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gfe -1
et gerd

(Fundamentals of PLC)

fawg fArea=iY (Course Outcome):
col:  UiueE IaT 3f priugcd qu B,
Describe the working of PLC with its Structure.

ged =it (Theory Unit Outcomes):

TLO 1.1 BTEarie Rl diformuen YTeeil sfa=adar quid &,
Describe the need of PLC over the hardwired relay logic.

TLO 1.2 Yiuaid! 3R qafid el e &l
Compare PLC with other dedicated controllers.

TLO 1.3 i 3Tl Had - Ulasi= fafay gehid B Ty B!,
Explain the function of different elements of PLC with the help of block
diagram.

TLO 1.4 e s zuare! diuasie UeR $ftr fHas ey guf axo.
Describe types of PLC & Selection criteria for the given application.

TLO 1.5 317 3 ciie Puadindia e e dehea wy oo,

Explain concept of redundancy in PLC with suitable diagram.

U= (Introduction):

e WWhaad gl Jaifed fhal Jdafid IuRuaT aTR H¥e 3G Hishar guf
HIUGTE! UfhaT 3iTg. fhar Tdgaq g oRft da9= 31 Sff AFd! SxaeunEy Jdd
UfhaT TG H& b, 3NN Waaa-" g1 Ysg =0T gumeli=n araR guiH
BRI, ST DI WhIST (SCADA) TITHIM (HMI) ST, JOY, WitedsR ST Tumad
difoie dhelea (PLCs), o Sl dneft oot ufeear AHar=ar &l HadH
JIAAUITITS! JTORA AT, Gea™il 81 Waaa-al Ush Hedidl gedh 38, ardid,
Tgagferd ufhar 01 SO ISR TUrS Fiuaw  fiuast s [Wadfed sraqs
$Hg =01 yomet WWUH B FHRd. PLC-3MIRA Homet Hifdd bacauast Witedsi
TIRITER 3Ye 3T 33cye fEw@ead 7S (Manage) HRaTd.

1.1 3Nenfire Twueard fieafiPLC): wrae ot wafer
U'TITI%:
1. fayaegar, duerlt = Aoied fegmea onftr Sifed d& graresuarsl
AR 3NN Ufhaiard! srdd Ay 3.
2. AQfIDar: A0 WUTET Sf0T GgT-UiumteT diueitan fafay it sfor searh
S g UG SH 4.

Maharashtra State Board of Technical Education 1
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3. fPwrgasiiy: duerft arfi onfdr grSdsR=aT Sawgdal HH HRAId,
T 31foT U= T Bt R,

4. FOT FAROT FAydr: WRTd SRENRCH 3M1for YT ged It qiyur sfor
Gl AUt FHRara.

5. UHATHIU: UUl Jgolgul S Jundigg UhEd 8 Idhdld oY &l
TIUHS, THIST 0T SI3MICT-TeH IUHRUL,

6. Rara-ergH ATRTA: el e cgATed TR TfFgae &, o

'FI'!TTET:

1. URfY® @ Jrear Rar Rdiwr= goma 9w URivS @4,

2. Sfed WITRAT: U HRUGMIST ST SEUTA HRUANIS! HRIA HHATIE!
AT 3.

3. HYifed aréia &HdT: =1 Yeaade SYfd HRIHdHR (communication)
eIl STdIesUaTd HafaT 3y Xhdrd.

4. fafdrgar shefie dikflen qand 9= s Frafadt Agda arewf

ddId.

Maharashtra State Board of Technical Education 2
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111 et (dmed difore sgtar) i i (_fFa sirger) aih ga

Table 1.1 Comparison of PLC & PC

. $§|FR)

1 | JeR 3N TWUaa SN | AR GIUh IUGIUMITS
fSeIe Pered 31, ISEIESEIE NG

2 | qrdTaRor HO1U AATGRUMNTS! Aolgd | AT HraTad fdhal TTRITes

3 |Rer@-ergq | AHo AgAumTel g T | gaa: Rard-ergy .

ST s e Rafd ergqad
I B,

4 | U IEC 61131-3 WCUSS (standard) | TIIYH, i+ -+, SITAT AT
HTHT FTOR: TSR STAUMH, JH-XAR G T HTHT aToRd.
AR sild ST,

WHS CRT, 3.
5 | 3fryefe JRUTR® TOICTTRREH A8l | GdarerRom i Rieq
Rren TR,
6 | BISASR T 3107 SfagueHRt 9T | SHIeiffie IuSHRUNR FHrae
ICEIER] HARFS! ARy 31ge HIOYMETST HfaRad Sty
33cYc Hisyed qaray Praddl ATl 3.
3T
7 | Aoy IIV'IEEW, Eﬁw, Uifthe XSS (standard)m
Merdpid AT SRS /SN IRE | guedq (@l smadt, Tacici;
3eNfr Uieisiadrat 3N Uieidia gHdArTe!
SfafifHa gud=. Sfafvad SIS dsR/ATted3R
3T,

8 |goR §eXWY | JIYRUTY 91e) (AA=07 3101 | ORI fegsg 3emagiv, Sel
AT TauHSNg | fa=eyor oo guRarre_t
Sread 3. (supervisory) ﬁww

SIS,
9 |fayg-lgar | I fayEadT 3. ﬂ&%ﬁwmmao-nﬂﬁm
10 | WheaTaferel | Aleger fSog 1/0 A | WhedNaldie! (Scalability)
(Scalability) | fdhaT BB BTSASR UUS R 3aaqd
(communication)mGﬁ?ff @Fﬂ?f(RAM CPU, Eﬁﬁ 2.)
e (R HE Y.

11 | SEUTA HH! gIerarcird YN, GEHTA | SR G@HTe TSI 3101
31foT Tt faror 9 aﬁmmmﬁmﬁa@%ﬁ
AT

12 | T AT G o 3. Wﬁ-ﬂm@%fwﬂermﬂ‘r

Maharashtra State Board of Technical Education
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121 YEaH (PLC) MO ArAshIdeIaR (Microcontroller) Tl e

Table 1.2 Comparison of PLC & Microcontroller

. PaIR)

1 | =greE NS UiehdT S 1 SRis | TETeN [aRIY SRl T s
e fdhar Jeifiee AfAd | Regmed aRuard AuiRT
FROIIS]  IRUA AURT | Hilde gfcdcs Hfbe, S
fSfSed Tuiep, W I | IERIG: D SAacl-ed
foyrareer  onfor W | onfYr fafde  sifwrebRwme
URITHTT8! fS$3IT8H al Oidl. | (applications) 3T&esdl.

2 | 3ffpecmR | WIMIgUIR e affor fafay | didigaert  enfor s7qe
/0 HISIeEdl THEY Sdl; | 38ege Uic Udl Rid

AMfd IuB oifYr | RuaR wHAd 3/ §TEl
TIE gAYy Scxhawie! | USRI m
fSoE— Fad 3. dfaRed e IMaUH

3T,
3 | ORI goR-Thedll Sty MU iR | WU urgea ¢ fdbar
Ty QAo TRSAT JHTOMT TR | 3Rt (Assembly) TR

<fFREarst Ui 9 gia. vﬂli—ll\onl slr\\éasﬂ 3Tor
4 |ffRrpRA |9 RQymear  ofMowe | ARy, gl gumn
Iy AT SNG  HISTHARA | Hrare! I, S BT g
SIS g, S $ Idle | Iud0  fHar  sifemifes
BEIIRENIERESRU fafRerme) ST soaRITy,

5 | @ d g TR 3. JeT+ T 3.

6 |/o&wHaT | TG THIUMG IAYc SM3cyc | FUifed 1/0 &WFdl 3Rd, S
ATl 3M4d, Sl 3% IUY | HH URGRA IUBRUAIS
3TIOT Sfereg e WUIc Hd. | TRY 3.

TR | oAY®  duHF, Sdfdcdd | HH Ao, HAT0T aIdTaRuNd
7 | AOIgPRUT | FleS U PSR INRE | AR WR&H  Had
Horu e R T8 | e 3.

PRUGTITS] ST Dl SR,
8 | q@HTA 3[UTE B0 A0 AT | QU HRO (b wied
Hisaul 91U 3. 3.

9 | IqrErul el SIICTHR, Fishdl fga0, | IT69 _ Selagi-ay, CEEH
PR YUTCH,  STALHIBRT | U, H—IIC gy R,
3T BR Adre.

Maharashtra State Board of Technical Education 4
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131 WRMATd Ao delar (PLC) T yaRAa-gsdua-siefes (pip) aih

LGEEL

Table 1.2 Comparison of PLC & PID

3.

.

afRreey

UHITHEd ATTP BElar (PLC)

(PID)

1

ST

ot © fSflecd Ture
dqRd o SN ufpan
fRieor 9 FAIFUEST IR

aﬁm%&rgﬁq&mgwm

Ut 3mg. Sl deiay ARy =
T MR o A, 2 fhar
Uae @) INREE Ufear
NI Widfd  Faam

o=, i, SRl
30T SiHIOIT &rrqifmtr

FAI. § SaWH I Ulse
3{for P AT

iR fafay = it s

oRugaadid I FHl
FROGTST 33ege Ja™Iford

Y dId. _
ST AR, AT gelenT
eq onfor dssfolm  ufdean
JNRWT  Sme-Tgee 3o
aﬁ/&wﬁuaw&m
fsoplc  @ea

A

eﬁcrqﬁme«n'&f&n%.

gad Ufear FEFomardl am,
S @ Weldid draeE g,
digeRAdid g A, fhar
Ared ot =,

IEC 61131-3 ¥WUSS (Stadard)
URITHT YIS 9TWRd, S &1
WS difvid , HHIH ldb
SR 3T THs e
ey Wfed g ¢iR0)

guRHd, S S
shRfew eriadt wfted Je
HE DIBIR Bl SIdl. HIel
PID  Holauds  3ficl-eg-T
AR SrTaTd, o desd gau

3dd dard® 3.

Jo St dafad 3R

Sifed =01 Jone! gTaresuary
&Y 3Te.

od: Rig-qu R
13t aia.

Ja HE T 3.

SYANTIRITST
Jo T 3.

T@HTE

ISdeR 30T tedsR
I ST 3MTIRTD 3R,

IIYUTHS e T GaHTA
3R,

Maharashtra State Board of Technical Education
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dreat 9 fafedw sifew

Programmi o
mgevice ng :'a;céheld programmer
@ CPU
I Memory O
I u
5 Data |Program :; Output
a memory | memory u devlg:s
3 ] — r; e.g. Contactor,
m :’) ﬂ' ﬂ i Relay,Lamps,
g d etc.
: Processor ‘.J
24 =)
il I
ﬂ Power supply

Figure.1.1 (Building Blocks of PLC)

diaeredt o Yoy fafesT sate @reftersmTor smed -

1. §TYC HISA

2. 3M3cyc Aieyd

3. Wed MR gfe @)

4. OIqR 9™

5. WufET feegrsy (i fdhar sfuchy)

TS YR B Jeid faUTTHeD quiq St 3R,

$1Ye 3MTOT 3M3eYe HISYed: (INPUT and OUTPUT Modules)
3pdl 1.2 I Hieger Wuad Rreqadia Agdter s9ge ftr si¥eye
Aregard the UAd aRifdad 3iTg.

Slot 0 Slot 1 Slot 2 Slot 3 Slot 4
Powar supply CPU modide Qutput medle nput module Qutput maddo Output modde
n) gjoooOo|opooOo|jooooOo|Oo0oOO00 LED
Ojooop|oooo|opooOoOojooOO STATUS
g|joooo|oopoOo|joooOo|joo0QO INDICATORS
gj00ooO0o|jooOoOojoooOooOojooO0aQ
) [+] [=] (=]
S EHIHEEHIHEIEE
M I B IR EE
B I EFEIBELRE
] ] = )
I E = =
A I EEHIE A E R
g o o . oo

VO Screw Terminais

Figure.1.2 (Front panel appearance of typical input and output module)

Maharashtra State Board of Technical Education 6
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1.2.1 §Yc Hisgd: 31Yc HAlegd & WUy 30 e shededl & $9¢
JUSRUTYY HELR] WU B Hl. I SUBIVIHT JrHIa: 399¢ fegzay
RUH Iy Sid. Aiedd 1 IUHRUchgd Riued Uitd dHal S0 i
IRt I d 3= WU FUARd $HRdl, o IERId: 0 d 5 Glee A0
3d. ¥ Riew= siaifd diak TwigR aTdd. hics 39¢ feazay onfir
fruaii=ar Wity e gew@yul gal A H1H &d, 399¢ Hiegad! Uit
YT d1e1 SuRUlihg Rued gur, &iFr Hidigarst amg Riud uidetar
Wiy s uraqur g 3R,

Yleaaiad aTaRd! STt e fefored $ge IuHRur:

gx g fag

INIECATSER]

e feftre faad

a9 fafte Raeg

. Yarg fafte =g

PlESIEE

1. Ssfdecg UifeuacT I
2. duRifes Uifeafidt T
3. 3feTNIHS UifearaeT I

a rwbdeE

JETANT §1Ye Ulegd- [dfdy AN §AYc SUBRUIDh g W eiedl
3T Rigeqar ufehar oxadl. § R fefved geaime wuialkd &xdl. &
e Fasdeadl HIFPRIATIR die fhbal &leed Y Rre™

WHRUITETS! fSS dhard 3.

Freadiad araRet STt =T SHTANT §9Ye Ut fafRry sfraiT
ATANT $TYE SUBRUTT HTHR ST W avHT0l 3HTed:

C

Q

£t

. yftfeeR
. Tl Hied s

N

Maharashtra State Board of Technical Education 7
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1.2.2 3AT3eYe HISYd - 33cyc Aledd g1 UIury 0T el sie e aT 3T3CYC
JUBRUHE T TUH B Bl 81 SUDHRY, T 33y fSRead A
e Sd, Hdigeg Aot Ha01 Rg@r 1 giidg gdrd. difoid TRmHaR
IUSHRUNET =1e] fbar sig fRydt FifFa oHrdl uiar qwar=ar RReagR drdad
SIUIR, 313cYc Hisyd Ui =1 dgial Riviedd safagard SmaaaR Hfdd
Hd. g wAfld YieT g dbera R Ui w01, i1 faggaeser aires
HR0 SHIOT T Teiedn Riyed=ar snUR ics 33eye fegsay= defid
319 fhar 3iTth TR SR HR01 51 378,
fforea enaeye disga - fSfoea sm3cye nisya 3 f3foled em3eye
fERRauRht Jaftd ord. fefed em3cye Aleged &1 &l diuerit=n
iy s dcld Rud Wiero it Hdig. sg= ura e Rue=n
YR f&foied 3m3eye fexayTl 3 fdarsiits fRdt daeul 7 3ie.feforea
3{T3eYc Aleqd fAfdy USRME Iuas 3 o9 P Tl St Rifdh ik,
Xdl 33cye Aicyd. Uiuad! diad Rl Ul IEg fefsed sm3eye
ISCIEGRE

ey

. fed

. o fdvar Srar,

. gifeT fegTea™ 3and!.
ATANT 3TSeYe Alegd - 1A 33cyc Hiedd & @ 3T3cYC
fSRRauRl Wl 3ryd. M@ 3M3cye Aledad &7 & Uiiad =
g Hg 16 foc TS WU el RFd WIHR SfYT AR f$fored ¢
3TN P-EeR (DAC) GR TR AT BegHed FUR B0 § 3R, 7
SN Rud AR M 33cye fERRATAT fdd Sd. & ®lecsl fdbal
PYCH] WU 31 .

Uiuerft iad aTuRe! SITOMRY ATET 1A 3i3cye femead:
1. gURCd el Bleg
2. BSIA® dheld Blee
3. dse fem
4. A Wi deld gTd!.

1.2.2 ed MARFT gie @iy ddig &1 Srorarg droeh an g wm o, iy

gYC HiSeaYy Rfd TI8H 99 Tl a1 ok TR difoid Jraddl Sfor
3{T3cYC HisgagR 3M3cycd! fRUdt 3[use Hdl.

COT A W N P

Maharashtra State Board of Technical Education 8
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Uiy 7 M U STa:
A. TR
B. Om
A TRIRR: TR 81 dieaslt aefid 9qul I WH1e! JeEeR SRy,
YU Wb+ GREH TR A1 Wil HRUMETST dTe dred-
1. THRe) Wredaed $Yc fersaad! fRyd Jus quardt.
2. CRM URIRIC HRUINST Sl AL Ardaardl ARy gaRked
ST s qugraTst.
3. UM difid dreaedriaR ARy sm3deye fewgrsa= Ridt 3m3eye
Wl wrsand fafguararet.
Jod TR gHe @idy) fueil 3TIRIE YUl Sxuare] Savdad
Qe H HRdl. WY e Afegaryd Refd s e Wl
I goR UMY difores drsadl S0l 313cyc AleddgR 3T3cycl
Rt s Hdl.
GIeaf! TR FTed i TR Agaqe Sl dxar:
Q) TIHAS
b) T HS
¢) e Rem) TS
a) WHITH Hts: a1 Meaw, TRIRR JoRdl dex URMHHE Jad HRugr!
RAF gl SHL Gad! AURIEE TR S8Adre HRoaTgdl Tl
3{Tfor TfS T ward=r Sl
b) I Hs: UUeR AMAY UUH S8-de dedMMR, SR Jqd $99¢
3TFOT 3MT3eYe I ¥ ciieIe Siedd SR, dR gok WeeRdl 31
mreqed 3q Wehdl. I HIeHH TRIR dex U Wb HRUgNY goard
DRl TS YU Wh AT TEIRER hHAR IO Gg1-G=T ol Sild
STl Wb+ GrIeh ' TUIATd. MR M, faad, 3iiéds fdar afgagn
I Areq g D,
T GRS d: Wb IAGd T HHIR ORI Arfcidral U
A ST 3T 1.3 T gRifdciedT Ura=aidT JHIG 315,

STEP1: Determine status of input devices

N (INPUT SCAN)
CSTEP 4: s STEP 2: Interpret logic of
ommunication and PLCSCANCYCLE | program (interpretation of ladder logic)
memory management (PROGRAM SCAN)

STEP 3: Update or control
the status of output (QUTPUT SCAN)

Figure.1.3 (Scan Cycle)
Courtesy: Understanding the Scan Cycle of SIEMENS PLC

Maharashtra State Board of Technical Education 9
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) §IYe h: TG Wb XM, YRR Udd $9c Uiscat
R T FRal off 3Ye AisgegR 3Ye ¥cq Hlsadd
Hradela 3.

ii) THITH ¥ : $99¢ arad MR 30T $9YC e Braqs
qrédd TR, WHER g1 Affgdien arR goR WMUH diee
DA, WUH T XE TR T 0 URH g He,
Sl g Joldibs JoR WU Wb+ dHxdl, A0 313eye
I UG Th-Ueh IRCARI" Hedih (Evalutes) PRl
T 0 F T YUl HTedrar TRER 7 1, W 2 3f1for ¥ 3 &R
3T Riqeedl TTodd STl $TSTye Wed 81 HIudme! [y
TTT3T AreaciedT $-19¢ Ao dl dlfdeds URUMH SR, Aloldh
1 fohar 10" 3T3eYe WeH AW ¥eYc T BrRaqdd dad
EIGIGH

iii) 3T3eYe ThT: 3M3ICYc Wh+ M WK fAfRky 3m3eye
Td% 33cYc W™ ds 3 fharsiinw gafecwma Ry
AT 3! YD 33y UiseHrdl U AT fohdr it R
SI¥Cl.

iv) FRIFSRA Sfor At Herde: (s dadl M3cyc sl
33cyc Hiegaqed foifgdl TeHR, TR BB 3M1for
fSaerey fhar Uit AR TpIF 3(gsSe #RU M1 Aeadmada
3R dierl o1 R ureqnl TAfdy oM. AW HAwHeded
TN, HI3ey, fdid eigH a9 3 IR Sfiid 3T B
3UST FHO THIAY 3T,

c) Rdie (REM) Ats: a1 Aene, diueRi a1 TR RHle dreqed daa
Sl U AcdmHe] 3@ Ak UIa™! $-de had Srard. dl
Aedy goRdal WU TlSe @RugrE! Sfffol URmH HisHe §ad
HROGT! TRAT 3.

B. AR Yiuasi= WUy A GoiR! HHR] TR SRIdTd o1 IT-RI el
(0 31T 1 fdhar 3ifF7 3M1Or S{ftheaT W uTd Aifgd Aeadrd. AT 89 fdbal
RO TEUrdTd. FERET Se”1 Riked Ui, gor Ui, fafdy g9ge snfor
33cgcdt Ryl TR Sel, dH¥eR I, goR  umERl Heifed
HTIARD SeT A3l g1 3Tg.

T T4 Alfed! St AT Fodel o o Jafyd ggdH
Toac STdl, Suide SiegT TR vl Ay mifdt gt s

Maharashtra State Board of Technical Education 10
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degl ol GgoUUl IUA® 8IS Uohdl. TUH, & e HRugrrdl, diuas
A GF YA (WTsed) faumTe ST

1. STTHMRT (4 BULTe! i@ )

2. U OO R1Y BUMG! Si@d! Siid)

ST AT B BiaTersd fdhdl X0 ALY 318 Sif $Y¢ Wy, 33eYc Wy,
T A & - far W AR o Sff Rew wRmm snfr
goR WU AIEJUgHTaT aroRadl S,

AR TSR diuas gdfta Al SaeT SHe Suarre!, I
BTRcd 30T ST B T GF SIaR A Bl HIa-CHRSAT 3HTed
3 THT, Y THT SlavAed U B 301 GOl SiavAs Sel
Tacd 3Ted, SN 3MTdd! 1.4 A& GRIAT 311G

Program files

—— Data table files

Figure.1.4 (Memory Organization)

TITH WIsed: duad TR Red Afgdt, goR Ui | SIbeiReA
Hifgd! U Breed ATared U hisd SHgld Jreddl. 3l 1.5 T

TS e TN SRidd,

Figure.1.5 (Program Files)

Ui Uioide BIeaHe 256 UUH B IUd 3NdM. aid SdHdaid
TRITTIHTY Td 256 BT (FUMed BIsd 0 d BIsd 255) UHTH Blsd

Maharashtra State Board of Technical Education 11
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PiceHeE HHIR Higded IdId. UITH Blsads) dafdad Brseaded

QTeite Hifgdl 3 -

a) WTsd 0 (Sys 0) - RIcH IR Al 3Rd.

b) BIRd 1 (Sys 1) - RReH HIFBIRTA Alfgd 3.

c) WIsd 2 (LAD 2) - T3F e UIUTH 3.

d) BIsd 3 d WIRA 255(LAD 3 d LAD 255) - Ja%cd MUY 3drd.
3Tl 1.6 RS TIOTRT 500 TSR WiSide <1 (Ulae Wisd) Ridd.

B Cross Reference
- oco-outPUT

~ n-wpUT

| - s2-sTATUS

Data i LD 83-BMNARY
Ree L LA Ts-TMER

i~ C5 - COUNTER
[ Rs-CONTROL
‘[ N7 - INTEGER
‘[ F8-FLOAT

Figure.1.6 1.6 RS logix 500 software project tree
Courtesy: Getting started in Sequential Function Chart (SFC)
Programming in RSLogix5000

ST BIS®(Data Files): TUeR AFR IoR TR ASaUgNITS! HTaaHh
3T S, Sl Wi ATara Udh] Hisd Y4gId d1édd. 3THdt 1.7 G

ST A BT d hig-eHe Sl IR TTeIHhRuT griad.

[ e |

PROGRAM FILES

Figure 1.7 Grouping of data files
gfd Uioide BIRAdd! 256 Sl Biaed JUds 3led. a¥id Sfddid
SRIGITYATU 99 256 BTsed (WU BIsd 0 d HIsd 255) Sl BiRd
TIEIHY HHIR ATSAl 3ed. Sl Blsaded T3 (9) Sihice Sel

Maharashtra State Board of Technical Education 12
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Bl (U BIsd 0 d BIsd 8) ATOT 247 aTRG A TRHING Haiedn

ST B (BUo/d BIsd 9 d WIsd 255) JATAY 3MTed.
Siwiee ST WISed (Default data files): T TP GrRAGE dadl

el Arae) sRaedl Eithiee Sl Breeda! ard! exfad!,

Table 1.4 List of Default data file

SPTee ST WISTH (DEFAULT DATA FILES)
ms’?r\a%q r BIEd ATTSRHRR
3{T3CYC Wy Blad
$YC T Bied
TRR ol Bled
foc wIRd
AR Blsd
PR Blad
deld BrRd
2SR Bl
T —UTse hlsd
B T hlsd YRRl aoRe A URITH araauard HH YUl 6roae]

3{1IRg S 3eici ARy Arfget GHTdy .

OO\IO)U‘I-&OOI\)I—‘O%

| Z| B O Hl W v —| O

1.2.3 ﬁ@'ﬂﬂm(%wer supply)
f4qgd QRaaT &1 igerd! =1 T I $1g S WY, Y Hisyw 3T 3M3eye
Oied AR 3¥cied] YHMd fdggd [RaaT HRUINIST aTaRaT Sl dier!
T GF UhRd fdggd qRAsT 3igd-
1. 3fcid faggd QRAST: BT MR Aiegad [dggd GRasT Hdl.
2. oTg faqygd qRaaT: 81 34 33y Hieg- Tl (AC) fdhar St (D) fagga
RABT Bl

Input Reduced Pulsating
120-240VAC ACvoltage  DC voltage DC Voltage

My

I
Step down __)_Full wave| , Filter | Voltage | |
transformer rectifiers networks regulator| !
I

[

Block 1 Block 2 Block 3 Block 4

Figure. 1.8 Block diagram of Power Supply
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Uil HFT 8T WU 137 SAh IR 3118 Sl Tt (AC) UlaR ®leedl HHI il Gl
YN 8T ol 9% AFCHRR g ol TH (AC) d TSR (Pulsating) SIHT (DC)
e FUTdRd HRdl. faIRT YT 8T fiheex Aeddh 3fig Sl AfdehraR YA
JUR SRR IARET (Pulsating) Eleest fheer @val. HfdH HFTHEY @lees WgaeR
3l ST YUTT Tt (AC) Bleeolde de3dR Il dilal [RR ST (DC)3H3TYC
Blees HIIY .

1.2.4 fa=iw 39Ye 31fOr 33eye Hisyged (Specialty 1/0 Modules) - [aRIY 3G 3f01
3M3cYe ArsI ey IRy misyw fhar iy orf Afsged sRid
TEUATd. I Aisdeqred i Wa-dl SfafHid TR 3l o %ad 9y &l
PROGTS! TS P AN, 81 Alede 3¢ fdal 33cyc RimeqaR gd-
gfehaT Hard 3for g gd-ufshar o mifdt g dierien MEeRer Radid. g
A Hisyed YA TR S0 YU To-TaRd =90l §qui Uiehal st
H& ebdld. Aidrhe ffored, d8d SHIAn, dald 39ge ST $3cye 3,
I[N
AT Bre! faRIY Hieged T @it S feelt smea:

1. AR.A.SgAYe Uisya- T s O 1 @M gYe Alegd o o
RS @ et RaR NSNS IR S, § Alegd RTD HgA
AUAETNE SeaaR UioRigTdid gad WidbRd. a1 RiudaR dlsgadsd
UfehaT dait STd HATIO1 Jrged fefored Rvd TR &d S o fuerit ARt
ICASIG

2. WWR HleX Held Hiegd- Tihl-K U WlR Al Qb= f&fed
33cYC U ¢ UaH .

3. ASCII 1/0 Hiegd- SR ®Ie ez, flicd g fiasll sRieR Sevar gfae
ad.

4. PRSI ATeyd- IV VMGEA oyl 1 Yax H@quarie! AieagR
Ulerditar Sferp I arg-Ri SIS uared aruRe Sird.

5. faforegiee sYe Aisy@- fafdy fAftsgie IUHRUTIRE ™ &t yHiHUq,
Tdglelc! Al JUIR $Ye Uialt S cdde qradedl SIS, B UMl
e FUiaRd ®Rd.

1.2 feadfirdt rIa: aTuRd SR $9YE / 33eye SUDRUI (Commonly
used 1/0O devices used for PLC)
A. $YC IUBIU (FA=TH ST FRaeT) & SuSHUl T@e! Uiehdl Y= HRUARIS]
fhal decuarrdl diekital Rwed urdadrd. 394e IuHRul fefoed fdan
ST 3 ehdlld.
1. feftrea ge Sumur ((Fwpie §7YeH) & IuHRU Uieriiar I
9 (0 fdbar 1) QRad1a.
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a) U ¥ (Push buttons) (NO/NC ®icdae)
. UPR: ATde! U (NO): STaeTeR e urdad.
ATHA FAISS (NC): SETaR Rid drsd.
o IYUNT: SEIfNG ANHE wE/Ae AU, uehld w©id
a9 Irdt aruRara
b) forfire fR=9 (Limit Switches) 9% TU®Id ScaR Aishd BIUMIR
A ewd .
o JYUNT: HIR decd, JSICh ATRHL R e,
¢) Tle f¥E9- (Float Switches) ST UTd! RNEIdTd.
o JUERT: TRt grvarE! uraat FRier 9rét arRara
d) AifRIrdt J=ad- 3@[&@% QﬂFs’H (Electromagnetic Fields) foar
T AU Hifdd TUHIRIarg o INedTd.
. UPR: gsfaee A= — YT 9 NI
Purfeeg T=TH — 3T T YT I M.
IJEMNIMAF T - @& T8 aued R
TSI
o SUANT: Waddferd SR ATg-~aHe axq N,
¢) WICIgAldE® ATy - T AMYTATS T YHTT fhR0T FTURT.
. UPR: - — o¥Tea] e 31for Rfiegr.
Yei-Rifdes - Rkider amRara.
FERIET - o™ Wraa Medrd.
o JUART: U ToHT RISTTed a¥ea TUHT 60,
f) TADISY - HhHdhd glaard fdggd W UIdRd HRdrd.
. UPR: 3ihHed TA®IST — o7 MSUgTIT3t WeA JRadrd.
HITYC TADISY - Ul Bledd adrd.
o« JYINT: CNC TR, HrodR HicyHe UM Biedd gard.

2. SFTANT Y IUHIUl & IUHR0 Idd U Radrd (3al., 0-10V, 4-
20mA). dTUHH, 1, 911, fdhaT UdTe AISoana! araRa Sidrd.

a) SRR I -
UPR: RTD (RfgRea duReR f§dwer) - oiRfiie arRmme!
3 b dl.
YHTHUE (Thermocouples)- 3= dIYHIA KIIITgaena i)
IR ST, -

o JUURT: YT, SIAayHed dradH 3=,
b) URIR A=TH (Pressure Sensors)- YRR faggd Rmamed TuiaiRd sard.
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o UPR: T I URR IR - URIYUTd 9ad aruRdra.

PURITCE YIR VR - HURICHHH Fadl IR, -

o JUURT: gRSIHA® Red A-eiy, gHfics Remad aRd

ST

¢) Wl -8 (Flow Sensors): ZaUar fdsar aran yaTg v Hieldrd.

o UPR: cdig vl Hied - fOhRom=an uraigR varg dieidia

Hofew vl Hied - Hrrs= AR &1/ axam,

o  JYUNT: IHRFS UfeharT, Urolt Yiohor Uebed AL dT0R STdld
d) @8 A - LA 7S] a0 9 fdggd R el S aidiRd HRdld.

o IUERT: SRS gor I3, Jaifed Bow 7ed aTRd Srard.

B. 3M3cyc fexsay (faegued oMfr dela Tfemew) 3m3cye femsay
Uierfi=aT siideye Aleyed g Hicy, Aia-isgd, Ay SdTd! aIaauare]
Rrred Tt .
fFequed - sfFgucy § faggd R Hifdw graarda fdhar aifie srafd
FUR PRURT IUBY 3Tgd. el R HITARH, Adifcrd 31 dheld
R def S,

Peld Tferley - dcia Uladcy gl Sfaxued 3l 3R 33cYe Ucdhid
I HRURT IUBRY! 3MTed. § Uod RICIRd! Jg BRI, &0 ST
BTG YA Hdrd.
1. feforea aneye feemaw g SuaU 31 /3ih (@) R ® &1
hdId.
a) R (Relay): TRl R o I=-Tad! UR EBFd sRomt
S CEE CARCAURCIE |
o UPR: godeHUfed R, Fifdre-we R (SSR).
o SUANT: Hick WIey, f[dggd Hicded Hel aIoRd SidId.
b) HIA-Igs ®legd (Solenoid Valves): gdl, Urofl fdhar grRIgiiae UaTg
BRIECERUINENCHE PG [t
o SUURT: JHTCH ST TSP JaIedh MY AL aIRS ST,
C) ﬁﬂ'ﬂ?[ ey (Electric Motors): ﬁ?ﬂﬂ Ry fhruar=en Tdid
FUIAR DT,
. UPR: T HicY - HedaH e aroRedT SITdTd.
SRA Aicy - A&ifed SFgueaaed aruRedT S,
WWR Ay - I T I A=i~ae Sieqe Haumet.
Togf Hied - I SR, AaeaTHeE aTiRedT
NIGIGH
o JUURT: ASIeH Y, I T, . A=A Tadae A8 aruRdrd.
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d) Srard 3T 951t (Alarms & Buzzers): G fdar Jarauft sraearg
e AU IR T,
o JYUNT: SENMS WA JR&T Taraull Jormel A&l aTuRdT.
e) EfSHex R (LEDs): AR U (ON/OFF, TN, Ufehan, 3) <t =1
BChll
. : Td. TH.3E. @A ORI SthY) Wod UHd. A9
CISEGIE

2. SMATANT 3T3eYc fFH/EAT &1 ITHRU Tdd U (0-10V, 4-20mA) TR
HI HRAT.
a) ®RTTa fhdp=dl BT (VFDs): Ther=l 3T ®iees FHEINT
H& AC HicH! Tt fafa wrdra.
o SUONT: HredR Tt (a1, 3Nenfiies fead. 7ed araRdrd.
b) UL RIE ] %\W:\‘T(Proprtional Valves): 311 /3{1% Udoll deadl &d

a8 gz Ua .
e JUWRE: IEicH SficHxHadd gEsiae  Jagicy. dAY
dIuRdId.
¢) SFTANT f$=d Hiew(Analog Display meters): 16, T, ATGH g
Serd-crzH draHia YgRH e,

o JUUNT: WHIST 30T D deid T Ael AR,
13 W 3 UeR (Types of PLC’s)
FaaryRoraoy, drerht fafay Soft Sftr sreRiAed Suds SRIdTd. URg Suuue!,

3{Th<i11.9 T GRIFAATYATY Giah o arffexur uffasd &l .

PLC

|
! !

Fixed PLC Modular PLC

|
lll y ool

Pico PLC Micro PLC Small PLC  Medium PLC Large PLC Very large PLC

Figure.1.9 Classification of PLC

frrs diaed): e diall g8 Wiy uiar 9w gfAe, e 31 $m3eye
fqunT g fhas e gAfade SRIATd. Iarerond, WWa-gaifay Yoemed Hdiy,
GldR I, Y 0T 313eYc faUnT JHifay . e dieril H-avd
STIUTH  ATFOT ThIeT AT 3MTdhdt 1.10 30T 1.11 A SR 31T,
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PLC power Incoming field device
connection signals, inputs

- | |

wieizs. [V @ © © 00000000000000
M‘ ’W—\Mq

A
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- WO N
- o

Peripheral ——
port

s / v s TETTTETE TES TSETE TE T T
_ 5]/ ©OPPPPPPPPDDD o
g ¥

Qutput status I
lights (LEDs) Output signals

<«— |/O expansion
port

22332222
e

Figure.1.10 Conventional diagram of Fixed PLC

EBSEDSasEEazaY

40 -

- e
L § pnnannnnn w | & Aien-Bradey

& POWER
= RUN
W FAULT
B FORCE

REREAR our
— - 44 .

