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Stepd OFF OFF OFF ON ﬂ

2) AUANLUY Full Step 2 Wa w3BuuU 2 WWa

5 s 1 dl L4
Tun1sAuAu Stepping Motor LUU 2 tWalu 151agdaTnenseuaiiienseau
¢ = = s = L7 L :{! g o =
InaInveNanesfias 2 aluatduaiunayisesiuluanuardudslanansnslunisan
2.2.2 law Stepping Motor azmyumiloufiumsaiuauuuuian usin1saiuAuuuY 2 aaeln
wssdnfigandiuuuiav




aINT 2.2.2 N13MIUANLUY Full step 2 iwa N30 hUU 2 Lild
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Step G a3 a2 a1 NN
Stepl ON | ON OFF OFF ﬂ
il ~ e
Step2 OFF ON ON OFF
Tl = [E
Step3 OFF OFF ON ON H
)~ B
Stepd ON OFF OFF ON E




3) ATUANUUU Half Step WSaUUUATIELAY

11

N15AUAY Stepping Motor Wuuassalavagyinlisnaunsaiineuazidealums

ATUANATTMYUYBY Stepping Motor lautuenanndudadunisuaunaiusznininisaiun
wuunniazuuy Full Step 2 i@ ey

5199 2.2.3 NIAIVANLUY Half step %30 wuun3saifiv

Step \ad a3 Wis2 el NN

Stepl ON OFF OFF OFF ﬂ
il ¢ e

=

Step2 OFF ON ON OFF ﬂ
il 7 e

-

Step3 OFF OFF ON OFF =
i|-=~{le

=

Stepd OFF OFF ON ON g
il = I

Step5 | OFF OFF ON OFF &
il ¢ Ie

Step6 | OFF OFF ON ON B
il ~ e

]
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Step? | OFF OFF OFF ON E
Tf~o—[l5
Steps | ON OFF OFF ON ﬂ




undi 3
N15298LazN1SALUNT

Tuun 3 4 L“T;JumsﬁnwﬂLLasaammu‘qmmaaaﬁaqmiLﬁmmuLLaxmiLmsnaamm

wadlngldszuumeniinmestglumstuiindeya FelisvaziBunai

3.1 N1999NLLUUINIT

~
Driver control
step motor
+ J

ARDUINO

Step

motor

PC ] \ ~

e

[ Detector ]‘

I

i a4 A
‘EUV] a1 LLaﬂQLLNuﬂqWIG}a&";LLﬂiN"U@\TLﬂiaﬂua

3.1.1 dufndatuIASDIRaLRILADS

ludufaviudruilifadedoarsszninedgunsal Arduino fuiSasmouiiamas

H1unese USB dldeuansaldaulalasriulusunsuy visual basic lunisuansnauay

Auan wagarld visual basic lunmsaiiunisvavun
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3.1.2 drunisusesunacalaslulasraulnsaans

lughuiisgldlalaspaulnsaiass Arduino lunsaugun1svinaueenaslaeIvtim
lunisfinsiontanese USB SudatayavinnauiinmasviinisuseuianatoyauasAiuny
gunsallunisuansaniusuen3eliosua1dea1nlusunsy visual basic uagsuA121n

Detector dansvinauludasanuns Stepper motor

rwe &%

. 3
L] - - ® ~
Y TR s

e+ a o+ ARDUZMO

- ® i
el damans P 0

o s i
5U7 3.2 vesalulaspeulnsalass Arduino
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3.1.3 dudunas

nildlalonidugunsaifianunsovimihiminssudldidediuasunnnnsgnuiidhgunsal
dyaranvaivedinlilalesuansfigusuadurngilifiuamannsenulnlilalonsi
nszuadalvavszanm 10 llasuend Inldlalandugunsaliifdufinaudas munzaimsu
aulinaasmaslniinn nsinlglalesunldanudndudesdinsesnuuuiasidudon
71 LOR atdlsfnu Inldlaleniideldiuseunseiinmsnavavadunmsiaududadunass
Aullunsvieueaanda LOR lagldhianlunisnavauainisyinauiiias 200 unluiuni
Foiulnidlalondstomiluldeulursasfiinisnevaussieauiigusy femm
Audags uazeaUldleluiawas usu

FGA21-CAL

E‘U‘fﬁ; 3.3 photodiode 970 nm , 16.4 sgq mm

U 3.4 2aasdusuuatngld Photo Resistor
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3.1.4 druadiudauaeed wuu 2 wa

o -agll g L4 -:I =%
lunulassnuiawilidanldafiutaawasuuy 2a Alassadawnain 38 LUy
Unlidasy Y89 VEXTA Model pk264B2-sg36 Milannuasidanainiiiufe 0.225 oifme @iv

JUT 3.5 VEXTA Model pk264B2-5¢36

N3AUIN
vimseuauuluy Micro step 1/16 agla
% §11600 step  LpABUTlU 360 D7
1 step iAol 0,225 B9m

nnsveaamity 1 seU lusradeu agmyuldlaszaenng 25.8 em vossnaiiau
& 1 1600 step waoufily 2.38 cm
91 1 step wasuAll 0.00148 mm

a9gld step anumluntsnuuliasusadey Aeszey. 25.8 . am
% {1 2.3 am waeufilU 1600 step
{125.8 cm \waouTTlY 17947 step

& uipdeufiliasuTadousvaedldvianun 17277 step Tunsvsu
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3.1.5 dumsmupnawmiiosuamas

s o v o ¢ A =

imaulnsa DRVES25 viwilumuauaiuesuamesluaununisiadeunves
fnsradunas lunsduaduiasuaimasinenisinauazsuaivese lulasroulnsatass
Arduino Tauasndin1sun? Amaulnsa DRV 8825 Twvinnisduaines

5U#i3.6 sraulyaaduteirosiiuy DRV8825

metor gowar supply '
logie power supply | (8.2-4BV) f
(2:5-5.25V/) ‘ ' !
; DRV8825 ] [+
ENABLE T VMOT! T~ 100 F
M| ; ¥ GND
-
. RESET
microcontroller SEEP
S TEP

U7 3.7 2a35muAy aiitilesusineslagldfiniuny DRV 8825
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3.1.6 @MUVBIHUENLAALEYNNSVIRaBa (@dnLRAEN, aing)

Tun1sneasstiaslduniu adnnoiunas ARAANIRNYINIAIIULANATDILAUT D ULAS
1 2 s = 3 s L) s 2 1 1 -J
HwlUdadnnaans wagldmnsiadusaunsunas uddernlaluyszunanalulusunsy
9nA3s wasugavheazillunsmizuuuunsuvsnaeavesas i uainis ey adne

Single-slit pattern

1 = — n:j
LLAYURIITNLLAEZ AR QNI aeLeE e

Double-slit pattern

« 2 RANBDCORP

WOUFINULAE IR INEADNA

JUN 3.8 uanuauadnuaziin nadaineiuazadng

U
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3.1.7 @uve9gIUT AU
dr éll J o s s d s L o a
Tflumsideulazinaunlifianssduuadaesudsusziiuiduivimyuyes aiy

UaawasllinisindeuiiionsiaduuasnInadnineuazguuain

sl 3.9 snaRauilflunshlassn

3.1.8 duvean1sane
lugdrutazlimsingllunisirnuvesveiamueuuawmaslagld Power supply

WU Switching 12VDC fauanslugy 3.10

gﬂﬁ 3.10 Power supply wuu Switching
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3.2 NMINAIRILUSUASY
TulassaufivawiesldTusunsy visual basic waglusunsudniagy Arduino Tunis
V‘:f'lLﬁuﬂ’mﬁg\‘mﬂmLLaﬂ‘i‘fﬂ']UF}ﬂJﬂTﬁUﬁﬁﬂﬁ}umﬂﬁuﬁﬂﬂ"l‘léf
3.2.1 TUsunsu visual basic wag Arduino
é’ﬂwmﬂﬂmﬂsmﬁ%ﬁgﬂLLUUﬁLﬂuIU‘ameﬁ']L%%g‘duaza'\mmL%auﬁiaﬁ’uua‘%m
lulpseeulnsaassliazninuarsindfidnvarguuuulusunsuiligenuasdudausnnin
Faanunsn Ansefudauazdsauniiy Comport ude USB llagdne delusunsuluminmiei
WA agudsladu

1LdmupIpIuANLaLDS
2 dumununssukararnmRretimes

andios
. NYUIN
o 2
UALADT 1Hau
ISUAY T
L]
anaulnsany
| Wasuawnas

3
w6 W

Detecto

a49A1 LAIUA

A L2 g o
JUT 3.11 uanagunisiamunTusunsudunaunsvine
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5N1INAABILASHANITNARDY

Tuuniezndniiinsmaasuniasindildadstu Tnsulsmsmeaassasnidu 2 dw
4.1 NSNAFBUNITNNNIUTDITNIAUIS

4.1.1 »AdoUMIYIIUveIstualnlusines

4.1.2 NM@pUN13YNIU Photodiode
4.2 NedaUN1sINUvasldsunsy

4.2.1 nagumsdssubiamiisweimuluisrnimunatndls

4.2.2 yaagaunisuiaannsluluswnsy Visual basic mwﬁamﬂﬂwﬁ'ﬂgtﬂu
] 1 -:lai 1 d] 9/
TUsunsu Excal wagAurnalunguiina ey

