EGR 280

Mechanics Laboratory Exercise

Digital Letter Scale

Introduction

In this exercise, we will construct and calibrate a digital scale, suitable for measuring letters to determine postage.  Referring to Figure 1, the scale consists of an “L” shaped piece of poster board (with a hole at A to hang the scale), a counterweight W2 (you will use large binder clips to use for counterweights), the FreeScale MMA7260QT accelerometer (part of the MMA7260Q evaluation board), and the weight to be measured, W1.
Figure 1 shows the free-body diagram for the scale.  Taking moments about point A, we find:
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Thus, with the proper selection of W2, L1 and L2, and using the FreeScale accelerometer to measure the angle θ, we should be able to construct a scale with a range from 0-2 oz and to an accuracy of at least 0.25 oz.

FreeScale Accelerometer

The FreeScale evaluation board contains a multi-axis accelerometer capable of measuring both dynamic and static accelerations.  The accelerometer operates on a supply voltage of 3.3V, has a nominal sensitivity of 800mV/g and the 0g measurement is 3.3V/2 = 1.65 V.  With a 10-bit A/D converter referenced to 5V, this will give a 0g reading of (1.65V/5V)1023 = 338.  We will use the 1.5g range of the device, so that:
	10-bit A/D reading (nominal)
	Acceleration

	583
	1.5g

	501
	1.0g

	338
	0

	174
	-1.0g

	92
	-1.5g


Note that these are only nominal values and they may be different with each accelerometer, each accelerometer direction and the actual voltage supplied to the accelerometer; careful calibration is required to provide usable results.  In practice, the 0g values are around 316-332, the –g value is 152-160 and the +g value is 480-500. The axes of the accelerometer are shown in Figure 1.  When an axis of the accelerometer points in the direction of gravity, the output from that channel corresponds to g.  Orienting the accelerometer with an axis in the vertical direction (for example, move the accelerometer until the x-axis reading is minimum and the y- and z-axis readings are equal) while observing the A/D output will provide good estimates of the –g, zero and +g A/D readings.  These readings will, in general, be different for each axis of the accelerometer.
To calibrate each direction of the accelerometer, orient it so that an axis points in the direction of gravity and record the maximum +g reading, R+.  Flip the accelerometer over and record the minimum -g reading, R-.  The average of these two is the 0g reading for this axis, R0; the acceleration for any other measurement R is 
a = g(R – R0)/RR
where R0 = (R+ + R-)/2 and RR = (R+ - R-)/2.
To see how you can use the accelerometer to measure the angle of tilt, orient the x-axis to be vertical and the y- and z-axes horizontal.  Rotating the accelerometer about the z-axis (keeping the z-axis reading constant) results in a change in the x- and y-axis readings.  The change in the y-axis reading is proportional to the component of gravity acting in the y-direction.  Assume that for this particular accelerometer the +g reading is 480 and the –g reading is 160, which gives R0 as 320 and  RR = 160.  To calculate the angle, take the change in the y-direction (ay – R0) and divide it by the value of RR to find the tangent of the angle that the y-axis makes with the horizontal.  Recall that, for small angles (up to about 15°) measured in radians, tanθ ≈ sinθ ≈ θ.  This angle is therefore:

θ ≈ (ay – 320)/160
Since it is very convenient to divide by powers of two, multiply by 1000 to find the first three decimal places of the small angle in radians:

θ = 1000(ay – 320)/165 = 100(ay – 320)/16

To find the angle in degrees, multiply the angle by 180/π:

180(ay -320)/(160π) ≈ 11(ay -320)/32

Construction and calibration of the scale
1. Calibrate the y-axis of your accelerometer using the procedure above.  Record the values of R+, R- and compute the values of R0 and RR.

2. Hang the “L” shaped poster board from point A so that it can freely rotate.  Tape the accelerometer to the left portion of the “L”.  Add several binder clips below it to create a counterweight (the large clips weigh 7/8 oz; the medium clips weigh ¼ oz and the small clips weight about 1/8 oz.) and add a small clip about in the middle of the other leg.  One leg of the “L” should now be almost vertical and the other almost horizontal.  

3. Let the “L” hang freely from point A.  Again read the y-axis of the accelerometer and call this value “AYoffset”.
4. Now place a large binder clip directly over and centered on the small one located on the horizontal leg of the “L”.  This clip weighs an additional 7/8 oz, and will deflect the scale.  Record the y-axis value of the accelerometer; call this reading “AY78”.  From this reading, 

7/8 oz  = C(AY78 – R0)/ RR
from which you can solve for the scale constant C (compare to Eq. 1).  The initial, or offset, weight can be found as
W0  = C(AYoffset – R0)/ RR
Now attach a letter to the small binder clip, being careful not the move the small clip along the horizontal leg of the “L”.  The weight of the letter is then
W1  = C(ay – R0)/ RR - W0
where ay is the y-axis reading of the accelerometer when the letter is attached.

Programming hints:

The accelerometer has a significant amount of noise in each of its three channels.  To filter some of this out, we can average several readings.  If we take several readings, say 16, and divide by the number of readings we’ll also filter out more of the low level noise out as well.  The following code snippet is, of course, incomplete, but you should easily be able to get it to work to stabilize your accelerometer readings:
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sax=0;


say=0;


saz=0;


for(i=0;i<16;i++){


  sax+=ad1conv(0);   // read ax on channel 0, add 16 values


  say+=ad1conv(1);   // read ay on channel 1


  saz+=ad1conv(2);   // read az on channel 2


}


sax=sax>>4;   // divide by 16


say=say>>4;  


saz=saz>>4;  


set_lcd_addr(0x54); 	// display on last row of LCD


write_int_lcd(sax);	// write value in field of 5


write_int_lcd(say);	// write value in field of 5


write_int_lcd(saz);	// write value in field of 5


ms_delay(100);		// delay 0.1 seconds
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