?QEEE

Figurel.11 Photo image of Fixed PLC

M

fihos derdt 9 aeffeor @reffaumm Fd §ird:

1.

fet Wea=®t (PIcO PLC): 3ifa=r &t $9Ye 3M3cye WA Iral et
Tged S1d. IMHE S 12 $9Yc 3CYC Ulscd 3Rdrd. ! diedt &1
SR Himde ST FAYd TSRl Uil g S arean =01 srfardt
fegIs Had 31T, ATURIYU 3N AHfWRIHI~qH IR Sdl [ dherd
R e Fifed aife SATORRI= 3TaRudhar 3.
o SUWONT:-  eh Hiex gm0 yomett

ARG arsfd faa

TG HrogdR JuTTdl

e W
AT G (MICRO PLC): 81 fiheRs Tt =1 3ifo=g die iUg UaR 3R,
Il YhReA! Uiadt A IYRUUU HHT 32 F7YC H3CYC Ulscd Sl
argeh! Uiat 81 Ueh A8 10T b IRk TMUTaed dlfold dheler 31 St
3N 3nfor i arareRuNdld deH WUadd Uhedigrd!l dur
PHaral 38, BT favivd: srem uRfRUdaTet avg ang f91Y diiae HR, SHoll
FHrierar YT fPwEhaxiRar AewrRl 3q, A1 IS HRIHIT HH 9
HRAT § 4 .
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o JUYNT:- 3NeNfie ufshar o
AH THRTAT Hgd? Jula!
U ToiT A=
ARG gie Rfedwm TeR dfswfmea & v ). yomeh
8 IdTe Yora

Tablel.5 Comparison between Pico & Micro PLC

R O giert AT Urerit
SIEE] R prtae BTG

gYC -3M3cYe Ulscd 41012 16 to 128
AT AR RF AR | TsTIS oS 3/S TH o S
SfRTHpeH R ey TfS3M -Ihd cRag
PIT i HTeie

Alegar YAt (Modular PLC)-ATSIER Uleril 81 311 Hierddt 31T St $-7Ye faum,
3r3cye faum, iy ftr diR Twrrdt Wds Aledd (@fHe) arRdl. Uds
Hieger UieRfl A8l B U AU ATsgd 0T UlaR Twid Hiegd 3 il
3fdp W g MU 33cye Aieded 31 Xhald. Alsger Ulerdl g
UUMed diole  deleRdl Th YR 38 ol aTR&AHT =
AAIDHATIR Al shigd fdhal digd Ridy weeass sifor fowaia
UG WA <dl. s diesi =1 qamia i 31t dafaddr, Wbafaferct

3TFOT BRI U HRal.

ﬁﬁﬂﬂ? et = SuaT (Applications of Modular PLCs)
1. IeTeH I - S AT ST e FHe=um
2. ufehar T@age - dd YSIPRU da, IS HREM 01 grof

IS IHROT JOTTeRt
3. SHRT WUAd - 3¢ RIca¥H TR HfsHn@a & T o). fFhao
30T TTE TART STaRITIA

4. qIEAD - A Rrud =07 3Nfor Tadaferd s Jural
5. Sl &F - o g WIIeH ST GBRW YOSl 1 qarAed Areger
CISRICICEGIGE
3Tl 1.12 AlegerR WUerRi SIIUM aRidd SfOr fTdhet 1.13 HisYeR UaHH!
BIe] 3HW axiad.
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——
—_———
-=-

]

supply

IO 1 2 3 4 5 6 , Slot

Processor I/O Module
module

Figure 1.12 Modular PLC

Figure 1.13 Photo image of Modular PLC

1. @8™ WEaRd!: (Small PLC) 32 d 128 §9Yc/3M3CYc Ulscd 3rciedT HuariTel
e uadt wurdrd. | a8 JHueRIS Tauafad Srafardt sidiae Sfor amd
IBRECEEIRS

o JWENT- - HWR, UbioiT A8y fdhal oIl Rew iRy 419
CISEGASIG!
o JETERU: T AN Sfa-sied! Arash] Afforey ol ThuRy IR

2. AH WTA: (Medium PLC) 128 d 1024 $Yc/3M3CYc UlecH Sr&ciedl
Tuadid 909 BRI GITad BUdid. deM Uleadiiuen 3ife faasma,
e YHTUNARIS Waadferd Hrafamdt ai.

ST ST S1f0T FRAe HRgABR= SaRgdhdl e e
o TCIEVU: AT TY 7-1200 3fH-§3al HIlde Qo 3HRIA HolRTH
TR
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3. ®1$ duee: (Large PLC) 1024 T 4096 UlScH 3cied GiUaiten Hid dioait
BRI fHaT® 3718 .
o JYUNT: - HI3A THUMRIA I a8~ - arjdre ufsear fa=or - Sl
IIRITI YUITell T IR ST,
o JGIEYUL: A=Y TH 7-1500
3eH-sgdl dgid aloTR]
HTIISX (Schneider) sﬁ% AifsHpi TH 580
4. 3ffq WS diea™dt: (Very Large PLC) 4096 U&T SIRA $4c/3M3cYc UiecH
3ot diuadtan ifd did it Wordrd. siid Ulehdn Jidl SATfOT fasmid
3MaGD 3reTed] HewdIqUl SISt fEems deidd 31Tg .
o SN A 3P aTy wWiiey, I ufshar I,
T RS 30T ureR Iy IR HIS Iramyd Udhed
IR S3TersuYe Red-ega A sawae sRide e
CISEGASIGIGH
o JETEU: T TITH 7(Siemens PCS7)
Jpdd 3MTeHA 1T'H'E'FJBFETQTJH(RockweII Automation PlantPAX)
gad Q?ﬂaﬁ!ﬂ tﬂ%QH(Honeywell Experion PKS)

1.4.1 fedan sifrpRHaTal Tﬂ'({ﬁ?ﬂ?ﬁ fras fAow (Selection Criteria of PLC for given
application)
1. 3YS/3T3TYE (1/0) ATa=adhdl
. Ye 3T 3TSeYedl AT AWHh =l TReHR fAdeT.
. FYC AT3eYe d Yo R: fSioreq, siranT fasar [y,
. faarReman: ylowTdd TRST dleN §9Ye/3M8eYe Hisdd Siiedl
BRINRICTRCIEICE
2. 3MTHR TIOT Wi water
. ORIt B fhar Alsgar dieasdl: Req= sifeaar $for Iudsy
SRR FasT,
. AR3feET wata: UAd fovar St .emy w1 a wsfe.
. TERUY faR: 3Mawad SR HAIU AIAaRUNd B HRUIRIS]
I DR 3T,
3. VAR a7 onfor Awt
« TP CTSH: I-AT SHIH YS! STl Wb+ <z,
o AHY g Sfed difoie TR Adauarre! R 3.
. ST YRR &HT: ARSI FAlfciT-Ulee SRR,

Maharashtra State Board of Technical Education 21



3Tz ™ s fafew (314335) Automation Tools & Systems (314335)

4. HRIPR OT AeafHT erman
. 9uffd sYAPIE WMedia: FURAE /3Ye, Hisad, Wifhawy,
Y, SIS,
5, uﬁm&marrﬁr\rrm%awsnamw
TR YTST: IEC61131-3 3IET (WX S, WS <R, HawH
b, 3).
. TRGAI-ATH ATFEA3R: SN U8 IR Y JRedSR.
o URNRT Aitedsrd fhad: SR araafRi Yob SHad e,

@

faya=aar snfor wafarvity ges
.« BT arET Jult: SHENfie uRfRdae fedhra RO,
o MYt IAET: o O SHICTATURA =&,
o U 3T UFnT ufaRie: SHENfie ardaraRumaTe! e 3.
I [RIST STaRgdHdn
. BT Fleeok: caR IUA diol RAGUTRN JBUIR (24V DC fdar 230 v
AC).
. A AWR: Solf BRIGHEAATS! HH A1 ARG hdT ¥ Fasur,
R STfOT1 gHToTgX
o RET SUTE: YIHIerId dIdaRUTNTe! YRET-¥CS e (SILATEX
THIOT).
. frSs=h: meayt siftrrerardt REse nisge auda
9. Wad faar
o URIYP Td: SRIHIHA AR Fole-3od T,
. QYA 3MfOT W3R UIEH! SUARIAT: dgal HFTR Juaisdr SAfor
RASUITSIN fdhaa.
o U 3MIO1 Va1 AHA: IUCHIDH G YT T,
10. STRrhIA-fafRry faar
. TIRE Hera: Yogl [dhdl WR Al JHIAY ey
. el AR UaeiRie Sa1 ST 3aad SRl SRIb R
UG 3Te.
1.4 deadt Adia REs= (Redundancy in PLC)
UATd difoid deler (PLC) HEld Rés=it wur sfaRad ued fhar Riew
qafdy SO o TETd] foure ey ggeuul ) WahRe Adhdrd, SaTdes
Rea= fiyg-aar guRa 3nfor se-erzy HH gid). 81 e afie aard
HE<aT 31T f1Y Jad S Hewd 3.

~

o
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15.1 mﬁwwmﬁw (Types of Redundancy in PLC Systems)

1. dhdyg el she didiy gfcy a0 9aifay offe. Teh iy fouswm,
I Ufhdd T T MU S WieRd). REsSr 81 UeR Hew@yul
b Tgwardl 38 f5Y FTe! UIST Sr3AcEHeEd Hiadl Jhamg
HRUTYT = el
T MBAIER, JRT HIUATE! HFROMS WaR I fbar didg A
fars Bidl, degT e ORI Uiar I fohar g i Wiardl.

Main Redendant Main |« |Redendunt
- o Power
cPu cPU 3 Power
Module | cunee | Module SUPPY | cunse]  Supply
Ower

Module Over Module

! !

1o 170 Module To IO Modules, CPU

Figure.1.14 CPU Redundancy in PLC

2. UlaR 9wy REs—: 3 Ul &I diiRed™ Ueh laR Iy fagsar il
Ren G Wed. 7 faRIvad: SR arareRung Agw@ 3e fod I fRRar
HEdrd! 39,

3. g°Yc/3msceye RSt gAYe/sndeye disyd faureies sk Rien
B3R creuanel REge §Ye/sii¥cye Aiegd dWRd Sidid. U
gYe/3M¥eYe Asyd fauseN, g Aledd & WIPRd, WHes ¥4
SHe Tl SUHRUITE Hdd AT T =0T g gid.

4. Head RESHA: RESe Acadh anl it FRYFHRA Aledd Fdd scl JaTg
30T Ffaefct gAY Fxad. Th Aead AN fSuswN, Ren ga=n
AR ad T hd, W Jafed Juwor fee ed.

1.5.2 REs—1=h siaasIauft: (Implementation of Redundancy):

REST= SHATSauiaTe! Agw@yul RieH gehid Gedid, Ahd Res- YRomd
AT, §H3U FIEdsRT! RITTAT, T [Harsicy™ srefsd & gRfyd Hruammat
JAYHATARS e B0 HALFH 3. W ORd STUIRITST AT ArSquard

gdd W He<d! 3Tg,
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frés=ia wrae:

1. SHE 3Uersy: REse Rien fyursicram Teouul &1 Wiered Redd
TAd BT YT FRATd, TS SI3CgH HHT gIdl.

2. qTEIa GRE&T: ATl Ulthal HRIRd Jgald, Ried faareieea! JRam d=on
Iy -Tauo B Ha g™ STTaTar et HH gidl.

3. Tadl SrigHarn RS SHdeaauiae Td a1y Sl a<l, Res=
ORI WeSTSA ST ISR f9eTS eI Hed HRd, WM dideTa
I gl

4, gAY S@YTE: M g@ud WUt 8id, $RU RRed REe gepian amR
Hed B Y& &g Udhd, NS JYUT eSS TR U8d Tl

15 deiasda Rifd sifor SiRfrh Swemn

RifHT Sfor MR B UiaR T SfiftT Waiftid $99Ye $M3eye Uigesn deHTd
Bics [SsameT areunl faggd yareredn fax=h defed sme. St 4t Jfbens,
A ARG g ArTdId: Uiar Iy, [t fesgrey, oftr e, fagga varg
Ue 31for gt fegrey onftr e fagygd vare firesvarar r § dfde FIRkfT
3118 &t Rifes T § BXaand.

aRifqden Rag offr @rge Aikhede, fagyd yate dedie Ui efifaurgs
Raawy[ Agewdd aed!, St dis UH &1 $Rd. Rag dgea faggd vare
RAd M, df AR SRy AHar S Idcud, dage faggd uae

TS Sdhe aaad M df R SRR WU ST Hd.

i

¥
24VDC

power
supply

Figure.1.15 Switch (Source) and Light (Sink) c.ircuit)

g Afthe W9, dedian Uidle citiqaayd Wil tadws faggd UdTe
argal. faar Raaen faggd Uae Ras! & Aid BUH H Sl a1 Xa-1HY,
o faggd uareTen SftFies aeqy Rifd (SR BUH w1 Hxdl.
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™y
A\
N

+

24VDC
power
Supply
I ol
—

Figure.1.16 Switch (Sink) and Light (Source) circuit

I 9T §9qe Afega HARM: (Typical sourcing input module
connection): T I MRIT 7Y AlSd HAGRM G IgE ol B
R AT XIAe Qi fear onfor Rifde o araaaan sd). SR Heardd
feaarear Smht $qe diega sxaen a) Rifd T oftr QiRkiTe gayd aw srared
EdId. SEAEd YEHE TR Y Aiegd dis UM dToRal Siral ST
arAred RifdhT g e sy,

Input
magul
Ooono
[ e v
sink
. A e S
S S
B
=)
_ S
24 E]
woe | E)
pawer
supply | S
T =t
L, ;
]

Figure.1.17 Input Module (Source) and Switch (Sinking)

ST qEg RifdT 399 Alegd FHHaRME! AT Jelaudol aRifael 8.
S GHRIAD cH-aay varg g sfor did $99e fewgsagR varfed
Bl I IRA-d, a9 379e Alega™e! UaTg |id WU S B,

Input
modile
oocog
o I O o
| © |
i | © |
I (=)
4 =)

24 ~i - i
VDG (S
power
supp[yJ =

I =]
= =)
: ]

Figure.1.18 Input Module (Sinking) and Switch (Source)
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TH. W . 3nfor dt .us bt |=a=i: (NPN and PNP Sensors)- RifdT 37ifoT |ia
TYC HISCYE, T YW YHRAT YR 1Y &Ry FHRI: IR ST
1. . W . TifdreR: 7 Rifd 3qe femry wuA o/ axd sfr |
3YC Hiseide SIed .
2. 4 w9 W, TifdreR: 3 9d 3Yc fSxRy BUE &1 &xd Sfr Rifdk
gYC AlegaNg aTuRd Sild.

fafay ﬁ’l‘E?l?ﬁ Jdlgd: (Different PLC Manufacturers)
1. Siemens (A=)

. Rockwell Automation RIdad SHCTHRM)

. Schneider Electric (TI€X (Schneider Saifdca)

. Mitsubishi Electric (fregfasit saifdca)
. Omron Corporation (3THRI- HITRIM)

. ABB Group (Tsilsl g0)
. Bosch Rexroth (S YRRIY)
. Delta Electronics (Se<l Saidg =)

9. Yokogawa Electric Corporation (@Al 3afacd HIaRT)

AR (Summary):

? DU MUTHES diford deled (PLC) T sficzq Reqadia af=ar yffid
A 317, o fqgrali wdafa gondd fegme ofor gHw fARI6R0 HRugre)
AT DRI T HATd.

3NN fre FgaaArde fieerdt (1.1)

el fasyiaar, dafaear sfr Refd-cga Faaumg siicaRae Sy &/l
HAE. SR o URf, Aiderer for i .3mg St delauaRd S al Jddbrl!
YfHepT dTTe! ST, IT BRIl JHS SH JUITd! (TS Ta! I 33,
Froedt @ gayd e (1.2)

JIeeRit § ORI dafaddl Sl [AyRedas! dew@yul SRIdld. 399¢ STl
33cyc Aiseage R3fd-ergd U0 I gid. a1 geahidl Jas yurd! fegmsamdl
UG B, O scllh 3HTpcl! ATaT TRIRIATE WY .

Tuerit 9rél AmH=aa: aruRd! SIumR §9Y¢ /3T8eYe SUHRI (1.3)

$-Yc/3M3cYc IUTUl Hiuaelt a1 Hifdd SRl Sisard. $TYeH Sl Ydhiad PR,
R 3cYey A0 fbar wrdrd. gurdt sicieH Ren fegms—amdl a1 Iuhrurd
TS 3D 318,

coO N O O & WD
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froet 3 UaR (1.4)

el oAt SiciRF TR fSsa $od S, e HAuRE Sfed
N ufsharda. dra dieasdt <t fAas yumdte Ren, Whafaferet st srig=maR
I 3. YU FhRi G YT HTaRRIETE Haas 3is.

AT IVARTIIER dieerdt @t fas Aoy (1.5)

droatt ot Fas vomeitet TR, Whafafere! STl Taiar Uiy gewmiar sfaded 3d. I
feaslt TeR Sl s Moy THeH ad SiEife SIyanTae I&Y HHERRT
gTEd gid.

roadt wefia Rifdw snfor SiRfT Jweunn, 989 ARG (Redundancy) HdHedT
(1.6)

et g Rifd onfor QiRfT ToeE 90 9 arafir safdr Iuewsvur Jadaaans!
eI 3MTg. TARIGT (Redundancy) UM fayMITEdT dread ST Hewaredn shenfiie
Ufch e FUTH SARRAIIURT REUT HRdl. AT Ghed-id! SAAaSautt dbed HrRigH
3M1OT 3RdS 3fieIA=H gMRfdd g,

HTHATY:

1. URITHEd Alold el (PLC) TS BT ATl SRS B,
Define a Programmable Logic Controller (PLC).

2. 3w adaaHd UTua arRuare BrIe qHiag &e.
List the benefits of using PLCs in industrial automation

3. UITeRil 9 aToRd SR HIvIde! G ORI $-9Yc/3MT3cYc Hisdedd! 1d fergT.
Name any two special Input/output modules used in PLCs.

4. HiER 399e/3M3cYe HraR-A dgHd AR Sfor Rifds Ateh sme &,
Define sourcing and sinking in the context of PLC Input/output connections.

5. Fsfeyq b e=rara! diueasdt 3for dafaaes I (i amea ve Wy
D
Explain the difference between a PLC and a Personal Computer (PC) for
industrial applications.

6. Ulueil g It Wy, =t YfeT Ty H.
Describe the role of the CPU ina PLC

7. &&=t (Redundancy) M UHR U HUTcid! Ayl eURd?
How does redundancy improve the reliability of PLC systems?

8. fhas 311 AieyerR e it gamT a1 IaTeruNig .
Compare fixed and modular PLCs with suitable examples.

9. UlUeRft =1 stileh SRFITH hlel 0T ATdiel gcdh WY .
[llustrate the block diagram of a PLC and explain its components.

10. 9T PrgdR dec YUAITS! AT Hiuei UhR fHasT 0T ARIT3T RO .

Maharashtra State Board of Technical Education 27



SRR ged 3fs RIffewT (314335)

Automation Tools & Systems (314335)

Select a suitable PLC type for an automated conveyor belt system and justify

your choice.
11. d19ET A0 JUTeiTat Teh et Giucrdl scild 3idhdl BIal.

Draw a simple PLC block diagram for a temperature Control system.

12. Rifd 3oy M $7qe Aisgeaaed T, 0t .uH oifor df w9 b IR dia v

OLIIOIE;IROb JalgrUMYg WY dhr.
Differentiate between NPN and PNP sensors when used in sinking and sourcing
input modules with a practical example.

13. U Tt gumeiiare! arg g Masuar Fey e .

Suggest criteria for selecting a PLC for a packaging system.

Y- YT HD SUshH (Self-Learning Activity)
. fafgy yer=ar fiuaeh av ATdhe Tdeul S 3gard daR .
. fafay duaedht Saewiar Arhe gder B 3fgdTd duR I,
VLAB 1 aT0R F3e- UITer! 2 Hafid Sredsr ST Aited3RaT 3nary &,
VLAB T dT0R e U 1T THITH TR B WUHEd Alold dheler (PLC) d

TAYd ST JHS &,

o Uiuert syt Qe Sitheh drse h=07 Yurmel! daR e,

T (References):
Sr. No. Author Title Publication with ISBN Number
1 Dunning Garry Introduction to Thomson /Delmar Learning,2005

Programmable Logic
Controller

ISBN:978-1401884260

2 Ptruzella, F.D. Programmable Logic | Tata McGraw Hill India,2010
controller(4™ Ediion) | ISBN:978-0071067386
3 Hackworth John; Programmable Logic | Prentice Hall,2003
Hackworth, Federic | controller ISBN:978-0130607188
AT (Website):
S.N. Name of Topic VLAB Link.

1 Introduction to PLC &
Introduction to digital 1/0
interface to PLC

https://ied-nitk.vlabs.ac.in/exp/exp-

interface-to-plc-nitk/index.html

2 To study Hardware and software

associated with PLC

https://plc-coep.vlabs.ac.in/exp/hardware-

software-plc/

Maharashtra State Board of Technical Education

28


https://ied-nitk.vlabs.ac.in/exp/exp-interface-to-plc-nitk/index.html
https://ied-nitk.vlabs.ac.in/exp/exp-interface-to-plc-nitk/index.html
https://plc-coep.vlabs.ac.in/exp/hardware-software-plc/
https://plc-coep.vlabs.ac.in/exp/hardware-software-plc/

TSR g o1 RIe =T (314335) Automation Tools and Systems (314335)

gfe: 02
Y T S uinfi
(PLC Programming)

fawa fAsa=i (Course Outcome):
CO 2: fafay diuerdt e Ui ey 3igdrd .
Execute different PLC ladder programming instructions.
"eo fArsu=il (Theory Learning Outcomes):
TLO 2.1 GTeri MuETrd! aroRedn son=at fafaer T oo quiq $Ro.
Describe different programming languages used to program PLC.
TLO 2.2 fcean diuedt 9rét amg 1/0 iR wivwe iy .
Specify appropriate 1/0O addressing format for the given PLC.
TLO 2.3 faeiedn siTaRHardt wmen Uy fefguarard aroaren siom=a fafae pLC
I S aRr=e aTuR WY HR0.
Explain use of different PLC programming instructions used to write a
simple program for performing a given operation.

TLO 2.4 Yiuadt SITa=M Ul qui- Sl

Describe the PLC installation procedure.

uf=g (Introduction) :

et g1 Ue Sieifiies o IR off SadeHdi-dd UicharedT SIHRMUTS aTaRal
ST, S @1 Hhdes] e drs-gasid daamdie FEAu, TR 9aRt (Amusement
rides).

Ianae) duasdt arRuagdl, gt s A B dicdex fhar Ra dHeld 98
HIEach SId 3. AT 3Hdal gredrds dheld 3 Sy Sffd. Ffdbe Figures fegmg
PRI, Sdldchd deh WRIGR 30l SReld dRE=AT 30 aalRk gdt TR
PN, T YHROMd JreTen Wueril grnfiimel gayd difgdr, dmor sfor diueri
U e qroRedn Sum=T TR arqRedT Som=ar fafdy ueRe garidgd
mifeeh firea.

SCcoz2~
mricoos
4Cco4CO
mrcuoz

)

From
SENSCRS

Solenoids,
Pushbuttons, contactors,|
Contacts, alarms
Limit switches, Etc.

Etc.

Figure 2.1 Basic Architecture of PLC

— PROCESSOR —
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2.1 Uroewt TR e 1ast (PLC Programming Languages)

[EC 1131-3 § UHSA Heler WAHT efdeid aidid SiaRRIgia AFe 3Te.

AR FAAICTHDH BT (IEC) KSeuaR 3MYRd, IEC 1131-3 PLC

UIETITST JETd YT oiTdoiRrar de URHIRd &xd. a1 Tidei g Mithdd

EIHRM foRe ST Wads cave) AL faUTTedT 3fed, dud Ul d1c aR S1eTRd

HedT Ted

2.1.1 WS STAUTH (Ladder Diagram, LD):

g1 qafte!, Tex STAUTH (LD) WHITERT SHiTasT STNTd YT dToRe! ofld. Tex
SUH (Tdal) o deX divie sl WUdd. d WUH HRUGRg dlfod
Helaade dIRA Sfd. YR, TWex SREMH SR (HRANIE) did
ABTT 3MTe. Bl WidS R0 W 3. SR Frel dex SHUM Uifgalt ar ot
golfdcdhd Hiche SAUMIRUEIG! [GUd. Tex AleHe W , SICIREN STOT
ST 3T, WENd figure 2.2 AL RTH QAlfora 500 WU TiredsRA A
T U qrRAqd 3HTed. IRIH TSR SAUHT IETERT WIeid THTO:

UUUUUUUUUUUUUUUU
I A B v |
| i |

I I LADDER LOGIC
PROGRAMMING
EXAMPLE

Figure 2.2 Ladder diagram
1) LD § 1Y Il H-gaR 3 3Tl SAdei-d Hithe dbelerue 3w

fa%TTe offe.
2) T R uary SMfoT arvary Hiu.
3) ITd fef&pe aifore IivTa RUGewH 318,
4) FHTEROT HR0 .

2.1.2 Rye g wawr ard (Sequential Functional Chart, SFC):
&HREa HaE 9 (SFC) WUfHT § T MRS 318, SFC
U T 31 CIvRM SdId. T *U THT SlqugR gRifael o
WMWY T fhar ifde e fhar s/, SiegT sieqrdia 9d forar ol giarq,
dgT Sl dTeX Ufaie Bidl. e WU IRWuATgdl TIfoRM WU T (True) 30
AP 38, (SFC) =T TP TUHE 3R fohdl SRIdTa a1 SiHdrd HTured
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SIdrd, o1 W Ufdeeg 3iigd & S+hiceg 3Med AR 3fadigd 3radrd. ARy

LU GedHdR, YRR Yaid €U Tdrd 3ol =l W& Rd $Hics
ST 3TOTedT STATd. WTad Fig 2.3 ASIC-100 SFC URIfHT Wb gxifad.

1
il
i b

Program Intiaization = - ] |:| Action_000
DrainValwe = 07
Cloze the Drain Vake Step_000
_D;] E
[.-] | Tran_nooo

Hot CDrainValwe

Step_0m Step_002

Figure 2.3 SFC program screen
Courtesy: Getting started in Sequential Function Chart (SFC) Programming in RSLogix5000

SFC WM 3% Rieuqaed fhar }ewmed fUNTe S dbal (GR1d Figure
2.3 UE]). UA® LUHY TH e 3. e Rad harM arcdr Braal S
3R ! J&Id WU SR 9 J3udd Wfhd aRUId Hhad dioid Wb bal
EIGH

Start
S1
—— Transition Condition
— 11
State/Step Qutput $
—— Transition Condition
: -1 M
—1 Transition Condition S3

Stop

Figure 2.4 Simple SFC program & Transition steps in SFC
Courtesy: NPTEL:: Electrical Engineering - Industrial Automation and Control

SFC 91 BIUel YA iU 38 HRU DIl Ufhdd qral S gad 31T 1 d
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$egT USd 3R § UIg Webdl. SFC T YT B WU dled Ifhd HITT Hrffad
PRI, TS, YA Ieded JHRTHIRU R0 IO Hig deaul iU gld.
gardien, ¥ s1 Yfdce g, SN UPR, ¢ifoRM T1 < e 8. e
oifSTRM ®RTTA T1 true (True) Bld, dagl @14, S1 §hice Bld, S2 Ufdex gl
R T1 ghfeeg gar 3Mfor T2 Ufdes g,

2.1.3 BaRd sl STAUTH (Functional Block Diagram, FBD):
FBD  U&% Sia9 JHT0 Rifqd Sid S fafde oonfEiT ey Squame!
WWWM@WWW%@WW
MU ATuRel ST, e, R aui Huar i S 9 8.

ThaRd sclldh ST WHTTERT 81 Wfthehel TSl 318 Sft GRITHE Higal
YT aToRa! ST, R sdiid Y] dex 39 99did. UwR =1 dicy
THIU 94 R SAld SaR  &iidh [ohdl Siaay Ul e f&ea waa
AT, e i UM FQHIHAS e Ucad! RRIS 344, 3H®
TR HIUKdG! FAfal 99d. @MAd Figure 2.5 A8 RSLOGIX 5000 WaRM
diop Rfte gRifae 3.

(haRMd sl SIAUM g IEC 1131-3 ¥USsd U oW Wede 3G,
(R Sidd HBTd ATNNGH 3fTed of It se-d Ked g (R Travdrd
3TFOT T S Ted 3T $Ye AT IR HE&A did 3M3cYe HEC
HATd. IRMIBR, 1Y T Liedh AIARH harH A 3Ye fdedrar AgHt
O 33U URd ad (341 Sine, cosine), [ TR sl JHH $YC faedmar
AT $ed L CHTIR I Beg & Wahd. (34, Filters, PID control).

ADD_01
ADD [.]
65
1430
8 SourceA Dest OuputRegister
= Soucst
MUL_01
MUL [o]
BOR_01 NMutiply
BOR [] 00 -
r— — — 1|4 Enableln Dest a QuiputR egister2
BocleanOr | SourceA
0 0 |
0 0 T T T & In1 Out [+ — SourceB
o N & In2
0
0 PR © In3
T 0 & In4

Figure 2.5 RSLOGIX 5000 Function Block Diagram Sheet
Courtesy: Getting started in Sequential Function Chart (SFC) Programming in RSLogix5000
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R siidb UM g UdgRicdad dlgd Afhard RUTCRA 3M18. FBD
T qRR AErAT A9 q Slededl SeaRF-ad RUHCRH HRum=al sdiad!
MURA A1, IUIfY, 3F® HaRM e sy JffaRad Ridied
3AT f ARGAIGR Fasdl Adra.

2.1.4 E‘cﬁlé TR (Structured Text, ST):

'ST' 30T 'STX' B Tds cae UITad! THiTdel A3l aiiRd SUIR SRk
3Ty 3MRd. &t 81 degd U ofiaet ey aToRa. ST =1 Riced g/
dgd U ofiaeie Ricqaarard 3ig SuTd U, eReed, hiewH sMfir
3T 3.

THS TRE B STSIIRW! TR ofiaw 3R St IR TRnfaimaR
fad. TeT TER MUTHIE Had! 9gdd HIH HRUINIS! Iads caRe TIITHTET
IR Hal ATal. JHE:, TR Taae creds HhaRy fhdl haRM sdiad
IRE Wa:d HANRGH TR Hdl S0 DTG UIHHY dboiged TRoR
U ial SUIRT e Yl
o fefied R waas Tae T e fig 2.6 Aed WTel S=ifaer 31me.

if (temp<= max_temp) then
cool_valve :=false;

m_vlv := (vlv23 +dbh18) /2;
else

alarm :=true; end_if;

Figure 2.6 Simple program segment written in Structured Text

ST d BRIe:
1. ST § TafRrean 3nfor Sgudt TRIR Sreare e THevar Gu Ty 3R,
2. Tl HFS PifeT hIRHcH, ST diTas A&l ferfgeiel URIMH ufee oo 3for
JURO Y TR,

2.15 Q'EEFIFI foree (Instruction List, IL):

SR fore (L) g fuasdt fET oS SuRd U TR 378, df
TIfe PIgy dTURd. WUH a1 TR oideren Ricey deald 390 Y 31,
FAHTYRUMY, 3 st (AB) TR 58 FcaRM foRe (IL) UIfERT eifTasTar
DHTH B,

SeRM foe g1 U df dgd, SR WSl 318, SR foRe THM
BIHC A STHRE hal Sdld. SR o TR Ud® idld had Uh
SO HRUAN ST ad. Iaerond, AT AhI- e g WISR HR0! §
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ST, 3121 & degd aiiTas] A Hig U faifgol deresaror Sifor et uaur s

IL ° BTae;:

1. T YRR WIS SR 3Tg.

2. SR I iaoRra gaid of edl BRI U,

3. 9l dgd SRl TS (3MAUd) Ja-- Wl SRIHRH I1dT Iugdd 31T
31T gfera, SEToR R Are fefored Sl UhRIaR H .

2.2 fE T e MR

2.2.1 HEX AlSTP:
TSR Tl 8T HooTd Udh UIUTH 3T Sl Afthehdl STAUTHER S=ifqa ST,
S Ra Affoie=ar Afdhe SHUHER U 3d). a1 MU X&' A1arAT GF
3T T ST ' A=A TSN I 3HTed aTges ol Ul ISR fewra.
TSR AltoTe URITHAT ATthhd RUSIicIHd! Te dlfold SIUTH (LLD) FgUrdTd.

2.2.2 WeX AP T AR:

e IO N

— Rails

Figure 2.7 Ladder Logic Diagram

AR i SUE gl Aithdd WMUTET ofitdsl 3 St Rerd ergd
ZIYCGR HIId BId. AT G 31T X 3R, STQT X TUrdTd, SMd X
Hfdhedr gTeR T GRAd, AR ot e T T S, Tdd I q& e $for
3I3TYC Digd 3Rd. RaaT OR, AND HIfOI NOT IR &= Qehdld SHAT0T AT
TAYd difore STIRIIGR 301 PLC T $IUTde! WA lford aq [rdha.
e TIoid SRR STAIhgd Ioldidhs 3T TRURLH WIauwdid Hraffad gidl.
SIGT T 4 Rt dride s HT3CYE HISARI SJebd dagT df TAoISd sidl. AR o
3ga ace Red Ifehg Hd, S I Hiex a1 Bl fdhal Al ¢ HROL. B
gfchan TR Rierd iR gAfAa Suamrdt pLC 3o dheld RidagR

HIcgTge! T Dbl i JTIOT G-RTGI il Sl
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2.2.3 Nuad MR W4 Aaad

UMY T+ JAGAHE 34T b+, YU b+ 101 3Ty b+ Jidl
AR AT ShiHD SRR 3. ITYC W09, Wiy Ty 3ol
ZYC <ad TS Bl AT 3H3TYe WhaL, TUY TR A JH3TYC cad

of STeH@R, SdY géia Irad sl gRardal WRd Idl I g1 I
GRIGT HRal. b YU s Wb HRUGMTS] ARTUMRT dSel Wb+ Aiiahal
TS 31 TEUdTd. Y- Tiueriie T I W 9a6d Fig 2.8 AL gifaad
313 81 =M Uh DA 3g ST PLC 1YY TTe Bl 0T 3qed PLC

I o I B 30T 3T3TYL 3UST .

Run once

FBs

Startup

Read Inputs

Main Program
“0OB1”
Timers..
Counters..
Data Blocks..

Repeat
s
=
™
Q
=
=

=
=
=3
w
o
c
=~

-
=4
3
o

o
m

Program Memory

Figure 2.8 PLC Scan Cycle
Courtesy: Understanding the Scan Cycle of SIEMENS PLC

2.2.4 WS AP PHR<H

WTcH BTl de) Alfoidh By fadt 3R

1. Yo 3for I

J97 YT Y& ATMOT TS AT YN I UM,

2. NO/NC =it e

SAdI-aT Aihend faggd vag fhar Yusdl fRudt qRiauammst NO
(I IS 30T NC (HHFIY0 §6) JIuRd $Idid, S PLC 18R Qloid

TRMTEAT TeUH T aTIRa ST, § e, f&a SUST 3T &1 a1 3R § g=iadd.

a) ATHET U= (NO)

i) SicgT Tagucs AU degl g1 g Arde S 3R,
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i) QIEIeR fdhaT Afohd dhedTaR <l Ffdhe Falsl ®xdl, SaHe [dgdd Udg
EISEL!!
iii) T difoie SIAURHY, AHd 3fiuT Bi<cde 39 71T RS fegar
3T Wfhd BRI U FIerS ATe S,
b) AATHeN TSl
) THTG: ST Uauc s T ol g1 faa ArHe ool SR,
i) a9 afea B wfdbe e gid 3nftr faggd Uarg wis .
i) Tex AP TMEHTEHY, d ThT Iifers dls-T=d1 0Td aRifda S,
Hfchd BedaR ol Th 30 1Y ).
3. 3TScyc/disd
3T3cye SR U HIcR, Ble®, Sfedhex, ARCH ST LLD T I
I8 R STdd. SR 33eye fEega Rig< SUR dad 3d. T4 UhRT
e Figure 2.9 A Wrell GRifae 3Mmed.

Normally-Open Normally-Closed Coil/Output

—= =

Figure 2.9 Switches and Coils in used PLC

22,5 WSS 1/0 AR
SigT PLC d $91Gg, 3M13cye fhdl JrRIRET PIvdTal Sl gIdIavard avgdhdl
3R AT T STSH U1 STaRT e 3R, HRUT 3YC, 33y fohal ST B ad
Y AR Hedrged PLC =T YR AT SR i@l U AU gid. PLC I8
TR SR A g RIT BIRHE [T TATHTY e d.

