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J-0 Modem Control System

69058 2:068000538qp:  GodIgEPLdmEigrss  efficient [g0go  copSucdeses 30305
©8n§2005 control system gps §q 32600001 268000558 35038: §esongps(occupant) cooSeanE
200500 (comfortable)gbeogomens HVAC plant qp: efficient [gdgo copbood(operate) §EqS3a0305
600582005 control system gz 832520001 HVAC plant gpsoopd oone§ 3ad§qpiogE aoeamn (03008
0007200220009 226[gEaesqP:0R5: GanIMENSFE> CVPSLodEsgSSa0pdI 3680005358 090D
69058 20508[gEa$ 200305 3¢) 9053 $053a0p5(sophisticated) control system AJe$ c3z60003 oo
§:qC20pd 30680005358qps5c0pd: ey 0§m§205 control system oobsoaondlon Faofgp:
02005

g&iaCagom(gla(energy saving)sé  ofcda3bemfarl [gdedeoap) enodegaoodagody
(greenhouse gas emission)gqp: GoqRY¥EqS 320305 control system qpzoopd saeqE3k0Rd spef:
e Clofoopdi 0pqo [gdsd es00538:] digital $pS:0pgp: edlagss cnfBiesnnd data gpiod
sequence of number qp: 23[9 G[PE:BEFR0I woefan analogue value gpiodom G
(transmit) §E3[o300051 wopmedl digital data qpsgE sooSagud(communicate) §E3(gEselopE sae0:
$05:00000051 32622006900dep [gbed don god[gE:a88E200n Error detection cp&8E20p5n ¢) By
cno0pdi Bme§§e 0oolq) Direct Digital Controller(DDC) qp: edledodonfG: data qp:ol oan&sgé
GedlgoonE0pd F2q053a0005gp:(numerical message)sa(gd egpEiadq) cod[gla cn[gE: ooopd data
communication §p5s0pagps 03:000500p5

Data communication §pSs0pogp:a? saadigfgEselopE variable gpzel 0o§8s(value)gps a0
opdaop) origin device ¢ 6pSoopd destination device 8898 cusdaopdi 3aesgpeglgts (error-checking)
[1c95[B: [3020p5 02005 sagjedsacund(information)qpa3dl a3§8E0p5n a8 data qpo?  device gps
3qCsqCs $0:00p58Eq8 Bogoopd structure (g€ oopSeeon0Soo0pd data communication protocol
o ot o30S

2-1



HVAC Control and Building Automation Systems eomio0d038,

Central computer gp:ei 0305g/058Eg6:(computing power) aq€lg$gn 030005 eseameloPE
3q) 9053qbcogs(sophisticated)oopd coScss(central function)qpsod cpbesoné cn§EG  energy
consumption monitoring 1 report printing 1 trending 02025 3=as0&[gEa0pd cSCSs(function)gp:od
0066800E Cn8EF[og0005

Microprocessor qp: edledloSamnlgéselopé monitoring $& control function gp: sa:09:03
central computer 028900p5:n cpdesotengs eadzateomeon Microprocessor qpigé [giapdoon:apd
Direct Digital Controller(DDC) 20p5 monitoringi control $& communicating function qps sa30d:03
intelligent (96> [gipSeu:§CaomalomE central computer qpssé supervisory controller gpson Direct
Digital Controller(DDC) qps sa0:dseil action o3 supervise cpdgs alarm qpsod cooddopfgls set point
g0’ elgpseofgasC schedule time(operating time) gpod egpEseodgés oo0pdodndom cvdeamnt
cosg§ 832600001

Data communication $& Local Area Network (LAN) sp5sopongp: oBsonoSconge(opé DDC gps
$C PC gps 22[g$30008 90050300000 §8a00n Network gqps 0069$E 00d9 90050305 (communicate)
§E[g8:clopé 8CedlCiqpsgy cosoges0pd Fee0d0dmBgp: 09000y §odeood(Gs 0008: ZagEd
F20005¢P: 383200 BruSom 3006005 (operate) $Ea0pd

o3zaclopEsqpielopE Building Management System (BMS) 2005 3¢) 60058 03:0005 conoopdi
0036038 9Bc32005 control system 2000 3268000533 P 22038:§ control system gpzodoon
aBcBo0pdn Building control system qp:ogE control element qpsi controller qpsi network gpsi
communication device qpsi central controller qpsi software qpss& database qpz clo€[og0005

Building Management System (BMS) s32005¢0 92680005338 service system gpso? control $&

monitor cp68E0pd component gp: Boopod device gp: agLiqt: ;[gFecHs 00dRLSeS
(communicate)330305 §ode005004{G: Ggepod9o5s(single point)e BdesS(manage)8Ea0d system

o3 8cBoopdn

006560053 GegpisC ©0dggp:  eyPeggILPSLdaS(operation)sacgod  Bigsees(business)
822003 spcgfmngs  gpigeoopd  coontisagedsacond(information) gp:o?  process cpde$
83260005

J-J Sustainable Development and Global Environment

UN world mission & 2805 ¢&adqodeaq sustainable development e300p5e0
6§0E§re00d00dgps(future  generation)el  3=a0g0dgp:  Glgropdeospd  saepypod  oeondgt:
(compromising) ©cpd3d wes GEOEE05Ee05 B30gqEdqp:  elgropdeoepd  03:and§Rke
(development)gpzo?  a8c8o0pdn  0odspSimndgé  eIedd  qpbgudqod(objective)  cro:§jad
083505 [gpdoeo[gE: [gdoopd

(0) o3&zl A33a0505qP:0d WSS 3a83a005(gjoTE00pd oBs00deqp: (social progress)
(J) 20omoucdossoyE(environment)od comEign ado 030z0d cB§:086:0004gC:

(p) 20000 3aqC:m[gdgp:(natural resources)od conCaegpod(gls $&
(G) Bsyrseqpang oBi000d[glsC 320062003E q§ee; o3gdaopd

2-2



eomEs0005028 Chapter-2 Control Systems for Buildings

J-J-0 Energy Efficiency
g&s3aEqps 300 LadigqesNt Iee0o0dme(building)qpiogE oodeoaonsaopd BAS
system oo 6800Eg0de0E0R0I Feecr0dmByp: Ve pducdeseoa$30305 c3aabcom @b
(energy)aopd e30050lzagi0dgpied o3¢ @onpSoopd
(o0) Building envelope $& 200593E2005 thermal efficiency
(0) Thermal insulation (2 S:onsaqpod 020008E[gE:)
(J) Air tightness (22680005358 crocdgEs)
() Provision for passive solar gains (eseepqp: 36800053382003E: Gepad§gt:)
(9) Indoor environment &l (3326g/05¢p:
(0) Temperature schedule
(J) Ventilation needs
() Humidity control
() Indoor air quality
(9) Lighting requirement
(6) Hot water requirements - lifts and mechanical services

(0) 22680005358 320384 process qps
() IT equipment
(J) Industrial process

32000501 3qIodgP:0pd 3600053380009 descopbuodeseSse  Bigmiees(business)soq
cB820qi0dgp:  [gpd8eogsaaogad  =adgeepd gd:maC(energy) [g6oopdi ofgbees 3203dgqepd
(0%:8qepd) gd:maCowan [gdoopd

005§ od:ges0pd gdimal(actual energy expenditure)o 0§00m0SaNEeS B2a62005
g&saaE(base  requirement)odsodogf  omagubomseBi8Ca00d  gdimaCecocgCy(avoidable  waste)

0N qfoodi
eagpgSEanpd erongte(avoidable waste)qpsaopd 6320050l Fa6jopEiaa§jE§jrelo3pE (46§05

