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FMEA - Introduction

Failure Modes and Effects Analysis is a technique to identify potential failure modes in a
system and their causes and effects.
Inductive reasoning technique is important to reliability, safety, and quality engineering.

* Functional FMEA -top down
* Physical FMEA - bottom up

Once causes and effects are identified, mitigations can be developed to do one or more of the
following:
* Decrease the probability of occurrence (or design it out)

* Decrease the impact of the effect
* Increase the probability of detection (so that a responsive action can take place as quickly as possible).

Sometimes referred to as a FMECA, with the “C” standing for “Criticality”
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FMEA Standards

* [EC 60812:2018 - Failure Modes and Effects Analysis (FMEA and FMECA)

* MIL-STD-1629 - Procedures for Performing a Failure Mode, Effects and
Criticality Analysis

* SAE J-1739 - Potential Failure Mode And Effects Analysis In Design (Design
FMEA), Potential Failure Mode And Effects Analysis In Manufacturing And

Assembly Processes (Process FMEA)
 AIAG & VDA FMEA Handbook

+ many other domain specific standards and handbooks...
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Legacy GENESYS FMEA Capabilities

. . - (ai ure Cause )
e Extension released in 2017 Functon, | et (e Mode ‘ " Name
» « Number

Function, ) p “
Inl:::_:falzle‘, introduced by Crcerc;;etceislzl}’/ |- gumbert
1 Link . inti - - » = Description
* Schema extension allows for the capture |&. et | Sescription | lstiontrbutes: | . Qccurrence
o :Eszmar » Detection Method
Of o + Detectability
. o J
® Fallu re MOde “mitigated by /
° mitigates”
°
Fa I lu re C ause . “generates” (Failure Reduction )
Component, | “resultsin” +  Name

* Failure Reduction s L Number

. . . . Interface, . D:zz‘r:\%i:: ed Action
* Tie resolution classes back in main model Link, — | couses” |+ Responsiity

Requirement or “impacts” Updated Occurrence

* Hierarchy Definition for Failure Reduction \ ety
* Excel Connector - 3 Table Definitions for

>
b5
. H i
standardized tabular reports S~ — s —— z
em Element  ~ Failure ~ |Failure Description - @ 7 Cause of Failure M ~ |Detection Method M
Cooling Motor and Fan |Fan Vibration and Audible Noise, vibration; increased 5 Fan Center of Gravity off axix of 5 Design calls for lightweight fan with 2
Assembly Interference motor wear. rotation causing 2-plan imbalance. minimum band mass, part thickness.
Cooling Motor and Fan [Misalignment of Fan and |Fan and shroud mis-aligned cause 7  |Fan contacts shroud, noise or motor 2 |Designed for easy assembly and alignment. 3
Assembly Shroud reduction or complete loss of burnout.
Cooling Motor and Fan |Motor Burnout Motor Burnout causes loss of cooling 5 Overheating of motor assembly due to 2 |Ventholes in motor casing, fins in fan hub s
Assembly to the system. lack of air circulation around motor. pull air throught motor body.
Cooling Motor and Fan Reduced Fan Efficiency  [Fan motor is assembled 120 degrees 6 Symmetrical spacing of screw holes 7 |Cuurent design requires visual verification of
° Assembly off nominal angle causes reduction allows for non-unique mounting of fan assembly. 7
of cooling effectiveness. motor.
D e p re C a t e d W I t h t h e re le a S e Of Misassebly of Fan and Motor causes 7  |Visual Inspection of Fan and Motor assembly. 6
pinched wire.

G2026 FMECA Extension
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Overview of the Enhanced
G2026 FMECA Capabilities
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General FMECA Process

every design cycle
F13
Mitigate Mitigate Failure
Mode
F.1 F2 F3 F4 F.3 F.6 F.7 F.& F.9 F.10 F.11 F.12
; Accomplish 3 5 3 2 = - P = Rate Failure Mode q
Ref Deﬂn_e'&ystem L, A(_compllsh I Requirements 1p Identify Failure || Determm_e Causes. | .| Delermm_e Effects. || Identify Failure | .| Ident\_lyCurrEnt || Rate Failure Mode | .| Rate Failure Mode || Detection L, Analyze _F?llure OR OR 1p Ref.
Regquirements Functional Analysis Allacation Modes of Failure of Failure Detection Means Prevention Controls Severity Frequency Probability Mode Criticality
Don't Mitigate
every design cycle
F13
Mitigate Mitigate Failure
Mode
F4 F.5 F.6 F7 F.8 F.9 F.10 F11 F12
v q
Identify Failure Determine Causes Determine Effects Identify Failure Identify Current Rate Failure Mode Rate Failure Mode Ltz [erlle ' izt Analyze Failure
LP —>] - —>] ; > . —»] . > - ] —>] Detection —»] e R LP
Maodes of Failure of Failure Detection Means Prevention Controls Severity Frequency Probability Mode Criticality
Don't Mitigate

Adapted from: Systems Engineering and Analysis, 3@ ed by Blanchard &

Fabrycky
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Enhanced FMECA with GENESYS Capabilities

Model each of the following as first-class objects:
Failure Mode

Failure Cause

Failure Effect

Failure Detection

* Failure Prevention Control

Usage of the existing Mitigation Activity class

Concepts can be either modeled:
e general (SysML concept of “element of definition”)
* specific to surrounding content (SysML concept of “element of usage”)

