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Chapter-1 Introduction to HVAC Control System
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o32082(chapter)od 050003 eepan(Bies005
(02) HVAC system qpsop€ control system o§efgd a3
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(0) Two-position | floating $& modulating control loop gp: 320060p6S
(20) Modulation control loop qpzogE Proportional (P) Integral (I) ¢ Derivative (D) control
action qpz 320060060 $& control loop 028903 tune OO
(c) Direct action $& Reverse action 0303[gsd
(©) Normally Open(NO) $& Normally Closed(NC) o3 o3[gp:d
(s0) Controller 028900p5:083000 sa0ddgg) controlled device qps sequence (eSS 0303 snz0pd
2060600508665 [gdopS

0.0 200056fo3p¢ Control System gp: c3=G00505:?
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[g€omeaefgzacs (condition)sEare§iopEiencdoopdssalgaeesqpialgpEidaopdsadad equipment
qpsel pdesoqodyp: cdodeagpoBeoy [gbeogSaac305 control qpon Geodlgadeusaopdi Equipment
qp2 38 comCigSed cvdesmtaeng§aopds control gpion 6eorEgoSE0s0RdI

Control  aB20p5¢n  cood§zacfgeacs(current  input)qpsod  eegfogod@:(monitor  cpo(Br)
o3§oon(output device)gqpsaBad  output gp: cocSeosg F203§aopd Ieefgmacs 32038{gbezNE
aB8:c0s(regulate)[gs [gdo00n

poed-550508:3§§ c0Ceqqpoopdsadl 620§803 cLd[goddl: 308§00d I FEqesnt
66pa0560:20p00072 $E 6qES2:000560800pT:03 CLNd(gEappdom control cvS[gE:og [gdaopS

6§205000) 0009eD 2eedC:0pdFR4l [4S55(ySEQ0d(speedometer)o? [03056] 832038000

[4555:qee0E Bun(accelerator)od efgeccnodlyé §Seoq Beodgl: [gdaopdi o powd Fd0pd
closed-loop manual control qpslgdlo3o0pdn Manual a320p5¢n (controller a3wwpad control loop o3

00o%:93) pad0SaBEamn controller 33(gd ceongodeuses(gl: [§620pbn cpan(operator) vpda0pd control
action [gjopd qepda’ eddgodom esontgadesgt: [gdoopd

Closed-loop &320p5¢n control action ¢ feedback [gSope) control cpd[gts [gdoopdi 208
6e008g05c8052005 control action 208ee008gedadn5o0pd control action elogp& process 93ewrod

plant © ©pda338 [gScopde) 03gsa0p5a3 feedback =a[gd [gSops) control cpd[gE:ad 8cdaogdi
3200050 powdgpogt feedback sa[gd GqEES0d CLASGE ©6:00[Es 88 =03§oodd [S55:0d
GepodI 0eePaS3 [4555y8Eg05(speedometer)o? co&mpd[gts o3fgdoopd

320000¢) 208072038 [4855:03 350880003 0382002288000 cruise control dogi€ &3 control o3
automatic control vp 200560568l 83a0p5i Automatic control 8320p5¢n 208 03uSA3E [gredesmnEgad

(manual)qepd control action gpzod a0&a3uden: [gapdeosepd controller [4& control cpd[gs [gdoopd

co€omseil cruise control panel 0 2083a08§000d [gS55:03 copdoglsBe “set” ©0pSad
860805200558 00dgEs05 cruise controller 20p5 odgSgiod con[rodBe(monitor crdes:) 8o
(accelerator)od c3o0c §Sso(adjust) coesd6epdn co€aandeonn [§$55: (desired speed)o? control
edlomeemdgé “Set Point” vreslaopdi Controller ¢ control loop 205 83[Gooés set point oBwwpcd

co€mpcd§eon(ygSssi(desired speed)o’ qfesat [Bponiesadepdi Cruise control system 20pd 20
2005005002:600 (5582 (set point)od 2080005 doBoggn AB8eicon:§Egd: §oopSad cogqrddupdi
:00deopéadendd c08aopd omigSssi(speed) 069000503000 BE:qSm0305 :[Foobs 33§85
658886 vurcdeamelopE (&b

Automatic control gp:o} ogi§603 22930 Zaclopin 2acd§eoogoS(desire result)
02bgoopdindons qqfecged afFelqod [ogpdqlf: B5:a3Giesah adbeffat Bl safigrebesaf
0g&:8E[g8: $E [Bragan[gEs 3elopE [gdoopd

HVAC $¢ refrigeration system qpseil control 00p5 ogi§603 omseensapdaad] odsaopd control

$C 208000001 omsg§§Ss(speed)od 03004 espdicol oypiead GoniaagePdMEieaNt Gedtsoorod
HVAC system a0p5 dry bulb 32088 (temperature)od cogps 2005600000500 (comfort) [gdeowpd

204890656308 H[gadSicosooniqepdn 9Beodd  GodmagepuSmEigy  ewlislafeaogad (9SS
(speed) 026900054gE ©adEA05200393 thermal comfort [46g$320305c0p5: 320§ (temperature)
006900p5g¢ vqdtoun consaagepuSmEign cunlsqf [g55S: (speed)oopd 3a8cnag05(Major factor)
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[§6200398 20056000 2005000 (comfort)[gdq§ 320305c0p5: 320§8 (temperature)oopd 32800 oqEoS

ocn=00R8: [§§5544Ce3nE vi[gts comEadad curioncdgst 3a0gs erapd LgRbigps
omizjgedooudeanntgl: 0oopd cddlondiparn [gded8Ea000 pefgmacs gp:d peak power output
BB oy$a:§Sqpiog 3c3§o0pd [gsS:(speed)qfes Swo(accelerator)od  s&:) 3EqEAd
(output)o? c82008 control pS2000n HVAC system gpzScopds ad3aopol [gbo0pdn Peak cooling load
a3e0pod heating load g3 0068looddeomn 326G oySsaqiSqpiogt comfortable [gdeog$ cvod§
2S¢ [gdedlesaopd (actual) cooling/ heat load qpzsé 0305082005 system output cocdeos
65630 control cod[gEegdaopd

HVAC system gp:§ manual control esepogE automatic control [g& so0:0d: 2a0ddy) §0pd
;elopsen automatic control o3& eenlsop(operator)os 33Ge[god eonllo3dd  Bseuieses
ocdeomelopé Fa0pda0we(operator cost) 200500020051 23(g cobopoday|(consistent) 2005 §eVSA?
60:8E20001 System 00d9d:el g&ee0nEqpd(performance)copds 38 comgseo §Ea0pd

HVAC system qp:cag€ control o3 3209dgiq20pd 280 6pbgudqoden facility sac3Esq) process
Q2320305 20&ergpeodn environment Qs 20g05[gd0pdN 22680005358 320385 cwgp:(building’s
occupants)seoR0d  32033632:g[000000  GHepadCats(thermal comfort) [gdeoqepdi §oSsqpiancyts
o8cobsqps g&sIgpd pO8Eeoq$ (productive atmosphere) 320305 thermal comfort [§8$ 32000
eqeadlapn 02:6om05a88qpigE Gwndo0pd $E omadiongpind 8odeslg§ =005 comfortable
environment [g6q§ 300001 0gpSi0005cEeo  ©oS{qPIgE  SCRGIEgP: oS00 000gN
20p008EQS $C c0odMEqPsel 2qp0336a3: 38 comEieog$320305 productive environment (g6 S
Boopdi Geosqp:  $& 06:00008:qpirE Gepdl ©oRcd8EDD esepyp: (9085 Segnigpiod
aBeepadgy 20§08 §65E:000:6000 Bf§| Bodgqo0pd(safe environment) esepapegdes cSsa600p5

HVAC system qps§ coo(air) ¢ eq(water) o3eil eg aqpsg(movement)qpzod 82003 oB8q)d
(regulate)q$sE comfortable environment [§8q$320305 heatingi cooling & humidification source

qpzod B8:qO(regulate)q§ c3sa60005

0065038 Goddang comEsadaoneam control  system gpsel @&sqpS(capability)oodgSen
energy management [gd20pSu Control system 2005 HVAC function qpzo? o[gbecs cpdesont cosepd
:[g€ energy efficient [gdes3E 32000588ed: caonlgndeuiqepdi Goniaagapud mEsgticoae(safety)
20p5 automatic control &1 65705006 3aeegBs0pd function 0od9 [gdoopd Safety function gps 20p5
HVAC equipment qp: 908:5 cpdo€esongpiel 32000530gepudss ogftnee B[ Bodqqeoqs:
equipment gp: oqES8:e0q$ $C equipment gp: 200500669 [oPgROg> Y yfEeoqSeacgnd
[g620p5n Safety control function qpsel powdgpien s0agS[gEs(overheating) $& eqdfgts(freezing) o
olgbeogfemnogad  =pd§lgEonodgls(high temperature) $& sa0p§Soge0C(gts(low temperature)
o[gdeznt mEaoodoongs BsmigEgls(high pressure) $¢ 8320:85[gC:(low pressure) olgbesant
n§o00d0oxgln fuse qpsgE over current protection (current sacg&lgEonoSamgEind omazuSgts)
fire protection $& smoke detection o3 [g6205u

0. J Control cpdsoBgp: 0320005000
Automatic control 03¢ ocowads 32ad¥gjeax c3§uxn(device)oopd space heating system opé

A§o0pd bimetallic strip [g520p51 a8 oB§ax(device)aopS 3203§a0pd B (boiler) output qezné
a300pod 3208§00pd combustion rate qesa€ SFiEcwn(boiler)odsk3oS[gE ¢E[gEs combustion air
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damper ¢&[g€s 805[gE: ©o0pdaBgyp: YOeenEa§macgnd control cwSeuopESI BealgE  steam
radiator $C steam heating coil o3& 32034gjoopdn aB3a§§c steam radiator o cod¢[o3ode) CVOS(gE
(manually) &g 8o5[gCsspSdgE control cpd3{ogo0pS

Dr.Andrew Ure 2005 thermostat 03 0008 0Bag€ sa0digdoopdn 0oeg000503¢ thermostat o3
esepyp:gropt :p§ 2oddges(oyed [gdoopd Thermostat o oSsoqps ©2:600005a3EqP:E
3268000528qP:5 3204$ (temperature) o3 control cv6§$320305 Zadi{go30051 Besnod mercury
thermometer ¢ mercury switch o303 08ag€ saaddy| coolpgo0pdn Mercury thermometer o3¢ wrog§
& cocopboyuS[gs(expansion)geloppE contact [gdeoom control cpd[gts [gdoopdi 220§ [gEenscong
elopé oofgfel cpoopd ogudjgocnom contact [gdeofG: agded S:eolicoom complete circuit
[g6c000p5n 00b5pS:amgE contact [gBom aqiEEdLEdE0069 [gBedl copdn dBn3§omod Zacgs
Boggr wéesmeu§eosdoopd:s cdaocd dBS:p3(adjust wO)e) ©q§E20p5 non-adjustable device
[§62055u

Mercury switch 2005 Goo:coSa0pd tube adog€ woogi§(mercury)o? saqpd3a09€[gé copde)
32600805002:000) Ao [§820pb1 BEdeS Boupod dBEEErHB03 contact 3algd I20d4q|

ooo:oaéu

Refrigeration system qpsogC thermostat gp:o eedomogps Genliqéi qOqs 220305
copbieomn omgps(valves) gEqsi 8odq§ 220305 copdieomE:s 3203go0pdN egEmadlon refrigeration
system gpsog€ S:eoliopd refrigerant oedano? manually control cpdjog0p5r Beso0d high side float |
low side float §<§ constant pressure valve(automatic expansion valve) ooaé control device qp:or‘f)
030gEom 3203ggjeonle3oopdn Control  device gps edledlodalol fan Bewrod pump gp: Gedt:qi
q0g§ 93ew0od valve $& damper qps gEqS1 8odqea0g05 agEBsucdrués(electric circuit)o 0odaubs
[gpSesanEapdfgts(Make) 0odewés [godesntapdgés(Break)spdeyé control codlogaopdi

o30gEdlozad§on control device qp:o0pd [gE0wE&3aE ©adzaba0pd(self-powered) o3§uoogp:

[§6/0300p51 Self-powered e820p5¢n control device qp320305 82262005 power o3 [gEoondesep

(external source)e ©opod control cdSe$0pd process ¢ power o3 32034ggE: [§620p01 B
eqrgs: 20050002000 modulating control gp:§gs Bsadcmeomelopé agdodencdemiad ©odiad

compressed air 03 3203gg[o0pd pneumatic control device qps edl édloSaooopdi

Modulating control e30005¢n eenégs qd[gé: aBwupdd Boh[gla ¢E[ge: 0a0p5n3al saaly
;65 (state) $8§goong[gS: ©0p0d93 controlled device 03 32262003 0% ¢ 100 % 2203E:5 §eseolg:
[§62005n pows - valve a8eupod damper o po% gEeseogEs [gboopdi

Pneumatic control gp:00pd analog sajssaenz(modulating)qp: 33(gd §$E2001 Besnad
electron tube edlog&san(Beesn0d analog electronic control device gps 030gE §Ea3[pgoopdn w9
=:9logE analog solid state (semiconductor) device gp:o3 cBag€8E3[gEelopE control pE8&Ea05
function gpicopds 3¢) comEigSamooodi addesond Direct Digital Control (DDC) wpeslaogd digital
control $p5s0poogps 0g&sms 200N

Modern control system &l 326[gd control system sa§jesa00: (§)§ge?

