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daudwutudl 1 Physical Layer drsfudufl 2 Data Link Layer uazdnduduil 7 Application
Layer Tnefinnssaudndiudud 2 wasduit 7 Whdefudendn “Communication Stack” @au
User Layer Wudruiiuiuiirwdmiumaluladisiwasisonlnodeveusazdduiu aune
el

2.2.1 Physical Layer

Physical Layer uduiliisrdosiulassadramenisnmvessyuulnesnsdany
11m351U IEC/ISA fla IEC 61158-2 wag 15A 55002 Tuduiifinissuteyadidesnisdearsan
Communication  Stack u,é”sLﬂﬁauIﬁLﬂué’mmmleWﬁﬂﬁqLLaﬂﬂugﬂﬁ 2.1 lawdl
Fyaadlnih 2 dite dniludygiauseiuid (0C Voltage) Fuludagnalniss
dm3ugunsalfideusiouuleniuud H1 wazussiuled (AC Voltage) Fudutoyaiiinnissu-
dauumnuusuieTiiund “Fieldbus Message” 3o “Fieldbus Signal”

UM 22 uandlassadrvedaiotieiltmaluladnntinduiladdaiiodense
gunsalszAunsmuAu (Control Level) meflanta HSE (High Speed Ethernet) uas
\WousiegunsalseAuTlas (Field Level) sheoflasta H1 Tnsiladda HSE wag H1 da21ad)
lun1s5u-dadoya 100 Mbps wag 31.25 kbps AuaIRU Tunsdeuseflasda HSE i
Wanta H1 ﬁmﬂ%’qﬂﬂiﬂiﬁﬁaﬂ’h “Bridge” w30 “Linking Device” @uflaava H1 &
EULmesL%mdmﬁ’ﬂULTJW@W@I@@LLUW? (Tree Topology) fiflanewdundavimiinidu
wnundndmdunisdendedidenit “aendn” (Main Run %38 Trunk) wariinesiuimes
(Terminator) $7u7u 2 1 Aewhiivatsvesaneundnluunazisniuus (Seement) Tnainesa-
wmesdmisareglugunsaiusuanndyaaluiih (Power Conditioner) iassagly
¥9aAUAY (Control  Room)  drudndmilaazeglundessieans (Device Coupler ¥3e



Junction Box) luilad Ing Junction Box gnldillugunsalileuseliieusnatesesasiiseondn
“aeeios” (Spur)

2.2.2 H1 Communication Stack
lutunisdeansves Communication Stack  LHuduildlunsdoansiusening
Physical Layer Wag User Layer ﬁQLLamﬂuguﬁ 2.3 [14] Usznousae 3 dausiil
1. Data Link Layer fusuiflilunismununisiu-dedoyalundotreniomniuud
viiaduilasia H1 TagldgunsaifiFondn LAS (Link Active Scheduler) Tumsaiun
ManaNsiU-dedoyavosgunsaliladtavuenud H1 Taefinnsefifmunguuuutes
msdeasiiondt “uilaslaiAa” (Macrocycle)  dsiinnsuvsgunsaldladita H1  1Ju 2
Usziam fefuandlugud 2.4 [14] fe
- guUnsaiUszLam Link Master (LM) 1ugunsaiifiaaaudflunsvivhiiidu LA 16
- guUnsniUssLam Basic WWugunsalilifinaas@lunsyimididu LAS 1¢
2. Fieldbus Access Sublayer (FAS) Lﬂuﬂ’liﬁmuﬂgmwumm VCR (Virtual
Communication  Relationship) Iﬁaamﬂé’aqﬁu%uﬂaﬁé{mﬂﬁﬁa (ﬁiquﬂu Fieldbus
Message Specification) waglssinnvasnisdeans (firnunlilu Data Link Layer) lng

USER
APPLICATION

USER
APPLICATION

FIELDBUS MESSAGE
SPECIFICATION

FIELDBUS ACCESS
SUBLAYER
COMMUNICATION
STACK
DATA LINK LAYER
PHYSICAL LAYER PHYSICAL LAYER

5UN 2.3 Fun1sdeansves Communication Stack

H1 Fieldbus
| |

[ ]

BASIC LINK MASTER BASIC BASIC LINK MASTER BASIC
DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE

Uil 2.4 vavesgunsailu Data Link Layer



JUMUUTRY VCR  adngfugunuuraanstdingdui 1wy nsinsdnisenineyana visens
Insdnviuseyu 3 a1e N1983ANS Fieldbus  Foundation  ldfmuauwuuves VCR  10u
3 Usenn Ap Client/Server VCR, Report Distribution VCR itag Publisher/Subscriber VCR
éﬁ’ﬂagﬂiumiwﬁ 2.1 (6], [14]

3. Fieldbus Message Specification (FMS) \Juduiildlunsimunsisaziden
yosnsluInisdmiunaniuasudoya (Communication Service) uwaggULuULvBsTDYa
(Message Formats) samvamauifiveslusinneadidosnislumsasistonudiniu User
Application é’mamiugﬂﬁ 2.5 [14] @e81919u Read Service TddmsunseruaIdILys
Write Service lafd@msunisilouasiuls wse EventNotification Service ldd1usunis
FIBNUANNIZTONMILINAOU Wusy

A15197 2.1 5198208099 VCR wiazsinlnegs

Communication | Characteristics Example Uses

Relationship

Publisher/ Buffered, Network initiated, Continuous,
Subscriber Scheduled, Unconfirmed, Real-time control

One-to-many.

Report Queued, Unscheduled, User | Process alarms, Block alarms,
Distribution initiated, Confirmed, Trends, and other event

One-to-many

Client/Server Queued, Unscheduled, Operator access such as set
User initiated, Confirmed, point and turning changes, alarm
One-to-one management, access display

views, remote diagnostics.

Fieldbus Fieldbus
Device Device

User Communication User
App“caﬁoi/ Services \A:plication
FMS FMS
FAS FAS
DLL DLL
PHY PHY

| FIELDBUS |

gﬂﬁ 2.5 FMS Qﬂwﬁﬂﬂﬁ%"u Communication Service




Blocks

Resource
Block

Function
Block

Transducer
Block

COMMUNICATION
“STACK”

PHYSICAL LAYER

Fieldbus

Uil 2.6 vAensng 9 lutu User Layer

2.2.3 User Layer
m3vhauvesdu User Layer Tilldgnimualuluiea OSI wadudufisndud sy
walulagnndinduiladdaiieldlunisileiduimunnisvinuvesaUnsalseiuilanigu
cal o Y a A A o k . a o A a o« ¢ o
gunsalimimiiiasesiiedn (Measuring Device) - dzilUszinnvasteyaiiisanin “faidu
udion” (Function  Block) fikanssainaunsaliivinntifiuenyiaines (Actuating Device)
wenanilanduvienudidelsaeseudion (Resource  Block)  waznsuadgesuien
(Transducer Block) sauanslusuil 2.6 [14] lnefiusazudendsieasidenlngde il
< [ d‘ va 1 3 v oa ! Y
Resource Block iduudeniuansnuauifnig 9 vesgunsalsgiviladluudazsi
iy Yegunsal USEMEKER wazuunelay (Serial Number) wesaunsalseduilan lnsusas
¢ ad I3 < ~ L = P 4 o 9v & = ¢ 4
gunsalazilSyasavioniiisauauienidgaiinu tievilviudendy 9 nelugunsalving
QIJ a & o o 14 Y a o Yl [ @ = o
wduRasvaamrninulaagdedinisimunliisvesavdeniinmsvihaululvun AUTO Tu
nsfdingunsalflanvainaiiuianainldaiunsainnunindnila dldeuaiuisadily
nsrvaevluvfentlalududuusn inseaeluvdeniifitoyaiieaduainuiianainlunis
o L3 o v/ 4 = 14
nuvesgunsal (Block Error) vy ldeuenansuisamavesdymils
Transducer Block #3Ukuunisinuasieivigesavion Inensiuaniwesuion
1lunmsesAn  (Configuration) IRgIfUBULITEIVTBLOAYLBLABS (318AZIBEAYRIANBUNR/
w1snavesgunsal) Inefideyaiinertesiviunaeudiougunsal wazaiavessuwges u
i N1snuremIIuaRugesudenveataslednazrimtfiadieiunisuUastoyawuy
weurdonbiludeyafidnea dIun1sMNUTBMIIUERILOTUANTBNIRIAIUAN (LBAYLE
wo3) avimthiindieiunisulastoyafdnealidudeyawuuwouzion wenaini dadinns
wanidsudeyaseninmsuaiiwesudenuwazilinduuioniiuafiudsisenit “Chanel”



A979# 2.2 Function Blocks ANNINIFIU FF-891

Hovaslsituudon Jeyanwal
Analog Input Al
Analog Output AO
Bias/Gain BG
Control Selector cS
Discrete Input DI
Discrete Output DO
Manual Loader ML
Proportional/Derivative PD
Proportional/Integral/Derivative PID
Ratio RA

Function Block fmunsUikuuns¥ineu (Function) vesngunsal dumsneaiiy
Teunsaiitadta H1 Mvimdidiunassiussiiflsituudenaslugunsallimiloutu 1wu
wSesdloYavsdiilsdduudon Analog  Input (Al drundauauiiilanduuien Analog
Output (AO) tudiu msdwerilanduvdensig o mL%'awiaL%’wé’wﬁuﬁaa%mgﬂmuquﬁw
1¥lneiinsuanidoummsiinesvesfleiduudendis q venaani msvhauvesitaidu
vdendildairaguaruauazgnitvuaiailunisiruiinduey Taedlsiduudonildly
Qﬂmuauﬁugmﬂszﬂaué’w 10 vdemunsgIu Aeiinsivualusnsgiu FF-891 fauans
Tupsnait 2.2 [21]

uenaniusEEnARg Unsaifladta H1 ansoifiudlsisuviondu q Aifnisvieu
anzvasgunsal Inefladduudeniiiiuussddoyauesuionuazniasae (Configuration)
szyaglu DD File (Device Description File) nisvauvesilaiduvdenunasiuuaziinnu
uananaiu Tnsgunsaimisaninsausseilsiduudenlivaty 9 udonagluigunsal lasi
laruudonsng 9 avegludiuvemiiemugl (Memory) vasgunsal

2.3 gunsaildlulwnudvasiladiia H1 [15], [22]-[26]

wnudnteduiladda  H1 1Sunsdeusdegunsnissduiladlagldarendn
(Trunk) uwazaneges (Spur) fauandluguil 27 lumsiu-dsteyaifusinanslunisdne
Mdslniinlifugunsalnelunuudlasfigunssisndaurfdmiuienuudveaninngiatu
fladia H1 annsosuunldidu 2 nqu fe nqugunsnifiisatesiu Physical Layer winifu
lsifinsdeansdoyavieunsndsgnidonin “Physical Layer Component” wagngugunsal
seiuladiisndudiosiinisdeansdeya dmiugunsallungy Physical Layer Component
Laun unasdremddlnilvgunsaluwsnuuduuunsswanss (OC  Power  Supply) kae
uwidsdnegunsaiusuaninmislnii (Power Conditioner) v3aunsafaFendt Fieldbus
Power Supply wavimesiiuned (Terminator) I8lunseedansvesans Trunk Taessu
wazaUnIiszAulas
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Workstations (Host System)

Linking Device

[l H]/On l“““

I HSE (High Speed Ethernet)

Power S\jpply

Device Coupler

]jermir{at(?r H1 Trunk Wire (Junction Box) Terminator
(often built into s
Conditioner) (may be integral
/ in JB)

