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Chapter-7 Compressor Control and Compressed Air System

Compressed air system ood9=0038:3 equipment gpgo Clo€aopbi 8saos(pressure):
eoagodgsi(flow) ecosaqpdaacags(air quality)od salgE Bodqeg(system realibility)r gszaC
ad8q $05:gC: 0a0pbodo0pS compressed air system oodoch saeqE3:e000 SagEdgP: (46205
Compressed air system gpzd dloCes[o3aopd compressor qp:aopd sz sagudmoen: $C
3266320305 0p8[03c86605 vupcdeon ad03ad s Saenen: R[PPe$e0> compressor gpso?
:28m0do0y comligy copbuodeseant(efficient operation [gesan€) control system oo
ea0n8god Gosoopdn Compressor gpsei control 20p5 system performance $& energy efficiency
0303 e33g0d cuseameloPE Za0gs FeaE TR0

:e[gosmigE “Master Control” $& “Internal Control”opg] control cpdspd: $6§e
RlgpeoopSi “Master Control” e3o0p5¢> compressed air system gpiog€ Jlo€o0pd compressor

32200803 038:q|020pd control system o3 &3c3a0pbn “Internal Control”s32005¢n> compressor

006d: 309E:58e000 control system o3 a3c8o0pdn 00bspSiadgE compressor o&:S §oopd

control [gdaopSi

0060%200053¢po0pd (multiple) compressor gp:o3 control cp68Ea005 $d:qps

() Lead/Lag $p54g¢ Control cpd[ge:
Compressor 0odad: a3eupod 3§),03 lead compressor s3[gd 20050d5(G: o3§ compressor
0060 a30w0d 22,03 lag compressor =3[gd 200500d¢) control cpd[gE: [gEoodn Lead
compressor o3 duty compressor op 68l edeap §aopdi

(9) Base Compressor $¢ Trim Compressor 3[g® 2005¢05¢) Control cpd[ge:
06d:0005 Jqp:aopd  Multiple compressor gps Genlfogoopd =vdl base compressor
0060303 full load [gGewrsG: og$ trim compressor 02603 partial load [g¢ cer&igc:
[g20p5

(o) System Master Controller

System master controller $05:0005 compressor 822:d:03 c30003 program cpSooE0pd

3203 micro processor © 0690¢ sa0p00y cuntieolgts §oeo[gE: [§daopd

Telephone Network

SIGMA AR MANAGER

Ethernet

=

& Q-0 00HB:00053¢P:00pd compressor gpso? “Master Control” $054g¢ control cpSOa3 cudlg

ooo:oaéu
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Air Compressors and Compressed Air Systems eomio0d038§,

eAomnegp:(Key Terms)

Full Load: a32005¢n Goceadg(air demand) $& compressor 0o6cd: 930005 CBAYI005
dqpoopd compressor @i total available capacityol opo8eso00d 328055 [gbedles2005 load o3
aBc8a0pbi Compressor 80903082005 full load [§¢ cunsesaopd 2280503¢ efficient 3a[gdeds
[g&2005

Part Load: &Bo0p5¢> Gocdsadg(air demand)aopd compressor 006cd: 36005 0oddi0005
Bqpoopd compressor @ total available capacity coodepd:0005 228058 [gbedeso0pd load o3
aBc8o0pdi Compressor 330:03:c8032005 part load [gEewnCso00d =adlogE comsgo efficienent
o[gb8Eeon

Controllers
’ master ‘ | internal ‘
| pressure band ‘ ‘ cascade ‘ ‘ continuous ‘ ‘ discontinuous ‘
‘ serial ‘ ‘Ioad dependent‘ ‘ speed ‘ ‘ valves ‘ full load- full load full-load
idle- shutdown
stop/start
frequency pulsed direct
converter current

‘ spin throttle ‘ ‘ suction throttle ‘

¢ Q-J Control of compressed air systems
Control strategy &l 228006p5gudqi05a005
(0) Compressor gpie c00d60:§Eapd Gro(compressed air)owdan $& cvdcsglo crocdsnde(air

demand)o o3c5p8esnE [grpdeuqd [gdoopSi oodspbisdgE compressor capacity $&
system demand o o3050360q$ control system oo [greSeozoopd

() g&:mCa%Bg $05:98$320305 Genliqfocdaopd compressor gp:od gEdgE: Bodudes $E
compressor 06e2&:q$ 033260000 328l0gE 0058§E060S 65§20507d¢) GeaE:qs [gd0RS

(?) pc&ego V568E0pY 308600: Baas(system pressure)aond ©8ooqeod Gbsq 3z
(average pressure)o? §68Ea0q| 8663:0E aB:000qS [gd20pdn

Q-0 Compressor 0o6c(:32038:§ Control System (Internal Control)
3280032013E compressor 06ad:qC:Bel croagadg$:0d 505 $65054gE control crS8Ea0p5N
(0) “Continuous Capacity Control” $00:$¢

(J) “Load/Unload” a3ewpod “Start/Stop” control $p5s o3[g®2000u

Q-2.9(e) Continuous Capacity Control

0)5p8:038 ecBom Bondh :EQENR m200030[qo5 eertiesf: valve 1 damper 1 Inlet
Guide Vane(IGV) 020p) ooddjedjsod Sod[g: afewnod ¢&[gtisndiyC croogadsss(capacity)od
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control cd[g8egdoopdi Bl ecdom speed o3 [g§esnE aJoupod esesmE [gpdgcs
[§8c0pS: compressor &l Groogadg&s(capacity)o? control cod[gEs [g20p0N Bspb:od 32034gyE
8za0z (system pressure) sacg$ 0opd[GE[d: 3smsc[gpCicdy(pressure variation) 2005 0.1 bar ¢ 0.5
bar 320382005 [§®8E2005

Max
2 Open damper *
Start motor~ Close damper
Min

& Q-p "Min Pressure" a3eepoSagC Start Motor or Close Damper.
"Max Pressure” o3eepadaqié Stop Motor or Open Damper.

VAV AN

& Q-G "Min Pressure" $& "Max Pressure” $6¢ g€ Pressure band o3 200590500001

Consumption
S 0 9o

ON & O 0 a
L1 |
I I | T

0 50 100 150 200 250 300 350 400 450

Time in seconds

c? Q9 1. Continuous capacity regulation 2.Load/Unload regulation

320005010(q-§)) 03¢ continuous capacity regulation $& Load/Unload o8eupob Start/Stop
control cpS5p5: 303 §E:055 cedlgoonzaodi
Q-0 (®) Load/Unload o3wwp05 Start/Stop Control

ﬁ‘?é:cﬁ 8=z egplicdq (pressure variation)gpigps 00598E2000 wEesigpiogt
G20 32005(G[o0pdI 02g|0d§0 7-7 0gC Gwdlgaoniaopdi BsaielgpEiady (pressure variation)aopd
0.3 bar ¢ 1.0 bar 9203&: [gda0p5
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Air Compressors and Compressed Air Systems eomio0d038§,

Pressure
pmax
AV ANVAVAVAVAVIEVANEL VAN
A 1 LI || 1 | L | LI LI | || 1 || 1 | >
100 Full-load; | | T T O T T T T I | | I I | Ll 1
80 - _|_—P.t1.4—_ - - IE— _— - e
60 — :—t——sl— — E EEEEE 1 —
40 H EuEE I B FE I = == | —
Idle (N B N | [ | | |
20
Shutdown . —>
Time

Motor power in %

¢ Q-6 Load/Unload $p5¢g¢ control cpda3 eedlgaonzaogd

(0) Pressure Relief
:20gq§ 33260000830 (pressure)oond Jqpsaopd Bss(pressure)od pressure relief
valve o] Goooo(atmosphere)adad cw05a00508(gEHgE system pressure o3 [§éesand
038:0004gC: [gdaopdi

(J) ByPass
Goad33 00050dg§ wfengPaopd eodegypiydagiC pressure relief valve o3od:q) By
Pass $p54g¢ compressor &l 208601050533 [g83[gE: [gE205

