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A study on the control of series hydraulic hybrid vehicle
using power follower strategy
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Abstract: A series hydraulic hybrid vehicle(SHHV) concept has been explored as a potential pathway to

an ultra—efficient city vehicle. Improvements in SHHV fuel economy with reduced emissions strongly

depend on their supervisory control strategy. Thermostatic control is simple and reliable but it's cause

of frequent engine on—off. Therefore, power follower strategy is presented

In this paper, thermostatic control strategy and power follower strategy is compared for the SHHV

model developed using AMESim.
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Py ax - Maximum requested power allowed
when the engine—pump/motor #1 is off [Kw]
P, nax - Maximum power output of the

engine—pump/motor #1 set [Kw]

P, in - Minimum power output of the
engine —pump/motor #1 set [Kw]
P, @ overal power requirement

SOC,; : Maximum state of charge [null]

SOC; : Minimum state of charge [null]

S,(t) : ON—OFF State of the
engine—pump/motor #1 set [null]

Ty Engine torque [Nm]

Tpyar - Pump/Motor torque [Nm]

Vp - Displacement of Pump/Motor [m3]

Wy * Angular Speed of engine [rev/min]

Wy ¢+ Angular Speed of Pump/Motor [rev/
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SOC— X(t)— 150 S AT
350 — 150
where, X(t): Pressure of .
’ High Pressure Accumulator Engine Power=— Pump/ Motor1 Power
. T
FEngine Power = Ty* W;* 60
Table. 1 Specification of Pump/Motor & "
Accumulator™ Wg= Wpiy = -
£ P/M Vp* Swash
Part
ar Pump/Motor #1 Pump/Motor #2 Vp*Swash* P P/ M
Parameter TP /=
27
Size 194 cc/rev 288 cc/rev
Efficiency 0.9 09 @ @ ) )
Engie onfoff Engiethrotle  Demanded Engine Power
Part High Pressure Low Pressure i
Parameter Accumulator Accumulator
Accumulator . .
86 Liter 86 Liter
volume
Gas Prech:
as Trechatge 150 bar 5 bar Nice
Pressure ! i
Initial ; P
290 bar 10 bar meet
Pressure
polytropic 14 14 Actual Engine Speed ‘
index 3
Fluid Type ISO 4113 ISO 4113 -

Table. 2 Specification of vehicle"’

Parameter Value
Engine rated speed 3300 rpm
Engine Max. torque 580 Nm @2100 rpm

Vehicle mass 5112 kg
Wheel radius 0.4412 m
Wheel inertia 32,0 kg.m
Differential gear ratio 3.56
Differential gear efficiency 0.94
Air drag coefficient 0.7
Frontal area 358 m’

3. SHHV Control Logic

3.1. Engine Control Logic
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3.2. Power Management Strategy

3.2.1 Thermostatic Control Strategym
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3.2.2 Power Follower Control Strategy'®
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4.1 Thermostatic Control Strategy Result
712 439 Thermostatic controls ©o]&3k
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Fig.10 SHHV behavior of the thermostatic
control with FTP-72 standard

Table. 3 Result of Thermostatic control

O%Fre] €2 Y. J. Kim and Z. Filipi'”0| £33t Zanje!

FTP-72 HWFET
(City) (Highway)
Conventional 5.27 km/1 6.07km/1
Th tati
CHMOSTANC 1 ¢ 99 km/A(8.86km/) | 6.83 km/1(6.83km/1)
control
Fuel economy
. 68.6%6(68.2%) 12.5%(12.5%)
improvement
Engine . .
45 times 31 times
ON-OFF
Cycle .
. 1400 S 800 S
duration

4.2 Power Follower Control Strategy Result

Aol F-aket Accumulator7b AFE & 9l
CIRERY 1123t Engineg TE3l2
FTP-72, HWFETXE5 Thermostatic .t} 345
BE A& F o, FTP-72%5¢k 45He] o
ON-OFF%E 28¥lo2 Zo WAL P4 He 2

tE Ak

=
2=

Table. 4 Value of the parameters

Parameter Value
SOCu 0.55
SOCL 0.2
Pg,min 30Kw
Ph.max 90Kw
Py max 200Kw

—— Desired Vehicle Speed [m/s]

Actual Vehicle Speed [m/s]]

Vehicle Speed [m/s]
@
L

0.0 02 0.4 06 0.8 1.0 1.2 1.4
Time [s]

x10
2007

—— Demand Engine Power [kw]
150 Actual Engine Power[Kw]

100

Engine Power[Kw]

0.0 02 0.4 06 08 1.0 12 14
Time [s]

1.10
1.00 — State Of Charge [null]

State Of Charge[null]
o
2

‘xWUS

0.0 02 04 08 08 1.0 12 14
Time [s]

Fig.11 SHHV behavior of the Power follower
control with FTP—72 standard

Table. 5 Result of Power follower control

FTP-72 HWFET
(City) (Highway)
Conventional 5.27 km/1 6.07km/1
P foll
ower JoTower 9.14 km/1 6.91 kI
control
Fuel economy
. 73.2% 13.8%
improvement
Engine . .
28 times 28 times
ON-OFF
Cycle
. 1400 S 800 S
duration
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