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Presentation:

SIS, BMS, Why Implement BMS in a SIS

State Transition Approach to BMS Design
Review Example Design of a typical BMS System
Show Function Blocks used in the Configuration
Show An Example Operator Interface

Startup and Trip a Simulated BMS System
Summary / Questions?
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Emerson’s Wssoon

'SMART SIS

By extending the Emerson digital PlantWeb
architecture to safety systems, Smart SIS will
provide unprecedented

customer value by:
enabling safer plants ' %

Increasing availability Pla ntWEh

lowering lifecycle cost
simplifying regulatory compliance
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DEFINITION: SIS ¥
(Safety Instrumented System) W

A SIS

— Takes a process to a safe state when predetermined
(dangerous) conditions are violated (e.g. ESD)

— Permits a process to move forward in a safe manner
when specified conditions allow (e.g. BMS)

— Takes action to mitigate the consequences of an
industrial hazard (e.g. FGS)

Related Definitions

T S logic

* ESD - Emergency Shutdown
solver

* ESS - Emergency Shutdown System

» SSD - Safety Shutdown Systems
transmitter

* BMS - Burner Management System

shutdown _
* FGS - Fire & Gas System

valve
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What is ttiee puunpose affaa BENGI?

To Inhibit startup when unsafe conditions exist.

To protect against the unsafe operating conditions and
admission of improper quantities of fuel to the furnace.

To provide the operator with status information — operator
assistance

To Initiate a safe operating condition or shutdown
Interlock If unsafe condition exists.

As per NFPA 85, “the BMS is a control system dedicated
to boiler furnace safety and operator assistance...... ”
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Why implement BMS in an SIS?

ncreased safety
ncreased system availability
Reqgulatory compliance
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Is BMS a SIS?

Buil

Burners, furnaces and boilers are very critical and complex systems.

There is evidence that OEMs and end users who wish to comply with
standards (IEC/NFPA) , or to meet certain insurance requirements , will
have to classify burner management systems as safet  y-
iInstrumented systems , to achieve certification by a third-party agency.

In the process industry, a BMS is included in the IEC 61511 definition,
although not by direct reference . There is also no exclusionary
clause .

Burner Management Systems (BMS) are defined as Safety Instrumented
Systems (SIS) if they contain sensors, a logic solver and a final
control element according to IEC 61511.

All safety critical processes must be analyzed and their potential risk
determined.

By considering a BMS as a SIS , companies can ensure that these
systems are designed, maintained, inspected and tested per both the
applicable prescriptive standards  (API, NFPA, etc.) as well as the
latest SIS performance-based standards (ANSI/ISA, and IEC). &
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Is a BMS a SIS?

Buil

Six (6) different codes , standards and / or recommended practices have been, or are currently
being developed, that mandate a BMS is a SIS until proven otherwise.

The Black Liguor Recovery Boiler Advisory Committee (BLRBAC) has developed several
guideline documents regarding design and operation of Recovery Boilers in the Pulp and
Paper Industry. These documents invoke SIS requirements on the Recovery Boiler BMS

FM 7605 — Factory Mutual requires that any PLC listed for use in combustion safeguard
service meet the SIS requirements contained in IEC ~ 61508.

TR84 — The ISA S84 committee has formed a BMS sub-committee to develop a document that
clarifies how SIS concepts apply to a BMS. Examples being included in the document for each
code or standard are:

NFPA 85 — Single burner boiler

NFPA 86 — Thermal oxidizer

API 14C — Process heater with multiple burners
API 556 — Glycol Reboilers

The goal of the S84 committee is for industrial use  rs to properly follow the safety
lifecycle to define the risk of every BMS to determ ine ifitis a SIS.

NFPA 86 Committee is planning to update this standa  rd to reflect their agreement that
an industrial BMS is a SIS and that a safety PLC sh  ould be used. It also will refer to
ANSI/ISA 84.00.01-2004 as acceptable methodology.

