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1 VSEOBECNE

| UPOZORNENIE |

Turbokompresor je zariadenie generujice tlak. Obsluha tohto zariadenia nevykonana v sulade s pokynmi
mdZe mat’ za nasledok po3kodenie zariadenia alebo zranenie persondlu. Preto je obsluha tohto zariadenia
povolend len opravnenym a vyskolenym osobam. '

Pred pouzitim kompresoru si prosim dokladne pre€itajte tento popis.

1.1 Ugel riadenia

(pozrite tieZ diagram vystupny tlak / prietok na obrazku 1)

Prietok plynu cez turbokompresor nie je mozné volne zniZit. PouZitelny rozsah prevadzky je limitovany
pulzaénym limitom. Ak sa vyZaduje, aby kompresor pri ur¢enom tlaku dodaval menej plynu ako je jeho
limit, privod cez kompresor sa stane nestabilnym; kompresor zaéne pulzovat. Prietok a vystupny tlak nahle
rychlo opakovane klesaju a opét’ stipajt, pricom dochadza k hluku pri ¢erpani.

KOMPRESOR NESMIE BYT POUZIVANY
ZA TYCHTO PODMIENOK!

Aby bolo mozZné vyhnut’ sa pulzovaniu, je namontovany protipulza¢ny riadiaci systém, ktory udrZuje prietok
kompresoru na minimalnej pripustnej hranici tym, Ze otvori protipulzaény ventil. Plyn presahujtci
poziadavky zariadenia sa recirkuluje cez protipulzaény ventil na nasdvaciu stranu, takZe kompresor
pokraduje v prevadzke v stabilnom rozmedzi (na pravej strane pulza¢ného limitu) aj v pripade, ak sa do
zariadenia doda len malé mnoZstvo plynu.

Mozné poskodenie v désledku pulzovania:

- zlyhanie axidlneho loZiska

- ftrenie labyrintovych pésov spdsobujlce vi¢sie medzery a nasledne vysSie presakovanie / reaktivne tahy
- trenie obeZnych kolies/lopatiek

- zlyhanie lopatkovania na axialnych kompresoroch v désledku prepétia/prehriatia

- poskodenie nasavacieho filtra, tlmi¢a, pracovnych armatir atd’.
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| UPOZORNENIE |

Protipulza¢ny riadiaci systém je bezpednostné zariadenie pre prevadzku turbokompresoru. Ak z nejakého
dévodu tento riadiaci systém zlyhd, kompresor moze zadat’ pulzovat a moze dojst’ k vy33ie uvedenym
porucham. Aby nedoslo k poskodeniu kompresoru ani k zraneniam persondlu, nesmie sa turbokompresor
pouzivat’ bez ani s chybnym protipulzaénym riadiacim systémom.

1.2 Rezim prevadzky

Diagram na obrazku & 1 ukazuje reZim prevadzky protipulzaéného riadiaceho systému v diagrame
vystupny tlak - prietok. Pulzaény limit predstavuje &iara ,a“. Ak sa pri konStantnej rychlosti zvySi
prietokovy odpor zariadenia z wi na wo, prevadzkovy bod sa postiva po charakteristickej krivke z bodu 1
do bodu 2 a prietok V7 sa zniZi na Vo, ¢iZe prevadzkovy bod sa pribliZi k pulzacnej Ciare. Ak sa prietok
d’alej zniZi na V3, kompresor za¢ne pulzovat’. Aby sa tomu zamedzilo, protipulzany regulétor zasiahne v
pripade, ak sa dosiahne prevadzkovy bod 3* (prietok V3*) a zatne otvérat’ protipulzany ventil. Ak sa
prietok dalej zniZi na Vy, protipulzagny ventil sa otvori do takej miery, aby sa rozdiel medzi prietokmi V3*
a Vg4 vratil do procesu. Co sa tyka zariadenia, kompresor zjavne pracuje v bode 4 (v nestabilnom
rozmedzi), v skutognosti viak pokracuje v prevadzke v stabilnom rozmedzi v bode 3*,
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NMI/AR]

Diagram na obrézku & 2 ukazuje, Ze pri zvySenom tlakovom pomere kompresoru musi protipulzainy
reguldtor zasiahnut pri vy$3om objeme, &iZe ¢im je tlakovy pomer vy38i, tym vy3S8i je minimalny
pozadovany prietok (porovnajte V3* a V1 a prislusny tlakovy pomer P3* a P1). Jedind nastavena veli¢ina
pre regulator by preto nebola pouZitelnd, ked’Ze pracovné rozmedzie kompresoru by sa prili§ ziZilo. Aby sa
zabranilo zbyto¢nej recirkuldcii stlateného plynu, &iara odozvy ,,b“, ktord spaja vSetky body, kde sa
protipulzaény ventil zatne otvérat’, sa pouZije ako krivka nastavenej hodnoty pre protipulzaény reguldtor.
Tato krivka ma tvar ako funkcia vystupného tlaku kompresoru takym spdsobom, Ze je rovnobeznd
s pulzaénym limitom. Medzi pulza&nym limitom a ¢iarou odozvy sa nachédza bezpe¢na vzdialenost’ ,,c*.

Ciara odozvy teda kazdému tlakovému pomeru prisudzuje minimélny prietok.
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2 POPIS RIADIACEHO SYSTEMU

2.1 Vstupné signaly

2.1.1 Meranie prietoku

Prietok plynu cez kompresor sa meria pomocou zariadenia na meranie prietoku (umiestneného na vystupe
kompresoru) zabezpelujuceho tlakovy rozdiel Dp. Hodnota Dp je Gmernd druhej mocnine celkového
prietoku a pdsobi na prenasaé tlakového rozdielu FT 16007. Ten dodava vystupny signal 4 - 20 mA, ktory
je privadzany do regulatora PROTRONIC 550.

2.1.2 Meranie nasavacieho tlaku

Nasavaci tlak kompresoru sa meria pomocou prena3aca tlaku PIT 16007. Tento vysielad vytvéara vystupny
signal 4 - 20 mA, ktory je privddzany do regulatora PROTRONIC 550,

2.1.3 Meranie vystupného tlaku

Vystupny tlak kompresoru sa meria pomocou prenaSaca tlaku PT 16045. Tento vysielaé vytvara vystupny
signal 4 - 20 mA, ktory je privadzany do regulatora PROTRONIC 550.

2.1.4 Externy manualny riadiaci signal / volitePny

Manualny riadiaci signal HIC 16074 je 4 - 20mA anal6govy signal z DCS alebo z riadiaceho systému
stanice. Tento signal je privaddzany priamo do reguldtora PROTRONIC 550. HIC 16074 sa pouZiva ma
otvéaranie prefukovacieho ventilu. Klesajici signal otvéra ventil (4 mA: = ventil otvoreny, 20 mA: = ventil
zatvoreny). (pozrite si bod 3.7)
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Dokument: 837017436 Typ: SPE Cast: 000 |[Rev.: Jazyk: EN | Strana 6 z 29




Control System Specification

R/ARY

2.2 Protipulzacny regulator

Spoloénost ABB NORMELEC (predtym HARTMANN & BRAUN) vyvinula digitdlny riadiaci systém
PROTRONIC 550. Vzhl'adom na réznorodost’ riadiacich aplikacii, ktoré je potrebné v turbokompresore
spracovat, je systém PROTRONIC 550 ity na mieru®. Tento systém nielenZe spaja v3etky potrebné
riadiace funkcie v jednom kompaktnom pristroji, ale taktieZ zjednoduSuje prevadzku a udrzbu. Pouzitie
jediného hardvérového komponentu pre rozne aplikdcie vyrazne zniZuje pocet nahradnych dielov.

Dalsie vyhody systému su:

Reguldtor je mozné rozsirit' pomocou réznych vstupnych a vystupnych modulov, pomocou ktorych

mozno spliiat’ poZadované riadiace aplikécie.

