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s lial) leal) b asanll 4 glhaal) 481} Ay ja -
e lial) Adaal) o 5 jisall @ 5l Time Response 4 i laiay) -
L Aelial dded) Gain s Alaia) -
RN DSV EV o[ K% [BESN FEA KRR XA ISP C ontrol Action asadl) J=b
Set'point 4da guaall dagdl) ) Lgidley deliall
“ . L '] " " 5
s o Asliall alaad) 2 aaill duul) cullua)
Two Posithon Or On/Off Control (- J&8) pagll AU asadl) B
On/Off Differentiul Gap Controller crmdl Spadl gl asast) 1
Proportional Controller (P) (oot} asait) 1@

Proportional With Reset Controller (P1) (el il asail)

) alsal) il asast 1@
Proportional With Reset And Differential Controller

Types of Control Instruments : aSaill 3 3¢ g1 4l

dalant) dpliag oM alail) oo pludf LA Culiall aSail) jlga JLAA) agall (e
Sl | Lelial)
i liall {ilaal) Aaliany gl jl aSad of ST IS Jay ¢ LAY JLEAY) 0¥ ¢ Ay
P4l £ 01 ) Lelads jaaal lad asail) 3 gl amdiig
Self Acting Controller 513 aSa3 (48l ) Jadii joae ) zUsy Y aSa5 jlea- 1
DuadS ¢ gell haria aadiy 1 Pneumatic Controller () s8 ) (Sle s o825 Hlea - 2
Air Supply 4:3s3
ELECTRONIC /ELECTRIC CONTROLLER (=68 5 (G558 o8a5 jlea- 3
Jidi Haae el yeSll aadiuy

HYDRAULIC CONTROLLER S!s a oS3 jlea- 4
. Pressurized Oil Supply Jwsii jaaeS <y il Jaria aadioy
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il @Al g3 ON/QFFasadll jlga Gid
ON/OFF Differential Gap Controller
Lower Switching Point s Upper Switching Point a2y (i Jasaill (18 53 atadll jlga

Tanks Ul Al s Vessels due s¥1 50 da jd b oSaill s puia ) (AL aSaill 48 ial) A (pa
Cpdaily o 08y il 9o cale 8 Steam slall JLas OFF e pe 5l ON s asd aSaill o sllaall Lia
Aa 4 s da 1 B0 e Setpointw\lﬁq}c'&)bﬁ\ da ) o dhdlaall 2 sy 3 sa gall JSL)

Lower Limit = 59°C 3 a5 Upper Limit = 61°C el

Bladl & asadl) AUS il gSa ;Y

Alr signa

Z-porl valve and solenoid
24 Ve
sladl JLogdsir' e ¢

il g yi Thlgamastat (set 1o 60°C)
60°C sis ki gucaa

o [
Steam trap set _,[_:

Gr:r:?,i.:\:s[u A5 a Aa o A oSl Gglhae Bile e (s sian o) A -

Steam sl Jias L e dniaea b gula e 3 ke Steam Coil cpds cala -

£l 3eSIL alua 55 wie 38y 43l 5l « Normaly Closed sale (3lie ¢ (253 s ) (0 eS ils—
Set Point hascall ddaiiy Led jlas o)) 33l s ) sall Guily ol ey Thermostat <ibiv ge i —
S sas 5 da 0 el saal 5 4s 0 Switching Differential iz % 535 60°C La .
c il gndl Gl ) el oSl Jaa g sl Jaal 3 g SU el Ji8 ) mid Ml 5 Sl ddass

51 al) 8 alatl) ala] Jas

ol el i 3 ,LE) Jiad a5 Ol AN Jilu s )l s Aa 0 (el Dl e A e a8 -
) g dda gumall 3 ) jall ddiall 5 ) jall 45 i 23« Process Variable ( PV) 44 oSadll
60°C La a5 Set Point (SP ) lwcall ddadsi 3 L5) Jid
Jad 5 Electric Contacts (el Jadi Jaad o3y ¢ 3aa) 34a )0 60°C e 3 yadl <ol 3 13 -
O AN ) Steam I J s aie s did Nl s Solenoid Valve el ldl e el 5e<l)
8L 3L B ) adl et Lalla il gual) (e el 5eSI Jaad iy Cua
his Jati ¢ saalgda 0 60°C a5 Set Point dda suadll 5 ) jall (e J8l 51 jall o goa xie
i s Solenoid Valve xsid sl caly =i 5 Electric Contacts <l se il (a3l
- D) 85 adl et Lllds el iy J sl - side
ON/OFF Switching Differential Control »Saill Sbull Jiiaill 00l dadiall 8 aalii -
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il Al 9 ON/OFF aSalll aiday 8 gl pliia dlee iyl
ON/OFF Differential Gap Control

cls &) 8 Field Instruments 4cad gall aSail) 3 3¢l ¢ £ g3l 138 aladia Juadyg S
b ALY o B gde ¢ Aoy ) bad ) gudal) g ABUY) 2 g5 cilhana g el g A glasS g Rl Al g 5l
e g diaal) cllaial) b ol il A
Sl g3 aSaill AT ey sl ¢ il B3Nl 53 (ON / OFF) sl Two Position gaa sl 5l aSal)
;8 Setpoint 4da suiaall 4l J s Dead Band ¢St
U Aial) dagdll o Ll cadae da ol (5 jha Loty o sus aSaill Jlga gz JAd s agh Caaa Vsl oSl
Setpoint Luwall ddasi (e Y aall g s eV sl g aal 65 Process Variable

-duadAl)
O Aeliall Lleal) s o dlilsll)l 5o ON/OFF Gap Control oSaill (e casgl
39 pa iy Lelicall Alaall () 5} Low 59l a5 High el aa L (yriadd
. Setpoint id guaall daaill die Ll e ddailall

Diff Gap Pneumatic Controller .itess asad jga: ¥

) A Bana i
Diff. Gap Adj. knob

Jalal) ddadi Jayia (nida
Setpoint Adj. Knob

ﬁ'

SR = W7 o
— aSadll Slga 7 A B L)
== Qutput Signal

Setpoint s

agh aSatl) qglhaal) el ol e

4 asail) (o glhaal) il J i Ala g
Controlled Variable s2 3

asay jlgadl 13 (5 55 LaS ¢ Agila galll Field Controller 4 sall asail) 3 jgal aai JL&) i g -
70 PSI ) shal) (e 4 lia diles babia 8

