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Abstract

A course in Systems Engineering that can be taught in a few hours. It uses inter-
action with the participants to link SE principles and methods to the domain of the
participants.
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Worksheet

electronic version of the worksheet: https://gaudisite.nl/SEPPIworksheet.xlsx

What Project/Product do you work on?
1 | Who is your external customer?

If product, what project will first use it, and hence what external
customer?

2 |In what phase is your project?

3 | Who are your stakeholders?

What are your external customer’s key
drivers?

What are your system’s key performance
parameters?

What are the main functional and performance
challenges for your system design?

March 4, 2026
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Question 1; Opening

What Project/Product do you work on?
1 |Who is the your external customer?
If product, what project will first use it, and hence what external
customer?
Systems Engineering Project Product Introduction version: 0.1
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Systems Engineering Process, V-model
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Project Life Cycle

concept request

study for proposal  order

b

))
46

anufacturin

FEED" design and operation and :
; tender : . and : disposal
study engineering / . : maintenance
installation
* Q
offer acceptance

1Front—end engineering design

final payment
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Phased Project Approach

W W DR = Design Review

tender >> design and engineering >|nstallat| operat|on e
maintenance

0. 1. 2. 3.
feasibility definition system engineering Integratlon f|e|d
design & test monitoring
needs ] .
specification ] .
esin (W [} _

.
verification [. ﬂ .
-

engineering ﬂ .
core information most information information is stable
Legend: E : [. 50% ﬂ available in . enough to use
in draft :
concept heavier change control
full under development preparing or updating work
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Magic Words

define objectives, analyze, and mitigate risks

. WWW

study tender design and engineering >|nstallat|o>

feaS|b|I|ty def|n|t|on system englneerlng mtegratlon f|eId
design & test monitoring

operation and
maintenance

S
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V-Model

\ /
needs validation
\ /
specification verification
N\ y 4
system design system test
AN /
subsystem design subsystem test
\ /
component design component test
N\ y4
component realization
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More Magic Words

\ verification y
needs of result against validation
N specification 4
I ification verification
requirements —— Speci I >
ficati : h \ \ 7/
SpedCI |c_a Ior(; as input t(()jt < system design system test

esign, documente \ N 7

SMART subsystem design subsystem test

. \ \ /

Specific, Meastrable, omponent design component test
Acceptable, Realistic,
AN y4
Traceable |‘\ T
component realization
: . : V
reguwements engineering
the flow down of the requirements through the V.
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Reuse and Products
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design and \ . : operation and :
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engineering maintenance
&
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Question 2; Project Status

2 |In what phase is your project?

Systems Engineering Project Product Introduction version: 0.1
. March 4, 2026
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The Role of Systems Engineering
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Role of Systems Engineering
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Fundamental SE Techniques

magic SE words

Some words in systems
engineering are used very
often and play a crucial
role. These words are

highlighted and

explained in the
presentation

Summary

Final Discussion and Reflection
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Systems Engineering Top View

customer value business
proposition proposition
% e
S W > O

system
requirements

——enables—»

<<-drives—

system deéign &
technology
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Systems Engineering Field

organizational
context

customer
organization

business
organization

developing
organization

supplying
organizations

/ operational and lifecyc

le context\

customer value business
proposition proposition
\O/"'\@O / /
R ¥ &
% 6{9 é\'z’

/ system

requirements

<@=drives
——enables—»

system design

K /\ technology
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Value Network

customer super
organization system
|
|
system of other
supplier interest system

organization

subsystems
|
components
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Main Responsibilities Systems Engineering

Systems Engineering: Flthess-For-Purpose

Achieving customer and business key drivers
via key performance parameters of system

based on technical expertise

customer
"’5 keV drivel’S System SUbSyStemS
~10 ke ~10 key
A<y -  concepts,
performance :
arameters technoloqies,
I - -
business paraimctels decisions
~5 kevy drivers
Systems Engineering Project Product Introduction version: 0.1 ~—
1%/ Ger?ilt Mulie? J ’ e SEPPIsyste#sggggiﬁéggﬁg m ESI

and academia



Multi-Disciplinary Design

system subsystems
~10 key ~10 key
performance . - concept_s,
arameters technologies,
P decisions

<process quality g

<throughput <
<re|iabi|ity
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More Magic Words

customer
~5 key drivers system
~10 key
performance
business
~5 key drivers

/ 12
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and Even More Magic Words

Systems Engineering and Engineering

are reponsible for development of

the SUPPlY chain

A
Systems Engineering Project Product Introduction version: 0.1 m
g March 4, 2026
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Stakeholders, Needs, Concerns

stakeholders

everyone with a stake in the system, e.g.

decision makers,managers, sales, service,
purchasing, engineers, operators, cleaners,
regulation, standards, quality assurance, ...

