Y-\

? : aK//:‘ 13

J/;L.lfes}f—(sl_éog&&j‘d

AN 5ol



v fato J5S
[CE S S S S S S S S S S S S S S S S S S S S S S S S S SSSSSASSASASA

Vi = (o2 Sl ()8 J2e v
:MATLAB asbs,; ident L LT LS- L s5ludos A
-PID J s A

alie 5 55 1505 sleeds, Ak

OMSie 5 Il gibe osby — (s 2SIl g5ke ooly M
Sidgones b ol aY

T R O R = A S Y
SARESEBTI Y

ANEUSEIIS A0

py ok oloel Ald

V iales1 -IMC-SP (\Jls AY

-inverse control-cascade control AA

20,500 sFeedforward ratio control AR}

o5 PLC Y-

Y swlej-¥ o ,e-RLL Al

-FBD-,I33| csew Y

PLC )8l p5 b olal g SFC Y
\éﬁwlffbd)d*kgohéwlg@bﬁi Y¥
0 ipei— JyS gl s AN

Y &Lﬁj—ég”_@ Sl Atd

real time system Yy

Y 6 igslS- & oy ,5-CNC) Machines) YA

ook als ¥4

Viosled ayed hoos ()8 s90 AN

Y-\

e

i)l Faio gelegl g S
- Ol s Jpss clale Jps- jled 8- mle (o0 5 el S sk sibdoe-Y
3,55 s mplo] = pelali- i g slaanl 8
Slezms Joao )b 3l Jaw b lpatis o, )0 130 9 ) ax )0 slo Jow - 50 o 20 g jldow-Y
Sl sile ooly -PID Jld 55ls ooly -PID (sla el b oudass -PID o Slae g L5l :PID olas-¥
PID
Haalman g, -A pulsss — s o> )b - Soaud a, o5, -ON_OFF J S w055 sla ) puS-0
IS =l oy J S - wsSxe 58 b piwnews 7S -Predictive control - 31s Jaw i,
split range ;oS -override ;08 -Coawd a8 -0,lg,580.8
PERTCE R
s asliy L5l -PLC 53 e -Ladder s asly ~4S ;s 5 b g PLC
o9 by sl
Sl 0 (sl las ~ K500 121 S o ~s0b PID 1 s (S 5501 i 52V
Real Time embeded systems-A
CNC-1
Real Time embeded systems-\ «-\ -
&l
1- Kharagpour university process control course
2- Gy b g oRails #)6 sgeme 1Sy Sais S
3- Karl J. Astrom and Tore, Hagglund PID Controllers: Theory,* Design and Tuning ,1995
4- Thomas E. Marlin , PROCESS CONTROL: Designing Processes and Control Systems for
Dynamic Performance, 2000
5- John R. Hackworth and Frederick D. Hackworth, Jr. ,Programmable Logic
Controllers: Programming Methods and Applications
020 Giile)
oo J5S s aemlagil o)l 45 aenia A
Gy 3 et bawg o0 g g1 S ¥
s Caato e ccdile 1S i s Y
Ol Sy g LS Jlasl sledy - ¥
Vel ygise J S S J S wlbs 500058 ey o
& sildoe 7



s Saio JyuS
ol 235 Bl sl o i s S0l b ablin (sl 5L 5 Lo 05 40,5 1S, ielian 25 il

)15k skt el sl (LSl aSed 5 (55ke ool 51 (55le and e Ak )

a3 (oo plal 1) (639 3l Lty Liintile Connss adilog oS Conl (ygemlogs] slo Y 51 (S0 St 530S
S oyl o Ll fpile Uy (LS (59,0 ool (03Kl dy el gl 50150 oy guwlogi ] Jolio 50 ¢y gunin] 350
ol 5555 5,8Las (gl liile qoom ypmlogl | jplite 4l

o pgmlogil g ¥ A

i 138 ol sl eawlegs! gla Y

Level 4
. téntcrgris* 5
Industrial =

IT
Level 3

t )V E— \
_ = Level £ II Supervisory \\
4 Controi \
L ri \
-
Level 1 Automati
Industrial Auto ¢
Control
Level 0

Sensors
Actuator
5

Process /

Fig. 2.4 Automation pyramid
18 L8 S e 5 b S o5lail &Y ol 4 ko &Y )
0,10 0929 i g diwgr J5iiS (Sloetima Y ol o) Y Y
coldas Jy5 4y (S, sla il ol gy 4 0l 05y ()L S ¥ aly ¥ 4 ¥
ol Lot g lgiciile Sdlad (55,5 4ol g shutdown g start up Sldee (gl 2! cpins o )5iile
S e wdes gl Ol SUIKLl jarass jgel &Y pl:Production Control oJgs s a¥:f
S oo S ol CoiST S el slge 8 (IS g e

Saio JyuS Yo

o Owl&j}"s J ...s

39 S ol 0l 1o 00533 3l 4 4 Conl (g, b Sleas (sadgt Soletn codlad riaieo

S i |y Coio 5 699 05t 45 ol 1Sl ygasbagil il sagi Collad dxy]

(S0 (ygmmlogi] -9

e 4 a5 el o0l a8 5 "matos(moving) 5 "auto"(self) g sle s ;I automation :gyguwlogs!
Blas L Ly yslid acgamme 6,5 )00 5 Ganmlogil 5l ool jslate Jg .l |IS055 iz move by itself
Sy sl g 08 eyl 51 Shee (n e b st 5 Letle (3l e sl (Sl (5955 51 ool
o

acgezme IT 5l jolate 058 o 0oly IT Sledbl (5,5Ld iy ;o ygemlogs]

Control : Communication
Processing and Networ!

Simulation, [

Real-time Computing

Database

JESw Blop 5 S @
Data Base osls o1, ©
alal) cpl yo il real time 5,00 Slawle 4 5L fxio (lpatunw :Real time S50 Dy Sl -)
el gzl 3l 5 o ads ol Oles 45 G (o755 & )98 s B 7o
3O = S mission-critical ol saio (slpeiunm . Judod 5 ay (>lib (g5le 4l DUl -
ot 2l >yl o bl oo sl e 5 Sl e (BB 1 sled e T 5,8 o ol ] &5



) iaze J S

il Refinery

Iron & Steel
/ Chemical
A

Appliances
Bicyeles
Continuous
Flow
Process

N 174 a1 1 Fagd P

Manufacturing
OF Discrete
Quantity Products
e > P 1 7 Prototypes
S —— iEaich 3
Production /
J
[ i

Variety

Machine Tools

Fig. 1.6 Types of Production Systems

oolaztnl all dtwgy b ate Wl o Jsame o o a5 Batch oJg Lbglas o Flexible Automation -Y
FoeelS a8 095 prlas al ol recipe Joallygiws S 0t ;e ln jsliie Goed 4 09d (o0
sl Lo b 5 Lo (il Sl o 3,18 (6 5Vl 5 5l il 85 (o o0l 15T (sl

5,5 o)Ll yles o Automated Guided Vehicles (AGV) § CNC . ile 4 Jlo (sl
50 dnS Y gazme bghs plho 06l oo colatul o5)law o g bglas o :Integrated Automation -¥
plos Lot (] 53 (ato gl ag5 o515 wiilo w09d (o0 adgi (6 5de (A )law Billas Sgaee 3,5
i) 3 el iyl S Bl 6 aalsy JS o s B3 5 i asliy o Jpamn b S
sl g (et Al (s ls dsmg sy el BB sl Al and 5 sl CNC Lot

D5l 00ld > ygunlogs] pims 10 Sl (Soo

LS y70 9 Loy guanicns Y-
5 Cond (B wojlasil a5l Wed e ooliiwl Crio (0 ST 380 Il g by jgenin 15 55 031051 gL lSiws
il ol STl s e aitn Slice sl (555055

Sensing Signal Signal Target Signal
clement fy! Conditioning |- Processing Handling
element element clement

Fig. 2.1 Functional configuration of a typical sensor system
03,5 6,5 ojlal el J1 3 aS 00 5 o bl olond (S5 CoeS Laxs 4y [The physical medium -\

e (6 S o3l QT Oyl az s el 18 aST gloysS Jlie (sl

Sao oS O-)
I(&
Jomame glm Lolas obyj)l Jolis 5 Cenl (gl i Y ol Enterprise control avesge J 8 aY 1
D g0 o3l 08 S jglay Sledbol (6,0l D LY slo Y 100,55 o p o], o mlie el (2Ll

Sosorte suldl B
5SS Gioli8l e 51 0 YL b gwlegsl LS 00938l bl ades a8 el Sl e 4y Crio
Ao co il Cais el adgy anie rals
adgmamls S a e colys 4o 9 4, Y odgs 51,5 yeemless! b :Economy of scale- slass zol;80 Y
el leaily mal38l ee ay a8 0l o alS
S0 anl e 18 Jgame adgi 10 &y £45 ol Sl aamlegs! L Economy of scope-oslg jo g4 ¥
WS o0 S Care gleaily 4o jlas L adgs lidl el
3 4%e) |l a5 Computer Numerically Controlled (CNC) iile aile [I5045 bilug rie yuo (yial38l :F
SLeiny cmd S e e Vb 1 I plowll s s 0SS (o0 (A9 IS 055 1) ()15 edle Sl 0550 (o
5o le b dge [500 aiS o ol loj ;0 097 4o b Al dend ( Sxio
a. Awiomaied Welding Robois jor Cars
b, Automaied PCB Assembly Machines
c. Distributed Control Svstems for Petrolewm Refineries
Sleassly ols e g (55,50 51 Hleaily b solaiwl IS (5955 0 (8> 48,0 b Slogsl piuces s goladl s odd o oF
Sp e Yl ade
IS (0l I3l 0y 50 (SIS g G CedS gemilegl b il CodS 0
Slogi ptmmmw (§ p3dy Sllaxil .C
Ao Feuly (golaidl jelay Lo a U sl g5 slls gnmlogsl]
ol continuous flow 4wy odes s 1o 055 e ool atwgnades )0 :Fixed Automation -)
sl 05 655 9 YU 51,5 5555 ) el pudai a) 8 ¢ olonds Sl 15 5 0V 68 ol VL
b2 ol a0 g )0 048 (0 ooliiwl atucnS adgs bgls o Programmable Automation -Y
Sl Jlael LSl bglas )l 1o ol 05050 £455 9 YU 5,5 -0 alie 5 (B ilig eg)095 odgs
Jypame Cuwlbes oidais (ISl a8 5,5 o)Ll o530 0,9 boghas ay )T Jle. ols 0925 IS asli s ;0 Sg0ma

2,15 392



A ERUNE
[CE S S S S S S S S S S S S S S S S S S S S S S S S S SSSSSASSASASA
S s 1)

i o o A g gy 40 ¥ &y Exis ]S waas

S 5l s 358 (e ol 53 g J5S o Sead S5 «Sslogil J ST sleel @ dtg J S
VO 29,5 4055 a5 (5575 & Ua S35 a8 ol Gl el o0l S5 50 ol 6l Ss S'sly o gy
55k s 9ile (L) () anulsm U else 3l o aul B e 5955 2 ogdle 05 Com 1(1) (5999
Lesl Sl Jlie 525 S o0 Ll 5 pincns slo el ot 5l (2955 0ol opdle el 55 625 o3l g8
el azlge lgl b J5uS pncns o5 aites (S0

el 0 5 Sl az s S8 ol Jle e (ke (layd JiSes J5S loats 3l gm0
Sleatimms 0 1l 28 > e S i 9wl loy @b 995 Cenl e o JUiSw K00 Sleatnns
2 RS L 00,8 (oo eslitul S dil> 5o JiuS 1l B b (25 Gk jslate 4o Sntle
9b el (oo 926 4 Wb ol la el )b b il el Ygero (aio las )

Disturbances
d;

+ N Controiier Jiiy Actuator e Plant )
rn 'Q 1 6o 1 G Gils) | ¥
Command/ Output

reference/
Setpoint

X Sensor

) I |
O oo
-
Fig. 2.3 Typical control loop

amile (6 YU S sk L sl LSl 59 (oo aalss S nens] 457 (5,505 (sloils )
manual s I8 oSl (Field bus) aslis jo S gl o285 )13 Sl .l supervisory control

A5l o ;00 9)l5e 515l & jee o

D solaul ULM GQL\ sLm)J)J P SW-3 kﬁS""5)"S'” 6}5}"" 4..3)......; dL{bJJ),._.S).......u FUGN[E 5
A S O L g g Uil )05 g mens cosls oSl 5l aslizd

el o5 S s B

J_..:b Sgdne gac Slows b 4c oo & )'l Syas J.Jy = lass 9 Comes dlogn @5)5 L§~>L.’.)' t5l'€""*"“"‘" S
domd 9y b Ggals g3 latns Gl 55 el (Ghgalim(539)) 6l (5755 b i ol 00l JUie
J3ise iS5 Sle el S 35 S e (5 Lt 5] 53 sl 25 > Jlo s b 5L allis
Ol g i jokas WS (o0 ES 5> 5 o4 Sel Jog b g S (ad S5 > 590 45 el @B b S e

i JS V)
e ]
O Jlie S oy 185055 0 CeS 36 Cos ] 39,5 o 5S> [The sensing element -Y
5390 Lt ool el (5 S (5,5 0l S o (65 0l sl ol a0 oS el LS 505

B oo g Fagrm b Oyl 4z s el e 6565 o3l aldly les

g bl S (2,5 (S Sl LS a5 S5 25Ul law (The signal-conditioning element  -Y
sy Jo wils oo o] e sl sslital LB aw 4kl gl b oS o Mol azals Jlaie 5 55le o>
x5 Lol o Jo .ail Resistance Temperature Detector (RTD) L &)l > a> 0 (5,.5 ojlail 4o
S oo oo 5 s ally Lo)S a0 RTD cnglite

plosl cenl (San JUKs (59, Gojlo p at8 iy Sllee uxlg ol o [The signal processing element -f
D)loyl8 syl 5o 5 0 Slas jo las Sy jsiile o)ls (S Sl 5500 SleMbl £55 4 (55l0 5 55 090

Al ol el ol oals (6,5 ol ledbl usls ! yo The target signal-handling element -0
ilbiopd g jle 033 0,65 GRialed Senl (Sew

Actuators o sLS yxo
st o i (nl p0 s (o0 Gt aRlB (59959 L) IS (25 (oSl (Lages) SR oS e
25 (0 Djpe BlF sl mp g Gl Dyge 50 (aamiless

Signal Power Variable Energy
Processing 3 Amplifying | Conversion Conversion
clement Element Element Element

29 5l Oygo 40 g bl JeuS sl LK a1y ool The electronic signal-processing element -\
JUSis 5235 JLne (5l iy il S5 s 50 355 (51t S 0 Ypmno 35 (o S0 1
g g0 03l sl Ceowd oyl yo QT)JJ....SJM Jyas

Sl 592y (S SN g5 0uiiS o gl Ceawd ol o (The electronic power amplification element -

cmlie (S Sl il Gl Oygo ) a5 (S Sl JUK s Jawe The variable conversion element  -Y
Sl 3L e jsee slased U555 sl (Sl sl e o aigad ool al 4 Jlosl sl

oo o) Jle a5 (S SUl e JUSiw 00isS cugss i The non-electrical power conversion elements -
Al (Sgyom oS o sl Wigs

S8 Oygo aids wiz j0 sl Sew I8 ol :The non-electrical variable conversion elements -0

s o Al e a5 ol mle Blym a4 (SlSe o8 > o o e

NN
i Sl )le a5 00)ls 352 g il B S s 3 58 (650 2 kS e 5 e R Sl
o i s o0 ol 51 i LISl ool 5 g, opjle oo \Sids,



) iaze J S
m

Sl B ad 5 Lk oLl 5l 3gd dl> e O (S o e 0 P

w25 o aled |y 318 (855 05 st ol Sy U
,El-| Piston ,I:I.l

= |-

D E Upper
limit
I-lTI ITI-' O\D switch
Up
sole- | =
noid
Down Die LV'I O/D Lower

Solenoid | / / limit

|_V_| switch

The control computer for the process has 3 inputs (2 from the limit sensors and 1 from the mastes
switch) and controls 2 outputs (1 to each actuator solenoid).

