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1. Remote monitoring
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Definition of Remote monitoring ClassNK  IHI crour
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“Remote Monitoring”

 What do we expecting?
« What is the value?

Copyright © 2013 DIESEL UNITED , LTD. All Rights Reserved . 4 DIESEL UNITED, LTD.



Concept of CMAXS LC-A

Remote operation

—»| Remote monitoring

—>>

Information sharing [
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R&D R

Realize your dreams

Algorism, parameter and contents

\

Deeper & wider analysis

by specialist
Update 1
__________________________________________________ -
|| On board ||
| 4
 Measurement Automatic Automatic Preventive
* Observation anomaly detection diagnosis maintenance

e

i

Automatic
trouble shooting

support planning

Dynamic maintenance

£

Maintenance work support

v

Remote maintenance work
(Remote control robot etc.)
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2. Applicability of “Machine learning analysis”
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Applicability of “Machine learning analysis” CIassNI( THI croup
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Typical success area of “Machine learning analysis”

/

All data is in one package. \

. 24
w ¥
' ! Reference data \ / Target data \

Point of sales system Weather orice to maximize

Gender generation
Total payment

1; 0 )| =

Big data Big data
“Reference data” volume — “Target data” volume
“Machine learning analysis” can be applied, directly.

Goods

o
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Applicability of “Machine learning analysis” ClassNI{  THIcrour
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Field of condition diagnosis

[ Small volume J

/ Reference data \ / Target phenomenon
_, g? S to minimize
h [ e i

Temperature ' '€SSUr€  vipration

Itis
phenomenon.

2 0 9%°
& Speed Weather /
Big data Small data
“Reference data” volume >> | “Target data” volume

“Machine learning analysis” can not be applied, directly!

We need different approach.

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 8 DIESEL UNITED, LTD.




Applicability of “Machine learning analysis”

4 Reference data Big data \
, | W aWalay .:
ﬁ @ I
l i
Pressure .
\Temperature Vibration
® Big data analysis

(Machine learning, engineering know-how etc.)

0

R&D PROJECT
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/ Target phenomenon \

to minimize

Algorisms which is established by engineering
theory, know-how, design concept etc.

2

“Condition Index” which indicates phenomenon

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 9

DIESEL UNITED, LTD.



ClassNK IHI Grour

R&D PROJECT Realize your dreams

3. Concept of CMAXS LC-A

 Anomaly detection

e Condition diagnosis

* Trouble shooting

« Maintenance management support

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved.



Flow of diagnosis in CMAXS LC-A

Machine

ClassNK IHI croup
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Measurement data

!

learning algorism

@  Know-how base algorism

i r N i -
»_ o |:

e
~Ta ! . . . . o .
L - : . : ) / :
7 : : ‘ : “[
-~ - : 2 " : a -
o w .
BT B Tl
&t
I
f

| i—; Anomaly detection

Condition Diagnosis

Copyright © 2018 DIESEL UNITED, LTD. All Rights Reserved. 11

N —
O ’ SN
Matrix e S\ l Regression T .
method method V|| |
Anomaly Anomaly Anomaly =
index iIndex S

Higher value
Safety operation

Preventive maintenance
Condition based maintenance
Trouble shooting

Optimum setting

Others
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Ex.1) Know-how base (example :2-D mapping) ~ ClaSSNIC THTcrove

358,57
319,25
279.93-
240 1 | oo
201.29-

161,97 L

Temperature

Engine Load

1. Two dimension map with green zone is prepared according to test result, experience, engineering
theory, etc. Items for each axis can be selected from measured items according to know-how etc.

2. Measured data which is normalized are plotted, automatically.

=

Position in the green zone is plotted on trend graph.

Position

Running hour

~_~

It is calculated by the position on the upper and lower range. The
Anomaly Index - . . _
position and anomaly index is according to preset parameter.

~_~

@ To condition diagnosis algorism
12 DIESEL UNITED, LTD.
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Ex.2) Know-how base (example : Deviation analysis) ClasSNIC  THIcrove

Each green zone are defined according to load and cylinder position. So, the analysis is same as 3D
map analysis.

Green zone is not same, because it depends
on position of T/C arrangement etc.

