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ABSTRACT

This thesis presents the study implementation a design of structure find mathematical model
of system and built two wheels on invert pendulum for object is a study on unstable system and use
knowledge about controller modify for stable system until control angle of invert pendulum.

This project is has been conducted as in the following step. First the model has been
implemented. A study on mathematical model. Design structures of system and find mathematical
model of system. Some parameter of mathematical model can be estimated. For simplicity, the linear
mathematical model of two wheels on invert pendulum is then approximated by the linearize
technique. The next, design controller by feedback method and state observer method. The

experimental results and simulation are compared.
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Weuaums (18) fuaunms (19)gwun K, uag K, Sanudunusoudadl
K = 073K, (2.26)

b.

yu v { oy = o
u@ﬂﬂ’]ﬂﬁEN'ﬁ’lll’]iﬂﬂgﬁ']ﬂ']ﬂ\‘iﬁﬂ]@quﬂlﬂ@;lﬁﬂ']ﬂ curve YDILIIVA-AIULII ﬂ\‘ﬁ‘lh’]

¥

gt 1

2 o = -] aa S A [
3 uaaedaginaliues curve voauselia-n1ws) yosnduainesionsdu i fleuldiia
T as 4 4 1 v [ - 4 g
@199 fu E, luiilfe rated voltage tilo 13l load, T, (t) UAwiugud uazanusdazgn
o 9 o/ o as ] ] [ A 9 uz 1 i
fmun'ldangadauuusnuusudmivaiig 4 vewsedu ihiieflould ddumnsfives

usundou lwidoundy K, wmlann
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E4

Taoflunsdifius s Ifhuazanus uFayueziue rated voltage

Torque

T E,>E,>E,>E,,

Q,

i

Speed o rad/sec

A ) =4 aa -4
gﬂ‘n 2.4 curve Y9ULITIUA-ANULITIVOIATUDIADT

A o o Y P 3 o
mauamaig_ﬂwﬂﬂﬁqﬂ blocked-rotor torque ¥ rate voltage 3sUnUAW T (t) NMHUA

%
k= block - rotor torque at rate voltage _ o (2.28)
rate voltage E,
g
. K,
T.() = Ki(t) = —~E, e (2.29)
Ra
o 3 J A a R 9y @ A
ANUU ﬂ'lﬂ\iﬂ‘U’ENL!.i\iﬂﬂi]\i“r‘i'lulﬂil'lﬂﬁuﬂ'li (2.28) LazauNg (2.29) UuUAD
K = kR, e (2.30)

o da ¢ )
2.3 WaaanlugaruPEwMm)

A, é 4 Y a o H
SenilafesudTymmsgaidondenuielfuentdMaiuquusines laemsnlaou
e d 4 Y x o a A a &
wias Duty Cyele wealaanidonnelfunvemed "aIndgaueutld Il dsamnsoniugy
g o a = [ vny A o A aa o =
ANUWSIAN TﬂUmmmqaagiﬂﬂ"lmuLﬂaaqwmammuauwaﬂammuﬂuﬂa"lﬂ
a g a y =Y o = o { =y o 4 a o
aanasuoulsMinsuSanesueudaldazimihfinde aing Weonswamaes

o ¢ "\ e @ v v 2y 1A o o ¢ d A
u’]ﬂigllﬂija‘ﬂlﬁﬂﬂﬂﬂiﬂMﬂjuuﬂguﬂﬂu']ﬂﬁ]uﬂﬂﬂﬂ‘lﬂ !.!.(v‘lm’zmuﬂQﬂmﬂizuﬁi’mﬂmimﬂﬂ

g 9 @

1 @ o Ay b LAY P=% ] Y A 1
ﬂi'ﬂilﬂ'liluﬁ]gllﬂ'lll']ﬂl‘\ﬂﬁlﬂa °°Llaguﬂizllﬁl‘lﬁaN’luuﬂﬂﬂJ’lﬂﬁ]uQ@?Tlﬂuﬂuﬂ AU AN

L]
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L4

S a o a IR a a 4 ¥ ¥ an A
ﬂanumsqnujLﬁﬂ“lummwﬂmmcnfrmasmumms:‘uuﬁmmmmmﬁﬂﬂﬂﬂman 1
s P=o A o Y =) = n’ 3 d'd' d' v
m]ygaw“nqy:;]ﬂuﬂumim“lwuam.la"l‘wlm‘wmﬂaﬂmmﬂwmmm:mmmuﬂsmﬂjm on
as a a ¥ Ve da o 4 -
Loz off veurad lamudnsmsueuld Mriiaiidoniiadind lugisine s (PWM) uovila v

& g LY v slg 4 A 9 Y a o
3 irannsoesnuunliusar ldsesmiad uazanududanelfnadss lomilumsaiugy

3
Y

[ @ 9 1 = ) A o Yya ) A e Jd @
5ﬂ315$ﬂﬂﬂ5$11ﬁq¢1‘]‘1ﬂ !.WIE]']‘illﬂﬂa'ﬂﬁcmaVlﬂia“ﬂ']'11’7Lﬂﬂ!ﬁﬂ\‘ﬁ'ﬂ\‘l‘ﬂﬂﬂ']ﬂﬂiicmluu'ﬂ AdU

v v v b4
218 A enuendlaWuny PwM fdanuaasimniFlulas s
A 4
2.4 ovilAfadulAaAes (optical encoder)

av o 9 & A o o Y Y v Aq ¥ @ A
salanaow lnawmes Ao g mTunNsasIaiassuzudaf IR soznsvIAe
g & v a s LY 1 [] f o = P 1 q 9
Lﬁumamsﬂmm%muumuﬂswu"lﬂmmmsfmmuu.mmmmmmmmmwamuimﬂ%
. P . 1 { 1 X 9 [] @ @ w
LED(light emitting diod) mumuwquﬁgm%1:1?’1’1‘7]usamﬁ‘ai‘wuﬁqmmmmu"lilmmsu
s g @ @ Y o & I'd o o 1 Y 4
e muummwwuﬁﬁﬂﬁﬁnujmmwamﬂmvgmaﬂmﬂmmmuﬂmmuﬁqﬁ'lﬁm 19189
o Ay ¥ a = 9 (dy I an = a Y Ll
mﬂﬁmoigmw'lﬂmﬂaaﬂﬂﬂaamuiﬂﬂmasun.?fluﬁmumﬂmmmwaammmzmﬂmmsw
Y = I'd aa ad = g av o I'd T
SuneuRIeeT AT UURIRRasEnMsetindme o eelanadulAamesansauiisesn

i 2 wiia Ao

a a =1 FY g,
1. BuASUNOaIdU IAAIAB I (incremental encoder)
k4
- azlszneudiededuanaesisnuadndfe A B Lag INDEX
- Tnovesdayanua uasgosdaana B laoia lgnadialdtimasiieiu 174 whAegl
# 1 dlfannsansiufamemsmyn ldnnnsAgesdyga A dmiemusesdaya o B
Mg 2 uemsdyanai IRnngesdamnua amvesdyauB og1/4 Wi 3N 3 udas
Foauildnnsosdagua hyesdayaub agl/4 i
v 1 LY 9 Yy A v o A 9 o Y a &
- durodeyaIUINDEX gneardialviies 1 Was el Fduduniiedneds Tagia
o o d w14
TaagdreBeh 0" daguin 1
s/ a a =3 Y o v 31 @ @ o
- msl¥upunsuunoadu Iadiudluszdeldswtuaniu(counter) M3z
v Ed
wanaiidsesnmnynyesdagaes Iiauiios 0 fiu 1winiy

F 4
- anuazPalumsatusgiuduausesveunnz vodaynn
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Reword Forword
- —>
A Foeluasdnld

INDEX . fuie 1uasazfiou

o 360°

511 2.5 uaasdnvaizgedyauA ToedyaIuB LazTaT Y 1UINDEX VUUAUITUNNY

Forword

pEREENENEEN
JULr Ly

O =0 =

51 2.6 uaasdganai ldnngedayanua auresdayanuB agL/s o

Reword

(L L L
L

O a0 -

51l 2.7 urasdaanai ldnngesdayanua hdedagnub ogi/4 wh

< ] kY 3 : [ ' ' & =

2. udn Tagadn IAanes(absolute encoder) ANBAUZNITZUATSTOITYIUITY

9/ LY kY 1 o g 9 ' 1 ar
amundeliwihiulaeanunhaesgesduanada leznhaiuaeurivesteadaym o
' 9 =] Y A o 1 o Y = a . I3
Aounilt vindudulAames TS IuTeIFYANANIND n 9TUAINNUALBYA(resolution) 1N
@ o 3 =] o 1 @ =] =1 9
fu 360° /2" udu Tagadu damed Nmeuuusu iy 2 Snvae Ao uduTagadulaa

4 E o < ¢ o
1903111 111173 1Aa(binary code) uazud TsgaduTdawosuuuinsd1da(Gray code)
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(V)

/ o g o ¢ {
51 2.8 ( n) uaAsdnEazUMyUBwdL TagaBu TAmAss LY lUWT 1dn

@ { 1 ~ g g 4 4
(v) nansdaanai ldnaudaioudy Txgaidu Ramesuuy luuis 1ia

bit4
bit3
bit2
bit1

. b

(m ?

