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Figure 2.1 High compression thickeners (Bateman Ultrasep) at Orapa No.2 Plant. Note the 
steep conical bases and the tall narrow cylindrical section. The feed is delivered to a central 

point via a launder, and then distributed to the thickeners. 

Figure 2.2 High compression thickener, Tasster, conventional/high rate thickeners at Orapa 
Mine. This shows the difference in aspect ratio between conventional and other thickener 

types. 
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section 2.2.4). Outokumpu use the Floc-miser system that uses a flapper gate suspended by a 
float as shown in figure 2.4. This allows surface fluid to overflow into the well and dilute the 
slurry, without allowing concentrated slurry to flow back into the dilute water area. In the 
case of pipe fed thickeners a duct in the slurry feed line beneath the surface draws clear water 
in to reduce the concentration (see fig. 2.5). Suction is created in the ducts by the flow of 
slurry through the pump in much the same way that a jet pump works. There is a limit to the 
effectiveness of diluting the slurry, since too Iowa slurry concentration means that the 
flocculant does not undergo enough collisions with particles, and the flocculant effectiveness 
is reduced. 

Oi lution Water 

---- ---- ---- --- -..... ~ ....... 
S.G - 1.0 

Overflow 

Figure 2.4 The Outokumpu Floc-Miser system [6]. Only the right half of the thickener is 
shown, with dilution water going over the flapper gate at the left, and going to the overflow at 

the right. 
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Figure 2.5 The GL&V E-Duc system for diluting feed slurry [7] . The pair of ducts is shown 

in the circle in this empty thickener. 

2.1.2.2 Flocculant Addition 

Flocculant is introduced some distance before entering the thickener to allow time for mixing 
with the slurry. For good mixing, turbulent flow is required and some launders feature baffles 
to ensure that this is the case. The flocculated slurry is delivered to the central well in the 
thickener where further mixing takes place and settling begins. 

Flocculation is necessary because most of the particles in the slimes fraction do not settle 
naturally, and if they do it takes place very slowly. The particles remain in suspension in what 
is called a colloidally stable solution. In this state the inter-molecular charges dominate over 
the force of gravity. In order to settle the slimes it is necessary to aggregate them into larger 
particles called flocs that are able to settle under gravity. This is achieved using a flocculant. 

Polymer flocculants consist of long polymer chains that attach themselves to the suspended 
solid particles. The longer the polymer chain, the more effective is the bridging and 
aggregation of suspended particles into flocs. It is important to have adequate mixing at the 
flocculant dosing point to ensure proper distribution of flocculant throughout the suspension, 
and to promote collisions between the suspended solid particles and polymer chains. It has 
been shown that the critical size fraction relating to flocculant dosage is the -20 11m fraction. 
The attachment is due to the charge on the clay particles. Kimberlite clays are plate-like 
particles with a negative charge on the flat surface, and a positive charge at the edges for pH 
less than 8. At a pH of 8 the overall charge is neutral (zero point of charge), and above a pH 
of 8 the edge charge becomes negative [3]. 
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2.1.2.3 Feed Well 

The purpose of the feed well is to allow the material to settle to the bottom of the thickener 
without spreading out and contaminating the clear water at the surface. From the base of the 
feed well the flocculated slurry spreads and settles while the clear water moves to the surface 
where it moves to the periphery for collection at the overflow weir. The slurry enters the 
settling vessel below the hindered settling zone, but above the mud bed. The settling zones in 
the thickener are discussed in the following section. In high rate and high compression 
thickeners the bottom of the feed well will often feature baffles and plates to assist spreading 
of the material at the bottom of the thickener, and to create desirable flow patterns (see fig 2.6 
for an example). 

Floccullnt BUlllenlion 
Cllraled Uquid Zone 

Ildet • 
r 

Overflow 

FeedlMiJing 
Free settling Zone Well 

Dewlterlng 
Pipe 

Floes 

Hindered Settling Zone 
Clarifying 
Cylinders 

1 
Dewatering 
Cone 

Compaction Zone 

I 
Sludge Outlet 

Figure 2.6 GL&V E-Cat high compression thickener showing flow directing mechanisms [8]. 

2.1.2.4 Settling Vessel 

The main body of the thickener is the settling vessel where the water and flocculated slurry 
are separated. The settling vessel is also the area where the mud bed builds up and 
compresses under gravity to further liberate water. In order to understand the behaviour of the 
flocculated slurry it is necessary to introduce the four settling zones in the thickener as first 
described by Coe and Clevinger [9]. The zones in a thickener are shown in figure 2.7 as 
follows: 
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• Zone I: Clear liquid at the surface of the thickener 
• Zone II: The hindered settling zone 
• Zone III: Transition zone 
• Zone IV: Compression zone 

ZONEI 

ZONE II 

ZONE III 

ZONE IV 

Clear 
Liquid 

FEED WELL 

Figure 2.7 Thickener settling zones. 

Clear 
Liquid 

Zone 1: The clear liquid at the surface is the water recovered via the overflow weir, having 
been separated from the solids. The hindered settling zone can, under certain conditions, 
intrude into the clear water zone and enter the overflow. At this point the thickener is said to 
be overflowing, or sliming. Sliming is visible at the surface of the thickener as the flocs 
bubble to the top. 

Zone 2: The hindered settling zone is the settling zone where the flocs are not yet in contact 
with each other. The terminal settling velocity of a single particle can be computed, and 
depends on the particle diameter, shape, density, fluid viscosity, and gravity. The terminal 
velocity is the relative velocity between the particle and the fluid. So it follows that if there is 
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Figure 2.9 The Eimco Deep Cone Paste Thickener - note the rake arm including pickets, and 
the relatively shallow conical section [10]. 

I 

Figure 2.10 Bateman Ultrasep Geometry and Internal Structures - note the absence of a 
raking or picket mechanism and the steep conical base [11]. 
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Figure 2.13 Laboratory level control test results [I]. 
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Figure 2.14 Finsch Mine mud level control results [2]. 

2.3.1.3 Rake Torque Control 

Rake torque is based on the current drawn by the rake drive. If the density or viscosity of the 
slurry in the region of the rake is too high, then the underflow is increased until the torque 
returns to within safe operating limits. In extreme cases the flocculant dosage is also 
decreased since this contributes to the viscosity of the slurry. 
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Figure 3.3 Critical velocity and velocity for Q = 3.5 m3.h- l
. 

The curve for VO.5 shows the velocity in the pipeline should the flow rate be halved. The 
velocity is clear of the critical velocity at a diameter of 0.0125 m or 12.5 mm (W'). There are 
two ways around this if it is found that a lower flow rate is required. Firstly the deposition of 
material in the line will reduce the cross-sectional area, and the velocity will increase, so that 
an equilibrium is reached where no more material is deposited. For particles smaller than 1.5 
mm, the critical velocity also decreases so that it is sufficient to look at the largest expected 
particle diameter. The final delivery line to the thickener consists of flexible reinforced PVC 
hose, and the diameter can easily be reduced if deposition becomes a problem. The bulk of 
the delivery line is vertical and this also reduces the tendency of the material to settle in the 
pipeline. The suction line to the slurry tank was kept as short as possible by mounting the 
pump at the base of the tank. 

If the density of the slurry increases the drag coefficient also increases, and the critical 
velocity decreases, so that a W' line is also suitable for the underflow pump. All piping in the 
plant is Yz", with the exception of the overflow, discussed in the following section. 

3.1.6 Overflow Weir 

The flow rate for the clear water overflow is 0.3 - 0.923 m3.h- l
. Designing for a maximum 

overflow of 1 m 3 .h -I provided sufficient capacity. The weir required an outlet that can 
manage this flow rate to avoid spillage. The equation for the flow rate through an orifice is 
given by [7] . 

(13) 
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10 % Solids Settling Results 
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Figure 4.1 A sample 10 % solids settling result. 

0.600 

4.2 SLURRY TESTING 

The slurry tests carried out on the Finsch slurry are taken directly from Appendix A of the 
Thickened Tailings Disposal Handbook [6], with the exception of the final hydraulic loading 
test which was modified to evaluate the results of continuous flocculation of the slurry. 
Continuous flocculation means that the sample is re-flocculated in order to extend the 
available testing period. The modifications to this test still yield the same results as the 
original hydraulic loading test, as well as giving insights into slurry behaviour when 
continuous flocculation is applied. 

4.2.1 Coagulant Trials 

The coagulant trials consist of a coagulant selection and demand test. Coagulation 
performance is rated on the scale shown in table 4.1. 

Table 4.1 Coagulation Performance Rating 

Rating Behaviour 
- No coagulation 
+ Partial coagulation 
++ Complete coagulation 

The point at which the rating goes from + to ++, is referred to as the critical coagulant 
concentration (CCC). 

71 



Univ
ers

ity
 of

 C
ap

e T
ow

n5, 1 mass 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 
• 

rates 

an 

) 

tests to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 
• 
• 

• 
• 
• 

were 

are 

on of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Table 4.5 Flocculation Selection Results. Block text indicates flocculant performance 
according to table 4.4 

Key: 

1------1 

'---------' 

Slightly worse settling than E 1 0, but compacts better - seems to form 
smaller floes that can get closer together, although the water is less 
clear 
Very spongy, holds up water 
Slightly spongy, holds up water 

From these results, the 5250 and E 1 a results were selected for further testing, since it was 
uncertain which would produce the better results. It is difficult to choose between two tests 
when carried out in test-tubes, since the supernatant water appears reasonably clear with such 
a small sample. 

Coagulated sample was no longer considered due to its nature of forming sponge-like beds 
that are not easily compressed. Kaolin in all its possible forms was abandoned as an 
alternative to kimberlite because of the tendency to form sponge like beds, when coagulated 
or flocculated, that resist compression and trap water. 

4.2.2.2 Flocculant Demand Test 

The two flocculants chosen in the previous section were tested to determine what dosage 
would be required for a range of concentrations. 

This test is carried out by adding flocculant at a concentration of 0.025 % to a 200 ml stirred 
slurry sample in 0.5 ml doses until the first signs of flocculation are observed. The result is 
recorded, and confirmed by adding the recorded dose to a fresh 200 ml stirred slurry sample. 

Flocculant concentration is calculated as 

(5) 

Where Mj is the flocculant mass, and VI and PI the volume and density of the liquid in which 
it is dissolved (water). So for the above case, we consider 2.5 mg of flocculant dissolved in 
100 ml of water (100 g of water), giving 

C f = 0.0025 xl 00% = 0.0025% 
100 
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For the desired plant operating range of 10 - 16 m.h- l and better, the values between 5 % 
solids and 12.5 % solids appear to be suitable. Figure 4.2 shows the ideal mass of solids that 
would be delivered to the thickener for each settling rate. The rise rate (RR) is the rate at 
which the clear water rises due to the delivery of feed slurry by halving the settling rate. In 
other words this allows the maximum feed rate at each concentration to be determined. The 
feed flow rate (Qj) multiplies the cross-sectional area of the thickener by the rise rate to get a 
value in m3.h- l

, and this is converted to l.min-1
. Since the mass of solids per litre is known, 

this can be multiplied by the flow rate to determine the amount of solids that would be 
delivered to the thickener per minute. With the aim of maximising solids delivery, the 
following conclusions were drawn 

• At 5 % solids, the required feed rate to achieve this maximum is outside the design 
range of the plant. With a lower feed rate this performance would not be achieved. 

