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Preface

The present book gathers up-to-date contributions in the field of mechanisms,
mechanical transmissions, robotics and mechatronics. The topics developed within
this volume are as follows: analysis and synthesis of mechanisms, dynamics of
mechanisms and machines, mechanical transmissions, biomechanics, precision
mechanics, mechatronics, micromechanisms and microactuators, computational and
experimental methods, CAD in mechanism and machine design, mechanical design
of robot architecture, parallel robots, mobile robots, micro- and nanorobots, sensors
and actuators in robotics, intelligent control systems, biomedical engineering,
teleoperation, haptics and virtual reality.

The results reported in the papers were discussed at MTM & Robotics
2016—The Joint International Conference of the XII International Conference on
Mechanisms and Mechanical Transmissions (MTM) and the XXIII International
Conference on Robotics (Robotics), held in Aachen, Germany, on 26 October—27
October 2016. All 58 submitted contributions were carefully reviewed and selected
for the presentation and publication by independent reviewers and the members
of the International Scientific Committee. As a result of the two-stage review
process, 49 contributions were selected for the presentation at the conference and
publication in this book.

The previous editions of the two conferences were held in Romania, beginning
in 1972, every four years until 2012, when the joint international conference was
organized outside Romania for the first time at Institute Pascal, Clermont-Ferrand,
France.

MTM & Robotics 2016 was organized by the Department of Mechanism Theory
and Dynamics of Machines at RWTH Aachen University and the Department of
Mechatronics at University Politehnica Timisoara, with the support of IFToMM
Germany, the Romanian Association for Theory of Machines and Mechanisms
(ARoTMM) and the Robotics Society of Romania (RSR).

We are grateful to the authors for their contributions and to the reviewers for
their recommendations as improvement guidance for the selected papers. Special
thanks go to our Keynote speakers, Prof. Gosselin (University Laval), Prof. Schmitt
(RWTH_Aachen University), Dr._Nefzi (Carl Zeiss AG) and Dr. Harmeling
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(Karl Mayer GmbH), for their valuable and inspiring contributions to the scientific
programme. We would like to express thanks to the International Federation for the
Promotion of Mechanism and Machine Science (IFToMM) and to the Robotics
Society of Romania (RSR). We also thank to the members of the Organizing
Committee of MTM & Robotics 2016 and to Springer Publishers for their excellent
technical and editorial support.

Aachen, Germany Burkhard Corves
Timisoara, Romania Erwin-Christian Lovasz
Aachen, Germany Mathias Hiising
Timigoara, Romania Inocentiu Maniu
Timisoara, Romania Corina Gruescu

June 2016
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Mechanism Synthesis and Design for Low-Impedance
Human—-Robot Interaction Based on Under-Actuated
Redundancy

Clément Gosselin
Département de Génie Mécanique, Université Laval, Canada
Clement.Gosselin@gmc.ulaval.ca

This presentation addresses the synthesis of passive mechanisms that are used as a
mechanical interface between a human operator and an active robotic system for
physical human—robot interaction. This approach results in under-actuated redun-
dant robots which provide a very intuitive physical interface to human operators by
allowing them to display their own mechanical impedance and by decoupling the
human and the robot dynamics. A serial architecture is first presented that makes
use of modified straight-line Chebyshev mechanisms and of the Sarrus mechanism.
Gravity is used to produce the self-centring of the Chebyshev mechanisms, while
the Sarrus mechanism, used for the vertical motion, is balanced using a spring
system. An alternative approach based on a three-degree-of-freedom decoupled
translational parallel mechanism (the Tripteron) is then presented. It is shown that
the use of the Tripteron leads to a compact and effective design. Experimental
demonstrations of the mechanisms are presented.
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The Demanding Implications of Nanolithography
for High-Precision Opto-Mechanical Systems

Marwéne Nefzi
ZEISS SMT GmbH, Oberkochen, Germany
marwene.nefzi @zeiss.com

The fabrication of complex integrated circuits needed for modern electronic devices
involves different processes that aim at building billions of transistors on a semi-
conductor substrate (e.g. silicon wafer). Photolithography is the core process of the
semiconductor manufacturing technology, since it is the key enabler for closer
packing of transistors and smaller feature size. It mainly consists in projecting an
image of the mask through high-performance optics onto a wafer before stepping it
to a new position. This assumes not only optical systems with minimum aberra-
tions, but also the adequate mounting and manipulation of optical elements. On the
one hand, 6 DoF adjustments are required without deformations of the optical
elements. On the other hand, the mounting and manipulation of the optical elements
should be insensitive to different dynamic and thermal disturbances. In this pre-
sentation, we will present some generic design tasks that arise from the design and
development of kinematic and dynamic architectures that make up opto-mechanical
systems for nanolithography.

Metrology-Enabled Adaptive Robotic Control in Industrial
Assembly

Robert Schmitt

Chair of Metrology and Quality Management
RWTH Aachen University, Germany
R.Schmitt@wzl.rwth-aachen.de

Recent developments in large-scale metrology systems and automation towards
increased connectivity and interoperability facilitate their use within process control
of robotic assembly systems. The metrology systems are used to obtain information
on part geometry or robotic pose as input for model-based process control. Using
two examples, the benefits of increased flexibility, productivity, and quality are
illustrated. One example focusses on fixtureless aircraft primary structure assembly
by incorporating a component deformation model into the robot controller to
determine robot movements to compensate deviations and achieve nominal
geometry. A second example presents a model predictive control approach to
enable a robotic assembly process of a windscreen onto a moving truck cabin using
iGPS. Furthermore, a vision for a fix-point free assembly system for large products
based on mobile robots and metrology-assisted model-based control and the
associated technical requirements is presented.
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Dimensioning and Optimization of High-Precision
and High-Dynamic Mechanisms

Frank Harmeling
Karl Mayer Textilmaschinenfabrik, Obertshausen, Germany
Frank.Harmeling @karlmayer.com

This keynote speech delivers insight into the model-based development of mech-
anisms that fulfil a highly precise motion at high production speed. One essential
aspect is the interdisciplinary modelling of a system consisting of a mechanism with
elasticities, the electric drive and the closed loop control. The total system model
consists of finite element subsystems and multibody subsystems as well as analytic
equations. Although all machines are similar, each machine development aiming at
the increase of customer value has got its individual challenges. Therefore, another
essential aspect is the individual adaption of the dimensioning and optimization
process to fulfil the complex requirements regarding speed, durability, manufac-
turing costs and functional aspects. The process has to focus on the individual
question that has to be answered, respectively, on the decision that has to be taken.
This affords a flexible configuration of the partial models, an adequate detailing
of the models and an adaption of the proceeding.
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Optimal Design of a Grasping Device
Through Simplified Pose Synthesis
of a Four-Bar Linkage

V. Mesaros-Anghel, E.-C. Lovasz, C.M. Gruescu and C.E. Moldovan

Abstract The paper shows the optimal synthesis of grasping device design based
on the Chebyshev spacing method. The original grasping device uses two sym-
metrical four-bar linkages with opposite motion of the jaws fixed on the coupler.
The goal of the study is the development of a grasping device with minimal error of
the axial centering, which reduces the synthesis to a four-pose one for the four-bar
linkage. In order to minimize the centering error of the grasping device an equiv-
alent Chebyshev spacing method for establishing the synthesis poses is used.
A simplified pose synthesis method for the grasping four-bar linkage is developed.
The both deviations of the axial centering errors (without spacing and with spacing)
for the obtained linkage are indicated and analyzed.

