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Damen services

More than 200 employees within Damen Services

70 Field Service Engineers

11 Service hubs around the world.

1 service dock in Curacao.

500 ships in warranty

10.000 service calls per year

2



Damen service hubs location 
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Predictive maintenance
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Proof of concept

Arie Schaap
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Preventive maintenance
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Failure behaviour 

RCM 



HOW THINGS FAIL
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The percentage figures quoted represent the average occurrence of the failure pattern in modern

complex systems (14%)

5%

3%

6%



HOW THINGS FAIL
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The percentage figures quoted represent the average occurrence of the failure pattern in modern

complex systems (86%)

8%
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65%



MSG-1 was first published in 1968 and used for developing scheduled maintenance for B747

RELIABILITY CENTRED MAINTENANCE
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RELIABILITY CENTERED MAINTENANCE
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RELIABILITY
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Accidents  1980  = 300 

2016 = 100

800% more travelers  in the same period



DC-8 aircraft 

4 million labor hours before 

reaching 20,000 operating hours. 

EFFICIENCY
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Boeing 747 
66,000 labor hours before a major 

heavy inspection at 20,000 operating 

hours.



The application of big data analytics in maintenance represents 

the fourth level of maturity in predictive maintenance. 

PdM 4.0 is about predicting future failures in assets and 

ultimately prescribing the most effective preventive measure by 

applying advanced analytic techniques on big data

Predictive maintenance PdM 4.0



Real-time condition monitoring will only 

get you to a certain level of reliability; a 

level where you will still be plagued by 

unforeseeable and inexplicable 

failures. 

These failures could be tackled with 

big data analytics. PdM 4.0 involves 

harnessing the power of artificial 

intelligence to create insights and 

detect patterns and anomalies that 

escape detection

Predictive maintenance PdM 4.0



DETERMINE “P”



Proof of concept
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Approach

Test bench

Data creation

Machine Learning

Test on a vessel 

Way ahead



Proof of concept
The intention is to trail the interfacing of the different 

elements necessary to trigger predictive maintenance.

Definition of the elements to be tested and integrated:

System with a controllable dynamic behavior

An operational profile

Sensors to monitor > 1 system parameter

Machine Learning model / algorithm to determine when 

parameters indicate atypical behavior

Indication that system behavior is atypical



System simulation 
P R E D I C T I V E  M A I N T E N A N C E  4 . 0
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PilotP R E D I C T I V E  M A I N T E N A N C E  4 . 0
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Data creation
1: Vibrations at 

different normal 

operational profiles.

2: Vibration profiles 

with anomaly 

Predictive Maintenance 4.0



Machine learning

Machine Learning development 

requires data to allow the software to 

recognize the typical behavior of the 

system.

This data must be generated during 

the normal operational profile and during 

anomaly occurrences.



Results

P R E D I C T I V E  M A I N T E N A N C E  4 . 0
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Pilot on vessel

Replicated the setup onboard of a 

vessel.

Create a database  during normal 

operations

Develop ML algorithm based on the 

model trained for the test setup.

Introduce anomalies to validate the 

system.

Deploy this model on the vessel and 

monitor when anomalies occur and create 

database with labels.



Current situation



Dataset (Normal Condition)
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Vibration Sensor Data

IoT Sensor Data

Pump 1

Pump 2

Pump 3

Port 1

Port 2

Port 3

Port 4

RMS X

RMS Y

RMS Z

Temp

Pump 1

Pump 2

Pump 3

Power [kW]

Speed [rpm]

Differential Pressure [bar]

SW Pump Outlet Pressure [bar]

…



Way ahead

Create an operational setup onboard of 

a vessel.

Create a vessel “normal” database and 

develop algorithm.

Deploy the vessel and monitor when 

anomalies occur and create database with 

labels.



Damen PDM Presentation 

Way ahead



Damen –We Care
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