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Abstract. In this paper, the types of penetrating collision overload signals are analyzed, and a 
detection device for simulating the signal of the penetration process is designed in combination 
with engineering practice. The device uses asimulated signal generation circuit to simulate the 
overload signal of the projectile actually hitting the target during the penetration process. The 
Pspice simulation software is used to simulate the voltage overload of the simulated overload 
signal, and the feasibility and stability of the signal generation are verified by the prototype test. 
The simulation signal proposed by the design scheme can be used to simulate the penetration 
overload signals for different initial speeds and different targets, and it has certain guiding 
significance for the pre-design simulation test of engineering projects.  
Keywords: signal generation circuit, voltage follow, Pspice simulation. 

1. Introduction 

In engineering practice, whether it is a car collision or a projectile penetration, it will produce 
high impact and high overload during its action. In many cases, an acceleration sensor is often 
used to collect an overload signal. Due to the harshness and high cost of dynamic test conditions, 
it is necessary to test the product before the test to improve the reliability and safety of the product. 

In the test, the signal generating device designed in this paper is used to simulate the actual 
sensor's action before the test, and the test data is more reasonable and reliable. Signal generators 
can be used for the simulation of sensor signals, but have the following disadvantages: first, in 
production practice, in the face of high-volume production test requirements, the use of signal 
generators will increase production costs; second, signal generators can only The generation of 
periodic waveform signals, the inability to achieve accurate delay, variable-cycle signals, and the 
simultaneous generation of multiple forms of waveforms, so that it can’t accurately simulate the 
penetration process signal, thus greatly reducing the reliability of the test. Therefore, the use of 
electronic circuit technology to simulate the generation of overload signals has arisen. The use of 
circuits to simulate overload signals can greatly reduce production costs and facilitate 
high-volume, large-scale production [1]. 

2. Signal type and generating principle 

In the process of projectile penetration, the penetration overload signal is similar to the 
triangular wave. The bottom edge of the triangle wave is the pulse width of the overload signal, 
and the amplitude is the overload value [2]. Therefore, the signals to be simulated in this paper are 
upper and lower triangular waves whose amplitude and pulse width can be adjusted, which are 
used to simulate multi-layer target penetration, different target thickness penetration, and internal 
overload. 

The acceleration sensor collects an overload signal and outputs the overload signal as a voltage. 
Therefore, it is necessary to estimate the approximate amplitude and pulse width of the overload 
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signal, and then use the electronic circuit combined with the software to simulate different 
penetration overload conditions. 

3. Overload signal generation scheme and simulation 

The signal source in the simulated overload signal generation circuit is generated by the MCU. 
After being processed by the peripheral circuit such as the filter circuit and the voltage follower 
circuit, the required simulated overload signal is output, and the signal transmission block diagram 
is shown in Fig. 1. 

MCU IDAC analog 
current signal

Current/voltage 
conversion Voltage follow Simulated 

overload signal  
Fig. 1. Signal transmission block diagram 

The front-end signal of this paper is generated by the internal 12-bit current digital-to-analog 
converter (IDAC) of the MCU. The maximum current of the IDAC setting output is 2 mA. For 
example, the simulated overload with an output pulse width of 2 ms and overload amplitude of 
1.65 V is taken as an example. The resulting signal waveform is shown in Fig. 2. 
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Fig. 2. Front end current signal waveform 

The previous stage current signal is converted to an intermediate straight voltage signal with 
maximum amplitude of 1.65 V and minimum amplitude of 0 V through the current/voltage 
conversion module. Since the test target has a reflow impact on the simulated overload signal 
during the test, a voltage follower is added after the intermediate voltage signal is output to avoid 
the influence of the external circuit on the stability of the simulated overload signal. The resulting 
intermediate DC voltage signal is subjected to voltage follow-up processing by means of Pspice 
software. 

 
Fig. 3. Voltage follower schematic 

The voltage following principle is shown in Fig. 3. The LM324 chip has low output impedance 
and large input impedance, which improves the stability and anti-interference ability of the 
intermediate signal. The LM324 chip is powered by ±15 V, and the current signal generated by 
the MCU passes through the same input of the 820 Ω input voltage follower. The simulation 
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waveform is shown in Fig. 4. 
The input waveform is a simulated overload signal with a pulse width of 2 ms and amplitude 

of 1.65 V. It can be seen from the simulated waveform diagram that the input and output 
waveforms are basically coincident, and the LM324 voltage follower has obvious voltage 
follow-up effect on the simulated overload signal, and the signal has no distorted phenomenon [3]. 

 
Fig. 4. Voltage follow simulation waveform 

4. Hardware design 

According to the design requirements and the Pspice simulation model, the circuit is fabricated 
and the experiment is verified. The circuit function and module block diagram are shown in Fig. 5. 
The simulated overload generating circuit includes three modules: a power module, a signal source 
generating module, and a signal following filtering module. Among them, the power module 
includes: MCU power supply (3.3 V) and amplifier chip power supply (±15 V) three major parts 
[4]. The signal source generation module includes: an MCU minimum system, a filter circuit, and 
an external voltage reference circuit. The signal following filter module comprises: a 
current/voltage conversion circuit, a voltage follower, and a filter/output circuit for converting the 
front end signal into a voltage signal [1]. 

Power Supply of 
Voltage 

Follower(-15V)

MCU Minimum 
System

External Filter 
Circuit

Power Supply of 
Voltage 

Follower(+15V)

Voltage Follower Filter/Output 
Circuit

Power Supply of 
MCU(3.3V)

Power Supply Module Signal Source Module

Signal Following and 
Filtering Module

External Voltage 
Reference Circuit

Current/Voltage 
Conversion

 
Fig. 5. Circuit function and module block diagram 

5. Software design 

After estimating the amplitude and pulse width of the approximate overload signal, the signal 
is divided into several equal points according to the pulse width time direction [5]. As shown in 
Fig. 6, using the same slope formula, the following formula can be obtained: 
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Δ𝑦Δ𝑡 = 𝐴2𝑇 ,     𝑉 = 𝐴 − Δ𝑦. (1)

According to the relationship table between the output current and the IDAn data word in the 
MCU data sheet, the IDAn data word required for the simulated overload signal can be derived: 

𝑆4096 × 2𝑚𝐴 × 𝑅 = 𝑉,     𝑆 = ቀ𝐴 − 2𝐴𝑇 × 𝛥𝑡ቁ × 40962𝑅 , (2)

where: 𝐴 – overload signal amplitude, 𝑇 – overload signal pulse width, 𝑉 – the voltage required 
by the microcontroller, 𝑆 – the data word required by IDAC. 
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Fig. 6. Simulated signal diagram 

6. Results and analysis 

According to the hardware circuit design, production circuit (shown in Fig. 7), and test (shown 
in Fig. 8). 

 
Fig. 7. Analog overload signal generation circuit 

 
Fig. 8. Signal waveform acquisition 
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Fig. 9. Overload in the crucible 
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Fig. 10. Multi-layer and different target thickness simulated overload signals 

7. Conclusions 

1) The use of electronic circuit technology combined with software programming to simulate 
the penetration overload signal is easy to implement in principle, low cost, suitable for industrial 
mass production and laboratory testing [1]. 

2) After testing and simulation verification, the simulated overload signal can effectively 
guarantee the stability and anti-interference ability of the simulated signal under the action of the 
voltage follower [6]. 

3) This scheme can simulate the penetration overload signal in various situations, such as: 
overload in the crucible (shown in Fig. 9), multi-layer target penetration, and different target 
thickness penetration (shown in Fig. 10). 
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