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ABSTRACT

This thesis focuses on a digital fieldbus replacement for existing analog
communications to bring autormation infrastructure. Comparative analysis between
conventional -analog and Foundation Fieldbus systems for new instrumentation
installations in a raw cane sugar production is described as an-illustrative case study.
Implementing Foundation Fieldbus physical segments is divided. into two cases: use
of one control valve per segment and use of two control valves per segment.
Comparison results show that using Foundation Fieldbus technology provides saving
in installation and commissioning costs. Increasing number of segments results in
higher cost of materials. Cost saving in materials used is thus occurred for only the
case of implementing each Fieldbus segment with one control valve. The studied
results can be useful data to support the planning and decision making for any small

or large upcoming projects.
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Tunsiinfswesgunsalnnd dnvazmsifuasdyaauandugud 2.21

Conventional ~ Marshalling Junction
1/O Card Cabinet
#O Y —— Box

Field
Devices

JUR 2.21 msiduenedygia 4 - 20 mA

mugaedgnanaun = Y, (sveznnindgadeuss + ssezgaidousiofiegunsal)
(2.7)

o
Y

o = ¢ ] g
QWﬂﬂqﬁﬂquqﬂm?ﬂuﬂUﬁﬁﬁﬂQUﬂﬁm?NﬁNﬂﬂ??NBW?H?EmQWNﬂUﬂU 51,100 m

9. snuiudedyIu

o

miﬁ'luamm'imﬁumaﬁmzyﬂm (Cable Tray) ausamleaInwasINYeIs8EaN

gmupuandsademsodymngadouse Tnefunaannuuuiildlunsindauesgunsel

q q

as ] Qs =

Ve drussesNnasLtasadyg uteUnInilumduduelfuanyliuny

9 v 9

muemmedyyuivmn = ) ssesangmuruindeudonsedoygno (2.8)

NASANNINLUUAARIQUNSIIIRANeE ey 1,100 m

=l

g [ J 1 o v ¥ Y o 1
wasnndildduiumimiugunsaldn o Adeddudrasihaildnesvaeusinn

]
s

guanluwsazen %”amm%uﬁﬂLwiasﬁmﬁuagjﬁ’ummmminLLﬁaxmaﬁQ’wamlﬁwamH G

Twnavseteslunisde svagulilumsei 2.17
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A997 2.17 msaguealidnavesiaguaransalilddyann 4-20 mA

Twazidun | fwnu | nendevdes | 53 (uw)
. - e e -
Al card (8 channels) 14 240,000 3,360,000
AQ card (8 channels) 1 240,000 240,000
DI card (16 channels) 2 200,000 400,000
PID card (8 channels) 11 400,000 4,400,000
Al/AO card nest 4 1,600,000 6,400,000
Marshalling cabinet 5 60,000 300,000
Junction box 37 9,000 333,000
Cable 51,100 60 3,066,000
Cable tray 1,100 3,500 3,850,000
| S b ity N\, 22,349,000

2.8.2 A1ldT18fIUNISAAAT

1. nsiTendsaedynIn

naeureanedynn (Termination) Wuntsifeureaedyaiaidulauidldls
sonuuuly Tnemedygraiideusts  Milasldmeounadeudeniinduna/iondnmasusay
nde TUET§ Marshiting anndudesane 2 asadfisunn/endinuasd Marshiling wag
Uanganedniunilsdeusa 2 atudfundesdeuseanedymyin dauaednduniiaae
\ousennnaendeudeaslumgunsaludassn fitldsunsiinasdissduiugaidenss
maé’fgzyﬂmﬂgwumﬁaﬂisLﬁuiwmﬁ'ﬂ%’dﬁa ﬂ'ﬁﬁ’mammaﬁﬂmuqmmiL%ausiaawé'mvfy,m
MAlanaNnTs

enswenreaedynin = {(Ianregunsalxd) + ([@wiuveanisaxd)ix2 (2.9)

TIUIUNIABURA/LDNANIVAA 28 min

o

HAIQUNTAIVIIVIIA 372 ¢

wnuatasluauns (2.9) agla

Qﬂﬂ'ﬁﬁamamaa"@mwm {(372x4)+(28x2)}x2
3,088

AsugANsWaNseanedygu anuetnluusediusiadiuiy 3,088 99
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2. AsARRIgAIUAY
a & v . . I3 o w g [ W
nM3ansEAIUAL (Cabinet Installation) aztlunsUsznauURIIMIERNTBNLUINILAY
Tiansnsaldauld msUseneugiuseneudavimsessniuunmsisgunsailugnauudaily
Weuwuu mslisunuuasdesseyfsiaguanideddivy miheUssinananana niadeans
€ = L3 1 1 ¥ d' dl. el' v o 17
waurasn N1SABuNE/dnaLaswraIRng il uenanTandus iefiaglvivinaulaniu

sruumuaufisenuuuliiiy alnddanednludd (Relay) Freansld (Terminal) saufiu

=

angl vaenlyosisaigud wes/ang IlFulve Srunuid wieamiuguinasitiansing

1 8/
= 1 4 o

7 uanmtlenniaguaniigindraliveluuduasAusinulunsesnuuuilisuluunsineag

U

o
s

Anduenldanalunshinmag

3. NMIAMNEYHYNIN

nsanaedyyn (Cable  Pulling) iWun1sitisusiadyganainsruuaiunuluds
gunsalinTesileln Welvszuuaivausuianisdiwesvesgunsailanaeniiavievinli
gunsallasuitiinmnudamsdunuremiisssanarana s (CPU) nsannanedyguiaduy
a d0 & s vy v 1w ] 1 2 2/
gandndudmiusrvuivae lnegnlasunisindnsasanaaledislunisidussnuluns

ANNAEBNUNLNLALAREASINDLINS

4. nrswausasAugain
= . = LY lcid
naausaiuangli (Main Cable Tray) Wunsiiusiafuvansdygiaauinlng il

anedgygasmnunniniuszun senuieseiuduavessing 9 nswusiaivaislneg

1y
v SAaia °

wuduiidianeduauun 9 1wy anngeealvatindenteuraas diuangaideuseagluds
gunseilenpuviedesanslwmnnidn Tnefldsunsinesduanldielunslussnu

TunsiiusisaadyeaeoninlnuAnenI1ABLILnRS

wasnAaalIelunsianslusdazdiuaniLainy nlaTunisindneas

agueldnglunsfiansvinmedsdindng wansbivilusnsag 2.18

A15199 2.18 msasuamldinglunisfinssssuunIuauwuUdLgI 4-20 mA

Swaudun Sowow | ewe | s uw)
| e (Um) |
Termination 3,088 10 30,880
Cabinet installation 5 145,000 725,000
Cable pulling 51,100 50 2,555,000
Main cable tray 1, 100 500 550,000
s  swswnudu | 3,860,880
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2.8.3 aldinelunsaeudiviuis

msufuussszuuiiunsiniiensiaasuanugndeauasyiuudslunisinuees
gunstiiTesiiotauarilsidunisitnurssssuumunuitazda Weiiuanuusiuglunns
vhau Tnsyarainsfinzanviinisuiuudsssuudesiivszaumsnilunisvinnugs ieaztnean
nartun1sUsuusnsszuulidesas uazinldszuumiuaundndudnlaegralinunin lag
Arlddelunsuundsszuudindraazaniuduuyarannsiiluuiunssssuusionisviny

Tu 1 Ju (10 Falus) warlunilsiurzanunsoreuiyduialdnmun 15 qu

o

A19190 2.19 msagueldelunisressiviuiiwuudaaim 4-20 mA

SeaTen S e GulER! 333 (Uw)
N\ e
Loop checking and commissioning 14 30,000 420,000
(3 Technicians @ 15 loops in 10 hrs)

yifauauiu | 420,000




uni 3

walulagwnuintuianud

3.1 n&13uin
Tuunilaznandsnsidousegunsalveumaluladvminduiladva uagnisasisiladds
wauadasndudesddundstnelnia  (Power Supply) nanesnaudduiues  (Power

Conditioner) naadldaunoaisdmuins  Uunction  Box) wmesiiumes (Terminator)

L3

aedyana uenwiiaangunsalszauilan

3.2 madeuragunsaiviinduilada [29]-30]

