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What is a System?

* A system is an assemblage of components or elements
Intended to act together to accomplish an objective.

» The view of a system as a set of interconnected elements is
what has been called the “systems approach’” to problem
solving.

* The behavior of a system is specified by its input-output
relation, which is a description — usually mathematical — of
how the output is affected by the input.

* There are two types of systems: static and dynamic.

* Engineering dynamic systems can be small-scale and
large-scale.
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What is a Block Diagram?

 Block Diagram

— A block diagram of a system is a pictorial
representation of the functions performed by each
component and of the flow of signals. It describes a
set of relationships that hold simultaneously.

— A block diagram contains information concerning
dynamic behavior, but it does not include any
iInformation on the physical construction of the
system.

— Many dissimilar and unrelated systems can be
represented by the same block diagram.

— A block diagram of a given system is not unique.
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What is Simulink? | & |

« Simulink is an extension to MatLab that allows engineers to
rapidly and accurately build computer models of dynamic
physical systems using block diagram notation.

— linear and nonlinear systems
— continuous-time and discrete-time components
— graphical animations are possible

« Previously, a block diagram of the dynamic system
mathematical model was created and then the block
diagram was translated into a programming language.

* |n Simulink, the computer program is the block diagram and
this eliminates the risk that the computer program may not
accurately implement the block diagram.
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Engineering System Investigation Process
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Physical System Simplifying Assumptions

* Rigid support
* Pure and ideal spring

* Pure and ideal viscous damper
* One degree-of-freedom motion; x direction

* Rigid attached mass

» System is vertical; g acts down in +x direction

S LS

o[

l F(t)

Physical Model

l+x

Introduction to Simulink

ot b

l M
+X
l F(t)

Free-Body Diagram
(x is measured from the
static equilibrium
position)

Mathematical Model

> F=ma
Ma = -Bv — Kx + F(t)
Ma + Bv + Kx = F(t)

a= %(—Bv— Kx + F(t))
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Simulink Block Diagram
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Why is Simulink Important?

* The potential productivity improvement and cost savings

realized from the block diagram approach to programming
IS dramatic.

« There are two principal strategies for Simulink employment.
— Rapid Prototyping

 This is the application of productivity tools to develop
working prototypes in the minimum amount of time.
Here we optimize for development speed, rather than
execution speed or memory use. A hierarchy of
physical models is used in this phase. Physical

system design and control design are optimized
simultaneously.
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— Rapid Application Development

* Here the final computer program is the Simulink
model or is derived from the Simulink model
through automatic C-code generation.
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Simulink Block Diagram Manipulations

¥ spring_mass_damper_2008_example

=

File Edit Yiew Simulation Format Tools Help
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Ready
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Left click, hold, drag and drop to bring a block from the Simulink Library to the model workspace.
Left Double Click anywhere on the model workspace and start typing to add annotations.

Fight single click on a block, hold, and mowve away to duplicate it

Left single click on the ouput port of a block, hold,

and maove to input port of ancther block to connect two blocks.

Fight single click on a line and hold
to branch off to connect to another block.

.b}

=ain

Fight Single Click on any block to change its appearance and format.
Left Double Click on any block to set its parameters and functions.

[100% lodes
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« Some Simulink Block Diagram Suqggestions

— Careful arrangements of blocks and signal lines can
make relationships easier to follow.

— Naming blocks and signal lines and adding
annotations to the model can make the purpose of the
model elements easier to understand.

— The Best Way to ensure that your Simulink Block
Diagram accurately represents your mathematical
model equations is to write your mathematical model
equations directly from the Simulink Block Diagram
and then compare your result to the actual equations.
This will uncover any errors before you start to use
your block diagram to investigate model behavior.
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%/ Function Block Parameters: Integrator

Integratar

Continuous-time integration of the input signal.
Paramneters

External rezet: none

Initial condition source: intermal

Initial condition:
vl

Lower saturatiot lirnifs
-inf

[ Show saturation part
[] Show state port
Absolute tolerance:

auta

7 Ignore limit and reset when linearizing
Enable zero crossing detection

State Mame: [e.g.. 'position’)

Initial Conditions

u]4 l ’ LCancel

] _65 Apply
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ﬂ Function Block Parameters: Integrator1

Integrator

Continuausz-time integration of the input signal.
Parameters
Euternal rezet: |none

Initial condition source: internal

Initial condition:
wll

Show zaturation port

[ Show state port

Abzolute tolerance:

auta

[] Ignare limit and reset when linearizing
Enable zero crozsing detection

State Mame: [e.g., 'position’]

oK

l [ LCancel ] [

Help

J

Apply
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a= ﬁ(—Bv— Kx + F(t))

.ﬂ| spring_mass_damper_2008_example * E]@
File Edit Wew Simulation Format Tools Help
DedS| § BB &= 14|22 8fino [Nomal =] £

