auoyoKUI EICoM ddal poanj

wlulo g 0895

6l p<udl (Jujo
o)lw Qi1 gjlw




“Transducers ¥ Covvhro\ e
I Lab. Summa%ﬁ [quj

Eﬁ 1 ) P(ONTWG\-\} Sensors Switches,,
TRCOQ*{CQ_Q Po\r\-g

« sWitches, )1, Sensors, | cw Spal| *

Semsors = Hrareducer thed s ounchion of Proo\uc?v\% a
\)oﬁcx\{ on oQ moHon ) \7%\/\)\’ ,Sowno\ P l'\eqt‘ owx(l V\/\“’%ﬂd'TOC
Ol \secame \aderv Hhe ’\90“‘0\%63< C—"\”&d—‘ :
used to defect , measure-, and +o lenow magnitude

“Theve avre vv\om\a ‘\'aPeS of Sensors Tn an electronic Cc(r;ui\‘/ ‘
Suda ske (“’%N- Seasor; Pressure. Sensor ; tempersture Sensoy) .-
) rost of Hhem ore dealnpr\% Lorth amcdcg qpp’f&aﬁ’ons .
Switthes = Compovent- or device used to comect or disconnect
the power Sueply , clealfrg ST digital ozPPIqu‘anS (on/cflf

¥ Mechowica) Sensors ¢ ;"\J;,:p_,s@g\f.qo:——‘é‘; Ga s\ oo o (q_/-lSwsA
| FELad 15835 (Mechanical wear) X
| (mecwmm) I Geodav yoot) slos « el
s S . PS )
S Lty o i i) B 3
Confock g7 655 s\>6\us 253\ Treg LZLy proximity sensars ¥
[(Reld Rangd Wl 65T gl go& 210 « (ohject )l Sus Lo
E)'ij/Wo'& calz |71.6>)] detection ol d2d
Proxfmﬂ}j Sensor Hypes — digital sensors (S2itches Bint)
7 s a— AN
S % b{%&& ) cp objeck & Vs g 80—

Or\/OQP
Yes [Ne

|

Scanned by CamScanner



2 Proxindly Sensors advantages — Oferede electp gy !

eS i
|- Fecise and awomatic SensTnca of Jeometric positisng

that-
I)ld)(ﬂ—‘ A-

2- No contack betioeen sensor and Lorkpiece i U‘WQHH resng

\
\\

. ; o o . s q
r‘%sf- Susﬂz;lzung Characterishics due to the ded‘rovxfm\lg N
Signals Qemersdion |, o error pwlses created . r?

B we‘jr_ resistant- Emd'fon because Hhere Tsil any moufng port- in i,
Sg Unl'"f-‘-ed no. of Swﬂ'df&ng Cycles -
- Swita I
Ce‘%.oliiswgins m_ available B g < hazardous Condiliae
@'ﬁ*ﬁ'\'-ﬁf‘c‘z‘f’fﬂ?”«i‘iﬁd) 7 G4 000t DUIap) Liops
= 0 B S & o e T
[Safety ] | ”

= Proxfwf\'\-\éj SwWitthes dypes —
[V] Taductive ¢

504

' 4

— Incorporates an elechromacnetic cof
] ' 0" o e
aconductive et | O\-ﬂ‘ed-.cd ( ey 6},3;;%%0:‘:’,%&7(4— :‘:&e\sﬁ &
2

— Consisks oe — Cotl é‘i;f\’\/\ﬁ! —2 M
osci Cr .
—> DSCI llod'or; 9(\\{ _‘OSC‘?HA GG ISolid skt
> Trigger clauit-> T | owput
—> owkput- A4 Octector)| T

— cies?caned to Yenerotre an electvo megnetic Eﬁeﬁb Ly
—\When a medal object enters this %’e\c\/gj\rm(edolﬂ)

are Taduced Th Hie medtal object. The drain en : +H
@leC:,'romqgweHC E‘alo’ (CaMSeS Ot(Oc«P aﬁa cebing

on +he Sensor resuH-fng in

a loss A everqy in +he oscillator cirewit, and <onsequently , a
recluction in the amplitude. o oscilladyion- Gels Il ST o

1 QM G 2ddy )

- o = U\/\» 5
(e e ciedt decks s chagge o Sentes asiye
Swoitch Hhe ov&pmﬂf’ ON or OFF. OSCv)}@ Mo\ S od U {J@\A

— \/f:\zn He Object leaves He. deal‘rbmqgnehz frld r‘egeneraﬂgﬁﬁ
Sensor  refurns 4w 1< oti ginal Stete .

o '—E
- Qesponge, OQ i+ — —I— | _ OSUOHO\‘"OY)J\ oo);xo_\h—"
| ngna _ g
£ b A JlCJ_;" s’ =
3 SO @B e 1o
Ty — | [Osc Nator am?‘*‘LW'Q
B 2 —l B e

mekal posiben g : tavget moves
=2 begins to vegenerdte o T O Sensor |

Scanned by CamScanner



o r %
>y g - Hgsl—aesTs phenome.na = te olf?ﬁerence bebiseen 1ts |
x % (orerode) and (release) pofats |
SRS . |
% p Hal | heeded to prevent chatterin <+urnfnaon and PP WTA'ZD |
T ohe kel TS £ TAQEN \ocedion
* Lj? Sﬁ*th’-eﬂ—fwg.h l X2 IHgSh:rSTS
\ “ Operuiiig x ' . , ,
- th‘% SEmsl A2 Y eyl *
\(,) w2 Xalotont 1l dby leox
° o A
b Gl
o N
— Inductive proxfm"l’rz switch advantages g
@ NO mou'fnzj Par-l—s/ So ho Vhecfaanfcaj ‘weqr.
@ NO'}' CO'DF chendenf-, |
@ Less Surboce dependent-.
. - 5
- Tnduchve Proxlm‘fg Swikch disadvartages 8o
, fl / @ SenSTng metal obfects only. !
r)_; / @ SEOFH@ Operorh"ng range. 5
® Affected by shrorg elechromagnetic £iel.
@ Capacitive
— Non contacl -Fechnology ,Suf\){—able P’..n’ Gl;'ecl‘fng E metale
vl gy, non medals [Paper
s . , _ ass
Recoanse L Ts é—jy\(\ el _pe S\ 9w ole 0—-‘\»1* ?Clﬁ‘

havacterishics an
Coot velediue Yo Hhe mduchie Proxtnity
EVOT‘—C\A S -
IV (Tnductive Sensor) | b=t ¢ Blall DU
® religble &V
@ meore aﬂ%r O'qble

_ hnolo
— CorsiskoP —T—> Capacihive probe org\gcha
—> Oscillabor

> Signad level dekector (Trigger)
ﬂQ}J’Po&- SUDT"-CMV\Q

evice.

1
Scanned by CamScanner



— When povey '\'5 app‘fec! }, Hhe sensor, an dechosh\?" 20'

Preld s generated , Hhat reacks +o Changes in C“PQC‘HO"CQ\*\]. :

oo bH He presence ok c\"’arge,f' . As the 'f'm’gcf‘ a;z oqé‘k
 pucCapacitive Congling develops befioeen the farget & Hhe Copactive pry,
Lo wWhen +he CaPaCﬂ*anCe_ rz_aches aSpecfoao, Hhreshold s, The OSQ?\\‘,;\\.&

7s activeted , i ggerve +he owtpwt- Cirewit 4o switch 5;‘*25 Onlafp )

b Al 2o AT
) (c@l'c(ed’ﬂ'c)
B\l DV G) go_vzo W
_ RESPOVISE, OQ s (sensar)Jl
( .
.——-:l’ a) —> OSc. i’s S‘bPPe‘,l (A'”‘H‘\ no "15("82," Pr’eSean
\ Ly )
—]:I | é; - bOsc- starts baaml increases in P-rce,v.ﬂs Prelde
‘ . : egins 4o irte rrupte cl
S L e
| I- C3
——:. l CQ:?B — Osc. mowves af- max. e Amf’mwl{
: = Ohen fargel s presen
—= 7 @
—] 1 | ‘2{:
— 0O S e
SJSGF | S Sops when no -f‘qrad- IS Present-

—Farge,l"
poshian
%) E“‘D“‘gﬁ%ﬁch] ¥ (object) I @L’ér\ aouc) 452N G0 Kollls ¥
2l geditu 08 s, : ' VIR
& jn) « Tnductive,| oSy =4 S G5 Sl

—@i"t{f\(i“"love froxc\)mﬂ'a 5»374‘0_(4 qduqn-{—qaes %o
clects Vneq|&nonmef-al it , an, It
Solid sterte |, fong_ liPe B
Y moun“"‘fv% COY\P’%W!‘D(H’OﬂS'
@Can ”Sae%roua h"cerﬁafn materials !
— Capacitive proxing r i
@ Shor-{-. S‘ef:sr M1+y 51/31“’1’4 dlsqcl()arﬂl‘ageg So

|
DlrS')LanCe, (< ) "9
D Vety censetie 4o empbon it 8
. o e/nl)lr Meud‘ EQC
@ CDn"}TO' O?‘ \Jl’la'}‘ Comes o OJ -‘—Ors

Close oty sensor Ts necessary, bece use

not et all seleckive Ror ks ""a’\‘lae/\— .

. AﬁP\rCA'\'{O\’\ example \eveX detecto -ngv\gh abarrier
LS Emm»> Epasttc| Sfves the Sensor Hhe abilivy o J
Y

‘See Hnrowﬂ\n "HYhe plashc
% detect Hhe level woder. &

Scanned by CamScanner




- — N ~p
%:}/ /{ Hagne-ﬁ‘c g

3
QA
= % — Non contuct pmxrmﬂy devices utilize - Tnductance
?_ Q;’ - > Hall EReck Afnciples
3: @Uaﬁable Reluctance
bt i /t{,‘ agneto Resfshve
— Charoctery pPossibility o | ‘C."»"—‘qufl- “ye. 5
avqi\o\b':\'\ﬂyv Orth (ZMO\” olfme.nsriy\s . a;d):\g::’““d/\xwayo\;shnces o
-—Wg ola'{"acf_ nlalgne;h"c olgd:ec{-s (l/(SlAa”a Fe%neﬂ— magneﬁ) /@l'\locln
dre. used +o -Hrgger -I-Aasuoﬂ'cl«\ﬁ«g, Process . '&_.:_}U-ALP_\,A);
- 'H“’"Y OPmdwc”ﬁ Pr?nCTP‘Q, s Easec,\ on +Hhe use OE /’rced COHhC{T"/
>
Y

Tnerl' S » SO, (»3;\64’) 'H"C’/ Meac - c °
) Inebic Lretal fs resent , TF Rorces
+Hhe Huy Pledes o Houch each g

& ) . ’ nS_ .
o)\ Oy L W _is, nSoL b

Which are thin plates Ae,,—mdfcquif Sealed T aglass bull ith

ey C’ausfng an electriced Contact
- .- \aic (—\—r?‘aaev)gé\/:ﬁ%é

s Rt 5)500)Go 900 (N ¢ Grten (reed Contad Gasip gc 3/le SS.
BLrel Gt 12> 03505 0\ 55 ¢ crapla) dad) Fld slm o Gt s
(—Frfgger) csic pes 0o | guud L E | Sonfack

— advewrioges 5o |
O Gonten
ntocts are el protected Brpm m‘-’;‘d;ztﬁ,m due o the —>hermetic
@ | Cb”,"osiOn EJI;SS fwlb
ong Contact ifes due 4o speciol l eorhm ks
j Sia e
@ Maintenance freo | e 4
, @ Eo\sg Operadion R small <ize .
_ TF
SMQ%@ Erom Hie "):,151"&(&515 Phenomenq also .