• At 12.5 % solids the settling rate is close to the design limit for the plant, and since 
preliminary test work showed that the settling performance declines over time under 
continuous flocculation, this concentration was eliminated. 

• This left 7.5 and 10 % solids concentrations to be evaluated for further testing. 

Solids Delivery per Minute 
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.~ 
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0.000 

2.5 5 7.5 10 12.5 15 17.5 20 22.5 
eM (o/~ 

Figure 4.2 Solids delivery per minute. 

The flocculant dosages were fine-tuned , having selected the candidate solids concentrations. 

4.2.4 Settling rate as a function of flocculant dose 

In this test the impact of varying the flocculant dose was tested on the two selected 
concentrations to determine if there could be any improvement either side of the previous 
optimal flocculant dose. The settling test results are shown in tables 4.9 and 4.10. 
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Table 4.9 7.5 % Solids (Concentration 0.0025 %) 

Table 4.10 10.0 % Solids (Concentration 0.0025 %) 

Flocculant dosage was selected at each solids concentration at the point where the settling 
rate levelled out, and where there was no further improvement in the clarity of the 
supernatant. The selected dosages (highlighted in the tables) are 12.48, and 14.84 mi.rl for 
7.5 and 10 % solids respectively. Note that these dosage rates are per litre, so that this is 
easily applied to the plant based on the feed flow rate. There was a slight reduction in the 
settling rate for 10 % solids above a dosage of 12.72 mI.rl flocculant. 

It was decided to carry both of these forward to an adaptation of the hydraulic loading test. 
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4.2.5 Modified Hydraulic Loading Test 

Having determined the optimum flocculant dosages and the desired concentrations at which 
to operate, it was now necessary to confirm that the thickener would operate as designed 
under continuous flocculation and recirculation of the slurry. The target period for testing 
with a slurry sample was one week. 

The hydraulic loading test was conducted to determine the relationship between the hydraulic 
loading on the thickener (feed volumetric flow rate per unit area of thickener) and the density 
of the settled mud bed. This test provides the thickener sizing parameter which relates to mud 
bed residence time. 

Two internal fluid rise rates are observed in the thickener under dynamic conditions. The first 
is the clarified fluid rise rate, which is determined by the feed to the thickener, and the cross­
sectional area of the thickener. The second is the consolidated mud bed rise rate. This is 
determined by the rate at which the material is being deposited, and its density. The 
compaction of the bed under gravity is working in the downward direction, while material is 
continually being added via deposition. At the same time there is material being drawn from 
the underflow of the thickener. This is shown in figure 4.3. 

ClearWater ClearWater 

Rise Rate ~ ~ 

~n Feed n 
Rise Rate 

~0 
t t t t t t t t Settling Floes t t t 

t 
Mud Bed Rise Rate 

Figure 4.3 Thickener representation showing mud bed and clear water rise rates. The 
underflow outlet is not shown. 

The hydraulic loading test was performed using the laboratory bench scale thickener from 
Outokumpu. An annotated image is shown in figure 4.4. The rake itself is not clearly visible 
in the thickener, but consists of three radial arms with plates mounted at 45°. 
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Figure 4.4 Outokumpu benchtop thickener. The height of the thickener vessel is 405 mm, and 
the diameter is 94 mm. Note that the feedwell outlet is roughly 14 of the height from the base, 

and a three bladed rake is installed with a picket at the wall to eliminate sidewall effects. 

In figure 4.5 a schematic of the experimental layout is shown. The layout is identical to that 
in the laboratory scale thickener, with the exception that no dilution circuit is included. Both 
the overflow and the underflow are returned directly to the slurry tank which has a capacity 
of 50 litres. Flocculant was introduced via a tee piece just before the slurry enters the 
thickener. 

A series of feed rates were calculated for each concentration. Traditionally the experiment 
involves timing the rate of rise of the bed between two points. In this case the experiment was 
modified so that the mud bed level was maintained at a level 7 cm above the base of the 
thickener. This level is below the exit point for the flocculated feed stream so that the bed 
does not block the outlet. This also provides a leeway of at least ± 1 cm above and below the 
desired bed position. The difference in this approach is that it permits the stabilisation of the 
bed at this level over time, before measurements are taken. The traditional method does not 
take this into account, so that the rise rate is not significantly affected by the extent of 
compression taking place in the bed. The rise rate of the mud bed is computed by looking at 
the underflow pump rate and the underflow density when the bed level is stable. From initial 
tests it was found that this method provided more reliable results, since it was noted that the 
bed height took some time to stabilise. It was decided to take five measurements of the 
underflow density and then to use the average to compute the rise rate (the underflow pump 
rate was static throughout these tests once the bed had finally stabilised). 
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Figure 4.6 Underflow flowrate vs slurry feed rate at 7.5 % solids concentration, showing the 
spread in underflow flow rates to achieve a stable mud bed over 4 days of testing. 
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Figure 4.7 Underflow flowrate vs slurry feed rate at 10 % solids concentration, showing 
consistent underflow flow rates for a stable mud bed over 5 days of testing. 
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Figure 4.8 Underflow density vs slurry feed rate at 7.5 % solids concentration, showing the 
spread in underflow density over 4 days oftesting. 
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Figure 4.9 Underflow density vs slurry feed rate at 10 % solids concentration, showing 
consistent underflow densities over five days of testing. 
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Figure 5.1 Dilution pump step responses. The x-axis shows execution intervals, where the 
software executes every 250 ms. The upper curve is the input, and the lower curve is the 

output. 

In Labview the PI algorithm is implemented as follows: 

(5) 

Using the Root Locus in Matlab SISOTool, and designing for a maximum overshoot of 5 %, 
with the fastest possible response, the following results were achieved. 

Since the integration time in Labview is given in minutes, the value of Ti becomes 4/60 = 
0.067. While implementing the controller it was found that the ramp-up time configured in 
the VSD was 10 seconds, and this applies rate limiting to the controller output. This time was 
reduced to 2.5 seconds before testing the controller. The controller was found to track the 
generated setpoint within ±0.5 % at 10 % solids concentration. This controller is not critical 
since the expected variations in setpoint later are not expected to be large. 
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Figure 5.3 The conical portion at the base of the thickener, with the underflow outlet visible 
at the front of the image (pipeline featuring red hand operated flow valve). The two Vega 

probes and the pickets are visible in the thickener. 

The thickener base was changed to make this section completely straight sided, but requiring 
a rake (rather than pickets) to move material towards the well. It may have been suitable to 
put a mild slope on the base, but this was not a cost effective solution. It is far easier (and less 
time consuming) to make modifications to the rake than it is to make further modifications to 
the thickener structure. Figure 5.4 shows the base of the thickener with the straight extension 
in place. The horizontal band is the point where the conical section was previously located. 
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Figure 5.4 Modified thickener base showing flat bottom section replacement for the conical 
section originally mounted below the horizontal hoop. 

An additional modification was made to the feed well. It was noted that the feed well was too 
close to the overflow, and that material easily reported to the overflow since there was not 
enough time for it to gravitate through the turbulent flow at the exit. The feed-well was 
extended by 400 mm to a total length of 700 mm. The base of the spreader is 100 mm below 
this so that material is delivered 800 mm from the top of the thickener. The total length of the 
thickener from the top of the feed well is 1700 mm. This places the feed well exit about 
halfway down the thickener. The location of the feed well exit can have significant 
implications. It was observed that some space is required below the exit since flocculation 
continues to occur between the exit, and the surface of the mud bed. 

The feed well was easily modified by bonding an additional section of clear Perspex to the 
bottom of the existing feed well. The spreader below the exit is fastened with stainless steel 
tie rods so that all that is required is the drilling of three small holes to refit it to the new 
bottom section. Additional modifications will be made if necessary during the course of 
controller testing. 
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DensityC0rT1larison - Test 1, Day 4 
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Figure 5.6 Density comparison for test 1, day 4. 

Figures 5.7 and 5.8 show the results for the 3rd and 4th days of the second commissioning test 
carried out with the new sample. The data from day 2 was insufficient to draw any 
conclusions from as it was incomplete. The data for days 3 and 4 is encouraging and shows 
that with this particular sample the correlation between the sample measurement and the 
instrument is within the measurement error of the instrument. 
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Figure 5.7 Density comparison for test 2, day 3, 
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De nsity Comparison - Test 2, Day 4 
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Figure 5.8 Density comparison for test 2, day 4. 

The mean error between the measurements for the second commissioning test is 0.0072 kg.r' 
with a standard deviation of 0.00016. The mean error is significantly better than that in the 
first test (0.0135 kg.r'), and the standard deviations are the same for the two tests. The 
difference in the mean errors are due to the difference in particle size distribution as shown in 
figure 5.9. The particle size distributions are measured using the Honeywell Microtrac Xl 00 
particle size analyser. The 'Old' trace refers to the first sample tested. Note that the 'New' 
sample contains almost double the amount of fines in the 10 J..lm range as the 'Old'. It was 
noted during sieving that the old sample contained more grits than the new sample. 
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Figure 5.10 Flow rate comparison for test 1, day 4. The errors are small, and can just be seen 
above and below the respective traces. 
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Figure 5.11 Flow rate comparison for test 2, day 3. The errors are small, and can just be seen 
above and below the respective traces. 
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FLow Rate Comparison - Test 2, Day 4 
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Figure 5.12 Flow rate comparison for test 2, day 4. The errors are small, and can just be seen 
above and below the respective traces. 

The mean errors are shown in the following table 

Table 5.6 Comparative Flow Errors 

Test 1 Test 2 
Error (l.min-') Mean Std. Dev. Mean Std. Dev. 
Calibrated - Sample 0.032 0.0076 0.029 0.0129 
Sample - Meter 0.120 0.0170 0.051 0.0176 
Calibrated - Meter 0.152 0.0212 0.080 0.0207 

The errors between the calibrated flow rate and the sampled flow rate in the underflow were 
lowest for both tests, with the lowest standard deviations. On this basis the calibrated flow 
was used for future measurements, along with the meter density. The same was applied to the 
slurry feed meter, and the feed controller already used the calibrated flow for its PV. 

