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PROCESS CONTROL LAB
LAB MANUAL

For Temperature Control Trainer
List of Experiments:-
1. To study Tuningofcontroller (Using Auto Tuning method)
2. Studyofopenloopresponse (Manual control)
3. Study of on/off controller
4. Study of proportional controller
5. Studyof proportional integral controller
6
7
8
9.
1

. Study of proportional derivative controller
. Tuningof controller (Open loop method)
. Tuningof controller (Closed loop method)
To study Tuningof controller (Using Auto Tuning method)
0. Study of stability of the system (Bode plot)

For Pressure Control Trainer

List of experiments:-

1. To study of open loop response (manual control)
2. To study of on/off controller.

3. To study of proportional controller

4. To study of proportional integral controller
5. To study of proportional derivative controller
6

7

8

9.

1

. To study of proportional integral derivative controller
. To tuning of controller (open loop method)
. To tuning of controller (closed loop method)
To tuning of controller (using auto tuning method)
0. To study stability of the system (Bode plot)

For Level Control Trainer

List of experiments:-

1. To study of open loop response (manual control)
2. To study of on/off controller.

3. To study of proportional controller

4. To study of proportional integral controller
5. To study of proportional derivative controller
6

7

8

9.

1

. To study of proportional integral derivative controller
. To tuning of controller (open loop method)
. To tuning of controller (closed loop method)
To tuning of controller (using auto tuning method)
0. To study stability of the system (Bode plot)
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Temperature Control Trainer

1. Aim of the experiment:-
Study of open loop response (Manual control)

Apparatus required:-
Temperature Control Trainer

Theory: - :- Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.
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Procedure
[1 Startup set up as explained in general instructions.
Click Select Experiment, select Open Loop and click Start

Decrease the controller output to 0%. Note down steady state process value.

O 0O .o

Applythestep changeby 10%tocontroller outputand wait forthe temperatureto reach
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the steady state value. Note down the process value.

[1 Repeattheabovestepuntilthecontrolleroutputreachestomaximumi.e.100%andfor
each change, note steady state process value.

Observations

Tabulate the observations as follows

Controller output in % Process Value in °C
0
10
20

100

[1 Fromtheabovedata, notethe outputrequired formaintainingthetemperatureatdesired

set points.

2. AIM OF THE EXPERIMENT:-
Study of on/off controller

Apparatus required:-
Temperature Control Trainer

THEORY: - :- Temperature control trainer is designed for understanding the basic temperature
control principles. The process setup consists of heating tank fitted with SSR controlled heater for
on-line heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.
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Procedure:-

ting Tank

Drain

[1 Startup set up as explained in general instructions.
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Click Select Experiment, select On-Off Mode and click Start
Change Hysteresis value to 1 %.( Range 0.1-10%)

Change the values of the set point and observe the On-Off control operation.
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Observations
Observethatif process value exceedsthe set pointand increases than the value of (0.5x
Hysteresis), controller switches off the SSR and if process value decreases below the set point by

(0.5x Hysteresis), SSR switches on i.e. controller operates like On/Off switch.
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3. Aim of the experiment:-
Study of proportional controller

Apparatus required:-
Temp. Control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.

Solid State Relay

Electric Supply Set Point
RIS Temperature
Controller
1
|
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i
Temperature Sensor
>
Water Supply
Heater ﬁating Tank
Drain
Procedure

[1 Startup set up as explained in general instructions.

[ Click Select Experiment, select P Mode and click Start

[ Keepthesetpointto40%. (Setpointshould be 10% morethan inletwater temperature)
Changeoutputmodeto Manual. Adjustoutputvaluesoastomatchtheprocessvaluewith
setpointandapplythisoutputvalueashbiasvaluetothecontroller. Adjustthe proportional
band to 50%.
Switch the controller to Auto mode.

[ Applystep changetosetpoint, step change should be of 2to 3% and observe the response.

6



Department of Chemical Engineering, Veer Surendra Sai University of Technology Burla

(1 Switchthecontrollerto Manual mode. Decrease proportional bandto halfofthe previous
value &thenshiftcontrollerto Automode. Witheach decrease, obtainanew response of
the step change. Ensure that the set point changes are around the same operating point (@ 2-
3% only).

1 Usingtrialanderrorapproach, findavalueofproportionalbandsothattheresponsetoa
step change has at most one overshoot and one undershoot.

1 Setthecontroller to the settings obtained in the above step and wait for the systemto reach at

steadystate.

APEX INNOVATION PVT LTD.
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Observations
[ Observe steady state error decreases as proportional band decreases.

[J Observetheeffectof very low proportional band values (systemworks inoscillatory mode).
[1 Observethe response of the system to load change. Load change can be given by slightly

varying the inlet flow rate.
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4. Aim of the experiment:

To Study of proportional integral controller
Apparatus required:-

Temp control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.

Solid State Relay

Electric Supply Set Point

Rotameter
Temperature

Controller

Temperature Sensor

I:I>

Water Supply

Heater lﬁ}ating Tank

Drain

Procedure

[1 Startup set up as explained in general instructions.

1 Click Select Experiment, select PI Mode and click Start

[ Adjusttheprocessvaluebychangingtheoutputofcontrollerinmanual modetoaparticular
temperature (set point=40%).

1 Set the proportional band estimated from Proportional control (from previous experiment).
Startwithderivative time=0and integral time=1000sec., whichwill cutoffthe derivative
action and widen the effect of integral action.

(1 Allow the process to reach at steady state. Record the steady state error.

8
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(1 Switchonthecontrollertomanual mode. Reducethe integral timeto halfofthe previous
value. Switchto Auto mode and apply step change to the set point by 2to 3%. Note the
response of thesystem.

(1 Usingtrialanderror,findoutanintegraltime, whichgivessatisfactoryresponsetothestep

change in setpoint.

APEX INNOVATION PYVT. LTD
TENE FRATURE CONTROL TRANER (11A)

Observations

[1 Observe the effect of reducing integral time on offset and on the response of the process.
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5. Aim of the experiment:-

To Study of proportional derivative controller
Apparatus required:-

Temp control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to

the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.
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Temperature

Controller
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Procedure

[] Startup set up as explained in general instructions.

1 Click Select Experiment, select PD Mode and click Start

1 Set the proportional band estimated from Proportional control (P only). Start with derivative
time=0and integral time=6000 sec., whichwill cut offthe derivative actionand widenthe
effect of integralaction.

(] Setthe set point to desired temperature (@40%). Allow the process to reach at steady state.
10
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Note the response of the system.