bitd B | :
b3 [ | I L .

b2 [ L I
bit1 [ L] Lo 1 1 I s

()

- o o 3 sy ¢ o Y
3‘1]‘" 2.9(f) L!.’dﬂﬂﬁﬂ‘]ﬂﬂwmuﬂﬁguﬂJ’ENLlﬂﬂi‘ﬁigﬂlﬂuiﬂﬂmﬂiLL‘U‘ULﬂiEJIﬂﬂ

2.6 Inia (pole)

A ¥

o Al ¥ - g 3 s I 3
( ‘1]) Llﬁﬂﬂﬁifgﬂﬁﬂ‘lﬂ]’lﬂﬁnﬂuﬂﬁx‘uG]LL’E]UI%QG]L’E]NIﬂﬂlﬂ@ilmﬂlﬂiUiﬂﬂ

#io misuenauadesmnvesszuuda InasgununuIuamn szunfados

b4
= = 1 = 1 YR 1
mmaqmﬁwamuauamimmx INAMSLN(oscillation) rlu‘ljNﬂi\iﬂTIWﬁﬁ]%ﬂQﬂN%’]Uﬂ]@ﬂ

=y = =l ¥ 2 1 FY =y A =1 []
UAUIUANTNI TV UISULE DTN T1N(stable) Iﬂ AN ’E]giﬂm!.ﬂu IUANTNIZUNDADUTUDUIWULA

J 4 1 U = ]
A Toneiygnazuin S1AIpoleBINNYNVBUNUIUANIN szuuey il n W (unstable)

A Qs U a vy A :’ Y A r=y ) 3 r=1
Tunsdinm InauedesguuuauSuanmusdes il Twadniu) uazfimoesgniemsie

Y
VOWAUIUANN TZUVIZINIURdea
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2.7 413 (zero)

A oAy =2 < kY raAas 1A
A9 AINUIVDNAIANUSTIVDINAAD VA UBIUDITS UL m'luucﬂsn,muiwa WanBU

g A A ] 9 =4 d? 1 a o A A 9
AUDITH 1uﬂ151W3J°1115 %Z‘H’Jﬂiﬂﬂaﬁﬂﬂﬁuﬂﬂli’l‘ﬂu L!.Gl%&ﬂﬂi’é]i’)’é]‘i%‘}’m'lﬂ Uﬂ‘ﬁiﬁiﬂa

£

o oA

AN UUANNAADUTUDA

2.8 ‘lﬁgflﬁmﬂ (State-Space)

- v o 3 A A 1
‘lums‘ussmﬂfmmsmmmgwu‘ﬁm"l,ﬂuummsnussmamawauagiug_ﬂuumm
' a v do o A & Y o a @ a;’f ~ Y
ﬂf}ﬂJﬂJﬂQﬁﬂJﬂ'li!.‘lN’éJlgwu"D"e)uﬂ‘l_l‘ﬂﬂu\illﬂ muﬂwmﬁumnmmgwuﬁumsﬂﬂmmuﬂs
& ’ a @ Jg v og ’ U
ﬁﬂ'luZ‘H%"E]meﬁ cm51!.Lf’1’aumsmmﬂqmumswwqwuﬁuuué’waamﬂmmsmzuﬁmag
o A £ ar 1 3 a A a - @ d
Tu1/393(space) Fadulsmaniuiluveasyl anuAn lUMITUSIOAUNSITOYRUT Y
a A ldyl Y a ad 1] :&
silunnve/sgiiainn (state-space)Tine 1T1AAIEMI WYl 9 TUMTBBNULUTZTVUAILAND
4 1
Li'fluﬁujjmmmmsaaﬂuvmwuﬂmﬁmﬁﬁUﬂmﬂﬁmm-;mﬁm‘lﬂu (modern control)
9

‘U’E]ﬂil’f]xiﬂ'li@’f]ﬂ!.!.ﬂ‘iﬂﬂﬂ’)ﬁﬂ5@1!?[1@{51 (state-space)UATIUNICUINNBISUUUANNYU

v @ = o d v = I's
FouelisusuvesaumsiFeeyiusiiaigs niseninaeduRnIsNaIRIMIY
2.9 MIVONUVUAINM I NIAIMHHUSINA (Pole Placement )

MseEALLLE8M G Tnand ATt UM s sBNULA 3TN 1T ved Tafaves

L Y] ¥ 3 ¥ ° 1 4

510 (Root Locus) 1atssanddaloundususifield Inaftanuavesszuuegludumisi
Y dy a . w 3 o d' @ 9 d' =

Zaams lussuiiauuandudsimuaaunsaiadedounduld szuvfinzAinsanszdu

ssuuEaduilbindsaunafesing lddeauns

NITUIUNIT >.<(t) = Ax(t)+Bu(t) = (2.31)

Taef x  Sudmilsaen

u@t) Wuduwlsaugu

s @

A9 o VA Ada o 9 I ) 1 3
HUDINABYVURWISNIUNY ﬂumpmmmmmuazamufgmﬂaﬂmmmmuu
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L]

a a wa aa 2 o 9 as =
AITUNIU igﬂﬂiuﬂ'ﬁﬂ;]‘Uﬂ"l]%ﬂJﬁ\ﬁUﬂ’Ju“IN‘ﬂ'ﬂﬂﬁﬂJiU'lm@ﬂﬂ“U@ﬂiZU‘UUJGEJ“H

uladllununsiassvesszuy uaansoud lvldlaemsumunass uniudsdmagoiusi
A 9
Budu

v 3 £ 2 Al ~ A vy A g
Gl’f)‘lﬂ"l]gﬂﬁ']’Jﬂ\iﬂ'l'iﬂ’J‘]JﬂﬂJSZ‘]J‘]J“lNﬂJﬁQS‘]Jﬂ'JuTIﬁ'lﬂJ'liﬂll“ﬂu‘ﬂ‘lﬂﬂﬁlﬂﬁﬂ'n?u’ﬁllﬂu

ad ° A d Ay 9 9 o A
wagdsnswoenihamavsedyanaoyni liidulUawdesms Tihmaanse

v
=y

[ s t Y 1 9 & 1 Ay 1d_] 4 A ﬂ v @
ﬁﬂ]uﬂlu'lmlﬂ'lﬂwﬂgl“ll'lﬁﬂ']‘VlGl’fNﬂ']S HIATNADINTIDIVL ug{uﬂ NI9D1VUUATIAINT

L]

msnguiidu 1l Wesnndesmsmsflounduungldauudahaunsotacian

Nnda1d Tasdendagnaniuguilu

u®) = -Kx® (2.32)

NIy

’ ’
v o

ady o Y4 a Y oA Y 7
I5NITPONUVVTTHIUTSULIBUTUNNIUALA T (HOENIT 3)

Qs

¥ 9
TUADUNITBBNUUY VAT

5TUUY >.((t) = Ax(t) + Bu(t) 10 (2.31)
NHVBINITAIUAY u(t) = -Kx(t) 1N (2.32)
szuufloundu x() = (ABKX® = Ax(®) oo (2.33)

AN BAYUZIMNIZYBITZ U BUNEY



dy a v o [y v A = ' gj ' v ) v o v
wnansiduenansfianubidmsunislyanuienisfinwinitu lueygslmilulsusglovuaunisan

lunsalles viadu Bnvinuiilndaudasiion wazmnedandaduanvetenarsynasaninisiiluly
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0] 0 0 0
0 0 0 0
BK=| |[3, 8., --&]=| | e (2.38)
0 0 0 ..
1] 5, 5, - 8
Fufuamsnduesszuasenda A, = A-BK @euldifiu
0 1 0 .. 0 |
0 0 1 . 0
A= veeeee(2.39)
0 0 0
_-an -811 —an-l —8n—l -an-Z _811-2 . —al -81 B

a o o 3
WNINY Li‘lugﬂsmummgmmmgﬂsmu controllable canonical form  AdtiuTaY

mydnyaizmmzdu
SE-A+BK| = s"+(a,+8,)s"" +..+(a,,+3,,)s+(2,43,) =0
aumIdnyazmmzueszuLTafidesms
A(s) = "o+ ta, st = 00 (2.40)
Movdnlszdns (1) uaz(12) wwld
......... (2.41)

a, = a; +9, ; 1i=1,2,..,n
v d o ' o [
Tqun1s(13) L‘ﬂuN'ﬁ'ﬁ‘wﬁﬂl’é]\iﬂ']i’é]ﬁ)ﬂuﬂ‘ﬂIﬂEJﬂ']i'J'NWlll,ﬂuﬂiwaﬁ'lﬂiﬁﬁg‘ﬂll

: : a4 2 0 3 v id
SIS0 ussztazdeseglugliuuficunsoniugulds hildduylaeia ldgen lden

TEUUMUNIN

@

1
TUABUNTOBNULL 1A
FEUUNTVTHAIUY

k4
3o @

4
U
MU

Ténseli Srannsaauguial

R

1. asavaeuiuiiu

aoune 11
as a o
2. A39EUMTANYULRNIZVDIINI NF A
SI-A| = s"+as™ +a,s" +.4a sta,

a o ~ v
3. mmsnamsuilas Q NezutlasszuuIdeglug Uiy controllable canonical form

Q=[a, q; - q,]
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Touil 4,;= Adintad, ; 1=1,2,...,(n-1)
wez q,= B

