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Abstract: In this paper, a multi-channel driving system of non-metallic ultrasonic transducer is
designed.Based on the analysis of the resistance and capacitance parameters of the traditional
ultrasonic transmitting circuit, this paper uses the principle that the voltage at both ends of the
capacitor can not change abruptly to generate high power pulse excitation probe emission.In this
paper, the field effect transistor (FET) is used as the switching control element. Compared with the
traditional capacitive ultrasonic transmitting system, the whole circuit design has the advantages of
multi-channel, precise and adjustable transmitting parameters, as well as other advantages such as
smaller volume and larger transmitting power.he system uses STM32F1 as the main control system
to output a trigger pulse signal to control the working state of the whole circuit. By establishing the
circuit model of the ultrasonic transmitting circuit and making the actual circuit, it is proved that the
design can generate the ultrasonic pulse excitation signal with precise adjustable frequency and
amplitude.Finally, the experimental verification is carried out to prove that the ultrasonic excitation
signal generated by the transmitting system has small noise and steep waveform, which fully meets
the engineering needs and has high accuracy and stability.

1. Introduction

Ultrasound is a kind of sound wave whose frequency is higher than 20,000 Hz. It has the
characteristics of good direction, high power, strong penetration, easy to obtain concentrated sound
energy, and no damage to the detected substances and human body[1-4].These advantages make
ultrasound widely used in medical[5], military[6], agricultural[7] and almost all industrial flaw
detection fields[8, 9]. In addition, ultrasonic detection has a lot of in-depth research and application
in thickness measurement[10, 11], ranging and medical ultrasound imaging[12-14].For example, the
bedding structure of shale can be detected by the response analysis of the ultrasonic characteristics,
and the defects in the body welding can be monitored by the ultrasonic to ensure the safety of
production;Some scholars apply the ultrasonic transmission method to the foundation pile detection,
which can find the defects of the foundation pile in time and solve the potential safety hazards;and
can also use the ultrasonic to detect the leakage of oil and gas wells or water injection wells or
casing annulus leakage[15].

With the development of modern signal processing technology, the application field of ultrasonic
flaw detection is expanding. However, in many applications, the parameters of the ultrasonic
transmitting system require that the transmitting frequency and amplitude be precisely
adjustable[16-18].At the same time, with the development of intelligent digital instruments, the new
requirements of ultrasonic nondestructive testing, such as easy to carry, easy to store and analyze
test data, are proposed[19, 20].herefore, in this paper, we use STM32 as the main control system to
digitalize the parameters control and information processing and display of the launching system. At
the same time, based on the analysis of the resistance and capacitance parameters of the launching
system, we optimize the design parameters so that the parameters of the whole launching system
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can be precisely adjusted.The system designed in this paper can also be combined with the existing
ultrasonic scanning device of the laboratory to carry out measurement experiments of acoustic
parameters under various conditions.

2. The overall design of the ultrasonic transmitting circuit

The whole circuit of non-metallic ultrasonic transmitting circuit is shown in Figure 1. The whole
system consists of four parts: ARM main control system, DC power supply module, multi-channel
module and pulse excitation circuit. The main control system uses the ARM chip STM32F1, which
makes the whole system more functional. The specific design is shown in Figure 2.The main
control chip of ARM not only controls the transmitting control of the transmitting circuit, but also
lays a solid foundation for the future expansion of the whole system.Multichannel module can make
single ARM chip drive multiple probes to transmit, which makes the measurement accuracy high,
the speed fast and the programming simple. This mode is especially suitable for driving the
ultrasonic emission matrix, which can enhance the detection efficiency and make the detection
effect better.After the main control chip of ARM passes through the multi-channel module, it uses
the DC high voltage module to provide stable DC high voltage. At the same time, it controls the
switching control elements of the pulse excitation circuit to make the transmitting circuit generate
high voltage pulse to load on the probe.The ultrasonic wave emitted by the probe can be used for
flaw detection. 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.
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Figure 1 Overall Block Diagram of System
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Figure 2 Design of ARM Main Control System

