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ENGINE CONTROL SOFTWARE DEVELOPMENT
_Co N C EPT SOFTWARE AND FUNCTIONS
= Software to control the complete powertrain system

»Includes: sensors and actuators needed for control strategies

= Typical control systems for large engines:

v' Rotational engine speed control v Monitoring and diagnosis
v Rail pressure control v' Emissions optimization
v' Boost pressure control v Consumption optimization
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CLOSED LOOP CONTROL
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| | 27 February 2015 |



©
AVL s
_Co N C E PT SOFTWARE AND FUNCTIONS

ENGINE CONTROL SOFTWARE DEVELOPMENT

Typical example for a large engine: rotational engine speed control
A lever sets an engine speed set point

The Engine Control Unit (ECU) functionality shall keep the engine
speed constant to the demand value

Input | ECU Control Functionality \ Output
~ Visualization

Engine speed

set point
| Speed
—_ Controller | Fuel mass

Engine speed

P
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Mayor software improvements over time allowing for: shorter
development time, reduce costs and increased quality

ENGINE CONTROL SOFTWARE DEVELOPMENT

MATLAB
| SIMULINK
el A

No test of requirements Open loop test
Manual code generation Manual code generation

Open loop test v
Graphical model overview
Need software experts @

Very time consuming
Poor overview
Need software experts

~70%

IR =

0% Time consuming 100% 0% Time consuming 100%
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ENGINE CONTROL SOFTWARE DEVELOPMENT

OVER TIME

MATLAB
SIMULINK
ek ZE

Open loop test

\

Auto code generation

* Open loop test v

« Graphical overview v

« Fast code generation. Code
generated without errors

~50%

i

100%

0% Time consuming
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MATLAB
| SIMULINK
+

AVL CRUISE M
Simulate anywhere.
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Simulate anywhere.

|

Auto code generation

Closed loop test v
Graphical overview v

Fast code generation. Code
generated without errors v

~30%

0%

Time consuming 100%
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NEW APPROACH: MODEL BASED DEVELOPMENT -

SOFTWARE AND FUNCTIONS

Working flow:

1. Development of software functions using a graphical programming
language (e.g. Simulink) according to the customer requirements

2. Test the software functions in Simulink using a virtual engine
model (closed loop test)

3. Generate C code and flash it into the ECU
4. Verification of software functions at engine test bench (closed loop test)

Input ECS Contro__lr Functionality Output
MATLAR Visualization

Enging speed SIMULINK

setpom Speed - |
: -l
’?4 Controller | Fuel mass |

e I
s

— 7_7_,‘;‘(_-*1—“"' S
T

Stimuli

Englne speed Engine \

_a AVL CRUISE Me———

Simulate anywhere.

Ll )
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NEW APPROACH: MODEL BASED DEVELOPMENT

q AVL CRUISE M Pty [IEENenOtd i i .
Simulate anywhere. L‘ﬂ =& e "gm Efﬂ ﬁﬁ g e " Detalled englne mOdeI .
e Crank angle resolution for
e mm B IEES cylinder and gas path
e ——— JI ay
[ ] - potfod . . .
[ = Innovative, numerically-
paat ! Camasnnlil-( ||| “ optimized approach and
- - advanced solver technology
. - flonls allows real-time capability

= Multiple applications of real-
time engine models in the
software development
process
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MODEL BASED DEVELOPMENT: PHASES

Model-in-the-Loop (MiL)

ECU concept
Functions and ECU development

22220001

Hardware-in-the-Loop (HIL)

ECU development
Pre-calibration, Monitoring, OBD
Hardware-Tests

22220001

Engine test bench

Verification
Refinement

22220001
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MODEL BASED DEVELOPMENT: PHASES

Model-in-the-Loop (Mil) el |« pmae——— .
Sl B | - . wnwnnn ~®d
ECU concept e S - - G
Functions and ECU development _— — r
| “\ Simulink
L e HCRUISE M

Operating System ECS -
Control Output Definition
v' Entire Simulink environment _‘ Functionality Visualization
v' Development of functions Input Sefinition

v" Virtual engine model interface

available for Simulink Stimuli : Functionality > -7Tn,
v" Closed loop test using virtual
engine models ' ’
Engine Model q AVL CRUISE M <

/Motor model 4

State of the Art:
No model or very simple model (mean model, map)

AVL-Proposal:
Physical Model (Cylinder and air path in CRK angle

\_resolution) J
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MODEL BASED DEVELOPMENT: PHASES SOFTWARE AND FUNCTIONS

Hardware-in-the-Loop (HilL)

= ECU development
= Pre-calibration, Monitoring, OBD
= Hardware-Tests

22220001

| AVL
AVL XilL. STATION™ !

