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ABSTRACT

Wire Forming plays the important roles in industrial and automobile industrial
parts, official and home equipment. The Aluminum wire bending system consists of
wire feeding part and wire bending part which work relatedly to three dimension
bending. This project is presented the idea of the simply wire forming machine

designing which can make pattern by draw graphic on the computer repeatedly.
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03 “GNU AVR-GCC Toolchain”ua “avr-libc” iiindndiuléifiunuamalunisuiudss

wazUseynaldau Arduino lugUuuuiiadududeusnng Juldlssn
. i o w
2.1.1 Chip wag IC Aglu Arduino Board fidfiy

2.1.1.1 ATmega328P-PU

SU 2.2 Ty ATMEGA328P vuan 28 1
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. P | ' o =t

(Reduced Instruction Set Computer) TanUnenssunissonuiennudIuuy Harvard 4
] [} 1 o v a [ L% cJ

meﬁmammmiﬂmnimawmamwmwaagaaanmnnuimammmm Aauanslugudl 2.2

Ingldmitenuduuy Flash dwsuilundisaniusilusunss wazlduuruausiuuy

SRAM dwiumizpeuddeya uavuenanidfiniismausiuuy EEPROM Ssanunsouiy

Toyalilalnelais dusoadinmges

Von Neumann Harvard
“ Architecture Architecture

Momory
Spans

vty
Brogram

Data

Program

Data

Progiain Data
Memory Memory

i 14 Bits B Bits
o) Wide Wide

Program

Program

:‘ = s 1 0
sUN 2.3 LﬂsyULﬁaumwmmwmUmmmmaaam{jmaﬂs‘su

u

= i cag v
MINFUT 2.3 sziiudinsiwawe §ldanrtinenssunuy Harvard asuen
miaud dwsuiiudoyasenanlusunsuegiedmman aadinanssy AVR uay MCS-51
wliguuuuillunsdanismbemus druanitinenssuuuy Von-Neumann msinduladn
=3 o v [ ' o Y 1 oa = Y L~
siulUsunamSodoyassudafivednilsaevildoddass Tnedy agiulusunsues wie
ovezifussuu fiiinsdudiniunslidnsusruvosaartinenssy AVR fo fddon

v =

Ingamnsaiauldiaianislu 1 cock cycle 2 3y AVR vurm 8 Tnovutsoanfu

Uszuannisldnula 5 ngu leud



. < aa ] I o v & o W 1Y)
tinyAVR LUUSU‘WEJ‘LU?NLﬁﬂ FINDINTTANTULENNENATAVDIIIDS ImEJL‘VTEJ']Sﬂ‘U'ﬁ%‘U‘U

3
=l

ideanisviieamduarasasatuayulluinin Figlusuiley

=3

ﬂ’J‘UF}ﬁJ‘U‘U']WLaﬂF]
al i o
ui’lﬂ’lgﬂm’maua

%

U
megaAVR 2xiiiednegnin ATmega Inofhsesatuayuaneluiisifumaenaudy
mmmwawu’aammﬁi’ﬂﬁﬂ%’mumnn’hmyqa Tiny mmsﬁwmmuqmﬁ;ﬂlﬂ

XMEGA 1fiunnuasiBonteeias A/D :nUnifiauaziden 10 Unlusuwdnnindu
12 U, ua¥2995 DMA controller %aﬁ?ﬂammiwm%ﬁg‘lumquums%’uﬁq%’amﬂa
5EWI99UnIal Input/Output AuniaemInsh

FPSLIC (AVR core with FPGA) ﬁw%’mwﬁﬁaqmmw@mﬁﬁaamimmﬁmmju
Junoun1seanuuuLar R lngfeanuuuaiunsneanuuulsasluseiuensnug
Lﬁmﬁuéﬁ”gammmimaaﬁwﬁ (HOL: Hardware Description Language) 1 n1%1
VHDL #58 21w Verilog LLas'lﬁmeﬁaaﬂLLUUﬁwﬂu'ﬁfmﬁU%ﬁg AVR core
Application Specific AVR Lﬂu%ﬁqﬁaanwaﬂmmﬁmqmmuqmaww:ﬁ'}wﬁﬂﬂ%q

Liwulud@figngu Su Wiaees USB controller Wipa39s CAN bus 1fusy

et
(PCINT14/RESET) PC6 [ 1 28 [IPCE (ADCS/SCL/PCIMT1E)
(PCINT18/RXD) PDO O 2 27 O PC4 (ADCH/SDAPCINTI 2
(PCINTATTRD: PO [ 8 26 [1PC3 (ADCHPCINTI )
(PCINT18ANTO FO2 [ 4 25 O PC2 (ADC2/PCINTIO)
(FCINTA19/CC2BANT 1) PDE [ 5 24 [PCT (ADCVPCINTY)
(PCINT20XCE/TO PO [ 6 23 O PCO (ADCIPCINTE)
veo Oy 22 GEND
GRD O & 21 D AREF
(PGINTEXTALLTOSC) PBS O 9 20 [ aves
(PCINTTXTALZTOSCS) PET []10 19 [ PBS (SCKPCINTS)
(FCINT210CETT) POS O 1 18 PB4 (MISOYPCINT4)
(PCIMT22/0C0AAIMNGY PDE O 12 17 AFB3 (MCSIOCZAPCINTD
(POINT23AIM ) POT O 13 16 PB2 (SS0CIBPCINTS
(PCINTVCLEOACPY) PBO [ 14 15 O PE1 (OC1APGINT

g‘uﬁ 2.4 Udn3 pin 999 Arduino Board
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]

\RonliTNyIuATmega328P FelnnuauURssil

MUWALANUSLASUIUY FLASH u1m 32 Alalud

- mheaudteyauuy SRAM vuna 2 Alalud

- whernudteyauuu EEPROM vun 1 Alalud

- enfuayunisilensauuy 12 bus

- wesnduwmedneduau 23 Jn

- 'm'iﬁaaﬁaumu

- 995UV/AUNRAITUIRN 8 T 9 2 7 way u3586 TR 16 TRsuu 1 i

- aduayuresdygudmivasng Pulse Width Modulation (PWM) 1131 6 109
- msilatouasnduidneavuin 10 Inlushaiuiu 8 veq

- yhauldurtnuuse 1.8-5.5 Volts

- mnudldugean 20 MHz

[=] o
G 2
‘ol L7""""'_5{1"_'T"____“’7*'"' 215,
i e Power detugWIRE H
| Timer Supervision 1
! POR/BOD & |
RO 1
b RESET i Lm?é“ 1
I
] :
1
| Osacillator |
. sl ogiccuie / Flash SRAsM :
! Chack ] d
| Generation 1
1 1
1 " )
! BAYR -0 !
) Ff‘ EEPRCH |
I 1
i ANCC
: ¢ "\ :
! ¥ AREF
! I 1 I b GHD
- a
i ¥ N
! l Bt TAC O i I 18It TAS 1 | I A/D Corv, }q—r :
D N, ;e E AN
: ” Analog Internal (35 :
) é Comp, Ban !
e y i
1 1
' i
i i
| SPI I | W) | I
1
i 3 i
1
; i
1 ) !
|
| Y ;
! PORT B (8) ] | PORT G (7) | |
! o3 |
| 1
| : RESET
1
______________________________________ I
KTAL[1..2]
A A A
POR.T] FR[G.T] R0, €] ADC(S..7}

3‘1]17'1 2.5 Block Diagram



2.1.1.2 MAX3421E

MAX3421E \Ju USB peripheral/host controller AflR3noassdnuat
29950undeniisniusio USB wuv full-speed 3o USB REV 2.0 Tufs MAX3421E fosdl
transceiver 15 kv ESD @Q:mEJ’LuLﬁaﬂaﬂﬁmLaami connect / disconnect §3 MAX3421F

vziinslanisidnfalneildumesing SPI Fiviaulese 26 Mhz

33V

™! REGULATOR T

SPI
— — H \
e MAXIM | 34
-l MAXZIE INT |

l

gih‘hl 2.6 uanen1Tifiause MAX3421E fu Microprocessor ¢ pin 3, 4

1% 1
s 1% =

MAX3421E ¥ialsinsifousio USB Peripheral Huns1efuiiy fesy
annsavilildldiunanelulaslusiwawesidu ASIC, DSP sy Wosuyneudy USB Host
W vinudunnduiofvesafifensofussuy Embedded Firmware AT Ay
W51z Devices lasunisativayu uaglush IC MAX3421E annsavielatgamad -10°°C

[

fla +85°"C §9 MAX3421E Hu fnauasdfined

- Microprocessor-Independent USB Solution

- Software Compatible with the MAX3420E USB Peripheral Controller with SPI
Interface

- Complies with USB Specification Revision 2.0 (Full-Speed 12Mbps Peripheral,
Full-/Low-Speed 12Mbps/1.5Mbps Host)

- Integrated USB Transceiver

- Firmware/Hardware Control of an Internal D+ Pullup Resistor

(Peripheral Mode) and D+/D- Pulldown Resistors (Host Mode)
- Programmable 3- or 4-Wire, 26MHz SPI Interface

- Level Translators and VL Input Allow Independent System Interface Voltage



TOP VIEW

Internal Comparator Detects VBUS for Self-Powered Peripheral Applications

ESD Protection on D+, D-, and VBCOMP

Interrupt Output Pin (Level- or Programmable-Edge) Allows Polled or

Interrupt-DrivenSPI Interface

Eight General-Purpose Inputs and Eight General-Purpose Outputs

Interrupt Signal for General-Purpose Input Pins, Programmable Edge Polarity

Intelligent USB SIE

Automatically Handles USB Flow Control and Double Buffering

Handles Low-Level USB Signaling Details

Contains Timers for USB Time-Sensitive Operations so SPI Master Does Not

Need to Time Events

Space-Saving Lead-Free TQFP and TQFN Packages (5mm x 5mm)

o
D) 2 o
= B8 4 42 E
2] 28] [22] [o1] [20] [ 0] [16]

§| GPX

%0 [25
GPINo [ 26|
GRING [ 27|
aPINg [ 28
GPINg [ 29
GPINd [ 20
GPINg [ 31

GPING | 32

VAKXV
MAX3421E

=5

[16 ] mos|
15 ] Miso
14153
13 ] sclx
12 ] PES

[ 11] Gpout?
[ 10] GPouTs
9 ] crours

GPOUT3 [~ |
GPOUT4 [ = |

10

TOP VIEW OF BOTTOM LEADS
= £ % 4 o 5 EE
EHEREHENH RO
o2t {16 | mosi

GPHOf26 ) vgp 115 | Miso
Gpint f27¢ M E
GPIz | 28 maxim | i so
oha |25 MasiE | il
GPId | 30} T
apiNs | 31} 110 Grouts
ahing |32} * {9 spouts

f1iiatiaijatistieti7 ie!

S 88 c B R Z

& "3E5& s

TQFN

“EXPOSED PADDLE CONNECTED TO GROUND

E‘U‘ﬁl 2.7 Pin Configurations



2.1.1.3 FT232RL

T Arduino Board a8l IC FT232RL ASHAd s Uvim

5T 2.8 IC FT232RL

¥ o

. a o a0 a s . w5
W Serial iWorhlufnsarivlslasnoulnsaiaes Tnedl Block Diagram fei

vee _—+ [ SLEEP%
Baud Rate
papa 1 Generator
3.3 volt
VIOUT — LDO
Regulator Fguoﬁgx 4
4 3 [
usB oy
USBDP ~—pef Transceiver . ienians - o1 UART Controller
I erial Interface e i
e A . Engine asp b igi | Pro rb::::‘m'mfe
negraled 1o | SIE ) Protocal Engine FIFO Controller Nk W
USBDM w—pf _ SETiCS B " ignal Inversion
Resistors | B ~F
FHAEEN
_rmT 1 c
L 4
Internal
EEPROM
USB DPLL WIGUT
FIFO TX Buffer l
Qsca
(optional) internal
i Reset
etz :i::IEilol::e:- - 4BMHz RESETH Gem;:tar
ocsl Oscillator P 2k ) "
{opticnal) < Transeiver Cell -4—
TEST -
GHD T

3UM 2.9 uana Block Diagram vas FT232RL
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WIMLUas97n USB

DBUSO
DBUSA
oBus2
DBUS3
DBUS4
DBUSS
DBUSS
DBUS7

cBUso
CBUS1Y
CBUS2
CBUS3
CBUS4



X1
DTRA__JT_|
RTSH_TT |

veai T

RXO[ T

RIS
GND T
NC[IT
DSRi__TT_|
DCDY{IT |
CTSH{ T
CBUSL T ]
CBUST T |
CBUST T |

O

XXXXXXXXXXXX

-y

1déecld

[ IT_] osco
1] oscl
[ 1T TEST
||l —TT ] AGND
I Ne

1T 1 cBuso
[ IT_] cBust
[ IT_] GND
1T 1 vcc
[ TT__] RESET#
1T ] GND

vecio
vec

useDm

USBDP

FT232RL

RESET#
NC
ascl
Qsco

NC

il 3viouTt

T avaouT
1] UsBDM
I ] ussop

—“wm=

TXD

RXD

RTS#

CTse

DTR#

DSR#

DCp#

Rz

CBUSO

CcBUS1

CBUS2

CBUS3

CBUS4

12

E‘Uﬁ 2.10 w@mg Device Pin Out

sog1elunisseny USB Tuuesa Arduino

USBVCC USB SERIAL INTERFACE
c4
GHUFT P &)
X4 g = +5|g
USB
WV 20 - 1 RXD KRB ey
VeesT TXD a3
b- 16 {3 BB b PEL
or 5 il A 3 RTS N
USBDP  RTS# }—s R1° ¢ RO
= [& Nl l? CTS
‘:_J__ 4 I il Z DTR i RESET
=T c10 SR 9 DSR W ci3
- . f 12 ReseTe bebg 10 DCO S
= __L.... i /_L 05¢COo RI# &
= O1iF 27 W RX +5V
) *kiz 23 1K R4 ]
- CBUSO = I# 3
VCC30  cBUSI =
I cBUS?2 13 e
c8 = 2 e "
0.1uF 21 | JeoT  CBUS3 —5s 1® R5
GND CBUSH i =
3 AcHD
enresstan -
= né?— 6ND NC ‘—54“ B
6ND NE
— FT232R0

=
sUN
v

2.11 Udn3 Schematics 199 FT232RL #anu USB
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2.1.1 Software Arduino Environment

TUswn53 Arduino Environment tugandwisAWauiuuianisilieu
TUsunsuasuuvainArduino a1a13a5e95ulevia ssuuufinis Windows, Linux wag Mac

OS X

#include <Adb.h>
finclude <S=rvo.h>

m

Herdware servos

\Servo servos[2]:

mnection.