Keywords Grasping device - Four-bar linkage - Four-pose synthesis -
Centering error

1 Introduction

The grasping devices are end-effectors of the manipulating robots, described and
analyzed by several authors (ex. [1, 2]), on different criteria such as kinematic
scheme, construction, technical characteristics and cost-effectiveness. A very

V. Mesaros-Anghel - E.-C. Lovasz (=) - C.M. Gruescu - C.E. Moldovan
Universitatea Politehnica, Timigoara, Romania
e-mail: erwin.lovasz@upt.ro

V. Mesaros-Anghel
e-mail: voicu.mesaros-anghel @upt.ro
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4 V. Mesaros-Anghel et al.

up-to-date and complete description and classification of the concepts, principles
and design of the grasping devices are given in [3, 4].

In comparison with a human hand (100 % dexterity), a two-finger grasping
device still retains 40 % dexterity and, furthermore, satisfies many criteria (simple,
cheap, functionally intelligent). This is the reason why most of the grasping devices
feature two fingers, in a structure including a “carrying mechanism” and an “ac-
tuating mechanism”. An intelligent trait in grasping devices functioning is centering
(along with the axis of the manipulated cylindrical parts). This type of functioning is
analyzed in [5-10]. Still, for special applications, which require fine motion,
complex structures containing more human-like fingers are already developed and
controlled [11, 12]. Recent researches also pursue the achievement of specific
grasping devices to work with soft robots, which must perform gentle tasks [13], or
for handling heavy elastic objects [14]. The underactuated grasp is also a subject in
regard with design, kinematic analysis and control for simple or complex anthro-
pomorphic structures [15-18].

The authors of the paper consider that the synthesis of the grasping devices
should satisfy several conditions regarding structure, design and centering preci-
sion: to eliminate higher pair, to avoid, as much as possible, the prismatic joints and
to minimize the centering errors of the carrying mechanisms included in the
grasping mechanisms. But, also other design aspects as grasping stability, friction,
compliance and dynamics can be taken into account as optimization criteria [19].

The paper aims the synthesis of a mechanism, associated to a two-fingers
grasping device, optimized in regard with minimizing the centering errors by using
Chebyshev spacing of the jaws poses, using only rotational joints (without the
actuator motion) and simplifying the synthesis method of the four-bar linkage.

2 Structure and Actuation Design

Pursuing the goal of centering, the idea of carrying two prismatic jaws between two
limit diameters was taken into account, as represented in Fig. 1.

The assurance of centering should be achieved for a finite number of poses of the
manipulated parts, as shown in Fig. 2.

Carrying of the prismatic jaws (symmetrically to the x — axis) can be achieved
like in Fig. 3, by two four-bar mechanisms (AOABBO and AQ)A'B'Bé,) , actuated by the
actuating mechanism (DyDC and its symmetrical DyD'C’). Similar schemes are
described in [7] for tweezers-jaws without centering, in [4] for roller-jaws with
centering only for two positions, in [8, 9] where the carrying mechanisms are
complicated and, therefore, expensive, including the use of higher pairs.

The synthesis of the four-bar linkage for two and three precision points is
presented in [1]. The first optimization of the grasping device would result from a
“particular four-position synthesis” approach. It will be further shown that the
five-pose synthesis, which is the highest applicable to four-bar linkages, does not
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apply in this case. The four-pose synthesis ensures centering without errors in the
four imposed positions and, in-between, the manipulated cylindrical parts will
maintain their centers along the Ox-axis, on both sides of the origin at minimized
distances (centering errors). This minimization is a second-step optimization
achieved by the authors through an adequate choice of the four diameters of the
manipulated part (as in Fig. 2), spanning between the limit diameters shown in
Fig. 1.

3 Limitations in Applying the Five-Pose Synthesis

In order to show the limitations of the five pose synthesis, a numerical example is
computed. Table 1 shows the imposed values for the diameters of the manipulated
part D;, the coordinates of the prism jaws point (X, yv;) With the corresponding
positional angles f; of the prismatic jaws (with @ =120°).

Using the imposed geometrical parameters for the five poses and computing the
center-point curves fjo34 and f>345 in the form of “7 coefficient curve” for the
positions i = 1,2,3,4and i =2, 3, 4, 5:

(* +y%) - (Ax+By) + EX* + Fxy+ Gy* + Hx + Iy + 1 =0 (1)
lead to the coefficients A, B, E, F, G, H, I of Eq. (1), printed in Table 2.

This means that the center-point curves are shaped particular. Coefficients A and
B suggest a slowly ascending asymptote in curve fi,34 and a slowly descending one
in curve f,345. Coefficients E, G and F suggest the existence of an approximately
circular branch. Coefficients H and [ in accordance with the interpretation of
coefficients A and B suggest the existence of an approximately straight line branch,
slowly ascending for curve f,34 and slowly descending for curve f534s.

The two center-point curves are shown in Fig. 4, which confirms the previous
interpretation of the coefficients’ size. Furthermore, one can notice that the

Table 1 Geometrical parameters for the five-pose synthesis

Sizes/i 1 2 3 4 5
Diameter D; (mm) 5 21.25 37.5 53.75 70

Angle p; (deg) 120 105 90 75 60

Xy (mm) —1.443 =3.175 0 8.031 20.207

ymi (mm) 2.500 11.850 21.650 29.975 35.0

Table 2 Center-point curves coefficients

Coefficients | A B E F G H I

Si234 —163.099 | 1238.862 |2956.126 | —22064.523 | —2956.064 | 107155.380 | —813931.800
J23as 8.421 63.969 —152.643 | —1139.318 152.637 —5532.957 —42027.245
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Fig. 4 Center-point curves f,34 and f>345 of the five pose synthesis

approximately straight-line branch is approximately a diametric straight line for the
approximately circular branch.

Figure 4 also shows that the “un-monotone” zones of the curves superpose,
which means that “here are” the solutions of the five-point synthesis and the
Burmester center points (of which, one is surely very close to the origin of the
axes). Thus results that the origin of the axes is not a pole.

