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3.1 IER—EAR0OEE (BEE/sL)

( IVibration theory and application, 2nd edition] & DEL#R)

BRI 2230 —EACRE TV OIREN S LB 2 50f U, Blasfie L<EBEETL 2Lzl

776

Test Description

We consider the time response x(7)

of an undamped spring-mass system

(K, M)subject to a step function 7(¢) with a rise timey,.

Figure (i). Problem sketch.

- displacement x(f)

mass -
Ly force [f(f))
HERET L
Unit System: [m, kg, s]
Mass
Materials M= lkg
properties:
Geometric
properties:
fot,t; =t=0
t) =
f( ) [ ﬁ]r L 2 I:1
Loadings: _ 3N
fo

t1=1s

Figure (ii). Representative finite element
model.

‘I :,wrm.
" il
FEM &7 /L
Spring
K=100N/m
l=1m
5/E
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Modeling Notes

The system subject to the following f (0 load reaches a maximum displacement
x, . attimez,.

Fam—'-
2.40
1.80
120

0 6000

00.000
0.0000 2000 4000 € 000 2.000 1000

The maximum displacement is given by:

Xmax = (%) [1 +ﬁ\/2(1 - cos(wutl))],with Wo = J% A

The Finite Element Model is built with SPRING element, totally constrained at one
end and assigned with an added mass at the other end. The free end is subject to

AOR

Results
Output | VPS Reference % Error
Mass max. displacement Case N°1 ] Kmax (Mm) I  358E-02 3.58E-02 0.0%

HiEmfE & DLl (RZNL)

6/E
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3.2 ML "Rk
( TVector Mechanics for Engineers, Dynamics, 7th edition) & DERE]

TROEIHOZT IS, HHADE TYIREZE L7256 O T MO8 27 L, SCHiE & &

SEETHZ L EWR LI,

Test Description

A 30kg block is dropped from a height of 2m onto the 10kg pan of a spring scale.
Assuming the impact to be perfectly plastic we will determine the deflection of the

pan.

Figure (i). Problem sketch.

Unit System: [mm, kg, ms]

Materials

properties:

Geometric

properties:

Loadings:

R0
Block "-x
h RBODY_~~
7
", l RBODY,”
Spring-Beam
Ls at
~._Spring (Ks)
Fixed node
BimEe 7 L FEM &7 /L
Block Pan Spring

Young's modulus = 207 GPa Young's modulus = 207 GPa Ks= 20 kN

Poisson's ratio = 0.29

Density = 60 kg/m? Density = 10 kg/m?
Ix1(m x m) 2 x 2(m x m)
h,=0.5m h,=0.25m
2=98Im/s’ 2=98Im/s’

7/E

Poisson's ratio = 0.29
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Hypothesis and Modeling Notes

The pan and the block are assumed to be two rigid bodies. They are modeled using
solid elements. Boundary conditions are applied to maintain the motion of the pan
and the block in the Y-direction.

Since the impact is an inelastic one, a contact is defined between the pan and the
block. Contact type 34, which is a non-symmetric node-to-segment contact, and
separation stress (SEPSTR) option are used.

Results

Output VPS Reference % Error

Displacement of the pan I Case N°1 | Y (m) 0.2304 0.225 2.40%

SCEME 2T IOZENL) & Ok

8/E
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3.3 NX—HAR (BEHV) DOIRE
( lEngineering Mechanics Dynamics, 4th edition] & LK)

IR 289 21X —ERGRE T LV OIREN 6 LB 2514 L, Blaafil L<EBET5 2
LR LT,

Test Description

The time response of a damped spring-mass system (M , K . ¢) subject to different
loads f(7) is studied. Step and ramp loads are used.

Figure (i). Problem sketch. Figure (ii). Representative finite element model.

x(t)

|—|--

}Jumu
M > force [1(1)) il
HERE T L FEM &5 /L
Unit System: [m, kg, s]
Mass Damper Spring

Materials M = lkg ¢=0,21545376 K=47>N/m
properties:
Geomet_rlc o
properties:

. stepinput: f(t)=4r
Loadings: _ _ "
ramp input : f (1) =41t

9/E
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Modeling Notes

The system is subject to the following f(¢) loads:

39478

3348

iy [1-c 1 I SN
23687
157.91

7896

00.000

2363

15.79

7.30

=

0.0000 2000 4.000

6.000 2.000

00,000
10,00

S,

00000 2000

The mass motion for both cases is given by:

4000

£.000 8.000

-

10.00

« for the step input, the displacement is: x(t) = Ae~$¥rt sin(w,t — @) + %

» for the ramp input, the velocity:

F
v(t) = w,Ae $Wnt [—f sin(wgt — @) + /1 — &2 cos(wyt — qo)] + ?n with

k
Wn=\];;€= - .Wﬁ—':Vl_fzwn

2mw,’

2T

and 4 is deduced from the initial conditions.

The Finite Element Model is built with SPRING element, totally constrained at one
end and assigned with an added mass at the other end. The damping value is ¢ .The

free end is subject to f(7) .

