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Topics for todays class

Analyzing motion of rigid bodies

1. Rotational forces — ‘Pure moments (couples, torques)’

2. Equations of motion for rigid bodies (translation & rotation)

3. Examples

4. Short-cut for analyzing rigid bodies rotating about a fixed point

0. Examples
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652 Eymations _of motion for 9id_bodses
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Example 6.5.3 : A flywheel energy storage device has
the following properties:

Mass: 2400kg, Radius 1m, Height 2m
It is spun up from rest to 15000rpm ( 500 rad/s) in
1 min by a constant torque Q = O k

Find: (1) The angular acceleration

(2) The torque
(3) The work done by the torque
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Example 6.5.4: A solid of revolution, mass M and moment of inertia /.-
starts from rest at the top of the ramp. Assume no slip. How long
does it take to reach the bottom? C

Appoach : Find awel (dynamics)
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(see Sect 6.36)
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6.5.6 Example The figure shows a design
for an ‘inerter’. The flywheel/pinion has
mass M and mass moment of inertia 7__
Bars AB and CD have mass m.

Point A is stationary and point D moves
horizontally with acceleration a5, Find a
formula for the force F acting at point D.
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The wheel/bars are rack-and-pinion gears (roll without slip)
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6.5.6 Forces on rolling/sliding wheels

Vo= Vo =0KX([Xo—Tg) v, =V, o+ @R

Wheel rolling without slip v =0  Vyo +@.R=0 Both FBDs correct

Backspin Vic >0 V.o +®@.R>0
Topspin v, <0 v.p+®.R<0




Example 6.5.7 At time t=0 the center of the ring has velocity vp=Vi (V¥ >0)
and angular velocity ® =apk (@ >0) (backspin). Find

®,
V R N
(1) The angular velocity as a function of time ,] v,
(2) The velocity of G as a function of time T_, —>
(3) The time required for slip to cease at the contact 1
C

(4) The velocity and angular velocity when slip ceases

Slip = we need to find Ve +o drmw correct FBD
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), () Use constant accel Foonulas

lax= Vgt W= w, —pat
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6-5-8 Simplitiecd _methood for fived axs  rotaton
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Example 6.5.9: A bar with mass M and length L is stabilized in its
vertical configuration by a torsional spring with stiffness x
Find a formula for its natural frequency of vibration.
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Example 6.5.10: The bat rotates about O. Itis subjected to a force F,
Find a formula for the value of d that makes R_=0

Femag = (Re=Fimpact) £ +%yf = marg
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Deriving the angular momentum formula

Prove that ) rxF+> Q=15 xMag +Iza+ox(1;0)

(1) Moment-angular momentum relation

dh
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(5) So... D rxF+> Q=rgxMag +tlga+ex(I;0)
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