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GO-FLOW Methodology - Basic operator

kind Type shape Name

GO-FLOW methodology is a success-oriented
system reliability/availability and safety analysis Signalgenerator |

Signal generator

method for time-dependent and phased- 21 Two-state Component
P Normally Closed
mission system. 26 Component
97 Normally Opened
Component

A total of 14 standard GO-FLOW operators are General function [

Operating Failure

.o . . operators of Component
roughly classified into four categories: - Standby Failure
® Signal generator Faienns o
Represent the signal sources - o

® General functional operators > ation comporent.
represent the failure mode of component 22 OR Gate

® Logical generators Logic generators | 23 NOT Gate
describe the logical relationship 30 AND Gate

® Case-specific operators o Difference operator

use for specific application solution

Case-specific operators 28 Delay operator

Phased-Mission
operator

D[R | ER|B [€D|EB | eD|eB|eD D | D|eD (D] e

40




GO-FLOW Methodology - Componentization model

Categories | Sub- Type of Failure mode | Reliability parameter Componentized
categories | component GO-FLOW model

Non-action
component

Action
component

Source
component

Non-source

component

Normally
closed
component

Normally
open
component

Switching
component

container

Heat exchanger

Check valve

Relief valve
Safety valve

Relay

Fuse and circuit
breaker

regulating control
valve

pump

leakage

Blockage,
leakage

Leakage,
Fail open
Overload,
Wear out

Fail closed

Failure on
demand
Failure of
demand,
operating
failure

Probability of Failure on demand P,

Failure rate 4
Repair rate u

Probability of action ahead of time P,

Probability of Failure on demand P,

Probability of action ahead of time P,

Probability of Failure on demand P,

Probability of action ahead of time P,

Shutdown failure P,
Startup failure P,
Failure rate 4
Repair rate u




Automatic Modeling — Overview of framework

- Avoid human error Based on the similarity of flow connection in
both actual physical flows and GO-FLOW
signal flows, a ‘flow-based’" method are
* Map the system model correctly ysed to describe the specifically customized
GO-FLOW modeling tool.

« Improve modeling speed




Automatic Modeling — Implementation procedure

Automated GO-FLOW modeling process
consists of three steps:

1.System P&ID design information extraction
and analysis.

Minimum coordinate (0,0,0)
Maximum coordinate (15,20,0)

2.Connection relationship identification.

In Out

Read a pipeline

3.GO-FLOW model generation.
system structural model generation




Automatic Modeling — Case demonstration

Step 1: information extraction and analysis
B Water storage tank

W Electric isolation valve

B Water transport pump

B Check valve

Step 2: Connection relationship identification
B Multi-input: Pump #1, Pump #2, V5

B Multi-output: Tank #1, Pump #1

B Starting component: Tank #1, Tank #2

B Ending component: V5

Step 3: GO-FLOW model generation
m System structural model generation
B Time series supplement

V1

D] @‘N

Tank #1

Tank #2 pump #1

Depth-first traversal algorithm:
Tank #1 = V1 = V2 = Tank #2 —- V3 —
Pump #1 = V4 — Pump #2 = V6 = V5



GO-FLOW Modeling Platform for Living PSA Application

¢ sorow ¢ conow
fle operaior signal system component fle operator signal system companert
delete sll operators and signals | time points and intensities basic information operators and signals ‘ fime points and intensities
= supplement modeling | reliabiliry analysis name: electricpum  keyword: pump supplement modeling ‘ reliability analysis
itle - function: liquid compression title pory
peraty § fype: a2 abbreviation:  PUMP ] & } Oreratar
operator number i oKk oprating failure operator sumber oK
@ @ aperator type delay: 0 aperator type

