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Abstract

The controller of turbine expander which is PLC Siemens SIMATIC S5 will be
upgraded to PLC Allen Bradley ControlLogix due to the company has concermned about the
shelf life of the controller that PLC Siemens SIMATIC S5-100U has been used for twenty
years ago which cause of many problems such as plant tripping and spare parts lagging. In
this project the student will check software and hardware of the equipment which included
logic, graphic, fault codding and transmitter range for software and PLC panel drawing, PLC
materials, relay board, PLC hardware configuration (/O list), wiring diagram, wire’s colour
for hardware. To check all of the above, student have to understand PLC Ladder Diagram,

FAT procedure and operation principle of turboexpander.
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widINTENIULARIINEl Tag gn Force agud Force laildign Enable



4. RS232 - Iluansaouzliifnauanainlidfideanseunesn RS232 Wiemnlnuansanusing
WerAauansifinsiudsdayaniunesn RS232

5. BAT — lWuansanuzlifauansiuunmmessaslidulng mnlwuansaaiuzfadunsdng
LLam';"]LL‘umL@@%%MMMW%@MQLLumma%G{aagj

6. OK - mnluansanuzldfnuanslifilvdstelifiumheUsvinana wsomnliluans
aonuzindunansensusansindndudesdwnsn Firmware vesuleUsyanana mnla
LansEuERnALAEaninTdeianatn (Fault) Weduiumisedssanana 1iinss
Felnedn-Ualud sildme eradululdimiieyseananaavidestnans wse wnlw
uanIEnUEARATIAakaneIeUsEInaRayauduUnd vise Mnlruansanuzfnd

Fensensuudnsimnhelssananaiduiuvsesutouann  NVRAM wonaniisdl

noguaLivaidenivuamsvihwreshglszanasa  (CPU)  egnsenumihinyuained

q

[ 1

Muvide “RUN” - vdrguszananadgyinualusinsuluniiernudt  dnmulegsi
WLl “REM” (Remote mode) itananseldinesfinmesoeulmigioyandouiadanu PLC
runeuiames 1¢ suvtisgevie e “PROG” THiiladeinns Download lsunsuamiae
Ussnenaiioanauanniidumiel  Sunm-ewinslugaazgnimualfifuaniug  OFF

(WaAlalu Module configuration)

-
]
&_

e |

-~

sUfl 2.3 wiiseuszanama (CPU)

2.3.0 WUALMBIUUASI (Battery backup) lu ControlLogix Mduunimasaiiey (Lithium) dwsuuun
Swdoyalusmneanud nafilsiflnides feg 2 Judetufio 1756-BA1 way 1756-BA2 wpnsing
fusssrouiiininesiisiartaiu Controller luasnsalunuiuld nandesoudenlrinsmugiioves
gUnsainuAiiug omslinuveaunnessuUsiniutugamaiuaruinvedlusunsuly

gunsalmuRy Begannfigauazlusunsufivwiaivgu ergnisldnuvemunaesinzduad



U 2.4 uummesLUASN (Battery backup)

235 mhwaud1 (Memory card) Wuunasniieanudndadansegaielugunsalaiuny
anunsaneadsuiiedmnsnruguomitien ity viuhiduldsunsuisinnilanadly

sgunsaimunu (lusu Lex uaz L7x lifimsldanuusammheniuduuuiug)

3U#1 2.5 mieAmd (Memory card)
2.3.6 N13nduns (Input card) inthnsuadgaalninangunsainieuesn W alnd Yunm 3o
Pnduwesineg  uduvasdyaadluligs cPu Weldlunisussanama Tawdygialniag

=

Surinanfivisiiuuuu Digital %3e Analog way DC/AC anedysaannaunsalseinfumesiiuea
¥89n13A (RTB) &eaunsamseaniadlanaiisnfesnisaenudsuniia nelidown Wiring a1

Tl

{DC Input 1756-1B16) {AC Input 1756-1A16) (Analog Input 1756-1F8)

gih?i 2.6 M3indunm (Input card)



fiduvuilliuansaaiuy (OK LED) venanugmsvineuveania vilfismsuiminti
vhaudnfeguieli amnumineveslwuansanuy (OK LED) fie minlwuanianuzindideidng
uamvindunneIninaunsaiudsioyaldiduund vnliluansanuziedideansensunanain
msalsdlagnldnuviegnenianlde (nhibited) lulusunsufndunsnseniuuansin mfnlsl
aunsodeansiugunsalmunsiny Chassis ¢ mnlwuansaougindunsouansiminde
foadsuslnl
23.7 minedinm (Output card) viwthiiderndayaailudagunsal 1w Siad wowmes wie gunsal
Fuirdouniinsneg Tnedyaaliiniideenluiiferidusuy Digital wie Analog Wag DC/AC
aedyarasngunsalierihiumesiueareanisn (RTB) Swaunsafseenldidenanisifoss
neadsuniin Tngludesu Wiing @l fiduuuiilwuansaonus (OK LED) uananiugnis
vhamesmdn vl mswihmsatuianuuniegviell  enumneveslriuananiuznns
v (0K LED) - minlvusnsanuzindideafuaniitendwavesmingndsalaggunsal
muatldduund - mnluansanugRadideanseniunansinasalildgnldeunsegnonianld
9 (Inhibited) Tulusunsy mnlwuansanusindunensynsuuansin mialdanansodeansiv
gunsaimUANRTITET (Chassis) 16 wazdmnliluansaniusfndunsmauansin msade dea

Wasus

(DC Cutput 1756-0B16) (AC Output 1756-0A16) (Analog Output 1756-0F8)

g‘uﬁ 2.7 M3aLeane (Output card)

2.3.8 MminmuANesll (Servo interface card) vwth il usnanadiousioszsning Controller fu

Servo Drive muwiinduinasinavad Drive 1 SERCOS, CIP Sync 38 Analog interface

|

{SERCOS Servo 1756-M08)

.

g'iJﬁ 2.8 ﬂﬁ@mw-}m%ﬁ’s (Servo interface card)

8



239 miadeusedoya (Communication card) viwithfldusnarsuanidieudeyasywins
Controller fugunsal  videlusunsusinquuszuuiaietts  Jufuviinveanioviedus  Liu
Ethernet, ControlNet, DH+/RIO %138 Devicenet fidauuuil OK LED Uanaauzn1svinauueiniin

s msuinmiatuinulnfegviel

iDeviceNet 1756-DNB) {EthetNet 1756-ENBT)

g‘lJﬁ 2.9 m%m‘?ﬁawia‘f}'@uua (Communication card)

2.3.10 m3nfive (Special card) uanmiieannnisafildeuinluuda Rockwell gilandnnisaild
MU EEENGIY WU 1Se 1756-CFM Fadunisadvsutiunadvseninufiain Flow meter

WeAweuY Flow rate Wag Totalizer Wufu

2.4 1@na15UsENaUN1sTn PLC hardware configuration (/0 list)
Javienansuansgunsalviduazgunsoivieenvesvasiutieninuaes anenas D-

301 Turbine Expander Wiring Diagram tipthanldsgnaunisniaseuanugniesvesdoyadian
NNEFUMIN

—— =
& ] 1 <

;J‘U‘ﬁl 2.10 tan@ns D-301 Turbine Expander Wiring Diagram



2.5 18nd19 PLC panel drawing
Juenansuansseazideauwuugaunsal Yszneuase suviwesgunsainielug, wunn
¥4, U 8o @ vlln uazeazdunveianaunsalily, n1swuaneln, Tag number usiu wain

[

danbiusemgidneihmseydd  mindreuuudnuiengindn  gfumsnasdewiniswdey

=< o

wasmuANuRBINsTesgn waziislasunissensunnginiaudiiahlusznauddely

;a:‘d‘ﬁ 2.11 1on@1s PLC panel drawing

2.6 NAITUTTABUAITATUIUAT Alarm Setpoint waz Trip Setpoint
davienasiansaauauluuTuRouTeRANa1ATDITEUU (Alarm Setpoint) LasALIUAY
Tunsvgassuulleintetianaintiu (Trip Setpoint) lnenisAruAnuaunshuenans Turbo

Pack Function Analysis

10



CRITICAL SPEED

TAN PALOO2Y

749 PANOO2Y

7440 PAHOO2S

and C8: constant

" ltsBHoo40)

gﬂﬁ 2.12 \andn3 Turbo Pack Function Analysis

2.7 iy ifioundnuiaUsnive smesiuiliendunuines

msBuiny wie semiwihnuveameslutiendunuaesming aumgl vie Anudugs
AulusuAuluenavilsidrdeulaiiseivilimeamshouveueiedneui fufu Weoiauwn
Thasfimnufinsnaezdinsudaieuneudoudlaldviuving Tneduamsnegiinaumnuieds
5197 2.1 Toglussuumsudafounssunisudafiouiiinainms OOP, 10P, 10P- uay CNF
Foi3unmanfuinifa 1/0 Bad

