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Weight Reduction: A Typical Issue in the Mechanical Design of

Robotic Systems
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Abstract: This paper illustrates the importance of weight reduction in the mechanical design of robotic systems. Safety
and power consumption are the important aspects that deal with the reduction of robot weight for practical applications in
the human being environment. A novel approach has been assumed in order to avoid these problems keeping the
lightweight of the structure. The weight reduction of the mechanical structure helps to obtain final solutions with feasible
characteristics of compactness, robustness and stiffness. These ideas will be explained via several examples. The
design process of a new arm has been reported from the study of the mechanical details of a built prototype that
presents unsuitable weight. Toques of actuating joints have been checked, at the end of the design process, by
developing dynamic simulations of robot operations in order to validate the proposed approach.
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1. INTRODUCTION

Robots that interact with humans are looked for
presenting lightweight in order to reduce the impact
force magnitude in case of collision with somebody.
Similar, the compactness and robustness of robot
structure is required, thus actuation system should be
compact and robust too. Therefore, lightweight
structures allow the selections of low dimension
actuators since low actuating torques are required.
Moreover, several robotic systems, such as humanoid,
quadruped and hexapod robots, try to copy the nature
in several ways. Proper weight is required to be fulfilled
in order to obtain a robot as nature as possible.

Humanoid robots represent the most complex
systems in the robotic field, whose design and
construction are a challenge for researchers in several
fields of science and engineering. In the last decades,
several researchers have investigated achieving
human-like behavior and design. Humanoid platforms
have been developed with different solutions, as shown
in Figure 1. Most of the available humanoid prototypes
have a high number of degrees of freedom, complex
control and high weight as well as cost. One alternative
of these solutions is to design novel humanoid robots
that can be built with commercial components and that
can be easily programmed, as reported in [4].

Figure 2 shows an alternative design for a hum-
anoid robot with simpler mechanical structure and ope-
ration. The proposed machine is composed of reduced
number of actuating joints, articulated mechanisms,

*Address correspondence to this author at the Carlos Il University, Calle
Universidad, 30, 28911 Leganes (Madrid), Spain; Tel: 0034916898094,
Fax: + 34916249430; E-mail: nnava@arquimea.com

E-ISSN: 2409-9694/14

and commercial components. The robot control is
based on low-level strategies managed by a
commercial PLC. This humanoid has been conceived
by applying a novel approach for obtaining lightweight
as well as robust solutions and compact designs. In
this paper, this novel approach is described using
illustrative examples. A proper material selection;
mechanical designs with feasible features; synthesis of
articulated mechanism for the structure; structural
analyses; and a proper design of the robotic joints are
main tips that provide mechanical designs with the
above-mentioned characteristics.

Moreover, the proposed approach can be also
applied to complex machines with high-level perfor-
mances, as those of Figure 1. This strategy allows for
improving the mechanical aspects of robots that incr-
eases their capabilities.

A practical application of the proposed approach is
the design of a new mechanical arm for a mobile robot.
The new design has been obtained from the weight
improvement of a previous arm sub-system. Commer-
cial components, as part of the mechanical, electronic
and control systems have been also taken into account
for obtaining the final robot weights. Outputs of the
actuating joints have been computed, by using dynamic
simulations of the robot operation, in order to check
that the new arm capabilities are similar to the previous
prototype. The new arm structure presents feasible
characteristics for a serial manipulator in industrial or
non-industrial applications.

2. PRACTICAL APPROACH FOR WEIGHT REDUC-
TION

Some guidelines must be taking into account in the
mechanical design in order to reduce weigh. Now,
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Figure 1: Complex robotic systems with high level performances: humanoid robots [1-3].

these tips are going to assist in obtaining structures
with suitable mass and accurate performances. In fact,
the proposed approach also provides a strategy that
generates robust and compact mechanism for robot
platforms. Note the proposed guidelines are related to
each other in the development of proper solutions for
the mechanical structure.

Figure 2: A 3D-CAD model of a proposed mechanical
structure for a novel humanoid robot [4].