Engineer/Operator

Data Service
Al

g;g Ethernet Switch

Other Bus

Gateway 5 @ E

Fieldbus H1
e

L]
i £
H

Field Devices

= o e D Yo iV
E‘U‘w 3.1 laseas1sveannmtuianue

walulaBvimlnduilaada Wunis@oansuuveynsu (Series) Medynyrufdneawuy
geafirmesendnunsedieindussuuinguuieseninunisdiaiales aunsawdniy

m’mi,%ﬂum5ﬁaaﬂi%’auualﬁtﬂuaaﬂ°rjﬁﬂﬁa H1 Wasya (H1 Fieldbus) @adimanasalunns

Sudedoyaisziu 31.25 Aladndedund (kbit/s) \Dulanildlunisidenseseningunsal

'
=4 ]

\winsdledn 1y wuiweuarndimuauiumheBunavioinn uazievieadanla (HSE
Fieldbus) defleuilunisiudsdoyaiisedu 100 wngdasioiund (Moit/s) Hudadilily
nsWensieseritemiemuauiifiauilumsvhangudy fueadvieddies, seuudes
489 H1 (H1 Subsystem), wiheldousetadu o (Other Bus) waswhoiieusafugldnu

(Engineer/Operator) \Husu lassaiwwesszuunminduiiadvawanslugud 3.1



a0

_Power Condlitioner  Terminator ~ Field Devices  Terminator

o ﬁ@ Q -

E: v L D AC Equivalent
: (Communication)
Rx Rx |

Field Devices

D ; DC Equivalent
(Power)

@ —

Ui 3.2 MasaNyaveinalulaginninduilans H1

JUT 32 uaansesduyatesnaluladvidiniuilanta H1 Ussnauldsne dauves
\3eane (Network) sgdsiiuvasanglvi vanesrountuiues wesliumes wavgunsel
v oa  f1 au - w A o W v @
syauflansoldnuegiiniu dinvsinishndedsdisagiinssuteyalaglidygauswiuas
s s &

nsdsdoyaavlidyayunszuaduifnrefeansivgunsalssduilan druvesunasing

nasnliugunsaiazlvusiulnfiinseuanss

Fieldbus Device

Raay

1510 20 mA pp

mm\j e
|

Device Current

Fieldbus Signal

Receiving Transmitting

4{

0.7

w»

tolVpp

“_

Device

Voltage

Pawer 9-32 Volts

" ’,‘ f,f Time %
\100 Ohm i B8 1100 Ohm
Power } ‘
Supply i J i

HiEeeiis =/ &
“ \( ‘ ‘i: C\ Terminator

Cis sized to
Fieldbus Network Pass 31.35 kbit/s.

JUR 3.3 msfasedeasnldivalulagvimiintuilanda HL
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]
1 =4 ci o &y

1NUT 33 uansmsiasedeansildinalulagviaiinduiladda H1 lnggunsales
Houresevinunesfiumesitesnmamnuidluiudsdoyaiisedu 31.25 Kbit/s Toinsd
wdsniugunniasfudygimunn 0751 V,, Mnfmuaielgunsaiinumui
yeafamumvdniuTzddgaun 1520 mA,, Tulidmmuguiiiedudunisvio
pundaasihnuau lunsiudsieyanisieansaziusefuluinszuanssaun 9-32 v 1

o v

Tadundsnuliiivgunsalsedivilanne

3.3 gunsainldlu H1 Waddaenuud [31]
13Ul 3.4 gunsalilldlu H1 Fedtawamuddduniagniuudusznauldae
anednnnn wesiiunes nasudeudeanedyg n nesrauituluesuazuvasinglnih

L2 1 e’( 1 o £ L3 @ ey ¢ o o v 1 =l s o a
gunsalvantlazgaerilinlnduiadUavinnulaegeiiusyavtam

[

/¥

eldbus
il M /

Field Device

- T
P Tegmator

L3 [

U7 3.4 gunsaindndudesldluszuunmiinduiiaddaluniasnamd

3.3.1 @nedeyn

v

oW i

awé’fgfmzwmﬁm*ﬁ'uﬂaﬁﬁ'aﬁmﬁﬂﬁ‘ﬁ’uLLasawa;gaixm'mqﬂﬂsiﬁﬁmwuLLaaﬁha
naaulugureussiulniiigunsnise aedyaravintuiadvaivaieussiand
annsadenldldmuiissylilunss 3.1 sliavesanedyarahlndullandassyfelag
IEC/ISA mmg'm%gumamw (Physical Layer Standard) agiseninangdssian A @i
Uszian A dasuantdlumsindeszuulug awnsadaneviadu q wildduaedyyo
e duiladaldundesiinuuzane Tosfudygnasumunaegdndonaednyusii
Uszian B anedszian B dleuminnlflunmsfindessutlmivaznisvenevieifiugunssiasiy

Tuszuulnil anednuasvansginlifians JeadudygrusuniuGenaednuasiiinussan C
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waranevanaduiianetestudyausumunutenaiedneusiiinlssan D aeussian C

waganeussinn D

aedgravniwduiladlausizasyssianuandugun 3.5

dflemianldlunsasevieifingunsaladluluszuuln

ANWE

9n3UR 3.4 anfuhanedyguiideusesewitaninduns/ednauaznaesdeuse

o/ = 1 ] ot l:l dl 1 1 1 édl 1
WANUIBYNLIENIN Trunk %38 Home Run @uanedfg 1uiiiaunaseninasdyoune

s € = '
yauasgunTalazgnIsenIn Spur

a

A13799 3.1 umsguanedygranntdinduilandaudazyseiny

Multi Pair, Slﬁeided '

_rype c i

Multi Pair, n&hxeldeé

Type D

{Coat Hangea‘ or exiﬁﬂsmﬁ cord)

d o s L3 LAY s 1
JUn 3.5 anwugansdygumilinduiladvawsizazuszan

Usznm : :
& Usean C Uszum D
ey - -
. < = AegvaneLE
aetasiu aredasiu aneuanenia b o
NN39NKUY o N - X ., Hanedesiu
. waasunIue | dygnasumu | Wilianedesiu |
agdaann - / = ALEUadIUNIU
Us) vanaain dryayIasunNIY
U
. 2 2 2
g 0.8 mm 0.32 mm 0.13 mm 1.25 mm
YUINANHEYEY 16U
(18 AWG) (22 AWG) (26 AWG) (16 AWG)
ANAIUATUNIU
- 44 Q/km 112 Q/km 264 Q/km 40 Q/km
aneluanadoysyin
AINNYIUDY 1,900 m 1,200 m 400 m 200 m
LYALIUR (6,232 ft.) (3,936 ft.) (1,312 ft) (656 ft.)




a3

3.3.2 wasiwwmas

4

weiiusefifugunsalilesnuenudlududefeyaiisedu 31.25 kbit/s nelumes

a g v o W v 1 o W =
Diumesusznaumefmiumunazdifuussesesynsuiuiiwansluguin 3.6 asgnussqey

U
[

s = : 1 = a oo oW ' o 1
Tfaquuuladelinuawsadenldlinnduiadwinodanandugui 3.7 Tuudasionuug

gl masiiumaianinilagsd LLsﬂﬁﬂasgﬂimLﬁﬂﬁﬁuwm’;a{ﬂauﬁ TuLUeTaIuUAINEDI9Y

@

U s 1 A 1 o) L dl - = = =
gnyuilifundondeureaedyaaiuandugun 3.8 Yagtudndndouninmeifiunes

anaudugunsaiifiendy

< 3

s 1 I s 2 b2 1 d 1
iufuwnasaneliin fuiuuss sulalin waznassousaany

% |

Ui 3.7 sredramasiuuneinismie

Calt

Terminator

Power Conditioner | T
T

Trunk i
Terminator
§ f 1 Trunk | Trunk i
B B

Lr- E Junction Box (T

i Spur
i
i

S %

[

U7 3.8 dnwaznisreldrureuveiinimes
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3.3.3 ndoudeudaseduyin

napadausiomedyyrariinduiiadasgimihiinunsdyaaengunsalseiu
Hasniluiladvamnuuditeilutssinana Tnsany Spur 9ngunsaisziulasynslu
NasUaenuuiiuasnnuiuiindesdeusoaedygrudeufiavdsimmisans Trunk wie
Home Run ‘lﬂv?;'aawiaﬁwnnaﬁfﬂauﬁﬁmua%’lﬁﬁﬂugﬂﬁ 3.9 finasafouseaedyuinay
fisuaugariaats Spur funandnefuidy 4 90 10 Yauas 12 gedvegfudidentdmuliue
aufuiildanuuuilasUawnmudly uaﬂ'i]'lﬂﬁ?ué’lﬁaﬂu'ﬁﬂﬁmémL%audaanﬂﬁmmuﬂmuﬁ
ousiorufulilaedesseansfigada Trunk Out vesnassiiieuseansdyanaiusnlui
figarie Trunk In vesndeadensemedyauiaans wasndeudousoaedyaauisiuasdl
weifiumeinueglui viuanduselfinesiumefaunsansadumnusslunisieans

