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/Definizioni

Salety
(Sicurezza)

SIt definisce Sicurezza la liberta da un rschio

Inaceetianne;  per 1k Persenale; 12 Collettviia),
IFAmBIente.
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» Geal: Sailety/
2 Stirategy/: Eallr @peratennal
ZVieastremeni: RelialniiGy

#» \VIethod: Eallt helerance
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Markets Served

Chemical Manufacturing

Petroleum Refining
m Oil & Gas Production

m Electric Power Utilities
Marine
Pulp & Paper

Other



/ IECHRGIoEN 2nd @UaIIGY,

» TRICON VIR (Tirplicated Modular Redundant) system
ISiVIewed as the standard fier saiiety andicritical coniiol

2 ircenex Isthe leading supplier of fault telerant centrol
SyStemsWereWIGE:

- ©Ver 2 500N IVIR and 4: 200 Titrnine Solutionsiinstalied woerlwide
and over S00Nn EureperanarAfifce

-62% market share: (19961 Erest Sullican: PLLC stuay)

% Our TMR Products are designed te meet the highest
levels ofi safiety certifiication = 1EC 1508 class S IDINVIDE
0801, 19250 levell6i (TUN/ clas 6), EM €Class 1 Div. 2

»\Wercontimually/certiiy/ our productsiter lnternational
standards - DIN; €SA; EVI; IEC, UL, CEViark; ABS

June, 1997
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StirategyAteritiilirsae A reqUIrenmeRits

» Al Saies strategy: A falltrensicera sul:
Systemmust shiutdevwn the salety system

2 Al operanennals strategy: A fanure Isicde’a
Sulesystem dornoetleaditera shttdewn



Sale/AARPIICAGINEITECY/CIE

« "FAIL SAFE"™

MTTF MTTR
Spurious trips
t== few years
Startup phase
« "FAIL OPERATIONNAL™ —
MTTE t == 100years

Spurious trips

Statisuically; tHeracCIdENtSTeCCURE NI tiaSIten
PHESES(SieEUe; ShAlEeWR)



eV ISSUESHI(COREEPD)

2 Reliabiilnicy =HjoIaveld spurieus trps
» Viaintenance: = 116 decrease downtime

2 AValioniy =[{0 decrease production costs
2 Safiety =0 contrel fanures

Process lifecycle

Spurious trip

10
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SaEg\AIeNIECOIMENEIIEI0IE

2 Avoeld Earlure

-lntermal fallures offthe: systemi(guality plan)
-Explortation faiuresi (Progiamming teels, diagnoestics;
Malntenance; tiRaInNnae)

» SUpportianures

-ElEcCtronic component fiallures
-IViechianical compenent fanlties
-N@Isingle point el fianuie
-RedURE2RcY.

-@nline replacement

11
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2=~ 3ID\/otng System
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TIVIRSATCHIECTHUE

Input Processor

NG prepagauen
> SuUpperts 2 faultsielf diiferent ranks

[DI2gNESUICS 2l easy/ e Imanacge

Output

14
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RICON- VIR EaUItholerant Conitiolier

Utilizes Triple Modular Redundant Architecture
from Input Termination to Output Termination

ZDeliRitien ol liconex Eault liolerance:

Zldentifies; anal Compensates; ior Ealled Control Systiem
ElementsiandAllews On-Line Repair whlle: Coptinuing Iits
Assigned rask Without Precess Internrupon:

e High Safety Integrity - High Safety Availability Due to
TMR Architecture, Diagnostics, and On-Line Repair

e High Availability - Eliminates Spurious (False) Trips

15



/

TiHcenexaVIRVSHATF@UIER PIECHIECHNGI0EIES

1.No Single Point of Failure

2. Diagnostics

3. On -Line Repair

The Difference Between Long Term and Short Term
Availability and Reliability ---- Diagnostics

DiagRestics are Embeddediin the System - Independent of

UserWihitten Application: Programmingl

16
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Chassis - Architecture

Terminal Strip I - - - - -

1

TRIBUS

19



/

TiRIBUSH H araware

« Three Independent Serial Links Transmit Data
From Each Main Processor to the Other Two
Main Processors

< Serial Links Operate at 4 MBIts/Second

« Utilizes a Fault-tolerant Clock (Tri-Clock)
Consisting of Three Independent Clocks and
Associated Selection Circuitry

20
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“* Synchronizes MPs at the Beginning of Each Scan

IRIBUSHEURCLGRAS

*» Votes DI Data Between MPs and Flags Disagreements

* Transfers Al Data Between MPs

*» Compares DO and AO Between MPs and Flags Disagreements
*» Transfers Diagnostic and Program Data Between MPs