4.1 ANSNAFIUNISHIUVDIDIS AL

Wiavhmsesnuuugunsalluwsiavdiuuaivasiimsinvaasumsitnuluusias
druiinanudnwiuneufiszdiunyssnouiu luitelssimaveaaunisvinnuvesgunsel
Tuwsiagdau

4.1.1 Wﬂaaumsﬁﬂmumamawﬁ’uamﬂmamaﬂuﬁ’m%ﬁmﬁmq%ﬁagﬂ

(824

-
— 10QIC. pOWersupply
(2.5-5.25V)

11

VDD

microcontroller

GND

——DIR LA . GND—l

SUT 4.1 2TIMABUNTNITUYDI DRVES25

Wevmsleudyaiudunaiivn STP uaz DR wazdedeyaiiudnvuziduiay
Binary vunadaya 16 Undenisidudgygia Ainea 0 uag 1 vibinawmeivyuludrely
1A 1UADINABDINTT
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4.1.2 NAADUNNITNINIU Photodiode

nnsvaasvgunsalaviinislduamieiaasdasluiisn Photodiode wanilaan
AUA9ANG (Voltage) SAfiuvisandiafiuandluil Photodiode

4.2 NAFEUNISTINIUYB9 U NN
4.2.1 nagaumsdanuliamuneswesmyulddernimusamula
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Serial Port
Baud Rate
Msg Box Msg Box
4 v v ¥
Left TE Right TE Left Right
1 Sto
o —— -
Save
y
Excel
Calulate
A
All Clear
Exit
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wihavaslsunsuaiiduliamdnewmesvyuludreuazvindadainmsiaenis
W1 e @ ! s ¢ o @ o o Woow
nadudsindsannnmadaununandilasuamasnyuniufideanvinmsnadudnanddugy
wiaalUsWNINAINET

MOTOR
STATE - STOP I —
~ Raht | RiohtTe N |
RECEIVEDDATA  PORT DATA CALCULATE |
; Port Name FIRST BRIGHT(cm.) W
| T - SECOND DARK(cm) A \
'y BaudRate WIDTH SLIT(um.)
| fan AT DISTANCE(em)
W iChinecl.  WAVELENGHLIGHT SOURCEmm) 1\ | ':
) . WAVELENGHFROMEXPER(m) | | f
Port Disconnect ERROR(%) ‘ ARk i

b DATA

a 1 o
5UN 4.2 nei1enlUsinsumIvANNISIIaI
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HANIINAaDY

4.2.2.1 @anfen ssesi 45 99U, YINSNAADMIINLR 6 ASY

S s = g -
nimuansnunuSizwhad i i nimuansmaFIRuS TR umatuAT I A

04 04z
o o
- o
aM b
3 3 om
g ax H
; o3 E e
£ g 03
oz
am
L
azs
02
024
072
oz
L L3 9 s 10 105 1 115 12 25 13
L j13 ? 5 10 s 1 115 2 s 113
o position (cm)
rrmesasmnit | rrmaawou 2
nivluanAuiEussEw iR wmiaTuR e . O .
N AY TENIHRILWLINUATULIURAL
a2
Y
04
2s
038
o (3]
036
3 am ¢
< S oM
Z on E,
> 03
% 03 E
03
ozt
0z
026 ¥
07
0z
gz |
az
] as 9 05 10 0m |
L as E] 25 10 0.5 " 115 12 125 13
i cawmn (o)
v s 3
o y . W S, & - mrmsaeedad 4
nrviuanan iU s ieduwdafuardisuas ) S, & O 7
nsuAnraniuud sEraR LMl VA NIEILAS
042
04
0ss
a3 1
3 o0ss & Y0
< 3
g 0.32 - - «
% o3 i
028 N
026 l‘
024
on
L] as » 95 10 105 1 115 12
position (cm) 2 12 ¥
rrmeeieiaR §

i &

P a o v I~
JUN 4.3 N9 MERALAYININAUNIIN 50 um T88E9 45 cm



4.2.2.2 n5WaByadnieninuning 50 pm sseeil 45 cm

NTILAAIANUEUNUS TEU TR MAUIA VAT UL ES

0.41
0.39

0.37

T
k
01 I‘ﬂﬁﬁYEF\Nv\V\j “»

0.25 JMMM

Intensity (A.U.)

10 10.5 11

position (cm)

sEesi 45

= ad a4 v a
Eﬂ‘m 4.4 ﬂ‘i'\ﬂma&lﬁﬁmﬁﬂ’m’ﬂmﬂ’n& 50 pm SN 45 cm

E e an A 4 B e

12.5

‘\lf’ﬁlhmﬂ»\ﬂﬂ

13

26

NSAUIN

nauns dsing = nA e tanf =~ sinf ~ %

uwnuaasluaums dsind = nAa wla

50x10-°x

1.14x1072

45x10~2

F  gzlamnueninauilen 633.3 nm

F Wesiwunanunananany (%)

_ 632.8-633.3
6328

= 0.07 %

x100%

24
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4.2.2.3 aanLfe) Seezdl 55 4. MNISNAEBIINLA 6 A5

Intensity (AU

Ity Al

a3

s

035

033

LETY

nsmuaRsnuiTuS ST wmisiuAnudunEs n7 ) fudsewinamwmiafuauiuuas

naansn RIS s UR L E

‘%%\
Infensity (AW)
EEE &
B ——

Intensity (ALY
e
]

position (em) position (cm)

3 :
e o 1 mAnRavi A 2

nmuassnuiiud st dsmisTuATIBILAY

nsmuansnuifiiudarisumiatua i duus

N

| ' WW

Interity (A LS
FEENE 2 B T2 \E

e a5 % 25 10, s 11 115 12 15 13
pasition (o),

A 4

nimudnsrIwFIviuiEnIndIsiuA LAY

.

A

LMW

1 (L1 ] ns 12 12 i3 8 LX} 2 25 10 105 11 1ns ” 125 13

§ e EvmrE

) posxion {em)

s x
e § rmmnsaenit 6

JUN 4.5 nsmladniienmiunine 50 pm sgeedl 55 cm
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4.2.2.4 n57vladuadnneIA11unI19 50 pm s¥EEd 55 cm

AL AR IAUFUNUS TEUINA U UIN VALY ULES

0.41
0.39
0.37

0.35

ol -

. Wit
0.27 MW ﬂ »V W \ﬂ

0.25

Intensity (A.U.)

8 8.5 9 9.5 10 10.5 L 11.5 12 12.5 13

position (cm)

o
~528E0 55

P~ = a Y =
5UN 4.6 n5ndgainlngIrIumIge 50 um sgggh 55 cm

ANSATUIN
naums dsingd = nl e tanf = sinf ~ %

unuAadluannis dsind = nA wls

1.39x10~2

50%10~5
X2V X\ T55x10-2

Il
)
Ny

F gzldmnueninauilal 631.8 nm

.. 4 632.8—631.8
F psiaunauralanany (%) = WXIOO%

=0.15%



4225 g@nfen 5289 65 9. YINNNSNARDVANUA 6 A5

29

rmuARIATATTUS TR LS uR LU nrMuannm@EMu T idumisiuaT b
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036
0346
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ER
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o028
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o2 L
s a5 ] 93 10 105 n ns 1 125 1 " ns ¢ e w - " ne " 125 15
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— nvisanganiad 1 — el 2
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]
042
04
M
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ERCEN £ < 7 L =
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§ N\E
% [E) n E
0 i
026
0.2e
oz 7 ’ ¥ | -5 L - - B
4 15 L 5 10 105 il 1S 12 125 13 - 1 a5 K 23 10 108 1 ns 12 128 13
postion tm) pasition ()
rrmeoen ol 3 - rrmginda 4
nymhigasnTfiniudsrwdned st upudunds nimlaafp ARSI UAY
o4 od
038 034
036 a3s
i oM i Ls
> 0 g 5 03>
£
03 G o3
i { L
0z8 08 [
[+ Qe
024 h 0.2¢
a2 = L +-3
L] a5 L] 95 10 108 1 ns 1w s 13 L] iy 9 25 10 105 11 15 12 125 13
pasition {om) - pasiien (cm)
rmsnieial 5 L

- a o 1Y
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4.2.2.6 A5 iaduadniennnundie 50 pm seuedl 65 cm

ATTNLEARIANUANNUS TEW AL NUINUAULTULES

0.39
0.37

0.35

Intensity (A.U.)

- i,
- !

8 B.5 9 9.5 10 10.5 11 11.5 12 12.5 13

position {cm)

L Lsuged 65

UM 4.8 nskadeaiiniig1aIunine 50 pm syegi 65 cm

NSATUI
anaunis dsing = nA e tanf =~ sinf = %
wuenasluaums dsingd = nd ssld
Sl B 1.65x1072 5
65x10~2

F gglaenueninauiial 634.6 nm

_ 632.8-634.6
6328

F Weswunmnuaaineany (%)

x100%

= 0.28 %

q' 1 [ dll 1 a =l' 14
M990 4.2.2.1 AMNNTAUIURIANUYNIARULANZILYZINFIAALINIIG 50 pm



= [ 1 o ' a & v
A9 4.2.2.1 1NN UIMKRIAINNENAAULAGESEEENNAGALALINTN 50 Hm

SEYLNN o
1RaY
(cm)
45 633.3
55 631.8
65 634.6

= < @ | a a o
#1379 4.2.2.2 % ﬂ??uﬂﬁqﬂLﬂaaﬁﬂ,Uﬂq?]ﬂLLﬂﬁ335?_]3 INAAEINIIE 50 pm

F2USNY %A1AINARTIALARD Y
(cm)
45 0.07 %
55 0.15 %
65 0.28 %

31



32

. | i % > o
4.2.2.7 @@nAg) SEEEN 25 YU, YNTVINaDININLe 6 ASY

namuaataMuiuTudseniumunisfuamduuas e ikEm TSR A

ety (AU
Intensity (ALY
FEFEe

e EEEEe

- T R_INW R

-
-~
.

