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Demands of the exhaust gas legislation

High speed Diesel engines from 75kW to 10.000kW

../ | Propulsion & Power Generation (.| i
Marine & Offshore Governmental C&l, Agriculture Rail, Mining, Power Generation
Underground Mining Oil & Gas
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Demands of the exhaust gas legislation

Stationary emission cycles

Power Gen Rail Const. & Industr. Agriculture

ISO 8178-4 D2- cycle ISO 8178-4 F- cycle ISO 8178-4 C1- cycle (& NRTC <560kW)
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US EPA-emission standards

for achievement mobile applications (C&l)
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Consequence of the exhaust gas legislation

The risen demands leads to
new challanges for:
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Methodology

Which infrastructure is required?

For the coping of future application duties design of experiment (DoE) is introduced to
MTU since 2008 toward the following workflow.

DoE-Plan

Measuring

Rawdata -
analysis

Modeling

¢

Optimisation

Map- Testbed
calculation| verification

—> Build up of methodical competence

Result

- Establishment of the technical requirements to maximize the level of automation
with the measurement
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Methodology

Which infrastructure is required?
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Methodology

Which infrastructure is required?

ASAP1b
INCA indication I/Q emission fuel consum. dyno
Devices measurement 'measurement controller
& }
(Q Testbed system CAMEO
* _ ASAMACI _
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Introduction of DoE and CAMEO

>

Stage |l
Semi-automatic-mode

Phases of the DoE introduction

2008 2009 2010
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Introduction of DoE and CAMEO

A Build up of methodical competence
- Intern oE methodology
and t

easy examples from
daily business (offline)

Phases of the DoE introduction

2008 2009

2010
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Introduction of DoE and CAMEO

- A Build up of methodical competence
2 - Intern oE methodology
© and t
3 - Apply easy examples from
ié. daily business (offline)
% Maximize the level of automation
&) - Minimize aximize the testbed
b= me
“ - Automati of drivability limits
o . T .
" - Automatic reaction at limit violation
7
©
e
o
4>
2008 2009 2010
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Introduction of DoE and CAMEO

- since 2009 first ETK-ECUs linked with INCA at the most modern testbed
A generation for Online DoE use

- Preparation of the older testbeds for online calibration was completed
end of 2009

Stage |l
Semi-automatic-mode

- classical testbed systems at the MTU test field still operates offline
- manual coupling between Cameo and testbed with a special interface
- optimized use by manually operated Cameo with Matlab supplement
(e.g., Turbocharger model for single cylinder engine)

2008 2009 2010
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Introduction of DoE and CAMEO

>

Phases of the DoE introduction

- Stage Il since middle of 2010

- Goal: entire auto the MTU developing test
field and expansi r circle of the DoE method

- Result:
v" new generation of C&I engines for EPA Tier4 with up to 10 degrees
of freedom are calibrated with the new DoE workflow

v' Automated timum in testbed efficiency up to the
unmanned l
v In 2014 approx. eo driving programs are operated

overnight and at weekends unmanned.

4>

2008 2009 2010
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Use and improvement of CAMEO

Cameo as part of the daily calibration and automation business

* increasing acceptance - use of Cameo increases

* Increasing knowledge - higher demands for the driving programs

« Cameo experts - DoE schedule, Driving programs and evaluations
« Cameo administration - local databases

Some Knowledge from the day business

« While evaluation it was recognized that with some uses the expected optima lay
beyond the measured test rooms

» the use of local databases often complicated the access to existing driving
programs

« There are special tasks, which cannot be realized with Cameo standard functions

veIopmént inrMotion | Dr. S.C.Fritz | 19.11.2014 H.




Use and improvement of CAMEO

Everything can be still made better than it is!!!

» find out what works fine, what not

 find optimization potential for
» test program management and administration
> larger design spaces

o are there tasks which cannot covered with standard Cameo?