3. Design of Pulse Excitation Generator Circuit

The excitation signal generated by the microcontroller STM32F1 is a pulse signal which is
applied to the excitation circuit to generate a high voltage spike. When the sharp pulse is suddenly
applied to the piezoelectric crystal in the probe, the crystal produces high frequency vibration and
emits a certain frequency of ultrasound due to the inverse piezoelectric effect of the piezoelectric
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crystal. The specific design is shown in Figure 3. When the output pulse of STM32F1 pin PA8 is in
low level state, Q1 is cut-off state. At this time, the power supply charges capacitor C5 through R2,
R3, R18, R19 and R5, and finally reaches the input DC power supply voltage of 500V.When the
pulse output from the pin PA8 of the STM32F1 is in a high state, Q1 is turned on. At this time, the
voltage across the capacitor C5 cannot be instantaneously changed. Therefore, the voltage of R5 is
instantaneously pulled down to -500V. Finally, capacitor C5 is discharged through the turned-on
MOS transistor Q1, resistors R5 and R6, and there is an excitation high voltage across R6. Resistors
R2, R3, R18 and R19 are connected in the way shown in Fig. 3 to reduce the heat generated by the
resistance and make the whole system run safely and steadily.
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Figure 3 Pulse Excitation Generator Circuit

TC4220 is a high-speed MOSFET driver chip with a peak value of 6A. It is a phase
driver.TC4220 is used to drive the MOS Q1.For a MOS transistor, the shorter the time it takes to
pull the voltage between GS from zero to the opening voltage of the transistor, the faster the MOS
transistor will open. Similarly, the shorter the time to drop the GS voltage of the MOS transistor
from the open voltage to 0V, the faster the shutdown speed of the MOS transistor will be. In order
to pull the GS voltage high or low in a shorter time, it is necessary to give the MOS tube gate a
larger instantaneous driving current. The chip TC4220 is to provide a large drive current to the
MOS transistor. Then there are the following requirements for the selection of MOS tube Q1:

(DSince the DC power supply voltage HV ranges from 0V to 1000V, it is required Vpg =1000V ;

@The on-resistance should be small, only the resistance value of the switching device is very
small, and the instantaneous discharge voltage is similar to the DC high voltage;
(3)Fast switching time.

Based on the above three points, the choice of this paper is IRFPG40, its Vos :1000\/,

Ry = 3.5, conduction delay time and turn-off delay time are all in the ns level.

4. Analysis of Resistance Capacitance Parameters of Ultrasonic Transmitting Circuit

When analyzing the charging and discharging of the charging and discharging transmitting
circuit, we can equate the MOS transistor IRFPG40 with an ideal switch and resistance R4 in series.
The diode D1 shown in Figure 2 can be equivalent to a resistor R3 in the discharge circuit, as shown
in Figure 4.
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Figure 4 Equivalent Circuit Diagram of Ultrasound Transmitting Circuit
First, the discharge process is analyzed. During the discharge process, the MOS transistor is
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turned on, and the switch of Fig. 4 is closed. At this time, according to Kirchhoff's voltage law, we
can obtain Equation 1:

R . .
7 +4/? V, + iR +1Rk =U, (1)

1 4

Among them, 7, is the amplitude of DC high voltage power supply, /. and i  are the

H
voltages and currents of capacitors respectively. At the same time, the current of the discharge
circuit is:
dU

i = £

c B! dt (2)

Bringing Equation 2 into Equation 1 gives you:

dUu K
U +C(R + R)—& = 1y
c 1 4 6 dt }l)+}l)4 H (3)

1

R .
Let 7 = C(R, + &) and u = = 4}? V,, then Equation 3 can be reduced to:
+

1 4

C+—U =—u 4)
Solution 4 can be obtained as follows:
Uc =u+ Coef; (%)

At the same time, according to the initial discharge/, = ¥, , we can get:

R
0o = : vy (6)
R+ K,
So you can get it:
R _t
U =u+ L_JVer 7
c Rl + R4 H ()
. du,. R 1 RARTN
- _ S V 1My T
g "dt R+ R, ”lf’4+]?ﬁe ®
Then we can get the emission voltage at both ends of the probe as follows:
RR ,‘;
v, = -y 1 aGen )
R + R, R, + R,