\
N

—
~
S
-
N\

\uuas

1 &S L] £13 10 1S L] 9 5 1 ws " 1ns 12

= a o =
JUN 4.9 nymladaiaeannuning 50 pm ssaegh 25 cm

sz = v o Y v - = [ 1 v o v ¢ v 1Y
nansiiluenarsianulidmiunisidanuienisfinyvintu eyl lldusylosiaunism

' = O L A Oy agvwe & v Y a = v & A ° ]
lquﬂjﬂﬂ,ﬂﬂ NG @ﬂWQWWNNSL%@@LLIJaQLu@WW LLawEN’e]NENMLﬁ]T‘UENL@ﬂﬁ?iﬂﬂﬂiﬁ%ﬂﬂﬁuﬂﬂh



4.2.2.8 N3 RAYaEAALAEIA1NAI1E 50 um S¥BsT 25 cm

0.5

0.48

0.46

0.42

0.4

0.38

Intensity (A.U.)

0.36

NN EAIAMUEUNU T TTUNINAMNRUIN VAL TUWES

AN

f\f‘ W

WV

Faa et

...........

9.2 )

poasition (CM)

SRS 25

‘\W"V\f \A
d
WA,

VIA An
VA A0
\;'Lfv L’\f\‘

10.7

= = a 4 v i
5UN 4.10 A5 viaduadningIninundag 50 pm sgeen 25 cm

33

T Waswuamiuaatanaau (%)

ANSATUIY

~
~~

anaunis dsind = nAd e tanf = siné %

wueasluauns dsind = nAi azld

05370 -

50x10-6
XA 5102

F gzlamnug1inauiai 529.9 nm

_ 532-529.9

=== x100%

= 0.39%

22
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4.2.2.9 @adnen szashl 35 99U, YNTNARDININUA 6 A5

T W SE A N SN C nrmiumnemmduusseumniafunoadu

a
B

latentity (ALY

ntensity (AL
s EEEEeRER

] [ B 95 10 105 n ns |

uaRIA dradiumiatunmduuas

s '"“"'”*\\k\\\[

——

/
S
A

N A |
3" —: 2, [ S~ Y — |
- o : 4 // \\ \ T N
o h g ) - : \ R k-1 | B
S Vg \ e
Efe&S _ g:" _
& S

c~ ,
"Gmwda Aauduuds

036
a4t
082
-~
3
< oa
z
E 03
038 |
o3
032
o3 M
8 83 L3 0 105 u ns
postion (C4)

= a < v o
UM 4.11 nTERALAEIAINNIIG 50 pm S88gh 35 cm

sz = v o Y v - = [ 1 v o v ¢ v 1Y
nansiluenarsianulidwiunisidnuienisfinyivintu Tdeygalihlldusylosiaunis

' = O L A Oy agvwe & v Y a = v & A ° ]
lquﬂjﬂﬂ,ﬂﬂ NG @ﬂWQWWNNSL%@@LLIJaQLu@WW LLawEN’e]NENMLﬁ]T‘UENL@ﬂﬁ?iﬂﬂﬂiﬁ%ﬂﬂﬁuﬂﬂh



4.2.2.10 n5lRdeadanednnuning 50 um s¥8sh 35 cm

NSINLAAIAIIUFUNUS STUINATUNUINUANULTULES

0.46 <
0.44 KNI\/\ M/\%
0.42

0.4

Intensity (A.U.)

A faflf A
ﬂ.\"‘:f (Al YA\
AvAY Yi

8.5 9 95 10 10.5

position (CM)

FEBSH 35

o = a o v =
'3‘1]1/1 4.12 N3 iRaudanLA8ININuNIe 50 pm 3g8EN 35 cm

N15ATUIN

naunis dsing = nA e tané = sing =~ %

wnuAaduaunis dsing = nAiazls

corigmsy (07102
X 35x10-2 ) T

& zlamnuenaauilen 528.5 nm

o y 532-528.5
& Wediwudamunaiapdau (%) = TxlOO%

= 0.65%
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4.2.2.11 @anien szaz 45 9. YNISNAADIaNLe 6 A
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043 ﬂu 3 ! 043 -
e
b
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= a o =
JUN 4.13 nsladaaegannundng 50 um ssesil 45 cm

d” 1 dl Y o L 24 dl = 1 5 1 Y o ¥ €Y 1Y
wnanstluenashanulidmiunislidnuienisfinuwin eugelnhluldusslovdmunisin

' = O L A Oy agvwe & v Y a = v & A ° ]
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o a oo o =
4.2.2.12 s inagaanifeIn1unI1e 50 MM Sz8En 45 cm

NIINLEAIAIUFUNUS TEUINAMKUINUAIULYULLES

0.43
0.41

0.39

,. I
0.37 J\\[\‘"N W\,\ .

S
< \
2 035 W‘\V\ﬂ
S Jv\ ‘UL
£ 033 Al W,
0.31 i /.'-Ir\;‘uf\‘v'\ﬁ\'ﬂ U\ﬁ\\ A 4 \
W L) 1 A ) ‘I\
. o Lﬁf V' u{\ﬂ 'VN'J’U\]
0.27
8 8.5 9 9.5 10 10.5
position (CM)
sypH 45

SUN 4.14 asdeadinligdnandng 50 pm seesd 45 cm

ANSAIUIN
anauns dsin® = nl e tanf = sinf = %

wueasluaunis dSingd = nA asld

50x10-6x ( Loex 10 =22
T asx107 ) T

& gzlamugnauiiai 538.8 nm

_ 532-538.8

. x100%

F  Wasiwuamiueainnaay (%)

=127 %



AN 4.2.3 AINITATUIUNIANNETIATULARY SEIZIINARALALINING 50 pm

FEHENN 3
LREY

(cm)
25 536.5
35 5333
a5 535.1

| ‘:I s 1 = A
A15199 4.2.4 % anurataedaulunsinunayszey  naaamaening 50 pm

% AIUARIALATDU

FLUSN4
(cm)
25 0.84 %
35 0.24 %
a5 0.58 %
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UNN 5

G RI GG

5.1 asunanisAnen
NANNSNAARINNTIRgAALRL IagldssuumautimasiunIsAnwINIsuNSNaanaad
uas wullathuruadnuniafszeziieainainszezaegiuazlaainueaiunintes
audiukasilvinsiudedniaveaaioseinmsldsvesiviladaningan Jangugveass
lavinnisideuszezunuadnildanawesaunsludiandulaewuaiu 45 cm, 55 cm, 65
[~ E73 [¥] ﬁ’j :’l’ ¥ o 5 a :I d‘ t 5 ) n’j
cm WU 3 sEegmeny N9lainnIsneasmedanneINA11unI1e 50 um lagvinvianun 3
A3 WamAuLAna1sluLsagianaoanudn v n TR lalAuDdYyIuTUNIUI I
Tnseanun daumaisedaull thadntes ssush 45 cm Alasidudaliuaainmdou
0.36 %, Sz 55 cm fasifudaliiuaanawedou 0.15 %, szaei 65 cm dwasidudainy
AaaLAaaY 0.53% wavlunsldawasuasdiden svessenineadnnuainsuntadu 25 cm,
35 cm, 45 cm auandulasluar undnavesadadl 50 um sEezH 25 cm Tasidudainy
o o & ¢ P o o
AAIALAADY 0.84 %, S¥ay 35 cm Hesidudainumaiaweas 0.24 %, szazil 45 cm 3
2 ¢ = v g ' = o @ o o 7
WasEURAIIUARIAAREDY 0.58 % WAy ABUAAIAALANUTHUNEUAINIT 1N LEAIRIT

= a i a i
1999 5.1 HalmasAImINgInaY ﬂﬂﬁlLﬂEJ'J/ﬂ

Aa syug 45 cm | S¥eu 55 cm| S¥eg 65 cm nde
Lﬁm 50 um 633.32 nm 631.8 nm 634.6 nm 633.2 nm
(L 9dum)

GGG sz8z 25 cm | S3e% 35cm| ST 45 cm a8y
WAgn 50 um 536.5 nm 5333 nm | 5351 nm | 5337 nm
(GRGKIR))
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A15199 5.2 %AIMINNARIAAADUYDIAIAINULLTIAAY

aan % ANANUAAINLARDU
e 50 um 0.06 %
(b LAg)
We 50 um 0.31 %
(hasdLen)

