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Abstract 

Energy convertort is an important ignition component of micro-thrust system, and its 

heating characteristics under electric excitation are its important technical indicators, which 

significantly affect the ignition reliability of the energy convertort. To clarify the influence of 

input electrical energy and structural parameters on the heating characteristics of the 

energy convertort, the heating characteristics of the Ni-Cr energy convertort under 

capacitive discharge were studied through simulation methods, and the following 

conclusions were obtained: the peak temperature of the energy convertort increases 

exponentially with the capacitance and voltage values. As the length and width of the 

bridge area increase, the peak temperature decreases exponentially. When there is a V-

shaped angle in the bridge area, the peak temperature increases as the V-shaped angle 

decreases (180 ° -60 °). The substrate thermal conductivity controls the heat transfer of 

the energy convertort. As the substrate thermal conductivity increases, the peak 

temperature decreases. It provides important design references for the design of igniters 

in micro thrust systems . 
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1. Introduction 

The microstructure energy convertort is an important energy conversion component in the ignition system of 

micro-thrust systems[1], which converts input electrical energy into thermal energy or plasma energy, excites 

micro-thrust agents, and achieves control functions such as attitude and orbit adjustment of microsatellites[2]. 

Compared with traditional energy convertorts, MEMS based energy convertort s have the advantages of small 

size, high integration, and low excitation energy. Zhang[3] deposited Al/CuO composite thin films on 120 nm 

thick Pt heating resistors using Pyrex 7740 glass as the substrate and Cr as the adhesive layer to prepare Pt-Al/CuO 

energy convertort. When the energy convertort explodes, Al/CuO undergoes a violent reaction, with a reaction 

temperature of up to 2000 K. Shuju Tanaka[4] prepared B/Ti composite thin film energy convertorts using MEMS 

technology. A constant voltage of 35 V can cause the energy convertorts to explode, and the B/Ti composite film 

not only undergoes an electric heating effect, but also stimulates the alloying reaction between B/Ti, releasing 

reaction heat and splashing out reactants, effectively improving the ignition ability. Andréa Nicollet[5] studied 

the effects of heating area, film layer number, and film thickness on ignition performance based on Ti-Al/CuO 

energy convertort[6]. By adjusting the heating area of the energy convertort, the ignition time can be increased 

from 59 μs to 418 ms, and the minimum ignition energy increases with the increase of film thickness. Zheng[7] 

used finite element method to simulate the temperature distribution characteristics of semiconductor bridge energy 

convertort under conditions such as electric explosion ignition and electric heating ignition. Under electric ignition 

conditions, the maximum temperature of the energy convertort does not exceed the melting point of the material. 

Daeban Seo[8] proposed an energy convertort using glass wafers as the ignition material, with an ignition delay 

of 17.1 ns at a working voltage of 15V. Wang[9] proposed an energy convertort of Ni-Cr and Al/CuO, which can 
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generate a flame lasting 416 μs under 60V/47 μF capacitor discharge conditions. Liu[10] also designed an energy 

convertort composed of Ni-Cr and Al/Cuo, and compared the performance of the new energy convertorts with the 

traditional Ni-Cr energy convertorts. The research results indicate that Al/CuO nanocomposites can enhance the 

output capability of Ni-Cr energy convertorts. Among them, Ni-Cr alloy has become the preferred material for 

microstructure energy convertorts due to its high electrical resistivity, low temperature coefficient of resistance, 

good mechanical properties, good thermal stability, and easy material availability[11,12]. Song Li[13] used the 

Neyer D-optimal sensitivity test method to determine that the ignition voltage threshold of Ni-Cr energy 

convertorts decreases with decreasing size, and the ignition voltage threshold of transducers based on glass 

substrates will be lower than that of silicon substrates. Wang Kewei[14] conducted a study on the influence of 

direct current excitation on Ni-Cr energy convertorts. When the current is less than 2.5A, the energy convertorts 

exhibit thermal conduction, while when the current increases to 3A, the effect shifts to micro convection. Xie 

Ruizhen[15,16] fabricated Ni-Cr energy convertorts on Prex bulk substrate and conducted research on the 

influence of structural parameters on firing performance. When the size of the energy convertorts is constant, the 

firing voltage decreases with increasing thickness, and when the thickness is greater than 0.9 μm, the firing voltage 

tends to increase. Yan Zhihong[17] designed a Ni-Cr energy convertort with a size of 90 μm × 10 μm × 5 μm and 

a resistance of 4.3 ± 0.4 Ω. At 10 μ F, the excitation voltage is not greater than 4.8V. Yun Shen[18] studied the 

electrical explosion performance of different V-shaped Ni-Cr energy convertorts, and found that as the V-shaped 

angle decreases, the critical explosion time and critical explosion energy both decrease. 

