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ABSTRACT

This project perform because we saw an important of human organ specifically '
Hand ' From statistics hand is the most organ with accidents. From nowadays
mechanical hand technology is further develop but hard to found in our country, so
we make mechanical hand for handicapped. This project is easy mock up to build
mechanical hand for handicapped. We use the knowledge in the engineering field and
mechanical field to build this mock. First step is study about physical structure of hand
and Movement of hand. We use CAD (Computer Aid Design) program to design our
mechanical hand and calculate tool we use for example bearing, nut, screw, and
motor. Then assemble everything to control mechanical hand by microcontroller.
We use our mechanical hand by add sensor in gloves if hand that wear gloves move

mechanical hand will move by mimic another hand.
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lululaspoulnsawesidiiy winoaiud wosn Sulluduvszneudfyeseninmesls

2.7.1 daudsznavddgylululasaaulnsaiasd

1. #ify (CPU) Wugudnanmismunuiudoyanndunm Useniananudidsves
Tsunsu uavdwadnsoanludminauansua

2. MmeAUI (Memory) wutumiietiulusunsundn (Program Memory)
Tnedeyalaq MAvlTorlimsluuibidflndes wurwAUTIT0Ya (Data Memory) 1Ty
mhmmirdiasialasdoyassmeludliflndes udlulaseeulnsaiaesatelniossd
wmisaususuideyasvmsluidloliilvidvsuaziGusdnson (EEPROM : Erasable
Electrically Read-Only Memory) %‘aa'lmsmﬁu'z’fagalﬁw"lﬁmwLﬁva

3. dudieriefiugunsainieuen wiewesn (Port) il 2 nwasde Sunpdmuiy
doya wavioiwanienosnasdyyin IﬂaehuﬁLﬂuﬁauﬂiﬁm%’uw‘famiaﬁuqﬂnitﬁmuuan
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4. douduvesdygrumiova BUS) Wudumedmiuuanasudeyavesdily
wheanudmazneinludnvuzvesaedygruegnslululasreulnsames Tnowdalu
Uatoya (Data BUS) Uaueniasa (Address BUS) Uamaunu (Control BUS)

5. 2995 nladygyrnuiing (Clock) tuntsiimuadyyraunitelumi
"lniﬂsﬂauimmaaﬂﬁﬁww%‘eﬁaﬁtytyﬁmmﬁm(CLock)ﬁmwﬁ'qwsdwa'{ﬁ
Lilasraulnsaesiiarudalunisusyananags

usninilonnfinaundreiuervsdidiufavdug 1y Muvadyyrueurdendy
drygruiInea (Analog to Digital Converter: ADC), saulasdygyinanddneadudygy
oundan (Digital to Analog Converter: DAC), gy 1auuuunadinslugian (Pulse Width
Modulus)

Tavnwildlunisifeudfn wueausva (Assembly),n11% (Basic C),w1and

LY

(Pascal) waz9121 UJava) Yuagiulusunsuilivasuisnguinlulasnoulnsaaed

2.7.2 a9y (Arduino)
: & ¢ a - o v I

ozl (Arduino) iululaspoulnsaaeiviianilansna AVR Aiflnsldnuatiannly

o o - i v.e w1y v o v ° »
UaqUu liesanndesnaliuns flAndrdeineg WidenldemmEsinumn Tusunsuamnsold
vy seuvUfURnIsiulend (Windows) uarssuuufuRinisuuudye (Linux) gnimnn
L9 y o a = i ] - o =
senwd Redrdgiiovgluinanlulaseeulnsaaeinareshfionsitasslu (Arduino) fiyn

vV oV o=

Inaswaed (Boot Loader) ussgegluvesmintilisntiusasdd idsulusunsu (Programmer)

v

A J I L2 - ar
lun1sidudnarsiedearssenindilasroulnsaiassuazrauiinmes aursodsuiy

ranfmesualTulAlaunswuats U
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2.8 quﬁaamwum‘%aﬁns (Machine Design)

