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ABSTRACT

This project presents object sorting system using image processing. The
proposed system consists of conveyor belt, image acquisition system, electronic
circuits, interface card, sorting system and computer for control and analysis. The
object images are used to calculate area of object by thresholding technique. The
area of object is used to compare with defined area for object sorting. In experiments
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2.2 LabVIEW [3]
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3UTl 2.16 swuUd RGB

2.5 nwnsawng (Grayscale) [4]
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e e o (W

= w ! ‘1
3UN 2.19 mMednmveinwnsang

2.6 78n13 Thresholding [4]

16

Thresholding tlunisulasmwszuuinsana & wjaumamvmn 0-255 Whfiun il
ANAENABITEAU (Binary Image) mmame‘[usﬂw 2.20 uwau‘lmw mmmwuuawawmmw
Tadiansnimsewiiusn Threshold sy 'memwuuuml.ﬂu 0 v3alludd uay

mmmw'l.ﬂwumaamﬂm Threshold 'memwuuummu 100 wSedv12

100

100

100

100

100

100

100

100

100

100

JUil 2.20 Matheraanin Thresholding
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2.7 vawmasluinszuanss [6]

« a < o4 o v o
wewnailuiinszuanss (0C Moton) 1luipdaenalwiheianil Favimmimaey
a a v o ol al d C‘ o al (] d
wasmndndundsauna Wugunsalfutdsiililunistuiadouiiddyodmisulseny
RREANNTIN

2.7.1 Tassadveswawmasiniinssuanss 4
duusznounane voueimasninssuansaiivsenaudediuiovie
laseaing (Frame)  Hulassadenisusnvesuawmesiniinngsuans Aldfdmiudamy
Fauimdnnile (N Field Pole) wardausimnld (S Field Pole) vimhidaduususimgn
mn'ﬁ"’wﬁagi-ﬁ""ﬂéf LLas'ﬁ'ﬁwF‘f@gmnﬁndauﬁaﬁquwu (Armature) luduilneluaziuunaan
n'srﬁﬁ'%'wu,w‘fu‘lwﬁwxﬁmuLﬂutﬂ?aaﬁmﬁﬂ‘lw%nizLLaom (DC Generator) Nseifivinay
Tulnansgvhenulunawesiwiinssuanss (OC Motor) ‘?aLLamLLﬁasei'Juﬁ'fquﬁ 2.21

Tnramd e (Frames

WUy simiin VaiimBnmils

N1 (Shaft)

2.7.2 wanmvyuuanes lwrInsuanse
[ & v | [ ] = ] <
nMvulinmurswamesiwiinszuansaszwisesnidu 2 dwude dud
| o v o v ' : < | d v
agnuy (Stator)  azviwmassauuuaivgn wazdunuyu (Rotor)  asifuduiiasng
a < v oo aao 1 ¢ ¢ a w
AMUGUazUsen eiinszudlvaluvemindnififusguunnuesuneed aufnduunss
1 @ o o aaa o v 1 o a 5 [} o v oo
wimiinseuq fad wasiujisorfuduusasivinfidenndauiininuswemes iliAn
L : v o [ L5 4 v
wiawantuuusniwiliersineesuyululs
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Hall IC
Detects rotor
rotational position

Rotor

Motor case
(HOusINg)

P Stator
D Permanent  Winding (copper wire)
%) magnet
Magner tor
Bearmg generating base flux

gﬂﬁ 2.22 @mwes Stator uas Rotor [7]

2.8 szuviluufng [8]

SEUUTULLANE wuneda 52 vumsaimasanaunelusatesnsingedenudy
vosaulumnanadimsunisderngs LLaV’Lun'1'§°mﬂﬁmUﬂmmwmumaqmﬁfﬂaﬂﬂm Ly
nIgvangu (Cylmder) MAMIBUDNDT 1r|wmwLﬂaﬂuwamuamﬂuwamuﬂa dmsuanu
m‘uﬂmamiumuu"l.m'mﬁmur-mmsmaauw NISAIUANFIUNLY mamuammwuusvuum
wuAndfduitoutuann 'luammwnsmnﬁmamnummunawnmumnammmmumﬂ%uu
muivuumwmuﬂumﬁvwmmenaa‘]‘lmaawwumumma‘lﬂu

2.8.1 {uau (Air Compressor)

mumimtmmmmnLUmam’tumﬂmmwmmmmaﬂ'hnmmmmmuawu
wieldlunistuindey lasanunsoudadnunznsinwwsiadesuaueany 2 nau’h&mq
Ch) mﬁLﬂaau*wnJuu.mLaumsmumawuluanummaamwuu wadnuwuzAsiaululug
nssazLdufifeuldfuAtiuuy {Juammuanﬁu (Piston  Air Compressor)  futiuaauuy
Inozunsy (Dlaphragm Air Compressor) T,malu,uuanaw"l,ﬂuwuaunumﬂﬂa GRIUPRELRN
mmmu‘l,mmatmm'mmumﬂauﬂivmmmmmuawuaanvmmwwaamsam

duse Uuﬁ'l,'um‘muuuunmﬁuauLLUU'LUWﬂLaau (Slldlng Van Rotary Air
Compressor) Lﬂuﬂnawumwuumaua'l.maammnun uimIsETiTomesaudouiin
du ami‘]uamwuani (Screw Air Compressor) LUuUnauwumuwumswammuasai'mﬂfm
suganlaiisaud 10 uns urliauldadnaue

o
2.8.2 Lﬂsaﬁumamw%’au (After Cooler)
Luaamﬂmsamaumﬂmmﬂuusimmﬁ'l.wummmuwawum’tmnmm*}mau
(@oumgd) awu AU udunesdinisssuieanudousanie muﬂhﬂmaana“wﬂmmaﬂﬁ

q
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'L*ua'm'uaqaﬂnsmmLtumﬂammam'ﬂmmﬁuaq auLUuNa-umm‘smauuuul,amamﬂ Ny
vn'lmmmmiammwmmLL:Jmnammwummnu mum's'iumamwmauuuaa 2 sUlUUAe
wuulgautn LLauLLuu'hju"mmﬂmwmau

2.8.3 dufvax (Receiver Tank)

'Lumsmmumaﬁvwmmenammmuwsaunwmaq i araintymaes
Usinauauiildlaiifioane Faravilisy UUU’;LL&ImﬂEﬂﬂmN']UWS?JWN']HNG]“NW‘UU wsam
gUNIRIMEAYina aummaanlma;V'Lﬂmu"Lawluu mmiﬂnmﬂmmamaa‘lma’imm oy
mLUummun'rimuamlﬂﬁaamaamL’JmLLavame'Lﬂa’ﬂﬂamwmuaqma

| —_— || | II

o W W v o w 3 a )
UM 2.23 duivaw (hajuduinin wes mevlusa Suluiady)

2.8.4 \A3astranAudy (Air Dryer)
menmumLﬂiaﬁ"mamm'sauuulnmmmmxﬁﬁﬂmmwlﬂwm Fs
yhlURRTald ST 70% Wi dumdefvulusuax mmm‘lwaﬂnimuummnamm
AMULEsE e muuﬁmwﬂumaa‘l‘uaﬂn'ﬁmmaﬁmﬂmummmamﬂ wiu lindnnisgady
meansiaiivselivdnnisueaniowinauiy (Refrigerant Dryer)

2.8.5 @ans8981M1A (Air Filter)
vimtifid Sndeantsn ﬂuavamﬁadmaluau fivdnnsvaufoiiieauss
11naL'z'f'mw siuNuTsFUnsELAau g mmwﬂmﬂmmﬂwmuLLazaaanﬂsﬂnaw‘LﬂWLm
mewuﬂua‘u neRundigniIennasgauans waamnuuauaﬂn'-avlwamulan'iawmmm
LanuIn (’lumau) Ll,avmulﬂm'smeaanmaavm‘lﬂ'lﬂzmumalﬂ
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)

A a L3 @
JUN 2.24 anwaizvesgUnsainsasanda 9]

2.8.6 gUN3aiAIUANAIINAY (Air Pressure Regulator)
'L%’U%'Uﬂmuﬁ’uﬁv’aLwiamﬁaanmnﬁaau‘imaﬁ"ﬁﬂﬁﬂsﬁmmﬁ’uﬁqamn (n5le
suluszuviuuindasldlusag 6 8¢ 10 v19) ﬁqqﬂn‘szﬁﬁqu.zJﬁﬁémwﬂmmwummﬁ’uaja‘1
Lildi Sedipalinsusumuduiildanlionnzay Reaneamsuliding egunsaiilisenda
gunIaluurAIsL

CONTROL
KNUB

REFERENCE
SPRING

VENT
VALVE

SENSOR

CONNECTOR

QUTLET INLET

MAIN
VALVE

FUNCTIONAL SCHEMATIC

d a L3 a o/
3UN 2.25 anwuzresgunsaimununuiuYasause [9]
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] L -] ’
2.8.7 gunsaldeineduvaaiu (Lubricator)

@) e ] g o v

Wugunsaldensuniulinussuuiiuuindas vannsilleldaudnly agnu
ﬂuaummulwumu'waEﬂ,uanmwuamuuummaiﬂﬂaulﬂwaunuamammumﬂwmivam
WUANA

= o « 5w = @
3UN 2.26 anwauzvesgUnsainauituvas Audnluluausn [9]

2.8.8 n3suanguay

nILUBNAUAL ﬂvm‘mmwﬂaﬂuwaaq'mauamleUuwamunaaﬂwmﬂumi
wasuTid I AunsIABsuTUUE LRSS 5 2 Usenv A

2.8.8.1 n3zUBNgunILAeT (Single-acting Cylinder)
NILUDNGUNIABIMINEAIMS VTR BINT USSR llunnen
LuaammnmqmnfsvwnnuT,uam.,nnmummwwaaaﬂia (nelunszuangu) wazauin

