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Preface

The Third IFAC Workshop ADVANCES IN AUTOMOTIVE CONTROL took place in
Karlsruhe, Germany during 28-30 March 2001. This Workshop follows the first two very
successful meetings: the 1995 meeting held in Ancona, Switzerland and the 1998 meeting
held in the Mohican State Park, Ohio, USA.

As the subject indicates, the aim of this workshop was to discuss not only the latest
advances related to motor vehicles, but also, and more generally, to exchange ideas
between academic partners, car-manufacturers and subcontractors. No doubt plenary
lectures are of great importance and the thematic sessions in the different sectors are the
essence of such workshops. However, the discussions between experts in the different
fields, the meetings between people from industry, universities and public or private
laboratories, as well as the resulting exchange of ideas, are as important.

Research is often criticized for providing merely theoretical results and for the insufficient
number of its applications. The motor vehicle offers a wide field of applications in which we
can validate all techniques, tools and methods. This allows us to be involved in all the areas
of fundamental research, in all the different possible approaches from fundamental research
to technology transfer, and to observe the actual effects of our results.

The increase in road traffic was a major problem of the past XXth century. It is clear that one
of the challenges of the XXlst century will be to improve driving safety and comfort. The
sessions in the Proceedings volume are divided as follows:

Driveline control

Driveline modelling

Vehicle dynamics (I and Il)

Electronic architecture

Intelligent components

Engine control (I and II)

Diagnostics

Subsystems

Engine modelling

Modelling of combustion and turbo-charging

The quality of the papers and the diversity of their origins clearly show the interest that we all
take in this key sector of our research and industry.

We wish to thank all the authors for their papers. We also wish to thank our colleagues from
IPC for organizing the different sessions and crossed reviews, which are proof of quality
within our community. We are particularly grateful to Professor Kiencke's team of the
National Organizing Committee, and Mrs Koffler in particular, for their excellent
preparatory arrangements and for the practical organization of this workshop. We gratefully
acknowledge VDI/VDE-GMA and Mrs Ringelmann in particular for their support without
which this workshop could not have been held.

We also recognize the support, financial and otherwise, of IFAC, the University of Karlsruhe
and Dspace in making this Workshop possible and so successful.

Gérard L. Gissinger
Uwe Kiencke
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DIESEL-ENGINE SPEED CONTROL WITH HANDLING OF
DRIVELINE RESONANCES

Magnus Petterssoni and Lars Nielsenf

tVehicular Systems, Linképing University

SE-581 83 Linképing

1SCANIA AB
SE-151 87 Sédertilje

E-mail: lars@isy.liu.se,
magnus.pettersson@scania.se

Abstract: A vehicular driveline transfer engine torque to the wheels. Resonances in the
elastic parts of the driveline are important to handle when control of the engine and the
transmission is optimized. Traditional diesel engine speed control maintains a well damped
engine speed set by the driver. However, the resonance modes of the driveline are easily
excited by accelerator-position changes or by road disturbances. A speed-control strategy is
proposed that includes the behavior of the driveline, and reduces driveline resonances and
vehicle shuffle by engine control. Implementation shows significant reduction, also when
facing nonlinear torque limitations from maximum torque and diesel smoke delimiters.

Copyright 2001 IFAC

Keywords: engine control, active damping, power train handling.

1. INTRODUCTION

The main parts of a vehicular driveline are engine,
clutch, transmission, shafts, and wheels. Since these
parts are elastic, mechanical resonances may occur.
The handling of such resonances is basic for func-
tionality and driveability, but is also important for re-
ducing mechanical stress. New driveline-management
applications and high-powered engines increase the
need for strategies for how to apply engine torque in
an optimal way (Kiencke and Nielsen, 2000).