2.8.1 wuse viendugnilu

-

WU3 (Bearing) Aa Qﬂn‘miﬁl'&lﬁaiaa%’u‘[waﬂw*gauﬁ'uaqtgw'lﬁ finsindeuiiduning
sewedudiuasstulutuau
wuSeaunsaudsld 2 Ussaviluglq il
1. iWauwude (Plain Bearing) Ao wudsfiondenisdudawuuduloa (Sliding
Contact) ile¥uTnanuaranusadaniu wu weasilauuds
2. lsadsuuis (Rolling Bearing) Ao wuiaflendun1sduiawuunds (Rolling
Contact) Waiulnanuaranusaduavau Wy voawuds Tsamasiude
dmiuiunuveddienaidentdin Tsadwuds dafuszenudnmaihauvedsaauuie

nounsdulaLuUNas (Rolling Contact) wnuusatl

2.83.1 lsa@suuis (Anti-Friction Bearing)

fio uuieilonfunisdulauuunas (Rolling Contact) itasesiuluanuasannsdon
mu Taeviluagldanuea Bal) waslsaians (Roller) Wududaudmiuniands (Rolling
Element)

nmsUssdiuergnisidinmeslsaduuia

v
°

L% ; I 1 ¥ o
1. 91gnsluruegiumrAunsEyie
a & a a d 4 a = i
2. AN NYDILUTININARIINITNMSUazIAS ol TulRuaiy 9199ximnuuAnA1
v w & - v - A - - oo
fu Asdumsannnyg ABFMA JsldimuadeuuariBnisidonuudenatl
[ = o - - v < a o v
3. 21gldau (L) vansis SuauseuiinuimmuldnouiisvSuinanuddululg
WMIUNIDZNNEY 9NN INABDLDFUTGLIUSA (Lundberg) WazUwaNaY (Palmgren) Wuin

21gn1sldau L wusduludadruduusluiuniail p
L 3
a F'E (31)
VUM WUUUBAWUSY k = 3 uay wuulsalaasuuse K = 3.33

a - b o o v " a
4. 91gUsuiiiu (L1p) vuneis 9uusauiinus 90% aunsanyuld Taglidn

- v
AUEsmsLLBRINANAY
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v - o o ad  a P a
5. anglénuade (Lsy) wunefis Sruiusouiiuuis 50% annsovuldlagliin
- v
ANUEBMIBITEDIINAILAN
6. wseadeusudiu (Cp) wuned usslununiinfinvinliiinsvevyuiives gnnda
waumusIiumiaiy 0.0001 WiveswwIAEURIAUEINa1YBIRNNAS
w a - v oad o Qv a a " a o4 v
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- w Y 1
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C
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useENYa

1. Tunasuldlgeuiu Tsadauuso1vssunanslunundal useluwuwiunuy way
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= . 3 o 1 5 (7] q‘: v 4
2. ousediurassuuimualuvenussussluiuaialivindu aniudonasu

P - ar =3 » [ = @t 3
WINVILLUFI3UAN Wlﬂuwsﬁuumsmﬂmamaumu'luvf}uquu L?Uﬂ'l'l Lmam‘.;a
P =XVE. +YF,vie P =VE. (3.3)

- @
fia wsaluwurdadl
D UIIgu

P2 |

AD AIUTENOUNITTIN

2.8.2 wan

[
o ]

o A-Lv o W € - s v = ¥
wanlududiuildnueglueiasing gunsalimainvaisyila viminlunisdsane
MdamIevibiiAanismyuseningBuaiunieg sauzldnuwarazegnislausinsevirriinigg
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2.8.2.1 FBmsFenwan

1. a1 (Shaft) \uiuduivauuadlddards

2. unu (Axle) Lﬂu?;uﬁ'mé’nwmmﬁmﬁ’uﬁ'mwmLLc‘i'l,;iMqu drusnidusisessy
Fudau 1 da Soanowiu Judu

3, afuida (Spindle) tuimarvuindu Wy imafifauviunds (Head-Stock
Spindle) \usu

a. asus (Stub Shaft) Wumanfineduiuduseiiiesuinisssudueimes vie
iFeaiuiddus fivune JUi wasdauBuosnin dwiulddeumandu q

5. @l (Line Shaft) w3aiwandenids (Power Transmission Shaft) ¥3ainan
Wy (Main Shaft) luwandadensainiaiowiudids Ilunisdeindsluduadesdnsnadug
Tosaniz

