1  Mechanical elements - Maxwell body
Consider the following lumped parameter model of the Maxwell body:
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Assuming the extension to instantaneously rise from “no extension” to a
magnitude xp (relaxation experiment):
- derive an expression for the force fi(f) of the body

- sketch the progression of f;(f) qualitatively @n S }‘Oln l' / én 3“"
In a second example, assume the force to instantaneously rise to a magnitude

fo, where it stays constant (creep experiment):
- derive an expression for the extension xi({) of the body

- sketch the progression of xs(f) qualitatively
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Hint The extension in the dashpot and spring is different, whereas the force
acting on them is the same

To check your results: In your sketches of fi(f) and x¢(f), how does the system behave for
t=0? How does the system behave for t>? Is this behaviour what you would intuitively
expect to happen?
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2 Statics - Beams

Determine the required reaction forces and moments of the weightless bean
Sketch the internal forces n(x) (normal force) and v(x) (shear force), and the

moment curve M(x).
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Figure 1: Beam

To check your results: There should be no “jumps” in the moment curve.

What should the moment at the ends of the beam be'y_P
e
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3
3.1

Dynamics
Jump

A diver jumps down from a platform conducting a forward flip. Right after take-
off, his centre of mass (COM) moves with a velocity v4. The outer edge of his

foot is located 32 cm to the left of the COM and 80 cm below it, as described

by the vector d.The outer edge of the divers’ foot moves with a velocity v,.
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While the diver is in the air, no forces are acting on his body, apart from
gravity (e.g. air drag can be neglected), and his body does not deform.

a) Calculate the angular velocity vector of the divers’ rotation around his
centre of mass during the flip.
Hint 1: You can use the right-hand rule, to calculate the angular velocity
vectors direction.

] Y, v, = [2) m/s, v, = _01 m/s Hint 2: €, = &, X &g, (depending on how the example is solved, you might
— \338 = 5 not need both hints).
032 b) At take-off the COM is 2 m above the ground. Which maximum height
Y ¥ —d-— ( 0 ) m above ground will the COM reach during flight?
comroot - — 08 To check your results: b) 2.74 m
Figure 2: Diver jumping from a platform
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3.2 Moments of Inertia

From the general expression for the moment of inertia around COM

1= [ rapmaw
v

(with r, being the normal distance between point r and the rotation axis)

a) Derive the formula for the moment of inertia of a homogeneous
cylinder, rotating around its symmetry axis. **
Hint: use cylindrical coordinates!

b) Calculate the moment of inertia for the objects depicted below, around d-
the axis of rotation denoted in the sketch with X. Give your result in Si e
units!

d,

* bicycle wheel: - use your result from a) - approximate as a hollow
cylinde; (cEntre of the cylinder at the wheel hub) with average density Figure 9 Br’cycle wheel and sledgehammer
e=1g/lm
outer diameter d: = 74 cm, inner diameter d2= 70 cm, cylinder height =
thickness of the wheel =2 cm

« sledgehammer: - use a formula collection -
head: cylinder, height h: = 14 cm, diameter d: = 10 cm, Qgsteei= 8 g/cm?
handle: thin cylinder — height h= 100 cm, diameter d2=4 cm, m = 1 kg
The axis of rotation is around the end of the wooden part as indicated

understand where it comes from
To check your results: a) 1=1/2 m R?

**¥You don’t need to derive the formula of the moment of inertia in the exam, but you need to

in the sketch. b) wheel: 1= 0.117 kgm?, sledgehammer | = 10.05 kgm?
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