ToTAaL

Exploration & Production

GENERAL SPECIFICATION

INSTRUMENTATION

GS INS 167
Pump Unit
standard function
-P.U. -
00 11/03 First issue
Rev. Date Notes

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.

GS INS167



Exploration & Production
General Specification Date: 11/03

ToTaL GS INS 167 Rev: 00
Contents

I Y o 0] o 1 < PP 3
2. ReferenCe OCUMEBNTS .....ooiiiiiiii ettt e e e e e e e e anaa s 3
3. General Description Of fUNCLIONS ......uiiii i 4
3.1 List Of Main fFUNCLIONS ... e e e e e et e e e e e eeeeees 4
3.2 Start / stop sequence description for a Centrifugal pump unit (PU_CENT).............c........ 4
3.3 Start/stop sequence description for a Centrifugal pump unit with SDV only

(o O T =1 ST 5 1Y SRR 5
34 Start/stop sequence description for a Centrifugal pump unit with XV only

(PU _CENT XV ittt ettt e e e e ettt e e e e e e e ettt e e e e e e e e e nnnbb st eeeeeeeeeennnnanneees 5
3.5 Start/stop sequence description for a Centrifugal pump unit with XV suction and

discharge valves (PU_CENT _2XV) ..ot e e e s 5
3.6 Start/stop sequence description for Reciprocating pump unit (PU_RECIP)..................... 5
4. INterface deSCIIPTION e 6
4.1 (CT=T o 1=T = Ul [T Tod o o] (o] o U SSRPPPPRURRN 6
4.2 Status deSCrPLON (SLALUS) .....u.iii i e e e e e e e e e e e e arr s 8
5. Detailed description Of fUNCTIONS ... 8
5.1 MOdES aNd COMIMANTUS ..ottt e e e e e e e e e e e eeeees 8
52 Sequential function chart generalities. ... 9
53 Sequential chart of centrifugal pump unit (PU_CENT)........ooooiiiiiiiiieeeee 10
5.4 Sequential chart of Centrifugal pump unit with SDV only (PU_CENT_1SDV)................ 13
5.5 Sequential chart of Centrifugal pump unit with only XV (PU_CENT _1XV)......cccccvvnnnnne 17
5.6 Sequential chart of centrifugal pump unit with XV Suction and Discharge valves

[(od O T =1 B2 QY TSRS 21
5.7 Sequential chart of Reciprocating pump unit (PU_RECIP) ..........coooviiiieiiiiieeeeieeeeeiins 25
6. Tuning parameters and Variables .........cccooiiiiiii s 28
6.1 Centrifugal PUMP UNIE. ..o e e e e et e e e e e e e eeaaann 28
6.2 ReCIprocating PUMIP UNIL ........oooiiiiiiiii e e e e e e e e e s e e e e e e e e et e e aeeees 28
7. Representation and animation description (HMI).........ccccoooiiiiiiiiiiiiiiiiiiiiiins 29
7.1 Events and values to be reCorded.........oooooiiiiiiiiiiiiie e 29
7.2 Process control display (operating level display) ............cccovviveiiiiiiiiiieeeeeee, 29

8. Appendix: handling of status in case of centrifugal pump unit (PU_CENT)....31

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.

GS INS 167 Page 2/31



Exploration & Production

General Specification Date: 11/03

GS INS 167 Rev: 00

ToTAaL

1. Scope

The purpose of this document is to define the Standard Function of a Pump Unit (P.U.), allowing
the control of a pumping run, including motor, suction and discharge valves when available.

In order to assist in understanding, the document should be read in conjunction with
GS INS 150, Design Methods for System Configuration Standard Functions.

This standard may be interlocked with :

* |ower level Standard Functions :

* MOT
e XV
« SDV

* higher level Standard Function: Duty / Back-up / Stand-by (D/B/S)
It includes five options :
e Centrifugal pump unit with SDV and XV discharge valve (PU_CENT)
e Centrifugal pump unit with SDV only (PU_CENT_1SDV)
» Centrifugal pump unit with XV only (PU_CENT_1XV)
» Centrifugal pump unit with XV suction and discharge valves (PU_CENT_2XV)
* Reciprocating pump unit (PU_RECIP)

2. Reference documents

The reference documents listed below form an integral part of this General Specification. Unless
otherwise stipulated, the applicable version of these documents, including relevant appendices
and supplements, is the latest revision published at the EFFECTIVE DATE of the CONTRACT.