35 PSI die 5 i LS 4 Setpoint Jawdall ddadi -

O QAN 8 asadl) Diff. Gap Adj. knob il AN (e Jauda aladiuly 4 sgan adiiod -
High Limit oY aal (mgdiuall | ow Limit 59 aad)
Aality) dleal) o) delial) dsleal) claliia) s b 58 haudal) 3a
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i G s ON/OFF (L) aaill Jlisanal) 5 jga¥) aladiul
ON/OFF Differential Gap(Dead Band) Control
Temperature Control 5,) Al dayd 2 aSadll

Badae il ghad 1di e adiad il g Leiaa p A gea g daadaall iKY Jlianal) Zaal) 3 5l jlia
CSadll e Aalall g Al e sheall agal (A1 il ol uaigall L bl aakaian

Ao sail) 5 3¢V 43 Jaally Jlimaall 3 el (o 5 (o8 530S0 3 jaal) ) Geoa ALY 13a
DESH o) iy adg (3) 5Vl 55k a5 ¢ Y 50 smad () gmn Jllimgn aSa33 Jeal o) b adaiui Cua
oSl ol e S L Lealaat  Leta

DE SERIES, 1/8 DIN DIGITAL THERMOSTATS

MODEL MAX. TEMP. SENSOR REPL. SHIP

NUMBER  VOLTS AMPS RAMGE LENGTH SENSOR PN WGT.

FLiim) Lbe k)

DEZD BE-265 20 0-500°F 10 RTO1000 3

(0-260°C) {3m} (1.5)
. Dead
Set-point =71 =™ band

On | _ _
TL ¢ Differential Gap
H_dat"' an A differental gap instrument prm-'ides two distinct outputs,
= off either opened or closed. One distinct output value is
i obtained when the level exceeds the upper switching point.

This value remains constant until the level decreases below
the lower switching point. At this time the controller

On/Off Control with Dead-Band changes to another distinct output value. The new value

remains constant until the level again rises above the upper
switching point causing the output value to return to the
first output value. The distance berween the two swil:chiug
points is called the differential gap.

il 5 4 oS5 ALl 5 ey 5 3eaY) (e SN Jilay 58 53 jall (A oS Jlea JSEN o
o M dsgliie ey 5 5816 Anae s Gldaa ) (o el dnaa 5 5 alally sl (3 sudly 5 8 siall
‘\_:}M\ C’.‘l\.&m\}d\ [GETWEN 'E.JL:JXL: CJ..\.G JY}J () g

Time

888 Clial s Jlead) & 58 udi A uind s (rdll s Grua Cliial oy Jleall o) jd ang Lia
L JdY) g ) O g sgde o Do o Gl G Sleadl o) el s G clld 5 Lgaliasy

a5 RTD ) ge Jalahy oS3 Jlea ¢l ad RTD 8 Sensor gl uaiall (1S 13) : Siad
4c) L TC ol all )52Vl s ¢ Leel b RTD ) e Julxs Uniiversal ple Jlea o)1

Ay e 05 ol o Al g o) i) all Cliial ga dlaely a gy 3 Gunigall Tan agall sall il Lia
C Al ALeSall o a1 850,05l Aagall s ApulY) malally 1S

i a5 e gall leall ey (£ 5391 (g S e 4l JUiad) Jpans e J gl 2000 cilaioall
b 5 aa sall 5 Ll a b aSaill e liall cillenll Laliag il 45aY) 5 dagaall Jal saally dalae )
e 5 4 el ilaall s S5O cilelivall IS
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;@M\Qw\ﬁjﬁééﬂ\}ﬁm\g

Setpoint hsdal) dkaii ) 5 ) all Jgay dis Gl ¢ sl gl Juad —

bl 4kt Jiul Set Point Dead band = 4ay 3 ) jall g die Gl el g8l Jua g3 il -
Set Point A1 ) Jsash s hiaall #l S G 53 paous -

) S g5 B dny uSlaall olad¥) b iaad) Jua paliany -

Dead Band oSkl jsad) el & LS jaind el <l Jaa 58 Al o) ol Sl Juad Al -

Faceplate Layout

Faceplate Layout : j4a 4gals

2o dyall Bpla) Ot | er

‘Sn’u'“ d‘ﬁl'l AY m'"mr‘ = I WJ%‘ Ll
WHINLIT IEI G
‘ ) | ~ J poadied 40 48 ciliua) gal)
o) pdd) it slae) A Lgia Baldiuy)
DECREASEEEY . - INCREASEEEY . - . ity ¥ .
Qi) ke Bl gl o SN ) A b asadll Auulial)
dawa ) zlika , Aalad) Glaladliuy) ¢ clelial)
hyal) Al jLad)

asadil) jlgad 48l i) gal)

M Sensor 81l (ulwal) pais -
Standard Input: RTD 1000 g s

2 wire- 1000 ahm RTD: ter dalpha), 0.00385 alim/ahm C
Input Range:¢— 538°C (A1 -40 °C e 52 gl (b sa -

A0to 1000 F (40 to 5387 (), "F or °C field selectable.

ablll s2a Jb o (5 La) ; Jandal) Ak e
Seot Point Ra ng@:* 

Selectable throughout the input range. Sensor (ubwal) g 9 puad & gan e Aglaal) -
Sensor Break or Short I'r-:rle-:llon:/ ("L'Uéﬁ‘ M) f ‘ Gﬁd * Aﬁw‘ ‘“:
De-energize control output. - 434l
Accuracy, SPAN gLyl (e £ 0.25%

+ 0. 25% span. + 1 digit. (ww\ sl 5 _ally U‘M‘ L,,&S\ O @Al g2 = Span )
Display: LED u.u.«a d gl Beliaa ?@J‘ 4 @.ﬁ u'ayd\ Adld o

4 digit, =" (nominal) LED display.