Traditional fuel-injection strategies are of torque con-
trol type or speed control type. Control performance
is limited by driveline resonances for both control
schemes. For diesel engines, speed control is often
referred to as RQV (Regler Quer Verstellung) con-
trol (Automotive Handbook, 1993). With RQV control
there is no active damping of driveline resonances, and
for low gears this leads to wheel-speed oscillations
known as vehicle shuffle (Mo et al., 1996; Pettersson
and Nielsen, 1995). The resonance modes are excited
by changes in accelerator pedal position or from im-
pulses from towed trailers and road roughness. These
oscillations are disturbing to the driver, and more im-

portant, limits the response time (from a change in
accelerator position to changed wheel speed) of the
engine. A desired property with RQV control is a load
dependent velocity lag resulting from downhill and
uphill driving (Pettersson, 1997).

Low-frequent driveline resonances can be damped by
having a strategy that applies engine torque so that the
engine inertia is forced to work in the opposite direc-
tion of the oscillations. This is referred to as active
damping or engine controlled damping of driveline
resonarnces.

In order to derive these strategies, models of the driv-
eline are developed. The aim of the modeling and ex-
periments is to find the most important physical effects
that contribute to driveline oscillations. The frequency
range of interest includes the first main resonance
modes of the driveline. Experiments are performed
with a heavy truck with different gears and road slopes
in order to excite driveline resonances for modeling.

Model based control is used to extend the RQV con-
trol concept with active damping of wheel-speed os-
cillations, while maintaining the desired velocity lag
characteristic for RQV control.
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Fig. 1. Measured speed response of a step in acceler-
ator position at t=32 s with a Scania 124L truck.
An RQV speed controller is controlling the en-
gine speed with set point 2000 RPM.

2. PROBLEMS WITH DRIVELINE HANDLING

The traditionally used RQV controller is essentially
a proportional controller calculating the fuel amount,
my, as function of the difference between the desired
speed set by the driver, 7, and the actual measured
engine speed, ém, according to

my =mgo + Kp(ri — 0p) (1)
The constant 7 is the conversion ratio of the driveline,
and m g is a working point dependent constant. The
parameter K, is the controller gain. The reason for
this controller structure is the traditionally used me-
chanical centrifugal governor for diesel pump control
(Automotive Handbook, 1993). This means that the
controller will maintain the speed demanded by the
driver, but with a stationary error (velocity lag), which
is a function of the controller gain and the load (rolling
resistance, air drag, and road inclination). With a
cruise controller, the stationary error is compensated
for, which means that the vehicle will maintain the
same speed independent of load changes.

A specific example of how the RQV speed controller
performs is seen in Fig. 1. The figure shows how the
measured engine speed and wheel speed respond to
a step input in accelerator position. It is seen how
the engine speed is well behaved with no oscillations.
With a stiff driveline this would be equivalent with
also having well damped wheel speed. However, the
more flexible the driveline is, the less sufficient a well
damped engine speed is, since the flexibility of the
driveline will lead to oscillations in the wheel speed.

If it is desired to decrease the response time of the
RQV controller (i.e., increase the bandwidth), the
controller gain, K, in (1), must be increased. Then the
amplitude of the oscillations in the wheel speed will
be higher.

[§8]

Wheel —
Engine Clutch )
| | Drive shaft —
! ! Final drive
| |

= ! ESE————— |
ol
Transmission Propeller shaft

Fig. 2. A vehicular driveline.
2.1 Goals

Speed control is the extension of the traditionally used
RQV speed control concept with active damping of
driveline resonances. The control problems should be
formulated so that it is possible to use established
techniques and standard automotive sensors to obtain
solutions. The designs should be robust against the
following limitations:

e The engine torque is not smooth, since the firing
pulses result in a pulsating engine torque.

e The output torque of the engine is not exactly
known. The only measure is a static torque map from
dynamometer tests.

e The engine friction is not known, and must be
estimated.

e The engine output torque is limited in different
modes of operation. The maximum engine torque is
restricted as a function of the engine speed, and the
torque level is also restricted at low turbo pressures
for smoke prevention.

3. EXPERIMENTAL PLATFORM

Tests were performed with a Scania 124L truck. The
driveline of the 6x2 truck (6 wheels, 2 driven) is
shown in Fig. 2. The engine is a 12 liter, 6 cylinder
turbo-charged DSC12 diesel engine with a unit-pump
fuel injection system (Diesel Fuel Injection, 1994).
The engine is connected to a manual range-splitter
transmission GRS900R via a clutch. The transmission
has 14 gears and a hydraulic retarder. The radius of
the wheel is 7, = 0.52 m, the weight of the truck is
m = 24 ton, the front area is A, = 9 m?, and the drag
coefficient is equal to ¢,, = 0.6.

