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Dynamics of Machines Week 9 — —1st and 2nd Exercises

=

ocilabEo.04)

Free Vibration of a Single Degree of Freedom System

Equation of motion:
MX =F = Fypo (X) + Fopring (X)

damp
mX=F = Fdamp (X)+ Fspring_l(x)+ Fspfing_z (XZ)

mx = (—k X)+[—%x)+(—%x2j

X = i(—k >’<—1 x—1 xzj (rearrangement)
m c d

Data: m=2kg, c=5-102 m/N,
d=-5,02-10" m?’/N, k=2 Ns/m
Initial Condtitions: x, =0,01m, X, =0m/s

Spring force: F (X) = (—% X—%ij, Damping force: F, (X) = (—k X)

Calculate and plot the displacement, velocity and acceleration functions of the mass in the first 10s. There are two initial
conditions in t =t, =0 S the initial displacement is X, =0,01 m and the initial velocity is X, =0 m/s .

Friction is totally neglected.

Length of one time step: At =0,001 (s)

9/1 Exercise - Free Vibration of a Single Degree of Freedom System (xcos)

File Edit Preferences Control ?
Lﬁ&‘n ;‘D‘B‘ﬂ SciNotes

Xcos

Matlab to Scilab translator
Module manager - ATOMS
Consox
Copyrigh Variable Browser
Copyrigh

Command History

Startup execution:

loading initial environment

-—>

Dynamics of Machines - Lab Work 9 1



Fapring_2 (N}

+-H\"- Fepring_1 (N) Expression :
_/" (ul/e)
T Fdamp (M} dizsplacement (m})
Y

Expression :
(ul®/d)

displacement (m displacement {mm}

~
1000
velocity (mis) - -

acceleration (mis*2)

Set Context:

m=2; //mass (kg)

¢=0.05; //spring constant (m/N)
d=-0.000502; //non linear spring constant (m”2/N)
k=2; //damping coefficient (Ns/m)

x0=0.01; //initial displacement (m)
x0der=0; //initial velocity (m/s)

B Set Context e
=

You may enter here scilab instructions to define symbuolic
parameters used in block definitions using Scilab instructions.
These instructions are evaluated once confirmed (i.e. you didk on
QK and every time the diagram is loaded).

=2 fimass (kq)
c=0. 05 #/spring constant (m/H)
File Edit View Simulation Format Tools ? ¢=-0.000802: |/ non linear spring comstant (m°Z/K)
— k=2: #idamping coefficient (Hs/m)
OB |E Setu k| |xb=0_01: ffinitial displacement (m)
Execution trace and Debug ulder=0; #/initial velocity (m/s)
Set Context
Cormnpile
Madelica initialize
P Start Ck Cancel

0 Stop
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Expression:
(u1>0)*sin{u2)"2

Expression:
(u1>0)*sin{u2)"2

Expression:
(u1>0)*sin(u2)"2

Initial velocity: xOder (m/s)

P f > L
' Scilab Multiple Values Request [i
Set Integral block parameters
Initial Condition xoder |
i With re-intialization (1:yes, 0:no) \0 ‘
— L
With saturation (1:yes, 0:no) (0—}
— Upper limit L ]
Lower limit }-17‘

ENE=S

Initial displacement: x0 (m)

> b . S

B'OS Parameters... Ctri+B - Scilab Multiple Values Request

Cui Block Parameters... |Ctrl+ X Set Integral block parameters
C Ctrl+C e |
Py o Initial Condition [x0 |
Delete Delete ——
j With re-intialization (1:yes, 0:no) |07|

k-
L gk GE

Region to superblock

With saturation (1:yes, 0:no) IO

|
Format Upper limit [1 |
Details Lower it ]
E— =
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‘ Scilab Multiple Values Request bt

B 5etclocK_chblock parameters

Event dock generator :('_‘\
| )
Do not start if ‘Tnitialisation Time' is negative | | -;_J.f'
Period 0.001
Initialisation Time i
o .

