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INCA PROGRAM FOR DEVELOPING A NANOSATELLITE AT THE UCH

Given the technological development, the incursion on aerospace topics in the Peru, and the interest from students in engaging in a space mission; the Universidad de Ciencias y Humanidades -UCH embarks on the design and implementation of a nanosatellite project. To this objective, it has been created the INCA group by its acronym in Spanish "INvestigacion en Ciencias Aeroespaciales" (research on aerospace sciences). This group is formed by two students from the professional school of electronic engineering for each module of the nanosatellite. In these six months of work, it has been advancing with the search and study of the state of the art on the development of nanosatellites in South America and around the world.

I. INTRODUCTION

The development and put in orbit of nanosatellite have increased in recent years, especially from universities around the world and space agencies of developing countries. This increase is primarily due to reduced costs -compared to standard space missionsof the implementation of nanosatellites missions.

Despite the cost reduction on a nanosatellite mission, although it's hard to implement a mission of this dimension for universities in developing countries. This difficulty is mainly due to low economic resources, the poor organization of research groups, and the rapid stage of students who after graduation are no longer interested in unfinished projects.

By the above reasons, in this paper, we present the proposal to form the INCA Team for its acronym in Spanish 'INvestigacion en Ciencias Aeroespaciales' (research on Aerospace Sciences), and also the name of the team refers to one of the most important cultures of Peru.

With the creation of the INCA Team, the idea is to start a project to design and implement a nanosatellite for the Universidad de Ciencias y Humanidades -UCH in Peru. We will compose groups of pair students for each module of the nanosatellite, also for the test modules. These students become to the electronics engineering school. In a first stage, students begin with the design of the modules for a year and a half. These designs will be the undergraduate thesis of the students. In a second stage, new students for the lasts cycles will be recruited to implement the modules designed for their colleagues who preceded them in the INCA Team. Similarly, this implementation corresponds to the undergraduate thesis of the students. For these implementations, we will also invest a year and a half.

Finally, after three years we will have a nanosatellite implemented and ready to put into orbit.

The continuation of this article is organized as follows: Section II shows the different modules for a nanosatellite and how the student groups are conformed to develop them. In Section III, the description of our first results is mentioned. Finally, in Section IV the discussion and our conclusions will be presented.

II. NANOSATELLITE MODULES AND

WORKING GROUPS SCHEMA The nanosatellite project of the Universidad de Ciencias y Humanidades called UCHSAT will be based on the CubeSat standard. The CubeSat standard was proposed by Stanford University and Polytechnic State University California (Cal Poly) in 1999 [START_REF]CubeSat Standards: CubeSat Design Specification (CDS) Rev[END_REF] [START_REF] Heidt | CubeSat : A new Generation of Picosatellite for Education and Industry Low-Cost Space Experimentation[END_REF].

The principal objective of the UCH to develop a nanosatellite is the education purpose, preparing students and professionals within the aerospace branch.

A nanosatellite is composed principally by the following required modules: [START_REF] Konstantinidis | CubeSats : a Review[END_REF] The OBC is the main module the nano-satellite and it is in charge of the largest number of tasks running on board as well as the interconnection of the other modules. The OBC also is responsible for the different calculations of the system and it must to generates the necessary information about the state of the scheme. Another task of the OBC is the interpretation of the commands from Earth to perform experiments according to an established schedule.

Power Module (PSM)

This module aims to provide the necessary energy to the satellite platform. The principal components of the PSM are solar panels and batteries. The power generated by the solar panels can be used to provide energy directly to the nanosatellite or for charging batteries. The batteries are used when the solar panels do not produce enough energy for the platform the nanosatellite is in the shadow).

Thermal Control Module (TCM)

The thermal module is in charge of maintaining the most critical EEE components of the system in an optimal temperature range for normal operation. The TCM consist principally by thermistors, which will be responsible for sensing temperature and then sending the information to the OBC. For low temperatures, it has heaters; and for high temperatures, it has heat sinks.

Communication System (COM)

The COM aims to connect the space segment (nanosatellite itself) with the ground segment (ground station (GSM)). The first thing to transmit is information from the OBC to the ground station and then, receive information obtained on Earth back up to the OBC. Communication between the space segment and ground segment is performed using radio frequency waves.

Attitude Control System (ACS)

The ACM is responsible for determining the position and orientation of the nanosatellite. The ACM also is in charge of changing the nanosatellite orientation according to the requirements for operation and experiment. This module could be implemented using orientation sensors like accelerometers, gyroscopes, GPS; and the direction can be changed with reaction wheels or propulsion systems.

