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Computerize Surface Roughness Measurement with Stylus Instrument

Abstract

This research present investigation a programing that use support data from measuring of
surface roughness by stylus instruments. We write program on microcomputer to analysis data
which received from measuring device that measured the surface roughness. This data is analog
signal and then convert to digital signal, which shall transfer to micro.computer. We apply this
program to analysis the important characteristic of surface roughness such as the value of

parameter R, R, R_,, and record this data to analysis in Quality Control process.
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Harmonics By DSP: Quick, Accurate and Reproducible

Tharest Thanakitivirun *, Vittaya Tipsuwanporn**, David Wheeler***

Abstract

We describe a system which uses Digital Signal Processing (DSP) to generate sinusoidal inputs
by the Linear Interpolation Method. Our system, which operates on Windows 98 O/S software, produces
a very stable computer-controlled frequency for each sinusoidal input. This results in rapid determination
of precise, reproducible harmonic frequencies with very little dependence on subjective observer
judgement. Used in our student physics laboratory to study “Standing Waves in a Rope”, this easy to use

system has proved significantly better than the traditional signal generator method.

1. Introduction ¢

With most signal generators the obtaining of precise frequencies is difficult because of inherent
fluctuations which although small cause significant problems in experiments that require determination of
exact frequencies (like measuring the harmonic frequencies of standing waves in a rope).

These inherent fluctuations occur because the method used to create the output frequency of a
signal generator involves adjusting the voltage across a potentiometer connected to a signal generating IC.
The fineness of this output frequency control is determined by both the size of the potentiometer (typically
5 k€2) and the resolution of the IC.

All of which means that precision measurements that are both repeatable and reliable are very
difficult to achieve with a signal generator, so decisions on harmonic frequencies become highly
dependent on observer judgement.

We report here on a solution to this problem using a computer-controlled system to generate
sinusoidal inputs from a digital signal processing board. This approach produces a very stable frequency,
is very easy. to use and set up, and allows rapid determination of precise, reproducible harmonic

frequencies with very little dependence on subjective observer judgement.

* Master degree student, King Mongkut's Institute of Technology, Ladkrabang, Bangkok
** Assoc. Prof,, Instrumentation Engineering, Faculty of Engineering, King 'Mongkut's Institute of Technology,
Ladkrabang, Bangkok

*** Lecturer, Physics Department, Mahanakom University Of Technology, Nong Chok, Bangkok



Our instrumentation for studying standing waves (Fig. 1) co;lsists of a digital signal processing
boérd, an amplifier, a vibration generator, an elastic rope, a hanging mass (to supply tension to the rope),
and a computer.

The digital signal processing board (TMDS3200031) generates a sinusoidal input (in the
frequency range 3-250 Hz) to the vibration generator which then oscillates the rope. The computer is used

to adjust the frequency in steps of 0.15 Hz allowing determination of the harmonic frequencies of rope.
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Fig. 1 A diagram of our instrumentation for standing wave studics

2. Theory

If the left end of a stretched string is forcibly oscillated by a sinusoidal vibration while the other
end is kept immobile, a continuous travelling sine wave will move rightward along the string. The
frequency of this wave is that of the applicd oscillation. The wave reflects at the fixed end and travels
lefrward back through itself. The right-going wave and the left-going wave then interfere with each other.
The resulting wave pattern is called a “Standing Wave”.

We write:

y, = Asin(kx — t) (1)
y, = Asin(kx + 1) 2)

where  k is the wave number (=27 / wavelength )

(0 is the angular frequency (=27T X frequency )
The interference functionisy =y, +y,. So the formula of the standing wave is:

y = 2 Asin(kx ) cos((0t) . 3)



Generation of sine waves

The simple way to generate sine waves is to use a lookup table where all the values are calculated
beforehand and entered into the memory of the digital signal processing board. The soft‘ware reads the
correct value from the table and sends it to a Digital to Analog Converter (DAC). The advantage of this
method is that it is very fast but it uses a lot of memory. For TMDS3200031 the sine table is generated

from the cosine function:

2nT

y = Acos in=0,,2,..,N—1 4)

N
where A is the amplitude, n is the particular division of the sine table (c.g. 3rd, 8"’, etc) and N is the total

number of divisions of the sine table. (In our case N = 256.)