Connection * connection;

Elapsed time for ADC. sampling
long lastTime;
Event handler for the shel] comnnection

woid adbEventHandler(Connection * connection, adb_eventType event,

pata pacgetsa. Contain tvo bytes, one for each Servo

e fefpwent s ADRCCANNEATTAON RECETVEY
‘ L

o v a .
JUN 2.12 uaasmianalusunsuisn Arduino Board

wihswedusunsuariidiussnausai
MueLaY 1 : ¥a3uand Code Program
nuELaY 2 : Serial Monitor
M8 3 : Yu Upload to Board
nngla 4 : Yu Compiler
WUBLAY 5 : Y89uans Status Program

WUIBLAY 6 : YodLand Error
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2.2 andusmas ( STEP MOTOR)

3 ¢ & gl w < v v ¢ w ) o v
aunewed Wuneweinduinioudievad dnvausduindauszuyuseunnuld 360
psmfidnuazlinaladidnvaziiuaiy lnsusavaiivazduniould 1, 1.5, 1.8, wie 2
29F udwdazlassaiwvewaimed WeteulWilviunewesvinlvvyuiisudnlies audu
TOUNUAENYA e nuemeiluienywiuiiuasaasaianilefinssiulni dofives
adivnawmesannsafmusiuisnsuyulddeiiey (asmuseszezma ) Idedsavden
2 a L | s - o v e o °
lngldnouiimeivielulasaoulnsaaesiduniasivuanazdniuiaes dnvaznisi
25 o v o ] 1 a < ar e = o =1
vaweilUldasilusundanisdumis Wy szuvtuiedeuiiudinilunissfiud vie

seuuduedauienutuiiniman ssuutuindeusunialinnily X-Y PLOTER

5UTl 2.14 wansgulassainneluvesaiivuaines
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'
o

Sy ° ) ' & a o ' & v
‘LUWU 7LWN%WM'J‘U'U@Q?J']LLNL‘Wgﬂll']ﬂ‘Uu'ﬂgLWQJQTH?U%@QS’“&UW@?QQ??E‘]Ulﬂﬂsﬂumquﬁnﬂ

anwugn1shluldeu aivuewes Ieudnvarssuuidn ( Open Loop System ) e
awuainesamvildlnglisiodingg Jeudmisdwmesnduun (Feed back) WivN3SN
Aesnsimuasumisiiviueutiy sxfesnsteunduluiszuunazsuen AUMLEINgNADY

WS oRANAM LS UNTIU

= a

Wiliiuawmlnawmes Aemstaivnaisnd famusunisiiowmsiady Weady vemes

SuvyuudmyulUauivihunisvesaindensadudyge antihaufszdoundulugsyuy

o d o

Bivgviligmsshanuvesafivueineinaen fasaslilasaeulvsaiaosiosnsiionnede 13

TAGusumahauuagsadshumisldgnies

Power Suppls

Driver

Microprocessor
fIntegrated Circuits

¥

ASAGUANSTULEE Uuammay

[ e 15 B SO -

A)wuulylwdrd  Bwwwgilwand 5 a1 CuvvsdTwarfviin 6 wis
A15H UYRAIRUUARIR S DBIELH Unanas

AY upnlyTwand B) wuusdiivand

P R TR o | - o ) - - el
B o dadiivuvdadns llwdoanua fiididen samsudame Sl

2195m15919 Ll uaduanas

<l ¢
3UR 2.15 msmuausEuvaiivLeines
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awduowesilugunsaldtmaniBananislnii Tneiinguresluuilaviamdudunauay

o al a e ¢ a = 2 e i ' & I e
MIARBUTN LUULTITUe YRR ST miuitazadugegsening 0.1 - 30 aerm Juagiu

v L3 L2 o ¢ oo ¢ o YV o o
Ipssainsvasadivuawes lnemudaqin Wadiseliivunammesvlmanuswanurlsm

(3 ¢ =l U L u'j a d 1 r-‘i
psnu aidnameifivnaiaatsyniSunin Phase (Wa) Fufudgyyiadreifiondy

= ) . o, v | , ¢ o
Sequence (A1) AnwEUee Binary (luun3) Fs9zsiosluniunens Driver (lasted) fogvih

Wlswesmpulladisieiles muguvemsmunuadivuemes

2/ L%

o [ [ &l | 3 (3 L7
NINUTARINVUAARDIVIAAUNDLMDIIAI8NY 2 35 Ao wuv Bipolar (lulwand) fu

wuy Unipolar (gilwans)

2.2.1 WU Bipolar

& 4

ar d' \5 [} 3 5 | CJ a
winsiuvaaanison luitudminvesainmes Tnetudmdniiinty 7
ammoiasgnimuslagiiavisvesnisinavesnseualnii Fsanunsovildified wsindnly
Aemepseiudnule esnsndufirmevoanslualunszuglnii Tnsunarnnisauguves

21995 lvinduTa Wi

2.2.2 WU Unipolar

WUUEE 2 Um vuwsRziIwimvdnvesameed valiudasuaadmintaumEnly
hAvans g iwufun1snduiirmaetaudivdnyldlngldsesadndsliadundsusitnta

nilawnuiuy

Wugunsaings 19snssalwldivaivuomes naswusiatuaylsuselovy
fio wuugilndriagyiliinusedadesniuuululngn§ lnsaelniinesnandaivuomes

Bouvululwansaedl 4 ey daulunuvgingriasd 5 aenie 6 @
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o o ¢
2.3 NSENIUAVANNITRUTBIMAULDIN DS

IMUANNIINYUTRIERUNBNDTULUY Unipolar avsihnisrununssualndisnelsiy

vamnlundazina sdradudiufiuiuey mnlinszudlvalumalag fasvilfanuzvos

i
v

1 [~ a o — [ < o @ aa
waluduaaugandn “1'nsmvauniswyuesaivNawmesansovinle 3 33

2.3.1 MIAIVANNISUYULUUIWELAYY (Single Phase) %32 Wave Drive

nsteunssualwlviuvaainvesadivueweifiazen Tnsasdounsyuaite
muaIRUANlUAINAI59 2.1 (a1 vaneds dn1sdreusesuldiy anaam 0 Aaluany
usalvivunaan) nszLLamwa‘memmwﬁwmsiwaluﬁmmalﬁmﬁ’wﬂm Vinlusadug

arvnawesiivon Tlidunteld

A1519 2.1 S1AUNISUDUNIELALUULNALF N

Step Phase A Phase B Phase A° Phase B’

1 1 0 0 a
2 0 1 0 0
3 n o 1 o
a4 0 (4] 0 i

W

Back 1o Step 1

2.3.2 NSAIVANNITUYUUUUEDUNE (Two Phase) %3 Full Step Drive)

Uounszualnlyifunainvesaifivuomeivia 2 1a ndouq Ml wasdounsyua
=l o w L = L3 dy ] 1 4 3
Sesmuauiuly sumsne 2.2 Inseualvaluveainvosemedanniy uasyliuomes

Auss0aunntu

M1519 2.2 §19UN15UDUNSELALUUAD WA

Step Phase A Phase B Phase A’ Phase B’

1 1 1 0 0

0 1 1 0

5]

Back to Step 1
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2.3.3 N15AIVANNISHYULUUATUNE (Half Step)

M3UDUNTEUALUY Two Phase Wat Single Phase adunisly miumisng 2.3

Wumsifiwnrwasndenveasiumislumanu

A1519 2.3 A1AUNTISUBUNSLUALUUAS SE

Step Phase A Phase B Phase A’ Phase B’

1 i 0 0 O
2 0 0
2 0 ! 0 O
q G O
3 0 U 1 U
6 U 0

& 0 0 0 1
8 L 0 U

g Back to Step 1

ATIEIN S UTBINUARUNBIMETUDE U871 (Time Delay) Tu us
ageAu 61 Time Delay fifnifos unuazysui§2¥u 61 Time Delay fdnwnn WAUDETY UL

warnyulaiasiane

= v
2.3.4 dUonvesanluamaiilafiuiuuaInoInsELaans

L msmuaulifesendesmsasdunisuyu
2. lisiodldudasdiu dshidlilldmiasdodinusounssdgmuesnisaunia
i =3 17 U o I a o « A o v oo s
( Minnmiduavesdastumustlulsines ) Wil Andsyanusuniu

3. mimuaulagmnasidneanselulasnoulnsaaesvhauldiouarazan
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2.4 Servo motor

Servo motor e wawmesAdruldlusruuntsmuaumIsALE e LRy
lngszuu Servo Aediosmavaussion i asn s Seiundmionisindeuiilufisyos
Wmneegnumuizay szuvu Servo axdinistounduresmnu$inaziuntindusidly
AvRumsaweshilasiudusiniseonuuy mstlounduninuidaonsld Taco meter uagnis
Usundudtumiee1ald encoder %30 pulse generator WduAvei3onnSoutefiazld

W ved " o ° ] @ = o
resolver NP99 encoder Way resolver AenaNsnulgUsundumnusale

. Velocity Control Mode
Position Control Mode

b 4
ISR
USRS

= v
JUN 2.16 uamagulassasessuumunuwesth

24.1 Tassa¥1eseuuaiuauwesln

anwuzvessruumuAmweslwamesenfustuumuAuuuuaUTa(Closed
loop control) FsUsznause 3 Inunnismuaufte Tnunnisauauusada(Torque Control
Mode) F1agresounioguluge IvumnsruANdnIuss (Velocity Control Mode)
1. waslhwewes (Servo Motor) (4.2)
2. gamununsiuinioueesla
(Servo Drive, Servo Amplifier #30U19M38N71 servo controller )(4.4,45 46)

3. gunsaleundu (Feedback Device 14U Speed encoder uag Position Sensor ) (4.3)
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2.4.2 SEUUYRSIA

& o o o ey v o o
szuuweshy Ao Msmuauasesdnsnalufidfovoweslivhauneuausssiy
a f o 1 o o I o 4 .
Towndiad wWu mdy Snsuge usedn wazsuml Tleidfiam ( Optimum Solution )

wazldladosdign ( Time Optimum ) fiwiu ssuuweslwewmesavussnouse ssuulni

AOULNIALALLAS BTN NATIA DIV U LW LS Ty

< ¢ ¢
JUN 2.17 washiladwuazuamesivesla

2.4.3 UsenNNUaueaslauaineg

lngvnluivisitwaslunziofiwesls luasosdnstuiring wud ffwolauewmas

finsldinTesinsgramnssuunnniy wlweslwemes o9 INMImURNNIZUEERY a3RBq
v ) a v oo v 7 = <

14 SCR Uagdunsndawesiiiauninanuausalisindonsyuaguarlfnuiiniu ge

Tudnhliszuumuaumaeduasssuuweshalagninuldnuuniu fwanusansndsson

S BNEBRRIGEED

- maLma§ﬁﬁﬂﬁﬁLLﬂaddﬁu ( Brush Type = mit Bursten )
woshheilnil ammosesdunsingnans drulsmoidsldutasdunazmouiinmned So
nszuainguanInenuees wioutuAduamesily
- washueawesviinlifiuvasau ( Brushless Type = Ohne Bursten )
1. woshweaweslunguiiuszneudendueimes
2. iuowes falldauuuddestawesla
3. ev@idlasdaweshh ( msthdudnduuemesaildindussvuduedey )
4

afivtaaslwowmes
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2.5 M9¥in15%9 (Bending Theory)

TunstugulanglasnisseTuguiiu dosliusauntueusted Welwduauiugoy

' ' 4 v S & 1% o 8 v oo a X o !
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2.5.1 wduwnunane (Neutral Axis)
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2.5.2 mslwadavedlanrlunistusy (Metal Flow)
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s 4 v v oa
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1. Wasrliuesnisee (bend of radius) sntuazyliAanisluashveslanstiay
=i | a @ 1%

2. lavediunaninavianisivadveslaneioy

3. yuUeIN139 (degree of bend) uavavinliiinnisivasiveslanyiiae
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2.5.3.1 35UpaNumMsIinn1IsNILAIRINEY (Overcoming springback)

1. M39eliNINNIIAINFBINTS (Overbending)
2. M3naAnsEunATuURsIUSnveliduses (Bottoming or setting)

3. ns8nBusunaues (Stretch bending)
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UNd 3

ANSATUIULATNITESS

3.1 LAD9IANAN

A1500NLUVASINATDINAATA FLADIVINITAMIN WiATwmLzanlun1sa519 WU w0
- o LX) 1 d ;73 v =y 1 ar Q‘ H o L)
YUIRLSITAVDINDWDS TUIRARAIUTIElTAS1995 AUz auRSIiy Aazyiinisen
| e ¥ e ¢ o v v @ = o 1Y} Y| | |
w3old Favzsarhinsnen Welwaenmdasivuuinfiverinnisen mudnaiugusimen
3.1.1 viavesarniildan

9 v a - i =
ﬁ?ﬂﬂﬂﬂﬂ YUIR 2.60 UL, ¥UAGIA Aluminum 1350-O Lﬁ@ﬂ'ﬂqﬂlﬂua?ﬂmﬂq

. ’ o 0o g v a v v oo
Ultimate Tensile Strength ¢ a@wnsavilviudsugulalngldussiasign

d U .
M1919% 3.1 LEAMIARNWIEVIaIR Aluminum 1350-0

Mechanical Comments

Properties
Hardness, Brinell 23 500 kg load with 10 mm ball.

Calculated value,

Tensile Strength, 55.0 - 95.0 MPa Sheet and plate
Ultimate
58.0 - 95.0 MPa Redraw rod
82.7 MPa AA; Typical
58.0 - 95.0 MPa Wire
@Thickness <=9.50
mm
Tensile Strength, 27.6 MPa AA; Typical
Yield
Elongation at Break 15-28 % Sheet and plate

>=l28°% AA; Wire in 10 inches.
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mswﬁ 3.1 (AD) LEAAIAMANIZUDIAIR Aluminum 1350-0

Modulus of 68.9 GPa  AA; Typical; Average of tension and
Elasticity compression. Compression modulus

is about 2% greater than tensile

modulus.
Poisson’s Ratio 0.33
Shear Modulus 26.0 GPa Calculated
Shear Strength 55.2 MPa AA; Typical

3.1.2 Yasiildaa

' !, y BN WAL 5 YT AEmr a0l
LEN ARG
1

i s e asmand
r

¢ 2 A ASMEIC 3 O i
e Y R TR
EN AW ASMAN TR '\F'E.“dnlif'ém‘ .
R T £54 0 A0 BT TE spwrntan tis e o]

N e et

s D ¥

P o [

:‘ @ e/ o Qy J 1 o o 1 1 Lo
3UM 3.1 uansSmildiniigen dmiuTantuanuibildwdn dwmiulansunumusneriu

IS

o YR i a a o a4
aildmdngmiiausadinldvestansuniy agfifondly (AW - AL99.5) flo 2.5 mm

q

1 = v P [ o a & o
uigidonldd 3 mm weilussesRouarlosiunisunnvouiofan

oA

' a o o Y @
3.13 ﬂﬂ&gutwaﬂ‘lﬂ‘iun’ﬁaﬂ?ﬁ AINFUUVDIAIN

| o . = u i LR 1 d
nmsuygiedmiunsaUisnduresmn annwilidenisnagiielave Soens

[

& = v v v
antugy inevaglunmsinlilayumadisosnis

U
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ANUFURUS
SaimaIosile 1 =kg{ra+05x5s)-05 x5 (3.1)
Al ol g a2
UUNLATDIND = — (3.2)
q kR

P < o = ' = o
We 0= yuilipseslionouauinau

Qa, = YUARTITUNY (180°)

U = AQ
r, = SAUAANTUIIU (2.5 mm)

ks = UWAMBIAUSINGY  (EN AW-AL99,0 (at r,: s =1) = 0.99)
S = ATNWNUNVDILANULAYE (2.6 mm)

WIUAT (3.1) way (3.2)

sasifASasile r1 = 0.992.5 mm + 0.5 x 2.6 mm) - 0.5 x 2.6 mm
=2.461 mm
uufiiniesile Q; = 180°% .99
Q= 1.82°

i 1mInfoan1sSANT NI 2.5 mm SAdiaSesflanndonlu 2.461 mm

v Y v ow v v o ) i

ADIN1s3aen 180° saesiniuyy 181.82° JsmvsvanuuuldinIesaunsosale 185° ineidu
d = el o

sygziliolunsaUiwnduLesmIn

3.1.4 YUI9VD9 Pin An

wiunTAnveIaIn ANUEIYBLAURILALINANEAIR 2.6 mm
Cross Section Area 189819

A =TT xr?

