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Resumen/Abstract

En el siguiente proyecto se han combinado varias disciplinas de la Ingenieria
Aeronautica para diseflar un multicéptero cuya estructura puede fabricarse
mediante impresion FDM en un entorno doméstico. Se han utilizado componentes
estandar de facil acceso.

Las disciplinas mas importantes antes comentadas son: disefio de aeronaves,
disenio de estructuras, integracién de sistemas e impresiéon FDM.

El aligerado de la estructura, la eleccion de los componentes y el montaje final
han sido las tareas que mas esfuerzo han requerido por parte del estudiante.

También ha sido necesario realizar varios ciclos de prueba y error tanto en los
calculos asistidos por ordenador como en el momento de fabricar las piezas que
componen la estructura, hasta llegar a una solucién éptima.

Finalmente se plantea un plan de ensayos de vuelo del que se han hecho efectivos
los primeros pasos, volando el dron en un entorno controlado y sin viento.

Como conclusion podemos decir que el abarcar tantas fases de desarrollo de una
aeronave en un mismo proyecto comporta una carga de trabajo considerable.

Palabras clave: multicoptero, FDM, disefio, CAD, integracion, esfuerzos.

This Project combines several disciplines of the Aeronautical Engineering to
design a multicopter with a structure that can be manufactured with FDM
techniques at a domestic environment. The equipment used is commonly used.

The most important disciplines are aircraft design, structure design, systems’
integration and FDM manufacturing.

The most challenging tasks for the student were: lighten up the structure,
choosing the components and final assembly.

To reach the optimal solution, it was also necessary to complete several try-and-
error loops both in the stress computer simulations and when manufacturing the
parts to form the structure at home.

At the end we propose a flight test campaign and evidence are shown that the
first phases of this campaign have been completed.

As conclusion, we can say that the high workload of this project has been caused
by the fact that a lot of different phases of development of an aircraft have been

covered.

Key words: multicopter, FDM, design, CAD, integration, stress.
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1.Introduccion

El objetivo principal de este trabajo final de master consiste en disefiar una
estructura ligera y funcional que una todos los componentes de un multicoptero,
asegurando una masa maxima en el despegue menor de 250 gramos.

De manera indirecta, dicho objetivo implicara llevar a cabo las siguientes tareas:

e Eleccion de componentes estudiando la compatibilidad entre ellos.
¢ Prototipado del RPAS.

¢ Optimizado del disefio.

e Calculo de elementos finitos del disefo.

e Impresion en 3D del disefio final.

¢ Vuelo de prueba.

Para lograr el objetivo se trabajaran las siguientes disciplinas:

¢ Diseno de aeronaves.

¢ Disenio de estructuras.

e Integraciéon de sistemas.

¢ Ensayo de componentes.

¢ Diseno asistido por ordenador.
e Simulaciones de esfuerzos.

e Impresion FDM.

e Manejo de aeromodelos.

1.1 Problema Propuesto

El principal reto del presente proyecto consiste en disefiar una estructura
portante que mantenga unidos fisicamente todos los componentes necesarios para el
correcto funcionamiento del RPAS, sea capaz de resistir las cargas esperadas
durante la operaciéon durante toda la vida 1til del producto y mantenga la masa total
del aparato por debajo de los 250 gramos.

Para logar tal objetivo sera necesario investigar soluciones existentes, elegir
cada uno de los componentes necesarios, integrarlos en la solucién final, y disenar,
fabricar y probar la estructura.

1.2 Objetivos
Los objetivos del proyecto son los siguientes:

e Masa total inferior a 250g.

¢ Establecer los requisitos para comenzar el disefo.

¢ Estudiar diferentes propuestas y seleccionar la solucién éptima.

¢ Estudiar la viabilidad para la fabricacién de los distintos componentes y
su orientaciéon de impresién.

e Configurar la impresion y el ensamblaje de las distintas piezas.

¢ Grabacién de una prueba de vuelo.

11
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1.3 Antecedentes

No pasara inadvertido para el atento observador el éxito que ultimamente han
tenido en el mundo del radiocontrol las aeronaves de tipo multicoptero, mas
conocidas como drones. Afos atras el aeromodelismo estaba lleno todo tipo de
réplicas y disefios ad-hoc, pero siempre del tipo ala fija y motores de combustion.

M4s adelante, comenzaron a hacerse sitio los helicépteros (también de
combustién), gracias al avance de la electrénica y la incorporacién de girdscopos ya
que sin estos era de extrema dificultad controlar este tipo de aparatos sin estar
subido a bordo, experimentando las aceleraciones y anticipando los movimientos del
aparato.

Ambas formas de aeromodelismo requerian de tecnologias no masificadas atn,
de dificil disponibilidad y alto precio: hélices y motores de combustién en miniatura,
equipos de radio AM y FM de alcance limitado y pocos canales, planos que sélo podian
conseguirse en tiendas fisicas y previo pago. Todo esto unido a la ausencia de
simuladores (programas de ordenador en los que se puede manejar un modelo virtual
con la radio para aumentar la destreza) hacia del aeromodelismo una aficién cara,
dificil y arriesgada.

1.4 Contexto

El aumento desmesurado del mercado de drones ha venido de la mano de
importantes avances tecnoldgicos. El primero de ellos la mejora en la densidad
energética de las baterias: la mayor accesibilidad a tecnologias de ion-litio o litio-
polimero ha sido determinante ya que se trata de aparatos de alto consumo y en los
que los motores de combustién son practicamente inviables por la necesidad de
respuesta tan rapida que tienen.

El segundo factor ha sido la mejora en la electrénica de control de vuelo, capaz
de lograr un vuelo estabilizado en las peores condiciones meteorolégicas gracias a la
combinacién de giréscopos, acelerémetros, una importante capacidad de calculo, y un
software con logicas de control customizadas para el aparato y de gran exactitud.

El tercer hecho importante es el desarrollo de la planta de potencia. En cuanto
a los motores: la aparicion de los motores sin escobillas o brushless, los cuales
mejoran en durabilidad y eficiencia a los motores con escobillas tradicionales,
reduciendo ademés el peso. En cuanto a la electrénica de control (variadores o
ESC’s): en cuanto a la mejora de los circuitos integrados con menor disipacién
térmica y mayor precisién en la regulacién del voltaje de salida.

Con todo lo anterior, se ha dado también la coincidencia del desarrollo y
abaratamiento de las tecnologias necesarias con un increible aumento en la facilidad
de acceso de manera minorista a proveedores de otros continentes. Plataformas como
Aliexpress o Banggood ofrecen equipos y componentes que antes s6lo se encontraban
en tiendas especializadas (al principio en sélo fisicas y posteriormente también
online) a precios muy inferiores.

En paralelo a lo ocurrido en otros sectores tecnolégicos como la telefonia mévil o
los electrodomésticos, ciertas marcas de origen chino comenzaron a hacerse un

12
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nombre salvando el estereotipo de baja calidad, como DJI, con productos muy
competitivos a precios accesibles.

1.4.1 Normativa

Dicho desarrollo acelerado ha requerido la intervencién de manera casi
extraordinaria por parte de la autoridad competente para la regulacién y control de
la operacion de los multicopteros.

La Unidén Europea se vio obligada a legislar practicamente de urgencia tras los
hechos que estaban ocurriendo tanto en nuestro continente como en el resto del
planeta. Drones manejados por aficionados empezaban a provocar accidentes e
incidentes en aeropuertos, eventos deportivos y sociales, reuniones familiares y otros
escenarios.

El principal aspecto de la normativa es que obliga a registrarse a todos los
operadores que, dentro de la categoria abierta, utilicen drones de mas de 250g de
masa maxima en el despegue y que en caso de colisién pueda transmitir mas de 80
julios a un ser humano (Anexo A). De ahi el requisito de masa del presente proyecto.

Como complemento a la informacion anterior, es de destacar que también es
obligatorio el registro si se manejan drones (en categoria abierta) con sensores
capaces de capturar datos personales (cAmara, por ejemplo), y en todos los casos para
la categoria especifica.

1.5 Metodologia

El presente proyecto comenzara sus andaduras técnicas tomando decisiones de
a nivel aeronave, y para ello, y siguiendo las directrices de la asignatura “Diseno
Avanzado de Aeronaves” del master al que pertenece este trabajo, se evaluaran
productos existentes de caracteristicas similares, estableciendo una base sdlida para
la definicién de los parametros de alto nivel.

Posteriormente se definiran los componentes a utilizar con el objetivo de tener
definidos todos los requisitos necesarios en el momento de comenzar el disefio de la
estructura del RPAS (dimensiones y pesos de los equipos, cargas a exigir, etc.)

A continuacién, se realizara el diseio como tal de la estructura, utilizando
herramientas de optimizacién topolégica al principio, pero refinando la solucién

posteriormente en Catia.

Finalmente, y siguiendo las directrices del proyecto, se planteara una campafia
de vuelos de prueba.
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2.Diseno de la Aeronave

En esta fase del proyecto seguiremos la filosofia de disefio “Top to Down”,
comenzando con el disefio de alto nivel, que en este caso corresponde a la aeronave
completa, y desde ahi bajando de nivel hasta llegar a los equipos y sus interfaces
tanto fisicas como funcionales.

2.1 Introduccién

Para dar una descripcién general del producto final que sirva para sentar las
bases de disefio, podemos seguir el camino entre el input principal y el producto final.

Comenzariamos por la interfaz humana con la que se controla el RPAS, la
emisora de radiocontrol, ella transmite sus Ordenes mediante ondas
electromagnéticas al receptor que se encuentra en la aeronave y las traduce en
impulsos eléctricos.

Este receptor se alimenta con una bateria que serd Unica y por tanto hara de
fuente de potencia de todos los elementos del RPAS. La informacion recibida por el
receptor es transferida al controlador de vuelo mediante un bus de datos, y éste
ultimo interpreta las solicitudes del operador y las traduce en cambios en las
velocidades de giro de los cuatro motores.

Los motores podrian estar alimentados directamente por el controlador de vuelo,
pero esto requeriria cables mas gruesos y pesados y una placa electrénica del
controlador mas grande y dificil de integrar. Para resolver esto, se utilizan los
moédulos ESC: circuitos de que reciben una senal de control y mediante transistores
de efecto campo y otros circuitos integrados permiten la transferencia de potencia
entre la bateria y los motores de manera controlada. En nuestro caso ademas es
necesario convertir la corriente continua de la bateria en corriente alterna de tres
hilos para los motores sin escobillas.

Finalmente, el motor provee de par y velocidad angular a las hélices, cuyo
tamano también es decisivo en el disefio global. Con el objetivo de masa maxima
como principal restriccién, debemos intentar que el RPAS sea lo mas pequefio
posible, pero dejando espacio para que las turbulencias que generan las hélices en
su entorno interfieran lo menos posible unas con otras.
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Ilustracion 1 - Esquema de conexiones de equipos eléctricos y electronicos.

2.2 Requisitos

RPAS_TL_001: MTOM inferior a 250g.
¢ Objetivo: mantenerse bajo el limite legal para necesitar licencia de
operador.
¢ Nota: condicién necesaria segun propuestas de proyectos UEM.
e Sistemas afectados: todos.

RPAS_TL_002: La estructura debe poder imprimirse mediante FDM.
e Objetivo: Facilidad de acceso para el aeromodelista aficionado.
¢ Nota: condicién requerida segin listado de propuestas de proyectos UEM.
e Sistemas afectados: estructura.

RPAS_TL_003: La relacion potencia/peso debe ser superior a 2.
¢ Objetivo: asegurar la capacidad de vuelo y un minimo de maniobrabilidad.
e Nota: requisito basado en datos empiricos, véase [Ref.1].
¢ Sistemas afectados: motor y hélice.

RPAS_TL_004: El peso de la carga de pago debe ser el maximo posible.
¢ Objetivo: dar funcionalidad al disefio y otorgar una aplicacién practica al
multicéptero.

Como se puede apreciar, no se han definido requisitos de autonomia ni alcance
minimos. Este aspecto sera el que deje margen al disefio y permitira poder cumplir
el requisito principal de peso, ya que la imposicién de autonomia o alcance minimos
impacta directamente sobre el tamano de la bateria y esto sobre la MTOM. En
cualquier caso, es relativamente sencillo el disponer de un juego de baterias e
intercambiar estas segin se vayan agotando.
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2.3 Estudio de Soluciones Similares Existentes

Para el dimensionado de los componentes que se instalaran of-the-shelf, y que
impactan directamente en la definiciéon del disefio de conjunto, es de gran ayuda el
analisis de otros productos existentes ya en el mercado y que hayan demostrado
buena capacidad tanto de vuelo como de control.

Las dimensiones y pesos de los receptores, variadores y controladores de vuelo
se encuentran bastante igualados entre los productos encontrados en el mercado. Por
otro lado, sus caracteristicas técnicas no son conocidas en drones comerciales RTF
ya que estos tres componentes suelen integrarse en una sola placa electrénica, y por
eso no seran estudiados en esta seccidn.

La mayor dificultad en la eleccién y el dimensionado de componentes se ha dado
en los motores, hélices y bateria, los cuales estan intrinsecamente relacionados entre
ellos. Para los motores ha sido imposible encontrar especificaciones de modelos
comerciales, y se ha recurrido al estudio de proyectos DIY existentes, algunos
incluidos en el apartado de hélices para mayor variedad.

En este capitulo se listan simplemente las especificaciones de los equipos
estudiados y una conclusion preliminar. La eleccion final de cada equipo se realiza
en el capitulo 2.4.

2.3.1 Bateria
DJI Mini 2 SE (249¢)

Capacidad: 2250mAh
Peso: 82.5¢g

Voltaje nominal: 7.7V
Tipo: Li-ion

Energia: 17.32Wh

Ilustracion 2 - DJI Mini 2 SE.
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DJI Mini 3 (248g)

Capacidad: 2453mAh
Peso: 80.5¢

Ilustracion 3 - DJI Mini 3.

Eachine EX5 (229g)

Capacidad: 2200mAh
Voltaje nominal: 7.4V
Peso: 80.5¢g

Ilustracion 4 - Fachine EXb5.

Hubsan Zino Mini SE (249g)

Capacidad: 2400mAh
Voltaje nominal: 7.2V
Peso: 102¢g

Tipo: LiPo

Capacidad de descarga: 8C
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Ilustracion 6 - Hubsan Zino Mini SE.

Vemos que, salvando pequenias diferencias, la tendencia es a usar tecnologias de
litio con dos células en serie y capacidades de 2200mAh por debajo de los 100g de
masa.

2.3.2 Hélices

DJI Mini 2 SE (249g)

Diametro y paso: 4.7 x 2.6 pulgadas.

Peso: 0.6g cada una.

N° palas: 2.

DJI Mini 3 (248g)

Diametro y paso: 6.0 x 3.0 pulgadas.

Peso: 0.9g cada una.

N° palas: 2.

DJI FPV:

Diametro y paso: 5.3 x 2.8 pulgadas.
N° palas: 3.
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Ilustracion 6 - DJI FPV.

Mayfly V2.0 (<250g)

Diametro y paso: 4.0 x 2.4 pulgadas.
N° palas: 2.

Ilustracion 7 - Mayfly V2.0.

Flywoo Explorer LR (145g)

Diametro y paso: 4.0 x 2.4 pulgadas.
N° palas: 2.
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Ilustracion 8 - Flywoo Explorer LR.

GEPRC Crocodile Baby (143g)

Diametro y paso: 4.0 x 4.2 pulgadas.
N° palas: 2.

[lustracion 9 - GEPRC Crocodile Baby.

iFlight Chimera 4 LR (266g)

Diametro y paso: 4.0 x 3.0 pulgadas.
N° palas: 3
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Ilustracion 10 - iFlight Chimera 4 LR.

La tendencia es a utilizar diametros de 4 a 5 pulgadas y pasos de 2 a 3 pulgadas,
la gran mayoria con 2 palas.

2.3.3 Motores
Mayfly V2.0 (<250g): 1404 3800KV
Flywoo Explorer LR (145g): 1404 2750KV
GEPRC Crocodile Baby (143g): 1404 2750KV
iFlight Chimera 4 LR (266g): 1404 3800KV

Hay una clara inclinacién por el 1404 aunque varia la relacién rpm/voltaje.

2.4 Definicion de Componentes

En este apartado recorreremos uno por uno los equipos elegidos para nuestro
RPAS, tarea realizada valorando los aspectos positivos y negativos de cada uno,
teniendo en cuenta la compatibilidad entre ellos y los datos obtenidos en el capitulo
anterior.

2.4.1 Equipo de Radiocontrol

El equipo de radiocontrol es aquel que nos permite enviar comunicarnos con el
RPAS a través del aire para controlarlo. La tecnologia en cuanto a los componentes
principales ha cambiado poco: se necesita una emisora y un receptor. La emisora es
el equipo que permanece en las manos del operador y cuenta tipicamente con dos
sticks principales que se mueven en 4 ejes, y una serie de switches y knobs
secundarios para manejar otros canales que requiera el modelo a controlar. En los
ultimos afos ha evolucionado notablemente el estandar en cuanto a las ondas de
radio utilizada: antes se utilizaban ondas de radio FM o AM con cristales de cuarzo
para elegir la frecuencia, mientras que en la actualidad se utiliza la banda de los
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2.4GHz con vinculos emisora/receptor basados en intercambios de codigo de varias
veces por segundo, lo que elimina la necesidad de los cristales y aporta una
comunicacion mas robusta y resistente a interferencias. Esta tecnologia también
permite la comunicacién bidireccional, pudiendo saber en la emisora el voltaje de la
bateria del receptor, o incluso otros parametros de telemetria como altitud,
velocidad, rpms de motor, etc.

Para este proyecto se ha buscado un equipo fiable y de conocida reputacidn,

mientras que se mantiene un precio accesible para la gran mayoria: emisora Flysky
FS-16X con receptor FS-IA6B.

Flysky produce un amplio abanico de equipos de todas las calidades y precios, y
estd haciéndose sitio entre marcas tradicionales més conocidas como Futaba, Sanwa
o Multiplex. La FS-I6X consta de 6 canales ampliables a 10, un alcance tedrico sin
obstaculos de 1500m y un sistema propio de vinculacién con el receptor. Por otro
lado, el receptor FS-IA6B puede recibir hasta 6 canales, y posee conector para
telemetria y comunicacién mediante protocolos i-Bus (propio de la marca) y s-Bus
(perteneciente a Futaba) que serd el que utilizaremos en este proyecto para
comunicarse con el controlador de vuelo (necesitando un cable entre ambos equipos
en lugar de cuatro y mejorando la velocidad de comunicacién).

Ilustracion 11 - Emisora y receptor seleccionados.

2.4.1.1 Adaptacion Emisora: Throttle Springback

Cabe destacar que ha sido necesario modificar la emisora para el vuelo con dron
asistido por girdéscopos y acelerémetros.

Por defecto y en general las emisoras que se utilizan para radiocontrol de

aeronaves vienen equipadas con un control del gas o throttle, ubicado en el eje
vertical del stick izquierdo, que mantiene la posicion; es decir, no vuelve al centro
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cuando se libera. Esto se debe a que es la configuracién mas utilizada para el manejo
de aeronaves de ala fija, drones de competiciéon, y helicépteros sin asistencia
electronica.

La situacién cambia cuando se pilotan helicépteros o drones de vuelo asistido
por girdscopos y acelerometros. En estos aparatos se busca que la ayuda electronica
limite los angulos de alabeo y estabilice el aparato en vuelo a punto fijo cuando se
liberan todos los controles y no hay inputs. Para que esto sea posible, los controles
deben volver automaticamente a su posicién central al soltarlos.

Dado que el vuelo a realizar con el RPAS objeto del presente proyecto no es para
competicidn, se ha elegido un controlador de vuelo del tipo estabilizador, como se
vera mdas adelante, y por ello se ha tenido también que modificar la emisora
adquirida para anadirle el mecanismo de auto centrado al eje vertical del stick
izquierdo.

Ilustracion 12 - Mecanismo de spring-back para auto centrado del throttle.

La operacién es relativamente sencilla y sélo requiere de un poco de mana y
algunas herramientas de uso comin. Hay que abrir la emisora, retirar el sistema de
freno del eje en cuestidén, y montar las piezas que se muestran en la ilustracién para
que el muelle se tense cada vez que se aleja la palanca del centro, y esta vuelva a su
posicién central cuando se libera.

2.4.1.2 Requisitos

RPAS_RC_001: El equipo debe garantizar un alcance de la senal de 1000m sin
obstaculos.
¢ Objetivo: no perder la comunicacion con el RPAS.
e Nota: al no tratarse de un RPAS para FPV ni con piloto automatico, se
volara siempre con contacto visual.

RPAS_RC_002: La temperatura de los equipos en contacto con la estructura no
puede superar los 45°C.
¢ Objetivo: evitar la pérdida de propiedades en el material estructural.
e Nota: la temperatura de deformacién del PLA es de 55°C.

RPAS_RC_003: El receptor debe poder comunicarse con el controlador de vuelo.
¢ Objetivo: controlar el vuelo del RPAS.
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e Nota: hay diferentes estandares y formas de comunicacién entre ambos
equipos en el mercado.

RPAS_RC_004: El receptor debe pesar lo menos posible.
¢ Objetivos: reducir peso total, dejar margen para carga de pago.

2.4.2 Controlador de Vuelo

El siguiente componente podemos decir que es el mas importante ya que sera el
cerebro del aparato en cuanto a funciones se refiere. Es el encargado de interpretar
las entradas emitidas por el operador y convertirlas en los cambios de actitud y
throttle necesarios. También consta de los acelerémetros y girdscopos para mantener
el control de vuelo en caso de desestabilizacidén por viento u otros agentes externos.

Tras sopesar las diferentes opciones del mercado, se observé que la gran mayoria
de soluciones existentes son para un montaje que requiere de ciertas aptitudes
técnicas, ya que es necesaria la micro-soldadura con estafio y el armado de
conectores.

También predominan los que utilizan sofware libre, algo bastante apreciable
pero que para el operador principiante puede volverse tedioso y demasiado complejo
de configurar.

Buscando un equipo mas “plug&play” pero de precio todavia contenido,
encontramos el Naza M Lite, fabricado por la ya famosa marca de drones DJI, y
enfocado a proyectos de montaje de drones por piezas, pero sin un expertise
exagerado.

Este controlador consta de las suficientes entradas y salidas como para gobernar
drones de hasta 6 rotores, con dos canales mas para un gimbal o rétula de dos ejes
que maneje un sensor o camara exterior, y posibilidad de conexién a antena GPS
para vuelo con retorno a casa en caso de pérdida de senal. Es importante recalcar
que reconoce el protocolo s-bus de Futaba, que puede ser activado en el receptor
elegido para este proyecto, aspecto necesario para la correcta comunicacién entre
ambos.
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Ilustracion 13 - Controlador de vuelo.

2.4.2.1 Requisitos

RPAS_FC_001: El equipo debe convertir las sefiales del receptor en vectores de
tracciéon para cada conjunto hélice y motor y enviar sefales a los variadores para
mantener el RPAS en vuelo.

¢ Objetivo: hacer volar el dron.