(o) Poor time and temperature control of the building interior

(J) Ineffective utilisation of internal heat gains

(p) Plant oversizing

(G) Excessive ventilation

(§) Low operating efficiency of the HVAC system

(©) Poor system design and installation

(Q) Standing losses $&

(9) Unnecessary use of artificial lighting and air conditioning o3 [g620p5

3200053 3gi0dgp: 30200000 control system $& 000563E20001 GrocgCe(waste) gp

spd:ag0:e8:E control system o [gopSe0:8Ea0pd a80o00Eepieom Sagndgpien-

(o0)Heating 9300p05 cooling cpbeuigepd Fa§SeP:d 00058E0gs05:e37mE m§oocdooq
cBead0ecmn0d0m Gog$i optimal start/stop strategy qpod saadd{gg$ $E occupancy sensor
qp2o’ 006e08e) 20ddgjop §eoo heating $E cooling Gozg§o? [gBaopdn
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(9)oc332600p5 copSucde(operation)gp: o[gbeoqs [030o€ omagud[gls $&
(0)Equipment gpz $0§ 3200600p0[gEs(malfunction) 98ewr05 inefficient operation [§desclon
2q$8 0003 (warning) cusdeSae0305 eontogpd(gts (monitoring) o [g&aogd

J-9 Building Control System

Control system 006903¢ 336[gdsandg 328053238 (element) adsdje Slo€aopbi Sensor cod
controller 069 $& controlled device(control c¥S[gE:dao0pd device) 03 [gdoopdi &(J-0) oz
eedlgoozaopd Sensor 2005 20¢§S (temperature) 8zas(pressure) 02005 control variable odd§je§jEo?
o3&:0pG: controller 0da3 Jaos(transmit)oopdn Controller 20pS sensor ¢ qoopd oo§3s(value)o?
:26[gdg) 03059056[gpS[8s controlled device s893 output signal cocdeoza0p0n Controlled device 20p5
load output 03 efgpE:cdeozoopd

SETPOINT
FEEDBACK
- - SECONDARY
CONTROLLER INPUT
CORRECTIVE
Sensor | SIGNAL
& FINAL CONTROL
ELEMENT
Controller MANIPULATED
| VARIABLE
‘ PROCESS - DISTURBANCES
Controlled CONTROLLED
. SENSING B VARIABLE
Device ELEMENT -
c’;) J-o Open loop control system c[) J-J Feedback in a closed-loop system

“Closed Loop Control System” o300 “Feedback System” qpzoopd controlled variable o3

feedback 32[gd [4$02005 loop gp: [§B20pbn Feedback [gSeupoopd control system qpzod “Open
Loop” 936005 “Feed Forward System” op csl 20051

Temperature

=] Controller |— Controlvalve - - — —p] Heating coil
sensor

— | Control system [

<} J-2 Common control system

0)003p6038 Gedlgaon:aopd control system gpzaopd closed loop qps [§8a0pdn O( J-p) 0gE
208:309$03  setpoint i3€ eepodescoqs 0B5:002:003 cudgooioopdi eSiIegs §6esdon
heater & output o3 Sgqpseoaopdi

Heater &l output qpsgEsalomé s0o:im00§E 0B:ana0pbi Blgonndamnapd s20p§ad sensor
¢ 03&:0pq) controller s8o3 Geoza0p5i Controller 035 03&:wac00:2005 controlled variable 00§38z $& set

point 03 §E:0pd0m 20engoaopd output 03 coodeozaodi
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= -
Motorized |

valve '—-
Return air ‘
¥ — e —

O

DISCHARGE I
AIR ’ HC
Supply air
1 |
FAN Qutdoor

air
HOT WATER Air handling unit

RETURN -=— |—/ <— Hot Water / Chilled Water

('3 J-G System using heating coil 9 J-9 Air Handling Unit’s controller and valve

THERMOSTAT

DDC | controller
HOT WATER

SUPPLY Temperature

Controlled device qpsei cpbesony(operation)oopd sensor ¢ ©o50pq§oopd o0§8: (value)qps
edopt =aclgdaopdn adeadd controller 0od9oopdgE measured variable qpso? e[gpEdeogEgts
o§eon Weather compensator 20p5 open loop Proportional control &l pow> 09 [gd20pd [g€oecost
2003 300G heating system oo 0052005 200§ (temperature) o3 control cp68Ea00N adeood
a3 control system 2005 =0e8im0038:5 3c3§0pd S (temperature)od gfesa0pS ©g$Ea0p503
©a388con  Control loop 0od90pE input signal gpsgo §8Ea0c8 output signal gpagocopds §8E05
Control loop qp2go03 00d9B:00d9 soCamsoom §odsonde) control sequence 0369 [giap&8Ea0pdi

——
m
>
Q
3
o
P

Final
Control
Element

paf N
I
1
I
I
\_%_
-—

v

-

— =y,

1| ducer

1
1| Trans- |,
|

\
Example-RTD |~ =¥ ~

- — o — -,

- - o o - -

& J6 RTD ¢ 03E:09000:0005 320§§[9E valve o3 control apdaonzoopd control system

Controller & input $& output 030000 =oq$sSsaq egplidesaopd 0o§8:gps(continuous
variable) [g8[032005n pEcSigl 300384 control system gps3 interlock qps [giap&oon: gaopd

System o0d9adie 0obesepepoRd Salgnieoon variable gpisé cwo system oodedi$E
sood0besomaelops interlock gp: §a§ 332600001 Input $E output sagpzeo0pd On/Off afewrod
Open/Close ©20p5 2000 §oopd Binary Input(BI) $& Binary Output(BO)qp: [9620p5n Digital
Input(DI) $¢ Digital Output(DO) upcopds ealedl elpadeny §oopd
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Control system 33038:§ 32§|,6000 component gp:o0pS component $8§g0d adl8:condgEs
[g6 2005 powd- Thermostat

Component Example
> Sensor Thermistor
I
Signal . L. .
conditioner Linearising circuit

Transmitter 4-20 mA transmitter Thermistor
Set point
i Y
Controller Pl controller
Y
Actuator Valve actuator Controller
I
Controlled Mixi
. ixing valve
device
Y
Load or Radiator
process
Valve and actuator
Controlled Room
variable temperature

¢ J-q Control system 00690 dloCoopd component gp:

J-G Control Modes

O(J6)0p¢ eudlgoonieom gEutiagudopanpd closed loop system 0o69[g¢ 00n€[oy qesanti
Control system 00896 03[g$d(respond) $& controlled variable o3 efgpE:cdeoo0pd $5:qp:a3 “Control
Mode” v edloopdi condeog,cpbesiglopt 2a0dgesa0pd control cpdspds(control mode) sadds
§oopdn oelopE 88 control cpbedaopd 2acpbsE control mode o305863:¢E egegEbonddes c3e0
205
J+G-0 Two Position (ON/OFF) Control

Two position control mode é control device q_p:oaé saqp:a?:(maximum) output §<§
5p0seds(minimum) output opg) output $6§E300  ESE0EEES powd  On/Off o3ewrod
open/close  o3gboopSi Control system & oo controlled variable oresla0pd 3208§o0pd
:20q$ (desired temperature) a30005 set point § 08§:c00:q8 [§®20p5i Controlled device 3050005854
(Qes000 308l)  $& 9Eo0bmdl (eenliopdeadl) =0dE [Poisqod (200§S $6[eCa [4E[gE:)
[g6e0lcncBGopdn  Heating valve gCes(ON)eso0pdme80d 32083208 (space  temperature)
oolgpSHgpSs [§€0005 cunom sensor output 20p5 set point o3 cogPagSF8edN
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Heating control § 3208:320§82005 set point coo dqpeognsgt: (SpagadgEs)n? overshoot
[g620p50p eeloopbi Cooling control S set point cood Geszasognsaqi€ over shoot [gdoopSwr
el aopdi