(0) Self-powered controls (G) Analog electronic controls §<§

(J) Electric controls (9 Digital control o3 [g&aop5

() Pneumatic control
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006§ 323%geseo0 control system qp:ogE 32000531 control system sa§maon: (§)903
edIE:00¢) oopSeeonnhood(gls [gbaopdi Hybrid control system v esladdlon 38 eSonsoopdi woeli
009mg$ $C 65280388 epd temperature control system qpsogE saadigicon:a0pd hardware sa§jp3a00:
320:0%20005 0pBeoon control coeomoneps(fundamental principle)o? sae(gds] 02p56e0205 con:200N
0p5380¢ BeomEieant [g[gé dBoglooiden 3a6[gd coeomanep: (fundamental concept)gp: a[gpE:ad
a860p5 wupodeon (ASHRAE publication - Heat and Cold Mastering the Great Indoor ¢ opsop

Geﬁ@:}béu)

Controlled Process
Controller Device Plant To
) Controlled
Input Signal N Variable
b= % — = > >
(set point) 1
—
Sensing
Element
(Feedback)

¢ 0-o Diagram of control loop

2.9 Control Loops

2005905002600 [g§583(speed)ondoapl oBSsq) omsewntiesglgtiaopd control loop codecl
poegbo0di omeifgSssiod Bqf [S5854g3Eg05(speedometer)o? 3203goopdn LA omigSss:
(speed)a0pd 220380005 [gS55:(speed)oood esesaqiE cBun(accelerator)o’ 8sC:d) omxel oYfgseo?
eong[0doopdi ABesn0d omfgSssioopd 200300l [g§5S:(speed)o0nd es: Gseo0IgE B
(accelerator)od 3¢j 85E:00001 Jlgfesaqi€ caqpq) $8:00p51 ofspddge 3088000 [4855: (speed)
qe3nE [9$55493Eg05(speedometer)o? [03004] cBwn(accelerator)o? §&sog) $E:00051

3200050 poenogé 20€a0pd c8un(accelerator)ad wpbgjsiopdi cagpeond ©2005 control
decision o3 addgodom controller 3Bge @e0Egoda0obi Control edlomqgpizeg om: [9S58:
(speed)aopS “Controlled Variable” [9620051 [9§584g8Eg05(speedometer)aopd cood§ [9§55:03
030000005 sensor [gdo0pdn [gS58:(speed)od “Control Point” a3eupod “Control Variable” opcopSs
ol 00pbn oe3EqE (engine) 20pd “Process Plant” [46[Gs c8on(accelerator)oopd “Controlled Device”

[g2005
$(0-0)a0p5 control system ood9al information qps 32[g$3e00§ ©cRLS[300d schematic d6[gS
eedlgoonzaopdn Control  loop op eslaBqopd maelopCien information gp: oodesepfG: oodesep

(esep3msad: Gepode3Ne) 00586eE GepedgGoEloPE [§6o0pdbi Sensor vpedlaopd [§5554g
§Ego5(speedometer)e controlled variable vpealo0pd [g$55:(speed) aopd controller 0da3 eepod§

agn:00pdi Controller 2005 cwa5§ controlled variable [§62005 [g$58¢ (speed)sé so03§oopd speed set

point $& £E0pdom ompdeepd §8a0pd “control decision”od gec5o00bi Besncd omRSeEd
&80 p8fogpiqod(instruction)o? output s3[gd controlled device [gdoopd accelerator 0628 Jeos
2000 Controlled device (accelerator) ¢on6s0& process plant (car engine)od c320c8 eenseozaodi
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Control loop mac{'?:org& process plant 1 controlled variable 1 controller 1 controlled devicer set

point 1 control point ©20p3 030005 6§elgd doCqepd 32805323E:(essential element)qps [g&[o30005

Set point c Cantroller
Sensor Controlled
Device
-
[
3 5
%‘ Heatin
: Coil .
Supply Air Temperature Air Flow
(Controlled Variable)
Process
Plant)=

c;) o- J Simple heating system

O(0- )05 eeegieg(steam) oBowrdd eqp(hot water) a30upod  oofgpieodn heating source
006§ qpod ods002:00p) heating coil A§oopd air-heating system o0d9cid [g6o0pdn 63220005
eoogpea? fan ¢ godcopdeodBe 3203§aopd set point ZpgSadeepodesnd(qesmE) oBSongs
[020p51 Controlled variable [g620pd supply air sa0pqj$(temperature) o3 sensor oo 03E0p[Gres00d
controller s828 Gaoz0000n

Controller 20p5 sensor o3&:0300:0005 20§& (control point) $¢ 3308§00pbsa0§&(set point)
0303 §E:0pdom error o3 0gaduraopdi “Error” e30000en set point 220§§ $E control point 30§8o3e
35259105 [962025n Controller aop5 error o3 =ac[gde) output signal o3 0gadqiod(G: controlled device
[g020p5 valve @i actuator 0598 Geozo0pbn Actuator 2005 V059§ o0pd signal 3203E: valve opening
position o3 [gbeoom(heating medium flow rate $054gCa qpigE: [gdeo0om) process plant § coil
:038:03 eqp(hot water) a3o0pcd eqegieg(steam)od B:eol:eo00001 ddes00d supply air 2005 coil
BlgodBroopdmadl BqiCoopd 20§53 qdrnd(eepad)ogneoaopdi  esna5oodsl sensor  20pd
information 2200803 c0Gwob0om controller 528 deodd: cycle 35006006903 ©0oE[gS oS ofspddse
3203800pd =ac[geaes(desired output) (86308 cobom 00607 3380056405 [girpdesiogoopd

3200053 poed $8900%:03 system s:isC Ffgr: elgpqedaqC “Feedback Control System”
[020p51 Controlled variable o3 s3[Ge[god sense codes(Ge controller 0528 sae0056[god God(feed)
6$60006[op¢ “Feedback Control System” a300p05 “Closed Loop” o 64l a3[gE: [gdaopdi

Controlled device $& process plant 030005 controlled variable ssed sa0fEo005eepd
§Eg8:§o0p5n Controlled variable 02§8:03 sensor o s2[Gelgod controller 0823 oo controller 2095
set point 00§23z $& 8E:005[8¢ output signal o3 controlled device 8823 deozoopdi

Open-loop control system opC controlled variable $& controller o3salogpiogd GBoH§od
soodoguda(direct link) ofeor ddelopé feedback copS:s o§eon Open loop control &1 pow> 069>
sensor 2005 [g€uecuzapd&(outside air temperature)o? controller 333 eozoopSi Controller 25
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outside air temperature oo&9onpSs(feedback o§o3)[gE control valve o oBogg> control cv6§EesE
8&8: [gopboonsaopdn  ofjoownogé  controlled variable [gdoopd supply air temperature o3
03&:0m[gEscopd: o controller 0dad cosgEicopds w§eon Belopé controller 2opS control valve
¢8[g8s Bod[gteope [gdedanoopd odgSa(response)o’ [3§ea38E1 Open-loop el safgpieod
328¢n0den controlled device [gdoopd control valve i direct impact [gdoopd control variable 0o§3:03

[g84) sense ecpbeo

Table 1-1 Control Comparison for Automobile and Heating
Automobile Heating system
Term 95 Definition
Example Example
The device that The device that provides a signal to the
Controller You provides a signal to controlled device in response to
the valve feedback from the sensor
Supply air temperature | The device that measures the current
Sensor Speedometer )
sensor status of the controlled variable
The device that changes the operation of
Controlled .
devi The accelerator | The control valve the process plant in response to a
evice
control signal
Controlled The supply air )
) The car speed The signal that the sensor senses
variable temperature
Process . . . The device that produces the change in
The car engine | The heating coil )
plant the controlled variable
) This is the reference or desired input
Input signal i . . .
] Desired speed | Supply air set point that is compared to the controlled
(set point) bl
variable

Open-loop control system o3& end result $& variable sensed by the controller o3sa(o3ps 03¢
2300805600554 gEs005a305g05(indirect: connection)§oopbup 2005005ups000:(presume CdS0o:)
20p5i 3200004 outdoor air temperature $& heating load o33a[o3p: 80050900403 3203307 BBcoingE
open-loop control 03 soaddgjg) S00$:32088 (space temperature)od c30003 3203320796308 Bstc0:
8820051 2Bea0d cvodeogart Adrpad cBagopd sordogudedEa’ 338 ¢[gb8EeomalopE open-loop
control system gpzoopd eagjsdecmnndoopd gdiesonapd(performance)o? veu:dEloeon ddsaclogpts
gpselopé HVAC continuous control system qps ga0sd:op€ closed-loop control o3000 sa0digfog(gc:
[g2005

Time clock 1 occupancy sensor ©20p50303E open-loop control qpso3 ocBecay 823%q|
[0300p51 GE:0830005 on/off safjeeaonigpiomn [g8[o3[8 continuous control gps curcdlojeon saads
qp:0opd open-loop control sa§jeee00:0069¢0 “reset control” (gdoopS Reset control 20p5 closed-loop

control & setpoint 03 e[pE:cdeog§320305 32034gj0o:6000 open-loop [gdao5
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O(0-p)R¢ [goom:a0pd 32038: [gEuerusae§§ (outside temperature)o? soe[gds) heating supply
water temperature o3 adjust cp5q$ 220305 open-loop control o3 sad:{g8E200n [gEozapgS (outside
temperature) ogje08:cnag (§6cag€) [Boa€ 2005¢0d0o0pd(predetermined) schedule 2203
open-loop output 68 [g€e0:8Ea0p5I @uai0re [qoortoopdsecdE: open-loop output ¢ SBEc(boiler)
320905 set point 03 cocde0:8E00

OUTDOOR
T
-
T
. Table 1 TYPICAL RESET
| SCHEDULE
OUTDOOR HOT WATER
BOILER TEMP, °F  SERVICE, °F
0 180
60 140
BURNER| |

c;) 0-p Boiler reset control
Reset control &1 oodfgpieomsgsgden heating load [gEooaSamaopd ssag| heating system
& capacity 03 qpseofgC{gé control cv68EgSs(ability)od 38eomEsgs eooopdi oYspdiaopd control
loop 0od9¢ output o3 esnoS(second) control loop ogE input 3p[gd 320dEgioogE: [gBa0SN
“Cascading” 096200507 Gel 2001

poedgpze control loop 03E:5dloCeoon essential element gpigdaopd sensor 1 controller |
controlled device $& process plant 0303 ecwdlgoon:aopdi o365 control system qps 30:00:8:3l0005
oJpoenn}3d gl agudonfogcB6epd vupddeor  condeogapbesiglort 3¢ qbeagizad(complex)
system gps [03je0p8E20001 a8ea05 elementary control loop g3 336[g8[G: oopdesonaSoomoodi
0068lond¢) sensor $& controller $69 0cd:03 package 00693RE doesm (RS conseny §oopd

Sensor $& controller $8900%: Clo€aopd =aepod “stat” vreslcopdn pows- thermostat |
humidistat $C pressurestat o3[g®aopdn Stat 3203038 sensor $& controller o3 Bep:d 00p5§

[p30050000: $6900%:03 2a§(enclosure)ondezacgsart copde) [giaptoosat: [gdaopd

Stat qpssC 03q) 3200:qpo0pd controlled device qpseo control valve (steam a3ewr0d hot
water o3 control co6g8320305) $& control damper (air flow 03 control (rEE$320305) 0396205 A3
device qpz5€ stat 0303 000393 osmSen eggudmadgRepdo’ gliulign $05:0pd cveomedlodes
c8oopd