Auto diagnostika

Izolované analdégové a binarne vstupy

Zabudovany zdroj energie vysielaca, 21 V (jednosmerny prad)

ReZimy ovlddania definované uzivatelom

Beznarazovy manudlny — automaticky prenos

Dizka cyklu 60 milisekind (s uzivatel'skym programom)

UzZivatel'sky program je uloZeny vo Flash-EPROM. V pripade vypadku pridu ostant vietky data v
regulétore.
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3 POPIS PROTIPULZACNEHO RIADIACEHO PROGRAMU

Spolo¢nost MAN TURBO vyvinula program spitiajiici $pecifické poziadavky turbokompresoru. Tento
program obsahuje vetky charakteristiky potrebné pre dosiahnutie optimélnej prevadzky kompresoru.
Program obsahuje tieto skupiny funkcii:

Spracovanie analégového vstupu

Spracovanie hodnoty procesu a prispésobenie signalu pre spracovanie nastavenej veli¢iny
Spracovanie nastavenej veli¢iny

Obmedzenie vystupného tlaku

Posun &iary odozvy

Dynamicky zasah

Algoritmus riadenia PI s asymetrickym vystupom
Manualne ovladanie

Sled automatického spustenia a zastavenia
Kontrola gradientu

Logika poplachu

Analégové vystupy

V nasledujucich astiach sa nachddza popis funkcif tychto blokov. Podrobné informacie ndjdete
v nastaveni.

Popis:
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3.1 Spracovanie analégového vstupu

3.1.1 Meranie prietoku
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Vstupny signal .AE11R (tlakovy rozdiel namerany pomocou FT 16007) je moZné rozsirit’ alebo stladit
pomocou véahovacieho modulu DP_SKAL anulovy bod sa da zvysit, aby sa prisposobil realnym
poZiadavkam. Vahovy vystup .AE11 je privddzany pre spracovanie hodnoty procesu.

V pripade chyby vstupu je signal odoslany pre spracovanie poplachu.

Hodnota analégového vstupu je zobrazena v technickych jednotkéch na prednej strane panelu.

3.1.2 Meranie vystupného tlaku
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Vstupny signal .AE12R (vystupny tlak namerany pomocou PT 16045) je mozné roz§irit' alebo stladit’
pomocou vahovaciecho modulu P2 _SKAL anulovy bod sa da zvy$it, aby sa prisposobil redlnym
poZiadavkam. Véhovy vystup .AE12 je prividzany pre spracovanie nastavenej veli¢iny.

V pripade chyby vstupu je signél odoslany pre spracovanie poplachu.

Hodnota anal6gového vstupu je zobrazena v technickych jednotkach na prednej strane panelu.
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VAN

3.1.3 Externé (manualne) ovladanie
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Vstupny signal .AEI3R (externé manudlne ovladanie HIC 16074) je mozZné rozsirit alebo stla¢it’ pomocou
vahovacieho modulu Y_EXT SKAL a nulovy bod sa d4 zvysit, aby sa prispdsobil redlnym poZiadavkam.
Vahovy vystup Y_EXT privadzany pre spracovanie manudlneho ovladania.

V pripade chyby vstupu je signal odoslany pre spracovanie poplachu.

Hodnota analogového vstupu je zobrazena v percentach na prednej strane panelu. (0 % := ventil otvoreny,
100% := ventil zatvoreny).

3.1.4 Meranie nasavacieho tlaku
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Vstupny signél .AEI4R (nasdvaci tlak PT 16007) je mozné roz3irit’ alebo stlait’ pomocou véhovacieho
modulu P1_SKAL anulovy bod sa dé zvysit, aby sa prispdsobil redlnym poZiadavkam. Vahovy vystup
.AE14 je privadzany pre spracovanie hodnoty procesu a spracovanie nastavenej veliciny.

V pripade chyby vstupu je signal odoslany pre spracovanie poplachu.

Hodnota analégového vstupu je zobrazend v percentach na prednej strane panelu.
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3.1.5
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teploty

Vstupny signal .AE31R (nasavacia teplota TE 16007) je moZné nastavit’ pomocou lineariza¢ného modulu
T1 Linear, aby sa prisposobil redlnym poziadavkam, na zakladne skutoéného prvku TE.

V pripade chyby vstupu je signal odoslany pre spracovanie poplachu.

Hodnota nastaveného vystupu .AE31 je zobrazend v °C na prednej strane panelu

3.1.6 Meranie vystupnej teploty
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[ oR AE32ERR
o 51
NOCONNECT | : S

Vstupny signal .AE32R (vystupna teplota TE 16045) je mozné nastavit’ pomocou lineariza¢ného modulu
T1_Linear, aby sa prispdsobil redlnym poZiadavkam, na zéklade skutoéného prvku TE.
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V pripade chyby vstupu je signal odoslany pre spracovanie poplachu.
Hodnota nastaveného vystupu .AE32 je zobrazend v °C na prednej strane panelu

Popis: Principle Description ASC RG31-4 Projekt: KOSBOOST 2004
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RARY

3.2 Spracovanie hodnoty procesu a prispdsobenie signalu pre spracovanie nastavenej velifiny

,,,,,, Pl
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. 4 [ ] o] e STA .......

AE14 = ERRF- - - - - -
R B 2
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................................ 7N
............................... ERR-‘..AA..
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Véahové hodnoty .AE11 ( P), .AE12 (P,), .AE14 (P,) su d’alej spracované pre algoritmus riadenia pomocou
nasledujucich vypoctov:

L py
1

L DP_KORR
P -

Lineariza¢ny modul PI_SKAL 8kaluje premennu PI (tlakovy pomer) na signal 0-100%, a potom ho vysiela pre
spracovanie nastavenej veli¢iny.

Lineariza¢ny modul DP_ KORR _SKAL 38kéluje premennt DP_KORR (prietok pri nasdvani delené nasavaci
tlak) na signal 0-100% a potom ho vysiela ako hodnotu procesu do protipulzaéného regulatora.
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3.3 Spracovanie nastavenej veli¢iny

romm s, e ™
o [CREsPONSELNE | 10061
... |EN . ENOF- - - p—— - R op—— - e
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(RESPONSELINE)
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PO == |N
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10%

Viéhova premennd PI_SKAL je potom pomocou generatora funkcie (lineariza¢ny modul RESPONSELINE)
prevedena do &iary odozvy. Funkcia pozostéva z 10 priamogiarych segmentov. Vhodnou vol'bou 11 bodov
preruSenia, ktoré moZu byt umiestnené na 'ubovolnom mieste, mdze byt funkcia nastavena tak, aby sa
dosiahla poZadovand paralelnost’ medzi pulzaénou &iarou a ¢iarou odozvy. Vystup z generatora funkcie je
ako (externd) nastavena veli¢ina privadzana do protipulza¢ného regulatora.
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3.4 Obmedzenie vystupného tlaku

XW_ANSPL

XW_P2LIM

P2LIM
P2

FLAG_ 5

ODCHYLKA RIADENIA e 1A

................. L xw PRz

G PALIM  fe—— e
PROM_GAIN  fe— e

Vahovy signdl XW_ANSPL sa porovnd snastavitelnou medznou hodnotou XW_P2LIM
(P2LIM - P2).

Dynamicka odozva kompresoru / procesu sa méze liSit, ak pésobi na protipulzacnej Ciare odozvy alebo na
obmedzeni vystupného tlaku. Ztoho dévodu bol do obmedzenia tlaku implementovany dodatocny
koeficient zosilnenia P2LIM_GAIN, ktorého ulohou je vyrovnat’ sa s touto poZiadavkou. Vystup tohto
prirastku je privadzany do modulu funkcie minimélneho vyberu (MIN), ktory zrudi vy$§i z dvoch
vstupnych signalov (napriklad protipulza¢né riadenie alebo riadenie vystupného tlaku).
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3.5 Posun Ciary odozvy

X
br_rlCHARGE A / S J/
PRESSURE / ;o ’

| ) L1_GW1 A /

E.G. INLET DELTA P

SHIFTING OF RESPONSE LINE

A

ALV_INC
ALV_INC

ALV_INC
- ALV_MAX |
ALV_INC |
= A I Y -
TIME
second surge
first surge reset
L1_GW1 Margin from response line, where a surge is defined
ALV_INC Response line shift increment per surge cycle

ALV_MAX Maximum response line shift

Pocas prevadzky moéZe pulzaéna ¢iara kompresoru zmenit’ svoju polohu v dosledku korézie alebo zanaSania
lopatiek / obeZnych kolies, zana$ania medzichladicov, akejkol'vek zmeny v zloZeni plynu atd’. Tato zmena
polohy mo6Ze mat' za nasledok problémy s pulzovanim vzhladom na skutocnost, Ze ¢iara odozvy ostdva
nemennd (zniZenie bezpeénej vzdialenosti medzi pulza¢nou ¢iarou a ¢iarou odozvy).

