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Massflows on conveyor belts need to be measured in various
process streams in mineral extraction processes to ensure
good plant management. Conventional weightometers are,
however, too expensive to allow a widespread installation
in these processes.

This study investigates more economic means to measure the
massflow on horizontal conveyor belts. . A deterioration of
accuracy resulting from an instrument using this technique
is expected, but the advantages of being able to instrument
entire plants is very attractive.

The study uses a model whereby the kinetic energy of the
belt system is determined during a perturbation to the
system. From this the massflow can be determined.

The technique was optimized in a laboratory environment for
different modes of operation. Both Variable Speed Drive
and Solid State Relays were used to perturb the systen.
The resulting accuracies were compared against each other.

Hence a prototype instrument was proposed which was easy to

install on existing conveyor belts. This unit was tested
successfully in a mining environment.
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Conveyor belts (CB) are used to transport all sorts of
material from one unit process to the next. 1In the Mining

Industry ore is transported extensively using CBs.

As these CBs can be 1loaded to various degrees it is
important for good plant management to know what the
massflow (MF) is along these ore paths. For instance the

MF needs to be known,

- to monitor the efficiency, the performance of a
plant and thus its economic viability. Hence the MF
at the input and at the output of the plant has to

be known.

- to determine the total amount of material handled
and the average MF. The MF signal would have to be

integrated or totalized to determine such values.

- between the different unit processes to optimize a
plant.

- to ensure the proper blending of chemicals in

chemical processes by weighing the ingredients.

- to ensure the efficient operation of the equipment
used on these plants. The efficiency of for
instance a pulverizing mill very often depends on

its 1loading, which means the MF needs to be



Chapter 1: Introduction

controlled to ensure its efficient operation.

4

Two main criteria determine the usefulness of a massflow
determination technique or meter: accuracy and cost. These
two oppose one another. The more accurate a certain
instrument, the higher the cost, and vice versa. Thus a
trade off is necessary. Looking at  the spectrum of
massflow meters (MFM) available on the market, one could
get the impression that the market tends to be biased

towards high accuracy/high cost instruments.

Various techniques are used to measure the MF in these high
accuracy instruments. All of them though are similar in
that the weight of the material is measured first. Then
the MF can be determined by multiplying the weight reading
with the speed of the belt. '

The most commonly used MFM in mineral extraction plants is
the nuclear weightometer. Considine[l] <calls this
instrument a radioactive transmission gauge of the
absorption type and describes it as follows: Beta and gamma
radiation is first passed through an ionization chamber and
then passed through the moving material which is to be
weighed. The attenuation of the signal is a measure of the
material weight per unit area. Advantages of this
instrument are high accuracy (suppliers quote up to 0.5%),
and the ease with which it can be installed on existing
CBs. Disadvantages obviously include the high cost of such

an instrument.

Another common technique is batch weighing. Considine[1]
describes this technique as . follows: The material is
discharged into a hopper, which fills until a certain
definite weight is reached. The inflow is then shut off,
the hopper and its contents are weighed, and then the
contents is discharged. The obvious disadvantage of this
technique is that the MF has to be shut off for the purpose
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of weighing. This means that the technique 1is  not
continuous as production is cut for some time. A further
disadvantage is that the CB has to be specially adapted to
suit this technique. However the advantage of this
technique is its high accuracy' (Mitchell[lZ] quotes the
accuracy to be about 0.1% of full scale).

A third technique is that of continuous. weigh feeders

(Mitchell[12]) or scale-balanced belt-feeders
(Considine[1]). This technique is describes by Considine
as follows: Either a portion of or the whole CB is

isolated and the mass on the CB including the material is
weighed. From the variations in weight due to changes in

MF the MF can be determined by integration. The advantage

of this technique is the relative high accuracy that can be

achieved (1-2% for single idler and 0.5% for multi idler
techniques - Mitchell[12]). A further advantage is that
any material can be used, because the technique relies on
the weight of the material alone, and not on its
radioactive absorption characteristics for instance. The
integration of instantaneous 1loads also corrects for
variations in belt speed. An Obvious disadvantage is the
special adaptation necessary to install such an instrument

on an existing CB.

No provision, however, seems to be made for a low cost MFM
on the market. Such an instrument obviously would not have

the same accuracy requirements as the more expensive ones.

In mineral extraction processes the MF along various ore
paths need not be determined to the same high degree of
accuracy. An example is that if the total MF into a plant
is known to a high degree of accuracy, then the MF along
individual and parallel CBs inside this plant need not be
known to the same high degree of accuracy, as the

proportional loading is of prime relevance.
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A view shared by Considine[1] is that such an instrument
should then be used in conjunction with more accurate
instruments. The results from both types of instrument
could be fed into a Mass smoothing package (Potgieter{13]),
which acts as a filter, using a Kalman filtering technique
to obtain a best fit for all the readings. Such packages
also account for the different accuracies associated with
the readings by weighting the individual readings
appropriately.

The following question is thué posed: Is there a technique,
which could be used to manufacture a low cost MFM, even at
the expense of accuracy. Such an instrument could then
achieve widespread installation within the whole mining
industry. An additional requirement would be that such an
instrument should be easy to install on existing CBs in the

mines.

An initial investigation was done to test the feasibility
of measuring MF by measuring the Inertia of a given system
on-line (Dierks[2]). This study proved on an experimental
basis that the inertia of an induction motor could be
measured by perturbing the input to the motor. More
specifically the frequency of the supply to the motor was
perturbed. Following this initial investigation a
provisional patent (Dierks[3]) was taken out on this
technique by De Beers Industrial Diamond Division (Pty)
Ltd. and a more detailed study of this method was

initiated.

In this thesis first the theory to estimate the massflow on
a conveyor belt and the basic statistics involved in the
process of calibration will be described. This is followed
by a descriptibn of the software developed to perform the
estimation and calibration of the massflow. Then the
technique 1is wvalidated first in a 1laboratory type
environment and then in an industrial environment. Lastly

conclusions and recommendations are made.



2.1 THE RELATION BETWEEN MASSFLOW AND INERTIA OF A SYSTEM

In the initial investigation done on the poésibility
of measuring the MF on a horizontal conveyor belt
(HCB) (Dierks[2]) the basic assumption was made, that
the inertia of the CB, and thus the inertia driven by
the motor, is proportional to the MF on the HCB. To
prove this assumption consider the HCB itself as shown

in the figure below:

VIBRATING FEEDER

HORIZONTAL CONVEYOR BELT
MAIN ROLLER Y ioLer

. ’ . ,’v
8 PHASE SUPPLY 7/ crusHER

Figure 2.1: Schematic of a horizontal conveyor belt
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The HCB consists of two main rollers at each end. The
shaft of one roller is connected to the driving motor.
The
actual belt runs over these two rollers but is also
The top part of the
belt is supported by more idlers as this portion is

This motor is normally a 3-phase induction motor.
supported in between by idlers.
carrying the weight of the material to be transported.

assumed that both the: and the

the main rollers impose a load force on

It can be idlers
bearings of
the motor. It can also be assumed that the material

on the belt is not distributed uniformly.

The power on the shaft of the induction motor is the
At the
main roller a conversion between the rotational and
the has to be
considered. Hence the power delivered to the actual
The

product of torque T and angular velocity to .

translational frame of reference

belt can be broken into force F and speed v.

following block diagram illustrates the frames of
reference:
3 Phase Rotational Frame Translational Frame
Power of Reference of Reference
— Motor ”) Main [—F Pro-
— and > ‘ Roller (p—v cessor |——>
Gearing T,& MF
P,f
Block 1 Block 2 Block 3

Figure 2.2:

Block diagram of a conveyor belt

The model of the CB can thus be viewed in two

different ways:

a) In the rotational frame of reference

'b) In the translational frame of reference

Viewing the model in a particular frame of reference




Chapter 2: Massflow Estimation Technique

means that all equations describing that model are
written in terms of that frame of reference. In the
above figure the translation between the rotational
and translational frame of reference takes place in
block 2 (Main Roller). Thus, if the model is viewed
in the rotational frame of reference, block 2 is
merged with block 3. Alternatively, if the model is
viewed in the translational frame of reference, block

2 is merged with block 1.

Thus, there should exist an analogy between the
rotational and translational frame of reference. To

prove this analogy consider the power balance for a

system:

Pshaft = Psupp * Emm: ° e (2 . l)
where

Porase - Power delivered from the motor to the

shaft

| - - Power supplied to the motor

€ zot - efficiency of the motor

Praie = Popgse cee(2.2)
where

P,.. — Power delivered to actual belt

By the Principle of Power Invariance the power
delivered in the rotational frame of reference must be
equal to the power delivered in the translational
reference frame, i.e. no losses are considered in the
conversion between the rotational and translational
roller. Losses are however involved in the motor,
which is why the efficiency has to be taken into
account in Eq.(2.1).
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The power in the rotational frame of reference can be

broken down as follows:

Poase = Ty * O .. (2.3)
where
Ty = Driving torque on shaft

Extending by (1/r * r) it becomes:
Poase = Ty * 1/r * r * &

where
r - radius of the driving roller

By definition F =T / r and v = Q) * r and
thus follows: ‘

Poaee = Fa * V. = Py ce.(2.4)
where
F, - Driving force on actual belt

Thus the following analogy can be determined by
comparing Eq.(2.3) and Eg.(2.4) describing the

rotational and the translational frame of reference

respectively:
T, <=> F, ...(2.5)
W <=>v ce.(2.6)

To derive the analogy for the MF on the CB, consider
the mass M on the CB alone as the MF can then easily
be determined by multiplying M with the speed of the
belt. '
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When 1looking at the mass the CB is viewed in the
translational motion space. The force balance of the

CB is shown in the figure below:

Figure 2.3: Force balance of a conveyor belt

Lets assume the mass, which is distributed along the
CB, can be condensed into a point mass (i.e. a mass
which 1is infinitely small and contains the whole
weight of the mass on the belt). This mass is lying
somewhere on the CB. The force balance 1in the
schematic diagram above stays the same and thus the
system is the same. The figure below shows the mass

reduced to a point mass:

Fl (M1 v Fd

O —

Figure 2.4: Model of a conveyor belt with the its

mass reduced to a point mass

This point mass can then be moved to the right to sit
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right on top of the driving roller, and the rest of
the belt can be disregarded. Again if the force
balance iS'maintéined the system can be regarded as
not having changed. This model is shown in the

following figure:

Fi Fd

£

Figure 2.5: Point mass moved to driving roller

This mass M at‘ a distance r from the centre of
rotation can be described as an inertia by the
following relationship (Halliday and Resnick[7]):

J =M * r?2 eeo(2.7)

where
J - Inertia of the body

An analogy can be derived by considering the force of

acceleration in the translational frame of reference:

10
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F.o. = m * a ce.(2.8)
where

F.. — Accelerating force

M - Mass to be accelerated

a - actual acceleration = dv/dt

Eg.(2.8) can therefore be rewritten as follows:

Foo. = M * dv/d4dt

M * d/dt (v/r) * r

Multiplying by the radius yields:
Feooo * ¥ =M * d/dt (v/r) * r?

=T, =M * r2 % dgy/dt

Thus applying Eg.(2.5) and Eq.(2.6):

Tee = (Mr2) * dgo /dt . ce.(2.9)

Comparing Eg.(2.8) and Eg.(2.9), the analogy between

the rotational and translational frame of reference

can be extended as follows:

m <=> mr? .e.(2.10)

The term mr? is defined as inertia J in the rotational

reference frame (Eg.(2.7)).

Thus inertia of the system is proportional to the mass

11
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on the CB and the MF can be determined using the

following equation:

MF =M=®*v / 1,..
where

v ~ speed of belt
l,... - physical length of belt

The assumption used in the initial study

has hence been shown to be correct.

12

.. (2.11)

(Dierks[2])
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2.2 A TECHNIQUE TO MEASURE INERTIA OF A SYSTEM

In the previous section the relationship between the
mass on a CB and the inertia of the system was
derived. Hence if the inertia could be measured, the
MF could be determined, too. Leonard [9] suggests the
following technique to measure the inertia of a

system:

A mass M is moving on a translational horizontal track
in x-direction at a speed v. F, is the driving force,
whereas F, is the load force opposing F,. X 1s the
distance covered within a certain period in time. The

following figure illustrates this system:

Fl Fd
M

=

Figure 2.6: A mass moving along a horizontal track

According to Newton’s law the Force Balance may be

written down as:

F, = F, = d/dt (M#*v) cee(2.12)

where
M*v is the mechanical momentum

13
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As v=V(t) and M=M(t):

F;, - F, = M dv/dt + v dM/dt e..(2.13)

If the mass on the conveyor is constant, i.e. dM/dt=0,

Eq.(2.13) can be reduced as follows:
F, = F, = M dv/dt ce.(2.18)

v = dx/dt; => dv/dt = d?*x/dt? = a...(2.15)

Note that this system is similar to the system shown
in figure 2.4 of the previous section. Hence the same
analogies can be applied using Egq.(2.5), (2.6) and
(2.10) to convert Eqg.(2.14) into the rotational frame

of reference:

Ty - T, =J * a ...(2.16)
where

a - angular acceleration = dé& /dt= d26/dt:?

T, = driving torque

T, = load torque

Note again that this equation represents the case of

constant system inertia.

In order to measure acceleration and torque which is a
difficult procedure, Leonard(9] suggests the
following:

Convert the above equation to a power equation by

14
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multiplying by ¢ :

Tqa * ¢ - T, * W = J * deo/dt * ¢

P, - P, =J % do/dt * ¢ ee.(2.17)
where

P, - driving power

P, - load power

The right hand side of Eg.(2.17) is equal to the power
lost due to the change of kinetic energy stored in the

system.

Leonard suggests that this power relation be used in
order to measure the inertia of the system in what he
calls a ’‘Run-down’ test. Therefore the power supplied
to the system and the angular velocity of the motor
have to be measured. ‘An advantage of the technique is

that no details of the plant are required.
Before applying the. actual Run-down test the

relationship of T, = f£(¢d) has to be established.

This can be done under steady state conditions where

P, = P, .e0(2.18)

as d¢o/dt = 0 - i.e. the system is running at
constant speed

This implies that:

T, = P,/ ... (2.20)

If steady state power is measured for various speeds

15



Chapter 2: Hassflow Estimation Technique

the function of torque with respeet to speed can be
established.

Note that it 1is practical to measure the power
instead of the

driving torque. This is due to the fact that measuring

supplied to the motor, i.e. P,,,
the torque would require a special adaptation of the
motor pedestal to accommodate the load cells needed to
measure torque. This power measurement has to be
corrected for the efficiency of the motor to yield a

measurement for the load power P, (Eg.(2.1)).
Details of the Run-down test:

- The system is running at an initial speed of ¢O,. At
t=t, the power to the motor is switched off and the
plant is left undisturbed. As the plant decelerates
due to the load torque of the system, the speed should

be recorded as a function of time.

Due to P, equalling zero if the power is switched off,

J can be determined as follows:

- P | - T
J = = — T ... (2.21)
déy /dt * ¢ d¢w /dt

At any instance in time t, the following terms can be
determined from the speed response:
a) the speed &, = ¢ (t,) of the system from the
speed response '
b) o = d& (t,)/dt of the system also from the
speed response
c) T, = T,.(¢o.) from- the load torque

characteristics determined earlier

These three terms can then be entered into Eq.(2.21)

16
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to yield an estimate for the system’s inertia.

In the initial study (Dierks[2]) a relationship
between inertia and the angular acceleration was
established experimentally. This relationship showed
that the 1inertia of the system 1is inversely
proportional to the deceleration of the system, which
can be confirmed by Eg.(2.21). No mention was however
made about the effect of load torque on this

relationship.

17
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2.3 THE TECHNIQUE’S ANALOGY IN THE TRANSLATIONAL FRAME OF
REFERENCE

The aim of this study is to determine a technique in
order to measure MF, which is simply the mass M on the
belt multiplied by the speed v of the belt. As the
inertia in a rotational frame of reference is
analogous to mass in the translational frame of
reference, the technique described in the previous
section can be converted from the rotational into the
translational frame of reference.&

Applying these analogies Eq.(2.21) becomes:

M= .. (2.22)

The technique.to estimate the mass is similar to that
of measuring inertia of the system. Thus, the steady
state characteristics between the load force F, and
speed v have to be determined first. This can be done
by measuring the power delivered to the driving motor.
Taking @.. into account a reading for the driving
power of the motor is obtained. Thus the load force
can be determined by dividing this power reading by
the speed of the belt.

Then a ’‘Run-down’ test can be applied by switching the
power to the CB off and recording the speed response.
This response provides at any time t = t, the speed,
deceleration and 1load force from the 1load force
characteristics. Substituting these values into
Eq.(2.22) will yield an estiméte for the mass on the
CB.

18
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There are, however, a few shortcomings to Dbe
mentioned, which do not make it suitable for an
application where the mass is measured continually in

an on-line fashion:

a) Both measurements for power and speed are
contaminated Dby noise in an industrial
environment. This means that the instantaneous
measurements of speed and power are not
accurate. As the speed differential is needed
for Eg.(2.21) the higher frequency components
have to be accounted for, as differentiation

only attenuates low frequency components.

b) The 1load characteristics are difficult to
determine as they change continually. External
influences, which cannot be modelled a 1long

time before, play a large role.

c) The load characteristics cannot be assumed to
be constant, because the friction of the system
depends on the speed of the belt.

d) The technique proposed by Leonard[9] is
designed for a one-off test, i.e. a test that
is applied once. It needs to be decided how
this technique can be adapted to serve as an
on-line "mass estimator" in an environment

where the mass has to be estimated continually.

e) In the Run-down test the system is stopped
completely. This is not always desirable in
practice, as this would mean a cut in
production for the period that the CB 1is
stopped.

f) The efficiency of the motor has to be known as
the input power to the motor has to be adjusted

19
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in order to get a value for the output power of

the motor.

20
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2.4 SUGGESTIONS TO MAKE THE RUN-DOWN TEST SUITABLE FOR ON-
LINE MEASUREMENTS

2.4.1 Using the Energy Balance rather than the Power

Balance

The energy equilibrium can -~ be. obtained by
integrating the power within a defined period of

t,<=t<=t,:

1

t
E, = J P(t) dt c..(2.23)
t

o

The power balance as used 1in the previous

section  can be written down for the
translational frame of reference by using the

analogies in section 2.1:

P, - P, =M * dv/dt * v c..(2.24)

For which the time integration will yield:

. dv
P, dt - P, dt = M * v % dt
dt '

Assuming constant mass M and according to
P, = F, v(t) this becomes:

J P, dt - F, J vdt= M J v dv

21
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Hence the intégrals reduce to:

s

JP‘, dt - F, * x = 1/2 M v: ...(2.25)

where
x - distance covered by the CB in a
certain period of time

Imposing time 1limits for any time period
t,<=t<=t, on the above integral results in:

t,

J' P, dt - F, * x,, = 1/2 M (v,?= v,?)

t, «..(2.26)
where

Xio = X, = X,

The term on the right hand side of the equation
designates the energy converted into kinetic
energy, which only has an effect if there is a
change in speed. During steady state this term

equals zero.
As P, equals zero in a Run-down test, only the

speed response needs to be recorded. Solving
Eg.(2.26) for M yields:

-2 * F, * x,

M =
(sz-voz)

22
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As v, equals zero it follows:

2 * Fp * ¥y
M= c..(2.27)

-

Vo *

The advantage of using the energy model rather
than'the power model is that the power and speed
signal are effectively filtered by an ideal
filter in that integration can be viewed as a
filter with infinite time constant. If the
noise on the signals can be assumed to be of a
Gaussian nature (i.e. with 2zero mean), this
noise is eliminated in this ©process of

integration.

Instantaneous values for speed are not needed
anymore, but averages. The speed differential
is also not required anymore. Hence any high
frequency components on the signal have less
effect.

Also note that the dynamics of the speed
response are not required, as only the initial
and the final speed needs to be known. The speed
signal will only be wused to determine the

distance x,, covered

23
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2.4.2 Determining the load force before each Rundown
Test

Assume the following data logging strategy:

Power and speed are logged from t, to t,. At ¢t,
where t,<=t,<=t, the signal to stop the motor is:
given. For t, = 0s, t, = 1.0s and t, = 2.5s, a

response could look as follows:

Response: Run—down Test

2000.0 + C counTe]
1€00.0 4+

1600.0+ -

1400.0+ \

12000+

100,04 \\\\
8000+
400+
00,0+ :
y N\

200,0
O.OJ ' ‘ Time [sec]2

.00 0.50 1.00 1.50 2,00 2.50
Ch {1 Speed Ch 2 Pouer

Figure 2.7: Data logging strategy to deterlﬁine

the load force before each test

In the above diagram the time span of t,<=t<=t,
could be used to determine the load force of the

system in the following way:

If the system is made to run at steady state, as
can be seen apart from the noise present in. the
above response for t,<=t<=t,, the kinetic energy
component in Eg.(2.26) can be assumed as non

existent.

24
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Solving for F, yields:

F, = —— ...(2.28)

Thus the steady state period t,<=t<=t, can be
used to determine the load force of the system
in the actual test environment. This overcomes
the disadvantage mentioned in section 2.3, that
the 1load -characteristics cannot be known or
modelled a 1long time before as they change

continually.

Using the energy equation rather than the power
equation also has the additional advantage that
a perfectly filtered signal is used, as all the
noise 1is averaged out during the process of
integration. - Thus the values obtained can be

assumed accurate.

25
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2.4.3 Determining the mass from step up responses -

As this MF measuring technique should be an on-
line technique, 1i.e. a technique which is
applied while the system is running, the system
has to be accelerated again straight after it

has been stopped.

Eq.(2.26) can also be used to determine the mass
on the CB from the step-up response. The
difference to the Run-down test is thaet now the
power supplied to the system is not equal to
zero, but a value much higher than the normal
steady state value, as the system has to be
accelerated. This higher power needed is due to
the required Kkinetic énergy to accelerate the
system. As mentioned earlier this kinetic
energy 1is proportional to the mass of the
- systenm. If the step-up response takes place
during the time span t,<=t<=t,, Eq.(2.26) can be

written down as follows:

t4 .
Pd dt - Fl * Xu

t3

1/2 * (v,2 = v,?)

v,~ Steady State speed in unperturbed
mode, i.e. final speed

v,- speed in perturbed mode, i.e. initial
speed

26
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If the system is started from v,

Therefore measuring the power and

e (2.29)

the speed to

the system, the mass on the CB can be determined

in the following way:

a) Determine the distance covered by the CB

during the acceleration, i.e. the time

integral of speed for t,<=t<=t,. v, can be

determined at steady state.

b) Determine F, either from

characteristics or from

the force

a similar

. procedure described in the previous

section.

c) Determine the integral of .

supplied to the system.

the power

Substituting all these values into Eg.(2.29)
will yield an estimate for the mass on the CB

from the step-up response.

27
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2.4.4 Adapting the system so that the Conveyor Belt
needs only be slowed down.

As mentioned earlier it is not always desirable
that the system is stopped, as this results in a

cut in production.

A possible solﬁtion to this problem would be to
slow it down by a certain percentage of full
speed. This however cannot be done with a
normal induction motor alone, as the speed of an
induction ﬁotor is proportional to the frequency
of the supply to the motor. Hence a frequency
inverter is needed, where the output frequency
and thus the supply freqﬁency to the motor can
be controlled. In a standard Variable Speed
Drive (VSD) ,i.e. a frequency inverter, the
input voltage control signal is proportional to

the output frequency.

It should be noted that the <cost of a
commercially available VSD could make this
technique uneconomical, because the price of a
VSD equals that of a nuclear weightometer. Thus
the option of only slowing the CB down for the
purpose of measuring the MF is restricted to
plants where VSDs are already installed for

other purposes.

If this control signal is perturbed by a certain
voltage the frequency on the output of the VSD
will change and thus the motor speed will
change as well. In the same way, if this voltage
pérturbation is removed, the system will return
to its original speed.

In an actual test situation a negative voltage

. 28
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can be added to the frequency setpoint signal in
such a way to reduce this signal. Hence the VSD
will slow the system down. As soon as the
negative voltage is removed the frequency
setpoint will return to the original level and

thus the system will accelerate again.

The equations to determine the mass on the CB

would then have to be adapted as follows:

V, is the initial steady state speed, vlris the
perturbed steady state speed in such a way that
vV, < V,. The time between t, and t, is the time
during which the step-down test takes place,
i.e. the stép—down signal to the VSD is applied
at t,. In the same way the time between t, and
t, is the time during which the step-up test
takes place, i.e. the step-up signal is applied
at t,.

Thus the equations to determine the mass on a CB

read as follows
- for the step-down or Run-down situation:

=-2*% F, * x,
M= - ces(2.30)
(v12 = Voz)

- for the step-up response:

t4

J P, dt - F, * x,,

t3 .

M= ...(2.31)
172 * (v2 - v,?)

29



Chapter 2: Massflow Estimation Technique

2.5 INCORPORATING ALL SUGGESTIONS IN A SINGLE TEST
PROCEDURE

Incorporating all the suggestions mentioned in section
2.4 the following test strategy is proposed to
overcome various shortcomings of the technique

mentioned in section 2.3:

The power and speed responses have to be loQged for a
period of t,, i.e. from t, to t,. The following events
which take place during the time of t,, are worth
noting:

t.<=t<=t,: System is kept at steady state in the
unperturbed mode. This cycle 1is used
to determine the 1load force of the

system.

t=t, : Step-down signal is applied to the
input of the VSD to slow it down.

t,<=t<=t,: Run-down or step-down test takes place.
The speed. response can be used to
determine the mass on the CB.

t.<=t<=t,: Steady state in the perturbed mode.
‘This cycle is needed to determine the
average speed of the system in the
perturbed mode.

t=t, : Step-up signal is applied to the input
of the VSD to speed it up again.

t,<=t<=t,: Step-up test takes place. From the
speed and power response can the mass

on the CB be determined.

t=t, : End of test
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A typical response of power and speed could look as
follows, where t, = 0s, t, = 1s, t, = 2.5s, t, = 3.5s
and t, = 5s:

Response: Mass Determination Test

2000.0 + Ceounitg
1800.0 4~

1600.0 +

/’\WA I
1400,0 + \ ‘
12000+ \

1000.0 4+ \
80,0+ . \/\JM.“
600,0+
400.0 +
200,04+ . 2
' _ Tine [sec)
0.0+ ; t
0.00 1,00 2,00 3.00 4,00 5,00
Ch 1: Speed Ch 2: Power

Figure 2. 8: A typical test response of power and

speed

The test can thus be summarized in the following flow

diagram:
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1

BEGIN OF TEST
N2

Record Power and Speed
for t,< t < t,

2

For t, < t < t, determine

t1 tl

P, = P, dt ; x,, = v dt
to to
PlO
=> I?1 = —_——
xlO
, N

Apgly Step-down 51?nal
o} control signa

For t, < t t determine

v dt

;.__ﬁ/\
a4
B

For t, < t t3 determine

t3

v dt

L___,A

Determine
xlO x32

Vo ’ v,=

(t,=t,) (t,-t;)

-2 * F, * x,

Mdn =

(V12 - Voz)
%
gply Step up-signal
o control signal

3

For t, < t < t, determine

t4 | t4
P,, = P, dt ; x,, = v dt

t3 t3
2 *(Pu - F1*x43)

(Vo2 - Vlz)
|2

Determine
MF =M * v, / l,..

v
END OF TEST

M, =

Figure 2.1: Flow diagram describing a proposed test
cycle
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When a full 100% perturbation is applied note that the
run-down and step-up test are just a special case of

the more general case, where the system is only slowed
down.
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2.6 SHORTCOMINGS OF THE TEST PROCEDURE

2.6.1 Modelling the load characteristics with respect
to speed

Up till now it has been assumed in all equations
that the load characteristics are constant with
respect to speed. This can, however, not be
assumed in practise as the load characteristics
depend both on the speed and the 16ad of the
mass on the belt. Bearings, which impose a load
force on the systen, have a non-linear
relationship with speed, as the load force is
bigger at low speeds. This force will increase
with increased mass on the CB as the mass exerts
an additional pressure on the idlers, thereby

increasing their drag.

Thus the load friction F, is not constant, but a

function of speed v and mass M:

F, = £f(M,v)

This load function can be described by a Taylor
expansion, which is a higher order polynomial.

The following polynomial will approximate F,:

F, = F, + a*v + b*v? + Cc*M + d*M?

‘Determining the above relationship would involve
running the system for different speeds at
constant loading of mass, and running the system
for different masses at constant speed in steady

state. From these tests the coefficients of the
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above equation can be found by means of a multi-
linear regression.

Determining the above relationship would thus
involve extensive test work on each conveyor
that this system is going to be installed on.
This is not practical in terms of the objectives
of this study (i.e a 1low-cost MFM that can
easily be installed on existing CBs). Hence it
has to be determined if the gain in accuracy due
to the force being modelled in terms of mass and
speed 1is Jjustifiable. This gain can be

determined on an experimental basis.

The algorithm incorporating the 1load force
characteristics is described in Appendix A.
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2.6.2 Incorporating the efficiency of the motor

~In section 2.2 it has been suggested that
measuring the powér supplied to the motor by
means of a power transducer is the most
practical way to determine the power delivered
by the motor. If the power supplied to the
motor is measured, all the power measurements
used in chapter 2.5, which are assumed to be
measurements of power as delivered by the motor,
have to be adjusted for the efficiency of the
motor. The efficiency thus has to.be determined

somehow.

It is, however, virtually impossible to
determine the efficiency of a motor if the input
and output power are not measured accurately.
The efficiency of a motor depends on the speed
(or slip) of the motor which in turn depends on

the load torque of the motor.
Typical efficiency characteristics and 1load

characteristics (Say[14]) are shown in the

following figures:
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Figure 2.9: Efficiency characteristics of an

induction motor

/

Sfeed [rp.ml]
( Thousancs)
c e o o a o o
S NI F Y NN e ™
SRS U RO N B | i

o /

0.4 0.6

=)
(o]
i
[}
I}

Torgue [Nm]

Figure 2.10: Load characteristics of an

induction motor

The above characteristics can be determined, and
modelled by an equivalent «circuit. The
parameters of the equivalent circuit can be

determined by performing a short and open
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circuit test on the motor. Even 1if the
parameters of the equivalent circuit are known
for a test situation, they cannot be assumed
constant with time as they change due to many
other influences, like for instance the actual

temperature of the motor.

As the efficiency is difficult to determine and
because the initial test required to determine
the parameter of the equivalent circuit is
lengthy, it is therefore not desirable in the
light of the objectives for a low-cost MFM, to
model the efficiency. Hence it has to be assumed
constant. This assumption is acceptable if the
motor is loaded with more than 20% of its full
load power, as can be seen in the following
figure showing the efficiency load
characteristics of a motor:

‘

90 /”f S“\.\

Efficiency (%)

% of Full Power

Figure 2.11: Efficiency load characteristics of

an induction motor

Other ways to determine the power delivered by
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the motor include systems that use load cells on
the chassis of the motor. These techniques have
also been ruled out as they would require a
special adaptation of each driver motor that the
system 1is installed on, which also is not
desirable in terms of the objectives of this

study.
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2.6.3 Measuring the Speed of the Motof

The speed of the motor can easily be measured
using a DC Tacho that is mounted on the shaft of
the motor. This however means that a special
assembly to mount the tacho has to be provided,
which lis_‘not advantageous in terms of the

objectives of this study.

It thus has to be determined if the measurement
of speed is essential, as the transient response
of speed is not required. Only the steady state
values of initial and final speed need to be
known, which <could be determined from the

frequency setpoint signal for example.
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3.1 INTRODUCTION

Using the technique from the last chapter, an estimate
for the MF on the CB can be obtained. A decision
about the performance of the measurement system has to
be made, preferably on a gquantitative basis, to
determine the accuracy of the measurement. Both
Considine[1] and Doebelin [4] are referred to in this

chapter.

When studying the performance of a measuring device
the ability to measure the desired input and the
ability to reject spurious inputs should be
investigated. The process of calibration does Jjust

this. It concentrates on these two main features:

a) It provides the means to correct the measured
readings should they be incorrect;

b) It quantifies the amount of error on the

measured signal due to the spurious inputs.

By ’Input’ is meant the actual guantity to be measured
or the ’true value’. By ‘output’ is meant the result
from the measuring device. The output can also be
called the ’‘unknown quantity’ in this case, as it is

unknown how ‘true’ this value is.
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Considine [1] suggests that one way to calibrate a
measurement device is to compare the measured quantity
to a standard of the same physical nature. A proposed
design for a measurement device could be compared to
another instrument (called the reference instrument)

measuring the same quantity, for example.

It has to be noted that the reading of this reference
instrument is still not the same as the true value.
The true value should normally be regarded as unknown,
as a perfectly exact definition of the physical
quantity to be measured is impossible. The expression
’true value’ thus refers to a measurement obtained by
the ’exemplar method’ (Churcﬁill Eisenhart /
Doebelin(4]). An exemplar method is one, which is
agreed on by experts as being sufficiently accurate

for the purpose of calibration.

If a measurement device is calibrated against a
reference instrument, as suggested above, the reading
obtained from this reference instrument also has  an
uncertainty associated with it, even if this is very
small. This is why a device which is calibrated
against a second reference device can never be
calibrated to an accuracy higher than that of the

reference instrument.

After calibration this reference device 1is not
available anymore. To be able still to make a
-judgement about the accuracy of the measurement
device, this error has to be defined and quantified.
To do this the source of the error has lto be
investigated. Then various mathematical models can be

used to assign a value to the error.

Thus the error can be defined as follows: The error of
a single reading 1is generally defined as ‘the
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deviation of the stated value ffom the true value’
Considine[1]. Thus the difference between a true and
a measured value is equal to the error of the system.
To define the error for a whole measurement system,
the individual errors have to be seen in a statistical
environment. The error therefore defines the bounds

between which a certain number of readings will lie.

Generally, the sources of error and in turn the error
characteristics can be divided into two main areas,
i.e. the static and the dynamic characteristics of the

instrument.
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3.2 THE STATIC CHARACTERISTICS OF AN INSTRUMENT

3.2.1 Static Calibration

To be able to make a judgement on the static
characteristics of the instrument a ‘static
calibration’ has to be performed on the system.
In this calibration test the output of the
measurement device will be compared to the true

value over a range of input values.

The static calibration involves initially
determining the input/output relationship of the
instrument, i.e the relationship of the
measurement with regard to the true value. It
has ‘to be kept in mind, however, that an
instrument not only has one input, which is the
input of the physical quantity to be measured,
but many other inputs which also have an effect
to a lesser degree on the output. Many
different physical causes can be uncovered each
having a different degree of effect on the
output. For instance an input of this kind

could be ambient temperature.

These kinds of interaction on the output by
-other inputs have to be accounted for. Firstly,
if the input/output relation of the measured
value to the true value is determined, the other
inputs not investigated have to be kept at a
constant 1level for the duration of the
calibration test. Secondly, a family of
input/output relationships for these other

influences should be determined.

A measurement system can, however, never be
totally isolated from its environment. Thus many
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external influences acting on a system cannot be
modelled by an Input/Output relationship and
have therefore to be left uncontrolled. If,
however, a certain input has a big influence on
the system an attempt should be made to control

it as well.

These input/output relations can then be used to

determine the accuracy of the system.

45



Chapter 3: Basic Statistics

{
3.2.2 Bias and Imprecision

——

The loss of accuracy of an instrument due to the
error of an instrument is due to a combination

- of bias and imprecision.

.Bias is a systematic error, i.e. an error that
is éonstantly repeated. This error has constant
magnitude and sign. As this error is always
present it can be removed by calibrating an

instrument correctly.

Bias could, for instance, be caused by a
constant error being made all the time in the
measurement process. Such an error could be a
wrong physical constant, which-is assumed.

Imprecision is a random error associated with
the measurement. This error has neither
constant magnitude nor constant sign. Due to
the random nature of this error, this type of
error is not constantly repeated and thus it is
impossible to quantify or even model the exact

characteristics of this error.

As méntioned earlier the measuring system can
never be totally isolated from its environment.
This.results in a number of external influences
that are impossible to account for, either
because they are so difficult to control or
because the influence caused is so small that it
can be neglected on its own. But if all these
minute influences are added up, as they would in
a normal instrument, they begin to have an
effect as manifested by noise on the signal. As
no prediction can be made about the behavior of
this noise it can be regarded as random.
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Generating a set of data will result in a random
scatter, which can be described by statistical
methods.
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3.2.3 Removing Bias

First consider the repeated measurement of the

same true value:

As bias is a consistent error, it can be assumed
on an infinite scale, that the average of all
the random errors equals zero. In other words,
if the average 1is taken from a set of
measurement data all the errors due to
imprecision should be filtered  out. This
cancellation of the imprecision is due to the

statistical nature of the random error.

The Input/Output relationship can be described

as follows:

Yy =X + b, + e, ...(3.1)
where

y - actual measurement

X - value of the true measurement

b, - bias of the measurement

e, - error due to imprecision

Thus taking the average of the  set of

measurements the error due to imprecision is

removed:
2
iZ1¥
=y =x + b, e (3.2)
n
Where
; - mean of the measured value
n - no of readings
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Thus the bias can be determined as follows:

bi = y - X ...(3.3)

The bias once determined, can be removed from
all future readings, by subtracting it from the

actual measurement.

The above equation assumes that the same true
value is measured over and over again. For an
actual instrument, however, the true value of
input changes over a certain range of values,
which has a change in the output of the
measurement device as a result. Thus consider

the measurement over a range of true values.

Obviously the Input/Output relationship is no
longer a single correspondence between two
values but a set of correspondences. If these
values are plotted against each other on what
is called a correlation graph, they should form
a straight line if a direct relationship exists
between the input and the ouéput.

What has been the average of a set of data
before, becomes now the "average" of the line
through all these data points. The "average"
line is more commonly known as the ‘best fit of a
linear equation through a set of data. Such a
best fit can be obtained by using the Least
Squares Estimation Algorithm (Volk([16]).

The equation of this best fitting 1linear

function can be described by the following
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equation:

y=mx +Db ...(3.4)

where
y - measured quantity
X - true value of quantity at a certain
point
m - slope of the best fit linear
b - y~-intercept of the best fit linear

The slope and the y-intercept of the best fit
can be obtained by applying the measurement data
to the following equations (Volk[16]):

} n * S(y*x) Iy * 3Ix
m = 00’0(305)
n * Ix? (Tx)?

Ty * (2x)? - T(x*y) * 3x
b = e..(3.6)
n * ¥x? - (Ix)?

The bias in this case is removed from the
measured data by using a rearranged form of
Eg.(3.4):

x=(y-b) /m e (3.7)

Thus, apart from quantifying the amount of
imprecision the process of calibration
constitutes removing the bias from measured
readings. A properly calibrated system thus
should have no error due to bias associated with
it. This is however very difficult to achieve
in practice as the actual measurement systems
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change with time and so does the bias.
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3.2.4 Quantifying Imprecision

To. develop a method to quantify imprecision, the
imprecision of a measurement describing the
same single true value will be considered first.
It is assumed that the bias on the measurement

has been removed.

In section 3.2.2 the origin of the error due to
imprecision was discussed. It was found that
the magnitude and sign of this error change
randoﬁly. Thus if the set of measurement data
of a single true measurement is plotted on a
probability plot a typical random scatter will
- be obtained. Due to the random nature of the
data it can be assumed that the average of the
random errors equal zero, i.e the average of

the measurement data equals the true value.

This random scatter <can be described by
statistical methods using the Probability
Density Function (PDF) (Doebelin[4]), and thus
boundaries can be defined which describe the
amount  of imprecision associated with a
measurement. A typical random scatter is

illustrated in the following figure:
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Number of Readings
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Figure 3.1: A typical random scatter
The probability that a measurement lies between

boundaries a and b on the above plot equals

P(a<x<b):

b
P(a<x<b) = j f(x) dx = F(x) ...(3.9)

a
where .
f(x) - Probability Density Function (PDF)
F(x) - Cumulative distribution function

The probability that a measurement lies between
the 1limits of plus and minus infinity equals
unity as all the measurements definitely lies

somewhere on the x-axis.

The most commonly known model to describe such a

PDF is the Gaussian Bell curve:

1 “(xX-u)?
f(x) = * e 2*%g?2 .,.(3.10)
J 2*m  *g
where
' u - mean value
o - Standard Deviation (SD)
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The above equation is governed by two constants.
The mean value determines the position of the
curve on the x-axis. The SD determines the
shape of the curve. The function plotted for
two different values of SD is shown in the

figure below:

20

[

f()
I3
[

Figure 3.2: The Gaussian Bell Curve

Although the Gaussian PDF may only be an
approximation it can be assumed true for an
infinite number of measurements taken. Tests to
prove the suitability of the model do exist, but
they are lengthy to perform. In an engineering
environment the Gaussian PDF can generally be

assumed accurate unless discrepancies occur.
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From the Gaussian distribution the SD can be
defined:

n —
Z (x - x)

o = i=1 «..(3.11)

n-1
where

; - mean of all measurements

X - actual measurement

n - no of measurenments

SD can be defined as follows: The SD describes

the bounds between. which certain amount of
readings lie. 0 1is the boundary between which
68% of all readings 1lie. 20 describe the
boundaries between which 95% of all readings
lie. The table below summarizes a few more of

these statistical boundaries:

% of readings

between

Boundary boundaries
0.781c0 50
lo 68
20 95

3a 99.7

Table 3.1: Boundaries of error of imprecision

The SD is the value used to determine a value
for the system’s error ofAimprecision. It is
obvious that if a certain boundary is quoted it
must be qualified, which type of boundary it is,
i.e. if the boundary given represents the 68% or
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the 99.7% 1limit. The difference in the value
specified for the error is considerable. This
qualification is however often left out in
practice, which makes the estimate of error

unreliable.

The equation of the standard deviation of a
single true value can be extended to yield a
standard deviation associated with a measurement

for a set of true values.

The standard error> of the measured wvalue can

hence be determined as follows:

g, = (1/n) * T(m*x + b - y)? ...(3.12)

where

m - slope of best fit line determined by
using LSE technique
y-intercept of best fit line
measured value
true value

X T
1

The above equation, however, fixes the standard
deviation for the. whole range of measurements,
even if a future measurement lies outside this

range.

To wunderline this statement consider the
following case: Measurements are taken over a
range of r,<=r<=r, in an evenly distributed
manner. The above equation assumes that the
error is constant over this range. But what
happens if a measurement near the border or even
outside this range is considered. A measurement
near the centre of this range is described a lot
better, as it can be referred to other
measurements on either side. A measurement

near the border, however, can only be referred
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to measurements on one side, and thus it is
described in much less detail. A similar case
occurs where the measurements are closely
populated over a range near the centre of the
scale, with only a few values describing the
extremes of the range. The error near the
extremes, which is much less described than the
centre of the range, cannot be assumed to have
the same error as the measurements near the
centre. Obviously the error near the extremes

should be bigger than near the centre.

A process accounting for this shortcoming is
described by Miller[11]. He describes the error
bound not by a linear, but by an elliptical

equation.

Miller distinguishes between determining the
error associated with a certain measurement and
between determining the error of a future
measurement. He calls these processes

’Prediction’ and ‘Discrimination’ respectively.

In practiée these two processes differ in that
in prediction the true values are used to
determine the error associated with a set of
measurements like in the process of calibration.
In discrimination the results from the process
of prediction are used to determine the error
and the true value from a future measurement.
Prediction is thus the qualification of the
unknown from the true, whereas Discrimination is
the determination of the true from the unknown

using the results from prediction.
In the model that Miller describes it has to be

noted that the x-value is always regarded as the
true value or the independent value. The y-
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value 1is always the measured value or the
dependant value. The function looks as follows,
where adding or subtracting the error bound E
defines the wupper and 1lower boundary limit

respectively.

f(x) =y=b+m*xx + E ...(3.13)

where
"E - Error which defines boundary

(x-x,)?
E2 = F * g2 * [1 +1/n + ——]
n
Z(Xy=X%,) 2
J=1
...(3.14)
where
F ~ F - distribution number
[Miller(11)]
g, - standard error of measurement as
before (Eq.(3.12))
X, - mean value of the whole range of

true values

The F-distribution number can be looked up in a
F-distribution table. It is dependant on the
percentage boundaries required, e.qg. the
boundaries that contain 95% of all readings.
The F-number depends also on the number of
samples used for the <calibration or the
prediction as Miller calls it, and on the number
of future true values to be predicted (usually
assumed one for a single estimation process). A
copy of the F-distribution table for the 95% and
99% limits is given in Appendix B.

Thus after having determined the best fit line
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through a set of data, the above equation can be
used to plot the elliptical boundaries for the
set of data representing a certain percentage
boundary. Such a typical best fit line and the
associated 95% boundaries is shown in the figure

below:

t

> T O oW Q=
D C OO0 OO0 OO0 00O oo
]

v <=> measu-ement

= R L

Lo

3z

N
\y

3 A
N 4

-50

) 20 40 20 80 ' 100

¥ <=> true value
] Fitted Line + Upper Limit . [ Lower Limit

Figure 3.3: A typical best fit®line and the

associated 95% boundary limits

As can be seen the distance between the best
fit line and one of the boundaries is the least
near the cehtre of the range of true valuesvand
increases as one moves away from the mean. It
should be éoted that the standard error of a
measurement is the vertical distance between the
best fitted line and the boundary function.

To use the Eg.(3.14) in the process of

discrimination two constants are defined, which
will simplify the writing of the equation:
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1
C, =TF % g2 %
n
S(Xy—%y) 2
J=1
.--.(3.15)
C, =F * g * (1+1/n) ...(3.16)
Eq.(3.14) thus reduces to:
E2 = C, + C, * (%X-X,)? ...(3.17)

. In the process of discrimination a measurement
is given. From this measurement the true value
represented by the measurement and the error
associated can be determined. Note that now the
error between the determined true value and one
of the boundaries 1is required. This error is
equal to the horizontal distance between the
best fitted line and a boundary in Figure 3.3.

To determine the actual true value and the
associated error Eq.(3.13), (3.14), (3.15) and
(3.16) have to be rearranged and solved for x.
This is a rather 1lengthy process. The final
result as stipulated 1in Miller[1l1] can be
written down as follows:

mY + / m2Y? - (C,-m?)(C,~¥?)

X ] Xm -
(Ci-m?) ...(3.18)

where

Y=Y -V
Y. — mean of all measurement data
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The above equation can be split up in order to
distinguish between the portion due to the true

value and the portion due to the error:

y-b  C*Y * m*/[m2Y? - (C,-m?)(C,~Y?)]

m m * (C,-m?)
...(3.19)

The first term (y-b)/m represents the true value

and the rest equals the error on the system.

61



Chapter 3: Basic Statistics

3.3 THE DYNAMIC CHARACTERISTICS OF AN INSTRUMENT

The dynamic characteristics are relevant when the true

value to be measured changes a lot.

To determine the dynamic characteristics of an
instrument the transfer function of the instrument has
to be determined. The transfer function 1is a
mathematical model, that indicates how the system will

respond to a certain input.

- If the output of an instrument is fast responding to
changes on the input, the dynamical characteristics of
the instrument have 1little effect on the overall
characteristics of the instrument. If however the
response time of the instrument is slow in comparison
to the —changes on the input, the dynamical
characteristics have to be accommodated in the process
of calibration. '

The figure below illustrates a way to account for the

dynamics of an instrument:

t(s) Measurement m(s)
Device
M(s)

v

Low Pass f(s)
Filter
F(s)

W

Figure 3.4: Accounting for the dynamics of a

measuring device
From the above diagram it can be seen that the signal
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of t(s) representing the true value to be measured can
not be directly correlated to the measured signal

m(s), unless:

a) The system is in steady state, i.e. t(s) is
constant. In this case, if the bias of the

system is removed, the input equals the output.

b) The response time of the measurement device is
so fast, that its response can be regarded as
instantaneous. Another way to view it, is to
have a 1look at the pole distribution of the
transfer function M(s). If the pole closest to
the origin is positioned at negative infinity
in the s-plane the response of such a system to
a step change on the input can be regarded as
instantaneous, i.e. the output follows the

input.

If the above two cases are not true, the best way to
solve the problem is to filter the signal of the true
value t(s) with a low-pass filter F(s), which has the
signal f(s) as output. If the time constant of the
filter is chosen to be similar to that of the
measurement device, the two output signals can be
assumed to have similar dynamical characteristics and
hence these two signals can be correlated against each
other.

It has to be noted that often instruments are only
calibrated for steady state. To do this, the system
has to be insured to be at steady state when
performing the calibration. Also a response time has
to be spedified. The response time gives an indication
of how long after a step change is applied to the
input, steady state is reached.

A further case when the dynamics of a system have to
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be considered is, if no direct reference measurement
can be made of the true value for the purpose of

calibration. Consider the following case:

t(s) | p(s)
M Process >
P(s)
4
Measurement Reference
Device Measurement
M(s) R(s)

l m(s) | l r(s)

Figure 3.5: Incorporating the dynamics of a process

In the above figure it can be seen that signal t(s)
can only be measured after the process of P(s), which
obviously changes the dynamics of the signal. Thus the
signal of the reference device r(s) cannot be directly
calibrated to the signal of the measurement device
m(s). One way to overcome this problem is to model
the dynamics of the measurement process and the
process itself and thus to account for these models by
means of a low or high pass filter on the output of
the reference signal in a similar way as it was done

above.

If the process is however not easy to model, there is
a different way to perform the calibration, which is
however a crude method. A low pass filter with a time
constant longer than that of any of the processes,
should be put on the output of both the measurement
and the reference device. The effect of these filters
will override any dynamical changes on the system and
thus it will filter the undesired effects due to
dynamical changes. Only definite slow changing signals
Qill be reflected on the outputs of the two filters.
As the filters should be filters with the same time
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constant the outputs can be directly correlated
against each other or wused for the purpose of

calibration.
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3.4 CONCLUDING REMARKS

As the field of statistics is so involved it is often
neglected to some degree. As a result misconceptions
exists on how to determine the error of an instrument,

as the error is not clearly defined.

A typical example was confirmed by Doebelin[4], where
he describes an example on how the error is quoted in
the normal engineering practice. He writes that often
the accuracy of an instrument is given by a single
measurement, sometimes even as a percentage of full
scale. It is not made clear to what the exact meaning
of the single error value is, and the full scale
reading is not specified either, if one wants to know
the value of the actual error.

This even happens if a calibration was carried out,
but the actual error is not calculated. The error is
sometimes taken as being the largest deviation from
the fitted 1line of calibration. Clearly this is
somewhat unsatisfactory as this one reading used may
be a freak reading and thus 1is definitely not

representing the normal.

Manufacturers also quote percentage accuracies which
often are too good to be true. Still they are not
.quoting an incorrect error bound, but the error bounds
between which very few of the total readings lie.
Another person would regard this 1limit as the error
bounds for a high percentage of the readings, and thus

is going to be disappointed very soon.

Due to these misconceptions experienced during these
studies it was thought necessary to make an attempt in
the previoué chapter to clarify these. The techniques
described will be applied in the ©process of
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calibrating the prototype instrument.

The results are again going to be stated as a single
error value. But if this value is qualified to what

exactly it represents, this is acceptable.

‘The values given for the imprecision in this study
will always represent the 95% confidence or error
bands. The value stated will be percentage error of
full-scale at the mean of the range of readings.

An example for the how the single value for the
imprecision E, is obtained is shown in the following
figure. X, is the mean massflow, e is the error at

the mean and X, is the full-scale reading of massflow.
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Figure 3.6: Typical correlation graph (Best fit 1line

and error bounds)

Thus the mean error will equal:
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e= e/x, * 100% = (13/100) * 100% = 13%
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AND”CALIBRATE THE-MASSFLQW_

4.1 GENERAL REMARKS ABOUT SOFTWARE

4.1.1 Basic Aims of Software

The main aim of the software packages written is
to implement the MF estimation technique
described in chapter 2 and the calibration
techniques described in chapter 3 into suitable
software packages. These packages are to serve
as a prototype instrument which can be run from

a Personal Computer.

4.1.2 Hardware Requirements

The programs can be run on any IBM compatible
PC. The PC used in this application was a 12MHz
AT machine manufactured by MIAD.

The graphics adapter used was a Hercules
Graphics Adapter. The programs are however
written in such a way that they can run on any

conventional graphics adapter.

No special Memory 1is required. The standard
640kB available on most PCs is sufficient to run
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the programs. The machine used in this study
had a numeric co-processor (80287) on the mother
board. This will only have an effect in the
compilation and the speed of running of the
programs. Programs that are compiled assuming
that a numeric co-processor is available can not

run on machines without a numeric co-processor.

The Input/Output card used was a Data
translation DT2801 card. This card consists of
16 linear (8 differential) analog to digital
converter channels and 2 digital to analog
converter'channels. The software developed to
drive this card is contained in the DT2801_4.PAS

sub~routine.

4.1.3 General Software Development Policies

While developing the software it was aimed to
make the software as user friendly as possible.
It has to be kept in mind, however, that the
software developed serves only as a prototype.
The emphasis was thus 1laid on functionality
rather than user friendliness. An instrument
developed for the market should not take the
form of a software package implemented on P.C.,

but rather a microprocessor based unit.

The software was modularized as far as possible.
The tasks were broken down into unit processes,
which were then coded into subroutines in the
Turbo Pascal Compiler Version 4.0 [15]. Turbo
Pascal provides the excellent facility of units,
which are subroutines, that can easily be
linked and called up in any main program.

These unit processes where programmed as general
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as possible, so that they could later be used in
other programs without adapting thenmn. The
possibility exists that these subroutines might
be used in a future instrument. This explains
why no global variables where used in the
programs as these would have made the
subroutines more specific. If all parameters‘
are passed to and from a subroutine it is a 1lot
clearer what is happening in the execution of

the subroutines.

In the programming process the subroutines and
main programs where defined into. a hierarchical
structure. The main program is in the highest
level coordinating all subroutines. The
subroutines are part of 1lower 1levels in the
structure, depending on how specialized their
task is. A more specialized subroutine can only
call up a more general subroutine, which is a
subroutine on a lower level. The four levels of
the hierarchy are shown in the following

diagram:
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LEVEL 4: Main programs
DLOG.PAS, GRAF.PAS, MFCHM.PAS

MFCA.PAS, MF.PAS

_

LEVEL 2 LEVEL 3
DETMF.PAS, DATALOG.PAS DLOGD.PAS, GRAFD.PAS,
HFCHD.PAS, MFCAM.PAS
] HFD.PAS
LEVEL 1

FILEHAND.PAS, MATH.PAS
PLOTGRAF.PAS, DT2801.PAS

Ly

LEVEL
TYPES.PAS, CRT, GRAPH, DOS
DRIVERS.PAS, FONTS.PAS

<

Figure 4.1: Hierarchical structure of programs

and subroutines

Thus describing the levels of the hierarchy in

more detail:

Level 0: This is the base of all subroutines.
It only includes TYPES.PAS, which
mainly defines certain data records and
performs very basic . functions 1like
highlighting items on the screen, or
reading an integer or a real from the
screen. Subroutines which are part of
the Pascal Compiler (i.e. Dos, Crt,
Graph, Drivers and Fonts) can also be
regarded as being part of Level O .
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Level 1:

Level 2:

Level 3:

Level 4:

.

General file - handling, mathematical
and  graphics subroutines form part of

this level. The aim of subroutines in

this level is to - enhance  the .-

subroutines available in the Pascal

‘compiler.

The .subroutines in :this level are
designed to support specific main
programs. The subroutines are tailored
to pérform ~more specific tasks and
functions needed by a specific main

program. As these subroutines may be

needed by more than one main progranm,

they are part of a Unit so that they

can be used by all main programs.

This level of subroutines only contains

data subroutines. ' The reason to put

the data into a separate subroutine and
not into the main program is to keep
lengthy data records, like screens for
different menus out of the main
program. This will make the structure

of the main program clearer.

This level contains the actual mdin
program. It accesses all the
subroutines in the different levels, .

and coordinates these acdordingly.

.The actual. listings -of all the programs and

subroutines together with an index can be found

in Appendix c.
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2)

3)

Data format contains the actual samples taken
for up to six channels as well as the
sampling frequency, no of samples, no of
channels, size of step applied to output
channel and when the step wés applied,
legends of the channels logged and title of
response. File data in this format is denoted

by the file extension ’‘*.dat’.

Massflow Correlation Data Format (Data B):
This data format contains actual massflow
samples taken from the reference instrument
(channel 1) and massflow samples deternined
from the step-down and step-up responses of
power and speed (channel 2 and 3
respectively). All samples are saved ' in
their .uncalibrated mode, 1i.e. the values
obtained have not yet been adjusted by the
calibration coefficients. Also contained in
this data record are the number of samples,
title of the set of samples and regression
results (i.e. results if channels 2 and 3 are
correlated versus channel 1). File data 1in
this format is denoted by the file extension

r* cor’.

Massflow Data Format (DATA C): This data
only contains the calibrated massflow data
obtained from the step up respohse of power
and speed. It also contains the time when a
specific massflow sample was taken to be able
to make a judgement on the average massflow.
File data in this format is denoted by the

file extension ’‘*.dam’.

Examples of the exact data formats used are

shown in Appendix E, whereas the definition of
the data record that contain all the data is
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shown in the listing of TYPES.PAS in Appendix C.
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4.2 THE SOFTWARE

To explain the function of the individual software
packages one basic aim has to be kept in mind:
The software is to obtain data either from the
actual process or from disc, process this data
and then store it on disc again. The
processing of the data should be done to serve
the basic aims of the software development

outlined in Section 4.1.1.

The function of the software is shown in a general

block diagram below:

Data Data Data
>l logging >|l Process- |—rt—>| Display
ing
Data
—>| Storage

Figure 4.3: Basic function of software

To define the function of the individual wunit
processes of the above process the blocks in the above
figure have been broken down into smaller blocks. It
has to be kept in mind that not all the unit processes
might be needed in the same software package, but to
illustrate the relation of these unit processes to one.
another in the gross context they have all been
included in this one diagram. Which of the unit
processes is needed for which program is explained in

the following sub-sections.
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Hardéare | Personal Computer
n(t) n(z)
_|__ . +-
| V() | Data y v(z) [ Corre-
L Process—|— : Data | N(z) lationf—
. p(t) |logging| p(z) gL Process-j—s }
—— 77 g
|
———————|-—perturb. Display
Signal
|
|
| |
[ 0
|
Data A Data C Data B
Figure 4.4: Required function structure of

whole process

Three groups of software packages can thus be

distinguished:
A - Manual data acquisition and correlation
B - Automatic data acquisition and correlation
Cc - Automatip data acquisition

The function of the programs in each of these levels
are described in the following sub-sections. The
actual 1listings of the programs and subroutines are
given in Appendix C, whereas the actual menu
structures and the detailed functions of the
individual options in the programs are described in

Appendix D.
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4.2.1 Manual Data Acquisition and Correlation

The aim of this group of software packages is
firstly to obtain a set of real time pulse
responses of speed, power and reference massflow
which are then stored onto disc. These responses
are then recalled from disc one by one and thus
the massflow can be determined from these
responses. This technique has the advantage that
the real time responses are saved, and thus they
can be wused to ‘evaluate different massflow

estimation techniques.

The data acquisition program is a very general
data 1logging program (called DLOG.EXE) which
sends out a pulse to perturb the system and thus
logs up to six input channels. The data is saved
to a file on disc in the DATA A format. The

functional block diagram is shown below:

Hardware | Personal Computer

m(t) m(z)

+ -—;!E;_- Data v(z) |

Process [— | —— _
| p(t) |loggingj p(z) [

/ 7/

| Perturb.
Signal

Data A

Figure 4.5: Structure of functions in DLOG.EXE
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In the above diégram m, v and p refer to
massflow, speed and power respectively. The
independent variables t and 2z indicate whether
the signal is in the continuous or sampled time

domain.

Once the data for the responses of different
massflows has been stored on'disc, they can be
manually called up into the data 'processing
package (called MFCM.EXE) to process these
responses to yield an estimate of the massflow
in the system. This can be repeated for all the
responses' in a test series to yield a set of
massflow data that can be used to calibrate the
instrument versus a reference massflow meter. To
allow for the dynamics of the instruments an
option exists to filter the signal
appropriately. The set of massflow samples
obtained can be saved on disc using the DATA B
format. The function block diagram of MFCM.EXE

- 1s shown below:

Personal Computer

m(z)
p(z) ' Corre-
Data M(z) lation
v(z)||Process~- )
ing
Display

0] . 0

Déta A ‘ Data B

Figure 4.6: Structure of functions in MFCM.EXE
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A third package that should be part of this
group of programs is a package to display the
real time response graphs on screen. Here not
only the option of displaying one graph alone,
but the option to compare various responses to
one another is important. These two
fequirements have been incorporated into one
program called GRAF.EXE (It should be noted that
the units of the vertical axis of the graphs
always represents binary PC counts, unless

otherwise specified).

4.2.2 Automatic Data Acgquisition and Correlation

"This group of programs consists of one program
called MFCA.PAS. The aim of this program is one
step further from the group of programs in the
last sub-section. Once a suitable technique to
estimate the massflow on a conveyor belt has
been established, the saving of real time
responses to disc is not required anymore. In
MFCA the response from a pulse perturbation is
recorded and immediately processed to yield an
estimate for the massflow on the conveyor belt.
This massflow estimation is also performed in as
On-Line fashion as it is performed as soon as
‘the system has reached steady state. The
massflow estimates <can then be calibrated
against a second reference massflow reading to
prove their correlation. The massflow data
samples can then be stored on disc in the DATA B
format. A block diagram describing the

functions of the program can be viewed below:
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Bardware | Personal Computer
%t) m(z)
v(t) | Data | v(z) Corre-

Process —|— Data | N(z) lation
p(t) |logging| p(z) |Process-j—s

—|— ing

N

| —{Perturb. Display
Signal ‘

Data B

Figure 4.7: Structure of functions in MFCA.EXE

4.2.3 Automatic Data Acquisition

The aim of the third package, called MF.EXE, is
to propose an algorithm that can be used in a
final instrument. Thus the option of
calibration is not needed anymore. Only the
sibroutine to log the power and speed responses
of a pulse perturbation as well as the data
processing routine to determine the massflow of
the system are the same as before. Normally
included in commercial massflow meters is the
option to determine the average, total, maximum
and minimum of massflow over a specified period
of time. Such an option has also been included
in this program. The massflow estimates obtained
in this program can be stored on disc together
with the time when the sample was taken in the
DATA C format. The block diagram below explains
the working of the program:
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Hardware | Personal Computer
|
v(t) | Data | v(z) |
| Process —|— Data | M(z)
¥ p(t) |logging} p(z) |Process-j—¢
—|— ing
|
| —{Perturb. Display
Signal w
|
|
'
| 0
| |
Data C

Figure 4.8: Structure of functions in MF.EXE
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5.1 DESCRIPTION OF BASIC PLANT

The aim of the 1laboratory set-up at the DIAMOND
RESEARCH LABORATORIES (DRL) was to have a plant which
could effectively be used to measure and calibrate the
MF on a HCB for different MF rates. The DRL developed

a test plant which consists of three main parts:

-~ A Hopper bin (HB), which includes a vibrating
feeder
- A horizontal conveyor belt (HCB)

- An inclined conveyor belt (ICB)

These three items are arranged as shown in the diagram
below:
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HOPPER

Vibratin
Feeder \——

(:::) Horizontal Conveyor (:E:)
\ Ahute

Figure 5.1: Schematic diagram of laboratory test rig

The HB acts as a storage for the gravel to be used.
In a test situation the gravel would be fed via the
vibrating feeder onto the HCB. From the HCB the gravel
would fall through a chute onto the ICB which feeds
the gravel back into the HB.

Below the test plant and the control panel are shown
photographically: ’
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. g
.3 .

Photograph 5.2: Photograph of the control panel of the test

rig
The following sections will discuss the specifications
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of the high voltage and instrumentation circﬁitry.
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5.2 SPECIFICATIONS OF THE 380V CIRCUITRY

5.2.1 Horizontal Conveyor Belt

As explained in Chapter 2 an option was required
to perturb the speed of the HCB. The following

options were suggested:

- For plants where a VSD is already in use it

was suggested to use this VSD.

- Using Solid State Relays (SSRs) to cut the
power to the HCB is a more economic option
for those plant applications where the use
of a VSD is not justified.

Both these options have been included in the
laboratory test plant. 1In the following diagram
a circuit diagram of the 380V supply to the

motor of the HCB is shown:

88




Chapter 5: Validation of Technique in Laboratory

Two switches provide the following options:

A - The Automatic/Direct Selection Switch
provideé the option of supplying the
HCB with 380 Volts, 50 Hertz mains
supply (Direét), or to perturb the
supply in a way as specified by switch
B (Automatic).

B - If switch A is selected to Automatic,
switch B gives the option between
using the SSRs or the VSD to perturb
the systenmn.

Both the VSD and the SSR are controlled by 0..10
Volt signals. In a normal plant environment it
is however preferable to use current signals
(4..20ma). This has the advantage of 1less
external influences and hence less noise on the
signals. Thus the current signals that control
the SSRs and the VSD (denoted by (b) and (c)
respectively) are converted to a voltage signals

(0..10V) using current to voltage converters.

The output of the VSD is isolated from the mains
by a relay to pfevent any feedback effects due
to the VSD if the system was running in the
~direct mode.

The power transducer (PT) that is switched in
series to the motor will be dealt with in the

next section.
The starting and stopping circuit for the HCB is

the standard circuit used to switch 3 phase

~loads on and off by using a 3 phase contactor.
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5.2.2 Inclined Conveyor Belt

The starting and stopping circuitry of the ICB
is also the standard circuit as is used for the
HCB. A circuit diagram Appendix F shows the

actual circuit used in this application.

5.2.2 Vibrating Feeder

The gravel is fed onto the HCB by means of a
vibrating feeder. This vibrating feeder is
driven by another VSD, where the frequency
supplied to the vibrating feeder is proportional
to the feed rate and thus the massflow of
gravel. By varying the voltage control signal
to this VSD the massflow could be controlled and
thus the system could be tested for different MF
rates. A diagram in Appendix F illustrates the

circuit used in this utilization.
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5.3 INSTRUMENTATION CIRCUITRY

The instrumentation circuitry consists of a system
that feeds the controller signals from a PC to the
test plant and to measure the variables of speed,

power and reference massflow. The diagram down below

shows the actual circuit diagram:
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from Supply
(see fig 5.2)

PT 0..20mA

Kotor
and
Gearing

Horizontal (E]ﬂh
Conveyor Belt(

]

Tacho CONTROL ROON
) 0..90v
signal | PC A/D Card
Conditiomer| | |  femmeeeme—e-
and V/I
Converter > IV ¢h 2
o Converter
0..20mA and |0..10V
Filter ¢h1

Setpoint signal

for V8D
4..20mAl} PC D/A Card
+
Summing Ccho
Circuity 0..
4..20mA T -10V
(che
on Figure 5.4 |
(b)<— ¢hl
4..20m :

“+ —

Figure 5.3: Circuit diagram for instrumentation of
the horizontal conveyor belt
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5.3.1 The Control Signals for the SSRs and the VSD

The control signal for the SSRs consists of
generating a DC voltage (5..10V) on the output
of channel 1 of the PC which is then converted
into a current signal to comply with the current

signal standards.

In the case of the VSD a setpoint signal
normally exists already, either from some
control loop that uses the speed of the CB to
control some parameter (eg. level of ore in a
crusher) or just from a manual setpoint control
unit. In the case of the laboratory test rig
the setpoint was supplied from a manual setpoint
control unit. To this signal a perturbation
signal from the PC was added, to slow the CB
down. Adding currents is not easily performed
and it was thus suggested that the current
signals be converted to voltage signals which
can be added with an op-amp adding circuit. The
signal from the PC was already a voltage signal
which thus need not be converted. The block
diagram below shows how this adding of current
control signals was done:

94



Chapter 5: Validation of Technique in Laboratory

" Setpoint Signal

4,.20mA

\

Current to
Voltage
Converter ~

0..10V

A

Signal
Voltage| 0..10V from PC
Adding
Circuit

0..10 V .

N

Voltage to
Current
Converter

4..20mA

Signal to VSD.

Figure 5.4: Block circuit diagram to add

currents

A circuit diagram in Appendix F shows the actual
op-amp summing circuit used to add two voltage

signals together (Horowitz and Hill[8].

Hence if the PC generates a negative voltage on
the output of channel 0, the sum of this signal
and the setpoint signal is less than the
original setpoint signal. Thus the CB will slow
down. As soon as zero Volts is supplied by the

PC the sum of the signal will return to the
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.3.2

original setpoint and thus the CB will return to
the original speed. 1In this way a perturbation

to the control signal can be performed easily.

Speed

The speed is measured with a DC Tacho that is
mounted on the shaft of the motor driving the
HCB. It supplies a 0..90V signal for speed
varying from 0 to 1500 r.p.m. To convert this
signal to a standard voltage signal it needs to
be attenuated to give a 0..10V signal for a 0 to
1500 r.p.ﬁ. signal. This can be done with an
attenuation circuit or by a potential divider.
This signal is then converted to a current
signal by means of a voltage to current

converter.

Near the PC this current signal is converted
back to a voltage signal, as the Analog to
Digital converter in the PC can only read
voltages.

To reduce the noise on the signal it needs to be
filtered. A first order low-pass passive filter
is sufficient to filter the high frequency
noise. It also prevents aliasing which is an
effect whereby high frequency noise is
interpreted as a 1low frequency signal by the
Sampliﬁg circuit (EEE417 Control Engineering II
Course Notes [6]). The time constant of the
filter 7%, depends on the sampling frequency of
the PC ., which in turn depends on the time
constant of the plant %, again. In a later
section 7T, and thus ¥ and %, are determined.
The circuit used for the filter is shown in
Appendix F.
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Calibration of the speed signal involved
determining the relationship between
translational speed [m/sec] and binary counts of
the PC. This- was done by measuring the

translational speed (by timing the revolution of

the CB) and the corresponding amount of PC
binary counts as determined by the A/D converter
of the PC for different speeds. By plotting
translational speed versus PC binary counts the
calibration curve for the speed was established.
The slope of this calibration graph corresponds
to the conversion factor needed to. convert PC

binary counts to meters per second:

1 count = 4.98809 * 10~% m/sec
The calibration graph and the results of the

linear regression performed to obtain the slope
of the graph is show in Appendix G.

Power

Measuring power can be done most economically by
using a commercially available Power Transducer
(PT), which measures the power of a system using
the two or three Watt meter method. Two PTs
were considered for this application. The first
PT (PTa) uses the three Watt meter method,
whereas the second PT (PTb) uses the two Watt
meter method to measure power. Both units were.
installed and tested in a configuration shown in
the following two circuit diagrams (Dover[5]).
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R 1 1
' 7
B ’v'
Ix Iy
Watt Watt
VR Neterl Vw VW Neter? VB

Figure 5.5: Measuring power using PT using the
two Watt meter method

=]

o)
Ip Iy I3
Watt Watt Watt
Va Heterl VO Vw Meter2 V0 VB Meter3 VO

Figure 5.6: Measuring power using PT using the
three Watt meter method

The results from the two PTs were found to give
inconsistent readings in the following instances

and hence they were considered unreliable:

- if the HCB was run under constant loading
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(eg. with no mass on the belt) using the

VsD, the readings from PTa did not

correspond to those of PTb.

if the HCB was running ‘under constant
loading once being supplied directly from
the mains supply and then being supplied by
the VSD (which was adjusted so that the
belt speeds were the same), the readings
from the PTs did not correspond. This test
was done for both PTs and non-

correspondence was identified for both.

if the system was running at 50% speed
using the VSD, the reading from PTa was
negative, indicating, that if the reading
was true, power was fed back into the
supply. However the reading from PTb was

positive under these running conditions.

following possible sources of error were

The
identified:

a) The power transducer or the Current
Transformers (CTs) were incorrectly wired
up.

b) The CTs were only suitable for true 50
Hertz sine waves (RMS).

c) Running an induction motor at low
efficiencies causes power to be drawn at a
low power factor. The PTs can only
measure power correctly at power factors
close to unity.

d) The PTs were not suitable to measure the

power of non-sinusoidal wave shapes, i.e.

99



!

Chapter 5: Validation of Technique in Laboratory

wave shapes which consisted of a
fundamental and harmonics, as supplied by
the VSD.

