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Anexo 1: Disefio de MUQUI a partir de la “Metodologia de
Diseiio Mecatrénico”

Para el disefio de MUQUI se emplea la metodologia de disefio mecatrénico por la
cual se obtienen distintas propuestas de solucion, las que se evalian y se determina
la solucién éptima en base a los criterios definidos. La metodologia se emplea para
las dimensiones en las que se divide el proyecto: mecanica, sensores, actuadores y

electrénica.

La metodologia se dividira en los siguientes pasos:
1.1 Estructura de funciones: A partir de los objetivos y alcances planteados en la
seccion 1.3.1 de la tesis se generan funciones estructuradas para cumplir con

las exigencias del proyecto.

1.2 Matriz morfoldgica: Se elabora una matriz morfolégica para cada dimension
del proyecto y se presentan diferentes opciones para satisfacer las funciones
a ejecutar. Estas opciones se combinan para generar 3 conceptos de solucion
(Tablas 1, 2, 3).

1.3 Evaluacién de conceptos de solucion: se realiza una evaluacion de los
conceptos de solucion a través de criterios técnicos y econdmicos,
ponderando los puntajes asignados con los puntajes de importancia asignado

a cada criterio (Tablas 4 y 5).

1.4 Seleccion del concepto 6ptimo: finalmente se compara los puntajes obtenidos
por cada concepto y se selecciona como 6ptimo a aquel que ofrezca la mejor

relacion técnica econdmica.
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1.1 Estructura de funciones
Se definen funciones basadas en la lista de exigencias para las dimensiones en las
que se divide el proyecto: mecanica, vision por computadora, electrdnica y control y,

sensores y actuadores.

Mecanica:

- Permitir que MUQUI sea reconocido como un ser amigable y miembro de la
comunidad.

- Poseer una morfologia antropomarfica que incluyan cabeza y brazos.

- Dar soporte a todos los componentes de MUQUI.

- Permitir movilidad en brazos y cabeza.

- Configurar el sistema de ruedas para darle estabilidad y permitir su

desplazamiento.

Electrénica

- Interpretar las sefiales de entrada y generar las sefales de control para los
actuadores.

- Manejar los actuadores a partir de las sefiales de control.

- Controlar de forma simultanea todos los actuadores.

- Proveer de energia proveniente de una bateria a todos los componentes de
MUQUI.

- Recargar la bateria del sistema.

- Almacenar informacion multimedia como archivos de audio, video e

imagenes.

Sensores y Actuadores:

- Generar movimiento en los brazos y cabeza de MUQUI.

- Generar desplazamiento de MUQUI en superficies planas.
- Proyectar imagenes sobre una superficie cercana.

- Emitir o reproducir audio.

- Capturar audio.

- Mostrar imagenes en una pantalla que representan los ojos de MUQUI.
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1.2  Matriz Morfologica

Tabla 1: Matriz Morfoldgica - Mecanica
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Tabla 2: Matriz Morfolégica — Electrénica
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Tabla 3: Matriz Morfolégica — Sensores y Actuadores

Sensores y actuadores
Funciones parciales 1 2 3 4
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1.3 Evaluacion de Conceptos de Solucion

Tabla 4: Evaluacion de Conceptos de Solucién- Criterios Técnicos

Formato de Evaluacion de Conceptos de Solucion - Criterios Técnicos
Escala de valores (puntaje entre 0 - 3)
0= No Satisface, 1= Aceptable 2= Suficiente, 3= Excelente
Importancia Soluciones
N° Criterios Técnicos (") S1 S2 S3
1 | Funcion 15% 3 3 2
2 | Lista de exigencias 15% 3 3 2
3 | Complejidad 12% 1 3 3
4 | Interactividad 12% 3 3 2
5 | Capacidad de procesamiento 10% 2 3 1
6 | Cinematica 7% 3 2 2
7 | Fabricacion 7% 1 2 3
8 | Montaje 7% 1 2 3
9 | Buen uso de la energia 6% 3 3 3
10| Confiabilidad 5% 3 2 3
11| Estabilidad 4% 3 2 3
Puntaje Total PT=%pix(%)i/100 100% 238 27 231
Puntaje Unitario PU=PT/3 79% 90% 77%

Tabla 7: Evaluacién de Conceptos de Solucion- Criterios Econémicos

Formato de Evaluaciéon de Conceptos de Solucion - Criterios Econémicos
Escala de valores (puntaje entre 0 - 3)
0= No Satisface, 1= Aceptable 2= Suficiente, 3= Excelente
Importancia Soluciones
N° Criterios Econémicos (") $1 S2 S3
1| Costo de Material 40% 3 3
2 | Costo de Fabricacion 30% 1 3
3 | Facilidad de Montaje 30% 1 3
Puntaje Total PT=Zpix(%)i/100 100% 18 2.7 3
Puntaje Unitario PU=PT/3 60% 77% 87%

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP gz_lr\(lsELF:(S:IEAD

DEL PERU

14 Seleccion del concepto optimo

En la figura 1 se realiza un grafico de “Criterios Técnicos” vs. “Criterios Econdmicos”

con la finalidad de evaluar los conceptos de solucién generados a partir de la matriz

morfoldgica.
Evaluacion de conceptos
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Figura 1 Diagrama de evaluacion de conceptos de solucion
Fuente: Propia

De acuerdo a la evaluacion, se determina que la solucion éptima corresponde al
concepto 2, ya que presenta la mejor relacion entre los resultados obtenidos de los

criterios técnicos y econdmicos.
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Bosquejo de mejor solucién
Se bosqueja el concepto de solucién nimero 2 como punto de partida para el
disefio detallado de MUQUI.

1) Raspeberry Pi

2) Baterias LiPo

3) Motores DC

4) Driver de motores
5) Sistema de carga
6) Conexion USB

7) Servomotores

8) Micréfono

9) Woofers

10) Pantalla LCD
11) Miniproyector

Figura 2 Bosquejo de la solucion 2
Fuente: Propia
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Anexo 2: Seleccion de motores DC

Para la seleccion de los motores DC a utilizar, se debe tener en cuenta el diametro
de las ruedas. En este caso se seleccionaron ruedas de 60 mm de diametro.

El robot se desplaza sobre dos ruedas activadas por los motores DC y un ball caster,
por lo cual el peso se encuentra distribuido en 3 puntos. Para esta seleccion
asumimos el caso critico en el que todo el peso se halle solo sobre las ruedas. En
esta situacion, cada rueda soporta la mitad del peso total del robot, siendo la masa

total de MUQUI de aproximadamente 2.5 kg.

Figura 1 Diagrama de Cuerpo Libre del Torque de una Rueda
Fuente: Propia

m,*g 25%9.8
2uillp 2

=1225N.

Ecuacion1: Fg =

6
=0.3675N.m =3.75kg.cm.

Ecuacion 2: T, = Fw x 1, = 12.25 *

De la ecuacion 1 se obtiene la fuerza que se ejerce sobre cada rueda y en la ecuacion
2 se calcula el caso critico donde la fuerza Fw actia a una distancia rw del centro
de la rueda y el torque necesario para poder elevar ese peso al tratar de superar un
obstaculo sera Tw. Segun lo obtenido en la ecuacion 2 se necesita un torque de 3.75
kg*cm en cada rueda.

Seleccion de motor

Se han preseleccionado los motores DC distribuidos por Pololu. El motor escogido
es el modelo Metal Gearmotor 25D con encoder de baja potencia. Resta por escoger
la caja reductora necesaria y comprobar que el torque que otorga el motor es

suficiente para nuestra necesidad. La maxima velocidad de giro del motor es de 5600
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RPM y se desea que el robot alcance una velocidad de desplazamiento maxima de

10 cm/s.

Usando la maxima velocidad del motor, las dimensiones de la rueda y la velocidad

maxima de desplazamiento deseada se calcula la reduccion requerida.

5600
60

* * *
2HT R, * Wy 2% mx3

=176.
10

Ecuacion 3: N =
vmax

De la ecuacion 3 obtenemos que es necesario una caja reductora de 176:1 para
obtener la velocidad maxima establecida. En la Fig. 2 se muestran los modelos

disponibles de cajas reductoras para el motor seleccionado y se opta por la reduccion

$ Palolu E

mas proxima a 176:1.

No-Load

Speed | Stall Torque | Stall Current

Gear Ratio, @oV @ev @ev With Encoder Without Encoder
o 9800 RPM 2 oz-in 6 A|motor without gearbox
5600 RPM 1 oz-in 2.2 A|motor without gearbox

4.4:1 2220 RFM 8 oz-in 6 A 25Dx48L mm HP 25Dx48L mm HFP
1280 RPM 5 0z-in 2.2 A 25Dx48L mm

9.7:1 1010 RPFM 17 oz-in 6 A 25Dx48L mm HP 25Dx48L mm HFP
580 RFM 11 oz-in 2.2 A 25Dx48L mm 25Dx48L mm

20.4:1 480 RPM 36 oz-in oA 250Dx50L mm HP
275 RFM 24 pz-in 2.2 A 25Dx50L mm

34:1 285 RPM 60 oz-in oA 250Dx52L mm HFP 25Dx52L mm HP
165 RPM 40 oz-in 2.2 A 25Dx52L mm 250Dx32L mm

47:1 210 RFM 80 oz-in 6 A 25Dx52L mm HP 25Dx52L mm HF
120 RPM 50 oz-in 2.2 A 25Dx52L mm 250Dx32L mm

75:1 130 RPM 130 oz-in 6 A 25Dx54L mm HP 25Dx54L mm HP
75 RPM 85 oz-in 2.2 A 25Dx54L mm 25Dx54L mm

99:1 100 RPM 160 oz-in oA 250Dx 54 mm HP 250Dx54L mm HP
57 RPM 110 oz-in 2.2 A 25Dx54L mm

172:1 37 RPM 260 oz-in oA 25Dx56L mm HFP
332 RPM 170 oz-in 2.2 A 25Dx56L mm 25DxS6L mm
227:1 25 RPFM 220 oz-in 2.2 A 25Dx56L mm
378:1 15 RPM 250 oz-in 2.2 A 25Dx58L mm
499:1 12 RPM 300 oz-in 2.2 A 25Dx58BL mm

Figura 2 Modelos disponibles de cajas reductoras para motor 25D

Fuente: https://www.pololu.com/product/2288

Con la reduccién escogida de 172: 1 es necesario recalcular la velocidad de

desplazamiento maxima que se obtendra del robot. Siguiendo la ecuacion 3, se tiene

una velocidad maxima de desplazamiento de 10.23 cm/s.
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El torque requerido por el motor puede ser calculado con el torque para superar un
obstaculo calculado previamente entre la reduccién escogida.

E ion4: T —TW—3'75—00218k = 2.14 mN
cuacion 4. m = N = 172— . g.cm— . miN.m.

De la ecuacion 4 obtenemos que es necesario un torque de 0.0218 kg.cm por motor
para superar un obstaculo. Segun el catalogo del motor escogido, este motor puede
proveer hasta un maximo de 170 oz.in (12.24 kg.cm), lo cual supera lo requerido y
no presentara problemas.

Finalmente, es necesario calcular la potencia y consumo eléctrico de los motores.
Para lo cual asumimos el caso extremo en que el motor gira a su maxima velocidad

y ejerciendo el torque maximo para superar obstaculos.

0
Ecuacion5: Pm=Tm=*2* wxwm = 0.00214 % 2 * 1 * =1.255W.

De ecuacion 5 obtenemos que cada motor consume 1.255 W de potencia. Debido a
que cada motor esta alimentado con 6 V y siguiendo la ecuacion W =V * |; se obtiene
que cada motor consume 209 mA en su funcionamiento mas critico superando
obstaculos pequenos. En total el consumo eléctrico de los dos motores DC

seleccionados sera de 418 mA.

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP gz_lr\ésl_l}g?;\o

DEL PERU

Anexo 3: Calculos de servomotores

Todos los servomotores utilizados para el robot fueron preseleccionados de modelos
conocidos y en este anexo se comprueba su adecuado funcionamiento y el
desempeno que cumpliran.

Primero, se identifican en la Tabla 1 todos los servomotores con su respectivo voltaje

de alimentacion, funcién y rango de movimiento.

Numero Modelo Voltaje de Rango de Funcién
Alimentacion movimiento

1 Dynamixel AX-12A 12V 0-35° Giro de la cabeza
2 Dynamixel AX-12A 12V 0 - 300° Giro del Proyector
3 Dynamixel AX-12A 12V 0-270° Giro del Brazo
4 Dynamixel AX-12A 12V 0-270° Giro del Brazo
5 Servo-Hitec HS-35HD 5V 0-160° Giro del Antebrazo
6 Servo-Hitec HS-35HD 5V 0-160° Giro del Antebrazo

Tabla 1 Enumeracion de Servomotores seleccionados
Fuente: Propia
Segundo, se calcula el torque maximo necesario en cada motor de acuerdo a su
funcion. Para el calculo del torque del motor se utiliza la ecuacion:

Ty = Fcxrc.
Donde Tm es el torque del motor, Fc es la fuerza de la carga que debe mover el

servomotor y rc es la distancia de la carga al eje del servomotor. En la Tabla 2 se

resumen los datos referentes a cada servomotor y el torque necesario.

Servomotores Carga Fc (N) Distancia rc (cm) Torque del motor (N.mm)
1 255 6.5 170
2 1.47 2 30
3y4 0.3 1.5 4.5
5y6 0.06 1.5 0.9

Tabla 2 Torques de los servomotores
Fuente: Propia
Los motores Dynamixel pueden proveer un torque maximo de 1500 N.mm vy los
servomotores Hitec pueden proveer hasta 78.5 N.mm. Como se puede ver, ningun
torque calculado sobrepasa el valor maximo estipulado por lo cual es adecuada su

seleccion.

A continuacién, se calculan las velocidades de giro que presentaran cada
servomotor asumiendo un comportamiento lineal de su relacion Torque-Velocidad de

giro. En la Tabla 3 se resumen las velocidades de giro para todos los servomotores.
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Servomotores Velocidad de giro con carga (RPM)
1 52.3
2 57.8
3y4 58.8
5y6 98.9

Tabla 3 Velocidad de giro con carga de cada servomotor

Fuente: Propia

Por ultimo, se detalla el consumo eléctrico en mA de cada servomotor para

posteriores consideraciones, como para el calculo de la bateria necesaria. Para el

calculo del consumo eléctrico se calcula primero la potencia que consume cada

servomotor y después se divide esta potencia entre el voltaje de alimentacion, segun

la siguiente ecuacion:

P=Txw=V=x].

Donde P es la potencia, T es el torque del motor, w es la velocidad de giro del motor,

V es el voltaje de alimentacion del servomotor e | es la corriente que consume. En la

Tabla 4 se resumen los resultados obtenidos de potencia y corriente.