EN 50156-1 is a European standard covering electrical equipment for furnaces which invokes
SIS requirements for a BMS.

API 556 document governs design of BMS's in the petroleum industry. It invokes SI3
requirements on BMS'’s. &
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Burners and boilers are very critical
and complex systems

Distance of boiler displacement = 50m

&
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DeltaV SIS advanced function blocks
simplify configuration

Buil

IEC 61508 certified modules
and functionality for BMS
Cause and Effect Matrix (CEM)

Step Sequencer
State Transition

Provides very efficient
configuration and powerful
application software.

Available dynamos and
faceplates make the application
very transparent for the

operator.
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Example BMS States

Buil

Shutdown,
Not Ready Pre-Purge P lgnite Pilot
Shutdown, In progress rurge
& Ready Complete

&

Startup failure

Pilot onl

Running
Trips from States

5,6,7,8,9,10,12

Mixed firing,
set low fire

position

Cold Start,

Waste Gas Set Low fire
Onl iti
= _ Ilgnite Main position_

Mixed Gas Main without with Pilot

pilot, not at Temp
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3 Main Logic Part to a BMS System

In order to define a BMS you must know 3 fundamenta | items.
1. States & Transitions — When to move from one to
2. Outputs — Valve Positions defined for each State
3. Trips — Including which is active during each St  ate

another

Once these are defined, the DeltaV SIS logic can be
An easy to follow manner.

programmed in

T
Shut d owvm. '(-"5';“2‘*} —_—- __F.{x_.:\}_ — - _*;fm;“n
Not Ready e T T - 7 T~ lanite Pilot
. shuldown |||':|.r:r:gur'3:: Purge _%—
; & Ready Completa 25LPy ‘}

-~

The following

Example is a N
Single Burner-
Multi Fuel

with 13 states:

Buil

/1 Startup failure

Trips from States

5 6.7, 8.8,10, 17 Mixad firing,
p— sat law fira

__;{ 512 + Eusitiun

:-'-""-

-1 <1
= P L ) \"1
Wasts Gag = - J—— ]
Only T S10 e 4 S08 e+ — )
Mixed Gas Main wilthout

g e. pilot, not at Temp

Pilot oniby r: sm; B

Running —|
.-.III.l
(“sov
e Cold Start.
i ‘EEE"\:]& Sat Law fire
Ighita Nain pasitien

with Pilot



BMS State Transition Diagram [—

1) No Tri - _ initiates pilot
C())nditionpexists 1) Operator initiates Purge hand switch. ign_ition i i
and all trips @ @ switch.
have been reset @ L
Pre-Purge In_ Ignite Pilot
Shutdown, progress Purge Complete
& Ready
1) Total volume flow @
Shutdown, of nitrogen is
Not Ready confirmed at 200 1) Pilot flame detected Pilot only_
& SCFM for 5 min within 15 sec Running

Startup failure

1) At least 15 seconds elapsed @

2) At least 6 hours of cold restart

Tips fom Stales  Fryewm 1) Flame time is elapsed OR Operator
201801002 - detectors over-rides this timer.
Eonfirmed confirm flame 3) Operator initiates "Light Main
1) Operator within 15 sec Burner" hand switch.
initiates 2) Additional 15
“Mixed Gas" @ sec for flame S07
stabilization

hand switch Mixed firing, set
low fire position

Cold Start, Set

@ Low fire position
@ @ Ignite Main with .

1) Operator initiates
"Waste Gas Only* Mixed Gas Main without Pilot ;L;Ct)i\/ovnflsre
hand switch 1) Reached min temp pilot, not at Temp confirmed
2) Operator initiates hand
switch to “Mixed Gas"

Waste Gas Only




State TransItionS - Defines What Allows the Logic to

move from one State to Another

For Example:
To move from
State 2 — Shutdown and Ready to

Shutd Pre-Purge In State 3 — Pre Purge in Progress
LItaown prodress
The Operator Selects Cold
& Ready
Restart
1) Operator initiates cold start sequence The Built in DeltaV SIS Function
with "Cold Start" hand switch to proceed Block - State Transition Block - is
used to Easily Define the
Transition Logic.