Controlled variable qpsen 320q$(temperature) 8ad&:eo(humidity) 1 dsas(pressure) ¢
mogi(velocity)o3 [gboopdn Hydronic heating system $& cooling system 03038 saqp2ed: 6o3,q@ox
controlled variable qpse> el 20§8 (temperature) sacqE(velocity) $& 8z (pressure)o? [g620p5u
a3 variable qp:0? oB&:a0pd sensor gpsod Gd s 1 saguSmoen =G $¢ accuracy s§E§jyc
eqpogodopd  §8€a0phi  oBEsomg(measurement)qpiel  o3oqpg(accuracy)oopd  control  0od9dseh
accuracy 2260l 2203E0056epode §aopdi Sensor gpzzacopE:nd 2e8:(p)ogE eedlgoozoopd
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doSamndg controller $& controlled device(valve o3ewr05 damper) saloypsoz€ actuator
§oopdn Actuator 20p5 signal o3 op§seans(physical force) 30[gbad elgp:cdeo@s controlled device

[60p5 damper Boopcd valve 020050303 opficor eg 6000001 Actuator 20pS  controlled
device(valve)saeol 03¢ “Linkage” vpesl 0pd cenE:o3[g §oScozoopd
o038 control system gp:d 220d4go0Rd edlume(term)gpiel 3a6[gdo0eom Coepig):
(fundamental)od eodjgoonzoopdi Bedlomaqpo’d cdo [gpddgn §930pbqs 300005l esnodeaes:
qP20R¢ eedjgoonzonpd coCefiongpio? §0:c0pd c0eomedlades ARgPiesnt wodaon0Ead
Controlled variable : Control cpO[gCsdqepd 320§S(temperature)r  §adC:eo(humidity) 1 330z
(pressure)i S:582(flow) $¢ za0qE(velocity)oaopd ochoog3(properties)gps

Control point ! (9803 qod0005 mec[gmacs (condition) 93wwpdd (468 qe8o0pd control variable
&l 0083a

Sensor : Controlled variable &1 00§8:03 sense cp6I&E005 HB§urnr 9B8§E2005 3o
cood§enclgmecs(existing  condition)o?  sense  cw68Ea00d  ©0dup§Ea)
B3§on

Sensed variable : Temperature | pressure | humidity ©o0pd 03E:0n[gEsdaepd property gps

closed loop control qp:sgogors sense variable qp:oaé controlled variable
qpeo8 [98[o30005

Controlled device ~ : Valve | damper ©a0pd process plant gpseil output o3 elgpEideo§oopd
B§oongps a3eupod control cpS[gEsdqoopd o3§uangp: [gdoopdi

Process plant : Heating coil 9800p0d cooling coil ©20p5 controlled variable & 0o$3:qp0d
e[pEcdeo§taopd equipment gps
Controller : Sensor ¢ ©050poono0pd 0083:sE set point 0303 £E:pdG: coppddon

83260009 corrective action [gopde§esacg0d controlled device 393 signal
Be0200pd 03§uxna3 controller vp sl aopd

Control loop : Sensor 1 controlled device 1 process plant $& controller o3 edl€spaonzo0pd
3293560203 control loop vpesl 205

Closed-loop : Sensor ¢ controlled variable 03 ©03E:0953 afgpican 3aepod9PAd BB3E:0y
0082009 control loop o3 open loop wresl20pdi Controlled device $& process
plant o303¢ e[gpcdg cdeslgapdgéselopt controlled variable 03¢ 0305§05
ogpooodeepadg(direct impact) o§eon 0300 con:apd saep(property)$é

controlled variable o3¢l 008850005 cBogeomn $054gE 00533006 §oopdup
C00590380002:2001

02.G Control Modes
Closed loop controller qpsei s28mox0$en controlled variable gp:o3 3203§005 set point
083:038 Bf:conzq$ [gdoopdn Controller gp: 320:0d:0005 controlled device 0593 output signal
000560 §320905 20&enyH0Rd 0ged]Edy [gIredloaoopdn Output signal o error signal saedlopt
326[gde] 0g0500s(gE: [§Baopdi 0odspSiaasgE output signal aopS function of error signal [gdoopdu
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Error 9300p05 error signal 20p5 control point $& set point o3& [§pzg2:9/05 [§520p51 0ods5:
agg¢ controlled variable 02§83z $¢ set point 00830361 [gpa52:9105 [§620251

Controller &l [gjpes0oEgodgEda0p5 control mode a3wwrod control logic (48205 Control
mode qps03 2a[038sa0dgE 03§ [gp:§Eo00i
(o) Two-position control
() Floating control $¢
() Modulating control o3[gdoopdn
Error signal ¢ output signal sa[gda3 e[gpEscdeoaopd control algorithm gpsogE oBogg
(accuracy) comEiq§ $C gbiesonepd(performance) deomE:nmneogs 330305 3500057l control mode
ad§jpode 00d§E§E0? 32004030005 Control mode qpesé cobgnioonoopd subcategories gpsoopd
3203§0000 qrod(desired result) qps g§jg§ $p5:3o§dEGE ee0rEGaB0o(RE: [gbo0Rd
HVAC system qpsoopd ma§$saaq so[Ge[gplscdesaopd dynamic system [gdeomelope
88082008 [96eoq§enog05 309§en530051 9053g0eage00pd control system gps c33a6600 §oopdi
HFa3c8 controller &1 esooEgodgEdgP: $C

SPZ‘ sensor ¢ ©cdopcdndo0pd process plant ¢ o3gSe
g (response)qps FofogpspE =S ogpug(time  lag)
§ Necessamchansss a300p0d maqjSesnodoyq(time delay)§oopdi os(valve)
E i 200 controller ¢ output signal qfg: s§§ so500:c0d

P [opeom gEoopd seafgmeesad eepodoopdi o[

‘—‘T—’ Time G§00d0on  eqpqp:  000EB:e0&i00pbl  eenliegoopd
(appearance)| (appearance) (operation c¥6e5$20p3) coil olgdogl equopd Groad

Dead time Time constant

Dead time & Time constant @esnt ofgrdet coil codonpiod 3qC geent [grpd

205
¢ 0-G Dead time and time constant

:2n0dg) sensor 20pd duct 32038:] oD 0§ 320pE:S 0od§INGE S Gogpesnt
eonlfGioomn Fosiel 20§Se(plicdg(response)od q§c86epdi Grooopd ed: 3038 S§qpod
9eoGeomn sensor 328:§ cood peo(warm)eomelopE sagSozpurg dqp: o0 oBeelgé sensor
:038:§ sensing material qp:o? geofd steady state sac[gsacs 32006006903 GepodeofGiwomn
controller s823 information 8200803 update &S cusd qoopdi cdesnad controller 20p5 3§S0q
sensor ¢ signal $¢ set point 03 §E:0pdG:w000 6pda8 03gs qepda’ sddgodqod q8Ea0pd

:YSes0050qq4p:(time delay)o? “System Time Constant” v &sl 20051 8a0005¢) system time

constant o3ag(short) control system o0pS process plant &l lgpE:daqpa’d qElggn odfgS(react
quickly)c86epbn  sa0n0dq] time constant 20p5  Jlopag€  controlled  device gpel  o3gSq
652603303660

Controlled device $& process plant 030005 sac[geeesonde e[pE:da§ 320305 controlled
device ¢ e[grEieoiqEopd 00§8:03 “Controller Gain” vpesl2opS Control system & performance 25
system gain edlaa€ @oopboopdi Controller gain &300p5¢n process plant 2005 2005¢0500250009
elgpEicdgesmadozd controller o> wpbqelpEicd cusgepdo’ adc8oopdn System gain $& controller
gain eopp8go codBfgqh goopd
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Table 1-2
Controller Setting Controller Gain Control Action

Open valve from zero to 100% for Higher Small change in measured variable creates
a 1°F change in measured. a big change in output. 1°F causes
(1°F a[gpEiq§320305 valve o3 0% controller to request 100% valve opening
¢ 100% 3203 gCaeozq20p51)
Open valve from zero to 100% for Lower Large change in measured variable
a 5°F change in measured (5°F required to create a significant change in
e[pEig§320305 valve o3 0% output. 1°F causes controller to request
100% 208 g&ao: goopdi) only 20% valve opening

Full load 326[g326503E process plant 20p5 full output 03 cocdeoso0pd 324l controller gain $&
system gain o3 0poBlo300051 50% load saegEaes03E process plant aop5 full output &l 080053000
000d60iqs a3eomelopé omondoodom gEesaddupdi odsedl process plant el capacity 20pd
required output &l $&s0 [§8esc866pdI System gain $6e0 [gbes0r elpenpdoopdi System gain 205
controller gain o3 system capacity [§& ©:002:00p9 0083 [g52005

Controller Gain

System Gain =
ystem Gain System Capacity

o3aloppé system gain 20p5 controller gain & function [g8Gs load 03 aonEgad8E0pd system
capacity & function copbsgdaopli  sacgqpioopd  gain(high gain)§oopd  system  e3o0p5wn
:25p0:c00g6000 output signal a[gpEacd[gEsoopd(controlled device ¢ondeot) [Beenseomn controlled
variable e[gpE:c5qg0? [gbeoSEa0001 odspdizaddyC signal $pdi5p5: a[gpC:cd§gé controlled variable
0$3qpign  [pE:dcd8opdn J¢) colepeant oy system o3 c3o0pdoond  JoFesnd
cobaonigCs(over sized) [gdoopdn Signal saspSscudon sacgSgpieoon output o3 [geocomelopé
eomCsgs 08m&go control (xdes clgdSEeonco

$(0-p)oge [goomsaopd outdoor reset aopd sacgSsbioopd load sacgEaesopt over capacity
olgdeoq$ system capacity o3 aB§:pdcodgCs(adjust codeodgEs) (g0 sa000de) 3 time delay $¢
gain qpoopd  qbie|pEeaodEs  soaSogudq(linear relation) §ogfd: 0op8oopanonpd:  (consistent)
[58[030qi€ ABoqeSaSean control [§8q§ 330305 controller qpsa? B0z (adjust cpdeoz) §E20p5
Tune cp&oopdup Gal copdi 98605 control system o3€:03€ gdielgpEer03Es upadEaD s00d5a3udg4:
(non-linear relation) sa§§esnodoygts(delay) $& ©opdo00d odlgSegp:(uneven response) ©20pd
hysteresis gp: §eoxEs §8E0p5

poed- omx(valve)sl  Geniod(stem)agE  godaBade(friction)elopé  [gdedlcneom 4§
eg00vmgs(delay) §8E000n gododady(friction)elopé eqpeg.g> ¢l dod[gE:(linear movement)
§it ©9§$Eeon Heating coil 338 ofeepa’d coneam eeEaes(hot water supply temperature) [g&ooob
congelopé system gain copds dqpsan§Eoopdi crodagss(air flow)oeomn spd:agnieamnaelopé system
gain dqpzan§Eaopdi

o328 qOeagsoopd system gpiod ABoggd 6aonlgrd8aSancgod eemndopt control mode
qp0?  eodjgoonsoopdi 3acgudonadist 3a08:agpsadicamn  control $o0s00pS  two-position  control
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[§620p5n Fan o3ewpod pump ©00p) equipment gpizecged ewndgs(run) q[gEs(stop) ©2005
e[gaacs (state) 69000 §oopdi Damper 1 valve gps 02005 device qp:3a0305 ¢E[gE:(open) 3od(gE:s
(closed)opaopd state $69000 §oopdn Equipment gz $C device gp:od control co6g$ 320305 two
position control 05203 sa03:{gj00p0i

pesIB0OgP:y 00deofaononpd HVAC system sacodonsgpiog CloCoopd air conditioner g
$C furnace qps3 two-position control o3 saqpsed: spodigecy §oopdn State $690005:000§0000
oofgpieoon system gpsogEaopds two-position control o3 2§ 2aaddgiecr§oopdi O(o-g) 20pS heating
system ¢ heating thermostat 0296 two-position control co6eeoEd(action) o3 eedjgoon:aopdi

Vaive A off Switch Off Swaitch
closed | | ' on on
On | I I [
x | I ! I
| | I [ [
} Differential I : : :
I
%——4 v | Switch : : Switch :
| ﬂ?f?_ I off L y aff \
} Open | On On On
\ >
off ‘ UL I PO S O
Colder Set point Warmer r T "
me
Temperature

