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Abstract : This paper presents a study on the driveline output torque estimation using a discrete Kalman filter. The
in-situ output shaft torque is first measured by a non-contacting magneto-elastic torque transducer. The linear
state-space system equations are first derived and the discrete Kalman filter is designed based on the Kalman filter
theory to recover the driveline output torque contaminated by random noises. In addition to using torque measurement,
the estimation of the output torque using two angular velocities: the output and wheel, is also conducted. The
experimental results show that the discrete Kalman filter can be effective for not only removing the random noise in
output torque but also estimating the output torque without torque measurement.

Key words : Discrete kalman filter(©]4F Z4F ZE]), Driveline output torque(7& &2 E3), In-situ torque
measurement(E = Z7), State estimation(“J Bl F7)

Nomenclature r.(t) :wheel radius (m)
A : frontal area of vehicle (mz) @ angular velocity (rad/s)
C, : coefficient of aerodynamic resistance Pa air density (kgm”)
J, - moment of inertia of output shaft (kg m?) e : coefficient of rolling resistance
J,  equivalent moment of inertia of vehicle (kg-m”)
R,  :final gear ratio LA E
R, : second gear ratio AT 2= AA 74 F43 g g Qe AE
7. :sampling time (second) Z} Ao Al2="lol| = E = W37 (torque transducer)
7,  :output torque (Nm) TE+= AlA(sensor) 7k XA o8 wRlE]ar lrh xb

Fo] QX Ea = WE7] &9 E(transmission
output torque) S A X} e Al A Al THreal time) 2
2 2R3 4 glo oz W WA o] Y AEE
vehicle mass (kg) 7ZAx e 5= glom! #2527 o](closed-loop control)

m,
1’ ¢ 7} hsahe] sldkell wl 27 Hrobust) 52 A
A 2~8 A|o](powertrain control) 7} 73l X th? 1

T : input torque (Nm)
T : road load torque (Nm)

)

k : torsional spring constant (Nm/rad)
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Fig. 1 Schematic of in-situ magneto-elastic torque transducer

Transactions of the Korean Society of Automotive Engineers, Vol. 20, No. 4, 2012

2. A DEE
2.1 A|AH| DE
Fig. 2ol eI &85 Ea =
W7 95 2 -5 (driveline shaft) &2 4]
S0} gluk. alzl W W) 2 e AgE Qe wa

= A|2~EL =7

7t E9 5o 2gshd wiy dAE TS B
d w el Gl A ZhE o] wiAgk A Ze] 7}
WAE &3 Sl 2H-8-81= v &Y EF ol vl 8]
Al et ol ZFH S HHEF EA WV E AA
SIAY F SR AMAZEE &8 BEAE S £
%74 % % 9lvk
Engine + Transaxle
E Torque Transfer
gear (R

transducer (7,)

Output speed

sensor (e) Driveline

shaft (k)

.......

Differential

7 ABS wheel
sensors (a,)

Fig. 2 Schematic of test-bed car model

- R,T, (1

where, @0: output angular velocity, J: moment of

T

inertia of output shaft, 7;

input torque, 7,: output
shaft torque, 7, final gear ratio, R;:

reduction ratio. -5 =r(driveline shaft)el] 3 &=
HFA Al O

second gear

Jw,=T,— T, 2

w

J .

v

Za) A &

where, w'w: wheel angular velocity, equivalent

moment of inertia of vehicle. ©]W| 7;%&

69



Gi-Woo Kim

(road load torque) & VFERN ™ Tk x}Fo] HE gk
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where, : state vector defined by [w, w, 7, 7;.]7,

u: input, 7: input torque,
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velocity and torque converter
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