Relationship attributes for context-specific evaluations
 Occurrence
e Severity
e Difficulty of Detection
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Al

An Integrated “Uncertainty’” Modeling Schema

- Specification Space ¢ » Realization Space
Risk

™
- -~ & .
E &
Tivnd o instunce fé_“
fepuciokration, £
peneralization)

Failire Caise

“hind oif* instance
(specialization/genesalisation)

* Nams
* Nusnibar

* Diescription
* Level

'nﬁwuf;_cqg&rmﬁf
Relatian Steributes;
- Severiny

“mesocimied with
Introduced by”

Mitigation Activity

* Description [Part, Link, item
\ tame * Hazard
* Humber * RPN . A
“mytigated by / mitigotes”™ : ?nsr.-m’.um'

* Type Valid whan Handing Approach = . 5:'::5
= ;:.;Imlnm Mitigate * Rasponcihaity )
v ppee TR Failure Getection
- ling & mch A Due Date * Mame

* Wumbsr
* Description
¥ dethosd

Realized

“affects £ is

affectod by

walid whan
Status =

T Raquirement,
‘Campenent, Function,

—
Drganication, Fragram |
Organizatian, Program ilament )
Tlemant, Program o
A A L Activity )
2 i FMEA
£y [es52
iEZs
HELE
Expart aut ta Project/
(Exploitation Activity Program Schedule
* Nams
* Mumber
* Dascription
* Typa: Oppartunity
* Status
* Respansibality
* Duration
\* -
\_ Y. Due Oate y

MNOLE: To avoid additional diagram clutter the follawing elements have been omitted:
External File, Documant, and Organization (in the context of the “assigned to” relationship).

Opportunity

Theds alements and their relationships &4 currently badslined in the ichema and described in the Syatem Definition Guide are anticipated to rémain the dame




Enhanced FMECA Schema

X , Component, Function,
“kind of™” instonce
specialization/ e
generalization)

s “leads ta” /
kmﬁo_,r‘*.mst.a.nre “comes from"
(specialization
/_u— generalization,

Failure Cause
* Name

* Number

* Description

* Name
* Number

* Description
* Level

introduced by”|

“pssocioted with

) r e, “kind of” instance
% . (speciolization;
w generalization)
L4

-
@, ey
T 1 v v
“kind of” instance Eaﬂuu Mode 'kmn'o_,r"_mst_an:e
(specialization/ amu¥, Mame (specialization/
generalization) gun® * Numbser
* Description
_— * Hazard
ributes azar
T Relalon o perection o |+ RPN
Failure Detection .- ifeutey . Failure Prevention
’:amz ‘.-l“““ ps vy
* Number \ ‘
* Description
* Method

* Description
* Method J

"

cayobap /44 paobil,

N

Mitigation Activity

* Mame

* Numbser

* Description

* Status

* Responsibility
* Duration

* Due Date
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Risk Priority Number (RPN)

ZUKCEN

Occurrence

1 - Almost Never
2 - Remote
3 - Very Slight
4 - Slight

5 - Low

6 - Medium
7 - Moderately High
8 - High

9 - Very High

10 - Almost Certain

Severity

- None

- Very Slight
- Slight

- Minor

- Moderate x
- Significant

- Major

- Extreme

W o =l G s W P =

- Serious

10 - Hazardous

RPN is a number between 1 and 1,000

Probability
of
Detection

- Almost Certain

- Very High

- High

- Moderately High
- Moderate

- Low

- Very Low

- Remote

W =4 3o s W g =

- Very Remote
10 - None

The higher the number the more critical it is to address first!

RPN




FMECA Facility

* Included with Schema Extension

e Contains all classes associated with GENESYS
FMECA capabilities

 FMEA Classes

* Failure Mode
* Failure Cause
* Failure Effect
* Failure Detection
* Failure Prevention Control
* Mitigation Activity
* Failure Mode generating or impacted classes

* Component, Function, Interface, Link, Iltem, Requirement,
Verification Requirement

 Related Classes

* Category, Change Request Package, Document, ExternalFile,
Text, Risk

ZUKCEN

Project Explorer

» 43} Home
%, Model Assistant
s JEhanced FMEA R2 with Example

» | || Database
& Packages
~ Iy Failure Mode and Effects Analysis
Category
Change Request Package
[ Component (25/25)
[T Concern (1/1)
Document
ExternalFile
[7] Failure Cause (3/3)
[ Failure Detection (9/9)
[, Failure Effect (8/8)
[ Failure Mode (6/8)
[7] Failure Prevention Contral (1/1)
[7, Function (25/25)
Interface
Item
[} Link (171)
[7. Mitigation Activity (5/5)
[ Requirement (1/1)
[ Risk (5/5)
Text
VerificationRequirement
| Related Projects
() Search Results
A Notifications
» BE Schema
v A Utilities
v 9 scripts
¢ ] Reports

= 0 x




hier Valve Failed Closed J

FMECA Hierarchy Definitions =

Failure Mode

(@ Hierarchy Definition Editor x 1 affects affects
Manage hierarchy definitions by defining what relationships and target classes to use for L= LES]
. G the hierarchy diagramming below. Inability to Fill Vehicle Unable to
. First Stage Launch
Included with Schema e |
Pressurization
. Tank
Extension s