The possible sources of error were investigated

consecutively:

a) The wiring of both the CTs and the PTs

were confirmed to be correct.

b) The CTs were characterized, by
investigating the current wave shapes on
the input and the output of the CT for
frequencies between 10 and 50 Hertz. A
typical trace of these current wave shapes
is shown in the following figure:

a¥
aT

Figure 5.7: 1Input and output current wave

shapes of a current transformer

. From the current wave shapes the
attenuation and the phase shift generated
by the CT could be determined for various
frequencies. The attenuation was found to
correspond with the winding ratio of the
CT, if the amplitude of the input and the
output wave shape were compared. No phasé
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shift could be observed for the range of

frequencies investigated.

As the wave shapes on the output of the CT
were not distorted in any way, i.e. they
were an exact replica of those on the
input, it was assumed "that the high
frequency components of the wave were not
affected either,votherwise the wave shape
on the secondary of the CT would have a

different shape to that on the primary.

It could thus be concluded that the CTs
are not responsible for the 1lack of
correspondence between the readings of

power.

c) Considering the load characteristics of
an induction motor with respect to the
péwer factor of the system it can be seen
that the power factor (pf) is undesirably
low if the motor is loaded at less than 40
% of full power (i.e. pf < 0.8). These

load characteristics are shown in the

figure below for a typical induction motor

(Say[14]):
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FPower faclor

///

Figure

d)

% of Full Power

5.8: Power factor load characteristics

of an induction motor

It has been mentioned in chapter 1 that if
the system runs at above 20 % of full load
the efficiency can be assumed constant.
This requirement has to be increased to
40% of full load to insure that the phase
angle between the voltage and the current

phasors is less 35 degrees.

The motor driving the HCB was determined
to be operating at less than 30 percent of
full power if the CB is fully loaded, thus
clearly below the acceptable limit.

Hence the 3HP motor was replaced with a
1HP motor. This resulted in an improvement
in the readings of the PTb, but not in
those of PTa.

The last problém that the PTs were not
suited to the application of measuring

power when harmonics are present on the
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system can only be solved if the'error due
to the harmonics can be characterized and
thus be accounted for. The calibration of
the power readings from the PT versus a
moving coil Watt meter will give a good
indication of the error involved as the
reading from a moving coil Watt meter can
be assumed accurate even in ‘the presence

of harmonics.

The only PT that showed an improvement with any
of the above suggestions was PTb. Thus this was
the PT chosen for the Tests.

The only shortcoming of PTb was its slow
response time. After consultation with the
manufacturer the time constant of the filter on
the output of the PT was changed from 220 msec
to 12.3 msec. The steady state readings were
confirmed not to have changed. The circuit
diagram of the PT as supplied by the

manufacturer is shown in Appendix F.

This PT already has a 0..20mA output signal,
which can hence be used as is. Near the PC this
signal was converted to a voltage signal by a
current to voltage converter and then filtered.
This was done by a first order low-pass filter
in a similar way as for the speed signal in the

previous section.

The PT was then calibrated against a moving coil
Watt meter to establish the relationship between
actual Watts and Watts as determined by the
power transducer. The calibration curves and the

regression results are shown in Appendix G.
From these calibration graphs it can be seen
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that the correspondence between the readings
from the moving coil Watt meter and the PT is
acceptable. The direct and linear relationship
between these two watt meters was observed In
both modes of operation, i.e. direct mode and
VSD mode. There is however also an offset
present on the readings. If the system is
operated in the direct mode the offset amounts
to 47 Watts (0.94% of full scale) and if the
system 1is operated with the VSD the offset
amounts to 23 Watts (0.46% of full scale).

As the slope of the calibration graph is linear
and equals unity, the relationship between PC
binary counts and the power delivered can be
determined as follows:

!

5 KW = 20 mA = 10 V = 2048 counts

Where 20 mA and 10 V denote the maximum
possible control signal

Thus

1 count = 2.4414 Watts

Massflow

The MF on the HCB needs to be measured with a-
reference massflow instrument to be able to
calibrate the massflow estimation technique.
This can be done by using another massflow meter
or by a 'technique' suggested by the DRL. This
technique relies on the fact that the gravel is
fed in a circular fashion from the HB along the
HCB to the ICB and then back into the HB. Refer

to Figure 5.1 for a schematic model of the

plant.
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It thus follows that the mass that is not in the
HB is distributed along the belts. The
technique of the DRL assumes that both the
inclined and the horizontal belts run at
synchronous speed. The MF can then be

determined as follows:

Mbelt = Mtot - Mhopper ¢ s (5 . l)
where
Mpeie - Mass of gravel on the belts
Mot - Total mass of gravel in the
system
Myper — Remaining mass of gravel in the
hopper bin

Thus the MF equals:

MF = My * vV / Lliae : ...(5.2)
where

v - speed of belt [m/s]

1. - total length of belt (horizontal

and inclined)

Hence

MF = Mbelt / tcycle "‘(5‘3)
where

teee — cycle time of a particle of mass

from the time it leaves the HB
until it falls back into the HB,
or the time to cover distance 1,
at speed v :
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This technique needs to be extended to
incorporate the varying speed of the HCB due to
the VSD. This can be done as follows:

Mie = My + M + My, + M, ...(5.4)
where

M, - mass on HCB at any instance in time

M, - mass on ICB at any instance in time

M., - Mass in the chute that directs mass
from HCB onto ICB at any instance
in time )

M., - Mass in the chute that directs mass
from the ICB back into the HB at
any instance in time

As the HCB, chute 1} the ICB and chute 2 are all
in series it follows that the massflow is
constant along the CBs. The chutes will be
approximated by a small CB of length 1, and 1.,
running af speed v,, and v_,, for the first and
second chute respectively. Substituting
Eq.(5.2), Eq.(5.4) becomes:

M. = MF #* ( + + + )

It will be assumed that the speed of chute CBs
equals the speed of the belts preceding the
chute.

Thus:
vchl
Vchz

Vi
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Hence:
Mbel:
MF = +e.(5.5)
L + 1. 1, +.1,,
—_— + —_—
Vy - v,

Thus the following constants need to be
determined:

1hl lil 1Chll lchZI Vi

Thellength'of the HCB and ICB were determined
with a fape measure: |

1, = 9.50 m

1, 11.25 m

The equivalent length of the chutes was
determined by measuring the time a particle took
to pass through the chute at constant and known
speed for the HCB and ICB:
"1, = 2.06 m
l,. = 1.33 m

The speed of the ICB was measured by measuring
the time of 10 revolutions of the belt:
V, = 1.12 m/s ’

The variables to be measured consist of:
Mbeth ’ Vh

Vv, 1s already measured with a tacho and thus

"only needs to be entered into the above

equation. M.... can be determined by measuring

M.. when no mass is on the conveyor belts (i.e.

before a test) and M,,.. can be measured during a
test.

A problem experienced during the testing was the
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Figure 5.9: Correlation graph illustrating the
effect of Hysteresis due to the
reference massflow determlnatlon

technlque

This hysteresis explains why later in this
)chapter the correlation. tests were only
perfofmed.for the MF being increased in small
steps or "decreased in small steps, but never
both. . | o |

Hence a device is needed which meésures_ the
weight in the HB and feeds this signal back to
the PC. This can be done by mounting the actual
HB on load célls. In the case of the Laboratory
test rig aﬁ the DRL three étrain gaugé type
load cells are used to support the entire welght |
of the HB. ‘ .

The siénal'from these three load cells is sent
to a load cell ampllfylng ‘circuit. In this
circuit the s1gnal from - each “load  cell is
amplified on its own, before the three signals
are added together and the offset (to
accommodate the empty> mass of the HB) is
§ubtra¢ted; Laétly the reading is calibrated to
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3.

PC, 1is filtered by a first order 1low pass
filter.

The relationship between the mass in the HB and

PC binary counts can be established as follows:

1626.6 kg =.8.03 V
10V = 20mA = 2048 Pc counts

Hence
1 count = 1.011032 kg

To confirm the wvalidity of the technique .to
measure the massflow on the conveyor belt, the
results determined from Eqg.(5.5) were compared
to actual belt cuts. The two massflow estimates
correlated well as can be seen Dby the
calibration graph and results in Appendix G.
The maximum deviation between the determined
value using Eq.(5.5) and the value obtained from
a belt cut was 3%.

Other Variables to consider
A - Friction of the system

As mentioned in chapter 2 the function of load
force F, with respect to mass M and with respect
to speed v has to be determined. This can be
done by running the conveyor af constant speed
and mass on the belt and thus measuring the
power supplied to the belt. Dividing the power
measurement by the speed measurement will yield
an estimate for the load force of the system.

This test was performed for different speeds and
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masses on the belt, and thus the first and
second order correlation between speed and mass
versus force were established. The correlation
graphs together with the regression results are
show in Appendix G. The load force

characteristics thus could be modelled by a:

- 1st order model:

F, = 416 + 1.85*%M - 256%*v

- 2nd order model:

F, = 533 + 0.25*M + 0.00693*M?
- 524%v + 293%*v?

In the following section it 1is determined
experimentally if this lengthy <correlation
process of the 1load force is necessary and
justifiable, or whether it would not be easier

to just assume the load force as being constant.

B - Sampling frequency

To accuratelyllog the system data with a PC the
system response had to be sampled at the correct
frequency. Too low sampling frequencies would
result in a loss of information and too high
frequencies would result in excessive,

uhnecessary data being captured.

A rule of thumb to chose the sampling frequency
is, that the period of sampling should be
approximately one tenth of the time constant of
the plant (EEE417 Advanced Control Notes [6]).
A further rule of thumb to determine the time
constant of the filter is, that it should be
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twice the sampling period.

Thus the time constant of the test plant‘ was
determined. A typical response and the
calculation of the time constant is shown
Appendix G. The response time can be

approximated to equal 100 msec.

Hence the sampling period was set to 10 msec,

and the time constant of the filter to 20msec.

C - timing of Datalogging Routine

The timing of data capture routines can be
calibrated in various ways. If the sampling
time of the routine is in the order of seconds
the Dos clock of a PC can be used to ensure the
correct timing. The Dos clock samples time to a
resolution of 100th of a second only. Thus if
the sampling time is in the order of milli
seconds as 1in the case of this study, other

means have to be thought of.

One solution would be to introduce a certain
number of wait states in form of wait 1loops
between successivevsamples. The number of wait
loops depends on %, and on the speed of the PC.
The exact number of wait loops can only be

established by trial and error.

An option has been included in the software to
do a certain number of sampling tests with a
specified number of wait loops. From the total
time it takes to log all the samples (determined
by using the dos clock), the actual and the
required sampling time can be determined, which
is then displayed on the screen. Thus the

i
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number of wait 1loops can be increased or
decreased accordingly. An example of what the
screen looks like after such a trial and error

test is shown in the following table:

TIMING CALIBRATION OF DATALOG

treqg[msec]: tact[msec]: noloop:
20.000 1.860 0
20.000 24.280 1050
20.000 23.280 1000
20.000 21.100 900
20.000 20.000 850
20.000 20.000 850
20.000 19.980 850

OK? [N]

Table 5.1: Example of timing calibration of

datalogging routine

The timing of +the data 1logging routine was
confirmed by specifying a pulse of length 250
msec to be put out by the PC. This pulse was
then logged with a high speed digital
oscilloscope and the pulse length was measured.
'An example of the trace of the digital scope is

given in the figure below:
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Graph BEEEE 194 mVodiv -S9@ m¥  SBE msodiv 8.008 s

av -12.5 m
&7 2.588 ¢

Figure 5.10: Confirming the timing of the data
logging routine with a 250 msec

pulse

As can be seen ffom the above figure the pulse
length is indeed 250 msec, and thus the routine
to calibrate the sampling time can be assumed
correct. A problem was however experienced in
the way that the number of required wait states
varied from one execution of the program to the
next. It is thus suggested that the timing of
the data logging routine is checked each time

after a program is re-started.
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5.4 RESULTS OF TESTS PERFORMED

5.4.1 Validating the Technique to use

This section aims to validate the technique to
be used in the instrument that is going to’ be
proposed in a next section and which is then
going to be tested on a mine. The following

" options will be investigated in more detail:

~ Assuming the load force of the system is
constant with respect to speed and mass on
the belt

- Modelling the load force with a first order

model

- Modelling the 1load force with a second

order model

- Disregarding the dynamics of the speed:
signal and thus assuming the speed signal

equal to a pulse.

To investigate the above cases and to compare
the various options objectively against each
other, real time responses of power and speed
were obtained for differént massflows by using
the DLOG package. These responses were then
used to estimate the massflow on the HCB using
each of the above techniques. As a reference
massflow was obtained with each of these
responses from the difference of mass in the
hopper bin, the MF estimates could be correlated
against each other and thus the imprecision for
the different techniques could be compared on an

equal base.
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The real time responses were obtained for
various modes of operation. The operation modes
differed in that the size of steps varied. The
size of step applied equalled 100%, 75%, 50%,
and 25% of full speed, whereas the initial

setpoint always equalled 100% or full speed.

A typical pulse response of speed and power for
the system running at 100% and a 75%
perturbation or step being applied, is shown
below. Typical pulse responses for speed and
power for the other modes of operation are given
in Appendix H.

Speed Response
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Ch s #F =0 tAr Ch 2t MF = 36 tAr Ch 3: IF = 68 t/hr

Figure 5.11: Typical speed pulse response for a

75% step in speed
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Power Response
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Figure 5.12: Typical power pulse response for a

75% step in speed

These real time responses were used in the MFCM
package to estimate the MF on the CB for the
different options mentioned above. The values
of imprecision will give an indication of the
loss of accuracy due to the application of the
above options in the techniques. The
calibration results are shown for both massflow
being estimated from both the step-up and step-

down response.

The values given for the imprecision will
represent the 95% confidence or error bands.
The value stated will be percentage error of

full-scale at the mean of the range of readings.
The results for the different options and for

the different modes of operation can be

summarized in the following table:
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Q

% Step from full speed

Option of
Operation: 100 75 50 25
F,= Const 6.15 8.24 9.89 19.94
= av+b 6.18 8.24 9.88 19.90
F,=av+bvi+c 6.17 8.25 9.90 19.94
Speed not 9.29 7.98 10.28 21.70
logged
Table 5.2: Percentage imprecisions of massflow
estimates as determined from step-~
up responses
% Step from full speed
Option of
Operation: 100 75 50 25
F,= Const 12.24 78.50 36.70 69.90
F,= av+b 15.04 69.70 37.90 74.50
F,=av+bv?i+c| 14.40 75.60 35.80 64.84
Speed not . 98.50 29.67 | 136.10 65.10
" logged
Table 5.3: Percentage imprecisions of massflow

estimates as determined from step-

down responses

Comparing the two tables it can be seen that the

imprecisions from the MF estimates from the
step-up responses are superior to the ones from
the step-down response.

first three in the two

Comparing the cases

tables above, where the load force is modelled
as a constant, a first order polynomial and a

second order polynomial, it can be seen that the
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imprecision hardly changes in the case where the
MF estimates are determined from the step-up
response. In the case of the step-down response
the imprecision varies: For a 100% perturbation
the imprecision deteriorates whereas for the 25%
perturbation the imprecision improves as the
load force is modelled with a higher order
model. Generally it can said that the modelling
of the ioad force with a higher order polynomial
has little effect on the imprecision. In the
light of the effort connected to determining the
load force characteristics it 1is of great
benefit tb assume the load force as a constant

force independent of speed and mass on the belt.

Considering the last case of interest, where the
speed is not measured, but assumed to be of a
pulse form, similar to the actual perturbation,
the imprecisions for the MF estimates as
determined from the step-down response have
deteriorated considerably, whereas only a slight
deterioration. in the MF estimates from the step-
up response can be observed. This confirms the
statement made in chapter 2, that the dynamics
of speed will have 1little effect on the MF
estimate from the step-up response. It can thus
be concluded that if the step-up response is
used to estimate MF on the conveyor belt it is
not entirely necessary to measure the speed of
the systen. This has the advantage that no
tacho is needed for the measuring instrument.
The setpoint to the VSD can be used to determine
a value for the speed of the belt.

Hence the following strategy is suggested:

- Use the step-up response to estimate the
massflow on the HCB, as firstly the
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precision 1is superior and secondly the

speed needs not be measured.
- The 1load force can be modelled by a
constant as determined from a steady state

test before each pulse test.

During the following tests the speed, however,

will still be measured for confirmatory reasons.

121



Chapter 5: Validation of Technique in Laboratory

5.4.2 On-line Calibration Results

The strategy suggested in the previous section
will thus be used to estimate the massflow on
the HCB in an on-line fashion. This will be

done using the MFCA package.
Four modes of operation were investigated:

A - Using the VSD to perturb the system:
Keeping the initial setpoint speed at
100% of full speed and thus applying

various steps of speed.

B - Using the VSD to perturb the system:
Running the system at different initial
speed setpoints and thus applying such
a step that the CB will stop.

Cc - Using the SSRs  to effect the
perturbation: The system is stopped by
cutting the power to the system

D - Using the SSRs to effect the
perturbation: The power to the system
is cut for 0.5 seconds. Hence the HCB
will only slow down and then speed up

again.

For the cases where the VSD was used to perturb
the system, only the imprecisions from the step-
up response will be discussed. Thevregression
results from the step-down are however always

shown in Appendix H.

Operation mode A was investigated for steps of
100%, 75%, 50% and 25%. A typical speed and
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power responses for a 50% perturbation is shown
in the following two figures. Typical responses
for the all sizes of ‘steps investigated are

shown in Appendix H.

Speed Response
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Figure 5.13: Typical speed pulse response for a

50% step in speed

Power Response
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Figure 5.14: Typical power pulse response for a

50% step in speed
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The imprecision equals the 95% confidence band
expresses as a percentage error of full-scale at
the mean of the range of readings. The results
of imprecision for tests run at different sizes

of step are given in the table below:

IMPRECISION
STEP [%] [%]
100 . 5.34
75 ' 8.92
50 11.71
25 24.1
Table 5.4: Imprecisions of massflow estimates

for various steps with constant

setpoint

The correlation graphs and the regression
results for the above tests are shown 1in

Appendix H.

Plotting these vimprecisions versus the
percentage step applied will yield the following
graph. Given a certain required imprecision for
the MFM this graph can then be used to determine
the size of step that has to be applied.
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Figure 5.15: Imprecision versus percentage step

applied.

Operation mode B was investigated for initial
speed setpoint of 100%, 75% and 50% of full
speed, while always applying such a step that
the system would stop.

A typical speed and power response for the
system running at 50% of full speed is shown in
the following figures. Responses for all the

setpoints are shown in Appendix H.
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Speed Response
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Figure 5.16: Typical speed pulse response for an
initial speed setpoint of 50% of
full speed

Power Response
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Figure 5.17: Typical power pulse response for an
 initial speed setpoint of 50% of
full speed

The resulting percentage imprecisions as
determined from a series of tests is summarized

in the following table. The actual correlation
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graphs and the regression results for each

initial speed setpoint are shown in Appendix H.

INITIAL SPEED IMPRECISION
SETPOINT [%] %]
100 5.64
75 9.21
50 8.04
Table 5.5: Imprecisions of massflow estimates

for various steps with constant

setpoint

The imprecisions for this series of tests are
not of prime importance. More interesting are
the regression results.. It can be seen that for
different initial speed setpoints the regression
results in terms of y-intercept and slope differ
considerably. This might impose a problem if
the HCB is operated under speed control as then
the calibration changes each time the speed
setpoint changes. Correlating the slope and the
y-intercept against the size of the initial

speed setpoint yielded the following graphs:
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Figure 5.18: Correlation of Y-intercept versus
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Figure 5.19: Correlation of slope versus initial

setpoint

In a case where this change in calibration
constants does impose a problem, the calibration
coefficients could be modelled by fitting a

function to the above graphs and thus modelling
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- {10000 4

the change 1in calibration coefficients. This
would however complicate the installation of a
MFM that should be an instrument easy " to
install.

It also follows that the imprecisions for a belt
running at constant speed will be superior to
the case where the spéed is controlléd, as the
calibration coefficients can always be assumed

accurate.

In operation mode C the SSRs were used to
perturb the motor in such a way that the CB was
stopped. A typical speed and power response is

shown below: .

Speed Response
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Figure 5.20: Typical speed pulse response for
the system being perturbed with
SSRs

129



Chapter 5: Validation of Technique in Laboratory

Power Response
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Figure 5.21: Typical power pulse response for
the system being perturbed with
SSRs

The imprecisions as derived from the step-up and
step-down responses are shown in the following
table. The actual correlation graphs and

regression results are shown in Appendix H.

IMPRECISION
(%1
Step-up 25.60
Step-down . 20.72

Table 5.6: Imprecisions of massflow estimates
when perturbing system with SSRs

It follows that the imprecision has
deteriorated, if this case is compared to the
case where the system 'is perturbed with a VSD
when running at full speed and applying a 100%
step. This deterioration of imprecision 1is

however Jjustifiable if cost 1is of prime
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importance and hence if the cost of a VSD in not
justified. Also note that superior results for
the precision are now obtained from the step-
down response and not from the step-up response
as in the case where the system is perturbed
with a VSD. '

In operation mode D the SSRs were again used to
perturb the system, but in such a way that the
power was only cut for 0.5 seconds. The system
was thus not allowed to stop, but oﬁly to slow
down. A typical speed and power response are

shown below:

Speed Response
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Figure 5.22: Typical speed pulse response for
the system being only slowed down
with the SSRs
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Power Response
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Figure 5.23: Typical power pulse response for
o the system being only slowed down
with the SSRs

The imprecisions as derived from the step-up and
step-down response are shown in the following
table. The actual correlation graphs and

regression results are shown in Appendix H.

IMPRECISION
Step-up . 91.45 %
Step-down 22.08 %
Table 5.7: Imprecisions of massflow estimates

when perturbing system with SSRs

A radical deterioration of imprecision can be
observed for the step-up response, whereas the
imprecisions of the step-down response only
deteriorated slightly. The option of applying a
shorter perturbation and thus letting the system
only slow down is only of benefit if the step-

down response is used to determine the massflow
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on the CB.
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5.4.3 Cross Validation Results

Cross Validation is done to prove the
consistency of the results. It is done in such a
way that a certain portion of the data is used
to calibrate the instrument and thus these
calibration coefficients are applied to the rest
of the data. The error that results is an
indication of the error that could be expected
in practice if the instrument is calibrated on a

few samples and is then left to itself.

As only the totai amount of tons recorded per
hour or pef shift is of interest the cross
validation will be performed on a basis of the
error in the total amount of tons measured.
For instance if the Reference meter indicates
'that 100 tons have flow across the CB in the
past hour and the MF estimation technique
indicates that only 95 tons have flown across,
the error will equal - 5 %. It has to be noted
that the error of instantaneous readings will be
higher as the totalizing of the MF to yield tons
in a certain portion of time acts as an
integrator on the measurements, i.e. a filter
with infinite time constant (see chapter 2), and
thus the random error or the imprecision on the

reading will be filtered away (see chapter 3).

The cross validation will also only be performed
for one test mode, which is the test mode which
yielded the best imprecision. The test mode
investigated is the case where the system is
running at full speed and a 100% step is applied
with the VSD. The system was calibrated by
slowly increasing the MF on the belt until full
capacity. A typical time plot of MF as
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determined by the reference instrument and as

estimated is shown below:
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Figure 5.24: Time graph of reference and

estimated massflow

This response was used to perform a cross
validation in the following way: The time scale

was split up into 5 equal intervals:

0] <= t <= 1000 sec
1000 <= t <= 3000 sec
3000 <= t <= 4500 sec
4500 <= t <= 6000 sec

t <= 7500 sec

6000 <=

The interval 3000 <= t <= 4500 was used to
calibrate the instrument as it represents the
readings at the centre of the scale of
measurements. Normally the first time interval
would be chosen, but the calibration is of no
use if carried out for the instrument operating
at only 10% of its full scale. |
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The resulting calibration coefficients were as

follows:

Y-Intercept: 207.95
Slope: 7.15

These calibration coefficients were then applied
to all the other time intervals. The table below
shows the actual' tons flown across the CB in
that particular time interval and the associated
error if this reading 1is compared to the

reference reading.

Time Interval Total Tons Error
[sec] [t] (2]
0<=t<=1500 2.01 20.450
1500<=t<=3000 | 6.52 -2.060
3000<=t<=4500 9.98 0.224
4500<=t<=6000 13.82 -0.733
6000<=t<=7500 16.64 -0.673
0<=t<=7500 50.94 0.155
Table 5.8: Table of cross validation results

It can be seen that the error between the
estimated massflow and the actual massflow in
very small.‘ Only in the first case between 0
and 1500 seconds the error 1is considerable.
This error, however has 1little effect on the
total tons flown past the CB in the two hours
that this test was conducted. The 2 tons
measured 1in the first 1500 seconds only
contribute 4% of the total tons recorded. It
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can hence be concluded that the MF estimation
technique gives excellent results if the results

are totalized.

In the last case illustrated in the table above,
where the same calibration constants have been
applied to all the data, the error in total tons
measured is even lower, which confirms the
statement made above that a totalizer acts as a

filter with infinite time constant.

The correlation graph for this series of tests
can be viewed in Appendix H.

5.4.3 Effects of Filtering

All the above samples have been taken as is
without applying any kind of filtering. The
effect of filtering to reduce the imprecision
associated with an instrument is investigated in

this section.

The Reference and the estimated MF samples were
filtered three different filters:

a) %, 0 secs (i.e no filtering)

b) Y, 60 secs = 1 min

c) ¥, = 600 secs = 10 mins

137



Chapter 5: Validation of Technigue in Laboratory

The correlation coefficients resulting from this

filtering were as follows:

Filter Time Correlation

Constant [s] Coefficient
0 0.9963
60 -0.9986
600 0.9991
Table 5.9: Correlation factors versus filter

time constant

It can be seen that the filter only results in a
slight improvement of the precision. This 1is
due to the fact that there aren’t any dynamical
effects which the filter can account for. Thus
it can be assumed that the dynamics of the
Reference instrument and the estimation

technique are similar.
The correlation curves and the time plots of

massflow for the three filters applied are shown

in Appendix H.
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5.5 PROPOSED INSTRUMENT

The results in the previous sections indicate that the
precision for a system using the VSD to perturb the
system are superior to a system where the SSRs effect
the perturbation of the systen. The cost of a VSD
justifies an application using a VSD only to such a
system where a VSD is already installed. The cost of
the VSD thus has no effect on the overall cost of this
MFM. If a VSD is not available on a system that this
MFM should be installed on, the SSRs is an option to
effect the perturbation to the system, at reduced

accuracy however.

Results from the previous sections also showed that
the load force of the system can be approximated as a
constant, and that the speed signal need not be
recorded, if the step-up response is used to determine

the massflow on the system.

Hence a prototype instrument is proposed, which ties
all the results from the previous sections together
and using the theory as described in chapter 2. This
instrument also aims to fulfill the objectives of this
study of being a low-cost massflow meter easy to

install on existing HCBs.

The hardware can be summarized in the foliowing block
diagram:
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Figure 5.25: Block diagram to illustrate functional

layout of proposed instrument

The system consists of a smart box, an adding circuit

and a PT.

The smart box 1is basically a micro processor based
device with some memory, a high speed two channel A/D
converter and a two channel D/A converter. The CPU
logs the power and control signal (which is
proportional to the speed of the CB), while perturbing
the control signal to the VSD with a pulse. From the
‘response it can determine the MF. Thus it will send a
signal proportional to the MF to the second output
channel which may be connected to a display or some

data logging device.

The adding circuit is a normal op-amp adding circuit.
The adding in this case is not performed by the smart
box, because in a case the smart box being switched

off, the system now still operates further.

The PT is a commercially available device. The device
should however be checked if it delivers consistent

readings if used in conjunction with a VSD.
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The algorithm to be programmed onto the microprocessor

is explained as follows:

The power signal P, and the control signal c have to

be logged for a period of t,, i.e. from t, to t,. The

following events which take place during the time of

t,, are worth noting:

t, <= t <=
t =t
t, <= t <=
t, <=t <=
t =t
t, <=t <=
t =t,
a typical

t,:

System is kept at steady state in the
unperturbed mode. This cycle is used

to determine the 1load force of the

- system.

Step-down signal is applied to the
input of the VSD to slow the CB down.

System slows down.

Steady state in the perturbed mode.
This cycle can be short, as only the
average speed of the system 1in the

perturbed mode needs to be determined.

Step-up signal is applied to the 1nput
of the VSD to speed it up again.

Step-up test takes place. From the
power response the mass on the CB can

be determined.

End of test

response of power and control signal will

look as follows, where t, = 0s, t, = 1.0s, t, = 2.5s, t,
= 5.0s:

= 3.5s and t,
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Figure 5.26: A typical test response of power and

speed

The algorithm is thus be explained in the following

flow diagram:
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BEGIN OF TEST
|2

Record power and control signal
for t,< t < t,

v

For t, < t < t, determine
t1 t1

P, = P, dt ; x, = c dt
to to
: PlO
=> Fl = ——v
xlO
3
Apply Step down si?nal
to control signa
1%
For t, < t < t, determine
t3
X,, = c dt
t2
Determine
X0 . X,
Vo = ——  ; v —
(t,-t,) (t,~t,)
Nr

Agply Step up signal
o control signal

i

For t, < t < t, determine
t4 t4 !

P,, = P, dt ; x, = c dt

t3

\ ta

2 *(P43 - Fl*x43)

M, =

(V12 = Voz)
& .

Determine
MF =M * v, / 1,..

¥
END OF TEST

Figure 5.27: Flow chart to illustrate the algorithm to

be used in the proposed instrument

This test can be repeated at equal intervals or can be
performed if a certain condition is met, like that the

speed control signal to the VSD has to reach steady
state.

- 143



Chapter 5: Validation of Technigue in Laboratory

The length of the test determines the minimum sampling
period of the instrument. It is however suggested
that the sampling period should be much longer than
the 1length of the test as this will decrease the
influence the instrument has onto the system. In the
example of a pulse response given above the length of
the test equals five seconds. During the test series

the test was however only applied every 30 seconds.

The requirement of the instrument being easy to
install are met. Only the power to the motor needs to
be cut to install the PT. The adding circuit has to be

switched in the control signal cable before the VSD.

The low cost was the second requirement ‘of this
instrument. The cost of such a circuit could be

summarized as follows (excluding the price of a VSD):

- Smart box : R 2500.-
- PT : R 900.-
- adding CCT : R 10.-
Total R 3410.- (excl. GS8T)

/

This cost estimate at July 1990 prices shows a
considerable saving if the price of a nuclear
weightometer (R20.000.-) or the price of a Load Cell

arrangement (R17.000.-) is considered.
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6.1 DESCRIPTION OF BASIC PLANT

The aim of the test plant in an industrial environment
was to test the prototype as suggested in the last
section of the previous chapter in an industrial
environment to prove its suitability and usefulness.
It can denerally be assumed that the external
influences in a true industrial environment are bigger
than in an laboratory environment. This explains why
a portion of the tests as performed on the laboratory
test rig are repeated on a mine test rig.

The criteria used to choose a test rig was that a MFM
had to be available on that particular process stream,
in order that the instrument could be calibrated. The
mine <chosen for the tests was the De Beers
Consolidated Diamond Mine in Kimberley.

The test rig consists of one of the feeder belts to a
crushers in the Re-crush Section of the Treatment
Plant. Oversize material was fed into a bin above the
HCB. Through an adjustable gate the gravel fell onto
the HCB which transported it to the crusher. Behind
the crusher the crushed material was send on a CB past
a nuclear weightometer to screens, where the oversized
material was sorted out again. A schematic diagram of
the plant is shown in the following diagram:
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BIN
Gatel——
(:::) Horizontal Conveyor Belt (:::)
CRUSHER
To
Screens
— / +
Nuclear
Weightometer

Figure 6.1: Schematic diagram of test rig in an

industrial environment

In the photographs below the 1aboratory test plant and
the control panel of the test plant are shown:
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Photograph 6.2: Photo of the control panel of the test'rig

on a mine
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During the installation of the prototype it was
important that the time of interruption of the power
to the CB was kept to a minimum. The same applied for
the actual tests done.

In the following sections the specifications of the
test plant are given more detail.

6.2 SPECIFICATIONS OF 380V CIRCUITRY

The only option of perturbation investigated on the
mine was that with a VSD. The VSD was already
existent on the mine as the 1ével of the crusher was
controlled by controlling the speed of the belt. As
the belt was already installed in the plant no
start/stop circuits were required. Thus the direct
supply of the power to the motor was only interrupted
to install a PT. |

Below a schematic circuit diagram of the required
changes are shown. The dotted 1line indicates the
interruption of the power supply cable. A detailed
circuit diagram of the system is shown in Appendix I.
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from Stop/start

Circuitry
: 0..10V ———-xx 4..20mA
ySD IV e . {b)
, Converter }
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| Instrumentation
|=|=|- Isolator Circuit
|
Fuses |
0..20mA |
PT > (€)
Control Box
Hotor
and
Gearing

Figure 6.2: Circuit diagram for the 380 V network of
the test rig used on a mine

As the signal controlling the VSD has to be a voltage
signal and as the signal standards require a current
signal the current signal controlling the VSD has to
be converted from a 4..20mA signal to a 0..10V signal.
The signal from the PT is already a current signal

which can hence be used as is.

6.3 INSTRUMENTATION  CIRCUITRY

The instrumentation circuit basically consists of
feeding the signals of speed, power and reference
massflow from the test plant back to the PC and to
perturb the control signal of the VSD from the PC. A

schematic circuit diagram is shown below, whereas a
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6.3.1 The Control Signal for the VSD

The setpoint signal for the VSD is obtained from
a Proportional control loop, which controls the
level in the crusher by varying the speed of the
belt. This speed signal is to be perturbed by a
pulse to slow the belt down and subsequently to
speed it up again.

As the speed signal is changing continuously
depending on the level in the crusher, the tests
would obviously be influenced by these changes.
Thus the setpoint signal had to be kept constant
for the duration of the test. This can best be
done with a sample and hold circuit which is
switched in series with the setpoint control
signal. This Sample and Hold «circuit is
triggered when the signal from the PC is stepped
negative. The circuit then holds the output at
the value of the input for the duration of the
test. After the test the output follows the
input again. A detailed circuit and timing
diagram of the circuit is shown in Appendix I.

As mentioned before the signal from the Sample
and hold circuit is then passed through an
adding circuit. On the adding circuit the
perturbation signal from the PC is added to step
the signal to the VSD first down and then up.
As the signals should normally be current
signals the same circuit as used for the
laboratory test plant is suggested to add
currents. The operation of this circuit has
already been explained in the previous chapter
and the circuit diagrams have already been shown
in Appendix F. -
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6.3.2 Speed

The speed was again measured with a DC Tacho
generator. In this case the tacho was not
mounted on the shaft of the driving motor, but a
wheel mounted on the shaft of the tacho which
touched the actual belt. The tacho was mounted
on a spring 1loaded 1lever which would always
ensure that the wheel was pressed against the
belt. A photograph below illustrates the

arrangement:

Photograph 6.3: Photo to illustrate mounting of tacho.

The voltage signal from the tacho is converted
to a current signal to conform with the systems
standards. Just before the PC it is converted
back to a voltage signal. It is then filtered
by a low pass filter to eliminate high frequency
noise, before it enters channel 1 of the input
channels of the A/D card.
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The calibration was performed by timing a number
of revolutions of the belt and at the same time
logging the speed on the PC. Thus a calibration
curve could be plotted (m/s vs. PC counts). From
the regression results the relationship between
the translational speed and PC counts could be
established: |

1 PC count = 6.216 * 10~% m/sec

The calibration gréph and the regression results
are shown in Appendix J.

Power

During initial tests at the DRL it was
established that the most consistent readings of
power were obtained from the PT using the Two
Wattmeter method. This same PT was thus chosen
for the tests in an industrial environment.

It was however impossible to confirm the
validity of the power readings against a moving
coil Watt meter for instance, as was done in at
the DRL. The readings from the PT thus had to be
assumed to be true. This might be a foolish
assumption as it can also be assumed that the
motor dfiving the CB is normally overrated. As
mentioned in the previous chapter this has the
disadvantage of a 1low power factor and an
uneconomic efficiency. Thus inaccurate power

readings can be expected from the PT.

As the output signal from the PT is already a
current signal it needs not be converted, but it
is converted to a voltage signal near the PC. It
is then filtered by a low pass filter before
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.3.

being send into channel 2 of the A/D card of the
PC.

The conversion coefficient could thus be
established as follows:

10kW = 20mA = 10V = 2048 PC counts

Thus
1 PC count = 4.8828 Watts

Massflow

The reference massflow to calibrate the MF
estimation technique against was obtained from a
nuclear weightometer which was mounted behind

the crusher.

The signal from this reference MFM is already a
4..20mA signal. Thus the signal need only be
converted and filtered near the PC before it is
read by channel 3 of the A/D card of the PC.

The calibration of the nuclear MFM was performed
by a professional firm. A copy of the
calibration results is shown in Appendix J. Thus
the conversion coefficient should be established
as follows:

300 t/hr = 20ma = 10V = 2048 PC counts
Thus
1 PC count = 0.1464 t/hr
During the tests an offset error was established

-however. This offset error equalled 10.5 t/hr
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if the CB was running empty.

As the nuclear weightometer is switched behind
the crusher the dynamics of the crusher have to
be taken into account, if this massflow signal
is to be used to calibrate the MF estimation
technique. In chapter 3 it is suggested that
both the massflow signals should be filtered by
a filter that has a much larger time constant
than the crusher itself. In this way all

dynamical effects are suppressed.

6.3.5 Time constant of plant

To determine the time constant of the system 7,
and thus the sampling frequency <%, and the time
constant of the filter %,, a similar procedure
as in the case of the laboratory test rig was

followed.

The 7, was determined to be approximately equal
to 200 msec. A detailed calculation of the time
constant is shown in Appendix J.

Hence 7T, was taken as 20 msec and 7T, was taken
as 40 msec.
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6.4 RESULTS

The tests on the mine served the purpose to validate
the MF estimation technique in an  industrial
environment. The following strategy was used in the
tests:

- The load force of the system was assumed to be
constant

- The speed was logged for confirmatory reasons.
This was however not entirely necessary.

- For all the tests performed the CB was
perturbed in such a way that the system was

stopped totally and then speeded up again.

- The dynamics of the crusher in the process of
calibration were accounted for, by filtering
both the reference and the MF estimate.

6.4.1 Constant Speed Tests

Firstly the CB was investigated and calibrated
for constant speéd applications. The system was
run at constant speeds of 100%, 75%, 50% and 25%
of full speed and thus perturbed to stop. A
typical response of speed and power is shown in
the following figures for a speed setpoint of
50% of full speed. Copies of typical speed and
power responses for the other initial speed
setpoints are shown in Appendix K.
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Figure 6.4: Speed pulse response for v, = 50%
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Figure 6.5: Power Pulse Response for v, = 100%

A direct.correlation between the MF estimated
and the reference massflow would not yield any
results, as the dynamic characteristics of the
crusher would distort the results. The results
thus have to be filtered. To chose an adequate
filter time constant both MF samples were
filtered for different values of T, and the
resulting envelopes of the reference and the MF
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Figure 6.8: MF time plot for 7T, = 6000s

Correlating these filtered traces against each
other for different %, will give an indication

- of the improvement in correlation due to the

filtering. The following table shows the
correlation coefficients for different T.'s.
The actual correlation curves are shown in

- Appendix K.

Filter Time Correlation
Constant [s] Coefficient
6000 0.9879
600 0.9714
60 0.8122

Table 6.1: Table of filter time constants
versus correlation coefficients

From the above table it can be seen that there
is a significant increase in the correlation
coefficient if T, is increased from 60 to 600
seconds. This is confirmed by the time traces
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above, where the traces coincide for the case
‘where the filter time constant equals 600
seconds, but there is a lot of noise on the
traces for the case of 60 seconds.

A further increase 1in T. from 600 to 6000
seconds only results in a small increase in the
correlation coefficient.. On the time traces it
can be seen that the two traces do not coinéide
any better due to this higher <%,.. In fact
dynamical information seems to be lost as all
the dynamical changes are filtered out. Thus
the filter time constant of 600 seconds (or 10
minutes) was assumed best and was for'the rest
of the tests.

Hence correlation teéts were performed for all
tests at different setpoints. In the table
below the correlation coefficients are shown for
different initial setpoints. The time plots and
the correlation graphs for these test are shown
in Appendix K.

Initial Correlation
Setpoint Coefficient
25% 0.9559
50% : 0.9714
75% 0.9556
100% 0.9242
Table 6.2: Table of initial setpoints versus

correlation coefficients
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The test investigated was 10 000 seconds (2
hours 45 minutes) long. In the cross validation
the initial 2000 seconds (33 minutes) were used
to calibrate the instrument. These  were

determined to be the following for % = 600s:
Y -intercept : 2389.90
Slope ¢ 6.30

These calibration coefficients were then applied
to the rest of the test in- 2000 second
intervals. As mentioned above the total
estimated tons recorded and the error on this
reading if it is compared to the true amount of
tons flown past are of interest. The table
below illustrates the results for each
individual time period.

Time Interval | Total Tons Error
[sec] (t] (%]
0<=t<=2000 31.21 0.19
2000<=t<=4000 . 22.04 19.32
4000<=t<=6000 31.37 16.40
6000<=t<=8000 33.14 12.70
8000<=t<=10000 24.52 22.00
0<=t<=10000 142.27 13.40
Table 6.4:v Table of cross validation results

for v, = 100%

From these results it can be seen that the
errors for the 2000 second intervals vary
between 0 and 24 per cent. Extreme cases of the
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error being 50 to 55% occurred in‘two instances,
but these high error have little effect on the
overall error measured; as the mass measured
during this period is small compared to the

total mass recorded.

It has been noted that the error of the total
amount of tons over the whole period of the test
is significantly lower than over the 2000 second
intervals above. Errors for the whole interval
varied between 2 to 13 percent, which is an
improvement from' the results above. This
assumes that the calibration coefficients as
determined in the first 2000 seconds is applied
to the whole test.
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calibration coefficients were assumed constant,
i.e. accurate only for one particular initial
speed setpoint. Two possible solutions do exist
to this problem:

- Modelling the change in calibration
coefficients with respect to the speed of
the systenmn.

- Filtering the responses with a filter that
has a 1longer time constant and thus
eliminates the dynamical changes.

The first possible solution can generaliy be
ruled out, as determining the model of the
calibration coefficients with respect to speed
would greatly complicate the installation of a
instrument.

Thus the second solution of filtering the
envelopes with a filter of bigger time constant
was investigated. The time plot where the MFs
were filtered with a filter with a time constant
of 6000 seconds is shown below for Test 1 and in
Appendix K for Test 2:
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Figure 6.10: Time plot for Test 1 when speed is
controlled; 7T, = 6000 s

The correlation coefficients for the two tests
for both filter time constants are shown below.
The actual correlation graphs for Test 1 and 2
are shown in Appendix K. ' |

t. [s]
Test: 600 6000
1 0.8671 © 0.9305
2 0.9194 0.9367

Table 6.5 Table of correlation coefficients
for different filter time constants

From the correlation coefficients it can be seen
that there is a considerable improvement by
filtering the results with a filter with a
longer time constant. The disadvantage 1is
however that the dynamics of the MF are lost.
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The Cross Validation is also here an important
aspect. It will be performed in a similar way
as in the constant speed application. A filter
time constant of 6000 seconds will be assumed
for this cross validation, and the first 2000
seconds will be used to calibrate the
instrument.

The results from the cross validation can thus
be summarized in the following table for the two
tests done: '

Test 1 Test 2
Time Period Total Error Total Error
[sec] [t] [3] [(t] [%]
0<=t<=2000 45.81 0.41 70.55 -0.42
2000<=t<=4000 51.27 12.21 75.24 -1.43

4000<=t<=6000 48.22 17.46 77.55 1.567

6000<=t<=8000 36.92 9.39 75.70 -4.77
8000<=t<=1000Q 37.42 4.73 - -
0<=t<=10000 | 216.80 11.27 | 297.03 -1.23
Table 6.6: Cross validation of MF results when

speed is controlled

From the above table it can be seen that the
errors.vary between 0 to 17 % if the totals of
mass from the estimation is compared to the
actual tonS'fiown past. Again the improvement of
the error can be observed if the total is taken
over a longer time period.

The calibration constants have not yet been
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mentioned in the application of the speed being
controlled. This is due to the fact that the
- calibration technique employed to calibrate the
instrument in the instance of the speed being
controlled needs, some explaining. .

In the constant speed applications the
calibration coefficients were obtained by using
the correlation coefficients as a guide, thus
obtaining a zero offset unity slope result from
the regression if the calibrated MF estimates
were correlated against the reference MFs.
Using thié technique in this application yielded
no results. Thus another technique was thought
of:

The Y-intercept of the calibration coefficients
was obtained by running the belt empty for at
least 10 minutes and applying the perturbation
tests to the system. The average of the
uncalibrated MF estimates equalled the Y-
intercept of the calibration coefficients. The
calibration slope was obtained from a typical
tést series like Test 1 or Test 2. The slope was
determined on a trial and error basis until the
total tons over a certain stretch of time were

equal.

Thus the calibration results for the above tests
can be summarized as follows for:
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- the correlation results:

-

Test: Y-intercept Slope
Test 1 1714.00 17.38
Test 2 1485.10 23.75
Table 6.7: Table of calibration constants from

correlation results

- the cross validation

Test: Y-intercept Slope
Test 1 2214.40 9.80
Test 2 1680.00 22.73
Table 6.8: Table of calibration constants from

cross validation tests

It is obvious that considerable problems exist
in calibrating such an instrument. Questions
are posed how such an instrument could be
calibrated in practise by using belt cuts. For
such applications it 1is suggested that the
instrument is calibrated after performing a
large number of perturbation tests and thus
taking the average to filter all the noise out.
In deciding which speed to use to calibrate the
system to it is suggested that the system is
calibrated for 50% speed setpoint as this seemed
to be the average around which the speed was
fluctuating in a test situation.

Care must thus be taken when calibrating this
instrument for varying speed applications.
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7.1 SUMMARY

Massflow rates need to be measured on various process
paths for good plant mnanagement. Conventional
weightometers are however too expensive to warrant a
widespread installation in mineral extraction

processes.

This study was initiated to investigate more economic
means to measure the massflow on conveyor belts. A
specific objective of the project was to develop a low
cost unit that should be easy to install on existing
conveyor belts. The possible deterioration in accuracy
over conventional methods was recognized, but in a
widespread installation the effective precision of the
low-cost unit could be enhanced by a mass smoothing
package.

The technique employed to measure the massflow on a
conveyor belt, firstly determines the absolute mass on
a conveyor belt and then deduces the massflow by
multiplying this mass by the speed of the belt.

The method to measure massflow in this investigation
was adapted from a technique which determines the
inertia of a system by means of a ‘run-down’ test.
The direct analogy between mass in a translational
frame of reference and inertia in a rotational frame
of reference was established. The run-down test in
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the translational frame of reference consists of
switching the power to the system off and then

studying the speed response of the systemn.

The original run-down test needed further adaptations
to serve as an on-line mass estimator. These included
using an energy model rather than a pbwer model to
measure the mass, because this reduced the amount of
noise on the speed and power signals. In the energy
model the energy converted to kinetic energy was
proportional to the mass transported by the system.
Thus the energy model could also be used to measure
the mass from the starting response of a system, if
the power response was measured as well.

By imposing a perturbation onto the system, the system
was forced to slow down and then speed up again, and
thus energy was converted to kinetic energy. The mass
on the conveyor belt could be determined, by logging
the speed and power responses during this

perturbation, and thus determining the kinetic energy.

A few shortcomings were noted with this technique in
that the power delivered to the motor was not
proportional to the power delivered’ by the motor over
a whole range of loads. This was due to the efficiency
characteristics of the motor which are neither
constant nor linear with speed.. The power delivered
by the motor could however be assumed proportional to
the power supplied to the motor for loads above 40% of
full load, as it was shown that both the efficiency
and the power factor could be assumed constant at such
loads.

A second shortcoming was that the exact load-force
characteristics in terms of mass and speed of the
conveyor belt had to be known to fully describe the
model. It is difficult +to determine such a
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relationship in practice. Preliminary test shbwed,
however, that the accuracy did not deteriorate if the
load force was approximated by a constant value,
provided the massflow was determined using the step-up
response. The load force was hence established under-

steady state conditions before every test .

The measurement of speed requires that a tacho
generator has to be specially installed on the
conveyor belt. This is a disadvantage as it adds to
the overall cost of the instrument and it makes the
instrument difficult to install. Preliminary tests
also showed that the speed needs not be measured, if
the step-up response is used to determine the mass on
the conveyor belt.

The basic statistics involved in calibrating such an
instrument were also . investigated. The . basic
procedure of calibration consists of the
quantification and removal of the bias on a set of
measurement data. It further includes the
quantification of the imprecision associated with a
measurement. For this project, the calibration was
done by correlating the estimates obtained from the
above technique against measurements from another
reference massflow meter of higher accuracy.

In that way the bias could be determined by fitting a
linear function through the correlation data points to
yield the calibration coefficients in terms of y-
intercept and slope.

The imprecision associated with a set of measurement
is the spread in the readings on either side of the
best fit line. The wider this spread the lower the
accuracy. Thus statistical models were be used to
describe the scatter of such readings, assuming that
the scatter is of a random nature. Error bounds were
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described, between which a certain percentage of
the readings lie. The standard measure of imprecision
used in industry is the ‘standard deviation’ which
denotes the bounds between which 68% of the readings
lie. In this study the bounds between which 95% of
the readings lie has been chosen, which is equal to a
error band twice the width of the standard deviation.
Thus the results of imprecision in this study 1look
worse than those normally quoted for accuracy. This
is however only due to the percentage error bounds
being chosen differently.

The error can nét be assumed constant over a range of
readings, as measurements near the centre of range of
readings are described in much more detail than
measurements near the extremes of the range of
readings. The error bounds can thus not be assumed as
a parallel line to the best fit line, but it should be
modelled with an elliptical function, which will yield
less error near the mean of all readings. The error
thus stated will always be the width of the 95%
confidence band near the mean of the range of
readings, expressed as a percentage of full scale.

Dynamical effect had to be accounted for as well.
This was done by filtering the data appropriately.

The software was written to implement the above mass
measuring technique and to calibrate the system
appropriately to a reference massflow reading. This
software was also to serve as a PC based prototype
instrument which was to be used on a mine. Options had
to be included to test the technique for various test
conditions.

The software can be divided into three groups 'of
software packages. The first group consisted of a

‘real-time response measuring package (DLOG), a
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graphical response display package (GRAF) and a
massflow correlation package obtaining the speed and’
power responses manually from a file (MFCM). This
group of packages was used to validate the technique
and to perform preliminary test. The second group
consisted of a massflow correlation package, which
obtainéd the speed and power responses automatically
from the actual plant in an on-line fashion (MFCA).
This package was used to calibrate the prototype
instrument technique against a reference massflow
meter. The 1last group consisted- of the actual
prototype massflow meter (MF), which included the
finally proposed technique to measure the massflow on
a horizontal conveyor belt.

.The massflow measuring technique was then tested
firstly in a laboratory environment and then in a true
industrial environment.

The tests performed on a laboratory test rig included
validating the technique for different modes of
operation.  Two ways to perturb the speed of the
system to produce a chande in kinetic energy were
investigated. The first uses a Variable Speed Drive
(VSD) to perturb the speed setpoint of the system
while the second uses Solid State Relays to cut the

power to the system at a specific instance in time.

A VSD has the advantage that the speed can relatively
easy be perturbed as the frequency of the VSD can be
altered by adding a negative voltage to the frequency
control setpoint signal. an added advantage is that
the system needs not be stopped totally, but can also
just be slowed down.

As one of the objectives to this study was that the
final instrument be a low cost instrument, the use of

a VSD alone for the application of measuring massflow
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would not be justified, as the price of a VSD lies in
the same region as a conventional weightometer. The
use of the technique based on a VSD is thus only
justified for applications where such a device is
installed already for other purposes. The additional
cost related to installing such a massflow measuring

device can thus be considered as low cost.

The test performed for the system being perturbed with
a VSD comprised investigating the system for different
size speed steps applied to the systemn, and
investigating the calibration coefficients for the
system running at various initial speed setpoints.

Test results from the system being perturbed with a
VSD showed that the best accuracy could be obtained
for the system running at full speed and then being
perturbed to stop. The error associated with the
reading equalled 5.3%. Applying smaller steps this
accuracy decreased slowly to 24.1% when a step of only

25% was applied.

Running the VSD at different speed setpoints yielded

calibration coefficients that changed, as the speed
setpoint changed. This created the problem that the
calibration is different for each speed that the
system is operating at if the speed is varying. One
solution to the problem would be to model the
calibration coefficients with respect to speed, which
would however complicate the calibration process. A
second solution proposed that the results be filtered
by a low pass filter with a long time constant. In
this way all dynamic changes in the speed setpoint
were filtered out. V -

Perturbing the system with SSRs would be a more
economic option for those conveyor belts where the use

of a VSD is not Jjustified. Disadvantages however
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included that the system could not be perturbed as
easily as in the case of the VSD. The system could
only be controlled to run or switched off. The period
for which the system was switched off could however be
controlled. As the system required some time to stop
after the power was cut, the system could be switched
on again before it actually stopped. In this way the
influence of the perturbation on the system could be

reduced.

When the system was operated with SSRs the precision
was not as good as in the case of the system being
perturbed with a VSD. The imprecision for the system
being forced to stop totally equalled 20.7% for the
massflow being determined from the step-down response.
For the case of the power being cut only for a short
duration of time and thus speeding the system up again
the imprecision equalled 22.1%. It was noted that the
imprecision of the measurements as determined from the
step-up response were unacceptably large in comparison

to the results from the step-down response.

Generally it can be stated that the accuracy for the
system being perturbed with SSRs was not as good as
that for the system being perturbed with a VSD.
However the lower cost factor of the technique using
SSRs made it a viable option to consider for
applications where a VSD was not installed.

Due to the higher accuracies obtained from the system
using a VSD for the perturbation, this technique was
investigated in more depth.

Two aspects were of special importance: Firstly the
cross validation of data and the total tons recorded
for a specific period of time and secondly the effect
of filtering. The cross-validation was done by
choosing a test, which took a couple of hours. This
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test was then divided into five equal time intervals.
One of these time intervals was used to calibrate the
system appropriately. The calibration coefficients
from this calibration were then applied to the other
intervals thereby simulating the practical operation
of the instrument. The error was measured by
integrating the massflow signal over that specific
period of time, and then comparing the total tons
recorded for that period of time against the reference

mass measurement for the same period of time.

Results from such a cross validation being performed
on a set of data measured in the 1laboratory
environment reéulted in the error Dbetween the
estimated tons recorded and the actual tons recorded
being between 0% and 3%. An extreme case of the error
being 20% occurred at very low massflow rates, which
thus did not have much effect in relation to the total
amount of‘tonsbrecorded. The error also decreased if
the total tons were recorded over longer periods of

time.

Filtering the measurement data reduced the noise level
on thelmeasurements. As the dynamics of the massflow
estimation system were similar to that of the
reference massflow meter, the filtering did not have

much effect.

Following this initial wvalidation of the massflow
measurement technique a prototype was proposed, which
was then implemented on a mine. The technique of
using the VSD was proposed, because of the superior
accuracies obtained where using this technique. Thus
it was assumed in the implementation that a VSD was
already installed. The instrument that was proposed
consisted of a ndcro—précessor based ’‘Smart Box’, a
power transducer and an adding circuit. The total
cost of this instrument (excluding the price of a VSD)
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i

was determined to be R3,410.- in July 1990 prices,
which indicates a considerable saving against

conventional weightometers ranging from R 17,000.-.

The tests performed on.the mine always assumed a full
perturbation, i.e. the system was forced to stop. It
also had to be kept in mind that the reference
massflow meter on the process stream was separated by
a crusher to the horizontal conveyor belt. Thus the
dynamics of the crusher had to be accounted for. This
was done by filtering the results with a filter that
had a time constant longer than that of the crusher

and the measurement devices.

The system was first investigated for a constant
initial speed application. The filter time constant
chosen equalled 600 seconds, which was determined from
experimental test. A longer time constant did not
bring any further improvement. Direct correlation
results indicated correlation coefficients of between
0.92 and 0.97 for different initial setpoints. A
figure for the imprecision of the system would not
have yielded any results due to the dynamics of the
crusher. The test did however indicate that the
calibration constants varied for different initial
setpoints of speed.

The cross validation results gave an indication of the
accuracy of the massflow estimation technique.
Performing the test in a similar fashion as for the
laboratory test rig, the error between estimated and
actual massflow varied between 0% and 24% for specific
periods of time. Extremes also occurred during the
cross validation, but these cases had little effect on
the overall error as the massflow rates measured
du?&ng-these periods were small. The errors improved
to a range of 0% to 13% if the tons recorded were
considered for longer periods of time.
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The system being operated under controlled speed was
of special interest. A direct correlation between the
actual and the estimated massflow rates showed less
correlation than before. This indicated a 1loss of
correlation due to the inconsistent calibration
coefficients at different initial speed setpoints. A
way to overcome this problem was to filter the results
more. This resulted in the dynamical changes being
lost, but the error results improving. The filter time

constant chosen equalled 6000 seconds.

Cross Validation results indicated the. errors for
specific time intervals to lie between 0% and 17%.
This error improved to lie between 0% and 11% if the
total tons recorded for a specific period of time was
logged for a longer period of time. Care has to be
taken however when calibrating such a system which has

such a long time constant.
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7.2 CONCLUSIONS
In conclusion the following can be stated:

- The technique to measure the massflow by
determining the kinetic energy converted by the
system during speed perturbation was proved to

yield sensible results.

- The application of using the VSD yielded better
results than the using SSRs. The high cost of
a VSD limits this application to conveyor belts
where a VSD is installed already.

- The accuracies obtained from constant speed
applications were better than the ones obtained
from varying speed applications. This problem
could however be solved by filtering the
massflow signal appropriately.

Specifically, for an industrial application two
options exist:

- Where a VSD is installed the mass can be
estimated to an accuracy of 13% over a three
hour average in a constant speed application.
Instantaneous massflows can be determined to an
accuracy of 12% (assuming a 68% error band and
assuming a filter with 'a 10 minute time
constant). In a case where the speed is
varying the mass can be determined to an
accuracy of 11% over a three hour average.

- If a VSD is not installed the SSR provides an

economic alternative. Here the massflow can be
determined to an accuracy of 11% in a
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laboratory environment (assuming a 68% error
band).

The above results make this technique viable for

inclusions on a plant wide scale.
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7 .3 RECOMMENDATIONS FOR FUTURE WORK

Following the conclusions of this thesis the following

recommendations are made:

- Construct a micro-processor based prototype

instrument as suggested in chapter 5.

- Install such an instrument on a mine and test
it for extended periods of time.

- Use the results from such a instrument and
feed them into a mass balancing package, to
improve the resulting accuracy of the

measurement.
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As mentioned before the load force F, will be modelled with
a higher order polynomial with regard to speed v and mass M
on the CB:

F, = F, + a*v + b*v? + c*M + d*M?

The parameter F,, a, b, ¢ and d can be determined from a
multi-linear regression between v,M and F, for different
speeds and masses on the CB.

To model the load force of the system the speed and the
mass on the CB need to be known. The mass on the CB is,
however, not known, and thus the terms ‘c*M’ and ‘d*M?’ can
not be determined. It is also assumed that the term F, is
not constant with time, and hence this term will also be
regarded as unknown. The coefficients of speed a and b are
however assumed constant with time. Collecting all the
unknowns into one variable F, the above equation becomes:

F, = F, + a*v + b#*v?

The test sequence and the timing used in this procedure is
the same as described in section 2.5. F, can be determined
as before in a initial period t,<=t<=t,. Thus F, can be
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calculated if the speed of the system is known.

Hence the energy converted into frictional energy has to be

determined:
E. = [ F,(m,v) * v(t) dt
Ef=='J (F, + a*v + b*v?) * vy(t) dt
E, = J F,axv(t) dt + J a*v2(t) dt +J b*vs(t) dt

E. = F,* x,, + a* J vi(t)dt + b= J va(t)dt

The integrals of v? and v can only be determined
numericaily from the speed signal as an analytical solution
does not exist. The distance x,, covered in a time span
t,<=t<=t, can be obtained by integrating the speed signal.
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The equations to determine the mass read as follow:

- for the step-down response:

t2 t2

vidt + b* J vadt)

ti

(Fu*x12 + a* J

ti

1/2 (Vlz - Voz)

- and from the step-up response

t4 t4 ta
J P, dt - (F, * x, + a* J vidt + b J vidt)

€3 t3 t3

M, =
1/2 (v,2 = v.?)
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(Reproduced from J.R.Geigy; Documanta Geigy, Scientific

1962)
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F-Distribution Numbers

Appendix B
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C.1 INDEX TO SOFTWARE ROUTINES:

Subroutine Source Source Listing

Name Filename Page Number
ADC_READ DT2801_4 247
AREA MATH 232
AUTQCORRSCALE PLOTGRAF 242
AUTORESPSCALE PLOTGRAF 239
CHGCORRSCALE PLOTGRAF 243
CHGFREQ MATH 235
CHGPARA MODEL 315
CHGSCALE PLOTGRAF 239
CHGSTRING FILEHAND 215
CHGTITLE FILEHAND 216
CHKDIRECTORY FILEHAND 217
CHKFILENAME FILEHAND 217
CHKOVERWRITE FILEHAND 218
CHKPULSETIMING DT2801_4 259
CHKRANDOMTIMING DT2801_4 261
CHKSTEPTIMING DT2801_4 257
COPYPARA MODEL 314
COPYRESPDATA FILEHAND 220
CORRGRAPH PLOTGRAF 241
CUBICAREA MATH 232
DAC_WRITE DT2801_4 248
DETMASSFLOW DETMF 249
DETRESP MODEL 312
DISREGARD_UP_

TO_STEP MATH 234
DISPLAYINIT PLOTGRAF 243
DISPLAYNO PLOTGRAF 244
FILENAME FILEHAND 216
FILTER MATH 233
FITTIMEOO MODEL 308
FITTIME1l1l MODEL 309
FITTIME21 MODEL 309
FITTIME22 MODEL 310
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Appendix C: Software Listings

Subroutine Source Source Listing
Name Filename Page Number
FITZ1 MODEL 310
FITZ2 MODEL 311
GAUSS_N MATH 228
GAUSS_1 MATH 229
GRAFCOMP PLOTGRAF 240
GRAPHINIT - PLOTGRAF 236
GRAPHSETUP PLOTGRAF 237
HIGHLIGHT TYPES 211
INITDATA DLOGD 266
INITMENUO MFCMD 282
INITMENU1 DCONVD 329
INITMENU1 DETFRICD 324
INITMENU1 DETMFD 254
INITMENU1 DLOGD 267
INITMENU1 FITD 332
INITMENU1 GRAFD 271
INITMENU1 MFCAD 292
INITMENU1 MFCMD 282
INITMENU1 MFD 299
INITMENU1 MODELD 315
INITMENU1 PLOTGRAD 245
INITMENU11 - MFCMD 283
INITMENU12 MFCMD 283
INITMENU2 DETFRICD 324
INITMENU2 DETMFD 255
INITMENU2 DLOGD 267
INITMENU2 GRAFD 272
INITMENU2 MFCAD 293
INITMENU2 MFCMD - 284
INITMENU2 MFD 300
INITMENU2 MODELD 316
INITMENU2 PLOTGRAD 246
INITMENU3 DETFRICD 325
INITMENU3 MFCMD 284
INITMENU4 MFCMD 285
INITMENU41 MFCMD 285
INITMODEL MODEL 311
INITPARA MODEL 313
INITPARAOO MODELD 316
INITPARA1l MODELD 317
INITPARA21 MODELD 317
INITPARA22 MODELD 318
INITVAR MFCMD 281
INITVAR DETFRICD 323
INITVAR1 MFCAD 291
INITVAR1 MFD 298
INITVAR2 MFCAD 292
"INITVAR2 MFD 299

194




Appendix C: Software Listings

Subroutine Source Source Listing
Name Filename Page Number
LABELS PLOTGRAF 240
LOADCONST FILEHAND 223
LOADCONSTM FILEHAND 224
LOADCORRDATA FILEHAND 220
LOADLOOPDATA FILEHAND 224
LOADMFDATA FILEHAND 222
LOADRESPDATA FILEHAND 218
LSE ESTIMATE 303
LSE2 ESTIMATE 303
MASSBIN DETMF 250
MASSFLOWBELT DETMF 250
MASSFLOWNUC DETMF 250
MATRIXMULT MATH 226
MEANCALC MATH 230
MFCALI DETMF 252
MFSTATS DETMF 251
NELM ESTIMATE 304
NORM MATH 234
ONLINE_MEANSDEV MATH 230
OFFSET MATH 233
PLOTDATALIN PLOTGRAF 238
PLOTDATAPIX PLOTGRAF 238
POSITION FILEHAND 214
PULSE DATALOG 258
PULSERESPONSE DATALOG 258
QUADAREA MATH 232
RANDOMRESPONSE DATALOG 260
READINT TYPES 212
READREAL TYPES 212
REGRESS MATH 231
RNDOM DATALOG 260
SAVECONST FILEHAND 223
SAVECORRDATA FILEHAND 221
SAVELOOPDATA FILEHAND 225
SAVEMFDATA FILEHAND 222
SAVERESPDATA FILEHAND 219
SELECTPARA MODEL 314
SEMI_MEANSDEV MATH 230
SET_UP DT2801_4 249
SET_UP_U1 ESTIMATE 301
SET_UP_U2C ESTIMATE 302
SET_UP_U2R ESTIMATE . 302
SET_UP_Y ESTIMATE 301
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Subroutine Source Source Listing
Name Filename Page Number
STEP DATALOG 256
STEPRESPONSE DATALOG 256
SUMERRSQR MODEL 312
TIMEDIFF TYPES 213
TPO MATH 233
Utu MATH 227
Uty MATH 227
WRITEMENU TYPES 212
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Appendiy C: Software Listings

C.2 SUMMARY OF SOFTWARE ROUTINES:

C.2.1 General and Basic Menu Routines:
Subroutine Source Description
Name Filename
Highlight Types Highlights a string of
text on a text screen
Writemenu Types Writes a text menu on
a text screen
Readint Types Reads an integer num-
_ ber from the keyboard
Readreal Types Reads a real number
from the keyboard
Timediff Types Calculates the time-
difference between two
samples from the Dos-
clock

C.2.2 Filehandling Routines:

Subroutine Source Description
Name Filename
Position Filehand Finds the position of
the first free space
in a string '
Chgstring Filehand | Edit a string from the
keyboard
Filename Filehand | Enter a filename from
' the keyboard
Chgtitle Filehand | Enter a title from the
keyboard
Chkdirectory Filehand | Check if directory
"exists '
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Subroutine Source Description
Name Filename
Chkfilename Filehand Check if file exists
Chkoverwrite Filehand | Checks if file may be
overwritten
Loadrespdata Filehand Load response data
: ' from file
Saverespdata Filehand Save response data to
' a file
Copyrespdata Filehand Copy response data
from one record to a
next
Loadcorrdata Filehand Load a massflow corr-
elation data file from
disc
Savecorrdata Filehand Save a massflow corr-
elation data file to
disc
Loadmfdata Filehand Load a massflow data
set from a file on
disc
Savemfdata Filehand Save a massflow data
set to a file on disc
Loadconst Filehand Load calibration
constants
Saveconst Filehand Save calibration
constants
Loadconstn Filehand Load calibration
constants for refe-
rence massflow meter
‘Loadloopdata Filehand Load no of wait loops
required for data cap-
ture routine
Saveloopdata Filehand Saves no of wait loops

required to disc
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C.2.3 Mathematics Routines:

Subroutine Source Description
Name Filename
Matrixmult Math Matrix multiplies two
matrices
Utu Math Determines product of

matrix U and the
transpose of U

Uty Math Determines product of
matrix U and Vector Y

Gauss_N Math Gauss Reduction with N
solution vectors

Gauss_1 Math Gauss reduction with 1
solution vector

Online_meansdev Math Determines mean and
standard deviation in
an on-line fashion

Semi_meansdev Math Determines mean and
standard deviation of
a small set of data
in an on-line fashion

Meancalc Math Determines the mean
and standard deviation
of a set of data

Regress Math Perform a linear
regression between two
sets of data

Area Math Determines the area
under a response

Quadarea Math Determines the area
under the square of a
response

Cubicarea Math Determines the area
under the cubic of a
response
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Subroutine Source Description
Name Filename
Tpo Math Determines a number
raised to the power of
n
Filter Math Filters a real time
data response
Offset Math Subtracts the bias
from a real time
response
Norm Math Normalizes a real time
response with respect
to the step applied
Disregard_up_ Math Disregards all samples
to_step of a real time re-
' sponse no to the step
Chgfreq Math Changes the frequency

of a real time re-
sponse
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C.2.4 Graphics Routines:

Subroutine Source Descfiption
Name Filename '

Graphinit Plotgraf Determines and initia-
lizes the Graphics
Adapter

Graphsetup Plotgraf Sets screen for a real
time response

Plotdatalin Plotgraf Plots a response in
form of lines '

Plotdatapix Plotgraf Plots a response in
form of pixels

Autorespscale Plotgraf Automatically scales a
real time response

Chgscale Plotgraf | Change scales of
response graph
manually

Labels Plotgraf Insert legends for

: each channel plotted

Grafcomp Plotgraf Plot two graphs on the
same screen to compare
then

Corrgraph Plotgraf Set up Screen for a
correlation graph and
plot correlation graph

Autocorrscale Plotgraf Automatically scales
a correlation graph

Chgcorrscale Plotgraf Change scale of corre-

' lation graph manually

Displayinit Plotgraf Initializes display of
Massflow meter

Displayno Plotgraf Write number in MFM

display
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1

C.2.5 Datalogging Routines:

Subroutine Source Description
Name Filename
ADC_read Dt2801_4 Reads a Voltage from a

A/D converter

DAC_write Dt2801_4 Sends a Voltage from a
. D/A converter

Set_up Dt2801_4 Sets A/D and D/A card
' up for Data logging

Step ; Datalog Basic procedure to
perform step test

StepreSponse Datalog Routine to set up and
perform step test

Chkéteptiming Datalog Calibrate timing cycle
of step test

Pulse Datalog Basic procedure to
perform pulse test

Pulseresponse Datalog Routine to set up and
’ perform pulse test

Chkpulsetiming Datalog Calibrate timing cycle
of pulse test

Rndom - Datalog Basic'procedure to
: perform random
sequence test

Randomresponse Datalog Routine to set up and
perform a random
sequence test

Chkrandomtiming | Datalog Calibrate timing cycle
: random sequence test
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C.2.6 Specialized Massflow Meter Routines:

Subroutine Source Description
Name Filename

Detmassflow Detmf Determine massflow
from kinetic energy
response of a pulse
test

Massflownuc Detmf Calibrate reading from
Nuclear Weightometer

Massbin Detmf Calibrate reading of
mass in hopper bin

Massflowbelt Detmf - Determine reference
massflow from dif-
ference of mass in -
the hopper bin

Mfstats Detmf Determine statistical
data, eg. averages

Mfcali Detmf Specify Calibration

' factors
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C.2.7 Specialized System Identification Routines:

Subroutine
Name

Source
Filename

Description

Set_up_Ul
Set_up_Y
Set_up_U2r

Set_up_U2c

LSE

LSE2

Nelm
FittimeOO
Fittimell

Fittime21

Fittime22

'EStimate

Estimate

Estimate

Estimate

Estimate

Estimate

Estimate
Model
Model

Model

Model

Sets up U matrix for.
LSE Algorithm (pole
positions)

Sets up Y vector for
LSE Algorithm (pole
positions)

Sets up U matrix for
LSE Algorithm (zero
positions, real poles)

Sets up U matrix for
LSE Algorithm (zero
positions, complex
poles)

Performs L.S.E.