Froperties

W alues: Transitians [inputsk

States [outputs] 1:Trip | 2:Tnp Cleared 3-Dperator Selects Cold Hestart | 4:Mot Used | 5-Purge Co
1-501 - SHUTDOWMN NOT READY 2502 - SHUTDOWN AMD READY

2.502 - SHUTDOWN AND READY 1501 - SHUTDOWN NOT READY 3503 - PRE PURGE IN PROGRESS

3503 - PRE PURGE IN PROGRESS 1501 - SHUTDOWHN MOT READY 4-504 - PU
4-504 - FURGE COMFLETE 1-501 - SHUTDOWM MOT READY

5505-IGNTE PLOT 10 -SHUTODVNNGT FEADY T A
£-506 - PILDT CINLY RUNMING 1501 - SHUTDOWN NOT READY

7-507 - COLD START SET LOW FIRE FOS 1-501 - SHUTDOWM MOT READY

B-508 - IGNITE MAIN WITH PILOT 1-501 - SHUTDOWN NOT READY IF the State (output) is:
9503 - MAIN WITHOUT PILOT NOT AT TEMP  1-501 - SHUTDOWN NOT READY

10510 - MIXED GAS 1.501 - SHUTDDWN NOT READY saet b Sy Cancel |
11517 - Mot Uzed 1-501 - SHUTDOWN MOT READY

12:512 - MIED FIRING SET LOW FIRE POS  1-501 - SHUTDOWN NOT READY Ard the Transition (input) Is: Help

13513 - WASTE GAS ONLY 1-501 - SHUTDOWN NOT READY 3-Operator Selects Cold Restart

| | _ ]
Ifthe State i 2.502 - SHUTDOWN AND READY Thate; taes
&nd Tranzibion is F0perator Selects Cold Restart
The NestStateis:  3503- PRE PURGE IN PROGRESS




Outputs -Defined Per State

utput (Valve,

table

Once the States are defined, the position of each O
ignitor, etc) is defined in each state in a simple
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Outputs

Def

ned p

[ I — = — = c I CI>.> q>) = %
0 R CEN G S [0 ~[0alc [© Tl B c TN T
Output SEE ESESE EBLLLEeEeE B | 5B E e FERt
UpUS Sk=c EEE ek =¥z 3228¢E8E s S 36 B P& SEEGE
= g j%::wtmtm [o &|© @l o —© ¢lo | EE EE E
S2F|lc B &g i
SlEEL [EcE™
c ¢ s Parameter nanme:
Dlc K| = O a|o il
'g (&l h = c Zc - MATRI
= = (S [ § 3 Cancel |
State Output Control s g L F P roene
[a)] i o (321 I'IB bit unsigned integer matri:j ﬂl
= BN IR T N
g- (o) Sk -3 FeS ( Farameter categony: i
= S § X N ) Filter.... |
ol F o S E IDperating j
SIS Tl
States X =
2 Sy
s < < < < S
zZ . . ~ N
D=De-Energize, Tal Tl
IState Name State [XX=Set the outpL .,
Shutdown, Not Ready S01 |D|D|D|D D e
; B ~oA
Shutdown & Ready S02 | D | D | D] D PFrapstis ~ Y
. WValues: ', Dutput
Pre Purge in Progress so3 |p|D|D|D| —= e
States (inputs] [ 1><v>¢¢<1| 20002 | BFVR0Hd | 4p0na00i | BRVGDE | BIMMOONE | - Toogle value |
Purge Complete S04 D.| D| D | D | |1501-SHUTDOWN NOT READY 0 i i i 0 i
~ i 2502 - SHUTDOWN AND READY 0 i ] ] 0 ] Eolumn iy,
Ignite Pilot S05 3 LR | D » 3-503 - FRE PURGE IN PROGRESS 0 0 i i i] i
i i Soml =4 4504 - PURGE COMPLETE 0 i ] ] i ]
Pilot Only Running S06 D | D )mem e 5505 - IGMITE PILOT i i 0 1 1 1 A“‘US'ZE
] — ;o[ B-505 - FILOT ONLY RUNNING - a i 1 1 1
ICold start, set low fire positions S07 D | D | D | D' |#s07-5ET Low FIRE SETPOINT 1 ! 1 1 1 1 Minimize |
) o B-508 - MA&IN WITH PILOT | 1 1 1 1 1 —
Ignite main with pilot S08 | E | E | D | D || 39509 MaINWITHOR W/OH2OR ™ 1 1 1 a 0 a .
Main NG w/o Pilot, not at temp so9 |E|E|D|D | | i
Mixed Gas S10 El e | g | g | Sl 8508 - MAIN W1y, ™ AT
Output: 1l
Not Used S11
Mixed firing, set low fire positions| S12 D|D|E]|E O Utp UtS
aste gas Only s13 |D|/D|E|EJEJE|D[DJEJEJEJEJE States : |