(elSaa 955841 ) sdle (5350 ON/OFF & aSadl) g o : aSadill( Jad) Addag—

Control Function:

OMN/OFF Electromechanical Relays. (;.\IY\ S:) ‘95 <l JLP GJA _
Control Outpats: SPDT (bl il il galaf (el 53 5D
Set Point (reverse acting). SPDT, N/O contact. 20A A el Jaady
20A resistive @ 240 VAC rmaximum, 1 H.P @ 240 VAC maximum. .
ON/OFF Differential: ¢— ON/OFF Diff. Gap il (@)W s
Field adjustable 1° (F or C) to 99", digs bgl Agiada 0 990 1110 (e g Janall sa
Memory: (Laogsl) 88y Aaa yal) g oyl gadal) SBETY) B pllaia e 1 B SN -
Nen volatile, Wiring Connection 4! &lua 5
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, Qo) oSail) 3 jeal aliza Jaa 55 (8 Jlgad) 130 Jua 58 il sliay Alaciasy) Adsbaay galiieds
¥ N i "' Wirine

{rear view of controller)

RTD 4luall dagliall s 5 Sensor gabwal) ok Juasi-
@7 ETO /

3l (el Jads ) plal iMna 9% As gana =
=) — — = Normaly Open s3e z sidall 53 ik Jua gi -

\

I Common & jidall Ml dijh Jua g -
( //
B i ——Normaly Closed 54 @tial) 3l ik da i~
ool _ (P YPRIECI PO PN EQE T
2t Ol ¢l yeS Jiad s Jaua 55 8 oSl Heater -

pst ) 5L SN Jae 8 oS3 Contactor -
: |  dilise | oads Jeals T jeS Clsads Juum sty
* .2 ¢l g sl J2 &8 Solenoid -

HOT] MELIRAL

. LA TeE: SAETe o soenes]  Blel e Juafd] e ald oSl Slen el ) e

S0/60 Hz  4wa 1 HR B 240 WaC C‘_ﬂ}g 240 ‘;\ 85 e 0)53 4_}_,)@_5]\ 4_,:,_\3_, CJ\

2 yia Gl b 220 e Dl gall (alads) JSUial Qi elld

Power Supply 4z g dzdasl) 220 51 110 <l siy Jaad S (SY) 8 4uS 53 8 sgue Lal
<l g8 240 A 85 O A

: Control Set Point aSaxl) 4adi Jau

Ev:h:-:t ::p'.\int 1.'.':“-: I'ﬂ.'ill b-:-]-:::cﬁ:n5':;:-.1I;l.'|1c.|1-:1.tr t|1-:-]"S|:—|'"k¢}r is pressed. Set PO”’]tM\ &9.1 4_13) CJLAAJ d..j’..\:\ﬂ\ ;Lﬁi
his value can be changed by the fallowing procedure: . el "
Jaacall o e AW
Press hath the “SET™ key and the decrease “&¢ 7 keva simultaneously and SET ‘.,)‘)"‘;‘; . o
hold for 3 seconds. The set point value and a decimal point will appear, . h,u.d.“ M b,u'a A.A:\Q JN.\.R:i Q‘Jhs
release both keys, Wait approximately one second, then using the de- - T . . .o
crease “o¢ 7 key or increase “7 key, adjust the display tovour new value. &_\5}” o A |£9Y l))j‘} SET ))X\ L’-‘"“ -
?}tpltﬂ}}ﬂ;::il; L:}r to enter your :I-:'.'.' :‘-.1|uv:. o F Set POlnt d\ 4aid )# - TN U‘}" SO ‘,;_JASJ
Note: If the = ™ key is not pressed within 3 seconds, the new value aal - . A1 Jaxial 21 -
will be lost and the set point value will revert to its previous sefting. S LG_' JL’)S J)M L R ¢ @M\
The contraller will automatically return to the operating mode and dis- . o el e e
play the current temperature. "'3.'3'3.3” 4“‘.'.‘31\ U.'L);"SJ
- - S . T - - oA . » ~| . .. - X
Mﬂﬂid}‘bﬁ JL@AA\J}M}L@-\JJM&YM&SHLJ}A u\ySd)\ASET‘))&‘LM(u:\(J\JJ‘\bJﬂA
:\M\AAM::‘)\);S\M#UA‘):JJJHM\LAS‘ u&é&ﬂu\s‘swu\

Set Point !l 4hiit Dead Band ¢oSbwd) jaad) Java

fan Tan aga Janall 122
This setting, which may be any number from 1 to +99 represents a dead u_‘; Aldla ol et e liall Autaaldl ¢S 13y
band that only applies to the SET POINT. s ke e - :

ya s Alld SP Javll ddadi (e Ay 8 5 ) jad) 4a o

This bandwidth applies to the low side of the “SP17 SET POINT. If the Sl (R TOA
“UIS™ sefting is set at 53° F and the “SP1” SET POINT is set at 115°F, G" 3 Dead Band =

then the set point relay is de-energized when the (displayed) tempera-  Aagd b @53 SP = 115°Jd) cuils 1) - Siad
ture reaches 115°F and it is reenergized when the temperature mlls-tg. Al “ “ e S ‘ Dead Band — 50 K

1107 F,
1150 LaLall o 55 all J sy die 4dusad Akl b g De-energized g gl ok ol
( Reenergized ) 4wadd o3l Ji Ua 9 1100 A 8 1oad) (adddl A 7 gida (uadldl) JBy g
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Proportional Control ( P) (sl pSadl) ; Gl

Deviation <il_aiy) 5 Error Usall ae coliti QUEPUE gAY (o daandlii <l jpas Calas) 5
Set Point SP 4 guxall 4aill o5 Process Variable PV ducliall Lleall jiaia oy
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Gl 3 gualy) o B N
( Offset or Droop )

Offset - A condition which occurs when the process has reached equilibrium but has not reached the setpoint.

