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The Transient Analysis studies the circuits’
responses in very short times. On the following
pages and using Multisim, the circuits’
responses are described when we apply variable
signals with a period of ten milliseconds.
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Process Control

The measurement and the control of the process are essential parts of all industry
because it improves the quality, the quantity increases and it reduces the cost of
manufacturing.

Manual Control of a Process

Figure 1 describes the manual control of a heater where we need to obtain, at the
output, hot water at a temperature of 50° C.

Entrance of cold water

Serpentine I I
—t \ Thermometer
'

Output of

[ ] hot water
Key |

Entrance
of vapor k
To maintain the Recipient

Operator water at 50°C

Figure 1. Heater.

The cold water contained in the recipient warms by means of the heat provided by
the vapor that circulates for a pipe in serpentine form. In figure 1 we can see that the
operator is observing the reading of the thermometer and compares it with the poster
that indicates him «To maintain the water at 50° C.»

If the thermometer marks more than 50° C, the operator will close the key of entrance
of the vapor little by little until reaching the temperature of 50°C. If the thermometer
registers less than 50° C, the operator will open the key of entrance of the vapor little by
little until the water reaches the temperature of 50° C.
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Variables of the Process Control

In every process control we find the following variables:
Controlled variable: In figure 1, it is the temperature of the output water.

Manipulated variable: In figure 1, it is the entrance of the vapor. Controlling the
flow of the vapor, we will regulate the output of the process.

Variable interference: They are all the parameters that destabilize the system. In

our example of figure 1, the variable interference is the flow
of entrance of cold water.

Block Diagram of the Process Control

The block diagram of figure 1 is the following:

Interferences
Entrance
—> Actuator Process Output
Sensor
Summer
Output Input
Interface Controller Interface
Figure 2. Block Diagram of Set Point
a process control.
Where:
Entrance: it corresponds to the entrance of the vapor.
Process: it is equivalent to the tank of the heater.
Interferences: itis equal to the entrance of cold water.
Sensor: it replaces to the thermometer.
Set Point: it is equivalent to the poster that indicates to the operator to maintain
the temperature of the water to a certain value.
Summer: it is equivalent to the comparison that the operator executes between
the reading of the thermometer and the poster.
Controller: it replaces the operator.

Actuator: it is equivalent to the key that controls of entrance of the vapor.



-6 - Virtual Laboratory MultiSIM

The Sensor
Sensor stuck to
It measures the output of the Process _ the exit pipe
and transforms it in an electric signal. The Pipe

sensors can be of: level, pressure,
temperature, flow, viscosity, etc

Sensor

Input Interface l Contacts

It conditions the electric signal provided " '9Ure 3. Temperature sensor

by the Sensor and converts it to an
acceptable format for the Controller.

L)

Set Point
Also called desired

value or reference point,
is a value that the
Controller should try to
maintain in the output of
the process.

Figure 4. Instruments adjusted to the Set Point
value.

Voltage Summer

It adds the signal voltage coming
from the Input Interface with the
reference value (Set Point) and sends
it to the Controller.

The Controller

It processes the information
coming from the Summer and it
produces an output signal (corrected _
signal) that sends it to the Actuator by Figure 6. Controller.
means of the Output Interface
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System
Interface

Output Interface

It conditions the
electric signal provided by
the Controller so that it is
able to activate the Actuator
appropriately.

Control
Valve

Entrance

Figure 7. Actuator.

The Actuator

Also called element of final control, it alters the input variable (in our example it is
the vapor) to stabilize the output of the process.

Figure 8. Heater.
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Types of Control Systems

1. Programmable Logical control (PLC).
2. Distributed Control system (DCS).
3. Personal computers (PC).

Programmable Logical
Control (PLC)

It is a device that was developed to
replace the sequential circuits of relays
for the control of processes. The PLC
works by checking its inputs and
depending on its states, it changes its
outputs to ON/OFF. The user enters a
program, via software, with the results
that he wants to obtain.

=
—
—_—

Figure 9. Typical PLC.

Distributed Control System (DCS)

They are based on electronic circuits or special dedicated modules for the
independent control of the temperature, pressure, flow or other variables.

Controller Controller Controller Controller Controller
of Pressure of Temperature of Level of Flow of Viscosity

=

| =g |

ey |

PROCESS

Figure 10. Distributed Control system.
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Personal Computers (PC)

Monitor the whole industrial process calculating in real time the reference points or
Set Points and send them to the Voltage Summers of individual Controllers, external to

the computer.

Interface and Set Point

-

P53 %

Computer that monitors the control

system and establishes the Set
Point.
alnterfa

Controllers

ce

?

Sensors and actuators

Figure 11. Combination of the Distributed System and the PC.
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The Electronic Controller

The Electronic Controller is made up of one or more Operational Amplifiers (Op
Amps) configured as an Inverter, Integrator, and Differentiator. These configurations of

the Op-Amp are known with the names of Proportional (P), Integral (1), Derivative (D)
controllers, respectively.

In practice two or more control actions are usually used, such as Proportional-
Integral (PI), Proportional-Derivative (PD), Proportional- Integral-Derivative (PID), etc.

The Electronic Controller in Multisim

Multisim incorporates a series of modules for the simulation of the process control;
among them we have:

1. Voltage Gain Block or Proportional Controller.
2.Voltage Differential or Derivative Controller.
3.Voltage Integrator or Integral Controller.
4.Voltage Summer or Summer.

All the control modules, except the Voltage Summer, have the following diagram: :

Non Inverting Input —— —— Non Inverting Output

Inverting Input—- —— Inverting Output

Note: The unused output and input should be connected to ground.
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To access to the control modules or Controllers, from Multisim, proceed this way:
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Next, we will describe each one of the Controllers.
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1. Voltage Gain Block (Proportional Controller)
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2. Voltage Differential (Derivative Controller)
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This equation indicates that the output of the Derivative d Vin
Controller is the product of the derivative of the input voltage Vout(t) = K T
times the constant K. For this reason the constant K is known
as voltage gain.
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3. Voltage Integrator (Integral Controller)

2= Multisim - [Circuit1]
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This equation indicates that the output of the Integral
Controller is the product of the integral of the input voltage Vout(t) = KIvin(t) dt
times the constant K. The constant K is known as voltage
gain.

2o Multisim - [Circuit1]
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4. Voltage Summer (Summer)

<= Multisim - [Circuit1]
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The output of the summer is:
= + + + + + +
Vout = Kout [ KA (VA +VA_) + KB (VB +VB_) + KC (VC +VC_.)] +Vo_
Input C considering:
VC
VA =0 (input A offset voltage)
Input A = i

Fi/A Vout VB =0 (input B offset voltage)

VC =0 (input C offset voltage)

Vooﬁc =0 (output offset voltage)

Input B
VB then

Voltage Summer Block

(Summer) Vout = Kout (KA.VA + KB.VB + KC.VC)
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Vout = Kout (KA.VA + KB.VB + KC.VC) (equation of the summer)

where: KA: Gain of input A.
KB: Gain of input B.
KC: Gain of input C.
Kout: Output gain.
VA, VB, VC: Input signals.

If we consider KA = KB = KC = Kout = 1 then the output of the Summer is similar to
the arithmetic sum of the input signals.

To enter the parameters of the Summer, proceed in the following way:

1. With the mouse, make click 2. With the mouse, make click
here. Then write the value of the here. Then write the value of the
gain of input A. gain of input B.

%4 Multisim - [Circuit1
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| | : =
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| 4. With the -
bt Input C Gain (KT |1 [vay = mouse, make Q
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Output Gain [K): 1 Vi = .
- HputGn 0 ! | =] Then write the -
= Output Offset Voltage [OVOS): |0 v value of the mm
%o Output Gain. W
d —
i b
. 4 =
'E‘uim Replace | | Accept | Cancel Infa Help bl ?ﬁ
| j I
e Eircuitll il» z

5. After having entered all the parameters, with
the mouse click in Accept.
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Example of Simulation of a Process Control

In the block diagram of figure 12, we observe the signals that provide the Sensor,
the input Interface and the Set Point. The resultant of the sum of the signals of the input
Interface and the Sep Point, carried out by the Summer, is applied to the Controller’s
input.

