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ABSTRACT

The installation of instruments and devices required to l'ully automate a laboratory

flotation column, and the configuration of the software required to drive the column Ii'om

a PC terminal was accomplished. Beside the normal Input/Output link required, and as an

application, the system was configured to perform stabilizing leve! control through

feedback control loops. Three parallel software control loops were buiit, manipulaling,

alternative!y, the undertlow, tèed or washwater streams to controltlïe ievcl.

The level was calculated through the readings of up to three pressure transduccrs.

Proportional, Proportional-Integral and Proportional-Integral-Derivative control \Vere

used in the feedback loops. In the process, problems related to the accuracy and range of

valid level caiculation, and to the use of washwater as the manipulated variable \Vere

identified. Sorne changes to current industrial practice are suggested in arder to correct

these problems.
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RESUME

L'installation des instruments et dispositifs, ainsi comme la configuration du

software requis en l'automatisation d'une colonne de flottation de laboratoire, et leur

opération à travers d'une terminal de PC ont été accomplies. En plus du reliage

entré/sortie nécessaire, et comme une application, le systéme a été configuré pour pouvoir

exécuter contrôle stabilisateur du niveau par milieu d'une boucle retro-alimentée. Trois

boucles en paralléle, qui alternativement, manipulent l'eau de lavage, l'alimentation et la

courante inférieure furent construites au bout de contrôler le niveau.

Le niveau fut calculé par jusque'à trois transducteurs de pressIOn. Contrôle

Proportionnel, Proportionnel-Intégral et Proportionnel-Intégral-Dérivative, ont été utilisés

dans la boucle retro-alimentée. Au cours du travail, problémes en relation à la précision et

au range de validité du calcul du niveau, ainsi qu'à l'utilisation d'eau du lavage comme

variable manipulée furent identifiés. Quelques changements à la pratique industrielle

courante de mesure et contrôle du niveau sont suggérées pour corriger ces problémes.
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CV,

DCS,

En.

En_l .

Fil'

hl, h2, h3

HA,

HC,

HD,

Jr,

Jg,

• Ju,

Jw.

Kc,

(*)

Kp,

LEVI,

LEV2,

LEV3,

LSP,

M.V.,

Pl, P2, P3,

PB,

S,

T,

•

GLOSSARY OF TERMS

Controlled variable.

Decentralized control system.

Error at present sampling time, (difference between calculated and

set point level).

Errors at given previous sampling time.

Feedback tag value.

Position of taps of PI, P2 and P3 respectively, cm.

Historical Assign, FIX-DMACS program.

Historical Collection, FIX-DMACS program.

Historical Display, FIX-DMACS program.

Feed flowrate, cm/s, see block FFT

Gas flowrate, cm/s, see block AFT.

Underflow flowrate, cm/s.

Washwater flowrate, cm/s, see block WFT.

Proportional controller constant.

(Kp in equation 4).

Process gain,

Froth depth calculated using one pressure transducer, cm.

Froth depth calculated using 2 pressure transducers., cm.

Froth depth calculated using 3 pressure transducers, cm.

Level set point

Manipulated variable.

Top, middle and bottom pressure, cm/s.

Proportional band.

Siope at sigmoidal point.

Sampling time (scanning time at which errors are calculated).
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• Td, Dead time (time delay).

Y n.!, Output of controller in previous to CUITent sampling time.

(1., Derivative mode filter.

p, Proportional action constant.

y, Derivative action constant

Lly". Increment of the PID output at CUITent time.

LlB Change in controlled variable.

Lll\. Step change in manipulated variable.

€ Controller error (calculated level and level set point dillèrence)

(*) (E" in equation 4).

€A, Gas holdup, see block GHU.

Pc' Collection zone density.

Pr, Froth zone density.

Pr (est.), Estimated froth zone density

• PI' Density of a given layer in the froth or slurry zone

1:', Time constant

1:'d, Derivative time constant or rate constant, minutes.

(*) (Td in equation 4)

't'i, Integral time constant or reset time, minutes/repeat.

(*) (Ti in equation 4)

•

Notes: - A list ofblock tag names is presented in Appendix l, page 91.

- (*) Terms in parenthesis are used exclusively in equation 4, section 4.3.2.
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• CHAPTER 1 - INTRODUCTION and LITERATURE REVIEW

1.1 Flotation

This minera! separation technique dates back to the turn of the century when it was

discovered that minerai particles would se!ectively attach to air bubbles. Following this,

there was extensive work on both the chemical (e.g. reagents to promote sclectively) and

mechanical (e.g. flotation machines) aspects of the process. This thesis is concerned with

flotation machines and one device in particu!ar, the flotation column (Figure 1).

Interface

Overtlow

[-_'~-.-.-~-.1 Frolh zone

1:';,-",,',::.:·:,",,1 Collootlon zono

Gas

Wash water-·"·-'·'·'·"'''­
~

•

·'''cS----1lm... Underflow

Figure 1. Schematic of a fiotation column

•
Figure 1 shows a schematic diagram of the main elements of a flotation
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column. There are five fluid streams:

1. A liquid stream, wash water.

2. Three slurry streams, feed, underflow and froth overflow.

3. A gas stream, air.

Two zones have been characterized namely, the cleaning or froth zone and the

collection or slurry zone. The interface between these two zones is variously referred to as

the "Ievel", "slurry level" or "froth depth". In this thesis level and froth depth are used

interchangeably, and because it is current practice, the interface position is measured as the

distance l'rom the top of the column.

A weil documented advantage of flotation columns over conventional mechanical

cells, resides in improved rejection ofhydrophilic (generally gangue) mineraIs through good

control of the operating parameters, in particular the bias.

The bias is defined as the net flowrate ofliquid crossing the interface (by convention,

when this flow is downwards, it is a positive bias). Other parameters of importance are the

gas holdup in the collection zone, and the froth depth.

Besides the obvious advantage of operating under steady conditions, high efficiency

will be attained if the bias, gas holdup and froth depth are kept at optimum values. This

condition can only be reached if accurate and reliable instruments and controllers are

available and if a degree of automation is possible.

Industrial practice requires, at least, the ability to keep the froth depth at a given set

point and to change it with minimum delay. This is only possible through reliable sensor and

control systems.

At the laboratory scale, the need to obtain accurate data together with the necessity

to collect and store large amounts of data, make manual procedures impractical. This

provided the motivation to automate a laboratory column which is the objective of this

thesis. Laboratory tests usually require information to be gathered under steady-state

conditions. On the other hand, in many cases, information about the transient response,

which requires fast data collection ofmany variables, is required. Both situations cannot be

2
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handled, unless an automated column is used.

1.2 Current froth depth control practice

Most of the published information refers to stabilizing control usually achieved

through single feedback loops manipulating the wash water or the undertlow. In the case of

wash water, control is coupled either to a constant feed/tailings tlowrate ratio or dilTerenee

(i.e. bias)6. 12.

Optimizing control is not yet widely implemented. Reports on optimizing control do

not give a clear indication ofany advantage over simple stabilizing control'.

1.3 Interface detection methods.

To monitor the froth depth in a flotation column, both direct reading and indirect

methods have been used:

Direct sensing methods detect the location of the collection/froth zone interll1ce. An

example is the ultrasonic detector, which uses the sonic reflection l'rom the interll1ce.

However, operational problems limit its applicability. One kind of semi-direct method is the,
float, which exploits differences in density across the interface. These arc accurate but

subject to solids build-up7.

The indirect methods, are less accurate because they rely on calculation. Two

methods are the use ofelectrical conductivity' , and pressure'. The pressure-based technique

is quite common. Up to four pressure transducers send signaIs to a computer to calculate the

interface position.

1.4 Froth depth detection using pressure.

The use of pressure has the attraction that, for a sensor placed below the interface,

the level, in principle, is directly related to the hydrostatic pressure.

3
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1n practice, zone densities change in an unpredictable way due to fluctuations in

solids and gas content. Consequently, the calculated and true level can be far apart. One

resolution is to use multiple pressure transducers, in effect to provide on-line estimations of

zone density. In flotation columns a common practice is to use three pressure transducers,

two in the collection zone and one in the froth zone (Fig. 2). The general guidelines for

positioning the three transducers are:

a) Place the bottom pressure transducer (P3) towards the bottom of the column, but

away from the air injection point, to avoid disturbances.

b) Place the top transducer (P 1), near the highest expected position ofthe interface.

c) Place the middle one (P2), close to the expected lowest position of the interface.

Unfortunately, the best feed inlet point to obtain the highest retention time, is also

close to the lowest expected position of the interface. Placing P2 close to the feed inlet could

generate disturbances and inaccuracies in the pressure readings.

Throughout this thesis, froth depth is either measured directly or calculated using the

pressure method.

4
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CHAPTER 2 - OBJECTIVES AND METHODOLOGY

2.1 Objectives of the project.

The general objective comprised three points:

- BuHd an automated laboratory column able to monitor, display and store data,

performing ail test manipulations throllgh a PC terminal;

- Configure feedback controlloops intertàced with the equipmenl in real-l ime;

- Demonstrate the ability to perform tlotation tests with alltomatic Ii'olh depth

control.

A more specific listing of objectives is:

a) Design computer screens (pictures and diagrams) to represent the process on­

line;

b) Link elements of the control diagrams to the process elements in real-time lIsing

an 1/0 interface;

c) Allow operating conditions to be set throllgh a PC control terminal;

d) Exert automatic control of the process according to a cllstomer-conligllred

strategy;

e) Display data generated in real-time, for monitoring and control lises;

f) Display historical data in the form of trend curves;

g) Store data in permanent files.

Points band c, require an interface device capable of data exchange in real-time. Ali

other points have to be accomplished by a software package or entered in a language

compatible with the 1/0 device.

In Figure 2, the basic instruments and controllers required to operate a laboratory

5



• notation column are presented:
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OVERFLOW

PPT

prl!I!D

FC

APT

AIR

AC

~-- WASHWATER

WC

___~r---UNDERFLOW

TC

2.2 Functionality

Figure 2. Location of sensors and controllers

•

The sensors and controllers need to accomplish at least the following tasks:

- Measure the washwater (WFT) and feed (FFT) stream flowrates.

- Control the flowrate of the washwater, feed and underflow streams using pumps

WC, FC and TC.

6
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- Measure the air flowrate using gas tlowmeter AFT.

- Control the air flowrate using control valve AC.

- Pressure transducers, PI, P2 and P3: Measure pressure as depicted in Figure 2.

These values will be used to calculate the troth depth and gas holdup, in \Valer/air

systems.

2.3 Equipment selection.

2.3.1 Pumps

Three pumps to drive the feed, washwater and underflow, were required. These

pumps had to be variable speed, and remotely controllable; a tàvourite for this task is the

peristaltic model, which has the advantage of handling a large capacity range. The unit

selected was the MASTERFLEX model UP peristaltic pump, which is widely used in

laboratory work. These were powered by 110 Volts alternating current, and are controlled

through a 4 - 20 mA current signal.

2.3.2 Liquid Flowmeter

The selection ofthis instrument was difficult, because there is not much choice in the

range required with output signaIs easy to manipulate. Finally, a turbine type meter

(OMEGA, model FP - 2S0S) which gave 0 - 2 Volts OC pulse signais, was selected. This

instrument can measure only c1ear liquid flowrate.

2.3.3 Air flowmeter/coutroller

Gas flowmeter and controller are available as single units, which greatly simplified

the installation. The MKS model SOOO, with a range 0 - S Umin, 0 - 5 Volts controller input

signal and 0 - S Volts flowmeter output signal, was selected.

7
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The main characteristic of this instrument is that it measures the gas mass and not

volume, so that the gas volume reported is at standard conditions regardless of the counter

pressure exerted by the system at the output of the meter.

2.3.4 Pressure transdueers

Three BAILEY type PTSD ditferential Smart Pressure Transmitters were selected.

These are used currently in industry, and are reported to give accurate, stable and

reproducible measurements, reducing the bt;rden offrequent recalibration. The meter has an

internai microprocessor which allows the calibration and configuration of range according

to the user's requirements. The output signal range is 4 - 20 mA.

2.3.5 1/0 Deviee

As a requirement of the project was to build a system compatible with an existing one

in Laval University (Québec City), and with another to be installed in CANMET (Ottawa),

the selection of the 1/0 deviee and the software was restricted. For the interfacing device,

the choice was between the boards produced by National Instruments, currently used at

Laval University, and the OPTO-22, installed at CANMET. The group decision was to use

the OPTO board as it appeared to be more flexible and compact, and required less signal

conditioning (thereby avoiding incompatibility problems), reducing the time required to set­

up the system.

A complete list of the equipment used on the column is presented in Table l.

2.4. Description and components of the 1/0 device.

The OPTO-22 is an industrial 1/0 interface which contains in a single compact unit,

analog boards or devices, digital boards, and power supply to drive boards and external

signais. The quantity and type of devices must be specified by the customer (one of each in

8



• this case), as weil as the voltage and total power required to drive the extel1lal signais. The

complete set is supplied with a card to plug into an eight-bit wide slot in the PC to pl'l1vide

an extra seriai port to link with the 01'1'0-22 trough an RS-422 dual pole cable. This cartl

can be set to use any of the seriai ports (COMI, COM2, COM3 or COM4).

Table 1. Equipment list

•

Units

3

3

2

Code

1'1,1'2,1'3

Fe, TC, WC

AC, AFT

FFT, WFT

01'1'0-22

Description

Bailey pTSD model, pressure transducers. 4-20 mA output.

Feed, undertlow, washwater. Mastertlex III' variable spe..:d

remote controllable, peristaltic pumps. 4 - 20 mA input.

Air tlowmeter/controller, MKS model 5000, Mass Ilow

controller. 0 - 5 V input, 0 - 5 V output.

Feed, Washwater, Omega model FI' 2505, turbine liquid

tlowmeter. 0 - 2 V pulse output.

lIO interface device, complete unit, including power

supplies and modules to condition and convert A/D and

DIA signais to and trom ail instruments list..:d abov..:.

•

The ana10g and digital devices have 16 connecting points, each point may be

connected in parallel with specific instruments through specific modules. The modules

condition and convert the input and output signais, from analog to digital or trom digital to

analog, respectively. The modules have to be specified according to the 1/0 function, and

to the range and kind of signal to be converted, i. e. 0-5 V, 4-20 mA, pulses, and so on.

The speed of communication is relatively high, up to 19,200 bytes/s. The board can

easily handle the requirements.
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2.5 Software selection

Both the minerai processing laboratory at Laval University and CANMET in Ottawa

were already using the package FIX-DMACS, created by Intellution, with specific

application to process control. For compatibility the same package was used.

2,5.1 Software description, FIX-DMACS type MMI, version 3.0

The selected FIX-DMACS package is a "medium size" industrial software for

automatic control purpose, which is capable of driving most 1I0 devices, including the

OPTO-22 board. It is available in two platforms: DOS and WINDOWS, requiring a PC IBM

compatible, model 486 with at least 8 ME RAM memory and 20 ME hard disk capacity.

The package cannot be run unless a hardware key is inserted in the parallel port

LPT 1. This is a limitation which impedes using the system for different terminais

simultaneously. Another limitation is that the data exchange with the 1/0 device cannot be

faster than one cycle per two seconds.

The software consists of a set of programs which can perform several tasks, which

will be described next.

2.5.2 Draw

This is a drawing program used to design a schematic representation of the process,

creating picture elements called "objects" which can be linked with blocks created in the

database, in order to display CUITent data values, or to write values to a given block using the

keyboard.

The objects may have dynamic properties changing in colour and size according to

the value of the linked block. It is also possible to create pushbuttons which, when activated,

can perfonn sorne tasks or programming sequences using a set of commands provided in the

Command Language editor.

10



•

•

•

2.5.3 Database builder

This is used ta create a database in which blacks with spccilic names calied "tags"

are assigned ta the first cell of a given row, then the information of each black is completed

by specifying: type ofblack, address corresponding ta the point seleeted for this black in the

IIO device, type of device, range and units, degree of tlltering, description, scanning time,

initial mode, initial value, tag of the next black (if in a chain), and other information

according ta the type of black . Doing this the black is linked ta a specil1c exlernal

instrument, ta read or write data, or if it is a secondary block modity, condition or dclay the

signal of the previous black. More information about blacks will be given later.

2.5.4 View

This program acts as the man-machine interface, by means of the display and the

keyboard. One can retrieve and operate using any layout created by f)rall', but only one

picture and one database can be active at a given moment. When Vieil' is open, the link with

the instruments becomes alive, and one can read and write tram and ta the meters and

controllers.

2.5.5 Historieal assign, historieal collection and historieal display

These are independent programs used ta define which blacks (variables) will be

collected, the frequency of collection, scales ta be used, and display format. Using these

programs one can define how the permanent data mes will be saved. "Hi.l'/oric:a/ a.l'.I'ÎKII"

defines what information and with what frequency the temporary files will be saved in the

hard disk; these files are automatically deleted l'rom memory after a customer-delined lenglh

oftime. Permanent files can be saved as listings of ASCII data or can be exported ta Exc:e1

(version 4 or newer) in the form of a spreadsheet using the J)J)E (direct data exchange)

utility program.
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2.5.6 System configuration

This is a short program used to define the addresses and names of the devices, and

to assign input or output function to each of the 16 points in each device. In this program,

one or more configuration files are created, and a name is given to the node or terminal. The

system uses only one configuration file at a time, which is loaded by default each time FIX­

DMACS is run.

