
  

 

Abstract— This article is about the developing of the 

mechanical structure of humanoid robots, containing 

higher mechanical details of the new project being 

developed by EDROM team - Sakura Project. 

Development in Mobile Robotics Team (EDROM) is a 

extension project of Mechanical Engineering Department 

(FEMEC) of the Federal University of Uberlandia – MG, 

Brazil.     

I. INTRODUCTION 

The EDROM (Equipe de Desenvolvimento em Robótica 

Móvel) was created in 2009. Since 2011 it has participated in 

robotic competitions, such as LARC, CBR and RoboCup. 

EDROM already won several titles ever since in various 

categories like Humanoid Race, SEK and Humanoid Soccer, 

and it have established as one of the top teams in these 

categories [1]. 

One of the main challenges in developing of teen size 

humanoid robots is developing joints for the lower body that 

can produce sufficient torque to handle the required static 

and dynamic loads . This is difficult because the actuators for 

these joints need to be compact enough to be packaged in the 

constrained space within the robot. 

The robot mechanical project was carefully elaborated by  
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one of the team members, such as outcome of the compliance 

with rules [2]. SolidWorks was the chosen software to design 

and simulate the robots. 

II. DEVELOPMENT 

The mechanical structure of Sakura that we have nowadays is 

an optimization. It was based on our previous robots 

structures and on the problems that we had.   

Sakura has 20 degrees of freedom, as follows : two on the 

head, six on each leg and three on each arm. Her height is 87 

centimeters and on Robot Soccer Competitions she is part of 

Kid Size and Teen Size categories. 

The first project developed by EDROM to compete in 

TeenSize category was the Lisa Project, the structure was 

designed to meet the rules of RoboCup 2014 [2]. Lisa robot 

had two degrees of freedom in each arm and six degrees of 

freedom on each leg, and two degrees of freedom in the head. 

The structure was built from structural elements of 

commercial TETRIX® MAX Channels  and Roboti's frames, 

which are made up of aluminum materials . Legs were made 

in a 3d printer. For the construction of the head and torso of 

the robot acrylic sheets were used. 

The robot has 18 Dynamixel motors: 12 servos MX-106 in 

the legs, 4 servos MX-64 in the arms and  2 AX-18 in the 

neck, whose communication is via TTL. 

 

 
Figure 1.  Robot Lisa Design. 

 

 

After the RoboCup 2014 competition, the team EDROM 

realized the need to further study the structural area of 

humanoid robot, planning the mechanical structure to allocate 

all hardware components in order to keep the center of mass 

Mechanical Human Robot Design Developed to Play Soccer 

Débora T. Valverde, Gabriel de B. Silva, Gustavo R. Silva, Heitor M. S. Cunha, Iago A. Peixoto, João 

V. G. Silva, Leonardo L. R. Barbosa, Renata Bernardes and Rogério M. R. Filho. 



  

of the robot within a range planned by project . It was 

introduced to the next project (design EVA) an analysis of 

static forces present in the structure. 

Eva project has the same degrees of freedom as Sakura’s 

but her height is 90 centimeters. The robot has 20 Dynamixel 

motors: 8 servos MX-106 in the legs, 2 servos MX-64 in the 

arms and  2 AX-12 in the neck, whose communication is via 

TTL, and 8 servos EX-106, whose communication is via 

RS485. 

The structure was based on two previous structures, a 

German Team project available to research, NimbRo’s Open 

Project [3] and Baset’s project ( an Iranian Team) [4], and 

besides, on the experience with Lisa on Robocup 2014. Eva 

was the first robot that we made statics simulations on the 

structure to decide what material we should use and how the 

structure would react to the applied forces. For the 

simulations we used SolidWorks CAD and CAE software. 

We decided to use aluminum on most of the structure (legs 

and arms) and steel on the pelvis and ankle frames. The steel 

was used because aluminum didn’t endure the forces on these 

frames and we experienced Lisa’s pelvis and ankle frames 

twisted due to these forces. 