A number of sensors are used along the driveline.
The actuator is the diesel engine which is controlled
by injecting different amounts of fuel. The truck is
equipped with a CAN-bus that connects all control
units of the truck. The control algorithms are imple-
mented in a PC with CAN communication (Pettersson,
1997). The engine speed (ém), the engine temperature
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Fig. 3. Logged data on the CAN-bus during step inputs
in accelerator position with a Scania 124L truck.
Transmission speed (dashed) and wheel speed
(dash-dotted) are scaled to engine speed in solid.

(T'm), and the engine torque (M, ) from a static torque
map is measured. The transmission speed (6;) is mea-
sured via the transmission node, and the wheel speed
(6) is measured from the ABS control unit.

3.1 Experiments

A number of test roads at Scania were used for test-
ing. They have different known slopes. The variables
described above are logged during tests that excite
driveline resonances. Fig. 3 shows a test with the 124L
truck where step inputs in accelerator position excite
driveline oscillations. It is seen that the main flexibility
of the driveline is located between the output shaft of
the transmission and the wheel (see Fig. 2), since the
largest difference in speed is between the measured
transmission speed and wheel speed.

4. DRIVELINE MODELING
4.1 Engine Torque and Friction

By measuring the amount of fuel, my, that is fed to
the engine, a measure of the driving torque resulting
from the explosions in the cylinders is obtained from
dynamometer tests. This torque is labeled M, (my).

The engine friction, M., is modeled as a func-
tion of the engine speed and the engine tempera-
ture (Pettersson, 1997). The resulting friction map is
shown in Fig. 4.

4.2 Control Signal

The output torque of the engine is the driving torque
subtracted by the engine friction. This signal, u =
M (my) — Mgy, is the torque acting on the driveline,
which is a pulsating signal with torque pulses from

Engine Frction, (Nm]

Temperature, [C]

Speed. [rad/s]

Fig. 4. Engine friction for the 124L truck, modeled as a
function of engine speed and engine temperature.

Om O

J1, b1 J2, ba
Fig. 5. Driveline model with two inertias connected by
a damped torsional drive-shaft flexibility.

each cylinder explosion. However, this control signal,
u, is treated as a continuous signal, which is reason-
able for the frequency range considered for control
design. A motivation for this is that an six-cylinder
engine makes 60 strokes/s at an engine speed of 1200
rev/min. This means that a mean-value engine model
1s assumed (neglects variations during the engine cy-
cle).

4.3 Main Flexibility

When studying the driveline during operation, the
drive shaft (see Fig. 2) is subject to the relatively
largest torsion. This is mainly due to the high torque
difference that results from the amplification of the
engine torque by the conversion ration of the trans-
mission (i) and the final drive (i s). This number (i;i )
can be as high as 60 for the lowest gear.

The drive shaft can be modeled as a damped torsional
flexibility which leads to the driveline model shown
in Fig. 5. The symbols shown in Table 1 are used
in the rest of the paper. In Fig. 5, the engine, the
clutch, the transmission, and the propeller shaft are
lumped together as one rotating inertia, J;, and the
drive shaft connects this inertia to the inertia of the
wheel. The wheel inertia is affected by the load, [,
which consists of the air drag, rolling resistance,-and
vehicle mass. Viscous friction is assumed for both the
rotating inertias with labels b, and b,. The dynamics
of the suspension system is neglected, together with
the tires.