Also in Fig. 4, in dotted line, at the same scale as curves fi,34 and fa345, the
centered circle representing the part with the maximum diameter given in Table 1
was drawn. Inside this “part-circle” or right close to it (at approx. 2 mm with the
current scale), it is possible to find Burmester center points, suitable to choose for
the joints between the cranks/couplers and the frame element. Inside the space
where the part lies, the joints are impossible to place and the trajectory of the mobile
elements is forbidden, therefore, with mechanisms such as the one in Fig. 3, with
prismatic jaws carried through precision points as in Fig. 2, the five-pose synthesis
(maximum pose number for the four bar linkage) is not possible to apply.

4 Chebyshev Spacing Method Applied in Pose Synthesis

As demonstrated in [20] in order to increase the precision of path/function gener-
ating mechanisms, a certain arrangement of the precision points is practical and
possible. Considering the same ranges of diameters and angles as in the previous
chapter, and dividing the ranges into three equidistant intervals, the characteristic
sizes resulted from computation as given in Table 3.

Table 3 Geometrical Sizes/i 1 2 3 4

parameters for the equidistant :

chosen four pose synthesis Diameter D; (mm) | 5.0 26.667 |48.333 |70.0
Angle f; (deg) 120 100 80 60
Xpi (mm) —1.443 | -2.673 |4.845 20.207
ymi (mm) 2.5 15.162 | 27.481 |35.0
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Table 4 Geometrical parameters for the Chebyshev spaced four pose synthesis

Sizes/i 1 2 3 4
Diameter D; (mm) 7.474 25.062 49.937 67.526
Angle p; (deg) 117.716 101.480 78.519 62.283
Xpi (Mm) —2.007 —2.880 5738 18.132
yaii (mm) 3.819 14.180 28.254 34.513

Table 5 Center-point curves coefficients with and without spacing

Coefficients A B E F G H 1

Without —0.0000433 | 131.21176 0.003899 —2436.525 | 0.001918 | —0.112064 | —87761.179
spacing

With 0.0000411 —101.47229 | —0.002251 | 1877.5587 | —0.00518 | 0.000063 67591.431
spacing

The authors consider necessary to apply the Chebyshev spacing to both sizes, D;
and f; chosen arbitrarily in Table 3. The results are shown in Table 4.

Table 5 presents the computed coefficients of the center-point curve fi,34 and
f 1234, corresponding to curves with and without spacing.

Among the coefficients in Table 5 there are large differences regarding the size
order. Similarly to the conclusions in Chap. 2 the center-point curves are particu-
larly shaped and the coefficients have the same interpretation. The center-point
curves without spacing fi,34 and with spacing f 1,34 are shown in Figs. 5 and 6.

Comparing the computed center-point curves it can be noticed that the shapes
are almost identical with slight differences in quadrants I and III, each of them
having an approximately circular and straight line branches.

Fig. 5 The center-point 100 :ml] ;J
curves without spacing y [mm] J12p4
“’ <
g 4
-
-50
X [mm]
-100 [t

-200 -150 -100 -30 0 50 100 150 200

Fig. 6 The center-point 100
curves with spacing y [lm{l]

f1234 l

X [mm]

00
-200 -150 -100 -50 0 50 100 150 200
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As inside the space of the part, the joints are impossible to place and the
elements of the mechanism can not pass through and considering (according to
Figs. 2 and 3) that the part arrives between the jaws from the left side, the following
conclusion results: for mechanisms as in Fig. 3, to which the connecting rod carries
the prism jaw through precision points as in Fig. 2, in applying the four-position
synthesis, only the quasi-linear branch from the right side of the quasi-circular
branch of the centre-point curve is usable for placing the joints between the
rocker/crank and the frame element.

5 Simplified Four-Pose Synthesis Method

One should take into account the conclusions in Chaps. 2 and 3 (tested on approx.
100 numerical syntheses) and the observation that the slope of the straight-line
branch passing through the origin is usable for the synthesis, having values of 3...4
up to 1.000.000 (according to coefficients A, B in Table 5). In this context, the
centers on the center-point curve, which are placed at a reasonable distance from the
origin (less than 500 mm), lie very close to the abscissa (less than one micron).
A point on the abscissa, adopted as center and placed at such a distance from the
center-point curve, satisfies the equation of the center-point curve at least as well as
a pole Pij/Qij, the focus F, the principal point P, the points Newton N and Gauss
G (if existing), the tangent 71...T8, the inflection points I1, 12, I3 or as other
significant points [1]. This statement is true because the properties of the synthesis
curves do not “fade” at such (relatively) small distances.

In the above context, the essence of the proposal to simplify the four-pose
synthesis (in case of adopting the precision positions described in Chap. 3, with or
without spacing) resides (paradoxically) in giving up its performing and adoption of
abscissa (in its positive direction and at larger distances than the maximum radius of
the manipulated part) as geometrical locus of centers (as joints with the frame
element) [1].

The simplified method will be applied to the synthesis of a mechanism as in
Fig. 3, with the precision points as in Fig. 2, performing the following steps:

e choosing four rational values for the angle of the prism-jaw «, the range of the
manipulated part diameters D; and of the bisecting line angles f;;

e dividing the ranges into equidistant or spaced intervals of the precision poses;

e choosing rationally the revolute joints Ag EAé)” and By EBé) on the abscissas
(from kinetostatic point of view is more favorable for larger distance between
these centers, in correlation with the axial size of the actuation cylinder);

e computing the coordinates of the corresponding mobile joints A, A", B and B’ by
using the Burmester method [21];

e computing and comparing the lengths of the rockers and connecting rods for
each chosen four poses;


http://dx.doi.org/10.1007/978-3-319-45450-4_2
http://dx.doi.org/10.1007/978-3-319-45450-4_3
http://dx.doi.org/10.1007/978-3-319-45450-4_3
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Fig. 7 The simplified synthesis method for the four bar linkage of the grasping device

e setting the final values by considering that the linkage passes through the
alignment position of the revolute joints;

e performing the calculus regarding the theoretical precision of the synthesized
mechanism (not mandatory);

e cstablishing the position of the connecting joint C on the rocker.

By using the proposed simplified synthesis method [1] for the both cases without
spacing and with spacing and choosing the connecting revolute joints with the
frame element at the abscissas x40 =80 mm and xpg = 180 mm result different link
lengths of the four bar linkages in different poses, but the differences are in hun-
dredth of micron order [1] (Fig. 7). Obviously, in all cases, the frame element has
the same length of AgBy =100 mm. The average link lengths of the four bar linkage,
denoted as in Fig. 3, will be adopted as given in Table 6.

These results confirm that the simplified synthesis proposed is legitimate. It is to
be emphasized that the frame element AgBy =100 mm, the sums ByB+AB and
ApBy +AyB are approximately equal (the differences are in hundredth of millime-
ter). As the sums above should be strictly achieved by the link lengths of the
linkage, (otherwise it will not pass over the alignment position), the final link
lengths were adopted as written in Table 7.