Performs L.S.E. to
determine transfer
function of a measured
response

Determines transfer
function by using Nelm
algorithm

Determines linear
response for a given
set of parameters

Determines first order
response for a given
set of -parameters

Determines second
order response with
real poles for a given
set of parameters

Determines second
order response with
complex poles for a
given set of para-
meters
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Subroutine Source Description
Name Filename
Fitzil Model Determines first order

response in sampled
data domain for a
given set of para-
meters

Fitz2 Model Determines second
order response in
sampled data domain
for a given set of
parameters

Initmodel Model Specify which type of
model to use

Detresp Model Determine theoretical
response of model

Summerrsqr Model Determine sum of
errors squared between
theoretical and
measured response

Chgpara Model Change parameters of
transfer function
manually

Initpara Model Initialize parameters

of transfer function
to default values

Selectpara Model Select certain para-
meter to regress on
and fix others

Copypara Model Copy parameters for
use in Nelm algorithm
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C.2.8 Data Routines:

Subroutine Source Description
Name Filename
Initdata Dlogd Initialize variables
for Dlog
Initmenul Dlogd Initialize Main menu
for Dlog
Initmenu?2 Dlogd Initialize Change
Format menu for Dlog
Initmenul ' Grafd Initialize Main menu
for Graf
Initmenu2 Grafd Initialize Change
File to Display menu
for Graf
Initvar Mfcmd Initialize variables
for Mfcm
Initmenuo Mfcmd Initialize Main menu
' for Mfcm
Initmenul Mfcmd Initialize menu for

Manual Data Acquisi-
tion for Mfcm

Initmenull Mfcmd Initialize Variables
Initialization menu
for Mfcm

Initmenul2 Mfcmd Initialize Filename
Initialization menu
. for Mfcm

Initmenu?2 Mfcmd Initialize Results
menu for Mfcm

Initmenu3 Mfcmd Initialize Transfer
Files menu for Mfcm

Initmenu4 Mfcmd Initialize Data
: Processing menu
for Mfcm
Initmenu4l Mfcmd Initialize Graphical

Results menu for Mfcm
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Subroutine Source Description
Name Filename
Initvarl Mfcad Initialize variables
for Mfca
Initvar2 Mfcad Initialize data logg-
ing variables for Mfca
Initmenul Mfcad Initialize Main menu
for Mfca
Initmenu?2 Mfcad Initialize Variables
' : Initialization menu
for Mfca
Initvarl Mfd Initialize variables
for Mf
Initvar2 Mfd Initialize data log-
: ging variables for Mf
Initmenul Mfd Initialize Main menu
: for Mf
Initmenu?2 Mfd Initialize Variables
Initialization menu
for Mf
Initvar Detfricd Initialize variables
for Detfric
Initmenul Detfricd Initialize Main menu
for Detfric
Initmenu?2 Detfricd Initialize variables
Initialization menu
for Detfric
Initmenu3 Detfricd Initialize Filenames
and Title Initiali-
zation menu for
Detfric :
Initmenul Dconvd Initialize Main menu
for Dconv
Initmenul Fitd Initialize Main menu
for Fit '
Initmenul Plotgrad Initialize Change

Scales menu for 2
channels for Plotgraf
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Subroutine Source Description
Name Filename
Initmenu2 Plotgrad | Initialize Change

Scales menu for 1
channel for Plotgraf

Initmenul Modeld Initialize Model
Specifications menu
for Model

Initmenul Modeld Initialize Parameter
Specifications menu
for Model

Initpara00 'Modeld Initialize parameters
for linear model for
Model

Initparall ‘Modeld Initialize parameters
for first order model
for Model

Initpara?l Modeld Initialize parameters
for second order model
with real poles for
Model

Initpara22 Modeld Initialize parameters
for second order model
with complex poles for
-Model

208




Appendix C: Software Listings

C.2.9 Main Programs:

Program Source Description
Name Filename
Dlog Dlog Logg a real time
response
Graf Graf Plot a real time

response on screen

Mfcm Mfcm Manual massflow data
correlation package

Mfca Mfca Automatic massflow
data correlation pack-
age '

MF Mf Massflow meter proto-
: type

Detfric Detfric Determine friction
' characteristics of
system

Dconv ' Dconv Apply data conversion
' to response data

Fit Fit Identify transfer
‘ function of a response

209



Appendiy C: Software Listings

C.3 LISTINGS OF SOFTWARE:

C.3.1 Types.pas

L L T I e 2 I e TN
{ Rk UNIT PROCEDURE LIBRARY WHICH DEFINES VARIOUS TYPES AND RECORDS - *w*}

{*nn FILE: TYPES.PAS *kk )
T T T LI T T AT P

\

UNIT types:

(AR R Ak AR AN AR R R R R AR TN AR AR R ARk A ARk AR ddh kb kAR hd bk}

INTERFACE
(L L e L LT T e D2 L oY

USES crt:

CONST
maxsamp = 1000}
massflowmax = 500;
masscorrmax = 500;
respdatamax = 501;
respdatachannel = 6;

{maximun dimension for matrices}

{maximum number of massflow samples posssible}

{maximum number of correlation samples possible}

{maximum number of samples for a real time response}

{maximum number of channels to be sampled for a real time response}

TYPE
{ Types used for Filehand }
labeltype = array [l..respdatachannel} of string[10]:
screenmenu = array {1..24] of string[80]: {contains one menu for the screen}
response = array [1..respdatachannel,0..respdatamax] of integer: {data of a real time response}
responsedata = record

nsamples:integer:;
nochannel:integer:;
whenstep:integer;
step:real:
frequency:real:
labels:labeltype:
title:string(50];
data:response:;

{no of samples in this response - max of respdatamax}
{no of channels sampled - max of respdatachannel}
{sample at which step was applied}

{slze of step in volts}

{sampling frequency in Hertz}

{labels for the different channels sampled}

(title of the response}

{actaul response data}

end;

{ Types used in Model }

parameterdata = record
no:integer;
para:array{1l..10} of real;
vari:array(l..10) of integer:

fno of parameters neede for the model}
{actual value of parameter}
i{flag to lndicate if parameter is to be
regressed on or not}
end;

modeldata = record

order:integer; {value indicates order of model: 0-integrating response, 1-lst order,
2-2nd order}
{value indicates if model contains real poles{l] or complex poles{2}}
{title of model}

typ:integer:;
what:string{50]:
end;

{ Types used in Math }
matrixbig = record

rows,cols:integer; {no of rows and columns in matrix - limited to a Sxmaxsamp matrix}
a:array(l..maxsamp,l..5]of real; {contains actual entries of matrix)}
end;

matrixsml = record
rows,cols:integer;
atarray{l..10,1..10]of real:
end;
vactorbig = record
elements:integer;
v:array(l..maxsamp]of real;

{no of rows and columns in matrix - limited to a maximum of 10x10}
{contains actual entries of matrix)}

{no of elements in vector - limited by maxsamp}
{contains actual entries of vector}

- end;
vectorsml = record
elements:integer; {no of elements in vector -~ limited to maximum of 10}
v:array{l..10)of real: {actual entries of matrix)
end;

{ Types used in Plotgraf }

responsescale = record
ymax,ynin:integer;
tmax,tmin:real;

end;
corrscale = record
ynin,ymax,xmin,xmax:array(l..2)}of real:
end:

{maximum and minimum of y-scale}
{maximum and minimum of horizontal t-scale}

{maximum and minimum of y- and x-scale}
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{ Types used in Detmass }
correlationdata = record
data:array[l..4,1.,.nasscorrmax) of real;
{actual data arrays for which the correlation
is to be checked}
. nsanples,nzero:integer; (no of samples in total and no of samples taken
for initializing the system}
title:string[(50}; {title of correlation data}
end;
regressiondata = record
slope,yconst,error,r,ynean, xmean,yerror,Cl,C2:array{i..2] of real;
{information about best fit for a linear function: slope, y-intercept,
error of estimate at mean, correlation coefficient, mean of y and x values,
standard error of y value, constants C1 and C20 to determine the confidence band}
end;

constant = record
speed,power ,dh,offset,slope,error,Fa,Fb:real;
{calibration constants of m/s/count for speed, W/count for power,
length of conveyor belt,
2zero offset and slope of calibration graph, error assoclated with massflow reading,
friction constants proportional to speed and square of speed}
end;
massflowconst = record
vincl,dh,di,dchli,dch2,mass, nuc:real;
{calibration constants for speed of inclined conveyor belt, length of horizontal
and inclined conveyor belt, equivalent length of the chutes, kg/count for mass
in the hopper bin, t/hr/count for the nuclear weightonmeter}
end;
time = record ‘
ssup,ssdn,stepdn,stepup.ssend:integer;
{time instances when steady state for input being high starts (- ssup),
steady state for input being low (~ ssdn), instance of step down (- stepdn),
and step up (- stepup), and instance when last sample is (-ssend).
Sequence: ssup-stepdn-ssdn-stepup-ssend }
end; .

dostime = record
hour ,nin,sec,secl00:word; (record to contain a sanple from the dos~clock}
end;

{ Types used in Massflow }
massflowdata = record

data:array[l..massflowmax]of real; {array of actual massflow samples}
time:array(l..massflowmax]of dostime; {array of time samples indicating when
sample was taken} :
nsamples:integer; {no of samples}
error:real: {error associated with reading}
title:string{501]; {title of massflow test)
end;

PROCEDURE Highlight({mode:linteger):

PROCEDURE writemenu(screen:screennmenu);

PROCEDURE readint{x,y,nopos:integer:VAR n:integer):;
PROCEDURE readreal(x,y,nopos:integer;VAR n:real);
PROCEDURE timediff(tl,t2:dostime:;VAR dt:longint):

(...t‘t‘tt..liltliiitttﬁ.‘t.‘i..!“‘i!t‘.t.ti...it.ttiitt!““'t'iﬁ..“tt.)

IMPLEMENTATION

(ll‘iitt'..ﬁ‘.t.iti‘.t!'i‘...t.‘..‘it..‘tiit."“tiit'iiit.!'ﬁtttttttﬂ'ﬂt')

(itiiiit".iiiiitt....t.t........'.'...."'t.."ﬁi""'.""t...‘..t‘ltt..)

{Nkew
e
(AR
{aren
ey
{ann
{hkd
{See
(Inx
{Ox
(G
{(Men
(Ene
(Che

MODULE NAME : HIGHLIGHT R}

.l"

PROCEDURE : highlights a string of text written to the ##«}
screen in a flashing mode (mode=1) or a ik} ,

normal mode (mode=0). If the output is al- #w+}
° ready in the highlighted mode the output igww#}

set to normal diek }
CALL SEQUENCE : HIGHLIGHT(mode) whk)
INPUT PARAMETERS : mode=1 => flashing output; mode=0 => normalww#}
OUTPUT PARAMETERS : none Wik )
GLOBAL VARIABLES : none L LAY
MODULES CALLED ¢ none k)
ERROR CORDITIONS : none Ak}
COMMENTS ¢ none . hw)

(ruAh b hdhhkhh kbt h b bhhbh bbbk bbt bk a ATt kdddd bbb d b hdbddhadathdsn)

PROCEDURE Highlight(mode:lnteger)}:;

BEGIN

if mode=i then mode:=128 else mode:<0;
textbackground(7):
textcolor(O+mode):

END;
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SRR AL L A it bt it i i R T eyl ssslisttsllll )

{N**  MODULE NAME :  WRITEMENU wew )
{ekex kkdk )
{Axn PROCEDURE : writes the menu contained in an array of L T2 D]
{wnk strings to the screen fekk}
{Swn CALL SEQUENCE : WRITEMENU(arrayofstrings) LA
(I INPUT PARAMETERS : array of strings hkek}
{O%* OUTPUT PARAMETERS : none k)
(Ghw GLOBAL VARIABLES : none k)
{Me* MODULES CALLED : none whk)
{EW* ERROR CONDITIONS : none khw )
{Cax COMMENTS : none Rk}

IRAAARL AR AL SR IR AR AR AR Rl il il iaddiilililly)
PROCEDURE writemenu(screen:screenmenu):

VAR
i:inteqger:

BEGIN

for 1:=1 to 24 do writeln(screen{i)):
END:

(.'.tttl"i.t'.ttt.t.ttitt...'i'tt*tﬁll.t..itlt.tit"'.tt"ti""iti'tttﬁi)

{N*» MODULE NAME ¢ READINT whk)
[Ralded *hk}
{An* PROCEDURE : Reads a string supposed to be an integer hw )
{wek from the keyboard and converts the string #ws}
{*hn to an integer wh¥)
{5k CALL SEQUENCE : READINT(x,y.hopos,integernumber) w k)
{Inw INPUT PARAMETERS : position on screen (x,y), no of positions #w#*}
{Hhw allocated for the number Wik}
{O%* OUTPUT PARAMETERS : actual integer ek}
(Gan GLOBAL VARIABLES : none LLL A}
{Mew MODULES CALLED ¢ Crt X i)
{Ex% ERROR CONDITIONS : if the string entered is not an integer LLL 2}
{Cwx COMMENTS : if <ENTER> is keyed in, the old number is &%}
{ kiR accepted dedek )

(tt..t..tﬁt.'.tt'.tlt'."tttttttt.ttt"tﬁt...'ttt...'ttt"ttt..t't.'..ttt.)

PROCEDURE readint(x,y,nopos:integer:VAR n:integer):

VAR
1,code:integer:; ’
readstring:string(40]:

BEGIN
code:=0;
repeat
readstring:='’;
gotoXY(x,y)i:for 1:=1 to nopos do write(’ *):
gotoX¥Y({x,y):readln(readstring):

{$R-}
1f readstring<>’’ then val(readstring,n,code):
{$R+)
1f code<>0 then
begin ~
Sound(1000) ;delay(50);nosound?
end;
untll (code=0) or (readstring=’’);
END:

(.ﬁ.ﬁf.t.ﬁ'iftt.ti.ittittt...tttttt.t.i'f.ltt!'tttttt!!.t*‘ttf.tf.tt..'tﬁ.}

{N#*  MODULE NAME : READREAL wkw)
{nh LT3
{Ann PROCEDURE : Reads a string suppossed to be a real wkd)
{wne from the keyboard@ and converts the string ##+)
{nen to a real number LT
(S*w CALL SEQUENCE ¢ READREAL(X,Y, nopos,realnumber) wk)
{Inw INPUT PARAMETERS : position on screen (x,y), no of positions ##*#}
[Rbdd allocated for number dehd}
{Or® OUTPUT PARAMETERS : actual real *hk)
{Ge® GLOBAL VARIABLES : none whk )}
{Mnw MODULES CALLED ¢ Crt R}
{E#w ERROR CONDITIONS : If string entered 1s not a real whk) '
{CH* COMMENTS : If <ENTER> is keyed in the old Number is feded )
{nn accepted LTTY

{anran RhkbAhRkARE hER kR dhhd)
PROCEDURE readreal(x,y,nopos:integer:VAR n:real):
VAR

1,code:integer;
readstring:string(40]:
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BEGIN
code:=0;
repeat
.readstring:='’;
gotoXY(x,y):for 1:=1 to nopos do write(’ ’):
gotoXY(x,y):readln(readstring):

(SR-}
i1f readstring<>’’ then val(readstring,n,code):
{$R+}
1f code<>Q then
begin
Sound(1000) ;delay(50) ;nosound;
end:
until (code=0) or (readstring=’‘’};
END:

(lltitii““it‘i*tiiitl..It.ttitt*.‘t.**.i.t.tt‘.i.t.itﬁ.tittti.tti.i.t.i.)

{N#& MODULE NAME ¢ TIMEDIFF hhk)
(Han hk} .
{A**  PROCEDURE : determines the time difference in msec’s  #%#*}
{hau between two time samples from the dos clock##*}
{Shw CALL SEQUENCE : TIMEDIFF(first time sample, Second time hik )
{het sanple, time difference) kkw)
{Inn INPUT PARAMETERS : two time samples as taken from the DOS ki)
{*tn clock (Type: dostime; see TYPES) wehw}
o OUTPUT PARAMETERS : time difference in msec’s L1
{Gax GLOBAL VARIABLES : None *AE}
{Man MODULES CALLED ¢ None Ak )
{Exs% ERROR CONDITIONS : None wehk}
{Can COMMENTS H bl

(“.i.....tit....tt..il...ttitt.ii.tttti.ttt‘ti..itt.ttﬁtit.*‘t.t.t‘tti.ti)
PROCEDURE timediff(tl,t2:dostime:;VAR dt:longint):

BEGIN
if tl.min>t2.min then begin t2.min:=t2.min+60; t2.hour:=t2.hour-l; if t2.hour=~l then t2.hour:=23:end;
if ti.sec>t2.sec then begin t2.seci=t2.sec+60; t2.min:=t2.min-1: end:
if t1.secl00>t2.secl00 then begin t2.secl00:=t2.secl00+100; t2.sec:=t2.sec-1; end;

t2.hour:=t2.hour-tl.hour;
t2.min:=t2.min-tl.min;
t2.sec:=t2.sec-tl.sec;}
t2.8ecl00:=t2.secl00-tl.secl00;}

dt:=t2.hour*60;

dt:=(dt+t2.min)*60;

dt:=(dt+t2.5ec}#100;

dt:=(dt+t2.5ecl00)}*107
END:?

(..ti..iiit...itttttiﬁiitttﬁ.it.i....i‘ﬁi.*iiii.tti....tti..tﬁtttitti‘.iit)

{H** REVISION HISTORY: k)
{wnn VERSION BY DATE COMMENTS dedek )
{#hx 1.0 KCAD 26-02-90 k)
(Gl n)
{ann UNITEND TYPES.PAS akw}
(AR AR AAR AR AR R AR AR R AR AR A RAAANRE R AR R R AR AN RNNA AR R AR Rk RN AN )
END.
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C.3.2 Filehand.pas

B e L L e T T T
[ Sdld UNIT PROCEDURE LIBRARY TO HANDLE DATA FILES dehw)
{hhn FILE:FILEHAND.PAS Wk )
[ e T S T

UNIT fllehand;

el b B AL LA S L LA A e e L e A L T R e I P T 2 T L

INTERFACE
[ L L L L T L T

USES Crt,Types:

TYPE
str50=string{501];

FUNCTION position(name:str50):integer:

FUNCTION chgstring(name,clear:str50;pos,x,y:integer):str50;

PROCEDURE filename(VAR name:str50:id:string);

FUNCTION chgtlitle(what:str50:strin:str50):strs50;

PROCEDURE chkdirectory(VAR name:str50:VAR flag:boolean):

PROCEDURE chkfilename(VAR name:str50:VAR flag:boolean):;

PROCEDURE chkoverwrite{VAR name:str50;VAR flag:boolean):

PROCEDURE loadresponsedata(VAR name:str50; VAR loaddata:responsedata);
PROCEDURE saveresponsedata(VAR name:strS0;storedata:responsedata);
PROCEDURE copyresponsedata(datal:responsedata;VAR data2:responsedata);

. PROCEDURE loadcorrdata(VAR name:strS0:VAR corrdata:correlationdata:VAR regdata:regressiondata);
PROCEDURE savecorrdata(VAR name:str50;corrdata:correlationdata;regdata:reqgressiondata):

PROCEDURE loadmfdata(VAR name:str50:VAR data:massflowdata):
PROCEDURE savemfdata(VAR name:str50:;data:massflowdata);
PROCEDURE Loadconst(VAR Csp:constant);

PROCEDURE Saveconst(VAR Csp:constant);

PROCEDURE Loadconstm(VAR Cm:massflowconst):

PROCEDURE loadloopdata(VAR noloop:longint);

PROCEDURE saveloopdata(noloop:longint):

(AR kAR AR A R R A AN RARARARAERCRRAARRRARAANRRR SR AR R RN RRANRERE R AN ER AN )
IMPLEMENTATION

(‘.*ttﬁtt.ﬁtti"ﬁt...ltttt..!!ﬁﬁt!!t‘.‘.t.‘ttt..‘t.‘tt!!“l..i"ﬁ.i.!"ﬁﬁ'}

(Qtti!ﬁtt‘titt.ﬁitt*‘ﬁtt’iQﬁ.tttttt...ttt.ﬁ.t'tttﬁt...t..l..!QQ....Q....!‘)

{N®® MODULE NAME t POSITION k)
{HHw )
{A%* FUNCTION : finds the position of the first free space #a#}
{hnk in a character string Rk}
(S**  CALL SEQUENCE : POSITION(string) *rw)
{I#*> INPUT PARAMETERS : string to be investigated dhw)
{O** OUTPUT PARAMETERS : position of first space Ahn)
{Ghe GLOBAL VARIABLES : none ok}
{MAw MODULES CALLED : none il
{E#* ERROR CONDITIONS : none hkk)
{Ck*  COMMENTS ¢ none k)
(-- kemhhwh t...t".t..t...ii.ﬂ'..i....ltﬁ...}

FUNCTION position(name:str50):integer:;

VAR
pos:integer:;
endid:string(1];

BEGIN
pos:=50;
repeat !
postepos-1}
endid:=copy(nane,pos,l);
until (endid<>?’) or (pos=1):

if pos<>1 then pos:=pos+l;

position:=pos;
END;
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oA kR kAR AR AR AR AR AR AR R RN R AR AR AR ARk}

{N%x MODULE NAME : CHGSTRING - akk )
{*x% LA L)
{A%* PUNCTION : edits a string by taking the approplate hkk}
{Hxx action as defined by the user from the key- %%}
{*xx board [113)
{S**  CALL SEQUENCE ¢ CHGSTRING(string,clearing string,position, w#**}
{kxx x position,y position) xR}
{Ix INPUT PARAMETERS : name of string, clearing string, current FTI
{xxex position of cursor in string and x,y posi- ##%}
{Rens tion of most left hand entry of the string *#x}
{xxen . on the screen (AL}
{O*x OUTPUT PARAMETERS : updated string L2 13
{Ge® GLOBAL VARIABLES : none wehk)
{Mx% MODULES CALLED ¢ Crt weh k)
{E*» ERROR CONDITIONS : none ek )
{Cre COMMENTS : clearing string is a string consisting of LEL S}
{ken spaces to clear the allocated space on the ##%}
{Hexx screen. The length of the clearing string lsx#*}
{fxx equal to that of the actual string Ak
(!'!tt!!!tt!!‘!- * t.!iﬂ!t.i"t't!!t‘!!!!!'!i!t!t.!!i!ﬁi)

FUNCTION chgstring(name,clear:str50:pos,x,y:integer):str50;

VAR
posc:integer:;
key:char;

BEGIN

HIGHLIGHT(0):?
posc:=POSITION{clear):
gotoXY(x,y):write(clear):;
gotoXY({x,y):write(name):
gotoXY(x+pos-1,y}?
key:=readkey:

while key<>#13 do
begin
if xey=#0 then
case readkey of

#75:pos :=pos~1; {left arrow pressed}
#77:pos:=pos+l; {rlght arrow pressed}
#83:delete(name,pos,1): {delete pressed}
end
else if key=#8 then
begin
pos :=pos-1: {backspace pressed}
delete(name,pos,1);
end
else
begin
if pos<posc then {any other key pressed}
begin
insert(key,name,pos);
pos:=pos+l}
delete(name,posc,l);
end
else
begin
sound{1000);delay( 250} ;nosound;
end:
end;

gotoXY¥(x,y);write(clear):
gotoXY(x,y):write(name);
gotoXY({x+pos-1,y)skey:=readkey:
end;
chgstring:=name;
normvideo;
END;
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{oedededksededeedA ettt et s e e e e o o A R ke e e e e R ke )

{N*e
(*nh
{Aw*
{Reww
{Sex
{hend
{Th*
L]
[O%#®
[
{Mu
(E%*
(Cr*
£
e

MODULE NAME : FILENAME Wk}
lil)

PROCEDURE : creates a filename which can be entered and w#w)
edited one by one k)

CALL SEQUENCE : FILENAME(string containing filename, Rk}
extension) dekk )

INPUT PARAMETERS : string containing default subdirectory and e}
name of file, extension of filename Ak}

OUTPUT PARAMETERS : edited filename kr® )
GLOBAL VARIABLES : none dek}
MODULES CALLED : Crt twe )
ERROR CONDITIONS : none LA

COMMENTS

if extension is entered as '/, the routine #wx}
will detect if the fllename already contains#tus®}
a extension or it will assume no extension #**w}

(kb tehhhhdhhhh kbbb k kA ddhhd ANk N AR et hdhh kR AR AR AR Rk kR A AN |

PROCEDURE filename(VAR name:strS0:id:string):

VAR

okay:char;
pos:integer;
clear:string(S01;
test:string(1]}:

BEGIN

okay:=‘y’:
clear:=’

repeat

pos:=POSITION(nane):
test:=copy(name,pos-4,1):

if test=’.’ then
begin
pos :=pos~4 ;

if id<>’’ then delete(name,pos,4);

end;

insert(id,name,pos);

clrscr:gotoXY(20,10):writeln{’filename: *);
nane:=CHGSTRING(name,clear,pos,30,10}; . hd
clrscr;gotoXY(20,10}:writeln(’filename: ’,name);

gotoX¥ (37,12} :write(’ okay? (y] ’):okay:=readkey;

1f okay=#13 then okay:=’y’:writeln(okay}:

until okay='y’:

END;

{Fehdehdehdehhhhhhhhk ANk R AN e RNk NN IR RAAR R ARSI ARk d N kAR AT A AR Rk dAdddddk )

{N#w
(rhn
{Ar®
{*wn
{Sen
{T®
{Onw
{Ga®
{M*%
{E%*
{Caw

MODULE NAME ¢ CHGTITLE LLLS}
LEL D]
FUNCTION : edits a previously entered title string one *#*%)}
by one hhk]
CALL SEQUENCE : CHGTITLE(explainstring,titlestring) Wik}
INPUT PARAMETERS : Explanation of the string,title string EEL )Y
QUTPUT PARAMETERS : edited title string LLLD)
GLOBAL VARIABLES : none ok}
MODULES CALLED s Crt Rk}
ERROR CONDITIONS : none wahy
COMMENTS : example for explain string: ‘Title: * LLES}

(Rkedhdhdhkhhhkd Rk Ak d R R AR AR AR AR AR SRR AR I AR NN AR R RN R Rk ]

FUNCTION chgtitle(what:strS0;strin:str50):atr50;

VAR

okay:char;
posl,pos2:integer:
clear:string{50):

BEGIN

END

okay:=’y’;
clear:=’

repeat

posl:=POSITION(strin):
pos2:=POSITION(what);

clrscrygotoXY(5,10):writeln{what,’ ‘);
strin:=CHGSTRING(strin,clear,posl,5+pos2+2,10):
clrscri:gotoXY(5,10) :writeln(what,’: ’,strin);
gotoxy(22,12);write(’ okay? [y} ’);okay:=readkey:
if okay=#13 then okay:=’y’;writeln(okay):

until okay=‘y’:

chgtitle:=strin;
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(t*...t.‘.....t‘t..-....tt..i.....t...i....*.ﬁﬁﬁt.ﬂt.tttt..ﬁﬁ.tt...’t.....ﬁi)

{(Nw*
{ahw
{Aw*
L]
{ax%
(S*n
[$41]
{On*
{Gan
(M%*
{E%*
(CH*
{x%
{Rxx
[E1 1

MODULE NAME ¢t CHKDIRECTORY wx)
LA1 3}
PROCEDURE : checks if the directory defined for a new *%#)

CALL SEQUENCE
INPUT PARAMETERS
OUTPUT PARAMETERS
GLOBAL VARIABLES
MODULES CALLED
ERROR CONDITIONS
COMMENTS

flle or a file to be read from is valid, uk}

i.e. that the directory defined exists LA
CHKDIRECTORY(filenare,flag) L1
filename *hk)
flag indicating whether to continue Ak}
none *kn)
crt,Types wkk )
if directory does not exist hk)
This check is done by writing a dummy file w#w}
to the defined directory. Should this LL L))
action be successful the dummy file is LLL 2}
erased again LAL D]

Rk A kAR AR AR AR AR AR AR AR AR AN TR AR R AR Rd ARk kA ARk hr Ak Ak )

PROCEDURE chkdirectory(VAR name:str50;VAR flag:boolean);

VAR

opt:char;
disc:text:
pos:integer;
tempname:strso;

BEGIN

{SI-}

($I+)

repeat
flag:=false:

pos:=POSITION{name}:

tempname:=name;

delete(tempname,pos=-4,4):

assign(disc,tempname);

rewrite(disc);

if IOResult=0 then

begin

flag:=true;

close(disc):
erase(disc);

end
else
begin

sound(1000) ;delay(250) ;nosound;
HIGHLIGHT(1):;gotoXY(25.20);writeln(’ Directory does not exist ’)}:normvideo:
gotoXY(15,22);writeln(’Press <ENTER> to re-enter directory or <ESC> to Escape’):

opt:=readkey;

if opt=#13 then FILENAME(name,’’}:

end;

until (opt=#27) or (flag=true):
END;

(i.*.i.ti..*t.....‘..ttt......t...“...‘.‘t‘.t‘..‘......ﬁi....titi.‘t...‘.)

(N*%
€L}
(AR¥
(wan
{Sen
(Iww
(One
{GH*
(Mo
{E**
(Cre

MODULE NAME ¢ CHKFILENAME nh)
...‘
PROCEDURE : checks if the name defined for a file to bew#w}

CALL SEQUENCE
INPUT PARAMETERS
OUTPUT PARAMETERS
GLOBAL VARIABLES
MODULES CALLED
ERROR CONDITIONS
COMMENTS

s

read is valid, i.e. that the file exists bbb

CHKFILENAME(filename,flag) akn)
tfilenane . LT
flag indicating whether to continue LTS
none LLL RS
Crt,Types LLT3Y
if filename does not exiat LT Y
none an)

(iﬁ.‘..t.‘...t.l‘t‘.ttt.....‘.i‘ttt..‘..iit‘.tt..'i“tt.‘.itttiitt.t..li..)

PROCEDURE chkfilename(VAR name:str50:VAR flag:boolean):

VAR

opt:char;
discitext;
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BEGIN
repeat
flag:=false;
assign(disc,name):
{$I-}
reset(disc):
{$I+}

if TOResult=0C then
begin
flag:=true;
close{dlsc):
end
else
begin
sound(1000);delay(250) ;nosound?
HIGHLIGHT(1);gotoXY¥(27,20}:writeln(’ File does not exist /):normvideo:
gotoX¥(12,22);writeln(’Press <ENTER> to enter new filename or <ESC> to Escape’):
opt:=readkey;
{f opt=#13 then FILENAME(name,’’):
end;
until (opt=#27) or (flag=true):
END: )

IGAARAAR R A RS AR AR a Rl Rl ad iRl dd il iaddiililizedln)

{Nww MODULE NAME ¢ CHKOVERWRITE t 1231
{Hw - kn}

{Ax% PROCEDURE : checks if the name defined for a new fille ###} /
{nn does already exist and if it does exist xWh}

{Rwk whether to overwrite it ek )

(S** ‘CALL SEQUENCE : CHKOVERWRITE(fllename,bflag) L1 Y

{Inx INPUT PARAMETERS : fillename nww)

{O%*  OQUTPUT PARAMETERS : flag indicating whether to overwrite heak)

{Gw* GLOBAL VARIABLES : none *xw)

{M#*  MODULES CALLED : Ccrt,Types wwk}

{E#w ERROR CONDITIONS : 1f filename does already exist wdk)

{Cxn COMMENTS t none L1212

(iﬁtt"ﬁ..it*ﬁ...ﬁﬁt.tﬁﬂt.."ﬂﬂ.....ﬂﬂ..tl.Rﬁ..‘.ﬂﬂ‘..tﬁﬂﬂt..ﬁﬂt.tﬂﬂt.t.l.)
PROCEDURE chkoverwrite(VAR name:str50;VAR flag:boolean);

VAR
opt:char;
disc:text; . P

BEGIN
repeat
flag:=false;
assign{disc,name);
($1-}
reset({disc):;
{$I+}

if IOResult=0 then
begin

sound(1000) ;delay(250) ;nosound;
clrscrHIGHLIGHT(1):gotoXY(25,20) :writeln(’ File does already exist ’):normvideo;
gotoXY(25,22);write(’Press <ENTER> to Overwrite’):
gotoXY(31,23);write(’<ESC> to Escape’);
gotoX¥(31,24);write(’<R> to Re-enter filename’);
opt:=readkey;
1f opt=£#13 then flag:=true:
1f (opt=‘r‘’) or (opt='R’) then FILENAME(name,’’):

close(disc):
end
else flag:=true:
until (opt=£#27) or (flag=true):
END:

(..'.ﬁ.'t'tt'.tt'it...‘ttt.ttt.Q‘i‘t...'.tttttt"tf..tt't.ttt.'.t.tﬁ.....i}

{N**  MODULE NAME :  LOADRESPDATA wwk} R
(enn L2 3
{A%n PROCEDURE : loads a fille of data in the RESPONSEDATA whd )
[ Sk record format hk}
{S** CALL SEQUENCE :  LOADRESPDATA(filename,datarecord) hwk)
{Inx INPUT PARAMETERS : filename whk}
{Onn OUTPUT PARAMETERS : data record hd)
{GR* GLOBAL VARIABLES : none ok}
{Men MODULES CALLED : Crt,Types k)
{Ew® ERROR CONDITIONS : 1f file does not exist wekk}
{Co* COMMENTS : detalls about RESPONSEDATA data record in ##%)
{wnx unit TYPES whk )

(...tt.titt..tttt...ﬂ...t'ﬂt.tﬁﬁ.'...'ﬂ'....ﬁﬁ'.'.l..ﬂ........"..Qﬁ.....')
PROCEDURE loadresponsedata({VAR name:str50: VAR loaddata:responsedata);

VAR
i,).code:integer:;
disc:text:
datastring:string(5];
message:string{80];
flag:boolean:;
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BEGIN
CHKDIRECTORY (name,flag);
1f flag=true then CHKFILENAME(name,flag):

1£ flag=true then
with loaddata do
begin
message:=’Please walt ~ Loading file: ’:
insert{name,message,29);
clrscr:HIGHLIGHT{0) ;gotoXY (10,10} ;writeln(message);normvidec;

assign(disc,name):
reset(disc);

readln(disc,nsanples,i,nochannel ,whenstep,step);
readln{disc,frequency):
for i:=1 to nochannel do read{disc,labels[1]);
readln(disc);
readln{disc,title);
for i:=0 to (nsamples-1} do
begin
for i:=1 to nochannel do
begin
read(disc,datastring);
val{datastring,data{},1],code};
end;
readln{disc);
end;

close(disc):

end:
END:

('l‘!tttl.ﬁ‘i.iﬁi‘.‘Q...Qlﬁlll'tl.!'“l...tﬁtitll’i.!ﬂ.'t't..'t.‘ii".i!.i)

{Ren MODULE NAME ¢ SAVERESPDATA fih)
[l *hw}
{A%¥ PROCEDURE : stores a data record in the RESPONSEDATA LL LD}
(W% recordon disc L1 DY
{Sh* CALL SEQUENCE : SAVERESPDATA(fllename,datarecord) whw)
(Lo INPUT PARAMETERS : filename, data record L0 1
{O*w OUTPUT PARAMETERS : none LA
{Gae GLOBAL VARIABLES : none ek}
{M** MODULES CALLED ¢ Crt,Types hak )
{E#w ERRCR CONDITIONS : if file already exists AW}
{Cx*  COMMENTS : details about RESPONSEDATA data record in ###}
(Sl unit TYPES LI

(.t!i}.ﬁ.lﬂ...!‘iﬁ.ﬁt.tt!tti!iﬁtﬁtiiiiﬁﬁtﬁi.*.tti..ﬂﬁin.ﬁt.lt!.lﬁ!!!ﬁﬁ&l.)

PROCEDURE saveresponsedaté(vAR name:str50;storedata:responsedata):

VAR
1,4:integer;
disc:text:;
message:string[80]};
flag:boolean:

BEGIN
CHKDIRECTORY( name,flag):
if flag=true then CHKOVERWRITE(name,flag):

if flag=true then
with storedata do
begin
message:=’ Please wait - Saving flle: ’:
insert(name,message,28);
clrscr;HIGHLIGHT(O):qotoxY(lo,lo);Hrigeln(measaqel:nornvideo;

assign{disc,nane};
rewrite(disc);

writeln( disc,nsamples:5,’ .1, ! ,nochannel ,’ ’ ,Wwhenstep, ’ ¢,step:10:5)7
writeln(disc,frequency:10:4);?
for {:= 1 to nochannel do write(disc,labels(i):10);
writeln(disc):
writeln(disc,title);
for i:=0 to (nsemples-1) do
begin
for j:=1 to nochanrnel do write(disc,data[],11:5);
writeln(disc):
end;

close(disc);
end;
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(ttt!ttttﬁtt!tt!ﬁﬁﬁﬂﬁ..t.tﬁtttt‘..!ttt.tt!tttt‘t.ﬂl‘l.ttt‘t!ﬁ."ttﬂﬂ.lttt!)

{New MODULE NAME . ¢ COPYRESPDATA

{teken

{Awe PROCEDURE : coples one data record in the RESPONSEDATA
Bl fornat into another data record

{Skw CALL SEQUENCE ¢ COPYRESPDATA(datal,data2)

{Its INPUT PARAMETERS : datal = data record to be copled FROM
{Ok* OUTPUT PARAMETERS : data2 = data record to be copled TO

(G**+  GLOBAL VARIABLES : none
{M**  MODULES CALLED 1 Types
(E*%*  ERROR CONDITIONS : none

{Can COMMENTS : detalls about RESPONSEDATA data record in

{rten unit TYPES

7

LEA D]
Wik}
k)
LAY
LA L]
whk )
LTI
hk}
'.t}
Wik}
wid )
[T

(itttitntintttnna.iﬁntttii.tttttttatannnttaatttnttﬁtt*t!i.ttttttttittttttt)

PROCEDURE copyrespdnsednta(datal:responseda:a:VAR data2:responsedata):

VAR
i,j:integer:;

BEGIN
data2.nsamples:=datal.nsamples;
data2.nochannel:=datal.nochannel;
data2.whenstep:=datal .Whenstep;
data2.step:=datal.step:
data2.frequency:=datal.frequency;
for i:=1 to datal.nochannel do
data2.labels[1}:=datal.labels{i];
dataz.title:=datal.title:
for 1:=0 to (datal.nsamples-l) do
for j:=1 to datal.nochannel do
data2.datafj,l):=datal.data({,i};
END;

(i‘ﬂﬁﬂttttiﬂ.t'tt.t!Qlt.it'!tﬂtﬁitttQ.‘Qt'ttﬂttiiitiﬁﬁtttt.tttttﬁtit'ﬁﬁﬁ.t)

{N**  MODULE NAME t  LOADCORRDATA www)
(ke hehd)
{Anw PROCEDURE : loads a file containing resulting data fromwks)
{hdw a linear regression and the data which was waw®}
{has used in the regression process, l.e.the 1))
(Hwn data for which the correlation was checked #*#%}
{Sex CALL SEQUENCE ¢ LOADCORRDATA(filename,correlation data hhw)
{Hhen record, regression data record) fekk )
{Ine INPUT PARAMETERS : filename dededk )
{O%n OUTPUT PARAMETERS : record containing the regression data (l.e.s##%}
{wnn results from the regression process) and a w##}
{®hw record containing the data used in the reg-##«}
(e ression process (l.e. correlation Data) Ll
{Gww GLOBAL VARIABLES : none dekek )
{Mew MODULES CALLED ¢ Crt,Types whk)
{Et% ERROR CONDITIONS : 1f file does not exist Wk}
{Cn COMMENTS : for details about correlation and k)
{*h regression data record see the unlt TYPES ##%}

{Rhkkhhhhrhrh bbb a kb A bRk ARG AR R AR d e adh)

PROCEDURE loadcorrdata{VAR name:strS50;VAR corrdata:correlationdata;VAR regdata:regressiondata):;

VAR
i,},code:integer;
discitext:
datastring:string{7];
dum:string(31:
message:string[80];
flag:boolean;

BEGIN
CHKDIRECTORY ( name,flag);
1f flage=true then CHKFILENAME(name,flag}:

if flags=true then
wlith corrdata,regdata do
begin

message:=’ Please Walt ~ Loading File: ’

insert(name,message,29);

clrscr ;HIGHLIGHT(0) ;gotoXY(10,10) ;writeln(message} inormvideo?

assign(disc,name);
reset(disc);

readln(disc,title):;
readln(disc,nsemples,nzero);
readln(disc,slopefl],slope(2]);
readln(disc,yconst[l],yconst[2)):
readlin(disc,error{l],error{21):
readln(disc,r{l],r(2]):
readln(disc,yerror{l],yerror{2]):
readln(disc,xmean[l],xmean[2))?
readln({disc,ymean({1l],ymean{2]):
readin{disc,C1{1],C1(2]):
readln(disc,C2({1],C2[21):
readln{disc);
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for i:=1 to nsamples do
begin
for j:=1 to 3 do
begin .
read(disc,datastring,dun);
val(datastring,data(j,i],code};
end;
readln(disc);
end;
close(disc):
end;
END; )
('t.*i.Q‘.ii***i***“titiiiii*i'***fﬁii*‘*‘t..t**ﬁtt‘**i**.titti‘ttﬂ‘ﬁ'*‘i )
{N*%*  MODULE NAME SAVECORRDATA LAl
( kA tti)
{Aw* PROCEDURE : saves the resulting data from a linear ek )
(% regression and the data which was used in *#+}
{ Wk the regression process, i.e. the data for w¥}
{wkx which the correlation was checked to a filek#+}
{Swe CALL SEQUENCE : SAVECORRDATA(filename,correlation data *hn)
{eken record, regression data record) fewk )
{Iww INPUT PARAMETERS : filename, Wk}
{Q** record containing the regression data (i.e.w*¥}
{Hkn results from the regression process) and a *#a%)
{Rex% record containing the date used in the reg-%%«}
{ e ression process (i.e. correlation Data) k) N
(O**  QUTPUT PARAMETERS : none’ EET Y
{Gr* GLOBAL VARIABLES ¢ none tedede )
{M* MODULES CALLED : crt,Types tewk )
{Eww ERROR CONDITIONS : If file-already exists i)
{Ce* COMMENTS : for details about correlation and LEL DY
{hnw regression data record see the unit TYPES %e#)
(t**.tttli*‘lttiti“‘.t‘*‘**t..it“t..."Qi‘tttt.t...tt.titltttit.t.t.‘ﬂ‘i)
PROCEDURE savecorrdata{VAR name:str50;corrdata:correlationdata:regdata:reqressiondata):
VAR
f,i:integer:
disc:text:
nessage:string(80):
flag:boolean;
BEGIN
CHKDIRECTORY (name, flag):
if flag=true then CHKOVERWRITE{name,flag):
if flag=true then
with corrdata,regdata do
begin
message:=’ Please Wait - Saving File: ’:
insert(name,message,28);
clrscr;HIGHLIGHT(0) ;gotoX¥(10,10) ;writeln(nessage) ;normvideo:
assign{disc,name);
rewrite{disc);
writeln(disc,title);
writeln(disc,nsamples,’ ? ,nzero):
writeln(disc,slope(1]}:12:5,’ ’,s8lope[2]:12:5,/ :Slope’):
writeln(disc,yconst[1}:12:5,7 !, yconst[2]:12:5,’ :Y-intercept’);
writeln{disc,error(1}:12:5,’ ’,error{21:12:5,7 tBrror at mean’)s:
writeln(disc,r(1}:12:5,/ r,rf2):12:5,’ :Correlation Coefficient’):;
writeln(disc,yerror(1]:12:5," ’,yerror(2]:12:5,’ :Standard Error in Y-Estimate’):

END

writeln{disc,xmean{1}:12:5,"* ¢, xmean{2]:12:5," :X~mean’);
writeln(disc,ymeanf1]:12:5," ‘,ymean(2]:12:5,’ :Y-mean’);
writeln(disc,C1[1):12:10,’ f,C112):12:10,' :Constant 17);
writeln(disc,c2[(1]:12:5,/ ’,C2(2]:12:5,7 :Constant 2/);:
writeln{disc):

for i:=1 to nsamples do

begin

for j:=1 to 3 do
write(disc,data(§,11:7:2,/ Y
writeln(disc):

end;

close(disc):

end;

H
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(ttﬁi.t‘i.ttt.t...ﬁt'ttittttt*ittittQ*ﬁ#ttﬁ*ﬂﬁ**ititttiii‘*ttttﬁtﬁ*tﬁtttti)

{N*#*  MODULE NAME :  LOADMFDATA wiw )
{htn ttt)
{A%s% PROCEDURE : loads massflow data from file ok}
{Sun CALL SEQUENCE : LOADMFDATA(filename, nassflow data record wa%)
{Inn INPUT PARAMETERS : filename *hk)
{O**  OUTPUT PARAMETERS : data record containing massflow data bbbl
{Gw% GLOBAL VARIABLES : none Wk )
{Mns MODULES CALLED : Crt,Types dhk )
{Ex¥ ERROR CONDITIONS : If file does not exists fek )
{Cx* COMMENTS : for more information about the massflow Rk )
{#enr data record see TYPES dekedk )

(tt**tttttt*tllt.tltﬁitti*tttltttiﬁlti‘ti.ttt..i.ti***ﬂtt*ttttt.tttiit*i*t}
PROCEDURE loadmfdata({VAR name:strS0;VAR data:massflowdata);

VAR
i,code:integer;
disc:text;
hourstr ,ninstr,secstristring{2);
dumstr:string(l]: [
message:string{eo):;
flag:boolean:

BEGIN
CHKDIRECTORY ( nanme,flag);
if flag=true then CHKFILENAME(name,flag):
#
if flag=true then
with data do
begin

message:=’Please Wait - Loading File: ‘;
insert(name,message,29);
clrscr;HIGHLIGHT (0) ;gotoXY(10,10) ;writeln(message) ;normvideo:

assign(disc,name):
reset(disc);

readln{disc,title);
readln(disc);
readln{disc,nsamples,error):
readln{disc);
readln{disc)s
readln(disc);
for 1:=1 to nsamples do
begin
readln(disc,data{i{],dumstr,dumstr hourstr,dumstr ,minstr,dumstr ,secstr):
val(hourstr,time(l].hour,code);
val(minstr,time{i)l.min,code);
val(secstr,time[l].sec,code):
end:

close(disc):
end;
END:;

‘t*lﬁtﬁtﬁttti'iiiilli.tiﬁﬂili.i..l....."Q."'.'Q"l"'..'iﬁﬁ't.iit!"iit-)
{N#*  MODULE NAME :  SAVEMFDATA waw}
(€113 ehn)
{A%*x PROCEDURE saves massflow data on file whk)
{S*x CALL SEQUENCE SAVEMFDATA(filename, massflow data record ##w)
{Inx INPUT PARAMETERS filename, data record containing massflow w*%)

(e data anny
{On» OUTPUT PARAMETERS : none (11D
{Gr* GLOBAL VARIABLES : none . L2
{M#*  MODULES CALLED : Crt,Types L2131
{(E**  ERROR CONDITIONS : if file already exists hhlod)
{Crw COMMENTS : for more information about the massflow Wik}
(i data record see TYPES ek}

(..'.".ﬁ"i"‘.it'.......".‘.'....t"'t"..'ﬁ'.t"tti."..Q'.ﬂ."".'t..)
PROCEDURE savemfdata(VAR name:str50:;data:massflowdata);

VAR
i:integer:;
disc:text:
message:string(80);
flag:boolean:

BEGIN
CHKDIRECTORY (name,flag};
if flag=true then CHKOVERWRITE(name,flag):

1f flag=true then
with data do
begin
message:=’ Please Walt - Saving File: ¢;
insert(name,message,28);
clrscr ;HIGHLIGHT(0) ;gotoXY(10,10) ;writeln{message) ;nornvideo;

assign{disc,name);
rewrite(disc):
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writeln(disc,’Title:

‘,title);

writeln{disc,’No of Samples:
writeln(disc,nsanmples:q,’

writeln(disc):
writeln(disc,’ Massflow Tine’)
writeln(disc,’ [(t/hr}

for 1:=1 to nsamples do

writeln(disc,’

close(disc):

end:
END;

¢,dataf(i}:8:2,’

Error [t/hri:’):

H

/,error:8:2);

{hrs:mintsecl’};

‘,time(i}.hour:2,:’, time(i].min:2,’:’,time(l]).sec:2);

Rt Rk ke dedededdedededde ek e Ak R AR AN kAN R R ke kk kW kAN n )

*w)
*kk}
LTS
LA LAY
whx}
hw}
*hh}
‘..)
LT
wak)
LIS

{N#®® MODULE NAME : LOADCONST

(€311 .

{Anx PROCEDURE ¢ loads the constants used in the massflow
{Axn determination process

{Sk# CALL SEQUENCE : LOADCONST{const}

{I%w INPUT PARAMETERS : none

{O%® OUTPUT PARAMETERS : data record containing speed, power, cali-
{hn bration and friction constants

{Gr* GLOBAL VARIABLES : none

{Maw MODULES CALLED : none

{E%» ERROR CONDITIONS : hone

{Co% COMMENTS : for details about the data record see TYPES *#+%}

{ARA AR kR AR AR AR AN TR AT R AR TR N AR R AN A bbb kR AR R AR AR}

PROCEDURE Loadconst(VAR Csp:constant}:

VAR
disc:text;

BEGIN

assign(disc,’const.dat’}:

reset{disc):

with csp do
begin

readln{disc,speed);
readln{disc,power):;
readln(disc,.dh);
readln(disc,offset);
readln(disc,slope);
réadln(disc,error);

readln{disc,Fa):
readln{disc,Fb);

close(disc):
end;
END;

{RRAdkhhmdehdhkhhhhhhhrhhhbdr bk kAR A AR Ak bR d kR kAR bbb A Rd R bbb ek hdk ]

*hw)
wEa)
LTS
Awk)
t.t)
ek}
k)
LTS
whw)
k)
wow)

{N#*  MODULE NAME : SAVECONST

(.tt

{Akw PROCEDURE : saves the constants used in the massflow
{wne determination process

{Snw CALL SEQUENCE ¢ SAVECONST{const)

{I4* INPUT PARAMETERS : none

{Ok# OUTPUT PARAMETERS : data record containing speed, power, cali-
[ Sl bration and friction constants

{G#r® GLOBAL VARIABLES : none

{Mr* MODULES CALLED t none

{E*#% ERROR CONDITIONS : none

{Cae COMMENTS : for details about the data record see TYPES #%#}

(RARRERARRRANERA AR AR RN A AN PR AR AN RRRAA ARG R RRR RO RNV E R R A AR AT AN ARy )

PROCEDURE Saveconst(VAR Csp:constant);

VAR
disc:text;

BEGIN

assign(disc, ‘const.dat’);

rewrite(disc):

with csp do
begin

writeln(disc,speed);
writeln(disc,power);
writeln(disc,dh);
writeln(disc,offset):
writeln(disc,slope);
writeln(disc,error):
writeln(disc,Fa):
writeln(disc,Fb);:

close(disc);

end;
END;
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[k A hk A dk kA A h b dbdkd ek hkh kR AR A Ak Ak kbR bk A hhd Rk ddhh bk )

{N®*  MODULE NAME : LOADCONSTM LiL]
(tt! ‘tt)
{Ann PROCEDURE : loads the constants used in the massflow wkw )
{*ehn determining process k)
{S*% CALL SEQUENCE : LOADCONST{massflowconst) tek k)
{I** INPUT PARAMETERS : none sk }
{On» OUTPUT PARAMETERS : data record containing massflow constants Rk}
{G**  GLOBAL VARIABLES : none Rk}
{Mu* MODULES CALLED : none wAk}
{E*w ERROR CONDITIONS : none ek}

{Cx= COMMENTS for details about the data record see TYPES ##%)
(i‘tﬁtt‘ttﬁttittiltllttttttttltttttﬂtttttQtttttttttttii*itittti*ttitit*ili}

PROCEDURE Loadconstm{VAR Cm:massflowconst):

VAR
disc:text:

BEGIN .
assign(disc, ‘constm.dat’);
reset(disc):

with ¢m do

begin
readln(disc,mass);
readln{disc,vincl):
readln{disc,dh}; '
readln(disc,di);
readlin(disc,dchl);
readln{disc,dch2):
readln(disc,nuc);

end:

close(disc):

END:

(..lt'ttltlf.‘ttttt“‘.tt.l‘.tttl.ﬁt..-.‘ttti.“t..!‘tttt‘ﬁitﬁ.!titt!ﬁtttt)

{N#»  MODULE NAME +  LOADLOOPDATA _ wany
(Han *rt)

{Anx PROCEDURE : loads the no of wait loops to be executed ##*x}

[ in the datalogging process k)

{Skw CALL SEQUENCE : LOADLOOPDATA(noloop) k)

{I*+ TINPUT PARAMETERS : none weak ) '
{O%#*  OUTPUT PARAMETERS : no of waltloops whkk)

{Gan GLOBAL VARIABLES : none L2131

{Mew MODULES CALLED ¢ none o)

{E%# ERROR CONDITIONS : none wAw}

{Chw COMMENTS : none L 11 3]

(tlt!!ﬁtt.ttﬁ*!tﬁ!Qtt..tt*.'ttt!*ﬁ“t.iiﬁt'tﬁﬁlﬁttt!*ﬁfiiit*t*lttt‘tt.ﬁ*.i)

PROCEDURE loadloopdata(VAR noloop:longint):

VAR
disc:text;
BEGIN
assign(disc, ‘timedata.dat’);
{$I=)
reset(disc);
{$I+)
if IOResult<>0 then noloop:=0
else
begin
reset(disc);
readln(disc,noloop);
close(disc)y
end;
END;

224



Appendiy C: Software Listings

(tttt‘tttttﬁt‘t““‘ttﬁiii!ttti‘tﬁﬁt*ttﬁtt't**ii*ﬁtiﬁtitil.tt*tii*i*tlitii)

{N*= MODULE NAME t  SAVELOOPDATA waw)
(*!‘ ttt)
{A%* PROCEDURE : stores the no of waltloops to be executed ##w}
[ in the datalogging process ek}
{Sh* CALL SEQUENCE : SAVELOOPDATA[noloop) (123"
{I**  INPUT PARAMETERS : noloop . LTI
{O% % OUTPUT PARAMETERS : none k)
(G* GLOBAL VARIABLES : none ki)
{Me® MODULES CALLED : none k)
{En% ERROR CONDITIONS : none . Ak}
{C**  COMMENTS : none k)

(ti!tt‘itﬂ.tttit*itt*“‘iiti!t‘t‘t't*‘itttiii.tﬁ*ﬁttliti‘ﬁi!ittt‘itittiit!)
PROCEDURE saveloopdata(noloop:longint}:

VAR
disc:text;
opt:char;

BEGIN
assign(disc, ‘timedata.dat’);
rewrite(disc):
writeln(disc,nolocp);
close(disc):

END;

(ti"t*tt‘.l'tiiittti"ii'.ttt.ittttﬁﬁi"tt.ttt"t*tiiitﬁ"tiit.iittt*'ttt)

{H%* REVISION HISTORY: LI LY
{%ax VERSION BY DATE COMMENTS LY
{ReAn 1.0 KCAD 26-02-90 k)
(aan Wi}
{#ax UNITEND FILEHAND.PAS Wik )
Lttt e e T L P L R L AL L L L L L e L)
END.
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C.3.3 Math.pas

{RAAA Ak Ah kA Ak kd kAR AR ARk kWA RS AR AR R Rk kAR RN Rk ke h kR hk Rk ]

{aksk UNIT PROCEDURE LIBRARY TO PERFORM CERTAIN MATHEMATICAL - ks }
[l MANIPULATIONS ek}
{ReReR FILE: MATH.PAS ok}

(tﬁi*i*.tﬁit*iﬁtﬂ..titi*....tiﬁﬁt..tﬁl‘*iI'iti*t'tﬁi*itﬁ.tﬁ*tﬁfittiti..'**t}
UNIT math;

(hhhrdkhhhd @bk h AR AR A R AR AR AR R NS R R AR AR AR AR AR ARk bk kbd )

INTERFACE
{RRhhkihhhkiRd ke d ki kAR A kAR AR AN R R AR AR AR RN EAA RN R R AR RNk R kR E Rk |

USES crt,types:

VAR -
U:matrixbig;
Y:vectorbig:

PROCEDURE matrixmult(A,B:matrixsml;VAR C:matrixsml);

PROCEDURE UtU(VAR B:matrixsml):

PROCEDURE UtY(VAR B:vectorsml):

PROCEDURE gauss_N(A:matrixsml:VAR B:matrixsml):

PROCEDURE gauss_l(A:matrixsml;VAR B:vectorsml);

PROCEDURE online_meansdev(value , NT:real:VAR mean,stddev,state:real):

PROCEDURE seml_meansdev(n:integer;value:real;VAR mean,stddev,statel,state2:real);
PROCEDURE meancalc(data:responsedata;ch,start,range:integer;VAR mean:integer;VAR dev:real):

PROCEDURE regress(corrdata:correlationdata;VAR regdata:regressiondata);
FUNCTION area(data:responsedata;ch,start,range:integer):real;

FUNCTION quadarea(data:responsedata:ch,start,range:integer):real;
FUNCTION cubicarea(data:responsedata;ch,start,range:integer):real;
FUNCTION tpo(number:real;n:integer):real:

PROCEDURE filter(breakfreq:real:ch:integer:VAR data:responsedata);
PROCEDURE offset(VAR data:responsedata);

PROCEDURE norm(VAR data:responsedata):

PROCEDURE disregard_up_to_step{VAR data:responsedata):

PROCEDURE chgfreq(newfreq:real;VAR data:responsedata);

(iﬁﬁ.tt.tt.ﬁiﬁtttit.t'itttﬂitiﬁ.it.'tﬁ.t‘i.itl.iit‘!!.“t.titiittit.tt.i‘i)

IMPLEMENTATION
R e T L L L T T R e L e A Il Sl s

(Rehdde e hhhkhhdrhhhhhdhhhhdrhhdthhhhhdbrhbhnrdht b e bhhdhdhhhkkdhtibedtddind)

{N#*  MODULE NAME : MATRIXMULT www)
(i.* rhd}
{A%*  FUNCTION : matrix multiplies two matrices, i.e.C=A*B  ##}
{Sh* CALL SEQUENCE : MATRIXMULT(A,B,C) dhk )
{I#x INPUT PARAMMETERS : A and B of type Matrixsml *hR)
{Or% OUTPUT PARAMETERS : C of type Matrixsml ek}
{GHw GLOBAL VARIABLES : none *hAh)
{MA® MODULES CALLED : Crt, Types wha}
{E#® ERROR CONDITIONS : matrices uncompatible hhe)
{Chw COMMENTS : for info about Matrixsml see TYPES k)

(tﬁ.itt.!..ﬁ'!t'.!i!!lﬁtt....Otﬁ.Q...ﬁtt..ﬁﬁtti!.t'...“'..!ﬁtt'!ﬁtttt!!!ﬁ)

PROCEDURE matrixmult(A,B:matrixsnl:VAR C:matrixsml);

VAR
1,].k:integer;
sum:real;

BEGIN
if A.cols<>B.rows then
begin
clrscrHIGHLIGHT(1) ;gotoXY(20,10);
writeln{’!!! matrices uncompatible 1!!?);normvideo;
gotoXY(20,15);writeln(’press <ENTER> to continue’);readln;
end

else
begin
for i:=1 to A.rows do
for j:=1 to A.cols do

begin
sum:=0;
for k:=1 to A.cols do sum:=sum + A.afi, k}*B.afk,3}:
c.a(i,3):=sum;

end;

C.cols:=B.cols:
C.rows:=A.rows;
end;
END;
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SRR A AL R AL R S AR Rl a e sl I i T i Il lills Ry

{N#*  MODULE NAME : UtU Axk)
{hn AR}
{A**  FUNCTION : matrix multiplies the transpose of a matrixUsw#}
[ with the matrix U itself 1.e. B=Ut#*U k)
{Su* CALL SEQUENCE : UtU(B) LA LA}
{I%* INPUT PARAMETERS : U of type Matrixbig whok)
{O*w OUTPUT PARAMETERS : B (type matrixsml) wRA )
{G** GLOBAL VARIABLES : U Rk }
{ M MODULES CALLED ¢ Types ek )
{E®% ERROR CONDITIONS : none Rehk)
{Chx COVMENTS : for details about matrixbig and matrixsml Ahk)
[ Skl see TYPES bbb

ISR EE TR A A T e T L e e e L R e R A e TSIl

PROCEDURE UtU(VAR B:matrixsml);

VAR
1,j,k:integer:
sum:real;

BEGIN
for 1:=1 to U.cols do
for j:=1 to U.cols do
begin

1 to U.rows do sum:=sum + U.alk,ji*U.a(k,1]);

B.ali,)):=sum;

B.cols:=U.cols;
B.rows:=U.cols;
END:

IR A L L Rl At I et il il s it ittt il iliisilillyl

{N**  MODULE NAME Uty )
[tk LT3
{Ax*x FUNCTION : matrix multiplies the transpose of a matrixUkww}
(b with the vector Y 1.e. BeUtwY whk)
{Sa* CALL SEQUENCE : ULY({B) hk)
{Iww INPUT PARAMETERS : U of type Matrixblg and Y of type Vectorbig ##+}
{O*x OUTPUT PARAMETERS : B (type vectorsml) 4 hik )
{Gx* GLOBAL VARIABLES : U and Y suw}
{ M= * MODULES CALLED : Crt, Types TRk}
(E#*  ERROR CONDITIONS : matrix U uncompatible with vector Y wh%}
{Co> COMMENTS : for detalls about Matrixbig, Vectorblg and ###)
{Rewt Vectorsml see TYPES dedede )

(AR kR kAN T kAR A AR AR AR AR AR AN AR AR AR AR PR R AR AR R NIRRT R Rk dn)

PROCEDURE UtY(VAR B:vectorsml);

VAR
{,3,k:integer:
sum:real:

BEGIN
if .U.rows<>Y.elements then
begin
clrscr ;HIGHLIGHT(1) ;gotoXY(10,10);
writeln(’11! matrix U uncompatible with vector Y !l!’);normvideo;
gotoXY(10,15) ;writeln(’press <ENTER> to continue’);readln:
end

else
begin
- for i:=1 to U.cols do

begin
sum:=0;
for k:=1 to U.rows do sum:=sgum + Y.v{k]*U.afk.i);
B.v{1l]:=sum;

end; .

B.elements:=U.cols:

end;
END:
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(G e L L L L L Lt L e L I T e LA ST L 3y

{N#* MODULE NAME : GAUSS_N ddek }
{ekew ek }
{An% PROCEDURE + solves a set of simultaneous equations with #ww}
(ke N solution vectors, using the Gauss Rdk )
L Rew Reduction process with Partial Pivoting for #wx)
(Wa% accuracy "k )
{S**  CALL SEQUENCE + GAUSS_n(A,B) *hw )
{Iwn INPUT PARAMETERS : coefficlents matrix A, solution matrix B LEL D]
{drked {both of type matrixsml} Wk}
{O%* OUTPUT PARAMETERS : Gauss reduced solution matrix B (matrixsml) waw}
{Ge# GLOBAL. VARIABLES : none *hk)
{Ma® MODULES CALLED : Crt, Types Ak}
{Eww ERROR CONDITIONS : - 1f coefficient matrix not square LA LB}
(A - dimensions of solution vector do not match#w#}
{Ren dimensions of coefficient matrix k)
{Car COMMENTS ¢ - the solution vectors are represented by a #w#}
(ttt . matrix l.t)
{Ank - for detalls about matrixsml see TYPES L LY

{hh ke kAR AR R R ke R AR AR AR AI NN R AN R Rk AN R Rk Rk AR AN RRk )

PROCEDURE gauss_N(A:matrixsml VAR B:matrixsml):

VAR
n,nn,i,1,k,largindex:integer;
largcoef ,temp, factor:real;

BEGIN
if (A.rows<>A.cols) then
begin
clrscr ;HIGHLIGHT(1) ;gotoXY(15,10);writeln(’!!] coefficlent matrix not square !!!’);normvideo;
gotoXY({15,15) ;writeln(’press <ENTER> to continue’):readln: .
end

else If (A.rows<>B.rows) then
begin
clrscr sHIGHLIGHT(1)?
gotoXY(10,10);writeln(’!!! dimensions of solution matrix do not match
coefficient matrix (117);
normvideo: . :
gotoXY(10,15) ;writeln(’press <ENTER> to continue’):readln;
; end
else
begin
n:=A.cols:
nn:=B.cols?

for i:=1 to n-1 do
begin
largcoef:=A.a[i1,1]; {look for highest leading Coefficient}
largindex:=1;
for j:=1+1 to n do
if abs(A.a[3,i]) > largcoef then
begin
lardgcoef:oabs(A.af{j,11);
largindex:=y:
end;

if largindex<>i then {interchange rows 1if .necessary}
begin
for j:=1 to n do
begin
tenp:=A.a[largindex,j];
A.a[largindex,jl:=A.a[1,3];
A.a{l,j):=temp;
end;
for j:=1 to nn do
begin
temp:=B.aflargindex,j1:
B.aflargindex,j):=B.a(i,§1;
B.afl,j}:etemp;
end;
" end;

for j:=i+1 to n do {subtract multiples from row i from lower rows}
begin
factor:=A.alj,11/A.a[i,1);
for k:=1i+1 to n do A.a[},k]:=A.a{j,k] - factor*A.a(l k]?
for k:=1 to nn do B.afj,kl:=B.a[(],k] - factor*B.afi,k);
end?
end;

for k:=1 to nn do B.a[n,k]:=B.afn,k)/A.a{n,nl; {back substitution}
for i:=n-1 downto 1 do
for k:=1 to nn do

begin
factor:=B.a{i k); N
for j:=i+1 to n do factor:=factor - A.afi,jI*B.afj.k};
B.a{i ,k]:=factor/A.a{i,i}: "

end;

end;
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(SR Rhhdh kAR Rk ARk kAR A AN A AR RN A AR Ak kAR AR AR R AR R R RN ANk}

{N#® MODULE NAME ¢ GAUSS_1 Rk}
[ dhkk )
{Axw PROCEDURE : solves a set of simultaneous equations using###¥}
(i d the Gauss reduction process with partial seskeh |
{ Rk pivoting for accuracy *hx )
{S** CALL SEQUENCE ¢t GAUSS_1(A,B) hh}
{Inw INPUT PARAMETERS : coefficients matrix A (type matrixsml) LA 2]
{treh solution vector B (type vectorsml} k)
{Onn OUTPUT PARAMETERS : Gauss reduced solution vector B (vectorsml) #a%)
{GEw* GLOBAL VARIABLES : none bbbl
{Mkw MODULES CALLED : Crt, Types ol
(E**  FRROR CONDITIONS : - if coefficient matrix not 'square Ak
{dkk - dimensions of solution vector do not match#wx)
[SLL] dinensions of coefficient matrix deew )
{Ck*® COMMENTS : - for details about matrixsml see TYPES ik )

AL EL LR e L e e e R I e el L)

PROCEDURE gauss_1(A:matrixsml;VAR B:vectorsml):

VAR
n,1,3,k,largindex:integer;
largcoef,temp,factor:real:

BEGIN
if (A.rows<>A.cols) then
begin
clrscr;HIGHLIGHT(1) ;gotoXY(15,10) ;writeln(’!{}{ coefficient matrix not square !{l!’);nornvideo;
gotoXY(15,15):writeln(‘press <ENTER> to continue’);ireadln:
end

else 1f (A.rows<>B.elements) then
begin
clrscr;HIGHLIGHT(1):

gotoXY(10,10);writeln(’!!! dimensions of solution vector do not match

coefficient matrix {1!’/)snormvideo;
gotoXY(10,15) /writeln(’press <ENTER> to continue’);readln;
end

else
begin
n:=A.cols;

for i:=1 to n~1 do
begin
largcoef:=A.afi,i};
largindex:=i;
for j:=i+1 to n do
if ‘abs(A.a[},1]1) > largcoef then
begin
largcoef:=abs(A.a(4,11);
largindex:=};
end;

if largindex<>i then
begin
for 3:=i to n do
begin
temp:=A.a[largindex,}];
A.a(largindex,i]l:=A.a(l,}1:
A.afi,}):stemp;
end?
temp:=B.v([largindex]:
B.v{largindex]:=B.v{i];
B.v{i):=temp; .
end;

for j:=i+1 to n do
begin .
factor:=A.afj,i)/A.a(i,1]1;

{look for highest leading coefficient}

{interchange rows 1f necessary}

{subtract multiples from row 1 from lower rows}

for k:=i+1 to n do A.a{j,k]l:=A.af{},k] - factor*A.afi,k];

B.v{}):=B.v{j) - factor*B.vii}l;
ends
end;

B.vin):=B.v[n)/A.a[n,n}? {back substitution}
for i:=n-1 downto 1 do
begin
factor:=B.v(1i}:
for j:=i+1 to n do factor:=factor - A.af{i,}1*B.v[1]s
B.v(i}):=factor/A.a(i,1];
end;
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AR 2 a t AL A L e L A L e I E eI}

{N#w MODULE NAME ¢ ONLINE_MEANSDEV ek}
ey Rhk )
{A*#k PROCEDURE ¢ determines the mean and standard deviation #*w}
{wwn in an on-line fashion using a recursive mean¥%¥}
{wrw and standard deviation estimator, making use##*#)
{Redn of a state to prevent numeric overflows teh}
{Stw CALL SEQUENCE : ONLINE_MEANSDEV(value,alpha,mean,sdev,state)www}
{Iww INPUT PARAMETERS : new value,NT,mean,std.deviation,state *kk}
{Or® OUTPUT PARAMETERS : updated mean, std.deviation and state wkk)
{Gwn GLOBAL VARIABLES : none ik}
{Mww MODULES CALLED : none whk}
{E*% ERROR CONDITIONS : none Rhk}
{Crw COMMENTS t - ar=exp(-1/T): T=time constant of detector ##*)
{hnk => NT:=a/(l1-a) hhik )
{wxn - state = dum of value squared / NT: Initialwww}
{Han condition = mean of last five values*2 *hk )

[Rh AR ARk ke ke k SRR kA * AR AR R AR AR R R R R AR AR AR A R AR R AR Rk kAN ARk kAR )

PROCEDURE online_meansdev({value,NT:real;VAR mean,stddev,state:real);

NT*mean + value) / (NT+1):

(NT#*state + sgr(value}) / (NT+1):
stddev:=sqrt(NT*(state - sgr(mean))/(NT-1));

END; '

ARk kkhhhhdhdhhdddhhihhhArhhhhh A RAR A hkk kA Ak dh A ARk dr kAR khk)

{Nu* MODULE NAME : SEMI_MEANSDEV ke }
{nk : *hh}
{Aw* PROCEDURE : determines the mean and standard deviation w#wx)
(ks in an on-line fashion, but not for large hdek}
{Hhuk number of values as numeric overflows occur #*#}

{S%% CALL SEQUENCE : SEMI_MEANSDEV(n,value,mean,sdev,states 1+2) %#&}
{Iwn INPUT PARAMETERS : no of values,new value,mean,std.dev,states ##w}
{Owir OUTPUT PARAMETERS : updated mean, std. deviation and states 142 #a«}

{G** GLOBAL VARIABLES none Redn )
{Maw MODULES CALLED none k)
{Enx ERROR CONDITIONS for many values & numeric overflow will Wk}
{Hkw occur. Thus rather use online_meansdev LLLD]
{Can COMMENTS : statel = sum of values:; state2 = sum of hik}
{#kn values squared. Initial conditiong = 0 ok )

{hdd R Ak RN R R AR AR AR AR AR AR AR AR ARk kRN AR AR AR AR R A AN RN AR )

PROCEDURE senmi_meansdev({n:integer;value:real;VAR mean,stddev,statel,state2:real);

BEGIN

statel:=statel+sgr(value);

state2:=state2+value;

mean:=state2/n:

stddev:=sqrt((statel - 2*mean*state2 + n*sgr(mean))/(n-1}):
END: .

(.i“Q".i‘tltiititt‘i‘t‘.ttt!it.“ﬁtti...ttt..tt.!.itl."ti...ttt.t.“‘ﬁ.)