© 21128C  220R ©UNOT © M/DIF T 258G « 21128C ~ 22/0R T 2YNOT © 24DIF  © 258G

B B

& &
L2/ 2/
= = UnLET DT @ ENE @ETRY G T mputsigasl  © zerosemrce)  © multi (lgic AND) ©26NCY  © 17NOV  © 29DIY © 3AND © 3SFLB
L/ @ Laod © 3UFVOS  C 3WEVCS C 390CA  © 40PMC  C 99/dmy © one(eorma)  © maii logic OR) © 3UFVOS  © 3SFVCS © 390CA © 4UPMC  C 99dmy
© 4UTANK © 42PUMP  © 43CV  © 44MOV  © 3UN © 4UTANK © 42PUMP  © 43CV  C 4MOV  © 3LKN
@ @ ) @ . = operator information —
\/ ” B function fype  abbreviation operators delay  input_signal reliability parameter
parameter [1] lambda 1.0 E |1 1 provide water source TANK parameter [1] 0 Ep
GG I SEEcE R - p— .
e/ \az/ N/ paramerer [3] 0 E \ll 4 control liquid flow rate 4 MOV 2 0 parameter [3] 0 E
comment 1 @ show hide comment 1 @ show hide
i fnllselaﬂ‘ position | -l font mm‘ position |
Signal Signal
signal mumber ok signal number oK
signal type signal type
© mormal  C final  © subimput  © 2ud sub-input © mormal  © fmal ¢ subinput  © 2ud sub-input
direction counection fype direction connection npe
“ unchange  © change @ contimuous line open end @ unchange change @ continmous line  © open end
< > v
¢ sorLow ¢ corow
fle operstor signal system componsnt fle operstor sgnal system component
delete al operators and signals | time points and intensities | operators and signals ‘ time points and intensities
- supplement modeling | reliability analysis | = supplement modeling ‘ reliability analysis
e Ideal signal
Time points 3 ok
operator_number original signal 1: 2 R
A  exiginal sigeal
S 15 NaN 10 10 10
Tank £1 Vi Pump #2 vs time point 1 Pump #2 Vs
s fo___ g . , e BN o I v A e
time point 14 7
2 S 12 E) 14 poin [ 12 [ SE¥] 14 18 Ny 00 e 0o
v time point 3 19 NaN 00 10 00
{0t 0 NaN 00 09 09
N 1 NaN 10 10 10
2 NaN 0999 0.999 0.999
5 NaN 00 10 00
V6 V6 |
o o < v
10 10
Final reliability
final signal 1 2 3
refresh reset +13 0.0 0.6950019981  0.89%8380598495631
Intensities
operator 11 - a: '~ g 2
150 10 10 10
o oo 10 00 stectepernier |13 ok |
19.0 00 1.0 0.0 -MPS analysis
10 10 10
f;g oo o 0o success path :
2 o0 o 0o 41,42, 44,45,48,49, 51,54, 00 0.72
50 o0 00 0o 43,44, 46, 48, 49, 52, 34, ] 0.724784
10 00 00 2o 41 41,47,49,50, 54, 00 080919 080725
ggg o0 o b0 #4 41,42, 44,45, 53, 54, 00 080919 0807057
320 00 00 240 #543,44,46,53, 54, 00 080919 0807057
340 00 10 00
350 00 00 00
370 0.0 00 40
< v < 2 < 3w




GO-FLOW Modeling Platform for Living PSA Application

¢ Go-rFLOW — O X
file operator signal system component
delete all operators and signals time points and intensities
- supplement modeling reliability analysis
e L= |
Standard GO-FLOW operators operator
; 14

operator number 10 OK |
R fon /O I
5 w w operator type
« 21/28C ~ 22/0R  23/NOT © 24/DIF © 25/SG
" 26/NCV  27/NOV  © 28/DLY ¢ 30/AND ~ 35/FLB
Boe /& e
N NCZANCW 10/ C 37FVOS C 38/FVCS © 39/0CA © 40PMC C 99/dmy
" 41/TANK ¢ 42/PUMP © 43/CV © 44MOV  © 31/KN
= @ @ A .
\J1/ N 15 ~reliability parameter
parameder [1] lambda 1.0 E -1
m m m m m parameter [2] mu ’07 E ’0_
w W w w W parameter [3] 0 E ’07
Componentized operators “comment
comment 1 * show " hide
comment 2 font se]ect| position |
~Signal
signal number OK |
~signal type
* normal " final " sub-input " 2nd sub-input
~direction connection type
“ unchange " change # continuous line  open end