2.5.7 Type of blocks

The blocks created with the database builder are classified as primary or secondary

blocks. A brief description ofthese block types follows.

Primary Blocks are used to link the database with the external instruments. These

should be specified as Input or Output blocks. The main characteristic of these blocks is

that they are assigned a specifie address, which must correspond to the point assigned in the

1/0 board to the instrument. For this block the type ofI/O device must be specified .

Scanning time is only stated for the input blocks.

Secondarv Blocks are used to manipulate the information collected by the primary

blocks, before being displayed on the monitor, or to perform sorne action and/or

modification of the data before sending the values to the output blocks. In the present case,

the main operation to be performed by the system is to create feedback loops for control

purposes. In this group are: Calculation, Programming, Ramp, PID, fanout, switch

selector, event action, and other types. The format used to specifY mathematical operations,

logic relation and programming steps are more or less standard. The software provides

specit1c cOll1mands to be used in prograll1 blocks, and in pushbuttons. These are det1ned in

the Comll1and language list.

12



2.5.8 Simulated Driver

In sorne cases it is required ta use vil1ual input or output blacks. 1n this ewut a

simulated driver is used. With this modality. some objects can be crcatcd on the ~L:rccn

which may report sorne conditions of the process ta be used by the operatar. avoiding the

necessity ta physically instal1 instrument to display or alarm under certain conditions. This

simulated driver can also be used ta create virtual chains which can pcrfortn calculatiolls.

or other tasks with no need ta use a specifie real channel. which should be used prel'crably

with external instruments.

2.6. Complete automated column system

1/0 devicc
i _@l'PIlll!

~~:il . ., opto -22I!h..

~Pl IIl"F

analog, paraI leI

-1'2 digital, se
--., 1--'="

IRsr21

~P3 ~--.
~'------.

JI 1 ,

rial

Figure 3. Schematic of the automated column system
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Figure 3, shows the complete system installed in the column flotation lab, with the

help of the mechanical and electronic staffof our section: Mr Martin Knoepfel, Joe Boka and

Evgueni Chnyrenkov.
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CHAPTER 3 - SYSTEM INSTALLATION AND CONFIGlJRATION

The system was setup according to the scheme presented in Figure 3 .

3.1 Procedure

To build the automated column the following steps were executed:

1. Instruments and 1/0 device installed;

2. Communication established with the PC, using a program supplied by Transduction,

to first verify communication with the Digital and Analog devices, and then with

specifie points connected to external instruments;

3. Created in I/rll'" (FIX-DMACS), files necessary to represent the process and link the

equipment and instruments to the monitor and control terminal;

4. Verified communication between the control terminal and the equipment, ability to

read and write data via the monitor and keyboard;

5. Files created to display data in real-time, and to collect and store data in permanent

files;

6. Block chains built to process the data to operate the column manually;

7. Controllability tested and PlO parameters calculated;

8. Feedback level controlloops and block chains created to enable alternativcly

manual and automatic operation;

9. Options added on the control panel for start-up and shutdown of the system.

3.2 Instrument installation

The power supply, to drive boards and instruments are installed inside the 1/0 devicc

box. As the distance from the board to the instruments and to the computer is relatively

short, no longer than 6 m, the environment is such that virtually no noise affected the signais.
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The only delicate signal was the pulse generated by the turbine liquid meters, which required

special shielded cables and connectors.

To connectthe 1/0 device, any of the series port (COMI to COM4) may be used, but

due to a limitation of the software, a restriction was to use port COMI or COM2 (but not

COM3 nor COM4); COM2 was chosen to link the computer with the 1/0 board while COM 1

used the mouse. At CANMET port COM 1 is used to link with the 1/0 board, because the

mouse used COM2.

During the installation of the hardware, the following problems were faced:

1. The link between COM2 seriai port and the 1/0 device could not be achieved until

this port was freed by a technician of the PC distribution company. The computers are sold

configured with this port dedicated to another board.

2. The tlowrate meters for the washwater and feed streams were not compatible with

the rate modules of the analog device (OPTO-22), because of being slightly out of range.

This was solved by the electronics technician, E.Chnyrenkov, who built three small signal

adaptors, mounted directly on top of the rate modules.

3. Another m1l10r problem was inappropriate shielding of the turbine meter

connection, which generated a weak signal. This was solved using shielded cables and

plugs.

3.3 Points distribution and modules installed in the 1/0 device

A point distribution map of the analog and digital brains, is presented nex!.
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Figure 4. 1/0 Deviee, points and modules inshlll;ltion detail

A detailed list of modules and their characteristics is given in Table 2,
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• Table 2. List of modules installed in the 1/0 Deviee

Module Characteristics Address B1ock's tag

AD3 ND Analog input, 4 - 20 mA B2:00 PI

AD3 ND Analog input, 4 - 20 mA B2:01 P2

AD3 ND Analog input, 4 - 20 mA B2:02 P3

AD20 ND Analog input, Rate B2:04 WFT

AD20 ND Analog input, Rate B2:05 FFT

AD20 ND Analog input, Rate B2:06 Free

DA4 DIA Analog output, 0 - 5 Volts B2:08 AC

AD6 ND Analog input, 0 - 5 Volts B2:09 FT

DA3 DIA Analog output, 4 - 20 mA B2:10 WC

DA3 DIA Analog output, 4 - 20 mA B2: Il FC

DA3 DIA Analog output, 4 - 20 mA B2:12 TC

• no module required B 1:01 MOF

no module required BI:02 AOF

ODC5R Digital output, switch 120 V 50W BI:03 T1V

ODC5R Digital output, switch 120 V 50 W Bl:04 BIV

ODC5R Digital output, switch 120 V 50 W BI:\3 Free

ODC5R Digital output, switch 120 V 50 W BI:14 Free

ODC5R Digital output, switch 120 V 50 W BI: 15 Free

3.4 Software configuration

•

The only problem related to the installation of the software, was due to an error in

one diskette of the package. The OPTO-22 driver program corresponded to the MS-J)OS

version instead of the wimlows based version ( which was supposed to be delivered).

Intelution sent a new diskette with the right driver version.
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• In configuring the software, many files are created, and stored in the directory namcd

WINMMI. A listing of subdirectories and files, is given next:

WINMMI

--PIC .
-- LOCAL - - .....
.-HTR -----..~-.-..- -.. - ..~ chart.hgp

._- PDS ....- ...-.-.--. auta.pdb htc.cfg
--. HTRDATA .-._~ fixcaOl1.htc Olanual.pdb htrevnt.dat

NLS -. delault.eav autacan.pdb htrgrp01.dat
autawash.pdb htrgrp02.dat
fixcaOl1.ap2 htrgrp03.dat
fixcaOl1.tag pen.hgp

tiOle.hgp

auto.bat
auto.seu
dbb.clg
detaulUm!
fixcom1.dsq
fixcaOl1.dtg
fixcom1.vsp
jalmeJOlt
manual.bat

manllal.5cll

autolllop.odf
canmet2,odf
delault.lyt
digas.adt
flowrate.odf
jaime.lyt
jaime.sbl
manualop.odf

pressure.odf
valves.odf

•

•

3.4.1 System configurntion

This is a short program to define the addresses and names of the 1/0 devices, and 10

assign input or output functions to each of the 16 points in each device. Using this program

one or more configuration files may be created, and anode name is delined 101' the terminal.

The system uses only one configuration file, which is loaded by delàult each time FIX­

DMACS is run.

To facilitate the exchange oflayouts and setups, the same node name (FiI:cIIIIII) is

assigned to the terminaIs in our lab and in CANMET. However. ifin the future a direct link

between terminais is intended, different names should be used.

The name of the default configuration file used in both labs. is l/IItlMClI; however.

the file used at CANMET differs from the file used at McGiII due to the ditlèrencc in

hardware address assigned to the digital and analog boards. Another important ditlèrence

is that at CANMET one analog and two digital boards have been installed, while at McGill

there is only one of each. Total compatibility is not possible because of the different

instruments used, and difference in column size and in pressure transducer positions.
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The configuration files are stored in the directory focuf, path c:\W/NMM/I/oca/,

under the names uuto.hllt and (lUtO.SCU, and in the same directory three files: lixcOlllf.t/sl{,

flXcolIIl.{Jtg andflXcoml. v,~p are created when the node name is specified.

The configuration file specifies or defines the following information:

- The 1/0 driver to be used. op2 in this case;

- The device name, BI (digital) and B2(analog);

- Each of the 16 points per device as input or output points;

- The seriai port to be used in the communication: COM2;

- The address of each brain in HEX ; and lastly,

- The database name, auto, to be used as default each time FIX-DMACS is run

in the terminal.

3.4.2 Database

The database created to link and process the information was saved under the name

{!uto.pt/h, and stored in the subdirectory pdb. Figure 5 represents how the data is processed

using different blocks linked in chains. In this figure, the names or tags of each block. are

given.

The control strategy was defined in the alllo.pdb database. It consisted of three

feedback controlloops to be used altematively (not simultaneously), so that the operator l'an

choose to control the level either by manipulation of the undertlow, the feed or the

washwater streams. In order to simplify the operation and, when necessary, to switch from

manual to automatic operation, the mouse can be c1icked on the corresponding program

pushbutton (Figure 6), so the program linked to that pushbutton will sequentially execute a

series of steps to deactivate a given loop and activate another one as required.

Another characteristic of the data processing is that the level set point, when in

automatic mode, will set simultaneously ail three software PID's, therefore it is unnecessary

to reset the desired froth depth each time one switches from one control Joop to another, in
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automatic mode.

The simulated driver was used to create virtual input points or blocks like: SAI_SET,

SAI_W and SAI_T. These blocks were used in the chains to simultaneously set the level

point to the PlO blocks, and also to simultaneously input the calculated level to the PlO

blocks. This was necessary due to restrictions in the application of the fanout blocks, which

use a single input to feed simultaneously two or more blocks.

At the time ofbuilding this particular application, the system was found to be unable

to handle more than 64 Kbytes per database; however, it was possible to create parallel

databases which can be alternately loaded when different data processing is required.

A listing of the blocks used in the database chains as weil as the entries written in

each block in order to perform calculations, run programs, select inputs, fanout outputs,

define units, range of operation, and so on, is presented in Appendix 1.

3.4.3 Draw files

During the development of the system, the program draw was used to create different

plots and diagrams representing the system on the screen. As a result, a series of picture files

were saved under the subdirectory PIC, (path c:\WINMMI\PIC). These files can be

identitied by the extension odf.

The file uutOIllOp. olfr corresponds to the schematic representation of the tlotation

column, including ail the instruments and equipment involved in its operation. In this

diagram (Figure 6) are included some windows to display data, or state process conditions.

A brier description about this diagram is presented in the next paragraph.

3.4.4. Grnphic layout - process representation on the monitor

The screen layout, created to represent, monitor, and control the process is shown in

Figure 6. In this Figure, the red arrows are the incoming and outgoing streams, grey circles

represent transmitters (for tlow or pressure transducers), and the yellow rectangles are input
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points to set the pumps or the air controller. The grey rectangles are pushbuttons which can

execute other tasks like: open a picture, or execute a short customer-defined program. A

special object is the white rectangle in a blue frame, which is the input window for the level

set point.

A listing of the function and action of each element in the monitoring and control

screen, corresponding to the picture saved as C1l1loll1op.odf. is presented in Appendix 2.

3.4.5 Historical data display and storage

To select which data one needs to collect and the modality of collection, with the

purpose of displaying or storing in permanent files, it is necessary to run the program HA

(historical assign) and fill the information requested by means of a dialogue box. First one

has to specilY the tag name of the blocks which current values are to be collected, and

second, with what frequency one needs to collect them. Then, the blocks are grouped

accordingly to the frequency of collection (or sampling time) .

One also has to specilY how the data will be sampled. The sampling options are:

Highest value, lowest value, average and last value. The files created with this program have

the extension t/llt, and are stored in the subdirectory HTR.

To collect data it is necessary to open or run the program HC (historical collection).

When HC is running, the data is automatically collected and stored following the

specifications made in the HA prograrn. Il is also possible to display, in the form ofhistorical

trend curves, the data corresponding to the blocks specified in the HA program, by running

the program HD (historical display). In this program one can state the range, the span in

time, the variables or blocks to be inc\uded, and the format of the plots to be displayed.

The data stored by HC, in the subdirectory htrdata, remains there for a lapse in time

determined by the user (7 days in this case); after this period the files are automatically

erased. The data can be saved in permanent files and exported it in the form of ASCII files

(which may be read in any word processor program), or to EXCEL, in the form of a

spreadsheet. A restriction is that the excel version should be 4.0 or more recent.
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3.5 Functionality

How the system works, is discussed in this section. The steps to follow and thc

actions executed by the system are presented next:

\.- With the terminal running in windows, open FIX-DMACS. The 1/0 link is lhcn

activated, which is confirmed by the tlashing of the led indicators in the scrial

communication board installed in the computer (fourth slot, rear of main PC n·amc). In thc

system here this tlashing occurs every two seconds (scanning time).

2.- The man/machine interface, is activated by c1icking the icon reprcscnling thc l'iell'

program in the FIX-DMACS group of directories. The layout (screen setling) and databasc

defaults take over the settings of the linked instruments, and display current data in thc

graphical representation of the process on the screen. The systel11 is set to run initially in

manual mode, the indicating rectangle behind the manual pushbulton (Modc_M) is l'cd,

while the bar above the automatic operation mode pushbutlons is invisible.

3.- One can continue manipulating the different variables of the colul11n, sclting thc

pumps speed to fill the column. Another option is to click the st:ul pushbulton, which will

produce a sequence of steps to fill the column automatically.

4.- Finally if desired, when the column is filled above h2 (tap of P2, Figure 12, pagc

36), a switch to automatic mode can be made, choosing any orthe options: Anto_T, Aulo_F

or Auto_W, which will change the active feedback loop, to control the Ij'oth dcpth through

the selected manipulated variable (tailings, feed or washwater respectively), to stabilize thc

calculated froth depth at the value fixed by the level set point (LSP).

5.- The collection of historieal data may be started at any time, by l11inimizing or

exiting from view, and running HC (c1icking its icon in the FIX-DMACS group of

directories); or by directly c1icking the HISTCOLL pushbutlon on vieil' (Figure 6).

6.- In order to display the data in the form of trend plots, the HD program is opened,

and a designated format retrieved, or a new display is created using a simple dialogue box.

The HD program can display data collected previously and which are still recorded in the
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HTRDATA directory. Data can be displayed in "frozen" format or displayed in real-time,

updating the graphs each minute or slower, as specified.

3.6 ASCII permanent files, saving to EXCEL

There are two ways to create permanent files, one is saving as ASCII files using the

export command in the HD program -in this case the files will have the extension dllt, and

a name given by the user. These files will be stored in the HTR directory.

The second way is to export data to Excel. In order to do this, it is necessary to open

and display data in lID, save the current display, open the DDE (direct data exchange)

program ITom the FIX-DMACS group directory, minimize but keep DDE running, then open

Excel, cali the Report command from the menu, and create historical data link filling the

dialogue box displayed on the screen. After creating the links, the data are transcribed by

running the buitt-in macro coded under the combined key: < ctrl-H> which creates a

standard excel spreadsheet, that may be saved as a current excel file. An important feature

is that the report command is created in the excel menu, only if FIX-DMACS is setup in

the computer after or over an existing Excel program.
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CHAPTER 4 - LEVEL CONTROL APPLICATION

Once the system was complete, the communication between the PC and the

instruments via the 1/0 device was tested (write and read to/ti'dm instruments), then the

necessary elements and chains ofblocks were created in the alllo.pd" database to be able to

calculate and control the froth depth.

4.1. Instrument response and manual controllability

A few initial test were run in arder collect data related to the speed ofresponse of the

instruments, to calibrate them, and determine the stability and manual controllability of the

process, as recommended by many specialists9
.

4.1.1 Response curves and calibration of instruments

Sorne initial tests were run to determine the stability, accuracy and repeatability of

the readings of the following elements: pressure transducers, flowmeters. pumps and air

controller.

4.1.1.1 Pressure transducers

Over the range and conditions of operation of the column, the accuracy of the

pressure readings was good, giving practically no error for the top and middle pressure

transducers. Only a slight error of- 0.15 % was measured in the botlom transducer.

Sorne care must be taken to eliminate air from accumulating in the connecting hose

(from the tap on the column to the instrument). This is particularly important for the top

gauge. Failure to do so can cause appn:lciable errors in the pressure readings.
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The two sets of curves presented in Figures 7a and 7b, include two verticallines to

mark the initial response of the slowest transducers, and the final response for the slowest

transducer, when it reaches 95 % of the total change. This percentage was selected based on

the calculated froth depth using the pressure readings. The calculated fi'oth depth at this

point (95%) will give a maximum difference of - 2 cm, compared with making the linal

change 100%: this difference is equal to the deadband of the controller action.

Figure 7a shows the response of the three pressure transducers installed in a 3"

(7.6 cm) dia. column, to a step in level, when the column was filled with tap water. The step

was produced by a sudden opening ofa drain valve (- 5 seconds), to produce a Ibst change

in level. Il can be seen that the response presents a maximum delay of two seconds at the end

ofthe step, and virtually zero delay at the beginning of the step. This is a quite tbst response

which can produce an acceptable tracking of level changes, and may allow for tàst corrective

action of the controller.