Servomotores Potencia (W) Corriente (mA)
1 0.93 77.5
2 0.18 15
3y4 0.03 25
5y6 0.01 2

Tabla 4 Potencia y corriente consumida por cada servomotor
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Anexo 4: Seleccion de bateria

Para la seleccion de la bateria LiPo se tiene en cuenta el consumo en mA de todos
los componentes que debe alimentar y el requerimiento de brindar una autonomia
minima de una hora al sistema. En la Tabla 1 se encuentra el consumo en mA de

todos los componentes que alimenta la bateria.

Componentes Consumo (mA)
Motores DC 418
Servomotores Dynamixel 97.5
Servomotores Nano 4
Arduino 250
Tarjeta reguladora 50
Maodulo WiFi 200
TOTAL 1019.5

El valor total obtenido de consumo es de 1019.5 mA para todo el sistema y como se
desea obtener una autonomia de una hora se debe escoger una bateria con una
capacidad de 1020 mAh.

Por otro lado, al optar por baterias LiPo se debe tener en cuenta que estas no deben
descargarse completamente porque eso disminuye su tiempo de vida. Por lo tanto, se
tendra en consideracion que la bateria solo debe descargarse hasta un 25% de su

capacidad. Con esta consideracion, la nueva capacidad de la bateria a elegir sera:

1019.5

075~ 1360 mAh.

Capacidad =

Finalmente, con la capacidad obtenida se selecciona la bateria LiPo Rhino de 11.1V
y una capacidad de 1550 mAh, la cual es superior a la capacidad calculada y nos
dard exactamente una autonomia del sistema de 1.14 horas. En la Figura 1 se

muestra la bateria seleccionada.

Figura 1 Bateria LiPo Rhino de 1550mAh 3S 30C
Fuente:http://www.hobbyking.com/hobbyking/store/__9326__Rhino_1550mAh_3S_11_1v_30C_Lipoly
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Anexo 5: Analisis de esfuerzos y estabilidad de la estructura
Anidlisis de esfuerzos:

Para asegurar un adecuado funcionamiento de la estructura, deformaciones minimas
y esfuerzos aceptables se evalla los puntos criticos de la de estructura. En la Figura

1 se muestran los dos puntos criticos a evaluar.

1er Punto Critico

2do Punto Critico

Figura 1 Ubicacion de puntos criticos para andlisis de esfuerzos
Fuente: Propia
Primero, hay que definir las cargas que actuan sobre la estructura y que generen los
esfuerzos en la estructura. En la Figura 2 se muestran las dos fuerzas que intervienen
directamente en los puntos criticos seleccionados. Para el calculo del esfuerzo en los

puntos criticos se utiliza la férmula:

Ecuacionl: o= —+
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De donde, I,,,, es la inercia de area respecto a un eje que se calcula de la siguiente
forma:
b * h3

Ly, = 12 Para secciones rectangulares (ler punto Critico) ,

T
Iy, = 7 * (r;* — 1*)  Para secciones circulares (2do punto Critico) .

F1 F2

Figura 2 Diagrama de cuerpo libre de los puntos criticos
Fuente: Propia

Utilizando los datos correspondientes se calculan los momentos y areas respectivos

a cada punto:

b * h3 _ 48+ 13

=3 7 A

Ly, = %* (r*—n* = %* (4* — 3%) =137.4mm3 ,
Mi=M, = F;*d=6%15=90N *mm ,
A, = m* (1?2 — 1) = mx (42— 32) =22mm? .
Siguiendo la Ecuacién 1 obtenemos los esfuerzos en cada punto critico:

_ Myxy;, 9005

= = 11.25 MPa .
01 Iyyl 4 a
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1+ 1*V1 . *
= = = 3.3 MPa .
T 22 1374 ¢

Dado que el esfuerzo maximo de fluencia del acero es de 360 MPa, tenemos un

factor de seguridad de 32.

Analisis de estabilidad

Para el analisis de estabilidad es conveniente hallar el centro de gravedad del
sistema, para esto se utiliza el software Autodesk Inventor 2015. En la Figura 3 se

muestra la ubicacion del centro de gravedad obtenido con el software.

Figura 3 Ubicacion del centro de gravedad
Fuente: Propia

Para el analisis de estabilidad se supondran 3 casos de fuerzas actuantes a la altura
del sombrero del robot que intentan que vuelque. Se obtiene la fuerza maxima que
puede actuar sobre el robot desde diferentes direcciones sin que este pierda su
estabilidad. En la Figura 4 se detallan las 3 direcciones de fuerzas que se evaluaran,

asi como la distancia y ubicacién de los apoyos del robot.
Para obtener la fuerza maxima que puede soportar el robot sin volcarse, se asume

el caso extremo en que el robot solo reciba una fuerza de reaccion de uno de los

apoyos, siendo este el punto critico del volcadura. Siempre se tendra la fuerza del
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peso total del robot actuando en el punto de centro de masa y ya que el robot pesa
2.5 kg esta sera de 24.5 N. Para obtener la fuerza maxima se utiliza la siguiente

ecuacion:

Peso * dgpoyo

E =
M Alturapyersq

Siendo dg)0y, la distancia con respecto al suelo de la fuerza externa que intenta

volcar al robot. Como se muestra en la Figura 2 esta altura sera de 35 cm para los 3

casos.

Figura 4 Ubicacion de fuerzas que intentan volcar el robot
Fuente: Propia

Con los datos planteados y la ecuacion previa, se calculan las fuerzas maximas que

soporta el robot antes de volcar:

24.5 * 55

Flmax = T: 3.85N )
24.5 % 20

FZmax = W: 14N )
24.5 * 56

F3max = T: 392N .

Finalmente, se calcula la pendiente maxima de la superficie sobre la que puede

mantenerse estable el robot. Para esto se recurre a un calculo geométrico en el punto
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donde la reaccion y el peso del robot se alinean. En la Figura 5 se muestra al robot

en la pendiente maxima que puede admitir.

Para hallar el angulo maximo que se forma se utiliza la siguiente relacion geométrica:

Altura del centro de masa

6 = tan 1 — . — .
Distancia de la reaccion al centro de masa

Con esta relacion obtenemos los angulos que se forman y al ser restados de 90° se

obtienen las 3 pendientes maximas que admite el robot:
61 = tan! 216 75.7°
= tan=  — = 7°,
55

216
= 1__=847°
0 tan 20 8 f

216
63 = tan~!— = 75.5° .
an™! ——

De los angulos calculados se obtiene que el robot puede ascender por una rampa
con una inclinacion de 14.3°, puede ascender por una rampa con una inclinaciéon de
5.3° y finalmente, puede desplazarse estando inclinado hacia un lado sobre una

superficie con un angulo maximo de 14.5°.

Figura 5 Inclinacién maxima del robot en una pendiente
Fuente: Propia
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Anexo 6: Seleccion de pernos

Para todas las uniones pernadas utilizadas en el robot, se opta por pernos de la
norma ISO4017 o su equivalente DIN 933. Esto es debido a lo comin y comercial de
este tipo de pernos y por el tipo de exigencia que se les aplicara. Ninguna carga en
el robot supera siquiera los 300 gramos, por ende los esfuerzos en pernos no son

considerables.

Los pernos y tuercas seleccionados son DIN933 M2, M3 y M5 de calidad 4.8, la cual
tiene una resistencia a la fluencia de 320 MPa. Con esta resistencia podemos calcular

la fuerza maxima que puede soportar el mas pequefio de los pernos:

F
El esfuerzo equivalente sera: o, = \/0'22 + 3% 12~ 130, =13x A—p .
p

Y ademas el esfuerzo equivalente debe ser menor al esfuerzo maximo permitido:

Re
Oy < Oper = § .

Finalmente tendremos que la fuerza en el perno cumple:

Re*Ap
E< ——.
P 1.3 * 5

Donde Re es 320 MPa, Ap es el area del perno, la cual, para un perno de 2mm de
diametro es de 2.07 mm? y se opta por un factor de seguridad Sf de 2. Con estos

valores se obtiene:

o< 320 x 2'07—2551\/
P= 13%x2 '

Por lo tanto, un perno de 2mm de diametro soportaria un maximo de 255 N. El robot
presenta pesos y torques que no superan los 25 N, por lo tanto es seguro afirmar que

los pernos son adecuados y funcionaran con un amplio factor de seguridad.
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Anexo 7: Disefno de conversor DC-DC Switching

Para alimentar a los motores DC, es necesario disefiar un conversor de voltaje a 6V
y que soporte la corriente maxima que pueden exigir los motores. Debido a la
corriente supera los 2 Amperes, se opta por disefiar un conversor switching bajo las

siguientes condiciones de funcionamiento:

Tabla 1 Condiciones de disefio de conversor Switching
Fuente: Propia

Voltaje de entrada minimo 11V
Voltaje de entrada maximo 18V
Voltaje de salida 6V
Corriente de salida 6A

Con las condiciones planteadas, se opta por utilizar el integrado TPS40304 de Texas
Instrument y se disefia el conversor siguiendo las recomendaciones de la hoja de
datos del integrado. Primero se mostrara el circuito completo y se resume todos los
componentes con sus caracteristicas en la Tabla 3 y finalmente se muestran los

célculos hechos para determinar los valores de dichos componentes.

El circuito final disefiado se encuentra en la Figura 1. Para el disefio se siguen las
recomendaciones del fabricante, como en la seleccion de los MOSFETs y en las

siguientes consideraciones:

Tabla 2 Recomendaciones de disefio segiin Hoja de datos del TPS40304
Fuente: Propia

Rizado del Voltaje de entrada 0.5V

Rizado del Voltaje de salida 36 mV
Tiempo para inicio suave 1.5ms
Frecuencia de switching 600 kHz
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Figura 1 Esquematico completo del conversor Switching
Fuente: Propia
Tabla 3 Lista de componentes y sus caracteristicas
Fuente: Propia
REFERENCIA | CANTIDAD VALOR DESCRIPCION
Cin 1 22 uF Capacitor aluminio, 2 mQ
Cout 2 10 uF Capacitor aluminio, 2 mQ
Cvcc 1 1 uF Capacitor ceramico, 25 V
Css 1 3.3nF Capacitor ceramico, 16 V
Ccomp 1 8.2 nF Capacitor ceramico, 16 V
Ccomp2 1 390 nF Capacitor ceramico, 50 V
Ccomp3 1 1.3 nF Capacitor ceramico, 100 V
Cbyp 1 4.7 uF Capacitor aluminio, 4 mQ
Cbst 1 100 nF Capacitor aluminio, 0.28 mQ
M1 1 MOSFET, CSD17308Q3, 30 V, 47 A
M2 1 MOSFET, BSZ040N0O4LS, 40 V,40 A
L1 1 4.7 uH Inductor, 10.5 A, 0.013 Q
Rpgood 1 100 KQ Resistencia superficial, 1/16 W
Rcomp 1 1.65 KQ Resistencia superficial, 1/16 W
Rcomp2 1 464 Q Resistencia superficial, 1/16 W
Rs 1 3.24 KQ Resistencia superficial, 1/16 W
Rfbt 1 10 KQ Resistencia superficial, 1/16 W
Rfbb 1 1.1 KQ Resistencia superficial, 1/16 W

Para la seleccion de los componentes listados en la Tabla 3, se realizan los

siguientes calculos, siguiendo las consideraciones de disefio y las ecuaciones

recomendadas en la hoja de datos:
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Inductor (L1)
% -V V 1 18V -6V 6V 1
L1 ~ INmax ouT " ouT . — — N " =47 ul .
03* Ioyr  Vinmax fow  03%6A 18V 600 kHz

Capacitor de salida (Cout)

Se calcula el valor minimo del capacitor de salida requerido:
Epan * L 1.42 x 4.7uH
TRAN = 18uF .

C in = =
OUT min Vin — Vour) * Vunoer (11V - 6V)*100 mV

Se seleccionan dos capacitores de 10 uF en paralelo para superar el minimo

calculado de 18 uF.
Capacitor de entrada (Cin)

I 04p * Vour 6A%x6V

P & _ = 207 uF .
INmin VRIPPLE * VIN &3 f:S‘W 200mV = 14.5 « 600 kHz v

Se selecciona un capacitor de 22 uF que supera el valor minimo ce capacitancia
calculado de 20.7 uF.

MOSFETs (M1 y M2)

Se seleccionan los MOSFETs N-CHANNEL de potencia CSD17308Q3 vy
BSZ040NO4LS que soportan voltajes de Drain-Source de 30 V y 40 V
respectivamente. Ademas poseen cargas de gate (Q,) de 11 nC y 3.9 nC

respectivamente.

Capacitor Bootstrap (Cbst)

Para asegurar la correcta carga del gate del FET se sigue la ecuacion:

Cpst = 20 % Qg = 20%3.9nC = 78nF .

Se selecciona un capacitor de 100 nF que es el valor comercial mas proximo al

calculado.
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Capacitor para entrada Vdd (Cvcc)
Por recomendacion de disefo del fabricante y las caracteristicas se selecciona un

capacitor de 1 uF ceramico.

Capacitor Bypass BP (Cbyp)
Para estabilizar el regulador se recomienda un capacitor de por lo menos 1 uF, pero

para limitar el ruido en el regulador a menos de 5 mV se necesita:
Cpst = 500 * MAX(Qg1,Qg2) =500 * 11 nC = 5.5uF .

Entonces se selecciona un valor de capacitancia mas comercial que se aproxime a

5.5 uF. En este caso se selecciona un capacitor de 4.7 uF.

Resistencia para proteccion de corto circuito (Rs)

Primero se calcula la caida de voltaje por el FET:

1
Voc = <1-3 * Iroap — EIRIPPLE) * 1.2 x Rpgon Q1

1
Voc = (1.3* 6A— E*3.5A)*1.2*8.2m§2 ,

VOC =595mV .
Seguidamente se obtiene la resistencia de proteccion con la ecuacion:

Voc — Vocrosmin _ 59.5mV — (—8mV)

=3.55kQ .
2 * IOCSETmin 2+9.5mA

R =

Se aproxima el valor obtenido a un valor mas comercial. Por esto se selecciona una

resistencia de 3.24 kQ.

Divisor resistivo para la realimentacion (Rfbt y Rfbb)
Se fija el valor de Rfbt en un valor entre 10 kQ y 50 kQ. En este caso se selecciona
una resistencia Rfbt de 10 kQ. El voltaje de realimentacion esta debe estar fijado en

0.6 V con la cual se calcula Rfbb de la siguiente forma:

Vig * Repe 0.6V % 10 kQ
beb = =
VOUT - VFB 6 V - 06 V

= 11kQ .
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Compensacion (Ccomp, Ccomp2, Ccopm3, Rcomp y Rcomp2)
Finalmente, se obtienen los valores de los componentes de compensacion utilizando
el software TPS40k para un margen de fase de 60°. Los valores obtenidos son:

Ceomp = 821F ,  Ceompz = 3900F , Ceomps = 1.370F

Reomp = 1.65kQ ,  Reompz = 4640 .
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Anexo 8: Modelos de sombreros para Costa y Selva

En esta seccion se muestran dos modelos adicionales para el robot disefiado que
cumplen la funcién de caracterizar al robot con las otras dos grandes regiones de
nuestro pais. En la metodologia de disefio elaborada, se considerd la elaboracion de
3 sombreros que ayuden a identificar a MUQUI con una regién del Peru. Se optd
porque el modelo principal sea el Chullo, ya que es el sombrero mas representativo
e identifica a las comunidades andinas que se caracterizan por conservar sus

costumbres a través de la tradicion oral.

