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An Experimental Study on the Energy Saving
Hydraulic System using Constant Pressure System

Cho Yong-Rae, Ahn Kyoung-Kwan, Yoon Ju-Hyeon
Lee Min-Su, Jo Woo-Keon and Yoon Hong-Soo
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Abstract
It is strongly requested to reduce fuel consumption because of high oil price and exhaust gases of road
vehicles for environmental preservation. To solve these problems, several types of hybrid vehicles have been
developed. Among them, flywheel hybrid vehicle using variable displacement pump/motor was already
proposed as one of the feasible hybrid systems in place of hybrid vehicle by the conventional storage battery.
The proposed flywheel hybrid vehicle is to keep constant pressure of high pressure line by the control of
swash plate angle of flywheel pump/motor as pressure compensator. The efficiency of the overall system
depends severely on the efficiency of hydraulic pump/motor in the energy saving hydraulic control system by
simulation. According to the control methods of swash plate angle of piston pump/motor, there remain several
problems to be solved. In this paper, experimental setup for energy saving is fabricated and the efficiency of
energy saving is investigated by experiments with respect to various experimental conditions.
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Table 1 Specification of experimental apparatus

Model & Specification
AC Motor 50Hp % 6p
Hydraulic Linde,
Pump/Motor HPV55-02RE1P300P, 55cc/rev
Accumulator 4 Liter
Proportional RZMO-A-030, 0~315 bar
relief valve
Pressure Sensor LPT400BB100MYV, 0~400 bar
Tachometer MP-981, 1~20000 rpm
Flywheel 3.5 kgm®
A/D board Advantech, PCI-1711, 12bit 16¢ch
D/A board Advantech, PCI-1720, 12bit 4ch
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Table 2 Condition of proportional control

Drive P/M Flywheel P/M
Displacement [%] | Displacement [%]

Condition 1 60 60

Condition 2 60+ U 60+ U
Condition 3 60 -U 60-U
Condition 4 60+ U 60-U
Condition 5 60-U 60+ U
Condition 6 60 +U 60-U
Condition 7 60 60+ U
Condition 8 60-U 60

Condition 9 60 60-U
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Table 3 Experimental results of energy efficiency

Drive P/M Flywheel P/M
(|U|<5%) (|Ul<10%)
Condition 1 41.4 % 41.4 %
Condition 2 40.1 % 41.2 %
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Condition 5 40.1 % 41.5 %
Condition 6 39.9 % 42.0 %
Condition 7 45.5 % 53.7 %
Condition 8 453 % 43.5 %
Condition 9 39.4 % 394 %
W& 7 9-(Condition 4)&= 37.5%°lx, Mg ES
7 9-(Condition 7)%& 45.5%<] olu#] 3|4 &&&

7350l el A
749~ (Condition 3) 30.2%
4-9- (Condition 7)% 53.7%%]

duA A &S IS F AT wEkA (U]
5%, 10%= sto] Z42F Aggk Ay =gfolH
REY] &4 AHFS 60%= 1A A s,
013'2_ HI/EE S 84 AojFes /MK
(Condition 7)°ll 7Hd &L UA 34 &&

}\ 1\)\)\)\‘:}

Holil gtk e |U| 7t 10%Y
S mEol MY B

olx, 7 H=L AL

_4

2 IPl

Mo ox mH o8
P

o

rulo

5. A=
ATANAE  A1E AgAD Azgol
I QAR BARE AFE 293 ATz

J8 R
¥
X
an

JN-1H¥HUr$E3ArPI
N
fm

oo (B 2 [0 (R oX

60%= L&}kl
60 + U)%= *43
Aol Hls duA 38 &gl Hdl 123%
FHES 4 F AT E=S A Ao
AQA |U| & 10%2 273 + A
4G me Aubzow =o oA A a&S
B

F—|~
o
o
N
N
K
ol
o
fru
Y
ol
<

1085



1000
= Flywheel 2
3 evof
>F
Eg w0 i
-% Pt A
=1 400F Flywheel 1 4
& .
200
® 200 Recovery line Ll
2% i Driving line
g 1o Py
o .
ol
0
5
2E_ o Drive PM |
S B= i --==- Flywheel P/M
a6 = B ppenema—
Eo 55 etrmsmn e L i~
=
BT g ! , . ! j j . : .
] 1 2 3 4 5 & T 8 9 10
Time [sec]
(a) In the case of condition 4
S =45
=
8 800
@
ZF
28 600 13
2 AR —
8 "Flywh
I 400 Flywheel 1
o

Recovery line
Ve Driving line
/

Pressure
[bar]
8
S

Drive PIM
. ----=Flywheel PIM

Pump / Motor
displacement
[%]

1 2 3 4 5 6 7 8 E] 10
Time [sec)

(b) In the case of condition 7
Fig. 6 Experimental results of |U |S5%

7|

fo

2 AT dxAgAd EAV| AT (RO1-
2006-000-11370-0) Al Lo 2 3= 5.

]
o

!

(1) P. Evans and A. Karlsson, 1981, "The Volvo City
Bus," Institution of Mech. Eng, Paper C157/81, pp.
143~150.

(2) Federal Republic of Germany MAN Inc., 1989,
"Hybrid Bus with stepless transmission and hydraulic
energy recovery," International Edition 4.

(3) Courtesy of Tyrone Hydraulic Inc., 1989,
"Regenerative drive for sawmill carriage uses fixed-
displacement pumps and motors with an accumulator to
store the hydraulic energy,".

(4) H. Nakazawa, S. Yokoda and Y. Kita, 1996, "A
Hydraulic Constant Pressure Drive System for Engine-
Flywheel Hybrid Vehicles," Third JHPS International

7=302%

1000

sook Flywheel 2

600

so0k Flywheel 1

Rotational Velocity
[rpm]

200 +
200 Recovery line
Drriving line

[bar]

Pressure
3

Drive P/IM
----- Flywheel P/M

Pump / Motor
displacement
[%]

s 3

1

1 2 3 4 5 & 7 B ] 10
Time [sec]

(a) In the case of condition 3

[ Flywheel 2

400} Flywheel 1

Rotational Velocity
frpm]
g

200 Recovery line

Pressure
[bar]
o
=

/, Driving line

—— Drive P/M
S0 A A 0 Flywheel PIM

Pump / Motor
displacement
(%]

1 3 e 0
Time [sec]
(a) In the case of condition 3

Fig. 7 Experimental results of |U|S10%

Symposium, pp. 513~518.

(5) J. Hao, S. Ikeo, Y. Sakurai and K. Takahashi, 1999,
"Energy Saving of a Hybrid Vehicle using a Constant
Pressure System," Trans. On the Japan Fluid Power
System, Vol. 30, No. 1, pp. 20~27.

(6) Y. R. Cho and K. K. Ahn, 2003, "A Study on the
Energy Saving Hydraulic Control System using
Variable Displacement Hydraulic Pump/Motor,"
Journal of KSPE, Vol. 20, No. 9, pp. 100~108.

(7) K. K. Ahn and B. S. Oh, 2005, "An Experimental
Investigation of Energy Saving Hydraulic Control
System using Switching Type Closed Loop CPS,"
ICFP 2005, pp. 153~157.

(8) B. S. Oh, 2005, "An Experimental on the Energy
Saving Hydraulic Control System using Variable
Displacement Hydraulic Pump/Motor," M. S. Thesis.
(9) J. S. Kim and K. K. Ahn, 2005, "A Study of
Hydraulic Energy Saving of Constant Pressure System
(CPS) using Proportional Relief Valve," Proc. of KFPS,

pp. 11~16.

1086