Something to be aware ofis that the filtering option for the analog input blocks in the

database of FIX-DMACS, may introduce significant time delays in the readings of

instruments Iinked to these blocks, as shown in Figure 7 b. ln this plot, a delay of - 5

seconds is produced, for a 7 point filter action (over 15 points of total filtering range). Low

software filter action or none at ail is recommended to avoid these software-provoked delays.

In relation to the Iinearity of readings, no distortion was detected. During the time

elapsed in the execution of this project, it was not necessary to recalibrate the pressure

transducers. This was not the case with the original gauges installed in the column l, which

required frequent recalibration (often at the beginning ofeach test).

4.1.1.2 Pumps and Flowmeters

Pumps and f10wmeters were tested and calibrated together, by measuring the flow

delivered at specifie signal settings to the pumps in the range 4 - 20 mA. The calibration

curves are presented in Figure 8.

As can he seen, the calibration curves for neither pumps nor f10wmeters are perfectly

linear, which introduces sorne error in the reported f10wrate particularly for the intermediate
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flow range between points of calibration. However, good repeatability was verified for the

flowmeters. In case of the pumps, naturaUy, they deliver ditTerent tlowratcs for the samc

setting, depending on the hydrostatic feed and output heads, friction in the lines and time

effects on temperature and viscosity. This problem is unimportant for tests lasting - 1 hours,

but becomes a problem in tests oflonger duration.

The pumps are the slowest clements in the system. Even though they appear not to

have a dead time their action is mechanically damped, and the flowrate reaches its tinal

value in about 5 seconds. The flowrate is virtuaUy unaffected by the hydrostatic head, and

even for the underflow pump, which is the only one subject to a relatively large change in

hydrostatic head (level changes are in the order of2 m), the tlowrate changes in - 3 unils in

the second decimal expressed in cm/s, for a given set-point on the pump.

',:";:,1 ----w.w. Fl~write

-0- Feed Flourat~

- Froth clepth

" -}o -}
80 -}

0.15 cPl/s
0.]1,) r:ITI/S
no CfT)

1i11 .. t3:18

Figure 9. Feed and washwater Oowmeters, stability test.

Note: In figures 9 and 10, the marks on the lines are identifiers, not data points.

Stability in the flowrate delivered by the pumps, and in the readings of the
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flowmeters are demonstrated in Figure 9. [n this test, it can be appreciated that virtually no

flowrate change was produced over - 1 hour: The pumps were set ta fixed values.

The flowmeters being used monitored the washwater and the feed, but could not be

used on the underflow stream, because tiny air bubbles pass through the filter and

accumulate in the body of the flowmeter, eventually producing a drop in the values reported

by the meter: these drops have the shape of peaks, as seen in Figure 10.

18:23:1510:12:00

" -) 0.75 croIs
80 -) 125 cro

·110

. 125-·------------..;.-.--------+---------,

Figure 10. Underflow tlowrate, bubbles etTect in flowmeter

ln sorne tests, the output signal dropped to zero. This condition remained until the

trapped bubble was expelled.

4.1.1.3 Air flowmeter/controller

This is a dual function instrument that can measure the air flowrate, and control this

flow by means of an external signal: a hardware PlO contra11er performs the control

tùnction. The reading is given in volume of air at normal conditions per unit of time. The
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counter pressure downstream does not aftèct the reported tlowrate, because what is sensed

is the mass of gas passing through the meter. This was veritled using a rotameter installed

at the top ofa 1 inch x 2m column, taking readings for a tixed air eontroller selling, with the

column empty and full of water: the rotameter gave the same values.

The air controller proved to be reliable, both delivering steady air tlow, and robust

enough to withstand abrupt changes in the settings from zero to the maximum tlow range.

Typically, the tlowmeter reached a new setting in a matter ot' seconds with virtually no

tluctuation. However, it is quite sensitive to the presence ofliquid in the gas stream, which

must be avoided.

4.1.2 Column controllability

ln order to evaluate the process response to changes in parameters scllings, an open

loop test was run to establish the controllability of the column under normal conditions, and

to evaluate the efect of typical disturba!lces.

The normal conditions of operation were established from the literature7 and arc

presented in Table 3.

Table 3. Normal tests conditions

Flowrate

Air:

Feed:

Undertlow:

Washwater:

Range Normal
cm/.~ cm/s

oto 3 1.0

oto 2 0.5

oto 3 0.6

oto 1 0.2

•
In the initial tests, sorne limiting conditions were identitled: in ordcr to obtain a

stable froth and to ensure a continuos flow of overtlow, it was necessary to maintain agas
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holdup (Ee) of, at least 10% . Another restriction was the "churn- turbulent" condition (the

whole column appearing to behave as froth) in which the interface was no longer visible: this

condition usually happened when the gas holdup was higher than 25 %.

Gas holdup is dependent on the pore size of the sparger, the frother concentration,

the air flowrate and to a minor degree the underflow flowrate.

In ail cases the frother concentration was about 30 ppm of Dowfroth 250, at which

point a minor fluctuation in frother concentration should not affect the process significantly.

Another limitation was that at low gas holdup a relatively high washwater flowrate

was required to maint~.in a continuous froth overflow. At high gas holdup, however, the

washwater flowrate required to maintain the overflow is reduced and eventually becomes

unnecessary. This situation corresponds to a negative bias.

Similarly, ail other parameters show a certain degree of interdependence, which

should be taken in account when the test parameters of a given experiment are defined.

4.1.3 Controllability test

--------------_._--_._--------_..

TC .s manlpulaled variable

90

BO rL~~ target • . . .... / .
-. - - - -. - - -.p- ~- -: ~- .". - - - - - -,- - - - - _. - •• ". _. - -. - - - - -. -~. - - _.

•

• 70

"
"D. 60
•
"
~ 60-
Ir

40 .

30 .

o

•. - TC*3 (%)
Froth depth

w_· --·-1 .,...J-_. _ ...
...--_.'" ~ .._... _"\;-,' : .
, " . . _J

~ ., \ 1 :.,'

'--1- 1
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Time, min

Figure 11. Controllability test
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The controllability test, shown in Figure Il, was run under moderate conditions: gas

holdup, 15 to 20 %; air tlowrate, 1 cm/s: feed tlowrate, 0.40 cm/s; washwater 0.20 cm/s:

and, undertlow, - 0.55 cm/s. Ali strearns were taken 1'1'0111 and returtled to a single tank.

The objective was to try to keep the fToth depth at a predetennined position (76.2 cm)

under rnanual operation, and at the same time evaluate the etlèct of disturbances. The

manipulated variable was the set point to the undertlow stream pump (TC, given in % or

the full range 4 - 20 mA). Figure Il shows that the process is easily controlled, and that the

pump response is fast enough to compensate for disturbances of the process. lt should be

rnentioned that one major source of disturbance, in previous colu111n testwork in the

laboratory was air tlowrate tluctuation, which is now overcome by use of the mass l10wrale

meter/controller.

In the following section, the pressure method used to calculate the lroth depth, is

presented and analyzed.

4.2 Level calculation, pressure method

The pressure transducers were installed according to data given in Figure 12. The

triple pressure transducer rnethod was used to calculate the froth depth. ln order to evaluate

and c0111pare results, blocks and chains to calculate the froth depth using one and two

pressure transducers were also created in the database. The triple gauge method is the most

accurate; however, its valid range of application is lirnited to the distance between the two

top transducers (hl--h2). The other options (single and double gauge rnethods) have a wider

valid range, and can be used to observe sorne behaviour beyond the h \--h2 range.

As shown in this figure the cornmon practice is to use two transducers in the slurry

zone and one in the froth zone. The general guidelines for positioning the transducers are:

a) Place the bottorn pressure transducer (P3) close to the bottom of the colurnn, but

away l'rom the gas injectors to reduce disturbances.

b) Place the top one (PI), around the highest expected level position.
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c) Place the middle one (P2), close to the expected lowest position of the level.

Underflow

O"erfiow

----y-

t

Air

h2

1
'f_

VecJ COLUMN hl h2 h3
cm cm cm

5.7t:1ll X 4.0m 7S 14tJ 365

7.6cm X 4.5m 45.3 154.5 410,5
h3 6.3cm X 6.5m 71.8 132.5 600

Wallhwaler

Figure 12. Position of pressure transducers

4.2.1 Equations used to calcnlate the level

The equations used to calculate level are readily derived trom static pressure

considerations. The equations to calculate the froth depth, for 1, 2 and 3 pressure transducer

relevant to the set-up in Figure 12, are given below:

LEVI =
h3 Pc - P3

Pc - P f
( 1)
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• h2 (
P3 - P2

) - P2
h3 - h2

LEV2 = (2 )

P3 - P2
- Pl'

h3 - 112

h2(
P3 - P2

) - P2
h3 - h2 (3)LEV3 =
P3 - P2 PI--
h3 - h2 hl

•

•

Ali symbols are defined in the glossary of terms (Page 1-8).

Equation LEV2 requires an estimate of the collection zone density, while LEV 1

requires estimates for both zones. This problem is apparently obviated in LEV3: The two

transducers in the collection zone allow for p,. while, the top transducer (1' 1)

compensates for Pro The explicit assumption is that the level is betwecn l' 1 and 1'2. Thcrc

are other implicit assumptions, however: The collection zone density is constant l'rom 1'3 up

to the interface; and the froth zone density is equal to the density above l' 1. In lùct neither

assumption is correct, the froth zone density in particular increases signilicantly on

approaching the interface, as described in section 6.1.2. Nevertheless, it is anticipated that

LEV3 will give the most accurate level estimation.

4.3 Automatic level control

The strategy to control the level, in stabilizing or regulatory control as currently

practiced, is based on feedback controlloops in which l'ID controllers are used to close the

loop between the controlled variable (level) and the manipulated variable (undernow,

washwater or feed stream).
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The feedback loop may be implemented using hardware (physical controllers), or

may be crcated in software. Because of some advantages like: lower cost, installation on-line

not rcquired, and simplicity to change settings; the current preference is the second option.

4.3.1 Level feedback controlloop

The block diagram representing the feedback Joop used to control the level, is

presented in Figure 13.

[ DISTURBANCE 1
-~

PlO Block J

s~t~~I\III-t9+.. ..:~( con~rol- J--I- G---~--PRÔ~ESSJ----~lo~t;;;;t!- -l action ~C:J L- _ J

i rc.vl
'1 ------ (sensor }.c---~

Figure 13. Feedback controlloop

This diagram is a schematic representation of a single control loop. In our system

there are three loops in parallel, which maybe used to keep the level at a given point set by

the operator in view, alternatively by manipulation of: the underflow, the washwater or the

l'eed stream, This value (level) is set simultaneously in the three PlO blocks (PID_ F, Pl/)_ W

and Pl/)_n by the l'anout block: FAN_SET, as depicted in Figure 5 (page 21), using the

analog input block SAI_SET, created in the simulated driver.

Thecontrolled variable (C.V.), in reality represents the pressures taken at points hl,

h2 and h3, by the sensors Pl, P2 and P3. These values are l'ed to the calculation block LEV3

which calculates the level and the output is sent in parallel to ail PlO blocks by the l'anout

FAN LEV block. This last operation, due to limitations in the software was not easily
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performed, and it was necessary ta include the analog input blacks SA 1_ W and 8."1_ T,

using the simulated driver, ta create chains ta accomplish the fanout task.

The program is set ta start in manual option. i.e. program black :MOI>E_t.{ is active,

and ail the other MODE_f blacks are inactive. On the screen (Figure.5) behind the grey

pushbutton named MANUAL, a red rectangle appears. In this condition. sclcctor switch

blocks: FSS, Jv..VS, and T88, will use input 2, whose values are set by the operator in vic\\'

and go, respectively, to the output blacks FC. WC and TC. which control the pumps.

In order ta operate in automatic mode using the undertlow as manipulatcd variable,

with the mouse, we may activate the AUTO_T. pushbutton in view (on the control scrccn)

and then it will deactivate ail program blacks MO!)E ?, including A;fOJ)I·: /v/, and will

activate the program block MO/JE_T (in this case. the selector switch block 1:\'S wi1luse

its input 1, which is set by the Pll)_T PlO block, the other two pumps will he set by the

operator through l'iew). The red rectangle behind the MANUAL pushbutton will disappcar,

a red bar above the AUTO_ts pushbuttons will appear, and the small white rectangle ahoyc

AUTO Twill blink.

The MODE_? program blacks cao link the pumps ta the corresponding PID blocks

or ta the value entered by the operator in the yellow rectangles placed just below each pUlllp

in the control screen in view, by changing the input ta the switch selector blocks FSS, WSS

or TSS placed just before the output blocks, Fe, WC and TC (Figure 5. page 21 ).

4.3.2 PID algorithm used in FIX-DMACS

(4)

Equation (4) was used to calculate the output action of the PID blacks in FIX-
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• DMACS. This is known as the l'elocity for", of a digital PlO algorithmK
•
9

, where:

Feedback tag value.

Derivative mode filter.

Proportional action constant.

Derivative action constant.

Derivative time constant, or Rate constant (minutes).

Ay", Increment of the PlO output at current time.

Kp(Kc), Proportional controller constant.

Error at present sampling time.

Errors at given previous sampling time

Sampling time (scanning time at which errors are calculated).

Output of controller in previous to current sampling time.

Integral lime constant or Reset time (minutes/repeat).

En'

En_l'

T,

Y n.!,

Ti (,"i),

Td(,"d),

Fil'

ex,

p,
y,

• Note.- The terms in parenthesis are used in section 4.4.

See glossary ofterms (page 1-8).

•

Ali these tenns are more or less standard in discrete PlO algorithms, except F", which

is an option ofFIX-DMACS, to prevent "win/l-up" or saturation of the controller output

produced, for example, by failure in the instruments or circuitry. The wind-up problem is

related to the integral action, third term in equation (4), which increases the PlO output at

each sampling time as long as an error is reported. This action, is helpful in reducing the

error to zero; however, sometimes due to imperfections in the systems, small reported errors

may increase (or reduce) the controller output, driving the manipulated variable either to

saturation, or c10sing (or stopping) it. None ofthese situations is desirable.

In the PlO blocks, the proportional band (PB) replaces the proportional constant

(Kp), according to the relation: Kp = 100/PB.
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Depending on the values assigned to a given parameter, the PlO blocks can be used

as only proportional (P), proportional-integral (PI) or propoI1ional-integral-derivative (l'ID)

controllers,

4.4 PID parameters calculation

The parameters ofa controller detennine how the controller reacts to a givcn stimulus

represented by a change in the controlled variable

To calculate the parameters of the controller (P, Pl or PlO), for a given proccss, two

main methods are used: analytical calculations or empirical approximations, The tirst is

based on mathematical models that try to simulate the transtèr fimction of each clement in

the controlloop, lt is then possible to calculate the range of parameter values in order to get

a stable system, The process transfer function can be solved and plotted using dillèrent

parameter values to veri!)' the stability of the system and simulate the control action of the

feedback loop, A good example ofthis method, applied to level control in a notation column

is given in the literature13
, A limitation ofthis work, is that the overtlow nowrate is assumed

to be constant, while in reality it changes considerably according to the level position,

However, this appears to be unimportant because the simulated response of the controller

fitted weil with the response obtained in laboratory column test, even in the case where solid

slurries were employed, The level range tested, however, was relatively narrow,

The advantage of the analytical method is that it is off-line, and does not involve

involve actual tests, which are expensive, especially at plant scale, The results obtained seem

to simulate the process accurately enough, Nonetheless, a fine tuning of the parameter values

is always necessary in the industrial application,

The empirical methods, are favoured when equipment is available for testwork, as

in our case, The two best known methods are the Ziegler-Nichols and the Cohen-Coon

methods",9, The second one does not require the inclusion of a control loop because it is

conducted in open loop, while for the first one, the test is performed in c10sed loop, Both

methods yield practically the same results4
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The Cohen and Coon method was applied in this project because of its greater

simplicity.

4.4.1 COHEN and COON method

This is a procedure which requires the use of at least laboratory scale equipment.

ft was found that once a set of parameters for a PlO are established. they apply to a

wide spectrum of column operation; therefore. it is anticipated that parameters found at the

laboratory scale may apply weil to industrial columns. The only uncertainty in our case

would be the effect ofa solid phase (slurry), which may affect the density profile ofboth the

froth and collection zones. In this case further fine tuning of the controller could be

needed, starting with the values found in the laboratory.

The Cohen and Coon method, weil described in reference 9, consists in finding the

open loop response of the process to a step change in the selected manipulated variable, and

then using the data graphically to calculate the parameters according to empirical equations.

The conditions to fix the magnitude in the step of the manipulated variable are

summarized as follows:

- The response of the controlled variable, level in this case, must not exceed

the valid range. Before imposing the step change, the level must be in steady­

state, inside the valid range for equation LEV3 (h I--h2), and it should reach

a new steady-state inside this range.

- The change in the controlled variable must be large enough to avoid

confusion with the normal oscillations encountered in steady-state.

- The time required to reach the new steady-state must be short enough, in

such a way that the variables assumed to be constant during the process will

not be significantly affected by external effects, such as power supply

voltage, air-line pressure or ambient temperature fluctuations.
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Figure 14. Open loop response to steps in Feed and Wnshwnter

Figs. 14 and 15 depict the open loop response curves orthe process ta stcp changes

in the underflow, feed, washwater and air flowrates.