En la Figura 1 se muestran los bocetos iniciales del robot con cada tipo de sombrero.
Esto fue resultado de la metodologia de disefio mecatrénico que se encuentra en el

Anexo 1. Y en la Figura 2 se encuentra el modelo real disefiado para cada sombrero.

Figura 1. Bocetos del robot MUQUI con un sombrero para Sierra, Costa y Selva
Fuente: Propia

Figura 2. Modelos en 3D del robot MUQUI con un sombrero para Sierra, Costa y Selva
Fuente: Propia
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Con los sombreros aqui presentados se puede apreciar la versatilidad que tiene el
robot para ser faciimente adaptable a una nueva comunidad cambiando solo su
sombrero. Este concepto puede ampliarse a un ambito internacional y dotar al robot
de sombreros tipicos de otros paises o distintivos de la cabeza como una boina

francesa, una cinta samurai con un mono, etc.

Finalmente, para el disefio de los dos sombreros adicionales se mantuvo la condicion
de conformarlos de dos partes, una parte baja estatica y una parte superior moévil que
puede rotar sin que se deforme la forma basica del sombrero. En la Figura 3 y Figura

4 se muestran las dos partes que componen cada sombrero.

Figura 3. Modelos en 3D del robot MUQUI con un sombrero para Sierra, Costa y Selva
Fuente: Propia

Figura 4. Modelos en 3D del robot MUQUI con un sombrero para Sierra, Costa y Selva
Fuente: Propia
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Anexo 9: Programa de la tarjeta reguladora

A continuacion se muestra el programa en lenguaje Assembler para el
microcontrolador ATmega88P incluido en la tarjeta reguladora disefiada. Este
programa fue el utilizado para el experimento de funcionamiento que se llevé a cabo.

En este programa se consideran unos umbrales de histéresis de la siguiente forma:

Voltaje de Voltaje de

entrada bateria
20 15

Histéresis Histéresis
22 14

Rango de trabajo Rango de trabajo

28 11

Histéresis Histéresis
30 10.5

Estos umbrales fueron escogidos debido a la fuente y bateria disponibles para hacer
la prueba, pero estos seran modificados en la version final que se implemente en el
robot.

Programacién en Assembler:

.include <m88padef.inc>

.equ  VinOK_Low = 22
.equ  VinOK_High = 28
.equ  VinKO_Low = 20
.equ  VinKO_High = 30
.equ  VbatOK_low =11
.equ VbatOK_High = 14
.equ  VbatKO_low = 10.5
.equ  VbatkKO_High = 15

.equ  VchrgOK_low =9
.equ  VchrgOK_High= 14
.equ  Vchrgko_low = 3
.equ  VchrgkO_High= 15

.equ  VinOK_Low_Cal = (VinOK_Low-0.8)*33*255/(5%(33+220))

.equ  VinOK_High_Cal = (VinOK_High-0.8)*33*255/(5*(33+220))
.equ  VinKO_Low_Cal = (VinKO_Low-0.8)*33%255/(5*(33+220))
.equ  VinKO_High_Cal = (VinKO_High-0.8)*33*255/(5%(33+220))

.equ  VbatOK_low_Cal
.equ  VbatOK_High_Cal
;.equ VbatKO_low_Cal
.equ VbatKO_low_Cal = 171

.equ  VbatKO_High_Cal = VbatKO_High*47*255/(5*(47+100))

VbatOK_low*47+*255/ (5% (47+100))
VbatOK_High*47*255/ (5% (47+100))
VbatKO_low*47%255/ (5% (47+100))

.equ  VchrgOK_low_Cal = VchrgOK_low*47*255/ (5*(47+100))
.equ  VchrgOK_High_Cal= VchrgOK_High*47*255/(5*(47+100))

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




TESIS PUCP

.equ
.equ

.dseg
Blinking:
Status:

.cseg

.org %0
cli
rjmp

Inicio:
1di
out
1di
out

rcall
brne

rcall
rcall
rcall
1di
sts
sts

NoPowerUp:
rcall
rcall
rcall

Lazo:
wdr
sbi

SwVinSens
1di
rcall
cbi

SwVinSens
rcall

sbi
SwBatSens
1di
rcall
cbi
SwBatSens
rcall
rcall

rcall

rcall
brne
rcall

rjmp

VchrgKO_low_Cal

.byte 1
.byte 1

Inicio

R16,high(RAMEND)
SPH,R16
R16, low(RAMEND)
SPL,R16

ChkPowerUp
NoPowerUp

IniPorts

ConfigWDT

LowPower
R16, $00
Blinking,R16
Status,R16

IniPort_WDT_BOD
ConfigWDT
LowPower

PORTD, 5

R16,6
LeeADC
PORTD, 5

ChkVin
PORTC, 3
R16,4
LeeADC
PORTC, 3

Chkvbat
ChkChrg

ChkBlinking

ChkPowerDown
Lazo
PowerDown_1s
Lazo
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L

; Conmuta

)

; Lee Vin

)

J

; Desconecta

; Conmuta

; Lee Vbat
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; Verifica Power Down

; Desconecta
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; Configura WDT a 1 segundo

ConfigWDT:

push  R16

wdr

1di R16, $1e 5 (1<<WDCE) |
(1<<WDE), WDP=1 seg

sts WDTCSR,R16

1di R16, $0e 5 (1<<WDE), WDP=1
seg

sts WDTCSR,R16

pop R16

ret

; sez = Power Up or Reset or Unknown
; clz = BOD o WDT

ChkPowerUp:

push R16

push  R17

in R16,MCUSR

1di R17,%00 ; Limpio Flags

out MCUSR,R17

mov R17,R16

andi R17,%03 ; Verifica PowerUp o
Reset

brne  ChkPowerUp_ OK

andi R16,%$0cC ; BOD o WDT o Unknown
rjmp  ChkPowerUp_Fin

ChkPowerUp_OK:
sez ; Es PowerUp o Reset o Desconocido

ChkPowerUp_Fin:

pop R17
pop R16
ret

; Inicializa Puertos

IniPorts:

push R16

1di R16, %00 ; Salida 0:
LedVout (@), LedVin_OK(1),LedVin(2), MOSI(3),MISO(4),SCK(5),NC(6),NC(7)

out PORTB, R16

1di R16,$ff

out DDRB, R16

1di R16,$00 ; Salida e:
SwInput(@),SwBat(1),SwChrg(2),SwBatSens(3),NC(5)

out PORTC,R16 ; Hi-Z: Vbat(4)

1di R16, $ef

out DDRC,R16

1di R16,$00 ; Salida @:

NC(0,1,2,4),Signal _Vin(3),SwVinSens(5),LedBatOK(6),LedBat(7)
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out PORTD, R16
1di R16,$ff
out DDRD, R16
pop R16

ret

IniPort_WDT_BOD:

push  R16

1di R16,$00 ; Salida o:
LedVout(@),Ledvin_OK(1),LedVvin(2), MOSI(3),MISO(4),SCK(5),NC(6),NC(7)

out PORTB,R16

1di R16,$ff

out DDRB,R16

1ds R16,Status ; Salida o:
SwInput(@),SwBat(1l),SwChrg(2),SwBatSens(3),NC(5)

andi R16,%03 ; Hi-Z: Vvbat(4)

out PORTC,R16

1di R16, $ef

out DDRC, R16

1lds R16,Status ; Salida o:

NC(0,1,2,4),Signal Vin(3),SwVinSens(5),LedBatOK(6),LedBat(7)
andi  R16,$08

out PORTD, R16
1di R16,$ff
out DDRD, R16
pop R16

; Deshabilita Perifericos

LowPower:

push R16

1di R16,$80 ; Apaga comparador analogico

out ACSR,R16

1di R16, $ee ; Apaga todos los perifericos
menos ADC

sts PRR,R16

pop R16

ret

; Promedia 16 lecturas de ADC
; R16 = Canal a convertir
; R16 = Valor leido

LeeADC:
push  R17
andi  R1e,$0of
ori R16, %40 ; Ref=AVCC, Right Justified
sts ADMUX,R16
1di R16,$80 ; ADC enable, Clk/2
sts ADCSRA,R16

rcall Proml16ADC
rcall Proml6ADC
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1di R17, %00 ; ADC disable
sts ADCSRA,R17

pop R17

ret

; Promedia 16 valores del ADC en R16

Proml16ADC:
push R17
push XL
push  XH
clr XL
clr XH
1di R17,16
Proml6ADC_Lazo:
1di R16,%cO ; ADC enable,ADC start
convertion, Clk/2
sts ADCSRA,R16
Prom16ADC_Wait: ; Espera fin de conversion
lds R16,ADCSRA
sbrc  R16,6

rjmp  Proml6ADC_Wait

1ds R16,ADCL ; Acumula valor
add XL,R16

1ds R16,ADCH

adc XH,R16

dec R17

brne  Proml6ADC_Lazo

1s1 XL ; Promedio
rol XH

1s1 XL

rol XH

mov R16,XH

pop XH

pop XL

pop R17

ret

; Verifica que Vin.
; -> Si VinMin: Activa/desactiva LedVin
; -> Si VinOK : Activa SwVin, Desactiva SignalVin, Activa LedVinOK

; -> Si VinKO: Desactiva SwVin, Activa SingalVin, Desactiva LedVinOK
; -> else: No efectua cambio
ChkVin:
push  R16
cpi R16,VinOK_Low_Cal
brlo  Chk_VinOK_No
cpi R16,VinOK_High_Cal+1
brsh  Chk_VinOK_No
sbi PORTC, @ ; Activa SwiIn
1ds R16,Status
sbr R16, %01
sts Status,R16

Tesis publicada con autorizacion del autor

No olvide citar esta tesis




N

PONTIFICIA

Ry,
&
TESIS PUCP = %s gx_lr\éel_r:g?/\o
DEL PERU

cbi PORTD, 3 ; Desactiva SingalVin
1ds R16,Status

cbr R16,$08

sts Status,R16

sbi PORTB, 1 ; Activo VinOK

lds R16,Blinking

cbr R16, %01 ; Desactivo parpadeo
sts Blinking,R16

rjmp  ChkVin_Fin
Chk_VinOK_No:

cpi R16,VinKO_Low_Cal+l
brlo Chk_VinKO_Si
cpi R16,VinkKO_High_Cal

brlo Chk_VinKO_No
Chk_VinKO_Si:

cbi PORTC, 0 ; Desactiva SwiIn
1lds R16,Status

cbr R16, %01

sts Status,R16

sbi PORTD, 3 ; Activa SingalVin
1ds R16,Status

sbr R16,$08

sts Status,R16

lds R16,Blinking

sbr R16, %01 ; Activo parpadeo
sts Blinking,R16

rjmp  ChkVin_Fin
Chk_VinKO_No:

ChkVin_Fin:
pop R16
ret

; Verifica que Vbat
; -> Si VbatMin: Activa/desactiva LedVbat
; -> Si VbatOK : Activa SwBat. Activa LedVbatOK

; -> Si VbatO: Desactiva SwBat. Desactiva LedVbatOK
; -> else: No efectua cambio
ChkVbat:
push R16
cpi R16,VbatOK_Low_Cal
brlo  Chk_VbatOK_No
cpi R16,VbatOK_High Cal+l
brsh  Chk_VbatOK_No
sbi PORTC, 1 ; Activa SwBat
1ds R16,Status
sbr R16,$02
sts Status,R16
sbi PORTD, 6
lds R16,Blinking
cbr R16, $02 ; Desactivo parpadeo
sts Blinking,R16

rjmp  ChkVbat_Fin
Chk_VbatOK_No:
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cpi R16,VbatKO_Low_Cal+1
brlo  Chk_VbatKO_Si

cpi R16,VbatkKO_High_ Cal
brlo  Chk_VbatKO_No
Chk_VbatKo Si:

cbi PORTC, 1 ; Desactiva SwBat
1ds R16,Status

cbr R16,$02

sts Status,R16

lds R16,Blinking

sbr R16, $02 ; Activo parpadeo
sts Blinking,R16

rjmp  ChkVin_Fin
Chk_VbatKO_No:

ChkVbat_Fin:
pop R16
ret

; Verifica que Vin este activo y Vbat este en rango apropiado
; -> Si Vin: Activa/Desactiva SwChr

; -> Si VchrgOK: Activa SwChrg

; -> Si VchrgKO: Desactiva SwChrg

; -> else: No efectua cambio
C

hkChrg:
push  R16
sbic  PORTC,0 ; Si SwIn en @ salta y desactiva swchrg
rjmp  ChkChrg_0OK1
cbi PORTC, 2 ; Desactiva SwChrg

rjmp  ChkChrg_Fin
ChkChrg_OK1:

cpi R16,VchrgOK_Low_Cal ; verifica si Vbat esta en rango
brlo Chk_VchrgOK_No

cpi R16,VchrgOK_High_Cal+1

brsh  Chk_VchrgOK_No

sbi PORTC, 2 ; Activa SwChrg

rjmp  ChkChrg_Fin
Chk_VchrgOK_No:

cpi R16,VchrgkO_Low_Cal+l
brsh  Chk_VchrgK0O_Si
cpi R16,Vchrgko_High Cal

brlo Chk_VchrgKO_No
Chk_VchrgKo_Si:

sbi PORTC, 2 ; activa SwChrg para
todo voltaje en bateria > 3 v

rjmp  ChkChrg_Fin
Chk_VchrgKo_No:

ChkChrg_Fin:
pop R16
ret

; Reviso en "Blinking"
; bit@: 1=blink VinOK, ©->Prender VinOK
; bitl: 1=blink BateriaOK, ©->Prender BateriaOK
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ChkBlinking:
push  R16
lds R16,Blinking
sbi portB,1
sbi portD, 6
rcall Delay
sbrc  R16,0
cbi portB,1
sbrc  R16,1
cbi portD, 6

rcall Delay

pop R16
ret

; S1 VinKO y VbatKO entonces power down
; sez = Power Down
; clz = No Power Down

ChkPowerDown:
sbic  PORTC,© ; Verifica SwVin
rjmp  ChkPowerDown_No
sbic  PORTC,1 ; Verifica SwBat
rjmp  ChkPowerDown_No
cbi portB, 0
sez

rjmp  ChkPowerDown_Fin
ChkPowerDown_No:
sbi portB, 0
clz
ChkPowerDown_Fin:
ret

; Espera 1 segundo en Power Down hasta WDT
PowerDown_1s:

wdr

1di R16, $ef ; Apaga todos los
perifericos

sts PRR,R16

1di R16,$05 ; Power Down
out SMCR,R16

sleep
ret

Delay:
push  XH
push XL

1di XH, high(15000)