5.2.6 Commissioning Tests 

Two tests were carried out over a two week period using the modified hydraulic loading test 
discussed in chapter 4. The first test was conducted using the sample used for the slurry 
characterisation tests, and for the initial plant test. The second test was conducted using a new 
sample from Finsch mine that showed quite different behaviour, but that still allows the plant 
to be operated successfully for the purpose of control testing. Manual sample measurements 
were taken to evaluate the performance of the Endress & Hauser PROmass 83 I coriolis mass 
flow meter,. The commissioning tests are discussed after the mass flow meter evaluation. 
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The underflow flow rates are all reasonably consistent and do not exceed the nominal values. 
The density values show some variation, but tend to move toward limiting density on days 3 
and 4. The lower limit of the underflow pump speed meant that it was not possible to run at 6 
l.min-I. 
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Figure 5.13 Calibrated underflow rates for a range of slurry feed rates. 

1.580 

1.560 

1.540 

1.520 

£" 1.500 
~ 1.480 
'0: 1.460 

1.440 
1.420 

1.400 
1.380 

6 

.. 

7 

Measured Underflow Density 

~ 
~ ~ 
~ "'?<. 

~ ----- -------. 
~ ----. 

....... 
....... 

• 
8 9 10 11 12 13 

Qj (I.min-1
) 

14 

--+-Nom. 
___ Day 1 

..........-Day 2 

~Day3 

_ Day4 

Figure 5.14 Measured underflow density versus slurry feed flow rate. Notice that the density 
increases over time due to re-flocculation of the slurry. 
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Figure 5.15 Underflow flow rate versus feed flow rate. This is equivalent to a plot of mud bed 
rise rate versus clear water rise rate since both are related to the flow rates by the cross 

sectional area of the thickener. 
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Figure 5.16 Measured underflow density - for a range of feed flow rates from 6 - 9 l.min-l 
over a period of three days. 

Notice that the underflow rate is above the nominal in all cases in figure 5.15, but otherwise 
is useful for future testing. The underflow densities in figure 5.16 are all below the nominal 
value, but still in the design range of 1.2 to 1.4 kg.r'. Despite the initial hiccups it was found 
that the plant could be run with a very different sample. The underflow pwnp range was 
increased by changing the drive pulleys to reduce the lower speed, and the frequency range 
extended so that a greater upper speed can be achieved. This assisted in coping with the 
possible future variations expected from sample to sample. 
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Figure 6.1 Annotated plant front view. 
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Figure 6.2 Annotated plant side view. 
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8.2 APPENDIX B: PUMP CURVES 
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1.8 Thickener Main V1.0 VI 

The top level VI contains all of the sub-VIs discussed in the remainder of this document. The 
icon above is shown as the top level in the hierarchy and also includes the front panel from 
which the plant is controlled. The front panel was shown previously in Figure 3. 

The left hand panel contains all of the panel controls for direct stop/start/openiclose of drives 
and valves, as well as the speed or position controls. This panel also contains the sequence 
selectors, which take the drives into automatic sequence control. 

The upper half of the main panel contains a replica of the P&ID diagram [2], with equipment 
labels, and any values and status as required. All of the drives are given as image containers, 
so that the colours of the equipment can be changed depending on their status. The other 
equipment images were generated as bitmaps, and then pasted into the front panel. These 
images are contained in the \Images subdirectory to the \Labview Applications directory, 
which contains the complete code for this application. 

The lower half of the main panel contains graphs and other controls which are changed from 
time to time as the requirements of the project change. Presently the left hand graph shows 
the underflow density, and mass flow, and the right hand graph shows the status of the 
dilution controller. In-between these graphs are the Auto and Reset controls for the dilution 
water totaliser. 

A discussion of the individual VIs that make up the application follows. 

2. INITIALISATION 

2.1 Load Calibration Values (LoadCaI2.vi) 

The calibration values are loaded directly from the directory named 'Labview Applications', 
located in the file 'AICaIVal.txt'. The 'Labview Applications' directory contains all of the 
VIs and subVIs required to run the thickener application. The block marked 'CAL' is the 
subVI LoadCaI2.vi. This VI takes the file path information, and loads the information from 
file. 
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LoadCal2 . vi 
. file path (dialog if 

Calibration Info • 

Figure 4 Load Calibration Values 

The contents of the calibration file are shown below In Figure 5. The file contains the 
following information: 

Channel 
Tag 
Description 
Min rnA 
Max rnA 
Min Range 
Max Range 
Units 

: The data channel on the Fieldpoint analogue input module. 
: The tagname allocated on the 110 schedule 
: The tag description 
: Milliamp minimum value (default = 4 rnA) 
: Milliamp maximum value (default = 20 rnA) 
: Minimum value for the instrument range 
: Maximum value for the instrument range 
: Units of the actual value represented by the 4-20 rnA signal 

~ AICalVal - Notepad __ ::: •• 

Eile g,dit FQrmat ~ 
~hannel Tag Description Min mA Max mA Min Range Max Range 
0 FT-OOl Dilution water Flow Rate 4 20 0 20 
1 LT-OOl slurry Tank Level 4 20 0 100 % 
2 LT-002 Dilutlon water Tank Level 4 20 0 100 
3 DT-OOl column Density Meter 4 20 0 2 kg/l 
4 DT-002 underflow slurry Density 4 20 O. 5 2 
5 FT-002 underflow slurry Flow Rate 4 20 0 10 
6 XY-005 Dilution Water valve position 4 20 -0.3 101 
7 PC-Ol slurr¥ pump speed 4 20 0.3 50 Hz 
8 PC-04 under low pump speed 4 20 0.1 50.6 Hz 
9 PC-02 Dilution Water pump speed 4 20 -0.1 49.5 
10 PC-OS s~are pump speed 4 20 0 50 Hz 
11 AG-Ol surry Agitator speed 4 20 0 50 HZ 
12 AG-02 Dilutl0n Water Agitator speed 4 20 0 50 
13 PT-OOl underflow Pressure 1 4 20 0 2 kpa 
14 PT-002 underflow Pressure 2 4 20 0 2 kpa 
15 PT-003 underflow Pressure 3 4 20 0 2 kpa 

Figure 5 Contents of AICalVal 

units 
l/m 

% 

kg/l 
kg/m 
% 

Hz 

Hz 

The LoadCal2.vi block parses this file, using two nested loops. The outer loop looks for the 
carriage return character, and the inner loop takes each item of information (tab delimited) as 
listed above, and populates an array. Figure 6 shows the output of this process. 
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The Channel infonnation is loaded into a numeric array, while the Tag, Description and Units 
infonnation are each loaded into a text array. The min and max values for both rnA, and 
range are loaded into a single numeric array. The fonnat for each line is: 

Row 1: 
Row 2: 
Row3: 

[(min rnA) (max rnA) (min Range) (max Range)] 
[(min rnA) (max rnA) (min Range) (max Range)] 
etc. 

Each line is indexed by its location in the array - by channel number. One note here is that 
Labview indexes arrays starting at 1, whilst the 110 channels are indexed starting from O. So 
there is an offset of 1 between the physical I/O location, and the location of the infonnation in 
the array. The same is true of the data when the 'Read Fieldpoint' VI is implemented. 

-----rJ Channell 

~ 0-~ 2 1M! [J] ... 

............... -r. ~ - !iJ 1M! C ... 
Descri ~ionJ Cal Datal L--alibration Infol 

--r:;.. ----r. ~.~, - ..E..2. 

~ - - t, 
1M! C t, 
~ - .g t, 

~ - 1====1 .... -

~ ~ ~ 
~.~ 

l 1M! C 
~ 

Figure 6 Outputs from the LoadCal VI 

The individual arrays are now bundled together into a cluster as the output of the LoadCal2 
VI, and passed to a shift register which is indicated by the small block containing the 
downward pointing arrow on the edge of the for loop. The shift register is used here, because 
the infonnation is loaded back into the bundled array at the end of each cycle. This means 
that the array, and any changes which have been made to it are presented at the beginning of 
the next iteration. In other words the information is dynamic, and can be changed whilst the 
loop is executing. The static data case where a tunnel is used (in Image Loading) means that 
the static data is available on each iteration of the loop, but cannot be changed. The Image 
Loading section shows the use of the tunnel. 

Parsing of the file is completed when the remaining file length is zero. This is done by 
discarding each line from the file once it is processed until a zero length line is found. 
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2.2 Image Loading (BMP Load.vi) 

BMP 

~ 
Three different blocks are used for the loading of graphical information. There is one block 
each for the agitators, pumps, and valves. These are done separately, instead of in one larger 
VI, to minimize the crossing of data lines within the main loop. The image files are all 
located in a subdirectory named Images. The images are passed through a tunnel in the loop, 
and are thus available as static data on each loop iteration. If the images were to be modified 
within the loop they would have to be passed via shift registers. The tunnel is indicated by a 
solid block on the edge of the loop structure. 

Figure 7 shows the bitmap load VI for the agitators and pumps. The inputs are the path to the 
directory containing the images, and then the names of the image files in the order Orange, 
Green, Red. The output of this VI is a cluster containing the three images. Clusters permit the 
grouping of both similar and dissimilar objects. Unbundling of the clusters will be shown 
later where it is used. 

B ~ 
BMP Load.vi 

I'! D: \Labview Aoolications\Imaaes • path to BMP file 

l Ag Orange small.bmp i . Orange BMP filenc 

1r . Green BMP filenan 
l Ag Green small.bmp . Red BMP filename 

l Ag Red small. bmp 
Image Cluster • 

[BJ ... ~ 
BMP Load.vi 

I'! D: \Labview Aoolications\ImaQes • path to BMP file 
. Orange BMP filenc 

I Pump Orange small.bmp . Green BMP filenan 

II I Pumo Green small.bmo • Red BMP filename 
Image Cluster .1'---

I Pumo Red small. bmo 

Figure 7 BMP Load VIs 
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The internal structure of the BMP Load VI is shown in Figure 8. Each of the images is loaded 
from disk using the 'Read BMP File' VI - this is a Labview VI which simply loads the 
bitmap from file into memory. The following block is also a Labview VI, 'Draw Flattened 
Pixmap', which takes the bitmap information, and creates a flat structure, that can be 
displayed in a Picture Container on the front panel. The three images are then bundled 
together into a cluster, and passed to the loop via a tunnel. The selection and display of the 
images is discussed later when the contents of the loop are dealt with. The images used on the 
front panel are shown below. 

path to BMP file I "'-,j 

~reen BMP filenamel l~ilI-+---i 

Red BMP filename I l~ilI----i 

Figure 8 BMP Load Structure 

Each image is a simple bitmap, created using MS Paint. The background colour of the image 
matches that of the background for the main panel. The images are sized according to the size 
of the picture container on the front panel. The drive, agitator, and valve blocks determine 
which image to output to the picture container on the front panel, depending on the status of 
the equipment. 

Figure 9 Agitator, Pump, and Valve Images 
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3. MAIN LOOP: PRE-PROCESSING 

The pre-processing functions carried out in the main loop are dealt with here in the order that 
they take place. The main loop is executed every 250 ms. 