Called droop.

deliall ddaal) Jgay Al g2 Offset
Gl (58 252 gl paiea) e ) ALY @iy )
02:1bar PV dsliall Lleall (@ yata oy
“ Setpoint Jasal) 4adi ¢y g

|

pllai yal sa (e Characteristic 4xald s Offset
Proportional Control System (i) asadl)

MNew mass balance

Loss in Volume joccurs here Ol G guie S Al 8
Setpoint byl alaail (5 gl
s 0 i s Digas e (S
Step Increase in Outflow ¢lal e
time s (bl die <0 By () A
" S maal a9 9 O guiall

""" Control correction

Cutflow

Input'Cutput

Level ariginally

at setpoint ‘
| &= New mass balance s
: — (30 A 8 5aanl) 33
O Bl (s Outflow sl
Proportional Control Response Curve @l eS8 Alilae 3L )
sl alx)all
Loss in Mew mass occurs here . u Jf "’J Inflow |
Volume | Gty Gty e Sy 5 e a0 bl (S
' dadiy 9l 8 288 Chas 4 o) 10 (L
Outflow | 330 51 pual) & gaall Gy (9 4l
! p M S8 6N o sOutflow sl
Input/Output | ™ : ploa 4278 (5ol (4 gl
! Inflow (aill J s
|
t | time | .
e - ALY e GuddjEa B
D e « sl Response Curve
i TS o ks il
at setpoint \;D?W |‘E'\-"P;| I L 5PB L el
Level TIID T{] i el (8 ol el
! | fime Lol 5 Offset ) 4asd
Proportional Response with a lower Proportional Band M‘ dfm Sy ;) Uaéh"
Equilibrium g3 A sl
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PID Controller alill) Lolsil) il aSadl) jlea
( Proportional - Integral - Derivative Controller) ( PID Controller)
PID Controller Calculation (Algorithm)

ey Apcliall cllaall 4 el 5 Gl Saill Effective Control System J&é aUsi s PID
Adlaal) aSaill il gl (3s adaii e gy Jeand l) ac ) 68ll (1 de sanae g8 A
PID can be described as a set of rules with which precise regulation of a closed-
loop control system is obtained.

Prosess
variable . Froporuonal |
i block . . i
L Eror j Intagral L Summing Controlier wu E‘)m“ ‘ JL@A ) -
— amglifier bblck - : amplifier . oumut- L;Qj PV :\T}QLD.AM @A&j\
e L Derivative J sk &5 Process Variable
aet-ooint - - - -
black Set Point  4da sucaall dagll (e
dad oa =l =1 S
Block Diagram of PID Controller Al s« Error (e) aal)
Jlea z A 3L zWY PID Calculation ((Algorithm) 2 clibus A oSal) Slea asadiug
T P.1.&D raie Leliing All 5 oSail)
L y CONSTANTS a5 deliall dlea) s
)l' Control Valve aSaill alaa s
-_ \ / . PID :
\ DIFFERENCE LRROR, » CONTROL :
: A ALGORITIIM :
OUTPUT
PROCESS < £
VARIABLE *mL-f*l
ey

Control Algorithm

: t
Controller Output (Pow) = K, | e(t) 4 i] e(7) dr fsdj
Ti Jo dt

Controuer OUtpUt (POut) = I:>contrib + IContrib + DContrib
T4 =Derivative Time ¢ T;-Integral Time ¢« K, = Proportional Gain <
s paSalll e g A B daaluall jualic EO e el duly Niddaall gf dapall g

Proportional Contribution = Pontrib (o) Jadl) dadlisa —

Integral Contribution = lcontrib (el Jadl) dalica -

Derivative Contribution = Dcontrib (i) Jadl) daalsa -
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Integral Action ( Reset Action) olelSill aSaill Jad ol
4o liual) asail) 3 jgal g ol 8

AV Gl S Integral LelSil aSaill a8 Ly ey dpeliall 2Saill alai o5 jgal avia f Ao
Lleall pnliall Lgiad 203 ol elle 3 RPM sl | el jeday Reset Jawall sale) g yaall
Aile il Aoalall 3 3eaY) (e eyt o Jllianall 3ui g iKY 8 jeaY) daa j ol Ganda clld g ¢ A lical)
A5 nell

RPM lhaall g | zllaally aSail) Jail Jaulall 2 ggda sale
MPR ( Minutes Per Repeat) glhwad 5 | gl

e aalilll Jall ) S5 a ) 989 Reset Time dadall 3ale) a) (M sady Laadls
MPR ( Minutes Per Repeat) ) s Js0 &@laly o) Seconds b 4

Reset Time In( Minutes Per Repeat )= MPR = _1_s5 J< (3Ball ol 3ale) ¢ )
RPM (Repeats Per Minute) gllaadll

RPM 4&8a Jsd ) sil) e ay 568 13¢d5 « MPR ol | bl o ggda (use 52

RPM= Reset Rate = ) _Sill Jaxa

Leliall Ldall aa Controllers aSadll s g2l Tuning < s Ao Gaala il gala o<1y

Gy ¢ qosllan s LS Apali) clileal) s o Tan (555 0l G 0 5S Aeliall LY o) 50 A
zaall o eiadlReset Sl Jadll 586 5 Proportional Action sl Jadll il dasa a1y el
Y

DY) SEE O aag adld s e ae suas daelia dlee TUNING <l 55 4y xie

Proportional Action Pl Jadll Java
Prportional Band ) PB ! (bl (e Javzall jlia) aie dlle 4oy las —
Gain Sl (b e Jazall i) sie daddie dady fag —

:Integral Action | Adalsil) Jadll Jasia
3 Reset Time Judl sale) () pubuad o hapall JLaa ) die dlle dagdy fayi -
MPR  huall sale) iS5 ¢
RPM 488 J<l ) i) ase (sl o Japdal) JLid) die duadiie dagdy asi -~

a elial) cildeal) b asadl) Al il 68 e JAS) Jaald 0 gand QUSH e ALY ¢ 30 3

Al delal) cliials gUSY) gl sa (b 1T, Ao 5lia Llee il
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(hel<al) Jadl) ) ABLaYL aliil) agal) ud
Proportional Plus Integral Action

. PROPORTIONAL PLUS INTEGRAL ACTION ASall Jadl 4833 il JSA pua g
Sl Jaall ddlayly i)
SET POINT <y Pl Control — <85 =all

=, MEASUREMENT |— —— ontre ol

Open Loop 4 side oSai3 jila b

i Re=RESET TIME MIN./RPT. s AV Badt dua
r-.— Ry _-1 T u_q

! Step Change (s e uad &las) -
% OUTPUT 7 1| —— Measurement dusliall daall 4
C -, Sl i s 58y San] I 53

bl axd dilaal leaily g Aelly )

il sl dad i by el Jadl) il

Reset Time = Ry Lwallsale) ey 5 e 2 (Sl

Measurement Aslial) dasll G 38 Al jaiu) Lallda LalSill Jadl) 5505 7 Al (8 5 3 i —
Set point ik guaall daill (g

SP = PV = 0 ik suind) el g dliall dadll (5 sl xie Jah x 2l b 3l 3l il 5 -

- Jlia

PB =500 ) Cus ¢ (Aulfall dall 3l 3 oSaill Slea z 03 252 )Direct Action il oSa5 Slea

