Széchenyi Istvan University Department of
GIVK Applied Mechanics

Dynamics of Machines Week 8 — Exercise

Single Cylinder Engine Mechanical Model

Equation of motion:
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If we take into account damping: ¥, = —2a&Y, —a’y, ——— £2° cos L2t
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(where £ =0,1 is the material damping)
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Idle speed of the engine is n_;. = 1000 rev / min, maximum engine speed is n__, = 5000 rev / min. Determine the spring

constant C(m/ N) of the engine mount that the vertical displacement of point P must stay in the + 1 mm range in both

maximum and minimum engine speed!

There are two spring constants that are the results of previous calculation.
¢, =0,00281 m/N (soft spring) and ¢, =0,000102 m/N (stiffer spring)

Determine which spring is suitable for the engine to fulfill the requirement (+1mm)!

B! Scilab Console

File Edit Preferences Control |Applications| ?
M’E’|d§ = D[‘Iﬂ SciNotes

Xcos

Matlab to Scilab translator

Module manager - ATOMS
Consox

Copyrigh Variable Browser
Copyrigh
Command History

Startup execution:

loading initial environment

=
File Edit View Simulation Format Tools 7
=Y = | E o Setup -
Execution trace and Debug
Set Context
Compile
Modelica initialize
[> Start
@ Stop
Set Context:
Ic=0.35; 1f=0.19; // (m)
r=0.03; // crank radius (m)
1=0.12; // connecting rod length (m)
JAZ=0.52; // moment of inertia of all parts about z axis (kgm*~2)
m=0.5; // piston mass (kg)

Jred=JAZ+m*(IfA2+122+r22/2); // reduced moment of inertia about z axis (kgm*2)

c1=0.00281; // (m/N) spring constant, of the soft spring
€2=0.000112; // (m/N) spring constant of the stiff spring
c=cl //chosen spring constant

kszi=0.1; // Lehr damping coefficient
alf2=Ic”r2/(c*Jred);
alf=sqgrt(alf2); // (rad/s) undamped natural frequency
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// Engine speed values

n_min=1000; // min engine speed (rev/min)
om_min=2*%pi*n_min/60;  // min angular velocity (rad/s)
n_max=5000; // max engine speed (rev/min)

om_max=2*%pi*n_max/60; //max angular velocity (rad/s)
OM=om_min; //chosen engular velocity

Qg0=(m*IfA2*r*OM~2)/Ired; // excitation amplitude

B set Context

You may enter here sdlab instructions to define symbaolic parameters used in block defini
Sdilab instructions.
These instructions are evaluated once confirmed (j.e. you didk on OK and every time the

loaded).

le=0.35:  1E=0.15: £ im)

=0.03; /4 crank zadius im)

1=0F.13: #{ commecting rod length (m)

JREZ=D.52Z: #/ moment of inertia of all parts about = awis (bgm*I)
m=0.5; /i piston mass (kbg)

Jred=JEI+mt (LE*Z+1 24+ IS 2) 5 #¢{ oeduced moment of inertia about = axis (kgm*2)

cl=0.F0Z81; /¢ m/H) spring constant, of the soft spring
c2=0. P LLE; /¢ (m/H) spring constant of the stiff spring

c=cl fichosen spring constant

E=sgi=0.1: #i{ Lehr damping coefficient

alfZ=lc*Zf ictdoed] -

alf=sgrtialfl]: /¢ (radf=] undamped natural fregquency

#/ Engine speed wvalues

n_min=10F0: #/ min engine speed (Dew/min]
om min=Z4ipi‘n_min/6l: JJ/ min angular wvelocity (radfs)
n_maw=5000: /7§ max engine speed (ford/min]

om_maw=2*ipi*n_maw/60: //maw angular welocity (rad!s)
OM=om min:; //chosen engular welocity |

Ggl={m*lE~Z4zcdOM~ 2] /Toed: /) excitation amplitude

Ok
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, Palettes
Commanly Used Blocks
Continuous time systems
Discontinuities
Discrete time systems
Lookup Tables
Event handling
Mathematical Operations
Matrix
Electrical
Integer
Port & Subsystem
Zero crossing detection
Signal Routing
Signal Processing
Tmplicit
- @ Annotations
- # Sinks

.
- @ Thermo-Hydraulics

# Demonstrations Blocks
- @ User-Defined Functions

.

L
.
L ]
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ssesscse
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v
CLKINV_f CLOCK © CONST_m consT CONST_f
Counter
0=2
FROMWYSB
CURV_f Counter GENSIN_f GENSQR_f
Tn s Counter Random
A = Modulo 3 generator|
INIMPL_f N_f
Modulo_Count RAMP RAND_m
h 4 h 4 h 4
pEr— Read from Read from
[C binaryfile} anutfile } MA }
READALT READC_f RFILE_f SAWTOOTH_f  STEP_FUNCTION
C}
PULSE_SC SampleCLK Sigbuilder TIME f TKSCALE

Dynamics of Machines - Lab Work 8

Sinusoid
generator

#  BlockParameters...

Ctrl+B



Sinusoid
generator

-2*alf*kszi

(R )

Block Rarameters...