T \ \ Input
Input Screw i
Slot termina

File No Bit

Sepacior Seperator

Figure 2.10 Input addressing format

Screw
terminal

O:105/1
U

Output

File Slot

. X No Bit

Seperz .
operator Seperator

Figure 211 Output addressing format
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3:15 /04
VAN N

Fie Number File Seperator Bit
Element Bit Seperator
Number

Figure 2.12 Bit addressing format

T 4 O (Status bxt)
Data fie j \T Tm Status Bit
type (Tener) (ENTT/DN)
Fie No
Fie 5«’?«“0' Bat Seperator

Figure 2.13 Timer addressing format

C 5: 0/ (status bit)
Datasie _/* \ \_Cm«SumsBi

type (Counter)
Counter
File No Element
Number.
File Seperator  Bit Seperator

Figure 2.14 Counter addressing format

N7:15

Data file ]
type (Integer)
Integer element

File Seperator

Figure 2.15 Integer addressing format

F&8:13
Dmae]‘

Type
(Floating Pomt) Floating Point
File No Element number

Fie Seperator

Figure 2.16 Floating point addressing format

(CD/CUDN/UN/OV)
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23 Uuasd e

YIIeRT SR THIHRUT Sfeaioi, TltoIdh, B

3TFOT ST g SfelT S aR

T Pl 3MTE. g Jell WY Hal TR,

231

A)

B)

TueRit sreoifas SR
UUeRft reafsrer secaemd 9 RIS (ADD), UMGR (MUL), dollaldh!
(SG{%?) 3T HRTIPR (DIV) SATEITT JHAT 38, § SR Jreid JHTor

TS (ADD):

ADD SR G ®Beg SIS duRd Sild. Sheedl ST G &g
AT U 3feq Al Wed dhedl Sard, I A 3101 9 B. sifad
URUMH T8 ST 3Raed fowmmull Wik &R0l I A 3ffor 9 B § T

P Bog [hal 96 TRy d Seuy 3 YdHdrd.

[~ ADD
ADD
o012 SOURCE A

| 25
'. SOURCE B NT 2
- 30

10 DEST

Figure 2.17 Symbol of ADD instruction

Figure 2.17 8 ADD SR GRIA 318, TPl GRIaedIyHT], I™f A
(N7:1) A &eg 25 T8 31101 T B (N7:2) A& &g 30 315, 9l 31Ye
1:012/10 true 3/ &9, 9@ ™ A (25) A ¥Ued &g 99 B (30) A
GUfed Fegd Sied SId 3101 aRumd, 55, 3fgd (N7:10) T Gufgd bl
S,

gacae (SUB):

SUB SR UhT Gegdqd GIT @egdl aullaleh] HRUIRI3! aiuRd S,
JOEIH AL ARAT GF e AT TR SIguy A8 Wifed el
ST, I A for O B, sifaw afiomm wer FAfdy Sfeawm siguR
HUfgd el S, I A 3101 O B 8 diveT B fhal 98 Asal d
ST 3 e,

— SUB
SUBTRACT

e SOURCEA N7
| | | SOURCEE N7 2 41

10 15

DEST MT 10

20

Figure 2.18 Symbol of SUB instruction
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Figure 2.18 H® SUB SXRMI gREad  3fg.  Ppdid
SRIGTIHIO, T A (N7:1) U ®eg 35 318 AT A B (N7:2)
A g 15 38, 9T 37YC I: 012/10 true 3d, degT I B (15)
el TURd eg TN A (35) U TUfed HedTdT aoll dhall SITd SATf0T
T URROMH 20, 3139 (N7:10) T FUfSd ol ST,

C) #Afeecarm (MUL):
MUL SE R G &gl UMHR HIUGMNIS! dliRd STd. TOMHR
Bl SUIRT GF oy dTTavTed] AT Soavar Wifgd dhell i,
I A Sftr O B. sifaw ufvomm wer Ay Sfeawm igam
TUfRd ol STl I A STf01 W B § Bi~e< Gog [l a8 Asa

o g 3R Yehdld,
— BALIL
MULTIPLY
T SOURCE A N7 1
I | | SOURCEE N7 2 41
10
DEST NT 10

Figure 2.19 Symbol of MUL instruction

Figure 2.19 A&l GRAGEITIHTO MUL ¥R SRAqed 3Rd, I
A (N7:3) T &g 20 31T 301 9™ B (N7:10) A &g 3 3Te.
ST ¢ 1:012/10 T 3R, degl T A (20) A TUfed &g
3Nfor 9 B (3) AN WURRT ey Uil YUIBR bl Sl 30T
OO 60, (N7:12) SFeA=M gTar Tufed Pl S,
D) f3fegser (DIV):

DIV R I A A Jrodaedl Gegdl 94 B A Adaciedn
ST B fAUTSTd HRUFRIET AR Sifd, 9T IR (URumy)
SReATH ST esdl. T A 3T IR B § Hie< &g fohdl

CERIEEEE RS G
— DIV
DIVIDE
o2 ZOURCE & MT 1
I I : SOURCE B NT. 2 41
10 DEST NT 10

Figure 2.20 Symbol of DIV instruction

Figure 220 H& DIV SHRFE GRddl 38, SMHpdae
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SRIGTTHIHIO, T A (N7:3) T g 100 31T 31101 T B (N7:5)
T g 4 3R, SgT YC 1:12/10 true 39d, degl A9 A A
IR ®eg 100 § U B A WUfed g 4 7 URT ST 3f01
T RO 25 § SREARM SfgdaR N7:10 T TUfgd ol S,

2.3.2 AISThd SECaR=
T4 Aol SICaRM &7 33Ty UHRAT SR TR,

A) AND SICRI:

—AND
AND

Source A N5:6
Source B N10:8
Destination N11:7

Figure 2.21 Symbol of AND instruction

AND SR difoldhd AND R &d. Figure 2.21 A9 i
BRIC Had AND IHERM TrREad 38, § SR g I Aefid
ficH= WEUa agd Uikl ©cg A8 HId 30 Y Tqar=l
STYRTAR AND TR SREANH T8 foey e HRd. Iaexuny,

1:014/11 Bz
| AND |
‘ ki Source A  N5:6 |
Source B N10:8
Destination N11:7

Figure 2.22 AND instruction placed in a Rung

Figure 2.22 A SRIGAIcY] SR [daRTd &1, 7 ISTER0Md, SR R higwH
T () 3¢, TR YRR N5:6 30T N10:8 TR AND 3iTURRM &Rl § ale! 3igd
ANDed 3fTgd 3101 Refee SR g9 N11:7 TS Wradd SiTdl. T 3R
33T Figure 2.23 A RIAa 38,

N56| O |1 |1|(0|Of1|[1|1]0|0Of[O[1[1]0O
N10:B| O |1 ]1]1]1]0]0]|1[1]1]0]0[O0[1/[0
Nt17lof1]1]0[0f[0]0[1]0[0[0[0]0]JO0O]|OfO

Figure 2.23 Output of AND instruction
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B) OR S~ACaRI:

— OR
oOR
| Source A NT:4

Source B N7:7
Destination N7:8

Figure 2.24 Symbol of OR instruction

B SaR oF IR a3y Afd fie g araa onfdr OR o= T
I SYRTAR SR diadd f[ded ST HRd. Iargxund:

na[0 (1 Jo[1JoJo[1[ 1 [1]o[1]1]ao]1]1]
Ntz 1 lolofolt[1]ofof1]ol1]olol1]1]0]
nzg| 1 (1ot [t aftlofafrjof1]1]1]

Fig 2.25 OR instruction placed in a Rung

Figure 2.25 A& SrEdeicd] $¥CaRY fA<RTd B1 91 JaT8RUNd, SR R &R ¢
3d, R YR N7:4 30T N7:7 R OR 3HRIE Hdl. & alal 3lgd ORed
3Ted 301 Rolee SReARA 31gw, N7:8 09 Wddd WIdld. Il S¢aRd

313cye Refee Figure 2.26 A grRadel 3Tg.
— OR ——

| |
| 11 Source A N7:4 |
Source B N7:T
Destination N7:8

Figure 2.26 Result of OR instruction

C) XOR $CRM:
XOR R dlifoibd XOR TR &, Figure 2.27 G XOR IR
e BIRHC B S SRITA TR,
[ XOR
XOR
| SourceA M7 6 [T
SourceB N7 T

Destination n7:4

Figure 2.27 Symbol of XOR instruction
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g SR fue ditedsR O agurdid Gogsl ared ST XOR SiiuR=m=
I YRR TR, SReARM 38 foey 3USe HRd. Iarexuny

—X0OR
! I.L;JBIH& XOR |
I | | Sourceh N7:6 ‘
SourceB N7:7
Destination N7:4

Figure 2.28 XOR instruction placed in a Rung

Figure 2.28 A& GRAAcIY SR faaRId &1, T SaT8RUMNd, SR 1T HISTH €
3, T TR N7:06 3707 N7:07 R XOR 3{TRRA FRdl. § &l soud g
XORed 3HTRRM BId 3101 FMbTa SReARM 339 N7:04 T Ffgd oball Sidl. AT
SR MITYC Figure 2.29 A TRIAI TG,

stelaolol o 1 tfol1lol+1l1lofol1]1]0]1
vrrlolrrjololqil1i{ojololtj1l11011]0
N O g le (A jtjojoltjt oty

Flgure 2.29 Result of XOR instruction

D) NOT S=Iga=:
NOT ERFT NOT HRIA WBH #xd. NOT SRl iid BIHS
Figure 2.30 O GRIACT 38, § SR AN dguAdd foe g I8 Hdl
3O NOT SHTURTA=A1 T Caaadl SMYRTER , SREAYH Js f9ey Siuse &,

1:010/08 ol

|

V Source N7:5 |

Destination N7:3

Figure 2.30 Symbol of NOT instruction

233 BHUNGH SHCHRM (JA-THD):
A) gPcl g (EQU):
EQU SXaRNT M GIF Gegdl -l &d. ol dedl STl
G &g avTavTeH] AT SISaaHed JUfed dhedl SIIdrd, Tuloid, T A
30T AR B. T A 8T A8 9o Ilsd 3199 3dl, Ig U B 81 98
Sy fhdl Bie Fogdl Y 3R Ydhd!. SR TG A 0T I B A
TUfed Feg T Sfcid, aR R S13eye T gisd, 3T R emgeye
HIed 3. Figure 2.30 EQU S¥CaRI-d sl BIRHC GRIAd.
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— EQU
EQUAL
Source A NT: 10
| Source B NT: 15

Figure 2.30 Symbol of EQU instruction

Figure 2.31 A8 Th EQU I}RM TRITd 31T AW I A, N7:10 315
31T IRF B, N7:15 316, 33eye 0:013/01 3Mg. T IR0, SR N7:10

Afd &g N7:15 99 SYzada 3@, R 3$eye 0:013/01 81 gL,
ST ST3TYE 0:013/01 Tl WUST §ig AL,
— EGU
EQUAL
Source A M7: 10 O: 013
Source B M7: 15 { )__!
o1

Figure 2.31 EQU instruction placed in Rung

B) ¥ex &4 sFa € (GEQ):

— GEQ
GRTR THAN OR EQUAL
Source A MN7: 10
Source B M 15 e

Figure 2.32 Symbol of GEQ instruction

GEQ %y TEIe &g g8 egue s fbar gAM 3 o1 arit ga-
Hd. T Hedl U GH Geg AT TR Sigad I Tufgd b
ST, 0TS ARI A SHTIOT Wi B. TR A 8T "gHd de e gy 3idl, Tg
IR B 8198 U5 fhal dimee ®ey 3 Wdhdl. SR I A A TUfed &g
I B 7l Tufed eguel His fhar Iu  e’id, @R 7 3¥eye I (True)
Bsd, YT R 3¥eye Wi 3. Figure 2.33 GEQ SN il
WIRHC gxad.
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— GEQ
GRTR THAM OR EQUAL
Source A N7: 10 Q:013

Sourca B MT: 15 [ ]
v |
01

Figure 2.33 GEQ instruction place in Rung

Figure 2.33 A& GEQ SR qradd 38 SaHed I A N7:10
3T SO I B N7:15 38, 33eYe 0:013/01 38, T IaTERUI,
R N7:10 Tl geg N7:15 Helle HeATU&T S fdbar Iar+ 3, TR
3T3TYC 0:013/01 TS 3T, YT 33TYC 0:013/01 & 3.

— GRT
GRTR THAN
Source A N7: 10
Source B N7: 15

Figure 2.34 Symbol of GRT instruction
C) %eX & (GRT):

SR TEG! &g, gUT & cguUaT HIdT 3d dR GRT SRS ol
Bt ST, T7 SCRMFAL G G gdld 3MTad, T A 3101 I B.
SR O A 9 geacd g 9 B A9 Aiéaciedl & cgUET S
3d, TR T 3AT3CYC TRUE BIsd, YT T 3M3cYe FALSE 3R
Figure 2.34 GRT o i BIRHC SR,

GRT

GRTR THAN
Source A N7: 10 0:013
Source B N7: 15 B l

Figure 2.35 GRT instruction place in Run

Figure 2.35 A% GRT SR Graqd 3ig SOHe I A, N7:10 38
IOT A B, N7:15 3M8. 3fi3cye 0:013/01 35, T IQIEXUMd, SR
N7:10 afid &g N7:15 Aefid Fguen SRd 3&d, @R 38eye 0:013
/01 high 8Id, 39T 3I3¢Ye 0:013/01 low BId.
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~ LEC
LESS THAN OR EQUAL
Source A M7 10
Source B M7 15

Figure 2.36 Symbol of LEQ instruction

D) ¥ & §%a g (LEQ):

SR AT oy GuaT Tegua HH! fhdl 0 ofid R LEQ $Xea=- ol
B, I SCRAAL G STYCH 3fed, I A 301 G B. SR I A 7
Teade T AN B T Aadaied] gegual B fhdl THH 3Rfd, TR I
3T3CYC I (True) BISd, 30U T 3T3cYC Bicd (FALSE) 3Rd. Figure
2.37 LEQ ¥R siihdl BIHC gRiad.

— LEQ
LESS THAN OR ECLUAL

Source A NT: 10 O: 013
Source B MN7: 15 P I
L |

[——

Figure 2.37 LEQ instruction place in Rung

Figure 2.37 A LEQ SR qradd! 3¢ SaHe I A, N7:10 318
AT I B, N7:15 3B, 3fi8eye 0:013/01 318, IT IGTERUMN, SR
N7:10 AR value N7:15 Afid Fegoen A fhar I9F of¥d, R

33cYe 0:013/01 ON 3d, =T 33cYc 0:013/01 OFF 319d.

E) &9 & (LES):

~ LES
LESS THAN
Source A N7: 10
Source B N7: 15

Figure 2.38 Symbol of LES instruction

LES SXaR Udh B gUT G GUET B 318 &I ATe! ATal gai-l Hd.
Il LR G 3G WA 3HTgd, A A 3101 IRF B. SR A A AL
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F)

Tredad weg WY B A Aradaedl Yeamian HHl s, @) T edeye
I gisd, 30T 7 3m3eye FALSE 3.

— LES

LESS THAN
Source A N7: 10 0:013
Source B N7: 15 7\ l
Nosid |

Fig.2.39 LES instruction place in Rung

Figure 2.39 LES Jo+id e W&Y &xiad. Figure 2.37 A& LES
SERM TrEa] 3ed SAH T A N7:10 38 3101 I B N7:15
3{T8. 33cge 0:013/01 3Tg. TT I&TBRUMd, SR N7:10 Al weg N7:15
Ofid geamuen SHl 3¥d, TR 3M3cge 0:013/01 I 3¥d, 3=l
33eye 0:013/01 &g 3.

\J
dic spd ¢ (NEQ):
~ NEQ
NOT EQUAL
Source A N7: 10
Source B N7: 15

Figure 2.40 Symbol of NEQ instruction

NEQ $XaR-I RIAMAATS! g Heardl gaT HRd. Ja-T bl SRt g
TG AT AR T JUfed 3ied, Teorerd I A 3101 I B. IR
A BT TgHd Xeqral U< S1d), IRg WY B €T Ysar fdhal di~e-c Hedrl
U 31 Tahdl. SR A A 3101 O B 7ed TUfed e SRTAH Sdid, a)
&7 3Seye ¥ gi5q, T T 33ege FALSE 3[d. Figure 2.40

NEQ JEA sileh WU griad.

NEQ
NOT EQUAL

Source A N7: 10
Source B

O:
N7: 15 { ) |
N/ |
01

Figure 2.41 NEQ instruction place in Rung

Figure 2.41 A& NEQ SX¢aRI- qradd 38 SaEed A A 81 N7:10
3{Tg 30T ¥ B 8T N'7:15 38, 3M3¢ye 0:013/01 3fTg. a1 &6, SR
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N7:10 Al g N7:15 Odld Fegal RIS 99d, @R 3M13cYe
0:013/01 =T 3T, 34T 3T3eye 0:013/01 &g 3.

2.4 UYIIFHIT STAWR:
diua) (PLCs) HeEld SrmRel TR <R f8d UIer SHRugrdY, esd Scaad
HISHTY HIUGTETST 31107 HToaTel o<l MUR HRIGHER U= Squararat
IR SITd. H-aR dec Held, Aiex fSa o1 Uy ersd JrRE SicagH
I H el d STaad 3MTed.

2.4.1 THAWR AGRIT wikHe:
Td® Uiadt s 11 AfSeen TR STgRITHET Wad:d1 BiRHe 3/,
TFERY IR0 FRAMC. THHY  HY g9 dhd od 301 I Ted
ey Y ST HRard ard JHRT PSR Wiel fad 3R

T4:0/ (Status bit)
wed T\ e
itm

File No. Element
Numbser.
File Seperater Bit Seperator

Fig.2.42 Timer Addressing Format in RSLogix 500 (SLC 500, MicroLogix)

242 THOWIA wed facw:
Ud® CAHRHAY W]y focy 3ad of dd 99 Rt gferd svard.
Tl I aTaRedT SIom=aT faey 3gd:
a) 39d fae (EN)
b) TR TR foe (1T)
c) 1 fae (DN)

d) 3fggaiex fae (AcC)
e) fURT (PRE)
Table 2.1: Status Bits of Timers

TR 3(gd R
T4:0/PRE | U @8H (e.g., 5000ms = 5 sec)
T4:0/ACC | 3ipHdcs 23H (e.g., 3000ms = 3 sec elapsed)
T4:0/EN | High (1) 8Id, 379¢ ON 3{IdM T (CIZHR 3-dd)

T4:0.TT | High (1) 8Id Sicg] SRR BT Hd Al
T4:0.DN | High (1) 8ld, SIegT UpHciex 0T fiRie THaHm sidid

Maharashtra State Board of Technical Education 47



TSR g o1 RIe =T (314335) Automation Tools and Systems (314335)

TR <19 JuifAe fAURTT Td 3iied SUTd Yefeag eTaHR ST A7 -
IefRe TAR 3Tgd. TON 31T TOF g A-Refew esar silgd &R
RTO g Re<ieg TR 318, § CI3HR WTal WF ohdl 3.

2.4.3 TON (34 f&$d eramr):
TON § 3111 {3 eTgHRar gxiad 3Mfor 3 SIS High 3-8d dR TR
g gIdl. TTeiid U] HIorarg! Tl uRfYdd e dg gidl:
a) TN BT 3-d ).
b) 3fHgcte H1fUT fite wefter dear I e,
c) e Sxgar ersmR a1 R¥e od.
Sieg] TSR Yidd! , degl ersiR HIUI Sipgeics gy e glal. Figure
2.43 TON TIFRET BRHC gxifad.

TON
TIMER ON DELAY [——(EN)—]
Timer T4:15 —DN)
Time Base 0.1
Preset 80
Accum 0

Figure 2.43 Format of TON instruction

TON CIEHHY Ar=ATRI efed diF ey fde 3{drd: EN (@Had), TT
(CTIER <) 30T DN (&), a1 focya aa- @i cad 2.2 JYd

] .
Table 2.2: Function of Status Bits of TON Timer
ez EN TT DN
21Yc =0 0 0 0
g1Yc =1 & ACC < Preset 1 1 0
?1Yc =1 & ACC > Preset 1 0 1

2.4.4 TOF (3iT® f$a eramR):
TOF § 315 f&a cravRar gRiad. T HI$IH BIA (Low) 3R TOF
SR TR & gIdl. TR JATaud! HIUdg! HiewH T e
fear:
a) T T (True) 3T .
b) R SXCaRM TR o AT .
Siegl TIRER Yiddl, degl TR AT SipYeics ergd R¥e giard. Figure
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2.44 T TOF SXHRMAT AU BhixHC GRAgad 3g.

TOF
TIMER OFF DELAY ————EN
Timer T4:15
TimeBase 0.1
Preset 80 ———DN)
Accum 0

Figure 2.44: Format of TOF instruction

TOF TR dHF ey fcayg ddl, Sa1d Jieid JHIAy 3fed EN (),
TT (AR ) 30T DN (&), I focad aa- @l fadedr ¢ad 2.3

T T a1 Jad -
Table 2.3: Function of Status Bits TOF Timer
ST EN TT DN
gigqec=1 1 0 1
g19c = 0 & ACC < Preset 0 1 1
g19<¢ = 0 & ACC > Preset 0 0 0

245 RTO (R~ eraar 3 ):

RTO $ERA § Rcfeqd Trgadier axifaal. RTO $x¢aR™ ST TON
SR YRWT 31, T Sl TON $HaRM T (Rung) HIST Bicy

Bl degT SIRgRIaeRAdd & Y 8ld U RTO SICRM T dd gl
et duTfy, Shuda dreeRer R¥e §¢a’™ (RES) &d ATel diusdd Sl
RTO &= I wiw S[yel fhar IR &RRd A9ar a9,

SFgRIeic e W1 IRGelt ST, RTO SR WIRHC Figure 2.45

A gRITAd 3778,

RTO

Timer
Timer base

Preset
Accum

Retentive Timer On
T4:15

80
o)

Figure 2.45 Format of RTO instruction

—(EN)
0.1 |——(DN)

RTO TR diF Wy fyecuyds Id), urd Wreid JAfay $med :EN (T3ad),
TT (STAWR TR, 301 DN (). a1 faeye g @relt foder ead 2.4
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T JHA o I3 —

Table 2.4 function of RTO status bits

SIS EN | TT | DN

e =0 0 0 0
$9¢ = 1 & ACC < Preset 1 1 0
g9Yc = 0 & ACC < Preset 0 1 0
g19c = 1 & ACC = Preset 1 0 1
g19¢ = 0 & ACC = Preset 0 0 1

2.4.6 <rgER Athe AT ST (RES):
PLC Tdid csmR R¥c HRugME!, PLC URmaaed Ush favy "Rde:
(Reset) G aTURET STdll, S CIsARA! APHcIcS WAl URd AR I
Bl 3T Ao T Ufshar greT Foam T Bid. § JHIa: TETel
fafRy s9qe SHfexmgR fOTR ol S, S/ @1 dcur g fdbar difores
fRfIed gga g,

25 P& THERHA
PR ¢ UBHEA dloid delad (PLCs)Add Agw@ 3R offlgd, of
g cd, Jisoidcy fhdl TR AISUITST AR STdld. HT3eR d GIF T
UHR 3HTed:
a) 30 B3R (CTU- Count Up instruction)
b) BI$HT B3R (CTD- Count Down instruction)

2.5.1 PIdex AR BiRHe:
PLC URNETHE, ®R¥eX CTU, CTD, 3l CTUD wrél fafky
SR WIHe 3/l St PLC =1 918 30T Arsaar Snemid sral
PLCs A& MHId: 9TaRdl SURT BIRHC fGdT 31Tg.
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C 5 O (Status bit)
Data file ']‘ \ \_Counter Status Bit

tpe (Counter) (CD/CUDN/UN/OV)
Counter
File No. Element
Number.

File Seperator Bit Seperator
Figure 2.46 Counter addressing format

2.5.2 CTU (30 $I3R):

CTU f&dl Count UP SXCaRM 81 T HT3TYC SR 3118, S/ BT
Ml SAYcAT Wedl-d-¥aT  (False-to-True) Fqaredl  HTYRTAR
P 9 (Accumulated Value) ATGd0 8. AT 9TUR U@
gYC SERFAT WSA-d-TT  (False-to-True) IhHUE TS
ASTUgET3T hdl SIS Wbl M7 3aegeh HISTUfHdR T S edl
fOTR HRUGRITET el SIS Whdl. Up-Counter H3CYS SR
TAHAB! HiGlaidl 3g¢ TSR SRIRIACRT 1 o dreddl. Fig.2.46
O CTU SERMAT BRUC gRITAT HTe.

CTU

COUNT-UP COUNTER U}~
Courtter ChR:0

Preset 10
Aoocumulated o —(DN)
CE:0/CU

—} P Counter enable bit
C5.0/DN

—:| [— Counter dane bit

Co:0/0v

% P Overflow statug bit

Figure 2.47 Format of CTU instruction

Figure 2.47 ¥ GRAGAYHY, Up Counter diF &y U
Sl 3T, AMHE: CU (Count-Up Enable), DN (Done), 30T OV
(Overflow) THIAY 3T
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2.5.3

a) $Idc-3U TATd (CU): Count-Up (CU) Enable fd@ CTU
PHIICAITd AR STal MO CTU SR TR (True) AN
81 fe T I[@Al. SR CTU HE=T FieT (False) 3{d, @) CU fae
Grer g,

b) 1 (DN): Count-Up fddl Count-Down &3 Sl
&\Wﬁﬁ@@@ (Accumulated) IHAT HTIAT Ue (preset) TN
U fohar ITUe ST 31™9d dagl Done (DN) fae (True) WRT gIdl.

c) SM@IW (OV): Overflow SHRM DA R dCS
T (Accumulated Value) A=Al ufuita gofrear wafeten
3YF (Exceed) TUNST 32,767 JTeAIGR Aiehd Bldl HIScIHA .
Overflow fd@) Ov) < Blal ST B3R AT HHIA HeATa&l
(Maximum Value) Ge TGUMSI 32,768 TSIl

BTHexR S (CTD):

Down Counter 3T3¢UC SR TAHAB! Hlolddl SR TSellaR 1
9 Ue (Decrement) Fdl fbar Aooft @rel FH AL TdGhad!
Down Count 3&®¢ USdl, dgl R &1 HHl Hdl .
HIHTY: Down Counter dT dIURX Up-Counter OQed (Gh%"l’d) Cal] \_rﬂT'ﬁ,
\_rq'l'ﬂ% Up/Down Counter dIR gl Figure 2.48 g CTD
SR BIRUC gRIAd 378,

CTD— - .

. COUNT-DOWN COUNTER |
Counter C50 ’»{GD}

| Preset o

| Accumulated 0 ﬁRDN;
C5:0/CD

—]! [ Counter enable bit
CEZO}'DN

— E Counter done bit

C&:0/UN
-' [ Underflow status bit

Figure 2.48 Format of CTD instruction
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Figure 2.48 ¥ GRIGETHHTU, Down Counter i el fSCHURGH
A 3T, AHE :CD (Count-Down Enable), DN (Done), 30T
UV (Underflow) JH1d¥ 3Med.

a) PEE-8THT TASA fde (CD): Count-Down 3I8d@ foe
Countdown T3S ATIRET SITal. 8 foe degT @RI (True) &),
Sl Countdown ®IEER SHRM WRI  (True) 3. SR
Countdown ®I3eX SR Hiel (False) 38d, ) CD fae a1
@ET(False)TlE?ﬁ

b) 9 fd@ (DN): Done (DN) fde A& W (True) BIdl, Sicgl
SRR AT B3l WNE (Preset) =l A fdar
TUET SR 31d, 8 Count-Up fdhdl Countdown HTICIHST @R]
3{T8.

c) ey fae (UV): Underflow fe @ (True) Eﬂ?ﬁ @IET
Fricdl fhAd -32,768 =1 WEll SId. AMAR Hrdedl fhad
+32,767 @R dBd (Wrap Around) 301 Udd Wiedl-d-@=

(False-to-True) T SR YA (0) HISTd 8d.
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2.6 PLC-PC ¥c¥%d, PLC SWERFHY $TU $IQ AT T &= 994 (Dos and

Don’ts)

2.6.1 PLC 3fIfoT PC $e¥%H HRUGTHTS AT UTdd (Steps for Interfacing PLC
with PC):

1.
2.

T U d 3R] RITYHAT:
PLC YIS SMavad 3RTed AUed3R (SR &I RSLogix, TIA
Portal, GX Developer 3?\’117.‘&) PC R RITfUd &R

PLC 30 PC H-ide &
e Y HEA U] (3al. USB, Serial Cable, Ethernet Cable).
e PLC =1 HRAHRMA Il PC =1 UICR Sl Sl.

HRIAHT UIcldlc UT B:

e WIGCASRAY PLC 30 PC G HRIHBRHEATST ARG Ul d
(3al. Modbus, Ethernet/IP) IBCE]

o T3S (Baud Rate), SICT %E’H (Data Bits), 3{TfoT parity IRE
FHaRM IRHITH BITBTR DA,

BTSA3R 315w JUT:

o TTa3RH PLC fScae Bid 318 &1 d TR
e "PLC Online" {18 fAgsr.

o TISA3R AT HaRH R TurT.

U dre o1 fhal TIHmR

o TUCa3RAY URIH TIR X fdhal 9aR URITH IUST.

e URIH PC 9 PLC Y 3UAIS (Upload) &1 fdhar PLC Al
NIH SE3AAIS (Download) &hXI.

HRFHFd! Aol e
e PLC 3101 PC G ST TFAHR ARARAT Bid 3T BT o JUTI.

o I SN (Errors) HARM 0T Meibid Gl dTUTT.

TS AieTT 3for Safti

o TTEAIRGN SR AIFCRIT I& B,

e PLC Aelid Qlfordmd (AlToTd) TN BT ST Magd ATy
SIFRT S,

gera= ol &

o DHGRH JRIGT SRIT WA BRI,

o TR IFIRT BT HId T8 BT o TUMT,
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2.6.2 PLC $RCRMAY T HR1d AT H1 H& 14d (Dos and Don’ts)

PLC $IANEHY HTg HIQ (Dos in PLC Installation):

1. graRe e &3 (Plan Thoroughly):
o STl RREH snifhcamr fEgms— &,
o /O 3TARIHdI, dITRAST, HHFHIA Ueidbid, T gafaruig
Yo [aaRTd &I,

2. fAufcren arfexie dw@i ura &3 (Follow Manufacturer Guidelines):
30T A3 ufhamadt e,

3. Irg Ar3fET ﬁﬁ@ﬂ DT (Ensure Proper Grounding):

e PLC 307 T4 I&fid ITAR0 USSR SUIHEA alfacdhd Algol

S gIsd 10T GolgHes BIUR JHYM Tresdl Usd.

4. TIeE Hae Ha aTuRT (Use Shielded Cables):
o HRMBIA MO /O I3l RIeg dhaed Bl IR I, faRva:
o1 Seifdedhel A& SR Sl =1 fE b,

5. Y dfee=E o (Provide Adequate Ventilation):
e PLC @ UHI dIiedl dfedics dheld UAaHE S9dl SUdh
MRl R Arel. fAfy aramm Soia arawm I,
6. AT 30T HAFRAT A B (Label Wires and Connections):
o T4 AN U cfia Uldcy WpUtl ded &I, S Hidsrdid
TR Grequr 3Nfor S/HTE It gisa.
7. ol U= IUDB0 aTiR] (Use Surge Protection Devices):
o o YICIHRM aTuReA PLC 30T Haifeid SUSHRUNd Slecs] WIS aqURIH
TREUT B
8. dial ﬂ?ﬂ?ﬂﬁﬂ JUrEUfl T (Perform a Power Supply Check):
o dIS QAT PLC AT Flees 30N e WMo gul xdl &1 d
SCIESIN

9. 3O el ST BRI (Install Isolation Relays):
e PLC &1 33cYcdl I glees AISURIH 3Rl Hugrndt Kol fdar
3{TP)-H Il aTR B,

10. PLC IIgRr IRF&T &7 (Secure the PLC Properly):
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e PLC T ®Ic<, HUTHT JEHUTTR I A3 gTedsR Ade
Gyl

11. oA1d WTﬁﬂﬁUﬂ PR (Test Before Deployment):
o Riudl 9@ Tl w1, |\Ed /0 Ry, drgReRH, Sifr
QoI T FHIART ST, SO el Rigdde ardararund arR
& Ugl.

12. AGBTR! Sﬁlﬂﬂ? HRT (Document Everything):
o JAAMRAT STHUTY, HIFBPTRYE AfeTS, 31 URNfET=N quRiicar i
a1 yigwrdia deufardt,

2.6.3 PLC SWCIARMAY BT H3= T4d (Don’ts in PLC Installation):

1. PLC &ﬁm@f ¥ Hdh[ (Avoid Overloading the PLC):
. Folam [y dden vo dAlegwr=r waa Tigar fhar 99
HaferE foke B b1,

. JOiaRUg  3fe ﬁ\&lﬁ ¥ APl (Don’t Ignore Environmental
Conditions):
o PLC 3ffd I fdhar HH AUAM, SR 3T bl YBdhe AraRund
YT TREeD SMTARUTIRIETY RUTUT D= Thl.

3. iR 31for Rwrel arR U %@*IOPI (Don’t Mix Power and Signal Wires):
o TR Hacy AT RUT HIR Thd ATeiq Ah], HRUI ATHS Saifdedhd
g1 8IS Thdl.
4. I3 I b1 (Don’t Skip Grounding):
o O UIFET TR I, HRU A RIEAHS AT aaq fdar

THIM 8IS b,

N

5. Jeoedl Ha@Tdl dIUR H& AT (Don’t Use Damaged Cables):
o Blcddl, dipacdl fhal WIS AT HI dIuRU T3], HRU[

AT WRT6! fhdl HRIABRHA T B3 Adhdrd.

6. ST-Glecol UCH e SqUTN fdE b1 (Don’t Forget to Isolate
High-Voltage Components):
o T IHAYAREGR Id-glees dlgd ¢ PLC 3M3cYcdl g
Pl

7. SISU SR Yg D= qPh[ (Avoid Over-Tightening Connections):
o T ¥ GU U M Hracy TR 513 dbdld fddl DHIcaRH

I 8IS YehdTd.
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8. hHASR sm@,w @T“ﬁ\&lﬁ = qDhl (Don’t Ignore Firmware Updates):

e PLC BHISR 3UST 7 Heures JITad] JHT fhar JRem SrgRen
fmfor 1% 2.

9. U-aHE SR TTEf & Al (Don’t Overcrowd the Panel):
BIS hd SO JHT YISl HAIUT 51 Uehdl.
10. UTR1&meh S g?f&r ¥ APl (Don’t Neglect Training):

o 3fREX MU AT PLC WO IRIGAUU BIATSUARITS! SHTf0T
R A SIuaTTS! UiRIET R0 giAfaa &,

11. ﬁT?H?CIT afRreeiT diad Al (Don’t Bypass Safety Features):
o ITIIORM fhdl HTIRIFRI A, MBI WId ey

fohar Tt Rt av1eg a1,
12. dife qOWT AISquaMTal 3farel did. AdhT (Avoid Guesswork in
Troubleshooting):
SR FRRE! I IUHR0Y TURT.
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HRIRA:

g gHc TUmHed difoid dbelad (PLCs) RNl Jaud Sdbed- 3T HATagiReG
SR hiad 3MTe. Td PLC RIEIHS araRedT SITum=a1 Hearedl W Y= gikag
fear 3g, S &t HaRMA e SIUH (FBD), ICRM [Re (IL), THS R (ST),
HHRae tavE a1é (SFC), 30T e UIERT. ared a1 sriaoired gayd M JHeE
JUgTaR 1R faar 3118, TR eex UIHTe A1 AU aiuRIETa! ST Jaydaradt favy
Hew faat 3fre.

g der Alfodpal JaHd MBIaR Idi Hd, SAHL PLC TRIRR Wb Jradhd 30T dex
SUHY $19CYH d 313cYcyd SR il Ugd FaegA Hifidae 3le. & I e
UHR, YIMHR JRIRB JY HTRR-4g gf<hc il fefrtic Sxeary qHifay
3{Tgd. ITRIERI, NOT, AND, OR, XOR IRIREAT Wlfoidhd har= 3101 HURed 9 Sl
B ST SXC ARl JHTART 3Tg, SATes A=A+ Asigd PLC UIUTH TOR $Hdl Add.

Ay MU BT, O PLC TR HEwr U 3Ted, AR dUiiaidr =i bl
3Te. faamff oN-f&d, oFF-fed, e crame aow Refcw Tramd U sfr sfgd
PO Ugd RIddd. IRYHA, Hrdex URMETHE UP, DOWN, 30T Up-Down
Hr3cy, I Haltd Ted facy 3o sTgRiT ggdid Wi fad 3ime.

d9d &1 gFeds PLC-PC SRBGRFT a1 Wid aAur afor AfefeT sruanmmd?
Hew@r Uchidlel THOR Mg, MG, PLC SWCIARFIS! Jardd Ggdial Sfaral
adr ofg, SO Rerd! fayrmedr, JRef, S0 SrigHd YT HRug™me! dgwW
BT DRI AT B B U (Dos and Don’ts) AT I 3T,

B US Siiew faemafar pLc Rew yyrdiuo TmH, I@wr Trsqul T ST

HRUGTS] I 3l aﬁ
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AT

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

PLC TN oo arel &,
List PLC programming languages.
PLC H&I 9ruRed STon=aT fafay TrRnfaiT ofawia< 9ol &,

Describe different programming languages used in PLC.