Using a sine table the board can generate a single frequency sine wave. To generate a sine wave
of a different frequency using the same table requires use of the linear interpolation method. With this
method it is not necessary to have the sampled measurement (the x valuc) coincide with any of the values

in the sine table: it can fall between values.

Fig. 2 shows an example of how a sine graph can be-calculated by equation (4), by dividing the

Xx- axis into n smaller equal sections. The gencral form of it is:

Ax =Xp4] —x, =1 division (5)

’

wheren=0,1,2,... ,N-I.
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Fig. 2 A sample of a sine graph calculated by the Linear Interpolation Method



Assume in Fig. 2, we want to find output y, at location x o in the interval [x,, x,]. Although the

stored sine table does not have a value for location x,, we can find the nearest location and the value for it.

We can determine the new x_ by the addition of the old x . (in radians) and the number of radians

between sampling events (h), which we calculate by equation (6) below:

N
h=fX—"" (6)

fsampling

where  fis frequency of the applied sine wave

f

sampling 18 the sampling frequency (i.e. the number of samplings per sccond)

N is the size of table

From the condition described by equation (5), and since in practice the interval used is very small,
we can approximate the curve of the sine graph over the interval [x3, x,) by a straight line. The equation

of this line is then:

Yp Y3 _ Y473

= @)
X p —X 3 X4 X 3
Using equation (7), we can approximate the value of output y by
Yp=VY3 +[(xp—x3)'(y4—y3)] (8)
Equation (8) can be written more generally as:
Yp =¥n TIxp =x5) Gy — ¥y )] )

The digital signal processing board TMDS3200031 uses equation (4) to generate a sine table and
uses equation (9) to calculate a sequence output y, It does this by having the user set the frequency of the
sine wave and send it to the analog interface circuit (AIC) which is a 14 bit Digital to Analog Converter

(DAC). The digital signal processing board can then generate another frequency sine wave by using the

Linear Interpolation Method.



3. Experiment and Results

In the experiment, the oscillation sends a travelling wave along a stretched ela§tic rope. The
observer carefully adjusts the frequency while at the same time observing the amplitude of the rope. If the
amplitude is a local maximum at a particular oscillation frequency (i.e. if the amplitude decreases for one

frequency step either side of that value), then that frequency is a harmonic frequency.

1. Measuring Harmonic Frequencies

Using our system we measured each harmonic frequency from the fundamental frequency up to

the ninth harmonic frequency. The results are shown in Table 1.

n Harmonic frequency (Mz) f,=f /n (Hz) Wavelength A (m)
+0.15 +0.02 +0.002
1 5.45 5.45 3.136
2 10.90 5.45 1.568
3 16.35 545 1.024
4 21.70 5.43 0.764
5 27.10 5.42 ' 0.614
6 i 32.70 5.45 0.511
7 38.15 5.45 0.442
8 43.50 5.44 0.383
9 49.05 5.45 0.341]

Table | shows results for measurement, using our system. of harmouic frequencics in a stretched elastic rope.

2. Propagation Velocity for Waves in an Elastic Rope

Our velocity (v) findings are shown in Table 2. They are very consistent and in agreement with theory.

-

f, Harmonic Frequency Wavelength v=1A *Theoretical
f(Hz) £0.10 A (m) £ 0.002 (m/s) T 0.1 Mean Velocity (m/s)

ty 38.15 0.442 16.8

f3 43.50 0.383 16.6 16.7 £ 0.1

f 49.05 0.341 16.7 '

Table 2 shows velocity measurements for wave propagation in an elastic rope



*NOTE

The theoretical mean velocity was calculated from v — [T/ WL where T is the tension in the rope and [ is

the linear density of the rope. The relevant data (see figure 3) are: total length of elustic rope = 2.12 Z0.01 meters;

length of tensioned rope in which there was sine wave propagation (L) = 1.57 0.0/ meters; mass of the whole rope =
3.986 £ 0.001 grams; hanging mass (m) supplying tension in the rope = 50.001 T10.001 grams. Because the rope was

elastic the length of rope in which there was sine wave propagation shrinks under zero tension (to 1.47 0.0/ meters).

Fig. 3 Parameters For Theoretical Determination of the Wave Velocity

4. Conclusion
Our system permits quick, accurate, reproducible measurcment of harmonic frequencies (and
wave velocity) in an elastic rope without the high degrec of subjectivity the traditional signal generator

method involves.
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