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ABSTRACT

In this paper, several considerations for designing indust
oriented robots which combine the mobility of legged rolzwid
advantages of parallel mechanisms are outlined. For desgn
such optimized robots in terms of simplicity and perfornegrac
topology study is done based on the mobility analysis. Apply
ing some design constraints, potential topologies of sotlots
are identi ed. One architecture is chosen for designingiadd
robot. Both inverse and forward kinematic problems of thisat
are derived in order to simulate its gait motion. The anadysid
simulations show that: integrating some clamping devices a
some lockable passive joints, six actuators are enoughitd au
legged manipulator which can not only perform 6-axis machin
ing but can also walk on a curved supporting media.

INTRODUCTION

Modern industry requires manufacturing systems to be more
recon gurable, exible and agile to adapt to the increasaogn-
petitive climate with sophisticated customers demands [1]

In industrial elds such as automobile assembly lines or
semiconductor manufacturing processes, robotic systeavs h
been widely integrated. But when large workspaces are redjui
the traditional stationary-base robots can not be used.

Address all correspondence to this author.

Therefore, the concept of mobile manipulator, classical se
rial robot arms mounted on a mobile base, has been consid-
ered for the automation of applications like welding, insjen,
painting etc [2, 3].

However, most of these solutions will fail when a high preci-
sion and/or stiffness are required for applications liki#fidg or
milling. Meanwhile, parallel mechanisms, with great pditlrto
provide high rigidity and motion dynamics, suffer from thisi-
herent limited operational workspace. Several approalches
been proposed recently in order to apply parallel mechaniem
the aeronautic industry, where a large operational woites s
required [4, 5].

The mobility of the base can be provided by linear guide
ways, wheeled mobile robots, tracked mobile robots or ldgge
mobile robots. On the one hand, long linear guide ways with
high precision and stiffness represent high costs and usdic
frastructure adjustments of workshops. Beside the neeubef i
pendent control for the mobile base, wheeled and trackedlenob
robots, possessing lowdegreesf freedom (DOF), have limited
mobility, limited obstacle cross-over ability. On the atlmand,
legged robots, with mechanical structure inherently simaith
parallel robots, rarely appear in the workshop becausesdéitk
of ef ciency and reliability [6].

An innovative solution which combines the mobility of
legged robots and advantages of parallel mechanisms iedtud
in this paper (Fig. 1 shows a illustration of such robot). Un-
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FIGURE 1: ARTIST'S VIEW OF WHAT COULD BE LEGGED
DRILLING ROBOTS WORKING ON A WING BOX

(a) Picture of Roptalmu

like classical legged robots, the extremity of every leg é
equipped with xing devices which help to provide solid catn
tions between the robot and the ground. Therefore the walkin
and machining capacities of such robots will not be seriousl
constrained by factors like center of gravity, friction Wween
limbs and the ground etc.

In the following sections, the design considerations ad pr  FIGURE 2: ROPTALMU, A DRILLING ROBOT, WITH MUL-
cess are discussed. A tripod mobile robot which can "walk” on TIPLE FUNCTIONAL X-AXIS
surfaces with moderate curvature and perform as a 6-axis par
allel manipulator once it is deployed on the working positie
presented. Both inverse and forward kinematic problemkisf t
robot are derived in order to simulate its gait motion.

(b) Joint-and-loop graph of the crawler

manufacturing purpose is very different from designinggmkd
robot for explorations of hazardous unknown environmesits [

REDUCED DOF WALKING MANIPULATOR Principles to Reduce the Number of Actuators

Legged robots have attracted attention because of their rel Several techniques are discussed below in order to build in-
atively good terrain pass-over capacity [7]. Most of thetsels dustry oriented legged robots which are capable to achéskest
ies focus on improving the mobility and the reliability of tite with high stiffness and accuracy.