592l (50 Omly Ot s 955 (o0 8 abgaye e 1o T dalad 5 35, (oo Y gty olSs (5o
aebl L5090 (o 00 Vb (gt S (g0 Zud 2B L asdad (g5, 1) o)1 18 (gt el )0 o7 e
plosl (S S 8 VL gt 0585 0l 5 Vb w05 518 oo 50 (08 e (T 5500 axkad 5 oud axils
O=£9) )id a8 Cnl (g jomd pis (pl LS oo aian b 5L Jlad Cow 89, Gl jee a5 05 o
SIS s o |y gt 5092 Ol b VL jgmin V098 (o0 (ail oy Ly

Y g

(o oo ;3 15055 5 Slagil s (650 b )

S asdin 11 (35S s (i3 5 035 Slogil s 51 (Jle =Y

(i S5 5 Ggmmlogsl Oglise Y

5w A by pe 1 (S et 020 s plowl 55 a5 a3 o 1) Lag 095 05 K, 5 & L,
S (oo Sl (LBL Gy S il bl 4 15Ty ST ol Ml S5 e SoaBae oS Sl

g |y g IT g 132! -F

o oyl (0 LMl Sl (5 S5p0 My bl Sl | a8 (o JUSms 351550 5 J S (Gl
Sibe it 9 S5l

el oy s (Sl sl eslau) IT 1 jo a5 as sy cedmnw 5l Jlio -0

fao S 4
I === ——=—=—=—==">="©>=>"C[C°=>\|"\2=3
e Limit Switch / Pressure Switch/ Photo Switch 1 Jlie 0 iS o Joe a5 Lpaianpns

el Wil o |y pndy b axkad Sgmg pos by 75 ol olod (yg04 ,Su> S a5 Photo Switch Jia ol
s
Programmable Logic Controller (PLC) ol 45 (5,5 500lS st 31 (55550 aiacnS S (glpoiianss jo

Ry solaiwl

supervisory J,ls Juus  F-)

gl i dos S o s wiile s mie Sl i (5l S Al e sa eSS e -
Ol alis 5 oy oo elas alge a0 )5 alatl gl jlade 098 (o0 plnil &Y Gl )3 (35 50 el slone
oo Sty

bt pladl plowl g fault x8ge s lulis sl piaa HUB, Y cpl j0 0 Slee Ko jgiile 5 b coe =Y
35 (o Doye Oyl 5l 6559k (sl

plasl wb arie JSS5n Gk )15 B35 5 (slail ol Leattnn ;5 15,1l Sl 5 i35 09,8 Sldee Y
S ) el nl (55U S Y ogl

Selst a3 JuS el s deidled a5l jshate 1 S Slentns Slatiin pois g oolas ¥
A5 0 o A Sl e Sl ;K00 g5 el TAULE L agalae b g IS alais jo s b el
il Sl olse ;3 b g Sgile 4 5 51 e s

ol 511 LS M) 0llS amis s Ly (gla e oy 51 i ol sled 8,5 5 ledlol «il,1 o

il oo e |y 05l &3S g 15 sl SIS Bg el sl WS e 2l s

Production control uJg J,us a0y 0-)
&l 1 aigy ooliul jslaie 4y 0dgs (g3, 4ol process scheduling o
adgs o addy J S sl (6,045 5 jeesd Co o :Maintenance Management e
Gdg WY game « pl Slse Jlade S 1Ll ey o Inventory Management e

CeaS Co pow Quality management e

Enterprise control &, Jus a0y £-)
3, G g oy Jolpe plad o (geleg]

Jyame colo Godod 5 b byl 0 )

Gadgl diged Calw o =Y

g b g b3S g o Y

CoksS 5SS g Jpame g o -F

bbb g oleds o -0



Y- frio S
eSS S S S S S S S S  a c a S S S S S S S S S s S s s s~~~

i J5) )
e ]
= ool (g5l oV gd Blxils IS LalKiy YL yo a5 Distributed Control Systems (DCS) (slpoiw

Wl ety geia IT 1l ples wigls

.4 5 mission-critical piww 5l Jlo %

Slats 3 39 s

5,15 el economy of scope 4 ;o 45 asy Jla |, Sk -V
S (oo s )lhw Bk 1) SV paze oS oleiaie

el i Cuenl b economy of scale 1 jo a5 oy Jlie |, gao -A
2l sledys wly a5

S (o0 i ) Slegias Cle lp Seelesil g5 a4z A

a. Light bulbs  d. Cement e. Printing f. Pharmaceuticals g. Toys
ans:

a. Light bulbs: Fixed d. Cement: Programmable e. Printing: Flexible

f. Pharmaceuticals: Flexible g. Toys: Flexible

S o) | S e g jgminn e ol Sl Soly ) -
sy |y 55 S Lol Slilee 5IBY 1)

Ans: A. Set point generation, B. Process Monitoring  C. Operator Interface
s |y s S aY ol oldes 5B Y 2N
Ans: 1. Process Scheduling 2. Maintenance Management, 3.Inventory

Management(,Lsl slgo 5 Jlgal o 108)
S g |y Gamlegsl o0 sl ¥ -1
stand <> 5l o, S Gum 1) (e OS> S8y 4S 0l A ot iy hgy8 pdile G gl -1 F



Y-y xS
slasald giladas oS Gudgl ol Lo 098 (oo plowl anl b (o2l Joo bl p J 58S o ail> (b
winly s Juo lakie A
0,5 o,lal Gls (oo 305 0)l5e 4 a8 SO 0 Sas )y b abaly o
A8 i 5 Jol g5 o 5 el (a5 Linps 5 b 5, Jon )
aigld o Pl 36
SB ke cdls o jgiws jlanld coas S Y
ialp bl Slpess Blie jo anl k3, o polie ¥
oo ool wgld S (ol a5 ase olse 3l ans o] 458,18 s 505 51 01 1 5 el dagme il o iyl b
o ol |y ey e 5145 ulg oy ) azien disturbances LSSt 4 wed o axaS " 505,5" Gigd
S s S Sl Sel VS8 008 (o0 a8 S AN 8w e JUSK L dllie (gl aS el (o (o295 s

A2 o plad

Disturbance

manupulating u

variables Unmeasured output

b ETTOT ——">
Controller Process

p ———3> Measured output

Set values

Fig. 1 General Description of a Closed loop process

Loimnws §3udio B
20,5 oo oalainl 3 aeled | i T2l Jow zlpzel jo
rate of mass[ accumulation= in-out ] oy

rate of componenet I [accumulation=in-out+produced]  oole S & .Y

rate of [energyaccum.=energy in-energy out+heat added+work applied on] ¢35, & .Y
Sl o5 eVl Sl wile ple glo 4Ll slows 45 dgame (golaws (& (0ls8 1] auls (gl Lals,
oS o 3T SVl SlSe 5l e b gage cl el 050k

Level control olxlo o3 slis,l S5 Y-Y

255 b OlF (oo e b (S B L 55 o wle gl

Saio JyuS VY

Y

o assl 8 Ly (g jlwdue

waie V-Y
5,053 ddgr DLl )15 wlBio WVl wl Sy, 5l o e o S5 slhan) b Saiee Sy gbassl 8
5o ki ool 5l ol acgemme Julis 55 slaoil b cpl ol T wlie dges s § oloww w518
ol o ools ylid i o aS canl [Bu Koo S a3

estimated feedwater demand }‘

current feedwater flow rate
[ @ " based on current steam flow

! fead forward elament

.
i |l' Steam

Fsemrjnt steam demand varies
i (a disturbance)

v |

5 () !"ﬁﬂﬂ‘!@l.@/
Feedwater jc

feedwater pressure
varies (a disturbance)

Boiler Drum

FT = flow transmitter
FC = flow controller
LC = level controller
FD = flow difference
LY = summing relay

el S S 50 Ol el (Y 5 69955 <l (0 S5O Jolis anyl3 cl S5

(ot lad S el S sl sl gl sls o g s 43S0l 58 S S s sldlie
9 Bl el Jols walind S g 3,90 phms (D)2 42 )3 58S Elgil undan J5uS wiep J S
Sitwd Lol wlie



oy fato J5S

g gt (oo adaly cnl 51 WOLY Lo L

Ash(s) = g;(s) = yh(s) — fox(s) = h(s) = ;[q;(S) - pox(s)]
As+y

b el ol ol ol Shs Sl

a(s), S
+
X(s) 1 | he)

R G‘B — my I

JAS e b 35 5b dil> pl SLs Ssly Y IS
s 0ps alal T a JSs ale glis ) 6,8 ol wsl 5355 S gl el 5L 4l ) Ly ye Lails, ol
9555 (o0 IS Gillas e 5| S sy il Jla50d o 5 0
Dl

ol 1
K(S) Sy CLB m

1 5 ojlt——

A5 ey y35en diy Ja A JS
Al 4l (oo ol U s Bap ST ol GBLSEl oS> T (59, S5 508 S Qi 59959 0
Al Slay cal an Cand 15 o3l 5 Syme Jloy cull Jos (o 0gd cois glas,l gl slacél fé e aS
20,8 oo ) Az 0 pinn Sewolos 1 o 1SS Ly

=
Oles %
Ay T S xe auls 5 ol

A s Ay e -8 IS
e ISt inlos 15 Sl 55 b5 Jeabo o iy (sl 53 5 s it 525 0ol
ool o)Ll VYWY o,las 5 ol Level controller Recorder caasee LCR ol ol ;o 058 o oolaul
ol J S ail>

o S Y-Y
=95 e bwgi gyl s A

uL‘“ |) [ Q—.’.‘ JS"*’ ol )‘)-.é S99 L ST s 5® ‘) J)*-‘S e 0193 [ 81-53)‘ J)-‘-‘S 6‘):‘
U1 RS ol g S et (e 5l Al pcs 2 om0

_._._._at Lis, | - —
= _‘_\-'; . ——l | €1 _]
i | | L ]
! |
= — i i |
—“' "
| AR R |
H |
L= = ——

23 e ) S et Byt Lo, 1 S g JS2
OIS e eyt | o 65 0l 65| g 65| i pe lotie glis oSSl aly oS gl (il
e=h,-h,,
L cslize hyy (oSG Sl e (6,5 ojlail aeit )0 018 dg2g glas )l (6 15 o3luil (6l (ool leeds, (o
Sl K VM g e oot 955 (00 35 35 ) ale glis)
v=k.e ALK o b cilite Wl o S (2
G=bogd e )5 0T 51Q0 (o kg o))y (T2 Qi o b ol STcel )b (Ssls plall 35 0
Nl oo oy 5 oo 2 iy 58
0-0,= v
Sl 5o Sy ally nl il ot 5lced G35 S ile o2 V T 0 85
dav

Ah=gq;-q, AZE |

ools SLedl bl 1 Al (3500 5 cole £l ) S eais h g IS abais [ e pelaie o A )] 45 &5
el dnsls L5 550 ole st
Ropd cnglin sl (oot 18 0l ot (o295 (o0 ol Slasle S8 it 12151 150 (S0 200 (o
el Gl o 93 ale il sl 5 e s, (e 49, S8 b sline)

0, = f(H,R)
VY RSOV PP WA PE={ IO S SO0 (RGO B U0 IVPRCOUPS PO P (R

4o =7-h+pa-x

_( 90 _(99) (oR
y‘(aHjo pa (aRjo[aXJo

(b ol iy a5 55 S yiie Joke

Ah=q;-q, =q; - yh— Box



o xS
[ S S S S S~ S S S~~~ S~~~ S~~~ S~~~ S~~~ ~ ~~~ )
oot b 530 €U0 J S s T JS5

321 Joo gl yiolyly  C
Sl S (SIS (o2l Gy 99 3 ey LB sy (i e ok (s Jae gl el e sl
s o ) il (gle w515 1, LSS (glalaga 00 eslinl
e S elyly sl (£S5 95
et o yele ol Mach number o bjl5 5 Sl 5 (5, ;o Incompressible oG 51,5 b >
s Soial 5 Vs ol sz AigsS oo il o515 SVl ) 4 S e s Sl S Lt
Dgd (o0 ads A8l Joip (9 Beb S >

Qo p +%pv2 + pgh = cons tan ¢
ol ST ISz P s Sl )28 P gz o o 4 S glis T i L @ e Sl Sy Vbl 50
e (oo S5l Jin 0Pl Gb ) b o V2 &g, 5l (g 20

Py +3pvE + pghy = py+ 5 pv3 + pghy

b g Ce s gl Povaly g 55 (9099 Byb po JLid 5 e Ce sy eyl i @ PLvihy o o a8
Sl gl Bzl aszy, Bybgs STl J8 i g 5 mle pogame (59T Sl dis;y 25y Syb o
g g o0 (VIATTV2A,) ail ndl oST5 mle o (21=22)

0y = vy dy = Cadr 4y 28(R-PB)
N () ) B

o=l .ewl -Discharge Factor - (cwl S5 5l e a5) Cy g 4535, Bybgs alaie grhaw Ay « Ajalayl) ol )0

il 5l e 1 (sl 0t jlaie alal, o &S SIShasl ol (sl) il ondly > (g e
ol sz o om0 95d (o0 y5hie Pr0 il JaessT (g 5 4S50 50 5 ool Pr=pgH

(1) = 5+28H (1)

g (oo ooliinl p Ll ) e sla el b analoe sl
o=y h+fo-x
(@) (@ we EUE)
0H )y R(Xo) 2,[H, o RA(Xy) oR )yl ax ),
18 (K o aBles Sundge 0 ] lade 5 el M7 axly G1ls 1ot Caoglia R(X)
D9b (g0 s Sl b (2L Jho Zansl g S yome 45 (S S (sla st
Qo =00 (v: A, Py)
ol (oo Sty 5 dhals Jg abal; ol 55l (Sl el b 4 Jleel g v ol o oS

OR

sxo S 0-Y
[ S S S S S S S S~ S~~~ S~~~ S~~~ S~~~ ~~ ~~~ ]
d—ad ol Lk o aS ead o lailiul LS S0 sl ol sl o3ly o soliinl glas )l gl L aSSliores

)5 (o (Bya

ooy gl gyl s B

Sl 2 ol slaanld ol o b et (o3l (IS e 5 piees (al Joe 0 38 S
D9l (oo oaliinl ooy S0 glail 5l iy

0 =Q(P,N)
Ssd oo g a8 el s 8 alal, ol
Ol O
4, =AQ=p-p+y-n (), =5 (2), =7
g s oo P=oth il mle glis)| b qenlite [L2d D5 51
qo=Pah+m
5l cwl SHle 35 (Saelns dob(o
dH
A== =Qi-
7 0i-0
L el iy Yo 35 g cany S yiiie e
Aﬁ=qi—aﬂh—m
dt

il pealss LY fas (85 5l o
(As+ap)h(s) = qi(s)m(s)
= Ol |y s 518 Soly IS el LS G g qemy G505 St p T oS 58 JUSw o o o8
REV-N)
s

qi(s)
ok n 1 h(s)

K() M 8 — ¥ AS"TXBi 55 o3lail




A-Y fato J5S

1000 2000 3000

o 5SSk (2P (90 ek e cemy IS ey ) b pe ke (595 B 090 ey s
.o5.i;$a¢|,.>u...;"' | s jl(o)dfsa)lfah&)o)m;|Jsﬁlh})qﬁ)m)a%
Dgd (oo albg 435S pdy o515 SVhw sl el 1 dy @515 OY L Soely s

v? P dp
5 —|—/ —}3 + ¥ = constant
n P(P) (constant along a streamline)

Al (oo Canl Al (59 Vgone a5 Jonily (55508 oonled W g s Ve S pLid poabaly ol o
Ly, ol ¥ oaz o (Solys dlolas il 95250 pin ;0 (550 ¥ 51140 3500 a9 lo o JU

Hlaa e ps cpl odds >
Qi

Hyfm

{Clillzf]_‘h 94 ="R
Q |y =q1-9,| q, =%

A dalss ases 43sSl q g hy e o &b sl

hy R,

q

- R1R26162S2 +(Rycy + Ry + Ryep)s +1

20,5 (50wl Byl 5 (350 99 Dlastiin 4 az g b s (2l b <l
Oles = |y piaw ! :Multiple Input Multiple Output >g,5 w6399 o povwmw JUn
Q2 5 Q1 e ¥ s 35 Lo 00 (0 LS ) 990 cnl JS80)8 (G (295 i (5399 2>
il Oy piee b @ alys (ol o sl hy s hy g 90wy (o0 58 (295 005 o0 90

sinko J5S Y=Y
[ S S S S S S S S~ S~~~ S~~~ S~~~ S~~~ ~~ ~~~ ]

90 =

0y, OR, ox 00y 20y
R lo ah) E'O V+W‘O b1 +@\0 P2
qo = AR+ ap py+apypr
RS Gt g o 41 55 e S S a3 T 05 sl 42 el T 4 e s 450
P Jae Sy o 48,5 5 (s (8 2 e e i oS ) (Sl pid 5 (b Bl 25 )
W5, 1y ae>
Pyl (rni (SIS g5
L oS s yeé Yaomo X LR alal) Mo s oo aily] logas &y il sl a5 1, oyl s 51 ooy

DT o sy IS abad )y loged s 00 eyl Lolal cpl o 0ed o @Sl Jloges

oy (10 (b ) Jgo
g i oo BsSl]) eey (22b; Jseyd (Joip el bl

e ' 12 +%pvl2 + pghy+aW (n) = p, +%pv§ + pgh,

Dl (oo Albgs 4563 é.;,.ﬂ\w &y QT o..\.i';u_la} Jaw a5 cel Q=V,A, ey (9 (20
0o =00(v, P, P, Hi,Hy)
Al oo Cawy abaly g5l (s b oS

6Q0 on 5Q0 6Q0 EQO
qo :7‘0 §|0 V"‘W‘o P +@|0 P> +W‘0 (h —hy)

qo =,V +0p P+ apy Py + Uz Sy —hy)
oy s yiolyly 15905
Sty |y b el e co 458l Jloges ol 3 aiS oo ddye 1) oy sl ialily (sl o gas oussle w5l

.»})51



Vv e J 7S

S ol Gamdae (s STl VIKE/s T fgniloss a8 cul 15 ojlail ooud ol Gin(s) 1,5 o5l0il (z
&b o L=div 36 sl v le ey 5 d alols STl 136 Glylo o] Jow il ansls alold i e
el (o 0975 hos

el oo ooy las ISy aug adls i #l,SLo Sol

AP | 40 40 | AH
dP dH

P ke [ G - % Q

Gn(s)

55 9 S 10 U5
Ll JS s ol Sgpms (6l S (oo Joe 0l (ol jo LS & jgmy gli)] s g jLid s
s oo (las py (ot Sy el Shs

]
i
~a

R e
Jyans s ol 18 Ls —pdse
Pt SR

ooy buwgi (@0 S5 B

JrS sl 099 (o0 (ol ooy ahose 0 0l 5 @le (9 o b s ) b3 Sy o a0 )lse 5
ey Slooy Sl ol nl (sl ol s | 00t ey le (o0 Az )3 g ey (BOF Sy Ul (o0 (0
ewlin CaB a S Cl Heo L oy iz 5l b 0,5 (solaidl gl aiiin )5 a5 oS eolannl Wb e
o ookl 0 mlas gl o5 G b b e S s o 9 09,5 oo oolainl oo Blas sl gl sl
D23 oo L 1) e ol 5l sl dged SIS 098
STl Q gomazme (om0 by a5 Sl b ol o Bas sjle o1, Q ki 00 5 0S5 il
O (@8 il cutte ol g9 5l g ol ailas cutd oy

Q=K

sinko J5S AV

’—hi(tﬂ_\—(}._i[\‘} (}i:(,\')-”—q_(\'ﬂ
. Q b:_.cw)J*‘gG:.(.\-) G;;l-\')ﬂq_‘h‘lJ

T

69959 95 b SOb s Y JSC2
5 G Lz g 5 olaws ST 9 cowl overactuated system s aib lazg,5 slass 51 i Lpog,g lasws 31
Ll square wiib pl 31 g underactuated system il L sy ,g sloas

Flow control s J,cs V-Y-Y
L5l i 1 55 o o DS il ot b camy Wl o a5 sl Ll Sy (Tl b s S
e 3 ol e 50 amy 3529 g0 3 el i j (e )3 LS i 5 5L e il 0 be
.Q)ﬁfksaQ)y%}‘odwlgﬁi}}‘bbw‘&j)\’d{&é&#.dﬁé@ﬁﬁ.ﬂ‘)&b}é%
b bgh (@0 s A
Sl S8 Billas piinn o) sl

Q-
uf gy 28 Vo=l BNCRTIOTY
g | o (S las
1 X - ‘}b—l . |
e X, T i Y
pl — b >
Ry é_.__._.. SR | e —b

5o le pan 132
PR PR ) _x_.Sé_a)_...xReLa)r.c Flie )0 Ceoglio X s Bl Cordg puss Sl 010 (G
WS oo ol A8l IS Cdle o) (500