A9199 2.1 uansda ML Ul

Alarm Description
L Input Low- Limit Alarm
LE Input Low-low Limit Alarm
H Input High Limit Alarm
HH Input High-high Limit Alarm

OOP Output Open Alarm

IOP Input Open Alarm

IOP- Low-Limit Input Open Alarm
CNF Bad Connection Status Alarm
AUT Auto Mode

MAN Manual Mode

11



una 3

NSANLUUIY

3.1 ¥ANNSNNIUVB NS LULBNGWULADS (Turbine expander-D301)
wesluliendununes (Turbine expander) Wugunsalianubulazanaiuduresfineg
lunszuiumswaniemsueutauesnlen (Carbon monoxide: CO) ANUAAAWATIZR (Synthesis

gas) logillafigmsusuaueenlen (Carbon monoxide: CO) wsddugauingaunsaluaniuaey

=

AwFou (Blazed aluminum heat exchanger: BAHX) daugunsaiuaniuasuninufeunuuusiy
fvhantanogiiieudadoutunaeiulneusastuasiveshlifelnaaduiul uusias ool
Aamsuanidsunnaseussrinfuilifeligamgiiasmnussina 35 swnwadea u -
100.0 ssriwaiiea uddsieluangamgiisefimeslulondununes lumnai 1 Wedlfeluasiu
Tuiaveinuyndngybiisnuluindagu ibifiwianisveeduas firvasgndslugdagunsel
wanasunndeuiineluiidvdefu  (Cooling waten  nlifufedidurhuiievhnsan
gl uddanduludunesluiendununeidnads vhlieuduresfineanas aanUszana 24
V15N Wy 3.5 sine wazanmgivesinganas 990 -100.0 ssrwaidea Wy -150.0 89
wadua uddsiofgludunsaiuaniuiauaudousnnds iedfelusy (Boil) WiwAnns
muwinlasuanugdufemveussusenledmaioll Tagananilummauluiinveanes
luthondunuinesiuegfussduvesmivouneusenledimainieluds  wnsdumsueuneyeen
lasvannelufianasinieiede ssuvazludidinesTuendunupesmuituiovnarudy
Wifuszuuidesnniimsifiuiedaasesifigumaiiaeszana 35 sswnwades anlussuu uas
mnseiuAsUouLeusenlusinniiAsds szuvar ddmesTulendumuinesvyutas uazlua
wall 2 weuvesluthondununed azvhnisdsfneaiusuneusenled ludgunsaluaniudey
Ao Yilgumgiveafnegstuann -150.0 asmiwadea [y 35 ssmuwaidea Aanudu 3.5

150 uandseeanlungliiugnsieluaagui 3.1

12



4 EXPANDER FAULT
Tag Number Message Action

SIS .

PMEEEESIRLSE
il

TURBINE PREPARATION START CLEAR FAULT
@ @

;J‘U‘ﬁ 3.1 n5AAYes Turbine expander-D301

3.2 Invtanansusznauni1syin PLC hardware configuration (/0 list)
vhsemsdunmuazievimmvesgUnsaiiltlunsmurueslulendunuaes  3nenans
@jﬁamﬂ%ﬂm D-301 Turbine expander wiring diagrams PLC Siemens S5 dieldusznounis
733988y PLC hardware configuration (I/O list) Waig PLC panel drawing lagsinssiusiudeya
SumpLazLednedUszneume sundondunm, sundeniendun, AIneadum uas AIneaLoRNe
INANT01UBNETS D-301 Turbine Expander wiring diagrams PLC Siemens S5 Iagg1ua1nns
iuanennlugawsiazdiluggunsaiiansms ey 3nguit 3.2 Tugavineiay 03A4 Wuluga
fnoadunn Insiuaeandunndiungawes (Channel) 13 vedusiavaden (Slot) fe ZSL
3640 19190371 0, SD 3500 Wesil 1, ZSH 3670 tiesdl 2, ZCHC 1ideedt 3 Wudu udth
foyaienildanguil 3.2-3.11 Faansmsiuaslugeunsaimuauveaeslutiondununasin

FavimnsuanIgazideaiuBuRkazle R vetgUnsainIuANlun1TN 3.1
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AN3199 3.1 SPazlduABUNALAZIIMA (/0 list) 289 PLC Siemens S5 71lY

AUANNYINTUYeamaslulendunuAes (Turbine expander)

Address Name

Module Type Slot Ch. Tag Name Detail
on PEG on PLEG

Turbine Speed indication

0 ST3640 AWT72  ST0040
Analog (KRPM)
12A4 1
Output Outlet Turbine Tempera-
1 - AWT4 -
ture (Not used)
Turbine Inlet Pressure
0 PT3622 EW80  P0022
(ofter filter)
1 PT3623  Turbine Outlet pressure  EW82  P0023
Analog
09A4 2
Input Gas Bearing Outlet
2 PT3624 Ewgd  P0024
Pressure
Gas Bearing Inlet
5 PT3625 Ew86  P0025
Pressure
0 PT3626 Brake Circuit Pressure EW88 P0026
1 PT3654 Wheel inlet Pressure EW90  P0054
Analog
10A4 3 Turbine Outlet
Input 2 TT3632 EW92  T0032
Temperature
Pressure Measurement
down steam from tur-
5 PT3629 Ew94  P0029
bine inlet filter (option)
Break Circuit Tempera-
0 TT3645 EW96  T0045
ture
Analog
11A4 4 Gas Bearings Outlet Tem-
Input 1 TT3655 EW98  T0055
perature
2 - Free EW100 -

19



03A4

O04A4

05A4

06A4

Digital
Input

Digital
Input

Relay

Output

Relay
Output

10

- Free

ZS1L3640 Turbine Inlet valve status

Emergency stop XS 3500
SD3500 (IN3601)
(Cold box Trip SD 3500)
Turbine outlet valve
ZSH3670  (customer) limit switch in

the open position
ZRGC Compressor status (ON)

Data terminal ready to

receive
HS3600A Fault Clear
ON/OFF Turbine
HS36008
Preparation
HS3600C ON/OFF Turbine
FY3640 Input valve
FY3624 Emergency valve
FY3670 LP Output valve

Fault Code validity trans-
UIA3600
mission

(Alarm or Trip)
US3600
Fault indication

ES3600A  Turbine ready to start

20

EW102

E8.0

E8.1

E8.2

E8.3

E9.0

ES. 1

ERZ

EI3

A10.0

A10.1

A10.2

Al11.0

All.1

Z51.0028

ZSHE

ZSHO0070

ZCHC

FY0028

FY0084

FY0070



2 ES3600B Turbine ON All2 =

3 . Speed counter reset -
0  UIA3600C bit 3 (1) | Al0.3 -
Alarm and
1 UIA3600D bitd(2) | Al2.0 -
Relay Safety faults
07A4 12
Output ' in Hexadeci-
2 UIA3600E bit Sah, Al2.1 -
mal code
3 UIA3600F bit6(8)  Al22 -
Alarm and
0  UIA3600A bit 1 (1)  Al23 -
Safety faults
in Hexadeci-
1 UIA36008B bit2(2)  A13.0 -
Relay mal code
08A4
Output PLC Watchdog
A UA3699 A13.1 -

(0 = Default)

3 - Free -

3.3 asnadauenasnsivaelingludaunsalaivauuazaunsalineqniglug (PLC panel
drawing)

1ANATT Air Liquid.pdf Drawing  sheet Faduenansiiuanineazideanisiiuagln

meludgunsaimunuuazgunsairmagaglugiigiusmndanudvimnuenseasdondymi

wuwsedaninesnsuilvadumsaieddUlvisumunyinsudlusdeldinnsed 3.2
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AN9199 3.2 S18aLBUAFTETUMNRRIINMTHALY 3INN1IRTIIEEU PLC panel drawing