WNuAT (3.3) =TT x 2.6°

=531 mm?®
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3.1.5 useil4lunisenann

= o q v v = i . .
wsshannsavihlvaadegunnisld Aeusefinnnnia Tensile Strength, Yield

YDIAIN NUVUIANUNAUNR AT
AUANUAUNUS
F = PxA (2.4)
o . . - o v
Wlo P =Tensile Strength, Yield vassinozgiiloudly
A = cross section area U8987M
WIUA (3.4) F = 27.6 MPa x 5.31 mm?

= 1465 N

ety TUusalun1sAnaIni 146.5 N

3.1.6 WS9RINAMULEIANIY

Pin finesunssidonmuues Pin fuaan Seusensanudonniy (u) senin
Mild Steel fiu Aluminum Fadd p = 0.61 wseluwuassantuiadusa (normal force, N)

wildnusandendilunszviaiuain (146.5)
INUWTIINAMLLEI AN
Fi= [LxN (3.5)
WIUA (3.5) = 0.61x (146.5)

=894 N

=) o as .
3.1.7 usannsenInu Pin

Pin A99@INITSULSING LAY WIIINAMUABAYIIY AD 146.5 + 89.4 = 236 N

2/
o s

WUlUNSARTLSILINSZINAY Pin iavun 236 N
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v v da X o 3
3.1.8 ANMUAUAANINAYUNY Pin

ANULAURR Op TRATUAU Pin Wailn1sédn awnsariuanleain

o o (3.6)
b o W '
o a
LD Mb = moment a®
W = section moment area
i = = md3
FIF S UNUIRRIINAU W = WE (3.7)
{ 12.63
WU (3.7) ’,
32
= 1.73 mm?
Mb =F x| (3.8)

o | = TumnNgeegniuLsIaIng U
F = Juusefinseyitu Pin (236 N)
wnuA (3.8) Mb = 2359 x 3

708 N.mm

708
1.73

= 409.25 MPa

F1910 Pin A99a131505UMSI9n LA 818.5 MPa
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3.1.9 YUIAYB4 Pin Mvunzay

wanwdnlagnall viunain Mild Steel wiawmdnndnazau @ Mild steel
1 " A!i o o @ = kY ; ﬂl L. 1
1090 A1 Yield Strength 248 MPa wdniivhunviilusa Pin Sedeeiiiunnidnedie
B w a o W ar L w " { = ' o
daelvimnwenazenunsaviliaagnanlag Pin dnliidevie ileiieudl strength Yadusn

2 v . . o adw
ABIN1TAU Yield Strength 484 Pin RB9n13

glan 818.5 /248 = 3.3

Favmneauin Pin éin destifuidy 3.3 wihvesaan ( 531x 3.3 = 17.523

mm?) 1e3LaAUTNARAIN

NAUNTMTIRUTIeNaN A = 1ir? (3.10)
A
Y% J: (3.11)
i
; 17.523
WA (3.11) =
T
= 2.362 mm

=t ' . Y aw A 1w = = ' w
FINUIEATINLT pin ABUIFALBDY N UDE 2.362 PWALLNWENWDADANTAN AL

= Vo Vel
mmg’m‘umLwa’mmm'mmiﬂ ﬁNLﬁﬂﬂl‘Wﬁ'ﬂuﬂN‘Uuqﬂ d=6mm

=i [y v o = $ [
E'IJ‘W 3.2 LARILYUAR LLAZEIVIRATIUAD Pin AR
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3.1.10 31u7U Roller figasld

= o [
A151997 3.2 LERAI11UUYDY rolls ﬁimmm

Table 2: Values for the number of straightening

rolls n calculated with fuzzy logic

Range of initial  Yield point Number of straightening rolls
- curvature radius  R,JMPa]  n[] L.
A7 [mm]
0 1000 5
60 1000 7
100 1000 9
100 2000 1
160 2000 13

9171519340077 19 roller 5 ¢

3.1.11 VYUIAYDINDLADIAIUAGY

3.1.11.1 PUIAUDINDIADSTIRLYIINNS feed
PILAUEUNUS
F=C xN (3.12)

de  C, = Anvad Ball Bearing & e 0.001 - 0.0015 FarhAn 0.0015 AR

! 3 ek W e - o o w o v
N = A1 yield AUt sinvesan Faduusen roller nsevindvalnioly

WIAN1SAM
LAUAT (3.12) N = 27.6 x TU (1.3
= 14654 N
1gian F=CyxN

0.0015 x 146.54 =022 N

1

o W o & ) 'Y o I a
WeINeadld roller Yiavum 5 Flun13emnse Roller 1 1 nalwAnusaden

o a Iy o
U 0.22 N LL‘NLﬁEJﬂW“!U“ﬂLﬂWiﬂﬂﬂ’li@ﬁlﬁ]i\ﬂ‘ﬂﬂ‘lﬁuﬂﬁ@ 022x5 = 11N
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3.1.10.1 UDMBIFINSUNITAR

d ﬂl v o @ a = v = A
WoussNnaInsdmsunN1san Ao 235.9 N szey r Anain sAdan

VBIAIA + Sadluee Pin + 1.5 ¥4 %ﬁﬁ‘ﬂ@ﬂﬁ’)ﬁ

r=6+3+42=132 mm

ANUANNFUNUS
Torque = F x r 513
wuAl (3.1) = 2359 % 13.2
= 3.114 Nm

Safety factor 200% = 3.114 x 2
= 6.228 Nm

v 2 ¢ 7 & l <
foslduamasNaNINTalA torque YUm 6.228 Nm %#3811nNT7 WDl luAIS

3,1.10.2 wawmaidosldlunisnyunvuda

a < - =

< o = = d da = d
AR r =80 mm D F = mg LuaamﬂLUumemﬂwa;mmnm’uumaumwyu
d’l = d o o
IﬂBLL?QﬂLﬂﬂL@J@Q{NﬂBGLWHWW 90

wnuAn (3.1) Torque =F xr
=60 x 0.08

= 4.8 Nm
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3.1.12 @anYUINUBLADS

sasn Tdaivnamasiu Vexta PKS66AW-NT.2 vunaussdn 1.6 Nm

= 5
U 3.4 wanaweslaewmesd Yokogawa

milnain Idadivuemas 3u mycom PF569-AC wsela 2.0 Nm

=
JUN 3.5 wansadivnewmes mycom
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3.1.14 AMSYIMLUUTUEULNIY

| a P o A - ) O v 1Y
'Lua'lulLUU‘duﬂ'ﬁ'lAQW']% ﬂﬁﬂ"l'ﬁﬁ]ﬂl.waaﬂu’lﬁuﬂ Vﬁaﬂﬁﬂaﬁ AEHADIATN

[
a
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Processing

//import these libraries from libraries folder

import processing.serial.”;

import geomerative.;

Serial arduino; //object "arduino" of the datatype "Serial" is
created ***29012014

//Declaring the objects being used to print

RShape shp;

RPoint[] points;

int maxArray = 255;

float[] angles = new float [maxArray]; //a new array of floats called "angles”
that have the length = maxArray is created***29012014

float] feeds = new float [maxArray];

float res = 20; //default resolution

int interimSteps = 1; //a counter for the preview
int steps =1;

int lastpty = 0;

boolean chngRes = false;
boolean preview = false;
void setup() {

size (400, 400); //creates window

background (255);

printin(Serial.list());

arduino = new Serial(this, Serial.list() [0], 9600); //sets arduino usb port, a new

object "arduino” of the datatype "Serial" is created ***29012014
// VERY IMPORTANT: Allways initialize the library in the setup
RG.init(this);
shp = RG.loadShape("bendMe.sve"); //\oads file from folder
steps = int(shp.getCurveLength()/res);
smooth(); //make the edge smooth
frameRate(24); // set frame rate that refresh in fps
***29012014
printtn ();
println ("SET THE SYSTEM TO HOME POSITION");
println ("PRESS MOUSE BUTTON TO SET RESOLUTION");
println ("PRESS:"); '
println ("1, PROCESS SHAPE")
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println ("2. PREVIEW SHAPE");

println ("3. SEND SHAPE TO ARDUINO");

println ();

println ("RESOLUTION IS CURRENTLY = " + res);
println ("NUMBER OF STEPS =" + steps);

}
void draw() {
translate(width/4, height/4); // Sets draw location and scale
noFill();
if (Ipreview) { //draws exact shape from file bendMe.svg
RG.setPolygonizer(RG.ADAPTATIVE);
stroke(0, 0, 200, 150); // set the color of point
shp.draw();
RG.setPolygonizer(RG.UNIFORMLENGTH);
if (chngRes) { //sets resolution if mouse is pressed
background(255);
float minDist = shp.getCurvelLength()/maxArray; // minimum line

distance(resolution) based on array size
res = map(float(mouseY), 0.0, float(height), minDist, 128); //resolution based
on mouse location
shp.draw();
}
RG.setPolygonizerLength(res);
points = shp.getPoints(); //point resolution based on mouse
location
// draw a shape of lines connecting the points
if (points != null) {
noFill();
stroke(0, 200, 0, 50);
strokeWeight (5);
beginShape();
for (int i=0; i<points.length; i++) {
vertex(points[il.x, points(il.y);
}
endShape();
strokeWeight (1);

fill(o);



52

stroke(0);
for (int i=0; i<points.length; i++) {
ellipse(points[il.x, points[il.y, 5, 5);
}
}
}
else { //draws preview shape based on set
resolution
backeround (255);
stroke (random (255), random (255), random (255));
strokeWeight (5);
pushMatrix();
noFill();
beginShape();
for (int i=1; i<=steps+2; i++) { //preview bend by relative angles
line (0, 0, 0, feeds[i-1]);
translate (0, feeds [i-1]);

rotate (-radians(angles [i+1])); //bendd
}
preview = |preview;
popMatrix ();
}
}
void mousePressed() { //mouse press sets resolution based

on mouse location
println ("RESOLUTION SET TO =" + res + " mm");
steps = int(shp.getCurveLength()/res);
println ("NUMBER OF STEPS = " + steps);
chngRes = IchngRes;

}

void keyPressed() { //If keys are pressed run corresbonding

subroutine

switch (key) {
case '1": //calculates bend angles and feed lengths

cales(); // call function calcs ***29012014
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break;

case '2" //shows a shape preview based on set

resolution
preview = [preview; // to do preview in draw fn

¥%%209012014
break;

case '3" //sends bend angles and feed lengths to

the arduino for printing

sendArd (); // to do fn sendArd
break;
case '4": //sends bend angles and feed lengths to
the arduino for printing
stopWork (); // to do fn sendArd
break;
}

}

//this subroutine accepts feedback from the arduino. It is not necessary but
sometimes needed to establish initial serial communication
void serialEvent (Serial p) {

String inString = arduino.readStringUntil (\n");

if (inString !=null) {

printtn(inString);

}

}

void cales () {
float lastAng=0;
float lastlastAng = 0;

printtn ( key );
println ();
println ( "Processing shape" );
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println ();
println (points.length);
//calculate relative angles between points and assign to array angles(]
angles [0] = O; // first angle is zero
for (inti = 1;i < points.length; i++) {

feeds[i-1] = dist (points[i-1].x, points[i-11.y, points[il.x, points[il.y); //feed
legths are the distances between points ***29012014 Got feed lenght

float deltaX = points[il.x - points[i-1].x; //change in x axis
between points

float deltaY = points[il.y - points[i-1].y; //change in y axis

between points

//the following equations calculate the bend angles between each point
//there are different equations for each coordinate quadrant
if ((deltaX >=0 && deltaY >=0)||(deltaX <=0 && deltaY >=0)) {

angles(i] =(degrees(atan(deltaX/deltaY)) - (lastAng + lastlastAng));
}
if (deltaX <= 0 && deltaY < 0) {

angles[i] = (180 + abs(degrees(atan(deltaX/deltaY)))) - (lastAng + lastlastAng);
}

if (deltaX >0 && deltaY <0) {
angles[i] = (180 - abs(degrees(atan(deltaX/deltaY))) - (lastAng + lastlastAng);

}

if (angles[il>720) {
anglesli] = angles[i]-360;

}

if (angles[il<-180) {
angles[i] = 360+angleslil;

}

if (angles[i]>180) {
angles[i] = angles[il-360;

}

//shows matrix of feeds and bend angles
println (round(1 * ( feeds[i-11) ) + " \t"+round(angles[i})+"\t"+"0 " ) ;

//change the 1 before feeds to change scale. z bend remains 0 because this is a 2D

shape
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if (abs(angles [il) > 160) { //beacuse we are sending
bytes to the arduino board no angle or feed length can exceed 125 *****set max
bending angle here

println ("WARNING - ANGLE TOO BIG");
}

lastlastAng = lastAng+lastlastAng; //sets variables to know
last 2 bend angles needed to calculate bends
lastAng = angles[il;
}
}

void sendArd () { //sends bend angles and feed lengths to
the arduino board for printing

byte feedmotor = 126; //these byte values are markers so the
arduino knows if a value is a bend, feed, or end it's the end of the array

byte bendmotor = 125;

byte end = 127;

println ( key );

println ();

println ( "Sending to Arduino" );
println ( “*Printing" );

println ();

//send commands
for (inti = 2;i < steps +10; i++) { // ***¥* 31012014 original steps +233

//sends arduino feed marker followed by feed length
delay (100);

arduino.write (feedmotor);

delay (100),

arduino.write (byte(round (feeds[i-2])));

delay (100);

println (feeds[i-2]);

//sends arduino bend marker followed by bend angle
arduino.write (bendmotor);

delay (100);
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arduino.write (byte(round (-angles[il)));
println (angles(il);
}

println (end+128);
printin("commands sent to printer"); //tells arduino the array of values in complete

**¥*added 31012014
arduino.write(end);

}

void stopWork(){
byte end = 127;
println ("clear value");

arduino.write (end);