*
Bom N aae) 3Gl e ey x¥NE

6 o \-& \/_ s i il < 77
ZA S C’}”;’ ar?j’\'\: CASD detection dz b Il‘\' < distanca
O P 2\ Lt G lence dv s o

(% 2225 ) Fem s Bem Jj ou
— Applicatioy example > §n {he elovadors ( b sl sl _)jgd)

—_—

Scanned by CamScanner



m Optical 4
sPhotoelectricy,

— Hedi %encs& be:l'wem-j
L OP"—)GCOJ SenSo\’, oo \\Beam 0'?‘ \'.a"\"'.'

- ;E" Operates by Sensfna achange n +he amourt ol Irabd— Yecelve
Y Aphoto detector. |

" L )
This Change n lug\zd- allowss Hhe sensor Lo dedect Ra Preserce.
@—ro’f Absence £ Mo o\o(jcd-,‘ﬂ*ésr%ﬂ 1 Shaipe. /@cglacﬁvﬁ'g@ﬁﬁb:

anslucence 5 ¢ dov- .
semAS \\alﬁ‘ ‘{‘ovbarbl‘l'ét%

- Consy sts o?— —1—) L‘\’a\m\‘ Source. g
> Light detector JEa St | Logic fodns
—> l-enSes e < w{p T
> Lagic Closdl ]
—> Ou."'PMr" %cfrarcx:icé
— Can be used © s e . light- cletection
, £ =5 vlz Qpp\mcd‘lons Tequqrm% Sens?na c\las“cmce_s Por
[ <25 Cnﬂ or E‘C> ) nﬂ
= OPHCQJ Sensor types 2o
S-? r O\HSTV\?\'H'CD\ Beona ("H'\FOV&%\(\ \oeam_)._)
S 2 fronswutter
ben G‘Q— ~, | i . % . .
R ]S ] e
i)
object- (s) W, R N ow
(+rigger)da=

- T provj(les Hhe longest- Sensing distances and the Wighest- \eneh &
opemhn% m:»\r%"ma hence. W's the be.si" S‘T 3 oc!-e %r‘ Qpeya(h"v\a_
fn Uery dust| dirt industriad entironme )

- Adoaﬁngas ge

(D Hhe most reliable for accurate parts cgunﬁ’ng ,due fo Heir woell-defingd

elle ctive bean
@ Elimsaates the Qaviable. £ surfoce @ lecHuf-hd orcolor.
. @ Cﬂerg Iu,%e,r maintenance cost, because. o Hhelr ab'n’l?*a)m Sense

-“krowa\f\ ofg&:g ,So W allo s for the wost veliable PUQDFMW\GL
bePore "“.‘.f'* Cleonlng- s n-,qu.fve::o

Ao

Scanned by CamScanner



e lins S = el _,._L yo § J\ U)é}\ G J\j:f) ’
s 08 e ) s G ¢ 6

. ~ 3 . 3 -
6 Y\ (g ads 2B\ Ga) Cls) ooP ) | i

_ pot e y

o G0y st o) (e ) 35 OB Y

C_ gBPuce 5enSoB=can detect Hhe Objec
s color

- Aduo‘"h‘ﬂes 8o . %Sor_h,o@ed— d‘fs\"anceols foma

T \feato QI/‘HE‘H’\ D - ,
O e e o aved cahen neiher” fransnithed beam ner
rellective Ts pactical i _ 0 S
@ used in applications @R Hhat require sensetivity fo Frierence
n surkace PveQ(ed—fvél—H 3 mmﬂor‘?ng A swlace Oﬂc?cjmolrl'fans that
relate 4o these differences in mﬂecﬁugl} are. important
- DTSG\C)NQWQ‘Q%CS Qo
® Regfachouf-l-g ) because the sensor resporse depends on He sudace
r o@\ecﬁu?’rg H the Object to be Sensed.

@ S\z\rn)j Obd'ed’s Hat arenk Gl”q P@(Penolfcwlaf anﬂ\c Maybe i%fcult
o . C

@ L@gg S@'\STW?- Aistonce %{ Smaill Obde.c\‘s. (qu“ TQM

) Most of them are less tolerant 4o the contamivalon around Hem

and lose thekr margin very Wm‘}] as &t and meishune
accumwates on Hheir lenses-

¢ nature (Hi¢ ) and

2 Y| D (o =57 -
il Ll > e

84

Scanned by CamScanner



al 1—%5’@?:515 Pkenomanq 8
also appears n OPJ”C“'I Sensors 'H"f« l""u‘(’[;‘ h S"ercsu ' MOS'
O;S;ZJ Smrzol;ﬁ:f;fegar olef?_m“ma (qrge_ O[h?piﬁ o) Jed-s n bdh
5 K-H)muﬁh B@am Sy ’:j_;\ o2 dev belt Lco_,QLL ¢ 9
\@g)’\* (clc’\‘ed‘lon) S\ e Sols WUlels distubanes)

Process

r )
%45 vor 88 TULN 2} 61 (52}

— 3 \
ORects )| ooV Y Joanz Gpacibie_ . j;g/zj\‘ L o
opmafj " °

- — ,

(OPerar{-mg. Range. ) I3 e G av, ——
108 Ganshs 25 ¢ 03D < Optical -

i '?_‘5 Go 4% < Cﬁpacrf*wg

3 General Mokes —>

e Pl O L ¢ ddushed L &% Srandard o BJ oFP X
JJ\ s 5 SWOfJI 21«543; Glsw (MSPOI”Se)-” »SL [Shndqrg_l-” s collsv

“detechon CJ-2~J

- g < “alplal| (Sev\sor* N enSiaad ¥

&C H&S COW\(J ’I‘Tq l owdput- Sldnq,'

H?"fw s <‘J vy\Pa cked == transistor

| For On/oFF' fa—
NPN (STnk) S ——
—I:;PNP (.Sovere) Comparafor  +Hransistor

X COmPafOr{‘Or OP@(“Oc\'Tr\% PY‘TK\C?P[{_. ’\?q.__J> Zl / '\7>'\95
analog vo\hges)o» Gley
By 5“-\-«/ 2‘_"’ ( t"\gm?.

kit \,o%:r) or (hee)

x ‘lTal’l;‘lGS‘I'OF "UP&S

Scanned by CamScanner



Prackical Port-8 A\
?"“\/ — Lab Sensors contains LED fo indicate +he PrCSQV\CC_/ I;;‘

one

D?' ‘H\I, o\oéec‘\‘ Ibmu?n (UCQ> DO~3O$’
3vire Sensors = [ g} ~blacle (output)
———Fﬁ (k) o ol
blue Grp)
sensof )| 352 GND ) ds Gy S5 12y s AL YNEL ‘
SMSO(-S\,&)) & (J_/w p\//Jo e o)) cs_y&)o\é\.l, ale \,,,sJ.\t S)gd) L«r")

(dekection LaLs I Sh1) o G2)
Pack
@ Sensgr O%tm%}rW’L Hgpe Determineartion (PNP/NPN)——>

'\9(0“ecbr_ (Uc.) ;
* s liwd brown (Ucc>
B c | @@4_1___@ b\ k
R emitter Sensor blie

CGnd)

5 &Eﬁ_@?@
K‘l’w Wl ORleck & 05\ (Vo) oo a}\im- vl %

B SN ) quﬁoseobdec\-d
)
- AN, (With object) o B ij, )%,),u

Vygp (without dbject) = B

"_*‘_“ } c./‘“-M OJ% JEA“ Red B\ uc\(#

- \L épgj - ieh blue (CND)
Ylade = l &
= - - black

Sensor brown CUcc)

- Ge (Vowf)“*’ o
Von (w‘% ob(j’ed:) ~ B 6-7_,\»5 e 18P

UOW (uferrow“ O\:y'ecg > ov &/ 3;)\70%

\}OM‘ ‘grom e sensar = \2{2 = |0V
o’:ﬁ\i\:«“_/kﬁ\ o\\a‘b" W ) A JNor U\U“ _lo-

Scanned by CamScanner



raraint ~ -

& Relay coil and Contact—>

El chj:;dig

\ % anND Tzol

W - A’ T fower '\9 c=12V

Qz_ 5 PP ,—h.ﬁw“__bhgk_' 1/\ ‘ Suﬂ"la [

o\ eN T hrown,, | 5V
@ ’ J = ' Jout I

_‘],Iy Sfﬂ&or:r —
a PlasBAs £l R Qwﬂsl pNP L !
5 \L cortact O3 s\ AT 200
@) b R T
P2 e e 6 i
- ) or
__>f‘o malkee ISoledhion bd—.,oee,.q 12V = o
%h and low currenf or Vee ] Co;?‘m?:“"‘gm
UoH'olge :

enso( 3 ’
J —> NPV [Sink

3301 ZZ‘_,_:«-’Jyt“
U o)

=17
Dspes A & Gosedl QA ol Jhse | S
&2 Measure. and recod +he Hum on/ofP distance

""urfl on Albs{'ance — LED J‘(Sgap& 5mm
+un’l oﬂz Oltas*‘amcg — LED J) (/‘1}3 B Lt On (OPP:I

o 7 D B b
ol > F=> 4 ihan
5 &6 [
_—

Discussion and Amldsfs g From the manual ,

C?i/ ﬁg::nf:jn(jor has He max. SensTnﬂ distance 2wohich one fas He min. Sms,ﬁ,‘%
maz. = OpH cal
nMn. —> SPGB Capacitive
672/ Ohat is the most desirable bor sensor 4o have alarge or small Sensfma o‘fsl'nrke?
T depends On He application Hselp .