platforms in hazardous environments for exploration pegso _ o )
Many prototypes which imitate the limb structures of anisnal ~Sharing actuators for positioning each Limb - The body of a
have been built and studied in universities and researdersen legged robot can be moved to help positioning its lifnener-
However, few of them have been used to solve industrial at€d by the supporting limbs, the DOFs of the body can be used
problems: both the human-like biped and animal-like qup€du to position the swinging limb. Instead of actuating eachblim
or hexapod have legs with all their joints being actuatedcegh ~ independently, sharing actuators for positioning each Il
actuators are needed for positioning the pinpoint-type fo@ help to reduce the total number of actuators [10, 11].
point in the 3D space where no orientation capacity is reguir
[8]. That is why a typical bio-mimetic quadruped has 12 actua
tors and a hexapod has 18 actuators. When the orientation of a
foot needs to be controlled to t well the terrain, more thare
actuators are needed in each leg.
Itis dif cult to consider using this kind of legged robotsrfo
manufacturing applications due to their high material aost
the complexity of their control. Designing a legged robat fo 1The kinematic chains which connect the payload platformthaderrain are
hereafter called limbs or branches

2 Copyright ¢ 2011 by ASME

Using the same actuators for locomotion and for manipula-
tion For conventional mobile robots, the locomotion actuation
and the manipulation actuation are usually provided by tvde#
pendent systems. In order to reduce the number of actuéters,



mobility of the locomotion system can also be used for manipu
lation purpose [12-17]. For example, Roptalmu, a 3-axifiryi
robot designed for aeronautic industry applications, iregosed

by a wheeled mobile platform and a crawler robot. The wheeled
mobile platform follows automatically the crawler, andritsin
goal is to compensate the gravity by exerting an upwardcagdrti
force on the crawler (Fig. 2 a). As it is outlined in the joard-
loop graph (Fig. 2 b), actuatobs, Z; are used for locomotion
tasks. And actuatorX, Y, Z, are used for drilling tasks. Us-
ing theX axis actuator for both locomotion and machining tasks
makes the mechanism of the crawler more ef cient.

Integrating lockers on the passive joints Legged robots, with
closedkinematicchains (KC) formed between the body and the
terrain, can be considered as parallel mechanisms. Ngtibat
the existence of passive joints in the branches of convealtio
parallel robots helps to build light-weight robot with rialely
higher rigidity, passive joints will be introduced in thesitgn

of legged robots for this purpose. However, in order to kéep t
mechanism controllable during locomotion, lockers shdnaléh-
tegrated on some of the passive joints. These lockers aait eli
nate temporarily the passive DOFs when it is necessary [18].

Docking system For robots which are supposed to provide
high manipulation stiffness and accuracy, solid connestioe-
tween the robot and the supporting media (tooling, worlgiec
itself, etc.) are required. The connection force can beigeal/

by a magnetic device, a vacuum device or a mechanical clampin
system [19].

MOBILITY AND TOPOLOGY ANALYSIS
Mobility Requirements of A Walking Parallel Robot

Following the presented techniques, the objective of the
structure design is to build a mobile machining center which
machines as a parallel machining center and walks as a legged
robot. The various working modes of the desired robot can
be roughly distinguished asvlachiningHead (MH) mode and
BranchExtremity (BE) mode.

MH Mode: During the MH mode, all the branches of the robot
are attached to the base. The robot which is supposed to per-
form 5-axis tasks can be considered as a classical parallel
robot or a hybrid (serial-parallel) robot. When thayload
platform (PP) possesses more than ve DOFs, then the 5-

Ay N
ity

(b) Branch extremity mode

FIGURE 3: GENERAL TOPOLOGY

while the other branches remain attached to the base. Be-
fore detaching the branch from the supporting point, pas-
sive joints in the swing branch should be locked in order to
control the extremity of this branch. Also, as there are less
branches connected between the PP and the base, the DOF
of the PP might be changed. In the case that the actuators in
the branches attached to the base are not suf cient to dontro
the PP, some of the passive joints in these branches also need
to be locked in order to reduce the DOF of the PP.

