Dynamic Force Analysis: R-RTR mechanism 1

1 Problem

The R-RTR mechanism shown in Fig. 1.1 has the following dimensions:
AB=1m, AC =+v2m, AD =3 m. The angle ¢; and ¢, are ¢, = 45° and
¢1 = 135°. The coordinates of A, B, C', and D are given in [m]:
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The driver link 1 is rotating with a constant angular speed w = 2 rad/s. The

position vectors of the mass centers of links 1 and 2 are
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The mass center of the slider 3 is at C' (C' = C3): r¢, = re. The width
of the slider 3 is wgjiger = 0.01 m and the height is hgjiger = 0.01 m. The
masses of the links are m; = my = m3 = 1 kg. The gravitational forces are
Gi=-m;g)J=—-103JN i=1,23.

Inertia forces and moments

Link 1
The acceleration of C is

ac, = —V21 —v/2) m/s”.
The inertia force on link 1 at Cy is
Fip1=—miag = V21 + \/5_] N.
The total force on link 1 at the mass center C is
Fi=Fi1+G =V2a+ (\/5— 10); N.

The mass moment of inertia is

mlAB2 1 2
I =" AD 2,
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The moment of inertia is
M1 = M’inl = _Icl [0 A 0

Link 2
The acceleration of Cy is

ac, = V21+ 2y m/s”.
The inertia force on link 2 at Cy is
Fino = —maac, = —\/51 — \/5.] N.
The total force on link 2 at the mass center C is
Fo=Fio+Gy=—V21— (\/§ +10)3 N.

The mass moment of inertia is

mQBD2_§ 9

I, = 4kg-m.

2 12
The moment of inertia is
Mg = Mmg = _ICQ O = —3k N-m.

where ay = 4k rad/s?.
There is an external moment on link 2

Mje,t = —100k N - m.

Link 3
The acceleration of C3 = C'is ag, = 0 m/s?. The inertia force on link 3 at
C5is Fy,3 = —mgac, = 0 N. The total force on link 3 at the mass center Cs

18
F3 = FinS + G3 = —10J N.

The mass moment of inertia is

ms3 (h%’lider + w%lider)
12

Io, = = 0.0000166667 kg - m?.

The moment of inertia is

M; =M,,5 = —1c, a3 = —0.0000666667k N - m.
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where a3 = oy = 4k rad/s%.

1. Sketch the free body diagram for each link;

2. Write the Newton-Euler equations of motion for each link;

3. Determine the moment M required for dynamic equilibrium and the
joint forces for the mechanism.