03/]:5 the SVGWV\% on diskance the sewme as Hhe &DT‘*'CL\T\/\% o distapce T8 N0,
explain +he phenomenn Causing +il’s Lhich sensor has the largest o':‘epcr&n(e’g

Mo, Hysteresis — Q"L‘ 2 D Opfv‘i(

e
Scanned by CamScanner



= o ) Se V’ y
C%'/ Does +he ’}ypc, o ;H,C mor{gnqi apprmclung he sensoy 'W\LG'
the 5u3°tk:Wv\% on distance T 3

B8 e epmds O h merferfal CQMSH(V 1912¢ , and o o8 L
Properties. Optical Vodp \ x

6)'/ O'O"ermrnc Hae ! '
5 type o Hhe proxivity stehes sutoble Por e
'?O“o@‘;vb% application, and wl't;ro;w o= s At o each of. Hthe

a- Aconveyer bolf % detect- the presence of milk carkoons .

> OPH’(‘OJ ] CQ{JO\C(]‘H we / L 6{&;12 Cqmc‘i ‘HWZ
The: vear (Qul
: WY vebacked) posite ) -
e it g APt Cidor Gl i
Magnetic Sensors [ distan J
C. Dekeck o

reSenc o
OpHi %&b < iPIS\"‘c;‘;a Sbjects Yegpndless Hefr meodrerids -
A Copacifire el | opliol €2 2011,

" wmachine s Ao dddeck Presence A fron p\cd‘cs O"‘éﬂ

Lnductive sempatgin, . .
or ophH / s beca«use tyon F‘o&eg ard mistalls obi
e;C:;I—/Cb,Pa ?hc cuz it I jects Mo Magueti
E;l— c we &?S g by ~— :
& ect the preg eNsing eler T
D P ence OQ bDOOC‘&n bDX&S 7 W”\gz_ l«Or/wU‘* H?L

Q)hbcah{ Ctl/ugln, }'H.Un?dﬂb Cnu‘l:rmnen}_.

.o ¥ ahw )y LA | =X el e
W lq ) G:ﬂ)l’ .——- Ny | fgj‘zilélf =
huwﬁ?ﬁ'g ‘ | .

enuiron m

Scanned by CamScanner



v BB Themal Sees ) Y ey,

“

‘ o \ (A o \s
N\redical RTD = Resistance Temperature. Detector A, O, &Y

1- o r - .
- ’6’""F€f?ﬁ’mz Sensor Hat accorch'ha 1 the Aariobion o +he
‘;"ém{l s ﬂ’ L\)T“ C.L\qncde_ -H-\p_ reS?S‘l‘anCﬁ Dg QCDHAL(.JFDT .
SO, e Can Cq\Cu\q“‘c the vesistonce —Qrom Pff—SEM"' 411"-{" Aalue.

— The most Common \’asfg*\-qme_ wiedrerials Por RTOSs are 3¢
© He;f‘qls = "\at'z’, a low +¢mp. @e@u’cf&d’ OQ resistence

L&fgk Stabilt
Lide temp. detection range Cvo j 5 Y|
FOJIJL.
@ Pladium —> most Populcxr ard accurste ( FT-IOO) T
@ COPPer‘
() Mickel
— TThe resistance 45S. tzmpersture. cunes o Pledinum ; Copper and rided 22
) (f'}f\ det|
ook

-200

R(T_) = Ro D-'l'o( AT:I }—-?Ffr:sf’ Ordexr

R, = resistance q+'Q_°g (Qa= 100 Ror PT_RTD) |
OT=T-T, |

X = Temp coelBiciend £ vesishance N G

D(-:- L ; Q " c of .
ogloicz’%éi) ?or(g_T RTD) Sen ""P’d

Generally | RTD's are zonsidered [Lrcar f}u‘fcegl'
b U L2 aifmnge) Is

M5 y

Scanned by CamScanner




o Q Y, \’\
— Resistve sensors Ltsuang vegite C'mw+r5 that C°“@
-Hw‘\’r Vesistance c\f\anges to Woltage changes E‘Jhe"'+5+°ﬂ§ o\
te YLy (s 1Ll wB ) Cow OV J:;;é—“‘! Wi 'Jaﬁ'd‘ae' > :?“7;8
| P TR E A et i e F= R b e NV R
< RTD % 4 @ | 5
R IS & Wiye Qound element vt 7nh’,maf COY\Q"‘gumHo
V) Two wire RTD's n

. R Lead. 1 ces
N -T Y | ved %r S
- R

At &%

o ac\van*—a%e;—y Low)Cost
- clrSQOlUQV\*‘q%L—) Losses,
= Application —s Lol re

due +o (end resistances which

) the lresistonce changes R i i
gh eror 'R_vm Lgcm‘ Wire & Cu_J ?L‘:C‘,u\h 7l/iﬁs reé'f'lﬁ QC%N%j

affect s precision

5 3 ) resistonce.
| 2 wire RTDL—}[ A S|
: a1 ([0

9 e : QWL

~ -+ wh&n Rl = Rz

(Q‘*‘ \Do\\qnce_) 2°

Ri,+R
L1 Sensor » [LQ‘:_.+ R3

l\* When Rig = R

L2 ¢°

(RL\/RL'L/QB) J) o5 ePect I

R (R A R )
i ( 3+ RL"L) = Rz(@“”‘}' Ru) L e S — - hen E;jl.;c;jisa

L s L ! ™
Supply J) aabb;;;a ;—“——\’ i%bjrm;)m‘?ﬁ g
' X Z—Q B Uor\-?‘fﬂc e

b.
R R ,,
A9 \ Rii bk Y yedlsls R J %
‘ AV = - SenSor
o P measurernend-
| Sensor device )

Scanned by CamScanner



3(“ "-) Ohc }\T D\ -_ u\“ ‘w ql\wm“ﬂn, Hf‘[“'u\*mns 40’\<v¢
\\ s ((tLl(\?\g \t 9\‘1” Lr\rgn are |n\‘ DOT ’ﬂv\?‘

X lu-) N cost Hhan 2and 3 Rire RTDs ..
-\ y
o fe)re \ et
g LR R LY (5":’ l)\‘\c\ﬁt
AR rd\ . T 0:5;0 f
?P(\lh‘l\‘ U'
R‘s\shur
a\r u’«”J.v
3(.‘\)""\. QTD
— —
N . ‘/—-\——-—’/‘
o7 1015
\ Core ;
Insudator Plats wire Loads

() Platinum wire wound on mica rod

Platinuam wire Special loads

(b) Glass tubs package

(c) Stainless-steel protection tuba:

Figure 2.7: PT 100 construction

Scanned by CamScanner




3-.& Wirhod +he presence oe#w. Sensor g

Stage 3

R T R N

(KD feteee)

a. sot the Walue of current 4o 2.5 mi - by aa‘J‘“‘H"ﬁ R2 (5‘*7"%1?-1) al

b. Set the Yealue of AVohage |5 208 Vs b

2.5m

2. Inserﬁn% the sensor, and £5d 2 E ,\9“(:; :368 v by slistig Ru
Temp| 32| 65 | 0] B5|go| Yg Lm/%;*\
Vour| 33| 6.1 ] 58|53 62U IS . e
—Y Hheo (490») 6.2/53:}]5.03/ usal [ i1t ‘9:3‘*
Q0 wum’m
¥ How o Bind Hheoretical Solue of the owlpuck Adoltmge (Vo)
L=26mA % R-R [+xnT]
¥=38 at T-32° - R-
L Stage 7 ¢ 490M|72=
B e Y O TR L 0(3) g TS
fﬁﬁ%@‘-’/"”’\n‘%ﬁfy e V¥_ 0.3208¢ '321) :

Stge Y 3 00 -.-.%.(\)t V)= lo (4,

3z
w2~ 021) =10 (@2 - 73

- 6‘2 v
IR
Scanned by CamScanner



! ol
) Calewdate. Hie perced) age error for one sample ?

O/ Enor - Qseuar (Caicu —R ‘/\ b
Sengop &1 ensarTe4S) ¢ loo / ohmder
R, o Caley

-@( Ccalew) - R, [j4+o 7]

A ACCO\ C\m,d *’o ~H"uL #ansdwchon Cnrcwl—- begoré-/ dd@rmmz, —H/VL VP-J"&‘O“S\’“P
betioeen "\901:4» and BB T P

A - TR
= T |oo[l+0003q T
S¥age i /’\9 = | - J
o (y: -B) = 10x100% 25 (10 )D+O°°3%TJ
Uouhz 25E|+¢OOSQZT:I
V, Lo
27 = 10 [95D+o oosﬂsz
2.58
y 8 ]

Nt = (254 0l T)_ D65

| \
X Plof' 0('190H‘a<(3]e Vglf‘unpemf-um Char‘ac’*aré{-k CUrve go

(gf%

(‘S‘ |Q} L,/ R = |28.ZZD+~O.DO 921 (?{—’L—GS)]
table J| i

ols S —

/

kan®

Scanned by CamScanner



g ey e

S Thermocouples) T ¢
Eﬁ. 3 JThermad Seasrs /(,u:m gﬁ v X\oﬁﬂ | *@L
| Theoretiaad Fart £oF oV

. Fals
_ T+ ajuncti Pormed from 4wo diPerent me "
,ié Gt‘g{)f’v:: a:ovv;lfar@me fo be {nduced as owtpal Drom Hhe-temf- it

} Ao I 'éf’«:‘“
4G/ae, Em\/_] g U§£
~ O @ metals ) g2 G

NT

| - advantages Tnexpensive

- relioble

— Yug9ed

> can be used over awide femp. mange

- mrmocouple Cirewab —

¢l -T 2 ]
7| BV AN X DT
. Tm CH AV (Tm - rc-?)
\"X"w"\eﬂ A\]:ﬁ
ii "l‘szmJ; [C E _c’(i’ancd (}2’]/
| Gl e s
= _n«:ermocO | TC ovtput
uwple "'}1?63——} AL
the most common (k/SI—J) éo D @
non Linear ¢ xacH y :; |
but at small vonges Z S

§ s almost linear oo

. .
150 o Y59 b2 D Fo0 4 +€"‘P

(zr/ k) 2 L\lf?h SlOPQ ‘o EE T-i0 ["C ,g’}¥75
_ Wygh Sensehv I
{s) =5 Low siope ™™ [sensetivity '<¥1 <
_bew s SMSCH"\)\G‘\“R (T type 0

‘EEA‘T\ because the difRerence in

7 Sen!eﬁuﬁy = A UOVA"/ (ovéﬂ’"Lﬂ Qtifbd" Por ‘l‘j\l Same.

k. bTT\ G 34 @mce In l?]PU"" IS .'{:’f‘-{.ﬁf’}"‘i‘i

Gnpet) then k and S fypsicei

0.

