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Abstract: This document explains the criteria, considerations and formulations used 
for the design of the main components of a mobile platform with a robotic arm. This 
type of robot is one of the most used in the educational field, it facilitates learning and 
allows the incorporation of control strategies for navigation. Aspects of resistance of 
materials useful for branches of engineering that lack bases on mechanics are raised.
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Criterios para el diseño de una 
plataforma robótica de carácter educativo

  
Resumen: El presente documento explica los criterios, consideraciones y formulaciones 
que se emplean para el diseño de los componentes principales de una plataforma 
móvil con brazo robótico. Este tipo de diseños es uno de los más usados en el ámbito 
educativo, facilita el aprendizaje y permite la incorporación de estrategias de control 
para navegación. Se plantean aspectos de resistencia de materiales útiles para ramas de 
la ingeniería que carecen de bases sobre mecánica. Como resultados es posible destacar 
la obtención de las dimensiones de los elementos estructurales del robot como por 
ejemplo el espesor y la determinación del material más óptimo para un mejor desempeño.
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I.INTRODUCTION

Mobile robotic platforms are used at an educational level at multiple levels of  university instruction, either 
to employ electronic techniques or to implement remote or autonomous navigation [1-4]. The field of  mobile 
robotics is in potential development and its study is mandatory for careers related to electrical or electronic en-
gineering. There are multiple works developed on mobile platforms [5-8], however, there are few basic design 
aspects related to mechanics for mobile robots and that allow adapting existing platforms in specific applications, 
of  different capacities and situations [9].

The design of  the structure of  a robotic platform must consider manufacturing techniques [10], multiple 
geometric aspects, as well as resistance of  materials [11], mechanical properties of  materials and dimensioning 
of  the main components of  a mobile robot, of  differential type and 4 traction wheels and with a manipulator arm 
with 5 degrees of  freedom. It is important to consider in this design the load limitations that exist due to the 
geometry and weight of  the robot, as well as reach lengths for the manipulation of  objects taking into account 
the stability of  the vehicle, in order to avoid possible rocking and loss of  contact of  the wheels with the ground 
[12]. In addition to this, the space must be considered to adapt the components in a convenient way and to faci-
litate the assembly and construction [13].

II.DEVELOPING

Developments in nanoelectronics and mechanics have allowed developments in robotics, the most general 
case being that of  a mobile platform with a manipulator arm that allows an educational understanding of  the 
kinematics, dynamics and control strategies of  robots for the industrial field.

Continuous improvement in education models constitutes an essential challenge for teachers in order to 
apply and relate theory to practice in all disciplines, specifically in careers of  a technical nature focused on En-
gineering students as well as students with engineering fundamentals. limited. Thus, a descriptive and didactic 
compendium of  the construction of  a robotic platform has been created, detailing the design of  its components 
necessary for its proper operation in order to simplify and specify its dimensioning and construction more easily.

The study that has been carried out in this work complements the training of  electronics and telematics, 
providing criteria, formulations, comparisons and references to execute multidisciplinary integrative projects.

  
III.METHODOLOGY

A.Design considerations
The robotic platform [1] with a manipulator arm to be assembled, must first consider a material that su-

pports the distributed loads that the P1 plate must carry. The length L depends largely on the size of  the wheels 
to be used. To determine the diameter D of  the wheel, the engine speed [14] must be considered, since a large 
wheel will make the vehicle move faster, however, it will reduce the effect of  the engine torque applied to each 
wheel [15 ]. Another consideration is the size of  the terrain variations. If  the terrain is perfectly flat, a small 
wheel may be convenient to take advantage of  a greater torque from the motor. In practice, this diameter can be 
associated as a function of  the maximum speed required to be achieved and the speed of  the motor.

                                                                                                            (1)

Where, D is the diameter, V is the velocity and    is the angular velocity.
The speed in (1) linear of  a platform [16], works properly with speeds lower than 50 cm / s. The wheelbase 

is considered sufficient to house the proper motors to move the robotic platform. The width of  the wheel tw, is 
an important parameter in the driving of  the mobile robot [17] and should promote good stability to the robot, 
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and due to its weight, the contact area with the ground should be increased. The motor required to move the pla-
tform will be a function of  the total weight of  the robot plus the load and a safety factor, such that the following 
expression is fulfilled.

                                                          
                                                                                                         (2)

Where, T is the torque, D is the diameter and Fr is the friction force

                                                                                                                    (3)

Where, Fr is the friction force, (qA + p arm + p clamp) is the sum of  distributed loads applied to the robot 
wheels. In (2), the torque is presented as a function of  the friction force and this, in turn, in (3), as a function of  
the friction coefficient k and the weight of  the complete robot, whose force is considered equally distributed in 
the 4 wheel drive differential [17].