3.1 Inputs (Inputs.vi) 

The Inputs VI is shown in Figure 10. The input to this VI is the scaling array taken from the 
unbundled Calibration Info from the LoadCa12 VI discussed previously. The Calibration Info 
cluster is unbundled inside the Inputs VI in order to keep the main loop tidy. Notice that the 
Calibration Info cluster is carried through above the Inputs VI, and meets with the output of 
the shift register at the far right hand side of the for loop. All shift registers come in pairs, one 
presenting the information at the start of the iteration, and another collecting the information 
(possibly updated) at the completion of the iteration. The information from the end of the 
iteration is presented at the input of the following iteration. The reason for carrying this 
information through in this fashion is that it can be modified, and saved back to the AICalVal 
file within the loop, so that the modified information is reloaded when the application is 
started again. The feature allowing on-line reconfiguration of the scaling information will be 
implemented in version 2 of the software. 

LoadCal2.vi 
• File path (dialog if 

Calibration Info • 

Figure 10 Inputs 

The information in the following sections deals with the contents of the Inputs VI. 
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3.1.1 Analogue Input Scaling (AIScaling. vi) 

The unbundled Calibration Info is shown in Figure 11 as the input to the AIScaling VI. Note 
that it is not necessary to make a connection to each tenninal of the unbundle function. In this 
case only the Scaling array is taken as an input. The outputs of the AIScaling VI are the 
multiplier and offset for each analogue value, as well as the analogue scaled output values. 
From this it can be seen that the reading of the physical I/O is carried out within this VI. The 
multiplier and offset have been provided as outputs here as it was decided that they might be 
used in future for further computations. 

Ralibr ation Info I I L..:-:..:..n---... ~_J.--:A~I:::isc::::a::-lin-:.g::-. V::;-i :-1 
~ Scaling Array 

()ffset 
Scaled Out ut ~ 

Figure 11 AIScaling 

The following discussion deals with the contents of the AIScaling VI. This VI has three 
primary functions. The first is to compute the multiplier and offset from the scaling array, the 
second is to read the values from the analogue Fieldpoint module, and the third is to apply the 
mUltiplier and offset to the analogue values. 
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3.1.1.1 Compute Multiplier and Offset 

In this portion of the VI, the multiplier and offset are simply computed based on the equation 

y=mx+c 

where 

Y2 - y, Max range - Min range I . I ' 
m = "---=-----..:.......:... = = rnu tIP ler 

Max rnA - Min rnA - -

and 

c = y, - rnx, = Min _ range - rnultiplier(Min _ rnA) = offset 

The computation is not shown here as it is quite expansive when shown in graphical terms. In 
this case the multipliers and offsets are each computed as a vector that is applied to the 
analogue input values. Labview does not carry out these computations in the way that matrix 
algebra is carried out. The operations are simply carried out on an element by element basis 
where mathematical operations are applied to elements with the same index. 

3.1.1.2 Read Fieldpoint Analogues 

The segment of the code which reads the analogue Fieldpoint module is shown in Figure 12. 

FieldPoint\ 
Thickener\FP-AI -

111@4AII 
Value Out 
Timestamp 

Data Changed? ~ 

error out 
error in 

Figure 12 Read Analogue Fieldpoint Module 
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3.1.1.3 

vectors are to vector. 

y=mx+c 
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3.1.2 Digital Inputs (Digital Inputs. vi) 

The digital inputs are read in the Digital Inputs VI, located within the Inputs VI. The VI is 
shown in Figure 13. The two indicators showing as Module1, and Module 2 are VI front 
panel indicators used when required for debugging and commissioning purposes. 

Digital Inputs.vi 
Module 1 
Module 2 

Figure 13 Digital Inputs VI 

FieldPoint\ 
Thickener\FP-DI -

301 @1\AII 
Value Out 
Timestamp 

Data Changed? ~ 

error out 
error in 

FieldPoint\ 
Thickener\FP-DI -

301 @2\AII 
Value Out 
Timestamp 

Data Changed? • 
error out 

error in 

Figure 14 Read Digital Inputs 

143 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Inside the Digital Inputs VI, the two digital input modules are read as shown in Figure 14. As 
before, the Thickener.IAK file is used since it contains the configuration information. Each 
Fieldpoint Express VI is used to read one hardware module. There are two modules each 
containing 16 input channels, to give a total of 32 digital inputs. After the Fieldpoint read 
module there is a conversion from the dynamic data type to a Boolean array. 

The final step in the Inputs VI is to bundle the analogue and digital signals together into a 
cluster titled Scaled Outputs. The order of the signals in the cluster is: 

Scaled Analogues 
Digital Module 1 
Digital Module 2 

Further in the program the information is rearranged as required so that it can be applied in a 
sensible fashion. This will become clear when the drive and valve blocks are discussed. 

The output from the Inputs VI is the input to the following VIs: 

Drive Clusters 
Valve Clusters 
Derived Tags 
Analogue Displays 

3.2 Derived Tags (Derived Tags.vi) 

The Derived Tags VI takes the analogue and digital inputs, and creates level alarms where 
required, and this information is then used to create the interlock or drive/valve enable 
outputs that prevent equipment damage when it is not appropriate to operate the equipment. 

Derived Tags.vi 
~ Scaled Outputs 

Drive Enable • 
valve Enable ~ 

Figure 15 Derived Tags 
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The Derived Tags VI contains the Alarms VI (digital alarms from analogue values), and the 
Interlocks VI, as shown in Figure 16. 

Alarms.vi 
Inputs 
ALM 

3.2.1 Alarms (Alarms. vi) 

Interlocks. vi 
~ AW Inputs 
~ ALM Inputs 

Drive Enable ~ 

Valve Enable ~ 

VLV EN (and ~ 

DRV EN (and ~ 

Figure 16 Alarms 

brive Enab l~ 

Ralve Enablel 

Figure 17 shows a portion of the Alarms VI. Here the values for the LL, LO, HI, and HH 
alarms are input to the Deadbanding VI. For the present there are only two variables for 
which alarms are generated. These are the slurry tank level , and the water tank level, L T -001, 
and L T-002 respectively. 

Figure 17 Alarm Generation 
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3.2.1.1 Deadbanding (Deadbanding. vi) 

I 

j1f 
I 

The Deadbanding VI prevents the alanns from chattering, and resulting in drives and valves 
starting and stopping as the enable signals go True and False. The Deadbanding VI was 
created from scratch as the Express VI provided by Labview to carry out this function was 
not found to be suitable. The first input value (topmost) to the Deadbanding VI is the 
analogue input value. The second is the value at which the alann becomes active, and the 
third value detennines when the alann will be reset. For the LL, and LO alanns, the alann 
becomes active when the analogue value is below the alann value. The alann is then reset 
when the analogue value is at e.g. 20 + 2.5. For the HI, and HH alanns, the alann becomes 
active when the analogue value exceeds the alann value, and is reset when the analogue value 
is at e.g. 75 + (-2.5). All values in the above blocks are given in percent. If there were more 
alanns to be generated from analogue values, it would make sense to store all of the alann 
limits and their deadband values in a file, load these at startup, and allow them to be 
configured whilst the software is executing. This may be the case in future, at which point the 
functionality will be included. 

The Deadbanding VI is fairly complex, without necessarily appearing so, and detennines 
whether to switch on the positive side of the alann value, or the negative side of the value, 
depending on the sign of the Deadband value. There are some special features to the 
Deadbanding VI which must be noted at this point. The while loop of the Deadbanding VI is 
shown in Figure 18. 

The first important feature of this while loop is that it is configured to run once only. This is 
done by wiring a false indication to the run tenninal of the while loop. Each time it is 
executed within the main loop, it will execute once, and then stop. The purpose of this is to 
make it possible to use shift registers to hold the state from the previous iteration. In order to 
make this possible the VI must be configured as re-entrant in the VI properties dialogue. This 
forces Labview to create a memory space for each instance of the Deadbanding VI, to store 
the previous state. This VI is a state machine, combining two case blocks with a while loop. 
To have used the main loop to implement shift registers would have made the code very 
messy indeed. Depending on the value of the deadband value, the VI decides which of the 
two case statements to execute. This decides which side of the alarm value the actual 
switching should take place. The state is then held until the main loop iterates once again. If 
the VI is not made re-entrant, a problem arises, since when the first instant of the VI is 
executed, it takes its state from the last instance of the VI that was executed. This will also 
happen in the Alanns VI, where each Deadbanding VI will take its state from the last one that 
executed. The result is that nothing works. This turns out to be one of those useful tricks that 
need to be applied in Labview, and the technique is also used elsewhere in the code. 
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I 

; I ' 
I i : 

~i~ 

rn 

True ... 

~ ... __ .. _ .. j . ........... l 

True ... 

. ......... .J 

I
;f the deadband value is +ve then the alarm iS~ I 
II or lO. If the deadband value is -VB then the 
alarm is HI or HH 

Figure 18 Deadband WHILE Loop 

3.2.2 Interlocks (Interlocks. vi) 

To avoid clutter, the valve and drive enable signals (interlocks) are dealt with separately 
within the Interlocks VI, as shown in Figure 19. The valve and drive enable condition 
outputs, are clusters containing all of the relevant signals used to derive the enable conditions 
for all of the valves and drives respectively. These outputs are to be used for the interlocks 
display page. 

The interlocks display page has yet to be implemented, and is intended to show the user 
which conditions are responsible for the lack of an enable condition on any drive or valve. At 
present the means to open and close a separate page from the main loop, without affecting its 
execution has not yet been determined. The intention is that on the click of an Interlocks 
button, a separate page will pop up, without affecting the execution of the main loop, even 
though it must update itself from the main loop. The user must be able to view this page, and 
minimise or close it at will. Attempts to achieve this have resulted in the main block halting, 
and waiting until the interlocks page is closed before continuing with its execution. This is 
not acceptable, since any controllers running in the main loop will be halted, along with any 
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other dilution estimation calculations. The dilution and other controllers must continue to run 
regardless. 