2.1. Material Selection

The materials used for the mechanical structure of
robot platforms are typically aluminum, steel and

titanium alloys, [1-3]. These typical materials present
high density with respect to emerging materials with
lower density and suitable mechanical properties, as
listed in Table 1. These emerging materials have been
used in other applications with successful results, such
as Al7075 for defense; cast magnesium for automotive;
and Peek as well as Titanium Gr. 5 for aerospace. The
main idea is to substitute the materials of some
mechanical components by materials with lower
density and same strength.

Table 1: Low Density Materials with Suitable Mechani-
cal Properties [5]

Material Density Yield Young’s
Strength Modulus

Al 7075 2.81 g/lcm”3 503 MPa 71.7GPa

Titanium Gr. 5 4.43g/cm”"3 880 MPa 113.8 GPa
Cast 1.8 g/lcm”3 75-200 MPa 42 GPa

Magnesium
PEEK 1.32-1.52 100-230 4-24 GPa
g/cm”3 MPa

For example, a piece made of steel can be made of
Al 7075 (both materials have same strength but
aluminum has almost a quarter of the steel density).
Similar, for pieces with high stress requirements,
Titanium Gr. 5 can be a feasible choice instead of high
strength steels. In fact, the density of Titanium is about
the half of the high strength steel with almost the same
strength.

Magnesium used to be a material with very low
density but low strength too. Nevertheless, a new
technique for the magnesium production by casting
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Table 2: Survey of Robotic Hands [8-12]

Name Barret Hand DIST Hand Robonaut DLR Hand Il Ultralight Gifu Hand Shadow UB Hand IlI
Hand Hand Hand
Brand Barret Tech Unv. of NASA DLR Centro de Inv. Unv. Gifu Shadow Corp Unv. of
Genova Karlsruhe Bologna
Country USA Italy USA Germany Germany Japan UK Italia
Year 1997 1998 1999 2000 2000 2001 2004 2004
Fingers 3 4 5 5 5 5 5 5
Actuation Elec. Elec. Elec. Elec. Hyd. Elec. Pneu. Elec.
DOF 4 16 14 13 13 16 24 16

provides alloys with higher strength that can be used in
application with high stress requirements. Similar,
PEEK is a polymer with higher strength than other
polymers but same density. The strength of both
materials is similar to a commercial aluminum alloys
but the density is about the half, as shown in Table 1.
Therefore, some robot parts and components can be
built with these novel materials for generating
lightweight mechanical structures.

2.2. Features for the Mechanical Structure

A robot platform can be conceived by using
industrial components with a robust simple mechanical
design and easy-operation through flexible program-
ming. Those characteristics can be achieved in a very
practical way by using components from market into a
suitable design for the whole system. The use of such
kind of components may decrease the complexity of
design. Therefore, commercial components are a very
good expedient for reducing the weight and time of
designing. The mechanical design of mechanism

architectures can be conceived in such a way that links
and transmissions are of easy machining and
assembling. Nevertheless, such design will yield to a
robot with limited capability both in mechanical
versatility and programming flexibility. But in general, it
can be thought these robots may still have interesting
performances for mobility, manipulation, and
autonomous operation that are useful in many outdoor
and indoor applications.

Table 2 lists some successful mechanical hands
available in the market from universities and research
institutes around the word. These platforms present
complex mechanical structures with high weight and
cost. The proposed approach is to use feasible
systems with no-complex designs and reduced number
of actuators, as the prototypes shown in Figure 3. In
particular, Figure 3a shows the last version of LARM
hand prototype that has been designed and built, [6].
This prototype has fingers with approximately the same
sizes of human fingers. Each finger has one DOF that
is actuated by a DC motor, in which gear train transmits

a

b
Figure 3: Robotic systems with suitable mechanical structure: (a) LARM Hand [6]; (b) a biped robot [7].
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Figure 4: Structure of the head sub-system of the humanoid robot iCub [13]: (a) a mechanical design; (b) weight reduced

design.

the motor actuation to the finger. An articulated
mechanism drives the finger movement. The driving
finger mechanism is a series of a two-crossed four-bar
linkage mechanism. This mechanism is robust, low-
cost, easy-operation and it can be embedded on the
body of the finger that gives a compact design.