Interferences
—3={ Actuator Process Output
Entrance
Sensor
Summer M
Output
P Controller Input
Interface Interface

[ [earm
L :I—l.l—l_,_

Figure 12. Block Diagram of a process control with signals of the Sensor, Input
Interface and Set Point.

Next we will simulate, with Multisim, the behavior of the Summer and the Controller
in their different configurations or control actions (Proportional, Integral, Derivative
executing the following steps:

Step 1: We tabulate the signal of the Input Interface and the Set Point.

Step 2: We store the tabulation of the signals in Multisim.



-21 - Virtual Laboratory MultiSIM

Step 3: With Multisim we’ll draw the following circuit:

Output

Sianal of Summer
ignal o
the Input SO ) Controller
Interface
Signal of
the Set
Point

Figure 13. Controller Circuit with two signals (Input Interface and Set Point)

and a Summer.

Step 4. We incorporate the Proportional Controller (P) and we will observe the signals
of the Input Interface, Set Point, Summer and output of the Proportional

Controller.

Step 5: We replace the Proportional Controller for the Derivative Controller (D) and we
will observe the signals of the Input Interface, Set Point, summer and output of

the Derivative Controller.

Step 6: We replace the Derivative Controller for the Integral Controller (I) and we will
observe the signals of the Input Interface, Set Point, summer and output of the

Integral Controller.

Step 7: We insert the Proportional, Derivative and Integral Controllers (PID) and we

will observe the input and output signals of the PID.

To continue with our example, consider the following:

=

The Proportional Controller (P) will have a unity gain.

2. The Derivative (D) and Integral (I) Controllers will have an RC constant

= 1 millisecond.
3. The Summer will have a unity gain.

4. The whole electronic system will have a dual-supply of +VCC =15V and

-Vec=-15V

5. In all the Controllers, use the non-inverting input and the inverting output.
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Tabulation of the signal of the Input Interface

Vv
4 -
2 r - I R -
g il S ::_;_____________7-%t(ms) Signal of the
1 2 > Input Interface.
Start time 6k - - -
Y End time

We set the
coordinates of the main
points of the wave form
of the Input Interface.

In a table, we write the coordinates of the

fixed points. Point | Time(s) [Voltage
1 0 0
Notes 2 0.001 0
3 0.001001 4
1. In the table, the Time is specified in 4 0.002 4
seconds and the Voltage in volts. 5 0.002001 | -6
6 0.004 -6
2. Multisim works with continuous functions. 7 0.004001 2
For this reason, observe that in points 3, 8 0.005 2
5, 7,9, 11 and 13, we have added a 9 0.005001 -8
millionth of second to indicate to Multisim 10 0.007 -8
that the signal is a continuous function 11 0.007001 1
(remember that in the study of Limits, 12 0.008 1
when for a single value in the «x» axis it 13 0.008001 0
corresponds two different values in the 14 0.009 0

«y» axis, the function is discontinuous)
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Tabulation of the signal of the Set Point

3 Signal of the Set
t(ms) Point.

Start time End time

v 1
We set the

coordinates of the main 3
points of the wave form o1 2 3 2 5 & 7 =8
of the Set Point.

L t (ms)
10

Point [ Time (s) | Voltage

In a second table, we write the
coordinates of the points indicated in the 1 0
previous step. 2 0.009 3

w

Since the Set Point signal is a straight line, it will be enough with taking two points
(at the beginning and the end of the straight line) so that it is mathematically defined.
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Storage of the signal of the Input Interface in Multisim

<= Multisim - [Circuit1] |-_”E||E|
||& File Edit Y¥iew Place Simulate Transfer Tools Reports Options Window Help =&
DM 2R 8 8Q0Q B EBYAS s/EN-8 ~1| 2 ||| =
sl Ml B Select a Component — | L=
s ﬁ D atabaze: Component: Symbol [&MH S]] m
pb | B | || Multisim Master | |PIECEWISE_LINEAR_Y III 23
PRI [ AC_VOLTAGE [ Clse | s
i s = AM_VOLTAGE G
g || souces | oAtk voLTase Search... | =
aE Farrily: ExPOMENTIAL WOLTAG -
- FM_WOLTAGE int... I sl
g | iy ||| 23 POWER_SOURC.. AN i =
P TR ke el |PULSE VGLTAGE _ Model.. | -
_ . wWHITE_MOISE Bl -

< | @ siGNaL_CURRE. | .
oy | P T Help — u

d | . A \
By | §| = CONTROLFURC... 13 with the mouse, 4. With the mouse, -
s [k CONTROLLED_V.. | make click here. make click here. e
v ik CONTROLLED_C... b odel M aruf D =
. GenericEMPTY
i 2. With the mouse, [~ =" ' -
T make click here. ki
- 1. With the mouse, Fooiint Manif Fuas E X
I make click here. TR e -
P :
o

&circuitll i 1

e Multisim - [Circuit1]

D™ =8 8 g 00 % BED 2HN-A| -1 2 |||z
E— —| F—
+ | 2 [
it @I V1 =
+ |
1+ | B8 || With the mouse, make double click |
B in the symbol of the source (V1) to 4
qus | g || enter the data of the table of the .
alm signal of the Input Interface i

. i
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Point | Time (s) | Voltage

1 0 0

2 0.001 0 M

3 0.001001 | 4 ar -

4 0.002 4 ISF-F-

5 0.002001 | -6 =

6 0.004 6 @/

7 0.004001 | 2 6F - - -

8 0.005 2 8b--f-m /-

9 0.005001 | -8 5
10 | 0.007 8 @ o 10
11 0.007001 1
12 0.008 1
13 0.008001 0 Tabulation of the signal of the
14 0.009 0 Input Interface

b MUltlSiITI = [C'Il'[:l.“t'l]

H& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help ;I il EI
D=d|i=r8/qaaq|s B sus-a - 7|EELL]
+ B = PWL Voltage [£| ﬁ =
X g @vl Label | Dizplay  Walue |Fau|t | Analysiz Setup| 2 With the arrow %
" u keys of the "W
* % " OpenDataFile | keyboard, locate =y
el | CEETE the cursor here and = || &
sl > | ——— — write the second L8
L | * Enter Pairts Time | voltage A~ Voltage of the table ™=
i | B 0 0 4 (in our case it is
e zero). i
oy | 5% bt =
B ) N | & am
MISC
v 1. With the mouse, 4. With the arrow keys L&
make click here, and of the keyboard, locate | wm
ﬁ then write the second the cursor here and ;
2 Time of the table (in write the third Voltage ;b:
T our case it is 0.001). of the table (in our =
= case itis 4) and so =
% Feplace | Accept I Cancel J Infa | Help | forth. & ]__ﬁ‘ﬂi
it £ | 5 |=
i Circuitl | 3. With the arrow keys of the keyboard, locate ME

the cursor here and write the third Time of the
table (in our case it is 0.001001).

