pilezoelectric transducer,
and for pre-processing an electric signal provided by the
transducer via a voltage modulator, said electronic
interface circuit being connected to said voltage modulator
by a cable having two terminals at each end, the two
terminals at a first end of the cable being connected to the
output of the voltage modulator and the two terminals at a
second end of the cable being connected to said electronic
interface circuit, wherein said electronic interface circuit
comprlses

(a) a first direct current source for providing a first
constant current to said transducer through an electric
current loop;

(b) a second direct current source for absorbing a
second constant current returning from said transducer to
said electronic circuit through said loop while said
transducer is supplied with said first current;

(c) at least one passive element allowing to absorb the
difference between said first constant current and said

second constant current.

2. An electronic circuit according to claim 1, whereiln
said at least one passive element is an impedance which 1s
connected in parallel between the current input terminal of
said second direct current source and the ground of the
electronic interface circuit, said impedance being composed

of an electric resistor connected in parallel to a
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capacitor, said electric resistor being adapted for
absorbing an electric current which is equal'to the

difference between said first constant current and said
second constant current

3.  An electronic circuit according to claim 1, further
comprising * -

(d) a high-pass filter for receiving an electric
signal provided by said transducer via said cable, for
eliminating the D.C. component of said 51gnal, and for
delivering an output signal which is free of said component,
and | ' -

(e) a first differential amplifier stage having a high
input impedance, the input of said stage being connected to
the output of said hlgh—pass filter.

4. An electronic circuit according to claim 3, further
comprising a filter for eliminating electromagnetic
interferences, sald filter being inserted between the.

terminals of said second cable end and the input terminals
of said high-pass filter.

5. An electronic circuit accordinc to claimi3,.comprising
(a) a second differential amplifier stage having a
high input impedance and whose input receives an electric
signal provided by said transducer Via said cable, and
~ (b) a low-pass filter whose 1nput is connected to the
output of sald second differential ampllfler stage, said
low-pass fllter serving to eliminate the component of said

signal which corresponds to the physical value measured by
the transducer, and to deliver an output 81gnal

representative of the D.C. component of said signal.
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6 . An electronic circuilt according to claim 1, comprising

(a) a low-pass filter having a high input i1impedance
and whose 1nput receives an electric signal provided by said
transducer via sald cable, and which serves to eliminate the
component of the signal provided by the transducer which
corresponds to the physical value measured by the transducer,

and to deliver an output signal representative of the D.C.

component of said input signal, and

(b) an amplifier stage whose input is connected to the
output of said low-pass filter and whose output signal
allows to detect a malfunction with respect to the

connection between the transducer and the electronic

interface circuit.
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