Scanned by CamScanner



AeICEORPTe Table —a | “aulsdl O cus sl
G 'QJ:uau_J
) a l\m‘(.xgi_) [m\/:]‘a,,)) 0 powry M L!”
Imerpolodion

clbs> Fhi Lh 551 00
o)) Yonge (s S Gl 5w
Blhall S| a2 Lo _vesn I
Infapolorhbnda/) ¢ di3Ie
V= ..
N

Ao

X ‘I)! )
"" ) z" - *
L#0C > WY naélj\;;s;d,ﬂl

0"50 (-90)= V ( 9o’ )R@/ (30 2)

Xhoy Top .o’
N ] .‘.g‘) =0 C ~— C'lmc:‘_ th’(fl(lﬁ'lg
Tm

="

(S

NEER

naw
. "’jﬁ Corrcchon
) Factor
ol
p '//‘v
\ Table 3.1: K-type TC table at Tref=00C (voltage is in mV).
]
a R T .

~150 ~481 -492 =503 -514 -5M -5M -543 -352 -~560- —5.68
100 -349 -4 3T ~392 -406 -4.19 432 445 458 -470
50 —186 =203 =220 -237 -254¢ -271 287 -103 -319 -1M
-0 000 -01% -039 -058 -071 095 -4 ~132 ~150 ~1.68
+0 0.00 (20 0.40 060 080 1.00 1.20 1.40 1.61 1.81
2.02 2.2} 243 2.64 2.85 308 326 347 3.08 1.89

\ 50
\E, 100 410 43 4.51 472 492 513 8 §53 373 3%
150 6.13 633 6.33 6.73 693 713 133 7.53 173 7.93

\)\) 00 813 833 854 874 4 g1+ 934 954 975 995
’(W\ * 1016/ 1036 1057 1077 1098 ILIS 1139 1159 1180 1201
Yo 1221 1242 1263 1283 13041333 1346 1367 1388 14.09

( W0 1029 1450 1471 1492 1513 1534133 1576 1598 1619
(4) W00 1640 1661 1682 1703 1724 1746 1767 1788 1809 1830
150 1881 1873 1884 1915 1936 1958 979 2000 2022 2043
Q% §0 2065 2086 2107 2128 230 271 5197 2114 2235 2236
BA) S ) 50 278 2299 2320 2342 2363 23B4 2406 U271 2449 1470
gl 2502 2534 2555 2576 2598 2619 2640 .61 2682

600 24 .

650 27.03 2724 2745 2766 2787 2808 2829 28.50 2872 2893

200 2904 2935 2956 2977 29497 3008 3039 3060 3081 3102

750 3).23 3144 3163 3185 3206 3227 32 48 3268 3289 309

R00 1330 3350 3371 3381 .12 3432 M5} M _3%2} /35.14
39.06 /3716

§50 3434 3554 3805 3595 36,15 3635 36.5% 3676
3136 3156 36 3796 3816 1836 3856 3876 3895 0 3945
050 3035  39.53 3075 3994 4014 @ 4053 4073 4092 31.12
1000 u\n A1S1 4170 4190 4209 4229 42 a8 4267 4281 4306
1050 4325 4344 4363 1183 4402 4421 4440 4359 4478 4497
100 45.16 As3s 4554 4573 4592 4611 4629 4648 4667 4685
150 4704 123 4741 47.60 4778 4197 4815 4834 4852 4870
1200 4889 4907 4925 4943 (4962 49.80 4998 5016 5034 50.52
1250 50.69 5087 S1.05- 5123 5141 5158 5176 5194 5211 5219
1300 5246 5264 5281 5299 5316 533 ) 5351 5368 51835 403
1350 5420 $4.37 5454 5471 5488

€

2
Scanned by CamScanner




Vo9

] PR N ) :
il \)Tfm:h:‘:dpelzwc S Trp=0¢ —7/ UT&IQ—%%:;—O‘\T:X» o
7 Urc when Tm= Cl?f?c | Tres0C— Ve N . A
T -5 — Uy = 103 mV 59@?}2
Tm =947 —> U =77 }:&2 A

To= %0 -—%urz”qo 53mV

990 -935 _ 4053 -Yo.34 r Ho. Ul 6 mvs
A11-935 ur Yo.34

3} U When Tm:350°6,‘mg:;oc

VL Vo (350°¢) - 4, (10°)
= 4,29 mV — oY mV -_-J 12.99 mU
E Tm Mu U’r(_;= Zq.lﬁmvl‘rw? =O°C 2
| Tm= $10¢C
& Q-T;Yl W‘e,n U,—C=35mV ,Trégso"c;(
Ten =840 ¢ — Upe= 3443

Tms?  —uUg=3sg
Tme s gy, —> u‘l’c; 3514

36.04-34.93  gys_gYo - 2 |
= S l‘”- C
25-'3‘40’3 Tm——SLID %Lm g 6:7_
Z} T When Ure =36 mV and Trep= 20% ©

Un = U, (Tin) = Upp (20%)
Um =Uko CTm)—-Oo% — 3o mV = Ugp (Tm) -
Eag = ’\9Ko (Tryl-ﬂ

T, = gyoc —> U=23493
Tm=1? — U= 35.9

Tz2s8YS —~—9U:35'|q

Scanned by CamScanner



\ )<‘\‘\ '»(a P {1- e w T ke T ‘
\ e b\t‘,n(\( Cang d‘O\\“\\f).._} A |

P \ ‘. -] ‘ ‘l“w . .‘4‘ g ‘ u \ "

(L ,k ﬂ“ o L)\\ﬁ‘l\’— J' ~1’\W-‘ aad Q\.t_,,,‘l‘}, L (& (((\f\‘\)\:nnv\‘\’ - '2; st

. <
=== garn ab | : y
J o KL Sy A 8

; ,'l\-* Y(\ l) ‘ 9\‘\ \§U ' .
/ . - Q2.
o q * N ﬁ N

o
\A\\I‘xwg

f - giior r——— :
polarihy Jl| ~E T\N e aabll T
e a - & UL 0 Am
dpud S M ond Qp-Amp
i’\j:}if 7 @ 0“)&'11"‘ | “»_?“_"‘
Rin 2 oo cwond,

ae A\ O \ 150,
Loading Jav =9

. @ l‘,l':‘z;‘ “:\l‘.‘/u (Q
mimis o - -

G ~ Gain
\_IT.LP; [1'1‘*‘."‘"3) Amm—
v \ 2] } C ) -‘-hw\rﬁ(\(“n
é[x@,/ M\U_s’,e &Y » Lr‘ ;::,.-(,’v Oand

3 L‘)g M\.&! Cat—t c,\p'{r'cmmf‘ Rl
° e 5 n | Vol
/@ T ey PG

%+ o
IT-._U3_ig 3 |k

1036 5 =%2mjp t : 18 v voxd‘ =?
U T""ﬂ -
OLU“ = (‘i.'L)( ]) + l-S 102

=Wv

R s Iy LAY ATen )

G Hage S\’gmd Condeomz«% (da’W*emmLﬂJ C})J\mp) st suibabl,
for dn"u‘n’ng o motor |

—> beCaL‘vt;e the: motor stuge needs high cunent; So-there s no
Mat n9 betioeen Op-Amp X-motor S'fngc_s‘,

-23- _._‘

Scanned by CamScanner



Rachical Fart

1 . Conneck Jhe chewlt Shown b
So labro <
A} Y

: ’ﬁ‘:‘?) Vot
Tl
\/\/ n C_)
(S&k o‘??sd- i ul Ill___
4"1(‘!"'11(’(0\\{){(3 A% & + no; Tn:::‘i'ﬂ;aﬂ;:
/EQ N V- =
VI ety o REXE T i K m)o ..... 1 T I EEEL SANv e e
e gRIHT \HOHRGUS

000000000000000000000000000000000000000000000000

2- Withewh  potertiometer /TC |, short Hie Tnuerting P+he non-fverfing.
terminalg . Measure U4 He amplifier 05\ o
[&av Fom wb-i’ff/ ik (ody
3- AAAff\é Wpo\’ewﬁ\omd‘ef % O&Db:(S'&‘ T+ uehi\ Yon Caejl" ﬁvowf- .

El/f_)\))‘o\; Aimgl,ﬁ;J
Y- Tnsert T Temp| 70| 4s| . . . i '
U+ ’ ' For oﬂzie\‘ null
I G G

* H‘ZOYQHCD‘-Q ovdpud- Uoltuge

R

;
= {_Whatare 4he errov SpurceS 1 Hafe expirement- @
'm/)"& @ readfn% Qrom —\l\e_rmom&af °

® rvom temp. doestt exactly equal With Trp

- o - )
Scanned by CamScanner




v

o\ /
~ o
- /

‘-c.\y‘o\‘/\ / I\ \@

Y’B_'E_';L Thermal Sensors (—W—cxwuﬁnrs>

<BR} ) AR%\DL\JML7U‘4‘ w@,\) TD ..Hau-——)

- Thermistor's uo\cle)3 ed gs _ firush cunrent liwiter

> temperdure Sensor ( N’RC)
3 Sel?_ resehing owercunvent profectors
5 I regulaking,. heating clomerdts:

- Therwistor differ Rrom RTD's =o

Q

® moedal %arnﬁs*for/ Pi%:r::l . m/mﬁf\,\s

@ temp. re'gf)oﬂsef——?%enws*br/ L|W+%Je ( R'TD/Larger temp. ranges
G43_|30°c)

—_I-Kerrw(d‘ors Can be. R
R recistrnce oL Cclﬁsai?:a!n’t‘: "IHP@S depandmﬁ on +he behaviour

:1 PTC « Positive Tenmp. CoePliciond,

/.

(Lfnxc\ r )

™ 50 o lso  Temp.(%)

C ngwg hon Lineaj
mlxhansbu,a
H:ﬁk fense:h un‘a
Good Range

-26_
Scanned by CamScanner



\\’Hné’fn'\'i& mha‘:‘)% v g

bem of He Hheistor & = Self Heti"y tho%\
iy Robler 0! . Hhemistor Iaplet 1_/»;)1_ TN Z
o oy/ nerode hea \
naj’iﬂnzﬂl)%e" Pa ( A N o )ac_‘lfﬂg/ \ ‘
’ '\9| B oz Z;"J/"DZ/— = \ ‘
T e 2o Ge Hhermistor JI \
st R s g, bl
ZEJ?) S0 / 'HMOS d&ch'(l) C_al l’léanl‘lbng "Y\q
.

