R-TRR mechanism
The following dimensions are given for the mechanism shown in the Fig. 1(a):
AC = a = 0.100 m and BC' = 0.300 m. The angle of the driver link 1
with the horizontal axis is ¢ = ¢; = 45°. The coordinates of joint B are
rp = yp = 0.256 m. The driver link 1 rotates with a constant speed of
ny; = 30 rpm. Find the velocities and the accelerations of the mechanism.

Solution

A cartesian reference frame with the origin at A is selected.
The coordinates of joint A are

ra=ya=0.
the coordinates of the joint C' are
roc=AC=0.100m and yc =0,
and the coordinates of joint B are
xp=0.256m and yp = 0.256m.

The position of joint B was calculated from the equations

tan ¢ = ij and (zp — 2¢)* + (yg — yo)* = BC?.
B

The magnitude of the angular velocity of the driver link 1 is

W=w == 73781 =TI (3035"pm) = 3.141 rad/s. (1)

The angular velocity of link 1 is

w=w; =wk=3141k rad/s.

The link 2 and the driver link 1 have the same angular velocity w; = ws.
The angular acceleration of link 1 is a¢; = w; = 0.
The velocity of the point By on the link 1 is

VBIZVA—l—leI'B:leI'B,

where v4 = 0 is the velocity of the origin A = O.
The position vector of point B is

rg = rpl+ yp) = 0.2561 + 0.256) m.
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The velocity of By, Fig. 1(b), is

1 ) k 1 J k
veg,=| 0 0 wi|=| 0 0 3.141 | = —0.8041 + 0.804) m/s,
xg yg O 0.256 0.256 0

and has the magnitude is |vp,| = vp, = 1.138 m/s.
The acceleration of the point By on the link 1, Fig 1(c), is

ap, =as +a; Xrg+w X (W) XTrp)=a; XTI —wirp
= —wirg = —3.141%(0.2561 + 0.2563) = —2.5281 — 2.528) m/s’.

For this case when ay = 0 and a; = 0, ap, = a3 . The magnitude of the
acceleration of the point By is
lap,| = ap, = a}, = 3.575 m/s*.
The velocity of the point By on the link 2 is equal to the velocity of the
point Bj on the link 3 (link 2 and link 3 are connected with rotational joint).
The points B3 and C' are on the link 3 and

VB, = Vp, :Vc—i—w?, XTrop = ws X (I‘B—I'0), (2)
where vo = 0 and the angular velocity of link 3 is
w3 = wsk.

The velocity of the point B, on the link 2 is calculated in terms of the velocity
of the point By on the link 1

VB, = Vp, + VTBengl = VB, T VBy, (3>
where V%Zl B, = VB, is the relative acceleration of By with respect to B; on
link 1. This relative velocity is parallel to the sliding direction AB, vp,,||AB,

or
VB, = UB,, COS 11+ vUp,, sin ¢1], (4)
where ¢, = 45°. Equations (2), (3), and (4) give

1 J k
0 0 w3 | = Vg, + UB,, COS P11 + Vp,, sin ¢1]. (5)
rp—2c Yy —Yyc 0



Equation (5) represents a vectorial equations with two scalar components on
z-axis and y-axis and with two unknowns ws and vp,,

—w3(ys — Yc) = vp,, + Up,, COS ¢1,

w3(zp — Tc) = VB, + Up,, Sin ¢y,
or

—ws3(0.256 — 0) = —0.804 + vp,, cos45°,
w3(0.256 — 0.1) = 0.804 + vp,, sin 45°.

It results
w3y = 3.903 rad/s and wvp,, = —0.276 m/s,

or in vectorial form
w3 = 3.903k rad/s
and the relative velocity vector of B, with respect to By is
vp,, = —0.1951—0.1953 m/s.

The velocity of Bs (or By), Fig 1(b), is

1 J k
Vp, =Vp, = 0 0  3.903 | =—0.9991 + 0.609) m/s.
0.256 — 0.1 0.256 0
The magnitude of the velocity of the point By = By is |vp,| = vp, =
1.171 m/s.
The acceleration of the point By on the link 1 is ag, = —2.5281 —
2.528) m/s%

The points B3 and C' are on the link 3 and
ap, = ap, = ac + Q3 X Tcp — WiTop = Q3 X Top — WATCR, (6)
where ac = 0 and the angular acceleration of link 3 is

a3 = ask.