Table 6 Average link lengths of the four bar linkage

Link lengths Ao0A (mm) AB (mm) BoB (mm)
Without spacing 26.534 9.148 117.435
With spacing 26.296 9.125 117.228

Table 7 Final link lengths of the four bar linkage

Link lengths AoA (mm) AB (mm) BoB (mm) AoBo (mm)
Without spacing 26.55 9.15 117.4 100
With spacing 26.3 9.1 117.2 100

oLl Z'yl_ilsl
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The values in Table 7 were used in computing of centering precision and the link
lengths with spacing served to practical manufacturing of the patented grasping
device [22].

6 Theoretical Precision of the Grasping Device

Considering the mechanism in Fig. 3 with the link lengths given in Table 7, the
theoretical centering precision was computed starting from the position relation for
the four-bar linkage. The theoretical computation starts with the calculus of the
positions of the point M in the top of the prism-jaw and the positions of an auxiliary
point N, placed at a constant distance to M on the bisecting line of the prism.

The absolute centering error is the distance from the intersection of the bisecting
line with the Ox-axis.

The average absolute centering error is 0.1971 mm for the mechanism without
spacing and 0.1923 mm for the linkage with spacing (Fig. 8). The physical sig-
nificance of these average absolute centering errors is a correction, which must be
applied to the linkage in the practical achieving of the device or in the command of
the robot, i.e. the joints Ay and By must be closer to the origin (centering position)
with these values. This is necessary because the dimensions of the linkages in
Table 7 do not correspond exactly to the precision points. The average values in
Table 6 had to be adjusted in order to ensure the passing of the linkage through the
alignment position.

Examining the absolute centering errors results that, indeed, for the linkage with
spacing (Fig. 8b), the extreme errors are about one third smaller and symmetrically
distributed, compared with the extreme errors for the linkage without spacing
(Fig. 8a). This observation pleads for using of Chebyshev spacing method in
positioning mechanisms synthesis.

The calculus of the centering errors, as described in this chapters, may be
missed, considering that the relative errors (regarding the diameter of the part) are
less than 1 % (in the above example the maximum relative error is 0.8 %).

04 P . E : ) v 5 03

03

0,1

-01

== Av. abs. err. [mm]

a)

Dismeter [mm]

*— Abs. err. [mm]

L .

g -
Diameter fmm]

—e—Abs. erm. [mm]  —=— Av. abs. err. [mm]

b)

Fig. 8 The centering errors of the grasping device without spacing (a) and with spacing (b)
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7 Conclusions

The paper presents a study on applying of the linkage synthesis theories for
developing of a new grasping device, which use two symmetrical four-bar linkages
with opposite motion of the jaws fixed on the coupler.

This study allowed the demonstration of the limitations (impossibility) in
applying the five-pose synthesis and the particularities of the four-pose synthesis in
the case of grasping devices. A simplified four-pose synthesis method was devel-
oped based on the analysis of the particular shape of the center-point curve in its
useful zone.

By using the Chebyshev based spacing method for both sizes, namely the
grasping diameter D; and the positional angle of the prismatic jaws f;, the theo-
retical centering axial precision increases in comparison with the errors obtained
with equidistant chosen four-pose synthesis.

The computed centering errors of the grasping device show that between the
precision poses considering the Chebyshev spacing, the errors are less than 1 %,
which can be easily corrected by redesigning the grasping device through trans-
lating the whole linkage closer to the Ox-axis origin with the absolute average error.
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Modified Method of the Kinematic
Analysis of Planar Linkage Mechanism
for Non-stationary Motion Modes

J. Drewniak, P. Garlicka, J. Kope¢ and S. Zawislak

Abstract The aim of the paper is presentation of the modified method of utilization
of the contour graphs for an analysis of kinematics of the closed crane mechanisms.
An introductory phase of calculations is necessary for performance of further
dynamical analysis of the mechanisms because—in the considered duty cycle—the
linkages of the mechanisms are subjected to a non-stationary motion. The
non-stationary motion mode is characteristic for a startup and a braking as well as
during an unstable motion of the system. The results of calculations: velocities and
accelerations for particular linkages of the mechanism are shown in various figures
mainly as a function of the rotational angle of the drive linkage.

Keywords Linkage mechanism + Contour graph method - Analysis of
kinematics

1 Introduction

The basic, classical method of kinematical analysis of mechanisms consists in
differentiation (with respect to time) of the radius-vectors of positions of the
mechanism nodes [1]. However, the method of an analysis of kinematics of the
mechanisms based upon utilization of contour graphs allows for generation of
algebraic equations. The idea of usage of graphs, block-schemes, dyads and other
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algebraic tools or structures for solution of some problems of mechanisms’ mod-
eling, analysis and simulation is presented in papers [1-6]. The graph-based
approach allows e.g. for systematic creation of atlases or families of mechanisms
layouts or for their algorithmic synthesis [2]. The basic ideas of contour graphs are
described in the Marghitu’s monograph [7]. Usage of contour graphs for planetary
gears modeling is presented in [1, 7]. The method could be utilized for plane as well
as for spatial mechanisms, for which we consider closed kinematical chains as their
calculation model. It has been assumed that the closed kinematical chain can model
a crane mechanism. The mechanism consists of n moving linkages. The linkages
are numbered in a consecutive way: from O to n. The O linkage is fixed to the
ground (or reference system) and it is considered as the base. The absolute coor-
dinate system OXY is attached to it. The i-th linkage is connected with the linkage
1 —1 in point A;, whereas with linkage i+ 1 in point A;, . Therefore every con-
sidered point belongs to two neighbor linkages i and i+ 1. Aiming for distin-
guishing of belongings of point A; e.g. to the linkage i—1 (A; €1i—1)—we can
write the description of this point as one having two indexes A; j ;. Similarly, point
Aj €1 linkage is described as A ;.

The analysis of velocities of consecutive linkages of a mechanism (treated as a
kinematic chain) is based on two fundamental kinematic relationships describing
the complex motion [7]:

Zmi,i_1=0. (l)

DrAiX®iio1+ XV =0, (2)
i i
where ®;;_; is a relative velocity of i linkage in relations to i—1 linkage,
I Ai =T0Ai, FAai—1=Toai—1 ®;ii_; and Vv, , is relative velocity in relation to

A; - point.