After having entered the fourteen points of the signal of the Input Interface; with the mouse
make click in Accept to record the information
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Storage of the signal of the Set Point in Multisim.,

- Multisim - [Circuit1] M=E3

SRR W Select a Component i
= p 15
e ﬁ D atabaze: Companient: Symbal [AMS1] o E
o | % | J|MulisinMaster  «| [PIECEWISE_LINEAR_Y [ o | o
¢ 5 oo AC_WOLTAGE [ Close | o
=i — AM_VOLTAGE Es
| i || sources | |clark_ voLTase Search... | = | BT
% Famnily: EXPOMEMTIAL VOLTAG -
: Fi_WOLTAGE it I o
g | i POWER_SOURC... EsEEATErE i =
= . PULSE_VOLTAGE tMadsl... l S
al | 5% WHITE_MOISE Fiiistisi -
4 | 8 ||| SiGNAL_CURRE... : e | e
B ||| EEFCONTROLLFUNE... |3 with the mouse, 4. With the mouse, -
HISC (> CONTROLLED_V.... | make click here. make click here. £
v tkb CONTROLLED_C.. Madel Manuf AID: =
B 2. With the mouse, [E=I=I=AIIHRY -
— make click here. ki
T 1. With the mouse, : -
T make click here. Footprint b anuf. AT ype: i
— b
v @

.Eam - ¥
= i
- n | > i
] e Circuitl | 4| r >

e Multisim - [Example]

||& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help ;Ii! ﬂ
DEd R85 8quq B BESD> 7a@4-8] -1 2 ||| =
Z=iE _iFm
N ﬁ| With the mouse, make double click in the Ll
" @ symbol of the source (V2) to enter the data of o
| B 5 the table of the signal of the Set Point ot
% | + e
1 i‘ vz | | =
50| =
8 ®™ | The source V1 corresponds to the tral
i1 | =% || signal of the Input Interface. -
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v
Point | Time (s) |Voltage 1 @

0
2 0.009

[

L t (ms)

3
3 0

Tabulation of the signal
of the Set Point.

== Multisim - [Example]

H% File Edit VYiew Place Simulate Transfer Tools Reports Options Window Help &=
DEH 48258 800 B BY> 78 s-8 ~]| 2 ||| ez Do
+ = PWL Voltage X] 3; 13
H e
sl © | L abed | Dizplay  Value |Fault | Analyziz Setupl kel e
5 | mouse, L=
vl m u| make click |
% | B " OpenDataFile | here. and o
T | 5 vz . | | 2=
RelbadFile | Brawse J then write [
sl = n _ the first ||
ﬁ ﬁ % Eriter Paints Time I ¥Yoltapz b Voltage of | E
& | B 0 o —! the table (in || .
this case it i
'l&ll‘ % bl is 3) l
B 2 |
L Ll | am
kIS 2. With the arrow keys 3. With the arrow keys =
¥ of the keyboard, of the keyboard, locate =
oy locate the cursor here the cursor here and -
St and write the second write the second -
u . . - ;
"o Time of the table (in Voltage of the table (in ;
g this case it is 0.009). this case it is 3). =
- W &
-'EE;"‘ Replace Accept CanceIJ Infa | Help | 3 ?ﬁ;
gl | 3 (=
] &:Examplenl L 1

After having entered the two points of the signal of the Set Point;
with the mouse click in Accept to record the information
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The Summer with the signals of the Input Interface and Set
Point.

We will insert the Summer.

Aultisim - [Example]

, File Edit ¥iew Place Simulate Transier Tools Reports Options Window Help 0
I| | d I I fi | d | -8 x|
I = [ ¥ En [ [ [ ; e = . | =
DEHE 2R 8 Qauq| B BE¥dsE@w-@ -]| 7 ||| CED o]
=1 m =
Ll -8l B Select a Component — [ 3
ane | g2 MDatabaze: Compohient: e 4 With th -
o % J[Muisin Master =] [VOLTAGE_SUMMER l.:! m-ou'se N |=y
+ GEroup EH\I'T[?EET_LIM”EH_BL make click e
1w & || souces | |MoLTiPLER semch. || here: - | =
I Tf’: F armnily: MOMLIMEAR_DEFEMDE -
* o POLYMOMIAL WOLTAGE Frint. .. I s
WS | (% POWER_SOURC... | TRANSFER_FUNCTION. | 3 Withthe ||| ™
- ||® sinaL_voLTas.. [VOLTAGE_CONTROLLE Model. || -
dil | B8\ | = VOLTAGE_DIFFERENTI £ oo mouse, -
4 | BB () SIGNAL_CURRE.. |vOLTAGE GaN_BLOCK Wnebem s make click )
T s [YOLTAGE_HYSTERISIS, Three Way Yaltage _Ep_l =
) LU COMTROL_FUMNE... - o e e here. :
ﬁ WOLTAGE_IMTEGRATOF g =
pisc | [Hi:b COMTROLLED. v, |YOLTAGE_LIMITER ke
-' WOLTAGE SLEW RATE '
¥ (K CONTROLLE N 1| TAGE SUMMER tdadel Manuf.MD: =
& GenerichS L b ﬁ
= 1. With the 2. With the nm
-8 mouse, mouse, : :
. . Footprint banuf. A Type: o
I make click make click |t e i
; here. here. &
=
'EE;T e ﬁg
_____ e ) | l 5 %
K> Examplel ksl

Z+ Multisim - [Example]

B Fle Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help |8 x|
Ded =20 & gauq|s B> s7uwv-8|[ - ?|/EL]
: | =T

= —
e | &l s
= o
+ | i Bl 1 vev To enter the parameters to the Summer, with e
s ﬁi e the mouse double click in the symbol of the :’
g ';i vl Voltage Summer. :
i %’% o =
] -
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‘2« Mulkisim - [Example]

i

|:& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help ;!il 51
DS 4B Sf— T 2 e
s % Label I Display  “alue IFauIt I We will —: -L’féj!
e | " make the =
ar Input & Dffset Yoltage (VAOS): [0 (v = gains of R
ﬁ‘# W - inputs A, B, i
+ | d Input B Offset Voltage (VBOS): |0 N C and the &
o . , -
& ) Input C Offset Voage (VCOSE [0 [v = | |output =
il > o equal to w
g | vl Input & Gain [KA) 1 Fon ™ = unity. In e
” this case s
dl | &8 Q Input B Gain (KB} [1 [vrv = they i
Ll Input C Giain (KC} fi [vw =] ||coincide i
=1 with the m
bisc | Olutput i [k [1 |VN j default F
values. =
T Output Offzet Waltage [0WOS]: IEI | Y j -
ik ) s
i With the nm
5 mouse =
T make click e
g Feplace | Accept | CanceIJ i Help in Accept. by
.COom gﬁ
% ~ |
T | | =
] i Examplel ] E

2= Multisim - [Example]

|'& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help ;!i] 5}
DEH 28 8 Q8uq B BY>s@NV-B -2 |
_—-—' N
B _ﬁ — |15
- 8 . =
+ | B e
15 iﬁl E 1 Wiy i
=8 1 We wire the signal sources V1, V2 and the -
s | @vl Summer (Al). =
a5 vz =
| =
a @
HISC S
v .5
& - e
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The Proportional Controller with the summer and input

signals.
pultisim - [Example] o (=]t3
|| el
: Componest; Sumbal [AM51] -
~ : 0k, . . 3
o [[MubismMaster | [VOLTAGE_GAIN_BLOC | l:! fn c\)ﬁ"stg the on
¢ | Group: CURRENT_LIMITER_BL Close | ke click s
:[.} | *F Source: __j pluss] o = hma e | |
EE | |MULTIFLIER K SEe ere. | =
| Fami NONLINEAR_DEPENDE =l _ Search.._| -
= POLYNOMIAL_WVOLTAGE Print._ | -
s ||| 5 POWER_SOURC... | TRANSFER_FUNCTION L
@ CIGHAL WOLTAG,  |YOLTAGE_COMTROLLE bodel... | —
i @ s VOLTAGE DIFFERENTE _ i
SIGNAL_CURRE.. NPEEOMENE: Function: =
d |t STy |/OLTAGE_HYSTERISIS. Vobage Gain Block _ Heb | — =
bR M |\/OLTAGE_INTEGRATO} 3. With the e
s | Dd:fp COMTROLLED Y., |YOLTAGE_LIMITER ’ =
" 7 WOLTAGE_SLEW_RATE mouse, =
y ||l CONTROLLED_C.. IyOLTAGE_SUMMER  Model ManufMD: make click .
ik GenenchGAIN here. s
- U 1 with the 2. With the r
i mouse, mouse, _ ul
i make click make click Footprint b anuf. AT ppe:
& here. here. at
]
ke