Fig 1. Geometric parameters for the robotic platform design.

Regarding the plates that form the chassis P1 and P2 (Fig. 1), these must carry the load of  the rest of  the 
robot that will be distributed appropriately. The greatest load will be supported by plate P1 and the load of  ro-
bot components and load to be transported in a distributed manner q on the surface of  P1 will be considered by 
applying the distributed load q on plate P1. The P2 plate provides rigidity to the structure of  the vehicle chassis 
and allows fastening for the motors and encoders. The plate P1 will support more load than the plate P2 and its 
analysis considers the case of  a plate supported at its corners C1 - C4. According to [18], the maximum moment 
will be found along axis 1-1 with its maximum value at point 0.

                                                                                                       (4)

The parameter   2 is obtained from table I, according to reference [18], for which the relationship of  the 
dimensions a and b, (4) must be considered.
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TABLE 1. GEOMETRIC PARAMETERS 

If  P1 has a larger geometry and with more details than the area delimited with sides a and b, the latter will 
be suitable for the consideration of  resistance since it is the region that will be most loaded and that allows a 
more realistic determination of  resistance behavior. In order to verify the material and the thickness t1 of  the 
plate P1, the bending stress of  the plate is evaluated, considering the direction of  greater bending through the 
following expression.

                                                                                                      (5)

Where σ_F is the bending stress to which the plate is subjected, M_2 is the greatest moment with respect to the 
central section of the plate, that is, M_2, and is the distance from the center of gravity of the cross section towards 
the critical fiber. I is the inertia of the cross section of the material with respect to its center of gravity and consi-
dering that its height will correspond to the thickness of the material t1, (5).

In figure 1, the distance hf should be the minimum enough so that, given the unevenness of the ground or the 
presence of foreign elements, the mobile robot is not stranded. The height hm will facilitate the incorporation of 
the 4 DC motors that will move each of the robot's wheels, which will be fixed on the plate P2 and below P1, A 
safety distance ex is required to avoid elements of considerable size , may collide with the wheels directly. The 
chamfer where the angle θ is specified, will prevent the robot from being immobile in a corner, allowing it to 
maneuver in closed spaces without getting stuck in corners of the environment. The minimum distance ex must 
withstand the impact of the vehicle traveling at its maximum speed [19] and whose moment with respect to point 
F is carried out by force Fi. Using (5).

A safety distance sd between the plate P1 and the wheels, will allow a better mobility without them getting 
stuck with P1. Distances greater than 6 mm are recommended. The distance ed, when installing the motors, must 
not exceed a / 2.
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Fig 2. Parameters for the manipulator arm design

Figure 2 presents the dimensional parameters that are taken into account for the design of the manipulator arm, 
the same ones that consider static loads given that the arm will not exceed the linear speed of 1.2 m / s at the end 
of the manipulator, avoiding an unnecessarily dynamic analysis. for this efects.

The components of the manipulator arm structure will have thicknesses t1 similar to those of the components 
P1 and P2.

In figure 2, the height bh and width bs of the servomotor supports at the base of the manipulator arm must 
consider an opening of dimensions hs and ws depending on the servomotor used. The recommended distance from 
the hole to the edges can be determined based on the torque of the servomotors. The distance dl and ul should 
preferably be equal if the intention is to give the manipulator a greater range. The lengths dl, ul, el and dg, should 
allow the manipulator arm, in the retracted position and described with an angle ψ of 45 °, to locate its center of 
gravity between the driving wheels to provide better stabilization and reduce the rocking of the vehicle moving 
with load. To allow displacement with load and arm retracted, the moments generated by the weight of the arm 
with its components and acting on the platform applying WA at a distance LR, must provide more moment than 
that provided by the gripper and the load PC sustained with a distance LS, with respect to the CR point of the front 
wheel, as shown in figure 3.

The securing of elements remotely will transmit a moment that could overturn the platform, therefore, the load 
to be secured should be considered a function of the estimated weight of the robot. The maximum extension of 
the manipulator arm is illustrated in figure 3. In it, the load PL corresponds to the load that the gripper will hold, 
WA is the load generated by the weight of the arm and gripper at a distance RD from the center of rotation and 
that corresponds to the distance LA minus the radius of the wheel D / 2. The load PL corresponds to the weight of 
the mobile platform plus the servos that move the elements of the lower link of the manipulator and is located at a 
distance LD from the center of rotation CR of the front wheel.