P3N 5.3 Toyad NI 1L URIATEID

A FNgazen
Accuracy 99.94 9% (UaEwA4), 99.69% (WadITE7)
Hysteresis 0.0047 cm
Reponse Time 10 ns - 250 ns
Resolution 0.01 cm

v
5.2 UaLdUdLLUY
5.2.1 Winsgezuny X s li@ninsnsuaiannnsafe filnanuninsinagla
5.2.2 ANSANANEANAAIALARDULLDI9IN Photodiode liaunsananwauiln

1a

wouadsnegAnfunInlauasidygsunauuin

5.2.3 wielimstudranusuedalifunndundesulfazBeatudedd Photodiode 7
ansousnuauiiauavaiiiognfunnlffielinsiafidussaveamenniusazan
ﬁzy,tyﬂmumué’ﬂwmﬂiwwﬂzﬁﬂsx?ﬁwén’lwmﬂﬁfu%qé?a&ianﬁﬁﬁmu

5.2.4 Suadiienuemeautosmsesyfusseraanliidlndsuwedinniu
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N13NANadY

DIFFRACTION PATERN USING COMPUTER SYSTEM
Taguszash

o langudnsunsnasniaznisiasluuyInas
aunsal

1.\n3esnauflnes 1 40
2.ndaemuauAUlnsians
3.878 USB 2 1&u
4_LLN'ua§mLﬁ"a'gl,l,asaamjasmas THHY
5.lalasanns 1 6n
6.LalasaLle 1 i
6.Lmu'ma§mﬁmnaxaﬁwj
7.‘qmm§au Usznou
G B3 22 \HURRIAT
-Photodetector 1 712
-AlnUuanes 1 /i

ng e
A1suNIndanUaaEs (Interference)

ATUNTNADAVDILES A UsqﬂgmiaiﬁﬂﬁuLLaqaawmuLﬁumamwuﬁ'ul,l,a::Lﬁmms
SaufuYBIRAUTIE BT eiaNa'lﬁLﬁmﬂmﬁu%(w%aaﬂawaaLLamwﬁgmasﬂ?{uLﬁmLflmmuﬁﬂ
LAZLAUATNUURINSUATN I@mﬁ’f%ﬁmmsLﬁu%%am@mﬁgmamﬁumsﬁaﬂ'jw “AISUNSA
daALUULESESe (Constructive interference)” mﬂLﬁﬂmiaﬂawamamwﬁgmaaﬂﬁuas
39097 “NITUNINABALUUINANY (Destructive interference) Tngazanunsadunaldainia

SPUNTUNINADAYBALE(Interference pattern or Fringe) P

e A=dsin 8
82 ia - - L - B

sun 2.1 LLNUﬂ']WLLE’iﬂﬂﬂ’ﬁVlﬂaﬂﬂﬂaﬂ@:?JSQ ETg
¥ creen
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f5ugaP Faduaalaquuainiunwinsanadeegiluszesl Aduainge St uay
a a ) o ' s A4 a . 17
S2 MAUNIUDRAP dlAusAnaINTEEENIadwAuN(Path difference)

S2P-S1P-mA =0, £1, 2, £3,... (2.1)
LAAIINAAUNNIANARNST LAYS2 yziiunalligaP Tnelimanseiuuaziinnns
LLV]Sﬂ?iE]ﬂLLUULﬂ%lIﬁ%’N LﬁﬂLﬁULLﬂUﬁ’jWQ%UUUQWﬂ LLG]I{ﬁ
S2P-S1P = im+12) ‘m =0, +1, £2, .. [22)

waneIPdauNNIaINadn S1 uasS2 sziiun1alufeger Tnefianssduiuiasiin
nsunsnaeaLUUEna1s aduuaulisduuuan

Wesnadansgeseglndnuinn Miiaunsodelainssesinsvesadnilieiivuiu
SEEEYNIINAAAMRNNLATRELNN 1STAEANTaVIN TUsERuAlasnAuEaulyladuans
A58 A9

ad w — P ) o & 1

ATUNKUY 81Q Lﬂuﬁ;muuSZP TAENPQ AANYAY SIP A9UUAIIULANATIV D

dd ¥ 2 Jl = =
S¥EENNNRAUNIARIAaDUNIURIP %38

S2P - S541P<S2Q:A (2.3)

1 | v e LY T Y) < W
i 51Q WWudwlAwennaunip Lﬂuﬂﬂguéﬂmmaﬁﬂum'mUS1P NIDNNUPQ
du31Usznains1Q [ Huduasuanuguvesanuimionyuains152Q Taefis1Q viud
flus1S2 azlein
A -asinf (2.4)

A 1 1 s
Mo @ uszeeraseningst dus2

nsdifides drfensoX Wuduiiainangennanvess1s2 ludmniuainiunim
3zlerin OX ARINAUS1S2 UagOP MIINAUSQ tneUseanu duuTeuliguavisuyuain

S1QP UOXP 9gl@31 yusEnIn90X AUOP vzdiAniud fe lasazagulii
AN IUNINADAUVULETUASAUTIYAP LilB

S2P-S1P=-A -mA =asinf (25)

]
=

= s E 22 L7 l‘—‘i
%3Lﬂﬂﬂ73LL‘Vﬁﬂa@ﬂLL‘U‘U‘Wﬂa'NﬂUV]"Q(ﬂP L
1 ~ .
A= (m+5) A =asinf (26)

) d 1 d! ! Qs g IA 1
ayUlaan NenuvuaP Fadunauainesusuiim asden
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LLamLauﬁdnaﬁaumuﬂaeﬁjﬁm wagwanuluszeLinny

Ay-= (2.8)
NMSATUIURIAIULIIAAUAINENNIS AU

o @ a =
gamsudantngn

X
tan .=~

EENN c
tan & =sinf = { =

asin0=nz |\

nDx
‘. N A
: a

asing = nA (1)

0 ~ 6
tan@ . sinf '~ Q= % (2)

- maAD
JE— 3)

Wa D AD SEugANUNINNYeIddaniavinnIsnaass
N Ao 9nadia TAndu 0,1,2,3,....
y Ao 528z NUaULRLAUAINY

D A9 S28EYNNLNYAARDIRINTU
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dmivadang

_ Assumption of infinite

| source distance gives

| plane wave at slit so
that all amplitude

| elements are in phase.

/ D
D >g

S For
i this approaches
a right angle

and 9' = 9
a = slit width

tanf@ =~ sinf =
D

. mAD

&

N fio qaile TAudu 0,1,2,3, ...
& o =2 1
y Ao szezanuauiindalaveing

D A9 58U NINLEUAANDIRINTY

Wla D A9 SEUEAMUMNYDIEARNLIYINISAaDY
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n=0,423 ..
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Fnsneaeaazltlusensuadodiadn vl udunaueail

1.5uidandniilonsuTe DIFFRACTION PATERN USING COMPUTER SYSTEM

A

Computer

MOTOR ¥
N— O

RECEIVED DATA PORT DATA

T | Port Name FIRSTBRIGHT@Em)
- SECOND DARK(cm.)

WIDTH SLIT(um)

DISTANCE(cm.)

WAVELENGH LIGHT SOURCE(nm.)
o)

WAVELENGH FROM EXPER (nm )
ERROR(%) |

3 yhmaereay USB insufiamesiunaesnivaumoulnsaaes

4.pantdan Port Name 1y COM3
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Diffraction Pattern Control by Computer System

MOTOR

STATE : STOP

RECEIVED DATA PORT DATA CALCULATE

+] Port Name FIRST BRIGHT(cm.)

i | SECOND DARK(cm)
| E .

DISTANCE(em )

WAVELENGH LIGHT SOURCE(nm.)

[ Port Disconnect ERROR(%)

b

STATE : STOP

RECEIVED DATA ‘PORT DATA - ‘CALCULATE

Port Nams FIRST BRIGHT{cm )
sy SECOND DARK(cm.)

WIDTH SLIT(um))

DISTANCE(cm.)

WAVELENGH LIGHT SOURCE(nm.)

wooeilElesl  CUACTE
WAVELENGH FROM EXPER (nm) |
ERROR(%) |

6.AAN Connect L@y sifousionaufiunasiuneinndosniuny

WAVELENGH FROM EXPER (nm.) |
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Tu Received Data
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STATE : RIGHT

RECEIVED DATA  PORT DATA CALCULATE
iz .| PortName FIRST BRIGHT(cm,)
D3szi0 H coms - SECOND DARK(em)
\aoass ~ BaudRate WIDTHSLITum)
1:1;?1.1%;25 i oot ERE DISTANCE(cm.)
i:;gg; [ Gonnect |  WAVELENGHLIGHT SOURCE(nm.)
L A e— procen
{28315 7 WAVELENGHFROM EXPER(m) |
15?5“5:5 | Port Covnect ERRORG;) 7
(127568 o DATA

| 133920

9.
Save wiauiulilu Notepad

ne

10.7n Notepad Minstudindrliudniduwdennsnlu Excel Tnefunu X axilrsaus
8-15 %1 (8,8.01, 8.02, 8.03.......... 15)
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5%8% (cm)

=
b2RY

a5

55

65

ARAAEINAIUNING 50 T (Lasdites)

szeg (cm)

Ry

25

35

45

WEN1INAaaN

AMUN3e (UM)