Stored Definitions

. FM E A FIMEA Hierarchy v| [ save | | Detete | o

FE4
. . Pruperlies Vehicle Unable to

L F M E A G enera l| y4 at 10N label:  |FMEAHier Show Relationships® | | Essential Fa“L: ::xm

Rule Set: “ ||
° Project Crganization: Date:
] ° -
Can be used with: s
accomplished by - affects - | Add |
: : accompiishes controlled by FMEA Generalization
* Hierarchy diagram . o =
. . acts as detected by

e S o] der dia gram affected by embodied in

affects NV v
e C h b led —
a n t e n e C O u p e Category | Component | Add | - =~
. Change Request Package Failure Cause Eﬂ’&:ﬁij R
W I t h ° Component Failure Detection | EmEE | ' "“"‘""“ e
® Concern Failure Effect e m— e —

ConnectingUnit Failure Mode e e

[} R u le S etS ConstraintDefinition . | Failure Prevention Control P,‘:«:.;...m — :::M m— _ —

ok || cancel

* Node Templates
ZUKEN

*The Show Relationships setting is used the first time a diagram is opened.




Rule Set - FMECA Color Coding

r £ Edit Rule Set — O * 1

* Included with
Schema Extension

Mame: | FMEA Color Coding |

et Ca n be u Sed With : 1D: |cf3b6&ﬁ'—-’1?0-4fﬂ’-b2eﬂ-9d?613d53c1b |
* Hierarchy diagram e s Node Rule

Failure Effect

. o Eailure P ion C I Rule: |Fai|ure Effect |
° Splder dlagram ailure Prevention Contro _ .
Failure Cause Show on Legend  [_] Stop Evaluation [_] Disabled
Failure Detection Legend Label |Failure Effect |

e Colors Failure Comporert. o .
Modes and o oen
associated classes
with a consistent

{ >
Actions Ii‘

color scheme

Color Fill

Save As.. || Save || Cancel |
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Table Definition

@ GEMESYS Table Definition - "FMEA Extension with Sample” O >
Table Definition Class / Folder pPackage
* Included with Schema | mecmesieme : e
[Jcategary =
[ ]change Request Package
g [“]Component
Xte n S I O n [ |concam
Essential [save  [fSaveAs X Delete [ |constraintDefinition
|_|DefinadTerm
[ |Document
° , . [] :umainSal
ilter All Entities w |_|Event
[ |Exit
. Sort Block  Alphabetic v [ |ExternalFile
[ ]Failure Causs
Default Cl w e
format for Physical s ot
(eLnrant) i Auto-format the worksheet |_|Failure Effect
To Shewt = Failure Moda v
F M E ‘ A [[]Allew Transform Entities
Add Remove Clear T 1
" - Default Target ) ~
Position Type Data / Definition Based On Header Repeat Data Sort Block Class Single Cell Show Calumn
ErTECEeCC— e 8
2 Entity Attribute  ~ name v Data ~ Component Name ]
3 Relationship ... - associated with ~ Data ~  associated with T... a Alphabetic ~ Category ~ | a
4 Entity Attriibute  ~  number v |3 v FM Ne '
5 Entity Attribute  ~ name v 3 w Failure Mode a
6 Relationship ... ~ created by o ~  Failure Cause |:| Alphabetic ~  Category ~ D
7 Enftity Attibute  ~  number ~ 6 w FC Mo, a
& Relationship ~ created by v |3 ~  Failure Cause D Alphabetic ~  Category ~
] Relationship ... ~ occurrence v 8 v Oec ]
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Installing and
Sample
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Extension Contents

e The GENESYS 2026 FMECA Extension for CSDL includes:

e G2026 FMECA Extension for CSDL Overview.ppt (this presentation)
* GENESYS 2026 - FMEA Extension.gnsx

* Includes: Schema extensions and Facilities, Hierarchy Definitions, Rule Sets, Table Definitions,
and a Custom Ribbon addition (for the RPN script).

* GENESYS 2026 - FMEA Sample.gnsx

* Includes: The sample model depicted in this presentation. This project includes the Full FMEA
extension.

* Calculate_RPN.gnsx

e Script for the Custom Ribbon button needed to calculate and return the Risk Priority Number
(RPN)

* folder32x32.png

* |conimage for the Custom Ribbon button

ZUKCEN



Installing the “Calculate RPN” Custom
Command

* A scripttied to a custom
command button is necessary R ——

—

to calculate the RPN for the i — |

Description| HV-2 fails in the closed position
| | Category

selected Failure Modes ) Crange Request Facka

[7] Component (25/25)
* Script executes only on Failure
Mode Entities

e Execution on other classes will

|

|

| | ExternalFile

| | Failure Cause (3/3)

||, Failure Detection (9/9)
| | Failure Effect (8/8) Hazard
|}, Failure Mode (6/6)

|

|

|

|

|

result in warning message e Prsnton Gl (1)
e Start by importing:

“Calculate_RPN.gnsx”

Fii.1 Valve Failed Closed
| FM.1.1 HV-2 Valve Failed Closed i

FM.1.2 HV-3 Valve Failed Closed
FM.2 Valve Failed Open Attributes | Properties | Parameters | Diagnostics |

FM.2.1 HY-2 Valve Failed Open Relationships
® .
L’U KeN FI.2.2 HV-3 Valve Failed Open E) (ol relationships)