}



Arduino

// control manual by switches
const int swFeed = 2;

const int swFeedBack = 3;
const int swBend = 4;

const int swBendBack = 5;
const int swZRotate = 6;
const int swZRotateBack = 7;

// motor control

const int feedMotorDir = 8;
const int bendMotorDir = 9;
const int zMotorDir = 10;
const int feedMotorPls = 11;
const int bendMotorPls = 12;
const int zMotorPls = 13;

const int pulseWidth = 250;
const int pulseDelay = 200;

int byteRead;

float dist = 0; // Record the number of steps we've taken
float lastDist = 0;

int flipArmDeg = 2048 ; // flip 180 deg to bend negative angle

float angle = 0;
float angleC = 0;
float rotations;
float lastAngP = 0;

// Drive directions
boolean ccw = true; // counter-clockwise drive direction

boolean cw = false; | // clockwise drive direction

boolean curDir = ccw;

// declare manual control



int swFeedState =0 ;

int swFeedBackState = 0;
int swBendState = 0 ;

int swBendBackState = 0 ;
int swZRotateState = 0;
int swZRotateBackState = 0;
int sensorPin = A5;
potentiometer

int sensorValue = 0;

the sensor

int pulseWidthM = 0 ;

int pulseDelayM = 0 ;

int lastbend = 0;
int fieldindex=0;
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// select the input pin for the

// variable to store the value coming from

int values[300]; //creates array

boolean dodge = false;
float lastAng = 0;

float lastFeed = 0;

int feedCount = 0;

void setup() {
pinMode(swFeed, INPUT);
pinMode(swFeedBack, INPUT);
pinMode(swBend, INPUT);
pinMode(swBendBack, INPUT);
pinMode(swZRotate, INPUT);
pinMode(swZRotateBack, INPUT);
pinMode(feedMotorDir, OUTPUT);
pinMode(bendMotorDir, OUTPUT);
pinMode(zMotorDir, OUTPUT);
pinMode(feedMotorPls, QUTPUT);
pinMode(bendMotorPls, OUTPUT);
pinMode(zMotorPls, OUTPUT);
// digitalWrite(feedMotorDir, HIGH);
digitalWrite(bendMotorDir, LOW);
digitalWrite(zMotorDir, HIGH);



Serial.begin(9600);
}

void feed(float dist){
if (dist 1= 0){
Serial.printin("feeding");
Serial.println(dist);
lastFeed = dist;
float rotations = 0;
float feedCalib = 85;
**28012014 original is 25.4*P|
lastDist = dist;
dist = (dist/feedCalib)*1000;
steps_Edited ( 1 mm = 3.779528)
rotations = dist;
delay(1000);
digitalWrite(feedMotorDir, HIGH);
for(int i=0 ; i<=rotations ; i4++ X
digitalWrite(feedMotorPls, HIGH);
delayMicroseconds(pulseWidth);
digitalWrite(feedMotorPls, LOW)
delayMicroseconds(pulseDelay);

}

]

feedCount ++;
}
}

void bend (int angle) {
/* if(dodge == true){
unDodgePin();
}
*/
if (angle!=0){
or - angle
Serial.println("bending");
Serial.println(angle);

/*  boolean dir=cw;
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//feed mm per revolution of motor_ Edited

//dist converted from px in processing to

//bender pin movement

//sets direction of bend based on +



boolean back=ccw;,
if (angle<O){

dir = cew;

back = cw;

}

*/

angle = abs(angle);

iflfeedCount == 1 && lastFeed < 10}
float plusAng = (lastAng -plusAng)/lastFeed,;
angle = angle + plusAng;

}

lastAng = angle;
delay(1000);
float rotations = 0;

float angleCalib = 20; //bending angle calibrate

/* iflangle <= 10 {

angle = - .00347*angle*angle + 1.8577*angle - .0677,
}

if(10 < angle <= 25 )X

angle = .0099*angle*ancle + 0.2679*angle + 11.329;
}

if(25 < angle <= 50 X

angle = - .0099*angle*angle + 1.5807*angle - 9.3919;
}

if(50 < angle <= 100 X

angle = - .0021*angle*angle + 0.953*angle + 2.7475;
}

if(100 < angle <= 125 X

angle = 0.5094*angle + 25.707,

}

if(125 < angle <= 160 )X

angle = .0109*angle*angle - 2.5875%angle + 242.4;

}

M

// angle = -.0016*angle*angle + .8984*angle + 3.5414;

60
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//angle = 0.6434*angle + 9.238;

7

iflangle <= 55 ){

angle = - .0028*angle*angle + 0.9975%angle + 2.3959;
}

iflangle > 55)

angle = - .0006*angle*angle + 0.6795*angle + 14.379;
}

*/

// angle = .00000009*angle*angle*angle*angle - .00002*angle*angle*angle -
.0012*angle*angle + .9375*angle + 3.358;
/! angle = .0000001*angle*angle*angle*angle - .00002*angle*angle*angle -
.0011*angle*angle + .9503*angle + 2.566;

// 5 order is too much degree
/" angle = .000000008*angle*angle*angle*angle*angle -
.000003*angle*angle*angle*angle + .0005*angle*angle*angle - .0314*angle*angle +
1.7598*angle + 2.7969;

// quite good

// angle = .00000002*angle*angle*angle*angle + .00002*angle*angle*angle -
.0069*angle*angle + 1.2687*angle + 4.669;
angle = .00000007*angle*angle*angle*angle + .0000007*ancle*ancle*angle -
.0053*angle*angle + 1.2151*angle + 4.8845;
//angle = - .0000001*angle*angle*angle*angle + .00006*angle*angle*angle -
.0092*angle*angle + 1.3031*angle + 4.8304,;
//angle = - .0000003*angle*angle*angle*angle + .0001*angle*angle*angle -
.0134*angle*angle + 1.4179%angle + 6.0626;
//angle = -.00000000002*angle*angle*angle*angle*angle*angle +
.00000002*angle*angle*angle*angle*angle - .000005*angle*angle*angle*angle  +

.0006*angle*angle*angle - .0365%angle*angle + 1.8371*angle + 2.558;

//\astest

//angle = .000000003*angle*angle*angle*angle*angle -
.000001*angle*angle*angle*angle + .0002*angle*angle*angle - .0156*angle*angle +
1.353*angle + 4.5092;



//angle = - .00000008*angle*angle*angle*angle + .00003*angle*angle*ansle
.0062%angle*angle + 1.161*%angle + 5.2779;
Iy 4 angle = -.000000000005*angle*angle*angle*angle*angle*angle
.000000005*angle*angle*angle*angle*angle - .000002*angle*angle*angle*angle
.0002*angle*angle*angle - .0169*angle*angle + 1.3719*angle + 4.4573;

//ave
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+

+

// angle = - .00000009*angle*angle*angle*angle + .00004*angle*angle*angle -

.0082*angle*angle + 1.2841*angle + 3.3614;

// angle = .000000005*angle*angle*angle*angle*angle
.000002%angle*angle*angle*angle + .0003*angle*angle*angle - .0236*angle*angle
1.586%9*angle + 2.4151;

4 angle = -.00000000003*angle*angle*angle*angle*angle*angle
.00000002*angle*angle*angle*angle*angle - .000004*angle*angle*angle*angle
.0005*angle*angle*angle - .0303*angle*angle + 1.6779*angle + 2.2264;

/%

iflangle <= 294

angle = -0002*angle*angle*angle*angle + .0135*angle*angle*angle
3037*angle*angle + 3.5782*angle + .2844;

}

if(29 < anele <= 64)

angle = -00002*angle*angle*ancle*angle + .0032*angle*angle*angle
.2065*angle*angle + 6.5735*angle - 46.595;

}

iftangle > 64)

angle = .0000003*angle*angle*angle*angle - .00009*angle*angle*angle
.008*angle*angle + .5961*angle + 9.0398;

}

¥

Serial.println(anele);

rotations = angle*angleCalib;

digitalWrite(bendMotorDir, LOW);

for(int i=1 ; i<rotations ; i++ ){
digitalWrite(bendMotorPls, HIGH);
delayMicroseconds(pulseWidth);
digitalWrite(bendMotorPls, LOW);
delayMicroseconds(pulseDelay);

-+

+
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}
delay (100);
digitalWrite(bendMotorDir, HIGH);
for(int i=1 ; i<rotations ; i++ X
digitalWrite(bendMotorPls, HIGH);
delayMicroseconds(pulseWidth);
digitalWrite(bendMotorPls, LOW);
delayMicroseconds(pulseDelay);
}
feedCount = 0;
}
}

void zbend (float angle) { //rotates z motor
if (angle!=0){
Serial.println("Z bending");
Serial.println(angle);
boolean dir=cw;
if (angle<0){ //+ angle is clockwise - angle is counter
clockwise
dir = cow:
}
float rotations = 0;

angle = abs(angle);

angle = (angle/360)*4096; //converts angle to motor steps

rotations = angle;

digitalWrite (zMotorDir, dir); //sets motor direction

for (int i=0; i <=rotations ; i++){ //rotates z motor appropriate number of
steps

digitalWrite(zMotorPls, HIGH);
delayMicroseconds (pulseWidth);
digitalWrite(zMotorPls, LOW);
delayMicroseconds (2000);
}
}
}



void pushWire(){
Serial.printin("Pushing");
int push = 160;
float rotations = 0;
float feedCalib = 85;
**28012014 original is 25.4%PI
push = (push/feedCalib)*1000;
steps_Edited ( 1 mm = 3.779528)
rotations = push;
delay(1000);
digitalWrite(feedMotorDir, HIGH);
for(int i=0 ; i<=rotations ; i++ )
digitalWrite(feedMotorPLls, HIGH)
delayMicroseconds(pulseWidth);
digitalWrite(feedMotorPls, LOW);
delayMicroseconds(pulseDelay);
}
}

void pullWire(}{
Serial.printin("pulling");
int pull = 160;
float rotations = 0;
float feedCalib = 85;
**28012014 original is 25.4*P|
pull = (pull/feedCalib)*1000;
steps_Edited (1 mm = 3.779528)
rotations = pull;
delay(1000);
digitalWrite(feedMotorDir, LOW);

for(int i=0 ; i<=rotations ; i++ A

digitalWrite(feedMotorPls, HIGH);
delayMicroseconds(pulseWidth);

digitalWrite(feedMotorPls, LOW);
delayMicroseconds(pulseDelay);
}
}
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//feed mm per revolution of motor_ Edited

//dist converted from px in processing to

//feed mm per revolution of motor_ Edited

//dist converted from px in processing to



void dodgePin ()

delay(100);

int dodgeAng = 120;
float rotations = 0;
float angleCalib = 20;

Serial.println(angle);

rotations = dodgeAng*angleCalib;

digitalWrite(bendMotorDir, HIGH);

for(int i=1 ; i<rotations ; i++ X
digitalWrite(bendMotorPls, HIGH);
delayMicroseconds(pulseWidth);
digitalWrite(bendMotorPls, LOW);
delayMicroseconds(pulseDelay);

}

dodge = true;

}

void unDodgePin(){ -
ifldodge == true){
delay(100);
int dodgeAng = 120,
float rotations = 0;
float angleCalib = 20;

Serial.println(angle);

rotations = dodgeAng*angleCalib;

digitalWrite(bendMotorDir, LOW);

for(int i=1 ; i<rotations ; i++ X
digitalWrite(bendMotorPls, HIGH);
delayMicroseconds(pulseWidth);
digitalWrite(bendMotorPls, LOW);
delayMicroseconds(pulseDelay);

}
dodge = false;

//bending angle calibrate

//bending angle calibrate
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void flipArm(){
pushWire();

Serial.printtn("flipArm ");

float rotations = 0,

delay(100);

rotations = flipArmDesg;

digitalWrite(zMotorDir, HIGH);

for(int i=1 ; i<rotations ; i++ )X
digitalWrite(zMotorPls, HIGH);
delayMicroseconds(pulseWidth);
digitalWrite(zMotorPls, LOW),
delayMicroseconds(pulseDelay);

}

curDir = lcurDir;

rotations = 0;

pullWire();

void flipBack()X
pushWire();

// if (lastAng > 30)

//  dodgePin();

/)

float rotations = flipArmDeg;

digitalWrite(zMotorDir, LOW),

for(int i=1 ; i<rotations ; i++ X
digitalWrite(zMotorPls, HIGH);
delayMicroseconds(pulseWidth);
digitalWrite(zMotorPls, LOW);
delayMicroseconds(pulseDelay);

}

//direction reversed for next duck

66



67

curDir = lcurDir; //direction reversed for next duck
rotations = 0;
pullwWire();

}

void loop() {

int copies = 0;
while(Serial.available())
{
int in = Serial.read();
byte incoming = in+128; //converts bytes from processing
if (incoming != 255){ //255 signifies end of incoming array
Serial.println (Serial.read());
values[fieldindex] = values[fieldindex]*10+incoming; //fills array fieldindex

from incoming processing
fieldindex++; // count up field index
}
elsef
Serial.printn("END"); //if array end marker inputs from processing
end
for (int i=0; i<=fieldindex;i++)X
Serial.printin(values[i]-128); //*¥¥*30012014 print values got from
processing

}

copies=copies+1;

}
if (copies==1){ //once bend is complete eject shape

delay (1000);
motorrun();
iflcurDir == cw){
flipBack();
}
feed(30); //eject



copies=copies+1;
Serial.println("bending END");
Serial.flush();

// manual control

swFeedState = digitalRead(swFeed);

if(swFeedState == HIGH){
pulseWidthM = pulseWidth + analogRead(sensorPin);
pulseDelayM = pulseDelay + analogRead(sensorPin);
digitalWrite(feedMotorDir, HIGH);
digitalWrite(feedMotorPls, HIGH);
delayMicroseconds(pulseWidthM);
digitalWrite(feedMotorPls, LOW);
delayMicroseconds(pulseDelayM);

