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is not performed in the time interval of transient process,
usually. Therefore the power which is needed for creation
of this pulse part is gone to waste.

Introduction
The electromagnetic fluid flow meters and converters
are used for very larges purposes and different operating
conditions. Both from the point of measurement
uncertainty, reliability of the results obtained and the
resistance for different outer influence, they are as good as
the best converters of other types, including ultrasonic
ones.
Measurement of fluid flow is sometimes performed
in places difficult to reach, where their maintenance is
inconvenient and expensive. They could be installed
somewhere further from premises with electric network. In
these cases, autonomous supply of fluid flow meters or
converters is important. This is relevant also in cases when
malfunctions or intentional breaks of electric power supply
are possible.
In electromagnetic fluid flow converters, for the
purpose to obtain measurement signal proportional to flow
magnetic field is necessary. The source of magnetic field is
electric current. Thus losses of energy are unavoidable.
They must be minimized by all suitable means. Earlier [1,
2] it was analyzed how power consumptions could be
reduced by optimal signal processing and making
excitation current pulses rare. In this paper it will be
analyzed how power consumption needed for the current
pulse generation can be minimized.
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Fig. 1. Typical excitation circuit of electromagnetic flow
converter (a) and the pulses formed in this circuit (b)

The measurement of electrode signal is performed
when the current value is steady and finished before the
current pulse is interrupted. The pulse is interrupted when
the excitation current Ie is maximal. After pulse
interruption all this energy is consumed useless in exciting
coils circuit when the coils are demagnetize.
The power loss can be decreased by changing of
transient process mode in the magnetic field excitation
circuit when the pulse of the exciting current is formed.
The periodical transient process without the transient
damping can be used. This process has two stages. In the
first stage the current source energy is transferable to the
capacitor energy and stored as the energy of the capacitor
electric field. The capacitor is connected to the exciting
coils in the second stage. The value of the capacitor
capacity must be sufficient that the transient character
could be periodic. The periodical power exchange between
the capacitor and the exciting coils will be in this case. The
electric field energy of capacitor will convert to the
magnetic field energy and vice versa. If this process is
interrupted, when the current is equal to zero, the parasitic

Power aspects of rectangular current pulses formatting
The rectangular current pulses are used for magnetic
field excitation in the most part of manufactured
electromagnetic flow converters. The circuit of excitation
current and the pulse shape are showed in Fig. 1 (CS is the
current source, CM is the commutator).
The magnetic field exciting coils have significant
inductivity. Therefore the current amplitude is achieved
after some transient process, the duration of which depends
on time constant (τ=Le/Re, Le and Re are, correspondingly,
the total inductivity and the resistance of the exciting coils)
and is equal to (3 - 5)τ. The electrode signal measurement
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current pulses will be avoided, therefore the energy
consumption will be reduced.

τII=T=π/ ω0.

(3)

The third cycle begins. In the initial moment the
capacitor voltage has the amplitude value but the contrary
sign than in the initial moment of the second cycle. This
value is decreased in comparison with the power source
voltage to the value:

The excitation current circuit of electromagnetic flow
converter with minimal power consumption
The structural scheme of the magnetic field exciting
circuit with the minimal power consumption is presented
in Fig. 2.
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The capacitor charges to the value E by the law:
Fig. 2. The exciting current circuit of electromagnetic flow
converter with minimal power consumption

u RCIV =| E − U 30 | (1 − e

In the presented circuit ES is the source of the
electric power, C is the capacitor, 1S and 2S are the first
and second switches with four poles, R0 and Rl are the
basic and limiting resistors, correspondingly, I – IV are the
first – fourth poles of the both switches.
The every period of this circuit action coincides of
the four cycles. In the first cycle the poles I and II of first
1S and second 2S switches are connected. The capacitor C
is charged of the source ES to the value E.
The second cycle begins not early than in moment,
when the capacitor voltage is equal to the source voltage E.
The I and III poles of the switches 1S and 2S are
connected. The discharge of the capacitor begins through
serial connection of the exciting coils and the basic resistor
R0. The transient process performs in RLC circuit. The
total resistance Re is the sum of the exciting coils resistance
Rr and the basic resistor resistance Ra. The values of the
RLC circuit elements must be chosen this way that the
inequality Re=Rr+Ra<Rk will be satisfied (Rk is the critical
resistance of the series resonance circuit):
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The capacitor voltage absolute value is equal to the
source voltage E in the end of the third cycle but the sign
of the capacitor voltage will be contrary than in the end of
the first cycle.
The duration of the third cycle is equal to the first
cycle TI and can be written:

τ I = τ III = τ p = nT .