 

 
Figure 2. Eva’s Leg simulation. 

 

 
Figure 3. Eva’s arm in SolidWorks. 

 

The body was built from structural elements of commercial 

TETRIX® MAX Channels  and Roboti's frames, that are 

made of aluminum.  

The mainly problem of Eva’s structure was the hardware 

allocation. During the project, the hardware changed and the 

body became too small to allocate the entire hardware 

project, the battery didn’t fit very well anymore and the 

maintenance was not practical.  

 

                       

      

Figure 4. Eva’s design in SolidWorks. 

 

III. SAKURA PROJECT 

Considering Eva’s and Lisa’s problems, Sakura was made 

with a new body, new arms and new legs. As Eva project, 

structural simulations were made in SolidWorks software to 

decide the best material to use. 

 

A. Arms 

Different from Eva project, Sakura’s hands were not just 

a circumference made with two plates. The new shape is 

to make the stand up movement easier and less demand 

of motor.  

 

                                
Figure 5. Sakura’s arm in SolidWorks. 



  

 

Statics and buckling simulations of arms and forearms 

were made with two different types of spacer plates. The 

forces applied on the arm to do the simulations were the 

weight and the reaction force. The results were 

compared and, as the shape properties were not so 

different and thinking about the fabrication, the cylinder 

spacer plate was chosen.  

The maximum strain on simulation 1 was about 

1.475e+006 [N/m²], the material yield strength 

(aluminum 1060) is 2.757e+007 [N/m²]. 

 

   
Figure 6. Sakura’s arm simulation 1. 

 

 

The maximum strain on simulation 2 was about 

1.535e+006 [N/m²]. 

 
Figure 7. Sakura’s arm simulation . 

 

 

B. Legs  

The main change in legs is the height. Sakura has 3 

centimeters less than Eva, half of this difference was 

removed of legs and the other half was removed of the 

body. 

As it has done with the arms, statics and buckling 

simulations of legs were made with two different spacer 

plates and with the same forces. 

 

The maximum strain on simulation 1 was about 

2.790e+007 [N/m²], and considering that this strain was 

on steel frame, yield strength of steel 1023 is 

2.827e+008 [N/m²].   

 

 
Figure 8. Sakura’s thigh simulation 1. 

 

The maximum strain on simulation 2 was about 

2.993e+007 [N/m²]. 

 
Figure 9. Sakura’s thigh simulation 2. 

 

 

C. Body  

The body changed almost everything. To make the 

maintenance practical was created a system of shelves, 

once the hardware are screwed and fixed on a shelf, it’s 

enough unscrewing the shelf to pull out and do the 

maintenance. To better allocate the entire hardware, 

despite the shorter length, the width is bigger on the top 

of the body.  

 

 
Figure 10. Sakura’s Body. 

 

 

 

 



  

IV. CONCLUSION 

The research is not finished yet. The next step will be to 
implement dynamics simulation in the software Ansys to 
have more accurate results and to optimize the body, besides 
that, a carbon fiber for the body is being thought. The 
research around this material will starts on the second 
semester of 2016.    

ACKNOWLEDGMENT 

The authors thank all the supporters and sponsors. This 
work was supported by the FEMEC/UFU, FAPEMIG, and it 
was sponsored by Radix, Central Máquinas and CNPq. 

REFERENCES 

 

[1] EDROM UFU, Edrom Team. Available in 

<ufuedrom.wordpress.com>. Access on  May  26th, 2016. 

 

[2] T. R. FE, “RoboCup”, www.robocup.org, 2012, home 

page. ROBOCUP SOCCER HUMONOID LEAGUE. 

RoboCup Soccer Humanoid League Rules and Setup for the 

2014 competition. 

 
[3]NimbRo, NimbRo Team . Available in 
<www.nimbro.net/OP/NimbRo-OP.html> . Access on  May 
26th,2016. 

[4]Baset, Baset Team .Available in 
<robot.basetp.com/index.php> . Access on May 26th ,2016. 

 

 

 