F 1 i |
Q Y g Ll g simout
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E Source Block Parameters: Step / @
Z

Step
Output a step, Gain2
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Step time: <ﬂ<
1]

|ritial walue:
1]

Final walue:
F

Hy [100% ] ] |odeds

Sample time:
1]

|nterpret wectar parameters as 1-0
Enable zero croszing detection

I ok l [ LCancel ] [ Help
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:i —Bv - KX+ F(t)
M

B spring_mass_damper_2008_example *
File Edit Wew Simulation Format Tools Help

T = = e
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To Workspace
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Sum /
Add or zubtract inputz. Specity one of the fallowing: <ﬂ(
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T Signal Attributes
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Ligt of signa:
.
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-1
[ u] 8 H LCancel ” Help H Apply
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1

a= M(_BV_ Kx + F(t))

.ﬂ| spring_mass_damper_2008_example *

o

File Edit Wew Simulation Format Tools Help

DlesHES | st BR|&E= |50

2l = J1D.D JNDrmaI

N BEREe REBE

Step Sum Gain

-~

E Function Block Parameters: Gain

[3ain

Element-wize gain [v = K.*u] or matrix gain [y = K*uor y = wk).

Main | Signal Attributes Parameter Attributes

Il > 1s

Integrator

1100%

ol ok
Tl s
Integrator

simout

To Workspace

|odeds |

(3 air:
1/
Fulbiplication: |Element-wizelk. *u)

Sample time [-1 for inkherited]:
-1

I (1] H LCancel ][

Help

] [ &pply
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1

a= M(_BV_ Kx + F(t))

.ﬂ| spring_mass_damper_2008_example *

o

File Edit Wew Simulation Format Tools Help

DlesHES | st BR|&E= |50

2l = J1D.D JNDrmaI

N BEREe REBE

Step Sum Gain

-

E Function Block Parameters: Gain?

[3ain

Element-wize gain [v = K.*u] or matrix gain [y = K*uor y = wk).

Main | Signal Attributes Parameter Attributes

Il © > 1s

Integrator

1100%

ol ok
Tl s
Integrator

simout

To Workspace

|odeds |

(3 air:
B
Fulbiplication: |Element-wizelk. *u]

Sample time [-1 for inkherited]:
-1

I (1] H LCancel ][

Help ] [ &pply
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1

a= M(_BV_ Kx + F(t))

.ﬂ| spring_mass_damper_2008_example *

o

File Edit Wew Simulation Format Tools Help
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= | ER e J1D.D | Nomal

N BEREe REBE

1
2 5

ol ok
Tl s
Integrator

simout

To Workspace

|odeds |

Step Sum Gain Integrator
< ]

¥ Function Block Parameters: Gain1 Gain2

Gain

Element-wize gain [y = K.*u] or matrix gain [y = k5w or p = uk). 9 <ﬂ<

L ET | Signal Attributes | Parameter Attributes Gain1

(3 air: 1100%

k.

Fulbiplication: |Element-wizelk. *u) [V]

Sample time [-1 for inkherited]:

-1

I (1] l [ LCancel ] [ Help ] [ Apply
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a:i —Bv - Kx + F(t)
M

B spring_mass_damper_2008_example * E]@
File Edit Wew Simulation Format Tools Help
Nl HE| f 2R | &= 1|2 = J1IZI.D | Nomal =] 2500 |

F 1 I .
Q Y g Ll g simout

Step Sim Gain Integrator Integrator ToWorkspace

E Sink Block Parameters: To Workspace <@

Tao'Workzpace

Write input to zpecified array ar structure in MATLAB's main workzpace. Data iz not
available until the simulation iz stopped or paused.

Pararneters Q(
%

Yariahle name: )

= Gaini

Lirnit data points to last:

[100% |oded5

inf
Decimation:

1

Sample time (-1 for inherited]:
-1

Save format: | Amray [v]

[] Log fived-point data az an fi object

I Ok l [ LCanhcel ] [ Help ] [ Apply
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1

a= M(_BV_ Kx + F(t))

.ﬁ| spring_mass_damper_2000_example *

BEX

File Edit Yiew Simulation Format Tools Help

Ready

{100%

lode45

O @& s BB 4|22 r =fioo  [Nomd =] 2 mEBE
b % 1 1
B { & e X
Step =
Sum Gain Integrator Integrator To Workspace
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1

a= M(_BV_ Kx + F(t))

w spring_mass_damper_2008_example * g@
File Edit Yiew Simulation Format Tools Help
N eHE&| +EB2R| s 22| » m oo || = &£ mBEE

| 1 1

- — o L 4
step ’ S 5
Sum Gain Integrator Integrator | ToWorkspace
: }H
(Gain2
K }‘
Gain’

Ready [100% lode4s
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Simulation — Configuration Parameters — Solver