Ioee wagluzuin 3.10 uanadnualsvandeaexsoanedoyy o

Fowet A TR/, O] A fﬁ,‘i[«-""'"”"ﬁ
Conditioner gt JRGE N Y

: < )T ——
et
o I B
Auto Terminator
3 o Spur
“ha

Mt

Trunk Out WAkl \‘~-V.\5pur
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3.3.4 unsedngluiln
unassnelidiniisneussiuliiianssudanse 9-32 v Witugunsalyndluvilsiladda

wnus 1ae Fieldbus Foundation eauadarmunvesmnassnelniaandy 3 Ussian

at d‘ -] d 1 1 = n’: 1 =
suAumLnranfuruiaztn U uanslunnsed 3.2 unassnelnihasfasaluaiiady

ki

NANTBIMININIFIUTZTAUMENN [EC/ISA Aauandlugui 3.11

d 1 1 v o . .
A1519% 3.2 Uszinvaeaunasaneliimnudeniuuaved Fieldbus Foundation

Uszinm | = Twangen

Uszian 131 - undsiellilstestuluiiuiisunse

- frstesiunssiusagnssuadunhgunselluiiuiisuaseiias
nuld

- ussuewmnduegfumsiiasiumuduasnszuaiunin
aunsal

Uszian 132 - uasseliiinstestlufiufisunse

- bifivstlesiusssiuiagnavaiuningunsofluiuiidunsed
aznulé

- USIAUDIANRGeER 32V

Usznm 133 - wyasanedinistasnuluiunsunsie
2 @ . X el
- aepdssdunisiiwesluiunsunsie

JUN 3.11 fegauvasnglniimiiduning
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3.3.5 W19IRRUATUILES

WneireuRTuuasinivsuAauduniuaelusninsddygnuasunadng
wsesulitleninafinasaatun1sdnasas nelususuussiulniisenaudifmiumunas
Funinheeoynsutusanduzui 3.12 szgnussgegiutaquuuladafidanlidnduses

sadiumuuasiimieni wandduguin 3.13

=] LY i 3 = e sl o 1
E‘U‘VI 3.13 pIRYTNWNMIIRIABUATUIUEIVINATRUY



ar

3.4 n1seanuy H1 NasUaianiuus

3.4.1 szavamuidsddunsldeniadUaenuud [32]

mseenilastagnuudartusgfunisuseifiuanudssdmiuudasidnuudidu
dasufuiidesdriafiadduusn nseanuuuaztisannudumvalveiainiuguasle
\osanlnandiuannaggninnlifundmuauuartisananudumainisiiaingaves
wissletafifintes Raddadnaudsuimsnreiosniuaudy madenldnuasiu
Juagfunanadnivasgunsaiseiuiadvionuduivadludiuvesdanuznisdidunures
nIEUIUMSHAR Fil

1. sguil 1 wnuudueggunsalvesnsmuaugaving aliiinsldndauau 2 i T
1 Tadvawniuud iessuudumad ':mﬁﬂ’;Uﬂumxlﬂdama’LﬁLﬁmﬂ’amLﬁaﬂuixazﬁv’weami
WEANIZUIUNS AEmuaNIzansaviusalsiidasdiunsualuviui

2. s¥AUT 2 Wwnaudlazgunsaiveanseueugaing selvlinsldndaauay 1 ¢ Tu
1 Fladdamenind Wessuuduwan 1mdmuapazdsaliiianisnganszuaunisviuil i
\inALgadelunIInEn

3. swduil 3 wowudlifinisenuey sslidinsldgunsalfiinen 12 falu 1 fadva

& & al @ é‘i’ Vs I 1 = ¥ o s
wnus aunseineglussaviiagliinaregranesglilddmiunismiunu

3.4.2 Anwulasaiguaaaniuud [33]

nseantuulassiigrassnudiaguatesvuuulmasnldnisidenlyazivegiu
dnuarvesmsianaunsal lulassunevesianUamsnuudasysznaulumeats Trunk w3e
Home Run nnwnuusasiidufewmiiouiu duas Spur Tuvllsilastasniuudazdiuiu

angaginnyihlvillasaidlanuuwansnaiudisi

Fieldbus
Interface Card

| Terminator |

JU# 3.14 Tassnguuuyariegn
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1. Tnssthauvugmsiagn (Point-to-Point Topology) lassadwilannsniigunsailigsge

= L4 ' 3 i o P b2 5 1 o ¥ P o

WiesaesgUnsalvitiu marelduuuandugui 3.14 Tassahsilbifloundanldanuiewini
ThAnauduldeslunsaamu

1 v o 1 Ao da v o P v

2. Tassthenuuduld (Tree Topology) lassineilidunilesldegriniteinaiissning

fimsiugunsalaghidndudoafiuany Trunk ¥3a Home Run aulfiuawizens Spur 989

el o & 1 Sy o = '

aUnsalfifialadvindy uwilulassreiiidedrianinueniats Spur snniigald 120 wasse

1-12 gunsaimnndldnudesmssegunsalnnninilu 1 Spur igdeddniinnsned 3.3 lugu

7 3.15 wanslasstnawuudulsl (Tree Topology)

A19197 3.3 ANNENIEEALEIENY Spur Niansnsaliaule

- sushwaugUnsel | asweade Spur
206 1m(3ft)
% 30 m (98 ft.)
15-18 STy,
s 90 m (295 ft)
1-12 120 m (394 ft.)

3U# 3.15 Tasaneuuuauld

3. Tmsawnewuuta (Bus Topology) Tasstneiisznausiegunsalssduiianyan

=

Wanserudaiafinsay (Multi-Drop) naaamiuegnvesEeazisanin Spur lassasaiidu
o - t o MY & W oA = o v - ' w aa
gausulumanaiia wilpemlulilamdududeniniiuldnuissanlimunziussuung

gunsaldwiuin Tugun 3.16 uanslassrewuula



49

3.16 lASWEWUULE

4. Tasstnauwuugnle (Daisy Chain Topology) lassinetiaziinsieusagunsaldimils
lUdfsgunsaidndamils uansluguin 317 | Tassasnibiduisouiuiiesnniilgwilunis

o at

1 [ @ v k4 = ! =2 [] b v = [
Urgednwraglilaunseildludiuiiiulduzdemyaniswdaneuisasiiilauazdniigunsal

a7

demeiasininisninueanviui

5UN 3.17 Tassnguuugnld

91nAinaIualy 4 1Rse88mne Fieldbus Foundation lauusinlildlasainewuy
wlAnselasetrsuuudulid (Tree Topology) @sludanmuailioidninAue12591v89aNe
Trunk %38 Home Run wagans Spur vesasusazlsenviiifiuaauemanglunisian

3.1 denilawnmug MsMANUEMNTINTBsEEdygMENNTalAINaunIT 3.1

AINNETITINTDNEY = AU Trunk %38 Home Run + NasauAIdeane Spur (3.1)
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3.4.3 nsAuruvasglwiwdinduilands [33]
Q‘LJﬂﬁzﬁsaﬁuﬁaﬁﬁ%mﬂiﬂagwnﬂm{fuﬁaﬁﬁmsi‘imﬂ%’wé’qmuﬁmﬂma’luﬁa Az
meuenta Tnenseuinurdssnglniimaiinduiiadta asdnaaingUnsaiitldndsnu
nagludamintu gunsaiutaziiaglénssuayssina 10-30 mA fuseiusewdng 9-32 V
c