Akondhle je tato zmena polohy pulzaénej Ciary dostatocne velkd, protipulzacny regulator uZ viac nebude
schopny zabratiovat’ pulzovaniu kompresoru.

V tomto pripade sa riadiaca ¢iara da posunut’ tak, aby sa zvySila bezpetnd vzdialenost’. Ak bol zisteny
cyklus pulzovania (prevadzkovy bod kompresoru prekrafuje riadiacu ¢iaru faktorom .L1_GW1), Ciara
odozvy bude automaticky posunutd mimo pulzacnej ¢iary. Hodnota tohto posunu sa dé nastavit’ pomocou
faktoru ALV _INC. Akykol'vek dalsi cyklus pulzovania opdtovne posunie Ciaru odozvy faktorom
ALV_INC. Maximalny povoleny posun je mozné nastavit' pomocou faktoru ALV_MAX. Poplasny signal
ozndmi operatorovi, Ze &iara odozvy bola posunutd minimalne raz.

Nastavenim bindrneho vstupu .BE03 moéZe byt posun &iary odozvy nastaveny na pdvodni hodnotu
v pripade, ak bola pri¢ina zmeny polohy pulzacnej Ciary objavena a odstranend.
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3.6 Dynamicky zasah

=P
CHARGE
PRESSURE
. ZONE WITH K
INCREASING GAIN / & / ZONE WITH CONSTANT
(ACCELERATED K CONTROLLER GAIN
CONTROL ACTION) N
NEGATIVE N POSITIVE
CONTROL :
DEVIATION CONTROL DEVIATION CONTROLLER GAIN
S A
~7 H
& L
! K3 £ DYN_IN_GAIN / L1_GW2
! “ & Y
E < ACCELERATED |CONSTANT
i / ' CONTROL CONTROL
| ; i ACTION ACTION
L - » >
‘ L1_Gw2 E.G. INLET DELTA P NEGATIVE ' POSITIVE
‘ SAFETY MARGIN CONTROL DEVIATION
L1 _Gwz Start value for dynamic intervention
DYN_IN_GAIN Dynamic intervention gain

V pripade vel'mi rychleho pohybu prevadzkového bodu kompresoru smerom k pulzaénej ¢iare (napriklad
zatvorenim ventilu na vystupe) nemusi byt protipulzaény regulator schopny zabranit' pulzovaniu
kompresoru pri beZnej ¢innosti PI. Preto regulator obsahuje $pecidlnu dynamickt vybavu, ktora zrychli
jeho zasah.

Vy&sie spomenuty okruh funguje ako nelinearny (adaptivny) riadiaci systém. Cim viac prevadzkovy bod
prekracuje riadiacu ¢iaru, tym rychlejSie dojde k €innosti riadenia a tym rychlejSie sa prevadzkovy bod
vrati spit’ na riadiacu ¢iaru. Této nelinedrna riadiaca &innost’ neprekaZa pri stabilnej prevadzke na Ciare
odozvy, pretoze nelinearita zacina az vo vzdialenosti .L1_GW2 za ¢iarou odozvy.
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3.7 Algoritmus riadenia PI s asymetrickym vystupom

L1_YMIN
LOAD
.................. Li_PID_FBS ) L1_y_ouT
.................. EN - ENOP -
L1 Xw XW - v12
.............. Cdx P10
.................. « Z Y1
.................. dYTM YISk « - - - o o oo
L1_YTRACK YTA e
.................. q YR Y2PB:- - - - - - e e e e
L1_Y_OUT il Y28k v
FALSE BAM e aa e e
L1_KP_STEUER KP Y1 L1_PID_|_OUT
L1_TN_STEUER TN YD L1_PID_D_OUT
L1_TV_STEUER ™ e
L1_YO_STEUER YQ SLp-or
~~~~~~~~~~~~~~~~~~ qKS PS L1_PID_PS
e dTT e
.................. T
L1_YMAX_INT YH e
L1_YMIN vy e .
~~~~~~~~~~~~~~~~~~~ YUP CTL L1_OBINR_PID
................... YDO STAk:- - - - oo
TRACK_ON TRY ERR PID_ERR
e K

Vypoéitana odchylka riadenia .L1_XW medzi hodnotou procesu a nastavenou veli¢inou nakoniec vstupuje
do proporciondlneho a integraéného modulu riadenia. Pokial kompresor pracuje vramci stabilného
rozmedzia, .LL1_XW je kladny, vystup z reguldtora je vysoky (pri 100 % vystupe signalu) a protipulzadny
ventil ostdva zatvoreny. Ak sa prevadzkovy bod pribliZi k &iare odozvy, .L1_XW dosiahne 0 %, vystup sa
zniZi a ventil sa otvori.

Specialny nelinearny modul riadiacej &innosti je doddvany na zrychlenie beZnej riadiacej &innosti PI
v pripade, ak prevddzkovy bod kompresoru presahuje ¢iaru odozvy. (pozrite ¢ast’ 3.6).

Prili§ rychle zatvorenie protipulzaéného ventilu mbze uviest kompresor do stavu pulzovania. Na
eliminaciou tohto neziadiceho stavu apre dosiahnutie lepSej stability ovladania sa vramci modulu
regulatora Pl aktivuje asymetrickd funkcia (obmedzova¢ rychlosti). Tato funkcia zdrZuje narastajici
vystupny signal reguldtora (pomalé zatvorenie protipulzaéného ventilu), aviak klesajtci signal reguldtora
(rychle otvorenie ventilu) nechava prejst’ bez zdrZania.

V kombindcii s nelinedrnou riadiacou ¢innost'ou tato asymetrickd funkcia optimalizuje protipulzaény
regulator tak, Ze sa zaisti rychly zasah riadenia aj stabilna prevadzka na ¢iare odozvy.
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3.8 Manualne ovladanie

INTERNAL HIC_INT
MANUAL CONTROL b
REMOTE ARI3 -
(MANUAL) CONTROL * *
FROM PI CONTROL
MODULE " TO ANALOG
QUTPUT

Pomocou stanice pre manudine nastavenie zat'aze je mozné ruéne ovladat’ protipulzaény ventil.

Vystup ruéného ovladania a dialkového ovladania (HIC 16074) a (proporciondlny/integracny) vystup
riadiaceho modulu PI st privadzané do modulu funkcie minimalneho vyberu (MIN), ktory dovol'uje pristup
do protipulzaéného ventilu (FV 16074) len tomu najniZiemu. Stanica pre manudine nastavenie zat'aze
(vnutornd a dialkovd) umoZiuje protipulzacnému ventilu iba otvorenie v $irSom rozsahu, ako poZaduje
riadiaca jednotka. Nie je mozné zatvorit’ protipulzacny ventil, ak regulator pozaduje, aby bol otvoreny.
Manuélne nastavenie ventilu by malo byt vykonané len za $pecialnych podmienok, napriklad pre kontrolu
fungovania ventilu alebo pre spustanie alebo zastavovanie kompresoru, ak sa nepouziva sled
automatického spustenia a zastavenia.
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3.9 Sled automatického spustenia a zastavenia

=] A
Antisurgevalve | o
fully CLOSED f
3
3
t
1
b
I
SP.RAMP+ | SP.RAMP +
3
Antisurge valve 1 ! e
fully OPEN | TIME
LOAD =1 LOAD =1 LOAD =1 LOAD=10
RAMP =1 RAMP =0 RAMP =1 RAMP =0
SP.RAMP + Ramp closing gradient in %/s
SP.RAMP - Ramp opening gradient in %/s

Pre ugely automatického spustenia kompresoru je kdispozicii funkcia samostatnej rampy pre
zat'aZenie/odl'ahéenie generdtora. Potom, ako je hnaci mechanizmus kompresoru pripraveny na zataz
(napriklad aby bola dosiahnutd minimdlna prevadzkova rychlost) je moZzné spustit’ &innost’ rampy
zatvorenim vonkajSieho kontaktu .BE02, to znamena, Ze protipulzacny ventil sa za¢ne zatvarat' v sulade
s nastavenim rampy SP.RAMP +, ak kompresor pracuje v rdmci stabilného rozmedzia. V opaénom pripade
riadiaca jednotka PI zasiahne ako pri beznej riadiacej prevadzke.

