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Lab X – Tachometry

Tachometers:

Stroboscopic tachometer – Uses a strobe light with a variable frequency to determine the rotational speed of the spinning wheel.  This device is non-intrusive and as a result, it is very accurate.

Optical encoder – This device sends a laser beam though holes in a spinning wheel.  At the other side of the wheel there is a sensor that can determine how many times the laser’s light is hitting the sensor, and from this it computes the rotational speed.  This is also non-intrusive and is the most accurate out of any device.

Magnetic Pickup and Gear – Using a gear with 60 teeth, this device will measure the frequency of the wheel in RPM.  If the number of teeth is not 60, then a conversion factor is needed to get the value in RPM.  Figure 1 shows that for our case with N= 60, the frequency is also measuring RPM.  Also, the magnetic pickup and gear cannot measure a RPM above 2000.
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Figure 1

Handheld Mechanical Tachometer – This device measures the rotational speed by inserting a probe into the center of the wheel. This probe then turns and the rotational speed is displayed on a meter.  This device is intrusive and lowers the actual rotational speed by about 25%.  Since this measurand changes the speed of the rotational device, it does not mean is it as inaccurate as the numbers show in Table 2.  These numbers show that this device applies an extra load on the wheel, and without increased power to the wheel, the wheel slows down.  As a result of the slowing, this device appears to have a large error, but all the readings are actually within 5% out the slowed down optical encoder reading.

Handheld Electronic Tachometer – This device is very similar to the mechanical tachometer, except it displays a digital readout.  This device is also intrusive, but does not slow down the wheel like the mechanical tachometer.

Rotational Counter – This device is very basic and shows the number of revolutions.  This device does not keep track of time so RPM values must be calculated.  It is also intrusive and slows down the wheel the same way the mechanical tachometer does.

See Table 1 for the data acquired using these different tachometers.  Table 2 shows the percent difference of each device compared to the optical encoder.

	Tachometers

	Values in RPM

	Optical Encoder
	Stroboscope
	Magnetic Pickup and Gear
	Handheld Mechanical Tachometer
	Electronic Tachometer
	Rotational Counter

	489.2
	490
	507
	398
	430
	680

	1012.3
	1011
	1002.5
	705
	858
	1240

	2001.2
	2002
	1813.8
	1275
	1879
	2280

	3004.5
	3003
	1788.9
	2320
	2842
	4400

	4001.2
	3999
	1693
	3120
	3960
	5740


Table 1

	Tachometers

	Percent Difference from Optical Encoder

	Optical Encoder
	Stroboscope
	Magnetic Pickup and Gear
	Handheld Mechanical Tachometer
	Electronic Tachometer
	Rotational Counter

	-
	0.16%
	3.64%
	18.64%
	12.24%
	39.00%

	-
	0.13%
	0.97%
	30.36%
	15.13%
	22.49%

	-
	0.04%
	9.36%
	36.29%
	6.14%
	13.93%

	-
	0.05%
	40.46%
	22.78%
	5.36%
	46.45%

	-
	0.05%
	57.69%
	22.02%
	0.98%
	43.46%


Table 2

Figure 2 displays the Torque vs. RPM for each experiment.
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Figure 2

Figure 3 shows the Torque vs. Current for each experiment.  The slope of the line is 1.467, which is the Torque Constant (oz-in/amp).
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Figure 2

In Figure 4, the horsepower and efficiency is plotted against the RPM for both the constant and battery power supply.  To get the horsepower output and to convert horsepower to watts, I used the formulas in Figure 3.
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Figure 3

Examining the graph tells us that the constant power supply delivers a higher horsepower output.  The constant power supply also gives a higher efficiency than the battery power supply only when the RPM is over 2500.  Also, the greatest horsepower output occurs around 2000 RPM with 1.75 hp.  Note on the graph that the efficiencies are plotted on the right axis, and the horsepower is plotted on the left axis.
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Figure 4

The constant power supply was able to give the most power to the motor.  The constant power supply was able to keep increasing the current as the torque increased.  The batteries could not provide a current above 9 A (see Figure 2).  Also, the constant power supply was able to produce higher torque and higher RPM than the batteries as illustrated in Figure 1.

1 hp = 746 W
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