Similarly, the analysis of accelerations figures on two basic equations of the
contour graphs method which initially consists in determination of relative angular
accelerations € j—; of i linkage in relation to i — 1 linkage, relative linear acceler-
ations agi,i_ 1 and Coriolis’s accelerations a;i’i_ 1 71

Yeii-1+ 20X i-1=0, (3)
i i
and
T C
Aot XAy i+ XraiX (o1 X@i—@ii_1)
i i i 4)
+ Y @ X (@ XTajai+1) =0.
i
where raiaio1 =ra —Ira; a.. ,=al. ... . ari=aa ;_1+a,.. ,+as. .
AiAi+1 Ai Ai—1s Apji-1 Al,iALi— 1> DAL Ai,i—1 Al i—1 Al i—1

c — 9. . r
and aAi’i_l—Z @i X Vi
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An algorithm of generation of the algebraic equations for velocities and angular
accelerations describing the behavior of linear linkages of a particular mechanism
based on the contour graph method can be formulated in the following steps:

(i)

(i)

(iii)

(iv)
)

drawing the scheme of the analyzed mechanism, assuming of the coordinate
system X0Y and determination of geometrical layout of particular nodes of
the mechanism and determination of the radius-vectors of mechanism nodes,
calculation of the mobility of the mechanism W=3.n—-2-ps—p,, where
n—number of movable linkages, ps—number of kinematics pairs of 5-th
class, ps—number of kinematic pairs of 4-th class and checking the condi-
tion of problem solvability—i.e. the number of known velocities has to be
equal to W,

drawing the contour graph (representing kinematics) of the mechanism
having N independent contours:

N=c-n=c-p+1, (3)

where: ¢ =ps + p,—number of nodes (joints) of the mechanism, n—number
of movable linkages, p=n + 1—total number of linkages,

decomposition of the mechanism and generating of the system of vector
equations for velocities or/and accelerations for every contour (closed loop),
finding a solution of the system of equations after transformation of the
vector-type equations into the scalar ones (via projection of the vectors onto
the axes x and y of the assumed coordinate system in case of planar case) and
final solving of the system of algebraic equations.

2 Analysis of Velocities of the Mechanism Linkages

The analyzed mechanism is presented in Fig. l1a. The linkages 1, 3 and 5 are arms
(swing-arms), whereas arm 1 is the driving linkage and arm 5—the driven one.
The geometric and layout data for mechanism linkages are as follows: IABI = 80,
BCl = 80, IBDI =90, ICDI =80, I[EDI = 100, ICGI = 150, A(0;0), E(60;0),

Fig. 1 Analyzed crane mechanism (a) and two-contour graph of the mechanism (b)
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Fig. 2 First and second component of mechanism (after decomposition)

F(200; —30), y=60°, 30° <a<210°, where 30° <a<45°—startup, 45° <a<
195°—stable motion, 195° < a <210°—braking.

In Fig. 1b, N independent contour graphs of the mechanism are presented,
whereas: N=c—n=7-5=2 based on Eq. 5. The nodes—shown as circles—
represent the particular linkages of the mechanism corresponding to the same
descriptions, whereas the edges connecting the graph nodes represent the mecha-
nism joints. The schemas are utilized to drawing the so called expanded contour
graphs (Fig. 3) corresponding to particular subsystem obtained upon the decom-
position of the mechanism (Fig. 2). The considered mechanism (Fig. la) is a
complex mechanical system which can be decomposed into two simple subsystems
(Fig. 2). It allows for essential simplification of generation and solution of the
system of equations corresponding to linkages velocities. Further simplification
consists in creation of the extended contour graphs for particular decomposed
subsystems (Fig. 2).

The system of vector equations of velocities for the first contour (Figs. 1b and 3)
can be written in the following form:

@10+ W +®32+03=0, (6a)
IAB X @21 +TaAD X @32 +TAE X @3 =0, (6b)

The angular velocity @; (o) =w;(a) of arm 1 is presented in Fig. 2. We are
looking for the relative angular velocities @y =®,;-K, ®32=w3,-k and
®p3 =3 k. After adequate rewriting, the system of algebraic equations is
obtained, via projections on z, X, y axes respectively (Fig. 4):

4 B D E A B G G F

rotating  rofating  rotating  rotating rotating  rotating  rotating  translating rotating
pair pair pair pair pair pair pair pair pair

@ g OFN [ E) Wy 3 g @y Wy V4 Wy 5

Fig. 3 Extended contour graphs corresponding to first and second component of mechanism
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2.1 () + 032(ax) + @ 3(0) = —w10(at) (7a)
ye(a) - 021 () + yp () - 032 () + ye() - 0o 3(ax) =0 (7b)
—xp(a) - 021 () —xp(a) - @32 () —xg(a) - wo3(a) =0 (7c)

Unknown velocities w1 (a), w32(a) and wg3(a) are shown in Fig. 5, where
30° <a<210°.
The system of vector equations for the second contour (Figs. 1b and 3):
®W 0+ +0s2+®)5= 0, (Sa)

TAB X @)1 +TAG X @42 + Vs 4 +TAF X @05 =0, (8b)

After adequate rewriting, the system of vector equations (8a, 8b) can be pre-
sented in an algebraic form:
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Fig. 5 Angular velocities as function of angular angle « of arm 1 (I contour)
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Fig. 6 Angular and linear velocities as functions of rotational angle of o arm 1 (II contour)

W42 ((X) + o5 ((X) = -0 ((X) — Wy 1 ((X), (9a)
YG(O‘) 42() + Y (@) - 00.5() + Vg5 4 () - cos(a)

Y ) - 21 (a), o)

=X (@) - @a2(0r) = xp (@) - 005 (@) + Vs 4 (o) - sing (%)

= xp(a) - @21 ().

The solutions of the system of Egs. (9a—9c) are shown in Fig. 6 in case of angles
30°<a<210°.

3 Analysis of Accelerations of Mechanism Linkages

Calculations of accelerations by means of the contour graph method is performed
according to the algorithm described in Chap. 1. Angular acceleration €; =¢; of
the driving arm 1 for a startup state is presented in Fig. 7.

Based on Figs. 7a and 8a, the following system of vector equations of accel-
erations can be derived:

e ot+ex te2+e3=0, (10a)
2 2
IAB X €21 +TAD X €32 +TAE X €13 — W] TAB — Wg3 IDE= 0, (IOb)

where: €1 0(a) =1 0(at) - k—set angular acceleration (Fig. 8).
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Fig. 7 First and second component of the mechanism (after decomposition)

A B D E A B G G F
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[ @> W; > Wy 3 Wy g (] fthy > Vsg g 5
a) £Lo €24 €52 €03 b) £10 €24 £42 ds4 £os

Fig. 8 Expanded contour graphs corresponding to first and second component of the mechanism
Rewritten of Egs. (10a, 10b) give the algebraic form of the considered equation
system:
82,1(0() +83.2((X) +€03 ((X) = —81,0(0(), (lla)
g €2.1(0) +yp - £32(0) + yg - €03 () = 0] o (@) - Xg + @3 5 (a0) - (xg —xp), (11b)
2

—Xg - €2.1(0) —Xp - €32() —Xg - €93 () = 0)%‘0(0‘) “¥p — 03 () - yp- (11¢)

The solutions of the system Eqgs. (11a—11c) are presented in Fig. 9.

