Dynamic Force Analysis: R-RTR mechanism 1

1 Dynamic Force Analysis

1.1 Joint Forces Analysis
The R-RTR mechanism shown in Fig. 1.1 has the dimensions: AB = 0.14 m,
AC = 0.06 m, and CF = 0.2 m. The driver link 1 makes an angle ¢ =
¢ = T vad with the horizontal axis and rotates with a constant speed of
n =ny; = 307 rpm. The position vectors of the points A, B, C, and F are

rp =014+ 0) m,

rgp=rc, =2pl+yp) = 0.0711+4+0.121) m,

ro =zc1+yc) = 014 0.06) m,

rr =2p1+yrp) = 0.1501 4 0.191) m.

The position vectors of the mass centers of links 1 and 3 are

re, =21+ Yo, = %91 + y?B_] = 0.0351 + 0.06) m,
ro, = To,l + Yoy = te —;— xFl + yo ; yFJ = 0.0751+ 0.125) m.

The mass center of the slider 2 is at B (B = Cs): r¢, = rp.

The height of the links 1 and 3 is h = 0.01 m. The width of the slider
2 1S wgjiger = 0.05 m, and the height is Agjge, = 0.020 m. All three moving
links are rectangular prisms with the depth d = 0.01 m.

The density of the material is pgiee; = p = 8000 kg/m?3. The gravitational
acceleration is g = 9.807 m/s?.

Forces and moments on each link

Link 1
The mass of the link 1 is

my=p AB h d=0.112 kg.
The acceleration of C] is
ac, = —3.409321 — 5.905113 m/s”.
The term mq C is

myac, = —0.3818441 — 0.6613733 N.



Fig. 1
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The gravitational force on link 1 is
Gy =-my; g)=-1.09838 3 N.
The mass moment of inertia of link 1 about C] is

I, = my (AB% 4+ h*)/12 = 0.000183867 kg - m?.

1

The term I¢, o is
Iol o] = 0.

Link 2
The mass of the link 2 is

ma = p2 hstider Wstider d = 0.08 kg.
The acceleration of Cy = B is
ac, = —6.81864 1 — 11.8102 j m/s”.
The term moq Cy is
moac, = —0.545491 1 — 0.944818 j N.
The gravitational force is
Gy = —mo g )= —0.78456 3 N.
The mass moment of inertia of link 2 about Cy is
Io, = ma (Mayger + Wepiger)/12 = 0.0000193333 kg - m*.
The term I, o is
Io, s =0.00169109 k N - m.

where ay, = 87.47 k rad/s?.
Link 3
The mass of the link 3 is

msg=p CF hd=0.112 kg.
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The acceleration of Cj5 is

ac, = —20.6416 1 — 6.4373 3 m/s”.
The term ms C5 is

msac, = —3.30266 1 — 1.02997 3 N.
The gravitational force is

G =—m3g)=—1.56912 3 N.
The mass moment of inertia of link 3 about Cjs is
Ic, = ms (CF? + h?)/12 = 0.000534667 kg - m?.

The term I¢, o is
Io, a3 =0.0467673 k N - m.

where a3 = oy = 87.47 k rad/s?.
The external moment on link 3 is

Misert = _Sign(w3)|Mext|k = —1000k N - m,

where w3 = 14.0619 k rad/s and M., = | Mey| = 1000 N
Determine the moment M that acts on link 1 required for dynamic equi-
librium and the joint forces for the mechanism.



NEWTON-EULER FBD
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Newton-Euler equations of motion

For each moving link the Newton-Euler equations of motion are written
m; ac, = > FY and Ioa; = ZM(CO,

where C; is the center of mass of the link .
The position vectors are

ry =014 0j m,

rg=rg, =2pl1+yp) = 0.0711+4+0.121) m,
rc =xc1+ yc) = 01+ 0.06) m,

rrp =xp1+ yp) = 0.1501 + 0.191) m,

re, = o1+ ye,J = 0.0351 + 0.06) m,

rc, = Tyl + ye,) = 0.0751 4 0.125) m.

The terms m; a¢, are

my ac, = —0.3818441 — 0.661373y N,
ms ac, = —0.5454911 — 0.944818) N,
msac, = —3.302661 — 1.02997) N.

The terms ¢, are

Io, o =0 N -m,
Io, oy =0.00169109k N - m,
Io, a3 = 0.0467673k N - m.

