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EXTREME PERFORMANCE UNDER EXTREME CONDITIONS

Strong Culture for Product and Technology Innovation 



KM Subsea - Strong in Technology & Product Innovations

Erik Werenskiold, 1855 - 1938



Strategy

Product Disruption
• Software defined products
• Standard platforms
• Lower weight, size, power 

consumption
• Lower price

Industry 4.0
• Lean 
• Digitization, automation
• Modern supply chain

Solutions and Digital Disruption
• New Services, business models, customers

and partnerships. 
• Internet ot things. Open ecosystems. 



80 %

20 %

Suppliers 

KM

Supply Chain Energy

45 000 components

13 000 components
at KM Subsea 

warehouse

600 Suppliers
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KMS Supply Chain Strategy Goal: 
Operational Excellence / Execute on Q - C - D - S

Digital Supply Chain 

The KONGSBERG Way 

Strategic Sourcing

Innovation Culture

Learning Organization

Operational Excellence



The KONGSBERG Way:
Corporate Lean Programme at KM Subsea
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Building culture for continuous improvements 
Supply Chain – KM Subsea

Sourcing The Kongsberg Way1.2

Product & Process Improvement Team1.3

Supply Chain Development Program1

Lean Implementation – Supply Chain1.1

Kaizen Program (Lean Boards)2

Supply Chain Kaizen (L3)2.3

Employee Kaizen (L1)2.1

Department Kaizen (L2)2.2

Research Innovation Projects4Problems & Improvements (P&I System)3

CAPA Team Suppliers (8D A3)3.1

CAPA Team Subsea Horten (8D A3)3.2

SoundChain & SmartChain (NFR)4.1

Supplier Development Program (IN)4.2

Lean Mgmt & EuroLEAN+ (NTNU/Sintef)4.3

Hoshin Kanri (Target Break Down - Goals)1.4



Network for Supplier Innovation



Network for Supplier Innovation

Implementation 
of the lean 
philosophy

Implementation 
KM - Supplier 

Quality Manual

Integrated 
Product 

Development

Learning

Culture



Innovation & Learning for KM Subsea Supply Chain
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2014 2017 2018 2019 202020162015

Lean Implementation Process Technology & Stability Digitalization & Automation Product Standardization



SmartChain Goal
Increase Market Share in 
medium segment and 
support a high gross 
margin in both segments.

High

Medium

Low



SmartChain

• NFR/BIA project
• Total project cost 38 mill. NOK

– KM Subsea
– Norautron
– Oswo
– Virinco
– Sintef Teknologi og Samfunn
– Sintef Raufoss Manufacturing

• Financial funding from The Research Concil of Norway: 13,3 mill. NOK.

• Timeframe 2017 - 2020
1/19/2022 14



SmartChain - WP1, WP2, WP3 and WP4
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Project Structure: Project Organization



WP1 – Automation and Digitalization Strategy 

Strategy Building Blocks: Lean & Industry 4.0 are not 
mutually exclusive. They can be seamlessly integrated 
with each other for a successful production 
management. 
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First Lean then Digitize
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The Lean-MES framework
17 main challenges in 6 main areas

Continuous 
improvement

Flow efficiency

SMED

Total Productive 
Maintenance (TPM)

Total Quality 
Management (TQM)

Customer focus

MES: 13 main functionalities for LM

(Perico, Arica, Powell, Gaiardelli, 2019) 



I4.0 Automatisation & Digitalization strategy components
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WP2 – Automated and flexible production systems



WP3- Integrated product design for automated production line



SmartChain - WP1, WP2, WP3 and WP4
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Digital Supply Chain – Full picture

1. MES. Improved online status for Production-, Material-
& Process status master data. Improved Planning & 
Control.

2. Quality monitoring & Traceability (As Built) . 
Traceability to all test results for complete networks. A 
Digital Twin .

