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Abstract: A new type of non-metallic ultrasonic transducer driving system is designed in this 
paper.Based on the analysis of the traditional ultrasonic transmitting circuit, a new type of ultrasonic 
transmitting circuit is designed by using the principle of inductance energy storage to generate high 
power pulse.The design uses the FET as the switching control component.Compared with the 
traditional capacitive ultrasonic transmitting system, the whole circuit design has the advantages of 
high security and no need to provide DC high voltage power supply. It also has the advantages of 
small size and easy adjustment of driving waveform parameters.The system outputs a trigger pulse 
signal through the two-core system to control the operating state of the entire circuit.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.Finally, experimental verification is carried out, the effect is good, and the hidden danger 
of safety is eliminated. 

1. Introduction 
Ultrasound is a kind of sound wave whose frequency is higher than 20,000 Hz. It has good 

direction, high power and is easy to obtain concentrated sound energy[1, 2]. These advantages make 
ultrasound widely used in ultrasonic testing[3, 4], ultrasonic processing and basic research related to 
ultrasound[5-7].And ultrasonic detection involves ultrasonic detection, thickness 
measurement[8-10], ranging and medical ultrasound imaging[11-13].The acoustic emission circuit 
is an important part of the ultrasonic flaw detector. The accuracy and stability of this part are 
essential for the entire ultrasonic flaw detection system[14, 15].The non-metal detection 
transmitting circuit completes the excitation of the ultrasonic pulse signal, and the amount of 
excitation energy mainly depends on the voltage applied across the transducer[16].Therefore, in 
order to get enough energy, it is necessary to generate a high voltage pulses. 

Most of the high-voltage pulses are generated by the capacitor instantaneous discharge 
method.The capacitor instantaneous discharge method is mainly based on the principle that the 
voltage at both ends of the capacitor cannot be mutated at the beginning of charging and 
discharging.Charging process is the process of capacitor storage charge, discharge process is the 
process of capacitor release storage charge.The charging and discharging of the capacitor takes time. 
This is due to the charging and discharging process of the capacitor, which is essentially the process 
of accumulating and dissipating the charge on the capacitor. Since the change in the amount of 
charge takes time, charging and discharging also take time.At the beginning of charging, the 
charging current is larger and the voltage rises faster. With the increase of the voltage, the charging 
current decreases gradually, and the rising speed of the voltage becomes slower, which tends to 
approach the power supply voltage.Similarly, at the beginning of the discharge, the voltage and 
current changes are also faster, and later become slower.The capacitor transient transmitting circuit 
needs to provide stable DC high voltage. This high-voltage module will generally make the overall 
size of the transmitting circuit larger, higher cost, and there are potential safety hazards. 
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2. Analysis of the conventional ultrasonic transmitter circuit 
Ultrasound emission system is an important part of the whole ultrasonic nondestructive testing 

system. The efficiency of ultrasonic flaw detection and the accuracy of final detection are closely 
related to the ultrasonic emission module.In recent years, the driving system of ultrasonic 
transducer mostly uses the pulse signal generated by the energy storage capacitor in the process of 
instantaneous charging and discharging to excite the ultrasonic transducer[17-19].This kind of 
driving circuit is difficult to match impedance and tune voltage, and the DC high-voltage power 
supply is usually hundreds of volts, or even thousands of volts, which has potential high-voltage 
safety hazards.A conventional ultrasonic drive circuit is shown in Figure 1. 

 
Figure 1 A conventional ultrasonic transmitting and driving circuit 

The SEND signal in Figure 1 is a trigger pulse signal generated by the FPGA that controls the 
operating state of the entire circuit.The conduction and cut-off of MOS tube Q2 are controlled 
respectively by the high and low level of SEND signal.When the MOS transistor Q2 is in the off 
state, the DC high voltage power supply DC500V charges the capacitor C59 through R64 and 
R65.After charging is completed, the voltage across C59 is +500V.When the MOS is in the on-state, 
since the voltage across the capacitor cannot be suddenly changed, the two sections of the resistor 
R67 are clamped at -500V instantaneously, and discharged through Q2, R67, R63 and R61 to excite 
the probe to generate ultrasonic waves. 

The above circuit has the following defects: 
①Requirements for a stable DC high-voltage power supply, and this DC high-voltage power 

supply must be matched with the transmitter circuit part. At present, customized high-frequency 
transformer is commonly used, which brings the problems of large volume, long design cycle and 
high development cost to the whole transmitter system. At the same time, the high voltage of + 
500V will also bring a very large security risk. 

②It is difficult to adjust the circuit parameters. Most of the above circuit diagrams are analog 
circuits, and there is no clear theoretical guidance for system parameter adjustment.If there are 
special requirements for the excitation signal of the probe, it is difficult to change the parameters of 
the drive circuit accordingly. 

3. The overall design of the ultrasonic transmitting circuit 
(1)Overall design of the system 
The whole circuit of non-metallic ultrasonic transmitting circuit is shown in Figure 2. The whole 

system consists of four parts: ARM main control system, FPGA control system, square wave 
generator and inductance ultrasonic transmitting circuit.The main control system adopts the 
ARM+FPGA dual core composition to make the whole system more functional. The main control 
chip of ARM not only controls the emission control of the transmitting circuit by the FPGA, but 
also lays a solid foundation for the future expansion of the whole system. In addition to ensuring the 
accuracy of the overall system control, the control of the FPGA can also flexibly change the 
parameters of the transmitting system according to the requirements of the system. 
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Figure 2 Overall block diagram of the system 

(2)The design of the square wave generating circuit 
The circuit shown in Figure 3 is a duty cycle adjustable pulse oscillation circuit composed of 

NE555, which is an improved circuit for the indirect feedback type unstable circuit[20]. The circuit 
includes a NE555 integrated chip U1, a resistor R1, a resistor R2, a sliding resistor RV1, a capacitor 
C1, a capacitor C2, and diodes D1 and D2 as switching elements. Pin 1 of NE555 is grounded, and 
NE555 pin 8 is connected to DC power supply +12V. Pin 3 of NE555 is a square wave output. 