% Transfers Incoming Communication Messages Between MPs
*» Communication Bus for Automatic Re-education of MP

21
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*» 32 Bit Microprocessor Operating at 25 MHz

\Vianar EPrecesserivieaiie

*» Floating Point Co-Processor

* 1800 Kbytes of User Memory

% 1/0 and Communication Co-Processors

*» Fault Tolerant Interprocessor Bus (TRIBUS)

*» Hardware Voting and Comparison Circuits

*» Supports the Collection of Sequence of Events (SOE) Data
“ Extensive Background Diagnostics

% On-Line Replacement

22



B zle)plojsitles) = mlelfelVelfe

MPs Inspect the Chassis Layout for Proper Cards
and Installed Cards

Any Download Commands Will Create a System
Inspection Query

Application Program File Compared with
Installed 1/O Boards Firmware

If a Board is Missing or Improperly Installed, The
MPs Flag a System Alarm

During Downloads, TRISTATION Displays all
Disagreements

23



Vgl PROCESSoN = ACHItectUe

Dual

Power
Regulators

512K EPRO
2MB SRAM

DMA

Timing
Generator
Dual Port RAM
Com Processor

Failure
Detect
Circuitry

Interrupt
Controller

Dual Port RAM
I/O Processor

Main Processor
NS32GX32

Floating Point Processor
NS32381

24
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EaulthholeraniPoWerRSHsySLEn

*» Dual High Density Power Supplies - Each Capable of
Powering Entire Chassis Load (175 Watts Each)

< Dual Voltage Regulators - Two per Leg on Each
Module

*» Full Noise Isolation on Inputs and Outputs
% Over-Temperature Alarm
“ On-Line Replacement

+» Batteries for Memory Back-up on Main Chassis
Backplane

25
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[DI20RESHES = BOWERSURSYSIEN

Power Supplies, Batteries and Power Regulators are
Fully Redundant and Tested Frequently

- Output Voltage is Measure
o Main Chassis Batteries are Tested

= Each MP, I/0O and Communication Module’s On-
board

- Power Regulators are Toggled Off to Test the
Redundant Power Regulator

If Fault is Detected by MPs 2003 Vote, Power Supply Fault Light
Is Energized and a System Alarm Is Generated

26



> e & 0\ | J 1o e \ 3 [2) e e
EOWEIFSUPPIES =SAYCHILECLUNE
ower supply #1 I
o - E— A
K> Filt .1 L
ier Converter Vvdc
= Rectifier Ae DC/DC : . | g
oo
ol Fault <4
oNC Detection ®
+—>—F|— °
L P— G
Power supply #2 vdc
o— —»t— R
- aF 1 H_ G
E -N-/ Filter Converter
= Rectifier N DIEDE I B — E L C
oNO P— G
ol Fault
olNC Detectio < - p—| R vdc
¢ I N_ CE-}
Fault
+V Bus 2
+V Bus 1
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ERRaRcEaNIVIRIDIgIIN RpUEVeaUIE

“* Independent Signal Conditioning, Power Sources
and Communications Paths

“* No Single Point of Failure

¢ Tests for Stuck "ON" Circuits

“* Full Isolation Between Channels
“* Full Noise Immunity

“* On-Line Replacement

28
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DIagrRestcs=NIVIR EDIFVIGABIE

Continueus OnrBeard Testing fier Stuck = ©n CIrcuits

e Each of Three Input Circuits Per Point are Tested for
“Stuck-ON “ Condition

= Status of Circuit Sent to MPs for Alarming

If Circuitry Is Found to be Stuck-On, MPs Vote to
Activate DI Module Fault LED and Generate a
System Alarm.

29



ER] IVieaule="Archlitectul:

>

|npl'J’t cicuit Individual opto-isolator Intelligent /O CONTROLLERS Triplicated 1/0 BUS
NN\,
=y E—H—\/ T Threshold . i - A
—— - - US
s T Oot%?ifs%clétor == s processor Xcvr
{/—* ~Opto- |.
A_ [ short-circuit detection isolator Sual
Port
RAM
A\,
_N_\ Threshold e "
L\ ]\, g/ + Detect _E|Mux. Miicro- |1| Bus B
Opto-isolator = processor Xcvr
_| isolator Dual
Port
RAM
AN ¢
|/ @ : fhreshold ﬁl Miicro- Bus C
Vv | T omo'?iiﬁgttor =Mux. processor T Xevr
/} Opto- |.
A_l isolator Dual
Port
RAM
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“* Triplicated A/D Converters and Multiplexors