EEX

—— =
+ = * e
+ | B | ne o
% s | =
R E 1 Wiw | |

ok %ﬂ awv 3 i -
- &| o 1 wv eeel
g g& @Ul ovaow m
4 = Z
e | B | To enter the parameters to the Proportional /| =~
ﬁ . Controller, double click in the symbol. =
HMISC .“
¥ -
i o] -
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- Multisim - [Example]

| B File Edit View Place Simulate Transfer Tools Reports Options Window Help =@
D = a7 uA-@ v]| 2 || B i
— | — 0 ol
+ | BB CONTROL _FUNCTION_BLOCKES X = 5
ams
w | B Label l Display Yalue |Fault | izl
il 23
AN h ]
% | 9 “Yaoltage Gain [E]: I'I I"-.-"N ﬁ ]
F | | w
;E; 2 Irput Offset Yoltage [VOS) [i ¥ = |5
g ?ﬁ @vl Output Difset Yokage (0v0SE [0 v =] -
dl | B -
Gl According to the considerations of the — |
E example, the Proportional Controller’'s gain is =
e equal to unity. In this case we don’t make any -
i L variation. .
o e
— With the mouse make click in Accept. m
i "
I =
& by
.com 'ﬁ
4 Replace | Accept_l Cancel Info Help i ﬁ
< = Pk
e ExampIeI 4 Z_

- Multisim - [Example] [:l[EE|
||% File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help =& x
DEHE =2 8 8800 B BYSsHEN-B -] | 2 ||| ez G
o % This is the Non £ 12
w | 6 Inverting input This is the -
= L L7 Inverting output o

15

- % i+ .*“E
+ & e

5 | 1w B
= t& 0w o =
an Il 1 1 wv =
5 | B owovw

£ ﬁ% @m + e We wire the Controller with the g
dl | =% other components of the circuit. e
o | % Remember that the unused |
B output and input should be -
T connected to ground . =
- 1 =
_ = L,
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Activation of the Nodes in the Circuit, with Multisim

A node is a junction point of two or more component in a circuit. The node is
important because it is the reference point to observe the signals of interest in specific
points of the circuit.

For this reason it is better to activate the presentation of the nodes, in case that
they are not activated, in the following way:

“+ Multisim - [Example]

& File Edit Yiew Place Simulate Transfer Tools Reports  Options Window Help ;J_gl_j _:"Fj
Ned| »2eageaquqg v eyss »IEEEEENEN - 2 |Gz o
= Customize .
+ | B8 | 1. With the mouse click /— =S
- Q on Options Global Restrictions... o~
! Al Circuit Restrictions... =
o | LE ol ol
- o o
% | BB +_|_ Simplifizd Yersion o
K )

E 1 WiT -
[ ® $ 2 ' =
= T 1 vy -
el | @m A S -
4 | B @UZ —
B oL . . = |
B 2. With the mouse click =
| - on Preferences -

HMISC |
. et -
o =
o -
A B8 ¢
=

AT
@' | AGE
iy
Eom ﬁ
+ Y|
< y |
& =
bl Examplei ol L
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< <Multisim -[EXamp| preferences

e File Edit Vi
%" = P Fot |  Miscelaneous |  RulsCheck |  PCB -
DEE @ = Circuit workspace | Witing l Companent Bin E ? l T
— = Cgh i =—
sl | [t = — |5
e @‘ 1.0kohm v Show compaonent labels . m
e ﬂ_ Test R ¥ Show component reference [Ds 1. With the o
s T Te=3oppm ™ Show node names mouse, i
% | 3R = ke click &
— . ¥ Show component values make Clic =
1+ "E" | ¥ Show component attibute her_e to %
™ e activate the =
g (i @m presentation | | | gm
o | r— Cilar- of the =
— nodes. s
vy | % |white Background | ~
B _ | | an
sc | - l TEST_F'TG il I 2. With the L
= W make click e
L 1 —J in OK. =
; nm
= | m
I | S
& =
o o |
s - 5|
I % Example!l Set az Default Restore Default k. l Cancel l Help 1 o .E
2~ Multisim - [Example]
% File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help -8 x|
DEE 82 8 g 00 B BEYDS v uAy-E || 2 || =
+ | | — | L5
= ol .. . ) AR
| B | AZ Multisim automatically assigns a o
| A node number. If you draw and B
* | + 3 i "
- E erases several times the same =
| g s B| 1 %WV L . [
T | oo » Circuit, it is possible that the nodes s
s - § 1 s 1 VT ‘ numbers are different. Don’t -
| | @m 1 0vov worry because the most =
e | @va interesting thing is the position of :
.:g the nodes. In our example, the e
oy > "; i nodes of interest are: 1 (signal e |
EI" of the Input Interface), 2 (Signal of =m
il the Set Point), 3 (output of the
v i Summer) and 4 (output of the -
i - Proportional Controller). Laan
: Lird
= —td
. | o
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Transient Analysis Configuration of the Proportional
Controller.

DON'T TURN ON THE SWITCH of Multisim.

Follow the following procedure:

File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help o4
File Edit Yiew Pl Simul Transfer Tools Reports Opti window Hel _lg
NEHEl L =8l &7 Run FS |l W - [ =2
: A
- L
#' Instruments L4 ket
Default Instrument Setting... £
+F | B o
- N Digital Simulation Settings... e
+ : &
) analyses ing Point... :
1 _E_’ 1 ] DC Operating Poink i
ﬂ> i:.’: 1 Postprocessor... AC Analysis ﬂ:
(g @m Simulation Error Log,/Audit Trail Transient Analysis... h ;23]
4 R &
4l | G XSpice Command Line Interface Fourier Analysis...
- japt
oy | 5B o Ll Moise Analysis... E
] Moise Figure Analysis...
B | . ! am
MIsE | Distortion Analysis... | [
v E Auto Fault Nption... DE Sweep.. EH-.
& = Global Component Tolerances... Sttt _.;.‘
) Parameter Sweep... ﬂ,,,
Ta 1. With the mouse, S i A St -
I make click in Simulate =
Pole Zero... umg
) A
& 2. With the mouse, Transfer Function... s
om make click in Analyses e
+ y Worst Case... =
< > e
k. Monte Carlo...
i Example Trace Width Analysis... P
Tran: DO.D0 P Batched Analyses... 13}
User Defined Analysis...
3. With the mouse,
make click in Transient
Analysis RF Analyses
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= Multisim - [Example]

||& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help =3 x
Dsd| =R 8lqaag B Bga>s@wv-@ 2 |Eli
—— — | —
Pl Transient Analysis |§| 1. Withthe =
e ERaAER ‘ | . - - mouse,
nalvziz Farameters .
. Iy Clutpuat vanal:ulesi Mizcellaneous Options I Summary I make click
~ Initial Conditions here and
* Automatically determing initial conditions ’ write the I
I+ ! Start time =
. — Parameters that [
s Start ime (TSTART) |0 cor according to | |
Reset to default the signals
«f, Endtime (TSTOF)  [0.001 - it is zero |
W Masimum time step settings [Thias) - With the mouse,

| ake click here

HISC a

" Minimurn number of time poirts |i|_'u_| nd write the End
¥ me that according
Ak 7 Magirum lime shep [TMaX] - the signals it is
[ _ _ 0 ms or 0.01 sec
e ' Generate time steps automatically
I
& | More »» | | Simulate I | Apply I | Cancel I | Help |
.com
.r"‘

1:
|< ! 2|

] e Examplel 4]

3. With the mouse make click in Output variables

TP IErF I T N R

Vv
4+ -
2k - -+ - - -
é i :::_:1:__5_'_______7_:é_lot(ms) Signal of the
L2 Input Interface.
Start time Bk - - -
| A End time
Vv
3 Signal of the Set
t(ms H
O T 7 3 4 5 6 7 8 9 o Point.

Start time End time
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- Mulbtisim - [Example]

fr Transient Analysis sl IS i
| / |
| . : . . -
| Analysis Parameters  Dutput variables I Mizcellaneous Options I Sumrmary ! é‘*’;
() Wariables in circuit Selected variables for analyziz ;ﬁ?
+ |'|.:.,'" vaniables _vJ !,.'l'.,” varables LI =4
. =
B 1. With the mouse, o
o 32 make click in node 1 to
$4 H -J\.i_t:
4 aal#branch 1.0 . Add Py sclectit =
oy aazfibranch_1_0 s |
vl fibranch . i
S e 2. With the =
| i Remove |< mouse, make am
i click in Add =
o Filter Unzelected Wariables | -
o i H
= —
More > Simulate Apply Cancel Help i
. v
.EO0m | _ﬁ%
' ==
. §.1] i | | |
] fier ExampIeI el ?

