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Introduction

* We want to simulate an Air Heater System (1. order
differential equation) using LabVIEW
 We will use 3 different alternatives:
— MathScript Window (similar to MATLAB)
— MathScript Node inside LabVIEW
— LabVIEW Control Design and Simulation Module

* We should of course expect the same simulation
results using the 3 different alternatives
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Air Heater System

The system can be modelled as a 1. order system with time-delay

1 Tenv
Tour = H_{_Tout + [Kpu(t — 0g) + Tenwl} 7
t
Kn o -~ Control l
o Unit
- § " Temperature
T, is the air temperature at the tube outlet Fan| LD f)i’t‘fe"t”’”the
u [V] i-s the c?ntrol signal to the heater Air In ! vy (T Air Out
O [s] is the time-constant Control Signal

to the Heater

Ky [deg C / V] is the heater gain
0,4 [s] is the time-delay representing air transportation and sluggishness in the heater
T.

e
air tube when the control signal to the heater has been set to zero for relatively long time

np IS the environmental (room) temperature. It is the temperature in the outlet air of the

(some minutes)



Model Values

You can assume the following values in your simulations:

Ht =22s
Hd =25
K, =35 —
" v
Tenv = 21.5°C The range for Ty, could, e.g.,

be 20°C < T,y < 50°C



Alternative #1

MathScript Module

LabVIEW MathScript Window
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MathScript Window

3 LabViEW
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e —
( MathScript Window...
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Merge |2
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Blank V| User Name...

Add-on Module for LabVIEW
where we can do text-based
programming and simulations
— very powerful!

LabVIEW MathScript RT Module
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13 LabVIEW MathScript
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For help, enter 'help classes'
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Here you can see the results
of the calculations
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You can use the Command Window
to enter singel commands -
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Run your Script and the
results are available in
the Output Window

Script Window

This is the Editor where you create
your program (script). The Script
can be saved as a .m file

Untitled Line: 1, Column: 3




Discretization

* |n order to simulate this system, we typically
need to find the discrete differential equation
(difference equation)

* We can use e.g., the Euler Approximation:

. x(k+1) —x(k)
X = T




Discretization of Air Heater

Continuous Model:

: 1
Tout — 0_{_Tout + [Khu(t T Qd) + Tenv]}
t
We can use e.g., the Euler Approximation in order to find the discrete Model:

o ox(k+ 1) —x(k) T, - Sampling Time  x(k) - Present value
X =~

T, x(k 4+ 1) - Next (future) value

The discrete Model will then be on the form:

x(k+1) =x(k)+ ..

We can then implement the discrete model in any programming language



Discretization of Air Heater

. 1
. . Toue = —{—Tour + [Knu(t = 64) + Tynyl}
We make a discrete version: out =g 1" Four T Lfn a) T lenv

Tout (k + 1) Tout (k)
T

1
{ Tout(k) + [Khu(k Qd) + Tenv]}

This gives the following discrete system:
out(k + 1) = out(k) + { Tout(k) + [Khu(k Gd) + Tenv]}

The Time delay 8,; makes it a little complicated. Note! We can simplify by setting 8; = 0

Tora k1) = T (1) 22 0T () + [Kyu ) + Ty )



Discretization of Air Heater

Discrete version with Time delay 8; = 0

T,
Toue(k + 1) = Toue (k) + 2= {=Toue (k) + Kpu(k) + Ty}
t

We can use the following values in the simulation:

0, =22
K; = 3.5
T, = 21.5 We need also to specify an initial value
for T, in our simulations., e.g., set
We can set the Sampling Time T; = 0.1s Tout,init = 20

You can of course also explore with other values for these parameters in your simulations



o)

% Simulation of Air Heater System

MathScript =

% Model Parameters
Theta t = 22;

Kh = 3.5;
O e Tenv = 21.5;

% Simulation Parameters

s = 0.1; % Sampling Time
Tstop = 120; %s
uk = 1; % Step Response

H

This is an example. Tout (1) = 20; %Initial Value
You can implementitinmany . < i.tion
dlfferent Ways for k=1: (Tstop/Ts)
Tout (k+1) = Tout (k) + (Ts/Theta_t) * (-Tout (k) + Kh*uk + Tenv) ;
end

