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Presenter Notes
Presentation Notes
8 years of RAMS – R + A + M + S
Brief about Jørn and myself. 
RAMS is an area anchored in two groups at NTNU – at the RAMS group at Mech and Ind Engineering and with me at dept at Engineering Cybernetics.
Both have been leaders of RAMS research area
Mary Ann – also been co-director
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“Cost efficient solutions without compromising safety and

environment”

NS
SK
* How can we demonstrate (adequate) safety of -

Regulations and standards
novel technologies?

* How can we build confidence about reliability &
performance in design?
* How can we reduce the costs of maintenance C@
by better prognosis of technical health? Systems reliability Digital twins

* How can we benefit from using machine

learning and digital twins for those purposes?
Al /Machine learning
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SUBPRO been partly about introducing new technologies and partly about improving methods for control strategies and novel ways of operating.
 
RAMS have tried to contribute in the following areas (go through)
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PhD student: Muhammad Gibran Alfarizi
Start date: 16.08.2020

. ’ Planned end date: 31.07.2023 I

el Project manager and main supervisor: Professor Shen \in

Co-Supervisor: Professor Jarn Vatn
Department of Mechanical and Industrial Engineering

Researcher: Xingheng Liu
Start date: 01.10.2022

Planned end date: 30.09.2023

Supervisor/Co-supervisor: Prof. Jorn Vatn and Prof. Shen Yin
Department of Mechanical and Industrial igineermg

2022-2022 (PD

PhD student: Ludvig Bjorklund

Start date: 28.08.2020

Planned end date: 31.03.2024

Project manager: Professor Mary Ann Lundteigen

Supervisors: Prof. Mary Ann Lundteigen, Prof. Markus Glaser (Aalen Univer:
ty) and Prof. Gunleiv Skofteland (Equinor)

Department of Engineering Cybernetics

2020-2024

PHD STUDENT: HIMANSHU SRIVASTAY.
PROJECT MANAGER AND.

PhD student: Tae Hwan Lee

Start date: 28.10.2019

Planned end date: 11.02.2023

Project manager and main supervisor: Professor Mary Ann Lundteigen
Co-Supervisor: Adjunct professor Gunleiv Skofteland (Equinor), Adjunct pro-
fessor Frank Ove Westad

Department of Engineering Cybernetics

MAIN SUPERVISOR:
PROFESSOR ANNE BARROS
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Total of 7 phD projects and 2 postdoc
Will say a few words about the still ongoing projects and one newly started project on the following slides.
On the side we see where people have started to work. For example,
Postdoc HyungJu has started as associate professor at NTNU in RAMS group after a period with university of south west Norway (USN). In subpro, he investigated methods to demonstrate safety of new technologies. We decided to expand on this research activity in a project led by DNV called safety 4.0 who also hosted a PhD that was associated with SUBPRO.
Juntao Zhang focused on improving how reliability assessments are carried out in design phases, and he still works with Woods as a reliability consultant in Oslo. 
Yun Zhang focused on incorporating degradation models into maintenance planning and she is working with HMH in Kristiansand, a  company delivering drilling solutions.
Himanshu Srivastav focused on balancing how often you test a system with how much the test causes degradation. He is now a reliability consultant in Vysus group here in Trondheim.
Nanda Zikrullah focused on improving methods for demonstrating safety of novel technologies as part of Safety 4.0. Nanda is now a consultant with DNV in Oslo
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NTNU

Using digital twin for safety Advanced Process Safety Diagnostic
demonstration all electric subsea safety Tool (SIS Advisor) Using Dynamic
valves Process Simulation Data
R h update:
g %‘&@} esearch update:
= * 2 journals ongoing

Research update:

* 1 journal paper just published; 1-2
others ongoing

» 1 conference paper

* 1 conference paper
» Submission of thesis in 2024
* Innovation project

Logic
I under test I
(Computation]
model

Example of ongoing research:

« Utilize dynamic simulation technology and machine learning to build
an advanced process safety diagnostic tool

* Reduce the effect of class imbalance and sample selection bias

* Reduce the effect of data shift using domain adaptive ML

Data
Management
Component

Examples of ongoing research:
* Interface logic with FPGA-based
DT for accelerating testing

[=l=l=t=t=t=l=
=a=g—p-g=g-p-)

