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Design of a new type of fly-back nonmetal ultrasonic generating circuit
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Abstract: In this paper, a new type of non-metallic ultrasonic transmitting circuit is designed. This
circuit uses the principle of flyback pulse excitation, The charging and discharging time of RC
circuit is controlled by a frequency adjustable pulse output from Double core system, so that the
transmitting voltage and radio frequency rate can be adjusted flexibly. By establishing the circuit
model of the ultrasonic transmitting circuit and making the actual circuit, it is proved that the circuit
can generate the ultrasonic pulse excitation signal with adjustable frequency and amplitude, thus
improving the common problem that the transmitting efficiency of the probe in the traditional
circuit is lower than the actual one, and improving the transmitting efficiency of the probe. Finally,
the experiment was verified and the effect was good.

1. Introduction

Ultrasound transmitting circuit is an important part of the ultrasonic flaw detector. The accuracy
and stability of this part are very important to the whole ultrasonic flaw detection system[1, 2]. The
transmitting circuit of non-metallic flaw detection completes the excitation of ultrasonic pulse
signal. The excitation energy mainly depends on the voltage applied on the two ends of the
transducer. Therefore, in order to obtain enough energy, it is necessary to generate enough
high-voltage pulse. Most of the high-voltage pulse generation uses the capacitor instantaneous
discharge method, which uses the property that the voltage across the capacitor cannot be abruptly
changed, and generates a high-voltage pulse through the charge and discharge of the capacitor. This
method has a simple circuit and low electrical losses, but requires DC high voltage. The DC high
voltage is usually based on the principle of DC inversion, which generates oscillation signal, high
voltage alternating current after transforming voltage, and then rectifier filter to get DC high voltage.
so that the circuit is generally bulky, has many components, and has high cost[3].

This paper provides a stable DC high voltage for the capacitor transient transmitting circuit,
while reducing the size of the circuit and improving the stability of the circuit. In the capacitance
instantaneous transmission circuit, the design of the paper improves the common problem that the
probe emission efficiency in the traditional circuit is lower than the actual problem, and improves
the probe emission efficiency.

2. The overall design of ultrasonic transmitting circuit

The system block diagram of the non-metallic ultrasonic emission circuit is shown in Figure 1.
This design consists of four main components: ARM + FPGA dual core control system, DC high
voltage power supply and improved capacitor instantaneous transmission circuit.
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Figure 1 The system block diagram

Among them, the dual-core control system of ARM + FPGA not only meets the requirements of
control accuracy, but also meets the requirements of functional diversity in the future, and also lays
the foundation for the expansion of the system in the future[4].

(1)The Design of DC high voltage power supply

In order to improve the power consumption of the high-voltage power supply and reduce the size
and cost of the power supply, the DC high-voltage power supply adopts a flyback boost circuit
design[5, 6]. A small integrated high voltage power module can reduce the development time[7]. In
this design, we use LT3757 chip, which is a DC/DC controller with wide input voltage range and
current mode. The device is capable of generating a positive or negative output voltage. It can be
configured as a boost, buck, flyback, or SEPIC mode by configuring an external circuit. Here we
use a flyback design. In the design, LT3757 chip is used to control duty cycle of flyback transformer
to produce a stable 500V DC high voltage. The specific schematic diagram is shown in Figure 2.

Figure 2 Flyback booster circuit

The circuit includes LT3757DC control chip, capacitor C1-C12, resistor R1-R11, rectifier diode
D1, flyback transformer T1, N channel enhanced power field effect transistor Q1. By boosting the
input 5V signal in the chip, 7.5V voltage is generated, which drives the Q1 switch of Mos tube,
generates AC signal, drives the high frequency transformer to work, and outputs a 500V AC voltage.
Finally, through the high voltage rectifier, 500V DC voltage is output.Here, pin 2 (FBX) of LT3757
is a positive and negative feedback pin. The external output voltage divider resistor receives the
feedback voltage. When the chip starts the modulation frequency and an error occurs, the pin is
close to ground potential.