Heating valve o3 8c5c8050000sadl(switch off) s0§:320§$(space temperature) oofgpdegpd:
ojeoCsenfB(§6cxn(Ge) differential cood $6a30:0880001 oBesnad controller 20p5 3208:3208$ (space
temperature)od set point § o3$:q% [3ponql: heating valve o3 ¢&qSi 805§ output cpodeos
65036601

Swing Overshoot
/\ T /\ ¢ f Set point
Differential

No
accelerator

iUndershoot
] ] ]

v

i

3

=

g Space temperature

CE" -------- Accelerated thermostat temperature

@

F [ ] Heater on

L —~ Set point
With K : ; \ k
' . ' o ' ' S M
accelerator ' f Y X ' : v k .
o NS Vo o Swing
oA Dy Sl P i T

Time

¢ J-© Two-position(on/off) control

Upper limit $C lower limit $&9[o3p:§ gap o3 “Differential Gap” a3eupod “Differential
Band“vp GGSTODéII American Society of Heating and Air-Conditioning Engineers(ASHRAE)
©3p04p:03¢ “Deadband” vp 6q;z00: 68l edl cp§oopdi

Differential gap 036005 deadband 32038:5 output state 20p5 “"ON” state copd: [§6$Ea0p5n
“OFF” state copbs [gdes8Eo000n 6500580 switching cpboonsdoopd saclg saesedlogl goooboopd
Heating valve 305[Gt0pdes005 3a§§s0500:c0d [03pa0pd03Ceant 308000000 005005
[480205 e5cB8G0pdn mo00SeloppEadeodd radiator =2038:5 §esoopdeq(hot water)aopd S
325p0:c05 [0p20pboBEeznt peseme[oPE [§020pdn :§S corSeaneamnaeoé [gdaoSi
Two position control $05:03 a2%4giogi€ 320§§ [4Conadgts ogeotdgs(temperature swing)
olopecn [gded erp§oopdi 3oc3§a0pd 32058 (desired temperature)oopd  set point cood JgE8E03
set point 0005 3868Eo0p5 Heating load $p5:00p5326l giqeap§§(mean temperature)oopd set point
& J[gE8E20p5n Overshoot [g6$Ea0p5n Heating load gpzaopdsad] gd:gj3a0§$ (mean temperature)oood
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set point 00 86c860pdn mo[gEad: m:o08: 30§ 8(peak space temperature) $& a86adim0S:30GS
F{ogp:ad “Swing” o8wwpcd “Operation Differential” vp esloopbi Differential spSseeané eagpqgiyt
"Swing” [gB[gC: $p5se3:E [gIrp8Eaopdn oBeocd =g ma5pd:cudm00p8: 33[36edICgpig BodgEs
9C[g€s(short cycling) [g6e50860pSn 0odgp: 38§00 qo58:8E 005

F30ad: thermostat qpzoopd two position controller qp: [gblo300001 Thermostat sacpE:S
accelerator heater o3 copdaooigCigE operation differential o3 spSiesant eagpg§Coopdn Power
$05:000) heater qps§ thermostat $& load o3 parallel §ods005000:00001 ABefopE thermostat oo
0050p000:0000  OFEPS  2098:!OFE00d  F!$pdicd  [gEonodeseomalopé  spdicod
2§ 8§eog0385(gE: [§6c86epdn Belopé switching [g620pd s3(036seeq@Ea0305 Jgpiom operating
differential 888con00pdi s0e§im038:5 temperature swing [gB[gE:c0p0: $05sc0no0pd Accelerator
eops =ofiel qdigeap§S(mean temperature) ogeoCsaono0pdn Set point cood §&cwo0Rdi
Proportional control o3¢ cogqecp§oopd load error $& opoBoopdi Accelerated thermostat &l
[gpes0rEgedoa3 pseudo-proportional [§& esd[g8Eo0pd

w i/_——...\i i/—'-\l Upper limit
= /‘ i J A ]
] i i i i | i
< | | | | |
w 1 1 1 I 1
g— i i i | Neutral
< ! zone
2 i i | i
=E Lower limit Ly '
1= \\._/
5 | i
o | i

i

1Open
- |
.2
=
=
o]
o
w
=
=

Time

¢ J-@ Floating control

J-G- Floating Control

Floating control gpz20p5 two position control 8a§js3ae2203E clo€aopbi Controlled device 20p5
00[g54gdegEs000 agbepsean(slow moving) actuator [46[G: output $54gEx qpa:n? [gdeodEaopd
Three position 036005 tristate control vpcopds ealaopdi pows hotwater B:g$:(flow)od control
0062005 motorized valve [g620p0 Controller ¢ output signal Goesaopd 22805 valve 2005
805200000593 (close position) o3wupcdd gEoopbonabal(open position) oolgpdsgpd: ognses0RdH
Signal ©qoopd=edly valve 20pd eepodoopdeseps qoesa0p01 odelopE controller &l output signal
2005 ad:§s [§88E2005n Belopé three position 2Bewrad tristate control vrcal 9[gE: [gBaopdn

Temperature Heating Valve Cooling Valve

Above upper limit Bobepanodad agazes[gls(shut) 98epancS33 agnies[gEs(open)

Within natural zone eepodoopdesepl qoes[gls(hold) | qdes[gE: (hold current positioin)

Below lower limit QCepanS3 ognsesats(open) Bodepanodad agaes[gls(shut)
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O(Je)ogE floating control cv&GREs5:(floating control mode)od  Gublgoon:aopdi 3208:
320§$2005 upper temperature limit o3 cogag§o0pbeasl controller 205 valve 0693 ©,305q§ signal
cosoopdn Valve 20pd 0ofgobegob:odesGe spefimaogliad cuwesaopd sagowdan (heat supply)
GogpRqewso0pdl 2205232082005 upper limit cood 86aono0pda¢l controller oo hold signal o3 cos(3e
valve o3 eepad0pdeseps qoeseoapdi adesnod =0es: =p0q$0000 upper limit $& lower limit
;lop:§ natural zone =00RC:5 JosB: oSS  upper limit Boood low limit o3
[gobeorpagniaopdasadl controller aopS ¢Eq$i 8odq§eaogad coCengpaog) signal of valve & actuator
oo:@ ccéeo:oaéu

System o3 o039 8&&[gpSoorgtielopé controlled device 20pS  drogEesaopd
aefgzacs(fully open)o cd:080de500p9 saclgases(fully closed position)ad cepodes soq§ sa505:cd
[opecodoopdn Load sacfgpEizacdypoopd =aal§sd two position control $& soConB: 3a§§03e003C:
oconean 3od[gla  g&[gts(short-cycling) [988Eo0pSn Sensor o  downstream $& =a8:ediesep
(immediately downstream)3 co§eoon floating control o3 saaddg§Ea0pdi pown - control damper o3
coil 32§:5 opdeoaonienp§oopdi

Long lead time §oopd system qpséi floating control o3& controlled variable @i 02§3:0005

natural zone ¢ Goweco actuator © 3¢) aqElgS$g> esonlgndecy [goopdn codsobieigE 34
oq€lg$g> disturbance o3 correction cvdecw [gdaopdi Integral control &l [gpesonCgoddst

s0ap000i

J-G-9 Proportional Control

Proportional control § controller 20p5
controlled  device &893 e[pEicdeso0pd
(variable) output o0§3:03 =[Gelged e

Proportional band

100%

3 : eso0pd1 Setpoint $& measured variable o3ei
g Y, o [gr2502q10503 error vpealoopdi Error signal $&
E ' ;g pdoopd(proportional  [gdoopd)  output

00§8:03 controlled device 828 coobeos 200
System S §oopd load $¢ p8qoopd output o3
000d60:g$ 330305 (controller ¢) set opoint $C