FBD 3{TfOT 3caRM folRe PLC WA clidorg ¥ e,

Explain FBD, Instruction List PLC programming languages.

DHIUATS! G PLC TR Tiaord g .

Explain any two PLC programming languages.

I PLC SR wikde Ffdy &1

Specify appropriate PLC addressing format.

PLC 1/O 3SR BhikHcd qui &,

Describe PLC 1/0 addressing format.

Te) T geryd drfg s He.

Explain basics of ladder programming.

PLC TR I sl T B,

Explain PLC Processer Scan cycle.

fafay PLC TinfE SxcaRmae aTaR WY &,

Explain use of different PLC Programming instruction.
DHIVATG! 4 ST §S T T WY B

Explain any 4 data handling instructions.

SRR S TCaRId ISTERUMNE quH B,

Describe arithmetic instructions with example.

ON T1gH o 3ffoT Wy foca=n Sl Weteu .

Explain ON time delay and state function of status bits.

Rfeag anfor Ai9-Refes erendnslia ve Wy .

Differentiate between Retentive & Non-retentive timers.

HTIC Y SR qURITIIR Dlel 0T Y B,

Draw & explain Count Up instruction in detail.

PLC TElid Srdcy=a1 IGARTT ATe &,

State the applications of counters in PLC.

PLC-PC SRR HIAY Srciedl W ol I1et o,
Write the steps involved in PLC-PC interfacing.

PLC $XCTai= Wfdhad ol &,

Describe the PLC installation procedure.

T 1/0 SR Bikde Ay F.
Specify appropriate I/O addressing format.
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TgH:References:
Book Title Author(s) ISBN Code
Programmable Logic Controllers W. Bolton 978-0750681124

PLC Programming Using RSLogix
5000

Nathan Clark 978-1480200793

Introduction to PLCs: A Beginner's
Guide

Gary Dunning 978-0831134544

Programmable Controllers: Theory
and Implementation

L.A. Bryan, E.A. Bryan

978-0944107339

PLC Programming for Industrial
Automation

Kevin Collins 978-1447157390

Industrial Automation: Hands-On

Frank Lamb 978-0071816458

PLC Controls with Ladder Diagram
(LD)

Tom Mejer Antonsen 978-8740319589

Programmable Logic Controllers:
Principles and Applications

John W. Webb, Ronald

978-0135048810

A. Reis

99 ATSEH ( Web links) :

Website

Description

https://www.plcacademy.com/

Free tutorials, articles, and resources for

learning PLC programming.

https://realpars.com/

Video-based tutorials on PLC programming,

automation, and industrial control systems.

https://www.siemens.com/global/en.h

tml

Official Siemens resources for learning TIA

Portal and PLC programming.

https://www.allaboutcircuits.com/

Articles and tutorials on PLC programming

and industrial automation.

https://www.youtube.com/results?sea

rch_query=plct+programming

Free video tutorials on PLC programming for

beginners and advanced learners.
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gHe-3
ea! e Sfor A9

(PLC Applications and Maintenance)

fawg fArs=ht (Course Outcome):
CO3: WRIthh 3WTh RT3 Ueri=il (7T I=gul.
Maintain PLC for specific application
e Al (Theory Learning Outcomes):
TLO 3.1 feoien gfera Taquand! ae” WnfETear Jeryd Meie WPieur B,
Explain basics of Ladder programming for a given Boolean expression.
TLO 3.2 Riud b -ardl A S fabRid HRul.
Develop Ladder program for simple applications.
TLO 3.3 fededn $efead St -aardt de Wid daR U,
Prepare Ladder program for a given industrial application.
TLO 3.4 Fffid PLC S@HTe Uegielld qui &0l .

Describe regular PLC maintenance practices.

TLO 3.5 fafR1y Suarmrét PLC IH™d fARTHRU1 ST < Yaildg PHRUI.

Enlist steps to troubleshoot PLC for a specific application.

i< (Introduction):

gaid JreaT eTd, WHHEd qlfoie deleR (PLC) § T UG 38 SH
AR 3], TR I ®iale, ARHY fdhal AlHeR T9dl. § eI 3d
$oR SSREIA AATERUMEL Y+ SRS TR bl S, § Th avTed] YhRd
AU JUDRUT 318 of SeReTd dheld ReHA ariRugNa! f&ems— dad 3iTe.
PLC fdhar URiHeq @iied ooy fafdy ffip—aae, S &t g,
T ATS- 30T Wul SREHE Ufgsar f9=0r (Process control) 3fIfOT
[Idgferd (Automate) HRUIMNTST aTRA Sidrd. Faffid A< Agw@r 38,
PHRUT g ORI 3Uerd (Sudden failure), ST3H-ICIH 30T SaR HeNTSA foersiT
SISV Had Hd.

PLC WX STaUTH WRRRRITSt fam:

gqe RRIST 31101 TR Glg! bR HaRM TUR HRUGRITS! aTuRdT 33, Jdhdd.

3T3eYcy (fhal Fisd) Tad WRATHET ATURGT US> TahdTd.

Ueh $1GC UhTd URITHHS 3fdh d3T aTiRdl A3, e,

Teh 31ICYC ThTd URTHHL b 93T aTuRdl A3, Rebd ATel, Yo/Ac 0T

o/ 3d HhaRg diesl.

Z9C (Input Address) 3T3cYc (Output Address) U dTURd] U3, Wehd Tal.

6. 33y (Output Address) 3TYC (Input Address) TUH ARl TS, b,

> w e

o
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3.1 Ha-39 gfbe wus s
Hid-g Afbe 31 TF UBR o3 WIGR UH deRa 9 gaedarR 3fr
IS cdIaRg! dIel YaTg HIaH IRaell Sird!.
3.1.1 ia-3 afbeardt dex T
a. Figure 3.1 AL AN o9 fdhar "Hia-3a" Ifhe gRfda 35, § @loid
ORI §CUd aTR He S8 AIaduarTa! iR oid. |idbe "ad” gid
ST,
b. & T &1 T Rl e diel Raa1 FAEd sRugrrd! arRa Srd. 39
3o a1 Red 719 "Hiek |IeR Flsd” daa 3MTg. a1 K= g1 NO

Motor
Starter Coil
Start PB Stop PB M

—| H—)

b |
] |
11

Figure 3.1: Ladder Diagram of Seal in circuit (Start Button Not Pressed)

c. W ¥ §eUl U G I RS UeRmE o, Tued Rud sl
JosuTal, IaTexuny &, Iuds Mard ST FaR R 181 gisd. R,
WIC T §eUl Aecaie! AleX Hdd Araquarae! a1 didbedl od Hru]
A TR,

d. grrat, el R (M) =1 NO Hicdedr aiR T I deuml Rad
PR 3MTEId, TS XIC JU] ISR WIC (e diedoll dda oigd.

e. WIC FeU WSAMMR HIex WX Higadl SHoll (HesqudIo!, Wex (M)
I WA-37 HTRIRT Blcde (NO Dicae) LI ICUEEd IRAd Hde
DHeldl 38,

] ] Motor
Start Stop starter coil

‘|HT°LQ

Figure 3.2: Relay Logic of Seal in circuit (Start Button Pressed)
Courtesy: Start Button Pressed from Instrumentationtools.com
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f. Figure 3.2 A GRAGATIHIU, WIC YT FUT GIEER HIeX WIeX Higd

Tford gid SfftT Hid-39 ¥u& (M) <&id (NO Hicae NC) Ifeha g,
e Ak Idd &= gd

3.1.2  Sfor TeRIRE S1fOr difoldh Neadrat dex UifdT:

For THRIIRNITA! TR STAUTH FHledMT A&Td $audrd Hewrd Tx;:

R () SYqUITITS! ATHe Farels (NC) Tudh TR,

SR T NO (Normally Open Contact) Sde aTaR.

TUMHR (AND 3TORTM) SN 9ig (Series) SN Uit .

SRIST (OR SHTIRT) SN THIcR (Parallel) SIS0 &,

Ex.1) WTdid gferd- TRINRFNITST e SIUTH $Ial.
Y=(A+B).(C+D)
JW: Y=(A+B). (C+D)

T Q9 0 T o

1 g TRIURFETST 68” SIAUTH &1 35,
A C Output Y
] 1 ] L rag
11 11 k>_
B D
— H—

Figure 3.3: Ladder diagram of Ex.1 Boolean Equation

Ex. 2) @Teltd gferaT TaaiRHard! dex SR &el.

Q=A.(B@® C)
IW: Q=A.(BDC)
7 Yo TRINRATST A8 STAUTH B 318,
Input A O:’r-pth
I C>—
B C
i | “
B C
—W |1

Figure 3.4: Ladder diagram of Ex.2 Boolean equation
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Ex. 3) @Teitd gferaT TaaiRard! dex S lel.

Y1=A+B+CD +E
Y2 =(F.G.H) +1
Q=Y. *Y,
IW: WA TS A8 STAUTH WTATHHTY 31T,

1

1 N
Ll k’j
_|B|—
[ o
—
E
1
F o - Y2
fi——f——C
I

Q
Y1 Y2
T 1 { )>—

Figure 3.5: Ladder diagram of Ex. 3 Boolean Equation

Ex. 4) @Telid §fera- TRIURMYATS! e STaITH HIEl.

Y;=A+B+CD.E

Y,=F® G
Y3: Yl + Y2
Y= Yi*Y,
I A [ TRIURFNITST de¥ SIUTH JaaydTol 3MTg,
A Y1
— | CO—
]
4 — )
¥ ',
A —— N
— >
a v ve
| — D

Figure 3.6: Ladder diagram of Ex.4 Boolean Equation

Maharashtra State Board of Technical Education

64



STTARM g TfoT R (314335) Automation Tools & Systems (314335)
3.1.3 |ifoTe NeqATST T8 WRIFHT (Ladder Programming for Logic Gates):

QTATATHTO AT YR Alford Ted HTed:

(1) NOT e (2) AND ie (3) ORI (4)

NAND 7te

(5) NOR 7€ (6) EX-OR T€ (7) EX-NOR e

&tu: Tfche SUM g ON 311fd1 OFF 3Ye (1) 311fYr 3¥eye (Q) Iush Wi
30T WHMHIR Afdhered Shed ST

TS AMOID Ted PIHRUT HTUT PLC SfHATIUTT:

1. NOT e

S aaH, NOT Tedl Sgex’ fdhdl awmr 3! TurdTd. HRIuGd!
(Working): NOT ¢ 3Tifole 1 xdl. I Tdh S 30T Th
3T3CYC 3. ST 37YC BT (1) 3M¥cll, degT TICYC ol (0) S™cil 3H1for
gr3dc.

Table 3.1: Truth Table for NOT Gate

Input (I,) Output (Qq)

0 (Low) 1 (High)
1 (High) 0 (Low)
PLC dex W mmda NOT We:

PLC @& Ifdhered, 39Yc GUarITa! Udh U1 90T aTaRd Sifd. SiagT (1)
U= 907 G STd, dagl digd (Q;) 3T gld. ATf0T Siegl 3Ye (1,) Aedl
SITd, degT digd (Qy) 3 8Id.

Rraia feudesm (Symbolic Representation):

1 - Q1 3

Q!

Figure 3.7: NOT Gate Symbol and Ladder Diagram
Courtesy: NOT Gate represent in PLC from dipslab.com

NOT Tieurd! fRaid RUFSH Figure 3.7 THTON 3/d:

ST 31YC (1y) §G (NC) 3R, TgT 3M3eYe (Q,) 31 Bl 31T SiegT $7Ye
(17) I (ON) 3f¥ell, FegT MITYS (Q,) &€ BId. § PLC WS AT Hed

SE YT HRf B,
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2. AND Te:

SRR (Working): AND TeHe), ST gigl 3¢ (1, 37T 1,) HIGH
(1) 3MATd, de&Td 3T3CYE (Q;) HIGH (1) 3RId. 3R ¥4 $-Yc I,

3{I3CYT (Qy) HHI (LOW) 31,
Table 3.2: Truth Table for AND Gate

Input (I,) Input (1) Output (Qq)

0 (Low) 0 (Low) 0 (Low)

0 (Low) 1 (High) 0 (Low)

1 (High) 0 (Low) 0 (Low)

1 (High) 1 (High) 1 (High)
PLC dex WRifmada AND ie:

TSR SUH YIUTHTET TR S, & Ry (1, 3f1fOT 1) 3992 WA
3TIOT Higa/cH (Qy) T3S WU SSd SITdld.sieal gl feaa¥ (1,
30T 1) S SRIATd, degT o (Q,) I (Glow) Bidl. Gu=T HIVTTR!
R, TeUSTd SR HIUIATg] U fohdl alvel RRad (1, fdbar 1) 3fio=
(Open) 3/ cd, TR oH (Qy) AT BIVIR TG,

Rratar frude=™ (Symbolic Representation):
(S JHATH S SR SRR Hlerdl 3T, ST |, 30T 1, RIS
SISdd ST, 311 Q; U 3HT3TYC Higd WU 3Rd.)

2015 ENH Dam— Q!

1 n Ql 4
~ver MW GERBBEBNE g | wx | gERRER D Buw

Figure 3.8: AND Gate Symbol and Ladder Diagram
Courtesy: AND Gate represent in PLC from dipslab.com

3. OR TIe:
HTAYUIET (Working): OR TcHe, SR Gl 399e HHT (0) 3RIdd, TR
3{T3CYC T/ HHT (0) IBIT. IR Td IRFRAHL, 3M3eye HIGH (1)
3.
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Table 3.3: Truth Table for OR Gate

Input (I,) Input (1) Output (Qq)
0 (Low) 0 (Low) 0 (Low)
0 (Low) 1 (High) 1 (High)
Input (1,) Input (I,) Output (Q1)
1 (High) 0 (Low) 1 (High)
1 (High) 1 (High) 1 (High)
PLC @sx UrifHHdie OR e:
SR il fdhaT HIUIdE! Uh 39Yc (1, M7 1,) & (Closed) 3, R Hisd
(Qq) =T, (ON) BlSel.
Rt iU (Symbolic Representation)
11 . —— 01 11 Q1
: { )
12 ‘—f_ J] ‘ . \
|1
11
} 12

Figure 3.9: OR Gate Symbol and Ladder Diagram

Courtesy: OR Gate represent in PLC from dipslab.com
4. NAND 7e:
NAND ¢ § AND TIeHHTU ST HRd, TRg AT 3T3cYcdl S-@ex
(NOT 7<) SSaiall 3.
PHTAYUITE (Working):
NAND Tcq9, BT Gl! 399¢ (1) HIGH 3¥dTd, 4T 313eyc (0)
LOW 31&dl. 3av ¥d URRYHS 3T3eYe (1) HIGH 3.

Table 3.4: Truth Table for NAND Gate

Input (1,) Input (I,) Output (Qq)
0 (Low) 0 (Low) 1 (High)
0 (Low) 1 (High) 1 (High)
Input (1,) Input (I,) Output (Qy)
1 (High) 0 (Low) 1 (High)
1 (High) 1 (High) 0 (Low)
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PLC URIf e NAND Te:

SR PIvrare! U & (1, far 1) fhar et R (1, i 1) &
(Closed) 3fdid, TR T A1E (ON) B8 d. IR, SR alel Raad 3=

(Open) 3T, R ¥ ATE (ON) BIUIR TG,
Rt iU (Symbolic Representation)
I1 [ ™ Q1 11 Q1
- 1 [ )
— fl L

Figure 3.10: NAND Gate Symbol and Ladder Diagram

Courtesy: NAND Gate represent in PLC from dipslab.com

5. NOR Tie:

NOR 7€ g OR TIcHHT0 H1d $Rd, IRg AT 3HT3eged NOT e

(3-8CR) TSl 3.

PHTAYUITe (Working):

SR gl fE=g (1, 311fT 1,) fhar wivraret e = (1, fbar 1) s

(Closed) 3/, dR THT 9T (ON) IR AT8l. Uq, SR al! Raaq 3y

(Open) 3R, O ¥ TS (ON) BIEd.
Table 3.5: Truth Table for NOR Gate
Input (I,) Input (1,) O(u(;i))ut
0 (Low) 0 (Low) 1 (High)
0 (Low) 1 (High) 0 (Low)
1 (High) 0 (Low) 0 (Low)
1 (High) 1 (High) 0 (Low)
PLC urIf™ia NOR Tie:

Hisd (Q1) Fiehd (Activated) Blad, SR Gl 99cd §g (Closed) S,
®13d (Q1) AfSHY (Deactivated) B5d, SR PHIVIE! TH fhar alal 37YcH

3T (Open) 3.
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Rrata U= (Symbolic Representation)

() —

Automation Tools & Systems (314335)

T nw

%) ' S

Figure 3.11: NOR Gate Symbol and Ladder Diagram
Courtesy: NOR Gate represent in PLC from dipslab.com

6. EX-OR 1€ (Exclusive OR):
PHTAYUITE (Working):
EX-OR Teqe, SR alal 399cd (1) HIGH fdhar aivgl 399¢d (0) LOW
e, R 3T3CYE (0) LOW 31d. SR PIvidle! URIRUTT (ISl T
HIGH 3101 gIRT LOW), 3I3<YE (1) HIGH 3/&d.

Table 3.6: Truth Table for EX-OR Gate

Input (I,) Input (I,) Output (Qq)

0 (Low) 0 (Low) 0 (Low)

0 (Low) 1 (High) 1 (High)

1 (High) 0 (Low) 1 (High)

1 (High) 1 (High) 0 (Low)
PLC WRiftiaefia EX-OR e:

EX-OR T HRAYUTANNR, Ue a9 ag (Closed) 0T ey fag
399 (Open) 3, TR T (Lamp) T (ON) BIsa.

Rraia feudesm (Symbolic Representation)

|
TRL b i p— o1 | 11 I o1
) — )
| :
i |-
| 11 12

Figure 3.12: EX-OR Gate Symbol and Ladder Diagram
Courtesy: EX-OR Gate represent in PLC from dipslab.com
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7. EX-NOR 7le:
HRIYUITET:
ST Gl $1YCH (11 30T 12) I (HIGH) fobal gt T (LOW)
e, degl 313eYe 3o (HIGH) 3d. SR HIUIArg! Uh 34Yc 3=
(HIGH) fdhar &4t (LOW) 31, TR T3S HH! (LOW) Blad.
Table 3.7: Truth Table for EX-NOR Gate

Input (1,) Input (I,) Output (Q1)

0 (Low) 0 (Low) 1 (High)

0 (Low) 1 (High) 0 (Low)

Input (I,) Input (I,) Output (Qq)

1 (High) 0 (Low) 0 (Low)

1 (High) 1 (High) 1 (High)
PLC WRIfT¢ie EX-NOR 7ie:

EX-NOR el SRYUTIIR, d7 (Q,) T (ON) BIsd, SR arg! g
(1, 31107 1) &G (Closed) fdvar Gl 31U (Open) 3.

N (Q,) IS BIVIR AT, SR HIvIdTe! U R (1,) Tfshd (Activated)
30T gRT R (1) ST (Deactivated) 3.

Rt RU¥E=M (Symbolic Representation)

I\t o non Q1

- | \ . L
n 7Lt (T I

Il 2

Figure 3.13: EX-NOR Gate Symbol and Ladder Diagram
Courtesy: EX-NOR Gate represent in PLC from dipslab.com
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3.2 dex difoipdl HIYT WU amuR (Relay, Timer, Counter, Logical,
Arithmetic, Comparison 3fTfoT Data Handling Ja@-iax TaTi):

34.1 f¥a gEAiEa snutiid dex aifvied Jayd Weu:

a. T IT W, ST 9 IUHRONT SiSdrd, T L1 3for L2 3 dad faa
ST,

b. 3MIeYe IUFBRV AgH! L2 @ SiSdd 3. HIUg! Safagdhd
JERAGT THMGY FIOA 3R, R d 3M3cyc JUSR0N 31 L2
giame gRiaM. 3T, 33CYc IUHRUN L2 Ydfd ded ucdh 3Rl
BliFSE

c. Beld UV (Control Devices) =gHl L1 301 T3S IUBRUI
AL GRIGA SIIdId. $Held ITHRU THAD IR RIS fdhal WRaaHed
Sheddl 3R ehdld.

d. ¥T HaRM HIURT ITHR0 AURUGY R&ioHed Sheadt $&drd, @)
WCTC HaRM HRUMRT IUHRU IRAAHE SISl ST,

e. Zafdchd IUHU I I Y <=facd Sard. NC (Normally
Closed) ¥ud dg R gRaad Sdd, d NO (Normally Open) SUd
JTdT Rt graad SIdId. TETE SUHRUT HRRA (Energized) FTeTaR,

< L1 L2
STOP ST_.l-LEl" CR-1
CR-1 GREEN
CR-1 RED
1E ™
# @,

Figure 3.14: Ladder diagram of Relay Logic

Figure 3.14 A& Th BRMAI® Rl QISP STl GRaaen 31Tg. a1 Afhead,

STOP/START SCUIT AT0R & & avd dheld hdl ofld.

i. START §CUl QAR deid Rl (CR1) ST gid, 30T &l
e udh Ryl Sererard. fg=ar v (Green Light) aTe gl ST
oTe o (Red Light) sig gIal.

ii. STOP SCUl QEIGR, WU GGl e goardred R dard. ard
A% (Red Pilot Light) =e] €1dl, 30T fg=ar oiv s g,
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Ex. 5) WI¢ YRI-FCUl SEcITay a0 IR HIUGRIE! e Ui faswfaa &
(WRIRAT R 2 Ybg). WU YRI-9¢U1 GIIedTar aW &g (off) Biga.
3N JalerUMded AU ﬁlaﬁz

$TYcH 3MTOT i TgH (Addresses):
a. WIC Y-§eT (Start Push-Button): 1: 0/0
b. ¥4 GRI-§CUT (Stop Push-Button): I: 0/1

3T3eYed HTfOT &id T3 (Addresses):
a. A (Lamp): O: 0/0
Start Stop B3:0/0
Rung 1 i : Ip:% { )_
1:0/0 1:0/1
TON
s ] e HEDH
B3:0/0 T4:2/DM Preset=2s
Aee =D _@@_
TON
s | we e
Preset=2 s
T4:1/DN Ace =0 _@ “D_
T4:1/DN LAMP
11 ra
4 11
o:0/0

Figure 3.15: Ladder diagram of Ex. 5

b. AY G CISHY UHHBIRN Pih g sisad HTgd.

i, TP TZHR ON 9 (2 ) Uc HRUGMTS! aTaRaT ST,

ii. QORI CISIR OFF 96 (2 Yha) YT HRUTMNTS! aTaRal ST,

i, gl CIgHRAET HT3CYC UYH CIgHR Ifhd HRUMTST dTuRal

ST, SATes ! STIRR Y& .

C. \?106I S IENNIEZE (Accumulated Value) 1jﬁ_c’a?{[\(Preset Value)

RIS Td, deg1 faaféra sm3eye Iusmul fdar SfidiTd 3m3eye

91 (ON) fdhaT &g (OFF) it SITdTa.

d. TEAY ON &1 (ON Delay), OFF f&d (OFF Delay), fdrar fefes

(Retentive Timer) U YUY &l AdTd.

e. TIZAYY! HATal Hhad HHR] ATgolaR fadiq 3.
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Ex. 6) 319 &AW — ATt SATFOT fUge - A1dt deX STaU™ ®1el, Surved Wreid el
3a:
a) gl W< Ul SIFd Td, degT aTd (Red) &F =T (ON) BIga.
b) 10 VbR, SiegT AT AF AT (ON) 3, degT fUaesT (Yellow)
@ 91 (ON) TR
c) ST TIU T G W1, AT GIe! fad &g (OFF) gig.
3TR:
$1YcH 3TfO1 i Ta:
a. TI< g7 (Start Button) — I: 0/0
b. ¥IY 0T (Stop Button) — I: 0/1
TSy AT i Tg:
a. A1 9 (Red Lamp) — O: 0/0
b. fgesT 7T (Yellow Lamp) — O: 0/1
C. CITHX TON (Timer TON) — T4:0

Start Stop RED LAMP

Rung 1 I} H TN
I1:0f0 1:0/1 \ J

0:0/0

o:0/0

TON

T4:0
TE =1 sec 1 EN ,_

Rung 2 :
0:0/0 Prest Value = 10

Acc=0
DN
T4:0/DN YELLOW LAMP
11 ~
Rung 3 11 k )—

0:0/1

Figure 3.16: Ladder diagram of EX. 6

TPIHRUT (Explanation):

T 1: SIogT WIE 90T GIad Sid, degT &l NO H9e s (NC) gidl
3101 SR WY 91 Sad 79d ar Iral NC ¥Udh s (NC)
T84l Y T (rung) BRI (true) Bid! TOT 3HT3TYE O: 0/0
A1 B, TUIS! Tt R (Red Light ON) =T gIel.

T 2: 3{T3TYE O: 0/0 T, M, TaT NO T (SITdT Il ard
3118) & (NC) BIcll 10T TSR (T4:0) G Brall.
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M 3: 10 Yhg AR, TRARET DN fae ¥e (High) gidl 311for m=r NO
Yuds s (NC) BIdl, ST 3AT3eYC O: 0/1 T8I, Ul
faesT T (Yellow Light ON) 3T gidl.

e

a. SiegT I §eUT gTad S, degT 3M3eYe O: 0/0 &g §ial, TUrS! ardt
o §¢ BT, TR ATel grad YU (auxiliary contact) ISl
3TFOT TISHR fere.

b. TR Yided T §ig DN fae Iuear 3ol Irgas $3cye O:
0/1 ¥ B, TeUrS! figesT o &g g,

Ex. 7) @19 AW - &1a SATOT faeat - ArdY dsv STUTH HTel, Suved [reitd el
3TdId:
a) SgT W gUl gIad Id, d&T gt fad - a1 Sfor figest - 3if7
HERS
b) ST WU FUT A d, dgT AT AW dIaSdid 3P gigd, Tg
fUaesT AW 10 Y@ UTE giga.
3R
$1YcH 3101 i T3 :
a. I 9T (Start Button) —I: 0/0
b. Y §CUT (Stop Button) — I: 0/1
TSy AT i Tg:
a. | X (Red Lamp) — O: 0/0
b. gt o/ (Yellow Lamp) — O: 0/1
c. OFF f&d TSR (OFF Delay Timer) — T4:0

Start Stop RED LAMP
Rung 1 1L IA o~
i LiJ \
I: 0f0 1:0/1
0:0/0
o:0/0
TOFF
- ' T4:0
une 11 TB=1sec _CEI‘\D_
0:0/0 Prest Value = 10
Ace=0 _( )_
DN
T4:0/DN YELLOW LAMP
1L -~
Rung 3 | | C )—
0:0/1

Figure 3.17: Ladder diagram of Ex.7

TPIHT (Explanation):

M 1: ORI WTE 90T Saad S, degl AT o (Red Lamp) T ST,
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M 2: T T Te@e Jue (Auxiliary Contact) §iG gial SToT
CTSERAN YRA3T (Supply) e,
T 3: 3TAT CISHET DN foe Te gidl 31O e ¥ud §g gial, dge
fOgesT T (Yellow Lamp) @Te 8Tl
g uffRudt:

a. ST WY ¥l gEd Sd, de8l ard ofd § gidl ST e
TeT® AU O: 0/0 IS, TS TIIHERAT JRasl Jied (Trip)
I,

b. 8T OFF f$d TR MY, TR §¢ ATHaRYG! Il
DN fa¢ 10 Ydgimdt ¥c Mgl

c. 10 YdhgHaR DN foe 95 gidl, I fUawT o &g gl

d. BN, A O S TR 10 AbeiH fUgeT a s gidl.

Ex. 8) We¥ SUUTH HTeT SUTH WTdtd Ufehar 3
a) Wil WIC Ul S oiTd, 9T U 3T giga.
b) 10 APeHaR UY 31 g5 M1 giex i1 Figa.
c) 20 AR gleX TP gisd.
3R
IS 3T i Ty
a. TIC §eT (Start Button) — I: 0/0
b. ¥IY §CUT (Stop Button) — I: 0/1
33 YeH 1 il T3 4:
a. 4u (Pump) — O: 0/0
b. Bl (Heater) — O: 0/1

Start Stop T?‘h:)
- | ] l | l I TB= :Ls-ec '_(EN)_
I1:0/0 1:0/1 T4:1/DN Prest Value =10
Acc=0
Conr
T4:0/TT Pump
1 N
’ ' D
0:0/0
TON
T4: 1
]1
3 H TB = 1 sec _(EN>—
T4:0/DN Prest Value =20
Ace=0
1O
Heater
]1 1A -~
4 i L4
T4:0/DN T4:1/DN ool

Figure 3.18: Ladder diagram of Ex.8
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Ex. 9) STSHR 3O HTHex U TRART HISUaTHTa! deX STUTH HTel.
3TR:
$YcH 3TfOT i T3 :
a. Rreawrd (System Start) —1: 0/0
b. Req € (System Stop) — I: 0/1
c. he=dt g9Ye (Frequency Input) — I: 0/3
3T3eyeH A1 il TS 4:
a. TON CIgHRX (TON Timer) — T4:0
b. CTU I3 (CTU Counter) — C5:1
c. 3ffd¥Td Rd (Internal Relay) — B3: 0/0

Start Stop
ot e
1:0/0 Lon B3:0/0
ol
B3.0/0
TON
I EN
2 -} T4.0 e
B3:0/0 Time base 18
preset val.80 p=—{ )
DN
Freq. Up cu
3 —"'_"— CTU i {
L03  T4:0/ON C5:1

Figure 3.19: Ladder diagram of Ex.9
Ex. 10) ST UfHT Rreuardl dex s fAaRa o1 same @i df
STdId:
U S ThT $dd SaTa ST ek Wrapper ARAFER digd STdTd.
AR
a) 9199 SURYT Hebd - 1:0/1
b) Wrapperﬂ?ﬂqﬁﬁ = 0:0/1
¢) TRUT 1 R U= S
TS STAUTHY TFIWIHRI T:

TGS 31T i Ty
a. ¥IC Y FeT (Start Push Button) — I: 0/0
b. Sie Iulyd Rwd (Box Present Signal) — I: 0/1

3R
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C. E’WH-‘Z[W (Stop Push Button) —1: 0/2
d. XIR IR (Wrapper Sensor) — I: 0/3
3T3eyeH HTOr il TS 4:
a. YR T4 Rat (Wrapper Machine Relay) — O: 0/0

WPIHIUI(Explanation):
T 1: BT I 90T GIad S, degl e d & gel.
T 2: YIS 9o] digy IUYd Rivdl fH3Tedmer Hrdex 1 5 diedl.
3T 3: IR HIIeR 5 ST Ao, degT TR =i Kot =g gle.
T 4: ST T Ut B, AR Brdex e gl 3Mfor e s o1 =

Start Stop Internal Relay
R 1 11 ] T
. i 34 kh- J
I: 0/0 10/ 2
B3:000
1L
Ll
B3:000
CTU
Rung 2 ]| ] | C5:0 —( )—:
m.n-lnl 101 Presst =3 Sy
- . ACC=00
G
“'rl[lp-rr
machine ralay
Rung 3 : : : : Y
B3:0/0 C5: 0/ DN o0\
| — | @
B3:010 Lo ch 0

Figure 3.20: Ladder diagram of Ex.10

Ex. 11) U yagid a9 Riest TA®I8x) PLC &1 4 §1YcHe Hde Hdl ordl. siegl
TTSHR §¢ 3!, 4%l YTGId Sel erguveT Wi-Ue Yo WU dls .
ST TSR TISHSATIC Bldl, degT HIeR 1 o .

3T
TAYCH 3T i Ty
i. RRenwrdem e (System Start/Stop Button) — I: 0/0
ii. CISMR W/ §cul (Timer Start/Stop Button) — I: 0/1
iii. Yd&dId 33CYe (Thumbwheel Output) — I: 0/2 % 1: 0/5
3T3eYe A1 I Tgd:
a. HleX 1 (Motor 1) — O: 0/0
TPIHT (Explanation):
M 1: W 91 SR AT TRHR & 3 gar], Ydag e fae 0
3T3CYC UG N7:3/0 T ISR el il
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7 2: WIE 92U GIeedTaR 10T CTSHR §E ST, Ydgierd] foe 1
3T3TYC UG N7:3/1 G TSR el STl

T 3: TIE U1 GIEeTaR SO TSR dig I, Udegierd fae 2
33TYC UG N7:3/2 G TSR el STl

T 4: TIE U1 ST SO TSR a6 I, Udegierd e 3
33TYC UG N7:3/3 G TSR el STl

T 5: N7:3 Hefiet aie 4 foe safafRed 3ar fodemT I Hrugmmdl,
d 15 (15 D) Tiad ditoided AND el SITdTd.

Start Thumbwheel Stop N7:3/0
Rung 1 11 OFP, A -~
i L LA \
1:0/0 1:0/2 1:0/1
start Thumbwheel Stop N7:31
1 9%y n ~ >_
2 LR LI LA \
I1: 0/0 1:0/3 1:0/1
Start Thumbwheel giop N7:3/2
3 | —— | 4 CD
1: 0/0 1:0/4 1:0/1 \ J
Start Thumbwheel Stop N7:3/3%
or L -
L N ~
4 _'{ |'__'| f Vi - )}
I-0/o /s 1-0/1
Start Stop AND
I |4 —) N7:3
s — 15
1:0/0 1:0/1 N7: 3
Start Stop MOV
6 —— —WHN—— N7:3
1:0/1 T4:0 Presot
1:0/0 "
Start Stop TON
T4:0
7 l l b' Time base < EN ) |
1:0/0 1:0/1 Is
G
Motor -1
s 1 C O
T4:0/DN 0:0/1 \

Figure 3.21: Ladder diagram of Ex.11
T 6: YSG I fHeTadr SeT eHRdl Wie & oy UM WISR
CNIRSIGH
T 7: TR WIC YT AU TR S bl Srall.
T 8: SigT TISHIAT €12 3{13< (DN fae Te) gial, dgl 33cye
0:0/1 b gicll, TUTS! Aex 1 Y Bldl.
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Ex.12) € 4 f3e 0-10 Flee ADC g9Ye efifF 0, 1, 2 301 3 a¥ Hae Har STl
(i) SR WIS f&= 1:1/0 ON 3&¥d, TR 3 ATANT Flees Yed N 7:3 HeA
TR .
(ii) SR Fleeo d@d 2V U&T FH &, a8 a7 1 ON HI.
(iii) R Bleeol dwd 6V 3, a8 ¥ 2 ON .
(iv) SR oo dd 2-6V SIHM 3, % A 3 ON FI.

IW: 4 fde ADC FIET Fleedl I6 0-10 Fiee 3178, WUH, ADC d 3{13cyc
3T
i. 10V =1111B = 15D
i. 1V =15/10 = 1.5D
iii. 2V = 3D
iv. 6V =9D
IS 3T i Ty
a. ¥IC ¥ (Start Button) — I: 0/0
b. 4fd¢ ADC 313ege — I: 0/1 d I: 0/4
3T3eYeH HTOr il T3 4:
a. T 1 (Lamp 1) - O: 0/0
b. A 2 (Lamp 2) - O: 0/1
c. W™ 3 (Lamp 3) - O: 0/2

Start NT RO
Rung 1 i} |} -~ >_
I afo o1 ~
Start NTA
L
: ——1F—1} ‘)_
kofo 1002 ~
Start NT:A2
s i | 1t C >—
12 o0 \h
T3
Start TR
4 i | i1 C O
1 oS0 \—
Tz
Start AT
] L M7= 3
= il 15
=00 T 3
LES LAMNP-1
L ™NT:3 \.___
Ls TN
LINT LAMNP -2
=
N7 ~
o
L S 0
GRT LANEP-3
NT:R - D_
8
o \-_
002

Figure 3.22: Ladder diagram of Ex.12
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TPIHRUT (Explanation):

T 1: ST XTI 907 (I: 0/0) GIEa S, degl ADC 33eyed fae 0,
N7:3/0 G& TI3R bl Sl

M 2: WIE §¢Ul gEedTaR ADC 3T3eyedl foe 1, N7:3/1 9
BICENISIEI

M 3: ADC 3{13cYcdl fae 2, N7:3/2 G H1dadl ST,

M 4: ADC 313eycdl fe 3, N7:3/3 T H1&ddl Sl

M 5: N7:3 Afid ordes @I 4 foey dauaramdl, 15D (1111B)
qidd ol d AND el ST

M 6: SR ADC d SI3CYC 3D U&l HH! (2V U ) 3¥d, T
Lamp 1 (O: 0/0) DT BIal.

