Intermediate Dynamics
Example: Slider on a Rotating Bar

Problem: Given the position coordinates (x, ¢, d), find N _¢.
Ry, the velocity of P and “a, the acceleration \ )
of P. | 2
Solution: /l/ | |
D:(ep.e5.¢5) | o
Reference frames: R Disk, D | ¥ o |
B:(¢,,€p-¢3) | Tul l,
\' dsJi=¢
Angular velocity of B: W—l—* e,
*og = "0, + o, u
= Qe, + we, W9 o<\
Angular acceleration of B: _"Ee
Bar, B
R l A
R@B=§(R@B)=Q§z+a>€3+w€3 - \f

=Qe¢, twe; + W(ng X€3)

R _ s .
= | ap=0Qe +Qe, +me;

Velocity of P:
Ryp = Ryf, + %y, (P moves on B and P is fixed on B)
Here,
i € &
R, _R R _ R _
Vp= Vot yﬁ/Q—an1+( @Bxgp/g)—aQ§1+ 0 Q @

- RL’p =(aQQ+xwCy)e, + (x@S,)e, — (x€2S,) e,

B

vp =Xe, :x(Sagl _Cagz)

Combining the above results gives the result for *y I

Ryp =(aQ+xwC,+xS5))e, +(xwS,-xCy)e, —(xQS,)e,
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Acceleration of P:

R

R B R B
ap= dap+ QP+2( Wp X YP)

_ R R
4p= 4ot dp)p

R ¢ 2
ap=afde —ald e,

¢ € €3 € €
R R R R _ . .
Qp/Q _( QB XI:P/Q)+( @B X Yﬁ/Q) - C()Q Q @ |+ O Q

Rgﬁ/Q =(xa')C9 —-xQ°S, —xa)zSQ)g1 +(xcE)S9 +xa)2Cg)g2 -

(x0QC, +xQS, +x0QC,)e,

B . Y
dp = X€, —x(59€1 _Cegz)

€ € €3
R B, _
2R, x Py, =20 Q o

2% @y x Py :2[(cha)€1 +(twSy)e, _(XQSH)%J

Combining all the above terms gives the result for g P

fap=(aQ+x0C,—xS,(0 + Q) + S, +210C, )¢, +

(x@S, +x0°C,—£C,+2imS, )e, -

(¢ +xQ8, +2x0QC, +25QS, e,

Kamman — Intermediate Dynamics — Example: Slider on a Rotating Bar — page: 2/2