% Plot the Simulation Results
t=0:Ts:Tstop;

plot (t, Tout)

xlabel ('Time [s]'")

ylabel ('Tout [Degrees Celsius]')
grid on
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EL LabVIEW MathScript

Idle

[ Variables f Script‘ History \

¥ [P = < =
* | ROSH)| ¥ L@
% Simulation of Air Heater System

clear, clc

% Model Parameters
Theta_t = 22;

Kh = 3.5;

Tenv = 21.5;

% Simulation Parameters
Ts = 0.1; % Sampling Time
Tstop = 120; %s

uk = 1; % Step Response

Tout(1) = 20; %Initial Value

% Simulation
for k=1:(Tstop/Ts)

Tout(k+1) = Tout(k) + (Ts/Theta_t) * (-Tout(k) + Kh*uk + Tenv);
end

% Plot the Simulation Results
t=0:Ts:Tstop;

plot(t,Tout)

xlabel('Time [s]')

ylabel('Tout [Degrees Celsius]’)
grid or]

airheater_si... Line: 27, Column: 8



Theory

Step Response 1. Order System "/

1 : :
% == (—x + Ku) Wg see that the Air Heater System (without
T time delay) is a standard 1.order system

Step Response

Step 100% ————————————— ===-KUJ
1 System 63%F-----=

u u(t) 1 y(t) i
‘ X = 7(_36 + Ku) |

0 t Input Output 0 T

v
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MathScript Node
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MathScript Node Code Example

We just copy the previous code into a MathScript Node inside LabVIEW:

B2 Discrete Air Heater Model .vi Block Diagram

D& N P 25 wo@ o 1ptApplicationFont v | §ov oGP igd

9

Model Parameters|

Tout2 = Tout+ (Ts/Theta_t) * (-Tout + Kh*uk + Tenv);

o

First we make a SubVI where we
implement the discrete model.

You don’t need to make a SubVI,
bit it is strongly recommended

\

)




I\/IathScrlpt Node Code Example

\_/‘

B! Discrete Air Heater Model .vi Front Panel

Make sure to make

> ® O n [othoiesinion - |5or Tor @ o8- 2 FHHEN a descriptive Icon
Model Parameters Tout for the SubVI
Theta_t HTH

22 | |

Kh

5135 |

Tf w Theta_t_init

21,5 ‘%W\ .
This is an example of the

u Front Panel for the SubVI
=1 where we implement the
L discrete model

4 »
o
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MathScript Node Code Example

O [ EL Discrete Air Heater Simulation Example using SubVl.vi Block Diagram
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MathScript Node Code Example

®
S @M

B! Discrete Air Heater Simulation Example using SubVL.vi Front Panel
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Alternative #3

LabVIEW

LabVIEW Control and Design and Simulation Module
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Air Heater Block Diagram

: 1
Tout — 8_{_Tout + [Khu(t _ Qd) + Tenv]}
t

A Block Diagram for the model/differential equation above becomes:

T env It is a good idea to make the block diagram of the model just
using “pen and paper” before implementing it in LabVIEW

u + + Tout 1 T out
—» K h > -1 P P : -—>

Y=

Time Delay Integrator

Note! Here is the time delay included, because there is a predefined time delay block that can be used in LabVIEW



Air Heater Model in LabVIEW

Here is LabVIEW Control Design and Simulation Module used to create a block diagram
model of the Air Heater System

P

o

i3 Model - Air Heater.vi Block Diagram [ [ | (3]
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Note! This model is implemented in a so-called “Simulation Subsystem” (which is recommended, but not necessary). A Simulation

Subsystem is just like an ordinary SubVI. Some advantages are that you can reuse the code in different Vis/applications and the code make
more structured and easier to maintain, etc.




Simulation Subsystem

A Way to structure your code, similar to SubVIs

This is the recommended way to do it! — You can easily reuse your
Subsystems in different VIs and your code becomes more structured!

Create New

=Y aw A

ml, Blank VI . . .
8 PoymorphicV Select File -> New ..., Then choose “Simulation

i Subsystem”.