IValve Enable Signals I 

~ A&D Inputs 
~ ALM Inputs 

XV-DOl EN ~ ·· ······· .. ····· .. ···· .. ··········1 

f---~~-~~::-:~-! ___ ~~--i:.:.:.::.:.:.:.::.:.:.:.:.:.:,: ... ::!:~:: ::::::':·:::: :::···:::::~ Iffij,!.H~*""'--~~ Waive Enable I 

bV~L~V §EN~CQo~n~d ~~ ---"""",--"::=:--"""",..m~-~. WLV EN Condl 

IDrive Enable Signals I 

:~~~~ ~~ : .: :~.:.~. :.~.:.~.:.: .. ?:.:.:.:;::: :'::.: : ~.: .. :.: .. :.: ...... :.:::.:::.:~ Drive Enablel 

DRV EN Cond ~ DRV EN Condl 

Figure 19 Valve and Drive Enable Blocks 

3.2.2.1 Valve Enable (Valve Enable. vi) 

The Valve Enable VI is shown in Figure 20. The figure shows how the necessary conditions 
are extracted from the PS-001 OK (air supply OK) signal, and the tank level alarms. The tank 
level clusters have been configured here so that hovering the mouse over one of the Boolean 
outputs will display the name of that alarm at the cursor. All clusters in the code have been 
configured in this fashion for clarity. 
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IValve Enable Signals I 

t ·············································· ······· ....•....... ....... - '1"1' 

l ... _ ... _ .............. _ ... _ ............ _ ............................. &:~Oll EN 1 

-..--l .. LT.g' ....... <j3> ..... ............... Li···· rt::::::::::: ::::::::[D .. - .. - .. - .. r;~,l ENI 

Figure 20 Valve Enable 

The interlocks or enable signals for the valves are given in Table 1. To make sense of the 
table, it should be read in conjunction with the P&ID diagram for the Scale Thickener Test 
Plant [1]. 

Table 1 Valve Enable Conditions 

Valve Description Condition 
XY-OOI EN Mains Clear Water Feed CPS-001 OK) AND CLT-002 NOT HH) 
XY-002 EN Clear Water Dump PS-0010K 
XY-003 EN Clear Water Isolate CPS-OOI OK) AND CLT-001 NOT HH) 
XY-004 EN Mains Slurry Water Feed (PS-OOI OK) AND (LT-001 NOT HH) 

A brief explanation of the enable conditions follows: 

XY-OOI EN: This is the mains clear water feed, and the pressure supply must be present in 
order to operate. The second condition is that the tank is below its maximum level, otherwise 
the tank will overflow. This condition ensures that once the tank reaches its maximum level, 
the enable signal will fall away, and the valve will automatically close, thus preventing an 
overflow condition. 

XY-002 EN: This is the clear water dump valve, and is used to dump water from the clear 
water tank if the system becomes unbalanced and there is too much water in the system. Air 
pressure supply must be healthy for this valve to operate. 

XY-003 EN: This is the clear water isolate valve, and is used to shut the dilution line to the 
slurry tank, so that the water is forced to the clear water dump line. When this valve is open, 
dilution water is pumped to the slurry tank, and hence the slurry tank (L T -001), cannot be 
above its maximum level if this valve is to operate (open). 

XY-004 EN: This valve supplies mains water to the slurry tank. This valve is used to fill the 
tank when making a slurry up. For this valve to operate, the tank must not be at its maximum 
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level. If the maximum level is reached, the valve will automatically close when the enable 
condition drops away in order to prevent flooding of the laboratory. The air pressure supply 
must be healthy. 

3.2.2.2 Drive Enable (Drive Enable. vi) 

Within the Drive Enable VI, the conditions required for the interlocking are first extracted in 
the Drive Enable Conditions VI, and bundled together into a cluster. This cluster is then 
unbundled for each drive, as well as being output for the interlocks display panel (to be 
implemented). 

3.2.2.3 Drive Enable Conditions (Drive Enable Conditions. vi) 

The Drive Enable Conditions VI extracts the necessary alarms and analogue values to be used 
in the Drive Enable VI, and bundles them into a cluster. Caution should be exercised when 
modifying these values, since the order of the outputs becomes rearranged, and the enable 
function ceases to work correctly. The order of the outputs in the cluster can be rearranged by 
right clicking on the cluster on the front panel, and selecting ' Reorder Controls in Cluster'. 
This allows the user to define the index of each control in the cluster. The Valve Enable VI 
does not feature a similar VI, although the caution regarding the ordering of controls III 

clusters still applies at the output of the VI, and any other VI for that matter. 
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Drive Enable 
Conditions, vi 