Standards

Reference Title

Not applicable

Professional Documents

Reference Title

Not applicable

Regulations

Reference Title

Not applicable
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Codes
Reference Title

Not applicable

Other documents

Reference Title

Not applicable

Total General Specifications

Reference Title

GS INS 150 Design Method for System Configuration Standard Functions

3. General Description of functions

3.1 List of main functions
* Pump unit start/stop sequence
* Interface with D /B /S Standard Function :
status and fault, start/stop
 Interface with SDV, MOTOR, XV Standard Functions :
status and fault, start/stop, open/close, standalone/cascade mode
» Use of Operator commands : Manual/Auto/Cascade and Start/Stop

« Pump unit status (faults, interlock, available)

3.2 Start / stop sequence description for a Centrifugal pump unit (PU_CENT)
Start sequence is launched upon start command

Stop sequence is launched upon stop command or equipment fault or safety bar trip

3.2.1 Start sequence
e Pump start-up

e XV open after check of pump start-up and a time delay

3.2.2 Stop sequence
* Pump stop and XV close

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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3.3 Start/stop sequence description for a Centrifugal pump unit with SDV only
(PU_CENT_1SDV)
3.3.1 Start sequence

e Pump start-up

3.3.2 Stop sequence
e Pump stop
3.4 Start/stop sequence description for a Centrifugal pump unit with XV only
(PU_CENT_1XV)
3.4.1 Start sequence
e Pump start-up

« XV open after check of pump start-up and a time delay

3.4.2 Stop sequence
e Pump stop
3.5 Start/stop sequence description for a Centrifugal pump unit with XV suction
and discharge valves (PU_CENT_2XV)
3.5.1 Start sequence
e Suction XV open
« Pump start-up after check of XV open

» Discharge XV open after check of pump start-up and a time delay

3.5.2 Stop sequence
e Pump stop and discharge XV close

» Suction XV close after check of discharge XV close
3.6 Start/stop sequence description for Reciprocating pump unit (PU_RECIP)

3.6.1 Start sequence
* XV open

e Pump start-up after check of XV open

3.6.2 Stop sequence
* Pump stop

» XV close after check of pump stop and a time delay
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4. Interface description
4.1 General description

INPUTS OUTPUTS
< ©
S = < cl = =B
2 F s g | 2
= £
“D/B/S" Standard Function
interface :
Manual/Auto/Cascade
status (see §4.2) &
P.U. Pump unit status
(see §4.2)
Standard
o Function Fault status
Start/Stop command (see §4.2)
(in Cascade Mode)
Interlock status
(see §4.2)
Available status
(see §4.2)
Operator commands :
¢ Manual/Auto/Cascade
command
@
Start/Stop command
{in-Auta-made)
\ nmrrAautumou }
Interlocks :
° Own safety trip
Higher level safety bar
° ( pumping station)
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INPUTS OUTPUTS
I ©
S = < ol = =B
3 3 s g 3| 2
(i I= I= (i
SDV, XV, MOTOR Standard
Functions :
Standard Function : SDV
° SDV Status (open)
Standard Function : XV_2M
P.U.
Standard
Function
XV Status (open/closed)

° XV Discrepancy

XV Standalone/Cascade
mode

XV Open/Close command
(only in cascade mode)

MOTOR Status
(running/stopped)

° MOTOR Discrepancy

° MOTOR Available

Standard Function : MOT
or MOT_BK

MOTOR
Standalone/Cascade mode

MOTOR Start/Stop
command (in cascade
mode)
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4.2 Status description (status)
These data are used to handle the “D/B/S” Standard Function

4.2.1 Pump unit status :
e Unavailable stopped :
SDV status <> open, XV discrepancy, MOTOR unavailable or MOTOR discrepancy
* Available stopped :
SDV status = open, MOTOR stopped, XV closed and no safety trip
e Start-up:
MOTOR started and XV not yet open
* Running :
MOTOR started and XV open
4.2.2 Fault status :