Mobility Analysis

A mobility analysis of some KCs with various topologies

axis movement for the machining task can be provided by \yjj |ead to mechanisms which are capable to achieve theatbsi
the PP. Otherwise an extra kinematic chain between the PP ,gyements. We would like nd out what is the proper choice for

and machining head, which possesses the rest of the required
mobility CS (CS in the Fig. 3 (a) denotes such supplemen-
tary connectivity) should be added on the PP.

1. the number of branches that should be used in the mecha-

nism

BE Mode: Inthe BE mode, one branch of the robot is detached 2. the adequate connectivity for every branch

from the base in order to reach another supporting point,

3

3. the number of actuated DOF in every branch
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For reliability considerations, at least four limbs areatexin or-

der to achieve gait motion which is statically stable. Thesom

is that during a limb swinging phase, at least three othelpdim

should be in contact with the terrain in order to form a suppor

polygon which covers th€enterof Mass (CoM) of Robot. By

contrast, for robots which have rigid connection with thpsart-

ing media, the number of limbs can be less than four [20-22].
The classical Chebychev-Grubler-Kutzbach mobility for-

mula is used to calculate the mobility of a KC:

n
C=I(n j D+ f
i=1

(1)

where C denotes the mobility of the considered KQs the or-
der of the systenm/ (= 3 for a planar motion or spherical motion,
and/ = 6 for a spatial motion)y is the number of linksj is the
number of joints, and; is the number of DOFs of thi&" joint.
In order to obtain the same performances whatever the sagngi
branch is, only branches with identical structure will besid-
ered during this analysis. For such KCs connected in a gérall
manner to the PP, the mobility of the payload platform cao als
be written as

M=N(C 6)+6 (2)
where M represents the mobility of the PR, the number of
branches an@ the connectivity between the PP and the last link
of every branch. Being used for describing a movement betwee
two links, the term “mobility” carries the same meaning asric
nectivity” in this paper

Topology Analysis

Applying Eqn.(2),N andC vary independently from one to
six, all mobility arrangements of branches are examinedrakec
ing to the following imposed constraints which should b&dsal
in both the MH mode and the BE mode:

a. Mobility of the PP should be greater than zerdfith all the

TABLE 1: POSSIBLE KC ARRANGEMENT THAT SATISFY
THE MOBILITY CONSTRAINTS

Group | Nb. of  Connectivity of Nb. of Actua- Nb. of Actua-
Branches every Branch tors per Branch tors in total
1 5 2 8
2 3 6 2 6
3 6 3 9
4 4 6 2 8
5 6 1 6

to respect the special geometric requirements which are nec
essary for forming an over-constrained mechanism.

b. Atleast ve actuators contribute to the movement of thegtirg
link: Having all the limbs attached to the ground, the legged
mobile robot should be capable to achieve 5-axis manipula-
tions which require at least ve actuators. This 5-axis move
ment can be composed by the movement of the PP and/or the
movement of a potential extra-added actuated KC mounted
between the PP and the MH. Because this extra-added KC
will not contribute to the movement of the BE of the swing-
ing branch, the total number of actuators in branches (with-
out counting those on the extra-added KC) should be greater
than ve.

c. Degree of actuation redundancy should be less than e
distinguish between the notions of kinematic redundancy
and actuation redundancy in this paper [24]. To the best of
our knowledge, there are rarely machine tools with an actua-
tion redundancy greater than three in the literatures [@p, 2
Although the actuation redundancy could be an option for
improving the manipulability, we try to avoid actuation re-
dundancy in order to limit both complexity and cost of the
robot. For this reason, the solutions with an actuationmedu
dancy greater than four degrees will be eliminated.

branches attached to the base, the mobility of the PP, calcu- Tap.1 shows the possible mobility combinations which aemid
lated by applying Eqn.(2), should be greater than zero. If tj ed according to the former constraints. Three of the cgu-

it is lower than ve, then an extra KC should be added be-

tween the PP and the MH. A negative result means that the
whole mechanism is either a non feasible mechanism or an
over-constrained one. For the later case, special geametri
arrangement between the branches is required [23]. In our
application, the robot geometry is changing when the sup-
porting points are changed. That is why it becomes dif cult

2When “mobility” is used for describing a mechanical systémepresents
the number of independent displacement variables of thersysvhich might be
greater than the connectivity between any two links in trstesy.

rations are illustrated in Fig. 4:

- Each column in Fig. 4 corresponds to one group's con gu-
ration.