• AOO Inputs 
10100 Inputsl 

IOILM Inputsl 
DRV EN Cond • PRV EN (and] 

~~~.~AL~M~In~pu~ts~r-r-__________________________ ~~ 

TF 
TF 
TF ......... .................................... , 

.... · .. · .. ·· .... · ...... ··m ~ 
••.•.....• •..•. ::: ... : •.•.••••.. : •••.•••.•. ;:::::::::::::::::::::::::::::t::O" ..... .. ..... ... ~ kv-oos ENI 

Figure 21 Drive Enable VI 

Present drive enable conditions are shown in Table 3. 

Table 3 Drive Enable Conditions 

Drive Description Conditions 
XY-005 EN Dilution water control (LT-OOI NOT HH) AND (LT-002 NOT HH) 

valve AND (PS-OO 10K) 
PC-Ol EN Slurry feed pump (LT-OOl NOT LL) AND (LT-002 NOT HH) 

AND (PC-01 AUTO) AND (AG-01 RN) 
PC-04 EN Thickener underflow (LT-001 NOT HH) AND (PC-01 RN) 

pump AND (PC-04 AUTO) 
PC-02 EN Dilution water supply (LT-OOI NOT HH) AND (LT-002 NOT LL) 

pump AND [(XY-002 OP) OR (XY-003 OP)] 
AND (PC-02 AUTO) AND (AG-02 RN) 

A brief explanation of the drive enable conditions follows: 

XY-005 EN: XY-005 is the dilution water control valve. In conjunction with the dilution 
water supply pump, this valve determines how much dilution water to add to the slurry tank 
to maintain the design solids concentration. The dilution water pump delivers a certain flow 
rate, and this control valve determines how much of that flow should go to the slurry tank, 
and how much is returned to the clear water tank. For this reason, neither the slurry tank (LT-
001), nor the clear water tank (LT-002), can be at their maximum level for this valve to be 
operational. The air supply must be healthy. 

PC-Ol EN: The slurry feed pump delivers dilute slurry to the thickener. To protect the pump, 
the slurry tank (L T -00 I) cannot be below its minimum level. Running the pump drive will 
seize the rotor/stator in the positive displacement (progressive cavity) pump within minutes. 
Under normal operating conditions, the thickener runs full, and the overflow reports to the 
clear water tank. If the clear water tank reaches its maximum level then the pump will shut 
down to prevent flooding. The slurry pump must be in Auto mode (selector switch at the 
electrical panel) for the pump to be started from the control panel, or via automatic sequence. 
Finally, the slurry tank agitator (AG-01) must be running. If the agitator is not running, the 
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3.3 Drive Clusters (Drive Clusters.vi) 

This VI groups the inputs according to the drive that they apply to. This simplifies the 
process later where the information required to control and display the status for each drive is 
easily accessed. Figure 22 shows this VI so that the icon is familiar to the user. 

This block splits the analogue and digital signals from their individual arrays, and then 
recombines them into clusters for each drive. This will also be used later for the automatic 
sequencing. The drive order is as found on the electrical panel, and the output of the VI is the 
bundled combination of the drive clusters in the order given below: 

PC-Ol 
PC-04 
PC-02 
pc-os 
AG-Ol : 
AG-02 : 
PC-03 : 

Slurry Pump 
Underflow Pump 
Dilution Pump 
Spare 0.75 kW drive 
Slurry Agitator 
Water Agitator 
Spare drive (flocculant addition - for future use) 

Drive Clusters. vi 
~ A&D Inputs 

All Drives 

Figure 22 Drive Clusters 

An example of the contents ofthis VI are shown in Figure 23. 
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PC-Ol 

6 t------I 

Isr~;..I .. .................. ...... J 

Figure 23 Drive Clusters Code 

Although this may seem somewhat difficult to interpret it is actually quite simple. In each 
case the relevant digital inputs are extracted by indexing the digital array, and then combined 
with the indexed analogue input for the drive. The order of the inputs has been standardised, 
and is the same for each of these drives. The structure of each drive cluster is as follows: 

Element 1: 
Element 2: 
Element 3: 
Element 4: 
Element 5: 

Digital Input 
Digital Input 
Digital Input 
Digital Input 
Analogue Input 

RUN Indication 
AutolMan Indication (panel selector) 
Drive Healthy (Trips OK) 
Spare 
Speed in Hz 

The Drive Healthy inputs for the two agitators are forced to a True state here, since they are 
not physically present on the electrical panel - this is an error on the panel manufacturer's 
part, and is to be rectified. The AutolMan indication is also not present on the panel (by 
design), and is simply forced to a False state in this VI. The lIO schedule is shown in 
Appendix 1. 
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3.4 Valve Clusters (Valve Clusters.vi) 

In this VI a similar function is carried out to that in the Drive Clusters VI. 

Valve Clusters. vi 
• A&D Inputs 

All Valve I P • 

Figure 24 Valve Clusters 

This block splits the analogue and digital signals from their individual arrays, and then 
recombines them into clusters for each valve. This will also be used later for the automatic 
sequencing. The valve order is: 

XY-OOI 
XY-002 
XY-003 
XY-004 

Water Tank Mains Feed 
Water Dump Valve 
Water Tank Isolation Valve 
Slurry Tank Mains Feed 

The output is a cluster containing the status for all valves. Each cluster within this combined 
cluster contains only two status indications: 

Element 1 
Element 2 

Valve Open Indication 
Valve Closed Indication 

These are taken in the order that they have been wired into the digital input module. 
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4. MAIN LOOP: DRIVES AND VALVES 

The drives and valves have been grouped together into two separate high level VIs. The 
contents of each of these VIs, and the philosophy applied in their operation are discussed in 
the following two sections. 

4.1 All Drive Control (All Drive Control.vi) 

A portion of the main loop containing the All Drive Control VI is shown in Figure 25. 

pc-041~ 
PC -021 IF--[.~~l:i'il-I """......A .......... 

clpC-=---=-01--::S:::-EQ~St-ar-:Ot I I'r ol· .. ····· .. · .. ····· ........ ······ .. ··.! 

All Drive 
Control. vi 
All Drives 

, Drive Enable 
PC-OOl 
PC-004 
PC-002 

.................................. , PC-Ol SEQ Start 
! .... ....................... , PC-04SEQ Start 

r ...... · .... , PC-02SEQ Start 
: Drive Faults 

Drive SEQ 

IpC-04SEQ Start I I'r ol ... · ... · .. · ... · .............. · ........ · ........ .! Drive O/P 

Ipc -02SEQ Start I I'r 01 .................................................................. ] 

Figure 25 All Drive Control VI 

Pump Panel 
Disp.vi 

, Pump Images 
All Drives 

PC-01 Slurry , 

PC -04 U/flow ' 
PC -02 Water ' 

PC-01 

r 

PC-04 'r--, 
PC-02 'h I.­

, Ext Drive Faults I L...-

TF ... .. . 
TF ..... . 

J
&---++ TF ······ 

TF 
F 

This VI serves as the container for all for the drive control blocks. The contents of this VI are 
best explained by examining the contents of the Drive Control VI. 
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4.1.1 Drive Control (Drive Control. vi) 

The contents of the All Drive Control VI are shown in Figure 26, and the contents of the 
Drive Control VI are shown in Figure 27. 

Drive Control. vi 

pc-ooll ~·~=",,[B---~--~--i~~c~o~nt~ro~1 ~~ 
~1N~~--~ .. ~~ .... .. .... .. ...... .............. ... ........................... ... ....................... ....................................... .... ENable 

PC -0 lSEQ Start 1 ~ .......... -.. ... .. .. .. ~. ---SE--Q-S-ta-rt---1 

Status 
Output • ............................................ . 

Drive Error ........................................... . 
Drive SEQ ......................................... _ .. . 

10 • Timeout s) 

Drive Control. vi 
pC -0041 ="" Control 

• ENable 
PC-04SEQ Start 1 IQD..................... ........ ........ ......... SEQ Start 

Status 
OUtput· .................................... ... . 

Drive Error . .... .. -.... ................................ .. 
Drive SEQ • ............................ ...... ........ .. 

10 • Timeout's) 

Figure 26 All Drive Control VI contents 

The drive control philosophy is as follows: 

It must be possible to start and stop a drive (or open and close a valve) from more than one 
location. As mentioned previously there are three possible ways to start or stop a drive. These 
are 

Manual - Electrical Panel 
Auto - Control Panel 
Sequence - Automatic control sequence. 

The first mode does not allow any action from the front panel, or from an automatic 
sequence, since the switch on the electrical panel is set to manual. In this mode it is not 
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[iiUJ 

" .. . ~ ~ 

1 

! . 

L .. __ _ 

I 
I , 

Figure 27 Drive Control VI 

I 
160 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4.1.1.1 Pulse Generator (Pulsar. vi) 

The Pulsar VI is once again a state engine, executed within an execute-once while loop. The 
while loop penn its the use of shift registers that pass infonnation from one iteration to the 
next. The VI is reentrant so that the shift register values are uniquely stored in memory for 
each instance of the pulsar VI. This VI was created due to the inadequacy of Labview' s own 
VIs. Attempts to achieve the same functionality with Labview met only with frustration. 

ie!u" ---- -------.-.. --.. -. 'l __ . _____ . ? 

,... c:-;--:-:=~ 
Pulse Width s) I 

~~ 
[!QQQ}-

I 

False • 

Iterations 

1!iiI-- --------.------.- ... &&;J 0<Jtputl 

v .., 

Figure 28 Pulsar VI (False Case) 

The selector is the input which activates the generation of a pulse. When the selector is False, 
the False block of the case statement detennines the duration of the pulse. The pulse width 
input is converted to milliseconds. At the same time the current execution interval is 
calculated, and from this the system works out how many iterations the output must be held 
high for to generate the desired pulse width. As soon as the selector goes True, the output of 
the Pulsar VI goes true. In the True case, the number of iterations is decremented by one on 
each cycle until it is less than or equal to zero, and the output is reset to False. The output of 
the VI can only go True again once the selector input has gone False to recalculate the 
required number of iterations. As things tum out, this is exactly the desired result, and it 
works very well. 
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True .. 

ern" --- -----_._. __ .-

I.:!!,;.j-------. ·------...,------t-I 
r- PC:-lu'-se7CWi;-;:-,dth~s)1 I 
~ --=G>-- r----- 1. ~ 

~ ~ 
~ I i 

~----------V>---~--1. __ 
~ r-0 ----, 

I : 1II!l-------' ,--

.' [;.11----___ ............ 

I 

CD 

Figure 29 Pulsar VI (True Case) 

4.1. 1.2 Drive Error (Drive Error. vi) 

DRIVE 
Error 

-

-

The Drive Error VI shown over the page is very simple in its execution. It is disabled by the 
pulse input, since there are no actions in the True case of this case function. This allows the 
drive the opportunity to start while the pulse is held high - and avoids inconvenient error 
conditions that are not really valid at this point. The drive error function is also inhibited if 
the drive mode selector is in manual at the electrical panel. 

Two basic errors are catered for by this VI, the first is where the Drive Control VI is 
generating an output, but the drive is not running (unlikely, but you never know). The second 
condition is where the drive is running even though no output is being generated by the Drive 
Control VI. The output from this block goes to the display VI. 
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Error Checking I 

~ 1? 
f~!.:::-:::, ?~---r i: 01E> i , , :, t~l-
~ :: : : 

~~.. iii: 
T. ------- ~ ---:::r~ I0- ; ; 

f~ij', ........................................... ..................................................................................................... 1 

Figure 30 Drive Error VI 

4.2 All Valve Control (All Valve Control.vi) 

Figure 31 shows the All Valve Control VI. The inputs to this VI are the cluster controls from 
the front panel of the main VI, and the sequence controls. This VI is a container for the 
individual valve control VIs. The outputs go to the valve display VI, and to the digital outputs 
VI. 
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~v-ooll 

kv -0021 1~.IJa.--...!t 
kV-0031 I~~ ______ ~ 

kV-0041 I~~ ______ -d 

Ixv -001 SEQ Open I I'r 0 ......... ;::::::::::::::::::: ~ ~ 
IXV-002 SEQ openl I·ro ......... ! ! ..... ;::: :: :""~.",~-.t ...... 
IXV-003 SEQ Open I I 'r 01 ................ 1 I 
IXV-004 SEQ openll·f ol .. · ...... · ............ ! 

All Valve 
Control. vi 

All Valve rIP 
~ Valve Enable 

XV-DOl 
XV-002 
XV-003 
XV-004 

• SEQ Controls 
Valve Faults 
SEQ Outputs • 

Valve Out uts ~ 

Figure 31 All Valve Control VI 

Figure 32 shows a portion of the contents of this VI, showing the Valve Control VI. 

Valve Control. vi 
Control 
Status 

3 Timeout (s) 
........ .................................................... ............ ...................... .......... ........... ~ SEQ Open 
................................................................................................... ................ ~ ENable 

Valve Error • ..................... , 

XV ~~~ : :~::~:::r~r~:(::: 

Figure 32 All Valve Control VI 
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4.2.1 Valve Control (Valve Control. vi) 

The contents of the Valve Control VI are shown in Figure 33. This VI is almost identical to 
the drive control VI. The only noticeable difference here is that there are two feedback 
signals for the valve, one for the open position, and one for the closed position, where the 
drives only have a single feedback signal. Once again, the signals are blocked by the case 
statement if the enable signal is false, so that there is no way of operating the valve from the 
front panel, or via automatic sequence. As before, the valves are operated using pulse signals, 
so that they may be operated from more than one place. There is no means to operate the 
valve from field controls as there is with the drives. This block uses the Pulsar VI to generate 
the valve operation pulses, and the valves are held open via their feedback signals in the logic 
circuit. The difference with this VI, is that the pulse duration is only 3 seconds, compared 
with the 10 seconds of the drive VI. This is due to the lower operation time of the pneumatic 
valves. If a valve is installed with a longer operation time, then the timeout value is simply 
increased to ensure that the valve will have enough time to complete the operation. 

For detail on the operation of the Pulsar VI, see the description in the drive control section. 
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Figure 33 Valve Control VI 
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4.2.1.1 Valve Error (Valve Err. vi) 

The Valve Error VI carries out very simple logic. The logic is not executed while the pulse is 
high, so that error conditions present during operation are ignored. Once the operation is 
complete, the VI checks to determine whether the output is high or low, and that the 
corresponding output is returned from the valve. In other words if the valve output is low, and 
there is either no position indication, or the valve indicates open, then an error is generated. 
The same is true when the valve output is high. The fault output is sent to the valve display 
VI, and the valve is coloured orange on an error condition. See Figure 34. 

Error Checking I 

put;;) 
IQD ............................................. ? r·· .. ······· .... ;:::E>· ...... ~ ........ 1 r ............ <{3> ...................... m ! ! ~ , ' ............ ~ .......... ', 

"j~:~:j);:~fH I 
!b .................. ........................ , 
~ IQD .................................... ...... .. 

! i 
, ~ ' .. .......... .. .... .. .. .... .. .... ............................ ....... '1./" ...... i f'O:'F/BI T ............ .. .. .. .. .... .. .. ........ .. .. .... . 

Figure 34 Valve Error VI 
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5. MAIN LOOP: SCREEN DISPLAY 

This section discusses the VIs that format and present information for display on the front 
panel. 

5.1 Agitator Panel Display (Ag Panel Disp.vi) 

The agitator panel display VI (Figure 35) differs from the valve and pump VIs, because there 
is no software control of these drives. This VI simply displays the running status of the drives 
on the front panel, and also provides front panel display clusters containing the drive speeds 
in Hz and rpm. Notice that the drive healthy indications are forced high with constants here, 
because the relays in the electrical panel to provide the drive healthy status are not present. 

Ag Panel Disp ,vi 
All Drives 

Ag Images 
Ii) f· I .... ·· .. ······ .......... ···• AG-Ol Healthy 

10 f" I .. · .... · .. ·· .. ···· .... , .. ·· • AG-02 Healthy 
AG-OIImg 

AG-02Img 
AG-Ol 

AG-02 

Figure 35 Agitator Panel Display 

~G-01I 

~G-021 

§G-Oll 

§G-021 

This VI contains an additional two VIs, one that handles the image selection, and a second 
that carries out the drive scaling. A portion is shown in Figure 36. The Display and Drive 
Speed VIs are present as in the Pump Panel Display VI. Once again there is some logic at the 
input to the Display VI, in order to make it re-useable throughout the program. Both of these 
sub-VIs are discussed in the Pump Panel Display section. 
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Figure 36 Agitator Panel Display VI Contents 

5.1.1 Drive Speed (Drive Speed. vi) 

This is another simple VI (Figure 37), where the speed in Hz is converted to an rpm speed. A 
percentage is calculated by mUltiplying the speed in Hz by 0.02 so that 0 - 50 Hz becomes a 
value between 0 and 1, which then scales the speed multiplier. The multiplier can be adjusted 
external to the VI, depending on the pulley or gearbox ratio on the pump. Both the percent 
and rpm signals are clustered together to create the output for display on the front panel, and 
for use elsewhere in the program. This function also ensures that the output is forced to zero 
when the drive is not running. From time to time there is a small residual output even though 
the drive is not running. 
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TF .......... .... ....... ......... ... , 

~~~~ ___ ....... ~ TF ! IlJ TF! 
TF ! 
DB !------t~ 

• .............................. ?~::>-_----J 

~eed:ratiol 
~~, ---------~ 

Figure 37 Drive Speed VI 

5.2 Pump Panel Display (Pump Panel Disp.vi) 

The pump panel display VI is shown in Figure 38. The pump and agitator display VIs are 
separate, since the agitators have no drive control block. The agitators are controlled 
manually from the electrical panel. This VI has two functions. The first is to display the pump 
speeds and running status on the front panel. The second function is to control the output 
image of the pump. As discussed earlier, there are three separate coloured images, depending 
on the drive status. 