H1 Spur Wire

-
o O

Field Devices

sU# 2.7 aunsalnldlumniuudvesilanda H1

Physical Layer Component fivnanlgnumalulagvmilinduilantalatu Arssessu
NnsdeasUaLARUY MBP aNansgu IEC 61158-2 lneTasidenlnegavadgunsallungs

[ [
ad v A

UUR

2.3.1 Fieldbus Power Supply

lassasrenieluvesunasdiglussuuianta (Fieldbus Power Supply) #3au1adnEn
BunguUnsaiiiin “Fieldbus Power Conditioner” fasuil 2.8 [24] Usznaulusne

- Isolator (WugUnsaifidndudmsu Fieldous Power Supply insizidugunsaiiild
wonaedu (GND) wes DC Power Supply liiuiinisinsaenuus iileandywives
Fyayusuniu (Noise) Magiinlulussuy villsinsdoansuaznisdednyguseninagunsal
syAuTaniiuszansaan

- Power Conditioner n3agunsalufuaninvesdeyayrailnil luwnuusvasmin-

g

o

wiuiladvadnduded] Power Conditioner flasansuuuuresdygiaildlunisiu-ds

Fieldbus Power Supply

Isolator

WO SN SE—
24yDC ———— Power Conditioner T

Output to
Power Fieldbus

Supply - Current Limiter - Segment

-

gﬂﬁ 2.8 lassasnanieluwes Fieldous Power Supply



11

50 Q 5 mH
Power G—/\/\/\/—\Q_QQ/—O Fieldbus
Supply
5U# 2.9 lassafranieluves Power Conditioner

a 3 1 P [ ad = [ aa < 1 | dy v |
auadinsdumludyyiunduazie® lnodyyrundaziludiuvesnisangliineddiun

U

2

o

a ¢ o I o =

salsvAuilandadiineglugag 9-32 VDC diudnyayranedazilutoya (Fieldbus Message)

1] g}

]

1 L3 %

doansszninsgunsalszaufladluanuiud nslassasresnieluves Power Conditioner 1iu
2asiivsznaumesiumuLasfmionhdnandusui 2.9 [23]

- Current Limiting Wugunsalirfianszuadiedastunsiinanudensuazdasiu
MsingnznsERaALTNIR1In DC Power Supply lfur Fieldbus Power Supply Tunsdifi
\im Short Circuit %39 Over Load

gﬂﬁ 2.10 uansfegnsmsanselda Fieldbus Power Supply [25] lumsidenld
Fieldbus Power Supply fivanedaivesafisndudosiunfinnsmn wu

1. Hazardous Area fnsniuudsidusesiadslufiuiidsssune feenuuuuay
;3153@mé]’aaﬁﬂmmﬂﬁﬁmumsﬂaaﬁuﬂﬁamga Fieldbus Power Supply LHusgnsd lng

=) .® R

Fieldbus Power Supply Huangsiin %qﬁﬁu’qﬁlﬂumu Non-Intrinsically = Safe LaTRUUT
anunsaldendnddduiuiidodunseld W FISCO wie Hish Power Trunk Wud

2. Voltage lumsvhnugunsalseiuiladazyialddosdidussiulnianasouiisn
gunsaifiAnszming 9-32 VDC  lunsinsaisniuusiladvafiedlusyezlng 9 a1ngunsal
Fieldbus Power Supply (Iﬂﬂﬂﬂﬁ%ﬁﬂg?ﬂaau'sluﬁamw@u) 9z1An Voltage Drop Tuans
Handaanunasaelldsgunsaianta fsdnludandenunassnemasliilivangay
funsRndsgunsalsssuTiadneluenune

3. Current Tagvnlugunsalseduladaziinslindasulnonszualdauvesgunsal
(Current - Consurnption) Uszaingd 1020 mA  sauundsdremdslniiiidenldesdosd
arwaninsalunstenszualiidemetunasiavemnssualdonioualuniug

to the H1 connections of the
host or Linking Devices

to the H1 fieldbus
segments

24V DC : 24V DC
Fault message Fault message
output output
Power Conditioner
Power feed module redundant
or power source Power feed module

Oor power source

gﬂﬁ 2.10 fhagamsanssldan Fieldbus Power Supply
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2.3.2 Fieldbus Terminator

wiesfiumes (Terminator) fafhagnalusud 2.11 [25)-126] Wudsiidndumnnlunis
Andadhulansgnuesanevidnvide Trunk Weaesdiu IneUnd Terminator gnRadalifiday
Uanguedany Trunk Tunesmuauegludiuves Fieldbus Power Supply waednduniaves
@ Trunk  azfings Terminator  13lu Junction  Box  luszsuilas Tnsnsvineuaes
Terminator agteUesiuleyninisasioundutosdyyiuainiaisany Trunk Weeeady
(Line Reflection) #anelugunsal Terminator FheasfiusznaufefmunulagiLiv
Uszq 1Juman

TunsdiflwnuusveaimilinduiiadUalifinnsiags Terminator fivansans Trunk
ﬁgqaaqé’m%ﬁqwaﬂizwuGi@gﬂi'wé’igzmmﬁawﬁmmﬁm‘ﬁau (Distortion) Aedw d1dinns
findia Terminator LiBsiufien gunsaiftadadianuisayaunuilsiduiisnunld ue
é’agzgﬂmﬁi%’?iami%ﬁmLLamJagm (Amplitude) Lﬁ‘m%(uLLasﬁﬂ"lmﬂﬂ’iﬁﬁﬂLLauﬂagﬂiu‘ﬁNﬁ
pousuld wardmnatelumnuusilasUaiinisiings Terminator  faw 3 faguld vl
gunsallunundgydeanuannsolunisindedeans esndyndeasgnanuuinas
TUaulsannsalgle

1uf Fieldbus
Terminator

100 Q

5UN 2.11 Medrauavlassasianeluves Fieldbus Terminator

2.3.3 Fieldbus Repeater

Ffinnes (Repeater) 1Hugunsainmaiden (Option) Mdvengszzvesaniuudilan
a Tagdorimuamumnsgn IEC - 61158-2 - Iifmuanaudfnugiilunisliviofnss
gunsal Repeater seninegunsal 2 gunsaluupIattelanUaaiunsald Repeater w81
wiudlegean 4 7 dauanslugud 2.12 [15]

TR

Fieldbus Fieldbus Fieldbus Fieldbus
Repeater Repeater Repeater Repeater

Terminators and Power Supplies not shown
(Each end of each segment must be terminated.)

5UN 2.12 9747 Repeater a3anfoLunLIue
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FFI 1st Trunk

N

Fieldbus
Interface

Repeater

I
I
| FOUNDATION
I
I
I

FD = Field Device

JUN 2.13 dnwaugnISAART Repeater UULBNLIUA

Tuzudl 2.13 [15) Wuanafamsiuszezvonsnudludiud 2™ Trunk deverems
Andegunsaifladvaiudy Wosnliausofadslusseed 17 Trunk Idmmedesitaves
SyprTIT MR nURAUTef e (AadermunssevaneflasTatalaiiu 1,900
was lunsdiildans Type A) sty snugdesdnds Repeater itelfinssezvaansluns
Andegunsalseiuiiad demssedlunsfinds Repeater Kasfnda Terminator ifisn 2 ¢
e

2.3.4 Fieldbus Field Device Coupler

Device Coupler fauanslugud 2.14 [24] 1Hugunsaildlunsidensienioifuans
(Wiring) utenausimiauieasasendt Junction Box nisfadgunsalvdiaditeiouse
gunsniftadvavusnuuiduisitenlfidesiniresonisfiadauas nsduiudeugunsal
WBN91NH Device Coupler aunsadlosfunisiindnaeas (Short Circuit) tiatlasiuainu
demeuuaniuusd vngunsallanda H1 viSe Spur 1AAaN1I2dAI9a3

Y 1

gﬂﬁ 2.14 79819 Device Coupler
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Tnertily Device Coupler 31 2 UszLan Ae Non-Isolated way Isolated e

- Non-solated 1Junuuitdenldlunsindslussuuilasiadeudann Wosan
sosdulumsandsldnulufiuiisunsie Zone 2 wia Non-Hazardous Area usgnilaany
sndulunisinasldonlu Zone 1 30 0 (Hazardous Area) 9x@asld Device Coupler wuu
Isolated

- Isolated (Hunuuilld@ndsly Zone 1 w3o Zone 0 (Division 1) Fsoonwuuly
Device Coupler Uszinmisiinsuonvasuseiunaznszualiiiniians Trunk uaz Spur sen
1NNU

2.3.5 Fieldbus Cable

aeladta (Fieldbus Cable) Alilumsadrsiladiasniamsd H1 auumsgIu IEC
61158-2 i 4 Usziansisagulumsnedl 2.3 [24] lnsaeadtaiidedmuad unnzaudmsy
nsldalunsasiaenuudlng fe aefladda Type A Gufuane Shield Twisted Pair s
frogsluguil 2.15 (241 uanandl aefladiaiiannsoldlunsiefasnuudlvivieding
UnevEzreNnuLiTasTaileRnRgUnsaifladtadiu Aa msldanefadiauuy Multiple
Twisted Pair i Shield ﬁmﬁy’qmaﬁ'aﬂdw aeuianta Type B diuansilanda Type C i
anwauzuany Single #58 Multiple Twisted Pair lngiliil Shield Movuaelanda dauane
HasUd Type D Wuaeuwuyu Multiple Conductor Wity Bifiansuuy Twisted Pair usid
Shield vieviuany Tnganeuszian Type C waz Type D agldlunsalnisifinssoyveaaniand
visoiduans Spur Tumsiiiugunsaliladda ussidedAnmenuantidlowiouiiisuiuas
WanUa Type A uag Type B

M13199 2.3 Ussanuaganaudivasaneflandadmsusyuuilanda H1

Cable Distance, | Characteristic | Resistance, | Attenuation, Description
Type Meters Impedance | Ohms/km dB/km
Type A 1,900 100 22 3 Shield twisted
(Standard Fieldbus) pair
Type B 1,200 100 36 5 Single or
multi-twisted
pair with an
overall shield
Type C 400 Unknown 132 8 Multi-twisted
pair without
shield
Type D 200 Unknown 20 8 Multi-core,
without
twisted pair,
without shield
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——

Shield Drain Wire

Foil Shield -

Twisted Pair Wires

Ul 2.15 fhogrseneiladiauuy Shield Twisted Pair

Foundation HSE Control Backbone

Input/Output

=
—':”‘
Bt Boards

LW}

P

Bus with Spurs
(or drops)

Point to Point g g

3UN 2.16 wnludneweladldlussuuilanda H1

Daisy Chain
(Avoid)

¢ o Al

ANENNFINVBIANS T AR UTANLTILNLUUA H1 (L) A1uialdannkasiua1uen

total’

(Y]

YosadesiFeusiogunIaiseaulladdiu Junction Box usazidu (L,,) UInfiuA1uen?