Test Simulation
selection ‘Analysis

Evidence
management

» Falsification-guided DT simulation
framework for safety-critical

. N\ Initiallabeling pseudo-
scenarios Unlabeled . function N labeled
Dataset (HAZOP report, C&E D: ;:ﬂ
. chart)
» Data management in development Just publishead!
of DT & in safety demonstration o Computers & Industrial Engineering [ = | Data analysis
| e 2 L
True Labeling function - Data-driven Labeling
Other: Towards digital twins for safety (Assumedto be =~ function for target
L. 3 ) . L . . Domain/Time invariant) domain
+  Visit to Aalen University with demonstrations: Interfacing strategies for
. FPGA-targeted applications Domnain adaptation
supervisors 5 . s, s bl

PhD student: Ludvig Bjorklund PhD student: Tae Hwan Lee

g Start date: 28.08.2020 Start date: 28.10.2019

. Planned end date: 31.03.2024 Planned end date: 11.02.2023

i Project manager: Professor Mary Ann Lundteigen : ;z Project manager and main supervisor: Professor Mary Ann Lundteigen
Supervisors: Prof. Mary Ann Lundteigen, Prof. Markus Glaser (Aalen Universi- Co-Supervisor: Adjunct professor Gunleiv Skofteland (Equinor), Adjunct pro-
ty)and Prof. Gunlelv Skofteland (Equinor) fessor Frank Ove Westad

Department of Engineering Cybernetics Department of Engineering Cybernetics
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Ludvig Bjørklund:
Ludvig Bjørklund is entering his last year of the PhD project, with focus on digital twin for safety demonstration of all electric subsea safety valves
His focus has been on making a systematic approach to how a digital twin is constructed and how it is implemented.
The most recent paper, a journal paper published in Computers and Industrial Engineering, focused on how a digital twin may be integrated in the same embedded system as the control system.
He is also developing testing strategies, to optimize the number of tests to be run
The project has been a collaboration with Aalen university with Professor Marcus Glaser
The project has also had a co-supervisor from Equinor with Gunleiv Skofteland.
Tae Hwan Lee:
Focus has been to use machine learning assisted by simulations to improve the diagnosis function for safety-instrumented systems
The project is targeting unmanned facilities, where a higher level of autonomy in systems are needed
Tae Hwan Lee had an extension with the innovation project
Currently, his financing has ended but he is working on wrapping up the project  in 2024.
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Data-driven design for fault prognosis: Application to industrial

Digital twin qualification for maintenance
components, subsystems, and systems

Fidelity

o (I Research update:

Research update: ‘ + 3 journals published, 1 conference paper
. Two journal papers published; 1 - « Thesis submitted, preparing for defense

other ongoing Research results:
' 3 conference papers published. » Developed fault prognosis design for roller bearings
Examples of ongoing research: (component), manufacturing line (subsystem), and
. Demonstrate the proposed liquid hydrogen storage system.

framework for digital twin ) e

qualification
. Case study with maintenance

activities for autonomous
vehicles research studio

Motor Shaft Test béaring house Accelerometers

everyting youn

PhD student: Jie Liu

Start date: 01.09.2021

Planned end date: 31.08.2024

Project manager and supervisor: Professor Shen Yin
Co-supervisor: Prof. Jern Vatn

Department of Mechanical and Industrial Engineering

PhD student: Muhammad Gibran Alfarizi

Start date: 16.08.2020

Planned end date: 31.07.2023

Project manager and main supervisor: Professor Shen Yin

x. Co-Supervisor: Professor Jorn Vatn
Department of Mechanical and Industrial Engineering
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Jie Liu: 
Her focus has been on qualifying digital twins for use for maintenance
She has suggested a framework for this purpose (see illustration)
Now, she is focusing on adapting digital twins for autonomous systems using thee RAMS lab at NTNU
She is well on track with two journal papers
 
Gibran Alfarizi:
Submitted his thesis PhD in these days
His focus has been on the use of machine learning as data-driven fault prognosis strategies
He has focused on the use of such models at the component level, at the system level (as with bearing life test as seen here), at the manufacturing line and also for liquid hydrogen storage.
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Towards safety and security of autonomous Topic: Al in safety-critical systems — related
systems against cyber-physical attacks to CO2 capture, injection, and storage
(Postdoc/1 year researcher project)

NTNU

Funded by SUBPRO
Zero

Research update:

+ Just started (1.1.2023)

* Preparation of research plan and selection of PhD
courses

Research update (ended 2023):

+ Completed a PD in estimation and
optimization of remaining useful life
(2021-2022)

* One year postdoc/researcher from Planned tasks:

2022 till sept 2023. . Define safety-critical systems in CCS and analyze
the current state.
) . Investigate regulations and limitations for Al in
Focus of researcher project: safety-critical systems.
* Use of autonomous systems in RAMS . Examine opportunities and challenges for Al in
lab to research resilient operation those systems and evaluate potential Al models
during cyber-attacks to enhance the current state.