The DeltaV SIS logic has a simple matrix that mirro
It drives the outputs blocks

table.
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Ifferent states. For
It must be masked

Trips
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Trip Matrix / Appropriate Masking

example, seeing Flame is Required when running, but

Different Trip conditions should be masked during d
when not running

to trip in this state.

This cause has to be able

il

F

This cause needs to be
“masked” in this state!

T
T

T

S09
S10
S11
S12
S13




Trips -Including Masking Defined per State
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[=1
=

Cancel
el

L

Fiter,,

~ Calumn width——

butnsize

Minimize

Trips
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o E s Za TS5 E ]
K] - .
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5 gl S8 8”9 .
: | a8 8= his C
gl % &S 8Ty This Cause
[=) Aameter cate )
(%] N ™ ( —m = = (11 k d”
g 8 y g (B is “maske
4 = — v
> o) O s (@) ( . .
—
s & g g & in this State!
= N |’: I3\ (
2 & & |
= m
(%]
g
)
=z )
Properies
State Vales: Outputs:
States (inguts) 1TRP.. | 2TRIPO..| 3TRIPO  + iP.. 9TR..| 67. | 7-TAL. | &1AL.] $TRIP.. | 10-TAIP. | 11-1AL.  12TRL. | 13TRIF.. | 14TRIFON  Iogge vale |
S01 M T T I\ | | 1501 - SHUTDOWN NOT READY 1 0 0 1 0 0 0 0 0 0 0 0 1
2502 SHUTDOWN AND READY 1 1 0 00 0 0 0 0 0 0 1
S02 M M T I\ | | 3503 - PRE PURGE IN PROGRESS 1 1 0 1 , 00 i 0 0 0 0 0 1
4504 - FURGE COMPLETE 1 1 0 [ 0 0 0 0 0 0 1
5605 - IGNITE PILOT 1 1 0 1 0 0 1] 0 0 0 0 0 0 1
S03 M M T \ 6506 - FILOT ONLY RUNNING 1 0 0 1 0 0 0 i 0 0 0 0 0 0
7507 -COLD START SETLOW FIREPOS 1 0 0 1 0 0 0 i 0 0 0 0 0 0
S04 M M T \ 9508 - IGNITE MAIN WITH PILOT 0 0 0 0 [ 0 0 0 0 0 0 0
9.509 - MAIN WITHOUT FILOT NOT AT TEMP 0 1] 1} i} 0 0 1] 0 a 0 i} 0 1} 1
SOS M M T '\ 10510 - MIXED GAS 1} 1} a i} a 0 1] 0 1] 1 o 0 a 1
11511 - Hot Used 1 1 0 0 0 0 0 0 0 0 0 0 1
S06 M T T N | | 12372- MXED FIRING SET LOWFIRE POS 1 1 0 0 [ i 0 0 0 0 1
13613 WASTE GAS ONLY [ 1 0 0 0 01 0 0 0 0 0 0 1
S07 M T T N || 12s12-n07 UseD 0 0 0 0 R B R 0 0 0 0
15515 NOT USED 0 0 0 0 00 0 i 0 0 0 0 0
S08 T T T 7| | 18516-NOT USED 0 a 0 0 0 0 0 0 0 0 0 0 0
S09 T T T ]
S10 T T T T g | ]
S11 Stae finputf: 2502 - SHUTDOWN AND READY
S 12 T M T Output ATRIP OM LOW TOTAL COMB AR FLOW States O Utp UtS
S13 T M T