== Multisim - [Example]

I:& File Edit Y¥iew Place Simulate Transfer Tools Reports Options Window Help |8 x
D@H 2R & Qg B B> s WHN-8 >l | 2 ||| Ex (o
— Transient Analysis |‘§| - | =
" Y el — [
Analysis Parameters  Dutput variables I Mizcellaneous Elptu:unsl Summar_l,l! 1.::'
m
e | Yariables in circuit Selected vanables for analyziz g
* | I"ﬁ"" variables _L‘ i.-'i'-.ll vanables ;I |
g2 | #1 i
el BEE =
; $4
¥ L Node 1 has been -
i aafbranch_1_0 e Add s selectgd for the =
iy | w1 Hbranch analysis. Repeat the ]
| |vv2Hbianch process for node 2, B
L] e Remove | <= | node 3 and node 4. amn
g R
_:. _ Filter Unzelected W aniables | ﬂ
-Iﬂ =y
s . o
& | Mare > I | Simulate I | Apply I | Cancel I | Help l s
.EFRI'H 3 __:_
b i |_<_ 1115 | z .ﬁ
S Examplel 4|0
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a C [B]x)
%’. File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help ===
0= d & 8qg Qg B BYL FHAN-E] i | 5
» ¥ [ Y
8 Transient Analysis 2
A &nalysis Parameters  Output variables | Mizcelansous Options i Surmmary | =
|l o
L Warables in circuit Selected vanables for analysis 4
* |.-’-'-.II wariables ﬂ |.-’-'-.II variables LI s
1*:;_ A
aal#branch_1_0 $1 =
. aattbranch 1.0 $2 beeey
: wie'l Bbranch $3 -
1 wy2itbranch 44 After having e
o e Add Pk selected the -
T nodes l., 2,3, -
and 4 click on :
s Remaowve i . =m
= Simulate  (} ==
: ; Lk
i Filter Unzelected Wariablesz | e
o bore > | | Simulate—l | Apply | | Cancel | | Help -
To B

- [B]x]

=8| %]

File Edit 1274 Tools - ? 4

~ v Toolba: | | r | | | | J : |

EEE v Status Bar | %“El L R %Y @ %} @| 1. To = [l
T — change s
Fansien’  ghow,/Hide Grid the i
Show,/Hide Legend background =3
Show/Hide Cursors of the e
v Auto-Close Pages grapher, B
] click on ok
v Reverse Colors [~this icon or -
with the
mouse o
click on o
View wm

2. Withthe |*

mouse ey

make click nm

in Reverse B

50m 7 5 10 0, Colors =

. AG

Titne =

H-1c]

2 g =

Reverse black and white colors s
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Presentation of the Proportional Controller’s signals

With the mouse, click here so that this grid appears

w--Multisim - [Example]

r

= Analysis Graphs : _ =18

File Edit View Tools - ? |||| TN |
] by - et —— |r'r.’,-,,l I = lh’?ixj\l‘: . = —r
oje{als(R] [{e|| BB ul (= vivield] bl BE e T,
> = e mouse

Transient Analysis } ’ —_—
| click here. =

Example so that this s

Transient Analysis legend =

Y appears f

ook

7 |
S Wwith the -
o mouse, —
click here =

so that this L

grid o

appears o

100 . | . | PP i

] 2.5m S0m 7.5m 10.0m S

AlE

Time (3) i

w ﬁE

— & 5 |
o

] e Examplel Al

For the legend of the Transient Analysis:

The red color (node 3) corresponds to the output signal of the
Summer.

The blue color (node 1) corresponds to the signal of the Input
Interface.

The yellow color (node 2) corresponds to the signal of the Set
Point.

The green color (node 4) corresponds to the output signal of the
Proportional Controller.
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Width and Color for the presentation of the output signals.
The presentation of the signals in the Analysis Graphs has a width of a typographical
point with the purpose of taking measurements accurately.
However, to be able to distinguish the signals one from the other, we have opted to

increase the width of the lines in 10 points for the red color, 7 points for the blue color,
4 points for the green color and 4 points for the yellow color, in the following way:

1. With the mouse make click in Edit.

ple L]

i na ay = ==

File N8 VYiew Tools o - ? ||| T |
Und - - L

v | [l ] [ o[d]¢] & BE =

Cut — !‘_

Tra Copy Transient AnalysisX| ]

Paste i

: Example 7

Lleey Pages Transient Analysis 52 i

Copy Properties Se— :

Paste Properties s

Page Properties i { E

Properties lﬂ

) — 13

| a

Em— =

50 4 ! =

S5 S o

100 ; . ; . -

1 2.5m S0m T.5m 10.0m ;

A3

Time {3) s

a e

Edit properties - 3 = @

-

] i Example I Ay

2. With the mouse make click in Properties.
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1. With the mouse, click on Traces

2. To select the node number, with the mouse click here to
advance, or click here to go back.

5+ Multisim - [Example]

F

#- Apalysis Graphs

= — B
Graph Properties '- _
- @ =

e

Generall Left .-’-'-.:-:isl Bottam .-’-\:-:isl Fiight.-'l'-.:-cisl Top &wis  Traces | -
BnalysisX| - 1he
Trace [ =1 Label 82 — 33 number of
— 51 node 3
Sample §2 appeared in
PenSize |1 = ——_§4 || this window.
| In this case
the Traces is
Color | Il Fed _vI | 1 but the
node (thatis |

#BRange—— Y BRange————— [ Offsets =t what
&+ Bottom Asis & Left dwis % Offset |0 oo interests us)
is number 3.

" Top Avis " Rlight &uis ’ 5 Offset IEI ﬁ-UtD'SED-l

Accept I Cancel | Festare | Apply | Help |I1III.EIm

WO EE B LE LA EEE R BINM

Sl
= -~ ]
- 3 Example‘ 4] ¥

4. We can increase or decrease the width of
the line by clicking on the Pen Size tab

5. We can also change the color of the line of
the signal by clicking on the Color tab

6. After making all the changes that we believe
necessary, click on Accept.
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=18 x|
T
- 2| E
Graph Properties : —
- L2
Generall Left .-i'-.:-:isl B othaom .-’-'-.:-:isl Fight .ﬁ.:-:isl Top Awis  Traces -
Trace |1 _J: Label I$3 45
ol iz Observe that = || %
- i Sample | |
PenSize |10 - ‘ __ sy we have = | | ==
- | changed the oo
| — - width of node | | gm
Color | . Red vl 31010 ) _HIL
typographical | |
~#Bange —— Y Range————  Offsets =1 points iF .
& Bottom Axis o Left duiz 5 DOffget I':' = -
o
7 Top Az " Right &z % Olffzet ID Auba-3ep. q
| i
— "
Accept I Cancel Restore | Help | Apply | fio Om -
e
w |
, - ¥ =
I M S S.-r::-oo-r---o-r - —
== Analysis Graphs =] =18
Graph Properties . | 7 |] EL v |
|
Generall Left.-'l'-.:-cisl Bottom .-’-'-.:-:isl Hight.ﬁ.:-:isl Top Awis  Traces — [z
Trace |3 _J: Label |$2 :;;
S ampl = -
- [~ @ampls ey, 805 In this case i
Pan i 4 % — ||
en Size = ‘ | we have =|| e
i changed the -
Color | |:| “'ellaw vl width of node ﬂ
: = 2to4 e
[ Sibver & t hical b
# Range —| [l Fed e | Offzets [ yPOgrap Icalf .
B Lime —— points. In =
i* BEIUIEI et diz = Offzet Il:I | addition’ the E
e : ; [~ color been T
" Topdd Bl Fuchsia = [htAis ¥ Dffset. |0 _AutoSep. | changed to =
Agua L8 | yellow -
[ white  » nm
== _ﬂi
Accept I Cancel Restore | Apply | Help | 10 Dtn =
brs
TIE L) 7
v |,
Z 5 |
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The Derivative Controller with the summer and output
signals.