}

swFeedBackState = digitalRead(swFeedBack) ;

if( swFeedBackState == HIGH)
pulseWidthM = pulseWidth + analogRead(sensorPin);
pulseDelayM = pulseDelay + analogRead(sensorPin);
digitalWrite(feedMotorDir, LOW);
digitalWrite(feedMotorPls, HIGH);
delayMicroseconds(pulseWidthM);
digitalWrite(feedMotorPls, LOW);
delayMicroseconds(pulseDelayM);

swBendState = digitalRead(swBend);

if( swBendState == HIGH){
pulseWidthM = pulseWidth + analogRead(sensorPin);
pulseDelayM = pulseDelay + analogRead(sensorPin);
digitalWrite(bendMotorDir, HIGH);
digitalWrite(bendMotorPls, HIGH);
delayMicroseconds(pulseWidthM);
digitalWrite(bendMotorPLls, LOW);
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delayMicroseconds(pulseDelayM);
}

swBendBackState = digitalRead(swBendBack);

if(swBendBackState == HIGH X
pulseWidthM = pulseWidth + analogRead(sensorPin);
pulseDelayM = pulseDelay + analogRead(sensorPin);
digitalWrite(bendMotorDir, LOW);
digitalWrite(bendMotorPls, HIGH),
delayMicroseconds(pulseWidthM);
digitalWrite(bendMotorPls, LOW);
delayMicroseconds(pulseDelayM);

swZRotateState = digitalRead(swZRotate);
ifswZRotateState == HIGH)
pulseWidthM = pulseWidth + analogRead(sensorPin);
pulseDelayM = pulseDelay + analogRead(sensorPin);
digital\Write(zMotorDir, LOW);
digitalWrite(zMotorPLls, HIGH);
delayMicroseconds(pulseWidthM);
digitalWrite(zMotorPls, LOW);
delayMicroseconds(pulseDelayM);

swZRotateBackState = digitalRead(swZRotateBack);
if(swZRotateBackState == HIGH)
pulseWidthM = pulseWidth + analogRead(sensorPin);
pulseDelayM = pulseDelay + analogRead(sensorPin);
digitalWrite(zMotorDir, HIGH);
digitalWrite(zMotorPls, HIGH);
delayMicroseconds(pulseWidthM);
digitalWrite(zMotorPls, LOW);
delayMicroseconds(pulseDelayM);



void motorrun(){
int lastbend=0;
for (int i=0; i<= fieldindex;i++)
delay (100);
if (valuesli]-128)==126){
look for feed motor marker
feed (values[i+1]-128);
value in array is a feed length
}
else if ((values[i]-128)==125)

look for bend motor marker

int bendAng = (values[i+1]-128);

next value in array is a bend angle

if (bendAng<0&&curDir==ccw) {

opposite direction from previous angle duck pin

flipArm ();
delay (100);
}

else if (bendAng>0 && curDir ==cw){

flipBack();
delay(100),
}

bend (bendAng);
lastbend = bendAng;
}
else if (values(i]-128)==124)
look for z motor marker
zbend (values(i+1]-128);
value in array is z bend angle

}

else if (Serial.available(){
int in = Serial.read();
byte incoming = in+128;
if (incoming == 255)

70

//convert bytes from processing and

//if feed motor marker detected next

//convert bytes from processing and

//if bend motor marker detected

//if incoming bend angle is

HHHH

//convert bytes from processing and

//if z motor marker detected next

//converts bytes from processing
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fieldindex =0 ;
Serial.printtn("Stopping");
Serial.flush();
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5 Phase Stepper Motor

e Five leads for easy wiring configurations

e Wide selection range to suit various applications
e 0.3~63 Kgem Max. Holding Torque

e Compact size for high Torque performance
e Highly cost effective

5 Phase Stepper Motor

Type Motor Size Motor Model Max. Holding | Rotor Inertia | Basic Step | Phase Current Motor
(mm) Torque (kgcm) (gcmz) Angle*** (Amps) Weight (kg)
PEE 533 A (B) 0.33 9 0.72° 0.75 0.1
*gggsgu'f 28 PEE 535 A (B) 0.6 18 0.72° 0.75 017
( %) PF 543 AC (BC) 3 35 0.72° 0.75 0.25
42 PF 544 AC (BC) 1.8 54 0.72° 0.75 0.3
PF 545 AC (BC) 2.4 68 0.72° 0.75 0.4
PF 564 AC (BC) 4.2 175 0.72° 1.4 0.6
60 PF 566 AC (BC) 8.3 280 0.72° 1.4 0.8
PF 569 AC (BC) 16.6 560 0.72° 1.4 1.3
PF 596 AC (BC) 20.9 1400 0.72° 1.4 1.7
85 PF 599 AC (BC) 40.9 2700 0.72° 1.4 2.8
PF 5913 AC (BC) 62.9 4000 0.72° 1.4 3.8
HI-TORQUE 60 PF 569 HAC (BC) 16.6 560 0.72° 2.8 13
HI-SPEED PF 596 HAC (BC) 20.9 1400 0.72° 2.8 17
(PF Series) 85 PF 599 HAC (BC) 40.9 2700 0.72° 2.8 2.8
PF 5913 HAC (BC) 62.9 4000 0.72° 2.8 3.8
** Brake Type Stepper Motor **
HI-TORQUE PF 564 ACM 4.2 320 0.72° 1.4 0.9
(PF beries) 60 PF 566 ACM 83 425 0.72° 14 1.1
Brake Type
PF 569 ACM 16.6 705 0.72° 1.4 16
PF 596 ACM 20.9 2200 0.72° 1.4 2.4
85 PF 599 ACM 40.9 3500 0.72° 1.4 3.5
PF 5913 ACM 62.9 4800 0.72° 1.4 4.5
HI-TORQUE 60 PF 569 HACM 16.6 705 0.72° 2.8 16
g,‘;sgfriz) PF 596 HACM 20.9 2200 0.72° 2.8 2.4
*Brake Type 85 PF 599 HACM 409 3500 0.72° 2.8 3.5
PF 5913 HACM 62.9 4800 0.72° 2.8 45
(A) after the unit # denotes single shaft configuration. (B) after the unit # denotes thru-shaft configuration.
Page 1 of 5
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Other Specifications

Motor Electrical Specifications Motor Mechanical Specifications
Dielectric No abnormality detected after the application
Strength of 0.5KV at 50 Hz between motor windings and Shaft Radial Play 0.025 mm (max) at load 0.5 Kg

frame for duration of cne minute
100 Mohms or better with 500V potential

g:;lsatt;;e applied between motor windings and frame at Shaft Axial Play 0.075mm (max) at load 1 Kg
normal ambient temperature and humidity
Insulation Opgrating : i
GlasE Class B Environment 0°C ~ + 50°C Step Angle Accuracy + 3 min ( PF Series )
Temperature

Applicable Driver Range

The above motors can be used on the following MYCOM stepping drivers. Selection is generally based on applicable
speed range and supply input as indicated below :-

Low Speed Range ( 24Vdc supply input ) UPS503 series
IMS500 series
INS500 series ( NanoDrive )
INS501 series ( NanoDrive )

Standard Speed Range ( 110Vac supply input) PSUSO0 series
UPS52 series
UPSS53 series
IMS50-x1x series
INS50-x1x series ( NanoDrive )

Standard Speed Range ( 220Vac supply input ) IMS50-x2x series
INS50-x2x series ( NanoDrive )

** kindly refer to our sales staff for other series of drivers

5 Phase Motor Connection Diagram

Black

Blue
Brown

Red White

MTS-5PhMotcat-072002V1.0 Page 2 of 5




10+0.25

PEE 53X-A(B)

5 Phase Stepper Motor Dimensions — PEE 533 / PEE 535

Model No. £ B
A - Single Shaft

B - Thru' Shaft {mm) {(mm)
PEE 533-A(B) 3141 4242
PEE 535-A(B) 50.5+1 4212

11+1

10+0.25

4.5+0.15

B5h7

4.5+0.15

@5h7
[ee]
| b
IJ
p22h8

15%1 4 - M2.5P0.45
5 Leads 600 mm pDepth 2.5
UL Style 3265 AWG 28
PEE 533-A(B) MG XX
72.3%1 201 28+1
111 61.3+1 2 3320 1

10+0.25 12+0.25

B5h7

@11h8

4.5+0.15

@5h7
4.5+0.15

Leads 600 mm

5
4L Style 3265 AWG 28

4 - M2.5pP0.45
pepth 3.5
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PF545AC 47+ 1 67 £ 1 ha! ‘:;,*,W,,,A. ‘4SENs zs'«.ir
able wil .
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5 Phase Stepper Motor Dimensions — PF 564/ PF 566 / PF 569

i L2
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- .
5 Phase Stepper Motor Dimensions — PF 596 / PF 599 / PF 5913
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Motor L1 L2
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copley )
controls ™

Accelus panel

Control Modes
+ Gearing, Position, Velocity, Torque

Command Interface

« Stepper commands

« +10V velocity/torque command
« PWM velocity/torgue command
e Master encoder [Gearing]

Communications
« RS232

Feedback
« Digital Quad A/B encoder
« Digital Halls

1/0 - Digital
e 6 inputs, 2 outputs

Dimensions: mm [in]
e 168 x 99 x 31 [6.6 x 3.9 x 1.2]

DESCRIPTION

Accelus is a 100% digital servoamplifier in a panel-mount
package with a family of power options to 12A continuous
and 36A peak. This new series offers sinusoidal commutation
of brushless motors in torque, velocitF, or position modes
and fast, easy set up with CME 2™ software.

CME 2™ software communicates with Accelus through an
RS-232 link for complete amplifier setup. Auto-phasing
and auto-tuning algorithms in CME 2™ slash set up times
for fast system commissioning and eliminate “re-wire and
try” so common in brushless motor installations. CME 2™
automates current loop tuning, as well as motor, Hall,
and encoder phasing. A powerful oscilloscope and signal
generator displaz amplifier performance for fine tuning
thereafter. Amplifier control parameters are saved in non-
volatile flash memory. OEM’s can inventory one part, and
configure amplifiers on-site to each axis in a machine.
Advanced field-oriented-control ensures the highest motor
torque over a wide speed range, minimizing motor heating
and maximizing efficiency. Digital control algorithms
transform stator currents into direct and quadrature
components. The torque-producing quadrature current is
controlled by the current loop, and the direct component is
driven to zero eliminating losses from current that doesn’t
produce torque. Space-vector modulation produces higher
speeds than sine-pwm modulation from the same power

supply.

Copley Controls, 20 Dan Road, Canton, MA 02021, USA
Web: www.copleycontrols.com

RoHS

C€

DIGITAL SERVOAMPLIFIER
for BRUSHLESS/BRUSH MOTORS

ASP

MODEL IC IP vDC
ASP-055-18 6 18 55
ASP-090-09 3 9 90
ASP-090-18 6 18 90
ASP-090-36 12 36 90
ASP-180-09 3 9 180
ASP-180-18 6 18 180

Accelus works with motion controllers that close position-
loops using incremental encoder feedback and process
the position error in a PID filter to produce an amplifier
command for torque, force, or velocity. Only one +10V
analog, or a one or two-wire digital PWM/DIR control signal
is required. All commutation is done in the amplifier.

In position-mode, Accelus accepts two-wire digital step-
motor control signals (CW/CCW, or Count/Direction),
or operates as a slave from a master encoder. The ratio
between input position pulses and motor position is
programmable.

Velocity control is derived from motor encoder signals.
Velocity mode is useful not only for speed-setpoint
applications, but enables operation with PLC’s or controllers
that output position-error signals with no PID filtering.

All amplifier circuits are DC coupled and operate from
unregulated transformer-isolated DC power supplies, or
regulated switching power supplies.

The panel-mount package is compatible with the mounting
footprint of Copley’s 5xx1 series trapezoidal brushless
amplifiers, offering an easy upgrade to sinusoidal
commutation with digital control.

Fax: 781-828-6547
Page 1 of 10
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copLey ) DIGITAL SERVOAMPLIFIER RoHS
COHI‘FOLS"@/ Accelus Pane[ for BRUSHLESS/BRUSH MOTORS ASP C€

GENERAL SPECIFICATIONS
Test conditions: Load = 3-phase Wye connected load, 2 mH line-line, Ambient temperature = 25 °C. +HV = HVmaXx

MODEL ASP-055-18 ASP-090-09 ASP-090-18 ASP-090-36 ASP-180-09 ASP-180-18
OUTPUT POWER
Peak Current 18 (12.7) 9 (6.4) 18 (12.7) 36 (25.5) 9 (6.4) 18 (12.7) Adc (Arms)
Peak time 1 1 1 1 1 1 s
Continuous current 6 (4.2) 3(2.1) 6 (4.2) 12 (8.5) 32,1} 6 (4.2) Adc (Arms) per phase
Peak Output Power 0.92 0.79 1.55 2.95 1.59 3.15 kw
Continuous Qutput Power 0.32 0.27 0.53 1.0 0.53 1.06 kw
INPUT POWER
HV . to HV +20to +55 +20to +90 +20to +90 +20to +90 +20to +180 +20 to +180 Vdc, Transformer-isolated
Peak current 20 10 20 40 10 20 Adc (1 sec) peak
Continuous current 6.7 3.3 6.7 13.3 3.3 6.7 Adc continuous

PWM OUTPUTS

Type
PWM ripple frequency
COMMUTATION 8 CONTROL

3-phase MOSFET inverter, 20 kHz center-weighted PWM, space-vector modulation
40 kHz

Current loop 20 kHz (50 ps period) update rate
Velocity & position loop 4 kHz (250 ps period) update rate
Commutation Sinusoidal, field-oriented control of DC brushless motor
Phase Initialization Amplifier initializes in trapezoidal commutation until a Hall transition occurs,
then switches to sinusoidal commutation with phase-correction at each Hall signal transition
BANDWIDTH
Current loop, small signal 3 kHz typical, bandwidth will vary with tuning & load inductance
HV Compensation Changes in HV do not affect bandwidth
REFERENCE INPUTS (NOTE 1)
Anzlog torgue/velocity +10Vdc, 12 bit resoclution Differential $13-2,14
Input impedance 66 kQ Between Ref(+), Ref(-)
Digital position reference Pulse/Direction, CW/CCW Stepper commands (2 MHz maximum rate}
Quad A/B Encoder 20 Mcount/sec Safter quadrature), 5 Mline/sec
Digital torque & velocity reference PWM , Polarity PWM = 0~100%, Polarity = 1/0
PWM PWM = 50% +/-50%, no polarity signal required
PWM frequency range 1 kHz minimum, 100 kHz maximum
PWM minimum pulse width 220 ns
DIGITAL INPUTS (NOTE 1)
All inputs 74HC14 Schmitt trigger operating from 5.0 Vdc with RC filter on input
Logic levels Vin-LO < +1.35 Vdc, Vin-HI > +3.65 Vdc, Input voltage range 0 to +24 Vdc

pull-up, pull-down control ~ [IN2,3,4] have group selectable connection of 10 k2 input pull-up/down resistor to +5 Vdc or ground
Dedicated input with 330us RC filter for amplifier enable, active level ﬁrlo%rammable

Enable [IN2]
GP EIN 1,2,3,4] General Purpose inputs with 330us RC filter and active level select, [I ,4] have programmable functions
HS [IN5,6] High-Speed Inputs inputs with 100ns RC filter, active level select, and programmable functions

SERIAL DATA INPUT
RS-232 RxD, TxD, Gnd In 6-position, 4-contact RJ-11 type modular connector, and on J3-24, 25, & 13

Full-duplex, serial communication port for amplifier setup and control, 9600 to 115200 baud
Data protocol: binary

MOTOR CONNECTIONS

Phase U, V, W Amplifier outputs to 3-phase Wye or delta connected brushless motors with floating neutral

Hall U, V, W Digital Hall signals
Encoder A, /A, B, /B, (X,/X) guadrature encoder signals, single-ended or differential (X or Index signal not required)
MHz maximum line frequency (20 Mcount/s) when driven from active differential outputs
[IN1] Motemp See Digital Inputs (above) for details (Note 1)
STATUS INDICATORS
Amp Status Bicolor LED. Amplifier status indicated by color, and blinking or non-blinking condition

DIGITAL OUTPUTS (NOTE 1)
Current-sinking MOSFET open-drain output with 1k pullup to +5 V through diode, 1 Adc sink max, +30 Vdc max.