Based on Fig. 7b—where the second component of the mechanism is shown—
and based on Fig. 8b—where the expended contour graph of this component, it is
possible to generate the following system of vector equations for accelerations:

glo+ey +esn+es5=0, (12a)

T c 2 2
TAB X €21 +TAG X €42 +TAF X €)5 +ag5 4 +aG54 — @] o TAB — @5 " I'GF = 0,
(12b)

After rewriting, Eqs. (12a, 12b) can be presented in an algebraic form:

€.1(0) +&4.2(t) +€9.5(0t) = — g1, 0(at), (13a)
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The solutions of the system of Eqgs. (13a—13c) are presented in Fig. 10.
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4 Conclusions

It was shown, in the paper, that an application of the contour graphs method for an
analysis of closed kinematical crane mechanisms essentially helps in generation and
solving of the systems of equations describing the behavior of the mechanism. The
main cause of this advantage is description of the motion by means of algebraic
equations instead of differential ones like it is considered in classical approaches to
solving similar problems. The benefits of the utilized methodology were especially
evident in case of kinematical analysis of mechanisms which linkages are subjected
to the non-stationary or unstable motions. It could be expected that these advan-
tages would be also beneficiary in analysis of kinematics and dynamics of spatial
mechanisms. The simulation results shown in figures confirm the design assump-
tions for the analyzed mechanism.
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A Type Synthesis Method for Parallel
Mechanisms Based on SAKCs

Huiping Shen, Chi-Yu Sun, Dan Zhang and Ting-li Yang

Abstract Extending Assur’s kinematic chain (AKC) principle of the planar
mechanisms to space parallel mechanisms, this paper studies the composition
principle based on the space Assur’s kinematic chain (SAKC) as well as the type
synthesis method based on SAKCs for the parallel mechanisms (PM). First of all, a
new expression for the PM composition based on SAKC is proposed, which has
clearer physical meaning; Secondly, according to the principle of composition and
the formula for calculating the value of the coupling degree &, 53 types of SAKCs
with coupling degree k = 0-3 and the basic loop v = 1-5, as well as their analytical
expressions, are presented. Also it is found that these SAKCs can express 40 types
of SAKC structures which are the basic unit of PMs. Finally, a general and practical
method for type design of PM is presented regarding SAKCs as the composition
units and meeting the position and orientation characteristics (POC) set as the
design goal. One example is illustrated.
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1 Introduction

Type synthesis (or topology design) of parallel mechanisms (PM) has always being
been one of the hot and difficult points in mechanism community. Theoretical basis
of type synthesis includes two aspects, i.e., the mechanism composition principle
and its type synthesis method.

On the mechanism composition principle, there are currently 4 types of theories
and their corresponding mechanism theories [1], i.e., theory based on link and joint
unit, theory based on Assur’s group unit, theory based on loop unit and theory
based on ordered Single-Open-Chain (SOC) unit. The first three mechanism
composition theories are good for planar mechanisms but can not be used for design
and analysis of spatial parallel mechanisms effectively. While mechanism compo-
sition principle based on SOC units can be used to design and analyze both any
planar mechanisms and space parallel mechanisms effectively, which is illustrated
in the next of the paper.

Regarding type design, there are some methods for PMs currently, for examples,
screw theory based method [2], displacement subgroups based method [3], linear
transformation and evolution of morphological based method [4] and Position and
Orientation Characteristics (POC) and SOC units based method [1, 5]. All of these
systematic theories regard legs (or limbs) between the base and moving platform as
the composition units of PM, which is a precise, systematic and complex design
process. Especially the first three methods require good mathematical background.
Therefore, it is somewhat difficult for engineers to understand and use them.

Using the type synthesis theory based on POC (as a mathematical tool) and SOC
(as a component unit), this paper extends the AKC mechanism composition prin-
ciple to spatial PMs, and presents a practical method based on space AKC (denoted
as SAKC) structure to meet the output requirements of position and orientation
characteristics (POC) of the moving platform. This method is easy to be understood
and can be used for the type design of 2—-6 dof PMs. Compared with the 4 types of
existing type synthesis theory [1-5], this method is simple and practical.

2 Mechanism Composition Principles and New Expression
Based on SAKCs

2.1 Coupling Degree of a SAKC

Any mechanism with DOF's and independent loops v can be decomposed into an
ordered set of SOC [1, 5], the number of the SOC is v. The SOC with the minimum
value of constraint degree A will be selected as the first SOC, i.e., SOCy, then the
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rest will be SOC, with the minimum value of its constraint degree A,, ... In
general, choose the remaining SOC as SOC; with the smallest constraint degree A;.
Further more, these SOCs with A; can be divided into several parts and each part
need to satisfy the requirement of )} A; =0, and their coupling degree is calculated
by

1
K=§j§l |A] (1)

And the maximum value of the SAKCs % is that of the mechanism.

2.2 A New Composition Expression of the PM Based
on SAKC

A new composition expression for the PM based on SAKC is presented as follows:

PKMX[F,V]=F ~Jj, + 2 P SAKCH (A1, A2, ++A) @)
fe=

That is, a PKM with DOF = F, number of independent loops v, degree of
coupling k, i.e., PKMX [F, v], can be regarded as a number of joint of inputs and
several SAKCs.

Among them:

F-1J;, the number of input joints is F (=DOF)

Dk the number of SAKC with coupling degree k (when
pr = 1, omission)

AKCk(Al, Ao, .., Aj) SAKC with coupling degree k, which is composed by

SOC.,50C,, ..., SOC;, and constraint degree of these
SOCs are Aj, A,, ..., Aj, respectively.

Formula (2) indicates three aspects of information at least: (D the number of
SAKCs and their coupling degree; @ structure and composition of each SAKC
(such as number of SOC and their constraint degree value); Q) the number of
independent loops. Obviously, the formula (2) has clear physical meaning, which is
suitable for both multi-loop planar and space mechanisms.

Example 1 Composition expression of a 6-DOF 6-SPS parallel mechanism.
Shen et al. [6] analyzed a 2-2-2-type 6-SPS parallel mechanism, as shown in
Fig. 1a. The mechanism is composed of six input joints (P joints), three UUS
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R(S=S.)

(a) 2-2-2-type 6-SPS PKM (b) UUS SAKC (¢) 3-RSSAKC

Fig. 1 2-2-2-type 6-SPS PM and its SAKC

SAKCs with k = 0 (Fig. 1b) and a 3-RS SAKC with k£ = 1 (Fig. 1c), which can be

expressed as:

3

A

PKM'[6,5]=6—-1J;, +3 AKC(0)+AKC!(+1, —1)

Basic Types of SAKCs

3.1 All Possible SAKC Basic Types

SAKC with the same coupling degree k may have different number of inde-

pendent loops (v) and different number of constraint degree. Therefore, there will be
a variety of composition forms. According to Eq. (1) of k calculation and the
possible composition forms of the SOC, the authors have summarized 53 types of
basic SAKC with k = 0-3 and the basic loop v = 1-5, as shown in Table 1.

We can observe the following points from Table 1.

(1) With the increase of the number of basic loop v, the coupling degree k will

increase, and the type and number of SAKC increase too. For example, SAKC
with k = 1 and v = 5 has only one types. i.e., No. 26 in Table 1, while SAKC
with k = 3 and v = 5 has 18 types, i.e., from No. 36 to No. 53, in Table 1.