Pri aktudlnej aplikacii sa ten isty signal pouziva pre funkciu LOAD a RAMP (HS 16074.1). Pomocou tejto
funkcie RAMP nie je mozné plynule odl'ah¢it’ kompresor.

Vypnutie kompresoru si vyzaduje okamzité¢ otvorenie protipulzaného ventilu (funkcia kroku). To je
mozné dosiahnut’ otvorenim vonkaj$ieho kontaktu .BEOL.
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3.10 Kontrola gradientu

g.
ELISCHARGE CONTROLLER
PRESSURE SIGNAL TO VALVE
Q/ s
5 GS_INC |
@ GS_INC
£ —
@ GS_INC |
e.g. DPINLET TIME
L1_GW3
L1_GW3 Start value for gradient supervision (release line)
L1_GW4 Gradient limit dXw/dt .
GS_INC Opening increment per program cycle

Kontrola gradientu bola pridand do nelinedrnej riadiacej &innosti, aby sa zrychlila odozva riadenia.
Zabraiiuje pulzovaniu v pripadoch, ked’ sa prudko zvysi odpor pri prevadzke.

Vystup regulatora sa postupne znizi velkostou GS_INC v nastavitelnych intervaloch (bezne 0,1 sekundy).
Tento postup bude prebiehat’, kym budi splnené nasledujuce dve kritéria.

Klesajtuca rychlost’ zmeny odchylky riadenia Xw (dXw/dt) musi byt vysS§ia ako nastavenad hranica
gradientu .L1_GW4, to znamend, Ze len rychly pohyb prevadzkového bodu kompresoru smerom
k ¢iare odozvy spbsobi nejaku odozvu.

Prevadzkovy bod kompresoru sa musi nachddzat’ na l'avej strane ¢iary uvolnenia, ktora sa nachadza vo
vzdialenosti .L1_GW3 od &iary odozvy.

Kladné nastavenie .L1_GW3: ¢innost’ zaéina uz na pravej strane ¢iary odozvy (skora ¢innost’).
Zéaporné nastavenie .L1_GW3: ¢innost’ zacina na lavej strane ¢iary odozvy (neskora &innost’).

Potom, ako sa jedno ztychto dvoch kritérii ukondéi, regulator sa vrati spat’ do bezného reZimu riadenia
s asymetrickou funkciou v module regulatora P1.

Kontrola gradientu pdsobi priamo na vystup regulatora (riadenie otvoreného cyklu), takZe nie je zavisla na
beZnom nastaveni reguldtora PL

Popis: Principie Description ASC RG31-4 Projekt: KOSBOOST 2004

Dokument: 837017436 Typ: SPE Cast: 000 |Rev.: Jazyk: EN | Strana 212z 29




Control System Specification

3.11 Logika poplachu
Bezny poplach ,.Zlyhanie systému“ naznaguje, Ze minimélne jeden zo vstupov alebo vystupov regulatora je
v nespravnom stave, alebo Ze pri procese samokontroly bola zistend chyba v regulatore. Zariadenie
obsahujuce chybu sa zobrazi na prednom paneli regulatora.

Udaj ERR_FT16007:
Udaj ERR_PT16045:
Udaj ERR_HIC16074:
Udaj ERR_PT16007:
Udaj ERR_TE16007:
Udaj ERR_TE16045:

Udaj ERR_OUT_AAO1:

ventilu)
Udaj R_LINE_SHIFT:
Udaj SYSTEM_ERR:

Chybny vstup FT 16007 (tlakovy rozdiel)
Chybny vstup PT 16045 (vystupny tlak)
Chybny vstup HIC 1074 (externy manualny riadiaci signal)
Chybny vstup PT 16007 (nasavaci tlak)
Chybny vstup TE 16007 (nasavacia teplota)
Chybny vstup TE 16045 (vystupny tlak)
Zataz pri vystupe AAO1 je prili§ vysoka (vystup do protipulza¢ného

Ciara odozvy bola posunuta
Zlyhanie riadiaceho modulu PI

3.12 Analégové vystupy

. |eeiwanoler]
.......................... EN ENO"""""""
L1_v_ouT2 N . out AADIR
............ = L g
: ERRE-
(S
R R -
............................................. AAD1
AAOQ1R je riadiaci signél pre polohovadlo protipulzaéného ventilu.
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EMIVANIN

4 PREVADZKA REGULATORA

4.1 Ovladanie regulatora

ABBR @ Protronic |

1=

~ w/(':mo stitku (12-digit)

L—— Vystup reguldtora

Ukazovatel stavu

zmena pomocou ,,A* pri poplachu

Klavesa Enter pre potvrdenie

Voli¢ pre menu s parametrami

. Multifunkénd kiavesa pre ukazovatele
i Ind ‘ /
N )

TICA 301 | ( / Zobrazeny uzatvoreny regulacny obvod (vzdy ,,1°);
L1

Regulovana premennd analégového displeja X
/ Nastavend veliGina analogového displeja W
/ Vystup reguldtora analégového displeja Y

Informaény riadok (napriklad: chyba vysielata)
/ Skutoénd hodnota (regulovana premennd)

| Displej je mozné menit’ pomocou ,,Ind“: v AM bezné W,
v MM bezné Y

xManuélne ovladacie klavesy (,,zvysit* a ,,znizit*)
Nasledujuce hodnoty sa daju zobrazit’ stla¢enim kldvesy ind
Sxt: Nastavena veli¢ina v %
Err:  Odchylka riadenia v %
Out: Vystup regulatora v %
FT: Tlakovy rozdiel v mbar
Pl: Nasavaci tlak v barg
P2:  Vystupny tlak v barg
T1: Nasévacia teplota v °C
T2: Vystupna teplota v °C
DPL.: Nastavena veli¢ina obmedzenia vystupného tlaku v %
YHi: Interné manuélne oriadenie v % (nastavitel'né pomocou
YHe: Externy manudlny riadiaci signal v %
Dalsie moznosti displeja a prevadzky najdete v ndvode na pouZitie Protronic 550 42/62-55013.
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Ukazovatele stavu:

Regulator zatazeny (aktivny)

Rampa v ¢innosti

Nepouziva sa

Nepouziva sa

Obmedzenie vystupného tlaku aktivne
Kontrola gradientu aktivna

DU AW

4.2 Ladenie regulatora
Na prednom displeji regulatora sa daji naladit’ tieto parametre:

Body prerusenia &iary odozvy
Body prerusenia nelinedrej funkcie vystupnej rampy
Parametre reguldtora

Struktira softvéru reguldtora neumoZiiuje, aby sa vSetky parametre dali naladit’ tym istym sposobom. Rozne
postupy su vysvetlené nizsie.
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MIARI

4.2.1 Nasledujici postup vysvetluje ako naladit’ hodnoty pre

Ciara odozvy

Nelinedrna vystupna rampa

Nastavena veli¢ina obmedzenia vystupného tlaku
Prirastok obmedzenia vystupného tlaku

Prirastok dynamického zasahu

Posun ¢iary odozvy pocas cyklu pulzovania
Maximalny posun &iary odozvy

Pog&iato¢ny narast kontroly gradientu

Tieto hodnoty su nasledujiicim spdsobom naladené na prednej €asti regulatora:
1. Regulator je v beznom prevadzkovom reZime; na textovom displeji (hlavné menu) je zobrazené Cislo
Stitku.
.. IEscy . . .. ., , s
2. Stlacte -> Na textovom displeji sa objavi novy ukazovatel'.