{New MODULE NAME ¢ MEANCALC "'{
[ Sadedd wan}
{Awe PROCEDURE : calculates the mean and standard deviation ##%}
{*ww of a specified range of numbers LA
{Sxx CALL SEQUENCE : MEANCALC(data,ch,start,range,mean,dev) (113
{Lee INPUT PARAMETERS : data record, channel to calculate mean from#*+}
{hern , starting pointer and range over which to ###}
[kl calculate the mean whk )
{Oww OUTPUT PARAMETERS : mean and standard deviation LLLD]
{GRw GLOBAL VARIABLES : none LAL RS
{M%%  MODULES CALLED :  Types . wen)
{En% ERROR CONDITIONS : none wkk}
{Cww COMMENTS : detalls about the data record in TYPES ek}

(‘it..t"i...tt.‘*tttittt.tttﬁtt..i..t'.t*ttt‘tt!.ittttt*‘ittt.tttﬁ*t*.t**)

PROCEDURE meancalc(data:responsedata;ch,start,range:integer;VAR mean:integer:
VAR dev:real);

VAR
i:integer;
dum:real;:

BEGIN
dum:=0;
for i{:=gtart to (start+range) do
dum:=dum+(data.data{ch,l]/range):

mean:=round(dum);

dev:=0;
for i:=start to (start+range) do
begin
dum:=data.data(ch,l)-mean;
dev:=dev+sqr{dum)/(range~1);
end;
dev:=sqrt(dev);
END:
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(RRA Nk kA dhhRA kRN AR kAR R RN AR ARk Rk AR Rk kR AR RN TR AN R ARk hth )

{N#w
(rn
{A*®
(Q'.
('.Q
(S%w
(Inw
11
{Or*
(Ge*
[Mww
(E#%
{Crw
(.Q.

MODULE NAME : REGRESS wx)
lﬂﬁ}

PROCEDURE : performs a linear regression on two arrays wkw®}
of data and determines the constants for a ##+%}

95% confidence band wk )

CALL SEQUENCE : REGRESS(corrdata,regdata) whh}

INPUT PARAMETERS : data record (type correlationdata) on which w##)

regression is to be performed fadahd 4
QUTPUT PARAMETERS : regression results (type regressiondata) *hx}
GLOBAL VARIABLES : none . wkk}
MODULES CALLED : TYPES ekt )
ERROR CONDITIONS : none ol
COMMENTS : details about regressiondata and correlationk#x}

data in TYPES k)

[tttk ki hddhhdhdiiihitak A hhhddr kA dhhhhdhddrkkkhdrmkhbrddkrdkin)

PROCEDURE regress(corrdata:correlationdata:VAR regdata:regressiondatal:;

VAR

SUmX, sumx2,sumy,sumy2,sunxy,dx,dy,dxy,d,Fi:real;
P:arrayfl..3,1..20] of real:
i,J,n,nn:integer:

BEGIN

F[1,1]:=10:F[2,1):=15;F[3,1):=4.96¢ {F-distribution factors for a 95% confidence band}
P[1,2]1:=15;F[2,2):=20;F[3,2]:=4.54;

F[1,31:=20;F(2,3] 5:F(3,3):=4.35;

F[1,4]1:=25;F(2,4]1:=30;:F[3,4]:=4.24;

F{1,5):=30;F[2,5):=40;F[3,5}:=4.17;

F(1,6):=40:F[2,6}:=50;F(3,6}:=4.08;

F[1,7):=50:F[2,7]):=60:F[3,7]:=4.03;

F[(1,8]:=60;F(2,8]:=70:F[3,8]
F[1,9}:=70;F(2,93):=80;F([3,9]): .98;
F{1,101:=80;F(2,10]1:=30;F[3,10]:=3.96;
F[1,111:=90:F[2,11):=100;F[3,11}:=3.95;
F{1,12}:=100;F{2,12}:=125:F(3,12]:=3.94;
F{1,13):=125;F[2,13):=150;F(3,13]:=3.92;
F(1,14]:=150:F([2,14]:=200:F([3,14]:=3.90;
F[1,15):=200;F[2,15):=300;F[3,15]}:=3.89;
F({1,161:=300;F(2,16]:=500:F(3,16):=3.87;
F{1,17):=500;F{2,171:=1000;F(3,17):=3.86;
F(1,18):=1000;F(2,18]:=1000;F[3,18):=3.85?

n:=corrdata.nsanples;
for j:=1 to 2 do
begin
SUNX:=0; SUmMX2:=0;
sumy:=0; sumy2:=0;
sSumxy:=0}

with corrdata deo
for i:=1 te n do

begin
sunx:= sumx + dataf{1l,i);
sumx2:= sumx2 + sqgr(data(1,i]):
sumy:= sumy + data(j+1,1):
sumy2:= sumy2 + sqr(data{j+i,i}):
sumxy:= sumxy + dataj+1,i)*datall,i};

end; .

dx:c sumx2 - sqr(sumx)/n;

dy:= sumy2 - sqr(sumy)/n:

dXy:= sumxy - sSumx*sumy/n;
:=dx*dy - sqr{dxy);

with regdata do
begin
ynean[3}:=sumy/n;
xmean(j):=sumx/n;

slope[}]:=dxy/dx:

yconst[]):=(sunx2*suny - sumxy*sumx) / (n*dx);
r{jli=dxy / sqrt(dx+dy):
yerror{ij:=sqrt{d/(dx*{n-2)));

1f n~-2<=10 then Fi:=4.96
else if n~-2>=1000 then Fi:=3.85
else
begin
i:=0;
nn:=-1;
repeat
f:mi+l;
if F[2,1i1>n-2 then nn:=i;
until nn=i;
Fi:=(1/F[1,nn]~1/(n=2)) / (1/F(1,nn}~-1/F{2,nn])
* {F[3,nn+1]-F(3,nn})
+ F[3,nn};
end;

Cl{4):=Fi*sqr(yerror{i})/dx;
€2(j):=Fivaqr(yerror{jl) * (1+1/n):
error{j):=sqrt(abs{c2(}]/(Cl[(jl-Bqr{slope(1]}})):
end:
end;
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AR I A A AR L e e A A il L I L L e el ll sy

{N**  MODULE NAME :  AREA whn)
(*‘i tﬁt)
{Ak® FUNCTION : determines the area under a response over &k}
(Gl a specified range using the trapezoidal AL}
{ren rule LLLS!
(S** CALL SEQUENCE ¢ AREA(data,ch,start,range) *kkk}
{Iwx INPUT PARAMETERS : data record,channel to determine area from, *#*}
(Rl first sample of range, range in samples *kk}
{O#* OUTPUT PARAMETERS : area under curve ek )
{Gw* GLOBAL VARIABLES : none ek}
{Mrw MODULES CALLED :  Types hikk}
{Ex* ERROR CONDITIONS : none kkk )
{Cun COMMENTS ¢ detalls about data record in TYPES ok}

(.‘*t.i.i*ﬂﬂ.it‘l‘-.Qtt.i.tttﬁﬁ“i...ittt.t.i.t.itt*‘.tﬁ'i.ttttti.ttﬂﬂti*i’
FUNCTION area{data:responsedata;ch,start,range:integer):real;
VAR
i:integer;
dt,sum:real;
BEGIN
dt:=1/data.frequency’

sum:=0;

for l:=(start+l) to (start+range) do
sum:=sum+(data.datafch,ll+data.data(ch,i-11)*dt/2;

area:=sum;
END:

(‘tﬁiit..t‘iitttﬁ*“itttt.tt.tﬁ.*iiiitiﬁiltﬁtttiiitﬁ.iiitt'iiiiiﬁﬁiiiiiiii)

{N**  MODULE NAME :  QUADAREA LI
(iti k)
{A%% FUNCTION : determines the area under the gquadratic aof ##%}
{wan a response over a specified range using thax##}
{RRn trapezoidal rule wdk)
{Sk*x CALL SEQUENCE ¢ QUADAREA(data,ch,start,range) *Ak}
{Ikx INPUT PARAMETERS : data record,channel to determine area from, *##}
{Han first sample of range, range in samples k)
{Ox* OUTPUT PARAMETERS : area under quadratic of curve *an)
{Gu% GLOBAL VARIABLES : none Rk}
{M* MODULES CALLED ¢ Types AL S
{En* ERROR CONDITIONS : nohe hkh}
{Ca COMMENTS : detalls about data record in TYPES LLL N1

(ttiitttt'i'titttt‘tt&tiiti-t‘.Q-Qi‘.li.‘itﬁttt.‘ttit..itﬁiti‘iti.tiitttt‘)
FUNCTION quadarea(data:responsedata:ch,start,range:integer):real:

VAR
i:integer;
dt,sum:reals

BEGIN .
dt:=1/data.frequency;’
sum:=0;

for il:=(start+l) to (start+range) do
sum:=sum+(TPO{data.data(ch,i],2)+TPO(data.dataf{ch,1-1],2))*dt/2;
quadarea:=sum;
END:

(...it..i...t-t-ii-‘.tttt..t...i.it.tQiiiitQ-tﬁitii""iiﬁtttﬁit.i!tﬁ-t.it)

{N#*  MODULE NAME : CUBICAREA anw)
{Heww LEL2Y
{Anw FUNCTION : determines the area under the cubic of i)
(S04 a response over a specified range using the#s+}
{nwn trapezoidal rule k)
{Snw CALL SEQUENCE : CUBICAREA(data,ch,start,range) k)
{Inw INPUT PARAMETERS : data record,channel to determine area from, #%%)
{hwn first sample of range, range in samples fk |
{On* OUTPUT PARAMETERS : area under cubic of curve hik)
{Gww GLOBAL VARIABLES : nohe *hk}
{Man MODULES CALLED : Types whd)
{Exw ERROR CONDITIONS : none fadaded]
{Cen COMMENTS : details about data record in TYPES hh)

(Qiit'.ttﬁ.‘itt.ttit.ﬁ....'ii.*....ii.ﬁiQ..it.*Q..#..t.-tﬁiti.t.ﬁi**..tt.-}
FUNCTION cubicarea(data:responsedata;ch,start,range:integer):real;

VAR
i:integer:
dt,sum:real:

BEGIN
dt:=1/data,frequency;
sum:=0;

for l:=(start+l}) to (start+range) do
sum:=gum+( TPO(data.datafch,i],3)+TPO(data.dataf{ch,i-1],3))*dt/2:
cubicarea:=gun;
END;
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bbb b b bbbl bl L A L L L Ly L T T T T

{New MODULE NAME : TPO LT 3Y
[ELL] ek}
{A%» FUNCTION ¢ determines value of a number raised to the ##w}
[Rhe power n ok}
{Swe CALL SEQUENCE ¢  TPO{number,n) kwd )
{I%® INPUT PARAMETERS : number to be raised, dimension of power(n) ##w}
{Q%* QUTPUT PARAMETERS : number+n k)
{G**  GLOBAL VARIABLES : none whw}
{Men MODULES CALLED ! none Wik}
{Exw ERROR CONDITIONS : none Fhh )
{C* COMMENTS : none dhew)

(Q!tttttt *ttﬁﬁ.tttlﬁ.ttlttﬁﬁ.iltttﬁttﬁiitﬁtiﬁ'Q.tﬁttttttitﬁtiittiﬁitttt'!!)
FUNCTION tpo(number:real:n:integer):real;

VAR
i:integer:
product:real;

BEGIN
product:=1;
for 1:=1 to n do
product :=sproduct*nunber ;

tpo:=product:
END;

SRS AR A S L Ao A AL A d i i iRl a i il il i dd il et iadtidllstillsl)

{Nww MODULE NAME ¢ FILTER hn}
(Gt ek}
{A%® PROCEDURE : fllters a response in the time domain using##®)}
[ a first order filter ETTS

{Gen CALL SEQUENCE
{Inw INPUT PARAMETERS

FILTER(breakfrequency,channel,datarecord) #*w)
break frequency of filter, channel of data *#**}

{rxn recorf to filter, data record fhk)
{O%* OUTPUT PARAMETERS : filtered data record L0}
{GR® GLOBAL VARIABLES : None )
(M#*  MODULES CALLED :  Types KLY
{E** ERROR CONDITIONS : None wxw)
{Cun COMMENTS ¢ =~ details about data record in TYPES k)

IR AR AR A At Al S Al il aa i a i i a sl il ittt aliiilsls)

PROCEDURE filter(breakfreq:real;ch:integer:VAR data:responsedata);

VAR
i,initpoint:integer;
factor,initcond:real:;

BEGIN
initcond:=0;
initpoint:=trunc(4*data.frequency/breakfreq):
if initpoint>data.nsamples then initpoint:=data.nsamples:
for i:=0 to initpoint do initcond:=initcond+data.data{ch,i}/(initpoint+1);

factor:=exp{~breakfreq/data.frequency);
data.data[ch,0]:=round{data.data{ch,0]*(l~factor)+initcond*factor):
for i:=1 to (data.nsamples-1} do

data.data(ch,i):=round(data.datafch,i]*(1-factor)+data.data{ch,i-1]*factor):
END;

(HA R Rk RRARIEARK KRR RRRARAMAARARARR AR R AR RA R RAAR AR hh e AR R kRN Ak htd)

{N##® MODULE NAME :+ OFFSET *hk)
el LT
{A&e PROCEDURE : subtracts the bias from a response whdk )
{8t CALL SEQUENCE : OFFSET(datarecord) *hdk)
(I INPUT PARAMETERS : data record R
{O**  QUTPUT PARAMETERS : processed data record LT
{Ge*  GLOBAIL VARIABLES : none wkw)
(Mt MODULES CALLED t Types,Crt k)
{Bre ERROR CONDITIONS : none whk)
(C**  COMMENTS : - offset is subtracted from all channels b
{Hae - details about data record in TYPES LIS

(ERARRARAN AR AR NN AR AR AR A AR AR R AR RS RbRh R kRN A AR ARk d bRk bRk dhhdd )

PROCEDURE offset({VAR data:responsedata):

VAR
i,41,meanfin, meaninit:integer;
devinit,devfin:real:
error:char;

BEGIN
error:=’'n’;
1f data.whenstep<3 then
begin
normvideo;clrscr;gotoXY(10,10) ;HIGHLIGHT(1) :writeln(“1!! ERROR IN OFFSET {!!’};
gotoXY(10,12) tHIGHLIGHT(0) :writeln(/TCO LITTLE SAMPLES BEFORE STEP’):
gotoXY(10,16);writeln(‘Press any Key to continue’);
repeat until Xeypressed;readln;
error:=‘y’;
end;
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for j:=1 to data.nochannel do
begin
if error=‘y’ then neaninit:=data.data(y,0}
else MEANCALC{data,j.0,(data.whenstep~1),meaninit,devinit):

MEANCALC(data,},(data.nsamples-data.whenstep), (data.whenstep-1),neanfin,devfin);

if data.step>0 then
begin
for i:=0 to data.nsamples-1 do
data.data{j,i]:=round(data.data(j,i]-meaninit):

meanfin:=round(meanfin-meaninit);
meaninit:=0;

end

else

begin

for 1:=0 to data.nsamples-1 do
data.data(j,il:=round(data.data{3j,i]-meanfin);

meaninit:=round(meaninit-meanfinj:;
meanfin:=0;

end;

data.data[j,data.nsamples):=meanfin;
data.data(4,01:=meaninit:
end;

{Fhthddkdk kR AR AR AR AR AN R AR AN RN AR AR d kAR eRd k]

{N*x MODULE NAME ¢ NORM LS}
f{ehn ek}
{Am® PROCEDURE : normalizes a response in respect to the ) -
{Hxx step applied to it fekk )
{Sk* CALL SEQUENCE : NORM(datarecord) *ER)
{I%* INPUT PARAMETERS : data record drhek}
{Onn OUTPUT PARAMETERS : normalized data record LLLS
{Gw* GLOBAL VARIABLES : none k)
{M#*  MODULES CALLED : Types wA )
(Exx ERROR CONDITIONS : none ek}
{Cnw COMMENTS ¢t = all channels are normalized wkk}
{Ran - detalls about data record in TYPES Ktk )

(tttttﬁtttttlt-t!ttt.ttt!!ﬁ.tttt.'tttt-tlﬁ.."ttt.-.!ﬁt!t}*t!ttttt'.tt'!ﬁt)

PROCEDURE norm(VAR data:responsedata);

VAR
i,4:integer;

BEGIN
for j:=1 to data.nochannel do
for i:=0 to data.nsamples-1 do data.data[},i):=round(data.data[j,1)/data.step);
data.step:=1;
END;

(!!*ﬁtttt**ttt.ﬂt!tt-tt..*tt.tt*ﬁ..itit..t*tt!.tt..ttt.ttt-.'tttt.tt...t't)

{N#* MODULE NAME : DISREGARD_UP_TO_STEP k)
[E13) wan)
{ARw PROCEDURE : disregards all samples up to the step Lid 3]
{Skw CALL SEQUENCE : DISREGARD_UP_TP_STEP(datarecord) whk}
{I%% INPUT PARAMETERS : data record dhk)
{Ok* OUTPUT PARAMETERS : processed data record *ARY
{Gr* GLOBAL VARIABLES : none hhk)
(M%*  MODULES CALLED : Types LA
{E%* ERROR CONDITIONS : none ek}
{Caw COMMENTS : - samples before step disregarded for all ##w}
{hhn channels wrhk )
{wnn « details about data record in TYPES *kh}
(tt * e i * e e el e ke e o e e e ok o e e e e ke el e o o e o e e e o )

PROCEDURE disregard up_to_step(VAR data:responsedata);

VAR
i,3}:integer;

BEGIN
for {:= data.whenstep+l to data.nsamples-1 do
for j:=1 to data.nochannel do
data.data{]j,i~data.vhengtep):=data.dataf{j, i};
data.nsamples:=data.nsamples-data.whenstep:
END;
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\

{RNAREAAR AR A RANR AR A ARR AR RAN SRR dR kRN A dwhd bbb hd v Ak h kb dddknd)

{N**  MODULE NAME :  CHGFREQ LT3
(hak *ek)
{Axx PROCEDURE : changes the sampling frequency of the re- wx*)
{exn sponse and adjusts the dataarray accord- Ak}
[ ingly 213}
{Stkw CALL SEQUENCE : CHGFREQ(newfreq,datarecord) khdk}
{Inn INPUT PARAMETERS : new sampling frequency, data record Y1)
{Qex OUTPUT PARAMETERS : processed data record LiAE}
{Ghw GLOBAL VARIABLES : none hhk )
{M**  MODULES CALLED : Types aw}
{E#w ERROR CONDITIONS : none fehk}
{C**  COMMENTS : - frequency changed for all Channels whw)
{dehk - detalls about data record in TYPES ok}

(AR AN AR Rk A R AR R R AR AR A AN SRR AR AR Rk h R AR AR AR SRR A Ak ]
PROCEDURE chgfreg(newfreqg:real;VAR data:responsedata);

VAR .
count,i,d . k:integer;

BEGIN
count:=round(data.frequency/newfreq);
data.frequency:=data.frequency/count;
data.nsamples:=trunc{data.nsamples/count);

i:=0;
for {:=0 to data.nsamples-1 do
begin

for k:=1 to data.nochannel do
data.datafk,j}:=data.data(k,i];
i:=i+count:
end:

(ti‘tiii‘ﬁtti‘tﬁtt!t-.itiit.'tii.!Qtttttt.ittﬁt!.‘..itt.ﬁtii..tttt.‘tittl.)

{H**  REVISION HISTORY: . wan)
(#%+  VERSION BY DATE COMMENTS wak}
{waw 1.0 KCAD 27-02-90 xax)
(Qi. tt.}
{*#*  UNITEND MATH.PAS *wk)
(ﬁﬁiﬁiﬁﬁi'itt.tﬁtﬁli!tti..ﬁ.‘!tiiiit!.titiit.‘.ilﬁ..t.i...iitl.tiii...ttit)
END.
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C.3.4 Plotgraf.pas

(ttx hh E2i2 12 . PR LR R R L 2] ] ittttttitttt-tttttttitttttt)
{##*  UNIT PROCEDURE LIBRARY TO PREPARE GRAPHS AND TO PLOT GRAPHS LI
{##%#  FILE: PLOTGRAF.PAS ' LA

(ttt!tttlttttttttttt-t.ttttttttttttttt..tt.ttttttttttt.t.‘ttttt.ttttttﬁttt)
UNIT plotgraf:
(ttttittttttttttttttttttttttttttt!titttttttittttttttt‘.tttttttttttttlt!ttt|
INTERFACE .
(!tittttttttt!.titttttttttttt....t.tttlt.ttttttt.tttitt.t!..titttt!t..t.tt )

USES crt,drivers, fonts,graph,types,filehand,plotgrad;

PROCEDURE graphinit:

PROCEDURE graphsetup(data:responsedata;limits:responsescale:channel:integer;title:string):

PROCEDURE plotdatalin(data:responsedata:ch:integer:;limits:responsescale):
PROCEDURE plotdatapix(data:responsedata;ch:integer;limits:responsescale);
PROCEDURE autoresp le({data:r
PROCEDURE chgscale(VAR linits:responsescale);

PROCEDURE labels(data:responsedata;channel,mark:integer;explain:string:limits:responsescale);

PROCEDURE grafcomp{data:responsedata;limits:responsescale):

PROCEDURE corrgraph(data:correlationdata;regdata:regressiondata;limits:corrscale;ch:integer):
PROCEDURE autocorrscale(data:correlationdata;regdata:regressiondata;VAR limits:corrscale);

PROCEDURE chgcorrscale(VAR limits:corrscale):
PROCEDURE displayinit(titlel,title2:string)};
PROCEDURE displayno(number,error:real);

(AR AR ARk A R AR R A AARRARARRER AR R AN RARRA AR RN NN NN AR AR AN A AR AR )

IMPLEMENTATION
(AN RRRRARRARA AR AR RRAARREA AR AR AR RN AN bR 117 *h }

(R AR AR Rk Ak AR AR AR AR R AR AR R R AR AR AR R AR SRR RN R R R R AN R AR AR R AR AR hAd )

(N#%*  MODULE NAME : GRAPHINIT TRk}
(.tt - ddk}
{An® PROCEDURE : it registers all graphics screen drivers andx#*}
{fexex all fonts drivers, aborts the program if a ##*}
{Hnx certain driver is not present, else it akh)
{wnw determines which graphics adaptor is needed ###}
[Radadd and initializes the screen accordingly halobad 4
{Skw CALL SEQUENCE ¢ GRAPHINIT k)
{I%x INPUT PARAMETERS ¢ none Ak}
{(O*%#  OUTPUT PARAMETERS : none bt
{Gxw GLOBAL VARIABLES : none k)
{Ma* MODULES CALLED : Drivers, Fonts . LLLD}
{Ex# ERROR CONDITIONS : If a driver is not present hhk)
{Chw COMMENTS : none L RAA)

(AR RARARR R AR AR AN R AR R A NRAA RN A AN R AR AR AR AR A R R AR AR A Rddbb Atk )
PROCEDURE Graphinit:

VAR
GraphDriver, GraphMode, Error : integer:

PROCEDURE Abort(Msg : string):
begin
Writeln(Msqg, ’: ’, GraphErrorMsg(GraphResult)):
Halt(l):
end;

BEGIN
{ Register all the drivers }
if RegisterBGIdriver{@CGADriverProc) < 0 then
Abort(’CGA’);
if RegisterBGIdriver(@EGAVGADriverProc) < 0 then
Abort( ‘EGA/VGA’);
if RegisterBGIdriver(@HercDriverProc) < 0 then
Abort( ’Herc’);
if RegisterBGIdriver(@ATTDriverProc) < 0 then
Abort( 'AT&T’):
if RegisterBGIdriver(@PC3270DriverProc) < 0 then
Abort(’PC 3270/);

{ Register all the fonts }

if RegisterBGIfont(@GothicFontProc¢) < 0 then
Abort(’Gothic’):

if RegisterBGIfont({@SansSerifFontProc) < 0 then
Abort(’SansSerif’);

if RegisterBGIfont(@SmallFontProc) < 0 then
Abort(’Small’};

1f RegisterBGIfont(@TriplexFontProc) < 0 then
Abort(/Triplex’):
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(Rl dedddddded R hd kA Ak ARk A WA kded ke R A WA A ATk ks ko bk ok )

{N=* MODULE NAME ¢ PLOTDATALIN ks )
&0 Aok}
{Ax* PROCEDURE : plots the response data of a real time bbb
{*uw response graph using lines inbetween the ek }
{wren individual data points wex)
{Sex CALL SEQUENCE : PLOTDATALIN(data record,channel,limits) LA LA}
{Ikw INPUT PARAMETERS : response data record,channel to plot, limitswex}
(ww of graph wak)
{O%w OUTPUT PARAMETERS : none *hk)
{G**  GLOBAL VARIABLES : none Wk}
{M* MODULES CALLED : Graph, Types ' *edeh )
{E*% ERROR CONDITIONS : none Ak}
{Che COMMENTS : for details about data record and limits see#w#}
(*ns TYPES *hk}
(iiitﬁﬁilitil‘.ii.itiiiiiii'ﬁi- ko Ew _kw dewhohd drdek ek )

PROCEDURE plotdatalin{(data:responsedata;ch:integer:limits:responsescale);

VAR
k,y,t,yold,told,tmax,sanpnin,sanpmax:integer:

BEGIN
samprin:=round(limits.tmin*data.frequency);
sampmax:=round(limits.tmax*data.frequency):

told:=0;

yold:=getmaxY¥-60-round(((data.data(ch ,samprin]-linits.ynin})/
(limits.ymax-limits.ymin)*{getmaxy-70))):

tmax:=round(getmaxX-100):

for k:= (sampmin+l) to sampmax do
if k<data.nsamples then

begin
y:=getmaxY-60-round(((data.data{ch,k]j-limits.ymin)/(limits.ymax-limits.ymin)*(getmax¥-70))};
t:=round( (k-sampmin)/(sampmax-sampmin)+*tmax):
line(told,yold,t,y):
told:=t:yold:=y;

end;

END:

SRR AL 2R R it S a ettt il al At il el sttt ililliittlllil

{N&*x MODULE NAME ¢ PLOTDATAPIX bbb
€11 LT
{Akw PROCEDURE : plots the response data of a real time LLLa?
{nw response graph using points to plot the wkw}
{hEn individual data points haw)

{She CALL SEQUENCE
{I%w INPUT PARAMETERS

PLOTDATAPIX(data record,channel, limits) k]
response data record, channel to plot,limits**)

{*exn of response i LTI
{Ow OUTPUT PARAMETERS : none hw}
{G**  GLOBAL VARIABLES : none ’ ETTY
{M**  MODULES CALLED : Graph, Types *kn)
{Eww ERROR CONDITIONS : none k)
{Cex COMMENTS : for details about data record and limits see*+*+}
[Shhd TYPES nk)

(t‘.ﬁﬁi'iittﬁﬁﬁ.ii.‘ﬁll..'ﬂﬂtt..ﬁﬁtt.iﬁt"tt..lt‘..ﬂtt..tiit....t...ttﬁtt.)

PROCEDURE plotdatapix(data:responsedata;ch:integer;limits:responsescale);

VAR
k,l,y,t,tmax,sampnin,sampnax:integer:

BEGIN
sampmin:=round(limits.tmin*data.€frequency);
sampmax:=round(limits.tmax*data.frequency):
tmax:=round(getmaxX-100):

for k:= sampmin to sampmax do
1f k<data.nsamples then

begin
y:=getmax¥-60-round(( (data.data{ch,k]=limits.ymin)/(limits.ymax-limits.ymin)*(getmaxY¥=70)}}:
t:=round((k-sampmin)/({sampmax-sampmin)*tmax):
putpixel(t,y,15);

end;

END:
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(i.iii.tt!.iit.tti....ﬂ'.tttit!'..!'tt.ﬁ!..ttt.ttttttt.t‘tti*.l.t*.lit!.t')

{N#x
[
{Aw*
(whw
{rEw
(nw
{S*w
(Iww
{Ow®
{Guw
{Ma*
{E%x*
{Cww
(ew

MODULE NAME ¢ AUTORESPSCALE L]
LELD)
PROCEDURE + automatically scales the vertical axis of a *#*}

CALL SEQUENCE
INPUT PARAMETERS @
OUTPUT PARAMETERS
GLOBAL VARIABLES @
MODULES CALLED H
ERROR CONDITIONS @
COMMENTS

real time response graph and sets the limits#x+}
of the time axls to the extremes (l.e.no of waw)

samples) k|
AUTOSCALE(data record,limits) *hR)
response data record Rk}
limits of response Wik}
none ok}
Types k)
none i ek}
for detalls about data record and limits seew*#}
TYPES ek |

[RR kAR bR kR Rk Rk kSRR kAR AR RN AR AR RN R R AR AR AR RN AR AR RN N RN Rk )

PROCEDURE autorespscale(data:responsedata;VAR limits:responsescale;ch:integer);

VAR

il:integer;

BEGIN

begin

limits.ymin:=5000;1inits.tmin:=0;limits.yman:=-5000;
for 1:=0 to (data.nsamples-l) do

if limits.ymax<data.datafch,1) then limits.ymax:=data.data{ch,1];
1f limits.ypin>data.data(ch,i1 then limits.ymin:=data.data{ch,il:

end;

limits.tmax:=((data.nsamples-1)/data.frequancy);

END

H

(t..t.!i.itttﬁﬁ‘tttttii!tt..ttt‘ﬁﬁ.'.t!ti.tttttt.ttt‘it'.t.*itttiﬁ‘.ti!t!t}

{N*®
{*rn
{A%w
(ne
(S
{Ins
{O%*
(Gu#
{Mw#
[§:133
{Crw

MODULE NAME t CHGSCALE whk}
L LAS

PROCEDURE : changes the scales of a time response graph #%+}
manually Rk}

CALL SEQUENCE : CHGSCALE(1limits) heak)
INPUT PARAMETERS : limits of response . hw}
OUTPUT PARAMETERS : New limits of response whk)
GLOBAL VARIABLES : none hhk}
MODULES CALLED :+ crt, Types, plotgrad wkk}
ERROR CONDITIONS : none hk)
COMMENTS : for detalls about limits see TYPES L]

(...iti.'!!i'tttt*ﬂitttttttt**i.'t"t*tt.ttt!titititﬂﬂiit.ﬁﬁtttti.*tﬁtt.iﬁ)

PROCEDURE chgscale(VAR limits:responsescala):

VAR

opt:integer;

screen:screemenu;
option:char;

BEGIN

INITMENUL(screen):

repeat
optioni=’c’;
clrser:

WRITEMENU(screen);
gotoX¥(45,11) ;write(limits.tmin:6:3);
gotoX¥(45,12)write(linmits.tmax:6:3);

gotoX¥(45,13);write(limits.ymin:

):

gotoX¥(45,14)surite{linits.ymax:6);
gotoX¥(5,20) ;write(’option {’,option,’]: ’);option:=readkey:
if option=#13 then optlon:=‘’c’;

opt:=ord(option)-48:

case option of

71’:readreal(45,10+0pt,8,linits.tain);
727:readreal(45,10+0pt,8,limits.tmax);
737:readint(45,10+0pt,7,.1imits.ynin);
’47:readint(45,10+0pt,7,linits. ymax):

end;

until option=’c’;

END;
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{(HkhhAhhhhhnkhhhhh b eh AR A AT AR RAAA AR AR AR kAR AR A d AN Ak hhdkhdt )

{N**  MODULE NAME : LABELS LTL)Y
{ R BT Y
{Akx PROCEDURE : insert a label in a time response graph LT3}
{Stk CALL SEQUENCE : LABELS(data record,channel,label,limits) Ahk}
{In% INPUT PARAMETERS : Response data record, channel to label, no %%}
{%ne to mark graph with, actual label for expla- *#%x}
{haw nation of the response at the bottom of the ww*)
(S0 graph, limits of response Rk}
{O*® OUTPUT PARAMETERS : none LLLE}
(G~ GLOBAL VARIABLES : none rk )
{M%® MODULES CALLED : Graph, Types wkdk}
{E** ERROR CONDITIONS : none k|
{Cr COMMENTS + for details about data record and limits see®w*}
{Rhk TYPES Rk )
‘Qiﬁtiitit'.iiﬁ Je et de e de de e e -ti*ﬁ'iiiiitiiit.ﬁtiiittﬁttt'.tiittﬁiﬁ)

PROCEDURE labels{data:responsedata;channel ,mark:integer;explain:string:linits:responsescale}:

VAR

1,x,y:integer;
s:string(1):
name:string[25];

BEGIN

name:=’’;

if limits.tmax>(data.
x:=8+round( { (data.

nsamples/data.frequency) then
nsamples-1)/data.frequency~limits.tmin)/(limits.tmax-1limits.tmin)*

round( (getmaxX=-100)/50)*50)

else

x:=15+round( { (getmaxX-100)/50)%50);

y:=round{limits.tmax*data.frequency):

if y>data.nsamples-1

then y:=data.nsamples~1:

y:=getmax¥-60-round(((data.duta[channel,y]-limits.ymin)/(limits.ymax—limits.ymin)ﬁ(getmaxy-7o))):

str(mark:l,s):
outtextXY(x,y,s);

Y:=getmax¥-26;

x:=(mark-1)*round((getmaxX-50}/5);
insert(explain,name,l):

insert(’: /,name,l);
insert(s,name,l}:

insert(’Ch ’,name,l);

outtextXY(x,y,name}:

END;

(lti*‘ﬁltttt.li!titﬁt.!.t*ki*tt‘.t.tkﬁﬁﬁ.iﬁﬁt.itiﬂﬁtﬂttiﬁiﬁ.tttﬁ.tttiikt.i}

{N*w
(t.i
{An*
{ e
{S**
(Tww
{On*
(G
{MEew
(Ex®
{Cx%
(eww

MODULE NAME : GRAFCOMP k)
[ZT ]

PROCEDURE : plots channel 1 and 2 of a response data fekk )
record on the same graph whd}

CALL SEQUENCE : GRAFCOMP(data,limits) hhw)
INPUT PARAMETERS : Response data record, limits 53 response dedkeh }
- OUTPUT PARAMETERS : none wai)
GLOBAL VARIABLES : limits of response Rk}
MODULES CALLED ¢+ Crt,Plotgraf,Types . LA LA}
ERROR CONDITIONS : none hhw )
COMMENTS : for details about data record and limits seeks+)
TYPES hhk}

(”tﬁﬁ.ttttttt.....ttt.tﬁ‘tittt..'..t.iﬁﬁt..tt....ﬂt.'..ﬁ'tﬁttt.tﬁ'.ttﬂﬁﬁ.)

PROCEDURE grafcomp(data: responsedata:limits:responsescale}:

BEGIN
GRAPHSETUP(data,limits,l,data.title)?
PLOTDATALIN(data,l,limits)};
LABELS(data,l,l,data.labels[1],1imits)};
PLOTDATALIN(data,2,limits);
LABELS(data,2,2,data.labels([2),1imits)?
Repeat until keypressed:;readln;

closegraph;

END?
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SRR e e e L L L S e T I 2 LT L )

{N#*  MODULE NAME : CORRGRAPH whw)
(Qi. LA LAY
{An® PROCEDURE : plots a graph between two serles of data to **%}
{han indicate thelr correlation: Rk }
[ Rkl the procedure initializes the graphics k)
[Gahodd screen, plots borders and the axes of the hwk}
{Rwk graph, inserts all titles and plots the two ##*+}
{ M data arrays against each other k)
{S%% CALL SEQUENCE ¢ CORRGRAPH(correlation data record.regression*##}
[Radaled data record,limits of graph, channel to plot##x}
{Iww INPUT PARAMETERS = : correlation data record, regression data k)
{hnk record, limits of graph (type corrscale), LA LS
{hehw channel to plot Wk}
{O** OUTPUT PARAMETERS : none k)
{Gx* GLCBAL VARIABLES : none khw)
{Mu* MODULES CALLED : Graph, Types tkd )
{Ew* ERROR CONDITIONS : none ek}
{Cn COMMENTS : for details about correlation and regressionk#+}
{HxR data record and corrscale see TYPES hhbS!
(t.iiii.l’..il.i.i.tlii..i...il.i.ii'... Lid L] deddedeh -Q...‘i.)

PROCEDURE corrgraph(data:correlationdata;regdata:regressiondata;limits:corrscale:ch:integer):

VAR

errorcode,graphdriver,graphmode ., k.i,maxx,maxy,x0,x1,y0,yl,yup,ydn:integer;
dmaxx,dmaxy,dx,dy,ynin,ymax,xmin,xmax,yfit,y:real’

s:string(4};

grandtitle:string(15];:

BEGIN

GRAPHINIT;

xmin:=1000000;xmax:=-1000000;

for 1:=1 to data.nsamples do

begin

if xmax < data.

data(l,11 then xmax:=data.datafl,i};

i1f xmin > data.data(l,i] then xmin:=data.data{1l,i]:

end;

ymin-~regdata.yconst[ch]+regdata.slope[chj'xmin:
ymax:=regdata.yconstich)+regdata.slope{ch]*xmax;

naxx:=getmaxX;
maxy:=getmaxy;

dmaxx:=(maxx-100)/10;

dmaxy:={maxy=-70)/10;

grandtitle:=’‘;

insert(grandtitle,data.title,1):;
settextstyle(triplexfont horizdir,1):
settextijustify{centertext,centertext):
outtextXY(maxx div 2,8,data.title};
rectangle(0,0,maxx,maxy);

rectangle(3,20,maxx=3 ,maxy=-20);
x1:=round(50+dmaxx*10):
line(50,30,50,maxy~40);1line{50,naxy~40,x1,naxy-40});

settextstyle(smallfont, horizdir,4);
settextjustify(lefttext,lefttext}s

outtextXY(60,32, /DETERMINED MASSFLOW (t/h1’):
outtextXY({maxx-170 ,maxy-47, /ACTUAL MASSFLOW (t/h}’);

dy:=(limits.ymax{chl~limits.ymin(ch])/10;

for k:=0 to 10 do
begin

yl:=round(maxy-40-k*dmaxy)
1ine(45,y1,55,¥Y1);
str((limits.yninfchl+dy*k):8:0,8):
outtextXY(20,Y1+5,8);

end;

s=(limits.xmax[ch)-limits.xmin(ch}}/10;

for k:=0 to 10 do
begin

x1 ¢=round(50+k*dmaxx) ;
str(limits.xmin{chi+k*dx:8:0,8);
line(xl,maxy~-42,x1,maxy-37);
outtextxv(xlgp,maxy—zs,s)

end;

setviewport(50,20,maxx,maxy,clipoff);

%0 t=round( (xmin-limits.xmin(ch))}/(limits.xmax(ch]-limits.xmin{ch])*(getmaxx-100));
x1:=round( (xmax~limits.xmihfchl)/(limits.xmax(ch]-1limits.xmin({ch])*(getmaxX-100))?

y0:=getmaxY-60-round( (ymin~-limits.ymin[ch))}/(1limits.ymax{ch]-limits.ymin(ch]))*(getmaxY-70)};
¥l:=getmaxY-60~round( (ymax-limits.ymin[ch])/(1limits.ymax(ch]=-limits.ymin(ch])*(getmaxyY=-70)}:

line(x0,y0,x1,yl);
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settextjustify(centertext,centertext):;
for i{:=1 to data.nsamples-1 do 5
begin
xl:=round((data.data{l,l}-linmits.xmin{ch}}/(linits.xmax{ch)-limits.xnin{ch]})*{getnaxX-100));
yl:=getmaxY-60-round((data.datafch+l,i]1-1limits.ymin[ch])/(1limits.ymax(ch]-1limits.ymin[{ch]}*
(getmaxy¥-70));
outtextXY(x1l,yl,’*’);

yflt:=regdata.yconst(ch] + regdata.slope(ch]*data.data{l,i]:

y:=yfit + sqrt(regdata.C2{ch] + regdata.Cl{chj*sqr(data.data{l,i}-regdata.xmean{ch])};
yl:=getmax¥-60-round((y~linits.ymnin{ch}}/(limits.ymax(ch}-limits.ymin[ch])*(getmaxY=-70)};
if i>1 then line(x0,yup,xl,yl):

yup:=yl;

y:=yfit - sqrt(regdata.C2{ch) + regdata.Cl[ch]*sgr(data.data(l,i])-regdata.xmeani{chj});
yl:=getmax¥-60-round{(y-limits.ymin{ch]}/(1limits.ymax[ch}-1limits.ymin{ch])*({getmaxY-70});
i1f 1>1 then line(x0,ydn,x1l,yl):

_ ydn:=y1:

X0:=x1;
end;

readln:

closegraph:
END:

(.ii*t.ﬁtttt""ttttt‘.....tt't.."ttt‘...it"tttt't'ttt"tt.t*'t.t*.ﬂ**‘i)

{N#w MODULE NAME ¢ AUTOCORRSCALE LLLB}
(hhk ek }
{Awrw PROCEDURE : automatically scales the axes of a correla- *%+%)
(Gl . tion graph *hk }
{Sew CALL SEQUENCE : AUTOCORRSCALE({correlation data record, ik}
{*kx regression data record,limits)#wx}
{Ik* INPUT PARAMETERS : correlation data record, regression data wher )
{Hrn record k)
{O*w OUTPUT PARAMETERS : limits of Graph (type corrscale) enk)
{G** GLOBAL VARIABLES : none Rk}
{M**  MODULES CALLED : Types k)
{Et# ERROR CONDITIONS : none . X ek}
{Che COMMENTS : for detalls about correlation and regression#*w}
{Hkk - data record and corrscale see TYPES Ak}

(t'ti'.tittttﬂlttitﬁttltt‘itl'ltt.t‘.t‘t..t.tttli.ttti.itttt.'ﬁit.t.t.t.ﬁt)
PROCEDURE autocorrscale(data:correlationdata;regdata: regressiondata;VAR limits:corrscale):

VAR
i,ch:integer;
yireal:;

BEGIN
linmits.¥min{1]:=1000000;1imits.xmax(1]:=~1000000;

for i:=1 to data.nsamples do
begin
if limits.xmax(l) < data.data[l,i] then limits.xmax[l]}:=data.data{i,l};
if limits.xmin{1i] > data.data{l,i] then limits.xmin[{1l]:=data.data{i,i}:
end;

linits.xmin(2):=1limits.xmin[l]; limits.xmax{2):=limits.xmax(1];

for ch:=1 to 2 do
begin
limits.ymin{ch}l:=regdata.yconst{chl+regdata.slope(ch]*limits.xmin{ch];
limits.ymax(ch]:=reqgdata.yconst{ch]+regdata.slope{chi*limits.xmax{ch];
end;
END:
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[ Rk e N AR ARl NN AR RRRARRARA RNk h ke kAR dhhdd kA Ak}

{N**  MODULE NAME : CHGCORRSCALE Wi}
[k - hh}
{Anw PROCEDURE : change the scales of a correlation graph *kk}
{Swk CALL SEQUENCE : CHGCORRSCALE(limits) Rkd )
{Iww INPUT PARAMETERS : limits of Graph *k k]
{Onw OUTPUT PARAMETERS : New limits of Graph (type corrscale) k)
{Ge* GLOBAL VARIABLES : none ‘ dehk )
(M MODULES CALLED : Crt, Types, Filehand LAL B3
{E®x ERROR CONDITIONS : none bbbl |
{Cun COMMENTS : for details about corrscale see TYPES Rk}
( * wkkh Ll e e e .ﬁﬁ.t.tﬁi..!!ii!!!!ﬂﬂ!t!iii.!i!...ii*t)

PROCEDURE chgcorrscale(VAR limits:corrscale):

VAR
opt,i:integer;
screen:screenmenu;
option:char;

BEGIN
INITMENU2{screen);

repeat
option:=’c’;
clrscr:
WRITEMENU(screen);

for i:=1 to 2 do
begin
gotoXY(19+1#%19,12) ;write(limits.xminf{i]):6:3);
gotoXY(19+1i#19,13):write({limits.xmax(1i]:
gotoXY(19+1%19,14) ;write(limits.ymin(1]
gotoXY{19+1%19,15) ;write(limits.ymax(11:6:3);
end;
gotoXY(5,20) ;write(’Option [7,option,’): ’};option:=readkey:
1f option=#13 then option:=‘c’;

opt:=ord(option)~48;

case option of

’1’:for 1:=1 to 2 do readreal(19+i%19,11+o0pt,7,limits.xmin{i});
’2’:for to 2 do readreal(19+1%*19,12+0pt,7,limits.xmax(1i1);
’3’:for to 2 do readreal(19+1i%19,11+0pt,7,linits.ymin{i]);
4’ for to 2 do readreal(19+1i%*19,ll+opt,7,limits.ymax({i1);
end;

until option=‘c’; -
END;

.

{Rkdkhkh kAR kA ANt kAR kAN Ad ok kA AR A b hdhddd]

{Nwx MODULE NAME ¢ DISPALYINIT LAL D]
(*.* - tit)
{Akd PROCEDURE : initializes the screen to display a 6 digi- wex)
{ax% .tal nunber over the whole screen k)
{Shw CALL SEQUENCE : DISPALYINIT(titlel,title2) LAl D}
{Tw INPUT PARAMETERS : titles to display at top and bottom of Ak}
{wke screen whd)
{O%*%  OUTPUT PARAMETERS : none *rw}
{Gae GLOBAL VARIABLES : none REk} -
{Maw MODULES CALLED : Graph LL LY
{Ewe ERROR CONDITIONS : none (Ll
{Cw*  COMMENTS H ELTDY
{ Rded ke --—'--“.Q!ttﬂtttt..t.t...".iﬂﬂﬂtttt)

PROCEDURE displayinit{titlel,title2:string):
VAR x,y:integer:

BEGIN
GRAPHINIT;
x:=getmaxX:y:=getmaxy;

setlinestyle(solidln,0,thickwidth);
rectangle(x div 200,y div 25,x- x div 200,y- y div 25);
rectangle(x div 50,trunc(y/4.5),x- x div 50,y-trunc{y/4.5)):

settextstyle(triplexfont, horizdir,s);
settextjustify(centertext,centertext):
outtextX¥(x div 2,y div 8,titlel):

settextstyle(triplexfont horizdir,3):
settextjustify(righttext,centertext);
outtextXY(x div 2,y - y div 7,title2);

settextjustify(centertext,centertext}:
END:
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(R L e AL T L T

{N#*
€3]
{A*®
el
{hwew
{Sw
{I*®
(COw
{Gun
(Me*
{Ea#
{Cww

MODULE NAME ¢ DISPALYNO ek}

lii)

PROCEDURE : displays a 6 digital number in the middle ofw**}

the screen and the associated error at the #+«#}

bottom k)

CALL SEQUENCE ¢ DISPALYNO({number,error) k)

INPUT PARAMETERS : number to display and associated error *kw)

OUTPUT PARAMETERS : none bbbt
GLOBAL VARIABLES : none fedek } .

MODULES CALLED : Crt, Graph kA )

ERROR CONDITIONS : none wak}

COMMENTS H k)

{RRE R AR R AN ARk kR kRNl A A AR AR kR kR R AR R ARk hR Rk R Rk E ARk wd )

PROCEDURE displayno(number,error:real}:

VAR

s:tstring[6]; !
1.x,y,xnew,ynew:integer:

BEGIN

x:=getmaxX;y:=getmaxy:

setviewport(x div 50 + x div 100,trunc(y/4.0),
. X- x div 50 - x div 100,y- trunc(y/4.0),clipon):
settextstyle{defaultfont, horizdir,12);

Xnew:=x-2*(x div 50 + x div 100):ynew:=y-2%trunc(y/4.0);
clearviewport: '

str(number:6:1,s); ‘

outtextXY{xnew div 2,ynew div 2,s8}:

setviewport(x div 2,y- trunc(y/4.5) + y div 50, x - x div 3,y- y div 25 -~ y div 50,clipon);
settextstyle(defaultfont, horizdir,2):

xnew:=x~ x div 2 - x dlv 3; ynew:= trunc(y/4.5) - y div 25 - 2% (y div 50);
clearviewport:

str(error:5:1,s);

outtextXY(xnew div 2,ynew div 2,s):

END:

(..!tﬁﬁ‘itt‘illtQQQ.tﬁﬁ"ﬁtiiQ"'t!!t.tittﬁﬁﬁiii‘tﬁ‘i.ﬁt.f'itiﬁitﬁﬁii.iﬁ")

{Hww*
{(Hkk
{ahn
1]
{*an

REVISION HISTORY: ehe)
VERSION BY DATE COMMENTS *at) g
1.0 KCAD 28-02-90 LT
. ti.)
UNITEND PLOTGRAF.PAS wan)

{Rhkhkhhhhh kA hhhhkbdhhhhhdhhhkthbhbrbhkdddhdhhhhdhkhdhrbthdddrdhddhhbonrt)

END.
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c.3.5 Plotgrad.pas

(SR A L A S L L L e R R T T T L L

{*rn UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN ek }
[Sedobd PLOTGRAF.PAS xw}
{Hewn FILE: PLOTGRAD.PAS ")

flededddedddddhhhhhhhhddh ikl hkok R kR ARk Rk kR ANk )

UNIT plotgrad;
(tit*.ﬁii**ttttil‘*ttttt..t‘ltttﬁQ‘tﬁitll*i*ittt.iiiittittltliiﬁ'tl*.i**tti }

INTERFACE
[ s L L e e e L L T LY

USES types:

PROCEDURE initmenul (VAR menu:screennenu);
PROCEDURE initmenu2(VAR menu:screenmenu);

I L R L e e T P e 2 R R R L e L oY
IMPLEMENTATION

[t dede skl ke Ak kAR Rk ARk AR ek Ak d sk ke )

{Hdeddehehhkdeh ke hh bk hrhhhhkh AR hhkhkhhd kb hhrbhhkhkkhh bbb rhhdbkhdn)

(N#*  MODULE NAME : INITMENU1 "k}
{hkek ek}
{Akw PROCEDURE : initializes the menu defined in this sub- k)
{Hhn routine Ak )
{Saw CALL SEQUENCE : INITMENU1l(menu) Rk}
{In* INPUT PARAMETERS : none Rk}
{O%n OUTPUT PARAMETERS : menul (type screenmenu) LA
(G GLOBAL VARIABLES : none hhk}
{M#*  MODULES CALLED : Types Ll
{Ex* ERROR CONDITIONS : none Rk}
{CH% COMMENTS : details about screenmenu in TYPES Rk}

(AR AR kR ARk h kAR R AR AR AR A AN AR AR A RE AR AR RN RR PR N ATRRARR AR )

PROCEDURE initmenul (VAR menu:screenmenu}?

BEGIN

menu(l):=’ !
rmenuf2j:=’ o ; R
menu(3]:=’ s CHANGE OF SCALES OF THE GRAPH % (kK
menu{4j:=’ | o e ' e B
menu{5j:=’ | s
menu{6):=* ) Ihe:
menu{7j:=* | Jee

| s

I 7
menu[10):=" Ne:
menu(1lj:=’ 1 -~ Time Minimum: 2
menu{l2):=" 2 - Time Maximum: [
menu(13):=’ 3 - ¥ Minimum H e
menu{14):=’ 4 - Y Maximum H e
menu(15):=’ | ¢
menuf16):=’ ) i
menu{17]:=’ ¢ - Continue ee
menu(18):=’ ez
menu(19}:=’ L - Ay
menu(20]:=' ‘:
menuf21):=* . ’:
menuf22]:=' '
menuf23):=’ ‘3
menuf24}:=’ . 'y

END?¢
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(AR R Rk R ek Al ek kAN R AR Ak kAR Rk Wk}

{N*% MODULE NAME : INITMENU2 k)
{aww *hw)
{A%x* PROCEDURE : initializes the menu defined in this sub- kW)
[ Skl routine dekw}
{Skw CALL SEQUENCE : INITMENU2(menu) bbb
(Tww INPUT PARAMETERS : none Hhk}
{O** OUTPUT PARAMETERS : menu2 (type screenmenu) kR )
{Gew GLOBAL VARIABLES : none k)
" {M*%*  MODULES CALLED : Types Wi}
{E** ERROR CONDITIONS : none k)
{C*x* COMMENTS : details about screenmenu in TYPES k)

(*ittti!ttttti*‘i*ttt!ti'tttt*tttittitti*ttit.itit!tttttttt*Q*Qtittttttttt)
PROCEDURE initmenu2(VAR menu:screenmenu);

BEGIN -
menu[l): ——— 7
menui2}
menu{3j:=’ I
nenuf4):=’ I
menu(5):=' |
nenuf6):=’ [}
menu[7}):=* ]
menu(g):=’ I - A
menu{9):= | |
nenuf{lo}:=’ 3 Channell: Channel2: K
menufll]:=’ I
 menu[l2]):=" I
menu{13]:=" ]

- X minimum: K
X Maximum: N
menuf[l4]):=’ ] - ¥ Minimum: I
menu(15]:=' | - Y Maximum: IR
menu{l6):=’ I s
menuf171:=' | s
menuf1sl:=/ | ¢ - Continue : 122
menu(19):=" '
menu{20}:=’ ]
menu[21):=* ‘:
menuf{22]:=* ‘3
menu(23}:=’ H
menuf{24]:=’ H
END;

ewN P
\

‘t&i...t..iﬁt!t...tt.‘...iﬁ....ttt‘........'........‘..ttﬁ.‘..ii........tt)

{H%*  REVISION HISTORY: wawy

(%%  VERSION BY DATE COMMENTS k)

{wax 1.0 KCAD 28-02-90 LI

(.t. i“)

{w**  UNITEND PLOTGRAD.PAS whn) R
(...iiﬁ‘....‘......t.‘tttii..i.......Q...tttt.Qﬁttttﬁﬁﬁt....ﬁ.tiﬁ...ﬁ...i.}

END.
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C.3.6 DT2801 4.pas

(i“!t*.i.**“t"‘!.t.tti.i!..*!!i!i'i‘..tli....i.'iitii....i!i*..iti!.t!i)
{#*%#  UNIT PROCEDURE LIBARY FOR DATA TRANSLATION CARD DT2801 *rn}
(*%*%*  PILE: DT2801_4.PAS Au)
(ttlt.tttttﬁ.t.i..!.t....tttti.li.!t...tttt.‘.!i.l!ttt.tl.tt..t..it..ﬁt.ii)
{ Ref: DT2801 manual} '

UNIT DT2801_4;

(tittﬁ.t'l..tttttt.tii.liﬁiiiii.i..i.i**I.'i.!i...tttt!lt.t!tﬁ..‘.!..tti.t)

INTERFACE
L L L L L L L R PR S LT T T 2 )

PROCEDURE adc_read(chan_no:integer VAR value:integer):
PROCEDURE dac_write(chan_no,value:integer):
PROCEDURE set_up;

CONST
base_address =
comm_wait = $4;
write_wait = $2;
read_wait = $5;
cstop = $F:

$2EC; {DT2801 uses port $2EC & $2ED}
{DT2801 commands}

VAR
command_req, data_reg : integer: {DT2801 control ports}

(t...t...ttﬁitii...t..ﬁtt.t.*..ti.i......ﬂti.....ﬁ.tt’......t........t.ii.)

IMPLEMENTATION
I L L L e e e et e e L et A e i Ll it ity s ¥

(t.....t.l..t.iiti.t.iﬁ.ttt!....ti.t...t.t*..........t......tit.....t.t..t}

{N**  MODULE NAME t  ADC_READ *wn)
(... ﬁ.i)
{An* PROCEDURE :+ Reads the voltage from A/D channel humber ###}
(han <chan_no>. waw)
[k Result returned in the integer variable *hw}
{hkn <value> in the range -2048 to 2047 [Counts]###}
(bl -corresponding to the voltage input k)
(Rn -10,000 to 9,9951 (Volt) k)
{S**  CALL SEQUENCE ¢ ADC_READ{chan_no;value) wan)
(I INPUT PARAMETERS : channel no *hk}
{O**  OUTPUT PARAMETERS : value . whn}
{Gor GLOBAL VARIABLES : nonhe k)
{M**  MODULES CALLED ¢ none he)
{E*x ERRCR CONDITIONS : none T}
{C**  COMMENTS : none k)

(.ti..it....t.it......ﬁ....t..i......ﬁ.....i...t'......ﬁi.........t..i....}
PROCEDURE adc_read(chan_no:integer; VAR value:integer):

VAR
high,low:byte;

BEGIN

repeat until (port {command reg) and comm_walt) > a:

port (command_reg] := cading

repeat until ({port {command_reg) xor write_wait) and write_wait} > 0;
port [data_reg] := 0:

repeat until ((port [command_reg] xor write_wait) and write wait) > 0:
port [data_reg] := chan_no;

repeat until (port [command_reg) and read wait) > 0;

low := port {data_regl:

repeat until (port [command_reg] and read_wait) > 0;
high:=port[data_reg];

value:=high * 256 + low:

value:=value-2048;
END; {adc_read)
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(“*i.‘t.tti.tt.i*t‘....i‘tt.i“.‘.'**‘*t‘**t“ll*t..tt.i.tttti.t.ttttlltt)

{Nww
[wn
{(Ax®
(hnw
e
(Snt
(Inn
[O*n
(Gw*

{Mwn.

(Ewe
(CHw

MODULE NAME :  DAC_WRITE

PROCEDURE ¢t Wrltes a voltage to D/A channel <chan_no>.

The value nust be an integer
0=< value =<4095
CALL SEQUENCE : DAC_WRITE{chan_no,value)
INPUT PARAMETERS : channel no, value
OUTPUT PARAMETERS : none

' GLOBAL VARIABLES : none

MODULES CALLED ! none
ERROR CONDITIONS : none
COMMENTS ¢ none

hkdk}
dededr )
LA LS
k)

LLL B}

Ak}
ke |
*hk)
ek}
hkk )
khky
LB}

(t.t*ttt***ittt*t*‘ttt.*.tt*..t.t.t.tt***iitt.!.ittt..tt....!tt.tl.ttﬁl.l.’

PRCCEDURE dac_write(chan_no,vaiue:integer);

VAR

high, low : byte:

BEGIN

{shift the value}
value:=value+2048;

{Impose limits: 0[{C]=-10,0000{V], 2048[C]}=0,0000{V] & 4095(C1=9,9951{V]}

1f value<0 then value:=0;
if value>4095 then value:=4095}
{Pind high & low byte values}
high:=value div 256:
low:=value - high * 256:
{Set DT2801 for ADC output}
repeat until (port (cormand_reg] and comm_walt) > Q
port (command_reg] := cdaout;
{Set Channel nunber}

repeat until ((port [command_reg] xor write wait) and write_wait) > 0:

port [data_reg] := chan_no;
{cutput low then high byte}

repeat until ((port [command_reg] xor write wait) and write wait) > 07

port [data_reg] := low?

repeat until ((port [command _reg] xor write_wait) and write_wait) > 0;

port [data reg] := high:

END; (dac_write)}

(Q.i.!ti‘.*t!t'ﬁi.itttti**..t‘t.*!ii.tt!!"tttt.tt.t..il.l...tl..ttttt'ﬁﬁt)

{Nw*
{Rrr
{An%
el
(G**
(Ia*
{Qnn
(Grx
{HEw
(Ex#
{CH*

MODULE NAME :+ SET_UP

PROCEDURE : To intitilize the DT2801 card and sets

channels to zero
CALL SEQUENCE .t SET-UP
INPUT PARAMETERS : none
OUTPUT PARAMETERS : tnone

' GLOBAL VARIABLES : none
MODULES CALLED ¢ none
ERROR CONDITIONS : none
COMMENTS ¢ none

LLL 31
ek}
L]
fedi)
LLLB}
LA
LA A
L1223
L1231
(22 3}
*hw)

('..t.!Q*Q!Qttttlt.tt'..tt"l.!!..tf.*.Qttt!.*ti...ttttt.!..'lﬁ.'ﬁll!*ﬁtt!)

PROCEDURE set_up?

VAR

tenp : integer; (Digcarded data}

BEGIN

{Set DT2801 port addresses}
command_reg:c base_address + 17
data_reg:= bage_address;

{Stop DT2801 card & Clear data register)
port {command_reg}:= cstop;
temp:= port fdata_regls

{Clear DT2801 card}
repeat until (port [command reg] and comm_wait) > 0;
port (command reg] := ccClear:;

{2Zero DAC outputs}
dac_write(0,0);
dac_write(1,0);

ERD; {Set_Up}

248

(f. -k * £ 2] ddk .ﬁ...ﬁﬁ....ﬁ}

" (H#* REVISION HISTORY: wha)
(#**  VERSION BY DATE COMMENTS k)
(hnn 1.0 EHF 86 Written in Turbo 3.0 waw)
(ran 2.0 KCAD 24-04-89 Converted to a Turbo Pascal Unitw##}
(..t ..t)
(#%%* UNITEND DT2801_4.PAS waw)
i *ree * xexen )
END.
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C.3.7 Detmf.pas

G L Ty L e S T LS Ll L LE
{owk UNIT PROCEDURE LIBRARY TO DETERMINE THE MASSFLOW ON A CONVEYOR *#%)
(rusk BELT *hk )
{mhew FILE: DETMF.PAS . *kd )
R L L L L T LT T 3

UNIT detmf:

(ﬁ!t..t**it!.‘.ttttti'*itttitttiﬁﬁﬁtﬁtﬁﬁlitﬁﬁﬁﬁﬁt*tﬁ.titt..i*.t'tﬁ‘it*ﬁiit)

INTERFACE.
(ke ke kR AR R TN R R AR AEA AR AT AN RN AN R AR R AR R R AR AR}

USES Crt,types,math,detmnfd,flilehand,datalog:
.
PROCEDUREdetnmassflow(Csp:constant;:;Ct:time;data:responsedata;mode:integer:VAR massflowdn, massflowup,
X Vavup:real);
FUNCTION massflownuc(Cm:massflowconst;data:responsedata):real:
FUNCTION massbin{Cm:massflowconst:data:responsedata):real;
PROCEDURE massflowbelt(Cm:massflowconst:VAR mfcorr:correlationdata):;
PROCEDURE mfstats(mfdata:massflowdatal;
PROCEDURE mfcali(VAR Csp:constant;setpt:real;pulselength,outch,mode:integer:Ct:time;
respdata:responsedata);

(R RA AR A A A RN A AR A RA AR A AR NG EAR R AR RN ERRA AR AR AR E AR A AR A ARk WAk |

IMPLEMENTATION
L L e T R T e e I L T L T2 2 T TN

[(RAR kA kAR Rk AN ARk A ARk ARk A Rk kAR kA ARk h ke d k)

{N¥*  MODULE NAME : DETMASSFLOW wwny
(t'. i.')
(A% PROCEDURE : determines the massflow on a horizontal k)
{dRen conveyor belt from the kinetic energy wenw)
[Sadded required for a step-up and -down response feded }
{S*% CALL SEQUENCE :+ DETMASSFLOW{Csp,Ct,response datarecord, drked)
(6041 mode ,magsflowup,nassflowdn,Vavup) *hk )
{I** INPUT PARAMETERS : records containing constants about speed and*#¥)
(G0 power responses and timing of the response, *%*}
[kl response data record containing the speed LA 3]
(ke and power response, operating mode kkd}
{on® OUTPUT PARAMETERS : massflow as determined from step-up and whk)
(A -down responses, average speed of belt bLLE
{Gw* GLOBAL VARIABLES : none ek )
(M*® MODULES CALLED : Types, Math sk }
{E®w ERROR CONDITIONS : none ek}
{C**  COMMENTS : - for details on the response data record  **+}
{hkn see TYPES ww)
{ern - modes: 1 - VSD, Vdn=0: 2 - VSD, vdn>0: LAL Y
[Nk 3 - SSR, Vdn=0: 4 - SSR, Vdn>0 bbb
[l - for details about Csp and Ct see TYPES ke )

A AR R AR A A T LI R R s R DR s Al LA i I eI eI el

PROCEDURE detmassflow(Csp:constant;Ct:time;data:responsedata;mode:integer;VAR massflowdn,massflowup,
Vavup:real);

VAR
Essup, Essdn, Edyndn, Edynup,Dssup,Dssdn, Ddyndn,Ddynup,
V2ssup,V2dyndn, V2dynup,V3issup,V3dyndn,Vidynup,
F,Vavdn,Ekindn, Ekinup:real;

BEGIN
with ct,Cep do
begin .

Essup:=AREA(data,2,ssup,stepdn-ssup)*power; Essdn:=AREA(dsta,2,ssdn,stepup-ssdn)*power;
Edyndn:=AREA(data,2,stepdn,ssdn~stepdn)*power: Edynup:=AREA(data,2,stepup,ssend-stepup)*power;
Dssup:=AREA(data,l,ssup,stepdn-ssup)#*speed; Dssdn:=AREA(data,l,ssdn,stepup-ssdn)+*speed;
Ddyndn:=AREA(data,l,stepdn,ssdn-stepdn)*speed; Ddynup:=AREA{data,l,stepup,ssend-stepup)*speed;
V2ssup :=QUADAREA(data,l,s8sup,stepdn~ssup ) *TPO(speed, 2);
V2dyndn:=QUADAREA(data,1,stepdn,ssdn-stepdn)*TPO(speed, 2} ;
V2dynup:=QUADAREA(data,l,stepup,ssend-stepup)*TPO(speed,2) 7
V3sgup:=CUBICAREA(data,l,ss5up,stepdn-ssup)*TPO(speed,3);
V3dyndn:=CUBICAREA(data,l,stepdn,ssdn-stepdn)*TPO(speed,3);
V3dynup:=CUBICAREA(Qata,l,stepup,ssend-stepup)*TPO(speed,3):

end;

F:=(Essup - Csp.Fa*V2ssup - Csp.Fb#*V3ssup)/Dssup:
Vavup:=Dssup*data.frequency/(Ct.stepdn~Ct.ssup):
if mode=4 then Vavdn:=Ddyndn*2 * data.frequency/(Ct.stepup-Ct.stepdn) - Vavup

else Vavdn:=Dssdn*data.frequency/{Ct.stepup~-Ct.ssdn):

Ekindn:=Edyndn - (F#Ddyndn + Csp.Fa#*V2dyndn + Csp.Fb*V3dyndn):
Ekinup:=Edynup ~ (F#Ddynup + CSp.Fa*V2dynup + Csp.Fb*V3idynup):

massflowdn:=2*Ekindn/(sqr(Vavdn)-sqr(Vavup)) #* Vavup#3.6/Csp.dh

massflowup:=2%Ekinup/(sqr{Vavup)-sqr(Vavdn)) * Vavup*3.6/Csp.dh;
END?
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(ﬁ‘ﬁtﬁil‘tt.l.Qtii...ttt“...tt.itﬂl.itttt...i.ttit.‘i.i*.....tii...t..itt)

{Nuw MODULE NAME ¢ MASSFLOWNUC whk}
{#exn *hk}
{Ak* FUNCTION ¢ determines the massflow using the signal Hede )
[l from a nuclear weightometer LLE3?
{S** CALL SEQUENCE : MASSFLOWNUC(Cm,response datarecord) ek }
{Inn INPUT PARAMETERS : record containing calibration constants, whk )
[l response data record containing massflow R}
(s response k)
{Ows OUTPUT PARAMETERS : massflow as determined by welghtometer *hw )
{G*#*  GLOBAL VARIABLES : none ALY
{Me* HODULES CALLED : Types,Buffer L2113}
{E*% ERROR CONDITIONS : none EELBY
{C%* - COMMENTS : for more information about response data andx**}
{wnx ' and massflow constants records see TYPES LALE}

ER A A Ly T ey S I e eI }

FUNCTION massflownuc(Cm:massflowconst;data:responsedata):teal:

BEGIN - )
massflownuc:=AREA(data,3,0,data.nsamples—l)*data.frequency/(data.nsamples-l)'Cm.nuc;
END;

(.‘t.titt...ﬁ.l.t.‘.Q-tttttiﬁﬁﬁ!.tttﬁtttt...t..i...tttt.tttt..‘tti.tttii.i)

{N%*® MODULE NAME 1 MASSBIN raw)
{hen dedek }
(AR FUNCTION : determines the mass in the bin from the LLL!
(e signal from the hopper bin *xN} )
{Swkw CALL SEQUENCE ¢ MASSBIN(Cm,response datarecorad) ik}
{Inw INPUT PARAMETERS : record containing mass calibration constants=#w}
{wka ,record containing mass in the bin response *¥%}
{On* OQUTPUT PARAMETERS : mass in bin LLL Y
{Gx* GLOBAL VARIABLES : none *kk)
{Mx* MODULES CALLED : Types,Buffer dekk )
{E#® ERROR CONDITIONS : none ik}
{Ch* COMMENTS ¢ for details about response data record or hhk)
{Rnk calibration constants record see TYPES k)

(i..ttll.tl.tt‘i.......ttttiiitttﬂ..t.ttt..t‘t‘.tttﬁ.ttilttti.lt‘.i.tt.i‘.)
PUNCTION massbin(Cm:massflowconst;data:responsedata):real:;
BEGIN

massbin:=AREA(data,3,0,data.nsanples)*Cn.mass*data.frequency/data.nsamples;
END:

{Ahdddkdkhk kA khhhhhhkhhhhrdhdhdhhhhhkhkthkdrhrhddhhdhhhhrhthbdhdkerhhhdehes)

{N**  MODULE NAME : MASSBELT wiw}
{#ax whh}
{An¥ PROCEDURE : determines the massflow on the belt from thewx#+}
{Hhw mass in the hopper bin )
{Shn CALL SEQUENCE H HASSBELT(Cm,nzi,nzf,nsump,Vuv,Hussccrr) LA L]
{Iwen INPUT PARAMETERS : record containing mass calibrdation constantswx#}
{whex ,correlation data array k)
{O** OQUTPUT PARAMETERS : massflow figures as determined from the mass###®}
{Rewn in the bin tedd )
{GR* GLOBAL VARIABLES : none LA
{Ma® MODULES CALLED ¢ none ek}
{Ews ERROR CONDITIONS : none ehk}
{Chw COMMENTS : for detalls about correlation data record or#k#)
{wan masgflow constants see TYPES wkd}

(.i.‘.........iitﬁ.ﬁﬁt‘iiit".'i.t.itt.t'tl’ttit't..ittttttiti'..itttt..itt)
PROCEDURE massflowbelt{Cm:masgflowconst;VAR mfcorricorrelationdata);

VAR
massinit,massfin,massdiff,factor,Vav:real;
i:integer:;

BEGIN
{ Determine Mass in Bin Before Tests were Run }
masainit:=0;
for i:=1 to mfcorr.nzero do massinit:=massinit+mfcorr.data(l,i)/mfcorr.nzero:
for i:=1 to mfcorr.nzero do
begin
vVav:i=mfcorr.data(4,1];

factor:=Cm.vincl#Cm.dh/(Cm.vincl*(Cm.dh+Cm.dchl)+Vave(Cn.di+Cm.dch2})) * Vav/Cm.dh

mfcorr.data{l,i):=(massinit-mfcorr.datal,i])*factor:
end;

{ Determine Mass in Bin after Tests were Run }

massfin:=0:

for l:=(mfcorr.nsamples+l} to (mfcorr.nsamples+mfcorr.nzero) do
massfin:=-massfin+mfcorr.data(l,1]/mfcorr.nzero:

massdiff:=(massinit-massfin)/(mfcorr.nsamples-mfcorr.nzero+2);

{ Update all Mass Readings in between initial and final Zero-Mass Tests)
for i:=(mfcorr.nzero+l) to mfcorr.nsamples do |
begin
nassinit:-massinit-massdiff;
Vav:=mfcorr.data{4,1]:
factor:=Cm.vincl«Cm.dh/(Cm.vincl#(Cm.dh+Cm.dchl)+Vav*{Cn.di+Cn.dch2))
mfcorr.data{l,i}:=(massinit-nfcorr.data(l,1])*factor
end; .