() Throttling Intake
Throttling $p5:00p5 ecoagadgsi(flow)od eagpsobieogs 220305 Groolaopd esepad
Bod[gt: a3ewnod agodaopdesepod Sod[gt: [gboopd sacomEiadeoon control cpdspds
006§ [gS0p5

(g) Pressure Relief with Throttle Intake
Pressure relief valve & throttle $p5: $8505{gCo3¢] compressor &l croagadsss(capacity)
o3 aB5:)0[gE:(control) [gdoopdi

(9) Start/Stop
Compressor Ged0om gd:eanzoopd 10kW coodsp5:0qC Start/Stop $p54gé control cpbecy
§oopSi Pressure setting & upper limit cepobaqié compressor o3 6020001 Lower limit
a3eepodagi compressor o [g§eenligllyé 830600 Groogadsss(capacity) qesnt
control cpd[gEs [g®a0pdu
Air volume gps[Gs 8sanzo0[greqoS(system pressure difference) qpsoopd system (9o
o)5p5:03 maadigjooCaopdi a3womn compressor Genl:a0pdl 620pd =:[36 2eeqoR05
$05:088001

(©)  Speed regulation
8aodmalql Bevndd omadE(turbine) [gEewrtsoopd air compressor gp:o? eanzacyt:
qOq$! [gSewntgs ¢[gd8CaomaloE speed regulation oo pE8E0pSH ofspdso0pd
efficient [g62005 $054gb2005n 3ejoopd[Ea0pd Baans(system pressure) §§Ea0pdi
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(@) Variable Discharge port
Screw compressor qps§ discharge port & position(esep) 03eg,c0fgl{gé croogadsss
(capacity)o3 o3&:qO[gs(control) [g&2005u

(») Suction Valve Unloading
Intake valve o3 g&esa0pdanesaaconi(open position)gdesanEgapds) control cod[ge:
[gdo0pSn Intake valve @Cescq€ reciprocating compressor 20pS  eo8a38[gEs
(compression) ecpdeoncol

(@ Clearance Volume
Clearance volume @oopS0mM0d  $0:680E  aJewnod  gpesnt  [gepdeiss
reciprocating compressor ¢l Geoogodg&s(capacity)od ad$:q|O[gCs(control) [gdoopd

(00) Load-Unload-Stop
5kW 0o05[03:00p5 compressor gp:od Load-Unload-Stop $p54g¢ 038:q)5(control)ogo0p5s

Q-J Dynamic Compressor qpiei aooogadg$i(Capacity)od Control codgcs
(o) Intake Throttling
eoooedlobsro(air intake) o3 throttling [geed[gEdgé dynamic compressor gpsei Groogod
§$3(capacity)od eagpspd: co$Ea0pdi Pressure ratio 20pS pump limit o eepodagaiag€
compressor 2025 surge [g6c86epdi aelopE dynamic compressor gpsa? 2005¢05002:0005
328680t 6e00godgS:(Minimum flow)aood dsp5s000d Biss:(flow)gé eewrs vandeol
(J) Inlet Guide Vane
Dynamic compressor &l sao(inlet) o3¢ “Inlet Guide Vane” [§¢ ccoB:gSs(flow)o? throttle
p68E20051 ofspSgE eroogadgSa(capacity)od control coSaq€ g&imaadige $p5:0005
(p) Outlet Guide Vane (Diffuser)
Compressor &1 saagod(outlet)s “Outlet Guide Vane”(diffuser) con:§q] dynamic compressor
&1 GroogadsS: (capacity)od 03&:q)o(control) $Ea00u
(G) Pressure relief
System pressure 2000 320%qqS 33260000 Bzai(pressure)cond JgpresaqiC pressure
relief valve od:¢] compressed air qpso3 Groodad(atmosphere) 6eaH00050B[E: [gdoopd
(9) Load-Unload-Stop
Dynamic compressor &l 3a0(inlet)3 throttling cp&8E2005m Pump limit o8 cepoda0pd 92ad
a0 throttling cp&8Ea0p5
(©) Speed regulation
Dynamic compressor qpseil [g$8:(speed)od  038:q0[gldgC  eroogadsss(capacity)o?
0382q)6(control) 8005
Compressor control mode qpso3 6320053132032 (0)q) F[grs§E 05

(o) Start/Stop (g) Variable displacement

(J) Load/Unload (©) Variable speed (speed regulation)

(p) Inlet modulation (Q) System controls @@

() Auto-dual () Throttling control (modulating) o3fgo0pSi
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Air Compressors and Compressed Air Systems eomio0d038§,

Q-9 Compressor 006cd:qi€:80% Control cp&[gE:(Internal Control)

qQ-9.0 Start/Stop Control $p5
Start/stop controlspS:03 eooicoda0pd reciprocating compressor qpogE sagpad: 32004
eap§oopdi Compressor ¢ 32090583:(discharge pressure)aopd 0005¢050c00:a05 pressure level

0005 gpiesagE compressor 03 30508(gE: (qoeo[gEs) [gdo0pS

“Start/Stop Control” $05:a32005¢> compressed air demand §o0pd328] (ccoco0pd3a8l)S
air compressor &l 6&50203 6ent:eoff: croadzady(air demand)edoopd 3615 G003 qos0:
condg€igdaopdi “Load/Unload Control” $o0:a3o0p5¢n air compressor &1 eebom o3 =3[
eentoodf8s compressed air demand §oopd3a8l(c8o0pd324l)S “Load” cpd[gls ecocdaady (air
demand) 6§oopd32813 “Unload” cod(gEdgdoodi

Start/Stop control $05:00p5 energy efficient (962005 $p5:008§s [g620p5n s00Se[opE
aBeaod compressor 2005 6en&:0000 3280503E 100% capacity [§¢ el qoesa005 32805038

a0 qdsm2520001 (g&:3aadeg[gindoudeol odelopé energy efficient [g6eao5c0pd:s rotary
compressor qpzod Start/Stop $p54gE control cpeS o[gd§EA

20056905000:0009  Grd3:(Pressure)ad  Gepod§§oE compressor o qbeo(stop)Ge
2005905002:00p9 GC83:(pressure)cond $p5:0qE compressor 03 oeedCseo(start)oopdn Adspds

o3 On/Off control $p5: vpcop5s eal ey §oopdi Load/Unload control $05:00p50005: oBa3adut
[g©20p5n Start/Stop control ogE pressure setting o3 Cut in/Cut out pressure [§& eoS[gecp§oopd

Cut In Pressure = 7 bar

[7 bar cepadagi€ compressoro? [gSeenCsqf(start) Bovpdd load cvdes]
Cut Out Pressure = 10 bar

[10 bar eepodagi€compressorad qog§(stop) a3ewrod unload oo ]

32000501 Cut in/Cut out pressure & 328¢p0S2000 pressure vessel so0pE:d §eom

G080z 20p5 10 bar adeepaSagiC compressor 03 §5gS 9Bewr0d unload crSeSgdo0pSn 10 bar
ecod3a:03 “Cut Out Pressure” vpesl aopdi desnnd compressed air o8 saodigieseooelops

eco8as(Pressure) oolgpdegods oqeoscmn(@s 7 bar Beepodag€ compressor o3 [gSewr:gs
a300pob load apde$ (8005 crods: 7 bar o3 “Cut In Pressure” vpesl 20001

Three - step (0%, 50%, 100%)ogE 3290& ad:e0& §eomaelopE compressor cod $6d:
§8E20p51 Compressor codsdad: 0od[GEs05 centasilon 100% capacity §8Ea0pS1 Compressor
$60%: 35050 0oddeeEie5d0n 50% capacity §§Ea0pbn Compressor cod $80d: adqdesdlon
0% capacity [gdoopSi Five-step acqi¢ 0%, 25%, 50%, 75%, 100% 3203 control cpogcs

(GBS
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Googodg8s(capacity)sC @o:eaCodigsSs(power consumption)o30005 030505800500
6520p51 0050:aggCer00g0ds S (capacity)qpiagiE §&:3aEa0:g55:(power consumption)gps
c86epSi cooopogeagE reciprocating air compressor gps @i unloading characteristics 00pd

screw compressor qpzco0d 3¢) comEiogoopdi

ecocdedy ©opd[§6o0pd(fluctuating air demand)cpSesqpizacgod compressor 0odd:
00pd:000 00680E00sadgE reciprocating air compressor $& 8¢ co0CeagHoopdi sacnudelopé
aB6o0b reciprocating air compressor @i unloading characteristic com&:eamnelopé [gdaodi
2002000900