= & ar (3 t4 Qs 1 Qs a o L3 = Qs
niladUaenuudesesnuuuliusefugeniussiusigunsalssauilaniuussunm 2 V

Tunaulunseunawnasaglwivndnduilndvalivunoundl

1. wmasuvenssuaIngunsaiynilueniusity
2. UNTBLENIENARTUTEIN 50 mA

3. dunsEwadn 15%-25% Wsessumaiiugunsalluaunnn

nntiuagleanssuasufihlnidenldunassnalni Tnenisiienasnedanuasany
AR vUIARINEINIAINTERATINANIAN LS nEIRINTUAEF IR R IMMILSIAUlNAT

gunsninnda Ingludmedillmieruswuiiguasall ity 11 v gasiilalunismusedului

2
o =

nnaseugUnseimna el

Vd = VJB 5 {(Z[d B |SC) Abex XM} (3.2)

dlopn vy #i Lmﬁuﬁﬁgﬂﬂizﬁ
Vg Ao wssuiingdendenseaedynyio
s A9 NIzuaveIgUATAILsRSH,
l,. AD NTTUARNIIDS
R. e eemufumumeluresanedygin aunsolsainaied 3.1

X A8 A8V ENedayae

INFUN 3.18  uansied 13 1 nnsauwasuvasniglivhnlnduilanda  lagan

aun1sn (3.1) MAINEMTINYBIER AN

ANUENMITILVRsEedyYId = (100+200)+(75+55)
= 430 m

fatumuesvesEedygady 430 m



Il

Terminator

Output : 18 vDC 250 mA

100 m 5 mA Terminator
200 m

Jincton o T

PT-101 PCV-10

20mA  22mA

5UTl 3.18 rednn 1 msdnaumaadielvihwdiaduiladda

W’]Na‘i’lllﬂ@ﬂﬂ‘i%LLﬂiuL‘dﬂLiJUﬁ’i]’]ﬂEﬂﬁ 3.18
5mA + 20 mA + 22 mA

HaTLYINIEalNaUNTH

= 47 mA
\RUNTZUAN38NIRIUsERL 50 mA
HATINUBINTEWAINQUNTAL = 47 mA + 50 mA
LaZAINIZLARANDT
= 97 mA

WanIzuasn 20% Wisesfunisiiuaunsallueuian
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Lﬁ'f%amiamaﬁzyfgwmdfmaw%mﬁwﬁwxL?fausiamﬂﬂeiau%aummEi”LUqumaﬁLwiazﬁa B
AldSunsirdrasiesduingaideuteaedggaremunielsvduseaidildane nns

ATNINIWILIANSEBNRRE QM AAT1NANNTS
Ansieureaedyann = (Fruuveinasilipuseaexd) + (S1uiuvesgunsaixd) (4.9)

AABY

274 @1

- IUIUNABNTRURDANTIAVIUA 98
- waswgUnIaiviavun

wnuaadluaunisy (4.9) azla

(98x4)+(274x4)
1,488

PNSReNsoadeyy 0

1l

AnugamsieNreaedy g e luUsediusiendiuau. 1,488 90
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4.4.2 NM1IAAAIGAIUAN

msAnsiagAIuAY (Cabinet Installation) awiunsusznauganianigesnidseiuli
ansaldeuld msusgneugiuszneudesiinisesniuunisingunsailugneuudnily
a Y v o ' 1 s
WEULUY NSRBULUUIEsRITyytsTaguanisedldiau mitedssutananals nindeans
Wdinduianda HL  n1seduns/iednanasunatnglui wanaindanduy wenazly
anldeuszuuniugunesniuuliidy alnddnsednlulia (Relay) Tasipanglv (Terminal)

< 3 L g v ° o 9 & ve v °
fivaneln vaealioaisaiusd wew/ang Ild5ulm Fruauni vdeRntugSudneasd

Taneine q uenwilleanTaguannginslageluuduazAusanulunsesnuuuilsuuuy

3/
o 2

msdasg Andurldanglunsiindsg (Cabinet installation)

U

4.4.3 MIaNEUFYYIN
nsannanedayeyial (Cable Pulling) iWumsissedyaaainssuuaiunuludaunsal
d{ = o d" % @ ¥ a8 & 2 | o -7 Vo

wiasdledn ieliszuuniuausuiamslinestegunsnilanasanamsevilvigunsallasu
= £ o ' o & & o oo g
JlamuAsINsdstemlgyssnananas (CPU) nasannanedygiadadudsndnlu
o o vy wo L7 L] 1 o 17
dmiuszuuiuna InggnldsunisindnisagAnanaildinglunisldussnulunisainaie

2aNLNILAEARDASIABLLAS

4.4.4 mswusranuaeln

madiusnaivangld (Main - Cable  Tray) Wunisidusisivanedmyanavuislung i
anedygrudnunnntiluszun ssnuiastesiuduazasidn q msiusafvaiglnay
WufuTiffiaediuaunnn 4 Wy mndaealnaindeudeuseans drmaingadeusoanluds
gunsallieiuviefesandinunadin Tnediilasumsindeziuadildanelunsldusso

TunsiiiussenadyginpeninulasAngnImoInT

udsanAnnuelgielunsinssluwsiasdiusaniuainuy galasunsidinssuasy

o

AlddnelunsBadaianuadedindng ezasulilumsan 4.5 Tunsdinl 1 wasansed 4.6 Tu

hY

ASeIN 2
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f1719% 4.5

AUAY 2 f/MarUaniuus
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nsajuAldinglumsindanalulagvinlnduiiadvalunsdii 1 §efindy

swazdun $ww | sewe | swwm)
| g (V)
Termination 1,488 10 14,880
Cabinet installation 1 100,000 100,000
Cable pulling 28,000 50 1,400,000
Main cable tray 1, 100 500 550,000
” sauelddnelunishinde | 2,064,880

A13198 4.6 msagualddelumsindavelulagviatinduiandsa Tunsdi 2 Fding

AIvAN 1 fa/Alanvaisniuud

 YaziSen Swhu | sendie 53 (V)
e Ui |
Termination 1,488 10 14,880
Cabinet installation 1 100,000 100,000
Cable pulling 30,000 50 1,500,000
Main cable tray 1,100 500 550,000
e ik Tt Sl

4.5 anlganalun1saaulivuils

nmsreuiiadudalunsiiiensiaeumnugndetasusuwsidluansyhauvesgunsal

isesileiauarilsidunisyihnuressruumuauiiasdn defiumiuisuglunisinu Tne

yAnaInsnagaimMsusuumssuuisaiuszaumsallumsiemugs iisazdisaniailunis

VSuussszuulvitesas wasviiszuuaununandumlaegrsiinunin Taeanlddnalunns

UiuusiasguugindraazAnduduauyanainsiluviuussssuusenmsiadu 1 u (10

Fala) Falu 1 Fuasanunsarsuivduiianivinduilanta 19 10 Rasdvasnius

A3 4.7 msasuanldanglunisreuivdumalulaimindnduilasdalunsali 1

MNEIRIUAY 2 §/TadUawniuug

10 segments in 10 hrs)

(1Technician + 1 Engineer @

FaBER I | ewevidae | 53 (um)
____________ A
FF Loop checking and commissioning 5 30,000 150,000

sadlddnslunsreniivduiis |

150,000
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a131shl 4.8 msaguAldinglumsreniivtutianalulagvinndinduiladnia lunsdi 2 &

NAWIUAN 1/ Aandamniiug

(1Technician + 1 Engineer @

10 segments in 10 hrs)

Swasdun | S | seeie s (Uw)
| iy (Uw) _
FF Loop checking and commissioning 9 30,000 270,000

270,000




U 5

nan1sIguiisy unagunastaiausus

5.1 na1h

Tuuniazndndamanisuisuifioualdiedutaguazgunsel naniswisuidioy
AlFelumsiios wasnamaSeuidisumlésnelunisrendivdui dananisunagiuas
foraueuuziieduteya fuden wuame Wifaoplilnneiuasdnaulalunisamuiteld
szuumuAuiivsEansamgege Tnerlddnamuiaguasgunssissninsszuuneusasn 4-20

mA LLaazmﬂiu'laﬁwnﬁm%’uﬂaéﬁ'ammnﬁnﬁomaLﬁmﬁ'u
5.2 wan1silseuisuantyanglunisidssuunausasnuazinalulagiadya
5.2.1 wemsiwisuiisuArliteduiaquasgunsal