Installing the “Calculate RPN” Custom
Command

* Select the Manage the Custom =
Ribbon button in the upper right T —
hand of the Project Explorer
Wi n d OW Custom Ribbon n
Ribkon Groups Add
e Select the Add button and add a
. ¢ 3] Edit
new group titled, “FMEA =
# MNew Ribbon Group X
|FHMZF'£'| 2 name r e New I on gru::-up. |
oK || cancel |
3 3

QK

| | Cancel |
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Installing the “Calculate RPN” Custom

Command

e Select the newly created FMEA Group
and select ADD again

 Name the command “Calculate RPN”

* Set Image to the included
“folder32x32.png” file

* Place this file in your standard image
location

* Select the Run a Script radio button

* Select the ellipses and navigate to
the Calculate_RPN script

* (Note your available scripts may be
different)

ZUKCEN

Custom Ribbon

4 Ribbon Groups

Add

g
:
=]

i
Edit
Import

& Add Command x
Mame: |Calculate RPN Y
Image: | C:\Program Files\Vitech\GENESYS 2026\Bitmaps\folder32x32.png [
A 3232 image looks the best
y
Type:
i) Open a File
File: (none) >
Arguments:

[ ®) Run a Script

]plicat:le to executable files such as exe. bat, stc

_ Available scripts:

Script: | (none)

@ This figld is required to rumn

a script

(- Scripts
El Commands
. i~ DuplicateEntityAsChild

-+ SelectedEntities Sample
. [=-Custom Commands /
P Calculate RPM




Installing the “Calculate RPN” Custom
Command _

e Select OK 4 Ribbon Groups

4 FMEA
Calculate RPN

e Select OK on the Custom Ribbon cai
menu =

Export

? &
g o
[=]

# Edit Command

Mame: |Ca|culate RPN

Image: |ChProgram Files\Vitech\GEMESYS 2026\Bitmaps\folder32x3d.png
A 3232 image looks the best

Type:
) Open a File [ | OK | |I Cancel |
| J
File: (none) | |5
Arguments:

Applicable to executable files such as exe. bat, etc

®) Run a Script

Script: Calculate_RPN IZI

[ | OK |m Cancel |

ZUKCEN i




Running the “Calculate RPN’ Command

* When one or more
entities are selected in
the browser the
command becomes
active

* When selected the RPN
Is calculated and

placed in the RPN
attribute

ZUKCEN

- % E T GENESYS 2026 - FMEA Extension with Sample - GENESYS 2026 Pro

Home Data Views Project Schema Utilities

=
Calculate
RPN
FMEA
Project Explorer Al Bl asPropertySheet
Classes | Containment Mame
bl Packages ‘ Number
~ B3| Failure Mode and Effects Analysis e
| | Category
| | Change Request Package
|| Companent (25/25)
||, Concern {1/1)
| |, Document
| | ExternalFile
||, Failure Cause (3/3)
||, Failure Detection (9/9)
|| Failure Effect (8/8) v || Hazard o ® True False
Browser - 0 x [ WG

Create
FM.1.1 HV-2 Valve Failed Closed
FM.1.2 HV-3 Valve Failed Closed
FM.2 Valve Failed Open

FM.2.1 HV-2 Valve Failed Open
FM.2.2 HV-3 Valve Failed Open

Attributes | Properties | Parameters | Diagnostics | Views

Targets & Attributes

Relationships

Filter | All Entities N Sort | Mumeric by class

Sort | Numeric N ﬂ Properties
Repository: Local | Project: GENESYS 2026 - FMEA Extension with Sample | Username: Administrator | Authentication Mode: GENESYS




Running the “Calculate RPN’ Command

- % E T GENESYS 2026 - FMEA Extension with Sample - GENESYS 2026 Pro

* When selected the RPN
IS calculated and the
user is notified of the
calculated values

e The values are then

placed in the RPN

Attribute
* Note: you may need to
refresh the entity to see

the newly calculated
RPN attribute

ZUKCEN

Home Data Views Project Schema Utilities Custom

FMEA
Project Explorer L' Bl [Failure Mode] HV-2 Valve Failed Closed asPropertySheet
Classes | Containment Blaen, M3 ok Collogd Slacad S
bl Packages Selected Entities X o
~ B3| Failure Mode and Effects Analysis
| | Category 7
| | Change Request Package B The following Failure Modes were processed:
|| Companent (25/25) . .
[} Cancern (1/1) HY-2 Valve Failed Closed rpn attribute was set to: 180
HY-3 Valve Failed Closed rpn attribute was set to: 125
| |, Document
| | ExternalFile
||, Failure Cause (3/3)
| |, Failure Detection (9/%)
||, Failure Effect (8/8) — True ® Fale ‘J
Browser - I = §RPN 180 ‘5
Create
EM.1.1 HV-2 Valve Failed Closed ] Attributes | Properties | Parameters | Diagnostics | Views
T T e Relationships Targets & Atiributes
FM.2 Valve Failed Open | (all relationships) I affects Failure Effect FE.2 Inability to Fill First Stage Pneumatic Pressurizar
FM.2.1 HV-2 Valve Failed Open (W affects b affects Failure Effect FE.3 Inability to Fill Second Stage Pneumatic Pressur
FI.2.2 HV-3 Vzlve Failed Open augmented by controlled by Failure Prevention Control FPC.0 None
categorized by I created by Failure Cause FC.1 Material Decay of Component
| controlled by I created by Failure Cause FC.3 Improper Command Sent
I created by I detected by Failure Detection FD.1.7 Pressure Comparison Upstream anc
I detected by
Filter | All Entities - documented by Sort | Numeric by class
Sort | Numeric “ ||| B4 properties | i Spider | & Hierarchy