1di XL, low(15000)
Delay Lazo:

wdr

sbiw  XL,1

brne Delay_Lazo

pop XL
pop XH
ret
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Anexo 10: Proformas y Cotizaciones
A continuacion se muestran 3 cotizaciones de diferentes empresas para todos los
componentes necesarios para implementar el sistema disefiado. Las proformas se
muestran en el siguiente orden:

1. Proforma de la empresa DIACSA por importacion de componentes

2. Cotizacion de impresiones 3D de la sala VEO-PUCP

3. Cotizacion de manufactura de estructura interna de Stein Trices
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dDiacsa

Limeg 11 de Jumio del 2015

COTIZACION
Cot. N® : 15-0062
Afencion :  Ing. Waldemar Rupaylla
] .. Frecio R
Cantidad Descripcion o Precio Final
Unitario
1 |Far de Ruadas 80 mm S S0.08 5/. 50.09
1 IEaII Caster W4 ~ metalico Si. 18.84 5/.18.84
1 |oriver Dual Mc32028 Sl 188.69 5/.188.69
172:1 Metal Gearmotor 2506561 con
2 Jencoder s, 22099 S/. 440.37
1 Aluminium Mounting Hub =B 43.78 5/.43.79
1 JOC DC Switching TPS40205 =T 7.25 5/ 7.25
1 LD MICS208-3.3%5 =T 10.21 5/.10.21
1 Mosfet CSD1730803 =T 214 5/ 214
1 IMosfet BSZD40MO4LS =T g.43 5/ 6.43
1 WF111-E =1 9g.809 5/. 96.89
2 Servo-Hitec H5-35HD =T 157.189 5/.314.37
1 JElectrat Microphone Si 50.08 5/. 50,09
1 [ oltajeL evel Translator Si. 24 .88 5/ 24.89
1 IDC barrel Jack Adapter =T 18.59 5/.18.59
1 ICvmamizel AN Driver =T 137.58 5/.137.59
1 |Bateria LiPo Rhine 1550mth Si 11.80 5/.11.80
1 IF2 ir_ Pico Projector Sl 1,253.70 5/.1,253.70
1 Jcable MHL =T 12594 5/.125.94
1 JHDMI to Mini-HDMI =T 118.64 5/.119.64
2 JUttra mini altavoz Si. 45.95 5/.97.90
4 Servomotores Dynamixel AX-124 S 283.50 5/.1,134.00
1 Sujeciones Bioloid para Dynamixel =1 5807 5/. 56.07
2 Acople Lineal 4mm =1 31.44 5/. 6287
4 |Engranaje conico 4mm Sl AT.74 S/. 150,95
1 IF'ar de Caojinetes con flanco 4mm S 18.84 5/.18.84
SubTotal 5/. 4,441.90
IGV [18%4) 5/.799.54
TOTAL 5/.524144

Atentamente,

{1 Fi N |
AR

David Santos Llave
Gerente de Tecnologia & Innovacion
DIACSA

Digitad Autornation & Control 5.4 Calle Emilio Althaus 121 OF. 1004, Lince, Lima - Peru. Tall. 472-3128, Fax. 265-3637
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VEG:

IMPRESION 3p

Lirma 30 de Mayo de 2015

SOLICITUD DE COTIZACION
Estimado
Rodrigo Vega Ref. Impresidn 3d de prototipo en plistico ABS
Lima.-
MNOMBRE SERVICIO PRECIO
Rodrigo Vega Centeno Ponce |- Chulo Parte Baja 5. 1,260
De Ledn - Chulo Parte Ala

- Carcasa cabeza Delntera
- Carcasa cabeza Trasera
- Carcasa cuerpo Debntera
- Carmcasa cuerpo Trasera
- Carcasa pies

- 2 x Brazo bdo 1

- 2 x Brazo bdo 2

- 2 x Antebrazo

Moritos sspresacor an risevos soles [FEM), Induys K3V,

Forma de page Tiempo de entregs
- Adelartado 2dias utiles
- Tesoreria de la Portificia Universidsd Cabdlica del Perd

Aben tamerts,

Jernifer Wong Poggi
Responsable del drea de Impresién 20
Pontificia Uriversidad Catdlica del Perd

Pontificia Universidad Catdlica del Perd | Av. Universitaria 1801, 5an Migual, Lima 32, Pend | Teléfono (511) 626-2000 Anexo 3545 |
Cormen: veodd@pucp.pe
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Cotizacion N°2015-PUCP-V-114

Lima, 15 de junic de 2015
Arencién:  Departamento de Ingeniena S i1 I IRiLES
Ingen'g"f.d Mecatranica |NGEMIEREA, TNC, AUTCMATIZACEON W HERRAMENTAS

Riodrign Vega Centzno Ponce De Leon
Pontificia Universidad Catglica del Penl.

Direccione  Aw. Universitaria 1801-San Miguel-Lima
Referencia  Mamufactura

Die nuessiTa mayor considerscion : . .
En atencidn a su amable solicioud de cotizacion, tenemos el agrado de presentarles nuestra oferta econdmica

Pos Material Drescripain Cant. Predio unitario Precio total

1 INOY304 Fabricacidn CNC Proyecto de disefio

tico 1 228,00 228.00

Moneda: Nuewos Soles

~Cualgquier modificacion adiconal, luego de acepado el
disefio, generara cargos adidonales que seran comunicados
debidamente & dierts.

-Sequn disefio propuesto.

Anotaciones: | -Fabricacion de las cantidades de piezas que sefialen los

planas.
-Posibles variaciones en los vertices, sujetos a evaluacion del
clientz,

Marca: | ——————— — Valor Venta: | 228.00
Formade |, o Buncario. Otros Cargos: | 0.00
Forma de En sus instalaciones 15 dias habiles después de remitida |a .

t - 0/C y &l pago. IGV 18%0: 41.04
Validez da |a Importa
farta hasha: 18-07-2015 Totals 269.04

Agradeciendo a la atencion que brinde a lz presente, quedamos a su disposicion para cualguier consulta que

considene necesaria.

Atentaments

Haroid B. La Chira Manguez

Chial’ Commearciall Qifioer

STEINTRICES ELR.L. - 20546506470

harid.lachiraisbentrioss. omm

Tekephone: 5114747393

Modiia Sona: 511-29303 7957

Calle Andrés Costello 190-5an Luis (v, Nicolds Arricla 1061-La Vickoria-Lima-Perd
- .
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Anexo 11: Hojas de datos de componentes electronicos

Samsung Galaxy S4:
Device layout

Light sensor w Proximity/Gesture
T — sensor
% o
b <]
MNotification light — q

Earpiece

Front camera

o Power button

. Touch screen

Home button

Menu button ———s 1=, Back button

=
Microphone - -_-"—-"‘H

Multipurpose jack

Microphone for

j speakerphone

GPS antenna —* —— Headset jack
9 )

g
Rear camera -/ ) Flash

#— Volume button

IrLED

Back cover -

peaker Q: | Main antenna
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The microphone at the top of the device is active only when you use the speakerphone or
take videos.

+ Do not cover the antenna area with your hands or other objects. This may cause
connectivity problems or drain the battery.

-+ Do not use a screen protector. This causes sensor malfunctions.

+ Do not allow water to contact the touch screen. The touch screen may malfunction
in humid conditions or when exposed to water.

Buttons

Function
*  Press and hold to tum the device on or off.

« Press and hold for more than 7 seconds to reset the device if
Power it has fatal errors or hang-ups, or freezes.

+ Press to lock or unlock the device. The device goes into lock
mode when the touch screen turns off.

« Tap to open a list of options available for the current screen.

Menu
+ Tap and hold on the Home screen to launch Google search.
= Press to return to the Home screen.

Home
+ Press and hold to open the list of recent applications.

Back - Tapto return to the previous screen.

Volume + Press to adjust the device volume.

::HU@ r::mg
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Arduino MEGA ADK:

AROUING

Arcunio MECA ADK

oy T

Overview

}. It has & USS hostinterface to

connect with Android based phones basad on the MAX3423e IC

output pins {of which 15 ¢an be

used as PWM outputs) 16 anzloginputs 4 UART: (hargwara se

S

16 MHz crystal osclliistor a USB connection &

w
0
[&]
o
"
w

power jack an ICSP header ang a resat button.

1.0 pnout: adcec SOA and 3CL pins

+
-
"

5
"
.
"

o

he AREF pin anc Two ather new

that Jiow the Znields to adapt to the votage provided from the Doard. in fi

that . which cperate with 3V anc with the Arcund Due that operate

for future purpozes

-
that

- Argulna's ADK documentation

Arduino Libxary

& Arguing USB Host Shiels can be used with the
Clusnchenko from circuits@nome Kristlan Lauszus
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Summazxy

Mlicrocoertraller ATmEgalSEd

CperatingYottage N

Imput Votage (recommended) 12

Imput Votage (Emits) o200

Diigrtal 170 Pins 34 ([ of wihichi 15 provide P autput)
Analog Input Bins M

DT Currert per 10 Bin 40 maA

DT Currert for 2.3 Rin 50 ma

Flash Memory 2198 KE of which & KE used by bootloader
SRAM g KE

EEDROMN 4 HE

Cloc Sp=ed W MHE

=8 Heest Chip MAXIATE

Lengtn ¥01.52 mm

Width 33.3 mm

Weight g

Power

me Arguing MECA ADK can be poweared via the USE comnection of with an external power supply. The pOweT S0urce |s

Selected automatically

External {non-UsE) power can oome elther from an AC-1a-0C agagtar (wall-wart) or DETary. The afaptar can be
connected by pIUEEING & 21Mm canter-positive plug Inta the boands power Jack. Leads from a battery can be Inserted in

tha Cnd and Vin pin headers of the POWER connactor

NE: Because the MECA ADK [s a USB Host the phone Wil aitempt to draw power from It when it neads To chafge. Whean
the ADK is powerad over USE 500md tofal is avalabie for the phone and board. The external Dower regLlaTor Can suooy
Lo to T500mA. 750md s avalizbie for the ohone ang MECA ADK board An aggdfiona! 730md Is allocated for any
Jciuators and =ens0rs aitached fo the board A poweyr sugoy must be capaite .‘?F.?."J'l'-'l.f-'-'lé""._'fil o Lse Ehls mch

CLITeT

The Doand Can Jperats on en axtarnal supehy of 5.5 1016 voits. I suppliad with [ess than 7V, nowever the 5¥ pin may
supply l2ss than five volts gnd the Doard rmay b2 unstabie, If wsing more than 12y the voltage regulator mey overhest

and damage the Doard. The recsmmended range = 7 to 12 volts
Tha power pins are as follows:

VIM. The input woltage to the Arduine board when it's using an extemal power source (as oppased to 5 volts from the WS connection
o otner regulated pOWEr SOUNCE ). You Can supply woltage throwgn this pin_ or, if supplying woltags wia the power jack, access it
thirsugh this pin

. This pin outputs a regulated 3% from the regulator on the board. The board can be supplisd with poreeer either from the DT power
jace (7 - 12W] the USE cannesctor (5%} arthe VIM pin of the board {7-12V1 Supplying vohage via the 5V or 2.2V pins Dypasses the
regulator, &nd can damage yowr board. We don't adise it

33, & 3.3 wolt supply generated by the on-board regulator. Masimum ourrent draw s 30 ma

CHD. Cround pins.

FOREF. This pin anthe Arduing board provides the voitage reference with which the micrecontralier operates. & propery configured
shieid can mead the IOREF pin voitage and selsct the appropriate power source or enable voitage transkators an the outputs for

wWTEing with The 5V or 3.2,
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Input and Output

il i
L

Eachofthe 504 igital pins an tha MECA ADY Can be wsad as an input or output. wsing p [}, digttalWrioal}, and
digttalRead| functions They operata gt 5 wvolts. Each pin can provide or recefve a maximum of 40 ma and has an
Internel pull-wp res|star (disconnected by default) of 20-50 kOnhms. In addition, some pins hawe speciallzed functions
Serial: & [RX) and 1(TH]; Serial 1: 19 (RX) and 18 (TX) Serial 2 17 (RX) and 16 (TX]; Sersal 3219 (AX) and 14 [TH). Usad o receive (RX)
ard transmit {Tx) TTL serial data. Pins O and 1 are also connected tothe corresponding pins of the ATmegeBU2 UEE-to-TTL Seria
chip
External Intemupts: Z{irmterrupt O} E--:ir:e--up:'] 18 :i'rterrl.pt 3], 19 [eTterrupt 4 20 {intermant 31 and 2 {Irterrupt I Thase oins

can be configured to tigger an interrupt on a bow value, a rsing or falling edge. or a change invalue, Ses the attachimternupt
function for cetais
PR 20 12 and 4400 46. Provide S-bit P output with the analcginte() function.
SRz 30 [MIS0) 3 (MOS5I). 32(50K), 53 (55). Thess pins suppaort S0 communication using the S0 liorary. The 5B pins are also Grogen
ot anthe ICSP header, which is pitygsically compatible with the Uno. Duemilanove and Deecimila
UISE Host: MAXIAZIE. The MAXILNE comunicabe with Arduin with the SP bus. So it uses the following pins
Digitat 7(RST) 50 (MO0} 3 (MOE) 32(50K)
NE:Dease oo not wse Dtal pin 7 a5 APt oF oUTEUT Because 5 Lsed A The Comumication with AMAELE
Mom broken cut an headers: B3 (00_RAKL B8 [INT_MAX) PHT (551
LED: 13. There is a buit-in LED conmected ta digital pin 13. When the pin s HIGH value the LED s an, whenthe pin s LOW it's ofT.
T 20 {SDa) and 21 (5CL) Support TWI communication usingthe Wire liorary. ote that these pins are not inthe same locatian as
the TW1 pins onthe Duemilanove or Diecimila.
Tma MECA ADK nas 16 analog imputs, each of which provide 10 bits of resolution (La. 1024 differant values). By defaurt
ey measure from ground to S valts thougn is i possizle 1o change the upper end of thelr range using the AREF pin

amnd analogReferance]) funcdon
There are 8 oouple of other pins on the board

AREF. Feference voftage for the analog nputs. Used with analogfeference])
Aeset Bringthis line LOW to reset the microcoemtralksr. Typically used to add & reset buttan to shiekds vinich Dkooe the ane on the

board.