[(WA*RD)+(PC*LL)]FS=PL*LD              (6)

The FS value presents a safety factor to guarantee traction on the wheels in case of movement with load and for 
the case presented in figure 3. The design presented and composed of three fundamental parts, mobile platform, 
manipulator arm and gripper, if manufactured from the same material thickness, will present approximate referen-
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ce weights in percentage values of 82% for the mobile platform with the control components of the whole robot; 
12% the weight of the manipulator arm without considering the two lower servos and anchored to the mobile pla-
tform; 6% for the chuck with all its servomotors. The payload can be estimated using (7).

                                                                                                       (7)

The value obtained in PC will correspond to the mass that the robot will be able to lift without affecting the 
traction of  the wheels with the ground, for whose determination an FSC safety factor for the load is considered 
(7).

Fig 4. Parameters for the resistance in the structure of the manipulator arm.

In figure 4, One of the critical points in the design is the union of the manipulator arm with the mobile platform 
and specifically the bases that hold said servomotors. Adequate torques must be chosen to properly and safely 
move the PC load. The design contemplates a support for two servomotors, used to move the first link of the robot 
made up of two parallel bars of length dl and separated by a distance ddl. Two servomotors are necessary in the 
base since it is where greater moment is required. Each of these actuators transmits a moment Ts in the support 
of the base, generating a traction force Ft on the element and a compression force Fc on the other side. Since the 
side subjected to compression does not have a length that gives the failure buckling, like a column; the most prone 
failure in these cases is traction, so this force can be determined by:

                                                                                                       (8)

In (8), a section with a minimum area formed by t1 and wp should be chosen that allow σ_tb to be less than the 
resistance of the material, considering a safety factor fst, recommended equal to or greater than 2. In figure 4, the 
distance ddl at which the elements of the first link of the robot are separated should be considered such that it pro-
vides rigidity to the structure and prevents buckling of both components. Considering the maximum torque load of 
the servomotors and the weight of the upper link, clamp and load object, a critical load case can be considered in 
which the force of the weight of the upper elements WS and the force of the torque Ftq, contribute their maximum 
magnitudes thus applying a force Fd applying moments to the two bars due to the incidence of the centered load 
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and weight of upper elements. The torsion in each element can be analyzed using (9).

                                                                                                        (9)

In (9), the torque represented by J, represents the shear stress of the material, this considers a safety factor fstor 
whose value must be greater than or similar to 2, the torque obtained by the force Fd and the distance ddl / 2. The 
parameter L of (9) represents the length that for the analyzed case will be equal to dl. The value for G corresponds 
to the value of the transverse modulus of elasticity, a characteristic property of the material used, and ω corres-
ponds to the value of the angular displacement.

A maximum angular displacement ω_max should be considered, such that the stress τ does not exceed the shear 
strength value of the material. For the case of the upper elements, the load Fu has a lateral displacement a distance 
dcu, therefore, it transmits a torque with respect to the geometric center of the cross section of the elements of the 
second link of the robotic arm and of lengths ul. Equation 9 can be used to limit the angle displaced by the effect 
of the load and the elements of the displaced clamp Fu, which will apply a moment Md forcing the structure to 
rotate an angle θ, values must be found that confirm that the stress τ is less than the resistance of the material used. 
Regarding the gripper and given that the load to be transported will be reduced and depending on the weight of the 
robot, the mechanical requirement is not a relevant aspect for the few grams that will be held in the mechanism.

Fig 5. Parallel motion gripper mechanism.

Figure 5 shows a model of a clamping clamp with parallel movement. This movement facilitates the work in 
structured environments and with multiple geometry frames whose external dimensions are less than the distance 
or d minus a margin that allows the operation and manipulation of the piece and that in practice can give good 
benefits.

B.Materials
For the selection of materials, the methodology defined by Michael Ashby [20] is followed, in which the robot 

is divided into each of its components, and for each of these components the design requirements expressed as 
functions, restrictions and objectives are defined. . All materials are initially considered candidates for use in com-
ponents. Restrictions are used to eliminate non-compliant materials, decreasing the number of eligible options; 
for example, if resistance to corrosion in water is required, materials that do not meet this restriction are initially 
removed. The component function is used to define a material index that optimizes performance, for this, material 
selection letters and index selection tables are used, which allow defining a new list of materials that meet the ini-
tial restrictions and optimize the index of performance, as an example a reduced table is presented with different 
indices that consider a design limited by the resistance to minimum mass, according to the function of the product 
and considering its yield stress σ_f and the density ρ, see table 2.
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Table 2. Material selection indexes for design limited by resistance to minimum mass.