M 7: SR ADC d 313<YC 3D d 9D GREM (2V d 6V GEM) 3,
R Lamp 2 (O: 0/1) I i,

M 8: SR ADC d 3T3CYC 9D U&T S (6V U&T SK) 3e, TR
Lamp 3 (O: 0/2) 3T 8Yal.

Ex. 13) i@l START S0l U9 &d Wld, d@T RED @S¢ ON gisd 3T 5

THeigral ON IEId. 5 AHgHaR, RED @5e OFF §isd 31T GREEN
drse ON gisd 3T géle 7 Abegiarat ON eI, 7 derdr, GREEN
dlge OFF gisd 3foT YELLOW dT§e ON BIsd 3o 2 JAhgiaral ON
AEI. 2 YhgHdr, YELLOW @TEe OFF gIgd 31T J8T RED &8¢ ON
Bsd, 3T & WS d YiTquarETdt STOP 9eur I g udd 9rq e,

3R
TIYCH 3NfoT i Tg:
a. I 9T (Start Button) —I: 0/0
b. ¥IY §CUT (Stop Button) — I: 0/1
T3 YeH A1 il T3 4:

a. Y& IS¢ (Red Light) - O: 0/0 (0 d 5 Tdhg ATq
b. UM AZE (Green Light) — 0: 0/1 (5 A 12 Jdbg A1q)
c. Ial amse (Yellow Light) — O: 0/2 (12 d 14 Jdbg aTq)
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START  STOP L0l
™
Rung 1 —I i :?:_u
I:000 I:0/1 T4:0/DN TE=1s
Preset =14
ACC=00
T4:WEN
RED
LEQ
Rung 2 T4:0 {
ACC=5 Oz
LINM G}E)[.‘i
Rung 3 5 b I
Td:=0 ACC 12 0-01
CEG 1i'E’LL(:ZI"lﬁn'
Rung 4 T4:0 L
ACC 12 O:002

Figure 3.23: Ladder dgram of Ex.13

JPIHIUT (Explanation):

AT 1: SigT WIS FUT (I: 0/0) STT ST 30T T §ev7 (1: 0/1) S/aa
SITd 18T, degl TRER (T4:0) 3= id, 30T Tl U Ul b
dcs 14 Hahg 3T,

AT 2: SR AR (T4:0) T SFgRIeex Geg (ACC) 0 d 5 Yhara
I 3d, WIS (Red) A1SC (O: 0/0) AT Bl

T 3: SR TR (T4:0) T SfagRIeer GG (ACC) 5 d 15 Jabgredr
G 3, dR W (Green) TIEE (O: 0/1) T &I,

T 4: SR TR (T4:0) 2T SfagrIeiex ®ed (ACC) 12 o 14 Fdhgra
R 3, TR Il (Yellow) TIZE (O: 0/2) AT BIell.

Ex. 14) @Teiid dlfore Afbcard! e STUTH TUR BRI,

Y = (A+B).(C+D)

Figure 3.24: Logic diagram of Ex.14
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3TN
A C Output Y
11 |1 O
1T 11 l\ _)
f ¥
11 |_

Figure 3.25: Ladder diagram of Ex.14

Ex. 15) @Teiid Aol Gfhcdrd! eie? STUTH TUR BRI,

Figure 3.26: Logic diagram of Ex.15

JW: A il gfbedrdl Boolean  IHIBRUT 3R
Q=A*(B+C+D)*E*F

|
—
—

Figure 3.27: Ladder diagram of Ex.15

Q
7 g
\ ./
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3.3 diuesdt smetia SWaT (PLC based applications):
3.3.1 HIex 3IwH =0T (Motor Sequence Control):

Ex. 16) Rived wré-3mued @i died TH1 HUM G giara 3T Tdd Wie-
AT R 5 Abgral fade RIdl. WU, HleX -1 & ATed=a 5
Qargit Hiew -2 & g 1 Hiex-2 Y& SeTaR 5 Yabgivl HieR 3 G&
TISd. NCSIST WM, HIe- 3 UYH &g §Igd, ™R HleR-2, 5 Vbl
HieR-3 d¢ FIUgTedT HaR §¢ §Igd, IOT Aadl Hiex-1, 5 AP HIex-2 §g

3R
g 1YeH 3101 i T3 4:
a. TWIE U (Start Button) - I: 0/0
b. TIY §CT (Stop Button) - I: 0/1
3T3eyey A1 il T3 4:
a. A HHID 1 (M1) - O: 0/0
b. HIeI HHI®H 2 (M2) - O: 0/1
c. A HHID 3 (M3) - 0: 0/2
d. TOFF TR T4:0
e. TON TR T4:1
f. TOFF IR T4:2
g. TON TR T4:3
h. 3fiaReia R (Internal Relay) B3:0/0

WPIHIUI(Explanation):

M 1: SgT WIC FUT e oiTd, gl ffaReia el B3: 0/0 AT gIdl.
T 2: B3: 0/0 ATe] JTeT6R ATl WU 86 gidll AT T4:0 (TOFF
f&d ermR) & gl
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Start Stop B3:0/0
R Il 14 ra
ung 1 11 VI \-..
1:0/0 1:0/1
TOFE
T4:0
= | I I TE=1s _@N)
B3:0/0 Preset = 10 "‘@ND
TdiD{DN P
3 11 \_Ml
TON n:u;u
I Ta:1
s — | TB=1s '@N)_
0:0/0 Preset =5
o)
5 L
—i| TOFF -QEN)—
B3:0/0 Ta:2 "C
TB =15, P=5 DN ’—
T4:1/DN T4:2/DN
: i Go
oo/ . 0:0/1
7 11 Ta:3
' TB=1: _@N)_
Preset =5 _@I\D_
B3:0/0 T4:3/DN P
s —— | (i
0:0/2

Figure 3.28: Ladder diagram of Ex.16

M 3: T4:0 TR Y= 1R Arar DN fae de (High) gidl Sifor

3{T3TYE O: 0/0 U Jlex AP 1 & Bl

WTY g0l ey, SR T4:0 fAfssy gidl, uor = DN fae
10 YbeHdR AT Bidl, T|UNT 5 b Hic hHPD 2 §¢

TeTaR HIeR hHiP 1 ¢ Bld.

T 4: Hicx 1% 1 919 STedTaR, 161 ¥ T4:1 (TON f&a

TOR) Afehd !,

M 5: WIE FeU] Gaeday, B3: 0/0 =1 YUHIgR T4:2 (TOFF f$a

CIR) Gl = Bl
T 6: T4:2 TOFF f&d TR Y& FTedTaR AT T4:2/DN U &g

BIdl. T4:1 TON f&d TR T AR, 5 Yohg R ATl

T4:1/DN TUS S gidl 3101 Aex SHHiHb 2 A I (O: 0/1).

WU gcUl e, TOFF fgad cmmR fAfspy gl gor
T4:2/DN ¥UP 5 heHaR Iuedl 01 Hiex i 2 §¢ 8,

BUNIT Hick pHIP 3 ¢ MM 5 AdbgiHl Ale HhHi® 2

&g Bid.
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T 7: Hiex HH® 2 (O: 0/1) T AR, Tl ¥ T4:3 (ON &
TOR) Afehd .,

T 8: IT JTHE, B3:0/0 30T T4:3/DN § WP SIHHAM Siied
3{TRd. ST el YU §¢ S, degl Hiex HHi® 3 (O: 0/2)
EISE
WIE §eUl SR B3:0/0 ¥ud s grdl oMol T4:3 TR
TF AR 5 YHaHaR T4:3/DN Fudh sg grdl, 3T dAiex
HHIH 3 916 8id. WIJ §¢Ul Geedr, B3:0/0 IUudh Igsdl
3101 Hex HHiP 3 T s BId.

Ex. 17) G HICHWTA! 68X TPl a9k B, SaTd TIeid et g
1. FIfET Y=T 9€0T HieR 1 3= .
2. 10 GG, HIeR 2 G gisd.
3. WY f&a U Seumar Hiex 1 311 2 givel Yigdid.
IR
IS 3T i Ty
a. TC (Start) §€UT - I: 0/0
b. ¥4 (Stop) §€UT - |: 0/1

TSy AT i Tg:
a. A (Motor 1) Hi® 1 - O: 0/0
b. Al (Motor 2) HHI® 2 - O: 0/1
c. TON TR - T4:0

Start Stop Motor 1

Rung 1 ] L [F | e )_
11 L}
: 1:0f1 k‘-

o:0/0

TOM

1 Ta:0
Rung 2 1 TE = 1 sec -(EHD_

L
I
o:0/0 Prest Value = 10

Bec=0
G

T4:0/DN Mator 2

Rung 3 :: Cj—

o:0/1

Figure 3.29: Ladder diagram of Ex.17
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TPIHRUT (Explanation):

M 1: ST START §UT Gladl Sffd, degl Jlex 1 (M1) & AT gl
30T STOP 90l qemdd Y&  XTgal.

M 2: AR 1 A JTTR (O: 0/0), TON TR T4:0 = giell. 7T
TR 1 Ydbered T3y d9aR JHiaRiid gy Al 10
JhaHar, Boed ACC >= PRE TR, <A DONE fae
< (High) Bra.

M 3: ST HieR 1 9Te] 3 d 01 TR DONE faie ¥e giall, degl
TR 2 (M2) 91 8ld. TeUretd, HieR 1 ITe ATedHaR 10
bl Hiex 2 T= B,

Y JeUT SIEUTY: T/ 90l Saeday, Gl Aley 0T SR §g
gIdra.

Ex. 18) I HIEHHTS! T8 3Tl TaR BT, SUTd WIAd 37l 3Med:
1. wTd &9 U9 Feurar #ieR 1 3for 2 S T== gidia.
2. %I a9 09 $ourar, Hiex 1 el yida, ST 15 b Alex 2 Yidd.

3R
$1YcH 3TfOT i T3 :
a. T - |: 0/0
b. T 0 - |: 0/1
TSy AT i Tg:
a. IR HHID 1 - O: 0/0
b. Al HHIP 2 - O: 0/1

Start Stop Motor 1
Rung 1 _| I_ I/l re )
1:0/0 I:l}!l’l \
0:0/0
_| |_

o:0/0

TOFF
Rung 2 :

1 T4:0
I TB=1sec 1 EN J
0:0/0

Prest Value =15

Ace=0 _( )_
DN
T4:0/DN Motor 2

Rung & T C—

0:0/1

Figure 3.30: Ladder diagram of Ex.18
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3.4.2  ATg Hbd- UBTRT 0T yutmett (Traffic Light Control System):
<fher R § a9 Wiie oot aiom 3R, § XA didbiaR aledd®
fAdfAd Hruarrdt ARy HaM 7 fdd a-de H&d R Sd. aToRd
SITUIR ANTARTSS AT 33 3fTed — arel, fgvar 3nfor sfaR (fdhar fUae).
f@ar oI 11 — AT A SHTATSUaTS! TRATIT 3.
3ieR (fYgeeT) oY: T / WeRGR — BT < 1l BIVIR S(¥edrd Yobd o),
TS ATCD ! UTTTATITS! TART HRIGT, A SR o ThTolaed Said ST
g0l YRI&T T, TR d e i3> [ehad.

Ex. 19) 9T Hdra- USRI G0 YU TS deX SAUTH Hlel, SUHS @did
B'Iﬁ\?ﬂ%?f:
1. 9 (RED) &% 50 Vebe T ISTal.
2. %W(Green)am3omaﬁﬂﬁﬁ.
3. fyaesT (Yellow) @¥ 10 Hehg TTq WET4.
ITR: YTl ATGT T i Te:
a. WE T - 1: 0/0
b. 1T 0 - |: 0/1
3T3cYcadl ardt 3for it T3 9:

a. A AW - 0: 0/0

b. fRRa1 o™ - 0: 0/1
c. fUgaTawW - 0: 0/2
d. 3fdR® el - B3:0/0
Start Stop B3:0/0 |
Rung 1 I iA C
ung I 174 ~~
1:0/0 1:0/1 TON
2t IBo1s —GEND—
83:0/0 Preset = 50 _@@__,
T4:0/TT RED
3 il C O
0©:0/0
TON
« T b
T4:0/DN Preset = 35s _@,\D_
T4:1/TT GREEN
s il C O
TON O:0/1
oI5 teo
T4:1/DN Preset= 10s _@'9_
T4:2/TT YELLOW
- i1 G
T4:2/DN T4:0/ED
8 it o

Figure 3.31: Ladder diagram of Ex.19
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TPIHT (Explanation):

T 1: SgT WIE 9T (Start Button) TTad SITd, dagT SiTdTd Rt
B3:0/0 TS (ON) BI.

T 2: ST B3:0/0 AT (ON) 31!, degT YU §g aral ST SRR
T4:0 (WUTSI TON & TIZTR) W& (Enable) Bial.

T 3: SIgT CTEHR T4:0 F&H BIdl, degl Il 1T fae 3= (High) Bidl
31T 3TFeYe 0:0/0 (U AT AW 50 Jebararat) dTe erl,
Sigdd Acc Hl UNIT (Preset) W HGKIEH

M 4: WG ACC e TR T4:0 1 YT Jersdad (50 Yaha) Bid,
deeT DN foe 3= (High) BT 3101 STSHR T4:1 W&H (Enable)
Bidl.

5 @%TE’WTmmm(Enaue Bidl, dgT & 1T fae 3=
(High) BIdl, @ 3M3eYe 0:0/1 (F&UN fgar o - 30
Wra"r) EISEGI ﬁqﬁaAccwm@Eqw@%aﬂqﬁ.

T 6: SgT ACC Jed TR T4:1 =01 YiNe geA1sddb (30 Jdha) Bld,
a1 DN fae 3= (High) Biat 3110 TISHR T4:2 W&H (Enable)
Bidl.

7 @@TE’WMZH&W (Enable) B, WWTTP@W
(High) B, WM 3M3eYe 0:0/2 (WU fidssT dw - 10
Wra"r) EISEG MACC&W@@EW@HH@

T 8: BI&T ACC HU TR T4:2 =1 YRie YedTzdd (10 dha) Bid,
a1 DN fae 3= (High) Bial 3110 TISHR T4:0 W&H (Enable)
BT 3M1Or &Y Ufehan Wad 9re I8, Sudd Wrd & (Stop
Button)mﬁﬁlﬁﬁ.

3.43  dIedl WU b el (Bottle Filling Plant):
T A@HI- AR, Fed HRUIRT Ulhar 3ffciHied HRuara! 3!
Huert-FafRd RReA TR HRUR 38, 8 Ried @relia Mt Hafd

P

1. 9Icell YW (Bottle Detection): HRUT RMSGIT dlecdl IUMRIA
ST W BT,

2. WROft ufshar (Filling Process): dlcdl 3ecsedry RO dleg Afbd
0L,

3. YigugTl 3f€ (Stop Condition): STed! HReddR XMt Ufehar Yigao.
4. F¥e TAUT (Reset Mechanism): RO Ufghar quf R gaia
el Ried g8 Il R,
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STea HRUTTE 30T ST UT Arauard UfshaT (Figure 3.34) a=idd &, &1
YfchaT HYRUTC: DRI ATeI:

T- HIeX M1 8l $o3R dec Iladd, SATdR Seedl gad dld. I&
STl IR dec == Bldl.

STced] deear 4 STard, drgdd TR S2 STea Jedl. IR S2 deat

IB@aR, Hiex M1 Yigd 30T deca! Yiad). A/ deo! dlecg V1 ISl
3T STedd diex Usd, Siudd o fafRiy daadr Uigad ATel. § dad IR
S1gR 39 o SId. diex IRY ddadl digidedrd alee V1 &g gid 3o
HIeX M1 6T T 81d. 1ea 4 oifd, o1 3R S3 dieelt e, de
e p1 fdd gd SH1fOT STetal ST UT dldd. 81 Ufshar Tdd Je aT
8.

Figure 3.32: Bottle Filling Plant
Courtesy: Bottle Filling Plant form Instrumentationtools.com

gﬂg‘c’ﬂ%ﬂtrra"tarrﬁmﬁ@q

. WIC §UT - | 0/0 (TTCeh HRUATH! UishdT Y= HRUTTTS))

19§07 - |: 0/1 (UfehaT Yiaauarandl)

TIRITHET TR S2 — I: 0/2 (FTedlt SR 3RTaN 3fis@al)

ded & S1 - 1: 0/3 (ST Jad HRdel 318 Hi gt o

ey

e. U YIRS TR S3 - I: 0/4 (ST HIUT RITTER AT DI ATe!
d e

f. 3ffaxiTa el - B3: 0/0

e n T o
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T3cycHdl ardt T =i Tg:
a. HRIR AL M1 — 0: 0/0 (ETCT! HRUITAT RIFTRId §ATUIT3)
b. eI aled V1 - O: 0/1 (STCTild §d HRUITTAI)
c. R SR P1 - 0: 0/2 (@Tedd U flhe] HRUTTAY)
d. TON TER - T4: 0 (e wioka 5 Ydbere faad fHfo

HUTITAN)

Start Stop Internal Relay
11 V N
Rung 1 11 | N S
I: 0/0 I: /1 B3: 0/0
B3: 0/0
Sensor 851 Sensor S3 T4:0DN Motor M1
I 1 | 11 N
Rung 2 11 I 11 ./
B3: 00 I 072 I; 0/4 0: 0/0
51
I: 073
B3: 0/0 52 51 Filling Valve V1
I 11 | 1 1A N
ung 11 || ¥l N S
I: V2 I /3 0:0/1
Capping Sensor R
g TON N
Rung 4 V Timer T4:0 DN
! TE=1s I\- /
I:0/4
Prest = 55
Piston Plunger
T4:0/TT P1
Rune § 11 70N
ung 1 1 \- _/
0:0/2

Figure 3.33: Ladder diagram of Bottle Filling Plant

TPIHT (Explanation):
T 1: QT WIE FTUT (Start) T (ON) BId, degT MTaRTd Rt B3:0/0
3Ifofa (Energized) Eﬁﬁ 3TFOT Tl fRUeht dis (Latch) @?f
7 2: SgT WIS (Start) 1 3r9q, HRON ufzhan & e (WeUe S2
IR STea fia@d AT, 30T YTFUamT (Stop) AT ATa],
degT Hiex M1 3T (ON) Bldl.
7T 3:

i. SR S2 IR T1L (ON) 31, TUToId dedl HRUGT] RYHTER
3Tg, dR HIX M1 §¢ (OFF) BId 31101 dTca WRuaT! Uidhan
= Bid, ATges dlesg V1 d1e (ON) BIdl.

ii. SR S1 IR A1 (ON) 3, WUed dicad sd fafkiy
AIAgdd WA 3], R dleeg V1 8 (OFF) Bidl 3101 Hiek M1
T 31 (ON) 8.
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T 4: SR S3 YR A1 (ON) 3, UTSIT FTealt o Ui RITHBIAR
UIgIadl 3iTe, TR fURe 1 dTe] (ON) Bl SHTfOT ST
THIUITE Ufshal & B,

T 5: SegT SgRIACR (ACC) el YT (Preset) JedTddb Ulglad,
dgT ke P1 §g (OFF) Bid 0T g 3R TR M1 Ggl 9T
(ON) Bl

3.4.4  TTD! UTdd! fRE0T YUIed! (Tank Level Control System):

g7 YA, S0 Fuer-Fifid Red TR aRUR eid off dadta
%aTdl A dheld HRUTNITS! aTuRal! Sild. & Ried U™ & HRedTaR
(High Level) 3101 ¢ fRapTet ZTedmaR (Low Level) ATaR @& 39 dTees
BRIEGERG]
Ufthan (Process):
1. @ dd =% (Low Level Sensor):
i. SR dhdld ddd HH! ™A, R O Low Level Sensor
iadl.
ii. IS IcIc dleeg V1 IUSdl AT Sohd Gd HRUIRT odTd
BId.
2. g1 WA =T (High Level Sensor):
i. SgT Chdl dad SXIdd HAleUdd HRd, d&@T High Level
Sensor § 3Tl
ii. IS aleg V1 8¢ gral AT ¢ UROY Ui

Ex. 20) &9 RS ¢& WU UH YU qTuRal Sl (Figure 3.36 JHR), U9
HY3Al START SMIfOr STOP HRUGRATS! ¥ STOT 19 I el o
TIGH
THITH 3 H:
1. U = BRI
2. UYH & 1 (Tank 1) WRT.
3. ¥F 1 Iuf R, €F 2 (Tank 2) HRUTTH J=dTd HI.
4. Tl P UMK, ATSC SfSPex ON FI.
5
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Control station

&
Q

........................

Toank 2

Figure 3.34: Tank Level Control System

3TR:
$1YcH 3TfO1 i U9 :

a. E'I_CFEJ,'QTGE'UT (Start Push button) — I: 0/0

b. izr”rcrg‘sraam (Stop Push button) —1: 0/1

c. ad T (LH-1) F 1 (Level Switch Tank 1) - I: 0/2

d. dad f&d (LH-2) €& 2 (Level Switch Tank 2) — I: 0/3
T3y AT i Tg:

a. Al Uy (Motor Pump) — O: 0/0

b. diceg 1 (Valve 1) - O: 0/1

c. dlece 2 (Valve 2) — 0: 0/2

d. 3fgdHex AW (Indicator Lamp) — O: 0/3

Start Stop Motor Pump
R L 1A | /
ung 1 Vi <
1:0)0 1:0/1 0:0/3 0:0/0
—1 '—
0:0/0
LH1 Valve 1
2 L 1A ,
I Vi \ )_
0:0/0 1:0/2
/ / 0:0/1
LH1 LH2 Va'v. 2
L ] L | ,
3 I 1 ﬁ & >_
0:0/0 1:0/2 1:0/3 0:0/2
LH1 LH2 Indicator
4 : 1 { —
1:0/2 1:0/3 0:0/3

Figure 3.35: Ladder diagram of Tank Level Control of Ex. 20
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TPIHRUT (Explanation):

3T 1: SR W Y= §eT (Start Push Button) Tad et 371fdr ¢ goi
NG| '-I\Dicfl, W Al UY = (Motor Pump Start) @?ﬁ

T 2: SR AR 91 (Motor ON) 3R 30T ¢ 1 (Tank 1) Jof
YRS T, TR dleeg 1 (Valve 1) ST8d 30T ¢ 1 gof
BISUdd R,

1"113:\_5|TII-1€TE|'IFJ\(Motor ON) 31@?{,%1 YR 3 3MfYr S
2 (Tank 2) ol WRaE 4, R dTes 2 (Valve 2) JgSd 30T
¢ 2 Ui gISUdd R,

M 4: SR H 1 30T b 2 ST MRS (Tank 1 & Tank 2 Full)
sm?ﬁa, ?‘RW%’E{ (Indicator Lamp ON) Eﬁ?‘ﬁ 37107 Hiex Uy
igal (Motor Pump Stop).

Ex. 21) diex ¥ Add Held Red
die} & dad beld RIEHAS aF ded Raay (Ls1 3T Ls2) 3redrd,
9 P Figure 3.38 A gRATA 3MT8.

ﬁlﬁ'ﬂ%?ﬁﬂf:
a. SigT dleX dad > L1 (esR fafafd dga) eid, d<et Ls1 |fsa
(1) g
b. SgT diex A9 > L2 (3R ferfifdn dega) @, d=T Ls2 Ifha
(1) g
c. Start 92T SIEATAR A@d Held e & gisd.
d. Stop 92T STaegTaY REH 9 giga.

&y

1. Start ICUI GIEITER AQd Peld RiveH J& BIgd.

2. Stop 9UI STIeUTaR RIeH ¢ gigal.

3. diex Aad L1 U&T &t (< L1) 3R, U7 °1q (ON) 31T giee
¢ (OFF) §13d.

4. @icx Aad L2 U1 ST (> L2) 39N, UY 8¢ (OFF) 3MfUr gice
91 (ON) Bal.
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From Pump
L3,
H .................................. Lz
]_.-5|
< @ T PP — L |
] Dran
Pipe

Figure 3.36: Water Level Control system

3R
$YcH 3TfO1 i T3 w:

a. E’IEFEQTEE'UT—I:O/O

b. ¥ YR §CUT - |: 0/1

c. oad Ra= (LS-1) T 1 - 1: 0/2

d. dad g9 (LS-2) TF 2 - 1: 0/3
T3y AT i Tg:

a. Al Y - 0: 0/0

b. $9dled - 0: 0/1

AT 1: SgT LIS 90T (Start Button) STFd SITd, dogT U §c gidl.
NC TUdh (Stop Switch) §¢ ™ T 9 (Rung Condition
True) BId 30T dera Rel (B3:0/0) T 81, S AUl Red
Iihd gld. W 9eul TR R 8¢ 813 73 It OR
TS (Latch Circuit) ATORd 318, UM, Thal Rad g&
TR AT NO e g1 el & dadrd ST Ried Jem
MEd

M 2: NO Hues Rt 3fIfdr LS1 @ LS2 =T NC HudhidT 3fIehH (Series
Combination) ATURET 3. SR ¢ Add HHT 3T (LST MTHOT

LS2 g ATEId), TR UU & (Pump ON) BIdl. dad LS1 Tdd
Gigiard d_l UY G JIGUINITST OR AN (LST + Pump)
ARG 3], W9 LS2 Tdd UlgaedTar Uy §¢ (Pump OFF) B,
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Sturt Stop Relay
Rung 1 —|w/:o '1'3“ (
' ' B3:0/0
-
B3:0/0
Relay LS-1 LS. Pump
ST # ( >—
0:0/0
Relay LS-1 LS-2 Drai/n Valve
— _._| R _L R
: P 102 1 \ >_
B3:0/0 1:0/3
._| |_. 0:01
0:01

Figure 3.37: Ladder diagram of Ex. 21

M 3: NO Hgeh et 3107 LS2 G LS1 =1 NO IUHB T 3IhH (Series
Combination) dTIRE 3Tg. SgT e S T8 (LS2 3107 LS
fehd), dgT g1 dTeeg (Drain Valve ON) Bidl. &ad LS2 =T
Wt el a9 dleeg Y= AGVARITST OR HATSH (LS2 + Drain
Valve) dT0Rd 31Tg. o1dd LS1 =0T ATl TedTar 9 dleeg sg
(Drain Valve OFF) BIdl. ¥ 2 (Rung 2) T81 ®IAT~ad gdl, 30T
g UfohaT Tad aTe Med Siudd Red Hed 38,

3.45  dgdUs! WUITE! (Conveyor System):
dequg! Yulel 8 U i BId@uil T30 (Mechanical Handling
System) 3ffg, oif Wifgd fbar a&q wer f3womgd ga=ar fawmroft
gAAUITITS! IR Sld. SSREUd IdTe UdhediHed Hadl FHIUMER
H@UR decadl aTUR ol ST,

a1 Riean s @rdta g1 ufear srdard:
1. g PO (Starting): IR dec Y& VIS TIE F0
FERESIGH

2. Yi§qul (Stopping): IR e YiFTIUINT! T IT §CUT GIad SiTd.

3. 9TYT 3SYBT (Obstacle Detection): SR secdr HIUKiIG! AHSAUl
fohaT aeq TSl dR AR T akcll el 0T dee Yfadl.

4. JRF&aT (Safety): 3fievdle fhar SR UG R dee
YIS YiSdl.
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uferden T&u:
a. IC 90T -> € & -> I A6qD -> HSYRD[ e ->
qeC YTl -> SYBT GR HedIaR Grgl &= Hdl Adl.

g1 Rreaay ITRAd 9ed:
a. WW (Motor)
b. ¥TC §CUT (Start Button)
c. W9 e (Stop Button)
d. 3ISYST IR (Obstacle Sensor)
e. & IAUN (Safety Devices)

INDICATION PANEL

RUN  STOP
Prowimity
Briich
LOCAL CONTROL PANEL
Lrrarepimicy
START  crop

Figure 3.38: Conveyor System

Courtesy: Conveyor System form Instrumentationtools.com

Objective (3EP):
HitD UihdT QI avHIY 31Tg:
1. SIT START ScUT Gradl ST,
2. IﬁET‘v:R? (Motor Start) Eﬁ?f
3. RUN (fg<ar o) e gial.
4. AR I1q SIS Sl gadl.
5. UIeRITAET TR (S-1) STeR] a1 SlabTll UlgldedioR sy Q.
6. Al &g (Motor Stop) Eﬁ?f
7. RUN (fgaT &) s gia.

8. STOP (ATE ) Y& B,
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1. STOP §CUl HIUATE! B GEe dhrpTR HIex Yidd.
$YcH 101 i T3 .:
a. ¥CI¢ QR §TUl - |: 0/0
b. ¥ YR §CUT - I: 0/1
c. Uit Raa (5-1) - 1: 0/2 (FTeRI/a%q MYTITHTA)
d. 3ffaxiia R (Internal Relay) — B3:0/0
T3 Yed 1 il T34:
a. @Td O (Red Lamp) — O: 0/0
b. %Wém (Green Lamp) — O: 0/1
c. PRI HICX (Conveyor Motor) — O: 0/2

START S5TOP Pmt_\' 51 Internal Re]a}'-l
I | IA 14 T
Rung 1 | T T W/
I: 0/0 I: 071 I: 072 B3: 0/0

Iuw:!n!'ﬂ Relay -2

B3:0/0
Internal Relay -3 RED LAMP
Rung 2 l. 1 (: }
B3:0/0 0: 0/0
Internal Relay -4 GREEN LAMP
T N
Rung 3 B [|' El \ j
o 0: 01
Internal Relay-5 Conveyor Motor
| 1 ST
Rung 4 11 \“_ )
B3 :0:00 _
O: 02

Figure 3.39: Ladder diagram of Conveyor System

TPIHT (Explanation):
T 1: SiagT Start Push Button (1:0/0) Taal STTd, 3TOT Stop Push
Button (1:0/1) s fYdId 3/ &dl, dT Internal Relay (B3:0/0)
qiehd Bl ST ST AidhegR Wa: o 8Ies Hd. Stop Push

Button (1:0/1) IR Internal Relay (B3:0/0) S gId SfTf0r
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T 2: Internal Relay (B3:0/0) ON 3, W Conveyor Motor
(0:0/2) = BId. RUN Green Lamp (0:0/1) 3H1d = 814,
E=ad B! HrpdR 1Y 311G,

T 3: Proximity Sensor (1:0/2) SicgT SRl gO=AT SlebTell Ulgraal
dogT Tfehd gidl. o |fdhd 8IdTd Internal Relay (B3:0/0) §¢
gId, ™THes Conveyor Motor (O: 0/2) Yiadl, 30T RUN Green
Lamp (0:0/1) §¢ gIdl.

T 4: Internal Relay (B3:0/0) 8¢ ITedTak STOP Red Lamp (0:0/0)
AT N, O CRIdd B HrgTR YT .. B Uishan T G
HRUGTST Start Button (1:0/0) GTeTd @FTd. Stop Button (1:0/1)
DIVATE! AT ST, HrgdR Ufedl.

Ex. 22) BT 38T WIe o HeX STaUTH fS3ms= &
Rrew qui=:
U] BBl 28T Wi HY o9 BT a8 (Coal Conveyors) 3iTed:
1. Cl (XA A3CYCHY Hlcs T dIg- ).
2. C2 (\¥ dec, Hidl Yg AUIHa)).

3. C3 (Pl sidhs cHAuIIa)).

Rreey smazaedar:

1. Cl & d%H I sisd 9iagl C2 ST €3 = SR,
2. C2had AT Y& glad 9l C3 = 3.

3. C3feusmea™ C1 3nfir €2 <&id feu gidia.

4. C2 U e C1 <ia feu gisq, IR €3 1 3.
5. C2 30T C3 Q1 U ey C1 &l feu gisa.

3TR:
IR IETERUI, TS HedRuTo! Udh TTC G-I JeU] 101 Udh WIT Jeul aadh 3G
TS UHUT 6 TTYCH AT HTed.

g1YeH 3101 i T3 4:

HgTR C1 Y= DHRUGMNTS! YR &S0l = PB1 = |: 0/0

a.

b. HIR C1 YITAUIMHTS! YT &0 = PB2 = I: 0/1

c. DRI C2 Y& HIVANTS! G 9 = PB3 = I: 0/2

d. IR C2 YiFTauaTHTSt G ST = PB4 = I: 0/3

e. BRI C3 Y& HIUIRIS! G §€UT = PB5 = |: 0/4

f. PgiR C3 YIFTIUINTS! Y= 9l = PB6 = I: 0/5
T3 YeH A1 il T3 4:

a. HRA C1 = 0: 0/0
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b. HRIR C2 = O: 0/1
c. BRI C3=0:0/2
Stalrt FB1 Stop PB2 | {,I I(',\I fCI \
Rung 1 | —/—W 1T 10 L
I: 070 I: 01 0: 011 0: 02 0: 0/0
0: 0/0
Start PBa Stop PB4 Cs p “\
Ruxg 2 | ——W | | ./
I: 012 I: 0/3 0:012 0: 011
_I I_
0: 011
Start PBz Stop PBs Cs
P
Rung 3 I I__H \- j
I:0/4 I 0/5 0: 02
I 1
11
0: 012

Figure 3.40: Ladder diagram of Ex.22

TPIHRUT (Explanation):

T 1: ST XWIC YR 90T PB1 GTad ST 3107 SR dregdR C2 ST
C3 e 3, TR gk C1 = Blal.

AT 2: SIT XeTC GRI S PB3 GIa SiTd 3107 SR g dR €3 a1
3, R HeAX C2 & gIdl. TR, SR LY Y 40 PB4
G Tid AR C2 ST C1 &g g, Uur C3 Y= A5l Sigdd
1Y G §CUT PB6 GIadl SITd ATal.

T 3: ST XY GRI ST PB6 GTad SiTd, degl C3 &g gial, 3Tfor
oS C1 30T C2 ¢/ & i,

Ex. 23) Pd? deedTa] e SAUTH fS3Ts Hvl.
Rrew qui=:
PRI deedl SUANT ax] HraTAT feHoft gerauarard! sear el fofie
Raa aroea gt SufRUd qurTett wird.
Ry srazgern:
a. PRWR 9e¢ Y= HIVYTHTST START F¢UT SIETd ARIE.
b. HIUIATE! AT STOP &9 SR dee Yida.
c. fafire a9 50 °q Siv@EMTR, FUR de ATUISATT Yidd.
d. Ufhar JeT Y& UGSt RESTART 90T ST AN
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3R

TS SUTHHYA qTIRAd S1YcH ST it T34:
a. ¥CIC I §¢Ul (NO IU) - I: 0/0
b. T g 90T (NC HU®) - I: 0/1
c. ReTE g1 €U (NO |UH) - I: 0/2
d. Uifeatadt fga - 1: 0/3

3T3eyeH HTOr il TS 4:

a. dccdrdl AR - 0: 0/0
b. 30 ®3R (CTU) - C5:0

TJPIHIUT (Explanation):

M 1: WIE Y= 901 (NO) SIEedrar 0T Y Y= §e07 (NC) §4
AR YA, HrgdR decdl Hlex (O: 0/0) Y= BIdl. § HIex
3TITYC U S R a1 e Wa:= o= (39d-
¢RUT) BICS bl oIl

T 2: HRIRIMTER TAT SRS Wikt R (1: 0/3) aToRaT
SITd]. T A a¥q 3lesgall e, 30 HI3ex (CTU C5:0)
I Ffrd (Accumulated) T dT@ddl.

M 3: SegT HIed Wiad e 50 Tdd dgrad (C5:0/DN), Il
HgaR HIex (O: 0/0) §< B,

eré ufsrar: I g1 ST (NO) (I: 0/2) TIFETAR, HICR T
(C5:0.RES) el SITdl SATO1 Hek Y61 Y= BI0dTa! daR] gld.

Start Stop Motor
R 1 ]l | 1A ra )
e } I 1“:{ L4 | \
I:0/0 1:0/1 =. :
C5:0/DN 0:0/0
11
i
0:0/0
Proxy Sensor CTU

Rung 2 I | Counter C5:0
s Preset =50 g
I:0/3
o

Restart

RES
] 1 ~
Rung 3 11 k )_

1:0/2
Counter C5:0

Figure 3.41: Ladder diagram of Ex. 23
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3.4.6

STIUTH dYIR HR.

