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Maintenance — Industry Statistics

Of Refinery
2 3 ;% Shutdowns are for

maintenance

Of Refinery
Shutdowns are
9 2 %

Unplanned

Of Refinery Shutdowns
are for mechanical
failures

Source | Refinery power failures: causes, costs and solutions - Patrick J Chrisiensen, William H Graf and Thomas W Yeung, Aug 2013
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S';Q?f:c%aeﬂ%e Cost of Maintenance (2015)

Industry Maintenance Cost (%)
From sales
1  Pharmaceuticals 16
2  Steel 15
3 Paper 10
4  Casting/Forging 8
5 Engine manufacturing 7
6 Chemical 6
/7 Car 4
8 Electronics 2

Central Pulp and Paper Research Institute, Saharanpur
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Risk to Business

What does a complete
cost?

What does a shut down of a
cost?

What does a shut down
cost?

What does a
cost?

or area




aat if | could tell you that
a specific asset

§0% likely to fail w 1 week
o BlEkeasgns A 1 C?
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Turbine Performance

@ Hitachi
Solutions

Bradwell
Cedar
letterson
Log Side
Martin
Miford

Maosida

Wi

All Turbines

Availability

L e '

L 50005 10000%

PO O ——— |

Q000 Q300 D200

Wind Turbine 1oT Readings

~N
WINDDZT  GearOilPress =
GenRPM 1,270.54
GenTemperatuce “0.26
AotorREM 1232
WINDQ028.  GearOilPrass
GunRONt 21147
GenTemperature 4885
RotorAPN 1432 ¥

Total Production by Date

MonthAbbr ®Jan GiFeb @Adg @Sep §0c¢t BNov @Dec
2\ Amin, ALAAA BAL
e . \ll \/' W\ /\.’p V\J \/-
DM ;
Aug 2016 Sep 2016 Oct 20165

kg

Turbenes in Farm

Average Wind Speed (km/h)

@ @ @
@ @ Slote l;.’{th@
& 'S} @

© & @ ‘siate lsionds Provincial P 3
@

© WITHERE 0 2057 MEIo o Cocporation

Dec D16 an 2007 Feb 2077
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MG WINDO0027
V12006 2/28/3017 Event Count per Turbine Part

F) =

L ]
Ll L

Predicted Days to Failure

168.01

® Hitachi

Solutions

Totzal Event Count
425

Events by Type
® Manuiactures

® Ownes

® Watrng

Blagde 1 1433975 83
Rotor Hub 105.90 23
Blage 3 2,306.48 1
Srake 1,566.70 if
Coupling 17756 7
Main Beanng 5147 3
Blade 2 497.10 2
Rotor Break 547,70 2
Generator 306,000.00

Main Shaft 300.000.60

Turning Mechanism 300.000.60

Total 65,169.42 425

13
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¢ Cut maintenance overhead
® Reduce incidence of equipment failure

® Reduced unplan outages

® Increasing uptime
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Your Goal ?
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Making it at the right time (Availability)

producing as planned, keeping the machine up and running minimizing time losses

Making the right thing (Performance) “.

Product, SKU @ speed °
O

Making it the right Way (Quality) N @

no rework, no defects, no waste

16



Q;

Srnartsense Overall Equipment Effectiveness - OEE

Th E E 6[] 1 82 S-t a n d a rd 2002 ,AFNOR (a French standards organization)

Closed

OIoer me
S, B

Planned production time Flammed. | i
Unplanned | oo, hrauhdi:fmtuu}chdng‘a
stops
Drap in eatence, opermor protlem, ilcro-siops.
Frfiﬁsgf machine faults
performance

- e e e e ol s

i
:
Loss of Scraps, produclion return i
:
i
i
i

: QEE=AxPxQ "
' Global OEE |
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B = Run Time

a = Total Operative Mode Time

D = Actual speed

C = Normal Speed

| Break, meal,

Planned
stops | maintenance,

| meetings, trials

| |
Unplanned | Problems, breakdowns, tool change
; stops | |
— | |
| Dropin cadence, 0oeraor problem, mico-stops,
Loss of machine faults |
performance

i - Lossof | Scraps, production return




Q) OEE — Example
smartsense ) )
Rethink Industry (Ilne capaatv) [11ON

‘mits per minute = lunit/sec
1 shift = 8 hours —. ) minutes

l 60 x 480 £28,800units

Availability Performance
10+30+10 minutes in breaks = 50 1umt/SeC: 300x 60 = 18,000 (1/sec)
2 changeovers of 35 minutes each =70 1.5unit/sec : 1/1.5 * 300 * 60 = 12,000 Slow cycles
lose 60 minutes of machine downtime = 60
Total Lost time =180 min> L 67% )
Run Time = 480-180 = 300 min 200 min' Lost time: 300 — 200
300/480 = 62.5% (480-(180+100))/480 = 41.7%