(1 Switchonthecontrollertomanualmode. Increasethederivativetimeby1sec. Switchto
Automodeand apply step change tothe set pointby 2 to 3%. Note the response of the
system.

1 Increasethe derivative time gradually and observe the process response for step change.

APEX INNOVATION PVTLTD
TENS ERATURE CONTROL TRANER (211A)

Exparmmant Seleetien

Observations
1 Observe the effect of increasing derivative time. Also note that the process may show offset

as effect of integral action is cut off.

11
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6. Aim of the experiment:-

To Study of proportional integral derivative controller
Apparatus required:-

Temperature control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.
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12



Department of Chemical Engineering, Veer Surendra Sai University of Technology Burla

Procedure

[1 Startup set up as explained in general instructions.

(1 Click Select Experiment, select PID mode and click Start

1 Switch the controller to manual mode.

1 Change the proportional band to the value that estimated in proportional controller. Set
integral time and derivative time based onthe responses inprevious experiments.

(1 Changethecontrollerto Automode. Applystepchangeby2to3%tothesetpointand
observe the response of the process.

[1 Change the proportional band, integral time, derivative time and observe the response of

the process for step change for each change in setting.

APEX INNOVATION PVT_LTD.
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Observations

[1 Compare the steady state response of the PID controller with P, Pl and PD controller

obtained in the previous experiments.

13
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7. Aim of the experiment:-

To study Tuning of controller (Open loop method)
Apparatus required:-

Temp.control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.
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Procedure

[1 Startup set up as explained in general instructions.

Click Select Experiment, select Process Reactionand click Start
Adjust the controller output and bring the process near set point of 40%.

Allow the system to reach steady state. Start data logging.

O O O O

Withthecontrollerstillinmanualmodeimposeastep change 0f30-40%in

controller output. Record the step response. Wait for the steady state. Stop data

logging.

(1 Plotthe step response (Process reaction curve) from stored data. Find out the value of slope at
the point of inflection and time lag.

(1 Calculate P I D settings for different modes.

(1 SelectPIDModeoptionforcontrol fromsoftware. (Clickon*“Change Expt.” Button, click
on “Change”, Click on “PID Mode” button.) Switch on the controller to manual mode and
Keep the set point to 40%. Adjust output value so as to match the process value to set
point.

1 Setthe PID values obtained from the calculations. Switch on the controller to Auto mode.
Applythestepchange & observetheresponseofthesystem. Allowthesystemtoreach
steady state.

Observations

(Refer Theory process control for formula.)

[1 Step change to the system [ P = Initial output- Final output of the controller.

[1 Plot the graph of process value Vs Time on a graph paper.

(1 From process reactioncurve:

0 Slope of the process reaction curve R =
0 TimelaglL=
[ Calculate P, PI, and PID setting from above values.

[1 Observe response of the system for different PID settings.

15
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8. Aim of the experiment:-

To study Tuning of controller (Closed loop method)
Apparatus required:-

Temp. Control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.
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Procedure

[1 Startup set up as explained in general instructions.

[ Click Select Experiment, select Close Loop and click Start

] Setthe proportional band value to maximum (Say 100). Set the controller to manual mode
and adjust the output so that the process is nearly at set point 40%.

(1 Setcontrollertoautomodeand impose step onthe process by movingthe setpointfora
fewseconds &thenreturntoitsoriginal value (orapply the step change tothe set point of

2%). Wait for some time & observe the response.

17-04-2017 16 Im314A
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1 Decrease the proportional band to the half of previous and impose step on the process as
mentioned above. Wait for some time & observe the response.

[1 Repeattheaboveprocedureandfindoutcorrectvalue of proportional bandforwhichthe
system just goes unstable i.e. continuous oscillations are observed in the output of
controller.

[1 Record the ultimate proportional band and ultimate period from the response.

(1 CalculatethePIDvaluesfromthetable.Selectthe PID controllerandapplythe parameter
values obtained from the above steps. Observe the response of the process to a step change

with these settings.

APEX INNOVATION PVT_LTD

TENE ERATURE CONTROL TRANER (311A) VSIS Sy

Conmotar and P addrans
e N

Observations
[1 Record the ultimate proportional band (Pbu) and ultimate period (Tu) from above
experiment.

[1 Calculate PID values by referring theory part for different control actions.
[1 Observe the process response for these settings.

Compare the values obtained with open loop response me

17-04-2017 17 Im314A
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9. Aim of the experiment:-
To study Tuningof controller (Using Auto Tuning method)

Apparatus required:-
Temperature control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to
the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.

Solid State Relay

Electric Supply Set Point

Rotameter -
Temperature

Controller

Temperature Sensor

T

Water Supply

Heater Zﬁéating Tank
Drain

The controller can be connected to computer through Ethernet port for monitoring

the process in SCADA mode.

17-04-2017 18 Im314A
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Procedure:-
1 Startup set up as explained in general instructions.
Click Select Experiment, select Autotune and click Start

Wait Till Auto tune is complete. (Blinking of green LED stops).
Controller automatically finds the PB, IT & DT values.

O O O o

Find out PID values at different set points /flow rates.

APEX INNOVATION PVT LTD
TENPERATURE CONTROL TRAINER (211A)

Observations

(1 The controller has preprogrammed logic for finding “Auto tune” values. Based on the

response of the process the controller calculates PID values or comes out without finding the

“Auto tune” values.

17-04-2017 19 Im314A
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10. Aim of the experiment:-
Study of stability of the system (Bode plot)
Apparatus required:-

Temp control trainer

Theory: - Temperature control trainer is designed for understanding the basic temperature control
principles. The process setup consists of heating tank fitted with SSR controlled heater for on-line
heating of the water. The flow of water can be manipulated and measured by rotameter.
Temperature sensor (RTD) is used for temperature sensing. The process parameter (Temperature) is
controlled by microprocessor based digital indicating controller which manipulates heat input to

the process. These units along with necessary piping and fitting are mounted on support frame

designed for tabletop mounting.

Solid State Relay

Electric Supply Set

Rota meter -
Temperature

Controller
|
|
|
Temperature Sensor 1
>
Water Supply
<
Heater ﬁzating Tank
Drain
The controller can be connected to computer through Ethernet port for monitoring

the process in SCADA mode.

Procedure

[1 Startup set up as explained in general instructions.

[ Click Select Experiment, select Stability analysisand click Start

17-04-2017 20 Im314A
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O O O O 0O

Enter Reference point, Amplitude and Period.

