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Background & Motivation

A350 Wing Upper Cover

Transportation Jig
= Asset characteristics

= Mainly aluminum, large but light

= Sensitive to vibrations, mishandling,
weather conditions, humidity

= Transported goods sensitive and valuable
= Transport conditions
= Sea, road and air transport

= Harsh environmental conditions (snow, salt
water, ice, ...)

= Little to no feedback on effects of transport

= Sometimes careless loading and unloading
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Background & Motivation

= A damaged jig can prohibit transport
= Penalties from the customer
= Damage to the wing cover

= High effort to ensure operational reliability:
= Airworthiness ensured by extensive, mandatory pre-flight checks
= High effort for corrective and preventive maintenance
= Mishandling is difficult to detect
= No spare jigs available

= Unforeseen maintenance has to be done on-site

= Volatile and very short term notification for maintenance slots
= Diagnosis and maintenance on-site further delays transport

= Unknown asset condition leads to inefficient maintenance
preparation

= Time and effort to deploy personnel and equipment

= No feedback to FFT design team
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Requirements Definition

OUPTIME

Stakeholders in the production logistics processes, their information and decision support needs

Stakeholder

Jig Designers .

Jig Manufacturer Maintenance Coordinator

Jig Manufacturer Maintenance Technician =

OEM Logistics Coordinator

3rd Party Logistics Service Providers

Jig Designers .

Jig Manufacturer Maintenance Coordinator

06.11.18

Information Needs

Information about recurring problems

Quick notification about wear and potential
damages

Analyses of recurring faults and problems

Information supporting pre-load checks

Requires transparency about jig status to "
efficiently coordinate the logistics chain .

Requires transparency about jig status for
logistics operations execution

Information about recurring problems
Quick notification about wear and potential

damages
Analyses of recurring faults and problems
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Decision Support Needs

Advice on what problem areas to focus on
for continuous improvement of jig design

Suggestions for preventive maintenance
activities

Suggestions for continuous improvement of
maintenance procedure

Support for assessing jig condition during
pre-load checks

Support in planning logistics chain

Support for commissioning jigs to transports
Support for the execution of logistics

operations, such as loading, unloading and
transport

Advice on what problem areas to focus on
for continuous improvement of jig design
Suggestions for preventive maintenance
activities

Suggestions for continuous improvement of
maintenance procedure



Requirements Definition 0 UPTIME

Critical conditions and potential means of monitoring

_ Reason for monitoring/prediction Potential means of monitoring/prediction

Weather conditions = Rain and show may collect on or in the jig, = Humidity and water level sensors
leading to the creation of dangerous ice in = Maintenance reports
sub-zero temperatures in flight

= Large amounts of show might put too much
weight on the top weather protection

Transport conditions = Conditions on the road, in flight or at sea = Vibration sensors
may adversely affect the jig = Crack sensors
= Excessive vibrations may damage the frame . gGtrain gauges

= Excessive strains can lead to damage of the
main jig frame or top weather protection

Mishandling =  Uncareful loading, unloading or handling = Accelerometers
may cause damaging impacts tothe main . pressure sensors monitoring the fixing
jig or top weather protection points between main jig and top weather
= Incorrect loading and/or fixing the top protection
weather protection on the main jig may lead
to damages
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Solution Approach 0 U PTl M E

| Phasel | Phasel | Phaseml | Phase IV

Predictive Maintenance Signal Processing Diagnosis Prognosis Decision Making
(Failure Mode Analysis)
Proactive Computing Detect Predict Decide Act
Industrial Analytics Maturity Monitor Diagnose and Control Manage Optimise
MIMOSA OSA-CBM (ISO S1 - Data Acquistion S3 - State Detection S5 - Prognosis Assessment  S6 - Advisory Generation

13374) S2 - Data Manipulation S4 - Health Assessment
UNIFIED VISUALIZE

PREDICTIVE [ SENSE | DETECT PREDICT DECIDE MAINTENANCE

MAINTENANCE FMECA STAKEHOLDERS

CONCEPT ANALYZE

= Definition of UPTIME unified predictive maintenance concept

= |SO 13374 as implemented by MIMOSA OSA-CBM, RAMI4.0 for compliance with Industry 4.0
standards

* Phases of predictive maintenance and proactive computing
= Phases of industrial analytics maturity
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Solution Approach

OUPTIME

Functions required by the use case by Unified Predictive Maintenance Approach phase and component

SENSE

Detect

Predict
Decide

FMECA
Analyze

Visualize

Stakeholders
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Data acquisition from sensors integrated into the jig = Flight mode
Edge processing, buffering and filtering =  Wireless communication with system
Real-time state/behaviour detection = Edge processing for on-site condition assessment

Health assessment of sections and of the entire jig
Prediction of section/jig condition (time-to-failure, RUL, etc.)