To report a faulty equipment (SDV, MOTOR, XV) :
SDV status <> open, XV discrepancy, MOTOR unavailable or MOTOR discrepancy

4.2.3 Interlock status :
» Own safety bar tripped
» High level safety bar tripped

4.2.4 Manual/Auto/Cascade status :
To report if pump unit is interlocked with the D/B/S Standard Function

4.2.5 Available status :
To report if pump unit is available for start-up or stop sequences :
Active when Cascade status and (Available stopped, start-up or running status) are active

5. Detailed description of functions
5.1 Modes and commands
5.1.1 Specific description

5.1.1.1 Manual/Auto/Cascade mode
The Manual mode does not allow to launch the start /stop sequence.
The Auto mode allows the operator to launch the start/stop sequence.

The Cascade mode allows this sequence to be launched by the D/B/S Standard Function only.

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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Upon own pump unit safety bar tripped (or pump unit fault when in cascade mode),
Manual/Auto/Cascade mode is forced to Auto mode (Manual and cascade commands are no
longer available to the operator).

Discrimination with a trip issued from a higher level safety bar is also required, since in this case
Manual/Auto/Cascade mode is not changed. (discrimination can be done through the first-up
initiator analysis for the own pump unit safety bar)

Cascade mode is not available if the “D/B/S” function is not implemented.

5.1.1.2 Start/Stop command
Start/Stop command is available to the operator when pump unit is in Auto.
Start/Stop command is initiated by “D/B/S” Standard Function when pump unit is in Cascade.
Start/Stop command is forced to Stop upon :
e Pump unit fault

e Pump unit safety bar trip
5.2 Sequential function chart generalities

5.2.1 Conventions

TERM USED DESCRIPTION

OPEN(CLOSE) XV Valve XVnnnnl open (close)

OPEN(CLOSE) XV with checking Valve XVnnnnl open (close) with status feedback
checking (xZH/L)

START(STOP) MOTOR Pump Pnnnnl start-up (stop)

START(STOP) MOTOR with checking Pump Pnnnnl start-up (stop) with status feedback
checking (MYHI/L)

START-UP TIMER TIn Timer, initiated with preset value (seconds)

5.2.2 Term description
Timer Tro (XV open) : XV discharge valve open time delay after pump start-up

Timer Tfm (fault masking) : fault masking time upon an equipment (SDV, MOTOR, XV) fault
detection

Timer Txc (XV close) : XV discharge valve close time delay after pump stop

Timer Tsxc (XV close) : XV suction valve close time delay after pump stop

5.2.3 Initial chart step and mode

Sequential function chart is set to Step MANUAL and Manual/Auto/Cascade command is set to
Manual

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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5.3 Sequential chart of centrifugal pump unit (PU_CENT)

5.3.1 Start/Stop chart

From STEP Sor F

I UNAVAILABLE STOPPED
O STOP MOTOR
CLOSE XV

_ SDV status = open and no XV discrepancy and
MOTOR available and no MOTOR discrepancy

—» AVAILABLE STOPPED
A 4 STOP MOTOR
1 CLOSE XV
—_—— e StACE COMManNd
PUMP START-UP
START MOTOR with checking
¥ START Timer Tro (with MOTOR status
2 feedback checking)
Stop command
A
_v_ ~ Timer Tro elapsed
3 XV OPEN
OPEN XV

4 .. Stop Command

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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5.3.2 Safety Bar tripped or fault chart

5.3.2.1 Chart

From STEP 1,2,30or M

. SDV status <> open or XV discrepancy or
MOTOR unavailable or MOTOR discrepancy

SAFETY BAR TEST
STOP MOTOR
10
CLOSE XV
START Timer Tfm
Timer Tfm elapsed and No Own safety bar
Timer Tfm elapsed and Own safety bar tripped
FAULT MEMORIZATION
\ 4
F
i -1
v
J SAFETY BAR TRIPPED

N E— - No own safety bar tripped

v
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5.3.2.2 Purpose of STEP 10

Safety Stop order of the motor (generally from the PSS) and own pump unit fault (Emergency
stop or electric fault) will affect the available status of the motor..