Yasaneuan (L. ) dadsuiduaunislesail

trunk

Liotar = 2 Lspur + Lerunk (2.1)

2.4 wnsusnenaladildluNadoa H1 [15], [22]

A A

n1sieudeaUnsalszAuiladluwniuudnseisendi “newelad” (Topology)
ansavilavaneguuuuieiiegslugui 2.16 [22] lagsigazidunvesonaladndfiy
a5unelansil

2.4.1 Bus with Spur Topology

ns\deuseunuy Bus with Spur fagufl 2.17 [15] aggunsalflasvalusetfuda
wniug (udiuresans Trunk) Tagld T-Connector anefisiasening T-Connector AU
guUnsalfladda H1 9zi3endn “Spur’  laefiidedrdaludussezanuenives Spur A
Formusauisaeilaneud 1 was 89 120 was
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_|
R
L

I

@ @

1
=

3UN 2.17 Bus with Spur Topology

2.4.2 Daisy Chain Topology

msidouravewsladuuu Daisy Chain fegufl 2.18 [15] 1unisifuanelasidad
Heusaseninggunsnifida (Connector) vesgunzaiiasnss Lsifin1sld Device Coupler e
Junction box Femsseislumsifesnaiedisuuiiie msassanmmsldnuveaildn

(%

D

wazaneaavanltlunisivesegunsallvidan nnsaulduaziinniaudiniuunggiu wivg
MN904AN3 Fieldbus Foundation kuugualvildnisessienenaladuuuil Wesainlunsdli
figunsalilaiilymennszdwmansznunisvinnuvessUnsalirpuuueniuuile

4
oy

Fieldbus
Interface

3‘1]17; 2.18 Daisy Chain Topology

2.4.3 Tree Topology

nsidensioneweladuuy Tree wiai3undnee193 wuu Chicken Foot faguil 2.19
[15] Fdnwarnisthgunsaling 4 vuwnuuddesseirfemefiadiawuy Twisted Pair T
3 Junction Box Iaefimsidewdeneneladuuy Tree amnsafiadsfidiuuansans Trunk vy
wniANan Tl lnsgunsniudazinazdensieidl Function Box naeudeaiu deads
sv¥slunisiinge Tree Topology AOINNTUNTIAIIUYNIEIAAVBY Spur Mg
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Junction Junction
Box Box

Fieldbus
i i Host

;51]17; 2.19 Tree Topology

2.4.4 Mixed Topology

Ms\dourevenelaBuvunas semogsluguil 2.20 [15] Wumsmamnuusing q 1
fefu dadesdudunsiassliiduluaudodmudy ssazanuengagnvonsniaud
Handa wagn1suinsyezyed Spur fianunsaldle

; Control Highway

Tarminate

Here - i

Junction
Box

Fieldbus /O

Fﬁ“‘"“\é

Bus with spurs Point to Point Tree

gﬂﬁ 2.20 Mixed Topology

2.5 nmsihsiadayaniemaila Manchester Aunnsgu IEC 61158-2 (3],
[14], [23]-{24]

n3dnsWa (Encoding) sewnailn Manchester uguuwuuresnisidnsianinealae
Tndfeyagnunusionisasusinu (Transition) Inaanuzassneniadudnanue Tnoiinnns
LU?{sumuamuzﬁqmﬂ?qmwmLwiazé’fgfgm%’azga (1 Bit Time) sietiu sedudauaalugag
rsausnvesindoyasziianuziinseiuinuiussiudyanalutisedmimwosindoya sl
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al

9 v v aad g . Py a a o ¢ '
NSNS VEN8s LU U Self—Clockmg Lu@ﬂ‘ﬂ']ﬂLﬂﬂﬂ'ﬁLUaﬂuaﬂqugsﬂaﬂammqu@juaﬂaqﬂLLG]

>

a

avOmegnainavaiiiotislunsdudygauninils lunsdnsiasewmaila Manchester
fvualsl nsasuriuaInaniug High 10U Low (Falling Transition) unudateya 0 waz
mswUasusuainaaiue Low «Ju High (Rising Transition) wiulataya 1 udlun1sidnsia
frewmatin Manchester Biphase-L finsinuafinsstudnu Ao nsidsuriuainaniuy
High 1f4 Low (Falling Transition) unudateya 1 dunisiasuriuainaniug Low
High (Rising Transition) wyiudadioya 0 fehedrdlugud 2.21 [14]
éi’zgzg']m?\laéﬁ’aﬁiﬁiﬂuﬂw5§aaﬂsiwfmqﬂﬂsa§szé’fﬁ\1aﬁmaqm'gﬂm%’u?\laéﬁa H1
AINLINFIU IEC 61158-2 udgyqyraned (AAuAMABY) 31.25 kbps ﬁﬁﬂ’liv‘lyf’liﬁa“ﬁa%a
fewaiian Manchester Biphase-L (1 Bit Time = 32 ps) fideuriufudymiuiddady

v saa 1

doyayaulalides (Power Voltage) dwsugunsalsenuilandAsendng 9-32 VDC Tnevily

a

foaldrussiuds 24 VDC dauandlugzui 2.22 [23]

1 Bit Time
i
CLOCK
DATA 1
0
0 1 1 P 0
+ i
MANCHESTER
BIPHASE-L
ENCODING

T"”’”‘”’"”“" | A1 A A Signal Voltage
s : 1 D Peak-to-Peak

Power Voltage :_  , : : i l

WM zoomvae M 200ps

LY

2.22 dyanaanUaniinisinsiamematia Manchester Biphase-L

=p.

U
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——— Preamble | Start Delimiter Data End Delimiter ————

T

—

n & ms 208V 0 " STOPPED

o

JUN 2.23 nsdstayailunquuesinuie Data Frame sedaanamanya

CLOCK 1

PREAMBLE =,

START
DELIMITER O

END 0
DELIMITER

nssamemaila Manchester G?jéqﬁé’igmmﬁﬁayjaiué“ﬂwm Self-Clocking vinlw
NedenIsmuANTeMITu-deayalviaenndosiusenintegunsalySu-asuuasetie Loy
nsdsrudeyadnuasiidunuudlesida (Synchronous Data Transmission) 7iin1sds
foyaidunguvesdniionin “Data Frame” fauanslugud 2.23 [24] Faszneusnenguuos
Un Preamble nguvesln Start Delimiter @udeoya (Data) wuaznguvesln End Delimiter
Tnenguveadnsanunduil (snifuludiu Data) iunduiignivualiifiouin 8 Sauaziinms
Wasusuanuzvesisiarinduandlusui 2.24 241 fadu mssu-dedeyalussuuitadia
H1 Tuustae Data Frame azfilamizan Data winiufiuAsuludwiumsiu-dedeyaluusioy
A3
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2.6 nsnTRdaUItadusRuTUNenWsEUUNaRTE H1 [15][16), [22][28]
gﬂﬁ 2.25 [16] wamsddutumenmwie Physical Layer vasilasUawnims H1

AAINATE IEC 61158-2 FaUszneuse a1evdn (Trunk) angges (Spur) gunsalsyiuiiad
fiinsdeasiemaluladfladia H1 (nstrument) osiumed (Terminator) Minensign
Uanensenssnuesanendn wiasdnglvluazaunsaiusuanmdyaadui (Fieldbus Power
Supply) warguUnsalidonsedman Junction Box sauﬁaqﬂﬂizﬁ{]aqﬁ’ummﬂmw%aa (Fault
Protection Equipment) U84@n8uanuisolantiue nMsasedeudtadudsutunmeninues
svuuiladda H1 vilévaneds amsvilaiiiinisuusiiie msfnsmsedeudensodienis
»529@0UINTY (Diagnostic Tool) WNAUANBWANNID Trunk YesiaadasnLUAAdLansly
sUl 2.26 [16] Tagusrasdndnvesmansaaeuiliadudduiuneamussssuuitadia Ao
nsmsaiasiiofania (Monitor) waedin1551897% (Announce) N1sasuLUawasAfuUs
Adususdmuianses (Fault) Mantuluszuu neufinsRaniesiazneliinuansenud
lifdonmhauvesgUnsaindsadremmidemeliuiszuy fuusiiaiesdlensnsaaey
el dusiudanuiianseswosszuuilanta H1 taun

- ARG (Segment Voltage)

- ANNTZUALENLIUA (Segment Current)

- AussduiinnasensngUnsalsesuilad (Device Voltage)

. ANUIIAULUY Peak-to-Peak vasdnye auilana (Signal Level)

. 4h (Wan/av) Yo3dayayIad (Signal Polarity)

- Fyerusunauniuug (Segment Noise)

a

. AInmesvesda ulanta (Signal Jitter)

The physical layer

I - Fieldbus signal /
| Terminator J—\_/_ Terminator
| Fieldbus power | Trunk/segment

|

|

| suppl T T rotection electronics :
Y Trunk cable P I

|

1

|

|

| 3
________________ | ‘
Control System | J} J}Spur aalile
L et sl 2 [ P ! L e e e e

Instruments

5UN 2.25 dRudunienmmie Physical Layer vasilandaigniuus H1

Diagnostic data

Diagnostic
Terminator - system Terminator
Fieldbus power T i | Trunk/segment
supply Tk cable T protection electronics
|
' Spur cable
Control System

Instruments

3UN 2,26 nsnsiagevIdadudinutunenmvesiiadUaleniuus H1
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2.6.1 AIIAULATNSELENIUA [5]-[6], [23]-[24], [27]

gunsalszduTladiinsdeassertiinduiiadta H1 weeenidu 2 Ussanana
sULuvvesnmsielilides fo gunsaliilasudygraliidssnnisideuderdfuiladds
\niuus (Bus-Powered Device %38 Network-Energized Device) waggunsaififlunassnglu
ANz vaeiigunIaliad (External Power-Supply Device) 813U Bus-Powered Device
ansasudyaliidoinunais lnvesilastasnumslutas 9-32 VDC Tneld feu
Tundstnglalvun 24 VDC Tussuufladia H1 Wuidisafunisiadunasdnglafliudgunsnl
seAuladluszuuueurasn Tuansnadl 2.4 uaz 25 [6] wansquant@ndiAnues Bus-
Powered Device wardorvunfiddvatmasiglissuuiiadda audisu

Anszudluiladdawnuuinionszuaniamd () Jadulnanvesunaadiely

segment’

syuUTantanse Fieldbus Power Supply [27] @wnsaauiuailaguszunulaain

Isegment 5 Z Ifield device 7y Z Idevice coupler + Ihost (2.2)

e 1 Ao Anszuanldlagaunsalsyauiian (lunisinnuuns)

“field device

A AnTeuanidlagaunsaldinan Junction Box w3a Device Couple

device couple

1., Ao Anseuanlelnessuulaan

AT WUNANATENFIGUATAIIININ Junction Box %38 Device Couple (V.. wu)

LayALsIAuNnnAseNmaUnsalsEsiuTlan (7, ,..) MAaasluiladvasniuud [27] @aansa

ield device

(%
v a

AMuualegUsznala padl

A1319% 2.4 AnauUANdRYes Bus-Powered Device

Characteristic Limits for 31.25 kbps
Operating voltage 9.0 to 32.0 VDC
Maximum voltage 35.0 VDC

Maximum idle current rate of exchange (not transmitting) | 1.0 mA/ms

Maximum current Idle current plus 10 mA

A919% 2.5 VarnuavidAy e liszuuianda

Requirements of Fieldbus Power Supply Limits for 31.25 kbps
Output voltage, non-intrinsically safe <32.0 VDC
Output voltage, intrinsically safe (IS) Depends on the barrier