P | f 2P
Q m ngﬂ-m—i—

55 5 (eLis)) 51 slgie) ,Lzd Dl AP=P,-Py 5 ¢lis )| 3kl AH=H,-Hy ( J5> p alal, ol o
Cls peles alaly 05 s el b w
= (2 2Q 2
aQ= i, aH + (FFar - 3 ax
b ailg e o1 s ol Gyl(S) s walass 5l Lo i a8l S
AL K(S) fass @b Wlss (oo )08 1) S (0



VY=Y frio S

m
()05 -(2])
2 aP] A+ oP, 0 B OR 0X )y (34)

g2 =A0, =ap) - 2+ﬂ7'x

Dy (o0 S (Joip abail, 5B

9\ __K_ )= J@), - P), =
[613}0 2 (R)-(P)= (X ) % )0 =8

Ao oo &)l s eaiile 1y

[ (‘
>
.
o

Fyr bl jlolg ]y @

00, _ k _90,

OB 2R(x)WPI-P2 oP,

2 pg] ey iy JSE o e 18 e

O‘)ﬂwb)wJ’.ﬁJ Y_Y‘_Y
iley ol 008 g Ol Az )0 (00 i o yule L.Msa.fos)u)Uau\ JrsS i o

Saio JyuS))-Y

1 L1 ’
2 Q. QO
—‘Qﬁ_ . a
Q r}g & K(s) —| G(s) Q. Q
: ey . q,.
St ks Gun(s)

m*—x-u-JJ:J,—-.p- 1y S

o B35 ot J RS e sl o S e i S
Pressure control ,Lié Jyos Y-V

i 1321 V=Y =Y
b g oy Jold Jlad S plcs S Il cul i w09l 8wl o3le ;“5&&‘5&)‘6*

HLad Cai (350 Jo (A
Sl 3olo 5 alaly 5 b alal, yo
Equation of state PV = nRT
Oy eole mole slas N g Glejler coll R pslS a0 &)l azyo0 T oy35te o V Lzd P T 5 a8
Ll oo sy AT a alaly 811 50 el Sl il o 5 )l a2 o (285 o
0-0,=CRH

P>

T e b e s Jus ) s
A O3 Joeoyls Jliag 1) JLad poss a8 conl (e 4y (29,5 9 (699)9 Jse ,laie Q2 5 Ql;‘d‘.’l) ol e
el )5 el 5 a8 Sl i ()
q1-492 =Cpy
el oy a8l Sty g (g3 JLaS 0699)9 )L 5l (ol Qo e (79,5 (20 1ed Jon(e
O, = (R, B, X)

WS o ol A5 Jgip o8 ) (2e 5 o0

K
szix/ﬁ

R(X)

Nl oo Sy J5i a3l o>



VE-Y ixio S
|Wil
Ql, ¢l—w
Qz,c2 (TR v -
- £ T
L St

I, R Vil PO T L
o Ll 1) o5 boliea 5745 5303 0929 (55 e 3% 5o el C ClalE b (nle (55l (550 1550 ()
P45 098 oo (28 ogdlay 0 Ke (o0 D90 (et STy ek 45 958 (o0 (B8 Sl S cnl 5o o
ool e le Clle iy (295 @le Slile 5 ESESs (e JBlo cdale)
o Gy A @l 035 ) 5 @be )] S b SIS Gal il ol i3e JBIS Jeloe o lade-Y
L el plp o35 Joe cud i cpl 008 (o0 Sj90 1)
6(MC%% =06 +0,6,-9,C=

M=const.

O(Mc + C
(Mc + mya[:Qlcl+C1q]+Q202+C2q2—ro—qu3 0 = 0+0,
A eve= O +C g + 06, +Chg9, —Cg,
o, 0,
$395 Bl (0 S-S by (ozg > cale 8 Lalale gy <l (0,8 Lieogyg (oo b ale S

L cwlply Jae Sl )l 5 09d o0 plodl

. Ciq,+Cyq, —C
g’c+c: 191+ %2492 — 49,
‘ 9,
Ll T=M/Q 0] )8 Sloj Coll 0l (g0 aeis oS

b els (Kg/hr) 1,0 L esls oloands (2uSTy ases (o 81 0 boouds Codlad 51 L0U cdale iy

(Arrhenius equation)

M = kMC = koe'%r MC
8.3144e-3 :lojdss culi R 5 sl 4 &)l am o T o 28Ty alonil (sl (o3,] Jolos Ear aala, culi kg oS
Lol plp o s s alsles el (53 i L kj mol™!
Qe +Ci g+ 056, +Coqy = Cq, — Q¢ — kMe = Me

sinko JS\T-Y
m

oy oo e 5l slme (293 (28 yetS 10,5 Conl o Sb b b0l b by Ol (e ) JLiS

8 ool 590 (29,5 (20 et Sl et s ay )lge (nl 50 09l g ol JLaS S (6l
25 (o

[y o9 sladie 5 0,5 3929 (35 (29,5 (23 Sy AT w0ob (o0 ooliial sl B 5l aSes lge 5o
WLl by e i L aS 0,5 eoltal Gles o ol 90 b ey Sl pd ol )0 1008 e (ymnd B
el g0 ools ety Lol isee 4y (o0

Q; M o\ Q
2B e

'} f"’zw \"t

|
jlasd

i
3
|
1
.(,__J,_A\m.-._. 1._) - | ‘ Se \
1 L ] 2= |
i =

" 5 -5 e s 7,

cr sl gt daags Slas J,nn€ . ye JSs

oly pw el w3350 HLUS J i A

q1-92 =Cpy
2] oo Sy b alall) 185 Sl 0 L
q1(s)—[ap)(s)+ap, (s) = Byx(s)] = Cpy
ol (o ey anlE b @b i e
(Cs+a)B(s) = q,(s) + aPs (s) — Brx(s)
Db (oo JSb Bllae diwy dil> ol Shs Sob J S g 18 ojlail oS Ll L
o} p2

p 1 P1
: K(s) — By = 5 o

oly o 5o b HLid 508 ptanew pl SLAST6L VY IS
Concentration control cLlé Jyis f-y

LY g Jobs anld ol i 21005 (o )18 508 0590 a5 ol plaan] 851 Ko G mle clale
ol oole arie yiinn



VoY sae J 7S
@L.o.uu Lgl.e,.i..lfb Lv dl)""" .Ia..uy Q)|).'> A.Jy—c
gt Sl Ol adgi-o
Ay S g Ol > adgi-o

ol 155 5 Slube placx o o Jols b &)l a0 coniss ( olo )5 Jols slaasl s o Jus 5l doa
Composition control o bglso -

S xS 50, s GE L) mle sloslz o] 55 a5 canl ou ols (las Vo USE s anlyd onl 5l sl iged
o pll plemlr (s, 4 o)l JUlhcwl awgie &)l 4z 0 6l bl 5 wigd (o0 bolie ()55
Lcwl plyoads dole 551> (6550 090

H=p.C,T.Q
L ol oms sbe,S Cp skg/m’ axly b 55 L wle JE> p 5 Cal/Sec axly b alsls &)l 55 H T j5 a5
el MY/Sec oty b 20 Q 5 °C usly b o] sles T 4 Cal/kg®C ol
0,5 S L H ol Jlsl 25wl o)l az g J5S gl el &)l azpo J 508 Bas anl)d onl o
ol plnil olg3 oo @b ¥y 15T 45 sms oo oLis (V) ala, a8
o et 45 Sl cilis (185 7S s 2 00 L) 25 5L mle (00 e Lawgs JpuS-all
28 sl b ;50 () 5l jganl 58 j0 wlls e (79>
g Sl Sub (295 (0 Sl 3 Eseme (20 GRS Sl g 0y 4 05 (B L) e S J S0
Db (o0 JyS anld Ol az s a0 g dolie Ol e 05 5 05 G L) mle S 5w b
Se S 0 plosl Gl g, 4 S oS Gl o el oa ools (las 5 USKE )0 58S e sled
25 (oo 03l (93 S J S jlog plonl o g 4 J5S 455550 50 5 el (00 S
oy bgleo—) Jlko
5Q2 5 QL slo (o3 shls Glule wish (o Ve & Gi5e 3)ly bl 0Lz V) e JS0 (5> wwlb s
S ygmar e S byle (gles a5 jky o byle oo b mle ¥ (3500 50 ot T2 5 T glales
Aaasis |y anl i has &b el T 55 (29,5 mle slos 0gi To el

T,.Q, + Sy !

—

| e |
__'_fl sanas) ..S'r_____ |
g S

.t 1.
ol balse pwy e —te JS2

siato JS\0-Y
[ S S S S S S S S~ S~~~ S~~~ S~~~ S~~~ ~~ ~~~ ]

Temperature control &)l > 4>, Jss  O-Y

Oyl Jola
2,08 0525 Lo )8 Jlanluly o Ceaglin OT Jlae ;0 ojlgen a5 0,5 0 Do LS Jols o 5l slaan] B o
D05 (o S py g 9 99 (o0 033 QLR L () uaglie

°C &)ly> Jlasl gl a5 ome o 40 s =AD

cal/hr & )l,> Jols o ,uss =AH

DS 50 Dyge Dpe Var ol Jols
b el il O ()l Suaglivo 59525 (o0 90 plazl 5 Slislr (s )yl Sl Gl seglan)
R=7
b A 5 Cal/lhrm®.2C/m acsly U (5o cu i K (&), JU! S 50) g Clies X o 3 a8
ol Gl colas
b ol il oL Canglie 5 35 (on plonl SVl 13 )l JobS 35 onl il

-1
R_hA

e Jls b e e s A 5 5l Jobs ey h T 5 5 e

Al e 4995 on ol )15 53 5 35 Sy oo slod ¥ ol b smindd 5 Jol sgtatsY
bl Glize glales jo )l Cwglan el Jas 8 &l 4z )0 s 5 iald Ol > Jols povs
e S8 slogame glp sile s>l ¥az s g ez 3,591 Sy Sl Jols Jleges o 5l
oW

ado Liow oyl o

f .
i |
‘ /
| /
‘ /’
1 e
l O P PA
R D T I S L 1
PEESL YT PPN P L

Gl loaizlb gl ¥

385 e 5 shaucal

2,59 9m (5 L) Olyle ol blse—all
b5 5 wlube plaxl o &> Jols-o



VA-Y faio S
Az 0 By iy Sl oslaiwl Ogo ool Gl Ol ax 8 g eal o5 S il (20 U ded oo Al
LS ey S Lod 28l5 D90 )3 5 00 50k e 599 GRIBIL 3 mle (20 Wb (oo SIS >
Al 8l Ol a5 g a0 S mole oo b azdl
ELBL pb Jus-Yo
S i b 09,5 (20 el (Al
8‘&@[.@[.:)@&)‘)747)00.@(&_;
a ST acde an gl mla b 58 &)l am jo mudad sl 0500 ol (o0 S alie Eb 58 L b oo S
ol 5 )l5ds Ygoans 058 plosl 08 Joe (b Ko M) £l mole adgd pin (55, Sb

Heat exchange control o l,> Joli-Y Jlw

Db o ooliiwl cawl bz ;0 Q Lo LaS mle 05 8,5 sl s b 5V IS Sl anl g e
O

——

—_—

i Ty
Sl
dlay b L_T‘_T_T

Sy b Ja s ey -1y S

5y

o0 0,233 (65,51 £55 b Sl 2l (63959 $551 £ 55 (S Sl S (6551 Ly aladone s o salaios e
sz 9> S Ep Lol a4 (Ol > ax o 58l B ,0)
MecT = qi =4
i Cenl plp oS 098 (oo plowl Els 5 Lawgi (a0 Le)S ey 09,5 e
Q=AW
el kg/Sec Taxly g éls Ju S5 o W 5 By )l oy,l AM(Cal/kg) ala) ol jo
el 980l alaiono 5l Lo S 9,5 alal; e S g )S Jos

o J S\ Y-Y
Sowlojle oy oYL, Ol 4z )0 5968 (00,58 (35 10 a5 Ol > Al ke i3 Jow
H=H1+H2-H()
o Oyl lade Ho g o To 5 Tr slales b e 99 51 (5% 40 63955 sldyl > o & Ha 5 Hi
gy Osga Slgi oo ) (F) Aol (F) alaly &y 4z g5 bl 3500 )
5 dTo _ o P TE s E Ja— S
£, Var =4, Oy TiQ* L0, T £00, TR, (V)

DS msen ol 1y (V) eRel,

b o] b 5 Cp 0
Vv dTo + To= ’0-("‘1 (‘I. Ty j.L, 2 2 (A)
A v = Ptp * o ‘17T 0o ¢
Qo dt £ t.pu Qo £ L,po Qo “2

shls 6395 syl Slade ar (295 Dl az o eaies Ly, had 2 oS 05l o0 alimde (3) ala,
Sy (2o 20 b weSae s 5 3P e b s Cod Sloy ol Cel T=V/Qp Sy ol

o)l Jols-o

5 o lm b 5y aSh g a byl ma b &l Jols (sl Slagle b a8 daaigl b el o
S L gle & US55 09 oo Jiie S0 mle b5 4 0)ls gz o 1055 L gle S a5 eyl
Oyl e a8 (e 05 1y )00 3 dlg) (S Spglone ;0 45 (63, L o 5 WS (oo s9ee Ay Sl
L el plyp assly Jla!
H=k.A.AT

il 1 Gyl g5 slod ST AT IS b sole b aly) oles b A 5 el o o cglom canblik o] o o5
1l JUl s ee Jale ¥ olas o > 430 S amests jo 5 alolite &yl e S ol
.a)S ool 0153 = Lo r‘?"‘la"" Lg‘;.g Q)l):> EES yed| Le;—‘ u.._.)l 45..)5.0.1 ﬁ,_Ja...'

glasale ezl b ala
' 1
i e — -
\ o ~ M
| | o
Jas || s
aaun§ | i
— o
Il 5 I I
R 0 e
l. _ET_ —

]
JomaS s Lo gnaaldl

$99,59 8w &abo (20 S5V
L 5l oolainl cdls jo 09l plosil (V) ISK8) ooy b g (QIHY USCS) 50 55k 50 3l Wilgs oo )1 0]

Gl 8y s o alS Opes (0 g a0 o GEal3El ) S 00 g ead Sib il Ol 4z Gl



Yoy e J 7S

T1 ‘
cpQ

T + K vave ™ 2 % 1 T Tm(Volt)
(s) alve 7MCS+C 0 m

Sl Jols gl aiey e ol SLs Sl VY IS

Combustion control ;L. oSl 9 3l ! (z

O3S S sl O 51 aS 05 o0 0> 0 aleerd VL 5 b a5 5 Gl BB Slge (25
ams o ol | Bzl anl s o5 0 S5 8,8 ealitul olg oo Slale b Lagls

R e T

ol Hgld 5b aSST elde 4 Ll Sed (oo plal pieis 5 Sbuls Oyee Voo Ol sl ol )d )l o

bl ply 5yl gdads e Glojds

H=e3.A.T*
c.!a_.uAjeL.«._m fL‘.oltgl)_tul_a)JyWwbwﬁﬁjouwodu)gm %FSQT).)AS
o ¥l p3 Gl 10 g sl canlite Lo B )lgs b ontinsd &l > Jols aSST s 4 el pins
ojmsnﬁbu‘ Fadld O ygea Q)l).> odes
G JalS 3l il (glym a5 Lol 5l ogas oudatS 1) Cdgan Jlade Glg5 (o0 9l yd ol jo &l 508 6l

&S

fii (o
S5 i (59, o5 s3lge (03,5 S 5 (53,5 £5 Sl s pelies @IS (e S Ceend )0 azdl pogdle
B O)ly az 0 4 0 0 Al (g5 Olge 4 S mie &S > Jlade (P USE) 09, S0 5 WSl
Lo oyl (S 5 ol &S o Sy @y 0lg0 (8L 0 Ol Jlade o ls Blbl slals eimis oLl 4

g JyuS ) Alli (55 olge (803 sLo S e plgs (o0 Al e pu S L cal

e S AT
eSS S S S S S S S S SSSSSSS S S S SSS~S S~~~
9, =cpQ(T =T)
el kg/m’ axlg b 55 50 ee Jlo o mle JBz p ol o a8
2l g Cesdy B50] (25,5 5 69959 LS g e S e Joe
MeT = g; ~q, = AW -epQ(T ~T;) =
MeT +cpQT = q; =49, = AW +cpQT,
Do oo dl (Sl aoles (LY o 5l
McsT(s)+cpQT(s) = AW (s)+cpOT,(s)
el 5 ) 5wl 5l w6155 S5k
Ti(s) |

cpQ

ws) [ é R ()
Mcs+cpQ|

Sl Jols sl 3 s pl,Sls S5k Y S
T o sy anl B glojy coli ) ax o anl o laslinl o8 b acslis |
T 1 1 M
(S) = = =>7T= 76
Ti(s) Mc g Ts+1 cpQ
cpQ

oeais 0,00 158 ol pes 53 a5 J5S 50d b g0gys g0 b 0 T (25 wle )l 4z J5S
VS illao o510 <Ssb i <Sealiys bliny 5o ol Sl o3 Aol BB 55 b 995 (o0
25,5 oo
MalS ooz ;51 ol Casay 5y, Jows o laz 05 Gsle SalS™ (5,8 @y oyl d hos wli g Saliss aloles

+1

Bl paplem wils Ble

AW =cpQ(T —Ty) + McT
N ojla> (Bale) ()l Cwglan i g e J3Is g dase sles BB 4y o jlas 5l ead )5 ol >
A5 0,0

oy | mven g WEa H= R— o fas Sl L =212

el 0)laz ahade mhaw A golaz Cwbs d g ol Sy ojlanr w4 aS Cal ook aS



YY-Y frio S

Sl sy (S5 sle S 4 o2
de

r,——+c, (t)=K (1)

a1

Ll Sl 4z 1058 pl fgemme IS Ol Az s a0
c(y=c,(N+c, (1)

L sl ply s JS LY o

k,

i

0
h(s) | st | Aa(s)
|:c‘(\')j| |k, k. [1‘(\'}:|

st,+1 st +1

Fresh cold

air
—> Artificial Tropical o
Climate [ Room Temperature
0(t) ==
Steam h(t)
— = Room Humidity

v(t) s
Room —>> Exhaust

Fig. & Temperature and humidity control for maintaining artificial tropical climate

Leale 5l bgloe & jsa a5 p> ci 5 ormb 35 Slles (b a5 058 oo aiaS Sluul 4 i adgs axlg
O3l 5o @l S sl 9 Jas Joo 0355 05035 ln 3l I (nl ST (oo la | Wisd (o0 gl P
""’"“"6)5)"5['6(“‘5# S g

el Glp cw 4 58 cos ol o 58 Glyle b g0l caliss 09d oo ]yl hals 1 as o
Sy oo s sBinlos] 10 (6,5 g 5l dry s ol e el gliie Calisee