Log the data for records.

Select function generator to apply the sinusoidal input to the output of the controller.

Observe the sinusoidal output of the controller and sinusoidal response of the process.

Changethe period and repeat the observation for 3-4 different values of the period.

Note: As the temperature process is very slow responsive, the amplitude and period for the

sinusoidal input should be large enough to observe response.

-“:-l‘ T Conwoter snd P addrans Eyparmmant Beleetian
{
5 F e S L R R Sty Arawne w |
o LA
Pt Mo Mabn Wbty imie | exetead Havemy
Procant Partmatare Data Frocaning
LAl a LA " o . AN Yot Ly
e
LAY " Ll - Mile " N
s s
0, v
M
m! / P X h
! Low L r | / . —
alf e AT "
¥ N N
nl al -
u‘ |
an " b " 0 1 ) »
Tham

Observations

1 Form the data file stored note down the
1 Observe the output response of the process and note down the output amplitude. Measure
outputwaveperiodandnotedownas T sec. Measurethe phase lagxandnotedowninsec.
Obs. Input Output Output Period | Lag X | Frequency
No. amplitude amplitude T in sec In sec
Al % A2 %
Calculations
1 Calculateforeachobservation
MagnituderatioasM =
A2/Al Phase angle = (X/T)
x 360 Frequency=1/T
cycles/sec.
17-04-2017 21 Im314A
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(1 Draw the graphsof:
Magnitude Vs frequency on log - log scale
Phase angle Vs frequency on semi-log coordinates.

(1 Study the graph for stability conditions mentioned in theo

FOR PRESSURE CONTROL TRAINER

1. Aim of experiment:-
To Study of open loop response (Manual control)

Apparatus Required:-
Pressure control Trainer I/P Converter

Theory: - Pressure control trainer is

designed for understanding the basic

set up consists of pressure vessel fitted with

Supply Signal
Pressure Pressure

|
|
|
|
|
|
principles of pressure control. The process I
|
|
I
|
I
|

pneumatic control valve. Pressure
transmitter is used for pressure sensing. A\ _J¥ T,
The process parameter (Pressure) is i Set Point

controlled by microprocessor based digital Tl
Pressure

indicating controller which manipulates

. . Pressure
pneumatic control valve fitted at 4®r
ransmitter

tValv

Outlet of pressure tank outlet through 1/P

converter. These unitsalong with necessary
piping are fitted on support housing designed Sy : izl e
for tabletop mounting.

The controller can be connected to computer

through Ethernet port for monitoring

the process in SCADA mode.

Procedure:-
Start up set up as explained in general instructions.

[0 Click Select Experiment, select Open Loop and click Start

1 Close the control valve by increasing the controller output to 100%. Note down steady state

17-04-2017 22 Im314A
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process value.

11 Applythestepchangeby10%tocontrolleroutputandwaitforthe processvaluetoreach the
steady state value. Note down the process value.

[ Repeat the above step until the controller output reaches to minimum 0%.

Observations

Tabulate the observations as follows

Controller output in % Process Value in %
100

90
80

[ Fromtheabovedata, notetheoutputrequired formaintainingtheprocessatdesiredset
points. (For particular vent valve opening).
[0 Settheoutputofthecontrollertothe noted valueandatsteady state applythe load change tothe

process. Load change canbegivenbyslightlyvaryingtheventvalve. Observenew steady state
processvalue.

17-04-2017 23 Im314A
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2. Aim of the experiment:-
To Study of on/off controller

Apparatus required:-
Pressure control trainer

Theory: - Pressure control trainer is
designed for understanding the basic I/P Converter
principles of pressure control. The process

set up consists of pressure vessel fitted with

pneumatic control valve. Pressure

transmitter is used for pressure sensing.
Supply Signal

The process parameter (Pressure) is E

controlled by microprocessor based digital ~  { Je————mmmen

|

e . : |
indicating controller which manipulates  set Point |
. . |
pneumatic control valve fitted at .- |
|

Outlet of pressure tank outlet through 1/P Pressure |
|

converter. These unitsalong with necessary
piping are fitted on support housing designed

for tabletop mounting.

The controller can be connected to computer , ControlValve
through Ethernet port for monitoring

the process in SCADA mode.

Procedure:-

Start up set up as explained in general instructions.
Click Select Experiment, select On-Off Mode and click Start
Change Hysteresis value to 1 %.( Range 0.1-10%)

Change the values of the set point and observe the On-Off control operation.

17-04-2017 24 Im314A
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Observations
1 Observethatif process value exceeds the set pointand increases above the value of (0.5x

Hysteresis), control valve is full openand if process value decreases below the set point by (0.5

X Hysteresis), the control valve closes fully i.e. controller operates like On/Off switch.

17-04-2017 25 Im314A
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3. Aim of the experiment:-
Study of proportional controller
Apparatus required:-
Pressure control trainer

Theory: - - Pressure control trainer is

designed for understanding the basic

I/P Converter

principles of pressure control. The process
set up consists of pressure vessel fitted with

pneumatic control valve. Pressure

transmitter is used for pressure sensing.

The process parameter (Pressure) is Supply Signal

controlled by microprocessor based digital P (A

indicating controller which manipulates
pneumatic control valve fitted at

Outlet of pressure tank outlet through 1/P

converter. These unitsalong with necessary
piping are fitted on support housing designed

for tabletop mounting.

The controller can be connected to computer

ControlValve

through Ethernet port for monitoring Supply
the process in SCADA mode.

Procedure:-

Start up set up as explained in general

instructions.

Click Select Experiment, select P Mode and click Start

Keepthesetpointto60%. Change outputmodetoManual. Adjustoutputvaluesoasto
matchthe processvalue withsetpointandapplythisoutputvalueasbiasvaluetothe
controller. Adjust the proportional band to 50%.

Switch the controller to Auto mode.

Apply step change of 10% to set point and observe the response.
Switchthecontrollerto Manual mode. Decrease proportional bandto half of the previous

value & thenshiftcontrollerto Automode. Witheach decrease, obtainanew response of the

17-04-2017 26 Im314A
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step change. Ensure that the set point changes are around the same operating point (@ 5-10%
only).

Usingtrialanderrorapproach, findavalue of proportional bandsothattheresponsetoa step
change has at most one overshoot and one undershoot.

Setthecontrollertothesettings obtained inthe above stepandwait forthesystemtoreach at

o
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Observations

Observe steady state error decreases as proportional band decreases.

