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MACHINE HEALTH ASSESSMENT SYSTEM (M-HAS)
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Moving from periodic to condition-based
maintenance (CBM)

Overview of Turner Iceni’s M-HAS

Examples of M-HAS at work

How can M-HAS promote a circular economy



m Moving from periodic to condition-based

\—\ maintenance

Periodic Maintenance

* Good when condition closely
related to time & duty

e Justifiable for high cost of
failure

* Maintenance can be carried
out unnecessarily

Scheduled maintenance activities

Failure Rate

e Does not allow manifesting
faults to be identified at an
early stage

Time



m Moving from periodic to condition-based
f Condition

\—\ maintenance
[ | Monitoring

Condition-based Maintenance | ‘ <50Hz. Continuous
|

* Use of sensors to monitor machine health
* Maintenance only carried out when necessary

Diagnosis
/ = 10 kHz. On Demand

* Optimised O&M scheduling
e Avoidance of major failures

Monitoring

\l } Structural Health
<5Hz. On Demand

SCADA
<) 002Hz, Continuous

|_é_|




m Moving from periodic to condition-based

\—\ maintenance

In reality operators are using a
combination of periodic and L

i Condition

[ ] Monitoring

| ‘ <50Hz, Continuous
|

] . -
| Diagnosis

condition based maintenance | /| > 10 KHz. On Demand

Structural Health
Monitoring
<5Hz. On Demand

SCADA
<) 002Hz, Continuous
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Categories of robustness:

Weather
Operational
Personnel handling
Electrical signal
System software

Desighing CMS Correctly

Define functionality

A

Define architecture = Define hardware = Define software |(—

Comply
with Cat
2,47

Design Validation

r
|
|
|
|

Comply
with Cat
1.2.3.47

>

System defined [«




m What is M-HAS?

\_\
TORNER/\\-HAS

* Low cost condition monitoring system MACHINE HEALTH ASSESSMENT SYSTEM
e Can be retrofitted to any turbine

* Free standing or integrated with SCADA
* Cloud-based data storage and display

* Real-time and offline analysis

e Automatic alarming




m Overview of M-HAS
‘
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M-HAS collects data
at a cloud server

Wear Metals in Oil

‘.t~\/ R = s
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Oil Condition

M-HAS Data Collection Module (DCM) Web Interface
www.turnerm-has.com

Vibration Levels

Data is typically sent at a rate of 5 data points every half hour
to the cloud server. The site updates every half hour.

Other Sensors



http://www.turnerm-has.com/

Installed M-HAS Instrumentation

Vestas V47 Example



M-HAS Web Interface

I you would like alarm data to be posted ko 3rd party system pleace srber the URL here

phcation will attermpt

 dlata from the UAL: hitg:/ waseam,piz, j

Last Updated

at:20:00am Next update will bo at 10:goam

Temp: 15 %
ind 3625

Curm srage | R [ Show Events?

Zoom 1h 1d Im

29, Ju 30 Ju 3. V. Aug 2. Aug 9. Aug

4. Aug 5. Aug 16. Aug

From 2018-07-28

Vibration VEN211_Cearbox_Fast (Current): § 512.28
Timestamp: 26/08/18 7:22am

i [

Vibration VEN2) | _Cearbox_Stow (Current): | 057.85
Timestamp: 26/08/18 7:22am

Vibration VEN211_Cenerator (Current): 718.43
Timestamp: 26/08/18 7:22am

Aug

Aug 24. Aug 25. Aug 26. Aug

2018-08-28




m M-HAS Fault Detection
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Cracked bedplate
Lightning rod failure *
Braking failure "
Gearbox faults

Hub slip

Sensor failure

Bad placement
Sensors
disconnected/swapped
round



Online Oil Analysis

Total Ferrous Particles MCS1000_Slow_Shaft (Current)

Zoom 1h d 1m From 2019-03-12 | To | 2015-03-1
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54 particles

Real time analysis of the wear metal measurement showing an increase in
ferrous material.
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M-HAS Reporting
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2. Gearbox Video-Endoscopy

Manufacturer: Brook Hansen

Type: EH551G31-BNC
Serial No:

[Report No.:

1010114-IR-01 -A

nspection Date:

T9 January 2018

ind Turbines Location:

Shotts Wind Fam

00/ROEA 288299

The gearbox inspection cavers were dismantled to allow inspection of the visible gears and bearings.

CMS sensors and control cabinet were found in working order.

Abbreviations:

PC: Planet carrier

[Client: LSS: Low speed shaft

Turmer lcen IMS: Intermediate speed shaft
HSS: High speed shaft

TG type: Vestas VAT

UPBR = upwind bearing (front)
DWBR = downwind bearing (rear)

Inspection positions (lcoking upwind from nacel
Position 1 (P1): blade B downward
Position 2 (P2): blade A downward
Position 3 (P3): blade C downward

M-HAS system
Indicates the requirement for an
Inspection.

The inspection would state
requirements for further servicing

le):

Helical stage —
LSS wheel

Helical stage —

IMS pinion

and possibly a requirement for a replacement

bearing or gearbox

YRR 01 TP - A A Sembc O

micro-pitting and
indentation marks

U101 T1PDE - kb ot e D

4. Gearbox Inspection Conclusions and Recommendations

General:

The condition of the gearbox during the inspection were found satisfactory given the operational lite of it
and the environmental operating conditions.

Abrasion marks, smearing and all failure modes observed are in-line with expectation considering the

operational life of the gearbox. It is recommended improving off-line filtration to remove hard particles in
short time.
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Remaining Useful Life Prediction

RUL PREDICTION

MODELS

:
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KNOWLEDGE
BASED MODELS

Increasing

ARTIFICIAL
NEURAL
NETWORKS

LIFE EXPECTANCY

MODELS Complexity

RUL Parameter
Fixed Rules Fuzzy rules Stochastic Statistical Forecasting Estimation
(Hybrid)
—

v

Conditional
Probability
Methods

Aggregate

Reliability
Functions

v iy

ARMA
Variants

Other time

jirend PHM estimation

methods

Extrapolation

.

v vy
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Static
RUL PDF Bayesian
Networks

Dynamic
Bayesian
Networks

A 4 \ 4
Markov ;ﬁig: Kalman Particle
Models Filters Filters

Models

Sikorska JZ, Hodkiewicz M, Ma L. Prognostic modelling options for remaining useful life estimation by industry. Mech Syst Signal Process 2011;25:1803—-36.

http://dx.doi.org/10.1016/j.ymssp.2010.11.018.
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specific
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M-HAS and the Circular Economy

Store
refurbished
component

Refurbish old
component

Monitor Asset

Estimate RUL

Replace
component at
optimal time




m M-HAS and the Circular Economy

Detect Estimate Sensitivity Informed
Fault RUL Analysis Action

Return on saleable component now vs. later
Cost to refurbish component now vs. later

Labour/crane cost to replace now vs. later
Probability of a major failure occurring now vs.
later




m Summary
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M-HAS is a low cost condition monitoring system
Allows optimised maintenance scheduling and avoidance of

major failures
* Allows for more informed procurement decisions to be made

* Allows components to be removed before they are beyond
repair
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