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Summary:. In this paper is simulated motion of the 1D model at low frequencies of
moving an external excitation. The external excitation is imposed by two equal
amplitudes of displacement (Q:=0,=0) which is particularity of this research. Using the
FFT and IFFT transformation algorithms, the amplitude of displacement are treated in
the frequency and time domain, which in the final response solution correspond with the
transmission function (I.M.Milici¢, 2015). On the basis of the simulated simulations for
a possible "motion" case, there is a displacement in the system controlled by the stiffness
of the model — the structure.

Keywords: Simulation, dynamic model, FFT and IFFT algorithm, transfer function,
displacement.

1. INTRODUCTION

Computer mechanics is supported to treat some theoretical problems with simulation by
softwares. That is reason for continue some reaserch [2] [4], which problems are how the
movement of 1D dynamic model correspond with suggested transfer function “excitation
— response”.
We use two frequency external excitation and suggested that expected movement only
will control by stiffness of girder.
In this paper [4] we present the solution which will normalize movement of model by
coefficient of disorder. Equation (12) is design to control movement of 1D model with
low frequency of external excitation by stiffness of girder.
In this paper we consider how external excitation is:

o continual function of time,

o simulated by dynamical periodical load with two frequency with same amplitudes
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2. COMPUTER SIMULATION

Simulation 1D model — calculating the natural frequencies and damping

W= w= 125 f = f=199
m 2.
. : 3 = wdli— &) o
b=2mw¢ b= 10x10 wy = wal V= &7 Wy = 12,44
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Two frequency excitation input,
A;p=3 Ar=13
")_.!' = _j'w .l.‘?“_l = _Ew
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excitation model:

A= :ij-cos{:?j-r;] +:12-:z'rz{:32-r;]
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Figure 1 — Two frequency excitation with a retention time t=20s
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The general form of the equation of the movement of the model,

x(f) = A!--P[a;"z-] -cos{;!!--r + H!-]l

superposition of individual responses

x(f) = X;-cas{;:‘j-: + Hj—] +X2-sz'rr{:32-z + HE]l

Where:
c | |
o amplitude response X = —-A!--P[a,-"z-]
- )
;?;.
o coefficient of disorder = — i= 12’
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Amplitude and phase angles response model,
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Figure 2 — Amplitude response
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Figure 3 — The phase angles of the response
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First response: 2;
J'i. = J,"‘j =10
P{Jj]zj szh‘{.lj]
€ _ 150
Xj—;-fil.P{aj] X_ET:J‘UEH]Q "'.JJ!.-—T=U
Second response: 2,
() 2 = —A .II"‘E = E}
P{J;':,] =] H_? = H{J;";,]
- 180
Xy =AyP(wsy) Xy =35.0000 8y— =0
The general form of the equation of motion model — response:
X = Xj-cos[;:‘j-r;+ Hj—] +X2-51'n{;!2-z;+ HE]
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Figure 4 — Displacement 1D dynamic model for t=20s (excitation — response)

Comment: Based on one part of simulation, we are noticed movement of model with
constant amplitude in time, which present statics displacement stiffness of girder.

We are monitor variety of stiffness (column 1) simulated by constant coefficient of
damping (column 2). The according to equation (9) from [4], amplitudes moving respons
are calculated by each excitation (column 3 and 4) and comparing relationship between
normal and compulsive frequency of excitation (column 7), see Table 1, 2 and 3.
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Table 1 — The first case
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0175 123
1083.333 -
X7
866.667
X 650
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— 216.667 Pl
_Jt :

0

0 075 15 225 3
Lr. 1. Lr.: . tr.
¢ (N/m) E() X1 (mm) X2 (mm) Q1 (1/s) | Q2(1/s) flod (-)

1 2 3 4 5 6 7
102
104
10° 0.0 5.000 5.000 0 0 0.159
107
108

Comment: We noticed oscillatory movement of model with constant amplitude model

response.
Table 2 — The second case

G 125

0
0 075 135 225 3
e‘.f.-l.r . _#:‘_,'\ Lr
¢ (N/m) E() X1 (mm) X2 (mm) Q1 (1/s) | Q2 (1fs) flod (-)

1 2 3 4 5 6 7
102
10
10° 0.5 5.000 5.000 0 0 0.184
107
108

Comment: We noticed partially oscillatory movement with constant amplitude model
response and coefficient of system damping by 50 %.
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Table 3 — The third case

4 167
X
! 3.333
X 25
P(£.¥) 1667
A
—_— 0833
0 |
0 075 15 225 3
L'rl_f . E:r,;_; hr
¢ (N/m) E() X1 (mm) X2 (mm) Q1 (Ls) | Q2(1/s) fod (=)
1 2 3 4 5 6 7
102
104
10° 1.0 5.000 5.000 0 0 0
107
108

Comment: We noticed border case, with who isn’t exist oscillatory movement because
of coefficient of system damping which is 100 %.