Observe the effect of very low proportional band values (system works in oscillatory mode).
Observetheresponse of the system at load change. Load change can be given by slightly
manipulating the vent valve of the tank.

Study of proportional integral controller

17-04-2017 27 Im314A
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4. Aim of the experiment:-

Study of proportional integral controller
Apparatus required:-

Pressure control trainer

I/P Converter

Theory: - Pressure control trainer is
designed for understanding the basic

principles of pressure control. The process

pneumatic control valve. Pressure
Supply Signal

Pressure Pressure

I
I
|
|
|
set up consists of pressure vessel fitted with }
|
|
I
transmitter is used for pressure sensing. :

|

e ———

The process parameter (Pressure) is ;

controlled by microprocessor based digital

indicating controller which manipulates | Set Point

Pressure

Outlet of pressure tank outlet through 1/P

Pressure

|
|
i
pneumatic control valve fitted at Tank I
|
|
|

converter. These unitsalong with necessary
piping are fitted on support housing designed
for tabletop mounting.

The controller can be connected to computer
through Ethernet port for monitoring N B Clamiel e
the process in SCADA mode. el

Procedure:-

Start up set up as explained in general

instructions.

Click Select Experiment, select PI Mode and click Start

Adjustthe processvaluebychangingtheoutputofcontrollerinmanualmodetoaparticular
pressure (set point=60%).

Set the proportional band estimated from Proportional control (from previous experiment).
Startwith derivative time=0and integral time=1000 sec., whichwill cut offthe derivative
action and widen the effect of integral action.

Set the set pointto desired pressure (@60%). Allow the process to reach at steady state.

Record the steady state error.
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(1 Switchonthecontrollertomanual mode. Reducethe integral timeto halfofthe previous
value. Switch to Auto mode and apply step changeto the set pointby 2to 3%. Note the
response of thesystem.

1 Usingtrialanderror, findoutanintegraltime, whichgivessatisfactoryresponsetothestep
change in setpoint.

[ Forvbors b Tonmor (124

APEX INNOYATION PYT.LTD
FRESELNIE CONTROC TRANER [3144)

Observations

1 Observethe effect of reducing integral time on offset and on the response of the process.
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5. Aim of the experiment:-

Study of proportional derivative controller
Apparatus required:-

Pressure control trainer

Theory: - Pressure control trainer is I/P Converter
designed for understanding the basic
principles of pressure control. The process

set up consists of pressure vessel fitted with

pneumatic control valve. Pressure

transmitter is used for pressure sensing.

Supply Signal
Pressure Pressure

The process parameter (Pressure) is

controlled by microprocessor based digital Q __________
indicating controller which manipulates

| .
. . 1 Set Point
pneumatic control valve fitted at

Outlet of pressure tank outlet through 1/P

Pressure

converter. These unitsalong with necessary

|
|
|
|
|
Tank I
[
I
|

Pressure

piping are fitted on support housing designed
for tabletop mounting.

The controller can be connected to computer

through Ethernet port for monitoring

. Nir DrmemceTanl ControlValve
the process in SCADA mode. Supply
Procedure:-

Start up set up as explained in general

instructions.

Click Select Experiment, select PD Mode and click Start

Select PD controller. Set the proportional band estimated from Proportional control (P only).
Startwith derivativetime=0and integral time=6000 sec., whichwill cut off the derivative
action and widen the effect of integral action.

Set the set pointto desired pressure (@60%). Allow the process to reach at steady state. Note
the response of the system.

Switchonthecontrollertomanualmode. Increasethederivativetimeby1sec. Switchto

Automodeandapply step changetothe setpointby 2 to 3%. Note the response ofthe

17-04-2017 30 Im314A



Department of Chemical Engineering, Veer Surendra Sai University of Technology Burla

system.

1 Increasethe derivative time gradually and observe the process response for step change.

I rrmeen Comtot Ty (2308 - o X
ATION EVT. LTS

ROL TRAINER D 14A)

1 P% WS % ME M

Observations
1 Observe the effect of increasing derivative time. Also note that the process may show offset as

effect of integral action is cut off.
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6. Aim of the experiment:-

Studyof proportional integral derivative controller
Apparatus required:-

Pressure control trainer

Theory: - Pressure control trainer is

I/P Converter

designed for understanding the basic
principles of pressure control. The process

set up consists of pressure vessel fitted with

transmitter is used for pressure sensing.
Supply Signal

Pressure Pressure

|
|
|
|
_ |
pneumatic control valve. Pressure }
|
|
The process parameter (Pressure) is :

|

e ———

controlled by microprocessor based digital
indicating controller which manipulates Q

pneumatic control valve fitted at | Set Point

Pressure

converter. These unitsalong with necessary

Pressure

|

|

|

Outlet of pressure tank outlet through 1/P Tank i
|

|

piping are fitted on support housing designed
for tabletop mounting.

The controller can be connected to computer
through Ethernet port for monitoring

ControlValve

the process in SCADA mode.

ANir DraraccTanl
Supply
Procedure:-

Start up set up as explained in general

instructions.

Click Select Experiment, select PID mode and click Start

Switch the controller to manual mode.

Change the proportional band to the value that estimated in proportional controller. Set
integral time and derivative time based onthe responses in previous experiments.
Changethecontrollerto Automode. Applystepchangeby2to 3%tothesetpointand
observe the response of the process.

Change the proportional band, integral time, derivative time and observe the response of the

process for step change for each change in setting.
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APEX INNOVATONPVT.LTD

FRESSUNRE COMNTROL TRAISEN (3344}

Tow Tows | 9% WA % WN | N

Observations

[1 Compare the steady state response of the PID controller with P, Pl and PD controller

obtained in the previous experiments.
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7. Aim of the experiment:-
Tuning of controller (Open loop method)

Apparatus required:-
Pressure control trainer

Theory: - Pressure control trainer is
designed for understanding the basic I/P Converter
principles of pressure control. The process

set up consists of pressure vessel fitted with

pneumatic control valve. Pressure

transmitter is used for pressure sensing.

The process parameter (Pressure) is

Supply Signal
Pressure Pressure

controlled by microprocessor based digital

indicating controller which manipulates Q __________
pneumatic control valve fitted at

| Set Point
Outlet of pressure tank outlet through 1/P

converter. These unitsalong with necessary

Pressure

piping are fitted on support housing designed Pressure

|
|
|
|
|
Tank I
|
i
|

for tabletop mounting.
The controller can be connected to computer
through Ethernet port for monitoring

the process in SCADA mode.