Communication

The Arduing MECA ADK has & numaer of faclites for communicating with a computer. anather rdulng, or other
rricracontrodiers. The ATmega2se0 provides fowr hardware UARTS far TTL (5W) serfal communication. An ATmegaEU2an
the board channets ane of these aver USE and pravides & virtusl com port to software on the computer (Windaws
machines will need & Inf file, but O5X and Linux macdhines will recognize the board as a COM port automatlcally. The
Arduimg software inCludes & serlal manftor which allows simiple textual data to be sent to and from the board. The /X
and Ts LEDs an the board will flash when dats 1s being transmitted via the ATmegaBULASU2 chip end USB cannaction

o the computer {out not for serlal commrunication on pins O and

& softwareseral llorany allows for sefal communication on any of the MECA ADKS digital pins.
The ATrmega2>80 el=d supports TWI1 and 5P communication. Tne Arduing softwere Inciudas a Wire liora v 1o ‘E||'I'I|:l||'-'r 1]
of tha TWI bius: sae the Wire lIorery far detalls. For SPI communication, use the SPI Fbrany

Tha USE host Imtarface givan by MAXZAXE IC allows the Ardulno MECA ADK to connect and Interact to any type of
device that have a USE port. For example allows you 1o Imeract with many types of phones, contradiing Canon CEmeras

—

Imterfacing with keybognd mouse and garnas controliars &5 Wiimots and Ps3
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P2 Jr. Pico Projector:

Max Input Resolution:
Brightness:

Contrast Ratio:
Projection Lens:
Projection Image:

Lamp:

Battery Runtime
Audio Output:

Color:

File Playback:

Menu Language:
Aspect Ratio Control:
Throw Ratio:
Dimensions:

Weight:

Power Consumption:
Supported Formats:

Conformanc &s:

Screen Diagonal {inches)

8

12
16
24
H
38
47

[ =
i

PROJECTION SYSTEM

1520 1080 (1020F)

2 Lumens (DC Mode)

1000:1

Manual Foous

Available Size 10 ~ 50 inches

Triple RGE LEDs with ibrant Color Technology
Life 15,000hrs

GENERAL SPECIFICATIONS

20 Minutes

1W stereo speaker

Gloss White/Blac k

USE Memory Stick reader

microsSD Card Reader (up to 16GE)
English, French, Dutch, Chinese, Portuguese
4:3

1.6

42*2o"*pg"

0.3 Ibs

e

MP3 § AW

EBMP / JPG F GIF / TXT

CE FCC Class A

INPUT S/ OUTPUTS

mini-HOI

mini-"E A

Composite AN (3.5mm Jack)
5 Pin USB 2.0

THROW RATIO (1.60)

Screen Distance (inches)
10

15

-

U
~
30
"
40

cEn
L
~r
o
-
rd

INCLUDED ACCESSORIES

Composite A% Cable, Wall Charger, WA Cable, User Manual
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172:1 Metal gearmotor 25Dx56L con encoder:

This cylindrical, 2.69" x 0.98" x 0.88" brushed DC gearmotor with a 171.79:1 metal gearbox is a lower-current alternative to our 25D mm HP gearmotors. It has an
integrated 48 CPR quadrature encoder on the motor shaft, which corresponds to 8246 counts per revolution of the gearbox’s output shaft. These units have a 0.315"-
long, 4 mm-diameter D-shaped output shaft. This gearmotor is also available without an encoder.

Key specs at 6 V: 33 RPM and 80 mA free-run, 170 oz-in (12.2 kg-cm) and 2.2 A stall.

1)

Select options: [171.79 :1 v |[2200 mA v | G5

2 Compare all products in 25D mm Gearmotors.

Specs (9) Pictures (7) Resources (1) FAQs (1) On the blog (0)

Overview

This brushed DC gearmotor is available in high- and low-power versions in a number of gear ratios. The motor and encoder portions are available by themselves (i.e.
without the gearbox), and many other gear ratios are also available without an encoder.

-~
No-Load Polol / Pololu
Speed | Stall Torque | Stall Current
GearRatio| @6V @6V @6V With Encoder Without Encoder
11 9800 RPM 2 oz-in 6 A|motor without gearbox
5600 RPM 1 0z-in 2.2 A|motor without gearbox
4.4:1 2220 RPM 8 oz-in 6 A 25Dx48L mm HP 25Dx48L mm HP
1280 RPM 5 oz-in 2.2 A 25Dx48L mm
9.7:1 1010 RPM 17 oz-in 6 A 25Dx48L mm HP 25Dx48L mm HP
580 RPM 11 oz-in 2.2 A 25Dx48L mm 25Dx48L mm
20.4:1 480 RPM 36 oz-in 6 A SDx50L mm HP
275 RPM 24 oz-in 2.2 A 25Dx50L mm
3411 285 RPM 60 oz-in 6 A SDx52L mm HP SDx52L mm HP
165 RPM 40 oz-in 2.2 A 25Dx52L mm 25Dx52L mm
47:1 210 RPM 80 oz-in 6 A SDx52L mm HP SDx52L mm HP
120 RPM 50 oz-in 2.2 A 25Dx52L mm 25Dx52L mm
7501 130 RPM 130 oz-in 6 A 25Dx54L mm HP 25Dx54L mm HP
75 RPM 85 oz-in 2.2 A 25Dx34L mm 25Dx54L mm
90:1 100 RPM 160 oz-in 6 A 25Dx54L mm HP 25Dx54L mm HP
57 RPM 110 oz-in 2.2 A 25Dx54L mm
172:1 57 RPM 260 oz-in 6 A 25Dx56L mm HP
32 RPM 170 oz-in 2.2 A 5Dx56L mm 5Dx56L mm
227:1 25 RPM 220 oz-in 2.2 A 25Dx56L mm
378:1 15 RPM 250 oz-in 2.2 A 25Dx58L mm
499:1 12 RPM 300 oz-in 2.2 A 25Dx58L mm

Note: At some of the higher gear ratios, these motors can generate enough torque to damage themselves. Any torque greater than about 250 oz-in (18 kg-cm)
is likely to damage the gearbox, so we recommend that you avoid stalling the 172:1 HP, 227:1, 3781, and 4991 versions of these motors at 6 V.

These motors are intended for use at 6 V. In general, these kinds of motors can run at voltages above and below this nominal voltage, so they should comfortably
operate in the 3 — 9V range, though they can begin rotating at voltages as low as 1 V. Higher voltages could start negatively affecting the life of the motor.

Details for item #2288

T — 22 x 20 x 22 x 22 x 22 x 22 x 24 A TTTTOR
g "12x12x10x 10 x 10 x 10 x 10 Ml

Gearmotor accessories

The face plate has two mounting holes threaded for M3 screws. You can use our custom-designed 250 mm metal gearmotor bracket (shown in the picture below) to
mount the gearmotor to your project via these mounting holes and the screws that come with the bracket.

Pololu 25D mm gearmotor with

Pololu 25D mm metal gearmotor bracket.

bracket pair.

The 4 mm diameter gearbox output shaft works with Pololu universal aluminum mounting hub for 4mm shafts, which can be used to mount our larger Pololu wheels
(60mm-, 70mm-, 80mm-, and 90mm-diameter) or custom wheels and mechanisms to the gearmotor's output shaft as shown in the left picture below. Alternatively, you
could use our 4mm scooter wheel adapter to mount many common scooter, skateboard, and inline skate wheels to the gearmotor's output shaft as shown in the right
picture below.
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Dimensions

The diagram below shows the dimensions (in mm) of the 250 mm line of gearmotors. The value of L is shown in the table below.

125 L 30.8
2 Gear Ratio L (mm)
‘__I -
1= - 4.41 .
g 5 = 0o 971
Pl 4 = T2
25 20.4:1 19
3
)
34.1 o
471
2-M3.0 RED MARK
] 751 23
99:1
{
172:1
25
= é 2271
E?SQ o7
\Dlt; 499:1
WWwW.pol

Dimension diagram (in mm) for the 25D mm metal gearmotors.

Using the Encoder

A two-channel Hall effect encoder is used to sense the rotation of a magnetic disk on a rear protrusion of the motor shaft. The quadrature encoder provides a
resolution of 48 counts per revolution of the motor shaft when counting both edges of both channels. To compute the counts per revolution of the gearbox
output, multiply the gear ratio by 48. The motor/encoder has six color-coded, 11" (28 cm) leads terminated by a 1xG female header with a 0.1" pitch, as
shown in the main product picture. This header works with standard 0.1" male headers and our male jumper and precrimped wires. If this header is not
convenient for your application, you can pull the crimped wires out of the header or cut the header off. The following table describes the wire functions:

Color Function

Red motor power (connects to one motor terminal)

Black | motor power (connects to the other motor terminal)

25D mm metal gearmotor with 48

CPR encoder: close-up view of
Green | encoder GND encoder.

Blue | encoder Vic (3.5—20V)

Yellow | encoder A output

White | encoder B output

The Hall sensor requires an input voltage, Vce, between 3.5 and 20V and draws a maximum of 10 mA_ The A and B outputs are square waves from 0V to Vce approximately 90° out of phase
The frequency of the transitions tells you the speed of the mator, and the order of the transitions tells you the direction. The following oscilloscope capture shows the A and B (yellow and white)
encoder outputs using a motor voltage of 6 V and a Hall sensor Vcee of 5 W:

|
—

o
|
|
|
|

| pomnnston ey

Wby N A Y Hometuipnaionys

Encoder A and B outputs for 25D mm HP metal gearmotor with 48 CPR encoder
(motor running at 6 V).

By counting both the rising and falling edges of both the A and B outputs, it is possible to get 48 counts per revolution of the motor shaft. Using just a single edge of one channel results in 12
counts per revolution of the motor shaft, so the frequency of the A output in the above oscilloscope capture is 12 times the motor rotation frequency.
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para Arduino:

This shield makes it easy fo control two brushed DC motors with your Arduino or Arduino-compatible board. Its dual MC33926 motor drivers operate from 5 to 28 V and can deliver a continuous
3 A per motor. These great drivers also offer current-sense feedback and accept ultrasonic PWM frequencies for quieter operation. The Arduino pin mappings can all be customized if the defaults
are not convenient, and the motor driver control lines are broken out along the left side of the shield for general-purpose use without an Arduino.

3 Compare all products in Brushed DC Motor Drivers or 23 Arduino Shields

Specs (12) Pictures () Resources (4] FAQs(0) On the blog (0)

Overview

This motor driver shield and its corresponding Arduino library make it easy to control two bidirectional, brushed DC motors with an Arduino or compatible
board, such as the A-Star 32U4 Prime. The board features a pair of Freescale MC33326 motor drivers, which operate from 5 to 28 V and can deliver a
continuous 3 A per channel, and includes current sense circuitry, protection resistors, a FET for reverse battery protection, and logic gates to reduce the
required number of VO pins. It ships fully populated with its SMD components, including the two MC33926 ICs, as shown in the picture to the right; stackable
Arduino headers and terminal blocks for connecting motors and motor power are included but are not soldered in (see the Included Hardware section below).

This versatile motor driver is intended for a wide range of users, from beginners who just want a plug-and-play motor control solution for their Arduinos (and
are okay with a little soldering) to more advanced users who want a dual MC33926 carrier that requires fewer IO pins to conirol. The Arduino pin mappings
can all be customized if the defaults are not convenient, and the simplified MC33926 conirol lines are broken out along the left side of the board. providing a
convenient interface point for other microcontroller boards (see the right connection diagram below). This versatility, along with an option to power the
Arduino directly from the shield, sets this board apart from similar competing motor shields.

Pololu dual MC33926 motor driver
shield for Arduino.

Asguino

Besherity

Using the dual MC33926 motor driver
shield with a microcontroller (gray

Using the dual MC33926 motor driver connections are optional).

shield with an Arduino (shield and
Arduino powered separately).

For a higher-power alternative to this shield, please consider the dual VNHE019 motor driver shield, which can deliver a continugus 12 A per channel. For lower-power, lower-cost alternatives,
consider the DRV8835 dual motor driver shield or A4930 dual motor driver shield.

Features

Wide operating voltage range: 5 - 28 v 1

Output current: 3 A continuous (5 A peak 2) per motor

Inputs compatible with both 5V and 3.3 V systems

PW operation up to 20 kHz. which is ultrasonic and allows for quieter motor operation

« Current sense voltage output proportional to motor current (approx. 525 mV/A)

MMotor indicator LEDs show what the outputs are doing even when no motor is connected

Can be used with an Arduino or Arduine clone (through shield headers) or other microcontroller boards (through 0.1" header along the left side)

: " Pololu dual MC33926 motor driver
When used as a shield, the motor power supply can optionally be used to power the Arduino base as well chield, assembled and connected

to an Arduino Leonardo.

Arduino pin mappings can be customized f the default mappings are not convenient

Arduino library makes it easy to get started using this board as a motor driver shield
Detailed user's quide

Reverse-voltage protection on motor supply 3

Robust drivers:
o Transient operation up to 40V

o Owver-current limiting via internal PWIM

o Over-temperature shutdown and hysteresis

e Under-voltage shutdown i

Pololu dual MC33926 motor driver
o Qutput short-to-ground and short-to-Vee protection shield for Arduino, bottom view

with board dimensions.

1 The beard supports transient (< 500 ms) operaticn up to 40V. Operaticn from 5-8 V reduces maximum continuous output current (driver performance is derated in this range).
2 Internal peak-current limiting gracefully reduces the output power at load currents above 6.5 A = 1.5 A. See the MC33926 datasheet (1MB pdf) for more information.
3 There is no reverse-voltage protection on the logic supply.

Included Hardware

This motor driver board ships with all of the surface-mount parts populated. However, soldering is required for assembly of the included through-hole
parts. The following through-hole parts are included:

- one exiended/stackable 1x10 female header (for Arduino shields)

+ two extended/stackable 1x8 female headers (for Arduino shields)

+ two extended/stackable 1x6 female headers (for Arduino shields)

« three 2-pin. 5 mm terminal blocks (for board power and motor outputs)

+ 25-pin 0.1" straight breakaway male header

" Pololu dual MC323926 motor driver shi
A 0.1" sharting block (for optionally supplying shield power to Arduino) is also included. for Arduino with included hardware.

You can solder the terminal blocks to the six large through-holes to make your motor and motor power connections, or you can break off a 12x1
section of the 0.1" header strip and solder it into the smaller through-holes that border these larger holes. You can also solder wires directly to the board.

When not using this board as an Arduino shield, you can solder the 0.1" headers to the logic connections along the left side of the board to enable use with custom cables or solderless
breadboards, or you can solder wires directly to the board for more compact installations. Note that motor and motor power connections should not be made through a breadboard.

The mounting hole is intended for use with £4 screws (not included).

An Arduino is not included.
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Servomotor Dynamixel AX-12A:

[AX-12/12+] [AX-12A]

# AX-12+ is the improved version of existing AX-12; the desian of circuit, material, and wheel gear are specially improved.