382 45 2y

%8¢ 55 wu

338y 65 9y

LRAY

50

AN (UM)

o8y 25 a4l

338% 35 au

588 45 94

L8y
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N5 8ULUSNSU

% WBndaun1snruay User Interface(Ul)
Imports System

Imports System.Threading

Imports System.IO.Ports

Imports System.ComponentModel

Public Class Forml
Dim myPort As Array
Delegate Sub SetTextCallBack(ByVal [text] As String)

Private Sub Forml_Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.Load
myPort = I0.Ports.SerialPort.GetPortNames()
ComboBox1.Items.AddRange(myPort)

SerialPort2.PortName
SerialPort2.BaudRate

1}

"COM3" 'iden Port fesdedeya

9600 ' tmussaimisdadaya

n

End Sub
Private Sub SerialPortl_DataReceived(ByVal sender As System.Object, ByVal e
As System.IO.Ports.SerialDataReceivedEventArgs) Handles
SerialPortl.DataReceived
ReceivedText(SerialPortl.ReadExisting())

End Sub
Private Sub ReceivedText(ByVal [text] As String)
If Me.outputTextBox.InvokeRequired Then
Dim x As New SetTextCallBack(AddressOf ReceivedText)
Me.Invoke(x, New Object() {(text)})
Else
Me.outputTextBox.Text &= [text]
End If
End Sub

Private Sub Buttonl_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Buttonl.Click
SerialPortl.PortName = ComboBoxl.Text
SerialPortl.BaudRate = ComboBox2.Text
SerialPortl.Open()
Buttonl.Enabled = False
Button3.Enabled = True

SerialPort2.0pen() ' ila Port riedstoyn
SerialPort2.Write(2) ' s 1 sensn Port idlu Char
SerialPort2.Close() ' il Port iedsfoymaie
Label2.Text = "LEFT"

End Sub

Private Sub Button2_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button2.Click
SerialPortl.PortName = ComboBoxl.Text
SerialPortl.BaudRate = ComboBox2.Text
SerialPortl.0pen()
Button2.Enabled = False
Button3.Enabled = True

SerialPort2.0pen() ' da Port adsdayn
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SerialPort2.Write(1) ' dwh 1 eenwin Port du Char
SerialPort2.Close() ' il Port dbdedoynite
Label2.Text = "RIGHT"

End Sub

Private Sub Button3_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button3.Click
SerialPortl.Close()
Buttonl.Enabled = True
Button2.Enabled = True
Button3.Enabled = False

1

SerialPort2.0pen() ' ila Port siedefoyn
SerialPort2.Write(®) ' dw 1 ssnan Port iu Char
SerialPort2.Close() ' ia Port iedsfoyaaie
Label2.Text = "STOP"

End Sub

Private Sub Button6_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button6.Click
Close()
End Sub

Private Sub Button7 Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button7.Click
outputTextBox.Text = ""
End Sub

Private Sub Button4 Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button4.Click
SaveFileDialogl.ShowDialog()
End Sub

Private Sub Button5 Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button5.Click
OpenFileDialogl.ShowDialog()
End Sub

Private Sub SaveFileDialogl FileOk(ByVal sender As System.Object, ByVal e
As System.ComponentModel.CancelEventArgs) Handles SaveFileDialogl.FileOk
Dim writer As New IO.StreamWriter(SaveFileDialogl.FileName) 'create the

writer'
writer.Write(outputTextBox.Text) 'This will write it'
writer.Close() 'Close it’
End Sub

Private Sub OpenFileDialogl FileOk(ByVal sender As System.Object, ByVal e
As System.ComponentModel.CancelEventArgs) Handles OpenFileDialogl.FileOk
Dim reader As New IO.StreamReader(OpenFileDialogl.FileName) ‘create the

reader’
outputTextBox.Text = reader.ReadToEnd
reader.Close() 'close the reader
End Sub

Private Sub Buttonl1® Click(ByVal sender As System.0Object, ByVal e As
System.EventArgs) Handles Buttonl@.Click
SerialPort2.0pen() ' ila Port edoun
SerialPort2.Write(4) ' s 1 aenon Port du Char
SerialPort2.Close() ' ila Port dedeioyaiio



Label5.Text = "LEFT"
End Sub

Private Sub Button9 Click(ByVal sender As System.Object, ByvVal e As
System.EventArgs) Handles Buttong.cliqk
SerialPort2.0pen() ' dla Port iedsdoya
SerialPort2.Write(3) ' #w 1 eennin Port dlu Char
SerialPort2.Close() ' i Port dededoyamde

Label5.Text = "RIGHT"
End Sub

Private Sub Button8_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button8.Click
SerialPort2.0pen() ' ila Port ifedsfoun
SerialPort2.Write(@) ' dw 1 eenvin Port dlu Char
SerialPort2.Close() ' ila Port ssdsdoyanie
Label5.Text = "STOP"
End Sub
End Class
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*** TAnduvasnsiiudaya
#define inPin0 0
int pinRead0;

float pVoltO;

void setup() {

Serial.begin(9600);

}

void loop() {
pinRead0 = analogRead(inPin0);
pVolt0 = pinRead0 * (5.0 / 1023.0);
Serial.printin(pVolt0,5);

delay(375);
}
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@ 1Andaunisauauanluainas
chari="0"

int stepPin =7;

int dirPin = 6;

int limswitch2 = 9;

int limswitch1 = §;

int readingl ;

int reading2 ;

void setup()

{
Serial.begin(9600);
pinMode(stepPin,QUTPUT);
pinMode(dirPin,OUTPUT);
pinMode(limswitch1,INPUT);

pinMode(limswitch2,INPUT);

}
void loop()

{

if (Serial.available()>0){

i = Serial.read();

Serial.printin(i);

}

readingl = digitalRead(limswitch1);
reading2 = digitalRead(limswitch2);
if (readingl == LOW)
{

for(intj=i;j<2;j=i){

}
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for(int x = 0; x < 400; x++) {

digitalWrite(dirPin,LOW);

digitalWrite(stepPin,HIGH);

delayMicroseconds(900);

digitalWrite(stepPin,LOW);

delayMicroseconds(900);

i=0;

H
else if (reading2 == LOW)

for(intj=i;j2=& ;j=T
}
for(int x = 0; x < 400; x++) {

digitalWrite(dirPin,HIGH);

digitalWrite(stepPin,HIGH);

delayMicroseconds(900);
digitalWrite(stepPin,LOW);
delayMicroseconds(900);
i=0;
}
}

else

if (i=="1") {

digitalWrite(dirPin,HIGH);
digitalWrite(stepPin,HIGH);
delayMicroseconds(1500);
digitalWrite(stepPin,LOW);
delayMicroseconds(1500);
}
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if (i=="2"){
digitalWrite(dirPin,LOW);
digitalWrite(stepPin,HIGH);
delayMicroseconds(1500);
digitalWrite(stepPin,LOW);
delayMicroseconds(1500);
}

if (i=="3"){
digitalWrite(dirPin,HIGH);
digitalWrite(stepPin,HIGH);
delayMicroseconds(100);
digitalWrite(stepPin,LOW);
delayMicroseconds(100);

}

if (i =="4t){
digitalWrite(dirPin,LOW);
digitalWrite(stepPin,HIGH);
delayMicroseconds(100);
digitalWrite(stepPin,LOW);
delayMicroseconds(100);

1

}
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6 Connection

6 Connection

This section covers the methods of connecting the driver, motor, power supply and
controller, as well as the connection examples and I/O signals.

6.1 Connection example
Either 5 or 24 VDC can be used as the signal voltage for the AWO input, CS input

and ACDOFF input.

Check the colors of motor lead wires and connect them correctly and securely.
Wrong connection of lead wires or poor contact may damage the driver.

B NPN type
e 5VDC

Driver

CN1
24 VDC£10% i
el

i GND

Leads color Blue

2

CN3

White
Red
Black
Yellow
Controller NPN type Green

(O HD {4 HOI RN

2

Vo (5 VDC) & ! A L 200 %
X:X CW- (PLS-) } :[C

Phetocoupler input 5 VDC

CCW+ (DIR+) 2000 Input current 5 to 20 mA

3
oV % X:XCCW- (DIR-)

ov AWO-

ﬁv anor-L 3340 .

CS+ 3.3 kO

5 }ZC:

SHe0

jf ;#SIZ_. ™ | Photocoupler input 5 VDG
CS-r51 © Input current 1 mA

L J
ACDOFF+ L 3.3kQ >
oV ACDOFF- L % } =|<
110} *

ﬂo v
Vo (5 VDG) 4

IR

TIM+

Photocoupler/open-collector

B
s
3

_ & |output
TIM- 13 Tl |5to24VDC

Qutput current 10 mA or less




6 Connection

e 24 VDC

Controller NPN type Green

Vo

Driver

CN1 |

24 VDCx10% 1
1

- GND i 2

:| _ CN3

Leads color Blue
White

Red

Black
Yellow

D HONHB HLO PO H =

CN2
(24 VDC) A CW+ (PLSY), 1 200 Q B

CW- (PLS-) 2 % 4[< Photocoupler input
1 2000 51024 VDC
cows iR+

— | Input current 5 to 20 mA
CCW- (DIR-), 4 .42 “(

Photocoupler input
24 VDC Input current 8 mA

"4
515 =

4@0 \"
(24 VDC) 2
): R2 TIM+ - Photocoupler/open-collector
1z _ output
TIM=—r T Tl |5t024VDC

J?U v Qutput current 10 mA or less

The CW pulse (pulse) and CCW pulse (rotation direction) inputs are of the
5 VDC input specification. If Vo exceeds 5 V, connect external resistor R1.
Example) When Vo is 24 VDC R1: 1.5 to 2.2 kQ, 0.5 W or more.

