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ABSTRACT

This report presents the Inverted Pendulum on Cart. involveol in swinging up and
stabilizing the inverted pendulum on cart system. Fuzzy control designed for swinging up the
pendulum from the bottom and try to stabilize by nonlinear control. We setup hardware of
inverted pendulum system and swinging up by manual. We use this search to study about .So we
can understand the real system. The cart position control is employed various control system such
as fuzzy control , PID control sol Neural Control . in swinging up procedure while the state
feedback servo controller designed by pole placement technique is used to stabilize the pendulum
at the upright position, The experimental results verify effectiveness of the proposed control

scheme in attracting the pendulum angle to the upright position and maintaining it.
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2
-ml"-‘;f +(mlg) sin @ = 7 = u(t) (2.4)

] ¥
lasl m Ap mnUBe  Pendulum
L A8 777812984 Pendulum
F = 3 o a
6 ae minlfuulasvesyunnuuadmudinuEn

u(t) A0 torque M3au3sNAILRUARNIINITIATEUTIuBY pole TuFFmIaN T HIEM

=
t A2 381

& 1 Aé ¥ d‘
g fo anusadatluaingd

auyAld X1 =y (8) nag X2 = anudufaym @6/dy)
¥ ]

Fariunaun1In 1 92 19

ax,
ot

1
mi®

% =) sing0 - (=) uo

¥

] ¥ ¥
Wiesnnhmsuldoulasssyuiianies Auniudsawradszanalain sin 9= 0 laeii 0

gnialumiiosuny Radians

32 1@
dx,
dt
de, g 1
S &y ) - (—) ul) (2.5)
o ) Gl
Taeidon
I = g
180

(r-g°)
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vnrumMsH 2 @unsouaasldalo Matrix Differential Equation

x, (k+1) = x; (k) +x,(k) (2.6)
X, (k+1) = x, (k) +x,(k) - ul® (2.7)

3
dmsuluilymitisdmualy nput Usvneu dau 2 duals Ae
1 N ¥
Input (1) yuAnldouuaslundl Sveuwnsynna-4,4]

=1 = 1 =&
Input (2) ANV AFIYY [-5,5] ( TUIWAD Degree per second)

»
tupeulumsadessiuniugy

24,1957 Fuzzy Function ¥045¢BLAIWRN fuzzy T4 MATLAB 22 1&dialog A4

=- \\ Wt rycordrol?
/ {mamcarsy
Inivr

FIS Name, tuzzyr onticl? Fis Type: toamdan
Ard method ;“;;;,T““‘““ '”“““”;""j Cusrent Variable © =
) 4 ?.};;x uuuuuuuuuuuuu :! Naf_”e d . i, éé«qﬁe w4
Imghcation o | e output

) e s T [ Range o4 24)
Aggregation: | max vé :
Dimivzaihic abon 1 eanhod wwm;;f Help l . Close -
Openirg Rule Edior

jﬂ'ﬁ 2.6 Fuzzy Function ¥9452U1U
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udrhnsfmuasenaadeailF s 18 Fuzzy Function ﬁﬁﬂmﬁnﬁ' o

Name : ‘fuzzy control 17

Type : * mandani’

and Method : ‘mm’

or Method : ‘max’

defuzzMethod : ‘centroid’

impMethod : ‘min’

aggMethod : ‘max’

input: [ 1x2 Struct ]

output :[1x1 Struct ]

rule : [1x25 Struct]

¥
2.4.2 MUUA Membership function 10315 Input Heanedallsenoudiu NB

{(Negative Big), NS ( Negative Small ) , Z ( Zero) , PS (Positive), PB (Positive Big)

Wembership function plots Qo{pag 181

HR NS P4 P3 PB

i s

R | S

inpu vasiskie “angie"”

j‘l.l‘l."l 2.7 Membership function U813 Input (1)
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Membershin function plots plot pok 1 L