9 . @ ] ¢=' -]
4 A3 19aUNIS RN USIRWIZNNANNZWANNUR L4, Ly 500 4,
(s+24)(stpsy) oo (stpt,) = "+ s +a,sT Lt st
= 4 @ [ 9/
5. unSnFueeueIsastoundu K v 1den

K=|a,-a,|a,,~a., o —a)e -4 :I Q' (2.42)

s 3 do o o s/ £ f]

Falugasveaeninesiuindumsidasame Favzuasszuula o ugduan
controllable canonical form LAMSATIVWNNAUAT (14) MdAs e wiignulasndy e
Wi 118 ussuu@y

e A(A)=A" +a, A" +.+a, ]

- |
q@ﬁm@ﬂll@ﬂlﬂ@ﬁuuu o

K=[0 .. 0 1][B AB .. A_B] A(A) e (2.43)
aumsnan@Esimsmsnnivsuminganuniugyld Q T8 laumsmmndiiun

wou d' 910
Q=0 . 01 (2.44)
L K=d"A(A) e (2.45)

do
2.10 m‘saanmnj‘szuuﬂ'mqmmmigmmaimmﬁm@u&’u (The Optimal Linear

Quadratic Regulator (LQR))

do o = . .
mﬁa@mmumuﬂmmuLﬁqmmasmmﬁmmzﬁ'u (Linear Quadratic Regulator
dy 3/ £ o LY o ~
(LQR)) u%zﬂmmmaﬂumﬁzuumuﬂum%zwﬂﬁﬂaﬂ%umwuﬁmmuz (performance
index (P1)) M guluuusueruns IAntesnga (minimization)
o o -~ = Y A:
aumsessunssaiiaussoug 1) musadion 1ddadl

ATTFUAUTTOUS

J= °].[pz2 (1) +u’(D))dt
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FIMSUSLLY
x=Ax+Bu
y=Cx

& 4 : fo @ . -
Taeiia p lunisedunwmnnesiinin (weighting factor) NfponuuVIziIUg

E4
@en uazenmnsauaasldhaunsaiuguazeglugiunuasi

u=-Kx
Tagiedanune K aunsam’ld s iwavesssunTafiafigan i lussuuniuguenily

druvos Inanades nInyeeaums
1+ pG,(=5)Gy(s) =0

Tay G, fio aumsiteandudielenvesszuuiila

G,(s) =:—% —C(sI-A)'B= g 8

3 =] 1 o L4 1 o o 1 a o
fumoulumsesnuuuiaedonsuuningc Mziludidmuamdanaiaiunisia
a 3 =4 ) o . . & @

@1 (tracking error) yasnntuAaenuNnmes NN (weighting factor) o Feazudven

saiwinnnudifysenhemrawatalunisina i (racking error) AU YRIUAIA G
4 A ° Y3 A T @ s dy To A 9 =S @ o Ao A

niandess B3anemdyanaeinam)i Windufzdesminedsdygnuenananiainm

I msumsilaasseuniuny

NNAUMIIA afaluuaNINAT

NEONG)
D(—s)D(s)

Y @ 91 a A
sranunseadraununinga lada laoldar Inauazd Tsvesszuuida uaziiiesnn
s a @ 3 3 Y P a
iz‘m_lilmemmmjLLﬂu%uﬁmwmuuLﬂﬂmmiaﬁjngﬂgﬂiﬁﬂﬁ%ﬂﬁ’mﬂuwﬂmﬂu%uﬂ
% o o . 3 . [ Yy A A o
ﬂ’lw‘lﬂiﬂﬂﬂ'ﬁ‘ﬂ'lﬁ'llu'lLLll‘Uﬂig"l]ﬂ (mirror) ﬂlﬂﬁlﬁugﬁiaﬂﬁﬂﬂgm\‘m11&61116116L1’161Jﬂmmu

¥
IUANTWUY
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2.11 Maifszuiann (State Observer)

Y

M 4 [V A o Al kY
frunnudinsiadeyannmanrsoia tyqnmﬁmﬁuﬂﬁmmmﬂu'lﬂ'lﬂﬂauw
A =3 Y Y v [ X= 9 A T 9 1 9
mnnielussuniessuvaauisialdnauudiosssdoudoaldsoasudraninlae
d‘dw @ A d'sl ar 9 o d‘ )i Q Q 3 P-4 9)
MWIETLUDNUOUA VG WioszuDRdoInIiins 193 (sensor) M 1Flumsda dafudely
a 1 & 3 v @ 3
531un151)ssanaAdina(state observer) 9NNV UIUAVIAN(full-order state observer)
ar @ ar ' a ] =
waztUUandUfAU(reduce-order state observer) mﬂizmmmuuuauﬂnmuﬁﬂmiﬂizmm
1 @ ] o s LY i [ 313
Manana Ininua Tﬂﬂmi’fauqammﬁagtgwmmmﬁmﬂmamﬁmmamﬂ'lﬂuuuﬂ%“lumﬁ
1 ~ @ ] ] @ 1 v v g 9 a
Yszanammaa( X nnaslnivua Al sznasuuuanasusunfsmsaiealszna
mmanlavl#deyavssdaanuvesanaiiialiinldlumsdsainumdyanaman * NGE

= ] @ 9 1 3
RNITTLAA w'lummﬁmﬂ'lmmuu

U/ r v o (=3
MIszanamaaauuuauaALIAN

(Full-order State Observer)

a 1 YY) = 4 °
MIDBALLUSAUS TN AAAUU DS U IR (full-order state observer)HE¥13
s ] @ 's ar 1o £ o
dszanamaaynd Indnue mni’f@gmmﬁmumjmtmmg‘ﬂmqmﬁm'lﬂ LUVTIABINIg
a I’4 d‘ﬁl = @ dy
AfATans YBITUUNADIMTITMIUANNFULLUANH
x=Ax+ Bu
Tood 2 Wunusawaidumilsznavssann x() gumsezdodluaumsveeni
1 o

szanumeaenn 18

tEd
1‘§'Ifﬂ$f2l'l'ﬁuﬂﬂ'lNﬂ‘Wﬁ'lﬂ"Ui’Nﬂ']i'lh%il']mﬂ'lﬁm%llg{ﬁﬂﬁ

X=x—X
Q

Ed
Fuiez ldrumnaiavesdyguianaiade
X =A%
&4 Y A s =
waziou lusudu (initial condition) AD
%(0) = x(0) - x(0)
[~ Y1 A v dy At s A a d¢ A A
wiiuhiRanaiavesnsdszanamieinufluguidiomaing A n5eszunll
= XY A o o dy A (11 T y 2 A @ =)
waesnm ursaidyaafanmaiiadugudliamsoniguld Fslidasufe,

@ 1 o . a3 3 @ g Y @ a3
AUAINININIIA(time constant)UDITSUY LA 2’,11’11‘!’J'Ii?{'l'Elﬂi'lﬂ'«]'lillﬁ')ﬁlﬂuﬂﬂi'lﬂ’l']illﬁ'J
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A Y g dy ﬂ A 'y ar 3 1 9 ar
Fooudu'ld szuvivzduszuudade lidoansdnrugu(controliensauns hidoansdn

] 9
dszanamaine(state observer)Ae

o r 3 lé ~A d' ¥
FAnsandilszinamaan(state observer)jUuun Inaigsszlidwiduduflou

NAU(feedback)¥al gUnuDTIMIATH

£(t) = AX(0)+ Bu+K,(y—C%)

E4
a

Taefiniduasasvnsvesilsenmmann tazeziigiluuudail

'

Kez[Kel KeZ i Ken]

Y ' o o d dy

hwnelumsesnuuudilszinua aiaauDUBUAVIAN (full-order state observer) 1

Aemsmissasvens K, e Iidalsznamamanmunsaudsmamavosszuy ldluge

= o L dA o 3 Ao a At o’ a

AU Fanaesasinuiiidyanaianatasiisuiugud aunsodouaumns

launfinvesdanaianmaldfe
¥=(4-K,C)f+Gw

[ ¥
T w uidudyenasuniu v3e disturbance input

u(t) X(t) (1)

— > Plant ————» C

[

Model —X(tl> C

(4.B)

K

€

: =3 v v o g
51l 2.9 uaasuden lassunsuvomsdigunaAALLILBUALIAY
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Y a o dyd
fﬂJmiaﬂ}JmzlaWWHJqulﬂmuﬂﬂ
det[s] —(A—K.C)] =0
v o =2 9 A Voo A o qw A a a d
AL ULTIADIAUADNADAIIVYY Ke lw'f]ﬂ'ﬂﬂﬁllfni1]lﬁﬂﬂiﬂ‘IWLLazﬂJﬂ’J‘lﬂJliqq/“ﬂﬁﬂJ

=S o a =S P T W A =
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x 10° angle of pendulum
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K, =0.6K,, =(0.6)(100) = 60

T,=0.125P, =(0.125)(40) =5
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Sample program for Interface DA(digital to analog) PCI boards
under MS-DOS/PC DOS.

Console application for C language

Copyright 2001 Interface Corporation. Al rights reserved.