‘ Scilab Multiple Values Request x
Set Scope parameters
Input ports sizes 111
_! Drawing colors (=0) or mark (<0) 13579111315

.i- I Output window number (-1 for automatic) -1
-~ - .
| Output window position

#% Block Parameters... Ctrl+B tou pa -
[ Output window sizes 0
| oo Cut [Block Parameters... ||+ X min vector 5 0,015 -0.04
| [[[] Copy Ctrl+C ¥max vector 120.0150.04
i
@ Delete Delete Refresh period 1010 10

_—
B g Buffer size 10
=== | 1. Region to superblock
Accept herited events 0/1 0
Format ’ Mame of Scope {Jabel&1d)
Details
canes
ﬂ m LI
— a— e i X L = o
» 43 Expression: ; E‘( ¥ IE‘ Expresgun: ? » Expression: ~| EXP_LSSITJ ' c Expression: e Ll-"
e - {k# ul) I
a

[ {u1=0)*sin(

» (u1=0)=infu2p"2 T » (u1=0)*=zinfu2)"2 |

‘ Scilab Multiple Values Request

If only one input, input is vector [ui,u2,...] {max 8)
[ ex: (dd*ul+sin(u2) =0)*u3
MNote that here dd must be defined in context

* ‘ Secilab Multiple Values Request >

E Give a scalar sclab expression using inputs ul, u2,...

‘ Give a scalar sdlab expression using inputs ul, u2,...
If only one input, input is vector [ui,u2,...] (max &)
ex: (dd*ul+sin{uz) =0)*u3
Mote that here dd must be defined in context

number of inputs 1
-{uifc)

use zero-crossing (0: no, 1yes) 1

scilab expression

number of inputs 1
-k*u1)

use zero-crossing {0: no, 1 yes) 1

scilab expression

Cancel

Cancel

l Scilab Multiple Values Request

‘ Give a scalar sdlab expression using inputs ul, u2,...
If only one input, input is vector [ul,u2,...] {max 8)
ex: (dd*ul+sinf{u2)=0)*u3
Note that here dd must be defined in context

number of inputs 1
-{u1~2fd)

use zero-crossing (0: no, 1 yes) 1

sdlab expression

Cancel
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B

s}
e

B.—=/0
DQD
Yy
| I

H--E-E

H--H--W
o -~

‘ Scilab Multiple Values Request

B setgain block parameters

Gain 1fm

Cancel

l Scilab Multiple Values Request ®

B Setgain block parameters

Gain 1000

Cancel

Expression :
(ul/e)

Expression :
{ul? /d)

¥
1000 >
>

Make annotations:

Dynamics of Machines - Lab Work 9

Paletts browser - Xcos

&

*
*
*
*
*
*
*
*
*
*
*
*
*

-

*
*

*

Palettes

Commonly Used Blocks
Continuous time systems
Discontinuities

Discrete time systems
Lookup Tables

Event handling
Mathematical Operations
Matrix

Electrical

Integer

Zero crossing detection
Port & Subsystem

Signal Routing

Signal Processing

Implicit

Si

Sources
Thermo-Hydraulics
Demonstrations Blocks
User-Defined Functions

TEXT_f



Fapring_2 (N}

Fspring_1 (N} Expression :

(ul/e)

Fdamp (M}

dizsplacement (m})

acceleratipn (mis"2)

displacement (m

-

velocity (mis)

Expression :
(ul®/d)

-
1000

displacement {mm}

acceleration (mis*2)

Final integration time: 10 (s)

Set Parameters
Final integration time

Real time scaling

w | Simulation Format Tools 7

[ ¥ Setup >

Execution trace and Debug

Set Context

Integrator absolute tolerance
Integrator relative tolerance
Tolerance on time
Max integration time interval
Compile Salver kind
Modelica inttialize Maximum step size (0 means no limit)
—| > start
0 Stop

I —

) Set Context

10

0.0EDD

1.0E-08

1.0E-08

1.0E-10

1.00001E05

SundialsCVODE - BDF - MEWTON

0.0ED0D

Cancel

Default

o

File Edit View Simulation Format Tools ?