Issued
Doc
ltem Issue status
No.
1 Oct 2019
\Wasuwdinvas Analog I/P module 370 32 Channel 1u
4 Channel 717U 3 modules TN TR
1 56 Fudiudiseandon wiring futerminal block 1FeUToe
PLC modules ltunasanaluain PLC rack module 1% THumasanglalann main
2 1 visell rack module
gausuUUUIAg PLC cabinet fiuwm W900 * H1200 * D300
3 1 Imaiﬁ“l%éj?iﬁa Rittal kit TAMCO \S8UsoY
\fial common alarm pilot lamp Wudwau 2 Y0 7o
" Common alarm = #@waea (Amber) ",
" Common trip = Auns (Red) " Tnglifndausunssning
a 1 Wnan uay reset switch (wuasa , 910 = alarm) 1SeUSoe
5 1 L‘ﬁmﬁaﬂdLaﬂmﬁﬁﬁﬂwé’wmﬁ PLC cabinet Seuios
6 1 Wasurlaveaipauan 220 vac W 24 vdc (@ Rittal) \SeuSae
Lﬁm circuit breaker 24
It 1 wWasuwiinues 220 fuse terminal block vDC Fdldflwann power
supply rack
8 1 i name plate uug v "Y360" Syuiay
9 3 m3I9EU current rating Veaunasselnudnilu 220/24 gausuil 10 A
10 4 iuwasnelndn 1 Sudwdureuey redundancy Seuse
11 1 wWasuSedidu "TURBINE EXPENDER" 5euien
12 5 wWawu tag number 970 PT-3632 18 be 3622 Seuos
13 5 wWAwu tag number %10 PT-6325 \Ju PT-3625 Seudes
971 Slot ﬂ%’ﬂmagﬂzﬂéf
14 8 gl "ZCHC" Compressor status ON 14911 channel 3 i
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15 2 i MCCB for utility plug 220 VAC Seudes

3.4 msdavinsnilaluivasmesiuliondununes

Feuwuusanseazdeansmiia (Graphic), Asusulunsuiufeudefinwanvesszuy
(Alarm setpoint), Aizuslunsdamgnn1siauessyu (Trip setpoint) was uiinvesgunsalin
uazAIuAN (nstrument tag) vaumesluthondunuines (Turbine expander D-301) Liedsli
fSuwsntlu@eunsuiia (Graphic) mufimsusemsesmslaidnvazadeiunsmiia Graphic)
voameslutiendununosinades (Turbine expander D-2301) fiflaguussuupuALLUUNTEANY
du (Distributed control system : DCS) uag#pensloiiionafingwifia D-301 Touans Yalviuans
anuzoonun Tae Tiuansy “ON”, “OFF”, “START” uaz “RESET” wazliiunsuaniainusy
ngueen (Critical speed zone) sandsuduudeauananuiiingaun uag Thindssuan
Foruudauiioudoliawain (Expander fault message) sendsudumsieiuaninisudasiou
fofiananavosszuy (Alarm fault) wagmsudafeunisdmganisiinuesszuy (Tip fault) &
Usgneuse deufingunsalfauazeiuny (Tag), AUssENE (Description) wazAusulunisuds

Wau (Alarm setpoint) wagdangan15¥iau (Trip setpoint) Ye3TEUULNY

EXPANDER FAULT
Tag Number Message Action

T freEEcasa

— DI3SAET
vy e P Y

P owvere

03] aa L ol e isens
Rvests EEMOENDaRS R TR S

A1 T OIS FIC NI TURBINE PREPARATION START CLEAR FAULT
[[Readywwan ] @

g'uﬁ 3.12 nyiiaRnvsameslutiondununes (Turbine expander-D301)
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gﬂﬁ 3.13 wuusunsialmiveaveslutiondunumes (Turbine expander-D301)

nAINsIESUmMNNTY

2D

] c€oGl |
€301

TURBINE PREPARATION START CLEAR FAULT

e st ong
e €] 5t-302 | Turbiow Ouiet Pressurs Lowe | g
D301 TURBO EXPANDE] 586 g
@ | FosH-3639 Turbios Fiter Clogoed Sewuss hary
2 SARRES AP
° | PEHL-3634] Valve Opened WA

sU 3.14 nywilelmaiveaeslutiiondunuiaes (Turbine expander-D301)

3.5 nMsauauAnsuduluntsudafou (Alarm) wazgAnsudulunisvgaszuvaniau (Trip) (e

nadaianain
yimsmuuarsusulunsudiiou (Alarm setpoint) wagAEuAUlUNMIMYATEUURNLAY

(Trip setpoint) iWaLAnTaRANAIAO19BI9INLBNETS Turbo Pack Functional Analysis
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asef 3.3 Ansusulumsudasiou (Alarm setpoint) wagAnsuAulunsMgAsTUUGNLAY

(Trip setpoint) WalinvaRANan

LALFU 81 TT 3655 < C21, C21 = 275K =275-273=2 ¢

FatuTEUUATLA R ARUARBLIETT 3655 < 1.85 ©

25

Code |Tag Message calculation alarm setting Itrip setting |UNIT
01|TSL 3632 Turbine outlet temp low TT3632<C20 -163 c
02|TSLL 3632  |Turbine outlet temp too low TT13632<C17 : c
03|TSL 3655 Gas bearing temp low TT3655<C21 2 c
04|{TSLL 3655 |Gas bearing temp too low TT13655<C18 G
05|TSH 3645 Brake discharge temp high TT3645>C22 122 c
06|TSHH 3645 |Brake discharge temp too high TT13645>C19 26 c
07|PSL 3625  |Gas bearing feeding pressure low PT3625<F9 25 2 | bag
08|PSLL 3625 |Gas bearing feeding pressure too low |PT3625<F9 £ barg
09|PSH 3624 Gas bearing exhaust pressure high PT3624>F4 1.25] barg
oA|PSHH 3624 |Gas bearing exhaust pressure too high |PT3624>F1 barg
oB|PSL 3626 Brake pressure low F11<C14 7.93 barg
oC|PSLL 3626 |Brake pressure too low F11<C76 barg
oD|PSH 3626 Brake pressure high F11>C13 11.08 barg
oE|PSHH 3626 |Brake pressure too high F11=C77 barg
oF |PSH 3654 Turbine wheel pressure high F7>C16 11.32 barg
10|PSHH 3654 |Turbine wheel pressure too high F7>C15 2 barg
12|ZSL 3640 Turbine inlet valve closed status work (HV3670 opened ) . sec
13|SSH 3640 Turbine speed high ST3640>C43 92820 RPM

| 14[SSHH 3640 |Turbine speed too high ST3640>C45 ; 7 RPM
15|KSH1 3640 |Time within CR1 long [C50<SA3640<C51]>TK1A3640 120] il o Sec
16|KSHH1 3640 |Time within CR1 too long [C50<SA3640<C51]>TK153640 sec
17|KSH2 3640 |Time within CR2 long [C52<SA3640<C53]>TK2A3640 120 sec
18|KSHH2 3640 [Time within CR2 too long [C52<SA3640<C53]>TK253640 : sec
19|SDSHH 3640 |Turbine speeding up too high F15>C46 RPM/s
1A|PSH 3622 Turbine inlet pressure high PT3622>C29 27.88 barg
1B|PSHH 3622 |Turbine inlet pressure too high PT3622>C34 29 25 barg
1C|PSL 3623 [Turbine outlet pressure low PT3623<C28 ol % | bag
1D|PSLL 3623 |Turbine outlet pressure too low PT3623<C26 R barg
1E|PSH 3623 Turbine outlet pressure high PT3623>C27 4.55 barg
1F|PSHH 3623 |Turbine outlet pressure too high PT3623>C23 barg
20{PDSHH 3623 |Turbine outlet pressure change too high |[F13>C25 %
21|ZSH 3670 Turbine outlet valve closed turbine working
22|PDSH 3629 |Turbine filter clogged F10>C30 0.5 barg
23|PDSHH 3629 |Turbine filter too clogged F10>C38 barg
24|XS 3600 External emergency stop
25|SSL 3640 Turbine zero speed

(ST3640=0)&(ZSL3640=0)&temp
26|SSLL 3640  |Turbine no rotation s>T7 ; sec
27|PSHL 3624 |Gas bearing valve opened PT3624>F3 21
3E|ES 3600 Low battery voltage PLC
3F|US 3699 PLC defect ( watchdog )
ad o
eN1IATUIU
3.5.1 TSL 3632: Turbine outlet Temp low
wiafiou 61 TT 3632 < C20, C20 = 110 K = 110 - 273 = -163 ¢
FatluszuuITLIBiounsewle TT 3632 < -163 ©

3.5.2 TSLL 3632: Turbine outlet Temp too low
UYANIINIIU a1 TT 3632 < Cl Gl =102 K=102 273 _-171 ¢
v @ o o ' = 5
(ﬂ\‘i‘L!lﬁ%‘U‘Ui]Sﬂﬂﬁﬂﬁgﬂﬂ’ﬁVl'l\‘l'l‘Uﬁ(ﬂ@LJJEJ R A3632i< =11 ¢

3.5.3 TSL 3655: Gas Bearing Temp low




3.5.4 TSLL 3655: Gas Bearing Temp too low

wyAN13¥9IU 61 TT 3655 < C18, C18 = 270 K = 270 - 273 = -3 ¢
é’Qﬁ?u'ﬁwmsé”iwqmmw‘fwmﬁ’@iaLﬁa Tl 3655< -3 ©