> a) Ak je heslo aktivne, zadajte heslo podl'a pokynov v Casti 4.3.
* b) Ak je heslo neaktivne, na textovom displeji sa objavi népis ,,LOOP1* alebo
LINSTRUMENT*.

5.V pripade potreby stlacte alebo

~INSTRUMENT*,

6. Stlacte |

7. Opakovane stlacajte
index.

8. Stlacte |

tabul’ky za¢ne blikat’.

9. Opakovane stlatajte |indf, az kym nebude blikat’ ta &islica, ktorti cheete naladit’.

10. Opakovane stlacajte

11. Stlacenim potvrdite nastavenu hodnotu.

Stla¢enim ! zrusite nastavenie.

-> LED diéda nal'avo od klévesy ,.Enter sa vypne. Prejdite k bodu 7 pre d’al$ie nastavenie.

-> na textovom displeji sa objavi napis ,,INSTRUMENT".

[
ens]

12. Ak ste skonéili, stlacte
§,> Na textovom displeji je zobrazené ,,Parameter*.

([Menug

13. Stlacte

it

14. Stladte |> Na textovom displeji je viditel'né &islo $titku.
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RAVANE

Tento zoznam obsahuje v3etky laditeI'né hodnoty:

Adresa Nazov Funkcia Jednotky
10 TAB1.0 Bod preruSenia &iary odozvy 0 EU=%
11 TABI1.1 Bod prerusenia iary odozvy 1 EU= %
12 TAB1.2 Bod prerusenia ¢iary odozvy 2 EU=%
13 TAB1.3 Bod prerusenia ¢iary odozvy 3 EU=%
14 TAB1.4 Bod prerusenia iary odozvy 4 EU=%
15 TABI1.5 Bod prerusenia ¢iary odozvy 5 EU=%
16 TAB1.6 Bod prerusenia &iary odozvy 6 EU= %
17 TAB1.7 Bod prerusenia ¢iary odozvy 7 EU= %
18 TAB1.8 Bod prerusenia ¢iary odozvy 8 EU=%
19 TABI1.9 Bod prerugenia &iary odozvy 9 EU=%
20 TAB1.10 Bod prerusenia ¢iary odozvy 10 EU= %
50 TAB3.0 Nastavena veli¢ina obmedzenia vystupného tlaku EU=%
51 TAB3.1 Prirastok obmedzenia vystupného tlaku EU=%
52 TAB3.2 Prirastok dynamického zdsahu EU=%
53 TAB3.3 Posun ¢iary odozvy pocas cyklu pulzovania . EU= %
54 TAB3.4 Maximélny posun ¢iary odozvy EU= %
55 TAB3.5 Pociatoény nérast kontroly gradientu EU= %

Adresy 30 - 40 (TAB2.0 — TAB2.10) sa nepouZivajt.
Adresy 56 - 60 (TAB3.6 — TAB3.10) sa nepouZivaju.
Adresy 70 - 80 (TAB4.0 — TAB4.10) sa nepouzivaju.
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4.2.2 Naladenie vietkych ostatnych hodn6t

1. Regulator je v beZnom prevadzkovom rezime; na textovom displeji (hlavné menu) je zobrazené &islo
Stitku.
2. Stlacte > Na textovom displeji sa objavi novy ukazovatel’.
3. , aZ kym sa na textovom displeji neobjavi ,,Parameter®.
4, Stlacte | -> ) Ak je heslo aktlvne zadajte toto heslo podl'a pokynov v &asti 4.3.
= d) Ak je heslo neaktivne, na textovom displeji sa objavi napis ,,LOOPI1* alebo
HINSTRUMENT*.
5, |
6.
7.
8.
9.
10.
11.
zru51te nastavenie.
->LED diéda nal’avo od klavesy ,,Enter” sa vypne. Prejdite k bodu 7 pre d’al3ie nastavenie.
12. Akste skoncﬂl stladte -> na textovom displeji sa objavi ,,LOOP1¢,
13. Stlacte > Na textovom displeji je zobrazené ,,Parameter*,
14. Stladte > Na textovom displeji je viditeI'né &islo §titku.
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Adresa Nézov Funkcia

1 GAIN Proporcionalny nérast -

2 RESET TIME . Integraény &as min
67 OUT MIN Minimélny vystup reguldtora %

68 OUT MAX Maximalny vystup reguldtora . %

69 OUT.RAMP + Asymetricky vystupny koneény gradient Yls
70 OUT.RAMP - Asymetricky vystupny poiatoény gradient %ls
77 SP.RAMP + Rampa stupa (LOAD) EU/s = Y%o/s
79 SP.RAMP - Rampa klesa (UNLOAD) EU/s = %/s
91 ALARMI Rozpitie pre posun ¢iary odozvy EU=%
92 ALARM2 Rozpitie pre dynamicky zdsah EU=%
93 ALARM3 Rozpitie pre kontrolu gradientu EU= %
94 ALARM4 Limit gradientu EU = %/s
4.3 Heslo

Predvolené heslo je “02004%, Toto heslo je potrebné pre vstup do menu ,,INSTRUMENT* a ,,LOOPI*.
Po opusteni menu ,,Parameter” do hlavného menu (&islo §titku je viditené) ostane aktivne po dobu 30
sekind. Toto heslo je mozné zmenit'. Preéitajte si prosim navod na obsluhu ABB NORMELEC.

Heslo sa musi zadat’ na prednej strane regulatora hned, ako sa objavi menu ,,Parameter,

1. Na textovom displeji reguldtora je zobrazené ,,Heslo: 00000.
Cislica nachadzajuca sa uplne vlavo blika.

2. Opakovane stlacajte

' , aZ kym nebude blikat’ ta &islica, ktorti cheete nastavit’.

-> Na textovom displeji je teraz zobrazené ,,LOOP1* alebo ,,INSTRUMENT*,

6. Stlatte v
krok 5)

' edte raz, aby ste vstipili do jedného z tychto menu (pozrite si ¢ast’ 4.2.1 krok 5 alebo 4.2.2
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5 PROTIPULZACNY VENTIL

Protipulzaény ventil je vybaveny polohovadlom pre proporciondlnu &innost’. Toto polohovadlo porovnava
prichddzajlici zadavaci signal s drdhou drieku ventilu a meni jeho vystup, aZ kym sa nedosiahne zhoda g
medzi zaddvacim signdlom a drahou ventilu. Tym sa drdha pevne spoji so zaddvacim signdlom, ktory je
nezavisly od intenzity rusenia, ako napriklad trenie upchavky ventilu atd’.

Akény orgén ventilu je vybaveny solenoidovym ventilom. Ten sliZi na rychle otvorenie protipulzaéného
ventilu pri vypinani kompresoru. Solenoidovy ventil prijima signal z logiky odstavenia, potom prerus{
prisun vzduchu do ovladata membrany aten zaroven odvzdusiiuje do atmosféry, aby sa protipulzaény
ventil mohol rychlo otvérat’.
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Control System Specification

1 GENERAL

| CAUTION |

A turbocompressor is a pressure generating equipment. Operation of the equipment in
contradiction with the instructions may cause damage to the installation or injuries to personnel.
Therefore only authorised and trained people are allowed to operate this equipment.

Please read this description carefully before operating the compressor.

1.1 Purpose of Control

(see also Discharge Pressure versus Flow Diagram Fig. 1)

The gas flow through a turbocompressor cannot be reduced at liberty. The useful range of
operation is limited by the surge limit. If the compressor is required to supply less gas at a given
pressure than corresponding to this limit, the flow through the compressor becomes unstable; the
compressor starts to surge. Flow rate and discharge pressure collapse suddenly and rise again in
rapid succession, causing a pumping noise.

THE COMPRESSOR MUST BE PREVENTED FROM
OPERATING UNDER THESE CONDITIONS !

In order to avoid surging, an antisurge control system is provided, which keeps the compressor
flow rate at the admissible minimum value by opening an antisurge valve. The gas in excess of the
plant requirements is recycled through the antisurge valve to the suction side so that the
compressor continues to work in the stable range (at the right side of the surge limit), even if only a
small gas quantity is delivered to the plant.

