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ABSTRACT

This  research present about labor-saving devices for tooth extracting
forceps design by using DC motor and Stepping motor that will assist to move the tooth
along the direction: These devices can be adjustable for any tooth extracting forceps.
Labor-saving devices for tooth extracting forceps are controlled by ATmega328 that can

identify position. This research can improve performance of the dental.

Keywords: Labor-saving, Tooth extracting forceps
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P88y wuv 2 wassnsesunantudeldmdilinniudu 2 whwealuy Wave Drive

A15199 2.2 druniseunszuawuuasanauss Stepping Motor

Step  Phase A Phase B Phase A’ Phase B’

| ’ 1 1 0 )
2 0 i 1 i
3 0 (3] i i
a 1 O i 1
> Backits Sten]

- mmwauqummm?mﬂa (Half Step)

Wunrsieunszuauuy Two Phase Way Single Phase adunisluniumisng
2.3 FudumstivnuagBnvesiiimidunism ussdaildnmsnsydumauuuiowd
WianTu nsgtasesaiuissurduas Tumsnsgsiunuuiagdesiinsnsefuilivads 2
a1 Jeaglfsrosmasatiiuvitumanssduiiivsndafsirenuy 2 wuksn Auandeaves
nmamyuiumisesAsediivifuroarhuewutisn augniessesiunisiifvundsiiunn

Yuavsaslardslwuinay

= o as = .
A15°90 2.3 §1RUNTURUNSTLALUUASUWETDY Stepping Motor

Step Phase A Phase 8 Ph_:ggf«v E»;haze;- [s'w
5 S " . = - . ‘
2 i ¥
3 0O 1 (4]
4 O i i )
5 ) 0 1
8 a o i 1
F G 4] ]
8 0 0
9 Back to St 1
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AULSINISUYUVBIUNY  Stepping Motor qusgiunismiagaan (Time
= v

Delay) luusiazd1iu 61 Time Delay ff1dos unuasvyuiir@u 61 Time Delay fiAnunn

wnuIsnyU ke ryuldasEe

2.2 UamaslWAINTILENTS

m‘%aﬁﬂ‘iﬂalw%ﬂwLLamqLﬂmﬂ%ﬁﬂiﬁﬁwﬁ’]ﬁLLﬂaqg‘thé’wmixwi’m
wiselwihinszuanssiundnuna Insftriesdnsiulaenismuiingu (Rotor) il
Lﬂ‘%’laaé’ﬂmﬂaagﬂwé’dmunalﬂL?Juwé’&mulw%n'i:LLam'm%'sm'h “L@3narnidnluiy
Nsewansa (DC Generator)” LLasfﬁLfﬁ'aﬁmLLUaaEUwﬁNWIWﬁWﬁWﬂixL,Lamqlﬂl,ﬂuwé’wm
NALTENIT “UBIMBINTELanTY (DC Motor)”

(3] mamaﬂﬂﬂ’]ﬂizLLamiqﬁwﬁwﬁ'LL‘LJaagUwé’amumnwé’wwlﬂﬁﬂ
nszuansaluilundanuna Taafleteulnihnsvuansadidauiiiueisunaes vesaines
IWihnssuansasdrauiammesiunysuasyinihildadseanseuaiinadnvnaineidun
Wwes Jansvuatinsusasiidnvasnsldvaudminuislnaiammiuasinelddansetny
nszuaaslnaluiensedn naildfe ustafiinnnaunautimanisaestautiviniiognss
Trufursiinsedniiaduiy dauthuimdnvesuowmesiinssuanssasvianifadi
auudmdnduluvinideanis e 199zaiislagunalnnseduauuwingn (Field
excited coil) #instiounszualwitndnlunseduliiAnaunauslmdnvielfidingnans
(Permanent magnet) tusiansziuldifinaunuusingn

MBLG]E)%IW‘N’Iﬂ‘iSLLﬁﬁiﬂa’lﬂJ’IiﬂLLUIQBE]ﬂL‘ﬁUWﬁ']EJﬂiﬁLﬂﬂ%u%)%iﬂ‘l)ﬂﬂ‘l:}mg’ﬂaﬂ

nsasatawivan
uawe NNz uanTUUUTImMANDTS (Permanent magnet poles) &4
v 1 a & o v g v = ' < o v
Tudmanydniardudindnarisndudrliusundounisudivan (mmh ioad1udunss
1 [ ) T o <] i 2 da 1 1 < ¥ 1
wiwmdindeds (¢) nsusiivananadumswimanisieuvuiwiuvesaunuudlindnandniog
(Permanent magnetic flux density %38 Residual magnetic flux density : B,) agﬂmmu
& = o ° v v 1o & w Y - o 8 w
wangaiigwenazthluldnulaeilidndudedounssuanssduauuwivan vilfanain
o & o v - 1 oo 0 YV a v 1y o v
Munvzasaluilvamenseduanimuivgn vinlilAndedife lidoslasvesuamnnsedu
auuimin Gsdawalivuisvewameiavidnniuuvunaianssduaunuuiingn wazlld
AnugyidsaInIeTaiauuwimin dwaliilunsiinussavinmuazanmiuiouves
1= a oA 8/ M v 1 1 = A
vawnes willdeidefie afwvualnglienn liaunsamuauaviuusdvin uaziinisideuuay

ANAIYBIAUNLLILUEN
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anuwazrasnumdniiluwivina1sdigain Hysteresis loop w89unu
=3 P o o =1 ] ] [
wanlu Quadrant 71 2 fagUM 2.6 FefAMIUNUIMULTBIAUIULIMENANAN (B, ) gauay

2/ 1 . . , . = °o 8 v i a
fodldA1 Coercive magnetic field intensity (H,) galunisiazvitliaunwimindandu

a1 o d { 1 ¢ ¢
Aud dnszudefunmesiligawiny flenmadssiusuadauudvaninihanersuiaeiae

2

o v 1] ‘l; 1] = : VY o v 1 1
yilaunwdindnandrudimantameulayvinlranuduudmdnansanatuasAnunuiuuy
aurumananA1avasuly nseaisurstauiuulimdnetavinliinnnuiou Faiavuls

1 Ad 1 = =l
sewinndnsmelvamAuRimdunaiuiueg

Flux density
Flux density at
saturation(Bs)
Reteativiy (Br)  ———a 2/
First magnetization
Coercitive field (-He) e
oercifive -
-H -\ H
He
Magnetic field

-B

4 : ¢ .
UM 2.6 Hysteresis loop woswnumaniifinnmiuwivanas

2.3 Step down converter

[4] 2995 Step down converter wsBl38ndnoenaiiaan Buck converter 1y
= s v o -d s s v 8/ = ¢ o
Wamasusulwi limasdowminzauduaisldnu Tassaduesaslssnauaiedingi
O & v ey Y = o awva a ¢ a
annsaddldl ON 3o OFF léynvaiznmimisadoens lunma foRaindildluneasaidie
¢ a a | Y o | a A
guUNsalain@agu BJT, MOSFET, “1a% usnainldadlduusznauduqanaa Condenser,
Inductance wa¥ Diode
< % a eaa o a & W o
1H92995U52NoUALEINTNINTST ON %78 OFF (AATUALFABIINITUENIIAT
| ] < P P | w oa do w 1 ot
panilu 2 daufie daufl ON w3e OFF iliasainasasiiuandreaiu Asddydnegramilsfianis
AvueiiAmianisinavesnseiauazissruiinnasauuugUnsalnnes liadndavegluanie

ON %38 OFF azsalifisymaieriuaue Jazdudiveinszuatazusaiulviiiaglignses
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iin
. s L
Gate

Vin vd 4D € wo © Ricad

vin 7 — € Vo & RLoad

Vin =0 = P ~ 8o | “Rigad

(&) Switch OFF circuit

3’1]17; 2.7 1933 Step down converter

2.4 vauijjuainlulasraulvsaiaes Arduino

Py = sJ | o 14 = [ YY)
[5] Arduino ﬂamiawamwﬂmaumLmaimm‘smumymﬂzumﬂmauaﬂ

6 s

1 o '3 2 1 =l - = 1 v d] ddz
wazadsdaalunivaugUnsaineuenlaegieiuseans nanauanninldiaseendnlde 6
usinanuuUIINlllaTABLRImasINAEILas dlUsunTuRRIL A UL sulUsunsu T uase

197U

o

. & o A 3 s = = =)
Arduino @mnsaUssgndvineaiedldelaiee Sudygraainaing wie

[ 7]
2

o L3 o = v o ° a
UL LAYAIUAN aBAlW, uaiies, uSeaUnsaliug Arduino Wuldswuuhaudasy

v
=t

a4 e a 1w o < aa W ¢ 1% < &
Wia‘ﬂqﬂqumm‘ﬂ@ﬂ‘UI“L]'iLLﬂiﬂJVWI'N']uUuLﬂ'EENW‘ﬁ W?Uﬂiﬂaqw'ﬁﬂﬂiﬂﬂ@i}mu‘bﬂk@\TVﬁE]"ﬂS‘UE]