3R

FAYCH 3T i Ty

a. ¥CIC QR €U (NO) - I: 0/0
b. I YR §€UT (NC) - I: 0/1
c. IReTE gRI T (NO) - I: 0/2
d. forfoe Ra=r—1: 0/3
3T3eyeH A1 il TS 4:

Q

® Q9 O T

Rung 1

10

. ®Isd A-0: 0/0
. PIed B - 0:0/1
Pisd C - 0: 0/2
. PIeA D - 0: 0/3
ge3d e - B3:0/0

TWWR HieX Hed (Stepper Motor Control)
Ex. 24) WWR HAleX (Forward Direction) YeId feR1 araauarardt dex

Start Stop B3:0/0
] L 1A o
L] L -~
1:0/0 101 TON
L T4:0
i TE-1s —EnND
: Preser = £ _Cbhb_
T4:000TX Coil-A
i1 C O>—
©:0/0
TON
| L Ta:1 )
1l TB-1s _CEN
T4:00/DN Preset= S g —.CD‘N)-
T4:L/T T Coil -B
1L e
Ll | b
TON Ol
Td:=2
—it Bl —GEnD
T4:1/DXX FPreset = s _@@_
T4:2/TT Coil - C
1L r
L] .
O:z2
TOXN
] L T4: 3
— | TB-1s —ErD
T4:2/DN Presec” = 5 ®rD—
T4:2/TT Ceoil -D
% ~
—— 1 C >—
O:0/3
RES
~
il C O
TH4:3/ DN TE4:0WEDN

Figure 3.42: Ladder diagram of Ex. 24

Maharashtra State Board of Technical Education



STTARM g TfoT R (314335) Automation Tools & Systems (314335)
TWPIHT (Explanation):

T 1: ORI LI 90T Iaa SN, dagl $e3-d Xal B3:0/0 3 gldl.

T 2: SIegT B3:0/0 311 3, degT AU &g gl MO TSR T4:0
(TON f&dl TrgTR) war™ gia.

AT 3: ST CIRAR T4:0 F&H BT, TN TT foe 3= (HIGH) Biat Snifor
3{T3CYC 0:0/0 (UM Coil-A) 5 THaTS! T Bld, Shadd
ACC 9 UNIT (Preset) ORI eod ATal.

T 4: SgT ACC Hed TSR T4:0 =1 WHe et (EX. 5 Teha) Jeod,
dgT DN foe 3= gial SM1fOr ergeR T4:1 Te&rd gidl.

T 5: TSR T4:1 G&H FTedTeR ATl 1T foe 3= gial, Sares
3{T3TYC 0:0/1 (WU Coil-B) 5 YHGNITS! AT BId, SHOIA
ACC Jed Wi geumRit §ad ATel.

T 6: ST ACC Hed TSR T4:1 =1 Ui et (EX. 5 ¥eha) Jedd,
degT DN fae 3= BIdl 3M1fdT elgwR T4:2 Wed gal.

M 7: TSR T4:2 G&H TR ATl 1T fae 3= gidl, Sardes
3{T3CYE O: 0/2 (WU Coil-C) 5 YHarTa! A gid, Shadd
ACC Jed Wi geumRit §ad el

T 8: ST ACC U TR T4:2 =1 Wi YR (EX. 5 Ydha) I3,
a1 DN foe 3= gidl SM1f0T elgHR T4:3 Te&H gidl.

T 9: TSR T4:3 W&H FedTaRk Il 1T fe 3= gidl, Wi
3{T3CYC O: 0/3 (UM Coil-D) 5 VHERITS! TG &I, Suda
ACC Jeg Uit gearsit Jeod A,

T 10: SIgT ACC Td TISIR T4:3 =1 Wi¥e et (EX. 5 Yoba)
S&d, d&T DN fae 3= (High) BdT ST eIgFR T4:0 T1 9&H
gidl. B Ufehal I61-G81 81 Xgd, Sudd ¥eTY §evT glad ofd
e,

3.4 WER Nuasd A=A Ut
diuerft oUATd difoie deler) RRed Sefegd sfficaxMae) §u Hgwrl
3. SR PIvrATe! faggd fhar Tifie Reaymm, diuesh = driemare!
sifor Safgen ardt Fafta 3= smawe oMd. a9, ae WRiFY &M
RS g T s TSUaTd Qe FHHt Bl

Hieerit A0 UYIfd® G USRI fAURTed omd:
1. frafed A== (Preventive Maintenance): TH=l BIvamgdl odeh
SV} BT,
2. Pfdeeg W19 (Corrective Maintenance): TR faure AT
A GOKIT HRUTMATST Heil AR GEHT.

Maharashtra State Board of Technical Education 102



SR ged Jfor RIRETRT (314335) Automation Tools & Systems (314335)

351  fudfed #===4 (Preventive Maintenance):
flafea A= o o Fafld uftsar <ar Syt gEw gioargard
Hed] STATd. I Yt Rien sifdies fayre g ddere fewumr g
AT fiafed A =uusdt

Figure-3.43: Preventive Maintenance Practice
Courtesy: Image from freepik.com

a. frafia qurgoft:

i. fesgera qumoh: diverdt Reddia divag! Jea fdhdr
ST STelt 3118 BT d UIgT (3al. dedd dhacd, Sfelad fhal de
Teicd 9Coh).

ii. TAsal fSdher quuUl: Huell ST & Alegaarid
TosS! fad drafer rikRd 3ed &1 o T &,

b. gaEHTd URRAY:

i. duaslt aFg aTareRuTd SRR M8 &1 o dul. SR Y3,
3T (3ftaran) Sfdr srafiis AomE g duet =
BHRIGHAAR YR 513, Javall.

ii. TUeRT =1 STSISTS ST Wwd SdT S0 SUSHRUT=AT Hidd!
891 UdTg HaRUd §Id 3HTg DI o ATEd P,

c. DR AN STHARM qUROR:

i. 99 I oftT Shevar °g &1 Suidhed faggd i
(3T TTesaT I5d. BT UTeRi &1 §99¢/3M3TYe
(1/0) TRTd g3, hdd.

ii. dIS QRAST SSUTT qUTHT 1101 TR S fdhal 7S T@el 31
CAGRIG
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d. HHISR 3 AedsR USey:
i. Teerfl Fofaregd 9diF SitedsR ol BHdsR 3gscy
FaffrauT U, BHASR JUSe dhed™ 1d TH™AT (T79) g3
BIATd, GR&T GeRd AT =i Brferar ared.
e. St duTqui:
i. TEeRt e dI9 g PeaidR 3¢l HIIH SaudMd] scsl
3. ded Ut qurr Sfor aad e df daal.
et dovaR 7 daded sl §3q Yhdl fdhdl Sge HeriaR
I (TR) IS, YehdTd.
f. /0 (37Yc/3H13cYC) qurufl:
ii. 37Yc/3M3cye fS®RRY Iraar Nue! died HE &xd
3Rd BT § U T AR, Fguey O 3R Ssaa
JUHROY JURIO SHTIRTD TR,

352  ®fdesg A= (Corrective Maintenance):
Prfdceg Ue g WU YIuerRll are] SRIAMT AUl qeid ARIHRU]
0N, I TN IGacHR el SR dTehles IUTASHT JHTAY
3.
g1 Ufehar Uiafoharal® (reactive) 3T A, 0N s¢ USUATYE! GRd IUTd
BT ARID 3.

Figure-3.44: Corrective Maintenance Practice
Courtesy: Image from freepik.com

A Irfaceg BeA-adhd:
a. ¢ TMYH HTeU! (Troubleshooting Faults):
i. I ez, Yuad! = SUife® Udsal ddbdd fdhdl
e d3RARId &Y P18 (Fault Code) TURIT TIOT THIT Sfics.
i. fioerft #efa oiavfa S Weq fhar S| Aiedsr
= fqaTST=T Hid Q.
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b. Uc®H Sqaul (Component Replacement):
i, WRE Iod AISd (3. dIsl QRaa], $7Yc/3M3cYe Aled)
fohar Hae Faa.
ii. a7 died 30T WRHThHIE SRIAA gch qIRT S0
T AT JUR AR
c. YH3MT TR (Restore Backup):
d. TSR B T fobdl HIFBTRIFH THIT e,
Qg I HTIRT S ATHYT TG H.

Figure-3.45: Periodic Maintenance Practice
Courtesy: Image from freepik.com

ftenfee ATHdaTUI® dUR S

et foiaren ReRE oiftt $rkd adiaRomaR - itenfe®
T HoIYad 334l GHId: T HIaae gresd SIrdid:

a. A& (Monthly): T JUTIUT, Te3dT 30T TaieRoig TR qurof.

b. 3TRYE (Quarterly): TR SSUAT JURIY, FH3T Fel Ry urgor
3T HHASR 33T BRI,

c. A& (Annually): Tqul Rera S@d Fe™ (Diagnostics) 3MfOT et
(Components) TATIU.

354  WeA-ge™dl i Squr:

Id Oeagrafarel Higasl (Logbook) fdhar fefsred Hig dar. amed

T ST FHIGY ST
a. dUIU/ACTHHRUTE ARG 9 d&
b. bacd quUrgUT fdhdl gedt Afgat
c. deddd fdhar Ifgy Had gedh
d. 3ecsaedl JHWMT AT AR Udad IUM
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Figure-3.46: Document Maintenance Activities
Courtesy: Image from freepik.com

I tiuad) @t SRR JBE! ¢ HRar Asd 3N gRAR Jum=m
JAWE W Yefauary Aed gisd.

Figure-3.47: Training and Skill Development Activities
Courtesy: Image from freepik.com

a. B TgmHaR]! UrRI&ur:
i, TRl HSHARAHT UTIa! 1O, ST NTaTH! Ugd ST
T[T Tt TTaR ARy TifRrerr fad o,
ii. diP® HHIRANES! U IRId TR UUW TR &1, W
ReRfedmd I 30T gger Tueri! gTdresufiar siyd THTay Sid.
Frafta deesit a-d v wrae:

UM YD do5 T G (Increased System Uptime)
«  YUTH Y TddHR 3HeEul (Early Fault Detection)
»  gOXIGRId g HHI 8IUT (Reduced Repair Costs)
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» IO SRR ST UmiHNT gURO (Improved Efficiency &

Performance)
«  Hiuel SfOT Sy SUSRUIT SIS d1@dul (Extended Lifespan)
3.5 dhuadl gaeRyfeT Hrugr! yHIfE Usd
foaft @ied difvie deleR) o Caefe o0 7 SfichRH ffigd sfor
ATl Sd HeWd PN SR, Uiadl Aefd I9dr gedsr fours,
fARTARUT Ugd 3Idaedry TA0RT 30 95 (Downtime) ! Blal 3fOT shrefermar
qred.

351 U™ 3w (Identify the Problem)
a. &0l fa=ewor (Symptoms Analysis):
R A YUgRITS! UYH Hueril =1 HRAUSRHR fAtenr &,
SRATATA Tl /MY, S BT IR UG Gd 16, Hiek Y& gid 1g,

fdhar 3T3eye SRR Tal.

Figure-3.48: Identify the Problem
Courtesy: Image from freepik.com

b. 3{Tq¥exdr WU (Operator Feedback):

TR Tl 1 BRI AT et Fret Ay 99 fdvar @
aaTd gad faaed S,

c. QT 3NfUT Q1Y Hahddh dUTT (Check Alarms or Fault Indicators):
fluaddt a8 & dis onftr A W TrREauRt fAeE drem
(Diagnostic Tools) 3rdd. diead =T fe¥miaia Iei Haxr fdar
SCADA Ricra’ie Srefrd quraT.

352 IV [RAST GATUd BT
a. Uluad o1 919 [ d e o1 qur:
Yluad IRgudR diel Ui &d 3MT8 &1 & JHIYd H1. Blecsl ddd
qUTET 311 et a1 disl RaaT fRR 3118 &1 UTelL
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b. 3MfdRad IS QAT TURT:
/0 Hiege, =R fdhdl SR b1 Iy IS fesd 3118 &1 d Iafud

Figure-3.49: Verify Power Supply
Courtesy: Image from freepik.com

353  Wuad ft e Rew qurar

a. Udse! Ybhdd JUN:
diuadt offor 1/0 Aleyaesia Uasel Ybdd duml. § Uiued =
Rrcfiaga Aifgdt <ard, S &1 dis (Power), aTe] Ry (Run), 3ffor &
(Fault).

b. UlUerlt e Wbl qur:
3% Yfe Udiuert g8 I die oftr Renddl fowar R
GRIGUIRT G BhIH SRId. IT Thi-dT AR B JHRT dH] $S 35
g i,

]
2 Bl

Figure-3.50: Inspect the PLC's Diagnostics
Courtesy: Image from freepik.com
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354  UHITH/ATRASR qUrET

a. URITH GATUd 6T (Verify the Program):
foedft domHE PUdd dfed @) g fbar gEE
DIHTRTA 38 BT & qUNIL. HEIdDT AgHRI URIET Jbg! Jobld
3T3TYE &3 Whd fbhdl AU fAUres HRUNYT 3 b,

b. AR TG HIFBTRRRI el 6T (Compare with Last Known Good
Configuration):
R Rew snell sgafyd =re gidt 3for saFe de usdl 3&d, @)

T U] Ariid BRI HIRBTRIFRIT a1 BRI, URHdS Jed
T JHYT Jgad Sd.,

Figure-3.51: Check the Program/Software
Courtesy: Image from freepik.com

c. UM 3UdAS/SI3drs &I (Program Upload/Download):
SR U 9O-T 3easa, d) UieRil o= MUH duciueR 3Udle
HT AT TR 3UaT AR ARIRAT HRRA Sl WUTH Gl
Yluas 7ed Sudis .

355  g-Yc 3T 33eye aurHT
a. 1/0 HaRH FAIUd dx7 (Verify 1/0 Connections):

Uiuerft =ft Stedel $9ge 3ol 313eye USRI (S Bl AR, HIcR,
died) gt fhfiea el qurn. ¥d IR, Jedd daaRH fdar
fehde eid Ucd HTed ol o G B
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Figure-3.52: Check the Inputs and Outputs
Courtesy: Image from freepik.com

b. $YC JUHRUI TURIT (Check Input Devices):
Td® 3Yc IUHRU (341, IR, Rga) araiar s axd ofg &1 &
dUM. HecHlex aioRed URd RiTd R (Voltage Levels) Iiud
Hh.

c. 3{T3TYC IUYHRU! JUTT (Check Output Devices):
3{T3CYe SUHRU (341, R, WaHigs, Alex) ARl HRRG 3Med &1 §
JUNT. SR 33cYC die] Bld -d, d) dafdd Ral fdhar sfeguexaed
T 3 .

356 STl SUBIUNR JUWOT qUTHT

-— —

Figure-3.53: Test Communication with External Devices
Courtesy: Image from freepik.com

a. -cad HRAGRH (Network Communication):

3% diualt Red HMI, SCADA fdar saR diuerdt =ft srAsmIH
FRAM. Acddh Ha@, "cadh Py S Weldbld AFaRAl HRRd

3MTed &1 d qURT.,
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b. Wcldld JEWT (Protocol Issues):aT HRAGRA WicidId  (34l.
Modbus, ProFibus, Ethernet/IP) Tg UHR HI-hR el 3T8d &I §
RIC

357  BISd3R UcH durl

Figure-3.54: Inspect Hardware Components
Courtesy: Image from freepik.com

a. Wicc! Hiegd dUMT (Check for Faulty Modules):
diuast =1 9d Areg@d (CPU, 1/0, Tiar WY 3.) dUIull 1. S,
dedd YT fdar HIuids! hiee 3N, d Rew foure sRuftyd
o R[hdld.

b. <&t HV@E dqdl (Swap Modules for Testing):SiR HECER
T 3YTEl A=A 38d, R /O fdhdl gk I IRd! Alsged
HRRA 3 @RI Jfgddad B 0 T ged &l
[SISIESIR

358  fed Awerd o0 (Perform a System Restart):

a. YITaE A9e & (Reboot YTTR): SR Pive! WY THWT HTesal
el U0 qHET &4 39, R Ui IR a1, FRlad] Bic
Tred 3R T8 (Glitch) fdhar dTeqRer Ia=am Jge- gR giard.

b. 3R A~ dUNT (Check the Sequence of Operation): Iqc
TR Nuerd! Rier arald HRRG 3118 &1 § Jur. THX1 Ydad
et 38 7 B e Riew faar FderomgR At .

359  TUWT AT IUTT STHRIARRFHRUT HT (Document the Problem and

Solution):

a. QY @&l 301 IUTT Higar (Record Fault Symptoms and Solutions):
JOT ST, TN ¥y 301 d ST Aedar Tar it drfgat
Tigar. st T Seauara! & Arfgdt Suged a1,
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b. IR I TR B (Create a Troubleshooting Log): ReHde
U, U 3T Ayuf SrdRRede | 390 e SauHTaTe!
WIAGRIR 3.
Muedt gaaxfeTaTdt smaxa® gt (Key Tools for Wigadt

Troubleshooting):

a. A}  (Multimeter): fdggd SISw™ &lecs 30T pifeaget

dUMIUYTETA!,

b. Tuadl Wi dldedsr  digast Programming Software): g
TS, TET HRURIATST IO 3OS /SI3TAS HRUINITS.

c. SANLH TUEdsR (Diagnostic Software): Plel Uuad Imat o=y
AMEdeR IUAsy 3, o GIedsR G XM Xhd, RgaRE $& Wdd
3HTOT FRIAD YA X H= b,

d. Uil Rgaer diueril Simulator): Ue Redar aRoma 7 &xar
difoTeh el ¢e HRUITITA!.

JH:

a. Wuerdt onfor i Sefecaa siferd=
g UPU WUAGA difoid cheleR  (GiTadn) Ml I seRedd
SeRHHEe YfiesT THS HUarTet IUgHd 31T, ATd YiuaRi Jayd
GeheuHl, YT o 3o HagiRed Iaexul fdelt 3gd, Suihe
faemafT wq: sificmRH fegmg 9 T Ssauare S fedia.

b. WS URITRAT 3foT difore sfau=<z=
deX afore Ui & dieerlt uenfiardt arRuaa Jumd A
b d WEUHd UGd 38, Hd-37 Ay — Thal d1e edTaR $7Y¢
Ra §¢ FTaHde! dIoTqRAdT Y= Saun=dl Aichead! Jdbedl. e
difoie g 18 — AND, OR, NOT, NAND, NOR, XOR 3T @ifoids T
IR ffeHHH Fofa doararet & giar, 7 faamat-n R aga.
faemdf 9U dex UumT sHaen Riedid, S @rda meid Suged
3Rd; A, TR oY1 Sde=an TermH sifemRH aan aifdhs
(Logic), 30 (Arithmetic), Ja-Td® (Comparison) d ¢l gldIaUid
(Data Handling) 3TOR==H HUa=AT Headi- wagaferd Uishar e

d. dreerit-enuia ssfecaa e
et $SRegd SICHRHAE Jdel Hdl I9arT gidl § a1 fauqmd
JUSTad 3T8. Dlal IaIevu:

i. HIex "= deldd — 3RIfde hHM HieR [ifd HRul,

ii. <thes dTsC detd - Rud Mg o aed® WSId araaul.
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iii. Sicd bl wWic - Sedime g YamuNd g9 HRUgm Wt
gfehar,
iv. BR I Red - arg-ea1 Ya=l 9 Frig-rard! d=om.
V. TP ARd Held - IR d SHFgueHA HadH chdid &d add
fdfd s,
Vi. PR Ry — 9% U1 f3eTumg gu=u fahroft gerau.
vii. WWR AR Held — TAAM AT SSRead IUSRUMNTS! 3 grerara
DHld.

A

e. WuadteaT A==9<4T Ul (Maintenance Practices)
diuedt amg I snfor didere arauardt Fafd Aeagenaas
sm?r BIGREIINRIEEIEIC R

iv. $Yc/3HT3CYC Ui FRI&r ooy
V. WW(Ventilation)m
f. Wigasht gaeIfeT (Troubleshooting)
Jiuerfl Reqmeid I8 siicowuamret 9 JURUARITST Wielld ggdid
IR el ST
i. dISTRAAT 9 IR qur
ii. 170 Oisyerd! Ry quran
iii. TS Qo T f&aT BT
iv. It MYTIMTST SURE S ¢ aTR
v. TR ey ieedt e sfor R-umig &1
g1 sy Rigia ol yge SSfead aR gmdid SfaR Ht
HRUGNTS! feemga war offe. faamai-n graaR urnfime uikienr ffea
3for fafaey diuerdt-snuia siicaz Rewy gaedta.
fARTHRUT a1 31 IF 3|, o IR S0 S8 4.0 HRIRATS!
BIIGRIR 3.

wa: Rrevarard! v (Self-Learning Exercises):

1. sffcrafes farfRd Rew:
fruerft g sierifes uisae ffdRi s e fawfid &,

2. Sftpeh ATSC Preid:
Uiuerftar simeriRd Ire <fthes U dwclal RReH dOR &R,
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3. foree wgia Rvew:
Yloar=n gediH 4 Tofd! fote degia Ried fasRid o,
4. BIpt AfST a=i:
5. UTUfl Add Preid RIed:
o YeTa uTodTeT Shdtd add deid HRugr! R fawRg &,
6. ¥ed T SMTCHARM:
ed T [WHAIaUU Hreld HRUMRT Uider Sremd RRed daR &,
7. 3gdlcd ddR hT:
Uiuerii=ar e A= 3101 TaeR[{ST UgdiaR Udh 3gdrd dR .
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AT

1. Hd-39 Albe fdan ofa Afdheard! der uium foreT.
Write a Ladder program for Seal in circuit or Latch circuit.
2. UUCTE IR SUMR NO ([rHd! $ie) 3ot NC (@l aaiiss) AUl fag
Dlel.
Draw the symbols of NO and NC contacts used in PLC.
3. e did SIudmEt aiH UhRAT HrcR SR A4 fergl,
Name any two types of PLC Counter Instruction.
4. QTeld Qo T3] WeR SAUM ®lel AT TIIRUM (Truth Table) T
hT:
Draw Ladder diagram for following Logic gates to verify the truth table
1. NOT 2. AND 3.0R 4. NAND
5. WAt gaiidd JHIGRUMTST deR UHITH daR R

Draw ladder program for following Boolean expression

a) YI=A+B+CD +E

Y2 =(F.G.H)+1

Q=Y1*Y;
b) Q1 =AB+AB and Q2 = (B + AA) (A + B)
c) Y=A(A+B)+ (B+AA)A +B)

d) Y=(A+C)(AD + AD) + AC+C

6. Wi 3rTgTat e fed (@rat 3nfor figesT) T der STau™H duR &I
a)  OIGT Start Ul SIE S, AT ATd AT fUdest gt fad g g,
b) T Stop FUT EFA OId, d&T Ad o @Rd s glsd, Jul fUgesT

A 10 Yo R s Blsal.
Draw a ladder diagram for two lamps RED & YELLOW having following
condition.
a) When start button is pressed, then both lamps Red and yellow will be
ON.

b) When stop button is pressed, then Red lamp will immediately OFF,
but yellow lamp will OFF after 10 seconds.

7. Greitd T3 3 HieR RIS e SIUH TR H:
c)  Start §CUI GEATAR A M1 & BIga.
d) 10 YdheHm A M2 TF gied 30T 15 JhgHK diex M3 T&

gRa

Draw ladder diagram for 3 motor operation for following conditions:
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a) Start push button start motor M1.

b) After 10 sec. motor M2 starts and After 15 sec. motor M3 starts.
8. WA SIS b drse dheld RiTardt dex Ui fergr:
1. XS STI01 39 T1SC UADT 35 bhaRITS! AT Mg,
2. Y8 AEC §¢ HTeIaR Jdl AIge 5 Yh gt drd alsdl.
3. Tdl A1ge §¢ FTedTeR YH d3e @i a1 8.
4. B UfhaT OFF S¢UT GeWid Idd g== Joid.

Write ladder program for traffic light control system with following
conditions:
1. Red and Green light ON for 35 sec each.
2. Yellow light ON for 5 sec as soon as Red light is OFF.
3. Green light is ON as soon as Yellow light is OFF.
4. The process continues until OFF button is pressed.
9. YU SeTRd Sreeh HRuaT RReHd S Wex SAUwl Hed JHol.

Explain the working of PLC based bottle filling system with the help of
Ladder diagram.

10. HR UL dex U forgl. ag o1t 1fgd &R,

Write ladder program of car parking. Assume suitable conditions.

11. PR RIEHATE! o Ui fergt. aivg Rikew fegims e e,

Write ladder program for conveyor system. Assume suitable system design
for the same.

12. TR A FU0maTdt dex STTRITH UM daR .

Develop a ladder diagram program for stepper motor control.

13. Tuadt ReAda fafeg ST sarae <.

Define preventive maintenance in PLC systems.

14. Giuast Reddid 9| QY SI0d 3M8d of CIaR[CINITS! SaRgd Rdld?
grdl .
List the common faults in a PLC system that require troubleshooting.

15. UiTeRi ReHdia SIurd gee Hafid qurauiardt Sawaed Sigd? s,
Identify the components of a PLC system that need regular inspection.

16. TIEEHt SHHTAHE HHASR USCHd Hewd I,
Mention the importance of firmware updates in PLC maintenance.

17. digadt 7ed SANfe s Sfdhed (Tasals) T SeX B TR? WY HI.
State the purpose of diagnostic indicators (LEDs) in PLCs.

18. TIUQt GEHTAT SH3{T HTIOT GAUT Hfohae YiHehT THaT.

Explain the role of backup and recovery procedures in PLC maintenance.
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19, Uiuat Rieeqae ufafshar=iia (Reactive) 10T fliafd (Preventive)
YT W Y D,
Differentiate between reactive and preventive maintenance in PLC systems

20 TUeRil mid=g 11 divleciar Sarsiaed haedl &1 3fhac giar? WY

h.

Describe how environmental factors affect PLC performance and longevity.

21. YITeRt SIRIATe I IR S Sugul HaRraqe & G giar? g4t
h.

Discuss the impact of loose wiring and faulty connections in PLC operations.
22. SI3FCIZH HH! HRUANS! Reddg Taay[{¢d e faayur &,
Analyse the importance of systematic troubleshooting for minimizing
downtime.
23. iU TG Hregtk RREIAUTE! Th AeT~HadaUaAd qaR &l
Develop a maintenance schedule for a PLC-based conveyor system.
24. SR NUe™l = Bld A9d, TR 13! W T - 918 - W cqage M e aadR
D
Design a step-by-step troubleshooting guide for a PLC that fails to start.
25. YER-YefYd diue 90 ieQugrardt Sl Qredquarardl gy [Nyudr
(Fault Detection) YU TR B,
Implement a fault detection strategy for identifying and resolving sensor-
related PLC Issues.
26. aftid Rew 3R AT (System Health Monitoring) T UiTerit e
qurguft ardl (Diagnostic Checklist) TR &1
Create a PLC diagnostic checklist for regular system health monitoring.
27. Tehl YU Jedich-1 Hx1 f57) Uigerdt 3m3deye ufawrg <d el SMfor duten
JYURTHD IUTT JAdl.
Evaluate a case where a PLC output is not responding and suggest possible
corrective actions
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T xa® (Reference Books):
Sr. Author Title Publishers with ISBN
No. Number
01 Frank D. z?ri:i?::::_brnmg'c McGraw-Hill Education
Petruzella . ISBN: 978-0073373852
Introduction
. Programmable Logic Khanna Publishers
02 | Vijay R Jadhav | i otter ISBN-13-978-8174092281
03 | Hans Beraer Automating with STEP 7 | McGraw-Hill Education
g in STL and SCL ISBN: 978-0071746564
04 | AKGupta and ;?]?j“;t;ﬁtﬁg_tﬁat'on PHI Learning, ISBN:13:
S.K.Arora o 978-8120336944
Introduction
i Maintenance Engineering| McGraw-Hill Education, ISBN-
05 | Keith Mobley | | ook 13:978-0071346835

AqATSSH ATIOT UIEed (Learning Websites & Portals):

ilrc; Link / Portal Description
These NPTEL lectures discuss about basics
1 https://www.youtube.com/watch? | of program logic controllers. Various
v=MS3qJg2jvu0 programming techniques and terms used in
PLC are discussed in detail.
https://i [ Is. . -
ttps://instrumentationtools.c Allen Bradley PLC Ladder Logic Training
2 | om/free-allen-bradley-plc-
. . Course.
ladd er-logic-training-course/
PLC Introduction. PLC Basics, Components
3 https://www.youtube.com/watch of PLC Il\J/IoIduIar PLC IModuIesp Inout
W=E2WNPXJf-Kw ’ 1P
Output.
https://www.weintek.com/global .
4 . An open-source HMI software/ Simulator.
w/Software/EasyBuilderPro.aspx P y W m
5 | https://ial-coep.vlabs.ac.in/ Virtual Laboratory on automation.
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gfe-4:
TH ST ST TITHSATT oY Fayd ST
(Basics of SCADA and HMI)

fawy Aot (Course Outcome):
CO4: GefId HRIABRA Ui ld a0 WhaT IO TIUHSHTY dT 9T0R BRI,
Use SCADA and HMI with relevant network communication protocols.
ged Areasit (Theory Learning Outcomes):
TLO4.1 el d fafay wrag for Ui Wy o0,
Explain various benefits and applications of SCADA.
TLO42  hsl I Hlfdbedard Ui &L,
Describe architecture of SCADA.
TLO43  TIUH3NNY Il TRS T B!,
Explain the need of HMI.
TLO44  WHhel el TR fGaedl B Weldbladl e kel Wy
DR,
Explain the major features of the given communication protocol used
for
SCADA.

uf=g (Introduction) :

a1 § gdael fAg=ur Siftr Ser g dférd U 318, AIURUT0, WhaT
| Td YUl 318 St HRWH, Wiie fdhar g7 f3don sriciedn f[afdy hics Suax
Ulae Sl
(fdrar Rre) fresad (fdsaT MesT HRa) 3T 5k 8T Sl Uh! ARER WUIGI6aR UTddd ol =

TSl I HicuT QABoTd (3 AATH) TR Ufhaiama! Oy 3. b
ST AU, =T Jormel! fAHEd w01 3101 S/ R0 T+ AU gid 30T AT 3R
oXd g f3H1ol IRAR Wt <O ! §ld.

T IS WhST T AT fahi (SATGh i) AT 30T At s
q1d =ifael s
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Table 4.1 Different vendors (Manufacturers) of SCADA and their brand names.

Sr.
No. Developer ( company) SCADA Software Name

1. | Allen Bradley RSVIEW32

2. | Schneider Electric Vijeo Citect

3. | Siemens WinCC

4. | Wonder ware In Touch

5. | Ellipse software (Canada ) | Elipse

6. | General Electric Intellution 1FIX

7. | GE Fanuc Cimplicity

8. | ABB SCADA vantage Micro SCADA
9. | Honey well SCAN 3000 SCADA Plantscape

41 whSTdl gayd drfgdl
WA 3Nl Wbl YUMed! HaYd AdhedT GRiad. Tdd Whel ol
e A HRT 3HTOReR SR, Sl ARCR efi-d giHe (MTU) =i §exthd &xal. ol
BIRC U fohdT 3HTIRER e (HMI) §IR HRER UM 31,

Figure 4.1 Basic concept of SCADA system
(Source: Supervisory control and Data Acquisition by Stuart A. Bhoyar)

3fToRe feeiedr faval YU el STERIIR, R ¢fid gie
X fEBTUT SrEeied dTTa 7o giHcHRit Harg Hidd. TWhel RHae U RHle
A g (RTU) fdhar e 2R fdle effiFa gfHed oy dard. |rdrd
3THdId TRATETIHTUNUYUI (Communication) GF STHIR AT 3{Ted.
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TP U ASATgH, SIS BRI dHad [dhal Safdedhd dbad 30T GIR Sl

@RROY) W& 3Tg.
GGl UHRUMAE, dgdR (Carrier) Rud Aisyde 3MfUT f$ATegce HRURT AlsH
I 3Te.

ferie efifaa gfeamn R Arex effiFa gfic g sgeeF e

R Ry Ui srugrrat $for fafay wice g1ge 31for sm3eye fereaa &
Rid digraauamTe! s Sl Rale e a gie e gHfde TR, 36,
HHRHHIA T ST 1/0 T ST,

411 THSIH TR/ PG :

a.

Whel vume SfEfe Uik Rea-ergd FRieur ot ddiea
R0 Gem HRAd, WS oRe et Hgee gxaaurh
A dl HH! Bld.

FUTRE TR BRI :

IR 30T SUSHRUMHAYA ST Med] B 0T [T Herd, Thal
T T0R DAY Hd, IdTGhdl diadd 3101 SI3CreH HH!
CaGH

Y =AY 3M1foT e

el Uuelt @Rd qy Sffor faeidl sfeswd, ST 3HTOReRHl
qoid @Rd AR Har Ad SNfoT USROS JhaH fdhar Ried
30 TTeadl Ud.

e S

el SRS R Ufchaia g sifor dzr sHruary wam
Pd, W grsudrsH, UiaR fre 3ffor uroft sgaimu yomediaRe
Yrfirpetedt faaRd STRR-aeTa! d STa=ad &,

ST AT JATOT Srgard
TH Sl UUITE ad Ufehar Sel AN axard, ¢ fa=awul, fAufg goam
3TIOT faTH e SrUTa-TTe! Aied 3des! UaM HRdNd.
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f.

qreddl gRieradn: sRRfad uRfRydiardt ik wRufleda Adem
FHe I S AU Hed, Whel HHARI, IuHO fT
TaiaRuTTT GRIg AT #d.

Tid HUTT: Tl gR IS Flohd JoTel! gaITI- gHfda
H& IRING W W 4 Blal, STHHTT T HHI gl 0T HETTST

SI3Ie1sH <readl Adl,

412 THSTIIUYNT:
3= Ufhaie IaTg 0l WIAUHT 3MTed

a.

WHeT YUITel! aTuRs, T8 Sieiideygd M b Tqg o drgahi=n
ARTUIER 4919 fdhd dg ddl A JErad: gie f3Hoft SRy,
cqigT IUSTArAT MU s HRugr YeuigR afd & 91ss

Qb dTd 30T WG W Helt ST,

faggd TR Yuell e9RI IRY fohaicr oY Xdhd, Whel gR
A Sftr g delt SITs, b,

A R RO TTon faavor gonelt Whel gR FHfd Fat orss
RIC)

fafgdiag qa sfor arg IareT wurcll Fgdr Hical &R TR ed]
3T, SATaR Th Sl R =01 ol 513, .

Aol SATaR TERAed] A9iid agd did /el A9nie arg fade
U Xh ST aToRe HEad! (ool A arelt oims, Xrevd.
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42 THeTd IfdheaR :
T APl TSl RCHATS! 31 MMheaaR fhal harmd Sld
STIUTH GRIad STt WICATHI0! TF et 93> e,

Opemtuv
L

opevator
Consola

CHMI) ‘
I Alarms

Master kevmimal

f)

ik (MTV)
Psintars Mass Stomge
> 1—3 S
MoDbem™M [ N\ODEN\J [h_n-o[)EM e oo MODCM
4 / }
i | | i
[ Data CommunuCabion ok
/£ a '1\
a ] .
[ I 1
-JJ' L {
h”DGM ,TADDC-M [Mooen .e . l M ODEM |
¥ X
R1VU #1 RTU #2 RTU #3 | .. .. | RTu# W
il IR
Llu\Jz \/L e NS g
To Fsomn To Fromn T° ‘rvw\ F £
Fierd Fela Fetd Field Fetd  fierd ‘el d eld

Figure 4.2 Typical architecture of SCADA system

421 WX efiFa gie (MTU) :
AR <fi[d gfe (MTU) & T Red deler 8ffg, STl
Hdipel BRe WU’ 3 WUIAId. 3R IURRA AaFTR! d Bics
feergaT= Aterur sfor A= s dhd. 7 & UhT foee-37 AsgeRgR
BHId S e AR G GRIGT BRGNS U ddd S e
T 3Tt MTU =T sdleh 3dpat g=iad.
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TYRUTAY], AR S e TRER SexthaaRa- Rivd U & 30T
Ufhdl daH|R, 8 Rud fafdy wie Iusui=ar fAgzumaret e
cfifTa gfe @ fad sRa. 7 feie <fifqa gfe e Rua <t ua
FRd, o R efifFa gfie gR ®ic Iuauiayd W &d oid. § W
Fod R sifRex fiden M gER Arex <fifaa gfie gr fed
30T UfehaT et ST,

C RTS Ala’rm £
Indicaters

/
A

IJo L s’
. J:/o To and
'Q = From
Program | Data e FE==> RIU
3

~<°q-9-ln=1>o

P S

\
A
4

Exthevnal ,
oat: Prinler

stovaqe

Figure 4.3 Block diagram of MTU
(Source: Supervisory control and Data Acquisition by Stuart A. Bhoyar)

AReR effqa give ot 9= &1 @reiieyymoT s : -

i) g foPmn Sacedr amae e e<fifaa gfe daym e
BT Hdl.

i) 3TIRTP Hifgd! Sdvia 3O TR WS fsRRaaHe qodd.

i) Teferd Reqar s arfedt uread.

iv) Tfehar araau=ar Al RN HdaTe .

v) fafay Reie cfifaa give oga snexr fdsar s Rua ot
.
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422 fere efifqa gfte (RTU)
RTU %S Rete efiia giie. anyfes Rete efifer giie g wer:
ATashichrgex fdhal TRmied deled (PLC) 3ffed of AREX efHad giHe
311or fafay wice femTeaaR Sedd SRIdTd. Jeid Sl Rere efia
g el YT sl 3Tl Giad —

TO
OUTPUT FIELD
CONDITION | +—
ERS

CPU

TO/FROM
MTU

-~

Emoo=2

FROM
FIELD

INPUT
CONDITION
ERS

PROGRAM CONFIGURATION FIELD DATA
MEMORY MEMORY MEMORY

wzZo—-—4dpn-—-—2c=2=20nNn
MmO oMm=—{=—
oF~m=—m
mARPTOIM-—AZ2—

Figure 4.4 Block diagram of RTU
(Source: Supervisory control and Data Acquisition by Stuart A. Bhoyar)

ferdie cffa gfic wiesayd mifgdt MedT HRd. WU SHIAN G,
fafay 3ff-offtp wew Rua 3. d g wiigd Ay dad Sydd AR
cfifa gfe srazge Arfgdl ARTd AT6l, AR d HieH arue AR cfifd
gfe 2t g foiegR A1fgdt die Hrd SO giRd .