The discrimination between a Safety Stop command and a own fault is required for the correct
progress of the sequential chart : Upon an equipment fault detection (e.g. motor in unavailable
status), the Sequential Function Chart is set to STEP 10 to wait the necessarily time to
determine the cause of the trip : own pump unit fault or safety bar (whose status is updated by
means of the network, after a communication time delay).

When the time is elapsed, the Sequential Function Chart will be set to F step (in case of own
fault) or to S step (in case of Safety bar tripped).

5.3.3 Auto/Manual chart

From STEPO, 1, 2 or 3

- Manual command

MANUAL

MOTOR mode = Standalone
XV mode = Standalone

(Auto command or Cascade command) and No
transition M - 3 and No transition M = 10

Y _|  (Auto command or Cascade command) and SDV
1 status = open and MOTOR status = running and
XV status = open
v
3 (Auto command or Cascade command) and (SDV

status <> open or XV discrepancy or MOTOR
unavailable or MOTOR discrepancy) or Own
safety bar tripped

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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5.4 Sequential chart of Centrifugal pump unit with SDV only (PU_CENT_1SDV)
5.4.1 Status description

5.4.1.1 Pump unit status :
« Unavailable stopped :

SDV status <> open, MOTOR unavailable or MOTOR discrepancy
* Available stopped :

SDV status = open, MOTOR stopped and no safety bar tripped
e Running :

MOTOR started

5.4.1.2 Fault status :

To report a faulty equipment (SDV, MOTOR) :
SDV status <> open, MOTOR unavailable or MOTOR discrepancy

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.

GS INS 167 Page 13/31



Exploration & Production
General Specification Date: 11/03

TﬂTﬂL GS INS 167 Rev: 00

5.4.2 Start/Stop chart

From STEP Sor F

I UNAVAILABLE STOPPED
O STOP MOTOR

SDV status = open and MOTOR available and
. no MOTOR discrepancy

—> AVAILABLE STOPPED
v STOP MOTOR

Start command

v PUMP START-UP
2 START MOTOR with checking

— . Stop command
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5.4.3 Safety Bar tripped or fault chart
From STEP 1,2 0rM

.. SDV status <> open or MOTOR unavailable or

MOTOR discrepancy
SAFETY BAR TEST
10 STOP MOTOR
START Timer Tfm
Timer Tfm elapsed and No Own safety bar
T ~ tripped
Timer Tfm elapsed and Own safety bar tripped
FAULT MEMORIZATION
\ 4
F
— )
v
l SAFETY BAR TRIPPED
No Own safety bar tripped

<
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5.4.4 Auto/Manual chart

From STEP O, 1 or 2

- Manual command

MANUAL
MOTOR mode = Standalone

(Auto command or Cascade command) and No
transition M = 2 and No transition M = 10

Y _L_  (Auto command or Cascade command) and SDV
1 status = open and MOTOR status = running

(Auto command or Cascade command) and (SDV
status <> open or MOTOR unavailable or
v MOTOR discrepancy) or Own safety bar tripped

10

5.4.5 Miscellaneous

There is no Timer Tro (XV open)

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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5.5 Sequential chart of Centrifugal pump unit with only XV (PU_CENT_1XV)

5.5.1 Status description

5.5.1.1 Pump unit status :
e Unavailable stopped :
XV discrepancy, MOTOR unavailable or MOTOR discrepancy
* Available stopped :
XV closed, MOTOR stopped and no safety bar tripped
e Start-up:
MOTOR started and XV closed
* Running:
MOTOR started and XV open
5.5.1.2 Fault status :

To report a faulty equipment (XV, MOTOR) :
XV discrepancy, MOTOR unavailable or MOTOR discrepancy

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.