Figure 15 a, includes the construction lines required in the calculation of the PID

parameters using the Cohen and Coon method.
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Figure 15. Open loop response to steps in Air and Tailings

By the shape ofthese curves, the response ta step changes in both underflow and feed

behaves as typical tirst order with time delay, and steps in washwater and in air produce an

inverse response. In the case of air, during the transient state, initially the calculated level

changes in one sense and then, after a few minutes changes ta the other sense overcoming

the initial change and behaving again as a tirst order response.
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The parameter estimations are presented in tables 4, 5, 6 and 7.

Table 4.- General data. open loop resllonse curvcs

Kp, Process gain = ÂB / ÂA, [cm/mA]

Td, dead time, [min]

ÂA, step in M.V., [mA]1

M.V., Manipulated Variable

Kc, Proportional control gain = lOO/PB

't', time constant = ÂB / S, [minI

S, slope (at sigmoidal point), [cm/minI

ÂB, change in C.V. (LEV) ), [cml

c.v., Controlled Variable

PB, Proportional band

-lm.x

-17.X

310.53.14

-3.55

-1.4X

0.20

4.40

3.730.2 V

0.5 mA

1.0 mA

·51.4

-17J~

62,1

:}\%~ -49.:> -0.6 mA 0._:> -_._0 X_.:'I __ .,

Valid range for controlled variable: 45.3 to 154.5 cm.

Feed, underflow and washwater full range: 4 to 20 mA.

Air full range ofmanipulation: 0 to 5 volts.

4.4.1.1 Proportional controller

The parameter for proportional control is calculated using the following empirical

equation:

Kc = ('t/KpTd) ( 1+ Tùl3t ) (5)

Solving this, using the data in Table 4, gives:

1 Units depend on manipulated variable, for underflow, feed and washwater is in
mA, while for Air manipulation is in volts.
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Table 5. Proportional control pnrameters

1.09 91.33

-0.71 -141.14

-0.17 ·5~ 1.58

0.02 5503.72

4.4.1.2 Proportional-Integral controller

The equations to calculate the PI controller parameters are:

1:'i = Td [( 30 + 3Td/'t ) / ( 9 + 20Td/'t )]

Kc = ( 1:'lKpTd ) ( 0.9 + Td/121:' )

The calculated parameters for PI control are presented in Table 6.

Table 6.- Proportional-Integral controller parameters

101.75
-157.35
-701.37
6387.82

4.4.1.3 Proportional-Integral-Derivative controller

Kc = ( 1:'/KpTd ) ( 4/3 + Td/4't )

'ti = Td [ (32 + 6Td/'t ) / ( 13 + 8Td/1:' ) ]
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't'd = Td [ 4/ (II + 2Td/'t') ]

The calculated parameters for the PID controller, are presented in Table 7.

Table 7.- Proportional-Integral-Derivative controller pnrmllcters.

( \0)

68.61

-106.07

-458.01

4237.32

0.61

0.49
9.44

8.52

0.09

0.07

1.50

1.31

Using these values, a series of tests were run to tune the system, eva1uatc the qllalily

ofthe control, evaluate the accuracy in leve1 estimation, and to evaluate the behaviour orthe

system during both transient and steady-state conditions.

The analysis of the response to step changes in open loop, and the resulls obtaincd

in the different evaluation tests, are presented in the next two chapters.
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CHAPTER 5 - RESULTS AND DISCUSSION, PART 1

OPEN LOOP AND LEVEL CONTROL TESTS

ln the !irst part ofthis chapter, the results of tests run to tune the controller, the effect

of simulated disturbances and the quality of the level control are presented. In the second

part, tests run to evaluate the accuracy of the level calculation, are presented, together with

discussion.

ln the execution ofthis thesis sorne problems related to the accuracy and response

of the equation used to calculate the froth depth (LEV3) became apparent. These problems

are mainly related to the valid range of equation LEV3, and its response when the level is

placed outside this range; tests to attempt to correct the errors, and the use ofLEV2 or LEV 1

as alternatives are discussed in the second part ofthis chapter.

S.l Open loop response

The analysis of the response of the system to step changes of the manipulated

variable in open loop (Figures 14 and 15) demonstrate that the manipulation of feed and

underflow, produce a tirst order response with a relatively short time delay. This means that

both can easily be used as the manipulated variable in a feedback controlloop.

The air manipulation produces an inverse response, which makes it a poor choice for

control. In this case, more sophisticated strategies instead of simple feedback loops are

reconunended, i.e. the Inverse Response Compensator algorithm l 4, which uses a process

model to predict the response, and compensates the inverse behaviour through a parallel

circuit.

The washwater step change, also apparently produces an inverse response. This is

not a true inverse response of the process but only in the calculated level; this will be further

analyzed in the next section.
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5.1.1 LEV 1, LEV2 and LEV3 response to a step change in washwatcr

It is important to note that the step change in washwater produces an inverse l'csponsc

in the calculated froth depth, and is not necessarily the same tOI' the aclllai fi'oth depth. For

example, at the beginning of the transient response prodlleed by the change in washwater

flowrate the level remains unchanged while the froth absorbs or releases Cl certain volume

of liquid producing a relatively long time delay. After this delay, when the n'oOt l'caches a

new liquid holdup equilibrium, it starts to take/re1ense liquid from/to the sIun)' changing the

leve1. Normally, the froth depth is reduced for an increase in washwater Howrate, and vice

versa. In the case ofweak froth, the opposite may occur (froth depth increasc tbr an incrcase

in washwater rate); but, in the case of thick froth, the change in washwatcr may not al1'ccl

the level (i.e. high negative bias).

The time response of the system ta a step change in the wnshwater tlowratc lIsing

LEV3, LEV2 and LEVI to calculate the level, is presented in Figure 16.
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Figure 16.- LEV3, LEV2, LEVI response to step in .Iw

Note: Points reported as true level are estimated From equation LEV2 based on average

values offroth density at eaeh point, and are used only to evaluate the trend in change

in the true leveL
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• ln this figure, the initial response of LEV3 to an increase in washwater, shows an

increment in the froth depth (interface goes down), while in reality the interface starts to go

up. As for LEV 1 and LEV2, both are able to follow or "anticipate" the real change.

a) LEV3: The analysis ofthis response is referred to equation 3; the positive step in

washwater, initially affects the calculated froth depth, according to the approximate

model:

L(2) = [L(I) - 2. 5Llp]/[ 1- Llp/18] (II)

•

Restrictions: 7.6 cm x 4.5 m column, open loop, initial stage transient

produced by a step change in washwater, gas holdup -20 %.

L(I), LEV3 value before the step, cm.

L(2), LEV3 value after the step, but before true level is atfected, cm.

Llp, Increment in pressure, produced by the step change, cm of H20.

Assuming L(I) = 100 cm , and solving equation Il, for ditferent increments

in Llp:

Llp, cm of H20

0.5

\.0

5.0

10.0

L(2), cm

101.6

103.2

121.2

168.8

•

This shows that in the initial stage of the transient response LEV3 increases in value

in proportion to the magnitude of the step change in washwater. If these values were fed to

a control loop, it would cause an immediate response that may not only induce oscillation

but couId also lead to an "out-of-control" condition.

b) LEV2: The analysis ofthis response is simpler than for LEV3. In equation 2, the
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only variable affected by the step is P2 which is increased proportionally. Any

inerease in P2 reduces the value of LEv2, sa that in the initial stage of the

transient response, the calculated froth depth "anticipates" the etlèct that the step

is going to have on the true froth depth. However it is important ta remind that

the steady-state error of LEv2 will depend on the change in li'oth density at

the new equilibrium value of liquid holdup. The error is increased or reduced

according to the initial value of Prassumed in equation 2.

c) LEVI: The same analysis performed for LEv2 applies here, except that the

affected variable is P3 instead ofP2. The general assumption is that the collection

zone density remains constant.

Il can be seen that neither LEV2 nor LEV 1 generated an inverse response and can

advantageously replace LEV3 in some feedback control loop applications.

5.2 Level control tests

Several tests were run to find the effect and differences among proportiolllll,

proportional-integrat, and proportional-integral-derivlItive control, as weil as the ellèct

of different values of the control parameters. In ail these experiments, LEv3 was uscd to

calculate the froth depth, while the true depth was determined by visual observation.

ln these tests, the system was set manually with the level insidc the valid range (h 1-­

112). When the level was stable, or changed at a speed ofless than 2 cm/min, the switch to

automatic mode was made. Ifthe controller was able to keep the level inside the valid range,

a 10 cm change in the level set point was imposed to simulate a disturbance then, if the

eontroller was able to drive the system to a new steady-state (level constant, inside the valid

range) and hold it for at least 20 minutes, we eoncluded that the level was under control.

Initial experiments were run applying the parameters calculated in the prcvious

chapter, for proportional (P), proportional-integral (PI) and proportional-integral-derivative
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(Pli) control.

To tune the controller parameters, steps of20% above and below the values obtained

with the Cohen and Coon method were initially tested to find the limits of application of a

given system. Subsequcntly steps of 10% inside these limits were made to find the optimal

(tuned) point.

The criteria to establish the limits of application were: the ability to bring the system

to steady-state, in a reasonable time ( - 10 min) after the disturbance was introduced; and,

low amplitude of level oscillation in steady-state. The control was deemed unacceptable,

when the controller output signal (sent to the manipulated pump) was oscillating with an

amplitude greater than 0.5 mA.

5.2.1 Proportional control

From Table 5 (Page 45), it is concluded that the best manipulated variable is the

underflow, becallse its proportional band (PB) is relatively low (91.3), meaning that it is

possible to apply high correction action (output gain) without introducing oscillations or de­

stabilizing the system. The use offeed also gave a reasonable, absolute value of PB (-141. 1);

however, for washwater and air PB values were too high indicating that low proportional

gain should be used by the controller. Consequently, in order to keep the system stable, the

change in manipulated variable must be very small; consequently, the controller may not be

able to compensate for even relatively smalI and slow disturbances. In fact, it was found that

in the two phase (air/water) system, with no deliberate distü:'bances, the system was unable

to control the level using washwater as manipulated variable, probably because of the higher

time delay and the inverse response produced when this variable is manipulated lFigure 14,

page 43). The use of air as manipulated variable is expected to give an even worse result.

ln proportional control, only the use of tailings as the manipulated variable was

tested. The results show that the control obtained was not robust, which discouraged the use

of any other parameters as manipulated variables.

The initial test value for parameter PB was 100%. Figure 17 presents the data
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collected in this experiment, revealing a problem produced by the sotlware when the system

was toggled from manual to automatic operation at 12: 19, The undertlow pump signal

dropped from 10.5 mA to close to 4 mA, stopping the undertlow plImp, Even wilen soon

restarted, it was unable to compensate for the rapid increase in level (reduclion in li'Dlb

depth) which went above hl (tap of PI), the upper limÎt of the valici range of LEV), Af1cr

- 12:22 the value of LEV3 remained constant (giving a value - hl. 45.0 cm) and 11ll:

controUer output also remained constant, implying steady-statc condition. This is l'al sc,

however, because equation LEV2 showed the level was still changing,

The system was not able to keep the level inside the valid range bccause the response

of the controller, after the step change, was not high enollgh (PB vaille was too high, i.e. low

controller gain). In subsequent tests, lower values of PB were used and it was round thal, in

the range from 80% to 30 %, the system was able ta regain control and kecp the truc level

inside the valid range.
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Figure 17.- Proportional control, PB = 100 "/..
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The process response to manipulations of the underflow flowrate, in proportional

Icvcl control, with a tuned value of60% for PB, is presented in Figure 18.

hl

'" .. ..L

.'~"""-----"""

., ... -À..

30 -

50--:- __ .

10 1 1 1 1
0 0 0 0 0
~ '{1 0 - .....
l"- r-- oc CIO 00.... .... .... .... ....

Tlme

110-~

...J
W
>w
...J

W
;:J
Il::
1-
('1'1

>w
...J

o
1-

7.6 cm column, PB =60 %

160 '---~- --- -- I~)TC"-;10-1
1 1 30 ". LEV3

l_~ ~rue__.J
..
Ê 90 ~ .-._..
.e

j
o
t;"~

~-~~-----~j

Figure 18.- Proportional control, PB = 60 %,

Column size:

Test conditions:

7.6 cm x 4.5 m

Flowrates (cm/s):

Initiat settings:

Procedure:

Jg = 0.9 Jw = 0.25 JI' = 0.50

Level set point (LSP) = 100 cm Mode: MANUAL

17:50, mode switched to AUTO T.

18:05, LSP changed to 110 cm.

[n arder to follow the control action, the output of the controller, TC x 10, is included

in the plot. The Împortant features in this figure are: stable level control Îs possible and

appears to be quite good, because the new steady-state is reached relatively fast « 3 min.),

and the underflow manipulation is soft under steady state.

The main problem occurred when the system was switched to automatic. At this
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moment, even if the calculated level (LEV3 - 90 cm) was relatively close to the set point

(LSP=IOOcm), and the undertlow pump was set to \0.5 mA, value close to its equilibrium

point, - 10 mA, the software produced a jump in the undertlow set point (output of the

proportional control) dropping it close to 5 mA, and causing the pump 10 stop. Once the

system is in automatie mode, the levelmanipulation was done very easily, as shown by the

10 cm level step change at 18:05 . The system executes the step and reaches n new stuady­

state in - 3 min, without producing overshot in the calculated Ii'oth depth , and only a minor

one in the true level.

The initial jump disabled the application of this kind of control beeause the level

could go outside the valid range of operation (which happened many times). As seen in

Figure 18, the true level is close to the top pressure transducer position, hl = 45 cm, the

lowest limit of froth depth in the valid range for equation LEV3.

Another disadvantage in this type of control, is that steady-state is produced as soon

as no more change in controller error (LEV3 - level set point) is produccd., no matter what

the value ofthis controller error may be. ln Figure 18, the tirst steady-state is produced with

LEV3 - 55 cm, white the set point was 100 cm.

ln relation to the jump produced in the controller output when the system is switched

from manual to automatic, FIX-DMACS gives the user two options to reduce or avoid this

effect, these are:

a) Track b) Balance c) None

•

The Balance option produces the smoothest switch to automatic operation. In the

track option, the output to the manipulated variable jumps to the minimum value allowed 101'

this variable (4.0 mA) producing a large disturbance leading to an out-of-control condition

(level above hl). On the other hand, both: the Balance and None options, producc a jump to

an intermediate value (between the current output and the minimum value). This allows the

controller to regain control before the level moves "out-of-valid-range", The magnitude of

the initial change depends upon the initial trend of the level, the initial controller error

(LEV3-Level set point), and on the value of the PB parameter.
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5.2.2 Proportional-Integrnl control

PB::: 50, RESET ::: 4.0
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Figure t9.- Proportional-Integral control, TC as M.V., J~ disturbance

Test conditions

7.6 cm x 4.5 m

Jg = 1.3 Jw = 0.23 JI' = 0.65

LSP = 100 cm Mode: MANUAL

Column size:

Flowrates (cm/s):

Initial settings:

Procedure: Time Action

17:43 Mode to AUTO T

17:59 LSP to 110 cm.

18:19 19 to 1.4 cm/s

The integral term of the PI controUer, produces two main advantages over the

proportional controller: 1) ln steady-state the level offset or controUer error (LEV3 - LSP)

is reduced to zero; 2) The initiai controUer output change, produced when the system is

switched trom manual to automatic, is compensated by the integral action, thus avoiding the

Itout-of-valid-range" condition. Unfortunately, tuning is more complicated due to oscil:ations
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introduced by the integral action.

Fib'llre 19 shows the results using the best set of paramcters, PB = 50 and Rcsct (or

integral-time constant, 't"i) = 4.0 (minutes/repeat). These values dillèr trom those obtained

with the Cohen-Coon method: PB - 100 and 't"i- O.~ (Reset) which, even ifthc system is still

stable (convergent toward the LSP), the oscillation induced by the integrul action is large in

amplitude and may lead to an out-ot:valid-range condition. Another problem produccd lIsing

such a strang integral action (Iower the value higher the integral action) is that thc lime

required to reach a new steady-state is quite long (- 30 minutes).

The time required to reach steady state, in both manipulations (step in LSP and

change in Jg) is - 10 min, and the overshoot in calculated level l'clatcd to thc sct point, is

high - 10 cm (AUTO_T mode). This overshoot may not present too big a problcm, bUI in

the initial switch from manual operation, the overshoot was even higher and could lakc Ihe

true level outside the valid range. For this reason, in order to use a PI control in industrial

columns, different parameters for the controller should be employed for start-up and for

normal operation. Air flowrate as a source of disturbance, seemed not ta represent a dillicliit

problem, unless the level were placed too close to the limits of the valid range.

5.2.3 Proportional-Integral-Derivative control

This type of control is more sturdy and reliable than the PI and l' controllers, bcing

able to control the level over a wider range of variable settings than the other two. Another

advantage is that this controller does not need a fine tune-up of the parametcrs, and a givcn

set ofparameter values can be applied to exert level control by manipulating underllow, feed

or washwater, without the need to change them. It was possible to perform lcvel control in

columns of different diameters and height., and different pump size without rc-tuning the

l'ID parameters.

