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Abstract

Nowadays, technology related to self-balancing becomes widely important, such as robot,
aerospace and sub-marine. In this thesis, a concept of stabilizing a two-wheel balancing robot is
introduced utilizing a principle of inverted pendulum to explain a physical activity of the robot. A
fuzzy logic controller is applied to balance the robot body. The input parameters, pendulum angle,
pendulum angular velocity and robot velocity, are fed to the controlier in order to process and
create an appropriate output signal which is able to control the DC motor in the decided direction

and velocity.
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Y o o d @ o a
mamyundumandu linduindfensadudmdunsiudiu 0-1-2-3-0-12-1-0-3-
Fd
=1 1 w o o o U
2-1-0-1-2-3-0 sy hTInfevIuIdsimuIyausn -1) dlumsiuaendieti
o A Huse 7 021
wagmwauiduiusdansd s21dilu 00-10-11-01-00-10-11-10-00-01-11-10-00-10-11-01-00
MUY
4 3 o Y w iy 1Y . Yo
Falpsaaevosantsvauuuil Usenauade “outnsie” (Encoder wheel) ung
4 Y 2 9/ r:r’ [ o [ =
“gilnTalnT 2991 (detector) FeormdulAuuuas 19T uazuvvasTVAUILIMED

o )
unstiasesunaaiusiausonte lddlu 2 uuufe vuvTzHounmIALUULRRALTY LAFY
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Q3299 UMIa03A09A 1A 90 B3f TunwANUI ReusHadeIlinsi MuaueuaNou
ueanspvaudauaanm it aniznsasduiman1anu 90 oarmaay
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{Iz{(x,,uA(x))|xeX} (5.2)

o 4 nuedafadiyn A4, x HUBDIAUITNUBIULA (set membership) LAz u, (x)
- 4o g a i . 2 S ¥y
HUDIHINTUATINAUTUI¥N (membership function) Fau1enTo1aunu19de A (x) Tay

or o o
X AedusnAnTuANG

L a A é £
X = (xpxp e} iTAd R naz 4 Wufedisalu X Fufluaiiedyn (discrete)

o W [ a . = =
uaziifia dnsal (notation) voalw e Wow 1diy

ﬂA(xl) Hy (xz) :uA(xn) n H, (xr')
A={— +—= +..+— = - (5.3)
- X Xy X, =l X

dewnd g, (x )/(x, )i =1,2,3....n mnsdemanuiiuamndn u,(x,) vos (x,)

1R A 1Az TN “+ RIoiagiiou (Union)

a

i

0.9 &lo

0.8 ot (@

0.7

0.6 -3

0.5

0.4

03

S

0.1

0 mT I ? =3
0 I 2 3 4 5 6 7 %8 9 10 x

= d o o o = a
5% 5.4 MadFuanuilumnsnveuaalyFuuuign A

w o o ' : . & o . i
duenandurns X iudeiiog (continuous) Faynsal (notation) vosfadiara A Wou'ldiilu
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\

0t 2 3 4 5 6 7 8 9 10 X

= o o ) = 1 A
g‘lJ‘H 5.5 anwﬂ:mJnf]uﬁmﬂmmmnwﬂmmmmmum A

LY

' v [
nyiisFaamusoudilygiediavesanuuuauan’la Tasflamyavenldiin

o

=

A a . & b 1 o 1
WioAnIveInUEIUANITN (Degree of membership)  FULAAIAIWAINAAVIEHIN 0 Az 1
wiemouiludydnual [0, 11, Tas 0 nueds bBiduawidnluws 1 vuwds duamdnlus
1] ] a’ - 1 é [-] -~y ﬁ.
wazA1ser e 0 AV 1 iduamndnunalume  FwsildfaanyswSoulumsiaou
g a ] =y 1 - o as ?_I = .
vinfunuena legluevesan@ngeg  lasilanduanuiluaui¥n  (membership
o o . o ' a
function) 15T uSAROY (mapping function) Jaglulawula 9 THilusnudiuauna
TuAwdaa
PN a ar - - g a o= o o U -~ '
anuiluaumdndmsurdmaisussauanudumndadiueiug  aa1ifenn
L] 4 1 ; L A [ = s &
aBiIDaluaIRILg 0 B9 1 FenseunguMIAMUATIFauUUNTY wezERAuUURTUYS oA

WINY (crisp set) IAMHUAMBAITUMT (5.4)

lLxe 4

u,,(x)={ (54)

O,x¢g A

A' o - = oo o 1
o 4 duerauuuativnSemauuunive x dumndnlume g, Husiamdiy

andnluwauay p,(x) dudaFuanudivaundnlums 4

5.4 Handuanuduainin

a/

o o ) o { o Y
anFuanuduaui¥n (Membership function) 1uAsdFuRTMsfimuaszauaIN

- w = 8 b a VY o Yo ]
!ﬁuﬁﬂ'l‘]fﬂ‘l]'ﬂﬂﬂﬁl!!ﬂﬁﬂﬂﬂﬁﬂ151‘ﬁﬁ1u1ﬂmﬁ3Jil'lﬂﬂ'lﬁu"ﬂu"ﬂﬂ‘lJﬂ'J!L"l’l‘lWHJﬂ']'llJvliJ‘bﬂl‘i]u vl!.l



24

1
< g

Ed r
udueu uezAguAe auiudundradonaauliansensauiunisvesiles® wsizgds

a LTl

L

o o U o § = 4 o w
mmﬂanaruﬂamﬁ‘luﬁuWﬂnmmmﬂmﬂaﬂizmum5ﬂmm$mmn'1mi‘]tgm Iﬂﬂﬂdﬂsﬂu

7]

=3 v o o d
anuilumndnotnes liaunasdunSeauninsiunnisznsnld

X
5.4.1 viiaveswanruamiluainin

= o o 'ﬂ = d'cly u‘a\ll = a ml t:ldy ] -
‘vumlmﬂqn‘numm& UAWIFNN 159Un [Ovatsria ua luntznannaneauis