#include <stdio.h> // for enoder
#include <bios.h> // for enoder
#include <conio.h> // for enoder
#include <stdlib.h> // forDto A
#include <string.h> // forDto A
#include <time.h> // forDto A
#include <dos.h> // forDto A
#include <process.h> //forDto A
#include <math.h> //forDto A
#include "DA.H" // forDto A
#include "GETBAR.H" // for enoder

void interrupt (*oldIrg3)(void); .
void interrupt countToggle(void);

#define drive_port 0x378 // Number of drive port
#define file_out "c:\\data.m" // open file (name is final.m)
#define cls(); { short i; for(i=l; i<25; i++) linecIr(i); }
#define Locate(x,y) printf("\x1b[%d;%dH", (y)+1, ()+1)
#define linecir(1)printf("\x1b[s\x1b[%d; 1H\x1b[OK\x1b[u", 1+1)
#define range DA_10vV

#define IRQ3 O0x0B /* IRQ3 address */

PCI_CONFIG PciData; // for enoder
DASMPLCHREQ SmplChReq[2]; /] for D to A
DABOARDSPEC BoardSpec; // forDto A
HANDLE OpenBoard(void); //forDto A
void INITIAL _DTOA(void); // forDto A
void CLOSE_DTOA(void); // forDto A

int hexout = 2047;
float volt = 0.0;
WORD. - DaData[1];
int swith = 1;

//forDto A
// forDto A
// forDto A
//forDto A



int key = 0;

long count = 0;
float time_r = 0.0;
HANDLE  hDevice;

float f_hat = 0.0;
floatfs2 = 1.5;
float fc2 = 1.0;
float fs1 = 1.5;
float fcl = 1.0

// parameter of encoder
int adr0,adr1,bus_info = 0.0;
int IByte = 0.0;
int mByte = 0.0;
int hByte = 0.0;
long dwCounterl = 0.0;
long dwCounter2 = 0.0;
long dwCounter3 = 0.0;
int direction_1 = 0.0;
int direction_2 = 0.0;

// parameter of controler
float distane = 0.00;
float step_time = 0.001;
float setpoint = 0.00;
float eer = 0.00;
float eer_old = 0.00;
float x = 0.00;
float x_old = 0.00;
float x_dot = 0.00;
float th_1_old = 0.00;
float th_2_old = 0.00;
float th_1 = 0.00;
float th_2 = 0.00;
float th_1_dot = 0.00;
float th_2_dot = 0.00;
float ui_old = 0.00;
float ui = 0.00;
float u = 0.00;

float th_1_dot_old = 0.00;
inthnn = 1;
int nnnl = 1;

int nn = 0.0;
float kk = 0.38;

float khat_1 = 60.49;
float khat_2 ='11.01;
float khat_3 = -29.15;



float khat 4 = -17.73;
float khat_5 = 31.39;
float setahat_dot_1=0.00;

float fihat_dot_1=0.00;
float seta_dot_old=0.00;
float fi_dot_old=0.00;
float setahat_2dot=0.00;
float fihat_2dot=0.00;

float fi_1_old = 0.00;
float fi_1 = 0.00;
float fi_1_dot = 0.00;

float seta_1_old = 0.00;
float seta_1 = 0.00;
float seta_1_dot = 0.00;
float eer_dot = 0.00;
float eer_dot_old = 0.00;

float k11=50;
float k12=10;
float k13=-5;
float k14=15;

float Ti=1;
float Ts=0.001;

//

// Function  void main()

//

int main(void){

// open file
FILE *data_fout;
crscr();
data_fout = fopen(file_out,"wt+");
fprintf(data_fout,"sm = [\n");

//

// Initial value of Digital to Analog PCI Card (PCI-3345A)
INITIAL_DTOA();
hDevice = OpenBoard();
DaGetDeviceInfo(hDevice, &BoardSpec);
SmplChReq[0].ulChNo = 1;
SmplChReq[0].ulRange = range;

/]

// Initial Encoder PCI Card (PCI-6201E)
PciGetConfigRegEx(1, 0x1147, 6201, 0x1147, 0x0011,&bus_info, &PciData);




adrO=PciData.BaseAddresses[0]&0xfffc;

adr1=PciData.BaseAddresses[ 1 ]&0xfffc;
outp(adr0+0x08,0x06);  // time of encoder 1
outp(adr0+0x09,0x06); // time of encoder 2
outp(adr0+0x0A,0x06); // time of encoder 3
outp(adr0+0x0d,0x01); // reset counter

//
/! START PROGRAM

//

while( tkbhit())
{

// in data of encoder_2 (th_1)

outp(adr0+0x0c,0xAA);

IByte=inp(adr0+0x01);

mByte=inp(adr0+0x01);

hByte=inp(adr0-+0x01);

dwCounter2= IByte+(( long)mByte << 8)+(( long)hByte<<16);

//

// in data of encoder_1 (distant)

outp(adr0+0x0c,0xAA);

IByte=inp(adr0+0x00);

mByte=inp(adr0+0x00);

hByte=inp(adr0+0x00);

dwCounterl= IByte+(( long)mByte << 8)+(( long)hByte<<16);

/Il
// Modofly data of encoder_2 (th_1)

if ( dwCounter2 > Ox/fffff )

{
dwCounter2 = Oxffffff - dwCounter? ;
b
else
{
dwCounter2 = dwCounter2*-1 ;
b

th_1 = dwCounter2*0.0175*-0.045 ;
/!

// Modofly data of encoder_1 (Distane)

if ( dwCounterl > Ox7fffff )

{
dwCounterl = Oxffffff - dwCounterl ;
b
else
{
dwCounterl = dwCounter1*-1 ;
b

distane = (dwCounter1*0.0175%0.045)/-1.6666 ;

45



/!
printf(" distane : %06IX ", dwCounterl);

printf(" : %3.4if ", distane);
printf(" th_1 : %3.4if \n", th_1);

¥

th_1 old =th_1;
x_old = distane ;

oldIrq3 = getvect(IRQ3); /* save the old interrupt vector */
setvect(IRQ3, countToggle); /* install the new interrupt handler */
outportb(0x21, ( inportb(0x21) & OxF7 ) ); /* Unmask (Enable) IRQ3 */

label:
while( key == 1)

// Modofly data of encoder_2 (th_1)
if ( dwCounter2 > Ox7fffff )

{
dwCounter2 = Oxffffff - dwCounter2 ;
1
else
{
dwCounter2 = dwCounter2*-1 ;
1
th_1 = dwCounter2*0.0175*-0.045 ;
fi_1=th_1;

/l
// Modofly data of encoder_1 (Distane)

if ( dwCounterl > Ox/fffff )

{
dwCounterl = Oxffffff - dwCounterl ;
}
else
{
dwCounterl = dwCounterl*-1 ;
}

distane = (dwCounter1*0.0175*0.045)/-1.6666 ;
seta_1=distane;

//

// Controler

/]

fi_1 dot = (fi_1-fi_1_old)/Ts;
seta_1 dot = (seta_l-seta_1_old)/Ts;
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eer = setpoint -fi_1;

eer_dot = ( eer - eer_old )/step_time ;

if (eer_dot == eer_dot_old)
{

nnn=nnn+0.8 ;

¥

else

{

eer_dot = eer_dot/nnn ;
nnn=1;

¥

eer_dot_old = eer_dot;

volt = 60%eer + 5*eer_dot + 0*(1/2)*(eer+eer_old)*step_time ;
eer_old = eer;

if (seta_1_dot == 0)

{if (volt >= 0)
{
if (volt == 0)
f_hat =0;
else
f_hat =fsl ;
}
else
f hat = fs2 ;
}
else
{if (seta_1_dot > 0)
f hat = fcl ;
else
f_hat = -fc2;
}

volt = volt + f_hat ;

/!
// modifly volt output
if (volt > 10)
volt = 10;
if (volt < -10)
volt = -10;

// out data (volt)

volt = volt¥1;
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hexout=((volt+10)/20)*4095;
DaData[0] = hexout;
DaOutputDA( hDevice, 1, &mpiChReq[0], &DaData[0] );

/]
// set key off

key = 0;
count = 0;

/!
if ( count <= OXxffffff)
{
count = count + 1;
goto Iabel;
}

else

{
setvect(IRQ3, oldIrg3);
outportb(0x21, (inportb(0x21) | 0x08) ); // disable IRQ3

fprintf(data_fout,"};\n"); // end of file with "]"

outp(drive_port,0);
DaClose(hDevice);

CLOSE_DTOA();

}

/1

return(0);
}

/!
// this ISR should execute each time IRQ3 goes high

/1

void interrupt countToggle(void)

disable();

// in data of encoder_3 (th_2)
outp(adr0+0x0c,0xAA);
IByte=inp(adr0+0x02);
mByte=inp(adr0+0x02);
hByte=inp(adr0+0x02);
dwCounter3= IByte+(( long)mByte << 8)+(( long)hByte<<16);

/]

// in data of encoder_2 (th_1)
outp(adr0+0x0c,0xAA);
IByte=inp(adr0+0x01);
mByte=inp(adr0+0x01);
hByte=inp(adr0+0x01);
dwCounter2= IByte+(( long)mByte << 8)+(( long)hByte<<16);

I



// in data of encoder_1 (distant)

outp(adr0+0x0c,0xAA);
IByte=inp(adr0-+0x00);
mByte=inp(adr0-+0x00);
hByte=inp(adr0+0x00);

dwCounterl= IByte+(( long)mByte << 8)+(( long)hByte<<16);

/!
key = 1;

outportb(0x20, 0x20); // send EOI signal
enable();

}

/!