- Row 1 shows the connectivity of the robot during the MH
mode.

- Row 2 presents the situation during the BE mode.

- The arrow represents the machining head; the BE of the limb
in swing is presented as red dot; the branches with no red dot
are xed on the base.

- The rst number in each white circle represents the number
of actuators in each branch; it represents the controllable

Copyright ¢ 2011 by ASME



(a) Closed KC (b) UPS KC

FIGURE 5: BRANCH WITH CLOSED KC AND ITS EQUIV-
ALENT UPS KC

FIGURE 4: VALID TOPOLOGY ARRANGEMENT

connectivity of the KC going from the BE to the PP Generally, the structure with less branches and less actuat
- The second number in the white circle is the total connectiv  is favorable for the following reasons:

ity of each branch.

- The rst number in the blue circle is the number of actuators
used for controlling the PP.

- The total connectivity between the PP and the base is the
second number in the blue circle.

- This leads to less overweight, better energy ef ciency and
less material cost as well.

- During the walking phase, the robot needs to move its limbs
one by one to the supporting points of the next operating lo-

. ) ) cation. The design of robots with less limbs helps to reduce
During the BE mode, the branch in swing forms no longer the machine downtime.

a closed KC with the base. Some of the passive joints in this _ )

branch lose their constraints which were exerted by the éolym ~According o the result of topology analysis, the con gu-

existed closed KC. In order to control the BE, the free cotimec ~ fation of Group 2 shows that six actuators arranged in three

ity of this branch should be locked. branches are enough to achieve the required tasks in both the
Similarly, when the number of actuators is greater than the MH mode and the BE mode.

connectivity of the PP, there is actuation redundancy imtaeh-

anism. And if the former is smaller than latter, then lockers pgranch's Structure

should be used to add constraints. _ Branches involved in Group 2 have six DOFs, two of them
For instance, the topology in Group 1 of Fig. 4 represents peing actuated. From a technical point of view, it is favéeab

a mechanism with three branches; each branch possesses Veyctyate the prismatic joints for tasks with heavy loads. rcst

DOFs; two of them are actuated. The actuation redundancy hap tyre which has two prismatic joints in the KC can be used in the

pens in the MH mode. The PP of such robot, which has three 356 where two actuators are expected. Fig. 5 (a) shows such

DOFs, is actuated by six actuators located in the three bemic  pechanism in which a two DOFs planar structure is formed be-
connected to the base. An actuated two DOFs machining head isyyeen the three parallel axes (a, b and c). Fig. 5 (b) shows its

added on the PP. In the BE mode, the branch with red dot is de- gqujvalent serial UPS KC.
tached from the base; three DOFs in this detached brancldshou
be locked. The four DOFs of the PP are actuated by four actua-

tors located in the branches attached to the base. Geometry of the Platform
With three branches mounted symmetrically on Payload

Platform, a tripod (Fig. 6) can be obtained. When all the bhas
DESCRIPTION AND KINEMATICS OF THE MOBILE TRI- are attached to the supporting points, such structure caoie
POD MANIPULATOR sidered as a 6-3 Stewart platform from a topological point of
Theoretically, every group of KC arrangements listed in view. The geometry of the Tripod is described by the geomet-
Tab. 1 can satisfy the preset mobility constraints. In tleis-s ric parameters (Fig. 6) and the joints variables (Fig. 8).
tion, one of the group in Tab. 1 is chosen in order to validai t Branches are symmetrically mounted on the PP, the axes of
new concept of mobile parallel robots. the last joints of every branch being coplanag, de ned as the
angles between the axes of the last joints of every brancialgq
to 33’? The branch is connected to the PP B, Pr. P is the
3We consider that there is no actuation redundancy in ondesimgnch middle point ofR; Rz, where the virtual serial chain connects to
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FIGURE 6: GENERAL COORDINATES OF ROBOT

\ i e,

FIGURE 7: GENERAL SCENARIO

KC. s is the joints values of the virtual serial chain of iHe
branch.