The DeltaV SIS logic has a simple matrix that mirro
masks conditions based on the state the burner is |

rs the table above that
n



Simple Documentation

Delta¥ 515 BEURNER MANAGEMENT SYSTEM STATE TRANSITION DIAGRAM
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raditional Graphic

f7|pelta¥ Operate (Run) -lof x|
Module | PURGE_BS [=] Main | BMS_Dermn [+] Username | ADMINISTRATOR 10147 155 &M ?
; = 1 = = o | (<2¥] T <>
dla . = et % 2 O&
Purge Permissives PILOT GAS Permissives NAT GAS Permissives DIL Permissives
=r:; ((:]nnd\l:n:\r'LExtl)sts [EPilot valves Not Closed Mignitor Proven Mlignitor Proven
0 G'as Os’;ilf\’{a;s :‘:t' o [ZIFD Inlet Dmpr Not Low Fi IMET Not Reset VT Hot Reset
. Flame Detected .\Mndhx Dmpr Mot Low Fire .AirJFIue Dmprs not Low F .Air!FIue Dmprs not Low F
. Coinblietion AiF R Lo .nutn Stack Dmpr Hot Open .Leak Test Not Passed .Emr Stm Valve Not Open
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EPur ;! Fapiled Y e .Ign I-Locks Not Cleared [Ebnstrm Gas Valve Open .Dnstrm il Vahre Open
g Ml Gas Flow Not at LFP Moi Flow Not at LFP
[Hoil not proven/Low fire [EGas not provenLow fire
MlGas ILocks Not Cleared Moil I-Locks Not Cleared
Interlocked S Interlocked Interlocked
Start Igni Time Remain Start Burnel Start Burne
300 Sec
PILOT GAS Interlocks NAT GAS Interlocks OIL Interlocks
.Gas Pressure High .Masler Fuel Trip .Masler Fuel Trip
[Heas Pressure Low Has Pressure Low [llatomizing Steam Pressure Low
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Start framaining [Hcritical 10 Failure [Eany Gas Bror Viv Failure [Woil Temperature High
SLUEED Mianitor Failed 10s Trial Mcritical 10 Failure ol Temperature Low
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MET Interlocks .Uperalur Stop .Opermur_stup . ; _
N [EFiame Failure [Elany Gil Bror Viv Failure
[Ecomb Air Flow Low Ml Gas Not Selected [EFiame Failure
.Waﬂ:hdug Timer Failure [Donerator Stop
[ZIFD Fan OR Steam Turbine Not Running [Critical 1iO Failure
[EDrum Level Low Low (Float) [Oil not Selected
.Drum Level Low Low {Colurmn)
.Fumace Pressure High
[ combustion Control Failure
e sTOP
MISC ALARMS
[Epre ignition Timeout NAT GAS L eak Test _ -
Meritical Input Failure Reatly Test Time [Esteam Pressure High
[ELoss of Fuel Leak Test... | Remaning [CILow Instrument Air Press
, 180 Sec [ElDrum Level Bypass Switch
ligh Steam Pressure Cutout 3 % % e
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[Ebrum Pressure High High D ttay Power Failure
[Eriame Failure Euel Mode Selector [Drum Level Low (Column) Red Text Not OK [ Normal / Ready
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BMS Trips Graphics — NNonmabb&taee