// Function for Dto A

//

HANDLE OpenBoard(void)
{
HANDLE hDevice;
hDevice = DaOpen(3345, 0x0001, 0);
return hDevice;
}

/!

void CLOSE_DTOA(void)
char *pString;
pString = "/R";
spawnl(P_WAIT,"dadrvi.exe",pString,NULL);
}

void INITIAL_DTOA(void)

{

char *pString;

pString = "/B=1";
spawnl(P_WAIT,"dadrvi.exe",pString,NULL);
}

/]

/]
/1
/]

//

/]

/]
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OMmRON .

Incremental Rotary Encoder

E6C2-C

Industrial Strength Encoder Meets
World-Class Standards

m Drip-proof construction

m Shaft withstands heavy loads, 5 kgt
radially, 3 kgf thrust (axially)

® Short circuit protection

m Space-saving, A-slant cable protrusion
for ease of mounting

(I
c € 150 B0 Approved:
Ordering Information
Supply voltage Output Resolution (PR} Part number
configuration
5t024 VDG NPN open 10, 20. 30, 40, 50, 60, 100, 200, 300, 360, 409. 500, 500, E6C2-CWZ6C
coltector output 1,000, 1,200, 1,500, 1.800. 2,000
S5to 12 VvDC Voltage output £6C2-CWZ3E
5VDC Line driver output £6C2-CWZ1X
121024 YDC PNP open 100, 200, 350, 590, 600, 1.000, 2,060 E6C2-CWZSB
calector cutput
Note: The power supply for the resolutions of 1,003, 1.200, 1,500, 1,800, and 2,000 s 1210 24 VDC.
M ACCESSORIES (ORDER SEPARATELY)
Hlem Description Part number
Coupiing E69-C06B
Incorporates ends different to each other in diameter E69-C68B
Metat construction E69-CO6M
Flange —en £69-FCA
- E69-FCA02
Servo mounting bracket Provided with the E69-FCAQZ flange E69-2
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E6C2-C OMRON E6C2-C
Specifications
B RATINGS;CHARACTERISTICS
Etectrical
Kem £6C2-CW2Z8C £6C2-CVWZIE £6C2-CWZ1X EBC2-CWZEB
Power supply voltage | 510 24 VDC (allowable 510 12 VDC (ghowable 5VDC25% 12 VDG -10%: to 24 VEC
range: 4.75t0 27.86 VDC) | range: 4.751013.2 voC) +15%
Current consumption | 80 mA max. 10G MA max. 160 MA max. 100 mA max.
(Ses Note 1.)
Resolution 10, 20, 30, 40, 50, 60, 100, 200, 300, 360, 400 500, 600, 1,000, 1,200. 1,500, 100, 200, 380, 500, 600,
1,800, 2,000 P/R 1,600, 2,000 FYR
QOutput phases A, B, and Z {reversible) AARBBZZ A, B, and Z {reversible)
Output configuration NFN open collector Voltage output {(NPN Line driver {See Ncte 2.) PNP cpen collector
output output} output
Output capacity Applied voltage: Output resistance: 2 kQ AM26L.S31 lgink: 35 MA max.
30 VDO max. {resicut voltage: Output current: Residuat voltage:
lsink: 35 MA max. 0.4 V max. High tevel {ig): ~20 mA 0.4V max,
Residual voitage: tging: 20 MA max.) tow lavel (ig): 20mA (lgink: 33 mAmax)
0.4V max. Output veitage:
Hsink: 35 MA max.) Vi 2.5V min.
Vs 0.5V max.
Max. response 100 kHz 50 kHz
frequency
{See Note 3)
Phase difference on 90°=45" between A and B (1/4T«1/8T)
output
Rise and fafl imes of | 1 ps max. 1 ps max. 0.1 us max. 1 uS max.
output {conticl cutput vollage: 5 V: | (cabls length: 2 mo (cabie fength: 2 /. {cable lengahr 2 m:
joad resistance: 1 k2, lsink: 10 MA max.) ior ~20 mA; lgink: 10 MA max.)
cable fength: 2 ) fg: 20 MA)
Insulation resistance | 100 MQ min. {at 500 VDC) betwsen carry pats ar] case
Dislectic strength 500 VAC, 50:80 Hz for 1 min babeeen carry parts and case

Note: 1. Aninrush current of apprex. @ A flows for approx. 0.3 ms right after the E6C2-C is turned on.

2. The line criver outpul

transmission over twisted-pair cable, with quality equivalent to AM2BLS31.
3. The maximum electrical response revolution is determined by the rescilticn and maximum response frequancy as fellows:

Maximium sleciical response frequency (Tpm) = MEXITUM respons
This means that the E6C2-C Retary Encedes will not operate electr

response revolution.

e frequencylresolution x 62
ically # its revolution excesds the maximum electricat

t of the E6C2-C is used for data transmission circuitry conforming to RS-422A and ensures long-distance
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OMRON E6C2-C

H TIMING CHARTS

NPN Open Coliector Output
E6C2-CWZ6C

PNP Open Collector Output
E6C2-CWZ5B

Direction or resclution: Cicckwase ({CVW}
iAs viewed from the end of the shaft)

T 380°) ow
 — —

ON
Fhase A
OFF

Phase B !

1
e 14T 21T (80245
oN
Fhase Z
QFfF

Nots: Phase Als 1/4=1:8T faster than phase B. The
ONs in the above timing chart mean that the
output transistor is ON and the OFFs mean
that the output transister is OFF.

Voitage Output
E6C2-CWZ3E

Direction or resolution: Clockwise (CW)
(As viewed from the end of the shaft)

T @30 ow
fo——-d —_—

_Lrur

Fhasa A

fhase 3 |
el —n— 1HT=1/8T 80245
Phase 2

L A e TR A

Ncte: Phase Als 174+1/8T faster than phase B.

H LINE DRIVER OQUTPUT
E6C2-CWZ1X

Dirsction or resolution: Clackwise {CW)
{As viewed from the end of the shaft)

T {360° cw
H E l
Prasa A
L _—l l—] [—]
H . )
Praze B !
L 1
" —ab—ed 1 224T518T 807257
Phaze 2 L
L '
1] )
e
H '
Przze & L :
L ) -
H — '
Praze B v
R I
- H
Pnzae d
L

|

Directicn or resolution: Counterclockwise (CCW)
(As viewed from the end of the shaft}

T4330) COW
on — —
Frase A
CFF —
e 1/4721/8T (£0° 245}
Phase B
CFF

TN
Phase 2 I I
CFF

Note: Phase Ais 1/4:£1,5T slower than phase B

Direction or resolution: Counterclockwise {CCW)
{As viewed from the end of the shaft)

T (380%) cow
—— —
H
Phase A .
T e 14T 8T (807457
H
Phase 8
i
H

Prase 2 l I

Note: Phase Ais 1/4«1/8T sicwer than phase B.

Direction or resolution: Counterclockwise {COW)
{As viewed from the end of the shaft}
Ti330Y oow

Fhese A
Fhase 5

FhaseZ

]
Fhase A :
0
)
Phase B o
[N
i I
Phase Z
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E6C2-C OMRCON E6C2-C
B MECHANICAL
item E6C2-CWZEC | E6c2.CWz3E | E6C2-CWZ1X | EsCa-Cwzs8
Shatt loading Radial 5kgf (49.0 N) 1.0 Ibf
Thrust 3kaf (29.4 N) 6.8 ibf
Moment of inertia 10g o (1 x 108 kg e m?) max:3g» cn? (3107 kg » m?) max, at 600 P/R
max. 6,6 x 10%bfin .85x 10
Stasting torque 100 gf » cm (9.8 N » m) max. (7.2 mft « ibh)
Max. permissible revolution 6.000 rpm
Vibration resistance 10 to 500 Hz. 150 mis? (156} or 2-mm double amplitude for 11 min 3 times each in
X. Y. and Z directions
Shock resistance 1.000 mys? (100G} 3 imes eachin X, Y, and Z directions
Weight Approx. 400 g rmax. {cable length: 2 m) 0.88 Ibs

BN ENVIRONMENTAL

ftem E6C2-CWZ6C | £8C2-cwzsE | E6C2-CWZ1X jE6C2-CWZ58
Ambient temperature | Operating -10°C to 70°C (14°F to 158°F) with no icing

Stosage -25°C 10 85°C {-13°F to 185°F) with no icing
Ambient humidity Operating 35% to 85% {with no condensation)
Protective circuil Protection from joad short-circuiting and power supply reverse polarity wiring
Degree of protection IEC 1P84 (JEM [PBaF drip-proof) (See Nate.)

Note: The applicable JEM standard is JEM1030 1991.