] 19 v v sy v
A1919% 5.1 wamsiseuifisualgiienuiaauaseunsainldszuvuausasnuasinelulad
Wilindurands nsdiv 1 Jadindrunu 2 da/flasdaisniud

) Fati | B walulad
o F T | Tanva
DAL ICAT LB ) )
L : (U m)

4-20 mA Al card (8 channels) 14 240,000 3,360,000 >
4-20 mA AO card (8 channels) 1 240,000 240,000 -
4-20 mA DI card (16 channels) 2 200,000 400,000 -
4-20 mA PID card (8 channels) 11 400,000 4,400,000 -
4-20 mA Al/AQ card nest 4 1,600,000 6,400,000 -
FF H1 card (2 segments) 25 200,000 - 5,000,000
FF H1 card nest 4 1,200,000 - 4,800,000
FF Power supply 25 20,000 - 500,000
4-20 mA Marshalling cabinet 5 60,000 300,000 -
FF System cabinet 1 80,000 - 80,000
Field device (FF addition cost) 274 10,000 - 2,740,000
4-20 mA Junction box 37 9,000 333,000 =
FF Junction box 98 9,000 - 882,000
4-20 mA Cable 51,100 60 3,066,000 -
FF Cable 28,000 110 - 3,080,000
4-20 mA Cable tray 1, 100 3,500 3,850,000 -
FF Cable tray 1, 100 2,800 - 3,080,000

sualddedmiuariaauazainsal 22,349,000 | 20,162,000

walulagnilintuiadtaamuiisends 9.79%
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A3 5.2 sansifSeudlsuanldinesutanuaygunsaiildssuuieusasnuazmalulad

vimnduilasva s 2 Findinvay 1 dy/Naavawnuud

= : SIAWB | STULLBUARN ma‘[ﬂaﬁ
Nvazdun U : Wanla
e (Um) (um)
(um)

4-20 mA Al card (8 channels) 14 240,000 3,360,000 -
4-20 mA AO card (8 channels) 1 240,000 240,000 -
4-20 mA DI card (16 channels) 2 200,000 400,000 -
4-20 mA PID card (8 channels) 11 400,000 4,400,000 -
4-20 mA AlI/AQ card nest 4 1,600,000 6,400,000 -
FF H1 card (2 segments) a4 200,000 -| 8,800,000
FF H1 card nest 6 1,200,000 - 7,200,000
FF Power supply a4 20,000 z 880,000
4-20 mA Marshalling cabinet b 60,000 300,000 -
FF System cabinet 4 80,000 - 80,000
Field device (FF addition cost) 274 10,000 - 2,740,000
4-20 mA Junction box 37 9,000 333,000 -
FF Junction box 98 9,000 - 882,000
4-20 mA Cable 51,100 60 3,066,000 -
FF Cable 30,000 110 - 3,300,000
4-20 mA Cable tray 1, 100 3,500 3,850,000 -
FF Cable tray 1, 100 2,800 - 3,080,000

saildswdmiudrTaauazaunsal | 22,349,000 | 26,962,000

walulaivdiaduiasdaamuiinndn 17.11%

1. wamsiwSsuiisumsadyias 4 - 20 mA waznasa Fieldbus H1

= = < v ¢ w = o a
NHTNN 5.1 wag 915190 5.2 ﬁ]:ﬂLﬁU‘Lﬂ'ﬂﬂqﬁﬂﬂﬁyﬂJ_ﬂm‘igUULkau3aaﬂ UITUIUTUR

¢ o & w a ) [y @ ) 1 a ¢ @ ooy &
vaaniandntusesudenlelvigniesmudnuusvesdyyiu uwimalulagwndinduiadda

Lidnluseadenylinvaniininduueurasndunn (A) weuzasnieswm (AO) viieRdnea

auwna (D))

Multidroped fsanunsaanedygiaiusaniunisa Fieldbus H1 lalae

2. wamswWisudisunminfndadeans (NEST)

asangunsalluilananuisasaidnfvatedygraduiionludneue

o P 1 a i d ]
PNITIN 5.1 way 1990 5.2 azviiulaiminfasedeansdyga (NEST) asil

) 2 W 1 o ' o a1 ' & o
dnwawadeadiuuitzuaniiusTamelulagnnsleansildfndessinnfadayg o

STUULBUEARN 4-20 mA wazmiamalulagvnilntuiasna
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3. wansgudisugaauny

1nAN97 5.1 uag #1599 5.2 iiuldindmunudygussuuneuvasn agld
ﬁm‘uﬂmﬁmummﬁmmﬂﬁmﬁﬁ Marshalling M#lunssausndyganeuiivsshdygia
vdmin wigrmurumalilagwinduitasUalisdudedls Marshalling esanananse
thanedygailuideuselasnssléfinferntinduitadsa H1

4. wanswWisuidivunseadsurasedygn
al d. F 1 d 1 @
NA1397 5.1 waz M50 5.2 sziiuldinnasuteuseanedyyinseuuuauzasn
wlgduwudseniiiesnnusiazyafifinisdeuseansdygnayldnuides drunsideude
s = L3 ar & v&' i = ' o 1 ] <
aedygrumalulaginiinduilanva sgldRunluasieusreaeinnninlagdiuanniey
Teuilanaewoniiawniaiug

5. wanswWseuiisuaiedgyuin
PNAITNN 5.1 uay a3 5.2 suiuliasdygassuvweusaanagldsumn

L3

\WesmnmsmuguiasInTIRdeuYegURTRiuAaziaadlda e dyninhresnue ity

lianansaldgauiula wimeluladvrdiaduiants anansaldaedgauduiieduse
gunsalsmiulunianvawnmius

6. wamsWSsufisusahuaedynyi

MNIITNNA 51 Lag N 5.2 snduliinaivaredyaussuuteusasneld
Tnnuvitnumalulagvlintuilanta wivwinvessuivdaudyyiussulLeuzaanIzd
nnalvgininilewniisuugaevihiudnouresgunsaifldnu duwmaluladvindy
HadUaesiiinnugaewivinuilaaUawnians

PMMITNA 5.1 uae p15999 5.2 szuiulada audennisideumeluladvilinduiias

L =l ¢ o a = L} < ar a € o P ' o v o
Uaaziiguninindnlusiealdinubufe unassrglninlinduilasaiesnendenuli

'
L = L3

gunsainnda wazgUnsainndvziiAldineiniu 30% Weisuivgunsainlddyyn

9

uausaan 4-20 mA

MNATNA 5.1 azuaadliliiudsnisileuifisuamldieduiaggunsaivesssuy
wougasniumaluladvhnlinduitadva nsdinl 1 dindamunan 2 f/fasdaenamd uay
< v o2 a2 = = 1 g e v e ¢
M50 5.2 suaasbitiufannsidSeuiisurlddnesuiageunselvesssuuneusasn
g @ L =l 2 o (3 @ s & !
fumalulagwlinduitadda nsdi 2 Fedindiniuay 1 f/Aasdawnuud sl
msldimalulagnmiinduilanta nsdiil 1 Faindrmuau 2 f/Nandawnuud awdsznda

v ]

AUYUNINATISTUVUBULABA UasITzULLauzasnIzUsyndasuuanninmaluladniia
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Fuitasta n3din 2 Fedifindmiugy 1 d/Radvawnuud Julusuvszanaesrian

gunsailvigaauladadulalumsidenldnussuy

5.2.2 wamswlSsudisuanlddnelunisinns

M15197 5.3 mamsilSeuiisumildanslunisinnessuunauzasnuazmalulagnnundu

Tadda nadin 1 Fadindrmuau 2 f/Maddamnuud

. wialulad
i , 37A08 JEUULBUYanN et
SLasLaun U : Wanua
wUIE (Um) (um)