6. winyml (Jack Shaft) {uiwanvunaduiineseniraaseswumdafuinaliuy
wiainiesinsna

7. wanoou (Fiexble Shaft) iluimarflanunsadeusmislacls wwanszinanivia
feawaIning (Cable) anauiawiioaiawmies (Wire Rope) Mlunisderidsludnwasi

wnuvuvhasiiulausdidelaos

2.8.2.2 Jagwan

Fanilddmiviumanalufie manndrazyu (Mild Steel) withdoansmmimieiuay
finumunuseusnsvanduiieny dnegldmdnndmaulaveduq wu AlSI 1347, AISI 3140,
AlS! 4150 s ethlsfimuielildivarsingn msidenldasuusssumieuiidentd

& |
tannNantunau
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vwnvenauugudna [uladums

6 23 70 130 240
7 30 75 140 260
8 35 80 150 280
9 40 85 160 300
10 45 90 170 320
12 50 95 180 340
14 55 100 190 360
18 60 110 200 380
20 65 120 220 =

° v oa . "
AN328NRUUNTITATUIILINAN ‘LUﬂqiaﬁﬂLLUUﬁ'l'Uuqﬂ?lfNLwa"l WwADINITEUIRUMAT

1. Mdu (Power) waranse (Load) Ml iwadernga

v oo A a‘!’ @ o ' as - -] e
2. AuANTIAnTUAUMET Saiegusnnue Tag uagiad i Saduamly

- L 3 . # o 1 1
NSINARIUAUANAIN (Stress Concentration) U &l MIUVLIANE VDINAT

3. ANUUNSY (Stiffness 138 Rigidit) munahie MALAMUABAISUBUMINTBENISUN

d ar
uvpawandlosunise

- = .ol T v at ar A
4. pusingi (Critical Speed) wanefis nsdudmaawardudunawlionnan

ANSUIUAIYDIWAN
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- i - ] € o - al - - ° 3 [
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pUNYNADY
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1. WwuwesinAudneg $IuIu 5 M
2. NIEAWINYUDIAT
3

as

aftimes (Multi-meter)

3.1.1.3 35n15veasy
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AMUTn9D AMulnge anulngeg AUl AMulnge
#iai 1 fiait 2 fiafl 3 #ail 4 Fiail 5
pe 40.23 40.50 25.89 40.14 35.26
: L o 45.56 46.28 30.21 45.26 40.41
20° 50.12 48.08 35.02 50.18 45.68
20 ° 55.74 5325 40.00 55.31 55.53
40 ° 60.54 60.13 45.10 60.26 60.47
50 ° 65.41 65.20 50.06 65.11 65.24
60° | 7039 70.15 5531 7021 70.11
70 7542 7835 60.11 75.84 75.42
80 ° 80.04 80.41 65.39 81.01 80.97
90 ° 86.02 86.12 70.50 87.30 85.88
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NNMINARDINAAI AT ITBNT DT IR M TnseTiAIaaAANY Fnuin
Auf ULz oGl 25 - 40 ke wazilolaseuinTuforiumnliudsnuduniud
wndudne waviilelAsseila 90 © AmmiumuTBlugeiauTaeluwiar M ilrng
fign lavaludrgeanavagit 100 ke wiksiilunislévuedeguuuunstngeluusiaynisld

nuearliwiioudu duiurguaavediguivesiuwsasieoaileluiviniufiduls

3.1.1.5 331saluanimaany
[ ' a4 & - - ' 'Y
INNITNARDIAINANINAIUNINY 8199¢8N15ARIMARDUYDIAIAUAIUNIULNY B8

