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WP6: Model-based Control and Operation Optimization

Engine control and optimization L. Receiver: Pressure

* Development of physical-based models

for Model-based engine control

Signal
Model
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* Numerical problems with TC model solved

t [sec]
* Reduction of free coefficients (~100 -> 10) 2. Receiver: Temperature
e Polynomial approach for combustion model (2"
and 4t Order) including identification done
* Feasibility study concerning optimal control done .
ignal
Model
0 5IO 1ll}0 1I50 200
* Parameter identification will be done based on teecl
EngineISpeed
thermodynamic calculation results
* Validation of conventional vs. MPC controller will
be done by Simulation
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WP6: Model-based Control and Operation Optimization

Engine control and optimization

* Low load operation with cylinder cut out (static &
dynamic) investigation was finalized
e Dynamic cylinder cut-out sequences are based on

torsional vibration calculations

* Furthermore the operating range of different cut-

number of cylinders cut-out

out numbers based on air/fuel ratio has been
defined (1,2 or 3 cut-out cylinders)

* Simulation results of cylinder cut out are very
promising (at dedicated load points).
» NOx reduction up to 49%
» Increase of the brake efficiency about 4%

normalized
NO emissions [g/kWh/g/kWh, ]
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WP6: Model-based Control and Operation Optimization

Engine control and optimization

= ,
PRV

* MilL environment for control development — J 8

available

* Feasibility study concerning timing behavior and
latencies of control system and fuel injection de-

/activation has been performed on Hil test bench g
e Control implementation for different cut out
scenarios (static, dynamic, amount of cylinders, ..)

COMPRESSOR TURBINE

are ongoing

\A®

 SCR model (pipe, vaporizer, reactor) developed

CBV

and validation have been finalized 1 s
* Incorporation of different controllable valves of Radas
the SCR string (RBV, RTV, CBV) in the engine gg_& 5 Wg@g 5 g V2
model 38 vi| 5 loeEs rv |8
* SCR model integrated in full engine model 6@
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WP6: Model-based Control and Operation Optimization

Engine control and optimization

Perh [I’zl}

Validation of full engine model ongoing {.w; s e s Y s s et s
Propeller load estimation in order to simulate

500 1000 1500 2000

2500 3000 3500 ! 500 1000 1500 2000 2500 3000 3500
4

complex vessel acceleration or deceleration
scenarios (i.e. crash stop) was done
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Standard maneuvering loading cycle was defined = ﬁ
EGR model was designed to simulate low load O A T o %08 1 G 0 0 W ot
operation 6§ i Y o 6
time [s] time [s]
Validation and improvement of the modelwith
. — JEGR! Exhaust
real life data finished NP\ R ™
Low load operation = investigation of vessel load comater | Comater [T Y 9 @ @@ XD
profiles (e.g. approaching the harbor) ot
Developement of the control has been done on e
Scaling

the model and will be tested on the vessel

"I Injector

RPM Index |
Controller Limiter J

EGR control implementation in the production
SW already started

HERCULES-2 5 PTB Meeting, 10 May 2017, Zurich



WP6: Model-based Control and Operation Optimization

Engine control and optimization

Development of a retrofit solution for continuous
engine performance optimization for mechanical
controlled engines

Electronically controlled actuator for fuel
injection

Prototype sample designed, produced and
available

Validation of prototype actuator on test rig and a
vessel have been done

Concept study of integration into PMI-System has
been performed

WP 6.5 no vessel for integrated system available

» Upgrading of actuator for fuel injection not

sufficient due to significant drop in fuel oil price

v
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WP6: Model-based Control and Operation Optimization

Engine control and optimization i
o)
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* Simulation tool for investigation of different e T BDC
injection positions was built up .
* Investigation of lube oil distribution and ol o okt rtatons t =0 REM

After 3 crankshaft rotations at N=70 RPM | |
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consumption at different speeds have been
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* Next step will be to validate the simulation results

o
L=
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by test bed measurements

* Reciprocating test rig which was built up in
HERCULES A/B projects will be used for
measuring the oil film build-up in the piston ring /
cylinder liner contact. The distance measurement
will be carried out utilizing LIF-technique.
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WP6: Model-based Control and Operation Optimization

Data Stream

Remote monitoring & software distribution
* Development of tailored subspace-search method
finished Oy

) Basic Change Change Correlation
e Quality of subspace search was analyzed | | summary

No Change

* Investigation of data compression technique with ]
¥

Computation

the help of the tailored subspace-search method

Keep old Return New

by generate synthetic Gaussian data (=control Subspaces Subspaces
defined subspaces). E

* Definition of different engine states for improved :
subspace-search results ;] .

* Investigations in a change-detection method are
started.
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