@ (um)
4-20 mA Termination 3,088 10 30,880 -
FF Termination 1,488 10 - 14,880
4-20 mA Cabinet installation 5 145,000 725,000 -
FF Cabinet installation 1 100,000 - 100,000
4-20 mA Cable pulling 51,100 50 2,555,000 -
FF Cable pulling 28,000 50 - 1,400,000
4-20 mA Main cable tray 1,100 500 550,000 -
FF Main cable tray 1, 100 500 B 550,000

: e
saualdElun1sAanT 3,860,880 | 2,064,880
walulagrnlinturaadaamuliaend 46.52%

< - - 19 v a & = &
A15190 5.4 wanmisiTeuiiguatlidislumsnssszuueusasnuazinaluladwindu
fanta nseiil 2 findmmauau 1 sa/Maadaignsus

i wmalulad
d, 4 FIAIAD STULLaUZaan aea
NYDLLDYR U . Wapud
WU (Uan) (um)

il (um)
4-20 mA Termination 3,088 10 30,880 -
FF Termination 1,488 10 - 14,880
4-20 mA Cabinet installation 5 145,000 725,000 -
FF Cabinet installation 1 100,000 - 100,000
4-20 mA Cable pulling 51,100 50 2,555,000 -
FF Cable pulling 30,000 50 -1 1,500,000
4-20 mA Main cable tray 1, 100 500 550,000 -
FF Main cable tray 1, 100 500 - 550,000
squAlganelunishnne 3,860,880 | 2,164,880

walulagvdintuiadUaamuiiaend 43.93%
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1. wansIsuiiisunsideudeansdayain

MNR15197 5.3 wag 915197 5.4 asduldhnsdeudeasdygussuuueuraonas
msleusiafiinnainilenninisiuiugansgunsnivesaedygaiunndt dumalulad
Windufladiadiswudgametosnindesnlundasniudannsaldfugunsailivanes
ﬁﬂﬁ’ﬁﬁﬂ%’ﬁmﬁgﬂaq ﬁaaamwgnaﬂumiﬁmﬁgﬁLLaxLi‘iaLﬁﬂﬁ@ﬂﬂﬁuﬁaﬂaﬁmmwmﬁquﬂiﬂ
whlaldegnesanga

2. wanssuiisunsanasdaIuAy

PN = < v v a o w =
INH1TIN 5.3 Lag $13799% 5.4 ’%L‘vmlﬂ’ﬂﬂ’}iﬁlﬂmmuﬂivﬂiﬁzuuLtauxaaﬂ EUNT

E74
= Qs o

Tnalunsinsiiudesandosdas § Marshalling #ldlunissausmdynose Tag
Fosdnrgaidauredaaamngauifudnugunsaiild dumelulagianlnduitasel
el Marshalling anssnideudainnsarhadinduflasica H1 ey Fuildldinan
fioenin nseenuuukeXdnnsety mauuuldnantesatassiuiunthveswuutiesa
e ldneanag

o

3. wansIEULiiBuNsRansanadeyn e
o

9NMI5199 5.3 wag 713199 5.4 agirulaitnisinnsaisdygimuszuuweusasnd

Qs @ o

Aldanenganinissndesaindaedygraldiindugunsalynivildaiueaied

1w drunaluladvniinfuiiaddaszainaedygraivmisgaivdenisiana

wnudvilialgaegnasuagldussnulunsananedyautiosas

drwsaivaedygrnazldiauiduseindy Fdifiansuandiaiu 2ananse
5.3 avuandliiutansiSeuiauanldanasunisinssssuuseuzaaniuwmaluladniiie-
Fuania nsain 1 Fellnaniva 2 fy/Aaddaisnaus wag 910015797 5.4 uansliiiuda

= R — w f W oeay g w P
AMsiUSeuisualgIen un1sinfessuuLeuzaanfumalulagndndudasya nsain 2

=2

Feilndmuau 1 dy/asdawnuud szwiulainislénalulagwntieduilanta nsdln 1

A

=4

Failndmuau 2 d/Aladdawnuud swdsendafunuuinnitszuuueuzasn uazwalulal
§ v oa s P B =P ¢ v e 6w ¢ o v i
WU TuranUa N3y 2 Galliinnaimuny 1 fy/Mandawniuuiagyssndadunuiinnid

= o " v Yo & 9]
szUuLourasn Falusuussinuvasaiangunsalligawmuladndulalunsdenldnuszuy

5.2.3 manswseuiiguanldanelunisaaudivguils
P P = W P A U a 1w oo =
INATNA 5.3 ag 915190 5.4 agmulednsaniidlunisaeuiivduilaneTuisiani
WU wadauuanaeanun uIuTunldlunisaeutisduils WednssuuLDUZaDNAINT

vilaiesnsiag 1 gunseivhdudmmealuladvindnduiiasiaaunsovildaiag 1 fasdvs
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WU vinbinisasuiistuiisszuunndlnduilasiaaiuisaansiuiuivadls wazealdane

gnasihlvinssuIunmsananunsandntaliy

= p) al ' v A W oA =g v =
A1519% 5.5 man1sSeuisuanldineniseeuilstudanldseuuwauzasnuasinalulad

ydeduilasda nsdifl 1 mmwmﬂ’mﬁu 2 f/AasvaEsnaug

SEazLBEn $wau | Tese sguu | wielulad
Tu | Juluw) | usuzaesn | Wanla
am | w
4-20 mA Loop checking and 14 30,000 420,000 =
commissioning
(3 Technicians @ 15 loops in 10 hrs)
FF Loop checking and commissioning 5 30,000 - 150,000
(1Technician + 1 Engineer @
10 segments in 10 hrs)
' © sl slunsroniivtuds | 420,000 | 150,000
Lm’iu‘iaﬂm'mmwwaﬂuaawuuaﬂmq 64.29%

A1519% 5.6 nanisulssuiieuanldateniseauutuientdssuuwauzaanwazmalulag

V\mumﬂuuWaﬂua nS6l 2 mmﬂmmurﬂu 1 m/ﬂamamﬂmum

ﬁﬁﬂ@»%@ﬁﬂ | mmu WO TP weluled
Ay | u@m) | usuzaen | Fasta
. 3 ¢ S | w
4-20 mA Loop checking and 14 30,000 420,000 -
commissioning
(3 Technicians @ 15 loops.in 10 hrs)
FF Loop checking and commissioning g 30,000 - 270,000
(1Technician + 1 Engineer @
10 segments in 10 hrs)
sauenldelunseeufivduis | 420,000 | 270,000
wealulagWrilinduiadUaamulasnit 35.71%

5.2.4 #yunanisiieuiiisu

nnfildnanvimuaaansnaglidurildsnelunisamulalunsed 5.7 waggui 5.1

s bUSeuisualdIenuenldssuuuausasnuasmaluladfanya aziiulaininig

Aasgvinisawuey 3 sUwuulaun nsamulunsisssvuukeugasn nsamulunisinm

walulagWintuilanta nsail 1 gaihndaruau 2 fiy/Hantawnuud waznisawuly
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nsfasamaluladwnliaduiladda nsdi 2 Fadiindiruay 1 d/Aaddaenuud Lile

o - 3 = =

P1113As 12T U BUAUS NIRRT EULULEUEADN kagnsAnAwnAluladnungy

|, = = ¢

Tadda n3diit 1 Fafindreuan 2 f/Mlasdagnud wuldiimsiasunalulagnndiady

'
== =

Hanta nsdif 1 Fadliindreauny 2 da/flaadawniuud ansnsausendasudszanalunng
asvu 15.97% Wdisdsisiilieuiieuiussninsfiasisssuunauzasnwasnsfanamalulad
Wntinduilasva nsdlil 2 Fehndarauau 1 f/Masdaenaud wiuldinsieduelulad

Wnidwduiladta nadi 2 Fadindraauan 1 fy/Aaddawnuud  asinsulssanaluns

& =i

AU 9.41% waglmssiauiieuiusswirsdadanalulagwninduilanda nsdli 1 &

=

fadmuau 2 fa/flandanund uaznisiadamalulagvivnlinduiladda nsdlit 2 Gail

3

I3 v e f W s w1 a o = o =y @ =
MamuAn 1 f/faadanuud wildinisienunalulagddinduiiadda nsdi 1 4