¥
6 ¥UAAIY

1. HeanFuaumasy (triangular membership function)

o @ = = :z‘ = o N
WINFUAADTOVUTNANA 3 WITIVADIND {a, b, ¢}

0 x<a
(x—a)/(b—a) a<x<b

triangular(x : a,b,c)= (5.5)
gular( ) (c-x)(c-b) b<x<c
0 x>c
2. Waﬁ%uﬁmﬁunmwy, {(trapezoidal membership function)
] ) ¥
Handummasuaanyiianue 4 Wistineiae {a, b, ¢, d}
[ 0 x<a
(x—a)/(b-a) a<x<b
trapezoidal(x :a,b, c,d) = 1 b<x<c (5.6)
(d—x)/(d—c) csx<d
0 x>d

o as o . . .
3. HaNTumaiaou (Gaussian membership function)
d o d 2 = : = o' 4 4 1 a
WINFUAIABOUUNINUA 2 WISIWODTAD {m, O} ¥ m NUIWDIAURDY DS

G wneis sudsauunes g

2
guasian(x im, O‘) = exp(— MJ (5.7)

2
o



4. Harduszaisnd (Bell-shaped membership function)

o ar o o = = s’: T A
ﬁ\iﬂ‘ﬁuiﬂizm\iﬂﬁ'lll‘l’ﬂﬁ'lllmﬂiﬂﬂﬁllﬂ 3 MAD {a, b, c}

1
bell - shaped(x : a,b,c)= 55
1+ r—¢
a
5. Handuduoa (Smooth Membership Function)
Handugddueaiimsfimoinanun 2 Afe {q, b}
( 0 b 2 x<da
2[; - J asx< 4 ; b
-a
S(x : a,b)= < 5
1-2 x—b a+b£x$b
b—x 2
1 xz2b

.

6. Waﬁa?’u A (Z-membership function)

4
Handugardiinsdimesianua 2 A1fo {a, b)

Z(x:a,b)=<

25

(5.8)

(5.9

(5.10)

o a [o)
ﬂ'li!ﬁﬂﬂﬁ\ﬁﬂ‘lfuﬂlﬂ\iﬂ’ﬂlll‘ﬁuﬂ'll'l‘]fﬂ ilzigl,ﬂ\‘ilﬁ'ﬂﬂﬂ'lllﬂ’)'lil!ﬁEJ'IZﬂiJlLazﬁ,ﬂ\‘iﬂSfl‘lJﬂpr

1 3/ d' [Y g/ d‘ (% 5/ [ r_"l 9 o = = A =
ATVDIVDY AN IS T ULNTUN IﬂUﬂ'IiJ'IiﬂVITI‘IJ‘-IfBHﬂNLWEl‘lﬁﬂ'l‘iﬂ'l!uuﬂ'lu‘i‘lﬂliu‘u mummﬁju

mnfanarwald  wasfsidusnuilumndnalfeunlaud luldimuzduauifdaljia

N30A1UANNADINT
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5.5 ﬂ;]ﬁcﬂc‘l? (fuzzy rules)

o o
Agaru
2 laun nAeFuuUa1-ud) (fuzzy if-then rule) Aroanislanglunisuonngudsguh 5.6 Tu

< o LY o o Ag tel e q
Iomafiiudassaedndimounn  uanlouuazmslizgna l9uun
517 5.7 uaaslSiigaluun (pattern space) MsiAnquAILNY N

H

312 | // \\
S \\

05
04 / \

: )
. N

0]23456789IOI

319 5.6 nlvesiadFuimdFon

o5 A

o7 _,,j "‘g[

os ,” \

of \
L/ \

%¢ 1 2 3 4 5 & 7 B 9 10x

J o o w °
317 5.7 navesianguszaisnd
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ngde 1: dhx fi 4 uasx G4 unz - wazx G4, uds deyax dunqu €
h h

Y q l

3 ¥ J T 9 1
npda 2: & x fimA4, uasx U A ung - uaz x fim 4. ud doya x Wungu C,

n 2n
9 9 = = s 3 9 1:‘] ]
NYYe I: m x M A,l LAz x, umAmuaz e AT X UM A[ ua3 voya x wunqu €,
n n

4
5.5.1 szuunQuuusd
a ¢ e . . d e e = .
TuszuvilygnlssAvy  (Artificial  intelligence) M301M3839N36R50%  (machine
R . oo asi P [ 3/ o t '
intelligence) HIBMINa35 lums vzuanisnnnuivoawypdlugduunag q wu asing
) . ) é
(logic) W5 (frames) T1AS9918AUN LI (semantic nets) HIIN (ontology) waznyg) (rules) 44

=

o ao & A a
!,l'U']JTTﬂQq‘?\lﬂu?ﬁﬁquuﬂusl%liuﬁxvﬂﬂ“ﬁ“ﬁ

5.5.2 Juuuungfa¥
4 o
Tuszvyiladesnnnuiansauandlugiiszlon
¥ 3 : ¥ o a n’.: 3/ a9
i doa (dorly ALl Yoga (Yoaw)
IF premise (antecedent), THEN conclusion (conseguent)

Joanudnsdudunisndudluuw “jduvugungdr-udy” (F-THEN rule-based
form) #38 JUHUVUSTY (deductive form) TUFULUUMTUAAIOUINU HINTINTIVAIINDF
y o ¥ = 4 v . y a y aa_ a4
(Pods PeauyAg wsedern) uduNmIteyIINNIemdeaiYauTIBnednileh
=) ' a o ¥ . 2 »
Sunhideganiedeay msuansgiuuuernimiiifonit sainiuiai(shallow knowledge)
4 = = 4 L4 o
sefoudtianummzavlununvesnw  lesnnifumsuaaalszaumsoivesnyyd

= o o o 4 o
azeRn TN UIENIN (heuristics) Tugthnntss loanwuyuonldlumsdeasialy
o ' = :’ o o o
ua lidugtiwvesdanudiandr vuvidumsfies dulnseade duiledsu wiaduy
NOANIIUVBIIAYI OV ) AT 98 19NI58n 19Uy (inductive)
a PLu= P o ] A o 9 P o

szvungiladdudanfidslemilunsiagluuueesszuuidudeunannsaduna
v ¢ oA Y w Y o ¥ ¥ o
T8 Taouyud wszszuumaiiansouaasdisiudsnn ludoimazdenuvengld &

