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Topics for todays class

Free Vibration of Un-damped Systems

1. Examples of vibrations and their consequences

2. Typical vibration response, simple harmonic motion

3. The harmonic oscillator

4. Natural frequencies and vibration (normal) modes

5. Counting degrees of freedom and vibration modes
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9.3: Example: The figure shows a vibration measurement from 1o

an accelerometer. Calculate

(a) The amplitude of the acceleration

(b) The period of oscillation

(c) The angular frequency of oscillation (in rad/s)
(d) The amplitude of the velocity

(e) The amplitude of the displacement
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54 Free vibmnrn of un-dampecd systems

Free " = no Fme dependent extemal forces
“Yndoamped © > eneqy s constant

541 Vibrgtm of a / dgre.r:. of Freedom Systen

] DOF => motion can be descabedd by | coorol

Canonical vibration problem: The spring-mass system is ’

released with speed v from position 5y at time {=0. Find s(f) _‘M/\__ =
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Canonical vibration problem: The spring-mass system is

released with speed v from position Sg at time t=0. Find s({) _‘i/\k/\__ .
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List of standard ODEs for vibration problems
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Solution to Case | (From handout)
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How to solve the case | vibration equation
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General approaches: (1) Guess solution, substitute into ODE; or
(2) Rearrange into form with known solution (eq transforms)

Use (1) here — vibration problem sojguess x= A4smmAz+ BcosAr+C

Substitute into ODE: L (-2.sin i — i2Bcos ) + Asin iz + Bcos it +C = C
@,
-2

VA o )
= | ——+1|(AsinAt+BcosAt)=0
@

\-A—:H:O — A=m

@y L
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s Canonical vibration problem: The spring-mass system is ' >
um m&ﬂ released with speed vy from position $p at time t=0. Find s(t) m

Sz Lo+ Xosin (0,t40)

Displacement

Notes :
() Vibratm_fregunency | I D B Dl
W = J R/ M % J o Dimensionless time o_t
a rofer of Y
(2) ﬂwﬁ'v‘ng a/e,/d:ena!.s on mital Conds Lol
(3) Phase dﬁ’?é encls on inibal  Cool

Tase apply A a/) unoamped | DOF stable

< \gx%em_e




542 Vibmahor of Syrtem s i i many DOF
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543 C’ouﬁﬁ;@ DOF and yvibrghon rrodes
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Examples of 3D constraints

Pinned joint
Swivel joint
(5 constraints — prevents all motion,
and prevents rotation about two - | 4 constramnts (prevents all
axes) ' motion, prevents rotation about 1
> axus)
Ball and socket joint
Roller bearing

3 constrants — prevents all

(5 constraints - prevents all motion, motion.

and prevents rotation about two
axes)

Sleeve

(4 constraints — prevents motion in
two directions, and prevents rotation
about two axes)




Examples of 2D constraints

A |
Roller joint g

1 constraint (prevents motion in A " . A (2)
one direction) @) IR . J
| Ll
» .I?"'r
R
Rigid (masshess) link (1f the link

bhas mass, it should be
represented as a rigid body)

1 constraint (prevents relative
motion parallel to link)

Nonconformal comtact (ftwo
bodies meet at a point)

No friction or slipping: 1
consaint (prevents
interpenetration)

Sticking friction 2 constraints
events relative motion

Conformal contact (two ngpd

bodies meet along a line)

No friction or slipping: 2
consraint (prevents
interpenctration and rotation)

Sticking friction 3 constraints
(prevents relative motion)

A
Pinned joint (generally only AB ] ﬁ:
applied to a npd body, as it

would stop a particle moving
completely)

2 constraints (prevents motion (1 Rz
honzontally and vertically) N AR,




E5-b-tt Cxamples of camﬁig DOF L vibraon npede)

International Journal of Humanoid Hobotics

5.4.4(a) Example: Find the number of DOF and vibration Vol. 7, No. 2 (2010) 1-18

c) World Scientific Pul

modes for the i!'1It:11[:,'i[:,'iiﬂg robot’ shown In the ﬁgure DOL: 1u_1113_.:-:n-zum1:;I1.;i|_;|-|;];||ni.
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5.4.4(b) Example: Find the number of DOF and vibration
modes for the methane molecule shown in the figure

ﬁgpmaé 2 (=

/5

\

DB DOF = br+3p -c

#H 9id body modes = £
(3 Foansiqtin, 3 0797 )

D |\ # nbmhim modesn = 9




5.4.4(c) Example: Find the number of DOF and vibration Syherical Jot
modes for the "‘Stewart platform’ shown in the figure Revolets Jokat Moving Platform:
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