We take the circuit of page 31 where we have wired the signal of the Input Interface,
the Set Point, the Summer and the Proportional Controller. This Proportional Controller
should be removed to replace it for the Derivative Controller.

z2 Multisim - [Example]

% File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help .:.J_?i_'J..}_‘:j
DeEeE @+ "B & ®§8 04 & BED 78 B »|| 7 E
o . - - - k3
+ | = 1. Weright click on the Proportional  — | Lz!
ans | (B o Controller’s symbol and this window will -
§ | | ;
+ | Az appear el
i i -
+ | B 3 | &5
Bl 1w L%.K i
il ; 0w 8 e Ctrl+X g
T | L= " 1V Copy Ctrl+C -
5 : oW T
Tl —
© . o Flip Horizontal Alt+¥
dl | == Flip Yertical  Alt+Y i
o | B 90 Clockwise  Ctrl+R lt
El o 90 CounterCW Shift+Ctrl+R o
LS Color... -
v s Font... -5
& Edit Syml -
= Help F1 -
- ! T . F
T 2. We click on Cut of this window. =
it
é AG s
=
.com ﬁ
. M|y
< [ e
e Example] a2

The Proportional Controller is eliminated; we proceed to insert the Derivative
Controller in the way indicated on the following page.
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mER

I=% File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help -8 x]
Ded ' 228 a8Q0q B BYS & WA = 2|
= — | § PR " A = —
sl 0l B Sclect a Component |E|rg| — (13
ang 3@ [ atabaze: Companent; Symbal [ARNS]] B ::i
o | S | )|Mulisim Master = | [VOLTAGE_DIFFERENTI [ ] o
% 5 oo CURRENT_LIMITER_BL Close_ | e
- |\ | [ DIVIDER e — _ <
1| % ||| F Souces | {MoLTIPLER > Soach_|{ 4 Withthe - |25
. BFamiy: NOMLINEAR_DEFPENDE ] — mouse ;
Iz POLYNOMIAL VOLTAGE Pii | ’ =
¥ 3 : ik, .. ; i
W R £ POWER_SOURC... | TRANSFER. FUNCTION. make click =
oo 1@ sigNaL_voLTAG. [YOLTAGE CONTROLLE - Mokl [} “here. —
4 | BN VOLTAGE DIFFERENT : -
4y | BB () SIGNAL_CURRE... [VOLTAGE_GAIN_BLOCY Function: Help I | L
= || G T | VOLTAGE_HYSTERISIS Tme-Derivative Block =
B e et VOLTAGE_INTEGRATOF am
wee || 0E CONTROLLED v [VDLTAGELIMITER i
. WOLTAGE_SLEW _RATE _
v [k CONTROLLEDLC.. |VOLTAGEZSUMMER  Model Maruf SD: 3. With the =
- Generic\DIFF moise’l. . -
— i . make ClIC
- L Wi the 2. With the i, -
o use, mouse, _ ' ok
i hmake click make click Footprint b anuf. AT ppe: ;
e ere. here. Aad
=
.EE:'H o .-'s:'é
e — , . & E
1 =
&circuitll )]

“- Multisim - [Example]

i% File Edit Y¥iew Place Simulate Transfer Tools Reports Options Window Help ‘Tjgj‘}sl
D@FE @+ 8 8 8q0Q % BYED 7 &6+~ a | gl ==
+ | & | Non Inverting Input Observe that after inserting the = |12
| 11 Non Inverting Output  Derivative (;qntroller and wiring the e
o | H X A2 circuit, Multisim has numbered with =
| aly node 6 the output of the summer and e

* %ﬁ % & e with node 5 the output of the a
I 1 B ;g"r s _Derivative. i
=gl - £ ! " LV eV : .
o vz Sm—

o % @ Y Inverting o
L Input Inverting Output |
B ‘ um
HMISC i =
5 = L5
S To enter the parameters of the Derivative -

"IEF . . —
G Controller, double click on its symbol. -
Ta ;a
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Configuration of the Derivative Controller’'s Parameters

- Multisim - [Example]

”& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help ;.Iﬁi EI
Dl ¢8R 8 8Q0Q B BEYAsE@ N8 -] 2 ||| EZ0 ]
+ B CONTROL_FUNCTION_BLOCKS Bl e 2la
it '&? Label | Dizplay  “alue |Fault I mouse, click m
» |58 here, erase e
£ | M voregeGainiE) [ [wre = g”odo‘i"”te e
% 1 Dutput Dffsst Voltage (OVOS) [0 Vo = -
23 )
g % @Tﬂ Output Voltage Lower Limit ML) !-'Ie+EI12 I"v’ j 2. With the 5
1l 5@ { Output Yoltage Upper Limit [4U; !1E—'+|:|12 I"v" E mouse, click ;
o here, erase R
- Limit Smoothing Fangs [V |12-008 v and write =

= -13 =m
HMISC = :
v | =
& = 4. After entering all the 3. With thlg K -
i necessary parameters, with the quorlésee’racs'g om
2 mouse, click in Accept P i
o P and write 13 k]
J' HEAE
o ey
i Replace | Accept Cancel - Irifo Help v ﬁ
£l T

The Derivative Controller’s output is:
d Vin

Vout(t) =K

For the considerations of the example (see page 21),the RC constant is of
1 millisecond. Also, K = R.C is expressed in seconds (see page 14), then we have that:
K =0.001

For the considerations of the example (see page 21), the Derivative Controller will
use a dual-supply with +Vcc = +15V and - Vcc = -15V then (see page 15) the Output
Voltage Lower Limit will be -13 V and the Output Voltage Upper Limit is 13 V.
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Transient Analysis Configuration of the Derivative Controller

DON'T TURN ON THE SWITCH of Multisim.

Follow the following procedure:

%+ Multisim - [Example] m

% File Edit Yiew Place  Simulate Transfer Tools Reports Options Window Help __J _E_JJ _?_C_j
D& o = @& # Run F5 1l W~ B ~| 7|
-
b L
#' Instruments r 2
Default Instrument Setting... S
| B8 : b
. & Digital Simulation Settings... e
* | 9 : =
= _E_' 1 DC Operating Point ﬁ
| Post i :
el B | 1 Yostprocessor AL Analysis oo
(s @vl Simulation Error Log,/ Audit Trail Transient Analysis... 1221
4 k R B
4o | Q XSpice Command Line Interface Fourier Analysis...
* atfey
oy | B8 P Ly, Moise Analysis... "E
] Moise Figure Analysis...
]:E‘I' | . q ¥ um
pisC | Distortion Analysis... | |7 -
¥ Auto Fault Nption... DC Sweep... !ﬁ.
& = Global Component Tolerances... Sensitivity [,
5
% ] Parameter Sweep... #ﬂ,
o 1. With the mouse T
L . Temperature Sweep... =]
T make click in Simulate
Pole Zero... my
AlG
# 2. With the mouse Transfer Function... .:—ﬁ
i make click in Analyses Worst Case... b e
i
< Monte Carlo... >
i@ Example Trace Width Analysis... ¥l ¥
T D0.D00 me Batched Analyses... 13d)
User Defined Analysis...
3. With the mouse
make click in Transient
. RF Analyses
Analysis
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- Multisim - [Example]

|i& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help __J ﬂ _>_Cj
DEE 2R S8 Q0 q B BEAsEN-8][ 2 |EHL
P . z & ] A —
el Transient Analysis |£| 1. Withthe — |1z
: mouse, click
B Analyziz Parameters | Dlutput variablesi Mizcelaneous Dptiu:nnsl Summar_l.li here and ‘ :ﬂ
+ e
-~ Iritial Conditions write the £
* Autormatically deterring initial conditions Start time I &
1 that =R
IH, ~ Parameters according to | | | &
tps Start time (TSTART] |0 . the signals = || mm
Reset to defaul is zero —
i End tirme [TSTOR) II:I.I:IEI'I FEC | kol
(i . =
¥ asimum time step settings [Thax) 2. With th.e :
i mouse, click here -
7 Minimum number of time paints | {00 and write the End ;1
= time that G
Jfr " Maimum lime step [TMA) - according to the -
= signals is 10 ms -
= . . i
o % Gererate time steps autamatically or 0.01 sec !ﬁ]
T ki
@. | bore »x l | Simulate I | Apply I | Cancel I | Help l ':f‘ﬁ
.Lom l"ﬂ
+. | =
— | | & (=
] fr Examplel ol 3