VIRSAREIegRpUTIVIeEtIE

< Automatic Calibration Using Built-in Reference
Voltages

“ 0.15% Full Scale Range Accuracy
“* No Single Point of Failure
¢ Isolated Input Channels

“* On-Line Replacement

31
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[DIagResuEsENIVIRSAIRVIGEWIE

» Vid=Value Select Algenthmwith Vieasurenment
[Deviation
Jlesting

e > 204 Standard Deviation from Mid-Value after 40
Deviations - Leg is Faulted

Main Processors Vote to Energize Fault LED

32



IVIRFATNIVIeGUIE = AYCltectur

&\

' iti i ADC for each leg Intelligent 1/0 Triplicated
Slgnal Conditionning Controllers I/O Bus
N, ] "Amp ADC Miicro- || Bys xcvr A
O l - processor
_I\II\I_]_ % Mux. =
I\II\I ’ Miicro- |_| B
1 i Amp ADC orocessor Bus Xcvr
_I\'I\l_.ll_ % Mux. »
AJ\, "AM ADC Miicro- || Bus Xcvr C
l Amp processor
w1 E " o
D_ — ux.
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IIVIRNERRERCEADIgNEZINOULpUVeaUiE

*» Fault Tolerant Hardware VVoter for Each Output Point
¢ Series / Parallel Quad Output Circuits

“* No Single Point of Failure

*» Field Loopback Sensing

“ Latent Fault Detection

* Fully Isolated Output Channels

“* On-Line Replacement

34
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DI20ResuESENIVIRIED@NVIGEUIE

Sttick-@On and Stuck-Ofilests are Performead

Continueusly
e Both Tests Are Performed on All Output Circuits

Regardless of Power Status. (NE or ND)

e Qutput Switches are Closed then Opened, VVoltage
Loopback Verifies Proper Operation

If Switch is Found Faulty, MPs Vote to Activate
DO Module Fault Light and Generate a System
Alarm

35



VIR ERONVIGEUIES ATCHItECHURE

Triplicated Intelligent 1/O Field Circuitry
I/O Bus Controllers
A
— : Output
A Bus Xcvit— prc';/clzltlacsrsoc;r Point Ly Driv%
Register] Circuitr
A.B
>t Output
B . Point Drive
Bus Xevii—p fiarceos Registeq P L-Clrcuitr
B
Output
> Drive
o =y Circuitr
| Miicro- =
Bus Xevr—|processor Registef
utput
> Drive |—
Circuitr Voltage
Loopback |——

* All output switches are opto-isolated detector
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* Fault Tolerant Hardware VVoter for Each Output Point

*» Series / Parallel Quad Output Circuits

24 VDC Version Uses Smart FETs That Require No Fusing
“* No Single Point of Failure

** Field Loopback Sensing

“ Latent Fault Detection

“* Fully Isolated Output Channels

* Blown Fuse Detection

“ Line Monitoring of Field Load (Open or Short)

% On-Line Replacement

SUPERVISEd PIgitalf@uitpuiivicaie

37
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Sttick-@n and Stuck-Ofilests are Performead

BRARWS Wecur on All Output Circuits

Regardless of Power Status (NE or ND)

e Qutput Circuits are Toggled, Voltage Loopback
Circuits Verify Proper Operation

Diagnostics - Supervised DO

< Field Load Monitored by Use of VVoltage Loopback
Circuits

If Output Switch is Found Faulty, MPs Vote to Energize Fault
LED and Generate a System Alarm

If Load is Missing, MPs Vote to Energize Load LED - Field
Device Failure, NOT TMR System Fault

38
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Triplicated

I/0 Bus

SID@NVieaUie=

Arc

Intelligent I/O Field circuitry
Controllers
Voltage
j A Sensor —l
~ : O +V
Bus Xevr il o, et > Bt [— S
Register Drive O +v, |
Circuitry (primary)
A A
Dual - -
Ported C
RAU A or B
$ V _ >| Output Voltage/ Voltage/
|| Miicro Point | o | Drive [™]| Qiien e |
Bus XcVIT| processar << |Register Circuitry |
Dual
Ported B
AA Output T; [ AorB
> Drive w /L
NierS Boint Circuitry . 1 . [ ] =
i oin — > -—
Bus Xcvr Processor Register Load
Ou?f)ut
>| Drive
(‘irmli'rr\l/
Voltage
Sensor -V

* All output switches are galvanically isolated

T 1



IVIRSARI @UbpliVieaLie

» iplicated D/A Convertersifor Each off the 6 Output Pelnts

% 2003 Selection Crrieunt Selects Correctly ©Operating DAC for
Each Pointand Periedically/Selecis Each DAC 10 Check 7S
Correct Operation

