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Introduction: 4th Industrial Revolution

15t Industrial Revolution
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Introduction: Digital Twin Concept

Predicted Digital Twin is the combination of real-time data
States

and a mapping of system behavior which g
o

continuously coexists with its physical counterpart gl 8
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Introduction: Digital Twin Ecosystem
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Introduction: Digital Twin Focus
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Anomaly Detection

Digital Twin
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Optimization: Operation Efficiency

Simulation
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Optimization: Cyber-Physical System

Digital Twin

Digital Twin Instance

Marine

| Diesel
ll Engine
Simulator

Design / Operation Propulsion System
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Engine Modelling for Digital Twin

O Cycle-Mean Value (CMV)

Engine Model Engine Model
Air Fuel Exh.Ga Y . dm_f doQ_f
—— T ¢ —~—— . y dm_in, dQ_in dm ez, 4Q %—
Ta § ol S _Ta > L\ Per To, Ve, me, @
—— .. R s H / 7 WOV G4 a0 MG
Cooler Cylinder Turbine at;w/_:: /6 T |
Compressor | R S :
! ldWc=Pc dve
> The engine is a series connection of »> The engine is a ‘set of intermittently
throttles connected control volumes.

» The energy and mass conservation laws are

> Continuous flow of air and exh. gases resolved at every degree of the crank-angle

through the throttles
» Combustion is represented by the

phenomenological model of a heat release
rate (Wiebe function)

L I

» Combustion is considered as a cycle-
averaged enthalpy increment

~ N Fast Execution and . ®
» Slow Execution and 960
.« . . -
Mv Limited Information In-depth Information r.sl?/lgl
MPAT
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Engine Modelling for Digital Twin

Fast Execution
of CMV Model

Compressor > Precise calculation of combustion

for closed part of the cycle (from

» Continuous flow of air and
exh. gases through the

o

throttles z EVC to EVO)
. Combined-CMV Model ; I y
SRtk SN
~ Combined-CMV Model is a Good Candidate for the Digital Twin ‘N
2 ol d
MPAT NMRI
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Digital Twin Model Performance

» < ngn VVVVVVV
% = g
= - 40 2 <
E 3 A S
= - 35 A& &
S X @
= < O
< . 2 el : : : :
61 10 O O Experiment [ 2.5 200 T ______
= Simulation
o . . : : : :
4.8 . . . 2.0 100 . ; ; ;
30 50 70 90 110 SteadY'State Performance of 30 50 70 90 110
Load, % . . Load, %
T e S the Pl‘OtOfYPe engine 1S 12 :
i i i i . > 100%
= = = = m fairly-well. .
e A N B apped fairly-we ! I
L. I I I I 0.8 50% |
40%

=}

o

0
1
V
;
;
;
;
;
;
;
:
v
;
;
;
;
;
;
;
;
;
;
:
L
;
;
;
;
;
;
;
;
:
o
;
;
;
;
;
;
;
;
;
;
;
L
;
;
;
;
:

In cylinder pressure
(=} (=}
L (o)}
Z

AN

Specific Fuel Consumption (sfc), r.u

o 096 | | ! ! 02 —// — — Experiment | N
Y ; ; ; ; —— Simulation pp—
v 0.94 1 T 1 T 0 f f 1 .
M 30 50 70 90 110 320 340 360 380 400 420 ...
MPAT Load, % Crank Angle, deg NMRI

ENFRRAKEA BL-BE-MEHRARRR BLEERSHER



Digital Twin Model Performance
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Engine Modelling for Digital Twin

System Analysis R— 5

Ny & i -
ot
@Q@%% Unit Model
o s :
4
e ! \
Tu{‘oﬁ\ : :
1
I i Unit Model i
Air Cooleré : :
5 ' ‘
I
: [TTTTTT TS )
1 1 1 1
Qx | ! Parameters ! :
\ X | /
e L L e
O Every unit model is composed of a
set of algebraic equations and a set
of constant parameters. The last
has to be adapted to a particular
~ Y engine and condition. ‘N
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Concept of the Tracking Filter

The tracking filter is used to match continuously

the digital twin model with measured sensor

data from the real propulsion plant.
Tracking Filter

e
Monitored Data @17

from Real Space m ﬂ

RMS

Predicted Data T we e @0 TG00 1, 1400 1400 100
from Cyber Space - :

0.15— T
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a 200 400 600 800 1,000 1,200 1,400 1,600 1,800
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Example of the Track

> Air Cooler Unit Model:

Ts = T +HkicfTe — Tw)

» The Kalman Filter for Coefficients adaptation:

dz;
dt

X =Xiq+ H(Tsm - Tsp)’

)

<ing Filter

el

4 " Air Cooler: )
T., Ty T,
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\ ki Y,
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kic - kl + k2 Nie, < Nge

= 2(t) = Xo

- 2 = [klykZ]T

H - is the Kalman Filter Gain
TS* — measured temperature

Tsp — predicted temperature

k;. = f(G) — Function of mass flow
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Conclusions

The Digital Twin is the emerging technology in demand for the 4% Industrial
Revolution. The concept of Digital Twin provides in-depth information for better

decision making and also bring broad possibilities to the ship operation enhancement.

v" Concept of Digital Twin

e,&&c‘i‘ v' Engine Model - * Digital Twin
v' Cyber-Physical System 2‘;;35;‘;? * Operation
Efficiency

* Engine Model

* Intelligent
Monitoring

Collaborative Research

g/

* Intelligent

Control Monitorin
System . & ...
Maker * Operation :..
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