Measurement=55% 4.lis iad s Set point = 50% L ddadis ¢ Sustained Error <l Uad

Reset Time ? LSl J=déll Lele Ja guiaall daadll cale ¢ 3090 z A0 212 338 )l 5 e 2

: Jad)

Gain = 199% _» PB = 50%

50%
Negative Gain ( K, ) 4l 3 Ldl sl ¢S 13gd TTJ'“‘L‘-‘ aSail) Jad o dua g

Proportional Output = - K, x  Error
=-2 x (50-55) = +10%

8 O e 1368 3006 s GBI @l s e dm (LSS 4 (ki) SIS 2 A G s
1006 5313 (5 st sl Sl O ¢ 2006 ob (5480 g AT JDE LIS Jedl L

(Reset Rate ) =0.5RPM = 2MPR (sl Jaill ) S5 Jans )f (&

e Direct acting process (Process Gain and Controller Gain positive) —> use
reverse acting controller

e Reverse acting process (Process Gain and Controller Gain negative) —»
use a direct acting controller
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Derivative or Rate Action Jalilll Jadl

Al 3 sl g Aglaiay) ddgday e lial) cilpland) 8 aSalil) o pudy Ll Jadl) a 684

: Derivative+ Action (Rate ) Al J=dl)
Rate action is a function of the speed of change of the error. Uadld) g ic g u3 a1 A

O pasRal (sa Al ((aSalll Jlga gUA (A0 ) dysh Alaiad) plaely  Loalill) aSasl) Jub o gy
| el o g m da (il Lelal) il ABLEYL puis) o) cpa S Jilianall (B Jalas
Derivative (Rate) Sumary - Rate action 1s a function of the speed of
chemge of the error. The units are minures. The action 1s to apply an
immediate response that 1s equal to the proportional plus reset action
that would have occurred some number of minutes I the foture.

LBl ad) 8 asadt) Jie Alaciay) el Lo liall cilband) 8 Lialdil) asait) Jad andicn g
« Pressure kiual) A aSail) & daladia) jabg ¢ Flow Control (32aill 8 asadl) A asdiee g

lemperature Level @ gwdall u—“ daladin J&y o
F

B - Too much D time
e

Setpoint {===of====seeccccaanas L

A - Too little [ tima

C - Carrect [ lime

-
|

Time
Derivative time reaction to change in load

Summary of derivative action
Correct derivative time = Quick response, stable
Too much D time = Faster response leading to overshoot and instability
Too little D time = Slower response

Rate or Derivative Action (shaldill Jadl)

bl S nertia (01 sl e Cilail) 4ie Caagdl Leading Control (Aliul aSas Jeé sa
CAeliall Aleall 8 sl Overall Lag (S e

Aol LMY} 2ol 45 ey Saill Slea ol & Laliil) 28l Pre —act (Aliwy) Saill dee 3 S8
g aSall Slea Gl Auliall dall Slope die (8 s ellis OIS 1 ¢ Ll daild) el PV Aulad)
Judll 5 = Al dad o8 5) Ty Lalal) Jeill Aaiz o5 3 o il 2 Lgadny G o ) 2 5301 e
 Aal) 028 elnely o gy oSail) Slea (8 anliil) Jeall 58l dulay B8 6T 565 ¢ (s0m 5 ool
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Applications Sl asadil) cilaladdi)

Output aSaill ea z A (¢ Error taall juside yu o loaliil) Sail) Joe slaie Y T ks
dcliadidee 8 5l Flow (38l Jie Aoy ju daclica dolee 8 daladin o3 13) Tas Cavie (5S4 (o gas
Cycling 4eliall Lleall QAN Ciany Alall 028 85 ¢ NOISY < slaaY) day yus

fas Jie UlaiuY) Ay deliall cillead) b Ll aSadl) alasind Jead¥) (e o sS0 2¢l
znaill el 285 cp Large Time Delay aS el aalil ()5S dus Temperature 5,0 sl
. Process Response deliall Aleall Adain) ¢ 5 Corrective Action oSl jlea (e jibiall

Lgd Cany (55 Sl i) <l il Jadl 6 aSaill i) 5 b Lualill aSail aladiin agliios Uyl
s o (L 5 o sl (g gl iy (STl 5 ¢ Agladl (85 S CliaSy g puall (e gl allay g s s
Setpoint (SV) b seadll Aadll s Level (PV) Ol 0A @ gwie G Caaa (521 (3 ) Jules

Process Variable (PV) dulial) 4ol b jaill oo  Lialdil) aCath) dlaia) jLA4)
Setpoint ( SV ) ddaguaall 4asdl) a5 Jalady
ControllerOption to Ignore Change in Setpoint (SV )

(o 5 8 A ey Sl 341 ok Y1 a5 g 0 Ll 400
Setpoint ( SV ) dda suaall dadll & paill Jalafig e PV (Gabdll yaaie) duliall dags |l
Setpoint ) (& s Eilaa) Ala 8 e licall Dleall &l )l aiad LSy 8 5083 Jaa 02

-~

- Al

Derivative or Rate Action Mode  halal aSall ol
Fuqction of the speed of chqnge of the Error Uaall & ysill de ju e adiey oSa5 gl 8 -
Pladl) Asllaay Jonadll Ul g Undl) (e juS 58 sl oSl lea 58 (A4 ) 68 Al Jany -

Advantages of Derivative Action : laliil) aSaill Jad L) 3
S0y 23U a3l (i 1 (535 ¢ sSaTl) Slen o o S 538 L ilaal LaiY) e
Setpoint (SV) 4 suadl dadll J) PV deliall Aleall (Wl i

Disadvantages of Derivative Action : Jalill aSadll Jed cigee

Fast Processes il 4z judl doe luall ilileall 8 dsladin) dlls (8 ) 8l aae 5 03 Gilas)

Setting of Ty Ty adil) Jadll ) hasa
More Minutes (HEL (e SiST 338 ) S G Jasida 1Y
Large Output Change z_Al (8 JwS i Glas) - High Gain - eSS -
Possible Cycling dseliall dplaall 035 & gas d0ISa) -
Less Minutes (3B (e J8 a3 ) psa () dapda ;- Gl
Small Output Change z Al (& e e Slaa) - Low Gain e quus -
Stable Process 3_jtiue daclia ddee —
o 3 i Ty =l (5 _yroa daily fa Luilé ¢ Trjal and Error Uaall s 4 i) 48y jlay 2Saill 5 ila o g8 2ie
Sl D Ty e =i U g ¢ Ao liall Aleall QAN Eaday s
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kil g Akl g i) aSail) cadlad ddaialy) Hada
PID Control Modes and Responses