Repository: Local | Project: GENESYS 2026 - FMEA Extension with Sample | Username: Administrator | Authentication Mode: GENESYS




Running the “Calculate RPN’ Command

() Wh en a Fa i lu re M 0 d e Da: :m . svs 2026 - FMEA Extension with Sample - GENESYS 2026 Pro
does not have the

RFM
FMEA

re q u I re d S e t Of Project Explarer LR Bl [Failure Mode] Valve Failed Closed asPropertySheet

Classes | Containment N

relationships the script S Selected Enies >
does not calculate an

Catego . .
e The following Failure Modes were processed:
Change Request Packagg

Compaonent (25/25)

Valve Failed Closed is missing necessary relation/relation
R P N Cancem (1/1) attributes necessary to calculate the RPN, the RPM attribute
ExternalFile

Failure Cause (3/3)

* Useriswarned in the e 63
M Failure Effect (8/8)
results dialog box YT
¢ N Ote t h e m i S S i n g \ | FM.1 Valve Failed Closed . rﬁﬂ.ttributes bropertcs | Parameters | Diagnost
re lat i 0 n S EMZV ” ; TI;OI a,;; 0:;:; Relaiiohips — Targets & Attributes
.2 Valve Failed Open all relationships]
e M iSSing “C reated by” a nd FM.2.2 HV-3 Valve Failed Open :E;:inte P

Fh.2.1 HV-2 Valve Failed Open
categorized by

“detected by” relations contoted

created by
detected by
Filter | All Entities V documented by Sort | Numeric by class
. Sort | Numeric . ﬂ Properties SﬂSpider = Hierarchy
z UKG N Repesitery: Local | Project: GEMESYS 2026 - FMEA Extension with Sample | Username: Administrator | Authentication Mede: GENESYS

[
[
[
[
[ | Document will not be set for this entity
[
[
[
|

() True @ False

i affects Failure Effect FE.2 Inability to Fill First Stage Pneumatic Pressurizatior
b affects Failure Effect FE4 Vehicle Unable to Launch

I generalization of Failure Made FM. "1 HV-2 Valve Failed Closed

b generalization of Failure Made FM.1.2 HV-3 Valve Failed Closed




SVitech

A Zuken Company

An Example IR

Launch Vehicle — Ground Support System

sesrssssssesasastpane” LRI 0 Gm g i gk o e sl PR o e

®Launch Pad 2 (LP2)

WeMovable Launcher 5MI5}
Image source:

https://global.jaxa.jp/activity/pr/jaxas/no082/03.html
ZURKEN



Helium Ground Support System for Launch

Vehicle

High Pressure Helium
Tank Vent Valve

HV-0

Electrical
Power
Source

2" Stage He

Quick

Disconnect

NS

HV-4 HEF-2

—OM0—
HQD-
2

Second Stage Second Stage

He Fill Valve He Filter

—

High Pressure Helium Tank

ZUKCEN

HV-1

Manual He Tank Iso

Valve

o LN

Remotely Operated He
Tank Iso Valve

HV-3 HF-1

1% Stage He

2" Stage He Bottle

D

Quick
Disconnect
G
HQD-
1

1* Stage He Bottle

)

First Stage He First Stage He

Fill Valve Filter

Payload Fairing

2" Stage

1°" Stage




Iterative FMECA Approach

T e T = e [ =
| P S HE e g e p—
N s — [ S— - — [ —
[T T 5 = T T T T o [T T R T T o
& s R e T = G R G I
i - e s e — B —d
O e e
Electrical ”
iri Electrical
Payload Fairing Payload Fairing
2" Stage He|
Quick
A ""“‘;‘Q’i 2 stage e vottle| 2™ Stage Discomnect e e sorte| 2™ Stage
— —< >— N o
Hap- | ) Ly )
HV-4 HF-2 N — a HF-2 ”‘;" \ /
Second Stage Second Stage Second Stage Second Stage %
HeFill valve  He Filter . P4
High Pressure Helium Hellum Storage Tank HeFill Valve  He Filte
Tank Vent Valve \ent Vahe
kS Sutzga He HY-0 17 stage He
ich
R 1 stage He Bottle Quick =
3 17Stage He Bottle
Disconnec | — 1% Stage PS1 Disconnect :‘" * : 1% Stage
=) ! )
Lod HaD- —
1 P2 1
‘ Sk kd
— 1 v
High Pressure Helium Tank HV-1 HV-2 HV-3 HF1 High Pressure Hellum Tank . . w3 HE-1
First Stage He First Stage He "
Manual He Tank so Remotely Operated He Fill Valve Filter ianual He Tank Iso Remotely Operated He "':‘I‘s“"gg He First SI“"‘ .
Valve Tanklso Valve alve Tank Lo Valve ill Valve Filter