END:
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[RAAAAE I LI IR R e R L A L R I L LA LT e I T

{N#x MODULE NAME ¢ MFSTATS bbb
(.Qﬁ iﬁﬁ)
{Ax* PROCEDURE ¢ determines.the total, average, maximum and ##*)
(Sl ninimum massflow over the last sampling ehn)
{rrn period k)
{S**  CALL SEQUENCE : MFSTATS(mfdata) waw)
{Inx INPUT PARAMETERS : record contalning massflow data LALD]
{Ox* OUTPUT PARAMETERS : total, average, maximum and minimum massflowe#**}
It figures - LLL 3
{G** GLOBAL VARIABLES : none LA
{Mtw MODULES CALLED : detmfd k)
{Ex% ERROR CONDITIONS : none hhk )
{Cr COMMENTS : for detalls about massflow data record see *%¥)
{rn TYPES LT

e LR g R L e I R L e R I At e LA e el il

PROCEDURE mfstats(mfdata:nmassflowdata):;

VAR
i,initsanple,finsanple ,max,min:integer:;
dt:longint: -
totmass,avmassflow:real:
menu:screenmenu:
opt:char:

BEGIN
INITMENUl(menu};
initsample:=1;finsample:=mnfdata.nsamples:

repeat
nax:=initsampleimin:=initsample:
totmass:=0;

for i:=initsample to finsample do
begin
if mfdata.datai}>mfdata.data(max] then max:=i;
if mfdata.data[i)<mfdata.data(min] then min:=i:
mfdata.time(l].secl100:=0;
end;

for i:=initsanple to (finsample-1) do
begin
TIMEDIFF(nfdata.time(l],mfdata.time(i+1],4¢t);
totmass:=totmass + (mfdata.data{l]+mfdata.data{i+1])+*dt/2/1000/3600;
end;

TIMEDIFF(mfdata.time[initsample),mfdata.time{finsanple]},dt):
avmassflow:=totnass,/dt*1000%3600;

clrscr;

WRITEMENU(menu):

gotoXY(31,9);write(initsample:4):
gotoXY(39,9);write(mfdata.time(initsample].hour:2):
gotoXY(42,9):write(mfdata.tima(initsanple).min:2);
gotoXY(45,9);;write(mfdata.time(initsample].sec:2):
gotoXY(53,9) ;write(mfdata.data{initsanmple]:6:2)7

gotoXY{31,10);write(finsample:4);

gotoXY(39,10) rwrite(mfdata.time(fingsanple].hour:2);
gotoXY{42,10);write(nfdata.time(finsample]}.min:2);
gotoXY(45,10);write(nfdata.time(finsanple].sec:2);
gotoXY(53,10);write(nfdata.data{finsample]:6:2);

gotoXY(31,14) rwrite(nax:4);

gotoX¥(39,14) write(mfdata.time{max]).hour:2):;
gotoXY(42,14);write(mfdata.time[max].min:2};
gotoXY(45,14) ;write(mfdata.tire(max].sec:2)?
gotoXY(53,14) write(mfdata.data[max]:6:2);

gotoXY(31,15):write(min:4);

gotoXY(39,15) ;write(mfdata.time({min}.hour:2);
gotoXY(42,15);write(mfdata.time(min].min:2);
gotoXY(45,15) ;write(mfdata.time(nin).sec:2);
gotoXY(53,15) write(mfdata.dataimin]:6:2);

gotoXY(33,19);write(totmass:7:3):
gotoXY{33,20);write{avmassflow:7:3);
gotoXY(1,25);

opt:=readkey;
if opt=#13 then opti=’g’;

if (opt=’1’) or (opt=’I’) then READINT{31,9,4,initsample);

if (opt=’£’) or (opt=’F’) then READINT(31,10,4,finsample):

if initsample>finsample then initsample:=finsample-1;

if initsamplae<l then initsample:=1;

if finsample>mfdata.nsanples then finsample:emfdata.nsamples;

until (opt=’qg’) or (opt=’Q’):
END;

251



Appendix C: Software Listings

(*'ii‘*t..ﬁi‘it“ﬁil‘*tt“i“'t.tttt"*..i‘i““**ii'tttt.i..ti't.t**“tﬁ*')

{N#* MODULE NAME ¢ MFCALI . ik )
(R LTT Y
{An® PROCEDURE : calibrate the calibration constants of speedx*+)
[ bkl power, friction constants and massflow cali-##*w}
{ ke bration graph Rkk )
{Gnn CALL SEQUENCE : MFCALI(CSsp) LLLS?
{Iww INPUT PARAMETERS : record containing massflow constants ghw)
{O** OUTPUT PARAMETERS : updated record of massflow constants fedkdke )
{GRw GLOBAL VARIABLES : none wehdk )
{Me* MODULES CALLED : detnfd;filehand,datalog LA A
{Ewd ERROR CONDITIONS : none khn)
{Cx* COMMENTS :+ for details about massflow constants record #**+}
[k see TYPES k)
{kk the massflow constants record is automati- w#%}
(R cally saved in the const.dat file deleting #%%}
Rl all previous values of the record R )

[k bk kIR AR Rk kAN A RNk R AR AR RN NN R AR AN A ERANR R E R AN ER RN AR Rk kR RN )

PROCEDURE mfcali(VAR Cep:constant;setpt:real:pulselength,outch,mode:integer;Ct:time:
respdata:responsedata);

CONST

pass=’lexi’; .
VAR

1,ntest:integer;

Vav,dum,mf ,mfact:real;

menu:screenmenu;

cal,opt:char:

key:string[4];

BEGIN
clrscr;
gotoXY(10,10) ;write(’ENTER Password: ---- ‘); (Password = LEXI}
gotoXY(26,10);
for i:=1 to 4 do
begin
opt:=readkey’
write(/x’);
insert(opt, key,i}:
end:

if key=pass then
begin
INITMENU2(menu);

with Csp do
repeat
clrscr ;WRITEMENU(menu) ;

gotoXY{54,9);write(speed:10);
gotoXY(54,10) ;write{power:8:4);
gotoXY(54,11) ;write(dh:6:3);
gotoX¥{54,14) ;write(Fa
gotoXY(54,15):write(Fb:
gotoXY(54,18) ;write(error:8:4);
gotoXY(54,19);write(offset:
gotoXY(54,20) ;write(slope:8:4);
gotoXY(5,25);write(’option?’};

opt:=readkey;if opt=#13 then opt:=‘q’;

case opt of

‘8’ ,’S’ :READREAL(54,9,10,speed);

’p’,’P’ :READREAL(54,10,8,pover};

‘17,’L’ :READREAL(54,11,6,dh);

’f£/,’F’:READREAL(54,14,8,Fa);

’y?,’V’:READREAL(54,15,8,Fb);

e’ ,’E’:READREAL(54,18,8,error);

’x’,’X’:begin
HIGHLIGHT(O0) ;gotoXY(15,23):
write(’ Automatic or Manual Calibration? (A/M) ’):normvideo:
write(’ ’);cal:=readkey:if cal=#13 then cal:=‘A’;
write(cal);
if (cal=’M’) or (cale’m’) then READREAL(54,19,8,0ffset)

else
hegin
ntast:=3;
clrscr;gotoXY{10,5) ;HIGHLIGHT(0) ;write(’CALIBRATING OFFSET’)?
normvideo:

gotoXY(10,8)¢

writeln(/NOTE: ~ The belt must be empty ’};
gotoXY(10,10);write(’Enter no of Tests to be done: (’,ntest,’}’):
readint(45,10,2,ntest)?

gotoXY(45,10) rwriteln{ntest:2);

HIGHLIGHT(1) ;gotoXY(50,5);

write(’ Please Wait ’):normvideo:

offset:=0; .

gotoXY(10,14);

writeln(’Test No: Det. Massflow: Speed:’):
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for i:=1 to ntest do
begin
PULSERESPONSE(setpt,pulselength,outch,respdatal;
DETMASSFLOW{Csp,Ct,respdata,node,dum,nf ,Vav);
gotoXY(12,14+1);
writeln( 1:5,’ f,nf:10:2,’ ’,vav:5:3);
offset:=offset+mf/ntest;
end;
gotoXY({10,25):
write(/Press <ENTER> to continue’):readln;
end;
end;
‘y?,?¥’:begin
HIGHLIGHT(O);qotoXY(lS,ZSH:
write(’ Automatic or Manual Calibration? (A/M) ‘):normvideo;
write(’ /);cal:=readkey:if cal=#13 then cal:=’A’;write(cal):
if (cal=’M’) or (cal='m’) then READREAL(54,20,8,slope)
else
begin
ntest:=3;
clrscr:gotoXY(10,5) ;HIGHLIGHT(O0);
write(/CALIBRATING SLOPE’):normvideo: .
gotoXY(10,8);writeln(’/NOTE: - The belt must be fully loaded ’);
gotoX¥(10,10);write(’Enter no of Tests to be done: {’,ntest,’]’):
readint(45,10,2,ntest);
gotoXY (45,10} ;writeln{ntest:2);
slope:=0;
for i:=1 to ntest do
begin
clrscr;gotoXY(30,10) HIGHLIGHT(1);
write(’ Please Wait ’);normvideo:
PULSERESPONSE(setpt,pulselength,outch,respdata);
DETMASSFLOW(Csp,Ct ,respdata,mode,dum,mf ,Vav);
clrscr;gotoXY(30,5);writeln(’/Test No ‘,i);
gotoXY(5,10);writeln(’Det. Massflow : ’,mf:7:2,
4 Vav : /,Vav:5:3):
gotoXY(5,13);
write(’Enter actual unitmass for previous test [kg/m) : ’);
readreal(55,13,7,mfact);
gotoXY(10,20);
write(’Press <ENTER> to continue’);readln;
slope:=slope+(mf-offset)}/(mfact*Vave3.6)/ntest;
end;
end;
end; -~
end;
until (opt=’q’) or (opt=‘Q’):
SAVECONST(Csp):
end
else
begin
sound(1000) ;delay(1000) ;nosound;
end;
END:

{Han LTI L e L e T T T
{H*%  REVISION HISTORY: wkn)
{hhn VERSION BY DATE COMMENTS hdn}
{whn 1.0 KCAD 07-~04-90 ik
(e An)
{Rww UNITEND DETMF.PAS . *xn)
{ KRARE LT * o R Y T T Y
END.
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C.3.8 Detmfd.pas

(i**!.Q**ti*.!.t.tt***t...i*Q.tt*t.!tiiittt*tiltt*t*ttﬁ**....**.t*tllll.ﬁ.)

{Rhn UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN hiek )
{*aw DETMF.PAS LT
{ Ak FILE: DETMFD.PAS LT

(!tﬁttttiitlt..tttttttﬁ...t....*ittti**ﬁ..ttt.ﬁtt**t..ﬁ.it...tlilﬁ*...t...}
UNIT detmfd:

(ii.ttil.**ttt.*i.t..ll..tﬁtii...li*..ttii*t..ti‘....tlttttti..*ti'ltt.**l)

INTERFACE
(Ao kA A At o ke ke |

USES types;

PROCEDURE initmenul(VAR menu:screenmenu);
PROCEDURE initmenu2{VAR menu:screenmenu):

R L T s
IMPLEMENTATION '
[ L T T T

(i......titt..l.....ti't'..i'titit.lit't.t...t...i...l'..t.it.t.ttt'.....l)

{Nww MODULE NAME ¢ INITMENU1 el }
{hww k)
{A%" PROCEDURE : initializes the menu defined in this sub- ek}
{#ex routine (LT3}
{S*w CALL SEQUENCE ¢ INITMENUl(menu) wekh}
{I%* " INPUT PARAMETERS : none 113
{Onw OUTPUT PARAMETERS : menul (type screenmenu) k]
{G**  GLOBAL VARIABLES : none wn)
(M#**  MODULES CALLED : Types kK )
{E** ERROR CONDITIONS : none ok}
{Cx* COMMENTS ¢ detalls about screenmenu in TYPES LA A3

(....'..l...........................ﬁ...tt....t.t...t....l.i.....l.t.....t)

PROCEDURE initmenul(VAR menu:screenmenu);

BEGIN
menufl):=* I 7’3
menuf[2):=' | ; : : Ne:
menu(3j:=/ | MASSFLOW STATISTIC ] hos
menufaj:=* ] S 2 Ne:
menu{5j:=’ i rs
menuf6):=* ] [ 7 ¥ 7 * 7 s
menu{7):=/ || ] | ne | Time | inst. Massflow | (K&
menu{8):=’ | I s t t - Al [
menu(9]):=’ I | Initial sSample: | ] . | ts/hr | f*:
menu({1l0j:=" I ] Final Sample: | | PR | t/hr | I|*:
menufl1j:=’ i t ke L L J s
menufi2}:=/ | . . e
menu{l13]:=* | I = p y ] e
menufl4]ze’ ] ] Maximum: | } F | t/hr | K3
menufl5]:=* I [ Minimum: | | [ | t/hr | (X3
menufi6]:=’ 1 I h 1 L ] 22
menu{1l7]:=' ] fes
menu(18):=’ | : o) s
menuf19}:=’ | Total Mass: | tons || (7
menuf20}:=* I Average Massflow: | t/hr ] e
menu{2l}):=’ ] L ‘ d ’‘:
menuf22]:=' |} {7 :
nenu(23):=’ | options: chg: i - initial sample, f - final sample: q - quit |’:
menu(24]:=’ L 4l 7
END;
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{ tttittﬁtt‘t‘ﬁwttttﬁ..tt.tttttﬁttttttttttt..tﬁtﬁ.tttttttttt..ﬁﬁﬁtﬁ.tttﬁﬁtﬁ}

{N*%*  MODULE NAME : INITMENU2 k)
{tewn ek}
{Aww PROCEDURE + initializes the menu defined in this sub- wehk )
(Gl routine *hw)
{S*w CALL SEQUENCE ¢ INITMENU2(menu) (21 )]
{I*w INPUT PARAMETERS : none wkw)
{O*® OUTPUT PARAMETERS : menul {type screenmenu) ik )
{Gex GLOBAL VARIABLES : none L322}
{M**  MODULES CALLED : Types whw)
{Exx ERROR CONDITIONS : none AN}
{Cre COMMENTS : detalls about screenmenu in TYPES k)

( Qtﬁ..tﬁ.t.Qtﬁtt..tttttt.ttttﬁt..tt'tﬁ'ﬁﬁttﬁitﬁﬁtttt.ﬁﬁtt'.ﬁ..ttﬁﬁttttttﬁt)
PROCEDURE initmenu2(VAR menu:screenmenu);

BEGIN

menu(l]:=/ ;
menu(2]:=' I
menu{3):=’ ]
menuf4]:
menu(5]
rmenu(6) ;
menu(7] I | Key
menuf8]:=’ || IF
menu[9]):=’
menu(10):=’
menuf11l}
menu{l12]
menuf{l3]

menufl4}:=’ [
menuf{l5):=’ i I v
menufl6}:=’ | i
menu(17):=’ | 7 = T 7 i
menu{18]:=’ [ I e | Error | tons/hour | |
menu{19):=’ 0 I x | offset | tons/hour ‘ I ﬂ

| |

L ) N I
!

~ . .~

I
Constants: units: Value: I |

W / Pc count
meters

~T

T
|
i
T
| m/sec / Pc count
|
|

n
F— 3 —
1]
o
o
[}
1

Belt Length

A

T T

| b £ | Forcel | Newton/m*2/sec
| Force2 | Newton/m*3/sec*2
L H

—

menu(203:=¢ § - | y t/hr / t/hr

menu{21)

menuf[22]

menuf 23]

menuf{24):
END:

Slope

NOTE: Calibrate Offset before calibrating Slope
3 - out !

el [TITYTY * 1T LR e DL R T T T T T Y
{H*# REVISION HISTORY: LT3V
{hwn VERSION BY DATE COMMENTS W}
{weae 1.0 KCAD 28-02-90 hk)
{hkn hikek )

{wenk UNITEND PLOTGRAD.PAS wwk)
R L e T T e T )Y

END.
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C.3.9 Datalog.pas

[t e D T T T T T T 3}
{*** UNIT CATALOG LIBRARY FOR DATALOGGING PROCEDURES o8]
{*** FILE: datalog.PAS LT
[RFRRAAARI AR AN AR R RN AR AR R RRRAR R AN RA R R R AR R R RN AR RN AN )

UNIT datalog;
(.ﬂ.i.ﬂ.tiitt.i‘*!'.ttittittittﬁtiitQtt!..itttt‘t!*ﬁﬂﬂﬁ**tt'ttti..itiﬁ.ﬁt*)

INTERFACE
[Gh A i R L L L L e T T

USES dt2801_4,types,filehand,crt,dos;
PROCEDURE step(VAR data:responsedataj;counts:real:nloop:longint;ch:integer);

PROCEDURE stepresponse(setpt:real;ch:integer;VAR data:responsedata):
PROCEDURE chksteptiming(setpt:real;ch:integer;data:responsedata);

PROCEDURE pulse(VAR data:responsedata;pulsel,pulse2:real:nloop:longint;ch,pulselength:integer);

PROCEDURE pulseresponse{VAR setpt:real;pulselength,ch:integer:VAR data:responsedata);
PROCEDURE chkpulsetiming(setpt:real;pulselength,ch:integer;data:responsedata);

PROCEDURE rndom(VAR data:responsedata;pulsel,pulse2:real;nloop:longint;ch,pulselength:integer);

PROCEDURE randomresponse(setpt:real;pulselength,ch:integer;VAR data:responsedata):
PROCEDURE chkrandomtiming(setpt:real:pulselength,ch:integer;data:responsedata);

(lii.!.i!*iittttt'ttt'titii...t!!!!.‘.‘.!t!.t.t*!i.ttiiiitt!ttt.tit.ti!i'.)

R IMPLEMENTATION
e L L L e L e P et A A Il

(tt".ttt.*iiﬁ.ittiﬂ.tt‘ﬂ..".ﬁ.i..ti'"itt.Q.ttit".ttﬁt.ti*.....*..!ﬂ"')

{N¥*  MODULE NAME : STEPRESPONSE k)
(ttt LA LR}
{An* PROCEDURE :+ uses the DT2801 I/0 card to step a LAA 8}
Skl . specified output channel and Logge up to € *a+}
{hxk input channels . ik}
{Sw% CALL SEQUENCE : STEPRESPONSE(setpoint,output channel,data wwk}
(ke record) drirdk ]
{Ins INPUT PARAMETERS : setpoint before step [V], channel to step, *#%}
{RRt data record (see coMments) hhw)
{ov*  OUTPUT PARAMETERS : data record containing response k)
{GH* GLOBAL VARIABLES : none k)
{Mx* MODULES CALLED : DT2081_4,Crt,Types Ak )
{E#* ERROR CONDITIONS : Iif timing has not yet been calibrated nR)
{C**  COMMENTS : details about data record: Responsedata is #*#w}
{wwn a8 data record containing information about ###}
{Hkn a response in terms of: no of samples e}
{wewn , sampling frequency, no of channels to Ll
{HRn log, size of stap, title of response, Sk}
{wwn legends for input channels and the actual ###)
[S.4.0 response (for details see TYPES) LLLAY
(Sl Note that this procedure actually consists #*#w}
{wnr of two procedure. The ’step’ procedure is ###}
{kenn the skeleton data agquasition procedure dekr)

(.'i'ﬁi.tti..Q.Q.iiii.!iiﬂ..!ititt.tt!i'.iiii..i.!........Q.ﬂ'..iiiii.fi.')

PROCEDURE step{VAR data:responsedata;counts:real:nloop:longint:ch:integer):

VAR ’
i,j,dur:integer;
k:longint:
BEGIN
for i:=0 to data.nsamples-1 do
begin
if i=data.whenstep then
DAC_WRITE(ch,round(counts)}; (SEND A STEP TO THE OUTPUT CHANNEL}
for j:=1 to data.nochannel do
ADC_READ(j,data.data[i.1]1); (READ A SAMPLE FROM THE INPUT CHANNEL}
for k:=1 to nloop do dum:=1: {WAIT LOOP}
end;
END;
(ns L * thhh AREARNRRAERAAARARR LR RA AR RhR A hhdk)
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PROCEDURE stepresponse(setpt:real;:ch:integer;VAR data:responsedata);

VAR
i,j,dum:integer;
nloop,k:longint;
counts:real;

BEGIN
LOADLOOPDATA(nloop): {Load no of waitloops required to put sampling frequency right}
counts:=(setpt+data.step)*2048/10.0;

if nloop=0 then

begin
sound(2000) ;delay(100):nosound;clrscr ;HIGHLIGHT(1):
gotoXY(15,10) :writeln(’TIMING OF DATALOG NOT YET CALIBRATED !!17);
gotoXY(15,13);writeln(’Press any key to perform calibration’);
normvideo:readln;
CHKSTEPTIMING(setpt,ch,data);
LOADLOOPDATA{nloop);

end;

step(data,counts,nloop,ch);
END:

{RRR Rk Rk kdkdkkhhhdrkhhk ki bk hk ARk Ak ke ddkhh ki fdihihhdd]

{Nww MODULE NAME : CHKSTEPTIMING k)
EL1] ek}
{A** PROCEDURE : checks the timing of the step datalogging ##%}
(xx routine (see STEPRESPONSE) waw}
{Sk* CALL SEQUENCE : CHKSTEPTIMING(setpcint,output channel,data #*##}
(Gl record) bk
{Ine INPUT PARAMETERS : setpoint before step, channel to step, datas#»}
[GA 0 record *hx}
{Onk OUTPUT PARAMETERS : no of walt loops to be executed, stored on ##%)
(t!t disc whk |
{Gu GLOBAL VARIABLES : none bbb
{M#*  MODULES CALLED : DT2081_4,Types,Dos D)
{Ex* ERROR CONDITIONS : none Ak}
{Chx COMMENTS : for details about the data record see STEP-#*#%}
[Shd RESPONSE Wk )
(ttt.ttttittttttttttﬁtttt..!tttttttﬁ k% w h ok hkhddhhbd ]

PROCEDURE chksteptiming({setpt:real:ch:integer;data:responsedata);

VAR
1l,waitloops:integer;
dt ,nloop:longint;
tl,t2:dostime;
counts,reset,tsamp,tact:real;
ok:char;

BEGIN
clrser ;HIGHLIGHT(0);
gotoXY(20,5) swriteln(/TIMING CALIBRATION OF DATALOG’):
normvideo;
gotoXY{10,8);writeln(’ treqinsec): tact[msec): noloop:’);:

LOADLOOPDATA{nloop):
waitloops:=nloop:
tsamp:=1000/data.frequency:
counts:=(setpt+data.step)*2048/10.0;
reset:=setpt+2048/10.0;

1:=8;
repeat
li=ml+l;
HIGHLIGHT(1);gotoXY¥(10,24);
write(’ Pleage Wait - Performing Test ’)inormvideo;

gettime(tl.hour,tl.min,tl.sec,tl.secl00);
step(data,counts,nloop,ch};
gettime(t2.hour,t2.min,t2.sec,t2.5ec100);

DAC_WRITE(ch,round(reset)}; {(RESET OUTPUT CHANNEL TO SETPOINT}

TIMEDIFF(tl,t2,dt);
tact:=dt/(data.nsamples-1);

gotoXY(10,1);;write(’ /,tsanp:9:3,’ ’,tact:9:3,"/ ‘,nloop:9) ¢
gotoXY{(10,24) :;write(’ ok? ([N] (B ¥
gotoXY(32,24);0k:=readkey;if ok=#13 then ok:=’N’:write(ok);

if (ok=’N’) or {(ok=’n’} then
begin .
gotoXY(10,24) :;write(/ENTER No. of Waitstates to be included: ’):
readint(50,24,5,waitloops)nloop:=waitloops:
end;

until (ok=‘y’) or (ok=’Y’};

SAVELOOPDATA(nloop)?
END;
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R A L L T . T R 2Lt il T T LT T uperaparery }

(N%x
L)
{Ax*
(hnw
{hwn
(Sun
L]
(I*x
L]
(O%*
(Gw*
(Me®
{E*w
{CH*
[
(anw
{Hdx
(W%

MODULE NAME :  PULSERESPONSE )
L2

PROCEDURE : uses the DT2801 I/O card to pulse a specl- *#¥}
fied output channel and loggs up to 6 inputesw}

channels Wk}

CALL SEQUENCE ¢ PULSERESPONSE{setpoint,pulselength,output *#«}
channel, data record) whk)

INPUT PARAMETERS : setpoint before pulse (V]), pulselength, *hk}
channel to pulse, data record wHx)

OUTPUT PARAMETERS : data record containing the response ke }
GLOBAL VARIABLES : none : L]
MODULES CALLED : DT2081_4,Crt,Types k)
ERROR CONDITIONS : if timing has not yet been calibrated whn)
COMMENTS : for details about the data record see STEP-*%%}
RESPONSE )

Note that this procedure actually consists *ww}
of two procedure. The ’pulse’ procedure is w#¥)
the skeleton data aquasition procedure *hk )

RAR AR AL AL I e et Rt g Ay T T2 D L)

PROCEDURE pulse(VAR data:responsedata;pulsel,pulse2:real:nloop:longint;ch,pulselength:integer);

VAR
1,},dun:integer;
k:longint;
BEGIN
for 1:=0 to data.nsamples~l do
begin
1f i=data.whenstep then DAC_WRITE(ch,round(pulsel)}); {SEND A PULSE TO THE OUTPUT CHANNEL}
i1f i=data.whenstep+pulselength then DAC_WRITE(ch,round({pulse2}); {RESET THE PULSE TO OUTPUT CH.}
for =1 to data.nochannel do ADC_READ(]},data.dataf[j,i1)); (READ A SAMPLE FROM THE INPUT CH.}
for k:=1 to nloop do dum:=l; {WAIT LOOP}
end;
END:
(t.tﬁ * LA 22222 ] * t!t.ttt.t‘t.'tﬁtlii“'.ttttiitttt.‘i"i)

PROCEDURE pulseresponse({VAR setpt:real;pulselength,ch:lnteger;:VAR data:responsedata);

VAR

nloop:longint;
pulsel,pulse2:real: -

BEGIN

LOADLOOPDATA(nloop);
pulsel:={setpt+data.step)*2048/10.0;
pulse2:=setpt*2048/10.0;

if nloop=0 then

begin
sound(2000) ;delay(100);nosound;clrscr ;HIGHLIGHT(1)
gotoXY({15,10});writeln(’TIMING OF DATALOG NOT YET CALIBRATED 1117);
gotoXY(15,13);writeln(’Press any key to perform calibration’);
normvideo:readln;
CHKPULSETIMING(setpt,pulselength,ch,data);
LOADLOCPDATA(nloop):

end;

pulse{data,pulsel,pulse2,nloop,ch,pulselength);

if data.nsamples<=data.whenstep+pulselength then -setpt:=setpt+data.step:

END;
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{Rehddehhh bbb dh kR kAR E R hd kR AR AR Rk R AR A A AR AN R kAR Rk dh sk}

{N**  MODULE NAME : CHKPULSETIMING dehd)
(Hnn x|
{Anw PROCEDURE : checks the timing of the pulse datalogging wa«)
(S04 routine (see PULSERESPONSE) k)
{Shw CALL SEQUENCE t CHKPULSETIMING{setpoint,pulselength,output ##=}
[Sddd channel, data record) *ehk}
{Ixw INPUT PARAMETERS : setpoint before pulse, pulselength, channel##%}
{Hnk to pulse, data record gk}
{O%* OUTPUT PARAMETERS : no of wait loops to be executed, stored on *w+}
(Han disc LT3}
{Gh# GLOBAL VARIABLES : none bbb
{M%* MODULES CALLED : DT2081_4,Types,Dos Rk}
{E%w ERROR CONDITIONS : none LA
{Cun COMMENTS : for details about the data record see STEP~##+%}
{wae RESPONSE [T2Y)

( ..tﬁtiiﬁﬁi.tt.ttltltt‘tt.l*titltttttttti‘ﬁttt'ttt‘ttttlﬁﬁttittttﬂ.tt*..tﬁ)
PROCEDURE chkpulsetiming(setpt:real;pulselength,ch:integer;data:responsedata):

VAR
1,waitloops:integer:;
dt,nloop:longint;
tl,t2:dostime;
pulsel,pulse2,tsamp,tact:real:;
ok:char;

BEGIN
clrscr HIGHLIGHT(O); .
gotoXY(20,5) ;writeln(’TIMING CALIBRATION OF DATALOG’ ) ;
normvideo:
gotoXY(10,8) ;writeln(’ treq(usec]: tact{msecl: neleop:’):

LOADLOOPDATA(nloop}:
waitloops:=nloop;
tsamp:=1000/data.frequency:
pulsel:=(setpt+data.step)*2048/10.0;
pulse2:=setpt*2048/10.0;

l:=8;
repeat
li=141;
HIGHLIGHT(1);gotoXY(10,24);
write(’ - Please Wait - Performing Test /) :nornvideo:

gettime(tl.hour,tl.min,tl.sec,tl.s5ecl00):
pulse(data,pulsel,pulse2,nloop,ch,pulselength);
gettime(tz.hour,tz.min,tz.sec,tz.secloo):

TIMEDIFF(tl,t2,dt);
tact:=dt/{data.nsamples-1);

gotoX¥{10,1);write(’ f,taanpt9:3,’ ¢ ,tact:9:3,’ . s ,nloop:is);
gotoX¥(10,24);write(’ ok? [N} N
gotoXY(32,24);ok:=readkey:if ok=#13 then ok:='N’;write(ok):

1f (ok=’N’) or (ok=’n’) then
begin
gotoXY(10,24) ;write(’/ENTER No. of Waitstates to be included: 7):
readint(50,24,5,waitloops)nloop:=waitloops;
end:

until (ck=’y’) or (oke=’Y’};

SAVELOOFPDATA(nloop):
END?
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~

(‘.tt.t.“t..tt‘..t‘tt...t..t.t..“ttti‘.t...tﬁ‘titttntit‘iit‘litt.i.ii‘.t)

{ Nt MODULE NAME t PSEUDO RANDOM SEQUENCE RESPONSE ek}
{Herw ke }
{Aw® PROCEDURE ¢ uses the DT2801 I/O card to send pulsedata w#¥}
{en to a specified channel in a random fashion.#w®}
{wien The resulting response can be used in Auto #*##}
{Hww Correlation Techniques. Up to 6 input Rk}
{dien channels can be logged Rk}
{Sxw CALL SEQUENCE ¢ RANDOMRESPONSE(setpoint,pulselength,output ##w%}
(e channel, data record) LA
{Ink INPUT PARAMETERS : setpoint before test (V], pulse length, LALE]
{Han channel to pulse, data record dhk ]
{O#* OUTPUT PARAMETERS : data record containing response Ak )
{Gux GLOBAL VARIABLES : none hrw)
{M** MODULES CALLED ¢+ DT2081_4,Crt,Types LA
{E*» ERROR CONDITIONS : 1if timing has not yet been calibrated LLL3}
{Chk COMMENTS : 1) for detalls about the data record see dhk )
' {wwn STEPRESPONSE k)
{dnn 2) the no of samples may have to be in- dkk )
{hkn creased in TYPES (from 500 -> 5000) k)
{Fhn Note that this procedure actually consigts ##%}
{mxk of two procedure. The ’‘rndom’ procedure LLLS}
{han is the skeleton data aquasition procedure ###}
{dhddhhdhhkhhhdhdhdhhhdhddhdin SR ok Aknkddddhdhdkard i)

PROCEDURE rndom(VAR data:responsedata;pulsel,pulse2:real;nloop:longint;ch,pulselength:integer);

VAR
i,3.c,dum:integer;
k:longint;
x:real;

BEGIN ;
+=0?
randomize;

for 1:=0 to data.nsamples-l1 do

begin
ce=c+l;
i1f c=pulgelength then
begin
:=random;
if %x>0.5 then DAC_WRITE(ch,round(pulsel)) {(SEND A PULSE TO OUTPUT CHANNEL}
else DAC_WRITE(ch,round{pulse2)): {RESET OUTPUT CHANNEL TO DEFAULT VALUE}
c:t=0;
end;
for 1 to data.nochannel do ADC_READ(},data.data{3j,i)); (READ A SAMPLE FROM INPUT CHANNEL}
for k:=1 to nloop do dum:=1; {WAIT LOOP}
end;

END;

(ttﬁt.tt*iﬂt.‘itttitttﬁttﬁiti.ﬁiittttttttitit‘ttttt*ttﬁ‘iﬁttttt.tt*tﬂtiﬁti)
PROCEDURE randomresponse{setpt:real;pulselength,ch:integer;VAR data:responsedata);

VAR 4
nloop:longint:
pulsel ,pulse2:real;

BEGIN
LOADLCOPDATA(nloop):
pulsel:=(setpt+data.step)*2048/10.0;
pulse2:=setpt*2048/10.07

if nloop=0 then

begin
sound( 2000} ;delay(100)snosound;clrscryHIGHLIGHT(1)?
gotoXY{15,10) ;writeln(’TIMING OF DATALOG NOT YET CALIBRATED !1!’);
gotoXY(15,13) ;writeln(’Press any key to perform callbration’):
normvideo:readln;
CHKRANDOMTIMING(setpt,pulselength,ch,data);
LOADLOOPDATA{nloop) !

end;

rndom(data,pulsel,pulse2,nloop,ch,pulselength);

DAC_WRITE(ch,round(pulse2)): {RESET OUTPUT CHANNEL TO DEFAULT VALUE}
END;
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(Qﬁﬁﬁﬁﬁﬁiiiiiiﬁii.i Rk tiii.ittii‘i‘.tttitﬁiitiﬁiitttiiﬁi’
{N*%  MODULE NAME :  CHKRANDOMTIMING ke
(iit .Qi)
{Aw* PROCEDURE : checks the timing of the Random Dataloggingwe+}
{edn routine (see RANDOMRESPONSE) wrkedk )
{Sk* CALL SEQUENCE ¢ CHKRANDOMTIMING(setpoint,pulselength,outputisk}
(R channel, data record) LLL B3
{I%* INPUT PARAMETERS : setpoint before pulse, pulselength, channel##+}
{ReReR to step, data record Hkd)
{O** OUTPUT PARAMETERS : no of wait loops to be executed, stored on *##%)
{Hhn disc . LL LY
{G**  GLOBAL VARIABLES : none Hok )
{M#**  MODULES CALLED : DT2081_4,Types,Dos hhk )
{EX** ERROR CONDITIONS : nohe Sk }
{CH* COMMENTS : for detalls about the data record see STEP-##%%}
{wxn RESPONSE whk)
(iiﬁt'ii. LR RS ] L1 iiiitt'.iﬁititi‘ittitiii.iii.ttiitﬁ‘i}

PROCEDURE chkrandomtiming(setpt:realipulselength,ch:integer;data:responsedata);

VAR
1,waitloops:integer:
dt,nloop:longint?
tl,t2:dostine;
pulsel,pulse2,tsamp,tact:real;
ok:char:

BEGIN
clrscr;HIGHLIGHT(O):
gotoXY(20,5) ;writeln(’/TIMING CALIBRATION OF DATALOG’ ) ;
normvideo:
gotoXY(10,8) ;writeln(”’ treq{nsec]: tact{msec]: noloop:’}:

LOADLOOPDATA(nloop) ¢
waitloops:=nloop;

tsamp:=1000/data. frequency:;
pulsel:=(setpt+data.step)*2048/10.0;
pulse2:=setpt*2048/10.0}

1:=8;

repeat
1:=1+1;
HIGHLIGHT(1):gotoXY(10,24);
write(’ Please Wait ~ Performing Test ‘}:normvideo;

gettime(tl.hour,t1.min,tl.sec,tl.secloo);
rndom(data,pulsel,pulse2,nloop,ch,pulselength)
gettime(tz.hour,t2.min,tz.sec,tz.secloo);

DAC_WRITE{ch,round(pulse2)); (RESET‘OUTPUT CHANNEL TG DEFAULT VALUE}

TIMEDIFF({tl,t2,dt);
tact:=dt/(data.nsamples-1};

gotoXY({10,1) ;write(’ ) 7, tsanp:9:3,’ +,tact:9:3,’ ’ ,nloop:9):
gotoXY¥(10,24)write(* ok? (N} 7y
gotoXY(32,24)ok:=readkey;if ok=#13 then ok:=’N’;write(ok):

if (ok=’N’) or (ok=’n’} then
begin
gotoXY(10,24) ;write(’ENTER No. of waltstates to be included: /)
readint(50,10,5,waitloops)nloop:=waitloops:
end;

until (ok=‘y’) or (ok=‘Y’);
SAVELCOPDATA(nloop):
END;

(t...'......i.l.iiiiil‘liiiiiiiiﬁiiiiillliiiiiﬁtii..liiit..il.tﬁlﬁi...iitt)

(H**  REVISION HISTORY: wh)
{#**  VERSION BY DATE COMMENT )
(R L] 1.0 KCAD 26-02-90 whh)
(t't it.)
(##*  UNITEND DATALOG.PAS wwy
(iiiit"'.ittﬁt‘liii.nt.tittt'ttttlttiQtlttt.iiiii.ttnitt'tttittltiiittitt)
END.
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C.3.10 Dlog.pas

I e T IR A L LT T TR I T TN
{tein PROGRAM PERFORMS A STEPTEST AND RECORDS THE RESPONSE LLL]

{%xn FILE: DLOG.PAS kk )
[ L L L L

{ dhhkdkkk u.-ttttiit!iiit*tiitﬁﬁﬁiitﬁiﬁﬁﬁi**ﬁ‘tt'i*iiﬁﬁitlt*iti)
{ Nk PROGRAM NAME : DLOG hw )
(kn wxk}
{A%w DESCRIPTION : this program performs a step or pulse test #ww#}
[GLL] and records the response of up to slx input *#%}
{dehek channels and stores the data on a fille L1 A}
{Swn CALL SEQUENCE : MAIN PROGRAM LA 1
{Inw INPUT PARAMETERS : sampling frequency, no of samples, Slze of ##*)}
{*hn step or pulse, step up or down, filenane, wak}
{*hn title of response, sample at which to step *#w}
{nhex the input, length of pulse, operation mode *%#}
{wedex (1.e. step or pulse or random) rak)
{O*% OUTPUT PARAMETERS : response an a fille fedk)
{GH® GLOBAL VARIABLES : none . wesk )
{M%#h MODULES CALLED ¢ Graph,Crt,Filehand,Datalog,Dt2801_4,Types, *+*%}
{*wn Plotgraf,Dlogd ik )
{Ex% ERROR CONDITIONS : none k% }
{Ch* COMMENTS ¢ none *hh)

(iii‘tt.tti.iiiii'fitiﬁ‘.‘t**ti.titttﬁiitttttfﬁttt.“fii‘itttt‘titttttttit)
PROGRAM dlog:
{$M 65000,0,655360)

USES
graph,crt,fllehand,dataloq,dt2301_4,Types,plotqraf!dlogd:

CONST
pathdata=’data\’;

VAR
i,pos,pulselength,outputch:integer:
data:responsedata;
setpt,tl,t2,t3:real;
name:strs0;
mode:string(6];
step:string{4]:;
new,save,option:char;
menul :screenmenu;
limits:responsescale;

(.itiiiiﬁ‘!iiﬁifﬁfﬁtiitt.t.fifﬁtf.."f...fﬁtt..f‘f..tt'..‘fﬁi.“‘f‘iﬁ‘it‘i)

{wan PROCEDURES akw)
{* *k * * AEARAREAARARASNAN A bR ARk hAb bbb bbb dhhhddhdd)
f==mn’ )
{*** urite main menu on gcreen Ahk)

{ }
PROCEDURE 1initmainmenu:

BEGIN
clrsecr;
WRITEMENU{menul):
if data.step>0 then step:=‘'UP’ else step:=’/DOWN’:

gotoXY{63,12);write(data.nsamples:4);
gotoXY(64,13) ;write(data.frequency:5:1);

gotoXY(49,15) ;write(mode);
gotoXY(50,16) ;write(mode) ;gotoXY(63,16) ;write{data.step:5:2});
gotoXY(42,18);write(mode};gotoXY(63,18) ;write(data.whenstep:4):

1f mode=’STEP’ then
begin
gotoXY(B,14)write(’t - toggle Step [’ ,step,’)’)?
end; s
1f mode=’PULSE’ then
begin
gotoXY(42,19)write(’Length of Pulse : /,pulselength:4);
end;

if mode='RANDOM’ then
begin
gotoXY(50,16) ;write(/PULSE ’);
gotoXY(42,18);write(’Length of Pulse : ?,pulselength:4):
end:

gotoXY(5,24) rwrite(‘Option: 7);
END;
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{

{**% Save Response

TR}

{

PROCEDURE saveresponse;

BEGIN

data.title:=CHGTITLE(’TITLE’,data.title);
FILENAME(name,’.dat’}:
SAVERESPONSEDATA( name ,data);

save:='y’; :

END:

{

{*##* Perform Steptest

(11D

€

PROCEDURE doresponse;

BEGIN

clrscr:

if

save=’n’ then
begin

gotoXY(20,10);write(’SAVE PREVIOUS RESPONSE ? (n}’):

1f readkey<>#13 then saveresponse;
end;

clrscr:
HIGHLIGHT(1);

gotoXY(25,10) ;writeln(’PERFORMING TEST -

new:=’'n’;

if

rode=’STEP’ then

begin
STEPRESPONSE(setpt,outputch,data):
setpt:=setpt+data.step:
data.step:=data.step*-1;

end

PLEASE WAIT’):

else if mode=’PULSE’ then PULSERESPONSE(setpt,pulselength,outputch,data)
else if mode=’RANDOM’ then RANDOMRESPONSE(setpt,pulselength,outputch,data);

nornvideos
save:=’n’;

END?;

{

{**% Change Fixed Variables

[T Y

{

PROCEDURE chgfixvar:

VAR

opt:char:
Y:integer:
clear:string{10};
menu:screenmenu;

BEGIN

INITMENU2(menu);
clear:=’ ’:

™ repeat

clrsecr;
WRITEMENU(Renu}

gotoXY(28,6) ;write(mode):
gotoXY(49,7);writeln(data.nsamples:4);
gotoX¥(49,8) ;writeln(data.frequencyt6:l);
gotoXY(51,9) ;writeln(satpt:5:2);

gotoXY(30,10);write(mode);gotoX¥(51,10);write(data.step:5:2);
gotoX¥(22,11);write(mode) ;gotoX¥(49,11);write(data.whenstep:4);

gotoXY(40,14);write(mode);gotoXY(51,14) write(outputch);

if mode=’PULSE’ then
begin
gotoXY(18,12)jwrite(’p - Length of Pulse
end;

if mode=’RANDOM’ then
begin
gotoX¥ (30,10 rwrite({ ‘PULSE ‘)3
gotoXY(40,14);write(/PULSE /};
gotoXY(18,11);write(’p - Length of Pulse
end;

gotoXY(51,15) ;write(data.nochannel):
for i:=1 to data.nochannel do
begin .
gotoXY(37,15+1) ;write(’Channel ’,i,’ :
end:

gotoXY(5,24) ;write(’Option [g)l: ‘);opt:=readkey;

if opt=#13 then opt:='q’;
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case opt of
‘c?,’c’:begin
READINT(51,15,1,data.nochannel);
SAVELOCPDATA(0):
if data.nochannel>6 then
begin
data.nochannel:=6;
sound({2000) ;delay(100) :nosound;
end;
end:
'P’,’£’:begin
READREAL(49,8,5,data. frequency);
SAVELOOPDATA(0):
end;
‘L’,’l’:for i:=1 to data.nochannel do
begin
pos:=POSITION(data.labels{i)}:

data.labels[1i):=CHGSTRING(data.labels[i],clear,pos,51,14+1);

normvideo:
gotoXY(51,15+i);write(clear);
gotoX¥(51,15+1);write(data.labels(1]}?
end;
'M’,'m’ :begin
if mode=’STEP’ then mode:='PULSE’
else if mode=’PULSE’ then mode:='RANDOM’
else mode:=’STEP’;
SAVELOOPDATA(0)
end;
'N’,’n’:READINT(49,7,4 ,data.nsanples);
‘0?,’0!:begin
READINT(51,14,1,0outputch);
if (outputch>1) or {outputch<0) then
begin
outputch:=1;
sound( 2000) ;delay(100) ;nosound;
end;
end;
‘P’,’p?:if mode='PULSE’ then READINT(49,12,4,pulselength)
else if mode=/RANDOM’ then READINT(49,11,4,pulselength);
‘E’,’e’:begin
READREAL(51,9,5,setpt)s
DAC_WRITE(outputch,round{setpt*2048/10));
end:
/S’ ,’s’:READREAL(51,10,5,data.step);
'W’,tw’:if mode<>’RANDOM’ then READINT(49,11,4,data.whenstep):
ps,’e’:if mode=/STEP’ then CHKSTEPTIMING(setpt,outputch,data)
else if mode=’PULSE’ then
CHKPULSETIMING(setpt,pulselength,outputch,data);
else if mode=’/RANDOM’ then
CHKRANDOMTIMING(setpt,pulselength,outputch,data);
end; :

until (opt=’g’} or (opt=‘Q’};
END;

{ }
{=** Draw Graph [TTH
{ }

PROCEDURE drawgraf;

BEGIN
limits.tmin:=0;
limits.trmax:=(data.nsamples-1)/data.frequency:
limits.ymin:=0;
linits.ymax:=2000;
GRAPHSETUP(data,limits,l,data.title);
for i:=1 to data.nochannel do
begin
PLOTDATALIN(data,i,limits);
LABELS(data,i,i,data.labels(i],limnits);
end;
repeat until keypressed;readln:
closegraph;
END?
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(.tﬁ“t.ii.ﬁ"'ﬁ‘tlt'i!i“ltﬁﬁt‘.'.‘-*t'i"'.‘tt'."ittt"t...'ﬁtt'ﬁti.tiﬁ}

(#rn MAIN PROGRAM awk)
(titﬁt'ﬁtii‘ii‘ﬁ‘t.ﬁi.tliItttt'i..ttiﬁiIlIﬁtt.i‘I.*t!ﬁi‘Ittﬂﬂittttiiﬁtt.ti}

BEGIN
INITDATA(data,pulselength,setpt);
INITMENU1(menul);

outputch:=0;
mode:=/PULSE’;
save:='y’;

new:='y’;

name:=‘’;
insert(pathdata,name,1):

SET_UP; )
DAC_WRITE(outputch,round(setpt*2048/10)};

repeat
initmainmenu:;
option:=readkey;write(option):

case option of
#13:doresponse;
*S7,’g’:1f new=’n’ then saveresponse
else
begin
sound{2000) ;delay(100);nosound;
end;
/T4, ’t?:data.stepr=data.step*-1;
*C?,’c’:chgfixvar;
19?7, ty’:if new=’'n’ then drawgraf
else
begin
sound(2000) ;delay(100):nosound:
end;
end;
until (option=’q’) or (option='Q’);

if save=’'n’ then
begin

clrscrigotoXY(20,10)swrite(’save last Response? (n]’):option:=readkey:

if option=#13 then option:=’n’:
if (option=‘¥’) or (option=‘y’) then saveresponse;
end;

(ﬁﬁ!i‘tt.It..t!itii..t.iﬁttt..t"ﬁti‘tti.‘.i...iiiﬁttn.‘.t!ittﬁtti‘tii‘tﬁt)

{Hee REVISION HISTORY: dekek}
{knw VERSION BY DATE COMMENTS k)
{wak 1.0 KCAD 01-03-90 hn}
{wn Wk}
(Hxx FILEEND DLOG.PAS re}

(-tﬁittiiiitt!if“ﬁ"t“‘ﬁﬁt‘!"*tiﬁ‘ttt"t.!t‘tt..‘t"tt"“tttt‘t.i“ttt}
END.

265



Appendix C: Software Listings

C.3.11 Dlogd.pas

(ke Atk h Akl s de e e A dede bk e ke A A e kA Ak ke kA )

{*hw UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN wh)
{wan DLOG.PAS X . ETTIY
{#enen FILE: DLOGD.PAS ek )

('.'.....*.iilitiﬁii.!iﬁtiii..!ti‘liiii‘t..i‘tttii.iltiiiiﬁ!tﬁii."".."ﬁ)
UNIT dlogd:
(.**iil.llttt!‘..it‘it*i“.“ittﬁ‘ii.'i""'ii"...*“‘.t*.i.““‘.li*‘..* )

INTERFACE
*hkkhh R L T T T T T T
}

USES types:

PROCEDURE i{nitdata(VAR data:responsedata:VAR pulselength:integer;:VAR setpt:real}:
PROCEDURE initmenul (VAR menu:screenmenu}:
PROCEDURE initmenu2(VAR menu:screenmenu}:

[Wkkhkdhh Rk hkw kR ARk R R Rk Nk AN WRARRRERRRR AR kR )

IMPLEMENTATION
I e R iR AR R R eI e b I e il s sl

[hdkkhhdhAdr ke hb kR A hh s hh b drddhkdddnd »* L] wkn LA LLLLSY
{N#*  MODULE NAME : INITDATA *wr)
{hehn kdrok}
{Aw¥ PROCEDURE ¢ deflnes default values for the data capture ##¥)
{wws package DLOG ek |
{Sex CALL SEQUENCE : INITDATA(data,length of pulse) ek )
{I*% INPUT PARAMETERS :@ none teded |
{O%* OUTPUT PARAMETERS : response data record, length of pulse ki)
{Gx#* GLOBAL VARIABLES : none LA}
{Mw MODULES CALLED : Types *hk)
{Edw ERROR CONDITIONS : none LALS}
Joww COMMENTS : for details about response data record see *i¥)
(..i TYPES hhh )

IR AALE S AL AL SA AR AR R AR AR a il o Al s sl il it i d il it il Al il

PROCEDURE initdata(VAR data:responsedata;VAR pulselength:integer;VAR setpt:real}:

BEGIN
data.nsamples:=501;
data.nochannel:=3;
data.whenstep:=100;
data.step:=-10.00;
data.frequency:=50.0;
data.labels[1]:=/SPEED’;
data.labels{2]:='POWER’;
data.labels[3}:=’TONNAGE’;
data.labels(4}
data.labels{5]
data.labels{6):='VOLTAGE 3';
data.title:=! ’/;

pulselength:=250;
setpt:=0.0;
END;
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(bbbl LA L A L L R L L L L T T P T 2T T Y

{N**  MODULE NAME : INITMENU1 N wan)
(ttt iﬁt)
{Akw PROCEDURE : initializes the menu defined in this sub- k)
(Sl routine )
{Sh* CALL SEQUENCE ¢ INITMENUl(menu) ik}
{Ia® INPUT PARAMETERS : none k)
{O** OUTPUT PARAMETERS : menul (type screenmenu) kR )
{Ghe GLOBAL VARIABLES : none bl
(M MODULES CALLED : Types Wk}
{Ex® ERROR CONDITIONS : none whw)
{Ch* COMMENTS : for details about screenmenu see TYPES k)

(tiiiit.i.ttﬁtt.‘t‘ttﬁttttt‘ﬁ‘..tﬁit‘*iﬁﬁ‘ttttﬁﬁtttttttttﬁﬁt..tﬁﬁtttﬁiittt)
PROCEDURE initmenul{VAR menu:screenmenu);

BEGIN
menuf(lj:=‘ IF ]
menu{2):=' I
menu{3]
nmenu(4}
menu(5])
menu{6]:=’ 1
menu{7):=’ |
menu{8j:=* 1
menu(9)
menu(101]
menu(11]
menu{12])
menu(13)
menu(14] | 4
menu(15):=* ] I TEST = Response e
menu[16):=* I v - view Response | size of : i
"menu[17]):=’ | ¢ - Change Format i (K
menu(18]:=* | s - save Response I at Sample H Il
menu(19):=/ | I I
menu{20]:="' I I i
menuf21]: | g - quit i I
menu(22]:=" | ﬂ i
nenu(23):=’
nenuf24):=’
END:

| <ENTER> - start logging Data | No of Samples
i | sampling Frequency

:
;
;
;
;
:
;
\
:
;
:
;
;
.
;
Hz |

;
;
:

;
;

;
;

;
;
;
;

(R RR Rk A AR ARk R kAR AR AR AR RN AR R AR AR AR A AR AR AR NN R R AR AR AR R AR AR R )

{N#* MODULE NAME : INITMENU2 wehw}
(€21 LAl RS
AR PROCEDURE : initializes the menu defined in this sub- k)
[Shdd routine . *uw}
{Swn CALL SEQUENCE ¢ INITMENU2(menu) Ak
{Inw INPUT PARAMETERS : none hhk )
{Onw OUTPUT PARAMETERS : menu2 (type screenmenu) hd}
{Gw* GLOBAL VARIABLES : none )
{M#* MODULES CALLED : Types : hhw)
{Ew% ERROR CONDITIONS : none wkk)
{CHx COMMENTS : for detalls about screenmenu see TYPES k)

(.tt"t!ttttQtﬁtttttt‘ttt‘tttttttttiltttttttttttttttttttttttttttt“ttttttt)
PROCEDURE initmenu2{VAR menu:screenmenu}:

BEGIN
menufl}:=’
menu(2]:=’
menu(3]:=’
nmenuf4):='
menu{5j:=*

= e oy T e =

i

|

I

i

menu{6}js=’ n - Mode: Response ]

menu(7]):=’ n - No of Samples : ]

renu{8):=’ f - Sampling Frequency : Hertz ]

menu(9):=* ] e - Setpoint , : [

menu(10):=’ ] 8 - Size of : ]
menu(lljz=" ] w - at sample No H ]
menufl2):=’ ) ]
menu{131:=’' | 0
menufl4}):=’ ] o - Output channel to B I
menu(15]:=’ 0 c - No of Channels to Log H 0
menu(16):=/ | 1 - Labels: Channel 1 : i
menu{17):=’ ] . ]
menufl8]:=* ] |
menu({19]:=* [ [

menu(20):=’ ] ]
menu(2l]:=" ] i
menu(22]:=’ [} t - calibrate Timing g - quit from this Menu [}
menu{23]:=a’ r
menu(24]:=’

END;

(RANRR R AR R R A AR AR AR AR AR R Ak * ETTTTY TN
{H¥* REVISION HISTORY: k]
{wnn VERSION BY DATE COMMENTS hk )
{Ran 1.0 KCAD 28-02-90 k)
(Wnw LT TN
{ean UNITEND DLOGD.PAS LT 3Y
LTI R ARk [ * ERTTIIT I
END.
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C.3.12 Graf.pas

{NNN AR R AR AN A AR R ke ke h Rk kAN R RN AR R R R R kR AR AR A AR Rk kR kR kR bk )

{amr PROGRAM TO DISPLAY RESPONSE DATA FILES GRAPHICALLY ek }
(G FILE: GRAF.PAS hk}
ICE TR T LT Y * L L T I TR T T T T

[RA AR Rk R TR ARk R R R AR AR AR R AR AR R AR RN AR AR AR KRR AN AR KRRk hdh )

{Nk# PROGRAM NAME : GRAF LI
(xR Rk }
{A%ex DESCRIPTION + loads a real time response and displays the *##}
(ken response on the screen LT
{ Sk CALL SEQUENCE : Main Program ELLD!
{Iwnx INPUT PARAMETERS : flle to display graph off ’ LiL R
{O** OUTPUT PARAMETERS : none wkw)
{Gw* GLOBAL VARIABLES : none ek}
{MEw MODULES CALLED H Plotgraf,Crt,Filehand,Graph,Types,Grafd LA LD R
{Ew® ERROR CONDITIONS : none LT
{Cww COMMENTS ¢ none k)

(tttiiifi.ﬁﬁittiitittttttttiiﬁi.Qiiiﬁ.ttttt'.iiitttttttttt‘tii..i.iiﬁiittt)

PROGRAM graf;
{65000,0,655360}

USES
grafd,plotgraf,crt,filehand,graph,types;

CONST
pathdata=‘data\’;

TYPE
labtype=string{151;
{str50 defined in Filehand as string{50]}

VAR
recorddata:array{1..5] of responsedata;
lab:array(1l..5] of labtype;
name:array{l..5] of str50;
channel:array(1l..5] of integer:
i ,nochannel,pos:integer;
limits:responsescale;
disc:text:
id:stringf41:
title:strs50;
menul:screenmenu;
load,new,option, key:char;

(ii'iittttl'ﬁiﬁl"ﬁi"ii"ﬁiﬁltiQQQtQﬁQQiiﬁtlQﬁtttitttitttt.'***'*ﬁ***tt*t}

{Rxx PROCEDURES *hw}
Ty T T T 2 2 2 T S e R LT 2 2 2

{ }
{*##* change format of the responses to display whk)
{ }

PROCEDURE chgformat:

VAR
pos,i,j:integer:;
menu:screenmenu;
clrlabel:string{15];
prevname,clrname:str50;
key:char; .

PROCEDURE dispmenu;

BEGIN
clrscr:
WRITEMENU(menu};
HIGHLIGHT({O):
gotoX¥(52,7) ;write{l);
normvideo:;
gotoXY(22,11) :write(lab(i));
gotoX¥(22,13):;write(name(i]);
gotoX¥(22,15) ;write(channel(il}s
END;
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BEGIN
INITMENU2(menu);
clrlabel:=’ L]
clrname:=

for i:=1 to nochannel do
begin
dispmenu; N
gotoXy(22,19):write(’Press <c> to Change ot <ENTER> to Continue ‘/):
key:=readkey:;

if key <> #13 then

begin
dispnrenu;
gotoXY(22,19) :write(’Press <ENTER> to Continue ‘);
HIGHLIGHT(O): . -~

gotoXY(22,11);writéln(clrlabel);
lab{1i]:=CHGSTRING{lab{i],clrlabel,1,22,11);
nornvideo:

dispmenu:
gotoXxY(22,19);write(’Press <ENTER> to Continue ‘}:;
HIGHLIGHT(0):
pos :=POSITION(name(i}}=-4:
gotoXY(22,13):writeln{clrname);
prevnanme:=namef[i};
load:='y’:
nane[i)+=CHGSTRING(name{i),clrname,pos,22,13);
if prevname<>name(i)] then
begin
for j:='1 to nochannel do
if (name([l)]=name{j)) and (i<>j) and (load=’y’} then
begin .
COPYRESPONSEDATA(recorddata{i),recorddata[i]);
load:=’n’;
sound{1000};delay(500) ;nosound;
end; ' ,
if load='y’ then LOADRESPONSEDATA(nanme{i],recorddata(il):
end
elge if recorddsta(li}.frequency=0 then COPYRESPONSEDATA(recorddatafl),recorddatafi]);

normvideo:

dispmenu:; :

gotoXY(22,19);write(’Press <ENTER> to Continue ’);
HIGHLIGHT(O):

gotoX¥(22,15);writeln{channel{i));

gotoXY(22,15) :key:=readkey:

1f key<>#13 then VAL(key,channel{i},i):

normvideo;
N
dispmenu;
if i=1 then
begin
1f new=’y’ then
begin _
for j:=2 to 5 do name{j}:=name{l)];
AUTORESPSCALE(recorddata(i],limlts,channel{i]):
new:=’n’;
end
else
begin :
_gotoXy(22,19) ;write(’/AUTOscale [N]? ’/)ikey:=readkey;
if (key=’Y’) or (key=’y’) then AUTORESPSCALE(recorddata(1],limits,channel(11):
end; :

gotoXY(15,19)swrite(’Fix File <f£>, Channel <c> or Nothing <ENTER> Globally ‘):
case readkey of
P’ ,’f’:for §:=2 to 5 do
begin
name[]}:=name(1]:
COPYRESPONSEDATA(recorddatafl],recorddatalj}):
end;
’C?’,’c’:for $:=2 to 5 do channel(3}]:=schannelfl};
end;
end;
end;

end;
title:=CHGTITLE( 'Title of Graph ’,title):
END:
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C.3.13 Grafd.pas

(ﬁ'ttti't..“'t"lit'.t“‘i‘tﬁ!...tt.itttliltiititl!t'titt“i‘*'!“‘t‘*.tt)

{exex UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN *hok )
(113 GRAF.PAS *hw}
{ehen FILE: GRAFD.PAS N}

(.i!itttitt.t‘t..tt!t“.ttttttﬁtﬁttt*iitt.iiii.Ql.iiitttt.‘t‘ti!‘liiil"ii )
UNIT grafd:

{RRARA AR RN A RN AR AR RRARR AR RR A RN AR AR AR RNRRRN AR R AR AR A NN )
INTERFACE
AR EL L L L T L L e L T R L I AL T

USES types;
PROCEDURE initmenul (VAR menu:screenmenu);
PROCEDURE initmenu2(VAR menu:screenmenu);

(kA kAR ANk R AR AR A RN AR ANATAAARAAA AR AN AR AR AR kAR dR A A AR Abbhk ]

IMPLEMENTATION
(RAEARRRAERRR A RRRRARNEARRREARRER R AR RN AR AR IR RN RN ARARRRRN R AR RN RN )

(ii'tti'ttiitt'i!t'itttttitttﬁlttttt.t‘.tttti'ittitt.t.!it!!'ﬁﬁ..'iﬁttﬁﬁﬁt)

{N#k* MODULE NAME ¢+ INITMENU1 Ak}
{hiew (L L))
{A%* PROCEDURE s initializes the menu defined in this sub- khh}
{nwn routine L AL D)
{Sww CALL SEQUENCE : INITMENU1(menu) fedh )
{Inx INPUT PARAMETERS : none *hw)
{On> OUTPUT PARAMETERS : menul (type screenmenu) fekdk )
{Ghw GLOBAL VARIABLES : none LA LA
{M**  MODULES CALLED : Types LL1)]
{E®* ERROR CONDITIONS : none ) hw )
{Chx COMMENTS : detalls about screenmenu in TYPES RN}

(i‘tt.tiﬁ..!ﬂﬁt!‘ﬁi‘tﬁtttt...ﬁﬁttttii.‘t!t‘ﬁ!tﬁi‘ﬁtt!.ﬁtﬁi.ttl.!i...i.l'ii)
PROCEDURE initmenul (VAR menu:screenmenu);

BEGIN
menufll]):=’ T

menuf(9}:=’
menu{10}:=’ n - No of channels to digplay (1..5) = ]
menufl1]:=’ d - Define files to display ]
menufl2):=’
menu(13]:=’
menu(l4}
menu(15]
menu(163):=/ || e
zenufl7}:=* q - Quit : fes
menu(l18j:=’
menu(l9]i=’
menu(20):="
nmenuf2l):=’
menu{22}:=/
menu(23):=’
menu{24]:=/
END;

I
1
menuf8):=* ]
f
|

PUSE
0
1

Change scales of Graph ]
i v - View Graph M

=
~

=

P Y
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IR AR A RS AL A A R L A A Al i Ittt i eesssdsiidsdlitylny

{N#%*  MODULE NAME + INITMENU2 whw)
('Q‘ *t‘)
{A%® PROCEDURE : initializes the menu defined in this sub- *xk)
{*enn routine Wik}
{Skn CALL SEQUENCE : INITMENU2(menu) hrk)
{Inx INPUT PARAMETERS : none Rk k)
{O%% OUTPUT PARAMETERS : menu2 . (type screaenmenu) *k k)
{G** GLOBAL VARIABLES : none ek}
{Mk* MODULES CALLED : Types wrhw )
{Ex% ERROR CONDITIONS : none whk)
{C*% °  COMMENTS : details about screenmenu in TYPES ek}

(llil!tt!!!ﬁiﬁﬁﬁﬁQii!tlt*ﬁtlﬁt'i"itﬁtlitit!li*ﬁ**‘llﬁﬁl!'ttﬁiﬁltiiittﬁt‘*)
PROCEDURE initmenu2(VAR menu:screenmenu):

BEGIN
menu{l}:=’ i ]
menuf2]:=’ ] |
menu{3}:= | DEFINE FILES TO DISPLAY ' |
menuf(4]
menu(5]
menufé):=’
menu(71:=* ]
menuf{f8j:=’
menu{9)
menu{101} |
menu[ll] I Label @ N
menufl2):=’ i [543
menuf{il]:=’ ] File : K
menu{l14):=’ ] 1
menu(15]:=’ ] Channel: i
menu{lé}:=’ I
menuf{17]):=’ [
menufl8}:=’ I
menu{19]:=’ ]
menu{20])
menuf2l)
menuf22):=’
menu{23]:=’
menuf{24):=*
END;

.~ ~

g

.- s s v s oo

{(Rrmhmhhhdhhhhh b hhkhhhhrtherkAhdhhhdR b khkdhd btk Ak h kb hhrhkr kb A hhkdddd)

{Het REVISION HISTORY: th)
[l VERSION BY DATE COMMENTS k)
{hnen 1.0 KCAD 28-02-90 k)
(rn% whd}
{hhwn UNITEND GRAFD.PAS k)
(RARARRRARAARARRRAARARRRAAARRRARRRRRRARAARAARRR R ERRA kR R RR AR R
END.

272



Appendix C: Software Listings

Cc.3.14 Mfcm.pas

L L e LT T R T Y T
{Han PROGRAM TO CORRELATE MASSFLOW DERIVED FROM THE ENERGY RESPONSE ®#w})
[Sahahd TO ACTUAL MASSFLOW ON AN CONVEYOR BELT bbbl

{**%  FILE: MFCM.PAS kh)
{ ARk AR AR AR AR AR AR RN AR AR AN R AR ANk NN ARk bbbk }

(RN R A AN h kR h Nk kAR kR kAR AR AR AR AR bk kb kR Ak h Ak kb h kbbb k)

(N**  PROGRAM NAME 1 MFCX *aw )
(ﬁﬁ. i!t)
{An® DESCRIPTION : correlates the actual massflow on a horizon-##+}
{*%x® tal conveyor to a massflow figure determinedsx»)
faun from the kinetic energy response of the sys-##+}
{®xn tem, calling the responses manually from a *##)
(A0 datafile dkk)
{S% CALL SEQUENCE ¢ MAIN PROGRAM k)
{Ikn INPUT PARAMETERS : name of datafile . *RR}
{Or® OUTPUT PARAMETERS : actual and determined massflow fiqures i3]
(Gh® GLOBAL VARIABLES : none fadab b
{M#*# MODULES CALLED :+ Crt,Types,Filehand,Detnf,Math,Plotgraf, Ll D]
[€LE] Mfcmd LT
{E**  ERROR CONDITIONS : none Tk}
{C**  COMMENTS : none LI L

(t!tiitt‘itttttﬁti!tﬁit-lttﬁttllttt!i'.i!tttl.ﬁt!iiiti“tl..ﬁitttt.it..!ﬁt)
PROGRAM mfcm:
{$M 65000,0,655360}

USES Crt,types,filehand,mfcnd,detmf,math,plotgraf, graph;

CONST
pathdata=’data\’;
pathcorr=’data\’:;

VAR
corrname,name, namef :str50;
nset,ntest,mode,actnf,samplepos,testpos:integer:
corrdata:correlationdata;
regdata:reqressiondata;
corrlimits:corrscale;
Cspiconstant;
Cr:massflowconst;

Ct:times
menugd:screenmenu;
option,new:char;

[ T T L T T T ke YY) %}
[Baald : PROCEDURES kw)
(RRRARRRRRARRARRANR AN SRR IR AR AR RANR » T TS T
[RRRNRRRRRR N AR RARR RS AR R RN R NER R Ly e T
{#%*%* Manual Massflow Data Acquasition Ak}
(* * RARRIAARERRERRRARRE SRR SRR RARRN Y |

PROCEDURE manualmassflow;
VAR

nenu:sgcreannenu;
opt:char;
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{ }
{*** change position of counters ln filenames fokwa)
¢ }

PROCEDURE chgpos;

BEGIN
repeat
clrscr;
gotoXY(15,7);writeln(’Filename: ’,name); .
gotoXY(15,15);writeln(‘enter position of main sample counter using direction keys: 7/):
~HIGHLIGHT (1) ;gotoXY(24+samplepos,8) :write(’*’ ) ;normvideo;
option:=readkey:

1f option<>#13 then
if option=#0 then
case readkey of
#75:sanplepos:=samplepos-1;
#77 :sanplepos :=sanplepos+1;
end:

until option=#13;

repeat
clrscr:
gotoXY{15,7):writeln(‘Fllenane: ’,name): :
gotoXY(15,15) ;writeln{’enter position of test counter using direction keys: *):
HIGHLIGHT(1) ;gotoXY(24+samplepos,8) ;write(’C’);
gotoXY(24+testpos,B8);write(’~’):normvideo;
option:=readkey:

if option<>#13 then
if option=#0 then
case readkey of
#75:testpos:=testpos-1;
#77:testpos:=testpos+l;
end;

until option=#13;
END;

{ - }
{*** change filenames to be used in porcess wxw)
{ }

PROCEDURE chgname;

VAR
menu:screenmenu;
opt:char:

BEGIN
INITMENUl2(nenu);

repeat
clrscr ;WRITEMENU(menu) ;
gotoXY(19,9):write(name);
qotoXY(19,12);
if actmf=0 then write{namef}
else
begin
gotoXY(5,11) ;writeln(’ ")
gotoXY(5,8);writeln(’ BF;
end;
gotoX¥{19,15) ;write(corrnane);
gotoXY(19,18);write(corrdata.title);
gotoXY(4,25) ;write(’Optionfqgl: ’}):
opt:=readkey;
if opt=#13 then opt:=‘q’:

case opt of
‘n’,’N’:PILENAME(name,’’};
727,727:if actmf=0 then PILENAME(namef,’’):
‘s’,’S’ :FILENAME(corrname, ’’):
‘t’,’T’:corrdata.title:=CHGTITLE( ‘Title ’,corrdata.title):
'p’.’P’:chgpos:

end;

until opt='q’;
END:
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{

{##** Tnjtialize Variables

dedek )

(
PROCEDURE initvars; \

VAR
modechar,nfchar:string[20};
option:char;
pulselength:integer:;
menu:screenmenu;

BEGIN
INITMENUll (menu);
repeat
case mode of
3:modechar:=/STANDARD: LONG PULSE’:;
4:modechar:=’SPECIAL: SHORT PULSE’:
‘end;

case actmf of
O:mfchar:=/BINMASS’;
l:mfchar:=’NUCLEAR’:
end;

clrscr;WRITEMENU(menu) ;

gotoXY(56,10) :writeln(nset);

gotoXY(56,12) ;writeln(ntest);

gotoXY(50,18) ;writeln(mfchar):

gotoXY{45,19) ;writeln(modechar);

gotoXY(15,14):

if actmf=0 then writeln(’z - no of 2ero Massflow Samples
gotoXY(5,25):write(‘Option (ql: *):

option:=readkey:
if option=#13 then option:=’q’:

case option of
’n’,’N’:begin
READINT{56,10,5,nset);
corrdata.nsamples:=nset*ntest;
end;
‘£’,!T?:begin
READINT(56,12,5,ntest);
corrdata.nsamples:=nset*ntest;
end;

‘2’,'2’:1if actmf=0 then READINT(56,14,5,corrdata.nzero);

‘a’,’A’:begin
actmf :=actmf+l;
if actmf=2 then actmf:=0;
end; -
‘m’,’M’ :begin
mode: =mode+1;
if mode>4 then mode:=3;
end;
‘£’ ,'F!:chgname;
end;
until (option=’Q’) or (option=’q’):

if mode=4 then
begin
pulselength:=Ct.stepup~Ct.stepdn;
HIGHLIGHT(0):?