Possible damages caused by surging are :

- thrust bearing failure

- rubbing of labyrinth strips causing higher clearances and consequently higher leakage / thrust
forces

- rubbing of impellers/blades

- failure of blading on axial compressors due to overstress/overheating

- damages on suction filter, silencer, process armatures etc.
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Control System Specification

[  cAUTION |

The antisurge control system is a safety device for the operation of the turbocompressor. If for
some reason this control system fails, the compressor may surge and the above stated possible
damages may occur. In order to avoid compressor damages and injuries to personnel, the
turbocompressor must not be operated with a faulty or without antisurge control system.

1.2 Mode of Operation

The diagram Fig. 1 shows the mode of operation of the antisurge control system in the discharge
pressure - flow diagram. The surge limit is represented by the line "a". If at constant speed, the
plant flow resistance is increased from wq to wp, the operating point slides along the

characteristic curve from 1 to 2 and the flow rate V4 is reduced to Vo, i.e. the operating point
approaches the surge line. If the flow rate is further reduced to V3, the compressor would start to

surge. To avoid this, the antisurge controller intervenes when the operating point 3* is reached
(flow rate V3*) and starts to open the antisurge valve. With further reduction of the flow rate to Vg,

the antisurge valve opens so far that the difference V3* - V4 is recycled. As far as the plant is

concerned, the compressor operates apparently in point 4 (in the unstable range), while in fact it
continues to run in the stable range in point 3*.
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Control System Specification

The diagram Fig. 2 shows that with increasing compressor pressure ratio, the antisurge controller
must start its intervention at a larger volume i.e. the greater the pressure ratio is, the greater is
the minimum required flow (compare V3* and V4 and the corresponding pressure ratio P3* and
P1). A single set point for the controller would therefore not be practicable as the working range
of the compressor would be unduly narrowed. In order to prevent unnecessary recycling of
compressed gas, the response line "b", which connects all the points where the antisurge vaive
starts to open, is used as set value curve for the antisurge controller. This curve is shaped as a
function of the compressor pressure ratio in such a way that it runs in parallel with the surge limit.
Between the surge limit and the response line is the safety margin "c".

The response line thus attributes to every pressure ratio a minimum flow rate.
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Control System Specification

2 DESCRIP TION OF THE CONTROL SYSTEM

2.1 Input Signals

2.1.1 Flow Measurement

The gas flow through the compressor is measured by the flow measuring device (placed at
compressor discharge) furnishing the differential pressure Dp. The Dp-value is proportional to the
square of the mass flow and acts on the differential pressure transmitter FT 16007. The latter
delivers an output signal of 4...20 mA which is fed into the PROTRONIC 550 controller.

2.1.2 Suction Pressure Measurement

The compressor suction pressure is measured by the pressure transmitter PT 16007. The
transmitter generates an output signal of 4...20 mA which is fed into the PROTRONIC 550
controller.

2.1.3 Discharge Pressure Measurement

The compressor discharge pressure is measured by the pressure transmitter PT 16045. The
transmitter generates an output signal of 4...20 mA which is fed into the PROTRONIC 550
controller.

2.1.4 External Manual Control Signal / Optional

The manual control signal HIC 16074 is a 4-20mA analog signal from the DCS or station control
system. This signal is fed directly into the PROTRONIC 550 controller. HIC 16074 is used to
open the blow-off valve. Decreasing signal opens the valve (4 mA := valve open, 20 mA := valve
closed). (refer to 3.7)
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Control System Specification

2.2 Antisurge Controller

ABB NORMELEC (former HARTMANN & BRAUN) developed the digital control system
PROTRONIC 550. With regard to the various control applications which have to be handled on a
turbocompressor, the PROTRONIC 550 system is a tailor made system. This system combines
not only all necessary control functions in one compact instrument, it also simplifies the operation
and maintenance. The use of only one hardware component for various applications cuts back
drastically the number of spare parts.

Further advantages of the system are :

e The controller can be expanded with different input and output modules to meet the required
control application.

Auto diagnosis

Isolated analog and binary inputs

Built-in transmitter power supply of 21 VDC

User defined control modes

Bumpless manual - automatic transfer

60 milliseconds cycle time (with the user program)

The user program is stored in a Flash-EPROM. All data will remain in the controller in case of
power failure.

@ & © &€ © e o

Description:  Principle Description ASC RG31-4 Project; KOSBOOST 2004
Document. 837017436 Type: SPE Part: 000 [Rev.: Lang.: EN |Page7 of 28




Control System Specification

3 DESCRIP TION OF ANTISURGE CONTROL PROGRAM

MAN TURBO has developed a program for the special requirements of a turbocompressor. All
necessary features to guarantee an optimal operation of the compressor are included. This
program contains the following function groups:

Analog Input Treatment

Process Value Treatment and Signal Adaptation for Setpoint Treatment
Setpoint Treatment

Discharge Pressure Limitation

Shifting of Response Line

Dynamic Intervention

Pi-Control Algorithm with Asymmetric Output
Manual Control

Automatic Start and Stop Sequence
Gradient Supervision

Alarm Logic

Analog Outputs

The following sections describe the function of these blocks. Please refer to the configuration for
detailed information.
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Control System Specification

3.1 Analog Input Treatment

3.1.1 Flow Measurement

AE1IR

The input signal .AE11R (differential pressure measured by FT 16007) can be spread or
squeezed with the scaling module DP_SKAL and the zero point can be elevated to adapt the
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actual requirements. The scaled output .AE11 is fed to the process value treatment.
In case of an input error a signal is sent to the alarm treatment.
The analog input value is displayed on the panel front in engineering units.

3.1.2 Discharge Pressure Measurement

AE12R

The input signal .AE12R (discharge pressure measured by PT 16045) can be spread or
squeezed with the scaling module P2_SKAL and the zero point can be elevated to adapt the
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actual requirements. The scaled output .AE12 is fed to the setpoint treatment.
In case of an input error a signal is sent to the alarm treatment.
The analog input value is displayed on the panel front in engineering units.
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3.1.3 External (Manual) Control
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The input signal .AE13R (external manual control HIC 16074) can be spread or squeezed with
the scaling module Y_EXT_SKAL and the zero point can be elevated to adapt the actual
requirements. The scaled output Y_EXT is fed to the manual control treatment.

In case of an input error a signal is sent to the alarm treatment.

The analog input value is displayed on the panel front in percent. (0 % := valve open, 100% :=
valve closed).

3.1.4 Suction Pressure Measurement
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The input signal .AE14R (suction pressure PT 16007) can be spread or squeezed with the
scaling module P1_SKAL and the zero point can be elevated to adapt the actual requirements.
The scaled output .AE14 is fed to the process value and setpoint treatment.

In case of an input error a signal is sent to the alarm treatment.

The analog input value is displayed on the panel front in percent.
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3.1.5 Suction Temperature Measurement
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The input signal .AE31R (suction temperature TE 16007) can be adjusted with the linearization
module T1_Linear to adapt the actual requirements, based on the actual TE element.

In case of an input error a signal is sent to the alarm treatment.

The adjusted output .AE31 value is displayed on the panel front in °C.

3.1.6 Discharge Temperature Measurement
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The input signal .AE32R (discharge temperature TE 16045) can be adjusted with the linearization
module T1_Linear to adapt the actual requirements, based on the actual TE element.

In case of an input error a signal is sent to the alarm treatment.

The adjusted output .AE32 value is displayed on the panel front in °C
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The scaled values .AE11 (AP), .AE12 (P,), .AE14 (P4) are further processed for the control algorithm
with the following calculations:

Lo_pr
B

L =DP_KORR

1

The linearizing module PI_SKAL scales the variable Pl (pressure ratio) to a signal 0-100% and feeds

it into setpoint treatment.
The linearizing module DP_KORR_SKAL scales the variable DP_KORR (suction flow divided by
suction pressure) to a signal 0-100% and feeds it as the process value to the antisurge controller.
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3.3 Setpoint Treatment
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The scaled variable PI_SKAL is then converted by the function generator (linearising module
RESPONSELINE) into the response line. The function is made by 10 straight line segments. By a
suitable choice of the 11 breakpoints, which can be placed at any place, the function can be
adjusted in such a way that the desired parallelism between the surge line and the response line

is obtained. The output of the function generator is fed as (external) setpoint to the antisurge
controller.
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3.4 Discharge Pressure Limitation

P2LiM

P2

R e g

P2LIM_GAIN

XW_P2LIM

JFLAG §

O SR

2 o A Ty e

The scaled signal XW_ANSPL is compared with the adjustable limiting value XW_P2LIM

(P2LIM — P2).