&

ﬂ‘iu‘UE}ﬂﬂ‘ULL‘UUU%SQJ‘UH’IWIM‘iﬂmu’mUﬂﬂE} ‘HU']@LH‘UN'TUﬁUFJﬂﬁN'UENﬂ'iu‘U'e]fﬂ.&ll.ﬂu 100

Jadlung wassy g9tnlaiiiu 100 fadluasigunu fm‘wwm'luam:]VUnmwaqanaumam
v

1§J3Jﬂ?"|1.lﬁmallL‘U"l‘l/lﬁ]"lU‘Vl']tl'UENﬂi“’UE]ﬂE‘lU EﬂJSG'{l“'ﬂ‘lJﬁﬂ?fU'LW?JH.LUC‘]’]LLMUGLﬂaBUVIL‘U']?lﬁ\

ﬁﬂ’!?”ﬂ'l‘i‘l/l']ﬂ’lu‘llaﬂﬂ‘i"‘U'e]ﬂﬂllLNBﬂ']']ﬂJﬂu‘UaﬂﬁllL'UWNWﬂﬂQUW']EJ‘UB&ﬂ‘J“UEJﬂﬁU AUAUYDY

ﬁﬂJ"ﬂ“i.lLLi\‘l‘ﬁ‘i.J"LL‘S\?“U‘NﬁUNWWIH\L’JQEJﬂ'ilel’!'LVfa ﬂaULﬂﬁ a‘uwaaﬂam

Hhasauing D2LERGH

imﬂﬂ'l TIITECIIIL i'iTTT[TI\I‘"l'ITITI'mTTmW—f s

t ' : / dagnay
Fig L : u'lh"lu‘i_‘_b

= I3 a
3Un 2.27 asnUsznaunsluvesnseuengumnafien [10]
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Single-acting cylinder

r&Control valve »

-

- -l

Energy source Exhaust
3UT 2.28 ﬂ'ﬁé‘{"mu’l,ﬁnizuanguwmﬁm [10]

2.8.8.2 n3zUangudImnIg (Double-acting Cylinder)

MY NIUVRINTY 'UE]ﬂﬁ‘ULL'U'UﬁﬂﬂWNhJ'J'I'iI"LUUﬂ’ﬁLﬂa'e]'LWIt‘lI"I‘Vi'Sa
Lﬂﬂa‘lm'ﬂﬂﬂ ﬂv’l'nm'mﬂuau'[umwNmmaadmu (NﬁllL‘U"I‘VNE‘!@\‘Jﬂ']HLLVIEIEiUﬂ"I‘iV]']\?'m)

\
dmsauiin  qnqu nsruangu thasaui I—_—
{ oAl "
' ‘ A
AN\ . Y ANEE
[ % . ——
P — [ ! ‘[ —
f Pr- /,_;df i_h AR EA .2 N - A-m.z-.ﬂ‘,”__ UII
W 1 (o =R '
|| Qe | N o= Y|
gt Lo = SIS SNV B P S
i | | ‘ Fafugu
genuSugnay  IQNAL Y FAaaNS gy

3Uﬁ 2.29 aaﬁﬂizﬂauma'l,u‘uaaﬂisuaﬂquaaawm (101

Double-acting cylinder

Work position Rest position

Control valve

o . 4 9
3UN 230 mavihnuvesnsguenguassmadiaiisaudaniely [10]
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2.9 'J'léfam?'ﬂuswuﬁ'umﬁné [8]

Tumsvhamansy Uanauuu mmamws’lwnwuanaumaauwL'znaan'lmmnmaqn'ﬁ
maamﬁfuaﬂn‘sm"lwargrmmLLavaUﬂimmUﬂwﬂmun 'nmm'm'] et Fendilélussuuis

wusnd (Pneumatic Valve) dvaneeils u.mamumnuwmmmnmwnuaaniﬂ Ima’Luwua"um
panilu 3 nau )

2.9.1 MdRIVANTAAINEY (Direction Control Valve)
"nmmummﬂmmnwmmaanmmams‘luawaaauam’[ﬁiﬂmuwmmm

f89A15 mutwa’[waﬂnimmmu Ty, nisvangu Nalmesay mmmwmuu,a"maauw'[u
<
wﬂmmﬂnmaqmnmmmaqms

u

o -
JUT 2.31 Memunuiicnisay

miLaam'm'JmUﬂumeauuummmnium‘lwmaanwzu.xuuaanmqm
feanuuuiilelgluauiiunnsnafusenly L nmaamnm‘ima’l-uuamanamLua Tdn1s
vimanadldnnusuandumgn u.mmmuiuuulwmmaaquwﬂi‘uauaamnmmL'Llum'mﬂ'l,u
m'iUmqu'lm mmmm‘lﬂnmaauuavm‘sma']wamwmuuu’tmLvaqumeuaun'l'u
wanmsiiadnendaty

2.9.2 Taseasruazuannisyieueesleduassnduuy 3/2

Tuguil 2.32 uanashedriledueednd 3/2 Normally Closed sziimsiden
ndlavledustinaznduganizund (NC) Tnsauss

anmzund Wedlifinsvualviiireaanleduoss Meduses iaelaifigung
wsliwén ﬁqﬁuaﬂiaﬂumuaummﬂﬂmaawmmn P d7u A made R

anmensinau definssualiilnariuenataleduess Junaviliin
ussdannsnaiminideuiurenndriadouiiuviliautuanan p fohe A d7u R
wgnin
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JUi 232 Fnwaueslvduasdng 3/2 [11]

2.9.3 Tassaiuazvanmsviauvasledusedinganuy 5/2

< o ' a I3
lugui 233 uansiredaledussrind 5/2 Double Solenoid Valve Tnei
= L3 a : v A .y/ v
Ledussdagilnnnauuaraniiiuindeuias iy

JUT 2.33 dnwaisesieduensng 5/2 [11]

anmrmsyinu definseualwilnasuvnainledussddiuinote a5
IWladusdiiaussisansnnavesiménideuaundiing vesudeiielndanay au
10 1(P) lmarhuiundusnluiBouduves Main Valve Thasulumeniiedusayili
ANNAANIIN 1(P) sipfls 4(B) wax 2(A) et 3(R) dau 5(S) azgnia

anmen1svinou deinssualwilvarwunainledussdduenie  ns
nuagihnuasaiutuiuledusssmssudneiiodunariliinnuduanein P wdauiia
firyanslvafie 1(P) azsiofie 2(A) uaz 4(B) azsiefis 5(5) dau 3(R) axgnln
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2.10 wuwasuilalduss (Photo Sensor) [12], [13]

Wwulgesslaliuas (Photo  Sensor) ulaganfendnnisdsuarunas o
muﬂﬁvnauanﬂm 2 dufe Mdauas (Emitter) wagf¥uuas (Receiver) & aNWAIZNITNTITU
mmmﬂmsmmuaqmnmaau,aa aaanvmauﬂmmnmanﬂmwnummmn damalvisniunas
am'a.xwan'uuu,avLﬂaauLmaaannvmaaammmmqmumewmwauﬂﬂlﬁmumﬂu gunsal
1/1Lﬂumiuma':u'lmyuaﬂﬁﬂ‘[ﬁlmiam (Photo  Diode) #3alnlsinsudanas (Photo
Transistor) @usdsuasiulaeialule LED (Light Emitting Diode) tfiosannsealdaty
UAUNIBEMTRIndVIlAe

Usslanveaauiwesaialiuas annsoutimudnvaznisnsiaduiazsumanis
Ansaasunasuasidaadld 3 Uszam

1. Ussvnsiadulanenss (Diffuse-reflective Opitcal Sensor) \Julwuiwasn

odeudnnisBanasluifngudasvisundunn 3 Faueuwesdnuasiienlday
Taovialy iilesannldfiuiiandatos LW'sq-"L‘umqmnwmnwnjumavwauu,aa
NAUNN

Sensor jan (object)

o
‘U‘VI 2.34 aﬂ“ls‘fu"’ll9\1L‘H‘L!L‘HEITU‘E"Lﬂ“v’lﬂi?ﬁ]‘i]UIﬂElﬁlN

2. Ussivauaeaziaunay (Retro-reflective Optical Sensor) \{Julueasi
fevefBusiuayvouviafiisnienda Reflect Wumasviounasnauin fueuaes
é’nwmzﬁmmsm’lﬁmulﬁﬁ'ﬁuu%nmﬁﬁn15ﬁ1ﬁmﬁuﬁn13ﬁmﬁa wBNANWLsY
aevioudedamariliszazmsnmaduingannsavinldlnat

Sensor

KLl

A o [ v a
JUN 2.35 anyussneuweIUsTAVA LAELiBUNEY

3) UssLavausasitunaan (Through-beam Optical Sensor) LauwwasUseinms
- l‘j a | al L. a 3 = ¥ 4:‘ a
ansamasnasiusisunaeniy Wuleuwesvlalduaifszoznsnsiadulng
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wam amqiiﬂm'mLﬁtiul,eua'mi"l,ﬂvmmmmwmLLa.,uﬁmaa awmmmwwlﬁ
LawwqmﬂwuanwmkumwuLr.ml.muu ﬂuam'ss-"mawmUm'smmmmuwamaa
Ussianilie mawiumﬁuaﬂaqmiuLLavmm'LMm'saﬂuLaua uanTNisamnge
ldnuluanmwandeuifduinnninunile

Radiation Pattern \/
Effective &TIR\__
Y

Field of View

Emitter Receiver
A o/ o [}
E‘U‘Vl 2.36 anwmzwaawuwa%ﬁmnwmLLaamumaam

2.11 uwaeda19 [4]