Quality: out of spec. = 3,000
(12,000 - 3,000)/12,000 = 75%
3000/60 . lost of quality
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smaﬁ?ense MTTF MTBF MTTR

Rethink Industry Mean Time To Failure Mean Time Between Failure Mean Time To Repair

MTBF
MITTF MTTD/K MTTR MITTF
Repair
Correct working Diagnose + check Correct working
Mean Time To Resolve

0 #1 Start End #2
falling to repair of repair falling

} uptime

@ downtime

MTTF - Only for non-repairable items
MTBF - Only for repairable items
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DEVICE STARTS DEVICE FAILURE
WORKING OCCURS

total hours of operatiol

MTTF =

ol 2 it B 25 ) ~ —
l"'(;i "'FL"'il ey, 31 i 13

NINT NIAXwn 3 nmy

nyw 12 nnx -3, nwvw 10 nx -2 ,niyw 8 nX n7p7pnin — 1

Only for non-repairable items MTTF=(8 +10+12) Hr /3 = 10 Hr
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smartsense Mean Time To Repair (MTTR)

Rethink Industry

Mean Time To Repair (MTTR) refers to the amount of time required to repair a system and restore it to full functionality

MTTR =

NIpT 60 p'nn at ,(NS1PN) NTIAY DI' YWN2 0D'MYS 3 N7RP7PNNY NARWUN
MTTR= 60 min/3 = 20 min
maintenance decisions:
* When to repair or replace assets
 Quantity of parts and inventory to have on hand
* Whether to lease or buy equipment
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The lapses of time from one failure to the next

MTBF =

NANWUNN NNAIT |wnn
(VW qwna n7ini) Ty nvw 9 quna omys 3 n7p7Enn

MTBF=9 Hr/3 =3 Hr

Only for repairable items

27
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smartsense Mean Time Between Failure (MTBF)

Rethink Industry

MTBF =

* A human interaction: low MTBF could either indicate poor handling of the asset by its operators or a
poorly-executed repair job in the past.

* For critical assets such as airplanes, safety equipment, and generators, MTBF is an important indicator of
expected performance.

* Even everyday decisions like buying a particular brand of car or computer are affected by the buyer’s desire
for a product with a higher MTBF than what the next brand has to offer.

e Ifitis known that an asset will likely run for a certain number of hours before the next failure, introducing

preventive actions like lubrication or recalibration can help keep that failure to the minimum and extend
the uptime of the asset. e
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TC-Link’6CH-LXRS"

6 Channel Wireless Thermocouple Node

¥4 LORD MicroStrain
TC-Link’ -6CH -LXRS"

Wireheis 8 Craoned Tharo ssaae Mode

TC-Link®6CH-LXRS® - specialized node designed for data
acquisition from up to sixstandard thermocouples

LORD MicroStrain® LXRS® Wireless Sensor Networks enable
simultaneous, high-speed sensing and data aggregation from

Product Highlights

Six standard mini thermocouple inputs, an embedded cold
junction temperature compensation sensor, and optional
integrated relative humidity sensor

On-board linearization algorithms are software
programmable to support a wide range of thermocouple
types, including J, K,N, R, S, T,E,and B

High resolution data with 24-bit A/D converter

IP65/66 environmental enclosures available

Features and Benefits

High Performance

Lossless data throughput and node-to-node sampling
synchronization of 32 uS in LXRS-enabled modes
Support for hundreds of simultaneous sampling wireless

sensor nodes

Mean Time Between Failure (MTBF)

&

&=

e
\ i
4

it

Wireless Simplicity, Hardwired Reliability ™

29
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Specifications

Mean Time Between Failure (MTBF)

Synchronizalion between nodes | +32ysec

General

Operating Parameters

Sensor input channels

Thermocouple input, 5 channels

Integrated sensors

Temperature CJC, 1 channel
Relative humidity (optional), 1 channel

Wireless communication range

Qutdoor/line-of-sight: 2 km( ideal)®, 800 m (typical)**
Indoor/obstructions: 50 m (typical)**

2.405102,470 GHz ditect setuence spread spectrum over 14

Compensation range

-40°Cto 85°C

Accuracy and resolution

+0.5°C (from 0 to 70 *C), 12 bit resolution

Integrated Relative Humidity Channel (optional)