) ControlValve
ANir DraraccTanl

Procedure:- Supply
Start up set up as explained in general

instructions.

Click Select Experiment, select Process Reaction and click Start

Adjust controller output, so that the process value is maintained at 60%.

Start datalogging.

Withthecontrollerstillinmanual modeimposeastepchangeapplya20-30%changeto
controlleroutput. (Openthecontrolvalve) Recordthestepresponse. Waitforthe steady
state.

Stop datalogging.

Plot the step response (Process reaction curve) from stored data. Find out the value of slope at the
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point of inflection and time lag.

Calculate P I D settings for different modes.

Select PID Mode option for control from software. (Click on “Change Expt.” Button, clickon
“Change”, Click on “PID Mode” button.) Switch on the controller to manual mode and Keep
the set pointto 60%. Adjust output value so as to match the process value to set point.

Set the PID values obtained from the calculations. Switch on the controller to Auto mode.
Applythestepchange &observetheresponseofthesystem. Allowthesystemtoreach

steady state.

Observations:-

(Refer Theory process control for formula.)

Step change to the system P = Initial output - Final output of the controller.

Plot the graph of process value Vs Time on a graph paper.

From process reactioncurve:

Slope of the process reaction curve R= Time

lagL=

U
0

Calculate P, PI, and PID setting from above values.

Observe response of the system for different PID settings.
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8. Aim of the experiment:-
To study the Tuning of controller (Closed loop method)

Apparatus required:-
Pressure control trainer

Theory: - Pressure control trainer is

designed for understanding the basic

I/P Converter

principles of pressure control. The process
set up consists of pressure vessel fitted with

pneumatic control valve. Pressure

The process parameter (Pressure) is
Supply Signal

Pressure Pressure

|
I
|
i
transmitter is used for pressure sensing. I
|
|
controlled by microprocessor based digital I

|

indicating controller which manipulates

pneumatic control valve fitted at Q* """"""

Outlet of pressure tank outlet through 1/P | Set Point
Pressure

piping are fitted on support housing designed

|
|
|
|
converter. These units along with necessary Tank |
|
|
|
I Pressure

for tabletop mounting.

The controller can be connected to computer
through Ethernet port for monitoring
the process in SCADA mode.

Procedure:- ControlValve

Nir DraraccTanl

: . Suppl
Start up set up as explained in general ey

instructions.

Click Select Experiment, select Close Loop and click Start

Set the proportional band value to maximum (Say 100). Set the controller to manual mode and
adjust the output so that the process is nearly at set point (60%).
Setcontrollertoautomode and impose step onthe process by movingthe setpointfora few
seconds &thenreturntoitsoriginal value (orapplythe stepchangetothe set point of 5%).
Wait for some time & observe the response.

Decrease the proportional band to the half of previous and impose step on the process as

mentioned above. Wait for some time & observe the response.
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] Repeattheaboveprocedureandfindoutcorrectvalue of proportional band forwhichthe
system just goes unstable i.e. continuous oscillations are observed in the output of
controller.

[0 Record the ultimate proportional band and ultimate period from the response.

[1 CalculatethePIDvaluesfromthetable. Selectthe PID controllerandapplythe parameter

values obtained from the above steps. Observe the response of the process to a step change with

these settings.

APEX PINOVATION 'YT ATO
PRESSURE CONTROL TRANER D134

e L

M G | b |-

Data Pracanaing

s @ e ws RN e A —

-

Observations

[0 Record the ultimate proportional band (Pbu) and ultimate period (Tu) from above
experiment.

[1 Calculate PID values by referring theory part for different control actions.

[1 Observe the process response for these settings.

(1 Compare the values obtained with open loop response method.
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9. Aim of the experiment:-

To study the Tuningof controller (Using Auto Tuning method)
Apparatus Required:-

Pressure control trainer

Theory: - Pressure control trainer is

I/P Converter

designed for understanding the basic
principles of pressure control. The process

set up consists of pressure vessel fitted with

transmitter is used for pressure sensing.
Supply Signal

Pressure Pressure

|
|
|
|
|
pneumatic control valve. Pressure }
|
|
|
The process parameter (Pressure) is :

|

controlled by microprocessor based digital
indicating controller which manipulates q __________
pneumatic control valve fitted at | Set Point

|

|

|

i

Outlet of pressure tank outlet through 1/P Tank I
Pressure |

|
I
|

converter. These unitsalong with necessary

o . . . Pressure
piping are fitted on support housing designed

for tabletop mounting.

The controller can be connected to computer

through Ethernet port for monitoring

the process in SCADA mode. NE ControlValve
Supply

Procedure:-

Start up set up as explained in general

instructions.

Click Select Experiment, select Auto tune and click Start
Wait Till Auto tune is complete. (Blinking of green LED stops).
Controller automatically finds the PB, IT & DT values.

Find out PID values at different set points /vent valve positions rates.
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10. Aim of the experiment:-

O o o 0o o od

Tostudy stability of the system (Bode plot)

Apparatus required:-
Pressure control trainer

I/P Converter

Theory: - Pressure control trainer is

designed for understanding the basic

principles of pressure control. The process

set up consists of pressure vessel fitted with

Supply Signal

pneumatic control valve. Pressure
Pressure Pressure

transmitter is used for pressure sensing.

The process parameter (Pressure) is

controlled by microprocessor based digital | JE=mmssmseea
indicating controller which manipulates
. . ISet Point
pneumatic control valve fitted at
Tank
Outlet of pressure tank outlet through 1/P Pressure

converter. These unitsalong with necessary Pressure

piping are fitted on support housing designed VentValve ransmitter

N

for tabletop mounting.

The controller can be connected to computer
through Ethernet port for monitoring
the process in SCADA mode.

N

Procedure:- ControlValve

Air  ProcessTank
Start up set up as explained in general el

instructions.

Click Select Experiment, select Stability analysis and click Start

Select function generator to apply the sinusoidal input to the output of the controller.
Enter Reference point, Amplitude and Period.

Observe the sinusoidal output of the controller and sinusoidal response of the process.
Log the data for records.

Change the period and repeat the observation for 3-4 different values of the period.
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Observations

[0 Form the data file stored note down the
1 Observe the output response of the process and note down the output amplitude. Measure

outputwaveperiodandnotedownas T sec. Measurethephaselagxandnotedowninsec.