LLENE‘I’J'NLUUENH’]F!QJ LLm.mvnnuawm’l,ul,wummimwauamw WENAINIT0ESINY
mammmawlm anwmwammmwﬁlﬂnu Machine Vision avwmmﬂmuammmum
i.LmLLuwwumnwamﬂa Area Arrays, Ring, Dark Field, Dome wag Backlight

2.11.1 Area Arrays
=l
aunsallvillaawuu Area Arrays L‘lJ‘lJ’e]Uﬂ‘iﬂJVlW‘UﬂJ']ﬂﬂﬂﬂLLﬁ"ﬂﬂi}“’lﬂﬂU’}ﬂﬂm

L]
«

wumluumiavwaumamiamaum1 T,ﬂUan'um"mqmumw‘umaﬂﬂimumuwﬂmw‘%ﬂm
voslnvulngn (LEDs) wmaunauwuw&mm’(wm muumumﬁaiwmLtaqwm'\a‘l,tlanmm
tnYBd Area Arrays wwumnwaﬂﬂa LLU‘LI'W]LL?]»LLUUWHV]T]U ﬁumLLuuwumwmmmums
'Lm'mmlmt.avLmuamuﬂiﬂawmn'l:unsamLmaamLumLaamaaaamammmn

“ Light Source
1
I
l
!
I
[

Object SEpmEATESIRE

3UA 237 gunsallduasuuy Area Arrays
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2.11.2 Ring

Iwdesadnauuy Ring uhm'NLaarmLﬂuwuaummumﬂmwuwmm’lﬂuuam
uay mmsawam"l.wammNamLauatua'[ﬁ'tuﬁvuvmwm"au Lﬂuu.muwmmsaaa'sauLmuﬂ
mﬂvmna'maamnm'1LLavaNaaanmmnnamLaq ma’Lmaumwmnﬂ’LmﬂmlUavmmm
Yoy Ividasainauy Ring LUuUnIa'uuLamvLuaaaqamnuwumm"l.uavwau fnalelufiui
Imanndaaganssmd, a3esdreienans, MIIINNMIWMdLazdinm, lavzuaznis
nTRdeUN NI IeImans, wlnoudnines NTUNEANUAYNITATIVABUN SR gunsal

@

'uumuuUi“‘[a-uuaqumaamnﬁ'lwu.aamw'l.us"asau

Camera

Light Source

3Uit 238 gunsafliuasuuy Ring

2.11.3 Dark Field
LLaa‘wﬂaaﬂaanmmnmiammwwaa Dark Field 'lmmqamauumwamu
mwmmmmanvmkum LLa-'m‘sLtamasﬂmwanmnsmmmiawmBaanuamaunmaq
Uuwum JULUUMINEA WYY Dark Field Aanefuwuy Ring mqwlwmvaeﬂna-ﬂﬁnmmn
wazuasdaaduyudrauly

“ Camera
'
|
! |
! i
I

Ovject  TERETIRTRY

ﬂﬁ 2.39 guUnsallilaswuy Dark Field

Light Source
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sﬂw 2.40 dnwzyesing nlmt.aauw Dark Field

2.11.4 Dome
gUnsaillawuy Dome f\]""MLtE‘Nﬁ’JNGBHMLLUUﬂmLﬁlla Wiz lLas
nuwumamumuavmﬂmuaamn aﬂnsmuﬂummmmﬂauwlnaﬂmmwaamalmrm
M3IADU nmmmau,amwmam-uamaaumumwmuaanmmm’:i‘uaa‘[mu (On-axis)

100% & drinufidruiulaldiuiiduiiesan mmsmaauimu’immqLwamaﬂmmmvau
'Lumi'lmmun'mnlm

Camera

!
!
!
|
i

Light Sowrce .
(og' axis) e

Uit 2.41 gunsall¥udanuy Dome

2.11.5 Backlights
=i o vV a o o/ =
Backlights  fiUszlewilunmsvirliifinnmidmuasanudaiuvasnini
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7y
F %
Object /-’ _\'\.
/ \

/ \

Backlight
gﬂﬁ 2.42 gunsailvikaawuy Backlights

2.12 szuvlulawmsn
Tulawmdn Wunskauwauiuse gniamAlulaBnieiudinimwasmanisunneg fu
walulagvepeufiamesitdedy Tmﬂmsmﬁ'm'mmuaﬂucu-'mqmamw (Physical
Characteristics) LLavam:rm.,mqwqmnﬁu (Behaviors) wLUuanwmvl,amv-uammavauml‘ir‘l,u
ﬂ’lii“‘UmUﬂﬂau'U‘] thmaqmmuumLUiu'umUunUﬂmaﬂwmumlﬂumwuwnlﬂumu
wauanauwmuLwa'l'uu,ﬂnLLavUﬂﬂauuanﬂﬂaau') nandnieuils fe Huinaluladi
dmivtudu mumamamstﬂmumwiﬂLmeamamwmawqmniiuma‘] UVeYWEIAY
ABNWILADS wavaanwmswaawia'suumc'ﬂ'uunwaaaﬂm"lm a nadistai]
1. Correct Accept : augnlildTansldssuy wnldssuy
2. Correct Reject : Ujjiaseilsifavsldszuy
3. False Accept : aumﬁm‘[mmuuﬁﬂﬁ wWhldszuy $uuees False Accept &1
muamaanu’uUutUastm 9813807 9MIIN1TOYYINAANAIN (False Accept
Rate %30 FAR) #4#1 FAR annsomldaingns

o o Aﬂ
FIUIULDUIUVHAWAIR
FAR = —— (2.1)
VIUIUIVNUA

4. False Reject : Ufjiasglémiiavsldszu lallidnldssuu $1umumes False Reject

¢ & L3 =i

MAamesnunduefidud ausenh am3InsUfiasianain (False Reject
Rate w30 FRR)

° - IJA
PUYGEsTEANaA
FRR = —— (2.2)
TUIUVIVUR
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VUADUNITBDNLLUU

3.1 laseas1evaessuy

e'im%’udauﬂssnaummsswﬁmuﬂnﬁ‘ﬂLwni’mqim'l'ﬁmﬂﬁﬂmsﬂismawamw 1GN
s c‘ =
leidegui 3.1 wagmupsned 3.1

Output

Cylinder{A1,A2,A3) ,Motor I

1
E M—. :

Interface Card

Laptor Computer

S M

— O

sensor2

sensorl

A o o Ll =
JUN 3.1 szuudaueninglasldinadanisussinananin
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< fda Uaqu
A1514% 3.1 gunsadidaeeldaulusyuy

gunsal wihilnsiey
wuLges 1 adainguinuduaeniy
\wuLYes 2 aadairguitiumihndaaiuuay
U3 3 andainguundnuinunthdesdauend 1
\wuLges 4 anadainguunanarsuiuamidesdauend 2
\BULYDS 5 prdainguuislvguinamihdasiauend 3

n3vUBngu 1

s a 1 o/ l;
AUIREENTDIAALENY 1

nssuangu 2

o

AUIRNaITRIAnLENT 2

NIzUaNgU 3

[

at 1 s A
AUIREIYBIAALENY 3

LI GOH Fuirdeuanswiy

ndeaiuuAy Fuamiiethludnuuasysznananwenalusunsy LabVIEw
n13avuLmesIHA wasdgyaaunniguenidigrauiunes

ARURIADT AIUANNTSYIN LAY UTELIaRANTN

amwmsmmuwaqmuL'sm'muﬁ‘uwaﬁ1 mmsmwmmwmmaUuuawwwu
w3l mﬂuuaauamasmaaumawwu’LmmnlﬂwaﬂwmﬂaamuLmu Imamuwai 2 A59
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JUTI 3.5 weLmosdu ZKYR361 - SA - L [14]

3.2.1.3 nasaIunay
Tulasseuilléndaaiunay OKER OE-177 awsauanawalaliuin
msuuﬂiummauma‘nmmwuwalﬁlmﬁmuﬁﬁm'mmamse wazdsanunsavyuusulniavi
audle 3 ﬂaanwmvﬂaqnaamummammsﬂm 3.6

3UTl 3.6 ndpaiuwAy OKER OF-177 [15]

A15197 3.2 AnianTRveandaaIuuny OKER OF-177

Resolution 16 Mega Pixels

Frame Rate 60 fps

Interface USB 2.0

Info Noise Rate 48 dB

Lens High quality glass lens

Focus Range 30 mm-infinitive

0s Windows NT, 2000, XP, Vista, Windows 7(32/64 bit), Mac
OS X
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3UT 3.8 Inlndudnvisniewwes Panasonic U CX-421-P [16]

Wiring diagram

Brown

Black {Note 1) ; t__121024 Vv DC
1 -0,

% et ol
Pink (Note 2) /*

Notas: 1) The emitter of the thru-beam type sensor does not incorporate the black wire.
2)The pink wire is incorporated only for the CX-441 -P adjustable range
reflective type. When using the CX-44(-P, be sure to wire the pink

%9 wirg

d 1 bt a -
UM 3.9 msmeasldnuvedwladidnvinsumes

o e a a I i
3190 3.3 puantiavesiladidnvinieuises Panasonic ju CX-421-P
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Model No.