GS INS 167

Page 17/31




Exploration & Production
General Specification Date: 11/03

TﬂTﬂL GS INS 167 Rev: 00

5.5.2 Start/Stop chart

From STEP Sor F

I UNAVAILABLE STOPPED
O STOP MOTOR
CLOSE XV

No XV discrepancy and MOTOR available and
no MOTOR discrepancy

—>
4 AVAILABLE STOPPED
1 STOP MOTOR
CLOSE XV
Start command
PUMP START-UP
v START MOTOR with checking
START Timer Tro (with MOTOR status
2 feedback checking)
Stop command
A‘
—t . 11MEr TrO €lapsed
XV OPEN
OPEN XV
Stop command

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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5.5.3 Bar tripped or fault chart

From STEP 1, 2,3 0orM

10

. XV discrepancy or MOTOR unavailable or

MOTOR discrepancy

SAFETY BAR TEST
STOP MOTOR

CLOSE XV
START Timer Tfm

Timer Tfm elapsed and No Own safety bar
“ tripped

<

Timer Tfm elapsed and Own safety bar tripped

FAULT MEMORIZATION

o

N ——

SAFETY TRIP

No Own safety bar tripped
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5.5.4 Auto/Manual chart

From STEP0,1,2,30r4

- Manual command

MANUAL
MOTOR mode = Standalone
XV mode = Standalone

(Auto command or Cascade command) and No
transition M = 3 and No transition M = 10

v .. (Auto command or Cascade command) and
1 MOTOR status = running and XV status = open

(Auto command or Cascade command) and (XV
discrepancy or MOTOR unavailable or MOTOR
v discrepancy) or Own safety bar tripped

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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5.6 Sequential chart of centrifugal pump unit with XV Suction and Discharge
valves (PU_CENT_2XV)

5.6.1 Status description

5.6.1.1 Pump unit status :
* Unavailable stopped :

Suction XV discrepancy or Discharge XV discrepancy or MOTOR unavailable or MOTOR
discrepancy

« Available stopped :

Suction XV closed, Discharge XV closed, MOTOR stopped and no safety bar tripped
e Start-up:

MOTOR started and Discharge XV closed
e Running :

MOTOR started and Discharge XV open

5.6.1.2 Fault status :
To report a faulty equipment (XV, MOTOR) :

Suction XV discrepancy, Discharge XV discrepancy, MOTOR unavailable or MOTOR
discrepancy

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written authorisation from the Company.
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5.6.2 Start/Stop chart

From STEP Sor F

I UNAVAILABLE STOPPED
O STOP MOTOR
CLOSE Suction XV; CLOSE Discharge XV

—_— . NO SUCHION XV discrepancy and no Discharge XV
discrepancy and MOTOR available and ho MOTOR
discrepancy

—P
AVAILABLE STOPPED
Y STOP MOTOR
1 CLOSE Suction XV; CLOSE Discharge XV

Start command

Y SUCTION XV OPEN
2 OPEN Suction XV
Stop command
— Suction XV status = open
PUMP START-UP
v START MOTOR with checking
3 START Timer Tro (with MOTOR status
feedback checking)
Stop command
A<_ Timer Tro elapsed
v DISCHARGE XV OPEN
4 OPEN Discharge XV

. STOP COMMand

DISCHARGE XV CLOSE / PUMP STOP
5 STOP MOTOR
CLOSE Discharge XV

" Discharge XV status = closed
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5.6.3 Bar tripped or fault chart

From STEP 1,2, 3,4,50rM

Y XV Suction discrepancy or XV Discharge
discrepancy or MOTOR unavailable or MOTOR
discrepancy

v FAULT STOP

10 STOP MOTOR
CLOSE Discharge XV
START Timer Tsxc
Timer Tsxc elapsed
SAFETY BAR TEST
v CLOSE Suction XV
1 i Timer Tfm elapsed and No Own safety bar tripped
Timer Tfm elapsed and Own safety bar tripped
A 4 FAULT MEMORIZATION
—_ =1
v
SAFETY BAR TRIP
L S No Own safety bar tripped
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5.6.4 Auto/Manual chart

From STEPO, 1,2,3,40r5

e NlanUual command

MANUAL
MOTOR mode = Standalone

Suction XV mode = Standalone

Discharge XV mode = Standalone

(Auto command or Cascade command) and No
transition M = 4 and No transition M = 10

— - (Auto command or Cascade command) and

MOTOR status = running and Suction XV status

v = open and Discharge XV status = open

10

(Auto command or Cascade command) and
(Suction XV discrepancy or Discharge XV
discrepancy or MOTOR unavailable or MOTOR
discrepancy) or Own safety bar tripped
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5.7 Sequential chart of Reciprocating pump unit (PU_RECIP)