Jas il 48 jaa dgal (38a5 38 (58 (Ml 1) (gmag AT GGamuba S 3ay pSall) (uaigs
 Aelial Adel) Llaiu) e Control Modes aSaill cellud g qglad s Lad g

Control mode Typical system responses Advantages/disadvantages
= [nexpensive
:|
On /off § //M"\ /\ = Simple
3 N4 Time
T » Dperating differential can be
outside of process requirements
= Simple and stable
= Fairly high initial deviation
g ‘ /\ (unless a large P-band is chosen},
Proportional E —— then sustained offset
P E V lime
= = Easylosetup
= Dffset occurs
= Mo sustained offset
. @ = |ncrease in proportional band
Proportional i ‘ /\ usually required to overcome
plus Integral 2 V Time instability
P+l £
- = Possible increased overshoot
on start-up
= Stable
Proportional —
plus Derivative £ o — = Some offset
P4D = / Time:
= = Rapid response to changes
= Will give best control,
no offset and minimal overshoot
Proportional % ‘ = More complex to set up manually
plus |““_'E|'3! s P : but most electronic controllers
plus Derivative g Time have an ‘autotune’ facility.
P+I+D =
= Nore expensive where pneumatic
controllers are concerned

iad ¢« Lo lical) dalanl) dalad 45 i onsd g Buina ol qullaad JLEA) aSatl) uaiga cuiaty Of g
aSail) u gluaf 48Lia) Jadd oty K19 ¢ bl g LalSill aSail) JAY) a4 i) aSadil) (1S 1)
LAY S juan g A g Jah A uadld Ul cgal g B g « Lo lial) dulanll candliall g (g9 pl
BB 8 asanl) L& Lalidl) asadl) JA) culia S ;a8 JUal) e o g ¢ aSail) cullud £ Al
. Boilers cial) b asail) allas P bl )
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Direct Control Action _silmall caSalil) Jadl)
Reverse Control Action  owSal caSadll Jadl) g

Direct Control Action _lsall casadl) Jadll : 9 f

Akl 358 PV deliall dlenl) piia 3 dpsliall Alanl) afal lga 7 A 4gd 21y aal pls g
Setpoint SV luall
Direct Acting Control - A confrol arrangement m which the process controller output increases 1f the process
variable rises above the setpomt. Typically used to control cooling equipment.

Direct action means that, when the controller sees an increasing signal from the
transmitter, its output will increase.

Cooling Control il aSad alai (& jdlual) aSadll Jod aladins] 4 ggun yeday

Alaaily) 3 58S 3 lall s3a 5« Lube Oil System ST IV T D S K U allas J) T
Tty sl Saant1y Al sl ) pall 8 i) sl el e 8 il ) b

100% Cold Water In

Het il In 7 Lube Ol

Coaler

Coaol Qi Qut

% vakea opening

Temperature
Transmitter

Set
lemperature

=
=

«—— Temperalure

Froportional band l

Temperature

Rl Temperature
Contral Valve

. Controller
Cooling contro

Valve opens as temperature rses o

Pens as tempera Warm Water . :

Out setpoint

Set Temperature 4hguaall 3 all oe Temperature 30 a0 8305 ol ) JS&N) pida gy
Valve Opening «aldl 4aid 83445 M) a3

deliall 4leall jia Lube 0il cooler <ujll 2 (e g Al G 305 ) e da o Jiad
2Satll Slea 7 A 3L 33l ) ) Wedab ) 2585 Controlled Variable a sSaxll

2yl olie (3835801 )5 aSadll ol datd 30l ) UL s Temperature Controller TC
add e Jasny (s 138 5 Manipulated variable duasill yasie Jiai ) 5 cold water
L zonaa (Sall Laagl aakally 5 ¢ Setpoint dda sucaall dag@ll ) Lgisle ) 5 30 5 5) a da 0
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Controller Action #3856 (2 asadll Jad JLid) bud

A direct/reverse selection is normally provided with the
PID to compensate for the relationship of the manipulated
parameter to the controlled parameter

Reverse Action = sl Direct Action sdba aSail) Jad JLad) oy PID pSadll pllis A 3ale
Maipulated Parameter (MV)  Jasill (ais gl ) psia G A83d) o Teliy bada lld g
Controlled Parameter (PV) asSaali(juaiad) gl) jiall g

Select direct if the manipulated parameter must increased to
correct for an increasing controlled parameter

; s s L Direct sdlual) aSadl) Jad Lid) a3y B
=il v 3 ol sy Manipulated Variable (Parameter) (MV) diasill juxia S 13)
Controlled (ProcessVariable) Parameter (PV) asSadll yaiall 320 3

Select reverse if the manipulated parameter must be decrease
to correct for an increasing controlled parameter

‘ P Al & Reverse osal) aSadl) dad L0425 B
zesail (i ol sy Manipulated Variable (Parameter) (MV) Juasill e (IS 13
Controlled (ProcessVariable) Parameter (PV) s sSaall paiall 8 35l 3l

- Direct acting process (Process Gain and Controller Gain
positive) -» seareversea t ng ntr ller

* Reverse acting process (Process Gain and Controller Gain

negative) -» sead re ta t ng ntr ller
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48841 5 jea¥ g s liall cillaal) §ga

Process and Instrument Symbols
‘Ej.‘.n*ﬁws Ol g il 5 e lial) cildiial] | B Claled) il 5 Cpdigall 20y
_‘!@Jﬂﬂw\jdﬁy}\j‘{;@wﬂHQMIJJAJJHLAJMJJ Cithahias LIS

Process and Instrument Drawings (P& IDg) o
Valve Symbols (Clalacl] ) i glsl) jgay ¥ sl