The Tripod Working Modes and Scenario
PP Mode*: All the branches of the robot are attached to the sup-

porting media. The tripod which is capable of performing 6-
axis tasks can be considered as a 6-3 Stewart platform from
a topological point of view.

the PPr is the radius of the circle which passes through the con- BE Mode: One branch of the robot is detached from the base

necting points,, Py of all the branches. It de nes the size of
the PPq is the angle betwedPoR; andPoR,. Fixed at the cen-
ter of the circlePo, the frameR p(Po; Up; vp; Wp) is attached to the
PP with the u-axis pointing t&:,. The frameR g(Bo; Up; Vip; Wp)

is the world frame which is xed on the supporting media. Feam
R A (Ai; Uy Va, Wy, ) i=1,2 or 3) iS de ned for each limb, with its ori-
gin located at the poin; of theit" limb.

Platform posture variable (x) :
(xp; Yp; Zp; a@p; bp; )
It describes the posture (position and orientation) of the

in order to reach another supporting point, while the other
branches remain attached to the base. The passive joints
in the swing branch should be locked before detaching the
branch from the supporting point. Furthermore, as there are
less branches connected between the PP and the base, the
actuators in the branches attached to the base are no longer
suf cient to control the PP. Some of the passive joints in
these branches also need to be locked in order to reduce the
DOF of the PP.

These two modes are used to perform machining and loco-

motion tasks. A working scenario (Fig. 7) which presents one
operation cycle from one work location to another can be de-
composed into different phases summarized as follows:

frameR p with respect to the world franf@ g. [Xp; Yp; zp]T is
the position vector of the poify with respect to the world
frame.ap, bp andg are the rotations about the xag), v,
andw, axes of the world frame.
Branch extremity variable (x5) :
(Xas YA Zas ans bag Oy) (=1, 2 or 3)
These parameters describe the posture of fregevith re-
spect to the world framexa,; ya;; z,oq]T is the position vector
of pointsA; in the world frameaa,, ba, andgy, are the rota-
tions about the xeduy, vy andw, axes of the world frame.
Actuator variable (q) :
[9Liy; AR, Oli,; AR, by AR]T
g represents the generalized actuation coordinates vector
which corresponds to the displacement of the six prismatic
joints in the three branches. The subscriptd., andL3 are
the indices of the three branches.
Joints of the virtual serial chains (§) :
(0L, 91, 3L, Gav;s G5t G6L =1, 2 or 3)
As itis issued in the previous section, the closed KC con g-
uration, which provides the possibility to use two ideritica
linear actuators, can be considered as a virtual UPS serial

Machining phase With all the branches attached to the support-
ing points, the robot works as a parallel manipulator. By
using theinversekinematicmodels (IKMs), the PP of the
manipulator is capable to follow a given trajectory in its
workspace. It is important to notice that when the support-
ing pattern changes, the workspace and force capacity of the
robot vary as well. This provides the possibility to recon g
ure the robot for various tasks.

Recon guration for limb swinging phase During this phase,
all the limbs of the robot are still attached to the suppaortin
points. Before locking the corresponding lockable joittis,

PP is supposed to move to a speci ¢ position with a given
pose in order to have all thg joints (de ned in the next
section) in desired positions for locking.

Limb swinging phase With the corresponding lockers acti-
vated, the extremity of the swinging limb can follow a given
6-axis trajectory.
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KINEMATICS AND SIMULATION

Inverse and forward kinematic problems are derived for both
the PP mode and the BE mode in order to achieve the simulation.
Similar to the classical parallel robots, the PP of the tlij®
considered as the end-effector in the PP mode. The roboes ki
matic models are based on the vectors loop equations and-hume
ical methods [27]. In this section, only the BE mode kinemati
problem is addressed.