9 Aa ' ) . .
duSaiifvne drulusunsuiaun Arduino @wnsaaiilvanlans
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HADE IN @ . ®

i ITﬁL'Y $OF i?.‘-. 14

- N s “.‘ b

i B | o eI g ‘;.L:

| i e Arduino
v :Rxo 28 e

we  Diecimila
LIS 2

£
3

L]
[errere—"
Wi

¥ o

‘jusa

ANALDG IN J
81273 58

JUT 2.8 fee19U8%0 Arduino Ju-Uno R3

2.44 mqwaﬂ%’ua%m Arduino
lunanlulasreulnsaieasdiudonuinuie 1y Parallax  Basic Stamp,
Netmedia's BX-24, Pidgets, MIT's Handyboard, tasdnuatsuisniidnnauslndideeiu
Aevilvlvaudenaztunisiusunsulilasneulnsaiaesitundn Arduino Alrwiieafuums
Tounnansiiviulddade
o T1mlaiung
o ulivarsunanwedy - Tusunsuiam Arduino - vharulsnavuiuland,
Macintosh OSX, wa¥ Uuaund Tuvaefivesasunauldenzuuiulad
o ldemde, Musunsuiamndlddudou - lWsunsuiaw Aduino Idaudedmsy
folmluagliniuanansnAsuALABINg
o Uawmpyasdlan uag dlunaninssanls - [USWLASL Arduino ARURLUUDAMEYDS
aldn wavaunsndiuALAITNENT AN Gy Library,  BdipsnsAnwliand
annsnduliidy AVR C @aifusuwuures Arduino, wavdiunsoufisifiy AVR - C
TAnlalaensadnfoanis
o 1 UnNE995 wag UluAmuIve1e hardware 19 - Arduino Mlulasreulnsaiaasues
Atmel W3 ATMEGAS waz ATMEGAL68 2935983UasaRfunkuuLdnme9asnels
Creative Commons License Amainsailufnudassovesuasiivyuszansam

Wafnwnsiaulens [6]
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2.4.2 qaautRvosuainlneiialy

1. ATmega328P-PU, $ufin11a37 16.00 MHz

2. yuvesnazilans LED, THuans power uaeil pin 13 dmiunnaousaran
@04 LED fluamana TX, RX

3. Pin vuueialuluuinsgIunuuesnues Arduino Useneuluse
Digital O thru 13, Analog 0 thru 5, ARef, 5V, Ground, Vin and Reset

4. 6-pin standard ICSP header

5. Auto-reset capability

A19199 2.4 AnuanTRveuase Arduino

ws9AulWAn 5V

W3eeu (Luzin) 7-12V

useAUBUNY (F71iR) 6-20V

#3098 /O Pins 14 pins (i 6 TWnanan)

Pins awndandunn 6 pins

nssuansadl 1/O pins 40 faduoud

NUWAMUT WA AY 32 flalud (ATmega328) 4 0.5 Alalug
Tnele bootloader

SRAM 2 flalufl (ATmega328)

EEPROM 1 Alalud (ATmega328)

AMULEIFY Y IUIRN 16 MHz
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2.5 minruauuanesiWinszuanseiae PWM Tu Arduino

msfvawmeslwinnszuanssasiionisuyulfiussfostoussiuliyanan
meluneined 2 yafe YaanaanseiuawInwlmanlii wavypunainersuiaes Tnens
muRuMsyLTemBIResEuildlasnsmunuUSnunsuaTisedh furmaas 2 KR
o1avhldlasmisldileasnusuatld waimsliSleadinasshlidnsaydeidsanuluiuileasn

24 & wa = a = sal 1w Vo w =t W Voo )
envisdsiidymiaausedanlinnuemesiates edidedsldihnmsaunulngldudnnng

U

|7 7
U

Wadinuagiadu (Pulse Width Modulation) uildlunsideaded Faluiinismunuuewes
Iwinsvuanseifledldfuunsvanelutiogty iesniiusednsamasanansauuuseiils
sgvandon Aansgydomaetdslniieh wazdilusedavesuameslusaumeld 8ni
ravensssmuguitivnadndemintiiasdianmsedndlunismua

PWM [7] #031970 Pulse Width Modulation 38 nMsusumnuninewes
Wadlnenisienaesdy el uiieuny Tnedyarnusnd edugrawivie (Carier
signal) dadudynnugaumdouiasdndoyafe gy niresmsuiuauninweiad
(Modulating signal) endeghaau dygraguaduled lsduanadldannsiaesdoygio
tafunnuiuazdvwiaiesndganiuivdyn uesnianiazdvuinmiuiuaanuni

vasadiiuiugamane fagui 2.9

o1 = R
‘_.E . f%/ f’- / N ,4 / / / .‘., / /a 'ﬁ / |
< LW A S TR AR A L 1
NN [ETATRIATA T I I8 .-I;. il V! L4 1)
@ 0 F " | 1 ‘- ad

| —r “rrermo e e
= \ N
o ¥ ¥ r " ] ;
= In
z Ll ‘

ot | | | | |

Time
5UN 2.9 nanmsas1adayayias PWM
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[8] Inen1suiunssiuasdrygnn Output Usuldlaenisuiu Duty Cycle
laefl Duty Cycle fAednndnvanarfitioussiudonal 1 muvesdyaomne fgud
2.10

T T

Mpmor

31J17'i 2.10 N5UTU Duty-Cycle Ua3dyunwve

[9] Tooussiuilaazidudndusudn Outy Cycle msdunisealusl

V(’,’f' ¥ Vv z-_f’ (21)
’ 3

c

Towe Lo Ag Duty Cycle
T

c

2.5.1 n13ld PWM Tu Arduino
Tunsdndndtyan PWM Tuvesa Arduino 1571944 analogWrite 1y

analogWrite (3, 128) winedsnmsioulnesn Port 3 Tnedldnaau Duty Ratio Ain 128/256

w38 50% Tedyguilaadanvugaesud 2.11

U

Fres=498Hz

= 1.00V

Ui 2.1 maulindiyayas P Tneldsnds analogWrite 7 Duty cycle 50 %
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2.6 NMSNATAUAMULTvDLameslae T ome

Tumseenusslonitu Mdsuiideddlunslenitufosdvuinnnneduans
wnazdenuawmesiifinunsluglfifsaetuussiideimsdu sxdedduomeidvuelng 4
silimsihlldauduliazean fedudddinsdmaudfemadnandsegndldtveuiite
anvunvesueimeslasddeinuusedawingy Smisdadumsanauiiseuvesnsmpdls
wsngauiudnuarvesuiildlunislenfiudnde

[10] 91NNZaYINYWAINY

P:(th‘f) = ipll\mlr) (22)
T r-my P e ian =T o vy Parad 15) (2.3)
AnaNANISITLAUT DI IR L6
Vvl(mf.r) = VZ[m."s) (24)
rl(m] iwl(r'adf:) T r?.(m) 'a)l(r'ad.".r) (25)
ni A nl'u | o =t 2 3 n— :i' d Qs
JUN 2.12 e fiTrdisneudeiirnansdeuiiniaiu
ansmeflevindu
o T r
N=—=—2=1 (2.6)

o, T, n
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dy 1 dl Y o U ¥ ﬂl = } 5 1 Y o v 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin

lidnsdllag visdu Snnvvnuillvisaudadiien wagdesdneddiadnveaenarsynasaninisinluly
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31 mivmaawwmmmﬁmﬁa Lgﬂﬂ‘lIU'lﬂ‘ll'éJQNBLﬂB%

RUTTAIRNTNAADY

1. ieraunvesussdniililumslonngy (B9datunssinvesiiu) ieldly
nsdenuuInveeINes

2. WeRgainseenusafaniszasaen iy TiuseDadiviniy
nuMieIves

msdenauauivettaireintivieluiswmaintudiulvgudrazuensuin
yomemefiluusede Jaivwitedu Daduiwns Jeeenwuuntsvnaedaeiiuse F Seflve
& & w o = o 2 o v =l
W dasiu nsevinnuagyfiszez R Salinuasldu wes Ingannngquiuda mneenusfisves
wyuvesnseanltiLs N whsanusfisrurwsuvesunarlduslen Favinduuse F

s 19 v o = o Al I e 5 3 ] a o aly o <

fuiusEey R udaglaly Saduwes My antusfesdn dadulams Alduden

YUINUVDILDWDS

an

'Y

o=

AUURFIUNITNAADY
Fir Far
\N.m
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gunsainsVAaes
1. mdeaUswuUdanea 1 A3
2. o 4 fan
3. Aigumanmzy 19U
4. vioulsiuds 1 viou
WA IVeaes

1. penazyadluluveuld &n 1 au.