1B NS 4 PS PB

[ — .

i

]‘IJ# 2.8 Membership function 1949 Input (2)

2.4.3 NIIRIMUAVBLYA YD Output #5719 Membership function U84 torque 114
AquAglf 2.9 sznoudiu NB (Negative Big) , NS ( Negative Small ),
Z ( Zero), PS (Positive), PB (Positive Big)

i 1 ek o i H
.23 BE 0 5 s 5 il 18

outpul varisble “torque”

Pt

]’I.'d 2.9 Membership function U84 Output
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o 4 w o
244 maadunglifussuuFalsznouTilde 25 ng Al

1.
2.
3.

10.

11,

12

13.
14,
15,
16.
17.
18.
19,
20.
21.
22,
23,
24,
25.

If (angle is NB) and (angular — velocity is NB) then (torque is NB) (0.4)
If (angle is NB) and (angular — velocity is NS) then (torque is NB) (0.4)
If (angle is NB) and (angular — velocity is Z ) then (torque is NM) (0.4)
If (angle is NB) and (angular — velocity is PS) then (torque is NS} (0.4)
If (angle is NB) and (angular - velocity is PB} then (torque is PS) (0.4)
If (angle is NS) and (angular — velocity is NB) then (torque is NB) (0.4)
If (angle is NS} and (angular — velocity is NS) then (torque is NM) (0.4)
If (angle is NS) and (angular — velocity is Z)  then (torque is NS) (0.4)
If (angle is NS) and (angular — velocity is PS)  then (torque is PS) (0.4)
If (angle is NS) and (angular — velocity is PB)  then (torque is PS) (0.4)
If (angle is Z)  and (angular — velocity is NB) then (torque is NM) (0.4)
If (angle is Z) and (angular — velocity is NS) then (torque is NS) (0.4) .
If (angle is Z) and (angular — velocity is Z)  then (torque is Z) (0.4)
If (angle is Z) and (angular - velocity is PS)  then (torque is PS) (0.4)
If (angle is Z) and (angular - velocity is PB)  then (torque is PM) (0.4)
If (angle is PS) and (angular — velocity is NB) then (torque is NS)(0.4)
If (angle is PS) and (angular — velocity is NS) - then (torque is NS) (0.4)
If (angle is PS) and (angular — velocity is Z) then (torque is PS) (0.4)
If (angle is PS) and (angular — velocity is PS)  then (torque is PM) (0.4)
If (angle is PS) and (angular — velocity is PB)  then (torque is PB) (0.4)
If (angle is PB) and (angular ~ velocity is NB) then (torque is NS) (0.4)
If (angle is PB) and (angular — velocity is NS)  then (torque is PS) (0.4)
If (angle is PB) and (angular — velocity is 7) then (torque is PM) (0.4)
If (angle is PB) and (angular — velocity is PS)  then (torque is PB) (0.4)

If (angle is PB) and (angular - velocity is PB)  then (torque is PB) (0.4)
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-} Rule bditor: fuzzycontrol?

Fle Edit view Ophons

1 gnale i HE and Langularseiacty s NB) then itomue - NB

H fargle 1z NBY and [angudarn velocy ¢ N5 ther: {torque 1s NB] {0 4]
. [angie 13 MBJ and [angula-velocity 15 Z) then [torgue s NM] (0.4)
. 1 {angie 13 NB) and [angular-velocky 1c PS] then {torgue 1s NSJ(0.4)
. H [angie 1s NB1 and [angularvelocity 1z PR then [totque 1s PS] {0.4)
i [angle i NS| and [angudar-veloody 1o NBithen (torgue 12 HBY (0.4)
It {angie 15 NS} and [angular-velocity 15 NS then (torque 1z NM) [0 4]
It [angle is N5} and [angular-velociy 1s 2] then (torque 15 NSTD 4]
N

2
3
4
5
)
7
8
9

1t

i [angle r¢ NG| and [angular-velocity 1s PS | then {torque is PS) [0 4]