THESE ARE ALWAYS ACTIVE BMS

MANUAL SHUTDOWN -SIS SOFTWARE Normal TRIPS
Vota: 0oo 1 TRIP SIF |
S — — THESE ARE SOMETIMES ACTIVE
Vota: Opo 1 1 HS100 LOSS OF MAIN FLAME Normal
Vote: Opop 2 1 BALXXXA ACTIVE
1 BALXXXE
MANUAL SHUTDOWN LOCAL PANEL Normal
Vote: 00y 1 1 Hs101 LOLC NAT GAS PRESSURE Normal
Pra-trip limit: 20 88 psig PTXXXA
Lo Trip limit: 0.5 8.6 psig PTXXXB MNOT ACTIVE
HIHI COMB AIR PRESSURE Normal Mo W H EMY e PTXXXC
Pre-trip limit: 13.0 9.0 psig PTXXXA LO COMB AIR FLOW - NATURAL GAS Normal
Hi Trip limit: 15.0 9.0 psig PTXXXB FPra-trip Ii 25.0 1170.0 MSCFH FTXXXA NOT ACTIVE
Vote: Opop 2 9.0 psig PTXXXC Lo Trip limit: 20.0 1179.0 MSCFH FTXXXB
LOLO LVL IN STM DRUM E7C3 Normal ote: 0 gg 2 1188.0 MSCFH FTXXXC
Pra-trip limit: 40.0 65.0 % LTHXXA LO COMB AIR FLOW-ACID GAS MNormal
Lo Trip limit: 34.0 €5.5 % LTXXXB Pre-trip limit: 360.0 1170.0 MSCFH FTXXXA ACTIVE
Vote: 0 oo 2 660 % LTXXXC Lo Trip limit: 300.0 1179.0 MSCFH FTXXXB
HIHI THERMAL RX TEMF MNermal YWote: Ogp 2 118B.0 MSCFH FTXXXC
Pra-trip limit: 2800 2638 F ¢ TTXXXA LOSS OF PILOT Trippaed
Hi Trip limit: 3000 2538 F T TTXXXBE Vota: 100 1 0 BALXXXA NOT ACTIVE
Vota: O op 2
HIHI LVL IN ACID GAS KO D-11 Normal
Pra-trip limit: 60.0 0.0 % LTXXXA
Hi Trip limit: 92.0 65.0 % LTXXXB
DEV VWots: 0pp 2 0.0 % LTXXXC CLAUS C
HIHI LY IN AMINE STRIPER REFLUX D2-C MNeormal Normal
Pra-trip limit: 50.0 40.0 % LTXHA
Hi Trip limit: 86.0 40.0 % LTXXXB
Wote: Opo 2 40.0 % LTHXXC
HIHI LvL IN SCOT STRIPER REFLUX D202-C PRE-TRIPPED
Pra-trip limit: &0.0 6&5.0 % LTHXXA
Hi Trip limit: 90.0 B65.0 % LTXXXE
DEV vote: 0on 2 400 % LTXXXC
HIHI LvL SCOT STRIPER REFLUX D202-D MNeormal
Pre-trip limit: 60.0 % LTHXXA
Hi Trip limit:  390.0 40.0 Yo LTXXXB
Vote: Oop 2 40.0 % LTXXXC
HIHI LvL AMINE STRIPER REFLUX D2-D PRE-TRIPPED
Pre-trip limit: 50.0 650 % LTXXXA
Hi Trip limit: B6.0 65.0 % LTXXXB
DEV VWots: 0pp 2 40.0 % LTXXXC
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BMS Trips Graphics — Thipb&tede