Obs. Input Output Output Period | Lag X | Frequency
No. amplitude amplitude T in sec In sec
Al % A2 %
Calculations
(] Calculateforeachobservation
MagnituderatioasM=A2/Al
Phase angle = (X/T) x 360
Frequency=1/Tcycles/sec.
(1 Draw the graphsof: Magnitude Vs frequency on log - log scale
Phase angle Vs frequency on semi-log coordinates.
1 Study the graph for stability conditions mentioned in theory
41 Im314A
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Level Control Trainer

1.Aim of the experiment:-

To Study of open loop response (Manual control)

Apparatus required:-

Level control Trainer
Theory: - Level control trainer is designed for understanding the basic principles of level
control. The process setup consists of supply water tank fitted with pump for water
circulation. The level transmitter used for level sensing is fitted on transparent process tank.
The process parameter (level) is controlled by microprocessor based digital indicating
controller which manipulates pneumatic control valve through I/P converter. A pneumatic
control valve adjusts the water flow in to the tank. These units along with necessary piping are
fitted on support housing designed for tabletop mounting.
The controller can be connected to computer through Ethernet port for monitoring the

process in SCADAmMode.

iSetPoint I/P Converter
Level Controller‘(-\

N

Air Regulator —|
Air Supply A »
Rntamatar _*’6\@ Supply Pressure Signm

Pressure
! i“ =%, Pump
Control Valve \ H
/I ‘

[] Startup setup as explained in general instructions.

Outlet Valve

Procedure:-

(1 Click Select Experiment, select Open Loop and click Start

(1 Open the control valve fully by decreasing the controller output to 0%. (Click on
Auto, Change it to Man then change OP to 0%)

[0 Adjust the tank drain valve such that the tank level shall remain between 90 and 100%
Change the controller to Auto mode

[1 Close the control valve by increasing the controller output to 100%.

17-¥9iHe step change by 10%to controlfef output in manual mode, wait for thell@af 4A
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to reach the steady state value.

[1 Repeat the above step until the controller output reaches to minimum i.e. 0%.

APEX INNOVATION PYT LTT
LEVEL CONTROL TRAUNEN (130

Observations

[J Tabulate the results as follows

Controller output in | Process Value in %
%
100

90

0

[1 Fromtheabovedata, notetheoutputrequired formaintainingthe level atdesired set

points. (For particular drain valve opening).

[l Settheoutputofthecontrollertothe notedvalueandatsteady state applythe load change

totheprocess. Load changecanbegivenbyslightlyvaryingthedrainvalve. Observenew

steady state processvalue.
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2.Aim of the experiment:--

To Study of on/off controller
Apparatus Required:-

Level control Trainer

Theory: - - Level control trainer is designed for understanding the basic principles of level

control. The process setup consists of supply water tank fitted with pump for water

circulation. The level transmitter used for level sensing is fitted on transparent process tank.

The process parameter (level) is controlled by microprocessor based digital indicating

controller which manipulates pneumatic control valve through 1/P converter. A pneumatic

control valve adjusts the water flow in to the tank. These units along with necessary piping are

fitted on support housing designed for tabletop mounting.

The controller can be connected to computer through Ethernet port for monitoring the

process in SCADAmMode.

iSetPoint I/P Converter
Level ControIIer‘('\ N
S F\Air Regulator '—|
Air Supply » o

Rrtamater _»ﬁ\® Supply Pressure Sign:\®

Pressure

KT |

= Pump
Control Valve | ﬂ
/I ‘

Outlet Valve

Procedure:-

[ Startupset up as explained in general instructions.

I Click Select Experiment, select On-Off Mode and click Start

[1  Open the control valve fully by decreasing the controller output to 0%. (Click on Auto,
Change it to Man then change OP to 0%)

"1 Adjustthe tank drain valve such that the tank level shall remain between 90 and 100% Change
the controller to Auto mode

[l Change Hysteresis value to 5%.(Range 0.1-10%)

1 Change the values of the set point and observe the On-Off control operation.
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Observations
[1 Observethatifprocessvalueexceedsthesetpointandincreasesabovethevalueof (0.5x
Hysteresis), control valve is fully closed and if process value decreases below the set point by

(0.5xHysteresis), the control valve opens fullyi.e. controller operates like On/Off switch.
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3. Aim of the experiment:-
Study of proportional controller
Apparatus Required:-

Level control Trainer

Theory: - Level control trainer is designed for understanding the basic principles of level

control. The process setup consists of supply water tank fitted with pump for water

circulation. The level transmitter used for level sensing is fitted on transparent process tank.

The process parameter (level) is controlled by microprocessor based digital indicating

controller which manipulates pneumatic control valve through 1/P converter. A pneumatic

control valve adjusts the water flow in to the tank. These units along with necessary piping are

fitted on support housing designed for tabletop mounting.
The controller can be connected to computer through Ethernet

process in SCADAmMode.

port for monitoring the

iSetPoint I/P Converter
Level Controllerk/-\ -
! e F,\Air Regulator —|
Air Supply o .
| Ratamatar Supply Pressure Signal
Pressure

SE—

Control Valve

Outlet Valve

2 Pump
j ‘

Procedure:-

[ Startupset up as explained in general instructions.

I Click Select Experiment, select P Mode and click Start

[1  Open the control valve fully by decreasing the controller output to 0%. (Click on Auto,

Change it to Man then change OP to 0%)

[1  Adjustthe tank drain valve such that the tank level shall remain between 90 and 100% Change

the controller to Auto mode

[l Adjusttheprocessvaluebyswitchingthecontrollertomanualmodetoaparticularlevel (say50

%)onthescreenandapplyoutputofthecontrollerasbiasvalue. Changethe proportional band

t0100%.

[ Switch the controller to auto mode

17-@iAY &ép change of 10% to set point. 46
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1 Switch the controller to manual mode. Decrease proportional band to half of the previous

value. With each decrease, obtain a new response of the step change. Ensure that the set

point changes are around the same operating point (Say 50%).

Observations
(1 Observetheeffect of very low proportional band values (system works as on-off control).
[0 Observetheresponse of the system at load change. Load change can be given by slightly

manipulating the drain valve of the tank.
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4 .Aim of the Experiment:-
Study of proportional integral controller
Apparatus Required:-

Level Control Trainer

Theory: - Level control trainer is designed for understanding the basic principles of level

control. The process setup consists of supply water tank fitted with pump for water

circulation. The level transmitter used for level sensing is fitted on transparent process tank.