3.5.5 TSH 3645: Break Discharge Temp high
wdaFiou 61 TT 3645 > €22, C22 = 395 K = 395 - 273 = 122 ¢
FatussuvaswnieuiinodleTT 3645 > 122 ¢

3.5.6 TSHH 3645: Break Discharge Temp too high

ngAN3Ya i1 TT 3645 > C19, C19 = 399 K = 399 - 273 = 126 ¢
Fatuszuuasdmeansyiaufidewle TT 3645 > 126 ¢

3.5.7 PSL 3625: Gas Bearing Feeding Pressure low
LAwFaU 61 PT 3625 < F9
F9 = (PT 3624#* C3).+ C4, PR 3624-= 2.5 bary)C3% 2, C4 = 8.5
FO = (2.50%42) +=8:5"= 5.5 Nilh, S5 - |- 5 (a,
fatuszuuazudaieufiviawle PT 3625 < 12.5 bar,

3.5.8 PSLL 3625: Gas Bearing Feeding Pressure too low

MEyANISINNU 81 PT 3625 < F9
F9 = (PT 3624 * C1) + C2, PT 3624 = 2.5 bar,, (3 =2,C4 =8
F9 ={A5%2) + 84l 3| Dar, =\
Fatuszuuazdmeanisvinufiveiile PT 3625 < 12 bar,

3.5.9 PSL 3626: Brake Pressure low
WINABU 01 PT 3626 < PT 3623 + C14, PT 3623 = 5 bar,, C14 = 3.93 bar,
PT 3623 + C1NN + 3§93.= 8.93 baf; = 893 - 1 7.98\Jar,
Fetuszuvarudaitoutidewle PT 3626 < 7.93 bar,

3.5.10 PSLL 3626: Brake Pressure too low
wgAN159197U 61 PT 3626 < PT 3623 + CT6, PT 3623 = 5 bar,, C76 = 3.40 bar,
PT 3623 + C76 = 5 + 3.40 = 8.4 bar, = 8.4 - 1 = 7.4 bar,
Fafuszuuasdmgansyinnuideile PT 3626 < 7.4 bar,

3.5.11 PSH 3626: Brake Pressure high
wANLFBU 61 PT 3626 > PT 3623 + C13, PT 3623 = 5 bar,, C13 = 7.08 bar,
PT 3623 + C13 =5 + 7.08 = 12.08 bar, = 12.08 - 1 = 11.08 bar,

AatuszuvIzudLieuisaile PT 3626 > 11.08 bar,
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3.5.12

3.5.13

3.5.14

3.5.15

3.5.16

3.5.17

PSHH 3626: Brake Pressure too high

‘Vi&gﬂm'ﬁﬁwmu 01 PT 3626 > PT 3623 + C77, PT 3623 = 5 bar,, C77 = 7.60 bar,
PT 3623 + C77 = 5 + 7.60 = 12.60 bar, = 12.60 - 1 = 11.60 bar,
é’aﬁ?uizumzﬁaw&mmsv‘hmuﬁ&iaLﬁa PT 3626 > 11.60 bar,

PSH 3654: Turbine Wheel Pressure high

WILFBU a1 F7 > C16, C16= 12.50%
F6

S it

F5 = (C36 x PT36234) (

F7

C39
PT3622) 637 G361 @63 06 @3- 00
PT3623

PT 3623A = PT 3623 = 5 baLePPE0/7 S 2T T®al,

F6 = PT 3654A — F5
0.46
F5=(1x5) (T) +0=10.95

12.5 = —= x 10.95,F6 = 1.36875 bar,
10.95
PT 3650A4= F6 + F5.5m1 368 5 H 095 12582 bar, = 32 — 1 = 11.82 bar,
fedussuvtsudasioufivewio PT 3650A > 11.32 bar,
PSHH 3654: Turbine Wheel Pressure too high

“gAN1SINNU 81 F7 > C15, C15= 50%

F6
F7 = —x 100

F5
C39
F5 = (C36 x PT3623A) (ﬁgzz) 4+ cB7 lcadd 1) esH0 46 &7 4 §.0

PT 362308 'RT.3623 G 5 bar, "W A8 2075/ 7. 5 iaip

F6 = PT WITLES
275 0.46
F5 = (1 X 5) (T) .0 = 10.95

50 = —= x 10.95,F6 = 2.7375 bar,
10.95

PT 3654A = F6 + F5 = 273 M5=ml{LI5="12 03l = 13.69 - 1 = 12.69 bar,

fadusvuntsdmgansvianuiisede PT 3650A > 12.69 bar,

ZSL 3640: Turbine Inlet Valve closed

wRAAFADY 01 ZSL 3640 = 1 & time > T9 & status working, T9 = 180 sec
Fatuszuvasusuoufivole ZSL 3640 = 1 & time > 180 & status working
SSH 3640: Turbine Speed high

wda@eu 61 ST 3640 > C43, C43 = 1547 Hz = 1547 * 60 = 92820 RPM
Faussuvasudadeuiedie ST 3640 > 92820 RPM

SSHH 3640: Turbine Speed too high
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3.5.18

3.5.19

3.5.20

3.5.21

3.5.22

3.5:23

3.5.24

3.5.25

3.5.26

3.5.27

%QWﬂ’liﬁN’lu 91 ST 3640 > C45, C45 = 1632 Hz = 1632 * 60 = 97920 RPM
fudussuvasdmeanisinnuiderle ST 3640 > 97920 RPM

KSH1 3640: Time with CR1 long

wdaLiau &1 [C50 < SA 3640 < C51] > TK1S 3640, TK1S 3640 = 120 sec
Friuszuvaswdaieuisele [C50 < SA 3640 < C51] > 120

KSHH1 3640: Time with CR1 too long

wqmmiﬁwmu 21 [C50 < SA 3640 < C51] >TK1S 3640, TK1S 3640 = 180 sec
ﬁaﬁuazuu%%&mﬂmi‘v‘hmuﬁﬁaLﬁa [C50 < SA 3640 < C51] > 180

KSH2 3640: Time with CR2 long

W3aiiau 61 [C52 < SA 3640 < C53] > TK2A 3640, TK2A 3640 = 120 sec
fehusruuasadadteudiveie [C52 < SA 3640 < C53] > 120

KSHH2 3640: Time with CR2 too long

M&gﬂﬂ’]’iﬁ'}\‘ﬂu 1 [C52 < SA 3640 < C53] > TK2S 3640, TK2S 3640 = 180 sec
éfaﬁfmeﬁwmzﬁwqamw‘hmuﬁﬁiatﬁa [C52 < SA 3640 < C53] > 180

SDSHH 3640: Turbine Speeding Up too high

wgansye 81 F15 > €46, CA6 = 250 Hz/s = 250 * 60 = 15000 RPM/s
fedusgunasdmgansvinuiidedle F15 > 15000 RPM/s

PSH 3622: Turbine Inlet Pressure high

WIaieu &1 PT 3622 > €29, C29 = 28.88 bar, = 28.88 - 1 = 27.88 bar,
fedusvuvazudadioufiviewle PT 3622 > 27.88 bar,

PSHH 3622: Turbine Inlet Pressure too high

ngANSYINU NURL 362 C34, C34 = 30.25 bap, 735 #1F 29.25 bar,
seduszuuardmgansvianuideie PT 3622 > 29.25 bar,

PSL 3623: Turbine Outlet Pressure low

wdaiou 1 PT 3623 < C28, C28 = 3.34 bar, = 3.34 — 1 = 2.34 bar,
Fatuszuvazuiadeufivewle PT 3623 < 2.34 bar,

PSLL 3623: Turbine Outlet Pressure too low

wgAN15YIU 61 PT 3623 < C26, C26 = 3.04 bar, = 3.04 - 1 = 2.04 bar,
faduszuuasdmgansinuideiile PT 3623 < 2.04 bar,

PSH 3623: Turbine Outlet Pressure high

wiaieu &1 PT 3623 > C27, C27 = 5.55 bar, = 5.55 - 1.013 = 4.55 bar,
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fatlusyuuIzudufiounsaie PT 3623 > 4.55 bar,

3.5.28 PSHH 3623: Turbine Outlet Pressure too high

MgANISYINIU 61 PT 3623 > C23, C23 = 5.9 bar, = 5.85 - 1.013 = 5.85 bar,
fadussuuardmganisvinuiseidle PT 3623 > 5.85 bar,

