5
-+
i
Ao

Journal of Drive and Control, Vol.12 No.3 pp.18-24 Sep. 2015
ISSN(print) 2234-8328 ISSN(online) 2287-6146
http://dx.doi.org/10.7839/ksfc.2015.12.3.018

2MA0=2 0|Fset E2{19Q! si0|EHE|E REFe SHEHIN|0{XEF T
Development of Power Distribution Control Strategy for Plug-in
ybrid Electric Vehicle using Neural Network
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Abstract: The plug-in hybrid electric vehicle has a high fuel economy and can be driven long distances. Its
different modes include the electric vehicle, hybrid electric vehicle, and only engine operating mode. A power
management strategy is important to determine which mode should be selected. The strategy makes the vehicle
more efficient using appropriate power sources for driving. However, the strategy usually needs a driving speed
profile which is future driving cycle. If the profile is known, the strategy easily determines which mode is
driven efficiently. However, it is difficult to estimate the speed profile for a real system. To address this
problem, this paper proposes a new power distribution strategy using a neural network. The average speed and
driving range are used as input parameters to train the neural network system. The strategy determines a limit
for the use of the battery and the desired power is distributed between the engine and the motor simultaneously.

Its fuel economy can increase by improving the basic strategy.

7l A9 T, : clutch torque, Nm
I, I, ' engine and motor inertia, kg m’
T,, T, * engine and motor torque, Nm I, 1 : clutch and transmission inertia, kg-m”
T T, * clutch input and output torque, Nm I, I, : differential gear and wheel inertia, kg-m’
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AR - o] 5A] - o] A4
N; @ number of active friction surfaces

A,,, + applied piston area, m’

Papy  applied piston pressure, N/m*

r., - equivalent radius of clutch disc, m
a ' inner radii, m

b © outer radii, m

sgn  signum function

w : clutch relative speed, rad/s

OCV : open circuit voltage, V

R, : resistance of battery, &

Py - power of motor and generator, W
Py

P,

e

. desired power, W
. power of engine, W
P, : power of motor, W

V, : voltage of battery, V

C,ax - Mmaximum battery capacity, Ah
SOC
SOC;

it

SOC,

traj

state of charge

: initial state of charge

. trajectory of the state of charge
S0C,,,, : instantaneous state of charge
¢ . current, A
d : slope of depleting, sec!
t . time, sec
. estimated average velocity, m/s

Uest

dist,,,  estimated distance, m
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Fig. 3 Simulator for evaluation of fuel economy

Table 1 Specification of Vehicle

Type Diesel
Engine Max. power 65 kW
Speed range | 1000~4000 rpm
Max. Power 60 kW
Motor =
Speed range 176000 rpm
.. Type DCT
Transmission -
Gear ratio 6 speed
T Lii
Battery yp.e ron
Capacity 37 Ah
Mass 1720 kg
Front area 2.25 m®
Vehicle Drag coefficient 0.29
Rolling
resistance 0.014
coefficient

L
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Table 2 Driving cycles for the comparison
Average
Driving cycles velocity Distance (km)
(km/h)
Part1 132 165 | 198 | 242 | 275 | 319
Part2 /\ 184 217 | 271 | 325 | 380 | 434
Part3 E (‘/\ 206 244 | 325 | 366 | 427 | 488
Part4 /F\ 209 255 | 319 | 382 | 446 | 51.0
Part5 ﬂ_ 226 283 | 330 | 424 | 471 | 518
Part6 E 227 273 | 341 | 409 | 477 | 545
Part? ] ﬂ 229 269 | 337 | 404 | 471 | s3.9
Part8 /\ﬂ 233 274 | 352 | 430 | 485 | 548
Part9 m 31.0 325 | 433 | 542 | 650 | 7538
Part10 :M 344 398 | 530 | 629 | 696 | 795
Part1l | ] 35.0 415 | 533 | 652 | 770 | 889
Part12 | ] / \ 376 433 | 527 | 649 | 793 | see
Part13 | i /f 56.8 631 | 789 | 946 | 1104 | 1262
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Fig. 7 Results of simulation with the depleting
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