RPAS_FC_002: El equipo debe facilitar el gobierno de la aeronave haciéndolo
intuitivo y predecible.
Objetivo: facilitar la tarea de pilotaje.

RPAS_FC_003: El controlador debe pesar lo menos posible.
¢ Objetivos: reducir peso total, dejar margen para carga de pago.
2.4.3 Motores
Siguiendo la tendencia estudiada en el apartado 2.3.3 y también acotada la
eleccion por las opciones del mercado y precios asequibles, para los motores se han

elegido cuatro unidades del tipo 1806 y 2280KV.

El parametro numérico de cuatro cifras, 1806 en nuestro caso, se utiliza como
manera estandar de clasificacion de motores para modelismo. Hace referencia a las
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dimensiones exteriores de la parte de motor que lleve los imanes permanentes (en
nuestro caso el rotor (como en la mayoria de los motores sin escobillas para
aeromodelismo). Las primeras dos cifras son el diAmetro en mm, y las dos siguientes
la longitud o altura, también en mm.

El segundo parametro define la velocidad de giro en vacio, dandonos el niimero
de revoluciones por minuto que girara el motor por cada voltio aplicado en sus
terminales, sin carga en el gje.

Con ambos numeros, se consigue caracterizar el motor de manera no muy
efectiva ya que no se dan datos de potencia ni comportamiento bajo carga que
faciliten la eleccién. Para solucionar esto, los fabricantes de motores reputados
facilitan unas tablas de compatibilidad motor-hélice en las que segun el uso y otros
parametros recomiendan varios tipos de hélice para cada motor. En nuestro caso y
al tratarse de un producto low-cost y sin soporte del fabricante, hemos recurrido al
estudio de soluciones similares y a ensayos para optimizar la planta de potencia de
nuestro disefio.

MiTool

1 aoa-zzaﬂ"v

MiTool

1 906—2180“

Tlustracion 14 - Motores seleccionados.

2.4.3.1 Requisitos

RPAS_MOT_001: Los motores deben transmitir suficiente energia a la hélice.
e Objetivo: que la hélice proporcione la tracciéon necesaria.

RPAS_ MOT_002: Los motores deben pesar lo menos posible.
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2.4.4 Hélices

Basandonos en el estudio realizado en el apartado 2.3.2, y buscando un precio y
peso contenido, comenzamos la busqueda del tipo de hélice que mejor se adaptase a
nuestro RPAS. Cabe destacar que las opciones disponibles en tiendas online comunes
son bastante limitadas, reduciéndose los tipos de hélice encontrados a aquellos que
son recambio de otros aparatos vendidos en masa. Por el contrario, en la mayor
variedad y especializaciéon de las tiendas de modelismo, encontramos precios
mayores y gastos de envio mas elevados con plazos de entrega a veces mas largos.

Finalmente pudimos encontrar en “Aliexpress” un juego de hélices en principio
adecuado para el tamafo y peso de nuestro RPAS a la vez que compatibles con los
motores que tendremos en cuenta en el siguiente apartado. Se trata del juego
completo en el que dos giran al contrario que las otras dos, con un didmetro de 4.5
pulgadas, un paso de 3 pulgadas y un precio muy competitivo (ver apartado de
presupuesto).

Ilustracion 15 - Hélices seleccionadas.

2.4.41 Requisitos

RPAS_PROP_001: Generar la traccién necesaria para el vuelo del dron.
¢ Objetivo: hacer volar el multicoptero.
e Nota: cada hélice debe aportar minimo 125g de empuje

RPAS_ PROP_002: Las hélices deben estar fabricadas para girar dos en sentido
opuesto a las otras dos.
¢ Objetivo: permitir el movimiento de guifiada sin cambios en la altitud de
vuelo al acelerar unas y decelerar las contrarias, es decir, utilizando la
conservacion del momento angular.
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2.4.4.2 Ensayos de Hélice - Primera Opcién

Sera necesario disefiar en Fusion 360, herramienta que describiremos mas
adelante, un pequerio banco de pruebas. Constara de un soporte que permita instalar
el motor con hélice en una bascula que hara las funciones de dinamémetro.

Se utilizara una base plana, aligerada para ahorrar material, que encajara en la
base de la balanza. De ella saldran cuatro pilares inlcinados, también huecos, que
terminaran en una plataforma cuyas medidas encajan con el motor y lo mantienen
totalmente horizontal.

. SRR

Ilustracion 16 - Diseno del soporte para ensayos de hélice.

Ilustracion 17 - Soporte impreso aun con las ayudas para la impresion.
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Ilustracion 18 - Setup para ensayo.

Ilustracion 19 - Medidas de traccion y consumo eléctrico.

En bascula una sola hélice probada con motor a toda potencia otorgaba el
equivalente a 97g de traccion, lo que da un total de 388g para todo el dron y no
cumple el requisito de la ratio peso/potencia por una diferencia considerable (20%).

2.4.4.3 Segunda opcién

Tras realizar las pruebas tanto en banco como con el prototipo de madera,
llegamos a la conclusion de que la traccion proporcionada por la hélice no cumplia
los requisitos pertinentes. Con esto, se buscaron otras opciones en el mercado que
pudiesen otorgar mas tracciéon y sacar mas partido a los motores ya que con la
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primera opcidn no se aprovechaba su par. Elegimos pues unas hélices tripala del tipo
5045, es decir, 5 pulgadas de didmetro y 4.5 pulgadas de paso.

Como aspectos negativos, tenemos en primer lugar que el peso pasa de 2g a 5g
por hélice, lo que nos reduce el margen para la estructura y carga de pago en un total
de 13.6g. En segundo lugar, hay que destacar que por el hecho de ser tripala, estas
hélices tendran una menor eficiencia y por lo tanto se reducira la autonomia total
del aparato.

Ilustracion 20 - Segunda opcion de hélices.

2.4.4.4 Ensayos de Hélice - Segunda Opcion

Cambiamos ahora la hélice instalada en el banco por una del segundo tipo,
vigilando siempre su correcta orientacién para el sentido de giro, y repetimos el
ensayo poniendo el motor a maxima potencia con el mismo voltaje.

[lustracion 21 - Setup segunda hélice.
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Ilustracion 22 - Segundo ensayo.

Vemos que con esta hélice la traccién aumenta hasta 160g, un 78%, lo que nos
daria un total de 640g, y una potencia/peso de 2.6. E el aspecto negativo, el consumo
es un 235% mayor. Esto reduce la autonomia teérica a menos de la mitad.

2.4.4.5 Ensayos de Hélice - Conclusiones

Con todo lo anterior, debemos tomar la decisiéon de qué tipo de hélice instalar, o
bien considerar que nuestro RPAS tendra dos posibles configuraciones en funcién del
uso que le vayamos a dar. En uno de ellos su comportamiento sera menos reactivo,
mas lento, pero nos permitira volar durante mas tiempo y con una mayor carga de
pago, mientras que con el otro el vuelo serd mas rapido pero de menor duracién y
también menor carga de pago.

2.4.5 ESCs

Una vez elegidos los motores, la eleccién de los variadores no comporta especial
dificultad. Basta con atender al tipo de motor, con o sin escobillas, a la corriente
maxima necesaria que consumira este, y al tipo de bateria que se utilizara. El
protocolo de comunicacién con el controlador de vuelo es practicamente un standard
al igual que el conexionado fisico.

Para nuestro caso se han seleccionado variadores de la marca Fatjay, modelo

RS-7A, adecuados para motores sin escobillas, baterias LiPo de dos células en serie,
y con capacidad BEC para alimentar el receptor y el controlador de vuelo.
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Ilustracion 23 - Variador seleccionado.

24.51 BEC

De las siglas de Battery Eliminating Circuit, se trata de una capacidad anadida
a los variadores.

En lugar de como tradicionalmente se hacia, instalando un paquete de pilas o
baterias exclusivos para alimentar la electrénica del aparato (necesario todavia
cuando se utilizan motores de combustién), los variadores incorporan en sus circuitos
un regulador de voltaje con el que pueden proveer de 5V de corriente continua y
estabilizada a los equipos que lo requieran.

Con esto se logra un importante ahorro en peso, al eliminar una segunda bateria,
y en complejidad ya que se reduce el cableado y la necesidad de un segundo cargador.

2.4.5.2 Requisitos

RPAS_ESC_001: Los variadores deben proveer de energia eléctrica suficiente a
los motores.
¢ Objetivo: que los motores reciban la energia necesaria para el vuelo.

RPAS_ ESC_002: Los variadores deben pesar lo menos posible.

RPAS_ESC_003: Los variadores deben traducir las sefiales recibidas desde el
controlador de vuelo en energia transmitida a los motores con la suficiente velocidad
y proporcionalidad.

¢ Objetivo: que el vuelo sea estable y controlado.
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2.4.6 Placa Distribuidora

Explicaremos brevemente en esta seccién en qué consiste este componente dada
su extensa utilizacién en la construccién de multicéptero, pero también con la
intencién de justificar el hecho de no hacer uso de ella en nuestro disefio.

Se trata de una placa de circuito impreso que sirve para repartir los altos
consumos de energia eléctrica desde la bateria a los cuatro variadores que alimentan
los motores. Como segunda tarea a veces llevan una pequena fuente de alimentacién
(conocida como BEC) que provee de 5V estables para alimentar otros componentes
del dron como camaras, receptores o controladores de vuelo.

Partiendo del requisito de limitacién de masa y teniendo en cuenta que en un
RPAS de pequefio tamafio como el que nos ocupa las potencias a consumir seran
contenidas, hemos decidido prescindir de este equipo sustituyéndolo por soldadura
de estafio directa entre los 5 cables para cada polo, uno de la bateria y cuatro de los
variadores de cada motor.

Ilustracion 24 - Fjemplo de placa distribuidora.

2.4.7 Bateria

Se trata del componente mas importante después de la estructura en el contexto
de este proyecto, ya que de todos es el que mas impacto tiene en el peso final del
conjunto. Como hemos visto en el estudio de soluciones similares, la tendencia es a
utilizar o bien Li-po o bien Li-ion, de dos o tres celdas en serie. Atendiendo a las
necesidades de nuestros variadores y motores, y buscando el menor peso posible,
nuestra bateria sera de dos celdas en serie. Entre Li-po o Li-ion elegiremos Li-po por
su mayor corriente de descarga. Aunque esto suponga una menor autonomia, con
ello evitamos el posible fallo en vuelo por corte de proteccién de la bateria, ya que el
circuito de proteccién de las baterias de Li-ion, el BMS, prioriza la salud de las celdas
e interrumpe radicalmente la conexién sin aviso previo.

En cuanto a capacidad, las baterias encontradas en el mercado cercanas a
2200mAh (siguiendo la tendencia del estudio de mercado del capitulo 2.3.1) vemos
que muy pocas pesan menos de 120g, algo que complicaria muchisimo el disefio ya
que nos deja muy poco margen de peso para la estructura y la carga de pago. Las
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baterias de capacidades similares pero menor peso, llegan a duplicar el precio. Por
todo esto, elegiremos finalmente un modelo de 300mAh del que podemos instalar dos

2]
VZi BETAFPV 0 74v

[0 45¢/90¢

300mAh | [ 25 Lipo

unidades, repartiendo con ello el peso de manera mas uniforme y ganando en
flexibilidad para la ubicacién de éstas.

Ilustracion 25 - Bateria seleccionada.

2.4.8 Conectores y Cableado

No podemos dejar de lado cualquier componente que aporte peso, y esto incluye
el cableado necesario para conectar entre ellos todos los equipos. Los pesos de los
variadores y baterias incluyen sus cables y conectores, por lo que hemos de anadir el
cable que une el receptor con el controlador de vuelo y los dos cables de potencia,
positivo y negativo, que alimentan los variadores. Estos tres cables pesan 1.4g cada
uno, luego en total 4.2. Los conectores de las baterias que habra que soldar a los
cables de potencia son dos y pesan 1g cada uno, luego tenemos un total de 6.2g.

2.4.9 Masa Final Equipos

Una vez elegidos los componentes, realizaremos un estudio de masas del caso
mas restrictivo que nos permita conocer los margenes de que disponemos a la hora
de lanzarnos al disefio de la estructura.

Equipo | Masa (g) |Unidades | Total
Bateria 21 2 42
ESCs 5 4 20
Naza 25 1 25
Receptor 15 1 15
Motores 18 4 72
Hélices 5 4 20
Cableado 6 1 6

Total 200
Margen 50

Tabla 1 - Estudio de masas.

Vemos que dispondremos de un total de 50g para la estructura y la carga de
pago. Como aproximacion inicial consideraremos un resultado aceptable mantener
la estructura por debajo de los 40g con la intencion de disponer de 10g o mas para la
carga de pago, lo que supondria un 4% del total.
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En el caso de instalar las hélices mas pequenias y de doble pala, se reduce el peso
total en 12g, por lo que si mantenemos la estructura por debajo de 40g estariamos
contando con una carga de pago de 22g, lo que supone un 9% de 1la MTOM.

2.4.10Cargador de Baterias

Para poder utilizar cualquier tipo de baterias es necesario utilizar un cargador
compatible. Distintas tecnologias requieren diferentes gestiones de voltajes,
corrientes, balanceado de celdas y tiempos de carga. En nuestro caso, al haber elegido
baterias de LiPo, se ha buscado un cargador econémico y de uso sencillo, que cumpla
su cometido sin problemas anadidos.

Li-ion/Polymer
Balance ch

Ilustracion 26 - Cargador de baterias.

2.5 Prototipo

Una vez recibidos todos los equipos se decidi6 que para comprobar su
compatibilidad y hacer unos primeros intentos de vuelo donde valorar las reacciones
y la capacidad para levantarse del suelo de todo el conjunto, era factible construir un
prototipo de manera rapida y austera pero funcional.

Tras realizar las medidas pertinentes y calcular la distancia minima a dejar
entre las hélices, pasamos a unir entre ellos cuatro depresores linguales de uso
médico, atendiendo a que quedasen perpendiculares dos a dos y utilizando la parte
que se solapa para unirlos.

Luego recortamos un trozo de papel para realizar una plantilla con la ubicacién

de los taladros roscados del motor y también de su centro ya que el eje del motor
sobresale y lleva instalada una arandela de tipo clip por lo que necesitan espacio
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para girar libremente y no rozar. Tras recorrer los cuatro extremos de los brazos
marcando los puntos necesarios, realizamos los taladros con extremo cuidado.

Con esto pasamos a instalar los componentes y nos encontramos el primer error:
Los taladros de anclaje de los motores no son simétricos en su posicién con respecto
al cable. Si omitimos el cable, los cuatro taladros son simétricos, pero al salir este
por uno de los cuatro orificios de ventilacién y aligeramiento del estator, ya se
convierte en un setup asimétrico. Utilizaremos esta experiencia como leccién
aprendida para no repetir el error cuando comencemos con el disefo asistido por
ordenador.

Ilustracion 27 - Asimetria en el atornillado de los motores.

Para el controlador de vuelo utilizamos una goma elastica ya que debe ir firme
pero flexiblemente unido a la estructura para poder detectar bien los cambios de
actitud, y para el receptor y la bateria no aportamos soporte estructural, quedan
colgando de sus propios cables.

36




Disefio y Fabricacién de un Multicéptero mediante Impresién 3D LB Unive I"Sidad
David Rodriguez Diaz Europea MADRID

Con todo instalado hacemos un primer arranque y toma de contacto, y nos
encontramos con el segundo imprevisto. Los motores no responden de manera
proporcional a la sefial recibida, dando saltos bruscos en el aumento y la disminucién
de velocidad de giro, traduciéndose esto en vibraciones y movimientos repentinos no
controlados del prototipo.

Ilustracion 28 - Vista inferior del prototipo.

Tras un pequeno troubleshooting, descubrimos que los variadores necesitan ser
calibrados siempre tras su compra y mas delante de manera peridédica o ante la
observacién de problemas en el manejo del multicoptero.

El procedimiento de calibraciéon es sencillo pero tedioso, ya que es necesario
conectar cada variador uno por uno directamente a uno de los canales del receptor,
de la manera tradicional. Con el variador conectado, pero sin energia, se enciende la
emisora y se coloca el stick en maxima potencia, luego se energiza el variador, que
hara dos pitidos utilizando el motor como altavoz. Tras esta advertencia, bajamos el
stick rapidamente a minima potencia, y si obtenemos otros dos pitidos de
confirmacién, habremos calibrado el variador. En resumen, la electrénica del
variador necesita conocer el maximo y el minimo de sefial recibida desde el receptor
de radio para repartir en todo el rango la potencia que transfiere al motor de manera
proporcional.

Una vez calibrados los cuatro variadores, volvemos a conectar todo de nuevo y a
realizar un segundo arranque. La l6gica de funcionamiento del controlador de vuelo
utiliza un ralenti de suelo para luego facilitar el despegue y que este sea mas
controlado. Llevando ambas palancas de la emisora hacia abajo y al centro, durante
medio segundo aproximadamente, ponemos a girar las hélices a un régimen
preestablecido que no provee traccién suficiente como para despegar del suelo.

Desde este escenario, incrementamos la velocidad de giro de los cuatro motores
subiendo ligeramente la palanca izquierda de la radio con el Unico objetivo de
comprobar si los calculos potencia peso son correctos y el multicoptero es capaz de
despegarse del suelo. No intentaremos controlar ni prolongar el vuelo ya que, con la
bateria y el receptor mal sujetos, el centro de gravedad del aparato no es fijo y genera
comportamientos falsos que pueden confundir al controlador.
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Se observa que el prototipo es capaz de emprender el vuelo, aunque sin mucha
agilidad, por lo que revisamos las elecciones tomadas en cuanto a motor y hélice y
decidimos buscar una segunda opcién para las hélices como se ha explicado en el
apartado 2.4.3.2.

[lustracion 29 - Vista superior del prototipo.
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3.Diserno de la Estructura

En este capitulo se explicara paso a paso el proceso seguido para resolver el reto
principal de este proyecto, disefiar la estructura que una todos los componentes y
haga que el multicoptero pueda volar.

3.1 Requisitos de la estructura

RPAS_STR_001: La masa maxima de la estructura no puede superar los 40g.
e Objetivo: cumplir con el requisito de masa total del RPAS dejando 10g como
masa maxima de carga de pago.
e Nota: resultado de restar del total el peso de los componentes.

RPAS_STR_002: El material de la estructura debe ser PLA.
¢ Objetivo: facilitar las reparaciones y la reproduccion de la estructura por
otros usuarios.

RPAS_STR_003: Debe alojar todos los equipos necesarios: motores, variadores,
controlador de vuelo, receptor, baterias y cableado de todos ellos.

¢ Objetivo: mantener los equipos en posicién y evitar que se desconecten o
danen.

e Nota: el controlador de vuelo debe ir sobre un soporte flexible para evitar
que las vibraciones distorsionen las medidas de los acelerometros, pero de
desplazamiento limitado para que no haya errores en cuanto a la lectura
de la orientacién espacial.

3.2 Propiedades del material

Es necesario conocer las propiedades fisicas y mecanicas del material a utilizar
para poder realizar un buen disefio estructural y posteriormente los calculos de
esfuerzos, deformaciones y margenes de seguridad.

De todos los materiales disponibles en el mercado para imprimir en el entorno
domeéstico, elegiremos el PLA por su mayor rigidez, mayor accesibilidad, mayor
facilidad de impresiéon y menor precio.

La siguiente opcién mas adecuada seria el PETg, un PET al que se anade glicol
para evitar la cristalizacién, y que consigue una mayor resistencia/peso que el PLA
y también mas flexibilidad, pero con un precio un 50% mayor y un impacto
medioambiental mayor. No se considera adecuado para este proyecto ya que la
flexibilidad extra produciria deflexiones excesivas, deformaciones méas dificiles de
producir, resonancias con la vibracién de las hélices, y desalineacién de los vectores
de empuje de cada rotor.

El ABS se reserva para objetos que necesiten soportar mayores temperaturas de
trabajo o mecanizado y pintura, ya que, en otros casos, no compensaria la dificultad
en la impresién. Para imprimir en ABS es necesario trabajar a altas temperaturas y
en ocasiones aislar del entorno la impresora mediante una vitrina o armario, lo cual
complica mucho esta opcidn.
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Las propiedades del PLA una vez extruido son las siguientes:

¢ Densidad: 1240 Kg/ms3.

e M6dulo de Young: de 3.3 a 3.6 GPa

¢ Resistencia a la tracciéon: 47 MPa.

e Limite elastico: 55 MPa.

¢ Resistencia la compresion: 66 MPa.

¢ Resistencia a la flexion: 485 MPa.

e Resistencia a la fatiga (107 Ciclos): 22.2 MPa
e Coeficiente de Poisson: 0.4.

e Tenacidad a Fractura: 3MPa - m%5,

e Temperatura de deformacion: 55°C.

¢ Baja resistencia a la humedad.

e Elongacion: 3%.

¢ Punto de fusién: 145°C.

e Temperatura de transiciéon vitrea: 60°C.

e Calor especifico (1,18 103 — 1,21 103) J/Kg-°C
e Conductividad térmica: 0,13 W/m -°C

¢ Resistividad Eléctrica de 3 1017 ohmios - cm.
e Material reciclable.

Fuentes: [Ref. 3] y [Ref. 6].

3.2.1 Anisotropia

Al igual que el resto de materiales poliméricos, el PLA es is6tropo, es decir, sus
propiedades tanto térmicas como mecanicas son las mismas en todas las direcciones
del sélido. Al imprimir mediante FDM, necesitamos generar unas capas a partir de
la geometria original de la pieza, y luego el filamento de PLA se extruye y deposita
en dichas capas, lo que genera una nueva estructura interna que ya no es isétropa.
Todo esto sin entrar a valorar el infill, del que hablaremos también en el
correspondiente apartado.

Las consecuencias de la anisotropia son relativamente sencillas de reducir en
gran medida, utilizando el cruzado de capas. A modo de ejemplo podemos pensar en
el contrachapado o plywood, en el que la veta de la madera se va cruzando capa a
capa, 45° 0 90° segtn el tipo, consiguiendo con ello una mayor resistencia en todas
direcciones y mejorando las propiedades de la madera maciza.

Con la tecnologia FDM podemos hacer algo parecido. Podemos decir al software

de slicing, que rellene las capas usando un patrén de zigzag cruzado, reduciendo de
manera drastica la anisotropia del PLA impreso.
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3.3 Software de Trabajo

Para la tarea tanto de disefio como de calculo estructural utilizaremos el
Autodesk Fusion 360. Autodesk es un conocido desarrollador de software de dibujo y
calculo, cuya primera herramienta en dar el salto a la fama fue el AutoCAD, uno de
los programas mas utilizados en arquitectura e ingenieria para el dibujo técnico
asistido por ordenador.

Aprovechando que Autodesk ofrece una suscripcién de estudiante de un afio de
duracién, podemos instalar cualquiera de sus herramientas sin coste y aunque
estaran bloqueadas algunas de sus funciones, no son las mas relevantes y podremos
trabajar sin problema.