[ 1
% Configuration Parameters: spring_mass_damper_2008_example/Configuration (Active)
Select: Sirnulation tirme
g ol Start bime: |0.0 Stop time: |3.0
-~ [Data Import/Export
-~ Optimizatior: Salver options
—I- Dhagnostics _
-~ Sample Time Type: Fixed-step | %) Solver:| odeb [Dormand-Prince]
~Data Valdity ) Perodic zample time conztraint: Unconstrained
- Tppe Corversion } ) )
- Connectivity Fixed-zstep size [fundamental zample time]: EI.EIEI1|
- Cannpatibility Tasking mode for periodic sample times: | Auto v

- Model Referencing
=S awing
-~ Hardware Implementation
- bodel Referencing
=~ Real-Time Workzhop
Comments
Symbaols
Cuztom Code

[] Autornatically handle data transfers between tasks

[ ] Higher pricrity value indicates higher task priority

ok H Cancel H Help H Apply ]
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Simulation — Configuration Parameters — Data Import/Export

% Configuration Parameters: spring_mass_damper_2008_example/Configuration {Active)

Select:

- Solver

-~ [Data Import/Export

- Ophirmization

—I- Dhagnostics

- Sample Time

- Data W alidity

- Type Converzion
- Connectivity

- Compatibility

- Model Referencing
=S awing

-~ Hardware Implementation
- bodel Referencing

=~ Real-Time Workzhop
Comments

Symbaols

Cuztom Code

Load from wark zpace

[ Input; [t u]
[] Initial state: |=lnitial

Save to workzpace

Tirne: bout
[] States; wiogk
[] Dutput: oLk

] Final states: wFinal
Signal logaging: |logsout

[ ] Inspect signal logs when simulation iz paused/stopped

Save optiong
[] Limit data poirts ko lagk 1000
Farmat: Array

Cecimation: |1

ak

l [ Cancel ] [

Help

] [ Apply
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" Editor - D:\K Craig 2007\Freshman Engineering\Marquette\Fall 2008\Engineering Discovery\GeneraliMatLab\sp... g@
File Edt Text Go Cell Tools Debug Desktop  Window  Help k| | A X
Ntd $RR9 ¢S Mesi|bl-88 80 B @ | sek BODA 0O
2 (BB -0 |+ | s[11 [x %0

1 % Spring-Mass-Damper System ECC 2008 ED
< .

M . _ .. . oforce inw M-File for Parameters

4, |= K =45%1.1; % spring constant in NW/m =
5 — B = 20; % damping constant in N/m/s

6 = M= 5.23; ¥ mass 1n kg B
7= x0 = 0; ¥ x initial condition

g — v o= 0; ¥ v initial condition v]

| script lLn & Col 34 |
tﬂ spring_mass_dah'lper_?(]ﬂﬂ_eiamplé - E@W

File Edit Wiew Simulation Format Tools Help

DeH&| iBER|(Ec ¢t Sy 530 [Noma | EBeRE s REE

1

Start T 7

Step 5 5

S i m u I ati O N o Gain Integrator Integrator1 To Workspace

-

Gain2

h A 3
=

ain’

Ready 1100% | lodes
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"4\ MATLAB 7.5.0 (R2007b)

REx]

File Edit Debug Desktop Window Help

D a | * a . ) ] | u ﬁ % | @!' | |3|:'|,K Craig 2007\ Freshman EngineeringMarquetteiFall 2008'\Engineering DiscoverylGene |i| E] @

Shortcuts [#] How bo Add  [#] What's Mew

o Mew to MATLAEB? Watch this Video, see Demos, or read Getting Started,

>> whos
Name

B
F
K
M

tout

Size

Exl
13zl
1321
Lzl
4850 B
1x1
3001=x1
11

Bytes

Lo T o o 5 B o

24008

24008

Zlass

double
double
double
double
double
double
double
double

Attributes
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"4\ MATLAB 7.5.0 (R2007b) mE})

File Edit Debug Desktop Window Help

D a | * h n ) ] | u ﬁ % | @" | |3|:'|,K Craig 2007\ Freshman EngineeringMarquetteiFall 2008'\Engineering DiscoverylGene |i| E] Iﬁ

Shortcuts [#] How bo Add  [#] What's Mew

o Mew to MATLAEB? Watch this Video, see Demos, or read Getting Started, =

>> whos B
Mame Size Bytes Class Attributes
B 1x1 g double
F 1x1 8 double
E 1x1 8 double
M 1x1 8 double
tout 3001x1 24008 double
Vi 1x1 g8 double 1
b 00131 24008 double i
®0 1x1 8 double

>> plot{tout, =);

>> grid

>> xXlabel({'time (sec)')

>> ylabel('x position (meters)')

e ritle('Spring—Mass—Damper System Forpe otep Rezponges B = 100D B')

Bt v

4\ Start

OWR: 2
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spring-Mass-Damper System Force Step Response: F =100 N
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