¢ 0-§) Two-position control diagram for a heating system

Two position control o3& on/off a3ewr05 open/close oo [§88Eo0p5m Steam Bowpcd hot
water ©o0pd heating medium 0089903 3203qgjg] GoZEFS(supply air temperature)od [§Eoo0d
6020051 602051 0365005 0gadeLZEEE (supply air temperature)oopS oofgedegeds [§E005 conom
set point cood J[géoopd control differential 30§83 eepoS§oopd Control  differential 20pd
aoeagpoopd o3sseooondy(fixed difference) [gdoopd valve ¢&q$ 0§ (temperature) $& valve
805§ =0 (temperature) $&¢logp:E §oopd fixed difference [9&o0pbn Supply air temperature
20pd set point temperature $& control  differential $6960IEs000:0000 20§83 GepaSooRdeEl
controller 20p5 actuator s valve o3 8058 288("off” command) co:adn50p5

Controlled
Variable

Control
Differential
Operating
Differential

Set point »

Time

Y

¢ o-6(on) Two-position heating control

2q$35p5:c05 [op[Gie5005 valve 2005 Bodagoifds heating medium Bss08:(gEs w§eooelopE
agodecuzae§&(supply air temperature)oopd set point aBeepadesnt meoliom 65005006 cycle

006903 0008001 o powdogl set point 20p5 “on-point” [§620p01 codsobiemdsE valve o3
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@Ceoo0pd 30d5(point) wrcopd: elpP§Eaopdn Set point + control  differential 20p5 “off-point”
[g6 2005 00d5pbsaandgE valve o BoSeoa0pd 22¢05(point) upeopds a38Ea0pd

Set point o3 on-point $& off-point $&glo3es(mid point)y con:8E200n Beadl valve ¢E[gE:s
Bod[gC: $O9[oxp:ope set point §esc8Gupdi

c00de003¢ two position thermostat gpsy A§oopd Bionecnind cppde) 2203§oodd 20§$

2861 2:[g¢ Boocdeqeant set point 03 BS:p3(adjust) €205 Time delay cloppé egcogaonsongd
0005 3¢) eaasogngEs(overshoot) $& 3ej poonfgEs(undershoot)od [g6$Ea05N

Overshoot $& undershoot o3el [gp:502qi0503 operation differential v el oopS

O(0-5)ogE controlled variable 205 maximum temperature $& minimum temperature o3

oo §esoopd

Operating differential 20p5 control differential cood sa[g[Btecy §oopdn HVAC system
qpoRt [9becofoopd sagesoodoyfgli(natural time delay) $C thermal lag o303 oudgpiqs
o[gb8Eaon

adeoob anticipation device qp:od spaddgq) operating differential $& control differential
OPLIYOD VM3 GagPg§E0I Single zone heating thermostat 820305 3209:qp:eo0n heat
anticipatory 20p5 resistance heater [g9aopSi Resistance heater o3 temperature sensor s>8:03&
006008 3298120805 cpbeodgty sensor aopS false reading q§on 3¢ [g§e0sgo 0r§[gS(respond)
G200

;osiodS(space temperature)oopd control  differential 3203 [4€oo0d wonel  heater
8c50b[gldgE overshoot [gB[gE:0d eaqpspS:eo8Ea0cbi  Overshoot spdgC:elopé  operating
differential copS: eagpspSiogrsc88epdi Cooling 82030500p5: anticipation device o3 s20%:g8E205
Cooling cpbepagE sensor qupd signal (supply air temperature)o? set point cood Glgéesant [gjpd

coigliyé cooling coil 3203E:08 eqqpsde] [gS[g§oeepadon operating differential cogpspbiesant
[g109E8E205m

A o | Off
Upper swatching N\ Overshoot C
point 61°C T BA %

Tank water temperature — 'ii? (=]
e|F b
| = =

Set point 6OPC1-4-4-----4--|----—F~- rad--f-4----- -3
= o
o | =k -
@@ T
Lower switching A = =
paint 53°C /’ E/’
- -
On On
l Ty | Ta | Ty |
I SIn s "

Time

Q o-5(9) Temperature versus time for Two-position cooling control
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Temperature in space with anticipator
------- Temperature sensed in thermostat with anticipator
— — = Temperature in space without anticipator

A
Cont_rolled )
Variable Control Operating
\ Differential , Differential
v e Operating without
\ ! Differential anticipator
. \r / with
Set point . N / y anticipator
T 7 7
U U - | |

Time —

¢ 0-q Control differential
0pda30€ anticipation device qps 3203qgieo0om¢i control differential 03 ad:o eypPodogesNE
(o§esnE) [gopds wqSCeor BelopE set point oo 2:0§s J[gE[gEs(overshoot)sE 38G[gC:
(undershoot) ©20p9 =0gS 3200053207(9b[gE:(temperature  fluctuation)od  JescB6edi [gdcd)

qo32005 Fee(gzaes(desired condition) o8ewrod set point o3 §8Eo0pd saS32038:300000005 22§05
00§00 [gd20pd

Control differential o3 $05:630&[gipd[gEsgé control o3 3] cBogeoom 3c8§o0pd 3203¢:
[§6632>E[gjrp58E 0051 o865 control differential 3a0g$spS:0000854] short-cycling [gded con§€
20pbi Short-cycling s3o0p5¢n 3a§8so5p5:30038: valve 2005 s3(036¢gpign 3o5[gE:(close) ¢E[gEs
(open) $& soqSa050:c0032038: equipment qp: 32[36qpgo cendgEs(on) qo[gEs(off) o3 [gboopbi
Short-cycling afo3p¢ heating $& cooling system gps comsgo efficient o[gd8Eeomcon Equipment gps

32§500388 qo583c8GepSy

Two position control 089 GomEsgd de& 35006 cvdesgEadoopden short-cycling
o[gbeoa3l 20engPoopd control differential oo controlled variable o3 set point 32§:038
00058E204/qe30E 038200059 E{gd 200N

Two position control eicpbesonq(function) a0pS HVAC system @il system gain sacologé
©00p50000n Process plant el capacity 20p5 220800005 §oopd load cocd gpign 3¢j [Breescoqs
c8o0pdi 3¢ [BeesagiEcontrol differential o3 [BsesanE[gpS0m 038:002:8E2005 Control  differential
[03:eo0a[o3pE operating differential copbs c8056] [P3:000880pd

HVAC system 00696l capacity 03 320$000005§00p load coob J[o3:esn(oversize) 83Es
cvb0omg€ two position control $p54gE control cv6gS ©0530051 epdazadeam $p5dgE control
c06deo HVAC system o3 c8aopboond Godiesant(over sized) 8&E:codoonaqiE control cpde$
:20R§ 90532001 Load 8a5p5:3aqp2:03 c305¢) system capacity 03 coéeaqpesant 250833908 34
8&&: cpSoonqEpdi
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Controlled variable o3 set point 03¢ 03§:002:8Eq$ 320305
(o) Control differential oqSoguSconseosqepdi Operation differential copdiadode)
030500 8gwpdi
(9) System 2005 short-cycling [g6e$c3660i

Load $& system capacity 0305p860q$ step control o3 3203g§Eoopdi Step control a320p5¢n
:e0s6e0(two position)  set point $6§E§om control cpd[gEs (9620 Multiple stage capacity
§oopd system gp:op€ saeoqpsgo(multiple steps)oosdd: step control cv68E20p51 Multiple stage
capacity 8320p0¢0 High-Low-Off §aopd multi-speed motor gpso? copdieomé: High fire-Low fire-off
§oopd multi-stage gas burner gpiz: copbeomnEs multiple compressor 1 multi-speed compressor |
compressor with cylinder unloading $& multi-stage refrigeration system qpso3 a8c8o0p

Stage 1 off Stage 1 on Stage 2 off Stage 1 still on

Controlled
Variable

Set point
Stage 1
Set point
Stage 2

Time —

A — Operating Differential, Stage 2
B — Operating Differential, Stage 1
C — Qverall Operating Differential

¢ 0-0(m) Step control

$o-0(m) 0z stage $69§0p5 heating system 0089 High fire | Low fire $& Off 02005
operating position 2%:§:§o0pd control system 220pEREGN3  Gedlgaon:aopdi Groel oS
ocoemeod(stage 1) set point &l eEodmad §6s08:conaqi€ controller 00pd first step o3 “ON”
8052001 :20003¢] first step heating &l capacity $¢ 0305p365039€ erup§E205 voowsaso(stage
1)set point 328:03E cycling [§8e5c860pdn Two-position control 0303 [gdes c8&edi

BBe0rodad erompgsaopd 3cBuomacod(stage 2) set point cood 3¢ 86s0C:cndlon
controller 20p5 second heating stage o3 “ON” c86opSi o354l first heating stage o3 5[§ ON coosG:
second heating stage o3 “ON” c8051 “OFF” c305(g¢ two position control o303 [gleesc366bn Control
operating range $6903 00695E0nb9 cobesag€(overlap) first stage “ON” [g6epd 320§§2005 second
stage off [§60pd320§§0005 86653565

Set point $& control differential coSeesesnE (overlap ofgbesnt) stage 00d9sE 00d9
006065630¢ [grodooonaopdi Second stage “ON” point 205 first stage “ON” point coo[g¢ qepdi
(09038820001 wcoBeoan) a3eacdcopds overlapping range oopd stage oodogqi:dell operating
differential 0526308 ©cpd33 over all operating differential 03 eogpg§Coodn (569006
agmseomelope [9620pdn) ofspddgE short-cycling o[gbeod JeomCsgsoopdspdiyé control cwd
882005
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Floating control — Floating control o3 “tri-stage” control vy esleap§oopdn Two position control
$Cc0pd: 96908s08 oppBooodi a3eaod system of state $69[gbesIE wan§aocdooneon System opt
modulating sa§jg3202: controlled device Clo€aop5i qpsconzandgE damper & valve 0303 soogaea(g$
$0Gjpediewnt:§Coop) bi-directional actuator [§¢ o36] 32034{g[gC: [g5200

Drive towards

Controlled closed
Variable direction T
Actuator
remains in
last position
Drive towards
open
direction
Time

¢ 0-0(9) Floating control for heating

Floating control & controller qpso€ mode a3:§je§oopdn
(o) Drive open (gEesad)
() Idie(No movement) — (6epod20pd c5epS qoes[at:) ¢
(p) Drive closed (8056¢$85) 03gb2005u

Floating control o3& two position control o3o30E set point $& control differential 03 AlgoopSi

32§),6000 floating controller gpsogE upper set point $¢ lower set point vpg) 8208 §ur§Eaoad set
point adjustment $&¢ dlo&aopbi Control differential aop5 upper set point $& lower set point $690361
[go2s0:q05 (differential)o€ [g&a0p5n

Valve stays at Valve starts Valve stops
last position to close closing
Controlled \ -
Variable ||——___\ __ Drive closed _ ~ s

Float

Control
Differential
Operating
Differential

Set point ____Eri_ve_o_pgn_ __________

Valve starts Valve stops Time
to open opening

Q 0-6(0) Floating control for heating

& 0-0(9) $& & 0-0(0) 0g8 [goo0pbea03E: cgdErZHS (supply air temperature)oopd
§60005 differential c8E:000586 o€icong€ controller 2005 valve o3 oglq§ 238§(command)
coso0pdn Valve &[G coil 2203E:03 heating medium gp: 0ofgodsgods oeepodaonaopd Valve gEqs
258 comalopE(time delay elompé)opSieomEs §ooodeom thermal lag clopé copbieomnts valve
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98e5600500p5: 0goderumE S (supply air temperature)oop giodgElgEor05ad86d vupddeon

2$3055:c05 [0po0pdersl ogodecumapd§(supply air temperature) [g¢onodcmn c86wpdi
Supply air temperature 2025 differential coo J[g&ognsdlon floating controller 2005 valve o3 cve5§
e5epogt 0380002683288 (command) co:a380pdn Idle (no movement) [gdesc866pdi ogodecozagS
(supply air temperature)aopS differential range 32038:5 §esaqi€ valve 20pd Sod[gls ¢E[gts o[gdod
005§ esepaptarn qbescd8epdi sa0nudq) temperature oopd differential & 2ac005c8E: (upper
line)ooo’ J[g&awndlan floating controller 2005 valve (actuator) 03 805§ 228§ (command) cox36epdi