(2) Among SAKC; there is only 1 type of SAKC with basic loop v =1 and

k=0, i.e.,, No. 1 in Table 1, which is exactly Assur’s Kinematic Chain
Group II. That is to say, SAKC is just a special case of SAKC. However there
are 3, 7, 14, 28 types of SAKC with basic loop v = 2, 3, 4 and 5, respectively.

(3) Theoretically there are 53 kinds of SAKC basic types. However, to authors’

work so far, only six kinds of SAKC basic type are used commonly in design
of the typical parallel mechanisms, which are denoted with underline in
Table 1. Perhaps, with the deep understanding of these SAKC, more and more
parallel mechanisms based on these SSAKC basic types will be synthesized.
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Table 1 Basic types and classification of SAKCs based on k and v

v |k
0 B E E
1 | No. 1 SAKCY(0)
2 | No. 2 SAKC'(1,-1) No. 3 SAKC*(2,-2) No. 4 SAKC*(3,-3)
3 | No. 5 SAKC'(1,0,-1) No. 6 SAKC*(2,0,-2) No. 9 SAKC*(3,0,-3),
No. 10 SAKC3(3,-1,-2)
No. 7 SAKC*(2,—1,-1) No. 11 SAKC3(2,1,-3)
No. 8 SAKC*(1,1,-2)
4 | No. 12 SAKC'(1,0,0,-1) | No. 13 SAKC?(2,0,0,-2) No. 19 SAKC*(3,0,0,-3),
No. 20 SAKC3(2,1,0,-3)
No. 14 SAKC?2,0,-1,-1) | No. 21 SAKC3(1,1,1,-3),
No. 22 SAKC?(3,0,-1,-2)
No. 15 SAKC*(2,-1,0,~1) | No. 23 SAKC>*(3,-1,0,-2),
No. 24 SAKC3(3,-1,-1,-1)
No. 16 SAKC*(1,0,1,-2) No. 25 SAKC3(2,1,-1,-2)
No. 17 SAKC?*(1,1,0,-2)
No. 18 SAKC?(1,1,-1,-1)
5 | No. 26 SAKC!(1,0,0,0,—1) | No. 27 SAKC*2,0,0,0,—2) | No. 36 SAKC3(3,0,0,0,—3),
No. 37 SAKC?(2,1,0,0,-3)
No. 28 SAKC?(2,0,0,-1,—1) | No. 38 SAKC?(2,0,1,0,-3),
No. 39 SAKC3(2,0,0,1,-3)
No. 29 SAKC?(2,-1,0,0,—1) | No. 40 SAKC>(1,0,1,1,=3),
No. 41 SAKC3(1,1,0,1,-3)
No. 30 SAKC?(2,0,-1,0,-1) | No. 42 SAKC>(1,1,1,0,=3),
No. 43 SAKC3(3,0,0,—-1,-2)
No. 31 SAKC?(1,0,0,1,-2) | No. 44 SAKC3(3,0,-1,0,-2),
No. 45SAKC3(3,-1,0,0,-2)
No. 32 SAKC?(1,1,0,0,-2) | No. 46 SAKC3(3,0,-1,—1,-1),
No. 47 SAKC?*(3,-1,0,—1,-1)
No. 33 SAKC?(1,0,1,0,-2) | No. 48 SAKC?(3,—1,-1,0,-1),
No. 49 SAKC3(2,0,1,-1,-2)
No. 34 SAKC?(1,1,0,-1,-1) | No. 50 SAKC3(2,1,0,—1,-2),
No. 51 SAKC?(2,1,-1,0,-2),
No. 35 SAKC?(1,1,-1,0,-1) | No. 52 SAKC’(2,1,-1,~1,-1),
No. 53 SAKC3(1,1,1,-1,-2)

3.2 Common SAKC Structures

Yin et al. [7] summarized 40 types of SAKC structures based on the topological
analysis for the existing 2-6 dof PMs., their schematic diagrams of which can be

checked in the Appendix of this paper and we find that

(1) Each of the SAKC basic types will correspond to a number of SAKC struc-
tures; and each SAKC structure will correspond to several actual PMs, which
means that different PMs may have the same SAKC structure. For example,
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Table 2 Relations between SAKC basic types and SAKC structures commonly used

k | SAKC basic types (in Table 1) |40 kinds of SAKC structure Number | Percentage
(in Appendix) (%)
0 |No. 1 SAKC°(0) No. 4, 9, 10, 11, 15, 18, 19 7 17.5
1 | No. 2 SAKC'(1,-1) No. 1,2,3,5,6,7,8, 12, 13, 16, 20, |20 57.5
21, 23, 24, 27, 28, 29, 30, 31, 39
No. 5 SAKC'(1,0,-1) No. 22, 32, 38 3
2 | No. 7 SAKC*2,-1,-1) No. 14, 17, 25, 26, 33, 34 6 17.5
No. 14 SAKC? (2,0,-1,-1) No. 35 1
3 |No. 52 SAKC?*2,1,-1,-1,-1) | No. 36, 37, 40 3 7.5

although the physical structure, virtual POC set (which will be defined in
Sect. 4.1) of the SAKC structures of No. 22, 32, 38 in the Appendix are
different, their composition expression can be represented by the same SAKC
basic type, i.e., No. 5 SAKC! (1,0,—1), as shown in Table 2.

(2) There are only 6 most common basic types found among these 53 SAKCs
basic types, as shown in Table 2. That is to say, the number of SAKC used for
common PMs is limited, most of which have low coupling degree k, say O or
1. For example, the general PMs are composed of SAKC with k =0 or
SAKCs with & = 1, which take 75 % (17.5 % with k = 0 and 57.5 % with
k =1) of all SAKCs. But for 6-DOF PM with v = 5, there is only one PM
considered as 6-SPS PKM.

(3) The key issues of type synthesis are to design topological structures of parallel
mechanisms based on SAKC structures and virtual POC set.

Forty kinds of commonly used SAKC structures are proposed and classified by
their virtual POC set, which will be defined and discussed in the coming Sect. 4.1.

4 Type Synthesis Method Based on SAKCs
4.1 Virtual POC Set of a SAKC Structure

Since the basic function of a PM is to achieve the output motions of the moving
platform, translation and rotation elements of the moving platform are called
position ad orientation characteristic (POC) set.