Stakeholders have

needs and concerns

|
Systems Engineering Project Product Introduction version: 0.1
. March 4, 2026
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Question 3; Stakeholders

3 |Who are your stakeholders?

Systems Engineering Project Product Introduction version: 0.1
. March 4, 2026
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Needs and Requirements

I
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An Oil and Gas Perspective

Early Phase Need Analysis -

Can We Ease Systems Integration?
Eldar Trangy, Aker Solutions

e Large cost overruns on EPC projects on the
Norwegian continental shelf

e 10 large EPC projects totaled a 96 GNoK
cost overrun

e Consistent trend with cost overruns from
1994 through 2008

e Main Cost Drivers: Scope changes and
late design changes

Eldar Trangy
INCOSE 2014 in Las Vegas, Brian Mar Award for best student paper
http://gaudisite.nl/INCOSE2014 Tran%C3%B8y_Muller ReductionOfLateDesignChanges.pdf

Reduction of Late Design Changes Through Early Phase Need Analyis,

INCOSE 2014

Best Student
Paper Award

Project Estimated Aﬁg\?’l | Change Changein
cost . %
estimate
Balder "5 8,08 3,08 62
Gullfaks Sat 1 6,86 9 2,14 31
Jotun 6,2 7,2 1 16
Njord 6,31 7,76 1,45 23
Norne 8,62 9,27 0,65 8
Oseberg Sar 8,05 8,75 0,7 9
Oseberg Jst 3,49 4,3 0,81 23
Troll Gass 18,25 20,77 2,52 14
\Varg 2,94 3,64 0,7 24
Visund 7,85 11,4 3,55 45
Asgard 28,52 37 8,48 30
Karstg 2,94 7,08 4,14 141
Asgard Transport 7,36 7,96 0,6 8
Snghvit LNG 43,8 64,5 20,7 47
Ormen Lange 72,5 107,1, 34,6 48
Alvheim 8,7 17,2 8,5 98
Statfjord Seinfase 14,5 18,5 4 28
Blane 1,8 3,5 1,7 94
VValhall Re-dev 23,7 39,9 16,2 68
Gjga (ink gaspipe) 30,2 34,7 4,5 15|
Yme 4.7 8 3,3 70
Skarv 34,3 35,8 1,5 4
Vega + Vega Sar 6,4 7,5 1,1 17

Numbers from the investment committee's report are all calculated as
value pr. 1998

Systems Engineering Project Product Introduction
24 Gerrit Muller

version: 0.1
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Systems Engineering Benchmarking

IS AkerSolutions

e Systems Engineering Body of Knowledge (SEBoK)

e Fundamental SE process:

Translate needs Generate, Develop
Identify Needs gy into 1 Evaluate & Select:! functional == Detailed design
requirements System concept architecture
Example Project — Vigdis NE WOS Examples of typical
Amount of SE: missing data:
_ e Meteorological
e 8,5% of total project cost and
e Too low for optimum SEE oceanographic
_ data
e High enough to expect good results ,
o e Field data
Finding: e Soil data

Mismatch between tendered design and operational needs ¢ FE|uid data

Installation vessel

The design is not suitable for the actual operational needs

Workover systems data
A
Systems Engineering Project Product Introduction version: 0.1
g March 4, 2026
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Analysis of Cost and Potential Impact

e Analysis of VO registry
e Changes to design or scope normally results in a variation order (VO)
e Cost of change is normally carried by customer
e Review of 23 VO's

e Findings
o 74% of the VO’s were preventable by need analysis

e 92% of the cost incurred by late design changes, were preventable

e Root cause analysis of the preventable VO's
e Changes to product design

e Mismatches between project requirements and operational needs

Systems Engineering Project Product Introduction version: 0.1 m ESI

d March 4, 2026
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Overview of Requirements for a Workover System Project

1) ALARM Principles (25 pages — HSE)