_}D o (=4 Cl/o
221 introduce o sig pificant emor
-HM Cuf@ﬂ}‘» I = /‘ﬂﬂ'j ﬁ Cofi rZC‘hDO n fSl'{ ‘l’ ma 0’6 . 3

-HOQ
Pt " R“\ %WCJA ?S

- Conechian g o’a"ssf,:n-(-fng frctor \,CDrIn\Sv"an{' Aalue"
CrW/e] €a— tidsy

(Ei:’sg =T°R mW/Z

_
aolil J20 B DL
a0yl caw st Bl gy ls sl

ImW 5 %

I%R W —> 722 e
3iDRs il 99 B L6, Galh Lo . 3% ERbslo 2l (e
25 WL o< it Hhe \oltage {s Low enough or the
2506 . chi.ZRt are large emoval«\

=25 Pepliactions Byr NTC g T

© used i modern diyital +hermostts ¥ 4o Hov- Lho
ol chorgiu o mondtor e battery packs
@ n oudomotfe applications 1o monftor JrL\ﬁ/@g like Coolant-or ol

i e e yand pootde dt o the ECU'S to the

Q
&
L«
3
S
+
3
s
[N}
=
i
7
=
=
S}
s
g

@

-26_

- e

Scanned by CamScanner



Sk differs nfks sense

BWP these ewe %

j ’ ' 1 7 (idg e | Op-Amps )
T\(? % p COWA?HOW”? ﬁm‘l‘ ’_)Q{ZB 8&1 . 'H’U‘HH &Lfr\enrﬂy

Qe
3 aX

T et oution conshok o
- About Jissipation constost 2
Tb the DC. £ othermistor jSSe,m
%i’n astired Ol bath , and 1£—Voqi d Sred Ao e el
absoldde  Femp accuracy o +0.1°¢ /

L T 3¢ Ol5 W - TTXs
devel ed © the e cotor b mmswrm% QT \ o
it ‘}”GP k. m—ﬁ/\z SeHZ_.hn::; gad’vf’l’o Eo7fo or less o the. » “
IS 1o aef) i

adra Cy -

bly had been determined as 2 mW/[%
o<Tred ~+o measure +he ol bt 4o an

Bm\’\//océé 2.1C x50 = Q.15 mW

P=TIV-TI%

/

e a sp— ]
thermad Sensors —> Ol @b LG Gy

(Res ponge_) |
'Wﬁﬂﬁxﬂbg$¢JS%$% N dode
O

0\({
o A
0.2 -

(D
«>W&b

Scanned by CamScanner



ér :;Eﬁé Di’squcemen{' Sensors <\/LT) ~ A

’ ’ = \/ °Olb\e, n ey . ¢

y NLT = og:* - Lo jnfhl?ansdu ~ @&gﬁ_\,m&s&wﬁ
/feﬂ ra'\.Ca-\ Pa\ﬁ' g ) ennom C SenmSovn

= Lfnfar device anlus +he achion 02 c\."SP\qcemevﬂ- In moving +he
wipex 'OP QPOhnﬁ-omeﬁer,J—hen Converts <Lfncar or a“?dag mohion

Into CAR) Hhat Mayl:e converted olfrccHd 7L0 ’\%H‘a‘a&

H‘f’ P osthion of Hats S\Tdfn% contact W\aa\oe Adovied \95 pusingor
plling Hhe Hhread, connecting red -

Curred('

Lipex ’qund ¥o (3o

3,2 o
R 20w 652 Lo ¢¢)
= DTSQAUO\V\\‘O«aes Qo Resistive Elemet )
@ /L{&ChQV\TCDJ veny™ — !
@ HT@L\ electronic. noise /\ 1 \;w&%“ons
@ er‘i-\'ed oPeXb\\'ﬁ/% Yange sl o
<SMQ“) { A Con}\e 5
Radical Rtz

- (Senso'r) JI

Scanned by CamScanner



- 4 N
ZQMeaswe the maX. resistance of +he Se,nsor(&*ut’.}\ Q_?j \00\"

‘Q;XEA &AO\S) ‘
Rrox =2« - —> badween DXE) Brom+he LVvT

" Lmﬂ% Seev =¥ B AiSs
oY Mon [K2fera] J) :%2) G2 s ‘u:;; by J ;;:J\ wl—w\‘f‘)

2)Conneck e Cireiitk belows, wotthoul the fulling perentiomcly y)

vesistor at the non_?nucr‘i-c:? ferminal or#xé owdpud-
the £ c‘w“on o¥ each.

Copacitor y but underctan
=
et null - sh ne @ RI

|
~ Inverting Tnpad 2 =
+ Non-Thverting Tnpwt ] 3 Z :;-pwl- * 9
= o
L 5 P ofReek null &1 .

IC

Output- } BV ( 2 | 5
UOH"& "BV —_— o
| ge | L 1 Ex{’ﬂﬂmenhl\g

| RF=O_Q. RF: 2wy R,F:“kﬂ—
theoretically 5 ' e

For| Re 1okl b
I ecause ( Input- polha ) o
| dorF oxceed L‘E”"—'*“aq'”) Hal rcsul-hna Wit

Max
(ng#‘ ) J &

Reso -RE."UCE’/"-‘-
lwbion JL (o a,
[kajom]

Scanned by CamScanner



o r : B
} q) How Con fou Coleulotre FHhe Output mstsl—m;ahfm:x ﬁ;inso

/ b ed Onw /ljéuf— %OM Ob‘farf\ed 2 EZ P

s

A Re? “ %wrzh";a\%) ;J
2o 5] ey

I\ 9oUAG sty S

5) sz\d' are the advanteges

N D

’qu’o agﬁlfg\;} re/\od—fonshi'p bekoeen Vol and -{{w/ resistance_

~ “Gomols 14 ¢Sl D& G5est Y
hence, we canBid e resolwbion For S

6) What are the desigyy criteria vohen selechs Hhe Sedue R RID_
) ® ‘?'OT "" reachl +he Sod’umje_for) mode (Losfr\g ‘H\«Q& S[,Q‘Md.lgjsz
no A '\'8 beCaMSe OQ‘ (’“3 i

@ depending on the Taput- Goltage
@Plaf“ the caledloted resistor Adalues against position 2

o

& ]
T

5) What’s the output £ Hhls Sensor inthis case (Wwlfage /currerd‘/

resistnce) 7 GHEO G o

C’) Does Hhe temp. allect +he obloined results 2 Explain.
Ves ; because any Sensot” vesistonce EQS_P L]

OQ aufr\? }he sSensor inthe eedback £

>
7

IO)‘/‘JLWL are the POSS‘HDIC, SourzesS C\Qarror‘ Haat aq?ecl’ *anfzpfrem
resutks ? |

\5%

Scanned by CamScanner




ﬁ;% D‘\’SP\acemew\- Sensors \/ t
<5‘hv®\ Ga\'ﬂt’-) .-
_ Semsor whose electtical resistonce Adarfes Tn proportion to the
‘ amgwﬁ' o stmin in the element beﬁ\g delormed .
/T s [deidy debornakion N ST D) 0l 9 2]
/ compression
COMPWSS'."V\ _ decreasfr\g R, due +o decrease in (LengH))
and Tncrease ¢n (Angq)
Tension — l‘:\creasﬁf\ﬁ R 1due 4o increase in ( LengHo)
and decrease §n (Arza)

— Seasor Ror measurs AR rding to the delleckion caused b
the external Qovm:/%\ QCCD,’\A% o e ¢ 3

}@ -/;L —> condu chor

YesSistance

- A‘Q‘*"dqmwd'd parameter of the stain Qovge s s 5*”«'/\3‘23\5\"/?“;}+0

S+ra\’\/\/ kV\OvQV\ as (%O\W‘ae 2‘;@_{13(\)$ jrke,‘ YC('HO O?‘ ‘?‘?'O\C""Ibonaj C\/\O\mae, 3“
elec-\vfcal esistance '\‘o -H'\e Q'rqc\'fav\ql

GF__ARR Change Tin \ength (Strei)
O r | 8 _@BQM&D@
< (ﬁ\ = _ ' '5_-,LL\
2PN S

— Strain Gauge has loeen T use for many types of Sensors 3o
© Pressure. Sensors (D Load Cells @Térq_v\e SemsoTs
@ Positon Sensors
— Applicadions 5 T meckouden] :

@\g\)vxem vesearchh Yo measure. the.
Stresses  generatod ‘t:g madain exy

> Aireah Component Testing
> oso

e e st

Sensdive M&g @T's £V GoJs S.G I G AN _asd) ¥
Must be used +o detect +Hhese chonge s

Wheats >
)_—_ bne%nd%a 6.5\ 55 SG Jiom -
Sevxs&—‘l’ve éi
d?mcjﬂ“on)
-5 &

Scanned by CamScanner



H"gw\a Nown Lfr\ccx\"

*% Leads Peck on measurements 2 \,aoA Yé%\@rs

R- ERLI rRi2 S‘é\l-’ Senes

From
Lej;xd resistors

/
2 -HMS uQ\T?. Co\rr\ts Pro\c_hom\ha Nno VIrg Cc\wc 4o UYottmeters

LSyl Norsee) ms:s%-qn&)
—> o feduce%eamr resung Qmm the l'empem\'ufty a c!umm'd SGQ n

P\qce o?-
R s used. c\‘,\mmJ/ J‘@q}ﬁ
T

nsenseh wz_ dme(;h on

h33)

@ Half e

%‘b\l‘a non

neay

N [_17_, _ ROQ_ DR \/
. = ! _
s 2 L?nea r
SG

more

Sdnchwd’&

* Scanned by CamScanner

L . - = L&



“Tension / S| g Comp. /Tmson
S6's non Linear —>Senet Cs\igop oﬁf

] R
A\} US E‘RU 2@3@

Waw(d non L“;‘Cﬂf

CompPression
( &

o (V—
@ﬁu“ BY"\C\‘Z)(‘I < oML )—) ()\9@\20\’\0 g'wse:l’ldﬂ;g;ﬂ X
Linear O/%P 315

=t

T ¢ LL_Sls
c T

- S-ham Gauge __5 7.1e

3Loire
Voltage
- Hasjrazsfg in S& 3 un‘°"‘aM Loow'fng da Ui
W\‘,’,,\%) allede BUl =~
| e bt Al ol S
! [kg d_&l CSWLé

<un loonab r%\)

w)tp@)(o.o\s @@Sé{ W)j 205 65
/AJ’Kgun’Oﬂdlrgé?’LL Hysteresis) Jl a9 _s_wass
M Instrumentation Amplif |er——> s ot J] d%WaQJ\ Ge_38)

Q0 ln_sc)Xobs dain JL g\%\' oSzal
o=l Ray /an‘fn

oS A e
’X)é‘ /\%d— for lmPedance. mah:hmg +o solwe
| L\é‘é’) T e loadm@ eRLeck problem bLJ

Seting (Reei) .