El Fusion 360 ofrece un entorno de trabajo similar a otras opciones como el
SolidWorks o el Catia. Podemos empezar con un sketch o boceto en dos dimensiones,
afiadiendo restricciones a multitud de formas geométricas y posteriormente
convertir estas formas en sélidos mediante técnicas como la extrusién, solevacién o
revolucién.

Estos sé6lidos luego pueden fundirse, restarse, moverse y suavizarse para formar
el objeto buscado.

Cuando tengamos desarrollado nuestro soélido, podemos mallarlo y luego
someterlo a cargas y fijar o restringir otras zonas para estudiar su comportamiento,
obteniendo el estrés, las deformaciones, margen de seguridad, en forma de mapeado
de colores.

Finalmente podemos trocear el solido para adaptarlo a las necesidades de la

impresion FDM y generar archivos compatibles con el programa slicer para su
postprocesado.
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3.4 Proceso de Diseno

En este apartado describiremos paso a paso todo el proceso seguido para obtener
el disefio final a partir de las inputs generadas por los capitulos anteriores.

3.5 Volumenes de Componentes

Como primer paso, generaremos unos soOlidos macizos con las mismas
dimensiones que los componentes que necesitamos instalar en el multicoptero, es
decir, las dos baterias, el receptor de radio, los variadores y el controlador de vuelo.

A estos volumenes les aplicaremos un crecimiento en todas las direcciones de un
2%, para agregar unas tolerancias que compensen las retracciones del PLA al
enfriarse y también para facilitar el montaje de los equipos.

Posteriormente, crearemos una trayectoria de instalacién para cada
componente, y construiremos un volumen de acceso que se ensanche a medida que
nos alejamos del multicéptero. Con esto nos aseguramos de que ninguin elemento de
la estructura se interpondra en la trayectoria de instalacién de los equipos.

También sera necesario crear salidas en las caras de los equipos que lo
requieran, por ejemplo, el receptor necesita el hueco para sacar las antenas, y el
controlador de vuelo tiene conexiones por dos de sus caras.

Ilustracion 30 - Voliimenes de los componentes del niicleo de la estructura y trayectorias de
instalacion.
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3.6 Ubicacion de la Carga de Pago

Es el momento de decidir dénde ira colocada la carga de pago. Las instrucciones
del controlador de vuelo recomiendan que sea el equipo mas alto y cercano a las
hélices, por lo que irda inmediatamente debajo del plano inferior de las mismas.
Pensando en los posibles equipos que podrian instalarse como carga de pago, creemos
que lo mejor es darle contacto visual directo con el hemisferio inferior del
multicéptero, por lo que se ubicara en la parte inferior delantera del cuerpo central.

Ilustracion 31 - Ubicacion de la carga de pago.

Una vez creados todos los volimenes del cuerpo central, creamos una caja que
los envuelva a todos y le restamos estos volimenes para generar los espacios que van
a ocupar los componentes.

[lustracion 32 - Envolvente de la estructura del cuerpo central.

El color amarillo que se apreciara a partir de ahora es porque hemos creado y
asignado al objeto el material con las propiedades del PLA extruido, para que llegado
el momento de los calculos el programa tenga en cuenta los correspondientes
parametros.
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3.7 Posicion de los Motores

Para situar los motores hemos tenido en cuenta dos aspectos relevantes: que las
hélices queden por encima de cualquier otro equipo, y la distancia entre los ejes de
rotacion de las mismas. El primero se hace para evitar interferencias fisicas en caso
de que sea necesario cambiar a hélices de mayor tamafio (como se contempla en
apartados anteriores de este documento). El segundo se hace directamente para
evitar que las hélices choquen entre ellas si se utiliza un tamafo maximo que
definimos en 6 pulgadas. Si se utilizan hélices mas pequenas, este espacio servira
para mejorar la eficiencia del conjunto al interferir menos las turbulencias de unas
en las otras.

En un principio se utilizaran los soportes de los motores para ubicar las patas bajo
los mismos, ya que son los que mas base de apoyo ofrecen y por lo tanto mas

[4 tecmon
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estabilidad para el aterrizaje.

Ilustracion 33 - Envolventes del cuerpo principal y de los soportes de los motores.

3.8 Envolvente para Optimizacion Topolégica

Pasaremos ahora a crear el volumen que utilizaremos para pedir al software que
nos genere una optimizacién topoldgica. Utilizaremos esta optimizacién como guia
para comenzar a definir con precisién los elementos de la estructura. Esta tarea
también se conoce como creacién del negativo, ya que estariamos creando un molde
exterior que debe envolver por completo el sélido final.

Para ello uniremos las patas al cuerpo central con el método de los triangulos,
es decir, creando planos avanzando en cada paso un segmento en cada uno de los
elementos que tenemos que unir, creando asi un brazo sélido que envolvera a la
solucién final.
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Ilustracion 34 - Envolvente completa.

Como detalle vemos que ya se ha tenido en cuenta el acceso a los tornillos de
fijacién de los motores, creando un vaciado de cilindros por el que entraria el tornillo
y el destornillador hasta la posicién final para enroscarlo.

Lanzamos entonces el calculo de la optimizacion topolédgica, aplicando las cargas

en las bases que soportan los motores, y las restricciones en las superficies en
contacto con los equipos, con el siguiente resultado:

© @ westBee Eudotion. [

. bl o QB _
Ilustracion 35 - Optimizacion topologica.

Observamos que el software elige el camino mas corto entre los motores y el
cuerpo central, manteniendo la mayor altura posible en el brazo ya que esto le da
rigidez en el eje z. las patas intenta unirlas al cuerpo central en lugar de a los
motores, por lo que cambiaremos el disefio preliminar para adaptar nuestra solucion
a estos resultados.
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3.9 Definicion de la Estructura

Una vez analizado el output de la optimizacién topoldgica, nos disponemos a
disenar la primera iteraciéon de la estructura. Para ello restamos a la caja central
todo el volumen no necesario para contener los equipos, y desde sus aristas tomamos
el camino mas corto hacia las bases de los motores. Construiremos unas envolventes
de brazo a la que luego aplicaremos unas perforaciones para con ello generar cuatro
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tirantes dos inferiores mas gruesos porque trabajaran a traccién, y dos superiores
mas finos porque trabajaran a compresiéon la mayor parte del tiempo.

Ilustracion 36 - Envolventes para brazos.
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Ilustracion 37 - Superposicion con los resultados de la optimizacion topologica.
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3.10 Reduccion de Masa

Hacemos una primera consulta de masa y vemos que nos sale un valor cercano
a los 100g, mas del doble de nuestra masa objetivo, por lo que comenzamos a aligerar
retirando material de manera que se creen geometrias resistentes con el menor
material posible.

Entre las técnicas utilizadas para aligerar constan las siguientes:

e Eliminacién del material central en brazos y patas, ya que este es el que
menos carga soporta en relacion con su peso, concentrandose siempre las
cargas de flexion en las areas mas alegadas de la linea neutra.

e Perforacién de elementos que no requieran trabajar a traccion.
Reducimos asi la seccién de estos elementos hasta el limite que les
permita trabajar a compresion.

e Rebaje del espesor en las caras planas, generando membranas donde la
carga es baja y el pandeo no es factible.

e Perforado de membranas mas exigidas.

@RI

T
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Ilustracion 38 - Fjemplo de aligeramiento ycréac]ro’-n de tirantes.

Con todo esto, conseguimos reducir la masa a 47g, todavia un valor insuficiente
para el objetivo buscado.
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Con mayor dificultad, comenzamos a buscar candidatos para aligerar en partes
del disefio mas pequenas y que por lo tanto también ofrecen menor mejora.
Utilizamos también extensamente la creacion de radios de acuerdo que en el futuro
permitiran reducir las concentraciones de esfuerzos y alcanzar los mismos valores
de rigidez y resistencia con menos material.

&S O- B8

Ilustracion 39 - Ejemplo de aligerado de partes mas pequenas.

3.11 Generacion de la Malla

Para poder pasar al calculo de esfuerzos, es necesario primero generar la malla
que definira los elementos finitos sobre los que se realizara el calculo.

Para ello, Fusion 360 nos ofrece ya dentro del apartado de simulacién una
utilidad de mallado muy simplificada pero méas intuitiva que la de otros softwares.
Permite mediante unos deslizables elegir el tamafno de malla en funcién del tamano
del objeto, con porcentaje, y la opcién de adaptar el tamano del elemento a la

geometria de cada zona se resume con una casilla donde se activa o desactiva.

Ilustracion 40 - Detalle del mallado.
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En opciones avanzadas permite definir otras variables pero que no influyen de
manera importante en el resultado final.

Cabe destacar que esta parte del proyecto ha consumido mucho mas tiempo del
previsto, ya que la generacién de radios de acuerdo en toda la pieza (para evitar
concentraciones de esfuerzos y aligerar, como se ha explicado anteriormente) hace
que aparezcan en las intersecciones de ciertos elementos estructurales superficies de
geometrias que hacen que el mallado de error. Ejemplos de esto son: superficies de
tamano muy inferior al del elemento definido, superficies muy alargadas y estrechas,
o superficies con mas de un angulo muy agudo.

Todos estos casos requirieron volver al apartado de disefio para mediante
bocetos, extrusiones, eliminaciones y otras herramientas, eliminar la superficie que
estaba causando los problemas.

0 HAVEGDCR .
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Ilustracion 41 - Mallado final.
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3.12 Calculo de Esfuerzos

1
b

LY. Hls

Pasamos finalmente a calcular los esfuerzos sufridos por los elementos finitos
creados con el mallado, y a analizar los resultados.

Estudiaremos principalmente tres casos:

LYTT O

VR, b

Ascenso brusco: maxima traccion de las hélices; restringiremos las bahias
de la carga de pago y aplicaremos la traccién maxima de los motores en
las caras donde apoyan los tornillos que los sujetan, en direccién
ascendente.

Golpe vertical: simularemos una caida libre de 9g’s. Este niimero se elige
por ser el equivalente a 50cm de altura como pide el requisito establecido
anteriormente. Restringiremos las bases de las cuatro patas y
aplicaremos el equivalente a las 9g’s de todos los componentes y la carga
de pago.

Golpe lateral: mismo caso, pero cambiando la direccion del golpe.
Fijaremos la cara lateral exterior de uno de los brazos y aplicaremos el
equivalente a las 9g’s de manera proporcional en las ubicaciones de los
cuatro motores y de la carga de pago y bahia de equipos.

. 488 g-TE

llustracion 42 - Andlisis ascenso brusco.
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llustracion 43 - Andlisis golpe vertical.

3893 max
Gowag el - .T

Edric ™ =

ven ez

Ws [
-
L
i

Nados: 350049
Flermanios 54767

CEMETARE ® dES T IS W@ o 30 et

llustracion 44 - Andlisis golpe lateral.

Vemos que, de todos los escenarios, el de caida libre vertical es el mas exigente.
El esfuerzo maximo obtenido, de 13.2MPa, no supera el limite elastico estudiado de
55MPa del PLA, y ni siquiera el de fatiga de 22.2MPa, por lo que podemos decir que
el disefio es adecuado.
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3.13 Cambio en el diseio tras la Primera Impresion

Como se vera mas adelante, fue necesario redisenar las patas del multicoptero
ya que los tirantes tan finos impresos en direcciones cercanas a la perpendicular
resultaban desalineados, restando gran resistencia al conjunto de cada pata.

Para solucionarlo, se crearon dos conos oblicuos concéntricos, para después
restar el interior al exterior y generar un cono hueco de medio milimetro de pared.
Se repitio el analisis en la zona de las patas observandose menores valores de estrés
que con el disefio anterior. También se aprecia mucha mayor resistencia en
comparacion con la solucién anterior una vez en la mano después de haberlo impreso.

También fue necesario aumentar el diAmetro de los taladros para los tornillos

de los motores, y los huecos para las tuercas de la carga de pago, ya que el margen
utilizado no fue suficiente para compensar la retraccién del PLA.
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4.Fabricacion de la Estructura

4.1 Descripcion y Especificaciones de la Impresora Utilizada

Para imprimir los s6lidos generados y que conformaran la estructura final del
multicéptero, disponemos de una impresora de la marca Anycubic, modelo 13 Mega
S. Se trata de una impresora ideal para principiantes, con un precio por debajo de
los 200€ y que viene lista para montarse con tan solo apretar 8 tornillos.

El volumen de impresién es de 210x210x205mm, consta de base calefactada para
mejorar la adherencia sin necesidad de productos quimicos, y la boquilla estandar es
de 0.4mm. Puede imprimir alturas de capa desde 0.1 a 0.4mm, el calibrado de la
cama de impresion es manual y las temperaturas maximas son 100°C para la cama
y 275°C para el extrusor. Incorpora una pantalla tactil a color para su manejo, y tiene
sensor de filamento para cortar la impresién en caso de que se acabe el carrete.

ANYCUBIC MIEEGA -5

Ilustracion 45 - Impresora Anycubic 13 Mega S.

4.2 Software de Trabajo

Para preparar los sélidos a imprimir es necesario utilizar un software especifico.
Hemos de aclarar que el Fusion 360 incorpora una utilidad para preparar los objetos
para su impresion 3D, pero se ha utilizado el Ultimaker Cura por su sencillez de uso
y por estar ya configurado para la impresora utilizada.

Este tipo de programa se conoce como slicer, ya que su funcién principal es
convertir el sélido a imprimir, en una serie de capas que el extrusor ira creando
gracias a los motores paso a paso que manejan los tres ejes del espacio y a uno mas
que extruye el filamento a través de la boquilla.

Las funciones del software van mucho mas alld ya que permite modificar
infinidad de variables como el espesor de las paredes laterales o verticales, la
cantidad y tipo del relleno o infill que se hace a la pieza, la velocidad de impresién,
temperaturas de la cama y el extrusor, y un larguisimo etc.
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4.3 Generacién del gCode

El uso del slicer es bastante intuitivo, se comienza cargando el archivo generado
con el Fusion 360, y el s6lido aparece en el volumen de impresion.

Podremos entonces orientarlo y desplazarlo a nuestro antojo, para buscar la
posicién y orientacién 6ptima. Luego definiremos todos los parametros para el slicing
y la impresién, y podremos hacer un primer “capeado”’. El resultado se puede
previsualizar capa a capa para hacernos una idea de lo que va a ocurrir en la
impresora.

Cabe destacar la capacidad del Cura para crear soportes que compensen el hecho
de que las impresoras FDM no pueden imprimir en el vacio, necesitan siempre,
aunque sea parcialmente, solaparse con una capa inferior para poder general
voladizos. Esto se resuelve creando unas torres desde la base de impresién o desde
la misma pieza si es posible.

Ultimaker Cura 2

Bow Qo don

b [0
n =

© 4 hours somirnutes ®
@ 55 1059

Ilustracion 46 - Vista inferior de la primera impresion realizada.

Una vez estemos conformes con el resultado, podremos general el gCode. Se trata
de un archivo en el que la impresora encontrara paso a paso todas las instrucciones
necesarias para imprimir el objeto. Estos archivos pueden abrirse con el editor de
texto y modificarse, aunque no se recomienda porque es muy sencillo introducir
algtn error en la sintaxis del lenguaje y estropear la impresion.

Este cédigo se vuelca en una tarjeta SD que luego se introducira en la impresora
y sera leida para fabricar la pieza.
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4.4 Secado del Filamento

Al trabajar con PLA el aspecto mas importante a tener en cuenta es la humedad.
Se trata de un material higréfilo y que pierde cualidades para la impresion si
dejamos que absorba la humedad del ambiente. En concreto, lo que ocurre con el
agua es que, al llegar al extrusor, se evapora y genera unas pequenas explosiones
que se traducen en una impresion porosa, desalineada y debilitada.

Existe una amplia oferta de dispositivos para el secado y la conservacién de los
filamentos, pero la realidad es que dejar el carrete algo mas de una hora en el horno
de la concina con temperaturas inferiores a 50°C es igualmente valido.

Ilustracion 47 - Secado de filamento al horno.

4.5 Ajuste de la Impresora

Como preparaciéon para la impresién Unicamente es necesario revisar la altura
de los desplazables laterales del eje z, ya que al no estar los husillos conectados entre
ellos fisicamente, ocurre que a veces uno de ellos termina la impresién anterior mas
alto, o mas bajo que el otro, lo que hace perder la horizontal del eje x en la siguiente
impresion.

Posteriormente se limpia con alcohol la superficie de impresion para asegurar la

adherencia de la primera capa de la pieza, y con esto podemos poner a precalentar
la impresora especificando que el material sera PLA.
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4.6 Impresion

Una vez caliente el extrusor y la base, podremos lanzar la impresion para que
comience a fabricarse la pieza. Poco a poco la maquina ira depositando el PLA capa
por capa hasta llegar a la altura final y completar el sélido.

Conviene vigilar la construccion de la primera capa al completo, ya que es la que
mas se ve afectada por una mala calibracién y puede despegarse por el arrastre del
inyector y la viscosidad del PLA fundido. Si esta primera capa se adhiere bien a la
base, las probabilidades de éxito de la impresién son muy altas.

Ilustracion 48 - Primeras capas de los componentes de la mitad inferior del multicoptero.

Una vez terminado, tendremos que esperar a que la base se enfrie hasta la
temperatura ambiente lo que hara que la pieza se despegue con muy poquito esfuerzo
por nuestra parte.

Faltaria retirar de la pieza los residuos y los soportes que hayan sido necesarios
y ya estaria lista para la siguiente fase: el pegado.
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Ilustracion 49 - Primeras capas de la parte superior del multicoptero.

En el primer intento de impresién se intent6 reducir al minimo el postprocesado
de las piezas, dividendo el disefio lo menos posible, y se generd el gcode que se observa
en la siguiente ilustracién:

Ultimaker Cura PREPARE

pe Layerview clor scheme. Line Type

© 3% Hormel-02mm B oo Qo oA

Print sattings
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s

4 mo

& support
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| & euildPlata Adhesion

$%  ounl Exerusion

| Recommendsa

4 @ 4howrsseminutes 6]
| @ - wmm
B |

Ilustracion 50 - Primer intento de impresion.

El resultado no fue adecuado ya que los soportes invadieron todo el interior de
la pieza y resultaron ser mas resistentes que algunas partes de ellas, por lo que era
bastante dificil extraerlos sin danar el producto final. Ademas, se demostré que la
geometria elegida para las patas era demasiado fina para la impresora. La
resistencia era tan baja que se rompieron simplemente al manipular la pieza.

57




Universidad
Europea MADRID

Disefio y Fabricacién de un Multicéptero mediante Impresién 3D

David Rodriguez Diaz

Ilustracion 61 - Resultado del primer intento de impresion.

[lustracion 52 - Detalle de los soportes imposibles de retirar.
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5.Montaje de la Aeronave
5.1 Montaje

El primer paso consiste en pegar las piezas que resultaron de cortar el modelo
para suimpresiéon FDM. Para mayor facilidad y simplicidad, conviene realizar dichas
uniones comenzando por las piezas mas bajas e ir subiendo, ya que asi podemos ir
colocando encima algin objeto pesado que ayude a mejorar la adhesion. Esta
operacién sera mas sencilla si utilizamos las patas propias del multicoptero para
apoyar.

llustracion 53 - Estructura completa (1).

Ilustracion 54 - Estructura completa (11).
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llustracion 55 - Estructura completa (l1).

llustracion 56 - Peso de la estructura completa.

Una vez compuesta la estructura, pasamos a instalar todos los componentes
sobre ella, uno por uno, y con todos ellos en posicion, comenzamos a soldar las
conexiones eléctricas segin convenga para el correcto funcionamiento del
multicoptero. En total hacen falta 20 soldaduras. Cabe mencionar la importancia en
la colocacién de los motores y sus hélices, ya que dos giran en sentido opuesto a los
otros dos, y para ello las roscas de los motores también son dos a derechas y dos a
izquierdas.
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llustracion 57 - Multicoptero completo (1).

llustracion 58 - Multicéptero completo (Il).
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llustracion 59 - Multicoptero
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5.2 Configuracion del Controlador de Vuelo

El controlador de vuelo utilizado es configurable mediante una herramienta de
software proporcionada por el fabricante DJI. Como punto a destacar, la instalacién
fue nada intuitiva y bastante laboriosa ya que el driver esta sin actualizar desde
Windows Vista, y tanto Windows 10 como 11 no lo reconocen o lo tienen en su lista
negra. Fue necesario reiniciar varias veces el ordenador en modo “a prueba de fallos”
y en modo “permitir drivers no firmados” para conseguir que el programa se
comunicase correctamente con el Naza M.

5.2.1 Software de Trabajo

Una vezinstalado el Naza M Lite Assistant, que es como se denomina el software
de configuracién del control de vuelo, presenta varias pantallas en las que podemos
comprobar multitud de parametros. Se expondran aqui sélo las requeridas para
configurar nuestro multicoptero en cuestion.

S — ) .
L]
& = € (]
B A ed Tools Uparade Infa
Basic Advanced
Mounting Rircraft Motor
GPS Location Mixer Type: NONE Motor Idle Speed: MOME
w Demn Cut Off Type: MOMNE
Y Ocm RC
¥t Oem Receiver Type:  MOME b
Failzafe Methods: NOME
Gain i
Fitch Rall ¥ Werical
e ° w sriea Intelligent Orientation Control:  NONME

Basic  [100%||INH ~| [100% |[INH ~| [100%|[INH ~| [100%][INH ~

Attitude  [100% | [INH + | |100% | |[INH Gimbal

Fhanna Maraiar Gimbal Switch: MONE
NN IR RN Trvrrrrrrrrinninnnald

--» —_— 0 | > ———— | 0 Voltage
INEREEEREEY SRR RN D Tl D PrDtECtIDnSWItCh NONE
IRIRIRIRIE) IRRRRRAREE AN, 0 1 RN RN IRI AR 0 Current Yoltage: MOME
i . Battery Type: MOME
(AR ENEEN SRR RERE NN D

-a» e First Level Protection: MOME

Second Level Protection: NOME
Online Help

MODE: (RIS

llustracion 60 - Herramienta de configuracidn del controlador de vuelo ().
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En esta primera se presenta el estado actual de configuracion del controlador y
algunos parametros para que pueda comprobarse, como por ejemplo la calibracién
de los controles o el estado de la bateria.

NAZA'M LITE English +

(]

Infa

Aircraft Mounting

S 7\
, | ()
Mo/ g /4

- &

Hexa-rotor IY

1. Make sure the rotation direction of each
rantor is the sarme as the disgrarn shows. If
not, swap over any of two wite connections
of the incorrect motor to change its rotation
direction.
2. Mlake sure the type of propeller matches the
rotation direction of the motor Blue
propeller is at Top; Red propeller 1= at

default
Bottom.

MODE: RIES

llustracion 61 - Herramienta de configuracion del controlador de vuelo (Il).