-
11.]‘" 2 .10 Rule Editor ¥933211
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2.5 Interface 3z I1neuRInDT fugiiniaidiie
2.5.1. NARDY Interface WU printer port (parallel port)

2.5.2. NAND4 Interface W11 PCI card.

2.5.1. NAan9 Interface WU printer port {parallel port)

. A o g ar ] s dy
printer port Y30 parallel port UATGAU 25 pin VUDAAIA AU

inport = Ox379 5 bit
out port = 0x378 8 bit
Computer
-
Printerport
Encoder DL Counter

31Jﬁ 2 .11 M7 Interface WY Printer port
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[ 4 o,
cmmﬂam;mnma HiizooumMnaIANANITUY

~STROBE 1 - ng_i'}; T e
Data 8 2 =1 2 r—
Data 1 3 | > 1 3
Data 2 4 T

v 4
Data 3 5 - x
Data 4 & r OUTPUT =2
Data & 7 -6
Data & a8 % 7
Data 7 ) _J 1 8

~ACK 18, = =1 9
BUSY 11 19

fapsEmene 123 L nveuT n

—ERROR 15 12

—Auto Feed XT__ 14 qraTie g3

—INIT 16 ,i—‘—"lﬁ- 14

-SILCT_IN 17 A 15
Ground 18-25

- .&-1‘2‘3— 16
ﬁ_!‘."m_ 17
19-26}-5H0
ladafi  PC 25 n éinifis SINK 24ma MaX

SOURCE 2¢ mA MAX

Wi 2.12 51waziBuaveq Printer port

2.5.2 NAn93 Interface H14 PCI card (Peripheral Component Interconnect)
-~ rd ] £ L ) o [ a
ET-PCI1610 fiamindousoss Ul aouiames pC iwovmy il
LA <en o o 4 w 9 oa o d
pnsalfudadyanadineadvgnsaneueniiiesninilegin dudaszuuneni uaos
aaunldemidinszuuauuy ISA 1 Main board 3ulns 1St ETTIdueuriufeniy
a =, T | o 4
deenis lumsthaeuiames pC T Tununuguisied 31 8waun ET-pPC11610 Faidlu

Card 1OV PCL Bu

MIMNNUYeI ET-PCI1610
o kY 1 =l ! - & ¥ o
ET-PCI1610 n39 lsznavdivanydiuie dauuod74F573,74F574 Gaimihidlu
fuyn uaz iy druvenses dlasmesimihiiaoasialls lansaves pc1 BUS 18ud
Tod% PLD GAL22v10 leduSeudfievasin 74r521 iifofiavuiumssudioudoya lo% PLD
wimsasaWuuazguuuvesdyanws i ledulSeufieuasin 748521

¥
nntuesdadyan Clock 1 lo® 748573 wie 1o 74rs74 umswTeudoyasznig

PCI data bus 711 10 nguen

62642
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tnvacinanaluves PCI BUS

¥
tel 1

PC1 BUS ithuanilaonssugnlmififianmwawisaquasmnsanoToudeya'ld
VINNANUFUFAULINND ISA BUS 1AMIAT
gunsaifiazaiudoudaiu PCr vzdes Idinasgumuguanian 8iuual3ida ug ms
aONUUUNIBI PCI ¥1in Target

= a9 w

o r aQ 9 I d] ~ ~ i é = oar oA
only i igluamnuguinlddudou iudlumadendneianils uazmensiin 54
[ k1 3 wesy Fd
#i ldeanuuuld auautidvainisa
IndiRusfiunmsgiuves PCr wnfiga
NAIINATIVEBY Base address U939 3200uA lunsdid F300 H 11313 vi¥e doanis
o o o o' ] =, ot ~
1104 address 494 CARD §ldnudosiinig idenaiandlm madenaiasl¥idens DIPSW
[} u’)‘ ] o o - a o
2 i dau weawsd Tuaasgnmmuau ¥t 00 vnarsauns
o o @ Vg o
uaawsa Auuziln e