3. Supply Chain KPI Cockpit. Online KPI’s , targets, 
and history record for Planning, Procurement, 
Logistics & Production

4. MES-Machine integration. Machine communication 
for automatic machine setup and process monitoring 
(OT)

5. Machine & Transport automation. Automation to 
handle increased volume- & cost targets 
Improved OEE – Availability, Quality, Performance

6. EDI- Orders. Automated order & Shipment process.
7. Cloud Supplier Portal. Product Specification & 

Supplier Comm. EDI supplier order will trigger 
availability to critical production programs & 
documentation in a safe way by an integrated cloud 
service. 

8. MES-APS. An integrated MES-APS system will 
optimize scheduling by taking care of both Flow 
efficiency, Customer Demands, Capacity, Material & 
Online Status 

9. Supplier Quality monitoring + Service traceability. 
A Cloud interface will secure full traceability & 
interface to agreed as built structures & test results. 
Increased use of WATS

10. AI Quality support. As built structures & test results 
imported to Cloud Solution will realize advanced big 
data & AI analyzes for internal quality improvement.

11. Forecast  – Wave 2. Implement model to use 
historical data to automate Forecasts to reduce time 
and improve forecast.

12. IBP/SOP. Integration & Simulations of several 
functions in a business or government entity to 
maximize financial value

1
2

3

4
5

6

7

8

9

10

11

12

Cloud
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2019 2020 2021 2022 2023

Digital Supply 
Chain

TARGETS:
 Improved delivery 

performance
 Improved product 

quality
 Reduced COGS
 Reduced WIP

Digital Supply Chain – Full picture

MES 1 MES 2

EDI  Order ‐ Order

AX Governance &
TC‐AX Master Data 

AI – Big Data & Analystics

Automation 1
Automation 2

Automation 3

Quality – Cloud Solution

EDI  Order – ASN, Invoice

BI – KPI’s

BI – KPI cockpit’s

Demand Forecast – wave 2

APS

SOP ‐ 1

SOP ‐ 2

Common KM initiatives KM‐IIP

KM Subsea initiatives



Overall project plan for WP4 and MES
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MES ‐ History

 Initial scope identification and market screening (2017)

 SMARTCHAIN ‐ KM Subsea MES MES Mandate & Detailed Demand Specification (2017)

 Standard MES solution evaluation ‐ 10 MES suppliers (2017)

 Shortlisted 3 MES suppliers (2018)

 Extended MES demand specification together with KDA, Arsenalet, several CM factories (2019)

 Contract negotiations with 2 MES suppliers (2019)

 Signed Contract with one MES supplier (2019)

 POC in agreement  (2019/2020)



• Aegis FactoryLogix

• Delfoi planner

• AquiWEB Suite

• FactoryTalk

• DIAMES

• Mv2

• ATS CM4D and ATS Inspect

• ITAC.MES.Suite

• Flexnet

• Hydra MES

• InFrame Synapse

• Operator 

• edinn M2

• MEScontrol.net

• cpmPlus (ABB)

• ProMANAGE

• Camstar Manufacturing

• Quartis Optima

• Qubes

• Shopfloor‐Online

• SIMATIC IT

• Wonderware MES Software

• SAP ME

• Oracle MES
28

Initial screening of the MES market ‐ Relevant MES products for discrete manufacturing



MES – Manufacturing Execution Systems

• MES provides a data 
management system with the 
ability to map a company’s 
value stream in real time. 
Moving beyond the capability 
of the ERP systems. 

• A MES is considered as an 
essential element of any 
industry 4.0 strategy 
(Almada-Lobo, 2017). 

• It concerns the activities that 
take place within a 
manufacturing department, 
such as data collection, 
reporting, analysis and 
detailed production 
scheduling. 
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ISA95 Functional Data Flow Model



Functional Data Flow Model in Production Control



What activities should be supported by MES?

Process Control

Business Planning & Logistics

Maintenance
Operations 
Management

Inventory
Operations
Management

Production
Operations
Management

Quality
Operations
Management

Level 4

Level 3:
Manufacturing
Operations
Management

Level 2,1,0



ISA 95 - Activity model for production operations
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MES – KMS Prioritized functional areas

Detailed Scheduling Dispatching

Execution management  Document controlQuality control

BARCO MES

Performance Analysis



MES – functional demands – based on ISA 95
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36

POC – Requirement Coverage
An overall view

1/19/2022



MES – System Evaluation
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Short list evaluation - 3 days workshop
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What is the benefit from digitalizing the processes? ROI analysis

39

How often is the process performed?