En la segunda captura podemos ver las distintas configuraciones de rotores que
el controlador puede gestionar, hemos de elegir la nuestra, y asegurarnos que tanto
los motores como las hélices estan montados segiin el dibujo.
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NAZA-M LITE
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Receiver Type
() Tradition () D-Bus O PPM
Comimand Sticks Calibration Sticks Monitor
* Illllllllléllllllllll L O O T T T R T Y O O B O |
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i - & RV | -
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1. Select the model type of the TX as AFRO.
2. Set all curves (pitch, theottle, expo, rates, n""""".&""""" REV
etc) as defanlt. Set the endpoints of all i}
channels to default walues (100%) and all Calibration START
trirns and sub-trims to zero.
TX Sticks Calibration Control Mode Switch

1. Click the START button and then raove all
of the T sticks thromghout their complete GPS Failsafe Atti, Failsafe
travel range several times.

2. Onee the hove procedure is complete, click n
the FINISH button.

Important
If o change the travel adjust of the T, redo
the ghore Calibration.

TRUT: (o]}

llustracion 62 - Herramienta de configuracion del controlador de vuelo (ll).

En la tercera pagina se encuentran las utilidades de calibracién tanto para los
canales de la emisora como para un switch que nos permita cambiar entre los modos
de vuelo del controlador.

NAZA-M LITE

(]

Info

Gain Adjustment

What is the Gain Pitch Roll e Werical
» Ifhasic Gain is too large, you will find the
aircraft oscillating in the comresponding Basic Gain [100% | [1oo% | [1oo% | [s0%
direction. If too small, the operation and
stability will not be so good or control Remote Adjust INH e INH % INH % INH ¥
could even be lost. ; s
o Attituds Gain dsterniines the rsastion el 0% It |
speed of attitude with coromand stick Remate Adjust IMH - INH -
ingut, the larger the value the quicker the
reaction. [ncrease it for sharper and quicker
leveling action.
Why Gain Adjustment is Necessary
Different aircraft have different gains, so that
you can setup the Gan manually according to
wour aircraft to have a precise flying experience.
Tips
» The Pitch/Foll Gain of hexa-rotor are
usually higher than a quad-rotar.
* Ifthe aircraft parts are not compatible, you
carmot get good flight experience by default
adjusting the Gains.

TRLUT: o]

llustracion 63 - Herramienta de configuracion del controlador de vuelo (1V).
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En la cuarta y ultima, aparecen en forma de ganancias los valores que podemos
configurar para el control PID del multicéptero. Estos seran los que mas dificultad
entrafiaran ya que deben ir modificAindose mediante prueba y error hasta que se
consigue un vuelo estable y de reacciones suaves, pero sin perder reactividad para
poder controlar el RPAS sin desestabilizarlo lo suficiente como para sacarlo de su
envolvente de actitud.

66




Universidad
Europea MADRID

Disefio y Fabricacién de un Multicéptero mediante Impresién 3D

David Rodriguez Diaz

6.Plan de ensayos

Por dar un cierre con sentido practico al proyecto y similitud con las actividades
de la vida real, se plantearda un plan de ensayos a seguir con las primeras unidades
del multicéptero que se fabriquen.

Antes de cada intento es necesario pasar una pequefa checklist:

-‘-Tomar todas las medidas necesarias de seguridad para evitar danos
personales y materiales.

-Comprobar que todas las conexiones estan correctas.

-Asegurarse de que se utilizan baterias con carga suficiente.

-En caso necesario, calibrar los variadores.

-Activar siempre primero la emisora y luego el dron, y desactivar en el orden
contrario, primero el dron y luego la emisora.

-Tras todas las comprobaciones, conectar las baterias, situarlo en horizontal
y alejarse convenientemente.

Secuencia propuesta:

e Toma de contacto: en un espacio abierto, sin obstaculos y sin viento. El
operador debera colocarse a una distancia que le permita distinguir la
orientaciéon del RPAS pero sin ponerse en peligro en caso de pérdida de
control. El objetivo es familiarizarse con los controles y las reacciones del
aparato.

e Calibracién de ganancias: en esta etapa debe repetirse las veces necesarias
el ciclo: vuelo de prueba - configuracién de las ganancias en el ordenador,
hasta que se consiga un vuelo estable y facilmente controlable.

e Performance: en esta etapa se agregaria la carga de pago correspondiente
a la configuracién de las hélices instaladas, y se harian vuelos con ambas
configuraciones para comparar la maniobrabilidad y autonomia de cada
una de ellas.

6.1 Resultados

En el momento de finalizar este documento, se ha conseguido volar el
multicéptero y nos encontramos en la fase de ajuste de ganancias. Se incluyen fotos
en vuelo a continuacion.
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llustracion 64 - Multicéptero en vuelo (1).
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llustracion 66 - Multicoptero en vuelo (lll).
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7.Conclusiones

Tras la realizacion de este proyecto se han recopilado las siguientes conclusiones:

e Ha resultado de muy alta complejidad y consumo de tiempo la eleccién
de componentes compatibles entre ellos. Tanto los diferentes estandares de
comunicacién entre equipos como la compatibilidad motor-hélice, motor-variador,
bateria-variador, hacen que desde la silla y sin experiencia previa sea muy dificil
elegir un setup y acertar a la primera. Es ademas paradéjico el hecho de que para
algunos componentes el mercado ofrezca un numero abrumador de opciones
mientras que para otros lo dificil sea encontrar una opcién que se adapte a nuestras
necesidades.

¢ Se puede observar que los motores y hélices elegidos para este proyecto
estan sobredimensionados: Con motores y hélices de menor tamafio, conseguiriamos
ahorrar en peso en cuatro aspectos diferentes: los propios motores y las propias
hélices, los variadores también podrian ser mas pequenios y por ultimo la estructura
podria tener los brazos mas cortos. Con todo esto, podriamos optimizar una relacién
potencia/peso mas cercana a 2, pudiendo llevar cargas de pago mucho mas
relevantes.

e E1 Naza M no es el controlador 6ptimo para este tipo de multicoptero:
tanto por su tamafio como por su peso, queda de manifiesto que este controlador esta
enfocado a multicopteros de pesos mucho mayores que el de este proyecto. Existen
controladores sin caja que pesan un 75% menos, pero requieren microsoldadura, y
son mas complejos de configurar, sin que el precio se diferencie mucho del Naza M.
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8.Desarrollo Futuro

Aparte de los desarrollos que se infieren de las conclusiones anteriores, como el
uso de motores y hélices mas pequenos, y controlador de vuelo y receptor de menor
tamano y sin caja contenedora, se valoran también los siguientes:

e Utilizacion del mismo principio de disefio de las patas en los brazos para los
motores, es decir, disefiar unos brazos de tipo membrana en lugar de con
tirantes, que aporten un espacio para instalar los variadores y que reduzcan
el peso.

¢ Ejemplos de usos para la carga de pago:

oSniffer: dispositivo capaz de tomar y analizar muestras de aire en
tiempo real, almacenando los resultados en un datalogger que puede ser
leido tras el vuelo. Este dispositivo puede utilizarse por ejemplo para
medir niveles de contaminacién atmosférica en zonas de dificil acceso
como en plataformas petroliferas.

oLidar: los radares basados en tecnologia laser son cada vez mas
pequeiios y funcionales, son capaces de “leer” el terreno de cultivo para
posteriormente adaptar el abonado a las necesidades de cada zona, o de
realizar un escaneado de una estructura estatica para buscar
deformaciones o defectos.

oMas obvio, pero no por ello menos importante, se puede instalar una
cidmara de video capaz de transmitir en tiempo real (FPV) o que grabe
y almacene para su posterior descarga. El primer caso podria ser para
un uso de inspeccién de instalaciones de dificil acceso como torres de
aerogeneradores, alta tensién, o chimeneas, y también, por qué no, como
uso recreativo ya que el ver a través de unas gafas como si estuviésemos
realmente montados en el multicoptero proporciona una experiencia
muy dindmica y entretenida.

Para poder instalar cualquiera de estos dispositivos se ha dotado al multicéptero
de cuatro tuercas metéalicas de rosca M3 capaces de soportar el peso y las inercias de
la caga de pago. Van ubicadas en la parte delantera inferior, maximizando la
visibilidad y alejandose en lo posible de los motores para reducir las interferencias
al maximo.
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9.Presupuesto
Concepto Cantidad P]EZ()HO Tz)€t)a !

Bateria LiPo 2 18,5 37
Cargador baterias 1 31,07 31,07
ESCs 5 9,19 45,95
Motores 4 7,71 30,84
Hélices 4 6,3 25,2
Controlador de
vuelo Naza M Lite 1) 108,031 108,03
Emisora FlySky
FS-I6X 1 55,57 55,57
Cables y ' 1 3 3
conectores varios
PLA Estimado 0,2 17 3,4
Consumo
estimado 6 0,15 0,9
Impresora
Klt‘throttle 1 8,09 8,09
springback

Total 349,05

Tabla 2 - Presupuesto.

72




Disefio y Fabricacién de un Multicéptero mediante Impresién 3D Unive I"Sidad
David Rodriguez Diaz Europea MADRID

10. Bibliografia

Ref. 1: Drone Motor Calculator. Szyk, Bogna. 2023.

https!//www.omnicalculator.com/other/drone-motor#:~'text=In%20most%20cases%
2C%20vou%20should,example%2C%20for%20aerial%20photography).

Ref. 2: Propeller Thrust Estimator. Fly Brushless Statistics.

https://www.flybrushless.com/tools/thrustCalc

Ref. 3: Acido Polilsctico. Plasticos Brello.

https://plasticos-brello.com/material/pla-acido-polilactico/

Ref. 4: La importancia de la 1sotropia en la impresion 3D. filament2print.

https:/filament2print.com/es/blog/91 isotropia-impresion-3d.html

Ref. 5: Como se comporta una pelicula de dcido polilactico. Hitachi.

https://paralab.es/blog/hitachi-como-se-comporta-una-pelicula-de-acido-polilactico-
pla/

Ref. 6: Propiedades y Limitaciones del PLA. Universitat Jaume I.

https://sites.google.com/view/poliacidolactico-coma/polidcido-
lactico/propiedades-del-pla

73



https://www.omnicalculator.com/other/dronemotor#:~:text=In%20most%20cases%2C%20you%20should,example%2C%20for%20aerial%20photography).
https://www.omnicalculator.com/other/dronemotor#:~:text=In%20most%20cases%2C%20you%20should,example%2C%20for%20aerial%20photography).
https://www.flybrushless.com/tools/thrustCalc
https://plasticos-brello.com/material/pla-acido-polilactico/
https://filament2print.com/es/blog/91_isotropia-impresion-3d.html
https://paralab.es/blog/hitachi-como-se-comporta-una-pelicula-de-acido-polilactico-pla/
https://paralab.es/blog/hitachi-como-se-comporta-una-pelicula-de-acido-polilactico-pla/

Universidad
Europea MADRID

Disefio y Fabricacién de un Multicéptero mediante Impresién 3D

David Rodriguez Diaz

Anexo A

MINISTERIO DE a

TRANSPORTES,

MOVILIDAD Y AGENDA A E S A AGENCIA ESTATAL
URBANA DE SEGURIDAD AEREA

REGISTRO Y OPERACION DE UAS DE MASA MAXIMA AL DESPEGUE (MTOM) INFERIOR A 250
GRAMOS

Desde el 31 de diciembre de 2020 es de aplicacion el nuevo marco normativo europeo de UAS (Reglamento de
Ejecucion (UE) 2019/947 y Reglamento Delegado (UE) 2019/945), que afecta a todas las operaciones de UAS
independientemente de su uso (recreativo/profesional) o de su tamafio/peso y esta centrada en el riesgo de la
operacion. En la normativa se distinguen tres categorias operacionales, de menor a mayor riesgo. Estas son:
‘abierta’ (A1, A2 y A3), ‘especifica’ (STS y autorizacién operacional) y ‘certificada’. De este modo, el vuelo de
UAS/drones esta sujeto a reglas generales de operacion condicionadas, entre otros, por las especificaciones
de los UAS, como su peso, la presencia de personas o la cercania a edificios.

De acuerdo a lo especificado en el articulo 14 del Reglamento de Ejecucion (UE) 2019/947, todos los operadores
de UAS deberan registrarse siempre que cumplan con alguno de los siguientes criterios:

1. En operaciones dentro de categoria ‘abierta’:

a. Que utilicen un UA con masa maxima al despegue (MTOM) de 250 g o mas, o que, en caso de
colision, pueda transferir a un ser humano una energia cinética superior a 80 julios: y/o,

b. Que utilicen un UA que tenga equipado un sensor capaz de capturar datos personales (una
camara, por ejemplo), salvo que sea conforme con la Directiva 2009/48/CE (“Directiva de
juguetes”).

2. En operaciones dentro de cateqgoria ‘especifica’:

a. Que utilicen un UA de cualquier MTOM.

Por tanto, y teniendo en cuenta lo anterior, aeronaves del tipo DJI Mavic Mini o Mini 2, Hubsan Zino Mini Se ¢
Xiaomi Fimi X8 Mini entre otros, pese a tener una MTOM < 250 g, requieren registro como operador de UAS
para volar en categoria ‘abierta’, ya que disponen de dispositivo que permite la captura de datos personales
(camara, por ejemplo) y su tipologia no tiene cabida en la Directiva Comunitaria 2009/48/CE, al no ser
considerados como juguetes por parte de los fabricantes. Por otro lado, existen UAS de MTOM < 250 g vy sin
sensores de captura de datos pero que por la velocidad maxima que alcanzan superarian los 80 julios de energia
cinética y por tanto también requieren registro como operador de UAS; ejemplo de ellos podrian ser los drones
de carreras o comunmente denominados “racers”.

Es importante sefialar que el nimero de registro de operador de UAS debera ir colocado de forma visible en la
propia aeronave, y para operaciones dentro de categoria ‘especifica’ ademas debera registrarse la aeronave
utilizada en el perfil web del operador en la sede electrénica de AESA.

En cambio, aquellas aeronaves no tripuladas con MTOM < 250 g, aunque tuviesen camara, micréfono, etc., pero
que cumplan con la “Directiva de juguetes” y asi se indique en el producto o documentacién facilitada por el
fabricante, no se les requiere el registro como operador de UAS para volar en categoria ‘abierta’.

Asimismo, para volar un UAS se requiere disponer de un minimo de formacion en funcién de la categoria
operacional en la que se opere, siendo la categoria ‘abierta’, la que retine operaciones con menor nivel de riesgo
operacional. Esta a su vez, se divide en tres subcategorias denominadas: A1, A2 y A3.

Los UAS aptos para vuelo en la subcategoria A1 se corresponden con los mas ligeros de masa maxima de
despegue. En esta subcategoria, se requiere que el piloto esté, familiarizado con las instrucciones del
fabricante o bien haber realizado formacion impartida por la Agencia Estatal de Seguridad Aérea, para la
obtencién de una prueba de superacion de formacion en linea tras la superacion de un examen en linea, ambos
gratuitos. Para mas informacién respecto a la formacién de pilotos a distancia en categoria ‘abierta’, pinche aqui.

Finalmente recordar que, ademas de las reglas generales de operacion, existen limitaciones y requisitos
adicionales en funcién del lugar de vuelo. AESA facilita una guia sobre estas limitaciones aqui. Es
responsabilidad del operador del UAS y del piloto a distancia, realizar siempre la verificacion del lugar de
operacion previo al vuelo, y recabar las coordinaciones, permisos y/o autorizaciones necesarias para poder
acometer la operacién pretendida.

DOCUMENTACION PUBLICA FPASEO DE LA CASTELLANA |12

La clasificaciin de este documento indica & nivel de seguridad para su tratamiento interno en 28046 MADRID
AESA. 5i el doaumento le ha llegado por los cauces legoles, no tiene ningdn efecto para usted TEL: +3491 396 8450

CORREO ELECTRONICO:

drones.aesa@seguridadaerea.es

74




Disefio y Fabricacién de un Multicéptero mediante Impresién 3D LB Unive I"Sidad
David Rodriguez Diaz Europea MADRID

Anexo B

FS-i6X+User+manu
al.pdf

Anexo C

NAZA-M
LITE_User_Manual_v

75





NAZA-M LITE

User Manual

VvV 2.00

2014.04.21 Revision

For Firmware Version V1.00

& Assistant Software Version V1.00

Thank you for purchasing this DJI product. Please strictly follow these steps to mount and connect this system on

your aircraft, as well as to install the Assistant Software on your computer.

Please regularly check the NAZA-M LITE web page at our website wwwd||com for latest information. Product
information, technical updates and manual corrections will be available on this web page. Due to unforeseen changes
or product upgrades, the information contained in this manual is subject to change without notice.

* This manual is only for basic assembly and configuration; you can obtain more details and advanced instructions
when using the assistant software. To assure you have the latest information, please visit our website and download

the latest manual and current software version.

If you have any problem that you cannot solve during usage, please contact your authorized dealer.

www.dji.com

©2014 DJI. All Rights Reserved.
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Warning & Disclaimer

NAZA-M LITE is an excellent autopilot system offering tremendous flight features for low altitude multi-rotor working
in restricted space compared to normal helicopter. It is not a toy when installed in multi-rotors of any size. Please
respect the AMA s National Model Aircraft Safety Code. Despite our efforts in making the controller to operate in
the safest manner when the main power battery is connected, such as: disabling MC signal to ESCs when USB is
connected; disabling throttle input and stick command when throttle stick is not at the lowest position, we strongly
recommend customers to remove all propellers, use power supply from R/C system or flight pack battery, and keep
children away during system calibration, firmware upgrade and parameter setup. DJI Innovations assumes no liability
for damage(s) or injuries incurred directly or indirectly from the use of this product. Please strictly follow these steps

to mount and connect NAZA-M LITE on your multi-rotor, as well as to install the assistant software on your computer.

DJI 'and NAZA-M LITE is registered trademark of DJI Innovations. Names of product, brand, etc., appearing in this
manual are trademarks or registered trademarks of their respective owner companies. This product and manual are
copyrighted by DJI Innovations with all rights reserved. No part of this product or manual shall be reproduced in any
form without the prior written consent or authorization of DJI Innovations. No patent liability is assumed with respect

to the use of the product or information contained herein.
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Product Profile

NAZA-M LITE for multi-motors is an autopilot system designed for serious multi-rotor enthusiasts providing excellent

self-leveling and altitude holding, which completely takes the stress out of flying RC multi-rotors for both professional

and hobby applications. NAZA-M LITE can be installed in a variety of models from quad-rotor to hexa-rotor.

NAZA-M LITE Control Modes

GPS Atti. Mode

Atti. Mode

Manual Mode

Rudder Angular

Velocity

Maximum rudder angular velocity is 200°/s

Command Stick

Meaning

Multi attitude control; Stick center position for O°

attitude, its endpoint is 45°.

Max-angular velocity is 150°/s. No
attitude angle limitation and

vertical velocity locking.

Command

Linearity

YES

Stick Released

Lock position if GPS

signal is adequate.

Only attitude stabilizing.

NOT Recommend

Altitude Lock

Maintain the altitude best above 1 meter from

ground.

NO

GPS Lost

When GPS signal
has been lost for 3s,
system enters Atti.

Mode automatically.

Only performing attitude
stabilizing without

position lock.

Safety

Attitude & speed mixture control ensures stability

Enhanced Fail-Safe

Auto Level Fail-Safe

Depends on experience.

Applications

AP work

Sports flying.
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In The Box

Main Controller (MC) x1

The Main Controller (MC) is the brain of the system, it communicates with all
ESCs and RC transmitter to carry out the autopilot functionality. It has a built-
in Inertial Measurement Unit (IMU) consists of one 3-axis accelerometer, one

3-axis gyroscope and a barometer for sensing the attitude and altitude.

Versatile Unit (VU) x1

Specially designed for NAZA-M LITE. It solves the high power consumption
problem of multi-rotor system, supply and monitor power for NAZA-M LITE
and other electronic devices. It also has an LED to indicate different

operating states of NAZA-M LITE and a USB interface for configuring the

NAZA-M LITE unit and firmware upgrade.

GPS & Compass Module x1

The GPS/Compass module is for sensing the position and direction.

GPS Bracket x1

Because the GPS & Compass are sensitive to magnetic interference, you should use this bracket to mount the

GPS module.

USB Cable 1

This cable is used to configure MC and upgrade firmware.

3-PIN Servo Cable x8

Cables used to connect the MC and the receiver.

3M Gummed Paper x4

Used for fixing NAZA-M LITE components on multi-rotor 's frame.
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Matters That Need Attention

For safety reasons, please pay serious attention to all following items:

1.
2.

For big aircraft that is larger than 650 or with heavy load, WKM is recommended.

When aircraft is set-up with all of the equipment that you are going to use, please ensure the aircraft center
of gravity is on the center Line of the frame, this is for aircraft with its load is in the vertical direction of frames
center.

When MC mounted, try your best to mount the MC at the center of the frame, and do not mount the MC
upside-down. Make sure MC is parallel to the aircraft horizon, so as to prevent the aircraft from drifting in
horizontal direction.

Make sure the MC ESC ports is pointing to the aircraft nose direction, otherwise serious damage will occur to
your aircraft.

Disconnect ESCs and battery or remove all propellers during firmware upgrade, configuration and system
setup!

You have to reboot MC and redo the TX calibration after you change anything on the RC system.

In the TX Calibration of assistant software:

° Throttle: Slide left is craft down, slide right is craft up;

° Rudder: Slide left is nose left, slide right is nose right;

° Elevator: Slide left is craft back, slide right is craft front;

° Aileron: Slide left is craft left, slide right is craft right.

When powering up the Craft, Make sure you turn on the Transmitter switch first, then Plug in the FC Battery
power on multi-rotor before takeoffl After your Flying Session and you want to power down, make sure you
Remove Power to the multi-rotor first, and then switch off the transmitter!

Whether you are using gimbal control in assistant software or not, there is always power output from F1 and
F2 ports. Do not connect these ports to any ESCs which are wired with propellers and motors.

Do NOT set the failed-safe position of throttle under 10% of endpoint.

Throttle stick position should always be higher than 10% from cut-throttle during the flight!

The NAZA-M LITE-M has Low voltage protections! If you are seeing a Red Flashing light, you should land your
multi-rotor ASAP to prevent your multi-rotor from crashing or other harmful consequences!

when using the (Immediately mode) to stop the motors, this is in any control mode, once the motors start and
throttle stick is over 10%, When the throttle stick lowered below 10% the motors will stop immediately .But if
you push the throttle stick over 10% within 5 seconds after motors stop, the Motors will re-start; Combination
Stick Command (CSC) is not needed. If you don’t push throttle stick after motors start in three seconds,

motors will stop automatically.

©2014 DJI. All Rights Reserved. 6
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20.

21.

22

23,
24,

25,

By using Intelligent mode to stop motors, the motors will start or stop immediately when you execute CSC.
During normal flight conditions, you only have pull throttle stick under 10% will not stop the motors in any
control mode. You have to execute CSC to re-start motors if the motors stop during the flight.

Red light quick blinking indicates battery voltage is low, please land ASAP.

Do NOT move any command sticks during system start and self-check! Please contact us if the last four green
blinks are abnormal.

GPS/Compass is sensitive to magnetic interference; you should be as far away from any electronic devices as
possible.

Do not fly in GPS Mode when the signal is not good (red light blinks)!

GPS module is optional (Nonstandard). If you are using the GPS module, please read the Instructions about
GPS matching in indicators; users without the GPS module can skip contents about GPS.