T T t [ E—— AR —— - i N
Electrical — X Electrical " — »
/7 N\ PayloadFairing Sover /7 N Payload Fairing
/ A Source \
2™ Stage He \ @ 2 stage o/
Qick \ Quick \
i ot d
Disconnect] ;= siage we portie| 2™ Stage 5‘°>"‘“<ji 24 stage tegottle| 2™ Stage
] — —
. ) Hap- . s
HV-a HF2 HT’ S V-4 HF-2 2
Second Stage Second Stage
Second Stage: Second Stage
He Fill Va\uxe He :.lmu HeFill valve  He Filter P-4
High Pressure Hel Helium Storage Tank
Tank Vent Valve Vent Valve
- HV-0 1% Stage He
Rating: 3200 . Stz;nm ' stage e bottle] - PS-1 Disconnect . ” 19 Stage
psig . Al . N 17 Stage 1 ( ) ¢
3200 psig ) Hap-
1000 psig] HQD- Ps2 e’@ 1
151 Ls-2
151 3100 psig
I
ol AT
1 High Pressure Helium Tank Hv-1 Hv-2 W3 HF-1
e presre el tank e e o e e Manual He Tank Iso Remotely Operated He First Stage He First Stage He
e Pressure Regulating First Stage H
Manus! He Tank Iso Remotely Operated He ¢ Pressure Regulating " e He First Siome He to i Fill Vaive: Filter
Valve Tank Iso Valve: Valv
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Example - Update at Time t=1

Comn' 1 Fm’ 1" h I M : ¥ | 1
M ™ Component Name - N ™ Failure Mode “| N ™ Failure Cause - Do TN F ailure Effect - Sev | FDNo ™ F ailure Detection ~ | difficultyOfDetectic ™ [ Nc ¥ | Failure Preventic ™ RBRPR ™
HY.3  First Stage Helium Fill WValve FM.1.2 HJ-3ValveFailed Closed |FC.3  Improper Command Sent 4 - Slight FE.Z2  Inability ta Fill First Stage Preumatic Pressurization Tank 5-Moderate |[FO.2.2 Hi/=3 Limnit Switch 2 = ery High FPC.0  Mone 50
FC.1_ Material Decay of Component 5-Low FO.1.2 Pressure Comparizon Upstream and Downstream of HY-3 5 - Moderate
FM.2.2 HJU-3ValveFaled Open |FC.2  Eucessive Pressure inpstream Element 4 - Slight FE-1 Burstof Tube 9-Serious |FD.2.2 HY=3 Limit Switch 2 = Weary High FPC.O Mone 126
FC.3 Improper Command Sent 4 - Slight FE.5 Damageto downstream components S-Eatreme JIFD.T. Prezzure Comparizon Upstream and Downstream of AV-3 B - Low
FC.1_ Material Decay of Component 7 - Moderately High
HY.Z  Helium Tank Remotely Contralled lzolation Yalve FM.11 HJ-ZValveFailed Clozed |FC.3  Improper Command Sent & - Slight FE.Z  Inability ta Fill First Stage Preumatic Prezsurization Tank 5 -Moderate | FO.2 1 H-2 Limnit Switch 2 = Wery High FPC.0  Mone 1]
FC.1_ Material Decay of Component 6 - Medium FE.3 _ Inability tar Fill Second Stage Prewumnatic Pressurization Tank 5 - Moderate FD.‘I.‘I Pressure Comparison Upstream and Downstream of HY-2 5 - Moderate
FM.21 HJ-Z\alweFaled Open |FC.2  Encessive Pressure inpstream Element 5-Low FE.1 Burst of Tube 3-Serious |FD.21 HW'-2 Limit Switch 2 - Wery High FPC.O0 Morne an
FC.3 Improper Command Sent 4 - Slight FES Damage to downstream components 5 -Extreme [IFD.11 Pressure Comparison Upstream and Downstream of HY-2 G- Low
FCA  Material Decay of Component 3 - Very Slight FE.2 Inability ta Fill First Stage Preumatic Pressuization Tank 5 - Maderate
FE.3  Inability ta Fill Second Stage Pneumatic Pressurization Tank 5 - Moderate
27 Stage He, |
i |
Quick | |
iscon " nid
- [ Disconnect 2" stage He Bottle| 2 ‘ Stage
] )
HE3 HQD-
HV-4 2
Second Stage Second Stage 0
) He Fill Valve He Filter
Helium Storage Tank
Vent Valve
st
HV-0 17 Stage He
Quick .
—| e - . 1* stage He Bottle :
IsConnec i §
A 1 1" Stage
.,
HaD-
(P 1 ’
(]
]
I I I
| I— 1
High Pressure Hellum Tank HV-1 HV-2 HY-3 HF-1
First Stage He First Stage He T T
Manual He Tank |so Remotely Operated He Rl v ? Filt B
I ae Ineer ) \
Valve Tank Iso Valve | \
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Example - Update at Time t=2

