13" I nternational Resear ch/Expert Conference
“Trendsin the Development of M achinery and Associated Technology”
TMT 2009, Hammamet, Tunisia, 16-21 October 2009

COMPARISON OF FIRST LEVEL MOTION TRANSFORMATION
MATRIX AND OPERATIONAL CONSTRAINT VECTORWITH
MOTION CHARACTERISTIC CODE AT THE MECHANISMS DESIGN

Dr. Sc. Kastriot A. Buza Dr. Sc. Agim Anxhaku
Faculty of Education Faculty of Mechanical Engineering
Prishtina Tirana
K osova Albania

Dr. Sc. Ismajl Gojani, Dr.Sc. Arbnor Pajaziti, Dr.Sc.Shaban A. Buza
Faculty of Mechanical Engineering
Prishtina
Kosova

ABSTRACT

In this paper a comparison of two methodol ogies of mechanisms design has been analysed. The first
methodol ogy uses the Motion Transformation Matrix (MTM) of 1% level and the Operational
Constraint Vector (OCV).

The Motion Transformation Matrix of 1% level presents the type of motion and space orientation of
basic kinematics blocks. The Operational Constraint Vector presents continuity, linearity, reversibility
and direction of basic kinematics blocks.

The second methodol ogy uses the Mation Characteristic Code (MCC) for the design of mechanisms
with helical motion using dual-vector algebra. The Motion Characteristic Code deter mines the motion
type, continuity, linearity and direction of basic kinematics blocks.

Keywords: Motion Transformation Matrices, Operational Constraint Vector, Basic Kinematics
Blocks, Motion Characteristic Code.

1. INTRODUCTION

M echanism design can be realised using several methodologies [1,2,6,7,8].

The first methodology includes the algorithm for identification of many possible solutions concerning
of mechanisms synthesis using the Basic Kinematics Blocks: (a) Motion Transformation Matrix of
first level, (b) Decomposition Procedure, (¢) Motion Transformation Matrix of Second Level and (d)
Operational Constraint Vector [2].

At second methodology the algorithm that presents the mechanisms design using Basic Kinematics
Blocks goes through four basic phases: (a) Motion Specifics, (b) Functional Synthesis, (c) Topological
Synthesis and (d) Dimensional Synthesis [2]. In the motion specifics and functiona synthesis the
Motion Characteristic Code is taken into consideration, while at topological synthesis the
methodology of dual-vector algebrais used [1].

2. METHODOLOGY OF THE MOTION TRANSFORMATION MATRIX OF FIRST LEVEL
AND OPERATIONAL CONSTRAINT VECTOR

The Motion Transformation Matrix of 1% level present the type of motion and space orientation of
basic kinematics blocks. First the desired motion transform matrices MTM® are built knowing that the
axis of input is perpendicular to the axis of the output, where the input is rotational motion (copier)
and output is translation motion (blade) [2]. General form of the matrix at first level is given by
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If item ‘1’ in equation (1) is replaced with ‘3’ for perpendicularity, matrix for model has form as

. [oo
MM’ =| 5 2

The Operational Constraint Vector presents continuity, linearity, reversibility and direction of basic
kinematics blocks. The operational constraints are given in avector form:

OCVgesred = (Continuity, Linearity, Reversibility, Direction) (©)]
[0 0O
OCV,yw=/4 0, 0, [0 0 O 4
110
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Following steps match desired MTM* with MTM? of the building blocks, finding five building blocks
that match with desired and one of them satisfies operationa constraints at the mechanism copier-
blade [2].

3.METHODOLOGY OF MOTION CHARACTERISTIC CODE (MCC)
Motion Characteristic Code (MCC) including datais used to determine the type of motion, continuity,
linearity and direction of building blocks[1,5,6,8].

Tablel. Motion Characteristic Code (MCC)

MOTION CHARACTERISTIC CODE (MCC)

Motion type Continuity Linearity Direction

Rotation (Vaue: 0) Continuous (Value: 0) | Linear (Vaue: 0) Unidirectional (Value:0)

Tranglation (Value: 1) | Intermittent (Value: 1) | Non-Linear (Value: 1) | Bidirectiona (Value:1)

Screw (Value: 2)

Motion Characteristic Code from the Table 1 can be described by:
MCC = (MationType, Continuity, Linearity, Direction) (6)

Therefore, it is notable that Motion Characteristic Code contains four elements (eg., a simple
rotational motion of an electric motor is coded as MCC=MCC(0000) meaning rotation, continuity,
linearity and unidirectional motion).
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4. OPERATIONAL CONSTRAINT VECTOR (OCV) AND MOTION CHARACTERISTIC
CODE (MCC) FOR SOME BASIC KINEMATICSBLOCKS

Therefore, for two basic kinematics blocks Cylindrical Cam-Follower and Slider-Crank are given:

Operational Constraint Vector (OCV), Motion Characteristic Code (MCC) and spatial orientation

[1,2].

