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A Proposal of a Power Saving Hydraulic Unit and Controller Design

Man-Oh Yum*, Sang-Yun Lee"
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Abstract I

-

In a conventional system, hydraulic unit pumps out pressurized oil when the power use is not even necessary. As
a result, it causes much power loss. This study is on the proposal of new hydraulic unit which controls the revolution
of the pump in order to produce proper power needed and to have good response characteristic. In addition, the existing
control methods such as PID control method, fuzzy control method, and adaptive control method are applied to the
proposed hydraulic unit. Then the best control method is selected and the controller is developed to realize minimum

power loss.
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Fig. 2 P, Q and Power of conventional hydraulic unit
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Fig. 3 Block diagram of power saving hydraulic unit
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Fig. 4 P, Q and Power of power saving hydraulic unit

3. Hioj o2

3.1 PID H|of
PID A7) vlEi7]s, 2d7le % vdles BF &
kol uka2 A7l He & Fig. 3044 Ao{7|E PID #|

Fig. 5 Power saving hydraulic unit with PID controller

r{k} +

216} | Hydraulic ﬂk)_,
unit

82

of7]& sk Fig. 59 7k

Fig. 5 oA r(k) = 28 8oz §UE 297} 45
o2 gAgitt PID Alo7]9] dHis = B1
Eoj4] e o8 y(k) 2 2o)9] 23} e(k) olch £HAE
= A (D2 At 239 w(k) Aoz 5 u(k) A
AT E FUENA AES} 3 AC AEREY &
93 H4E 2AB

PID Ale{718 =202 A3d & Qs Ay
Aoz gdstd 4 ()7} 2

"

wlk?) = w((k=1) D+ ke(k D~ e((k—1)T) ()
+-‘§-17”<e<kme<<k—wm

+f§2 {e(kD ~ 2e((k—1)T)

s
+e((k=2)7))

3.2 HX{Ho
Fig. 62 Fig. 32 Ao{7|€ 4] #[o{7]2 F4Js}ef et

PLE

ol ) Rule-Base
; £ - ! Hvdra
i * ey Detunzi | | wikdutic | wik)

Ll i
EL 3 ! ention fienion {3 Ste (! }—7"
(B0 S ) j :
] Fozay i
e st » &r
el-n : | Rensonicn z

] E ! | {

Fig. 6 Power saving hydraulic unit with fuzzy controller
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Table 1 Response(Desired pressure : 6 MPa)

Control method Rise time | Dead time | Delay time |Settling time| Peak time | Steady state [ Maximum
() (t4eaa) (t) (g) () error(%) | overshoot(%)
g‘gxﬁzoﬁt 0.247s 0.1740s 0.207s 0.261s 0.261s 18.8 435
PID control 0.109s 0.260s 0.0637s 2.78s 0.695s 15.1 59.8
Fuzzy Control 0.0435s 0.610s 0.473s 3.21s 0.622s 17.0 66.7
ST Control 0.189s 0.870s 0.113s 1.05s 0.437s 252 8.67

Table 2 Comparison of response and overshoot

Response(Sec) Maximum overshoot(%o)
Control method
6MPa TMPa 8MPa 9MPa 6MPa 7MPa 8MPa 9MPa
Conventional hydraulic unit 0.421 0.25 0.258 0.251 435 8.57 225 4.02
PID Control 0.369 0.661 0.583 0.502 59.8 34.7 203 10.7
Fuzzy Control 0.636 0.68 0.667 0.587 66.7 37.7 237 7.98
ST Control 1.059 0.841 0.793 0.707 8.67 11.2 9.06 6.22
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Control method Start End
Conventional hydraulic unit | 25.0C 445C
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sur : 6 MPa)
. Hour per
During 6 ower Percentage
Control method| seconds o nIS) umption of power
(kWs) (kWh) consumption
Conventional
. . 10.5kWs | 6.32mWh 100%
hydraulic unit
PID Control | 0.493kWs | 296kWh 4.68%
Fuzzy Control | 0.464kWs | 279kWh 4.68%
ST Control 0.579kWs | 347kWh 5.51%
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Table 5 Power consumption and oil temperature

, Percentage of power
Contro consumption Temperature
method
6MPa | 7MPa | §MPa | 9MPa

Conventional | ;0. 10007 | 100% | 100%|  19.5°C
hydraulic unit
PID Control [4.68%4.80%16.28%4.11%| 0.50C
Fuzzy Control |4.68%/4.68%6.47%/6.14%| -0.50C
ST Control |5.51%)5.89%16.70%!5.86%| -1.50C
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