(2) The Design of improved capacitor instantaneous transmitting circuit

The specific circuit is shown in Figure 3. The circuit includes electrolytic capacitor C4,bridge
driver TC4420, N-channel enhanced power field effect transistor Q1, capacitor C1, C2, C3,
switching diode D1, D2 and resistors R1, R2, R3, R4 R5, R6. The whole circuit uses the charge and
discharge of the capacitor C1 to excite the ultrasonic probe, wherein the capacitor C2 is a
compensation capacitor. The emission efficiency of an ultrasonic probe is mainly determined by the
amplitude and frequency of the negative pulse voltage applied across the probe. When the
excitation voltage is constant, the transmission efficiency is the highest when the frequency of the
negative pulse voltage added to the probe is equal to or close to the frequency of the probe
resonance. Since the actual resonant frequency of the ultrasonic transmitting probe is often smaller
than the nominal frequency, the result of the received signal will eventually be unsatisfactory, so the
compensation capacitor C2 is added for compensation to improve the transmission efficiency.
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Figure 3 Improved capacitor instantaneous emission circuit

3. Calculation of compensation capacitance

The calculation of the compensation capacitor C2 is as follows: First, the equivalent circuit
diagram of the ultrasonic probe is as shown in FIG. 4.
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Figure 4 Equivalent circuit diagram of ultrasonic probe

Among them, CO, RO and LO are static branch equivalent circuits, and C1, R1 and L1 are
dynamic branch circuit diagrams. The value of LO of the static branch is generally very small, this
can be ignored[8, 9], the same CO, RO can be obtained through the specification of the probe. The
dynamic characteristics C1, L1 and R1 can be obtained by the RLC meter[10]. With the parameters
of dynamic circuit and static circuit, we can calculate the compensation capacitance by the
following formula:
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The circuit of Figure 3 adds the compensation capacitor C2 to match the probe. By matching the
equivalent circuit of the probe, the frequency of the negative pulse voltage applied to the probe is
equal to or close to the resonant frequency of the probe, thereby effectively improving the emission
efficiency of the probe[11, 12].

4. Experimental test

After theoretically designing the circuit, we use PROTEL to simulate the whole circuit into a
compact printed circuit board, and then make it into a physical object, as shown in Fig. 5.

Figure 5 Physical map of the transmitting circuit
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Then we tested the circuit. The test results are shown in Figure 6.

Figure 6 Excitation pulse waveform during test

From the test results, the output waveform of the transmitting circuit is stable, the frequency is
adjustable, and the pulse width and the excitation narrow pulse are in line with the engineering
requirements of ultrasonic flaw detection [13]. At the same time, we test the compensation
capacitance. We detect the corresponding echo amplitude according to different compensation
capacitance values. The experimental results are shown in Table 1.

Table 1 The experimental data of the echo amplitude corresponding to the theoretical value of the
compensation capacitor C2=0.02 i 1.

vallﬁ;céﬁltz / Nominal Echo I_Echo
uf frequency/KHz frequency/KHz amplitude/mV
0 100 100 60
0.015 100 100 192
0.022 100 100 378
0.05 100 100 316
0.1 100 100 200
0.22 100 100 95

From Table 1, it can be seen that when the compensation capacitance changes from small to large,
the closer the real value of the compensation capacitance is to the theoretical value, the larger the
echo amplitude is. When the true value of the compensation capacitor exceeds the theoretical value,
the amplitude of the echo gradually decreases. When the amplitude is the highest, it indicates that
the received energy is the most, and the emission efficiency is the highest. This set of experimental
data verifies the correctness of the theoretical calculation of the compensation capacitance
according to Equation 1.We can calculate the compensation capacitance quickly according to the
theoretical formula, so that the emission efficiency can be optimized.

5. Conclusions

Compared with the traditional capacitor instantaneous discharge method, this paper uses a new
type of flyback boosting method to provide a stable DC high voltage for the capacitor instantaneous
transmitting circuit, while reducing the volume of the circuit and improving the stability of the
circuit. In the capacitor instantaneous transmitting circuit, this paper quickly calculates the size of
the compensation capacitor by calculating the compensation capacitor in a theoretical way, Thus
improving the efficiency of the probe emission is lower than the actual problem, which greatly
improves the efficiency of the probe. The research in this paper can provide technical support and
theoretical guidance for ultrasonic nondestructive testing[14, 15], and has certain engineering value.
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