2. WmdeauTeeanuseianzyfiszor 5 aunnveuldl Wenangednede 1
a1, (Fagudl 3.1)

3. uminldudatiuiinng Fin1smeeesedn 3 ads Tnemsiwasunsy

SUM 3:1 MseanusFeiiszey, 5 o

4. M¥mdeauieenusaiemgyfisvey 1 sunnveuld Iilenaingaénede 1

1. (AagUil 3.2)
5. owAialewaTufinga viin1sveanssndn 3 Ase lnenaidasuny
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JUN 3.2 M3BanuswaTisees 1 9.

15197 3.1 NENITYAABIVEINITVIVUINLSDALNOE NV IRURILBLAES

n1Innaes i 4 iy v 2 o
. uwsanldnnasheiissee 5 au. (Ke) | usedldainmsfafiszey 1 v (Kg)
AT
1 56 ] 9.6
2 24 8.2
3 3.0 8.9
4 32X 9.0
Wiy 2.950 8.925
AATIZANANITVIAADS

Tisvey 5 @3,

NNMINARRLEENLITTELE 5 9. IHussennin 2.950 K
F,= 2950 x 9.81 = 28.940 N

usabnildlunslenneyfiszer 5 v, wdevieulss
For, = 28.940 x (0.01+0.05) = 1.736 N.m

fiszay 1 .

MNASPaRIeenLsIfistey 1 9w, ldusseanin 8.925 Kg
F,=8925x9.81 =87.554 N

usednildlunslonneyiszer 1 ou. widevieuls
Firy = 87.554 x (0.01+0.01) = 1.751 N.m
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agunanIIvngeg
PNNANSNAGBINUI1 NTBRNUTIFTTEEE 1 2u.agldusaunninisvey 5
. ualllodusaligauiussssuvuvewsazlausslafivhiulidinasfennseeglvu ol

AUTELIR 1.740 N.m

3.2 NMIDBNLUVTUIIUNINNG

lumseenuuudununinanssll neidueenuuuriulusunss soid work
NOUNAAIINTUNIUDZI FILUTHATY Solid work LTUTUTUNTUDBALUUTRIIY 3 3F Fa8lunis
IuUsEavE A wauueenuuuled Laen153ae9Bu U ulUTHASY solid work SUSEleytl

gl soneuiunmBusureussegse Snitdmagdassmandouiinnunalnaiieg v

Ve @ ] P d o = | 9
dRvelaiunsiadeuiidraetiazamsaudluanyinnaindiegla

v

JUH 3.3 dHuUsenaudN U8INIIRNRUTTUIIUNING

1. DC Motor: siwihilmuaunisvauliadeuilufiemsnisty

2. Stepping Motor: ﬁmﬁﬁmu@umsﬁmu’lﬁmﬁauﬁ’luﬁﬂﬂwwyu

3. Switch Control  vimthifumdenisinuaingléan udrddludsgunsal
lulpspeulnsaiaed iiedwewmesliviausely

4. wnumyy: Wunalnnsvieuideunsvyures DC Motor Thdumsindeuiiuuy

=

{Uu Tneille DC Motor nyu wnunyuazindeufilvaasmundeivesien

= = ) @

5. YNBAAY: YINIATUERALTUANTSUWAUFITUIIY



3.1.1 wansTUEaIUUTZNBUAIY & VOITUIUY

3U# 3.4 DC Motor

DC Mator fiflm 6V wiouilesnasaunisvigu Aa1usa 100 pm

5-phase Stepping

Microstep drive

5U# 3.5 Stepping Motor

Motor U PK543AW-T30 ¥iemsuriu Driver 24 Vdc

24

input



3‘Uﬁ 3.6 Switch Board

- W Switch Board mIaunanIsiRIuTegUnsailng
Yudeimunulvigunsaimyuluiannuduuing
Judmdsmunulvaunsalnguluiamuiduuning
Uudvndemganisihtasiisvunsalinieufindusumlaiu

aindapanadsulunnisineTusenine DC Motor Wag Stepping Motor

JUT 3.7 unumsu DC Motor

- vhmihdeumsuuresuamesidunmsindouiinnuun

25



5U# 3.8 Aususmiin

yAsSutvnRukasusuliRunaeunls

P
F #73

LR

JUN 3.9 ndudnRuiiunnssy

26
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3.3 N59ONLUUILIUMISINAN

mseonuuutusiludiuveslni axldlninssuaaduainty 220 Vac
wazly Power Supply wdaslwilvnnseuaadudunsenanss 24 vde $el9AU Driver
Stepping Motor Wag Regulator iiiautadlifiusedy 5v dwsu Controller Ténuny
\n3nsioniounsiunouiluuas useulrdn 6V d1wsu Driver DC motor @814 IC : 12930 Ty

nsmuAuNemasiniinszuanse

Power
Supply
ot Driver
Stepping Motor
N Stepping Motor
Regulator > Controller
Dri
AP —>! '\ 'DC Motor
DC Motor

JUT 3.10 wurian137ieIuRe UL el

3.3.1 Regulator fivnldlunisesnuuy
Regulator #ildifie LM2596 DCto-DC Step down Converter Module lagdl
usssulnihvdnegludan 4-35 v ussiulniaiesnagludie 1.25- 35 v waznszualniiin

PONGIEA 3 A

31]17{ 3.11 Regulator LM2596 DC-to-DC Step down Converter Module
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3.3.2 Stepping Motor fithurldlumseenuuy

Stepping Motor fithuildeiuduvesdne Oriental Motor JU PK543AW-
T30 Tngvsamdudnunynisieuuy Pentacon fofivunadndousotusiesmn

\Ju Stepping Motor ‘ﬁiﬁgm 0.36° uay 0.72° saaLfv %ammaam%ﬁua@ﬁ%
Werduludnume  Bipolar  fedunisimusdlusvesmssounainuuy Pentagon 34
F1udeaillnsinesAdunuy Bipolar sy Felasanesuuy Bipolar awvili Stepping
Motor @mnsaimstureineivienmsnsesuinaluiuy Full Step wag Half Step e
winseaia Microstep I Iﬂammaﬁuﬂ:ﬁuiﬁllﬁiwLLiqﬁmgqqﬂasgnﬁ%’w%ﬂmauamaﬂwﬂ
afivvesnsvyu uenandssiiBdmiunisuyuusarad ulsu Sevinnturudieafums
Snwusedalinefuaraiivvesmsnyuiignioiazusiuey

Stepping Motor ﬁﬁmwﬂamﬂmmmw Pentagon LLax’N’wJ?ﬁ'Uﬁa"IM‘mﬁ?ozw
iléinsennudseavian dosmnamesitinanazdeslestumindeiin Fauandlugud
313

levnuaaadionlesfustomn seiliivmimnaanifomnisndnudmiy
19 Stepping’ Motor ¥hemuls Tadeanisnilenaslunisaiunuueines wastudaise
mUANUIIIEIN STl Stepping Motor 16 SuiliifiussDaiinsfinarsumistinny

2 ol | o
anAeulluvasAlin1SMULUY Microstep sl

3Uii 3.12 Stepping Motor 8%e Oriental Motor Ju PK543AW-T30
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JU# 3.13 N15HaUAINKUY Pentagon ¥a3 Stepping Motor

3.3.3 Driver Stepping Motor

Am3U2995TUr09IN13ARUAAINLUL Pentagon ~HINsnsvRuLWARUU Full
Step vivua 10 avivluasesluinisnan Ty 3 masvegluanuy ON muluaadisey us
AralAUIDINITNTHAULUY Full Step awiviniu 0.72° wasmsvu 83 3 eazegluaniug
ON azuandlunsns 3.2 uag “H” vinaefis MOSFET Snsvine

3U#l 3.14 Driver Stepping Motor §u CRD5107P
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= o
A13199 3.2 1NSASEAULUY Full Step uag 3 Lwa%ag"luamus: ON

Step 0 1 2 3 4 <!