GO-FLOW Modeling Platform for Living PSA Application

§ GO-FLOW

fle operator signal system component

basic information

Default reliability paramete

& @

demafid failure opr rating failure

s/

name: electricpum | keyword: pump
function: Tiquid compression
type: 42 abbreviation: |Pl'1\ll’
delay: 0

Add logical options
input signal C zero (so:rte) ' maulti (logic AND)

* one (normal)

save |

' multi (logic OR)

operator information

name keyword function
1 water tank tank provide water source
2 electric pump liquid compression
3 check valve cv prevent liquid backflow
4 electric valve valve control liquid flow rate

type abbreviation operators delay input_signal
41 TANK 2 0 0
: 5 0 1
43 cv 2 0 1
44 MOV 2 0 1

R)

operators and signals

time points and intensities

operator number

operator type

« 21/28C ~ 22/0R
© 26/NCV ~ 27/NOV
© 37/FVOS © 38/FVCS

' 41/TANK © 42/PUMP

reliability parameter
parameter [1]
parameter [2]
parameter [3]
comment

comment 1

comment 2

Signal

signal number

signal type

* mormal " final

direction

# unchange " change

supplement modeling reliability analysis
title set
-Operator

{ OKl

™ 23/NOT ¢ 24/DIF « 25/SG
 28/DLY © 30/AND ¢ 35/FLB
© 39/0CA © 40/PMC © 99/dmy
T 43/ICV  C 44/MOV  © 31/KN
0 E 0
0 E 0
U E 0
* show ' hide
font seleﬂ| position |
{ OK |
" sub-imput " 2nd sub-input

connection type

* continuous line ¢ open end




GO-FLOW Modeling Platform for Living PSA Application

Tank #1

/ i - = o -
NV AN VAN ¥ TR &/ & &/

GO-FLOW model draw by exist GO-FLOW

Tk @ @ e s B GO-FLOW  platform provides a
- clearer model with the help of

- componentized operators.
ke v s O Users do not need to pay attention
(& &/ N, N to the failure mode of the

GO-FLOW model draw by new platform

components.



GO-FLOW Modeling Platform for Living PSA Application

§ Go-FLow — O X
file operator signal system component
delete all | operators and signals time points and intensities
- supplement modeling reliability analysis
Time points 3 OK |
rDescription
Tank #1 vi Pump #2 Vs time point 1
[FANR _ ROV,  FUMP, L ORY Mo - .
1 "2/ "/ "5 "/ > fime point2
o time point3
oV
NED
Tank #2 V3 V6
([ANRY Mo ORY, L
£ 1 refresh reset |
all source intensity |
~Intensities
operator tl: t2: 13: ~
15.0 1.0 1.0 1.0
17.0 0.0 1.0 0.0
19.0 00 10 00
21.0 1.0 1.0 1.0
23.0 0.0 1.0 0.0
250 0.0 1.0 0.0
26.0 0.0 0.0 0.0
280 00 00 240
30.0 0.0 1.0 0.0
320 0.0 0.0 240
340 0.0 1.0 0.0
350 0.0 0.0 0.0
370 0.0 0.0 240
J v
< >
< > v




Reliability Analysis — Signhal rename

Input 7, output

NEW

definition Ratio of input signal to  Conjunction of one or Processing of renamed
output signal more original ideal signal signal by specific operators

aim Obtain reliability of Improve calculation Show signal dependency
component efficiency

generation Functional GO-FLOW  Processing before type Type 23, 24, 28, 40 GO-
operators and 22, 23, 24, 28, 30, 35,40 FLOW operator
customized GO-FLOW GO-FLOW operator
operator