Operation

B OUTPUT CIRCUIT DIAGRAM

ESC2-CW26C

i
1 bl

510 24 VDO [penmizsidie
tange: .75 10 27.8 VOO)

4 ¥ Black, white. orsnge gl
- At i
EsleC NPN {Black: Phaze A;
main trensiasor White, Phase B,
clreuitry Orangs: Phaes Z)
1 330 smmAmax.  §
1 l - 30OVOGmaL  Be
L £ oy
l . _— Tonieldac) Grewns
E6C2-CWZ1X
l'_' - - jam\m
» & 5 VDC:5%
I

! Black, white. sange
H Nenreveress output

]
—_— {Black: Prage A2 WWhite:
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i § Bue Fhase
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I_ — e Groung

{Shisicac)

E6C2-CWZ3E
l.__ —— - _18rawr\
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L) Sutput signat

Eel2L NEN {Biack: Fhase A

main \ransister White: Phase 8,

circny Oranga: Phaee 2
]

338 lza mAmex. |
I { Biue
o av

§ -
- Teaed oround

L_— :

E6C2-CWZ5B
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E6C2-C OMRON E6C2-C

MW OUTPUT PROTECTION CIRCUIT
The E6G2-C with open collector or voltage cutput incorporates a circuit protecting the E6C2-C from damage resutting from foad shost-circuiting

or wiring the output wrong.
R ORIGIN INDICATION

It is easy 1o adjust the position of phase Z with the origin indication function. The iflustration below on the left side shows the relationship be-
tween phase Z and the origin. Set cut face D 10 the origin as shown in the iHustraticn on the fight.

Crigin of phase 2
/

B INPUT TO MORE THAN ONE COUNTER FROM ENCODER (WITH VOLTAGE OUTPUT)
Use the following formuta to obtain the number of counters to be connected to a single £6G2-C Rotlary Encoder.

Rt (E-V) — oy
Number of counters (N) = seeem————— +E
VxA2
R2
E: Voltage supplied io Rotary Encoder +V
V. Minimum inpet voltage of the counter t
R2: Output resistance of the Rotary Encoder i
R1: input resistance of the Rotary Enceder av
B i n .
Encoder :x;p; stags I S .'h
Countet Countar
N Connectsbie 7
b B
Dimensions
Unit: rmam ¢inch)
R E6C2-C
Crigin al/?hase z Thiee, Ma heles i) 40 {1.57) gz@,
K Cepth: 7 mm H
i -+ "
\ i T
¢ Cdia.
Vopen
i 1
R
s 2 wee

Note: 2-m-long. PVC code. 5-dia. {180.12 dia} five conductors
and shieid (eight conductors for line driver use)
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E6C2-C

M ACCESSORIES (ORDER SEPARATELY)

Couplings
£69-C068 E69-.68B
(With Ends of Dilterent Diameter)
248
2
55 11 55 £ 22, Four, M4 hexagen

socket hest set-

3.5 - r—"
|

35
craws
Brass /S
7 .——i-
(3::::1 =4 ‘g‘;‘;” 1o dia.

T

Note: The coupling is made of

Note: The coupling is made of

glass-reinforced PBT. glass-reinforced PBT,
Flanges
E69-FCA E69-FCA-02
s x52 o 120
Jo——{2.05 X 2.05

foeems 4320.15. Fout, 4.5dia_ holes
Four, RS Thiee, 8.5gia. holes with
B.S-dia setzw-head holes
hd 252° 1% -da hete
© -
Three, 5.5
4310.15 52 The tlengelamad2 of  growhead
SPCC.1=32 holes
BS5da
& 3B dia.
N

Note: Matesialr SPCC, 1=3.2

Mounting Dimensions

M SERVO MOUNTING BRACKET

E69-2 (A Set of Three)

2

5.5-dia hoia
0z Y ! -
) ¥ ]
L1
3
Teo, Ct l
4 213

bowm 15 soscmepd
0.63)

w

Note: A set of E69-2 servo mounting
brackets is providad with tha
£69-FCA-02 flange.

E69-CO6M (Metal Construction)

2.4

Four, M3 nexagon
s&t seravrs

4 -(a":ﬂg) 9.1 ¢a

Ncte: Material: Super duratumin

Mounting bracket:
{A set of three b333rackels provided with 1
E69-FCA-02) 2
5.5-dn. hole |
22~ T ET_
13 g ¥
| 1310
}
Two, C1 '
8 337
(5

.83

(2.569:0.008;

Traeze, M5
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E6C2-C OMRON E6C2-C
Installation

B CONNECTION

E6C2-CWZ6C/-CWZ3E

Color Tertmnal

Brown Power supply {+Veg)
Black Cutput phase A
White QOutput phase B
Qrange Output phase Z

Blue QV {common)

Nole: Receiver: AM26L532

E6C2-CWZ1X

Color Terminal

Brown Power supply {(+Vord)
Black Output phase A
White Output phase B
QOrange Quiput phase Z
Blug/Red stripes Output phase A
White/Red sitipes Cutput phase B
Orange/Red stripes Output phase Z
Blue OV {common)

Note: 1. The shield is not connected to the internal cireults or casing of the E8C2-.C.

2. Thereis no difference in circuit among phases A, B.and Z.

3. Connect the GND terminal to 0 V o the ground when the E6G2-.Cisin normal operation.

Connection Examples

B H7ER SELF-POWERED TACHOMETER

Applicable Modet: ESC2-CWZ3E (with a resoiution of 10
or B0 PIR)

B H7BR DIGITAL COUNTER
Applicable Modek EGC2-CWZIE

ri2V

v
DUTEEES

Baennak

+H7BFR Digital Cecrter
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W H7CR-CW DIGITAL COUNTER
Applicable Model: E6C2-CWZ6C

B CQM1 PROGRAMMABLE CONTROLLER
Applicable Modet: E6C2-CWZEC

CoMY E83-WFSC
-

ESC2-CW2ET

Brown (12V)

M C500-CT001/CT012 HIGH-SPEED
COUNTER UNIT

CW and CCW detection (increment/decrement counting)

Applicable Model: E6G2-CW26C
EetaC

Brown ]

i\ v 5

vooE

]

ismek!ed =

intetnal DIP svitch setings B

128 s 5 & T8 2]

“pRaREd] | 2
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E6C2-C

B C200H-CT_ " HIGH-SPEED COUNTER UNIT

Applicable model: E6C2-CW26C
Typical modet: C200H-CTDO1-V1

Epncoder as 0V

12VDC power aupply
+12V
v

Note: Apply the following connections if the power supply 10
the EBC2-Cis 5 0r 24 V.
Phase A and power supply: 5 Vo A19and 24V te
820
Phase B and power supply: 5 V10 A17 and 24 V to
B18

Applicable Model: ESC2-CWZ58

HE4 .

10
ovit 9\,;1-.‘_.15
4

Note: Apply the following connections # the power supply to
tha E6C2-Cis 1207 24 V.
Phase A and power supply: 12V 10 AB/BB and 24 V
AS/B9
Phase B and power supply: 12 Vio A12/B12and 24 o
A13/813
Phase Z and power supply: 12V to A16/B18and 24 V
to A17/B17

N CQM1-CPU43-EV1 (AS BUILT-IN HIGH-SPEED COUNTER)

The putse output of the ESG2-C can be directly input into ING4,
1INOS, and INO6 of the CPU Unit 1o use these three points as a
buiit-in high-speed counter.

Ths single-phase response speed is 5 kHz, and the twe-phase
response speed is 2.5 kHz. The count value is within a range
between 0 and 65,535 i increment mode and ~32.767 and
32,767 in decrement mode.

The operating mode of the high-speed counter is set with the PC
Sstup inthe DM area.

Count Mode
UpDown moede incrementidecrement counter uses phases
AandB.
Incrementing increment counter uses ghase A coly.
mode
Normal mode ING4 through INGS are used for normal
input.

Applicable Model: ESC2-CWZ6C

R 0000
(o733
438
!
COM1-CPULS

Reset
The present count value can be reset with the soft-resel function or
the AND of scht resst and phase Z input.

Output

Target valoe

Wwhen the count value reaches the target
value, the specified subroutine is executed.
A maximmum of 16 larget values can be set,

Range When the count value is within the range.
comparison the specified subroutine is executed. A
maximum of 8 ranges can be set with upper
and tower timits.
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E6C2-C

B C200H-CT " HIGH-SPEED COUNTER UNIT

Applicable model: E6C2-CWZ6C
Typical modei: C200H-CTCO1-VY

Encoder a1 0V
+1ZV 8 . N
Phage A
oV
Phase 8
12VOC power supply
+12Y
(A

Note: Apply the following connections if the powsr supply to
the E6C2-Cis 50524 V.
Phase A and power supply: 5 Vo A19 and 24V io
B20
Phase B and power supply: 5V te A17 and 24 Vo
B18

Applicable Model: EBC2-CWZ58

1 ie D Frvce Sl o

LAVAR N o 8

4

2VEC pcwersuppty%
12V |-
oV

Note: Apply the following connections if the power supply to
the E6C2-Cis 12 0r24 V.
Phase A and power supply: 12 V to AB/B8 and 24V

A

Ag/ee

Phase B and power supply. 12 V to A12/B12 and 24 to
A13/B13

Phase 7 and power supply: 12V to A16B16 and 24 V
to A17/B17

B CQM1-CPU43-EV1 (AS BUILT-IN HIGH-SPEED COUNTER)

The pulse output of the £6C2-C can be directly input into INO4,
INGS, and INOS of the CPU Unit fo use these three polnts as a

Applicable Model: E6C2-CWZEC

built-in high-speed counter, Fnese AL, o000
The single-phase response speed is 5 kHz, and the two-phase Pos CEML
rasponse speed is 2.5 kHz. The count valug is within a range . i
between O and 65,535 int incremert mode and -32.767 and EeCaLWZeC "
32,767 in decrement mode. Frase Z *‘.—{—} §
The operating mode of the high-speed counter is set with the PC A =
Sstup in the DM area. ____} COMI.CPUA
Count Mode
UpiDown mode | Intrement/decrement counter uses phases Reset
A and B, The present count value can be reset with the soft-resed function or
Incrementing Increment counter uses phase A oaly. the AND of soft reset and phase Z input-
mode Output
Normal mode IND4 through INGE are used for normal Target value When the count value reaches the target
input. vaiue, the specified subrouting is executed.