Decision support for continuous improvement = Pre-load assessment of jig condition
Suggestions for preventive maintenance activities = Logistics chain planning support
Suggestions for continuous improvement of = Jig commissioning support
maintenance procedures = Logistics operation support

Continuous update of FMECA model with critical failure modes
Integration and analysis of historical data from maintenance reports and enterprise systems

Component Uls with views for different stakeholders = Visualisation of warnings, recommendations from decision-

Visualisation of conditions by fleet, jig and section support, analyses of all maintenance-related information

Visualisation of historical data O ElinE eSS G e o

Act on the information, analyses and recommendations
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Solution Approach

= UPTIME_SENSE serves as a modular data

acquisition and integration device framework
[An extension of BIBA's USG]

= UPTIME_DETECT and UPTIME_ PREDICT

detect and predict the state of a system
[An extension of BIBA’'s prelnO]

User Interaction Layer
UPTIME Graphical User Interface

. . Real-time
Configuration Monitori UPTIME_VISUALIZE
onitoring

Real-time Processing Layer

= UPTIME_ DECIDE proactively recommends

maintenance actions and the plans
[An extension of ICCS’s PANDDA]

= UPTIME_ VISUALISE aggregates data,

analyses and visualizes it
[An extension of Pumacy’s SeaBAR]

= UPTIME_ FMECA identifies failure modes,

effects and criticalities based on the data
[An extension of RINA’'s DRIFT]

+ UPTIME_ANALYZE ...

[A new tool developed by Suite5] -
Storage

Simplified view of the UPTIME draft architecture

# UPTIME_SENSE UPTIME_DETECT UPTIME_PREDICT UPTIME_DECIDE

Digital Enterprise (‘i")

Persistence Layer
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UPTIME COMPONENTS

= Prototype development platform for designing
and testing dedicated hardware solution

= Used for test data acquisition in customer
approval process

= Low-power solution required for flight approval
= Based on Texas Instruments SimpleLink
CC2650 SensorTag
= BLE (Bluetooth low energy)
= Sensor Controller
Micro Controller
Environment & motion sensors
Adalogger MO Feather
GPS Shield
SD Card storage

SENSE
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UPTIME COMPONENTS O UPTIME

Y Uptime - PreinO x  + - o X
Flexible state detection and prediction ¢ 3 C O kamsmpnatonas c Boes:00000805% 0
engine: OvETmE
. . Flow Editor Flow settin

= Graphical flow editor e R o

= Create custom flows

= Save and |Oad eX|St|ng ﬂOWS Node settings
= Extensible algorithm library

= Plug-in system for algorithms P

= Definition of own algorithms .
= Flexible trigger mechanisms

= Automated recurring flow triggers e —3

= Event-based triggers

Output & export analysis results

= To influx database (UPTIME persistence
module)

= To other UPTIME modules (e.g. DECIDE)

OUPTIME

Flow Editor and Filter/Algorithm Management screens in UPTIME_DETECT/PREDICT (M9)

DETECT/PREDICT
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UPTIME COMPONENTS O UPTIME

= DECIDE Prototype e

! 1 mal I Markov Decision Process
I Predictions

bcmeeeee e IF

» Generates actionable maintenance iy e o
recommendations ezt P Hea |

PDF: Weibull (A=0.5, k=2) i

Timestamp= 11:58 —

* Incorporates predictive analytics ettt

The neck of the roller is damaged

RULE2  Then -
O u t p u t Replace the work roll

AND
Install new bearings Brent's method for Optimization

* Utl|lZ€S art|f|C|a| Inte”IgeﬂCe, Crn e nckof e ol N Am—mﬁ | Prescriptions |
optimization algorithms and expert Loveroensed
systems in a probabilistic context