DIPSWON=10FF=0

2,5.1 F300 HEX
DIP Sw 2

ON

111106011
F|3
71N 2.13 address # F300 HEX
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252 F400 HEX

DIP Sw 2

ON

11111011
F|d

71 2 .14 Address i F400 HEX

2.5.3 F500 HEX
DIP Sw 2

ON

11111001
F|5

o J
71 2 .15 Address 7l F500 HEX
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311 UYes ET-PCH6IO
o ¥ v oa 4 5 3 o

FET-PCI1610 M3 UsznauaIemwaiufe duvee74F573,74F574 Faimaiinily
= Y ) = 7o W as Y a
DUWNLAZIDINN A UDI2335 A lawoivimiiioensia s Tanoaves PCI BUS 14un lod
PLD GAL22v10 loGufSoudivuasin 74Fs21 diofavuumssnudoudoyn 1od pLD o2
nniasndeuuas Juuvvesdyanusiuiy lednlSoudieunsin 74r5219 MUz e
doyanm Clock T lod 74573 nie loF 748574 WlumsdiwToudeyasendie pCl data

bus N1} IO ABUON

nvaiziaenhlves PCI BUS

pc1 BUS HhuanilaenssugalmiffinnuannsoqauazamnsodieToudoyald
nnfianududeuninndl ISA BUS unumginsaifiesinni¥endedy PCI sxdeeld
AT ian ianmua 13ud ud msesnuuugilngel PCI ¥ila Target

o/

5w o Al 1w @ ar M 1 & - s
only dminin1Fluamaugui higuden duiumadendnesieniis uaznieuien 84

Qndy o o i
# 1deonuunl guaniifvesmialndfsamunasgmves pcr mniiga

s =

dynnudwaniiauss PCIBUS
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Required Pins Optional Pins
{ AD[31::00] j/ AD{63::32] w
Address | — —
& Data ([ CBEpaoE | CBETaE ) | 64-Bit
kY i LY i -~
< PAR N PARES Extension

REG64E
ACKEA# e

|

A

<« FRAMES )
<«—IBDYE PCI

Interface | €«—IBDYE 51 COMPLIANT LOCKS 4 Interface
STOP# DEVICE % Controf

Control 7 <
DEYSELE 2] INTAR > -
iINIR
IDSEL i ﬁ glnrer,r'uprs
PERRS e
Emor (& i
Reporting ¢ SERR# «—SBOE o 9 mone
SDONE Support
Arbitration § G_REQL_. D) s
{rasters only) § ———GNTz DO -
-~
CLK TCK JTAG
System % PYEORN » ™S AEEE 1149.1)
'( TRST#
]_l-i AN .
un 2 .16 PCI Pin list
] Z <l O
mo ) -t arre S Jooum
INE o) = UTING (a1 45 SO T ORTTS
wr -3 4 g ] 3 o AT
BB R L s P L
NG o LTINT eI L -—ouT
g o | INE orE T T u; ~EUTe
Pmze IThlE O IG fi AUt
TSI ili :j TR oupiT :; ii T
T L 1T owriT L 1Y e [oouTTs
2N Vol — —3 18—
amai K] Q) HF e B B I £ 20 e
P — ¢ 2 2 i —_"] Il a2z —_—
L _ ey L O = g
A P, B - L 4 A ——
—— i s 2 — L—:ﬁ 15 35—
RS BT 28 SR Y I8 e
— {20 W L5 wi
™ L. EERT LR e R - %1 B S S
—_i 33 39 (;— —73 A3 34 F—
HIADER 348 HEADER 37}