- controlled variable sao3sg offset 0§8: 0od99
Controlled variable §G§C\3§)Qéll

¢ J-o0 Proportional control showing steady-state conditions

0%

$(J-00)20p5  Proportional control o0&l steady-state  saclgmacsopE  [gpdlgdoopd
Controlled variable 0o$8:2005 Tc [98[: controller output 0o§3:0005 Yc [gdaopd Set point © Tc 00§3:
3208 303326020005 offset a3wupa load error [gdoopSn

Proportional control o3 o3 steady state condition § load error o8wopod offset 0o§3s
§esc866p51 System load gpzaoecw offset 0o§3:qpzaneao [goopd

$(J-00)og¢ heating system oodgci Proportional control output 2095 0% ¢ 100% 9503
000560:0880p51 “Throttling range” vreslcopdn Steady state saclgseess control point &l equilibrium
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008320005 set point 000507 offset [gbego0pdn Offset 2005 load $E3208 Bode) qpico8dupdi
pow 6aonCepad [Eusap§s 2o038862005324] heating load Sgps concB86wpdi

POSITION OF FINAL

100% CONTROL ELEMENT
CONTROLLER OPEN |
I
53
CHILLED VALVE 2 o]
WATER 5 §
SENSOR =
RETURN DISCHARGE CLOSED 1
AIR _" ﬁ AIR -"
A
225 23 235 24 245
COIL CONTROL POINT (°C)

<#—————— THROTTLING RANGE ———

c:) J-00 Proportional control loop (cooling system)

4%}
2 Initfial offset New offset Set point
= / LN :
\ -
3 \ Proportional
E ______________________________________ band
© :
5| /.
& |Changein load
(w]
-
3
o
£ 100%
]
S 0%
c
o
Q

Time

& J-o §odooqod load clgp&scd[gE:ad Proportional controller ¢ o3(g$(response)d

Proportional band owanel opsda3 control cod[gE:deoopd physical quantity & vrsd
(unit) 92038 2005005ep§oopdn :0S (Temperature) o3 control cpboopd Proportional band
opsda0pd °C Bowpdd °F [gboopdi Bsas(Pressure) o3 control w6205 Proportional band
0p$52005 pascal a30wp0d in WG [gdaopdi 2Bewncd control scale range &1 p8E55a(%)gEaopds
esd[g§Eaopd

powd control @ scale range ao0pS 0°C ¢ 80°C [gdg) Proportional band &l width 20p5 20°C
[§6cq€ Proportional band o3 25% op 2005005 egpadoopbi  Physical unit 22038 3034
2005690500031 Lrsbe§gEs(Non-dimensional)copSs [g6§Ea0p5n pows Proportional band 20p5 50%
[§0cg€ Proportional gain 20p5 2 [g820p5n Proportional band 50% & Proportional gain 2 030005

ope8lo3eophs

Proportional band aop5 controller sensor span o3 ep§EgSs(percentage)gé ewdlgoorzoopd
throttling range [gdoopSi
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. Throttling Range
Proportional Band = x 100
Sensor Span

“Gain"00pd industrial control system qp:oRE 3203gecp§oopd columg(term)onde [gd aopdi
Proportional control &1 gain 02§8:0005 Proportional band &1 a[gpEsg$ (reciprocal) [gdo0pS
100

Gain =

Proporational Band
| |
l |
| ]
SETPOINT | I [
| | | |
I 1 1 1

| CONTROL POINT (LOAD CHANGES)
DEVIATION / I 0 |
FROM | I |
SETPOINT | ; | |
| | V |
| | I |
| | I |
| | I |
| | I |

————— F————f————T————f—————OPEN
| |
' I
VALVE
POSITION I\ INTE(‘RAL ACTION '
I PROF’ORTIONAL CORRECTION
i
————— :—————I ————-:-————-:-—————CLOSED
T T2 T T4

TIME
‘? J-0p Proportional-Integral control response to load changes

O(J-09)sE O(J-0g)opE Proportional control system @i system demand e[gp&:cdo0pdeedl

controller oo 03jg$6ad cwSgoonsoopdi Controlled variable & oo§8s(value)2opd 03050305 o805
[§60m e500560: steady state offset temperature § [§6og:0000n Setting down [gdagn:a05i

Proportional band & 00$3:03 $05:e330¢& [gapd[gts a3ewrod gain gpiesanElgrad[g: (¢
offset [g6e520pd vedN0d Gogpg€aopdi 98ea0d Proportional band 0o§3: $pd:eomalope
a3oupcdd gain gpeomefopE control system ood9cd: copdBE[G: comEign 306 YOesas
00530880051 00d5p5:301g¢ stability [§0q§ 9058 concBgepdi

Proportional band §p5sc0n00pd326] control action 20p5 on/off control 0393 [ge e$c8665
Proportional control o3 time proportioning vpcopS: 2005905e0p§oopd Output device a0pS On/Off
2000p68Ea005 two position output [gEcopSs Proportional control eoaEgadadjs §8€a0p51 Control ¢
output o3 constant cycle period ¢ g&es00gS(0n) $& Sodesopdmags (off)orco &l 3§}
82008 e[gpicdeosfaligEaopds control o685 powd cycle time 205 (00)8s8[gdagE control
20p5 40% output cocdeosgE control device 2005 ccosBsdlop gEes(Be (switch on) efgpa53s8op
8o5esc860pd

Cycle time 03 [0305$620050008 egequS§Eoopdi 98605 wlopecn 3odges y&[gts olgbesant
2§ 8oPlorp cox§aepdn Bsa[gE over all system @ response time coodcopds 0526651 0350520005
Blogpaopd odfg§§§(longer response time)§aopd system qps3a0305 3] cofeagPaopdi ofsodio? B
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system qpsog€ =22%gdlon two position on/off control cooS temperature swing [§8g Sso5:00051
Control & [ggeeongodd(behavior)oopd Proportional control system opo8(G: load error copbs
oppB8o0pdn  Time  Proportional control o3 switching frequency co5qICo3E:pSq  ©g8Ea00
aglbedma0e0s00d (heater)qpsog€ disturbance gp: olgbedlcoq§ 320305 saadigor0005!

J:G-G Integral Control

Integral control o3 PI control gpsogE Proportional control & o3¢) sagpsads coglgE §E2000
Integral control o3 "I control” vpcopSiesl eaodoopdi Integral control 03 codoopd: a3sgp: =ddgqS
0g§300ds00p5n Integral control o3 Proportional control & o3od:ecp§oopdi Integral control 095

32§§3203C:30000 000933038:§ set point ¢ cogd(deviation) e$a0pd control variable oo$3:qp0d
e0ICs00gEs(integrate cpSoooggs) [gdoopdn

Deviation of
controlled variable
from set point

Rate of change of
controller output

Controller output

N ——

Time
¢ J-oG Integral control oo&900pd:ei action [g600o0n Steady state soelgeaesopEdaopd System

06903 set point 86qc805agi€ [gbedlamnepd odlgSe(response) aBewSgoozoopd

Proportional control o3 ajcq€ offset [g6colcopdn o offset 00§8:qpi0? 3§§ 32038320,
0069320382 0eAIE:0001gE: [g520p5 PI control 2op5 steady state saclgseess zero offset co:§Eaopdi

Steady output apodeozaepdi PI control 20p5 floating control $& #6so08so€oraopSi Natural zone 6
width 2005 6§ooeconn5s05:(Gs (zero §:0k) output 20p5 33(Ge[gpE:cdes0005

