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ABSTRACT

In this paper the methodology of dual-vector algebra is used to present the screw motion for design of
mechanisms achieving desired output motion based on input design reguirements.

The general model of screw motion given through dual-vector algebra includes dual number, direction
vector and position vector of the motion complying topological synthesis for mechanisms design.

Motion characteristic code fulfils functional synthesis for mechanisms design.Screw motion and motion
characteristic code for a number of basic kinematics blocks are also given in the paper.
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1. INTRODUCTION

The mechanism building blocks with single kinematic degree of freedom — one input and one output
motion are discussed in this paper. The mathematical model of building blocks contains (a) the spatial
orientation of the building block input with regard to its output and (b) types of motions as translation,
rotation, helicoidal etc. A general way of presentation for a building block with one degree of freedom
is through a model with one input and output motion. In some cases the input and the output can
interchanged depending on the application but in other cases such an interchange is not practical —
building block with worm-gear and wheel [2,4].

To design the motion characteristics of the basic kinematic building blocks the screw
kinematic block is used.

Generally, the screw motion is represented by two methods: one is through screw coordinates, known
as Plucker’s coordinates [6] and the other one is through dual-vector.

In this paper the method of dual-vector algebrais applied.

The dual-vector algebra has some advantages comparing with Plucker’s coordinate representation,
because it contains information for the type of motion, its direction and its position [1, 4, 6, 7].

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|[1, 2, 3, 4,5, 6, 7].

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
tranglational motion. The motion transformation can be divided into a dual-number and dual-vector.

Vector | , Which is bounded to a line with its moment from origin O is T x I , can be represented by
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two vectors.
Plucker’s coordinates are expressed by vectors | and |, =T x| .

For further analysis of the motion and definition of the screw motion the necessary transformations
are needed in such away that the line will be represented as a dual-vector [7] given below:

L=T+c¢l, 1)
where ¢ isan agebraic infinitive small unit satisfying the condition ¢* = 0
Similarly, dual-angle is defined as:
A=a+ca, 2
where a is the magnitude of vector a ( Fig.l). Generdly, the dual-angle refers the screw
displacement and the quantity that results from multiplication of the pitch from equation (2) and
magnitude is simply called displacement.
After needed algebraic operations with lines (Fig.1) given by equations:
L, - L, = cosA (3)
L,xL, =sinAL (4)
The result is mathematical expression representing not aline but screw (Fig.1) [7].

Figurel Definition of screw and line vector

Screw is a geometric entity that is composed by a displacement and a line. By dua-number
representation of the motion that rotates a line unit about unit line vector L by o and translates along
L by a at the same time can be represented by screw ( S )as[7]:

S —a-l +e-[a-l +a-(Fx1)]

)]

é:a-r+g-a-r+g-a-(fxr)+52 a-(FxI)

S=(a+e-a)[l +& (FxI)]

S=AL. (5)

Therefore, general form of screw motion through dual-vector algebra[1] can be expressed as follows:
S=(a+ea){l +d.}
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where:
I =1Li+l,j+l,k  representsthe vector of motion direction;

lo =loud +1o,] +1o,K represents the vector of motion position;

Iq‘:1/IX2+I§+IZ2 =1, I,1,.1, canbefrom (-1) to (1).

- =

| -1, =0 represents scalar dot product of the vectors of direction and position,

for I'-T =I]-[lo|- cos(@0°) = 0; T+, = [I]-|Iy|- cos(270°) = 0 then T L.

3. SCREW MOTION FOR SOME BASIC KINEMATIC BLOCKS

Analyzing screw motion for smple order kinematic couples and their synthesis, the high
order kinematic couples can be realized.

Therefore, for a number of basic kinematic blocks are given: screw motion input and output,
type of the block, spatial orientation and motion characteristic code (MCC) [1].

Kinematic block — Cylindrical gears
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Kinematic block —\Worm-gear
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4. CONCLUSIONS

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

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

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

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

e The methodology of dual-vector algebra enables realization of a high number of alternate
solutions on mechanisms design.
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