Current data
354.73 7 T N T I |
330.38
306.03-{ T o
281.68 :
257.33

Temperature

Cyl01 Cyl02 Cyl03 Cylo4 Cyl05 Cyl06 Cyl07

¢

Position

............................................................................................................................................................................

............................................................................................................................................................................

Running hour

~_~

It is calculated by the position on the upper and lower range. The
position and anomaly index is according to preset parameter.

Anomaly Index

@ 7o condition diagnosis algorism
Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 13 DIESEL UNITED, LTD.



Ex.4) Machine learning algorism ClassNIK( ~ THI crour
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" CMAXS LC-A applies IBM ANACONDA.
It is machine learning algorism according to correlation anomaly.
Wider analysis can be done easily.

L Anomaly score

IIPIP IR [ i i i i e e i e i e i 0 e i . 0 0 i i i it i i

The score is plotted on trend graph with certain range.

Position

Running hour

~_~

It is calculated by the position on the upper and lower range. The
position and anomaly index is according to preset parameter.

~_~

@ 7o condition diagnosis algorism

{ Anomaly Index

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 14 DIESEL UNITED, LTD.
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Cyint G 8 o+ o5 Oie CylT

I_ Anomaly Index Anomaly Index
’ * w4 Anomaly Index | SUPA Anomaly Index
o ‘ I
The algorism and parameters are established \/
by engineering theory, experience, design —
concept etc. by maker’s engineer. J .- \
o Condition Index
9 _

x 8 _ Getting worth!

S 7 When did the A

c

-1 ¥ phenomenon start? - A

- 5

o

= 4

=) 3

S 2

©) 1

- n -, .
\ Running hour When does the condition

?
This example is condition diagnosis for air turbo charging. reach to alarm level

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 15 DIESEL UNITED, LTD.



Trouble shooting function ClassNK  IHIrour

\

Error Parts (Click one item!) -

'A|arm from AMS 4 Trouble shooting function
Ly
""! Parts and phenomenon are

l automatically listed up which is

estimated cause of incident.
The order is according to higher

-

Rail Walve for IGU #1 cylinder \

P

injection Cortral Unit #101C00

Fuel Quantity Senzar #1 [ SeIeCt

FCM#1(Flex Control Module)

oo

Alarm monitoring system

-

- =~ possibility.
Anomaly Index

E— \

'!3;?!%' 479 9minr1 & mnl 10991 mier] 11963 min- 12860 2mal

cn

Fuel injection valves for #1 cvlinder

=1

Fuel high prezsure pipe for #1 cylinder

\ 4

It indicates location and
picture of selected one.

It shows the working
procedure how to check and
how to recover with many

pictures.
The algorism and parameters are established Instruction manual also linked
by engineering theory, experience, design to selected one.
concept etc. by maker’s engineer. \

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 16 DIESEL UNITED, LTD.



Maintenance management support

Ch. MaintenacePlan

RunningHours

Work Condition ‘ D -~ During Operation

218298 | Hr <|Ro12/0a/02 =] =] DisplaybyDayl

Maintenance List

New Maintenance Report

ConsumerPartsList

Mod.Maintenance Report

—— StandBy —= Owerhaul

I:‘ —- Parts Exchange

71—

For PMMS

IHI Grour
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Link to record sheet

HH9-¢-ES5-
m-h  BA
514 -

a 3 [ -] E F G H t J K L L] L) a
4 Racord shagt

=LAt # F-4 BB J

Apri2012 May/2012

Jun/2012 Juli2012

Augl2012

Sepl2012 Oct2012 Movi2012

Deci2 » FUEL VALVE Gi N

IMain Engine

14|15/ 16( 17| 18| 19| 20| 21| 22

23| 24| 25| 26| 27| 28| 29| 30

3

32

33| 34|35/ 36| 37| 38|39\ 40| 41| 42| 43| 44| 45| 46

47

48

e Dums
UNITED DIGHITY |

4w s ot Cusrne

2014111

49| 5(

§ Rrmssp | 9

[

Place:

(Sl

(

@
? FUEL VALVE NEEDLE
1

[12030] Thrust bearing

[19030] Tie rod

[+]57[21240] Cylinder liner

[21360] Lubricating quill and accumulator

Scheduled work

~
-

. vessel schedule

k3

[23030] Piston rod gland

[27080] Cylinder cover

AL

[-1-7[27220] Injection valve

3

[-]#001 Injection valve

27221:Check externally for tightness T

27222:Check spray pattern, opening pressure, t... \

N

27223:Check wear of center bush

N
N

[+]#002 Injection valve

A7

Recommended

[+]#003 Injection valve

[+]#004 Injection valve

Finish

[+]#005 Injection valve

[+]#006 Injection valve

ed works

maintenance period

e sEREREEBERER S

Link to instruction

[+]#007 Injection valve

manual, code book etc.

[27280] Starting valve

[27400] Relief valve to cylinder cover

[27450] Indicator valve

+17[27510] Exhaust valve

[31030] Crankshaft

[31460] Axial damper

[32060] Turning gear

[33030] Connecting rod bearings

uuuuuu

Measured record at maintenance is very important data for diagnose,

rrrrrrr

rrrrrrr

and the data is applied to automatic diagnosis function.

Recommended maintenance period can be dynamic according to

diagnosis result in future.

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved.
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4. Value of condition diagnosis
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Value of condition diagnosis ClassNK IHI Group

rap Prosect Realize your dreams

Incident

= ~]
L) Finding [> Repair [>
e “@ ' [$> causes works ‘ Increase speed \

Avoidance of accident

\by condition diaqnosiy Trouble shooting function supports
\ quick and secure recovery. /
e N ]
Minimization of Minimization of damage by Minimization of
probability of sudden preventing secondary nimization o

accident damage recovering time and cost

\ 4 4 \ 4

Minimization of additional cost by sudden accident!

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 19 DIESEL UNITED, LTD.



Maximization of parts lifetime ClassNK IHI Group
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Earlier detection and quick recovering of condition is directly

related to lifetime of parts.
Earlier detection and

quick recovery

k3

Running hour > Running hour >

Benefit

For example
The lifetime is strongly related to accumulation of thermal history, especially on hot parts.

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 20 DIESEL UNITED, LTD.



Minimization of operating cost
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[ Continuous condition diagnosis @%

U

Each margin against unknown factors can be minimized.

CMAXS LC-A show the recommendation setting parameters according to many parameter and analyzed result.

ﬁ;x_l) Cylinder pressure according to \

CMAXS LC-A's recommendation

Fuel Command [%]

an 4 |

30 4
25
20 §

Power - Fuel Command

FOSO"@E 228-5/31
AFOSI®E 6/1-8/14 | —

-
-

=

10 4

Fuel Command
About 0.41% reduced through all load

s TOOoT SOuT Ly |

POWER _[kw]
N

FOC

reduction % % % %

A17 All | AO0.8 | AO0.7

Copyright © 2018 DIESEL UNITED, LTD. All Rights Reserved.

/EX.Z) Cylinder oil feed rate according to\ /Scav. temperature

CMAXS LC-A's recommendation according to CMAXS LC-

A’'s recommendation

Condition of piston running behavior

Good

| . We expects about 1%

. —— !"L‘uﬁ’ lana FOC reduction by 10
30300.9 0700.9 009 31300.9 327

degreeC lower scav.

N Temperature.

W0S M09 WS %009 / k J

21 DIESEL UNITED, LT%



Minimization of lifecycle cost ClassNK IHI Group
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- G Minimization of operation cost
iy : . ood R : :
Condition diagnosis — Optimization of maintenance interval
%? Optimization of operation settings
Not good Optlm!zatlon of o_peratlnq condition
» Reduction of operating load
Maintenance work will be done at earlier timing

v II |

Prevention of secondary damage YT
and severe incident. aximization of litetime

Minimization of life cycle cost [«

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 22 DIESEL UNITED, LTD.
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5. CMAXS LC-A program
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CMAXS LC-A program

Vessel A
. CMAXS LC-A
[ Machinery A ]
- Condition diagnosis
[ Machinery B Abnormality detection
- Trouble shooting
[ Machinery C ] Maintenance Plan
\- ~ —/
I~ \

Ship owner
Ship management company

DATA BASE
(Operated by NKCS)