Then by analyzing the charging circuit again, we can also get the voltage equation of the
charging circuit as follows:

V, = i(R +R)+U, (10)

. . du,. . .
Similarly, by substituting 7 = C d; into Equation 10, we can get:
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Cl(ﬁl + }FS)

H

dU
U = (11)
dt

Let C,(R, + R) = 7, be able to solve the differential equation of Equation 11 as:

o 12
U =V, +Ce (12)
. : L L R
Similarly, according to the initial charging timel/ = 7,
‘ R+ R,
— ﬁl V 13
2 R1 + l174 H ( )
It can be:
P _t
U =1 - L _en )VH (14)
‘ R + R,
i =C W _ _& v, SPNCITE (15)
¢ dt R +R "R +£R

Similarly, the instantaneous voltage value at charging time can be obtained as follows:

_ RR, 1
ER 4R V”fe R
1+ 4 5+ 1

t
6761(/\’]+A’5) (16)

(1) The Effect of Equivalent Resistance of Switch Tube
We calculate the parameters in Fig. 2, and we can get the results: £, = 504/Q,k, = 3.5Q,

R, = 104 .According to formula 9, the instantaneous emission voltage can be calculated to be -

499.8V.If the other parameters remain unchanged, we increase the equivalent resistance of the
switch to 100 ohms, and the instantaneous emission voltage is about -494.06V.It can be seen from
this that only when the equivalent resistance of the switch tube is small enough, the instantaneous
discharge voltage is close to the magnitude of the DC high-voltage power supply. If the equivalent
resistance of the switch becomes larger, the corresponding emission voltage will gradually decrease,
affecting the emission effect. However, the circuit designed in this paper has minimized the
influence of the equivalent resistance of the switching transistor. Usually the equivalent resistance
of the switching MOS transistor is about several ohms, so the whole design increases the stability
and compatibility of the whole system.

(2)Effect of resistance R1

Resistance R1 is designed to prevent the high voltage power supply from burning down due to
excessive current during charging, so we call it current limiting resistance.R1can be seen according
to Equations 9 and 16, which affect the instantaneous charging and instantaneous discharge voltage
both. Increasing R1 will increase the instantaneous discharge voltage. Therefore, from the
perspective of transmitting power, the greater resistance R1 is, and the higher transmitting power is,
the deeper the flaw detection is. At the same time, it should be noted that if R1 reaches a certain
level, the effect of increasing the instantaneous discharge voltage will be reduced. If R1 is large
enough, it will make the charging time longer, affect the charge accumulation on both sides of the
capacitor, and the charging time is too long, then the energy of capacitor accumulation will be lower
in a certain period of time. At this time, too large R1 will reduce the instantaneous discharge voltage.
Then the value of resistance R1 needs to take an appropriate value, usually tens of thousands of
ohms.
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(3)The Effect of Capacitance C1 and Resistance R6

In Equations 9 and 16, the capacitor C1 and the resistor R6 together affect the parameters of the
excitation pulse. The smaller the capacitor C1 is, the shorter the discharge time of the capacitor
charge and the smaller the pulse width and rise time of the excitation pulse, which will increase the
longitudinal resolution and sensitivity of the entire system. But if the capacitance is too low, the
stability of the whole system will be worse, and the amplitude of the excitation pulse generated is
very unstable. Moreover, because the capacitance is small, the energy stored in the system during
charging will be less, so the instantaneous discharge voltage will be too low, affecting the
transmission power, so the value of the capacitance should be carefully chosen. Similarly, resistance
R6 and capacitance C1 together affect the discharge time constant. The larger the R6, the larger the
discharge time constant, the wider the excitation pulse and the lower the detection resolution.
However, the larger the R6, the larger the instantaneous discharge voltage, but the effect of this
increase is not obvious. Similarly, resistance R6 can also adjust the length of the pulse ultrasonic
wave and play a damping role, so resistance R6 is also called damping resistance. Therefore,
resistance R6 can be summarized as small resistance, then large damping, when the emission pulse
is narrow, detection resolution is higher, but the transmission power is smaller; The bigger the
resistance R6 is, the wider the pulse width and lower the detection resolution, but the transmitting
power will be increased appropriately. In this paper, we set resistance R6 as variable resistance,
which can adjust the emission intensity and pulse width according to the working conditions of the
system.