jﬂﬁ 2.17 in port / out port
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NG 1 7
oUT3 20 | ‘%
N1 2z 15
OUT4 21 o
iz EX N
OUT5 22 o
IN3 i1
OUTE 23 o
Na 515
ouT7 24 o
ivs S
OUT8 25 o
iNs 715
oUT? 25 o
e g |-
OUTIO 27 N
N8 ER S
OUTI1 28 .
we 10 |,
OUT1Z 29 a
T N I
OUT13 30 £
N1l 131,
OUTI4 31 A
7=/ 1BV
BUTIS 32 <
aRg N N\
GHD 33 4
T4~ 15 [
s 34 M
DHY/ eSS
HC 35 .
GUTOLIFIN L)
NC T3 5
OUTI” T8 |
HC 37 G
OUTZ 19 o
DB37

JUR 2.18 310a2BuAv03 PCI Input / Output
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3.2, dauvedszuumugu uag Tilsunsy

3.1.89ur8edusy

= :r o Aoy ot :
Niumaulfinseil
3.1.1. 3RS UALDANLLL
3.1.24mngunsal

AasnuazZIINlsznaL e

3.1.2.1. wulpmasd 2500 PR 2 "
3.1.2.2. pnewas 24 Volts 1 B
3123 Mdey 92, R,
3.1.2.4. ‘Nea 1 #in
3.1.2.5.8u

3.1.3.4519%197%

3.1.4.mMmaAaRe
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0, 2500
6=8 | 6= 84

1875 625

1250

J = 1 o 5 9
UM 31 wananafalumsnim Wad ot linuguueiae s

¥ ]
Tuaou il misnaneslasmsiunmvesduduneimwugdivsildesnt
3 o a . [ . ' Bia,: Aly
dunoy §1 2. imsdnmmdmiad lnonia1 1dasil

2500 pulse =360 B4

84 =x (nautinyda)
360*84
x e o -

2500
» ] 9
duneu #i 3himidseneumyunufansasgy

= 12.096 8371
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U7 3.4 uaaadunds

o .
U 35 waasTassdudnenastindu Tay
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&

ot 3.6 uansTnssdmozdafuIf:

# 37 vaaaeaazsuuuiles
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1 3.8 nanagang

1 39 uamshumugdn
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3.2. fauvedszuunIugy uasTilsunsy

32.1 'Nn11#0:1do‘::n‘.innouﬁ‘smui'unzqtlmai'muuan
msnuguginssimeusnTasidinfesnsuiiunofiy s lfindos
poamunesandogUnssineuenlfidifedon nisAaredomssznadisofuneuiunns
W Tasesmilorvinunstumesa TaoldllasnouTnsamedied Mcs-s1 el

s

o a . . 4 ' Jo i o ﬂ’l‘ &
3 ULA Pulse Width Modulation Ingansi¥eusat vy ilumideounesyn s

4 o o ar o 1 ar [
mhfiihiiviesvesdyaudoye uasdyauniuguag fau fwaadel

3.22 malsauunuite- Ya sl Fuanunhaved ewm) &

Tulnsneuinsnies

CARD INTERFACE 1
ENCODER1

MNPUT A UL

INPUT R MmN

COMPUTER [ —
CARD INTERFACE 2
ENCODER.2
INPUT A UL
INFUTB M
MORTERDRIVE
@

i 3.0 uaams 9 Tlsunsumunuuemesiiu MCs-51 2 @
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323 205ypTunined

.._“,
L

|
A
]

