Predictive Maintenance
KLM Royal Dutch Airlines

Floris Freeman

January 26th, 2021




About hae

+ Studied Aerospace Engineering in Delft
« (Research) Engineer Royal Dutch Shell
» Research Lead at KLM Royal Dutch Airlines

Floris Freeman
Floris.Freeman@klm.com

(2006-2014)
(2014-2018)
(2018 — now)



® Rise of Big Data in Aircraft Maintenance

x
x| ©
X

Aircraft Operations Maintenance
Planning
° Component ) ]
Maintenance Maintenance Execution

3 KLIM Royal Dutch Airlines %)



Predictive Aircraft Maintenance
“Increasing fleet earning potential’

WHY (business objectives)
* Maintenance accounts for 10-15% of airline cost
* Maintenance accounts for ~40% of ground-time usage

+ Maintenance accounts for ~10% of operational disruptions
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WHY (business objectives)
* Maintenance accounts for 10-15% of airline cost
* Maintenance accounts for ~40% of ground-time usage

+ Maintenance accounts for ~10% of operational disruptions

HOW (strategy)
+ Preventive maintenance to avoid critical faults
+ Corrective maintenance to mitigate non-critical faults

+ Predictive maintenance to schedule tasks more conveniently
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Predictive Aircraft Maintenance
“Increasing fleet earning potential’

WHY (business objectives)
* Maintenance accounts for 10-15% of airline cost
* Maintenance accounts for ~40% of ground-time usage

+ Maintenance accounts for ~10% of operational disruptions

HOW (strategy)
+ Preventive maintenance to avoid critical faults
+ Corrective maintenance to mitigate non-critical faults

+ Predictive maintenance to schedule tasks more conveniently

WHAT (current practice)
Delivering decision support to anticipate faults and schedule in
convenient maintenance slots, thereby reducing i) cost, i) delays &

cancellations, iii) required ground-time
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— Failure detection

—— manifold_preumatic_pressure_system_1_
@ § —— manifold_preumatic_pressure_system_2_
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—— pressure_alttude_nght_ft

g
.
"
i
..—————————-

'
=t

] |
6:!0
3 }
H
g
5 .
& 150 - = fiat
2 - ol s KA ~a Jtat. e * T/_'f A l\_”‘.
£ 1ol 2l ® - J‘H;_r s e QL PR | . ¥ T\‘ L = i ™
a | ., T L YO N ¥ 2 - T .
50, b g e et KT -
[ ., e . T/ N e L, et e
SN LI Il (2

M
8 Jul 04 Aug Wl dug 8 Ay 25 Aug @ 5ep 08 Sep 15 Sep 21 Sep 9 Sep o6oct | IBGet
Departure datatime




How to start?

1. Prioritize

2. Simplify

3. Partner-up

4. Prepare for Big Data

5. Fall-Back
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How to start?

1. Prioritize

2. Simplify
3. Partner-up

4. Prepare for Big Data

5. Fall-Back

lower-upper bounds NHHSMM
lower-upperbounds BNN
lower-upper bounds BLR
—— Ground Truth
—— predicted mean values BNN
—— predicted mean values NHHSMM
—— predicted mean values BLR

800 1

Estimated RUL [flights]
&= [=)]
o o
o (=)

N
o
o

0 100 200 300 400 500 600
Performed Lifetime [flights]




How to start?

maintenance
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How to start?
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How to start?
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Out of memory or system resources. Close some windows or prograrms

and try again.
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