Mass moment of inertia

Conversion ratio

Torsional stiffness

Torsional damping

Viscous friction component

Angle

Road inclination

Subscript denoting engine

Subscript denoting transmission

Subscript denoting final drive, fuel

Subscript denoting wheel
Table 1. Notations.
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By using Newton’s generalized second law a math-
ematical model is formulated (Kiencke and Nielsen,
2000). The state-space representation of this model is

t=Az+ Bu+ HI (2)
where A, B, H, z, and [ are defined as
1 =0m/itis — Oy
T2 =b6m (3)
z3 zéw

1 .
l=rym(cr + gsin(a)) + §chaparfUH12u

giving
0 1/i -1
A= | =k/iJy =(by +c/i¥)/J1  ¢/ih
k/J> c/1J2 —(c+b2)/J2
4
0 0
B=\{1/J|, H= 0 %)
0 -1/J;
where
i =1y
Ji=Jm + /17 + Jf/i7i5
Jo=Jy + mrfu (6)

by = by /i7 + bs/i7is
by = by, + mcror?,

with ¢ and c¢,» characterizing the rolling resistance,
and p the air density. The model is described by three
states, and z, and z3 are the engine speed and the
wheel speed which can be measured. The first state,
z1, is the drive-shaft torsion, which is not measured.

4.4 Sensor Location

A common architectural issue in driveline control is
the influence of sensor location. Different sensor loca-
tions result in different control problems (Pettersson
and Nielsen, 1995). A comparison is made between
using feedback from the engine-speed sensor or the
wheel-speed sensor. The investigation aims at under-
standing where to invest in increased sensor perfor-
mance in future driveline management systems.
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Fig. 6. Measured step response from 1100 RPM to
1900 RPM at t=32 s, with an RQV controller
for speed control in solid. Simulations with the
same controller and the driveline model is shown
in dashed lines. The driveline model captures the
main resonance in the measured engine speed
and wheel speed.

Two types of disturbances are considered. Load distur-
bances (v) additive to the load (), and measurement
disturbances (e) additive to the measured output (y),
which is specified by the output matrix C. Either the
engine speed 6., (C = C,,) or the wheel speed 6,
(C = Cy,) is used as output giving

y=Czr+e 7

with

Cm =(010), C,=(001) (8)

The wheel speed, éw, is the performance output, z,
specified by the matrix M as z = Mz = éw, M =
(0 0 1). Note that the engine speed sensor can be used
(y = Cpnx) but still the signal that is requested to
behave in a certain way is the performance output
z = 6, i.e., the wheel speed.

The measured engine speed and wheel speed are used
to estimate the parameters and initial conditions of the
driveline model. The data is separated in two sets used
for estimation and validation respectively. The pre-
diction error estimation method (PEM) (Ljung, 1995)
is used for estimation, with the material data of the
unknowns as initial parameter guess. Fig. 6 shows val-
idation of model structure and parameters in a closed-
loop test. Field trials are performed with the 124L
truck with an RQV fuel-injection controller control-
ling the engine speed from 1100 RPM to 1900 RPM
att = 32 s. The same controller is used in simulations
with the driveline model (2)-(6) with parameters es-
timated for the 124L truck. There is good agreement
between model outputs and experiments, which shows
that the model captures the main resonance in the
engine speed and the wheel speed.



5. COST FUNCTION

The speed control problem can be described as mini-
mizing the difference between the actual speed and the
reference value, (éw — r), but with a control signal,
u, possible to realize by the diesel engine. This can
be formulated in a cost criterion, consisting of two
terms. The first term is (6, — )2, which describes
the deviation in speed. The second term describes the
deviation in control signal from the level needed to
obtain 9w = 7. Let this level be ug, which will be
derived later. The criterion is described by

T

(B —7)% + n(u — uo)? 9)

lim

T—oo /g
The controller that minimizes this cost function is
called the speed controller. Active damping of driv-
eline resonances will be obtained since (6, — T)?
1s minimized. The trade-off between rise time and
control signal amplitude is controlled by tuning the
parameter 7).

The control signal, u, can take negative values, since
if the fuel injection is turned off, the control signal
is equal to the engine friction which is negative. This
level is about 200 Nm according to Fig. 4. The max-
imum value of the control signal is restricted by the
delimiters described in Section 2, which means that
between 1000 and 1800 Nm is possible to generate,
depending on driving situation.