Commercial components of aluminum alloy have
been used for manufacturing the prototype since they
give a lightweight structure. Similar, Figure 3b shows a
leg prototype that has been designed and built. This
biped robot has an articulated structure of Chebychev-
Pantograph mechanism with one DOF, [7]. It is clear
this mechanical structure is lighter than the biped robot
of Figure 1, but the versatility of the prototype is
reduced too. Nevertheless, the robots of Figure 3
present basic operations, such as cylindrical grasping
and straight walking, which can be performed
successfully.

The proposed approach can be also applied to
complex designs of platforms with high level operation,
for example the head sub-system of the iCub humanoid
robot, [13]. Figure 4 shows 3D-CAD models of two
designs with different mechanical structure. In this
case, the mechanical parts of the neck and eye
mechanisms have been designed for obtaining in both
the same performances but improving weight. Note the
structure of Figure 4b presents features that provide
smaller dimensions and simplify the structure of Figure
4a, but the same mechanical characteristics should be
achieved. Another option is to keep the mechanical

design of Figure 4a but choosing proper materials with
low density.

The commercial components with suitable features
can be selected for the new designs. The market
competition continues and novel products with better
characteristics are available. Smaller dimensions, new
materials and new manufacturing processes are
significant characteristics for new components that the
market is continuously providing.

2.3. Synthesis of Mechanism

The synthesis of the robot mechanics should be
addressed to obtain mechanisms with reduced number
of links and DOF (Degrees of Freedom) as well as
lightweight. Figure 5 shows the kinematic scheme and
simulation of the robot prototypes of Figure 3. This
previous task should be carried out in order to obtain
suitable mechanical structures. In fact, the performance
of a mechanism must be verified before construction
for ensuring the effectiveness of the proposal. In some
cases, the study of nature can be useful in order to
obtain  successful mechanism  with  suitable
characteristics [14], for example in the design of
anthropomorphic and zoomorphic systems.

Figure 6 shows an example of a mechanical design
for easy and fast operation of a complex system such
as a walking robot. In particular, Figure 6a shows a 3D-
CAD model of the walking robot that represents the first
solution that has been obtained by following this
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Figure 5: Kinematic scheme and simulation of the robotic hand and biped of Figure 3: (a) kinematic scheme of the 1-DOF-
articulated robotic finger [14]; (b) kinematic simulation of the mechanical leg [7].

procedure. In the hybrid robot of Figure 6a the problem
of lateral stability was disregarded by adding two rear
wheels instead of back legs. Therefore, the robot is
composed of two articulated legs, as front legs, and
two passive wheels, as back legs. These rear legs are
fixe for movement on flat terrain but they will be
controlled in future to overcome obstacles [15]. Figure
6b shows a scheme that improves the performance of
previous scheme by adding a new four bar mechanism.
The new four bar mechanism has been synthesized as
a function generator by using four-point Freudenstein
equations.

The points in the function generation have been
chosen in order to obtain a constant velocity of point P
in the central part of the trajectory, specifically within
the central 600mm, that is the rated step length of the
mechanism. Despite this rated value, the leg is capable
of taking shorter or longer steps (up to 1 m). Far from
the conditions in which the synthesis has been made,

Actuator f
vertlcal "

the trajectories are not straight lines and there is some
coupling between vertical and horizontal movement.
However, this coupling does not interfere with the good
execution of the step in normal operation.

In other way, the synthesis of complex structures
with high numbers of links and DOF is not necessary
because generally each links is directly driven by each
actuating DOF. The modern research involves the
participation of experts in different fields composing a
multidisciplinary group for the development of complex
systems like humanoid robots. Some mechanical
solutions applied to the structure design can interfere
with the proper operation of certain complex systems.
These solutions can be successful from the mechanical
point of view but their characteristics cannot be proper
in specific applications. Therefore, feedback from
experts of other research lines is necessary for
mechanical designers.