If users set GPS Atti. Mode in Control Mode Switch without connecting to GPS module, the M.C. will switch
GPS Atti. Mode into Atti. Mode automatically, and LED indicator will Blink yellow.

If you are working in the Fail-Safe Mode, with GPS on, the aircraft motors will auto Automatticly shut off when
the craft has landed; without GPS the aircraft will not auto shut off when landed.

The receiver should be installed under the bottom board of center frame, and the head of antenna is downward
without any obstacles, this will help prevent any signal loss during flight and the aircraft will be out of control,
since the Radio signal may be lost by the obstacle.

Make sure all connections are correct and attachment contacts are in good condition before flight.

Keep wireless video transmission equipment a distance away from the main controller (~25cm), to prevent the
main controller from getting any interference from the Wireless Video Transmitter.

If you use a gimbal, please make sure that the working current of the servos should not exceed the power
supply capacity of the VU; otherwise, it may cause the VU safeguard and lead to the main controller reboot.

Refer to the Specification section in the Appendix to get more VU parameters.
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Assembly

R/C System

These are example connections. Please
setup Aileron, Elevator, Throttle, Rudder
channels on your TX first, and choose
one 2 positions switch/channel (3
positions switch with GPS) as control
mode switch, then connect your receiver
to the right ports on MC.

2/3-position switch channel
R/C Receiver
UR)

R/C Receiver
(Futaba / Hitec)

2/3-position switch channel

Futaba S-Bus

©2014 DJI. All Rights Reserved.

To Battery

vu
e Do not mount it on any other electronic devices. Make sure You can see the
LED light during the flight.
If use with DJI multi-rotor, you can solder the VU power cable to power
pads on frame bottom board. Please refer to DJI multi-rotor manual for
details.
If use with 3™ part multi-rotor, you can make a connecter by yourself to
connect VU, ESCs and battery.
Sufficient air flow over the VU is highly recommended.

ESCs, Motors

Motors and ESCs in DJI multi-rotor kit are recommended.
Please make sure you are using the ESCs and motors recommended by the
manufacturer of your multi rotor first. NAZA-M LITE output is 400Hz
refresh frequency.
e Connect all ESCs to MC by the motor numbering method introduced in

Multi-Rotors Supported of Appendix.
e If you use 3" party ESCs, please make sure the ESCs travel midpoint is at
1520us. DO NOT use 700us travel midpoint ESC, as it may lead aircraft to
fly away or cause injury and damage. After connect ESCs to motors,
calibrate all your ESCs one by one through the receiver directly before
connect them to your MC, Make sure program all of them into Governor off,
Break off and Normal Start up to get best experience.

A M1 o e—
E A A M2 e
T o M3 o m— ESC
R GELITE Ma e — M1-6
m T M5 B —
X1 Mo gy ==
X2 o F1

= X3 F2

Aircraft Nose

Important: the continuous

utput of the VU is 3A@5V, and the
maximum instant current is 7.5A. If the VU
cannot afford the working current for your
servos, please use an independent power
supply; otherwise, it may cause the V U
safeguard and lead to the main controller
reboot.

7

GPS/COMPASS
GPS/Compass is sensitive to magnetic interference, should be far away from any electronic
devices.
You should use epoxy resin AB glue to assemble the GPS bracket first as the figure showed
in previous page.
Mount the bracket on the center plate of craft first, then fix the GPS on the plate of the
bracket (by 3M glue provided). The GPS is sensitive to vibration interference, so position
the bracket at least 10 cm from any rotor.
The DJI logo marked on the GPS should face the sky, with the orientation arrow pointing
directly forward. The GPS/Compass is packaged with a special indication line for mounting
for the first time.
If you are uncertain whether materials near the GPS/Compass module are magnetic or not,
you can use a compass or magnet to check it. If you use your own mounting rod, make sure
it is NOT magnetic!

S

are completed.

MC
Please use 3M gummed paper provided To mount MC, and mount MC parallel to the
aircraft horizon.
The output ports of MC (the right side in figure) should point to the front of
multi-rotor. You' d better put MC at the gravity center of multi-rotor. Please
make sure all ports are accessible when installing the MC so as to facilitate
wiring and software configuration.
In three-pin ports, pins near the nicks are signal pins.
After choosing a location to mount the MC, it is recommended
that you DO NOT mount the MC until all wirings and software configurations






Assistant Software

Software and Driver Installation

Installing and running on Windows

1. Please download the driver and the Assistant installation software in EXE format from www.dji.com.

N

Switch on the transmitter and then power on your autopilot system.
Connect your autopilot system and PC via a Micro-USB cable.

Open the driver installation software and follow the instructions to complete installation.

o A~ W

Run the Assistant installation software and follow the instructions to complete installation.

! The installer in EXE format only supports Win XP, Win7, Win8 (32 or 64 bit).

Installing and running on Mac OS X

1. Download the Assistant installer in DMG format from the download page of NAZA-M LITE on the DJI
website.
2. Run the installation software and follow the prompts to finish installation.

cip

DJI Assistant for Mac

NM

NAZAM-LITE

3. When launching for the first time if use Launchpad to run the NAZA-M LITE Assistant Software,
Launchpad won 't allow access because the software has not been reviewed by Mac App Store.

/N “NAZAM-LITE" can’t be opened because it
y % is from an unidentified developer.
@

Your security preferences allow installation of only
apps from the Mac App Store and identified
developers.

EIM created this file today at 11:35 AM.

4. Locate the NAZA-M LITE icon in the Finder and open the file by Control or right clicking the icon and
selecting “Open” from the menu.

5. After the first successful launch, double-clicking the NAZA-M LITE icon in the Finder or using Launchpad

will open the application.

©2013 DJI Innovations. All Rights Reserved. 9
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Basic Advanced

Mounting Aircraft Motor
GPS Location Mixer Type:  NONE MotorldesSpeed:;  NONE:
X e Cut Off Type: NONE
Y 0cm RC
Z 0cm Receiver Type: NONE il
eiverlype: Failsafe Methods: NONE
Gain —
Pitch _R°" Yaw Vertical Intelligent Orientation Contro NONE
Basic [100% INH 1%) [100% INH %] 100%|INH %) [100%INH %)
Attitude [100% INH %) [100% | INH %) Gimbal
o e Gimbal Switch: NONE
D U o | gt [ -
—-‘-—— 9| ) ge
- o gy =g Protaction Switeh: NONE
i ] Current Voltage: NONE
T T — Baxtery Type: NONE
- [o] First Level Protection: NONE

Giretiei Second Level Protection: ~ NONE
Qn ine Help

| A Installer in DMG format supports only Mac OS X 10.6 or above.

The NAZA-M LITE Assistant on Mac OS X and Windows are exactly the same. The Assistant Software

pages appear in other places of this manual are screenshots of the Windows version for example.
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GUI

NAZA-M LITE English v
S ¥ E e
Advanced Tools Upgrade
Basic Advanced
Mounting Aircraft Motor
GPS Location Mixer Type: NONE Motor Idle Speed: NONE
X o Cut Off Type: NONE
Y 0cm RC
z Ocm Receiver Typpe:  NONE s
10 Failsafe Methods: NONE
Gain
Pitch Roll Ya Vertical o
I W i
< ° ks Intelligent Orientation Control:  NONE

Basic  100% [INH v} 100% IINH v| 100% [INH ~] 100% [INH ~]
Attitude  100% [INH v| 100% [INH | Gimbal
Gimbal Switch: NONE

Channel Monitor

- g o eyt o Voltage
o onno 7 g DS RBRE
|-|nuu|%|un.-n| IR IR ALl Current Voltage: NONE
— g - . 2 Battery Type NONE
INERTRENENY NN RN P
- Ut o FirstLevel Protection:  NONE

Second Level Protection: NONE
OnLine Help

MODE: N/A

1 View

=  Basic Settings: Aircraft, RC, Mounting, Gain and Channel Monitor.
=  Advanced Settings: Motor, F/S, IOC, Gimbal and Voltage.

Basic: Set the Aircraft, RC, Mounting, Gain and Channel Monitor.
Advanced: Set the Motor, F/S, IOC, Gimbal and Voltage.

Tools: IMU calibration.

Upgrade: Upgrade your modules firmware.

Info: Check the user information.

~N o g b~ W N

English: Select the language.
Notices:
° Please power the MC first, then connect your MC to a internet enabled computer by the USB cable
before you open the assistant software.
[} You have to register at the first time you use the assistant software.
[} It will auto detect the software version you have when you open the assistant software and prompt you
to Check for Updates if your version is not the latest one.

° Do not disconnect MC and PC when you are using the assistant software..

©2014 DJI. All Rights Reserved. 11





Firmware Upgrade

Please follow Word for Word in the procedure for firmware upgrade; otherwise the autopilot might not work properly.

For SAFETY REASONS, DO NOT use power battery during firmware upgrade.

1.
2.

© N o O A

10.

Make sure your computer is connected to the Internet before you connect the USB cable to the MC.
Please close all the other applications during the firmware upgrade, including anti-virus software and
firewall.

Make sure the power supply is securely connected. DO NOT un-plug the power supply until firmware
upgrade has finished.

Connect MC to PC with micro-USB cable, DO NOT break connection until firmware upgrade is finished.
Run Software and wait for connection.

Select Upgrade page.

Server will check your current firmware version, and get the latest firmware prepared for the unit.

If there is a firmware version more up-to-date than your current version, you will be able to click the
Upgrade button.

Wait until Assistant software reads finished.

Click OK and cycle the power of the unit after at least 5 seconds.

Your unit is up-to-date now.

Notices:

(] After firmware upgrade, please re-configure the MC by Using the Assistant software.

(] If the network or server is busy, please try again later with above procedures.

(] If firmware upgrade failed, MC will enter waiting for firmware upgrade status automatically, please try

again following the above procedures.

Product Info

You can check the Assistant Software version via Info.

S/N is a 32 digits authorization code for unit function activations. We had already filled in the authorization code for

your unit after manufacture. In the Future you might be asked to fill in the new S/N in the future if you brought new

function upgrades. Fill-in the S/N and then click Write button. If you filled in an invalid S/N over 30 times, your MC

will be locked and you have to contact our customer support.
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Configuration

Basic

1 Aircraft

NAZA-M LITE English v
View Upgrade
Aircraft Mounting RC
Mixer Type

Instruction o 1 K \ & 7
Welcome to the DJI Autopilot system. Please 3%\ £ /+/ o Py
select the cotrect mixer type according to your - " g 1t - g
multi-rotor. g ! . ) - y( )
Tips -
1. Before parameter configuration in the = &

assistant software, please make sure that 4 { \ § )

the multi-rotor is correctly assembled 3 \/

according to the { NAZA-M LITE User - !

[

Manual¥ . { . M
. In the diagrams of each Mixer Type, the =
marks M1~M§6 correspond to the output
ports (M1~M6) on the Main Controller.
. The direction of the arrow indicates the
rotation direction of the motor.

=

default

& MODE: N/A MC OUTPUT: ON

In the diagrams of each Mixer Type, the marks M1-Mé correspond to the output ports (M1-M6) on the Main

Controller (MC).

The direction of the arrow indicates the rotation direction of the motor.

Make sure the rotation direction of each motor is the same as the diagram shows. If not, swap over any of two wire

connections of the incorrect motor to change its rotation direction.

Make sure the type of propeller matches the rotation direction of the motor. Blue propeller is at Top; Red propeller

is at Bottom.
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2 Mounting

NAZA-M LITE English v
KQ ¥
View Advanced
Aircraft Mounting RC
Location and Orientation Controller Orientation
Instruction T
Before you begin this step, make sure to install =
all payloads used during the flight, including
batteries, camera mount and camera. Balance

the multi-rotor as you would normally, with
the center of gravity (C.G.) directly on the
= - Mounting Location
center plate.
Make sure the location and oreintation of the
Main controller and the GPS is correct, and
then fill in the distance between body center of
GPS and the C.G. of multi-rotor.

GPS
Important X
Please re-configure if the ALL-UP-WEIGHT 0cm
has been changed. Green line negative Y 0cm
= Red line for postive Z locem
Mount the MC as close to C.G. as possible [ default

2 MODE N/A MC OUTPU

Install all payloads that will be used during the flight, including batteries, camera mount and camera. Balance the muilti-
rotor as you would normally, with the center of gravity (C.G.) directly on the center plate. Fill in the distance between
body center of GPS and the C.G. of multi-rotor in X, Y & Z axles as showed in the figure.
Make sure the MC ESC ports is pointing to the aircraft nose direction, otherwise serious damage will occur to your
aircraft.
When MC mounted, try your best to mount the MC at the center of the frame, and do not mount the MC upside-
down. Make sure MC is parallel to the aircraft horizon.
Notices:
1  Users with GPS module please mount GPS location.
2 Please follow the requirements to mount your NAZA-M LITE MC, so as to prevent the aircraft from
abnormal, such as drifting in horizontal direction, or even rollover.
3 You must re-configure if the ALL-UP-WEIGHT had been changed on your multi-rotor,
4 |If GPS mounting locations are not accurate enough or the signs are wrong, error on X, Y , Z axles will leads
the oscillation of your multi-rotor.

5 Make sure to follow the diagram in our assistant software: red is positive, green is negative; unit of measure

is CM, NOT INCH.
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3 RC

NAZA-M LITE English +

Upgrade Info

Mounting

R/C TX & RX Settings Receiver Type
_) Tradition © D-Bus ~) PPM
Before this step, please preparea
transmitter(T2) and a corresponding

receiver(RX), and then complete afl TX & L.UHTIHaI]FﬁIIF!(? .L'?I.”J‘rm.lc:m. R Sticks Mm:ltln‘r‘ .
RX Settings on this page B A 2 |i [ REV B X1 J .
Recommended Transmitter ARARERRRS SARERRRRRLN gur-r=v: Vgt
PCM or 2 4GHz with minimum 4 channels li >
Vo g

Supported Receiver - |i [ Rev
Traditional + S-BUS & PPM receiver NEEEEEEES EERERERRK]

- & ‘[ Rev
Important
Please reboot the MC and redo the calibration Calibration START
after you change etup of your
transmitter or change your receiver! Control Mode Switch

GPS Failsafe Atti. Failsafe Manual - l

MODE:  N/A  MCOUTPUT:  ON
STEP1: Receive Type
TX Channel  MC Channel TX Channel MC Channel
A 1 A 1 A
RIC Receiver E 2 E : § E_ :
T ————
(Futaba Hitec) u i ;’ T 3 R =
4l s u L u :
1 6 X1
5 ?:7'(' i s = X i
¥ w2
PPM Receiver % Futaba 5-Bus a
Rewveiver S-Bus

Choose the type of receiver connection that you have installed. Connect your receiver to the main controller in

accordance with the connection diagram.

STEP2: Command Sticks Calibration

Slides Moving Definition :

_“: If you pull the throttle stick to low position, the Slide will move to the left and the craft is down, Movin

you p P 9
the Throttle stick up the slide will move to the right is craft will lift off the ground;
_-E: If you move the rudder stick to the Left the Slide will move to the left, this is nose left, When you move

Y/ y
the rudder to the Right the slide move to the right, this is nose right;
s ou move the Elevator stic own the Slide will move to the left and the craft will move back, Movin

--» ., he EI ick down the Slide will he left and the craft will back, Moving
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the Elevator Stick up the Slide will move to the right and the craft will move Foward (away from you);

_“: If you move the Aileron stick to the left the Slide will move left and the craft will move to the left, when

you move the Aileron stick to the Right the slide will move to the right and the craft will move to the right.

1.

Set endpoints of all channels to default values (100%) and set all trims and sub-trims of sticks to O on your
transmitter first. Keep all curves’ settings as default since the end-point of transmitter sticks will be

recorded here.

2. Click the START button, and move all of the sticks throughout their r
complete range several times. =
After you do this, click the FINISH button when you have finished the L
above procedures.

4. If the slides are moving opposite from your stick movements direction, click the reverse button
REV/NORM beside.

Notices:

1. Al slides should become M when all the sticks are in the middle positions. If slides cannot go back to
center points (bec:omelr ), just click FINISH, then slides will be at center automatically. If still not, please
reboot MC, and do not apply TX command during the reboot.

2. CSC may not start motors If trims and sub-trims of sticks are not O!

STEP3: Sticks Monitor

This step is optional. If it is necessary for you, please setup the channel on your R/C TX correctly, and then you can

monitor the X1 and X2 Channels on this page.

Tips:
[ ]

X1 Channel is for remote gain tuning or gimbal pitch control.

X2 Channel is for remote gain tuning or Intelligent Orientation Control (IOC), or as S-Bus input.

STEP4: Control Mode Switch

Whether you are using a 2 or 3 position switch on your transmitter will determine which you will use as the control

mode switch, Plug in the right channel of receiver (Gear, Aux 1 or aux 2) to the U port of MC. At each switch position,

use the end-point for fine tuning on your transmitter, Move the Switch to the corresponding Mode as indicated by

the slider of channel U to GPS (GPS Atti Mode), A (Atti. Mode), M (Manual Mode) to turn the corresponding area

blue respectively as showed in the figure.
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Tips:

/ P
([ ] To move the slider is to adjust channel - selected end-points. L) faposiion /2 AN
s ; S/ |

® For 3-position switch, you should assign: Position-1 to Manual Mode; LA S

(] For 2-positions switch, you can assign any two of these three control modes as you like.

Position-2 to Atti. Mode; Position-3 to GPS Atti. Mode; or reverse

the assignment for Position-1 and Position-3.

If your transmitter supports Fail-Safe, follow the Fail-Safe setting procedure of your R/C TX. Then move the slider to
the range which makes Fail-Safe Mode turn blue, set Fail-Safe output of receiver to input port-U. If you switch off
your transmitter now, the U channel slide should move to Fail-Safe and turn the corresponding area to blue. Otherwise
please reset the fail-safe. MC has built-in auto level Fail-Safe function. That means when the communication between
MC and transmitter is disconnected, the outputs of all command sticks from MC will go to center point. If your
transmitter has only 4 channels, then MC will work in Atti. Mode by default without the Fail-Safe function.

Tips:

Please refer to your RC manual for the details of fail-safe setup.

With GPS, it is Enhanced Fail-Safe; without GPS, it is Auto Level Fail-Safe, and the aircraft will land.

Notices:
1. Do NOT set the fail-safe position of throttle under 10% of endpoint.
2. MC will not execute the Fail-Safe protection if you don 't set it properly. You can verify the Fail-Safe

settings by shutting down your transmitter, and then you can use the following method to check whether
MC is already in Fail-Safe mode.

3. Check status bar at the bottom side of the software interface. If the Fail-Safe has been correctly set-up
the Control mode will change to Fail-Safe.

4. Check the LED indicator. Read the appendix in this manual for details. LED will give fast yellow blinking
O if in fail-safe mode.

5. If your transmitter does not support Fail-Safe, the Fail-Safe function will not work when the communication
between MC and transmitter is disconnected.

6. Do not use 4-channel Futaba transmitter with S-Bus receiver, otherwise MC will work in Fail-Safe mode.

7. If users set GPS Atti. Mode in Control Mode Switch without connecting to GPS module, the M.C. will
switch GPS Atti. Mode into Atti. Mode automatically, and LED indicator will Blink yellow, that is if the 3-
poisition switch is the same as 2-position switch.

8. Once the MC goes into the Fail-Safe Mode, and you are using the GPS, the aircraft will auto Stop the

Motors when landed; without GPS the aircraft the motors will not auto Stop when landed.
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4 Gain

NAZA-M LITE English +

© (]

Upgrade Info

Mounting

Gain Adjustment

What is the Gain Pitch Roll Yaw Vertical
+ Ifbasic Gain is too large, vou will find the
aireraft oscillating in the correspending Basic Gain 100% 100% 100% 50%
direction. If too small, the operation and
stability will not be so good or control RemoteAdjust  [INH -] (e =] [nH -] [mH -

could even be lost. .

Attitude Gain determines the reaction Attitude Gain 40% 40%

speed of attitude with command stick Remote Adjust [INH v] [INH v]
input, the larger the value the quicker the
reaction. Increase it for sharper and quicker
leveling action.

Why Gain Adjustment is Necessary
Different aircraft have different gains, so that
wou can setup the Gain manually according to
wour aircraft to have a precise flying experience.
Tips

* The PitchRoll Gain of hexa-rotor are
usually higher than a quad-rotor.

If the aircraft parts are not compatible, you

cannot get good flizht experience by default
adjusting the Gains

Usually, the default parameters are ready to go. However, different multi-rotors have different gains because of
different Motor KV ratings, ESC and propeller sizes. If the gain is set too high, you will find the multi-rotor will be
oscillating in the corresponding direction (About 5~10Hz). If the Gain is too low, the multi-rotor will likely to be hard
to control. So you can still setup the basic Gain of Pitch, Roll, Yaw and Vertical manually according to your multi-rotor

to have a wonderful flying experience. We suggest you to change 10% to 15% of the parameter at a time.

For the gains of the Pitch and Roll, if you release the Pitch or Roll stick after giving a command, the multi-rotor should
go back to a hovering state. If the reaction of multi-rotor in this procedure is too soft (large delay), please increase
the basic gain slowly (10%-15% each time) after you release the stick until vibration begins. Then decrease the gain a
little until vibration just disappears. Now the gain is perfect, but the reaction of the attitude change is slow. Follow

the Procedure at the end of this section to tune the attitude gains.

The way of tuning the Yaw gain is the same as the way of adjusting the Tail Gyro. If you want fast stick reaction speed,
increase the gain, otherwise decrease the gain. However, the spin of multi-rotor is produced by the counter torque
force, and the magnitude of which is limited. Therefore, large gain will not produce tail vibration like helicopter, but

severe reaction at the start or stop of motors, which will affect the stabilization of the other directions.

©2014 DJI. All Rights Reserved. 18





You will use two methods to judge if the Vertical gain is good enough: 1) The multi-rotor can lock the altitude when
the throttle stick is at center position; 2) The change of altitude is small during the flight along a route. You can
increase the gain slowly (10% each time) until the vibration emerges along the vertical direction or the reaction of

throttle stick is too sensitive, then decrease 20% of the gain. Now it is a suitable Vertical gain.

Attitude gains determine the reaction speed of attitude from command stick, the Larger the value the quicker the
reaction. Increase it for sharper and quicker leveling action after command stick released. Unstable shaking flying and

the control feeling will be stiffness and rigid if the value is too high; and sluggish leveling action and slow braking if

too small.

Notices:

(] You must upgrade firmware first, then click Default button in first setup parameter.

L] The vertical gain will NOT affect the manual mode.

(] The final flight performance is decided by the autopilot parameters and all parts of multi-rotor (includes
mechanical structure, motors, ESCs, propellers and battery). If these parts are not compatible, you cannot
get good flight performance by adjusting the autopilot parameters. Therefore, if you have high
requirement to flight performance, you'd better get a multi-rotor with good integration test.

Tips:

(] If you are new to multi-rotor flying, you can tune the basic parameters first as following:

1 Increase the basic parameters 10% at a time so as to make your multi-rotor hover or light oscillate
after small angular command input.