Leverage the Model Based Approach in
Developmet &‘ussl
uehifzi k pet range of expertise
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 Higher maturity of engine
control achieved earlier in
the development

Concept —

Validation

 No risk of engine-
component damage in MiL
& HiL environment

Model-in-the-Loop (MiL)
Software-in-the-Loop (SiL)

Hardware-in-the-Loop (HiL)

i B — - Pre-calibration and
P i P Engine Test ) i
/- SHEET validation of control
=T functionality are developed
=y — o, in MiL & HiL environment
W _g &
i — P - Model based software
e development saves time
& & O i
Project Con_cgpt ECS H_ardware First Engine Start SOP and money and Improves
Start Decision Available quality Of the Software
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= Motor type (~ 1 MW per Cyl.)
Bore > 300 mm

= Dual Fuel (Diesel, Gas)

= One stage turbo with
wastegate

= Motor bypass and compressor
bypass valve developed for fine
A-control

= Variable valve timing

= (Generator operation, ship
propulsion
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MODEL BASED DEVELOPMENT: EXAMPLE SOFTWARE AND FUNCTIONS

O
Building the model

= | BOOST RT - Example_Mil_Test_v04 - Case 1 of Case Set 1 o B #
Programs File Edit Model Simulation Opfimizstion Options LUtilities Help
AT R, @ (o~ Kk [C/AROO®AL (> B
DLJ oK P P - 1 el Parameter Values
233.186/319.264 [mm]

Elements | Model |

E} i —
& Eg::i:e Fuel Tank 1 Fuel Tank 2
1 W Cyinaer GM 15: CompBypass_FlowCoeff F U e | S U p p | y
3 rot GM 16: Compﬁynass Angle Re 5 Comfilt 1
& Engine GM & RedFC (GaS & Dlesel)

4§ sumagate Engine
=i Boundaries

& Ambient
=i Transfer

& Restriction

Wl Air Cleaner Ro 4: ot

Chargmg &

i Mass Flow
#11 Heat Transfer I -Off Valve = HI 3. Piston
& Catalyst Core I n te rCO O I n g =
& Fan SW 2: Head

= votmes S 2 TurbochargliShat lowOR_FlowCoeff 1

& Plenum
— Solid Wall
i Fuel Tank
g: Wall Film Sh 3: Turbocharge
) Catalyst Substrate

=+ Charging
' Compressor
L5 Turbing

=g Mechanical
st S~
% Single Ralio Transmission i
5 Mechanical Consumer |
] CRUISE Madal

Brake,

Fn 16: Torgu

Mass Flow 1

SW 4: Piston

Bexternal Ioad

Fn 13 Torque

Engine 1

HT 2 Head
[ — e

I —
(owOF_Angle Sy 7 Liner L

1 HT 1: Lines
[ _
Fn 4: WallTemperature

SAT 1: Transmissiofli F1 1: EngineLoad

GM 10

2 oo

Fn 11: FMEP GM 14: FMEF_Diesel

Fn 10: IMEP

Po 2: ExhaustPort

Cylinder & Motor (Wall heat

VVT control

Solid Wall

- Turbne !GTZ IntakeVahvelif

transfer, combustion i S

= Sumogate Model

5 Map of Tables Air path (InCI-

- . ¥ G MaT 3: ExhaustValvel
characteristics, valve lift, flow CF ) 6

Fn 9 VWWT_Control Cn 3: NOxModel

§ Wastegate, characteristics, moment of Gw

i vonte | inertia...
L Compressor-BypasS g —— war ) Variable valve g

i Intertaces Fn 12: DieselGas

8 crace Lnd Motor-Bypass | timing

dS DSpace Interface
E Etas Interface Fn 15: Calculation

Fn 7. T
B Opal-RT Interface i mer
K v vedistand Interface Timer
4\ Matiab DLL Interface Fn 2 FuslSwitch

L femace 1

41 Mattab APY Interface Cn 2- Engina_Commands Switch(Gas & Diesel)

& Flowmaster Interface : . -

o User-Defined Elemnent ~ll[« | j
E\_Projekte’\_BOOST_RTV18_AVL AST 2012 -+ _BRT_Beispiel_MiL\boosTExample_Mil_Test w04 brt loaded!
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O

Software development

ECS Control Functionality Plant Model

Engine speed

set point Speed Fuel mass 1 >
Controller T Srii S

l Lambda
Lambda Boost pressure Waste gate
set point P set point Boost >

Boost Pressure

Demand Bypass valve Boost pressure
- Controller

T

Operating point y
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Closed loop test (HiL)

Load is constant (100%)
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O

Closed loop test (HilL)

Load is constant (100%)
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CONCLU SIONS SOFTWARE AND FUNCTIONS

= Model based software development saves time and money and
improves software quality

= Innovative, physical real-time engine models (simulation in crank
angle resolution, 0D gas dynamics) allow the observation of various
motor phenomena that can not be considered with mean value models
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