Compressor 6enC:o0p9 229l03E:038 0§eagod(fully load)gé ewdt:eomefopE energy
efficient [gdoopS
aipdiqlod

S 30505:00532038:5 compressor 665003 :[3I04Pig> 0eel{gl: $¢ qOsgC:
[geode§egbCaon ma§§easodicodSma03E: §0c305I [gSewn:ndod cpdlgtielopé eedomeizgs
00[gpdeged: [gEon0damn B 00d50§ sa0p8:p¢ 3agpied: erop3be Glgpado3e 303
eenlfgls qd[gts [groS8Ea0pS a00:00[g¢ 10HP © 25HP(18.5 kW) sogudseoneonn cudom
Q2320305 automatic Start/Stop control gpiog€ ofopecn qO[gEs eetdgs ¢[gredes mn§aodd
0001{gd 000200001

Compressor 2005 c00598E0pd 3>88a0:830:(system pressure)ad oeepadd 3>§$ope
[959) 0028 GunEso0Ea0pdi sponudelopEedeo0d system pressure 2005 CVE5O8ERY 2850:
system pressure c00535p55(88)0ln  occunEd0pd dxgragp: [gdedlcngEaopdi Storage
receiver &l 3agudmaen: $& working pressure band o3¢ compressor GeSom [g$ewriqepd sogS
(Cut in pressure)o’ 030508E20001 cdeanadesnE [Fiwr0pd croccenms(receiver) s2god
;o [gopdoogselopé efficiency deomtieoflBs system ooboad: comEgy 3200dcvbes
88051

Q-9- Load/Unload Control $o5:

Load/Unload control $05: 20p5 Start/Stop control $00: $& 3a5p55c0bo0 ofgsoopd
Start/Stop control §p5: 0g€ discharge pressure a30w05 system pressure 20p5 Cut out pressure
a3eepod§§o compressor o3 odo qdon§eoaopdi Beadd Load/Unload control $p5: o0&
discharge pressure 9300705 system pressure 00p5 Cut out pressure o8 eepodq$oz¢ Unload
006602001

Discharge pressure 2000 pressure setting o8 eeepodeoland§S compressor 20p5 100%
load [g¢ cunCseseomelops scomEsed: efficiency g8Eo0pdn o3ea0d discharge pressure
a3o0nod system pressure 20pd 90050050c0:0000 pressure  setting 98 eepodogg$orc
compressor 205 ©00€ unload p636edi Unload cpboopdsaslogé  compressor oopd
compressed air gp:o} §005000560:088605 ©LHEABVES: 66do0PS adFRd Snde[god
ewnlses A8oepdi
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Reciprocating compressor gp:og€ cylinder gps o3 Unload cpd[gEig ecoagodgsiod

82008 B8:q0[gCigdaopSi two-step control $05:0005 3200:qproopdspd: (98B ecvolaedlnd
(inlet)o? cdsogesesnt ¢Egts(fully open)sé cdso odoonsgs(fully shut) (&b

[030°€ 2005¢05002:0005 328602830z (preset minimum pressure or load point)e [30o¢
2005005000:0009  33[gEad:83m(preset maximum  pressure or no-load point) =acpE:0p¢
compressor 2025 fully loaded (or full flow) [9€ cer€:eec86epdi Compressor 83090583a0s
(discharge pressure) 20p5 [0302€ 0050050020009 33[gEad:830:(preset maximum pressure or
no-load point)acood Jgpzenag€  ecvoedad(inlet)od ado odooxgls (fully shut)gé idle
[g0e56000051 Compressor 320905830:(discharge pressure)aopd “Load point”sd weepabegqits
idle [0e50860p51 Compressor saagad3sms(discharge pressure)oopd “Load Point” o3 eepadoopd
$¢ 08505 acvoedad(inlet)od cdo glesesmnt gE8od[gls(fully open)gé croogodsss
=[gpd(full-flow capacity) §$E2051

Pressure switch 2005 two-step control § 328n0310009 03§0u00d9 [gdoopdn Pressure
switch 20p5 primary control 2300705 dual-control system &l 228053238: [gdoopd a4),600

reciprocating compressor qpsogE 3- step 936005 5-step control $05:03 3203go3005

3020009100

qPeeomsagé reciprocating compressor gpsoopd part-load [gGewnCioopdmadl 3
efficient [g8[o300051 0€oonE(piston) 20pS 3a505:c0dgieom GrLYSTMENFo cpsqeomaelopE
g&23E[g§208:q 3255:c05000 [gdedl 2081 adzo unload cpSoonzoopdreciprocating air compressor
& g&:3a8a8ea0pd of[gad(full load)gEewntiaopd 2§ odo0pd gdieaCowanel 0%
0§00 322%gj0opd
agpdiqlod

Load/Unload control $p5:03 screw compressor qpsogE 3203dqgiogi€ part load efficiency
0eomE:EAN Screw compressor 2005 unload w6200 2a8logE full load (g€ GerEs00pd sogS$0re
2920009 9&:3ELIMNEN 0% © J§)% 3208 30adH{go0pd 0065058 epboopdeco(air output)
q[oqd compressor g&s3:al 5% o8 90:gees[gts [gdaopd

Screw compressor & 22090583 (discharge pressure)oopd 30psig coodspbsgi€ g&3aE
eglomg(energy saving) Jgjo o[gdSEeomeon goseaCaegiomg(energy saving) [gdg$ssog0d
H§Sloplop idle [§6e598 Bz2600051 B eloPpé cdeanodesant [Biw:aopd eroearnEans (air

storage) 00690E00:q§ 332600051

Compressor gps@i control system o3 8&8: cpboopdeasl a3wupod compressor gp:ad
turning ce0o0pd =adlgpiogt S350 Sagps(timing)ad 0gEdBod 0RodgIEdeS A3oopdi
Compressor gp: 000€eenE:q$ 2§ 32060003 33260005 speed Begpoda$320305 :§Seore
a3&:q00p01 adelopé eoo(compressed air)godagdgts olgdeogs 320305 crvaderynEfEoopd
owan(storage capacity) 3¢ gqpzconieog$ a332600001
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110 _ |
105 Unload Pressure
2 100 Single Setpoint Control Pressure
g 95 Load Pressure
o
a 0 |
85 Production Minimum Requirement
80

4 qQq Set Point 00b9000:(single set point)[g¢ control &) SlgdoopS
Set Point 2005 100 psig [g62005n Load pressure a3ewrod Cut in pressure 20p5 95
psig [g620p5n System pressure a3eupod discharge pressure aopS 95 psig 3208 §6s08s0g2:09E
compressorod load cpdq$ [gda0pSi Unload pressure o3ewpod Cut out pressure 2005 105 psig
[g®o0pS System pressure a3wopod discharge pressure 2005 105 psig 3208 [gGonoSconag€

compressor o3 unload o6 (&5

Q-9+9 Throttling 93wwpod Modulation Control $g5:

120% — Compressor &1 coooCadlod(inlet
opening) 82003 odseINnt ogdesm
[glc98[g€: (throttling cod[gls)gé 3326
Gon eoooedn (air demand) &
compressor - GeoogodgSs(capacity) 03
Bod8esmé [giapdgEs(control cpd[ges)
[§020p51 ervotedobaso(inlet opening)
o€ ondenaomieomn valve a0p5 system
0%  20% 40'%0 60%  80%  100% pressure msoSimapicd BoSd 336

Output % of full load 20pd  discharge pressure  [gdes:E
qo5gIC: B§:e0:8EE: §oopdi