2 Decrease the basic parameters until your multi-rotor can just hover, then decrease 10% more.

(J Here you can make use of remote gain-tuning channels to tune the gains during the flight:

1 Followed the instructions in Assembly R/C System section to connect and setup correctly;

2 Choose the X1 or X2 channel in Remote Adjust for the gain you want to tune. One channel to one
gain.

3 The range of remote tuning is from half the current value to twice the current value.

° Usually the Pitch, Roll, Attitude Pitch and Attitude Roll Gains of hexa-rotor are high then quad-rotor.
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Advanced

1 Motor

NAZA-M LITE English +
KR & m @ 7

View Basic Tools Upgrade Info

Motor Gimbal Voltage

Motor Settings Motor Idle Speed

Instruction |------.......l.l.lllllllll

You can configure the Motor Idle Speed and LOW RECOMMENDED HIGH
select the Cut Off Type. In order to achieve
better flight characteristics

- - —

Cut Off Type
) Immediately ) Intelligent

MODE: MNIA MC QUTPUT:

STEP1:Motor Idle Speed

Motor Idle Speed is the lowest speed after motors start. Setting the Motor Idle Speed will affect the motors lowest

speed after the motors start. There are five levels from LOW speed to HIGH speed, and the default is

RECOMMEND. You can click and drag cursor '3 to the corresponding level, to change Motor Idle Speed.

The lower motor idle speed The higher motor idle speed

Setting the Motor Idle Speed as LOW, the motor idle speed will be at its lowest point.
Setting the Motor Idle Speed as HIGH, the motors idle speed will be at its highest.

RECOMMEND is the advised level.

You can reset the Motor Idle Speed according to your personal preference.
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Notices:

L] For users whose aircraft takes off at lowest throttles position, please set the idle speed at a low level.

] For common users, please set Motor Idle Speed to RECOMMEND or above, since setting idle speed too
low may affect motor(s) spool up.

Tips:

] The output pulse width for every grade of Motor Idle Speed is as followed

o T Tcoeo | e |
output pulse width 144 us 160 us N76 us 192 us 1208 us

] There is relationship between the output pulse width and the max/min pulse width when TX End Point is
100%.
output pulse width = (max pulse - min pulse) x proportion + min pulse

[ ] You can get the proportional values by computing according to the above formula for a special TX. Use
Futaba TX for example. Notice that Futaba TX End Point is 100%.

proportion value 3% 7% 9% N%

STEP2:Cut Off Type

Please read the introductions of start and stop motor in this step first, and then choose a cut off type.

1 Start Motor: Pushing throttle stick before takeoff will not start the motors. You have to execute any one of

following four Combination Stick Commands (CSC) to start the motors:

2 Stop Motor: We provide two options to stop motors: Immediately and Intelligent.

L4 Immediately Mode: If you select this mode, in any control mode, once motors start and throttle stick is
over 10%, motors will not stop immediately only when throttle stick is back under 10% the motors will
stop. In this case, if you push the throttle stick over 10% within 5 seconds after motors stop, motors will
re-start, CSC is not needed. If you don 't push throttle stick after motors start in three seconds, motors
will stop automatically.

[ ] Intelligent Mode: By using this mode, different control mode has different way of stopping motors. In
Manual Mode, only executing CSC can stop motors. In Atti Mode or GPS Atti. Mode, any one of
following four cases will stop motors:

a) You don "t push throttle stick after motors start within three seconds;
b) Executing CSC;

c) Throttle stick under 10%, and after landing for more than 3 seconds.
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d) If the angle of multi-rotor is over 70°, and throttle stick under 10%.

Tips (Intelligent Mode):

] You have to execute CSC in order to re-start the motors. By pushing the throttle stick only will not re-
start the motors.

L] In Atti. / GPS Atti. Mode, it has landing judgment, which will stop motors.

] Start motors in Atti. / GPS Atti. Mode, you have to execute CSC and then push throttle stick over 10%
within 3 seconds, otherwise motors will stop after 3 seconds.

(] During normal flight, only pulling the throttle stick under 10% will not stop motors in any control mode.

L] For safety reasons, when the slope angle of multi-rotor is over 70° during the flight in Atti. / GPS Atti.
Mode (may be caused by collision, motor and ESC error or propeller broken down), and throttle stick is
under 10%, motors will stop automatically.

[ ] You can stop motors by executing CSC in any control mode.

Notices:

[} Any of these two cut off types will only work properly if TX calibration is correct done.

[} The motors will start or stop immediately when you execute CSC when TX commands are valid under any
of the control modes. It has nothing to do with current throttle stick position. Please DO NOT execute
the CSC during flight unless safety is at stake.

[} If you choose the Immediately mode, you should not pull throttle stick under 10% during flight, because
that will stop the motors. If you do it accidentally, you should push the throttle stick over 10% within 5
seconds to re-start the motors.

® If you choose the Intelligent mode, and the throttle stick is under 10%, this will trigger the landing
Procedure, in any control mode. In this judgment, pitch, roll and yaw controls are denied except the
throttle, but multi-rotor will still auto level.

® In any control mode, DO NOT pull throttle stick under 10% during normal flight without any reason.

® In failed-safe, CSC is denied by MC, motors will hold their state.
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2F/S

NAZA-M LITE English +
KR & m @ 7

View Basic Tools Upgrade Info

WMotar FIs Gimbal

Failsafe Settings Enhanced Failsafe Methods
Landing "~ Go-Home and Landing

Instruction
Failsafe i one of the advanced functions for the
antopilot system. If this fuction is selected,
Failsafe will be triggered when the Main
Controller loses the control signal The multi-
rotor will automatically land if the Failsafe
mode is active, or retum to home if in GPS
mode using the GPS module.

Important
If you select the "Go-Home and Landing”
function, please make sure to connect to the
GPS module correctly and record the home
point successfully, since the autopilot system
has to know the home point when geing home.

Enhanced Fail-safe method will be triggered when MC loses the control signal, no matter what mode you fly. This

could be one of the following situations:

)

2)

Signal lost between transmitter and receiver, e.g. multi-rotor is out of the communication range, or transmitter
is down, and so on.

One or more connections of A, E, T, R, U channels between MC and receiver loses. If this happens before take-
off, motors will not work if you push the throttle stick; if this happens during the flight, LED yellow light will

flash to warn in addition to the failed-safe method.

Choose one method for your failed-safe function: Landing or Go Home and Landing.

Landing: the aircraft will land after 6s hovering.

Go Home and Landing: Before takeoff, current position of multi-rotor will be saved as home point by MC automatically

when you push the throttle stick first time after 6 or more GPS satellites are found (. blinks once or no blinking) for

8 seconds.

Notices:
When switch to Manual Mode or Atti. Mode, MC will disengage enhanced failed-safe mode, you can re-gain

control of multi-rotor.

©2014 DJI. All Rights Reserved. 23





Tips:

The following schematic shown is introduction for Go-Home and Landing.

Ef GPS satellite found >= 6 , ]

Stay hover
@

at the first you pull the throttle stick,
then record Home Location

Ground

Signal lost

S eI X @
Current location higher than 20m

A Gobackfist ! ®

A 0_.HD . P | ! Hover 15s ,
i i ‘. ) ! hen land
20 Current location lower than 20m OR Then land.
Q > — -
©)° Signal lost > 3s @) v’ !

E
oI

©2014 DJI. All Rights Reserved. 24





310C

NAZA-M LITE English +

KR & i

View Basic Tools Upgrade Info

Motor Gimbal

Intelligent Orientation Control (IOC) [F] Intelligent Orientation Control

What is [OC

I0C is an advanced flight function, inchuding
Course Lock and Home Lock. Usually, the
forward direction of a flying multi-rotor is the
same as the nose direction. By using 10C,
wherever the nose points, the forward direction
has nothing to do with nose direction.

Home Lock Course Lock OFF

» In Course Lock, the forward direction is
the same as a recorded nose direction.

In Home Lock, the forward direction is the
same as the direction from the home point
to multi-rotor.

® Home

Important

Forward Direction is definited as that the multi-
rotor will fly along this direction when you
push the elevator stick.

Forward Direction: Multi-rotor will fly along this direction when you push the
elevator stick.

Usually, the forward direction of a flying multi-rotor is the same as the nose direction. By using Intelligent Orientation
Control (IOC), wherever the nose points, the forward direction has nothing to do with nose direction:

® In course lock flying, the forward direction is the same as a recorded nose direction. See the following figures

(Mode 2):

A .

Usually In course lock

® In home lock flying, the forward direction is the same as the direction from home point to multi-rotor. See the

following figures (Mode 2):
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4

“"’ V} \
O W

In home lock ,*

4
UsuaIIy dHome point .Home point

Before using this function, you have to choose a 2 or 3 positions switch on your transmitter as |[OC switch. Then
connect a wire to the correct channel of receiver to the X2 port of MC. At each switch position, use end-point fine

tuning on your transmitter, move the slider of channel X2 to Home Lock, Course Lock, OFF to turn the corresponding

Sy

area blue respectively.

Tips:

® For 3-position switch:

Position-1 is OFF; Position-2 is Course Lock; Position-3 is Home Lock.

® For 2-position switch:

Position -1is OFF; Position-2 is Course Lock. Or Position -1is OFF; Position-2 is Home Lock.

) If you use S-Bus/PPM receiver, the default channel connection is shown in 7X Monitor - Receiver
Type section. Then you only need to assign a 2 or 3-position switch of your transmitter to the 6%
channel.

Notices:

Do NOT set a 2-position switch as: Position-1 is Course Lock; Position-2 is Home Lock.

Course Lock Usage:
During the same flight:
STEP1: Record STEP2: Open STEP3: Close STEP4: Re-open

| | / f

& 4 4 €

» Nose direction; === Forward direction

STEP1:Record forward direction: There are two ways: Manually; Automatically:

a) Automatically: MC will record the current nose direction as forward direction at 30*" second after

you power on the multi-rotor. And LED will innkO quickly if recording is successful.

b) Manually: You can slide X2 channel switch between OFF and Course Lock position quickly 3 to 5

times to record current nose direction as new forward direction at any time after you power on

multi-rotor 30 seconds. And LED will blinko quickly if recording is successful.
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STEP2: Open course lock: After record the forward direction successfully, if MC is in Atti. or GPS Atti.
Mode, then you can slide X2 channel switch to Course Lock position to fly in course lock. Now wherever

the nose points, the real flight forward direction is the same as the recorded forward direction, and LED

will blink O Oslowly to indicate the IOC mode.

STEP3: Close course lock: There are two ways:
a) Slide X2 channel switch to OFF position to quit course lock; (Recommended way!)
b) Slide U channel switch to Manual Mode position, or close transmitter.
STEP4: Re-open course lock: If you want to re-open course lock after you quit this function, you should

first slide X2 channel switch to OFF position, and slide U channel switch to Atti. or GPS Atti. mode position,

then slide X2 channel switch to Course Lock position to re-open course lock.

Home Lock Usage:
During the same flight:

STEP1: Record STEP2: Open STEP3: Close STEP4: Re-open

1 / t N\

‘ " " s,

™ Nose direction; ===== Forward direction; ®Home point; =------ Over 10m distance

STEP1:Record home point: The home point mentioned here is the same home point of enhanced Fail-Safe. There
are two ways to record them: Manually and Automatically:
a) Automatically: Before takeoff, the current position of the multi-rotor will be saved as home point
by MC automatically when you push the throttle stick for the first time after 6 or more GPS
satellites have been found (' blinks once or no blinking) for 8 seconds.

b) Manually: When 6 or more GPS satellites are found (. blinks once or no blinking), you can toggle

the X2 channel switch between (to a 3-position switch) Course Lock and Home Lock or (to a 2-
position switch) OFF and Home Lock position quickly 3 to 5 times to record the current position
of the multi-rotor as the new home point. And LED will blinko quickly if recording is successful.
STEP2: Open home lock: flip the X2 channel switch to the Home Lock position to fly in home lock when all

the following requirements are met:

a) Home point is recorded successfully;

b) 6 or more GPS satellites are found;

c) In GPS Atti. Mode;

d) Multi-rotor is further than 10m away from the home point.
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Now wherever the nose is pointing, the real flight forward direction is the same as the direction from the
home point to the multi-rotor, and LED will blink between yellow and greeno O slowly to indicate the
IOC mode of MC.

STEP3: Close home lock: There are three ways:
a) Flip the X2 channel switch to the OFF position to quit home lock; (Recommended way!)
b) Flip the U channel switch to Manual Mode position, or turn off the transmitter.
c) The MC will be in course lock by the current forward direction automatically when multi-rotor flies

back into 10m range around home point, or MC is in Atti. Mode.

STEP4: Re-open home lock: If you want to turn on home lock after you quit this function, you should first

flip the X2 channel switch to the OFF position. When all 4 requirements in the 3" step are met, flip the

X2 channel switch to the Home Lock position to turn on home lock.

Tips:

1 LED will blink betweeno andO slowly to indicate the IOC mode only when MC is really to fly in course
lock or home lock modes.

2 We suggest that you should know clearly that, by which lock method you are going to fly, and the
locked forward direction or home point, before you switch on IOC mode during the flight.

3 There is only one home point recorded at any time. This point is the same one used by Go-Home and
Landing in the fail-safe mode.

4 When flying by home lock, if GPS signal becomes weak, MC will be in course lock in the current forward
direction automatically.

5 You 'd better stand near the home point to use home lick.

6 You 'd better use 3-position switch for X2 channel, and you 'd better use X2 channel switch to activate
and deactivate the |OC during the flight.

Notices:

1 Before you do the home lock flight, you have to fly the multi-rotor out of the 10m range around the home
point; you have to flip the X2 channel switch to Home Lock position to fly in home lock when all the
requirements are met. If you have already toggled the X2 channel switch to Home Lock position when the
multi-rotor is still in 10m range around home point, and this is the first time you are going to fly in home
lock during the current flight, then if all the requirements are met, MC will change into home lock
automatically when multi-rotor flies out the 10m range around home point.

2 When multi-rotor is flying by home lock, far away from you and the home point, please do not toggle the

X2 channel switch many times quickly so as to avoid the change of home point without you knowing it.

3 By using a 3-position switch, if you want to record the forward direction or home point manually, do not

toggle the X2 channel switch between OFF and Home Lock position, but only between OFF and Course
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Lock, or Course Lock and Home Lock position. And please record the forward direction and home point
separately so as to make sure the recording is successful.

4 We suggest you to use Home Lock in a limited area which is 10m away from the home point.
Continuously spinning will cause a yaw error. In this case, you can stop or slow down the spinning, so as

to have better flight performance.

When flying in Home Lock mode, if any of the following situations happen, then the system will quit Home
Lock flying and automatically enter Course Lock flying. The aircraft will fly in Course Lock using the earlier

forward direction
[ ] The aircraft fly s within 10m range of the home point.
[ ] You toggle the control mode switch to the ATTI. Mode.

® The GPS signal becomes bad (The GPS signal LED is blinking Red twice or three times).

©2014 DJI. All Rights Reserved. 29





4 Gimbal

NAZA-M LITE English +

KR & a e 7

View Basic Tools Upgrade Info

Motor Gimbal

Gimbal Setting Gimbal Switch

oN OFF Output Frequency  [50nz

Servo Travel Limit

MAX Center MIN
pitch  ~@FRp 0 0 0
rRol <@ o 0 0
Automatic Control Gain
Gain Direction
If you use a gimbal, please configurs the . ==
N = i = Pitch 0.00 REV
parameters on this pag: -
This system supports 2-axis gimbals with roll  -@FW 000 REV

serve with a 1520us center point. Make sure

the connection is correct

Important

If you enable the gimbal control in assistant Pitch ~@ETEp 0
software during the configuration, please note

that there will be outputs from F1 and F2

ports. NEVER. connect F1/F2 to ESCs wired to ET—
motors with propellers default

Manual Control Speed

MODE: MNIA MC QUTPUT: ON

STEP1: Gimbal Switch

If you use gimbal, please choose On here, and select an Output Frequency (50Hz/100Hz/200Hz/400Hz).

The chosen output frequency is recommended no more than the maximum servo supported frequency.

Notices:

If you open the gimbal control in assistant software during the configuration, please note that there are outputs
from F1and F2 ports. You should never connect these ports to ESCs which are wired with propellers and motors.
Tips:

NAZA-M LITE supports servo center 1520us.

STEP2: Servo Travel Limit

Range: -1000 to+]1000
MAX/MIN are servo travel limits; adjust them to avoid mechanical binding; Place your multi-rotor on level ground,

adjust Center value of Pitch and Roll direction to make the camera mounting frame to your desired angle-to-ground.
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STEP3: Automatic Control Gain

Range: O to 100

Adjust the reaction angle of the automatic control. The initial value of 100 is the maximum angle. The larger the gain,

the bigger the reaction angle. Click REV/NORM, and then you can reverse the feedback control directions.

STEP4: Manual Control Speed

Range: O to 100

You should assign one of the knobs on your transmitter to the X1 channel for controlling the Pitch direction (angle) of
camera gimbal during flight first. Then adjust the reaction speed of pitch direction manual control; the initial value
100 is the maximum speed.

Notices:

If parameter adjustment was enabled on channel X1, the gimbal manual control via channel X1 will still be on as

well.

Do not use X1 to control gimbal pitch and remote adjust parameters at the same time.

Please reset the Basic Parameters in Autopilot section if there is flight jitter after gimbal is mounted.
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WMotar Gimbal Voltage

Protection Switch

Low-voltage Alert

) on
Instruction

In order to prevent your multi-rotor from Battery

crashing or other harmful consequences caused e = : T
by Lo battery voltags; two levels of low Current Voltage =4EJp DISCONNECTED Calibration
voltage protection are available to uze. Tou can Battery Type |29 LiPo - |

choose to use them or not, howsver we

strongly recommend using the protections! First Level Protection

Mo Load Loss Loaded
Low voltage protections are NOT fun! You 0.00V 0.00V 0
should land your multi-rotor ASAP in any level
of protection to prevent your multi-rotor from Safeguard: LED Warning

crash or other harmful consequences!

Second Level Protection
Mo Load Loss Loaded

0.00v 0.00v

Safeguard. Descending

MODE: MNIA MC QUTPUT: ON

STEPI: Protection Switch

In order to prevent your multi-rotor from a crash or other harmful consequences caused by low battery voltage, there
are two levels of low voltage protection available to use. You can choose to use or not to use them, however we
strongly recommend using the protections available!
Notices:
[ ] Make sure the connection between VU and MC (V-SEN to X3) is correct; otherwise the low voltage
protection will not work properly.
L] Both levels of protection have LED warning as default. Both levels of protection will blink red ~®
continuously.
L] Both level protections will only have the LED warning under Manual Mode, none in the automatic actions.
] Low voltage protections are NOT fun! You should land your multi-rotor ASAP in any level of protection

to prevent your multi-rotor from crash or other harmful consequences!

STEP2: Battery

Apply battery power the MC and connect the MC with the PC, current battery voltage will be displayed in this column.
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If the battery voltage displayed here is different from the voltage you measure

Ml Calibration

from a voltmeter, you have to calibrate it. Click the Calibration box, enter that

INNECTED

Current Voltage |DIS

voltage in the Calibration column of the dialogue box, and then click Confirm. Calibration  |k5.83V

Ok Cancel

Meanwhile you need you to choose the battery type you are using, so that MC

can provide the default warning voltages and ranges for you.

STEP3: First Level Protection

[ ] No Load (No Load Voltage): Self-defining warning voltage. Needs your input.

[ ] Loss (Line Loss Voltage): The battery voltage drop during the flight. Needs your input.

[ ] Loaded (Loaded Voltage): The real-time battery voltage during the flight. This is the actual warning voltage
monitored by MC. Doesn 't need your input, calculated by No Load and Loss.

Tips:

Voltages Magnitude Relation:

[ ] No Load: First level > Second level.

[ ] Loss: First level = Second level.

[ ] Loaded: Calculated, First level > Second level.

Method of Acquiring Line Loss Voltage:

1 Make sure you can fly your multi-rotor normally with a fully charged battery.

2 Use a fully charged battery, switch on the low voltage protections in assistant software, and observe the
current voltage. Fill a reasonable warning voltage in the No Load of first protection (We recommend to
fill a voltage 1V lower than current voltage and higher than minimum battery voltage rating in). Fill OV in
Loss at the moment.

3 Fly the multi-rotor until the first level protection is triggered, and the red Iight. is flashing. Now land your
multi-rotor ASAP.

4 Connect the MC to PC, open the assistant and acquire new current voltage. The Loss (Line loss voltage)
is the difference between the new current voltage and the first level No Load voltage you filled in.

Notices:

[ ] If the line loss voltage of a battery is over 0.3V per cell (e.g. 3S battery over 0.9V), it's because the
internal resistance of battery is high or the battery is too old, we suggest you to replace it!

L] Generally the line loss voltages vary with different makes of batteries. For the consideration of safety,
you 'd better acquire all the line loss voltages of all your battery you are using, and fill the lowest one in
the Loss box.

® When you change the payload or multi-rotor, you have to get new line loss voltages.

® The line loss voltage will be larger after many times of use, you should get new ones after 30 times of

©2014 DJI. All Rights Reserved. 33





charging.
® Make sure your ESCs protection voltage is lower than 3.1V (1S), otherwise low voltage protection will not

work.

Acquire the line loss voltage by the above method, and then fill it in Loss. Then fill a reasonable warning voltage in
the No Load.

Notices:
When red LED starts to blink, you should land ASAP!

STEP4: Second Level Protection

1 Fill the warning voltage and the line loss voltage in No Load and Loss by the method introduced in previous
step.
2 When the second level protection is triggered, the LED warning will be on. Meanwhile the center point of

throttle stick will move up slowly to 90% of endpoint, you should land ASAP to prevent your multi-rotor from
crash or other harmful consequences!

3 When the center point is at 0% of endpoint, multi-rotor will still start to ascend slowly if you continue to pull
the throttle stick back, and the control of Pitch, Roll and Yaw are the same as before. Please land ASAP to

prevent your multi-rotor from crash or other harmful consequences!
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Flight

Digital Compass Calibration

Without GPS, please skip this step

Why calibrate the compass?

Ferromagnetic substances placed on multi-rotor or around its working environment will affect the reading of earth
magnetic field for the digital compass. It also reduces the accuracy of the multi-rotor control, or even reads an
incorrect heading. Calibration will eliminate such influences, and ensure MC system performs well in a non-ideal

magnetic environment.

[ ]

The first time you install NAZA-M LITE on your multi-rotor.
When the multi-rotor mechanical setup has changed:
a) If the GPS/Compass module is re-positioned.
b) If electronic devices are added/removed/ re-positioned (Main Controller, servos, batteries, etc).
c)  When the mechanical structure of the multi-rotor is changed.
®  |f the flight direction appears to be shifting (meaning the multi-rotor doesn "t “fly straight”).
The LED blinking, often indicates abnormality blinking when the multi-rotor spins (It is normal for this to happen

only occasionally)

What not to do:

(] Don 't calibrate your compass where there is strong magnetic interference, such as magnetite, car park,
and steel reinforcement under the ground.

(] DO NOT carry ferromagnetic materials with you during calibration, such as keys or cell phones.