Integral control 02690005503 0360280005 time constant §8s acg$giElgso0pd odgSq(fast
reaction rate) qg$ 3260005 system qpsogEoon 3203 8Ea0pdN ojlge es:0p5(slow response)
system o3w0pdb long time constant §o0p5 system gpizac05 2odgqs waodeageon 3a03gRgE
0832600050005 3¢) 03fg§(over correct or over react)a8&wpdi Integral control o3 sagped:za0dgo0pd
control device 2095 variable speed actuator $& 03a%:2005 valve [§620251
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Control response qps320305 32260005 3a[FegpEicdegoopd(variable) rate of change
oo0deu:§Eo0pbn Controller o> variable pulse cpobeoagé constant speed actuator gpso3cods
:20)g8E001 Valve 8odg8s ¢E58s (speed of closure of valve) aop5 controlled system @il response
speed coodesgiqupdi 63:050RC Proportional $¢& Integral $&9ediEsoonoopd PI control sacfoyps
32600:805 §C{goonzoopd

J-G-§) Proportional Plus Integral (PI) Control

Proportional controller § Integral control ¢dl€sc0pdq] load error 93wopdd offset vedaNOd
eaqpsp0:e08E20001 HVAC control gpsogE PI control o3 sacg§oyudlgign 32034g[e300p5 PI control
200 offset 0§oopd (zero offset) stable control 03 cos€a0o0n Set point ¢ cagd(deviate) e$00d
oo} 6dE:copde) controller ¢ control output o3 adjust coSeofglgé set point $& §:a00005
§:0308 [gopbeus§Coopdi Proportional band clopé 3¢ stable [g620p5 control o3 [gdeofEoopdn
Proportional band oop5 stable control o3 [g6eoo0pdn Integral control elo3pé offset cagpspd:aopdi
Proportional $& Integral cAlE:0o20009 PI control 2005 32098 c805005p32005 3203(gb20p5

Integral setting 2005 integral action time [gdoopSisag§opdgfoppesanennts| error gp:od

edIEsq) correction cpbepdn? 83cdaopdi Integral control & unit 2005 32§8[gda0p5N 08 a3eupcd
856 [96o0pdn Error o30upod offset edlEeoiqepd 3a§§0omco oodelgdoopdi 0odspdiamdye

integral setting o3 “reset rate” so[gdcopd: opeo§Eoopdi Reset rate 20pd 006856 32038: reset
0062005 22[036326q220305 [§620p5N Reset per minute [g&20p51

PI controller qpsoopd interactive [gd[o300051 Integral time o3 ©a8805¢093 Proportional band

0§8qpz0d 83260008 a[plicd  §Ea0pbi Integral time logpeomelopE steady state error
Bqpran8Eoodi

Integral time qpseco steady state error qpsecofgdaopd
PI control og¢ integral time o3 3acg$qps(gpd)esant conaqi€ Proportional controller &1 [ggds¢
oppBognic86epd Integral time qps(qpS)o0pd PI control 20pb Proportional controller $¢ opod
650360p51 236005 Integral time o3 control system @i time constant cood $p5:(03)esE conayC
stable [§6q$ 9053 conc8&epdi

Integral term & output 2005 controlled variable &1 [G:500pd(past history)ed ogE ¢oopb 20pbi
Equipment qps 305000:§8(q0502002:$)[gded $20pd error qpz pedlEi0on: comnelopé oewntssloogt

seodosq [§08E20p51 07393 [g6[gE:§jpo? "wind up” [§Bo0p5wr el edaogS
6320050 acfopEiqpielopE Integral windup [gbedl §E0p5
(0) System qdsnsc0n:0d
() Heating 9300705 cooling medium ©qE0p0sagS $&
() Control loop o3 override cp&aoz0d 03205

Controller output 100% [gdes2005 =oq$sC error gps positive [gdes§ESc0pd: wind up
[g6e0l cn§Coopdn Basefgmaesy Integral action 20pd 3280056[god ediEcopdom codocond ode

BqpancB6opd sacgSapigroopd positive gain [3665c386051 0332805 system o3 ooo€adodayE
windup error eqpadq$ 32§§ 3605307 6erEqr8Gepdi Wind up [gbooioopd  gain gp: unwind up
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[§69000 de&(normal operation)sac[gsacsod eepad8EaB6epdi Anti wind up feature A§aopd controller
qP2o0pd 00393 olgdesnt oomieds §€a0p0i Equipment so0p6ecn60005ea4$(not in operation)§ PI
control loop o3 disable ap&co:8E20051 80303 Integral action o3 disable vapboonzoopdsadl system
qps 0eentidlof ada3addjEeom [gocoso G [§58E0pdn 23ead sageanyjamnydBs Proportional band
200 Gomign 2cpbonpbeonial sog$ 220800 [gdoopdi

J.(;.G Proportional Plus Integral Plus Derivative (PID) Control
Derivative action &l control signal 20p5 control variable & c[pC:cd58s(rate of change)sé

F§roqo0pdn Controlled variable 2005 set point 8898 aq€fgSgo qPndesdeadd derivative action

20p5 control action 03 eaqpspSieoo0pd Controlled variable 2095 set point 8>8:eepades(g [g620p50p
opsoagodg) control action caqpspSieogs [gdaopdi adelopE over shoot [g8[gE: eaqpspSiognsoodi
Inertia qpsoopd system qpzea0g05 20&egHo0Rd

coode0p,03E Derivative action elogp&eopd: [gooogn [96§Eo0pSn Measured variable 205
0q&:007 6[gpEsrdgEaocd elgpicdesag€ controller & derivative action 20p5 erratic output cpodeos

c860pdn (20005¢) ABe[gpEcdeqpsel amplitude 20p5 3a5p5:c05g/0€ [gddleo )

Derivative action o3 sagp: Proportional gain $& Integral gain gp: oClo€o3 sadd{ges
o[g68Eaon Proportional 1 Integral $& Derivative o3§jseclCsq) PID control a[gd saadigfo30005
Proportional gain ¢ steady control o3 [gdco§Eo0pdn Integral gain eloy¢ zero offset o3 [gbeo
2000 Offset vedanad eagpspdieoapdi Derivative gain elopE Qodongod load elgpE:ad[gt:qp:a’
comtign odfg$(respond) §E0p5m adelopE PID control 2005 steady state sac[gsecsopd load
055393 efpEicdesden oBewrod disturbance ©pbo3ad [gbdleo zero offset §oopd steady control
o3 cus§Eaopdi

Derivative gain setting oopS derivative action time [958 858[g¢ esdlgecydoopdi Error
e[pEcd58:03 [0305¢] control output c8o0cd cB§:eodgs [gdo0pSn HVAC application gp:S derivative
action oc332600p992¢1 PID controller § derivative time o3 zero 35[gd cons§oo [g6o0pdn 0odspSs
angS derivative time o§i aB326l5 PID controller 2005 PI action 33gdoo cpbeeoné cu:cddepdi
Process control application qp:o3€ PID control loop gqp:o? sagpead: 3a29dgfog0005

Proportional control Proportional-integral control Proportional-integral-derivative control

Controlled variable Controlled variable

Controlled variable
Offset Offset / Offset
;;itn . ¥ set \ o~ X /-\\f v
\/\_’\ poin +
A

Time Time
! ! ! ! ! I ! ! ! ! ! ! | \ | \ \ |
I I, T3 T4 Ts T h I, Tz T, Ts T n L Tz T, Ts T

& J-o08 P only 1 PI $& PID control mode qpzo? §E:008 aedlgoond

&(J-08))2005 PID control ¢ oewaEsslo(start up)3 control variable o3 control c62005 behavior
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o3 eudlgoopl ideal characteristic 03 coS[goonzoopdi Proportional control 0o69[gé §8€2005 output ¢o
set point ¢ deviation [§8a0p) control variable [g620p51 Control variable 0opS[8&(stabilize) agnsaopd
229 residual load error [§8¢] 0383c880pbn Integral control o3 cOlsc0pba0pd3a6l control variable
20p0 set point o3 eepadognzoopdi o3eadd stable operation ofgdef =SS overshoot sagobicod