Tépe
[OUT1,2] Programmable
External flyback diode required with inductive loads

PROTECTIONS

HV Overvoltage +HV > HV Amplifier outputs turn off until +HV < HV__ (See Input Power for HV__ )

HV Undervoltage +HV < 2d"Vdc Amplifier outputs turn off until +HV > Z¥vdc

Amplifier over temperature PC Board > 70 °C.

Short circuits Qutput to output, cutput to ground, internal PWM bridge faults

I?T Current limiting Programmable: continuous current, peak current, peak time

Motor over temperature Digital inputs programmed for overtemp function will disable amplifier
MECHANICAL & ENVIRONMENTAL

Size 6.58 in (167,1 mm) X 3.89 in (98,81 mm) X 1.17 in (29,72 mm)

Weight 0.94 Ib (0.43 kq) for amplifier without heatsink

Ambient temperature 0 to +45 °C operating, -40 to +85 °C storage

Humidity 0% to 95%, non-condensing

Contaminants Pollution degree 2

Environment 1EC68-2: 1990

Cooling Heat sink and/or forced air cooling may be required for continuous power output (see pg. 8 & 9)
Notes

1.Digital input & output functions are programmable. Default functions are shown here.

Fax: 781-828-6547
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COMMUNICATION

Accelus is configured via a three-wire,
full-duplex RS-232 port that operates from
9600 to 115,200 Baud. CME 2™ provides a
graphic user interface (GUI) to set up all of
Accelus features via a computer serial port.
Connections to the Accelus RS-232 port P1
are via an RJ-11 style connector, and through
the signal connector 13 (13-24 & 25). RxD,
TxD, and Gnd signals comprise the signals
supported. The Accelus Serial Cable Kit
contains a modular cable, and an adapter
that connects to a 9-pin, Sub-D serial port
connector (COM1, COM2, etc.) on PC’s and
compatibles.

RS-232 Port

D l L ]
m

STATUS LED

A single bi-color LED gives the state of the
amplifier by chan ing color, and either blinkin
or remaining solid. The possible color and blin
combinations are:

« Green/Solid: Amplifier OK and enabled.
Will run in response to reference input.

« Green/Slow-Blinking: Amplifier OK but
not-enabled. Will run when enabled.

« Green/Fast-Blinking: Positive or
Negative limit switch active. Amplifier will
only move in direction not inhibited by
limit switch.

*« Red/Solid: Temporary fault condition.
Amplifier will resume operation when fault
is removed.

s Red/Blinking: Latching fault. Operation
will not resume until amp Is Reset

Fault conditions: Short-circuits from output
to output, output to ground, and internal
shorts or over current conditions, amplifier
or motor over-temperature, over or under-
voltage, encoder power loss, motor phasing
error (current position > 60° electrical from
Hall angle), or position-mode following error.
Faults are programmable as latching or non-
latching.

DIGITAL INPUTS

There are six digital inputs [IN1-6] five of which
are programmable functions. !nﬁuts [IN1,5, &
6] have 10 kQ pull-up resistors that connect to
+5 Vdc to work with grounded switches, NPN
open-collector, CMOS, or TTL outputs.

[IN2] always functions as the Enable input,
and controls the ON/OFF state of the amplifier
outputs. [IN2] can function simply as the
amp-enable or as the amp-enable with reset.
With the reset options selected, the amplifier
will reset when [IN2] goes from the active
to the inactive level. The default selection is
active-LO with no reset. This setting is the fail-
safe condition. In order to make the amplifier
operate, the enable input must be connected
and must be grounded to operate the amplifier.
If a wire were to break, or the controller
malfunction, the input would not be grounded
and the amplifier would not operate. If the
input is set to Active-HI, it is not in a fail-safe
mode, and will be enabled with no cennection
to the [IN2] input. This setting is therefore not

Copley Controls, 20 Dan Road, Canton,

Web: www.copleycontrols.com
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recommended for general operation,

The other digital enable inputs, [IN1], [IN3-6]

have alternate functions that are settable via
2

« Positive Limit Switch

« Negative Limit Switch

« Amplifier Reset

= Motor temp sensor

In addition to the alternate functions, the

active level for each input Is individually

programmable.

Amplifier reset takes place on transitions of

the input and is programmable to 1/0 or 0/1.

The motor temp sensor function will disable

the amplifier if a switch in the motor opens

or closes when the motor overheats, The

motor temperature switch or sensor should

be grounded. The active-level setting is then

set depending on the type of switch: normally

open, or normally closed.

+5V

4,99k

74HC14

Input resistors are programmable to pull-
up to +5 Vdc or pull-down to signal ground
as a group for ﬁN2,3,4].

+5V
10k

TEAHC14
[IN5] i >
[IN6] 10k

1\ 33nF
DIGITAL OUTPUTS

Dialtal outputs are open-drain MOSFETs with
1 ko pull-up resistors to +5 Vdc. These can
sink up to 1 Adc frem external loads operating
from power supplies to +30 Vdc. When driving
inductive loads such as a motor brake, an
external fly-back diode is required. A diode
in the output is for driving PLC inputs that
are opto-isolated and connected to +24 Vdc.
The diode prevents conduction from +24 Vdc
through the 1 kQ resistor to +5 Vdc in the
amplifier. This could turn the input on, giving a
false indication of the amplifier output state.

These outputs are level-selectable like the
inputs, and each output is programmable for
various functions.

MA 02021, USA

DIGITAL SERVOAMPLIFIER
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Digital outputs

REFERENCE INPUTS

The Reference inputs command the amplifier
to produce an output. Accelus has analog and
digital reference inputs. Only one type can be
active at a time.

ANALOG REFERENCE INPUT

The analog £10 Vdc signal is an industry
standard for torque or velocity control.
The analog reference input is a differential
amplifier which is to be connected to the
motion controller ground and DAC output.
Using a differential amplifier is important
because there may be potential differences
between the amplifier and controller grounds.
The differential amplifier construction rejects
these differences and measures the controller
output relative to ground at the controller.
Note that the voltage between Ref(+) and
Ref(-) Inputs must be zero to produce
a “zero” amplifier command. Groundln?
Ref(-), and allowing Ref(+) to be open will
produce a large command, as will grounding
Ref(+) and letting Ref(-) be open.

When wiring the controller DAC output to
the reference inputs, be sure to use both
reference inputs, and connect Ref(-) to
ground at the controller, and not at the
amplifier.

Ref(+)

Ref(-)

IMPORTANT!

ALWAYS CONNECT BOTH ANALOG REF INPUTS.
THERE MUST BE ZERO VOLTS BETWEEN REF(+) &
REF(-) FOR ZERO OUTPUT FROM THE AMPLIFIER!

DIGITAL REFERENCE INPUTS

There are two logic inputs [IN5] and [IN6] for
digital reference signals that are programmable
for controlling torque, velocity, or position.
If not used as reference inputs, they are
programmable as logic inﬁuts. When used as
reference inputs these should be driven by
active-output devices (i.e. CMOS, TTL). The
input resistors define the default polarities
when inputs are open, or for use with open-
collector devices as digital logic inputs.

Fax: 781-828-6547
Page 3 of 10
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DIGITAL REFERENCE INPUTS (CONT'D)

PWM Torque/velocity input
or CW/Pulse/Encoder-A position input

+5V
74HC14

[INB] ¢

,y 100nF

Torque/Velocity polarity
or CCW/Direction/Encoder-B position input

+5V

10k 74HC14

[IN5]
1k

E\ 100pF

IMPORTANT!

AMPLIFIERS WITH SERIAL NUMBERS EQUAL TO OR

LESS THAN THE NUMBERS SHOWN HERE HAVE THE

INPUT CONFIGURATION SHOWN BELOW FOR [ING]
AS5P-090-09, ASP-180-09: s/n 5102xxxx
ASP-055-18, ASP-090-18, ASP-180-18: 3102xxxx
ASP-090-36: 3502xxxx

NOTE: THE LAST FOUR DIGITS ARE NOT
SIGNIFICANT

74HC14

[INB)

10k

T 100pF

DIGITAL REFERENCE INPUTS

For torque or velocity control, the inputs may
be configured in two formats:

1. PWM §0~100%) & Polarity

2. PWM (50%)
In the first case, the PWM signal can vary from
0% to 100%, and the Polarity signal is a DC
level that controls the direction of the motor.
The PWM duty-cycle controls the amplifier
output current, or motor velocity. In current
mode, 100% corresponds to the maximum
output current. In velocity mode, it commands
the maximum velocity that is configured.

Duty = 0~100%
LT N6 [ Gurrent or
Velocity
INS y
> Polarity or
I Direction

Another type of PWM input is the “50%" type.
There is only one PWM signal that connects to
[IN6]. The other digital input [IN5] is not used
in this mode. A 50% duty-cycle corresponds to
a zero-current command in torque mode, or a
zero-speed output in velocity mode.

Copley Controls, 20 Dan Road, Canton,

Web: www.copleycontrols.com
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Duty-cycles of 0%, and 100% would result
in negative full-scale, or positive full-scale
outputs. So, the duty-cycle controls not only
the magnitude, but also the polarity of the
amplifier outputs.

The scale-factor for amplifier-output vs. PWM
inputs is settable via CME 2™ software in both
cases.

50% PWM signals for
torque/velocity reference

Duty = 50% £50%

INE |
h i Current or
LI 2 | Velocity
<no connection> i=----= | No function
|

When operating Accelus in position mode, the
digital reference inputs accept step-motor
pulses in two formats, or quadrature-encoder
signals. In either case, the ratio between
input pulses, and motor encoder counts is
programmable.

The first format of stepper-command signals
is the CW/CCW (clockwise/counter-clockwise)
format, which could also be called CU/CD
(count-up/count-down). Pulses at [IN6]
will increase the position-command to the
amplifier, and pulses at [IN5] will decrease
it. The other stepper-ccmmand format is the
Pulse & Direction one where pulses at [IN6] will
increment or decrement the position-command
depending on the DC level at the Direction
input, [IN5].

The active-edge is programmable for 0-1 or
1-0 transitions when in Pulse/Dir or CW/CCW
input modes.

Digital reference inputs configured as CW/
CCW inputs in position mode with 0-1 active-
edges:

CW (or CU)

[IN8] pasition

Increase
[IN5]

CCW (or CD) -
Position
: Decrease

Digital reference inputs configured as Pulse-
Direction inputs in position mode with 0-1
active-edges:

Pulse

IN6 | Position
, — magnitude
Direction IN5 Position
>— Increment or
Decrement

Digital reference inputs can also connect to
a quadrature encoder that outputs two pulse
trains corresponding to angle of rotation, or
linear travel. The pulse trains are ghase—shifted
90° which gives them the name “quadrature”,
and each time one changes, the amplifier
can interpret the change as an incremental
position command. The amplifier decodes the
A and B channel signals to determine if it is an
increase, or decrease in position. If the encoder
is mounted on a motor that is controlled by

MA 02021, USA
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another amplifier and controller, it is referred
to as “"master-slave” operation. The master in
this case is the motor controlled externally, and
the Accelus™ is the slave, following the position
of the master in a ratio that is configurable
via CME 2™,

Master encoder signals as
position reference inputs

Pos++ Pos—

Ch. A i
Ch.B
[IN6] | Master Enc.
ﬁ-))—-« Ch. A

IN5
g 0N

Masler Enc.
Ch.B

MOTOR CONNECTIONS

Motor connections are of three types: phase,
Halls, and encoder. The phase connections
carry the amplifier output currents that
drive the motor to produce motion. The Hall
signals are three digita\ signals that give
absolute position feedback within an electrical
commutation cycle. The encoder signals give
incremental position feedback and are used
for velocity and position modes, as well as
sinusoidal commutation.

MOTOR ENCODER

The input circuit for the motor encoder signals
is a differential line-receiver with R-C filtering
on the inputs. The circult is shown below.
Encoders with differential outputs are preferred
because they are less susceptible to noise
that can be picked on single-ended outputs.
For best results, encoder cabling should use
twisted palr cable with ane pair for each of the
encoder outputs: A & /A, B & /B, and X & /X.
Shielded twisted-pair is best for noise rejection.
If single-ended encoders are used they should
connect to J2-6,7,8. Encoders that require 200
mA or less can operate from amplifier +5 Vdc
on J2-11. If mare current is required then +5
Vdc from the user system can connect to 13-
22 and will be available on J2-10. The encoder
input circuit is shown below.

26L832

ZZpFI

MOTOR HALL SIGNALS

Hall signals are single-ended signals that
provide absolute feedback within one electrical
cycle of the motor. There are three of them
(U, V, & W) and they may be sourced by
magnetic sensors in the motor, or by encoders
that have Hall tracks. They typically operate
at much lower frequencies than the motor
encoder signals, and in Accelus they are used
for commutation-initialization after power-
on, and for checking the motor phasing
after the amplifer has switched to sinusoidal
commutation,

Fax: 781-828-6547
Page 4 of 10
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MOTOR HALL SIGNALS (CONT'D)

HAM i T4HC14

33rF

MOTOR PHASE CONNECTIONS

The amplifier output is a three-phase PWM
inverter that converts the DC buss voltage
(+HV) into three sinusoidal voltage waveforms
that drive the motor phase-coils. The three
phase currents Iu, Iv, and Iw sum to zero so
individual conductors in the motor cable should
be sized for the continuous current rating of
the amplifier. Motor cabling should use twisted,
shielded conductors for CE compliance, and
to minimize PWM noise coupling into other
circuits. The motor cable shield should connect
to motor frame and the amplifier HV ground
terminal (J1-2) for best results.

+HV
Input

PWM
Outputs

Gnd 4 e Shid

GROUNDING CONSIDERATIONS

All circuits in Accelus share a common circuit
?round (Gnd on J1-4, and Signal Ground on
2-5,12, and 13-10,12,13,15,16). Input logic
circuits ‘are referenced to Signal Ground, as
are analog Reference inputs, digital outputs,
encoder and Hall signals. For this reason,
amplifier Gnd terminals should connect to the
users’ common ground system so that signals
between amplifier and controller are at the
same common potential, and to minimize
noise. The system ground should, in turn,
connect to an earthing conductor at some
point so that the whole system is referenced
to “earth”.
Because current flow through conductors
produces voltage-drops across them, it is best
to connect the amplifier HV return (Gnd) to
system earth, or circuit-common through the
shortest path, and to leave the power-supply
floating. In this way, the power supply (-)
terminal connects to ground at the amplifier
Gnd terminals, but the voltage drops across the
cables will not appear at the amplifier ground,
but at the power supply negative terminal
where they will have less effect.
Motor phase currents are balanced, but
currents can flow between the PWM outputs,
and the motor cable shield. To minimize the
effects of these currents on nearby circuits, the
cable shield should connect to Gnd (11-2).

The amplifier case does not connect to any
amplifier circuits. Connections to the case are
provided on connectors J2-1, and 13-1. Cables
to these connectors should be shielded for CE
compliance, and the shields should connect to
these terminals. When installed, the amplifier
case should connect to the system chassis. This
maximizes the shielding effect of the case, and
provides a path to ground for noise currents
that may occur in the cable shields.

