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Abstract. Engine net torque is the total torque generated by the engine side, and includes the fuel combustion torque,

the friction torque, and additionally the starter motor torque in case of hybrid vehicles. The engine net torque is
utilized to control powertrain items such as the engine itself, the transmission clutch, also the engine clutch, and it
must be accurate for the precise powertrain control. However, this net torque can vary with the engine operating
conditions like the engine wear, the changes of the atmospheric pressure and the friction torque. Thus, this paper
proposes the adaptive engine net torque compensator using driveline model which can cope with the net torque
change according to engine operating conditions. The adaptive compensator was applied on the parallel hybrid
vehicle and investigated via MATLAB Simcape Driveline simulation.

1 Introduction

Recently, eco-friendly automobile technology is
attracting attention. So, the automotive precision control
technology is developing with electronic control system
to satisfy the fuel economy and the performance of a
vehicle. The accurate monitoring of operating states of a
car is necessary for the precise control but sometimes it is
impossible to utilize some sensors due to the lack of cost
and space. Thus, the use of state observers using physical
models is increasing. Typically, torque sensors are
expensive and bulky, so they cannot be mounted on
commercial vehicles. Thus, all torque states such as
engine torque, engine clutch torque, transmission torque,

motor torque, etc. should be estimated using other sensors.

Engine net torque is the torque measured at the
crankshaft flywheel and is the sum of the fuel combustion
torque, the friction torque and, additionally in case of
hybrid vehicles, the starter motor torque. This net torque
is the important state for the powertrain control such as
the control of engine itself, engine clutch, transmission
clutch, and for the vehicle dynamics control like active
cruise control. However, the net torque cannot be
measured because torque sensors cannot be utilized. So, it
should be estimated. The fuel combustion torque of an
engine is typically calculated through a map with the
throttle opening and the engine speed. However, the map-
based state estimator cannot correspond to the change of
plant model and operating condition. The fuel
combustion torque can vary with the personal structure

tuning, the engine wear (aging), atmospheric pressure, etc.

Also, the friction torque can change depending on the
condition of oil and the engine wear. And, it should be
also estimated. The engine net torque can be estimated by
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summing the fuel combustion torque and the friction
torque. In case of hybrid vehicles, the starter motor
torque is added to the engine net torque and it can be
estimated somewhat precisely using the current sensor.
However, various factors can affect the error of the
engine net torque, so it is difficult to find out the cause of
the error.

S. B. Choi, and J. K. Hedrick proposed the fuel
combustion torque model which is accurate in both the
steady and transient state [1]. Also, the engine net torque
is compensated using the load torque which is assumed to
be known, and driveline model. However, in commercial
vehicles, it is difficult to know the exact load torque
because the air drag force, the rolling resistance and the
gradient resistance cannot be exactly estimated. Thus,
another solution is needed to compensate the engine net
torque instead of the method using the load torque.

J. Oh, J. Kim, and S. B. Choi suggested the adaptive
estimator to estimate the quantity of the engine net torque
compensation and the output shaft torque simultaneously
using only the driveline model [2]. However, the
convergent speed of estimated states could be slow
because two unknown states are esimtated using only one
erorr variable.

This paper proposes the adaptive engine net torque
compensator using the torque compliance model of the
output shaft and the driveline model to compensate the
slowly varying torque error depending on the engine
model change. The compensator in this paper estimates
only one unknown state, the multiplication factor on the
engine net torque, using one error variable. The torque
compliance model of a shaft is widely used to estimate
the shaft torque but it needs rotational angle and speed
information of a shaft which is not suitable for a real
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Figure 1. Driveline model of a parallel hybrid vehicle (J: inertia, T: torque, @: angular velocity, i: gear ratio)

vehicle [3]. In case of using only speed information for
commercial vehicles, the shaft torque is expressed as the
differential form. Then, the drift issue can occur in
estimating the shaft torque by integration. Thus, this
paper also proposes the method to compensate the engine
net torque while resolving drift issue on the shaft torque.