338l coil 32038:03 B:0€eseomgSs(heating
medium flow rate)aop5 oo[gobsgods $p5:008660i

ae5005 320§ 8 (temperature)oopd  differential range
280 eepodnodsé dgEsod valve 20pd
Gepode500d GsepogE qd(no movement) esc8gepdi
g Air temperature 20p5 differential range 3203E:03¢ float
"~ Power Sipply | [g0es eoomelopE  ofspS:od “Floating control” op
T ool aB[gC: [9Baopdi d(o-)o0pd actuatorodad controller
¢ drive signal 6os320050 [gd20pdn

Drive signal 20p5 8o5&(close) signal copds [gd§E
2051 9&qS(open) signalcopSs [g88E20051 eepabooRd

e56pRE qdes[gliqpropS: [§0§Ea0pdi Floating control
03¢ controlled device 20p5 two position control &> 0303

Controller

Actuator Motor

$e20 QUPOSGOII

c;) o-¢ Floating diagram with actuator

adtogCas[gs(fully open) cd:03cbesgls(fully close) oodoCondyodytaes[gts(opening %
0069903 qdes[gts) o3 [§6§E0p5

odelop¢ floating control $p5:030%:0q1€ two position control coodeaoicado0pd control
differential q§Eo0pSn 3a0g$qproopd(excessive) short-cycling o[gdeodd stability deomE:§€a0adi
Two position control ¢ 0380€ floating control ScopS: operating differential 205 control
differential coo’ 3¢ o305 ([03:)20p5
Time delay $& thermal lag o3elo3pé floating control o3€ valve qpsi damper gp: ©2095
controlled device qpsoo5 full open ¢ full close [36q§ Zoq$3[ozpeomelopE (full closed ¢ full open)
overshoot $& undershoot [§68Ee(g dqproopdi odspd:aadg valve timing des:eomaelo3pé overshoot
$C undershoot 3[g68Ea05

Unstable [g8epS8:comaeloppé valve timing o eg:000:q[gE:c0p5s (960005 sacnude) valve

20p5 8o5[gs ¢E[g: q€lgSen [grpdag€ two position control $& [gedsé oppdescB6epdi Floating
control § dloeom valve gpis& damper qps cg€fg$g> 8o5[gts ¢E[gEs [gbgqE B floating control aopd
two position control $6§jss¢ s0ConesaB6epd

oBelopE two position qpogE saaddgoopd anticipation device o3 floating control
qPogEaopd: Z0dige$ 90&engdaopdi om:eentisEanpdmadl cvnd§ eentiesaopd [§$5S:(speed)aodd
eendsadoopdgSgsi(desired speed)oond spSieso0pdzndl ABwrod adowsliad  cgodaomadodagic
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a300pcd BuaBonded: $E:qE 0ma0pd [G53051 65:305 [9Besa88epdn ofspdsE omreents
[§E:2005 two position control (g€ omseeCispds [g6o0pdn 07208 Guaico00d [9855: (speed)ogé

Boqge eenliq§maR05 6oEmnd comEends elglys 0oopbrobienc(geacsad (03096 0angHood
ddl(power)qesmnt cBen(accelerator)o? gesigla cgodeusfals sm:ns 8sE{gl: 0000 $5g

control o505

HVAC system gpsean:cd:cdadei load 2005 32§8sEaq) e[gpCicdesoopd adn3ad :2§§5E aag)
elopEicdesoopd load 320305 32c8§o0pd set point 328:5 controlled variable o cB§:co:8Eqs
modulating control 20p5 saooeagpeds [§60pdN 0203 two position control $o54g¢ accelerator o3
$C:3051 odA30d CSoM 6edE:8E0N GurEsg) §ooRdI 20056aNE 20050m[gBA8GERS vurcdeol
Floating control $p5dgcopS: eunts8Eaopdi 986a05 coys090d GomEsanpd aclgeacsad eepadepd
©0podGOI CpgPs 30300 CVE560R Gedties[y20pdsp0ien modulating control $p54g¢ eedtsesiogfgt:
[g2005

Modulating control o3 00&slond¢ “Analog Control” vpesleap§oopdi Two position control
o3copd: “Digital Control” oy edlerp§oopdi cgsdaopd $6cCIC:qpignan Proportional control o3
modulating control 3:5[g6 2005600568l a3[o300051 Fao00SeoEadeacd §d0pd sag§on controller
qp:aopS Proportional control logic function 00690005:03000 w68E[eameloPE [gdoopdbi wog
:26lop¢ elgradesfogoopd modulating 90p5 §iqleaopd Proportional logic co0b J¢) goeog: 90550009
sophisticated algorithm gp:o3 cpbew:8Egds §log0005

Automatic control 20p5  cpoogPiel  [geeeonEgatOgPId 30900 0BagEaonieodd
spSs0po0gp: [gd20pdi omeentionm [gSsS:deo0(constant speed)gé cedCioopdaadloge codisaaly
326503 [1309¢) GerE:00001 06005 Box efplonsiesagit a3eupod cddIRd: Fspdicud
eondiesgi€ eunopoopd cBun(accelerator)o3deaosEiooa:00pdl 600058320305 CVEE5EE05
0020p0358] 3§S0q030:00051 Bza8l cBwn(accelerator)o? 3ej 8sE: o000

063londg  3qtaopd  [gSgS(speed)aond  spbesobiesiognagE  cBun(accelerator)o?
32501005 3¢) 85E:000:q00001 8005 [9855:(speed)ooa’ 3ej gpigrasicnaqC accelerator o3 3¢
06[gEqg€s BsE:000:620051 0088l 07020005 [g855:0G00(constant speed)gé cenies Gaddcopds

203§oopd  [g5gS:(speed)oond  egies0pdmedl  cBun(accelerator)od  sagpbicodqpoon  J6)  Bsé:

602q0pdI 0009100 Vb pEieoi300dE: [gdogaeomalopé ABqtaodd [9S5Si(speed)ocoad
qesnt cBon(accelerator)od cgobadodoopdi aBo3a3uC control system gpie control loop gpso0d

omieenEianqpayad [giepdeosoopdi 2ogPp3qg€sE control equation gps cu5[g8Eo05i
V=V, +V,+ Vi + Vg
V="V, +Kye+ K;[edt+ Kd% Equation1 -1

V, 2005 offset adjustment (8005
V, 20p5 proportional term [§8a0pd35[gE error $¢ 0305805 Fagjoz0p50wan [g&a05
Error qpsaqi€ V, 00888 qpiconcB6wpdn Error $p5:0qi€ V, 00582 5055032208665
Error = desired speed(set point) — actual speed

Error s3o0p5¢0 desired speed (set point) ¢ actual speed o3 §0500gEs (462005
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0065p:30dgC desired speed(set point) ¢ actual speed o3eh [gozg:qod [§620p5n Vp 2095
Error $& 3a§r03j0005 0w (96205
Desired speed(set point) coo actual speed ongpSiesaqiC error §oopdi Gg:0005 ©pdcl

BegiqC error Jqpz 8gepdi Error qpsaqiC (speed Jesieomnaelops) cBun(accelerator) o3 qpgps
Beug§ cBaopbi Error $p5:0qC (speed 286eogeomalopé) $00:ep0:000 8cuig$ adoopdi

V; 20p5 “Integral Term” [gdoopdn 2005905002600 2a§§00d932038: Error gp:od
60IE:0004{gC4g520051 390056[god edlE:c00gE:0? integrate apdaopdun @l aopd
Calculus cogpsdieng GudgqglC time-weight average of the error [gdoopdn Set point ¢ soq$

opdqfoploy ozpeoies0bad o3e) ewdlgoosfal: [96o0pdn codspdimndyl =o§$3203E:300m
006932038:§) average error $& BmSoemM$E 6lgpadoo0pd §roSowdan [gdoopd

pow-omigssSa(speed)oopd cenliadoopdlySssi(desired speed)aond esies0pdmo[ge 3§$
326005[0p 6516560060 E cdun(accelerator) o3 3¢ [4E{yE:8qS c336Gur 3ad[gt: [gEo0di

V42005 “Derivative Term” [gdoopSn Derivative of the error with respect to time [g8205
Calculus 20gP[g¢ eedlgaeg€ VaoopS set point & controlled variable ogofgg elgpEsadgs(rate of
change of error) [g520001 ox:6l [§$582 (speed)o0pd cunC:cda00d [gS5S:(desired speed) Bovpad
set point 8803 opdq [4§[gS qPndes0pSad ewdlgoopdi Bewrod set point ¢ opdqlgses
60206520503 Gedlgoopd

pow-omigssSa(speed)oopd cunécdaopdlg$sss(desired speed) 883 aqilgSen qbimdes
(approaching)sdaqi¢ c8un(accelerator)od 8oontoopdesepe spdespdieaqp GuSE copdi

Time now
l Derivative term proportional to slope
Set point hd 1 < A\ ——
/ N\ /
AN~
o | | .
— W | Proportional term proportional to error
1]
£ = |
Tz Integral term
pd _<>E proportional to |
8 shaded area
I
| Ll | | |
1 I

1 1 I 1 I
T1 T2 T T3 T4 5 T6

Time now TIME

([) 0-00 Proportional, Integral and Derivative control

a32060mn ooepoopd derivative control logic & 336fgdooeom [§doopdn $(0-00)ozE term
ads§jrocdiod 0qOo08[gE ewdlgoon:aopdi Proportional term(V,) 205 error sogoSieagpiod c80dq)
29523 o[gpcd00p5n Error $p5:0005 a2000¢n set point 328:03E §Gs(set point) o vegpodeoicor
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Error gqpsoopd e320pSen controlled variable 20p5 set point ¢ ogoeosaopbon a8cda0di
Integral term(V;) 00p5 error &i time — weight average $& 2a§Ep80p51 Curve &l 63:0055§e00m

s§oon(area) [gdoopdn (Area under the Curve.)i Derivative term(Vy) 20p5 error line &1 slope [g620p51

(Slope of the error line)i Set point &823 opdy [g9§[gSogniesaopd set point 8o [98[g$
GosG5$0p503 Gedlgoopdi Term 09900320005 apspS:09008[gE control system & g&seanEapd $¢
oBogq(accuracy)od deomEieznt apbeu:§Eeds §aopdi

ocoofsg> equation 1-1 ¢ Integral term $& Derivative term 03,03 gi§consg) Proportional term
0069005203000 05003

V ="V,+K,e Equation1 —2

3200053 equation 1-2 03¢ V 2005 controller & output [gdoopSi omieedtsoopd powdlyé
elpqrq¢  3c3§oopdlggSi(desired speed) ofewnod set point qqf accelerator o 6O
$C2000:60p503 8c8a0p0n Proportional only control logic 03 cogpspdigé ewdlgoordgés (mathematics
expression)g&20p5i Proportional control 2005 28eqCsads $C sa0dimgpead:eoon modulating control
logic [g8a0p5i Pneumatic thermostat gpssanscd:8:dli pneumatic controller gps 3a0:d:§:0ksE analog
electric controller soqpseod3 Proportional gain 0od9oopdsom Glaopd (Proportional only) control logic
o3 saadg[e300001

$(0-00)0gE equipment gp: 0008 GenCi0pd :§S Bowydd set point o3 elgpEadnboogd
32503 Proportional only system 00690 o3gSa(response)od cwSlgaon:aopSi System 2095 set point
838 eepodesant qdndaopdi afeadd timer delay & thermal lag cloypE overshoot [gbedl oopbn Set
point Beepodesnt  e5§n05c05[pon  qPindaopd @8l undershoot  8a505:c0d  [gbedloopd
2$[opan0bsEany| overshoot $& undershoot 030005 0ogodsgods $pb:o(Be controlled variable
20p5 set point 228:03E §ese005005: set point $& 0odcoSoopdemyeon 3505:c0dg| 0065001
Bogugied error o “offset” vresl 2051 “Droop” vpcopds esloopdi Constant load [gEewnEieso0pd
steady-state sac[geacs0p€ 3a[g§es00pd offset 2005 Proportion control o> Gus0pd 3a6ga35g6200

Continuous offset $& Proportional only control 032005 =a[go3ag0d §o300pdi espEagee
Proportional control 20pS 2005¢05002:6000 load s6[gaesopE controlled variable o3 set point

38:038 §oseant aB8:000:§E0p0 aJeadd droop ofewpod offset 2000 =a[Gonbsges c8dwpbod
[g2005