-2 Improve Cameo and DoE for special MTU tasks.
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Use and improvement of CAMEO

Phases of the DoE introduction

>

Stage V
strategy & methods

2012

2014

2016
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Use and improvement of CAMEO

Requirements from daily business
- central database for driving programs and evaluations

>

- development of ne tegies to realize larger design spaces

maintaining good model quality
- enlarge Cameo cific MTU needs
- use Cameo models in different applications (e.g. Matlab)

- use global models instead of local models

Phases of the DoE introduction

2012 2014 2016
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Use and improvement of CAMEO

>

introduction special MTU procedures

Goal: Make test runs faster, more stable and more flexible
- Choice of correct actuating variable

- Optimized Limit reactions

Stage V
strategy & methods

- new methods to enlarge the feasible design space
- fragmentation of the variation vector

- s-optimal design for global modelling

- MATLAB as an enlargement for CAMEO

Phases of the DoE introduction

2012 2014 2016
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Use and improvement of CAMEO

Separate development and test of new strategies or methods from the testbed

>

Goal: Reduce costs, ti
development al
test surrounding and reduce the needed
testbed time to an minimum

Requirements for a virtual test surrounding

» check of the program logic and functionality

* check interaction wi nd calibration system
» check the reacti and ECU behavior

Phases of the DoE introduction

2012 2014 2016
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Virtual test surrounding

Solution 1

behavior

Structure Solution 1

NRTSim
& .
compiled

models

To evaluate easy driving programs, strategies and functionality during Cameo
runtime, easy data models (local or global) can be used to represent the engine

With NRTSIM or iDoE models from Matlab-
Simulink can be provided and use with
Cameo during runtime

Usually existing Cameo models are used

The models must be compiled in Matlab
accordingly

To provide the compiled Simulink models
Matlab realtime workshop is required

PSPy TETT
?_‘;_, LHNER
A CAS R
X 3
e
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Virtual test surrounding

Solution 2

For the evaluation of more complexe applications which do not need ECU response
during Cameo runtime, we also can use easy data models as “engine model”

Structure Solution 2  With the formula device or with ArteLab models can
be provided to the Puma-Simulator and use with

INCA <« Cameo during runtime
iasap3 TCP

Puma Open » Usually existing Cameo polynomial models are used

Model as formula device * For ArteLab the models must be compiled in Matlab
accordingly

* To provide the compiled Simulink models Matlab
realtime workshop is required

For the evaluation of driving programs with direct interaction to the testbed system,
this kind of virtual test surroundings is at least necessary.
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Virtual test surrounding

Full virtual testbed

Structure Solution 3 — Full virtual testbed

Simulation PC Puma Open
MALAB Simulink T el
Engine model -
g Asap3Slave [« asap3
AVL-ExSim 4

* Engine and ECU model is performed at a special simulation PC in Simulink

during Cameo runtime
* The communication between ECU and INCA needs INCA-SIP Interface

« The communication between Engine and Puma needs ExSim-Interface

If we need the real engine and ECU behavior during Cameo runtime this kind of
test surrounding is needed for evaluation

- Direct transferability of the Simulation to the testbed
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Example & Results

Comparison of variants with different local restrictions

ISO 8178-4 D2 cycle

A 1 E!
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NOx [g/kWh]

Rail pressure AbObar Begin of injection A1°KW
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Example & Results

Comparison of variants with different local restrictions

1ISO 8178-4 D2 cycle Operatingpoint D2_1 (100% pme)
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S : =
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& 0.75 © 25% .
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Effect of decreasing charge air
temperature by 10% in the full
load point during D2
cycle optimization

NOx [g/kWh]

Rail pressure AbObar Begin of injection A1°KW
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Example & Results

Comparison of variants with different local restrictions

ISO 8178-4 D2 cycle

percentage quotation

D2 cycle optimisation

b, -3%
NOx 0%
HC 2%
PM -13%

T5 [°C] b, [g/kWh]

NOx [g/kWh]

Operatingpoint D2_1 (100% pme)

Rail pressure AbObar Begin of injection A1°KW
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Example - Stage Il

IMO-cycle optimisation at 20VBR8000M71L

* IMO certification by EPA for E2-cycle (generator ; i I aa
curve) and the E3-cycle (propeller curve) 25\

 each cycle is built up of 4 operating points at
which the full load point is same for both cycles
and must be measured, hence, only once.

* Measuring time per operating point = 3 to 4h |
B,, = 1720kg/h = 2020l/h (b, = 189g/kWh)

—> the DoE method approx. saved 15 hours of testing compared with the
conventional “hand made” calibration.

- With a consumption of approx. 2000l/h arises a saving potential of
approx. 30000€

el |
Fonoel
|
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Summary
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New ways demand
new methods!
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