3.5.29 PDSHH 3623: Turbine Outlet Pressure Change too high

WeANTSYINY 00 F13 > €25, C25 = 7%
feduszuurrdmeanisvauiseile F13 > 7%

3.5.30 PDSH 3629: Turbine Filter clogged
wdafiou £ F10 > €30, C30 = 1.50 bar, = 1.50 — 1 = 0.50 bar,
fufuszuuazudufeufivewle F10 > 0.50 bar,

3.5.31 PDSHH 3629: Turbine Filter too clogged

weAN13v U 61 F10 > €38, €38 = 2.5 bar, = 25 - 1 = 1.5 bar,
éfaﬁuazw%&wmmsﬁwmuﬁﬁaLﬁa F10 > 1.5 bar,

3.5.32 SSLL 3640: Turbine no rotation

MRSV 0 (ST 3640 = 0 & ZSL 3640 = 0) & temps > T7, T7 = 10 sec

Ffadusguuazdameanisvinnuiieile (ST 3640 = 0 & ZSL 3640 = 0) & temps > 10 sec
3.5.33 PSHL 3624: Gas Bearing Valve opened

wdaieu 1 PT3624 > F3, F3 = F1 + C83, C83 = 0.1 bar,

F1 = (PT3625 - C6) * C5, PT3625 = 14 bar,, C6 = 8 bar,, C5 = 0.5

F1 = (1ANABF*0.5 =3"5313

F3 = 3 + ON%& 34D har> 2oy d==d=boly

fauszuuaziiafiouisalie PT3624 > 2.1 bar,

3.6 ¥in1sasiadevasdnludiuvasnisudufiay (Alarm) uazn1svgassuuanidy (Trip)
ioindeiianain
psITEoUAsInludITesuiNde  (Alarm) wasmsugaszuugndy  (Trip)  lelfin
fonanaefideulilulusunsuvesgunsaleunn  (PLO)  weaweslutiondununed  (Turbine
expander - D301) ﬁ]’mLEJﬂa’ﬁmi%ﬂaa‘uwamﬁmsﬁﬁiﬁmugﬂﬁ61 (Factory acceptance test: FAT)
anunsageazidenasiniisiuldlumanuan

FU19N1IHTINEBVADINASY NN UVDILUSLATUAN PT 3623
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PT3623
TURBINE EXHAUST

PRESSURE
| PT3623 USE HI, HIHELIMIT
i F102.1 r ————JSR————— |
[ — — ' = { Jump To Subroutine s

| Routine Name PB25_PT3623_LIMIT

Ul 3.15 ununmasInues PT 3623

PT3623
TURBINE EXHAUST

PRESSURE
GRT MUL
Greater Than (A>B) Multiply
Source A FW30 Source A 50
488
Source B DB2(86] Source B 10
585
Dest T(110].PRE
500
TON
Timer On Delay EN
Timer T(110]
Preset 500 DN
Accurr o
PSHH 3623
TURBINE OUTLET
PRESSURE
TOO HIGH
T[110..DN F15.7
L
SourceB = C27
PSHH 3623 PSH 3623
PT362. TURBINE OUTLET TURBINE OUTLET
TURBINE EXHAUST PRESSURE PRESSURE
PRESSURE TOO HIGH HIGH
GRT F15.7 F15.6
Greater Than (A>B) T TR G L
Source A FW30
488
Source B DB2[90]
555

sUT 3.16 ununmaedngiiude PB25_PT3623_LIMIT w1 PT 3623

Slefidyanandund F102.1 ‘ﬁamﬂa%ﬁ'aﬁiaiﬂﬂ*wmamaﬁuﬁaﬂ PB25 PT3623 LIMIT Lile
thdeyaluidieiiusuou Tuiiiuiliiduuden GRT (Greater than) uduufeniivzindeys
Mnaesvianisuiisuiu Tnedoyafisnan F102.1 sfmunlidu A wazAiingliluseunas
el B elenwhiy 585 Sideulufudssie A >B uden MUL (Multiply) aduudend
ihdfeyanaoiunasde A = 50 uay B = 10 inpnfy udwadnsBadidviriu 500 Tuiiulidu
Audhene (Preset) vawadusianfiuden TON (Timer on delay) fio T[110] A udn e
99 A fiufien GRT fifnannndn 585 Hunandeus 500 Jufituly agviliissuudmganisvhann
(Trip) veameslutiendunuees Ingasuansuunswiiaidy PSHH 3623 TURBINE OUTLET
PRESSURE TOO HIGH
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uni 4

NAN1ISALLUNIST

4.1 na1in

TneuniagngmiiinsuaskanmadeUven AU AdoUHanis  Alsaanu
BinEn (Factory acceptance test) Havun Tagmneusenues 3adn (Usewealne) avlduanismedeu
TunBuduiiesmafunuannuisiiumnimshauresgunsal (PLO  muaudalwiiings
FniaenadanfunslusueiawsiazgenLIsnsInINA AN Tendvesy  Taens
vpaeuazniady 3 dw Ao mindunmering nihaeuana uaz naaeulandunishuves

wosluendunuLAeS

4.2 MsnadaUNISABUNALEIANA (/O card)
mManadeunindunaedmudseenifu ¢ dw Ao ewrdendunm (Analog input)
auNdN1RNA (Analog output) Adneasunn (Digital input) wazfdnealonnne (Digital output)

4.2.1 nvngeusunGendunn (Analog input)
mIvnaeuendendumn aunsavilalaeasslaeliiafiines lngavdiaosrn 4-20 mA
Lﬁﬁﬂlﬂé’ama%ﬁuaaﬁﬁiaﬁuqﬂﬁé\’aqmimmaau ntvnsTuinatlutas 4, 8, 12, 16 way 20

mA Tneanduaiiuans 0, 25, 50, 75 waz 100%

- (Y
acg INPUT/OUT TEST REPORT @ airLiquide
IACG COMPANY LIMITED kv’ o b
Project : D-301 EXPANDER TURBINE UPGRADE PLC Update : 15-Nov-2018
Panel : D-30% EXPANDER TURBINE
Module : Analog Input Part Number : 1756-1F5 S Rev :1.1
Signal | Signal Range " Analog Test (0-20mA Physical Addr. PLC. Test Resuted
1D Tag I Description Type | Range [ Min [ Max | Unit | 0% [35% [ S0% ] 5% [100% | Kack | Slot | Ch/Pt Addr. Pass  [Unpass

TT3645 _|BRAKE CIRCUIT TEMPERATURE Al Je2omA | O | 180 | 'C | @oci|icC [ iiccH ivoeq iane 3 B o lice icne ] o
T13655__ |GAS BEARING OUTLET TEMPERATURE A JezomA | 20 | 60 T TIScha| N 3 = 1

SPARE __ [SPARE 4-20mA . ’ v 1
SPARE SPARE
SPARE __|SPARE
SPARE _ |SPARE
SPARE __|SPARE

j&-20mA
SPARE __|SPARE

4-20mA | 1
2-20mA | 1
4-20mA ! A = u 1
fs-20mA 1 1

w oo ]a ool
o B fro Jea fro oo |

| zlz|z[z]2]2

Uil 4.1 nan1svageueuIiendunn

4.2.2 nMIVndeUauEeN®IFNA (Analog output)
msvegeuswIAenedne aunsavildlagdassiiulusunsu lngazdnaesn 0, 25, 50,
75 uaz 100% Whludunesiusafirerugefidosnsvadeu antuvhnsduiindilugae 4, 8, 12,

16 ez 20 mA
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- (N
1acg INPUT/OUT TEST REPORT @ airLiquide
Croative oxypen
IACG COMPANY LIMITED
0
Project : D301 EXPANDER TURBINE UPGRADE PLC AR Update : 23-0ct-2019
Panel : D301 EXPANDER TURRINE Nt
Modute : Anaiog Quiput PartNumber: 17560F8 ¢ 2 0 i o0 Rev  :00
i L0 & i
Slignal | Signal Rany Analog Test (0-20mA Physlcal Addr. PLC. Test Resulted
D Tag Descripilon Type | Range [ Min | Max [ Unit | 0% zi“‘mr 75 % [ 100% | o1 Addr,  [Pass _ [Unpass
1 ST3640 TURBINE SPEED INDICATION AO  J4-20mA D a9 [ "9 " U.ov] 10 0¢] 1 3 0 Loesl 5.0 Che Vv
2 SPARE SPARE AO _ J4-20mA ad & 1 3 1 /
3 SPARE SPARE AO  J4-20mA 1 3 2
4 SPARE ISPARE AQ  }4.20mA 1 3 3
5 SPARE ISPARE AQ__ J4-20mA 1 3 5 7/
1] SPARE SPARE AQ__ J4-20mA 1 3 5
7 SPARE__[SPARE A [t:20mA 1 3 0
] SPARE SPARE AO  J4-20mA 1 3 7