;tlﬁs.ll LARINIsYATUNEINDT

MR NINYBII93
Qs o 1 w ] 1 ¥
29959UUBIABF(Driver Motor) 1zsznaudiediundney 3 dufe 82w Part Logic,
a4 Current H- Bridge FET Driver 4a2111a99101153A% (Power Supply)
A o [} o [} 9/
Famahaudmusnazg Inanmsiloudayaier PWM r1w opto couple Tt daygy1au
T P . A o P ]
van fu 5 Toad w30 0 Taad H1U93 Logic gate ifovhimInsvapudganudfiooninh
= o] (- - 7] o o [ YY) = & ro w0
WusTande lunFenfeimandudygnanseiusudygmduynudhnidede T fedm
é J ] o r =
Driver %319 led1ue3 HIP 4082 dsmsviamezseanuiugfo weiiduwn AHI ALLias BHI,
) e & o
BLI daunsdueinniuiiu Ao 92} ALO,AHO uag BHO, BLO Gaszdanalsinisfiam
a ] T a4 ; "o @
89 FET Yhanmuilug Tavezdanalduemesiinnuis nnnniedootusgiuswnnesioud
duty cycle vasdggna PWM #flouldfutees uazdinumasnie ex1€ ledues Lv 2575 -

12 Wussdueniyneen 12 Toad uaetlouldiiv ledwes 78L0s de'lyl.
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Tunones

s

AT, 22
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IR
: # wﬂ SR
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20OHYL y ?I_ .lmIf
V& il P 1S 240
- Z80PdIH

JUf 312 uansrsern

Irnt
P
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3.2.4 1VINBUWITUNDS

-
»

E »m 3 % na o

-
]'I.I'ﬂ 3.13 uaAINTINIIADUNIG 1mas°'

MSNIIULD IS
Y o 4 ) [
anuazmshauedsaeuntsumed 9214 lodwos LM 393 deldusedu

nRouion 2 Suyniidiudaszdeds Tasgnoenuuuliheumauns oo
ﬂhqn%’lwaamaﬁ’u.?ﬁaﬁ'n;immﬁuwm‘fa 2 suwneziiudoynna swdildieruasnsaoy
wisnnesudes 1danaudugdmdouitinad etueg 5o samn udaderimse lés od
wo$ 74HC04 Faevhimsndudyamen High i Low nie Low fu High Fedannaue

i 18Rdaiimsaramtaiueg 90 oam .
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Signal 1

O—

K

-]
N\ i l\,\ OUTPUT é

o
JUN 3.14 uoA9TIRENMITIRBT



unt 4

NMINAfSNLATHAMINANSY

4.1 MINATOLUAIIBIOLIN

hnsnageudsainasn Tng msdassdumugduningauuudnimssunm

1 41 uamanstdesfumuafuningauy
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AN v
waniano

1lapsasef nat i)
1 55.2
2 55.3
3 55.2
519N 4.1

waaanfumugdulfmnngaeugaun udnsgeaugams drzana 55 341

A Jal
4.2 MINATBANBMA NS IveINBIRE I TN N
nsmeasaiionIn T Wewewas vz ay ninedls mimuguueamaild

msnuguIae arunavesiad Tas Aianustinei £ = 500 Hz
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¥ (v) | |

20%

50%

0% | |

90% I

0 t (s)
[ et !
| |

g1l 42 umezlndy

Voutlv)
’ S
12

114 .
10
o]
g
74
6 -
5 -
4 .
34
2 -
1

0 T T T T T T T T T - Duty t}’tle
10% 20% 30% 40% 50% 60% 70% 20% 90%

4 @ e o ’ ) ::f = . o«
M 43 nsmuaasanuduiusssndte manm lefoussiuiuoines
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N 0, 2500 5
O=84 | ©= 84
1875 625
1250

- B "
i 44 uamsmsTiesieyulu Tnusvesiad

vinmsamsziyuiuInuavesiad 14
w o
Woarqagn =84 gn Ty = 12 9em

iiadgega 84 gn lilimsmlaadiumsmisnanlumsifeuTusunsu Taossuuilad

(fuzzy system)
A 0, 2500 B
& = 84 © = 84
1875 625
1250
qlit 4.4 deygnannidlnamed |
If A @ = NM  then P=D
If B @ = PM  then P=D
If A 8= Nm  then P= A
i A 8= Pm then P= A
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4.3 HONINANGY Interface NIM printer port (parallel port)