Signals from controller to amplifier are
referenced to +5 Vdc, and other power supplies
in user equipment. These power supplies
should also connect to system ground and
earth at some point so that they are at same
potential as the amplifier circuits.

The final configuration should embody three
current-carrying loops. First, the power supply
currents flowing into and out of the amplifier
at the +HV and Gnd pins on J1. Second the
amplifier outputs driving currents into and out
of the motor phases, and motor shield currents
circulating between the U, V, and W outputs
and Gnd. And, lastly, lo%ic and signal currents
connected to the amplifier control inputs and
outputs.

For CE compliance and operator safety, the
amplifier should be earthed by using exter-
nal tooth lockwashers under the mounting
screws. These will make contact with the
aluminum chassis through the anodized fin-
ish to connect the chassis to the equipment
frame ground.

Amplifier

Controller

<:, N
C?unl ol /)3

Slgnal Gnd

7 el
Hoap as ahort
i
Rlksi ghoind P s possile
Eavpmem bame 1o TrTTT
== Each

Keep cannecions as ciose 83 pos sible
S ground 1o & common point s bes!

POWER SUPPLIES

Accelus operates typically from transformer-
isolated, unregulated DC power supplies. These
should be sized such that the maximum output
voltage under high-line and no-load conditions
does not exceed the amplifiers maximum
voltage rating. Power supply rating depends on
the power delivered to the load by the amplifier.
In many cases, the continuous power output
of the ampilifier is considerably higher than
the actual power required by an incremental
motion application.

Operation from re?ulated switching power
supplies is possible if a diode is placed between
the power supply and amplifier to prevent
regenerative energy from reaching the output
of the supply. If this is done, there must be
external capacitance between the diode and
amplifier.

HY g )
Accelus L b Sv;llljchgug
Amplifier wel
Gnd (-)| Supply
7

MOUNTING & COOLING

Accelus has slots for mounting to panels at
0° or 90°. Cooling is by conduction from
amplifier heatplate to mounting surface, or by
convection to ambient.

FUSING & PROTECTIONS

Fusing of input power connections to Accelus
protects external circuits from an uncontrolled
fallure of the amplifier. Fusing of motor
phase connections provides protection of the
motor from overcurrents due to either mis-
configuration of the amplifier, or uncontrolled
failure of the amplifier. Motor phase fusing is
recommended for linear motor applications
as this type of motor has a lower thermal
capacity, in general, than rotary motors due
to the mounting of the phase coils in epoxy
‘fins’. This factor, plus the higher cost factors
associated with linear motor installations
(mounting and accessibility, time to repair,
initial cost) make the use of phase-fuses
advisable as the ultimate protection for such
motors. In many applications, Accelus will have
peak and continuous ratings greater than the
motors’ ratings, so operator errors during setup
or adjustments can easily damage the motor
with little stress to the amplifier,

Depending on the application, fast-acting
fuses may be the fuse of choice for motor
phase protection. Typically, two fuses provide
sufficient protection for motor currents as
the phase currents sum to zero. If ﬁrounding
of the motor winding is possible, then three
fuses would provide complete ngotection for
any overcurrents flowing out of the amplifier
and into the motor.

Sizing of motor phase fuses should take into
account the peak and rms current over the
anticipated duty cycle of the motor, and motor
ratings. The final value selected should be
tested in the equipment to prove that no false
tripping occurs under worst-case temperature
and operating-current conditions.

The maximum input current to the amplifier
should not exceed its rated output currents
under normal operating conditions. Time-
delay fuses typically carry 75% of their rating
continuously, so choosing a fuse that can cary
33% more current than the continuous current
rating of the amplifier should be prevent false
tripping. The DC voltage rating should be
sufficient to carry the amplifier +HV operating
voltage.

Copley Controls, 20 Dan Road, Canton, MA 02021, USA
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AMPLIFIER CONNECTIONS
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NOTES
1. The function of input signals on J2-9, and 13-3,4,17,18 and output signals on
13-6, 11 are programmable, Default functions are shown.
2. The function of [IN2] on J3-5 is always amplifier Enable and is not programmable.
3. The active level of [IN2,3, and 4] is programmable as a group to pull-up or pull-down.
M
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J1: +HV, Gnd, & Motor U,V,W Qutputs
Molex/Beau 5,08mm, Eurostyle®, 5-position receptacle.

J2: Motor Encoder & Halls

Sub-D, 15-position, female. #4-40 standoffs for

cable connector shell screws,

J3: Amplifier Signals

Sub-D, 25-position, female. #4-40 standoffs for

cable connector shell screws.

Ja:

Modular receptacle. RJ-11 style. 6-position, 4-contact,

J4 SIGNAL

PIN

No Connection

RxD Input

Ground

DIGITAL SERVOAMPLIFIER
for BRUSHLESS/BRUSH MOTORS

MATING (CABLE) CONNECTORS

P1:Molex/Beau 5,08mm, Eurostyle®, S5-position terminal
block 860505-00, or equivalent.

P2: Sub-D, 15-position, male, #4-40 locking screws,

P3: Sub-D, 25-position, male, #4-40 locking screws.

P4: Modular plug. RJ-11 style. 6-position, 4-contact.

Note: Connector Kit ASP-CK contains one each of P1, P2, and P3.
P4 is part of the cable assembly in Serial Cable Kit SER-CK

Ground

TxD Output

No Connection

DB lW ||

J3 SIGNAL

PIN

Chassis Ground

Ref(+) Input

PWM Ref Input [IN6]

Direction Input [IN5]

Enable Input [IN2]

Motor Brake Output [OUT2]

Encoder X Output

Encoder B Output

Nl |lwlN| -

Encoder A Output

Signal Ground

Fault Output [OUT1]

Signal Ground

Signal Ground

J2 SIGNAL

PIN

Chassis Ground

Hall U Input

Hall V Input

Hall W Input

Signal Ground

Encoder X Input

Encoder B Input

Encoder A Input

O INO| OB [W|N] -

y

oc00OO0O0OQOQOOC0Q
[eReResRoleRoNeRoNeRe e

13

X

(m |
o0
oO
OO
(e}
O
(]
OD
Q
8|l |02
w Yl ®
2lvil «
(o]
R W =
GND||
+HV.)

NOTES

ASP ¢

1. The function of signals on J2-9, and J3-3,
4,6, 11, 17,18 are programmable.
Default functions are shown.

2. The function of [IN2] on J2-5 is
always Amplifier Enable and is not
programmable. The active level of [IN2]

is programmable, and amplifier Reset
with enable is programmable.
J4 PIN | J3 SIGNAL
14 Ref(-) Input
15 Signal Ground
16 Signal Ground
1 17 [IN3] Forward Enable Input
18 [IN4] Reverse Enable Input
19 Encoder /X Output
J3 20 | Encoder /B Output
21 Encoder /A Output
22 User +5V Pass-Thru
25 23 +5V @ 200 mA
24 RS-232 TxD Output
25 RS-232 RxD Input
9 PIN | J2 SIGNAL
9 [IN1] Motor Temp Sensor
J2 10 | User +5V Pass-Thru
11 | +5V @ 200 mA
15 12 | Signal Ground
13 Encoder /X Input
14 | Encoder /B Input
15 | Encoder /A Input
1
J1 PIN [ J1 SIGNAL
1 Motor U Output
2 2 Motor V Output
3 Motor W Output
4 GND
5 +HV Input

Copley Controls, 20 Dan Road, Canton, MA 02021, USA
Web: www.copleycontrols.com

Tel: 781-828-8090

Fax: 781-828-6547
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POWER DISSIPATION

The charts on this page show the amplifier internal power dissipation for the Accelus models under differing power supE‘Iy and output current
conditions. Amplifier output current is calculated from the motion profile, motor, and load conditions. The values on the chart represent the rms
(root-meanisquare) current that the amplifier would provide during operation. The +HV values are for the average DC voltage of the amplifier
power supply.

When +HV and amplifier output current are known, the amplifier power dissipation can be found from the chart. Once this is done use the data
on the facing page to find amplifier thermal resistance. From this calculate the maximum ambient operating temperature. If this result is lower
than the known maximum ambient temperature then a mounting with a lower thermal resistance must be used.

+HV (Vvdc)
50 Amplifier Dissipation vs. 180 N
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40 Amplifier Dissipation vs. 80 g
OQutput Current
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©
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7] 16~
2
g 0~
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Output Current (A)

m
Copley Controls, 20 Dan Road, Canton, MA 02021, USA Tel: 781-828-8090 Fax: 781-828-6547
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MOUNTING

Thermal data for convection-cooling with a
heatsink assumes a vertical mounting of the
amplifier on a thermally conducting surface.
Heatsink fins run parallel to the long axis
of the amplifier. When fan-cooling is used
vertical mounting is not necessary to guarantee
thermal performance of the heatsink.

TOP VIEW, VERTICAL MOUNTING

Accelus Panel

i

ol o

a2
°q
]
3 .
o 3|
° h
= o]
38 =<
ae
(e]
|
80 mm
Fan

Note: Fans are customer-supplied

Copley Controls, 20 Dan Road, Canton, MA 02021, USA
Web: www.copleycontrols.com

THERMAL RESISTANCE

Thermal resistance is a measure of the temperature rise of the amplifier heatplate due to
power dissipation in the amplifier. It is expressed in units of °C/W where the degrees are the
temperature rise above ambient.
E.g., an amplifier dissipating 20 W mounted with n
rise of 28 °C above ambient based on the thermal resistance of 1.4 °C/W. Using the amplifier
maximum heatplate temperature of 70 °C and subtracting 28 °C from that would give 42 °C
as the maximum ambient temperature the amplifier in which the ampifier could operate before
gaing into thermal shutdown.

END VIEWS
VERTICAL MOUNTING

J

JIonaaum

DIGITAL SERVOAMPLIFIER
for BRUSHLESS/BRUSH MOTORS

ASP ¢

o heatsink or fan would see a temperature

NO HEATSINK, NO FAN “CIwW

CONVECTION

2.9

1

HEATSINK, NO FAN

"Crw

CONVECTION

.7

6%

HEATSINK + FAN

e

FORCED-AIR, 300 LFM

0.6

Tel: 781-828-8090

Fax: 781-828-6547
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E40 Series

Diameter ¢ 40mm Shaft type/Hollow type/Built-in type
Incremental Rotary encoder

m]Features

e12-24VDC power supply of line driver

output{Line=-up)

®Easy installation at narrow space

®Small moment of inertia

®Power supply : 5VDC, 12-24VDC £5%

®Various output types

E40S SERIES

A

Please read "Caution for your safety" in operation
manual before using.

Cce

E40H SERIES E40HB SERIES

mOrdering information

wSpecifications
Item Diameter ¢ 40mm shaft/hollow shaft/hollow built—in type of incremental rotary encoder
»1,*2 5,710, *12, 15, 20, 23, 25, 30, 35, 40, 45, 50, 60, 76. 100, 120, 150. 192, 200, 240,
Resolution(P/R) (Notel) 250, 256, 300, 360, 400, 500, 512, 600, 300, 1000, 1024, 1200, 1500, 1800, 2000, 2048,
2500, 3000, 3600, 5000 (Not indicated resolution is customizable.)
QOutput phase A, B, Z phase (Line driver : A, A, B, B, Z, Z phase)
Phase difference of output Phase difference between A and B : {— E —g— (T=1cycle of A phase)
« Low «» Load current:Max. 30mA, Residual voltage : Max. 0.4VDC
Totem pole output | * High = Load current:Max. 10mA, Qutput voltage (Power supply 5VDC):Min. (Power supply—2.0)VDC,
Output voltage (Power supply 12—24VDC):Min. (Power supply—3.0)VDC
Control 2;{:;z$gutpul Load current : Max. 30mA, Residual voltage : Max. 0.4VDC
5 ekt Vollage oulput Load current : Max. 10mA, Residual voltage : Max. 0.4VDC
e s Ry B A )
§ R Totem pole output Max. 1ps ' -
w lilr)ne NPIN open R Tus * Measuring co.nldnmn tF
2 (Rise/ collector output : Cable length : 2m,
= all) Lo oy Max. lps [ sink = Max. 20mA
@ Line driver output Max. 0.5us
Y Max. Response frequency 300kHz
Power supply + 5VDC £5% (Ripple P—P : Max. 5%) =+ 12-24VDC £5% (Ripple P—P : Max. 5%)
Current consumption Max. 80mA (disconnection of the lvad), Line driver output : Max. 50mA (disconnection of the load)
Insulation resistance Min. 100MQ (at 500VDC megger between all terminals and case)
Dielectric strength 750VAC 50/60Hz for 1 minute (Between all terminals and case)
Connection Cable outgoing type, 250mm cable outgoing connector type
§§ Starting torque Shalt Type : Max, 40gf - cm(0.004N - m), Hole Type : Max. 50g( - cm(0.005N - m)
g "S Moment of inertia Max. 40g - em* (4 X 107" kg - m?)
f';’ § Shaft loading Radial : Max. 2kgf. Thrust : Max. lkgf
= 2| Max. allowable revelution | (Note2) 5000rpm
Vibration 1.5mm amplitude at frequency of 10 to 55Hz in each of X, Y, Z directions for 2 hours
Shock Max. 50G

(e | g [ e e I T e —
Series Shaft type |Hollow type|Pulse/1Revolution| Output phase Qutput Power supply Cable
S:Shaft type External Inner 2iA B T:Totem pole output Blank:Normal
H:Hollow type 6:¢p6mm Refert S‘A' B 7 N:NPN open collector |5 :5VDC £5% type
HB:Hollow 6:46mm |8 ¢8mm re:cﬁfﬁocn AR BT output 24:12—24vDC |(#)
built=in 8:¢8mm 10: ¢ 10mm Uh I T2 —|ViVoltage output +5% C:Cable outgoing
type 12: ¢ 12mm B:A, A B. B, Z. Z1) - ine driver oulput connector type
# Standard © E40S6—(PULSE|-3-N-24 % Standard:A, B, Z #Cable length

E40HB8—|PULSE|—3-N—-24

1 250mm

E40HB8—| PULSE|-3—-N-24

Ambient temperature

—10 to 70T (at non—(reezing status), Storage : =25 to 85T

Ambient humidity

35 to 85%RH, Storage : 35 to 90%RIH

IP50(IEC standard)

Protection

Cable # 5mm, 5P, Length : 2m, Shield cable(Line driver output : ¢ 5mm, 8P)

Accessory « Shaft type : 4 Bmm coupling standard, ¢ 8mm coupling (Sold separately) = Hole type : Bracket
Approval C € (Except for line driver output)

Unit weight Approx. 160g

# (Note1) '+' pulse is only for A, B phase(Line Driver output is for A, A, B, B phase)
# (Note2) Max. allowable revolution = Max. response revolution [Max. response revolution{rpm) =

Max. response frequency

X
Resolution 60 sec.]

Make sure that max. response revolution should be lower than max. allowable revolution when selecting the resolution.