The heating characteristics of microstructured energy convertort under electrical excitation are the key factors 

determining its performance, that is, the temperature peak must be higher than a specific value, and the high 

temperature duration must be long enough to reliably excite the micro-thrust agents. The heating characteristics 

of the energy convertorts are not only related to the input electrical energy, but also depend on structural 

parameters, including length, width, thickness, whether there is a V-shaped angle, and the V-shaped angle. In 

order to accurately obtain the surface temperature-time variation curve of the energy convertorts, this paper uses 

finite element simulation method to study the temperature rise characteristics of the Ni-Cr energy convertorts, and 

obtains the influence of different input energy and structural design parameters on the heating characteristics, 

providing technical reference for the design of igniters in micro-thrust systems. 

2. Simulation Models and Methods 

This article takes Ni-Cr energy convertort sputtered on Prex 7740 as the research object, and obtains the heating 

curve by adjusting the input electrical energy (capacitance value and voltage) and structure size. The influence of 

different factors on the heating characteristics of Ni-Cr energy convertort is analyzed. The simulation model is 

shown in Figure 1. The Ni-Cr energy convertort consists of a Ni-Cr metal layer and a Prex 7740 substrate. The 

Ni-Cr layer is composed of left and right electrodes and a middle bridge region. The electrodes are connected to 

the external power source, and the bridge region is the main heating area. 

Bridge 
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Figure 1 Simulation model 
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The simulation model parameters are shown in Table 1. The convective heat flux between the energy convertort 

and air is 5W/(m2∙K). 

Table 1 Material parameters 

Material 
Density 

kg/m3 

Conductivity 

S/m 

Heat capacity 

J/(kg∙K) 

Thermal conductivity 

W/(m∙K) 

Ni-Cr 8820 8.9286×105 460 171 

Prex 7740 2230 - 182 1.1 

 

3. Results and Discussion 

3.1 Research on the Influence Law of Input Energy on the Heating Characteristics 

Firstly, an electrical excitation with a capacitance of 10 μF and a voltage of 5-15 V is loaded onto a Ni-Cr 

transducer with dimensions of 100 μm × 100 μm × 0.9 μm to obtain the temperature growth curve and surface 

temperature distribution of the energy convertort. The peak temperature variation curve of the energy convertort 

is shown in Figure 2 (a). As time increases, the temperature rises and reaches its peak. Due to the continuous 

decrease in energy inside the capacitor, the Joule heat generated by the input electrical energy is less than that of 

the energy convertort, indicating heat dissipation, resulting in a decrease in the temperature of the energy 

convertort. As the input voltage value increases, the peak temperature that the energy convertort can reach is 

greater. The relationship between the input voltage and the peak temperature is shown in Figure 2 (b), and the 

peak temperature is exponentially related to the voltage. 
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Figure 2 The effect of input voltage on heating characteristics. (a) Temperature rise curves under different input 

voltages. (b) The relationship between input voltage and peak temperature. 

The heating cloud diagram of the energy convertort is shown in Figure 3. The high temperature area first appears 

at both ends of the bridge area. As time increases, the high temperature area spreads to the center of the bridge 

area, and the temperature gradually increases. 
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(a)0 μs (b)10 μs (c)20 μs

(d)30 μs (e)50 μs (f)70 μs
 

Figure 3 Temperature cloud diagram of the energy convertort 

Secondly, the voltage is set to 5 V, and the capacitance values are set to 10μF, 22μF, 33μF, 47μF, 67μF, 100μF 

to study the influence of capacitance value on the heating characteristics of the energy convertort. The heating 

curves of the energy convertort under different capacitance values are shown in Figure 4 (a). The energy convertort 

heats up and reaches its peak under electrical excitation, and then begins to cool down. The relationship between 

the peak temperature and the capacitance value is shown in Figure 4 (b). As the capacitance value increases, the 

peak temperature also increases.  
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Figure 4 The effect of capacitance value on heating characteristics. (a) Heating curves at different capacitance 

values. (b) The relationship between capacitance value and peak temperature. 

3.2 Study on the influence of energy convertort’s structure on heating characteristics 

In this section, the capacitance value is 33 μF and the voltage is 10 V. 

Firstly, investigate the influence of energy convertort’s length on its heating characteristics. In the simulation, the 

width of the energy convertort is 200 μm and the thickness is 0.9 μm. The simulated heating curve is shown in 

Figure 5 (a). The temperature of the energy convertort increases with time and gradually decreases after reaching 

its peak. The peak temperature of the energy convertort with different lengths is extracted, and the relationship 
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between the length and the peak temperature is obtained, as shown in Figure 5 (b). As the length increases, the 

peak temperature decreases, and the two change exponentially. 
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Figure 5 The effect of the energy convertort’s length on the heating characteristics. (a) The heating curves at 

different lengths. (b) Relationship between length and peak temperature. 

Secondly, the influence of the energy convertort’s width on its heating characteristics is studied. In the simulation, 

the length is 100 μm and the thickness is 0.9 μm. The heating curve obtained by simulation is shown in Figure 6 

( a ). The temperature of the energy convertort increases with time and gradually decreases after reaching its peak. 