The process parameter (level) is controlled by microprocessor based digital indicating

controller which manipulates pneumatic control valve through 1/P converter. A pneumatic

control valve adjusts the water flow in to the tank. These units along with necessary piping are

fitted on support housing designed for tabletop mounting.
The controller can be connected to computer through Ethernet

process in SCADAmMode.

iSetPoint
Level Controllerk/—\

port for monitoring the

I/P Converter

i N Air Regulator

;—|
» o

Air Supply -
Ratamator Supply Pressure

» o
Signal
Pressure

LT

SE—

Outlet Valve Control Valve

Vo¥

Procedure:-

[1 Startup setup as explained in general instructions.

(1 Click Select Experiment, select PI Mode and click Start

(1 Open the control valve fully by decreasing the controller output to 0%. (Click on

Auto, Change it to Man then change OP to 0%)

(] Adjust the tank drain valve such that the tank level shall remain between 90 and 100%

Change the controller to Auto mode

[1 SettheproportionalbandestimatedinProportional control. SetderivativetimetoOsecand

integral time 6000 sec, which will cut off the derivative action and widen the effect of

integral action.

9 98t Hs pet point to desired level value (@3096). Allow the process to reach at steagly,sfate
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Record the steady state error.

(1 Switchthecontrollertomanualmode. Reducethe integral timetohalfofthe previous
value. Switch to Auto mode and apply step change(+/- 10%) to the set point. Note the

response of thesystem.

[1  Repeat above step to observe the effect of changes in Integral setting.
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Observations

[1 Observe the effect of reducing integral time on the response of the process.
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5. Aim of the Experiment:-

Study of proportional derivative controller
Apparatus Required:-

Level control trainer

Theory: - Level control trainer is designed for understanding the basic principles of level
control. The process setup consists of supply water tank fitted with pump for water
circulation. The level transmitter used for level sensing is fitted on transparent process tank.
The process parameter (level) is controlled by microprocessor based digital indicating
controller which manipulates pneumatic control valve through I/P converter. A pneumatic
control valve adjusts the water flow in to the tank. These units along with necessary piping are
fitted on support housing designed for tabletop mounting.

The controller can be connected to computer through Ethernet port for monitoring the

process in SCADAmMode.

iSetPoint I/P Converter
Level ControIIer‘('\\
4 F\Air Regulator '—|

Air Supply o
Rntamatar _—bﬁ@ Supply Pressure Sign:\®

Pressure
I~ Q =2, Pump
Control Valve | H
/I ‘

[1 Startup setup as explained in general instructions.

Outlet Valve

Procedure:-

(1 Click Select Experiment, select PD Mode and click Start

(1 Open the control valve fully by decreasing the controller output to 0%. (Click on
Auto, Change it to Man then change OP to 0%)

[0 Adjust the tank drain valve such that the tank level shall remain between 90 and 100%
Change the controller to Auto mode

[] Set the proportional band estimated from Proportional control (P only) Set derivative time
to 0 and integral time=6000 sec.

[ Setthesetpointtodesiredvalue. Allowtheprocesstoreachatsteadystate. Notethe

17-5%5-%)51139 of thesystem. 50 Im314A
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1 Switchthecontrollertomanualmode Increasethederivativetimeby1sec. Switchto Auto

modeandapplystepchangetothesetpointby5to10%. Notetheresponse ofthesystem.

[1 Increase the derivative time gradually and observe the process response for step change.
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Observations

(1 Compare the steady state response of the PD controller with P controller obtained in the

previous experiment.
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6. Aim of the experiment:-

Study of proportional integral derivative controller
Apparatus Required:-

Level control Trainer

Theory: - Level control trainer is designed for understanding the basic principles of level
control. The process setup consists of supply water tank fitted with pump for water
circulation. The level transmitter used for level sensing is fitted on transparent process tank.
The process parameter (level) is controlled by microprocessor based digital indicating
controller which manipulates pneumatic control valve through 1/P converter. A pneumatic
control valve adjusts the water flow in to the tank. These units along with necessary piping are
fitted on support housing designed for tabletop mounting.

The controller can be connected to computer through Ethernet port for monitoring the

process in SCADAmMode.

iSetPoint I/P Converter
Level Controllerk/—\

i N Air Regulator —|

Air Supply - o .
Ratamatar _hb% Supply Pressure Signa_|'\®

Pressure
Control Valve 1 H
j ‘

[1 Startup setup as explained in general instructions.

LT

Outlet Valve

Procedure:-

1 Click Select Experiment, select PID mode and click Start

[ Open the control valve fully by decreasing the controller output to 0%. (Click on
Auto, Change it to Man then change OP to 0%)

[0 Adjust the tank drain valve such that the tank level shall remain between 90 and 100%
Change the controller to Auto mode

1 Switch the controller to manual mode.

1 Change the proportional band to the value that estimated in proportional controller. Set

integral time and derivative time based onthe responses inprevious experiments.

i Alivstibesetpointto @ 50 %. Switchthgcpntrollertoautomode. Applystepchange of,
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10%. Observe the process response.

[1 Change the proportional band, integral time, derivative time and observe the response of

the process for step change for each change in setting.

Observations:-

[1 Compare the steady state response of the PID controller with P. Pl and PD controller

obtained in the above experiment.
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7. Aim of the Experiment:-

Tuning of controller (Open loop method)

Apparatus Required:-

Level control trainer

Theory: - Level control trainer is designed for understanding the basic principles of level

control. The process setup consists of supply water tank fitted with pump for water

circulation. The level transmitter used for level sensing is fitted on transparent process tank.

The process parameter (level) is controlled by microprocessor based digital indicating

controller which manipulates pneumatic control valve through 1/P converter. A pneumatic

control valve adjusts the water flow in to the tank. These units along with necessary piping are

fitted on support housing designed for tabletop mounting.
The controller can be connected to computer through Ethernet

process in SCADAmMode.

iSetPoint
Level Controllerk/—\

port for monitoring the

I/P Converter

i N Air Regulator

;—|
» o

Air Supply -
Ratamator Supply Pressure

» o
Signal
Pressure

LT

SE—

Outlet Valve Control Valve

Vo¥

Procedure:-

[1 Startup setup as explained in general instructions.

1 Click Select Experiment, select Process Reaction and click Start

[ Open the control valve fully by decreasing the controller output to 0%. (Click on

Auto, Change it to Man then change OP to 0%)

[0 Adjust the tank drain valve such that the tank level shall remain between 90 and 100%

Change the controller to Auto mode

[0 Adjust controller output, so that the process value is maintained at 50%.