Figure 6: A hybrid mobile robot [15]: (a) a 3D-CAD model; (b) Kinematic scheme.
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Figure 7: Finite element analyses of a mobile robot [16].
2.4. Structural Analysis

Beside of a proper material selection, features for
the mechanical structure should be sized by using the
results of structural analyses like FEA (Finite Element
Analysis). Therefore, the thickness of the mechanical
pieces can be reduced as much as possible down to
dimensions that can support the stress generated
during actuation. Factors of security are necessary to
be considered in the analysis for ensuring the structure
resistance in practical operation. Figure 7 shows an
example of a structural analysis developed for a mobile
robot. In particular, the end-effector and robot links
have been studied in order to check the resistance to
the reaction forces generated. The results present
computed values of stress below the strength of the
selected materials.

FEA can also be useful in order to prevent some
problems in the structure, such as vibrations and
thermal transfer. As much as necessary analyses

should be developed before the construction of
prototypes in order to avoid mistakes in the robot
design. In proposed approach, the weight reduction is
presented as a procedure that generates successful
mechanical designs.

2.5. Actuating Joint Design

The actuating joints of complex robotic systems, like
humanoid robots, can be improved in terms of weight
and dimensions by taking advantage of the mechanical
structure itself. In fact, the actuators of some robotic
platforms are electrical motors that are connected
directly to the joints for driving the links, [1].
Nevertheless, selecting frameless = commercial
components and designing proper mechanical pieces,
motors can be embedded in the joint structure. Similar,
other joint equipments and instrumentations, like
sensors and gearboxes, can be embedded too.

Figure 8 shows an example of a robotic joint with
the motor, equipment and instrumentation embedded in

Figure 8: A robotic joint design: (a) explosion view; (b) cross-section.
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Figure 9: Arm sub-system of MAFRED robot [17].

the structure. In this case, brushless and frameless
electrical motors have been selected for the design.
Gearboxes of Harmonic Drive have been used for
increasing the output torque with lightweight and low
backlash. Mechanical parts have been designed for
locating the motors as well as harmonic drives and
connecting each other.

In the following section 3, the actuating joints of a
robotic arm have been designed by this procedure. The
process began from the improvement of a built
prototype, in which the weight reduction by a proper
joint design is recognized.

Another example of improvement by joint design
has been the neck structure of the iCub head of Figure
4. In this case, gearboxes are not necessary because
the low torque required, but motors and bearing are
included in the joint structure. Moreover, the
mechanical pieces provide the connection between
joint in a compact and robust way.

Note this design philosophy is difficult to apply to
articulated robots like those of Figures 3 and 6. In this
case, the mechanical structure already takes full
advantage of mechanics and improvements in joint
design are not possible. In fact, trying to include the
actuator in the joint structure can make the design
more complex instead.

3. ILLUSTRATIVE EXAMPLE: HOW TO REDUCE
MASS

Figure 9 shows an overview of the mobile robot
MANFRED [17], which has a lightweight arm for
reducing the inertia and increasing safety. Using
anthropomorphic arms located laterally is now the most
adopted solution for mobile robots. In la late past, the
mobile robots were composed of industrial robotic
arms, which structure and high weight were not the
best solution for this application. Moreover, the control
unit increases dramatically the weight of the total
platform. Thus, more power consumption is required for
increase the robot autonomy.

The mobile robot of Figure 9 includes the light-
weight arm manipulator and the electronic components
in the body of the structure. The robot control is
executed by using drivers and a main board instead of
the control units of the industrial manipulators. One aim
of reducing the weight of the mechatronical system is
to increase the robot stability during lateral
manipulations. Another aim is obtaining a robust and
compact design.