:+ ’,corrdata.nzero);

gotoXY(25,22) /write( 'PULELENGTH ({,pulselength:4,’): );READINT(44,22,4,pulselength);

Ct.ssdn:=Ct.stepdn + pulselength:
Ct.stepup:=Ct.ssdn;
normvideo;
end;
END?
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{ = }
{#** determine massflow on belt . k)
{ }

PROCEDURE mfbelt(name:string):

VAR
i,j:integer:
s:string[1];

PROCEDURE getmass(point,n:integer;name:strS50);

VAR
j/K:integer:;
rassflowup,massflowdn,Vav:real;
respdata:responsedata;

BEGIN
for j:=1 to n do
begin
delete(name, testpos,l);
str(i,s):
- insert(s,name,testpos):
LOADRESPONSEDATA ( name,respdata);
DETMASSFLOW(Csp,Ct,respdata,mode,massflowdn,massflowup,vav):
if actmf=0 then corrdata.data[l,polnt+1]:=MASSBIN(Cm,respdata)
else corrdata.data{l,point+3}:=MASSFLOWNUC(Cm,respdata);
corrdata.dataf2,polnt+3}]:=massflowdn;
corrdata.data(3,polnt+j}:=massflowup:
corrdata.data(4,polnt+j]:=Vav;
end;
END;

PROCEDURE chgsetcounter;

VAR
code,no,nol:intaeger:
s2:string[2];

BEGIN
§:=copy(name,samplepos,l}:
val{s,no,code);

if code <> 0 then

repeat
clrscr:
gotoXY(20,10);writeln(’Invliid Counter entered! ‘}):
gotoXY{20,12);writeln{’Press <ENTER> to continue’}:readin;
chgpos
§:=Ccopy(nane,samplepos,1};
val{s,nho,code);

until code .= 0; -

no:=no+l:
if no<l0 then
begin
delete(name,saqplepos,l);
str(no,s}:
insert(s,name,samplepos):
end
else
begin
8:=copy{nane,samplepos-1,1)?
val(s,nol,code)?
if code=0 then no:=sno+nol#10;

delete({name,samplepos—~1,2})?

str(no,s2}:

insert({s2,name,samplepos-1);
end;

BEGIN
for i:=1 to nset do
begin
getmass({1-1)*ntest,ntest,name);
chgsetcounter;
end;

1f actmf=0 then
begin
getmass(corrdata.nsamples,corrdata.nzero, nanef)};
MASSFLOWBELT{Cm,corrdata);
end;

corrlimits.ymax[1]:=corrlimits.ymin(11];

corrlimits.ymax{2]:=corrlimits.yminf2};
END;
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{ : }
{#¢+ Main Body of Procedure: MANUALMASSFLOW W)
t }

BEGIN
INITMENUIL (menu);

repeat
clrscr;WRITEMENU(menu);
gotoXY(5,25) ;write(’Option? [(q] *):
opt:=readkey;if opt=#13 then opt:=’qg’:

case opt of
‘v’ ,’v’:initvars;
‘r!,'R’:1f nset>0 then
begin
mfbelt(name);
REGRESS (corrdata,regdata):
AUTOCORRSCALE (corrdata,regdata,corrlimits);
new:=/n’;
end
else
begin
sound(1000);delay(100) ;nosound;
. end:
‘£’,/F’:chgname;
end:

until (opt=’g’} or (opt='Q’);
END;

ISAAER LA AL AL AR PR A AT ARl Il s Attt ittt illnl

{*## display results of regression test LALB]
{hA ARk kAR AR A AR AR AR A AR AN NN RN AR AR AR A AR AT A bR AR AR A A b hhkd ]

PROCEDURE results;

VAR
i:integer;
xmaxireal:
nenu:screenmenu;
opt:char;

BEGIN
INITMENU2(menu);

xmax:=0;
for i:=1 to corrdata.nsamples do
i

f corrdata.data{l,i]>xmax then xmax:=corrdata.data(l,ii;

repeat
clrscr;WRITEMENU(menu) ;

with regdata do
for i:=1 to 2 do
begin
gotoXY(38+(1-1)%20,10}:writeln{slope(i1:8:4);
gotoXY(38+(1~1)%20,11);writeln(yconst{i]:8:4);

gotoXY(38+(1~1)#20,13);writeln(xmax:6:2,’ t/hr’);
gotoXY(38+(1-1)*20,14):writeln{error(i):6:2,/ t/hr’);
gotoXY(38+(1-1)%20,15) ;writeln(error{i)/xmax*100:6:2,’ %’);
gotoXY{38+(1-1)%20,17):writeln(r(i]:6:4):
end:
gotoXY(5,25) swrite(’/Option: (gq1’}:
opt:=readkey;if opt=#13 then opt:=’q’;

case opt of
‘c’,’C’ :CHGCORRSCALE(corrlimits);
‘v*,’V’:begin
insert(’STEP-DOWN: ‘,corrdata.title,l);
CORRGRAPH({corrdata,regdata,corrlimits,1);
delete(corrdata.title,1,11);

ingert(’STEP-UP: ’/,corrdata.title,l):
CORRGRAPH(corrdata,regdata,corrlimits,2);

delete{corrdata.title,1,9}: .
end;
end;
until (opta‘g’) or (opt='Q’);

END;
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(Q.itﬁ...tﬁ..i..l.ti.itt.ttiiit.iiiiﬁﬁi.ﬁit‘iltiﬁ'lltt..ttﬁt&*tt.tﬁt.!tl!i )
{*** transfer files to and from disc AL}
(Q!*ittl'ltiiﬁ!ﬂ.ﬂttﬁit.iti!i!tt!tti'i.tt!!"ttt!titttitﬂlttiﬁi'!t.t..'tt!}

PROCEDURE transfer:

VAR
menu:screenmenu;
opt:char:
BEGIN
INITMENU3(menu); -
repeat
. clrscr;WRITEMENU(nmenu);
gotoX¥(5,25) ;write(’Option? (g]1‘);
opt:=readkey;if opt=#13 then opt:=’g’;
case opt of
‘1’,'L’ :begin
FILENAME(corrname,’’)¢
LOADCORRDATA (corrname,corrdata,regdata):
REGRESS(corrdata,regdata);
AUTCCORRSCALE(corrdata,regdata,corrlimits):
opt:=‘q’;
new:=’'n’;
end;
’s?,?S’:begin
N FILENAME(corrname,’’)! .
SAVECORRDATA(corrname,corrdata,regdata):
opt:=‘q’;
end:

end;
until (opt=’g’) or (opt='Q’);

END;
SAAA LS AL S0 St Al ] whkd LA AL AR A2 AL LRSS s bl ill il
{*%* Data Processing option Wik}

(AR kAR RN AR AR AN AR AR R AR AN R AR AR R AR AR AR R AR AR AR RN R ARk}
PROCEDURE dataproc:

VAR
i:integer:
filttime,nuczero, zerocali,slopecali, tsanp, totalact,totaldet:real;
tempcorr:correlationdata;
.tempreg:regressiondata;
timedata:responsedata’
timelinits:responsescale;
opt:char:;
menu:screenmenu;
done:boolean:

’
PROCEDURE processdata;

VAR t0,tl1,i,nsamp:integer;

BEGIN
clrscr;
BIGHLIGHT(1);gotoX¥(20,10) ;write(’ Please Wait - Processing Data ’):
normvideo:

t0:=round(timelimits.tmin*timedata.frequency);

if t0<0 then t0:=0:
tl:=round(timelimits.tmax*timedata.frequency):

if ti>corrdata.nsamples then tl:=corrdata.nsamples:
nsamp:=tl-t0+1;

for i:=1 to timedata.nsamples do
begin
timedata.data[1l,i-1):=round((corrdata.data(1l,i)-nuczero)#*10);
timedata.data(2,i-1):=round((corrdata.data(3,1]-zerocali)/slopecali*10);
{ timedata.data{3,i-1):=rotlund(corrdata.data[4,i]1%100};:}
end;

if filttime<=0 then filttime:=0.00000000000001;
for i:=1 to 2 do FILTER{1l/filttime,i,timedata);

totalact:=AREA{timedata,l,t0,nsamp-1)/3600/10;
totaldet:=AREA(timedata,2,t0,nsamp~1)/3600/10;

tempcorr.nsamples:=nsanp;
for i:=tC to t1 do
begin N
tempcorr.datall,i+1-t0):=timedata.data(l,i]/10;
tempcorr.dataf2,1+1-t0]:=0.0001;
tempcorr.data(3,i+1-t0):=timedata.data{2,1}/10:
end;

REGRESS(tempcorr,tempreg)
END;
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( b
PROCEDURE dlspgraph:

VAR
1:integer:
menu:screenmenu;
opt:char; ‘

BEGIN
INITMENU41(menu);

repeat
clrscr;WRITEMENU(menu);

gotoXY(5,25);write(‘Option? [q) ’):
opt:=readkey;1lf opt=#13 then opt:=‘'q’;

case opt of
‘t’,’T’:begin
if done=false then processdata;done:=true;
GRAPHSETUP(timedata,timelimits,l,’TONNAGE');
for 1:=1 to 2 do
PLOTDATALIN(timedata,i,timelinmits);
LABELS(timedata,l,1l,’Actual Tonnage’,timelimits};
LABELS(timedata,2,2,'Determined Tonnage’,timelimits}):
writeln(Eoln):closegraph;readln; 5
end;
e’ ,’C’:begin
if done=false then processdata;done:strue;
CORRGRAPH( tempcorr,tempreg,corrlimits,2);
end; - .
’s’,’S’:begin
CHGSCALE(timelimits):
corrlimits.ymin(2]}:=timelimits.ymin/10;
corrlimits.ymax[2):=timelinits.ymax/10;
corrlimits.xmin{2]:=timelimits.ymin/10;
corrlimits.xmaxf{2]:=timelimits.ymax/10;
processdata; .
end;
'a’,’A’:begin
AUTORESPSCALE( timedata,timelinits,1):
AUTOCORRSCALE ( tempcorr,tempreg,corrlimits):
processdata;
end;
end:

until (opt=’q’} or (opt='Q’);

END:

{ }
{hin Main body of Data Processing Procedure *h)
{ }

BEGIN
clrscr:
HIGHLIGHT(0):gotoXY(5,10);
write(’ Please enter sampling time of tonnage samples (in sec) : ‘};READREAL(63,10,5,tsamp):;nornvideo;

filttime:=0;

nuczero:=0;
zerocali:=regdata.yconst(2]:
slopecali :=regdata.aslope(2}:

tinedata.frequency:=1/tsamp;
tinedata.nsanples:=corrdata.nsamples;
timedata.nochannel:=3;
tinedata.labels[1]:='%0.1 t/hr’;
tempcorr.nsamples:=timedata.nsamples;

timelimits.tmin:=0;
tinelinita.tmux:=(t1medata.nsanples-1)/timedata.frequency;
processdata;done:=true;
AUTORESPSCALE(timedata,timelimits,1);
AUTOCORRSCALE( tempcorr ,tempreg,corrlinits);

IKITMENU4 (menu);

repeat 14
clrscr;writemenu(menu);

gotoXY(13,11):writeln(nuczero:5:2);

gotoXY(13,14) ;writeln(zerocali:5:2);
gotoXY(13,16);writeln(slopecali:5:2);
gotoXY¥(13,19);writeln(filttime:5:2);

gotoXY(60,10) ;writeln(tempreg.yconst[2]:5:4);

gotoXY(60,11) ;writeln(tempreg.slope(2]):5:4);
gotoXY(60,14);writeln(tempreg.r{2}:5:4);

gotoXY(57,21) ;writeln(totalact:8:2);
gotoXY(57,22);writeln{totaldet:8:2);

gotoXY(60,23) ;writeln(((totaldet-totalact)/totalact*100):5:3):
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gotoXY(5,25) ;write(’Option {g): ’):
opt:=readkey;:;if opt=F#13 then opt:=’g’;

case opt of

‘o’,’0’:begin
READREAL({11,11,7,nuczero):
done:=false;

end;

‘27,2’ :begin
READREAL(11,14,9,2erocall);
done:=false;

end;

’s’,’S’:begin
READREAL(11,16,7,slopecali);
done:=false:;

end;

‘£’ ,’F’:begin
READREAL({13,19,7,filttime);
done:=false:

end;

’g*,’G’:dispgraph:

‘c’,’C’:begin
processdata;done:=true;

end:
end;
until (opt=’g’) or {opt='Q‘);
END;

[SALAER LA LR L L R R e e e e R L YTy ey }

{hnn MAIN PROGRAM wkk )
ISR EE ARSIt b L i R e e T T T

BEGIN
LOADCONST(Csp) ;
LOADCONSTM(Cm)
INITVAR(Ct,nset,ntest,corrdata.nzero,samplepos, testpos,node,actnf);
with corrdata do
begin
nsamples:=nzero+nset*ntest;
title:='MASSFLOW CORRELATION: /
end;

new:=‘y’:

corrname:=‘’;
insert(’.cor’,corrname,l)}:
insert{pathcorr,corrname,l);

name:=’’;

insert(’.dat’, ,name,l):
insert(’’,name,1);
insert(pathdata, name,l);
namef : =name:;
INITMENUO(menud);

repeat
clrscr;
WRITEMENU(menuo):
gotoXY(5,25) ;write(’Option? );
option:=readkey;

case option of
‘m’, M’ :manualmassflow:
‘r’,’R’:1f new=’n’ then results
else
begin
sound(1000) ;delay(100) ;nosound;
end:
‘e’,’T’:transfer;
’d?,’D?:1f new=’'n’ then dataproc
else
begin
sound(1000) ;delay(100):nosound; .
end;
end;
until (option=‘q’) or (option='Q‘):

few xwwan sunan)

{Hww® REVISION HISTORY: ) LTI
{#hn VERSION BY DATE COMMENTS an)
[l 1.0 KCAD 01-03-90 CLL
[ ek}
{hwn FILEEND MFCM.PAS k)
{ ol * fababobobdal bl }
END.
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C.3.15 Mfcmd.pas

(GAALA L LS L L LA L e L e e L e eI LT

{hnn UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN Ll
[Saledd MFCK.PAS FLI
{mox FILE: MFCMD.PAS ’ wnw)

{HERRRARRR R AR AR AR AR AR RR TR AN AR AR AR AR AR AR A RNk RNk ARk Ak |

UNIT mfemd:

{Rhkhk (22213 A RRA AR RRE ARk kh AR ARk Ak hk kb khbh ek dkhhdok)

INTERFACE
{FAAR Ak kAR AR R AR A AR AR AN R AR AR AR R RN AN R RN AR AR AR AR kAR AR ARk Rk ]

USES types:

PROCEDURE initvar(VAR Ct:time: VAR nsamples,ntest,nzero,samplepos,testpos,mode,actnf:integer);

PROCEDURE initmenu0(VAR menu:screenmenu);
PROCEDURE initmenul (VAR menu:screenmenu):
PROCEDURE initmenull({VAR menu:screenmenu);
PROCEDURE initmenul2(VAR menu:screenmenu);
PROCEDURE initmenu2{VAR menu:screenmenu);
PROCEDURE initmenu3{VAR menu:screenmenu);
PROCEDURE initmenud (VAR menu:screenmenu);
PROCEDURE 1initmenu4l (VAR menu:screennenu);

{RRdhtddedhdrhdedkhdhdhnh ke hhdnhdhdhhdhh bt hddhdddhmhddhdhdbhdhrhrerihdd)

IMPLEMENTATION
IR A T R R e it I R R LR e eI R e eI LTI s gl

(t*tt. * Ahddht dkdkkkdhdhkhhhbbdpthd kdkd L2 2] kkk}
{N#*# MODULE NAME ¢ INITVAR LAL D]
(A LTI
{A**  PROCEDURE : Initializes the Variables used by the LD
[k Program MFCK L1123}
{Gn* CALL SEQUENCE ¢ INITVAR(Ct,nsamples,ntest,nzero,samplepos, ###}
(hrw testpos,mode) *kw}
{I%w INPUT PARAMETERS : none d)
{O%* OUTPUT PARAMETERS : timing variables, no of samples, no of testgw#x}
{Hnk per sample, no of initilizing samples, Rk}
{RRe position of sample and test counter in file-*#+}
[Ehhd name and the initial operation mode LLL]]
{G**  GLOBAL VARIABLES : none FTTT
{M#*  MODULES CALLED : Types wew)
(Ene ERROR CONDITIONS : none Ak
{Caw COMMENTS : for details about time see TYPES wkk )

{Whdhhhhhhkhhthhhkhhhhhhhbhhhhhhhbhbhhhbhhhhbrkbkdbirkhnmdrkohnbddrdddrdrin)

PROCEDURE initvar(VAR Ct:time:; VAR nsamples,ntest,nzero,samplepos,testpos,mode,actmf:integer):?

BEGIN
Ct.ssup:=0;
Ct.ssdn:=250;
Ct.stepdn:=100;
Ct.stepup:=300;
Ct.ssend:=500;

nsamples:=10;
ntest:=5;
ngzero:=5;

genplepos =6 ; s
teatpos:=6;

mode:=3; {i.e. long pulse option}

actmf:=0; {0 ~ actual massflow is obtained from mass in the hopper bin}
{1 - actual massflow is obtained from a nuclear weightometer}

END;
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ISR AR LA L AR R e A L L L eI s L

{Nxw MODULE NAME ¢+ INITMENUO kel b
[Gadaded LTI
{Axw PROCEDURE : initializes the menu defined in this sub- weh )
{wenx routine ek}
{Sew CALL SEQUENCE : INITMENUO(menu) k)
{I%x INPUT PARAMETERS : none ok}
{O%w OUTPUT PARAMETERS : menu0 (type screenmenu} wak)
{Gx® GLOBAL VARIABLES : none wdek )
M MODULES CALLED : Types k)
{E#% ERROR CONDITIONS : none ' wed ok )
{Ch® COMMENTS : for details about screenmenu see TYPES hekd )

(ttitt.itiiﬁiiiﬁtﬁlttttpa..ltiitﬁttitiittttiiitttttiittit..t.tﬁitii.itttit)
PROCEDURE initmenu0O(VAR menu:screenmenu}:

BEGIN
menufll:=’ [ ]

menu{l0}:=’ i lfes
menu(11] i m - Massflow Data Aquasition from he:
menu[12} I Real Time Responses [
menuf13] ] ez
menu(l14] I r - Results he:
menu{15]) ] 17:
menu{l6]: 1 t - Transfer Data to and from file I
menu{l?7):=/ i Ne:
menufl8):=’ | d - Data Processing e
menu{19] I hee
menu(20]:=" I s
menu(21]:=* ] e
menu{22] I q - Quit . e
menu(23):="* i R4
menu{24]:=* L 2 4

END;

(tiitt*itttittttt.'ttii.itttttti...Q.t..ttittt'.t*itﬁ.Q.tiitttttﬁttittttt')

{N** MODULE NAME ¢+ INITMENU1 LTS
£} LI T2
{A*% PROCEDURE : initializes the menu defined in this sub- LA LA
{*nn roeutine k)
{S%x CALL SEQUENCE + INITMENUl(menu) : k)
(I**  INPUT PARAMETERS : ncne LTSN
{O%* OUTPUT PARAMETERS : menu {type screenmenu) whk)
{Gu® GLOBAL VARIABLES : none L2113
{Mrw MODULES CALLED ¢+ Types k)
{E%* ERROR CONDITIONS : none kw)
fCuw COMMENTS : for details about screenmenu see TYPES hh)

(.ttiti'....!.....‘t..ttttti"ﬁ..t'...t..Qﬁiiﬁi.ttttt‘tttti't......ttii..')

PROCEDURE initmenul (VAR menu:screenmenu):

BEGIN

menufl):=’ [, A7
menu(2) I e
menu(3] I I:
menufdji=’ (5]
menu{5]:=’ | I
menu(6):=' | e
menuf{7):=’ | e
menu[8):=’ | Ne:
menu{9}:=’ I B2
menu[10]:=’ ] 3
menu(ll}:=’ [ v - variables Initializatien I2:
menullz]:=’ | )7 5
menu(13]:=! | f - Filenames Definition [
menu(14):=’ | I’
menu{15):=a’ 1 r - Run 12
menuf{l6):="* i s
menul171:=’ | N
menu[18]):=’ ] ’ e
menu{19}:=’ 0 . s
menuf{20):=" i fie:
menu(21}:=’ || s

I q - qQuit

. 7z
menu(24):=’ e 3o,

END;
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(iti'.tt.'i!'tt'tiit*ttt"t"iﬁtttttitﬁittﬁﬁﬁﬂtit"ﬁi."‘i.i!i'ii.t‘i.ittt)

{N**  MODULE NAME : INITMENU11l akn)
{mern *erk )
{Axx PROCEDURE ¢ initializes the menu defined in this sub- whw)
[ Gkl routine LR
4 {Sn* CALL SEQUENCE ¢ INITMENUll{menu) . wk )
{Ths INPUT PARAMETERS : none i . hkd )
{O** OUTPUT PARAMETERS : menu "k )
{(Ga* GLOBAL VARIABLES : none ek}
{M** MODULES CALLED : Types k)
{Eww ERROR CONDITIONS : none ' Ak}
{Chx COMMENTS ¢ for details about screenmenu see TYPES LA
(kA% * [T LTI LR L L T T T T3

PROCEDURE initmenull({VAR menu:screenmenu};

BEGIN
menu{lj:=’ = =
menu{2j:=’ | : [
menu(3js=’ 1 Variables Initialization I
menuf4j:=/ | s
menu{5]:=’ ] e

nenu(6):=’ ]
menu{7}:=’ ]
menu(@}:=’ I

menu{9):=/ | ‘ hes
menu(10):=" ] n - No of Massflow Sanple Sets s e
menufl1]:=! | (including Initial Zero Massflow Samples) s
nmenu{12):=’ [ t - No of Tests per Set : 4
menu(13j:=' | ‘ Il7:
menuf{l4a):=’ | fe:
menu(15]:=’ I s
menu{16j:=’ I . ffe:
menuf17]:=’ | (K8
menu{18):=’ ] a - Actual Massflow obtained fron K
menu(l9):=/ || m - Mode of Operation : I
menu(20}:=* ] s
menuf21]:=* | e
menuf22]: i e
menu(23]:=* | q - Quit I
menu[24):=* L - v,

(tti*tt“t"..t“Qt'.i"'tt't't‘ti“!tt"!ttt"‘.ttt‘ﬁt"“!!!..!t!ﬂ‘iit“}

{N#tw MODULE NAME ¢ INITMENU12 sk )

{*hn kaw}

{BA%* PROCEDURE ¢ initializes the menu defined in this sab- k)

{han routine . . k)

{Snw CALL SEQUENCE ¢ INITMENU12(menu) k)

{I*w INPUT PARAMETERS : none LT

{O*w OUTPUT PARAMETERS : menu LT .
{G**  GLOBAL VARIABLES : none L1132

{M#**  MODULES CALLED : Types hak) ‘
(E**  ERROR CONDITIONS : none LT

{Ch* COMMENTS : for detalls about screenmenu see TYPES LA L]

(t'iiﬁ.t.iitii‘.ttittit...t..ititi!t.t'!ti!t‘t.itttitit‘iiti.‘ii.titt.tttt}
PROCEDURE initmenul2(VAR menu:screenmenu}: .

BEGIN
menu[ll:e’ g |
menu{2):=*
menu(3):=’
menuf{4j:m’
menu{5):=*
nenu(él:m’
menu{?7j:=?
nenu[8):=*
menuf{9]:=’

nenu{l0]:=’
menu(ll]:=’
manufi2}:=’
menu(13]:=*
menull4g)s=’
menufl5}:=*
nenu{lé):=’
menufl7]:=’
menu(la}:=’
menu{l9]:=*
menu{20]:=’
menuf2l1]:=*
menuf22):=’
menu(23]:=*
nenuf[243:=’

o e e

sem e

n - Filename of First Massflow Sample :
(i.e. First Zero Massflow Sample)

E =
N

Mo me N %a %t mu e ne v we Ne aw S v Sa we Y6 we s e Ne ve Se S

2 - Pilename of Final Zero Massflow Sample :

ot
1

Title of Correlation Test

Indicate Position of Counters in Filenames

o
+

i
i
I
f
|
I
|
|
s - Fillename to Save Correlation Data to: [
i
1
|
f
I
i
L
i

S o e s et ea e e T e e

q - Quit !

END:
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[RRR AR kAR Rk ek e W R AR R AR de kA ARk kk kA ANk |

{N**
L]
{Awx
IE1l]
{SH*
[T
{O*®
(G
(M*%
(Enw
{Cx%

MODULE NAME

¢ INITMENU2

PROCEDURE

CALL SEQUENCE

INPUT PARAMETERS
OUTPUT PARAMETERS
GLOBAL VARIABLES

MODULES CALLE

ERROR CONDITIONS

COMMENTS

D

initializes the menu defined in this sub-
routine

INITMENU2(menu)

none

menu2 (type screenmenu)

none

Types

none

for detalls about screenmenu see TYPES

dede ik )
hkd )
*hk )
Rk}
LA 3}
deded |
dedk )
LAL
*wk )
ELE
k)

(R ok ok ok e ek ek e e e e R skl ok o A e e e ek ke |

PROCEDURE initmenu2(VAR menu:screenmenu):

BEGIN

END

(AR kA kAR hdhhhdhhhhrdidh

{Nex
(ﬁtt
(A%w
(rew
{S*w
(I%*
{O*x
(Ga%
{MEx
(Ex®
{Cwx

menufl]:=*
menuf2j:=*
menu(3]
menu(4]:=
menu{5]
menu(6}
menu(7):=’
menuf8j:=’
nenu(9j:=’
menu{l0j:=*
menufllj:=’
menu{l2]
nenu(13):=’
menu(1l4]
menufl5s)
menu(ls]
menu(l?7]:
menu(1B8]:=*
menu(19]:=/
menu{20}:=’
menu{21]
nenu(22)
menu{ 23]
menu(24]:=

MODULE NAME

As from :

Step Dn Response

Step Up Response
|
|

Y constant:
Slope:

Full Scale Deflection
Error 4t Mean
% error of

Correlation coefficlent

!
+
[
|
1'
|
|
|
}

v - View Correlation Graph

¢ - Change Scales of Correlation Graph

q - Quit

AR S LRI A g S RS e AR L il addt i illils sl

: INITMENU3

PROCEDURE

CALL SEQUENCE

INPUT PARAMETERS
OUTPUT PARAMETERS
GLOBAL VARIABLES

MODULES CALLED

ERROR CONDITIONS

COMMENTS

initializes the menu defined in this sub~
routine

INITHENU3(menu)

none

menu3 (type screenmenu)

none

Types

none

for detalls about screenmenu see TYPES

defed )
wn}
k)
LT
)
whw)
k)
LTI
)
LT
whw)

(R kh bR d R hdehe kR AN AR AR AR AR R AR kN kbbb h kbRt Rk hd bk |

PROCEDURE initmenu3{VAR menu:screenmenu};

BEGI

N
menufll:=’
nenuf2):=’
menu{3]:=*
menu[4]):=*
menu{5j:=’
menuf{g):=’
menuf{7]:=’
nenufg}:=’
menuf{9j:=’

renu{l0):=’

menu(lljs=’
nmenu{l2]:=’
menu{l3ij:=*
renuf{l4]:=’
menu(l15]:=*
menufléj:=’
menu{l7]:=*
menu{lg)s=’
menu(19]:=’
menu{20):=’
menuf21]:=’
menu[22}:=’
menu{23]):=’
menuf{24]:=/

END;

Transfer Flles
O

1 - Load Correlation Data File

s - Save Correlation Data File

q - Quit
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[SAAAA AL AL A L L L L T T P TS L T oY

{Ne& MODULE NAME ¢ INITMENU4 k)
{*hn ekt )
{A**  PROCEDURE : initializes the menu defined in this sub-  ###}
(%% routine kkk)
{Skw CALL SEQUENCE : INITMENU4 (menu) whk)
{Inn INPUT PARAMETERS : none *kd )
{O%» OUTPUT PARAMETERS : menud - hkd)
{Gan GLOBAL VARIABLES : none kX }
{Mhkn MODULES CALLED : Types hk)
{E** ERROR CONDITIONS : none k%)
{Cwe COMMENTS ¢+ for detalls about screenmenu see TYPES Rk}

(ﬂiti**-ttiti!tllttittt.ﬁ'ﬁ‘ﬁﬁ*itttt-iitt!!tt!ttt't*ﬁ*ti'intt*it**tit!ttil}
PROCEDURE initmenud4 (VAR menu:screenmenu):

BEGIN
nenu[lj:=’ r ol
menuf2):=’ |
menu{3):=’ | DATA PROCESSING SUBROUTINES I

menufg}
menu{lQ]
nenu{11l]
menufl2])
menufl3):=’/ | 2z - Zero calibration Correlation [

T
[
|
!
|
| Y-Intercept: [ 53
!
|
|
menu(14 I = | Coefficient: s
|
‘.
|
='
I
|
|

Slope : (X3

| o - offset of weightometer

I s - Slope calibration

S

menu(17 [ 22 I
menu{18 | £ - Filter time constant TOTALS from h7s
menu(19] i = [k
menu(208):=' I s
menuf2l}:=’ f ¢ - Do Calculation Weightometer : tons ||’:
menuf22}):=’ I 9 - Graphical Results New Technique : tons s

¢ | q - Quit % Error : s

menu{24]:=’
END:

(AR AR ARk kR Ak kAR AN AR AR NN R AN AR AR AN AR AR RN R R A RN AR RSk AR

{N*#*  MODULE NAME : INITMENU41 *hw)
{nxk Rk}
(AR PROCEDURE : initializes the menu defined in this sub- ke
(Sl routine wkd}
{Sk* CALL SEQUENCE : INITMENU41(menu) whw)
{In#* INPUT PARAMETERS : none whk)
{On* OUTPUT PARAMETERS : menu (type screenmenu) ki)
{Ge GLOBAL VARIABLES : none dk k)
{Men MODULES CALLED : Types k)
{B%% ERROR CONDITIONS : none k)
{Cwe COMMENTS : for details about screenmenu see TYPES LLb3?

{RARRARARR AR Rk AR AR Rk R AR AR A R AR AR A ARG DR kb bR Rk d ke kA hh k]

PROCEDURE initmenud4l{VAR menu:screenmenu);

BEGIN
menufl):=’ [ |
menu{2):=’ | :
menu(3]:=’ ]
menuf4):=’ I
menu(5j:=* ]
menu(6]:=’ I
menu(7]:=’ [
nanu(8]:

Graphical Results

t - Graph of Real Time Response [}

menu[13}:=’
menufl4q):m’
menu[15]:='
menufle)s="*
menu{l7]:=*
nenu{lg):=’
menu[l9]:=’

¢ - Graph of Correlation Graph "

8 - Change Scales of Real Time Response

[

Auto-scale Real Time and Correlation Graph ]

]
]

nenuf20):=’
menuf21]:
menu{22}:=’
menu(23]:=’
menu(24):=’

i
a
]
g
ot
t

END;

{RARREANRA R ARAAR AR AR AR bRk Rk R ARk d kR h AR R ARk AR ARk kAR AR AR kR AR ]

{H**  REVISION HISTORY: wan)
(%%  VERSION BY DATE COMMENTS k)
[ane 1.0 RCAD 28-02-90 : Wk}
(.Qt i‘.)
{##%k  UNITEND MFCMD.PAS *ak)
(!. L] L 113 tt..‘.ti.‘.‘.iiii“iit.ﬁ.-ﬂ.ttt“..ii..i‘..ﬁ)
END.
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C.3.16 Mfca.pas

(Rl L L P I e L L T T T LAY
PROGRAM TO DETERMINE THE MASSFLOW ON A HORIZONTAL CONVEYOR BELT #%#)
FROM THE POWER AND SPEED RESPONSE IN AN ON-LINE FASHION *#%}

{eie
{*k
‘i..
e
{hew

FILE:

AND TO CORRELATE THIS THIS MASSFLOW FIGURE TO A KNOWN
MASSFLOW FIGURE

MFCA.PAS

T
dokk )
k)

{ERR AR A R AR AR AR AR A kR R RN RN AR AR AR Rk AN AR NN A RNk RAR )

\

R I L L R I R R e T T ST L))
PROGRAM NAME : MFCA

{N**
ey
{A*%
[E13
[E1
(ti.
IE1T}
(S**
(Tex
{Ofx
(G*%
{MEw
e
{E*%
(Cx%

DESCRIPTION H

CALL SEQUENCE
INPUT PARAMETERS
OUTPUT PARAMETERS
GLOBAL VARIABLES
MODULES CALLED

ERROR CONDITIONS
COMMENTS B

Deternines the massflow on a horizontal
conveyor by determing the kinetic energy
consuned by the system during a pulse per-
turbation and correlates this reading to a
known nassflow figure exists

MAIN PROGRAM

n.a.

massflow figures

none

Datalog, Math,DT2801_4 ,Mfcad
: none
+ none

Ak}
hw)

hh}

LT3

*kk}

hk)

Rhk}

k) 4
LTS

)

k)

crt,Dos,Graph,Plotgraf,Types,Fllehand,Detmf, *wx)

.iﬁ)
*ekn)
ek |

(iitiiﬂ'tt.ttt..t.tl.t.-t..'l.ttttti.tﬁﬁt..ttt.l..ttt.ttttt.tttﬁ.ﬁ'tttﬁi.t)

PROGRAM nfca;

{$M 65000,0,655360}

USES ¢rt,dos,graph,plotgraf,types,filehand,nfcad,detnf,datalog,math,dt2801_4;

CON:

VAR

{hhdkdhhhdhhkkrhhbhkhhdbdds

e

ST

pathdata=’data\.cor’;

nmode ,pulselength ,outch,actnf ,wait:integer;
setpt:real;

regdata:regressiondata;
corrdata:correlationdata:
respdata:responsedata;

Csp:constant; .

Ct:tinme:

Cm:massflowconst;
menul,menu2:screenmenu;

option:char:;

dataname:str50; .

PROCEDURES

khhk)
*hw)

(hex

Rk}

(o

(*** change variables

L)Y

{

PROCEDURE chgvars;

VAR )
nodechar ,mfchar:string(10];

option:char:

BEGIN

repeat

INITMENU2{menu2};

case mode of

1:
2:modechar:=’V3SD:
3:
4:modechar:=’SSRe

end;

modechar:=/VSD: Vdn=0’;
van>0’:
vdn=0‘;
vdn>0’;

=t

modechar:=/SSR:

case actmf of

0:

mfchar:=’'BINMASS’;

l:mfchar:=’NUCLEAR’;

end;
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clrscr;

WRITEMENU(menu2):

gotoXY (56,10} ;writeln(corrdata.nsamples);

gotoXY¥(10,11):;1f actmf=1 then writeln(’ ‘)i
gotoXY{5S6,11);1f actmf=0 then writeln(corrdata.nzero):

gotoXY(56,12);writeln{wait}:

gotoXY(56,13) ;writeln(setpt:5:2);

gotoXY(46,16) ;writeln(nodechar);

gotoXY(30,20) ;writeln(dataname);

gotoXY(30,19);writeln(corrdata.title);

gotoXY(50,15) ;writeln(mfchar):

gotoXY(10,11);1f actmf=1 then writeln(’ )
gotoXY(5,25):write(‘Option (ql: ’):

option:=readkey:
if option=#13 then option:=’q’:

case option of
‘n’,’N’:READINT(S6,10,5,corrdata.nsanples)};
*2!,’Z2’:READINT({56,11,5,corrdata.nzero);
's’,’S’:READINT(S6,12,5,walt);
‘p’,’P’:begin
READREAL(56,13,5,setpt);
DAC_WRITE(outch,round{setpt*2048/10));
end;
m?,’M’:begin
node:=mode+1;
if mode>4 then mode:=1;
end;
‘a’,’A’:begin
actnf :=actmf+l;
if actmf>1l then actmf:
end;
‘£’ ,’F/:FILENAME(datananme,’’);
‘t’,’T’:corrdata.title:=CHGTITLE( TITLE: ',corrdgta.title):
‘¢’ ,’C’ :CHRPULSETIMING(setpt,pulselength,outch,respdata)
end;
until (option=’'Q’) or {option='q’}:

case mode of

1l:begin .
outch:=0; {Outputchannel 0 is dedicated to the VsSD}
respdata.step:=-10;
pulselength:=Ct.stepup-Ct.stepdn;

end:

2:begin
outch:=0; {Cutputchannel 0 is dedicated to the VSD}
pulselength:=Ct.stepup-Ct.stepdn:
HIGHLIGHT(0):?
gotoXY(25,25) ;write(’ Slze of Step [’,respdata.step:4:1,’1: ’};
READREAL(47,25,4,respdata.step):;

nornvideo:
end;
3:begin
outch:=1: {Outputchannel 1 is dedicated to the SSR}
respdata.step:=-10;
pulselength:=Ct.stepup-Ct.stepdn;
end:
4:begin

outch:=1; {Outputchannel 1 is dedicated to the SSR}
respdata.step:=-107
HIGHLIGHT(0):
gotoXY(25,25) swrite(’ Pulselength [’,pulselength:3,’): *};
READINT(45,25,3,pulselength):
Ct.stepup:=Ct.stepdn+pulselength;
Ct.ssdn:=Ct.stepup;
nornvideo;
end:
end;

END:
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(* }
{#** determine massflow on belt ' Ark)
{* Rk}

PROCEDURE nftest:

VAR
Vav:real;
i,3.k,display, tenpdun,waitloops,code,pos,count:integer;
mf:array(l..2] of real;
key,ss:boolean;
opt:ichar:
countstr:stringf2];

{ checks if and which key has been pressed }

PROCEDURE checkkey:

BEGIN
if keypressed then
begin
opt:=readkey;
if (opt=’g’} or (opt=’Q’} then key:=true:
if actmf=0 then
if (opt=’z’) or (opt='2’) then key:=true;
end; .
END;
}
{ checks if steady state has been reached }

PROCEDURE steadystate;

VAR
. j:integer:
check:responsedata;
dev:array[l..2) of real;
mean:array(l..2] of integer:

BEGIN
INITVAR2(check);
repeat
PULSERESPONSE (setpt,0,outch,check);
for j:=1 to 2 do MEANCALC(check,j,0,check.nsamples-1,mean(}],dev{i1}:
if (mean([1]1»100) and (mean{2]>0) then
if (dev({l]/mean{1]<0.1) and {dev(2]/mean(2]<0.1) then
ss:=true;
checkkey:
until (ss=true) or (key=true):
END;

}
copies the massflow samples into the data correlation array for a later}

regression test }
}

PROCEDURE mfcorrelation;

BEGIN
with corrdata do
begin
if actmf=1 then data[l,count]:=MASSFLOWNUC(Cm,respdata)
else datafl,count]:=MASSBIN(Cm,respdata):
data[2,count):=mf[1];
data(3,count]:=mf(2];
datal4,count]:=Vav;
end;
END;

performs a pulse response of the system and determines the massflow
from the kinetic energy response

-

PROCEDURE doresponse;

BEGIN
sound(2000) :delay{100) rnosound;
PULSERESPONSE(setpt,pulselength,outch,respdata);
sound(4000) ;delay(100);nosound;
DETMASSFLOW(Cap,Ct ,respdata,mode,nf[1],mf{2],Vav)?

nfcorrelation;

nf(2):=(nf{2]-Csp.offset}/Csp.slope;
END;
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perform an initializing test to have a zero reference with the belt
being empty

PROCEDURE zeronftest(VAR start:integer):

VAR
i:integer;

BEGIN
clrscr;HIGHLIGHT(0) ;gotoXY(30,10) ;writeln(’ ZERO-MASSFLOW TEST: ’);normvideo;
gotoXY¥{20,12);writeln(’ Press <ENTER> continue if belt is empty ’):
readln:
clrscr;HIGHLIGHT(0) ;gotoXY(25,10) ;writeln(’ Performing Zero-Massflow Test ’):normvideo:
for i:=start+l to start+corrdata.nzero do

begin
count:=count+l:
doresponse:;
end;
END:
{
}
BEGIN
count:=0;

waltloops:=round(wait-((respdata.nsamples~1)/respdata.frequency)+l);
1f waitloops<0 then waitloops:=0;

1f actmf=0 then zeromftest(count);

repeat
DISPLAYINIT(/MASSFLOW (t/hrl’,’ERRCR : +/-');

repeat
key:=false;
ss:=false:;

steadystate;
if (key=false) and (ss=true} then
beqgin
count:=count+l;

doresponse;

DISPLAYNC(mf{2),Csp.error);

checkkey!
i:=0;
repeat
fe=1+1;
delay(1000)¢
checkkey;
until (i=1) or (key=true): {i=waitloops}
end;

until (count=corrdata.nsamples) or ikeyutrue);

closegraph;
tempdum:=0;

with corrdata do
begin
i1f count<nsamples then
begin
tenpdum:=nsamples;
nsamples:=count:
end; .

if actmf=0 then
begin
zeromftest(count);
MASSFLOWBELT(Cm,corrdata);
end;

if corrdata.nsamples>5 then REGRESS(corrdata,regdata);

1f tempdum<>0 then FILENAME(dataname,’’):
SAVECORRDATA(dataname,corrdata,regdata);

if tempdum=0 then
begin
pos :=POSITION(dataname)-6;
countstr:=copy(datanare,pos,2}:
val(countstr ,count,code);
if count<9 then delete(dataname,pos+l,1)
else delete{dataname,pos,2);
count:=count+1;
str(count,countstr);
1f count<10 then ingert(countstr,dataname,pos+i)
else ingert(countstr,dataname,pos);
end;
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count:=0;
if actmf=0 then
begin
for j:=1 to nzero do
for k:=1 to 3 do datalk,j):=data{k,nsamples+i);
count:=nzero;
end; ‘
if tempdum<>0 then nsamples:stempdum;

end:
until (opt=’q’)} or (opt='Q’};
END:

[Salabbed A A A A A AR LSRR L L I d S e L i I e I I R LT AL T oY

{haw MAIN PROGRAM Rkk)
(S R L e T T T R T T TSN

BEGIN
dataname:=’’;
insert(pathdata,dataname,1);

LOADCONST(Csp):
LOADCONSTM({Cm) ;

INITVARL(Ct,corrdata,respdata,wait, actnf,mode,outch,setpt);
pulselength:=Ct.stepup-Ct.stepdn;

SET_UP;
DAC_WRITE(outch,round(setpt*2048/10));

INITMENUL (menul);

repeat
clrscr ;WRITEMENU(menul);
gotoXY(5,25):write(‘Option? 7):
option:=readkey:

case option of
*1¢,’I’:chgvars;
‘r’,’R’:mftest:
‘c’,’C’:mfcall(Csp,setpt,pulselength,outch,mode,Ct,respdata);
end:
untill (optlon=‘g’) or (option='Q’);

{ .tit.i!ﬁi'i..t.tiﬁittttt.tt..tt!!..ttti.t.tti.tﬁt.tt..tt...ti.t..ﬁi.ttt!.)

(H**  REVISION HISTORY: T
{hnx VERSION BY DATE COMMENTS k)
[ Skl 1.0 KCAD 01-03-90 wekk}
{hwn dkk)
[ FILEEND MFPFCA.PAS hhk )
I L T T P T T T T Y T T T 3
END.
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C.3.17 Mfcad.pas

(RRRA AR R RA AR A AR RARN R A AR A AR RN RRE R AR AR ARk kAR AR h A&}

{Reden UNIT PROCEDURE LIBRARY CONTAINING DATAFILES TO BE USED IN Hkk )
[Sbdd MFCA . : ETTIY
{Rxr FILE: MFCAD.PAS ) whw)

{RRRER R RN ARA TR A Al b AR AR TR ARk Ak kAR AR R R ARk k Ak ARk ANk ke )

UNIT mfcad;
(ttittitt**tttttt**'ttt*tt'ﬂ"i*t*i‘t*ittt-tt*ttttitiitittt‘ttt.tttt*'iitt)
INTERFACE .

{RrAmdkhkd ke Ak AR h kAN kAN R kRN T Wk kA AW N ddekkhhdhdehdhhhhkhddkhddihd)

USES types;

PROCEDURE initvarl(VAR Ct:time:VAR corrdata:correlationdata;VAR respdata:responsedata;VAR walt, actnf,

mode,outch:integer:;VAR setpoint:real):
PROCEDURE "initvar2(VAR check:responsedata):
PROCEDURE initmenul (VAR menu:screenmenu);
PROCEDURE initmenu2(VAR menu:screenmenu);

{tttiitt'itttiittt.itittt!it.ttitttt..l..i‘lQt'tiitt‘.ti..t!ittitititt.i.t)

IMPLEMENTATION
L L L L T R L I T T T T T

(R hARh AR AN hkh kR ARk kR AR kA AN AN AN AR AN AR d kR ANk kR hbw]

{N*#*  MODULE NAME : INITVARL Akk)
(i!! tti)
{A%w PROCEDURE : initielizes the variables used by the k)
(Sl Program MFCA ETTT
{Sk* CALL SEQUENCE : INITVAR1(Ct,corrdata,respdata,massact,mode wxw}
[ Sebaled setpoint, corropt)’ whk}
{Ixw INPUT PARAMETERS : none dhk )
{O%* OUTPUT PARAMETERS : Ct - timing consatnts, values for correlat- ##%}
{hwk lon and response data record, initial set- an+)
{Rxn point of to be applied to plant, initiali- +#ww}
{Rww various options (L L2
{Gr# GLOBAL VARIABLES : none wkw}
{M*e MODULES CALLED : Types . k)
{E** ERROR CONDITIONS : none LLL 3}
{Chn COMMENTS : for detalls about data records see TYPES Ak}
{edde el eded L] »* * * ----—.iﬁ*t.ttt!ittttttti'ﬁtt't..'!)

PROCEDURE initvarl(VAR Ct:time;:VAR corrdata:correlationdata;VAR respdata:responsedata;VAR walt,actmf,mode,

outch:integer;VAR setpoint:real):

BEGIN
Ct.asup:=0;
Ct.ssdn:=200;
Ct.stepdn:=100;
Ct.stepup:=250:
Ct.agend:=500;

respdata.nsamples:=501;
respdata.frequency:=50;
respdata.nochannel:=3:
respdata.step:=~10;
respdata.whenstep:=Ct.stepdn;

setpoint:=0.0;

corrdata.nsamples:=500}
corrdata.nzero:=3;

corrdata.title:='Maasflow Test: ’;
outch:=0;
wait:=15;
mode:=1; {l.e VSD,vdn=0}
actmf:=1; {0 - actual massflow 18 obtained from Hopper bin}
{1 - actual massflow obtained from nuclear welghtometer)
END;
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(AL AAS AR AL A A A e R A L e A R R L It L Y

{N*%*  MODULE NAME + INITVAR2 ] *hw)
(‘tt itt)
{Ann PROCEDURE : initializes the variables used by the LLL D]
{hewk Program MFCA hk}
{Swx CALL SEQUENCE : INITVAR2(check) ek )
{I*x INPUT PARAMETERS : none deded |
{O%x OUTPUT PARAMETERS : variables for check response data record LEL 8]
{G** GLOBAL VARIABLES : none ek}
{Mhex MODULES CALLED : Types hkk )
{E®% ERROR CONDITIONS : none : LAAD]
{CHh* COMMENTS : for details about data record see TYPES LA L]

(ttitttttililtltt*.t*tt‘ﬁ.tilitttﬁttttitttttttttttittiiititlitttttlttilttt)
PRCCEDURE initvar2({VAR check:responsedata);

BEGIN
check.nsanples:=501;
check. frequenc 507
check.nochannel:=3;
check.step:=0;
check.whenstep:=0;

END:

(tttﬁﬁ‘tt*tiﬁtﬁttt.tﬁit‘tt.tt*titﬁttﬁiﬁtﬁﬁ*“l.iﬁﬁtttt*.tt*ﬁiﬁittﬁﬁttiﬁtﬁﬁ)

{N*#® MODULE NAME : INITMENU1 ek}
(han Rk )
{At® PRCCEDURE ¢ initializes the menu defined in this sub- LA 3]
(whw ‘routine *aw)
{Skn CALL SEQUENCE : INITMENU1 (menu) k)
{I*w INPUT PARAMETERS : none LT
{O*% OUTPUT PARAMETERS : menul (type screenmenu) k)
{Gwe GLOBAL VARIABLES : none whk)
{Max MODULES CALLED : Types *hh)
{E** ERROR CONDITIONS : none *dek )
{Crx COMMENTS : for details about screenmenu see TYPES LA 8}

{Rndhdhhddhhhkdbdhhhthhhdhihhdhhdddkdhdhdddbhibthdhdhhdhhhhhdhdhrddhdvdhhtds)
PROCEDURE initmenul (VAR menu:screenmenu};

BEGIN .
menufl):=* s e
menu{2):=/ |
menu(3]:=* I
menu(4l}:=/ |
menu(5}:=’ ]
menu(6}:=’ I
menu(7]:
nenu(81:=' |
menu(9

menu(10
menu(1l]: I i - Initislize Variables
menuf{12):=* [

MASSFLOW CORRELATION PACKAGE

o=t

menuf{13i:=’ | c - Calibrate Massflow Constants [

menufl4):=’ | ) s
menuf15):=/ | r - Run Massflow Test I:
menuf16 i s
menuf17 I . e
menu(18):=’ | 7
menufl9j:=’ | N*:
menu(20):=’ | . s
menul21}:=* ] re
menul[22}:=’ [ q - Quit e

menu{23}:
menu{24]:

a . I
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(QQ‘tttﬁ‘ﬁﬁtﬁ‘g‘g.‘QQQQ‘..Q"“‘Q‘tt--“QQ‘Q...“Q“.““““‘Q“““.t‘ﬁ‘)

{N#* MODULE NAME ¢+ INITMENUZ ek}
{hdw LAl
{A*® PROCEDURE : Initializes the Menu defined in this Sub- k)
(G4 L] routine dhd)
{Sww CALL SEQUENCE : INITMENU2{menu) AL
{Iaw INPUT PARAMETERS : none k)
{O**  OUTPUT PARAMETERS : menul (type screenmenu) bbb
{Guw GLOBAL VARIABLES : none k)
{Muw MODULES CALLED ¢ Types kedd)
{E*% ERROR CONDITIONS : none wak)
{CH% COMMENTS : for details about screenmenu see TYPES k)

(‘tﬁ“tt““ﬁ“““.‘tﬁﬁﬁtt-ttﬁ““Qt‘ﬁ‘Q‘QQ“‘“‘Q“ttt“‘ttt“*“ﬁ'ttt")

PROCEDURE initmenu2({VAR menu:screenmenu);

BEGIN
menu{lj:=* F 9’7
menuf2):=* I Il
menuf3]:=' | INITIALIZE VARIABLES I

. menu[4):=" ]
menuf{5):="

menu{§) b s
menu(7] i ez
menu( 8] I e
menu($) I ' s
menu[10] I n - No of Massflow Samples per File hes
menu(1lj:=* [ 2 - No of Initial Zero-Massf. Samples : N
menuf12) i s - Sampling Time [sec] : hes
menu[13] I p - Steady State Setpoint : fle:
menuf{l4) 0 (K3
menufl5}:=' ] a - A‘ctual Massflow obtained from 2
nenufls}:=’ I m - Mode of Operation : ‘:
menu(17]:=’ I i2:
menuf18):e’ | . iz
menu{19):=/ | t - Title : Ne:
menu[201] I £ -~ Filename : s
menul 21) [ e
menuf22):= i s
menu(23}:=’ ] c - calibrate Timing of datalogging Procedure g - Quit f:
nmenuf24):=* L A sy
END:

‘ﬂt“‘““t‘Q““““tﬁ‘tttt‘ﬁ‘t‘Q“'*Qt“‘t".Q*tt.“‘tt““"-.‘t.*““‘)

{H** REVISION HISTORY: kw)
{#%k®  VERSION BY DATE COMMENTS whd}
{arw 1.0 KCAD 28-02-90 . Wit}
(ww ey
{#%**  UNITEND MPCAD.PAS e}
(‘t‘““tt!‘t“ﬁ“‘tt“““‘-tt““ti..‘.ﬁ“.t‘tiit‘t---‘t‘..t“*!“t-i‘!‘)
END.
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C.3.18 Mf.pas

R R L T T T 3
{wan PROGRAM TO DETERMINE THE MASSFLOW ON A HORIZONTAL CONVEYOR BELT %%%)
[Sdald FROM THE ENERGY AND SPEED RESPONSE IN AN ON~-LINE FASHION##*+}
{Rww FILE: MF.PAS fwk )
(L L e T T

RN R R Rk kAR AR RN RAR R AR RRN KRR A AN AR AR R AR ARk AR R Rk A R AR AN )

(N**  PROGRAM NAME : MF ALY
(tﬁi iﬁi)
{AW® DESCRIPTION : Determines the massflow on a horizontal ik}
{dnn conveyor by determing the kinetic energy LAL D]
{xne consumed by the system during a pulse per- *#*}
{hnn turbation. hhk)
{Sh* CALL SEQUENCE ¢ MAIN PROGRAM ek}
{Inn INPUT PARAMETERS ¢ n.a. whn )
{Or* OUTPUT PARAMETERS : massflow figures ) kkh}
{Gu® GLOBAL VARIABLES : none 3 kb
{M** MODULES CALLED t Crt,Dos,Graph,Plotgraf,Types,Filehand,Detmf, #**}
{hrn Datalog,Math,DT2801_4 ,Mfd LA L8]
{E#% ERROR CONDITIONS : none k)
{Crn COMMENTS ¢ none k)

(Q*tttttttttt!iatitttttt‘**‘ttt.tt.‘iﬁttt*tt.tt**'ttttﬁtttttt'*tttitt‘t**t }
PROGRAM mf;
{$M 65000,0,655360}

USES Crt,dos.graph,plotgraf,types,filehand,nfd,detmf ,datalog,math,dt2801_4;

CONST
pathdata=‘data\.dan’;

VAR
mode,pulselength,outch,walt:integer;
step,setpt:real;
respdata:responsedata;
mfdata:massflowdata:

Csp:constant;

Ct:time:

menul,menu2:screenmenu;

optiorni:char;

dataname:str50; p
(ﬂt*ﬁ.ttt".ﬂ‘ﬁtttiﬁlttt‘tt'.ttitﬁt'i*tﬁ.'t.Qtttttttﬁﬁ.t..iﬁﬁﬁ.tttttilﬁﬁﬁi)
(Gl PROCEDURES 113!
( * * ok .‘.ﬁ'ﬁt.tttttﬁﬁi*.ﬁtt.ti*ﬁﬁtiittﬁt.i*iﬁﬁ'.*ﬁtit.*ﬁﬁ)
{* *)
{#** change variables LLLDY
{* LLD)

PROCEDURE chgvars:

VAR
modechar ,masschar :string{10];
option:char;

BEGIN
IRITMENUZ (menu2);
repeat
case mode of
1:modechar:=/VSD: Vdn=0’;
2:modechar:=/VSD: Vdn>0’;
3:modechar:=’SSR: Vdn=0';
4:modechar:=/SSR: vdn>0’;
end;

clrscr:

WRITEMENU(menuz);

gotoXY(56,10) ;writeln({mfdata.nsamples):
gotoXY(56,12) ;writeln(wait);
gotoXY(56,13);writeln(setpt:5:2);
gotoXY(46,16) ;writeln(modechar);
gotoXY(30,20):writeln(dataname):;

gotoXY (30,19} ;writeln(mfdata.title);
gotoXY(5,25)write(’Option [ql: ’}:
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option:=readkey:
if option=#13 then option:=‘g’;

case option of
‘n’,’N’:READINT(56,10,5,»fdata.nsanples);
‘s?,’S*:READINT(56,12,5,wait);
‘p’,’'P’:begin
READREAL(56,13,5,setpt);
DAC_WRITE(outch,round(setpt*2048/10))¢
end;
‘m’,’M’:begin
mode:=mode+1;
if mode>4 then mode:=1;
SAVELOOPDATA(0};
end:
*f?,’F’ :FILERAME(datananre,’’);
*t?,'T’:mfdata.title:=CHGTITLE( 'TITLE: ’,mfdata.title):;
‘c’,’C’ :CHKPULSETIMING{setpt,pulselength,outch,respdata)
end;
until (option=’Q’) or (option=’qg’);

case mode of

1:begin .
outch:=0; {Outputchannel 0 is dedicated to the VSD}
step:=-10;
pulselength:=Ct.stepup-Ct.stepdn;
end;
2:begin

outch:=0; {Outputchannel 0 is dedicated to the VSD}
pulselength:=Ct.stepup-Ct.stepdn;

HIGHLIGHT(0):

gotoXY(25,19):write(’ Size of Step [’,step:4:1,’): ’);
READREAL{47,19,4,step);

normvideo:
end:
3:begin
outch:=1; {Outputchannel 1 is dedicated to the SSR}
step:=-10; ’
pulselength:=Ct.stepup~Ct.stepdn;
end;
4:begin X
outch:=1; {Outputchannel 1 is dedicated to the SSR}
step:=-10; .
HIGHLIGHT(0):

gotoXY(25,19);write(’ Pulselength [’,pulselength:3,’]: *);
READINT(45,19,3,pulselength);
Ct.stepup:=Ct.stepdn+pulselength;
Ct.ssdn:=Ct.stepup; !
normvideo:
end;
end;

END;

(e )
{#** determine massflow on belt axn)

¢

*}

PROCEDURE masstest:

VAR
Vav,zeronf:real;
1,3 .k, tempdum,waitloops,code,count,pos:integer;
mf ,Jum:real;
key,ss:boolean;
opt:char:
countstr:stringf2]:

checks if and which key has been pressed }

PROCEDURE checkkey;

BEGIN
if keypressed then
begin
opt:=readkey:
if (opt=’g’) or (opt=‘Q’) then key:=true;
end;
END;
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{
{ checks if steady state has been reached }
{ }

PROCEDURE steadystate:

VAR
j:integer;
check:responsedata:;
dev:array({l..2] of real;
mean:array{l..2] of integer:

BEGIN
INITVAR2(check):
repeat
PULSERESPONSE(setpt,0,outch,check):
for j:=1 to 2 do MEANCALC{check,},0,check.nsamples-1,mean(j],dev[(]]):
if (mean[1]>100) and (mean{2}>0) then
if {dev(l]/mean{11<0.1) and (dev[2]/mean(2]<0.1l) then

ss:=true;
checkkey:
until (ss=true) or (key=true};

END;

performs a pulse response of the system and determines the massflow
from the Kkinetic energy response

- an

PROCEDURE doresponse;

BEGIN
sound(2000) ;delay(100) ;nosound;
PULSERESPONSE(setpt,pulselength,outch,respdata);
sound(4000) ;delay(100) ;nosound;
with mfdata do

gettime(time{count].hour,timefcount].min,time(count}.sec,time[count}.secl00):

DETMASSFLOW(Csp,Ct,respdata,mode,dum,mf ,Vav);

nfdata.dataf{count):=(mf-Csp.offset)/Csp.slope;
if mfdata.data[count]<0 then mfdata.datafcount]:=0;
END:

BEGIN
count:=0;
waitloops:=round(wait-((respdata.nsanples-l)/respdata.frequency}+1);
if waitloops<0 then waitloops:=0;

repeat
DISPLAYINIT( ‘MASSFLOW [t/hr}’,’/ERROR : +/=};

repeat

key:=false:;

ss:=false;

steadystate;

if (key=false) and (ss=true) then

begin

count:=count+1l;
doresponse;

DISPLAYNO(mfdata.data[count],mfdata.error);

checkkey:
i:=0;
repeat
1z=i41s
- delay{1000);
checkkey;
until (key=true)} or (i=1}; (i=waitloops}:;
end;

until (count=mfdata.nsanples) or {key=true):;
closegraph:

if count<mfdata.nsamples then
begin
tempdun:=mfdata.nsamples;
nfdata.nsamples:=count;
FILENAME(datanane,’’);
SAVEMFDATA(dataname,mfdata);
mfdata.nsamples:=temnpdum;
end
else
begin
SAVEMFDATA(datanane,mfdata);
pos:=POSITION(dataname)-6:
countstr:=copy{dataname,pos,2);
val{countstr,count,code);
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. .
if count<9 then delete(dataname,pos+i,1l)
else delete{dataname,pos,2);
count:=count+l;
str(count,countstr); ’
if count<10 then insert(countstr,dataname,pos+l)
else insert(countstr,dataneme,pos):
end;

count:=0;
until (key=true);

END:
(HhRRE YT "ok R T T T S LT
{Fax MAIN PROGRAM Wk

(*i*!!‘Q*.*ttttttt.k.i!!!tiQ!lttﬁ*t.ii**t!!Qtttt“(t‘t!t(ttt(i((tt‘ttttt!t }
‘
BEGIN
dataname:=’’;
insert(pathdata,dataname,l);

LOADCONST(Csp);

INITVARL(Ct,respdata,mfdata,wait,mode,outch,setpt};
pulselength:=Ct.stepup-Ct.stepdn;

SET_UP:
DAC_WRITE(outch,round(setpt*2048/10));

INITMENUL(menul);

repeat
clrscr;
WRITEMENU(menul);
gotoXY(5,25) ;write(’Option? ’);

option:=readkey:

case option of
tif,?1’:chgvars:
‘r?,’'R’:masstest;
‘m’,’M’ tbegin
FILENAME(dataname,’’);
LOADMFDATA (dataname ,mfdata);
MFSTATS(mfdata)
end:
‘c’,’C’:MFCALI(Csp,setpt,pulselength,outch,mode,Ct,respdata);
end;
until (option=’q’) or (optien=’Q’):

(www * ERRREARA *n NRRRRRRRRRRRERRNRA NN
{H** REVISION HISTORY: bk
C ke VERSION BY DATE COMMENTS wkn)
{rRn 1.0 KCAD 06-04-90 ek}
[wwx wh)
[Galaded FILEEND MF.PAS *hk )
{* * ARk, EETTS . LTI TS
END.
o
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C.3.19 Mfd.pas

ISR A L T L Y e T P I T T
{ ke UNIT PROCEDURE LIBRARY CONTAINING DATAFILES TC BE USED IN *hok}
(Hdw MF LT
{wier FILE: MFD.PAS - whk}
A L e s T T T T T

UNIT mfd;

(S Ab A LR L A L L e T TR L I L

INTERFACE
G At L L L T T T T L O

.

USES types:

PROCEDURE initvarl(VAR Ct:time;VAR respdata:responsedata;VAR mfdata:nassflowdata;
VAR wait,mode,cutch:integer;:VAR setpoint:real);

PROCEDURE 1nitvar2(VAR check:responsedata);

PROCEDURE initmenul (VAR menu:screenmenu):

PROCEDURE initmenu2(VAR menu:screenmenu);

e AR L R L R L R e eI T 2 2 )

IMPLEMENTATION
e L L T T T E R T L e I T

[SALAAR L AR I R L L L L e L T L eI S T )

{N®# MODULE NAME ¢ INITVAR1 Rk}
{Hx Ak}
{A¥* PROCEDURE ¢ initializes the varlables used by the *kk )
[Ghkd Program MF ek )
{Sk* CALL SEQUENCE + INITVAR](Ct,corrdata,respdata,massact,mode ##%}
€L setpoint, corropt) whk )
{Ikw INPUT PARAMETERS : none kk)
{O** OUTPUT PARAMETERS : Ct - timing consatnts, values for cc:relat-'**')
{weh ion and response data record, initial set- #%#)
{rne point of to be applied to plant, initiali-~ w#x}
{Rxw various optlons Rk}
{GHw GLOBAL VARIABLES : none wkk}
(M**  MODULES CALLED : Types whk)
{E®* ERROR CONDITIONS : none k)
{CHhw COMMENTS : for details about data records see TYPES W)

(‘it‘itttttti'*ﬁﬁ"ﬁﬁ.tﬁtt.ttttttitiﬁﬁﬁi*iiﬁ...tﬁ'ttttttttttttitttﬁttttﬁﬁ.)

PROCEDURE initvarl(VAR Ct:time;VAR respdata:responsedata;VAR mfdata:massflowdata;
VAR walt,mode,cutch:integer;VAR setpoint:real):;

BEGIN
Ct.ssup:=0;
Ct.ssdn:=200:
Ct.stepdn:=100;
Ct.stepup:=250;
Ct.ssend:=5007

respdata.nsamples:=501;
respdata.frequency:=50;
respdata.nochannel:=3;
respdata.step:=~10;
respdata.whenstep:=Ct.stepdn;

mfdata.nsanples:=500;
mnfdata.title:='Massflow Meter: ’:
setpoint:=0;

outch:=0;

wait:=15;

mode:=1; {i.e VSD,Vdn=0}
END:
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AR AR A A A AR L L L L T T T T 2T 2 T L L 08

{Nuw MODULE NAME ¢ INITVAR2 ek}
(itt tl‘.)
{A** PROCEDURE : initializes the variables wsed by the k)
(Sl - Program MF k)
{S¥* CALL SEQUENCE ¢t INITVAR2(check) *hu)
{In% INPUT PARAMETERS : none Ak}
{O** OUTPUT PARAMETERS : variables for check response data record LLLE
{Gne GLOBAL VARIABLES : none k|
{Mne MODULES CALLED : Types N blalab]
{E** ERROR CONDITIONS ¢ none Rk )
{Ch*x COMMENTS : for details about data record see TYPES kw)

{ ﬁititﬂ.ttt.t*tﬂ**ﬁttttit***ﬂttﬁ!*ttt*tttttt*ﬁﬁﬁttttttti*tttﬁﬁt*!ttitl!li*)
PROCEDURE initvar2(VAR check:responsedata);

BEGIN
check.nsamples:=501;
check.frequency:=50;
check.nochannel :=
check.step:=0:
check.whenstep:=0;

END;

R L L e Y T 2 T T T

{N#* MODULE NAME : INITMENU1 wak)
{Rw wdkk )
{A%® PROCEDURE ¢ initializes the menu defined in this sub- Wkt )
{anw routine wkd}
{Sh* CALL SEQUENCE ¢ INITMENU1(menu) Wk}
{I%n INPUT PARAMETERS : none ek |
{O%* OUTPUT PARAMETERS : menul {type screenmenu) k)
{G** GLOBAL VARIABLES : none hhbd)
{M** MODULES CALLED : Types rhk)
{E*e ERROR CONDITIONS : none . whk)
{Cx* COMMENTS : for details about screenmenu see TYPES k)

{HR R AR R R AR AR AR R E R AR R R AR RREARR R AR RANREAR R E R R R Ak RdhhR ik}

PROCEDURE initmenul(VAR menu:screenmenu}:

BEGIN
menufll:=’ v
menu[2):=’ || fi:
menu(3]:=* [ SFLOW ESTIMATION PACKAGE §2:

menuf4):=’ ]
menu{5]:=* ]
menuf{6):=' ]
menu{7):=* [
menu{8}:=’ ] .
menuf9j:=’ | . s
menu(10}:=’ | I’

menu{1llj:=* ] 1 - Initialize Variables ty
menufl2} [ s
menu(13]:=’ | m - Massflow Statistics 0
menufl4):=f | s
menu[15]):=' ] c - Calibrate massflow constants s
menufl16}:=’ i ‘:
menu[17]):=* | ) i
menu{l8):=’ ] r - Run Massflow meter ‘ _
menufl19):=’ 2
menu{20):=* ] I *
menuf21}:=’ I . 2
menu(22}:=’ ] q - Quit . ]
menu{23]:=’ | S s
menu{24):=’ & By

END;
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(‘!*t*f.t*t*ll!!fitttttttl.l!****t*ﬂ*ttii**..tt*tttt.t**ttlt.ttﬁ..l.ti.**t)

{Ne# MODULE NAME ¢ INITMENU2 *hk)
(han *hk}
{A%R PROCEDURE + Initializes the Menu defined in this Sub- k)
{hx% routine k)
{Skw CALL SEQUENCE : INITMENU2(menu} Wk}
{Tex INPUT PARAMETERS : none . wk k)
{Onn OUTPUT PARAMETERS : menul (type screenmenu) Rk}
{Ghe GLOBAL VARIABLES : none "l ok}
{Mun MODULES CALLED : Types ke
{E#x ERROR CONDITIONS : none Ak )
{Cux COMMENTS : for detalls about screenmenu see TYPES b g

(i.‘.l.ttt***t.iitiiti.***l'ilttttt'li****t*.l‘*tttttttt‘i‘iltt*ttttt..iiit)
PROCEDURE initmenu2(VAR menu:screenmenu):

BEGIN
menu{l):=’ F 7
nmenu(2):=' I I
menuf{3]e=’ i INITIALIZE VARIABLES ’ 1]
menuf{4y:=’ '
menu(5j:=’ | e
menuf{6j:=’ I : o
menu(?}s=* ]
menu(83:=/ |

menu[9]):=’ ] e
menu{10j:=* ] n - No of Massflow Samples per File : . he:
menu(11]:=* | :
menufl2):=* fi s - Sampling Time [sec] : Il
menu(13]:=" I p - Steady State Setpoint : 72
menufl4):=* I ez
menu(15]:=" 1 . [
menu[16):=' | n - Mode of Operation : hes
menu{17):=" I [
menuflgy:=/ | e
menuf19]:=’ | t - Title : s
nmenu{20]:=" I f - Fllename : fee
menu{2l]:=’ || Iz
menuf22):=’ I e
menu{23j:=/ I c -~ Calibrate Timing of datalogging Procedure q-- Quit s
menu{24]:="' [ = s

END;

(AR AR AR AN AT TN AN AR AR AR E AR A A AR A RRA TR IR AN NN R AR AR AN AR d ke kdk etk ]

{H**  REVISION HISTORY: *wn)
(#** VERSION . BY DATE COMMENTS (L
(ane 1.0 KCAD 28-02-90 wan)
(t‘. ...)
{*%*  UNITEND MFD.PAS k)
(““i.i'ﬁ'....'...’i".’*‘.*.*iift.."t...'.“'.'“......'t..".'...’."‘...‘)
END.
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C.3.20 Estimate.pas

(R L e e R e R e e L e e 2T T
{Rhk UNIT PROCEDURE LIBRARY TO DETERMINE THE TRANSFER FUNCTION OF A #wx#)
{denn MEASURED RESPONSE Rk}

{®enn FILE: ESTIMATE.PAS . ek}
AR L L L e L L T T T

UNIT estimate:

(l!“.ititt***itiﬂtttt‘Qt..t*i!****i*!i***.i‘i.itii‘*tt‘i.tittt*‘.iii.tit*)

INTERFACE
R L L R L L L T R 2 T T T )

USES
crt,math,model,types;

PROCEDURE set_up_ul(data:responsedata):

PROCEDURE set_up_y(c:integer:;data:responsedata);

PROCEDURE set_up_u2r({p:parameterdata;data:responsedata):

PROCEDURE set_up_u2c(p:parameterdata;data:responsedata); '
PROCEDURE lse(VAR B:vectorsml):

PROCEDURE lse2(VAR p:parameterdata;VAR data:responsedata);

PROCEDURE nelm(eps:real;VAR para:parameterdata;VAR data:responsedata);

(i.ttt‘t“t‘**...!.Q.ttt.‘titﬂ.ttt.t..!.ttttt!‘.“...‘t**“ttttﬁ.t.t'tt'tt)

IMPLEMENTATION
(AN N AR TRANCRRRRARE AR EAREN TR R R AR AR R E AR E RN R RN RN RN RR RN Ak )

{ LT TP 2 * L1 * LTI L))
(N**  MODULE NAME : SET_UP_U1 raw}
( LA L] ttt,
{A%* PROCEDURE : sets up the U matrix used for the Least LAL}
{deken . Squares parameter estimation technique to ERE)
[Gh find the poles of the transfer function ek}
{Skw CALL SEQUENCE ¢ SET_UP_Ul(data) kwk)
{Iww INPUT PARAMETERS : measured response data record, limits of k)
( ek d response ttt)
{O%* OUTPUT PARAMETERS : U matrix {type matrixbig) ki)
{G* GLOBAL VARIABLES : limits of response, U matrix wrheh )
{M%w MODULES CALLED : Types B k)
{Etx ERROR CONDITIONS : none whk}
{Can COMMENTS : for details about response data, limits and #w#}
{ %k matrixbig see TYPES whk)

(!ﬁ‘tttt.**.tttt***tttttttttttt.‘tttt*.tttQttt"fﬁii‘ttt.*iﬁﬁi‘tt.it‘tt.‘i)

PROCEDURE set_up_ul(data:responsedata):

VAR
i,j,m,max,nin:integer:

BEGIN
min:=round(limits.tmin * data.frequency):
max:=round(limits.tmax * data.frequency);
m:=modell.order;
if min<m+l then min:=m+l;

for i:-min to max-1 do
begin
U.a{i-m,1]:=1;
for j:=1 to m do U.a[i-m,j+1):=-data.data(l,i-j];
eand; :
U.rows:=max-min;
U.colg:=m+l:
END;

(.i*i‘tt..itt.t.ttftt.ﬁttﬁtttt*tfii‘t.ﬂt“tttt...*tttf‘t't*t!“'t..“*i'it)

{N#w MODULE NAME H SﬁT_UP_Y fhw)
(hwn tan}
{Anw PROCEDURE : sets up the Y vector used for the Least wRk)
{wne Squares parameter estimation technique to W)
{#etn ' find the poles {c:=1) or the zeroes (C:=2) W%}
{ns of the transfer function . wak} 4
{Sww CALL SEQUENCE ¢ SET_UP_Y¥(c,data) LAL)
{Inew INPUT PARAMETERS : c indicates case (1 = poles: 2 = zeroes):; wkw )
{mhn measured response data record, limits of k)
(.tt response .")
{O*% OUTPUT PARAMETERS : Y vector (type vectorbig) k)
{Gwx GLOBAL VARIABLES : limits of response, Y vector ARk}
{Mawn MODULES CALLED ¢ Types 4 k)
{Ex® ERROR CONDITIONS : none LA L2}
{Cr¥ COMMENTS : for details about response data, limits and w##)
{ Rkt vectorbig see TYPES dedek )
{ otk * LAl * -t*.t.!ittitt.t.tti....ttt..!.ttt....t')

PROCEDURE set_up_y(c:integer:;data:responsedata);
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VAR

i,i,m,min,max:integer:

m:=modell.order;

ound(limits.tmin * data.frequency):
=round(limits.tmax * data.frequency):

1f (c=1) and (min<m+l) then c:=m+l else c:=min;
for i:=c to max-1 do Y.v{i+l-c]:=data.data(1,i]:

Y.elenents:=max-c;
END;

et A A sk A e e A ok s e e e R R e ek A ek |

{Ne* MODULE NAME ¢ SET_UP_UZR

(ti!