2 |Leophack Checking e AllFAnRaleg Ouitput Channels

» Autematic Calibratieon Using Bullt=iReference: \Voltages
2 0,15% EulifScale Accuracy

» NG SIngle Point off Eanlure

2 On-LCine Replacement

40



BIVIRS Bulselnputivicdie

zrplicated Pulse: Counter ferr Each ol the s linput PeImts

» Accurateiinmers Are Used enr Eachr Point 1o Determine
Time Reguired tor Accumulate the Reguired Numiser of
Pulses (1 Miicrosecond AccuUracy)

» Vieasures Speedi(RPIVI) te anrAccurracy ol 0.04%: at
INermal ©Operatine Speeds

2 IN@ Siingle Perat aff Farluie

2 On-Line Replacement

41
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VIRSERERNecoURIENRPUIVIGEUIE

»rplicated A/D Cenverters andMultiplexers

» Automatic Calibration Using Bullt=in Relerence
\/eltiages

2 SUPPOrts Thermoecouple hypes J; K, and i}

% Provides 32 Dififierential;, Nen-commoned Inpuis
» N Single Point el Farlure

» On:-Line Replacement

42
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Main Chassis

Expansion Chassis RXM Chassis
P.S P.S P.S
1 1 1
1/0 1/0 /0 10 1/0 1/0 1/0 /0 1/0 RxM IO 110 1o 10 Room 1
CPU or or (o] or or or or (o] or Prim.
COM COM cCOM COM COM  cOM COM COM | coMm
P.S P.S P.S
2 2 2
| | | |||| [ I | |
30 m max
RXM Chassis Expansion Chassis Remote Room
Ps Ps ...up to 12 Kms
i e e [ N I I through Triplicated Fiber Optic
Rem
P.S P.S

43
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P.S

P.S

Communication Capabilities

MODBUS Master

CPU 1|/O 1/10 EICM NCM

MODBUS Master

ETHERNET 802.3

Console DCS or PCs

P.S

CPU o wo EICM NCM

P.S

Tristation, SOE, DDE, TCP/IP

44



/

Communication Capabilities (cont..)

Peer to Peer Communication

P.S P.S
i 1

cPu o  wo Ecm M CPU 1o 1O EICM yom
P.S P.S
2 2

TSSA Proprietery protocal

... Up to 10 Tricon systems

45
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JNEconEx CommuncationtVvieaties

2 Netwerk Communication Viedule (NESIVI)
= SUpports Twe lEEE 802,35 Ports

2 Intelligent Communicationsi iVieauie (EICIVI)

= Eeurlselated RS282/ 422 Seral Perts (One Pert Used or Irstation and
Others Typically: Used for MODBUS Communication to DESs anad Other
Computer or SulhSystems)

- One Parallel Prnter Pert
% Safety Vianager Module (SIMIM)E IHeneywellSFDE 3000
— Coennects te TDEC 3000 Universall Control Network (UCN)

» Advanced Communrcation Moedule (ACM):= Eexiaerer /A SEREs

— Coennects teFoxihore |/A Series Neaehus
= Supports Additienal 802.3 Port and WWerRS-252/ 422 Serial PoIis

{/

$

46



SEOUERCEGH EEVENLS TSOE

P.S
1
110 1/0
cpu | or | or EICM NCM
COM CcOoM
P.S

SOE Utility through the
NCM Module

TCP/IP 802.3 Network

P.S P.S P.S

1 1 1
110 1/0 110 1/0 /10 1/0
CPU or or EICM NCM CPU or or EICM NCM CPU or or EICM NCM
COM CcOM COM COM COM COM
P.S P.S P.S
2 2 2

Peer to Peer communication
47



SOE - Features

s AllFthe varanles aie recorded and time: stampedinithe
MEmpPrY. of the TRICOIN

“ AccUlacy/: scan time

% SOE block arersetting uprwithia irstation (meaximuniof
14 SOE

“ e controli pProgiam manages event collection by means
el fuRctiens that the USEr IncIUdes I nis pregram

“wAllFthe iniermations can ke retreved through the
dififerent communication meauies

*» SOE Data Retreval utniny program: Isiavananle threugn
e Netwoerk Communicatien Vieduile NICIVI:

48
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el EEInEalcl el Zajelle)

| ETRICON
Configurazione di rete Ethernet o
ridondante, con connessioni rame-fiora . _ _ _ _ _ -
ottica e Bridge per ottimizzazione del '
traffico di rete

CAVO IN RAME

C FO
FO | B C © B FO
FIBRA BRIDGE COAX COAX BRIDGE FIBRA
OTTICA Oice
Printerl 1 i
_ T o Printer2_1

FO
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