3. With the mouse, make click in OQutput variables

Y
4+ -
ol il il i e IO —
e ! -] R 4 I 5" (™) Signal of the
Input Interface.
Start time i
Y S End time
Vv
3 Signal of the Set
0 t(ms) Point
1 2 3 4 5 6 7 8 9 10 -

Start time End time



-47 - Virtual Laboratory MultiSIM

-~ Multisim - [Example]

|:& File Edit Y¥iew Place Simulate Transfer Tools Reports Options Window Help ;I il EI
DEd =R &8 Kequq B BYS s WA-B -7 |[EEL
T Transient Analysis x| ol
77 — o | Leit
i Analysis Parameters Output vaniables I Mizcellaneous Options | Summary l =
+ Wariables in circuit Selected variables for analysiz EE
+ |.-'-‘-.II variables ;I I.-’-‘-.II wanables _"_] =
- 7 E:
¥ $2 [ 5
f}; aal#tbranch_1_0 2
T aazftbranch_1_0 ﬁ
il Bhisroh Nodes 1 and 2 are
41 5 Add - .
ww2ftbranch in the Selected b
(% . variables list =13
1. With the mouse, . J =
click on node 5 to G i | =
MISC select it 3. Repeat
v 2. With the mouse, c‘ick on steps 1 LN
. Add so that it enters {o the and 2 with "
— el | Selected variables list node 6 o
Tm !& i
I e
T | Mare »» I | Simulate l | Apply I | Cancel I | Help I b
N =
com ﬁ
S o L
] e Examplel I I

o Az Looking at the circuit, the nodes of
o 2 interest are:
" E 1w d/sde
e E ¢ node 1: Signal of the Input

node 5: Output of the Derivative
Controller.

" z 0.001 54 0% Interface.
* - node 2: Signal of the Set Point.
i node 6: Summer output.
. 4
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In the Selected variables list we have nodes
1, 2, 5 and 6 selected.

o= Multisim - [Example] -

File Edit Y¥iew Place Simulate Transfer Tools Reports [ptions Window Help ;JEJ 5’
BH 2R 8 &8§00 8 BES s HN-B -1| 2 ||| =z o

&nalysis Parameters  Output variables | Mizcelansous Dptinns! SL‘mmar_uI |

ik

Wariables in circuit Selected variables for analysis
| & wariables -] | &l wariables - |
aal#branch_1_0 $1 =
aa2ttbranch_1_0 32
v fbranch $h |
w2ftbranch 35
e Add e [
el Remowve e

Filter Unselected Yanables |

| Mare »» I| Simulate I| Apply Il Cancel I| Help I

M n@ o< imPBEE Y~ ¥ 1+
=

S
< | =

] =3 Examplel R

P BEEVER LEGELAR G E RIS

To observe the signals of the selected nodes, with
the mouse click on Simulate
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Presentation of the Derivative Controller’s signals.

e Multisim - [Example]

H% File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help =8
BE - noiysis Grap == ? [
|| File Edit Yiew Tools ~ Ei
w || D a8 &|=e||[@aE w @] o= ] b bR =
"1 Transient Analysis | Tansient Analrsisl_E EE
o a——— 1 =
e Example _ a2 e
B Transient Analysis a =
g §5 -
4 s
(i e
& an
- =

Y b = -
o i
o b
T i
I i
- b
fﬂ: 1] 2.5m 50m T.5m 10.0m T
i Time (5) ;g
A ¥ e

For the legend of the Transient Analysis:

The blue color (node 1) corresponds to the signal of the Input
Transient Analysis/X Interface.

— 221 lli The yellow color (node 2) corresponds to the signal of the Set
Point.

G .

SEEE— | The red color (node 6) corresponds to the output signal of the
Summer.

The green color (node 5) corresponds to the output signal of
the Derivative Controller.

For the width and color of the signals, see pages 39, 40 and 41.
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The Integral Controller with the Summer and input signals.

We take the circuit of page 43 where we have wired the signals of the Input Interface,
the Set Point, the summer and the Derivative Controller. This Derivative Controller
should be removed to replace it for the Integral Controller.

= Multisim - [Example] El@@

' & File Edit ¥iew Place 5Simulate Transfer Tools Reports Options Window Help :_J _E.J E.]
DEE "B & §g0g & ESS 72 H8A-E ~|| 2 || 0o
= $ : L |
@; 1. Right click on the Proportional ﬁ
e . . . T
& a1 n m_ Controller’s symbol and this window will
Az ol
| e i appear )
. | i | + £ e
G E 1 WY d/de M‘S
T+ & . 0w - ==
B | B oy celx -
L K | 2 f. { farad
gy M b Copy Ctrl+C #
4| B [ vz Flip Horizontal AlE+X
o ] : . i
oy | B { Flip ¥ertical Alt+Y e
*_’ 90 Clockwise  Ctrl+R | i
& 91 CounterCW Shift+Ctrl+R =m
L il . O Rmn fimememoedoes | (R :
Color... -
- _é_ Font... ;
@ ; | )
nm
= Help F1 w
dp
& 2. Click on Cut of this window. b
.com '_‘é:g
+ o =
< =
| fe Example BT g

The Derivative Controller has been eliminated; we proceed to insert the Integral
Controller in the way indicated on the following page.
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2 Multisim - [Circuit1]

- [Blx]

& Lt < FESEHEEY . T ¢ 4

o
=
=

A

i Multisim - [Example]

M Select a Component il
[ atabaze: Caompanent; Syrbal [AMS]] B '::
|Multisim Master = | WOLTAGE_INTEGRATO ok ] 4. Withthe | |29
Group: CURRENT_LIMITER_BL Close | mouse, 7
DIVIDER i T - s

| Sources = MoLTiRLER J Seaich._| make click _| | gy
Farmily: MOMLIMEAR_DEPEMDE = [ here. -
; POLYMOMIAL YOLTAGE Print... | .
() POWER_SOURC.. | TRANSFER_FUNCTION. e =
1 SIGNAL vOLTAG | WOLTAGE_CONTROLLE QdEL.. | —
G - WOLTAGE_DIFFERENTI: _ e
() SIGNAL_CURRE.. |WOLTAGE GalN_BLOCK Function: Help | | |~
TR HYSTERISIS, Tiedntegraton Block 3. Withthe | =
[ CONTROLLED V... |WOLTAGE_LIMITER mouse, -
- - WOLTAGE_SLEW RATE make click =
(K CONTROLLED. C.. |vOLTAGE SUMMER Madel Manuf \D: here. |
GenerichNT -

1. With the . nm
mouse, i(;/l\jgg the B
make click . Faatprint b anuf AT ype: i

h make click s
ere. e
here. =

ke

W

T ' * =
- Eircuitll 4 i

B[(=1/e3

|;% File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help _-_!_Ei’_iiq
DEHE =B &8 aquq B BED sHw-8| -] 2 |||E2 o
= %= Non Inverting input Non Inverting Output B
ane | 8 it Observe that after inserting the .
b+ | B A Integral Controller and wiring the ol
o 2 . . .. :t-*
£ | g A z CI!’CUIt, Multisim has numbered s
o Bl 1 v f with node 3 the Summer output =
‘% 3 0w . — and with node 4 the Integral [|=
sl b 4 - 1 7/var output. s
4 =z @Vz Inverting s
a4 | B Input Inverting Output e i
= an
MISC ] i
v =
- - To enter the parameters of the Integral -
- Controller, double click on its symbol. i
= =
o - H
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Configuration of the Integral Controller’'s Parameters