The built mobile model of MANFRED presents
acceptable payload capacities that provide successful
manipulation tasks. Moreover, the total weight of the
structure is lower than the commercial industrial
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Table 3: Survey of Lightweight Robotic Arms [18-21]

Name Brand Country Year Actuation DOF Payload Weight

DLR Il DLR /KUKA Germany 2007 Elec. 7 13.5 Kg 13.5 Kg
DEXARM ESA Italy 2004 Elec. 7 0-500Kg @ 20 Kg

g=0mss’

N/A Robot Alive India 2009 Elec. 6 1.5 Kg 10 Kg
PANDI-2 Orebro Univ. Sweden 2004 Elec. 6 1Kg 10 Kg
Lynx 6 Lynxmotion China 2009 Elec. 6 85 gr 0.6 Kg
IRB-120 ABB Switzerland 2009 Elec. 6 3 Kg 25 Kg
RV-2AJ Mitsubishi Japan 2009 Elec. 5 2Kg 17 Kg
TX40 Staubli Switzerland 2009 Elec. and Pne. 6 2.3 Kg 27 Kg

manipulators available in the market. The workspace of
the arm is quite similar to the human once, thus the
design allows flexibility for the manipulation tasks with
6 degrees of freedom. The main characteristics of the
arm sub-system are:

Degrees of freedom: 6,

- Total weight: 18 Kg,

- Payload: 60 N,

- Length: 1205 mm.

- Workspace: 955 mm

- Maximum velocity: 180 °/s

A new design for the arm manipulator of MAFRED
has been developed in order to improve the
characteristics of the current robot. Therefore, 7 DOF
are proposed for the mechanical structure since the
characteristics of the human mobility can be achieved.
Including another actuating joint represents an extra
challenge for weight reduction because the mass
should be gone down even if the number of
components is increased.

Weight reduction is one of the main goals of the
work but the stiffness of the structure should be
ensured for reducing the complexity of the control
architecture. Lower mass yields lower inertia that
provides better safety for human-robot interaction. A
new architecture with 7 DOF requires special care in
the design for keeping the same weight of the current
robot. Therefore, the proposed approach has been
applied during the design process. The following
milestones have been proposed for the new design:

- Anthropomorphic design,

- 7 degrees of freedom,

- Low level control architecture,
- Lightweight,

- Compactness and robustness.

Table lists the main characteristics of successful
and lightweight robotic arms. The proposed design has
been developed in order to obtain similar character-
ristics of these manipulators.

The new arm design began from the analysis of the
current structure in terms of mass reduction. The first
step has been the study of the mechanical parts for
reducing dimensions. The structural analysis of the
most stressed part has been developed with the stress
result of 14.2 MPa during the manipulator of 60 N of
payload. The part has been made of an aluminum alloy
with 150 Mpa of yield strength, thus a factor of security
of 10.6 has been assumed in the design. The second
step is the selection of a low density material. The
proposal is to use the aluminum alloy 7075 with yield
strength of 500 Mpa. Therefore, assuming the same
factor of security of 10.6, the computed stress of the
most stressed part has been 47.2 MPa by reducing the
thickness from 8 mm down to 2.4 mm. This represents
a reduction of 60% in the volume of the mechanical
parts.

The weight of the mechanical parts of the current
structure can be computed by subtracting the mass of
the commercial components and cables to the total
mass. The weights of the components and cables have
been:
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- Electrical motors: 4.5 Kg,
- Gearboxes: 3.45 Kg,

- Bearings: 0.45 Kg,

- Hardware: 0.5 Kg,

- Cables: 1.1 Kg

Since total weight of the current arm is 18Kg, the
weight of the mechanical parts has been computed as
8 Kg. For an aluminum density of 2700 Kg/m3, the
volume of the mechanical part has been 0.003m* for
8Kg of mass. Assuming a volume reduction of 60%, the
volume and the weight of the mechanical parts of the
new arm were 0.0018m® and 4.9 Kg, respectively. A
total reduction of 3 Kg has been obtained by using the
new aluminum alloy 7075.

