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ABSTRACT

In this paper the motion characteristic code that complies to functional synthesis during the
mechanisms design is elaborated.

Motion characteristic code includes motion, continuity, linearity and direction of kinematics blocks.
Screw motion using dual-vector algebra in its general presentation includes dual number, direction
and position vector of motion that fulfils topological synthesis during the mechanisms design process.
Motion characteristic code at the screw motion for a number of basic kinematics blocks are also
given in the paper.
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1. INTRODUCTION

The concept of mechanisms design includes four phases: (1) motion characteristics, (2) functional
design, (3) design topology and (4) dimensional synthesis.

In this paper the functional synthesis is elaborated including solution of building blocks using Maotion
Characteristic Code (MCC) and topological synthesis which includes assembling of the building
blocks using dual-vector algebra[1,2,5].

The mechanism building blocks with single kinematics degree of freedom — one input and one output
desired motion are discussed in this paper.

In this paper Motion Characteristic Code (MCC) includes motion, continuity, linearity and direction
of kinematics blocks [1].

The dual-vector algebra contains information for the type of motion, its direction and its position
[1,5,7,8].

During the synthesis of the mechanisms for several basic kinematics blocks has been given: (1) Input
Motion Characteristic Code and Input Screw Motion (2) Output Motion Characteristic Code and
Output Screw Motion and (3) Basic Kinematics Block (Figure 1, 2, 3) [1].

2. METODOLOGY OF DUAL - VECTOR ALGEBRA

It is known that motion of any solid body in three-dimensional space can be represented through
screw kinematic couples [4].

Screw can be represented by displacement and line. Line contains the information about position and
direction of the motion. Displacement represents the transformation between rotational and
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trandational motion. The motion transformation can be divided into a dual-number and dual-vector
[1, 4, 5].
Thefinal expression for screw motion for basic kinematics block is given as.
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3. METODOLOGY OF MOTION CHARACTERISTIC CODE (MCC)

Some authors, the motion in input and output of the kinematics block have used Motion
Transformation Matrices of First Level (MTL") and Operational Constraint Vector (OCV) [2, 3, 5, 6].
Similarly, in this paper Motion Characteristic Code (MCC) including data is used to determine the
type of motion, continuity, linearity and direction of building blocks.

Tablel. Motion Characteristic Code (MCC)

MOTION CHARACTERISTIC CODE (MCC)
Motion type Continuity Linearity Direction
Rotation (Value: 0) Continuous (Vaue: 0) | Linear (Vaue: 0) Unidirectional (Value:0)

Tranglation (Value: 1) | Intermittent (Value: 1) | Non-Linear (Vaue: 1) | Bidirectional (Vaue:1)
Screw (Vaue: 2)

Table 2.Representation of motion characteristics

CATEGORY VALUE
Motion Type
Rotation:
Trandation:
Screw:
Continuity
Continuous. 0 0 1 0 1 0 1
Intermittent: 1
Linearity
Linear: 0 0 1 1 0 1 1 0 1 1
Non-Linear: 1
Periodic
Yes: 0 oO|{1(0|1] O 1 ]/0(1/0|1| O 1 |/0(1|0|1| 0 |1
No: 1
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Motion Characteristic Code from the Table 1 can be described by:

MCC = (MotionType, Continuity, Linearity, Direction) 2
Therefore it is notable that Motion Characteristic Code contains four elements. For example, a smple
rotational motion of an electric motor is coded as 0000 meaning rotation, continuity, linearity and
unidirectional motion.

In the Table 2 has been given all possibilities to identify kinematics function of building blocks during
synthesis process.

Kinematics function for each building block is presented correctly through two Motion Characteristic

Codes: the first one represents characteristics of input motion and the second one characteristics at
output.

4. MOTION CHARACTERISTIC CODE (MCC) AND SCREW MOTION FOR SOME BASIC
KINEMATIC BLOCKS

Analyzing screw motion for simple order kinematics couples and their synthesis, the high order
kinematics couples can be realized.
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Therefore, for a number of basic kinematics blocks are given: motion characteristic code (MCC),

screw motion input and output, type of the basic kinematics block and spatial orientation [1].

4.1. Basic kinematics block — Pulley-Belt (Fiqure 1)

MOTION CHARACTERISTIC
CODE (MCCQ)

INPUT OUTPUT Input: |, =0;r, =0  Output:l, =0;r, =D
O-Rotation O-Rotation | =0 r, = 0 |y =0 r, = 0
0-Continuous 0-Continuous )
O-Linear O-Linear Iz =1 l,=-Lr, =0
O-Unidirectional | O-Unidirectiona

0 0
Input MCC (0000): S =@ + ¢€-0)<0+&40
1 0
0 0
Output MCC  (0000): =(G#,) + ¢-0)¢0,+&D
-1 0

4.2. Basic kinematics block — Six-bar dwell linkage (Figure 2)

Input MCC  (0000):

Output MCC  (0010):

S = + &0 0+g{ .

S, =(F(6,) + ¢-0) }4—8 — (D, +D)

4.3. Basic kinematics block — Sprocket —Chain (Figure 3)

Input MCC  (0000):

Output MCC  (0000):

S = + &0 0+g{ .

S, =(G(B,) + €-0) }_H; 0|
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4. CONCLUSIONS

Based on analysis of the synthesis methodology of the mechanisms using motion characteristic code
and dual-vector algebra, representation of input-output of the screw motion and motion characteristic
code for three basic kinematics blocks, can be concluded that:

e Through Mation Characteristic Code (MCC) the functional synthesis at mechanisms design
can be done;

e Motion Characteristic Code (MCC) comparing to Operational Constrained Vector (OCV) is
simpler for operation during the mechanisms design;

e Through dual-vector algebrathe topological synthesis for mechanisms design can be used;

e The determination of the screw motion at input and output using dual-vector for basic
kinematics blocks presents a good base for synthesis of the high order mechanisms;

e The methodology of Motion Characteristic Code (MCC) and dual-vector algebra enables
realization of a high number of alternate solutions on mechanisms design.
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