Results
Output VPS Reference % Error
Max mass displacement Xmax Case N°1 X (m) 1.9478 1.9475689 0.01%
Max mass velocity Vmax Case N°2 V (m/s) 1.94802 1.9475539 0.02%
o o
Peak time Case N°1 t(s) 0.5 0.5 0.34%
Case N°2 t(s) 0.5 0.5 0.57%

PEGAE & Ol (BRRZERL, AR K U e — 7 IE[H])

10/E
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3.4 IRE)VF (BRZRL) OIRH)
( TMechanical vibration, 4th edition] & @)

PERDITNR—ERFRETT VORI LEB Z5HE L, Himhte L <CERET D2 & 2068

L7,

Test Description

The main mass-spring system (M,.K,) is subjectto a vibrating force F (1) . An
absorber mass-spring system (M,,K,) is added to the main system in order to
absorb vibration and ensure that the main mass M, does not vibrate at all.

Figure (i). Problem sketch.

Km
M.,
‘.\'mﬂ)
% K.
M,
‘.\'l (1)
HERET L
Unit System: [mm, kg, ms]
Materials M, =5kg
properties:
Geometric =il = Tm
properties:
Loadings: Ny: Pp=1

K,=10NfnK,=100 N my

F(t) = P, sin{wt)

w = 10rad/s

11/E

apring elements

Added mass

FEM &5 )L

N:;: {va(t=(}) = _O-Im/s}
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Hypothesis and Modeling Notes

In order to obtainx,(r)=0, the natural frequencyw, of the attached absorber is
chosen to be equal to the frequency w of the disturbing force.

The absorber mass-spring system (M, K,) vibrates in such way that its spring force
is at all instant equal and opposite to F (1) so we have:

x,(1)=—=(P,/ K,) sin(w,t)

Va(l) ==wa (Po/ Ka ) cos(Wa £) with wa = \j&

M

a

Bl

In the Finite Element Model, the two springs are modeled using SPRING-BEAM
elements with material type 220. Then two added mass are used to represent the
main mass and the attached mass.

Results
Output VPS Reference % Error
Max. absorber mass displacement Case N°1 Xa max (M) I 0.01 0.01 0.2% I
Max. main mass displacement Case N°1 Xm max (M) I g ggggg g g g"g I
PR & Ot (20T Lo ZEAr)
12/E
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3.5 #& (E'rFf) OEI T TORE

( I'Schaum’ s Outline of Theory and Problems of Engineering Mechanics, Statics and

Dynamics| & D)

LRz TRO GNP E NI L VIREN T 587 /ISR LB 2 3Hh L, B

AT HZ L AR LT,

Test Description

i & k<

A homogenous bar, pinned at a distance « from one end, with total length . and
cross section s, is subjected to gravity loading gand released from rest at an angle

#= 30° from the vertical. The rotational speed when it passes through #=0°is

calculated.

Figure (i). Problem Sketch

R
N
/
~ e
/
F .
4 mig
HERET L
Unit System: [mm, kg, ms]
Young's modulus = 10 GPa
Materla!s . Poisson's ratio = 0.3,
properties:
Density = 1 kg/m?3
_ §=0.1x 0.1(m x m)
propaEs | L=
| a=025m
Loadings: g=98m/s

13/E

FEM €7 /L
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Hypothesis and Modeling Notes

The analytical expression of the bar’s rotational velocity magnitude, when 6= 0°,is
given by:

ol Jo 402g(L - 2a)
L’-3La+3d

g

The bar is modeled using BEAM elements with arbitrary material properties. It's
constrained as a rigid body and attached to a fixed node through a KJOINT.

Results

Output VPS Reference % Error |
Rotational velocity | Case N°1 | w (rad/s) 2.108 2.121 0.60% |

AR & oLl (FAEEE)

14/E
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3.6 ZEXURHLA T D FEGHAR O EE)
( TClassical Dynamics of Particles and Systems, 5th edition) & D LLE)

2N 52T DEIROFIHA DB 25 M L, Blisffe L<BEETLZ L2t L,

Test Description

A 1 kg projectiie is moved from its original position by acting an initial
velocity 7 (¢=0) = U+ Vy . During the travelling the projectile is subjected to the

gravity g and to the air resistance f .

Figure (i). Problem sketch. Figure (ii). Representative finite element model.

- /

G- -

<4

e HEHE T L FEM 51
Unit System: [mm, kg, ms]
Projectile Air

Materials M ,=lkg a=1
properties:
Geometric poic T
properties: P

Veyx=U=1m/s

Vi-oy,=V=10m /s
Loadings: .

g=98m/s"

f=—avM,

15/E
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Modeling Notes

The force f of the air resistance is assumed to be proportional to the mass

M , and to the instantaneous velocity Uof the projectile:

f= —aM, v

with « being the air resistance constant.

According to the reference, the equation of motion is:

x(t) = %(1 — exp(—at))

tit) = —gf + a];# (1 - exp(—at))

A

The maximum value of y(s)and the correspondent time are calculated. The travel
time 7and the travel distance in X-direction when the projectile returns to the
horizontal Y =0 are also determined.

Results

Output VPS Reference % Error
Maximum reached Y position Case N°1 | Ymax (m) 3.107 3.110 0.1%
Time to reach maximum Y position Case N°1 | ty max () 0.70 0.70 0.0%
Travel distance in X-direction Case N°1 Dx (m) 0.80 0.80 0.3%
Time travel Case N°1 t(s) 1.62 1.62 0.0%

PR & DL (RoRKm S M OBNERFZ, B KB PREE K& OV ERFfH)

16/E
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