CX-421-P

Type

PNP Output

Sensing Range

300 mm. (11.811 in)

Sensing Object

Opaque, translucent or transparent object

Supply Voltage

12 to 24 VDC + 10% Ripple P-P 10% or less

Current Consumption

25 mA or less

Qutput

- Maximum source current: 100 mA

- Applied voltage: 30 VDC or less (between output and

+V)

- Residual voltage: 1 V or less (at 100 mA source current)
0.4 Vor less (at 16 mA source current)

Emitting Element
(Modulated)

Infrared LED




3.2.1.6 nnduwmasing (Interface Card)
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Instruments m USB-6009 muanwmumiﬂ‘w 3.10 LLa"ﬁJWEJ'iGJﬂ’ISL’daﬂJWGQﬁUW 5:11

Al 1 (Al 1+)
Al 5 (Al 1-)
GND
Al 2 (Al 24)
Al 8 (Al 2—)
GND
Al 3 (Al 3+)
Al 7 (Al 3~
GND
AOO
AO 1
GND

31.]17‘] 3.1 wai’mn1'i|.‘ifawia°ua\1n1'§ﬂ§uma'§l,wa

QLSLPLELCLILOLE

—

RN NVBITH252420B2202019181

PO.O
PO
P02
P0.3
P04
P05
P0.6
PO.7
P1.0
P11
P12
P13
PFI 0
+25V
+5V
GND
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Analog inputs

Differential = 4 Channels
Single-ended = Channels

Input resolution

Differential = 14 bits
Single-ended = 13 bits

Max sample rate 48 kS/s
Input range Differential = +20 V2, +10 V, +5 V, +4 V, 225V, £2 V,
+1.25V, 1V
Single-ended = +10 V
Analog outputs 2
Output resolution 12 bits
Output range Oto+5V
Output impedance 50
Output current drive | 5 mA

Digital I/0 lines

P0.<0..7> 8 lines
P1.<0..3> 4 lines

Direction control

Each channel individually programmable as input or

output

Output driver type Each channel individually programmable as open collector
or active drive

Compatibility TTL, LVTTL, CMOS

USB specification

USB 2.0 full-speed

USB bus speed

12 Mb/s

3.2.2 299sd@nnsetind
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4N35, 4N36, 4N37

Vishay Semiconductors

Optocoupler, Phototransistor Output, with Base Connection
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Areo0e &

DESCRIPTION

8BS C

Each optocoupler conslsts of galllum arsenide Infrared LED

and a silicon NPN phototransistor.

AGENCY APPROVALS
= Underwriters laboratory file no. E52744
« BSI: EN 60065:2002, EN 60950:2000

 FIMKO; EN 60085, EN 60335, EN 60950 certificate no. 25156

FEATURES

* Isolation test voltage 5000 Vaus

* Interfaces with common logic families

* Input-output coupling capacitance < 0.5 pF
* Industry standard dual-In-line 6 pin package

* Compilant to RoHS directive 2002/95/EC and i ROHS
accordance to WEEE 2002/96/EC coueu
APPLICATIONS

= AC mains detection

* Reed relay driving

* Switch mode power supply feedback

= Telephone ring detection

+ Logic ground Isolation

* Logic coupling with high frequency nolse rejection

ORDER INFORMATION ) .

PART REMARKS

4N35 CTR > 100 %, DIP-6

4N36 CTR > 100 %, DIP-6

4N37 CTR > 100 %, DIP-6

ABSOLUTE MAXIMUM RATINGS (1) : ) L Ead

PARAMETER [ TEST CONDITION [ symeoL ] VALUE | UNIT
L A A T s Ve S T SR e N L A T L AR B I

Reverse voltage VR 6 \

Forward current Ir 50 mA

Surge current t<10ps Irsm 1 A

Power dissipation Psee 70 mw
SOUTPUT Fi sl i omin i

Collector emitter breakdown voltage Veeo 70 Vv

Emitler base breakdown voltage Veso 7 v

I 50 mA

e apoe t<ims e 100 mA

Power dissipation Poses 70 mw

Isolation test voltage Viso 5000 Vrs

Creepage x7 mm

Clearance 27 mm

Ls:ldagg? ecl:hl;crkmss between emitter 504 e

Document Number: 81181 For technical questions, contact: optocoupleranswers@vishay com www.vishay.com

Rev. 1.2, 07-Jan-10
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4N35, 4N36, 4N37 VISHAY.

Vishay Semiconductors Optocoupler, Phototransistor Output, v
with Base Connection

‘ABSOLUTE MAXIMUM RATINGS (1) {EAARI I
PARAMETER [ TEST CONDITION [ symeoL | VALUE | UNIT

COUPLER
Comparative tracking Index DIN IEC 112/VDE 0303, part 1 178

Vio=500V, Tamp =25 °C Rio 1012 e}
Seolition resisanae Vio = 500 V. Tamo = 100 °C Ro 101 0
Storage temperature Totg -55to+ 150 “C
Operating temperature T -55to+100 °C
Junction temperature T; 100 °C

max.10 s dip soldering:
Soldering temperature 2! distance to seating plane Taia 260 °C
=1.5mm

Notes

) Tyms = 25 °C, unless otherwise specified.
Stresses in excess of the absolute maximum ratings can cause permanent damage to the device. Functional operation of the device Is not
Impiled at these or any other conditions in excess of those given in the operational sections of this document. Exposure to absolute
maximum ratings for extended periods of the time can adversely affect rellability.

1 Refer to wave profile for soldering condditions for through hole devices (DIP).

ELECTRICAL CHARACTERISTICS (1)
PARAMETER | TEsTconDiTioN | PART [ SYMBOL | MIN. TYP. MAX. | UNIT
INPUT vl 3
Junction capacitance Ve=0V,i=1MHz Cy &0 pF
=10mA Vi 13 1. v
Forward voltage @ k 3 3
=10 mA, Tampy =-55°C Vg 09 1.3 1.7 v
Reverse current @1 Va=6V In 0.1 10 pA
Capacitance Vr=0V,{=1MHz Co 25 pF
— 4N35 BVceo 30 v
ollector emitter breakdown
voltage® c=1mA 4N36 BVceo 30 v
4N37 BVceo 30 v
mﬂ;o;g)olhctm breakdown fe = 100 pA BVeco 7 v
OUTPUT e
4N35 BVceo 70 \'
ey w lo=100pA lg=1pA | 4NG6 | BVeso 70 v
4N3T BVceo 70 '
4N35 T 5 50 nA
Ve {08 e 4N36 toeo 5 50 nA
Vee=10V, Ig=0 4N37 leeo 50 nA
Coflector emitter leakage cumrent &
o g v o & 4N35 keo 500 HA
ce= , Ie = 0,
Foe = 100°C 4N36 leeo 500 A
4N37 loes 500 HA
Collector emitter capacitance Voe=0 Cee 6 pF
"COUPLER i TR S SN e e,
Resistance, input output © Vig =500V Ro 10" [2]
Capacitance, input output {=1MHz Cio 0.6 pF
Notes

) Tame = 25 °C, unless atherwise specified.
Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the result of enginearing
evaiuation. Typical values are for information only and are not part of the testing requirements.

@ indicates JEDEC registered valua.

www.vishay.com For technical questions, contact: optocoupleranswers@vishay.com Document Number: 81181
154 Rev. 1.2, 07-Jan-10
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4N35, 4N36, 4N37 VISHAY.

Vishay Semiconductors Optocoupler, Phototransistor Output,
with Base Connection

PACKAGE DIMENSIONS in millimeters

7.62 typ.
7.12:03
6503
@
o
H
"
”™
45203

@

PR——— (=

g H

5 [":]

0.5=0.1 S <|

@
122041 o oz 4.
’1’:1 IEI ﬁ 7.62100.5 typ.
14774 2 t 238
PACKAGE MARKING
4N35
b\
V YWW 24
217644 o
www.vishay.com For technical questions, contact: optocoupleranswers@vishav.com Document Number: 81181

158 Rev. 1.2, 07-Jan-10




Infrared LED

EVERLIGHT

Technical Data Sheet
Smm Infrared LED , T-1 3/4

93

Features
 High reliability
e High radiant intensity
® Peak wavelength A p=940nm
e 2.54mm Lead spacing
* Low forward voltage
o Pb free
¢ The product itself will remain within RoHS compliant version.

Descriptions
* EVERLIGHT'S Infrared Emitting Diode(IR333-A) is a
high intensity diode , molded in a blue transparent plastic package.
* The device is spectrally matched with phototransistor . photodiode
and infrared receiver module.

Applications
e Free air transmission system

* Infrared remote control units with high power requirement
* Smoke detector

e Infrared applied system

Device Selection Guide

Chip
LED Part No. Lens Color
Material
IR GaAlAs Blue
Everlight Electronics Co., Ltd. http:\\www_everlight.com Rev 3 Page: 1of 7

Device No : DIR-033-004 Prepared date : 07-20-2005 Prepared by : Jaine Tsai




EVERLIGHT

94

IR333-A
Package Dimensions
=
B
50t 02
/i\ o
£ | |ad
s
= !
Jost 0. "
| >
e
of s
Wome
i
Notes: 1.All dimensions are in millimeters
2.Tolerances unless dimensions 10.25mm
Absolute Maximum Ratings (Ta=25C)

Parameter Symbol Rating Units
Continuous Forward Current Ir 100 mA
Peak Forward Current Irp 1.0 A
Reverse Voltage VR 5 .
Operating Temperature Top -40 ~ +85 C
Storage Temperature Tste -40 ~ +85 C
Soldering Temperature oy 260 T
Power Dissipation at(or below) P4 150 mW
25°CFree Air Temperature
Notes: *1:Irp Conditions--Pulse Width =100 ¢ s and Duty = 1%.