MANUAL SHUTDOWN -SIS SOFTWARE Normal TRIPS
Vote: Opo 1 TRIP SIF |
T T FETEl THESE ARE SOMETIMES ACTIVE
Vote: Ogo 1 1 HS100 LOSS OF MAIN FLAME Tripped
Vote: 200 2 0 BALXXXA MNOT ACTIVE
0 BALXXXE
MANUAL SHUTDOWWN LOCAL PANEL Meormal
Vote: Ogn 1 1 Hs101 LOLO NAT GAS PRESSURE NeomED
Pra-trip limit: 2.0 88 psig PTXXXA
Lo Trip limit: 0.5 86 psig PTXXXB NOT ACTIVE
HIHI COME AIR PRESSURE Tripped Vote: Ogo 2 9.0 psig PTXXXC
Pre-trip limit: 13.0 18.0 psig PTXXXA LD COMB AIR FLOW - NATURAL GAS Mermal
Hi Trip limit: 15.0 18.0 psig PTXXXB Pre-trip limit: 25.0 1170.0 MSCFH FTXXXA NOT ACTIVE
DEV Wote: 2po0 2 8.0 psig PTXXXC Lo TriE/“m . 20,0 1179.0 MSCFH FTXXXB
LOLO LVL IN STM DRUM E7TC-3 Normal ots: Opp 2 1188.0 MSCFH FTXXXC
Pre-trip limit: 40.0 €50 % LTXXXA LO COMB AIR FLOW-ACID GAS Neormal
Lo Trip limit: 34.0 655 % LTXXXB Pra-trip limit: 360.0 1170.0 MSCFH FTXXXA NOT ACTIVE
WVote: 0 oo 2 8.0 % LTXXXC Lo Trip lim 300.0 1179.0 MSCFH FTXXXB
HIHI THERMAL RX TEMP Normal Vote: Oog 2 1188.0 MSGFH FTXXXC
Pre-trip limit: 2900 2538 F © O TTXXXA LOSS OF FILOT Tripped
Hi Trip limit: 3000 2538 F T TTXXXB Vota: 100 1 0 BALXXXA NOT ACTIVE
Vota: O op 2
HIHI LVL IN ACID GAS KO D-11 Mermal
Pra-trip limit: €0.0 0.0 % LTXXXA
Hi Trip limit: 220 &5.0 % LTXXXB
DEV ‘Vote: Ooo 2 00 % LTXXXC CLAUS C
HIHI LV IN AMINE STRIPER REFLUX D2-C MNormal Tri d THE BURNER WAS IN THE FOLLOWING
Pra-trip limit: 50.0 40.0 % LTXXXA _ ripps STATE WHEN IT TRIPPED:
Hi Trip limit: E6.0 40.0 % LTXXXB First-Out: HIHI COMB AIR 502 - SHUTDOWN AND READY
Vote: Ooo 2 40.0 % LTXXXC PRESS
HIHI LvL IN SCOT STRIPER REFLUX D202-C PRE-TRIPPED
Pra-trip limit: 60.0 650 % LTXX XA
Hi Trip limit: 90.0 650 % LTXXXB
DEV WVote: Opo 2 40.0 ' LTXXXC
HIHI LVL SCOT STRIPER REFLUX D202-D Mermal
Pra-trip limit: 60.0 40.0 % LTXHXA
Hi Trip limit: 90.0 400 % LTXXXB
Vota: Opop 2 40.0 ' LTXXXC
HIHI LYL AMINE STRIPER REFLUX D2-D PRE-TRIPPED
Pra-trip limit: 50.0 &5.0 % LTXXXA
Hi Trip limit: B86.0 650 % LTXXXB
DEV Wote: Onon 2 40.0 % LTXXXC

[ =5

Bul H C q g e. GLOBAL

USERs
EXCHANGE




BMS Ring of Fire — Si@pSH22

C] Q) TEMPERATURE
2538 F TTXXXA

BMS RING OF FIRE

2538 F TTXXXB
S03
S02 PrePurge In
Progress
Shutdown
& Ready COLD START
PUSH_TO_STRT
TRIPS GRAPHIC
Conditions to Get
501 )Shutdown Start Pushbutton
Not Ready PILOT FLAME NOT DETEGTED
MAIN FLAME NOT DETEGTED
SHUTDOWWN CLAUS C
Waste Gas Only
Mixed Firing, Set
Low Fire Setpoints