Ctrl+B

Cut |Block Parameters... I+X

(. Scilab Multiple Values Request l & .P

. Set GENSIN_f block parameters

Sine wave generator

Magitude
Frequency (radfs) (oM |
Phase (rad) D

L'}_J;]
y "

..... r- Scilab Multiple%alues Request I 28

Set gain block parameters

o o |

Lox ][ concel |

i [

. Scilab Multiple Values Request

Set gain block parameters

o (o |

Copy
Delete
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Delete
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(1/c)*(lchf)

Block Rarameters...

Ctrl+B

Cut | Block Parameters... h+x

o x ég

-
. Scilab Multiple Values Request

Set gain block parameters

Gain | (1/c)*(c/f)

["“"ﬁ“”“‘ ]

Cancel

Copy Ctrl+C
l\ Delete Delete
NN H Scilab Multiple Values Request
WM o1H .
[ - Set gain block parameters
sl
Gain | 1000|
[)_m
——— 1]
, =
T “. BIocl;I%arameters... Ctrl+B

ot

Cut I Block Parameters... L, +X

iD Copy Ctrl+C
ﬂ Delete Delete
[9 Region to superblock
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-
' Scilab Multiple Values Request

)

Set Integral block parameters

Initial Condition

With re-intialization (1:yes, 0:no)
With saturation (1:yes, 0:no)
Upper limit

Lower limit

b ]
N
b |

ENE=S

AT




E 91 _Block ameters... Ctrl+B

Cut Block Parameters... X

Copy Ctrl+C
Delete Delete

R gk

Region to superblock

~g L ) 1 ) 1
( 2 2 ‘ x ’\
| ' Scilab Multiple Values Request . )

Set Integral block parameters
Initial Condition 0

With re-intialization (1:yes, 0:no) |0
With saturation (1:yes, 0:no) [0
Upper limit [1 ]

Lower limit l-l

s
I EIN TN I~
| |
) . >
n Scilab Multiple Values Request
n Set Scope parameters
Input ports sizes 1111
Drawing colors (=0) or mark (<0} 13579111315
Cutput window number (-1 for automatic) -1
Cutput window position 1
Output window sizes 1
Ymin vector -40 -50 -1.5 -3350
Ymax vector 40 50 1.5 350
Refresh period 10 10 10 10
Buffer size 10
Accept herited events 01 ]
& Bl ;k Parameters... C Name of Scope (Jabelald)
x CJ Block Parameters...l C
_4 IG Copy C Cancel
— . _|
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H Scilab Multiple Values Request et

-__ ‘ Set CLOCK_c block parameters ,/ x\,
! )
: i

W A
* Event dock generator w7 —
: J

Do not start if 'Initialisation Time' is negative
Black Parameters... Ctrl+B
Period 0.0005

d Block Parameters...| Ctrl+X Initialisation Time 0

h Hax @

Copy Ctrl+C
Delete Delete Cancel
n - . e ' -..I || r = ..-l . uuu--p- - l ™y J

Final intergration time: 10s

H Set Parameters *
Final integration time 10
Real time scaling 0.0EQD
Integrator absolute tolerance 1.0E-06
Integrator relative tolerance 1.0E-06
File Edit View Simulation Format Tools 7 Tolerance on time 1.0E-10
LB | E @ Setup Max integration time interval 1.00001E05
dom_weekd (B2 Execution trace and Debug s
Set Context Solver kind Sundials [CVODE - BOF - NEWTON v
% F Compile Maximum step size (0 means no imit) |9 oeoo
’ Modelica inttialize Set Context
[> Start
i -Dk Cancel Default
0 Stop
- T

. O
(1.|'c}‘(lc.:l|il:_. >

x:-t\l‘ﬁ'ﬂ-":-b—‘
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le Edit View Simulation Format
B e N\
¢ T ‘ w ©

Omega=omega max; c= 0.000112

20

-20

5.1 512 514 5.16 .18 52 5.22 524 526

0.2

0.1+

-0.1

-0.2 4

36 37 38 30 4 41 42 43 44 45 48 47 48 448 4] 8.1
20 1
10 4

10

20 4

T T T T T T T T T T T T T T
4] 505 51 515 S2 525 53 535 §4 ©S545 55 5455 56 585

t
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Omega=omega max; c=0.00281

5.1

52 53 54 85 5.6

0.2 -

0.1+

8.1 5.15

52 525 53 535

5.2 5.3

10

-10 -

54

85 58 &7 &8 &8 [ G.1 62 63 64

4.15 42

425
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