*2:Soldering time = 5 seconds.
http:\\www._everlight. com Rev3 Page: 2 of 7

Everdight Electronics Co., Ltd.
Device No : DIR-033-004

Prepared date : 07-20-2005

Prepared by : Jaine Tsat



EVERLIGHT

IR333-A
Electro-Optical Characteristics (Ta=25C)
Parameter Symbol Condition Min. | Typ. | Max. | Units
I=20mA 7.8 20 .
IF=100mA - 85 s
Radiant Intensity Ee Pulse Width =100 s Duty= 1% mW/st
I=1A - 750 =
Pulse Width =100 ¢ s ,Duty < 1%.
Peak Wavelength Ap IF=20mA - 940 = nem
Spectra] A l IF’=2 OmA . - nm
Bandwidth _
IF=20mA 1.2 i.5
IF=100mA . 1.4 1.8
Forward Voltage VE Pulse Width=: 100 iz s Duty=- 1% ; Vv
I=1A —
Pulse Width=2100 ;s s Duty - 1%. i ——
Reverse Current Ir V=5V 7 [ 10 LA
View Anple 26012 [F=20mA = 2o, [P - deg
Rank
Condition @ IF=20mA
Unit : mW/sr
Bin Number M N P Q
Min 7.80 11.0 15.0 21.0
Max 12.5 17.6 24.0 34.0
Everlight Electronics Co., Ltd. http:\www.everlight com Rev3 Page: 3of 7

Device No : DIR-033-004 Prepared date : 07-20-2005 Prepared by : Jaine Tsat



Phototransistor

EVERLIGHT

Technical Data Sheet

Smm Phototransistor T-1

Features

e Fast response time

 High photo sensitivity

® Pb free

* This product itself will remain within RoHS compliant version.

Descriptions

* PT333-3C 1s a high speed and high sensitive NPN silicon
NPN epitaxial planar phototransistor molded in a standard 5 mm package

Due to is water clear epoxy the device is sensitive to visible and near
Infrared radiation.

Applications

e Infrared applied system

e Camera

¢ Cockroach catcher

Device Selection Guide

PT333-3C

Chi
LED Part No. p : Lens Color
Material
PT333-3C Silicon Water clear
Everlight Electronics Co., Ltd. http:\\www.everlight.com Rev 1

Device No : CDPT-033-008

Prepared date : 2005/7/24

Page: 1 of 7
Prepared by : Yinhua He
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PT333-3C
Package Dimensions
t
;;,'?‘
@ :'1 @ Emitter
§ @Collec tor
= @
L)
3/ YL
Notes: 1.All dimensions are m millimeters
2.Tolerances unless dimensions 10.25mm
Absolute Maximum Ratings (Ta=25C)

Parameter Symbol Rating Units
Collector-Emitter Voltage Vceo 30 v
Emitter-Collector-Voltage VEco 5 A
Collector Current Ic 20 mA
Operating Temperature Topr =25 ~+85C C
Storage Temperature Tstg 40 ~+85C €
Lead Soldering Temperature(*1)| Tsol 260 C
Po:vcr Dtss:p-anon at (or below) Pe o mW
25C Free Air Temperature
Notes: *1:Soldering time = 5 seconds.

Everlight Electronics Co., Ltd. hetp:\\www.everlight com Rev 1 Page: 20f 7

Device No : CDPT-033-008

Prepared date : 2005/7/24

Prepared by : Yinhua He



EVERLIGHT

PT333-3C
Electro-Optical Characteristics (Ta=25C)
Parameter Symbol | Condition Min. Typ. | Max. | Units
Collector — Emitter =100 A
BVceo N 2l 30 - - v
Breakdown Voltage Ee=0mWicm
Emitter-Collector [=100 £ A
BVEco - fom2 5 - --- v
Breakdown Voltage o=l
Collector-Emitter Ie=2mA
oree .or e VeEysay) |[Ee=ImW/em?| === e 0.4 L
Saturation Voltage
Rise Time ty V=35V -— LS -
] Ie=1mA J7R)
Fall Time ty RL=10000 — 15 -
Collector Dark Current Tove E";g;l‘_?gcv’“& < - 100 | nA
= faqiy®
On State Collector Current Ietom Ec;r’lct;l:?‘vfm . 4 - X
Wavc[cugth. of Py 4 £ W 040 . AN
Peak Sensitivity
Rang of Spectral Bandwidth Aos -3 -— [400-1100| - nm
Rankings
Parameter Symbol Min Max | Unit Test Condition
G 0.70 1.90
H 1.14 2.60 Vee=5V
] Tewon 1.77 3.61 mA Ee=1mW/em?
K 2.67 5.07
L 4.18 7.07
Everlight Electronics Co., Ltd. http:\\www everlight.com Rev 1 Page: 3 of 7

Device No : CDPT-033-008

Prepared date : 2005/7/24

Prepared by © Yinhua He
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i3 Texas
[NSTRUMENTS LM158-N, LM258-N, LM2904-N, LM358-N
SNOSBT3I —JANUARY 2000-REVISED DECEMBER 2014
LMx58-N Low-Power, Dual-Operational Amplifiers
1 Features 3 Description

Available in 8-Bump DSBGA Chip-Sized Package,

(See AN-1112, SNVAD09)

Interally Frequency Compensated for Unity Gain
Large DC Voltage Gain: 100 dB

Wide Bandwidth (Unity Gain). 1 MHz
{Temperature Compensated)

Wide Power Supply Range:

- Single Supply: 3V to 32V

- Or Dual Supplies: +1.5V to +16V

Very Low Supply Current Drain (500
pA)—Essentially Independent of Supply Voltage
Low Input Offset Voltage: 2 mV

Input Common-Mode Voltage Range Includes
Ground

Differential Input Vaoltage Range Equal to the
Power Supply Voltage

Large Output Voltage Swing

Unique Characteristics:

In the Linear Mode the Input Common-Mode
Valtage Range Includes Ground and the
Output Voltage Can Also Swing to Ground,
even though Operated from Only a Single
Power Supply Vaoltage.

The Unity Gain Cross Frequency is
Temperature Compensated.

The Input Bias Current is also Temperature
Compensated.

Advantages:

Two Internally Compensated Op Amps
Eliminates Need for Dual Supplies

Allows Direct Sensing Near GND and Voyr
Also Goes to GND

Compatible with All Forms of Logic
Power Drain Suitable for Battery Operation

Applications

Active Filters

General Signal Conditioning and Amplification
4- 10 20-mA Current Loop Transmitters

The LM158 series consists of two independent, high
gain, internally frequency compensated operational
amplifiers which were designed specifically to operate
from a single power supply over a wide range of
voltages. Operation from split power supplies is also
possible and the low power supply current drain is
independent of the magnitude of the power supply
voltage.

Application areas include transducer amplifiers, dc
gain blocks and all the conventional op-amp circuits
which now can be more easily implemented in single
power supply systems. For example, the LM158
series can be directly operated off of the standard
3.3-V power supply voltage which is used in digital
systems and will easily provide the required interface
electronics without requiring the additional +15V
power supplies. '

The LM358 and LM2904 are available in a chip sized
package (8-Bump DSBGA) using TI's DSBGA
package technology.

Device Information(!

_PART NUMBER _|[PACKAGE . [BODY SIZE (NOM) . |
INAteN TO-CAN (8) |9.08 mm x 9.09 mm
CDIP (8) 10.16 mm x 6.502 mm
LM258-N TO-CAN (8) |9.08 mm x 9.09 mm
DSBGA (8) 1.31 mm x 1.31 mm
LM2904-N SOIC (8) 4.90 mm x 3.91 mm
PDIP (8) 9.81 mm x 6.35 mm
TO-CAN (8) |9.08 mm x 9.09 mm
DSBGA (8) 1.31 mm x 1.31 mm
A SOIC (8} 4.90 mm x 3.91 mm
PDIP (8) 9.861 mm x 6.35 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Voltage Controlled Oscillator (VCO)

(T

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other imporiant disclaimers. PRODUCTION DATA.

99
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LM158-N, LM258-N, LM2904-N, LM358-N
SNOSBTSI - JANUARY 2000-REVISED DECEMBER 2014

5§ Pin Configuration and Functions

Ut

D, P, and NAB Package
-Pin SOIC, PDIP, and CDIP
Top View

n -.— INVERTING IPUT B

NON-MVERTING
WPUT B

LMC Package
8-Pin TO-99
Top View

YPB Package
8-Pin DSBGA
Top View

Ve
| a2

A%
OUTPUT 8

QUTPUT &

mverTing &1
INPUT &

NOH-NvERTING €1 |
INPUT &

]

BS inverTmG
NPUT B

C3 NON-mVERTING
HPUT B

Ic:

GNO
Pin Function
A
HNO R b
1 Q Qutput , Channel
2 B1 -INA I Inverting Input, Channel A
3 C1 +INA t Non-inverting Input, Channel A
4 c2 GND/ V- P Ground for Single supply configurations. negative supply for dual supply
configurations
5 c3 +INB 1 Output, Channel B
6 B3 -INB | Inverting Input, Channel B
7 A3 OUTB (o] Nor-inverting Input, Channel B
8 A2 V+ P Positive Supply

Copyright @ 2000-2014, Texas Instuments Incorporated

Submit Documentation Feedback
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LM158-N, LM258-N, LM2904-N, LM358-N
SNOSBT3! —JANUARY QLOO-REVEEI.J DECEMBER 2014 www.ti.com

6 Specifications

6.1 Absolute Maximum Ratings

See (N@®
LM158, LM258, |
LM358, LM158A,
LM258A; LM358A
45 RS A g - CTMING T MAX
Supply Voltage, V* 32
Differential input Voltage 32
Input Voltage -03 32
Power Dissipation™ | PDIP (P} 830
TO-89 (LMC) 550
S0IC (D) 530
DSBGA (YPB) 435
Output Short-Circuit fo | V¥ = 15 V and T, = 25°C Continuous Continuou
GND (One s
Amplifier)®®)
Input Current (Vyy < -0.3V)® 50 50 mA
Temperature =55 125 ‘C
PDIP Package (P): Soldering (10 seconds) 260 260 *C
SOIC Package (D} Vapor Phase (60 215 215 *C
seconds)
Infrared (15 seconds) 220 220 *C
Lead Temperature PDIP (P): (Soldering, 10 seconds) 260 260 b
TO-99 (LMC): (Soldering, 10 seconds) 300 300 *C
Storage !empefaluna,j& -65 150 -65 150 XC

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Recommended Operating Conditions indicate
conditions for which the device Is intended to be functional, but specific performance Is not ensured. For ensured specifications and the

test conditions, see the Electrical Characteristics.
(2) Refer to RETS158AX for LM158A military specifications and 1o RETS158X for LM158 military specifications.
{3) I Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.
{4) For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a 125°C maximum junclion temperature
and a thermal resistance of 120°CAY for PDIP, 182°C/W for TO-99, 189°C/W for SOIC package, and 230°C/W for DSBGA, which

applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be
derated based on a +150°C maximum junction temperature. The dissipation is the total of both amplifiers—use external resistors, where

possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.
(5)  Short circuits from the output to V* can cause excessive healing and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15

V, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can resutt

from simultaneous shorts on all amplifiers.

