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1. Diesel engine control based on structure-borne sensor signals
2. Annoying Diesel noise: Measurement and consideration for control

3. Optimization of the Diesel grade (“Dieselnote” - DN)

26.06.2018



Research Aims

1. Estimation of combustion features (p,,; , 0 and a50) based on
structure-borne noise
- Virtual Pressure Sensor

2. Prediction of airborne noise based on structure-borne noise
- Virtual Noise Sensor

3. Optimization of the Diesel grade according to the annoying Diesel
noise with constraints
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Engine Test Bench
Schematic Structure
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» Acoustic test bench with sound-absorbing walls and exhaust gas measurement system
* 4 cylinder Diesel engine with common rail system

» 17 structure-borne noise sensors (1D & 3D), 4 microphones, 4 pressure sensors with indicating system s
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Experimental Setup in Magdeburg ¥,
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Virtual Pressure Sensor

Aim: Estimation of combustion features (p,,,; , Dq, @Nd @ 50) based on
structure-borne noise

« Coherence analysis between structure-borne noise signals and pressure
signals - best sensor position
« Correlation analysis between position features and pressure characteristics
* Regression analysis to estimate the combustion characteristics
A50 P @NA P, With structure-borne noise signals

* Regression models of combustion characteristics with Virtual Pressure Sensor
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Virtual Pressure Sensor
Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)

Adapted operating point: 1750 rom / 100 Nm, rail pressure = 865 bar, main injection duration = 721 us

500_1 ........ | |.. ..................... | .......... | Sr———— :....| .............. { ..................... _Iinj 25
— ookl NI N : NG S 112.5 T2
- : : ' \/ v w— Ty s . | P
= 950 B B[\ L : ........... S TR 0 1 S 51| RPN A ———c0] 125 .-
500k " B T o B I foe e - O] H_25
0 1 2 3 4 S B
22 i I | : 60
I
19L E .................................................................. .........................
I ?
16 - E ........................................................... ........................... 55
| -
— 13 : %
E— : 11502
« 10 : ..... : é
-t 4 ‘
' 4 :
7r._... : .................. P
1 '
4 _\h--lh - -——'— -: ------- ﬂ-
1 QY ) ?
1 1 | i
0 1 2 3 4 5 6

26.06.2018 t [TJ?.S]



Virtual Pressure Sensor
Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)

Engine operating point: 1750 rom / 100 Nm, rail pressure = 865 bar, main injection duration = 721 us
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Virtual Pressure Sensor
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Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)
Start of main injection (SOI,;)) = 11°BTDC
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Virtual Pressure Sensor
Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)
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Virtual Pressure Sensor
Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)
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Start of main injection (SO1 ;) = 7 °BTDC
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Virtual Pressure Sensor
Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)

Start of main injection (SOI,,;) = 5°BTDC
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Virtual Pressure Sensor
Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)

Start of main injection (SOI, ;) = 3°BTDC
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Virtual Pressure Sensor
Smoothed-Pseudo-Wigner-Ville Analysis (SPWYV)
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Start of main injection (SO1,,,) = 1°BTDC
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Virtual Pressure Sensor
Modeling

injector

W, % » detection of o, ECU
0.5- 1.5 kHz 1 l Datagcy

regression analysis

Y

666150 = f ((Xmax,DataE(;U)
Pmi = [ (Cmax, Datagcy)
ﬁmax = f(amaanataECU)

Polynomial Models:
aqSO — fl (aKSmax' SOIpi' SOI‘mi' Atpi’ n, pRail)
ﬁmi — fZ (aKSmax' SOIpi' SOImi' Atpi' n, pRail) 16
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Cylinder Selective Control
Schematic Diagram Control Structure
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Virtual Noise Sensor
Diesel Grade

Aim: Prediction of air-borne noise based on
structure-borne noise

* Correlation analysis between air-borne noise and structure-borne noise
* Regression analysis to estimate the Diesel grade

» Regression model of the Diesel grade

18



OTTO VON GUERICKE

g%l ¥ UNIVERSITAT
2.7 MAGDEBURG

Virtual Noise Sensor
Modeling

injector
Data
ECU ECU 1
Lspns = fL(a) Loy = fi,y (Lsens, Datagcy)
e —~
sensor Mspns = fM (a) Mpy = fMDN (MSBNS)DataECU)
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Cylinder Selective Control
Schematic Diagram Control Structure
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Cylinder Selective Control
Step Responses p,,.-Control
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Optimized Diesel Grade Control
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 Significant correlations between the diesel grade and the pollutant emissions as
well as the specific fuel consumption

« Optimization potential with regard to the target conflict between pollutant
emissions, fuel consumption and noise emission is given
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Optimized Diesel Grade Control
Iterative Gradient Algorithm — Step 1: Initialisation

o
(&)
/

Diesel Grade
ik
au o
f /

23
26.06.2018



OTTO VON GUERICKE

Optimized Diesel Grade Control
lterative Gradient Algorithm — Step 2: Gradient descend method — variation of SO1
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Optimized Diesel Grade Control
lterative Gradient Algorithm — Step 3: Gradient descend method — variation of q,,,
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Conclusion and Outlook

Results:
* Coherence analysis

» Virtual Sensors for Diesel grade, a5, and p,,
» Cylinder selective noise controlled Diesel engine management

« Optimization of the Diesel grade with regard of emissions and fuel consumptions

Open points:
* Model improvement by additional signals: e.g. speed signal

 Full variable injection

« Transferability to Gasoline Engine
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