‘ “ w ;——J&"—"’ 2 non inerd b /!
EIET s S A

esed Null 3 5o

L o

Scanned by CamScanner




¥ T relekonship of Hhe instrumertation amplis

+o s mPu:S |’ra|<15’97’R\/Q2 )(Uz \11

P out = L R@mn

%’ A0
T (5-19) T

[- Null the cirewtt un @7/7)

2- Set Hhe qmp\leuer AQin USing Potertiometer” R24

3-Trserk o sonsor ( bean gshe)

yest \VJ)’/‘O‘/,AMW
,/33/‘&0)) (,Lw a1

O;*)‘s-ﬂj\ 2 Lo

X DO You HSMIC

+hat the load
f%Soo'H,On on Hhe bmm

O(Qee_dg ’H\e measu rtmcvr\s
bgphain |

—> Yes, because it will giue
Y. Measure qu g-ou used fo seF —Hﬂ%aﬁ)n

More. moment ’V'D
\oea‘““ C@L (s Oé\b
<R2q b quoS.JL)

b. Chewdode the Hheorehioad €xpectzd outppt VoHage £ the

'\yozo aA e'_ve)%
Bridge /\907_0/AR —F;U V;:ﬂja&
2 + a]?
s Siiben 55
T

Av- ¢ R, AR RBOR
= (0 # AR 2 @
Ro ‘/\(Qa‘fn = oY A,.(’g‘_ L i
o «90@_,@23_.‘ 3 ;‘_%_R) 1- % /mzids o

Scanned by CamScanner



: q. Plot the Yoltage 45s. weight curve of the system usfna data

10 - Do You Hhink Hat+Hhe load poS'H'iOm on+he beam allects the
Measurements, Explain ?
—> Yes beause S Sfve more moment- \more deblection,

/ B

1
Scanned by CamScanner



Encodlers

_y Electre- mecha

el device Conuedskga's.\?ouv'\(w

wpatible M/“”“&%‘ ordlvo P ) &

% Optical digitad sense’ s =
H,ah Conﬁnaosly Range Y B S
= am O LT

mewdad — 1o measae B?TOQ%Z L g2
J (re\oé-?ve) \R)Sl‘\'\ |51 S (0p-h | = =
no. ot pulses = No A holes O*PLA'J\ “beamaf— L?ﬂwhuza;:;\,‘

B holes kno“’““ ‘[‘(}AQC’” = o= =20 13
nkes ahs L)) 3“; e’r)

o el D | puke b st (100

| Neosthon =
Psdu}pn = b PW’S@/"&(}J ‘SpeeAd\b{’nnCQPJ (/—_’

G 54\ 26 Fhl -G

_360°
B

¥ ¢ wires n it acording o

s pue phaw F2 &

the no. o phases

—

phased [ |

'\;90\;\ el
S\

SO

phqseg m but 58 phage & Lead phase

phase Z 546 know hows much |5 &

does the encoder rotate

@4“ f‘O'{"a‘hov\)

A A\—ﬁPkaseﬂ
B 8 — &S
T 2> 2

&

GND UCC s> powef_cuﬁﬂa

*'\Jnree chame provides o “Zeco
Yelerence. .

-——*agvi)lmé

Ino(emwd“ OJ Encoder

max. no-,
§8T\Cb\ Qor CD\C\/\ @UQ [73) 78—\\’"\8 a %’)Cec\ P:,M‘," c?-

Pl’\ﬂSQA Lead ;5_;@

cord
el -5
¢/3§/‘6\

S

Ex s Ves = loopise|rey s position = 260, ~
B —1

Cor ®O pulselreu\_; pos?Hon—, \ 806
[a)

Scanned by CamScanner



, }?es olvdion

\”G%f/"[ Absolude En@der%

’S. S Tast to measine

ARcS:Q_ t ia

el g 1 o, 2k
[ec] G0 [ bits]

depends on - T)bﬂ's QJ] CxN P )

@ » e hole s

oo

)Jl (ﬁ_)w( gi\@w/)ﬁxs U 25 O})ééfﬂ ZeR
\ 2 G0 _osy) Gl « by DL 0 dS s

I%S - " YY)__ n—+m
i 22T =2

Hol woires = <« 2 biks e O %

ZCX
X Ow"p—_’%r@fgurﬁhco;’) go Ne| oWl g kf}l/ oS
v _ ZphaSe [ Inc.
eS<&
1 Line. Driver— é;,m,, (b JAbs.

Vec
e , P
£ Zpu ’ (' Mool ce /PN
/r Te

2
&

2 Open Co”e,d‘or“

:1,7

Vec

Sink /NP/Q = Encoders Use an
e oa%r LeD (Light Sowee)
es's phd@mns?sm@ ]
s (5%

Scanned by CamScanner



o 7 CA Q+ l"C\SQ.A qu \ N .
e no. oF  pulses measur P Boy 7 :
’%Sesg-kfzﬁencoobr %s Piled ontire (50cm)dfamd6f.cq!:fj A
P

Hhe dicpl cement & Hhe Hre (Clorde, Cf’rcum?erencezg_ﬂ—r) %\, Q&Q
| ‘Pq

wlses
I@uolwﬁanzw = 5

700A_ &SO(W{T‘OM
&;—LCLJ, (o

25 wu 4200 405 = V25T m
2

/ \

B *advaitages—>

@ Mo mechonfcal parts W conttict . gi\) 3
® N oNn—magnef'C produc - {.v‘,/\ /Aﬁ‘o%\/ 4 9. opN<
(D Compact size Yechnol2?

%(JIOSOlc\me}‘maas N
® :SMSCe(DH\o\e_% A}, Dﬂ/ o
@ Direct LT@M’ source inPevence -

Scanned by CamScanner



O /rz Servo motor System

%g( \Servo MO|'Of kit units ».
H(:wrgﬁml Part—>

D¢, motors are used extensively fn many control aPP\?cqhbnsTlF\}xegorc,

s necessary o establish marl’hcmorh"cal models Por DC motor's -

The +enster function o aDC motor Gan be appro

odder mode| ©h  unkinovon ConSFan .

Fdentibred expenimentally -
-

ximated b‘c’j o Livsk

These Constants Can be

ST-T6+b0 ¢ Tin=hknla

—

Ej Kola =76+ 3 A9,V = RaL+ Lmd_ﬁ

rvi

. %k [Vn____,-“"kbsg‘})] =00 1k 6 = Rala+t LG
a-'?];—>T"(‘° —~S—>X = |Qa+5ba UGs) — ki, SO®

i Sh’«) Ia(s' ) = Qa—{—- < La

/(mﬂé.’(s) - ‘ knk,S doabS
5 _Q(S)Jﬁ—-}v———w _J
B (s) = Km
9 (Raksla) (G5"bs) +Skink
‘ 9-V e _
ENEA T ] sl L] s ‘
4}0‘ b RitSla 7 K o |gs+b g La-g gl I
i Bl cnedh
By First Ordler Sy

E \

Scanned by CamScanner



Sevvo Motor kit Unrls

e, ¢ |\ .
U\Dd'or ) i
) atHenuedor > don \ !
O\Le Clpxk al GND | 58
elector - 258
19° Selector (Sdedo() B SLU AN
\n

. s
11 Vouk Vour {Vin > open cot 1zl
oy &) . For atfen.=9f
QHEanf‘ar= o [:O\< %alf\ \< Ij <= )2)':’_ &-“)D_‘p (\)",-r QPGi’en’hOms{'ﬂf GSCSM

[ GG depend.%a on +he position R s knoH

- m

%mJ\Jln‘ -
26 an aﬂznmrj (o0 #

as o controller
7
o

@ Summfna amp., —> | -|sowa.‘p§2 O*e

| T

. I - o I =
Qa
Vg = becl—vsﬁu :}/LQ

| Vo o—pM— ? ket
[ Vc U_Rcwh____ auf' _ ‘.‘ —P(jsrmulﬁ SOPJ‘IOHE
: D h B ghe fecdbnck
== 1 . Tmpedence
out P@ [& a+ Rb '\9[3 "R—‘G '\ﬂg _ E C?(- a 5 amP”Qf‘ef‘
2 PT
% b g E—Cg);__ | :Fmbouu
S+
@* the Peedback dcpemlng
on an extemal <t

Scanned by CamScanner



) r | &Y oM+5V1
2 —>
Y Lt +9‘
S | | —> &Kl one
Q\’N\ ("Oj\, >@ o ST tv)
* \Q' 2L (¢ hie O\P (M <‘<“"‘,"<§-"§r—/?\_ ) dain :;J’
AT e s R O 2 O‘*i”,/"l,:jl
(-5 JQ\°WJ:7";-’“\/U::” ] &) b (,3‘ aJw
;'::‘f % 3/\,\\,05;_) zpjg(q.k_uﬁ&s.:( gt werh ) 1 w ( ” |
G et v
° ' Hh ot
;’@ Motor dniver” amp. — s |
>

§ & Saton (UL BN ¥

o 2%

roka Hon

Flv e Q"‘@"‘B”Ca 4o Yoltage
Linpaks [ 2owdputs

CA 05\ om i) oS5 -15[15 W= )

_;[gaih:'b;(_ -

‘fmr)sfsfar,pprcuqe,q{— an\olﬁg'(m‘ijj— oo Can ) *
1Ear Control Hhe direction R . |

motor |—>

2
Yiv 7

buchometer )| Go.5=- 5
unlt ) c\p (:5’-4' 2

unfdineckioned

g (P) ) eGSR

‘:'On'h’d ﬁf— J\_C_:‘:gd:?ul.*
[Povier Su | — e “,‘?1 ]
% PPl s 10 : o i
\a pre. ‘
&N%‘h N 22 qenvo e f'gujf{"‘ oﬁgj‘l |
et ° 11O - e idiectjore!
NI 2 ek
U ‘% \Sv’l-)\/\’/ Sy
()\ﬁo‘"/ WWL-A;
/
-3 |i

Scanned by CamScanner



r @ Input potentiometer ¢ Oubput 'P&enﬁbme-hr«‘w% {8&

N T X

| - )

1 A\ | = ey :' N sl )y
0;19 atenuadr ) drat 552 i 6.0 GS 7
For pusition Covrhol,:_(’,&__)* [C‘”M_” CJ\/&..UI
Pﬁ)f ossw) 1)) : N W SenSOfgw,«sou/ t
X ri'(hhd'h

. Func oN Genera+0t" & Elechro-maanﬁﬁC Brake mechamCa\\ ,

@b
®@

= H
shep ,@ e @ = = Lod @‘**\“i‘“
ok famp = W T\ML&@"’
a-l » _‘ | "

@ Permonert magnet- DC moto’—>

Q\Q*DG-NO —Fom the driver amplier

‘yfﬁ‘ﬁf Jé”z"b@—— A

@ Tacho | =4 !
\:A.Lg-‘ Y S g?fgdr 1 ’

8..#&3‘\ qPP\:O“\'iOM ] _

- s . ,

e $lonc
sl —ve N2~

Lol ! Meker uM,L | ‘ m

[CX--= lor Aisploying 'H’\@S’Fe_eoo -

L K Mee—m0 06

Lmoivr unﬁj m

Scanned by CamScanner



[ *Fand Qnd Order Sgs“f‘mﬂ/ Servo

7§

QQQ’Q%’ ¢ |

| %g?\{‘\% ph.ca ' Fb\r +_ -

‘:\\: stems are inherently dynamic , because of: Hhat,Hhefr perbomances

St
’r’:ﬁim\ 4 described intems & dansient response.and +Hhe Steady Stote
4 hronsient™ response disappears wotth Hme , whle the Steady stafe

response » The K
st Lor alonZL time abler the intHedion of an input S'?”"L

rggf}:flS@ E€XIS:

' (D) Dynamic Response of st order control systems —

l;-l_(s) = — i ] 0 Tg*PjéH 4
TS+ | k)T

Hhe QA‘PU\}‘ as O*-‘Zunc"'fom DQ-'HM& goraunf{- step rnPW" is2 / |
gt = k(| - e-HT) i .'