JUT 4.2 namsvadeusudenieNding

a

4.2.3 NIVARUAINDADUNA (Digital input)

9

mneaouRInoadunavhidmenistaodyaaln  Ingldaglnsdeliinsunasimesi

WearenReIN1INAdey Insvzuanmalulusungy

iacg
INPUT/OUT TEST REPORT Airliquide
IACG COMPANY LIMITED
Project : D-301 EXPANDER TURBINE UPORADE PLC Update : 23-0c1-2019
Panel: D301 EXPANDER TURBINE
Module : Diatal npd Part Number : __1756.) Rev :00
B e i Shgoal | Signal]__ Range. ‘Alarm Settl " Pliysical Addr. PLC. TestT Resutted

1D Tag * Description | Type | Range | Min | Max’ LU [ L | I [ 0| Rack | Siot | Addr., Pass Unpass

1 1ZsL3640 ICONTROL TURBINE INPUT VALVE (CLOSED = 1) DI J24voC | 1 1 4 ) Local 41 Data 0

2 |XS3500  |EXTEANAL EMERGENCY STOP (COLD BOX TR sO3t0p] DI J24VDC < 1 [ 4 1 Local 4 1Data 1

3__|2sH3670 CONTROL TURBINE OUTPUT VALVE ( OPENED » 1) | 4VDC L9 \ 1 4 2 Local 4 1 Data 2

4 BRIDGE POINT (ON) | 4VDC i 1 4 3 Local 41 Data 3

[ DRIDGE POINT [ON) (DATA TERMINAL READY TO RECE) \_fpavoC | ( \ 1 4 4 Local41Data d

6 |HS3600A FAULT CLEAR (PB) (1 « CLEAR (PULSE) | Jaavoc 8 1 4 s Loca 4 Data §

715008 TURBINE PREPARATION (SELECTOR) (1 = ON. 0w OFF i JaavdC | C 1 4 6 Locaid1Data§

L) H53600C TURBINE WORKING (SELECTOR) (1« AUN 0« STOP ) 4 4VDC { 1 A Local 41 Data 7

9 JSPARE SPARE ¥ | 4VOC S ! 4 L} Local41Data 8

10_|SPARE SPARE Hu T | [24vDC Q \ 1 4 9 Loeal 41 Data )

11_|SPARE SPARE DI__|24vOC 1 4 10 Local4 1 Data 10

12 |SPARE SPARE DI f24vDC ' 4 11 Local 41 Data 11

13 _JSPARE SPARE D1 J24vDC 1 4 12 Local4 | Daw 12

14_JSPARE SPARE 01 JeavDC Al 4 13 Locai 41 Data 13

15 _ISPARE SPARE 01__Jeavoc / l} 4 14 Local 41 Data 14

16_|SPARE SPARE OI__J24vDC @ ' 4 15 Local4 1 Dat 15 P

SUN 4.3 namsnaaeuAInoadunm

aa

4.2.4 n3vndaURTnBaLe1ANe (Digital output)

medouRIneaeWinailisie  nsaesdyaalihulsunsudiludsgadidosnis

[l

vpaeu Ineiinisdsidnoaoning 2 wuu Ao wuuusnilunisddln 110 VAC eazuaninaiisiadi

\FouroogMinesiiueaveausazyn wuufidesdunsduuy 0 uag 1 vieuwuunihduda asaaey

Y

Tnenmsaetaniwosusuidunisasantinduda wasinfimesiueafifeansnageu
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1acg INPUT/OUT TEST REPORT @ airLiquide
IACG COMPANY LIMITED o e

Project : 0-301 EXPANDER TURBINE UPGRADE PLC Update : 23-Oc1-2019
Panel : 0301 EXPANDER TURBINE.
Modute : Diaital Qutcat PartNumber: 1756OWIGI Rev 0.0
Signal | Signal Range Alarm Setting Physical Addr. TestT Resulted
D Tag Description Type | Range [§Min | Max [ Unit | LT 1. W[ HIT | Rack | Slot | Ch/Pt Pa Unpa:
1 |FY3640 INPUT VALVE DO Ja4vDC Lo B2 1 s
2 _|FYie24 EMERGENCY VALVE DO Ja4vDC ( 15 1 s 1
3__|FY3670 LP OUTPUT VALVE 00 JaevoC ( o 1 5 2
4__|UIA3600 FAULT CODE VALIDITY TRANSMISSION 00 fa4vdC 1 s 3
s |US3600 FAULT INDICATION (ALARM OR TRIP) 00 Ja4vBC )4 1 5 4
[ TURBINE READY DO J24VDC) £ s
7 TURBINE IN WORKING 00 faayocplie ] we 1 s 6
) TRIP LAMP DO [24V0C , [Cover g5 1 s 7
9 |UIA3600C __|HEXADECIMALEODE - BIT 3 (1) e ¢ G\ 00" faekDe a 3 s [) o
10_|UIA36000  |HEXADECIMALMCODE - BIT 4 (2) DO j24vDC - A ] a
11 |UIA3600E HEXADECIMAL COODE - BIT 5 (4) DO [aavoC ’ 1 5 10 Local 5.0 Data 10
12_|UIA3600F HEXADECIMAL COOE - BIT 6 (8) 00 _j24vDC 5 A 1 s 11 Local 5.0 Data 11
13_|UIAI600A HEXADECIMAL CODE - BIT 1 (1) ¢ DO__J24vDC > A 1 s 12 Local 5.0 Data 12
14 |UIA36008 HEXADECIMAL CODE - BIT 2 (2) DO__|24vDC p A Y 5 13 Local 50 Data 13
15 PLC WATCHDOG 00 J24vDC v - 1 s 14 Locai 50 Dot 14
16 ALARM LAMP DO ja4vDC A 1 5 13 Locai s O Data 15

JUN 4.4 HANSVAGRUARMDALANA

4.3 NMSNAEIUNLNBLEAINA (Human machine interface : HMI)
msvageuvTIauanatuazyhlunfouiumMIvaaeunsadunn  wazlednalaenia
gouAuanslunsAntunsuananslulusunsumns el LAYATIVABUNISHAAHAR U

JomnasnsuanIraLilas iR AN Taln199

4.4 MsVAFUNNTINUYRlUSUATY (Function test)

magoulaiFummhnuredusunsumugumahanuveanesludiendunuaes fonsie
aeugimesluliendununesiifleidunazdumsinusssiunssuiunsynanuiuuinmiel
1. MAoUAAIPUANNSIAL-MgALA3es (Startup/Stop)

lodyanmudadion (Alarm) vie duaadmganisiiny (Trip) TéumsudluSeuies
wdr Tuhaovsiiduliluansaniusndouduiaies (“TURBINE READY TO START”) ilenatu
Buiedes (Stard) famesluddivihniwifiaendudilen (Dudydnualimesludmdwihaueg
1d1 FV3640 azdaiitetihisasveutsusentas (CO) andumeslud Tneauidlunisviu
yeamasluy dedlieglugaemnusaingn (Critical Speed Zone) Fiayuisalutig 22800-27000
RPM Wy 45000-51000 RPM \duennuaivihliimeslutifinnsduazifieugs dwnnwesluiids
ﬁwawuagﬂwzﬁammﬁaﬁ 2wl artudeyaaniiou (Alarm) uagdn 1 niidesnazdmganisyiny
(Trip) oz v‘hmimmaauqummnﬁum%uﬁaﬂmﬂm (STOP)
2. naeugUnsThauia 40 gu Tasmsdiass (Simulate) Anlulusunsu