To tune the PlO parameters the initial set was:
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corresponding to the values calculated with the Cohen-Coon method. Il was found, however,

•
PB = 70 'Ci = 0.5 't"d = 0.1



that it was possible ta obtain stable conditions over a wide range ofvalues:

PB from 100 ta 300 %, fi From 0.05 ta 2.0 and "t'à from 0.01 ta 0.5

The bcst set of values, using underflow flowrate as manipulated variable, was:

PB ~ 180, fi ~ 1.2 and ft! ~ 0.05

AUTO_T mode, CANMET Test 4
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Figure 20.- PID control, underOow fiS manipulated vnrinble

Column Size:

Test conditions

6.3 cm x 6.5 m

LSP = 100 cm Mode: MANUAL

Jg = 1.6 Jw ~ 0.23 JI' ~ 0.84

21.6 %

Flowrates (cOlIs):

Gas holdup:

Initial settings

Procedure: Time Action

18: 14 Mode to AUTO T

18:26 LSP ta 120 cm

Figure 20 presents the result obtained using the last set of values as PID parameters.

ln this case, the ditTerence between the level set point and the ca\culated level is reduced ta
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zero after - 4 minutes, with a relatively small overshoot du ring the tnmsicnt slatc. The

manipulation of the TC signal by the controller is quite son, thus it is concluded that the

quality is better than that achieved with the PI controller. Using this type or control. lests

where conducted ta evaluate the eftect of disturbances imposed by changes in Ilawratc 0['

streams other than the manipulated one.

5.3 Disturbances effects, PID control, undertlow as rnanilmlatcd varü.blc.

Figure 21 shows the effect a step changes in the air tlowrate, ti-om 1.5 ta 1.8 Umin

( 19 frOIn 1.0 ta 1.2 cm/s), ta simulate an air disturbance.

13:313:1513:00

~h.y\f\ rlL~w'.y:!~J\l<!~f\j/~1
" 1

!

-~== =:::;:;l'::~=-"::~:-"c. -=::~:7·""=-"'.:-..::::::::r-==·,.c~~;::::::;~.,,=.....::::::::.:::::;.,_.. ~.:.""_. .' ....

. 1.1.0.00:·1~'''''~-''~~'''-·-'''·'·'-''';'';'''''''''_''·''··'''''''''''·""~'''''''''''''-''·'''''''''''''''''''''''---'''''''''''''''''''·''''·''l'''''''''''''·'',,,........,,',,....,,,,.,,.,...,,"'..,,... ,,.,,.,,,,....,,.,,.....

~----i' ..\. ,..~.,-.. __ -.,.-.- ..__(' _....,.,1. \ 1-
1

.~ • .-__H~ _-' •• ~ ••-._..•..- .., .......

Figure 21.- PID control, TC as M.V., air disturbullce

In this fif,rure, the pressure transducer readings are plotted on difièrent scalcs. An air

step change (- 20%) was introduced at 12:52 and the response of the controllcr was lilst

enough to keep the calculated level inside the range of ± 2 cm. Howevcr an oscillation is

observed in the pressure readings, which remained for more than 30 min aller the air slcp

change.

In the test, corresponding ta Figure 22, a change from Jw =0.15 to 0.1 <) cm/s, was
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introduced at 14:43 to simulate a washwater disturhance. The effect of this step was

insignificant. A new steady-statp. was reached in Jess than two minutes and virtually no level

change was observed. This confirmed the that the response of the system to a change in

underflow flowrate has a much faster effect on Jevel than the response to a change in the

washwater flowrate.
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Figure 22.- PID, TC as M.V., Washwafer disturbance

Figure 23.- PID, TC as M.V. Feed disturbance
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Figure 23 corresponds to a feed disturbance. In this case JI' was changed li'om 0.40

to 0.46 cm/s. The response was quite similar to the disturbance produced by the washwatcr,

with a slight oscillation in the pressure transducer readings.

5.4 Washwater as manipulated variable

ln the Figure 24, the use ofwashwater as manipulated variable ta control the levcl

is presented. The main limitation is that the operational window or range of allowed Icvcl

fluctuation due to this variable is redueed, because the system permits only a relativcly small

range of fluctuation in washwater flowrate inside which it is still possible to obtain Ii'oth

overflow.

ln real practice the slurry retention time should be kept as high as possible, in order

to favour the collection ofhydrophobic particles, so that washwater tlowrate should not be

too high. In current practice the washwater is never > 50% of the tèed tlowrate. On the other

hand, in most applications, the bias should be positive to provide a good reductioll or the

entrainment ofhydrophilic particles. A common approach is to use a washwater rate or about

the same as the liquid rate in the overtlow. Another consequence, at least in laboratory seale,

was that low washwater flowrate increased froth coalescence and, below a certain limit, Ii'oth

overflow was no longer possible.

This restriction in the range of washwater tlowrates forces, in practicc, the use or

parallel measures, like the implementation of constant feed/undertlow ratio, to help in

applications where the washwater is manipulated to control the level 3.

The best set of parameter values for the PlO controller, and the values calculated

using the Cohen-Coon method, are given below:

PB ti t~

Tuned 200 7.0 0.1

Cohen-Coon 458 9.5 1.5
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As depicted in Fib'Ure 24, the level can be controlled, even when high changes in gas

flowrate are imposed; however, the overshoot produced in the transients is high. As a

consequence, in this application, sorne measures should be taken to avoid abrupt changes in

operational parameters.

Figure 24.- PID, Washwater as M.V., air disturbance
a) Gas holdup • LEV3 b) Jw· LEV3 vs. time
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In Figure 24 a and b, two incremental steps in air tlowrate were executed, the tirst

at16:47 from Jg = 0.72 to Jg=0.78 cm/s,andthesecondat 17:35toJg=0.9\ cm/s. An

interesting effect of the increment in air flowrate on the calculated level LEV), is that

immediately afier the step, the level is increased (troth depth is reduced), then the response

is reversed, and the froth depth is ii1creased far above the level set point, 90 cm in this case,

finally falling again by the action of the controller, which increases the washwater tlowrate

(Figure 24b). In Figure 24a the gas holdup (Eg) is included. This variable follows the

increments in air flowrate, l'rom Eg = 17% to 18.2% in the tirst step and to 20.5 % in the

second step.

The discontinuity in LEV3 and in WFT (set by the controller output) is due to an

excessive gap or deadband (± 1 cm), used in the PlO action during this test; sotter transitions

are produced with lower deadband values for the PlO response.

5.5 Feed as manipulated variable.

Very few tests manipulating the feed were run to control the level. This is the least

Iikely to be manipulated in a feedback level control loop; however, in certain situations it

may be useful. The system response to manipulation offeed tlowrate is quite similar to that

ofthe underflow manipulations, so that there is no need to repeat the experiments l'un with

underflow as manipulated variable.

Figure 31 (page 75), corresponds to a test where feed was used as manipulated

variable. In this test the behaviour of equation LEV3, outside its valid range ( h1--h2 ) was

observed, with a constant Eg. In this case, the use of underflow as manipulated variable is

not advisable because of consequent changes in E~.

The response to the feed as manipulated variable was quite similar to that of the

underflow, - steady-state was reached in a very short time afier introducing steps in level set

point, and, insignificant overshoot in transient state was observed.
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CHAPTER 6 - RESULTS AND DISCUSSION, PART II

ACCURACY OF LEV3, COMPLEMENTARY TESTS.

The level estimates from triple pressure method (LEV3), were always different from

the true level (determined by visual observation). This error was dependent on the

operational parameters and also on the actual position of the level.

This error in LEV3 was assessed by executing a series oflaboratory tests and from

pressure profiling in an industrial f1otation column.

At the end of this second part, results of complementary tests and pressure profile

data are presented. This information was used to suggest sorne possible alternatives and

solutions to problems related to the inverse response, or to expand the valid range of

equation LEV3.

6.1 Error evaluation, LEV3 equation

To evaluate the error, a series of tests were run placing the true level in different

positions so as to coyer a range from - 20 cm below h2 up to 20 cm above hl, while

maintaining ail other variables constant. Beside this, tests were run to evaluate the effect of

other parameters on the calculated level error, following the same procedure, to scan the

whole valid range of the LEV3 equation.

Sorne tests were run in open loop, imposing level changes by small feed or

washwater f10wrate steps, but most of the tests were run in c10sed loop. In automatic mode,

the feed was used as manipulated variable, changing the level set point in small increments.

The true level was read only when a new steady-state was attained, taking note of the time,

and data were retrieved from memory corresponding to the same moment the true readings

were taken.
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6.1.1 ResuUs
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Figure 25.- LEV3 error evaluation, 5.7 cm x 4.0 m column

Table 8. Tests data for Figure 25

2.1/4'1 Mc Gill Froth/water 30 ppm

Sparger # 2 (2Jl pores) Cross section =25.5 cm2

Test No. Jg Jw Jf Ju E[l MODE

1 0.98 0.25 M.V. 0.55 16.8 Auto_T
2 0.88 0.22 M.V. 0.5 17.4 Auto_F
3 0.88 0.22 M.V. 0.5 16.1 Auto_F
4 0.98 0.15 0.36-0.35 0.5 16.6 manual
5 0.98 0.14 0.37-0.38 0.5 16.5 manual

Air-water tests were run in 5.7 cm x 4.0 m, 7.6 cm x 4.5 m and 6.3 cm x 6.S m
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laboratOlY coJumns. The location of the transducers for the three columns are given in Figure

12 (page 36).

A lypicaJ set of results for tests run in the 5.7 cm column is presented in Figure 25.

ln order to evaluate the errer, the calculated level from LEV3 was plotted as a

function of true level, and three reference lines were included: The true level reference Hne

(1: l, or 45 0 line), the hl and h2 position line (vertical dotted lines).

ln Figure 25 it can be Seen that the highest accuracy is produced when the interface

is close to hl. ln tàct, the calculated level equals the tme level at this point as there is no

180

160

1-40

120

h2

h1

Froth depth. cm

Figure 26.- LEV3 error evaluation, 7.6 cm x 4.5 m column

Table 9. Test data, for Figure 26

Sparger # 3 (511 pores)

Cross section = 44.77 cm2

Froth/water 30 ppm

Mode: Manual

Test No. Jg Jw(i) Jw(t) Ju Jf E
ll

1 \.00 0.75 0.28 0.55 0.52 24.0
2 0.89 0.10 0.28 0.55 0.50 19.3
-. 0.78 0.20 0.35 0.55 0.37 18.1..)
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uncertainty in the froth zone density (titis point is purslIed later). For levels above hl, LEY)

is no longer sensitive to level changes yielding a constant value appreximately CqUll\ to hl.

In the range hl to h2, as the level goes down, an increasingly negative errer is prodlll:ed, i. c.

the calculated i'roth depth is less titan tlte tme depth. Below h2, the equation is again no

longer sensitive to changes in level, and once more yields a constant value.

The tests in Figure 26 on the 7.6 cm x 4.5 III column were nm manually in open 1001',

with aH variables set within normal ranges. The main concern was ta cllsurc positive bias

and froth overflow to simulate normal column operation.

Figures 25 and 26 show the same behaviour in both COIUIllIlS (7.6 cm and 5.7 cm).

,------------------ - - ..... _._..

1

200

j:

h2

150

cP rJ U

Lo\.-o-: ~+

Cl..n

-ti

h1

••
CJ

l---~-I f--~-~-~I-------

50 100

180 -.

160 --

1-40 - -

120

e 100 --U

:""il 80 - ->:
.1.11
...l, 60

...0

20

a -

0

Froth depth. cm
---~-~----------~ .._~---_.__... ~~ .

Figure 27.- LEV3 error evaluation, 7.6 cm x 4.5 m, high .Jg

Table 10. Test data for Figure 27

Froth/water 30 ppm Cross section = 44.77 cm 2

Sparger #3 (5~ pores) Mode: AUTO F

Test No.

1

2

Jg

1.71
1.71

Jw

0.04
0.20

Jt

0.10
0.55

Jf

MY
MY

81\
22.7
28.0

In the tests in Figure 27, the effect of high (relatively) gas flowrate was studicd. The
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column was set to the maximum Jg (= J. 71 cm/s) at which the level can still be detected

visually (higher values producing churn-turbulent conditions where the interface position

is no longer visible). The main difference from the previous tests is that the error or

di (Terence between the calculated LEv3 value and the tme level, is significantly reduced

bctween hl and h2, giving practically superimposed curves. Outside of hl and h2, however,

LEV3 was again insensitive to the tme level.
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Figure 28.- LEV3 error evaluation, 6.3 cm x 6.5 m columll (CANMET)

Table Il. Test data for Figure 28

Froth/water 20 ppm Cross sect. 3 1.7 cm2

Sparger # 3 (5~ pores) h2: 132.7 cm hl: 72.2 cm

Jg Ju Jw €J: MODE

1.58 0.82 0.23 22.0 AUTO F

ln Figure 28, results ofthe same type oftest mn at CANMET, Ottawa are presented.

ln this c::tse, the error is also re1atively smalt compared with the previous results, which may
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reflect again the high gas rate.

ln the next section, pressure prame data arc pr~sented. This information will bc l1scd

in the analysis of the LEV3 equation errar and also to evaluate the ellèct or dillèrcnt

positions of P1 and P2 on LEV3.

6.2 Pressure profile of an industrial colump.

Figure 29 shows data on pressure readings and the calculated dcnsity ove!' 50 t:1ll

Încrements along column # 4, Matte plant, INCa, Sudbury (test gh04, Novcmbcr 1l)9~). In

this Figure, the calculated bulk density (PI) inside the collection zone is lllirly constant. This

1'-'·'- .. '.--.. - - .

ClllulIlII # 4, INCO, Sudhllry, Nu\'. 1993
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Figure 29.w Industrial column, pressure profile

is not the case for the froth zone. From this profile we can intcr that thc Întcrnlce is in the

range 3.5 -- 4 m. from the top, which was confirmed with a sÎngle point conductivity probe,

which detected the level at 3.7 m. However, on the monitor oif the control ruom thl.: rcportcd

level was: -75.0" (1.9 m), Le. an error of -1.8 m, errors ofthis magnitude arc the gcncral
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case and has been noted before"" 11 ,

6.3 Analysis of LEV3 error tests

When the interface is placed betwetln hl and h2, which is the valid range for LEV3,

ail the tenus except P2 are relatively constant under steady condition, The ratio (P3-P2)/(h3­

h2) in the equation LEV3 represents the collection zone density which remains constant,

while PI Ih 1 represents the froth density which changes only slightly due to fluctuations in

level. Hence, LEV3 is a function of only P2, When the level moves this prod'Jces a change

in P2, and LEV3 is able to follow, or is sensitive, to changes in the interface position in this

range,

The error in calculated level, inside the range h 1--h2, is produced mainly by the

difference between the estimated froth density (P 1Ih 1), and the true froth density, The true

froth density (from the interface to the top of the column), is higher than the density of the

IToth above PI to the top of the column; that is Pl/hl underestimates the true froth density,

This can be easily verified using the pressure profile of Figure 29, and from laboratory data,

To illustrate the difference in estimated and true froth density, some laboratory

column lÎata is presented in Table 12,

T~ble 12. Estimated and trne froth density, laboratory column

Column size: 5,7cmx4m System: Air/water

Flowrates (cm/s): Jg = 1 Jw=0,15 Jf= 0,35 Ju = 0,5

True level P3 P2 Pl Pc p,(est) p,
(cm) (cm of 1-1,0) P21h2 Pllhl

148 (on P2) 239.4 66,6 31.4 0.45 0.40 0,80

This diflèrence is confirmed by the data taken from the pressure profile(Figure 29)

and presented in Table 13,
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Table 13. Estimated and true Croth deusity, iudustrilll colul1l11

Column # 4 Matte Plant. INCa, Sudbury System: Air/siun)'

Test gh04 Assuming: hl = 100 cm , h2 =375 cm, h3 = 800 cm

True level P3 P2 Pl Pr p~est) p,.
(cm) (cm or H,o) P211\2 l'lnl!

375 588.6 142.8 3) .7 0.38 0.32 1.05

Replacing these values in equation 3 (LEv3), Table 14 shows thatthe calculated

froth depth using the estimated froth density, is smaller than the one using true density. This

is confirmed by the pressure profile data (Figure 29) which shows that any estimate of jj'oth

density taken above the interface will be lower than the true average froth density (Le. (hml

the interface up). The magnitude ofthis error will depend on the distance between PI tap

point (h1) and the interface, and also on operating conditions which alter the pressure

profile; this error inside the valid range will reduce as the interface rises to approach the

position of Pl; at Pl, the true and estimated density are momentarily equal and LEv3 is

precise.

Table 14. LEv3 values using estimate and true Croth density

Estimated Pr

True Pr

Laborlltory

131.5 cm

150.3 cm

Industrilll

343.8 cm

374.6 cm

•

When the interface is placed below h2, LEv3 is no longer sensitive to level changes.

Any fluctuation in level will reflect only minor changes in P2 and in the ratio P I/h 1. because

both sensors (P2 and Pl) in this case are in the froth zone, and will sense only changes in

froth density, which are relatively small compared with the :hanges in pressure produced by

changes in level. P3 is the only transducer subject to changes in level, and determines the
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• term (P3 -P2)/(h3 -h2) which no longer represent the collection zone density because of the

presence of the froth layer between P2 and the interface.

To analyze the response of LEV3, data when the interface in 0/1 P2 is used, and then

by simulation, the froth depth is estimated assuming that the true level is at 10 cm and 20 cm

below P2.