VOHGA
VOHGB
VOHGC
VOHGD
VOHGE
VOLA
VOLB

—| T | IT|r

VOLC
VOI D
VOLE
TIM
cw
CCcw

FF ||| Tl ) Z|E] e | =l
o~ =3 =) hr & S| a8l %8

|l | Tl XT|r— | XT|r—|lr]lr—lr—| oo

b I\ |FZFI T | T] T | XTIl —| o

= — = o | = I o = 2L [ —
T (AN ([ i — ZE — 3 @ — —

L
H
L
L
L
L
L
L
H
H
L

R Il E]ZEZ (|l el e
il RARL | Flrel Fleel ] 2= s

ra E — 1N — —

v

N

LNUATNYBINITUN DN NI UNAITUTDINISHDURAIAWUU Pentagon A4
a ) | ! ; )
uwangluzuil 3.15 299590 U N 150 UARIALUY Pentagon - MluLuy Bipolar 914
a & ) a - ) 2 P
nIUBaA3 10 # mugd leensudanes 5 ¢q uaasluuniuulinsiaaeuivnainves
€1 ) < v v o a §al a
vawmeiiussnulninidiguenasluynan (fugd) lusaeivsudainesan 5 f wans

k2 1 A L] ot 1 s d’l’ a
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The New Pentagon Bipolar Driver for 0.36°/0.72° Stepping Motors

Oriental Motor stepping motors with a step angles of 0.36° or 0.72° are wound in the bipolar
New Pentagon configuration and, therefore, require a bipolar type driver. The New Pentagon
bipolar driver allows the stepping motor to be driven at full step, half step and even microstep
resolutions while ensuring that maximum torque is being generated by the motor on every step.
This is a unique advantage for 0.36° or 0.72° stepping motors. The New Pentagon bipolar drive
method also provides extremely smooth motion as well as maintaining torque and step accuracy
regardless of the step resolution.

The New Pentagon motor/driver system is able to achieve this performance because the motor
windings are all interconnected, as shown in the figure below. Since the coils are all
interconnected, there is only one winding circuit that needs to be energized for the motor to
operate. By having only one circuit to control, the driver can do a better job of controlling the
amount of current in the motor, which leads to better torque stability and no loss of positioning
accuracy as the microstepping resolution is increased.

BLACK

Figure 1: New Pentagon stepping motar wiring diagram

For a New Pentagon driver, there are 10 full steps in an electrical cycle with 4 phases being ON
at any given time. Each full step results in 0.72° (0.36°) of shaft rotation. The 4-phase ON
excitation state table is shown in table 1 below. An “H” represents that the respective MOSFET
is active.

Step ol1|2(8a[a[6|6|7 |88
VOHGA 'y |H L L L L |L L |L |H
VOHGB | | [H|H|H|L|L|L|L|L]|L
VOHGC | | |L L |H|H|H|L|L]|L]|L
VOHGD || L L |L|L|H|H]|H|L]|L
VOHGE | ¢ L IL (L TL YL e (mln s
VOLA L{L|L|L|H|H|H]|L]|L]|L
VOLB L|L|L|L|L|L]|H|H|H]|L
VOLC H{L|L|L|L]|L|L]|L[H]|H
VOLD H{H|H|L|L|L|L]|L|L]|L
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TIM H LiniL de fa

CW .
CCW <

Table 1: 4-Phase ON Full Step excitation
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Half stepping, or 0.36°/step (0.18°/step), is possible by alternately turning 4-phases ON and
then 5 phases ON. The 4~5-phase ON excitation sequence has 20 steps in its electrical cycle
and is shown in table 2 below. An “H” represents that the respective MOSFET is active.
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Table 2: 4-5 Phase ON Full Step excitation table

The output circuit diagram for a New Pentagon driver is shown in figure 2 below. The New

Pentagon bipolar driver uses 10 transistors which are shown below. Simply stated, the 5

transistors shown in the top row determine which motor coils the voltage will enter the motor
windings (High side) while the 5 transistors shown in the bottom row determine which motor
coils the voltage will flow to ground through.
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Figure 2: New Pentagon driver output circuit diagram
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When the driver is first powered on or reset, the excitation state is set step 0. By referring to
excitation state table 1, we can see that current will be flowing through the motor as shown in
figure 3. Figures 4 and 5 show the current flow for Full steps 1 and 2, respectively.
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Figure 3: Current flow for Full step “0"
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Figure 4: Current flow for Full Step “1”
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The current flow for the first three steps of Half stepping mode is shown in figure 6, 7 and 8

Figure 5: Current flow for Full Step “2”
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Figure 6: Current flow for Half Step “0” (Same as Full step “0”)
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Figure 7: Current flow for Half Step “1”

BLACK

T Vee
f 8. Y ﬁ*,
— [
VOHGA i VOHGE H v
voHes || | VOHGC VOHGD OHGE
VOHSA vorda VOHSC VOHSD VOHSE
4
b v = h
VOLA voLs voLc VoD VOLE

Figure 8: Current flow for Half Step "2” (Same as Full step “1")
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777 Figure 9: Current flow for Half Step “3"

Oriental Motor offers several different New Pentagon bipolar driver options. Which driver option
you may choose is determined by several factors

In general, a method for selecting what driver to use would use the following thought process:

1. What input voltage is available? Drivers are available that accept all common single
and three phase AC power supplies as well as drivers that accept DC voltage input.

2. What motor shaft speed is required? Higher shaft speeds require higher applied
voltage to the motor windings. AC power input versions of Oriental Motor drivers apply
approximately 162VDC to the motor windings, allowing the motor to produce useful
torque levels in excess of 4000 rpm.

Items 1 and 2 go hand-in-hand. In some cases, an AC input driver may be the only
option based on speed requirements.

3. What output torque is required? The amount of torque required for the application will
determine the frame size and stack length of the stepping motor. The larger the motor,
the higher the current per phase rating it will have. The output current capability of the
driver can affect its size and how it should be the amount of cooling that may be required.

4. What motor resolution is required? The number of steps per revolution that the motor
needs to take will also narrow down the search for which driver to use. Either a full/half
step driver or a microstepping driver can be selected.

5. Does the driver need to be “intelligent”? Drivers will either accept step & direction
commands from separate controller/pulse generator or it can be programmed to create
its own motion profiles.

6. How much space is available for the driver? Drivers can be mounted either
independently or incorporated into a circuit board design.

For higher speed and load applications, an AC power input drive will most likely be required. For
these applications, the RK Series Microstep driver would be the best
choice. The RK Series offers:
= Single-Phase 100~115 VAC or Single-Phase 200~230 VAC
power input, both complying with international safety standards
(UL/CSA and EN) along with RoHS.
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= Smooth Drive Function which ensures low-vibration and low-noise operation at low
speeds by internally executing microstepping within the driver, working independently
of the input pulse frequency of your controller.
= Microstep Drive capability with the ability to divide the basic step angle of the motor up
to 250 times offering a maximum resolution of 125,000 steps per revolution.
= Available for 0.36°/0.72° motors with a current rating of up to 1.4A/phase.
» Shaft speeds in excess of 4000 rpm can be attained.
= For use with 0.36°/0.72° stepping motors that have the New Pentagon winding
configuration.
The RK Series driver can be mounted in a control panel with other equipment and only requires
steps and direction inputs to make the motor move.
More details and information about the RK Series can be found online by clicking here.

For applications where the speed and/or torque requirements are not so high, a DC voltage
input driver can be used. Oriental Motor currently offers 5 DC input driver options to suit your
needs.

If your application requires the driver to be able stand alone and control the motion by itself, the
CRK Series with Built-in Controller should suit your needs. The CRK Series with Built-in
Controller offers many features including:
= 24VDC input with EN (Low Voltage Directive) and RoHS compliance.
* Microstep Drive capability with the ability to divide the basic step
angle of the motor up to 250 times offering a maximum resolution of
250,000 steps per revolution (with 0.36° basic step angle motor).
= High resolution microstepping offers lower vibration and noise
compared to conventional stepping motor systems.
» Compact microstep driver with a powerful, feature-rich controller
built-in.
= Supports stand alone or RS-485 communications with multi-drop capability for network
operation and /O control.
11 dedicated function (e.g. Start, Abort, Home) inputs.
6 programmable inputs.
2 dedicated function (e.g. Move, Alarm) outputs.
4 programmable outputs.
Encoder feedback capability.
Compact microstep driver/controller is 35mm W x 70 D x 100mm H
For use with 0.36°/0.72° stepping motors that have the New Pentagon winding
configuration.
More details and information about the CRK Series with Built-in Controller can be found online
by clicking here.

The CRK Series microstepping driver would be the choice when a separate pulse generator or
controller is going to be used.
= 24VDC input with EN (Low Voltage Directive) and RoHS
compliance.
= The Smooth Drive Function automatically controls
operations via microstep drive at the same travel distance
and speed used in the full-step mode, without requiring the
operator to change the pulse input settings. This function is
particularly useful when the CRK Series is used in full-step
or half-step mode.
= Photocoupler inputs.
* High resolution microstepping offers lower vibration and noise compared to
conventional stepping motor systems.
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= Enables high resolution performance to be used in lower resolution systems.

= Microstep Drive capability with the ability to divide the basic step angle of the motor up
to 250 times offering a maximum resolution of 250,000 steps per revolution (with 0.36°
basic step angle motor).