Also, the adaptive compensator is designed to use
only sensors which can be utilized in a commercial
vehicle. The adaptive algorithm is applied on a parallel
hybrid vehicle in this paper but the algorithm can be
modified easily for other types of a vehicle. The
algorithm is investigated through MATLAB Simscape
Driveline simulation. The organization of the paper is as
follows.

Section 2 explains the detail algorithm of the
compensator. Section 3 shows the simulation result. And,
section 4 deals with the conclusion.

2 Detail algorithm of adaptive engine net
torque compensator

2.1 Driveline model

Fig. 1 shows the lumped driveline model of a parallel
hybrid vehicle and describes the torque flow. The
mathematical model of a parallel hybrid vehicle which is
utilized in this paper is as follows [4].
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Tee, To, ko, i, and ir mean the engine clutch torque, the
output shaft torque, the equivalent torsional stiffness of
the output shaft, the transmission gear ratio, and the final
gear ratio.

The engine net torque is the sum of the fuel
combustion torque, the starter motor torque, and the
engine friction torque like below.

T =T, +T56 — Eiﬁ‘ic 4)

e_net
Tis, and T, ;. mean the starter motor torque, and the
engine friction torque.

2.2 Adaptive engine net torque compensation
algorithm
Using the mathematical driveline model of the parallel
hybrid vehicle, the following equation can be reached by
altering and summing (1) and (2).
Te net _O _Tm +Je(;)e +']c'(;)m
7 i ()

T, . indicates the actual engine net torque generated
by the engine side.

Since the actual vehicle uses only the angular velocity
sensor, the output shaft torque is expressed as a
differential form as shown in equation (3), and drift
occurs when the output shaft torque is obtained by
integration. Thus, the torque variation formula in some
specific period is utilized for the engine net torque
compensation algorithm to escape from the drift issue
like below.

A]:’ net = A]; - A(]:N + Jea‘)e‘ + Jea.)m)
. i (6)
Assuming that the multiplied uncertainty exist on the
nominal engine net torque, the engine net torque change

can be expressed like below.

T, ,.=CI ., (7)
AT, ., =CAT, , )

T Yei,,e,, and C mean the nominal engine net torque and

the torque constant, and A indicates the amount of

variation.
Then, the adaptive error is defined like below.
e=AT, —ATl  =(C-C)AT,
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The adaptive law of the torque constant can be
defined using the simple gradient adaptive method like

below equation [5].
(5' = ;/EA]:JW(;/ >0) (10)
Defining the torque constant error like below,
C=C-C (11)
The following equation is satisfied using (10) and

(11).
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Figure 4. Enlarged graph of rotational speed during simulation
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Then, the stability of the error dynamics can be
proven using the simple Lyapunov candidate like below.
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Figure 6. Result of torque compensator when the nominal
torque constant is 0.77
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Figure 8. Comparison of engine net torque when torque
constant is 0.77

3.2 Result

Fig. 5 shows the result of the torque compensator when
the nominal torque constant is 1. Also, Fig. 6 shows the
result when the nominal torque constant is 0.77. For the
performance of the adaptive compensator, the adapted
torque constant well converged to the actual torque
constant but a little error, around 0.01, existed between
the actual and adapted torque constant. It is because of
the error on the output shaft torque. The torque
compliance model of the output shaft is expressed in the
differential form so the phase lag due to the integration
existed. Also, the damping term was ignored in the
compliance model.

Additionally, Fig. 7 shows the nominal and estimated
engine net torque during the simulation when the nominal
torque constant is 1. And, Fig. 8 shows the same thing
when the nominal torque constant is 0.77. As you can see
in Fig. 7 and Fig. 8, the adaptive torque compensator
compares the difference of the nominal and estimated
engine net torque, respectively, for some specific periods,
and the torque constant is adapted using that difference
error.

compensator was investigated through the simulation
using the Simscape Driveline tool in MATLAB. The
error between the actual and adapted torque constant
occurred around in amount of 0.01. It is because of the
error on the estimated output shaft torque. The
improvement of this problem is left as a future work.
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