GATE VALVES E * : |
Manual i
Gate Pheumatic Mator Hydraulic Bleader
Valve Operated ’ Valves
GLOBE VALVES
i E E Angle E_E
Globe Prneumatic Motor Hydraulic Needle
Valve Pneumatl-'u Motor
BALL VALVES E PLUG VALVES E
Ball Ball Motor or Plug Plug Motor or
Hydraulic Hydraulic
BUTTERFLY VALVES = E
Butterfly Butterily Butterfly Motor or Pneumatic Solencid Valve
Hydraulic Operated CLOSED
DIAPHRAGM VALVES CHECK VALVES
- SJ N e
_ Mot Check Check Stop Check
Diaphragm i) Valve Valve
SAFETY (GEIEE'S) RELIEF (Liquids) Four-Way Th I"E'E'-Wﬁ‘_',"
CI: Valve
_% Relief é
Valve
Knife Valve Pinch Valve
9 e O
- —D/@— Gauge Rotameter  Orifice
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Instrument Symbols 4844 & jga ¥/l jga, : Ll

Q0O

@@@@@0

8l Cpa
Temp Indicator

Temp Tr Tjanqmltt’“r
5 A Jawa

Temp Recorder

5l
Temp Comroller

Level |f"|d|'bc'lt0r

(geuia Jou
Level Trar‘r{r‘Tmter

gk Jaieia

Level Becorder

O,

O,
O,
©
0,
S,
S,

(FL pia
Flow Indicator

&
Flaw
Lﬁﬁ‘bﬂ-ﬁbﬂ
Flow Becorder
g Jlff—\
Flow Caontroller
Pressure Indicator

(A
ransmitter

Pressure Transmitter

Pressure Recorder

©

il g A 39S 8 L) J 33a

Transducer
Leall ol g Afad jlea
Pressure Indicating

iy asad jlga

Pressure Recording
Controller

o PIAY]
Leve AI arm

O b uaaic
Flow Element
S b puaic
Temperature Element
o geuda uilida
Level Gauge

raSa.J)a il a9

Control Loop

Remote Location
(board mounted)

Mol oo Tamy cuda

o gk @-‘-“ 2 Lid asad jlga BT Jo pa
Level ‘omrollféar @ Pressure Cont roller Analyzer Transmitter
ulial) Lo lall Lilael) i gl Jas gt
Variable Bemg
What It Does
Measured Instrument

(;'5 Sda i
’Yl
Fiel ﬂoun ed

Hemote Location
{behind control panel)

JLP @SA.JI‘(AJJLJJA%JZ@A

[E
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Process Diagrams <eliall ciludael/ jgq, - GIG

POSITIVE DISPLACEMENT PUMPS 44’ ) m}‘ ld ’ IS rdsi
|:' Positive ClisSa Ga Ll
Positive Displacement ¢ e -
2 > Displacement Ladilicuad) ZLLTY)
T + O | e S
Progressive Cavity ([ e~ | = O 1| Lelicall cilalandf
T T Ty
Screw Pump | =AM Gear [O]
Pump O
P
Screw Pump @ —
Vertical Can L
Vacuum Pum —EC)']— ertical L.an
2 Pump HLH
Reciprocating Pump (]—D-14|T|
1
CENTRIFUGAL PUMPS
CENTRIFUGAL COMPRESSORS 2 | 0.2 S sall 3 half Ciliaa
. ey Yomn &—L) , Il
. a " Z
g & S ol }uf Lg\d,{
Centrifugal Centrifugal Compressor
Compressaor {Turbine Driven) W ertlcal

1|28y

Centrifugal
Compressor )_QH Vertical
Centrifugal
Elower
Vertical Sump Pump

Axial Compressor
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STORAGE SYMBOLS <l Al g
— — S
Come Roof Open Top
Tank Tank
\\/ — [ 1
Bin Tank Tank Internal Floating Double Wall
Roof Tank Tank
( ) Cone Roof
Tank
Drum
Sphere Onion Tank External Floating
Roof
oD COMPRESSORS DistillationSymbols «&il g/ jisa
4 g0 ﬁé{y&.ﬂ
L 2B L1
Reciprocating 2 o
Compressor - Rotory
Rotary Compressor i
Compressor & Silencers
—>

Fonpnreni -

Rotary Screw
Compressor

N~

l
T

Liquid Ring o—
Yacuum
T Fositive
D Displacement FLATE TOWER PACKED TOWER
Blower () Bubble-cap, Sieve, Valve Saddle, Ring, Sulzer, Roseatte
we I_ 4 1 '
- 8

eciprocating Compressor

STEAM TURBINE "{_'uw’ ‘;'uj,{)ﬂ/

—] ) LN

Turbine Driver Doukleflow Turbine

i i 7
£
moTors  <ilS ’r!
Agitator or Mixer e
C - ‘
r
::::J:: ’
MWatar A |

Furnace

H|:| Diesal Motor .
oM

Boiler

L6
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»”
- .
Heat Exchanger Symbols 4uladl <¥abual jsa,
)T Flate and Frame
( Heat Exchanger
T I
- i e ) Haimpin Exchanger
( T T ) i —
L T1T
) Air Cooled Exchanger U-Tube
B T {Louvers Optional) Heat Exchanger
— 1 &= a1t
T T |
Doukle-Pipe Single Pass
T Heat Exchanger Heat Exchanger
] ]
[ [ 0 ™
| | 1 1
T T 1_|
: 1
I Spiral Heat Exchanger Reboiler
Condenser Shell and Tube Heat Exchanger
4 * *
S gil) b g ey
————————— Future Equipment Electromagnetic, Sonic
) - S Qptical, Muclear
Major Process
o T T T T Electric
UL 2 — +  Connecting Line
~#—#—#—— Pneumatic —— | —— Non-Connecting Line
—LLL—  Hydraulic —/IL Mon-Connecting Line
————  Capillary Tubing —e———  Jacketed or Double Containment
—— = Mechanical Link — o —o—n— Software or Data Link

@
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4883 5 jealy e lia cililac bhia: Jlia
Process & Instrument Diagram ( P& ID)
Leliall Luleat haia - 9 of

al

—t ] «
i%__— h\tT —__/44/
Cooling Tower ¥ Vacuurm Pump
Product
E{)] ' Tank
1
Ao —
Cirum
Furnace '—"I
Feed Tank _I ] [ i
. Column l_ Product
Tank
—I"_I _D:ﬂj_ Reactors v 2
]
'__| [ | I |
)
a 7 _|
Bottoms Tank
o
'
= 3
— Boiler