Output impedance, non-intrinsically safe, measured within | > 3 kQ

the frequency range of 0.25 to 1.25 f,

Output impedance, intrinsically safe, measured within the | > 400 k€ (An intrinsically

frequency range of 0.25 to 1.25 f, safe power supply includes
an intrinsically safe barrier)
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Vdevice couple = Vfieldbus supply — (Isegment X Rcable) (2.3)
ey Vfield device = Vdevice couple — (Ifield device X Rcable) (2.4)
10 Vi sy 1O AMTIFULDWINAVDIUMAID B MTZUUTBA TR
R_,. A9 ANANAIUNIUYeE s anUa

cable

Tusuil 227 wansfegrmanisiumafulsiddylufiaddaaniuud H1 9
TUsunsu DesinMate [5] loun Ausadiunaznszuagnuus muenvesasilasadily m
ussufinnasengUnIni Device Couple uazAUswWLANNAToLgUNTAlsERUTIadLAazs Tag
wnudlushednad Ineneladuuuni waziinsldaeilania Type A idAaudumu
Yosany 44 Q/km wndadglniidteAuswiuedne 24 V uaziernszualigsga (Rated
Current) 0.4 A Waggunsai Device Couple Miimslanszuanislusngunsal 9 mA an
dandslumnansfsunulfvardagldsensed 2.6 Tasd

- naTANEesEETadTaNlY ey 600 m + (90 m X 4) = 960 m

- waTINnszualuNanUasnmLUR AYINAU 9 mA + (20 mA X 4) = 89 mA

- anudmumuluateves Truck AWNU 44 Q x (600 m / 1,000 m) = 26.4 Q

_ Auseuiinnasonany Truck SAWINAU 89 mA x 26.4 Q = 2.3496 V

- AussfuiinnasengUnsal Device Couple Sifyiniu 24 V = 2.3496 V = 21.6504 V

- ToO1
& 24.0v
o 0.0rmA
A0.8mm” (AWG 18)
(Too1)
3.0m
A0.8mm’ (AWG 18)
(TOO3)
3 600.0m T
T0O2 PS T0032
2400 216V
80,0maA 29.0mA

22% load A 0.8mm® (AWG 18)

(TOO7)

200 T007

21.1¥
20.0mA

A0.8mm* (AWG 18)
(TOO6)
90.0m

TO06
21.1v
20.0mA

A 0.8mm* (AWG 18)
(TOO5)
90.0m

TOOS
2019
20.0mA

A0.8mm® (AWG 18)
(TO04)

20.0m T004

211V
20.0mA

5UN 2.27 Megramamsanuinedwlsididnluiladuawniuug H1
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M13199 2.6 nan1sAINAFILUITE Ay luanUanuud H1 andiegslugun 2.27

Tag Current (mA) Voltage (V)
must Calculated must Calculated
TOO1 (Host) 0 0 9.000 24.000
T0O02 (Fieldbus Power Supply) 89.0 89.0 11.838 24.000
T003 (Device Couple) 89.0 89.0 9.480 21.641
T003: Spurl 20.0 20.0 9.080 21.197
T003: Spur2 20.0 20.0 9.080 21.197
T003: Spur3 20.0 20.0 9.080 21.197
T003: Spurd 20.0 20.0 9.080 21.197
T004 20.0 20.0 9.000 21.117
T005 20.0 20.0 9.000 21.117
T006 20.0 20.0 9.000 21.117
T007 20.0 20.0 9.000 21.117

Tek S_OOMS(ES 4

26 Acqs

IR Z00mvi

M 100ps CRh1 7 184mv
D 10.0ps Runs After

JUN 2.28 fegadyindeyangnateantuanyasuvesasfiadua (Transmitted Signal)

Teks.om\nsz[s

31 Acgs

WOE Zoomva

D 10.0us Runs After

M 100js CH1 7 184mv

JUN 2.29 fptdganndoyailasuinauaigvesansiianUa (Received Signal)
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dwunseanuuuiladaenuudfa msvihnsilerussiureasnmudliininny
AusafumaniigunsaiseduTlasiiu Bused-Power Device 3@ Junction Box #8403
pgation 2 VDC iflesnnnishnssgunsaiseduiiadluszegnising asfinusafunnates
(Voltage Drop) luaneflasda Tuguil 2.28 uay 2.29 (23] uansshessdnyaadoyaiign
dsoenluainaadiuvesans Truck (Transmitted Signal) wardaygateyaiilésuiigaans
Y83a18 Trunk (Received Signal) mua61y &haahaé’zgapm%’auﬂaﬁlﬂuwamﬁmmLszml,mw?
fisnoneladuuursuasilans Spur fieTaviiiu 120 m wavae 16 W@y lnemuemvesans

3

TadUarausnuudsiy 900 m azwiulddn Inisiaiisuresdyaudaya (Signal Distortion)

LIRAU

a <

2.6.2 ALIIAUKUY Peak-to-Peak vasduguraulanya (3], [14], [22]

SUN 2.30 [14] LLamms%’U delpyasyninvgunsaliifanaluleniaud H1 sgdyyiu

A

Ly v

Hadda (Fieldbus Signal) Aisinsidnsiademaiia Manchester fsiildasuneluide 2.5
gunsalids vaqammmLasﬂuiwmmvuawmmmLLamﬂaw 15-20 mA p-p gunsalESuIY

Y
o

Sudyanaedlulnuaussiuiivuiauesdge 0.75-1 V p-p fiinansagaszwinadyao
n3zle 15-20 mA p-p LLazmmmmumuaugaiawiwmm 50 Q (Equivalent Resistance)
Fadunamrainmssenuiusznitsaudun el Terminator (Uszanm 100 Q) Vaes
fhilreaganUansifiassiuveans fadu Suruves Terminator melumniuudasinasie
YUIALENUAAUUY Peak-to-Peak oAU Iduigunsnifulasudyniudoya dufe
NN sRaRssauaL Terminator Houniraesia (Under Termination) #3eunnnid
@067 (Over  Termination) MuvaivualuNIsas1aa UL UANINIA5FIU EC
61158-2 azdmARBALSPLILUY Peak-to-Peak Yosdnynnaiiladtasisinegsluguil 2.31 fa
2.33 [22] dsniuudRmsindesaua Terminator tiewAfaudior dayaadladdalulnn
usafuaslifuenUagaunndt 0.75-1 V p-p (93U 2:32) lumamseiuda danuudiinng
e U Terminator WInAINEBLs dyrailadvalulrunussiuaziianeuldynios
A9 0.75-1 V. p-p (93U 2.33)

Fieldbus Device

= o+
c
g 4
=
4 L Fieldbus Signal
g | .
30 — /
o Receiving : Transmitting 1
' i 0.75t0 1.0 V p-p
¥ 1
o
T T 8 Power
o | 9to 32 Volts
>
100 Oh 100 Ohm l
Power &
o Time
c c
I N Terminator
Fieldbus Network Cis sized to

pass 31.25 kbit/s.

g'ﬂﬁ 2.30 N135U- aqsuauaﬁumwaﬂmmwmmﬂumﬂLmum H1 sedauiandsa
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Tek HTE 2.50MS/s 2A[c1qs
i I

tl

800 mV

T Z00mvh — M 20.0ps Chi F 160MV 19 jun 1999
13:23:13

a

UM 2.31 Mmededyaailadvalulvuausiuvessniuuiniivesiumes 2 673

Tek HIIE 2.50M5/s : T15A[rqu
111400 mV
W Zoomvh - W20.00s ChTZ 160MV 19 jun 1999
13:24:21

a

UM 2.32 MegadauiladUalulvasuswiuvsasniuudniivesiiumes 1 67

Tek 2.50MS/s

Zoomviy “WM20.0ps Chi 7 T60MV 10 Jun 1999
13:25:53

a

5UN 2.33 fegdradyauilanvaluluuausiuvesasniuudniivesiiumes 3 67
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2.6.3 HMTUNIUINLUUA [22]-[28]
duanasuniu (Noise)  Aeluwniuud Wudaaliiiiniaduuenwialiain

aulvidesfduasdygyruflandaed dygrusuniuenainldainvalsalivg 1y
grausuMuinanurasdygyrusuniunieluiigunsaiies (Thermal  Noise 909@18

g )

2 2

LY A

anla) FYasUNIUItANIINAITINUIBNBLADS (BULIDIIMDST 10 LoTlash) Feo1akn
avaglufladvagnuud wiodyarusuniuiinainsssuid (ki) Wudu nssuniu
(Interference) M3aNavaddyyIUsUNIUAINaRBNITINMUYBIHanTawnwud Tuns)is

Tlarusamdadyarusunulnnuaduldlsa wavinnisandygyirasunivauldainise

¢ =D
a

nelAAnn1ssuNIUle 1y
- msldfanelasUauuu Shield Twisted Pair iioaanaves Electromagnetic Interference
- msldunasanglnssuuilanaiisl Galvanic Isolation siean Ground Fault
- ﬂ’l'ﬂ%@ﬂﬂﬁﬂj Device Coupler 7if Surge (Overvoltage) Protection \iean Earth Fault

a 4

2.6.4 Iwnasvasdyrnianta (Signal Jitter)

duanaianTaninisisiasieinaiin Manchester vasniuug H1 lugauafilu

[
= o/ =

ﬂﬁuﬁLwﬁamﬁmmauammﬂmmmu (Rising Edge) wagwovdeye1advias (Falling Edge) Tu
wuhiann warlivasnaivestndeyaiiuuuoy (1 Bit Time = 32 ps) wilunsUfiR ns
Wasur e usvesdyaaan Low 1Ju High wazain High 1w Low fvaaaanlaty
(Rising Time) wazdadialaad (Falling Time) Lﬁ@ﬁfuﬁqgﬂﬁ 2.34 &4ii Rising Time (W38
Falling Time) Uszuna 6.4 ps (3agagaansendnadudse 2 wdulugy) silbvidauiianatn
yanawaslndayationia “Sawmes” Uitter) ilasamnmisidrswasmemadia Manchester
finsunulndeyadenisivasuriuaniusvssdayain fedu Sufinanuiawann Jitter geay
sldyaifladaimiufafisunde Signal Distortion #sdsnadennugniesuesns
darudeyauumnimd Ineseazidonves Jitter (@rufguuesluisnas) uandlusuil 2.35

Tek JL ® Acqg Complete M Pos: 559,608 CURSOR
‘.