= This compact microstep driver is 65mm W x 45 D x 25mm H

= For use with 0.36°/0.72° stepping motors that have the New Pentagon winding
configuration.

More details and information about the CRK Series can be found online by clicking here.

When an extremely small mounting foot print is required, the DS Series On-board New
Pentagon driver would be the choice. The DS Series is intended to be mounted directly on a
circuit board reducing the size of the of overall control system of the
application.

» Extremely compact driver is 34mm W x 15.8 D x 30mm H. The
driver is mounted via 2mm pitch x 30 pins connection.

* 12 to 24VDC input (separate 5VDC required for logic).

* Both microstep and full/half step driver versions are available. \/

» Available for 0.36°/0.72°motors with current ratings of 0.35, 0.75
and 1.4A/phase.

* High resolution microstepping offers lower vibration and noise compared to
conventional stepping motor systems.

= RUN, STOP and ECO current settings potentiometers are included.

* Low cost high resolution performance can be used in existing lower resolution systems.

» For use with 0.36°/0.72°stepping motors that have the New Pentagon winding

configuration.
More details and information about the DS Series can be found online by clicking here.

If you would like to use discreet components to build your own 0.36°/0.72° stepping motor driver,
there is an option for that, too. Oriental Motor can provide a chip set with the IC chips necessary
to build your own board level driver. The chip set is comprised of three chips; two chips are FET
arrays for supplying current to the motor and one .
chip acts as a pre-drive for the FET arrays and logic #f T+FI1 s sl I : f“‘“
control responsible for the functions of: il :
Pulse & Direction input
Full/Half stepping e
All Windings Off P —
Run current level 'f"! I‘T
Standstill current level =
Timing output

For use with 0.36°/0.72° stepping motors
that have the New Pentagon winding
configuration.

BIRGEDR;
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The chips are available in both DIP and surface
mount configurations.




Our chip set offerings can be described as shown below
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[ == == === === ===
| Self oscillating |
1 Charge pump circuit | |
| T I Jo B E -
| - |
! ] @ |
I g 4 I N-channel I
I High side MOSFET array ||
Pre driver : | for phases I
1 Excitation L ABC
1 Sequence ' I
—H Generator I I |
1 I FEE===== Jl
| f ! @ N-channel
- i Low side | ' MOSFET array
Pre driver 1 for phases
| D E I
| I B e e e o — =l
Motor |
I
i

Constant current
Control circuit

Figure 10: Oriental Motor New Pentagon driver ASIC layout

1. Control IC: The control IC performs/includes the following functions:
A Full/Half step sequence generator

A self-oscillating charge pump circuit
A High side pre-driver

A Low side pre-driver

A Motor constant current control circuit
Logic for TIMing output

Logic for All Windings Off function
This chlp is available in two versions: a 30 pin DIP package and a 48 pin surface mount
(QFP) package

P

2. N-channel MOSFET Array for phases A, B, C: This chip contains 6 of the 10
MOSFET's (each phase requires two MOSFET's) required for the output circuit. This chip
controls phases A, B and C. Two versions of this chip are available, depending on the
current per phase rating of the motor being used.

3. N-channel MOSFET Array for phases D, E: This chip contains 4 of the 10 MOSFET'’s
(each phase requires two MOSFET's) required for the output circuit. This chip controls
phases D and E. Two versions of this chip are available, depending on the current per
phase rating of the motor being used.

Control IC Mounting Motor Current Rating
Part # type
EIC4101
085, 0.75;
EIC4131 1.4,2.8 48 pin QFP

(A/phase)
30 pin DIP

Table 3: Control IC product lineup

30 pin DIP 48 pin QFP
Figure 13: Control Logic IC's



MOSFET Motor Mot
Array Function Current Tvpe 9
Part # Rating yp

A B, C
EIC4081 Phase 0.35, 0.75,
MOSFETS 1.4
D, E Phase | (A/phase)
EIG4001 | yiosFeTs 15 pin SIP
with
A,B,C Lo
EIC4111 Phase 5 AR
MOSFETS (Alphase)
D, E Phase
EIC4121 MOSFETS

AHAARA

Table 4: MOSFET Array IC product lineup

6 MOSFET Array

4 MOSFET Array

Figure 14: MOSFET Array IC’s

For more information on the DS Series of on-board drivers or the lineup of integrated circuit
chips, please contact your local Oriental Motor sales office.
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TH Geared Type Frame size 42 mm

== Specifications

32

43

Product Name Single Shaft CRKS543AK-T3.6 | CRK543AK-T7.2 CRK543AK-T10 CRK543AK-T20 CRK543AK-T30
Double Shaft CRK543BK-T3.6 | CRK543BK-T7.2 CRK543BK-T10 CRK543BK-T20 CRK543BK-T30
Maximum Holding Torque N-m 0.35 0.7 1 1.5
Rotor Inertia J: kg-m?2 35%107
Rated Current A/Phase 0.75
Basic Step Angle 0.2° 01" 0.072° 0.036" 0.024"
Gear Ratio 36 72 10 20 30
Permissible Torque N-m 0.35 0.7 1 1.5
Backiash arc minute (degrees) 45(0.75%) 25(0.4177) 15 (0.257)
Permissible Speed Range r/min 0~500 0~250 E 0~180 090 | 0--60
Power Supply Input 24VDCH+10% 1.4 A
Excitation Mode Microstep
Motor kg 0.35
= Driver kg 012
Motor [6]
Dimensions No. Driver il

How to read specifications table ~» Page 6

. The rotation direction of the motor and that of the gear output shaft are the same for the gear ratios 3.6, 7.2 and 10. it is the opposite for the 20 and 30 gear ratios.

EiSpeed - Torque Characteristics
CRK543AK-T3.5/CRK543BK-T3.6

Curreal: 0.75 A/Phass Step Angle. 0.2%/5lep
. With Claan Dampar DACL-5.0F . = 34x 17 kgem?

CRK543AK-T7,2/CRK543BK-T7.2
Curtent-0.75 A/Phasa. Siep Angie: 0. 1751ep
With Glaan Damigar DACL-5,0F . = 44¢ (07 ky-mi

CRK543AK-TI0/CRK543BK-T10

Currenk 0.76 APiase Step Angle: G 072°/Sten

.5 | 1.0
0.4 " 0.8 1
i | P Tog Eoiytis(Taiol \ \
Tos h. el 203 ! T
£o 2 Eos = £
E ~ = q %
—‘er_D.Z | —‘Z[EGA 5 b
= = =
¥ l 01 : =il op =
Bl ok —— = E e T g1
3 i | — ?; = Driver Ingul Current ' (a3 ‘__-‘j‘ Diriveg Input Current. s
i i N s H
o= 00700 a0 400 500 B0 — 50700 dsa) 200 960 -
Speed [t/min] Speed (r/aunj
e i " |
0 5 10 15 [y ] 5 10 15  Mictoskepe/Sien |
(0) (50} {100} (150} MczostepsSien 10} (o) (50 (100) (150)MhcrustepsSien 1)
Puise Spoed [kHz] Puise Speed [kHZ|
CRK543AK-T20/CRK543BK-T20 CRK543AK-T30/CRK543BK-T30
Current: 0.75 A/Phase Step Angle: 0.036"/Step Current: 0.75 A/Phase Step Angle: 0.0247Step |
L Clean Damper DACL-5.0F: J. = 34107 kg m* B _ With Giead Damper DACL-5.0F J. « 34 107 kgm!
i 1
- Pemissivle Toste| - R . Pormissie Toraus > 17 ]
| 2
7 | 7 |
= j =
2 g 10 g 2¢ o 10
< | P <M
€ 5 - = 5 !
Er 05 I | 51[ 0 N, <=
{ e Driver Input Current 1 [ - Driver Iput Curtent |
ot o I 5 S fs: | | 1Y
0 20 a0 50 80 w0 0 020 W 4 % 70
Speed {r/min) Speed [iiming
0 5 io 15 werosepe/Sent g 5 10 15 henstens i
) {50) (100) (150) dcmsipeSten 10) (0) (50) (100) (150)  Microsteqa/Ste 10y
Pulse Spead {iHz) Puise Spoed (kHzj

=,

i . With Clean Damper DACL-5.0F ) = 34x 10 7 ka-m?

5
A Patmissibie Togua
0 .
T e
. b etvar lr_rlci re;ti
o T v 1 w
b/ 40 a0 120 160 200
Speed [tfmin]
0 ') 10 15 onsope/Sen 1
W} (50) (100) {150) icrostepesStey 16)
Puise Bpeed [iHz|

*Depending on the driving conditions, a considerable amount of heat may be generated by the motor. Be sure to keep the motor case temperature at 100°C or less.
> The driver's automatic current cutback function at motor standstill reduces maximum holding torque by approximately 50%.