(] You don 't need to rotate your multi-rotor on a precise horizontal or vertical surface, but keep at least
45° difference between horizontal and vertical calibration.

(] The GPS will not work in the polar circle.

Calibration procedure
STEPI: Quickly switch the control mode switch from Manual. Mode to GPS ATTI. Mode and back to Manual.,

Mode for 6 to 10 times, The LED indicator will turn to constantly yeIIowO .

STEP2: Rotate your aircraft around the horizontal axis (about 360°) until the LED changes to constant green

® , and then go to the next step.
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STEP3: Hold your aircraft vertically and rotate it (its nose is downward) around the vertical axis (about 360°)

until the LED turns off, meaning the calibration is finished.

o C§o

STEP4: The LED indicator will show whether the calibration was successful or not.

® |f the calibration was successful, calibration mode will exit automatically.
® [f the LED keeps flashing quickly Red, the calibration has failed. Switch the control mode switch one
time to cancel the calibration, and then re-start from step 1.
Tips:
If you keep having calibration failure, it might suggest that there is very strong magnetic interference around

the GPS & Compass module, please avoid flying in this area.
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Fly test

Before First Flight

Notices:

(] Make sure you have assembled your multi-rotor correctly.

(] Make sure you have done the configuration procedure correctly.

(] Any of the following mistakes will leads to a dangerous accident, double check all these items:
4 Rotation direction of motor is opposite
4 Propeller installation mistake
4 MC installation mistake
& Wrong connection between MC and ESC

] In Atti Mode, throttle stick center position is for Om/s along the vertical direction. You must keep the
throttle position higher than 10% from stopping the motors during the flight!

(] Make sure you switch on the transmitter first, then power on multi-rotor! (Power off multi-rotor first, then
switch off the transmitter after landing!)

] Please do the fly test and gain tuning with Atti. Mode in the open air without heavy winds!

L] In Atti Mode, after power on and before motors start, if . or ® LED double blinks without move

any stick, this indicates that you have moved any sticks during system start up and check. You will have

to reboot MC before you try to fly.

Test Fly

1.

Tips:

©2014 DJI

Make sure your batteries are fully charged for your transmitter, MC and all the devices on your multi-
rotor;

Check all connections and wirings, and make sure they are in good condition;

Switch on the transmitter first, then power on your multi-rotor!

Flip the control mode switch on your transmitter, and make sure it is working properly. Check it with LED
indicator to specify the current working mode for MC. See Appendix for details about LED indicator;
Switch the system to Atti. Mode. Use any safe method to do the following test: Apply the throttle to 20%
slowly and make sure all the motors are working properly, and then try to push your sticks lightly in Roll,
Pitch and Yaw to feel if your multi-rotor moves to the corresponding direction. If not, go back to
Configuration Procedure and correct your settings.

Push the throttle stick slowly within 3 seconds after executing CSC until all the rotors are working, and

then take-off your multi-rotor gently
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L] After a successful test fly, the preparation before taking off can be simplified: Put your multi-rotor on the
level ground, turn on the transmitter first, then power on multi-rotor, then you can take off in Atti. Mode.
] If the aircraft drifts or spins in horizontal direction when hovering, please use IMU Calibration in TOOL
of assistant software to observe sensor output. If there is bigger gyroscope bias, do gyroscope calibration

according to the /MU Calibration in Appendiix.

©2014 DJI. All Rights Reserved. 38



http://dict.youdao.com/w/horizontal/

http://dict.youdao.com/w/direction/



Fly with GPS

Without GPS, please skip this step

Before Fly with GPS

Notices:

(] When system is powered on, you must not move your multi-rotor or sticks on transmitter until the system
initialization is finished (about 5 second).

L] Make sure the GPS signal is good, without red LED blinking. Otherwise multi-rotor will drift without stick
commands.

L] Please avoid using MC system in the following areas, where will GPS signal is most likely blocked:
< Urban area with crowded buildings
€ Tunnels
@  Under bridges

Tips:

Should you find the multi-rotor does not track straight in forward flight, you might try re-mounting GPS in an

offsetting angle as showed in right figure. ® in the figure is the offsetting angle.

Actual flight direction

T = Objective flight directi!n
GPS mounting direction

72\ Without GPS offset angle /2\ /3\
o/

=/ with GPS offset angle o/

Actual flight directidy
bbjeclive flight direction
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Appendix

Fix the TBE (Toilet Bowl Effect) Problem

When flying in GPS ATTI. Mode and the compass calibration has been done correctly, should you find the aircraft
rotating (Toilet bowl effect), or drifting when hovering. Please check the GPS module mounting orientation and then
re-do the compass calibration. Carry out the following procedure to re-mount the GPS module.

In the following diagram (view from the top), the aircraft can appear to be rotating in both clockwise and counter-
clockwise direction, please re-mount the GPS module correspondingly.

2 sthe rotating direction of aircraft, is the nose direction of aircraft,

== the arrow direction on the GPS module, 0 is the offset angle for GPS re-mounting(about 10~30°)

Clockwise rotating GPS re-mounting

v /x  §N \ k\‘}-)?

Counter Clockwise rotating GPS re-mounting
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IMU Calibration
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IMU Calibration
2
Export Parameters ‘
Gyroscope(degree/s) Mod
X ¥ z
Import Parameters
Acceleration(g) Mod
X Y z

‘ Restore default settings ‘

Basic

Check IMU Status
Status: - Basic Cali

OnLine Help

MODE: A MC QUTPUT: ON

The IMU calibration is used if the aircraft is drifting or spinning in horizontal direction while hovering. Better
performance can be obtained by gyroscope calibration. Check IMU status after the status changed to ready, and take

action according to corresponding tips.

1 Please keep the main controller stationary during calibration, and then connect to the assistant software.

2. Click the IMU calibration in Tools to enter calibration page.

3. Click Check IMU Status after the status changed to ready.

4. The autopilot system check and give tip for you.

5. If IMU works abnormally, please contact us or our agents; if IMU calibration is necessary, please click
Calibration button; else if IMU works normally, calibration procedure may be skipped.

Notices:

(] You don "t need to put the aircraft on a completely horizontal surface, but make sure to keep it stationary.

Tips:

o IMU works normally if the value of X, Y and Z is between [-1.5 , 1.5].

[ IMU works normally if the sum of the squares of X, Y and Z is around 1.
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Port Description

Main Controller

For roll control (left/right)

For pitch control (front/back)

For throttle control

For rudder control

For Control Mode Switch

For gimbal pitch control Or for gain tuning
For D-Bus (S-Bus compatible) Or for gain tuning Or for IOC switch
For voltage monitor (Connect with VU V-SEN port)

To #1 rotor

To #2 rotor

To #3 rotor

To #4 rotor

To #5 rotor

To #6 rotor

To gimbal roll servo

BE300RER00000 000

To gimbal pitch servo

LE

;

LED port, for LED wire connection from Versatile Unit

EXP

E

GPS port, for GPS module wire connection.

(In three-pin ports, pins near the nicks are signal pins.)

Versatile Unit

V-SEN V-SEN port: To MC X3 port, for monitoring battery voltage and supplying power
L] Orange wire (signal wire) output: 3.3V
L] Red wire (power wire) output: 4A@5V
LED LED wire, to MC LED port.

e Micro-B USB port: PC connection for configuration and firmware upgrades.

GPS & Compass

Connect to the EXP. port.
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Light Description

Control Mode (GPS)

Manual Atti. GPS Atti. 10C
GPS satellites < 5 e e ®@e®e®O @0 e 9o e ®o0e
GPS satellites = 5 @ e @ e (@) @ e @ @ e oce
GPS satellites = 6 @ () (@) @ @ @ oe
GPS satellites >6 No o (&) oce
Attitude status bad [ ] I O I e I 00
Control Mode
Manual No
Atti. @) (@) (@) (@) O (@) (@) (@)

When EES appears, please hover the aircraft until disappears, so as to have better flight performance.

Blinking indications of Att.© and GPS Atti. @ are:

® Before motors start: Single blink, all sticks (except throttle stick) return to center; Double blinks, stick(s)
(except throttle stick) not at center.

° After motors start and throttle stick is over 10% within 3 seconds: Single blink, all sticks return to center;
Double blinks, stick(s) not at center.

Blinking indications of |IOC 0o ..

L] Before motors start: oce blink, all sticks (except throttle stick) return to center; ocee blink,
stick(s) (except throttle stick) not at center.

° After motors start and throttle stick is over 10% within 3 seconds: oo blink, all sticks return to center;

cee blink, stick(s) not at center.

Compass Calibration

M)

Begin horizontal calibration D

Begin vertical calibration Il
Calibration or others error 0000000000000 00000000C0OCO®

Others
TX signal lost COOO0O0OO0OOOOO0OOO0OOO0OO0O0O
Low voltage / Other errors 0000000000000 000000000C0O®
Connect to PC correctly (R —
System start and self-check Q000000000000

Do NOT move any command sticks during this procedure! Please contact us if the last four green blinks are

abnormal.
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Recommended Settings

Configuration Information Basic Gain Attitude Gain
No. Aircraft
Motor ESC Propeller Battery Weight Pitch Roll Yaw Vertical Pitch Roll
1 F330 DJI-2212 DJI-18A DJI-8 Inch 3S-2200 790¢g 140 140 100 110 140 140
2 F450 DJI-2212 DJI-30A DJI-8 Inch 3S-2200 890 g 150 150 100 105 150 150
3 F550 DJI-2212 DJI-30A DJI-8 Inch 45-3300 1530 g 170 170 150 140 170 170
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Specifications

General

Built-In Functions

Three Modes for Autopilot
Enhanced Fail Safe

Low Voltage Protection
S-Bus Receiver Support
PPM Receiver Support
2-axle Gimbal Support

Peripheral

Supported Multi-rotor

Supported ESC output
Recommended Transmitter

Assistant Software System Requirement

Quad-rotor 14, X4;
Hexa-rotor | 6, V6, IY6, Y6.

400Hz refresh frequency.

PCM or 2.4GHz with a minimum 4 channels.

Windows XP SP3; Windows 7

Electrical & Mechanical

Working Voltage Range

Power Consumption

Operating Temperature

Weight

Dimensions

MC: 48V ~55V

VU Input: 7.2V ~ 26.0 V (recommend 2S ~ 6S LiPo)
Output(V-SEN port red wire): 3A@5V

Output(V-SEN port red wire)burst current:7.5A
MAX: 1.5W(0.3A@5V)
Normal: 0.6W(0.12A@5V)

-10°C ~ 50° C(14F ~122F)

MC: 25¢g

GPS:21.3g

VU: 20g

MC: 45.5mm x 31.5mm x 18.5mm

GPS & Compass:  46mm (diameter) x 9mm
VU: 32.2mm x 21.1mm x 7.7mm

F|Ight Performance (can be effected by mechanical performance and payloads)

Hovering Accuracy (GPS Mode)

Max Yaw Angular Velocity
Max Tilt Angle

Max Ascent / Descent Speed

° Vertical: 0.8m
° Horizontal:  2.5m
200°/s

45°

6m/s

©2013 DJI Innovations. All Rights Reserved.
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Thank you for purchasing our product, an ideal radio system for beginners or experienced users alike.

Read this manual carefully before operation in order to ensure your safety, and the safety of others or the
safe operation of your system.

If you encounter any problem during use, refer to this manual first. If the problem persists, contact your
local dealer or visit our service and support website for help:

http.//www.flysky-cn.com
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1. Safety
1.1 Safety Symbols

Pay close attention to the following symbols and their meanings. Failure to follow these warnings could
cause damage, injury or death.

A Danger + Not following these instructions may lead to serious injuries or death.

A Warning - Not following these instructions may lead to major injuries.

A Attention -« Not following these instructions may lead to minor injuries.

1.2 Safety Guide

® Prohibited 0 Mandatory

» Do not use the product at night or in bad weather like rain or thunderstorm. It
can cause erratic operation or loss of control.

» Do not use the product when visibility is limited.

» Do not use the product on rain or snow days. Any exposure to moisture (water
or snow) may cause erratic operation or loss of control.

» Interference may cause loss of control. To ensure the safety of you and others,
do not operate in the following places:

« Near any site where other radio control activity may occur
« Near power lines or communication broadcasting antennas

» Near people or roads
« On any pond when passenger boats are present
« Do not use this product when you are tired, uncomfortable, or under the

influence of alcohol or drugs. Doing so may cause serious injury to yourself or
others.

» The 2.4GHz radio band is limited to line of sight. Always keep your model in
sight as a large object can block the RF signal and lead to loss of control.

» Never grip the transmitter antenna during operation. It significantly degrades
signal quality and strength and may cause loss of control.

« Do not touch any part of the model that may generate heat during operation, or
immediately after use. The engine, motor or speed control, may be very hot and
can cause serious burns.






Misuse of this product may lead to serious injury or death. To ensure the safety
of you and your equipment, read this manual and follow the instructions.

Make sure the product is properly installed in your model. Failure to do so may
result in serious injury.

Make sure to disconnect the receiver battery before turning off the transmitter.
Failure to do so may lead to unintended operation and cause an accident.

Ensure that all motors operate in the correct direction. If not, adjust the
direction first.

Make sure the model flies within a certain distance. Otherwise, it could cause
loss of control.
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2. Introduction

The FS-i6X transmitter and FS-iA6 receiver constitute a 6-channel 2.4GHz AFHDS 2A digital proportional
computerized R/C system. It is compatible with fixed-wing and helicopters.

2.1 System Features

The AFHDS 2A (Automatic Frequency Hopping Digital System Second Generation) developed and
patented by FLYSKY is specially developed for all radio control models. Offering superior protection
against interference while maintaining lower power consumption and high reliable receiver sensitivity,
FLYSKY's AFHDS technology is considered to be one of the leaders in the RC market today.

Bidirectional Communication

Capable of sending and receiving data, each transmitter is capable of receiving data
from temperature, altitude and many other types of sensors, servo calibration and i-BUS
Support.

Multi-channel Hopping Frequency

This systems bandwidth ranges from 2.408GHz to 2.475GHz. This band is divided in

135 channels. Each transmitter hops between 16 channels (32 for Japanese and Korean
versions) in order to reduce interference from other transmitters.

Omni-directional Gain Antenna

The high efficiency Omni-directional high gain antenna cuts down on interference, while
using less power and maintaining a strong reliable connection.

Unique ID Recognition System

Each transmitter and receiver has it's own unique ID. Once the transmitter and receiver
have been paired, they will only communicate with each other, preventing other systems
accidentally connecting to or interfering with the systems operation.

Low Power Consumption

The system is built using highly sensitive low power consumption components,
maintaining high receiver sensitivity, while consuming as little as one tenth the power of a
standard FM system, dramatically extending battery life.

3
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2.2 Transmitter Overview
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2.2.1 Transmitter Antenna

A Warnina * For best signal quality, make sure that the antenna is at about a 90 degree angle
9 to the model. Do not point the antenna directly at the receiver.

A Danaer Never grip the transmitter antenna during operation. It significantly degrades
9 the RF signal quality and strength and may cause loss of control.

2.2.2 Battery Indicator

The status indicator is used to indicate the power and status of the transmitter and receiver. If a receiver is
not connected or bound to the transmitter no battery status will be displayed for the receiver.

T EHL Lk
R« NN

2.2.3 Trims

There are 4 trims affecting stick functionality, one for ailerons (Channel 1), elevator (Channel 2), throttle
(Channel 3) and rudder(Channel4). Each time a trim is toggled, the trim will move one step. It is possible to
make quicker trim adjustments by holding the trim in the desired direction. When the trim position reaches
the middle, the transmitter beeps in a higher tone.

2.3 Receiver Overview

_ B/VCC
Antenna
6 CHANNELS
‘ ‘ 24 GHZ RECEIVER To Servos

it
uuuuu

2.3.1 Receiver Antenna

. »  For best signal quality, ensure that the receiver is mounted away from motors
A Attention
or metal parts.






2.3.2 Connectors

The connectors are used to connect the parts of model and the receiver.

e CH1 to CH6: used to connect the servos, power or other parts.

» B/VCC: used to connect the bind cable for binding, and the power cable during normal operation.

Battery

6 CHANN!
24 GHZ RECEIV

ELS

R -

Switch

o [ o

Olo) [0'o] [0lo] [o'o] [0lo) [0

Aux. channel

Aux. channel

Rudder servo

Throttle servo

Elevator servo

Aileron servo
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3. Getting Started

Before operation, install the battery and connect the system as instructed below.

3.1 Transmitter Battery Installation

A Danger

Only use specified battery.

Do not open, disassemble, or attempt to repair the battery.

Do not crush/puncture the battery, or short the external contacts.

Do not expose to excessive heat or liquids.

Do not drop the battery or expose to strong shocks or vibrations.

Always store the battery in a cool, dry place.

Do not use the battery if damaged.

Follow the steps to install the transmitter battery:

1. Open the battery compartment.

2. Insert 4 fully-charged AA batteries into the compartment. Make sure that the batteries makes good
contact with the battery compartments' contacts, with the correct polarity.

3. Replace the battery compartment cover.

3.2 Connecting the Receiver and Servos

Connect the receiver and the servos as indicated below:
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4. Operation Instructions

After setting up, follow the instructions below to operate the system.

4.1 Power On

Follow the steps below to turn on the system:

1.

2.
3.

Check the system and make sure that:

e The batteries are fully charged and installed properly.

» The receiver is off and correctly installed.

Toggle the power switch to its upward position.

Connect the receiver power supply to the B/VCC port on the receiver.

The system is now powered on. Operate with caution,or serious injury could result.

4.2 Binding

The transmitter and receiver have been pre-bound before delivery. If you are using another transmitter or
receiver, follow the steps below to bind the transmitter and receiver:

1.

2.
3.
4

Connect the supplied bind cable to the B/VCC port on the receiver.
Insert power into any other port.
Hold the bind key while powering on the transmitter to enter bind mode.

Remove the power and bind cable from the receiver. Then connect the power cable to the B/VCC
port.

Check the servos' operation. If anything does not work as expected, restart this procedure from the
beginning.
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4.3 Pre-use Check
Before operation, perform the following steps to check the system:
1. Check to make sure that all servos and motors are working as expected.

2. Check operating distance: one operator holds the transmitter, and another one moves the model
away from the transmitter. Check the model and mark the distance from where the model starts to

lose control.

A Danger + Stop operation if any abnormal activity is observed.

A Danger + Make sure the model does not go out of range.

A Attention < Sources of interference may affect signal quality.

4.4 Changing Stick Modes

Usually the stick with the self centering feature on both axes will be mapped to the Elevator, while the

other to the Throttle.
The functions of the sticks in respective modes are shown below:

Mode 1 Mode 2
Rudder Aileron Rudder Aileron
[ — [O) m
@] <@ =
% 3 = 2
> - o Q
[)] =y c o
w ® = =
Mode 3 Mode 4
Aileron Rudder Aileron
<—> ——

f — m
2 =z % 7

c ! I} )

> (= o —+
o = = o

w o© [ =
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When switching between modes one and two it is nessesary to reverse the gimbals positions to ensure

that throttle is on the correct side. To switch the sticks:

1. Take the battery out from the transmitter, Loosen the four screws that hold the rear cover shown in
green on left .

2. Carefully take the back off the transmitter and disconnect the cables connected to it.

3. Unscrew the screws around the gimbals, marked in green in the picture on right.

4. Switch the gimbals to the opposite side. Make sure the gimbals have been rotated 180 degrees so
that the wires are facing towards the middle of the system.

5. Reconnect the wires connecting the back to the front, then reattach the back and tighten the screws.

6. Turn the transmitter, go to Main Menu, select "System Setup" and navigate to "Sticks mode" then
make sure the correct stick mode is selected. From the main menu enter "System Setup" and select
"Display" and move the joystick to make sure that the channel moves in the correct direction.

4.5 Power Off
Follow the steps below to turn off the system:

1. Disconnect the receiver power.
2. Toggle the transmitter's power switch to its low position.

A D « Make sure to disconnect the receiver power before turning off the transmitter.
anger . L
Failure to do so may lead to damage or serious injury.






Digital Proportional Radio Control System FS'iG)X(

5. Function Descriptions
5.1 Flight Controls (Default Mode 2)

The sticks are used for controlling the aircraft, each stick has 2 functions. The right stick controls pitch and
roll, the left stick controls throttle and yaw.

Pitch (Right Stick Up/Down)

O rlgskgoll‘&ﬂ
b LR Iy

8iite

Roll (Right Stick Left/Right)

i LEFT “ RIGHT

D rlgskgoll‘&g
o TR 1|

8iite

Yaw (Left Stick Left/Right)






5 =
ifivzp TR U1 E 08U
- x lntU.‘l 4 .98V
LSigS1: 16

THROTTLE DOWN

5.2 Reverse Function

The reverse function changes a channels direction of movement
in relation to its input. For example, if a servo has to be
mounted upside down due to space restrictions within a model,
this function can be used to correct its movement so that it

matches up with the user controls. HDI‘
Setup: Rew

1. To change between normal and press the "OK" key until the
desired channel is selected, then use the "UP" and "DOWN"
keys to change setting.

Nor = Normal, Rev = Reverse.

2. Hold the "CANCEL" key to save and return to the previous
menu.

3. To return to default settings press and hold the "OK" key for
3 seconds.Press and hold the"CANCEL"key to save.

Reuverse

5.3 End Points

The end points function changes the range of movement available to a channel. This can be used to
prevent damage to a model when a servo moves too far, potentially leading to damage to pushrods etc.

The left box is the low end point, the right box is the high end point, marked below as low being red and
bule being high.

Setup: —End points=—/——"
1. Press the "OK" to change channels. Chl =100 1'E|"El.-"
2. Move the channel using its stick or knob to select the low Eﬂ% 1,@,,&:“'? 1,,3&‘,
€ha isen 189
3. \L/J:liéhe UP" and "DOWN" keys to increase or decrease the She 1Ot 100
4. Hold the "CANCEL" key to save and return to the previous
menu.

5. To return to default settings press and hold the "OK" key
for 3 seconds.Press and hold the"CANCEL"key to save.

d
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5.4 Display
This function displays the model's channel output in real time. Display
« Make sure the model engine is powered Tl 1 | 1
A Warnin off while the test function is activated. Cha C I ]
9 If powered on, it will rev up and cause Cha O — L
unexpected results. EEE : : '_I : :
Chi [(—— ]

A D « Make sure the model does not go out
anger
of range.

Setup:

1. Hold the "OK" key to enable channel scrub mode. In this
mode the channels will sweep though their entire range of
motion.

2. Press "CANCEL" key to exit.

5.5 Aux Channels

The auxiliary channels function can be used to assign switches to extra channels to control additional part
of a model such as landing gear or lights.

Setup: =Aux. chamnmels=
1. Press the "OK" to change channels. *sChanmel S
2. Use the "UP" and "DOWN" keys to select a source (Switch s Source UrA

,Knob or None).

3. Hold the "CANCEL" key to save and return to the previous
menu.

Channel &
Tource UrB

5.6 Subtrim

Subtrim changes the center point of the channel. For example, if a models rudder is slightly out of
alignment, the subtrim could be used to fix this.