5505 5 onal JLSs (ol as e lid il 4 58 cons Wb e adgs asly Slaeils 70l sl
Ao 5 o yod waisS lax (b 3l cal Ojle i adgs waly SO ol loztend aily polas ol oo iSTos
il 90 ol 3l eSS L (SO SINL ol sl S b ST oz b J S 5 e 5 olail ) sle

Sheaas lad winld (! 10 008 e pll e Sl b jlid ald S8 a4 cws 58 glulas
aS (Jmlpe gy 3108 0l e 00ls 55 shes] [Lid 4y (Q00PST g0 5l gt jsb 4) o> Lid

oS (oS 38Ul sl (o

D9 bl Wil o b, ¥y iy 2SIl Lansgs Lo )5 adgs

SLb s oo st (e Lo S g Rocaglin o a0 V5l Jloel b (g 0ol 5o 15,02 <l (Ve
il o] &l am s g 0,8 @il s S 0T 50,8 )18 Caglie cl & pglne 3 a5 Jlw .o P=VI/R
Y SSal e

oSS 2L o> 48 oy mew 958 (oo oolatul S8 ols Ol > gl aST s, ) 5o i penbolise WY
Ol g e Sl 055 (o odazme Wl 13 Gl o Sl3le 4 (gl alaiza 550 WS (e j9ee o] 5l 005
A JS800,5 o I3l b 05 s 5553

S a5 Gl s )3 45 (s3l90 09 (o0 Sl 09 ST (i (s0L Sy LRy, cnl 5o s Se ST BT
A USE 3,5 oo gd Slge 45 Canl (5,0 Oyl e sd e ES W5l 13

Ngdgpa T

a5 e F-Y
MIMO s 31 Jlto A
Wl Az g Cashy edal b s (nl )0 000 go (LA ) (25y5 Wiz (699,905 e I (e S0
el Sl 5 95 (oo 0l aliioms [ 4y (58 g 0 s (sls0 09 (oo Sl sl lgn 5 ST L wlIS
e SpBige Sy (s Y ) A Sl am o (S S 0SS S o oo Bl o 4 5 b,
el WIS 0l a0 g Cush) e (7555 et piecs Sladeys (S S a Jlosl 5Ls 5 O(1) L
g g e Syl ) WS Cagh) Soaliys ams oo oLt |y s ol A UK

0, L h(r) = K,000)
di

S o 0 o WIS s 51D



YE-Y o J S
S S S S S S S S S~~~ ~~~~~~~~~

e ]

| ] :
- IR X
1 4
i | |
] { | 4
i | | -
| . ol = |
) | s 8 | v
______ i = Tl 9
| 1
N | 1
L
. ] .
| 2
- | A
i o
1 i -
J : 1 1
1 — | )
? B 1
| ]
| !
4 | i
] S - 1
| ]
1
i

L s o el 531 51 ol g (o ol (g0l g5 31 Lo yuSojlasl 5 ) 105 ol sy Loasly o
Lloal 31,90 &yl a8 > agy Jlaml a7 (Sog oSl g (S Sl slpalKiws 3l oolainl cluenl fyogy bl
Wy o0 1 4

WWgd oo Oy 3o Ko sl ded 39,5 5 akies i adg b3 pais slls ol slaosly e
Ot S g le B oo )3 Lol ades balas sled a5 p3¥ Loy Wb 0,58 35 i a8 (6l
4 V8 USs o a5 alfius aling 4 0 n5 i b a1, jslate il sl 0,8 J5uS |, 05
WS o pateine |y S ades o adgs s

o J STy
b wed o p )T Ci Lo b AT pogate slayd Sl ogd o bladdl Jowe (o cis Jol> glpze JolS
Slo plsl ) Jsese sloyuds 5 pol jlad S L bluws! lgie a5 Wil ool 4 ye
Q_g_l..sﬂ_.i}‘;n;,‘_wl,w]&i&io}.s)u..éc,addf‘s;}:‘uo)lswloo;)%.cAb,n\‘)'l45‘5';.5.;
Lol (zg,5 45wl i odg b3 paiz Jold ailg o o adg asly G ool i 0y bt G e
Dl oo Calam oAV b g S b oS (35 4 (S i dlg) Ly
b oleeS 5l S a5 05l oo by, w0 (oo LIS |y cl adgs s SO a5 VP S @ 4z g
il 5 1521 Jolis FRC ((00) o)l ,z J S dils ol Jgl o o 0aiiS oz a0 o o0 e S

ol iy )| G Yoo a5 o0 15 o5lask)
sl 00 00y Las @ cadle by 4T (s )]y ¥ jlid B b csliin ) 0 b el JUSKes JUskY
)O)BS)O‘MAJ;AM‘PID\}?WAS)J)J—V
D5 ol comlive Jlade jo (00 aShgo8 4 als oo oS |y 00 S Sl LS cél o L as s - F

bg a5 oo S las gl Ul jlad 5 wed e plol il ol jo bludl Ljlad il al> o (sl
LaoauSTaz ;0 aS SlweS ol b (94,9 50 )Lad 5l S Cilye a4y 05 o JyuS PRC/T S dil>
JPS 5 ez S Slahe i Laais lae o JLad J oS b mhaw 5 jLid o) ol wigd (oo S
B9l oo plol caisS a3l 295 il by e b mle ma

0diiS oz 5158 5l Coll g ure Hlade (S 1giSy Lol 8 j0 e JLid Sl g 2ol (609,920 sl
ale b s jLid S gle il 51 S ye ams oo Lad YF IS8 oS jshiles 08 0 25 Jsl ad> 50
At 395 & by oy 5 )l S (Sledllal Jlal G Soslasl gl oo S dals> ajlie

oS Jol Al o 5l (2,3 il g wigd (o Jiie (2L Ly (9,8 Sledoe 4 S e (29,5 58
Y ad> o 00 S loa a el 5l g 00 ¥ oals e 00iiS laz olg el ools s 11 855 55 51 (6 lade LxiT o
JrsS b led 5 mlo mhaws 35 50 088 (0 0,050 Jhuald] 5 SYL (SWil jlid com 5 y0 g asdl JLa!
595,85 o 5,5 ojluil ol i [Lid BB L g j5lid £ 5l Vgans a5 (5,05 o3l Lawgs aylo prlans 098
adg s 4y (6995 (20 JS a4 et | 03 leile Bl mhaw J S 0sd o JLo)JLRC J s o

JLasl 055 e 0dil g g 3,105 golamdl 5, 15 13 ol i3T5I YL (Sail (35w (g, 55 Led
Gl e alads (e 40 Lid Sl &g 10 a5 bmil 510 S o Djgo jehad sla Ayl by Jme 4 58
oo ooliinl WS o Jos Glojen jelay a5 jLid S adls Vol S ol Bl g 00,5 365 35 (5,0 A
e 59)5 e g 2o (oo ) (g sl S (293 et PRC ol il 550 50 )Lid 2l 090 o 1050
= pa ad e (29,5 I el gl J 1S 8 PRC pgs ail> Jlo (nl)s 058 (o0 35w Is2
YU Jlss as g cplil o 09, YU (350 J3 [Lad b wiS (o 3,5 0053 (35 S350 4 518 (g ,lie g alas
D5 (oo SbopSd P )l gt b g v (o0 s3le Sl 4 g jLid ()



YooY faio S

Sl %040 Lo sgie jolay 00 S laz ds (534,35 dlge JS ds )0 Slge (S35 Cad 5 3MIN Glwl (04,5 4

| sacns las

| S T L et 8 A bt o
] [ 8 ] 1 i} &
1 s L tlylay sauaSlas ole) dainbe
FENNCCT g KT
- -
1
PID —p
2/3s+1 v
Step PID a 7w (%
1 0.4
NEREN NN
7s+1 4st1
2 4 2+2+3
cct ; ; 1_
=95 S
o 3
g ]
—>
Scope

Sxieo JusYo-Y

Column distilation ki z, C

byl ol oo JUto gl dipd s by s50Ss 31 Sgliie s Sl b gyl 30 S g3 ko g1 50
J$l192°C Mie &)l a )0 40 0,5 laz o2 51 100°C > ax 0 b ol 511, 83°C g a0 L Josbl
20,5 ooz wle 5l B el 7y 50 el e Ol 4l 5o el by

I%I @ ......... ﬁ .

Nk |
e 2 (3 = 2 g

@ B Rehoiler
“_/

Steam

Condensate

a3 S e S5 i iy oo 4 Byl 35 e 3y T by s 5] e ] Ll
o S, Y Bl a5 oads iy 0ly (o 0,5 5l Bb e ams e Le)S bgle 4y a8 o ls I3 TEboiler ol
S)ly 5o gyl g YL 5l Jlon el s a3l Jopd @l e (o g S5 0 a8
T FBI i Sl e 5l (ph5 055 (o0 0233 (55 50 5 S (oo qile 5 4T 35die (g pguilais
iles oo s |y 3lolaz ansld sl l IS oo S5 |y i YU 4y &5 e le ol 05 oo reflux
S 5 el 5S35 & 230 i TeflUX e ez

o olgo obewl D

Gk 3l s sk 5l pls ols e ame o Lt ) plors 55 G 50 65 ol Sl IS w0l ol Sl S
S oo el M2 jgise |) aend S pin ) (oo Al dond (55, 955 (o0 S5 ML j5ige Lawsgs oS az o
Sloo 35,5 o laz 3y 5l il o olge bl jo aisd e 0aiiS oz o )ly YL 3 b 5l g Glawl Sl e Slge
ol 23¥ Clew] (i5u cols, IS 6l 00,5 (o olewl 4 Koo b s o

Sy anils a5 ol Tton/min vgax 40 Glawl a4 (635,9 dlge 459 ol juercdl]

S5 el 10ton 1 olewl o slge o390

S Y ooy Sae A0S oy M a0 Sloj colt dM/SAIE dons (gole et yow 10M Cloas] b gl alols
oS oz 5l o dlge oy sl o3 loy Se 2MIN vy 00S oz (539,94 bl (9,5 5l olge



TA-Y ke J S
m

Bl oo Sy abaly cpl 5l s Jow sle il
M

ﬂ:Ljas:—

2JH, -H, M+p

o :CﬁHl—Hz = ﬂ

" M+p m M+p

BB e S s awg 4 S ez g el Sl ey 0,95 aly8 a5 048 o alaxMe (V+) alayl
Alwd Al 8 See SIS (635,5 Cules g askd w5 S JUKw LShale alols el ot

A w1 el )y (A
@ ashd e Sl b el Hy (29,5 cles il S Lshale o)L o alols oM askd 5w 4S5 50 )0
G (o ol cwlis o lp 0gd oo Ho® Culbes Jlaie S (5L o alold flos sljl & 0l s m*

Sl &y IS peti b B s s 4ol a0l el S* 4wl |

e Anied

i
f"“-‘—\\‘ -
| a3 J A \ & e Aalad
L] _,‘l' i e g ]
e e - F “
S TR, =
— ...__d_/‘__-.". i h
()
4 SN T—
LR TR ST Fy i PGP

&b (o2 abold S1 ialyl (@
Sl (Kin 9,55 (§9,m5 4 alold o8l cpl ol ool Le)]u,..wasu..sjf) 1,3 31 o Shale g0 oy alold
50,10 (K 9,95 G9y g Hy andad (695, cualies L (V) alal,y 3 Hy onigd 5,9 ashad  >g 5 culses

o JyuSYV-Y
Rolling Mill s,y g Y=Y

aS olaShale lawgs 5,55 0ad o 0dsd (il Setwdly 5 3 (L paaiadl Y5 wolio 0 laan b oyl
T95 50 4500 S5z goante GleShale 5,55 wnl B 50 )0 058 oo plal 05 (o )13 il o 0isd 355 00ls
L ol slgShalé ol GlyShale b 4y S50 zg) 5 0 yeS GLShLE ply za) K il Copanl T )
DS A o donl )0 A5 Wl eaga 1) eole (iilagSS s 005 1S sleStale g oaigd 8,55 cole il gl
205 (o0 B9 OB

ol 5555 ool alzas il J 1S 45 dited = ylae 0igd 9,55 (5 b aByg 2t g Coalies Jole g0 0,68 40

Water coolant headers
@ Shear =
i UU(..UU\IJ Q Q Q Q @ Q Q UU;J‘UUU‘QIUUUUL,
' [Transfer (L_)) 6 ((j 6 6 6 Runout table ©
table

Finishing mill

=23
[alejepogegu) [e]ejejelalspeleqe o]

Reheat furnaces

Roughing stand Coiler

Olpld 5598 30 Cwlis J s \-V-Y
3BT 0,5 50 0eh el 0w b S O g Sl (S 3595 el I s Cualis S Sl 095 50
3555 30 N pS (oo 418 0,8 Cot s Kgd (0 0,5 g 00y Dyl > 600-1200°C slos B 0,6 10 98 s
g (oo 00ld 180,58 S 05 (9 S 0 e
alul, oy culs Shle g )b (2 abold g1 G (e Hy adyl s @b (2s5 §)5 Sl
el (o Sy 5 0.8 05 (b
Hy = f(s,m,Hy) = hy =ags+a,n+aph (10)
(598 e o 51 Ayl 193 Sl 555 45 L 35 (o i 5 g alls s J5 o
D9l J 7S Wb s Gy piiS
4318 092 Caalind ki 5| (LA (g9 9,98 SRl 0
F=CnH ~H,
Az dz e ol (S o Oyl x5 ez 5 B .l 8 5m g wol Hlaie C gl o oS
aS 5 )ls 0929 0,9 oliws 3l Jlasl (59,0 o0 Byb sl eS8 pisew wil i ol >
F=MH,-S)
DBl 5 Ci 055 ey (ke ar b g 25,5 Jade 4z 2 cal 958 oy Jsae Makal, ol 5o el

DT o Casdy (39,5 Calies alal, 9o ol Jolad 5l 0g alss i 5,68 (69,0

F:M(Hz—S)ZCHﬂHI—Hz



voov ERI

.
e
\ / ;
— e y v 1
N ¥

A —— S— |

toaS | oS ! \i:,\
Loes ) A_:_“ ] i'"_“’ \??47,\/1*47 i
MK ay dere L] gl sl L) 1 | M
- T*?—“l“_”_ el M Y

| A

]:;E'n'u:rﬁ;j
1 me

D540 ey AT lang lages W18 L0 g JE2

Position control S Coni gl oo J 58 oo Y-V -V
A cpl b osd el b LeShale s alold ¢ 29,5 Culbrs s gl aS al o)lal 0,55 Cand (o
Ward Leonard s ,Ligz-3)ls i LS J 208 Jgloite glgainn 51 (S el 5o e J 58 pans
bz 932 (oo SgSse bamgi ol Cae s b 95155 ot cnl 5o Zelond ools (lad SKS o oS S
b el ply 9555 So 20
]f(S) _ 1
Vi(s) Ry+Lys

Sl (2] 5g5l55 ki S 5 Sy 2 b it 5155 W 55 8k )
V,(5)= K 1 ,(s)

bl plp zmee)l Gl
V() =V, (s)=i(s)[R, +L,s]

Syl Gle (o0 Azl )0 el Haige (50,5 e b esliie aS e 5 5Ly B, ]
Vu(s)=K, o (s)

Sy g oo Cal eyl Gl b caslii S yome jgliiS e
T,(s)=K,I(s)

Seo JusYa-Y
dasie SNl asad 29,5 Culbs asl (o o)l (Kiws 9,55 olKiws Jgde 44 (V) abaly 300 5,98 (59,05

e bin oL o alo B Ay U
SiL S Leshale o) (o alols 4S50 50 Hi (g0,5 cualied b sl ankad gl 058 (o0 ala>dle ¥ S0 )
Hy* ay g dabad casliess oy Sials S* y LSLIE 6, o adbold 1 5 sl Hy g5 daked coalies
Colid 08 slm 8,5 A Glsee (ol o il (o0 GRS F @ F o9 g9, adlialy oo Jolis
55 el 1, GSLE ALl syl eaks g5
Sl il i Hi ™ @y (60,95 culed STS (o)l (o adlols g1 (o (23 L5999 culd il (2
00,8 Lol Gl b ogd o 00l 5osd S* 4 S (g5 Culbs cois gl an; o HoM 4 >g 5
Sl 5y otz oy Wijsm o0 Mol 000,85 Sis 515 wisd (oo Es S (o0 055 1, 518 a5 Lsale
55 o3l s ojlal aS 010 0929 Vb Ol > a5 g £l Jbu (e jo cpl by Wed S U 0gd (0 0auily
STELIV 1505 45 05 oo ploul SLIE 51 5,00 62e T B Y 6,5 o3l Jae izl 4y amingas |, caslies
OV JS8) S e ooyl 6,5 o3l

g e M 50 338 e b el | ep 5SS



Tension control s, ;o Jiis JusY-YV-Y

D5 (o0 ge SRS Sl pae 0l (g0l Caoal 8 yei a8 s naS S
il oo JSte 1T 05 K55 9 859 59, 2l

80,5 o oyl 0l o b g glogel oo l3E 3 90 0 1Y

b 43,9 0 s (I

095 g Sl ey b LeShale S100d conts b (1uiS 0,98 (29,5 sla 4859 aits o) b s sl

V) DY RUNRRVRUE ST SRt SPRVEL g A

i o Bl 5 S pas i s Jloel (558 05 ool (Sl b abord Slbae b 45 59, (55

S8 Sl 5o e oS 49 5l (a3 1285 I 5 Jlow) SVl slge plgs (o |, b a8)9 005 (oo S

S9b (oo 0t Shale Sz 90 4B)5 (B )l LShE (pw il 5 2 b dslie ) 08 L (sap2 3l

sl 18 cpl 5l Sem alal ) ol oo Jsb obsjl 0o )ly (59, b el 48,5 Hooke S'gn 68 5.1
dT=#dl

g bocul e n¥l Jo E g adyg ahaio gl A L Jsb peis dl oSalé g0 oy dloli 1 ) 4o a5
L el s sl Sl g 51 3b b wcas] K255 dO1 85 1Y S5
dll =rd91
A ol i GSIale a8 (050 s 23 b g0 Sl 5 51 (35 s yendS el G,
dlz :rd92
1 ol i Al oo s 09 (o 5 Sl o9 5l o3 Jsbs e 057 5
dl =dl| —dly = r(d6, —do,)

syl msyly o e J5aS, foaes =4 JSE
o(s) 1
T,(s) B+Js

Ols o0 55 V) U8 Bllae S p JUS 6l s Cnl e (oo (LA ) e ISy Sl JSC8
2,5 ool

o 3o Sabads iU Casl Gl 65y s ] 59 95 Gl Sl et S (BT 0> & IS (2> s
JB (Slse oy cols a5 s LIRS g La/Ra (S Sl il sloinli ol cawss VE (les 5 5kl b0 .5
ol Va0 e 5SS pew 5 ¥ a0 des S ST piw a5 0 it pladl LB S oS