010 00 0
ocV =1 0 0 |1 00 ocV =(1 0, 1 |0 0 0 @)
00 0 111

MOTION CHARACTERISTIC MOTION CHARACTERISTIC
CODE (MCCQC) CODE (MCC)
INPUT OUTPUT INPUT OUTPUT
0-Rotation 0-Rotation 0-Rotation 1-Trandation
0-Continuous 0-Continuous 0-Continuous 0-Continuous
O-Linear 1-Nonlinear O-Linear 1-Nonlinear
0-Unidirectional | 0-Unidirectional 0-Unidirectional | 1-Bidirectional
12
¥
OUTPUT 30
FEp
w L -
° \
= INPUT
L a;
Normal Neonlinear Mormal Honlinear

Rotation-Translation

Rotation-Rotation

Figure 1 Cylindrical Cam-Follower
Figure 2 Sider-Crank

5. CONCLUSIONS

Comparing the two elaborated methodologies, the methodology that uses the Mation Transformation
Matrix (MTM) of 1% level and the Operational Constraint Vector (OCV) with the synthesis
methodology of the mechanisms using dual-vector algebra, representation of input-output of the screw
motion and Motion Characteristic Code (MCC) for basic kinematics blocks, can be concluded as
follows:

e The fist methodology during mechanisms design the type of motion, space orientation,
continuity, linearity, reversibility and direction are presented by the Transformation Matrix
(MTM) of 1% level and the Operational Constraint Vector (OCV);

e At the second methodology of mechanisms design is used the Motion Characteristic Code
(MCC) with screw motion using dual-vector algebra;

e Operational Constraint Vector (OCV) is four-element vector, where the fourth element
represents direction of the (3x3) matrix;
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e Motion Characteristic Code (MCC) is a so four-element vector;

e The second methodology for mechanisms design using the Motion Characteristic Code
(MCC) is more simple comparing with first one, bringing easier to the desired design
solutions;

e Both methods basis is determination of many alternate mechanisms design solutions using the
basic kinematics blocks.

6. REFERENCES

(1
(2
(3]

(4

(5]

(6l

(7]
(8l

Buza K.: Kontribut sintezés s& mekanizmave duke shfrytézuar agjebrén e vektorit-dual, Disertacioni i
doktoraturés (Doctorate thesis), Prishtina, 2006

Buza K.: Disajnimi automatik i mekanizmave me ndihmen e programeve aplikative, Punim magjistrature
(Master work), Prishtina, 2003

Buza K., Pirrg) B., Gojani |., Pgjaziti A., Anxhaku A.: Genera Matrix Model at the Second Level of
Automatic Synthesis Procedre of the Mechanisms, Proceedings of the 10™ International Research/Expert
Conference “Trends in the Development of Machinery and Associated Technology”, TMT 2006, Barcelona
—Lloret de Mar, Spain, 11-15 September, 2006, pp. 785-788.

Buza K., Gojani |., Pgaziti A., Anxhaku A.: Screw Motion of Some Basic Kinematic Blocks Through
Dual-Vector Algebra, Proceedings of the 11" International Research/Expert Conference “Trends in the
Development of Machinery and Associated Technology”, TMT 2007, Hammamet, Tunisia, 5-9 September,
2007, pp. 891-894.

Buza K., Gojani |., Pgjaziti A., Anxhaku A.: Motion Characteristic Code at the Screw Motion for Some
Basic Kinematics Blocks Using Dual-Vector Algebra, Proceedings of the 12" International
Research/Expert Conference “ Trends in the Development of Machinery and Associated Technology”, TMT
2008, Istambul, Turkey, 26-30 August, 2008, pp. 1005-1008.

Moon Y.-M., Kota S.: Automated synthesis of mechanisms using dual-vector agebra, Mechanism and
Machine Theory 37, pp.143-166, Ann Arbor, 2002

Y.-M.Moon, Reconfigurable Machine Tool Design: Theory and Application, Ph.D. Dissertation, The
University of Michigan, Ann Arbor, Michigan, 2000.

Waldron K. J,, Kinzel G. L.: Kinematics, Dynamics and Design of Machinery, Second Edition, John Wiley
and Sons, USA, 2004.

604



