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Position Analysis

The planar R-RTR-RTR mechanism considered is shown in Fig. 1. The
driver link is the rigid link 1 (the link AB). The following numerical data
are given: AB = 0.140 m, AC = 0.060 m, AE = 0.250 m, CD = 0.150 m.
The angle of the driver link 1 with the horizontal axis is ¢ = 30°.

Position analysis for an input angle

Position of joint A
A Cartesian reference frame Oy is selected. The joint A is in the origin
of the reference frame, that is, A = O,

TaA= 07 Yya = 0. (]')

Position of joint C
The coordinates of the joint C are

To = 0, Yo = AC = 0.060 m. (2)

Position of joint B
The coordinates of the joint E are

Position of joint B

The unknowns are the coordinates of the joint B, xp and yg. Because
the joint A is fixed and the angle ¢ is known, the coordinates of the joint B
are computed from the following expressions

xg = ABcos¢ = 0.140 cos 30° = 0.121 m,
yp = ABsin ¢ = 0.140sin 30° = 0.070 m. (4)

Position of joint D
The unknowns are the coordinates of the joint D, xp and yp.
The joint D is located on the line BC:

Yp — Yc _ Y — Yc
Ip — I rp — ¢
(xp —zc¢)(yp — yc) = (xp — xc) (Y5 — Yc) (5)

or
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Furthermore, the length of the segment C'D is constant:
(l‘c — .’L’D)2 + (yc - yD)2 = CD2 (6)

The Egs. (5) and (6) form a system from which the coordinates of the joint D
can be computed. To solve the system of equations, a specific Mathematica™
command will be used. Two sets of solutions are found for the position of the
joint D. These solutions are located at the intersection of the line BC' with
the circle centered in C' and radius C'D (Fig. 2), and they have the following
numerical values:

Ip1 = —0.149 m, Ypi1 = 0.047 m,
Tpo = 0.149 m, yps = 0.072 m.

To determine the correct position of the joint D for the mechanism, an ad-
ditional condition is needed.

For the first quadrant, 0 < ¢ < 90°, the condition is zp < z¢.

Because z¢ = 0 m, the coordinates of the joint D are

Ip = Tp1 — —0.149 m,

yp = yp1 = 0.047 m.

Angle ¢o
The angle of link 2 (or link 3) with the horizontal axis is calculated from
the slope of the straight line BC"

YB — Yo

¢o = ¢3 = arctan .
rp — ¢

Angle ¢y
The angle of link 5 (or link 4) with the horizontal axis is obtained from
the slope of the straight line £ D:

Ye — YD

¢4 = ¢5 = arctan .
TE — D

The Mathematica®™ program for the input angle ¢ = 30° is given in
Program 1.



Position Analysis 3

Position analysis for a complete rotation

For a complete rotation of the driver link AB, 0 < ¢ < 360°, a step angle
of ¢ = 60° is selected.

Method I

Method I uses constraint conditions for the mechanism for each quadrant.
For the mechanism, there are several conditions for the position of the joint
D.
For the angle ¢ located in the first quadrant 0° < ¢ < 90° (Fig. 2), and
the fourth quadrant 270° < ¢ < 360° (Fig. 5), the following relation exists
between zp and z¢:

D < Tc.

For the angle ¢ located in the second quadrant 90° < ¢ < 180° (Fig. 3),
and the third quadrant 180° < ¢ < 270° (Fig. 4), the following relation exists
between zp and x¢:

D Z Tc.

The Mathematica™™ program for a complete rotation of the driver link
using method I is given in Program 2. The graph of the mechanism for a
complete rotation of the driver link is given in Fig. 6.

Method II

Another position analysis method for a complete rotation of the driver
link uses constraint conditions for the initial value of the angle ¢. For the
mechanism, the correct position of the joint D is calculated using a simple
function, the Euclidian distance between two points P and Q):

d=/(zp — 1) + (yr — yo)* (7)

For the initial angle ¢ = 0°, the constraint is xp < x¢, so the first position of
the joint D, that is, Dy, is calculated for the first step D = Dy = Dy, k = 0.
For the next position of the joint, D1, there are two solutions Dj ., and
Dit,. k=0, 1, 2,.. In order to choose the correct solution of the joint,
D1, it is compared the distances between the old position, Dy, and each
new calculated positions Dj,; and D;i! . The distances between the known
solution Dy, and the new solutions D}, and D}, are d} and di’. If the
distance to the first solution is less than the distance to the second solution,
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di, < di, then the correct answer is Dyyy = Df,,, or else Dy = Dil,
(Fig. 7). With this algorithm the correct solution is selected using just one
constraint relation for the initial step and then, automatically, the problem
is solved. In this way it is not necessary to have different constraints for
different quadrants.

The Mathematica®™ program for a complete rotation of the driver link
using the second method is given in Program 3.
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