This input current will only exist when the voltage at any of the Input leads s driven negative. It is due 1o the collector-base junction of
the input PNP transistors becoming forward blased and thereby acting as input diode clamps. In addition to this diode action, there is

also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voitages of the op amps to gofo
the V*voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and

{6

normal output states will re-establish when the input voltage, which was negalive, again retums to a value greater than -0.3 V (at 25°C)

6.2 ESD Ratings
e R R N R T L e M T el e

U WVALUE [ TUNm

Viesp) _ Electrostatic discharge J Human-body model (HBM), per ANSI/ESDAJJEDEC JS-001 +250 \

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

4 Submit Documentation Feedback Copyright © 2000-2014, Texas Instruments Incorporated
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

% R ] EMAY TS N s
Supply Voltage (V+ - V-):LM158. LM258, LM358 3(21.5) 32 (+16) v
Supply Yoltage (V+ - V-):LM2904 3(21.5) 26 (+13)
Operating Temperature: LM158 -55 125 °C
Operating Temperature; LM258 -25 85 *C
Operating Temperature: LM358 0 70 “C
Operating Temperature: LM2904 40 85 C

6.4 Thermal Information

LM2904-N, LM358.N
. THERMALMETRICH) j ; I S BT
. P
e, R T T 75 Lo
I TR i 3 b il At B ¥4 i
Reua__ Junction-to-ambient thermal resistance 155 [ 132 [ 230 [ e | 120 [ew

(1) For more information about traditional and new thermal metrics, see the /C Package Thermal Metrics application report, SPRAS53.

6.6 Electrical Characteristics: LM158A, LM358A, LM158, LM258

V= +50 Vv, Seel" unless otherwise stated

: Pl i F % ] Lm158,1LM258 |
b PR G T T e . x| T
Input Offset Voltage See!®) T, = 25°C 1 2 2 3 2 5[ mv
Input Bias Current gy OF Iiig-), Ta = 25°C, 20 50 45 100 45 150 nA
Veu=0V,0
Input Offset Current ggt,&- by Vou = OV Ty = 2 10 5 30 3 E 1
input Common-Mode vi=3gv @ 0
Voltage Range (LM2904, \/* = 26V), Ty = e sl 0 V-15) 0 V15| v
25°C
Supply Current Over Full Temperature
Range
Ry == on All Op Amps
V* =30V (LM2904 V* = 26V) 1 2 1 2 1 2| mA
Vi= 5y 05 12 05 12 0.5 12| maA
Large Signal Voltage Gain [V* = 15V, T, = 25°C.
!&:}2 KQ, (ForVo=1Vio 50 100 25 100 50 100 VimV
izt PO, 70 85 65 85 70 85 @8
Rejection Ratio Veu=0VtoV'-15V
Power Supply Vt=5Vio30V
Rejection Ratio _(rw_oggfc\,ﬂ =5V1026 V), 65 100 65 100 65 100 dB
e

(1) These specifications are imited to ~55°C < Ty, < +125°C for the LM158/LM158A. With the LM258/LM258A, ail temperature specifications
are limited to -25°C < T, < 85°C, the LM358/LM358A temperature specifications are fimited to 0°C < T, = 70°C, and the LM2904
specifications are limited to —40°C < T, = 85°C.

(2) Vo = 1.4V, Rg =0 0 with VV* from 5 V to 30 V; and over the full input common-mode range (0 V to V* =1.5 V) at 25°C. For LM2904, V*
from 5Vto 26 V.

(3) The direction of the input curent is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the input fines.

(4) The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3 V (at 25°C). The
upper end of the common-mode voltage range is V* —1.5 V (at 25°C), but either or both inputs can go to 32 V without damage (26 V for
LM2904), independent of the magnitude of V*.

Copyright © 2000-2014, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics: LM158A, LM358A, LM158, LM258 (continued)
V' = +5.0 V, See', unless otherwise stated

| PARAMETER =~ ST CONDITIONS

Power Supply V=5Vt 0V

Rejecton Rato {LM2904, V' = § V10 26 V). 65 100 & 1o 85 100 a5

Ta=25°C

Ampitfier-to-Ampliner T=1KHZ10 20 KHZ, T, = - - i

Couping . 25°C (input Referred), See 120 120 120 bni

Output Current | Source | Vi, * =1V,

Vi =0V,
- 20 4 w4 20 40 ma
V' =15V,
Vg=2V, T, -25C
Sink Vik =1V, Vi =0V
V' =15V, T, = 25°C, 0 20 10 20 10 20 maA
Vo=2V
Vi =1V,
Vi =0V
i -0 12 50 12 s 12 so A
Ta=25'C, Vg =200 mV,
V=15V

Short Circult to Ground Ta=25°C, See®™ v' =15V 40 60 40 60 40 60| mA

Input Offset Voltage See™@ 4 5 7| mv

input Offset Voltage Ot |Re = 0Q 7 15 7 20 T pvirc

input Offset Curment bty =~ g 30 75 100 nA

Input Offset Current Drift | Rg = 0Q 10 200 10 300 10 pASC

Input Bias Gurent lsgeey OF bisgeey 40 100 40 200 40  300| naA

Input Common-Made V* = 30V, Seal (LM2004, 2 © .

Vottage Range V' - 26V) 0 V=2 0 V-2 (] v-2| v

Large Signal voltage Gain |V* = +15 v

(Vo=1Vio 11V) 25 15 25 vimv
R z2k0
Output Vew V=430V R=2| 2% 26 26 v
kO 4

Voitage (LM2504, V" = 26 ) ?5:9 271 28 7 28 24 v

Swing Voo V' =5V, Ru=10 kQ 5 20 5 20 s 20| mv

Output Current | Source | Viy' =+1V, V" =0V,

mA
Ve 15V, Vg=2V 10 20 10 20 10 20
Sink Vi =+1 V.V =0V,
5 8
V' =15V, V=2V By = 8 ¥ P

(5) Due to proximity of external components, Insure that couping is not g ¥ via stray cap between these extemal parts. This
typkally can be detected as this type of capacitance Increases at higher frequencies.

(6) smﬂctwummemmmv'cancaweumhmmemaldem.wnmmnmnngmumw nd,
ﬂammmnmmmwnennuppmmatwmmnmtmmm&mv.uwwsdwymmmmﬂs
v.mmmmuenemdmwwammgsmdmmmi 1. Destructive p can result
from simuitaneous shorts on ail ampifiers.
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6.6 Electrical Characteristics: LM358, LM2904
V=450V, Seef” unless otherwise stated

_ . Tssrcommous
Input Offset Voitage See) T, =25C
Input Bias Current b.:', grulv_ge'l‘;%-’ 25'C,
input Offset Current e ) = -y, Vens = OV, Ta = 25°C
input Common-Mode V' =30V, See®
Voltage Range (LM2004, V" =26 V), T, = 25°C
Supply Current Over Full Temperature Range
Ry == on All Op Amps .
V' =30V (LM2804 V' = 26 V) i 2 1 2l mA
V=5V 05 12 05 12 mA
Large Signal Voltage V' =15V, T, = 25°C,
Gain R 22kQ. (For Vo= 1Vto 11V) 2% 100 25 100 ViV
Common-Mode T, = 25°C.
Rejection Ratio V:,,zl:lVbV'-i.bv i/ PP 50 e
Power Supply V' =5Vio30V 8 100 50 100 a8
Rejection Ratio {LME904, V" =5V 10 26 V), To = 25°C
Amplifier-to-Amglifier Coupling {‘:&wmm:}gg&r‘,-ﬁc 120 120 a8
Output Current Source [V =1V,
Ve =0V,
V=15V, " » T ¢ ™
Vo=2V, T, =25C
Sk Ve = 1V.V, =0V
V' =15V, T, = 25°C, 10 20 10 20 mA
Vo=2V
Voo =1V,
V=W
Ta=25C Vo = 200 mV, % T #1185 g
V=15V
Short Circuit to Ground Ta=25C. See™ V' =15V 40 60 40 &0 mA
Input Offset Voitage See® [ 10 mV
Input Offset Vottage Drift R, =00 7 7 WVrC
input Offset Current [—- 150 45 200 nA
Input Offset Current Drift Rg=00 10 10 pAPC
Input Bias Current ey OF by~ 40 500 40 500 nA

(1) Theseq)eaﬁca'msxemm-ﬁﬁ'cSTAs+1290hmm15&mlﬁmmmmmmm58&dlmﬂmmw
areimiedin-zﬁ't:snssﬁ‘c the LM3S&/LMI58A temperature specifications are limited to 0°C < T, £ 70°C, and the LM2004

aaecﬁc.torsare limited to —40°C < Ty < 85°C.