The dynamic response of the compressor / process may be different when running on the
antisurge response line or on the discharge pressure limitation. Therefore, an additional gain
factor PZLIM_GAIN has been implemented into the pressure limitation to cope with this
requirement. The output of this gain adaptation is fed into a minimal selection function module
(MIN), which cuts off the higher one of the two inputs signals (i.e. antisurge or discharge pressure

control).
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3.5 Shifting of Response Line

E.G.

DISCHARGE A / S K
PRESSURE ’ ’ / /
/ .L1_6wW1 P /!
/ 7
4
AL/\f_INC /
/ /
ALV/INC /
/
/
ALV_MAX
/
7
/
/
7
e
E.G.INLET DELTA P
SHIFTING OF RESPONSE LINE
ALV_INC
ALV_INC
ALV_INC ALV_MAX
ALV_INC
= -
TIME
second surge
first surge reset
Li_Gw1 Margin from response line, where a surge is defined
ALV_INC Response line shift increment per surge cycle
ALV_MAX Maximum response line shift

The surge line of a compressor can change its position during the time of operation due to
corrosion or fouling of the blades / impellers, fouling of intercoolers, any change in the gas
composition, etc. This displacement can cause surge problems due to the fact that the response
line remains invariant (reduction of safety margin between surge and response line).

Once this displacement of the surge line is large enough, the antisurge controller will no longer be
able to prevent the compressor from surging.

In this event, the control line can be shifted in such a way that the safety margin will be increased.
If a surge cycle has been detected (compressor operating point overshoots the control line by
factor .L1_GWH1), the response line will automatically be shifted away from the surge line. The
value of this shifting can be adjusted with factor ALV_INC. Any further surge cycle will shift the
response line again by factor ALV_INC. The maximum allowable shifting can be adjusted with
factor ALV_MAX. An alarm will indicate to the operator that the response line has been shifted at
least once.

By setting the binary input .BEO3 the shifting of the response line can be set back to its original
value when the cause of the surge line displacement has been determined and eliminated.
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3.6 Dynamic Intervention

E.G.
DISCHARGE
PRESSURE
ZONE WITH K
INCREASING GAIN / & / ZONE WITH CONSTANT
(ACCELERATED s CONTROLLER GAIN
CONTROL ACTION) N
NEGATIVE 3 POSITIVE
CONTROL .' o
DEVIATION : CONTROL DEVIATION CONTROLLER GAIN
" A
& N
~ N &
& ; 2
& . S DYN_IN_GAIN .Li_Gw2
% g
al ACCELERATED [CONSTANT
CONTROL CONTROL
ACTION ACTION
o
L1_cw2 E.G. INLET DELTA P NEGATIVE POSITIVE
SAFETY MARGIN CONTROL DEVIATION
L1_GW2 Start value for dynamic intervention
DYN_IN_GAIN Dynamic intervention gain

In case of a very rapid movement of the compressor operating point towards the surge line (e.g.
by closing a valve on the discharge), the antisurge controller may not be able to prevent the
compressor from surging by its normal Pl-action. The controller is therefore equipped with a
special dynamic set-up to accelerate its intervention.

The above circuit acts as a non-linear (adaptive) control system. The more the operating point
overshoots the control line, the faster the control action becomes and the faster the operating
point is brought back onto the control line. This non-linear control action does not obstruct a
stable operation on the response line, because the non-linearity only starts in a distance
.L1_GW?2 beyond the response line.
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3.7 Pl Control Algorithm with Asymmetric Output
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The calculated control deviation .L1_XW of process value and setpoint finally enters the
proportional and integral control module. As long as the compressor operates within the stable
range, .L1_XW is positive, the output of the controller is high (at 100 % signal output) and the
antisurge valve is kept closed. When the operating point approaches the response line, .L1_XW
becomes 0 %, the output decreases and the valve opens.

To speed up the normal Pl-control action in case the compressor operating point overshoots the
response line, a special non-linear control action module has been provided. (See section 3.6).

Too fast closing of the antisurge valve can push the compressor into a surge condition. To
eliminate this undesired condition and for better control stability, the asymmetric function (rate
limiter) is activated within the Pl-controller module. This function delays an increasing controller
output signal (slow closing of the antisurge valve), but it lets pass undelayed a decreasing
controller signal (fast opening of the valve).

This asymmetric function combined with the non-linear control action optimises the antisurge
controller in such a way that a fast control intervention and a stable operation on the response
line are ensured.
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3.8 Manual Control

INTERNAL HIC_INT
MANUAL CONTROL 5
MIN
REMOTE AE13 N
(MANUAL) CONTROL ¥ .
MIN
FROM Pl CONTROL N
MODULE " TO ANALOG

OUTPUT

By means of the manual loading station the antisurge valve can be operated manually.

The output of the manual control and the remote control (HIC 16074) and the
(proportional/integral) Pl-control module output are fed into a minimal selection function module
(MIN) which allows only the lowest one to pass to the antisurge valve (FV 16074). The manual
loading station (internal and remote) only allows the antisurge valve to open wider than the
demand of the control section. It is not possible to close the antisurge valve, if the controller
requires it to open.

The manual valve adjustment should only be used under special circumstances, e.g. for valve
function checks or for starting or stopping the compressor, if the automatic start/stop sequence is
not used.
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3.9 Automatic Start and Stop Sequence

Antisurgevalve | o
fully CLOSED | —
l
1\ SP.RAMP -
|
)
i
SP.RAMVP + ! SP.RAMP +
Antisurge valve | -
fully OPEN [ I TIME
LOAD =1 LLOAD = 1 LOAD =1 LOAD =0
RAMP =1 RAMP =0 RAMP =1 RAMP =0
SP.RAMP + Ramp closing gradient in %/s
SP.RAMP - Ramp opening gradient in %/s

For an automatic start-up of the compressor, a separate load/unload ramp generator function is
provided. After the compressor driver is ready to be loaded (e.g. min. operating speed reached) it
is possible to start the ramp action by closing the external contact .BEO2, i.e. the antisurge valve
begins to close according to the ramp setting SP.RAMP +, if the compressor operates within
stable range. Otherwise the Pl-control section intervenes as in normal control operation.

In the present application there is the same signal used for LOAD and RAMP (HS 16074.1). It is
not possible to unload the compressor smoothiy via this RAMP function.

A shut-down of the compressor requires an immediate opening of the antisurge valve (step
function). That can be achieved by opening the external contact .BEO1.
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3.10 Gradient Supervision

eg.
DISCHARGE CONTROLLER
PRESSURE SIGNAL TO VALVE
, A
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1
W /
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5 g g/ GS_INC
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& Q g ! GS_INC
() ~N 7
5/ & &, 5
) GS_INC
; 2 ]
!
1
7
/
—j— -
e.g. DPINLET TIME
L1 GwW3
.L1_GW3 Start value for gradient supervision (release line)
.L1_GwW4 Gradient limit dXw/dt
GS_INC Opening increment per program cycle

The gradient supervision has been added to the non-linear control action to speed up the control
response. It avoids surging in cases where the process resistance increases rapidly.

The controller output will be decreased in steps of the size GS_INC in adjustable intervals
(normally 0.1 sec). This procedure goes on as long as the following two criteria are fulfilled.

e The decreasing rate of change of the control deviation Xw (dXw/dt) must be higher than the
adjusted limit gradient .L1_GW4, i.e. only fast movements of the compressor operating point
towards the response line will cause any action.

e The compressor operating point must be on the left of the release line which is in a distance
of .L1_GWB3 from the response line.

Positive .L1_GWS3 setting: action starts already on the right hand side of the response line (early
action).
Negative .L1_GW3 setting: action starts on the left hand side of the response line (late action).