Y-y o J S
S S S S S S S S S~~~ ~~~~~~~~~

S 55 031l

IS 50 Slies s 3t (6,25 ojlail 4 (63hs ol 00ld sy a5 (LS ol el u€ by 0
S o3l sl 05 (oo plaml (2l o )0 )5 Gal 05 (65 0301wl o] e (S s
s Sale (i nS sy Bl 0 0ed (oo oolaiwl sl oad ool Las VO S jo a8 Shale Sl nS
o Jloiml Sl aliee slp SBhsl 5 o5 > il 0 polie 5,08 Sbml sl 18wl (o0 o508 (IS
oW

o g eidiens .

e oo \ LI}

:I/"" "\‘;

e N,

L O e L L R

g oly oo Sl 1y 15 ojlsl Juw
2cos p.T(s)

ms? +bs+k

mx +bx +kx = 2T cos p = x(s) =

gs—")—‘-'-*-“—ﬂ‘-bul&‘r‘-‘-'l-‘@“jl)uPA‘]s‘w“*—ﬂ‘l‘u&‘wdﬁfﬂ‘*l@yws‘”
el 0als aings 2TCOS(P) & jg0 4 (63508 (59, S

bassld lp gylaxsl pdhe A=Y

L8 ol aied se solainl LISy jo a8 (g lass ] (WSDe 3l Lan

FC Flow control calculation
PIC Pressure measurement indicated (displayed) for the operating personnel and used in
control calculation

e LAH Level measurement used for signalling an alarm when the level exceeds a high
limit

e TS Temperature measurement used to open/close a switch that could shut down plant
operation on a dangerous condition

e AC Analyzer control calculation; the specific analysis is usually indicated just outside
the bubble (e.g., p for density)

D5 (g0 4z (V) ;0 VA) akal,y ols 3 5]

dr = Aﬁ% #(d) —doy)

xS o 4 alal ool 5|

= A/ 16, - 0,)
il o 55 5 s 09) abl, K=(AED)/1 Gy o5 L

T = k(e - @)

795 99 iy g opl 50 098 b AT/A=0 Jladie (coli T) eyl (1iS gl a5 09 o dzas (V) abayl, 5
IS el sl el Cny STl 5 il 5 858 Shaibio 553 L (V) alal, O1=02 col Sl
3591 iy LeShale (5 S yns oot b il |y (228 S8 oS bl o Js el @ 5 T 5l (s e oo ATV
S b sl M5
S 3 LgShle 5 (S5 ()T )0 85 el s b (sBg, WSBLE (cnd o pos @l Lag (2SS
o IS ol Shle ce il B IeSy 2iS obnl sl pgs Shalé Sy g 098 (o0 J S oollas

OF o) 8
O ) Skl (—\ v Shls
o
N Wen
) — )~

""1-_1 _J_‘ -

by [~ .

'.__LL‘ il | —1-2

S aylanl I |J_,_So;L\.,1i
| i
| |
I .,u;.lh._'._;_).u | _my |

TSP Iy JEEX T L



Y-y faio S

O LT LT PR I TEUE PO TNT &

g |y 09t e o1 o)1y Ci(Kg/m) cdale 3 Q(m/sec) (oo b omlo & e cdale Salus 0

B cble LT ogd (o bgle (55 4 O350 0909 @ale 5 Sl Vsl 5 2ol G350 09,0 o o

S5 (oo Sty cble 1S sln (Shg) ax ol S
=95 50 b 58, Lgol ik (e - 10m 8 L ol ailgtl Gimealx Juls mole gl )| 8wl S
f dy sty IS aBlu s, lsm Lad T3l 4 SEMYMIN (g5 (oo T T ety wle gl &S ¢35
S 1M U jao glas)) s gl a4 15psi b3 Slasin b 15 ojlailx el 15psi sl jLas sl
. 5psi/psi e e b (gob cnlite
Aa,5] Cewsas [ /G 505 @b 5 e ol S1s Sl il
Db ooy mle ol glasl wl s 53m’/min « 8995 20 Sl
I, el Tm glis )| aSl> s 75mP/min o 53mP/min >3 s Sl 90 0 |y G Slej <l iz
S (G A 03,5 (e
Y o oY lguw
2m’ haie oo b g 3500 il 25 2] (G115 055 (o0 0,5 Digile (i 31 0 oS (5058
S 5y V L2M i cbges i) H o o a5 Q=kHA1.2V ala, b cibges |8 S S0l ot
ey U 0t e Jsb 4l VY a8 ol (ol g 0,55 5 0yp5e it el THUMIN (5,508 0 0y
0,985 5 &yl am ol U(T)AT/AE=EQ e g 00 5 ] Oyl az 0 (o abasly 45 (gl 0,55 (5 oy 0,65
0.01v/°C 0,85 L (55 03103l g % .l 400°C
sl oy |y TH (ass @l 5 sy 1y JolS o540 sl il
V24 asb VI o g5, J7u8 Sl 0,55 S35 slrio

- -

Iy

s s
L l---.‘-- - -
e e B " b — R =
tx o .

(Cl Lo S Joms Gogimm e JS2) 05 (o0 Qi | (plond ,9351, o S 7

Sxieo Justo-y
[ S S S S S S S S~ S~~~ S~~~ S~~~ S~~~ ~~ ~~~ ]

First letter Succeeding letters
A Analyzer Alarm
F Flow Ratio (fraction)
H Hand (manual operation) High
L Level Low
P Pressure
5 Speed Swich
T Temperature Transmitter
Y General computation

) ks Y g

(5 S 5Ly B 48 (55 1S alai p4m” plake gl b (e slyls JSB gl ) S s
‘Q:%e(x)\ﬁgifl o= abal, @=10m/sec” 0.06m’/sec >5,5 oo 1.8mM i ety s O glis )| o9
s oo (i loged ]y aBle coaBge 9 R 5ol cuagliie (o alasly 9 XTV abls by § S0, 515 (o alal
el 10 J 208 0540 5

S e [ IV 8 S 5lg 4 elas ] fias g 1S Sk sl

S o i Wi e 3l 4l Lo Vo Gley el g ) o0 L) am s |y s Sealus She

XV Joe sl K 58wy 5 09 Slaid o SIShaol 5 o2 5l 0l 50 a5 03l usgislsw €5 ) b Sl
S0S oo et A5 Jow Yy 5] cenny

Jos cal b 1 Saol 5T (T (ool plow 45 w00 plodl (555550 1) i Jos 5 9l (i el ST
IRCSUPUIF & RFCTIUIY RV SO IPEA SO YA

-
—
—_ % =
1e
—
% T e

P35 P2 olieii ) P ol a5 () JS2) (29,5 99 5 90909 <Sa b )Lid (35 Sy ol f ol F
Syl Caws |y ams LLS,Ipy 4



YA-Y faio S
0.1m’/min 53,5 le (=5 ;51 .l laminar b 55 ;2 5l @lbe 79,5 .conl 0.5m”/min gle >3,
(A5 ooliiwl wilss (oo 5 Aol 13l W aiS sy 1, ¥ S jo ol gl oS s

Q

¥y
function sim1_1
close all; clear all
tspan=[0:.1:80]; a1=4; a2=1;

init=[0 0];

[T,Y]=oded5(@dynamic,tspan,init);

function dhdt=dynamic(t,x)

dhdt=[(1/c1)*(1-(x(1)-x(2))/R1);....
(1/c2)*((x(1)-x(2))/R1-x(2)/R2)];

end

plot(T,Y(:,2))

hold on

plot(T,Y(:,1),'r.")

legend('Tank 2 A=1","Tank 1 A=4"); xlabel('Time’); ylabel("Height’);

end
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Figure 2,10 Step responses and Nyquist curves of the process
G(s) = 1/(s +1)® (solid line) and the three-parameter model Gy.(s)
(dashed line).
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Figure 2.11 Step responses and Nyquist curves of the process
G(s) = 1/(s + 1)® (solid line) and the four-parameter model Gy, (s)
(dashed line).
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Figure 2.14 Graphical determination of mathematieal models for
systems with an oscillatory step response.
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Figure 2.13 Graphical determination of a three-parameter model
for an integrating process.
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Figure 3.42 Resy of the closed-loop system to setpoint and
load disturbances. The graphs show setpoint y,,, process output y,
and control signal u. The controller parameters are K = -0.25,
T=-l,and b = 0.
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Figure 3.40 Control of the third-order system in Example 3.3
using a PID controller (PID) and a more complex controller (CC).
The figure shows responses to a setpoint change, a load disturbance,
and finally a measurement disturbance. The upper diagram shows
setpoint y,, and measurement signal y, and the lower diagram
shows control signal u.
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Figure 3.41 Control of the system in Example 3.4 with PI control
(PI) and with a Smith predictor (SP). The upper diagram shows
setpoint y,, and measurement signal y, and the lower diagram
shows control signal u.
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Figure 4.19 Simulation of a closed-loop system obtained by Haal-
man’s method, The plant transfer function is G(s) = ¢/(s+1). The
diagrams show setpoint y,,, process output y, and control signal .
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1. For proper operation of a Smith predictor, the model of the process must be known with
sufficient accuracy- justify.
2. Explain a Smith predictor scheme used for automatic gage control in rolling mill.
3. A transfer function of a process with inverse response will have a zero on the right half
splane — justify the statement.
4. Draw and explain the operation of a compensator for compensating the inverse response of
a process in a feedback control scheme.
Fermentation (,..55) is a chemical process where sugar, in presence of micro organism breaks
down into alcohol and carbon dioxide. Control of fermentation finds wide applications in
several industries, e.g. (a) brewing, (b) dairy (c) bakery (d) wine. Fig. Q1 shows a typical
control scheme for controlling the dissolved oxygen content in a fermentation process.
(a) Explain the operation of the control scheme. What type of control is it?
(b) Identify the inner and outer loops in the control system.

(c) What types of control would you recommend for the inner and outer loops?
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Fig. Q1 Control of a lermentation process

5. When would you recommend the use of feedforward controller? What is the advantage of
using this control?

6. Draw the general block diagram of a feedforward-feedback control scheme and develop
the transfer function of the feedback controller.

7. What modification of the transfer function of the feedforward controller is suggested
when the obtained transfer function of the controller is not proper?

8. Explain with an example the principle of ratio control. Elaborate with a block diagram any
one scheme for achieving ratio control.

9. Why the controller used for ratio control is normally P-I type?

10. Discuss the advantages and disadvantages of using cascade control.
11. Write down the conditions for maintaining stability of a cascade control system.
12. What do you mean by override control? Explain with an example.
13. What do you mean by split range control. Show a schematic arrangement of this
type of control.
Jlne
s o s 1y Dbl S0 Slge (59 J S ool s 1 S )

W(s) _ 05 Dol o Le ol _
0(s) 145005 B Sl ol bl oo &

Az, £8g.05d oo das b 5b gl a0 ,JL:.J)_» Slge (39 4 (N 055 g0 Jlos! on-off J,;us 6w
o 5 2ol g e g oy (oo olw] @ aiBs G 5l am aS 05, (oo Ui dend (g9, eole SOton/hr el 5L

Ol Qton/hr) (o5 4 Sl jo dlge (59 W T jo a8

Gl &S > > 0 ddan

Vs az sl 4 oS e 9585 708 (5 A S5 it (3T Sl Sl S5 slse (355 menly> (o0
58 d Wb a3 S5y a4z sl g 5k wb Az s oo J S 6345 59

Yo-0



xio JuSTA-D

YA-0

¥Y-0 faio S

S b S AZ09 LA i g, o (o
asS b Js o7 6l Haalman g, 4 i

PO=%4.7 5 436 ¥ ceucid Lo LY az,0 (b y90) wollae Jlis; aS P J S L SP g (0

S oy S5 S5 0 1) (2l g, O o 4l sle 5, SS-1-2
ly lid oo o9 oo U8 Py Wb o jlid oias b plais @0 S, reboiler o H mle o 0
1l fos @b aes (oo plnil 351 518 )Bu pns ;0 &S (JuS b
H(s) =1.6(1-0.55)
F(s) sBstD)

S cslie Joe il b asl Kv= 2.5 50 Jaw s Knm0.5 psifin 8 o3l Jow 51 .o
(S ool (533 9 0500 Cales 955 Iy sl &) Jgoz 5D 0 2k JiuS ZN ) 4 ()
S b S s il sl Tyreus-Luyben s ((Sdsaces 3lo 4t L) (Seaed 4, s, 4
S )0 el g b)) az o | Tu(s) il coles BB a5 oS 25k (o)) 7S kit g, iz
S b anld nl 61 SP gy 4 s S
S aelie ) bl 5 oy 1) g o ol Al sleSeuly ST 6-3

YvV-0



T-5 fto J S

Upper
limit

switch

Fig. 18.2 An Indastrial Logic Control Example

S1.2:
A. Define what is Logic Control system in your own language. Give an example
B. In the context of your example show typical objectives in Logic Control
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Issue Logic/Sequence Control Analog Control

Model Logical Numerical

State-Transition Different ial/Difference Eqn
Simple Model/Easy to build | Complex Model/Hard to build

Infrequent Liable to change
Signal Signal range/status Signal value
Temporal (Timed) sequence (Timed)Function/Trajectory
Property
Control On-off’logical linear/non linear analog
Redesign/Tuning | Supervisory automatic
Open/Closed Loop Open/Closed Loop
Infrequent Tuning needed

Table 18.3 A Comparison of Continuous Variable (Analog) and Discrete Event
(Logic/Sequence) Control

S1.3
A. Of Logic Control and Analog Control which one appears simpler and why ?
B. Can you cite an example system, which requires both Analog and Logic Control?
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S1.4

E. Name three of the most prominent advantages of the PLCs over hardwired Relay Contactor Logic

F. Can you name a single disadvantage in any situation?

G. Do you think the idea of developing programs that look like Relay Ladders is very efficient? If so,
why? If not, why was it pursued?
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e  Logic/Sequence control

e  PID control and computing

e  Coordination and communication
e  Operator control and monitoring
e  Plant start-up, shut-down
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A. The “Auto” PB turns the Auto Indicator Lamp on

B. When a part is detected, the press ram advances down to the bottom limit switch

C. The press then retracts up to top limit switch and stops

D. A “Stop” PB, if pressed, stops the press only when it is going down

E. If the “Stop” PB is pressed, the “Reset” PB must be pressed before the “Auto” PB can be

pressed

F. After retracting, the press waits till the part is removed and the next part is detected

S3.3 A. Note that in step F above, it is important to detect that the part is removed. What

would happen, if this is not detected?

B. What would happen if after Stop PB is pressed, Reset PB and Auto PB are pressed in that

sequence, even if the piston has not been taken to the top position manually?
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S3.4 A. What would happen in the process controlled by the program shown in Fig. 20.2 if
top/bottom Limit switch is stuck closed/open?
B. What would happen in the process controlled by the program shown in Fig. 20.2 if the hydraulic
pump pressure becomes too low to move the RAM?
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* Part sensor: A position switch that detects when a part has been placed. In cases where
proper positioning of the part can take time. One may also consider using manual switch to be
operated by the operator once he is satisfied that the part is properly placed and ready to be
stamped. Here an automated part detect sensor has been assumed.
* Auto PB : A push button that indicates that machine is ready to stamp parts one after the
other in the ‘automatic mode’
* Stop PB: A push button that the operator can use to stop the machine any time during the
time that the piston is moving down. This is needed to avoid stamping a part if any last
second error is discovered by the operator regarding, say, the placement of the part.
* Reset PB: In case the piston has been stopped due to some error condition, it is desired that
the operator explicitly presses this push button to indicate that the error has been taken care
of, and the machine is ready to return to stamping in the auto mode.
* Bottom LS This sensor indicates when the piston has reached the bottom position.
 Top LS: This sensor indicates when the piston has reached the top position.

L 9,5

Hlasle 035l pedle ;8 (29,5 Sl )b L5 3,90 S MM b Stoled oS e 0 (29,5 celosly
» Up Solenoid: Control output that drives the Up solenoid of the electro-hydraulic
direction control valve which in turn drives the piston up.
* Down Solenoid: Control output that drives the Up solenoid of the electro-hydraulic
direction control valve which in turn drives the piston up.
* Auto Mode Indicator: An indicator lamp that indicates that the machine is in ‘Auto’ mode.
e Part Hold: A gripping actuator that holds the part firmly to avoid movements during
stamping
S3.2 A. Can we use corresponding toggle switches, instead for the Auto, Stop and Reset
PBs?
What difficulties may be encountered?
B. For the limit switches, and the part detect sensor, would you prefer mechanical switches over photo
switches for this application? Justify.
C. Propose at least one additional each of sensors, indicators and actuators for the above application and
mention their benefits.
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Figure 20.3 The State Diagram for the industrial stamping press
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Scan S1 T1 52 T2 53 T3
1 A A | I | |
2 1 | A A 1 |
3 1 | A A | |
4 1 | I 1 A A
()

Fig. 21.7 A simple sequence in an SFC (a) and its execution over scans (b)
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Fig. 21.8 Divergece of a selective sequence
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Fig. 21.11 Convergence of a si

Fig. 21.10 Divergence of a simultancous sequence
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Fig 21.5 A step with action logic (a) and a macre-step (b) in an SFC
&l ¥
g Gy bl g baly 5l slacgame bawgs conl (Sos &b
b,las ¥

00,8 o Jlab o aly 5 Jlb et lab aly 35 Bime o] 5l s 5 51 ] Jlab aly Sy 40 asbiy 35
20,5 oo Ju8 82 5 Jld e S1

Fig. 216 Transitions connect steps in an SFC

S4.2 A. What is the difference between a step of an SFC and a state of an FSM?
B. Why action logic is separately indicated from step logic, although both occur in the same step?
C. How is the computation for step logic different from that of transition logic?
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Resetting the SFC to the initial state. o

INPUTS

le—.