Characteristic  Does not exist in final  Independent between dependent with renamed

signal calculation each other signal




Reliability Analysis — Signal processing

® 2nd renamed signal in one success path:

signal merging: S(t;) = min[ S;(t), S,(t), ... ]

® 2"d renamed signal in different success paths:

signal splitting: S(t;) = max[ S;(t), S,(t), ... ]

Sl(ti) = S(ti) *

SZ(ti) = S(ti) *

S'(t)
S(t)

dependent
signal

Independent
signal



Reliability Analysis — NEA algorithm

® No repeated signal:

R=1-TT P (5,5, )
® One repeated signal:

R=Ry-S,+R,(1-5,)

=P(S,,S,,*,S,=1,)-S, +P(S,,S,,*,S,=0,-)-(1-S,)
® More than one repeated signals:

R=R,-S,+R,-(1-5,)

= RS?S} S-S + RS?S? - S, .(1—Sj)+ Rs;’s} '(1_Si)'3,- n Rsi‘)s? '(1_Si)'(1—3,-)



Reliability Analysis — Supplement modeling

¢ Go-FLOwW - O X
file operator signal system component
delete all operators and signals time points and intensities
- supplement modeling reliability analysis
" Truncation
truncation value |0 ' comservative ( optimistic
Tank #1 Vi Pump #2 V5 truncation time point -1 reserved decimal
(FANR, J(MOW, [ OR  FUND, JORY, (Mo R — -
1 2/ NS N/ X N1z L BT daccuracy reqUIrement
v va CCF model:  NOCCF ¢ alpha-factor ¢ beta-factor
% ‘% select operator: EI

Purp #1 V6 =

Tank #2 V3
(FANR oW Y ORY UM v
&/ N NCY 7/ o/

CCF group

group operators CCF type beta
1 2.3 beta 0.01
2 4.5.6 alpha 0.03

Alpha and beta factor can be
identify automatically cacuate |




Reliability Analysis — Final result

§ Go-FLOW — | P4
file operator signal system component
delete all operators and signals time points and intensities
- supplement modeling reliability analysis
Ideal signal
operator_numbei original signal 1: 2: 3: ~
"I Ideal signal
= - ST e, m, o, | [ldealsigna
AN MOV, L OR PN ol OR o MO . 1? NaN 0.0 10 0.0
1 NE i NE i NEE N a3 T4 : : :
= N2/ r 3 N 18 NaN 0.0 09 0.9
V2 va 19 NaN 0.0 1.0 0.0
o 0 20 NaN 0.0 09 0.9
3 A s 21 NaN 1.0 1.0 1.0
r 3 22 NaN 0.999 0.999 0.999
Tank #2 V3 Pufp #1 V6 23 NaN 0.0 1.0 0.0 .
(FANRY _ MO 2/ Oor UM v < > v
4 S NG 7 "\ 10
e N o/ Final reliability
final signal  1: 2: 3:
#13 0.0 0.8990019981 0.8989380598495631 Fi n a I reS u It
< >
select operator 13 OK |
MPS analysis
path  success path 1: 2: 3:
z 41,42, 44, 45,48, 49, 51, 54, 0.728271 0.724784
43 43,44, 46, 48,49, 52, 54, 00 0728271 0.724784 Success pat h
2] 41,47.49,50, 54, 0.0 080919 080725
#4 41,42, 44.45,53,54, 0.0 080919 0807057 Set
#5  43,44.46. 53, 54, 0.0 080919 0.807057
< > v




Conclusions

® We build the table of componentization models which used to merge the

GO-FLOW operator and map system components

® An automated GO-FLOW modeling tool is proposed to extract
information from P&ID to GO-FLOW model data file.

® A new GO-FLOW platform is built with CCF analysis and success path

analysis in addition to the original functions.

® NEA algorithm is used to improve the computational efficiency and

accuracy of reliability analysis.



Thanks for listening!