In fact, an SAKC does not have POC set since the DOF of a SAKC is 0 and
SAKC is a truss essentially. However, when a SAKC structure is disassembled into
the moving platform and several legs, the end of each leg will produce an inde-
pendent POC set. Their intersection operator of these independent POC sets under
the constraints among the these legs will produce a POC set, which we call it
“virtual POC set”, denoted as Mgaxc and expressed by symbol {}.
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A SAKC will become a true PM when input joints are added into the legs of the
SAKC. The elements of the POC set of a PM can be denoted as M, and be
expressed by symbol []. The relations between virtual POC set and POC set is as
follows

Mpa 2 MBKC (3)

X
Therefore, supposing we want to synthesize a PM having its POC with {iy ],

X x—1
then the SAKCs will have three virtual POC types, i.c., {t } {t } and

P e
tX
I

We classify 40 kinds of SAKC structures into A, B, C, ..., M type according to
the virtual POC types, in all 13 types, as shown in the Appendix. Each virtual POC
set corresponds to one or several SAKC structures, which lays the foundation for
synthesis of the 13 types PMs with 2—6 dof.

4.2 Type Synthesis Method Based on SAKCs

The design method based on SAKC which meets the requirements of POC set
includes only three main steps:

(1) According to the given POC set, several corresponding virtual POC sets could
be getten.

(2) For each given virtual POC set, find the appropriate SAKC structure from the
Appendix;

(3) Add input joints on each legs of SAKC, including on the legs of the adding
SAKC, according to the principles given below, i.e., principles for axis ori-
entation of input joints and principles for number of input joints [8].

Finally, we can get different mechanisms which can satisfy the expected POC set
of the moving platform.

(A) The principles for axis orientation of input joints

If we want to synthesize a PM with POC set like [iy } , we should use virtual POC

X x—1 X
type like {t } {t } and {t . } Table 3 will show how to add the input

rY rY rY
joints.
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Table 3 The principles for axis orientation of input joints

Virtual Add Principles of the axis orientation of the POC
POC of a the input joint(s) of the
SAKC input PKM
joint
Principle Al ~ R joint Be parallel to the axis of any rotation r
24 joint in the SAKC, and do not add new 24
translation elements of the moving
platform
P joint Be parallel to the axis of any translation
joint in the SAKC
Principle A2 -l R joint Be parallel to the axis of any rotation
» joint in the SAKC, and add a new
translation element of the moving
platform
P joint Be not parallel to the axis of any
translation joint in the SAKC
Principle A3 * R joint Be not parallel to the axis of any rotation
-1 joints in the SAKC, and do not add new
translation element of the moving
platform
P joint Be parallel to the axis of translation
joints in the SAKC

(B) The principles for number of input joints

After selecting an SAKC structure, according to the relationship between the
number of branches (n,) and DOF of the SAKC, there are two principles to address
the number of input joint.

(1) Principle By: If n, = DOF, add one input joint on each leg of the SAKC
structure directly.

(2) Principle B;: If n, < DOF, superimpose a new SAKC with k = 0 on original
the SAKC structure to make 7, = DOF, and then add one input joint on each
leg.

Example 2 Design a PM with three rotation outputs
This example will be illustrated to show how to synthesize a parallel mechanism.

0 0
Stepl. Two virtual POCs like { £3 }, { iz } from the Appendix are selected to

0
synthesis PM with POC set like [; ]

Step2. To find the appropriate SAKC structure for each virtual POC set, we can
find them in row of No.G, No.B of the Appendix.
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Step3. To add input joints in each legs of the SAKC structure as follows, and the
mechanism is obtained we want.

7”3

0
(1) Synthesize the PM using the SAKC which has virtual POC set { ! }

(@D Choose No. 22 SAKC structure in the row of No.G of the Appendix, as
shown in Fig. 2a;

@ The POC set of the mechanism to be synthesized is the same as the virtual
POC set of the SAKC we choose. But the number of the legs of the
SAKC, 4, is larger than the DOF of the mechanism, 3, So, according to the
Principles Al and B3, we make leg {-S-} as a constraint branch, and add a
P joint (Py, P, P3) into other 3 {-S-S-} legs as 3 input joints, and then we
get a 3-DOF mechanism shown in Fig. 2b.

(2) Synthesize the parallel mechanism using the SAKC which has virtual POC set
0
i}
(@D Choose No. 5 SAKC optionally in the row of No.B of the Appendix, as
shown in Fig. 3a;

Fig. 2 Synthesis for S
+3-SPS PKM

(a) No.22 SAKC (b) PKM we want

Fig. 3 Synthesis for

2—RSS+,—~— PKM
RRR

(a) No.5 SAKC (2-Ss+ﬁ) (b) PKM we want
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@ Because the POC set of the mechanism to be synthesized has one more
rotation elements in comparison to the virtual POC set of the SAKC we
choose, and the DOF of the mechanism is equal to the number of the legs
of the SAKQC, i.e., 3., Following the Principles A3 and B1, we add a R
input joint in each legs of the SAKC (Fig. 3a). For example, we add R,
R, R3; as three input joints, where, R3; shares a different direction with
R3; and R33 which are on other two original legs and both of them cross at
one point. Finally, a 3-DOF mechanism shown in Fig. 3b is obtained.

The details of type design process of this PM and other two PMs that have 2
translations and 1 rotation, and 3 translations and 1 rotation, respectively, could be
found in [8].

5 Conclusions

In this paper, we propose and derivate the concept of SAKC into two levels, that is,
the first one is the SAKC basic type and the second one is SAKC structure. The
relationship between the former two and the parallel mechanism is clarified.

(1) 53 kinds of SAKC basic types with coupling degree k = 0 — 3 and indepen-
dent loop v = 1 — 5, as well as their analytical expressions are given. Among
them, there are 6 most common SAKC basic types and they can represent
analytical composition for the 40 kinds SAKC structures, which are classified
according to 13 kinds of virtual POC sets with the different coupling degree
k. Moreover, these SAKC structures are the basic unit of numerous parallel
mechanisms.

(2) A general and practical method for the type design of PM based on SAKC
units which meet the requirements of POC set is proposed and illustrated by
one example. The design unit is SAKC instead of leg (or limbs) that are units
of existing other four type synthesis methods. This method has only three
simple steps and has better usability and universality.
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Appendix: Classification of SAKC Structures Based

on Virtual POC Set

Dimen

-sion

SAKC Structures

B
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Matlab GUI for SVAJ Cam Analysis
Diagrams

C. Pop, E.-C. Lovasz, F. Pop, A. Davidescu and S.M. Grigorescu

Abstract An alternative faster method for cam mechanism displacement parame-
ters analysis based on image processing and Artificial Neural Network (ANN) is
proposed. The method is developed in Matlab and consists of a Graphical User
Interface that displays the cam-follower position, velocity, acceleration and jerk
diagrams (svaj) versus the angle of rotation of the cam. These diagrams are gen-
erated for four types of cams based on a preliminary elevation curves of the
cam-follower obtained with help of GL 112 cam analysis apparatus. The method
reduces the time for calculating the parameters and the results can be compared with
the ones from analytical method. The image processing algorithm considered is
based on a set of images taken with a HD camera of the investigated cams. These
images are further processed in order to train an ANN which it finally conducts to
automatically identifying the cams.

Keywords Cam mechanism + Cam profile + Motion curves - Image
processing - Aurtificial neural network
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