The force analysis will start with link 3 because the moment Ms.,; is

known.
Link 3
For the link 3, Fig. 1.2(a), the equations of motion for planar motion give

mzac, = > F® = Fo3 + Gs + Fas,
Ie,as =) M(c:? =reye X Fog +reyg X Fag + Mseyy,
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or
m3 Aoy = Fosy + Fasg,
M3 Acyy = Fogy — M3 g + Fasy,
1 J k 1 J k
Ic,ask = | 2c—xc3 Yyo—Yc3s 0 |+ | 29 —Tc3 Yo —ycz O
Fose Fosy 0 Fys, Fysy 0
+M3extk>
or

m3 acye = Foze + Faze,

ms acyy = Fogy —ms g + Fagy,

Iy 03 = (w0 — ze3) Fozy — (Yo — Yes) Fose
+(rQ — 2e3) Fasy — (Yq — Yo3) Fose + Maear,

where the unknowns are
Foz = Fozp 1+ Fozy), Foz = Fosp1+ Fagy ],

and the position vector rqo = zg1 + ygJ of the application point of the joint
force Fas.
Numerically the previous system of equations becomes

—3.30266 = Fyz, + Fo3e,s (1.1)
—1.02997 = —1.56912 + Fpg, + a3y, (1.2)
0 = —0.065F03, — 0.075F 03, + 0.125F53, — 0.075F353, +

Fosyxg — Fasayg — 1000 . (1.3)

The application point @) of the joint force Fy3 is on the line BC:

Y —Yc _ Yo — Yc 0874_yQ—0.O6:
Tp—xc @ Xg— Lo ’ TQ

0. (1.4)

The joint force Fs3 is perpendicular to the sliding direction BC"
F23 r'pe = 0 or - OO?FQ&E — 0.061F23y =0. (15)

There are five scalar equations, Egs. (1.1) throught (1.5), and six unknowns,
Fose, Fosy, Fase, Fasy, g, yg. The force analysis will continue with link 2.
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Link 2
The Newton-Euler equations for slider 2, Fig. 1.2(b), give

maac, = ZF(2) =Fip + Go + Fa,
Ic, o = ZM(C%Q) =rpg X Fa,

or
Mo ACy,e = Fiog — Fysg,
Mo Acyy = Fray — Mo g — Fosy,
1 ] k
Io,aok=|29g—25 yo—yn 0|,
—Fo3, —Fy3, 0
or

ma Qo = Flog — Fysg,
Mo ACyy = Floy — Mo g — Fosy,

Ig, o = (2q — 8)(—Fasy) — (Yo — ¥B)(—Fas0),
where the new unknown is introduced (the reaction of link 1 on link 2):
Fio = Floz 1+ Figy ).
Numerically, the previous equations becomes

—0545491 = F12x - F2317 (16)
—0.944818 = —0.78456 + Fia, — Fig,, (1.7)
0.00169109 = —0.121244 Fy3, + 0.07 Fag, — 1 Fazy + Yo Fase = 0. (1.8)

Now there is a system of eight scalar equations, Egs. (1.1) through (1.8),
eight unknowns, and the solution is

Fos = Fosp 1+ Fyzy) = 7078.411—8093.73 N,
Fo3 = Foysp1+ Fozy ) = —7081.72148094.24) N,
Fio = Fiog1+4 Figy) = —7082.261 4 8094.08) N,
rg =x91+yg)=0.0691+0.1213 m.
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Link 1
The force equation for the driver link 1, Fig. 1.2(c), gives
myac, = ZF(l) =Fy + Gy + Fou.
The reaction of the ground 0 on the link 1 is
Fopuo = myag, + Fio — Gy = —7082.641+ 8094.523 N.

The sum of the moments about the mass center C for link 1 gives the
equilibrium moment

Ie,ark =S MY = ro,p X Fay + 10,4 X Foy + M,
or

M = rgpxFia—rcaxFyg
= 712632k +712.671k =1425.3k N - -m.

Another way of calculating the moment M required for dynamic equilib-
rium is to write the moment equation of motion for link 1 about the fixed
point A

Lhoank =Y MY =140, x Gy +1ap X Fyy + M = M =rp x Fjy — ¢, x Gy,

where Iy = Ic, +my (AB/2)2.