* k (‘3‘*’"‘ 86%) = dC Value (steady stute dolue B Hre ontpit- gec))

[or aunt 5+5P'r"f’”'— (R“"")

% T (Hme Constont) = e Ualue wohin Hhe syslem reaches 634 o Trs Sty

S"'D\""e ’\N . )
_ " A\% G{\ ‘
98 9/, R é_gﬁﬁ'::‘:;_:i:—_: __:_:_——'
Yss | N . {
| |
Sheljgpe==oA -
. ,
I | |
} ll 1 |
) o | ']"5 47T) 7t
Hel b l e
X T(SC‘{"HI‘, ,H’ _ —E- .. . ¥ " e
s 0ag gs'sm) =4 Sei e gl Rishg ,
oo il V=237

Ts <09'5 Hss) =50 oo Qo (LA

| Scanned by CamScanner



@Dgnowvlc Response 09 Second order control Sgsfe,n

Ts) = -
S+(£2 1/3 S + (,32

)\ (,lgw
Qe & osc!

Al
lac‘ho"‘

P4

((é'z}cmife (N%gc)
=¥\;v\d shui<l 3>|
2" e Sgshm ’QQSPDnS’eg o e unshblc Shable

O Overdamped —> AY®)
; > | Hss+——
hz- '3‘»'3:!: DV
oY= /+2_ﬁn__‘_ _;i__é;] ‘ =+

@ Gitically domped —> Yoo —

uet)

oY) = |- cos (R4

@ Underdamped —> RN .
<3<} ol
i S—\lz=—3b~) + W \/_—
o) vU:')= | _ {‘_3"4‘_‘5 S|n(b3 {—E'L’-{—COSE) St
R

Scanned by CamScanner



/ =
4 The Seromotor System in Hhe previous experiment behawes ag airst
Orvlwr.égsmn Lhen ‘Controlled Tn Ms speed Qoqn, ond as asecond order
system ohen Coml—voll_ccﬂ in fs position Control Ve, :

[SP’“"'O' CoeroU__; Hhe motor aan be controlled o both open % closed Loop
| COVLQ:"@uM‘h‘bnS .

Pesition Control = +Hhe molor coan be. controlled only atcleed loop

Coln%"gumdjions becanse fHll be unstable ak s open 1
oof- -

Higher gofn Less gain
lower speed higher in speed

- |

Scanned by CamScanner



-

¥ In Hids part,

e dont need the Pahrrh"om&"er‘ units

M Speed Contol ¢ forao |
Contrdler gai"" C/(/C) _Q_QL"— K Ks kA Ke \\oPem Loop S\7—oﬁ'\/\,,
dn'w ccT gain (Kd) Ul “Ta S+ 1
Sensor gain <k5_)
in( K
MO{U' 80“”( ) gﬁ\(; Uow’" _ }(m ks kd K (Josecj me
) yab piomo\2 X Vin  ZnS+[irkkk ke] ot
responsT W G\
ol
e G © %
AT GRA s 7= = sy - P d
(.\Q'Od%\_,‘p@\ 0.63 Yss 1 ',' ’/bS-H
TF M e i s e} >t 3
b Ts roV \\e{
& - e
Pmc’n@*‘ Paﬂ'S/(EQeec\ Control Sys @)&«x\{‘j ®Pvea/m?- o ¥
Vin 77 K |- e PSS
Q(k}l/ 7 v
, ® ptrenuat’ ~ogkg) K3 Tacho =
ool eptions s 5561 L) O gy, Vot Sfﬁ%“ﬁ‘j
co ey Yo o ] ’“
# o€ needs 9 atrenwator unfts /O(“ZAL);:)- C}},,p\_,)\dji Sensot

W

nEalp s gl
¥ meter unit For displaging H\LSPMJ/ 2y > o\ “‘PLS_S—U:

need DC pover supply g
il o d»m—% = R_L, Por +he all
dring. “untt |7 unTs
+ Funchion generator for He fnpud-
UoHuge (G unit Step i’npw%)

(Rlock Diegm

UO”' of v , = A 3
( m,) €y Q)%Wu N G2 Y s
[/\%n’ablc DC | de dnrs
';rfn" Vo ltage

-

_8-

mmai'ned
WD\ dog
(ﬁﬁam Law)

4 [wit step ] € gol=d W

b Preg. ol 1)

Scanned by CamScanner



* «’Jvifr\‘)b}’\f’ 8\
wik N A & G2 H
OND [ 415/ — 15V

T -

Scanned by CamScanner



9‘:\: TIn the atenuator Peedback (‘3/0 a!lcnu(\hﬂ"))—’?

o 10 Julo ~
:\lﬁ_.no;)sag (?1/\\\) ' ] ; M;s

(}g_—— QS‘ (A to,w.s“:\,\ vl ) .
undo,rdq yesponse ar 0 dlenual w\(\ = gain 1\)
S Poedd Coarhcl = LQ?R\‘O(AGT%S’J“\? i | _,‘\::.r—'
M i ciU\AmU attenualing Cl 2 LLs e
atis \\li\}\n v | OW\S“CD-*- JI dw !
(no:.sc).” casy 30~A-’$Icw~é_.

f: \G‘Ow\!qovushool- J\ dw-—— U“,B measuremend-1| & 2\p )
chomdef_Hc«_.J [C&SZ]WGQMO,J Sl 69

— ,C“M‘*(Mﬁma&)m Nos US 2 |
. POSI"'IOH Corrhrol e o s

Vow- 5 (kcka kv | o cn_loop
Uin _' " S(TmS +{) Bk, Hs unsfnUe .Lr;aksmd 'lwm;,
uﬂé Ny g ¢, il ﬂ‘gaésh)o?)
00 /| Vot kkikoks | ,
Un " " Tnsths gk | ©° R
| K e ouha»d' o) (e
| N,Mss“%’
-” Q}\ew .Sensor'.f
ﬂﬂb\e’
E qmp
. 4]0 -

Scanned by CamScanner



B peeolszk '0" ‘/\‘H&p Sl‘ha/)

(aﬁiw Canh’o qLU q)ép)’
,.,m\,o),.-.-)

-15 ;
ols
& i oo
b Balos®
WM

i 0
o—-{ 5, >
\? R
o B -15 < 5
g L + 'O UanzD
L ONO
| Fdw Ndvf‘/&m(#:'
o\
P\
\Y ”a&\o(\
B\/.ééos Ao X\
Owtpwt
Pcl:@d‘lome;hf
x IV)PVH' Po‘l'eorHc)mcﬁfL S_;Sb Q)E‘L,_) > W\;\ : \\53\;\50(‘,1
N2 ¢
))Dw'f ¥ )\/.@ LSt
\9),0 ‘e ous PO}.D\N,
i 6““;?“@ # i %dﬁfm
S 4 I?a cle
o\osa\m; S'{’daﬁle 5‘%5‘1\:;1(3

Scanned by CamScanner



(DC porar Sl (on shoke) s ol § ;

o Dol (ovpd )] S (£

X eiber 7 orpd Pot., ) Ge A g | (oPen Loop s) I ¥
et i gostond  SsLroils) 2 g g o dob

dwe. to Hhe sarfuration) ) e
AN RONTINIE-3¥ ?»Mao oo
Zeo Jis e (input oHenahr)l cz6( 3 (<) 2 \5
(Z\?)l Postton s Zﬁ)q’ﬁﬁg\{) —%‘—4' 4 2) v ‘?’(C\c
OSC. M alpip\L DA " 57 gf“’»oa‘co
— e d wa
B e ST oxve”

unstable «— ]@&J@&P?&M P
. h e L N, o0
el tnph N oy 70f¢l9o°J;aLc;f;§<~ (Claed Laep) JL;
I A DNIUEWE
707")‘5"-/1-_3—‘,2)“:‘55’/)3 J\;e;-D[cermh;v_]{Jé))_p )

e

osS\dion 2ve (&-00) abd]

Scanned by CamScanner



CL\O«FaC‘I—aﬁSHcS o? Open Loop and Closed
2] Part = Loop § %s{-am
| system performances are usually described in e N =

b Response = it's the response that disappears Lotth Hme- .,
y P o +hat exists Por Ol‘ong Hme er

rans‘l,el’]

ST’eaCl'j _Stude Response = L’s the vespons

the Inthation R an i’npud’ .