Equation 1-2 o3& Proportional logic 03 copdom heating coil 202 control &3 cudlg
820051 sagcos(heating) coil 00692005 steady load sa6[geaesape load $E ad:o cBo580pd heating
medium owanaopd coil 3203808 B:oesqs Soopdi BB:ofesqupdgsiflow rate) o3 [gdcoqs
omsgCesqepd pPEgsi(valve opening %)o3 controller &1 output signal ¢ edggodeosaopdi Output
signal o§8:0005 equation 1-2 ¢ V &l 02§8:08 [gdoopS

:005¢) set point $& controlled variable 03 32033207 0pE8[3aqE error 20pS appo(zero)
[§©20p51 Zero error [gdagi€ second term 20p5c0pd: avpa(zero) (9200 3354l control signal 2005 Vo
& 0058:5C 0pBescBGupd Vo 20p5 offset adjustment [gdoopdi odseclg saesopE §qoopd load

Eggcﬁ §3§f§ﬁ§é&s&§$s(ﬂow rate)o3qe$ Vo 03 adjust cpde§ c8oopdn Beom offset o3 zero
630E pO8EBELpS
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Vo 2005 oB§ieooon§ds(constant) [gdoopdn Load Jqpsconaqi€ B:g&s(flow rate) Sqpiqs
cBoopdn BsgSs(flow rate)qpsgp: q§jg§ valve o3 3gleois cSaopdi ddelopE signal 0o§3: Sqpigs
cBo0pdn 00bspdimdgl V 008Bsgpiqs 832600051 V 0083:qpieoq$ equation 1-2 ¢l second term
20p0 zero ofgbcoen 0odso0:edgE error o0§8:a0p0 oopo ofgdeu (Non-zero) error aopb offset
a3ewp0d droop [gdoopd Offset 0edaNa00d 03§:600 K, 00§8:03 30 =aqkd elgpCidesoopdi

(offset=function of constant K,

Ko 20p5 controller & porporational gain [g620p51 K, 0088sgpsaneco offset 0§
553000600 [§da0pdi K, 0088: gprgqpsconsq) offset veoan $p5:68308 [gapd 8E@a0500Rd: 30
[03:em20005 K, 0083:6[o3pE system stability 03 03805 coEa0pd

Set point 928:5 controlled variable 2005 [§€c305186c805(oscillation) [96esc86epdi o3ad
[g9[§€:03 “Hunting” (98200500 efgreco§oopdi Gain 00§3:03 [3oBcoxgtselop signal value
20p500p5s (B0 Gooicud000d error of [gbeoeandcopds load saspdicud egplicd(glielopE system
2005 392620050005 Sgpign odlg8§c86epdi Overreact apE85epdi

Overreaction clopé 3¢) [Fen0005 error o3 oofgpeanod(e[gpEiy§onnd)oge [gbeooopdi
J[Beem:0005 overshoot copds [gdedl §€2000N Stable control q§g$320305 gain qpsa? adjust cpd[gts
hunting o[g6e0a3 offset 00§83 coSesané apd[gt:a? “control loop turning” vp elgpadene§oopd

Proportional gain &l oo[gesnepbond9ws “P Gain” [gdoopdi Throttling range 005 controlled
device qps [g6o300p3 valve $& damper o adiogEesepd saalgaaes(full open)e adso dodesapd(fully
closed) s26[gza6503 cepad§§art controlled variable algp:ndag2:0005 vwran [gdaopd

. +— Control Point
Set point . Control Point Offset Offset
™ \_”"’——___‘h-_—£__\ Set point \\\-//// \.%—
8o e
g o8
c = "E =
8= 3=
t t t t t t I :
T T2 T3 T4 T5 T6 T5 T6
Time '|'|me
c;) 0-00 Proportional-only control ‘:’ 0-0 ) Proportional Plus Integral control

Throttling range 2005 Proportional gain $Ee{gp&gs saqjragoopd

Proportional only logic 0g¢ =:a[g§eso0pd offset 03 eqpodeoqsi Bewrod eaypsds cogs
320305 Integral logic $&03¢) 32034{g8E2005n Proportional plus Integral(PI) control logic v G&l20p5
2oqpspSdgS equation 1-3 o€ eudlgoon:aopdi Integral term & c¥SEeEYOHe> error §eso0pd
32§ 8lo3pcnoopdsang) Integral term 3¢ [Bsenzcnaopbn adelopE controlled variable o3 set point
BaBeepodesnt (gimbesant) oogobigpds op§ideusaopbi odsadl offset ado aqpodogas 8§00
a300p0d welgrocanodesmne caocudogdEoopdi
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&(0-0))0gE PI control 220p6cp&303 Gedlgaonzaopdi Control  logic @i sensitivity 2095
Proportional gain(K,)$¢ Integral gain (K)o $6§gocdsei function [g6o0pbn  Proportional control o3&
gain 00§8s 3acg8qpsdlon stable control o[gd8En Tune cpbe§ cSaopdi Integral term & 32025050560
“wind up” [3dedl [§€{gdaopbn Wind up 2005 control loop o> 32000cpbes:(in operation) controlled
device 20p5 §058005 woon00p5354 (disconnected) [gbeol 205

Controlled variable $¢ ©088:88a0p) =adlogé wind up [96edlcoaopbi Controlled variable
20p5 set point §0:03 weepadSeam 228l (Gowoesa0pd 324l) o€ Integral term 20p5 oolgpSigpS: 3q)

[P3remscono0pdn B=a§j$0pE system oewdts 8050005 3a8lop¢ valve 2005 adio gEes(Bs Bevrdd adio
8obesfBe on:a0pdo005(wrong side) 03¢ over shoot o3 33(g[gbeol cooopd

Integral term Ooflgdeogs sa§Sesacodop eooqoopdn Foncdelopéadeadd =S
:605opeant error [gdedlesdeomalope [gdoopdn 0odspdiaaigE system & controlled variable
205 set point ¢ a§§[oplgen coeseomnaeoP [gdoopd Ba3Bgblglod “wind up”  [gd20pd
068l 20p51 3§ 3305320084 system o3 unstable saelgzses [g6edl coa0di

AB[gooo§003 elgqliqSaeogod system o3 qSconi0pdead§ 5 controller $& controller loop
qpeodcopds qoaonig$ cBaopdi System ood920p5 qOes(G: A system @i control loop 63 eqboodlen
wind up [99edc86wpdi Derivative control copdgjeopd: elgqC:8€aopdi Anti-wind up device gp:
c0pdejcopds algq:§Eaopdi Analog electric controller gp:og€ algorithms copdejcopds 6lgqE:8€a0di
adiIaqped: anti-wind up algorithm ¢ system oooédlo :2§§03¢ integral term o ©a)s00803
Proportion only control logic [§¢ seq§ecnjop 0oo&[gs [gdaopdi PI control o3 pneumatic control
qp:s¢ analog electric control gp:ogE eo§Eaopdi Digital control system qpea0R05 odlelgd §ooaopd
d(standard)oode [gdaopb

V =V, +Kye+K;[edt Equation1—3

Equation 1-1 0pEdoaopd term od:9ad:ol 3203dgog€ Proportional plus Integral plus
Derivative (PID) control logic vpesloopdi Derivative term o doCeolglyC overshooting [g&[gE:o3
eagpg|eo:8€a0dn Integral term oo oo§od(brake)salgd c80da8&:e0:a0001

doSasqE derivative control 20p5 3a09SgiE[gSg> o3gSecr§oopd

Belopé q€fgsge ogS(very fast response)q§ cBsabeoon industrial process gpssé
Sjqpeeh 3088 056q03E cSen 30ad:0E200i

HVAC system gpsel o3qSa(responses) eg:eomaelo3pé derivative control o3 HVAC application
og€ madespSs0000n Differential term doqelopé tuning cpbepag 39053 qbeogiaonagi
0onpde[86(unstable) [gbeoaopd odlgSaqps(responses)od [gbedl cooopdi

coode0y pocsiglypiogt  digital control application qps§ PID loop wpesledlelgpsd
65[03@00500pd: derivative function o saadselgied qconieaoopdi PID logic 03 modulating function
qp2ogE BeomE:anpd oBogg(accuracy)qe$ aadgioonzoopd staged capability gpiogEoopds sa0ddq|
20p51 B=adldjrog€ modulating control loop 20p5 real device 03 control ©cp&33 “virtual” output o300
0005608 controlled variable o3 control cod[gE: [§®aopSi Second loop @ virtual output 20pd
equipment &l capacity 03 32908s0& sequence cpdeogligE control codeoggs [gdoopdi
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o) PID logic o3 copdagl: =0adgg€{sC step control logic 03E §§o0pd operating
differential 000 JeoE:0005(cuboopd) operating differential q§eo8Eo0obn FacpsolgE step gps

Ol§o0pd system gpsi step 6090005 Jqpsoopd system gp:apE FoEo00Seapady deomEsoopd

Pulse-width modulating $¢ Time-proportioning control modulating logic ¢§005008§zw> on-
off type output o3 pulse width &l vedn[g control r&eomed: [§B20p0n “Pulse-Width Modulation
(PWM)” 0peel 2000n Output 20p5 22008:c805[gbeoon o3dgns step qpsel cgdgpsq [gd20pdn Series of
discrete step [gdoopSi 086005 3205000005 modulating ¢ eoon Gd$E ad08:3k soEaraopdi Controller
& output 20p5 3agpSecppdeom pulse gpeil 20d3008: [g520odN (A Series of pulses of varying
length)i o3 pulse qpeg¢ controlled device qpzo3 control coS[gEdgdo0pd Valve $& damper gpsogE
0068080030005 step motor qpsi electric heater qpsel ON-OFF control gps [g8lo30005

Control loop ¢ output signal 20p5 control device &l position ©wr0533 pulse gp:el S
:2033aqp5(length of pulse) [gd20p5

ON

% 1an

= -
Fixed time

time Cycle
Time

=z
ANNNNNNNANNY

OFF

c:) 0-0p Pulse-width Modulation ([> 0-0G Time-proportioning control

Controlled device gpseil cooS§esep(actual position)od 038 88262005 3adlqpsy feedback
device gpio 00dso& control system 8803 input =:o[gd (feedback =2[9603:qS) Seuso0pdn PWM 2005
cood§esep(actual position)od ©euSE comelopE position 238EqS oofgreoon device ood§Ede
o06eolq] input 3:0[gd control system 3203803 deosoopdi Time-proportioning control 205 PWM
control ¢ §ogoSaonea control Sa§jE3ae0: [§d20pdn PWM 039308 output 20pS on/off pulse gpzcl
3200320082 390051 936005 time cycle 205 deoo(fixed) [gdoopdn Cycle 3203E:§ on time $& off time
o3l epdCgSa(%) 2005 elgpCicdegoopdi 0odso5:emigE cycle sanadiel 3a§§orndl0300500pd: cycle
00693203828 g&S(ontime)s& Ba5§§ (offtime) odei ep§E5S:(%) worpdloyeon

0.§) Gains and Loop Tuning

omieendionodslongyp: ent:a0pd3adl om00pd poamegpey g ognieny ool 005820000
;8 cBon(accelerator)o?  o0adisCioongls  omieeonogadfgln  m§odadeeonslfel:  ©o0pd
meoloclygep:  §o§ [960pdn  o8eo0d  agdioqifey  Gunionodamnoopdmedl  3ac8engpabadss
000500p5r 936005 3a§jE3aete0p0pd odeentioopdsedl c§od ssedisseqp oxdfgrgta Buo
(accelerator) woppB[gE:odelopé opdopesd [ge] adjust cpdg§ 30005 BsoS:0p0€ HVAC system
qp20RE §oopd control loop gpiaBcopds tune cpbes cdooobi Control cpdeepd HVAC system gpsood
0695E 0069 vopBeomalop control loop gps 320:d:00p500R0: 0PE3c86epd wupddaoi

;g§[Bioneomn  ogoSiBeapE(ware house)og€  o%:2000 heating coil $&  Boodd
:0§:c0509E 0920005 heating coil 0303E 0932005 controller agjza0n: 02680 co:§E05!
o3 system $b96i time constant 2005 opRBlo3e86epd wurcdeor Belopé controller gain gp:od
03803 (adjust)g$ c32005n Tune cpde$ a3oopdi
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Controlled
Variable