[g9es6002000503 coR[gE8E0p5N Derivative control 20p5 overshoot o3 cagpspdieo(ds control variable
o3 2§§aB3a038: set point 03 cepadeo$Ead

ENA <€=======m=s-memmnooonanaay @ -------- Room

” SA
OA @ o

& J-o6 Room temperature o3 saadigs] controller & set point o3 reset cpdaopd Cascade control
0069 [g62005n Controller ¢ set point 2005 supply air temperature o3 control cpS2001

J-G-q Cascade Control (Reset Control)

22,6000 pOes(application)qpeaogod controller qpso? sub system $&¢ (master controller
$C submaster $69 =[gd) 000gCigS 3] Fa0pypsaopdn Master controller co0pS submaster loop §
set point o3 038203 (adjust)eosoopdi Submaster controller 2005 controller system @ intermediate part
o3 control cpSeoz0pdI powd FpR[BEeN:a0pd TeSigpiel 30§83 control rEeSaacnd master
controller $& submaster controller o3 sad4gjc0n:205

Master controller 20p5 supply air set point 03 control coSo0pSi Submaster controller 20p5
supply air temperature o3 control cSeo:20001 Heating coil &1 hot water modulating valve ¢ oode0&
hot water flow rate 03 control cpSeosoRdi

3269 2060] 20:58:0qps(term) veepeogicogs $0:0pde oa3eoqs 003[gooopdn Cascade
control s820p5¢ UK S 320q00pd seedlsaed [g8aopbi USA § “Reset Controlvy esle3o0p5i Control
00500858 305002 08[300500R0: 0Bg8:0005000) 268l 3a6Al 000 o[gPsapd

Cascade controller s320p5¢> master $& sub master controller 03 &8c8o0pSi Control loop
569[gC 00B[GIE505 control cpS[gE: [§BaopSi Master-slave a3w0pab primary- secondary ooofgé adsgss
epoopdn Cascade control o3 o%:0qi€ PI control ood9opSegé 0opdf86 (stable)esmé [gopdes
S00p:00p0 PI control 00690005 $& ecdecmnadeol
“Time lags”

opdaopd feedback control loop ogEesdi control system & odlgSq(response)oopd  sensor
output 6[pE:cdq [gdaopdi Incoming air temperature 0pd03a3 elgpE:cddleo aBwwupod heating coil &
hot water temperature 6p50303 e[pE:cddeo submaster controller 205 supply air temperature o3
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32038000 set point 32038:gbe3E control cpbeozo0pSI Master controller 2005 supply air set point
o3 reset cpbeosaopdi Space temperature o3 2203q[8s PI control (& supply air temperature set point
o3 reset cpdaopdi Control loop $69cd:0pC Integral action o seaddg) conseomaelopé  system
00p0[86g(stable)gdesant 0gades cGoopdi

Dead time

DV

(‘0,;,

First-order

approximation N

Temperature

‘ o
b ]
! Q‘F
)

A

t=0 Time
$ J-0q System & o3fgSa(response)ad dead time $Eo00p Gedlgooasd u
t = 0 03¢ valve og&oopdi

3208:30§§ (space temperature)oopd supply air temperature a[gp&icd es[gt:od a0l
eg360339> oplgé(response)aopdi Feedback control loop 03E:5 control system gpseil controlled output

qpeel e[gpEicd[gEsaloppE control system response aopd S es00dmygEs(delay) adeupod o3gq
(response) e5ggC: [gbecl erpoopdi

(0) Transport delay o3 “Distance Velocity Lag” op copd: eslaopdi Heat source ¢ sap(heat)
qpso0pd heating medium gps 9oodso& controlled space o8 cepadesant 0262000 [PE§ad
“Transport Delay” 07 200500520001 [Bsenz00pd 20680005358¢psel heating system el 305

2q0qpgs $& 6qapooRd [Brengls Belopé =esimegs [§Eoades 324§ sacodop
6800 36800052088 2esigp:S s065:0005qS Goneaopd

(J) 90300 delay sa§jgzeonsen “Transfer Lag” [gdoopdi Component gp: 220§§[gEon05amnes
R0 6o08q0pdmYS [§620p5n O( J-0q)og [goon:aopd heating circuit § controller ¢ valve
@€ signal cofBego0d hot water qpsoopd heating coil 3038208 o€eepo’d agnsaopdi odad
o8aepad BseoCsognBiesnnd a0pBiondgEs(heat transfer) saeoeod [9bedlaopdi Hot water ¢
heating coili heating coil ¢ supply air 1 supply air ¢ sensor | G§’D(TS€X§8088 sensor ¢ system

respond 03 ©o503 q§joopdi

B0yl :§SoPEgc: Boopdd delay [g8[gE:elopE control system 26578320905
[g6e000p5n Integral afewpod floating control 0303 sacg§ 2a§§[ogpaopd (dead time gpsoopd) system
qpsopC 320%4gjgs woCengpeon Deadtime [gbe50d (system ¢ respond [g§econal) 32§83 controller
2005 output 03 2280056[go5 elgpEirdeuiesaoobi AelopE overshoot [gdedl con gaopdi PI control o3
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adq§ 3¢) co&engPoopdi cogengpesnt ogudo0pd P band §oopd Proportional control oocopds stable
control o3 osdCoopdi ofeagpoopd Integral time o0gROqRSdgE{gE copds load error o3
eaqRsp0:e00051 0d:06gP05602001

Deals Control :
Element with Concept Added Benefit Response to Perturbance
P
60 c
Proportional | Error Signal proportional Control signal E Undershoot Time—=
(P) to error proportional to £ 55
8 / Offset |
error (demand-based i il
( N N
50 T__Overshoot D
Seftling Time F
cor P+l
) - C
Integral Time Integrates error Eliminates offset g ]
(I over time to respond over time (accuracy) © 55 A h Time —»
to small error z v Oﬁse,tt&:r/f{,
2 ¥ D
50% B
0 P+1+D
Derivative | Rate Responds to rate Shortens settling °
(D) at which setpoint is time (quick response) 5 Time—e-
approached and g 55
Less overshoot/undershoot | & _ oy q Time
(precise) 2
50

¢ J-00 PID control mode qpso? §E000 codlgoonsd

J-§ Logic Control

Logic control function gps Al§oopd controller qpzoopS control operation o3 3¢] GomCis
6020051 oL F|,¢0-
Hysteresis Hysteresis module 20p5 sacg§eo0:codo0pd input elgpEaadagp:o? filter cpdeozaopd
Hysteresis module 2005 [0300€ 200500500282009 LEPANCOES Sgpsoopd input
e[pEcdagpiaBom  process cpbeooopdi  Control variable el Gooscodo0pd
elgpE:cdq(fluctuation) gpzod control system o odgSq(response)ocpdqs hysteresis
module ¢ oxggboonzoopdi Gaoscudo0pd fluctuation 03E:03 o3fgs (respond)clon
2$033038:  :[036edCiqpigy  Bod[glagl[tiod  [gdedleofl  oodugrbigp:
2E0BES qod8: B&wpdi
Averaging module 0095 input oo§3:qpsel  qEsqIon§B:0d  coodeus  a3eupdd
0305601 §320305 3203g|o0pd poed of(zone)s>03E:§ temperature sensor ¢ §a0pd
input 00§ 3sqpse gBigIo083: 3odupqs averaging module o3 saadigj0oSN
Logic module § Boolean AND | NOT 1 OR $& XOR gate qpz 320:00: dloSoopdi o gate
qpz Boopdd logic gp:od software interlock cpEe$320305 padgo0pdH powd
[gon€iedodgp:  gEesofma0z8: heating system  cunligjoqesE(operate apde)
0qeant) [glopdoo(gts [gdaopd Safety $¢ critical interlock qps3a0305 hard wired
[go0 interlock cpSgEgioopd