M Connection and Operation

#®Names and Functions of Driver Parts

Power Input
Connector

%)

‘ ~Motor

[4]
[l Power Input Display
Color Function When Activated
Green | Power supply indication | Lights when power is on.

&3

{2] Current Adjustment Potentiometers

Indication | Potentiometer Name Function
HUN Motor run current For adjusting the motor
potentiometer running current,
STOP Motor stop current For adjusting the motor

potentiometer

current at standstill.

[3] Function Select Switches

Indication Switch Name Funetion
; . Swiiches between 1-pulse input
1P/2P | Pulse input mode switch and 2-pulse iaput.
OFF/SD Smooth drive Enables or disables the
function switch smooth drive function.
R2/R1 | Resolulion select switch pilcTeSthe b st

between R1 and R2.

[4] Input/Output Signals
tis Input/ | . : :
Indication Output Pin No. Signal Name Function
1 L Operation command pulse signal
%‘xe ;:222 )| (The motor wil rotate in the CW direction
2 P g when in 2-pulse input mode.)
3 Rotation direction Rotation direction signal Photocoupler ON: CW,
signal Photocoupler OFF: CCW (The motor will rotate in the CCW
4 {CCW pulse signal) direction when in 2-pulse input mode.)
5 T : Cuts the output current to the motor and allows the motor
ipt 6 Allwigdmge Tt signal shafts can be rotated manually.
CN2
7
STORENgIE SElECU “IEtehes to stemlentle set in DATA1 and DATAZ.
8 signal
9 Aum.mahc CUTig This signal is used to disable the automatic
T current cutback function
10 | signal ’
Outpt 11| Excitation fiming Outputs signals when the excitation sequence is at STCP
{9 | | signal 0.

Description of input/output signals =» Page C-160

(5] Step Angle Setting Switches

Indication - Switch Name - Function.
DATA1 Step angle Each switch can be set to the desired resolution from the 16
DATA2 | setting switch resolution levels.

- R ! R2

gﬁﬁ : ME;E?’;“S’ Resalution 1| Sep Angle 1| DAL . “'f'g‘;‘;;tez"s’ Resolution 2 | Step Angle 2
0 1 500 0.72° 0 X2.5 200 1.8
1 2 1000 0.36 p! %1.25 400 0.9
2 25 1250 0.288" 2 1.6 800 0.45°
3 4 2000 0.18 3 2 1000 0.36
4 2 2500 0.144" 4 3.2 1600 0.225°
9 8 4000 0.09° 5 4 2000 0.18
6§ 10 5000 0.072° 6 6.4 3200 0.1125°
7 20 10000 0.036" 7 10 5000 0.072'
8 25 12500 0.0288 8 12.8 6400 0.05625"
9 40 20000 0.018° g 20 10000 0.036°
A 50 25000 0.0144° A 256 12800 0.028125
B 80 40000 0.009° B 40 20000 0.018°
C 100 50000 0.0072° C 50 25000 0.0144°
D 125 62500 0.00576" D 51.2 25600 0.0140625
E 200 100000 0,0036° E 100 50000 0.0072°
F 250 125000 0.00288" F 102.4 51200 |0.00703125°

Hotes:

@ The step angle is calculated by dividing the basic step angle by the number of microstep. The above figures are
based on a basic step angle of 0.72".
# With the high-resolution type, the basic step angle and resolution are 0.36" and 1000 (microsteps/step 1),

respectively.

@ If you are using a geared type, the step angle divided by the gear ratio becomes the actual step angle.
# The number of microstep that can be switched by the "Step Angle Select’ signal are limited to those selected in

step angles 1 and 2.

# Do not change the "Step Angle Select” signal input or step angle setting switch while the motor is operating. It may
cause the motor to misstep and stop:

Specifications, Characteristics C-140 / Dimensions C-153 / Connection and Operation G-159 / Motor and Driver Combinations C-163
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# Connection Diagram

Controfler Driver
Va(+5~24 VDC) e oNe
Twisted-Pair Wire 1
I \MDiden Crnal N i
Puise Signal e
L& ) foveesoen Ty
| -
{ | L
;. IR e Y
20V \ y k y ;\
<_ B A feCm‘aPute%gmn}
VY 5)
70 V All Windings 8
i A <L (M&gnal j:' Input Signals 5-Phase Stepping Motor
VOV T S ) —
i “Selecl&sgndl an
8
I

Current (‘Umufk
Release Signal

Pinnumbersin { ) are
Tor motor cannactor

+24 VDG * 10%
s GHD

#® Description of Input/Output Signals

Indication of Input/Output Signal "ON"OFF’

Input (output) "ON" indicates that the current is sent it the
phatocoupler (transistor) inside the driver. Input {output)
“OFF" indicates that the current is nat sent into the
photocoupler (transistor) inside the driver. The input/output
remains "OFF" if nothing is connected.

Photocoupler ' ofr [ToN~

Pulse (CW) and Rotation Direction (CCW) Input Signal

CInput Circuit and Sample Connection
Controller Driver

Open-Collector Pin No.
Qutput (1.3 (j)_gza_n — =
[

L f\ .‘;P Nosicio I : g
_ 2";”” ~10- 20mA
Yov

{Pulse Waveform Characteristics
» 1-Pulse Input Mode

—byae

Pulse on 1
OFF —end 2 4 :
T us| |1 ps 10ps{10 ps
min. | fmin. min._{min

2 PSS Max,——tte- -I—

]
Rotation Direction
oFF cCw cw

e 2-Pulse Input Mode

2 S max.

ON 90%
CW Pulse 100
oFf —10%
GOW Pulse Ut:tt %2 L

min.
2 s max

1 s

min.

2 A8 max, ~=tiee -
Pulse duty: 50% andg below

# 7 The shaded area indicates when the photocoupler diode is ON. The motor moves when the
photocoupler state changes from ON to OFF.

++2 The minimum interval time when changing rotation direction is 20 PS5 (10 ps in 2-pulse
input mode). This value varies greatly depending on the mator type and load inertia.

ORIENTAL MOTOR GENERAL CATALOG 2009/2010
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{lnput Signal Connection

Signals can be connected directly when 5 VDG is supplied. If the signals are used at a voltage
exceeding 5 VDO, be sure to provide an external resistor 1o prevent the current exceeding 20 mA
from flowing. Internal companents will be damaged if a voltage exceeding 5 VDC is supplied
directly without using an external resistor.

Example: If the voltage is 24 VDC, connect a resistor (Ri) of 1.5 to 2.2 k(2 and 0.5 W or more.

<>Output Signal Connection

Use output signals at 24 VDG or less and 10 mA or less.

If these specifications are exceeded, the internal components may be damaged.
Check the specification of the connected equipment,

When the current is above 10 mA, connect an external resistor R,

{>Power Supply

Use a power supply that can supply sufficient input current. When power supply capacity is
insufficient, a decrease in motor output can cause the following malfunctions:

@ Motor does not operate properly at high-speed

# Slow motor startup and stopping

<,Notes on Wiring

® Use twisted-pair wires of AWG24~-22 and keep wiring as short as possible [within 2 m
(6.6 f1.)].

@ Note that as the length of the pulse signal line increases, the maximum transmission frequency
decreases. Technical reference =# Page F-54

# Usewires of AWG22 or thicker for the power supply lines. When assembling the connector,
use the hand-operated crimp-tool or the crimped driver lead wire set (sold separately). The
crimp tool is not provided with the package. It must be purchased separately.

@ Proyide a minimum distance of 2.¢m (0.79 in.) between the signal lines and power lines (AC
lines, motor lines and other large-current ciicuits).
Do not run the signal lines in the same duct as power lines or bundle them with power lines.

@ If noise generated by the motor lead wires causes a problem, insert ferrite cores in the motor
lead wire.

# Incorrect connection ot DG pawer input will lead to driver damage. Make sure that the polarity
is correct before turning power on.

<>Pulse Signal Characteristics

® Keep the pulse signal at the "photocoupler OFF" state when no
pulses are being input.

# In 1-pulse input mode, leave the pulse signal at rest
("phatocoupler OFF") when changing rotation directions.

# In 2-pulse input mode, do not input a CW pulse and CCW pulse
simultaneously.

All Windings Off (A.W.OFF) Input Signal
Step Angle Select (C/S) Input Signal
Automatic Current Cutback Release (C.D.INH) Input Signal

O Input Circuit and Sample Connection

Controller Driver
Qpen-Collector Voo Pin No.
ﬂgfpul 4 57,91 2200 o
1997 ) oV |3
ey = NO( y-<j] |
I
'IL_. = 6.8, m(-' 10- 20 mA
1 Yvov

<Al Windings Off (A.W.OFF) Input Signal
® Inputting this signal puts the motor in a non-excitation (free) state.
@ This signal is used to move the motor shaft with external force

or manual home position is desired. The photocoupler must be

"OFF" when the motor is operating.
All Windings ON

Off Sgnal  OFF ] ON ‘
] ]
1 ¥
Motor Current oN OFF
i
Motor Holding Release
Torque

The shaded area indicates that the motor provides holding torque In proportion to standstill

current set by STOP switch.