T ] } 4
mJimmmm‘mﬂnmmnﬁﬁﬁ‘iumm’\'wﬂ«n«mmﬁuazﬁaﬁaumﬁﬂmmwmmmﬁu



29

5.5.3 ¥HAVBITTUUNg WY

Fuzzy Rule-Based Model

Noenadditive Rule Model Additive Rule Model

¥

Mamdam Model TSK Model SAM

317 5.9 nqueesszuungAad

¥ o o § =Y v
Tumsalszanan®andu (function approximation) szuungW¥FAH 3 wiialng 9
Taun (1) g1 Madani (2) 3101 Takagi-Sugeno-Kang (TSK) uag (3) uuuy Standard
Additive Model (SAM) jUiU1) Madani 594WaMIOYNIY (inference) 890 loaTBM3
") w . . ] ' @ & A A
YAUNY (superimposition) NNNHHAWY 7] ¥ Fe luduuuuuandu JaFenszsvuuuuiiiniy
Tmﬂaﬂguuu‘lﬂmﬂﬁu (nonadditive rule model) AT MY TSK 1Az SAM ﬁmmqmmmu
v d W . 4 ‘ﬁ Py Y & N
TAWAUINUN (weighted sum) 1INUAY 9 N INDT UL u‘vaa';ﬂqﬂmu NITUNTLVUBUUUN

TumanguuILaIniu  additive rule model) N153ANguBIsTUUNQUUUHBFIaA IUA

5.5.3.1 szuungWadveaumii (Mamdani)
:; = d‘d = 3 d' é = e
szvungiaduuunusail  duszuuiianwiionlfnnigeszuumilalumaljia
+ ¥ ¥ ]
Husznrnlddusnnialudedunz domumesadisuilsnsunin i U~ U, < x U
i w

AQYeN 1:IF (x, is4 )ANDIF (x, is4 )AND ... ANDIF (x, is4 ) THEN yis C
~11 ~12 ~1n -1

nYoN 2: IF (x, is 4 ) ANDIF (x, is4 ) AND ... ANDIF (x, is4 ) THEN yis C
~ 21 ~ 22 ~ 2n ~2

NQUON L:IF (x,is4 )ANDIF (X, isA )AND .. ANDIF(x,isd4 )THENyis C
~ Ll ~ L2 ~An ~ L
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)y [ 1 @ a w o«
diox,j=1,...,n, Budnszneui j vosdusdunn x, y Wudulsioniyn, 4

/ i
»

4 3 3 . .. - o o = ¥ w
WOUAWIYDIVBAY (consequence linguistic term) wiailudsnsuanumiuauidnyododns

, . .
(antecedent membership function) “lum;]ﬁ LI=1,..,L,C Li‘lumumywmi’fammﬁ'aﬂaﬁmu

anuduminFnuesdion1y (consequent membership function) YBINLT 7

fmuald 4 duiladigalmi dmiungded ii=1,..,L

A=4 ﬂAzﬂ...ﬂA_ (5.11)

~il ~i

uaaslugieddunnudiuaunda iy

y f(x)zmin(,u/‘ (i, ()t (x,,)] (5.12

~il ~i2 ~in

4 o 3
amniiduwnnlugyl

(x, =x))(x, =x} s (x, = x7) (5.13)

[ ] ¥
Tavf x),x5,...,x, Wusdunnlag wwldnflsd luduvededuily

a, =min{ 4, (hst, (heott, (2) 6519

~il ~i2 ~in

' o ] Y & el 3 o b4
ﬂ‘lli]'IVW!‘H‘UENﬂ;]lLﬂﬁ%‘Uﬂﬂlﬂﬂi:’ﬂﬂ‘ﬁ‘h‘mmﬂllSJ‘JJﬂ'I‘uﬂli‘]uﬂ'l‘wcli"]fﬁ']il']'iﬂ‘r‘i']vlﬂﬁ]']ﬂﬁuﬂ'li

po)=a,Ap. () (5.15)

1 o o '
Anewmmvesszuilunai W IYNIIANguAnzde lanl¥aums
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H 0)= maX[u€', Wb, et (y)j (5.16)

= s ' a s o_ o = : a
Hymoninn annsoudauiuanlndldTasitnsmidannunquinieuvumanimin

. Z#g(y)xy
a Z,u€()7)

(5.17)

A _ ' L . 7o a A
o y l‘ﬂuﬂ‘lﬂﬂﬂuﬂﬂ')ﬂ (centroid) ﬂlﬂﬂ'ﬁﬂﬂ%uﬂ')’]ﬂl‘ﬂuﬂll‘ﬁiﬂ'ﬂﬁllﬂ‘lﬂ'i

FEMseIpNUUUDIIMAI

° LY A aq = J & A R
ﬂiﬁuﬂﬁlﬁ ';'x‘]J'lJ“Nchmunuunumun 2 E)'LI‘V‘!T] x Uz x Uaz 1 !E)'WI‘V!'V] y “Bﬂﬂﬂ{]'ﬁﬂf‘]f
1 2

i

IFx is A andx,is A THEN yis B dmiu k=12,.,r (5.18)
~ kt ~ k2 ~k

I ¥ g w s ' ° A
Wﬁi')”lﬂ1ﬂ1’!ﬂﬁ11ﬂ Iﬂﬂﬂ?ﬂ‘lﬁ’;ﬁﬂ‘l'iilﬂmﬂﬂ'izﬂE)‘lJu'lJ'lJﬂ‘l’qafm-ﬂMﬂ (max-min

.. =, ar d M ..
composition) L!az’J%ﬂh“ilﬂi)\‘lﬂﬂizﬂﬂﬂtlﬂﬂﬂ?flﬂf!ﬂ-wﬂﬂiu (max-product composition)

ad ar 3 J o
FEMIdneenilszneurumgIga-figa

n (y)= max|:min(,uA (Inpur(i)), pt , (]nput(j)))] MY k=12,...r (5.19)

~ Bk ~xl ~k2
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4 . [ { . o = Y o =
o x,j=1...n dhdnlsenovdi j vesimdsdunn  x,y iludualsieninn, 4, dh

o ¥ . 2o, e 1:3] a y 2
WIUNMBIVDIVOAY (consequence linguistic term) #HIouInFuaMuiluguIFnvIdons

(antecedent membership function) cl‘l‘lﬂj‘]ﬁ Li=1..,L uay f uaunsFaduves

(consequent linear function) ‘umﬂg%ﬁ i

9 A 9
dmniisunmdnnlug
(xl = x]’)’(x2 = x;)"“’(xl = x::)
v ' 2
Taoh x!,x,,... x, dlumduynlag seldmfledluduvesdosuilu
U o ] 9/ o ) ¥
Anamiyvenguanzdevesszuusduuuieanannsan 1dnnauns
Vi=by+bx +...+b,x,

