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Introduction

Performing fuel efficient accelerations is important due to environmental aspects. An ac­
celeration is a dynamic event, where the engine dynamics such as the turbocharger has to
be taken into account.

In previous works:

• A diesel engine model suitable for optimal control of the fuel injection and wastegate
was developed. [3]

• An optimal control problem setup for solving an acceleration mission while changing
gears was developed. [1]

In this work, a turbocharged diesel engine is used with a flexible drivelinemodel. The opti­
mal control for a fuel efficient acceleration is calculated and compared between a stiff and
a flexible driveline. [2]
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Figure 1: Schematic of a driveline where the control signals u and rotational speeds ω are
displayed. k and c are the lumped drive shaft stiffness and damping. [2]

Research Questions

• How is a fuel efficient acceleration with flexible driveshaft performed?

•What are the main characteristics of the controls during the acceleration?

• Does the flexible driveline representation change the time instant when gear changes
are made?

Chassis, driveline and engine models

The engine model used to examine the vehicle performance during an acceleration is de­
veloped in [3]. The engine is connected to a flexible driveline with a clutch, gearbox and
final drive. All the driveline flexibilities are lumped together according to Figure 1. The
spring and damper coefficients are estimated with data recorded from a truck, performing
an acceleration. To solve the optimal control problem of accelerating the truck, themethod
in [1] is used, but with an updated clutch torque transfer function and system constraints
to take the torsional state of the driveline into account. The traveling direction of the clutch
is also restricted during the clutch closing maneuver.

Results

The results show a slightly faster acceleration with the stiff driveshaft, but a slightly higher
fuel consumption using the flexible driveshaft. The engine air path dynamics are slower
than the driveline oscillations, this is seen in the fuel­to­air ratio plot where the engine is
smoke limited at the beginning of each gear. The general characteristics of the fuel injec­
tion profiles are similar between the two driveline representations.
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Figure 2: Fuel­to­air stoichiome­
try equivalence ratio during the ac­
celeration. Note that themaximum
stationary torque is not achieved
in next figure, even though the in­
jected fuel is at its maximum.
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Figure 3: Engine load points dur­
ing the acceleration. The oscilla­
tions in the driveline are visual.
Themaximum engine performance
is restricted by the air fuel ra­
tio λmin=1.3, maximum torque and
maximum power.
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] Figure 4: Calculation time and

fuel consumption in relation to the
number of control signal intervals
in the in gear phase. The flexible
driveshaft consumes slightly more
fuel than the stiff representation.
At 600 control Intervals the con­
sumed fuel of the flexible driveline
increase, probably due to a local op­
timum.

The knowledge of the results are valuable when deciding on themodel complexity for solv­
ing fuel optimal accelerations. The smoke limiter criterion in the enginemodel λmin ismore
dependent on the turbocharger dynamics during the acceleration, than the driveline oscil­
lations. If the exact fuel injection profile is of interest, it is advantageous to include the
flexible driveshaft in the model, to the cost of increased calculation time.
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Control Signals

0 2 4 6 8 10 12 14 16 18 20

Time [s]

0

0.5

1

W
a
s
te

g
a
te

 [
-] Stiff

Flexible

0 2 4 6 8 10 12 14 16 18 20

Time [s]

0

0.5

1

C
lu

tc
h
 [
-]

4

6

8

10

G
e
a
r 

[-
]

Figure 5: Control signals during
the acceleration for the both driv­
eline representations. The gear
shifts are occurring at approxi­
mately the same time instances, ex­
cept from the utilization of first
gear which is longer when using the
flexible driveline.

Conclusions

The results when comparing the fuel optimal control for the two driveline representations
show:

• The flexible driveline requires slightly more fuel to perform the acceleration than the
stiff driveline, since it also has a damping element dissipating energy in the system.

• The air­to­fuel ratio limit is the dominating property that restricts the fuel injection, at
the beginning of each up­shift, independent of driveline.

• The gear shifting patterns are similar for the two drivelines, with someminor differences
due to the oscillatory nature of the driveshaft dynamics.
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