Accordingly, priority is consideration of first case in which we have oscillatory
movement 1D dynamics model. We are changing coefficient damping of system at
constant stiffness (Table 4) and we have values of amplitudes which corespond with
transfer function “excitation — response”.

Table 4 — Results of simulation for one system stiffness value

c £ X1 X2 [0)] QO f/od
(N/m) ) (mm (mm (1/s) (1/s) ()

0.0 0.159

0.1 0.160

0.2 0.162

0.3 0.167

0.4 0.174

10° 0.5 5.000 5.000 0 0 0.184

0.6 0.199

0.7 0.223

0.8 0.265

0.9 0.365
1.0 0
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We will first calculated three amplitudes of model response with their amplitudes of
external excitation at frequency of changing coefficient of damping.

Different values of coefficient of damping, amplitudes of model response are the same
value. So, movement of 1D model control exclusively stiffness of girder.

We consider how values amplitude of external excitation and which equation we have to
use for movement of model (9) [4] ?
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Figure 5 — Graphic representation of simulation results displacement 1D model

(excitation — response)

Where:

X© - coefficient of system damping

X® — first amplitude of moving excitation
X@ — first amplitude of moving response
X® — second amplitude of moving excitation
X® — second amplitude of moving response
X — third amplitude of moving excitation
X® — third amplitude of moving reponse

Comment: Values amplitude of moving excitation in 1D dinamic model isn’t depend,
because, according to transfer function, have same values amplitude of movement
external excitation by response displacement for three case.
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3. RECONSTRUCTION RESPONSE 1D MODELS

3.1. FFT transformation

Excitation: U= FFT(A)
Response: I = FFT (x)
, (N I N o
i= O..L—,} = fy= » fp{_3= (i+ DS
< ax < “max

First response,

Alj=4; -cas{;z‘j-r{-]l

r ]
xlj=X;-cos| i2;t; 4| 8;— + ¢
S e D]

Second response,
]

A2j= 4, -sz'r:{;i’;}-r;]

: ]
x2j = Xq-sz'rs|:;?q-r;+ Lﬁ‘q- ‘; + \..]:|
Fa Fa e -l!l

0
where:
- . n
e excitation: Aj= Alij+ AZ;
. BT
e response: x; = xlj+ x2;

The calculation values of the phase differences of the model response are:

180 180
—8;— =0 -, == =0

The calculation values of the amplitudes with the limits of the frequency of the response
of the model are:

X;=3 X,=3 fo=005 fy=064
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Figure 6 — Time domain — displacement 1D model (excitation-response) for t = 20s
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Figure 7 — The frequency domain — spectrum amplitude response for t = 20s

4. CONCLUSION

Based on this computer simulation for quaetly external dynamic load — “quasi” statics
effects we have:

o for frequency of excitation (©21=0,=0) movement model in time;
o statics verification values of displacement point of observed on girder;

e precision transfer function “excitation — response” using FFT and IFFT, Furie’s
transformations.
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PAYYHAPCKA CUMYVYJIALIMJA 1]I MOJEJIA
MOBYBEHOT ABO ®PEKBEHTHUM JIEJCTBOM
CMOJbAIIILUX TIOMEPAA - JIEO 1

Pe3ume: YV osom pady cumynupa ce cmare kpemarea 1] moodena npu Huckum
YUecCmanocmuma nomeparea cnossauirbe nooyoe. Cnomawrba nobyoa Hamemuyma je ca
0ge jeonaxe amnaumyoe nomepara (Q1=Qr=0) wmo npedcmasnsa nocebHOCM 0602
ucmpascugaroa. Ipumenom FFT u IFFT aneopumama mpancopmayuja mpemupajy ce
amnaumyoe nomeparsa y (QpekeeHmHOM U BPEMEHCKOM OOMEeHY Koje y KOHAYHOM
peuiery 003U6a KOpecnoHoupajy ca @yuxyujom npenoca (MM Munuuuh, 2015). Ha
OCHOBY CnposedeHux cumynayuja 3a mo2yhu cuyuaj ,,kpemarba™ noxasyje d0a nocmoju
nomeparse cucmema Koje2 KOHmpoauue Kpymocm Mooend — KOHCmpyKyuje.

Kwyune peuu: Cumynayuja, ounamuuku mooen, FFT u IFFT aneopumam, pyuxyuja
npexoca, nomeparsa.
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