<°3 Q- Inlet throttle compressor controls 1 on/off control §§ VSD control

100% — inlet throttle Z
80% —

60% —

40% —|

Power % of full load

20% - vsSD
0%

o0bspdimige  eoogodgs(capacity)od  ecooledod(air intake)e§orn  oydiesnt
oqoSesnd [qepd[gtdgé compressor & capacity o3 Bf:qiO[gE: [g6o0pdi System demand
:6[pEimacd oqS(steady state)op 83z 0opd[B6esesnE(constant system pressure) oo
6g,0qPsq 325p5:00dgC(minimal valve movement) c8§:c00:8E8q8 332600001 cromaspdicadom
83262005 (low load) sac[geacsqpioge throttling $05:03 saqi§oplgéen 05:q8 wonCangpao
3202000905

eonligla qOsndgl: 020pd03 6lgredeomelopE(non-cycling control [gdeamaelope)
operation egpegaopdi  60% ¢ 100% load [9€ cunliesdsS comlsgn efficient [g&oobn
ecoadecrn8Egbs(storage capacity) qpzoopdjgdeer spdsoopd[gdeer Jodgpdoopd [gbeor 03aopd
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[s8c0 6opSoopdmadly) clopecr 3o5[gEs eunsfgts(short cycle) [§6380pS vupodeon §egleaopd
$054gbeomelopE cgubongn eunts(guadsadodgsst [glgcgtio? [gjrpo8Eaopdi
aipdiqod

60% 00055p5:0003 load o3 throttling $p54gE control cpS&dlon efficiency veomE:daoi
eoogodgS:aa(god(full capacity) qg$eecg05 §oodadodoopd Baas(back pressure) §g& cSoopdi
Base load 220305 Genliq§ cB3a0es§S0pC pressure saspbi3agpiod qodqt: 0r§[gS8Eaom
elopE(instant response) compressor 00p5 Unload coS[g€: [§§[g$ (968005 sa505:c0dgieom

Baonaplicdga’ a388[gE:sE 0n&lqSalgSgs(sensitivity and rapid reaction) odelopé sacomE:
a5:6000 206[g3265(0ptimum operation)[gé cenE:8Ea0p5

Q-9.G Auto — Dual Control §p5:
Start/Stop control cpSsp5: $C Load/Unload control cpdspds $6§addsS control

c068Ee33E 80010005 $05:03 Auto — Dual Control $p5: vpesl e3o0pS
qQ-9.§) Variable Speed Drive (VSD) [g& Control $05:
024|05§2(Q-08))0gE 226:20:805 GwS{goonzodi

Q.96 Variable Displacement Control 505t

Variable displacement control $p5:0005 effective length of rotor compression volume o3
Beant Boopdd goSesnt [gepd[8s rotary screw compressor & Groogadgss(capacity)st
ecocedged(air demand) o3o5p8eooopdi saolecost Bsaxs(inlet pressure) oopdBesooy)
O0000d0%: compression ratio 20p5c0pd: 00588 c5c8Gepd

ﬁo@o%compression ratio oqp:eod eod:gSs(air flow)eagpspdiesm [grodsEfgeselopt
g&:aaC(power)adsgq caqpspd: coo0pdi odelopE modulating control cpSs05:000500p5: deomE:
20pSi 2-step control ¢00393 full load ¢ 50% load 2208 oys0EsaoggEscopd: clgdSEeor

Spiral-cut high lead valve $& poppet valve o320p5 unloading control $o5:0RE
0068080000005 Fadiqpraopdomas(valve) qps [g8[0300p51 0Bs85p5:00:03E compressor cylinder
port gpsod 8od[gts(close) $E ¢C[gs(open) 0303 [gipSeusqoopdi socoldl =2038:§ ecosl
0000p503  eagpyewssaopdi Adelopé  eruda86(compress)qs 32005 Beabcomn  gdimat
(energy)copSs caqpepd: 9g2:880pdi
3202000905

50% ¢ 100% part-load performance so03&:3 aacg$ efficient [gdoopdi 2005005000:0000
(set cpSoo200p)) 3286ads B3vi(system pressure)zacdEs 03§:002:8E0p5m o[gse 3aRsgs
(very responsive)ooéu
a0255:q/00

Load qpzoopdsasl sog),6oo compressor qp:aopd  GroudBoe(leakage)gdlgeieloppe
efficiency ogeo8sagn:o0odn  Variable displacement control $05:038 OGoga0pd ©0dogpds
32805323Csqps CloCoopdi Lower operating range qps§ 2-step a300pod modulation [géewnts
§20p01 63200501 @ux:opE air compressor gp: &1 unloading pE8EQE: GomEieenmnE:n?d §E:00d
cedlgoonzoopd
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Reciprocating Rotary screw
Type of control Acting Type Lubrication Centrifugal
Single Double Oil Oil-free

Automatic Start/Stop Yes Yes Yes Yes Yes
Two step Yes Yes Yes Yes Yes (dual)
Three and five step No Yes No No No
Throttled inlet No No Yes No Yes
Variable displacement No No Yes No N/A
Variable speed No No Yes No No

Q-G Multiple Compressor System Controls
Q-G-0 Master Compressor Control §05:

Compressor qps 80:0%:03 control codg§ec05 “Master Controller” c3saba0p51 Master
controller & omo§qpoopd compressor qp:ad sequence cpdesi crocdzedg(air demand) $¢
30528005 compressor qpzo? eunlieuig§ $C compressor gps 00dd:$E codadieerE:§§ (running
time)opo3esc0qs oBlgdoopdi woesee0d master controller qpsoopd energy efficiency GomEs
et ceonlgodeu:§Eoopdi Master controller 20p5 compressed air system 0o69cd:03 monitor
c0660s8Ea0p51 Master compressor control 03¢ cascade control $& pressure band control o34
50k §oopdi
(o) Cascade Control g5

Cascade control $p5:0000 §:E:[8s 3200:qpro0pdspd: 00d9[gdo0pdN Compressor 03E:S
“Pressure Band” 2:865C “Pressure Band” sa[g¢ opg) set point $69 c00d0odconicuigs cdoopdi
ecocdmdg(air demand)s¢ o305p3eoq§ compressor gpiei GoogodsS(capacity)od Al
a3oupcd §05[gE: [gpde) compressor gpzad eurtieor qoeo[gl: [g6oopdi Cascade control o}
“Stepped Control System”opcopbsesl 2051

ecocd30g(air demand) $& system pressure 20p5 e[gpEigs S00da300¢ §aopdi Grocdzedy
(air demand)aopS compressor ¢ Go§ C00560:E520D0 GLARNdES:(air output)oond gpiagE
system pressure ogeosan c86epdi erocdeadged(air demand)oopS compressor © (o
0005602652009 GrLOgNdES:(air output)aond sp5:agE system pressure [§Eoood coc8Gepd

ecocdmdg(air demand) 860000=es] compressor  060):0005:000  GEEiE$3ER0N
[03102€ 200500500s00p) 328600:830:(preset minimum pressure) $& [300€ 200500D00E00R)
[gCed:8aa0s(preset maximum pressure) $69a[03p:03¢ GedCies0866pdi 0od500:egE Baans
000508051 o305 (fluctuated) (B350

eoooen(air  demand)gpiqps c32000p02a8logE  system  pressure  ogeo€samnep
03359 32835(qb00§00pd compressor 06203 ©0E GedE:88xbi(Cut in pEA8depdi) Bsodl
BzanggEonodamnepdi Belopé system pressure 20p5 8826009 328600:8330:(Minimum
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Air Compressors and Compressed Air Systems eomio0d038§,