All Drive 
Control. vi 
All Drives 

• Drive Enable 

Pump Panel 
Disp.vi 

I. Pump Images 
All Drives 

PC-Ol Slurry • 
PC -04 U/flow • 
PC-02 Water • 

PC-Ol 
PC-04 
PC-02 

• Ext Drive Faults 

Figure 38 Pump Panel Display VI 

Fc -01 Slurry I 
FC -04 U/Flow I 
Fc-02 Water I 
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If the drive is running, then a green image is selected, if it has stopped, then a red image is 
displayed. If the field stop has been activated, or a drive fault is detected (such as the output 
and feedback not being in agreement), then the orange image is displayed. The contents of 
this VI are shown in Figure 39. 

. ............ -..... _.-._ .... • 
~~~~~!---1~.~ (·01 

pump Imagesl ~B----ml DispLAY,vi 

~xt Drive Faultsl ~a--p+ 

• Image Data Input 
.......... . On/Off ~ 

..... ,. 0[;>-... : wO~ut~pu~t~Im~a~ge~r--I~~·Q] 
;::~~::E>'"'''' • Ext Fault 

~ 
:::: .. . ..... .......... . .... Ii ............... · .............................. i DispLAY,vi 

T -I, i = ~:-;,:.:.~V··· .. · .. : I::~:~1~:ut. 
:l:!/ .... .... . Ext Fault 

Drive Speed, vi 
• Drive Status 

Figure 39 Pump Panel Disp. VI Contents 

(·04 

The pump panel display VI is a container for the individual Pump Disp. VI blocks to 
determine the image display for each drive. This block also contains the Drive Speed VI for 
each drive to convert the speed from Hz to rpm. 

171 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5.2.1 Pump Display (Display. vi) 

This is a very simple VI, and takes the input cluster loaded at program initialization, and 
outputs the relevant image to the front panel image container. In Figure 39 there are a few 
logic gates at the input of the On/Off terminal to this VI. The reason for this is that this VI is 
also used in the agitator and the valve display VIs. In order to make this VI re-useable the 
logic must be placed outside the VI. 

g r . • . ••.••••. . .• . .••.... , 

n Off : . 
T ........................................ ................................................................ .... ................. .! 

Figure 40 Display VI 
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5.3 Valve Panel Display (Valve Panel Disp.vi) 

The Valve Panel Disp. VI takes the valve status, and the valve fault input, and detennines 
which image to display in the image container on the front panel. Figure 41 shows the VI 
from the main loop. 

valve Panel 
Disp.vi 

• valve Image 
• All Valve rIP 
• Valve Faults 

XV-OOl 
XV-002 
XV-003 
XV-004 

Figure 41 Valve Panel Display VI 

Inside the VI, there is one display VI for each valve, and a portion is shown in Figure 42. The 
logic gates external to the Display VI are present since it is reused elsewhere. See the 
previous section on drive display for details of the Display VI. 

Mir I/PI -: ~ ~ I D;"lAV," 
• Image Data Input 

Figure 42 Valve Panel Display Contents 
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5.4 Analogue Displays (Analogue displays.vi) 

This VI is a container for additional analogue processmg for both display and control 
purposes, as shown in Figure 43. 

Tank Levels. vi 
~Iurr:r: %1 

~ Scaled Inputs ~~.lliJl ~Iurr:r: Vall 
0: 

~Iurr:r: Level] 
10 ua 

litre ~ 

Slurry Level !. Bl Ii ~Vater %1 
0,'0 :.001 ~ater Vall 

litre 
Water Level ~ater Levell 

Flows.vi 

t------~~~Sc~a~le§d~In~p~u~ts~L_------~ 
FT-OOl ;.001 FT-ooll 
FT -002 FT -0021 

XV-OOS.vi 
~ Scaled Inputs kv-oos %1 

0/0 - . 

t=]d~eOL=j---~: .0iIJ1 ~V-OOS degl 

~ sc~~e~e~n~uts ~ .... ..r ........................... ~ k:olumn La Levll 

r----=-H.::...i ::.:Le:....:.v.:;el'----;~ ................................... ~ k:olumn Hi Levll 

Figure 43 Analogue Display VI 
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5.4.1 Tank Levels (Tank Levels. vi) 

The contents of the Tank Levels VI are shown in Figure 44. This VI delivers the outputs to 
the front panel display for the slurry and water tanks. The % and Level outputs drive the 
numeric % display, and the bar graph (slider indicator - blue icon) on the front panel. A 
calibration from percentage output to volume in litres is also carried out on this page. For the 
slurry tank the calculation is: 

v = 19.18x%+150A 

This calculation takes into account the fact that a 0 % reading from the Endress & Hauser 
level transmitter has been calibrated when the water level is just above the outlet to the pump. 
The calculation includes this residual volume. This is important when carrying out 
calculations for the slurry makeup. The bar graph output is a slider indicator. 

For the water tank the volume calculation, with the result in litres, is: 

v = 8.8x%+21.6 

blurry %1 

blurry Levell 

blurry voll 

: · ~DI 

'----- ----.,:. 001 Rl/ater%1 

RI/ ater Levell 

Figure 44 Tank Levels VI 

RI/ ater Vol I 
i·ool 

It is not essential to know the exact volume of water in the clear water tank, but it has been 
included for completeness, and as a record of the actual volume of the tank. Figure 45 shows 
a portion of the front panel with the outputs from this VI. 
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AG-Ol 

Figure 45 Tank Level Indications 

In Figure 45 the picture containers for a valve, agitator, and pump can also be seen. The 
picture objects are contained within the raised grey borders. 

5.4.2 Flows (Flows. vi) 

This VI extracts the inputs from the two flow meters in the plant, the dilution water flow rate 
(FT -001 ), and the underflow density and flow rate (FT -002). Figure 46 shows the contents of 
the VI. 

176 



Univ
ers

ity
 of

 C
ap

e T
ow

n

~T -oat I 
~----------------------------~ ·IDUJ 

Figure 46 Flows VI 

The three required values are first extracted from the Scaled Inputs array, before being 
processed ( where necessary), and then output to the front panel. FT -001 (Y okogawa Magflow 
meter) is the flow from the dilution water flow meter. This value is also used by the dilution 
flow controller. 

FT-002 (Endress & Hauser Promass 83) outputs two values since it is a mass flow meter. The 
first signal is the density measurement from the meter (in kg/l), and the second is the flow 
rate in litres per minute. The flow rate is checked to determine whether it is less than zero, 
and if so, a value of zero is delivered to the output. From time to time the flow meter delivers 
a small negative value when close to zero flow rate. The two values for the mass flow meter 
are then bundled together into a cluster for display on the front panel. The front panel display 
object is a cluster of numeric indicators. 

5.4.3 XY-OOS Display (XY-OOS. vi) 

~"~",-",S," "" ,'-,', 
. ~. 't . .,. ~ 

f, , . 

~: ' 

,~ 
This is a very simple VI. It extracts the valve position value from the Scaled Inputs array, 
delivers one directly to a numeric input on the front panel (%), and delivers a second value to 
the front panel indicating the valve position in degrees (multiply by 0.9). The front panel 
display is a dial indicator that has been reconfigured to display from 0-90 over a 90 degree 
arc. The dial indicator includes both a graphic, and a numeric indicator for the valve position 
in degrees. Figure 47 shows the contents of the VI, and Figure 48 shows the front panel 
indicator. In this case the valve is in its default position of 45 degrees. Once the controller is 
in operational it attempts to maintain the valve in this position by adjusting the dilution pump 
speed (PC-02). 
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Figure 47 XY-OOS VI 

Return 
Wat.fw 
Control 

XV-OOSdeg 

Figure 48 XY -005 Front Panel Display 

5.4.4 Vega Probe Indications (Vega Ind. vi) 

At present this VI does nothing more than extract the Column Hi and Lo level indications 
from the Scaled Inputs array, and presents them for display on the front panel (Figure 49). 
Later these outputs will be used for the mud level controller. 

r ...... ·~ kalumn La Levi] 

.. ···L ...... ~ kalumn Hi Levi! 

Figure 49 Vega Ind VI 
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6. MAIN LOOP: CONTROL BLOCKS 

These blocks are responsible for control actions, and are expected to change over time. For 
this reason they are something of a work in progress, and will change as the nature of the test 
work advances. At present this consists of three VIs, based primarily on the dilution 
controller. In the next phase these are expected to be grouped together within a sub VI. For 
the present they are treated as something of a scratchpad, whilst they are modified and 
updated to the required functionality. The will very likely have changed beyond version l.0 
of the software. These blocks make use of some of the sequence inputs and outputs, and thus 
for some VIs to affect the output, the affected drives must be in sequence mode. This will be 
noted along the way. The previous sections, in conjunction with the output VIs, constitute the 
bulk of the fixed program that is not expected to change very much (with the exception of 
added long tenn functionality such as data logging, and infonnation pages). Further details on 
the design and functionality of these blocks can be found in the thickener plant 
commissioning document [Ref 3]. 

6.1 Flow Estimation (Flow Est.vi) 

The contents of the Flow Estimation VI are shown in Figure 50. This VI takes the slurry feed 
pump frequency in Hz, and converts it to a flow rate. This flow rate is calibrated by carrying 
out a timed fill test to determine the flow at each frequency. The relationship is linear since 
the pumps are all positive displacement (or progressive cavity). The underflow rate is then 
subtracted from the inflow rate in order to detennine the overflow rate at the thickener weir. 
There are some other minor functions in the VI, so that the pumps cannot show a negative 
flow rate. Functionality has also been included so that a negative overflow rate cannot be 
reported. The rate is then simply forced to zero. This is important in any further flow balance 
calculations involving the dilution calculation, and the dilution control. 
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~---------------4= 

flowl [@ .1---------------------------------------' 

Figure 50 Flow Estimation VI 

6.2 Flow Computer (Flow Computer.vi) 

The Flow Computer VI is based on a state engine, and has three different modes or states in 
which it operates. The primary function of this VI is to keep a record of the dilution water. 
An additional VI (not yet completed), computes the amount of dilution water required based 
on the density and flow rate of the slurry being returned to the slurry tank from the 
underflow. The dilution computer will output a target setpoint which the dilution controller 
must achieve. The problem is that the accuracy of the controller is limited, but can be solved 
using the flow computer. Essentially it integrates the difference between the required flow 
setpoint (flow totaliser), and the actual flow rate so that over time the correct amount of 
dilution water is delivered to the slurry tank. 

There are two inputs to this VI, a reset input, and an Auto input. The reset sets the flow 
totaliser back to zero. When the Auto input is low, the totaliser value is held, and not updated 
on each cycle. In Auto, the totaliser is active, and will be updated for positive or negative 
values of the Q Actual input. Figure 51 shows the contents of the Auto state of the state 