BLOCK

Preprocessing

Sequential Processing

Post procesing

Sequential Processing (v
4B SO plosl ol s o 0 e Sx | LT S Lasl i g b sle aly Lais PLC o ol o
Peb oo JUb gom a9 Jld 8 (b aly 05 i S g0 )0 il (o0 8 Slee

Post processing(z

I, 0, g safety interlocks a el p ol (Sow aS 558 oo plnil 25u cpl JSas S5 )0 SFC JoSS 51 ams
IR

0) Slo prile duzme (b Jle
sl ale gib Sljgpl
Part sensor « Auto PB . Stop PB: . Reset PB « Bottom LS. Top LS

5l o le Lazs > 5 kads)s

Up Solenoid .Down Solenoid « Auto Mode Indicator « Part Hold:
Sldes o

A. The “Auto” PB turns the Auto Indicator Lamp on
B. When a part is detected, the press ram advances down to the bottom limit switch
C. The press then retracts up to top limit switch and stops
D. A “Stop” PB, if pressed, stops the press only when it is going down
E. If the “Stop” PB is pressed, the “Reset” PB must be pressed before the “Auto” PB can be pressed
F. After retracting, the press waits till the part is removed and the next part is detected
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Fig. 21.12 Source and Destimation Connectors

S 4.3 A. Identify whether the SFC segments indicated in Figuare valid. If not, justify your
answer.
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a. There is one button inside the garage, and one button remote control.
b. When either of the buttons are pushed the door will move up or down.
c. If the button is pressed once while moving, the door will stop, a second press will start motion again
in the opposite direction.
d. There are top/bottom limit switches to stop the motion of the door when it reaches either of the two
ends.
e. There is an infrared beam across the bottom of the door. If the beam is interrupted while the door is
closing the door will stop and reverse.

f. There is a garage light that will be on for 5 minutes after the door opens or closes.
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Power
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off 6 -
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Fig. 21.18 The State Diagram for the industrial stamping press

State Mo,

— (] - - Wy L=
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Auto Indicator 0 1 1 1 0 |
Part Hold { 1] 1 1 1] 1
Up Sol 1 0 i 1 0 i}
Down Sol 0 0 1 0 i] 1]

Fig. 2119 The Output Table for the industrial stamping press
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Figure 1-33 - Cam-operated Limit Switch
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Fig. 19.3 (a) NO Contact interpretation Fig. 19.3 (b) NC Contact interpretation
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Figure 1-4 - Momentary Pushbution Switches
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Command Input Device
Limit swaich Position Feedback Sensor

Devige

Thumbwheel switeh | Set valued External

Command Input Deviee
Thermastat Temperature Feedback Scisor

Lewvel Device
Phoia cell Position of Feedback Sensor

objects Device
Proximity detector Fosition of Feedback Sensor

[,lhj ety Device
Push bulton Command External

(unlatched) Input Device

Table 3.1 Discrete Sensors
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Master Control Relays (MCR)
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S 1.1 A. Categorise the following sensor systems as Discrete or Continuous
a) thermostat b)clinical thermometer c¢) the infrared sensor in TV sets

B. Categorise the following actuator systems as Discrete or Continuous

a)the trigger of a gun b) the steering wheel of the car ¢) a step motor

bz g > F-7
auS oo il 58 PLC jlas’ auS oo (8 yme 1) LS o 3l (solass 5 Jgox

Type Output Quantity Energy Source

indication

Pressure Ey:irdtlljc

Table 18.2 Example Industrial Discrete Output and Actuation Devices
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S2.2 A. What is the basic difference between Input and Auxiliary Contacts?

C. Design an RLL Program for the following Industrial Problem

Standard relay logic type
Timer and counters
Arithmetic

Logical

Move

Comparison

File manipulation
Sequencer instructions
Specialized analog (PID)
Communication instructions
Diagnostic

Miscellaneous (sub routines, etc.)
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S3.5 A. What would happen if the order&of the. tra;sition, state and output logic blocks is
changed in an RLL program?
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1. A normally closed stop push-button (IN0O1),
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LD  NOT IN1 ENTER IN1 INZ ouT1 |
AND N2 ENTER IV 11 { )
STO OUT1 ENTER | Al i |

OR LD ENTER 11
STO OUT1 ENTER I 1

1. LD IN1 ENTER INT IN2 out |
Z. AND IN2 ENTER Il Il { }

i LD IN3 ENTER " i

4 AND

E.

€.

IN4  ENTER IN3 IN4 |

1 LD NOTINI  ENTER N1 INZ L ot
2  OR IN3 ENTER v i3 i} {1 { r—
3 OR  NOT INB ENTER IN3 INT g
4 LD N2 ENTER I b IE
5 OR NOTIN7  ENTER e i '
§ AND LD ENTER Ty
7 OR NS ENTER #
8 LD N4 ENTER INS
9 OR  NOTING  ENTER |}
1. AND LD ENTER e
1. OR ING ENTER I
12, &TO OUTH ENTER 1
S gy &5 335 RLL (g0 1099 pod
INS ING ouT11e
Il ¥ I
LA} Al .
IN7
¥
Al
INZ
LY
Al

S4.1 A. Name one programming task for which, IL would be your chosen language.
B. Name one programming task for which, ST would be your preferred language over FBD.
C. For whom are the features code reusability and library support important, and why?
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if (temp <= max_temp)
then
cool_valve :=false:
m_vlv = {vIv23 +dbh18) /2;
else
alarm := true;
end_if;

Fig. 21.2 Simple program segment writien in Strucired Texi,
Instruction List (IL) .C
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Fig. 21.3 Simple
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Special Purpose Modules A

Sl Sl Sen ju w5 sleisy glyls e PLC
e High speed counting
e High accuracy positioning
e On-line self-optimizing control
e  Multi axis synchronisation, interpolation
S

5.0 A. Name three major elements of a PLC System
B. What is the need for special purpose I/O modules? Explain with an example
C. What is a communication Processor?

S 5.1 A. What is remote i/0? How is it different from the other kinds of i/0?
B. What are the functions of the blocks named Man-Machine Interface(MMI) and Programmer?
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Low end | High end

[ 24

2i 87

512 048
In-rack analog 'O 24 256

Application  specific  function 8
moedules

Process control loops
Process control channels = 20
Network connection: TCP/IP, |
Muodbus +, Ethemet

Fieldbus connection L] 2
Intermal memory {16-bit words) A2k 176K
Memory extension (16-bit words) | 64K 12K

Table 22.1 Typical Features of high end and low-end processor modules
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Fig. 22.2 Functional hardware organization of a PLC System
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S 5.2 A. Name one application each for which a mini PLC may be appropriate. Provide
justifications for your choice.
B. Why is a special bus extender unit needed for extending the bus over long distances?

owijloy B
el sleoy ;K0 9 /O suijls yy 088 (oo ans L PLC o 5l 4y (S Sgliie (sla & ja8 L aoasjlo
S oo e &yls I8 Tack o a5, (o,ue g Ethernet g JU o S g Fieldbus b bLs )
el 335 8,90 5l battery backup (slyls saijls,y o 5
e Flags (internal relays), timers and counters;

e Operating system data
e Process image for the signal states of binary inputs and outputs.
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o PLC 5 Jlasl oy 5oyl >, )b 4, 24V dc, 12-48V ac/de, 5V de (TTL) or 230V ac
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Gualvanic isolation yes

Output ranges ( rated vaiues ) = il v U...20 mA

33k
100

11 bits plus sign

in pis

Short-circuit protection Ves

Short-circuit curremt  approx. 25 mA (for a voliage output)

+0.25% + 2 LSB
Cable length max. 200m

Linearity in the rated range

Tabie ZZ.4 Typical Parameters for an Analog Output Moduie

iko J S-S
[CE S S S S S S S S S S S S S S S S S S S S S S S S S S SSSS~S~SA~SA~AH
Analog to digital (A/D) converters
Analog multiplexers and simultaneous sample-hold (S/H)
Analog Signal termination
PLC bus ports
Synchronisation

Module Parameter Tyvpe/Number/Typical Value

Number of input 8/16 voltage/current/Pt 100/ RTD
Galvanic 1solation Yes MNo

Input ranges =S0mV to =10 V; =20 mA; Pt 100

Input impedance for =50mV: = 10 M ; =10 V: = 50k: £20 mA :
various ranges (ohm ) 25, P 100: = 10M

Types of sensor 2-wire connection; 4-wire connection for

connections Pi 100

Data format 11 bits plus sign or 12 bit 2°s complement

Conversion principle Integrating fsuccessive approximation

Conversion time In ms {integrating) , ps (successive
approx.)

Fig. 22.5 Analog 10 Module
JUezs 59959
sl adg I PLC 5l (89,9 il (oo PLC (6,00 JuSw s 40 1) 6500 sleadg g mhaw 5099 952
wes oo OLa ) Jluzms (5995 0 Slasie Jga

Table 22.2 Typical Parameters for an Analog Input Module

Module Parameter Typical Values

Mumber of input 16/32
Cralvamc isolation Vs
Mominal input voltage + 24V DO
Input voltage range

= 0" signal TV
= 1" signal T3V

Input current Typically inmA

Delay Typically inps

Maximum cable length Typically within 1000m

Table 22.3 Typical Parameters for an Digital Input Module

S 5.3 A. Why so many types of analog inputs have been provided for?
B. How to select between integrating and successive approximation converters?
C. What is the significance of the input ranges for digital input modules?

=95 0p D

S oo W8 1) kS e PLC (o295
1. Solenoid Valves - logical outputs that can switch a hydraulic or pneumatic flow.
2. Lights - logical outputs that can often be powered directly from PLC boards.
3. Motor Starters - motors often draw a large amount of current when started, so they
require motor starters, which are basically large relays.
4. Servo Motors - a continuous output from the PLC can command a variable speed or
position to a servo motor drive system.
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S5. 5 A. Name two advantages and two disadvantages of using a function module for an
automation application

B. Based on the illustrative figures given for the counter module, determine the maximum possible
timing interval that can be programmed on the counter module.

C. Describe the meaning of the various counting modes of a counter module

D. Consider a position control application. Describe the options for receiving feedbacks for the loop
controller for this application
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Module Parameter Typical Value

1.Mumber of outputs 16/32
2.Galvanic isolation yes

Rated value of Supply voltage + 24V DC
Permissible range 20-30V

Max. output current for 17 signal (.3 A
Short-cireuit protection Yes
100/11/2 Hz ( at

Max. switching frequency for

resistive loads, lamps, inductive 03A)
loads, respectively, in Hz.

“07 signal level max 3V

*1" signal level max. Ve 15V
Max. cable length (unshiclded) 400 m

Table 22.5 Typical Parameters for an Digital Output Module

S 5.4 A. Determine the significance of the following specifications for an analog output module:

a. Load resistance b. Linearity c. Conversion time

B. Determine the significance of the following specifications for a digital output module: a. Max.
switching frequency b. Shrot circuit protection
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e Count mode binary or BCD coded
e Count once or cyclically
e Count on rising or falling edge

e  Count up or down
e Counting of internal clock or external pulses

-5



¥f-5 o S
PLC a5 0520 05 oo 1y2] culi 090 b a5 S 1121 0.5 & jg0 (9,50 3L 1zl a8 ol e ol

S2.1 A. What are the different modes of execution?
B. Which is the most common?

C. State for each of the others, when these are to be used.
D. Give examples for your arguments if you can
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Binary or Logic functions
Numeric or Arithmetic functions
Program control functions and
Other statements
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Fig. 1%.1 The eyelic execution of PLE Programs
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e K1 Main contactor Open

e K2 Main contactor Close

e S (n.c. contact) Limit switch Closed

e S2 (n.c. contact) Limit switch Open

e Bl (n.o. contact) Infrared motion detector
outdoor

e B2 (n.o. contact) Infrared motion detector
indoor

Limit swibch
Do open

Limit switch
Door clased

ot atan A0S 5 diugs 5 o jpein 5| SealasAL S1.1
a) thermostat : Discrete b) clinical thermometer : Continuous ¢) the infrared sensor in TV sets : Discrete
falind dwnS slaS g wngn 1) LS e 5l SlasB.

A) the trigger of a gun: Discrete b) the steering wheel of the car: Continuous c) a step motor: May be
considered Discrete or Continuous depending on the mode it is used. If it is used in the incremental
mode it may be thought to be discrete (clockwise/anticlockwise). If it is used in the slewing mode, it
may be considered continuous

Sy o 7S sl JieA ST 2
Ans: The example of a die press, However, try to give your own example.
B. In the context of your example show typical objectives in Logic Control
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e Offline program generation: First you develop your applications at your desktop.
e Simulation of your circuit: You simulate the application in your computer and test
whether or not it functions properly before the circuit is actually put to use
e  Generation and printing of a block diagram
e Saving the program to the hard disk or other storage media
e Program transfer
— from the LOGO! to the PC
— From the PC to LOGO!
e Reading the operating hours counter
e  Setting the TOD
e Summertime/Wintertime conversion
http://www.ad.siemens.de/logo/html_00/softcomfort.htm
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Staircase or corridor lighting system
Ventilation system
http://www.ad.siemens.de/logo

Automatic door
Rainwater pump
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Otherwise the indicating light is switched off. The function “lamp test” can be carried out with the
signal “plant in operation”. At signal status “1” of this signal the indicating light is either permanently
on or is flashing.

Hints: The total logic control is primarily made up of 4 elements

_ Scan, if at least two fans are funning.

_ Scan, if no fan is running

_ Scan, if only one fan is running

_ Summary of all three scans and logic control with the signal “plant in operation”

S3. 2 A. Can we use corresponding switches, instead for the Auto, Stop and Reset PBs?

Ans: The only difference between PBs and switches is that a PB is assumed to be released
automatically, while the switch is not. However, since the transition logic does not remain on for more
than one scan cycle, in this case, it does not make a difference whether these are PBs or switches.

B. For the limit switches, and the part detect sensor, would you prefer mechanical switches over photo
switches for this application? Justify.

Ans: Mechanical switches would be preferred here, since these are much more rugged.

Turning these on and off does not cause any problem for the ram which is hydraulically powered.

C. Propose at least one more each of sensors, indicators and actuators for the above application and
mention their benefits.

Ans: A hydraulic pressure sensor may be used for sensing the pump pressure before turning the
machine into auto mode. This would be useful, particularly if the machine is run in auto mode for long
intervals with robotic material handing equipment for part placement and removal. A fault indicator is
also useful to indicate any deviation from normal cyclic operation. In this example, the electric power
switch is always assumed to be on. One can add a contactor (actuator) to switch the power on, from
state 1.

S3. 3 A. Note that in step F above it is important to detect that the part is removed. What
would happen, if this is not detected?

Ans: The same part may be stamped many times, before it is removed.

B. What would happen if after Stop PB is pressed, Reset PB and Auto PB are pressed in that sequence,
even if the piston has not been taken to the top position manually?

Ans: If reset PB is pressed the process would move to State 1. However, pressing the auto PB would not
take it to State 2, since UP Limit switch would not be made. At this point the process would deadlock
unless the piston is taken up manually. After it moves up, if the Auto PB is pressed, the machine would
move to State 2.

S34
A. What would happen in the process controlled by the program shown in Fig. 20.2 if top/bottom Limit
switch is stuck closed/open ?
Ans: If the top LS is stuck closed, the Down solenoid would not be would off even if the piston comes
to the bottom position. The piston would push the part to be stamped, but would not go up as desired
during normal operation. Similarly, if the bottom LS is stuck closed, the piston would never come to the
bottom position, since, the moment it would come to state 3, it would exit to state 4 and thus the UP
solenoid would be on. One can similarly argue for the stuck open case.
B. What would happen in the process controlled by the program shown in Fig. 20.2 if the hydraulic
pump pressure becomes too low to move the RAM?
Ans: The Up solenoid would be switched on, but the piston would not move. Thus the system would be
deadlocked in state 4.
B. Mention any one disadvantage of a formal modelling approach, if you can think of it.
Ans: The formal modelling may lead to more number of rungs in the RLL program compared to one
that does not use it. Consequently the memory and execution time requirements would be higher.
However, these are not significant drawbacks for present day PLC speed and memory sizes.
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Ans: The following are valid control objectives for the die press example.
1. When MCS is off Up_lamp should never be 1
2. Every transition of the Up lamp signal from 0 to 1 should be immediately followed by a transition of
Dn_lamp from 0 to 1
3. Up_lamp and Dn_lamp can never simultaneously be 1, although they can simultaneously be 0.
Such statements are specifications in the sense that the logic controller must ensure that they are
satisfied in the controlled system.

ot yools plaS atwgn 5 oy JyS oo A S 1.3
Ans: Analog Control is more complex than logic control. This is because of the fact that logic control
models are captured by simple state transition systems containing only a few states. The state space of
an analog control system is in infinite. The dynamics can be far more complex than simple state
transition systems. Factors such as disturbances must be considered, unlike in logic control
B. Can you cite an example system, which requires both Analog and Logic Control?
Ans: There are many examples. In a variable air volume air conditioning system, the cooling water
temperature is controlled by on-off control of the chiller, while volume of air is controlled by analog
speed control of the fan. In a CNC machine the speed of the spindle is controlled by analog means,
while auxiliaries, such as coolant flow are controlled by PLCs.

s |y gl glaskl s PLC lymse 557 A S1. 4

Ans: 1. Programmability 2. Ability to incorporate complex control 3. Expandability, among many
others.
B. Can you name a single disadvantage in any situation?
Ans: For very simple and small systems such as power distribution control a relay based control panel
may be a cheaper solution.
C. Do you think the idea of developing programs that look like Relay Ladders is very efficient? If so,
why? If not, why was it pursued?
Ans: It is not efficient. It was pursued, because when PLCs were developed Plant Engineers were more
conversant with Relay Logic. So the language was introduced for ease of understanding of Plant
Engineers.

A 5 cages SoalaS Saiian plaS asli p slp>l @glize by, Y EF S 2.1
Ans: Cyclic, Interrupt Driven and Clock Driven, The cyclic Mode is most common

Ay P S oSl G

Ans: The interrupt driven mode is to be used for those tasks that need an immediate response during any
time of normal execution, but as such are sporadic. Clock driven modes are used for those tasks which
have to precisely synchronized with time relative to some defined clocks.
H. Give examples for your arguments if you can
Ans: Emergency Shutdown/Alarm Tasks are programmed using interrupt driven modes.

Communication tasks to supervisory computers for say trend updates can be implemented with clock-
driven tasks.

S 2.2 A. What is the basic difference between Input and Auxiliary Contacts?

Ans: Input contacts correspond to physical devices that can be asserted either by external agents or by
the process itself for feedback. Auxiliary contacts are basically memory locations storing intermediate
logical results and do not correspond to physical devices.

