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Measure resistance with a microcontroller
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Stepper motors contain coil windings that require resistance measurements. Measuring resistance
in a production environment often requires some special circuits that minimize errors. Resistance is
easy to measure indirectly by using a constant-current source to force a voltage across the winding's
unknown resistance, measuring the voltage, and applying Ohm's Law.

Figure 1 shows the basic concept of a circuit I designed to check the resistance of the wire coil
winding of a stepper motor. An op amp configured as a differential amplifier produces a voltage
proportional to the unknown resistance. You can use this circuit to measure resistances—just start
by identifying the range of resistances to measure. The stepper motor has a coil with a resistance of
50 Q £15%, which ranges from 42.5 Q to 57.5 Q.
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Figure 1. The op amp produces a voltage proportional to the resistor under test where the
microcontroller digitizes the voltage to calculate resistance.
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Next, define the scale measurement or digital value within the microcontroller. The nominal value of
the DUT (device under test) should be close to half of the scale selected. Thus, you should set the
full-range scale from 0 Q to 100 Q.

If you use a microcontroller that contains a 10-bit ADC, it will produce a digital span from 0 to 1023
counts. Set the range of the ADC so that 0 Q produces a count of 0 and 102.3 Q produces a count of
1023. This range simplifies the math and maximizes measurement precision. Half of this scale, 512
counts, represents 51.2 Q. That's close to the nominal 50-Q measurement of the DUT. Table 1
shows the correlation among the input voltage to the ADC, the number of counts, and the coil's
resistance.

The differential configuration of the op amp works as a four-wire measuring circuit similar to those
used in many DMMs. Using separate wires for excitation current and voltage measurement
eliminates much of the common-mode noise and errors introduced from the DUT wiring and
connections.

Table 1. The relationship among the input
voltage, digital counts, and coil resistance.

ADC input voltage Digital counts DUT resistance
oV 0 0.00
25V 512 s1.210
S0V 1023 10230

You must define the op amp's gain and, from that, the resistor values. In this circuit, the op amp
provides adequate voltage for the microcontroller. It also provides isolation between the DUT and
the microcontroller's ADC input. To minimize errors, select resistors R, through R, so that the op
amp operates at unity gain. To verify that you can run the op amp at unity gain, you must calculate
the current that passes through the coil. Using the values from Table 1, calculate the current (I,)
needed to achieve a half scale of 51.2 Q:

48.8 mA

The constant-current source is based on an LM317 regulator, which can easily provide 48.8 mA.
Thus, you can run the op amp at unity gain, which simplifies selection of the resistance values of R,,
R;, Re, and R,,. For unity gain, all resistors should be equal. Their values should be considerably
higher than the DUT's resistance. Keep the resistor values between 10 kQ and 100 kQ.

The circuit works best if you use resistors with 1% or better tolerance. If you need to reduce cost,
then measure 5% resistors from a batch with a DMM. Select the four resistors that best match each
other's values. You may be able to achieve better than 1% matching this way.

The op amp also provides some isolation that can prevent dangerous voltages from reaching the
microcontroller's ADC input. An op amp such as the LM6132 connected to a 5-V power supply will
limit the power supply's output voltage to 5 V, even under extreme conditions.

To operate an LM317 regulator as a constant-current source, you need to calculate a resistor value:
R = 1.25/1,

where I}, = 48.4 mA, so R = 25.86 Q. You should, therefore, use a fixed 15-Q resistor and a 20-Q

potentiometer.
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* Capacitor C,, connected at the output of the constant-current source, will stabilize oscillations
caused by the inductance of the winding coils from the stepper motor.

* Diode D,, connected at pin 15 of the microcontroller, protects the microcontroller input from
unexpected voltages when there are components connected outside of the main circuit board.

Figure 2. The complete circuit shows the LM317 constant-current supply, the stepper motor
under test, two LEDs, and an LCD screen.




Define variables:
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Res_Value var
Transistori var
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Figure 3. A flow chart of the microcontroller code shows how the system decides pass/fail
conditions and reports them to an LCD screen and the LEDs.