(7)

Therefore the current pulse frequency fp is:

fp =

1
.
(n + 1)T

(6)

In the fourth cycle the I and IV poles of the 1S and 2S
switches are connected. The capacitor discharge begins,
but the current direction is contrary than in the second
cycle and the pulse of the half sine of the contrary sign is
formed. The fourth cycle finishes, when after obtained
maximal absolute value the current becomes equal to zero.
With the fourth cycle finishes the period of the excitation
current finishes, too. The dependences of the exciting
current and the capacitor voltage on time are presented in
the Fig. 3.
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The transient process will be periodic in this case.
The current is changed by the sinusoidal law with the
exponential amplitude:
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The second cycle finishes, when the current absolute
value becomes equal to zero after the increment to
maximum and successive decrement. The poles I and III
are connected in the first 1S and the second 2S switches.
The duration of the second cycle τII is equal to the current
pulse duration T:

Fig. 3. The dependences of current ie and voltage uc on time
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currents is equal to zero. In the resonance circuit without
losses all magnetic field energy could be converted to the
electric field energy:

Electrode signal
The electrode signal Ue can be expressed as
consisting of the three components:

U e = U s + UT + U n .

Wm = Wei =

(7)

Us is proportional to the fluid flow component. UT is
transform component, proportional to the derivative of the
magnetic flux acting in the input circuit loop. The input
circuit loop consists of the leads jointing the electrodes with
the measurement unit input. Un is the electrode noise signal.
The signals Us and UT shapes are presented on Fig. 4.
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In real circuit the capacitor voltage diminishes to the
value U30, expressed by (4), because energy losses in
resistive elements. The energy Wc stored in capacitor is
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Fig. 4. The shape of the signals Us and UT
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The transform signal UT is parasitic. For the
effective suppression of signal UT we suggest to measure
the parts of the signal Us which is in intervals of the sine
phase [π/6, 5π/6] and [π+π/6, π+5π/6]. The values of the
transform signal UT are not more than (1/2) UTm (UTm – the
maximal value of the transform signal) in this interval. The
transform signal UT is symmetric in respect of the
argument value π/2. Therefore, if we will integrate the sum
of signals U s + U T in the intervals [π/6, 5π/6] and [π+π/6,
π+5π/6] we obtain in the integrator output the signal,
which is proportional to the flow signal Us, only. The
integration can be numerical.
In the intervals [π/6, 5π/6] and [π+π/6, π+5π/6]
there are stored ≈0,86 of the sinusoidal signal Us area and
the values of the signal are not less than 0,5 Usm (Usm – the
maximal value of the flow signal). Therefore the
measurement accuracy will be practically the same in
comparison with case when the measurement is performed
in the intervals [0, π] or [π, 2π]. But the efficiency of
transform signal suppression is a lot better.
The integrating is not sufficient for the noise signal Un
suppressing. This suppression can be performed using
wawelet filters [1,2].
Reduction of power consumption
The energy of the magnetic field Wm, which is stored
in the excitation coil with the total inductivity Le by acting
of the current Im pulse is equal to:

Wm =

Le I m2
.
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Fig. 5. The dependence of power consumption coefficient on ratio
Rk/Re

The lost energy is restored in the first and third
intervals. The relative power consumption Kc can be
expressed evaluating (5), (9) and (10) by this expression:
Re

− 2π ⋅
W − Wc
Rk
K c = ei
= 1− e
.
Wei

(11)

The dependence of the relative power consumption Kc
on ratio Rk/Re is presented in the Fig.5. When Re/Rk≤0,1, the
power economy will be more than 2 times in comparison
with the rectangular excitation pulses case.
The supplementary energy consumption can arise in
the I and III cycles, if the pauses are very long. The
capacitor voltage is kept constant and equal to the E along
these cycles. But the capacitor discharges via the capacitor
isolation resistance and the input resistance of the open
switches 1S and 2S. We name the equivalent capacitor
discharge resistance as Ris. The energy consumption by the
discharge Wis evaluating (8) can be expressed:

Wis =

E2
nT .
Ris

(12)

We can express the active energy consumed along one
sinusoidal current pulse evaluating (2) as following:

(8)

This energy converts to the heat without utility after
pulse interruption, when the pulses are rectangular.
If transient process is periodical this energy goes to
the capacitor electric field energy when the excitation

Wn = I e2 ReT =
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where Ie – the effective value of the excitation current. The
relative power consumption Kis because the capacitor
discharge we obtain comparing the expressions Wis and Wn:

K is =

Wis ( E 2 Ris )nT
R
2n ⋅ ( Re Rk )
.
=
⋅2 k =
2
Wn
Re
( Ris Rk )
( E Rk )T

(14)

The power consumption Kis can be neglected usually
because the n is not more 103 and the inequalities Re/Rk.≤10
and Ris/Rk≥106 are correct for the circuit with the periodical
transient process of excitation current.
Conclusions
1. Power used for magnetic field excitation can be
minimized by applying a capacitor and the oscillating
character of the transient process. The pulses of excitation
current are the half-periods of the sinusoid.

2. We obtain the effective suppression of the transform
component integrating the electrode signal in the sine phase
intervals [π/6, 5π/6] and [π+π/6, π+5π/6].
3. The power consumption which arises because the
discharge of the capacitor between neighbouring current
pulses is negligible.
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