The peak temperature of the energy convertort with different widths is extracted, and the relationship between the 

width and the peak temperature is obtained, as shown in Figure 6 (b). As the widh increases, the peak temperature 

decreases, and the two change exponentially. 
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Figure 6 The effect of the energy convertort’s width on the heating characteristics. (a) The heating curves at 

different lengths. (b) Relationship between width and peak temperature. 

Finally, a study was conducted on whether there is a V-shaped angle in the bridge area and the influence of the 

V-shaped angle on the heating characteristics. The simulation model is shown in Figure 7, and energy convertorts 

with different V-shaped angle were constructed by changing α. In the simulation, the input power is 10V/33 μF, 

the structure of energy convertort is 100 μm × 200 μm × 0.9 μm, and the angle range is 60 ° -180 ° (with an 

interval of 30 °), where 180 ° is a rectangular structure. 
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Figure 7 Simulation model of energy convertort with V-shaped angle 

The simulated heating curve is shown in Figure 8 (a). The peak temperature is extracted to obtain the relationship 

between V-shaped angle and peak temperature, as shown in Figure 8 (b). When the input power and the structural 

parameters of the energy convertort are the same, with the decrease of the V-shaped angle, the area of the energy 

convertort decreases, and the energy density per unit area increases, resulting in an increase in the peak 

temperature. The peak temperature changes exponentially with the V-shaped angle. 
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Figure 8 The effect of V-shaped angle on heating characteristics. (a) Heating curves at different V-shaped 

angles. (b) The relationship between V-shaped angle and peak temperature. 

The heating cloud diagram of the energy convertort with a V-shaped angle is shown in Figure 9. Due to the 

existence of a maximum resistance value in the V-shaped corner, Joule heating first appears at the top of the V-

shaped corner. As time increases, the high-temperature region gathers from the V-shaped corner towards the center 

of the bridge area, ultimately forming a high-temperature region. 
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Figure 9 Temperature cloud diagram of the energy convertort with V-shaped angle 

3.3 Research on the influence of substrate thermal conductivity on the heating characteristics 

The substrate is the structural support carrier of the energy convertort, which has functions such as supporting the 

structure and controlling heat transfer. The thermal conductivity of the substrate affects the thermal efficiency of 

the energy convertort. The substrate has high thermal conductivity, which is beneficial for the heat dissipation of 

the energy convertort and can improve the safe current; The low thermal conductivity of the substrate is conducive 

to the accumulation of heat in the energy convertort, preventing heat loss and reducing the ignition energy. 

Therefore, it is necessary to conduct research on the influence of substrate thermal conductivity on the heating 

characteristics of energy convertorts. In simulation research, the input power is 10V/10 μF, the structure of energy 

convertort is 100 μm × 100 μm × 0.9 μm, and the substrate thermal conductivity is 1-10 W/(m·K). The simulation 

results are shown in Figure 10, where the peak temperature decreases exponentially with the increase of substrate 

thermal conductivity. Suitable substrate materials need to be selected for different working environments to meet 

the safety and reliability requirements of the energy convertort. 
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Figure 10 The effect of substrate thermal conductivity on heating characteristics. (a) Heating curves under 

different substrate thermal conductivities. (b) The relationship between substrate thermal conductivity and peak 

temperature. 

4. Conclusion 
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The microstructure energy convertort, as an important functional component of the igniter in micro-thrust system, 

has a significant impact on the reliable ignition due to its heating characteristics. To clarify the heating law of the 

energy convertort under capacitor discharge conditions, this paper obtained the heating curve by changing the 

input electrical energy and the structural parameters of the energy convertort through simulation methods. By 

analyzing the simulation results, the following conclusions were drawn: 

(1) Under electrical excitation, the energy convertort begins to heat up due to Joule effect, and the high-

temperature region gathers from both ends of the bridge area towards the central area, reaching the temperature 

peak. Subsequently, due to the continuous consumption of energy stored in the capacitor, the Joule heat is less 

than the structural heat dissipation, and the temperature begins to decrease. As the capacitance and voltage values 

increase, the maximum temperature of the energy convertort increases exponentially. 

(2) As the length and width of the energy convertort increases, the peak temperature decreases exponentially. 

(3) When there is a V-shaped angle in the bridge area of the energy convertort, the high-temperature region first 

appears at the top of the V-shaped angle and spreads towards the center of the bridge area. As the V-shaped angle 

decreases, the bridge area decreases, the energy density per unit area increases, and the peak temperature of the 

energy convertort increases. 

(4) The peak temperature of the energy convertort decreases exponentially with the increase of substrate thermal 

conductivity. The substrate thermal conductivity controls the heat accumulation and dissipation of the energy 

convertort, affecting the reliability and safety of the igniter's function. 
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