B Simulation Subsystem

S0 OtherFiles ] Create your Model within the Simulation Subsystem

o 1ass

[#) Custom Control



File Edit View Project
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Air Heater Simulation Example
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Air Heater Step Response (Front Panel)

rol Signal, u [V]

D &= 11 | 11pt Applicati

We apply a
step in the =
input signal
We see that the Air Heater g
is a typical 1. order system
o |- Stop
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Summary
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Discussion/Summary/Conclusion

* We have simulated a Air Heater System using
LabVIEW
* We have used 3 different alternatives:

— MathScript Window (similar to MATLAB)
— MathScript Node inside LabVIEW
— LabVIEW Control Design and Simulation Module

* We got (of course) the same simulation results
using the 3 different alternatives
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Further Work
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* Improve your Graphical User Interface (GUI)

* Introduce the Time Delay in your Discrete
model implementation of the Air Heater

e Etc.



Discretization of Air Heater with Time Delay

We have the following discrete system:

T
Tout(k + 1) — Tout(k) + e_t {_Tout(k) + [Khu(k - Hd) + Tenv]}

The Time delay 6,; makes it more complicated to implement

0, is in seconds and we need to convert it to discrete intervals in forms of k

. . .
The discrete version of 8, is: Td
S

Then we get:

Toue 6 + 1) = Tone 0 + 5 {~Toue ) + [t (= 72) + T

t

Assuming 64 = 2s and T, = 0.1s we get u(k — 20) This mean that we have to remember
the 20 previous samples of u(k)



MathScript Example

Tout [Degrees Celsius]

with Time Delay

Graph
25

24,5+

24-

23,5

23-
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Plot 1

{ | ' | | | I | 1
30 40 50 60 70 80 80 100 110 120

Time [s]

clear,

o)

o\

cle

Model Parameters

Theta t = 22; % Seconds
Kh = 3.5; % degC/V
Tenv = 21.5; %degC
Delay = 2; % Seconds

% Simulation Parameters

Ts = 0.1; % Sampling Time
Tstop = 120; % Seconds

suk = 1; % Step Response

ul = zeros(Delay/Ts,1);

u2 = ones (Tstop/Ts,1);

uk = [ul;u2];

Tout (1) = 20; %Initial Value
% Simulation

for k=1: (Tstop/Ts)

Tout (k+1) = Tout (k) + (Ts/Theta t) * (-Tout (k)

Kh*uk (k) + Tenv) ;
end

% Plot the Simulation Results
t=0:Ts:Tstop;
plot (t, Tout)

xlabel ('Time
ylabel ('Tout
grid on

[s]")

[Degrees Celsius]')



MathScript Example with Time Delay

B LabVIEW MathScript

Output Window [ Variables f Script | History |

7, |3 = =
» "2 OcSHE||X|RG
% Simulation of Air Heater System

clear, clc

% Model Parameters
Theta_t = 22; % Seconds
Kh = 3.5; % degC/V

[ ] [ ] Plot 1 Tenv = 21.5; %degC
Delay = 2; % Seconds
Graph
26 % Simulation Parameters
Ts = 0.1; % Sampling Time
Tsto 120; % Seconds
24,5~ %uk = 1; % Step Response
ul = zeros(Delay/Ts,1);
u2 = ones(Tstop/Ts,1);
45 uk = [ut;u2]);
— Tout(1) = 20; %Initial Value
4 23,5-
o % Simulation
8 23- for k=1:(Tstop/Ts)
s Tout(k+1) = Tout(k) + (Ts/Theta_t) * (-Tout(k) + Kh*uk(k) + Tenv);
g end
t~
g 2257 % Plot the Simulation Results
E, t=0:Ts:Tstop;
- _| plot{t,Tout)
3 22 xlabel('Time [s]')
= ylabel('Tout [Degrees Celsius]’)
21.5- grid on
21+
20,5-
20 1 | | | ! | | | | | 1 |
0 10 20 30 40 50 60 70 80 90 100 110 120

Time [s]

18.0 Idle airheater_si... Line: 16, Column: 23



Step Response 1. Order System with Time Delay

We see that the Air Heater Th\e?ry
tandard 1.order 7

1
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system with Time delay

100%
63%
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u(t){ ) }y(t)
X = ,I—,[—x + Ku(u — 7)]
> 01

Output

T T

T - Time Delay
T - Time Constant
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