ThapssiaeIuFumILiaieu (Alarm Setpoint) waz ANSNAUMSEMEANSINL
(Trip Setpoint) famswduuy nedlefidyynaudaiiou (Alam) whddluldzunsuilvaudi
szuuldFutuvitennlumuigadudunisdmgn (Trip Setpoint) SzuvaIzdmgANISYAIL (Trip)

o

yanauudaiou (Alarm) ntudreidle Amfinsuadnneseiuls d1nan

YA 919U PT3626 i
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7.917 BARG uaz gundn 11.067 BARG wagssuuazdmenansinnueuvesluiiendununesi

siawle s1uadinimeseuanlsl sndn 7.387 BARG waw gandn 11.587 BARG Liudu

4.5 guargunsainnglugaunsaiaaunu (PLC panel) vaawasluiliondunuinas D-301

U 4.5.1 pmenenunting 5UN 4.5.2 mmeheuansgunsainielug

NNJUN 4.5.1 uaz JUN 4.5.2 wandliiudnuazvesgaiunuuazgunsalnielugiiauysel

v o4 & = a o sa a = g Ao Yy o 2
W Fadulusmuguuuuimeuismuesinia Wsswelne) Saduuidviisnusionis §5umn
lvihmshnasfuane wazidenldgunsalniuienans PLC panel drawing #il@sun1ssuassan
UREMEIesu  uagdaiuauldinunisnageumsinanuvesanianasuazgerisTaniunsineu

vesnsilAGeuIesud  Taggunsalinmsiaumuaafiosnwuulinfoudmsunisanaduns
Ungauingensasialy
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4.6 nsialudvsanasiuindunuines

po0000000DD POOODODODDOO
B#RE By ¥ ii ,

aguey LE

DI3ATET

VERERE C
WENOAE
FEBEEE B
CXXLLLAr™
ERESE_ parg
BEAREN Py
WASSER P,
SAEBES g
FEREHE
EFGIHE
[ETLLL]
EWBenE_ Ry

12

WEBIEE_Barg

EIE

HH

0-301 TURBO EXPANDE

[#54555 Barg |

S

311171 4.6 nsifaludveaneslutdiondunuines (Turbine expander-D301)

g 46 axdiildinsmiialndldsunsuiuusmnnawiladaliiinsuansseas
BuavosnszuiunsHannnty Hukdnsfisnnaennsidaieudelianainveszuu (Alarm
fault) uagmsuAaeumsdmenmsyineuuesszuy (Trip fault) SaUszneusneg Jeufingunselin
wazmuAs (Tag), MusENY (Description) wazAsudulumsudadion (Alarm Setpoint) Lazda
wgansviy (Trip Setpoint) 18955 UU Fafueruazainlunsidanudmiulewelsines

(Operator) 4NV
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unil 5

dyUnauazdalEuBwUL

5.1 dyunan1saiiunig
nnmMssLiunsnsuivlessuumuaumMsvhaiveavesluiiondunnes dmsunse
vIumsangaumgiuaranusulunsuanfingasusuieussnles  nanissudiunsnuinnisuiu
Ussssuumuailagmsswnsngunsalmuan  (PLO)  veameslutiendununesliduneidu
Jagiuiy Wulumuingussasduedassnu danu denndessomslda finsuTuldnuae
Yosgluvumsuanwaliiinudiladeuesdunpssideduiumhenswdad 2 vhlAs
avwazanlusumsidnudmiudufiinulsndy  swdsnisiigunsalaunuldfunmsusuuss
midudunsasamnnindetielitumeagnéndtmeuidnues ania (Wszmdlng) Sanumiend

wnAnuazdLiagnamnssuliiiugna

5.2 Usymnlunasandiunig
1. dlewngunsaimuny PLC Siemens S5 fnslénunilune 20 Yudh vilhenans
vgau mely
2. mwildlunsi@eulsunsy PLC Huamw Structure Text dudumwimilendens
91uMaE  N191laNIT Ladder Diagram #38LUU Function Block Diagram
3. msnwsumsvhawiinaaedewiilinmsinndegnideusenll esmneridede
Tusuanunsauvendnsioe

4. liamnsoasdieufifenueddd illewnluviunvesuddnginsnuaiiludiunisnsia

aammﬁié’mawmﬂﬁﬁuﬁ%ﬂmmﬁw

5.3 JaLausuu
L. dnfuenansvesgunsainuAudilval PLC Allen Bradley ControlLogix luguuuuvesaan
alilusyuueeoulad
2. WA Structure Text 1oy

3. ldessensediunulvnsetudnauiuly
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(1]
[2]
(3]
(4]
(5]
(6]
(7]

LBNE1591994

Turbo Pack Functional Analysis, ALT, pp. 7-20

Supervision Control/Operating System/For Turbo Pack, ALT, pp.1-12
PLC hardware configuration (I/O list), ALT. lﬁgﬂﬁﬁmﬁ

PLC panel drawing, IAGC, pp. 1-16. 1ﬁgﬂaﬂuﬁ
DD3301_TURR006_KK_FAT20191025, ALT, pp.106, 149. lﬁgﬂaﬁmﬁ
D-301 comment, ALT. Lignfifiu

ALT (Thailand) SCADA, D-301 Turbine Expander graphic.
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AWWaLANUNEIUYatadInTuiide 3.6 dauvesnisudnioudafianain (Alarm) wagns

nYATZTUURNLAY (Trip)

PT 3623 USE
F102.1
o e

TT 3632 USE

F102 6
2
3
PT 3624 USE PT 3625 USE
F102.2 F102.3
a
STEP O
INITIAL
( OFF )
F9.0 F9.1 F2.0
5 .l
STEP 3 ;
WORKING |
F2.3
STEP 4
OPERATING
Foa
Fa.1 |
L ou
6
F 4

39

PT3623
TURBINE EXHAUST
PRESSURE
HILHIHELIMIT
JSR
Jump To Subroutine
Routine Name PB26 PT3623 LIMIT

TT3655
GAS BEARING OUTLET
TEMPERATURE
LO, LOLO LIMIT
JSR
Jump To Subroutine
Routine Name  PB19_TT3655 LIMIT

TTaes

EXHAUST

TEMPERATURE

LO, LOLO LimMIT
JSR

Jump To Subroutine
Routine Name PB18_TT3632 LIMIT

Z5L 3640
TURBINE INLET
VALVE CLOSED
JSR
Jump To Subroutine
Routine Name PB21_ZSL3640

PT3624
S BEARING OUTLET
PRESSURE

Jump To Subroutine
Routine Name PB17_PT3624_ LIMIT

Z5H 3670
VALVE ALARM
SR
Jump To Subrouting
Routine Name PB12_2:

13670

EMERGENCY STOP
JSR

Jump To Subroutine
Rouline Name PB14_EXERNAL E STOP

NOP



14

STEP7:

TURBINE TURBINE
STOPPED OFF ‘
F2.7 F4.2 :
= i o = - Gy
% e K5y
STEP2:
PREPARATION
F2.2
..... 5 Ffokica e S i,
5% B K
STEP1:
STARTING UP
STEP 2:
TURBINE
PREPARATION PREPARATION
; F4.1
= ke 2 o 3 - 5
= O oo
STEP 6 : i
TURBINE |
STOPPING
F2.6 {
STEP 3 : TRUBINE
RUNNING
WORKING ( ON STATUS )
F2.3 F4.0
: \ 2
IR |
STEP 4: i

OPERATING i
F24 ;

—{ NOP }—{
TURBINE ‘
OFF ‘
F4.2 F7.5 |
L TEE 49 I \ R &> 2
TURBINE TURBIBE SPEED
ALARM

PREPARATION
F4.1 3 JSR

e — 5 Y= Jump To Subroutine —
TRUBINE Routine Name PB10_TURBINE _SPEED_ALARM
RUNNING

( ON STATUS )
F4.0
*** GB EXHAUST PRESSURE ALARM
PT3625
BEARING OUTLET
PT 3624 USE  PT 3625 USE PRESSURE
E7:5 F102.2 F102.3 T ISRE—-
— | — 33— - 1 Jump To Subroutine e
Routine Name PB16_PT3625_LIMIT
INPUT CARD
FAIL
F7.5 Dl R

] E - L —= Jump To Subroutine J ey
Routine Name PB20_INPUT_CARD_CHECK |

40
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TT 3645 USE
F7.5 F103.0

J

TT3645
BRAKE CIRCUIT
TEMPERATURE
HI, HIHI LIMIT
- ——JSR—— i
ump To Subroutine

Routine Name PB24_TT3645_LIMIT |

PT3629
FILTER
ON PT 3629 USE HI, HIH LIMIT
F7.5 F8.0 F102.7 — e JS R T
4 [ ] | | Jump To Subroutine
| Routine Name PB26_PT3629_LIMIT |
AF7.5
OF7.4
=F75
it NOP
TURBINE
PT 3623 USE  PT 3626 USE PREPARATION
F102.1 F102.4 Fa.1 F9.0
NG o ] [——— — - -
TRUBINE ZSH 3670
RUNNING CONTROL TURBINE
( ON STATUS ) OUTPUT VALVE
F4.0 -OPENED = 1-
= — F9.0 18.2
> 1 A e iy L
PT3626
i BRAKE CIRCUIT
| PRESSURE
i HI, HIHI LIMIT
é r JSR 1
~—| Jump To Subroutine
| Routine Name FB15_PT3626_LIMIT |
PT3623
TURBINE EXHAUST
TURBINE PRESSURE
PREPARATION LO, LOLO LIMIT
F9.3 F4.1 F9.0 o T T JER——
— - e LD s s o i To Subrouting
TRUBINE 2SH 3670 | Rf:unne Name PEEZ_PIJ{S_%_LIMIT
RUNNING CONTROL TURBINE |
( ON STATUS ) QUTPUT VALVE |
F4.0 -OPENED =1 - |
g — F9.0 18.2 |
TRUBINE
RUNNING
(ONSTATUS )
Fa.3 F7.5 F4.0 @ MUL—
t b = Multiply =
| Source A DB2[48]
60
| Source B 10000
Dest T(31).PRE
600000
T TON
1 Timer On Delay —_EN_>
| Timer T[31)
Preset 600000 ' DN