Avutonics



Incremental ¢ 40mm Shaft/Hollow Shaft/Built-in Type

mControl output diagram

Totem pole output NPN open collector oulput Voltage output Line driver output
Rotary encoder cfrcun[ Conneclion Rotary encoder circunl Connection |Rotary encoder circuit| Connection |Rotary encoder cnrcuitl Connection
; t + 1
] o~V LY = A~V — ) AtV
i : O
Inflow current *1 h 10utflow current
o ‘Max. 30mA - i Load - R 1:Max, 10mA —
3 +||8 o +||2 Bl ¢
e d = tput = =
= O Oulpul L 3 A ulpu L = 3 ulpu 1 5
< ; #2 | _|e y -1le : -l
o Qutflow current 5] 1 Inflow current 5] J ' @
B ¥ Max. 10mA = £ :iMax. 30mA = ¥ ¢ les =
1
A0V A0V AV
| @ ° L] @ O L ® O
L

e®Totem pole output type can be used for NPN open collector output {ype (¥1) or Voltage output type (3#%2). prag
®All output circuits of A, B, Z phase are the same. (Line driver output is A, A, B. B, Z. Z) aew

@ Qutput waveform

eTotem pole output / NPN open collector output / Voltage output

T !
-'l+l >
27 4
H
A phase ’
L |
:l AN !
48 |
" \
H i i
B phase —_:_I__L;_
L L !
. h
v | i
Z phase ' T
(H . T .- E

= Clockwise (CW)

#¥CW @ Right turn as from the shaft

e®Line driver output

T .

H : |

AphaseL_ll—Lll |

= e —t PN % :

A phase L !' l'I |

12 i

i 14 8 '

B phase i : I E

B phase E : ;

: ;

Z phase ' ] |
L | v T

- H ] -} !

Z phase L 1-4—-——-»]

— Clockwise (CW)

mConnections

HNormal type

e®Totem pole output / NPN open collector output /
Voltage output

&=

Black:QUT A

White:QUT B

QOrange:OUT Z

Brown:+V(5VDC, 12—24VDC *565%)
Blue:GND(0V)

Shield:F.G

# Unused wires must be insulated.
# The metal case and shield wire of encoder should be grounded (F.G).

eline driver output

— Black:OUT A

— Red:OUT A
While:OUT B

— Gray:OUT B

— Orange:QUT Z

— Yellow:OQUT Z

- Brown:+V(5VDC *5%)

— Blue:GND(0V)

— Shield:F.G

W Cable outgoing connector type

®Totem pole output el ine driver output
NPN open collector output
Voltage output

rolter

Totem pole output
NPN open collector output Line driver output
Voltage output

Pin No| Function |Cable color|Pin No |Function | Cable color

@ ouT A Black 0] ouT A Black
@ ouT B White ® | ourA Red
@ ouT Z Orange ® +V Brown
@ +V Brown ® GND Blue
® GND Blue ® | ouTs White
® F.G Shield ® | ouTB Gray

@ ouT Z Oraniye
® | outZ Yellow
@® F.G Shield

#F.G(Field Ground):It should he grounded separately.

Avtonics



E40 Series

mDimensions

HNormal type
eShaft type

(Unit:mm)

3-M3x%0.5DP:5

Cable for normal type
¢ 5mm, 5P(Line Driver output : 8P},
Length:2000, Shield cable

fe~]

M3 Bolt mounting hole

i

Cable for normal type

F o ¢ 5mm, 5P(Line Driver output : 8P),
<io 3 Length:2000, Shield cable
A 96 | 98 [p10] 12
Tolerance T
E40HE B p15 | 917

HMCable outgoing connector type
©Bracket(E40H, E40HB)

3-M3X0.5 DP:5

o

_nJ

\\M3 Bolt mounting hole

P.C.D 46
©Coupling(E40S)
® ¢ 6 Coupling ® ¢ 8 Coupling
915 22 ¢19 . 25
38 o - 3 . H p:
Conn:actor cable 1{5 .c..us.tomnzable and 58 28 $8° o 3.4
see G—6 for specifications. bbb e — e -
\4-H3x0.5 \4=Mdx0.7

F—11 Avtonics
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UPS 52 PULSTAR V BRAKE TYPE SERIES

5-Phase Stepping Motors and Drivers*
with Integral Fail-Safe Electro Magnetic Brake |

' High Torque Version |

A New Generation of 5-Phase Units Employ Rare Earth Magnet Technology
to Offer the Highest Performance Stepping Motor/Driver Package Available.

« Very High Torque in a Compact Package.

« 500 (Full) / 1000 (Half) Mcchanical Steps

per Revolution.

« Virally No Low Speed Resonance.

+ Fast brake activation time (20ms).

* The brake can be used to gain additional

static holding torque.

* Protected by US/Intl. Patents

UPS 32 Series (A) after the unit # denotes single shaft configuration. (B) after the unit # denotes thru-shaft configuration.
MOTOR AND ROTOR
MOTOR DRIVER MAX. HOLDING | INERTIA STEP PHASE | MOTOR
SIZE | COMBINATION TORQUE oz-in ANGLE | CURRENT | WEIGHT
(mm) UNIT # oz-in (kg-cm) (gem?)  |FULL/HALF (A) oz (kg) DRIVER TYPE MOTOR TYPE
UPS52-564 ACM 58.3 (4.2) 0.87 (175) [0.72°/0.36° 1.4 17.6 {0.5) UPS52-130 PF 564 ACM
23
(60) UPS52-566 ACM 115.3 (8.3) 1.4 (280) [0.72°/0.36° 1.4 26.4 (0.75) UPS52-130 PF 566 ACM
UPS52-569 ACM 230.5 (16.6) 2.8 (560) [0.72°0.36° 1.4 45.8 (1.3) UPS52-130 PF 569 ACM
UPS52-596 ACM 291.6 (20.9) 7.0 (1400) |0,72°/0.36° 1.4 52.9 (1.5) UPS52-130 PF 596 ACM
34 e .
(85) UPS52-599 ACM 568 (40.9). 13.5 (2700) |0.72°/0.36° 1.4 88.2 (2.5) UPS52-130 PF 599 ACM
UPS52-5913 ACM 873.5 (62.9) 20 (4000) |0.72°/0.36° 1.4 123.4 (3.5) UPS52-130 PF 5913 ACM

Other Specifications

Motor Driver
Step Angle & ;
Aocuracy | =3 min UPS 52 - 130
Shaft Radial
Play 0.025 mm max. / load 0.5 Kg Drive Type Star Bi-Polar. Constant Current Chopper
Shaft Axial ;
Play 0.075 mm max. / load 1 Kg Power Requirements | 115 ~ 120V AC. 50/60 Hz
Dielectric No abnormality detected after | -
Strength the application of 05KV al | Power Consumption | 4 Amp Max.
22;{frggatfoerndm?ﬁ;:é?(g:gS5 Built In Functions Auto current reduction at stand still. Current off. Excitation timing
minute. signal output. Driver overheat warning signal output.
Insulation Class B Input Pulse Types STEP and DIRECTION or CW/CCW signal (selectable). All
Class opto isolated. Voltage H = 4 ~ 5V. L = 0 ~ 0.5V. Resistance 220 chms.
Insulation 100M ohms or better with : No abnormality detected after the application of AC 1KV between case
Resistance 500V potential applied Dielectric: Strength and power input terminals. case and signal I/O terminals, signal 'O
between motor windings and terminals and power input terminals tor duration of gne minute.
i :
[;%thﬂ?éﬂﬁga,mﬂ?é}{y Insulation Resistance | 100M ohms or better with 500V potential applied between case and
. ) power input terminals and signal IFO terminals.
Operating ratin
Environment | 0°C ~ «50°C ! gr?firgnﬂ?en[ 0°C ~ + 40°C
Temperature i Temperature
C-57
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UPS52 Driver Functions

UPCS’V
POWER O/
MONI (O C.ADJ
HEAT O

CC.ADJ

ACD
ACO

FULL
2P

e
CW PULSE
| SURRNI

CCwW CwW/CCW
—_ .

E
E
r—"'E
[
E

L\

Power indicator LED

Current Adjust (Motor run current adjustment)
Each driver i pre-adjusted for the applicable motor meluded with i pachage. This adjustment should not be
changed unless o lower current fevel setting is absolutely needed i order to reduce motor torgue and

motor drive heat generation

CC. Adjust tmator standstill current cutback adjustment)

UPSE2 drivers sre cquipped with an auto-current cuthack teature when the motor s atstand st cidle )t reduee
motor heat buildup when not runninge,

Adjustable range is from 207 10 9% of motor run current salue which is set Iy C.ADJ pot. Clackwise rotation
of this pot mcreiases motor standing current. and counterclockwise reduces motor stunding current. Fucton set
salue is 3077 1 motor holding torque at stand stll is not needed. this pot miy be setat the lowest value tully
counter clockwise | 1o nnminuze motor heating. This tunetion s aetnated 200mS atter the motor stops

Automatic current reduction rcurrent cutback) switch
When this switch s in QFTF posinion. current cuthack tunction s disabled

Automatic current ofl.
When this switch s m the ON posttion and the onboard emperatuee sensor reaches 13 1700 Crthe
drver will agtomanically cut all carrent o maotor. The OFF posezian will disisble this fuheten

Step angle selector (Full step = 0072 Half step = 0360

Inpul pulst selector,
1P = STEP DIRECTION Mode 2= OW COW Maody

CW step mpot termingl (3% negative logic
Cow ar N o 3N = ONC Tror N 0 S\ = OF ) Palwe moot tor CW motor rotator
When slep and direction mode selectodd, s et aceepts the STEP ipue

COW step input teeminal 3V negative logic)
ihom or N o UAY = ON, Hioe 3N e 3V = OFF1 Pulse input tor COW motor rotation.
Witen step and direction mede selected. this termmad accepts tie DERECTION mpus

Mutor current shutofT signal input terminal (5% negative logicy
Muater winding cureent turn-oft signad tapul. When this input termuinal s hept ON, the dener wilioutput no
mutor current. CAUTION: The mator wilt produce no holding wrque

Excitation timing ZERO outpul terminal
This terminai provides opto isolared open collector outpul 1or excitition tming ongin i step #0) of the motor. A
vreen LED indwator which sill light when this terminai turns on o provided tor visaal iming representation

Driver uverheat alarm output terminal
This teeminad provides opo solated onen callector output tor dever overhedt condions when the anboird

temperature sensor detects the drver’s heat sink temperature to exceed 1387 F (70 C)

Motor lead terminals (Motor power outputs:
Conneet codur caded motor leads to these terminals

AC power inpul terminal
Conneet 13V (nominaly AC (506U H 2} line power to these eeminads. Use 20 AWG or larger leads tor

connechions

Frame Ground
Conneel Lo system groind poing.

CAUTION: TO AVOID INJURY BY ELECTRICAL SHOCK & DAMAGE, DO NOT TOUCH MOTOR LEAD TERMINALS WHEN THE POWER IS ON! i
MAXIMUM MOTOR CHOPPING VOLTAGE WILL APPROACH 140VDC.NO CONNECTION CHANGES MAY BE MADE WHILE THE DRIVE POWER |
IS ON. HAZARDOUS VOLTAGES MAY BE PRESENT AT THESE TERMINALS. IF THE MOTOR OUTPUTS ARE SHORT CIRCUITED, SERIOUS I
DAMAGE TO THE DRIVER WILL RESULT. THIS WILL NOT BE COVERED UNDER WARRANTY, AND WILL VOID REMAINDER OF THE ORIGINAL |
PRODUCT WARRANTY. IF MOTOR LEAD TO TERMINAL CONNECTION IS TO BE MADE VIA A CONNECTOR SET, DO NOT USE MALE
CONNECTORS OF ANY TYPE TO TERMINATE DRIVER OUTPUTS TOTHE MOTOR. ALWAYS USE FEMALE CONNECTOR ON DRIVER OUTPUT
SIDE TO AVOID POSSIBLE SHORT CIRCUIT ACCIDENTS. |

C-59
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UPS52 Series Brake Type Dimensions

All dimensions are shown in millimeters. To obtain inch equivalent. divide given number by 25.4
fex. 85mm + 254 = 3.346 in.)

UPS52-564ACM I UPS52-566ACM
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Electromagnetic Brake Specifications:

PF56XACM |  PF59XXACM
Brake Coil Voltage: DC 24V * 5%
Current Consumption 0.25A 0.42A * This is not a speed control brake
Brake Holding Torque 8 kgem 40 kgem # Motor must NOT be started before
Brake Activation Time 20 msec max 20 msec max the brake is released.
Brake Release Time 30 msec max 50 msec max
Duty cycle Continuous

Input Pulse Waveform

Gl \ \ / tH(ON) 2 6u s
12 (OFF) 2 10u =
Y A" <R S . 3 < 2us
CWI/GCW ; 4 > 200 s
7 ¥ oW ‘ 15 = 24u s
t1 t2 15 t4
t3 t3 t3

Input voltage: High =4V to 5V. Low = 0V to 0.5V

Required input pulse characteristics

Pulse duty: 509% or less, Width: 6 micro sec. or more, Rise/Fall time: 2 micro sec. or less.

3. If the input voltage exceeds 5V. use a series resistor of an appropriate value to limit the current flow through the opto-

coupler LED to 15mA.

UPSS52 Series Brake Type Connection

Users Motion Cantratar UPS52 DRIVER Driver Installation Notes
*

=

-5y No connections or physical installation should be
Tursted Paic Laacs ch, 22961 Opto-Coupia? performed while the driver power is ON.
e T TR * This driver is primarily designed for indoor use.
i \ i . . .
e = b 2 * Avoid contact with corrosive materials, water, oils
'i 2200 and excessive dust
Drecton o1 X X S = RETD * [t may be necessary to install DC line noise
CEN ok & o filter(s) where strong noise sources exist near the
i Lk, 2200 driver. The line noise induction problems may be
N7 - i AUO1 . 5 £
o ‘°"U % i.\ : improved or avoided by a careful wire routing
& . plan.
i * Be certain that conductive particles do not fall into
- the driver’s internal structure.
kg PESXX ACM
1 B i | Excitation Timing Out 1y MONI 5-Pnase Stepping Motor
Ry f I
ﬁ:’i: Drver Overheat Oul T HEAY —
1 e T
o e
Mo
anD ™ com . Stor Leads
RED ® . .
Supplied surge arrestor (no polarity) must
1SVAC 11SVAC WHITE
Pt be connected between the + and —
T15VAS HROWN .
terminals of the 24VDC supply.
Fi BUACK y————————ai
Ground (22 AWG M) ocasv

Brake coil Suign Arresior (Supphed]

C-61
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UPS52 Series Brake Type Dimensions ‘ unit: (mm)

All dimensions are shown in millimetres. To obtain inch equivalent. divide given number by 25.4
(ex: 85 mm + 25.4 = 3.346 in)

UPS52-599ACM

UPS52-5913ACM

} 2164 [T AP A
179:%

P
600 __15_ 20 |
g, iy L 3

15
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