# AX-1280s a new wversion of the AX-12+ with the same performance but more advanced external design, Only the AX-124 is now being sold,

H/W Specification

Weight 1 53.50 (BR-12/8K-12+), 54,69 (AX-124)
Dimension @ 32mm + S0mm * 40mm

Resolution : 0,29*

Gear Reduction Ratio @ 254 :1

Stall Torque @ 1.5N.m (at 12,0¥, 1,58)

Mo load speed @ 59rpm (at 12V)

Running Degree

= 0"~ 300°

= Endless Turn

Running Temperature : -5°C ~ +70°C

Woltage : 9 ~ 12V (Recommended Yoltage 11,1%)

Command Signal : Digital Packet

Protocol Type @ Half duplex Asynchronous Serial Communication (8bit,1stop,No Parity)

Link (Physical) © TTL Level Multi Drop (daisy chain twpe Connector)
ID : 254 ID (0~253)
Communication Speed : 7343bps ~ 1 Mbps

Feedback ! Position, Temperature, Load, Input Yoltage, etc,

Material : Engineering Plastic

Stall torgue is the maximum instantanecus and static torgue

Stable motions are possible with robots desianed for loads with 1/5 or less of the stall torque

Control Table

Control Table consists of data regarding the current status and operation, which exists inside of Dynarmixel. The user can control Dynarmixel by changing data of Contral Table via
Instruction Packet
EEPROM and RAM
Datain RAM area is reset to the initial value whenever the power is tumed on while data in EEPROM area is kept once the value is set even if the power is turned off
Address
It represents the location of data. To read from or write data to Control Table, the user should assign the correct address in the Instruction Packet
Access
Dynamixel has two kinds of data: Read-anly data, which is mainly used for sensing, and Read-and-Write data, which is used for driving,
Initial Yalue
In case of data in the EEPROM Area, the initial values on the right side of the below Control Table are the factory default settings. In case of data in the R&M Area, the initial
values on the right side of the above Control Tables are the ones when the power Is turned on,
HighestAowest Byte
In the Conirol table, some data share the same name, but they are attached with (L) or (H) at the end of each name to distinguish the address. This data requires 16bit, but it is

divided into 8bit each for the addresses (low) and (high). These two addresses should be written with one Instruction Packet at the same time.
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Area Address Name Description Access Initial Yalue
(Hexadecimal) (Hexadecimal)
0 (0x00) Model Nurnber(L) Lowest byte of model number R 12 (0X0C)
1 (0%01) Model Nurmber(H) Highest byte of model number R 0 (0x00)
2 (0%02) Yersion of Firmware Information on the version of firmware R -
3 (0%03) D ID of Dynamixel RW 1(0x01)
4 (0x04) Baud Rate Baud Rate of Dynamixel RW 1 (0x01)
5 (0x05) Return Delay Time Return Delay Time RW 250 (DXFA)
13 6 (0%08) CW Angle Limit(L) Lowest byte of clockwise Angle Limit RW 0 (0x00)
£ 7 (0%07) CW Angle Limit(H) Highest byte of clockwise Angle Limit RW 0 (0xD0)
P 8 (0x%08) CCW Angle Limit(L) Lowest byte of counterclockwise Angle Limit RW 255 (0XFF)
R 9 (0x09) CCW Angle Limit(H) Highest byte of counterclockwise Angle Limit RW 3 (0x03)
el 11 (DX0B) the Highest Limit Temperature Internal Limit Termperature RW 70 (0x46)
M 12 (0X0C) the Lowest Limit Voltage Lowest Limit Voltage RW 60 (0X3C)
13 (0X0D) the Highest Limit Voltage Highest Limit Yoltage RW 140 (OXBE)
14 (0X0E) Mz Torque(L) Lowest bvte of Max, Torgue RW 255 [0XFF)
15 (OX0F) Max Torque(H) Highest byte of Max. Torque RW 3 (0%03)
6 (0x10) Status Return Level Status Return Level RW 2 (0%02)
7 (0%11) Alarm LED LED for Alarm RW 36(0x24)
8 (0%12) Alarm shutdown Shutdown for Alarm RW 36(0x24)
24 (0X18) Torgue Enable Torque On/Gft RW 0 (0X00)
25 (0X19) LED LED On/Ctf R 0 (0X00)
26 (0%14) CW Compliance Margin CW Compliance margin R 1 (OX01)
27 (0X1B) CCW Compliance Margin CCW Compliance margin RW 1(0x01)
28 (0X1C) CW Compliance Slope CW Compliance slope RW 32 (0%20)
29 (0X1D) CCW Compliance Slope CCW Compliance slope RW 32 (0%20)
30 (OX1E) Goal Position(L) Lowest byte of Goal Position R -
31 (OX1F) Goal Position(H) Highest byte of Goal Position RW -
32 (0%20) Moving Speed(L) Lowest byte of Moving Speed (Moving Velocity) RW -
33 (0x21) Maoving Speed(H) Highest byte of Moving Speed (Moving Yelocity) RW -
34 (0x22) Torque Limit(L) Lowest byte of Torque Limit (Goal Torque) R ADD14
R 35 (0%23) Torgue LimitH) Highest byte of Torque Limit (Goal Torque) R ADD15
A 36 (0X24) Present Position(L) Lowest byte of Current Position (Present Velocity) R -
37 (0X25) Present Position(H) Highest byte of Current Position (Present Velocity) R -
38 (0X26) Present Speed(L) Lowest byte of Current Speed R -
39 (0X27) Present Speed(H) Highest byte of Current Speed R -
40 (0%28) Presert Load(L) Lowest byte of Current Load R -
41 (0x29) Present Load(H) Highest byte of Current Load R -
42 (0X24) Present Vaoltage Current Voltage R -
43 (0%2B) Present Temperature Current Temperature R -
44 (0%2C) Registered Means if Instruction is registered R 0 (0X00)
46 (OX2E) Moving Means if there Is any movement R 0 (0X00)
47 (0X2F) Lock Locking EEPROM RW 0 (0%00)
48 (0X30) Punch(L) Lowest byte of Purnch RW 32 (0%20)
9 (0%31) Punch(H) Highest byte of Punch RW 0 (0xD0)
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Microfono presente en SparkFun Electret Microphone Breakout:

Challenge Electronics  Tel: 1-800-722.8197 =150 9001:2000 R

95 East Jefryn Boulevard 16315952217 4150 qapo12008 |G re »

Deer Park, N 11729 Fax: 1-631-586-5899 4 |50/75 16949:2002 —
EMAIL: SALES@CHALLELEC.COM WEB: WWW.CHALLENGEELECTROMICS.COM

PRODUCT INFORMATION

PART # CEM-C9745JAD462P2.54R Revision| (0-2010
Omni-Directional Foil Electret Condenser Microphone

DESCRIPTION
CrnHDirectonal Foll Blecret Microphone, 2.7 mm diarmeter and 4.5 mm high, Power Supply 5.0 W max, Extamal
Resistance Loading of 830 . and sensitivity of -24 dB. Terminated with 2 solder points, Lead Free RoHS Cormiplant

SPECIFICATIONS:

Direction Ominl Diractional Foll Eleciret Minimmm Direction sensitvity
Operating Volexee Razee We= 1.0 Wi ~ 10.0 Ve Fower Supply [ Vz) 15V
Frequency Razee 100~ 10,000 Hz. Mazizmm Carrent 0.5 mA
Sensifiviey -48:2.0,[0dB=1VIFa)al IKHZ Minimmm Sezstivity to Noise Rado 58 08
Senzitivity Redwecton 3.0 to 20 -3dB Alawimnm inpuoe 5.P1.( 110 dB at 1.0 KHz, THD <1%
COperating Temperamre -2PC to + BIFC Siorage Temperamre -A0C to + THC
Laoading Resistance (B} Extarmal, 8800 af V& =1.5 v, Max. 2 200 [ EBuiltim Capadmors Hone
Terminadon PC Ping, 4.5 mm Leng, 0.8 mm @, 2.54 mm Spacing
Diimme nzioms Lengih / Dinmeter| S.7mmp | Heighe] 4.5 mm | Housing Materisl | AWD Alloy. Colar |
Approximate Weishe 0.7 grama Optiozs | Complisnce] RoHS, Lead Free
Reliability
. 250 hours contnuwous operaton 3t Rated Power, &t Maximum Rated Operating Temperature =
perating Cyele Teat 250 hours contnuous operaton at Rated Power, a1 Minimium Rated Operating Temperature =
Farts are BUL|ECted 10 250 NoUre Erags o MaXimum Raied Sioraps Temperatires -«
Thermal Storage Crele Teat Parts are subject=d bo 250 hours storage 3t Minlmum Rated Sforage Temperatures  *
SNF O
e T
Parts are subject=d ta ive () cycles of Minimum and Maximum
Thermsl Shock Test: Operating Temperature. Sach cycle shell be &1 per dagram below
ard Is three [3) hours long * o e
|||
Humidity Test Parts are subject2d to 240 Hours at +40°C=2"C. 80-95% RH *
Vihration Tes Parts are sUbjectad ta 2 Hours of a1 1.5 mm with 10 10 55 Hz. vibration fraguancy to each of 3 papandicuiar
ratiom Test dirsctions *
. Parts are droppad natursly from 1 meter hekght oo e Eurtaca of A0 mim wooden baard, 2 a4es (X, Y] direcions, 3
Drap Text times (6 tmes tom) *
Reliability Teet Performance | party should conform to orlginal performance within =5 dB tasted with Rated Power, afer 3 hours of
&= recovery period.
Terminaton Sirenath Tarminals should withstand a 1.0 Ex. pull test forup fo 1 mimea.
Life Tezt At rated weligs in room teegperatung contdracusky for 1,004 bours
Warranoy Fera peried of one (1) year from das of shinoing under normml oparations conditiens
Typical Frequency Response Micophoms Bepoma Tol | Dimensions  units in: mm Talerance: 403 mem
Frequency| Lawer | Upper
n {Hz) | Limit | Limi
a 1= (dB} | ¢dB) B2 4505 3
0 il 50 -6 | +3 . - '_F,-T-.“M
B g | 2 | 2 . /Ilf”:
# EDE 4,% q gT“[_I
1000 | 0 [ 0@ E 11— % ji
* 000 || +s ot
3 B WM ] .
" ?H” - - 5000 -3 | +B
lm 10000 | -B | +B
Thie information containgd harsin iz balisved to be comect, bt Do guaramice or wamary, expre:s or molied,
with respect 90 accuracy, conmlemmens or revnhs is satendsd amd ne Hahiliry is asmmed. Caopyright & 2010 Challenge Elsctronics
Chelkngw Flectronics revarves the right to make chamges in 2oy speciScaticn, dam or eaterial comtxined harsin.
1of2
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95 East Jefryn Boulevard 1-631-595-2217 o 150 14001:2004 e ek
Fax: 1-631-586-5699 COMPHCE

DCeer Park, NY 11729
EMAIL: $Al ES@E@CHALLELEC.COM

Soldering Instructions

1. shouid b2 controlled under 320 and solgenng Hme for 2ach temminal should ba 1-.2 E2c_

2. Micrpphona should ba flxed on the metal biock (heat ink), which has high radlaion efepts, and hast sink shall contact wi MIC tighty.

3. Mizpphona may easly ba destmyad by the static dectriziy. All countermeasure for aliminating stafe alactichty must ba exected [workiani
and human body shall be ground sonnection)

= |SOITS 16945:2002
WEB: WWW.CHALLENGEELECTRONICS.COM

Shape of a1 Shape of hole at fixed part Heat Sink AR
heat sink \*"“"-’
r[:t;sc ] ECHT
= \‘.\ h‘b\\\.“\\
X k \r
. Schematic Drawing
T E—— . R, =880 0
= T
Packaging ! Y looss [Ve=15V
E.I "ﬁ . C=1pF
1.1 Anti-Static Bag Torra .
Parts N e
' Construction Materials
1.2 Small Box L i - ¥ Hame Material | QTW
100 Parts z 1 {ruesgronf g !
5 I A1hfy ALy 1
H 3 Dhigplzagm DITRET i
A 4 |Spmery 1
e 5 |Floct Flate Cupper Hank
i 8 [Housng Cheste 1
1.3 Middle Box : F 7 iz 1
6,000 Parts 8_[FET 1
4 [PCPma 2

1.4 Shipping Carton
12,000 Parts

4. Shipping Label

1. Meam the + mdar standard tondition.
4 Pulﬂ:.nmrmph:mmdsmhdmnphmnﬁ:nuﬂnmmﬂ.wm[@nﬁwj

F o : the disance berwean soumd wourte and microphoes & standard micophone i
1. Dimensions: Length | Width Height S0k And kogp tha comtar distance Sczm botuan tham 1o exsare that the changs
1.1 Anti-Btatic Bag: | mm mm mm of seund prossurs shoeld be kept within = 15
1.2 Small Box: 100 mem | 100 men 5 mmm 3. Eaep the sound scurce presrars within = 146 fom spealar Maasured by stendard
1.3 Middle Box: 450 mm | 230 mm 125 mm | The sensithity of microphone can ohtain its outpot voltage when sound
1.3 Carton Size: S50 mm | 230 mm 235 mm  |source kept within 10008z & 01Fa
. 21InAnt Static Box 100 pars | Testing Condition
2. Quantity: 2.2 nmid. Sizbox 8000 PartS. | Normal Weather Tn Arbitrate Weather
-3 In master 2000 parts | prysropmeent Temperature:  5-435°C [Environment Temperarare: J0£1°C
3.1 Cme Part 0.7 gram Relative Humidiny: 45 ~ 833 |Raladve Humidicy: 60 ~ T
3. Weight: 3.2 et Widght- 8.4 kg s FUre: 2§ ~ 106KDa |Air Pressura: 2§ ~ 10¢FDa
33 Gross Weisht: 12 kp
4. Label Directions: |4.1 Contenrs shiald be visibls clearty.

The infommation conbined harsin iz balioved to ba commect, bt oo guaramice or wAmATy, express or Immlied,

with mespect o

, oommpletenass. or Tesahs is cotended amd ne Eahbiliry s asmmed.

