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Lock Eefde
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Lock system

Resource controller(s)

Mechanical components

Supervisory controller(s)

Operator

Actuators SensorsCivil components

A lock system is a cyber-physical system: a system of physical
entities controlled by collaborating computational elements.
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Multi-Water Works (MWW)

MWW contracted the TU/e:

• to investigate Design Structure Matrix methods in the context
of modularisation and standardisation,

with the aim:

• to increase reliability and availability (RA),

• to decrease life cycle costs (LCC), and

• to decrease the risk of exceeding construction time and costs
(RTC),

for a series of 52 locks that are due for renewal in the coming
decades.
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Multi-Water Werken: Main characteristics

‘Engineer to order’ industry:

• small production quantities,

• location specific/customised lock designs, and

• RWS (Ministry of Infrastructure and Environment) specifies
functional requirements for components at a conceptual level.

Lock modularisation and standardisation:

• full standardisation through parametric design not possible.

• standardisation for selected functions/components.

• function-component platform to describe a lock family.
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Lock family platform
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Standardized
components

Partially stand.
components

Non-stand.
components

A1

Optional function-component modules

A2

B1

B2

B3

C1 D1

D2

D3

E1

E2

F1

F2

F3

Questions:

• What are suitable modules (‘bouwdelen’)?

• Which functions/components should be standardized and to
what extend?
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Research overview

Modularisation and standardisation in the context of reliability and
availability (RA).

Two-step procedure:

1. Model and analyze the component dependency structure.

2. Incorporate RA information.

Research cases:

• Lock Eefde analysis

• Lock family analysis
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Lock Eefde analysis (Dijkstra 2015, MSc student)

Two steps:

1. Identify components and their physical relations, that may
effect lock system reliability and availability.

2. Identify components that have a significant impact on
reliability and availability following a NASA pathfinder case1.

Data sources:

• Technical drawings

• Design documentation

• Expert interviews

• Fault tree analysis files

1Timothy K. Brady. Utilisation of Dependency Structure Analysis to Asses
Complex Project Designs, ASME, 2002.
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DSM with physical dependencies
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DSM with physical dependencies

Bus components

Mechanical components

Civil components

Pre-port

Operating components

Communication systems

Pre - lock

Energy
Information
Spatial
Location
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Availability risk DSM
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Observations

E.g.

• Bus components could benefit from interface standardisation.

• Lock complexity is primarily due to energy and information
dependencies.

• Mechanical and civil component clusters show multiple high
risk dependencies.
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Lock family analysis (Wilschut 2015, PhD student)

Two steps:

1. Generate component DSM from function-component relations.

2. Identify which functions/components yield the highest loss of
lock system functionality in case of failure.

Data:

• FME(C)A files (note: only contain a subset of all possible
functions and components which can be found in these 7
locks).
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Lock family function-component
A k T E G J j ( ) AI AA Ak AT AE AG AJ Aj A k T E G J j ( ) AI AA Ak AT AE AG AJ Aj A( A) kI kA kk kT

FAMG Beveiligen tegen letselCschade: A

FkMk Huisvesten middelen: k

FkME Verlichten: T

FkMG Leveren energie: E

FkMJ Leveren facilitaire voorzieningen: G

FkMj Leveren van overige voorzieningen: J

FEMAyk VerbiedenCtoestaan inCuitvaren sluis: j

FEMT SchuttenCnivelleren: (

FGMA Nivelleren waterpeil: )

FGMk Spuien water: AI

FGME Keren water: AA

FJMAyk OpenenCsluiten sluisdeuren: Ak

FjME Besturen Sluissysteem: AT

FjMG Monitoren Sluissysteem: AE

F(MA Observeren: AG

F(Mk Communiceren: AJ

F(MT Informeren sluis: Aj

Akoestische en visuele signalering: A

Bedieningsy en besturingssysteem: k

CCTV installatie: T

ElectroyMechanische uitrusting sluishoofd: E

Gebouw: G

Hoogspanningsinstallatie: J

IJsbestrijdingsinstallatie: j

Intercominstallatie: (

Laagspanningsinstallatie: )

Marifooninstallatie: AI

Niveaumeetinstallatie: AA

Nivelleersysteem: Ak

Noodstroominstallatie: AT

Objectverlichting: AE

Scheepvaartdetectieyinstallatie: AG

Sluisdeur Nhef punt rolw: AJ

Sluishoofdconstructie: Aj

Sluiskolk: A(

Spuisysteem: A)

Telefooninstallatie: kI

Terreininrichting: kA

Veiligheidsmiddelen: kk

Voorhaven: kT

Optional(O)
Required (R)
R x R
R x O
O x O
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Lock family function-component
A k T E J j G ( ) AI AA Ak AT AE AJ Aj AG A k T E J j G ( ) AI AA Ak AT AE AJ Aj AG A( A) kI kA kk kT