@ Switching the "All Windings Off" signal from "photocoupler ON" to
"photocoupler OFF" does not alter the excitation sequence. When
the motor shaft is manually adjusted with the "All Windings Off"
signal input, the shaft will shift up to +3.6° (Geared type: +3.67/
gear ratio) from the position set after the "All Windings Off" signal
is released.

Features C-134 / System Configuration C-138 / Product Line C-139



<{>Step Angle Select (C/S) Input Signal

@ You may select two step angles (resolutions) from 16 available
step angles (resolutions) with the step angle setting switches
DATA1 and DATAZ2.

@ When the signal is at "photocoupler OFF" a step angle set by
DATA1 is selected; at "photocoupler ON," DATA? is selected.

Example: Changing the step angle from 0.072°t0 0.72°.

Step Angle ON

St e CATAD | (ATA)
10 Pulses 1 Pulse

CW Pulse 0 6 o I | .

Wiatge - :

0 072" 072 1.44°
|

0.072/step 0.727step

# Be sure to change step angle select inputs only when the pulse
signals are at rest. Switching while moving may cause a positional
error of the motor.

@ When the step angle is changed by the "Step Angle Select" signal,
the "Excitation Timing" signal output may become impossible for
some combinations of step angles. When the "Excitation Timing"
signal is used, adjust the number of pulses so that the motor can
operate with angles that are multiples of 7.2°.

Example:

After moving 9 pulses with 0.072%/step setting, change the step
angle to 0.72"/step and move 1 pulse. In this case, "Excitation
Timing" signal will not be output because the step "0" position is
skipped.

Operate 9 pulses Operate 1 pulse

with 0,077 /step with 0.72 /step
-0.72° o ona
| Al B o X1
T TTE 1T A EEEE
ﬂ—l*u.urz .-
| 032"
STEP 0™

«"Excitation Timing" signal is only output at step "0" positicn.

@Timing Chart

Motor ow

85

{>Automatic Current Cutback Release (C.D.INH) Input Signal
® When this signal is in the "photocoupler ON" state, the automatic
current cutback function is disabled. When this signal is in the

"photocoupler OFF" state, the automatic current cutback function wil

be activated after the motor stops (after approximately 100 msec).
@ The photocoupler must be "OFF" except when the running current
is adjusled.

Excitation Timing (TIMING) Output Signal

<>Output Circuit and Sample Connection
Controller

Driver

{1} :/

=-10 mA max.

#® The "Excitation Timing" signal is output to indicate when the motor

excitation is in the initial stage (step "0" at power up).

# The "Excitation Timing" signal is output simultaneously with a
pulse input each time the excitation sequence returns to step "0."
The excitation sequence will complete one cycle for every 7.2°
rotation of the motor output shaft.

Microsteps/step 1: Signal is output once every 10 pulses.
Microsteps/step 10: Signal is output once every 100 pulses.

Timing chart at 0.72"/step (Microsteps/step 1)
“:When connected as shown in the sample cennection, the signal will be “photocoupler ON" at

step "0
T2 34 5.6 78910112 1314

VLCTRNRGADRRR, 1) | RN ) —

Jow

i r

ON
QEE=%
Rotation Direction  ON
Input  OFF
Excitation Timing On-— -
Qutput’  oFg

Pulse Input

CowW

S |

(8tep) 012 3456789012 10
Hote;
@ When power is turned ON, the exeitation sequence is reset to step "0 and the "Excitation

Timing® signal is qutput.

cow

Ssmint.

Power Input ON

OFF

—RG

[10.5 samin, 10 ps min. [k

Bl e

10 s min. 300 s min.

1-Pulse Input Mode

Pulse Input Signal On

OFF

1

ON
OFF

Rotation Direction
L Input Signal

2-Pulse Input Mode

ON
[~ cW Pulse Input Signal

OFF

ON

| CCW Pulse Input Signal

10 s min.

[ —

OFF

All Windings Off ~ ON

[l

Input Signal  OFF

Step Angle Select  ON

DATA1

300 ps min.
| DATA2

Input Signal  OFF

The ] section indicates that the photocoupler diode is emitting fight.
1 The minimum switching time to change direction (1-pulse input mode), and switching time to change CW, CCW pulse (2-pulse input mode) 10 s is shown as a response time of circuit. The motor

may need more time than that,
%2 Depends on load inertia, load torgue and starting frequency.

@4 Wait at least 5 seconds before turning an the power again.

3 Never input a pulse signal immediately after switching the "All Windings Off" signal to the “photocoupler OFF" state. The motor may not start.

Specifications, Characteristics C-140 / Dimensions C-153 / Connection and Operation C-159 / Motor and Driver Combinations C-163
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M Adjusting the Current

@ Adjusting the Motor Current
Use the "RUN" potentiometer to decrease the current and suppress
the temperature rise in the motor/driver, or when there is sufficient
motor torque and you want to suppress vibration by lowering the
current.
Use the "STOP" potentiometer to readjust the current at motor
standstill in relation to the holding-brake force of the motor.
Factory settings

Running current: Rated current

Current at motor standstill: 50% of rated current
Follow the procedure below to adjust the motor current.

{>Connecting an Ammeter

Connect a DC ammeter as illustrated below.

Connect a DC ammeter in series to the blue motor lead wire

and motor connector pin No. 1. Set all driver input signals to the
"photocoupler OFF" state.

Disconnect the red motor lead wire from connecter pin No, 2, and
black motor lead wire from connector pin No. 5.

ro4 ypgs -
L

_i_g
?E
§
|

CN2

SW .
Automatic Current Cutback Release Signal [, ~")
5VDC

5-Phase Stepping Motor =]
I ] i

Driver

Note:

# Do not input pulse signals

“Electric shock may result if the red and black motor lead wires contact each other. Insufate
these motor lead wires to prevent electric shock

ORIENTAL MOTOR GENERAL CATALOG 2009/2010
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< Adjusting the Motor Running Current
To adjust the motor running current, follow the procedure below:

1. Set the automatic current cutback release signal to the
"photocoupler ON" slale. Keep other signals In the "photocoupler
OFF" state.

2. Turn on the power to the driver.

- Use the "RUN" potentiometer to adjust the motor running current.

4. When the power is turned on, the value measured by the ammeter
represents the total current in two phases through the blue motor
lead wire. The current for one phase is equivalent to one-half the
ammeter value. (Example: To set the current to 1.0 A/phase, adjust
the current level until the ammeter reads 2.0 A.)

5. When the running current has been adjusted, set the automatic
current cutback release signal to the "photocoupler OFF" state.

Notes:

®Be sure to use the motor at the rated current or below

@ Adjusting the running current will also change the current at standstill

w

< Adjusting the Current at Motor Standstill
To adjust the current at motor standstill, follow the procedure below:

1. Set the automatic current cutback release signal to the
"photocoupler OFF" state. Keep other signals in the
‘photocoupler OFF" state.

2. Turn on the power to the driver.

3. Use the "STOP" potentiometer to adjust the motor current at
standstill.

4, When the power is turned on, the value measured by the ammeter
represents the total current in two phases through the blue motor
lead wire. The current for one phase is equivalent to one-half the
ammeter value. (Example: To set the current to 0.5 A/phase, adjust
the current level until the ammeter reads 1.0 A)

Holding Torque Maximum Holding Tarque [N+m (oz-in)] < Current at Standstill [A]
[Nm (oz-in)] Motor Rated Current [A]
Notes:

& Always set the running current first, turn off the driver power and turn it back on, and then set
the current at standstill. Setting the running current after current at standstill may change the
current setting at standstill

# Setting the current at motor standstill too low may affect the starting of the motor or the
position-holding action.

Features C-134/ Systern Configuration C-138 / Product Line C-139
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VOHSD

s

VOHSE

-

Tlf Phase A Phase B Fhase C Phase D

Current flow for Full step “0”

Phase E

Phase A Phase B Phase C Phase D

Yo [

Current flow for Full step “1”

Phase E
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VOHGE [

VOHSA VOHSD VOHSE
VOLA l VOLE
TJ; Phase A Phase B PhaseC Phase D Phase E

Current flow for Full step “2”