engine. The difference between the actual and required flow rates (in litres per minute) is 
divided by 4 (since the VI is executed four times per second), and then divided by 60 (to get 
to litres per second). This is then summed with the previous value of the totaliser to get a 
volume in litres that must either be made up over time (if positive), or reduced by dropping 
the dilution flow rate (if negative). 
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Figure 51 Flow Computer VI 

The volume is then totalised from cycle to cycle, and this additional volume that is to be 
made up or reduced, is then included with the required flow rate. After this two simple pieces 
of logic are included that do not allow the flow rate setpoint to exceed 10 litres per minute, or 
to go below zero litres per minute. The flow setpoint from this VI is then output to the 

181 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Dilution Control VI. This VI is executed within an execute-once while loop so that shift 
registers can be used to totalise the volume. Attempts to make use of Labview's built in 
integrator met only with frustration, and the simple summation approach shown in Figure 51 
was found to be far more effective. The VI has been tested, and works as advertised. 

6.3 Dilution Control (Dil Control.vi) 

The Dilution Control and Flow Computer VIs are shown in Figure 52. 

[;] 
~ Flow 

Computer. vi .rill] 
Vol 

FIO'N 5P • 
I@FIOW~~I • <) P"quired 

• ,~ Actual 

~ IQD .... ;:.:: ... : Reset 
Auto 

~ ... j 
Dil Control. vi 

• FIc,w SP 

IlFT-oci] • Flow PII 
50 ' Deslred .;alve Pas ~!X'y'-005 Seq Pas %11 

I·r o.·- . PID lnit 
Valve OP .-
Drive OP . - .----,!PC-02 Seq Speed %li 

~ 
Flow PC-O! Flowl 

IFlowl Estimation. vi ~ 
• Flow 

PC-Ol • PC-Ol 
pr-Ol Flow .- ~lFlow estl 
0jFlowest • ,·!IDI 

Ixv-oos ":'01 

Figure 52 Control Blocks Detail 

In Figure 52, all three control blocks are shown. The outputs of the dilution controller are 
connected to the speed and valve positions for the dilution pump (PC-02), and dilution 
control valve (XY -005). The outputs are connected to the sequence controls for the drives, so 
that they only become active once they are switched into sequence mode. When not in 
sequence mode, the outputs from the front panel are passed through to the drives. Figure 50 
shows the cascade dilution controller (although to the author this still appears more like 
feedforward control than cascade - perhaps they are not that far distant from each other). The 
details of this controller are dealt with more specifically in the commissioning document [5], 
which covers the design and testing of the control system. The PID blocks are included in the 
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PID toolset which is included with the Developer Suite version of Labview. For more 
information on the configuration of these controllers see the Labview PID toolset 
documentation included with the software [4] 

~ 
~----------====;::==I.'---~~W 

palve opl 
~--, ·ru:J1 

Figure 53 Cascade Dilution Controller 

7. OUTPUTS 

The final step in the process is to write the control outputs back to the field. 

7.1 Analogue Out(Analogue Outputs.vi) 

The first portion of the Analogue Outputs VI is shown in Figure 54. In this portion, the drive 
sequence inputs are used to determine whether the sequence speed value, or the speed value 
selected on the front panel are to be written to the field. The output values are grouped 
together into a one dimensional array. Any unused outputs are forced to zero, and marked as 
unused or spare. Not doing this results in an 110 error on the Fieldpoint module, since the 
status of the relevant output is uncertain. 
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PC-Ol Seq Speed %1 
r···········-··· 

lunusedl 0 

Figure 54 Analogue Output Selection 

In Figure 55, the outputs are scaled from percentage values (0 - 100 %), back to a value 
between 0 and 1, and then scaled further to generate values in the 4 - 20 milliamp range. The 
unused values are forced to zero once again, since the milliamp scaling results in an offset of 
4 milliamps, where no output is required from the Fieldpoint analogue output module. Since 
these outputs are not connected in the field they result in a loop error where the output 
module is unable to achieve a 4 milliamp feedback_ The final stage is to convert the array to a 
dynamic data type, prior to being written to the field via the Fieldpoint write Express VL 

>-----1IWHD 
.-------1 •.• 

c Timestamp 
error out 

error in 
4 r---------------~ 

7 ~------l 

Figure 55 Analogue Output Scaling 
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7.2 Digital Out (Digital Outputs.vi) 

This is a very simple VI , where the drive and valve digital outputs are clustered together, and 
all unused outputs are simply forced to a False state. The clustered Booleans are then 
converted to an array, and then converted to a number, before being presented to the 
Fieldpoint write Express VI. 

Ralve outputsl 

TF ..................... T 

b I 
TF ..................... TF 

rive Outputs ~~ ...... ~,"""",,,,,,,,,,,,,,,+ TF ..................... TF 

8. VI HIERARCHY 

~ ~ : : : :: : :::::::::: : ::::~~+~~~~l3ll[l)J 
, ................... TF 

. .................. TF 

. .................. TF 

. .................. TF 

. .................. TF 

. .................. TF 

. ........ .......... TF 
! ·f O! ...... ) 

Figure 56 Digital Outputs VI 

FieldPoint\ 
Thickener\FP-
00-401 @3\AII 

Value In 
Timestamp 
error out 

error in 

This concludes the discussion on the Scale Thickener Laboratory software. The final step is 
to present the VI hierarchy as shown in Figure 57. The hierarchy shows the linkages between 
the various Vis, and is a useful tool in navigating the software structure. The icons are as 
presented in the preceding sections of this document, so that the connections are easily 
visible. 
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Figure 57 Scale Thickener Laboratory Software Hierarchy 
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Drive Delay 0.1346 

Figure 2 System Model 

The system delays are estimated using the Pade approximation. 

D( s) = - s + 2 I T 
s+21T 

(5) 

This introduces a zero in the right hand plane of the root locus, which limits the speed at 
which the controller can function before resulting in instability. The set of curves from which 
the model in figure 2 is obtained is shown in figure 3. 

The topmost curve in figure 3 is for the valve at 20 % where the flow is the maximum. The 
change in flow is negligible below 20 % and above 90 %. For the purposes of this analysis 
the flow range is taken to be 0 - 10 l.min- 1

• The pulley ratio will be adjusted later if greater 
flow is required. The motor % vs flow ratio is linear and, as expected, the valve % vs flow 
relationship is non-linear. For this reason it was decided to implement a cascade control loop, 
with the fast outer loop controlling the non-linear valve and the slow inner loop controlling 
the motor speed. The controller design is carried out using the root locus in Matlab. The 
controller configuration is shown in figure 4. 
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Figure 3 MotorNalve Flow Relationship 
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This means that the maximum achievable flow rate for the system is now 9.5 l.min-'. If a 
larger flow rate is required in future, the motor pulleys will be reconfigured to provide a 
greater pump range, and the controller reconfigured (if necessary) using the procedure 
described in this section. This will involve carrying out further step tests up to the maximum 
flow rate (at 50 Hz) of 19.5 l.min-'. The lowest speed is governed by the pulley settings, and 
the maximum speed is governed by the frequency range of the VSD (20 - 650 Hz) 

In figure 7 a small inset is also shown, that gives the flow response to a zero setpoint. The 
flow is inclined to drop off rapidly, and to flow in the reverse direction for a short while until 
it comes to a stop. This behaviour is inherent in the system, and will be compensated for in 
the dilution calculator. 

) 5[50 DeSIgn lor System g 

!:! 
~ 

"" «I 

Current ~ator -------------------1 
(1 + 2.4s1 

M ._ .......... -. 

s 

Root Locus Ed40r (C) 

0.6 

04 

02 

.§ 0 -- -- --><----------e+-t----~. -_. _. _. --- --

-0.2 

·0.4 

·06 

·12 0.2 
Re8lA..:is 

Loop gain changed to 0.667 
Rd'lt·click on plots for mOle desigl options. 

Figure 5 Final Pole Locations for Valve Control 
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Valve and Pump % for Flow Required Flow 
Range 

100 

80 \ 
/ -

/ 60 -Valve % 
~ 0 ---.. 40 -- - Pump% 

20 

0 

0 2 4 6 8 10 

Flow (10m in-1) 

Figure 6 Valve and Pump % vs Flow Rate 

Figure 9 Dilution Control System Response 
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At the top and bottom ends of the range, the pump is either rurming at minimum or maximum 
speed, and the valve only is responsible for maintaining the flow setpoint. The points at 
which the valve and motor are in steady state are shown in the figure 6 for a range of flow 
rates. 

It was later found that some of the observed oscillation in the dilution flowrate was due to the 
Siemens VSD, and it is possible to insert a damping constant that acts on the output of the 
built in VSD PID controller. The ramp up time of the VSD can also be significantly reduced 
to speed up the system. The oscillations take place at certain fixed frequencies, possibly 
because the VSD controller default setting is for a Siemens motor. In this case the motor is 
WEG. Similar oscillations have been detected on the SEW drives for the feed and underflow 
pumps. This has yet to be investigated further. 
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8.5 APPENDIX E: BAFFLE DETAILS 

8.5.1 Slurry Tank 

1420x120x4.5 
Stainless Plale 

Bracket spacer - 30 mm 
wide - to connect to 
centre hoop bracket 

3 mm Siainiess Plale 

'" o 

TOP SECTIO 

NOTES 

100x8mm 
Stainless 

Round Bar 

1. Tank diameler is 1400 mm 
2. Tank height is 1550-
baffles 10 go up to 1520 

1100x25x3 
Stainless 
Flat Bar 

BonOM SECTION 

3. Centre hoop on 1400 mm 
diameler, 4398 circumference, 
at centre of baffles 

----------------- - -- ~ 

4. Bottom supports to lie flat 
on bottom 
5. Top and centre supports to 
follow the circumference of the 
tank - 25 x 3 Oat bar should be 
adequate 
6. Baffles stand away from 
tank wall by 30 mm 
7. Cage to be assembled 
inside tank 
8. Tank is plastic 

-.. . . 

, , 
25 x 3 mm 
Stainless 

Flat bar contoured to 
tank circumference 

199 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5 2 Clear Water Tank 8 .. 

NOTES 

1000xl00x3 
Stainless Plate 

100x6 mm 
Staintess 

Round Bar 

1. Tank diameter is 1080 mm 
2 Tank height is 1160-
b~ffles to go up to 1100 
3. Bottom supports to lie flat 
on bottom 
4. Top supports to follow the 
circumference of the tank - 25 
x 3 flat bar should be 
adequate 
5. Baffles stand away from 
tank wall by 30 mm 
6. Cage to be assembled 
inside tank 
7. Tank is plastic 

3 mm Stainless Plate 

BOTTOM SECTION 

TOP SECTION 

800x25x3 / 
Stainless 
Flat Bar < 

25 x 3 mm 
Stainless 

Flat bar contoured to 
tank circumference 
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