A third step has been the new motors selection.
Since the weight of the mechanical parts has been
reduced, smaller electrical motors can be used. The
current arm uses 4 types of Kollmorgen motors, in
which the 01812 is the biggest and the most powerful
actuator. The current robotic joints include a gearbox of
harmonic drive with a reduction ratio of 1/160 and 75%
of efficiency. The output torque of the biggest robotic
joint of the current prototype is 146.4Nm. Assuming a
payload of 60N, 5 Kg of the weight of the mechanical
parts, and the same weight for the electronic
components and cables; the required output torque of
the biggest robotic joint has been computed as 129Nm
for the new arm. Since the required torque has been

CSYS

Density

Accuracy

reduced in 14 Nm, the smaller motor can be used, for
example the Kollmorgen 01811 frameless.

A fourth step has been the selection of a new
gearbox according to the new motors and improving
performance. Ultra-thin harmonic drives have been
selected with the same reduction ration of 1/160 and
75% of efficiency. Therefore, the output torque of the
new biggest joint has been 102.7 Nm. The total mass
of the new motors and gearboxes have been 2.9 Kg.
Since the total DOF has been proposed as 7, the
weight of the extra robotic joint should be included in
the computation of the mass of the new arm. The
proposed joint has been the roll of shoulder, which
provides manipulation in the area in front of the mobile
robot. This joint is composed of a Kollmorgen motor
01213 of 0.34 Kg and an ultra-thin harmonic drive of
0.13 Kg. The weight of the mechanical parts has been
assumed as the same of the other robotic joints of 0.83
Kg. Finally, the total mass of the new arm can be
computed addend the new masses of mechanical part,
motors, gearboxes, bearings, hardware, cables and the
extra joint. Therefore, the total mass of the new
proposed arm has been computed as 10.3 Kg.

The output torque of the biggest robotic joint should
be computed in order to verify the required torque for
the new mass and dimensions of the mechanical
structure. The new length of the robot arm has been
proposed as 0.7 m because it ensures a feasible
workspace without interference between arm and trunk.
Giving a new mass of 103 N, new length of 0.7 m and
60 N of payload, the computed required toque for the
biggest robotic joint has been 78.1 Nm, which is lower
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Figure 10: New design for the arm sub-system of MAFRED robot.
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that the output of the biggest joint proposed (102.7
Nm). Therefore, the effectiveness of the proposed
approach has been validated for a new arm with 7
DOF. A commercial boar Turbo PMAC2 PCI is
proposed for the control of the 7 motors because it has
the capability of control of 4 to 32 shafts.

Figure 10 shows a 3D-CAD model of the proposed
design for the new arm sub-system of MANFRED robot
with the mechanical characteristics. The structure has
been divided in three main groups of actuating joints,
such as shoulder, elbow and wrist, joined by links
made of carbon fiber. The shoulder group is composed
of pitch of shoulder, yaw of shoulder and roll of upper
arm; the elbow group is composed of pitch of elbow
and roll of forearm; and the wrist group is composed of

pitch and yaw of wrist. The mechanical structures of
the joint groups and links have been designed
considering the path of the electrical cables through the
body of the pieces.

The robotic joints of the new serial manipulator are
mainly composed of two types of assembly, as shown
in Figure 11. One joint assembly provides the link
rotation around the axial axis, Figure 11a, and the other
assembly provides the link rotation around the
transversal axis, Figure 11b.

Note the internal structures of both joints are
composed of the same mechanical parts and
components, such as motor rotor, motor stator,
harmonic Drive, bearings, screws, shafts and housings.
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Figure 11: Robotics joints of the new arm sub-system: (a) pitch of shoulder; (b) yaw of shoulder.
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Figure 12: Kinematic simulation of the new robotic arm.

The main difference between both assemblies is that
the output shaft of the joint of Figure 11a is connected
directly to the link and in the joint of Figure 11b the link
is connected through a mechanical interface.
Mechanical characteristics of both robotic joints can be
recognized in Figure 11.

4. NUMERICAL VALIDATION OF PROPOSAL

The weight reduction represents a significant
change in the structure of mechanical systems.
Therefore, numerical validations of the new designs are
necessary in order to avoid failures of pieces,
components and operations before the construction of
real prototypes. For the new robotic arm of Figure 10,
kinematic and dynamic analyses are proposed. Static
and structural analyses have been performed with
successful results, as reported in section 3.