(2) =14V, mvonmvm5thv and over the full input common-mode range (0 V to V* -1.5 V) at 25°C. For LM2004. V"
ﬁunSVbaZﬂ

(3) mmammmmmdmlcmmhwwm This current s essentially constant, independent of the
smeofhemsom mstson input fines X

4 input common-mod of eith go negative by more than 0.3 V (at 25°C). The

L en\‘.lclfthet:\:urnﬂt)e}'l‘-::me g -15V atZS'C).bdef&\erorbomwcmngVwﬂnlda(nme Vfor
um;mpemdmmm

{5) Due to proximity of external components, insure that couping s not oniginating via stray capacitance between these extemal parts. This

typmlymbedmdasmstypedw sahlgher
(6) Short crcuits from the output to V' can cause excessive heating and mmmmmmmm
the maximum output current is approximately 40 mA independent of thenwmdv’ Anduesdﬂpp!y n excess of +15

Vounhwmshmamlsmmdhepmdsapmmmd eventual destructon. Destructive can result
from simultaneous shorts on all amplifiers.
Copyright © 2000-2014, Texas instruments Incorporated Submt Documentation Feedback 7
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Electrical Characteristics: LM358, LM2904 (continued)

V' = +5.0 V, See'"), unless otherwise stated

L LIS AT T N y
?umm V' =30V, Seel!s {(LM2004, V" =29 V) o v-2| o v -2 v
Large Signal Voltage Gain V=415V
Vo=1Vto 11V) 15 15 Vimv
Rz22kD
Output Vew V' =30V R =2kQ 2 22 v
Voltage (LM2004, V' =28V) |R =10kQ 277 28 23 24 v
Swing Va V=5V, R =10k 5 20 4] 100 mv
Output Current Source |V =1V, V, =0V,
V=16V, Vy=2V L - it - mA
Sink Vo =1V V' =0V,
V=15V, V=2V s & “ 8 e
8 Submit Documentation Feedback
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MECHANICAL DATA
P (R-PDIP-T8) PLASTIC DUAL=IN—LINE PACKAGE
Loy
8 5
0.264 (6,50
ooy —
R
s (o) - 0020 (0) - 53 e
f
([ bt jla.m (5.06) MAX = Gasge Pine
\. ! | l Secting Plone
| T ons (3.18) U 0.010 (0,25) NOW
AR
-o—uua Sn.sz)—u!
-
[2]o010 (0.25) @)
H40082/E (4/2010

NOTES: A AR linecr cimnsions ore | laches (miimeters),
B. This drawing i subject fo change withaut nefice.

C. Fells within JEDEC WS=001 warlation BA.

www.tlcom




MECHANICAL DATA

D (R-PDSO-GB) PLASTIC SMALL OUTLINE

0,997 (5.00)
Q.18 (4,60)

0:244 (5.20)
| 0228 (5,80)

IR L

N
m/w

Index Arec

0.020 (0.51)
mm 1,27 -‘J L omz (0,31)
[STuon U)W
’o' o -~
f 24 [
il =l -
,.] 2. e \
l 0.010 (0,25 o J i <
— 0.069 {1,75) Nex 0.004 (0,10
0.010 (0,25) .,/ X
005 ( n,'-s)'l ' \
I A
ir ] Ll 11
. IS (= RG]
Gouge Pimc—L—"'_" i
7= o Seating Plane
0.010 (0,24 o-8 f
_:‘I ) T
0050 (1,27)
0.016 (0,40)

440047-3/M 05/11

NOTES: A All Fnear dimensions cre in inches {milfmeters),
B. Thie drawing I subject to change without netlce.

Body length does not Inctude mald flash, protrusions, or gate bus. Waold flash, protrusions, of gote burrs shal
not exceed 0.008 (0,15) ecch side.

Zﬁ) Dody width does ot incude inferend fiash. Intedecd flosh shal nol exceed 0.017 (0.43) each side.
Reference JEDEC MS-012 warfotion AA.

¥ Tixas

www il com
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TIP122

FAIRCHILD.

' Noveniber 2014

TIP120/ TIP121 / TIP122
NPN Epitaxial Darlington Transistor

Equivalent Circuit

c

Features

+ Medium Power Linear Switching Applications
« Complementary to TIP125 / TIP126 / TIP127

w777 Toazm

1Base 2Collector 3.Emitter

Ordering Information

Part Number Top Mark Package Packing Method
TIP120 TIP120 TO-220 3L (Single Gauge) Bulk
TIP120TU TIP120 T0-220 3L (Single Gauge) Rail
TIP121 TIP121 TO-220 3L (Single Gauge) Bulk
TIP121TU TIP121 TO-220 3L (Single Gauge) Rail
TiP122 TIP122 TO-220 3L (Single Gauge) Bulk
TIP122TU TIP122 TO-220 3L (Single Gauge) Rail

Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
ble above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, extended exposure to stresses above the recommended operating conditions may affect device reliability. The
absolute maximum ratings are stress ratings only. Values are at T¢ = 25°C unless otherwise noted.

Symbol Parameter Value Unit
TIP120 60
Veso Collector-Base Voltage TIP121 80 v
TiIP122 100
TIP120 60
Veeo | Collector-Emitter Voltage TiP121 80 v
TIP122 100
Vego | Emitter-Base Vohager 5 v
le Collector Current (DC) 5 A
lep Collector Current (Pulse) 8 A
Ig Base Current (DC) 120 mA
Ty Junction Temperature 150 °C
Tsrg | Storage Temperature Range -65 to 150 °C
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Thermal Characteristics
Values are at T¢ = 25°C unless otherwise noted.

Symbol Parameter Value Unit
“ Collector Dissipation (T, = 25°C) 2 W
& Collector Dissipation (T¢ = 25°C) 65

Electrical Characteristics
Values are at T¢ = 25°C unless otherwise noted.

Symbol Parameter Conditions Min. Max. Unit
) _ | TiP120 60
Veeolsus) 8;’:::;;"““'“” Sustaining [F515T ™ 1c = 100 mA, Ig =0 80 v
TIP122 100
TIP120 Vee=30V,Ig=0 05
leeo Collector Cut-Off Current | TIP121 Vee=40V,Ig=0 05 mA
TIP122 Vee=50V,ig=0 0.5
TIP120 Veg=60V, =0 02
lcso Collector Cut-Off Current | TIP121 Veg =80V, Ig=0 0.2 mA
TIP122 Veg=100V, Ig=0 0.2
lego Emitter Cut-Off Current Vep=5V,Ic=0 2 mA
hee | DC Current Gain(® \\:: ; \Vf :2 3 g-i"‘ :ggg
Velsat) | Collector-Emitter Saturation Voltage(?) ;z; ::: ::: ;{; :2 fg v
Vge(on) | Base-Emitter On Voltage'™ Vee=3V,lc=3A 25 \4
Cob Output Capacitance ‘Yf%j 1&_}; = 200 pF

Note:
1. Pulse test: pw < 300 ps, duty cycle < 2%.



Physical Dimensions
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NOTES;
A} REFERENCE JENEC, TOE23, VARIATION AR
B} ALL OMAENSKIN ARE |4 MILLIAETERS:,
) QPENS|ONS COMMON TO ALL FACKAGE
SUPPLIERS EXCEPT WHERE NOTED | }
1) LOCATION OF WOUDED FEATUAE MAY VARY
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Figure 6. TO-220, MOLDED, 3LEAD, JEDEC VARIATION AB
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SPECIFICATIONS
Thru-beam l Retrorefiective I \ { >
i o [V g s e ansparent copectsensng| bl | [
= INPN output | CX-411 | CX-412 | cX-401 | CX-493 | cX-481 | CXx-482 | CX-424 | CX421 | CX422 | CX423
Htem - 5 PNP output | CX-411-P|CX-412-P|CX-491-P| CX-493-P| CX481-P| CX-482-P| CX424-P | CX421-P| CX422-P| CX423.P
Sensing range ;g ?tzr]a # 13 ;:rf_tr__ ‘:J:LT]?'IM 1) iTmmt 52?,?33"5 DK‘.‘L‘Loﬂztrnhl ;g:g!m:m smsnn‘mm z;l?ogrr\.mm gﬁﬁgm
U $12mm o042 | e e mans| o more arspnont, | Opacun, irocontor |orempente
objoct (Note 3) Franr el | iaskeent et | transiucent of transparent object ?.Wp’c:m‘
N BN | il opriusiobiact (NoW 1) o (L]
Hystoresis 15 % or kess of operation distance
Pepeatabiity perpendcutyr 1 sonsing ads) 0.5 mm 0 020 in or lass 1 mm 0.039 in or less ]ﬁsmil‘u?.‘nnh
Supply voltage 121024V DC = 10 % Rippla P-P 10 % of loss
Curront gonsumption ﬁ’ﬁ;lﬁ’;:; 20 mAor loss I;Smwlu:l 25 mAor loss ’zommm
<NPN output type> <PNP output typo>
NPN open-coliecior transistor PNP open-coliector transsston
Output * Maximum sink curfent: 100 ma * Maximum source current: 100 mA
« Appliod voltaga: 30 V DC or loss (botwoon output and 0 V) + Appliod voltaga: 30 V DG of loss (batwoon output and + V)
« Rasidual voltage: 1 V or koss (al 100 mA sink curent) + Rasidual voltage: 1 V of loss (at 100 mA source curtent)
0.4V or less (al 16 mA sink cusrent) 0.4 V or loss (at 16 mA source curment)
| Output operation Swilchabla eithor Light-ON or Dark-ON
Rosponse time 1 ms or loss
Operation indicator Oranga LED (lights up when the output is ON)(incomorated on tha recaiver for thru-boam typa)
Stabiity indicator Grean LED (hghts up under stable light received condition or stable dark condition) (incorporated on the receiver for thiu-baam type)
Powat indicator f'ﬁ“:“mﬂ"“"“:"”‘
Sensitivity adjustor Continuousty vanable adjuster (incorporated on the recemvar 1of thru-beam typa)
[T s s o
mm"';m :;h::n —_— Incorporated (Two units of sensors can be mounted close logothar.)
frgede o
Protoction P67 (IEC)
‘Ambient temperature —25to +65°C - 1710 + 131 '+ (No dew condensation or icing allowed ), Storage: —301to +70°C — 2210 + 158 °F
Ambiont humidity BT 36 10.85 % AH, Storage: 35 fo 85 % RH T
Ambient iluminance Sunlight-10,000 ¢x at tha light-receiving face, incandescent kght: 3,000 ¢ x at the light-receiving face
B {emc EN 60047-5-2
| Voltage withstandabiity ) 1,000 V AC for ona min. b all supply together and enclosure
| insutation rosistance 20M . or mor, with 250 V DC moggar b all supply torme cted together and enclosuro
Vibration resistance 1010 500 Hz troquency, 1.5 mm 0.056 1 double ampiitude (10 G max.) in X, ¥ and Z directions for two hours oach
Shock resistance 500 mis* accolarabion (S0 G approx) i X, Y and Z direcions for thioo fmos ach
Emiting clomont (moduiated) | Red LED [inrared LED fed LED infrared LED | reaLen
{Matorial | Enciosure: PET (polybutylona teraphthalato), Lons: acrylic (CX-48+ polycarbonato), Front cover: acrylic (CX-48(k: polycarbonate)
Cable” 0.2 mm? 3-coro (thru-boam type emitior: 2-cors) cablyra cabie, 2 m & 562 t kng
'Cablo extonsion” Exionsion up o total 100 m 326.084 i is possiblo with 0.3 mnv’, or more, cablo (thru-baam type: both emittor and receiver)
“Woight - 50 g approx. (Emitter of thru-beam type: 45 g approx.)
| Accassories _ RF-230 (Rofloctor): 1 pe.