BE Mode Kinematics: BE As End Effector

When one of the limbs is detached from its supporting point,
a hybrid mechanism is formed: a 6-DOF parallel mechanism
with four actuators plus a 6-DOF mechanism with two actugator
mounted on the PP.

In the BE mode, in order to control the branch extremity,
the passive jointss, 0, g3 andgg of the swinging limb will be
locked before the limb detaches from its supporting poitem™
to control the PP with the four remaining actuators locateithée FIGURE 8° CONFIGURATION AND NOTATIONS OF
two supporting limbs, the twa; joints (one in each limb) should BRANCHES
be locked before the swinging phase begins.

We introduce variabld; which denotes the locked joints
during the swinging phase of limh

(a) Joints variables (b) Vector model

[O;  G2i Gayi  Oeli  Guys  da) for ((i3):K) 2 whereVy,¥, are two coplanar unit vectorty is the normal of

f(1;2:3);(2;1;3):(3;1;2)g; i branch in swing; j, k: branches  such plane.

in stancé ?V2y, denotes the direction vector which is parallel to the
The pose of the branch extremity of tif8 limb are de- projection ofV; on the normal o¥s.

scribed by the BE coordinate variabtg. So the inverse kine-
matics problem of the BE mode will be naturally considered as
nding the actuator variablg with the given value ok,. Simi- oy Vi V) W
lar to the forward kinematics problems of a conventionahpiar TV = . (VY V) VoK
manipulator, the direct relationship betweep andq are dif - 1 1 V2) V2
cult to obtain due to the highly nonlinear equations (polyied |
up to 40 degrees in some cases) [28]. BilKMX Computation ~ Letw be the direction vector doF,
To solve this relationship, the problem is formulated in a y e the direction vector d& P, T; denotes the direction vector
different way: we consider that the lockers on the lockabietp of AR: (Fig. 8). gs is de ned as the angle between plaRdRA
are not activated, which means the robot works as in PP mode. gng planePoR k. As the two planes intersect Bt Pg, ¥ is
Then if the pose of the clamping points is changed slightlg, t  perpendicular tes, gs can be expressed as:
robot will still be capable to keep the platform at the samsepo
by modifying the values of actuator varialde Consequently, p
the values of the lockable joints will be changed as well. To Os = 5 Q7 e ve; ) (5)
compute the values of these passive lockable joints, amsave
kinematics modeB;IKMX with x as input andb; as output is
established.
The vector projection approach is used to sdBIEKMX.
As the relations are valid for every branch independentig, t

(4)

And gs, being the angle betweé&hPr andAR:, can be calculated
as:

subscripts of variables which indicate the index of brascire g5 = p Quted 1) (6)
omitted in the equations. 2
The signed angle between two intersected unit vectors is
computed as follows: g4 can be expressed as the distance beteend A:
! !
Q(V1;Vz;N) = arctanZN (V1 V2);V1 Vo) 3 0sa = kBoR:  BoAk (7)

7 Copyright ¢ 2011 by ASME



With! BoPc=PR, ;Dopc +!Bopo,
wherePR, is the 3 3 rotation matrix from the world framR g
to the frameR p: PR, = RotZg)RotY(bp)RotX(ap).

The angle between the projectionwef on the plané? FrA
andf; equalsys. 3, the direction vector of thgs axis, is always
perpendicular to the plan@ PrA. The direction vector of the
projection ofw, on the plandy PrA can be calculated a?§3vwa.

Therefore, we have

(8)

3= Qc;” ¥3xi,;¥3)

The value of jointy, is the angle betweeti’3w,, and the w-axis
of the frameR a.

a2 = Q(7 Y3, W) 9)

Let ?¥av; be the projection o¥; on thex y plane of the frame

R a. Theng; can be expressed as the angle between the u-axis of

the frameR 5 and? "ayg

01 = Q" Wavaivy,) (10)
XFKMBi Computation In reality, the value of locked joints
will not be changed during the BE mode. So the original branch
extremity control problem is transformed as follows: whba t
supporting points are changed, nding the values of actuato
variableq which allow all the lockable joints to remain to their
given valued;. As we can obtain straightforwardly the actuator
variableg from the platform coordinateswith the IKM of con-
ventional parallel robots, the problem can be further ti@emsed
as: nding x, the very pose of the PP, which allows values of all
the activated lockable joints to remain matching the given

To answer the previous question, a numerical forward kine-
matics modeX FKMB; is written as an optimization problem: it
consists in nding thex which minimizeskBjIKMX(X)  bjk.