working pressure) oo =acg§ 3a09S 3gp:8Cooodi Bsms(pressure) sacgSgpPicoNGOPE
ecoudBog(leak) J[gdSEa0p5N gdimaCadigse Sgp:cdupdi
(o) Diaphragm Pressure WwitchoB 3203¢qj¢) Cascade $p5:s& Control cpd[gé:
Cascade control §pSsogC pressure switch o3 spadggs S=abo0pdi Compressor
03320905 minimum  differential pressure cox§gs G=bo0pdl 388ed: BsatolepgEd
(minimum differential pressure)oopd Cut in pressure $& Cut out pressure [ges2sqi0d [§Sa0p5n
3286902 Bam0z ofepaqiod(minimum differential pressure) owdan20p5 0.5 bar o& [§62051
(®) Electronic Pressure Switch [§¢ Cascade $p5:4g¢ Control cpd[gé:
Electronic pressure transducer o3 323%qogi€ oedanspdioopd pressure  switching
differential [§¢ c&2E:8E20051 0.2 bar [gdoopSn Compressor oosad:co05 3ag€ “Cascade Control®
50503 padiofgoofoll Compressor Goosd:co0d Sgpsdlon  compressor gpse 3209058302
(discharge pressure) 2005 working pressure cood JqpsG: 6cou386g sacgSqP366di
() Pressure Band Control $05:
Pressure band control $o5¢9¢ control cpd[gEsoopS 3¢) energy efficient [gSaopdspSs
[§6 2005 e5n05ediedl $o5:00p5s [§BaopSi Compressor 836220305 ©pdg0€ eent:dleo pressure
band 0ob9303E:3 830:(system pressure)o? [Boesesant ad8:000:8E20001
Microprocessor qpsg¢ compressor gps 22832050003 Gedtiaepdl qOqeEd sequence o3
control cpd[g8s [9do0pdn Pressure band control cpOsobiqps sa6(opEiod 633050RE Gudly
002320001
() Vector Control $p544¢ Pressure Band Control cpdfgé:
Vector control 2005 2005005005000 3a[gedBaat $C 328690:830¢(minimum) $69
[ogps0gE system pressure §ese3nE 0B8:c00igls [(gO0pSH §Faopdesypie Groadgy
§82(consumption)o? 326[gdg) controller 20p5 saooenyPedieom eedtiqepd compressor
o3 egequde0:a0pdn 0soddgé control cpdagi€ Bsansgpigla $p54aCs [gorgosquod(pressure
swing) o3 0.5 bar oo’ 35p5:e32¢ [gjede) egfCaon

(®)  Trend Recognition $p5:q¢ Pressure Band Control cpd[gé:

“Trend Recognition” o3 3203qqjq] pressure band control cpd[gEsoopd vector
control cpdspS:0005 Je) efficient [gdoopdu Pressure switching differential 0.2bar qe30¢
a38:88a0001 ospbeoopd CVOSY Bres0pd $pSsPIYPiEs0d  IpoyPiads(narrowest)
pressure band o3 cos§E&a0p5n Trend recognition 20p5 328§ 3a505:c0d503E: [gdedl o)

Baanigpigta $p54g8:03 305p3e0:d80pd vurddeoi

“Trend Recognition” 20pS 0.01 bar $& 0.03 bar 3afoyrop Bzons(system
pressure)o? [§oeeant aB8:000:8E20001 crocdeadyg|ed woopdgeaopd(demand fluctuating)
mefgencsogt  Bsmoplgpiged(pressure  switch  differential)o? 32505500 gbe30E
aB8s000: $E20001 Compressor (06)ad: 0od[Gds05 eenties§§ore pressure band o3 0.2
bar 203&:3 [B6656308 cB§:000:§Eo0pdi

00393 eaonlgodeu:§toond controller gpselopE géiaataegiomng(energy saving)
qPegn [§08E20p5 0.1 bar cagpqREegé §6:3aEad:gesS:(Energy consumption) 0% of
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ceqpq§éaophs

(o)  Peak Load Dependent Pressure Band Controller qpz
Peak load dependent pressure band controller qp:oaé “Trend Recognition” §é:o%
320)4g|002:00p) controlcrdspds 0od¢jput [gd0pdH ofspS:03¢E splittingcpd[gs cloaopdn
Splitting cpO[gEs eBo0pdSen compressor gpod(base load $& peak load demand o303
cenliqSanog0d) 33693002458 [§620pdn 030gEoonzom control qpbsods 800bgpialE
3260 Esadisp50n 938E0p5

A

Pressure

pmax

Pun 70 s OONINNINN N N

=
L

100‘“:”""03": p ! [ LI B N B O L B L B B L B |
i1 I CH R 1 t, 1
80 '1EH— -<-LL-r —y —
t & T
60 «— 1 I tll M — M i '['7 |
o A= - - — - — I —
20 |_Idle I - - L | E—
L1 1 | 1 »
Shutdown Time
Motor power in %
¢ Q-@ Range of application base load compressor
A
Pressure
pmax .
P— -— 1
pmin ?/ ' !\./I—II‘\./! I\
AFull-load ' : : 4
Jod}Full-loady I : : I | —1 1 | .
sof—— y 01 o —r—
() — -qt—H— — _t_l
I errr— R e - -l
Idle l 1
V]| I [
Shutdown - >
Time

Motor power in %
c';) Q-00 Range of application peak load compressor

Compressed air system gpsop€ 0odads005 Goopd air compressor gps dloCey §oodi
32505100 air compressor $6cd:dlo€eny §oopdn Compressor 0odad: cenCies§§(in operation)
o€ =afeps compressor codadz0005 3a¢(standby)ealgd eonesaopdi N+1 Configuration vpesled
60800 aBewnieso00d compressora? “Lead Compressor” vpasl 20pdn 3a§2(gd eonfesanpd
(standby) compressor o3 “Lag Compressor” vpes] 6ap§oopdn ada3ad Lead/Lag compressor qp:ad
2005905 (assign cd)g) eenEdgE:a? “Lead/Lag Operation” vpas] 20051

7-13



Air Compressors and Compressed Air Systems eomio0d038§,

:0p§[o3eensa0pd compressed air system g€ sa§Emeen: $C sagudeopeodn  air
compressor gpsg> Clo€ecpdaopdi System efficiency comEieoq§320305 B8 oo $¢
:2gQudeopeoon air compressor qp: §es[gl: [gooopdn powd- [g8s§:deo0 (fixed speed)yé
ewnlseom centrifugal compressor qpso? 23[g lead compressor (base compressor op copSsesl
20p01) sa(gdewnseofd: Variable Speed Drive(VSD)[gé cwntseoo rotary screw compressor (lag
Compressor) o3 trim compressor s3(g6 cenE:acp§oopdi sonudelopadeadd [Ss$:deao(fixed
speed)[g¢ een8:a0pd centrifugal compressor 20p5 full load So0> efficiency com&s(Ge part load §
efficiency 3209$p520051 Variable Speed Drive(VSD)[g¢ ewn&seom rotary screw Compressor 205
part load efficiency 320@$ GomEso0p51 30393 Lead/Lag Operation gp:od “Control System
Sequencer (Main Controller)” oa{gjapeosoopdi

©p52005 compressor o3 lead 3395 2005005 (assign ¥6)epdi 52005 compressoro? lag
:[gd 2005905 (assign cvS)epdi system pressure opdgiEaad oqeo:qiC epbaopd compressor o3
eoleentiepS(Cut in pressure/Cut out pressure)ooopd 3sc00gp: 830303 Main Controller
0peel20pd control system sequencer o [giopSeosoopdi Multi-Compressor sequencing cpS[ges
optimization cpS[gE: (fixed speed centrifugal compressor o3 full load [§¢ sa[GewnCiesesnt
command coggC:s¢ o3$0005 load o3 variable speed [§¢ eenEseom rotary screw compressor o3
[4555: eoqpqe) ewolieo[gs) compressor gpscl Gedlsq$(operation hour)gp:o? p3eInt
p3e0igt: 02005 sophisticated control algorithm gpsa3copds [grodeu:§aopd
qQ.§ VSD Compressor Control $05:

0060820005 Jqpeaopd(multiple) compressor gqps Clo€oopd compressed air system o3
multi compressor system opcopS: el ecp§oopd dozE[gooniopd cascaded (oG set point
$054gE multi-compressor qpzo? control pd[gEsoopd 3208:3agpradespSs (g62001
§tqE:09080n B GgEa00520000p95p5:{gbe20500R5: 332:500:05qPsg> §oopSi
(0) 320905830z (compressor discharge pressure)aopd 820§00005 862009 80005 33(3

Sqpecp§oopdi 00dspd:axdgE compressor saagnd3sms(discharge pressure)od c83a62005
832020005 J[gEesnt euntieo: §aodi
(9) 3agudeRonieop8a0d VSD compressor gl 33090003 control cpde$ sacgse0582001

(0) Pressure switch gp:o3 manual $p54g¢ adjustment cpoq§ 3205
(00) Efficient 23[gbed: compressor o3 trim duty 03¢ ea[gewnC:002:8Eq§ 320305 90552005