wilunisneaes gvihnaaasemasintsldusslunisineluusasiueeslivindy



s e [ldmmgnq i
"?ﬁﬂlmumﬂhﬂ e Eﬁﬁﬂ».,.,..,. =y
of

e

Ak ‘.::E 4
NN \‘» ViR A

= ) P Y =
Jun 3.1 Wwugeinaudateiildass

o U - J
3.1.2 mMsmAusIlandasnisuazidanldruinvesweslanaines

¥ o -5'-
Msweslnawmaslun 15V lATIUTNDITUIIN

1. dmgn

€

bt

2. fmunadnfiwaizwediuile
= -]
3. fauudalse

L7 a v i ¥ v dw
= ‘L'Hﬂ']u.s\"umﬂﬂﬂﬁﬂ’l? Iﬂﬂﬂsﬁ”qmﬂqﬁnﬂuqﬂuﬂwﬁﬂ'ﬁﬂ'ﬁ'ﬂﬁﬂﬂ

i - z al
3.1.2.1 mMeasmiauselinaingesluainaing 5 aa

o » - P ' a & v .
vnsvaaelaensliedosinuseda (Torque Motor) ilemArusiDaiiuviads

4 . ’ -
A1519 3.2 UARINISNRABIIRALIIUATD YRS INDIRDS

18

wsaDai Tale usadaiady
Asain 1 s 2 afad 3
woslwewmasmn 1 10 10.5 10.3 10.27
wailwawmaiii 2 11 10.7 10.8 10.83
waslauamasinai 3 10.5 10.2 10.6 10.43
washuaimasmil 4 10 11 10.7 10.57
woslwamesii 5 10.8 10.5 10.7 10.67
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3.2.1.2 TUADUMIONLUY

1. favumile hile Tneniseenuuuarsesiivunalndifsvuineis Tnsenvay
Invdaidnninuiasdaitsadnioowindu aildesilsdermiuasiduavenedosiuian
7 uwazussidesnsiuimindngae

2. MWlusunsuledaiag (Solid Work) lun1seenuuy Tnedarimiseesnuuy
Funudumiefiaduns (Milimeter : mm.)

3. wusnseanuuuilena TiduBunudesiamun 10 dw ludwiniessuides
sonuauduiniu

a. Awswimsseniuuedssdnsidosiu Tnenseenuuulasiadvanudad s
favsiesinsiiudesinshifuay violdirdoslogunsnidug adlulunievds wu fem sy
B Tnearildluns iudastdsineg dussnanmsdmnn

5. gpvinlunmiraasadasntuasded svozifle vasendianann (Error) Tufa
indosiuianuiifiedoniun das Tnusvezielunoianildasdedous 0.5-1.0 fadwns
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o x
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3.3 mdenldgunsalduieiona
eonldgunsaisag deil

33.1 flen
S < & ° v i
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o - ol v v ar ¥ ¢ P a a
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=t : 1 5 | :5 a 1 . o A :
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3.3.2 wan
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waziinsvyuveswanfiadivs lnsannsavauiavesmarldainms fusailuuni 2 Tagen
vonduhgudnatvennarildnrsiivszana 1.7-1.8 Taduas Tnsmariildaiiivunn

wWurhguinanewiniu 1.76 fladiwns diwaniduunuvesuuie eldilugamyuludoih &

fiviavue 3 9
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U 3.7 ven

3.33 uuis viendugnlu
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naluudniy snanuieihinldSeesruilbanaveanaidnde Tnsvunavesuyiil
vhinldessilifuirguinatesdniluniniu 1.86 faduns uriaudnatssuanvinty 5
fiadums uasamvuindu 2.5 faduwns

3Ui 3.8 uue viandugniu
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HandController

#include <Servo.h>

AMANUIN N

lWsunsualuauiiana

int flexSensorPin1 = Al; //analog pin 1

int flexSensorPin2 = A2; //analog pin 2

int flexSensorPin3 = A3; //analog pin 3

int flexSensorPind = A4; //analog pin 3

int flexSensorPin5 = AS5; //analog pin 5

Servo svl; //servol
Servo sv2; //servo2
Servo sv3; //servo3
Servo svd; //servod

Servo sv5; //servos

int potpinl = 0;  // analog 1

int vall; // var read 1

int potpin2 = 0; // analog 2

int valz; // var read 2

int potpin3 = 0; // analog 3

int val3; // var read 3

int potpind = 0; // analog 4

int valg; // var read 4
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int potpin5 = 0; // analog 5

int val5; // var read 5

void setup()
Serial.begin(9600);
svl.attach(3); // attach sv 1 to digi 3
sv2.attach(d);, // attach sv 2 to digi 4
sv3.attach(5);, // attach sv 3 to digi 5
svd.attach(6); // attach sv 4 to digi 6