CElEma®enaz0Qae0
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9/2 Exercise - Free Vibration of a Single Degree of Freedom System (SciNotes)

2! Scilab Console = a0 X

File Edit Preferences Control [Applications) ?

[ZE'X QD'[ SciNotesh
[ scimbconse |

Matlab to Scilab translator

Module manager - ATOMS
Consoz

Copyrigh Variable Browser
Copyrigh

Command History

I/ week 9 — 2nd exercise
I Solve the following second order differential equation with Runge-Kutta method
/I Runge-Kutta modszerrel: mx"=Fdamp(x')+Fspring(x).

/l Rearrangement: X"'=(1/m)*(Fdamp(x")+Fspring(x))
/I Damping force (N): Fdamp(x')= -k*x'
I/ Spring force (N): Fspring(x)=-(x/c)-(x"2/d)
Jf e
/[ Initial Conditions: t=0 (s) >>> x(0)=0.01 (m) initial displacement
I t=0 (s) >>> x'(0)=0 (m/s) initial velocity
[~ e e e
Il Let’s define an x column matrix. It has two rows which contains the following data:
I X(1)=x (m) displacement
I X(2)=x" (m/s) velocity
// Derivative of the x matrix: x' , where x'(1)=x" so the same as x(2) (m/s) velocity
I X'(1)=x" so x(1) (m/s) velocity,
I X'(2)=x" (m/s"2) acceleration,
1 X'(2)=x"=-kx'-(x/c)-(x"2/d)
1l X'(2)=x"=-k*x(2)-(x(1)/c)-((x(1)"2)/d)
clear;
I/l Variables ------------mmmm oo e oo -
m=2; Il kg
c=5*10"-2; /I spring constant (m/N)
d=-5.02*10"-4; [/ (m"2/N)
k=2; /I damping coefficient (Ns/m)
/I Initial Conditions ////
x0(1)=0.01; // initial displacement (m)
x0(2)=0; // initial velocity (m/s)
t0=0; /] initial time (s)

// Time interval
t=0:0.001:10.0;  // from Os to 10s with 0,001s time increment
Il CalCUIAtION === mmmmm e o e oo e o
function [xdot]=f(t, x)
Il Let’s define the element of X' matrix
xdot(1)=x(2); /I velocity
xdot(2)=(1/m)*((-k*x(2,:))-(x(1,:)/c)-(x(1,:)"2/d)); I rearranged function
endfunction
/luse ode command to solve the differential equation ----=--======= == s o
x=ode("'rk",x0,t0,t.f); // rk - means Runge-Kutta method, p0 — initial values matrix, t0 — initial time, t — time
interval, f — righ hand side of the differential equation
I Caution [T
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I/l With this method we can not get the angular acceleration function we just get the p matrix where

p(1,:) contains the values of the angle function and p(2,:) contains the values of the angular velocity
function

/I So we have to calculate the angular acceleration function with the values of these two functions

a(L,)=(1/m)*((-k*x(2,))-(x(1,:)/c)-(x(1,:)"2/d)); /I acceleration (m/s"2)
L POt N g m = m o e e
subplot(3,1,1)
plot2d(t,x(1,:)*1000,1)
xtitle("Displacement function”,"time (s)","displacement (mm)")
xgrid(2);

I
subplot(3,1,2)
plot2d(t,x(2,:),5)
xtitle("Velocity function”,"time (s)","velocity (m/s)")
xgrid(2);

i
subplot(3,1,3)
plot2d(t,a(1,:),1);
xtitle("Acceleration function”,"time (s)","acceleration (m/s"2)");
xgrid(2);

>>>>>> Save the script.

Execute: Execute >>>> ... file with no echo

Displacement function

displacement {mm)

time (s)

Welocity function

velocity (m/fs)

time (s)

Acceleration function
0.04 -

0.03 =

0.02 =

0.01—+

acceleration (m/s"2)

time (s)
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