Compressor
F———————
Fuse 50 Hz 30-160 Hz | I
Frequency |
— V774 |
=S »| converter 777 | > M [
Contact | |
A | I
_______ A
I's Pressure transducer 900 - 4800 r/min

( — () compressed air line

¢ Q-00 A system with a speed controlled compressor
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@j a e Screw comressor

Electric motor Gearbox element

& q-o Constant speed [gEeenEsaopd screw compressor o3es5[goonsd

! sl -

. i Screw compressor
Frequency inverter Electric motor element

¢ Q-0p Variable Speed Drive [gewaE:0005 screw compressor 036ed(goond

(

VSD COMPRESSOR 2
VsSD COMPRESSOR 1 COMPRESSOR 1
Demand

$ Q-0G Base compressor $&cd: $& Trim (VSD) compressor 008cd:dloCoop system

0060820005 qpreoon base compressor enliq$cdo0pd system [gdaopdi Base demand
320305 base compressor oodad: 9Bewrod $60d: Genlieuigs c3aopbi Compressor 1 205
“Primary Base Compressor” [g6o0o0n Compressor 2 20p5 “Secondary Base Compressor” [gd
2051 Compressor 1 $& Compressor 2 03 base compressor gp: 0968l 2001

115 —— Compressor
#1

5110 —— Comirgssor Cutin Cut out
i L C . -
§ 105 ompressor (psig) (psig)
g 100 —— Compressor | Compressor #1 100 110
o 95 —— e
£ Compressor #2 95 105
% 90 —|—
& I Compressor #3 90 100

85 Production Minimum Requirement

w0 | Compressor #4 85 95

¢ Q-0§) Multiple Compressor Cascading Control

Cascade control o3 VSD compressor gpsog€ saadselg| 20&al

83260005 00305 cunigs qpdgud 0odeofaoniaopd compressoro? trim
compressor opasl20pSi Trim compressor qpzo? partial load sac[gsaesqpopE energy efficient
[36goeeE:8E0005 compressor sadjezaoigpio? cggudon&aopd
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VSD compressor
VSD compressor operating at high speed
operating at low speed

“Top-up’ demand
served by VSD
compressor

Baseline demand
served by main
compressor
(constantly on)

Compressed air demand

ime
$ Q-0 Base compressor 0o6cd:02 eenig§cdoopd system
Base demand coo53qp:aopd deand (top up demand)o3 VSD compressor 2800pa Trim
compressor ¢ [godewrieozo0pdi

Base compressor oodadiomewntigs c3o00b system [gbo0pSn Base demand o3 Base
compressor 006cd: ¢ cocde0:§E0pdN

VSD compressor
operating at high speed

VSD compressor
operating at low speed
\

Max capacity
compressors
1and 2

Max capacity
compressor 1

Compressed air demand

Time
|

1 | 1
Compressor2 ! [ Compressor 2
I

switches off i ; switches on

Compressor1  Compressor 1
switches off switches on

& Q-0q 0080d:c005 Ggpseax base compressor Genliq$ado0pd system
00803:000584p2eom base compressor Genliq§cdaopd system [§6oopSi Base demand
320305 Base compressor oodads a3uupad $60d: centieuigs cdoodi

Base demand coo53@ax demand (top up demand) o3 VSD compressor a30005 Trim
compressor ¢ [gpdeents Gozoopd

Cascaded control $p5:03 sa0ddgjoopdsaslonE partial load [§¢ ewrlies0pd 32805
compressor 30:03:03E opo86om characteristics §o3o0p50p vaso0oE0pdN Beo05 CdSlondy
compressor 0o6cd:00p5 variable speed drive (VSD) 0o6s08cosg€:§js [0fjeop $Ea0p5n
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115
1 Base VsD
-+ Unload
110 —
:: Stop
105 -+
1 Tlrgﬂ.—I
1 Start
100 ——
Load
95 = —— —r—
Minimum Allowable Prassure

Q Q-06 VSD compressor setpoint within the base control range
83260009 compressor 226q320305 22033207103 fully load [§EewnEe: oScompressor qps
25050 part load characteristics comE:o0pd  compressor o803 trim unit =2[gd el
20pS multi-compressor system o3 efficient sa[gdads cun&:§EoopdspSieamt:s [gooodn Part load
energy performance 6o&:0005 compressor o3 trim unit s3(gdeent:q§ agpoozaaaopdi

opdoopdemnefgencsoptesd cuntiesa0pd compressor gpsel GroogadsS:(capacity) $&
ecocdm04 (air demand)owan cd00p08qs 309830odiaopbi  BelopEé  part  load  energy
performance omEzo0pd VSD compressor o3 trim compressor 2(gd 3203q[gEs{g®20p5n Control
00555 208eaqPaopd trim compressor sogudmeonis pressure setting odegegod[gEaopd
:0p$maeqEn3ko0pd oBglgdoodi
egeqjodeg ¢309E:0qE “Control Gap” [96edl §E20p5 System 0o69ads unstable [g6$EaopSn
Compressor $6cd: trim position s3(gdeq$ =a[GE[Pponies03oopd seefgmaesd [p3e0z8E205
GenEie50000 compressor gpesanad: 30985p5:0005 part load sacelgeees(sé cuntiesom energy
performance &3:0l:§Ea0p5

Q.6 Control Gap [gbcdl[gE:

Trim compressor(VSD Compressor)o? partial load 0¢ eenl:q§ sac305000 006908
condgCi{gdaopdi Trim compressor (VSD)&l pressure setting 20p5 $(qQ-00)03¢ [goosoopd 3203
base compressor i pressure setting 3203C:5 §ese30E [gopdooniqupdn 0odspdiaadye setting
0060002 qepdI

)8 8(qQ-00)0gE  [goomsoopdmecEs set point gp:  200deodcodeaMeoPE  VSD
compressor 20p5 partial load 820305 GenEieusqls system pressure  control cpdesa86epdi Base
compressor 20p58s: (system pressure) 100 psig cood$o5:0qi€ Loaded [gdesc860pdi 110 psig
a3eepodag€ unload [gdopdn 8saos(system pressure) 103 psig o3eepadaqié VSD Compressor
ocenCsopdi(Start [gdepdn) 107 psig o8eepadaqié VSD compressor qSepdi(Stop [gdepdi) Base
compressor 2005 6en&:2000$E000[GIEs0 100% (full load)g&oo cedC:a86epd Unload codagc
0% [gdopdi rocd=adg(air demand)oopd Base compressor &1 Gooogodg&s(capacity) cood
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qPegi€ og§§es00pd crocdsede(air demand)od VSD compressor ¢ partial load (g [godewnEieos
8&upSi

qQ.q VSD Compressor Control Range

VSD Compressor gp:o00d 6ebom [g858:(speed)o’ ad320c3 efgpEcdgé{gé 3a09058s0:
(discharge pressure)o? o3oqg> 0ocdeu:8Caznt 84E: [gjapboonzaopdi VSD compressor gpzoopd
[45552(speed)od eagpg) 8E20050p a8eo05c0pS: minimum speed 2208 eepodesntamn eagpy)
§E2005n Minimum speed 20pS compressor co8cdsgisei charateristic 6ologE @onpSoopdi VSD
Compressor qp:od minimum  speed co05$05:0005 [9$5S:(speed)gEewnnqé  Load/Unload
(Start/Stop) compressor gp: 0393 [gjec36edi

110
VvSsSD VsSD
{Some Manufacturers)
Stop Stop
Remaining capacity between
A target and stop
100 — Target @——te Target €—
1= Start
Variable capacity at target e,
T Typically 50 to 80% Start
95 ———————————————————————————————————

& Q-o@ VSD control Range cBesblgaon:d
&(Q-0p)0p5 compressor control range o3 eodlgoonsaopdi 8gj,6o00  compressor
0005005opgps(manufacturer)aopd target pressure o3 control range &l 630056[gS deao(fixed)

0060002 6o oopdn Bsans(target pressure)o? control range 3203¢: 50005 G5epogtesd cdaocd
@g,&[gpE:000:8E 00001
qQ.© Base Compressor $¢ Trim Compressor sagudee: 0a3a5p3[g8s(Size Mismatch)