sv5.attach(7); // attach sv 5 to digi 7

void loop(){

vall = analogRead(potpinl); // reads the value of flex sensor

vall = mapl(vall, 210, 155, 10, 100);  // scale it to use it with the servo ( angle )
svl.write(vall); // sets the servo position according to the scaled value
val2 = analogRead(potpin2); // reads the value of flex sensor

val2 = map(val2, 243, 122, 10, 100);  // scale it to use it with the servo ( angle )
sv2.write(val2); /{ sets the servo position according to the scaled value
val3 = analogRead(potpin2); // reads the value of flex sensor

val3 = map(val3, 250, 130, 10, 100);  // scale it to use it with the servo ( angle )
sv3.write(val3); // sets the servo position according to the scaled value
vald = analogRead(potpind); // reads the value of flex sensor

vald = map(vald, 233, 114, 10, 100);  // scale it to use it with the servo ( angle )
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sva.write(vald); // sets the servo position according to the scaled value
val5 = analogRead(potpin5); // reads the value of flex sensor

val5 = map(val5, 122, 253, 10, 100);  // scale it to use it with the servo ( angle )
sv5.write(val5); // sets the servo position according to the scaled value

delay(15);  // waits for the servo to get there
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Arduino Uno R3

The Arduino Uno is a microcontroller board based on the ATmega328 . It has 14
digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a
16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and a
reset button. It contains everything needed to support the microcontroller; simply
connect it to a computer with a USB cable or power it with a AC-to-DC adapter or

battery to get started.

The Unao differs from all preceding boards in that it does not use the FTDI USB-to-
serial driver chip. Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2)

programmed as a USB-to-serial converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground,

making it easier to put into DFU mode.
Revision 3 of the board has the following new features:

1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other
new pins placed near to the RESET pin, the IOREF that allow the shields to adapt to
the voltage provided from the board. In future, shields will be compatible with both
the board that uses the AVR, which operates with 5V and with the Arduino‘ Due that
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operates with 3.3V. The second one is a not connected pin, that is reserved for

future purposes.

Stronger RESET circuit.

Atmega 16U2 replace the 8U2.

Microcontroller

Operating Voltage

Input Voltage (recommended)

Input Voltage (limits)
Digital I/O Pins

Analog Input Pins

DC Current per I/Q Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

EEPROM

Clock Speed

Length

Width

Weight

The power pins are as follows:

ATmega328

5v

7=12V

6-20V

14 (of which 6 provide PWM output)
6

40 mA

50 mA

32 KB (ATmega328) of which 0.5 KB by bootloader
2 KB (ATmega328)

1 KB (ATmega328)

16 MHz

68.6 mm

53.4 mm

25¢

VIN. The input voltage to the Arduino board when it's using an external power source

(as opposed to 5 volts from the USB connection or other regulated power source).

You can supply voltage through this pin, or, if supplying voltage via the power jack,

access it through this pin.
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5V.This pin outputs a regulated 5V from the regulator on the board. The board can
be supplied with power either from the DC power jack (7 - 12V), the USB connector
(5V), or the VIN pin of the board (7-12V). Supplying voltage via the 5V or 3.3V pins

bypasses the regulator, and can damage your board. We don't advise it.

3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is

50 mA.

GND. Ground pins.

IOREF. This pin on the Arduino board provides the voltage reference with which the
microcontroller operates. A properly configured shield can read the IOREF pin
voltage and select the appropriate power source or enable voltage translators on the

outputs for working with the 5V or 3.3V.

Memory
The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of
SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM Library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using
pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin
can provide or receive a maximum of 40 mA and has an internal pull-up resistor
(disconnected by default) of 20-50 kOhms. In addition, some pins have specialized

functions:

Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These
pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial

chip.

External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a
low value, a rising or falling edge, or a change in value. See the attachinterrupt()

function for details.

PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
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SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication

using the SPI library.

LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH
value, the LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits
of resolution (i.e. 1024 different values). By default they measure from ground to 5
volts, though is it possible to change the upper end of their range using the AREF pin
and the analogReference() function. Additionally, some pins have specialized

functionality:

TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire
library.

There are a couple of other pins on the board:
AREF. Reference voltage for the analog inputs. Used with analogReference().

Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset

button to shields which block the one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for
the Atmega8, 168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega328 provides UART TTL (5V)
serial communication, which is available on digital pins 0 (RX) and 1 (TX). An
ATmega16U2 on the board channels this serial communication over USB and appears
as a virtual com port to software on the computer. The '16U2 firmware uses the
standard USB COM drivers, and no external driver is needed. However, on Windows,
a .inf file is required. The Arduino software includes a serial monitor which allows

simple textual data to be sent to and from the Arduino board. The RX and TX LEDs
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on the board will flash when data is being transmitted via the USB-to-serial chip and

USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital

pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino
software includes a Wire library to simplify use of the 12C bus; see the

documentation for details. For SPI communication, use the SPI library.

Programming
The Arduino Uno can be programmed with the Arduino software (download). Select
"Arduino Uno from the Tools > Board menu (according to the microcentroller on

your board). For details, see the reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows
you to upload new code to it without the use of an external hardware programmer.

It communicates using the original STK500 protocol (reference, C header files),

You can also bypass the bootloader and program the microcontroller through the
ICSP (In-Circuit Serial Programming) header using Arduino ISP or similar; see these

instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is
available . The ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be
activated by:

On Rev1 boards: connecting the solder jumper on the back of the board (near the

map of Italy) and then resetting the 8U2.

On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to

ground, making it easier to put into DFU mode.
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You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS
X and Linux) to load a new firmware. Or you can use the ISP header with an external
programmer (overwriting the DFU bootloader). See this user-contributed tutorial for

more information,

Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the
Arduino Uno is designed in a way that allows it to be reset by software running on a
connected computer. One of the hardware flow control lines (DTR) of the
ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100
nanofarad capacitor. When this line is asserted (taken low), the reset line drops long
enough to reset the chip. The Arduino software uses this capability to allow you to
upload code by simply pressing the upload button in the Arduino environment. This
means that the bootloader can have a shorter timeout, as the lowering of DTR can

be well-coordinated with the start of the upload,

This setup has other implications. When the Uno is connected to either a computer
running Mac OS X or Linux, it resets each time a connection is made to it from
software (via USB). For the following half-second or so, the bootloader is running on
the Uno. While it is programmed to ighore malformed data (i.e. anything besides an
upload of new code), it will intercept the first few bytes of data sent to the board
after a connection is opened. If a sketch running on the board receives one-time
configuration or other data when. it first starts, make sure that the software with
which it communicates waits a second after opening the connection and before

sending this data.

The Uno contains a trace that can be cut to disable the auto-reset, The pads on
either side of the trace can be soldered together to re-enable it. It's labeled "RESET-
EN". You may also be able to disable the auto-reset by connecting a 110 ohm

resistor from 5V to the reset line; see this forum thread for details.



USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports
from shorts and overcurrent. Although most computers provide their own internal
protection, the fuse provides an extra layer of protection. If more than 500 mA is
applied to the USB port, the fuse will automatically break the connection until the

short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively,
with the USB connector and power jack extending beyond the former dimension.
Four screw holes allow the board to be attached to a surface or case. Note that the
distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the

100 mil spacing of the other pins.
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Arduino Uno R3 Schematic

+BU

Arduino(TM) UNO Re§v3 £

Reference Designs ARE PROVIDED “AS IS* AND “MITH ALL FAULTS. Arduino DISCLAIMNS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,

REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY DR FITNESS FOR A PARTICULAR PURPOSE
Arduino may make changes to specifications and product descriptions at any time, uithout notice. The Customer must not

rely on the absence or characteristics of any features or instructions marked “reserved” or “undefined.” Arduino reserves

these for future definition and shall have no responsibility uhatsocever for conflicts or incompatibilities arising from future changes to them.
The product information on the Web Site or Materials is subject 1o change uithout notice. Do not finalize a design uith this information.