4 . - Ly
NAasd Interface WU printer port (parallel port) i]‘tﬂﬂ'J’llJl.‘i’JQQfIﬂ‘UENﬁ"Iumuﬂﬁﬂ =

a @ o ¥ Y = - 4 s = AV st
0.2 ms 1499910 ﬂ')tﬂuiﬂﬂlﬂBiﬂﬂu‘mﬂﬁzlﬂﬂﬂlﬂﬂ ﬂﬂﬂﬂi‘l'ﬁﬂlﬂﬁ]uIﬂﬂlﬂﬂiNﬁﬂﬂ'ﬂHﬂ‘lﬁﬂ\?

w oo e e 2§ =t =] = 1 1 Y] LV | 9 A .
2500 Wow WI'J‘N]J‘i]WlEl\‘lllﬂ’J’!m'i‘]ﬁ]gl‘H‘Ll?'l‘].llﬂ’llj'l‘iﬂu‘ijulﬂﬂﬂ']@gﬂﬁEN!.'LI'E'N ¥1NN17 sampling

o ar
ANMT IR TIMUg AL e

4.4 HOMINANLY Interface N1 PCI card

w o w
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241fin
#define PPORT OxF300
#define Read inportb(PPORT)

#include<conio.h>

#include<stdio.h>

#include<dos.h>

#include<values.h>

void right()

{
outport(0x£300,0x1);
delay(3);
outport(0x£300,0x3);
delay(7);

}

void left()

{
outport{0x£300,0x0);
delay(3);
outport(0xf300,0x2);
delay(7);

int main(){
char ch='a';
long Counter=0;
clrser{);
do{
while(Read==0xFC);
while(Read==0xFD?};



while(Read==0xFE);
while(Read==0xFF){
Countert++;
if{Counter>90)
left(};
break;
}
while(Read==0xFC);
while{(Read==0xFF);
while(Read==0xFE);
while(Read==0xFD}{
Counter--;
Hf{Counter<-90)
right();
break;
¥
gotoxy(1,1)};printfi{"Counter=%4d" ,Counter);
while(kbhit{(}}{
ch=getch();
switch(ch){
case 'n": Counter=0; break; // #i'l 1 Counter 3]
case 27 : break;
case 'a"; break;
case 's': break;
}
}
}while(ch!=27};
outport(PPORT,0);




v2Tlsunsumamsumundeniliiuse

#include<stdio.h>

#include<conio.h>

#include<dos.h>

void left();
void right{);

void wait();

char control,i;

main()

{ clrser();

}

printf{"Press ""ESC"" Key To Exit");
do{

right();

delay(200);

wait();

delay(500);

right();
delay(300);

wait();

} while('kbhit());
outport(0xf300,0x00),

void left()

{

outport(0xf300,0x0);

delay(2);
outport{0xf300,0x2);



delay(8);

void right()

{

outport(0xf300,0x1);
delay(2);
outport(0x£300,0x3);
delay(8);

void wait()

{
outport(0xf300,0x0);
delay(500);

v.3 TsunsamoeneamBuinesimi 1sA # IRQ3

#include<stdio.h>
#include<conio.h>
#include<dos.h>
#include<stdlib.h>

void interrupt{oldIrq3)(void);

void interrupt countToggle(void);

inti=0;

long j = 0;

#define IRQ3 0x0B



int main(void)
{
window(5,5,50,75);
clrser();
gotoxy(1,3);
printf{(" R U Man ? ");

oldIrq3 = getvect(IQR3);

setvect(IRQ3,countToggle);

outportb(0x2 1,{inportb(0x21)&0x1{7));
do{
it

gotoxy(27,3);printf{"%ld\n" j);

}while('kbhit());

setvect(IRQ3,0ldIrg3);
outportb(0x21,(inport(0x21)|0x08);
printf{("\nswitch presses i =%d\n".1);
printf("j = %ld\n"));

return 0;
}
void interrupt countToggle(void)
{
disable();
i++;
outport(0x20,0x20);
enable();