5. Design of DC High Voltage Power Supply Module

DC power supply voltage HV uses Dongwen high voltage power supply module, input voltage
12V, output voltage 0-1000V adjustable. There are two ways of regulation: potentiometer regulation
and external voltage regulation. In order to ensure the accuracy of regulation, potentiometer
regulation is adopted here. As shown in Figure 5.The output voltage of the high voltage power
supply module is adjusted by the resistance value of the digital potentiometer X9312. X9312 is a
resistor array with 99 resistor units.The position of sliding end of digital potentiometer X9312 is
changed by controlling the pins PA3, PA4 and PA5 of STM32F1 to realize the function of voltage
dividing. The output voltage of HVDC power supply is adjusted by this voltage divider. The
adjustable precision is about 20-30V. As shown in Figure 6.
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Figure 5 Connection Schematic Diagram of Potentiometer Regulation Mode
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Figure 6 Auxiliary Module for DC High Voltage Power Supply

6. Experimental test

After theoretically designing the circuit, we used PROTEL to simulate the entire circuit design
into a compact printed circuit board, which was then fabricated into a physical object, as shown in

188



Figure 7.Then we tested the circuit. The output pulse frequency of STM32F1 pin PA8 is 25KHz,
duty cycle is 5%. That is, the period is 40us, and the high level lasts 2us.The duty cycle should not
be changed, that is, the amplitude of output spike should not be adjusted by duty cycle, but by HV
of HVDC power supply. Because when the output pulse of PA8 is in the low level state, Q1 is in the
cut-off state, forming the RC charging circuit. But when the output pulse of PA8 is at high level, Q1
is connected. At this time, the input DC power supply voltage HV is grounded by R1 and R2. If the
pulse is at high level for a longer time, the heat of R1 and R2 will increase. It makes the whole
system unstable and even causes potential safety hazards. At this time, R1 = 50k, R4 = 3.5, R6 =
10K, and the theoretical value of our instantaneous emission voltage calculated by formula 9 should
be -599.7V.From figure 8, we can see that the real value is -600V.And we adjust the DC high
voltage power supply output 530V, and adjust the sliding rheostat to 1KQ. According to Equation 9,
we can calculate the theoretical value of the instantaneous emission voltage should be -528.1V, then
the actual value is -528V.The correctness of the derivation of formula 9 and formula 16 can be fully
proved by the above two experimental results. In addition, it can be seen from Figure 8 that the rise
time and pulse width of the excitation pulse emitted by the system are several nanoseconds, which
are fully qualified for engineering requirements. At the same time, the whole system has the
advantages of high detection resolution and high transmission power.

Figure 7 Comparison of Real and Theoretical Values

7. Conclusion

In this paper, a new type of capacitive instantaneous nonmetallic ultrasonic transmitting system
is proposed.Firstly, the overall design block diagram of the system is presented. Then, based on the
analysis of the resistance and capacitance parameters of the transmitting system, the voltage
formula during charging and discharging is deduced theoretically. According to the deduced results,
the influence of the resistance and capacitance of the capacitance instantaneous method on the
transmitting system is discussed in detail. Then we optimize the parameters of the launching system
on this basis. At last, the validity of theoretical deduction is proved by physical manufacture and
experimental test, which provides a strong theoretical guidance for the design of the transmitting
circuit of ultrasonic flaw detection in the future. At the same time, we also prove that the
transmitting system designed in this paper has many advantages, such as multi-channel, precise
adjustable transmitting parameters, high detection resolution and high transmitting power. The
research of this paper can provide technical support and theoretical guidance for ultrasonic
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nondestructive testing, and has great practical value.
This work was supported by Dongguan Municipal Science and Technology Bureau under grant No.
2016508140.
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