2) Reliable sourcing

3) Cad standards

4) SIS instruments (15 pages - TS&R/Systems)

5) Qualify technology for first use

6) Qualify technology for first use

7) Qualify technology for first use

8) Qualify technolgoy for first use

9) Engineering number system

10) Engineering Number system

11) LCl req (56 pages ~ D« - )

12) Preparation of technical hierachies (15 pages - General)

13) Working environment (37 pages - General)

14) SPIR registration (10 pages - General)

15) Quality requirements (16 pages - Quality)

16) Performance standards for safety barriers

17) SAS operator station HMI (55 pages — Controls)

18) Subsea Intervention Systems (34 pages ~ Systems/Products)

19) Subsea umbilicals and cables (28 pages ~ Controls)

20) Subsea production control system (50 pages — Controls)

21) Subsea valves (27 pages ~ Well Integrity products)

22) Alarm systems (28 pages - Controls)

23) Technical network and security (11 pages ~ Controls)

23) SIS

25) Infomation management system (38 pages ~ Controls)

26) Subsea electrical high voltage connector assembly (33 pages ~ Controls)
27) i
28) Preservation requirements

29) LCI (123 pages -

30) ql (32 pages - ials / Risers / Well control products)
31) Electrical/Optical connectors (70 pages ~ Controls)
32) h q and d.
33) Electrical standards (6 pages ~ Controls)

34) Electrical system design (74 pages - Controls)
35) Electrical, instr ion and tel: i
36) Automation (6 pages - Controls)

37) Automation technology (22 pages - Controls)
38) Field instrumentation (102 pages — Controls)
39) Safety and automation system (38 pages ~ Controls/TS&R)

40) SAS application functions and structure (45 pages ~ Controls)

41) SAS integration of subsea control (25 pages — Controls)

42) Subsea Technology (6 pages - Systems)

43) Fasteners (13 pages — Well Control products)

a) L’ (61 pages - )

45) Electrical equipment (36 pages ~ Controls)

46) Automation technology (35 pages — Controls)

47) Testing and inspection of SIS (21 pages ~ Quality)

48) Subsea XT and CWO activities

49) Recertification of well control equipment

50) Subsea XT and CWO systems (137 pages ~ Systems/Materials/All products)
51) Well intervention equipment and services

52) Mechanical completion manual

(65 pages - Controls)

—

(1.)

" Norwegian

Directorate(1)

Order of
Precedence

Petroleum

P 0 4 -
2 /  Client

" specifications

(53)

112 documents!

(a)——

1~ Norsk

| standards (22)

Project Design
Requirements

r1SO standards

1) Well integrity in drilling and well operations
2) Subsea production system

3) Material selection

4) Surface preparation and coating

5) Cathodic protection

6) Welding and inspection of piping
7) Quali ion of f: of special materials
8) Non metallic sealing materials

9) Electrical system

10) Mechanical equipment

11) Safe use of lifting equipment

12) Technical safety

13) Working environment

14) Environmental care

15) Machinery working envir

16) HS

17) Safety equipment data sheet

18) HSE

19) Criticality analysis for maintenance purposes

20) Risk and emergency prepardness

21) Temporary equipment
22) Suppliers’ d :

of

1) Guidelines for quality plan

2) Drilling and production equipment

3) Subsea production system

4) Production control system

5) Completion and workover riser system
6) ROV interface

7) Material use in H2S environment

8) Hydraulic fluid power

9) Material selection

10) Hydraulic fluid power system

(21)

Project specific
requirements

(2)

Project
exception lists

1) Safety Requirement Specification
2) Technical and operational guidelines

(6)——

11) Quality for welding

12) Contamination

13) Quality management system

14) Quality system req

15) Systems and software engineering - Software lifecycle
16) Hydraulic fluid power

17) Hy ic fluid power - A systems

18) Reliability and maintenance data

19) P and reliablity

20) Risk management

s Others (12)

l

21) Software engineering

1) g and ion of marine op

2) Recertification of well control equipment
3) Risk management

4) Modelling and analysis

5) Cathodic protection design

6) Duplex stainless steel

7) Quali i dure for new
8) Safety electronics system

9) Functional safety - SIS

10) Optical fibre cable
11)Application of IEC61508 and IEC61511
12) Cleanliness of hydraulic fluid