Taking data from an experiment in the 5.7 cm column with level on h2 in steady-

state:

hl h2 h3
(cm) (cm) (cm)

78 149 365

PI P2 P3 PI
(cm o1'H20)

33.47 71.16 249.51 0.478

Pc PI'(est.)
l' 1n,1

0.826 0.429

li) Level on h2 LEV3 = (149*0.826 - 71.16)/(0.826 - 0.429)

LEV3 = 130.7 cm True level = 149 cm

• b) Level 10 cm below h2

Assuming that the true froth density does not change, the only term in LEV3 that

changes is the ratio (P3-P2)/(h3-h2). In fact the only variable would be P3, because

it is the only sellsor able to follow the change in level

P3 = 206*0.826 + 159*0.478 = 246.16 cm ofH20

(P3-P2)/(h3-h2) = 0.81 LEV3 = (149*0.81 - 71.16) / (0.81 - 0.429)

LEV3 = 130.0 cm Simulated froth depth = 1S9 cm (i.e. h2 + 10)

c) Level 20 cm below h2

P3 = 196*0.826 + 169*0.478 = 242.68 cm ofH7.ü

(P3-P2)/(h3-h2) = 0.794

LEV3 = 129.2 cm

LEV3 = (149*0.794 - 71.16) / (0.794 - 0.429)

Simulated froth depth = 169 cm (i.e. h2 + 20)

•
These results confirm that the calculated froth depth, when the interface is below h2,

is no longer sensitive to changes in level.
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On the other hand, when the intertàce is on or above hl, PI and P2 are sensitive 10

interface displacements. However, both change by the same amount for a given change in

level, and compensate for each other so that the value of LEv3 remains constant and equal

to hl, for any level position above hl. This can be proved by the following cnlculntion:

As in the previous analysis, the density of the collection zone remnins

constant. The relation between P2 and PI when the level is nbove hl is given

by:

P2 = PI + Pc (h2 - hl), where Pc = (P3-P2)/(h3-h2)

Replacing in equation (3):

LEv3 = [h2pc - (PI + h2 Pc - hlpc)]I[ Pc - PI/hl]

Simplifying: LEv3 = hl

Meaning that for any position of the interface above hl, LEv3 is always equnl to hl.

Finally it is observed that for high air flowrate and underflow flowrate (test 2, Figure

27, page 67), which determine a high gas holdup, the error is considerably redueed. This

suggests that the froth density is more uniform under these conditions, i.e. there is no

pronounced froth density profile.

6.4 Importance of LEV3 error in practical applications

The magnitude of the error introduced by LEv3 may not represent n signilicnnt

problem in industrial applications, provided the actual level is inside the valid range;

however, if the level is below or above this range, the magnitude of the error increases and

the operator will not be aware that the level may be far l'rom that reported.

If the system were using the LEv3 data to automatically control the levcl, then

potential disaster looms as level displayed in the control room may appear as a niccly

constant steady-state value, while in reality the column could be in the extreme have pulp

overflowing or be full offroth. This maybe the reason sorne operators prefer to use only one
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pressure transducer, placed close to the bottom ofthe column, to control the level, instead

of the triple pressure method. The use of one transducer, though being less accurate, avoids

the extreme conditions mentioned above. As a complement to the level control study, some

experiments were done in order to try to detect and avoid the "out-of-valid-range" condition,

and also to explore the use of some algorithms to monitor this condition and switch the

system to use alternative level estimate equations rather than using LEV3 exclusively.

6.4.1 Limitations of LEV3 equation in controlloops.

Beside the problems related to the out-of-valid-range condition, another problem

related to the use of the LEV3 equation in feedback controlloops was observed:

Figure 30 shows that when a step in washwater occurs, the change in froth depth is

initially in the reverse direction compared to the eventual response. This is known as an

inverse response, and if the variable that generates this inverse response is used as

manipulated variable, the controller action is likely to produce oscillations in the controlled

variable, and possibly may lead to loss of control. Even ifwashwater were changed for other
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Figure 30. Inverse response of LEV3, washwater step (from Fig. 14-b)
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reason, e.g. in a grade control strategy, adverse effects on level control may occur.

The initial inverse response is due to froth density changes, interpreted by LEV) as

level changes, as explained in section 5.1.1, page 49.

In the following section, tests run to evaluate the behaviour of LEV:! and LEV)

outside the range h2--h 1 are presented, as well as some data related to the etTcct un LEVJ

of different positions of the PI and P2 tapping points.

6.5 Complementary tests and data

6.5.1 Response of LEV2 and LEV3, level above Il1
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Figure 31. Response of LEV2 and LEV3 to steps in LSP

Table 15. Test data for Figure 31

Column size: 5.7 cm x 4 m Feed as manipulated variable

hl h2 Ju J.. Jw El! Pr Mode...
(cm) (cm) (cmls) (cm/s) (cm/s) (%l) (I:sl.)

77 148 0.55 0.98 0.25 19.5 0.38 AUTO_F
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Figure 3 1 corresponds to a test run in c10sed loop, using feed as manipulated

variable, and equation LEV2 to calculate the froth depth in the control loop. In equation

LEV2 a value of 0.38 was assigned to the froth zone density, this value corresponds to the

ratio P I/h 1, when the true froth depth was - 100 cm.

This figure covers the range: -20 cm below hl to -20 above hl. As we can see LEV3

follows the changes in level only when the true level is below hl (froth depth greater than

hl), while LEV2 is sensitive to changes in level over the entire range.

As a pressure transducer can effectively follow changes in level (pressure) occurring

only above its position, the apparent valid range of LEV2 is l'rom h2 to the top of the

column. The top limit of the valid range is confirmed by Figure 31; however, the lower li mit

extends a liule below h2 as shown in Figure 32.

6.5.2 Response of LEV2 and LEV3, level below 112

170

160

'" '" on "' "' '"" .. "' 0 N
on on on ;; iD ;;
~ ~ ~

Time

Figure 32. Response of LEV2 and LEV3, to steps is LSP (level below 112)
(Test data was the same than those in Table 14)
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Figure 32 covers the range: -20 cm below h2 ta -20 ubaye h2. ln this lasllesl. aller

the level goes below h2 at time - 15:22, LEV3 is no longer sensitive to changcs in lcvcl until

the level goes again aboye h2 at - 15:44. Though LEv1 becomc much lcss scnsitivc. it still

follows changes in leyel down to, at least, 15 cm below h2 .

6.5.3 Effeet orhl and h2 positions on LEV3 C.Tor

In Figure 33. using the data in Figure 29 (pressure profile. page 69), Icvcl li'om

LEv3 was calculated as a function ofh2 tOI' 3 positions ofh 1. The rcsult shows that the crror

in LEV3 is reduced by lowering h2 until reaching the depth 01'3.5 111, therealler. the error

remains constant apparently without penalty. Clearly the valid range of LEV) has becn

greatly increased.
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Figure 33.- Effect of h2 and hl position on LEV3

The question now is: How close to each other can P3 and P2 be installed withoul

affecting the term representing the collection zone density in LEv3 ?
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6.5.4 Collection zone density for difTerent positions of h2

From the data of test gh04, Figure 29, the values of the calculated collection zone

density are presented in Figure 34, as a function of the distance between P3 and P2, and

assuming 2 positions for P3: 8.5 and 8.0 m from the top of the column.

Collection zone density

h3'" 8.5 m

-~~- h3 = 8.0 m

1.1

1.05

~
Ioll
r:::;
lb
c

0.95

0.9 . ----j-------!

o 100 200 300 400

J
500

h3 • h2 distance, cm

Figure 34. EfTeet of h3-h2 d='stanee on the calculated p~.

In this figure, the values of density for a distance of 1 m or higher do not deviate

greatly from the average value of 1.035 (taken for a separation of 4.5 m). The maximum

difference is obtained for a distance of 50 cm in which the density goes down ta 1.01 in one

case and up ta 1.06 in the other.

ln Figure 35 the deterioration of the ca1culated density, when P2 approaches P3, is

shown more clearly. In this figure the density of the slurry, for the same data of Figure 29,

is calculated for consecutive readings of pressure with separations of 50, 1sa, 200, 250 and

300 cm, and assuming that P2 and P3 are displaced from the bouom position (8.5 m), up to

the position of 5.5 m .
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The points obtained for 50 cm, are the most dispersed from the uvcragc value. Tn

evaluate the deterioratioll, LEY3 has been calculated and compared \Vith tht: value oblnincd

with the average sluny density (\.035). A deviation of 5.6 cm in LEV] \Vas round

corresponding to the highest deviation in density.
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Figure 35. EtTect of h3-h2 distance on Pl' fo .. V:u'iOliS h3 depths
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CHAPTER 7 - CONCLUSIONS AND SllGGESTIONS

7.1 Hardware and software

The instruments selected suited the system velY weil. The Bailey pressure

transducers proved to be tlexible, easy to calibrate and detine ranges, and gave stable

readings. It was not necessary to recalibrate the instlllments during the execution or the

project.

Another reliable instrument was the air mass tlowmeter/controller, which was able

to accurately set the air flowrate in less than one second, even for a Ilill scale step change.

The only problem arose when liquid tlowed back into the instrument.

The input/output board OPTO-22 and the software FIX_DMACS, proved to be or

sufficient quality and capacity to accomplish the tasks required and the technical support or

both suppliers was good. The same was also true of the suppliers of the pressure tl1l1lsducers,

BAILEY and the mass gas meter/controller, MKS.

The software configuration gave no major problems, in executing the automation and

stabilizing level control applications.

Analog input blocks could filter the input signais noise over a custolTler-sciected

range !Tom 0 to 15, yielding c1ean, smooth records. However, a software-created delay in the

instrument readings is produced which, according to the filtering degree, may create long

delays, unnecessarily damping the controller response. Consequently, it is advisablc to use

low filtering or none at ail.

A limitation in the FIX-DMACS version used was that the capacity in bytes per

database was limited to 64 K, and there were no warning prompts writlen in the program to

indicate when this limit is reached. However in Distributed Control Systems (DCS), lor

which FIX-DMACS is oriented, these are unlikely to require even this size of databasc.

Another factor to be aware ofis related to the deadband of the PlO response which

should be kept lower than - 0.2 cm. The use of deadbands in the order of 1 to 2 cm has the

advantage of reducing the frequency of changes in the manipulated variable but, even il' this

80



•

•

•

gap may not be important from the performance point of view, a cumulative etTect is

prod'ICCd, and when the level moves outside the deat!band, the manipulated variable changes

in large steps, instead of the small trequent steps when a small deadband is sel. As a

consequence, oscillation is induced in the system, which is undesirable. When the deadband

is high, the recorded calculated levd has a typical "saw tooth" shape (Figures: 21, 22 and

23).

7.2 Problems related to the feedback controllooll

The parameter values obtained using the Cohen-Coon method, though yielding stable

conditions in the system, needed to be tuned, because of the coupled etTect of the initial jump

in the controller output when the system is switehed to automatic from manual, and the

narrow band represented by the valid range of the LEV3 equation. The valid range of an

equation is defined here as the range in which changes in level can be sensed or followed by

the equation.

Manipulation of the initial parameter values was relatively easy targeting the

following criteria: low overshoot, reach new steady-state in minimum time, soft

manipulation of the controller output, and low oscillation of the system in the new steady­

state.

ln relation to the type of control, PlO appears to be the best compared to P and PI

controllers, again because of the initial jump in the manipulated variable, and narrow band

or allowed level fluctuation.

7.2.1 Manipulated vllriable

From the open loop response tests, due to the inverse response and relatively long

delay. air flowrate can not be used as manipulated variable (at least not in simple feedback

control loops). In practice gas rate is never used for this task. however. it is frequently

changed for optimizing grade/recovery control and, therefore, etTects on level will occur.

81



•

•

•

The response to a step change in washwater was typilied as "1i,lse inverse response"

because the inverse response is praduced only in the calculated value LEY) not in the truc

level nor in the values of LEY2 and LEY 1. In these two last equations, a tirst onkr wit h tillll'

delay response was obtained, thus the use of washwater as manipulated variable is possible

ifLEY3 is replaced by either of the other two equations.

Undedlow and feed step changes, generated tirst order responseswith relativcly short

time delay in open loop tests, and thus can be advantageously used as manipulaled variables.

However, as feed is set by external constraints, it is the least likely 10 be used Illr this

purpose in practice; this variable may be used in some laboratory tests.

7.3 LEV3 enor, cause und consequences

The errar in the calculated level is praduced mainly by the dil1èrence between the

estimated frath density (P 1/h 1) and the actual frath density (trom the interlilee posit ion to

the top ofthe column). This error is a function of the distance between PI and the interlilcc:

however, above a given distance the change in errar becomes insignilicanl. Apparently at

a given distance from the interface, the froth density becomes constant.

The error is zera when the interlàce is on hl, and if some dillèrence bet ween the

calculated and true level exists, it can be attributed to inaccuracy or miscalibration or the

sensors.

The positions h2 and hl, are the limits of the valid range or application or LEY).

Inside this range the equation is sensitive to changes in level.

For the present experimental conditions, it was found that the maximum error was

- 30 cm (or about 20% offroth depth) when the true level W'lS inside the valid range and

reduced at high gas rates. The status "Ievel-above-h 1" can be dctermined, because LEY)

always yields a value equal to hl when the true level is above hl. 1'0 aceount lllr

inaccuracies in the system, a safety factor may have to be introduced to avoid incorrect level

information. However, this factor will be limited to the range of operating parameters over

which the factor was established.
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ln the casc whcrc thc intcrfacc is below hl, the ratio PI /h 1gives an underestimation

of the fi'oth dcnsity yielding an crror which will depend not only on the relative position of

the interface and hl (longer the distance greater the error), but also on the operating

conditions (any parameter that affects froth density will affect the error).

The worst situation occurs whcn the interface is below h2. In this case, not only is

the error high, but the calculated level will appear constant, so that operators may conclude

that thcy have a stabilized condition while reality may be far l'rom this. Attempts to find a

way to detcet on-line this "below h2" condition, using pressure readings have thus far failed.

Howevcr, some alternative solutions will be proposed.

7.4 LEV3 valid range limitation

A problem related to use of the LEV3 equation is its limited valid range of

application. One alternative is to use LEV2 which has a wider valid range (l'rom h2 to the

top of the co\umn). Even with the penalty oflower accuracy and the need to independently

estimate the froth density, LEV2 can be used advantageously in some situations.

The use of LEV2 in feedback control loops, should include periodic updating of

estimated froth zone density values perhaps using PI /h l, to prevent the error in calculated

level trom increasing over time.

The LEV 1equation has an even wider valid range, l'rom h3 to the top of the column.

However, its lack of ability to measure the collection zone density, represents a great

handicap in relation to LEV2 and LEV3. The problems using LEV 1 have been weil

documented' and need not be considered further here.

7.5 Enhancing the valid range of LEV3

As stated, the main problem in the use of LEV3 for control is the possibility that the

Icvel is outside the valid range. One approach, therefore, is to t'ind some means of avoiding

the "out-of-valid-range" condition, either enlarging the range or signalling when the
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condition is encountered, so that the operator can COll'ect the system, and drive the Icvcl ba<:k

into the valid range.

The conclusions l'rom Figure 33 (page 77), are:

- hl position does not allèct LEv3 (when the distance between hl and the

interface is - 1.5 m or higher). This is in'elevant in normal operationwhere

hl is ussually - 50 cm and the ti'oth depth is smaller than 1.5 m.

- LEv3 is independent ofh2, provided h2 is below the actuallevel. This is

a consequence of the apparently constant bulk density in the collection

zone.

Hence, lowering h2 effectively increases the LEv3 valid range. But, to keep the

noise inherent in collection zone density calculation inside acceptable limits, Ii'om Figure

34 and 35, h3 - h2 > 1 m. This is coincident with previous work' on noise in densily

calculations from pressure signaIs.

With this information, we can conclude that the 3 pressure transduccr should be

placed as depicted in Figure 36, increasing the valid range (and avaiding disturbanccs

induced by the incoming feed stream on 1'2 readings).

7.6 Signalling the "out-of-valid-range"status

The author was not able to signal on-line the "out-of-valid-range" (above l' 1 or bclow

1'2) status by simply using pressure transducers readings, with the system in steady-state.

However, a procedure was applied to recognize the "below 1'2" or "above l' 1" status, by

inducing a level step change of- 10 cm, while monitoring equations LEV 1 and LEv3. If the

actual level is below 1'2 or above l' l, LEv3 will not show any change, while LEV 1 will

change proportionally to the level step. Of course if the actual level is close ta a given

pressure transducer tap, the response may be masked, but this can be avoided by exeeuting

two consecutive step-ups, followed by a step-down. With this procedure the aetual stalus

becomes c1ear.

When the system is in dynamic or transient state where the level is cantinuously
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changing, it is easy to determine when the actuallevel crosses the h2 position by companng

LEV 1or LEV2 with LEV3, since at that point LEV3 become constant, while the otller two

equations will continue to change following the true level change. In the same way, the

condition "above PI" can be detected as shown in Figure 17 (page 53), where before

12:01 JO and after 12:21 JO true level was in this condition.

7.7 Washwater as manipulated variable

The manipulation of undertlow to control level is relatively simple and does not

reqllire special consideration.

The use of washwater as manipulated variable is favoured in sorne industrial

practice2
•
J because it is a stream that is easy to handle Gust being water). The inverse

response of LEV3 to a step change in washwater represents a major problem which could

be solved by replacing this eqllation with LEV2, which does not produce an inverse

response.

The response ofthe level to manirlilations in the washwater stream is quite slow, due

to the damping action of the froth. For this reason it is successful in controlling only slow

disturbances (as apparently encountered in industrial scale flotation) but it can not handle

fast disturbances like those generated by fluctuations in the feed stream. That is why the

manipulation of washwater to control the level is complemented with a constant

tèed/underflow flowrate ratio or difference.