IRM3 Series

Outside Diameter: 35mm Length: 14mm Shaft Diameter: 6.0mm/8.0mm

fodel Name IRM3X0 - XXXX
Model Output Pulse (P/R)
)imensions
. 38+0.2 N

N (JAEY
{)]
,l 6+g o012
: 8+ g Q15
Squars-wave Accuracy
s X1+X2=0.5T+0.2T
X, X2 X3_XE
A w &) X2+X3=0.5T+0.2T
(noty | L AV ZA Encoder Xrn20125T  (n=1,2,3,4)
BT LN\ B TM=0.25T+0.125T
(Bnot) | i : Yn=Rm %622°(n=1,2,3,4,5,6) (Mechanical Angle)
z | : C<+2°(Mechanical Angle)
(Zrot) Lo Left-side figure shows positional ralationship of
L ZENTER) —{_— A & B channels and Z channel.
Apply to 310 _le Signal'Accuracy
. 360° (ONE ROTATION) . Pitch Error: £0.17
L RI ke Rm ]
*T=360°/ NI (NI; P/R)
*Rm=360°/Ncs12°
(Ncs: Gommutation Signal P/R) (Mechanical Angle)

PIN NO. 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15

IRM310 A Anot B Bnot zZ Znot U Unot v Vnot w Wnot | +5V ov FG

IRM320 A Anot B Bnot Z Znot +5V ov FG

IRM360 A ov B ov z ov +Vece 1 OV FG




Electrical Specifications

IRM310

 IRM320

tem/Model IRM360
Output Pulse (P/R) 500(2), 1000(2), 1000(4), 2000(4} | 250, 256, 500, 512, 1000, 1024, 2000, 2048, 4000, 4096, 8000, 8192
Supply Voltage (Vcc) 5V+0.5V 5V+0.5V 10.8V-26.4V
Supply Current {No Load) <70mA <70mA <70mA
Output Type Lina Driver Line Driver Complementary
Quiput Circuit q Q Yeo
ﬁot _@ot o
RS4224 RS422A o¥
Output Vohags H 22,4V 224V =Vee-4.0V
L 0.5V 0.5V 2.0V
Output Current +10mA +10mA <40mA
Max. Applied Voltage - .
Min. Load Resistance ; - -
Rise Time <100ns <100ns 350ns (Typ.)
_ Fall Time <100ns £100ns 50ns (Typ.)
: Response Frequency 0~300kHz {X1) 0-300kHz (X1) 0-200kHz (X1)
By-pass Capacior (OV- Housing) | 0.22uF 0.22yF 0.22uF
: BypassCapacmr(Voc-l-busmg} 0.22uF 0.22uF 0.22pF
'Mech Perm. Spead £000 min”’
_' Moment of Inertia. 0.0839x 10°  kg:m’
ok Axial Endplay 10.254 mm
| ng_ned Shaﬂ Hunout 0.081 mm (T.L.LR.)
S.haﬂ - -
AE Perpendlculanty 0.05 mm R18mm
| Max: Accel. Speed 40000 rad/s®
: icable Conneclor:  Plug (FI-W15S), Atiached
| Conneclor _- Fl-W15P-HF (JAE) Aty SodL:';t(Contact(ngA1-1500(i)(NotAttad13d)
| Mass Approx. 002 kg

Operating Tamperature -30to+115  °C Without Dewfall
Storage Temperature 4010 +125  °C Without Dewtall

: Vibration*1 100 m/s® 25~-2000Hz, X-Y-Z Each Direction 2h

| Shock*1” 1000 m/s? &ms, Half Sin Pulse, X-Y-Z Each Direction 2 Times
Protection Grade*1 P40 Equivalent | With Plastic Cover

*1 Test Condition

Note: Specifications may be altered without prior nofice.
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