Type

Source
CH1

Delta
1+ 6,400 s
| 156,3kHz

/ ‘ Cursor 1

540.8,us

awazdnlugy

i 2.35 Cursor 2
547.2 us

CH1 200mY : M 10.0.s CH1 / 20.0mV
<10Hz

[ (3

UM 2.34 dygraiantdalunsfuindgisaraindeaiagu



27

~ bit error

gﬂﬁ 2.35 Jitter 1uﬁau17'isgmmammﬂgﬂﬁ 2.34

Zero crossing error

___________________________ Zero crossing line

Distorted wave

Normal wave

JUN 2.36 Jitter {upnuiiawainiyadnnuaudasdoyayn

9n3UN 235 uaw 236 aziWiuladn Jitter. w38 Zero Crossing Error 1Jumau

U v

ﬁmwammmm ’](ﬂ'JEJﬂ’J’]iJLLG]ﬂ&I’NVﬁQL'Jﬁ?iuﬁ??ﬂﬁ]ﬂﬁ]ﬂﬂ?ﬂﬁﬂﬁl (Zero  Crossing) U89

€ v aa

"’zy}zyjm?\lamuammmmamLamwaamulm (1@unvdlae w50 Normal Wave) uasg

e

=

Fyaiantan ffmnuRniewinty (dudsyaing wie Distorted Wave)

2.6.5 §i19E19MINTIERUITLIRETUUNAATE [28]

Tuguﬁ 2.37 [28] wansfegsdyaauilanadiliauuins (System Unbalance) &
\Anananefladdanlilusniuudianfiuuszquesaisfias (High Cable Capacitance) Wuna
ylinsdoarsteyaluwnuudlifiafiosnin gunsalszdufladursfiiifadeldauly
wniudmeluan Live List vesszuuloadluiaanamile udfinduidianlu Live List lédn
it fagmeluann Live List 3n 2udeunuuiiidesly annsasnaevidadenuit aungues
Jamidnnnnisiaelilifieeldluszuuueuzasndy wildnisussuuiiadva Tngldls
nsnsiaaeuaMadRvesang ity



28

Tek Sl @ Acq Complete M Pos: 19.60 us CURSOR
v

M 10,008

¢ & A

JUN 2.37 shegndyaailaddanliauunsdafaananeliilddaninuuszqas

Tek 1= @ 4cq Complete M Pos: 0.000s CURSOR
*

Type

.z | Source
| =
/M , iy L Shy . CH1

)

T, M 10.0,us

it

3UN 2.38 Mmedadyanailandaluwnuudiuanislesiu Electromagnetic Interference

Iugﬂﬁ 238 [28] uwansetdyarailasUaiiiniulusnuudivianisdotu
Electromagnetic Interference Wunavinlinisdoastoyalumnumdlifiadosaim gunsal
sviuladureiafiRndsldendumnaus fnsuanwansia/msvheudiviiee LCD vaesh
gunsaiies wigunsaitimeluann Live List vesszuulaadlutianamis udrfnduidhunlu
Live List lédnsin fiagmeluann Live List 8n sudsusuuiliFeslu annsnsiaaeuifade
wugn fdgwidesnsuwnsndudayann (Crosstalk) ludsduuasinglwssuuilanda dadl
auvmanannsldanelnifinaautBiduluamnnasg e silasdanuud

1ug°d‘ﬁ 2.39 [28] uansodednnaflandaildannnsin 2 adduenuudifet
willanavesdyaaiildviiy adtaenumusiannsavauldmaund suRawaieill
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a1u150n529d0uldanszuulsanndieanseainia3esilensiaasuidadevurannng
(Handheld Diagnostic Tool) Adnsratadunsinsn udmuinnainianunsansivdey
ANadeldnnisldiadedlefifinnsfinniunisviuvesfladsdanuudinasaiiar (Online
Diagnotsic Tool) INN15MT19a0UTUITENUTT aUnATBIAIURANAIAAAINDINSIH YRS
flolon (Diode) Tu PCB vatgunsnisziuiarudsiinadeldomlumniuug

Tek S @ 4cq Cornplete M Pos: 0,000s CURSOR
+

Type

Source
B CH1

Delta
344mYy

Cursor 1
172mY

Cursor 2
=172mY

CHT 100mY M 25,0ms CH1 7 152mY
RefA 1,00V 500 s 12,1138kHz

(n)

Tek ol @ Acq Complete M Pos: 0.000s CURSOR
+
Type
i : Off

Source
CH1

sl ] "

CH1 100mY M 10.0s CH1 ./ 32.0mVY
y, RefA 1,00V 500us 10.1431kHz

()
UM 2.39 fegedyaailantaniaannnisin 2 asduwnuudibeaiu
updanavesdyailiviniu



unii 3
N1519N15M152982UNIAYA1AUTUNITAIN
syuuNanUda H1 NuLEus

3.1 Aa12n

Tuuniidunisedureis msfndaldnuszuuiineafladdameomaluladnidiady
Nasalunaus Tail Gas Treating Unit wie TGTU Tngdndudunisnwmde Physical Layer
vossruLTladiaiignesniuumuninggiu IEC 61158-2 fesasiufunisliiedosionsinaey
Aeduidendn “Advanced Online Physical Layer Diagnostic Module” wi3efli3anagisee
31 “ADM” [16] Tun15Unge5nen1svineuva Mandaisniuudmenssuiun1skuy CBM
uana1ndl delduansuantsnnasiuazranisuisuiiisuaildiielunistizefnumssuy
weuzaen svuuilasdarilililimennaaeuifadeddudumamenin uasssuuiladiadly
nsaTnaeuitasuiiudumaman niidiauesndae

3.2 szuuiladta H1 Tuwanud TGTU MlunsdiAnun

U7 3.1 uandlaseaiisvesszuulunaiud SRU (Sulfur Recovery Unit) vi3omiae
Adndazdurunn 310 wedndusiou Tnewaud SRU Wumieivimiingifdnaisiusdu
29NAINAY I@ﬂmiLiJé"auﬁmz{fuiugﬂﬁw"LaImwu%’alWﬁ (Hydrogen Sulfide: H,S) uay
arsUsznoufmziulugudu -  Dhluduedumer uenand warud SRU fnasld
nszUILNIAaed (Claus Process) TumisRudiugduuignsanniog H,S Adusunsiean
nsguuNsBu 1 aelulseanu Tnsnsirunaiud T6TU - dsdndsegludiuving (Down
Steam) Y@4nsFUIUNITARRE IzAIUANkiliAUSInadamesineanleniu 50 dludu
du (ppm) Hiedesunanmgnisene

U7 3.2 uansnndaeslunasenefiamosvesnaud T6TU Munsdlfnuriid
msfnssldrussuuiiadta Gausgneuenthendn (Unit) Tiisadoadsd

SO, > —"—
Rich gas 7| Claus1l
Sws gas_ | Thermal -
> Claus 2 —“——"—) TGTU = |ncinerator
Acid gas
SRU Stack
5| Claus 3 _N_

3U% 3.1 lassashavesszuulunaiug SRU visemheidnmus iy



JUN 3.2 mdraeslunanmeneuiiunesveanaiud TGTU Munsdifinw

M13199 3.1 PwugUnsalszAuTaniine

o
Y

falunarud TGTU Mdunsali@ne

Device Function

Device Model

Number of Device

Level Transmitter 3051CDXXXF 10

Flow Transmitter 8800XXXF 26

30

Temperature Transmitter 3144PXXXF

8 (spare part)

Pressure Transmitter 3051CGXXXF 26

Differential Pressure Transmitter 3051CDXXXF 7

Control valve 378TXXX 27

Analyzer Transmitter MLT 2 2

24

Fieldbus Power Conditioner HD2-FBCL-1.500

2 (spare part)

24

Junction Box

F.FB1.S14. A* 1.

2 (spare part)

SCOT Reduction Section Unit
SCOT Cooling System Unit

SCOT Absorber System Unit

N R LD e

SCOT Gas Circulation System Unit

SCOT Amine Regeneration System Unit
Amine Storage Tank System Unit
Drain System &.Flare, System Unit

31
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A15199 3.2 PuanTAwNLUS H1 ARnddluLAasrulsnanvaanaius TGTU

No. Unit Number of Number of
Fieldbus Segment H1 Field Device
1 | SCOT Reduction Section Unit 4 20
2 | SCOT Cooling System Unit a4 22
3 | SCOT Gas Circulation System Unit 4 21
4 | SCOT Absorber System Unit il 21
5 | SCOT Amine Regeneration System 3 18
Unit
6 | Amine Storage Tank System Unit 5 26
7 | Drain System & Flare System Unit 2 8 (spare part)

Tumenansne 9 vamaius TGTU Mdunsafnuniimsindessuuiiasda H1 sou
Javan 26 isnudidneweladuuy Tree wagldmafasida Type A lnsdgunsalseiuiiad
H1 Fannsuaiinmes (Transmitter) wWazNEIAIUAY (Control Valve) Srusuoun 136
1 (U3IY spare part 8 m) gunsel Junction Box ST N 26 m wae Fieldbus
Power Conditioner Sauswiavan 26 § fuuanslumssd 3.1 wazansail 3.2 aguiiuu
Tasdawnans H dRaddluwsashondnvomarud TGTU

=

3.3 1A39%dans2daUANARLANUTUNIBNINSTULNanUaNaan Lalunsalfine

gﬂﬁ 3.3 w@ng Advanced Diagnostic Module (ADM) 51 HD2-DM-A FadunTesile
n3vdevIiadedduiunisnmssuuTladia H1 Adonldlunsdfinu Tneillugatiinisld
LED Tunisuandnaudaiion (Alarm) @1msuaniugn1svineu (Status) Hanemuiansad
(Fault) wesszuvianansaliluaouiivdudls (Commissioning) WALN1SATINADUTLUUKUY
Online suien1swAtaym (Trouble Shooting) %a;gal,%m,wﬂﬁﬂﬁé’ﬁigﬁum ADM aulana
P59 3.3 [29]

L
Alarm =
e - e -
' 4‘Zl:—+ DC <50V
| <1A
Di o tag 4 | 5 Fieldbus
iagnostic bus -1-—4 o -+ ey
RS-485 / — screen/shield g
- +
- Seg 2
Diagnosis/ screen/shield
' Alarm +

| /= - Seg 3

|———=m screerVshield

.|/ 25
& Seg 4
| u screershield

f v a A

i‘U‘VI 3.3 ADM Lﬂ’i@ﬂll@fﬂ’i’é’ﬂaaU’Ju‘\]ﬂﬁli‘“UUW'ﬁﬂUﬂ‘ﬂLaaﬂlﬂuﬂiﬂjﬁﬂﬂ’]
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M13197 3.3 YeyalumalinfidAeyues ADM U HD2- DM- A

Feature Description
Supply
Rated voltage 19.2-35V
Rated current 30 - 110 mA
Power loss max. 2 W
Fieldbus interface
Number of segments 4

Fieldbus type
Rated voltage

FOUNDATION Fieldbus/PROFIBUS PA
9-32v

Indicators/Operating means
LED PRI PWR

Green: on, primary bulk power supply

connected
LED SEC PWR Green: on, secondary bulk power supply
connected
LED Seg 1-4 Yellow: bus activity;
Red 2 Hz flashing: alarm;
Red: hardware error
Fault signal VFC alarm 1 A,50 VDC, normally closed
DIP-switch diagnostic address 1-247, binary coded
Interface

Interface type

Diagnostic bus: RS 485

Electrical isolation
Fieldbus segment/Fieldbus segment

Fieldbus segment/Supply

Functional isolation acc. to IEC 62103, rated
isolation voltage 50 Veff
Functional isolation acc. to IEC 62103, rated

isolation voltage 50 Veff

Delta for application in connection
with Ex-areas
Statement of conformity
Group, category, type of protection,
temperature classification
Directive conformity
Directive 94/9/EC

TUV 04 ATEX 2500%
Ex I 3G EEx nA IIC T4

EN 60079-15:2003

International approvals
FM approaval
Approved for

CoC 3024816, CoC 3024816C
Class I, Division 2, Groups A, B, C, D,
T4/Class |, Zone 2, AEX/Ex nA IIC T4
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5UN 3.4 M3fiasta ADM lunisasiaaevitadeiandasnud

o

SUT 3.4 wansnisinds ADM Pidenlfluniseseaeuitadeddudunisnmssuy
fladva H1 Taednishans  ADM  irfugauvdsarslaliuniiaddasnmudfifonds
“FieldConnex Power Hub” d1uunutiagsisasdenlunisinnsldnuianinasuil 3.5 uas
3197 3.4 ardeu Tuansieil 35 [29) uansnanisus uiisuiladdunisienuves

LAT99HN1INTIVADUINIRLULUUA 9)

Dimensions complete redundant system* Dimensions Advanced Diagnostic Module®

/5

162 mm (6.4%
L L]
128 mm ({5%)

Tl

110 mm (4.37)
220 mm (8.7")
246 mm (9.77)

[=2]
£
o
—
18 mm
079

=
s
na
w

-—

221 mm (8.7°)

*all dimensions without tolerance
indication

=
7

Uil 3.5 Luumsinacsldanu ADM §198991n3U7 3.4

CaN
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M13197 3.4 S18azdenlunsinnsldary ADM Tugui 3.5