Figure 12 shows the results from the kinematic
analysis of the proposed arm. In order to check the
workspace of the serial manipulator, the kinematic
equations have been formulated in Matlab including 7
DOF and a distance of 0.7 m from the joint shaft of
pitch of shoulder to the end-effector. The lines of the

60

-60 -40 -20 0 20 40

-60 -40 =20 0 20 40
X {mm)

plots of Figure 12 represent the trajectories followed by
the end-effector for all possible configurations of the
robotic joints.

The cube of Figure 12 represents the trunk sub-
system of the mobile robot. Kinematic simulations of
the arm movement with the elbow pitch at 90° have
been developed as part of the kinematic analysis. Note
that the additional joint for the elbow pitch provides a
wide range of manipulation of the front of the
MANFRED body without interferences, as shown in the
plot of the Y-Z plane of Figure 12. The plots of the
planes X-Y and X-Z of Figure 12 show the high
capability of the arm movement for manipulation
around the robot body. Moreover, Figure 12 shows a
3D view of the workspace that allows finding out the
extended manipulation range of the new robotic arm
respect the previous design of Figure 9.

Dynamic simulations of the new arm operation have
been developed by using the 3D-CAD model of Figure
10. In dynamic simulations, the payload of 60 N has
been included in the tip of the whole structure. Figure
13 shows the results of the simulations in which the
time table of the maximum required torques of joint
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Figure 13: Results of dynamic simulation of the new arm operation: (a) maximum torque of the shoulder joints; (b) maximum
torque of the elbow joints; (¢) maximum torque of the wrist joints. (Toques in mm? Kg/ secz).
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groups are plotted. In particular, Figure 13a shows the
torque of the shoulder complex; Figure 13b shows the
torque of elbow; and Figure 13c shows the torque of
wrist. The values of the maximum torques have been
computed to be about 45 Nm for the shoulder joints
and about 25 Nm for the elbow and wrist joints. The
output torques provided by the proposed Kollmogen
motors are bigger than the computed required values in
the dynamic simulations, as reported in section 3.

The results of the analyses report suitable values of
robot workspace and output torques of joints. The
characteristics of the new arm design fulfill the
requirements of the robot operation. Therefore, the
effectiveness of the proposed approach of weight
reduction has been checked. The obtained design
presents a robust mechanical structure in which the
actuated joints are located in groups of assemblies
joined by rigid links.

5. CONCLUSION

A novel approach for the weight reduction of
complex mechanical structures has been illustrated
with practical examples. The paper is mainly composed
of two parts: reduction of the complexity of the
mechatronical system and changes in the design of the
mechanism.  Novel systems with  articulated
mechanisms represent both easy-operation and
lightweight solutions for the robotic platforms. The
versatility of these systems is reduced with respect to
other successful prototypes. The proposed machines
can perform suitable basic operations useful in
practical applications. Moreover, the proposed
approach of weight reduction can be applied to
complex systems that require mass reduction for
improving performance. New components available in
the market with lower volume and novel characteristics
can be used. Mechanical parts can be studied in order
to reduce volume and change the material. A design
strategy should be followed based of feed backs from
the results of static and structural analyses.

The proposed method has been validated with the
design of a new robotic arm. The design process has
begun from the analysis of a previous prototype for
changing the mechatronical system in order to reduce
weight and improve performance. The new solutions
have been the use of new motors and gearboxes;
reducing of the volume of the mechanical parts by
developing structural analyses; including a kinematic
chain of 7 DOF; and performing a mechanical design
for a compact and robust structure. The validation of

the new design has been developed by computing the
kinematics and dynamics of the mechanism. In fact, the
result of any design approach should be validated by
carrying out mechanical and structural analyses. The
workspace of the proposed serial manipulator has been
obtained, validating the high manipulation capability of
the mechanical structure. The required output torques
of the robot joints have been computed by using
dynamic simulation of the arm operation. The torques
given by the designed joints fulfill the requirements for
a proper robot operation. Further works attend the
construction of the proposed new arm for practical
application in the MANFRED platform.
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