Researcher: Niclas Flehmig
Start date: 1.11.2023

Researcher: Xingheng Liu

Start date: 01.10.2022

Planned end date: 30.09.2023

Supervisor/Co-supervisor: Prof. Jern Vatn and Prof. Shen Yin
Department of Mechanical and Industrial Engineering

Planned end date: 31.10.2026
Supervisor/Co-supervisors: Prof. Shen Yin and Prof.
Mary Ann Lundteigen
Department of Mechanical and Industrial Engineering
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XingHeng Liu:
He just ended  - in September this year- a one year researcher period focusing on resilient operation of autonomous systems during cyberattacks
Before that, he had a postdoc for 2 years focusing on estimation and optimization of remaining useful life
Niclas Flehmig:
Niclas was recruited this year to a new phD project in SUBPRO ZERO – and started less than one month ago
Niclas just finalized his master degree here in Trondheim
The focus of his phD work will be on the use of AI for safety-critical systems – which is not a straight forward issue – considering requirements in upcoming EU AI act
The focus of applications are CO2 capture, injection and storage.
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RAMS workshops

RAMS workshop 29.10.2019 @ DNV
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) Place:
Introductory perspectives Store mtesal, Veritas 1
‘:x: Wecome wih mormaver e saminas topec 51 - ! byggen, DNV-GL (Havik)

Session 2: Safet|

What new requirements are placed on safety-

for d facilities?

Local :
Frank Borre Pedersen
(DNV-GL).

oo ! Mobile: 905 52 666
EE=ry Other contact:
T Mary Ann Lundteigen
(NTNU).
e o— T T Mobile: 93059 365
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SUBPRO Digita
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. Ewataskowska
« Bahareh Tajiani
* Ludvig Bjorkund
« Tomvar Pecersen
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Looking back, there were three workshops beyond the reference group meetings focusing on RAMS and where RAMS were involved in the organization:
First, one in 2016 at ABB gathering people to discuss the gaps in research needs for safety systems
In 2019, at DNV, there was a workshop focusing on challenges and gaps to close by industry and research for safety systems onboard unmanned facilities
Finally, in 2020, in a opening that year during COVID there was a joint system control and RAMS workshop at DNV focusing on the use cases and research needs for the use of digital twins. A paper was published on the basis of results form this seminar.
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Staff and industry contacts involved

Professor Anne Barros (DNV
professorship , 2014-2019).

Now, Professor and head of
N T N U Assoc. Professor safety & risk research group,

NTNU

HyungJu Kim Centrale Supelec, Paris
(previous postdoc in
SUBPRO)
Professor
Antoine Rauz:
5;?;6\3/2?; Professor . y
Mary Ann . e - Shen Yin
_ Lundteigen Professor | . Professor (DNV
Mary Ann Yiliu Liu professorship
Lundteigen = 2020-2025)

Gunleiv Skofteland

(Equinor &NTNU) Erling Frank Borre Meine van Odd Ivar Lars Erik Svabg S:V:liséoflfj?r:(l).rassen, Katrine
Lunde Pedersen der Meulen Haugen (Kongsberg Digital, K- reviogsl ’ Hilmen, ABB
Industry (some of) (Equinor)  (ONV) ©NV) (ONV) spice) S

AkerSolutions
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From NTNU side, there have been several professors involved, as you can see here. 
Professor Anne that many of you know moved to the university Central Supelec in Paris and is now leading a research group in safety and risk. 
New to the team is professor Shen Yin, you started in a NDV professorship in 2020
Associate HyungJu used to be a postdoc, but his now joined as permanent staff.