Averaging

Logic Operator
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Look up table  Look up table qpso3 functional relationship gqpzscg05 3203dg§Eo0pSn Thermistor
resistance ¢ temperature 0083z e[gpEiopqSaacgod(conversion CvogS 320305) look
up table o3 320%4{gj00p0n oB=e[g€ control element qpsail characteristic gp:od software
[5S linearization cpSejoops resistance ¢ temperature o3 conversion rSLHSE20N

J:6 208a0gfoopd Control Mode gp: ogeqjod(ge:
20&eaqpo3adp80005 control mode gp:od egegEOq§sR0d G3305AlZagOgP3 copdogts
05:02:q§ 32262001
(0) 83262005 accuracy $& 059§D offset vwocm
() [908Ce[g§oopd load  clgpC:daqps(aagpiadiepC:ad§Eaopd load vwdawi
H[B0206qER05 $¢ :2FSomnv)

() System characteristics (time lag [§88E20p0 maq§omcvl sub system ¢ odfgé
(respond) o5 speed $¢

() [P3onCegproCoomeanp) start up saefgeacs (situation)qps 03gdo0pdN

qCscoCagudopfGe B320q05qpi0d ee0nEgodendanpd control mode o =aaddgg€:0000
32607002 [3620pdn goeags 90552003 (complicated) control mode gp:o3 sa0ddgoge setup cpoeS
00532001 6omEigso00d control ofgbanad 3ed:gp:8aopbi Derivative control o3 HVAC gpiogé
:20d4gjey ofeon Derivative control 2005 high inertia system qpsapE overshoot [g8[g:03 egplagas
:Rod set point o3 approach cpdes0058:03 OBE:0m[gls [g620pdn Overshoot [gB[gEselopE
00320693 equipment gpz(additional equipment gpseenCsgls) 0ewE{gt:a3 [gdeoaopdi

Table 2.1 Recommended control modes
Application Recommended | Notes
control mode
Space temperature P
Mixed air temperature PI
Chilled water coil discharge P1
temperature
Hot water coil discharge temperature PI
Air flow PI Use wide Proportional band and short
Integral time. PID may be required.
Fan static pressure PI Some applications may require PID
Humidity P Possibly PI for tight control
Dewpoint P Possibly PI for tight control
Static pressure control of supply fan PI
Flow tracking control of return fan PI
Space temperature control PI
Steam heat PID
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J<q Optimum Start
Building control system gp:el sacegaao3ed: cpdess(function)ondeen time control [g&aopdn
c832600p)306l5000  equipment gpiod 6l $¢ ©c3260008EGEs0S equipment gp:o3
8ad[gCs(shut down)oBoopd time control [gdoopdi HVAC equipment qp:od s080056[god cunsfgt:
(continuous operation)oood c33a60geens 0ad3260E805[gE: (intermittent operation)gé gd:eaE
g0 8E20001 3o [grpdes sagedgqpigred 600520051 3a000den: 36e0a53adgp: (lightweight
building)og€ thermal inertia $p0se0006[opE pogudi e3:ged [9[G: g&saatagiomg(saving) gpgp:
§8E20p51 coompogEgé 6En0dal soelgmeesqpsy intermittent heating $& cooling cpd[gE:3ad
320gqIC 32098 spojEeorEm qpoopd
(o) Lightweight building (low thermal mass)
(®) Short occupancy period §§
(0) Over sized plant o3 [gda0p5
Heat output 30kW cooSgpS:o0pd heating system gpiogE timer o8o0wpdb time switch o3
320%¢g[ooCoopdi Optimal start controller o3 32034qq$ woofeagbeon saad{gopgp: 3268000538

3209808 0008 woleepadel heating system o3 [eentiooniq$ Beabo0p5m 93wax occupant gps
GePOEES 20056a00E 00500 (comfortable) [gbopd 320823204803 q§esc35epdi

[gCom0qs (eg a1 Geond: gpad 2Bedkadim0305)03 woopde) :2§8 opbgleoncen [BjoaE
6eEiqepdad 200500500001 GenaRsign GenliClon(start too early) g&:3aCfySoBiep GepPoda00i
6500503 6enC:dlon occupant gps 20056000E005000 (comfortable) ofgd$Eeor cosdeg Bevpdd
§:805q05(B 65§705008qedRE euntiesoy 3a§§000d 5pdicud [P eentsonCoopd Optimizer start
controller 2005 epa8ad:Tkad:] sacomEiads $¢ sp00Cergpads [§6epd curt:§8a3 addgodeu:dEaodi

&(J-00)ap¢ control characteristico? 6oS[goo:a0pdn egouSoe:o:g$03036a00 unoccupied
period 32038:5 heating 820305 occupied period 220§§0005 F25p5:c05 $6aogs $E cooling so0305
occupied period 820§80005 325p5:c05 J[gEoons cus§Eaopdi

Optimal start controller &l saa[gdcodcss(primary function)ed 06eE:qepd 3§03 2005005
coqs [gdoopdi meesieaogl: s (internal space temperature)sé [gEosapd§ (external air
temperature)od 226[gdg] 03050005 Optimal stop function 20pS occupancy period ©o3E8 (cpgps
0[g$8 a8ewp0od Gresodzags) cooling & heating 0303 [3|g) §O§2:2082051 [0302EB80Bqepd 32§$
om0l 0305098820001 6en3058dln  occupant gp: 20056000E00500  (comfortable) ©[gbSEl
65005073 8050lmn g&3aE[gfioBg [§6e0000N (0)850 Bowrdd so§ocdSeeng Bo5§Ea0p5N Optimal
start 20p5 optimal stop coo5 8¢) gb:eaEagjomn(energy saving)$Eeomalopé 3a03:gpeapdi

HVAC system gp:oB epaB8sadedj(eg 86 6900E:)03¢ comEsgny 3200b0pbesmE 838 cpbaon:
[0300p51 mo[gCadimacgsacs(max condition)od sac(gde 8&Ecpboonieomalopé capacity dgpzaopdi
Befopé ameSagSqpiogl systemoopd part load 0ztom ewnliesenpdaopdn Part load condition
g€ §oopd control behavior 20p5 design mefgsressé copoeon powd VAV system 00693
:04),60065qp03E  Gunses(operate)oopd $oS crodigSs(air flow)oopd design flow(max flow)eh
00600508000 §8Ea0p51 oB=adl system gain 2005 sdso Gypsogasoopdi 0odSlnES system gain $690
Jqpiconaelopé system stability o[gd8Eeomeon adelopE system oodeaopd stability [gdeSeacg0d
system gain qpconepd 36[g3a656P:0d 0g8c5es c33a600p5
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Flow temperature

Inside temperature / °C

Inside temperature / °C

70°C

20°C

eomio0d038,

<«— Design temperature

Night minimum
(typically 10 °C)

Time
—_—
Plant off Frost and Optimised Occupation
condensation on time
protection
-— Design temperature =
\ i
N decreasing ,” 7
\ l4 / /
A 4 7/
N\ / '
o, I
N /oy
NN / ,
\ NS IS /
\ » "r !
‘. Prolonged K / ~ L
., shutdown I} ~
\\\ /
~d ]
nght h“\ {\\..: \-..,-
minimum il -
Time
—_—
Plant off b !
ﬁl Optimum start \
. for intermediate
Frost protection i
P \II conditions Sccupatlon
Additional b ime
boost period Optimum start
after prolonged for design condition
shutdown
¢ J-o@ Optimum start control
i Maximum i
g flow :
! temperature '
1 1
1 1
| |
! ! Minimum
1 1
- T e ks flow
! ! temperature