Set point
Change

3% prop. gain

" Control Point with

Control Point with

% prop. gain LA ; \ :
- I T} . . I
s S . el ™
oo .- \ . ! "—*:‘-.:-f;.'.___-'r e m e

Ty S s ;4

MY
=~ A 2 Vel b
£ N ol e T I T e
e L . .
“_# e . )
: - -
N

A\ - ! " '
| SN Ir s
s

I W

Control Point with

1.5% prop. gain Kp% is the percent of input range

required to cause 100% output

Timeg ——p

Set point

¢ ©-0§) Proportional control

O(0-0§))a€  proportional control loop turning cp&oe3  GwS[goonzaopdi P control  loop
[g6c0006{o3p¢ gain sa0:d320305 offset §oopdi

"P Gain” gpsconecw oscillation Slgdecw [gdoopd

Controlled
Variable

—— Set point

& 0-0 Proportional-integral control

$(0-066)og€ Proportional plus Integral(Pl) control loop turning cpddo3 cedjgoonsoopdi P only
control 0005 8¢) comEzamnaopdi s3:diz0305 P Gain(K,) ¢o 1.5 03§:620 [gdoopd

"I Gain” (K;) $pd:c0n@c0 oscillation $pd:c00e00 [gdo0pd

$(0-0qQ)a0p5 PID control loop tuning cpdd0d eudlgoonsoopd Set point 0ods0&[Gs 0odsot
algpEeanaopdaadl control loop gpzan 0dfg&dad ewdlgoonzoogd

HVAC system qps§ 0066502032038: set point [pE:cd¢3a§), [§6ed 8Eca0dc0pds ojdgpiage
[goom:000398 [g§eosgn olgded§Eal Heating load $& cooling load gpszacgod o3 (response)qpiyd
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06908008 onpd[yoopdn co€eagaopd Proportional gain 1 Integral gain $& Derivative gain o303
egequd[gllyé doBoqoopd accuracy $& 3eomEsoopd system stability §8EGD curve gpo oodeod
epcongEoopdi Loop turning 2000 3250008050000 8@opad [g6Gs trial-and-error $p5: oo
[g1096§ 2005

tl
i (o a
Controlled 1 7
Variable

TiMe —

Kp=2 Kp=2 Kp=2
Set point ------- Ki =0.08 ----- Ki =0.08 ----Ki =0.08
Kd=0 Kd =1 Kd=2

<‘;> 0-0q Proportional-integral-derivative control

Tune cv620pd $pd:008:0 qpeeoE g 208eagpaopd Proportional gain o saqCeds
qe3nE[grRdfG: §esaopd offset 008803 Integral gain [§& cdoegpadesnt Bewrod  spdiago:
et [gopdfge: [gdoopdn qpseamsadgE Derivative gain o3 ssaddgiecedeon Derivative gain

o33l copde] tune g€ sacg§qbeogizameloPE AB=GngIE G5205e%000 copdeny §oaopd

ocoodign  PID  gain  gp:od  rule-of-thumb  sp5:3aq  Go05c0beomEs  00GpGaIgP:
(manufacturer) gpson Go:a0pdoo§3:(recommended value)gpzzaq GooScopdeomEs wem [ojeoy
$o0pd ;eogI[oYgPiseq 6o05c0pdemE: tune crdupoopdi Control system & [glg Ge0oEGESGAB
eooenf@ gain o0§8:03 oscillation o[gd200d 3203 GepadesmE odeoropdspd: [gdoopdi Trend
logging §§€30qi€ control system i g&seaoneod (performance)o? [g$4) [3p58E20001 cde5005 gain
0083203 oscillation ©0o& [g6e0l 2005 00§36l condonde8, cagpgIom Zadi g8 00!

PID o0§3sgqpiel gb:eeon8epd(performance)qp:od coodapdag(manufacturer)gp: 0066005
$C 00660M05 APgpeg> 2d:ecy §oopdi 32603,35(03| SgpPiopaopd =ogS§03033a038: doBoqgn turning
0068Ec860pdI 3200050lsp5:0000  F260mEe0s ©UPEdEaTHCVRD: ofengd GoMEigsaopd §SH3
608 Ea0pdi 3098 aBogj00pd loop turning $pS:qpea? 3203g§ Eoopdn a3ea05 manually [geodes sacgs
005082081 ©05300p51 so),6o0n digital control system qpsogE automatic loop turning software
AloCoopdi epbon sanmp8 $¢ ©pdoopd input ©cd32653 software [§€ sacdeagpod loop turning
[g1c968E20p5n

Proportional control logic 03E process gpzaopd q:el§pE3e03E: s0050be50005 (linear
relation)op  oasoconooopdn Error o3 03050900003413  doeomeag, characteristic  qpzoopd
operating condition $& ©2005a3& (independent)opcopbs vpsocosapdI CVOS60R process gp: 8%l
function 2005 non-linear [g620p51 adefoypE PID logic 03 operation condition qps 932:0d: 350305 error
o§eznE(zero error) apdes 309800552005
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(- J)ogE [goonzaopd heating coil & valve 20pS sas5:cud g&Q9E supply temperature 20p5
s qegSer [gEonodogaoopdn oBadeam characteristic qp:o? steam $& hot water o3
adigooneon heating coil g€ 6oy [gqopdi Valve 20pS §0% gE[G:(opening) [Bse5005
65005000 % 20500:c0d9E[E supply air temperature o3 sa500:c0d0m efgpE:deooopdi Hot water
a3000d steam flow rate qpes§S§opC sa0gSeomiigSoopd control [gdesmE turn cpdBiesood flow
onjeoCsognsoopdeadl control  0opd o3:kodqs agm:8Coopdn 0odspSiEdgE ojgSq  (response)
526038098 86001 Bspdiop flow §6og2:0009 36[geresre turning capdoo:apd control loop 2095
flow [gconoopdsedl odgSa(response) 3a0gSaqiClgSamfGe system o3 ©oopbefBd (unstable) [gbco
§E2005

Dynamically self-tuned s300p5¢n sa0g§cBoyieoon(precise) control §§g$320305 operating

condition o3 c3a5¢) gain qp:03 3c8eagPdl Fs0a5e[god elgpticdeusesgl: (adjust cpdesgEs)od
aBc8aopbi 32§),6000 digital control system gp:ogE cBo8eoon dynamically self-turned capability

qp:dl§[gCiclopE system 20p03¢) “robust” [gBoonoopbi codspdimmndgé odlg$elgS(fast responding)
co020pdi Dynamic self-tuning do€aqié manual tuning cvde$ ecd3abeomelopE commissioning

0062005326l 3:§§5E 0rE0q0§05 2005000001
Non-linearity [gooosna3 alggqliqs sofepseoomnspdiondeen fuzzy logic o3 saaddggt: (&b
Fuzzy logic 20p5 PID control logic gp: 20305 $p5:0po00008 [96o0pdn Fuzzy logic 2005 cogp:

ofsonzeopiedl Gt 90dqodgodgo0pdspdi0d Fa0p0p0  control action gp: [gapSoosgls [gboopb
Neural network $C artificial intelligence o303 soadigoon:eoon self turning technique gpsoopd
operation condition 3>§e§gogE control system o [ged(behavior)od eopaxf@: control 320305

20&eagpoogd odgSa(response) & gain qpzad 0odgEd60gE: [gda0di
0.6 Control Action qps $& Normal Position

Control action qpso3 Direct Action (DA) $& Reverse Action (RA) oa6] 56§ 3[epz00p5n Control
0p0qd 32683260l [gbeax control action a3ewrod control direction 20p5 controller @ output signal

o% controlled variable i G@)&cﬁog):ooé direction rr% sgo@ésj ecﬁ@@& @Boaéu

Direct Action(DA) e320p5¢n controlled variable & 00§3:qpsconaopbséeag| controller

output  signal  0o83:qpzenfgl: [gdaopdi Reverse  Action(RA)s320p5¢n  controlled  variable
008§ 3sqpc00p0sE 32| controller ¢l output signal 0o§3ss05s035gE: [gdaopdn

Cooling valve pows- ogodecusepd(discharge air temperature)od set point o€ cB§:c0n:q
cooling valve o3 saadigjoon:00p5i sa0nude) discharge air temperature 2005 set point cood [g&esolon
controller 20p5 3qp:00pd output signal 0o§3:03 coodeusom valve o3 ool eqesas(cold water)
qp0?  coil 3203808 ofeepod cooopdi @S (temperature)  [gEcoooopdsadl  signal 0088
cBodgpreoteomelopé “Direct Action” vp 68l 93[gE: (4805

Cooling coil 220305 direct action [g5$ c332600p5n Heating coil 920305 reverse action [§6qed

Heating valve poed - cood§eapd§ (temperature)oopd set point 0005 866520053581 controller
& output signal 0o§3:03 gpzeof: heating valve 03 3g&eoom coil 32038593 hot water(steam) qpzo?
o€eepndeoaopdi
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Control ~ action &320pd @dlomg(term) o8 203BesggE =oadigdh cvodeog o3  control

variable &l afgp&:cdogn20005 direction o 226[gde) GwS[goooopd 8320503 Bej saadiqpioopdi Two
position-action 1 floating action 1 modulating 2025 control mode gp3copds control action vpg) 6lgpsd
@b Control  logic gpzodcopd:s Proportional action 1 Integral action o20fg¢ control action o[gd

e[l cep§oopdn

Max
Position \
\
-J \
Reverse — \ e S Direct
Acting \\ Acting

Control \
Output ;

\

\
\
\
\
. : \
Min. : \
Position
i ] Throftling

ontrolle + .

Rarige

Variable 9

\\\\‘Setpomt

c;) 0-06 Proportional control

$(0-09)20p5 Proportional control logic o3 »04qjq) direct acting $& reverse acting signal o3
2006006003 6ed[goo:aopdi Output signal 2005 error signal $& 0305805 sagjzoq)(direct proportion)

elgpEsadego0pdn 20qP8yaciy¢ equation 1-2 03¢ cuSlgoonzoogdi

Slope line & 00§83z (magnitude)oopd Proportion gain & 0o§3: [gd20pd Slop Sicoozam
(sign)20pd action o} eedlgoopdn Direct action 220305 slope sign 2095 positive [gdoopSi Reverse
action 830305 slope sign 20p5 negative [g&aop5n

O(0-0R)0g¢ [goomoopd throttling range 2095 controlled device [g620pd valve full-open
;aefgmeesel controlled variable 00§3s0 valve full-closed sacfgzacsel controlled variable 00§8:03
505005 [9b20p5

Set point o3 throttling range &l 33c0050R¢ wdlgoosaopdn Two-position & floating control
0(0-G) © O(0-0)300803¢ set point 03 2ag§:0d0a50RE Gudlgaon:aodi

aB383ac0pd5  eed[gfgEs0pd  Proportional control logic 820305  od:blgba0pSi  a3eadd
c00de0z03¢ set point a0pd saadigjop(user) &1 220I12632: $62005¢03 A30Se) e[gpcd eseomeloPE
set point 2op5 throttling range 22038 ©pda0p) esepogtesd §es8Cooodn Set point 20pS throttling
range fully open esepozEcopd: [§88E2051 Fully closed egepogE copbs [§6e5$8Ea05

Damper gz valve q_p&?@ switch gp: ooapé controlled device qp: Normally Open(NO) position
$C Normally Closed(NC) position ua¢] position esep $6§je§oopdn Normally Open(NO) o3 “Fail Open”
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0pepd: esladey §ooodi Power supply qodeomod§§(fail)ogE g&(open) esepd [gdeomalopt Fail
Open 068l B[gdgdoopd

100 4 Closed

2 75— 2 75—
g N Il g N Il
] ormally il ormally

5 50 Open 5 50

€ €

8 25 — 8 25 —

0 Open : 0 Closed :

~— SETPOINT * ~ SETPOINT *
Controlled Variable Controlled Variable

Direct Acting Controller

100 = Closed 100 —5_ Open
3 75— 3 75—
o Normally 3 Normally
5 50— Open 5 50— Closed
'g IS
S 25— S 25 -
Open Closed
0 : P 0 :
-~ SETPOINT * -~ SETPOINT
Controlled Variable Controlled Variable

Reverse Acting Controller

c;) 0-0@ Control Action and Normal Position

Damper gpa valve qp:sC switch gpsei normal position &3o0pSen o3 device gpod
Gus0ons00pd power (electricity power o8ewpod control  air-pneumatic 320305) w§oopdeaslopt
eepodesepd position [g6o0obn Device gp: normal position 0t ¢Eqsi dodqeaogad oo§§(spring) o3
self power 000560s0pd 03§u3a[gd copdagEsoozoopdi