Control cpSspdeqps efficient [gbq§ 320305 trim capacity (VSD compressor capacity)o?
a08eayPHoopd 20gudsro: cgigdao:gs c33a600p5m powd 75HP trim compressor 20p5 300 CFM
000560s8E[G: 100HP base compressor 2005 400 CFM cpodeos §E20051

3200050] $p5:3203E: o3 compressor $60%:03 control cpdagi€ 0 CFM ¢ 300 CFM 32038
2003 q§E20p5n 400 CFM © 700 CFM 25038 c320c8 g8E20051 a3ea0d 300 CFM ¢ 400 CFM
32098 300cd vgteor maudelopéadeosd sagudmeen: wadodpdeomelope [goopdn Size
mismatch [§80p Gegooiepdoopdi 100 CFM ogda005 “Control Gap” [g6edloopdn 300 CFM o
400 CFM 22038: 82008 control cpoej eqSEn 300 CFM © 400 CFM 33038: 75HP compressor $¢
100HP $60:03 efficient [§6e30C cunlig) 0g§Cr

powd 350 CFM 28eepodagi€ 75HP compressor ¢ discharge pressure ogjeoCs concd6edi
a6§205 75HP compressor o3 550G base compressor(400 CFM)o3 ocens(start)opdi 400 CFM
compressor o3een:es$ogE system 2005 350 CFM 200 cdeomeloppé Bsans(system pressure)
oo[gpdeged: [gEonadeon(G: base compressor (100HP, 400 CFM) compressor @i unload point
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a3eepodom §6ogrc8oepdi odesnod 75HP(trim) compressor o3 [g§eeC:866bi ofspdigé
compressor $60%:0005 006ppd8 6edE:a3051 6805 [gbesddupdi

aB[go00§003 elggqtiqeacgod trim compressor ¢l croogadgSs(capacity) o3 base compressor
&l Groogadgss(capacity)sC 3200058E90: orpdeant egegudqepdi 93wwpdd trim compressor
& GooogodsS(capacity)od base compressor ¢l Gooogodgss(capacity)oood 8¢ gpiesnd
geq|od 006s0an:0¢0p5!

“Control Gap“{gbel[g€:a005 system demand intermittent [g8[gEsalogpEcopds [§68E005
ecoBeapELEgss(storage capacity)o? qpiesant [gapd[gts oBewpad Pressure/Flow Controller o3
fixed speed compressor og€ 00690C[gEsE clygC:8E0pSn Trim compressor gp3a0R05
3 gallon/CFM storage capacity 00820001 22000503¢ 60d[gd0pd Poermea05 GroenyESEes:
(storage capacity) 1000 ¢ 1200 gallon sagodsae0: e o (tank)od 32034g 8205

Receiver w/ Alarm

0il 8

Control V:_fpur Air M§in How

Receiver Filter Ct:’arlgmg Goriraiicr

w/Drain Particle oil ';_ve Py

FiII)ler.w/ Filter w/ a&'. =
Rotary Screw ran Drain E Q
Compressor — TR T e E] 1
{ Liquid @ {" {" ik ‘: Condensate
. . Separators [ | ) . Manifold

[+] .

' |
w/ Drain .
o—ala T ,/"/g ‘
i -
‘T k "y ]
u - lam { _—
Condensate
Collector
Refrigerated Cunfien.sate
Air Dryer Drain Lines
Condensate

Separator

Q Q-Jo Flow Control installation

Q@ 2230 0SSP egeqiudoon:ond) powd

VSD compressor 2005 400 CFM 00056¢0:8E[Gs base compressor 20p5 300 CFM coobeos
§E20001 powd 350 CFM 3o08§clon VSD compressor o3 Gun:§Coopdi saonudq) 450 CFM
c83x6dlon1 base compressor ¢ 300 CFM  coodeusdCfd: VSD compressor ¢ 150 CFM
000560s8E20001 Base compressor 20p5 full load [g¢ eenieseomaelop? efficiency coEsoopdi
VSD compressor 2005 150 CFM o3 efficiency [§0gn apodeus§aopdi

VSD compressor (400 CFM)oopd Base compressor(300 CFM) coo5 100 CFM 3e)
320532002 [0F:w200p51 o3 J[oFiwnro0pd 100 CFM o3 “Overlap Band” vpesl copdi System loading
aopb(base compressor 03 0eerE:qsac05) 400 CFM cood Jqpiqepdi Base compressor o3
unload [gdcog§ 9Bewrdd stop [§dcogs 520305 system loading 20p5 300 CFM condepd: qepdi

Q.00 Pressure Control Overlap

VSD compressor & variable capacity range (CFM) oaé base compressor full capacity
rating(CFM) co0d Jgp:aqi€ VSD compressor @i pressure band 2opd base compressor &i
Load/Unload pressure band s203¢:3 §esqs oceol
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[B:520p5 powrogE 400 CFM compressor

3 90% 95 eagpgegl€ 320 CFM 80050005
c0:8E20001  VSD compressor &1 80% 2005
-+ Unload

Stop
105 base compressor capacity(300 CFM)ocood
Sqpzoopdn 20 CFM overlap coode0s§Eaopdi
Target
Start
Load

110 Base VSD (optional)

Sod:000d pressure band o3 [gdeoo0pdn VSD

target pressure $& base compressor set point
. o) 3¢ R:ond es5a0pbn oo  average
95 discharge pressure o3eaqRqSE[R: g&:328adegq

T Minimum Allowable Pressure .
eaqpspd:e0a0p0!

& Q-Jo VSD compressor i range a0pS base compressor 0005 [o¥:esaqi€ control range o3
00333 setting p6§E005n
Q-00 VSD Compressor §§ Base Compressor
:2000q) system o0b9=p0pE:S base compressor gp: 2dadi0005 Sgp: G$dlon control

068 3¢) 9053 qbeagroopdi oofgpican agIEdEPIdcoRd: copdapt: oS Beado0di
0p520p05054gE control ap&aopS [g8dlee 630050l 2558403 SPerieL: GenEYEes B0

200l

(o;lS 883a03§aopdcpbess(operation) 0od9ad: 3as0laelgeqpeg 9§

(J) Compressor gp: start-ups (p&a0p028l Ggpega$ start-up :3[036 2peqEe0305 $05:q8
() Bodqeg(reliability) [gEoncoqs $C

(G) egpo0052002005 control $05:§k [§0c0q$ o3gdoopd

Performance Comparison (Total KW Input -vs- Capacity)

100

100 b
90 — AT
Ao .l
80 | - Pyl
T '.r" B ~
70 27 el
A el
50 o
= |
50 =z ¢ 7
Wy ~
40 ‘,}"/ /
st ad
30 2277 D
~ A) Modulation Control
20 | e B)| Active Rotor Length Adj.
2 C) Full Load / No Load
0 P D) VSD
4
0 al | ! | | ! | | | |
0 10 20 30 40 50 50 70 80 a0 100

Capacity
Q- Control $p5:(g)§jzo3en performance o3 &E:00d cuhlgoonzoopdi
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Q-0 Sequencer gpzalopé go:3aEadge cagpspdifat:

Compressorgps 320ppd0yi32832090007 6cocdea0g058e03E:6enEiesnE[gIpoeuigtad
“Sequencing” oy Galoopdi 0303 euntieamE [grpdeuioopdeaepa? “Sequencer” wrGal 20pdN
“Sequencer” gp:20pd 830:(system pressure)o? 3 psi ¢ 5 psi 32098 BS:000:60:§E20p0N System
pressure o3 868Co0g) §663:E B&00nie060m6EPE Gord3abg(air demand)ad caqpg8E
2001 6eou3BE[gs(leak) 03copd: eagpspdieoo0pdl odelopE compressor 33036 F6E30R05
5055505 GenliggC 33250005 Groowdan(air demand)o? aoodews§Eaodi

Automatic schedule cpS8E2005 system gpsogE 006s0E0on0qIE cd=a62003 pressure o3

e[ GenC:8€a0001 33260003  compressor gpsad  Start/Stop  p6&Eo0pSi  Automatic
scheduled system gpza0pS optimum sequence o3copds egegiudeo:8Ea00i