Fkbk Huisvesten middelen: A
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FAbJ Beveiligen tegen letselCschade: E

Fkbj Leveren facilitaire voorzieningen: J

FkbG Leveren van overige voorzieningen: j

FJbA Nivelleren waterpeil: G

FJbk Spuien water: (

FJbE Keren water: )

FjbAMk OpenenCsluiten sluisdeuren: AI

FEbT SchuttenCnivelleren: AA

FGbE Besturen Sluissysteem: Ak

FGbJ Monitoren Sluissysteem: AT

F(bA Observeren: AE

FEbAMk VerbiedenCtoestaan inCuitvaren sluis: AJ

F(bk Communiceren: Aj

F(bT Informeren sluis: AG

Akoestische en visuele signalering: A

Intercominstallatie: k

Marifooninstallatie: T

Telefooninstallatie: E

BedieningsM en besturingssysteem: J

CCTV installatie: j

ElectroMMechanische uitrusting sluishoofd: G

IJsbestrijdingsinstallatie: (

Niveaumeetinstallatie: )

Nivelleersysteem: AI

ScheepvaartdetectieMinstallatie: AA

Spuisysteem: Ak

Hoogspanningsinstallatie: AT

Laagspanningsinstallatie: AE

Noodstroominstallatie: AJ

Objectverlichting: Aj

Gebouw: AG

Sluisdeur Shef punt rolK: A(

Sluishoofdconstructie: A)

Sluiskolk: kI

Voorhaven: kA

Terreininrichting: kk

Veiligheidsmiddelen: kT

Optional(O)
Required (R)
R x R
R x O
O x O

Function DSM

Communication

Mechanics
+ control

Component DSM

Power supplyDesign matrix

Civil
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Lock family RA risk matrix
A k T E J j G ( ) AI AA Ak AT AE AJ Aj AG A k T E J j G ( ) AI AA Ak AT AE AJ Aj AG A( A) kI kA kk kT

Fkbk Huisvesten middelen: A

FkbE Verlichten: k

FkbJ Leveren energie: T

FAbJ Beveiligen tegen letselCschade: E

Fkbj Leveren facilitaire voorzieningen: J

FkbG Leveren van overige voorzieningen: j

FJbA Nivelleren waterpeil: G

FJbk Spuien water: (

FJbE Keren water: )

FjbAMk OpenenCsluiten sluisdeuren: AI

FEbT SchuttenCnivelleren: AA

FGbE Besturen Sluissysteem: Ak

FGbJ Monitoren Sluissysteem: AT

F(bA Observeren: AE

FEbAMk VerbiedenCtoestaan inCuitvaren sluis: AJ

F(bk Communiceren: Aj

F(bT Informeren sluis: AG

Akoestische en visuele signalering: A

Intercominstallatie: k

Marifooninstallatie: T

Telefooninstallatie: E

BedieningsM en besturingssysteem: J

CCTV installatie: j

ElectroMMechanische uitrusting sluishoofd: G

IJsbestreidingsinstallatie: (

Niveaumeetinstallatie: )

Nivelleersysteem: AI

ScheepvaartdetectieMinstallatie: AA

Spuisysteem: Ak

Hoogspanningsinstallatie: AT

Laagspanningsinstallatie: AE

Noodstroominstallatie: AJ

Objectverlichting: Aj

Gebouw: AG

Sluisdeur Shef punt rolK: A(

Sluishoofdconstructie: A)

Sluiskolk: kI

Voorhaven: kA

Terreininrichting: kk

Veiligheidsmiddelen: kT

Communication

Mechanics
+ control

Power supply

Civil

Component DSM

Design matrix
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Observations

E.g.

• Many function-component dependencies are optional.

• Two functions and two components have a significant impact
on RA.

• Control/Electrical components are denoted as relatively
unimportant due to the civil/mechanical focus of the
FME(C)A files and the missing function-component
dependencies.

• For a more complete RA risk view, we need a QFD (Quality
Function Deployment) table containing all functions and
components at a sufficiently detailed decomposition level.
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Conclusions

E.g.

• The direct and indirect DSM methods, applied in the analysis
of the lock Eefde and the lock family respectively, provided
insightful results regarding component dependencies.

• Through the specification of the functional requirements for
lock components, RWS can specify the lock component
dependency structure in the conceptual domain. This provides
opportunities for modularisation/standardisation through a
function-component lock family platform.

• For a complete family picture: relations between all functions
and components from ‘Bomenschutsluis’ documentation needs
to be identified at a sufficiently detailed decomposition level.
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