The acceleration of the point By on the link 2 is calculated in terms of the
acceleration of the point B; on the link 1

- rel cor _ cor
aBQ - a'Bl + aBgB1 + aBQB1 - aBl + aBQl + a3217 <7>

where aj'y = ap, is the relative acceleration of B, with respect to By
on link 1. This relative acceleration is parallel to the sliding direction AB,
ap,, ||AB, or

ap,, = p, COS P11+ ap,, sin ¢1]. (8)
The Coriolis acceleration of By realative to By, Fig 1(c), is
1 J k
ag’;1:2w1XV321:2w2><V321:2 0 0 wy | =
UB,, COSP1 Up, sing; 0
2(—w1vp,, Sin @11 + wyvpg,, COS P1]) =
2[—3.141(—0.276) sin 45°1 + 3.141(—0.276) cos 45°)] =
1.2261—1.2265 m/s”. (9)
The magnitude of the Coriolis acceleration of the point By relative to Bj is
2%y | = agr = 1.734 m/s>.
Equations (6), (7), (8), and (9) give

1 J k
0 0 az | —wi(rp —10) =
tp—2c Yp—Yc 0
ap, + ap,, (cos P11 +sindy)) + 2 wy X vp,,. (10)

Equation (10) represents a vectorial equations with two scalar components
on z-axis and y-axis and with two unknowns a3 and ag,,

—a3(yp — yo) — wi(wp — 1¢) = apy, + apy C0s o1 — 2wivp,, sin @1,
Oég(.IB - ]30) - wg(yB - yC) = ap, + ap,, sin ¢1 + 2&)1“321 CO8 ¢17
or
—a3(0.256 — 0) — 3.9032(0.256 — 0.1) =
—2.528 + ap,, cos45° + 1.226,

a3(0.256 — 0.1) — 3.9032(0.256 — 0) =
—2.528 + ap,, sin 45° — 1.226.



It results
a3 = —2.252 rad/s” and ag,, = —0.707 m/s’.

The relative acceleration of By with respect to By, Fig 1(c), is
ap,, = —0.707 cos45°1 — 0.707sin 45°y) = —0.5001 — 0.500y,
and the acceleration of Bj is

ap, = ap, = &3 Xrogp — ng'CB =
—2.252k x [(0.256 — 0.1)1 4 (0.256 — 0)3] — 3.903%[(0.256 — 0.1)1 + (0.256 — 0)3] =
—1.8021 — 4.255 m/s”.

The magnitude of the acceleration of the point Bj is
’3_33’ = ap, = 4.620 Hl/S2.
The normal acceleration of Bs is

aj, = akh, = —wircp = —3.903*[(0.256 — 0.1)1+4 (0.256 — 0)y]
= —2.3791—3.903) m/s>, and
an, | = |af, | = 4.57129 m/s’,

The tangential acceleration of Bj is

ap, =ap = as X rgp = —2.252k x [(0.256 — 0.1)1 + (0.256 — 0);]
= 0.5771—0.3513 m/s’, and

lal, | = |ak, | = 0.675 m/s”.

The relation between the angular velocities of link 2 and link 3 is
Wy = W3 + Wa3,
and the relative angular velocity of link 2 with respect to link 3 is
wo3 = wy — w3 = 3.141k — 3.903k = —0.762k rad/s.
The relative angular acceleration of link 2 with respect to link 3 is
Q3 = 0y — a3 = —ary = 2252k rad/s’,

where oy = a¢; = 0.



rCc = {0.1, 0., 0} m

rB = {0.256155, 0.256155, 0} m
¢l= 0.785398 rad = 45. deg
¢3= 1.02334 rad = 58.633 deg

w = wl = {0, 0, 3.14159} rad/s

a = al {0, 0, 0} rad/s"2

vBl = wl x rB = {-0.804736, 0.804736, 0.} m/s

|[vBl| = 1.13807 m/s

aBl = ol x rB - wl"2 rB = {-2.52815, -2.52815, 0.} m/s"2
|aBl| = 3.57535 m/s"2

w3 = {0, 0, w3z}

vB2 = vB3 = vC + w3 x (rB-rC)

vB21={vB21 Cos[$1l],vB21 Sin[¢1l],0}

vB2 = vBl + vB21l => w3z, vB21

w3 = {0, 0, 3.90354} rad/s

vB21 = -0.276022 m/s

vB2lv = {-0.195177, -0.195177, 0} m/s

vB3 = {-0.999913, 0.609559, 0.} m/s

|[vB3| = 1.17106 m/s

a3 = {0, 0, a3z}

aB2 = aB3 = aC + a3 x (rB-rC) - w3.w3(rB-rC)
aB21={aB21 Cos[¢l],aB21 Sin[¢1],0}

aB2lcor = 2 wl x vB21 = {1.22633, -1.22633, 0.} m/s"2

|aB21lcor| = 1.7343 m/s"2

aB2 = aBl + aB21 + aB2lcor => a3z, aB21l
a3 = {0, 0, -2.25292} rad/s"2

aB21 = -0.707843 m/s"2

aB2lv = {-0.500521, -0.500521, 0} m/s"2
aB3 = {-1.80234, -4.25501, 0.} m/s"2
|aB3| = 4.62098 m/s"2

aB3n = {-2.37944, -3.9032, 0} m/s"2
|aB3n| = 4.57129 m/s"2

aB3t = {0.577098, -0.351806, 0.} m/s"2

|aB3t| = 0.675877 m/s"2



