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In my last post, I emphasized the importance of insulation in electrical equipment. In this post, I will describe 
another method to measure the leakage current through the insulation resistance.

Figure 1 is a high-level block diagram of this method, which entails applying a fixed voltage (500V, generated 
using a high-voltage DC/DC converter on a daughter board) and measuring the voltage across the shunt that 
results from the leakage current. Multiple, switchable shunt resistances switch on in a sequence to measure the 
insulation resistance.

When there is a dead short, the insulation resistance is 0Ω, and a full or maximum current (equal to 500V/RLIMIT) 
can pass through the insulation resistance. At this point in the measurement, having a smaller shunt value (by 
turning all of the switches on) is mandatory. This approach is called a “single-shunt” approach. Higher insulation 
requires a higher shunt value, achieved by turning the MOSFET switches on and off. This approach is called 
a “multiple-shunt” approach. A current-shunt monitor (CSM) measures the leakage current flowing through the 
shunt(s). If required, you can use the gain-setting pins of the CSM to amplify the leakage current with gain. If 
gain is not required, use a multiplexer (MUX) to directly route the voltage across the shunt.

Since the measurement circuit is connected to high voltage, an isolated amplifier (ISO AMP) isolates the 
measured output voltage; you can connect the ISO AMP output to an MCU (Microcontroller). MCU also 
generates signals to control the switchable shunts, gain settings for CSM and MUX channels; a digital isolator 
isolates these signals.
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Figure 2 shows a single-shunt approach in which the MOSFET switches are off, the CSM’s GS0 and GS1 pins 
gain the measured current, and the MUX is programmed to select the CSM output.

Figure 3 shows a multiple-shunt approach in which the MOSFET switches turn on and off based on the 
measured signal, a CSM is not used, and MUX is programmed to select the voltage across the shunt directly.

I tested this method for measurement accuracy with both of the approaches illustrated in Figures 2 and 3.
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Figure 4 shows the measurement accuracy for a single-shunt approach. The shunt-resistor value is fixed at 22Ω, 
but you can vary the gain of the CSM (the INA225 in this case) on the fly. The two colors specify the gain 
settings (gain = 25 V/V for the yellow section and gain = 200 V/V for the brown section).

Figure 5 shows the measurement accuracy for a multiple-shunt approach. The MOSFETs turning on and off 
dynamically change the shunt-resistor value, while the output of the ISO AMP must not go below 200mV at any 
time. For an insulation resistance between 0Ω and 3MΩ, the value of the shunt resistor is 220kΩ || 2.7kΩ || 261Ω 
(the green area). For an insulation resistance between 3.1MΩ and 39.6MΩ, the value of the shunt resistor is 220 
kΩ || 2.7kΩ (the pink area). For an insulation resistance between 39.7MΩ and 98.4MΩ, the value of the shunt 
resistor is 220kΩ (the blue area).
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I tested the proposed method with a motor, as shown in Figure 6. I took the insulation-resistance measurement 
between one of the motor terminals (the yellow wire) and the frame of the motor (the black wire). Figure 7 shows 
a zoomed-in version of the motor section. For this experiment I used a 2HP three-phase AC induction motor.

The insulation resistance of the motor (measured with high-resistance measuring equipment from Keithley) was 
547MΩ. For the sake of measurement, I purposely created an insulation failure by connecting one 100MΩ 
resistance in parallel with the motor insulation. The insulation resistance was 547MΩ || 100MΩ = 84.54MΩ 
(theoretically). I measured the parallel combination with this method.
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Table 1 shows the measured values of insulation resistance with both the single- and multiple-shunt approaches.
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Insulation measurement is an essential part of diagnostics and testing for any electrical equipment. In factories, 
such measurements help customers reduce or prevent downtime caused by such failures. Accuracies for 
insulation measurement tests may not be mandatory, as the range of insulation resistance is enough to guess 
the condition of failure. But the method I’ve described here has measurement error less than 5%.

Additional Resources
• View the technical documents for the TI Designs Leakage Current Measurement Reference Design for 

Determining Insulation Resistance.
• View the IEEE standard
• See Part 1 of How to detect insulation failures in electrical equipment
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