41

Accum 0



PT3623
TRUBINE TURBINE EXHAUST

RUNNING PRESSURE
( ONSTATUS ) LO, LOLO LIMIT
F9.3 F7.5 F4.0 T[31).ON JSR —
—3 E 1 E 4 E —] — Jump To Subroutine ol
Routine Name PBZ2_PT3623_L(MITJ
NOR:—1
MOV
05 DEFAULT
——ORT—————— e JSR— = 7—1
——— Greater Than (A>B) Jump To Subroutine e
| SourceA  DB2(8] | Routine Name FB32 SETTIME |
5 | ;
Source B 50
TRUBINE SDSHH 3640
RUNNING TURBINE SPEEDUP
{ ONSTATUS ) TOO HIGH
F4.0 e L e e
=} puis . Jump To Subroutine =
Routine Name PB11_SDSHH_3640 |
PDSHH 3623
TRUBINE OUTLET PRESSURE
RUNNING CHANGE
{ ON STATUS ) TOO HIGH
T(7)ON F4.0 — SR
——— - - — Jump To Subroutine B
Routine Name PB13_PDSHH_3623
TRUBINE
RUNNING
( ONSTATUS )
F4.0 T(7).ON p————MUL -
1 —  Multiply —
| Source A DB2[8] |
! 5 |
i Source B 100 i
1
| Dest T[7)PRE
| 500
O
--——771 Timer Off Delay —CEND——
Timer TiaN|
, Preset 500 |-(DN>
|
Accum ) 500‘”;‘
*** TURBINE ALARM
TRUBINE
RUNNING PT3654
( ON STATUS ) LIMIT
F4.0 - <SR-+ ‘
— 4 — - — ———{ Jump To Subroutine i“,,i‘
TRUBINE | Routine Name FB147_PT3654_L!MIT”J
RUNNING
( ON STATUS )
F4.0
RS | G
PT3632
TRUBINE TURBINE ADMISSION
RUNNING PRESSURE
( ON STATUS ) HI, HHI LIMIT

F4.0 ——— SR

— Jump To Subroutine ——
Bypass
fiis 2

Routine Name PB23_PT3622_LIMIT

42



29

30

31

32

33

34

35

36

TRUBINE

43

RUNNING
(ONSTATUS ) MOVE
F4.0 JSR |
—— — W Jump To Subroutine 1
Routine Name FB31_PT3632_VALUE
= < NOP _
Masked Move —t
Source F20 |
2#0000_0000_0000_0000
Mask hOOFF
2#0000_0000_1111_1111
Dest DB3[97)
0 |
MVM T MVM
fr—;[ Masked Move —— Masked Move Swrey
| Source F23 Source F21
2#0000_0000_0000_0001 0
ask hFFO0 Mask hOOFF
2#1111_1111_0000_0000 | 2#0000_0000_1111_1111
| Dest DB3(98) Dest DB3[98)
| o 0
% MVM
Masked Move moaxt
Source F22
2#0000_0000_0000_0000
Mask hOOFF
240000_0000_1111_1111
Dest DB3[99)
0
— NEQF——1 1™ Pl 7 0 o\ C N ) T e MUL—%—%—
——— Not Equal r Multiply e ey
Source A DB3[97) | Source A 50
0
Source B [¢] I Source B 1
= i Dest T[119).PRE 1
0
| S —A-a N3
A LO N2 55
—A{ Timer On Delay i‘ ENJE—
Timer T(119] ¥
| Preset 0 tvnDN)f
Accum 0 |
US 3699
PLC DEFECT
(WATCH DOG)
T[119].DN F19.7
{41 > 2 L
r NEQ N rats —MUL#
f— Not Equal f | Multiply TS |
Source A 0DB3[98] I { Source A 50
o
Source B 0 Source B 1

| {
Dest T(120).PRE
| 50

————TON —
- ‘ Timer On Delay HCEND>——

| Timer T[120)

| Preset 50 -(DND>—

| Accum 0



US 3699
PLC DEFECT

(WATCH DOG)
T[120).0N F197
) 3 21 g < /L\
NEQ e U
~— NotEqual Multiply 3
Source A DB3[99) Souree A 50
0
Source B 0 Source B 1

Dest  T[121]PRE
0

—TON——
Timer On Delay -—(EN)—-——
Timer "r[1211
| Preset 0 F(DN>—

Accum 0

S 3600
LOW BATTERY
VOLTAGE PLC
T[121).0N
bt s
i v

L

enansifuenansiianulidmsunsldeuidfinsfnwiniu lieygrelihluldusslonidunisd

lidnsallag Medu Bnnsnudlisnuasiienuasiesdvdstiudivaaenaisynasandnisluly
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TSLL3632
TURBINE OUTLET
TEMPERATURE
TOO LOW
F12.2
i T po
TSLL 3655
GAS BEARINGS
TEMPERATURE
TOO LOW
F12.4

TSHH 3645
BRAKE DISCH.
TOO HIGH
F12.6

PSLL 3625
GB. FEEDING PRESSURE
TOO LOW
F13.0

PSHH 3624
GB. EXHAUST PRESSURE
TOO HIGH
F13.2
PSLL 3626
BRAKE PRESSURE

TOO LOW
F13.4

PSHH 3626
BRAKE PRESSURE
TOO HIGH

F136
PSHH 3654
TURBINE WHEEL
PRESSURE TOO HIGH
F14.0

INPUT CARD 1
FAULT
F14.1
Bl

SSH 3640

KSHH1 3640
TIME WITHIN CR1
TOO LONG
F14.6

KSHH2 3640
TIME WITHIN CR2
TOO LONG
F15.0
T

SDSHH 3640
TURBINE SPEEDUP
TOO HIGH
F15.1

PSHH 3622
TURBINE INLET
PRESSURE
TOO HIGH
F15.3

PSLL 3623
TURBINE OUTLET
PRESSURE
TOO LOwW
F15.5

PSHH 3623
TURBINE OUTLET

noceel e

SYSTEM
TRIP

45

F4.7

{



roecosvunc
TOO HIGH
F15.7
PDSHH 3623
OUTLET PRESSURE
CHANGE
TOO HIGH
F16.0
=k
25H 3670
TURBINE OUTLET
VALVE CLOSED
Fi6.1

=L

) Jf o
PDSHH 3629
TURBINE FILTER
TOO CLOGGED
F;6.3

EXTERNAL
EMERGENCY
STOP
F16.4

SSLL 3640
TURBINE
NO ROTATION

F16.6

PSHL 3624
GB. DISCH.

VALVE OPENED
F16.7

L

US 3699
PLC DEFECT
(WATCH DOG)

F19.7

46



| TSL 3632
| TURBINE OUTLET
TEMPERATURE SYSTEM
‘ Low ALARM
F12,1 F4.5

42 L

TSL 3655
GAS BEARINGS
TEMPERATURE

LOwW
| F123

TSH 3645
BRAKE DISCH.
HIGH

F125

PSL 3625
| GB. FEEDING PRESSURE
LOw
F12.7

PSH 3624
| GB. EXHAUST PRESSURE
| HIGH
| F13.1

PSL 3626
BRAKE PRESSURE
Low
F13.3

PSH 3626
| BRAKE PRESSURE
HIGH

F13.5

PSHH 3654

| TURBINE WHEEL
| PRESSURE HIGH
| Fj 3.7

| ZSL 3640

| TURBINE INLET

VALVE CLOSED
F14.2

SSH 3640
TURBIBE SPEED
| HIGH
F14.3

KSH1 3640
| TIME WITHIN CR1
LONG
i F14.5
| KSH2 3640
| TIME WITHIN CR2
LONG
F14.7
]
PSH 3622
TURBINE INLET
PRESSURE
HIGH
F16.2
ISERCTITR COMTTTTMG =
PSL 3623
TURBINE OUTLET
PRESSURE
| LOW
F15.4

| PSH 3623
TURBINE OUTLET
| PRESSURE
| HIGH

[ F15.6

PDSH 3625
TURBINE FILTER
| CLOGGED
| F16.2
‘ 1
SSL 3640
| TURBINE
| ZERO SPEED
| F16.5 Debug.31
|
|

| ES 3600
| LOW BATTERY
[ VOLTAGE PLC
| F19.6

(End)

vnewe dauveslusunsuanunsathuilawe difienunsdiuminy Wiesnniluauduvemia

USENUeS 8A30 (Uszdlng) $11m
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