No. Description
1 Power Supply Modules, see separate data sheets
2 Advanced Diagnostic Module
3 Connections for Fieldbus trunk, terminator switch
4 Screening/earthling kit for trunk cables shield, optional accessory
5 Mounting slot for DIN rail
6 Motherboard, see separate data sheets
7 Connections for alarm, voltage free contact and diagnostics bus
8 Connections for redundant host
9 Connections for redundant bulk power supply
10 Plug connections for Motherboard
11 LED Seg 1 - Seg 4
12 LED green SEC Power
13 LED green PRI Power
14 Dip-Switch-Array for diagnostic address or address on the diagnostics bus
15 Address selection overview

=] = ~ Y o A A aa o
M1919N 3.5 Naﬂ'ﬁL‘UiEJ‘ULV|EJ'U‘WQﬂGU‘Uﬂ']iVHQWULﬂiaQNE]ﬂ’]im?']ﬂﬁ@‘U'ﬂu’ﬂQEJ

Advanced
Measurement Tools | Multi- | Handheld Handheld Oscillo- | | .
A Diagnostic
of the Trade meter Tester | Communicator | scope
Module

Segment voltage [ ) [ ) [ ) [ v
Segment current v
Segment noise

: ° ° ° v
(low freq.)
Segment noise o v
(high freq.)
Segment signal level o [ [ ) v
Segment signal jitter [ ) v
Instrument signal _ v
level
Instrument signal v
jitter
Instrument noise v
(individual)
Fieldbus termination = = [ ) v




A1519% 3.5 (f0)
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) Advanced
Measurement Tools | Multi- | Handheld Handheld Oscillo- | | .
. Diagnostic
of the Trade meter Tester | Communicator | scope
Module
Segment earth fault v
(imbalance)
Device [ ) [ ) v
communication
Communication L v
faults
Cable degradation v
(trending)
Device configuration ® [ )
Remote access v

3.4 M3U5eSnwszuLanUa H1 dqewasasilansiadaullaneiiaanly

lunistrgeshenssuuilanvanandslunaiud TGTU lnldnisnsisaeuidadedsu
FUNNEAMEIE ADM Ju HD2-DM-A ladn1siinss ADM $1uau 7 Tugassuandluzun 3.6

Workstation
(DCS Host)

Converter
(Ethernet->RS485)

HD2-DM-A

HD2-DM-A

#1

>

)

Segment _FIM1_1
Segment _FIM1_2
Segment _FIM1_3
Segment _FIM1_4

| Process Unit No.1 | Process Unit No.2

>

HD2-DM-A

#3

RN RN ER S NI BN
N o ] [N Nae) [s2) [s2) [s2)
(=122 211=2]2] |12
i N el R N s R e e R
AR AT s W |
[ [ C - C [ [ [
(0] (0] [0} (0] | [0 [0 [0 [0
€ € - ENI JE € € €
()] (@] ()] | | {e)] ()] ()] ()]
[0) [0) (0] Q | [0) [0) [0) [0)
ollo|l|o] o] (o |o] o] |o

Process Unit No.3

Segment _xxx
(Future Use)
Segment _xxx
(Future Use)

HD2-DM-A HD2-DM-A HD2-DM-A HD2-DM-A ||
#7 #6 #5 #4

RN < jﬁ 7E 7 P j y & PN jﬁ 7E1":
! \
O B TR o o o s s T I R ST W B T |
| rx% rx% } ©o| o] e |¢e vl |v| |v = (= [= =]
VIZEZE =] =212 (=212 1= 2] 2] 2] 2] =]
CEEE] [SE] MM MM M) ]
el |25 I[E||E||E]|E clllel|E]||E =) 2] 2] 2]
o a ool I|O (] (] (] Q Q Q (] Q Q Q Q|
"lE2I[ESIE|IIE||E|I|E EIIE||E||E E|IIE|I|E||E|
| D q D8 | (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) D
| QD QA || D [0} [0} [0} [0 [0 [0 [0} [0 [0 [0 [0 |
o= @7 || |of (o o] |(of o] |af o] |6 [of o] [o]!
| | |
| - - - T -
| Process |  process UnitNo.6 | Process Unit| Process Unit No.4 |
} Unit No.7 J |

,,,,,,,,,,,,,,
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A15197 3.6 S1azdYnTBLENILUANARAIl SCOT Amine Regeneration System Unit

Field Instrument Spur Cable Junction Box DCS Cabinet
ltem
Power Trunk Power
No. FF ™ Cable |Length Cable Cabinet Trunk No.
Tag No. |Conditioner Jb. No. Length Conditioner
Address | No. Spec. (m) Spec. No. / Seg. No.
No. (m) No.

1 FT190609 | FIM 5 1 21 +/- | Type A| 12

2 |FT190608 | FIM 5 1 | 25 +/- | Type A| 12

3 FT190902 | FIM 5 1 20 +/- | Type A | 12
- B-FB-4R.HO| SEG No.1

JB-FF-017 | Type A | 128 |DCS-009
SC No.5  [Segment_FIM5_1

4 | FT191001 | FIM 5 1 22 +/- | Type A| 10

5 |FT191101| FIM 5 1 23 +/- | Type A | 10

6 |TV190801| FIM 5 1 24 +/- | Type A 8

7 |LT191101| AIM5 2 | 24| +/- |TypeA| 10

8 |FV191102 | FIM_5 2 28 +/- | Type A| 10

9 |LT192501 | FIM 5 2 22 +/- | Type A| 15
O B-FB-4R.HO] SEG No.2

JB-FF-018 | Type A | 145 |DCS-009
SC No.5  [Segment_FIM5_2
10 |LT193101 | FIM 5 2 2. +/- | Type A| 18

11 |PDT191102] FIM 5 2 25 +/- | Type A | 15

12 |TT191103 | FIM 5 2 20 +/- | Type A | 10

13 | LT191303 | FIM 5 3 22 +/- | Type A 8

14 [FT191102| FIM.5 3 | 21 | +/~ | Type A | 12

15 | LT192502 | FIM 5 3 23 +/- | Type A| 16
S B-FB-4R.HO| SEG No.3

JB-FF-019 | Type A | 137 |DCS-009
SC No.5  [Segment_FIM5_3

16 |LV191303 | FIM 5 3 25 +/- | Type A| 10

17 | LV192502 | FIM 5 3 24 +/- | Type A| 10

18 |TT191302 | FIM 5 3 20 +/- | Type A 5

dmSunilegnans1e 9 veanauanilseuuiladtadiuiu 26 lwnwud 1Wesain ADM 1 luga

I
v

seafuiun1seTvgeuIladeddiutuninienmyesseuuilanvalaaanidiuiy 4 wniuud
Tnensldau ADM uriaslugaifisnisiivilouitu fetiileliinesenisvhenudle Tusdedl
Jafinseduneiinisldiedesiiensiaaouitads ADM 1iivsud 1 Tuga (HD2-DM-A #5) d1msy
n1sasldevIdadeflandalsniuud $1uu 3 L NLUUR (Segment FIM5 1,
Segment FIM5 2, uae Segment FIM5_3) fauanslunisnedl 3.6 %ﬂLﬂumﬂLuuﬁﬁamﬁu’qa@u
SCOT Amine Regeneration System Unit (No.5) 1usnegsdmsunsaane




M1319% 3.7 eazdenvasgunsalsyiuilaniiingialy Segment FIM5 1

Device Device Function DCS I/0 Model Manufacturer
Tag

Vortex Flow
FT190609 Al 8800D Rosemount
Transmitter

Vortex Flow
FT190608 , Al 8800D Rosemount
Transmitter

FT190902 | DP Flow Transmitter Al 3051CD Rosemount

Vortex Flow
FT191001 Al 8800D Rosemount
Transmitter

Vortex Flow
FT191101 Al 8800D Rosemount
Transmitter

TV190801 | Globe Control valve AO 3730-510000 SAMSON

M1319% 3.8 eazdunvasgUnsalseAuilannangdly Segment FIM5 2

Device Device Function DCS 1/0 Model Manufacturer
Tag
LT191101 Level Transmitter Al 3051CD Rosemount
FV191102 | Globe Control valve AO 3730-510000 SAMSON
LT192501 Level Transmitter Al 3051CD Rosemount
LT193101 Level Transmitter Al 3051CD Rosemount
DP Pressure
PDT191102 . Al 3051CD Rosemount
Transmitter
Temperature
TT191103 Al 3144P Rosemount
Transmitter

M1319% 3.9 eazBunvasgUnsalsvauiladifngdly Segment FIM5 3

Device Device Function DCS I/O Model Manufacturer
Tag

LT191303 Level Transmitter Al 3051CD Rosemount
Vortex Flow

FT191102 Al 8800D Rosemount
Transmitter

LT192502 Level Transmitter Al 3051CD Rosemount

LV191303 | Globe Control valve AO 3730-510000 SAMSON

LV192502 | Globe Control valve AO 3730-510000 SAMSON
Temperature

TT191302 Al 3144p Rosemount
Transmitter
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AuUTlaA AINE1IT0S Trunk  Lay
Spur gunsal Junction Box Tidenld sauviadeyanisiinds Power Conditioner fidaitiy
seuulganagiegluriosmuny lnesvavidenvetgunialseauilan (Msualinines wagind,
runw) Tinddluudaznsnunsiagldfmend 3.7 8 3.9
Nnteyadmiuiladiamnuud Segment FIM5 1 fifvewsladuu Tree flans
Tumsefl 3.6 uae 3.7 ovhmansiaaouniseonuuuwnuudi Tnsfinsduaiiionisde
gunsalifisluounan (Spare Part) $1uau 2 ¢ Tagldlusunsu P+F Segment Checker 1éa
nsAwaafudsfidfyluilad Tawnmudduanslusuil 3.7 Sauandldin waiuud
Segment FIM5 1 fin1seenuuuiiidulumudetinuavangniuud H1 Tnefidiusasy

nnAseugUnIalseiulanfidesgludiuvatevesany Trunk IA1nndn 11V

@
v

ca' a ¢
1NF1TN 3.5 NﬂﬂiLLamiwmﬂJaﬂqﬂﬂimi

A 0Emm® (AWG 18)
Tooe

5.0m
A 0.8mm* (AWG 18) A0.8mm? (AWG 18) A0.8mm® (AWG 18)
(JB-FF-017-FB1) {JB-FF-017-F82) (T00D)