To meet the objectives, with the materials that meet the restrictions, they are classified based on the index and 
the advantages, disadvantages and uses of  the material are reviewed in the technical literature, with which the 
appropriate material is finally chosen.

As an example, the material selection process for plates P1 and P2 is presented below.
Function: Support the loads of  the component weights, it works like a flex plate.
Restrictions: Machinable, to screw the components
Free variables: Thickness
Objectives: Minimum weight, in order to optimize the weight of  the robot and the duration of  the battery
Performance index: which is used for design limited by the resistance to minimum weight for a flexural plate:

                                                                                                             (10)
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Role and restrictions Index (Maximize)

Tens ile element

Sti ffness and specified
length, free section area

𝜎𝑓 𝜌�

Tors ionally loaded shaft

Load, length, specified
shape; free section area

𝜎𝑓2/3

𝜌�

Beam loaded in bending

Load, length, specified
shape; free section area

𝜎𝑓2/3

𝜌�

Compression column

Load, length, specified
shape; free section area

𝜎𝑓 𝜌�

Flex-loaded flat panel
Specified sti ffness, length
and thickness; free
thickness

𝜎𝑓1/2

𝜌�

𝑀 =
𝜎𝑓
1/2

𝜌
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Fig 6. Methodology for selection of  materials [20]

Where   _f  is the yield strength or maximum resistance of  the material and r is the density of  the material. 
A letter of  materials is chosen, which contains in its axes the variables of  the performance index, see figure 6. 
Then the line with the inclination corresponding to the selection index    , see line blue in figure. In this case, it 
is planned to maximize the index, since the platform must have high resistance and low weight, so materials with 
the value of  this high index must be chosen. The line is transported until there are few materials that meet the 
value of  the high index, see selection area in green. Next, a table is made with the materials that are on the line 
and the material index is calculated and its suitability to the design is critically analyzed, as shown in table III, 
Where the suitable material was carbon fiber.

Table 3. Final materials after the selection process and selection index.

More material selection cards and more restrictions can be used, depending on each product function.
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Material 𝜎𝑓
(MPa)

𝜌
(kg/m3)

𝜎𝑓
1/2

𝜌 (𝑀𝑃𝑎
1/2

kg/m3 ) Observations

Rigid polymer
foam

7.00 200 0.013 Light material , but you could see problems holding the
elements

Wood 80.0 7.50 0.011 Suitable material , but could have problems with
weather conditions

Carbon fiber
reinforced
polymer matrix
composite

900 1800 0.016 The one with the best s trength / density ratio, if price
is not important it would be the right material.
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IV.RESULTS       

The mechanical design of  the mobile robot in this document is presented in figure 7. 3 mm thick polyme-
thyl-methacrylate (PMMA) acrylic has been used for the manufacture of  the structural parts and the aspects 
presented in the previous section have been considered to validate and adjust the design, allowing it to be func-
tional and suitable for academic teaching aspects.

The structure designed based on the criteria of  resistance of  materials and depending on the forces and loads 
applied allows proper sizing and guarantees the rigidity of  the mobile lower part and the manipulator arm.

The designed and assembled platform presents small deflections less than 0.1 mm, ease of  assembly for the 
proposed configuration, speed of  manufacturing parts from the selected processes and the feasibility of  being 
dimensioned according to the transport payload q (Figure 1).

The double links that make up the manipulator arm represented in figure 2 have an adequate behavior to 
torsion and bending, even for the most critical position as long as the payload PC does not overturn the entire 
robotic platform. Figure 7 represents the result of  the verified design that meets all the criteria of  the previous 
sections.

Fig 7. Robotic platform built

V.CONCLUSIONS

The design of  an academic robotic platform uses multiple material mechanics criteria, relating parameters 
and static loads to select dimensions based on their strength as a fundamental parameter for the design. The 
design aspects presented, allow adapting and proposing designs adapted to multiple load situations and ground 
conditions, some geometric aspects also consider characteristics of  the motors and utility distances for a basic 
design of  the components that support greater loads in the operation of  a mobile robotic platform with a mani-
pulator arm. The present work can be proposed as a learning activity at initial levels of  electronic engineering 
in order to acquire fundamentals about mechanics of  materials and thus enrich their knowledge by extending it 
to multiple possibilities. The platform obtained allows the incorporation of  control strategies, remote operation 
and autonomous navigation, it also offers stability in the transfer of  cargo, which is a function of  the weight and 
morphology of  the robot.
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the educational environment of  future generations.
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