Measurement range

Uto 100 %

Operaling temperature

Radio frequency (RF) channels, license free worldwide, radialed power programmable
Data storage capacity 2 Megabytes (up to 500,000 data points) transceiver carrier firom 0 dBm (1 mW} to 16 dBm (39 mW); low power option
Thermocouple Input available for use outside the U.S.- imited to 10dBm {10mw)
Measurement range -210°C 1o 1820 °C (depending on the thermocouple type) RE communicaton prokonl IEEE 02.15.4
7 . . Embedced mtemal: 3.7 V de, 650 mAh rechargeable Li-poly
o I, o
Accuracy ? dile‘Is ';;fi:::l:US;;:;grifriﬁcs';l;ﬁ:‘?i?:}gmma Power source battery, Replaceable internal (not included): 3.6\ dc type AA
= - Lithium-thiony! chioride (LISOCI2), Extemal 3.2V deto 3V dc
Resolution 0.0625°C, 24 bit congumption See power profile ; hitp:/ifiles. microstrain.com/TC-Link-6CH-
Repeatability = 0.1 °C (does nol include error from sensor or wire) LXRS-Power-Profile-1.pdf
Integrated Temperature Cold Junction Compensation (CJC) Channel -20°C 1o +60 'C (extanded tamperatura range avaabla with

custom batlery/enclosure, -40°C to +85 'C electronics only)

1,500,000 haurs (Telcordia method, SR332)

Accuracy +29% (10 to 80 % RH), +4 % ( 0 1o 10% RH and 30 to 100% RH)
Repeatability +0.1%
Sampling
Sampling modes Synchronized, low duty cycle, datalogging
Sampiing ravs e it
Sample rate stability +3 ppm

Network capacity

Upto 2000 nodes per RF channel (and per gateway) depending
on the number of active channels and sampling settings:

Reafer to the system bandwidth calculator:
http./fwww.microstrain. com/configure-your-system

Synchronization between nodes

+32 usec

Operating Paramelers

Dimensions 129 mmx 73mmx 28 mm excluding switch
Weight 151 grams
Environmental rating Indoor use (IP65/66 enclosures available)
Integration
Compatible gateways AlIW3DA® base stations and gateways
Compatible sensors Typed, K, M. R, 8, T, E and B thermocouples
Connieior :[I'h'_\;p;lcs;i;j;"d mini (SM) connecters far fiat pin
SensorCloud™, SensorConnect™ . Nods Commander®,
Software WSDA® Data Downloader, Live Connect™, Windows
AP/Vistal7 compatible
Data communications protocol avaliable with EEPROM maps
Software development kit (SDK) and sample code (05 and computing platform independent

hitg:/lwww.microstrain.com/wireless/sdk

Wireless communication range -

Outdoor/line-of-sight: 2 km( ideal)*, 800 m (typical)**
Indocr/obstructions: 50 m (typical)**

Regulatory compliance

FCC (U.S.), IC (Canada), ROHS

30
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10 days 20 days\

40 days 5 days

— TTR

MTBF = (20+30+40+5+10 + 20) days /5 = 25 days= 600 hrs

MTTR=(10+20+10+25+15) hrs/5=16 hrs
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SI I IartSe Custom Dashboards 13 Roll Dashboards + Add Dashboard
Rethink Indu ' :
@ Change Dashboard Custom Maintenance KPls e |
MTTR over time MTBF over time
MTTR - Feb 9, 2018 - Aug 8, 2018 MTEF - Feb 9, 2018 - Aug 8, 2018
20 5000
15 4000
3000
0 ®
/ 2009
2 '\ . 1000 *
L]
.\‘./ Y /
\\ L]
0 ® 0 (<
S G @ & 2 D & 2 K 2 > & &
JE T N T N RN ) . T SR N s 8
& S i ® # ¥ & > W ¥ & # ® &
o ) D 5
« i S23 b
Total Downtime Hours Total MTBF Total MTTR Total Time Spent
523.17 hrs 1542.45 hrs 1069.40 hrs
ALL TIME ALL TIME { ALL TIME
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Maintenance

Total run time

— JAEEA B A A A M
—A—A—A\

E " T
"u« » \ _ N \
2 (Wi ..:. N A AN %
h B ‘-\:.‘R\Q& - & - & - & -

B MTBF Machine1
| MTBF Machine2

9 MTBF Machine3 e

‘& MTTR of the machines
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unPlanned
(Reactive)

Emergency Breakdown

Types of Maintenance

Planned
(Proactive)

@
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1

Types of Maintenance

- ™
o o Analysis &
Reporting Monitoring
wull h gﬁ:“x.-
\. What Why did it A y,
happened? happen?
pRLJ)
What
should | do