T 1280m 0.1m 0im TooD
oesos.res (FOFS JB-FF-017-FB1 i JB-FF-017-FB2 i ;:f:A
i;s: i 245V 245V

i 1704mA B43mA
T St A 0.8mm? (AWG 18) A 0.8mm? (AWG 18)
(FT190609) (FT191101)
o FT190609 =0 FT191101
115V 115V
200mA 20.0mA
A0.Bmm’ (AWG 18) A0.8mm’ (AWG 18)
(FT190608) (TV150801)
258 FT190608 .y TV190801
115V 119v
200mA 15.0mA
A 0.8mm’ (AWG 18) A 0.8Bmm? (AWG 18)
(FT190902) (SPARE 1)
. Z FT190902 e B SPARE 1
116V 115V
13.0mA 200mA
A 0.8mm’ (AWG 18) A 0.8mm* (AWG 18)
(FF191001) (SPARE 2)
10.0m FT181001 50.0m SPARE 2
115v 11sv
200mA 200mA
' \
= o U a o0 W ¥
;siJ‘VI 3.7 Han15AMIUAILUTNEAYVBY Segment FIM5_ 1 a3e P+F Segment Checker
i Toos
;{Iﬁzs.av
10.0més
AD_Bmm? (AWE 18]
(TO0E)
5.0m
AD.Smm? (WG 18) AD.Bmm? (AWE 18] AD.Bmm? (AWG 18)
[JB-FF-013-FE) JB-FF-018-FEZ] moap
T 145.0m Lim nim = 00D
- 245Y
pesossrs | FOPS JB-FF-018FB1 JB-FF-018FR 0.0mé,
2554 45y 5
;;ﬁ::: 163.2me 52.5ma
AD.Smm? (AW 18) AD.Bmm? (AW 1)
LTig1101] [FOTIS102)
e LT191101 L PDTIS 02
16 1HEY
18.0mé 18.0me
AI'I.an;; \(:m:nl;]z] Al .smmr;[?e;\n:a 31]:1]
Hitm FV191102 Ta 91103
19 18V
15.0mes 12.0ma
AD.Bmm? (AWE 18] A0.8mm? (AWG 18)
(LT132501) [SPARE 1)
—W“Z LT192501 —SW’"Z SPARE 1
18V 116
18.0ma 18.0ma
AD.Smm? (AWG 18) AD.Bmm? [AWE 18)
(LT133101) [SPAREZ)
180m LT193101 i SPARE2
—E 18V —E 1164
18.0me 18.0mé
a ° o Ao o 1
g‘tJ‘VI 3.8 NAN1TANUIUAILUTVANAYVBY Segment FIM5 2 ag P+F Segment Checker



B 006
1§ 255v
10.0me

AD.Bmm? (ARG 18)
T0g)

40

5.0m
AD.Bmm® (4G 18] A0.Bmm? (AWE 19] A0 Smm? (SWE 19]
[JB-FFA3-FET) B-FF018-FB2) mog)
ol 137.0m Dim T 0im TOOE
= FB T 245
DCs03-FF i By JB-FF-O19-FB1 | JB-FF-019.F82 | | 00mé
ﬁss:m 2454 245
dresmy 166.9mA, 85 0mea,
AD.Smm? [AWE 19] A0 Smm? [AWG 19)
LT131303) L192302)
80m LT191303 A0.0mi LVI92502
e e
18.0ma 18.0mé
AD.Emm? (AWG 18] AD.Smm? (AWG 18]
[FTH91102] [T91302)
telay FTI91102 2im 31302
1154 118
200ma 180ma,
A0 Smm? (WG 19] AD_Bmm? [AWE 18)
[LT15250) [SPARET]
Hhom LT192502 Al SPARE 1
e 15
18.0ma 200ma
AD.Smm? (AWG 18] AD.Smm? (AWG 18]
Lw131303) [EPAREZ)
1000, LVI91303 m SPARE2
13 115
15.0ma, 20ma

Y

gﬂﬁ 3.9 nansAIARILUSTIdERUee Segment FIM5 3 ¢ P+F Segment Checker

o

(¥) MmsfasaaTesisnTiaaeuilademdentdlurissniuny
3UN 3.10 n1sldiaTesilansivaeuitiady ADM lunsungesnwszuuilandannaiusd TGTU

TuyiueaAgIfUNaN1TAIUIUAILUINAAYVDY Segment FIM5 2 Laglanliua
Segment FIM5 3 Taglalusunsy P+F Segment  Checker LLavammsUw 3.8 Uag 3.9
auEU tiedunnsasIsdeunsesnuUTeTde LenURRInaT?
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[y

Tugu 3.10(n) waz 3.10(0) wansnsannsgUnsalluseRuiianlaznsAndAsATodile

n319aeUIdady ADM luiesmiuau aud1au dmiumsuigeinuissuuilanda H1 AR
Tunaud TGTU Adunsdlfinw

3.5 NaN1sNNaaIkazNani1siUSauLiau

uenlelunnmsdaunanisuaninares LED fislugaves ADM uda lugataiinig
57897UnNa (Physical Layer Measurement Report) ﬁqﬁ’aazmiugﬂﬁ 3.11 fiuanasieuiils
ynnsasvdeuItedeasvasnuud lnefiszurnanisnsivaaulaenmsiudu Excellent,
Good W38 Out of Specification fguil 3.1 (n) waziimssenunalugiuveumasingly
wazgunseisEuTlanfazu 3.11() uag 3.11(a) muddy venanddsinismenudeylyi
THlun1snsaaoudsgui 3.116) d1ugui 3.12  uansiegsnaaguninsraeuidade
(Diagnostic Summary) 984 ADM

Fieldbus Type: FOUNDATION Fieldbus
Segment Tag: Segment1

Measurement Equipment

Type: HD2-DM-A
Serial Number: 400000004 14644
Software Revision:  1.3.00

DTM Revision: 2001177

Resuli: @ Commissioned, Excellent

Legend
) Excellent All values are within the specification limit with an adeguate safety margin
v Good The value is within the specification limits but the safety margin is reduced
2. Qut of Specification The value exceeds the allowed range

Limits used for this classification are listed on the last page of this report

Diagnostic Messages
9 (238) Status is Excellent
Board and Power Supply Module Summary

Board and Power Supply Module Configuration: & oK
Power Supply Module Status: ® OK

(N) MIAFUHALAENINTINVDUINLUUA

Board and Power Supply Module Details

Actual Failure
Board Type: Power Hub & -
Board Redundancy: Redundant (V) -
Module A/B Mismatch:  |OK (V]| -
Module A: Isolated Module &|OK (V]
Module B: Isolated Module @|ok )

(¥) MsvenuraludIuveuranglnilada
5UM 3.11 108 1951891UNANTATIEYTUATINYINIUYES ADM



a2

Field Device Details
Address: 16
Tag:
Polarity: Standard
Min Max
Value Result Value Result
Noise: 29mV (& Excellent 3AmV (D Excellent
Jitter: 0.5us |& Excellent 0.7us |& Excellent
Signal Level: 869mV |& Excellent 896mV (D Excellent
Address: 17
Tag:
Polarity: Standard
Min Max
Value Result Value Result
Noise: 29mV D Excellent mv | Excellent
Jitter: 0.5us |& Excellent 0.7us|& Excellent
Signal Level: 893mV | Excellent 894mV |2 Excellent

Defined limit values

(A) NMssgnuRaluduvesgunsalsyauilas

3

| Low Out of Spec. Low Good Excellent High Good High Out of Spec.
Pri. Pwr Voltage: <19.2V - 19.2 B5.0V - > 35.0V
Sec. Pwr Voltage: <19.2V - 19.2 ... 35.0v - > 35.0V
Voltage: <9.0vV 9.0..<245V 245 .. 285V >285 .. 320V >32.0V
Current: - - 0 ... 360mA - > 6500mA
Unbalance: < -84% -84 ... <-60% -60 ... 60% >60 ... 84% > 84%
Noise: - - <= 50mV >50 ... 100mV > 100mV
Jitter: - - <= 2.4ps >24..3.2us >3.2us
Signal Level: < 200mV 200 ... <634mV 634 ... 1200mV - > 1200mV
« R
) Soulanldlunisnsisasy
dl 1
3UM 3.11 ()
s i A
) Devicelame:  FDRDHA Ul Hode: 1/2]z[4] sem: @
F:"edebiN?f‘X Tagt CACOL Segrert s B Seqert 3 8
o Fieldbus Types FOUNDATION Feictus Segrentz; (2] seamert s =
L:_"E TCDME ‘ Cegment Tag: CMADDL-
E@.DN“UTJ i Enable Segmert TEnale L
i, Statiskics
1 Field Dovices P
B FiedDevice 16 |||
B FisdCevica 21 || by of pevices: 5
[ Fied Device 24
Fid Dewire 27 || £y bl Madule Mismekch Alaim: v
& Fied Devies 35
B Lncorfigured Fd | maduls Misrrakch Alarm Stake: B
[EHEE] DMATO1L-2 [2) - -
B orao01-o (3 Powc SupplyModule Dota )
] DMADDL-4 (4) Label [ Betaal [ Targer [ Failne [
Maduls 4 Izclated Med.ia [lsolated Module 2 2
Wodule B eolated Mod. e |lsolated Module W ¥ |
Physicallaper Data
Labal [ LowOut .. | LowMain... [ Achial | High Ma.. [ HehOut... [ Hyst. Reest |
Yolizgz [¥] a0 (10 W oss 300 320 T Fess
Cunert [mé] | [ W I ED | Bessl ||
Unbalancs [%] 41 WMlag T B4 a4 Fla | Flessl | |
Win Signal Level[m¥] 200 W |00 L] 100 _Ressl |
Wan Sinal Leval [iv] I 419 1200 T q200 100 [ Hesal | |
Hoige [iv] 3 1an ™ 100 I |25 | Aessl | |
$ I 5 Jitter [uz] 1.1 13.2 " 52 I |08 Res=l

5UN 3.12 Megrawaasun1snsiaaeuiiadeves ADM
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U = 200 div, t = B00ps/div Start | Cancel |

Fecording Length 32,768 | ms

Amplitude +-1.25¢ -

Trigger Events Pass Token to Address
Probe Node to Address
Token uzage from Addre
Miszing Token usage fro
Probe Response from &
Mizsing Probe Respons
Claim L&5 from Address
Transter LAS to Address
CRC Emar

v
Trigger Address r
Pretrigger Time V5 mg

Trigger Level r W
Trigger Timeaut r B

‘ Framing Errar ‘

Uil 3.13 fhegrnamhensiuansilsddumsvhinuesadalasley
Tunsdifiinseeldnuedesiionsiaaeuifinds ADM naoaia Tugaiaunsaui
foyamsududeusng q 1laludnuagves Historian Data Lilei3engdeundsls Inedoyad
Fafufimsszyainguagisnudlududeuururunglildduiunsasaasuiiolinszvin
AVANITUILABUG 1) Adatu venant wdesdlonsiadeidade ADM  Sedlitaidunis
vhaueeadalaalay (Oscilloscope) -~ Tulusunsussiaegadlusuil 3.13 Wies1ureainu
avaINUNKIUENeAIL
Tumsdesthssszuumsianasauauiidussuuiladtailinisnsanaouidadese
ADM  seuuilasvailaildldnsnsnasuitadudidudunisnienin wagssuuueuzaen i
suuuulumsvihausaiy o
1. sguurniladuiiadiaiiieiasdielunisaneaouidadudisudunisnindagu
ADM (FF with Diagnostic) lunsdiiisinasldznamaia 1 au wagdenns 1 au lums
YUY TITEUY
2. swuuhmisduiiadtailillfldiedosdislumsrsaseuitadodfutunmenin (FF
without Diagnostic) lunsaifinuniifinislddramaia 1 au wazdenns 1 au luns
YUY
3. szuuLeuzasn (Analog 4-20 mA) lunsdldiinislddramaia 2 au wazdens 1
Ay Tun1sgeutiy
dAnaussnudmiuiamadeuazimng fewindu 400 vw/Aalus way 1,000 vw/
Falus muddu Tunsdeutissssuulusey 1 U dwdumsmsaaeunisiaiuvesgunsal
e 9 wamnUSeudisutesty 3 nsdlumsdenthisiugunsaisesuiiadludwaui
wihitu Ao 128 & TiRasdluiladdaenumsinau 24 wnud (dfunuenuuifiesnuuy
undmiugunsaifidu Spare Part) asuldsmsnsil 3.10 Feaziiiulsin nsldiaTesilo ADM
ansnaanauazanaliaslunmsgentigaszuulvdesadls Sadunsusendanildanels
wnn 85% waifisuduiia 2 nadl