The constant ug is derived by solving the driveline
equations for a stationary point. For a given wheel
speed, 6., and load, [, the driveline has the following
stationary point

. ba/k 1/kY\
zobu )= i 0 | /%)
1 0
=820, + 61l (10)

uo(Gu, ) = ( (b13® + b2)/i 1/1) /élw\

= Az0u + Nl (11)

This means that the torque ug is a function of the
reference value, r, and the load, [.

The controller that minimizes (9) has no stationary er-
ror in the wheel speed, since the load [ is included and
thus compensated for. A stationary error comparable
with that of the RQV controller can be achieved by
using only a part of the load, [, as will be demonstrated
in Section 6.1.

6. SPEED CONTROLLER DERIVATION

The problem formulation (9) will be treated in two
steps. First, without a stationary error characteristic
for RQV control, and then extending the strategy to

wn

include this type of stationary error. The cost func-
tion (9) is in this section solved with LQG technique
(Maciejowski, 1989). This is done by linearizing the
driveline model and rewriting (9) in terms of the lin-
earized variables. A state-feedback matrix is derived
that minimizes (9).

The model (2) is affine since it includes a constant
term [. The model is linearized in the neighborhood
of a stationary point (zg, ug). The linear model is

Az = AAz + BAu (12)

where A expresses deviations from the stationary
point given by (10) and (11). Note that the linear
model is the same for all stationary points.

The cost function is expressed in Az and Au as
T

(MAz +71)? +n(Au+1)%  (13)

lim
T—o0 0

with

T‘1:M:110—1‘

(14)

ro =ug — ug(r,!)

The constants 7y and ro are expressed as state vari-
ables by augmenting the plant model (A, B) with
models of the constants r; and r2. The augmented
state variable is . = (Az7T 7 r2)T, which the gives
the new state matrices A, and B, (Pettersson, 1997).
By using these equations, the cost function (13) is
written in the form
T

I Qz, + RAW? + 22T NAu  (15)

lim
T—oo Jo

with

Q=M10)T(M10)+7n00001)T(00001)

N=n00001)T (16)
R=n
The cost function (13) is minimized by using
Au=—-K.z, (17)
with
Ke=Q /(B[ P.+NT) (18)

where P is the solution to the Riccati equation

ATP.4+P.A,+R—(P.B,+N)Q Y P.B,+N)T =0
(19)

The control law (17) becomes
u = Kozzo+Kil+ K,r— (Ko K2 Kez)z (20)

with
Kog= (Kcl Keo Kes ) Oz — KeaMoz + Ay — KesAz

KTZKC4+K05)\I (21)
Ki=(Ka Koo Kez )8 — KeaMép + N

where 6z, §;, Az, and \; are described in (10) and (11).
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Fig. 7. Response of step in accelerator position at

t=1 s. The driveline model is controlled with the

speed control law (20) in solid lines. RQV control

(1) is seen in dashed lines.

0w

A step-response simulation with the speed controller
(20) is shown in Fig. 7, with gear 1, [ = 3000 Nm,
n=>5-10"% and o = 0.0001. The peak value of the
control signal is about the same for the two controllers.
However the overshoot is significantly reduced when
using the speed controller (20) compared to the RQV
controller (1). The driving torque is controlled such
that the oscillations in the wheel speed are actively
damped. This means that the controller applies the
engine torque in a way so that the engine inertia works
in the opposite direction of the oscillation. Then the
engine speed oscillates, but the important wheel speed
is well behaved as seen in Fig. 7.

6.1 Extending with RQV Behavior

The RQV controller has no information about the
load, [, and therefore a stationary error will be present
when the load is different from zero. The speed con-
troller (20) is a function of the load, and the stationary
error is zero if the load is estimated and compensated
for. There is however a demand from the driver that
the load should give a stationary error, and it should
be zero only when using a cruise controller.