{A%*w PROCEDURE : sets up the U matrix used for the Least
[l Squares parameter estimation technique to
{#an find the zeroes of the transfer function
(anw with real poles

{Sw CALL SEQUENCE

{I** INPUT PARAMETERS
{wn

{ran

{O%* OUTPUT PARAMETERS
{Gr* GLOBAL VARIABLES
{Mw® MODULES CALLED
{Ex% ERROR CONDITIONS
{Chw COMMENTS

(6 5.1]

SET_UP_U2R(parameter,data)

measured data record, parameter data record
containiné the poles of the transfer
function, limits of response

U matrix (type matrixbig)

limits of response, U matrix

Types

none

for details about response data, parameter
data, limits and matrixbig see TYPES

LLL A
LA L
wkk )
dedk )
LALE]
dheok }
LE LS
LAA B
LA
LLL S
wak)
k)
k)
ekt |
haw)
Ak}

[Rhhd Rkt h ke hhehd kAR AR R RAAANRRA R A h kAR Rk kR ke ke ko hhhe ki k)

PROCEDURE set_up_u2r{p:parameterdata;data:responsedata);

VAR
i,3.nin,max:integer;
t:ireal:;

BEGIN

nin:=round(linmits.tnin * data.frequency);

max:

ound(limits.tmax * data.frequency):

for {:=min to max-1 do

begin
e
U.a{i+1,1]):=1;

for j:=1 to modell.order do U.af

end;
U.rows:=max-nin;

i/data.frequency;

U.cols:=modell.order+1:

END;

i41,3+1)1:=exp(-p.para(3+]1*t);

{RAR AR RRRAE kAR AR AR R AR R AAARARAARRR RN R AN IR R AR R ARk R h kA kA A AN}

{N** MODULE NAME : SET_UP_U2C fekk)
(ti. t.ﬁ)
{Aww PROCEDURE : sets up the U matrix used for the Least k)
[kl Squares parameter estimation technique to fedken }
{whn £ind the zeroes of the transfer function bbb
[Sadaded with complex poles hw}
{S**  CALL SEQUENCE : SET_UP_U2C(parameter,data) hww)
(I*w INPUT PARAMETERS : measured response data record, parameter fekk}
{maw data record containing the poles of the whek)
[Salald transfer function, linits of response k)
{O%*  OUTPUT PARAMETERS : U matrix (type matrixbig) ae)
(G**  GLOBAL VARIABLES : limits of response, U matrix dedew }
{M#*  MODULES CALLED : Types wik)
(E#%*  ERROR CONDITIONS : wan}
{Cwe COMMENTS : for detalls about response data, parameter **¥)
{Ran data, limits and matrixbig see TYPES hkk}
‘..ﬂ.t.ttitttﬁﬂ.tiﬁﬂttﬁ.tttﬂﬂﬂﬁtt.ﬁ..' * * * Wk}

PROCEDURE set_up_uzc(p:parameterdata;data:responsedata);

VAR
1,i,min,max:integer;
t.factor:real;

BEGIN

min:=round(limits.tmin * data.frequency):

max:=round(limits.tmax # data.frequency):
for i:=min to max-1 do

begin

t:=1/data.frequency;

factor:=exp(-p.para{4]*t);

U.afi+l,1):=1;

U.a(i+1,2):=factortcos(p.para[5]*t);
U.a[i+1,3]:=factor*sin(p.para(5]i*t);

end:
U.rows :=max~min;

if modell.order=3 then U.a[4,i+1]:=exp(-p.para(6]*t);

U.cols:=modell.order+l;

END;
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(tiﬁtt"'.iﬁﬁ.i.' Ak * L n-tt*ﬁﬁ.ﬁi}
{N**  MODULE NAME ¢+ LSE *hk)
(ti' !ii)
{A%w PROCEDURE : performs the Least Squares estimation algo- ##%}
(wee rithm by solving the equation Ut*U|Utwy hak )
{Sex CALL SEQUENCE : LSE(B) whw )
{I%w INPUT PARAMETERS : vector B, matrix U (matrixbig) and wvector Y *#%}
{when (vectorbig) ek k)
{O%n OUTPUT PARAMETERS : solution Matrix ek}
{Ghw GLOBAL VARIABLES : matrix U and vector Y k)
{Mrx MODULES CALLED ¢ Math, Types b
{E** ERROR CONDITIONS : none wxe)
{Ch* COMMENTS : for details about matrixbig and vectorbig dekk )
{wee ’ TYPES wkk )

(AN RRR A RR NN AKA A RARA AR RN R AN RN REE R AR ARk kR ARk Rh ARk ke Rk k ARk )

PROCEDURE lse(VAR B:vectorsml):

VAR
A:matrixsml;
i,4:integer;
BEGIN
UtU(A):
uty(B);
GAUSS_1(A,B):
END;
(tttti*i..tﬁiﬁ“ﬁttiiﬁ.ttt*i'i * i *h * *keddr -ttttﬁ!t)
{N**  MODULE NAME : LSE2 whk)
[l fehk)
{Ark PROCEDURE : fits a transfer function to a measured Ak}
[Sid response in the s-domain using the 2 Stage **w}
{wnw least squares estimation algorithm hkw)
(S**  CALL SEQUENCE : LSE2(paraneter,data) ELI)!
{Inn INPUT PARAMETERS : measured response data record, modell data *#%)
[l record whx}
for® OUTPUT PARAMETERS : coefficients of transfer function Wk}
{Gh# GLOBAL VARIABLES : modell (type modeldata) LA}
{M#*  MODULES CALLED : Crt,Math, Types Wk
{Ex® ERROR CONDITIONS : if poles in the z-plane are too close to thewi®)
{whn |z{=1 contour LLLS
{Cwx COMMENTS : for details about response data, parameter #**%}
{rkw data and modeldata see TYPES bbb

(ti.ttttti'ﬁﬁtttttittQtﬁ't'tttttttttt"ﬁt‘iiiﬁtiitﬁ.ﬁtttt'!tﬁtﬁﬁﬁiiitt*‘i‘}
PROCEDURE lse2(VAR p:parameterdata;VAR data:responsedata):

VAR
B:vectorsml;
discriminant:real:
i,i:integer:;

BEGIN
clrscr:;gotoXY(16,6) ;writeln( ’REGRESSING USING THE LEAST SQUARES ESTIMATOR’):
SET_UP_Ul(data):
SET_UP_Y(1,data};
LSE(B}:

gotoXY(10,12);writeln(’Pole Position - Distance from Origin in the 2-plane: ’,sqrt(B.v{3]1}:4:2);
if abs(abs(sqrt(B.v[(3]))~1)<0.05 then
begin
HIGHLIGHT(1):gotoXY(25,15) writeln{’!{{] MODEL NOT ACCURATE (1{!’);
HIGHLIGHT(0):gotoX¥(11,17):
writeln(/Poles in the 2-Plane are close to the |Z{ = 1 contour’};
end;

case nodell.order of
1l:begin {lst order Response}
p.para{4):=-1n{-B.v[2})*data.frequency; {pole}
SET_UP_U2r(p,data);
SET_UP_Y{2,data);

LSE(B):
p.para(3]:=-B.v([2]; {Gain}
end?
2:begin {2nd order Response}

discriminant:=sqr(B.v(2]1/2) - B.v(31;

if discriminant > 0 then {i.e. real poles}
begin
p.para{a]:=-In(-B.v{2)/2+sqrt(digerininant}) * data.frequency:{pole 1}
p-para(S}:=-1ln{-B.v[2]/2~sqrt{discriminant)) * data.frequency;{pole 2}
SET_UP_U2r(p,data);
SET_UP_Y(2,data};

LSE(B);
p.para{3):=~(B.v[2}+B.v{3]); {gain}
p.paraf{é]:=(B.v{2]*p.para(5]}+B.v(3]*p.para{4]) / p.para(3}; {zero}
modell.typ:=1; '

end
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else {i.e. complex poles}
begin
p.paraf4]:=-ln(sqrt(B.v(3])) * data.frequency:{real part of pole pair}
p.paraf{5]:=arctan{-sgrt{-discriminant)*2 / B.v(2]) * data.fregquency:
: {imaginary part of pole pair}
SET_UP_U2c(p,data);
SET_UP_Y(2,data});
LSE(B):
p-para{l3]:=B.v{1):
p.para(6]:=(sqr(p.parafd))+sqr(p.para{53}))}*B.v(2]/(p.para(5)*B.v(31-B.v{2]}*p.paral[4]);
modell.typ:=2:
end;
end:
end;
DETRESP(p,data):
normvideo:
END;

Rk ko ot ot e ok Ak e e e }

{Nw#® MODULE NAME ¢ NELM kR
(kR Rk}
{An® PROCEDURE : Nelm is a non-linear regression package, 1LY
{ Rk which determines the parameters of a trans— =#4}
{mewn fer function *hk ) .
{S** CALL SEQUENCE : NELM(epsilon,para,data) *hk ]
{Itew INPUT PARAMETERS : parameter data record containing initial AL
{kkk estimates for the parameters of the transferk##}
[ function, epsilon = required accuracy limit,w#*)
{wwsx measured data record, limitsg of response dededk }
{O** OUTPUT PARAMETERS : updated parameter data record, updated hikk )
(840 modelled response LA LAY
{G*w» GLOBAL VARIABLES : limits of response LELS}
{M** MODULES CALLED ¢ Crt, Types, Model LA LAY
{Ew#¥ ERROR CONDITIONS : none k)
{C**  COMMENTS : - for more information about response data, *#%+}
{Rwn limits and parameter data see TYPES LALD)
{w ~ to quit from NELM press <ENTER> Rk}

{ t.l*ltttt.‘!iﬁ!....titttitﬁﬁttlﬁiﬁﬁ*li.ttti!llti**tttiitttt*iﬁ.l'i'.l.ttt)

PROCEDURE nelm(eps:real;VAR para:parameterdata:VAR data:responsedata):

VAR
f,fs,£0,a0,s:real;

k,ix,i,4,k1,nn,n1,n,np,xn,ih,is,k0,i1 kev:integer;
h:array(1..10] of real:

fp:array(1..22] of real:

prarray{l..120] of real;

xs:array[1..10]} of real:

x,xd:parameterdata;

loopend,endd:char;

{ }
{hh SUBPROCEDURE INNERLOOP Hidk )
( }

PROCEDURE innerloop:

VAR
i:inteqger;

BEGIN

if ih=1 then is:=2
else ig:=1;

for i:=1 to nl1 do
if i<>ih then
if fp(il1>fplis] then is:=i;

k:={ih-1)}*n+1;k0:=nn+1;
for i:=1 to n do
begin
x.parafi):=2*p(k0}-p(k};
ki=k+1;
kO :=k0+1; .
end;

k:=k~n:
COPYPARA(para,x);
DETRESP(para,data);
£:=SUMERRSQR(para,data):

if f<fp{il] then
begin
kO:=nn+1;
for i:=1 to n do
begin
xs{ij:=2*x.para(l]l-p{k0];
k0:=k0+1;
end;
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for i:=1 to x.no do xd.para(i):=xs{i);
’ .

COPYPARA (para,xd):
DETRESP(para,data);
f8:=SUMERRSQR{ para,data);

if fs<fp[il] then
begin
for 1:=1 to n do
begin
plk):=xs[i];
ki=k+1l:
end; . .
fplin):=fs;
il:=ih;ih:=is;
end
else
begin
il:=ih;ih:=1is;fprilj:=£;
for 1:=1 to n do
begin
plkls=x.para(i];
ke=k+1;
end;
end:
end

else if f<fp[is) then

begin
fpfih):=£;
ih:=is;
for i:=1 to n do
begin
plk}:=x.parafi];
k:=k+1:
end;
end
else
begin
if f<fp{ih} then
begin
for i:=1 to n do
begin
plki:=x.paraf(i};
ke=k+1l;
end;
fplih):=£:
ki=k-n;
end:
kO:=nn+1;
for i:=1 to n do
begin
x8[1]1:=0.5%(pfk1+plk01);
ki=k+1:
kO:=ko+1:
end:
k:=k-ny

for 1:=1 to 10 do xd.para(i):=xs[i};
COPYPARA(para,xd):
DETRESP(para,data);

£s:=SUMERRSQR( para,data);

if fe<fplih] then
begin
- for i:=1 to n do
begin
plklt=xslil;
Kki=k+1;
end;
fp(ihj:=£fs;
if fp(i1>£fp{2) then ih:=l
else ih:=2;
for i:=3 to nl do
if fp(il>fplih] then ih:=i;
end
else loopend:=‘y’:
end;
_END;
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t 1
{Renn SUBPROCEDURE OUTERLOOP ke k )
{ }

PROCEDURE ocuterloop;

VAR
i,j:integer;

BEGIN
fpl1):=fp[il]);
if 11<>1 then
begin
K:=(il-1)#n;
for i:=1 to n do
begin
ke=k+1;
x.parafi]:=pf[k);
plki:=pi{i}:
plil:=x.para[i];
end;
il:=1:
end;
ki=n; N
for 1:=2 to nl do
for j:=1 to n do

begin
ki=k+1:
plk1:=0.5%(p(kl+p[11):
end;
loopend:=‘n‘’; '
END;
{ }
{®wn MAIN PROCEDURE ww)
{ -t
BEGIN

SELECTPARA(para,x);
SELECTPARA(para,xd):

n:=x.no;ix:=0;
for 1:=1 to 22 do fpl[l1:=0;
clrscr:gotoXY(25,12) ;writeln(’REGRESSING USING NELNM‘);

for i:=1 to n do
begin
h(i}:=0.02¢abs(x.parafil}:
if h{i)=0 then h{1]:=0.01:
end;
nl:=n+linn:=n*nl;np:=n*(n+2);endd:=’n’;

COPYPARA (para,x);
DETRESP(para,data);
£:=SUMERRSQR(para,data):fp(l]:=£;

if ix=0 then
begin
for i:=21 to n do
begin
k:=1;
for j:=1 to nl do
begin
plkl:=x.parafil;
i1f ((i-j+1)=0) then p[k]:=x.paralii+h[i];
ke=k+n;
end; {for j:=1 to ni1}
end: {for 1:=1 to n}

end; (if ix=0}

repeat {LOOP I}
kt=n+l;
for 1:=2 to nl do
begin
for j:=1 to n do
begin
x.para[}}:=p[k];
k:i=k+1l;
end; {for j:=1 to n}
COPYPARA(para,x);
DETRESP(para,data):
f :=SUMERRSQR(para,data):fp[i}:=£f;
end; (for 1:=2 to n1}

1f fp(1l>fp(2] then
begin
ih:=1;
il:=2

(1f fpll1>fp(21}
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1:=3;
repeat {LOOP II}
1f fp(il>fplih] then ih:=i
else if fp[i}<fp[il)] then il:=1i:

lrei+d:
until i>ni1: {LOOP II}
xXn:=n;
repeat {LOOP III}
k1l:=nn:
for i:=1 to n do
begin

k:=1;5:=07
for j:=1 to nl do
begin
if j<>ih then s:=s+pfk]:
ki=k+nz
end; {for j:=1 to nl}
Kl:=k1+1:
p(kl]l:=s/xn;
end; {for i:= 1 to n}

ks=nn+1;
for i:=1 to n do
begin
x.para{l):=p(k];
k:=k+1;
end;

COPYPARA(para,x):

DETRESP(para,data);

£0:=SUMERRSQR( para,data);s:=0;

for i:=1 to nl do s:=s+sqr(fp(i]-£0):
s:=g/xn;a0:=sqrt(s):

gotaXY(3,3);:
writeln(’Eps:’,eps:10,’ . Std dev.:’,a0:12,’ S(Ei}~2:/,£0:12);

1f (keypressed) or (aO<=eps) then
begin
endd:='y’:
loopend:='y’;
end;

1f endd<>’y’ then innerloop;
until loopend=‘y’; {LOOP III}
1f endd<>’y’ then outerloop:’
until endd='y’; {LOOP I}
t=(11-1)%n+1;
COPYPARA(para,x);

DETRESP(para,data);
END;

(.'t..!t..titt..iiQ.Q.iitiiiiiQiii-t..!iiittﬁ.'i.ﬁ!...tﬁﬁ.'.ﬁ..."ﬁﬁ.*ﬁ.ii)

{He® REVISION HISTORY: Ak}
{enn VERSION BY DATE COMMENTS Ak}
[k 1.0 KCAD 28-02~90 weah)
(wan LT
{nnw UNITEND ESTIMATE.PAS hk)
{(* ik h il L Axkbin)
END.
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C.3.21 Model.pas

[ L L L e T T T Y
{rkex UNIT PROCEDURE LIBRARY TO DEFINE A THEORETICAL MODEL k)

{hhn FILE: MODEL.PAS Rk}
R L T T T T T s

UNIT model;

{RARANRAANA R AR AR RARRA AR AR RRAR AR R AR AR RN AR ORI AR Rk kAR hkkdeh A AR dedd |

INTERFACE
* * (2220 e e de et vt s ot et e e e e e e o
}

USES crt,types,plotgraf, modeld;

VAR
modell:modeldata;
limits:responsescale;

PROCEDURE fittime0OO(p:parameterdata;VAR data:responsedata):
PROCEDURE fittimell(p:parameterdata;VAR data:responsedata);
PROCEDURE fittime2l(p:parameterdata;VAR data:responsedata):
PROCEDURE fittime22(p:parameterdata;VAR data:responsedata);
PROCEDURE fitzl(p:parameterdata;VAR datamod:responsedata);
PROCEDURE fitz2(p:parameterdata;VAR datamod:responsedata):
PROCEDURE initmodel (VAR parameter:parameterdata;VAR data:responsedata);
PROCEDURE detresp{parameter:parameterdata;VAR data:responsedata):;
FUNCTION sumerrsqr(p:parameterdata;data:responsedata):real:;
PROCEDURE chgpara(VAR para:parameterdata;VAR data:responsedata):
PROCEDURE initpara(VAR para:parameterdata):

PROCEDURE selectpara(para:parameterdata;:VAR parasel:parameterdata):
PROCEDURE copypara(VAR para:parameterdata;parasel:parameterdata);

(it"'ttittt-tﬁt.ﬁ.t..ititi...i..it.*...'iti....t....ttt...!l.i..t!...t...)

IMPLEMENTATION
{RRRRR AR R R AR AR AR R E A AR AR R AR AR RN RN RN AR R AR hhh ke hh Ak dh ek khhh kb k)

(.iﬁ..tii..i.ﬁ..*.t.ﬁ..l...it.i...lt..ﬁ.tttiti.ﬁl.i.ﬁ't.i'......i.ﬁ.iﬁ..i.)

{N%*  MODULE NAME : FITTIMEOO waw}
{dekk wedek }
{Awn PROCEDURE :+ calculates a series of theoretical function ##*)
{nene values for a linear response (a/s”2) for a8 wwr}
(844 given set of parameter values Wk )
{Shx CALL SEQUENCE FITTIMEOO(parameter,responsedata) ol )

{Ixx INPUT PARAMETERS
{Oxw> OUTPUT PARAMETERS

Parameter data record, response data record *#w)
modelled response in response data record L2123

{G**  GLOBAL VARIABLES none E2L DY
{Mak MODULES CALLED Types LAl B}
{E®* ERROR CONDITIONS none k)
{Caw COMMENTS for details about parameter data record and #%#}
{Rwa . response data record see TYPES and for the ##w}
{rnn meaning of the parameters see MODELD fedkk}

IR A A A A A S L A d e At RS At E RS SRR SRt et R sd i gttt idsdlasdsddlssnl

PROCEDURE fittime0O(p:parameterdata;VAR data:responsedata);

VAR
i:integer:;
value,t:real;

~ BEGIN
for i:=0 to data.nsamples-1 do
begin
t:=i/data.frequency:;

if t>p.paral2] then value:=p.para[3]}#(t-p.para[2]) {if t>then dead time}
else value:=0; {if t< than dead time then value=0}

data.dataf2,1):=round(p.para(l)+value);

end:
END;
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[t b hhdhe kAR ARk ke kR Ak khhh AR Rhhhhhhhh sk ARk kR Rk ek WAk Sk kN R odk )

{N#® MODULE NAME ¢ FITTIMEll Rk )
{hrw 5 nkk}
{A%% PROCEDURE : calculates a series of theoretical function wxw«)}
{hxx ; values for a first order response, i.a. LELD]
{khwn a{sz+1)/{sp+l) for a given set of parameter #%#}
(R values (in the real time domain) Ak}
{Sew CALL SEQUENCE FITTIMEll(parameter ,responsedata) k)

{I%® INPUT PARAMETERS
{O%*% OUTPUT PARAMETERS

Parameter data record, response data record #xx}
modelled response in response data record kA )

{G** GLOBAL VARIABLES none hek}
{M#*  MODULES CALLED Types T3
{Ex# ERROR CONDITIONS none fohk )
{Ch* COMMENTS for details about parameter data record and #ws}
{tnn response data record see TYPES and for the #w»}
{hiw meaning of the parameters see MODELD LI

{Sh kA ke kel hhh kAR dded ki hh A d Rk kAR Rk kA hhdhh ke hden )

PROCEDURE fittimell(p:parameterdata;VAR data:responsedata):

VAR
value,t:real;
i:integer;
BEGIN
for 1:=0 to data.nsamples-1 do
begin
t:=i/data.frequency;
if t>p.para(2] then {if t>then dead time)
value:=l-exp(-(t-p.para{2]}tp.paraf4d])
else value:=0; {if t< than dead time then value=0}
data.data[2,i]:=round(p.para{lj+p.paraf3}*value);
end;
END;

{hhdkhdhkhh Rk khhhhdhhkhdd bt h b bd bk hhhhwmrddbbdddhhhbrbdddddhhrdihkdn)

{Nww MODULE NAME : FITTIME21 ek}
{rewsk LA LA
{Ax* PROCEDURE : calculates a series of theoretical function #*#w)
{Fexk values for a second order response with real##+}
{rkw poles , l.e. a(sz+1)/((sp+1l){sg+l)) for a ek )
{an gilven set of parameter values (in the real #w#w*}
[eisd time domain) whd}
{Sk* CALL SEQUENCE FITTIME21(parameter,responsedata) ek}

{Ix INPUT PARAMETERS
{O%* OUTPUT PARAMETERS

Parameter data record, response data record *ww)
modelled response in response data record LLLDY

{G**  GLOBAL VARIABLES none rw)
{Man MODULES CALLED Types ks )
{E*» ERROR CONDITIONS none whk)
{Cew COMMENTS for details about parameter data record and *##}
{Rnw : response data record see TYPES and for the ##w)
{wan meaning of the parameters see MODELD k)
(t'!'.tt.'tttﬁli'-' > .'...i"t.ﬁ.'ﬁ.it..itii‘..'!"tttttt)

PROCEDURE fittime2l({p:paraseterdata;VAR data:responsedata):

VAR
i:integer:
K1,K2,value,t:real;

BEGIN
Kl:=p.para[5S}*(p.para(4]-p.para{6})/(p.para(6]*(p.paraf5}-p.para{4})};
K2:=p.para(6]1*(p.para{5]-p.para{6])/(p.para(6]*(p.para(4]-p.para{5])):

for i:=0 to data.nsamples-1 do
begin
t:=i/data.frequency; .

1f t>p.para[2}] then {if t>then dead time}
value:= 1 + Kl*exp(-p.paraf4)*(t-p.paraf2])) + K2%exp(-p.para(5]*(t-p.para({2]})
else value:=0; {if t< than dead time then value=0}

data.datn[z,i]:=found(p.parn[1]+p.parn(3]tvalue):
end;
END;
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{ededededeve etk kA R R A AR AR R AR AR RN R A AR AR kAR AR d R ARk hh AR hdd ko }

{N#*
{Hw
{Aw®
e
(...
{Rae
[rn

MODULE NAME : FITTIMEz2 W)
wkk )

PROCEDURE : calculates a series of theoretical function **%}
.values for a second order response with Ak}

complex poles , i.e. bbb

a(sz+1)/({s+p+iq) (s+p-1q)) for a given set ##*}
of parameter values(in the real time domain)w##}

{Sw* CALL SEQUENCE

FITTIME22(parameter,responsedata)

LAL S}

{Tew INPUT PARAMETERS : Parameter data record, response data record w#x}

{Owk OUTPUT PARAMETERS : modelled response in response data record LLL Y

{Gw* GLOBAL VARIABLES : none whw )

{M**  MODULES CALLED : Types L1

{Eww ERROR CONDITIONS : none wkk )

{CHn COMMENTS : for detalls about parameter data record and w*}

{hwk response data record see TYPES and for the w##} -
{hn

neaning of the parameters see

MODELD LA LD

IR LA L L e Lt I e R e e L et eilll s}

PROCEDURE flttime22(p:parameterdata;VAR data:responsedata);

VAR

i:integer:
Kl,value,t:real;

BEGIN

Kl:=(p.para[4]/p.paral[5])-((sgr(p.paral4])+sqr(p.p
for i:=0 to data.nsamples-1 do

ara{5)})/(p.para(6]*p.para{51})):

begin
t:=1/data.frequency;
if t>p.paraf2] then {if t>then dead time)
value:=l-exp(-(t-p.para[2])*p.para(4])*(cos{(t-p.para[2]})*p.para[5])+
Ki*sin((t-p.para{2])*p.paral[5]))
else value:=0: {1f t< than dead time then value=0}

data.data{2,1}:=round(p.para[l]l+p.para[3]¥*va
end;

END;

lue);

AR R A L A L e A e P eI I I b LT 20

{N**  MODULE NAME : FITZ1 *hk)
(‘tt ok )
{Aw® PROCEDURE : calculate a serles of theoretical function ##%x)
{Rewew values for a first order response (using a *e#}
{kwk z-domain model) for a glven set of parameterw#*)
{SeRen values LT3}
{Sk% CALL SEQUENCE : FITZ1(parameter,responsedata) wkdk )
{I**  INPUT PARAMETERS : Parameter data record, response data record *#«)
{O%% OUTPUT PARAMETERS : modelled response in response data record *kh)
(G GLOBAL VARIABLES : none dededk }
{M*% MODULES CALLED : Types dedkk )
{E%* ERROR CONDITIONS ¢ none fedkk ]
{Cax COMMENTS : for details about parameter data record and #*«}
{hR® ’ response data record see TYPES and for the ww%)
{whd meaning of the parameters see MODELD ik}
{Fhkddphhbdhtdhabdhhhbddrdrdbehbhsndn 12217 L 1) Rdkkdn dkkkahkhhdd)

PROCEDURE fitzl(p:parameterdata:VAR datamod:responsedata):

VAR

i,u_l:integer;
B,D,T,Cl:real;
data:array(0..1000) of real;

BEGIN

T:=1/datanmod.frequency:
Cl:=p.para(2]*T;

Bi:wp.para(l]*(l-exp(-Cl));
Di==exp(-Cl);

u_l:=1;
data{0]:=0:
data(l):=0;

dataf2]:=round(B):

for 1:=3 to datamod.nsamples-1 do
datafi}:=B*u_1 - D*datafi~11];

for 1:=0 to datamod.nsamples-1 do
datamod.data{l,1]:=round{data(ij]):

END;
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(R Ak kR R AR AR AR AAN AR AR AR AR NN N AR RRE AR RN R AR A kAR AR RN kN )

{N*%*  MODULE NAME : FITZ2 wik )
€Ll ek}
{An* PROCEDURE : calculate a series of theoretical function #xx}
[ hd values for a second order response (using a #xx}
(k% z-domain model) for a given set of parameterw*#+)
[Gbdd values Wk
{S** CALL SEQUENCE : FITZ2{parameter,responsedata) ehk )
{Iwe INPUT PARAMETERS : Parameter data record, response data record ##*}
{O%* OUTPUT PARAMETERS : modelled response in response data record hohadel
{Gaw GLOBAL VARIABLES : none whk )
{M**  MODULES CALLED : Types (b}
(E**  ERROR CONDITIONS : none wh )
{Cow COMMENTS : for detalls about parameter data record and *#%}
[Sadedd response data record see TYPES and for the ##+}
{Hhn meaning of the parameters see MODELD hehk )
(ﬁﬁ..ﬁ*ﬁ*..ﬁtﬁtﬁtt.lﬁtﬁﬁ.ﬁﬁﬁ‘ * ok * sk * -tﬁﬁtit}

PROCEDURE fitz2(p:parameterdata;VAR datamod:responsedata):;

VAR

i,u_1,u_2:integer;
B,C,D,E,T,C1,C2:real;
data:array(0..1000] of real;

BEGIN

T:=1/datamcd.frequency;
Cl:=p.para(2]*T:C2:=p.para{3]1*T;

:=p.para{l]*(l+exp{-Cl)*(-cos(C2)+Cl/C2*sin(C2)))?
C:=p.para(l)*exp(-Cl)*(exp(-Cl)~cos(C2)~C1/C2*sin(C2)};
=2%exXp(-Cl)*cos(C2);
exp{-2+Cl1);

u_2:=1lu_l:=1;
data[0]:=0;
datafl1):=0;
data{2]:=round(B):

for i:=3 to datamod.nsamples-1 do
data(i]:=B%u_1 + C*u_2 - D*data{i~1] - Evdata[i-2]:

for i:=0 to datamod.nsamples-1 do
datamod.data[1,1}:=round(data{i}):

END;

(* * ks

ARREERAAAARRRAAR TR A A AR RRA RN AR RRR AR AR Nk )

{Nww MODULE NAME ¢ INITMODEL k)
[Hhn ok}
{A%* PROCEDURE t to choose a particular model, e.g. a first w*+)
funw or second order model in the t- or z-domain ##**x}

{S**  CALL SEQUENCE
(I** INPUT PARAMETERS
{O%**  OUTPUT PARAMETERS
(it‘

{G**  GLOBAL VARIABLES
{M**  MODULES CALLED
{E**  ERROR CONDITIONS
{C**  COMMENTS

(t.t

INITMODEL(parameter ,responsedata) LA b d]
parameter data record, response data record **+*}
record describing the model, initial para- w=xw}
meter estimates in a parameter data record %k}

: modell LIS
: Types, Modeld LI
: none rhn)
: for details about response and parameter wk)

data record see TYPES whh)

(* ni AT TS
PROCEDURE initmodel (VAR

VAR
labell:string(61:
label2:string(7];
opt:chary
menu:screenmenu;

BEGIN
INITMENUL (nenu);

bbbl }

parameter:parameterdata: VAR data:responsedata):;

clrscr ¢ WRITEMENU(menu) ;

repeat
opt:=’c’s

case modell.order of
0:labell:=‘LINKEAR’;
1:labell:= FIRST/:
2:labell:=’SECOND’?

end;

gotoXY¥(37,10) ;write(’ ‘)
gotoXY(37,10);write(labell}:

case modell.typ of

0:label2:="
1:label2:=’

NONE’;
REAL’;

2:label2:='COMPLEX’;

end;

gotoXY(34,12):write(label2)s
gotoX¥{5,20):write(’Option [’,0opt,’]: ’):;opt:creadkey:
if opt=#13 then opt:=‘c’;
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case opt of
‘o’: begin

modell.order:= modell.order+l;
if modell.order=3 then

begin

sound(1000);delay(250);nosound;
modell.order:=0;
modell.typ:=0;

end;
1f modell.order=1 then modell.typ:=1:

end;

‘p’:if modeil.order<2 then

begin

sound({500) ;delay(250):nosound;

end

else if modell.typ=1 then modell.typ:=2 else modell.typ:=1;

end;

until opt=‘c’;
clrscr ;HIGHLIGHT(1) ;gotoXY(35,10) ;writeln( ’PLEASE WAIT’):
INITPARA(parameter};

DETRESP(parameter ,data);

normvideo:

END;

{i‘tiii***t‘*ttti!!tttiiiltiiiii‘.liii!iiit*l.it***.t!t**!!**i.*!***ﬁi“lﬁ)

{N**  MODULE NAME : DETRESP Hkk )
(tit kW )
{Ax* PROCEDURE : calculate a set of theoretical function dededk )
{ien values for a given set of parameter values %}
{Hens depending on the specified model *kk )
(S CALL SEQUENCE : DETRESP(paranmeter,responsedata) LA B}
{I%% INPUT PARAMETERS : parameter data record, response data record,#*x)
{nk specified model data record heAk]
{O%* OUTPUT PARAMETERS : theoretical response in response data recordw**}
{Gww GLOBAL VARIABLES : medell hkek]
{Meex MODULES CALLED : Types *hx)
{Exw ERROR CONDITIONS : none LAL A}
{Ch* COMMENTS : for details about response, parameter or k)
(S model data record see TYPES dedk )
{ LI 2222212 ] L2 ) "k WAL AL LSS R AN dd Al ld )

PROCEDURE detresp(parameter:paraneterdata;VAR data:responsedata);:

BEGIN
case modell.order
0:fittime00(parameter,data);
1:fittimell(parameter, data);
2:case modell.typ of
l:fittire2l(paraneter,data);
2:fittime22(parameter,data);

of

. end}
end:
END;
11 e ok » » * e RAREANN R Ak |
{N## MODULE NAME ¢ SUMERRSQR Wk )
(onx bt
{Awx FUNCTION : determines the sum of error squared between #*#+)
(&40 a measured and a modelled response Ak}
{S*% CALL SEQUENCE ¢ SUMERRSQR(parameter,responsedata) k)
{In% INPUT PARAMETERS : paraneter data racord, response data record, %%}
{hhw iimits of response AAd}
{O**  QUTPUT PARAMETERS : sum of error squared *hk}
{G** GLOBAL VARIABLES : limits of response Ahk )
{Man MODULES CALLED : Types LA LB}
{E®=* ERROR CONDITIONS : none hehd)
{Cae COMMENTS : for details about response and parameter LA L
{*tn data records see TYPES L1LD}
[ ARARRAAAARAARAL R ARk * Ll kil t

FUNCTION sumerrsqr(p:parameterdata;data:responsedata):real;

VAR

min,max,isinteger;
diff:longint:
error:real;

BEGIN
min:=round(limits.tmin * data.frequency)};
max:=round(limits.tmax * data.frequency);

error:=0;
for i:=min to max-1 do

begin

diff:=data.datafl,i)-data.data(2,i];
error:=error + sqr(diff):

end;

writeln;
SUMerrsqr:=error;

END:
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(ttitttttt.ti ol ek wi.itt!tttit*t.tﬁﬁi‘iﬁitﬂtttt‘ﬁtﬂtttntt‘}
{N## MODULE NAME : CHGPARA 4 wehek)
(632 *hd}
{Aww PROCEDURE s+ change model parameters manually wak)
{Se* CALL SEQUENCE : CHGPARA(parameter,responsedata) hhk
{Inse INPUT PARAMETERS : old parameter data record,limits of responsex#«+}
{O%*#  OUTPUT PARAMETERS : updated paraneter data record Wk}
{Gwn GLOBAL VARIABLES : limits of response kR
{Muk MODULES CALLED : Crt,Plotgraf,Types,Modeld dkw}
{E#* ERROR CONDITIONS : none wkh)
{CHx COMMENTS H k)
{Renn ik ekt Ak hhhbbbhh b kb h kA h ke hhhhhnkhan)

PROCEDURE chgpara(VAR para:paranmeterdata;VAR data:responsedaté):

VAR
i,opt,.fix:integer;
error:real;
option:char; ’
pﬁr:strinq[&]:
menu:screenmenu;

BEGIN
INITMENU2(menu}

repeat
clrscr; .
WRITEMENU(menu);
HIGHLIGHT(1);gotoXY(30,13) ;writeln(’'PLEASE WAIT’);
if (option<>’g’) and (option<>’v’) then
begin
DETRESP(para,data); .
error :=SUMERRSQR(para,data):
end;
option:=’c’;normvideo;
gotoXY(39,7):;writeln(error:12);

for i:= 1 to para.no do
begin
if para.varif{i]=0 then par:=/FIXED’ else par:='VARIABLE’;
gotoXY(19,10+1):
write(i,’ - Parameter ’,i,’ :l’,pura.para[i]:lozs,’ /,par):
end;
gotoXY(5,20) ;write(’option [’ ,option,’): ‘):option:=readkey;writeln(option);
if option=#13 then option:=‘c’:

if ord(option}<58 then
begin
opt:=0rd(option}-48;
readreal(37,10+opt,10,para.parafopt]);
end
else 1f option=’v’ then
begin .
gotoXY(5,22) ;write(’Which Parameter to change from fix <~> var ? ’);
fix:=ORD{readkey)-48;
if para.vari[fix]=0 than para.vari[fix):=1 elge para.vari[fixj:

end
else if option=’g’ then GRAFCOMP(data,limits):

until optlon=’c’;
END;

IR R Rl I R e A eIl a et il i i tallliisdslylyy

{N&#%x  MODULE NAME : INITPARA wrn)
‘tii 1")
{Anx PROCEDURE : initialize the parameters of the specified #=#)
[k model L1123
{Se* CALL SEQUENCE ¢ INITPARA(parameter) Wl )
{I*n INPUT PARAMETERS : modell A
{On* OUTPUT PARAMETERS : initial estimates of model parameters Rk )
{Gan GLOBAL VARIABLES : modell )
{Men MODULES CALLED : Types,Modeld wRh)
{Ext ERROR CONDITIONS : none wkk)
{Cos COMMENTS : for details about modell or parameter data #é+)
{nnd record see TYPES . A}

{ . . * raarrarer)

PROCEDURE initpara(VAR para:parameterdata);

BEGIN

case modell.order of
O:INITPARAOO(para)’ -
L:INITPARALL(para);
2:1f modell.typ = L then INITPARA21(para)

else if modell.typ = 2 then INITPARA22(para);
end;
END:
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(At de A e A el kA e A e ek Ak e e e A ek e |

{Nu* MODULE NAME : SELECTPARA hbad
(ﬁti ﬁ**)
{A** PROCEDURE : coples model parameters to be regressed into*#*}
{*xn a seperate parameter data record which is bl
{#nw then used by NELM k)
{Sww CALL SEQUENCE ¢ SELECTPARA(parameter,paraselect) ek k)
{I** INPUT PARAMETERS : parameter data record Ak )
{On#* OUTPUT PARAMETERS : new parameter data record with selected hh )
[k parameters toc be regressed on ke )
{Gx* GLOBAL VARIABLES : none ek}
{M**  MODULES CALLED + Types LLLS]
{Ewx* ERROR CONDITIONS : none k|
{Cx* COMMENTS : for detalls about parameter data record see **%)
{*wn TYPES Khk}

{Rkkkhhthhkkhhhhhhhhhhkhhhhrhihhhhbhthhnhhhhdkrdhnrhhhdrrrdhhrkrdbhhdktdhd]

PROCEDURE selectpara{para:parameterdata;VAR parasel:parameterdata);

VAR -
1.k:integer;

BEGIN
=07
for 1:=1 to para.no do
if para.varifi]=1 then

begin
k:=k+1;
‘parasel.paral(k]:=para.parafil;
parasel.varifk]:=1;

end;

parasel.no:=k;

for 1:= k+1 to para.no do
begin
parasel.parafil:=1
parasel.vari{i}:
end;

END;

(Wt dededde e e At e e A ke A R AR R R AR RN A )

{N**  MODULE NAME : COPYPARA L))
(.ﬁ'ﬁ t..)
{Axw PROCEDURE :+ copies the regressed model parameters back ##*}
(G0 intc the cld parameter data record to deter-*#+}
{Rewk mine the sum of error squared and to display®¥*}
{xn the result graphically k)
{Swx CALL SEQUENCE : COPYPARA(para,parasel) dekh )
{I%* INPUT PARAMETERS ! regressed parameter data record ik}
{O**  OUTPUT PARAMETERS : updated original parameter data record k)
{Gw* GLOBAL VARIABLES : none LLL B}
{Man MODULES CALLED : Types hhk )
{Exw* ERROR CONDITIONS : none hkk ]
{Cwk COMMENTS : for details about parameter data record see *%*)
[Sa0d TYPES k)

{Rkkkk kbbb hdhh kA h bk R R RN h kb dahhh kb r b ahandrhhhdhrtdhakhidh )

PROCEDURE copypara(VAR para:parameterdata;parasel:parameterdata):

VAR
1 ,n:integer;

BEGIN
for i:=1 to parasel.no do
begin
n:=parasel.vari{ij;
para.para(n):=parasel.paraf{i];
end;
END;

(R RR e d bR AR AR RSN AR A ARG AR AR AR ARk h AR b dd bk ARkt bk ko bad]

{Hw#® REVISION HISTORY: dehn)
[ Sl VERSION BY DATE COMMENTS wehk )
(il 1.0 KCAD 28-02-90 . hk )
(.ti LAY
{*%%*  UNITEND MODEL.PAS whd)
(*n RARRRRREN RN AR R NRR tenn ARRARERAE RN NN}
END.
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C.3.22 Modeld.pas

(i...t‘.titttt“““‘t't“".tttt't""‘lt‘t"*'tt*tt't'**‘.lttt"i.tttttt)

{ xR UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN bbb
(W MODEL.PAS Ak
{whx FILE: MODELD.PAS ek}

G A A R L L L L L e e T e I e L T T o

UNIT modeld:

{HRRAAAA RN AR A AR AR Ak kN Rk AR kR R AR AR AR AN R ARk hk kAR AR R AN IR |

INTERFACE ’
(Hh AR AR AR R RN RN AR R R AR AN EA AR ARIRRRARE AR ARR AR AR AN AR EANNR]

USES Types:

PROCEDURE initmenul (VAR menu:screenmenu);
PROCEDURE initmenu2({VAR menu:screenmenu);
PROCEDURE initpara0O(VAR para:parameterdata);
PROCEDURE initparall(VAR para:parameterdata):;
PROCEDURE initpara2l(VAR para:parameterdata);
PROCEDURE initpara22(VAR para:parameterdata);

(t**'.tttt*'*'it'ti‘li‘iti‘.*"tttt'*'i.tt'ttttittttttitiii‘*tttttt'tit*it)

IMPLEMENTATION
(- * LA 4 * I‘t“.‘.t*.i.tt.ti'tt*iii'tt.t'll‘tﬁﬁﬁ't‘.ﬁ.‘tt.i‘tt*t)
{hdkhkhhhd kb h bk hhdds i khdrddh * L] * L L L N
{N**  MODULE NAME : INITMENU1 k)
(t.' tt')
(A*® PROCEDURE + initializes the menu defined in this sub- Rk}
{rwe routine . et}
{Sew CALL SEQUENCE : INITMENU1(menu) fekk )
{Iww INPUT PARAMETERS : none war)
{O%* OUTPUT PARAMETERS : menul (type screenmenu) LLLEY
{Ge* GLOBAL VARIABLES : none k)
{M** MODULES CALLED : Types ' k)
{E*» ERROR CONDITIONS : none khw)
{Ch% COMMENTS : details about screenmenu in TYPES ek |
{mwnnnn Ll hakan * bbbl L }

PROCEDURE initmenul (VAR menu: screenmenu);

BEGIN
nmenuflj:=* [ 77
menufzj:=/ | - ; N
menuf3j:=’ | RE-SPECIFICATION OF MODEL 1
menu(4}s=’ [ S 2 ‘;
menu(5]:=" | . . s
‘menu(6}:=’ [} 7:
menu(?j:=* | OPTIONS: I’
menu(8j:=’ || m—— 7z
menu({9j:=/ | s
menu(10}:=" I o - Response = order . Ir:
menu(1l]:=‘ | s
menu{i2]:=’ | p - Poles = I
menu{13]:=’ I _ . hes
menu(14]:=’ . . §o:
menu{15):=/ | o . e
menu(16]:=’ [ les
menufl7j:=/ || c - Continue 7
menu(is]:=* 1 I
menu(19):=’ L = By
aenu(20):=’ : e
menul21):=’ ’:
menu([22):a’ r:
menu{23}):=* . '
menuf24}:=’ ‘

END;
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(RRAAN AR RN ARk k kAR AN RN R AR AR AR A AR Rk Rk ARk kR kR kAR akdh )

{N#x MODULE NAME + INITMENU2 ek )
ey whk)
{Aw® PROCEDURE : initializes the menu defined in this sub- Rk )
[ routine . bl
{Sww CALL SEQUENCE : INITMENU2(menu) *kk )
{I%% INPUT PARAMETERS : none *hk}
{O**  OUTPUT PARAMETERS : menu2 (type screenmenu} ek )
(G GLOBAL VARIABLES : none ' LA
(M MODULES CALLED ¢+ Types *kw)
{En* ERROR CONDITIONS : none Rk}
{Cw¥ COMMENTS : details about screenmenu in TYPES *kh )
EEALAA AL RIS il t] dede o ok Aedddddhh kot hhdkdd kb dkhdkdkohoh}

PROCEDURE initmenu2{VAR menu:ecreenmenu);

BEGIN
menu(l):="’ [, ]
menu[2}:=’ ]
menu{3)
menu{4dj:
menu(5
menu{é
menu(?
menu(8
menu(9
menu(10]:
menu(ll]:
menufl2]:
menu[13]:=
menuflé]:
menu{15]:
menuflé
menu{171:
menu{l8]:=
menu{19
menu{20
menu{2l
menu( 22 ’
menu(23}:=’/
menu(24]:=*
END;

RE-SPECIFICATION OF MODEL PARAMETERS

i SUM OF ERROR*2 [N

LS S Y
N

" Parameter to change: '

i v - fixed <-> variable g - Plot Graph c - Continue s

(ttittlttttiilt.tttt.ﬁii*it.t.t!t.!.tttl.ti**ttt- * EL ) * *}
{N#w MODULE NAME ¢ INITPARAOO bl
(kxx bbbl
{Anx PROCEDURE initializes the parameter for a zero order *w+j
{Rekw model (i.e 1/5%2) as defined in this sub- Rk}
{an routine : R
{Sw* CALL SEQUENCE INITPARAOO(parameter ) whk )
{Ixx INPUT PARAMETERS none bbb
{Onn OUTPUT PARAMETERS parameter data record bbbl
{GHw GLOBAL VARIABLES none whx)
(M**  MODULES CALLED Types Wy
{Exw ERROR CONDITIONS none k)
{Ch* COMMENTS detalls about parameter data record in TYPES*w*}

{ whkhw o s T hhk)

PROCEDURE initparaOO0(VAR para:parameterdata);

BEGIN
para.no:=3; {no of parameter}
para.para[l]:=0; para.vari{1]:=0;
para.para{2):=100; para.vari[2}:=0;
para.para{3]:=100: para.vari{3]:=1:

Parameter of Model: Linear Response

{ t
{ }
{ }
{ Parameter{l} = Baselevel : value flag }
{ Parameter{2] = Dead Time : value flag }
{ Parameter(3) = Slope of Linear : value flag }
{ }
{ }
{ }

NOTE: flag = 1 => parameter can be regressed on

==c== flag = Q0 => parameter cannot be regressed on
END
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ik )
ko |

Li] * *h oo ok o e o ok ok e i dededhddhh Ak Rk Aok )
MODULE NAME ¢ INITPARAll
PROCEDURE ¢ initializes the parameter for a first order

CALL SEQUENCE

INPUT PARAMETERS
OUTPUT PARAMETERS
GLOBAL VARIABLES

MODULES CALLED

ERROR CONDITIONS

COMMENTS

model as defined in this subroutine

INITPARALl(parameter
none
parameter data record
none
Types

none

k)
Rk )
'tt)
Q*t)
LT
ELTH
ii.)
ek}

details about parameter data record in TYPES#k#x}

(RAh i ded il ddd el el A AR AR R ddedd ke okt e et de st e sk ke e R A e s e e e ok ok

PROCEDURE initparall(VAR para:parameterdata);

BEGIN
para.no:=4;

para.para(l):=

P

para.para{3d]

ara.paral2

;

00 para.vari{2)

{no of parameteri

para.vari{1):=0;

00; para.vari[3]:=1;
para.para(4]:=0.01; para.vari[4]:=1;

{ Parameter of Model: First Order Response - No Zeroes}
[

{
{
{
{
{

no of Parameter

Parameter[l]
Parameter(2}
Parameter(3]
Parameter(41]

Baselevel : value
Dead Time : value
Staedy State Gain : value
= Real Pole : value

flag
flag
flag
flag

}

flag = 1 => parameter can be regressed on }

flag = 0 => parameter cannot be regressed on }
(.tti'i“ oot de de e -tttttitttti‘ltt'*‘t.ﬁttt"'.tttttﬁtit"tt‘ﬁ')
{N**  MODULE NAME : INITPARA21 ek}
{ehk ek}
{Awk PROCEDURE : initializes the parameter for a second order*#*+)
[Shbd model with real poles as defined in this Rk}
{#xw subroutine )
(Sww CALL SEQUENCE ¢ INITPARA2l{parameter) *hk )
{I**  INPUT PARAMETERS : none LA LD
{On% OUTPUT PARAMETERS : parameter data record ik )
{Gxx® GLOBAL VARIABLES : none Ak}
{Max MODULES CALLED ¢ Types wkk)
{Et% ERROR CONDITIONS : none wkk)
{Cx*x COMMENTS : details about parameter data record in TYPES*##}

(*tttti‘ttittﬁ*.tt*tt-tt.tﬁ.....ﬁ.tt...t-tt'ti*ﬁﬁttttﬁltttttﬁtﬁ*tt*ﬁ*ﬁt*ﬁﬁ)

PROCEDURE initpara2l(VAR para:parameterdata);

BEGIN

para.no:=6;
para.para{l]:=0}
para.paraf2]:=100; para.vari{2)}:=0;
para.paraf{3]:=100; para.vari(3):=1;

para.paral4]:=0.01; para.varif(s4]
para.paraf5]:=0.01; para.vari(5]
para.para(6):=100; para.vari[6]:=

{no of parameter}

para.vari(l1:=0:

{ Parameter of Model: Two Real Poles with Real Zero)

{

{

P ety

no of Parameter

Parameter{l}
Parameter(2]
Paraneter{3]
Parameter{ 4}
Parameter{s)
Parameter{6]

NOTE: flag =
e flag =

Baselevel : value
Dead Time : value
Steady State Gain : value
Pirst Real Pole : value
= Second Real Pole : value
Real Zero : value

flag
flag
flag
flag
flag
flag

=> parameter can be regressed on

=> parameter cannot be regressed on }
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(bbb R LA bl A e L e L Rl L I I e L R L LT T S T T T oY

{N#w MODULE NAME ¢ INITPARAZ22 ) *kk )
{(Awx whw}

{Aws PROCEDURE : initializes the parameter for a second orderw#+)

{www nodel with imaginary poles as defined in k)

{ww this subroutine whn}

{S*% CALL SEQUENCE ¢+ INITPARA22(paraneter) LLLS} 4
{I#*  INPUT PARAMETERS : none TS

{O%* OUTPUT PARAMETERS : parameter data record ek )

{Ghw GLOBAL VARIABLES : none dkh )

{Mn® MODULES CALLED : Types EL LAY

{E**  ERROR CONDITIONS : none Rk )

{Cx* COMMENTS details about parameter data record in TYPES##*}
- ( tt*ttttttt!tiﬁittt.t..ttﬁtlﬁ.ﬁttﬁ..ttttt!!.t*t.!tttt‘ﬁ.tt.tﬁtt.tﬁi.ttttt')

PROCEDURE iniltpara22(VAR para:paranmeterdata); ,

BEGIN
para.no:=6; {no of parameter}
para.parafl]:=0; para.vari{1l]:=0

para.para{2]) para.vari(2}
para.para(3] para.vari{3]
para.para{4]:=0.01; para.vari(4]
para.para{5]:=0.01; para.vari{5]
para.para[6]}:=100; para.vari[6):=

{ Parameter of Model: Complex Conjugate Poles with Real Zero }
{ }

{ no of Parameter )
{ Parameter{1] = Baselevel : value flag }
{ Parameter{2] = Dead Time ¢ value flag )
{ Parameter([3] = Staedy State Gain :+ value flag }
{ Parameter(4] = Real Part of complex Pole : value flag }
{ Parameter{5] = Imag.Part of Complex Pole : value flag }
' { Parameter{6] = Real Zero : value flag }
{ NOTE: flag = 1 => parameter can be regressed on }
{ ===== flag = 0 => parameter cannot be regressed on }

END;

(.ﬁﬁ“.t.!.tttttﬁf“.!‘.‘.tt‘t.‘tﬁﬁtt...ﬁ“‘l‘tt‘.tttﬁ!...!!t“‘t!!.ttt!‘.)

(H**  REVISION HISTORY: *hk)
{Rwn VERSION BY DATE COMMENTS LAL R
{Rehew 1.0 KCAD 28-02-90 *hh)
(ww whx}
{*** ,UNITEND MODELD.PAS [LLD]
[(RRRARRRRRIRR NS AR RRRARRRAARA AN NN TS * RRRARARRRRRNR RN ]
END.
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C.3.23 Detfric.pas

R L L T T T T Y 2T
{wwe PROGRAM TO DETERMINE THE DEPENDANCE OF FRICTION UPON BELTSPEED w##}
{Rne AND MASSFLOW ON THE BELT Wk )

{Hexn FILE: DETFRIC.PAS T3
[HrRRR AR RRRA AN AT AR AR RRRNARRRAA A RRRR R RA AR RRAR RN AR |

{Fhhkhhdhh bkt kb Ak kAR AR A r Rk A A AR N Ak Ak hd kb bk d Ak hh ke kb dhd)

{Nw®  PROGRAM NAME : DETFRIC hkk}
{xn k)
{A*w DESCRIPTION + determines the dependance of friction upon ###}
{w beltspeed and massflow on the belt, i.e. it w#w) -
{tekn creates a file which can then be used to hkk)
{dkk determine the coefficients of the function ###)
(wxn F = €(v,m). LEL 2
{Stwn CALL SEQUENCE : MAIN PROGRAM ahw}
{Inn INPUT PARAMETERS : datafile ane}
{O%w OUTPUT PARAMETERS : friction, beltspeed, actual massflow L LD
{(G#+  GLOBAL VARIABLES : none ELTY
{Mew MODULES CALLED : Crt,Types,Filehand,Detnf ,Math,Plotgraf, LL1D}
[l Detfricd LTI
{E®* ERROR CONDITIONS : none k)
{Cx® COMMEKRTS ¢ none _ XTI
(...'*ﬁi..i Tl i -tttt‘.iii.tt!!ﬁiti..‘til.i.'..!.i)

PROGRAM detfric:
{sM 65000,0,655360)

USES Crt,types,filehand,detfricd,detnmf,math,plotgraf;

CONST
pathdata=’data\’:
datpath='data\’;

VAR
name,napef ,datname:str50¢ R
i,nset . .ntezt,sanplapos,tastpos:integer;
corrdata:carrelationdatas
regdsta:regressiondatas
Csp:constant:
Cm:massflowconst;
menul,Renu:sareenmeny;
option:char;

(titiii'ttii.'ti.ii.ti.Qt...tii.ti.tittt*itttt‘.itttttttit..i*t‘t-..t.it.t}
{waw PROCEDURES T

(* AERRRNAAE S AA . anhww wan }

{ }
{#*% change position of counters in filename LTI
{ }

PROCEDURE chgpos;

BEGIN
repeat
clracr:
gotoXY(15,7)swriteln(’FPilename: ’, name);
gotoXY(15,15) ;writeln(’enter position of main sample counter using direction keys: ’);
HIGHLIGHT(1) ;gotoXY(24+samplepos,8);write(’~’) ;normvideo;
option:=readkey:

if option<>#13 then
if option=#0 then
case readkey of
#75:samplepos: =samplepos~1;
#77:3anplepos:=sanplepos+l ;
end;

until option=§13;
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¢

repeat
clrscr;
gotoXY(15,7);writeln(‘Filename: ‘, name);
gotoXY(15,15);writeln({’enter position of test counter using direction keys: ’):
HIGHLIGHT(1) ;gotoXY(24+sanplepos,8) :write(’C’);
gotoXY(24+testpos,8):write(’~’):normvideo;
option:=readkey;

if option<>#13 then
if option=#0 then
case readkey of
#75:testpos:=testpos-1;
#77:testpos:=testpos+l;
end;

until option=#13;
END;

( "}
{#** Change Fllenames *kk)
{ }

PROCEDURE chgname;

VAR
menu3:screenmenu?
opt:char;

BEGIN
INITMENU3 (menu3);

repeat
clrscr;
WRITEMENU{menu3);
gotoXY(19,12);write(name);
gotoXy(19,15);write{namef);
gotoXY(19,18) :write(datname);
gotoXY{19,21):write{corrdata.title);
gotoXY(4,25);write(’Option(gl: 7):
opt:=readkey; . -
1f opt=#13 then opt:='q’;

case opt of

‘n’,’N’:FILENAME(name, ’’);

’2z?,’2/:FPILENAME(namef,’’);

’s’,’S’:FILENAME(datnanme,’’);

‘e’ ,’T’:corrdata.title:=CHGTITLE( ‘Title ’,corrdata.title):
end;

until opt=‘g’:
END; -

£ : - }
{**% Change Varlables . *hn)
{ t

PROCEDURE chgvars;

VAR
modechar:string{10];
option:char;
pulselength:integer:

BEGIN

INITMENU2(menu2);

repeat
clrscr;
WRITEMENU{menu2);
gotoXY(56,10} ;writeln(nset);
gotoXY(56,12);writeln{ntest);
gotoXY(56,14) :writeln(corrdata.nzero);
gotoXY(5,25);write(’Option [gl: ’):

option:=readkey;
1f option=§13 then option:='q’:

case option of
’s’,’S’:READINT(56,10,5,n8et);
't?,!’T!:READINT(56,12,5,ntest);
2’ ,’2' :READINT(56,14,5,corrdata.nzero);
‘p?,?P’:chgpos;
‘n’,’N’:chgname;
end;
corrdata.nsamples:=corrdata.nzero+nset*ntest;
until (option=’Q’) or (option=‘g’):

END;
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A\
{ +
{*** Determine Frictlion, beltspeed and Mass on Belt k)
{ - }
PROCEDURE detfriction: .
VAR 4

1,9,start,range:integer;

energy,dist:real:

respdata:responsedata;

s:string(1]; ’
s2:stringf2);

PROCEDURE getmass{c,n:integer:name:str50);

VAR
i.,k:integer;
Vav:real:

BEGIN
for j:=1 to n do
begin
delete({nane,testpos,l):
str(i,s):
insert(s,name,testpos);
LOADRESPONSEDATA(name,respdata);

dist:=AREA(respdata,l,start,range)+*Csp.speed;
Energy:=AREA(respdata, 2,start,range)*Csp.power;

corrdata.datafi,c+]):=MASSBIN(Cm,respdata);

corrdata.data(2,c+]j]:=dist*respdata.frequency/range;

1f dist<>0 then corrdata.data[3,c+j}:=Energy/dist else corrdata.datal[3,c+i]1:=0;

corrdata.data[4,c+J]:=AREA(respdata,l,0,100)*Csp.speed*respdata.frequency/100;
end;

BEGIN /
LOADRESPONSEDATA( name,respdata)
start:=0; '
regpdata.nsanples;
clrscr;gotoXY({10,10);write(’Starting Sample: [‘,start:3,’) ‘):READINT(33,10.,4,start);
gotoXY(10,12):write(’No of Samples : [’,range:3,’] /):READINT(33,12,4,range):

getmass(0,corrdata.nzero,nane);

for i:=1 to nset do

begin
if i<10 then
begin
delete(name,samplepos,l);
str(i,s):
insert(s,name,samplepos);
end
else
begin
delete(nane,samplepos~1,2);
str(i,s2):
insert(s2,name,samplepos~1};
end;
getmass(corrdata.nzero+(i-1)*ntest,ntest, nane);
end:

getmass(corrdata.nsamples,corrdata.nzero,namef);

MASSFLOWBELT(Cm,corrdata):
END;
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{eddk ket de ok d R Rk kR kA kR AR Rk AR kAR R kR kR k kR R ARk kR kR kR R hh kA kR

{Hkw MAIN DROGRAM (L 3]
(ﬁ'ﬁ*i..tlltt*iit'ﬁ'iii.illiliiil.iﬁﬁii't.*iii‘ﬁi.lii*tiilliiii*i.iiﬁ'iiit)

BEGIN

LOADCONST(Csp) ;

LOADCONSTM(Cm) ;

INITVAR(nset,ntest,corrdata.nzero,samplepos,testpos):

with regdata do

for i:=1 to 2 do
begin

slope(i]
yconst(i]
xmean[i}:=0

clrly

c2ii

r{i):=0;

yerror(i]1:=0:
end:

with corrdata do
begin
nsamples:=nzera+nset*ntest;
title:='FRICTION DEPENDANCE: ’
end;

datname:='"’} .
insert(’.dat’,datname,l);
insert{datpath,datname,l}:

name:=*’;
insert(’.dat’,name,1)}:
insert(’’,name,l};
insert(pathdata,name,l}:
nanef :=name?
initmenul(menul):

repeat
clrser:
writemenu{menuly;
gotoXY(5,25) ;write(’Option? 7):
option:=readkey;

case option of
*1?,’I’:chgvars;
‘d’,’D’:detfriction;
s’ ,’S’:begin
FILENAME(datname,’’):
SAVECORRDATA (datname,corrdata,regdata);
end;
end; .
until (option=’qg’) or (option=’Q’}:

{RR kR Rk kR R AR AR AR AR AR RN RANNARRRRRAR AR kR r bk kbbb Rk kAR kkk )

(H**  REVISION HISTORY: wrn)
{**%  VERSION BY DATE COMMENTS ki)
funen 1.0 KCAD 01-03-90 LLLA]
[HerR Ak )
{*** FILEEND DETFRIC.PAS *kn}

A L L T T T T Y T T Y
END.
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C.3.24 Detfricd.pas

{ARRRARRERAAARRRTAAN AR Rk Rk ke ARk kN A kAN Rk kk kR k ANk |

{ k% UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN k)
{Hxw DETFRIC.PAS Rk}
{hnw FILE: DETFRICD.PAS . e )

o e oo e o e e e e ok v e e o e ek e e e e e A e kb ok }

UNIT detfricd:

(G ARAA A A R e et e T2 T

INTERFACE
(R R AL LT L L R A L e T2 T E D

USES types:

PROCEDURE initvar(VAR nsamples,ntest,nzero,samplepos,testpos:integer);

PROCEDURE initmenul (VAR menu:screenmenu):

PROCEDURE initmenu2(VAR menu:screenmenu): .
PROCEDURE initmenul3{VAR menu:screenmenu);

{kk ke kA A A AR ARk AN R e Rk R AR AT NA A Ae Ak ke kR ARk kk kA k]

IMPLEMENTATION
(AR ARk kR hdkk kA dRkh A L2 2T L 121 AT TITTIT LS Aakdkkkd}

(ke kAR ARk kR R AR AR R AN R ARSI ARk kR Rk R AR AR AR kN kAN TR )

(N#*  MODULE NAME : INITVAR L1113
{RAw k)
{A®* PROCEDURE t initializes the variabels uszed by the k)
[k program DETFRIC wkk )
{Sh* CALL SEQUENCE : INITVAR(nsamples,ntest,nzero,samplepos, deddk )
[ Wk testpos) T okkd)
{TI4* INPUT PARAMETERS : none k)
{O%* OUTPUT PARAMETERS : no of samples, no of tests per sample, no of*+}
(R initializing samples, position of sample and+*#+}
{dek of test counter in filename Rk}
{Gh* GLOBAL VARIABLES : none hkk}
{M#* MODULES CALLED ¢ Types dekk)
(E#® ERROR CONDITIONS : none wekk }
{Ce* COMMENTS : none ik}

(ii“.t‘tii“'tttiti‘ﬁ.‘i.*Ittii‘t't*.‘ii....-‘tt‘*t“i'ii‘i..tii.‘t“t‘i. )
PROCEDURE initvar(VAR nsamples,ntest,nzero,samplepos,testpos:integer);

BEGIN

END;
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(ttttttt.q**ttit‘.ntnntttttti**n.tntttiiitttttttt‘tttﬂ‘tttﬂnnttttﬂitii‘nnn)

{N*x* MODULE NAME ¢ INITMENU1 ek ) . '
(wweR kok )
{A%® PROCEDURE : initlalizes the menu defined in thils sub- dekh )
(*hk progran "k}
{Swn CALL SEQUENCE : INITMENUl(menu) ek}
{Inn INPUT PARAMETERS : none Sk}
{O*% OUTPUT PARAMETERS : menul (type screenmenu) ke sk )
(Gat GLOBAL VARIABLES : none sk )
{Meew MODULES CALLED : Types fedkk )
{E#% ERROR CONDITIONS : none L LN
{Cx* COMMENTS : details about screenmenu in TYPES ek )

(l!!'..tttQiii“..i‘tiﬂi"...ti‘tkil.*iittl!!Qi*it.!..*tﬂ*.ttttiilti..thtil)
PROCEDURE initmenul(VAR menu:screenmenu):

BEGIN

] FRICTION DETERMINATION PACKAGE K4

menu{71:
nenu[8):
menu{9

H 1 - Initialize Variables I

menuf(l3

menu{157]:
nenu{léj:
menu{l7]
menul[l8
menu{1l9
menul 20
menuf 21
menu(22
menuf 23
nenu(24):=* L 4

i s - Save Data i

Quit b

e
1

i
" d. ~ Load Responses and Determine Friction H’;

END;

{Ahddededededrdeded i s A ARk AR SR A A RA R RARR ARk kAR RN R AR Rk kkh )

{N#¥* MODULE NAME :+ INITMENU2 hu)
(Hkx ki)
{Ax* PROCEDURE : initializes the menu defined in this sub- Kk )
[Baadd program ’ wh )
{Sww CALL SEQUENRCE : INITMENU2(menu) k)
{I#* INPUT PARAMETERS : nhone ) aww) .
{O*x* OUTPUT PARAMETERS : menu2 (type screenmenu) L1 D]
{Gaw GLOBAL VARIABLES : none *kw )
{ M MODULES CALLED : Types . k)
{E** ERROR CONDITIONS : none sk}
{CH* COMMENTS : details about screenmenu in TYPES dekk )
R L T T R Y T T ] T *h AARARARAARAARRRNRNRARAAR )

PROCEDURE initmenuz(VAR menu:screenmenu) ;

BEGIN
menu(l}:=’ 7 o
menuf{2):=* | ; s : : N’
menu{3]:=' | INITIALIZE VARIABLES hes
menu{4]: I 3 4 % s
menu{5 ] 172
menu(6 ] [
menu(7 i flvs
menu{8j:=" ] ez
menuf{91:=’ | ez
menu(10]):=’ [ s - No of Magsflow Sample Sets : [
menu(11]:=" ] {excluding Zero Massflow Samples) I
menu(12):=’/ || t - No of Tests per Set H Nr:
menuf13} [l frs
menu{14):=’ | z - No of Zero-Massflow Samples : ’:
menu{15):=* I ‘3
menu(l6):=/ | |7 :
menu(17} I e
nenufis8 I . s
menu[19} [ n - Change Filenames and Titles of Correlation Data ff2s
menuf{20): [ p - Indicate Position of Counters in Filename ‘;
menu[21] ] '
menu(22}:=* I ’:
menu{23]:=' I q - Quit '
menu{24]:=’ L ‘:
END?
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[SAAAAAL LA L A S L LA A R L e e e e L iRt e T L p

{N*% MODULE NAME : INITMENU3 LAA ]
(hhn ek}
{A¥w* PROCEDURE : initlalizes the menu defined in this sub- L1 L]
[ Skl program Rk}
{Shw CALL SEQUENCE ¢ INITMENU3(menu} k)
{I+*  INPUT PARAMETERS : none ' ELL
{Q*% OUTPUT PARAMETERS : menu3 (type screenmenu) *hk)
{GRw GLOBAL VARIABLES : none ) : ik}
{Mrx MODULES CALLED : Types LA}
{Ets ERROR CONDITIONS : none whw}
{Cx COMMENTS : details about screenmenu in TYPES hw}

(***tt*t-ﬂt'iﬁ*'i!**.ltttﬁﬂ*ﬁi*.'ltttttl!!t*ttttttt.ttt‘llltttii.ﬁiiiﬁit*. )
PROCEDURE initmenu3 (VAR menu:screenmenu):

BEGIN R
menuflj:=’ 7 ]
menuf2]:=’ ]
menul3 i CHANGE FILE NAMES AND TITLES [
menu(4 =
menu{5
menu(§é
menu(7
menu(8
menul9
menul10
menu(1ll1]:
menufi2
menu(1l3
menu[l4):
menu[l5
menu(flé
menu(1l?
menu(l83:
menu{1l9]
menu(20
menu(21
menuf22):= I I
menu[23):= I q - Quit I+
menuf24}:=’ U ; Al

/
’

’

'

| n ~ Filename of Normal Massflow Samples: s
[ | (Including Initial Massflow Samples) fl7:
’

’

,

’

,

I z - Fllename of Final Zero Massflow Samples: I:
I § - Fllename to Save Friction Data to : (R

.
’
,
rod t - Title of Test s
.
‘
.

END;

(i-iﬁ**tt**ﬁi*ﬁﬁ..iﬁﬁii*ﬁtﬁniﬁ‘*'t*ttt'i*.tttt.tttiit'tt*i.tttiﬁﬁﬁ.tiﬁ.ttt)

{He* REVISION HISTORY: hak)
{rew VERSION BY DATE COMMENTS k)
{whw 1.0 KCAD 28-02-90 vk}
e bl
{kwn UNITEND DETFRICD.PAS deded )
L L e LT T T TN
END.
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C.3.25 Dconv.pas’

(RRR AR AR R R R AN AR RN R ARER AR AN RRR R AR NR AR AR AR AR AR AN AN AR R R AN )
{%*% - PROGRAM TO CONVERT A RECORDED TIME RESPONSE dkk}

[kl FILE: DCONV.PAS LTI
R T T T L L T I P T

{RNR ARk hhkhhh ki hhkhkhkiddkdkihirhhkhhhthhahhhdhhhhhkbbbhhkkodberrkikihihd)

{N*w PROGRAM NAME : DCONV Rk )
(ttt t‘t)
{Ak® DESCRIPTION : The programs loads up a recorded response. %*%}
{fenk It then can filter, subtract the offset, dkh )
[kt disregard all samples before the step, norm-**%}
{Fkw alize a step_UP response and change the dedk )
{hhw sampling frequency. Lastly it saves the pro-wr+} :
[ Skl cessed response EET
{Sww CALL SEQUENCE ¢ MAIN PROGRAM hk)
{Ix# INPUT PARAMETERS : fille to convert, which conversion to performw#x}
{ww breakfrequency of filter, new sampling freg-##*}
(k% uency . LLE Y
{O*% OUTPUT PARAMETERS : converted data records on file Rk |
{G** GLOBAL VARIABLES : none ik}
{M** MODULES CALLED : Crt,Graph,Plotgraf,Math,Filehand,Types, whx)
(ex# Dconvd fkk )
{E#* ERROR CONDITIONS : none ! LiL D!
{Chx COMMENTS : all channels in the data record are con- kk}
(en verted ke )

(!tttttt‘t‘tttttﬁtlttttt.ttii“ﬁtitt‘tittii.tttti.tttttttttttti..titi‘iiii)
PROGRAM dconv;

USES Crt,graph,plotgraf,math,filehand,types,dconvd;

' CONST
pathdata=’data\’;

VAR
i,pos,ch:integer;
break,newfreqg:real:;
endid,step,save,graf:string[4];
what:string(20);
name:strs50;
data:responsedata;
limits:responsescale;
menu:screenmenu;
module:array(l..5} of string(31];
opt:char;

(ﬁii.itttiﬁi.‘t..ttti‘t..ttttt.iiit..t*‘.t..i.t‘ttt‘t“tt.i..t.ttﬂ.tttt‘tt)

{ ek PROCEDURES *hk)
IR L L L L L T PP T T T T

{ }
{*** DRAW GRAPK whx)
{ }

PROCEDURE drawgraph(what:string):

BEGIN
AUTORESPSCALE(data,limits,ch);
GRAPHSETUP(data,limits,ch,data.title);
PLOTDATALIN(data,ch,limits);
LABELS(data,ch,l,what,limits);
repeat until keypressed;readln:
closegraph;

END:
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(

{*** Do Conversion
{

(21!