1 s o ]
AuemMynvesszuuiiunasmnmewnnaguaasde Iasldauns

L
Zai xyl
= i=1

y=—7—"

5.5.3.3 s2UUNFIIVUINNATEIY (Standard Additive Model: SAM)

(5.22)

(5.23)

(5.24)

(5.25)

seuufadiuuuannesyin iy szuudeduuugInla  (Tsukamoto’s Fuzzy

d’,l 3/ :1’ ¥ ﬂ o ¥ o a = '
System) 1“5xﬁﬁuﬁ?uﬂlaﬂquﬁzﬂlaﬂ'luﬂgl HAHIUNIHIAAWNDY 531]1]%“1‘“1“1]6\3“1]11?}’]14 98]

; o < d b oae o =
TIUYDIVIAI  (consequent) mmﬂQﬂmm‘nzgmmmnﬂuﬁmmwﬂmnﬂaﬂ%uﬁnwmmmm

= [ P ¢ o = =
1987 (monotonic membership function) ﬂ&‘g‘ﬂ‘ﬂ 5.12 Wamfummﬁ‘luﬁuwmmumamm

1 d T ] § o
(shoulder function) Lflummg‘umLm‘mq“nmmuﬂa:ﬂgﬁnﬂummsumm'lﬂ (crisp value) WQ

o« n’;’ ar i o 4 a 5” LY o ' a
Wimiamua (@agUi 5.12) aansodaldnnamdoihminvasemiwnnnuaazng de

auns
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dumsilfnquiaie (Fuzzification) w3olugtuumafladnsaiSuniniludaus

71141 (Linguistic Variable)
I Ao o

F1UANY} (Knowledge base) Hludmidanusiusiudeyalumsninnlsznou 2

d9ufio 3IUNg (Rule base) 1Az 1UYOYA (Database)
) o an &4 =

§1UNY (Rule base) drnvasmisfmmuaitmsniugu alanndidvimalugiun

¥03yAYOYAVLNYYDIN M (Linguistic rule)
¥ o o= v de A A o

gutoya  (Database) Wumsdamsvudufisuiuieizldlunmsdmuangms

ARy uazmsinmsdoyavenssnenans s
4 - - v Ao ¥ o ¥ & a

1AT090LINUNIBMIARAIY (Inference) iWudrufivhniiifiasnaeudemasiunzng
A g a A 0w Y Y ¥
e ldlunms@anunumara wilounalndmiuauaumsiganudlumsud luilgym

¥ v

SWNIMIMMUAITMIVDINIAANUHEHIA RO

daumsisannuaguiaiadlumsimsmlacdeyaiiegluguufeldiiuah

a3UNanIamINIIAIURUIZ Y

5.7 TumaumsdszurananuuNsTaoIn

=

L4 ]
FuneunsszananvuadasinlzUuuumsanaily 4 dauszudnsds 3

5.14

Input Output

1 i

Membershy o
Functio,lp :> Inference j Fuzzification :> Defuzafication

4 4 M 4 | Y a
wuasuN 1 VHADUN 2 TRau 4
>

511 5.14 dumsunsszuananuuRsFaeIn

» ]
ar =4

dumoud 1 Wumsudasmsduwnuuunifondeudlumsuwnuuudaus fad
¥ < o = ro 9/ = o = o .; a [y
Tanvzahefarsuanuduamndn  Taolisuiludesfidnvazifoniy Iuduguinvuzve
T = Y ] s i) o s o ©
udazmsBunmazanudwgAemsiomynihaul Taolsdduseiidnvuziiumstimua

areayie IRiduiadnisBunn dagil 5.5
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Input
Membership

Crisp Membership Fuzzy
Input Vanable Function Input

] ¥ ' v
U7 5.15 Yuneud 1 vean1sdssanauyudaFaein

Sunowdt 2 Pumsahennuduiussniumstunnimuafiiudestuenimi
p1fuMdnNIsTBINITHIMAUATNA B1vzadmsRudeya msmanisainnnsaadulaves
iy viesnnnsnanes Tasdoudlungmsniuguszuy Sewsidnuazeglugiuuy
«§ (1) “uaz” (And) “nie” (O Fudunnnaiy ﬁm;]v"ly’wuﬂmﬂsxmawannﬁu i

msmaadulefimingay Asgin 5.16

Rules
Fuzzy Inference zzy
Input Input

v ¥ ] [
519 5.16 Tuavui 2 veanmsilszananuuilaFaoin

3 = 4 g o 4 g & & =
FJunouh 3 Wumsmiiadeniyn Tasmsihngmsaluaunadiay luduaeun 2

o da = - 4 4 o 1 A o {
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Rule,:TF x, is A, AND x, is 4,, AND...AND x, is 4,, THEN y is B,

Rule,:TF x, is A,  AND x, is A,, AND...AND x, is 4,, THEN y is B,

Rule,:1F x, is A, AND x, is A;, AND...AND x, is 4,, THEN y is B, (5.28)
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CompactRIO Real-Time Embedded Controliers

Specifications
Network
Network nterface.... ..o 16BaseT and 100BasaTX Ethemet
Compatibility ......... ... IEEE8023
Communication rates...................... 10 Mb/s, 100 Mbys,
autonegotiated

Maximum cabling distance.............. 100 m/segment
Memory
cRI0-9002

Nonvolatile . . ... ccccmmimenne. 64 MB

DRAM .......oocoovccmmicrmeeiemirenrene. 32 MB
CRI-9004

Nomvolatite . ..o v, 512 MB

DRAM ..o, B4 MB
Power Requirements

You must uss a National Electric Cade (NEC} Class 2 power
source with the cRIO-900x controllers.

Recommendad power supply............ 48 W sacondary, 18 ta 24 VDG

Power consumption
Controller only..... e TWMAXK
Controflar supplyk mg power to
8 CompactRIO modules... 17w
Power supply
On power-up... St03HV
After powar- up G0V
Physical Characteristics
Screw-1arminal Witing ............c....... 12 10 24 AWG copper conductor
wire with 10 mm [0.39 in ) of
insulation stripped from the end

05w 06N em{d410563Ibin}
Approx. 488 9172 az}

Torque for screw terminals.................
WOIGHT.......ce e

Safety

Salety Voltages

Connect only voltages that are within these fimits.