If the output signal current exceeds 10 mA, connect external resistor R2 to
keep the current to 10 mA or below.

Be certain the 1/O signals cable that connects the driver and controller is as
short as possible. The maximum input frequency will decrease as the cable
length increases.

When a large inertial load is operated at high speed, regenerative energy
will generate and increase the power supply voltage, which can damage the
driver. When performing the operation described above, change the
operating conditions so that any temporary rise in supply voltage due to
regenerative energy will not exceed 8 V, or connect an electrolytic capacitor”
(recommended specifications: 50 V or above in rated voltage and 10000 pF
or above in capacity) to the power supply line in parallel.




6 Connection

H PNP type
e 5VDC
Driver
24 VDC+10Y ENI
Cx10% i[_* "j::
GND i A
l:|- Leads color Blue N3 1
White 5
Red %
Black y
Controller PNP type Yellow :
Vo (5 VDC) 1 Green
A
CN2
y 4 Cws (PLSH) - 2000
CW- (PLS-) L 32
( CCW+ (DIR+)
CCW- (DIR-) }
i AWO+
R 3
CS+ 2 33kO
T0CT=E 2
_<_ ACDOFF+ g 3.3kQ
_l ij ACDOFF- qz
10
ovVv
Vo (5 VDC)
TIM+ e

TIM—;';

:

]

;

1

¥

Photocouplerinput 5 VDC
Input current 5 to 20 mA

Photocoupler input 5 VDC
Input current 1 mA

Photocoupler/open-collector
output
5to 24 VDC

~ Output current 10 mA or less
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Photocoupler input
510 24 VDC
Input current 5 to 20 mA

Photocoupler input
24 VDC Input current 8 mA

—, Photocoupler/open-collector
output

5to24 VDC

~ Output current 10 mA or less

The CW pulse (pulse) and CCW pulse (rotation direction) inputs are of the
5 VDC input specification. If Vo exceeds 5V, connect external resistor R1.
Example) When Vo is 24 VDC R1: 1.5t0 2.2 kQ, 0.5 W or more.

If the output signal current exceeds 10 mA, connect external resistor R2 to

keep the current to 10 mA or below.

Be certain the I/O signals cable that connects the driver and controller is as
short as possible. The maximum input frequency will decrease as the cable

length increases.

When a large inertial load is operated at high speed, regenerative energy
will generate and increase the power supply voltage, which can damage the
driver. When performing the operation described above, change the
operating conditions so that any temporary rise in supply voltage due to
regenerative energy will not exceed 8 V, or connect an electrolytic capacitor”
(recommended specifications: 50 V or above in rated voltage and 10000 pF

or above in capacity) to the power line in parallel.
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6.2 Connecting the connector and crimping the
contacts

Connect the power supply, motor and I/O signals to the driver by using the supplied
connector housing and contacts. Optional motor cables and driver cables (sold
separately) are also available. See page 45 for details.

T I}

51103-1200
To CN2

Power supply

51103-0200
To CN1

» High-torque type and geared type (CMK2235G)

PK220P, PK2235G Yo}
Mator 51103-1200
51065-0600 Motor To CN2

{1 =5
e’

» PK230P, PK240P @ Power supply

Motor 51103-0200
51103-0600 To CN1

e PK260P
Motor
51067-0600

m « When connecting a motor, affix the cable at the connection part to prevent
the connection part from receiving stress due to the flexing of the cable.
Make the cable’s radius of curvature as large as possible.

e Have the connector plugged in securely. Insecure connection may cause
malfunction or damage to the motor or driver.

« When pulling out a connector, pull it out by slightly expanding the latch part
of the connectors using a precision screwdriver.

« Always wait at least 5 seconds after switching off the power supply before
switching it back on again or connecting/disconnecting the motor cables
connector.




B Connector housings and contacts (supplied)
When crimping contacts for connectors, be sure to use the crimping tool specified by

the connector maker.

6 Connection

Application Connector housing Contact Crimping tool
Power supply (CN1) (SICIIL?:;?%O: 2 poles
/O signals (CN2) ?&l?:x; 200: 12 poles ?nﬁi?;;)mo (e»h:i?;)sooo
Motor (CN3) ?&L?:;?BUO: 6 poles

Note

When connecting a motor, affix the cable at the connection part to prevent the

connection part from receiving stress due to the flexing of the cable. Make the

cable’s radius of curvature as large as possible.

M Suitable cable

Power supply cable

Use a cable of AWG22 (0.3 mm?).
Keep the wiring distance as short as possible [less than 2 m (6.6 ft.)] to suppress the

effect of noise.

1/0 signals cable

Use a cable of AWG24 to 22 (0.2 to 0.3 mm?).
Keep the wiring distance as short as possible [less than 2 m (6.6 ft.)] to suppress the

effect of noise.

m « Separate /O signals cable at least 100 mm (3.94 in.) from electromagnetic
relays and other than inductance loads. Additionally, route /O signals cable
perpendicular to power supply cables and motor cables, rather than in a

parallel fashion.

o If the motor cable or power supply cable generates an undesirable amount

of noise, shield the cable or install a ferrite core.
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6.3 Connecting the power supply

Connecting the power supply to the driver’s CN1.
Use a power supply that can supply the following current capacity.

Driver model cmp2109p | cMD2112P | cMD2120P
ResyerSLbRl 24 VDC£10%
input voltage
Power supply. 1.5 A or more 1.7 A or more 2.9 A or more
current capacity
CN1 pin assignments
Pin No. Signal name Description
1 POWER+ DC power supply input
2 POWER- GND

« Pay attention to polarity when connecting the power supply. Connecting the
power supply in reverse polarity may damage the driver.

« Do not wire the driver's power supply cable in the same conduit in which
another power supply line or the motor cable is wired.

6.4 Connecting the motor

Connecting the motor lead wires to the driver’s CN3.
With a high-torque type or geared type (CMK223SG), use the supplied motor
cable.

CN3 pin assignments

Pin No. Signal name Description
1 BLUE Blue motor lead
2 WHITE White motor lead
3 RED Red motor lead
4 BLACK | Black motor lead
5 YELLOW Yellow motor lead
6 GREEN Green motor lead

Check the colors of motor lead wires and connect them correctly and securely.
Wrong connection of lead wires or poor contact may damage the driver,
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B Connector type motor

With a high-torque type or geared type (CMK2235G), a connector is also used for
connection on the motor side. Use the supplied motor cable.

If the supplied motor cable is not used, make connection by aligning the motor pin
numbers and driver pin numbers.

m e When disconnecting the connector type motor cable, pull the connector
horizontally along the output shaft to remove. The motor may be damaged if
force is applied in any other direction.

¢ The motor cables that come with the high-torque type CMK230OP,
CMK24[0P and CMK260P have a connector with a lock mechanism. When
removing this type of cable, release the connector lock first. Forcibly pulling
out the cable without releasing the connector lock may damage the motor
and connector.

=1

i L_.> 2.Pull out the cable horizontally.

1.Release the lock.

6.5 Connecting the I/O

Connecting the 1/0 signals to the driver’s CN2.
CN2 pin assignments

Pin No. Signal name Description
1 CW+ (PLS+) input d %
~ CW pulse (pulse) input
2 CW-= (PLS-) input
3 CCWH+ (DIR+) input : . . *
CCW pulse (rotation direction) input
£ CCW- (DIR-) input
5 AWO+ input o .
All windings off input
6 AWO- input
7 CS+ input L
Step angle switching input
8 CS—input
9 ACDOFF+.input :
Auto current down release input
10 ACDOFF- input
11 TIM+ output e -
Excitation timing output
12 TIM- output

= When 2-pulse input mode, the inputs are CW pulse and CCW pulse.
When [-pulse input mode, the inputs are the pulse and the rotation direction.
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6.6 About input/output

M Input signals
The signal state represents the “ON: Carrying current” or “OFF: Not carrying
current” state of the internal photocoupler.

e Example of connection with a « Example of connection with a
current sink output circuit current source output circuit

Vo

Vo

AS;'DV é’OV

m The CW pulse (pulse) input and CCW pulse (rotation direction) input are of the
5 VDC input specification. If Vy exceeds 5V, connect an external resistor.
Failure to do so may damage the elements.
The AWO input, CS input and ACDOFF input can be connected directly to 5
VDC or 24 VDC.

e CW pulse (PLS) input, CCW pulse (DIR) input

This driver can select either 1-pulse input mode or 2-pulse input mode as the pulse

2,4,6,8, 10

2,4,6,8 10

input mode to match the controller used. For details on how to set the pulse input
mode, see 7.2 “Pulse input mode” on page 37.

2-pulse input mode

The controller’s CW pulses are connected to the CW+ (pin No.1) or the CW— (pin

No.2), while the CCW pulses are connected to the CCW+ (pin No.3) or the CCW—

(pin No.4).

e When the CW pulse input changes from the ON to OFF, the motor will rotate one
step in the CW direction.

e When the CCW pulse input changes from the ON to OFF, the motor will rotate
one step in the CCW direction.