A. FTRADHIE 3B

el R, ARex effiqa giae 3l amater KHe <ffiaa
giie A dalg RAUT HRO aRIS g, AR <id e 3 Idd
e cfifa gfe o wfedt urgaeh wifigsl. d Siaesode g RHle
cfHa gfe a1 ATeIETET AR S Hifgdl UTdad od HTeqH aTuRd.

el R YT i A HTH 3H1Rd. T deang
HRIDHA AT IS FRIFHTA. dSds HRHIAE 3HPHd
BIIER Ha fhdl 3afdedhd bacy aruRed] SITdTd, Sai-T e Joyor
T 3T U, W Whel R Hhad W Safdehd R darg
YT el Whel AL, Sl Mldhid WEUTd Thle Hdl Sldl. ST BB
ST MUY Ueibiqar 3daed gial. WRg 39 gd fbar aFe

NN v

ECANCISESASIGIG

QT Ticidhicar TR 3 oyl S99 il Jelag 3.
a. Alssy
b. Tite 9
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c. Uifthag
d. fe==ae
e. dela-c

f. ZURAC /Mgt

423 TSI HUGH (SCADA Editors) :

hel A Tulesmial iR Udhed Uch ddR HRUgMTa! ST

BIPTR HIVIMNTS! bal STdl. HMI- b el Jued3RAY dqRad fafdy

a.

b.

Td - TR Iae SHwR AUTUHIS! T-d FiEy 1. TR SRR
IS - ST SR fS&Ray, off 4t 9t (OPC) Ik fdhar 3t 3t §
(DDE) I&xuT3! A1d fAgad &1 31for fa=isar ufkuiiia &1, sarearit
RS View 32 ¥dTq g,

T A - I IR IUBINRN Talg AT Wh -1 TIRTS! &X
| DI,

d. S STEY - T JIR B AT 3IATH e B,
e. I HIfHER - <1 fdhar ST el aRafa® d& oo UG Rid &,

K.

R Bigw - R s saigy anfor depim gran FHged

hdId.

qRGAl WAl - Ydhedld YA Tilcd HRUINAS! ARG
DISHIST Y& gad B,

el diT Vel - TRal ®ivr Ry sffdefedd TaR A
HRITD TR 0T d HS, gl S B AT HRIAd o [y H.
IR - N B e The feiag aRoarmd! IR
BIEd TR P,

3T |1 gxie - UfgTiye e Hifgedt ue.

AT ARIRT - TEIAT SRR el fad At Gy &1
30T T AT U WY TR .

R - 3B TUR B o HHIS fCTR HRUIR it 3ied.

4.3 TACHSATY o FaYd P
TAUHIATT TGUTS HTI?

TP Thsl YU AT BRI TOReER 3Tdl, Sl 3R Sty 34

PHRUMgR RReaqed) a2 dHrdl, STl defidb 3iiRex s’ fhar gga- a=i=
2R (HMI) UM, 3TReR H-uid U WieHed $fiRexs [de! o &1
. TTeld UidHT Thel RIETAITS! 3R1fde 3i1avex $ethyg GrRadd.
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Figure 4.5 Typical HMI panel
(Source: Honeywell Excel Touch (https://honeywell.nt-rt.ru/)

JHTRER by fefSsil f&wt gfe (VDU) fdar Tmure cawniA
3 o Ufhdeed Rard erga Ser fir sifRex=ar HHrSar Ufshadned 399 &
T HIale UGRId HRd. SR HER USRI (SR S $ 7139, <9 Th1,
WA AR SIS, Yhd. “HMI” TS ggH AR Sy, g1 USR] 6 H
U ZRBT (MM, 3HTTRER 529 efH—d (OIT), RIS 3HIRex 3% (LOI),
HfReR efifTd (0T)
T TWUH S/ Ed . U WIS THTUMGR T HMIs U Tare ST,

Figure 4.6 Typical HMI panel
(Source: KINCO HMI (https://en.kinco.cn/))

B AR SeRBY” WU A8 A1d BT 3MTg: T UMb d ¢
TGy Sl AFE MRS Ried=n qi-RIRh dare wevar warrf o,
TIUHSIT dIRATRT aTUR Saeseaes 9d G SNTHE, d9d 3ok U=
=7 faxga ufimed, e w=i=Rl Yare Sryvarrdt sifir &= sienfiie u
fohaiT SFmd HRUARITSY el SiTdl. TIUHSRI IR SSNTHE § T
fqy 3mg: Sowrl, A SMOT Ay, aTeqes, 3 3foT g, Soif, Troft 3nfor s=ry ot
uff, IdTeH, gHaTR 3NfoT a¥a o1ar.
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4.3.1

4.3.2

TIUHST T TR / F / BIS :
a. m:

TIAUASA 97 aioR R A gyl el [Hesiquardl Sfor
U Rid HRUGNITS! Hal SIdl. BT Sl S, AR fdhar Mftha T8
TR Bl ST, AHhd! Sl ara-raT 3 ATquar gay &,

. dEvd

%WWW%WWW

JHTNTT BTN YaRIdT e Hd.

. 3T

USRI SUareIds el NSTuarR YT = 3igard Suars gl
m&rr%.

. o

qﬁ%ﬁ.q\?& RIS RO SAREH 7] HRUgTE 30T 370
TR 8 ged fafkiy mafed Irguardt 8t & o,

. gfder®R :

B BT URid HRUgR 3o Tufed Hruar, ARy aRaRdaR
ST UfchaT ST &HdT 3], ST § S99 Uftharean SifPHR=RN
30T gBTAT Ueh Qfaamet! TTe 3Ta.

TIUHSIRI 3WANT (Applications) :
e ufhame TauHsma o fafdy SudNT 3ffed, AU H1gl I

Yleg 3ed.
a. fofgw sifadwmE -

WE SARGHY dOqE, YSRESH 0T JRem gonat aa

HIUTITS! TITHSI § HVAC (BT, feaw T 3for weR sfgwifm
YU HeN Uhd ol STdTd.

. qroft 3Tfor Jisurolt suawITa= :

TIUHSY 9T dTR TAYG IR0l YAt Aigor sxvarnat, o fAafad
HIOGMTST 30T HRIeH T8 TR fIdRur Segds ag=Ifud

[a Wi N N
e UdIlol ol wildl.

. qTEq® SMTIOT ATfoTRea :

TIUHST § dTg- Yulelt, ¥ed 3101 foumdes Haaur gomenaed oM
HHART TR0 HRUARIS], AffTRea Sl T HRUARITAT A0 IR
0 AT OIS A el ST,
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d. Jaifesa:
g1 31O FARTET0T HRUATd TIuHSIY Hewdrd! Wb Soadrd.

e. 3 3ATOT U I :
TIUHSNTY =7 9T0R IdTe Ufshaia fAfienr suamndt, TefonT ds—g
afd HRuamEret Sftr ufshar ST 3 JREM U gHfdd
HRUITHIST Bl ST,

f. siwufrafor anfor srRaAar :
TIUHSM 91 IR 3y IdTe, DT IUHIVT IR ARIRBT
Tewr Ufdard e onfor s exuarndl enfor Fame
T o UTe T3 HRUIMTS! dHal Sl

4.4  3ienfire Aeafd -
A. 3NNfe AcafHT wus s

3N AeafdT BUS 3 Aedd o HIGT YHUNG R3re ersH
AT aIATaRud Iudsy 3ciedl fafdy USRI SISuarR TRATIt
3 (SR @1 - BITs 3YC 3M3cYe (1/0s), Ut e It (PLC), ThaT, TH 3 T
(MES), 3 3R Ul (ERP) 3.)

N sifemzE fRfire= Teuid Sieifie Scaddr Imrd:
31T el STl SHIOT SHICTHR UGk {dfdy TR Suaisy 3l
o Bl ;

Level 4 network gag gag Business network (office LAN, ERP) ‘

g;g gag gng HMI/'SCADA
=i amRS amd

-'oller .mller |

Level 2 network

Level 1 network

—

Sensor Actuator
Level O network [ ><]
- R

—_—

Physical process (e.g. mixer)

Figure 4.7 Different levels of automation hierarchy
(Source: https://www.sciencedirect.com/topics/engineering/industrial-network)
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a.

i

134

o

®

Bies feREdT (g o) 3NfUr diuadl (degd ) IR®WAT Bl
ST ddTg ArevdrE RaT .

TN deld Hedd :
Fits fSRRAT ([@@d o) 3T JRATIRT Acddh (AR ) M
IaTe FrevaTt TRl ad,

RIS Aedd :
TR ered- duadlt @ Q) ot HbeaiT @i dgd-
THSUY (Aed 3) JrATHed HaTg AIvar TRaF o

Hhaafa ufesagRAard! SefRad Acam :
JURAER! Helay- TaHe T ([@ed 3) 3N TeuRy d&d (Twd
¥) greTHed TaTe ATYUaRT IRar gd.
LEEIEERLICESI U R ECE
Wﬁﬂwﬁﬂﬁ%ﬂ THSUY (A 3) 10T TeRuTss Aead fhar
HIARC Hcdd ((ed ¥) TrATHed TdTe TYUIRT TRaT <.

B. 3ieNfii® Acad ucs :

e SN 3 FRWHT Acdhadd, ¥d Acdd A9y Thd

SIS UAITS! Uhd had YRy ATel. MU0l Heddb craiarsiel RN dbedr
Oifgold STIOT S(eTId Ua SHRUaNTe! ST Hriedd=ar savadmar ol

PRUANS] -cddh [SHZ dhal Uligold. SRATd UHRUTHE, SIS
QAT edmred Idle TIYUIRN 3aRIhdl  edM,  STUcTal
3Hfafad Aead TSR TGRS 3HTed. WA [dfdY YR Aedd gch
3TOT eIaTdTSiST 3MTed.

1. Rdfer - Rdex fdbar SAAHRR, § T IuaRT 3i1e o faggd
RiUd dread SUGEA d NSTHL TR 3R YIN He aballdl.
g7 IUBROMGR, TG0 "cdmyil Hidd & AIgH Hrde e
YHal. ATAfANRGd, YU AT Hifded ATAH THadHIRN
S5 d U3 hdll, S B PRI had SHPhd BRI,

2. V¥R - TH IR e dedd FTHCHANT BRI HBI

3. oo - uw fooag, aF avraTTe Aead Wi caHHdd draRHAeE
BT Safdedhd ATl SfftT Uieihld 3Ry XA, U fo
G F AcaRAel AHid 8IS Xddl ST ST areamed
Hifgch fadRd B Tl
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4. ed - YANHRTENE Uh YdRIgR, daiedl UbReAl iUl

Oicidhlaal SUTAE SeTIRISfe! UaM ®HRdl 0T SFuanT
TCdgR JaTe g FebdTd.

4.4.1 HcdP AUErSiS:
e gonchiae) ¥edr oF fhar ofie IudHRul Srdw.
AN yunel TSR HiST B Said a9y SHUeTdl Aedde]
SgrarsiaT faeR ®R1aT T4l Hede eaiars Tyedral IiTd &1 ha
fhar FRAGIAE Ueidiad 99 IIe- gHAT dedmadid [y 189,
SRRy onfdr uceh UHddmrl Uy H9 HifdeRar gafid &a
SITdTd. Aeaddl a1 ST a1 TguT erdidrol Apaie qRifden offd

30T gTdTealt SiTdl.

g SaATsor Jafd JTHT YR el foa 3.

l. uﬁ?-g-lﬁézz

Figure 4.8 Point-to-point topology
(Source: Network Design and Management (https://www.studocu.com/))

ERC 3dId, Y& TP baedl IR B THHHRl siead
3. STEeT, Ul gRedl Rfifeg we gu=arean dfgn et
SiTScrel 3l 30T Jeie.,

Il. 99 aqdre

""""""""""""""" Data Flow |
Termlnator

Figure 4.9 Bus Topology
(Source: Network Design and Management (https://www.studocu.com/))
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I9 cOdeTAl SIEdd, 99 I9HRU Thrd HRIHDHRME
e fhar Fad V3R FHAG. THIE IB! 31 gRE Sl Urdad
YA §9 CUideigs ST 3 Whd. WUH, 99 cdraret
Thdr Il T TH T / It St (CSMA/CD) TR aTaRd fohar o
fPRTBRUT OIS T BReell 99 ARe} B SiewEd. 3
YeafHr=aT e YRS U 3T 1) fegrsa=a farsmn s
e TRUm g TR WY Ve FRAPRE ARTA
faTeTe 3R T4 fSRT2aTd HTH S0 Yiag Y.

R3S AT Gl CIBIHT Ale cri=ex 3 dl. ST Hhad
TeE ¥R urgaar Sdl T @ e eI UekdrE,
fHACR ATSTHYT ST PTG TTehall,

) I e Be :
a. 99 TN @8M  Acamyaiel Ud G,
fHHRITRIR Talg 318 HRUT A3 WY 35,
b. 3MARASH TN, 3HfaRad Hacd Sig "candd
3Hf¥ep AIeq UgoIqul Shed SIS, Y.

i) 9 eIaiarei die :
a. HeaHY YU ™, YUl Hedd @l od, of
B3, AT TR HR0 HGNT S bl
b. §9 cUI@el dgM Scanard! gafd arg 3Mig 3Mfor
AT edm el ST 3TUT0 ST 3T,

Il. ¥R agEre :

Figure 4.10 Star Topology
(Source: Network Design and Management (https://www.studocu.com/))

WR CIdeiaed ¥d gRe ThT Head! JuHRUNRl S
3T, ST B9 {SRTeH WUrdrd, d SIvfRed, fgees-usR fdar
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g 30T geHY Uige-¢-Ulec HaRM 3d. 89 [S@8Y g,
ReR, ), foret, 13eR fobal Tied 3y e,

i) WR eudarsid Hrag :
a. § S| ThM foHumgd e Iqof deaw
TR0 TR HROA ST .
b. TP e WUyl dcd gavil shedd 38, SR Th
Wl e aR IR Aead wHIfad T gial w1 $HRd
eld, WD ¥R cUraren T fRR 3for JRida

AddH AIMIC §4.

i) TR eTarei die :
a. SR ded 89 Wal Al R IaRd Acdd H He
ehd gl
b. TR AYIATSIIS Ic 37T HRO 30T TG FHI0! AN
3T

Iv. & argreron

Figure 4.11 Ring Topology
(Source: Network Design and Management (https://www.studocu.com/))

feT Aiareiaed, gde e ALl < 3R ARl s,

WM U TUBIHR "cad a1 daR 8. SiegT Th gRe Tl
QSIRT Aqd g’ arg qyvgrEl fhar e araauardn wid
R, ARG ST U4 IcRHISUC BReHAYT UaN dxal. faemm
TFRRAL HURG! Udh GRE Hiac HRUINTS], TRIMNIHTA Bod T
3{faed el I HdT 3 Thd.
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RELIGIEIER U R
a. SR f&1 SOATeiHe) WS Aeas TafRyd a3,
R UbcH IR Ulgdid  efftr  Sel
THITTRIER Rdted aroRar Idid.
b. Aedbaild Hhad Uk WM UHT 3! SeT ursfavars
A 3R, ST Ube Tah gIugr bl B!
g, wue 7 AUt IERE™ S wEid
HIVITY HRISH T4,
c. 11 Sararst g femrarik sftr wifud &Rur &
3T
i) 1 erararei die
a. O dedd AIRIUATRE™ 7 cmraret sroasf
3% Hhd, SR Tdh Al Wl e @R o 4quf dead

qiad U3 Tdhd.

V. fa'a'cﬁ?ﬁ%ﬁ
ERRIfh e d SdIaTol UMHE! Siiesad SITUMR § HeaT aToRTd
AT g AUidnie Jafd MM ¥U IR, T i
TRICSS TR cUarSid a0l ®Rd 30T ¥ Saidioird ored

O\ N
dixXll [Hoodd.

Core |Layer
333 o

Distribution Layer

----------
----------

Access Layer

Figure 4.12 Tree Topology
(Source: Network Design and Management (https://www.studocu.com/))

Bl ClUidrSl Acddbdl Acdmdl 3P WRIHE/AARHE  faHTTd.
U IQidioig e, Jedd dF UbRem Jedd SUHuiHe furTa
i
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ald Wieal HoFY-aR 3, AYdl Wk SREsgRM TR ®uH
3fieEd Sl Sl a3 4R 3101 Wi WRAS e A &Y
Bl FaTd aAT IR DR N BUH BT SiTe.
i) ¢ Suare B
a. R 301 99 TUIdlSiord gedh Tha dhedH Agudt
SISt 3M1ftT Hede fadaR Jau gial.
b. Tcghad FeId THWIMARY RO & WA TP
Tt ufesan a1,

i) & Srarareid e :
a. 9yl Acad ¢ TUareiAdid ¥ TS AR
SqA 3.
b. SR dcd B9 SO e R fafdy A =mar
f&xpac gidia.

VI. WY agraren :
T YHRAT Ui, Tk gRe TdT fdhdl 3% giRei
SISddl 3Ydl. a1 SqdeHe gRe Ak Ud® gRell Uige-g-
Ui PRI AT fhal 3 B culd 3R [HdTd of Had

Figure 4.13 Mesh Topology
(Source: Network Design and Management (https://www.studocu.com/))

SUIdlSiS dgde UHADHIRN Sedd SRIAId, Hlal Aeads] had
aF fhar dF FARM Sdd, @ Yoi-A%r Sareiel goigor
THUGBIRI SHedd Sdrd.
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) AY YATeY B :
a. OY cOidioiS fayata 3for RR 3rdrd. oo
SIS UfeRIY® §-dd.
i) A9 TIaiarei die:
a. AY cHOidrsie SfAYT=IgUO $H-chfd Gdrd. d Ie
DHRUYNIST Gl des STl

b. BECREl TY dlecd T el IR Id
UGdU&l T81T 3T3.

Figure 4.14 Daisy Chain Topology
(Source: Network Design and Management (https://www.studocu.com/))

§ CIUlarol ¥4 gReT Tl Y81 UG Sired. 7 eraarsh
UHIUN, 9d R had gIF gRel Sisad 3rdid, Us gk avlesd.
TBUM, SR o3 I0eid TS e Sisad rdia @) o R erararsi
agiad.

VIl grafes eigtare :
T Aedch WHRRHL UHTUET SR adlsl SRdTd dTal grfss
Tl UIdTd. gfes Crdlcioiell dd GHIAY Culaloiord 07 ST

Figure 4.15 Hybrid Topology
(Source: Network Design and Management (https://www.studocu.com/))

TR, T, 79 3for Sgh-34 curarsior Turesd 3Ry Jehdrd.
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442 Acah FHASIA USd:

s Aeahad, S HRIAGIA M fhar feforea sy
Rehd. AN Sl Idd SGauRl e Odl. f&fied srgRdsHad, Sei
Wad IR 1 fhal 0 o U3 ddl. Sl vl UgdiaR
SITARH Wd: 3R fdhar Rish 9 31 b,

RIPITT HIS TUHRAHE, Idex W U WA HIe arRe
UTéad ST 3T e hidex WaaAqul AH-gAwhiH Ye- aréadn al.
Ripa Al TuitRE & e Fed Ugd S8, Sl didexd]
SHAL AT bl STl 1O IS facar sgd TR IO SrHH
d% gl Sl HRUI UNGH/Mddl gedles RighHee Hal Sdrd.
NN Aeadh FRAGIAD, STl SFITHRA (3RiHHY fhar Rigw)
AT HISHS Bid, I &1

A. HRER-TE :

N
---

Figure 4.16 Master-Slave
(Source: http://parallel.vub.ac.be/)

Il Ugdid U o9 SREY OReR 3¥dl. Hhad ARCID ST
cle ARUgET Jad USRSl d Ul o9 Jgyrite
ST UTegA A&l Sl (fhaT Tad HRal), el Sl gRad!
3{1for/fdhan T S, a1, AT Hisiadd T Sfor Ry, vamid
HRUGN T, BRI dleaudal, U, 3Eegudo]
JUGdd Scrd YA dIGduarTal, Uicield e fade! JdT dad
Srdl. Sl YT Wdldbld TaaR MU IR TR Afdh
JGdiaR 3facigd 3RId. Alesd (MODBUS), Wihlew Sidl/dig
(PROFIBUS DP/PA), 30T TUY - 3 (AS-i) § ¥d Ulcidld 3ed
S JRER-WIE Ugd dTIRdId.
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B. §9 Ryt (Bus Arbitration) :
Il UgdAed, Aeadhadid U SRR Sl wailkd 3T e
T, SOTal §9 HeO® U, AR Uh ddl oddl s fe®Rya

PN HHA 301 fheht 9 YAIRd HRUTTE WRarift 3 It aret
3.

Devicel | ggT Device2 | BGT Device m BT

SR I

BGT

Bus

Arbiter BRQ
SACK

bus arbitration

Figure 4.17 Bus Arbitration
(Source: https://www.geeksforgeeks.org/bus-arbitration-in-computer-organization/ )

TR UHYd HA Rdl, Tdd [SwRad  wEiRd
HRUGME] YGRS Ui aal. ATl Whi-T el
ARG TN, SR cqared) THIUE SRd 93T fay e,
§ &1 Udd UIfes &1 ORI § bolpd AU WUH Fiipd bl
3Fd oI, Tl UIRFT B Uh AT Uch 8. ol Ugd
JRUEHMYT  (World FIP) 30T HI¥SSIA BiEay Td
(Foundation Fieldbus H1) Uicimlqded aTaRal SiTd.

C. <l uIRiT @ fa)

Figure 4.18 Token Passing (Token Ring)
(Source: https://www.cse.iitk.ac.in/users/dheeraj/cs425/lec07.html)

T YR UGdaH, Clcb, TUToTd TR BRI HYBR,
Teh] JUBRUNGA U1 SUDHRUINA UISdell Sl § HRex-Wieg fobal
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I3R-¢-JI8R YRTR &hd SIS, Webd. UISR-g-UISR UrRRiTr=A
STedtd, U dUTHIdd el R IR dall Sffd, Sff drdfde fdbdr
RcHa FaoHeE gRyid ol 9. 31 Tgd Td®
JUSHROMST AT NG dTeT od, HRU YIS Wiie Hraadia
THIRT HRUTTE! WA 3R9d. Rieayiad! el U SHRuge!
ANTUIRT 95 dufades Aewgieal HagHTe! aRaRdl fAf¥d &al. H1
TR FuRe TUwor gAY HRUGRTE BresyH Hieayd gR
TI- TR 9TWR ohdl S,

D. Wiplfws fHarisH a9 T :
|

= =2 =
CARRIER | l
SENSE
MULTIPLE !
ACCESS ol f ;

I
—ul

<>

COLLISION
DETECTION .

" i

CEMAICD * T H .'
Figure 4.19 Stochastic or Random bus access

(Source: https://sanchitgurukul.com/csma-cd-managing-collisions-in-ethernet-
networks/ )

3% {SH-TEY UG Sed s R @ v/ @ &
(CSMA/CD) Haid URTg 38, It T t7 U / I 3t (CSMA/CD)
U HINR O Afecdd IR fay wifae fseamm. svmdta
Td IUBRUMHT SFATHE HRUTMET PR 35, YD IUHI0T Jdd
59 Ul (fdhar %), SR 8 HIhd 3R, aR HIUde! IUHRUT ATl
3¢ TIMHE & Ydhd. SR 3D UGV UH dodl CrAHe e
S5d SR, TR CFHR TG d 30T ¥d AR TS,

Td® IUHRUMITT Th I8H SHveR AR o Tl eraiie
HRUGTE] Ygd HRUGYd! fhelt 9 e Tram uifgst § Faffed s,
q T T T/ 9 S (CSMA/CD) 89 R Ugd 3WAC
Wctpiaae (Afdy deft smg o it Acaei 3nfdr sifcmzH
R I UIded A dIuRe! STd. tics 10T dgld degdar o
Jeass H/Y Fivde Ugdd gaffad sma ufiest &Rur
T[T DIUTdE! HAR Hraradt .

-
e
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E. TdTde 9@ :
client 1 \
L - M’%
ey
e .
msi
client 2 | - SErver
/{
Pl .
client 3 ‘,-/

Figure 4.20 Client Server
(Source: https://launchschool.com/books/sgl/read/interacting_with_postgresql)

SegT faielt ol Fet A 3nurel S T @l et
HRIFHRA TIeRal UG cuid 3d, R df 4ay TeR-g-deR
3T Tged ST, 3T o AReR-Tieg A TS Wb,

_‘-
Pttt W L
N
Pubdish / Subscribe Channel  ——— Subscriber
_‘-

Figur-e 4.21 Publisher-Subscriber
(Source:https://sammanipalansuriya.medium.com/publisher-subscriber-
pattern-with- azure-8b4e9ca24dac)

Td IUHR0 S YgeR! Tad SfesEdrd. UHIRISbTa
Sl YR HRUTmET USRS degl dl Il Sl Yk
I, SCTd Yo SNSFAId B! o AT WREYU 3T HATf0T
T RIS Udl EIdid ®Rdld. Urddi=l a¢ gel =-d. Siegl
N0 S AeORgR A Od, del SRl @
FadeTield STURTR A Bd SIS Udbhd. UHIRIH-UED Ugd

JUGH-UED Ugd BUH quld @l Sild.

F. UPRIH-AeH (Publisher-Subscriber):
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443 EUYU (GRIFHIAE) Heipid:
A. HIgEd:
Aigs¥ (MODBUS) & T8 aufgal Gould-Modicon =
JPRa Faa T NAfe AFF Ueieid IR ST & Uw
TARSRT Jar o of fafgy Hifds TR amed. A= g gedl
31Tg<T JY FARSID TR :
1. RS-485 (fhdl RS-422) Hifdd TR WUH IRAH T4
THERAY Algay (MODBUS) fE@say tiuadt (PLC)
Tt Siedr A4, WER SN fS@RITT TedgR Sisa
WS> Wb,
2. Hisay <IN (SITd MODBUS TCP/IP 3{dg! UrANd),

Hifds TR WUA FYRAcdl IR &, JIaTTea]

AcanAdia fuedt TR e SaTuTHar HRUAN
3w ¢,

(a) RRITq Aisay: AR W®
(b) It/ st T T wH T/ 1 ST (CSMA/CD)

@: faenf snefren wdieruma iae 99 SRy Ugdar de o3 Wdand.)
Modbus 3Tfdheamr: WIeid e g fRen sfdhear g2iad.

Ethernet

<= MODBUS TCP => ]

Controller

Link Serial MODBUS

[— 5 e
MODBUS Gateway

device

Fieldbus (Ex, Non-Ex) ey

Figure 4.22 Typical Modbus architecture
(Source: Instruments Engineers Handbook Process software and digital networks By, B.G. Liptak)

Hisay Ulcihld ARCI-Wicg JauTd Scrlt Garuraaru &dl.
Uddh Tegdl Th Sffgdld Udl Sl 301 8¢l Wi gy
oremdiad I RFAERA ie@Edl Sdl. Alged Uieidbiad
HIe IR g Feft S, S @ BH BRe, A WA,

HRIHT TR FIAesUl, 3(Udlg ATl 3 dhald B, SR
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IR ITRGH HISTIRNG 3T, M TITHRH HIeH, §i8
T, dHedex URS, Wiy foeadt dem ofir g-afi=e digd (ASCII
fdar RTU) =T GH1A 3178, WeldhlcgR dTg el ST STt
TAICT-Ulge R SAGIagd Blolgl Hilldd oid ATgl. Hlesd
Uiciehla AR 3 Wieg Segrgameiiel &) 30T ufag =sh
R HRdl. Bad TRexd AdER & H& b,

STt TG gF TRIfiRE Miede) #Ral Td: ASCI
(3ARPT WS Pl BR FHIUYT ede) 301 RTU (Rere

MODBUS afireed :
Gl qFAHe Hiesy Wcidlcral G difid Sl IRIRIG Bl 3l

Table 4.4.1 Features of Modbus protocol
(Source: Instruments Engineers Handbook Process software and digital networks By, B.G. Liptak)

MBLE Principal Techinical Data for MODRLS

Propery

Serial MODBLS

MODRUS TCP

Standard

Phiysical
layer

1 .._'l'l}-Lh

Transmis-
sHOon rate

Bus acoess

mgUhvd

Panicipants

Industral standard

Mol specifed, butl usually
R5-422, R5-485

1 300 e @t 19,2 kibiv's

Max. 19,2 kbiv's

Master—slave

1 master, max 247 slaves

Industrial standand
10BaseTX, 100BaseTX

IO m

TN IO0 Mbiv's

CEMANCD

Logical: limited by address
range only

Practical; limaced

by response time
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B. Mfthay:

Nthad (IR BiEad) § U U1 Bicsay M 35, d

S faeRid o T Sfor 1992 A AP AMD WU

USRI e, JRITUGH AFG EN 50170 AR Th TR IR0l

&al Q. UihaT ST aTRed ST Wifthew DP (fAdsfad

gfve) Sfor Mifthed U T (U9 S{ICIARM) 1 S{IUART UIthTsd

2000 A UHTRIT AT IEC 61158 AMBId JHIAY Bl 3Mgd.
§9 Ud% Ud (Bus Access Method):

(37) UIfthay Ui - Tl TIiRkivg AR Wi,
@) Uifthad ST - T TIRITTYE AR Wee.

& faenff arita wdierond fedear 99 yaw ugdin dey O3 whdrd,)

. Wifthay snfdbeamr :
Tl 3MPpdl Th MR PROFIBUS Ufghar 3ffafee
ead Rifdd. § UIfed SIS Xdhd &1 Mfthay SiU (3Maxit DPV1)
H2 g0 Aede SHaq ST Mithew @ T H1 Biead U

class 2

Nne — .

PLC Engineering
Master master
Classe 1 - ‘.'l

Profibus DP

'I‘ /L Drive Remote
R 1o
Coupler
link
Bl |5l

X R &= &) @ eg. HART
Profibus PA (Ex, Non-Ex)

Figure 4.23 Typical Profibus architecture
(Source: Instruments Engineers Handbook Process software and digital networks By, B.G. Liptak)
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33,

YTt oy § AR TUH HIH HRd AT TRl Ty fdar
T I TG AT,

SRIADT AT FAN R HRER TUH B HRd 30T HIUTs!
fSERaRl I®piguul dag 9Ud, THdl drdl Wd:an
B UABIIIR fdha fSegsg= fa-idi{ar.

A UIRATER ATEH g ARCYHED IR &d S,

SigT HRexAT Sr-fHe HRugMET SR®R 3dl, degl o el
WL AReR-Tieg JeUTd Sietdl.

Oifthey Ut T TR Bite feReay, Toed Iy M1

JdTe Iredrd.

1. wiftray afdre:
Nithegea difye ARreei=n aerar @rel) faer arme:

Table 4.4.2 Features of Profibus protocol

(Source: Instruments Engineers Handbook Process software and digital networks By, B.G. Liptak)

TABLE

Principal Technical Data of PROFIBUS PA and PROFIBUS DP

Version DPV]

Pre wpertv

PROFIBUS PA

PROFIBUS DPV]

Standard

Protocol
Physical
layer

Length

Transmission
rate

Bus access
mcthod

Participants

DIN 19245 Pan 4;
EN 50170, Part 2;
IEC-61158 Type 3

PROFIBUS DP
IEC 61158-2

Max. 1900 m for safe and
EEx ib arcas
Max. 1000 m for EEx ia
31.25 kbiufs

Handled from
PROFIBUS-DP side

32 in safe arcas,
approx. 24 in EEx ib
and approx. 10 in EEx 1a

DIN 19245 Parts 1 to 3,
Version DPV1;
EN 50170, Part 2:
IEC 61158 Type 3
PROFIBUS DP

RS-485 and/or fiber
oplics

Up to 1200 m,
depending upon
transmission rate

9600 bil/s to 12 Mbit/s

Master—slave with
token passing

Per segment: max 32
Logical: max 126
(using repeaters),
including max. 32 as
masters
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C. Bq A3qaer RHle TISTER (HART) WdtsTa :
a. TS WCIPId U HTa?

B¢ (B Sfgqad RHlc TRISR) o s fg-fexmers
f$foredt e HRHBRA Tieipla 3g S IPFSAM Wits sghey
3T B Re™ AM Sl AR UM &Rdl. § URUIR®
SHTANT 4 - 20 ficRei Rigaen o) WiRkd 3@ o DCS fdar PLC
WA Sel GAuilt il SifRe R yafg ueM &vd. 8¢ ®
e duciqAdia Hivdg! AcdsR S@IHIH 3R XHhd o
DU AU @Gy U= Wi Wfehdr, HTerEw
ARG, JR&M fhaT 3ar ey i erugd! araRe S,

= /\/\/\/\/\/\I/\/\/\/\/\
‘ NOREINE NE NE N N NN NE A
R
TWO simultaneous Communication Channels

Field Device Host

Figure 4.24 HART Protocol concept
(Source: https://www.fieldcommgroup.org/technologies/hart/hart-technology-explained)

b. §1¢ (HART) FF BTH HId?

8¢ (HART) BT iUT, fayrarg Sfor araRugry idT AReR,
g Weidid oM. aral 3 3T & Wi fSR/ey had AR
fdx ficaaRa didd. Rid Sddid GRIGevHul e (8ad
Sgdad R TFISEIR) aF UdhId dod! TUWU T-d UaH o,
Teh TN, gIRI fefored.

20 mA-

“o"

4 mA-

Digital over Analog

Figure 4.25 Two simultaneous communication channels of HART
(Source: https://instrumentationtools.com/what-is-hart-protocol/)
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1v

Ov

1v
Ov
-1v

-

Input binary sequence time

— VA A -

f1 f2

FSK Modulated output wave

Figure 4.26 Frequency Shift Keying (FSK)

(Source: https://instrumentationtools.com/what-is-hart-protocol/ )

B1C WIABIA 4-20 mA =T R HH! TSR f$Rieat drgfhem
et 3Niegely HRUTMTS! fTheb=2il FRITE DIST (FSK) UGl aTuRal.
IR 3Tl faaRTd &,

BIC HRMHCR G THM ] HRFBIE Id YaH &), Th
4-20 mA 1 3TN Rre 3n1for gaT feforea.

4-20 mA T SHEN $Xc RIUA 4-20 mA HIC U ATOROMAT
Wics SRgHCHT STedid T gfthar 9er gmivd .

BRe Red @R 8¢ WitedsRa URHING daedl IRHCHIaR
Jaq R Hifdd TamTd Suidivd $HRd. 3Ry, 4 mA =
40 3T 3.

3franT R gRgEe doedn fefvea Rumgr sifafkaa
fSREy Arfedt Sexthy FHal SITd.

f&fSca Rveme wite fSganyr Herad afgd 3Rd sS4
o1 fegreat Ry, Fam, sifafked diered fdvar 7o o g
ES

C. GTE.FWW:

BIC -HaM fSEeY QFUSD! THI HIBRIAAD B HE
Qb dld:
i) Uige-g-uise:

ST B -HgH Sy oftl g Rew axwm
8¢ IUYUl Bid. Ui Id (Sen) SHan RmagR
IO el Srar 1T Id sifafiad ad fefioea R
IR IO ol STdTd. gRe Rierded) e Areyd
3 YHdTd: Teb YT 3101 Ueh goH HIRCR.
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Point-to-Point Mode of Operation

Control System
Multiplexer. or Other Host

% Application

~

Barrier_c )

Handheld Terminal

Field Device,_w

Note: Instrument power is provided by an interface or external power source
that is not shown.

