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CINEMATICS OF THE 3R DYAD
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Abstract: This paper presents some original methods to determine the kinematic parameters at the 3R dyad. It is 
starting with a trigonometric method, which has the advantage to determine very quickly the positions angles. The 
velocities can be determined faster using a way vector, so, for the second (proposed) cinematic method, one uses the 
first trigonometric way for the positions determination, and the vector method for the determining of the velocities 
and the accelerations. The third proposed method, is a geometric method, which let us to determine some interme-
diate kinematic parameters (of the internal couple C), and then we can determine the main kinematic parameters 
(the rotation angles with their derivatives).
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1. Introduction

In this paper it presents three methods able to 
determine the kinematic parameters to a 3R dyad 
(see the Figure 1). 

It is starting with a trigonometric method, 
which has the advantage to determine very quickly 
the positions angles [1-4]. 

The velocities can be determined faster using a 
way vector, so, for the second (proposed) cinematic 
method, one uses the first trigonometric way for the 
positions determination, and the vector method for 
the determining of the velocities and the accelera-
tions [1], [4]. 

The third proposed method, is a geometric me-
thod, which let us to determine some intermediate 
kinematic parameters (of the internal couple C), and 
then we can determine the main kinematic parame-
ters (the rotation angles with their derivatives) [4]. 

2. A trigonometric method

The kinematic schema of a RRR dyad can be seen 
in the Figure 1 [4].

Fig. 1. Kinematic schema of a 3R Dyad
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Following cinematic parameters are conside-
red known (input): ++,,++,,++,, -.-.-.-.-.-.

The question is to determine the next cinematic 
parameters (output): /////00000

It determines the angle 1  and then the angle 2   in function of the three angles: 34 5656 , con-
form with the system (1).
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(1)

First, one calculates the variable length l be-
tween B and D (system 2) [3-4].<< <<< =>=> =>=> ??@@A ??@@A

(2)

The fi angle’s parameters are determined with 
the system 3 [4].

B CCB DDE F G HE F G H CC DDIG B CC B DD
JKJK JK JK JK JK

L M N N O P QL M N N O P R N O PQR P S T
N O PP S T

(3)

The velocity of the angle fi is writing with the 
relationship (4), and the acceleration is determined 
with the system (5). 
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Next, we will determine the kinematic para-
meters of the angle fi2 (system 6), and fi3 (system 
7), from the triangle BCD [4].
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Finally, one determines the parameters of 
point C (system 8).

������� ������� ��� ��� �� ��
� � �� � � � � �� � �� � �� � �� � �� � �

���� ���� ��� ��� ��� ���
�� �� �� �� �� ��

(8)

3 A combined method

The kinematic schema of a RRR dyad can be seen 
in the Figure 1 [2-3].

The velocities can be determined faster using 
the vector method, so, to the second (proposed, 
combined) method, one uses the first way for the 
positions, and the vector method for the determi-
ning of the velocities and the accelerations [1-4]. 

The most difficult problem at the 3R dyad is 
the determining of the positions. To eliminate the 
traditional processes, to which we need two times to 
rises squared the system equations, we will determine 
the positions with the direct relationships (9) [4].
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For the determination of velocities and accele-
rations one uses the classical vector method (syste-
ms 10-11) [4].
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4. A geometric method

The kinematic schema of a RRR dyad can be seen 
in the Figure 1.

The third (proposed) method, is a geometric 
method, which determine first the kinematic para-
meters of the internal couple (C) and then the rota-
tion angles with their derivatives [1].

We start with the geometric positions (the sys-
tem 12) [4]. ëìëë ëëëë íîîïï íîîïï ðð ññ

(12)

These equations were deduced geometrically, 
by the writing of two equations for a two circles 
(x=x

C
, y=y

C
).

To solving the system (12), it writing the next 
relations (system 13) [4]. ëìëë ëëëë íîîïï íîîïï ðð ññ

(12)
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To determine the velocities and the accelerations 
we derived the equations system (12) and we have ob-
tained the relations (system 14) [4].
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Finally one determines the positions angles 
and their derivatives (system 15) [4].
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Conclusions

The geometrical method presented in the last pa-
ragraph is the most elegant and direct method to de-
termine the positions angles and their derivatives [4].

The relationships presented in this paper allow 
and the synthesis of robots (the mechanical systems, 
serial, in movement) [4].
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