Normally closed damper o3& ©0§§(spring)o? actuator odog€ copdaon:oopdi Actuator o3
Gu30030009 power supply o3 [§o5e0m05080500pdmadlogE actuator 3a038:q ©0§S(spring) 2005
og$ionse) damper o 30560cd6wobi Normally closed damper &3cq€ oo§$on Bodeso00d
32653200003 6epadeInE 5§:8050880pbi Normally open damper &8cgi€ 00dSon gEes0000
326532000:03 6epodesmE 038:eE866051 Ba3o3djs damper o spring return damper vpesl 205N

:n0dq) actuator 32038:5 spring 000 A€ power supply 03 [gode005c8052005 324
damper 20pd Gepodesaopd esepoztom qiesc88updi(Stay in the last position.)n o338

damper/actuator o3& normal position edlo€eoi

Three-way valve qp:og€ diverting sa§jzeonisC mixing 3] $6§e§oopdn Diverting 2095
08o0pd water oBewp0d compressed air o3 steam $&§j sa[gdadeepodezNE Feusoopdi Mixing three
way valve 20p5 stream $6903 cepe§2a32:63:0E vSE0sORdN
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Open Open

—> S
3 3

1

“ '
2 2
Mixing Diverting
Port Name Alternative USA Eurcpe
1 Control Load A E
Bypass Bypass B L
Commeon Common AB C

Three way valve 03¢ Al§eoon port 9329 325050 006905 common port [gd20o0n Diverting
valve o3& common port 2005 entering port [g8[8s mixing valve 03¢ common port 2005 leaving port
[§620p51 Normally open(NO) 20305 common port 2005 power [§deom05[gE: 9qo0pd 38loze
gCesc860pdi Normally closed three way valve 2005 power [godeomod[gl: $qoopd sasloge
common port 2005 3odesc86epdi

Three way valve 20p5 Normally Closed (NO) [gdeo Normally Open (NO) [gbco cqB:
e50p500 [gda0pdi Coil 32038:03 aqB:0E[gE: & oo ogn[gesoopdi

2003[gq$ =2q0d¢n controlled device &1 normal position 2005 esod(every day) 9o 0pd
006§ 9Ceso00d efgEacs B0des00d 336[gEes03 Bad[gE: ©wrOAAl

Outdoor air damper o3 Normally Closed(NC) s3[g® [groSoon: 20oopdn e§32§85 fan
eenliesod outdoor air damper 20pd gCesBr GogP: 36e000535832038:08  oegpodesqeRdi
pomg§ fan qOcsoopdaadlon damper dodesqs cSaopdi B:go5o0p0sadl damper 20pS(NC (o)
8obesr BpSaps 2080dqp: ofeepadgls 8:d:qps ofeepadlgtie mEieoieoapdi Spring return
actuator $C oofgp: device qpzoopd power ooopdzasloge fail-safe position o3¢ §esesant [gpd

002300201

Fail-safe position 2005 2005¢05002500p9 normal position 0odglgdoopdi cdsogCaes(gts (fully
open) a8ew0d cd:0dodes[gts(fully closed) [46g§ wadeon pown- outdoor air intake coil &1 hot water
valve o3 Normally Open(NO)33(g6 [giapSoozeca§oopdn adeaon power o§oopdsasl hot water 20p5 coil
32038:03 20058:008:65[G: freezing [36[gE:0 0a3058Ewx5n Supply fan & inlet guide vane $& outdoor
air intake damper o303 Normally Closed(NC) 23(g® [gcpSoonzeedi

Fan $& damper 0303 inter lock cp&a0&2005n Inter lock 832005¢n fan §6o0pd o8l damper o3
Bobaonieamt [grodoond: damper ogEad fan cunl) eqesnt [gepd[ges [§620pdn posadl supply fan
o3 §6c8050000354] inlet guide $& outdoor air damper 63copb: 33c8eagPad dodeoqepdi od:dsMiyE
control  signal e§eono0pd908l Bewrod zero [gdagniopdaasl control  deviceaopd normal position
B8 eepodagnic86updi Control signal 0o§8s qpscon(gEsgé controlled device 20p5 dwSesep(normal
position) ¢ Gosp oo[gP:dendad eepodogaeaopdi oBelogpé normal position 2o0pS controller &
control action §& process plant 2092300380507 a305p8esE §eso0E0di
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poed- O(0- J)ogE [goon:aopd heating system o valve o0pS Normally Open(NO) [g6qopbi
Controller & control action (thermostat)oopd direct action [gqepdn Controllere control signal
5500000058 ang) valve 20pS normal position (gEesepe) eeosepal (80500pd000503) eepadognice
c8%opdi Valve ad:08058 220305 control signal 20p5 3a[gCedi00$3s(maximum value) [gdeepd
oo duct 22038:§ Gcom0§S [§Eonodanag€ control signal el 0o§3:c0pd: gpsanom valve
8o5ognic860pdn Valve 8odagoigtselompé coil 3a09€:08 8:0E00005 hot water flow spSsognsom over
heating [g6[g&:¢ 0200305880005

&(o- J)¢ heating coil o3 chilled water coil 25[g693 e[gpE:admdag€ control valve 2005 Normally
Open(NO)ox [gdepdn 93ea0d  controller 205 reverse action [goqepdn 2094$ [gEoo0damgE valve
2005 ¢8qs c8320(8s chilled water flow gpigps 8:08q§ 332000051 Valve gEq§320305 control  signal

505 qopdi spo0delopEadecsd 20§S (temperature) e[pEso0pd e0§0yEon05a3 controller oo
0066800¢ Gosepdl 00dspdi3adgC reverse action [46qs 8226000

Table 1-3 Required control action

Normal Position

Application and Controlled Device NO (Normally Close) NC (Normally Open)
Heating valve or damper Direct Action Reverse Action
Cooling valve or damper Reverse Action Direct Action

Heating $& cooling application qp:sa0g05 control action $& normal position 03 8005305003
@u3(0-p)0RE Gudjgoonzaopdi &(o-op)opE ddeondagudd(relationship)qp:ad schematic [g& Proportion
control 03 22034g8s cuSjgoonsoopdi vooedigo fail-safe position [gbg$ 320305 device o3 c8odq)
aoeagpeoon normal position 03 egegddli oBesnod process plant (heating plant o8ewrod cooling
plant)ei c0omosé cofengpesnt egiqudoonsoogd normal position o3 sacfgde) reverse acting
[900800p5 a3ewpod direct acting [gdoo&aopd ©20pd controller & control action o3 ©3dgoSdh
oy 00dpodep msoloclgd) oop(conflict) §3aqi€ controllerel action o3 elgpEiogcoqs
reversing relay o3 copde] 32034g§E20p51 pown- Normally Open(NO) heating valve $& reverse acting
controller 03 3223dga3cq€ reversing relay o3 copbdl
0-q Control Range $& Sequencing [gjopSd

Gain o3 adjust cpd[gEsgE equation 1-1 ¢ 1-3 0gE A§o0pd control loop ¢ output 0o83:03
s0:e3m81 gpreant [grpd8Eaopdi Error o3 c3obq) gain o3 adjust cpd[gEisE output 00§8:03
3203832000 0d93p03E: scale pE&E0p5N powd - control loop 330305 controlled device 205 fully
closed [gdes[d: 0% ¢ 100% 220pC:0E §8Ea0p0N 0% 20pd direct-action loop 320305 controlled
device 2005 fully closed [g8esfd: 100% 2005 full-open [§6q§ 320051 Pneumatic controller gpseh
output 2005 3 psi © 13 psi 32038 (96005 Electric controller qpsel output 2005 2Vdc ¢ 12 Vdc

320385962001
Controller device qpsoopS controller cod95& comEsgy §odesocdfG: 320pEE8EQS controller
¢ output range 205 controlled device gz 00598005 control  range [gdqepSn “Control range”

aBo0pben controlled device gpzn c0o5d 0[g§8Ea005 control  signal range [gboopdn powd -
pneumatic controller qps&i output range ¢o 3 psi ¢ 13 psi 320pC:gda0pdN Controlled device gp:&i

control range 2095 controller &1 output range 320385000 §eepdi
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Pneumatic device qpseil control range 20p5 3 psi © 8 psi 22038: $¢ 8 psi © 13 psi 3203E:
[g020p5n Control range &l 32g8:0060050055 device 20pS fully closed 2Bowrod fully open [gbes
c860pdn pown- Normally Open(NO) pneumatic control valve &l control range o 3 psi ¢ 8 psi 2203C:s
[g90qi€ valve 2005 3 psi § fully open (9653t 8 psi qoopdsadl fully closed [gdesc86epdi

Controller
Set point [
| DA
T NC NO
% Il !
Airflow
i T
Cooling Heating
Caoil Coil
Open =
Heating
Coil
Valve )
Position Gool{ng
Coil
Closed {
0% 50% 100%
\ —
Controller Output

¢ 0-Jo Sequencing

“Control  span” s3a0p5¢n> control range ¢l Sagpiadie S9505:90:03 05000 00E3s
[020p51 2200053 pneumatic control valve & control span ¢> 8 psi -3 psi=5 psi [gda00

20&eagpoopd controlled device qpsi 20&eagpoopd control range $& 20&eagoopd normal position
qp0d  egequdq)  controller  0od9oopbocn  3203gg  Iec3§eoon  control - function  gpiod
066eE8E0pI  geodoomeomn  gE:ealsCooodedEaopd  opdindigpi(energy  code)saq
g&s3a8u[g)S:03:60q$ valve gp:ci control range 20p5 over lapping c[gbco)

powd- heating valve ¢l control range o3 0% ¢ §o% 3203C:000 3393g[Gs cooling valve 6l
control range ¢o §o% © 000% 22038: =g[e: [§60pdn Heating valve 2095 fully open
(controller output 0%[gdoopd =29l) [36e5[Be controller output 50% [g820p5324] heating valve 20p5
fully close [36e50880pSi Valve aopS(controller output 50% [g6eso0pdsadl) fully closed [gdes:
controller output 100% [gdoopd3adl fully open [96e5c380pbn o8eo0d ASHRAE  90.1-2004
2005005gi05qp:aopd  overlapping  ©[gb§sC  ocdeconodeon  Gontioqbeomn  0pSgPiopdiondigps
Alo€oobi

1-31



HVAC Controls and Building Automation Systems GomEs005038

0.6 Control Documentation 1 Maintenance and Operation

Control system gp: 99:09:03 05600073 9050084(G|PCoqERdI BBe0d0E:gPIRE 20EIES
sequence gp: I/O point list qpai data sheet qpa damper qp:@(? valve qp:c;ﬁ schedule gp: control
drawing qps device gp: §oopdesepyps(site plan location) 320305 control device gp:sC remote device
qps input/output point list gp: do€qepdi Bongodenandigpis drawing qp:od cd§joopd esepagd
a88:e0pbsoonsfGs  Feadigopyp: Zacgudonoy  [13pdg8Ceoqepdl  onbsoly(installation)  sadsds
[B:Bsoopdeg005 Testing & Commissioning [G:Bsoopdsas] q§oopd qeoS(result data) gpzoBeopds
Nealo it BaIe catteblezebion)

Control ~ system gps sa0scdemocRod :§50s [g[gEadS:08Gsqqps(periodic maintenance):
aoeaqpepd adjustment qps calibration gp: [gopdes 832600051 00dsdgE $6[036(semi annual)
a300p0d Goio3b(quarterly) [gir9bao&oopdn ASHRAE Standard 62.1-2004 opC [gge oB§:0864(qCs
(maintenance)s¢ 2005a38a00) 32q/05qp:ad eedlgaondBs outdoor air damper $& actuator gpzod oo
8[R8 obesoigf cwdgoonoopdi [g[gSets 0B§:864gE:0d [grodoopd =08l osbonay Gegoon:
©05008:00€ 0020005

-End -
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INTRODUCTION TO HVAC CONTROL SYSTEM

@odom

0.0 3005e[opE Control System qps A880620505:? 1
0. J Control cpbsobsqps 0320005000 3
2. Control Loops 5
2.G Control Modes 9
0.§) Gains and Loop Tuning 23
0.6 Control Action gp: $& Normal Position 26
0-q Control Range $& Sequencing [gjopSd 30
2.6 Control Documentation | Maintenance and Operation 32
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