A maximum of 16 target values can be set.

Range When the count valug is within the range.
comparison the specified subroutine is executed. A
maximum of B ranges can be set with upper
and jower fimits.
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Mounting Procedure

3. Secure the coupling.

1. insest the shaft into the coupling.

Do not secure the coupling and shak with screws at this
stage.

2. Secure the Rotary Encoder.

Refer 1o the following tabie for the maxirnum insestion tength
of the shaft into the coupling.

Part number Maximum insestion length
E69-C068 5.5 mm {0.22)
E69-COBM 8.5 mim {0.33)

Part numbes Tightening torque
E69-C068 25kgt « cm (0.25 N » m)
0.18 ft ibt
E69-COSM 7 kgt + cm {0.7 N » m) 0.52 ft Ibf

4. Connect the power and /O lines.
Be sure 1o tuin off the Rotary Encoder when connetting the
tines.

5, Turn on the Rotary Encoder and check the output.

M CONNECTING

When extending the cable. select the type carefully. You must
consider the response frequency because the fonger the cable
is. the more the residual voltage increases due to the
resistance of the cable and the capacitance between the
wires. As a result, the waveform will be distorted.

We recommend the line driver output type modet if the cable
needs to be extended.

In order to reduce inductive noise, the cable must be as shot
as possible, especially when the signal is input to an IC.

Insert a surge absorber between the power supply terminals if
a possibility of surge exists.

A wrong pulse may be generated when the E6C2-C Ratary
Encoder is turned on of off. Do nit use the connected device
for 0.1 s after the E5C2-C Rotary Encoder i5 turned on and for
0.1 s before the EBC2-C Rotary Encoder is turned off.

Cable Extension

The rise time of each output waveform will incréase when the
cable is extended. This affects the phase difference
characieristics of phases A and 8.

The available tlength of cable varies with the iesponse
frequency and noise. 1t is safer to limit the fength of cabie to
10 m maximum. if a longer cable of up to 100 m is required,
use line driver output.

Note: Recommended cable:

Cross section: 0.2 mm? with spiral shield
Conductor resistance: 92 (rkm max. at 20°C
Insulation resistance: 5 Mkm min. &t 20°C

* The rise lime varnes with the resistance of the cable and trhe
type and ieagih of the cable.

* The residual output voltage will increase according to the
length of the cable.

28] H / 14
z
. 2 : 12 &
g / 3
~ 10 i
3 / 8
; 135 / 08 'g
£
= J 5
o 12 06 o
o 3
= P
ES = o4 8
3 Vorl ! / e
S J be 8
/tm
s S5 26 55 100 2000
Cable length L (m)

Conditions

Rotary Encodsr.  EBC2-CWZ6C

Load voltags: 5VDC

Load resistance: 1 k2 (The residual output voltages were mea-
sured with a load current of 35 mA.)

Cable: Dedicated cable

M PREVENTING MISCOUNTING

> if the oparation of the E6C2-C Rotary Encoder is stopped near
a signat rising or falling edge, awrong pulse may be
generated, causing the E6C2-C Rotary Encoderto miscount.
in this case, use an increment-decrernent counter to prevent
miscounting.

M EXTENSION OF LINE DRIVER OUTPUT

+ Be suré to use a twisted-pair cable to extand a line driver
cable. Use an RS-422A receiver for the receiver side.

* The twisted-pair wires as shown in the following illustration are
suitabie for RS-422A signal ransmission. Nosmal mode noise
can be eliminatad by twisting the wires because the generated
electrical forezs on the lines cancet each othey.

£ E
L
P e
£~ TE

 Be sute the EBC2-C Rotary Encoder is supplied with 5 VOC
when 2 line driver output is used. There will be approximately
a 1-V voltage drop if the cable lengthis 100 m.
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Incremental Rotary Encoder . E6B2

General-Purpose Rotary Encoder
Withstands Large Shaft Loads

B Wide variety of supply voltages
and ouiput forms

M Easy-to-adjust zero index (phase Z)
with origin indicating function

W High resolution models (2000 puises
per revolution) substantially improves
measuring accuracy

W Rugged construction: 6 mm (0.24 inch)
diameter shaft with radial load ratings
of 3 kgf (21.7 fi-Ibs) and axial load
rating of 2 kgf (14.5 fi-ibs)

W Protected against short-circuit
and reversed connections for highly
reliable operation

W Available with Line Driver output C€

Ordering Information

B ENCODERS

when ordering, add the resolution ipulses per revolutiont betwesn the part number and cable lepgth.
For example, E6B2-CWZ3E 360 P/R 0.5M.

Resolution ipulses per revoiulion) Culpul phases Cutput form Supply voltage Part nummber
10. 20, 30. 40, 50, 60, 100, 200, 360, | A, B, Z {reversible) | Open collector Sto24 VDC E6R2-CWZ6C JIIPIR 0.5M
360, 400, 500, 600, 1000, 1200, A B, Z {reversible) | Vollage 510 12YDC E£6B2-CWZ3IE QPR 0.5M
1500, 1800, 2000 ARBBZZ Line driver 5vDC EBB2-CWZ1X JJOPIR 0.5M
ireversibie)
B ACCESSORIES
Description Part number
Shaft coupler Fits one 6 mm (0.24 in) and 8 mm {032 in) cia, shatt £69-C68B
Tits one 6 mm (0,24 iny and 10 mun (.39 i} dia. shaft E£69-C610B
Llounting flange E69-FBA
kounting brackat. set of three E£69-FBA-02

B REPLACEMENT PARTS

Description Part number
Shatt eoupler | Fits two 6 mm i0.24 inj dia. shafls: supplied with 2ach encoder. E69-C06B
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E6B2 OMRON E6B2
Port number EB8R2-CWIZ3E EGB2Z-CWZBC E6B2-CWZ1X
Supply vollage SVDC 5% 10 12 ¥DC +10%; | 12 VDC -10% o 24 YOO +15%; SVDC £5%
max. 5% ripple peak-to-peak | max. 5% ripple
Current consumption 100 mA max. 80 mA max. 160 MA max.

Sink current: 20 mA max.

Sink current: 35 mA max

Resolution 10, 20, 30, 40, 50, 601, 100, 200, 300, 360, 400, 500, 600, 1000, 1200, 1500, 1800, 2000
{pulsas per revolution)
Qutpit phases A, B, Z (reversible) A, B, Z {reversible) A. A, BB, Z,Z (reversibie)
Quipud form voltage output Open collector output Line driver outpul
Qutpit capacity Output resistance: 2 ke Applied voltage: 30 VDC max. AMZBLS31
Residual woltage: 0.4 ¥ max. | Residualvoltage: 0.4 V max. Cutput current:

High lavel: -20mA

Low jevel, +20 mA

Quiput woltage:

High voltage: 2.5 V minimum
Low voltage: 0.5 ¥ maximum

RMaximum response 100 kHz
frequensy
Rotation direction Revarsible, CW + COW

Phase difference of outptt

a0 45" batween A and B (14T £148T)

Cutput rise and fall times

1 1S max. wim
cable fenpgth: G.Sm{1.64 14
sink current: 10 MA max.

1 s max. with

oontrol outputyoltags: 5V
load resistance: 1 k&
cable length: 0.5m {164 T

0.1 ps max. with

cable length: 0.5m {164 fy
output current high: <20 mA
ouiput current low: +20 mA

Starting torque 18 g-cm {0.14 oz-inch} max,
Sheft loading Radial 3 kgf (21.7 fi-ibs)
Axial 2 kgf (14.5 fi-1bs)
roment of inertia 10 g-cm¥? {0.055 oz-inch®) max.; 3g-en¥ {0.0165 oz-inch?) max. at 600 pulsesirevolution
ktaximum rpm 6,000 rpm
Electrical connection Prewired with 0.5 m (1.64 1) length cable
Weight Approx. 100 g (3.5 0z) with cable
Enctosure rating IEC: P50 {The E&B2 encoder is notwaterighl or oil resistant.}
Ambient Cperaling | -10°C 10 70°C (14°F te 152°F)
temperatuie Storage 26C to 80¢C {-13¢F to 176°F)

Ambient humidity

25% 1o 86% RH

Yibration resistance

Mechanical qurabiiity: 10 to 500 Hz.