Scenarios Simulation

The whole cycle of a working scenario is simulated in Mat-
lab. Combining the kinematic models, the scenario presente
in Fig. 9 shows the feasibility of the concept of a reduced DOF
legged robot with integrated lockable joints to achieve higiag
and locomotion tasks.

It is worthy to mention that, during all these phases, there
is at most one limb detached from the supporting point. Teank
to the clamping devices and lockers, the robot has always sol
connection with the supporting media. Unlike most of thedds
that exist in the literature, the limitation of friction veten the
feet and the ground, the landing impact force and static er dy

(a) Machining

(b) Recon guration

(c) Limb swinging

(d) Recon guration

(e) Limb swinging

FIGURE 9: WALKING AND MACHINING SCENARIO

Discussions on the Walking Parallel Robots
The simulation reveals some important issues for the design
of a realistic legged mobile robot with lockable joints atahep-

namic balance [29] issues are not the major concerns as ng a ing devices.

the locking components do not fail.

A machining head can be added on the PP with various ori-
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(a) Upward Working Envelope (b) Sideward Working Envelope

FIGURE 10: A MH MOUNTED ON THE PP

entations according to different applications (Fig. 10).

From the topological point of view, the proposed tripod re-
mains the same kinematics structure in each working area- Ho
ever, when the supporting pattesg,( con gurations of the sup-
porting points) changes, the robot has no longer the same geo
metrical parameters. The workspace, the rigidity, the ipreas
and many other properties of the robot vary as well. In the de-
sign process, the optimization of the structure should mby o
concentrate on the robot's design parameters but also oarthe
rangement of the supporting points.

The choice of lockable joints and their values is also one of
the key aspects to study but is not addressed in this paper. Th
simulation of scenario shows that the choice of lockableti
and their values have signi cantimpact on the reachabléingl
area of the robot. Further study is needed for determinieg th
proper “locking” strategy.

Also, other identi ed robot topologies in Tab. 1 can be inter
esting according to different applications. From the satioh,
we notice that might be interesting to add kinematic redaoga
to the studied tripod. The reason is that, during the walking
phase, the extremity of the swing limb is controlled by six ac
tuators. For a given pose of the extremity of the swing lirhle, t
tripod possesses no kinematics redundancy, so cannot ée det
mined a speci ¢ behavior for the PP to avoid interferencese O
of the possible solution is to add one more limb to the platfor
which corresponds to the topology of Group 3 in Fig. 4. The sig
ni cant advantage of this arrangement is that, during thiking
phase, the connectivity between the BE link and the suppprti
surface is eight, which provides the possibility to follas& own
given trajectory and to optimize the trajectory of the PPhat t
same time.

CONCLUSION

Mobile and exible manufacturing systems are demanded in
many industries. In this paper, several important conatitans
and approach for designing industry oriented legged rohis
presented. Applying some design constraints, severahpate
topologies of such robots are identi ed. Based on a mobility
analysis, a mobile manipulator which combines the advastag
of both parallel robots and legged mobile robots is studitith
the derived kinematic models, a scenario of 6-axis manijmula
and 6-axis walking is simulated. From the simulation, wevgho
that: integrating lockers on some passive joints and soamaei
ing devices, six actuators are enough to build a legged manip
ulator which can not only achieve 6-axis manipulation bsbal
walk on a curved supporting media. Before building a prqtety
of such walking parallel robot, there are ongoing studieshen
arrangement of the supporting points, locking strategseweil
as advanced control methods in order to be able to custoheze t
robots con guration according to speci c applications.
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