ARDUINO is a registered trademark. ; ‘
Use of the ARDUIND name must be compliant uith http://uvwu.arduino.cc/en/Main/Policy
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MG Tower Pro 996R

This High-Torque MG996R Digital Servo features metal gearing resulting in extra high
10kgstalling torque in a tiny package. The MG996R is essentially an upgraded version
of the famous MG995 servo, and features upgraded shock-proofing and a redesigned
PCB and IC control system that make it much more accurate than its predecessor.
The gearing and motor have also been upgraded to improve dead bandwidth and
centering. The unit comes complete with 30cm wire and 3 pin 'S' type female header
connector that fits most receivers, including Futaba, JR, GWS, Cirrus, Blue Bird, Blue
Arrow, Corona, Berg, Spektrum and Hitec. This high-torque standard servo can rotate
approximately 120 degrees (60 in each direction). You can use any servo code,
hardware or library to control these servos, so it's great for beginners who want to
make stuff move without building a motor controller with feedback & gear box,
especially since it will fit in small places. The MG996R Metal Gear Servo also comes

with a selection of arms and hardware to get you set up nice and fast!
Specifications

» Weight: 55 ¢

» Dimension: 40.7 x 19.7 X 42.9 mm approx.

- Stall torque: 9.4 kef-cm (4.8 V), 11 kefcm (6.V)

» Operating speed: 0.17 s/60° (4.8 V), 0.14 s/60° (6 V)

* Operating voltage: 48 Va 7.2 V PWM =0range (_ﬂ_r) — )
Vcc=Red (+) -{ ©/F
« Running Current 500 mA — 900 mA (6V) Ground=Brown (- ) —
- Stall Current 2.5 A (6V) iy Lxde
asvior2v|
« Dead band width: 5 s Vower |
and Signal ;
§ £
« Stable and shock proof double ball bearing design 20 ms (50 Hz)
PWM Period

« Temperature range: 0 °C - 55 °C



Flex Sensor Datasheet

FLEX SENSOR

- Angle Displacement Measurement
- Bends and Flexes physically with motion device
- Possible Uses

- Robotics

- Gaming (Virtual Mation)

- Medical Devices

- Computer Peripherals

- Musical Instruments

- Physical Therapy
- Simple Construction
- Low Profile

-Life Cycle: >1 million -Flat Resistance: 10K Ohms $30%
-Height: £0.43mm (0.017") -Bend Resistance: minimum 2 times greater than
-Temperature Range: -35°C to +80°C the fiat resistance at 180° pinch bend (see
“How it Works" below)
-Power Rating : 0.5 Waltts continuous; 1 Watt
Peak
Dimghsional! o,
e PART LENGTH o
o 112.24 [4.419)
L
1 Ll \8/ N\ ACTIVE LENGTH r
6.35 [0.250] 95.25 [3.750]

FS = Flex Sensor

Flat Resislance = 7,000 to 13,000 Ohms

‘,Cond uclive Inks This Side

180° Pinch Bend =
Minimum 2x of Flat V' ¢
Resistance Value e

spectrasymbol.com v.2014 Rev A - Page 1 (888) 795-2283
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BASIC FLEX SENSOR CIRCUIT:

Following are notes from the ITP Flex Sensor Workshop

“The impedance buffer in the [Basic Flex Sensor Circuit] (above) is a single sided operational amplifier, used with these
sensors because the low bias current of the op amp reduces errer due to source impedance of the flex sensor as

vollage divider. Suggested op amps are the LM358 or LM324."

"You can also test your flex sensor using the simplast circut, and skip the op amp.”

“Adjustable Buffer - a potentiometer can be added to the
circuit lo adjust the sensitivity range ™

"Variable Deflection Threshold Switch - an op amp is used
and outputs either high or low depending on the voltage of the
inverting Input. In this way you can use the flex sensor as a
switch without going through a microcontrofier.”

“Resistance to Voltage Converter - use the sensor as the
input of a resistance to voltage converter using a dual sided
supply op-amp. A negalive reference voltage will give a positive
output. Should be used in situations when you want output at a
low degree of bending.”

v ADASTARLE BUFFER CRCUIT ¥

VARIARLE DFLECTION THRESHOLD PWITCH

R, j Vs
§ %'ﬁ}—["m R,
kT

RESISTANCE TO VOLTAGE
CONVERTIR

71
3 Rg

Moyt

spectrasymbol.com Page 2

(888) 795-2283



Maker Bot Replicator 2 Datasheet

MAKERBOT: SETTING THE STANDARD IN DESKTOP 3D PRINTING

MAKERBOT’
REPLICATOR" 2X

EXPERIMENTAL 3D PRINTER

EXPERIMENT WITH DUAL EXTRUSION

+ Be ready for cutting-edge developments in filament technology and
multi~ma al 30 printing