Use an input pulse signal with a waveform having a sharp rise and fall, as shown in

the figure:
ON  90% — i ON:30t05.25V
CW pulse input R 10% AEW; : OFF:0to1V
11 .
5 ps or more | | 5 ps or more
>
2 ps or less 2 s or less 10 ps
2l or more
ON

CCW pulse input
H P oFr
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of the circuit. Set this interval to an appropriate time after which the motor
will respond.

« Always set the photocoupler to OFF when not inputting pulse signals.

« Do not input CW pulse input and CCW pulse input at the same time. If one

m ¢ The interval for switching the motor direction represents the response time
of these pulses is input when the other is ON the motor will not run properly.

1-pulse input mode

The controller pulses are connected to the PLS+ input (pin No.1) or the PLS— input

(pin No.2), and the rotation direction is connected to the DIR+ input (pin No.3) or

DIR— input (pin No.4).

e When the DIR input is ON, a fall of the PLS input from ON to OFF will rotate the
motor one step in the CW direction.

e When the DIR input is OFF, a fall of the PLS input from ON to OFF will rotate
the motor one step in the CCW direction.

ON:3.0t0 525V

OFF:0to 1V

ON  90%

PLSinput __ 0% A% ) [
5 psormore | | 5ps ormore| 10 ps 10 pus
or more | or more
2 ps or less 2 ys or less
T T T

ON

DIR input ccw
OFF

m The interval for switching the motor direction represents the response time of
the circuit. Set this interval to an appropriate time after which the motor will
respond.

o AWO (All windings off) input

Use the signal only when the motor’s output shaft must be rotated manually for

position adjustment (ON: 4.5 to 26.4 V, OFF: 0to 1 V.)

e When the AWO input is turned ON, the driver stops supplying current to the
motor and the motor’s holding torque is lost. You to adjust the load position
manually.

e When the AWO input is turned OFF, the current supply to the motor resumes,
thereby restoring the motor’s holding torque.

e CS (step angle switching) input
(ON:4.5t026.4 V,OFF:0to 1 V)
e When the CS input is turned ON, the motor will operate at the base step angle
regardless of the settings of the step angle setting switches.
e When the CS input is turned OFF, the motor will operate at the step angle set by
the step angle setting switches.
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e ACDOFF (Auto current down release) input

When the ACDOFF input is turned OFF, the motor current will automatically drop
to the standstill current in approx. 0.1 second after the stopping of pulse output. This
mechanism suppresses heat generation from the motor or driver while the motor is at
standstill.

Keep the ACDOFF input OFF in normal conditions of use.

(ON:4.5t0264V,OFF: 0to 1 V)

M Qutput signals

Driver output signals are photocoupler/open-collector output. The signal state
represents the “ON: Carrying current” or “OFF: Not carrying current” state of the
internal photocoupler.

« Example of connection with a « Example of connection with a
current source input circuit current sink input circuit
j 5to0 24 VDC 5to 24 VDC
=Y 1 11
12 12

oV :)2

TIM (Excitation timing) output

When the motor excitation state (combined phases of current flowing) is the
excitation home position (step 0), the driver switches on the timing output. The
motor excitation state is reset to the excitation home position when the power supply
is switched on.

When the motor has a base step angle of 1.8°/step, the TIM output turns ON with a
rotation of every 7.2° from the excitation home position in synchronization with a
pulse input. The TIM output behaves differently depending on the combined motor
and number of divisions.

Example of TIM output

Number of divisions
Motor type r ” TIM output
Motor with 1.8°/step base step angle 1.8° 0.45° Every 7.2°
Motor with 0.9°/step base step angle 0.9° 0.225° Every 3.6°
Geared motor with 18 :1 gear ratio [0 S 0.025° Every 0.4°

Also, when detecting the mechanical home position for a mechanical device, by
making an AND circuit for the mechanical home position sensor and the TIM output,
the variation in the motor stop position within the mechanical home position sensor
can be reduced and the mechanical home position made more precise.

4_
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m e When using the TIM output, stop the motor’s output shaft at an integer
multiple of 7.2°.

» When switching the step angle, do this with the motor stopped and the TIM
output ON.

6.7 Timing chart

CW {
Motor operation — I P
CCW \

5sormore|  #4

ON
Power source input
OFF

2-pulse input mode
) ON " Hamg------
CW pulse input = QE :ﬁﬁf
#1 | 10 ps or more %3 | 300 ps or more

Y/ (T | T

10 ps or more | *1 *1|| 10 ps or more

b B B tE
0.5 s or more

1-pulse input mode

pusineut 00 T SN o

ON
DIR input
OFF

#2
ON -
AWO input :
OFF

Thei {1 section indicates that the photocoupler diode is emitting light.

*1 “10 ps or more” indicated in connection with the CW/CCW pulse select time (2-pulse input
mode) or direction signal select time (1-pulse input mode) indicates a circuit response time.
Set it to the time required for the motor to respond to the applicable pulse input.

*2 The specific duration varies depending on the load inertial moment, load torque, starting
frequency, etc.

*3 Do not input pulse signals immediately after switching the AWO input to OFF, given that it
will affect the motor’s starting characteristics.

x4 After turning off the power supply, wait at least 5 seconds before turning the power supply
back on.

ml The maximum response frequency is 100 kHz at a pulse duty of 50%.
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7

7.1

Setting

Step angle

Set the motor step angle using the
step angle setting switches (SW-2,
SW-3, SW-4).
Factory setting: OFF (Number of
divisions 1)

Step angle setting switch
(SW-2, SW-3, SW-4)

The three step angle setting switches are used together to set five step angles.
Use an insulated precision screwdriver to change the ON/OFF positions of SW-2,
SW-3 and SW-4.

The ON/OFF combinations of SW-2, SW-3 and SW-4 and corresponding step angles
are shown below.

When the base step angle is 1.8°/step

SW-2 | SW-3 | SW-4 | Number of divisions Resolution Step angle
OFF OFF OFF 1 200 1.8°
OFF OFF ON 2 400 0.9°
OFF ON OFF & 800 0.45°
OFF ON ON 8 1600 0.225°
ON OFF OFF 16 3200 0.1125°

The step angle is calculated by dividing the base step angle by the number of
divisions.
If the switches are set to any combination other than those listed in the table above,

the number of divisions will become | and the motor will operate at the base step
angle.

m o Step angles are theoretical values.

« With the high-resolution type, the base step angle is set to 0.9° and the
resolution to 400 (number of divisions: 1).

With the geared type, the actual step angle is calculated by dividing the step
angle by the gear ratio.

« The step angle set by the step angle setting switches becomes effective
when the CS input is OFF.

+ Do not switch the CS input or the step angle setting switch while the motor is
operating, or the motor may misstep and stall. Set the step angle setting
switches when the CS input is OFF and TIM output is ON.
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7.3

7 Setting

Pulse input mode

Either the 1-pulse or 2-pulse input mode may be selected in accordance with the
controller used.

Use an insulated precision screwdriver to change the ON/OFF position of the pulse
input mode setting switch (SW-1).

The factory setting of the pulse input mode depends on the destination
country. Check the pulse input mode setting in accordance with the pulse
mode in the controller used.

Pulse input mode selector switch
(SW-1)

ON: 2-pulse input mode

OFF: 1-pulse input mode

e When the motor is to be controlled through the CW pulse and CCW pulse, set the
pulse input mode setting switch to ON.

e When the motor is to be controlled through the pulse and the rotation direction
signal, set the pulse input mode setting switch to OFF.

Motor current

Set the motor current using the motor operating current setting switch (RUN) and
motor standstill current potentiometer (STOP).

When the load is light and there is a margin for motor torque, the motor’s operating
vibration and the temperature increase of the motor and driver can be held down by
lowering the motor’s operating current and standstill current.

Motor operating current
adjustment volume

Motor standstill current
adjustment volume
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M Operation current

The motor operating current setting switch (RUN) can be used to set the 16
operating current levels.
Factory setting: F (motor’s rated current)

Dial Operating current (A/phase) [Representative values]

setting CMD2109P CMD2112P CMD2120P
0 0.12 0.29 0.58
0.15 0.36 0.68
2 0.28 0.41 0.77
3 0.33 0.47 0.87
4 0.38 0.54 0.96
5 0.43 0.59 1.06
6 0.49 0.66 115
7 0.54 0.72 1.24
8 0.59 0.78 1.35
9 0.64 0.84 1.44
A 0.7 0.9 1.53
B 0.75 0.96 1.62
C 0.8 1.02 1.71
D 0.85 1.08 1.8
E 0.9 1.14 1.9

F 0.95 1.2 2

s The maximum value of the motor’s operating current is set as its rated
current.

« The actual operating current may vary from the applicable value in the table
depending on the motor used.
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M Standstill current

Set the motor standstill current using the motor standstill current potentiometer
(STOP).

The motor standstill current is the motor operating current multiplied by current
cutback ratio.

Factory setting: 40% of the rated current

m « Arange of adjustment of the current at motor standstill is within 40% of
motor operating current. When the current at motor standstill is decreased
too much, motor starting or maintenance of the location may be hindered.
Do not reduce it any more than is necessary.

« When operating the potentiometer, use a precision screwdriver.

« When setting the current at motor standstill, be sure to do so after setting
the motor’s operating current and turning off the power supply to the driver.