Figure 4.27 Point-to-point configuration
(Source: https://instrumentationtools.com/what-is-hart-protocol/)

i) AeR-gTa

ST 3P BIC -T&H IUHRU! UH[ CATHRH
AR THIR Sie STard. 8¢ v07 IR, HAec!-$1a
PHIBTRTAHSE 64 Bics IUSHU g IR SrSall
WS YHAMA. B IUDHRU Sl HRFHIAAS] Had
fefolea 9-a aTRdd R A R{9d 4 mA =R
fRR a1 Id). Ude IS T 3ifgdig g1e
Ul 3fal 30T HIUdg] GF SUDRU ThTd dest
TR ATSHE YA $H Xhd Ao,

Multidrop Mode of Operation

Control System or Other Host
Application

Handheld Terminal

0
7

Input/Output (1/0)
System

Field Devices

Figure 4.28 Multi-drop configurations
(Source: https://instrumentationtools.com/what-is-hart-protocol/)
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i) RS232 - ST PRIABIAATST AP (Standards) :

RS-232, fdhar RIGRY dald AHP 232, 8 Th
RIOd SRS THG 3T S 0D, ASH 31for
fliex IRTAT ISR SISTIRIS! TR ST 319,
d 1960 A& SAdCI-d Sexcio SRR (EIA) A
fawfa oo a3l Thdres! Jald SRd arRd
SIUIR HRAGRA THG gld. 9Ui, AR d e
THTOMd U], ST 0T IR RS 3YAd
SENIRIREENNEEI

RS-232(X) B Udh RRUA HRHABIH
Uleidbid 3, S IHEIa: aiF Iubruiadia RRigd
SCl BWIARd HRUGNTSl 30T USROS
IoRa ol o R snfr iRy gt et
SATEREA T <d. e adraRondid 3

SUBU 3foel RS-232 HRIMDHIA dhad duRd

Figure 4.29 RS232 cable
(Source: https://StarTech.com/ )

RS-232 $ad AT SIg &4 HIH Hd
S @1 9600 focH/&dhe, 2400 facH/Adha, 4800
fycd/Ade A, RS-232 HaaHE gH-cfifd
JUHROY 3MTgd. ST eHTd SUHUT (DTE) 301 SeT
HRAHRA IUBRU (DCE). Glgl IUHU Ry
UISadia 3T U ddid. e efifad Iuwur §
T <fHAE oM SHIMOT ST HRIHDHRA IUS §
ared fohar fiuast (PLC) e 3Mi8d, 8.
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DTE

Pin Pin

c

o

g 2 | Trasmitted Data from DTE 2 t
r

v 3 Received Data from DCE 3 o
1

7 Signa Ground 7 1

e

r

| Pin 1 Pin 1
Protective Ground

g

Typical R5-232 Wiring

TX0——ORX
RXO——CQ T3
GHDO—————0 GHD

Figure 4.30 RS232 transmission standard wiring
(Source: https://www.elprocus.com/max232/)

o RI9d Ui T aRRaEH Tdh1 9! Udh-
fae Ser urgaar ool Ui @l 0T O Ser Jgu
§DBED CABR IRl qaid SIRd aToRed SITom=T
RITd had HAdeRd YHR BUN 9-fUF drdeR
DB9 3fYT 25-fUF F-dex DB-25. AT UdH J3N

fehaT AfSe TR 3 Wb,
iv) RS-232 =it afreed :
a. oS¢l TUWR: RS-232 TSI dedl Tsl faed
fSRRaTHe) Se1 RS g gRIh &,
b. $eTT: RS-232 20 Kbps Tdd SeT Year 3HiRe
HE .
c. TFOMRM 3fdR: RS-232 15 Hiex (50 Fe) udd

ST TRIHR B Q.

d. ®deX: RS-232 Hecq IHId: 9 fdhar 25-fuF
JARTTEE IUdsY 3T

e. Elecd U@l RS-232 ®lecsl U] -12 d +12
giee daa 9uft T aRHTRNT el Srard.

f. Wicldld: RS-232 g Th 3fRispHa RRga
gicield g, ST 3 Serd faey uearesT=

NN N o

TgR RishATSs Hald ATeld.
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v) RS232 9t wafer:
a. Hlfed 3R - haad aidl 50 Fe fdar amdef
F1 Fifed o,

b. 3fETSTal HagARd - RS232 RFA-USS 3MTg,
grar o gt ofiftT fflg ae—g TPl iad

c. -3 el - g%l Ud® Uiedd Had Th
RS232 UlcihId (SRR Hrde He Yl

vi) RS422 - 3T SRS ATF® (Standards)
RS422 § RS232 UCIHIqURED 38 30T

T UGN T $d ST, Yebd, dUTY, T HTet
BRIG ST dic 3figd. RS232 Uell SRd el &
ROd So7 dRaR TRIHR HRUGMNSl RS422
IR HIUAT 3T,

RS-422 3y WAl ThM dadl afedl
AR (quf gWa) TR UTsfavary Snfdr g
HROGY A odl, R ISt T e Ry
qIoRdl, TeUS dhader A AT0T B At GHTT B,
RS-422 Y ST SRR T SaRTaR Saagd 3d
30T 10 kbps (1200 Hiex) d 10 Mbps (10 Hiex) gdd
G UHd. RS-422 AeabAd, Had Udh grRayied
&gy s 10 vefa ffifeT fee=y sy wwan.

Typical RS-422 Wiring

X+ »— T X+
RX- o e ] -
Hos=t = Cevice -
T X+ 1 i 0 L+
TX- i S 2 A .
T =+
— O TXE- Device 2
TR+ [etc ]

Figure 4.31 RS422 transmission standard wiring
(Source: https://www.omega.co.uk/techref/das/rs-232-422-485.html )
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vii) RS485 - 3¢l FRIMSGRHTIST M (Standards):

Typi

Ho=t

RS485 § RS422 RWET 3. Sddh Dl AT
3fichal TiYes BIdl. Glelgl Hecl-SlU 3HTed ST
3UEl WU AW ARG TG WY Xbdd, T
THUE UH & (deEar? JauuH, RS485 @
HIYRUTY 2 - IR R 318, SR Hlg! SAGD 4 -
IRR RS485 Gy & Tdard, it Wud HHT I
3T 30T RS422 WeIhIaIREd 31T,

cal 2-Wire RS-485 Wiring

A1) . 4 11 A

B i B

L e i LY .
Dewvice 2

—— B

. n

C i I
- evice

Dewvice 1

Figure 4.32 RS485 transmission standard wiring
(Source: https://www.omega.co.uk/techref/das/rs-232-422-485.html)

TS IUBRUME] fIgR BT HIUd IUHRU TuRd
STd 38 © 3Nd\U Hgw@ld 35, 2 - ar’R RS485 31T
RS422 TEd Dlal T BRb JY 3Ted:

a.

RS485 HY 3% HHfeT fomeay M 3H®
ferafi fEgRaY 3y Wddrd. RS422 U Thad
T HHIS ST 3D Y 3 Il

RS485 fUF33T araiT WY 318 HRUT gl 4 Tgsit
o 2 % aToRd T8I

RS485 YT x0T 3HfUH HAI0T 315, HRUT ol
Uon[d C:I"I dlq{-lrd( Ulodd Wﬁ[ UTtd h¥d 3HTald,
TR TG dod! HIe & 301 318 0l
AEAGD 3g SUde Tl A UV H=
RCARH
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viii) RS 232, RS 422 3TfOT RS 485 Hefted BRh:
Table 4.4.3 Difference between RS 232, RS 422 and RS 485
(Source: https://oringnet.com/en/knowledge-base/what-is-rs-232,-rs-422-and-rs-485)

Specifications RS-232 RS-422 RS-485
" . Point-to-Point Point-to-Point
Cabling Point-to-Point Multi-drop Multi-drop
Siirber of Devicas 1 transmntter 1 transmltter 32 transrpntters
1 receiver 10 receivers 32 receivers
Max. Theoretical Distance 50 feet 4000 feet 4000 feet
Max. Data Rate 1Mbps 10Mbps >10Mbps
Full Duplex Full Duplex
DUplex Type Pk Dupéex Half Duplex Half Duplex
Balanced Balanced
Operation Unbalanced (Differential) (Differential)
Receiver Sensitivity 3 mv +200 mv +200 mv
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AT

1.

10.

11.

12.

13.

14.

15.

16.

List any four applications of SCADA.

SCADA d IUlds! IR SUANT fergT.

State the Need of SCADA in automation.

JTCIARHTE SCADA 9l TR 9L

List various elements of SCADA system.

SCADA Yureir= fafay geani=h ardt .

List different editors used in SCADA.

SCADA T JTqRedT SITUM=AT JiaTesdT HUTeah it TTe &,

Give any four-communication protocol used in SCADA communication.

SCADA HHRIAHRAHE AIiRe SITUR HIUdg] IR-HRIAHRMA Tieidbid dl.

State the typical applications of HMI in automation.
{ICTHRFHE HMI d a1y IughT i,

What is HMI? State its function automation.

HMI U DH1T? T e SHTCTHR Fi,

List different network Topologies used in industrial networks.

3NNTH AcaHhH IR STUT=AT ATTTeAT Jcdd clulaisiord! ardl B,

Explain the working of a bus topology using its structure.

Y cIUIdrsiE! e aiiRe dTd BRI WS .

List different modes of network communication. (any four)
-cdd BT AT UGdId! are) HR. (PTG aR)
List any four features of Profibus.

TiftheraeaT HIvIATG] IR dfkrseidt aret $.

List any four features of Modbus.

Al HIUATE! IR dfReedi aret B,

Draw basic architecture of SCADA system and explain its parts.
SCADA JUTTeid! GaYd a1 $leT 301 A/ YT T 1.
What is MTU? Explain its functions using diagram.

MTU T8O H1a7? 31 aiue A/l B T .

Describe any four applications of SCADA in brief.

SCADA 1 HIUATE! IR IHANT YrSaTd quid &,
Compare PLC and SCADA system on any four-six points.
DIUTATG! IR-TgT Gediark PLC 10T SCADA UUITEtd! a1 &,

17. List different editors in SCADA (any four) and describe the functions of each.
SCADA HHid a7l YUladhid! ITal DI (HIUATS! dR) 0T YDAl

18.

Hrrd quiF o,
What is RTU? Explain its function using neat diagram.
RTU UM 10?7 I 1 AR Tl aTIe W D1,
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19. Draw a neat architecture for HMI and describe its function.
HMI TT3! Teh Yo 3MTidbeaar BTaT TN AT BT qui- .
20. What is RS 232 data communication standard?
3RTY IR ST HFHAHIA XSS WU HI?
21. What is MODBUS communication protocol? Explain its architecture using
neat diagram.
018 HRAHRA Ucldid TUS HIa? HIC b TR ATl o1 WY .
22.What is Fieldbus communication protocol? Explain its architecture using neat

diagram.
Bicead HRIAGRH Uiihid BUS 12 oo gl AU ATl To-1 WY
D
TgW (References):
Sr. No. Author Title
1 Stuart A. Bhoyar Supervisory control and Data Acquisition

2 Bailey D. and Edwin W, Practical SCADA for Industry

3 Rajesh Mehra, Vikrant Vij | PLC and SCADA- Theory and Practice

Instruments Engineers Handbook Process

4 B.G. Liptak software and digital networks
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gfe-5
TheT TRIPBRE SEdagAe AT TITHSTT

(SCADA Application Development and HMI)

P ST (Course Outcome):
CO5: q1eaT W el SATOT TATHSAT TR Ui fasw i wur.
Develop simple SCADA and HMI based applications.
ged =it (Theory Unit Outcomes):
TLOS5.1  Uuca! il el Rerd=r scxBRITHT W 3fieau.
Identify the steps in Interfacing of PLC and SCADA system.
TLO5.2  S{URfH sra=aaar 3ifir sifdhcaard ol Hul.
Describe the need and architecture of OPC.
TLO5.3  fioed s Irdt qrean WhaT [piF dUR HRUIT=T W oA

DR,
Describe the steps in creating simple SCADA screen for a given
application.

TLO54  fidem diuerivg fededn waudema uAdar sfede sxuarar W
3l

Identify the steps in integrating given HMI panel with given PLC.
TLOS55  f&ciedn Hiw SRIch-g 3! TAUHINY BhiH fdhiRid Hruara Lo

i w01,

Enlist the steps to develop HMI screen for the given simple application.

uf=d (Introduction) :

ARd gHe A8 aRA Whel SNl TauHey Reran sifdcamr iUl Aeafe
ICIepIaiaudl Tid bR 301 Taiiusivear T 3101 RETgeEe Hia qu ool
38, a1 gitens faamdf oPC TR oniftr & PLC Wiadd St dlagd dfgdt
e, fafay sfefiie S/ SCADA ¥ S®aUdcdgd qud faemaf
AT Hifga s,

5.1 Wiueriag Whel RiveH SehiRiT
et Thel RReHd $exth Y HRUGNITS! HTHR W 38R0l hdl Sad.
i. FCdd HARM U HE aF [SRRY WHH Ih HHHGIA did RIud
D
i, Aead, 3YRAe/3may! fdar siUiRdt R e HUwuT dieis d fAasT.
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5.2

Figure. 5.1 Interfacing SCADA System with PLC

iii.  die onfor Riiueiy Red grgl Rasdwn Uieisiaar IaeE drd ardt
W B &, ST Wl SOy Scl Taaddl ST e fehdre
=T RARE e,

JioeRit AiedsR IO Whal GBI YUYl U SIT JGRgR W ol S,
Tl 3Pt TSl AUedSRYE UTa! STSd3Rd BRIdd HaR el Tl

ITeri ST ST Teiug Scibhy 35, (PRIwR fdhdl Hichi- U JitedsR

JRE Ypd) NI U Jeox Jo-gade JF0aR SR dHd, o Ufha=r

TRUTET=T de oftr arfid STHe Uaxl e &xd. 3iids Bk UY derd

GIUR T Wes oMg o Scran WhRa onftr fayrg fafamardt e
U HIFPTR Hed fafdy dioas Ridied iUt Javme Re@ cgraas

U ol SIdrd. fiueril $99¢ 30T 3idcye WRMHIeH GRIQUaRIa! 3FHd <

gRYTIYT et 3MTed.

Pl 5.1 HY cRIfAey@m], T Ml Whel XM Joyu RAfUd

FHIUGMES!, R S TR, VHRd QAT Wdid oRuMd a0 60

AT 3T

i. dTedt smetiRd Ui faem g &,

i, SNTRT ST Y@ BIBIR HUI.

iii. ot fAfH,

iv. XSl AMhay HITHIR BRI,

V. WSl ICIZH TTATaRuNd YRR 39 6!,

isotae fRifdh o TafET Ui deta (sididh :

52.1  3MdRit:
U WehIH HRHHI (OPC) SSKISMA SHCHIH Tol T Tae
3R, 3N 3MTAHRH <R WA 1996 H 3Uas Araredn Ufshd=an
et g Wes fawfid od (3ifsdae foifd onfor wftran
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R3fd-cg0 wWic Sera FRAGIA A1 el Sral. fdeSia-3emd
e a3R UferorH Ardt Irarg fos Ua HRuarndt siuifie =1 deit
el Blal (S B dTTdTTed] SdTahidhe Whal A Guadl Ated3r
RUR) 3T Ufehar T TS asR.

522 IS 3t sfdiiiA :
MU BT SfTe ST o SfiCIHRH=AT Hald Higdl HRI-db - =T UiaiH
o FRIERT $ Hd § URUATgd, TUH 0™ B 3HRd § g0l Iy
3Te.

TAid gedidl  dlgl 3l M URUINGUY §aid  Hiedl Sl

QIR W HRUT g4 3MTe:

a) WuTges! metdid :
fashai=l sRATEET ArdeiE Uidldbld daiRd Sges ARy Idred
Aadd I THHHHY HRIFHGIHE FYugre GRAT
fHreTell, Y Hed SIRHAT 3R Ao Hieaesl HRIHHRH
YT A=Al BT, T [AhATh g ATl Hisde ds—d
TWEGE] UHAGHHE HIGAHIH Hd Aleld, U SfaRed
DGl HIARID T HTD 3T,

b) FEH IHTY :

T US-2-US HaRHdl ARy UStlscy a3 M HRIHb I gay
HRUGMS] HicH IRl HTTIHT 3. IaeR0NY, SR TERI
TAUHSEAT NUeRiiRh darg Irevar 3aadhal {d R AN
JluciigR aiRedr SoRaT oy dicisiaurd! fafgden swed
TAUASHT SRl JTaRIHdl 31T, SR g1 UIieil 3l Xdbls ddl
T 3 @R AN Wd:dl SAER HaAH 38 HRUI TITHIY
APd SHAERA SUANT $Hdd IBIex e d¥ TIUHSTIRT darg
HYTIRITST hal SIS bl AR TSUiRcuye! Ied SRy
SUAS TN, Sl HIRIABRA HIU H3 T AT TG Bldl.

c) IR §fEURM :
Tdd TS Uiecd oM HicH SHeaw aTaRmEr 31 ST 3M1g ol
ISl de fexRy ol Wia TRiehIH cula sRa™ Syl
IR A, T TIUASNTT Afecqd WUGIeR I1ad 3176, 94 I8
fSRIZIIE HRADBI HRId 3T, TAD FUHIaR JHH SAGR!
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5.2.3

Afecyd IR ST BIBIRIA RIS 3Tg. SR TITHSMITT
Jfafivad feREagR ddie U Rid R Udd ThUHSTIA Jd®
fERRIIE Wadl HcH IhEYdl A9 AahH 3fg. IS
JeabaY AR fSgsaa wfed Tanala i 8.

d) Sffadda-T 3T ATRI SIPRCHNR :
GeX Har g Uleac Rellel HRd SdHT 3R o Sfieer WigdeT
YT SO Yigadrd. gl TIuHSIE! ai- TSR §eR Ad, I
I W = SRy Shey Jard HTaadhdl 3Ry Wdhd o
wfieh age TauHemm= Arfia saRive feeRays Wovumy
Y T3> Thd Tel.

301 T Huids argaeidiet:
fEeT3y PHerer 3Nl YRS T TR Sad TSR ST Jard

T UHR o [axgd detikie A fE@ge &

i, Jerd-cgd Sl

ii. YPRss 3l

iii.  3feH 3MfYr sge Set
s TdF Jod YR foga duftg dild gwd= ad. @

sal
TR B! AT IareRul TUrl UCioR, TlleT Uise, &, 3¢ 3fir
fafaer of-% YR ATd.

oI ST Juiieht Feiferd i TR SuRi Ty sie:

i SNURT SeT TR IR (SRRt Sy - R -ergA Ser grure
HRUAITS! TR ST,
ii. ORI YPRSS ST TR FR Tee? (MU TISIY) - PSS
Scl AT HRUGNTS] TaR SiTdl.
iii. SMURT s onfor sy WRIhdeA (U T offtr §) -

S{ATTHT TR TFIUIC HRUATTS! JTIRT ST,
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Hardware

5.24

SRA snfdheame

PLC OPC server OPC Client

Figure. 5.2 Architecture of OPC

3O TR 8T Th WA 3R WA 3R of NTeRigR ariRaedT gISdsR
IHed3R g1 HIUArs! TRITH 318 ST TIUHSIN JRBT grsderzft drac
HOGTE IS 3R, SR Farie gr8asRar a1 Hesfavamrd!
fha1 HHISY UrsfquaraTa! iUt Tegan IR &

aﬁmwweﬁtﬁmﬁﬁm

T IR Saee Faar iferbee et IR <t Jaifa siorare!
SRER WHed3RT! TaRGdHdl A AeadhdR RREd e
DHIUATG! SU-T&H ST TRIRI i HRIHdbe He Kb,
YRR- TS SHIHIH AT e faaar siudt-ged Sei
IR FRIFde FE THdld. SR TR G !
HofeT g1,

S SURT 3dh HEA Mg P HldbcHH Ta@ods UddH
Aie T RN fERRaudl U SiURl Hdex Iuasy 3B,
ST AToRON YRY HROr WY 317G

JoR PIUTT fahdTh g TS 3MTed ST o THHBIRIT HaTg Aredid
&I gl A AT 9 dRal AT Udediare! garH-ang fS@Ry,
HIAR ST SRIHRH HTSTaN IR - 318 .

5.3 Whsl ARSI SHAHE :
Ewﬁlzé’rqmew

5.3.1

TP ST Sifeside ATISRT TR B0 :

e U PR Whel ReHal T gchided! Udh 3R
bRy 3 Wic SHURCTIdl by 3fgd 0T e Uafkid
YOI 8T 3R 3YC WIHRUANS! ST el TS
YrehaTd. UMfthes US § Usl CHeicH Saial ST, USTaR dhlgeied 9%
T O Sisiacar el WK daiedT UL THIART 3113,
s T AsRIA e Ufthvd 3isoided IUas T8 d:
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a) ThI g8 o3
b) YT

c) e

d) dic=

e) BIEEs

f) de9 3fftr eRe

i. UMb WOSRIAA SUTH aedr a1 fHd Siissiaed=an
FARFATST U S SIS, Adhdid oY 31 -
a) feifd
b) WIfeT
c) gxdc
d) Tefém
e) e 3nfdr e
7§ s MheRT TheT (SCADA) TCRH TeiHeHe) qar 3oy

UEREN N ESIGI G
53.2 ®R ki Rred : (Ugfa=ht PLC arus 5 Haq)

@ '@ Automatic Car Washing Process

START STOP

Soapy Water Sprinkler Brusher Clean Water Sprinkler Dryer

T B T r &

Conveyor Motor Brusher

Dryer

Figure. 5.3 SCADA screen for Automatic Car washing system

Maharashtra State Board of Technical Education 160



TSTAR ged ST Rvew (314335)

Automation Tools and Systems (314335)

a) UieH WeHe:

Vi.

Vil.

viii.

T 9 IEAR, TR AR & o, o IR Ge
Wbad

SiegT fafie I=R/mfafidt fRaa S 1 R I &xd, dogl
FHdR AR Yigd ST WY (@107 diex fBHer 5 Jdhard
g gld.

5 YPHcHaR Y (GE0N) diex fBibeR Yiagdl Ml dedr
T5T & B,

ST YR S 2 HRAT AT HRd, AT HregdR Y=gl Uiddl Sfor
SRR HICR 5 Yharra! &= gld.

5 YdhaHaR SRR Hler Yidd 301 HeiR T=T Y= Bld.

Sl YRR S 3 HRAT I HRd, dg] HgdR YUiddl AT
WS U fBiBeR 5 YHaTs! = Bl

5 JbaHa BIBIRT 3ifth FilF dicx Yigal 3 HedR
5T G Bl

Sl YRR S 4 PRAT I IRl degl HgdR YUigd! HIfor
SRR 5 Yba8! & B,

5 YhaMa SR Yidd.

IR XM HIUATe! do! W1 a9 a1 Yol Ty Wi

BT IS, b

b) FYe /3M3eye fore :

ERkCE
i.

il.
ii.

CTE YRT §2UT (x0)

I g= §07 (x1)
gifeafad ¥=R- S1, S2, S3, S4 (X2 d X5)

Sfl3cyc:
i.  PeUR HIR (YO)
ii. I areR fBiwer (Y1)
jii. SRR TR (Y2)
iv. W UUard [RYdeR (Y3)
v. SRRARR (Y4)
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c) TS UIH:
START  STOP
X000 X001

(=]

A e )

MO
_| |_
§1 §2 §3 §4

M0 X002 X003 X004 X003

| X | X | i (00
4_|| rd rdl JF—L L )
2 1 7 13
1 I I L [
f ] 11 1
MO 002 §1 K50
| I (0
B 11 {10 )
MO X002g 10
Y Il L ¥ foons
Sl 11 rd (or )
MO X003 K50
52
] | I ¢
2 el A {1 )
MO %003 " 1
L 11 I 1 LK funn
3 | 11 rd (o2 )
r-ml x;.ml4 $ ) K50
3 | 11 - )
MO X004 83 ™
| I | ¥ o
= | 11 rd, LR
MO X005 g4 K50
| I (1
45 [ 1T \FJ )
MO %0584 m
L Il LK funn
el { ] vd (s )
54 [eND
[ ]

Figure. 5.4 Ladder diagram Program for Car washing system
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d) SNt & .
Table 5.1

3. <1 giadt Sel uradt

. SR <7 TRU SR | < TRy
1 T gRI 90 BRI X0 gferH Js

2 WY g1 g0l ESl X1 gferH s

3 | Uifeaid I=R-s1 ES X2 gferad Js

4 | ifeaid I=R-s2 ES X3 gferad Js

5 | wifefadt 9R-S3 EC IS X4 gfera N

6 | W R-54 BRI X5 gfera Js

7 HgIR HIcR 33y | YO g | S Riee
8 | UNUalR BiGeR | 3M3ege | Y1 oA | S RIRe
9 SR AleR 3T3eYe | Y2 oA | S RIRe
10 | W< UIUgrd fBidheR | 38cYc | V3 g | S8 RiEe
11 SRR HIex 33CYC | V4 oA | S RiRe

533 H-d R&H: (WY PLC 91U fS3s— Had)

Conveyor System

System Condition

Move Left

e
| :

—
\\'O_.L' [e e e e lelelelelelelelelelelslesl==

S J

Move Right | Move Left | sToP |

Figure. 5.5 SCADA screen for Conveyor System

a) WisaH wede:
i olegT forfie IR/dietiet Raa S1 dieaar I &Hd AT
ST g RMSC (I97dT) FCUT GIadl SITd! degl Bh-gdR Joldidh s

TeaTd HRUTN JRATd gidl.

i, O IR S2 STedl g B doagl hredR Uidd!,
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SiegT farffie J=Ry/vifaafadt ke s2 Jfeyar 99 dHrd 1o
Vgl He§ AwR(S1A) JTUl Q[ Sld degl Hed’ SIdidbs
qTcaTd HRUAN YRATd Bld.

OITRITACT =R S1 7 Siagel] 4 hedHaR HadR dec J&
B0 Yigad.

IR XM HIUATE! do! Wi a9 g Yol Ted Wi
DR S, Wb,

b) gYe /3M3eye fore :

e
i.
ii.
iii.
Iv.
V.

& MRC YR &

U® AU IR I
gifaIie! I=R- S1, S2
¢ =T 92
Y g §0]

Sfl3cYc :

C) WIS

BRAS JBRF
Regd g5

LIPLE

=0 W0
“Start Push “Stop Push = W00 i,
Button™ Button”™ Memory Bit 1
3
| —— V1 { )
MO0
“Memory Bit 17
o2 %103 %M 4
MO0 “Proximity “Move Right “Proximity %MO_1
“Memory Bit 17 Sensor 517 Push Button™ Sensor 527 “Memory Bit 2"
' e il Al
'_—_| F | F it /I* { )—s
%S0T
"Memory Bit 27
._—' }
=
MO 1 %Q0.0
“"Memory Bit 27 “Forward Drive”
ik 4 =
%I04 %10 5 %02
“Proximity “Move left “Proximity FoMO0_2
Sensor 52° Push Button® Sensor S1° “Memory bit 3"
—— ———— | —/t —
Y%MO0_2
“Memory bit
——
( 0.1
“Memory bit 3 R rse Drive’
4 { F—

Figure 5.6 Ladder diagram Program for Conveyor Belt Control
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d) SNt &
Table 5.2
o <7 wTadf SeT urgdf
. &1 3w ;;Jq 3w | rerdu |t
1 I R 90 Y | 100 | §ferHH Js
2 WY =T §e0 e | 101 | §feRM Js
3 | Uit 4=R-s1 | $19e | 102 | e S
4 | qYASCYITU | Y | 103 | qferH s
5 | O I=R-S2 | S99¢ | 104 | qferd e
6 | §© AR YNECT | $AYC | 105 | gferH s
7 HRAS S3E | 3M3Iye | Q0.0 | ghmw | s REC
8 RCR RS 33eye | Q0.1 | gform | 98 Rie

5.3.4 IgUdiad(3iicidied) STedl HIUITH! WUIeN: (Allen SSEl PLC ATUS
IFEIEEE )

Automatic Bottle Filling
System

N

Figure 5.7 SCADA Screen of Bottle Filling System
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a)

b)

Uieq KeHC:

i, OIgT WIC R 90T GIaa SiTd AT Hifefidt IR S1 Sred

I P A R = Bl

i. TR FioHEe dled 5 Yhaigral o A U, 5 YhamaR

FHRIR AU (B) = P IR,
iii. a9 UfehdT 3 Sleeaiudd g Sad UIgo.

iv.  SHTORRA GXRIM HIUIATG! 93t U Raa gied gui i €y

HRAT IS .
g1Ye /3M3eye fore:
g4c:

i WIC YRS
i. WUYIET

iii.  Oieaid IR- S1

10 10 B3:0
0000 —
) o
Bul 1763 Bul 1763
B3:0
1t
H:
o
B30 B3:0
0001 3 E
o 1
Conveyer Motor
B30 B3:0 B30 o0
0002 —] ] x
o 1 2 o
Bul 1763
T4:1
DN
Proximity Sensor
B30 B3:0 10 B3:0
000 3 E 4 E 3 E >
Bul 1763 -
B30 B3:0 B3:.0
0004 = & = 3 E 2 —1
o 2 3
Solenoid Valve
B30 B3:0 LEQ ——— T4:1 o0
0005 3 E 1 E Less Than or EqQl (A<=B) —
o 3 Source A 50 ACC DN 1
o< Bul 1763
Sowrce B 3
3< TON
Timer On Delay —CEN
Timer T4:1
Time Base 10 —CDND—
10<
Accum o<
Proximity Sensor
B3:0 10 ——CTU
0006 —— E = = Count Up F—CcuD—
o 2 Counter cso
Bul 1763 Preset 3<t—CDNDO—
Accum o<
Stop
10 cs:0
0007 4 E RES D—
Bul 1763
0008 ENDD>—

Figure 5.8 Ladder diagram Program for Bottle Filling System
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d) 3ndidt &
Table 5.3
3. <1 ATt Ser uradt
. Bk cUcly | g9 |Serergy | Tww
1 WId g §eul e | 10/0 | gfermd s
2 1Y g 90 e | ro/1 | gferA 3s
3 | Uit 4 R-s1 | $Yc | 10/2 | §feRH s
4 BT HICT 3M3eye | 0:0/0 | gma | ¥ REC
5 | Wodgsdled | 9MSeYe | 0:0/1 | gema | U Rige

5.4 UIUHRIg TaUHSTg UAd eI RiT:
foaslt sndiuRa $ic e ReTqe) TIudsMd aRiR 601 90 &1 3
Hd. § PR TAUASAT AT YTeat ™ @reid pdiAed aRifdearymTor
USB/RS-232/3(RTY -485 Hadd] SISUasdd AU 3MTg-

Network cable

R \ HMI
PLC
Power Input tnput
supply 8 =
O : Motor spead
b
: )
IN4
“ Disable nable
(7,18] N6
@L2N o~
@Gnd com

To analog sensors
To on/off control elements

To switches

Figure 5.9 HMI Interfacing with PLC
3Tt 5.9 TUa 3T TauHem ey fefisd S-aRM Siddl aRiad. § H-aRH G
TR Bid:

a) SCUR 3T Stbe 3may/3it fEeay ¢ tiuasd

g1 IR =R, Uakued, U, Hicy, alek 3dc! i Wi femed
et a9 /sl AlegaNie gexthy (@Fe) 3MTed. Huaiel
$IYC HiSYd 30T $3cyc HAlsa’lt drae dhoedl fHd gqe
fegRaAYd 3 Yc (N fhar fefoiea R Waeur) urd
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gld, TR Ragar R omeeye feeryad Rkt sqan
diuader TR G- aTgRal 3107 arRedl difoie U digad
3O 33T ye feggaa Rt Siuec dHdl.

b) Wuasdt g Y TaEHNT:
Ul qid RO I SR Hiuadl TRRR=ar JU¥0 UidgR
JUSB/RS- 232/RS -485 ATI&- TIUHST UNa¥ds arR &d ST,
Yehd. dR NUe AR STl TIUHSIHE S Selad HIhIR B
30T Giuasdt ARl Sihe- TIUHSTaHE S0l ST, dhdl. Thal
Uieart 3107 TIuHS T a3 Sel Ha¥l R FTeaHdR ThuHSA™
Tith Tl AT el oI, b,

55 TAUHSN Whi- SgAalqdc:
fSET B0 31T HIBTR HRO THIIY 318 o HToRexar shefiies woment fdbar
iRl Targ wryvary onfor ffid FRoa e <A, a1 gen, AR,
3{TeRg 30T AT ARW f@Sg3fd Tedh daR HRU GHIAP 318 of R3{d-TgH Sl

TelRid Fxaa Sl ufhdar R0 UeM dRdld. SRAWR A1 gehl Giladt
YRBT ST 701 yureli=ht Siigdrd, HRIAHRH Wdldld (3al. Arsay,
SRAc/3Mmadl) IR, SN Yumelid WY ITRRE, AffHeiTT 3fe caagfe
WY RO GoR Wreah, earaa Sfor ThRisic fep—~1 TUR HRuar IE1T 3176,
TUHS SEAUHC T, SN &1 AHY SI3IT Oicd, Secl TIUHS WItedsR
fohar dex d3R T, WHT: I1 3! aToRd STdrd.

T URIH R TIUHSIT ®hiH S@aluHc HRUgTA] W WIadgHTuN 3Tad.
1) o/ sl 3T RS < s fefthar (3. faar-3if, faar-€q).
2) Y YIcidhid arae Tauasg H1for Tiuell G SIRgAeH SIFbiR
D
) TAUHSMT JUed3R IS 3101 o dTq/dg HRUIMNTS! ¢iTd 9cul SiIal.
) TRl TRy exifararardt te Sfedher (Il Has drse) JHIAY B,
5) o AR HRumar fiuesdt <TeR el Te U1 7Y &R
)
)

A d Wl GraguI=l Sfsdex af Uiiad! ¢ Iiad foid &,

U3 RRde - [REE F & de0 e g a3 g Weq
3USTH hrdcdl.

8) ARAAP BTSIRR URIHTA X HII,

9) TIUH3MNG U-ddR UMb SISAIS BT SHTI0T T,
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AT

1)

2)

3)

4)

5)

6)

7)

8)

9)

STURT s aerd Th Tafid 3 HIal.
Draw a neat diagram of OPC architecture.
iR SNYRT SIS B 5.
State need of an OPC in automation.
3NUIR HegTd UbR il fergl.
List types of OPC servers.
Uiueriive Toiisit Reddl ScRBRIT HRUGNET Th HafRid 3HTddl dlal
A 3RS W o WHIHRI 1.
Draw a neat diagram for interfacing SCADA system with PLC explain the
steps involved in it.
YRR WU H1a ThaT TR S{RTH R Ted T TR WY &,
What is OPC? Explain its use in SCADA based application.
3T BT g fakgd Ty vl
Elaborate the term an OPC”.
ARG TIUH ST UAd U id YOI UG qui &,
Describe the method for integrating HMI panel with PLC.
Describe the method for developing HMI screen for blinking applications.
3ffeciae goghic SIQIHRM I3 TITHSM Thi- [dwRid HRugra Ugdid aui
D
Describe the method for developing HMI screen for object movement
applications.

10) PR AIRAT 3BT el Wb fasfia wuamed gy sraedn

RIS O &,
Describe the steps involve in developing SCADA Screen for car washing
application.

11) HIUTATE! T HRIB TSt ThT BpiA [AHRId HRUgHE JATAY SrqaedT

W d WHHIT 1.

Describe the steps involve in developing SCADA Screen for any simple
application.
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g (References):
Sr. . .
No Title of Book Author Publisher
1 Supervisory CC_)ﬂ_t{’Ol Boyar S. A. ISA publication (4th edition),
and Data Acquisition ISBN:9781936007097
5 Practical SCADA for | David Bailey, | Newnes (an imprint of Elsevier),
Industry Edwin wright 2003 ISBN:0750658053
Industrial Automation
with SCADA
3 Concept, Notion Press elSBN: 9781684668298
Communication and
Security

a’q"\‘lTQ'E' (Website):

Sr. Link Details

No.

1 https://www.vlab.co.in/broad-area- | Virtual lab for PLC and SCADA
electrical-engineering Practical and SCADA screen design.

2 https://www.youtube.com/watch?v | Designing the SCADA  Screen
=2_KuZvLNdXE Defining tags and developing screen

for WinTR Scada software

3 https://www.youtube.com/watch?v | Automatic bottle filling and capping
=LYeipTe66J0 machine on SCADA programming

4 https://instrumentationtools.com PLC and SCADA Programming and

used images in unit for some
applications of SCADA screen
design.
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