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Abstract—The performance data of high voltage resistors in 

specific pulsed power applications is limited. A series of tests 

were performed on epoxy coated high voltage ceramic 

composite resistors. With the implementation of these resistors 

in unique applications that result in their exposure to high 

energy surge environments such as industrial motor drives and 

electric vehicles, there is a need for a better understanding of 

performance metrics under these conditions. Thermodynamic 

data and resistance parameters were experimentally 

determined with fully and partially coated epoxy resistors. This 

paper will explore the added benefits of the epoxy, beyond the 

mechanical strength and aesthetics. The potential gains include 

a stability of resistance and thermal surface radiation. Data 

collected indicates that complete epoxy coated resistors show 

increased performance, maintaining the pretested resistance 

54% more accurately and decreasing the radiation temperature 

exposure to other components by 10.45°C. 
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I. INTRODUCTION 

High voltage ceramic composite resistors play vital roles 

in various high voltage systems.  In contrast to wire-wound 

resistors, ceramic resistors are designed to limit inrush 

current to components in high voltage systems and have 

abilities to withstand high peak power and high energy pulses 

[1].  Additionally, due to their construction, ceramic 

composite resistors have low thermal expansion coefficient 

(+4x10-6 - +10x10-6 per ºC) and thermal conductivity (0.04 

W/cm· ºC) which provides for a low thermal stress and allows 

for uniform energy distribution along the resistor during 

operation [1].  Due to their distinct properties, ceramic 

composite resistors are ideal for high voltage power supplies 

circuitry, R-C snubber circuits, and inrush current limiter 

circuits. 

Previous studies have shown that thermal limitation is the 

disadvantage of ceramic composite resistors when compared 

to conventional wire wound resistors, thick and thin film 

resistors [2].  Investigations have shown that when operated 

beyond maximum rated watts and threshold levels of pulsed 

current and high voltage are exceeded, ceramic composite 

resistors are susceptible to thermal overload, irreversible 

changes in resistance or completely failure [3-6].  This paper 

presents the results of pulsed testing of U-series composite 

resistors developed by HVR Advanced Power Components 

that shows that the epoxy coating of these resistors, typically 

considered to solely provide mechanical support to the 

ceramic core of the resistor, is of prime importance to their 

thermal management and resistance stability.  The epoxy 

coating provides added benefit by performing as a thermally 

conductive layer, which improves the resistance stability and 

leads to decreased radiated temperatures. 

II. PULSED POWER 

The experiments performed utilized a low duty cycle 

square wave to achieve a lower average power than what 

would be delivered if the voltage was constantly on. These 

pulses are representative of real-world usage for these devices 

in scenarios such as motor drives in electric vehicles. A pulse 

period, T, of 160 seconds and pulse time of 1 second were 

used. The rated average power of the U1320A250K model 

resistor is 2.5 W, which means that according to Eq. 1 [3], the 

energy is 400 J. Using Eq. 2 for a 25 Ω resistor, for 400 J of 

energy, the voltage, V, must be 100 V.  
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III. EXPERIMENTAL METHODOLOGY 

A Visual Basic program is run on a PC to control an 
Arduino microcontroller, which connects to the resistor 
testing circuit [4], shown in Fig. 1. The Arduino powers a 
photocoupler which is used to isolate the Arduino from the 
100V supply used to test the resistor. The photodiode in the 
photocoupler will all reverse current to flow when it receives 
light from the LED. When this happens the BJT will pull the 
gate of the MOSFET to ground, allowing no current to flow 
through the resistor. When the Arduino signal goes low, the 
LED turns off and no current flows through the photodiode 
and the voltage divider provides a voltage to the MOSFET, 
which allows current to flow through the resistor from the 
100V supply. Fig. 2 shows the waveform for the voltage 
across the resistor in the experiments [5]. 

Fig. 1. Resistor Pulser Circuit [3] 

 

Fig. 2. Resistor Testing Voltage Waveform [3] 

Ten resistors were tested at rated power and energy. Five 
of the resistors were a control with no modification, while five 
were modified with a 3 mm strip of epoxy coating removed 
from the center of the resistor. The removal of this strip 
demonstrates how a resistor with damaged epoxy coating will 
perform. Fig. 3 shows the two types of resistors tested. During 
the tests, temperature data was taken using a thermocouple 
probe attached to the resistor. The test was stopped once 
temperature equilibrium was reached, this was defined as 
when 3 consecutive pulses were all within 1 °C ± 0.5 °C, as 
the resolution of the temperature measurement is 0.25 °C. If 

this condition was not met after 10 pulses, the test was 
concluded.  Resistance values of the resistors were compared 
before and after the tests. 

 

Fig. 3. Resistor with strip removed (left) and control (right) 

IV. RESULTS 

Fig. 4 shows a test of each type, with the resistor that has 
the epoxy strip removed reaching higher temperature than the 
control that was fully coated with epoxy. Table I shows all the 
resistors that were tested with the maximum temperature, 
resistance before the test, resistances after the test, and the 
percent change in resistance. On average, the control resistors 
reached a maximum temperature of 118.45 °C, while the 
resistors with the strip removed reached a maximum 
temperature of 128.9 °C, which is an increase of 10.45 °C or 
8.82 %. This shows that the epoxy coating acts similar to a 
heatsink because heat radiated from the resistor is decreased. 
The increase in resistance after the tests increased 1.35 % for 
the control resistors with a standard deviation of 0.44 %, and 
2.48 % for the resistors with the strip removed with a standard 
deviation of 0.34 %. The chart in Fig. 5 shows the difference 
in resistance stability of the two types tested.  

 

Fig. 4. Resistor Temperature data for both types of resistors 



TABLE I.  RESISTOR DATA 

 

Fig. 5. Resistance Stability for both types of resistors (%) 

V. CONCLUSION 

This work shows that the epoxy coating effects the 
electrical characteristics of the resistor, specifically it 
improves the resistance stability by 50 % and decreases the 
radiated temperature of the resistor. By thermally coupling the 
resistor more effectively to achieve better cooling, it is shown 
to improve the resistance variation which is important to 
characterize in harsh applications. Applications of pulsed 
power or in harsh environments with poor ventilation, the 
resistor’s ability to dissipate the heat is necessary.  

In the future, thermal modeling will be done to detail the 
exact cause of the resistance variation, and correlate the 
resistance change to a reduction in useful life of the resistor. 
Also, running longer tests over hours or days will show long 
term effects of the epoxy coating. Either this coating or 
another could be shown to be a better thermal material that 
improves the resistor. 
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Resistor Max Temperature (°C) Resistance PRE (Ω) Resistance POST (Ω) Type % Delta R

1 120.75 24.9 25.1 Coated 0.80

2 115.00 25.0 25.3 Coated 1.20

3 131.50 25.2 25.5 Coated 1.19

4 123.25 24.8 25.2 Coated 1.61

5 102.50 25.5 26.0 Coated 1.96

6 90.00 24.6 25.3 Groove Cut 2.85

7 140.00 25.2 25.9 Groove Cut 2.78

8 139.00 25.3 25.9 Groove Cut 2.37

9 151.00 25.2 25.8 Groove Cut 2.38

10 132.00 24.6 25.1 Groove Cut 2.03