P%scriptive
Analytics

next?
nyvln

" Prediclive
Analytics
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(PdM)
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Maintenance strategy

<50% OEE* > < 50%-75% OEE >

¥

75%-90% OEE —» <«

>90% OEE —

<

@

/

03~

PREDICTIVE
Advanced analytics and
sensing data to predict

machine reliability

| ﬁ PROACTIVE

PLANNED Defect elimination to

REACTIVE Scheduled improve performance

Fix when broken maintenance activities

Level | Level 1l Level Il Level IV

* Original equipment effectiveness

37

Source: Deloitte analysis. Deloitte University Press | dupress.deloitte.com
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Breakdown Maintenance

—| 5555
c|——— Predictive Maintenance
5-; -======= Proactive Maintenance
oy
=3
1=
i —
=
= 53
1§

Time (Machine Life)

38



{o Some of the predictive maintenance technologies
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Sounds

Vision
Photography
Thermography

Sonics & Ultrasonic

Power Oil Analysis
Magnetic field HERE Ferrography

Temperature Vibration Analysis
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Accelerome‘t’er
[ High-Frequency Damped Oscillation
8 | BPFO = ~
: ¥ [PR
€ T
< Acceleration Waveform

Time (sec)




i(('))) Point where

smartse failure starts ¢\ ional 1

e in ndt tO occur
pethiniing . EarlySiinalz
-

== P e
SRS

_I

- PdM Detects
Problems Early

Equipment Condition

Broken Equipment Fails Here

Cost to Repair

Time
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A UttraSound
Vibesion

: Vibration
|
: . o
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Machine

/s

mmy/s

0.01

0.28

0.02

0.45

0.03

D.71

0.04

1.12

Class I
Small
Machines

0.07

1.80

0.11

2.80

0.18

4.50

0.28

7.10

0.44

11.2

0.70

18.0

A <K-=S—~00Cm<

0.71

28.0

1.10

45.0

ISO 10816
ClassIl | ClassIIl | ClassIV
Medium Large Large
Machines Rigid Rigid
(15Kw< ll< 75Kw, g o

SATISFACTORY
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Equipment Wear Progress

Component FRC21 80 - Hours Under Use [R{: Hours till Failure [ET:y4/

60 } ]
UnitID 0010021 »/ 40 -+ SHNEEENNNREY Unit ID 0010021 Hnofﬂum;oﬁmﬁa“
20 e UNER RS NRENSRRRERY
Location Holder 08/ 0 == i LY AU NeRiNiRiull [E=IEVLL R 26-07-2015 mestedexpirrm
\ » R e Component
Chﬁ‘nsﬁ Caicﬂlateﬂﬁal Lifetime wear & Usape Statistics
Component wear of equipment Warning Indicators \ Usage Statistics
Percentage Age of Equipme Failure Indicators Component  Cduipment  Equipment  Equipment
No. FRKO3 NoFRK0S  No FRKOG6
100 f 100
Component 1
80 80
Component 2 ‘ ‘
60 60 -
i1 p— 40 Component 3 ‘
20 — 20 — — Component 4 ‘
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Component 5

Equipment Age  Real Wear Age High Temp  Pressure  Vibration




Real Time data

CPS (sensors+ assets management + edge computing)
Planning & Scheduling (MES+ERP+OEE)

Engineering Maintenance Operations (MMS+PLM)
Operator Log Data

Service (Docs + Reports)

Augmented Reality (AR) technology

Critical Spare Parts
Inventory Level, Purchasing, Suppliers

Historical Data
Design
Maintenance costs in Sales

Maintenance
e Batch testing
* Inspection Data

Periodic Diagnostic
Processed Data

PdM 4.0 - architecture

PdM 4.0

real time (KPI)
Predictive / Analytics

Alerting (when)
Analysis (why)

Cost Benefits (how much)
Recommendations
Reporting
Training
How to fix it (expert sys.)
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Corporate Sustainability
TR Control Solutions Ltd. 2017
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https://www.youtube.com/watch?v=RmVWKLbLg2Y

https://www.youtube.com/watch?v=BzHg11QmEwl

https://www.youtube.com/watch?v=Qg5upfT4I0U

https://www.youtube.com/watch?v=DxjJ7rE7gT]

https://www.youtube.com/watch?v=n8 ZYd4aV-Y

https://www.youtube.com/watch?v=sSPA2gxv-YU
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https://www.youtube.com/watch?v=Qg5upfT4lOU
https://www.youtube.com/watch?v=DxjJ7rE7gTI
https://www.youtube.com/watch?v=n8_ZYd4aV-Y
https://www.youtube.com/watch?v=sSPA2gxv-YU
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