How expensive is the implementation?
IT readiness (KLM)

Which suppliers are integrated?

What is the maintenance cost?

What are the savings every time the process is performed?

What are the savings from quality improvements?
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1. Cost reductions 
• Reduce team leader & planner workload by getting online automatic production 

order status
(As is: Yearly > 2000 po’s with avg. 6 months lead time without online progress 
reporting) 

• Reduced time for work order scheduling
• Reduced time to for administrative work at the shop floor 
• Reduced time for Quality root cause analysis & Process performance KPI’s

2. Quality & Traceability 
• Register online “as built” structures:  Project Y demand + KMS CM “Must win 

battle”
• Improved product quality by early detection of defects
• Improved product quality by improved root cause analysis for complete “as built” 

structures
• Increased control for planned maintenance, machines & tools
• Increased Quality by improved process stability

3. Working Capital
• Reduced WIP by improved Scheduling & 

improved overview (Increased flow eff. )
• Eliminate too early buy signals due to not 

be able to link materials to operations

4. Delivery performance
• Online order status & stock’s
• Planned machine- & maintenance status
• Improved scheduling
• Increased Delivery Performance by improved process stability 

MES Business Benefits (ROI)



First step – Agree on a frame contract
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Second step – Analyses
Objective, Activities and outcome
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Second step - Analysis Phase activities
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Critical Factors in MES Project Implementation

44

• Project Team
• User Involvement
• Education and Training

• MES selection
• Technological

Infrustructure
• Data Management

• Top management
• Implementation

strategy
• Acceptance Control

HUMAN TECHNOLOGY ORGANIZATION



2014 2016 20172015

SoundChain

H

T

O
SC manager

Master Production Planning (AS‐IS)

Shop floor control 
(Gruppe leder) Planning (Transducer)Sales (Internal 

customer) Procurement

Ph
ase

Monthly budgets/
forecasts in excel Check existing work 

orders, inventories, 
and safety stock 

(minimum lager) in 
AX

Net requirements 
planning in AX

Send production/
purchase orders 
(Arbeidsordre‐AO) 

AX

Execute the plan

Is the result 
satisfactory

Monitor the 
progress of AO

Evaluate if the AO 
should be postponed to 
next month or deleted

No

Yes

Update the plan

Initiate 
procurementProduction and 

purchase orders



2017 2019 20202018

SmartChain

H

T

O

e Title 1 Title 2 State Tags Description
1. Detailed Production Scheduling New

Flow efficency Active As a production planner I want to be able to schedule all operations on a production order to prioritize flow efficiency for 
the complete work order pool. In addition I also want to be able to prioritize specific rush orders when needed.

Planning parameters Active As a  Production Planner I want  our scheduling system to consider present online status from ongoing active orders, online 
feedback from MES timestamps in the planning algoritme, so that our plan is as realistic as possible, and allows reality to 
affect present schedule for open production orders.  

Production capacity Active As a  production planner I want  our scheduling system to consider our capasity to make realistic plans. That means that we 
must consider Work Hours, Maintenance and other major production issues (EG: prototype production without production 
orders) 

Project/production with higher priority Active As a production planner  I want to tag a project or production with "High priority" so that this project or production is 
prioritized before all other work.

Schedule repairs ‐ Customer returns Active As a production supervisor I want Service orders/operations  (customer returns) to also be included in MES scheduling & 
Dispaching, so we are able to control and prioriƟze all operaƟons relevant to the same workcentres

2. Production Dispatching New
Dispatch list for different workcentres Active As a Production Group Manager I need to know what production orders in released for production, what 

operation/workcenter they are planned/scheduled for. When started, it must be easy to see status, and who is working on 
it. 

Dispatching list information Active As a  operator I want  to have all information necessary from my Dispatching list to run the operation correct. Drawings, 
Work Instructions, Quality control instructions, etc. It would also be good to be informed if new revisions of product 
information has been released.