Structure (STM)

The STM is the mechanical structure or chassis of the nanosatellite. This module can be made based on different materials like aluminum, duralumin, or titanium as in the case of the Ecuadorian nanosatellite Pegaso [START_REF] Nader | The Ecuadorian Experience in Space: The NEE Satellite Constellation[END_REF]. The STM aims to hold the solar panels and the different nanosatellite modules. It will be necessary also a deployment system in which the nanosatellite is introduced for better fixation in the launcher. This deployment system allows to nanosatellite go out of the launcher when it reaches the desired orbit.

Payload (PLM)

The PLM is the experiment itself; it refers the nanosatellite mission. The mission can be an artist application, an engineering application, and an application for in-situ demonstration, among others.

Our INCA program started in March 2016 (semester 2016-I), the first student involved in the program are students from the electronics engineering school of the Universidad de Ciencias y Humanidades. These students were recruited from the 8th semester.

In the Universidad de Ciencias y Humanidades the undergraduate students, when they are at 8th semester, they must decide, define, and establish their final project with wich, they will obtain their bachelor degree. So, the student will have a year and a half to develop their project (until semester 2017-I). -Luis Alberto RICCI CASTRO and Oscar ARELLANO AYALA are responsible for the Power Module (PSM).

-Andres Jesus MILLA SALAZAR charged of the Thermal Control Module (TCM).

-Marino BALTAZAR VEGA is responsible for the Communication System (COM).

-Dennis SALDANA REYNA in charge of the Attitude Control System (ACS).

-Edwin Orlando LOPEZ ROJAS is responsible for the Payload (PLM).

-Fernando Andres MANCILLA RAMOS charged of the Ground Station (GSM).

When one think about a nanosatellite project, one not only must reflect on the nanosatellite itself but also, it is necessary to think about the testing process.

A nanosatellite must tested in different aspects. The nanosatellite must support the hard space environment like radiation, temperature changes, vacuum, vibration, etc. For this reason, one need to test the space situation on Earth. It is necessary to have modules for vibration test, thermal vacuum box, Co60 source (for radiation test).

For this reason, in the INCA program, one includes the design of a shaker. The shaker will be based on an turning eccentric mass like a vibration module presented on [START_REF] Gonzalez | Design and construction of a module for the dynamic excitation and vibrational analysis of structures[END_REF]. Victor Niels ROMERO ALVA (currently student of 8th semester) is in charge of the design of the shaker. During these six first months, the bibliography revision was done. The students look for the state of the art regarding international CubeSat like [START_REF] Chanover | A Europa CubeSat Concept Study for Measuring Europa's Atmosphere[END_REF], [START_REF] Grim | MakerSat: A CubeSat Designed for In-Space 3D Print and Assembly[END_REF], and [START_REF] Rincon | The Puerto Rico CubeSat a Project to Attract STEAM Students into the Area of Aerospace Engineering[END_REF]; and Peruvian CubeSat like PUCPSat-1, PocketPUCP, Chaski-1, and UAPSAT-1 [START_REF] Roman-Gonzalez | Aerospace Technology in Peru" 66th International Astronautical Congress-IAC[END_REF]. Now, in this semester (2016-II) the idea is to include a second student to each team for a grouping work. These students must be from the 6th semester. The idea is that the design of each module can serve as a final project to obtain the bachelor degree for the first student (a year and a half of development), and the implementation of the design could serve as the final project for the second students (another year and a half of work).

Also, in the 2016-II semester, a new student is included in the INCA program to design a shaker for the testing component.

IV. DISCUSSION AND CONCLUSIONS At the start of the INCA program, it was scheduled to have a nanosatellite called UCHSAT after three years of work. But it was an ideal timetable, because, one did not consider the different delays that can occur in the process. Also, following the plan depends on the people involved in the project, and when they are students, the project risks increase.

It is not easy to have a homogeneous advance between all groups. The compromise degree with the project is different for each student. Currently, it is not possible to determine the exact time when the nanosatellite will be ready. But the idea is to continue the work, motivate the student and recruit more students.

In Peru, the Nacional Council for Science, Technology, and Innovation -CONCYTEC, gives funding for research projects. The INCA program expects to win funding to develop the nanosatellite.

To nanosatellite launch, we hope to apply for the JAXA program to launch nanosatellites from Kibo Module of the International Space Station (ISS) (http://www.unoosa.org/oosa/en/ourwork/psa/hsti/kiboc ube.html).
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 2 Fig.2: Example of shaker[START_REF] Gonzalez | Design and construction of a module for the dynamic excitation and vibrational analysis of structures[END_REF]