VOEGD |
VOHSD
VOLA I , VOLD VOLE
7_Jf Phase A Phase B Phase C Phase D Phase E

Current flow for Full step “3”
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g |
VOHGC | VOHGD I VOHGE l
VOHSB ] VOHSD VOHSE
VOLA ' varc VOLD I VOLE
77[? Phase A FPhase 8 Phase C Phase D Phase E
Current flow for Full step “4”
BLACK
GREEN
ORANGE
* v
VOHGA | VOHGE l VOHGC l VORGD VOHGE |
VOHSB VOHs() VOHS! VOHSE |
VOLA | VvoLB l VoL I VOoLD l VOLE
Phase A Phase B Phase C Phase D Phase E

Current flow for Full step “5”
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e > 5
i".ﬂ‘i‘ voscs ﬂlg—l vosoD ;q m‘@

VOHSA VOHS, VOHSC : \'onsﬁ VOHSE
&l + &J m— &l WLJ E—L

i

R\

< *
f Phase A Phase B Phase € Phase D Phase E

3

Current flow for Full step “6”

BLACK

VOHGA I VOHGE ! VORGC I VOHGD | VOHGE l

VOHSB VOHSC VOHSD] VOHSE

VOLA VOLB VOLC VoLD VOLE ‘

Phase A

Phase B Phase C Phase D Phase E

Current flow for Full step “7”
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F_’
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P

=

vous |
Y

o]

T E

Phase A Phase B Phase € Phase D

Current flow for Full step “8

BLACK

Phase E

i

i

i

g b
VOHGE [ VOHGD I VOHGE I:
VOHSA VOHSB VOHSD VOHSE
>
'...-...
VOLB , VOLC | VOoLD I VOLE lm}
Phase A Phase B Phase C Phase D Phase E

Current flow for Full step “9”
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#define dc_motor_cw_pin 10 //fus pin10 Usidc motor Aevnamduuifinn
#define dc_motor_ccw pin 11 //fvus pinll wesdc motor AAMIaMIWINLIRN
#define sw_cw_dc_motor 8 //fmvius pin8 uaivefigmamuiauniing

#define sw_ccw_dc_motor 12 //fiwua pin12 Wuaingianisnauduunign

#define sw_stop_dc_pin 7 /fmun pin7 uaindngamsvihau

#define sw_state_pin Al //fimua pinA1 Wuaivdidounisviauves defiustep motor

#define step_pin 5 //fmua pin5 Yadstep motor AiFmeaaLduunidn

#define step_direct pin 6 //fuus pin6 aasstep. motor Airv1avauLiinuRn

#define step_all_off_pin 9
#define sw_allwindings off pin 13 Z4ava 1Uusind maridat
#define led _gréen pin 3
#define led red pin 2
#define limit_pin AD
void setup() {
Serial.begin(9600);
pinModelde_motorgwpins QUTPUTY /U pin aadde metor foaaaiil ontput
pinMode(dc_metor ccw: pin, OUTPYT);
pinMode(sw. éw de. motor, INPUT); /1 pin vessivevisaniy input
pinMode(sw_cew. dc.metor, INPUT);
pinMode(sw_stop 'dcpinINPUT);
pinMode(sw_state pin, INPNT);
pinMode(step_pin, OUTPUT); /1% pin-tasistepmotor ﬁg&aa&ﬁu output
pinMode(step_direct pin,OUTPUT);
pinMode(step all off pin,OUTPUT);
pinMode(sw_all_windings_off pin,INPUT);
pinModelled ereen_pin,QUTPUT);
pinMode{led_red_pin,OUTPUT);
pinMode(limit_pin,INPUT);
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int sw_cw_dc = 0; //T.ﬁ'r-hﬁ'uﬁwamnaﬁw&ﬁamumﬂuqué
int sw_ccw_dc = 0;
int sw_stop _dc = 0;
int sw_state = 0;
int count = 0;
int sw_all_windings_off = 0;
int limit = 0;
float current = 0.0;
int i=0;
void loop() { //A1gUed dc motomxsoooo
sw_state = digitalRead(sw state pin);
sw_all_windings_off = digitalRead(sw all windings_off pin);
delay(10);
ifi(sw_state == 0)8&&(sw_all ‘windings off == 0)) /Waindwasunisvinaaudu de
motor Ingliranuyilugue
{
//Serial.printin("DC");
digitalWrite(3,HIGH);
digitalWrite(2,LOW);
sw_cw_dc = digitalRead(sw_cw_dc_motor);
sw_ccw_dce = digitalRead(sw_ccw_dc_motor);
sw_stop_dc = digitalRead(sw_stop _dc_pin);
delay(10);
iflsw_cw_dc == 1) //Iindianannidinning feaamsdunie Wenaaing
{
//cw
for (i =0 ; i<255 ; i++)
{
analogWrite(dc_motor_cw_pin,i)
analogWrite(dc_motor_ccw_pin, 0);
I
}
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else if (sw_ccw_dc == 1) /Adaivdiismaniuduuiing fenaaunduvis dena
and
{
//ccw
for (i =0 ; i<255 ; i++)
{
analogWrite(dc_motor_cw_pin, 0);
analogWrite(dc_motor _ccw pin,i);
}
}
else if (sw_stop_dc == 1)//Waindngannsviron sidaamsiiunis daneaind
{
analogWrite(dc_motor cw pin, 0);
analogWrite(dc_motor_ccw_pin, 0);
}
limit = analogRead(limit_pin);
Serial.print("Limit =");
Serial.printtn(limit);
delay(200);
if(limit >= 30)
{
delay(200);
analogWrite(de.motor cw_pin, 0);
analogWrite(dc_motor_ccw_pin, 0%
}
}
else if ((sw_state ==1)&&(sw_all_windings_off == 0)) //Iaindiudsunisviuiu
step motor IneliAanuziuwis
{
Serial.println("Step");
digitalWrite(2,HIGH);
digitalWrite(3,LOW);

analogWrite(dc_motor_cw_pin, 0);
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analogWrite(dc_motor_ccw_pin, 0);
sw_cw_dc = digitalRead(sw_cw_dc_motor);
sw_ccw_dc = digitalRead(sw_ccw_dc_motor);
sw_stop_dc = digitalRead(sw_stop dc_pin);
delay(10);
while((sw_cw_dc == 1)8&(count< 6000)) //\ileaindiiavnemanduuninmiaausdiu
wikswazidu pulse dnelilaiiiu 4000
{
digitalWrite(step_direct_pin,LOW); //I% pin fisviuduuiiniflaauziduegud uaziile
naand pulse Mnuisaruanluidesauiaau
for(int i = 1 ; i<= 107
{
digitalWrite(step_pin, HIGH);
delayMicroseconds(500);
digitalWrite(step _pin, LOW);
delayMicroseconds(500);
sw_stop_dc = digitalRead(sw_stop_dc_pin);

if(sw_stop_de=="1) /Adlannaindngn towmasayneansvin
break;
}
count = count +10; /A aunanametnaaiveluis oae
sw_cw_dc = digitalRead(sw_cw dc_motor);
}
while (sw_cow_dc ==1)&&(count>-6000)) Aidteamdiiaauduuniiniilanus
Dunilswasiu putse fi9relilaiu 4000
{
digitalWrite(step_direct_pin,HIGH); /I pin firvauduunsinfaaiusdunii uauile
naaivd pulse MAnisazuanludes qauidu
forlinti = 1; ie=10143)
{
digitalWrite(step_pin, HIGH);
delayMicroseconds(500);



digitalWrite(step_pin, LOW);
delayMicroseconds(500);

sw_stop_dc = digitalRead(sw_stop_dc_pin);
iflsw_stop_dc== 1)
break;
}
count = count - 10; //finstiuauaneunaaindludesq
sw_ccw_dc = digitalRead(sw_ccw_dc_motor);
}
if (sw_stop_dc ==1) //Li'iaa?mﬂﬁwqﬂmsﬁwmﬁamuslﬂuwﬁq Awmiaand UG sy
{
if (count >= 0)
{
digitalWrite(step_direct pin,HIGH)
for(int i = 1 i<=count : i++)
{
digitalWrite(step_pin, HIGH);
delayMicroseconds(500);
digitalWrite(step_pin, LOW);
delayMicroseconds(500);

}

count = 0;

}

else if (count <= 0)
{

digitalWrite(step_direct pin,LOW);

for(int i = count ; i<= 0 ; i++)

{
digitalWrite(step_pin, HIGH);
delayMicroseconds(500);
digitalWrite(step_pin, LOW);
delayMicroseconds(500);



}
count = 0;
}
}
digitalWrite(step_direct_pin,LOW);
digitalWrite(step_pin, LOW);
}
else if (sw_all_windings off == 1)
{
Serial.println("step_all_off");
digitalWrite(3,LOW);
digitalWrite(2,LOW);
while(1)
{
digitalWrite(step_all_off pin,HIGH);
sw_all_windings_off = digitalRead(sw all_windings off pin)
iflsw_all_windings_off == Q)
break;
}
digitalWrite(step_all_off pin,LOW);

-
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