* Provides adaptive, automated, UPTIME_DECIDE ™
constrained, time-dependent and Maintenance Plan
optimal decisions Rt | o

Failure Mode Name

2018-08-31 15:28:50.0 Replace the roll 2018-08-3116:30:17.0 0000 [EEENE) 0 Actien 5 -

et Type N,

Rolls

Adapter Damage Bearin, g Adapters

Failure Modes, Rules and Maintenance Plan screens in UPTIME_DECIDE (M9)

DECIDE
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UPTIME COMPONENTS UPTIME

= UPTIME visualisation dashboard -—-—-——-S__—_“—~—S = =
= One-stop-shop for all UPTIME . - -
visualisation needs — e = e
= Integration of UPTIME Ul widgets P
into one web-based dashboard "| |“ : | |||| : || . o
= Roles and rights management R —
= Stakeholder-specific views '““’lg':sm::: ""”"{‘;:'.,..,:E:;'.:;'sc..:";.:"m-
= Deep visualisation and —— e e
customisation options [ —

= Intuitive data analysis

= Prototype visualisation of use case
data test campaign

= Limited amount of test
campaign data

oo
o
8

Section Section

UPTIME_VISUALISE dashboard prototype (M9)

VISUALISE
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UPTIME COMPONENTS

= Dynamic risk monitoring based on Traditional FMECA
bowtie analysis

Generic Items and Types
Of Failures (KB)

= Prevention and mitigation measures

consider Risk factor computation
Simplified modelling

= DETECT/PREDICT alerts and prognoses + —
= DECIDE prevention measures | Analysis of event that influence o
] . . | failure rate, mode and severity Materal DefSource .
= Failure mode probability takes into b e =
account e | ]| | (3
- P Descoption | _Frequency <
= Historical data analysis (ANALYSE) ot P | e j
é S:::g::ef:sure 2 Stnp.defect.s 03
= DETECT/PREDICT prognoses Sl s i
et e
g . . 1 Productivity stop
= Effect criticality considers 23
R ) Backup Roller 1| Partial coil loss Material Cost
. - 18 Coil 2| Loss of roller Equipment
= Maintenance reports from DECIDE § 8 sttt
[+ 18 Bearing Housing
= Analysis of historical data from ANALYSE Ten | = e
v

Extended FMECA concept/Prototype UPTIME_FMECA component (M12)
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UPTIME COMPONENTS

A pLJthOﬂ django @ UPTIME

UPTIME Platform (]
APIs/UPTIME_STORAGE v v Chartjs e
. Voejs Bootstrap 4
Business User Interface Analytics Results Visualization, Patterns & Rules Extraction
0 yt gNumPy .@’l
Data Analyst Interface Data Mining & Analytics J:IW‘Er TM;E:M Keras
=
Data Storage . mongo =
Data Curation, Matching & Transformation UPTIME Qenerlc Data Model o
. &Business Cases-ready
Schemas
Data Uplifting
e =
Legacy Systems :
ﬁ Bacy Sy '=1 Operational Systems
)

Interoperability with and analysis of
historical maintenance data

Make historical maintenance data
available to other UPTIME components

Semantic uplift to UPTIME data model
Data mining and analytics

Deep and flexible visualisation UPTIME_ANALYSE dashboard, dataset facets and dataset navigator screens (M9)

ANALYSE
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Preliminary Results 0
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Next Steps UPT'ME

= Finalisation of SENSE prototype and field tests ol = T B‘
= |Integration of SENSE with DETECT/PREDICT for - s
health assessment/prognosis 7\ waliied

= |ntegration of select DETECT/PREDICT
functionality into SENSE for edge analysis
capabilities

= Health assessment directly on the jig

Validated
relevant
< Welcome to PANDDA env.
e TRL4 456
] Validated
L= -

Geting started wth PANDDA s easy

in lab.
USG PANDDA TRL3

= |ntegration of all components into UPTIME 2l

TRL2

platfo rm Technology

= VISUALISE GUIs for different stakeholders on
different devices

= Integration into FFT maintenance management TRLO Idea
system (DECIDE) recommendations

= Test and evaluation
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