4% Open Loop System &=

Cuind —fiztor} e A Ferk |04

Response G.(5) G(s)
2% wWithout o\?eeéch(c
2k Closed Loop system &
Desired Oudput . contreller process
Response- R(S) G(s) > (GCS) > \S)
E(s) actued
output
Measurement ‘.—_HEG—TJ
A R A

— Control system behaviour Ts Judged by caveral characteristics such as e

[ ACCUVO(C% - determined bﬁ obsarvfng M inthe &GEERS
the mest desived  systen yeohich 18 having o 2ero exror s

E(s) = R(s)— Ys) H(s)
wiore. accurate

‘ nt ack g
fru ﬁ feedback s E@ = Res)-Yes) system
S"'&m abOV&‘a EH(S)L' ‘j

Less Evror

® then , for the closed looP 4 L E (ve)
_ _ (s (S) exror (-Ve
E(S) = RE) <I+G~L (s)&(s) ; output > Input
2 Re) [ - WS e RS
= [ ’+ %(S) 6(5) ¥ Exror (+UC)
Ot.»‘t/t};uf' < rnpbd‘
Es) = RO ’ oy 1 - <
|4GEEE VG slaTly 2\ 8
c () N 226243 “accumcg,,ﬂ a2 e
-
¥ the steady State error — Eoc = 'm SEG)| | €ss = ) 5o elE) 4
e Hie Sgshzn/z s=>0 t->00

Scanned by CamScanner



oop System above 3

o {:0,- Hm opPen L

E(s) _R(s) = 1)
. R(s) — 2(9)66(5)?1(5) T

. . L .!\p
errer @42 T2

’Q(S)D ‘(é@; (Sﬂ Es)
because T can

the open loop in awcuracy /==
n°.«5 7+) bﬁ choose alage g o 6;(5)

() 2\l
;\Q'/-S" Ess I JUb 02 et 2 <

—
—_—

S CIOS(?:I Ioop better than
veduce Hie €rroy” ( controll

= ol ionp| >xp
‘ S\'CJ‘C J\.’ }‘A_. NL{/)(&"((IWS?C( %fd-‘on)) : b -

—
onsetivity — I+s )
@ 5 - -ei?cﬁon r asmall Crcremental C_l/\amfae. 4o a?er'i"\oln’n P“‘:’"f,’n ‘\)?ofﬁ
¢ o yPer Gao(parameeds_na oo A0 &5 (BN Uy 2ot o
J - - e ' 'S . _ "\é Lbré-
2ol o PUEN Fpa) AS LS els v ‘
« Control 4, =2l e *_))\ e OSJJA)}QW

e A i S LAgd“‘ 56(\5(;{-?\;"’2‘“ &'\5‘_&5 (Y“QO\SS“@?Q”
T T G 1e u —> - -?ef*g—'nd’"‘o | s
SG:—;C;-- _J/‘H‘.eorocna a:g\’gc;@ ) e

tHhe rtio of the change in the system +mns‘2éf‘€h(-

zsp Uls o< Dospst)
R

23
® [or Open loop system =

T = 6¢)G(S) S
T _/2oT G(s)c ot tl)f\ éf:)l
S = )_____ Do dp & (UL
& 20y W e

o/o
((oo ) - iy

-~ A AS_ e -
00 °ls Bt 5 JS20_R [y H € 34
LB & oat 2 S

Scanned by CamScanner



Closed Leop System —> .
T. G&L) G(s) [asguma H(s) -_-B
T raEawHE
(T _oT | GUY
aes) ~ 'BGC‘(s)

[ "T_ K—\ | | S
_ OWUD-—(G'C(S)G(S))<6(S)) N G/(Q/)/g,pé;(){é)j
< | + G(s) G,(s))l/

_ GG+ % -G &), _|

| + G(s) G(s) G®)
. _ae

/ +QG)G(:) G(gj

T [
O S = — .= s
< 50 15068 <1 oot W 3 deo e Lo Lol

. : -t T
== E\Ag\-am sme{fu‘gp\ 6o Y=t /*‘—‘

) 1O\ Bl
o9 O [%;;-A

/ P L ‘{

o oec:h"on__? - _ ) ;‘l
@ DtS‘I’urb‘%’ZﬂaﬂRz(waal sn’gna[f Hod © dont. Loont to oeal Oith Tt

(I UC)om"I'-I;O rzj&d‘ H’)

outputidue fo+the Tnput ngna[ -

] -Er open LOOP Sgsl'em—> D(s) Y oy the disturbance
+

T Corrollex” Process sl -..
r G(S) GE6) F—= Y
G RS L2 Actu] Ortpal

B(S) = GC( $)G() REs) + G DE)

(;mor) ) ) 250 sV %
R(s)=F bLus

E(9) = Res) — Yes) <
= & - (s)
= ~Gs) DE)

——

L;./\_)oHu’r\g 1| rcolm/mmove Hie errol resu”""ag:
Afsturbance Sloar\af n Hae open IOOP_‘S‘dS'H”'"‘

rom +he

—>

Scanned by CamScanner



For Clased Loop System—>
® For i O

eg,gm;menl'
) ng Ge) Des)
G(s) Gs) (s) +
O T T )

>
E¢s) = R(s) — Y(s) exror )| crapl Sw_s) ¥

& — yes) R(S) =B \lois |

| +BNAES) o \

- [ae Joaz e duscs |

DD ) Go8lo ) yerror sl 2 6o Pet o) \

[ Io) o
2 Closed Loop better than the Open Loop In Y'cde_d"'on the
z Si V\Q/‘ e Ao\ & v/ o\s
0’[ shrbance 8 (cgn—hrolle (i*‘bh;z’ wg

/ LT g@rsfgqb?
Sl part > [Breed Comrolled Seromokor]xAZETTar

T+ experiment 5 coe use the elechro_magnehc brake as aload on

H\e_ n’)O’)LOr 3 o ‘}’urbﬂn . -’i) QSQ:LI_Q '
Dgn 4’-% @ E‘E-" ng[c. 1‘1

R

System

-~ ¢ ‘ - -JI O"’JV-.Q:J

- \0}1 “ [0-100] ) G A3
@A\st)‘“’b ' (as o&u%%hezgog) Sy oba) a0 sbaT
dtv el A2 eupat] Jlall e 32y & Tospsll (drsk) ) \.z_,QYo,.li ol L%
(mobrd;)j da,wp,';\ﬂ das I alt disk b w[ola currents gﬁ.f.p ¢ (induchon,, ‘L%a

\

A

Braking & s)) (¢ Load S ups |
nC/.JL‘”)—’” Lo q/"f/" %’b":’.é/;_s“ v g&'?‘

S Vo) = Y0) — () &
RE) > Yo

(0,
. 2
i~

Scanned by CamScanner



"t pmch°mllbtg> e
envft" Diagem L 2ol 5O Al e de <

g_ A, S (o C3pou /i sedl gPas 2is ,
e 4 PN B o) lp o sz Bls responsel ORas > ol
B0 el O 0 oz Amp L (s S o) Gwp Ghrss dhiad [PE J
/m’t)}‘(- 0”;[)”/' SU v\% o= 0
e K . s e
%w: U qumeing Ve attenuatd” Feedbacld) 2 csle c,s"}.aﬁ;‘;)\ ﬁ;ﬁ
/ 0oP é!;‘ o2l as s open [oop_Lp ¢ LENI &
P oonss A B O " G
0Ré gSS“' ——’7' utpu dow{/@ L;fﬂ__,
Rss - Tnput ) oz o )

”-l; 535\'%(\ Fransfet function
= 7 oo N _dss
K B' Rss

Response(1)

z 5 (I —
éuﬂj‘ess N sap) ue ©
[exes] =9 €ue) Aleg o

OS KQ! < voromloop, <1\t [attenttery o) o352 *

@ ot S\8 aHenuator )\ Ue L) bo¥

attenuating) e
@ e w2e e
ain _ o=\
N SE) - »
i esNdTy 4 & Lobe
Jy oy

(—5‘\5 [ Gaab ) a@rb}?fﬁl?w = 3‘555;
~ N
9. 0o¥u Y N goep

. 7 Op;em I—aop/Jl., outpuF
e Onginal Owtput)| (s Jgg ai)

03P 5527 ASL o pe S| Hrucking dacts Opnlop s oo Sest e
oL o Closed loop J) 6o Jint) exd) 0+

Tnpuk )} Go_owlpud N o\7o\ (5.0 §odid ] acrenuating oL USs
dedred 0[P N G L5 O3 S8 g2 0% opon Loop S, d) Tl @5tR>
o) 02005 (es) ) Jiip G, N B openLooP L pal uales
wo (L5820 Ge &L Jo—S_ppac =)
—>

Scanned by CamScanner



osed L220 fe, ming|Jl ¢ (Feedback 1S\ 2
A NS Amp ronato 22 UL Q

ReSP2 enua
W i+h ¢ aHenuetiorn : :
UO\A’ M’ ‘CI
Output\ AQWOUJQ‘ 0P9,5l\ \
WHrst Or der s S A Inpbd'
second R\bsocu Jss v Oxtpuf-
é’-Eera\cl,/ﬂ(ﬂouéJl _' e
aammiij 5 ) de mnuqlorowk» _sJ
CY PPN \)M’“ umax
Jl 2:9%‘-“[ Mmoo E\Em_—_'g] ;
OPM OOF > ({15 3 I v n oy
8alf\_)| caep \L C.$U| g;—-—— ~ OII"&P‘P“—‘*— %a(‘_mé \m
()S.) a—"ouchmf -DJVL o—b B
>, RAVES
G D )_/vgJ"-g e
Closeco oAl
"".”q'fbon’cf: (Biale) atemdoriaz zpus
[:" A ] & (855) J) i 4=
e
o o o \
@ (SQHSEJ}WJW Calewotion ’Qrom the Sg.ﬁ"em Kesponse —> |
fl
@ for Open Loop % g0 ' |
o For Opyg Loop v o clael Lo
e85 1 __ _ _ _ _ k=03  Ob4eq4—- — —e kp=0.3
P \
3 lk 0'557‘?' - 7( Kp=0.2
e | P= 0.2 oY __'// |
0.6\5 4 __lkp=0l 030047, o kp= ol
A——————+—pHme =’ oy R f ime
0.05 o|ot5ozovsog, 0 09 0| 0I5 02 oo A
- G slope 0652 0302 M
=2 - 035 |
\P' Rss =|
«Qk&f‘c,T-_—_%-S;S; — T | .l . \_._%2_ |_‘23 |
G= gain (Kp) o) l%l

T : ra'y,obs
S - 85123 y 0:i2 3\ \,\mc
G 123 03-0.2  sorsXoeay
~ 4 _K,

Scanned by CamScanner

B



> time —— Secturation d°'5

5 | nesponsed Qe 5 fnpat _\ljr_fﬁz (\)3\?3
N oad e 2 oot A 2 e a1 PN

) s ,
O?d\\.oozy/x X = <%a\"\ Al wl;) _7,_ d;q-H’emwduf _“ o:}j’)—‘é——

W&
\ &ss

T = ot
NP R
r ()9 T } /.. -

e\ N

(//v)‘,!’ \% owylfﬂ‘(}igyu()f@ﬁds:l )
oP "

)}D‘U\ﬁ " 25\90“5()’
(& ( ,\(, C}\’G)
= ’x

Scanned by CamScanner



AP P
ooP [Abo disturbonce | & M ds 3ol oo
c\ osed nS& Uoul-/f\ ] £ i

3ss] T 07 = —
R(s) Tt

] > time

B‘fs%ur‘qanc%_))) _(_JJ&;/L,O] 10 s 5 m@
4\\)0"\*' _— -
ds )

& ~
~Hotal ( .
- }ime

~ Fallled Lo \Ls 5,2 AL U iy duolp w5 Lo £
) Tmmune, ?or+ha<—— Closed lmop)\a‘,g.,g d:b LD

—

dﬁS‘fufme&
/
T D=0 __’WIO Load

D=1 —> with load

” YSS = Vss | + (1ss I
Ktal R(s) (s,
3 3

at D=1 at ot D=l
Dso

PAD Rpwk 9o vt £ Yy Ul crtes 4

Scanned by CamScanner