ClassNK

R&D PRODJECT

Vessel B

[ Machinery A }

~

CMAXS LC-A

[ Machinery D }

[ Machinery E ]

Condition diagnosis
Abnormality detection

Maintenance Plan
- J

Trouble shooting

J

IHI Grour

Realize your dreams

CMAXS LC-A

101y

Machinery A maker

Machinery B maker

Machinery C maker

Machinery D maker

\\

Support by each maker’s engineer

« Established customer support scheme by each maker

* Provided high quality support

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved.
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CMAXS LC-A program ClassNK THI croup
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History of CMAXS LC-A }

~

~

2010 : LC-A was developed by DIESEL UNITED,LTD. and installed for field test.
2011 : LC-A was released from DIESEL UNITED,LTD. officially.

2013 : Integrated IBM ANACONDA to LC-A under ClassNK's strong support.
Then it evolved to CMAXS LC-A and start field testing on eight vessels.

\_ 2015 : All systems for CMAXS LC-A program is prepared, and it launched. Y,

 We have more than 5 years experiences.

 More than 30 vessels apply the system, already.

Copyright © 2018 DIESEL UNITED, LTD. All Rights Reserved. 25 DIESEL UNITED, LTD.



CMAXS LC-A program ClassNK  IHIrour

Evolution cycle

/ Install, update \

User’s benefit Evolution Experience

_ ) ]
{ e BT
WG A S
- LF e W — c
seat = '
B o d _ | | .
Fodlll | | e
I i
< LIV 3 405 R009 BI0S 60008 64008

Make it to

Artificial intelligence

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 26 DIESEL UNITED, LTD.
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6. Sensors from now
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Sensors from now ClassNK roar L GROUP

[ Additional information will accelerate the cycle. J

Install, update

Sensors \X

Measurement point and item will increase. Experience

g =~

L 1

0
409 003 403 RS BO0S  6N0S G4

@\ —2s

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 28 DIESEL UNITED, LTD.
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Example of valuable sensor (TF-Detector) ~ ClassNK  THIewove

On line type “TF-Detector can measure iron powder contents with high resolution.
When “TF-Detector” apply to cylinder drain oil monitoring, piston ring sliding
condition can be monitored continuously.

/\/
Cylinder liner ‘
\\ /

Online TF-Detector

)

Cylinder drain oil 2
collecting pipe

y Automatic valve for
’ periodical drain out

TF-Detector is co-developed by DIESEL UNITED and MEIYO Electric.
Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 29 DIESEL UNITED, LTD.



Example of valuable sensor (TF-Detector) ClassNIK ~  THI croue
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Iron powder consistency directory related piston ring sliding condition.
Other monitoring method can not be indicated so clearly, even if big data analysis algorism is applied.

100

0 . Eng. Speed

L S B St S

{min-1)

AQ b

e T ST SRR SR

0
260

= 20 - Cylinder liner wall temperature
220 adopiaba kA oot kb b o h gkt i

600
" sso - lron powder contents T T e Fange T
%0 (Online® TF-Detector) |
450 S | SR S, SSUH" N S, AT—— (ST, & A, N 1 G TN | [ < A" SU—. J— . F— | — . i ——" A— % ﬁ......_i ..............................
It is very interesting data for engineer. But

it is not enough for user.

S

We have to show scheme to produce
additional benefit for user.

Periodical drain out —
DIESEL UNITED, LTD.
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Example of visualization ClassNK IHIGuove

Glass window

Cylinde liner

Piston crown

The diagnosis should apply not only
numeric data but also visual data.

£

i
Piston rings

* Power supply for wiper and
strobe scope

» Display

» Timing cntroler

Engine load : 85%

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 31 DIESEL UNITED, LTD.
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7. Conclusion
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Conclusion ClassNK  IHIcrow
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1. We have established total support system by
combination of machine learning and engineering
know-how with unique approach.

2. CMAXS'’s scheme drives continuous evolution of
algorism, parameter and contents with every parties.

part of the ClassNK Joint R&D for Industry Program.

R&D PROUJE T

{ C|aSSNK This project was carried out with the strong support of ClassNK as }
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Thank you for your attention.
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