B. Design example of Fan monitor

Ans: In a controlled plant three fans are to be monitored. If at least two fans are running, the indicator
light of the monitor is permanently switched on. The indicating lamp blinks slowly if only one fan is
running (with 0.5 Hz) and rapidly (with 2 Hz) if no fan at all is on. the monitor is only active when the
signal “plant in operation” signal status “1” is activated.
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Ans: CPU, I/O Modules, Communication Processor

B. What is the need for special purpose I/O modules? Explain with an example

Ans: Some i/o operations like high speed counting of shaft encoder pulses to measure speed is very
computationally intensive. Therefore to free the CPU from this load, so that other control logics can be
computed, special i/o modules with dedicated processors for the task are used.

C. What is a communication Processor?

Ans: It is a special processor that handles all communication related tasks with other supervisory
systems.

S 5.1 A. What is remote i/0? How is it different from the other kinds of i/0?

Ans: Local i/o, as contrasted with remote i/o is where the field terminals of the PLC i/o modules are
connected directly to the field devices. Each channel carries data that is not multiplexed. On the other
hand for remote i/o, multiplexed data for several field channels is sent in multiplexed form to a remote
i/o device that demultiplexes and transmits data for each field device to it, with or without data
conversion and signal conditioning. Local i/o may be analog or digital. Remote i/o is always digital.
Remote i/0 is used to mainly to save on cabling of individual data channels from the device to the PLC
rack.

B. What are the functions of the blocks named MMI and Programmer?

Ans: MMI is an acronym for Man Machine Interface. Generally PLC modules do not have faciities for
visualization. However, if needed, one can connect a special MMI device like a terminal or a printer and
visualization of process outputs and their transitions. Similarly, a programmer is another device which
facilitates easy development, debugging and monitoring of programs through graphical interfaces. The
developed programs can be compiled and downloaded into the PLC memory. Programmers are
available in table-top PC based as well as handheld versions.

S5. 2 A. Name one application each for which a mini PLC may be appropriate. Provide
justifications for your choice.

Ans: A typical example would be a CNC machining Centre. Typical i/o requirements for such a centre
would be less than 100 channels. The number of channels are going to be more or less fixed.
Communication, visualisation and programming requirements are non trivial but not extensive either.
Therefore, neither a full PLC rack, nor a compact PLC is suitable.

B. Why is a special bus extender unit is needed for extending the bus over long distances?

Ans: That is because for long distances, the capacitive loading of connecting cables increases
significantly. A much higher value of capacitance therefore needs to charged and discharged at a high
rate, without causing signal voltage degradations. This requires much higher current driving capability
and thus necessitates a separate driver module.

S5. 3 A. Why so many types of analog inputs have been provided for?

Ans: So that the user need not face the trouble of signal conditioning for most of the common sensing
devices, such as those providing voltage or current outputs, resistance sensors, thermocouples. These
can be easily interfaced with the input modules directly.

B. How to select between integrating and successive approximation converters

Ans: For integrating ADCs conversion is the slowest with conversion times in the range of several
milliseconds but can be very accurate. Successive approximation types are a thousand times faster, are
now available with good accuracies and therefore are suited to most applications and are popular too.

C. What is the significance of the input ranges for digital input modules?

Ans: The wide input voltage ranges and the wide separation of the ranges for 0 and 1 signal levels has
been designed to ensure reliable data transmissin in possibly very noisy industrial environments.
Obviously power levels for signals drivers have to be very high to maintain these levels but is not a
concern here.
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C. Mention any one advantage of a formal modelling approach, apart from the reduced risk of
programming errors.

Ans: It is much easier to modify an RLL developed following the formal method.

S3.5

A. What would happen if the order of the transition, state and output logic blocks is changed in an RLL
program?

Ans: If the transition block is not put first, there would be an unnecessary delay of one scan cycle in
turning on the state. If the output block is put before the state logic there would be a similar delay.

S4.1
A. Name one programming task for which, IL would be your chosen language.
Ans: Consider a triple redundancy voting logic for 3 digital sensor inputs, for tolerance against sensor
failures. The logic aims to select the three desired bits corresponding to the sensors from an input word.
Then it evaluates a Boolean function that implements the voting logic (the exact Boolean logic for
voting is left to the learner as an exercise). Note that all the above involve bit-operations on binary data
types and are therefore easily and efficiently implemented using assembly like low-level languages.
Hence the preference for IL.
B. Name one programming task for which, ST would be your preferred language over FBD.
Ans: Consider implementing a custom fuzzy-logic based PID controller. Since the controller involves
logic and arithmetic based on real-valued data, RLLs are clearly not suited. Neither is IL, since the
computations are complex and algorithmic in nature and based on real-valued data. Thus ST is the best
suited for implementation of this algorithm
C. For whom are code reusability and library support important, and why?
Ans: These are very important for developers of control algorithms. This is because a proven library of
routines of routines not only lead to faster development of control programs, they also lead to a better
quality program in terms of a cleaner and more readable and reliable code.

> ;3 SFC 4 FSM (0 51 A S 4.2

Ans: A step of an SFC denotes a computation module which gets executed cyclically, as long as the
step is active. A state of an FSM is an instantiation of the values of its state variables. Note that a step
in the SFC can represent a possibly cyclic subgraph of an FSM through which the FSM moves during
the time the step is active. In the simplest case, a step of an SFC represents one state of an FSM.

B. Why action logic is separately indicated from step logic, although both occur in the same step?

Ans: The computation within a step can be of two types, namely, those that update internal state
variables other than outputs and those that update the outputs which are exercised on physical outputs.
The second type of computation is named action logic and explicitly indicated at the steps. Since the
physical outputs are of final importance, these are separately indicated for each step.

C. How is the computation for step logic different from that of transition logic?

Ans: Systems are supposed to spend time in the states. Transitions are instantaneous and merely
indicate conditions under which systems change from one state to another. In an SFC, at any point of
time, a number of steps and transitions are active. However, the computations of the steps can update
output variables in the action logic while the computations in the transitions cannot.

S 4.3A. Identify whether the SFC segments indicated in Figs. 21.13-21.15 are valid. If not,
justify your answer.

Ans: a. The SFC in Fig. 21.13 is invalid because a backward jump connects the two states S3 and S1
without an intervening transition. This is illegal. Any two steps in an SFC must contain an intermediate
transition.

b. The SFC in Fig. 21.14 is invalid because there is a jump into one of the branches of a simultaneous
sequence. This is illegal, since the steps in the other branches of the simultaneous sequence are
indeterminate.

c. The SFC in Fig. 21.15 is valid.
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S 5.4 A. Determine the significance of the following specifications for an analog output
module:

a. Load resistance b. Linearity c. Conversion time

Ans: The significance of the specifications are described below.

Load Resistance: Decides the current drive capacity that needs to be provided on the output module
Linearity: Basically works like an accuracy specification between the digital value and the analog field
level output.

Conversion time: Added to the control computation time, decides the lower bound on sampling time that
can be used for control.

B. Determine the significance of the following specifications for a digital output module: a. Max.
switching frequency b. Shrot circuit protection

Maximum switching frequency: Decides the speed of the control application. However, for inductive
loads, the switching frequency depends on the power sourcing and sinking capabilities provided on the
module.

Short circuit protection: Since the load being driven may be shorted, this feature is essential to protect
the module from damage.

S 5.5 A. Name two advantages and two disadvantages of using a function module for an
automation application

Ans: First advantage is that the main processor computational burden is reduced significantly. For
example, for a control function, that main processor only has to supply the set point and not compute the
control input every sampling time. The second advantage is that the application program developer does
not need to be concerned with the fine details of a control algorithm for a specific application such as a
precision positioning. One of the disadvantages is the additional cost of such a module. The second
disadvantage may be that the functional module may prove to be a constraint if one is interested in using
a different control algorithm for the application.

E. Based on the illustrative figures given for the counter module, determine the maximum possible
timing interval that can be programmed on the counter module.

Ans: The maximum timing interval that can be programmed on counter, for the data of 5 cascadable 16
bit counters, is, the half clock period divided by 2%.

F. Describe the meaning of the various counting modes of a counter module

Ans: The meanings of the modes are described below.

Count mode binary or BCD coded: Refers to the code using which the count values propagate. Codes
may be chosen depending on requirements of other software/hardware modules that interface to it.
Count once or cyclically: Refers to whether the counter should stop after reaching terminal count or
would reload the initial count and restart counting.

Count on rising or falling edge: Refers to the edge that increments/decrements count value.

Count up or down : Self explanatory

Counting of internal clock or external pulses: If the counter increments by internal clock, it becomes a
timer. It would generate output after a fixed time interval which depends on the clock frequency and the
number of bits in the counter. With external pulses it counts the number of pulse events in the field.

G. Consider a position control application. Describe the options for receiving feedbacks for the loop
controller for this application

Ans: The options for feedback depend on the sensors used in the drive. If the position sensor used is
analog, like a resolver, a potentiometer or an LVDT, then an analog input channel has to be used. On the
other hand, if the sensor used is a shaft angle encoder, then either a digital input channel is to be used, in
which case, the pulse counting has to be done by the module. Else the encoder channel can be interfaced
to a counter function module and the count value read from it via the bus. Similar arguments apply for
the speed feedback input, if any.
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A. Can you draw an inlet pressure flow characteristics of the ball type check valve?
B. What should be the nature of the spring used in the check valves, hard or soft?
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S 2.1: A. Can you give an analogy of the force amplification in hydraulic system from an
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A. In Fig. 27.7a, what is the position of the valve when there is no pressure at both the pilot ports?

B. Is it possible to connect directional control valves in series and/or parallel? Can anything be achieved
thereby? Are there conditions in which this is possible?
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S2.4 :A. Why do gear pumps usually operate at comparatively low pressure?
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A. Consider two types of variable speed drives. In the first one an electric motor with a power electronic
servo drive is directly coupled to the load through a mechanism. In the second one an electric motor
with a constant speed drive drives the pump in a hydraulic system which provides the variable speed

drive to the load. Which one of these two is more energy efficient?
B. Why is stalling an electric motor is likely to cause damage? What can be done to prevent it?
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A. What would happen if orifices of valves are blocked by, say, a metal chip in the hydraulic o0il?
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S 3.1:
A. Can you imagine what would happen, if the check valve was not present?
B. How would you modify the system if you wanted to unload pump B instead of pump A?
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7 Name two functions of an accumulator.

S1.1

A. Can you draw an inlet pressure flow characteristics of the ball type check valve?

Ans: Let a positive pressure drop correspond to the forward flow direction. Then, because of
spring force, a minimum positive pressure drop would be needed to establish full flow.
Similarly, below a minimum pressure drop, no flow would take place. For negative pressure
drop, the flow is zero.

B. What should be the nature of the spring used in the check valves, hard or soft?

Ans: With a hard spring, because of spring force, the minimum positive pressure drop needed
to establish full flow would be high. Therefore the spring should be soft, only ensuring that
when the pressure drop across the valve is very small, the flow is cut off.

S1.2

A. In Fig. 27.7b, what is the position of the valve when there is no pressure at both the pilot
ports?

Ans: The valve shown is a two-position four-way valve. The spring symbol indicates that if
no pilot pressure exists at either port, the position is determined by the spring. Since the
spring is shown at the left, the left box shows the position of the valve when pilot pressures at
the ports are zero.

B. Is it possible to connect directional control valves in series and/or parallel? Can

anything be achieved thereby? Are there conditions in which this is possible?

Ans: The valves can easily be connected in parallel, provided the pump is capable of
delivering the required flow. In case they are connected in series, the tank port of the first
valve is connected to the pump port of the other. For two position valves this is possible.
However for three position valves, for independent operation of the two loads, the valve
should be open center type, that is the pump and tank ports should be connected. If these ports
remain plugged then independent operation of loads would not be possible.

S2.1

Can you give an analogy of the force amplification in hydraulic system from an electrical
system?

Ans: The electrical analog of force is voltage. Both are called across variables, while the
electrical analog of flow rate is current, both which are called through variables. Note that the
product of force and flow rate is power as is the product of voltage and current. Thus the
analogy of force amplification is voltage amplication as can be achieved by transformers.
S2.2

A. Consider two types of variable speed drives. In the first one an electric motor with a power
electronic servo drive is directly coupled to the load through a mechanism. In the second one
an electric motor with a constant speed drive drives the pump in a hydraulic system which
provides the variable speed drive to the load. Which one of these two is more energy
efficient?

Ans: The first one is likely to be more efficient. This is because the overall efficiency of both
the systems would include the efficiency of the motor and the efficiency of the final
mechanism that connects the load with the actuator, such a gear or a ball screw. However, the
hydraulic system would further involve the efficiency of the pump and cylinder as well as that
of other speed control equipment such control valves. For the first system this would involve
only the efficiency of the power electronic converter, which is likely to be higher. Thus the
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A. Why are lines connecting C to D and D to E marked in dashed lines?

&b s
1. Explain with a simple sketch the principle of operation of a flapper nozzle amplifier.
2. Sketch the input-output characteristics of a flapper nozzle amplifier.
3. What is the function of air relay in pneumatic control?
4. What is the major advantage of using a flapper nozzle amplifier in closed loop?
5. Explain the construction and working principle of a direct acting type pneumatic valve
postioner. What are the limitations of this type of positioners?
6. How can you convert a 4-20mA current signal to a 3-15 psi pressure signal? Explain with a
schematic

o e
1. Discuss the construction, advantages and disadvantages of a double-seated control valve.
2. When would you recommend to use an air-to-close control valve? Give an example.
3. Sketch and discuss the plug shapes and ideal flow characteristics of three different types of
control valves.
4. How does the friction loss of a pipeline connecting the control valve affect the flow
characteristics of the valve? Explain clearly.

IS VU PRV JPS S
1. State Pascal's Law
2. Name several advantages of a hydraulic system
3. What makes petroleum oil suitable as a hydraulic fluid?
4. What determines the speed of an actuator?
5 Name four primary functions of the hydraulic fluid.
8. Name three functions of the reservoir?
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lesson is that hydraulic systems are not used for their energy efficiency, but rather for their
small size, high power handling capacity and ease of control under high loads.
B. Why is stalling an electric motor is likely to cause damage? What can be done to prevent
it?
Ans: Stalling an electric motor reduces the back emf in the motor to zero. Therefore very
high current flows in the motor causing thermal damage. To prevent such damages, current
control techniqies are applied in all motor drives which sense the current and reduce the
motor terminal voltage whenever the current exceeds its limit. In other cases, where such rise
of current is considered to be due to fault, over current trip mechanisms are employed that
switch off supply to the motor.
S23
A. What would happen if orifices of valves are blocked by, say, a metal chip in the hydraulic
o0il?
Ans: Immediately the pressure difference across the hydraulic cylinder, which moves the
cylinder against load, would be neutralized. Thus the load motion would stop. At the same
time the pressure difference across the jammed orifice would rise. Sometime this resulting
force can dislodge or shear the chip that causes the jam.
S24
A. Why do gear pumps usually operate at comparatively low pressures?
Ans: The load imposed by the drive shaft depends on the operating pressure. By construction,
this load is unbalanced in the gear pump and therefore, considerable side loading on the drive
shaft exists. To limit this loading, operating pressures have to be kept low. Note that due to
the symmetry of the inlet and out let ports such forces do not arise in balanced vane pumps.
S 3.1
A. Can you imagine what would happen, if the check valve was not present?
Ans: Then, if the setting of the relief valve C is reached, both pumps would have unloaded.
B. How would you modify the system if you wanted to unload pump B instead of pump A?
Ans: Then, a check valve is to be placed between pump B and the system, after the relief
valve D. The relief valve after C would be removed. Finally, the setting of D would have to
be set lower than that of C.
S$3.2
A. Why are lines connecting C to D and D to E marked in dashed lines ?
Ans: Because these are pilot lines for the relief valve.
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SZ. 1 A. Give one example of an embedded system and of one that is not. Justify your examples.
B. Name an industrial embedded system. Explain whether the above characteristics hold for it.
C. Name an Industrial Real Time systems, which may not be called embedded. Explain your answer.
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Fig. 36.2 Typical Embedded System A rchitecture
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Digital Signal Processor (DSP)
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82.3 A. Give one example each of an embedded system that can use a GPP, a microcontroller and a
DSP. Justify your examples.

B. Name one each of commercial versions of a GPP, a microcontroller and a DSP that is used in
industrial embedded applications.

f-A

¥-A

Processor Natapath
Control
| AL |
Controller
Registers
B Bl p
;
| Memory |

Fig, 36.2 The architecture of a General Purpose Processor
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Fig. 36.4 The architecture of a typieal microcontroller named as C500 from
Infineon Technology, Germany
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S3 . 1 A. What are the factors on which the execution time of a program depends on?
B. While a task is executing, is the CPU continuously busy?

C. Suppose there are two mutually independent programs A and B. If only program A (B) executes on
the processor P, it takes tA ( tB) units of time. If these programs are fired simultaneously and run under
multi-programming, neglecting time related to program switching, would the execution time for both
programs taken together be greater than, equal to or less than (tA + tB)?
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82.4 A. State with justification if the following statements are right (or wrong)

a. Cache memory can be a static RAM

b. Dynamic RAMs occupy more space per word storage

c. The full-form of SDRAM is static-dynamic RAM

d. BIOS in your PC is not a Random Access Memory (RAM)

B. Order the following in the increasing order of their access speed Flash Memory, Dynamic Memory,
Cache Memory, CDROM, Hard Disk, Magnetic Tape, Processor Memory
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Fig, 30.9 The typical inputioutput interface Mocks

S2.2 A. State one characteristics each of industrial embedded systems in respect of
Processors, Memory and 1/O.
B. Describe typical i/o organization of industrial embedded systems.
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S3 .2 A. What are possible reasons for which execution time for a can be unpredictable?

B. Why preemptive multi-tasking is such an important requirement for an RTOS?

C. Suppose there are two mutually independent tasks A and B. Let B be the higher priority task. If only
task A (B) executes on the processor P, it takes tA ( tB) units of time. I f these tasks are run under multi-
tasking, neglecting time related to task switching, can the execution time for task A be less than (tA + tB

)?

82 . 1 A. Give one example of an embedded system and of one that is not. Justify your examples.

Ans: The controller for a microwave oven is an embedded system. Its existence is deep within the oven
casing and not immediately visible at all. However, it controls each functionality of the microwave
oven. On the other hand a pocket calculator is not an embedded system although it has very similar
structural characteristics and handles similar kind of /0, like LCD display and keypad. The calculator is
a standalone computing device, which does not have a embedding environment.