After one of the two criteria is ceased, the controller will be brought back to normal control mode
with the asymmetric function in the Pl controller module.

The gradient supervision acts directly onto the controller output (open loop control), so it is
independent of the normal Pl-controller setting.
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3.11 Alarm Logic

The common alarm "System Failure" indicates that at least one of the controller inputs or outputs
is in an incorrect state or that the self testing routine found an error in the controller. The faulty
device is displayed on the controller front panel.

Indication ERR_FT16007: Input failure FT 16007 (differential pressure)

Indication ERR_PT16045: Input failure PT 16045 (discharge pressure)

Indication ERR_HIC16074: Input failure HIC 1074 (ext. manual control signal)
Indication ERR_PT16007: Input failure PT 16007 (suction pressure)

Indication ERR_TE16007: Input failure TE 16007 (suction temperature)

Indication ERR_TE16045: Input failure TE 16045 (discharge pressure)

Indication ERR_OUT_AAO1: Load at output AAO1 too high (output to antisurge valve)
Indication R_LINE_SHIFT: Response line has been shifted

Indication SYSTEM_ERR: Pl-Control module failure

® © ¢ ¢ © © © ¢ ©

3.12 Analog Outputs
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AAD1R is the control signal to the positioner of the antisurge valve .
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4 CONTROLLER OPERATION

4.1 Controller Handling

_—TAG No. (12-digit

- 44

Muitifunction key for indications

{ / Control loop displayed (always "1"); changes with
. LAY In alarm

Analog display controlled variable X
,?Analog display setpoint W

| / Analog display controller output Y

Message line (e.g: transmitter error)
Actual value (controlled variable)

'/ Display can be changed with ,Ind“: in AM normal W,
in MM normal Y

14

é ﬁ‘i’ﬁ:ﬁl ——— Controller output
i Status Indication
|77 Enter key for acknowledgement
> | %%‘ ‘ Selector for parameter menus

kManual control keys (,raise" and ,lower")

The values listed below can be displayed by pushing key

Sxt: Setpointin %

Err:  Control deviation in %

Out: Controller output in %

FT: Differential pressure in mbar

P1: Suction pressure in barg

P2: Discharge pressure in barg

T1: Suction temperaure in °C

T2: Discharge temperature in °C

DPL: Discharge pressure limitation setpointin %
YHi: Internal manual control in % (adjustable with|
YHe: External manual control signal in %

For further display and operation options please contact the Protronic 550 manual 42/62-55013.

Description: Principle Description ASC RG31-4 Project: KOSBOOST 2004

Document; 837017436 Type: SPE Part: 000 |Rev. Lang.: EN |Page 22 of 28




Control System Specification

Status indicators:

Controller loaded (active)

Ramp on

Not used

Not used

Discharge pressure limitation active
Gradient supervision active

QOB wN 2

4.2 Controller Tuning
The following parameters can be tuned on the controller front display:

e Response line breakpoints
e Non-linear output ramp function breakpoints
¢ Controller parameters

The structure of the controller software does not allow that all parameters can be tuned in the same
way. The different procedures are explained below.
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4.2.1 The procedure below explains how to tune the values for

Response line

Non linear output ramp

Discharge pressure limitation setpoint
Discharge pressure limitation gain
Dynamic intervention gain

Response line shifting per surge cycle
Maximum response line shifting

Opening increment of gradient supervision

¢ e & o © ¢ o e

These values are tuned in the following way on the controller front:

1. The controller is in normal operating mode; the tag no. is visible in the text display (root
menu).

2. -> A new indication is visible in the text display.

3. repeatedly until "Parameter” is visible in the text display.

4, ->a) If the password is active, enter the password according instructions in
section 4.3.
b) If the password is inactive, "LOOP1" or "INSTRUMENT" is visible in the
text display.

5. | if necessary until "INSTRUMENT" is visible in the text display.

6. -> One of the table values (TAB 1.0 — 4.10) is visible on the display.

7. repeatedly until the requested index is visible in the text display.

8. -> The LED to the left of the "Enter"-key lights up red and the last digit of the table
value starts flashina.

9. repeatedly until the digit which has to be tuned is flashing.
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This list indicates all tunable values:

Address | Name Function Units

10 TAB1.0 Response line breakpoint 0 EU=%
11 TAB1.1 Response line breakpoint 1 EU=%
12 TAB1.2 Response line breakpoint 2 EU=%
13 TAB1.3 Response line breakpoint 3 EU=%
14 TAB1.4 Response line breakpoint 4 EU=%
15 TAB1.5 Response line breakpoint 5 EU=%
16 TAB1.6 Response line breakpoint 6 EU=%
17 TAB1.7 Response line breakpoint 7 EU=%
18 TAB1.8 Response line breakpoint 8 EU=%
19 TAB1.9 Response line breakpoint 9 EU=%
20 TAB1.10 Response line breakpoint 10 EU=%
50 TAB3.0 Discharge pressure limitation setpoint EU=%
51 TABS.1 Discharge pressure limitation gain EU=%
52 TAB3.2 Dynamic intervention gain EU=%
53 TAB3.3 Response line shifting per surge cycle EU=%
54 TAB3.4 Maximum response line shift EU=%
55 TAB3.5 Opening increment of gradient supervision EU=%

The addresses 30.. 40 (TAB2.0 — TAB2.10) are not used.
The addresses 56.. 60 (TAB3.6 — TAB3.10) are not used.
The addresses 70.. 80 (TAB4.0 — TAB4.10) are not used.
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4.2.2 Tuning of all other values

1. The controller is in normal operating mode; the tag no. is visible in the text display (root menu).

2.

3.

4, , ->c) If the password is active, enter the password according instructions in

% section 4.3.

d) If the password is inactive, "LOOP1" or "INSTRUMENT" is visible in the text
display.

5. | if necessary until "LOOP1" is visible in the text display.

6. -> One of the tunable values (addresses 1 — 199) is visible on the display.

7. 1 repeatedly until the requested index is visible in the text display.

8. -> The LED to the left of the "Enter"-key lights up red and the last digit of the table value

starts flashina.
repeatedly until the digit which has to be tuned is flashing.
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Address |Name Function

1 GAIN Proportional Gain -

2 RESET TIME Integral Time min
67 OUT_MIN Minimum Controller Output %

68 OUT_MAX Maximum Controller Output %

69 OUT.RAMP + Asymmetric Output Closing Gradient %ls
70 OUT.RAMP - Asymmetric Ouiput Opening Gradient %ls
77 SP.RAMP + Ramp increase (LOAD) EUls = %ls
79 SP.RAMP - Ramp decrease (UNLOAD) EUls = %/s
X ALARM1 Margin for response line shifting EU=%
92 ALARM2 Margin for dynamic intervention EU=%
93 ALARMS3 Margin for gradient supervision EU=%
94 ALARM4 Gradient limit EU = %/s

4.3 Password

The default password is “02004“. The password is required for getting access to the
"INSTRUMENT" and "LOOP1" menus. It remains active for 30 seconds, after leaving from the
"Parameter” menu to the root menu (tag no. visible). The password can be changed. Please
refer to ABB NORMELEC operating instructions.

The password has to be entered at the controller front, as soon as the "Parameter" menu is
called.

1. The controller indicates "Password: 00000" in the text display.
The leftmost digit is flashing.

-> LOOP1" or "INSTRUMENT" is now visible in the text display.

again to get access to either menu (see sections 4.2.1 step 5 or 4.2.2 step 5)
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5 ANTISURGE VALVE

The antisurge valve is equipped with a positioner of proportional action. The positioner compares
the incoming setting signal with the travel of the valve spindle and alters its output until
correspondence between the setting signal and the valve travel is obtained. The travel is thus
rigidly associated with the setting signal, independent of disturbance quantity, such as friction of
the valve stuffing box, etc.

The valve actuator is equipped with a solenoid valve. The latter serves for quick opening of the
antisurge valve when shutting down the compressor. The solenoid valve receives a signal from
the shut-down logic, whereupon it cuts the air delivery to the diaphragm actuator and
simultaneously vents the latter to atmosphere so that the antisurge valve opens rapidly.
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