Evaluating the effectiveness and effort in applying a Requirements Management Tool on a Subsea Oil and Gas Workover System
Damien Wee, INCOSE 2016, https://gaudisite.nl/INCOSE2016_Wee_Muller_Requirements.pdf

version: 0.1
March 4, 2026
SEPPIrequirementsinOG

Systems Engineering Project Product Introduction
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Tender and V-model

)
(C

anufacturin

concept design and operation and :
tender : : and ) disposal
study engineering / . : maintenance
installation
----------------------------------------------------- &
concept study and tender manufacturing, installation, operation and
\ maintenance /

needs validation

AN y4
specification design and verification B

\ engineering 7
system design | system test
AN y4
subsystem design subsystem test
AN y4
component design component test
AN y4
component realization
Vv
Systems Engineering Project Product Introduction version: 0.1
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Problems Appear Late

failures found during integration and test
can be traced back to unknowns,
unforeseens, and wrong assumptions

|
Systems Engineering Project Product Introduction version: 0.1 m E S
g March 4, 2026
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The SE Theory on Needs

~5 key drivers

customer
~5 key drivers system
~10 key
performance - -
business parameters

Elicit needs and constraints

Understand Customer, field
development context, and
TechnipFMC (operation,
business, stakeholders, risks,

)

Transform into requirements

Understand trade-offs, risk
margins, and compromises

Ensure feasibility, timely
achievability, and affordability

Cope with deviations and
changes

Systems Engineering Project Product Introduction

30

Gerrit Muller
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Question 4; Key Drivers and Performance

What are your external customer’s key
drivers?

What are your system’s key performance
parameters?

Systems Engineering Project Product Introduction version: 0.1
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Some Fundamental Systems Engineering Techiques

I
Worksheet
Q1|A1
Process, V-model :
magic SE words
Q2| A2
Role of Systems Engineering Some words in systems
engineering are used very
Q3|A3 .
often and play a crucial
Needs and Requirements role. These words are
Q4| A4 highlighted and
Fundamental SE Techniques SplElnze " L
presentation
Q5 | A5
Summary
[
Final Discussion and Reflection
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Engineering

engineering knowledge = =P parts data base e EE.
system specification == =¥ production procedures production
engineering
system design = =3P qualification procedures el
source data =9 =P system documentation quality
assurance
lifecycle
support
> 5 5 3 3 >
Kknow- doc
ledge DB CAD SCM ERP PDM
DB
canned past specification mechanical source resource product
experience and design  electrical code planning, data
documents design management e.g. SAP management
database
Systems Engineering Project Product Introduction version: 0.1 -
3 Gert Muller o 2 TNOESI
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Partitioning is Applied Recursively

WORKOVER SYSTEM

- .
DESIGN BASIS DOCUNMENT WORKOVER I a Ig
{SYSTEMSPECIFICATION) SYSTEM e

SUB SYSTEMS RISER AND WELL

CONTROLS
SPECIFICATIONS INTEGRITY
SYSTEMS SYSTEM
i | .
i ; Riser
RISERS SURFACE CONTROL & System
FLOW TREE MODULE |
PRODUCTS SPECIAL DERCENCY HYDRAULIC RISER AND WELL
JOINTS
SPECIFICATIONS PACKAGE POWER UNIT SYSTEMS
TOPSIDE LOWER RISER (;"'OANS.ITFES‘L
EQUIPMENTS PACKAGE STATION Well
Integrity
system

Evaluating the effectiveness and effort in applying a Requirements Management Tool on a Subsea Oil and Gas Workover System
Damien Wee, INCOSE 2016, https://gaudisite.nl/INCOSE2016_Wee_ Muller_Requirements.pdf

Systems Engineering Project Product Introduction version: 0.1
g March 4, 2026
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Decoupling via Interfaces

control
Interface
power e.g. CAN
interface H

- part

part e.g. pressure
e.g. pipe ::I and flow
regulator

part

::I e.g. pipe

hydrocarbon 1

1

interface mechanical

mounting interface

Y]
other part with

same interfaces

can replace
original

1 [ 1

|_I_l_|

Systems Engineering Project Product Introduction
35 Gerrit Muller

version: 0.1
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Simplistic Functional SubSea Example

sensor
measure dat control
sensor ata _
signals pressure, ——>» pressure, —> settings
temp, flow temp, flow
transport to
increase top-side
well
pressure hydro
carbons
hydrocarbons revent regulate combine separate
y - b == flow and =P multiple gas, oil,
from well blow-outs t
pressure streams water, sand water
sand