MAInUAY 2 Fy/AlanUaensug anunsaussndnsulssanalunisamu 23.88%

AN5797 5.7 HansUSeuliisua e nailan g se v weuzaanwazinaluladianua

S e e

& 5 b

seasLdy Uuleugasn

() et o) el 2 (uw)
AlddeuTanuasaunsel 22,349,000 20,162,000 26,962,000
ArldaesuASRafg 3,860,880 2,064,880 2,164,880
Arld s uReufigdud 420,000

150,000 270,000
376,880 |

52 29,396,880

® szyvweuzasn = aluladfania nsaii 1

o
(=
<,
o
0o
c\-
%)
o

B wnluladWasla nsgin 2

22,349,000

| 20,162,000

2,064,880
2,164,880
420,000

150,000
270,000

' 3,860,880

Aldanesutanuazaunanl AldIEAIUN1TAARS AldTnesuasufivtuily

= ' v 5 = & s
Ul 5.1 asmiSsuiiisuanldaneviomedildssuuueusasnuasinaluladiasa
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5.3 unagu

= = l'g o 2 = '3 @ a ¢ o ni

Ingtinusudtauanisidmalulagnimduiasvaunuissuvnouzaanly
nsguuNskamhmansiedu lagdsmylnnginsamuiatulaiedduusnigamueis
lnsuvsmslinseesnilueldtneduiaguazaunsal Alddredunsings wazaldane
Aupendiedulle szuuweuzasnuasmalulagwniiatuiiasvalunszuiunisudntiaia

a ddo Qs = ar v 1 s - & =4 E 7 ] 1 v ar
neauiifdinsaEn 28,000 dudessieiu nnsliesieiasiuldialddediuian
wazgunsaimalulagnilinduiiadUadedindrunu 2 f/faddasnaud sxiimldsne
t ' v g - ¢ v ooy & w o A ¢ v a €
Ussninssuuueugasn dldivalulagwlinduilanvaddindiauan 1 f/Madvd
LU Agiialg9neuInninssuuLeuLann dualldagsunisaasanalulagnniiiindy
Hadvadeiindimuau 2 Fv/flaavanuug uasiiildauau 1 f/fladdasnuudeedl
Aldineteeninssuutaurasn dauaittanemuntsreuiivtuianalulagnniinduianda
- = ¢ S e s Fs o ¢ w ey € ¢ -
Failndinugu 2 dy/Maatalgniuus washiinndaaauau 1 d/Masvawniud aedl
AN UBENINTTUVLDULEBN

5.4 YBLEUBULL

mildmalulagniiaduilanlaununsyuuneuzasnlunseuIuMsHaRLIMaNnIIe
a oo = o ¢ :u Ve ] U 1 Y] v
Auidnausludneninudizeslidshiladndldirvesiniuauszuy  (Controller) Famu
annsnidentdiemunussuuiduiuead (PLC) wiadAdied (0CS) Aldvustiusuiuduws/
L9ANA NMIBINLULILVY Uazeulssanavedacu mnfamudenldmaluladnniindy

= s =l L o s - -4 = a i & v
HaaUaazlinislideyadmiunsiwseiniaginauAnwainvesssuy (Diagnosis) I

L

ANITITUULDUEEDAN
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ABSTRACT. This article focuses on a digital fieldbus replacement for existing analog
communications to bring automation infrastructure for operational excellence. Economic
analysis between conventional and Foundation Fieldbus systems for new instrumentation
and control installotions in a raw cane sugar production is described as an illustrative
case study. Surpassing the traditional analog system during project implementation, the
digital fieldbus provides saving in material, installation, and commissioning costs. The
studied case can be applied as a useful tool that can support planning and decision making
for any small or large upcoming projects.

Keywords: Fieldbus, Foundation Fieldbus, Analog, Digital, Installation, Cost saving,
Cane sugar production

1. Introduction. The first recognized instrumentation standard signal was a 3-15 psig
pneumatic loop. For parameters that needed monitoring, air pipes were run from instru-
ments to the control room and values displayed on gauges. In 1960s, the pneumatic loops
were replaced by newer technology, the isolated 4-20 mA loops. The analog current loops
are now being replaced by newer all-digital communication architectures. Similarly, many
networks such as television and telephone are primarily analog, but the clear trend is def-
initely toward digital technology to improve quality, reduce costs, and enhance efficiency.
Industrial automation networks can be divided by class into sensor networks, fieldbus
networks, and control networks [1]. Sensor networks connect the limit switch, proximity
sensor, solenoid valve, or photocell to the 1/O interface. Fieldbus networks connect intel-
ligent, field devices to controllers. Control networks connect controllers to each other and
business systems. However, some open network architectures overlap these classifications
due to network developers’ attempts to move technology into as many niche applications
as possible. Based on the IEC 61158 fieldbus standard, Foundation Fieldbus proposed by
the Fieldbus Foundation is one of the most advanced full digital communications tech-
nologies for plant or factory automation environment [2-4]. It is designed to deliver the
performance and reliability needed for mission-critical process control applications. In
addition, Foundation Fieldbus is well suited for modernization and migration projects in
various industries such as refining, petrochemical, oil&gas, metals&mining, pulp&paper,
food&beverage, power generation, and others [5,6].

This paper aims to present significant benefits users have when they use Foundation
Fieldbus technology to replace the traditional 4-20 mA standard for their projects. Eco-
nomic analysis between analog 4-20 mA and Foundation Fieldbus systems for new in-
strumentation and control installations in a raw cane sugar production is examined as
a case study. Compared results show that implementing Foundation Fieldbus in project
provides capital investment savings.
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FIGURE 1. Simplified process flow diagram of raw cane sugar production

2. Raw Cane Sugar Production. A raw cane sugar production consists of a series
of mechanical and chemical processes grouped in stages. The main stages are juice ex-
traction, defecation and clarification, evaporation, crystallization, and centrifugation. A
simplified process flow diagram of typical raw cane sugar production is shown in Figure
1 [7]. Prior juice extraction by mills, the cane is prepared by reducing the size of pieces
of cane to a size suitable for handling in the extraction process. The cane juice from
the mills is strained to remove large particles and then clarified. Clarified juice is sent
to evaporators to produce cane syrup. The flow of syrup is then stored in a tank be-
fore crystallization in vacuum pans. In vacuum pans, the sugar syrup concentration is
further increased, resulting in sugar dough subsequently routed to the centrifuges, dried,
and packaged. Additionally, cane sugar is refined either at some location where it was
produced as part of an integrated facility or at separate raw sugar refineries.

3. Foundation Fieldbus Overview. Two related implementations of Foundation I'ie-
ldbus have been introduced: H1 and HSE (High Speed Ethernet). These two implemen-
tations use different physical media and communication speeds. H1 works at 31.25 kbit/s
and interconnects field equipments such as transmitters, control valve positioners, and
I/O modules. HSE works at 100 Mbit/s and provides integration of H1 subsystems (via
a linking device), high speed controllers such as PLCs, data servers, workstations, and
other devices using standard Ethernet cabling such as gateways. Figure 2 shows its open
and nonproprietary system architecture that serves as a factory/plant network.

4. Project Case Study. A project to implement instrumentation and control system
for cane sugar production capacity of 28,000 tons of cane per day is examined in our
study. Process parameters needed to be continuously monitored (MON) and controlled

(CTRL) are summarized in Table 1. Table 2 gives quantity of the field devices required
for installation.
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TABLE 1. Parameters needed to be continuously monitored and controlled
in studied project
Quantity of Measuring Point
Parameter Extraction Clarification | Evaporation | Crystallization | Total
MON [ CTRL | MON | CTRL | MON | CTRL | MON | CTRL
Level - 6 2 i = 15 74 % 99
Flow 1 — ‘e s 3 ] 5 9
Temperature 1 - 1 15 3 2 22 44
Pressure - T X 7 - - 12 15
pH L / 1 7 L = - 1
Brix - & — @ 3 £ 6 9 18
Conveyor Motion | 20 = s = S - - 20
Motor Speed - = = - - - - 4
Total | 210
TABLE 2. Field devices required for installation in studied project
. ) Quantity of Field Device
Ficld Divice Extraction | Clarification | Evaporation | Crystallization Lokl
Level Transmitter 6 2 15 76 99
Flow Transmitter 1 - 3 5 9
Temp. Transmitter 1 g 18 24 44
Pressure Transmitter = - 3 12 15
pH Transmitter - 1 - . 1
Brix Transmitter - - 3 15 18
Control Valve 2 2 24 50 78
PID Controller 8 2 24 50 84
Limit Switch 8 - - — 8
Proximity Switch 12 - — - 12
Encoder 4 - - - 4
Total | 372
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5. Installation and Startup Benefits Observed. Figure 3 shows wiring differences
between conventional 4-20 mA and Foundation Filebus systems. The Fieldbus H1 allows
many devices to connect to a single pair and reduce the requirement for marshalling panels
between field wiring and control system cabinets. This results in less wire and fewer
system cabinets. In addition, Fieldbus H1 enables use of pre-wired and pre-fabricated
field junction boxes that will eliminate manual errors in field wiring and increase ease of
installation. There is also a difference in the cable length for the two types of installations.