The speed controller can be modified such that a load
different from zero gives a stationary error. This is
done by using 3! instead of the complete load in (20).
The constant 3 ranges from § = 0 which means no
compensation for the load, to 3 = 1 which means
fully compensation of the load and no stationary error.
The compensated speed control law becomes

u= KOI30+K1ﬁl+Kr7""( K. Ko K ) z (22)

In Figure 8, the RQV controller with its stationary
error (remember the reference value r = 2.3 rad/s) is
compared to the compensated speed controller (22) for

0 1 2 ¥ 4 5 6 7 8
Time. (s}

Fig. 8. Wheel-speed response of step in accelerator po-
sition at t=1 s. The driveline model is controlled
with the RQV controller (1) in dashed line, and
the speed controller with stationary error (22)
with 3 = 0, 0.5, 1 in solid lines.

three values of 3. By adjusting (3, the speed controller

with active damping is extended with a stationary error
comparable with that of the RQV controller.

7. INFLUENCE FROM SENSOR LOCATION

The speed controller (20) uses feedback from all states
(1 = Om/itif — 6y, T2 = Om, and T3 = 6y). A
sensor measuring shaft torsion (e.g., z1) is normally
not used, and therefore an observer is needed to es-
timate the unknown states. In this work, either the
engine speed or the wheel speed is used as input to the
observer. This results in different control problems de-
pending on sensor location. Especially the difference
in disturbance rejection is investigated.

The observer gain is calculated using Loop-Transfer
Recovery (LTR) (Maciejowski, 1989). Two different
observer problems result depending on which sensor
location is used. The speed controller (20) becomes

u= Kozzo+ K7+ Kl— (K1 Ko Kz ) (23)

with Ky, K., and K, given by (21). The estimated
states £ are given by the Kalman filter

Az = AAZ + BAu + Kf(Ay — CAZ) (24)

K;=P;CTv! (25)
where Py is found by solving the Riccati equation

PiAT + APy — PCTVICP + W =0 (26)

The covariance matrices W and V corresponds to
disturbances v and e respectively. The output matrix
C is either equal to Cy,, or Cy, in (8).

To recover the properties achieved in the previous
design step when all states are measured, the following
values are selected

V=1, W=pBBT 27)
C=Cy or Cy, P=pm O Py
and solving (25) and (26) for K.
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Fig. 9. Closed-loop transfer functions from load dis-
turbance v to performance output z and control
signal u. Feedback from 9w is shown in solid and
feedback from 6, is shown in dashed lines. With
6, feedback the transfer functions have a reso-
nance peak, resulting from the open-loop zeros.

When using LQG with feedback from all states, the
phase margin, ¢, is at least 60° and the amplitude
margin, a, is infinity as stated before. This is obtained
also when using the observer by increasing p towards
infinity. For the simulation case presented in Fig. 7,
the following values are used

pm=5-10° = ©m =60.5°, am =00 (28)
pw =10 = o, =59.9° a, =350 (29)

where the aim has been to have at least 60° phase
margin.

The observer dynamics-is cancelled in the transfer
function from reference value to performance output
(2= éw) and control signal (u). Hence, these transfer
functions are not affected by sensor location. How-
ever, the observer dynamics will be included in the
transfer functions from disturbances v and e to both
z and u.

Influence from Load Disturbances Fig. 9 shows how
the performance output and the control signal are af-
fected by the load disturbance v. There is a resonance
peak in G, (transfer function from signal v to signal
z) when using feedback from the engine speed sensor,
which is not present when feedback from the wheel
speed sensor is used. The reason for this can be seen
when studying the closed-loop transfer function G,

va
vz e e O
(Guz)e 1+ GuwFy (30)
when the sensor measures the wheel speed, and
Guw + F; Guva - GuwGum
(Guz)y = u = ) @)

14+ GumFy

when the sensor measures the engine speed (Pettersson,
1997). The subscript cl stands for ciosed loop, and F),

Frequency [rad/s]

Fig. 10. Closed-loop transfer functions from measure-
ment noise e to performance output z and control
signal u. Feedback from 6, is shown in solid
and feedback from 6",,1 1s shown in dashed. Mea-
surement disturbances are better attenuated with
engine speed feedback.

is the controller. Hence, when using the wheel speed
sensor, the controller is not present in the numerator,
and when the engine speed sensor is used, the con-
troller is present.