Setup: Eubtrim

1. Press the "OK" to change channels. *+Chi + |

2. Use the "UP" and "DOWN" keys to change the subtrim ChZi +* I
position. Chai + I

3. Hold the "CANCEL" key to save and return to the previous Eﬁ% : I :
menu. Shib | + |

4. To return to default settings press and hold the "OK" key
for 3 seconds. until the channel returns to the center.Press
and hold the "CANCEL" key to save.

5.7 Dual rate/exp.

The dual rate/exp. function only applies to channels 1, 2, 4.

[Dual Rate]: Dual Rate reduces or increases the difference between the highest and lowest possible value,
for example if applied to the rudder, (set to a throw of 10cm) before changing the settings, when you
move your stick to 1/2 you would get 5cm rudder movement, if you move the stick 1/4 of the way, the

_
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rudder will move 2.5cm, so at 100% there is a direct, linear relationship of stick movement and surface
movement.

If a setting of 50% is entered then moving the stick all the way in one direction will only give 1/2 of the
surface movement and 1/2 stick movement will only produce 1/4 surface movement, this has the effect
of reducing how responsive the rudder is when the stick is moved, effectively reducing the range of
movement available to the servo. This function is usually assigned to a condition so that it can be turned
on and off during flight.

[Exp. (Exponential)]: Exponential changes the relationship between stick movement and surface movement
by creating a curve, when in use the stick movement and surface movement are no longer linear so the
stick has a different response in different at different positions. For example this is useful when needing
less reaction during a take-off but more reaction when in the air.

Setup: =Dual ratelexp.=
1. Press the "OK" to change between settings.
2. Use the "UP" and "DOWN" keys to change the channel/ +Eﬁ1_{“a 1
rate/exp depending on the selected setting. EEEE lﬂg
3. Hold the "CANCEL" key to save and return to the previous
menu.

4. To return a setting to default, press and hold the "OK" key
for 3 seconds. Press and hold the "CANCEL" key to save.

5.8 Throttle Curve

This function enables the user to adjust the ratio between stick and servo movement using a linear line
or non-linear curves.

This is useful when wanting to change how the throttle reacts at between different stick positions, for
example having a smaller throttle change when the stick is between 0-30%, then a larger throttle change
between 30% and 100%. If your models throttle is not linear, it is also possible to use this function to
create a more linear movement.

This function uses 5 points to change the throttle curve, L being the low and H being the high.

Setup: =Throttle curwve=
1. Press the "OK" to change between points. EEI‘ME_I
2. Use the "UP" and "DOWN" keys to change point position. 1 25&
3. Hold the "CANCEL" key to save and return to the previous 2 S
menu. ﬁ 13%"” —
4. To return a setting to default, press and hold the "OK" key “L 12 3 H

for 3 seconds. Press and hold the "CANCEL" key to save.

5.9 Mixes

This function is used to create a mix between channels. For example if at low throttle some automated
flap movement was desired then it is possible to create a mix to do this. This system can have up to 3
different mixes.

Setup:

1. Use the "UP" and "DOWN" keys to select a mix.

2. Use the "OK" key to change between settings.

3. Select a master channel, this channel will control the slave channel.
4, Select a slave channel to be controlled by the master.

d
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5. Set the positive and negative mix, this setting controls
how much the slave channel will move in relation to the
masters movement, if set to 50% the slave will move half
the amount of the master.

6. Set the offset, the offset changes the center of the slave
channel in relation to the master.

7. Hold the "CANCEL" key to save and return to the previous
menu.

8. To return a setting to default, press and hold the "OK" key
for 3 seconds. Press and hold the "CANCEL" key to save.

5.10 Elevon

The elevon function is used for planes that combine the elevons an ailerons together.

Setup:

1. Use the "UP" and "DOWN" to turn the function on and off.
2. Use the "OK" key to change between settings.

3. Use the "UP" and "DOWN" keys to change the percentage.
4

. To return a setting to default, press and hold the "OK" key
for 3 seconds. Press and hold the "CANCEL" key to save.

5.11 V Tail

The V Tail function is used for planes that use a v tail configuration.

Setup:

1. Use the "UP" and "DOWN" to turn the function on and off.
2. Use the "OK" key to change between settings.

3. Use the "UP" and "DOWN" keys to change the percentage.

4. To return a setting to default, press and hold the "OK" key
for 3 seconds. Press and hold the "CANCEL" key to save.

5.12 Assign Switches

—_———Milxes
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Mix ics OfFr
Master Chl
=lauve Ch2
Pos. mix S0
MHeg. mix SO
Offset O
Elewvon
*Elevon On
Chl S50%
Chz2 S0
Chl <= ChZ2+Chl
Chz <= Ch2-Chl
U tail
) tail On
Che S50
Chd S50
Ch2 <{= Chz2-Chd4
Chd <= ChzZz+Ch4d

This function enables you to assign switches to Fly mode, Idel mode, and Throttle hold.

Setup:
1. Use the "OK" key to change between settings.

2. Use the "UP" and "DOWN" keys to change switch
assignment.

3. Press and hold the "CANCEL" key to save.

e Switches must be turned on in the [7.13 Aux Switches]
function to be avaliable for assignment.

tAssign switches:

*FIH mode awhA
ormal
Idle mode IwB
Hormal
Thro. hold SwD
off
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5.13 Throttle Hold

This function is used with gas powered models in order to stop stalls when not in use.

Setup: =Throttle hold=
1. Use the "OK" key to change between settings.
2. Use the "UP" and "DOWN" keys to turn the function on or +Hold On

off and increase and decrease the hold percentage. Ualue 50X

3. To return a setting to default, press and hold the "OK" key
for 3 seconds. Press and hold the "CANCEL" key to save.

e This function will not work unless assigned to a switch. The
switch can be used to enable or disable the function. Please
refer to [5.12 Assign Switches] for more details on how to
assign a switch to a function.

e Switches must be turned on in the [7.13 Aux Switches]
function to be avaliable for assignment.

Inactiwve

A Note »  This function must be assigned to a switch in the Switches assign funciton.
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6. Helicopter Functions
6.1 Pitch Curve

The pitch curve function is for programing the response of the helicopters blades collective pitch, which
controls the amount of lift the helicopter has. This functions output is shown on the graph, with points
along the bottom (L,1,2,3,H), and collective pitch up the side (0-100%). When the throttle stick is moved
its position will be shown in real time.

=—Fitch curuve_—

Hoxrmal

L+ 0O

1 254
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3 754 .
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Setup:
1. Use the "OK" key to cycle between points.

2. Use the "UP" and "DOWN" keys to change the percentage (All changes are shown in real time in the
graph)

3. To return to default settings press and hold the "OK" key for 3 seconds, press and hold the "CANCEL"
key to save.

6.2 Swashplate Mix

The swashplate mix function sets the relative movement between each servo controlling movement of the
swash plate controlling aileron, elevator and pitch.

Setup:

1. Press the "OK" key to cycle through aileron, elevator and pitch.
2. Use the "UP" and 'DOWN" keys to change the percentage.

3. Press and hold the "CANCEL" key to save and exit.
4

. To return to default settings press and hold the "OK" key until the currently selected perameter returns
to 50%,and press and hold the "CANCEL" key to save.

6.3 Gyroscope

The gyroscope function uses a gyroscope to correct for torque produced by changes in engine speed,
pitch and wind etc., which can cause issues with yaw control. If not corrected each of these variables could
cause the RC helicopter to spin, sometimes quite violently.

This function has 2 settings, Gryro (On/Off) and Value (%). The Mode shows the state of the Idle up
function (This function needs to be assigned to a switch).

Setup:

1. Use the "OK" key to cycle between "Gyro" and "Value", select "Gyro" and press the "UP" or "DOWN"
key to toggle on or off.
2. Select "Value" and up the "UP" and "DOWN" arrow keys to change the percentage.

3. To return to default settings press and hold the "OK" key until the currently selected perameter returns
to 50%, and press and hold the "CANCEL" key to save.

_





7. System
7.1 Model Select

Use this function to select stored models, use the "UP" and "DOWN" keys to choose a model and press
and hold the "CANCEL" key to save and exit. The system can store up to 20 models.

7.2 Model Name

This function renames the currently selected model.

Setup:
1. Use the "UP" and "DOWN" keys to select a letter or number, then press the "OK" key to confirm.

2. To save press and hold the "CANCEL" key.
To return to default press and hold the "OK" key for 3 seconds,press and hold the "CANCLE" key to save.

7.3 Type Select

This function changes the type of the currently selected model, including airplane and helicopter with
different types of swashplates.

Helicopter swash plate type Available functions

Swash 140° Pitch Curve, Swashplate Mix, Gyroscope
Swash 120° Pitch Curve, Swashplate Mix, Gyroscope
Swash 90° Pitch Curve, Swashplate Mix, Gyroscope
Variable pitch Pitch Curve, Gyroscope

Fixed pitch Gyroscope

Setup:

1. To change the model type press the "UP" and "DOWN" keys to select the model type, then press and
hold the "CANCEL" key to save and exit.

7.4 Model Copy

This function copies the one model to another model slot.

Setup:
1. Use the "UP" and "DOWN" keys to select the model you want to copy.
2. Use the "OK" key to and use the "UP" and "DOWN" keys to select the slot to copy the model.

3. Press and hold the "OK" key to confirm, the system will display a prompt asking "Are you sure", use
the "UP' or "DOWN" key to select Yes and press "OK" again to confirm.

7.5 Model Reset

This function resets the current model to the default settings.

Setup:

1. Use the "UP' annd "DOWN" keys to select a model. Press the "OK' key to confirm,.

2. The system will display a prompt asking "Are you sure”, use the "UP' or "DOWN" key to select Yes and
press "OK" key again to confirm.

ﬂ
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7.6 Trainer Mode

Trainer mode is used to take control of a slave system when a switch is in the off position. This function
will only work when two systems are linked via the trainer lead.

Setup (This function must be assigned to a switch and will only be inactive when the switch is on):

1. Use the "UP" and "DOWN" keys turn the function on and off.
2. Use the "OK" key to and use the "UP" and "DOWN" keys to select a switch.
3. Press and hold the "CANCEL" key to save and exit.

7.7 Student Mode

Student mode is used when another system is connected as a master (Trainer), when this mode is active
all settings will be bypassed and the system will only function through the master.

Setup:

1. To enable the function press "OK" then select Yes, The system will return to the previous menu.
2. To exit student mode repeat this process.

7.8 Sticks Mode

There are 4 available stick modes, each stick mode changes the stick functions.

For example when using stick mode 2 the left stick controls throttle on the vertical axis and rudder in the
horizontal axis, however in stick mode 3, the vertical axis controls elevator and the horizontal axis controls
aileron. These modes are largely down to personal preference.

Setup:

1. Use the "UP" and "DOWN" keys to select a stick mode,.
2. Press and hold the "CANCEL" key to save and exit.

3. To return to default settings press and hold the "OK" key for 3 seconds,press and hold the "CANCLE"
key to save.

7.9 LCD Brightness
Setup:

1. Use the "UP" and "DOWN" keys.
2. Press and hold "CANCEL" to save and exit.

3. To return to default settings press and hold the "OK" key for 3 seconds,press and hold the "CANCLE"
key to save.

7.10 Firmware Ver.

This function displays the current firmware version.

7.11 Firmware Update

This function updates the firmware using a USB to PS/2 connection lead.
Setup:

1. First download the update from our website,http://www.flysky-cn.com.

2. Connect the system to the computer via the supplied cable and press "OK" while in this function.
3. Wait for windows to recognise the system.

_





4. Then open the update on the computer and press update.
5. Once the update is finished cycle the system power.

7.12 Factory Reset
This function resets the entire system back to its factory settings.

To reset press "OK",then use the "UP" and "DOWN" keys to select Yes and press 'OK" again.

7.13 Aux Switches

This function both activates and deactivates switches/knobs as well as changing the amount of active
channels the system will use. This is usually done when a new switch or knob has been.

Setup:

1. Use the "OK" key to cycle through the selection of switches and knobs.

2. Use the "UP" and "DOWN" keys to turn the selected switch/knob on or off.

3. Keep pressing the "OK" key until "Ch" is selected.

4. Use the "UP" and "DOWN" keys to change the amount of active channels to match your current
configuration.

5. To return to default settings press and hold the "OK" key for 3 seconds,press and hold the "CANCLE"

key to save.
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8 RX Setup
8.1 RF Standard

This menu allows you to change the communication protocol for the transmitter. The available protocols
are:

RF Protocol Receiver
AFHDS R9B,R6B,R6C,GR3E,GR3F
AFHDS 2A A3, A6,X6, iA4B, iA6, iA6B, iA10, iA10B

To Switching Between AFHDS 2A and AFHDS:

1. First navagate to the system menu by pressing and holding the "OK" key until the main menu opens,
select "System Setup” by pressing the "OK" key again.

2. Use the "DOWN" key to navagate to "RX setup” and press the "OK" key again to enter, then press the
"OK" key one more time to select RF Standard.

3. The system will display a prompt asking if you are sure, use the "UP" or "DOWN" key to select yes and
press "OK".

4. Then use the "UP" or "DOWN" key to select the desired RF standard and press and hold the "CANCEL"
key for until the system returns to the previous menu to save.

5. Use the "UP" and "DOWN" keys to select a mode then press and hold the "CANCEL" key to save and
exit.

8.2 RX Battery

This function is used to change the battery monitor settings. This function can be switch to an external or
internal sensor.

There are 4 settings:

[External sensor/ Internal Sensor]: The system has its own voltage sensor however it is possible to change
to an external sensor.

[Low]: Sets the low battery voltage, see your batteries user manual to set this setting.

[Alarm]: Sets the voltage level at which the system will allert the user if the battery gets too low.

[High]: Sets the voltage for the battery if it is full.

A Note » These settings affect how the system shows battery levels, if the high and low
are incorrect the systems battery display will not be reliable.

8.3 Failsafe

This function is used to protect the models and users if the receiver loses signal and therefore is no
longer controllable.

All channels are listed in the failsafe menu. [Off] means that in case of a loss of signal, the corresponding
servo will keep its last received position. If it displays a percentage, the servo will instead move to the
selected position.

Setup:

1. Use the "UP" and "DOWN" to choose a channel and press "OK" to enter its failsafe settings.

2. Use the "UP" and "DOWN" to turn the failsafe on or off.

3. Move the channels control surface to the desired position and hold the "CANCEL" key to confirm and
exit.

_
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4. To return to default settings press and hold the "OK" key for 3 seconds,use the "UP" and "DOWN"
keys to select Yes. press and hold the "CANCLE" key to save.

You can set the failsafe position for all channels with the[All channels] button at once. To do so,
1. Move all your channels to the desired position.

2. Select [All channels].

*  Once the failsafe has been set, a percentage will be displayed.

8.4 Sensors List
This function displays all connected sensors and thier outputs.

8.5 Choose Sensors
This function changes which sensors will be displayed on the home screen. The home screen can display
up to 3 sensors.

Setup:

1. To add a sensor to the home screen, use the "OK" key to change sensor slot, then use the "UP" and
"DWON" keys to select a sensor.

2. To return to default settings press and hold the "OK" key for 3 seconds, Press and hold the "CANCEL"
key to save and exit.

8.6 Speed and Distance

This function is for setting up speed and distance sensors.
Speed Sensor

If a sensors is connected, us the "UP" and "DOWN" arrow keys to select the desired senor then press and
hold the "CANCEL" key to save.

Rotation Length

Measure the distance from the center of the prop to the distance sensor. Then use the "UP" and "DOWN"
arrow keys to enter the length. Press and hold the "CANCEL" key to save.

Reset Odometer 1 + 2

These settings return the odometer to 0. To reset select one, odometer 1 or 2, then press "OK". The
system will display a prompt, select yes.

Reset odometer 1

Resets odometer 1 to 0. Odometer 1 records the distance traveled during a session. Note that restarting
the system will also reset odometer 1.

Reset odometer 2

Resets odometer 2 to 0. Odometer 2 records the total distance traveled since last reset. This means that
the distance over several sessions will be added together.

d
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8.7 ASL Pressure

The set ASL (Above Sea Level) function is used to calibrate an altitude sensor. When an altitude sensor is
connected, change the [Air pressure] setting until the altitude is at Om.

Setup:

1. Make sure that your TX and RX are bound and turned on.

2. Set your model on the ground.

3. Usethe "UP” and "DOWN" keys to change the hPa value. If the system is showing a positive
altitude, reduce the hPa value until the altitude reaches Om. If the system is showing a negative altitude
increase the hPa value until it reaches Om.

4. To return to default settings press and hold the "OK" key for 3 seconds,press and hold the "CANCLE"
key to save.

Note: Make sure that your model is at ground level during this process.

8.8 Output Mode

PPM is capable of transferring all channels through one physical output. When [RX PPM output] is
checked:

*  When [PWM] is selected the receiver will output channels 1-6 via channel 1-6.
*  When [PPM] is selected the receiver will output a standard PPM signal via the PPM interface.

To turn the function on press the "UP" or "DOWN" keys to turn the function on then press and hold the
"CANCEL" key to save and exit.

8.9 i-BUS Setup

This function is used to set up the i-BUS module. The i-BUS module can be used to add servos to your
model that may be too far away from the receiver.
Setup:

1. Use the "UP" and "DOWN" keys to choose a channel and press "OK".

2. Press the button on the i-BUS module that corresponds to the desired output, the system will then
return to the previous menu.

3. After setting up the desired channels press and hold the "CANCEL" key to save and exit.

8.10 Servos Freq

This function sets the frequency that the receiver outputs to the servos. Check your servos usermanual to
find the correct setting.





9. System Customization

The FS-i6X's switches and knobs can be moved
to other channels. Or if using receivers with more
channels, the system can be expanded with extra
switches or knobs.

By default, from left to right, the knobs are channels
5 and 6, the switches are7, 8, 9 and 10.

FS-A6/FS-iA6B/FS-iA6 6CH
FS-iA10B 6-10CH

Fluskydl

Bl T UG, 080 |l
B IntUl 4 980
L3ig31:1Q

9.1 Switching Channel Assignments

To change a switch or knobs channel, the system
must be taken apart. The first step is taking the back
cover off.

1.  Remove any batteries from the system and
replace the battery cover.

2. Remove the screws marked in green.

« Make sure the screw driver
you are using is not too big
A Note or too small. Failure to do so
could damage the head of
the screw.

3. Carefully pry the front and back apart, this may
take some force.

« Don't pull the pieces too

A Note far apart, doing so could
damage cables attacking the

front and back together.

4, Carefully disconnect the cables connecting the front to the back.

A Note » Make sure you keep the screws in a safe place.

A Note « Make sure that the wires are fitted along beside each of the gimbals as show
right.

A Note » Make sure that all switches are installed with the correct orientation shown
right.

d
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5. On the circuit board each channel is labled, making it easy to find the correct channel. Follow the
cables leading from each connector to identify which switch or knob goes to each channel.

6. Carefully remove the desired connectors from the board.

A Note « Do not pull on the wires themselves, doing so may damage the connector or
wire.

7. Replace the desired switch/knob connectors into the corrsponding channel slot.

Setup:

1. Take the transmitter apart following the above instructions.
2. Remove the toggles connector from the circuit board.
3. Unscrew the plate holding the toggle in place on the front of the transmitter.

Removing a knob:
Remove the pot cover by slowly pulling on it, it should come off without much effort.

1. Remove the 4 screws located on the back of the system and remove the back cover.
2. Follow the knobs wire and disconnect it form the board.

3. Gently remove the knob cap by pulling it up.

4. Remove the nut holding the knob in place.

5. Remove knob.

8. Put the back cover back in place, and squeeze the handle until the two pieces click together.
9. Replace the cover screws.

_
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9.2 Activate Switch/Knob

Open the system menu, navigate to "Aux Switches" and press the "OK" key. Use the "OK" key to change
switch/knob, then use the "UP" or "DOWN" keys to turn the switch on.

The switch will now be available in the "Assign Switches" menu.
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10.Package Contents
4-10 Channel 2.4GHz Transmitter (FS-i6X)

2.4GHz Receiver ( FS-iA6 (6 CH))

User Manual (CD) miox

onal
INSTRUCTION
. MANUAI

Digital Proportional Radio Control System

PS/2 to USB Update Cable






11 Product Specification
11.1 Transmitter specification (FS-i6X)

Channels 6-10 (Default 6)

Model Type Fixed-Wing/Glider/HElicopter

RF Range 2.408-2.475GHz

RF power < 20dBm

RF Channel 135

Bandwidth 500KHz

2.4GHz System AFHDS 2A / AFDHS

Modulation Type GFSK

Stick Resolution 4096

Low Voltage Warning < 4.2V

DSC port PS/2 Port PPM

Chargeable No

Antenna Length 26mm(Dual Antenna)

Weight 392 ¢

Power 6V DC 1.5AA*4

Display STNTrzfmstec.tive Display ,LCD128x64 Lattice, VA 73x 39mm ,
LCD with white backlight

Size 174x89x190mm

On-line Update Yes

Color Black

Certificate CE0678, FCC ID:N4ZFLYSKYI6X

11.2 Receiver specification (FS-iA6)

Channels 6

Model Type Fixed-Wing/Glider/HElicopter
RF Range 2.408-2.475GHz

RF Channel 135

RF Receiver Sensitivity - 105dBm

Bandwidth 500KHz

2.4GHz System AFHDS 2A

Modulation Type GFSK

Power 4.0~6.5V DC

Antenna Length 26mm(Dual Antenna)

Weight 79

Size 40.4x21.1x15mm

i-BUS Port No

Data Acquisition Port No

Color Black

Certificate CE0678, FCC ID:N4ZFLYSKYIA6
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Appendix 1 FCC Statement

This equipment has been tested and found to comply with the limits for a Class B digital device
pursuant to part 15 of theFCC rules. These limits are designed to provide reasonable protection
against harmful interference in a residential installation. This equipment generates, uses and can
radiate radio frequency energy and, if not installed and used in accordance with the instructions,
may cause harmful interference to radio communications. However, there is no guarantee that
interference will not occur in a particular installation. If this equipment does cause harmful
interference to radio or televison reception, which can be determined by turning the equipment off
and on, the user is encouraged to try to correct the interference by one or more of the following
measures:

» Reorient or relocate the receiving antenna.
» Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.

»  Consult the dealer or an experienced radio/TV technician for help.

To assure continued compliance, any changes or modifications not expressly approved by the party
responsible for compliance could void the user’ s authority to operate this equipment. (Example use
only shielded interface cables when connecting to computer or peripheral devices).

This equipment complies with Part 15 of the FCC Rules. Operation is subject to the following two
conditions:

(1) This device may not cause harmful interference, and

(2) This device must accept any interference received, including interference that may cause
undesired operation.

Caution!

The manufacturer is not responsible for any radio or TV interference caused by unauthorized
modifications to this equipment. Such modifications could void the user authority to operate the
equipment.





FLY SKKY

C€ 0067 8 FCC ID:N4ZFLYSKYI6X

http://www.flysky-cn.com
Copyright ©2016 Flysky RC model technology co., Itd

Edition: 2016-08-17