Table 3 shows comparison of material cost of 4-20 mA and Foundation Fieldbus (FF)
H1 technology. Comparisons of installation cost and commissioning cost of analog 4-20
mA and digital Fieldbus H1 are summarized in Table 4 and Table 5, respectively. From

Conventional ~ Marshalling ;
1/0 Card Cabinet Ju;cnon

Nl - B B - B Field

[\/{I f % . mm%ﬁ%@g H EJ“WWIEEE) Devices
{a) Conventional analog 4-20 mA system
[ = I .

¥ L | Flt‘.id

Linking Device >k ¥ &5 Devices
(H1 Card)

Junction
Box

(b) Foundation Fieldbus H1 system

FI1cuRrEe 3. Wiring systems for conventional analog 4-20 mA and the digital
Fieldbus H1

TABLE 3. Comparison of material cost of 4-20 mA and foundation Fieldbus H1
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Description Qty | Unit Rate (Bt) | 4-20 mA (Bt) | Fieldbus (Bt)

4-20 mA Al card (8 channels) 14 240,000 3,360,000

4-20 mA AO card (8 channels) 1 240,000 240,000

4-20 mA DI card (16 channels) 2 200,000 400,000

4-20 mA PID card (8 channels) 11 400,000 4,400,000

4-20 mA AT/AO card nest 1 1,600,000 6,400,000

FF HI1 card (2 segments) 25 200,000 5,000,000

FF H1 card nest 4 1,200,000 4,800,000

FF Power supply board 25 20,000 500,000

4-20 mA Marshalling cabinet 5 60,000 300,000

FF System cabinet 1 80,000 80,000

Field device (FF addition cost) 274 10,000 2,740,000

4-20 mA Junction box 37 9,000 333,000

FF Junction box 98 9,000 882,000

4-20 mA Cable 51,100 m 60 3,066,000

FF H1 Cable 28,000 m 110 3,080,000

4-20 mA Cable tray 1,100 m 3,500 3,850,000

FF H1 Cable tray 1,100 m 2,800 3,080,000
Total | 22,349,000 | 20,162,000

Saving with FF | + 9.79% \
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TABLE 4. Comparison of installation cost of 4-20 mA and foundation Field-

bus H1
Description Qty | Unit Rate (Bt) [ 420 mA (Bt) | Fieldbus (Bt)
4-20 mA Termination 3,088 10 30,880
FF Termination 1,488 10 14,880
4-20 mA Cabinet installation 5 145,000 725,000
FF Cabinet installation 1 100,000 100,000
4-20 mA Cable pulling 51,100 m 50 2,555,000
FE Cable pulling 28,000 m 50 1,400,000
4-20 mA Main cable tray 1,100 m 500 550,000
FF Main cable tray 1,100 m 500 550,000

Total 3,860,880 2,064,880
\ Saving with FF + 46.52%

TABLE 5. Comparison of commissioning cost of 4-20 mA and foundation
Fieldbus H1

Description Days Rl;i 838;}; 4-20 mA (Bt) | Fieldbus (Bt)
4-20 mA Loop checking and : 14 30,000 420,000
commissioning
(3 Technicians @ 15 loops in 10 hrs) ‘
FF Segment checking and commissioning 5 30,000 150,000
(1 Technician 4 1 Engincer @
10 segments in 10 hrs)
Total 420,000 150,000
| Saving with FF + 64.29% \

% Analog 4-20 mA % Foundation Fieldbus

22,349,000
BEE 00,165,000

2,860,880

420,000 150,000

Material cost Installation cost Commissioning cost

FIGURE 4. Comparison results

Table 3, Table 4 and Table 5, Figure 4 illustrates the comparison results. It is evident that
Foundation Fieldbus helps lower total project engineering costs and shorten commission-
ing time for field instruments and host systems. Fieldbus H1 will definitely have savings
in wiring but the percentage of saving will vary from project to project. Fieldbus Foun-
dation recommends Type A cable for wiring. This may have a slightly higher price than
standard instrument cable. For installation cost, it is significant saving in field labor cost
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to install a device using Foundation Fieldbus technology. Additionally, engineering cost
savings can come from drawing and document savings. During commissioning, Fieldbus
H1 system management provides auto-detection and addressing that eliminates the need
for DIP switches or manual offline addressing, and one person can perform the checkout
by using the test tool connected to the Fieldbus H1 segment. When one Fieldbus device
communicates on the segment, it will confirm the wiring integrity check for entire seg-
ment. With conventional 4-20 mA wiring, two people would have been required to check
out each wire and confirm operation of each field device.

The operational cost benefits for using Foundation Fieldbus technology can be also
obtained. Due to reduced commission time, Fieldbus can have a factory/plant available to
malke product sooner than using conventional system in any project. The operator’s view
of the operation is considerable expanded with Fieldbus, from field devices to enterprise
planning systems. Each data transmission by a Fieldbus device will have status associated
with the data value. This will help in making the knowledge base process decision and
improve product quality. Thus, efficient information flow from field devices ensures that
the operator can make effective decisions. Moreover, digital Fieldbus features a consistent
flow of diagnostic data. This allows devices with on-line diagnostics to provide focused

maintenance planning, rapid root cause troubleshooting, and reduction in shutdown spares
usage.

6. Conclusion. The project implementation of cane sugar production has been discussed
in this paper. The primary focus is to compare capital expense of using digital technology
such as Foundation Fieldbus with conventional analog 4-20 mA standard. Comparison
results verily that Fieldbus H1 provides material, installation, and commissioning cost
savings. In addition, Foundation Fieldbus with full digital commmnnieations offers long-
term benefits based on increased production effiency.

REFERENCES

[1] D. Caro, Automation Network Selection, ISA, United States of America, 2004.

[2] M. Sasajima, Intelligent field devices and fieldbus solutions in PA industries, SICE Annual Confer-
ence, pp.1473-1478, 2004.

[3] 1. Verhappen and A. Pereira, Foundation Fieldbus, ISA, United States of America, 2009.

[4] T. Thepmanee, S. Pongswatd, A. Julsereewong and P. Julsercewong, Design and implementation
of the laboratory for foundation Fieldbus-based industrial automation, ICIC Ezpress Letters, vol.6,
no.5, pp.1353-1358, 2012.

[6] H. Sato, The recent movement of Foundation Fieldbus engineering, SICE Annual Conference, pp.1-4,
2003.

[6] Y. Sato, Engineering experience in Foundation Fieldbus technology, ICROS-SICE International
Joint Conference, pp.2087-2090, 2009.

[7] P. Rein, Cane Sugar Engincering, Velag Dr. Albert Bartens KG, Berlin, 2007.

87



Po-unEna

Ju-Aou-Uifin

9y
Y

UsgTans@ne

88
UssInRUEY

wedetan waudengia

uil 26 manew 2531

142 116 puvilaidles o.iilesdoedn 2 5oadn 45000
Tns. 082-5851-991

=

dGamsanwszRuUigrsvdngaimnTsumATUNR

ABnIssEULAIosleTa nAmidInTIumMans LUPINY1AE
walulainsveonindmazuasnile  InsAnwn 2553 uazlud
ansanen 2554 1@ AnwdesesuuTgln vangasIAINTIN
anansatain aimnssusnluld ansdrmnssuaans aa1du

weluladnszasunddigammsainnszda






