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Outline

* Required skills to create a predictive maintenance solution

* The changing landscape

 Evolving predictive maintenance

* The new set of skills and infrastructure for the analytics age.
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/87 Entry Into Service Alert: ram fan motor

Adverse temperature trend —
alert triggered

{ Tests confirm system degradation
R RFMC Tem perature — inspection recommended
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Without detection —Ram fan
e ]| failure would have occurred
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Air turn back prevented — estimated savings $85K




Successful
solutions:
A product of
multi-skilled
teams with
diverse
perspectives

software programming Cyber security
planning

operations control
database admin

human factors

line maintenance GUI
IT network

supply chain logistics

communications



A changing landscape

Data-rich Cloud
aircraft computing

Human-
Machine centered Artificial
Learning design Intelligence
(Ui/Ux)




Unlocking the predictive maintenance spectrum

Business Question Day of Operations  Fault Isolation

How do | preposition How do | save time

parts and and money on

maintainers to quickly repairs by giving

address defects when maintainers better

my aircraft lands? insightinto a

defect?

Type of Problem Strategic
Event to Action Time Long
Technology QAR/CPL

Data Fidelity igh Medium
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What data is useful?

Day of Di.. DiscCmplnt Tx
January
Januar
2015

Maint Act Tx

January ..

January ..
January ..

January .. 1

January ..

January .. f
January
13,2015

January
17,2015

January ..
January .. A

January
22,2015

D : = What Data are
we using?

January ..
February.. G26

-

Ble(] 1oday
Temperature (Deg C)

®
*

What the computer returned automatically

x Alerted Poird = = = Alest Limd  » Raw Data

Component Condition Location Location

RH MLG DOOROPERATED SEQ
VALVE MOST LWR HYDRAULIC
CONNECTION HAS A RUNNING
LEAK. BY- 222319
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Data challenges

 Thousands of sensors
measured on every 787
aircratft.

« Measurements are
taken every second

« 1 year of 787 sensor
measurements from one
airplane is ~1TB

Copyright © 2017 Boeing. All rights reserved.

Processing

: : Modeling
How much sensor data is

recorded per aircraftin 1
year?

a. 100 Megabytes

b. 250 Gigabytes

c. 1000 Gigabytes (1TB) Storage
d. 5000 Gigabytes (5TB)



Analytics challenge

Day of DL.. Disc Cmpint Tx Maint Act Tx
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What the computer returned automatically

Component Condition Location Location
RH MLG DOOROPERATED SEQ | 6 0p0pERAT | HAS A MOST LWR
VALVE MOST LWR HYDRAULIC
ED SEQ RUNNING RHMLG  [HYDRAULIC
CONNECTION HAS ARUNNING | | o2 e it
LEAK. BY- 222319

Predictive Maintenance
Alert creation

Petabytes of data
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Data science process

Phase 3

Phase 1 Create models to

Collect, translate and predict future faults

store airplane data on airplanes
Big Data Technology |

4~ 4
- Phase 2 Phase 4
crocess tata Deployment. s oo Analyze data in Predictive alerts for
N / Spark aircraft maintenance

DataFrame API
Spark Core
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Data science models

Interpretability

Summary Statistics

. Distribution Statistics

Symbolic Aggregate
Approximation

. Fast Fourier Transform

Wavelets Interpretability
‘ Shapelets . Logistic Regression
. Decision Tree

Deep Neural Nets B ;
ayesian Net
(LSTM, RNN) . i
Generalized
Additive Models
Modeling Power (Generality) Random
Forest
Support Vector
Machine Deep Neural
Networks
Neural There is active research
NEtWOFkS on explaining deep nets

Modeling Power (Generality)

Collaboration challenge: modeling power vs. interpretability

Copyright © 2017 Boeing. All rights reserved. 11



Qutcome

Thousands of
Potential Signatures from
Terabytes of Data ;

21-65174 Fault e

Validated Signatures
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Real-world examples

Excessive fuel burn- Optimize fuel

management

« Within a year, analysis of full flight
sensor data has identified
numMerous pumps across the
operators’ fleet, 85% of the
identified pumps have been
replaced, resulting in >$5M fuel
savings

Intermittent Hydraulic Light

Indication- Mx Cost Avoidance

 Full flight sensor data showed that
pressure was above a certain
threshold during indication,
recommendation to change panel
>avoided maintenance engine run
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Analytics: delivering relevant, tangible results

* Tight coupling of analytics and aerospace domain knowledge
» System-based inter-disciplinary collaboration and approach to problem solving
» Focus on customer problems, needs and objectives

Data Analytics Aerospace Partnership and
Expertise Domain Expertise n

Tangible Business
Solutions & Support

d
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