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B Much more energy consumed due to the increasing number of vehicles
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> Energy demand is increasing
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Background

B Emission is more serious and regulations is more strict
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B Emission reduction is urgent, especially the NOx
w Affertreatment = ==06 o e e m e e e e - a
HC |:> —system I Trends in NOx emissions in some countries from I
(#11.7%) DOC | 2000 to 2016 |
) (I ‘
Cal co |:> I : Photochemical Smog
Emissions _ (+48.3%) | / | .
[ & N N N N § § § § § § § | “400 I
from heavy -i' | 5. |
’ NOx E — T T e |
duty vehicles  [I| o, |2 | SCR | EL ! = -
l_‘—“_ ——— I _! : . I Methemoglobinemia
—— g I
ﬁ I o
PM 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 I
(#10.4%) E> DPF : ——China —the USA Russia ——Australia —the UK |




Background

B Connectivity brings more data

B Predictive Control is the best fit for powertrain with connectivity
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Predictive Powertrain Control with Connectivity

B Predictive Powertrain Control
Connectivity Information Predictive Energy-Saving Control (PESC)
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Predictive Energy-Saving Control
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Predictive Powertrain Control with Connectivity

B Tianlong Qijian Heavy-
Duty Truck @Dongfeng

Vehicle mass
Transmissioneff.
Max engine torq.
Frontal area

Air drag co.

Tire radius
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B Scenario #1
Available data:

* Road Slope

* Road Curvature

« Speed Limit

« Desired Speed: 80km/h
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Predictive Powertrain Control with Connectivity

B Powertrain Model B SCR Model
> Drivetrain longitudinal dynamics > Chemical reaction rate within SCR
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Predictive Powertrain Control with Connectivity

B Optimal Control Problem for PESC B Optimal Control Problem for SCR
> Objective Function > Objective Function
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Predictive Powertrain Control with Connectivity

B Numerical Solution of Optimization Problems {1(0),x(0)}= u(0)= {2®), xQ)}= u(®) = ---
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Given the initial value of a covariate A(0) , the corresponding terminal value of the covariate A(N) can be
obtained along the necessary conditions and the optimal control law. The optimal problem is transformed into a
problem of solving equations by finding the optimal initial covariates A(0) that satisfy the terminal necessar

conditions *



Predictive Powertrain Control with Connectivity

B Consider 5 Combinations of Control Schemes

Without connectivity
Only tracking the desired velocity

Have access to information via connectivity
Consider both fuel saving and speed tracking
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Predictive Powertrain Control with Connectivity

u Slmulcmon Results of Scenario #1
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Predictive Powertrain Control with Connectivity

B Simulation Results of Scenario #1 Total NOx | Urea Consumption
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Predictive Powertrain Control with Connectivity

B Simulation Results of Scenario #2

> Energy Saving » Original Emission Reduction
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Predictive Powertrain Control with Connectivity

B Simulation Results of Scenario #2 Total NOx | Urea Consumption
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§ 1000 - ! ' | | e BCwILSCRC 4 BC + SCRC = 217.07
& — === PESC+SCRC
28 == =PESC+PSCRC
S E s : _ PESC + SCRC | 7.68% 218.07
O : . 3 H
Z : i
0 200 400 600 800 1000 1200 1400 Controller Total NOx | Urea Consumption
: | | | | | | (9) (9)
2 6r _
FE PESC + SCRC : 218.07
: PESC +PSCRC | 22.98% 217.07
0 200 400 600 800 1000 1200 1400
g 2000 F | | ! Controller Total NOx | Urea Consump'l'ion
£z (9) (),
5 21000 |
g = AL BC + SCRC - 217.07
g Oo | 200 400 600 80 1000 1200 1400 PESC + PSCRC | 28 9% 217.07
Time [s] :



Conclusions

B What can powertrain control do with the connectivity?
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“More Information via V2X
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Well-established Theory
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Application of advanced control algorithm e.g. MPC is possible
Safer, more energy efficient, more environmentally friendly,
more comfor"rable

* Predictive energy management for HEVs . Pr'edlc’nve emission control for trucks..
* Predictive battery management
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