Copyright & 2010 Challenge Electromics

Il.dlunnjxh‘mwsmmﬂ:hnghtmmlh chamzus in any speciScaticn, dam or eaterial containgd harein.
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WF111-E:

KEY FEATURES:
1 Product description

IEEE 80211 b/g/n radio
o Single stream 2 4 GHz band
WF111 is a fully integrated single 2.4GHz band o Bit rates up to 72 2Mbps

80211 b/g/n module, intended for portable and
battery powered applications, where Wi-Fi

DESCRIPTION

+ Integrated antenna or U_FL connector

connectivity is needed. WF111 integrates an + Hardware support for WEP, WPA and
IEEE 802.11 b/g/n radio, antenna or U.FL WPAZ2 encryption

antenna connector and SDIO or CSPl host

interfaces. * Soft-AP support

WF111 provides a low cost and simple Wi-Fi + Temperature range: -40°C to +85°C

solution for devices that run an operating «  SDIO or CSPI host interfaces

system and a TCP/IP stack on-board, but still

offers the benefits of a module — small form « [ully CE, FCC, IC, Japan and South-
factor, easy integration and certifications. Korea certified

Bluegiga also provides WF111 drivers for the

Linux operating system + Operating system drvers for Linux

TARGET APPLICATIONS: PHYSICAL OUTLOOK:

+ PoS terminals
+ RFID and laser scanners

« Wi-Fi  internet radios and audio
streaming products

* Wireless cameras

+ Portable navigation devices

» Portable handheld devices

* Wi-Fi medical sensors

Figure 1: WF111-A

»  Wireless picture frames

Tesis publicada con autorizacién del autor

No olvide citar esta tesis




TESIS PUCP

PONTIFICIA
UNIVERSIDAD

CATOLICA
DEL PERU

3 Pinout and terminal descriptions

) 8 o 8 o o o o 4
(=] < E E = E [=]
g & 8 & g 5 &8 § 3
g = 5 S B % momE
19
30 anp vDD_PADS (2
31
—|ANT plof4] HE-
22JanD
VDD_REGIN -
16
PIOf2] —
Bowew B OEE B . o
= = 3 3 g 2 x & 15
o o = VDD_SDIO ==
o @ @ @ @ @ @2 o d 2 8 32 75
b4 o =] o =] o o z = o = T T =
[C] [ (] [ 7] @ 7] G m > 2] [z ]

- o -] | uw w0 ~ L] -] o - ol o =+
BRI B B B B
Figure 2: WF111 pinout

POWER

SUPPLIES PIN NUMBER DESCRIPTION

VDD_REGIN 17 Input for the internal regulators

REGEN 23 Pull high to enable internal voltage regulators (2.0V max)
1, 8, 14, 21,

GND 29, 30, 32 Ground

GND_PAD 33 Thermal pad, on bottom of WF111

VDD_ANA 10 Positive supply for PA control

VDD_PADS 19 Positive supply for the digital interfaces

VDD_SDIO 15 Positive supply for the SDIO interface

VDD_PA 28 Positive supply for the power amplifier

Table 1: Supply Terminal Descriptions

PIN

NUMBER PAD TYPE DESCRIPTION
PIO[0] 22
PIO[1] 24

Programmable input/output

PIO[2] 16 Bi-directional, programmable strength line.
PIO[3] 20 internal pull-down/pull-up Can be used for Bluetooth co-
PIO[4] 1s existence.
PIO[5] 27

Table 2: GPIO Terminal Descriptions
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Driver de servomotores Dynamixel CDS55xx:

Introduction

AX-12 CDS55xx Driver Board makes it possible for you to directly connect AX-12/CDS55xx Servos to your arduino controllers. The interface of this driver board is just using a UART
port. The CDS series robot servo and the AX-12 servos can be linked by serial bus, this means you can connect 200+ servos.

The CDS55xx Driver Board Integrates a half duplex and a voltage regulator circuit inside. The voltage regulator is used to manage the power supply for your servos, and the half duplex
mode means that the transmit wire from your UART is connected to all of the AX-12 servos. Hence: when you send a command over the wire then all of the servos will hear it - but
because the message contains the destination servo ID then only one servo, matching that ID number, will process it. If the message requires a response then it is sent back down the
same wire from the servo back to your AX-12/CDS55xx Driver Board.

Applications

Robot Arm

Humanoid Robot

hexapod Robot

Any other servo driven application

Specification

Power supply: 7-16v
Interface for Arduino: UART
Size:50x25x12mm

Shipping List
AX-12 CDS55xx Driver Board(1 unit)

Connection Diagrams

Arduino connection diagram &3

Connect: GND-GND, Tx-Tx, Rx-Rx
It is recommended that you use a 7.4V LiPo battery with this servo driver board. But you may also use a power adapter for stationary applications

i

FTDI Board connection to PC

Using an FTDI board it is possible to use the servo controller directly from your PC.
Connect: GND-GND, Tx-TxO, Rx-Rxl
It is recommended that you use a 7.4V LiPo battery with this servo driver board. But you may also use a power adapter for stationary applications.
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SparkFun Voltaje-Level Translator:

13 TEXAS TXBO0104
INSTRUMENTS
werw Hl.oom BCESESIF —APRIL 2006-REVISED MAY 2012

4-BIT BIDIRECTIONAL VOLTAGE-LEVEL TRANSLATOR
WITH AUTOMATIC DIRECTION SENSING AND #15-kV ESD PROTECTION

Check for Samples: TEBO10S
FEATURES
« 12V to 36V on A Port and 185 VW to 5.5V on * Latch-Up Performance Exceeds 100 mA Per
B Port (Vs < Vecs) JESD 78, Class Il
*  Vop Isolation Feature — If Either Vo Input Is at * ESD Protection Exceeds JESD 22
GMD, All Outputs Are in the Highdmpedance — B Port
State o —  2500-V Human-Body Model (A114-8)
+ DE Iﬂlet Circuit Referenced to vDDﬁ — 1500-y ‘CmrgEd-DEUiGE Model l.:.‘n.“
*  Low Power Consumption, 5-pf Max | — BPort
: :;rr SI:EP"“E Partial-Fower-Down Mode — 15KV Human-Body Model (A114-8)
peraten — 1500-V Charged-Device Model {C101)
GNLVZNU PACKAGE TERMIMAL ASSIGHNMENTS
(TOF WIEW) (GXLVZXU Package)
A B C & B [
4 AL GHD Bl
a]l oo 3 A3 OF B3
3 a 2 A2 Voca =2
2 | o 1 Al Vies Bl
1 o
-
RGY PACKAGE
PVl
D OR PW PACKAGE (o EW) RUT PACKAGE
(TORVIEW) . . {TOP VIEW]
o L
= = O
Ve [1] (1] Vom T
i 14 L i - -
At [Z—— 31— B Atz ———— 1a| Bt i
a2 3l 1d B2 82 |3 [ pyposes | 12| B2 Aflz L19B
A3 [E——g—{v] B3 A3 |4 I center | 11(B3 a2[i7 .2
A4 |5 | 10| B4 L __ —
A [E i B4 nele Lo__ "5t ms[ET — CEles
NC [&] 5] NC mmnell [ B
GHD 7 8 AdlE V&I 11| B4
[F] ] CE o w =
= o =
L) =]

M.C. - Mo Intemal connection
For RGY, If the exposad canter par ks used, |t must orly be connecied 35 3 Secondany ground or 127 electreally opan.
Puil up resistors are not rquired on both sldes for Logie 1O,

If pusll L o DUl o) FeGistors are needed, e MaskA0r vallis MUst ba over 50 k0.

E0 kD |5 3 Eafe recommengied value, If the customer can aceept higher Vol or lower Woh, smaiier pull up or pull down
resisior Is allowed, the daft estimation ks Vol = Veoout ¥ 4 Ski4.5K + Rpw) and Voh = Vooout € Rowid.5k + Redw).

If pull up resisiors are nesded, piease refar 1o the TXSIN04 or conact T
G, For getallad Information, please refer bo application nowe SCEADAS.

mo oo

m

Pleasa be aware that an Important nofice conceming avallablity, standard wamanty, and uss In critieal applications of
Texas Instuments semiconducion producss and discialmers merelo appears at me end of this data sheet.
ManoFres ls a rademark of Texas Instruments.

PRODUCTION O4TA miosreicn i co-ent e of poblicaficn deis -
Riacke cemmlin 5. ipsaciicalicrss g Was Bass o Ha Tamms Copyright © 20062012, Tewas Insinuments. Incomomied

Imfrurssl deedeed sweanty. Peoduclios proccsssing doss ot
receam-ly noucs Eebng of Bl peeTsET
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TPS40304:
: mmmm TPS40303, TPS40304, TPS40305
BLUESESE -MNOVEMEER ZI09-REVIZED MAY 201=
TP54030x 3-V to 20-V Input Synchronous Buck Controller
1 Features 3 Description

Input Weltage Range From 3 W i 200V

= 300-kH=z (TP340303), 600-kH=z (TPE40304), and
1.2-MHz [TFE40308) Switching Frequencies

= High- and Low-Side FET Rpgior Cument Sensing

= Programmable Themally Compensated COCP
Lewels

=  Programmable Sofi-Start

= B00-mV, 1% Refersnce Voltage

= \oltage Feed-Fonward Compensation
=  Suppors Prebiased Output

= Frequency Spread Spectrum

The TPE4030x is a family of costoplimized
symchronous buck contrellers that operate from 3-\ to
20-V input. The controller implements a voltage-mede
control architectiure with input-voliage fesd-forsard
compensation that esponds instantly o & change in
input voltage. The switching frequency is fixed at 300
kH=z, 800 kHz, or 1.2 MH=z

The Freguency Spread Specirum (F55) feature adds
to the =witching frequency, significantly reducing the
peak EMI noise and making it much easier to comply
with EM| standards.

The TPE4030x offers design with a variety of user-

programmable functions,  including  soft-start,
=  Themal Shutdewn Protection at 145°C owercument  protection (OCF) levels, and loop
= 10-Fin 3-mm 2 3-mm S0N Package With Ground COMpEEnsaton.

Connection to Themal Pad

OCP level may be progammed by a single extemal
resisicr connected fromn the LDRW pin fo circuit

2 Applications ground. During initial power on, the TRS4030% enters

a calibration le, measures the voltage at the LDREV
- POL Modules in. and sets an intermal OGP voliage level, During
= Printers operation, the programmed OCP wolage level is
= Digital TW's compared to the woltage drop across the low-side
« Telecom FET when it is on to detemine whether there is an

owercument conditicn. The TPZ4030x then enters a
shutdown and restart cycle until the fault is removed.

Device Information®™

PART NUMEER PACKAZE BODY SIZE [HOM)
TES40303
TPS40334 VEON (10 3.00 mem ¥ 3.00 mm
TRE40335

{1) For all avalabiz packagas, see e oriemslz addendum at
tha end of Mg data shest.

Simplified Application Diagram

3
1

AN IMPORTANT MOTICE at Tie end of this data sheel addresses avalanlity, warmanty, changes, use In safsty-oritical applications,
Intedleciual propany matters and other Important disdaimers. PRODUCTION DATA.
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TPS40303, TPS540204, TPS40306
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T Detailed Description

7.1 Overview

The TPFZ4030x is a family of cost-optimized synchronous buck confrollers providing high-end features to
construct high-performance DC-DC converiers. Prebias capability eliminates concemns about damaging sensitive
loads during start-up. Programmable owvercurremt protection levels and hiccup owvercument fault recovery
maximize design flexibility and minimize power dissipation in the event of a prolonged ocwtput short The
Frequency Spread Spectrum (FS5) feature reducss peak EMI neise by spreading the initial energy of each
harmonic along a frequency band, thus giving a wider spectrum with lower amplitudes.

7.2 Functional Block Diagram

=0
]. - BF A
_-— L
C'gh_i Spraad ik ArflCrons
t S i
Osalate Fun || ':““m‘"“
Logle Frepias
e 11-1-1 Clrcut
| )
' |
[ it

I
D.El\"m:' E | I
EE Y o0 W Thearmesal

Fa0oD [3 ] # rasawn
i L,
E Fadalt Coninollar i
£l —
GO

7.3 Feature Description

731 Voltage Reference

The G00-m% band gap cell is intemally connected to the noninwerting input of the emor amplifier. The reference
voltage is timmed with the emor amplifier in a unity gain configuration to remove amplifier offset from the final
regulation woltage. The 1% tolerance on the reference voltage allows the user to design a very accurate power

Supply.

¥.32 Enable Functionality, Start-Up Sequence and Timing

After input power is applied, an internal cument source of 40 pA starts to charge up the sofi-start capacitor
connected from EM'SS to GHNDL When the voltage acmoss that capacitor increases to 0.7 VW, it enables the intemal
BP regulator followed by a calibration. The total calibration time is about 1.8 ms. Se= Figure 13. During the
calibration, the device performs in the following way. It disables the LDRY drive and injects an internal 10-pA
curment source to the resistor conmected from LORV to GHND. The voltage developed across that resistor is then
sampled and latched internally as the OCP tnp level until one cycles the input or toggles the EMNISE.

Copyright © 20059201 5, Texas Insinumenis Incorporated SUbmIT Cocymenision Feedbaci a
Aroduct Folder Links: TRPE40303 TPI4030M TPELDI0S
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MOSFET CSD17308Q3:

i3 TExAS

INSTRUMENTS W CSD17208Q3

wrwAl.oom ELPEIE2A ~FEERUARY Z0M0-REVISED OCTOESER 2010

J0V N-Channel NexFET™ Power MOSFETs

Check Tor Samplaa: C5D1T30803

FEATURES FRODUCT SUMMARY
+  Optimized for 5¥ Gate Drive ::ﬂ :":1 NEWETZ‘:I':ﬂq ::‘ ::
= Criarge EX !
*  Ultra Low Qg and Qgy . Gate Criargs Gabe 1o Orain 0.8 e
* Low Thermal Resistance Vi = 3V 1Z£ | ma
* Avalanche Rated Fsgey | DM@l ko Source On Resishroe | Vg = 4.57 54 | mo
* Pb Free Terminal Plating Wiag = BV 5z | mo
+  RoHS Compliant Vasey | Threzhod Voibage 13 v
» Halogen Free ORDERING INFORMATION
+  S0OM 3.3-mm = 3.3-mm Plastic Package
[Duma b Packaps Eada Gty Zhip
APPLICATIONS canirasas | SOEEmm L zmm [ iz [ oo, | Tape ans
* HMotebook Point of Load
= Point-of-Load Synchronows Buck in ABSOLUTE MAXIMUM RATINGS
Metworking, Telecom, and Computing Systems Ty, = 25°C uriess ofnensise sabed VALUE | WM
Wiy | DM bo Ecurce Votage ap W
DESCRIPTION Vs | Gateto Sourre Vetsge =10/-8 W
The MexFET™ power MOSFET has been designed o Continuous Drain Cument, Te = 25°C A7 s
fo minmimize losses in power comversion applications Contnuous Drain Cumeat™ 13 A
and optimized for 5\ gate drive applications. s | Puised Dran Cument, Ta, = 25°C5 I A
Top View Fr | Poswer Clsspason™ 27 w
1 -1 it | 1;-.3 T:rrl:-:g:mﬁ wﬂﬂd = —SE i "c
=04 ! el Uy Asanche Enegy, Snge Pul -
_. i il Sas I.:.-?E.“A,L-:FM-I,H{,-E? kS md
=B = '_} —Lfe 11] Typkal Ry = 45°CAW when mourded on @ 1-nch?
- | L {5.45-cm?), 2-0z. (0.071-mm thik] Cu pad on 3 DLOEHNch
s . — 2o (1.52-mmj) thick FR4 PC3.
I L (2] Puise duraion s300us, duly oyt 1%
sl L —-afle
Rosiaey W& Vo I GATE CHARGE
o ]
- I\ =104 lpom 104 !/'-
E s | = T Vpg= 15w
M 1 5o
E |\ &
§ o 1] g
k- } —Tom 125" r
€ s \ [N % P f/"
g .| I e S B 2 W
10 A
¢ e
= - - - g
fﬂ- 5 Te = 2 1 /
a 1
1 1 2 3 & = E T 8 3 10 o 1 z 3 2 5 5 7
s - Batefo-Soure Vaibge- e 0, - Gat Chape-nG e

T Pliaase De 3wars that an Important noliee concaming avalaolity, SEndand warmanty, and UEs In critesl applcatons of TEES
Instruments Samiconductor products and dscalmens Tersta 3ppears at e end of this data sheat

MaxFET I a Tademark of Taxas Instruments.