ACIDREACTOR |S13
FEED SWITCH Sz
KO Drum

GAS SELECTOR

FUEL ONLY

510
Transition to Acid Gas
F

504

Purge

Complete

s08

Main W/Q Pilot
- Not at Temp

TOTAL AIR FLOWS

11700 MSCFH FTXXXA
11790 MSCFH FTXXXB
1188.0 MSCFH FTXXXC

Ignite S

Pilot

Pilot Only S06

Running

Cold Start,
Set Low Fire
Setpoints

Main With
Pilot

508

s07

MAIN NATURAL GAS BLOCK VALVES
22.00 psig
|

COMBUSTION AIR CONTROL VALVE
SOLENOID

TRIMAIR CONTROL VALVE
SOLENOID

PILOT AIR BLOCK VALVES

PILOT NATURAL GAS BLOCK VALVES
22.00 psiy
|

N2 ELOCK VALVES - NORMALLY OPEN

A

SOUR WATER GAS CONTROL VALVE
SOLENOID

02 ISOLATION VALVES
SOLENOID SOLENOID ELOCK VALVE




BMS Rin

of Fire — Ske@pSBB6

BMS RING OF FIRE

C]l [»| | TEMPERATURE
2538 F T TTXXXA
2538 F " TTXXXB
503
S02 PrePurge In
Progress
Shutedown
& Ready
TRIPS GRAPHIC
=0 [Shutdown
Not Reaty
SHUTDOWN CLAUS C
Waste Gas Only
Mixed Firing, Set
Low Fire Setpoints

ACID REACTOR |S13

FEED SWITCH i

KO Drum
GAS SELECTOR
FUEL _ONLY

510
Transition to Acid Gas

1e

A

S04

Purge
Complete

TOTAL AIR FLOWS

11700 MSCFH FTXXXA
11790 MSCFH FTXXXB
11880 MSCFH FTXXXC

Pilot Stabilize
Conditions

These two timers
are met and then
operator selects
LIGHT MAIN

PILOT STABILEE TIMER
SP 16 ACT 16 SEC

6HR WARMUP TIMER
SF 360 ACT 95  MIN

CHECK BOX TO SKIP 6
r HOURWARMUP TIMER

\WITH SUPRVISORS

APPROVAL

=08 Main WiO Pilot

- Not at Temp

Ignite s

Pilot

Pilot Only <06
Running

Cold Start,
Set Low Fire

Setpoints =07

Main With
Pilot

508

MAIN NATURAL GAS BLOCK VALVES
60.00 psiy
|

COMBUSTION AIR CONTROL VALVE
SOLENOID

TRIMAIR CONTROL VALVE
SOLENOID

PILOT AIR ELOCK YALVES

PILOT NATURAL GAS BLOCK VALVES
60.00 psig
|

N2 BLOCK VALVES - NORMALLY OPEN

A

SOUR WATER GAS CONTROL VALVE
SOLENOID

02 ISOLATION YALVES
SOLENOID SOLENOID EBLOCK YALVE




Summary

Builc

The State Transition Diagram
approach is a very clear and
systematic development process:

Define the states and transitions.
Define the outputs in each state.
Define the required trip signals.

W he

Define per state if a trip is active or
masked.

Very good for developing functional
requirements in an interdisciplinary
team.

The approach can also be used for
other applications.

=
Ay, Ny
s

EMERSON.



Safety lifecycle benefits:
Reduced cost and improved safety

Analysis — a well defined approach
and easily understandable.

Implementation — can be easily
implemented using standard
function blocks and dynamos

Operation — because failures can
easily be located and removed.

Verification — each state has
clearly defined output signals and
trip causes which can easily be
tested and verified.

Management of Fi

and Functional Safety As:
Safety Lifecycle Stru

Modification - the solution is
unambiguous and can easily be
modified.

| EMERSON.
Builc ige.




Thank you...

...any Questions?