Cl1 C2 C3 C4 System without sequencer(Cascading Systems)
125 e 123 PSIG C SodsaiS:803 Cut in/C
120 unload 3 (0) Compressor oodcdsqE:803 Cut in/Cut out
115 006§ o3dgn: pressure setting codcos
110 §oop5
(J) Pressure band sacgSo305a05
115 (p) 2o§§038:c3c8 compressor gpzooRd part
1o load [gE200 eenéies(oyoopdi
0o et L. () Eficent[§bef songf soS3oopSy
100 PSIG

¢ Q-Jp Cascading System

Q-0 Control cpdspd: 39 cwolgt:elopt g&iaatodige omlep:d

Control cv20pdsp5: oplgpgelops gdemaCad:Ba(kW input) ogfep:da’ esanodopé
@oigé eedlgoonzapdi Full-load flow &l §0% op€ewnt:qs cdmabesds opC variable speed [¢¢
control cpbagi€ gdszaCad:ga(kW Input)oopS §0% 920051 Modulating $0549¢ control codagE
g&:aaCad:ga( input kW)aop5 ©p% [g62005

Percent kW Input at Operating Capacity for Lubricant-Injected Rotary Screw
% Full- Load/Unload ) Variable Variable
Modulation .

Load Flow (5 gal/CFM) Displacement Speed
90% 95% 97% 92% 91%
80% 92% 95% 83% 81%
70% 85% 90% 78% 71%
60% 78% 85% 68% 61%
50% 72% 83% 63% 51%
40% 63% 80% 60% 42%

Source: Improving Compressed Air System Performance: A Sourcebook for Industry, DOE
Variable Speed Drive(VSD) compressor qp:aopd trim unit so[gd cenl:q$ 3a60m0E:00:
[§90051 Q9% ¢ 0% =00t ewdtiqié FeomC:ed: efficiency o3 q§Eoopdi Variable
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displacement compressor qp:oaé Variable Speed Drive(VSD) compressor qpsecnocrs efficiency
oeomE&eor Variable displacement compressor qpzoopd load 50% 00055520005 $E 00dGEs05

efficiency sacg§adsdloopdi

qQ.0G Compressor &l Control Mode gp: 226090op5¢] 0p§oyedad ogofgd
Compressor control mode gp: ssedlooopdq compressed air sytem copdocde$

opSonodod(operating cost) o3[grzoopdi 6e30503E 100 HP compressor 006cd:00pS qiésqi0$
C§%(65% average load)o3 control mode 32§ 3lcpigteclopé c0dsben mSoyepd agbed
020532903 §E:000 Gud[goozoopdi 006sdagE $0§ealC:(G jgo)ewrtaopdi agdodencdamiagss
1 kWh g€ 3260808 eslam(00)e0(10 cents per kWh) o3 sa6[gd c305gj05000:00001

Modulating mode o3 3203ggj0gi€ compressor 2005 full load power &l Ro% 9380860
Load/Unload control mode $& coosco5a005 storage receiver (€ 0309:0€ compressorai full load
power & @ % 0%:§c3600n Load/Unload control mode $& [03:w0:0005 storage receiver(10 US
Gallon per 1 CFM) $& 032%:0qi€ comprrssor 2095 full load power &1 9% (g€ 09508805 VSD
control [g€een8:aqi€ full load power &l 66% 020 23:§c866Si

Approximate Annual Cost for a 100 HP Compressor at Different Control Modes
% Load | Modulatin | Load/Unload with 1 | Load/Unload with 10 ) )
. ] Variable Speed Drive
g gal/CFM Receiver gal/CFM Receiver

100 $36,130 $36,130 $36,130 $36,850

75 $33,420 $34,680 $29,350 $27,090

65 $32,330 $33,240 $27,820 $23,480

50 $30,710 $31,070 $24,200 $18,060

25 $28,000 $24,930 $16,800 $9,030

10 $26,370 $16,620 $11,740 $3,610

*Based on 10 cents per kWh and 4,250 hours per year.
100 HP Compressor 006cd:03 control cpSs05: §§H{gC eenldgC:elogpC(Different
Control Modes*) 0085600 op§arjepd 080503 esdlgaonzoopdi
32000901 6ePOGORGgEdeee Variable Speed Drive(VSD)gé ewnliglsaopd ogi6ed

©2053250 MEeg 3552805 gdo0pdI capdCans (Receiver )33 0obs0Comsglelopé mrSmy
0§05 2005000600001 1 gallon/CFM receiver $¢ 10 gallon/CFM receiver column $6903

$ErcnBi3es0h

00620005 Jgpoopd(multiple) compressor g’ comEgSen control cv68EQE30305
cdGen0desmE[oRenoopd storage receive $& 03¢] obsoaonigs c3oopdi System  pressure
Qodqed  e[p&cdfgl:  olgbeoq$sC compressor qp:  qOgf(stop) & GunC:qS(start)
006050000 :§§6e0gs300305 [gdoopdn Load/Unload control 330305 [03se2:0000 o
eopEand(storage receiver) oodeolaonig§ so0p$ saeeB:00p0n VSD Compressor gps 820305
cpd: GrosayEmé(storage receiver) 0o6s08aon:gs cdoopd
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Q.0§) System Controller

Compressed air system 0069038 9guS§d1 Sopeeod doCecp§oodn o3
compressor qps 320:00200p5 0ddgiE:8S e control gpilgEam euntes[oyoopd

Compressor gps3aicd: 0500007 206070 gdesmE ewl:fCqSanog0d system
controller c822620p51 0060:q|C:8 [g620c3 eunsesagi€ compressor Start/Stop qpegCs cycling
[0 qpfgca Bzom: ©oopdBo[gls gd:mCadgy gpigla B=aboopdoood =gSdopleten
compressor qps: Gen&ses[gla sago0sed: 33260000 BE3:c0058(gEa000 BafyC ewntiesgls
02009 [gooosogpig> [03je0z$Ea05

; Compressor qp: 330§ S0  fully

l Central unit loaded [gCewnCiesfBn ©cd326§S03E
Compressed Compressor

air system (1-4)

Pressure

switches

80 qOsnrooglaoopd efficient sa[gd
a@: E&Déu o%Boaocga 330(\90@
elgqCsqf 320305 control system oode
0050 AB&sqOeenastaadzadaogdi
coogpg> 83&E: [gpboonsoogd master
a controller a0p5 compressor gps 8a2500s
Air receiver Cam_pul_erised @ Ub)g Sggggﬁlé(gunnglée hgg OS%%
— Ielcep) coilacCs s 5:@1

== offeomt qpiod [Geoofgt: 09005

$ Q-JG Central control unit $& compressor gps oFpeoqe® qp2 q§$Eoopd

System Controller &\ s25:000/05qp:

(0) Operation pressure o[g€on0de3nt 862005 differential pressure setting o3 s2a33{g§ Eoopd

() ecocdeadg(air demand)o? seefgdg) c08eagdaopd compressorad egegiud centasE8E00

() Compressor gp: 028 E505 [G€op oonewnégt: olgbesmomnmyuder:dEanddi Start/Stop
2[035 3266320905505:68308 ¥GG0L:EED0N

(G) Compressor gpszsads cenlsq&(runing hour)opo8e3ant cpdew:§Eaopd

(§) cood§eenties0pdmnegeacseisagodsacondyps(information)sm:ado?d gedgts a38Ea00i

() cocdecntiesond sc[gmeesel sogodzac00dgps(information)sm:adio?  3eo:desep
(336 m@):%&é)rf C\P&Q @éﬂ%ﬁ&)éu

(Q) 083262003 cunCq§aa0905 program gpsaanscd:io’ qodgCyE8Eaopdi ejgp:§Eapdi

() Password gpsaaadige) 3290dgjopgp: §Selgicon:000d esepyp:ad voleepad8Caesnt omsed:
§E2005

(@) acgsoqdsoopd(narrow pressure band+1.5 psi)zacglsy compressor qpod GenCion8E
come[opE system pressure 32098[gEon05[gEse 0088005

-End-
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