VA0-C oo s 30 ¥ MAX, Instaliation Category |

Safety Standards

cRI0-900x controllers are designed 1o meet the requirements of the
following standards of safety for electrical aquipment for measurement,
control, ang taboratory use:

» EN 810101, IEC 610101

» UL 61010-1, CSA 610101

Hazardous Locations

US QUL s cvsse s, ChagS |, Division 2, Groups A, B,

C.D, T4; Class |, Zona 2, AEx nC
iIcT4

Class |, Division 2, Groups A, 8, C,
D, T4; Class |, Zone 2, ExnCIIC T4
EExnCiiC T4

Canada {C-UL) ..o

Europe {DEMKO) .....oooven e

Enviroamental

£RI0N-300x controflers are intended for indoor use only. For outdoor use,
mount the CompactRICQ system in a suitably rated enclosure.

Operating temparature

{IEC 60068-2-1, IEC B0068-2-2}.......
Note: To meet this operating {emperature range, follow the guidslines in
the instaHation instructions for your CompactRIQ system.
Storage temperature

-40to70°C

{IEC 60068-2-1, IEC 60066 2»2} v -401085°C
Ingress protection ... cevrronnenenne [P A0
Operating relative humldlty

{IEC 60068-2-56) .... 10 to 90%, noncondensing
Storage relative humidily

{IEC 60068-2-56) ..... 5 to 95%. noncondansing
Maximum altitude.... .. 2000m
Pollution degrea {iEC 60684) e 2
Shock and Vibration

To meet these specifications, you must panel mount the CompactRIQ
system and affix ferrules to the end of the terminal wires.

Operating vibration, random

{IEC B0D63-2-64) ... ..coccceccocne. 5 O, 1010 500 Hz
Operating shock
{IEC BO06-2-2T} oo 300, 11 5 half sine

50 g, 3 ms half sine,
18 shocks at 6 origntations
Operating vibration, sinusoidal

{IEC B0063-2-6} ......co0.ccrovrererewe. 5, 1010 500 HZ
Electromagnetic Compatibility
EMiSSIONS ...o.o.. ccovrvimeeirmrrnareireen. EN 55011 Group, Class Aat 10 m
FCC Part 154 above 1 GHz
IOUNIY ..o INMUSTrR] tovRls per EN
61326:1997 + AZ:2001, Table A1
EMC/EMI............ccoocvvcreemvenrersemvunnnne CE, C-Tick, ICES, and FCC Part 15

iClass A} Compliant
Note: For EMC compliance, aperate this device with shielded cabling.

FCC Compliance

Go to ni.cem/info and enter rderielce for information on using this
peoduct in compiiance with FCC regulations.

CE Compliance
This product meets the essential requirements of applicable European
directives, as amended for CE marking, as follows:

Low-voltage directive [safety}......... 73/23/EEC
Electzomagnetic compatibility
directive {(EMC} ..., B/336/EEC

Note: Rafer to the Declaration of Canfoimity (OeC} for this product for
any additional regulatory comptianoe information. To obtain the DaC
for this product, and for UL and other safety certifications, visit
ni.com/certification.
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GP2D120
SHARP Optoelectronic Device

FEATURES
« Analog output g 1| ]
» Effective range: 4 to 30 cm
» Typical response time: 39 ms 000
E
» Typical start up delay: 44 ms —
» Average Current Consumption: 33 mA J
DESCRIPTION PIN| SIGNAL NAME
The GP2D120 is a distance measuring sensor with O] Vo
integrated signal processing and anaiog voltage Iz
6] GND
output.
©) Veo
GP2D120-8
Figure 1. Pinout
GND Ve
PSD ¥
i :
! SIGNAL
I 1 | PROCESSING VOLTAGE | 1
REGULATOR | 1
Ké ! CIRCUIT R i
osciaoR |
CIRCUIT H
i
— XIZ LED ~f ourpur ¢y &L
- DRIVE CIRCUIT cireur [T v
1 (]
LED 3
MEASURING DISTANCE IC
GP20120-4

Figure 2. Block Diagram

1 Data Sheet



SHARP GP2D12¢0

ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings
Ta = 2500, Vcc = 5VDC

PARAMETER SYMBOL RATING UNIT
Supply Voltage Vee |-0310+7 v
Output Terminal Voltage Vo -0.310 (Voo +0.3) v
Operating Temperature Topr -10 10 +60 °C
Storage Temperature Tstg |-4010 +70 °C

Operating Supply Voltage
PARAMETER SYMBOL | BATING | UNIT
Operating Supply Voltage Vee 451055 V

Electro-optical Characteristics
Ta= 25°C, VCC =5VDC

PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX, | UNIT | NOTES
Measuring Distance Range AL 4 — 30 cm 1,2
Output Terminal Vollage Vo L=30cm 0257 04 [ 055 )] V 1,2

. Outpul change at AL
Output Voltage Difference AVo (30 cm — 4 cm) 1851225 | 255 Vv 1,2
Average Supply Current lec L=30cm e 33 50 mA 1,2

NOTES:
1. Measurements made with Kodak R-27 Gray Card, using the white side, (80% reflectivity).
2. L = Distance to reflective object.

Ve
(POWER SUPPLY) I i_

38.3ms +9.6 ms

B N [

1 kY
1st 2rd rth \
MEASUREMENT MEASUREMENT\AEASUREMENT

(ou\:r?un I '-\ X '\‘ X 1{ BL'( ]
UNSTABLE 161 2nd nth

QUTPUT OUTPUT QUTPUT QUTPUT
5.0 ms MAX.

%

GP2D120-5

Figure 3. Timing Diagram

2 Data Sheet



SHARP GP2D120

REALIABILITY
The reliability of requirements of this device are
listed in Table 1.