Notes: 1) The sensing range and the sansing objoct of the retrorofioctive type sonsor aro spocified for tha RF-230 roflocior. The sensing rango

roprosonts tho

actual seasing range of the sensor. The sensing ranges itomized in 'A’ of the table below may vary depending on the shapo of sensing object. Be sure to
check the operation with the actual sensing object.

Sensing |__
Hiw.ﬁ
Setng
S —
Sensor Refiector
2) The

CX-4827
0iw2m
008w 65682 1
0Bko2m
?edwhbSe2f

Cx-481701
50 10 600 mm.
1050w 12,685 |

160 to 500 mmt
3837 1o 1685 my

CX-4010

3mosdin

CX4931
I5 m16 404 1

itoEm
10,326 1o 16.404 &}

0.13m
0.3 i 084 R

sensing ranga of the diffuse reflective typo sensor is spacified for white non-glossy paper (200 X 200 mm 7 74 7 874 ) as the object.
3) I skit masks (optional) are fitted, an object of ¢0.5 mm ¢ 0 020 in (using round sfit mask) can be detecled.

174

sung

10812005
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(PNP otput type

/O circult dlagram mmrm-e’;xm No. of the Wiring dlagram

L
— (Brown /1) +V

I_EH[_?L et tJ.. 12024 VDC
(Black / 4) Output (Note 1 — 0%

3 ] (Bl 1310V
5 +

N 1
Pk / 2) Sensing mode” |
L-mm?rwghwi’]

Intemnal circut ——4—— Usars’ arcurt
Notes: 1) The emitter of the thu-beam typa sensor does not incorporate tha biack wire.

Notes: 1) Tha emitier of the thru-beam type sensor does not incorporate the 2]mpl:d<mra's only for the CX44.P ady

output. ML 7 ;
2) Sensing mode selection input is ncorporated only for the CX-4401-P reecivo fypo. When using the CX. . be sure W wire tha pink
nmm:‘wmmw_wmmm;xm.m # e
sure o the ing moda solection ink / 2). ] i
sensing input (pink / 2) ¥ o
1 BGS function: Connact 0 0 V.
BTN FGS tunction: Connect to +V
function: Connectto O V
FGS function: Connect to +V Connector pin position
Me'pligin connectortype.  IM12 pigtalied type
Sm...g:nwwsn supply polarity gg:;ctbﬁm 2 4 2 1
o Sulw mml 2enel
Ti: PNP output transistor okt Ty RPN cometied o
(Nota 2)
1 3 i
»” L3 av Ouspat (Hke 1

Notes: 1) The emittor of the thru-beam type sensor does not incorporate tho
2)Sensing moda selection input is incomorated only for the CX-44] WP
adjustabla rango rotioctive typa. When using tha CX-44[ 1P, bo sute 1o
wire the sensing mode selection input (pink / 2)

Functional description 3 Similarty, adjust for up, down, left and right angular movement of
Stabiity indicator Opavation ihaior the emitter.
(Groen) (Note 1 (Orange) (Note 2) 1@ Further, perform the angular adjustment for the receiver also.

B :g:: e 151 Check that the stability indicator (green) lights up.
| 18) Choose the operation mode, Light-ON or Dark-ON, as per your
requirement, with the operation mode switch.

Sensing cbject
Operation mode swich @\
{Nota 1) *

Lights up under the
stable bght condiion
or I\e atabla dark

i

Sensilivity sdjuster
(Note 1)

Notes: 1) Not incorporated on the thru-beam type sensor emitter. Eni
2) It is the power indicator (Grean LED)(lights up when the power
ONj for the thru-beam typo sensor emitter. Receh
Operation mode switch mm
; tion & e (1) Set the operation mode swilch to the Light-ON mode position (L side).
mode switch Dest ‘P ta b (& Placing the sensor and the reflector face to face along a straight

X x

fine, move the reflector in the up, down, left and right directions,
in order to determine the range of the light received condition

| Light-ON mode is obtained when the operation
@ Bich Belan e ¢ e tho with the help of the operation indicator (orange).Then, set the

v Gean s turnad fully ockwiso (L sida). reflector at the center of this range.
g £ ek @ Simliarty, adjust for up, down, left and right angular mavement of
Dark-ON mode is oblained operation ok gy
i when the
ide aikdh rintha e fokfing @Fumer.peﬂunn!mgnwiamdns&nemlormwnmralso.
thru-beam typa) is tumed fully counterciockwise (® Check that the stability Indicator (green) lights up.
(D sida) @ Choose the operation mode, Light-ON or Dark-ON, as per your

requirement, with the operation mode switch.

Beam alignment

Fhdibeam type sensor.

(1) Set the operation mode switch fo the Light-ON mode position (L side).

(@ Placing the emitter and the receiver face to face along a straight
line, move the emitter in the up, down, ieft and right directions,
In order to delemmine the range of the light raceived condition
with the help of the operation indicator (orange). Then, set the
emitter at the center of this range.
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Sensltivity adjustment

Step | Senstivity

adjuster Description

Tum the sensitivity adjuster fully counter-
[O)] :@ é ciodt.MI wise to the minimum sensitivity position,
N.

sensitivity adjuster slowly clockwise and
confirm the point ® whare the sensor enters
E the ‘Light’ state operation.

H

® In the light received condition, tum tha
@
13

In the dark condition, tum the sansitivity
adjuster further clockwisa until the sensor
enters the ‘Light’ state tion and then bring
it back to confirm point (&) whare the sensor
just returns to tha ‘Dark’ state oparation.
If the sensor doas not enter the ‘Light
state operation even when the sensitivity
adjuster is lur%\od fully clockwise, the
. i

position s point
Optimum position
@ E The position at the middic of point @ and &
0 is tha optimum sonsing position.
it

Note: Usa the ‘minus’ adjusting scrowdriver (please arrange u{:é;amw o
wm the adjustor siowly. Tuming with oxcossive strongth will cause
damage to the adjuster.

Light recelved condition Dark condition

Emitter Recemer

W)

Thru-beam
typo

L O—1 | D&l

Retroreflective type sensor (except CX-4910J)
= Please take care of the following
points when detecting materials

having a gloss. Wako L sl
long

| S
@1 10° 1o 30°
Reflactor |
. Glomy surtace
X 2
Retroreflective type sensor with polarizing filters (CX-491(7)

* It a shiny object is covered or wrapped with a transparent film,
such as those described below, the retrorefiective type sensor
with polarizing filters may not be able to detect it.

In that case, follow the steps given below.

EampRiie aifg SBjecE!
« Can wrapped by clear film

* Aluminum sheet covered by plastic film

= Goid or sliver color (specular) label or wrapping paper

[Steps’

« Tlit the sensor with respect to the sensing object while fitting.

+ Reduce the sensHivity.

+ increase the distance between the sensor and the sensing object.

Retroreflective type sensor for transparent object sensing (CX-480J)
+ Optimum sensing is possible when the position of the transparent
sensing object is set at the center of the sensor and the reflector.
If the sensing position Is sat near the sensor or the reflector, the

sensing may be unstable.

In this case, set the sensing position at the center of the sensor
and the reflector.

@ Make L, shown in the diagram,
sufficiently long.

@ Install at an angle of 10 to 30
degrees lo the sensing object.

Sensor Reflector
Transparent seneing objct

* When the sensor detects an uneven plastic receptacle or glass
bottle, the received-light amount may differ with the sensing
posttion or direction. Adjust the sensitivity after confirming the
stable sensing condition by turning the sensing object, etc.

« When sensing pipe-shaped transparent sensing object, set it in a
standing, not lying, position as shown in Figure A. The sensor

R S T e e e er e may fail to detect a lying object as shown in Figure B.
{Relation between otrtput
N P A
in case of Light-ON
Stability jOperation Output
indicatorfindicator
® Stablo light
receiving
L] ON
Unstable fight
raes
L]
Unstabla dark
[ ] OFF = ON [ ]
dark
L rocnvu'lg .
@ @ lightsup @ :lights off
SUNS)
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