Easy access to material availability information before operation start Active As a production operator I want to easy see that all materials needed for a specific operation is available on my working list, 
so I do not start a producƟon order that I will have to pause because of unplanned material shortage. 

Manual update to workcenter scheduling plan  Active As a  production Planner I want to be able to update WorkCenter / Machine dispatching list manually (manual update) for 
planning issues outside our std. scheduling algoritme.  

Operator working list for å workcenter/process step Active As a production operator I want a prioritized working list a specific work center to optimize and balance flow efficiency and 
customer demands.

Optional picking list for operations/Process step Active As a production supervisor I want to be able to register picking list for a specific operations, since some routings has a long 
lead Ɵme, and some expensive ingoing parts is not needed before the last operaƟons on the producƟon order. 

Dynamics AX and MES issue

Production monitoring ‐ Information for process start Active Critical functionality As a production Manager I want my production group leaders to be able to monitor production process/routing, and get 
informaƟon when they are able to conƟnue start next process to prioriƟze producƟon flow efficiency. 

Production status monitoring Active As a production group leader I want to be able to see real product & production order/operation status regarding previous 
operaƟons to my department/workcenters, so we are able to make beƩer plans for my workcenter's

Work on production orders in paralell. Active As a production operator I want to be able to work on several production orders in parallell on some spesific worksentres. 
Hours registered on the different production orders be able to allocate according to planned time, even split, or that all 
orders gets all Ɵme. Time allocaƟon parameter must be specified on the WorkCenter in MES.

Workcenter dispatching/status list Active As a operation I want to be able to see status for å specific WorkCenter. What orders are planned, when are they planned to
start, and what orders are started, last time stamp, how many parts been handled, Time used, Time planned, Quality issues, 
etc. 

3. Production Execution Management New
Alarm on Product or Product documentation revision changes Active As a production operator I want to have a Signal from the MES system if there has been a recently revision change from 

what I have been produced before

Easy logon Active As a operator I want as easy and secure logon to a producƟon order. E.G. use admiƩance cards.

Failure codes Active As development engineer I would like to know where to focus potential process development efforts. I need overview of 
reasons for scrapping or reworking products. A failure code could for example be assigned to those activities. The failure 
code should be chosen from a list with a limited number of typical failures.
Acceptance Criteria:
Admins must be able to define and edit list of failure codes.
Choose failure codes from list when making a repair report.

MES language options Active As a group Manager I want MES system to be able to run in different languages according to user, so all operators can use 
MES independent of language skills.

online Routing cards and product procedures available in MES Active As a production operator I want MES to replace manual Routing Cards and procedures, and that we are able to use that 
funcƟonality to mark physical items & product batch containers  regarding product and producƟon status .

Problem & Improvements (P&I) interface from MES Active As a operator I want to be able to register P&I issues related to actual production directly from MES terminal to support 
conƟnuous improvements

Product & pallet labeling Active As a production operator I want to able to print product labels, pallet labels and routing card with online status so we are 
able to idenƟfy every product and pallet. 

Production activity registrations by Scanner Active As a production operator I want an easy quick way to register all production transaction incl. My personal hours that I 
normally must handle manual in Hours AccounƟng must be registered in the same transacƟon

Register Machine status Active As a  production planner I want to be able to register machine breakdown or planned maintenance stup, manual og 
automatic,  so that I am able to plan with the reduced capacity, and also track machine status. Also necessary to be able to 
register stop reason codes manual or automatic optinally.

Register production start & top Active As a operator I want actual start & stop and parts produced with date & time to be registered & timestamped so we are able 
to track actual progress.

ICT project manager

Execution



Key takeaways

• Legacy systems, functional overlaps and system integration

• Creating a business case and obtaining top management support is critical

• The background and position of the project champion

• Potential threat – Lack of operator involvement
• Not in the core team, nor in the workshops

• Unclear reaction during the process mapping phase

• Awareness, education and training

• Process alignment ‐ Considerable time and budget in the execution phase
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