Table 1. Reliability

FAILURE
TEST WEMS TEST CONDITIONS JUDGEMENT | SEMPLES(M). | yores
CRITERIA EFECTIVE (C)
Qne cycle -40°C (30 min.) to +70°C in 30 _ _
Temperature Cycling minutes, repeated 25 limes n=11.C=0 1
High Temparature and " - _
High Humicity Storage +40°C, 90% RH, S00h n=11,C=0 1
High Temperature Storage +70°C, 500h n=11,C=0 1
Low Temperature Storage -40°C, 500h Initial x 0.8 > Vo n=11,C=0 1
Qperational Life _ Vo > Initial x 1.2 - "
(HighTamperature) +60°C.Vcc—5v.500h n=11,C=0 1
100 m/s?, 6.0 ms
Mochanical Shock 3 times/1X, Y, +Z direction n=6C=0 1
10-t0-55-1c-10 Hz in 1 minute
Varlable Frequency Vibration | Ampltude: 1.5 mm n=6,C=0 1
2h in each X, Y, Z direction
NOTES:

1. Test conditions are according {0 Electro-optical Characteristics, shown on page 2.
2. Atcormpletion of the test. allow device to remain at nominal room tamperature and humidity (non-congensing) for two hours.
3. Confidence level: 90%, Lot Tolerance Percent Delect (LTPD): 20%/40%.

MANUFACTURER’S INSPECTION
Inspection Lot
Inspection shall be carried out per each delivery lot.

Inspection Method
A single sampling plan, normai inspection level Il

based on 1SO 2859 shall be adopted.
Table 2. Quality Level
DEFECT INSPECTION ITEM/TEST METHOD AQL (%)

Major Defect | Electro-optical characteristics defect 0.4
Minor Defect | Defect on appearance and dimension (split, chip, scratch, stain)* 1.0

NOTE: *Any one of thesa that afects the Electro-optical Characteristics shall be considered a defect,

3 Data Sheet
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GP2D120

3.2

2.8

“HH

24

2.2

M
S
g, ¥

SR

18

14

ANALOG VOLTAGE QUTPUT (V)

N

0.6

0.4 =
T

[y

0.2

NOTES: DISTANCE TO REFLECTIVE OBJECT {cm)

—f— White paper {90% Reflectance)
e~ Gray paper (18% Refloctance)

0 2 4 6 6 10 12 14 16 18 20 22 24 26 26 30 32 34 36 38 40

GP2D120-6]

Figure 4. GP2D120 Example of Output Distance Characteristics
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L298

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGE UP TO 46 V

s« TOTALGC CURRENT UP TO4 A

= LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

» LOGICAL "0” INPUT VOLTAGE UP TO 15 V
{HIGH NOISE IMMUNITY)

DESCRIPTICN

The L298is an integrated monoithic circuit in e 15-
lead Multiwatt and PowerS020 packages. it is a
high voltage, high current dual fuil-bridge driver de-
signedto accept standard TTL logic levels and drive
inductive loads such as relays, solencids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independentlyofthe in-
put signals. The emitters of the lower transistors of
each bndge are connected togetherand the corre-
sponding extemnal terminal can be used for the con-

BLOCK DIAGRAM

o

Powers020

Muitiwatt1s

ORDERING NUMBERS : L298N {Muitiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nection of anextemnal sensing resistor. An additional
supply input is provided so that the logic works ata
lower voliage.,

+Has,

oun orrz Al oy ouUTs
9 ! e g M
2 3 n [ 7]

1 2 3
-
C 3 n ;.66
[
In2
o—4 w | b
%‘ L ] EnB
' [ n 0
SENSE A b - - OSENSE B
0105.; 'L Qﬂsu fass

May 1995
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L2968

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vg Power Supply 50 \
Vs togic Supply Vollage 7 vV
Vi.Ven  finputand Enable Vottage —03to7 \
lo Peak Output Currert (each Channel)
— Non Repetitive {t = 100us} 3 A
—Repetiive (80% on —-20% off; tcn = 10ms) 25 A
-DC Operation 2 A
Viens Sensing Voltage 11023 \'4
Pyt Total Power Dissipation (Teaee = 76°C) 25 W
Tsg, Tj | Storage and Junction Temperature —4010 150 °C
PIN CONNECTIONS (top view}
/ " ™Y c— CURRENT SENSING B
14 T OUTPUT4
'$’ il sm—] OUTRUT 3
12 0 INPUT A
(I — ENABLE B
10 o) INPUT 3
Multiwattis ¢ f——> LOGIC SUPPLY VOLTAGE Y
-} emss—- R TV
T INPUT 1
6 "0 ENABLEA
s INPUT 1
4 77T SUPPLY VOLTAGE Wy
k) -] OUTPUT 2
-$. 3 — V)
\ "_ P - CURRENT SENSING A
Z TAB CONNECTED TOPINE DIHNDIG
4
GND 1 1 20 [T GND
Sense s [__§ 2 19 [ SenseB
NC. 5] 3 189 ] NC.
Outt T 4 17 ] Cutd
ouw?2 [} 5 PowerSO20 15[ ] ou3
ve L 6 15 L input 4
nput1 8 7 14 ] Enabe B
Enable A [] & 13 L] input3
nput2 C°F 9 12 = vss
GND [} 10 11 ] GND
DeN2Ie
THERMAL DATA
Symbagl Parameter PowerSO20 Multiwatt15s Unit
Rijcase [ Thermal Resistance Junction-case Max — 3 “Ciw
Run ot | Thermal Resistance Junction-ambient Max. 13(%) a5 °C/W
{* Mounted on atuminum substrate
2412

byj Bt




L298

PIN FUNCTIONS (refer to the block diagram)

MW. 15 PowerSO Name Function
1,15 2,19 Sense A; Sense B {Between this pin and ground is connected the sense resistor 10
control the cument of the load.
23 4.5 Qut1; Out2 CQuiputs of the Bndge A; the cument that flows through: the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voitage for the Power Dutput Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 79 Input 1; Input 2 TTL Compatible Inputs of the Bridge A
611 8,14 Enable A; Enable B | TTL Compatible Enable input: the L state disables the brigdge A
{enable A) and/or the bridge B {enabie B).
8 1,10,11.20 GND Ground.
9 12 VSsS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and grounc
18, 12 13:15 Input 3; Input 4 TTL Compatible inputs of the Bridge B.
13;14 16;17 Qut3; Out4 Outputs of the Bridge B. The cument that flows through the load
connected between these two pins is monitored at pin 15.
- 3.18 NC. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V, Vss = 5V, T = 25°C; unless otherwise specified)