7.8 Control alternative, separate controlline

Besides the problem of the inverse response in LEV3, the use of washwater as

manipulated variable has the inconvenience of the relatively high time deIay due to the

nature of the froth. The long delay, -5 minutes, that it takes for the washwater to cross the

troth and reach the interface represents an important drawback to the use of this stream in

level control.
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One way to take advantage of the washwater and avoid the inverse rcsponsc and Ihe

long delay produced by the froth. is ta install a separate control linc. as depicled in Figure

36. This controllille would be the manipulated variable and may use the same Wi\ShWaICr

fluid.

7.9 Summary of solutions proposed

Washwater

Level control
valve

Feed

Air

(P3 )
l" ",",1 1

.... Overflow

1
. lm

. lm

Figure 36.- Additional controlline, new P2 position
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7.9.1 Install P2 midway between Feed and P3 taps.

Figure 36, presents a possible solution to avoid the condition "interface below h2":

The installation of PZ further down the column compared to current practice. This has the

following advantages:

- Reduce disturbances generated by proximity of the tèed inlet.

- Increase the valid range ofLEV3.

7.9.2 Installa separale controlline

An independent separate controlline installed as depicted in Figure 36 or through a

separate tap at the same height of the feed inlet point, has the following advantages:

- Avoids the inverse response of LEV3, when washwater is used as manipulated

variable (froth density will not be affected by the controller action).

- Reduces considerably the time delay response of the system, by bypassing the froth.

7.9.3 Use of LEV2 inslead of LEV3 in the controlloop

This avoids the inverse response of LEV3 when washwater is used as manipulated

variable. Despite introducing a higher error, improved stabilizing level control could be

achieved. To further reduce the error, a correction for the froth density can be made, using

average values from readings of Pl and P2 and updating LEV2 each -10 minutes, or so.

7.10 Further work

As a complement to this project, and to determine if the proposed solutions are

tèasible the following tests are recommended:
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a) Determine whieh is the minimum jj'oth column above PI to yic1d a valid or

usuable froth dcnsity.

b) Study the eITeet of lowering 1'2, on aeeuraey and repealability or lewl

ealeulation; also, examine eonstaney orcollection zone bulk densily in industrial

eolul11ns (on which the lowering or P2 is predicatcd).

c) Level control tests using slurries: Deterl11ine if it is nccessmy 10 l'dune l'ID

parameters again.

d) Find if PID paral11eters tuned inlaboratOlY eolul11n can be used directly

at industrial seale.

e) IdentifY the nature of disturbanccs in industrial eolul11ns.
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APPENDIX 1•
Summarized block data, from File auto.pdb

Tag Type 1/0 Sca stal. Sc.time Cur. valu Description

AFT AI B2:09 ON 2 0 Air Flowrate tramsmitler
FFT AI B2:05 ON 2 0 Feed Florate transmitler
P1 AI B2:00 ON 2 0 Top pressure meter
P2 AI B2:01 ON 2 0.4 Middle Pressure meter
P3 AI B2:02 ON 2 257 Bollom Pressure meter
SAI_SET AI 2 ON 2 ??? Simulated analog input
SAI_T AI 1 ON 2 0 Simulated ana log input
SAI_W AI 0 ON 2 0 Simulated analog input
WFT AI B2:04 ON 2 0 W.W. Florate meter

AC AO B2:08 ON 0 Air Controller
FC AO 82:11 ON 4 Feed Controller
TC AO B2:12 ON 4 Tailings Controller
WC AO B2:10 ON 4 Wash water cont,-oller

• DEN CA ON 1 Density (Collec.-h2)
DERIV CA ON -20 Deriv [Dlev1/Ddenj
GHU CA ON 0 Gasholdup (h3-->h2)
GHU2 CA ON 99 Gasholdup (h2-->h1)
LEV1 CA ON 172 Calculed level 1 PTx
LEV2 CA ON 180 Calculed level 2 PTx
LEV3 CA ON 152 Calculed level 3 PTx
RATIO CA ON 0 Ratio [Dlev1/ Dghu]

SV_A DO B1:00 ON OPE Solenoid valve, On/off air
MOF DO B1:01 ON OPE Manual operation f1ag
AOF DO B1:02 ON CLO Automalic OperaI. flag
TIV DO B1:03 ON OPE Toggle top isol.valve
BIV DO B1:04 ON OPE Toggle bollom isol.valve

DT_DEN DT ON 1 Delay DEN output
DT_GHU DT ON 0 Delay GHU output
DT_LEV1 DT ON 172 Delay LEV1 output

EVA_P3 EV ON Evaluate P3, and run pgstop

FAN_LEV FN ON Fanout calculated level
FAN_SET FN ON Fanoutlevel set point

•
91



• MOOEf PG OFF 2 0 AUTO mode, Feed as M.V.
MOOE_M PG ON 2 0 Manual mode selector
MOOE_W PG OFF 2 0 AUTO mode, W.w. as M.V.
MOOE_T PG OFF 2 0 AUTO mode, Tailings as M.V.
PROLEV PG ON 2 0 Monitor P1 and select LEV?
PGSTOP PG OFF 2 0 Stops ww and lailings pumps
STARTUP PG ON 2 0 Startup routine
TES PG OFF 2 0 ReLLev.Position, use RATiO
TEST PG OFF 2 0 ReLLev.Position, use OERIV

PIOf PlO ON 18 PlO - Feed as M'v.
PIO_T PlO ON 18 PlO - Tailings as M.V.
PIO_W PlO ON 4 PlO - Wash Water as M.V.

FSS SS ON 4 Selector 10 link PIO/FC
LEVEQ SS ON 152 Select Level equation
TSS SS ON 4 Selector to Iink PlO/TC
WSS SS ON 4 Selector to Iink PlO/WC

•

•
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1 Database Blacks List
! Nadename: FIXCOM1 Date: 09·30-1994
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Black Type :: AI
Tag Name :: AFT

NEXT BLK :: GHU
DESCRIPTION :: Air Flawmeter
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 5
1/0 DEVICE :: OP2
HIW OPTIONS ..
1/0 ADDRESS :: B2:9
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 0
HIGH EGU L1MIT :: 5
EGUTAG :: Um
INITIALA/M STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0
LO ALARM L1MIT :: 0
HI ALARM L1MIT :: 10
HI HI ALARM L1MI:: 10
ROC ALARM L1MIT :: 0
DEAD BAND :: 0
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: AI
Tag Name :: P3

NEXT BLK :: EVA_P3
DESCR :: Ballam Press 0 -> 400 cm H20
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 7
1/0 DEVICE :: OP2
H/W OPTIONS .,
1/0 ADDRESS :: B2:2
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 450.00
EGUTAG :: cm
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Black Type :: DT
Tag Name :: DT_GHU

NEXT BLOCK :: RATIO
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 40.00
EGUTAG ..
DEAD TIME :: 40
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: DT
Tag Name :: DT_LEV1

NEXT BLOCK ..
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 200.00
EGUTAG ..

DEAD TIME :: 20
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: DT
Tag Name :: DT_DEN

NEXT BLOCK :: DERIV
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 100.00
EGUTAG ..

DEAD TIME :: 20
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: J\,)NE
SECURITY AREA 3 :: NONE

Black Type :: S5
Tag Name :: LEVEQ

NEXT BLOCK :: FAN_LEV
INPUT 2 :: LEV1.F_CV
INPUT 3 ..
INPUT 4 ..
INPUT 5 ..
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INITIAL AtM STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0.00
LO ALARM L1MIT :: 0.00
HI ALARM L1MIT :: 450.00
HI HI ALARM L1MI:: 450.00
ROC ALARM L1MIT :: 0.00
DEAD BAND :: 0.01
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: AI
Tag Name :: P2

NEXT BLK :: LEV2
DESCRI::Middle Pressure 0->200 cm H20
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 7
1/0 DEVICE :: OP2
HIW OPTIONS ..
1/0 ADDRESS :: B2:1
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 0.00
HIGH EGU LIMIT :: 160.00
EGUTAG :: cm
INITIAL A/M STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0.00
LO ALARM L1MIT :: 0.00
HI ALARM L1MIT :: 160.00
HI HI ALARM L1MI:: 160.00
ROC ALARM L1MIT :: 0.00
DEAD BAND :: 0.01
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE
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INPUT 6 ..
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 180.00
EGUTAG ..
SELECTION MODE :: INPUT1
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: SS
Tag Name :: F5S

NEXT BLOCK :: FC
INPUT 2 :: FC.F_CV
INPUT 3 ..
INPUT 4 ..
INPUT 5 ..
INPUT6 ..
LOW EGU L1MIT :: 4.00
HIGH EGU L1MIT :: 18.00
EGUTAG :: mA
SELECTION MODE :: INPUT2
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: S5
Tag Name :: WS5

NEXT BLOCK :: WC
INPUT 2 :: WC.F_CV
INPUT 3 ..
INPUT 4 ..
INPUT5 ..
INPUT6 ..
LOW EGU L1MIT :: 4.00
HIGH EGU L1MIT :: 18.00
EGUTAG :: mA
SELECTION MODE :: INPUT2
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE
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Black Type :: AI
Tag Name :: P1

NEXT BLK :: EVA_P1
DESCRIPT::Top pressure O·> 100 cm H20
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 7
1/0 DEVICE :: OP2
H/W OPTIONS ..
1/0 ADDRESS :: B2:0
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 120.00
EGUTAG :: cm
INITIAL AlM STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0.00
LO ALARM L1MIT :: 0.00
HI ALARM L1MIT :: 120.00
HI HI ALARM L1MI:: 120.00
ROC ALARM L1MIT :: 0.00
DEAD BAND :: 0.01
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: AI
Tag Name :: WFT

NEXT BLK ..
DESCRIPT::W.W.Flowrate 0->1.00 cm/sec
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 10
1/0 DEVICE :: OP2
H/W OPTIONS ..
1/0 ADDRESS :: B2:4
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 0.001
HIGH EGU L1MIT :: 10.420
EGUTAG ..
INITIAL AlM STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0.001
LO ALARM LIMIT :: 0.001
HI ALARM L1MIT :: 10.420 V
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Black Type :: SS
Tag Name :: TSS

NEXT BLOCK :: TC
INPUT 2 :: TC.F_CV
INPUT 3 ..
INPUT 4 ..
INPUT 5 ..
INPUT 6 ..
LOW EGU L1MIT :: 4.00
HIGH EGU L1MIT :: 18.00
EGUTAG :: mA
SELECTION MODE :: INPUT2
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: CA
Tag Name :: LEV1

NEXT BLOCK :: DT_LEV1
DESC:: Calculated level(1) 20 ·>180 cm
INPUT B :: P3.F_CV
INPUT C :: 315.7
INPUT D :: 0.34
INPUTE ..
INPUT F ..
INPUT G ..
INPUT H ..
OUTPUT CALCULATI:: «C-B)/D)
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 180.00
EGUTAG ..
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: CA
Tag Name :: LEV2

NEXT BLOCK :: DEN
DESCRIPTION :: Calculated level (LEV2)
INPUT B :: P3.F_CV
INPUT C :: 154.50
INPUT D :: 410.40
INPUT E :: 0.375
INPUT F :: 255.90
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HI HI ALARM L1MI:: 10.420
ROC ALARM L1MIT :: 0.000
DEAD BAND :: 0.000
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: AI
Tag Name :: FFT

NEXT BLK :: GHU2
DESCRIP:: Feed Flawrate 0 ->1.00 cmlsec
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 5
1/0 DEVICE :: OP2
H/W OPTIONS ..
1/0 ADDRESS :: B2:5
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 0.00
HIGH EGU LIMIT :: 25.39
EGU TAG :: cmls
INITIAL AtM STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0.00
LO ALARM LIMIT :: 0.00
HI ALARM L1MIT :: 25.39
HI HI ALARM L1MI:: 25.39
ROC ALARM L1MIT :: 0.00
DEAD BAND :: 0.00
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: AI
Tag Name :: SAI_LST

NEXT BLK :: FAN_LSP
DESCRIPT::Simul.analog input to set level
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 5
1/0 DEVICE :: SIM
HIW OPTIONS ..
1/0 ADDRESS :: 2
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INPUT G ..
INPUT H ..
OUT. CALC::«(B*C)-(A*D»/«B-A)-(E*F)))
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 180.00
EGU TAG ..
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3:: NONE

Black Type:: CA
Tag Name :: LEV3

NEXT BLOCK :: LEVEQ
DESCRIPTION :: Froth depth 20->180 cm
INPUT B :: P1.F_CV
INPUT C :: P2.F_CV
INPUT D :: 45.00
INPUT E :: 109.50
INPUT F :: 255.90
INPUT G :: 154.50
INPUT H ..
OUT:: «(F*C)-«A-C)*G»/«(F*B)/D)-(A-C))
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 400.00
EGUTAG ..
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: CA
Tag Name :: GHU

NEXT BLOCK :: DT_GHU
DESCRIPTION :: Gas holdup 0 -> 40
INPUT B :: 1.00
INPUT C :: P3.F_CV
INPUT D :: 100.00
INPUT E :: 255.90
INPUT F :: P2.F_CV
INPUTG ..
INPUT H ..
OUTPUT CALCULATI:: (D*(B-«C-F)/E)))
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 40.00
EGUTAG ..



•

•

•

SIGNAL CONDITION::
LOW EGU L1MIT :: 20
HIGH EGU L1MIT :: 180
EGU TAG :: cm
INITIAL A/M STAT:: MANL
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 20
LO ALARM LIMIT :: 20
HI ALARM L1MIT :: 180
HI HI ALARM L1MI:: 180
ROC ALARM L1MIT :: 0
DEAD BAND :: 0
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Block Type :: AI
Tag Name :: SALT

NEXT BLK :: PID_T
DESC::Simulated input, Underflow chain
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 7
1/0 DEVICE :: SIM
HIW OPTIONS ..
1/0 ADDRESS :: 1
SIGNAL CONDITION::
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 200.00
EGU TAG ..
INITIAL A/M STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0.00
LO ALARM LIMIT :: 0.00
HI ALARM L1MIT :: 200.00
HI HI ALARM L1MI:: 200.00
ROC ALARM L1MIT :: 0.00
DEAD BAND :: 0.50
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2:: NONE
SECURITY AREA 3 :: NONE
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ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: CA
Tag Name :: RATIO

NEXT BLOCK ..
DESCRIPTION::Ratio [Lev/ghu]-100->100
INPUT B :: DT_LEV1.F_CV
INPUT C :: GHU.F_CV
INPUT D :: LEV1.F_CV
INPUTE ..
INPUT F ..
INPUTG ..
INPUT H ..
OUTPUT CALCULATI:: «D-B)/(C-A»
LOW EGU L1MIT :: -100.00
HIGH EGU L1MIT :: 100.00
EGU TAG ..
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3:: NONE

Block Type:: CA
Tag Name :: DEN

NEXT BLOCK :: DT_DEN
DESCRIPTION :: rc - density at P2
INPUT B :: P3.F_CV
INPUT C :: P2.F_CV
INPUT D :: 410.8
INPUT E :: 154.5
INPUT F ..
INPUTG ..
INPUT H ..
OUTPUT CALC:: «(B-C)/(D-E»-(C/E»
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 100.00
EGUTAG ..
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE
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Black Type :: AI
Tag Name :: SAI_W

NEXT BLK :: PID_W
DESCRIPTION :: Simulated input, ww chain
INITIAL SCAN :: ON
SCAN TIME :: 2
SMOOTHING :: 7
1/0 DEVICE :: SIM
H/W OPTIONS ..
1/0 ADDRESS :: 0
SIGNAL CONDITION::
LOW EGU L1MIT :: 0.00
HIGH EGU LIMIT :: 200.00
EGU TAG ..
INITIAL A/M STAT:: AUTO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
LO LO ALARM L1MI:: 0.00
LO ALARM L1MIT :: 0.00
HI ALARM L1MIT :: 200.00
HI HI ALARM L1MI:: 200.00
ROC ALARM L1MIT :: 0.00
DEAD BAND :: 1.00
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: AC
Tag Name :: Fe

NEXT BLOCK ..
DESCRIPTION :: Feed Cantroller
1/0 DEVICE :: OP2
HIW OPTIONS ..
1/0 ADDRESS :: B2:11
SIGNAL CONDITION:: LIN
LOW EGU LIMIT :: 4.00
HIGH EGU LIMIT :: 20.00
EGUTAG ..
COLD START VALUE:: 4.00
OUTPUT REVERSE :: NO
LOW OPERATOR L1M:: 4.00
HIGH OPERATOR LI:: 20.00
RATE L1MIT :: 0.00
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE
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Black Type :: CA
Tag Name :: DERIV

NEXT BLOCK ..
DESCRIPTION::Deriv [Iev/den] -200->200
INPUT B :: DT_LEV1.F_CV
INPUT C :: DEN.F_CV
INPUT D :: LEV1.F_CV
INPUT E ..
INPUT F ..
INPUT G ..
INPUT H ..
OUTPUT CALCULATI:: «D-B)/(C-A»
LCW EGU L1MIT :: -200.00
HIGH EGU L1MIT :: 200.00
EGU TAG ..
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: CA
Tag Name :: GHU2

NEXTBLOCK ..
DESCRIPTION::Gashaldup h2--h1 0->100
INPUT B :: P1.F_CV
INPUT C :: P2.F_CV
INPUT D :: 109.2
INPUT E :: 100
INPUT F :: 1
INPUT G ..
INPUTH ..
OUTPUT CALCULATI:: (E*(F-«C-B)/D)))
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 400.00
EGU TAG ..
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE



DESC::Monitor P1 and toggle SS LEVEQ
INITIAL SCAN :: ON
SCAN TIME :: 2
PROG.STAT:: IF P1 > 1.00 GOTO 1
PROGRAM STATEMEN:: GOTO 0
PROG.STAT:: IF LEV1 > 125.00 GOTO 5

V PROG.STAT:: SETSEL LEVEQ INPUT1

•

•

•

Black Type:: AO
Tag Name :: TC

NEXT BLOCK ..
DESCRIPTiON :: Tailings pump 4 ->20 mA
1/0 DEVICE :: OP2
HIW OPTIONS "
1/0 ADDRESS :: B2:12
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 4.00
HIGH EGU L1MIT :: 20.00
EGUTAG ..
COLD START VALUE:: 4.00
OUTPUT REVERSE :: NO
LOW OPERATOR L1M:: 4.00
HIGH OPERATOR LI:: 20.00
RATE L1MIT :: 0.00
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: AO
Tag Name :: WC

NEXT BLOCK ..
DESCRIPTION :: Washwater controller
1/0 DEVICE :: OP2
H/W OPTIONS ..
1/0 ADDRESS :: B2:10
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 4.00
HIGH EGU LIMIT :: 20.00
EGUTAG ..
COLD START VALUE:: 4.00
OUTPUT REVERSE :: NO
LOW OPERATOR L1M:: 4.00
HIGH OPERATOR LI:: 20.00
RATE L1MIT :: 0.00
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type:: FN
Tag Name :: FAN_LEV

NEXT BLOCK :: PID_F
OUTPUT TAG A :: SAI_W.F_CV
OUTPUTTAGB ::SAI_T.F_CV
OUTPUT TAG C ..
OUTPUT TAG D ..
ALARM AREA(S) :: NONE
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: FN
Tag Name :: FAN_LSP

NEXT BLOCK ..
OUTPUT TAG A :: PID_W.F_TV1
OUTPUTTAG B :: PID_F.F_TV1
OUTPUT TAG C :: PID_T.F_TV1
OUTPUT TAG D ..
ALARM AREA(S) :: NONE
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: EV
Tag Name :: EVA_P3

NEXT BLOCK :: LEV3
TEST CONDITION 1:: VALUE < 30
TRUE CONDITION 1:: run PGSTOP
FALSE CONDITION:: ----
TEST CONDITION 2:: VALUE> 1
TRUE CONDITION 2:: ----
FALSE CONDITION :: ----
SECURITY AREA 1 :: NONE
SECURITY ARE"A 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: PG
Tag Name :: PROLEV
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Block Type :: AO
Tag Name :: AC

NEXT BLOCK "
DESCRIPTION :: Air Conlroller
1/0 DEVICE :: OP2
HIW OPTIONS ..
1/0 ADDRESS :: B2:8
SIGNAL CONDITION:: LIN
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 10.00
EGUTAG :: UM
COLD START VALUE:: 0.00
OUTPUT REVERSE :: NO
LOW OPERATOR L1M:: 0.00
HIGH OPERATOR LI:: 10.00
RATE L1MIT :: 0.00
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE

Block Type :: DO
Tag Name :: ASV (0IGO_1)

NEXT BLOCK "
DESCRIPTION :: Switch Air solenoid valve
1/0 DEVICE :: OP2
HIW OPTIONS "
1/0 ADDRESS :: Bl:0
OPEN TAG :: OPEN
CLOSE TAG :: CLOSE
COLD START VALUE:: OPEN
INVERT OUTPUT :: NO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE

Block Type :: DO
Tag Name :: MOF

NEXT BLOCK "
DESCRIPTION :: Flag 10 signal Manualop
1/0 DEVICE :: OP2
HIW OPTIONS "
1/0 ADDRESS :: Bl:l
OPEN TAG :: OPEN
COLD START VALUE:: OPEN
INVERT OUTPUT :: NO
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
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PROGRAM STATEMEN:: GOTO 2
PROG.STAT:: SETSEL LEVEQ INPUT2
PROGRAM STATEMEN:: GOTO 2
PROGRAM STATEMEN:: NUL

INITIAL AlM STAT:: AUTO
ALARM ENABLE :: ENABLE
ALARM AREA(S) :: ALL
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Block Type :: PG
Tag Name :: STARTUP

DESCRIPTION :: Slartup procedure
INITIAL SCAN :: OFF
SCAN TIME :: la
PROGRAM STAT:: WAITFOR P2 > 55
PROGRAM STATEMEN:: SETOUT AC 3
PROGRAM STATEMEN::SETOUT TC 6.5
PROGRAM STAT:: SETOUT WC 7.5
PROGRAM STAT:: SETOUT FC 9.0
PROGRAM STATEMEN:: DELAY 60
PROGRAM STAT:: STOP MODE_M
PROGRAM STATEMEN:: RUN MODE_T
PROGRAM STATEMEN:: NUL
PROGRAM STATEMEN:: NUL

INITIAL A/M STAT:: AUTO
ALARM ENABLE :: ENABLE
ALARM AREA(S) :: ALL
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Block Type :: PG
Tag Name :: TES

DESC::Monilor RATIO and loggle DIGO_l
INITIAL SCAN :: OFF
SCAN TIME :: 2
PROGRAM STATEMEN:: DELAY 120
PROG.STAT:: IF RATIO> 17.00 GOTO 5
PROG.STAT:: IF RATIO < 0.00 GOTO 5
PROGRAM STAT:: CLOSE DIGO_l
PROGRAM STATEMEN:: END
PROGRAM STAT:: OPEN DIGO_l 'if
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Block Type :: DO
Tag Name :: AOF

NEXT BlOCK ..
DESCRIPTION :: Flag to signal autom.oper.
1/0 DEVICE :: OP2
H/W OPTIONS ..
1/0 ADDRESS :: B1:2
OPEN TAG :: OPEN
CLOSE TAG :: CLOSE
COlD START VALUE:: OPEN
INVERT OUTPUT :: NO
ALARM ENABlE :: DISABlE
ALARM AREA(S) :: All
SECURITY AREA 1 :: NONE
ALARM PRIORITY :: l
SECURITY AREA 1 :: NONE

Block Type :: DO
Tag Name :: TIV

NEXT BlOCK ..
DESCRIPTION::switch Top isol. Valve
1/0 DEVICE :: OP2
H/W OPTIONS ..
1/0 ADDRESS :: B1:3
OPEN TAG :: OPEN
CLOSE TAG :: CLOSE
COlD START VALUE:: OPEN
INVERT OUTPUT :: NO
ALARM ENABLE :: DISABlE
ALARM AREA(S) :: All
SECURITY AREA 1 :: NONE

Block Type :: DO
Tag Name :: BIV

NEXT BlOCK ..
DESCRIPTION::Switch Bollom Isol.Valve
1/0 DEVICE :: OP2
H/W OPTIONS ..
1/0 ADDRESS :: B1:4
OPEN TAG :: OPEN
CLOSE TAG :: CLOSE
COlD START VALUE:: OPEN
INVERT OUTPUT :: NO
ALARM ENABlE :: DISABlE
ALARM AREA(S) :: All
SECURITY AREA 1 :: NONE
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PROGRAM STATEMEN:: END
PROGRAM STATEMEN:: NUL

INITIAL A/M STAT:: AUTO
ALARM ENABlE :: ENABLE
ALARM AREA(S) :: All
ALARM PRIORITY :: l
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE

Block Type :: PG
Tag Name :: TEST

DESC::Monitor DERIV and toggle DIGO_1
INITIAL SCAN :: OFF
SCAN TIME :: 2
PROG.STAT::IF DERIV < 0.00 GOTO 3
PROG.STATEMEN:: OPEN DIGO_1
PROGRAM STATEMEN:: END
PROGRAM STAT:: CLOSE DIGO_1
PROGRAM STATEMEN:: END
PROGRAM STATEMEN:: NUL

INITIAL A/M STAT:: AUTO
ALARM ENABlE :: ENABlE
ALARM AREA(S) :: All
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Block Type :: PG
Tag Name :: MOOE_M

DESCRIPTION :: Switch 10 MANUAl
INITIAL SCAN :: ON
SCAN TIME :: 2
PROGRAM STAT::SETSEl WSS INPUT2
PROGRAM STAT::SETSEl FSS INPUT2
PROGRAM STATEMEN:: SETSEl TSS 1
PROGRAM STATEMEN:: OPEN AOF
PROGRAM STATEMEN:: CLOSE MOF
PROGRAM STATEMEN:: GOTO a
PROGRAM STATEMEN:: NUL

INITIAL AlM STAT:: AUTO
ALARM ENABlE :: ENABlE
ALARM AREA(S) :: All
ALARM PRIORITY :: l
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE
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Black Type :: PlO
Tag Name :: PIO_W

NEXT BLOCK :: WSS
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 180.00
EGU TAG :: cm
LOW OUTPUT L1MIT:: 4.00
HIGH OUTPUT L1MI:: 18.00
OUTPUT EGU TAG :: mA
INITIAL AtM STAT:: AUTO
TRANSFER STATUS:: TRACK
FEEDBACK TAG ::
REVERSE OUTPUT :: YES
PROPORTIONAL BAN:: 150.00
INTEGRAL TIME :: 1.50
DERIVATIVE TIME :: 0.05
LOW SETPOINT CLA:: 3.27
HIGH SETPOINT CL:: 168.00
SETPOINT TAG :: 100.00
DEAD BAND VALUE:: 0.10
DEVIATION VALUE :: 0.00
GAP ACTION :: 0.00
ALPHA-RATE FACTO:: 0.00
BETA-PBANO FACTO:: 1.00
GAMMA-RESET FACT:: 1.00
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3:: NONE

Black Type :: PlO
Tag Name :: PIO_F

NEXT BLOCK :: FSS
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 180.00
EGUTAG :: cm
LOW OUTPUT L1MIT:: 4.00
HIGH OUTPUT L1MI:: 18.00
OUTPUT EGU TAG :: mA
INITIALAIM STAT:: AUTO
TRANSFER STATUS:: BALANCE
FEEOBACK TAG ::
REVERSE OUTPUT :: YES
PROPORTIONAL BAN:: 180.00
INTEGRAL TIME :: 1.20
DERIVATIVE TIME :: 0.05
LOW SETPOINT CLA:: 3.27 '0/

Black Type :: PG
Tag Name :: MODE_F

DESCRIPT :: AUTO mode M.V. Feed
INITIAL SCAN :: OFF
SCAN TIME :: 2
PROG.STAT::SETSEl WSS INPUT2
PROG.STAT::SETSEL TSS INPUT2
PROG.STAT::SETSEL FSS INPUT1
PROGRAM STATEMEN:: OPEN MOF
PROGRAM STATEMEN:: CLOSE AOF
PROGRAM STATEMEN:: GOTO a
PROGRAM STATEMEN:: NUL

INITIAL AtM STAT:: AUTO
ALARM ENABLE :: ENABLE
ALARM AREA(S) :: ALL
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Black Type :: PG
Tag Name :: MOOE_W

DESC :: AUTO made M.V. Wash Water
INITIAL SCAN :: OFF
SCAN TIME :: 2
PROG.STAT::SETSEL FSS INPUT2
PROG.STAT::SETSEL TSS INPUT2
PROG.STAT::SETSEL WSS INPUT1
PROGRAM STATEMEN:: OPEN MOF
PROGRAM STATEMEN:: CLOSE AOF
PROGRAM STATEMEN:: GOTO a
PROGRAM STATEMEN:: NUL

INITIAL AtM STAT:: AUTO
ALARM ENABLE :: ENABLE
ALARM AREA(S) :: ALL
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE
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HIGH SETPOINT CL:: 168.00
SETPOINT TAG :: 100.00
DEAD BAND VALUE:: 0.10
DEVIATION VALUE:: 0.00
GAP ACTiON :: 0.00
ALPHA-RATE FACTO:: 0.00
BETA-PBAND FACTO:: 1.00
GAMMA-RESET FACT:: 1.00
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Block Type :: PlO
Tag Name :: PIO_T

NEXT BLOCK :: TSS
LOW EGU L1MIT :: 0.00
HIGH EGU L1MIT :: 180.00
EGUTAG ::cm
LOW OUTPUT L1MIT:: 4.00
HIGH OUTPUT L1MI:: 18.00
OUTPUT EGU TAG :: mA
INITIAL AtM STAT:: AUTO
TRANSFER STATUS:: TRACK
FEEDBACK TAG ::
REVERSE OUTPUT :: NO
PROPORTIONAL BAN:: 150.00
INTEGRAL TIME :: 1.50
DERIVATIVE TIME :: 0.05
LOW SETPOINT CLA:: 3.27
HIGH SETPOINT CL:: 168.00
SETPOINT TAG :: 100.00
DEAD BAND VALUE :: 0.10
DEVIATION VALUE :: 0.00
GAP ACTION :: 0.00
ALPHA-RATE FACTO:: 0.00
BETA-PBAND FACTO:: 1.00
GAMMA-RESET FACT:: 1.00
ALARM ENABLE :: DISABLE
ALARM AREA(S) :: ALL
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE
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Block Type :: PG
Tag Name :: MOOE_T

DESCRIP::AUTO mode M.V. Underflow
INITIAL SCAN :: OFF
SCAN TIME :: 2
PROG.STAT::SETSEL WSS INPUT2
PROG.STAT::SETSEL FSS INPUT2
PROG.STAT::SETSEL TSS INPUT1
PROGRAM STATEMEN:: OPEN MOF
PROGRAM STATEMEN:: CLOSE AOF
PROGRAM STATEMEN:: GOTO 0
PROGRAM STATEMEN:: NUL

INITIAL AtM STAT:: AUTO
ALARM ENABLE :: ENABLE
ALARM AREA(S) :: ALL
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE
SECURITY AREA 3 :: NONE

Block Type:: PG
Tag Name :: PGSTOP

DESCRIPT::Stop pumps according to P3
INITIAL SCAN :: OFF
SCAN TIME :: 2
PROGRAM STATEMEN:: SETOUT TC 4
PROGRAM STATEMEN::SETOUT WC 4
PROGRAM STATEMEN:: END
PROGRAM STATEMEN:: NUL
PROGRAM STATEMEN:: NUL
PROGRAM STATEMEN:: NUL
PROGRAM STATEMEN:: NUL

INITIAL AlM STAT:: AUTO
ALARM ENABLE :: ENABLE
ALARM AREA(S) :: ALL
ALARM PRIORITY :: L
SECURITY AREA 1 :: NONE
SECURITY AREA 2 :: NONE

!----------------------------- End of Block List -----



APPENDIX 2

DESCRIPTION OF ELEMENTS IN THE SCREEN CONTROL LAVOUT

The schematic representation of the process in the control terminal, includes the lè.lllowing

elements:

1. Windows linked to output blocks

Are represented by yeltow rectangles, placed below the

corresponding instrument or equipment, they are Iinked with: 3 pumps, which control the

washwater, fecd and underflow streams, and a control valve which contraIs the air tlowratc.

Through this elements we can set the values ofthis variables, in the range of4 to 20

mA, for the pumps, and from 0 to 5 volts, for the air contra11er, which is equivalent to I/min

reduced to standard conditions.

When a given pump controller window, is linked to the output of a PlO blm:k, in

automatic mode, it is not possible to write values in this window.

2. Input points

1111#.#11 111111.1111

The elements linked to input blocks, are used to

read values from the instruments, this are represented

by smalt grey circles, coded as FT (flow transmitters) for the tlowmeters, and as PI, P2 and

P3 for the pressure transducers. There is no special windows for these values, they appear

directly beside the instrument representation in the screen. The air flowrate unit is I/min, ail

other streams are in cm/sec. The readings from the pressure gages are in cm of l-hO.
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4. Level set point

3. Calculated values

Two white windows labelled as Leve) and Gas holdup are

linked to the calculation blocks LEv3 and GHU of the database,

which display the calculated level (with 3 Pressure transducers),

and the gas holdup of the column section between P2 and P3.

[
--E-~---'-----~li .... '!

, 1L ,
The window created to input the level LEVEt SET l'OINT

set point, is represented by a white rectangle with a blue frame.

The value written here is send in paraUel to the three PlOts configured in the database.

5. Pushbuttons

These are grey rectangles as those

represented in this picture, which perform the

tblIowing tasks:

, ,
• • •

5.1 FLOWRATE, PRESSURE and LEVTEST

When actuated by c1icking with the mouse, they wî11 display data trend diagrams

which inc1ude curves of flowrates, calculated level, gas holdup, pressure, and so on. The

LEVTEST gives information on relative true interface position as compared with P2

position.

5.2 VALVES

Displays a picture created to actuate the isolating valves and the main air Hne,
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opening and closing solenoid valves, the elements are linked to the digital output blocb:

TlV, BIV and SV_A

5.3 HISTOeOLL

Run fix-dmacs task programs: He (historical collection) and HD (historical displayl.

Using this option we can start collection and display data, according to preset tbrmats.

5.4 STOP and RESET

Execute a program used to stop an experiment or to continue using the last sellings.

5.5 LEVEL TEST and RESET

Run short programs to induce a step in the level and read data after a given delay, to

recognize if the true level is above or below P2. The reset option, replace the levcl at the

initial position.

5.6 MANUAL, AUTO], AUTO_T and AUTO_W

Run programs to set the operation in manual or automatic mode. The automatic

options are set to use alternatively the tailings, washwater or tèed streams as manipulaled

variables.
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