<> Outside temperature

Design

Q J-Jo Weather compensation control characteristic with two adjustable slopes

Sampling Time

Digital control system qps§ controlled variable o3 03E:0005 interval o3 sampling time op

200500520201
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Sampling time 2005 6820033 sagiEdgpied 53¢ onpSo0pdN
(on) Time period required by the A/D converter
(®) Any multiplexing between sensor inputs §§
(0) Density of traffic on a bus system o (96205

Sampling time 22q@:g&$ag€(too fast) BAS/BMS @i data handling cpo[g€a? 03805 eooopdn
Sampling time [gS$Alon(s§§03dlon)data qpigoad handle cpdqaopdi Sampling time sacg&es:Clon
system &l c[gpE:c3gqps(changes)o? comEsgy ©aB8En Detect vcvd§Eaon Belopé comsgo control
068888005 wupddeon Equipment gpssC system gpiei g&:caonlepd (performance)o? evaluate
000gsep0305 data g0 238:e0pbecp§oopdn Sampling time e5:0000 data qpzoopd saadieoCoopd
information gp: 9300905 ni098sg> 0ps08Ea00d information gpso? [gdeoo0Rb Ad03a sampling time
eg260006[op¢ information qps co€eomnaoen: [gbeofgE:ad “Aliasing” vp cel cogbi

cofeagPesomsaopd sampling frequency o3 Shannon’s sampling theorem o3 332%dqq)
§8E20p51 Maximum frequency(time max) 2005 system o8ewr05 equipment component &l salgSads
frequency (9620001 A time max cood $6e0 qproopd frequency o 30d3goEo0pbn Theoretical
sampling frequencies 0005 sooSeoemn Jqpeoon sampling frequencies o cocdeoy apbe§glon
32004g|e0§oopdi

Disturbance qp:o3 328msmdgl ecos§js F[gr:8Eo00n Control system 006903 0g&ioom
[g6c08Ecomaelop¢ disturbance wreal s3oopS
(on) Supply disturbances

(Chilled water supply temperature 936005 Hot water temperature a{gpE:cd[gEs)

(9) Demand disturbances

(Occupant 226220305 qpia(gla $o5:0g4gS:)
(o) Set point changes

(Set point a[gpE:cd[gEs)
(vo)Ambient (environmental) variable changes

(apaBporelgpticd[gla :2§503 cBadq) [gEumapg§ (outdoor temperature) algpE:cd[gEs)

J-© Tuning

[Fe[gplicdesanpd aefgsacsod control cpdeoopd control loop gpsel behavior 2005 control
setting qps 2260l 03E 005205 weSME2005 setting qps $& controller parameter gp:aoS system
o3 eoopdolgS(unstable) [gbeo§Coopdn  Controller gpse  optimum  performance  qg§320305
eomCsg§esonsaod control parameter setting 0o§3sqps 93000:q§ 3360005

System 00690d: 0p5BEg0 0§ 30p6R6e5qS aeaE03:00p51 Stability deomEeoq
6330050 3ag105gP:aB A3adsn0E 005

(o) Proportional band 00§3:03 gpcosfgts
(®) Integral action time 03 gpseodgC:
() Derivative action time o3 cogpgieosgEs
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Tuning ogopSeE system oobpadisn: manual mode § cenlsgla qbon§[ges output signal
qps 0dceoggls 0205 pOcSigpind oE[gapdaepdi coysdecnndaopd sasoeqpodyon tuning

0008 [gpSo0Ea0bn Set point sa§jpqjpoons) [gdeclanoopd saefgsaesepiod eongfogpdontoopdi
6330053 39i05gP:0d 0d680:a0E 005N

(0) Process noise qpz §i o§ 0bcs0:00&a05N Controlled variable qpseii 0o$3:qp:
Q600q05 aqi€[gsgn elgpEicd(g: 361 ¢[gd odeanz00E200N

(J) Set point e[gpEsc80500p5326] 309udanoy BEieu§Ced: § of 0deso:0Ea0N

(p) ©pdo0pd operating region § 3¢) sensitive [§9200503 0deaoso0Eo0pdn

Control loop 006903 turning cxde$ =26[gd 3a5i05gP:03 §2:00p500:00E200N
() On/off controller 20p5 Proportional controller oo Goso0pd Proportional action o3

0p500p)328lg| 60s8E3EL5 wupcdeoi

(9) Controlled device gpsudk operating range &l 3203E:5000 sacpbapdeogqepdi Fully
open o300 fully closed soalgeacs38:03E :[Fond: oescoa

(0) Cascade control o3 turning cpSGo0pbeasl =aopCs(inner) loop wpGsl20Rd
submaster o3 saqEed: turning cpbeepdi Primary water circuit 03 ocoodgd
00p5[88(stable) esan€ turning cpdBeoon secondary loop o3 turning cobqeRdi

(00) =0§),600 controller gp:20pd 0dd9emmeom controlled device gp:o3  control
c0d[320p5 powd temperature controller 2005 heating coil $& cooling coil 03
control 60l 3=:b6cgEé  operation 00690 disable S
07$006900p5:03000 turning coS20E20p5

G090 [0Je0sgied 324,03 GwdgoonooRdi

Proportional band : cooopog) 304g¢ Proportional band 0083 00699 con:q$ 8sa5Clon plant output
& 50% o3¢ qfepd controlled variable &l 0o§3:03 30%3{gjo0E0p5

Integral time 1 Gooopoy s0dgE Integral time 0083 00d99 cod:gs c8=a6dlon open loop time
constant $& 28go0pd 008&:03  3adsgoEo0p0n  Component time  constant
qPeeid: 9edlCiom:a0pdmgs [gdoopdn pows actuator $& sensor o3 time
constant eeeAlEgdao5

Derivative time @ Control loop og€ delay §oopd=esl o€ Derivative time o3 30%3{g00&200
Gooop0g 392gS Derivative time 00§3: 00699 cod:q$ 3=a6dlon control loop
dead time & 50% [g&o0Eo0p5

Sampling time ~ : Open loop time constant & 25% oo ugpsooCaor
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Initial controller setting gp:03 0005CROGRGP: (Manufacturer)os  Gu:ep§aopdi Common
application gp:30305 GOy EgE a§Ea0pd 0083:gpi0d GI050RE ewdlgaonsapd

Table 2.2 Typical settings for a PI controller

Controlled device Controlled quantity Proportional band Integral time (min)
Heating coil Zone temperature 2K 0
Preheat coll Duct temperature 3K 4
Chilled water coil Duct temperature 8 K 4
Humidifier Zone RH 15% RH 15
Dehumidifier coil Duct RH 15% RH 4
Thermal wheel Duct air temperature 4 K 4
Run around coil Supply air temperature 6 K 4
Recirculation damper Mixed air temperature 4 K 4
Ventilation supply Zone CO2 concentration 100 ppm 10
Room terminal unit Zone temperature 3K 4
Supply fan Static pressure 1000 Pa 1

J-@ Complexity of Control Systems
6305038 control system gpiel gOeogenddg P Gwdlgoon:oopdi Manually control

c0d[g8:o0p5 agudopgicolid: opfoyo§odeaspSiaddqbooodi Integrated control system gpsooRd
§6609:0053(Gt 0rScq0§0d Fagpradlgdaopdi q§oopd sa0fjqpopds saqjpqjr 3lgo300Rd

Manually operated controls

Simple automatic controls

Direct Digital Controls (DDC)

Building management systems (BMS)

Integrated control systems

Increasing capability, cost and
complexity

c’g J-Jo Relative capability and complexity of key control systems (Based on diagram from BSRIA AG
15/2002)

-End-
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J-G-q Cascade Control (Reset CONIOI)........ueeririiimeisisiee s
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