PERCTO N Pt Cama © 21, Ters nememans e

Iums-in wbnds? wwanty. Pooduciios procssmng dose nod
re=cs ems-ly indods eetng of sl parumestEe
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.‘ These devices hawa [Imited bulli-n EZD protecTion. The leads should be shorbed togsthear or e device placed In conduciive faam
di;ad durng siorage or handing to prevent elecostatic damage to e MOS gatas.

ELECTRICAL CHARACTERISTICS

(T, = 25°C unless otherwise stated)

PARAMETER | TEST CONDITIONS MIN TYP  MaX| UNIT
Statie Charactaristics
BVges | Dvain o Source voltage Wi = OV, |y = 250pA 30 Vv
[ Draln o Source Leakage Current Vg = OW, W = 24V 1| oA
Lysx Gabe to Souns Leakags Cument W = OW, Wiy = +10 / =5V 10| nA
Vossy | Gate to Sourcs Threshold Veitage Wos = Vg, | = 2500 L] 13 1.4 v
Wios = 3, by = 104 iz5 185 mD
Fos=; | Dvaln fo Source On ReslsEnoa Wos = 4.5V, o= 104 o4 11.3| mb
Vo = BV, | = 104 g2 103 mo
Oy Transconductanca W = 15, |, = 104 3T 5
Dymarnlc: Characieratics
Cus Inpart Sapaciiancs £ V| pF
Cass Outpat Cpacitanca Was = OV, Was = 15W, T = 1MHZ 5] 35| F
Cmzs Feversa Transfer Capaciiznos 7 3| pF
Ry Serles Gale Reslstance ] 1.4 o
o Gate Charge Total {4.5V) 39 51| nc
| 2 Gate Charge Gats to Dran S — 0a nc
= abe Charge Gats bo Source 13 nc
ot | Gabe Charge atvih o7 nc
L+ T Cwtpat Charge e = 13V, Wy = OV 74 nc
— Tum Cn Dalay Time 45 ns
b Fise Tima Wos = 15V, Vas = 4.5V, |z = 104, 57 n&
= Tum Cff Delay Time g =20 EL| ns
A Fal Time 23 ns
Dicda Charactenstics
Ve Dicde Fomnward Waltags by = 104, W, = OV .55 1 Vv
Riavarse Recovery Chams Wop = 13V, | = 104, dlidt = 300405 23 nc
tr Fieversa Recovery Tima 14.3 ns
THEREMAL CHARACTERISTICS
(T, = 25°C unl=ss otherwise stated)
PARSMETER MIHN  TYP  MaX| UNIT
Riuc Themal Reslstanca Junchion 1o Case! 45| oo
R  Themal Reslstanca Junchon i Ambient!! 1= 56 o

(1] Fug I= detemined with the davice mounied on a 1-4nch® (B.45-cm”), 20z (.07 1-mm thick) Cu pad on 3 1.5-ach ¥ 1.5-ach (3.31om &

3.&1-cm), 0.06-nch {1.53-mm) thick FRA PCB. Ry, 5
{2) Device mounbed on FR4 Masnal wih 1-ner (&

J. 20z (D07 1-mem thick) Ci

1
cciied by Oakgn, WhEreas R, |5 oalemmined by e usars board

SULTIT DoCLAMENSHoN Feeabach
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MOSFET BSZ040NO4LS:

( Infineon BSZ040NOALS G

SptiMO&™3 Power-Transistor Product Summary
Features Ve 40 |V
= Fast switching MOSFET for SMPS | - FT— 40 |m
= Jptmized technology for DC/IDC converters Ia 40 (A
» Qualified according to JEDEC for target applications PG-TSDS0N-3
= Mchannel; Logic level
« Excellent gate charge x R ., product (FOM) ‘
= Very low on-resistance B g,
= Superior thermal resistance RoHS .~
- 100% Avalanche tested ‘{
= Pb-fre= plating; RoHS compliant @} Halogen-Free
» Halogen-free according to IECE1 249-2-21
5 ?Ii | Filb
Type Package Marking spH .+ Hoo
=1 HaH |5

BSZIMONOMLS G | PG-TSDSON-E | D4OMD4L ;: LIS [0
Maximum ratings, at T =23 *C, unless othernwise specified
Parameter Symbol |Conditions Value Unit
Contnuwows drain cament In Veus10W, T=25°C 40 A

Vee=10W, To=100 °C 40

V=48V, T.=20°C 40

Vea=485V,

T.=100"C 40

V=10V, To=25°C, 18

R s =80 K
Pulsed drain cument™ Ippme |Te=256°C 160
Avalanche cument, single pulse® Jas Te=25°C 20
Avalanche energy, single pulse E s 1=20 8 R =250 120 md
Gate source woltage Vs +20 W

¥ J-5TD20 and JESD2E
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< Infineon BSZO4ONDALS G

Maximum ratings, at T ;=23 °C, unless ctherwise specified

Parameter Symbol |Conditions Value Unit
Powier dissipation P T.=25°C G0 W
Te=23"C, . 21
R =00 KW
Operating and storage temperature | T Tay -65 _._ 150 "
|EC ciimatic catepory; DIM IEC 681 BEM 5056
Parameter Symbol |Conditions Values Unit
min. typ. ma.
Thermal characteristics
Thermal resistanes, junclion - case  [Ree - - 1.8 |KAW
Device on PCE Ry |6 em® cooling area™ - - G0

Electrical characteristics, at T =23 “C, unless otherwise specified

Statie characteristics

Drain-source breakdown voltage Vempes |Vae=0V, Ie=1 mA 20 - - v

Zate threshold woltage Vames  |Vos=Wes Io=36 pA 1.2 - 2
¥oe=20 W, V=D W

Zero wal drain current I o - T - .1 1

gate voliags 5E T=25°C A

Vos=40V, V=DV,
T=125°C - 10 100

Gate-source leakage curment Tass Veau=20W, V=0 V - 10 100 |n&

Drain-source on-state resistance Apgey [Veemd 5V, 1=20 A - 45 EE |mo
Veou=10W, {=20 A - 13 2

Gate resistance Ay - 1.3 - o
IV eel=2I 6lR teyonje. -

Transecnductance [+ 1 1,=20 A 20 e - 5

* Dewice on 40 mm % 0 mm X 1.5 mm epody PCE FR4 with G cm2 {one |ayar, 70 pm thick) copper area for drain
conracion. PCH 5 wanizal In s Elr.

* Sae figure 3 Tor more detaled Informatian
¥ Zae figura 13 far more detalled Infarmation
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(infineon

Parameter Symbol |Conditions Values Unit
i, yp. .
Dynamic characteristics
Input capacitance G - 3800 5100 |pF
Output capacitance C o :'rj:m; Vie=20V. - g0 | 1100
Rewerse fransfer capacitance G - 45 -
Turm-on deday time . - 85 - ns
Rise tme £, Veem20V, V=10V, | - 4.8 -
Tum-off delay time tyw |[FRARSIED - 33 -
Fall time L - 5.4 -
Gate Charge Characteristics™
Gate o source charge L+ - 11 - |nC
Gate charge at threshold L . - B -
Gate to drain charge L. Vecr=20 V. 1c=20 A, - 44 -
Switching charge Q, [|Yeslw10V - 10 ;
Gate charge total L+ - 48 B4
Gate plateau voltage | - - an - |
Wae=Z0V, 1:=20 A,
Gate charge total a, V=Dt AE Y - 23 31
- .
Wae=0.1V,
Gate charge total, sync. FET L~ J— 1-fﬂ=um v - 45 - InC
==}
Owtput change 9 Wae=20V, V=0V - 3 -
Reverse Dicde
Diode confinuows fonaard cuament I - - 40 (A
Te=25"C
Diode pulse current [ Ay - - 160
Wea=0W, 1:=20 A
Diode forward voltage Van sz.a o - 0.3 12 |v
We=20V, l=i,
Reverse recovery charge Qo dft.'dr:d,un .-5.‘|.|55 } 6 ) o

* Zee Ngurs 15 for gate charge parameter definition
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MIC5209

500mA Low-Noise LDO Regulator

General Description

The MIC520% is an efficient linear voRlage regulator with
very low dropout voltage, typically 10mV at light loads and
less than S500m\ at full load, with better than 1% cutput
voltage accuracy

Cesigned especially for hand-held, battery
devices, the MICE208 features low ground current to help
proleng battery |ife. Am enable/shutdown pin on 50-8 and
TO-283-5 versions can further improve battery life with
near-zerc shutdosm cument.

Key features include reversed-baftery protection, cumrent
limitimg, owertemperature  shutdown,  ulira-low-noise
capability (530-8 and TO-283-5 wersions), and availability
in thermally-efficient packaging. The MICE208 is available
in adjustable or fixed output voltages.

Datasheets and support documentation are available on
Micrel's web site at: wwww.micre] com-

Features

o Output voltsge range: 1.8W — 15V

s Meets Inte!® Slot 1 and Slot 2 requirements

¢ Guaranteed 500mA ocwutput over the full operating
tempearature range

o Low 500m\ maxzimum dropout voltage at full load

s Extremely tight load and line regulation

* Themally-efficient surface-mouwnt package

* Low temperature cosfficient

» Current and themal limiting

* Reversed-battery protection

* Mo-load stability

& 1% cutput acouracy

» URra-low-noise capability im 50-8 and TO-263-5

& Ubkra-small 3mm = 3mm DFN package

Applications

« Pentium Il Slot 1 and Slot 2 support circuits

¢ Lapiop, notebook, and palmicp computers

« Cellular telephones

» Consumer and personal electronics

» SMPE post-regulator/DC-to-DC medules

# High-efficiency linear power supplies

Typical Application

MIC5209-2.5%5
[ 1
EERE
Ulh Uﬂ.T
=0 + 20Vl
0AuF 22uF
TANTALLIM

3.3V MNominal Input Slot 1 Power Supply

Il Is 3 registered tracdemark of Intsl Comportion.

ENABLE MIC5208-5.01 M
SHUTDOWN &
W
L]l 2 T
By &
"-".;. ‘o 3 =]
-l <)

22uF
TAMTALLIM g '””D*

Ultra-Low Moise 3V Regulator

Micrel Inc. = 2160 Forfuna Drive = 3an Jags, CA 35131 - USA = tel +1 (408) 944-0200 - fax + 1 (408] 474-1000 = hip:Mwww milcralcom
May 19, 2015 Revision 4.1
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Micrel, Inc. MIC5208
Absolute Maximum Ratings'® Operating Ratings'®
Supply Voltage (Viad oo =20 10 #2006 Supply Voltage (Wil 2BV 0 H1EY
Power Dissipation (Po). ..Internally Limited™  Adjustable Output Valtage (W r) Range..... 1.8V to 15.0V
Junction Temperature (T,) Juncticn Temperature (T,)

All Except 1.8V e =P 10 +1255C 2E =150V e =20t 1250

=1 T U | ol 68 '+ B0 b= o & 1BV SV <28V e 0PC 10 H125°C
Lead Temperature (soldering, Ss). IO | ol Package Themal Resistamte oo MNaote 4
Storage Temperature (Te)wene. —EERC o #1505
ESD Rating

SOT-223 e 2R HERZ00W MM

DFM, SOIC-B e BRW HEMM OOV M

Electrical Characteristics

Wi = Vaur + TV, Caur = 4.7uF, lowr = 100pA; T, =25°C, bold values indicate —40°C 2T, £ +126°C, except 0°C 2 Tu2 +125C
for 1.8V 5 Wayr < 2.5V, unless noted.

Symbol Parameter Condition Min. | Typ. Max. Units
-1 1
Mowr Output Voitage Accuracy Wariation from mominal Vo 2 2 e
Ay fAT Output Voitage Termpemature Co-Efficient | Mote 5 Al ppm=C
. . 0.008 | 005
Line Regulaticn Win = Vour # TW o 18V Y e
Ad W '
B _ 005 | 05
Load Regulaticn lzgr = 1004 to SO0mMAS 07 %
10 &0
lgyr = 100
parr =1 B0
115 175
st = S0mA, 2;
_ i
Vo —Vour Dropout Voltage o 155 200 i
o 400
L = 500mA 350 500
- 00

Hivbas:

2. Exceedng the assoiuts madmum ratings may damage the dedoe.

3. Thedavicz |5 nod guarant=ad s funstion outsldz Bs oparating rasngs.

4. The madmum alovwshis power dissipation at any T, [amislent temperature) |5 caicUiEted SN Py = [T — To) §,.. Sucaeding the madmun

Alkrwvaile power dissipation will r2sult In excassive dle femparature, and the reguiator wil go Imo thermal shutdown. 52 Taolke 1 and the “Thamal
Conskerations™ sub-s2gtion In Appcaton ifommation for detals.

5. Ouiput voitage temperabure costfident 15 1ha worst case voitage change divided by the total tempersiure rangs.

FEquISHoN |5 MAESUrEd 3t CONSLETE [UNcHion 2mparaturs usng Iow SURy Cyme puise Tstng. Pars are iested for oad reguiston In the 103 rangs

from 100WA to SO0mA. Changes In output voitage dus to heating effects are coversd by e themal regulation speciestion.

7. Dropout volisge ks definad as tha Input to output diTerenzal at which e output voitage drops 2% below s nominal value measurad 3 1W
differesntial

o

3. Gmund pin cument ks the requistor quisscent cumant plus pass franslsior bass curmant. The total cumant drawn from the supply s e sum of the load
cument pius the ground pin cument.
9. Wy ls the voliage extamally appiled to deviees with e SN fenable) Input pin. [S0-5 M) and TO-263-5 () packages only.]
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Anexo 12: PCB y esquematicos:

En la Figura 1 se muestra el PCB del médulo WIFI cuyas dimensiones son de 41 x
48 mm. Se realiza a doble capa y dejando el espacio exigido segun la hoja de datos

del integrado WF111-E en la zona de la antena para su correcto funcionamiento.

Fig. 1 PCB del médulo WiFi de disefio propio
Fuente: Propia

A continuacion se presentan en este anexo todos los esquematicos del sistema
disefiado bajo el siguiente orden:

1. Esquematico general — A3
2. Moédulo WiFi— A4
3. Tarjeta Reguladora de Energia — A3

4. Conversor DC/DC Switching a 6V — A4
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