11 minutes, thee times each

Ti5 6 OF 2-m double amphtude, n X, Y, and Z directions for

Shock resistance Mechanical ourabiity. 1,000 mys? (approx. 100 Gy in X, Y. and Z directions. 3 times each
Insulation resisiance 1000 ML rinmimum at 500 YDC belween cuirent-carrving part and housing
Diekectric strength &00 YAC. 50760 Hz for 1 minute between current-carrying part and housing

Note:

The maxirum elecirical response revsoiution is delermined by the resolution and maximum response frecuency as follows:
aximum electrical response frequeney (rpms = Maximum response frequancy - resotution x 60
This means that the E6B2 encodar will nol operats alectrically if ils shaft spaed excesds iha maximum alechical rasponss revotution,
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E6B2 omRron E6B2
B OUTPUT CIRCUIT DIAGRAMS
Open Collector Output
E6B2-CWZ6C
Wire Cofor Code
---—-———-——-—----—-1 IEC colors ara shown.
I YBW" 5 Is 24 VOC ialionable rangs:
: * Plack, \Whits, 47510 27.6V0C) Color Terminal
_A\CGange Quputsignal Brown Power Supply {+)
Ese2 NN Phacze A B.an32) Black Cutput phase A
dircuiry frangistor While Oulput phase B
P i'&& mm:s; ! Grange Oulput phase Z
- 3 Blue Blue 0V {commen)
; oY
L e GND
Voitage Outptit
E6B2-CWZ3E
Wire Color Code
IEC colors are show.
Brow VDG i 3 -
! r .’}f n Sy peyable rasge Color Temnal
4 = ,3\ m:‘"ﬂﬁ Brown Power supply (+Y)
1 signal
. e a2} Black Oulput phase A
main HPN s white OQulput phase B
il e Orange Oulput phase Z
330 l K Blue 0 V {common)
A Blue
H 4 ov
1
L _F"’ o
Line Driver Output
E6B2-CWZ1X
Wire Color Code
IEC eslors are shown,
l Yl Beowm Colof Tarming
: ! Black. While. Brown Power supply 1+
Orange Non-resarsed cutput Black Output phase A
E&R2 Block, White,  (PNI5% AB 3nd 7 White Cutput phase B
faain ——-[ Orange {with §MDC -5%
cireuilry Rad stipes)  Rewversed output Orange Cutput phasa Z
{Phases 4.8, and Z} Biackred stripes Output phase A
o White/red stripes Qutput phase8
H v Orange/red stripes | Output phase Z
I GND Blue Q% common}
Hote:

Both open aslieckor and vollage
from a shor-circuited load and r

sversed connpection.

oulput models of EGB2 have a circuit to pravent damage
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B TIMING CHARTS
Open Collector Output E6B2-CWZ6C

Direction of rotaton: C¥

Clodknise a3 viewed -~ CW directicn
from ths shat
o
T {3807 - ' -
ON l ! l l
Phase A cp j
1]
ON :
Phase B OFF
gy 1A TA1ET (907 245°)

onN
Phase 2 OFF ‘ ‘

Mote:

Phase A is 14T £1/8T faster than phase B. The ONsinthe
above timing chart mean that the outpot transistor is OM and
the OFFs mean that the output transistor is OFF.

Voltage Output E6B2-CWZ3IE

Direction of votation: CW
Clockwiae as viewed
fromihe shat

-4 C¥ diraciicn

cwW

RO

T1360%

l;‘l'msa)\.ti ' ‘ l ‘ !

e UAT 2 VBT §90°045°)

phase 2 M
L i l S

Mate: Phase A s 14T 1,37 tastsr than phase B
Line Driver Qutput E6B2-CWZ1X

Direction of rolation: C'V
Clocknise as viewed
from thz ok

-~ YW directicn

oW

T 4380}
Prose A }: i ! | ‘ i
)
| T l

._.—L__A.._i._-« AT 1ET (5070357}

+ N

H

Pase Z .
sz m__ __________
' '

Phase A 1 BE N ‘ ’ ‘

L t

" :
Phase B | | l ‘ 1

Phase Z H
L

kote:

Direcbion of rotaion: CC'W

Counlerclockwise as viewed * CCW direction
fom the shall
W
T {360%} ce
ON
Phose A OFF l ‘
et VATE VBT (8072457
ON
Phas2 8 OFF

P z ON i l
i OFF

MNote: Phase Ais 14T /8T slowsr than phase B.

Direction cfrotation: CCW

Countzrelodknise a5 viewsd - CCW direction
from the shak
W
T 13607 ooy
H
Phase A | ‘ l
1
U I T A
Prass B L {
et AMTEA/ST (F 457
Prase Z H [ ‘
L

Note: Phasa Ads 14T 21787 slower than phase B.

Direction of roigtions COW

Counlerdockwsisa as vigwed =» COW direction
fremn the shaft
cow
T {380

LI

Frase 4 H
L

H Y
Pase B J N
gy 14T 18T (9076457
H
Prase Z
seZ | l !
Phase A H l l I i L__
H
Phase B L ‘ l l { |

Phasa Z H l !
L

~

The line driver oulput cireuit is an RS-422A data ransmission cireuit consisting of kvo balanced oulputiines. The relationship batween
the bvo oulput ines is on an equal status. This means that if the level of the signal on a tineis H, the level of the signaton the other ling
is L. The noise-rasistant tine driver output circuit assures high-spaed data transmission.



65
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Dimensions

Unit: mm {inch}

15
B ENCODERS Trezs, M3 hobes x 7 {0.28) depth (059 . 33
o !‘ (154) {
[ mm dia. i
> ®
" ! }
40{157) ‘ﬂ?ﬁ) 1y A4—- [ SR -
f
s
' )
PVC shisided cabis,
0.5 m{1.64 ) standerd
tengh 8 -
M ACCESSORIES
Shaft Coupler E69-C06B (inciuded) Shaft Coupler E69-C68B for one 6 mm Shaft Coupler E69-C6108B for one & mm
for two 6 mm diameler shafts and one 8 mm diameter shait and one 10 mm diameter shaft
2038
» 238 541 058 7.1
oan PSS ) - e
: Four, 4 Bm h 2ad s
o e s bl paith= it b Do
28 ot , SCTEWE o b | STEWE
——*— ' 5 5028 o i 51029 10(0.33 X
S} coznde ‘diiﬂ'ss: 80 20313 075 i o iy
=7 | o — T 7

Note:

1. Material Glass-filed palybutadiens terephihatate (PBTY.
2. An E69-COGB coupler is supplied with sach E6B2 encoder.
3 Eachsel screw must be tightened 1o 2.5 kg-om 2.17 in-lbs}

Mounting Flange E69-FBA

D42(165) 4
FourR3 | 330130} — Four 3.3 dia. hates ™
N, _"“Treze 35 dio. hles with . . i
r L -~ 5.5 dia. soreerheles Dimensions with Encoder s
¢ S 202 (080 A

L. |~ dia. hal d
/ . hese Three. 3.5 dia. hoes with
@ &8 dia. countarsink
33 (1.3
(1.30}
\ / The flangs is 22 {0.13) thick.

" 301{1.18) da.

Parl @. | ez
A I 3501 81 Ga.
P [t 3 , Pand
:'/” \-\\
Mounting Bracket E69-FBA-02 / 4 s e :“x .
202 (6.80) dia. hole 2 / o
\ ! ; i
% S S 20(0.79)
i Y : da.
R {,}. J 1. 16 }
0.71063) N ~Em ks S -
» —/ 1 120" - ’
s : e 1 £3(2.28) dia.
TwoCt | .

16 (0.6% . e “Three. M5
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E6B2 OMRON E6B2
Installation
M INPUT TO MORE THAN ONE COUNTER FROM ENCODER WITH VOLTAGE OUTPUT
Use the foliowing formula to obtain the number of counlers to be connected o a single EGB2
s R €
Mumbet of counters (M3 = RI{EM) 1 1
vV xR2 2Ry
Rad
E: Voltage supplied to Retary Encoder |
V. Minimum input voltage of ihe counter —+ ov
R7: Output resistance of the Rotary Encoder b1 )
R1: Input resistance of the Rolary Encocler o i I y
Encoder oulput stage Ly ¢ ' L\M'"
LTI Rt R
Counter Countet
AN /
Connactatile
e N

| ORIGIN INDICATION

It is easy by acjuslt the position of phase Z wilh the origin
indication function. The foliowing Blustration {on the Jeft-hand
sice} shows the relationship between phase Z and the origin.
Sel cut face D to the origin as shown in the illustration {on the
right-hand side),

Originof phase Z -

B CONNECTION WITH PERIPHERAL DEVICES

Encoder EEEZ-CWZIE | EBE2-CWZEC EBB2-CWZIX Les‘:jend:b

= —— — " A Possibia to connect
Diaial Counler (HYER. HICR) A A c diraetly in most
Digital Tachometer (H7ER) A A C cases.

Intefiigent Digitat Pansi Meter iK3TR-NBUDY) | B B [¢ B Potssibie to c;nx?ec:
- oa e but an independeanl
L~| ne r-f:ev,cvr iIc C c A power supply or pull-
SYSMAC High-spead Countal Meduls A A A up resistor will be

SYSMAC Position Conlrol kodule B B A c ;equired.‘ \
3 : impossible to

TTL, LSTTL A A c connact.

CHOS A A [

Sensor Controlier, 5308 B A G

Sensor, Controlier, S3D2 A A G

Direction Sensor Unit, EG3-WF5C A A (o4




[1]

[2]
[3]
[4]
[5]
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