Setting method

Set the motor standstill current using ammeters.

Driver

24 VDC+10%

Motor leads
color

Blue

®

Black

Yellow

i

Lo

Green

s Check the colors of motor lead wires and connect them correctly and
securely. Wrong connection of lead wires or poor contact may damage the
driver.

« Damage result if the blue, white and red (+) motor lead wires are touched.
Provide an insulation measure to protect against electric shock.
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1. Connect a DC ammeter to motor.
2. Tum on the driver’s power supply.
3. Use an insulated precision screwdriver to turn the motor standstill

current potentiometer (STOP) to adjust the standstill current.
The sum of readings on two ammeters represents the current for one phase.

CMD2109P [Representative values] ~ CMD2112P [Representative values]
80 80
g 70 g 70
o 60 2 60
_S 50 L] E 50 ,/
g 40 // g 40
S A R JE
5 2 - 5 2 =
£ £ 7
3 10 3 10 =,
0 0
0 1 2 3 4 5 6 7 8 0 1 2 & 4 5 6 7 8
STOP potentiometer STOP potentiometer
CMD2120P [Representative values]
Example: Use CMD2109P at an operating
&a current of 0.95 A/phase.
e 70
% 80 When the motor standstill current
® - potentiometer (STOP) is set to “2,” the
% Bt /’ applicable standstill current is calculated as
% 40 [ follows:
2 30 2 = 0.95 A/phase % 10% = Approx. 0.095 A/phase
C
% i A When the potentiometer is set to “7,” the
29 10— applicable standstill current is calculated as
0 u.
0 1 28N 4 8 7 8 Lomows

STOP potentiometer 0.95 A/phase x 51% = Approx. 0.48 A/phase

4. When the setting is complete, turn off the power supply.
After about 0.1 second has passed since the pulse was stopped, the motor’s
operating current automatically decreases to the set value of current at motor
standstill.
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8 Inspection

It is recommended that periodic inspections be conducted for the items listed below
after each operation of the motor.
If an abnormal condition is noted, stop the use and contact your nearest office.

Inspection items

Are the motor installation screws loose?

Are there any abnormal sounds from the motor’s bearing section (ball bearings) or

elsewhere?

Do any of the motor lead wires have damage or stress, or is there any play at the

section for connection with the driver?

e [s there any deviation between the centers of the motor’s output shaft and load
shaft?

e Are the driver installation screws or connector sections loose?

e [s there any dust or dirt on the driver?

e Are there any strange smells or other abnormalities at the driver?

The driver uses semiconductor elements. Handle the driver carefully. There is
a danger of the driver being damaged by static electricity, etc.
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9 Troubleshooting and remedial
actions

During motor operation, the motor or driver may fail to function properly due to an
improper speed setting or wiring. When the motor cannot be operated correctly, refer
to the contents provided in this section and take appropriate action. If the problem
persists, contact your nearest office.

Phenomenon

Possible cause

Remedial action

e The motor is not
energized.

¢ The motor’s output
shaft can be turned
easily by hand.

Connection error in the motor or
power supply.

Check that the connections
between the driver, motor and
power supply are correct.

Current potentiometer
incorrectly set. If the setting is
too low, the motor torque will
also be too low and operation
will be unstable.

Return the current
potentiometer to its factory
setting and check.

The AWO input is set to ON.

Switch the AWO input to OFF
and confirm that the motor is
excited.

The motor does not
run.

Pulse input line connection
erTor.

e Check the controller and
driver connections.

e Check the pulse input
specifications (voltage and
width).

The CW input and the CCW
input came ON at the same
time.

Input either the CW input or the
CCW input, and always switch
the other terminal to OFF.

The motor rotates in
the direction opposite

that which is specified.

The CW input and the CCW
input are connected in reverse.

Connect the CW pulses to the
CW pulse input (pin No.1 and
2), and connect the CCW
puises to the CCW pulse input
(pin No.3 and 4).

Motor operation is
unstable.

Motor connection error.

Check that the driver and motor
connections are correct.

Current potentiometer
incorrectly set. If the setting is
too low, the motor torque will
also be too low and operation
will be unstable.

Return the current
potentiometer to its factory
setting and check.
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Phenomenon

Possible cause

Remedial action

Loss of synchronization
during acceleration or
running.

The centers of the motor’ output
shaft and load shaft are not
aligned.

Check the connection condition
of the motor output shaft and
load shaft.

The load or load fluctuation is
too high.

Check for large load fluctuations
during motor operation. If
adjusting the motor’s operating
speed to low and high torque
eliminates the problem, it is
necessary to review the load
conditions.

The speed of the starting pulse
is too high.

Lower the speed of the starting
pulse.

The acceleration (deceleration)
time is too short.

Lengthen the acceleration
(deceleration) time.

Electrical noise.

Check running with only the
mator, driver and required
controller. If the impact of noise
is recognized, take
countermeasures, such as
rewiring for greater distance
from the noise source, changing
the signal cables to shielded
wire, or mounting a ferrite core.

Motor does not move
the set amount.

Mistake in switching CS input.

Check the CS input state.

Wrong step angle settings.

Check the settings of the step
angle setting switches.

Pulse output count is too low or
too high.

Check whether or not the
number of pulses required for
operation at the set step angle
are being output.

Current does not drop
when the motor stops.

The ACDOFF input is set to ON.

Switch ACDOFF input to OFF.
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Phenomenon

Possible cause

Remedial action

Motor vibration is too
loud.

The centers of the motor’s
output shaft and load shaft are
not aligned.

Check the connection condition
of the motor output shaft and
load shaft.

Motor is resonating.

If the vibration decreases when
the operating pulse speed is
changed, it means the motor is
resonating. Change the
operating pulse speed setting or
install a clean damper (sold
separately) to suppress
vibration.

Load is too small.

Turn the motor operating
current setting switch slightly in
the counterclockwise direction
in order to lower the current.
Vibration will increase if the
motor’s output torque is too
large for the load.

Motor is too hot.

Long continuous operation time
of the motor.

Decrease the operation time of
the motor per session or
increase the standstill time.
Make sure that the motor case
temperature will not exceed
100 °C (212 °F).

The ACDOFF input is set to ON.

Switch ACDOFF input to OFF.

Motor standstill current
adjustment is too high.

Lower the motor standstill
current.

TIM output does not
work.

CS input switched to ON when
TIM output is not being output.

Switch the CS input to ON when
TIM output is being output.




Silicon Photodetectors Series E

EYE RESPONSE DETECTORS

Centronic Series E photodetectors use the successful Series
5T chip together with high quality glass colour correcting
filters. The resulting spectral response approximates to that
of the human eye making this device ideal for use in general
photometric applications.
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Silicon Photodetectors Series E

Electrical / Optical Specifications

Characteristics measured at 22° C (+2) ambient, and a reverse bias of 12 volts, unless otherwise stated.
Shunt Resistance measured at £+10mV.

Single Elements

Active Area Responsivity | Dark Current| NEP WHz % Capacitance pF |ShuntResistance Spectral |Riselime ns
Type No. nA Lux' nA A =550 nm Megohms Curve |1 =630nM package
Vr=0| Vr=12V (Page 22) |R =50Q
mm? mm Min. Typ. Max. | Typ. Typ. Max. | Max. | Min. Typ. Typ.
0SD1-E 3l B b e R G U R 2105 1.5x10™ 30| 6 |100 (1000 1 7 1
OSD3-E 3 [216x14] 4 | 6 | 511 118x10% 80| 20 | 60 | 700 1 9 1
OSDS-E | 5 [252dia | 6 75 | 10 lwe=Hax10™"80, 35 | 40 | 600| 1 9 g
OSD7.5-E| 75 |2.75x2.75 8 11 71072 [2.7 x 10| 15040 30 | 300 1 10 3
OSD15-E | 15 |38x38 | 16 | 22" 410 | 3 |52x110:' .390| 80 5 80! 1 12 3
OSD50-E | 50 |7.98dia | 22 30 | 4005 [93x10'1300|270 |15 o5| 2 26 9
OSD60-E | 62 |79x7.9 | 26 | 35 50 . 9 1.3 x 101800/ 310 1 12 2 30 9
OSD100-E| 100 |11.3dia | 45 | 60 | 100 | 20 1.2 x10%3/2500/520 | 1 15| 2 45 13

Note: In addition to the Series E listed above, Centronic can provide any other detector in this catalogue with optical filters.
Contact factory directly for more information.

Unit Conversion Table for llluminance

The Series E photodiodes have been colour corrected to provide a photopic response. They can be used as low cost
illuminance monitors for many instrument and industrial applications. The following table provides useful conversion factors
for various illuminance units.

lux phot foot-candle watt per square |

Ix(Im/m?) ph(Im/cm?) fe(im/f?) | centimetre* |

| ‘ ’ Wicm? ]

1 |

1 L 1.000x 10* 4 . 9.290x 10% 5.0 x 10°® ‘
1.000 x 10* | 1 |7 £9:290 x'10° 1w ~5.0x102

1.076x10' |  1.076x102 b ¥ 9, 1 : 54x% 10° ;

20x10° 20x10" 1.9x10 1 }

* Total irradiance (measured value) by the CIE standard light source "A".

Highlighted items are Centronic standard products generally available from stock
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