From industry side, there are many  names to be mentioned and we have shown some of them here. 
One is Gunleiv Skofteland who has been an active co-supervisor for two PhD projects and an adjunct professor in SUBPRO. 
Frank Børre Pedersen was a close contact as the head of the research department at DNV and connected us to several of their researchers.
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International collaboration

® s
SAFETY AND RISKS RESEARCH GROUP LG L =

* Professor Annes Barros, Centrale Supelec,

safety and risk research, Paris.
— Previous professor and main supervisor in SUBPRO.

* Professor Markus Glaser, head of institute
for high-integrity mechatronic systems at Aalen

University in Germany:

—  Mobility visit (one year) in SUBPRO, hosting and co-
supervising one PhD student

* Professor Antoine Grall (Reliability &
maintenance, University of Troyes, France). |-
— Participating in the scientific advisory committee -

9 8 years with RAMS in SUBPRO 9


Presenter Notes
Presentation Notes
We would like to highlight three collaborations outside Norway:
First with Professor Anne Barros who moved form NTNU to France and has been a collaborating partner during this transition also
Professor Markus Glaser who had a mobility visit with SUBPRO and is also co-supervising one PhD with Ludvig Bjørklund
Professor Antoine Grall who has been in the scientific advisory committee and given very useful input to our research focus and results.


@ Importance of international standards

NTNU

Existing standards Practice of standards amongst

students increase their skillset
and add value for SUBPRO

i SUBPRO

partners e

Research activities
(PhD, PD, master)

Special thanks from
SUBPRO to Runar
Jstebg (Equinor) for
promoting the use of
standards to build
on best practices
and ease adaption

I1SO/TR
12489

Petroleum, petrochemical and natural

INTERNATIONAL 1S0
STANDARD 20815

INTERNATIONAL 1SO
STANDARD 15663

on . Lo Published methods
in industry o People with new : : and tools can provide
skills can join P input to
ISO/EC P standardization
standardization P development
groups ! i organizations

New and revised standards

Photo: Edited from LinkedIn, ONS2022 8 years with RAMS in SUBPRO

INTERNATIONAL
STANDARD

10


Presenter Notes
Presentation Notes
I would like towards the end to highlight the importance of international standards:
Industry develops best practice through international standards, and it has been important that we build upon that – even if the standards are challenged
Aligning research with standards is an important means to achieve faster adoption in industry
Also, researchers being trained in the use of standards may also later enter committees and influence development of new standards
Throughout the whole period, we have been lucky to have Runar Østebø advising us on what are the relevant standards
I would therefore like to thank Runar for his effort to do so and willingly sharing his advices.
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-4 Way forward

« SUBPRO Zero:

— PhD project in the use of Al for safety-critical systems — use
cases within CO2 capture, injection, and storage

« PRO-Energy (FME application submitted Nov 2023):

— Boost applications of digital twins and Al for decision-
support (safety and maintenance)

— Low-emission maintenance

— Adaption of digital interoperable platforms for efficient data
usage

— Applications of autonomous systems

11 8 years with RAMS in SUBPRO 11
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Now, when SUBPRO ends, we are  still moving forward. 
In SUBPRO Zero we achieved funding for one PhD project already mentioned
In addition, the RAMS group and Cybernetics department have collaborating in defining research topics for the newly submitted PRO Energy application. Examples of research topics identified in this application are: (see list)
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@ Thank you for the attention

 Questions and comments?
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Group Research and Development
Safety 4.0 project
2018-2022

The main objective of the Safety 4.0 project, a consortium
consisting of operators, suppliers, academia and the Petroleum
Safety Authority (as an observer), is to enable and accelerate the
up-take of novel subsea solutions by developing a framework for
standardized demonstration of safety.

‘\I'I‘ Sy o equinor ‘.'

Lundin™ NEPTUNE B NTNU & onesubsea support safety demonstration

Developing approaches to

of all-electric actuators for
ine (NS Sinanger subsea safety valves.

Link: https://www.dnv.com/research/energy/safety-40.html 8 years with RAMS in SUBPRO 13



https://www.dnv.com/research/energy/safety-40.html

	8 years with RAMS research in SUBPRO
	Slide Number 2
	Slide Number 3
	Ongoing projects (I) – 2023
	Ongoing projects (II)
	Ongoing projects (III)
	RAMS workshops
	Staff and industry contacts involved
	International collaboration
	Importance of international standards
	Way forward
	Thank you for the attention
	Slide Number 13