Symbol Paramaeter Test Conditions Min. Typ. | Max. Unit
Vg Supply Voltage (pin 4) Operative Condtion Vi 42.5 46 1
Vss |Logic Supply Votage {pin 9) 4.5 5 7 v
is Quiescent Supply Cumrent {pin4) {Ven=H; IL=0 Vi=L 13 22 mA
Vi =H 50 70 mA
Ven =L V=X 4 mA
iss Quiescent Current from Vss (pin 9) [Ven=H; L. =0 Vi=L 24 36 mA
Vi=H 7 12 mA
Vgn =L V= X 6 mAa
Vi tnput Low Voltage 03 15 v
{pins 5,7, 10, 12}
Vin input High Voltage 23 vSs \
{pins 5, 7, 10, 12)
h, Low Volage Input Current Vi=t -10 A
{pns 5,7, 10, 12)
ku High Voltage Input Current Vi=Hg Vgs 0.6V 30 100 MA
{pns 5. 7. 10,12}
Ven =L |Enable Low Vollage (pins 6, 11) —0.3 1.5 \
Voo = Enable High Voltage {pins 6, 11) 23 Vas \
len =1 |Low Voltage Enable Cument Ven =L -10 pA
{pns 5. 11)
lsn=H [High Voitage Enable Cument Ven = H £ Vsg 0.6V 30 100 nA
{(pns 6, 11)
Veesa iy | Source Saturation Voltage IL=1A 1.35 1.7 v
I =2A 2 2.7 v
Veesatry | Sink Saturation Voitage iL=1A (5) 12 16 v
i =2A (5} 1.7 2.3 v
Veesat | Total Drop L=1A (5) 32 v
I =2A (5) 4.9 N
Yaers | Sensing Volage (pins 1, 15} ~1 (1} 2 V
32
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L298

ELECTRICAL CHARACTERISTICS (continued)

Symbel Parameter Test Conditions Min. | Typ. | Max. unit
T+ (Vi) |Source Current Turn-off Delay 05Vito09IlL  {2){4) 15 us
T2 (Vi) }Source Current Fail Time 09k o011k (2).(4) 0.2 us
Ta (Vi) |Source Current Tum-on Delay 05Vito0. 1l (2)i4) 2 us
Ts (Vi) |Source Current Rise Time 01 to09L  (2);(4) 0.7 HS
Te (V) | Sink Current Turn-off Delay 05Vito 0.9 ({4 07 Hs
Te (Vi) |Sink Current Fail Time 0.9 o011 (3)(4) 0.256 us
T7 (V) isink Current Turn-on Defay 05Vi1o091  (3)(4) 16 us
Tg (Vi) [ Sink Current Rise Time 01 to091 (3); (4} 0.2 1)
fc (Vi) [Commutation Frequency IL=2A 25 40 KHz

Ty {Vea) [Source Current Tum-off Delay 05V 009k (2)(4) 3 1S

T2 (Vea) |Source Current Fall Time 09k to01h  (2).(4) HS

Ta{Vea) {Source Current Tum-on Delay 0.5V to0.1 {2).(4) 03 Ms

Ta {Van) | Source Current Rise Time 0.1k 10094 (2),{4) 04 us

Ts {Van) [ Sink Current Turn-off Delay 05Ven 1009 L {3);(4) 2.2 us

Ta {Ven} | Sink Current Fail Time 09 to0.1l. (3).{4) 0.35 us
Tz {(Ven} | Sink Current Tum-on Delay 0.5Vent00.9k (3} (4) 0.25 us
Te {Ven} | Sink Current Rise Time 0.1 to 091 (3).(4) 0.1 us
fc (Ven) | Commutation Frequency I =2A 1 KHz

1) 1)Sendng volage can be -1 V fort < 50 psec: in steady state Viers min = -0.5v.

2) Seefig. 2.

3) Seefig. 4.

4) The load must be a pure resistor.
5) PIN 1 and PIN 15 conneded to GND.

Figure 1 : Typical Saturation Voltage vs. Output
Current.

&= duib

Vaar
{v}

4

20
™8 /,/

1.2 é

as

L] 04 08 12 16 10 24 oA}

4112 ‘.7" ass-m

Figure 2 : Switching Times Test Circuits.

ENABLE
P g unii

Note: For INPUT Swilching, setEN=H
For ENABLE Switching, setiN=H




L298

Figure 3 : Source Curent Delay Times vs. Input or Enable Switching.

L3
Imax{ZA)
0% —
% .
'.ﬂi “"
%% 1 '
S N
.36/

Figure 4 : Switching Times Test Crcuits.

Note: For INPUT Switthing, sSet EN=H
For ENABLE Switching. setiN=L
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L298

Figure 5 : Sink Current Delay Times vs. input 0V Enable Switching.

U |
tman{IA)
0%~
Ly I
¥ (4¥)
Y, __--___-....—...-—‘\ ¢
Imax(2A) —_——— - -
0% - b - — - m — - —
% - t
&V}
LY R 2 O e pum— .
- g
Figure & : Bidirectional DC Motor Control.
o
inputs Function
Ven=H C=H:D=| Tum Right
C=H:D=H Tum Left
ay C=D Fast Motor Stop
Ven=1L C=X;D=C Free Running
"H o ¥ Motor Stop
YR LIN . L=Low H = High X =Don't care
_ ) Uy
YO CONTADL . i
mo x g
Do 70 B4 1A FAST RECOVMERY DIODE (¢, 4200rm)
Sia {57 SES-THOMSON
Y4 mchca ecTacescs




LM111/LM211/LM311
Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are voltage comparators that
have input currents nearly a thousand times lower than de-
vices like the LM106 or LM710. They are also designed to
operate over a wider range of supply voltages: from standard
+15Y op amp supplies down 1o the single SV supply used for
iC togic. Their output is compatible with RTL, DTL and TTL
as well as MOS circuits. Further, they can drive lamps or re-
lays, switching voltages up to 50V at currents as high as 50
mA.

Both the inputs and the outputs of the LM 111, LM211 or the
LM311 can be isolated from system ground, and the oulpud
can drive {oads refermed o ground, the positive supply or the
negative supply. Offsel balancing and strobe capability are
provided and oulpuls can be wire OR’ed. Although skower
than the LM108 and LM710 {200 ns response time vs 40 ns)

&National Semiconductor

August 2000

the devices are also much less prone to spurious oscilla-
tions. The LM111 has the same pin configuration as the
LM106 and LM710

The LM211 is identical to the tM111, except that #ts perfor-
mance is specified over a ~25°C to +85'C temperature range
instead of -55°C to +125°C. The LM311 has a temperature
range of 0°C to +70°C.