B. Name an industrial embedded system. Explain whether the above characteristics hold for it.

Ans: Consider a CNC milling machine controller. The controller is custom designed to control the CNC
milling machine. It cannot be used, as a PC for example. Thus it is single-functioned. It is clearly
reactive and real-time, since it interacts with sensors every sampling cycle. Its design is likely to be
constrained by cost. However, design of industrial systems is less constrained compared to other
categories, in respect of power, size, weight and consequently, memory, processor speed etc.

82 2 A. State one characteristics each of industrial embedded systems in respect of Processors,
Memory and 1/O.

Ans: Processors for industrial embedded systems are generally characterized by a sophisticated
interrupt handling system. This is necessary to support an asynchronous i/o subsystem, that is typical of
industrial i/0 as well as to facilitate a preemptive priority scheduler that is an integral part of an RTOS.
Memory configurations for industrial embedded systems are characterized by the fact that there is
generally enough available memory to preclude a virtual memory system. This is because virtual
memory systems can introduce significant variations in task latencies and are therefore not good reliable
for realtime applications. One important characteristics of industrial embedded i/o is that it involves
both processor driven cyclic i/o as well device interrupt driven asynchronous i/o.

B. Describe typical i/o organization of industrial embedded systems.

Ans: /O in industrial embedded systems can be divided into field i/o and device i/0. Field i/o typically
means signals from sensors and signals to actuators and indicators. These are generally sensed
cyclically, as for every scan of an RLL. Other kinds of i/o involve data exchange with various system
devices such as programmers, MMI devices or communication processors, keyboards and displays.

Finally the last kind of i/0 involves network i/o following standard protocols such as the Ethernet or the
fieldbus.

82 . 3 A. Give one example each of an embedded system that can use a GPP, a microcontroller and
a DSP. Justify your examples.

Ans: A large industrial controller like a rack-based PLC can use a GPP. Motor drive controllers often
use DSPs. A single-loop temperature controller can use a microcontroller. These are chosen depending
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A. Process Management
e interrupt handling
e task scheduling and dispatch

_ create/delete, suspend/resume task

_ manage scheduling information

— priority, scheduling policy, etc

B. Interprocess Communication and Synchronization
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e  Synchronization, coordination and data exchange mechanisms
e  Deadlock and Livelock detection
C. Memory Management
e dynamic memory allocation
e memory locking
e  Services for file creation, deletion, reposition and protection
D. Input/OQutput Management
e Handles request and release functions and read, write functions for a variety of
peripherals
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environmental factors, the execution time of a task depends on the input data set used for the run.
However, this cannot be termed “unpredictable”.

B. Why preemptive multi-tasking is such an important requirement for an RTOS?

Ans: The first reason is that, without it, the concept of priority cannot be implemented properly. Thus
without preemption, a task, that may have started when no other higher priority task was present, can
block such higher priority tasks for long times, thus violating the principle of priority scheduling.
Secondly, with a given computing speed the CPU utilization that can be realised with preemption cannot
be utilised without it. Even if limited preemption, (namely that, only a task waiting for I/O is preempted)
is used, a given set of tasks that is schedulable with respect to their deadlines under preemptive
scheduling, may not

be so without premption. It is for these reasons that it is an indispensable feature for an RTOS.

C. Suppose there are two mutually independent tasks A and B. Let B be the higher priority task. If only
task A (B) executes on the processor P, it takes tA ( tB) units of time. If these tasks are run under multi-
tasking, neglecting time related to task switching, can the execution time for task A be less than (tA + tB
)?

Ans: Yes, because, while task B is waiting for I/O, it would be removed to a waiting queue and task A
would be scheduled till the time the interrupt for I/O completion is received and task B is put into a
ready queue.

A
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on the number of computing tasks, special kind of floating point computational requirements and the
need for a simple system with limited off-chip resource requirement.

B. Name one each of commercial versions of a GPP, a microcontroller and a DSP that is used in
industrial embedded applications.

Ans: 80186 processors have been used in the past to build embedded controller cards. More recently
processors like the Power-PC may be used for industrial applications. Similarly, 8031 processors have
been used for building small industrial controllers. More recently one can use ARM processors to build
industrial embedded devices like intelligent sensors. Texas instruments has a special category of DSPs
that have been designed for motor control (TMS 658030)

82 . 4 A. State with justification if the following statements are right (or wrong)

a. Cache memory can be a static RAM

b. Dynamic RAMs occupy more space per word storage

c. The full-form of SDRAM is static-dynamic RAM

d. BIOS in your PC is not a Random Access Memory (RAM)

Ans: a. Yes, because it is very fast and limited in density; b. No, they have the highest densities among

memory technologies; c. No. it is synchronous dynamic RAM; d. Yes, BIOS cannot be on volatile
memory like RAM.

B. Order the following in the increasing order of their access speed Flash Memory, Dynamic Memory,
Cache Memory, CDROM, Hard Disk, Magnetic Tape, Processor Memory

Ans: CDROM, Magnetic tape, Hard disk, Flash memory, Dynamic memory, Cache memory, Processor
memory

83 . 1 A. What are the factors on which the execution time of a task depends on?

Ans: The execution time of a task can be divided into two types of activities, namely, CPU time and I/O
time. In a multi-tasking operating system a third kind of time is added to this, namely the time spent by
the task in waiting for the resources needed, that is CPU, or I/O. This may depend on a variety of
factors, such as the other tasks running in the environment, priority, scheduling policies etc.

B. While a task is executing, is the CPU continuously busy?

Ans: The CPU is always doing something except during the times when it is fetching address or data
from memory or devices. But since it may require sometime for the device to send the data, during that
time, the CPU may do tasks other than the one for which it requested the device. In this sense the CPU
may not be continuously busy.

C. Suppose there are two mutually independent tasks A and B. If only task A (B) executes on the
processor P, it takes tA ( tB) units of time. If these tasks are fired simultaneously and run under multi-
tasking, neglecting time related to task switching, would the execution time for both tasks taken together
be greater than, equal to or less than (tA + tB) ?

Ans: That depends on the scheduling policy. If the policy is non-preemptive, it will take time equal to
(tA +tB). If it is preemptive, however, it is expected to take less time than (t A + tB).

83 . 2 A. What are possible reasons for which execution time for a task can be unpredictable?

Ans: Basically due to variations in its execution environment. This includes factors such as the other
tasks which are executing at the same time, there priorities related to the task in question, the nature and
frequency of interrupts coming from the environment etc. Note that, even apart from these
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S1. 5 A. Why is closed loop control required for continuous axes and not for PTP axes?

B. What sort of motors, drives, controllers and sensors would you recommend for continuous axis
control?

C. Comment on the comparative requirements of computing speed and memory for PTP and continuous
axis control
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S1.2 A. Comment on the sensing requirements for PTP and Contouring axes

B. Do you think the overall cutting time can be optimized for PTP and Contouring systems?
Are there any constraints to that?
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Identify the meaning of the codes

B. Draw the trajectory of table motion that this program seeks to create.

C. Consider the part program segment given below for cutting a circular arc.
N10GDIXY1;

NiiGO3IXZY5iZii;

Determine the parameters of the circle.
D. Is there any other way of operating machine tools other than by Part programs?

At il ES > 4 gy e LAS G Lasl ool 1) 5 isw ;0 CNC slaas M 5 G
GO0 - Rapid move (not cutting) GOl - Linear move
G02 - Clockwise circular motion GO3 - Counterclockwise circular motion
G04 — Dwell
GO8 — Acceleration

G17 - x-y plane for circular interpolation

GOS - Pause (for operator intervention)
GO09 - Deceleration

G18 - z-x plane for circular interpolation
G19 - y-z plane for circular interpolation G20 - turning cycle or inch data specification
G21 - thread cutting cycle or metric data specification

(24 - face turning cycle G25 - wait for input to go low
G26 - wait for input to go high G28 - return to reference point
G29 - return from reference point
G33-35 - thread cutting functions

G36 - wait for input to go high

G31 - Stop on input

G35 - wait for input to go low
G40 - cutter compensation cancel
G41 - cutter compensation to the left G42 - cutter compensation to the right
G43 - tool length compensation, positive G44 - tool length compensation, negative
G50 - Preset position G70 - set inch based units or finishing cycle
G71 - set metric units or stock removal G72 - indicate finishing cycle
G72 - 3D circular interpolation clockwise G73 - turning cycle contour
G73 - 3D circular interpolation counter clockwiseG74 - facing cycle contour
G74.1 - disable 360 deg arcs
G75.1 - enable 360 degree arcs

G77 - cut-in cycle in x-axis

G75 - pattern repeating

G76 - deep hole drilling, cut cycle in z-axis
G78 - multiple threading cycle

G80 - fixed cycle cancel

G81-89 - fixed cycles specified by machine tool manufacturers

G81 - drilling cycle
G83 - drilling cycle

G82 - straight drilling cycle with dwell
G83 - peck drilling cycle
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Fig. 23.4 Co-wrdinate system for turning

Fig. 235 Co-ordinate system for drilling and milling

S1.3 A. Can you think of one advantage and one disadvantage of the incremental coordinate system
compared to the absolute one?

B. Is there any connection between the choice of coordinate system and the position sensing machine
used for the machine tool?

C. How would you decide on the BLU for systems with position sensors such as LVDTs and resolvers?
D. Is the BLU affected by the motor or the drive system also?
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Fig. 23.7 Structure of 3 block in 3 part program
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S1. 4 A. Consider the part program segment given below.
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Knnn - z-axis center for circular interpolation, or first z-axis spline control point
Lnnn - arc angle, loop counter and program cycle counter

Nnnn - a sequence/line number

Onnn - subprogram block number

Pnnn - subprogram reference number

Rnnn - a clearance plane for tool movement, or arc radius, or taper value
Qnnn - peck depth for pecking cycle

Snnn - cutting speed (rpm), spindle speed

Tnnn - a tool number

Unnn - relative motion in x

Vnnn - relative motion in y

Wnnn - relative motion in z

Xnnn - an x-axis value

Ynnn - a y-axis value

Znnn - a z-axis value

; - starts a comment , or end of block
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G84 - taping cycle

G85 - boring cycle

G86 - boring with spindle off and dwell cycle
G90 - absolute dimension program

G92 - Spindle speed limit

G94 - Feed rate in ipm

G96 - Surface cutting speed

G85 - reaming cycle

G89 - boring cycle with dwell
G91 - incremental dimensions
G93 - Coordinate system setting
G95 - Feed rate in ipr

G97 - Rotational speed rpm

G98 - withdraw the tool to the starting point or feed per minute

G99 - withdraw the tool to a safe plane or feed per revolution

G101 - Spline interpolation

MOO - program stop

MO2 - end of program

MO04 - spindle on CCW

MO6 - tool change

MO8 - mist with coolant

M09 - coolant off

M10 - turn on accessory

M17 - subroutine end

M20 - Chain to next program

M22 - Write current position to data file
M25 - set output #1 off

M26 - set output #1 on

M35 - set output #2 off

M38 - put stepper motors on low power standby

As piile S algs bas M
MOT1 - optional stop using stop button
MO3 - spindle on CW
MOS - spindle off
MO7 - flood with coolant
MOS8 - turn on accessory (e.g. AC power outlet)
MO9 - turn off accessory
M11 - turn off accessory or tool change
M20 - tailstock back
M21 - tailstock forward
M25 - open chuck
M26 - close chuck
M30 - end of tape (rewind)
M36 - set output #2 on

M47 - restart a program continuously, or a fixed number of times

M71 - puff blowing on

M96 - compensate for rounded external curves
M97 - compensate for sharp external curves
MO8 - subprogram call

M101 - move x-axis home

M103 - move z-axis home

M72 - puff blowing off

M99 - return from subprogram, jump instruction
M102 - move y-axis home

Hlasle s o

Annn - an orientation, or second x-axis spline control point

Bnnn - an orientation, or second y-axis spline control point

Cnnn - an orientation, or second z-axis spline control point, or chamfer

Fnnn - a feed value (in ipm or m/s, not ipr), or thread pitch

Innn - x-axis center for circular interpolation, or first x-axis spline control point

Jnnn - y-axis center for circular interpolation, or first y-axis spline control point
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AX (i) = X (i41)= X (i) = (A=1)X (i)~ BY (i)
AY (i)=Y (i41)=Y(i) = (A= 1)¥ (i)+ BX (i)
Vo(i)= K AY (1)
V. (i)=K AY(i)

ced K=aV/R o ;s a5
S2.2 B. How does one choose the value of 0. for circular reference word interpolation?
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S2.1A. Is it possible to have a reference pulse interpolator for a CNC machine with dc drive?

B. What limits the speed of operation in reference word interpolator based systems?
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Fig. 24.9 Control loop of a contouring system
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S2.3 A. Do you think the closed loop PTP system control loop would work for arbitry axis
velocities? Justify your answer.

B. What type controllers would you prefer for a cascade position controller for a contouring system?
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B. Is there any connection between the choice of coordinate system and the position sensor used for the
machine tool?

Ans: Among the position sensors used, the most common ones are the linear optical scales or
inductosyns which directly measure movement of the table slide with respect to the fixed parts of the
machine. The other kinds are the rotary sensors such as the shaft angle encoders and resolvers. The
translational motion of the slide is deduced from these using the ball screw pitch constant. Among these,
the linear optical scale and the rotary encoder can either give absolute or incremental displacement,
depending on the encoding on the grating. However, in fact incremental output is more common, since
better resolution can be achieved. Thus, in an absolute coordinate system, this output must be integrated
to generate absolute positions by electronic means. The resolver or the inductosyn, on the other hand
naturally generate absolute positions with respect to a fixed origin. This means that these signals have to
be differenced from the current origin of the incremental system, to generate incremental coordinate
positions.

C. How would you decide on the BLU for systems with continuous position sensors such as inductosyns
and resolvers?

Ans:
D. Is the BLU affected by the motor or the drive system also?

A3 s |y a3 50 oad aliyl aslad (oIS sl A S1 4

) Ans:
NO010G20; . NOOTOGR:; PUT IN ABSOLUTE MODE
NO011G01X1Y2; NOOTIGOIXIY2: MOVE TO (1. 2)
NOOI2GOIX2Y2: 013 . 9

; NOO12GO1X2Y2; MOVE TO (2, 2)
NOOI3GE1 NOOTIGOT; PUT IN INCREMENTAL MODE
NOOI4GOIXT; NOOT4GO1X1; MOVE TO (3,2)
NOOISGO2X2Y2; NOO15GIZN2Y2: SET NEW ORIGIN
NOOL6GOIX1V1: NOOT6GOTXTY I3 MOVE TO (3, 3) ABSOLUTE
NOMCO2XNOYOFN:; RESET THE 7F ROy

B. Draw the trajectory of table motion that this program seeks to create.

3, 3)@
2, 2)@- -©
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Ans:

0.0 _ -7 L2

82 . 1 A. Is it possible to have a reference pulse interpolator for a CNC machine with dc drive?

Ans: Yes, it is. Consider a closed loop system with an incremental encoder feedback. Implement an up-
down counter with the pulse train from reference pulse interpolator driving the count-up input and the
pulse train from the encoder driving the count-down input. The counter value indicates the
instantaneous position error which can be used to drive say an analog controller through a DAC.

B. What limits the speed of operation in reference word interpolator based systems?

Ans: The servo system dynamics limit it, rather than the interpolator loop execution time. This is
especially true when one is cutting angles and corners.

S 2 . 2 B. How does one choose the value of QL for circular reference word interpolation?
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S2.4 A. For the motion control board:
a. Where is the interpolator situated?

b. Where are the position and velocity loops situated?

B. Why should a feed drive operate in constant torque mode, while the spindle drive should operate in a
constant power mode?

©Ylgaw Zly
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Answer: PTP systems require only feedback of position. Contouring axes require feedback of position
and velocity both. In PTP systems velocity is varied in open loop to achieve rapid traversal of the table
with preprogrammed acceleration, deceleration patterns. However, often the hardware capabilities of the
axis conforms to contouring.

B. Do you think the overall machining time can be optimized for PTP and Contouring systems? Are
there any constraints to that?

Ans: For PTP systems the rapid traverse feature saves overall machining time. This means that the table
movements from point to point are carried out as fast as possible, with acceleration and deceleration
features. Deceleration is needed, so that the final position is reached accurately and quickly. The extent
to which time can be minimized depends on the motoring and braking torque levels of the table drive.
For contouring systems the instantaneous ratios of velocities along the motion axes are important to
maintain the contours. Therefore over all time has to be minimized maintaining them. Note that
whenever the contours take sharp turns, the velocity ratios also do so. Therefore it is very difficult to
change the ratios sharply, if the velocities themselves are high. Thus contour cutting around sharp edges
have to be done at low speeds. This constrains the minimization of overall machining time to maintain
dimensional accuracy.

S1 3 A. Can you think of one advantage and one disadvantage of the incremental coordinate
system compared to the absolute one?

Ans: An advantage of the absolute system is that a change in any one a position coordinate in an
instruction does not affect the rest of the part program. In the case of the incremental system, any such
change would require corresponding changes to be made in all subsequent instructions in the part
program. On the other hand, for incremental systems programming for parts with mirror image
symmetry is easier, since it involves only changes in signs for the position commands with respect to the
symmetrical points. Similarly, verification of program dimensions with drawing is easier with
incremental system.
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Ans: The upper bound is decided by the maximum allowable deviation from a perfect circle. The lower
bound is decided by loop execution speed of the interpolator.

82 3 A. Do you think the closed loop PTP system control loop would work for arbitrary axis
velocities? Justify your answer.

Ans: May not be. One of the reasons being that with high axial velocities there would be position
overshoots. However, unless the counter can represent negative position errors correctly correct
positions would not be reached.

B. What type controllers would you prefer for a cascade position controller for a contouring system?
Ans: Typically P or PD controllers are used in the position loop, since there is already one speed to

position integration built into the open loop dynamics. Inner velocity loop controllers are generally
proportional (usually a servo amplifier).

82 4 C. For the motion control board:

a. Where is the interpolator situated?

Ans: The interpolator must be situated external to the board, such as, in a PLC processor module.
b. Where are the position and velocity loops situated?

Ans: The position loop is implemented in the on-board software. Since the board provides velocity set
points, it is assumed that the speed loop exists within the drive system.

D. Why should a feed drive operate in constant torque mode, while the spindle drive should operate in a
constant power mode?

Ans: Because both torque on the feed drive motor and the power of the spindle motor can be shown to
be roughly proportional to the material removal rate in machining. For a required degree of finish, a
certain maximum material removal rate is possible. This is set through speed, feed and depth of cut
settings. For all possible settings, to be able to obtain the best possible material removal rates, the feed
and spindle motors should operate in their constant torque and constant power regions, respectively.