The optimal return ratio in the LQG step is (Maciejowski,
1989)

K (sI-A)™'B (32)
Hence, in the optimal return ratio, the poles from A is
kept, but there are new zeros that are placed such that
the relative degree of (32) is one, the phase margin is
at least 60°, and the gain margin is infinite. In the LTR
step the return ratio is
FyGuy = K.(sI-A-BK.~K;C)"'K;C(sI-A)"'B

(33)

When p in (27) is increased towards infinity, (32)
equals (33). This means that the zeros in the open-loop
system C(sI — A)~! B are cancelled by the controller.
Hence, the open-loop zeros will become poles in the
controller Fy. This means that the closed-loop system
will have the open-loop zeros as poles when using the
engine speed sensor. Thus, G,, will have the poles
—0.52 + 3.08: causing the resonance peak in Fig. 9.

Influence from Measurement Disturbances The in-
fluence from measurement disturbances e is seen in
Fig. 10. The closed-loop transfer function G, can be
rewritten as
Guzly

1+ GuyFy
When p in (27) is increased towards infinity, (32)
equals (33). Then (34) gives

GU'UJ

(GCZ)cl,m = (GEZ)cl,w m

where ¢l, m and cl_, w means closed loop with feed-
back from 6,, and 6,, respectively.

(Gez)d = (34)

(35)
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Fig. 11. Simulated load impulse disturbance at t=6 s.
The solid line corresponds to 6,,-feedback and
feedback from §,,, is seen in dashed line. The load
impulse generates a control signal that damps
the impulse disturbance when feedback from the
wheel-speed sensor is used, but not with engine-
speed feedback.

Hence, the difference in G.. depending on sen-
sor location is described by the dynamic output ra-
tio0 Gy/m = Guw/Gum (Pettersson and Nielsen,
1995). Measurement disturbances are better attenu-
ated with engine speed feedback. The difference in
low-frequency level is equal to the conversion ratio of
the driveline as can be seen in Fig. 10. Therefore, this
effect increases with lower gears.

8. EVALUATION
8.1 Influence from disturbances

An important step in a principle simulation study is
that such disturbances can be introduced that hardly
can be generated in systematic ways in real exper-
iments. One such example is impulse disturbances
from a towed trailer. Disturbance rejection is demon-
strated by simulating a more complete nonlinear driv-
eline model (Pettersson, 1997), briefly described in
Section 4, with the speed controller (23) and the ob-
server (24) based on the reduced driveline model with
drive-shaft flexibility.

The simulation case presented here is a load impulse
disturbance simulated at t=6 s at an engine speed
of about 1300 RPM with gear 1. The disturbance
is generated as a square pulse with 0.1 s width and
1200 Nm height, and both feedback principles are
simulated. Fig. 11 shows the result of the simulation.

The load impulse disturbance is better attenuated with
feedback from the wheel-speed sensor, which is a
verification of the behavior that was discussed in Sec-
tion 7.
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Fig. 12. Speed step at t=32 s with active damping
and engine-speed feedback (solid) compared to
traditional RQV control with K,=50 (dashed).
Experiments are performed without smoke de-
limiter on a flat road. After 32.5 s, the control
signals differ depending on control scheme. With
speed control, the engine inertia works in the
opposite direction of the oscillations, which are
significantly reduced.

8.2 Field Trials

Field trials are performed with the 124L truck on
an almost flat test road with a minimum of changes
from test to test. The focus of the tests is low gears,
with low speeds and thus little impact from air drag.
The speed controller (23) and the observer (24) are
discretized by Tustin’s method (Franklin et al., 1990),
and implemented with a sampling time of 50 Hz.

The test presented here is a velocity step response
from 2.1 rad/s to 3.6 rad/s (about 1200 RPM to 2000
RPM) with gear 1. At first the smoke delimiter (see
Section 2) is not used in order to be able to investigate
the control design with as small restrictions on the
control signal as possible.

In Fig. 12, the speed controller is compared to tra-
ditional RQV control. The engine torque, the engine
speed, and the wheel speed are shown. The speed
controller uses feedback from the engine speed, and
the RQV controller has the gain K, = 50. With this
gain the rise-time and the peak torque output is about
the same for the two controllers. A high torque output
is possible because no smoke delimiter is used.