 
Figure 3 Square wave generator 

As long as the voltage Vcc is applied to the circuit, the oscillator starts to oscillate.When the 
current is switched on, because the voltage on C1 can not mutate, that is, the starting level of pin 2 
potential is ground potential,so that NE555 is set and the pin 3 is high.C1 charges it through the 
resistance of the upper half of RAV1 and R1.NE555 reset when the voltage on C1 is charged to the 
threshold level 2/3 Vcc.When pin 3 turns to low level, C1 discharges through the lower half 
resistors of R2, RV1, D2 and NE555.If the duty cycle is D, the resistance of the first half of RV1 
plus R1 is Ra, and the resistance of the second half of RV1 plus R2 is Rb, then the duty cycle can be 
set as follows: 
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When sliding resistor RV1 slides to the top, the duty cycle D can be calculated: 
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When the sliding rheostat slides to the bottom, the duty ratio D can be calculated as: 
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The frequency of square wave can be changed by adjusting capacitor C1, resistor R1, resistor R2 
and sliding rheostat RV1 according to specific requirements.The specific formula is as shown in 
Equation 4: 

1.443
率

( 1 2 1) 1
F

R R RV C
=

+ + ×
  (4) 

(3)Design of inductive transmitting circuit 
The specific circuit is shown in Figure 4. The circuit includes electrolytic capacitor C3, capacitor 

C4, diodes D3, D5, and Schottky diode D4. Resistors R3, R4, R5, R6, R7. With core inductor L1, 
inductor L2,N-channel enhanced power FET Q1.N-Channel Enhanced Power Field Effect 
Transistor Q1 is controlled by FPGA. Q1 is used as a switching element. It has two states:When the 
gate G input of Q1 is positive, Q1 is turned on. At this time, Q1 is equivalent to a very small resistor, 
which will be connected in series with the DC power supply +12V, the core inductor L1, and the 
resistor. Forming a circuit with a small resistance value, when the current value in the core inductor 
L1 rises rapidly for energy storage;When the gate G input of Q1 is negative, Q1 is switched off 
rapidly. At this time, the resonant circuit consisting of inductor L1, capacitor C4, resistor R6 and 
resistor R7 with iron core discharges rapidly, forming high voltage trigger pulse on resistor R7, 
which can reach hundreds of volts.Schottky diode D4 is characterized by a fast recovery speed, 
which is combined with the energy storage element to prevent sudden changes in voltage and 
current.Both poles D3 and D5 function as one-way switches.It should be specially noted that the 
resistor R6, the resistor R7 and the inductor L2 are connected in parallel to form a parallel matching 
circuit.The magnitude of the excitation pulse can be changed by adjusting the values of resistor R6 
and resistor R7, while the value of sensor L2 can change the resonant frequency of the circuit and 
achieve the best driving effect. 

 
Figure 4 Inductive transmitting circuit 

4. Experiment and 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. Then we 
tested the circuit. The test results are shown in Figure 6.We launched 520V ultrasonic probe 
excitation pulse.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. 
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Figure 5 Physical map of the transmitting circuit 

 
Figure 6 Excitation pulse waveform during test 

It should be noted in the circuit designed in this paper that the control pulse width and the 
parameters of the capacitor roughly determine the pulse width of the emission.Transmitting power 
is a very important index of transmitting circuit.In the field of non-metallic ultrasonic testing, the 
thickness of the general detection is relatively thick, so a large transmission power is required. The 
transmit power can be calculated by Equation 5: 

2

=
V C

P
t

                 (5) 

In formula 5, V is the instantaneous voltage on the capacitor when discharging, C is the 
capacitance, and t is the discharge time.When the whole transmitting circuit and the charging and 
discharging time are determined, the transmitting power is mainly determined by the instantaneous 
capacitance V and capacitance C when discharging.If the capacitance C is too large, it will affect 
the charging and discharging time. Therefore, increasing the emission voltage is the main way to 
increase the transmission power.At the same time, in order to obtain enough narrow pulse, the MOS 
tube should be shut down in time when capacitor discharge. 

Another problem that should be paid attention to in the ultrasonic transmitting circuit is the 
determination of the radio frequency rate of the excitation pulse, i.e. the number of excitation pulses 
emitted per second.If the transmission frequency is too high, it will cause the transmitted signal that 
has not been sufficiently attenuated to enter the next cycle;Conversely, if the fruit is emitted too low, 
it will reduce the detection efficiency. Generally, in the field of non-metal detection, the excitation 
pulse has a transmission frequency of 100 Hz or more. 

5. Conclusions 
This paper proposes a non-metallic ultrasonic emission system different from the traditional 

capacitive instant method. It is an improved indirect feedback type unstable circuit composed of 
NE555. It can adjust the cycle of switching pulse very conveniently. At the same time, a new type 
of inductance ultrasonic transmitting circuit is designed, which is used as the excitation source of 
the ultrasonic probe through the principle that the core inductor of the energy storage element 
generates high voltage pulse in an instant, and the magnitude of the excitation pulse and the 
resonance frequency of the probe can be changed by adjusting the values of resistors and inductors. 
The overall designed circuit does not need to provide DC high voltage power supply, eliminating 
safety hazards, reducing the size of the transmitting circuit, reducing design cost and development 
cycle. The research of the thesis can provide technical support and theoretical guidance for 
ultrasonic nondestructive testing, and has certain engineering value. 
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