PROCEDURE doconversion:

VAR _
i,j,pos:integer;

BEGIN . )
HIGHLIGHT(1);gotoXY(5,25) ;write(’PLEASE WAIT);

pos :=POSITION{name);
for i:=1 to 5 do
begin
1f modulefi}=’ON’ then
begin
delete(name,pos-1,1)7
case 1 of
l:begin

for j:=1 to data.nochannel do filter(break,j,data}:

insert(’f’ ,name,pos):
what:=’FILTERED RESPONSE’:;
end;
2:beqgin
offset(data):
insert(’o’,name,pos):
what:=’0ffset Subtracted’:;
end:
3:begin
disregard_up_to_step(data);
insert(’s’,name,pos);
what:='Step disregarded ’;
end?
4:begin
norm(data);
insert{’/n’, name,pos):
what:='Response Normallzed’:;
end;
5:begin
chgfreq(newfreq,data):
insert(‘’c’,name,pos);

what:=’Sampl. Freq. changed’:

end;
end;

if save='YES’ then SAVERESPONSEDATA(name,data);

1f graf='YES’ then drawgraph(what):;
end;
end;

normvideo:;

delete(name,pos-1,1);
insert(’x’ ,name,pos};
SAVERESPONSEDATA{ name,data);

delete(name,pos-1,1);

insert(’t’,name,pos);

LOADRESPONSEDATA ( name ,data)

AUTORESPSCALE(data,limits,1);
END;
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(R AR AR ARt Ak A AR RN R ARk kA Ak kAR Rk kAR hhh |

{#H% MAIN PROGRAM wew)
(*iﬁ***l.ﬁii.tll*Qlliiit*iﬁtli**ﬁ.ti..i.iilﬁtﬁtll*k.t.l.i*k‘..llt*t*ttt*ii)

BEGIN N '
INITMENUl{menu):

name:=’‘’;

ingert(’.dat’ ,name,l};
insert{pathdata,name,1);
FILENAME(name,’.dat’);
pos:=POSITION{ name):
endld:=copy(name,pos-4,4);
LOADRESPONSEDATA ( name ,data) :

for i:=1 to 5 do modulef{i}:=’ON’;
newfreq:=data.frequency;

save:=’'NO’;
'NO‘’;

break:=50;

repeat .
if data.step>0 then step:='UP’ else step:=’DOWN’;
clrscr;
WRITEMENU(menu);
for 1:=1 to 5 do
begin
gotoXY(-5+1i*14,9);write(module{i]};
end;
gotoXY({37,17):;write(break:6:2);
gotoX¥(37,18):write(newfreq:6:2);
gotoXY(41,19):write{graf);
gotoXY(41,20):write(save):
JotoXY(63,16) :write(data.datafl,03:5);
gotoXY{63,17);write(data.data(l,data.nsamples-1):5);
gotoXY(65,18);write(data.frequency:6:2);
gotoXY¥(67,19):write(data.whenstep):
qotoXY(66,20) write(abs{data.step):5:2);
' . gotoX¥(67,21);write(step);
gotoXY(5,25);write(‘Option ? /);opt:=readkey;

case opt of
'£!,’F/:if module[l]='ON’ then module[1]:=’OFF’ else module(l]
‘o?,’0’:1f module[2]='ON’ then module[2] else module(2]
’s’,’S’:1if module[3)=‘ON’ then module(3])
‘n’,’N’:if module{4]=’ON’ then module{4]}

else module(4]
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‘ON’;
ON’:
else module[3):='ON’;
‘ON’;

c’,’C’:if module[5}=’ON’ then module[S5}:='OFF’ else module[S5}:=’ON’;:

‘b?’,’B’:readreal(36,17,7,break);
‘d’,’D’:begin
READREAL(36,18,7 ,newfreq);
if newfreg>data.frequency then
begin
50und(400) ;delay(500) ;nosound:
newfreq:=data.frequency;
end;
end;
‘r? ,’R’':if save=’YES’ then save:='/NO’ else save:=’YES’;
‘g’,'G’'1if graf=’YES’ then graf:=’NO’
else
begin
graf:='YES’;
clrscr:;

gotoXY(20,10) ;write(’Which channel do you want to view? /);readln(ch):

end;

%’ ,’X’:begin
FILENAME(name,endid};
pos:=position(name};
endid:=copy(name,pos=4.4);
LOADRESPONSEDATA(name,data}:

end;
#13:doconversion;
end;

until (opt=’g’) or (opt='Q’):

(AREAR AR ERRRRER A AR AR TATAARR AR AR R EARRRRA RN AR AAAN R AR RRA R A TR RN RR RN )

{Has REVISION HISTORY: waw )
{Wkd VERSION BY DATE COMMENTS ik}
[l 1.0 KCAD 01~03-89 k)
frrn \ wwn)
{hhe FILEEND' DCONV.DAT hhk)
(- hkkdd * ok .iii.tiiiﬁi......ﬁiﬁ......'......*i.ﬁ*t'i.ii}

END. N
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C.3.26 Dconvd.pas

A e e e e e et e ek e R R R R kR kA ARk )

{wee UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN bbbl
[l DCONV.PAS *h}
{rexk FILE: DCONVD.PAS ke w )

{Rdde e dede d A A A A A e o e e e A e e e A AR R e ke |

UNIT deconvd:
(tttﬁi‘tt“‘t*tt‘ﬁ‘!titttlttt“tttttiititittt“ttttt‘ititt*tﬁttt‘tttttt“t}

INTERFACE
R L R L L e T L T o

USES types;
PROCEDURE initmenul (VAR menu:screennenu);
\Jtit**“tttttittttt‘&lﬁtttt!tttttt‘t“'l!tt!Qti"ttﬁttttit*ii'iii.ttt*itﬁt)
IMPLEMENTATION

AR e R R e e e I R e i a il )]

{Rkoddededhddddeh ki hdkdehkhhhdhhddhrddkrhdhdkhhhhkbhhehhhr b ekhh ke hdhdrddtn)

{N**  MODULE NAME + INITMENU1 LLL)]
(itl Q*.)
{A%* PROCEDURE ¢ initializes the menu defined in this sub- Rk}
{Hexx program LI L2
{Skn CALL SEQUENCE ¢ INITMENU1l(menu) A48
{I** INPUT PARAMETERS : none Wk}
{O%* OUTPUT PARAMETERS : menul (type screenmenu) LA LA}
{Gx GLOBAL VARIABLES : none Tewk )
{Mkw MODULES CALLED : Types Ak )
{E** ERROR CONDITIONS : none *kk ]

{Cew COMMENTS for more details about screenmenu see TYPES ###)
e e e v e ol e ol e ol o e o e ok o e o e o o ok o o oo o o o o ok o o T o U o o o o e o o e o o ol e ok o o ot ok o o o o o o o o ke o o ok o o o o
{ }

PROCEDURE initmenul{VAR menu:screenmenu);

BEGIN
menufl]:=’ I &
menu(2i:=* |
menu(3):=’ I
menuf{d):=’ ]

menu(5):=’ [ = 1 ~ =3 fF 1 [ g I W ?
menu(6]:=' || | | Jsubtract| || Disregard || |Normalizef | change | |’:
menu(71:=’  |—>[Filter|—>| Offset [|-—>| Samples {—>|Response |-—>{sSampling || }’:
menu(g8i:=’ § | [ I lbefore stepl| | i WPrequencyl §*;:
. menu[9]:=’ 1 5 . vl [ 4 — 3 [js
menu(10}:=’ | £ o s n c e
menufll}:=’ |k i |’
menuf{l2}:=’ I [ )
menu{13]:=’ I [ Fixed Variables I
menuflai:=* | I ‘i
menuf15):=’ | |- '
menu{l6]:=’ | <RETURN> ~ Do Conversion | Initial Offset: ‘:
menu(17]:=’ | b ~ Breakfrequency of Filter: Hz|| Final Offset : [T
menu(18j}:=' | 4 - New Sampling Frequency : Hz| Sampling Freq.: Hz||’;
menu(19]:=* I g - Plot Intermediate Responses : Il Time of Step : ‘:
nenuf20]:=* | r - Save intermediate Responses : | size of Step : ‘s
menu{21):=’ | * - switch Selected Module ON/OFF | Step : ) 7 :
menu{22):=’ | x - New File 7 I he;
menu(23]):=" I a- qQuit ! I |22
menu(24):=' L Iy L

END;

Ao oo o ookl e o ool o o o oo o o o ol ok o okl e o o ol o o ok ol o ek o e oo o ok ek )

{H**  REVISION HISTORY: LT
{Han VERSION BY DATE COMMENTS eRd}
{ran 1.0 KCAD 28-02-90 LAl D)
{HRn ' bk
[kl UNITEND DCONVD.PAS LIT DY
(t...*.iﬁ.ﬁ.‘.‘*‘.“"t....““ti.“.f...*t‘.“‘...‘ﬁ‘.‘.ﬁ"‘ﬁﬁﬁﬁ.tﬁ....")
END.
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C.3.27 Fit.pas

T L L L L L T L T L T T T2
{Rewt PROGRAM TO FIT A FUNCTION TO REAL TIME RESPONSE ek}

[Gddd FILE: FIT.PAS wnx}
L e L L I I T T2 T D)

(e hk ke kk ko Rk kAR SRRk R AR kR Rkt h kAR ke hhehdk)

{N** PROGRAM NAME ¢« FIT wehk)
(Hxx an}
{A%*® DESCRIPTION : to fit s function to a measured response *hk)
{Reen using Nelm (a non-linear regression tech- whw )
{hwk nique) or the Least Squares estimation tech-##*)
[k . nique ek |
{S**  CALL SEQUENCE : MAIN PROGRAM LT
{I*x INPUT PARAMETERS : file of measured data, initial estimates of #%w}
{wkn parameters, accuracy requirements k)
{O*+ OUTPUT PARAMETERS : paranmeters of model after running regression®+#}
{kkn technique k)
{G**  GLOBAL VARIABLES : none hiohd
{Me® MODULES CALLED ¢ Crt,Filehand,Types, Plotgraf,Estimate, Model, #**¥)
{wan Fitd dehk )
{E**  ERROR CONDITIONS : none - LALD!
{C**  COMMENTS : none *hk}

R e T L P )
PROGRAM fit:
{$M 65000,0,655360}

USES
ert,filehand, types,plotgraf,estimate,model,fitd;

CONST
pathdat='data\’;

VAR
channel:integer;
eps:real;
paradata:paraneterdata;
menu:screenmenu;
prevname,nane:strs50;
optlon:char: : .
origdata,data:responsedata;

{ }
{wkn copy response data to be regressed on into new data record khk )
€ }

PROCEDURE copydata(ch:integer):

VAR
i:integer;

BEGIN
data.nsamples:=origdata.nsamples;
data.nochannel:=2;
data.whenstep:=origdata.whenstep?
data.step:=origdata.step; ) -
data.frequency:=origdata. frequency;
data.labals([1]:='MEASURED’;
data.labels{2]:=’FITTED’;
data.title:=’RESPONSE REGRESSION:’;
for i:=0 to data.nsamples-l1 do
data.data(l,i):=origdata.data(ch,i}:
END;
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(kA h kR AR AR AR AR AR R AR AR AR RS R TR RN AR AR d kb Ak Rk Ak dr ke d i)

{wa MAIN PROGRAM dhex)
R L L e I R R T

BEGIN
INITMENUI (menu) ;

name:=’";

insert(’.dax’ ,name,1)};

insert(pathdat,name,1);

FILENAME(name,’’);

LOADRESPONSEDATA( name,origdata);

gotoXY(20,20);write(’'Which Channel to Investigate? ’);readint(50,20,1,channel);
copydata{channel);

AUTORESPSCALE(origdata,limits,channel);

INITMODEL(paradata,data):

repeat
clrscr; -
WRITEMENU{menu); .
QotoXY(5,25) ;write(’Option? ’);option:=readkey:;writeln(option);
case option of
‘m’,’M’: INITMODEL(paradata,data);
‘p’,’P’: CHGPARA(paradata,data):
‘g’ ,'G’: GRAFCOMP(data,limits):
‘s’,’S’: CHGSCALE({limits):
‘n’,’N’: begin
wrilte(’Enter Epsilon: ’):readln{eps);
NELM{eps,paradata,data):
end;
f1?,'L’:LSE2(paradata,data);
‘€7 ,’F!: begin
prevname:=name;
FILENAME(name,’’);
1f prevname<>name then LOADRESPONSEDATA(name,origdata):
gotoX¥(20,20):;write(/Which Channel to Investigate? ’);readln(channel);
copydata{channel);
AUTORESPSCALE(origdata,limits,channel):;
end;
end;

until (optlon=’g’) or (option=/Q’):

[Nk kR R AR ARk AR AR R R R AR AR AR AR R R AR AN R AR AR AR R MR Ak kk sk )

{H#*  REVISION HISTORY: LT
{Hex% VERSION BY DATE COMMENTS LA L))

[kt 1.0 KCAD 01-03-90 wwx)

(hw whw}

[ Gl FILEEND FIT.PAS k)

{®* ket -ii!ﬁ......i..'....i'iiii.i'.........ii'ﬁﬁ)

END.

e
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C.3.28 Fitd.pas

(tﬁ.ttttttttt!ttttttt.ttttt-t--tttttﬂ****tt.t.t’ttttQttt!ttttitittttt.tiit)

{Rex% UNIT PROCEDURE LIBARY CONTAINING DATAFILES TO BE USED IN sk}
{%x% FIT.PAS ) LT
{dexn FILE: FITD.PAS whk)

£ o e e ok ok ok ok e oo oo e ek ok ke ek

UNIT fitd:

{FeRhddddede s s d A ek s e e e Aok e A A e e ek e ek e ek )

INTERFACE
(G AR L e e e S L L oY

USES types:

PROCEDURE initmenul (VAR menu:screenmenu);

R L L T T DL L) -
IMPLEMENTATION
R L T e 2L L))

e ek ook ok ok o e e AR e A kA A R A R A Ak )

{N#* MODULE NAME : INITMENU1 LA B
(t.. lll)
{A%& PROCEDURE ¢+ initializes the menu defined in this sub- *hk)
{kk% progran fedkk )
{Sww CALL SEQUENCE ¢+ INITMENUl(menu) Wk}
{Iwx INPUT PARAMETERS : none LAA B
{O** OUTPUT PARAMETERS : menul (type screenmenu} hhk )
{Gx* GLOBAL VARIABLES : none LLLEY
{Mw* MODULES CALLED ¢ Types - LALB]
{E** ERROR CONDITIONS : none wkx )}
{Cax COMMENTS : detalls about screenmenu in TYPES k)

[kt ddhddk kRl kR kAR AR R RRRRRR KRR AR AR IR AR AR AR A NSRRI AR Rk kAR A )

PROCEDURE initmenul(VAR menu:screenmenu):

BEGIN

menu{l}:=’ I 977
menu[2}:=’ | e ; 0
menuf3] i YSTEM PARAMETER IDENTIFICATION PROGRAMME::Y Ie:

i e = : s

" "I.

i [
menu{71:=" i ‘3
menu{8}:=' | s Ir:
menu{9]:=’ | I
menu(10}:=' | e
menu(11]:=’ ] p - Re-specify Model Parameters K]
menu(l2}:=’ I r - Change Model e
menu{13):=" ] 3
menuf{l4):=" g - Draw Graph 1o
menu{15]):=’ [ s - change Plotting Scales |75
menuf16}:=’ | e
menuf17]:=* I n - Run Nelm fes
menu{18):=" i 1 - Run Least Squares Estimator Fes
menu(19]:=’ ] hee
menu{20):=* f ~ select New Measured Response e
menu{213:=’ | (K3
nenuf22}:=’ I q - Quit [k
menu{23}:=’ ] . [ R

menu{24):=’

END;

(Ao dede e A e e A A A AR ke A AR AR AR Ak Aok}

{H*%* REVISION HISTORY: fw)
{awaw VERSION BY DATE COMMENTS whw
{xw 1.0 KCAD 28-02-90 LT
L *hn}
{#%%x  UNITEND PITD.PAS Rk}
(AR AR AR AN R AR A AAN R AR AR AR AR AR AR AR AR ARk )
END.
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In this Appendix the menu structure and the functions of
the available options are explained briefly. Actions
required by the user in form of key strokes are declared in
triangular brackets, e.g. <r> requires the user to press
the key ’r’.

D.1 DLOG.EXE

D.1.1 Basic Menu Structure:

Main Menu
<ENTER> W K> &
N
Capture View Change Save
Data Response Format Response

Figure D.1l: Menu structure of DLOG.EXE

D.1.2 Description of Available Options:
Capture Data: Capture a real time response with

parameters as specified in the Change Format

Menu.
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View Response: Plot the Response of all the

channels logged on screen.

Save Response: Define title and save the
captured response to a specified file on disc.

Change Format: Change one or more of the
following variables:

<m> - Mode of Operation: Toggle between Step,

| Pulse or Random Sequence Test

<n> - No of samples to log

<f> - Sampling frequency

<e> - Initial Setpoint

<s> - Size of step

<w> - When to step the output channel

<o> - Which output channel to step

<¢> - No of channels to log

<1> - Label of each channel logged

<p> - Length of pulse in case of a pulse

response

<t> - Calibrate timing of capture routine
Step Up/Down?: When 1in Step Mode the option

exists in the main Menu to toggle <t> the step
up or down.
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K

D.1.3 Copies of the Menus used:

i

q - Quit

“HENU::
<ENTER> - Start logqing Data

v - View Response
¢ - Change Format
S - Save Response

FoRuAT:
No of Samples ¢ 501

Sampling Frequency :

TEST = PULSE Response
Size of PULSE

PULSE at Sample :
Length of Pulse : 250

50.0 Hz

¢ =10.00
100 -

Option:

Figure D.2: Main menu of DLOG.EXE

t - Calibrate Timing

n - Hode: PULSE Response
n - No of Samples

f - Sampling Frequency

e - Setpoint

s - Size of PULSE

w - PULSE at Sample No

p - Length of Pulse

0 - Output channel to PULSE
¢ - No of Channels to Log
1 - Labels:

Channel 1 ;
Channel 2 :
Channel 3 :

q - Quit from this Nenu

501
50.0 Hert:
0.00
-10.00
100
250

0

3

SPEED
POWER
TONNAGE

option [q):

Figure D.3:

Change Format menu of DLOG.EXE
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D.2: MFCM.EXE

'

D.2.1 Basic Menu Structure:

Nain Nenu
S
< < < i
5 N Y
Manual Display Transfer Data
Massflow Results Data Process-
Data ing
Acquisit. .
P <e> <D [fffj
" ¥
View Change Load Save
Correlat.| | Scales Data Data
Graph
""J,<f> e < <C> <P v
Filenames | |Variables Run ' Re- Graphical| | Change
Definition| |Initializ. calculate| | Result | |Parameter
BRRE
, . , <D ©f K> <@
Real Time jCorrelat.| j Change Auto-
Response Graph Scale Scale

Figure D.4: Menu structure of MFCM.EXE

D.2.2 Description of Available Options:

Manual Massflow Data Acquisition: In this option
the massflow on the CB is determined from a

series of real time pulse responses.

To do this data acquisition automatically
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certain filenames and variables need to be
defined which is  done - in the Filenames

Definition and Variables Initialization Menus.

In the VARIABLES INITIALIZATION menu the
following needs to be defined: |
<n> - no of massflow sample sets
- <t> - no of massflow tests per set
<z> - no of zero massflow samples in the case
~where  the reference  massflow is
obtained from the mass in the hopper
bin (see description in chapter 5)
<a> - whether the reference massflow is
obtained from the hopper in the bin or
from a standard massflow meter
<m> - what test mode was used to in the real
time response tests (either long pulse
where the system is allowed to reach
steady state in the perturbed mode or
short pulse where the system is already
stepped up .again while still slowing
down)

In the FILENAMES DEFINITION menu the following
needs to be defined:
<n> -~ filename of real time response of first
massflow sample
<2> = final zero massflow sample
<s> - the filename of where the massflow
correlation data should be saved to
<t> - the title of the set of data
<p> - indicate the position of the test and

set counter in the filename

The operation of the RUN procedure is explained
in the flowchart down below:
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Start of RUN procedure

A

Determine filename of next
real time response

Load Real time Response

Determine the massflow from
the step up response

\

Determine the massflow from the
specified reference instrument

4

Repeat for no of tests >
per massflow sets

~

Repeat for no of specified
massflow test

Y

If reference massflow is
obtained from mass in the hopper
then adjust all the readings
accordingly

Perform linear regression
on the results

End of RUN procedure

Flowchart of to illustrate the

Figure D.5:
working of the Manual Data

Acquisition procedure
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Display Results: In this option the results from
the regression between the massflow estimates
from the step-up and step-down tests and the
reference instrument are shown numerically. The
VIEW CORRELATION GRAPH option shows the
correlation graphs of the step-down and step-up
responses versus the reference massflow. The
scales of these graphs can be changed in the
CHANGE SCALES menu.

Transfer Data: In this option the results
obtained from the manual data acquisition can be
saved (SAVE DATA) and massflow correlation files
obtained at a earlier stage from either the
manual data acquisition or from a automatic data
acquisition can be loaded (LOAD DATA).

Data ProceSsing: This option can be used to
determine the calibration coefficients of the
correlation between the estimates from the step-
up response and the reference massflow meter.

The following needs to be defined:

<0> - the offset of the reference instrument

<z> - the zero offset or y intercept of the
calibration curve

<s> - slope of calibration curve

<f> - filter time constant

The option of the first order filter is included
to account for the dynamics of the instruments
and the process involved (sée explanation in
section 3.3). The RECALCULATE option thus
performs a linear regression on the calibrated
and filtered data set and thus shows the

resulting regression results.
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The instrument is correctly calibrated if the y-
intercept equals zero and the slope eguals unity
in these results. It has to be noted that the
filter time constant improves the correlation
coefficient as the noise is filtered out, but it
also reduces the span over which the samples are
varying. To make a judgement on the filter time
constant one should have a look at the GRAPHICAL
RESULTS. Here options exist to display the
correlation graph and to display the massflow
samples from the step-up response and the
reference instrument versus time on a graph
called ‘Time Plot’. The scales of both types of
graphs can be adjusted automatically or changed
manually.

D.2.3 Copies of the Menus used:

n - Massflow Data Acquisition from
‘ Real Time Responses

r - Results
t - Transfer Data to and from file

d - Data Processing

q - Quit

Option?

Figure D.6: Main menu of MFCM.EXE
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0 - Offset of weightometer Y-Intercept: 2.3270
= 10.50 Slope ¢ 1.1558
z - lero calibration Correlation
= 2465.69 Coefficient: 0.9218
s - Slope calibration
= 4.72
f - Filter time constant
= 600.00
¢ - Do Calculation Weightometer : 208.84 tons
g - Graphical Results New Technique : 250.85 tons
-q - Quit % Error ¢ 20.117
Option:

Figure D.7: Data Processing menu

t - Graph of Real Time Response

¢ - Graph of Correlation Graph

s - Change Scales of Real Time Response

a - Auto-scale Real Time and Correlation Graph

q - Quit

Option? [q]

,Figure D.8: Graphical Display menu in Data
Processing option

341



Appendix D: Menu Structures

HENU: 

1 - Time Minimum: 0.000
2 - Time Maximum: 14580.000
3-Y Minimm : 203
4 - Y Maximum 772

¢ - Continue

Option [c]:

Figure D.9: Change Scale menu in Data

Processing option

v - Variables Initialization

f - Pilenames Definition

r - Run

q - Quit

Option:

Figure D.10: Menu for Manual Massflow Data
Acquisition using real time
responses
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Filenames Definition

n - Filename of First Kassflow Sample :
(i.e. First Zero Massflow Sample)
data\.dat

2 - Filename of Final Zero Massflow Sample :
data\.dat -

s - Pilename to Save Correlation Data to:
data\.cor

t - Title of Correlation Test
Hassflow Correlation Test:

p - Indicate Position of Counters in Filenames

~

q - Quit

Option:

Figure D.1l1l: Menu to define filenames in Manual
Data Acquisition

n - No of Hassflow Sample Sets 9
(including Initial Zero Massflow Samples)

t - No of Tests per Set 5

z - no of Zero Massflow Samples : 5

a - Actual Massflow obtained from BINMASS
n - Node of Operation : STANDARD: LONG PULSE

q - Quit

Option [q]:

Figure D.12: Menu to define variables in Manual

Data Acquisition
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As from :

Step Dn Response | Step Up Response
Y constant: 2.2766 4.7214
Slope: 1582.6524 2465.6906
Full Scale Deflection 128.65 t/hr 128.65 t/hr
Error at Mean 78.36 t/hr 73.41 t/hr
% error of - 60.91 % 57.06 %
Correlation coefficient 0.6008 0.6255

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

Option:

Figure D.13: Menu to display correlation results

Channel 1: Channel2:
1 < X ninimun: 8.450 8.450
2 - X Maximum: 128.650 128.650
3 - Y Minimum: 1601.890 2505.587
4 - Y Maximum: 1875.537 3073.105
¢ - Continue

Option [c]:

Figure D.14: Menu to change scales of

correlation graph
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HENU:

1 - Load Correlation Data File

s - Save Correlation Data File

q - Quit

Option? {q]

Figure D.15: Transfer Files menu
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D.3: GRAF.EXE

D.3.1 Basic Menu Structure:

Hain Menu
<M <@ <> N
N N N ] A
No of Define Change View
channels Files to Scales Response
to display display of Graph

Figure D.16: Menu structure of GRAF.EXE

D.3.2 Description of Available Options:

\

No of channels to display: Specify the number
of channels to be plotted

Define files to display: The following must be
specified for each channel:
1) Label describing the response displayed
in this channel.
2) The filename of the file which contains’
the response.
3) The channel in the file which contains
the response '

Change Scales of gqraph: Change the scales of
the plot.

View Response: Plots the response in the

specified way on the screen
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D.3.3 Copies of the Menus used:

n - No of channels to display (1..5) = 1
d - Define files to display

¢ - Change scales of Graph
v - View Graph

q - Quit

Option:

Figure D.17: Main menu of GRAF.EXE

Label :
File : data\.dat

- Channel: 1

Press <ENTER> to Continue

Option?

Figure D.18: Menu to define files to display
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D.4: MFCA.EXE

D.4.1 Basic Menu»Structure:

Main Menu

<i> <c> <r>
3 ¥ |
Initialize Calibrate Run
Variables Massflow Massflow
Constants Test

Figure D.19: Menu structure of MFCA.EXE

D.4.2 Description of Available Options:

Initialize Variables: The following Variables

need to be specified:

<n>

<Z>

<s>
<p>
<a>

<m>

<f>

<e>

Total no of

massflow samples

No of zero massflow samples if

reference massflow estimate is obtained

from mass in the hopper bin

Massflow sampling time

Steady state setpoint

Source of reference massflow estimate

Toggle between mode of operation:

- VSD: Belt
- VSD: Belt
- SSR: Belt
- SSR: Belt

Filename of
correlation

stopped

only slowed down
stopped

only slowed down

where the maséflow

data should be saved to

Calibrate timing of data capture

routine
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Calibrate Massflow Constants: To run this option
the password ‘LEXI’ needs to be entered. Thus

the following constants can be changed:

<s>
<p>
<1>

<e>

<xX>

<y>

[m/sec] per [PC count]

[Watts] per [PC count]

physical length of belt [m]

Error at mean (95% confidence bands)
[tons/hour ]

Offset of measurement to be subtracted
[tons/hour]. This value can be
determined automatically if the belt is
run empty.

Slope of calibration curve [t/hr/t/hr].
This value can also be determined
automatically by running the belt at
full load, performing a massflow test,
then doing a belt cut and entering the
unit mass on the belt [kg/m] into the
package. [NOTE: to determine the slope
automatically the offset has to be

calibrated first].

Run Massflow Test: The two flowcharts below
illustrate the procedure of this option. The

first flowchart explains the procedure if the

reference massflow estimate is obtained from the

mass in the hopper bin, and the second flowchart

explains the procedure if the reference massflow

is obtained from a massflow meter.
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:) Start Run MF Test

‘ ¥
Load Calibration Constants
¥ ‘
Do a specified number of massflow tests with belt being empty

.

Check for Steady State
2
Check if key has been pressed

N @® Dot =0 =

Has a keg been
pressed or Steady State been
reached

was pressed

Yes, S.S.has been reached

) Do Pulse Response
Determine the massflow from kinetic Enerqy
Determine massflow from mass in the Hopper

Display massflow on screen

¥
Check if key has been pressed

~\\\\§fzfi?ssed?

i ’

Do a specified number of massflow tests with belt being empty
v

Adjust massflow reading obtained from mass in the hopper
[

Do a Linear Regression for both Results from
Up and Doun Responses

¥
Save actual Massflow Samples and Reqgression Results

No

No

v

Keypressed = Q?

Yes
Return to Nain Nenu :}

Figure D.20: Flow diagram for massflow test if
reference massflow is obtained from

mass in the hopper bin
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>Start Run HF Test
&
Load Calibration Constants

Check for Steady State
Y
Check if key has been pressed

~ O D cr - =

Yes, key

pressed or Steady State been

Has a keg been
y
reached

was pressed

Yes, S.S.has been reached

) Do Pulse Response
Determine the massflow from kinetic Enerqy
Determine massflow from massflow meter
Display massflow on screen

v
Check if key has been pressed

No

~\\\\5fzfifssed?

Yes

ad

<

Do a Linear Regression for both Results from
* Up and Down Responses

[
Save actual Massflow Samples and Regression Results]

No

Keypressed = Q?

Return to Nain Menu ::>

Figure D.21: Flow diagram for massflow test if
reference massflow is obtained from

a massflow meter
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D.4.3 Copies of the Menus used:

fﬁtﬁu;ﬁ

i - Initialize Variables
¢ - Calibrate Massflow Constants

f - Run Massflow Test

q - Quit

Option?

Figure D.22: Main menu of MFCA.EXE

n - No of Nassflow Samples per File : 500

s - Sampling Time {sec) : 15
p - Steady State Setpoint ¢ 0.00

a - Actual Massflow obtained from NUCLEAR
o - Hode of Operation ¢ VSD: Vdn=0

t - Title : Hassflow Correlation Test:
f - Filename : data\.cor

¢ - Calibrate Timing of datalogging Procedure q - Quit

Option:

Figure D.23: Change Fixed Variables menu in
MFCA.EXE
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Key | Constants: units: Value:

s Speed n/sec / Pc count 6.0E-0004
D Power W / Pc count 4.8830

1 | Belt Length| meters 4,800

£ Forcel Newton/m"2/sec 0.0000

y Force2 Newton/m"3/sec”2 0.0000

e Error tons/hour 4.5000
X Offset tons/hour 1942.1037"
y Slope t/hr / t/hr 3.1879

NOTE: Calibrate Offset before calibrating Slope

q - Quit

Option:

constants
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MF . EXE

D.5.1 Basic Menu Structure:

Main Kenu
1 ) ¥ T
> l<m> > [<p>
N \'4 ! L
Initialize Display Calibrate Run
Variables Massflow Massflow Massflow
Statistics| [Constants Meter

Figure D.25: Menu structure of MF.EXE

D.5.2 Description of Available Options:

Initialize Variables: The following Variables
need to be specified:
<n> - Total no of massflow samples
<s> - Massflow sampling time
<p> - Steady state setpoint
<m> - Toggle between mode of operation:
- VSD: Belt stopped
- VSD: Belt only slowed down
- SSR: Belt stopped v
- SSR: Belt only slowed down
<t> - Title of massflow test
<f> - Filename of where the massflow data
should be saved to
<c> - Calibrate timing of data capture
routine

Massflow Statistics: In this option the average,

total, maximum and minimum massflow can be

determined for a specified interval in time.
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Calibrate Massflow Constants: Options in this
menu are exactly the same as in MFCA.EXE.

Run Massflow Meter: The flowchart down below
explains the procedure of this option.
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}f}art Run Massflow Meter
v

Load calibration constants

Check for Steady State
v
Check if key has been pressed

L S B g o ol o ¢ » ]

Has a key been
pressed or Steady State been
reached

Yes, key

was pressed

Yes, S.5.has been reached

Do Pulse Response
Determine the massflow from kinetic Energy
Display massflow on screen

v
Check if key has been pressed

No

i\\\‘\ffififssed?

Yes

Save actual Massflow Samples,Error and Time of Sample

No

Keypressed = Q?

Return to Main Menu :}

* Figure D.26: Flow diagram for massflow

correlation of Massflow
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E.5.3 Copies of the Menus used:

HEND:
i - Initialize Variables

o - Hassflow Statistics

¢ - Calibrate massflow constants

r - Run Massflow meter

q - Quit

Option?

Figure D.27: Main menu of MF.EXE

n - No of Massflow Samples per File : 500

s - Sampling Time [sec] : 15

n - Hode of Operation ¢ VSD: Vdn=0

t - Title  : Testing Massflow Meter:
f - Filename : data\.dam

¢ - Calibrate Timing of datalogging Procedure

p - Steady State Setpoint ¢ 0.00

q - Quit

Option:

Figure D.28: Change Fixed Variables menu

357




Appendix D: Menu Structures

no Time inst. Massflow

Initial Sample: 1| 16:28:28 |  32.00 t/hr
Final Sample: 11 | 16:33:14 29.89 t/hr
Maximum: 51 16:30:22 | 121.49 t/hr
Hinimum: 10 | 16:32:45 2.41 t/hr

Total Mass: 4.386 tons
Average Massflow: | 55.202 t/hr

Options: chg: i - initial sample, £ - final sample; q - quit

Figure D.29: Statistical Data display menu

MASSFLOW CONSTANTS CALIBRATION ROUTINE

Key | Constants: units: Value:
S Speed n/sec / Pc count 6.0E-0004
‘P Power W / Pc count 4.8830
1 | Belt Length| neters 4.800
£ Forcel Newton/m"2/sec 0.0000
v Force2 Newton/m"3/sec*2 0.0000
e Error tons/hour 4.5000
X Offset tons/hour 1942.1037
y Slope t/hr / t/hr 3.1879

NOTE: Calibrate Offset before calibrating Slope
q - Quit

Option:

Figure D.30: Menu to calibrate massflow

constants
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E.i DATA A: REAL TIME RESPONSE DATA FORMAT

Filenames: *.dat

501
50.0
SP.

1
000

EED

100 -10.00000

PCWER  TONNAGE

.

{No of samples; First channel: No of channels; When to apply step:

{ Sampling frequency )}

I
{ Legends for channels 1 to 3}

MASSFLOW: 100% Speed Perturbation: C1099011 { Title of response}

B 1744
1754
1765
1760
1746
1747
1750
1764
1772

({ to no

222
214
211
219

225

223
225

232 -

232

76
75
71
72
77
75
69
69
74

of Samples)

{ Data logged: Channel 1; Channel 2; Channel 3;
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Appendix E: Data Formats

E.3 DATA C: MASSFLOW DATA FORMAT

Filenames: *.dam

Title: Testing Massflow Meter: Vxx991l

No of samples: Error [(t/hr]:
11 4.50
Massflow Time
[t/hr] [hrs:min:sec]
32.00 . 16:28:28
28.39 16:28:57
29.80 . 16:29:25
21.96 16:29:54
121.49 16:30:22
108.50 16:30:51
94.31 16:31:19
66.60 16:31:48
48.97 16:32:16

2.41 16:32:45
29.89 16:33:14

—

to no of samples)
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Main Breaker
for
Inclined
Conveyor

Fuses

Contactor

Motor
and
Gearing

pm———— | = start

Stop

Figure F.1l: Circuit diagram for the 380 V network of the
inclined conveyor belt
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Appendix F: Circuits for Laboratory Riq

(From Supply)

<t > VSD

Vibrating
Feeder

Figure F.2: Circuit for vibrating feeder of horizontal
conveyor belt

+10V
T 10K 10K . #Vee
10KS @ M 10K
77‘ 1 W = K lOK
iy 10K 947 W N 0/P
T
— - .
PC I/P | -Vee

Figure F.3: Circuit diagram of op-amp adding circuit
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Appendix F: Circuits for Laboratory Rig

—Vout

. 1 5V/ZIS’
Vo g - ‘Vo

Time Constant = R * C-

Figure F.4: Anti-aliasing filter and A/D protection

Strain-Gauges:

1 2 _ 3
| [
Signal Conditioning Circuitry
and

Amplifier

0..10V

Display
on Panel

v v

To Ch 3 of A/D Card of PC

Figure F.5: Schematic circuit diagram of load cell
amplifier
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Appendix F: Circuits for Laboratory Rig

T
B
3

TERM NO'S 2

3 8
R1.R2 R3 Rl R2 R3
CHOSEN
FOR VOLTAGE

AND MODE I l
]
<

FOR HIGHER
QUTPUT
CAPABILITY
USE

%7018
X % 7918
# WM 3072

Jex
g Ldris

LTR -

R

'y R 7408
&

22k
R22

C1  CHOSEN
TO CCRRECT
CT PHASE
ERROR

é UE»
a LB =38
- )
= <
~ >
- .
=2
a2
LOWER ~ &
Wt
BOARD wz
o &
Tnonver] & %
(o]
F 9z
<
g 2|z
[+ St B
= 9l
2 |8
Q2
(&)
L -
R EE
2 |3 [m
o |z F
& z ze§
HHH
HEH
C—/,oyf

C.CHOSEN FOR ERF
b

MIDOLE BOARD
(PS. CTS AND
OQUTPUT PROTECTION
@1 om
&4:’ SmA

Figure F.6: Circuit diagram of power transducer
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G.1 CALIBRATION AND REGRESSION RESULTS FOR SPEED

Q.6

0.3

0.4

HOF. SPEED [rn/sec]

0.3

Q

R

]

%

C.4 0.5 0.8 i 1.2 1.4
{Thousands)
PC COUNTS

a

Figure G.1: Calibration of speed for laboratory test

rig

HORIZONTAL SPEED / PC COUNT

Regression Output:

Constant -0.00060
Std Err of Y Est 0.000679
R Squared 0.999991
No. of Observations 10
Degrees of Freedom 8

X Coefficient(s) 0.000498809
Std Err of Coef. 0.000000515

Table G.1:

Regression results from speed calibration
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Appendix G: Laboratory Calibration Results

G.2 CALIBRATION AND REGRESSION RESULTS FOR POWER

Z 420 s
: 2
e
o <00 /
o
3] /
> 380
=
380 ////
340 ‘f;{
520 /)f/
300 4 A
280 —~
258G - 300 . 340 380 420 460
Measured Power: P.T. [W]
a Anciog FPower Meter + Fitted Linear

Figure G.2: Calibration graph for power transducer

when system is operating with VSD

Regression Output:

Constant 23.452651
Std Err of Y Est 5.1633661
R Squared 0.9964062
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 1.0055914
Std Err of Coef. 0.0228258

Table G.2: Regression results for calibration of PT
when system is running with the VSD
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Appendix G: Laboratory Calibration Results

TN DWw

gy oy O

n

DO 0D OO0

(G S S S TR

S o= kL R
Q

de s
0 O
Q

True Power [W])

s

Qi o~ Qo
O QO

.

S s
o

ot

NS
R Gl
(SIS IS)

#

IS
O..n
a o
|

£
<

O
(o))
et

O . 3&0

400 420 440 +60

Mecsured Power: P.T. [W]

a Analog Power Meter

+ Fitted tinear

Figure G.3:

Calibration graph for power transducer

when system is operating in Direct Mode

TRUE POWER vs. PT

Regression Output:

Constant 47.29349
Std Err of Y Est 1.512725
R Squared 0.999668
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 0.952882
Std Err of Coef. 0.006561

Table G.3:

Regression results for calibration of PT

when system is running in Direct Mode
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Appendix G: Laboratory Calibration Results

G.3 CALIBRATION AND REGRESSION RESULTS FOR REFERENCE

MASSFLOW
1.6 P
1.5
[.4
= 1.3
‘_—‘L‘E i.2
= 1o
m o )
B4 i
°2 03
O
o .8
%—‘.
= a7
06
0.5
0.4
0.3
0.2
0.1
J
9] 0.2 0.4 0.5 0.8 i 7.2 1.4 1.6 i.8 2
(Thousands)
FC counts

Figure G.4: Calibration graph of mass in hopper bin

MASS of BIN CALIBRATION
Regression Output:

Constant 9.635015
Std Err of Y Est 10.69089
R Squared 0.999800
No. of Observations 5
Degrees of Freedom 3
X Coefficient(s) 0.990929
Std Err of Coef. 0.008087

Table G.4: Regression results of calibration of mass

of bin
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Appendix G: Laboratory Calibration Results

50

40

MF from Belt Cut [t/hr]

0 20 40

Determined MF [t/hr]

Figure G.5: Confirming calibration for massflow on

horizontal conveyor belt

Regression Output:

Constant 0.176521
Std Err of Y Est 0.331109
R Squared 0.999667
No. of Observations 8
Degrees of Freedom 6
X Coefficient(s) 0.998780
std Err of Coef. 0.007437

Table G.5: Regression results from massflow

confirmation
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Appendix G: Laboratory Calibration Results

G.4 LOAD FRICTION MODEL

ol
g a

%:
L 25%
L 50%
L#5%

/ggy L 100

y

P
VAR

0.5

FORCE [i)
{ Thoasands)
<
)
\@k&g
a
A\ A

///
ﬁfl/
LT '~
/
g /
1 |
0.3 4 ]
=
L]
0.2
10 30 50 70 90 190 130 150 170 180 210
MASS ON BELT [kg]
o ACTUAL FORCE + FITTED FORCE

Figure G.6: Modelling load friction with a first
order model

lst Order Regression

Regression Output:

Constant 415.8226
Std Err of Y Est 36.27267
R Squared 0.919345
No. of Observations 180
Degrees of Freedom 177

X Coefficient(s) 1.847472 -255.950
Std Err of Coef. 0.047076 13.02915

Table G.6: Regression results of modelling the load

friction with a first order model
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Appendix G: Laboratory Calibration Results

1

0.9 - v

0 ¢ X
j]f“m

0.8 3
7| 508
28 o7 /4 I:"/,wz;
ég i/ ¢/ 00 4

0F
T
6.5 ’4;1 iy
ca S
0.3 }
10 S0 110 130 150 170 120 210

MASS ON BELT [kq]
o  ACTUAL FORCE +

Figure G.7: Modelling load friction with a second

order model

2nd Order Regression

Reqgression Output:

Constant 533.3329
Std Err of Y Est 24.47488
R Squared 0.963694
No. of Observations 180
Deqrees of Freedonm 175

X Coefficient(s) 0.249630 -523.975 0.006933  293.4309
Std Err of Coef. 0.124967 50.51729 0.000527 51.91040

Table G.7: Regression results of modelling the load
friction with a second order model
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Appendix G: Laboratory Calibration Results

G.5 CALCULATION OF TIME CONSTANT OF TEST RIG

2000.0 T (COUNTS ]

1600.0 +

1600.0

1400, 0

1
P

1202.0 4~ | '\
1000, 0
800.0
600,01+
4000+

200.0+

L]
"

G

o,ss-av-_{»

N !
N e

PRI

Q. 0 At peetet

pr ottt ;||r|||['|r|7|||

L
4,00 5.00

Ch 1: SPEED

Ch 2 POWER

Figure G.8:
rig

Typical pulse response of laboratory test

Calculation of Time Constant:

= v, + (0.63*/A\Vv) =

t, = 0.15 sec =

= 1524 counts

= 388 counts
1136 counts
= 716 counts

v, =

1103 counts

150 msec

v(it,) = v,
v(t,) = v,
Z}v'= v, -
0.63* Av
Vy
=> t, = 3.45 sec
= T, =t, -
Hence a

¥, can be approximated as 100 msec.

Hence

to 10 msec and %, is set to 20msec.

373



H.1 SPEED AND POWER RESPONSES FROM TESTS

H.1.1 Various Speed Steps applied with VSD

Speed Response

2000.0 T LcoounTs]
1800,0 -
1600.0 +
1400.0 +
1200.0 4
1020.0 -+

800.0
600.0 -
400.0 +

200.0 +

0.0

0.00

.........

Ch it IF =0 vhr

Ch 21 F = 2¢ «hr

Ch 2t If = 85 t/hr

Figure H.1:

Speed response of system;
setpoint

Initial
Step = 100%

100%;

Power Response

2006.0T [COUNTS]
1800.0 +
1600.0 +
1400.0 ==
1200.0 + 4
1000.0 4+ \
800,0 4+ l
600,0 4 ‘ l
400.0+
\ \ 9&’ ;
200.0 - e’ 2
% 1me Lsec]1
0.0ttt e AR T T R
0.00 1.00 2.00 3.00 4.00 5.00
Ch i: MF = Q0 t/hr Ch 2t Mf = 28 t/hr Ch 2 IF =55 trhr
Figure H.2: Power response of system; Initial

setpoint

100%; Step = 100%
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Appendix H: Laboratory Test Results

Speed Response

20007 [couNTS]

1800.0 +
1400,0
1400.0
120

0 N -
o0

10000 -

400.0
200,04

0.0

Time [sec)

‘r—t':¢11—r"|:|

0.00

y:.l??:?vinnv

4.00 5.00

Ch i HF =0 tstw Ch

. Figure H.3:

setpoint

Speed response of system; Initial

100%; Step = 75%

Power Response

2000.0 ECOUNTS]

1800.0 4
1660.0
1400.0 1
12000
1000.0 A
600.0
600,04
400.0

200.0 +

3

—_ 2
u/’\_ st

0.0

e

=t LRSI B

0.00 1.00

——r—t

-ttt —t———tt

3.00

=ttt t

-+
2.00 4.00 5.00

Ch it MF =0 t/hr Ch 22 1F = 36 thr

Ch 3 IF = 68 t/hy

Figure H.4:

setpoint

Power response of system;

Initial

100%; Step = 75%
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Appendix H: Laboratory Test Results

Speed Response

2000.0 + Eco ON rs]

1800.0 -

1400, =+

400,04
200.0 +
Time {sec]
0.0 L I B L L B L L B B B L L e B
0.00 1.00 2.00 3.00 4.00 5.00
Chl: MF = G 1/hr Ch 28 F = 31 thre Ch 3t iF = 60 whr

Figure H.5: Speed response of system; Initial
setpoint = 100%; Step = 50%

Power Response

2007 feounTS]

1600.0 4

1600.0 +

1400.0

1200.0 1

1000, -

800.G

600.0 + . \

0001 \\

200,0 - N Ao, )
o T =

‘/%@“.—w“iw«.—« Time [secl

0.0 L e e TR i o e o o e e o e e A0 e 2 o e |
| i ! 1

0.00 1.00 2.00 3.00 4.00 5.00

Chi: HF = 0 tAr Ch2t HF =31 thr Ch 3 MF = 60 vhr

Figure H.6: Power response of system; Initial
setpoint = 100%; Step = 50%
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Appendix H: Laboratory Test Results

Speed Response

2000.0 + EC’OUNTS]
1800.0 +

4.0 -+

400,01
2000+

0.0 +—+—+

Time [sec)

Q"'ll

0.00

=ttt =ttt

Chofs iF = 0 whr

Figure H.7:

Speed response of system;
100%; Step 25

setpoint

Power Response

2000.0 + ECOVNTS]

1800.0 4+
1€00.0 +-
1400.0 +
1200.0+

10099

800.0 +

£00.0

400.0 +

00.0F T,

[ =N

e

k&jiti::::zzﬁ

I
— Tme Tsec]

0.9

+|G¢xﬁ—r.|l

0.00

1,00

=ttt

2.00

ettt ML AL B B R S R

3.00 +.00 5.00

Ch 1t WF =8 whr

Ch 2t WF =31 thr Ch 3t MF = €0 t/hr

Figure H.8:

Power response of system; Initial

100%; Step = 25%

setpoint
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Appendix H: Laboratory Test Results

H.1.1 Various Initial Speed Setpoints using VSD to

Perturb the system

Speed Response

2000.0 T COOUNTS]

1800.0 +

004 // AN

T |
1400,0+
12000+
1000,0 + \
800.0+ ,
u \:\
0.0+ \,\\\ |
BN /
400.0 +
20004 \
00 et \ ) oo Tine [sec]

) |
0.00 1.00 2.00 3.00 4.00 5.00

Ch ir WF = 0 thr fo2 iF o= 22 thr Ch 3 HF = 48 t/hr

Figure H.9: Speed response of system; Initial
setpoint = 100%; Step = 100%

Power Response

2000.0 + ECOUN‘I'S]

1800.0 +
16000 +~

1400.0

1200.0 4
1000.0 +
§00,0 +
600.0 1+
400.0 +

zoo.o%:adj
0'0 — —a eb—

=ttt

+ + u b=t
6,00 1.90 2.00 3.00
Ch it 1F = 0 t/hr Ch 2t F =22 vhr Ch 3 F = 48 thr

Time {sec)

i
5.00

Figure H.10: Power response of system; Initial
setpoint = 100%; Step = 100%
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Appendix H: Laboratory Test Results

Speed Response

2000.0 + ECOU NTS]
1800.0 +
16000+

1400.0 -

2000+

Time [sec]

odempgunpuspocfusfinponfrnpat—t
2,00 3,00

Chiz iF =0 thr Ch 2 ifF =22 tohr Ch 3t HF = 45 t/hr

5.00

Figure H.11l: Speed response of system; Initial
setpoint = 50%; Step = 50%

Power Response

2000.0

fcounts]

1800.0

1600.0 +
1400.0 +
1200.0 +
1000.0 1
800,03
600.0
400.0

200.0+

0.90 1.00 2,00 3.00 4.00 5.00
Chis MF =0 t/hr Ch 2r MF = 22 t/hr Ch 3t MF = 45 t/hr

Figure H.12: Power response of system; Initial
setpoint = 50%; Step = 50%
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Appendix H: Laboratory Test Results

H.2 CORRELATION GRAPHS AND REGRESSION RESULTS

.2.1 Constant TInitial Speed; Different Steps

STEP-UP: Correlation: V109914 (adj) 10V —> OV x

5097 DETERMINED HASSFLOM [1/h]

4731
448t

4207

30+ '

~
] lzzf’zwazuf’//,/{
3007 /
ACTUAL HASSFLOM {t/hl
14 18 23 27 a2 36 41 5

Figure H.13: Correlation graph: Initial speed
setpoint = 100%; Step = 100%

As from :
Step Dn Response | Step Up Response

Y constant: 1.0404 6.9305
Slope: 97.1450 213.4396

Full Scale Deflection | 42.68 t/hr 42.68 t/hr
Error at Mean 7.01 t/hr 2.28 t/hr

% error of 16.42 % 5.34 %
Correlation coefficient 0.9655 , 0.9962

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

Option: [q]

Table H.1: Regression results: Initial speed
setpoint = 100% ; Step = 100%
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Appendix H: Laboratory Test Results

STEP-UP: Auto-Correlation: VI07511: 10V => 25V ,?s
4a4-r DETERHINED MASSFLOM [t/h] ,/;:& {
o *
160t / el
Pt
42 o

3/

3T

AT

ACTUAL MASSFLOW {t/h)

40 45 50

Figure H.1l4: Correlation graph: Initial speed

setpoint = 100% ; Step = 75%

Results:

As from :
Step Dn Response | Step Up Response

Y constant: 0.1989 6.7719
Slope: 91.5103 149,6775

Full Scale Deflection 50.89 t/hr 50.89 t/hr
Error at Mean 67.90 t/hr 4.54 t/hr

% error of 133.42 % 8.92 %
Correlation coefficient 0.4069 0.9879

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

Option: [q]

Table H.2: Regression results: Initial speed
setpoint = 100% ; Step = 75%
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Appendix B: Laboratory Test Results

STEP-UP: Auto—Correlation: VIO50LL: 10V => 5V =>

3547 DETERMINED MASSFLOW [1/h]

34T
A+
2T
67T
W4T

227

20T

.5 *
lﬁv: ACTUAL MASSFLOW [t/h]
i ﬁ R
-~
Figure H.15: Correlation graph: Initial speed
setpoint = 100% ; Step = 50%

As from :
Step Dn Response | Step Up Response

Y constant: 0.4913 4.1473
Slope: 78.1247 135.3784

Full Scale Deflection 53.24 t/hr 53.24 t/hr
Error at Mean 26.14 t/hr 6.24 t/hr

% error of 49.09 % 11.71 &
Correlation coefficient 0.7802 0.9820

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

~ Option: [q]

Table H.3: Regression results: Initial speed

100% ; Step = 50%

setpoint
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Appendiy H: Laboratory Test Results

STEP-UP: Auto-Correlation: V102511: 10V =» 25W *

249 DETERMINED MASSFLOM (t/h) / » KE -
. X E
28T JI - /
* /ﬁ/ * »
22T < ‘
b
* *

09T

ol
H3g
‘i
1301;
ACTUAL HASSFLOM Ct )
117 ¥4 t — + 4
A0 40 5 8

Figure H.16: Correlation graph: Initial speed
setpoint = 100% ; Step = 25%

As from :
Step Dn Response | Step Up Response

Y constant: 0.7294 2.7274
Slope: 49.4534 117.3974

Full Scale Deflection 48.02 t/hr 48.02 t/hr
Error at Hean 25.54 t/hr 11.58 t/hr

% error of 53.18 % 24.11 %
Correlation coefficient 0.7405 0.9241

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

option: (q]

Table H.4: Regression results: Initial speed
setpoint = 100% ; Step = 25%
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Appendix H: Laboratory Test Results

H.2.2 Differing Initial Speed; Total Ste

STEP-UF: Correlation: VSDLOBRLZ (adi); 10V — 0+ .

464 DETERIINED MASSFLOM L[t/h]

pk
Ed

éleT

572 T

cog—
526

w0t

W7t /"////,f"

T ’//,/ 7

2865 T

2wt

2y ACTURL MASSFLON Ct/hl

‘037 é 112 '18 '24 l30 ‘r% '12 '49 T54 ﬁ60
Figure H.17: Correlation graph: Initial speed

setpoint = 100%; Step = 100%

As from :

Step Dn Response

Step Up Response

Y constant:

Slope:

Full Scale Deflection
Error at Kean

% error of

Correlation coefficient

0.9858
109.9347

56.72 t/hr
8.13 t/hr
14.34 %

0.9721

8.0725
206.2537

56.

/hr
/hr

O O
.

(= NS N |
- O N
N ¢+ ¢t

0.9955

q- Quit

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

Option: [q]

Table H.5:
setpoint
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Appendix H: Laboratory Test Results

STEP=UF: Auto~Correlation: V750012 7.5V => OV -

577 DETERMINED MASSFLOW {thl

40T

1)

oy
da

ACTUAL MASSFLON [t/h] -

+
20 2 2 S22 2% 4

Figure H.18: Correlation graph: Initial speed

setpoint = 75% ; Step = 75%

Results:

As from :
Step Dn Response | Step Up Response

Y constant: 1.0830 9.5797
Slope: 75.9730 205.2282

Full Scale Deflection 38.80 t/hr 38.80 t/hr
Error at Mean 7.99 t/hr 3.57 t/hr

% error of 20.60 % 9,21 %
Correlation coefficient 0.9443 0.9880

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

Option: [q]

Table H.6: Regression results: Initial speed
' setpoint = 75%; Step = 75%
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Appendix H: Laboratory Test Results

STEP-UP: Auto-Correlation: V508@11: 5V —> OV => P

430 DETERHINED HASSFLO {t/h]
57T
S44

5027

3307
2877

2457

ACTUAL MASSFLOW [t/h]

—+ t
12 2 24 27 0

N
w
. 4
2]

202}/ '3

Figure H.19: Correlation graph: Initial speed
setpoint = 50% ; Step = 50%

As from :
Step Dn Response | Step Up Response

Y constant: 1.1733 14,1461
Slope: 40.7756 204.5264

Full Scale Deflection 30.08 t/hr 30.08 t/hr
Error at Mean 4,83 t/hr 2.42 t/hr

% error of 16.04 % 8.03 %
Correlation coefficient 0.9784 0.9944

- v - View Correlation Graph
c - Change Scales of Correlation Graph

q - Quit

Option: (q]

Table H.7: Regression results: Initial speed
setpoint = 50% ; Step = 50%
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Appendix H: Laboratory Test Results

H.2.3 SSR: Stopping the HCB

STEP-DOWN: CORRELATION: SSR2: 100% -> 0% -> 100ZF
9547 DETERMINED MASSFLOW (t/h] /( -
250+ // | / /2
'2““ / _/V .
/ . / . L
23T ) / /
-l s e e
- A e

25T // * /
AT b * :
43T ’ el - /

L e //////
07T . / /
00t o

o / ‘ . ACTUAL MASSFLON (t/h)

134, 9 4 //7 u 14 18 '21 %5 2 2 %

7 =

e

Figure H.20: Correlation graph for step -down

response: Perturbation with SSR

STEP—UP' CORRELATION: SSR3: 1007 —> 0% = IOOM

2017
1681
174
161
1477

1347

~ DETERMINED MASSFLOW [t/h]

ACTUAL MASSFLOM [t/h]

32 35

20
29

Fig

ure H.21: Correlation graph for step -up

response: Perturbation with SSR
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Appendiy H: Laboratory Test Results

As from :
Step Dn Response | Step Up Response

Y constant: - 1.7276 3.7771
Slope: 194.2205 65.9635

Full Scale Deflection 35.86 t/hr 35.86 t/hr
Error at Mean 7.43 t/hr 7.92 t/hr

% error of 20.72 % 22.08 %
Correlation coefficient 0.9535 0.9477

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

Option: [q]

Table H.8: Regression results: Perturbation
with SSR
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Appendix H: Laboratory Test Results

H.2.4 SSR: Slowing HCB down

STEP-DOWN: CORRELATION: SSR4: Pu]se = 50~

964 DETERHINED HASSFLOW Ct/h) P
*

50+ ' / / ///‘_

/
244+
/

28t /
e ~ /
27T /
2T o

i /
215_:/,/ ///!
208% l /
G .

1 / ACTUAL MASSFLOW [t/h}
198 f + — — .r i -
«0 3/ 1e 23 27 32 2% 4 45

Figure H.22: Correlation graph for step-down
response: Perturbation with SSR;

System only slowed down
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Figure H.23: Correlation graph for step-up
response: Perturbation with SSR:
System only slowed down
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"Appendix H: Laboratory Test Results

As from :
Step Dn Response Stép Up Response

Y constant: 1.2580 2.1717
Slope: _ 197.8101 183.6393

Full Scale Deflection 46.07 t/hr - 46.07 t/hr
Error at Hean 11.80 t/hr 42.13 t/hr

% error of ' 25.60 % 91.45 %
Correlation coefficient 0.9236 0.5896

v - View Correlation Graph
¢ - Change Scales of Correlation Graph

q - Quit

N

Option: [q]

Table H.9: Regression results: Perturbation

‘with SSR; System only slowed down
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Appendix H: Laboratory Test Results

H.2.5 Effect of Filtering the Samples

TONNAGE

500.0 + *0.1 tshr

450.0 +

400.0 +

350.0+

100.0 + A r

80,0+ J
ok

Time {sec]
..r:?’[‘.xTéH:;1i:.w‘—é—rf:::'x¢rr—r¢‘-.. L I et g

=t =
4.00 1560.0 3000.0 4500.0 6000.0 7500.0

Chis Actual Tornage  Ch 2 Deternined Tonnage

Figure H.24: Time plot of estimated and

reference massflow for %, = 6s

50~ OETERMINED MASSFLOM Ct/hl

BT

0T -

ACTUAL RASSFLON [t/h)

20 5 30 25 40 45 50

Figure H.25: Correlation graph of estimated
versus reference massflow for 7%, =
6s
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Appendix H: Laboratory Test Results

TONNAGE

500.0 - 0.1 t/hr
450.0 +
4000 =+ )’/N/—»
360.0
300.04
20,0+
e
150.0 +
100,0 +

50,0 4~ J .
e Al Tine [sec]

N ot R
L o o 0 e S L S L B L S S

1
.00 150G, 30000 4500.0 8600, 0 7560.6

g
Ch i Actual Tonnage  Ch 2@ Determined Tonnage

Figure H.26: Time plot of estimated and

. reference massflow for 7T, = 60s

g0 DETERMINED MASSFLOW [t/h]

ACTUAL MASSFLOW [t hl

t —t

10 15 20 2% 30 35 40 15 50

‘Figure H.27: Correlation graph of estimated
versus reference massflow for %, =
60s
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Appendix H: Laboratory Test Results

TONNAGE

500.0 — *0.1 thr
4500
40,04 == f

36,0

100.0+
50.0 _‘_\V/

0.0 4ttt

Time [sec)

L T t ~+ +—t i
.00 1500.0 3000.0 4500.0 £000.0 7500.0
G

Ch it Aciual Tonnage

~Figure H.28: Time plot of estimated and
reference massflow for ¥, = 600

an-- OETERHINED MASSFLOW [t/h]
a0
1

Eith

2T

ACTUAL MASSFLOW [t/h]

t t I — + t 1

0 5 10 15 Y 25 20 3B 40 15 50

Figure H.29: Correlation graph of estimated
versus reference massflow for 7, =
600s
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Figure I.1: Detailed circuit diagram of 380V network
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Appendix I: Circuits for Mine Riq

ML S =
CH2 :

CH3 :
CONT : ~CONTROLLER

QUIRPUT
SHD 3 =

CHL:~TRCHO

CHZ : ~POMER _TRANS
CHY 1 LI GHT OMET Ei
WED: VARIASLE
SPFEED ORIVE

KCHL,CH2,CHE: -
TO COMPUTER

—POWRER TRANS
—SEIGHT OMETER

IN ouT
220 vac
}-'lY '{ 1[ J_J Lr J'
0-iov L
ZENER
; j]:ﬂzmmm« 1
L nE 0~10 4-20 D
V OUT mA IN 5I;
POWER TRANSDUCER S
R BYPASS SHITCH. HEIGHTOMETER E
suren Lons v
l E N R
____J 3
[SuPHING
~
cand
C
CONTROL PANEL
[rrEGCER sqnn;ut
—fcrmcurt HOLD '
itle oN T ]
HORIZOMTAL CONVEIYOR BELT
Docusmen Ny

Figure I.2: Detailed circuit diagram of instrumentation

circuit
9% I
v — 1uf
AP LM1900 —0 Vor = Vay (HOLO)
FORt <tqty
CONTROL . +
INPYT =
10M
51k
. now 2ERO
I l DRIFT
SAMPLE o A0J [
o Y 3w

Voz = Agu (Vi .~ Vinwiovoi]
FORY, <t <t,

Figure I.3: Circuit diagram of Sample

and Hold circuit

(Linear 1 Databook [10])
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Appendiy I: Circuits for Mine Rig

2100.0+ CONTROL

B
=l
E:)
=1
1
T

-350.0 +
-700.0+

-1050, +

Time [sec]

B T e S S S S SO S U T U S S SN ST SHT U S SO S S S S S S S

=+ --:n.ii-r||yf?v?iir#?*ﬁ’u}ﬂ—fix?::1i.x‘T-\||—‘rziw—‘—]
.00 1,40 2,80 420 5.60 7.00

Ch 1+ SPEED SETRQINT Ch 2@ TRIGGER Ch 3: SH OUTRUT

Figure I.4: Timing diagram for Sample and Hold circuit

+V

cC
Input S 4.K
- Output
from PC 741 " 2 4 b
100
7 555
—
6 | S
210K 0.1 1y 310K
_.V“

Figure I.5: Circuit diagram for trigger signal
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Appendix I: Circuits for Mine Rig

2100.0 ¢ PC gt:iTPUT a .

1750.6 1

1400.0 1+

1050.0

700.0+

350.0 1

0.0 3 ‘ 3 B

~350.0 1

-700.0+

-1050. +

Time [sec]

-1400|l|r|l17rllllIT‘l*l“llll]!ll!Illllll!lll:_lLll!]‘l_rllj‘rg

.00 1,40 2,20 4.20 5. 60 7.00

Ch 12 PC OUTRUT Ch 2¢ TIMER INPUT Ch 3t TIMER OUTPUT

Figure I.6: Timing diagram for trigger signal circuit
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Belt Speed [m/s]

Q
m
1
\
i

0.8 - //
. E/ Y. '
0.5 — — - :
- 0.8 - - - - R I -~ 16
d (Thousands) ' .
PC counts .

’ * [

Figure J.1: Correlation graph for speed of conveyor belt

- Y - - - -

e - - - EE T -

Regression” Output:™

Constant: e .- 0.004391 --
) Std'Err of Y Est ' 0.006__
R' Squared ' , 10.999721
No. of Observations -- ' 4 -
, . Degrees of Freedom ; . 2

v

X Coefficient(s) 0.00061800
- 8td Err-.of Coef..- -0.000007299 Lot

- - . . e, = - -y - - Lt

Table J.l:--Regfession~resﬁltstof Speedécalibrdtion
- i ' ] . t "

Lol ) ~ -

. . PR A o, v L ‘.

398




Appendix J: Calibration Results for Mine Rig

DETERMINING THE TIME CONSTANT OF THE PLANT

Below a typical pulse response of the system is shown:

[2000.0 feounTs]

1800.6 + ) V. lf . {\ Soatago i, 1
(]
1600.0-M |V

,1400.0—

1200.0 +
063V -
1000.0 1+

T
T ———_,
v

5
800.0 + Y
\
400,01+ \
N \ l
200.6 4/ Y N ) N\ JW 2
N B N __Tine tse
.0 Tt L L I S e S S S B B A LN o S L S L B |
n.00 2.00 4,00 4,00 2,00 10,00
Ch 1: SPEED Ch 2: POHER

Figure J.2: Typical pulse response of test plant on a mine

The time constant is equal to that time, that the system
needs to reach 63% of the new setpoint after a step was

applied.

Thus 7
vV, = Vv(t,) = 1755 counts
v, = v(t,) = 0 counts
Av = v, - v, = 1755 counts
0.63 * Av = 1106 counts

=> v, =V, + (0.63 * Av) = 1106 counts
t, = 7.42 sec

Thus
Y, =t, - t, = 0.42 sec

p

%, was thus approximated with 0.2 seconds or 200 msec.

Hence Y, was taken as 20 msec and 7 as 40 msec.
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K.1 REAL TIME PULSE RESPONSES

00T fLouNTs]

12000 +
1000,0 4
800.0 +
400,04
100.0 +

200,0 +

1800.0 4+
1600,0 +
1400.0 +

[l

Time [secl

0.0

0.00

L T A A A A A A S

=ty
2.00 4.00 10.00

Ch 1z ffFf = Q t/hr

Ch 2: MF = 250 t/hr

Figure K.1:

Speed pulse response for v, = 100%

2°°°'°:J’ [comuTs]
1800.0 4~

1600.0 4=
1400.0 +
1200.0 4+
1000.0
[
800.0 +
400.0 -+
400.0 +

200.0 ¢+

0.0 ~f=t—rt = L A s ma

0.00

=t

4.00

Ch iz ¥ = Q t/hr

Ch 2: 1F = 85 t/h

Figure K.2:

Power pulse response for v, = 100%
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Appendix K: Mine Test Results

2000.0 T ECOUNT'S]
1800.0 ¢+
1600.0 T

1400.0 +

T
S
—_—

e —
el
?

=

120,04
1000.0+
800.0 + '
0.0 4 ' \

400.0+

200,04+

*%

Time [secl
0.0+

10.00

[w)]
(=]

3,00 2,00 4,00 6,00 8,
Ch i: HF = 0 thr Ch zz HF = 220 t/hr )

Figure K.3: Speed pulse response for v, = 75%
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1800.0 1+
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1200.0 1
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1
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i
~
&)
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Figure K.4: Power pulse response for v,
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- Appendix K: Mine Test Results

2000.0 .
Teounitg]
1800.0 +
160004
1400.0 4+

1200.0 4

1000.0 4

€00.0 4+

600,01 I

400.0 +

200.0 4+

——
R

.
|
‘& Time [secl

0.0 1
0.00 200 4,00 6,00

10,00

o
o
t=1

ch iz HF =0 t/hr Ch 2t tF =85 wh

Figure K.5: Speed pulse response for v, = 25%
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Figure K.6: Power pulse response for v, = 25
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Appendix K: Mine Test Results

K.2 CORRELATION CURVES FOR DIFFERENT FILTER TIME CONSTANTS

*

1087

%7

12 7T DETERMINED HASSFLOH [1/h]

| 2
g o T % ACTUAL MASSFLOW [t-h]
? LT T 1 ! —
{:l ‘I&L u* 9 108 120
%
X * X *
Figure K.7: Correlation curve for ¥, = 60 s

108+

84T

2T

1207 DETERNINED MASSFLON [1/h]

ACTUAL MASSFLON [t/h]

— t T T L T T

—

4 36 48 60 72 84 36 108 120

Figure K.8:

Correlation curve for T, = 600 s
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Appendix K: Mine Test Results

1207 DETERMINED MASSFLOW [1/h]
18t
%+

84T

ACTUAL MASSFLON [t h]

0 t t + + + +— + e —

0 1z ra) 36 48 60 7z 84 36 108 120

Figure K.9: Correlation curve for ¥, = 6000 s
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Appendix K: Mine Test Results

K.3 TIME PLOTS AND CORRELATION GRAPHS FOR DIFFERENT SPEED

SETPOINT
TONNAGE
1000,0 — ¥0.1 tohr
900.0 +
800.0 +
700.0 + \\ /ﬂ N A
a0l \M % {
5uo.o-z \ // i / \
wl | Vo
\ % 4 ol
300.0+ J %{f/)
200.0+
100.0 4+
_ Time {sec]
0.0 1+ttt L AR e e B B ++— -t -
0.00 3000.0 £000.0 $000.0 12000 15000,
Ch 1: Actual Tonnage Ch 2 Determined Tonnage :

Figure K.10: Time plot £

or test done at v, = 100%
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807
nT
0T
50+

40

10 40

ACTUAL MASSFLOH [t/h]

1
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Figure K.1l1: Correlation
100%

graph for test done at v, = .
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Appendix K: Mine Test Results

1500,0 — *0.1 t/hr

350,04 oy
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450.0 -\j/ | \ U\

Tine (secl

0.00 2800.0 5600.0 8400.0 11200. 14000,
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Figure K.12: Time plot for test done at v, = 75%
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Figure K.13: Correlation graph for test done at Vo==
75%
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Appendix K: Mine Test Results

-

TONNAGE
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2800.0
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Figure K.14: Time plot for test done at v, = 50%
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Figure K.15: Correlation graph for test done at v, =

50%
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Appendix K: Mine Test Results

TONNAGE
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Figure K.16: Time plot for test done at v, = 25%
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Appendix K: Mine Test Results

K.4 CROSS VALIDATION RESULTS

K.4.1 Initial Speed Setpoint = 75%

Y - Intercept

= 2484.70
Slope = 3.78
Time Interval Total Tons Error
[sec] (t] (%]
0<=t<=2000 | . 29.09 0.463
2000<=t<=4000 10.31 -50.31
4000<=t<=6000 21.15 -17.25
6000<=t<=8000 51.83 -5.93
8000<=t<=10000 45.51 -2.34
10000<=t<=12000 57.01 —1.24v
12000<=t<=14000 34.23 22.14
0<=t<=14000 249.14 -8.62

Table K.1l: Table of cross validation results for
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Appendix K: Mine Test Results

K.4.1 Initial Speed Setpoint = 50%

Y - Intercept = 2162.50
Slope = 7.01

Time Interval Total Tons Error

[sec] - [t] [3]
0<=t<=2000 47 .59 -0.22
2000<=t<=4000 37.19 -11.28
4000<=t<=6000 33.92 -24.44
6000<=t<=8000 28.85 -12.77
8000<=t<=10000 7.42 -54.34
10000<=t<=12000 24 .17 -20.66
12000<=t<=13890 26.43 -6.79
0<=t<=13890 205.57 -=13.18

Table K.2: Table of cross validation results for

v, = 50%
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Appendix K: Mine Test Results

K.4.1 Tnitial Speed Setpoint = 25%

Y —.Intercept = 1610.00

Slope = 9.13

Time Interval Total Tons Error
[sec] [t] (%]
0<=t<=2000 28.94 0.88

2000<=t<=4000 28.27 0.97

4000<=t<=6000 27 .27 ' 8.09

6000<=t<=8000 27 .55 2.33

8000<=t<=10000 . 21.42 -1.12
0<=t<=10000 133.44 2.35

Table K.3: Table of cross validation results for

v, = 25%
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Appendix K: Hine Test Results.

K.5 RESULTS FROM CONTROLLED SPEED TESTS

K.5.1 Time Plots for different Filter Time Constant

TONNAGE
2000.0 -+ #0.1 t/hr
1800, + A A J
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Figure K.18: Time plot for Test 2 when speed is
controlled; %, = 600 s
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Figure K.19: Time plot for Test 2 when speed is
controlled; Y, = 6000 s
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Appendix K: Mine Test Results

K.5.2 Correlation Graphs for different Filter Time

Constant

150+ DETERMINED MASSFLOW [t/h] K
f! jfd‘ P
15t 4 I A
R WM‘ |
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Figure K.20: Calibration graph for Test 1 when
speed is controlled; T, = 600 s
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Figure K.21: Calibration graph for Test 2 when
speed is controlled; 7T, = 600 s
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Appendix K: Mine Test Results
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Figure K.22: Calibration graph for Test 1 when
speed is controlled; %, = 6000 s
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Figure K.23: Calibration graph for Test 2 when
speed is controlled; Y, = 6000 s

415