Process Flow Diagram (PFD)
Ot (B9l o jliwa g Lguarss lgilddle g Liall ulardf il 980 JSAH i g
8 gl e Lia Lad Cune Lalidy) Lubend] s L] alig JSG( g ¢ Lgda sa
Instruments (Measuring and Control Instruments) a$all g (wtdlf

Ludanl) ciligSa Ao Instruments &gyl Al af LI dadall 44
5 gy e liall 4udaall JalSio bhia JIo Juasi SIProcess 4sliall
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Process & Instrument Diagram ( P& ID) : Jte
Distillation _phiill 4elic 4ulee  JI JSLf reila g
Instruments &g/ Cu g 4o liall 4ulandf CiligSa (o gand 4 g

CT-105

F-105
Tk-10
H C-105
q
Lo (T =
=
VA “T-l TC)
: FCV / P
P-10

TTo & ot EX-105

Tk-16 .
p11 V7 B-105

Process and Instrument Diagram (P&ID)

Mixture LS ciligSe Juad lgd oty Loliva Lulae & jlailly pblill Liloc
Lulil citig<a Boiling Pointobds 4hii aladic L of4iSh iy
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DCS =l dakiil & dalaiicd g PID aSadl) ¢ A8Mall
PLC asadl)

&bl 969 < Conitnious Control _selwal aSaill alhii g8 PID aSaill fuadilly daud g7 G LaS
Fl gy pudallg Bl g bl Jla ) Lelicall ciluland) & piia ) i) Ao ABdlaall 59 i
Safe Limits 4ie¥(s Setpoint 4 sdell addl dic (Lo u g
ASal il g Saseiailiant] aSailf alii 4 392 g4 98 4
5 pdal) aSaill § il <3 aSail 5 jgal 9 DCS = Sa
< Cudal) jlgad 138 Sio Cdilli off Saseia g
Y33 Liladlad | ) g el gé jline afad < juas Yokogawa (bl g 45
Model YS150
Single-Loop Multifunction Controller
Each control type is incorporated in a control medule,
Standard PID Control
Proportional band : 2.0t0 999. 9%
Integral time : 1t09900see
Derivative time  : 0to 9998sec
S L) Eua DCS aSailf alii 4 g ¢« L il aSaill 5 jgal 5 a/4h PID aSadl (g LaSy
EA Sl Lol ey (4220 MA ) el A 20 (4 o lgeiadd LlE 555 Analog Inputs
(4:20 )wal ALa20 A4 o lgiadd Analog Output

Al pa i Con ) Lol o] o g8 LaS Laadf aSallf 5 jgal 4
A osS ok aad) S 5 LN g Sl Y g e Cilia e ) Y 90
ALyl Luba) Liadf o il | Al CiliilSa)
leody cuiliall g s WM/JLPJ/PS&J/WJJPJUNU} cua gl g
. Leliall el La [y Glabiay
Moy Ala Jdlsa il S el g ob dlalal M lgad 1 g
Temperature Controller 3,)_all (& PID aSal g s
SV B ae 2 R . - “ -
Y o oore 5 Outl/Out2 <@sl) (i 8 aSald (i HlAl 7 g3 jal) aSalilly Saaly 9 4
* s s = Dual Loop Outout Control
AT ALM1 ALME ALM3 bl g daledl Leliall Cilafaliny/ A jlice aSad 4 g jlgad) 138 5
L:ué:)l‘)atfé‘ﬁa.b ABdlaall of J s olf lea by il g el Lulae biuis
dgje dulle LASLPLC aSad g plidic Euell (o lub (1 9G5
D/IA g 533499 A/ID Jidsaay o) pdd oy LLLYUPID Sa gy
PV Display :todisplaythe processwalue or parameter lype.
SV Display :todisplaythe set point, parameter operation read value,
manipulated variable or s el value of the parameter.
AT D Auto-tuning LED, Alashes whenthe Auto-tuning operationis OM.

CUTHOUT 2 - Output LED, lights whenthe cutput is ON.

E: Function key. Press this key to select the desired function mod e and
v .. confirm a setting value.

4.%4‘)'4‘; ra/..laiu! w‘)c -y,}‘-” E Mode key. Presslh.is key l.l-j selpara.umelers within runFlion mode,

C, F : Temperature unit LED."C : Celsius "F : Fahrenheit

vl - . 2 k4 . b :
4'..‘”"” ”J.A;y’(;ﬁ OJGJ JLH'" J3 ALMT - ALM3 : Alarm output LED, lights when ALM1TALM 2FALM3 is ON.

{ii & M / m : Diown key. Prass this key to decrease values displayed onthe 5V
: 4 S A (o8 o display. Hold down this key 1o speed upthe decrements.
m :Up key. Pressthis keytoincrease values displayed onthe 5V display.
Hald dawnthis key to speed up the incremental action.
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DCS ( Distributed Control System

DCSS performed hundreds of analog measurements and controlled dozens of

analog outputs, using multi-variable [gfqagsE\R IR BN UVEY (=4 1B)] control.
Lol cileliall B o psl) delicall cilidiall 8 Cuyda sBISDCS aSadll 5 4G oY da/ sk

O Ciliad) g &l pudad) lg da) s Al Cilelicall (a W g Criawd) g 53] doliva g 4 glasS g 5l
PID aSaill afuiic o [ S saled Jlly aSadll il g4

DCS I 4akiif |4 Jars (0 JSI PID  aSailly dew] ol 48 el o il Jigly

DCS aSailf alliif Lucesi 4 cili gSall
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The PID control algorithm is used for
the control of almost all loops in the
process industries

Distributed Control Systems (DCSs) are dedicated systems
used to control manufacturing processes that are continuous
or batch-oriented, such as oil refining, petrochemicals, central
station power generation, pharmaceuticals, food & beverage
manufacturing, cement production, steelmaking, and
papermaking.

DCSs are connected to sensors and actuators and use setpoint
control to control the flow of material through the plant.

The most common example is a setpoint control loop
consisting of a pressure sensor, controller, and control valve.

Pressure or flow measurements are transmitted to the
controller, usually through the aid of a signal conditioning
Input/Output (1/0) device.

When the measured variable reaches a certain point, the
controller instructs a valve or actuation device to open or close
until the fluidic flow process reaches the desired setpoint.

Large oil refineries have many thousands of 1/O points and
employ very large DCSs.
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