Systems Engineering Project Product Introduction
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Quantification

Size

Weight

Cost

Reliability

Throughput

Response time

Accuracy

2.4m *0./m * 1.3m

1450 Kg

30000 NoK

MTBF 4000 hr

3000 I/hr

0.1s

+/- 0.1%

many characteristics
of a system, function or part
can be guantified

Note that quantities
have a unit

Systems Engineering Project Product Introduction

37 Gerrit Muller
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More and More Magic Words

Partitioning facilitates the organization, logistics, production, and service

Interfaces are used to decouple

Functional models explain how the system and parts operate

Quantification helps to achieve fact-based decision making

S
Systems Engineering Project Product Introduction version: 0.1 m
g March 4, 2026
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Example Technical Budget

off axis pos. off axis
meas. Sensor
accuracy —» repro
4nm T 3 nm
global stage Al. blue align
alignment pos. meas. sensor
—> e ———
accuracy accuracy —» repro
6 nm 4 nm > 3nm
reticle lens ds_ysiem - — interferometer
: adjustmen .
15 nm - matching STy - Stability
25 nm D (e 1 nm
process matched single stage position » frame
overlay — machine —+» machine —+ overlay —> accuracy » stability
80 nm 60 nm 30 nm 12 nm 7 nm 2.5 nm tracking
—» error WS
process . . . .
dependency matchlng stage grid alignment tracking 2 nm
- sensor - accuracy (> accuracy Ly repro Ly error X, Y —
5 nm S nm S nm S nm 2.5 nm tracking
Ly error RS
metrology tracking 1nm
Ly stability Ly error phi
5 nm 75 nrad
Systems Engineering Project Product Introduction version: 0.1

39
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Even More Magic Words

. - off axis pos. off axis
Models facilitate anal VSIS and meas. Sensor
accuracy —» repro
_ d i d . 4nm “»  3nm
hel Inunader nain
€ip to obtain U ersta g" hal stage Al. blue align
ment pos. meas. sensor
I I h " racy | accuracy = *  repro
INS1gNt, and overview SIS
- m 4 nm 3 nm
reticule lens adsj)tjz?ranne]nt —» interferometer
15 nm - matching STy - Stability
25 nm D (e 1 nm
process matched single stage position » frame
overlay — machine —+» machine —+ overlay —> accuracy » stability
80 nm 60 nm 30 nm 12 nm 7 nm 2.5 nm tracking
—» error WS
derp))r;)r(]:(:esrs]cy matching stage grid alignment tracking 2 nm
- sensor - accuracy (» accuracy > repro Ly error X, Y —
5 nm S nm S nm S nm 2.5 nm tracking
_» error RS
metrology tracking 1nm
Ly stability Ly error phi
5 nm 75 nrad
version: 0.1

Systems Engineering Project Product Introduction
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Question 5; Functional and Performance Challenges

What are the main functional and performance
challenges for your system design?

Systems Engineering Project Product Introduction

41

Gerrit Muller

version: 0.1
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The Role of Systems Engineering

I
Worksheet
Q1| A1
Process, V-model :
magic SE words
Q2| A2
Role of Systems Engineering Some words in systems
engineering are used very
Q3|A3 .
often and play a crucial
Needs and Requirements role. These words are
Q4| A4 highlighted and
Fundamental SE Techniques SplElnze " L
presentation
Q5| A5
Summary
[
Final Discussion and Reflection
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All Magic Words

objectives V-model Fithess-for-Purpose
risk (analysis. mitigation) partitioning life cycle
requirements Interfaces supply chain
(engineering. management) functional customer key drivers
SMART fact based business key drivers
verification quantification kev performance parameters
validation model concepts
multi-disciplinary analysis technologies
integration understanding decisions
holistic Insight unknowns
stakeholders overview unforeseens
needs and concerns assumptions
AngStemsGEenr?iitnl\e/lirI:g? Project Product Introduction seﬁ%ﬁgﬁgﬁé m ESI
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Reflection

How much do you know of the Systems Engineering
playing field?

What are TechnipFMC’s main strengths and
weaknesses in Systems Engineering?

. . . . . . |
Systems Engineering Project Product Introduction version: 0.1 M TNOESI
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