M1379% 3.10 Han1sSEuWisureans 3 nsdllunsdeutigednuiugunsalseauilan

aa

Description Time Per Hour FF with FF without | 4-20 mA
(Hour) | Rate (Bt) | DIAG (Bt) DIAG (Bt) (Bt)
FF with DIAG 3.20 1,400 4,480 - -
(1 Technician + 1
Engineer @ 8 min per
segment)
FF without DIAG 24 1,400 - 33,600 -
(1 Technician + 1
Engineer @ 60 min per
segment)
Conventional 4-20 mA 32 1,900 - - 60,800
(2 Technicians + 1
Engineer @ 15 min per
cable)
Total 4,480 33,600 60,800
Saving with FF with DIAG 86.67% | 92.63%
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AJUNANITIVLLAUBLEUD UL

4.1 #3Unan1sdY

Tuingdnusdladinnsiiauenisdizsdnwssuunsianazaivauilindiady
fladtatadumeluladnmsdeastoyauuuiineaiisessuilsifunsmseaeuitadedfuiu
menn Taedinsindauazfuoyannisliiaiosdionsanasuifadeiizondn “Advanced
Online Physmal Layer Diagnostic Module” %38 “ADM” Tuwaius Tail Gas Treatmg Unit
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ApsTRACT. An availability of valuable physical layer diagnostic dnformation in mainte-
nance practice is presented in this-article.  Establishing on effective and efficient main-
tenance capability for Foundation Fieldbus segments snstalled af the Tail Gas Treating
Unit, IRPC Public Company Limited, Thailand is described as an illustrative case study.
Diagnostic-dviven maintenance stralegy nol ondy veduees fieed and varioble snamtenance
costs butl also ertends wseful sssel fe by reducing the interval between maintenance
everls, mwducing the cost of failures, and maling ib easier Lo plon maintenance and ser-
viee work.

Keywords: Foundation Fieldbus, Physical layer, Disgnosties, Maintenance, Cost saving

1. Introduction. Over the vears, plant constructors and operators have consistently
pursued two main goals: to lower installation costs (fewer cables, cable trays, and connec-
tions) and to optimize produetion conditions (larger mumber of information per device).
This has led to the widespread use of digital fieldbus technologies in process industries.
Based on the 1EC 61158 fieldbus standard, Foundation Fieldbns propesed by the Field-
bus Foundation is one of the most advanced all-digital commumications technologies for
plant automation environment [1,2|. Foundation Fieldbus technology provides simplified
remote [/0 networking, real-time data, robust diagnostics, device interoperability, and
tightly integrated loop control. Twa related implementations of Foundation Fieldbus
have been developed: H1 and HSE (High Speed Ethernet) [3]. Fieldbus H1 (31.25 kbit/s)
interconnects field equipments such as transmitters, control valve positioners, and 1/0
modules. Fieldbus HSE (100 Mbit/s) provides integration of H1 subsystems, high speed
controllers such as PLCs, data servers, and workstations,  Usually, H1 segments oper-
ate under harsh conditions, which mnay degrade system performances [4]. For example,
a capacitance on the segment is increased because of corroded terminals, and a failing
power supply due to ageing electronics injects switching noise or voltage glitch into the
bus. In order to detect degradations causing segment communication failures, diagnostic
tools to make a physical layer diagnosis are required [5]. In addition, diagnostic results
are maintenance resources during long-term operation, since typical segment problems
are identified and alerted maintenance staffs before the problem interrupts the process.
Recently, physical layver suppliers have developed new Fieldbus power conditioner and
device coupler solutions impervious to any single point failure as well as online physical
layer diagnostics.

This paper focuses on using online Fieldbus physical layver diagnostics in maintenance
practice. Establishing the maintenance capability with reliable physical layer diagnos-
tics at the Tail Gas Treating Unit (TGTU), IRPC Public Company Limited, one of gas
industry’s Foundation Fieldbus installations in Thailand, is examined as an illustrative

e = ¥ o [ ¥ A = & 1 Y o ¥ ¢ v 1%
onansiiluenarsnanulidmsumsldanuienisfinwwinuu leygalmhlulduselesiaunism

L = &L a & v af Yo & I‘_Elaﬁ Y a = v S Aa o v
lmmiaﬂm VINGE?! aﬂmmmﬂmmmaﬂmam LL@%@@Q@TQ@Q@QLQTGU@QL@ﬂﬁ?ﬁﬂﬂ@ﬁﬂmmﬂqﬁuﬂﬂisﬁ



1216 5. KUMMOOL, A. JULSEREEWONG, P JULSEREEWONG AND N. MEKKRAJAI

case study. Diagnostic information including fanlt finding and early fault warning can be
useful for scheduling maintenance appropriately.

2. H1 Physical Layer. Figure 1 shows the Fieldbus H1 communications model based
on IEC 61158-2 and ANSI/ISA 50.02 standard, which has three parts: the physical layer,
communication stack, and user application laver [6]. The physical laver deals with con-
verting messages received from the communication stack into physical signals on the wire
and vice-versa. The physical layer also provides the common electrical interface for all
Fieldbus devices. The H1 segments require DC supply voltage ranging from 9-32 V and
approximately 15-20 mA of current per device. Figure 2 illustrates a typical H1 segment
constructed according to the tree topology that 15 commonly adopted, Physical laver
components are cable, connected feld devices, terminators, power supply, power condi-
tioner, and supporting components such as device coupler (or junction hox) that provides
a means of connecting field deviges to the bus.

OS] Model
7 | Application Layer |
= "
& Pl‘mlﬂllﬂﬂl—-ﬂxﬂf Con 3 hﬁn ‘ Fieldinis Sgmal _.L_
5| _SessionLayer gm-mm.ﬁﬂ '_n 71,0 Vpp
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3| Nemwork E &::
2| Data Link Laver #1571
1| Physical Layer Physical Layer ‘Q - .7 P
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— ]fniu HSE (High Speed Ethemnet)
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Ficure 2. Typical Fieldbus H1 segment
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3. Physical Layer Diagnostics. The availability of a svstem is alwayvs directly depen-
dent on the availability of physical layer components. Physical laver faults can be divided
into two main categories: those that result from poor installation practice or inadeguate
materials, and those that oceur during operation [5]. The long-term reliability of Fieldbus
systems is heavily influenced by the quality of the initial installation and the choice of
components, Common segment problems resulting in an unreliable installation are wiring
errors. too many or too few terminators on each segment, and inadequate grounding.
Other problems with the segment that could be ocenrred during plant operation are man-
nally inflicted damage, environment damage such as water ingress and corrosion, surge
damage, electrical noise, and device in-service failure. These physical laver problems often
can be corrected with relative little effort, once the root cause is determined. Without
the availability of good tools for collecting and analyzing the H1 segment's physical layer
diagnostics, considerable time can be spent chasing the cause of the problem. End users
may perceive these potential network infrastructure problems and the requirement for
a physical layer diagnostic tool Newadays, several vendors offer diagnostic tools with
varying degrees of price and performance for identifving peoblems with the Fieldbus H1
physical layer.

4. Diagnostic System at Studied Unit. At TGTU, an example of H1 segments de-
signed according to high power tnk with fieldbarricr is shown i Figure 3. Figure 4 dis-
plays the H1 segment with online phvsical laver diagnostics studied at TGTU. The Field-
Connex Power Hub with Advanced Diagnostic Modnle |7], distributed by Pepperl4-Fuchs,
is permanently conngcted at the coutral roow for detection of gradual or sudden changes
in the physical layer and power supply (See Figure 4(h)). The Advanced Diagnostic Mod-
ule provides critical analysis of signal and segment parameters {e.g., bulk power loss or
short cireuit) as well as detailed measurement of speeific svstem and node physical layer
values (e.g.. noise or jitter levels and wubalance detection). The dutegrated oscilloscope
function visualizes the commmnication on each segment. The Advanced Diagnostic Mod-
nle continuonusly monitors each segment for compliance to a programmable set of alarms.
The alarms can he triggered via a simple solid-state relay output from the Advanced
Diagnostic Module. When conneeted to the Peperl +-Fuchs Expert Diagnostic Manager
software, the Advanced Diagnostic Module can be emploved to evaluate many physical
layer characteristies of the segment, and provide warnings of potential problems before
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(b In the control aom

FIGURE 4. Hl segment with online physical layer diagnostics at TGTU

they occur. A timesstamped listorian is also-available to log alarms from the Advanced
Diagnostic Module,

Continnous menitoring of all relevant phivsical parameters can proactively detect degra-
dation before the segment ecommunication fails. Figure 5 shows the examples of physical
laver measurement reports Diagnostic information delivered is uselul to operators and
maintenance engineers: An oporator may observe a rudimentacy dingnostic warning and
must be able to act upon it appropriately. That is the operator may decide from the gen-
eral information provided abont.the health of a Fieldbws segment to call the maintenance
engineer for immediate attention, or the eperator may decide to schedule the repair for
the next shift or even during a scheduled slhatdown, The information delivered with tech-
nical detailed is also helpful for extensive tronbleshooting. Additionally. the maintenance
engineer can access to technical information in order to apply the right corrective action,
il the measured segment parameter exceeds defined limit range.

h. Diagnostic-Driven Maintenance Strategy. Based on reliable Fieldbus diagnos-
tics, the TGTU maintenance team can advance beyond reactive, preventive, and pre-
dictive maintenance technigues and implement diagnostic-driven maintenance strategy,
whereby equipment maintenance schedules are based on asset diagnostics, This means
that the maintenance is performed where and when it is needed. With advanced online
testing and diagnostics, the maintenance team is able to run for longer periods of time
without shutting down the plant for testing purposes, and they ecan save on the cost of
adding spare parts,
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TABLE 1. Comparison of operational maintenance costs over a 1 vear period

L. Man- | Per Hour FF with | FF without | 4-20 mA
Description hours | Rate (Bt) | DIAG (Bt) | DIAG (Bt) (Bt)
FF with DIAG 3.73 1,400 5,222
(1 Technician + 1 Engineer
@ 8 minutes per segment)
FF without DIAG 28.00 1,400 - 39,200 -
(1 Technician + 1 Engineer
@ G0 minutes per segment)
Analog 4-20 mA 45.75 1,900 - -1 86,925
(2 Technicians + 1 Engineer
G 15 minutes per cable)

Total 5,222 39,200 86,925
| Saving with FF with DTAG | 86.68 % | 93.99 % |

Table 1 gives comparison of operational maintenance costs over a 1 yvear period of Foun-
dation Fieldbus (FF ) with diagnestics (DIAG). Foundation Fieldbus without diagnostics,
and conventional analog 4-20 mA systems. This observes and inspects every loop/segment
for anomalies and to perform regular shutdown repair and maintenance task, where numne-
ber of instruments and segments are 183 and 28, respectively. Compared with the system
using Fieldbus without diagnosties, the maintenance cost of the Fieldbus with diagnostics
drops to 86.68%. Surpassing the traditional analog 4-20 mA, the Fieldbus with diagnostics
provides saving in maintenance cost of 93.99%. This means that Fieldbus with diagnostics
reduces the amount of time taken and lowers labor cost for operational maintenance.

6. Conclusion. Establishing the maintenance capability with physical laver diagnostics
has been deseribed in this paper. Key benefit of using onling Advanced Diagnostic Mod-
ule is the diagnosis of issues possible before segment communication- problems oceur.
Studied results demonstrate that Fieldbus H1 with diagnostics helps shorten operational
maintenance time and lower labor maintenance cost.
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