5.7.1 Start/Stop chart

From STEP Sor F

I

0

UNAVAILABLE STOPPED

STOP MOTOR
CLOSE XV

~ SDV status = open and no XV discrepancy

and MOTOR available and no MOTOR
discrepancy

AVAILABLE STOPPED
STOP MOTOR
CLOSE XV
- Start command
XV OPEN

OPEN XV

Stop command

- XV status = open

PUMP START-UP

<

START MOTOR

~ Stop command

PUMP STOP

STOP MOTOR with checking
START Timer Txc

Timer Txc elapsed
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5.7.2 Bar tripped or fault chart

From STEP 1,2,3,40rM

~ SDV status <> open or XV discrepancy or

MOTOR unavailable or MOTOR discrepancy

FAULT STOP

STOP MOTOR
START Timer Txc

~ Timer Txc elapsed

<

FAULT STOP

CLOSE XV
START Timer Tfm

. Timer Tfm elapsed and No Own safety bar

tripped

Timer Tfm elapsed and Own safety bar tripped

FAULT MEMORIZATION

SAFETY BAR TRIP

No Own safety bar tripped
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5.7.3 Auto/Manual chart

From STEPO, 1,2,30r4

- Manual command

MANUAL
MOTOR mode = Standalone
XVmode = Standalone

(Auto command or Cascade command) and No
transition M = 3 and No transition M = 10

v .. (Auto command or Cascade command) and SDV
1 status = open and MOTOR status = running and
XV status = open

(Auto command or Cascade command) and (SDV
status <> open or XV discrepancy or MOTOR
v unavailable or MOTOR discrepancy) or Own

10 safety bar tripped
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6. Tuning parameters and variables
trifugal pump unit
PARAMETER ACCESS LEVEL
Timer Tro preset value Method
Timer Tfm preset value Method
Timer Tsxc preset value (PU_CENT_2XV) Method
iprocating pump unit
PARAMETER ACCESS LEVEL
Timer Txc preset value Method
Timer Tfm preset value Method
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7. Representation and animation description (HMI)
7.1 Events and values to be recorded

7.1.1 Events
* Manual/Auto/Cascade command

» Start/Stop command (operator)

7.2 Process control display (operating level display)

The hereafter description gives examples of representation. However, they may be amended
dependant on the DCS features.

7.2.1 General description of centrifugal pump unit

Symbol data = Manual/Auto/Cascade
animatio mode

MANUAL = yellow
AUTO = green outline
CASCADE = green

Pl 3421A PAH P| 3425A

e 46,87 bar

SDV 3420A P 304A A2

Pl 3425B
Pl 3421B 052 bar

EI bar N a
D RS XV 34208
Pl

SDV 3420 P 304B
PI 3425C

[ ar 06 b %

SDV 3420C P 304C
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7.2.2 Animation description of equipment

Concerning SDV, MOTOR and XV equipment, animation is described in corresponding

equipment Standard Function

7.2.3 Access of commands for a pump unit

P 304A

COMMAND

Priority selection of pumps

operator selection via the keyboard

with a specific check of the
operator choice

(in case of wrong choice, previous
selection is retained)

P 304A

MODE
SELECTION

Priority selection of pumps is described in D/B/S Standard Function
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8. Appendix: handling of status in case of centrifugal pump unit
(PU_CENT)

SNl Auto/Manual | Pumpunit | Fault status Interlock Available
status status (Safety status
locking)
status
STEP O Unavailable Unavailable
stopped
= Auto = Available | = No Fault = Normal = Available
STEP 1 stopped
or
= Cascade
STEP 2 = Start-up = Available
= Auto =  Running | = No Fault = Available
STEP 3 or (If XV status
= Open)
= Cascade
= Auto|=/ = Fault = Upstream |=
STEP S : .
locked If own safety SB tripped Unavailable
If own safety bar tripped If Upstream
bar tripped SB tripped
Else Else
= Auto = Own SB
or tripped
= Cascade
= Manual =/ =
STEP M Unavailable
=/ = Fault =
STEPF Unavailable
= Auto =/ =
STEP 10 Unavailable
or
= Cascade
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