Comn' 1 Fm’ 1" M h I N 1 * ¥ | 1
M ™ Component Name - N ™ Failure Mode “| N ™ Failure Cause - Do TN F ailure Effect - Sev T | FDNao ™ F ailure Detection - di[licull’D[Deleclic ¥ | Nc ™ Failure Preventic ™ RBRPR ™
HY.3  First Stage Helium Fill Valve FM.1.Z HW-3ValveFailed Closed |FC.5  Improper Command Sent 4 - Slight FE.2  Inability ta Fill First Stage Preumatic Pressurization Tank 5 -Moderate |EL Hi=3 Limit Switch &= e Hiok FPC.O  Mone a0
FC.1_ Material Decay of Component 5-Low FO.1.2 Prezzure Comparizon Upstream and Oownstream of HY-3 5- I\"Iodera_te
FM.2.2 HJU-3ValveFaled Open |FC.2  Eucessive Pressure inpstream Element 4 - Slight FE-1 Burstof Tube 9-Serious  |FO.22 Hy'=3 Limit Switch 2 = wieny High FPC.O Mone 126
FC.3 Improper Command Sent 4 - Slight FE.5 Damageto downstream components §-Eatreme |FD.1.2 Preszure Comparizon Upstream and Downstream of HY-3 G- Low
FC.1_ Material Decay of Component 7 - Moderately High
HY.Z2  Helium Tank Remately Contralled lzolation Yalve FM. 11 HW-Z\alve Failed Closed |FC.53  Improper Command Sent & - Slight FE.Z  Inability ta Fill First Stage Preumatic Prezsurization Tank 5 - Moderate LELL2 1 Hi/=2 Lirnit Switch &= e Hik FPC.0  Mone 1]
FC.1_ Material Decay of Component 6 - Medium FE.3 _ Inability tar Fill Second Stage Prewumnatic Pressurization Tank 5-Moderate | FO.1.1 Pressure Comparison Upstream and Downstre am of HY-2 @= Modeﬂ
Fr.21 HJ-2ValveFailed Open  |FC.2  Excessive PressureinUpstream Element 5= Low FE1  Burstof Tube 3-Serious  LE0LZ] Hi'=2 Limit Syitch e e Hioh FPC.O  Mone a0
FC.3 Improper Command Sent 4 - Slight FES Damage to downstream components 5 -Extreme |FD.11 Pressure Comparison Upstream and Downstream of HY -2 B-Low
FCA  Material Decay of Component 3 - Very Slight FE.2 Inability ta Fill First Stage Preumatic Pressuization Tank 5 - Maderate
FE.3  Inability ta Fill Second Stage Pneumatic Pressurization Tank 5 - Moderate
vl ( 1
2™ Stage He| |
|
Quick | |
isconn 1 e
i Disconnect 2" Stage He Bottle| 2 S,'tage
i 1 P -
. [ ]
HE:2 HaD- —\ J
HV-4 2
Second Stage Second Stage
He Fill valve  He Filter P-4
Heliurm Storage Tank
Vent Valve
L
HV-0 17 Stage He
- Quick
—{ o Ps-1 _ 17 Stage He Bottle
A Disconnect I 15[ Stage
Y - ,
T O )
HOD-
P5-2 1
Ps-3
 I—  I—
High Pressure Helium Tank HWY-1 HV-2 HV-3 HF-1
First Stage He First 5tage He T 1
Manual He Tank lso Remotely Operated He F'II'I..flf Eit g | \
[ alve iiter [ \
WValve Tank Iso Valve
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Example - Update at Timet=3

Comn' 1 Fm’ 1" M h I N 1 * ¥ | 1
N ™ Component Name - N ™ Failure Mode “| N ™ Failure Cause - Do TN F ailure Effect - Sev | FDNo ™ F ailure Detection | difficultyOfDetectic ™ | Nc ™ | Failure Preventic ™ RPR ™
HY.3  First Stage Helium Fill WValve FM.1.2 HJ-3ValveFailed Closed |FC.3  Improper Command Sent 4 - Slight FE.Z Inability ta Fill First Stage Pneumatic Pressurization Tank 5-Maderate |[FD.2.2 HY=3 Limit Switch 2 = Yery High FPC.O Mone 50
FC.1_ Material Decay of Component 5-Low FO.1.2 Preszure Comparizon Upstream and Downstream of HY-3 5 - Moderate
FM.2.2 HJU-3ValveFaled Open |FC.2  Eucessive Pressure inpstream Element 4 - Slight FE-1 Burstof Tube 9-Serious |FD.2.2 HY=3 Limit Switch 2 = Yery High FPC.O Mone 126
FC.3 Improper Command Sent 4 - Slight FE.5 Damageto downstream components §-Eatreme |FD.1.2 Preszure Comparizon Upstream and Downstream of HY-3 G- Low
FC.1_ Material Decay of Component 7 - Moderately High
HY.Z  Helium Tank Remotely Contralled lzolation Yalve FM.11 HJ-ZValveFailed Clozed |FC.3  Improper Command Sent 4 - Slight FE.Z  Inability ta Fill First Stage Pneumatic Pressurization Tank 5-Maderate [FD.2.1 HY-2 Limit Switch 2 - Wery High FPC.O Mone =]
FC.1_ Material Decay of Component 6 - Medium FFE 5 Inahili i i izt =lad 1.1 Preszure Comparison Upstream and Downstream of HY-2 5 - Maoderate
FM.Z1 HW-Z\alve Failed Open  |FC.2  Encessive Pressure in Upstream Element 5-Low FE1  Burst of Tube 3 Slight 121 HW-2 Limit Switch 2 - Very High FPC.0  Mone 30
FC.3 Improper Command Sent 4 - Slight FES Damage to downstream components 3 - Slight 111 Pressure Comparison Upstream and Downstream of HY-2 B-Low
FC.1  Material Decay of Companent 3 - Very Slight Inability to Fill First Stage Preumatic Pressurization Tank 2 - Very Slight
Inability ko Fill Second Stage Pneumatic Pressurization Tank 2 Very Slight

i _ | 1

Mitigation Activity

I L

L5-3 :

Ct=

Name Step Down Pressure to Safe Value for Downstream Components

Number MAFM.3 o

Description Investigate adding a hardware device such as a pressure regulator to L )
step down the pressure to a value that is safe (below the MEOP rating for : i

. i downstream components) but still has enough head pressure to fill the

High Pressure Helium 1st and 2nd stage tanks to the needed pressure.