1 Start datalogging.

(1 Applya20-30%changetocontrolleroutput. (Openthecontrol valve) Recordthestep

SRS, Wait for the steady state.
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o Stop datalogging.

[l Plotthe step response (Process reaction curve) from stored data. Find out the value of slope at
the point of inflection and time lag.

[1 Calculate P I D settings for different modes.

[1 Selectclose loop, switch auto manual key to auto mode and then select controller to study.

Setthe PID valuesobtained fromthe calculations. Applythe step change & observethe

APEX INNOVATION PYT LTD
LEVEL CONTROL TRAUNEN 134

! Noom &
nMH» CLR L )N W owm " " m m 20 W ) i » ™
, Torm 0

response of the system. Allow the system to reach steady state.

Observations
(Refer Theory process control for formulae.)

[1 Step change to the system ' P = Initial atput - Final output of the controller.
[0 Plot the graph of process value Vs Time on a graph paper.rom process reactioncurve:

e Slope of the process reaction curve R =
e TimelagL=
[1 Calculate P, PI, and PID setting from above values.

[1 Observe response of the system for different PID settings.
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8. Aim of the experiment:-
Tuning of controller (Closed loop method)
Apparatus Required:-

Level control Trainer

Theory: - Level control trainer is designed for understanding the basic principles of level

control. The process setup consists of supply water tank fitted with pump for water

circulation. The level transmitter used for level sensing is fitted on transparent process tank.

The process parameter (level) is controlled by microprocessor based digital indicating

controller which manipulates pneumatic control valve through 1/P converter. A pneumatic

control valve adjusts the water flow in to the tank. These units along with necessary piping are

fitted on support housing designed for tabletop mounting.

The controller can be connected to computer through Ethernet port for monitoring the

process in SCADAmMode.

U

iSetPoint I/P Converter
Level Controllerk/—\

i N Air Regulator —|

Air Supply - o .
Ratamatar _hb% Supply Pressure Signa_|'\®

Pressure
Control Valve 1 H
j ‘

Click Select Experiment, select Close Loop and click Start

LT

Outlet Valve

Procedure:-

Startupsetup asexplained in general instructions.

Open the control valve fully by decreasing the controller output to 0%. (Click on
Auto, Change it to Man then change OP to 0%)

Adjust the tank drain valve such that the tank level shall remain between 90 and 100%
Change the controller to Auto mode

SelectP controlleronly. Setthe proportional band value to maximum (Say 100). Setthe
controllertomanualmodeandadjusttheoutputsothatthe processvaluereachesto50%.

Switchthecontrollertoautomodeanddecreasethe proportionalbandandapplythestep

17-6hangg to the set point and observe the rgcess response. Im314A
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[1 Repeattheaboveprocedureandfindoutcorrectvalueofproportional bandforwhichthe

system just goes unstable i.e. continuous oscillations are observed in the output of
controller.

[0 Record the ultimate proportional band and ultimate period from the response.

[1 CalculatethePIDvaluesfromthetable. Selectthe PID controllerandapplythe parameter
values obtained from the above steps. Observe the response of the process to a step change

with these settings.
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Observations
[1 Record the ultimate proportional band (Pbu) and ultimate period (Tu) from above

experiment.

[1 Calculate PID values by referring theory part for different control actions.bserve the process
response for these settings.

[1 Compare the values obtained with open loop response method.
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9. Aim of the experiment:-

Tuningof controller (Using Auto Tuning method)

Apparatus Required:-

Level Control Trainer

Theory: - Level control trainer is designed for understanding the basic principles of level

control. The process setup consists of supply water tank fitted with pump for water

circulation. The level transmitter used for level sensing is fitted on transparent process tank.

The process parameter (level) is controlled by microprocessor based digital indicating

controller which manipulates pneumatic control valve through 1/P converter. A pneumatic

control valve adjusts the water flow in to the tank. These units along with necessary piping are

fitted on support housing designed for tabletop mounting.
The controller can be connected to computer through Ethernet

process in SCADAmMode.

port for monitoring the

iSetPoint I/P Converter
Level Controllerkr\ -
! e F,\Air Regulator —|
Air Supply o .
| Ratamatar Supply Pressure Signal
Pressure

SE—

Outlet Valve Control Valve

2 Pump
j ‘

Procedure:-

Start up set up as explained in general instructions.

Click Select Experiment, select Auto tune and click Start

Controllerautomatically findsthe PB, IT &DT values.

O O o o od

FindoutPIDvaluesatdifferentsetpoints/flowrates

Wait Till Auto tune is complete. (Blinking of green LED stops).
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Observations
(1 The controller has preprogrammed logic for finding “Auto tune” values. Based on the
response of the process the controller calculates PID values or comes out without finding the

“Auto tune” values.
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10. Aim of the Experiment:-

Tostudy stability of the system (Bode plot)
Apparatus required:-

Level Control Trainer

Theory: - Level control trainer is designed for understanding the basic principles of
level control. The process setup consists of supply water tank fitted with pump for
water circulation. The level transmitter used for level sensing is fitted on transparent
process tank. The process parameter (level) is controlled by microprocessor based
digital indicating controller which manipulates pneumatic control valve through I/P
converter. A pneumatic control valve adjusts the water flow in to the tank. These units
along with necessary piping are fitted on support housing designed for tabletop
mounting.

The controller can be connected to computer through Ethernet port for

monitoring the process in SCADAmMode.

iSetPoint I/P Converter

Level Controller N\
r o, _|

Air Regulator

Air Supply a o .
EAtEEier _»ﬁ\® Supply Pressure Signa_|'\®

Pressure
Control Valve 1 H
j ‘

[1 Startup setup as explained in general instructions.

LT

Outlet Valve

Procedure:-

Click Select Experiment, select Stability analysis and click Start

1 Open the control valve fully by decreasing the controller output to 0%. (Click
on Auto, Change it to Man then change OP to 0%)

[0 Adjust the tank drain valve such that the tank level shall remain between 90 and
100% Change the controller to Auto mode
Start datalogging.

[1 Select function generator to apply the sinusoidal input to the output of the controller.
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[0 Enter Reference point, Amplitude and Period.

Observe the sinusoidal output of the controller and sinusoidal response of the process.
Log the data for records.

Change the period and repeat the observation for 3-4 different values of the period.

Repeat above procedure for different amplitude and period values.
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Observations

[0 Fromthedatafilestoredobservetheoutputresponseofthe processandnote
downthe output amplitude.

[0 Measure output wave period and note down as T sec. Measure the phase lag x and

note down insec.
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