
To solve this problem we can use the Euler equations in the
principal M- frame . As gravity acts on the CM , there are

no external torques . The Euler equations then write :

i) Inari + (Iz-Iz) wzwz = 0

ii ) Izcioz 1- (Ir-Iz) wrwz = 0

iii.) Izwj + (Iz-Ie)wrwz= 0

We require that wiwz= 0 and we know that in general
we ≠ 0 , cuz

≠ 0 .
From i ) and iii ) we find at __↳ = 0



Now using ii ) we can find a condition that wi=0 :

⇒ (In-I}) wrwz = 0 into which we can plug In,I}

⇒ [Izmrz-7=(5+44) = 0

{v2 = 1¢r2t 1-242

3. v2 = h2 ⇒ f- = V37



We can once again use the Euler equations in the M- frame .
For this we need [win and [at;]µ . We find

@ = WA e-3 + WB e-↑

We need this in the M- frame , so we use geometry to find

≤3
= sin (8) ≤↑ + cos (d) e-3M

using this we can find

WB

[wife=/ wasin (d) )
WA cos (d)



and by different ing the components we find

airs
G)
µ
= / ciasin (G) + WAWB cos (8)

WAcos (B) - WAWBsin to))
where we use the chain rule and ① = WB .

The Euler equations now write:

ZI cops = [My] µ
I Kia sin (G) + waw, cos (d)) + (ZI-I ) WBWA cos (d) = [Mz]µ
I (ciaos (d) - wawtssin (8)) + (I-ZI ) WBWA sin (d) = [Mz]µ
which simplifies to :

µ
= 21--43

µ,] µ
= I (wasinto) + ZWBWAcos (A)

[Ms] µ I ( ciscos (8)
- ZWBWA sin to))



To solve this problem we need both AMB and LMB to get enough equations
Let us first introduce two convenient moving frames :

The frame Me rotates with the

shaft , while its ≤it -axis is aligned
with the shaft.

The frame Mz rotates with the

rectangle and is its principal
⇒ we can use the Euler equations
in the Mz - frame

'

In the Mr-frame the reaction forces EA
, F-

☐
are

F-A = Fzttezh + IgA e-3^1 and F-B = FzBeIʰ + ¥eIʰ



Now let 's first do LMB in the Mr- frame :

F-At EB =

⇒ [Fit]µ,
= - LEE]µ

,

and [Fit]
µ,

= - ¥3B]µ,

To obtain some additional equations we can use AMB , in this case the
Euler equations . For this let us first find the external torques w.r.t.CM :

A

CM
= IMA ✗ E + IMB ✗ F-

B

= -a2¥~_e↑ ✗ (Fiteih + FsAeIʰ ) +925b€ e-↑ ✗ (1=2%4^+13%91
= a2+b (Este↑' - Fate%)

The angular velocity is @ = weft
,
with ⇐ = Q (as w = const.)

Now we need to transform both @ and Icu to the Mz-frame
since we can only use the Euler equations in the principal Me-frame .
For this we need the rotation tensor around the esh - axis :

cos (x) sin(x) 0

[RMZM^]µ,
= f-sin (a) cos (a) O

O O 1)
Note that we do not know ✗

,
but with this we'll deal later?

Now we can transform [e)Me
→ [win, and on]µ,

→ [Icu]µ
,

and plug everything into the Euler equations .

woos (a)

⇔u= (rosined ) , Hon]mz=ñ+T(¥¥¥
'

Ff cos (
0

and G- =



The Euler equations now write

0 = a2+bFFzA sin(a)

0 =a2+b2MEgA cos(a)

M /62-a) wzsin(a) cos (a) = - a2tb2MFzA

Now we can also use the geometric definition of sin (a) and
cos (a) , so

we don't need ✗ :

sin (a) = az+⇐ ,
cos (a) = az+#

Using this and the Euler equations we can now find

FZA = O
ab

Fzt = 1-2 Mat (62-92) (az+Ñ
from earlier we also know FZB = - FZA , 1=313 = - EGA

This means the magnitude of the reaction force is the same for
both bearings , namely :

IF / = Fat

② The kinetic energy is :
0

1- = 1zwcue + 12M 1¥12 We evaluate this in the Mz-frame
£

as Ecu is given in that frame .
= 12In [with

,

+ 1zIzz[w2Ñz
= f-Mar:#