Tank Yent Valve

Hveo Title
A stat .
_[ - atus Active
2 b
T f Planned, 10/10/2020
3200 ps
B 10/14/2020

1000 psig

PeE I
3100 psig
High Pressure Helium Tank H-1 Hi-2 HV-3 HF-1
Manual He Tank Iso Remately Operated  Pressure Regulating F'r:_r”‘f"‘igle He F"“:.’:aae He
Valve Tank Iso Valve vanve il Valve lter
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Hierarchy Diagram View

hier HV-2 Valve Failed Closed)
Fhd.1.1
HW-2 Vahwe Failed
Closed
Failure Mode
affects affects controlled by created by created by detected by detected by introduced by
FE.2 FE3 FPC.0 FD.1.1 FD.21 Hw.2
Inability to Fill First Inability to Fill Pressu.rre Heliurn Tank
Stage Pneumatic Second Stage Mone EOTHPEIEDW Hv‘zl-"f"t Switch Remotely
Pressurization Tank Pneumatic Pressu... Upstream and Do... : Controlled lsolati...
Failure Effect Failure Effect Failure Prevention...  Failure Detection Failure Detection | Component
leads to leads to embaodied in embodied in
FE4 FE4 )
Yehicle Unable to Yehicle Unable to
Launch Launch
Failure Effect Failure Effect
Project Organization: Date:
FMEA Update - REC Sample Model 8/19/2020
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pider Diagram View

ZUKCEN

spider HV-2 Valve Failed Closed)

g.
8
e
B
o
g
%,
B, N
21 &
&
FM.11 FPC.O
HV-2 Valve Failed Closed > Nene
controlled by
Failure Mode Failure Prevention Cont...
il
o,
s %
&
FE2 FE3
Inability to Fill First Stage
Pneumatic Pressurization
-~ Tank
Failure Effect
% %
5 a7
FEA
Vehicle Unable to Launch
Failure Effect
Project: Organization: Date:

FMEA Update - REC Sample Model
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Standard Table Definition

Comn’ 1 Fm’ 1Fr? N 1’ ¥ 1 : ? | I 1
N ™ Component Name - N~ Failure Mode " | N ™ Failure Cause - Do TINT Failure Effect - Sev | FDNao ™ F ailure Detection * | difficultyDfDetectic ™ | N ™ | Failure Preventic ™ RPR ™
HW.3  First Stage Helium Fill Valve FM.1.2 HW-3%alee Failed Closed |FC.5  Improper Command Sent 4 - Slight FE.2 Inability o Fill First Stage Pneumatic Pressurization Tank 5 - Moderate |FO.2.2 HW-3 Limit Switch 2 - WerHigh FPC.0  Mone S0
FC.1_ Materisl Decay of Componsnt 5-Low FD.1.2 Pressure Comparison Upstream and Downstream of HY-3 5 - Moderate
FM.2.2 HW-3Walue FailedOpen |FC.2  Excessive Pressure in Upstream Element 4 - Slight FE1 Burstof Tube 3-Serious |FO.2.2 HY-3 Limit Switch 2 -erHigh FPC.0 Mone 126
FC.3  Improper Command Sent 4 - Slight FES Damage to downstream components 8- Extreme |FD1.2 Pressure Comparizon Upstream and Downstream of HV-3 E-Laow
FC.1 _ Material Decay of Component ¥ - Moderately High
HY.2  Helium Tank Remately Contralled Isolation Valve FM.11 HW-2%alee Failed Clased |FC.5  Improper Command Sent 4 - Slight FE.2 Inability o Fill First Stage Pneumatic Pressurization Tank 5 - Moderate |FO.2.1 HW-Z Limit Switch 2 - WerHigh FPC.0  Mone 0]
FC.1_ Materisl Decay of Component E - Me dium FE.3 _Insbility ko Fill Second Stage Prieumatic Pressurizstion Tank 5 - Modarate | FO. 1.1 Pressure Comparison Upstream and Downstresm of HY-2 5 - Moderate
FM.2.1 HW-2Walwe Falled Open |FC.2  Excessive Pressure in Upstream Element S-Low FE1 Burstof Tube 3-Serious |FD.21 HW-Z Limit Switch 2 - WeruHigh FPC.0  Mone 30
FC.3 Improper Command Sent 4 - Slight FE.S5 Damage to downstream components 8- Esreme | FD.11 Pressure Comparison Upstream and Downstream of HY-2 E-Low
FC.1  Material Decay of Companent 5 - Wery Slight FE.2 Inability to Fill First Stage Prneumatic Pressurization Tank 5 - Moderate
FE.3 Inability to Fill Second Stage Pneumatic Pressurization Tank 5 - Moderate

Sustern Contest

Specific General General Specific Specific
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Wrap Up & Conclusions

e The GENESYS 2026 —- Enhanced FMEA Extension for CSDL
enables modelers to:

* Execute FMECA in an integrated context within a system architecture
model

* Capture the design journey and traceability from elements generating
Failure Modes through to Mitigation Activities back out to elements
impacted by or changed by the FMECA

* Model to the level of detail right for your project

* Create libraries of Failure Modes, Failure Causes, Failure Effects,
Failure Detections, and Failure Prevention Controls that your
organization can leverage for other programs and analyses
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