5~ Multisim - [Example]

H% File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help ;.Iii EI
DM $2R & 8Q0Q B EBYS sH N8 ~]| 2 || ez o
. —T—

+ = CONTROL_FUNCTION_BLOCKS Bl vinie 2lm
sl © Label | Display Value | Faut | mouse, click =
o | here, erase g
% | Violtage Giain () i [V =] i‘ggo""”te s
=) Dutput Offset Voltage (OVOS): [0 vV 4 -
B3 -
tyas % W Output Waoltage Lower Limit L) !-1 e+12 I Ly ﬂ 2. With the H
il 5@ ( Cutput Yoltage Upper Limit (44U : !'Ie+l]'|2 I"»-" —'E mouse, click ;
4 | R here, erase e
- Limit Smosthing Fange (V5] [tedis v = and write =

= -13 em
Mist | i
o

o 3 H =
& = 4. After entering all the 3. With ‘hl? K L.
LA necessary parameters, with the hmeorl(i,si’r;slg nm
= mouse, click in Accept P =
o P and write Lk
I 13 e
e by
o Feplace | Accept I Cancel i Help v ﬁ
< > i

The Integral Controller’s output is: Vout(t) =K '[ (Vin(t) dt

also K= L (expressed in seconds)

R.C

For the considerations of the example (see page 21), the RC constant is
1 millisecond. Also, K is expressed in seconds (see page 16), then we have that:
K =1/0.001 = 1000

For the considerations of the example (see page 21), the Integral Controller will
have a dual-supply with +Vcc = +15V and - Vcc = -15V then (see page 17) the Output
Voltage Lower Limit will be -13 and the Output Voltage Upper Limit it is 13
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Transient Analysis Configuration of the Integral Controller.

DON'T TURN ON THE SWITCH of Multisim.

Follow the following procedure:

2~ Multisim - [Example] m

% File Edit Yiew Place | Simulate Transfer Tools Reports Options Window Help :J_EJE:(J
- - =, .../ Ire T »
D= | 5@ &8 ¢ Run S 18 v - 6@ | ~||?|| =l
i A
o L
:‘t Instruments L4 Lad
Default Instrument Setting... 22
$ | B EE
- e Digital Simulation Settings... 2
* | % : o
- | 1 Analyses DC Operating Poink ]
7| Posk i 4
| 3 1 Fostprocessor AC Analysis =
s @vl Simulation Error Log/ Audit Trail Transient Analysis... k m
4 ikl
4l | B g ¥5pice Commizind Line Interface Fourier Analysis...
. bl
oy | 58 Moise Analysis... ”=
] Moise Figure Analysis...
B || . ! =
MISE | Distortion Analysis... | [T y
Auto Fault Option... q
i i i el Ll DC Sweep... !:.
& = Global Component Tolerances... Seristivity.. ﬂ?\
= ) Parameter Sweep... ﬂﬁ,
o 1. With the mouse, o
T click on Simulate Temperature Sweep... i |
| Pole Zero... ﬁ
& 2. With the mouse, Transfer Function... r
. TG
i click on Analyses Worst Case... wl |
< > i
k. Monte Carlo...
i@ Example Trace Width Analysis... i ¥l
Tran: DO.OC g Batched Analyses... 13:d)
User Defined Analysis...
3. With the mouse,
click on Transient
. RF Analyses
Analysis
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<o Multisim - [Example]

|i& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help =5 x|
DEE =08 8] 0q g BYED 2@y A -]| 2 ||| =z L
4 : T ] ~
8l Transient Analysis |£| 1. Withthe — |1z
_ mouse, click
2 &nalysiz Parameters I Dutput variablesi Miscellaneous Dptinnsl Summar}li here and ‘ =
B 29
~ Initial Conditions write the 4
* Automatically determing initial conditions Start time I %
- that =R
B - Parameters according to = || *&i
tpay Start time (TSTART] |0 - the signals | | mm
Reset to default is zero ——
il End time [TSTOP) |I:I_I:II:I'I 3EC | b
(] . ot -
W Mazimum time step settings [Tha)] 2. With th.e :
o mouse, click here -
" Minimum rumber of time points |i'.'".' and write the End ;1
£ time that S
N=n 7 Maximumn lime step [TMA) s according to the -
- signals is 10 ms -
=] * I I
o i Generate time steps autamatically or 0.01 sec !ﬁj
J' =
@, | hoe =3 l | Simulate I | Apply l | Cancel I | Help l %
.com :
+, ey
L5 & | a3 |
] e Examplel i ;?_

3. With the mouse click on Output variables

Y%

4+ -

o el il il ey IR

ofF—= 4" 5 —--=f-1—=5tms  Signal of the

Input Interface.
Start time 6k ---

Y S End time
Y%
3 Signal of the Set
0 t(ms) Point

1 2 3 4 5 6 7 8 9 10 -

Start time End time
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-~ Multisim - [Example]

=151

||& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help »
DEd 2R & QQ0Q B BED s N8| -] 2 |||z ]
g Transient Analysis E| A E:
- &malysis Parameters  Output vanables | Mizcellansous I:Iptil:unsl Summar_l,ll .
44 Wariables in circuit Selected wanables for analpsis oo
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In the Selected variables list we have the
nodes 1, 2, 3 and 4 selected.
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To observe the signals of the selected nodes, click
on Simulate
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Presentation of the Integral Controller’s signals
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For the legend of the Transient Analysis:

The blue color (node 1) corresponds to the signal of the Input
Transient AnalysisX|

Interface.
The yellow color (node 2) corresponds to the signal of the Set
a— | Point.
— 54| The red color (node 3) corresponds to the output signal of the
Summer.

The green color (node 4) corresponds to the output signal of
the Integral Controller.

For the width and color of the signals, see pages 39, 40 and 41.
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The Proportional- Integral-Derivative Controller (PID).
(according to the example of page 20).

For insertion and configuration For insertion and configuration
of the Summer Al sees pages of the Proportional Controller
28 and 29 A3 sees pages 30 and 31
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Determination of the PID Controller's nodes

2+ Multisim - [Example] E”ﬁ'gj

& File Edit ¥iew Place Simulate Transfer Tools Reports Options Window Help :Jgj _3',(_1
O = & 2R 8 Q4G B EYxsEw-E -/ 2 | =
| ——— 2 .
+ = — [
ane | (CH 11 o e
o | BR oL G
% | % + . o
; E 1 Wi =
il = -+ z 1 WAV " o]
i owaow
4 @vl ! Ny =
[El B vE AF ) n -
+ » i
or | % 5 7 + 9 =
= f E :
| 1 WV zm
— o000 WY oW L6 . | —
b o L5
- 2 L 4
At A4 il
u om
-] G
T
d/de '@:
T |
# 0.001L VY O W Al
e
.£om e ﬁ
+ ¥
< s | =
g =
i Example 4] =

In the circuit, we will take the outputs of the Proportional Controller (node 6), Integral
Controller (node 7), Derivative Controller (node 8) and Proportional-Integral- Derivative
Controller PID (node 9).
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Transient Analysis Configuration of the Proportional-
Integral- Derivative Controller (PID).

DON'T TURN ON THE SWITCH of Multisim.

Follow the following procedure:
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In the Selected variables list we have the
nodes 6, 7, 8 and 9 selected.
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To observe the signals of the selected nodes, with
the mouse click on Simulate
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Presentation of the Proportional-Integral- Derivative
Controller‘s signals (PID).
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For the legend of the Transient Analysis:

The red color (node 7) corresponds to the output signal of the
Transient Analysis/X| Integral Controller.
The blue color (node 8) corresponds to the output signal of the
Derivative Controller.
The color fuchsia (node 6) corresponds to the output signal of
the Proportional Controller.
The green color (node 9) corresponds to the output signal of
the Proportional-Integral- Derivative Controller (PID).

For the width and color of the signals, see pages 39, 40 and 41.