2.0 Features

® Operates from single 5V supply

Input current: 150 nA max. over temperature
Offset curent: 20 nA max. over temperature
Differentiat input vollege range: £30V
Power consurmption: 135 mw at 15V

3.0 Typical Applications (ot 3)

Oftset Balancing

05003704-30

Increasing Input Stage Current (Note 1)

Note 1: Increases typical common mode skew from 7.0V/ps to 18Vips.

Strobing

DSOOST4-3T

Hate: Do Not Ground Sirobe Fin. Output is tumed off when current is
pulied from Strobe Pn

Detector for Magnetic Transducer

CS003104-39

© 2000 National Semiconducior Corporation DSO05704

www.national com
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5.0 Absolute Maximum Ratings for Opereting Temperature Range 0'to 70°C
the LM31 1 {Note 12) Storage Temperature Range ~-65°C to 150°C
i Milltary/Aerazpace specified devices are required, Lead Temperature (;oldenng, 10 sec) 266°C
please contact the National Semiconductor Sales Office/ Voltage 6t Strobe Pin vr-5v
Distributors for availability and specifications. Soldening Information

Total S Voltage (V) 36V Dual-In-Line Package

otal Supply Voltage (Vs Soldering (10 seconds) 260°C
Cuiput fo Negative Supply Voltage (V,,) 10V _

) Small Outline Package
Ground to Negative Supply Voltage (V,,) 3oV .

) . Vapor Phase (60 seconds) 215°C
Differential inpul Voliage +30V .
inpust Volt Note 13 15V infrared {15 seconds) 20°C

put Voltage (Note 13) Ses AN-450 "Surface Mounting Methods and Their Effoct
Power Dissipation (Note 14} 500 mw on Product Reliability” Tor other methods of soldering
ESD Rating {Note 19) 300V surface mount devices.

Output Short Circuit Duration 10 sec
Electrical Characteristics (o 15)
for the LM311
Parameter Coenditions Min Typ Max Units
Input Offset Voltage (Note 16} Ta=25"C, Reg=<50k 20 75 mV
Input Offset Curent(Note 16) Ta=25C 6.0 50 nA
Input Bias Cument Ta=25°C 100 250 nA
Voltage Gain Ta=25'C 40 200 vimv
Response Time {Note 17) Ta=25C 200 ns
Saturelion Voltage Vins—10 mV, 5 =50 mA 075 15 A"
Ta=25C
Sirobe ON Current {Nole 18} Ta=25C 2.0 50 mA
Output Leakage Current Vin210 mV, Vour=35V
TA:25’C, IstRopE=3 MA 0.2 50 nA
V- = Pin1=-5V
Input Offset Voltage (Note 16) Rg<50K 10 mvy
Input Offset Current (Nolte 16) 70 nA
Input Bias Current 300 nA
Input Voltage Range -145 13.8,-14.7 130 \%
Saturation Voltage V*24.5v, vV =0 023 04 v
Vi~ 10 mV, loyr<8 mA
Paositive Supply Current TA=25C 5.1 75 mA
Negalive Supply Current TA=25'C 41 50 mA
Note 12: “Absohsie Maximum Ratings indicate kmits beyond which damage to the device may occur. Operatng Ratings indicate conditions for which the device is
Tunctional, but do not g specific. perfl fimnits

Note 13: This rating app¥es for 115V supplies. The positiva input voltage fimit is 30V above the negative supply. The negative input voltage limit i equal t the nega-
tive supply voltage or 3GV below the positive supply, whichever is less.

Note 14: The maximum junction temperature of tha LM311 i3 110°C. For operating at elevated temperature, devices in the H08 pachage must be derated based on
a thermal resistance of 165°C/W, junction to ambient, or 20°'C/W, jnction to case. The thenmal mesistanca of the dual-indine package is 100°C/W, junction W ambient.
Note 15: These specifications apply for Vs=+15V and Pin 1 at ground, and 0°C < T4 < +70°C. unless otherwise specified. The offset voitage, offset curent and
bias cument spacifications apply fer any supply valtage from a aingla 5V supply up to $15V suppliss.

Note 16; The cffset voltages and offset currents given are the maximum values required to dsive the oulput within a volt of aither supply with 1 mA load Thus, these
parameters define an error band and take into account the worst-case effects of voltage gain and Rg.

Note 17: The response time spacified (3¢e definitions) is for a 100 mV input step with 5 mV overdrive.

Note 18: The specification gives the range of current which must be drawn from the strobe pin 10 ensure the output is properly disablad. Do not short the strobe pin
© ground; it should be cument driven at 3 1o 5 mA.

Note 19: Human body model, 1.5 k(2 in series with 100 pF.




11.0 Connection Diagrams

Metal Can Package

D50C3704 8

Note: Pin 4 connected fo case

Top View
Order Numbsr LM111H, LM111H/883(Note 21) , LM211H or LM311H

See NS Package Number HOSC

Dual-in-Line Package Dualin-Line Package
GMBUAD | =t f—1v’ oo — U s 14 BT
CAT 2 e 13 WC

FHPUT 7 e pre 7 DUTPUT
iyt 1 e 12 WK
--n——:D_,—_':::;:E“ wur 4 —1 v
V4 me— e 5 BAL ARLE WE § il b 19 W
g pous 9 DRIPYT
SR0ETM-4 BALARCE 7w . § :Tl:ol:‘w
Top View
D3002704-33

Order Number LM111J-8, LM111J-8/883(Note 21),
LM311M, LM311MX or LM3IN Top View

See NS Package Number JOBA, MOSA or NOSE Grder Number LM111.J/883(Note 21)
See NS Package Number J14A or N14A

1 !
ot L =t
INPUT+ — )

:mn-l__—.."_T LMW v

7
e —4 = GaLance sTRoat
v-—3 m—T T,
DI20E704-33

Order Number LM111W/883(Nole 21), LM111WG/883
See NS Package Number W10A, WG10A

Note 21: Alsa availahle per JM38510Y310304

HEWT/HIZWTELINN
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