- Add a new level of creativity 1o your 3D designs with interlaced colors

« Brint in two colors through precisely aligred dual nozdes, without swapping filament
of DAUSING your print

- Experiment with overhangs and internal structures using MakerBot Dissotvable
Filament as solid infill material

+ Completely reengineerad, constant-force filament feeding system

+ New thermal core design stabilizes the Intemal extiuder témperature 1or mere
reliabile prints

OPTIMIZED FOR PRINTING WITH MAKERBOT ABS FILAMENT

+ Makerflot ABS filament is a ductile petroleum-based tharmonlastic filament
with elastic defarmation properties that make it good for snaps, lving hinges,
and threadability

- Superflat heated aluminum bulld plate is aptimized for ARS:
Machined for crucial flatness to prevent warping or sagging that can
affect buld quality
+ Arodized for l[ongevity and durabiiity
Heated accurately and evenly with better termperature contral

- Six-sided enclosure stapilizes ABS cooling!
- Draft-blocking enclosure helps reduce uneven cooling, shrinking, and cracking
«Magnetic lid snaps on and off for easy access
+ Clear-view top and sides letyou monitor your progress and see the action
« Friction-hinge doot stays whets you put it for easy and fast print retrieval

WORLD-CLASS 100-MICRON LAY ER RESOLUTION
- Create professicnal-quality, iigh-resolution prototypes and complex models

- Get smooth-to-the-touch surfaces that don't need sanding; finishing,
or post-production

- Create realistic prototypes and models for demfonstiations and presentations.
- Choose settings that range from fast.draf to finer resolution
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SPECIFICATIONS

PRINTING

PRINT TECHNOLOGY
Fused Deposition Modeling

BUILD VIOLUME
246Wx152Dx155Hem
[27Wx 6.0 Dx 61 HIn]

5796 cubic centimeters
[35S cubic inches]

LAYER RESOLUTION
100 microns [0.0039 in]
FILAMENT DIAMETER
1.75mm [0.069 in]
FILAMEN T COMPATISILITY

MakerBot ABS Filament
MakerBot Dissolvable Filament

BUILD PLATE
Heated, Black Anodized Aluminum

SIZE & WEIGHT
PROOUC T DIMENSIONS
WITHOUT

SPOOL
49Wx320Dx531Hem
MIWx1280x209 Hin]

WITH SPOOL
49Wx42Dx531Hcm
(190 W x16.50x 209 Hin]

PRODUCT WEIGHT
126 kg (278 Ibs)

ELECTRICAL

POWER REQUIREMENTS
100-240V AC; 50-60 HZ

SOFTWARE

FLETYPES
STL | OBJ | THING

OPERATING SYSTEMS
Windows (7+)

Mac 08 X (10.7+)
Linux (Ubuntu 12.04 +)

CONMNECTIVITY
USB and SD Card
{ Bath Included)

ORDER NOW @ CALL FOR INFORMATION EXPLORE
thingiverse.com

makerbot comvreplicator2 X +1.347.334.6800

GETINSPIRED
digitaistore makerbotcorn



PLA Filament Datasheet

.,

PLA Filament - Polar White RBX-PLA-WH170

CEL 4
Product Code

Weight for shipping
(kg)

Product Namoe

Doscription

Filament diameter

Length {metres
apprax.)

Weight (grams
apprax. )

Compatibility

RBXPLANHI20 LA FLAVENT
RBX-PLA-WH170

0.85

RBX-PLA-WH170 Polar White

A tull reat of high quality PLA Filamant - Polar White

Each reel is sealed in a reusable zip lock bag with a sachet of silica gel to.control moisture. The bag Is then
placed in a sturdy windowed box tor shipping.

included on the real Is an eeprom which can be tead by a Rebox”™ device. The eeprom stores data on the
materiai and statistics ot use.

1.78mm

249
700

Qamparible with any pfinter which accepts 1.75mm filament, The Eeprom requires a réader which is fitted to all
Hobox™ units.
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