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A Study on Energy Saving Hydraulic Cylinder System Using
Hydraulic Transformer

Lee Min-Su *, Ahn Kyoung-Kwan* Cho Yong-Rae* and Yoon Hong-Soo .

ABSTRACT

In order to reduce energy consumption, secondary controlled system has been applied to many types of equipments.
In lifting equipments or press machines using hydraulic cylinder, a hydraulic transformer is used as a control component
instead of a valve for motion control and a component for recovering potential energy of load. The transformer is a
combination of a variable displacement pump/motor as a secondary controlled element and a fixed displacement
pump/motor. In this paper the effect of transformer is studied. Multiple closed loop controllers with displacement
feedback of variable pump/motor, speed feedback and position feedback of cylinder are used. The efficiency and energy
consumption when cylinder is driven up and down is calculated by simulation, Simulation results show that considerable
energy saving is achieved by choosing load ratio, circuit type and supply pressure.
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7|49 p  pressure[Pa]
q flow[m’/s]
A, areaof cylinder[m?] T  torque[N-m]
D displacement{m®/rad] v velocity of cylinder[m/s]
E  energy[J] y  displacement of cylinder[m]
H  stroke[m] a displacement ratio of transformer
m  Joad mass[kg] Y load factor of transformer
P,  input/output power of constant pressure power ) dimensionless  displacement  of  variable
W] displacement motor
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A one cycle consumption energy quantity of
dimensionlessness

M, energy efficiency of up stroke

M2 energy efficiency of down stroke

o  rotation speed of transformer axis [rad/s]

H# A variable displacement pump/motor,
B : fixed displacement pump/motor.
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Fig. 6 Cylinder position control system

Adge] Yoixel &alol
o e YyE},

fckn HRER o5

Eua = Edi =mgH (11)
ds #BARY AYA ZE(lE, TF AE)S
& 2(12)sF Zo] EHETH

E
= Ew (12)

m E,

37 #A49 v mg(ols), A ag)e o
& A13)% Zo] EdATh
_Eu (13)

7, E,

1 Atolge] 4] duyAlE,

E=E,-Ey =201 pory = jmgrr (14)

Uy
A71M, A & 1 Atol 89 FAY A uR ol

1 Afol&e] Am] =g Bart st 93] o
Uxel Hgtn Aoso] g H15)elH EHE
o},

1- i,
m

A= (15)

Aol el 8§ ERAEA oyx HP
AHNE FAs AUSHEZRE A E Z& o, n, o
ofs) At Fig7 &, & 7E2F0E st1, n,
HASHA A A o a8z E Jehdoh
H % n, 7t & &S 79 A7 Zoldrn} 48 5

=



)
P
B
[a)
B
o
=

CRFAYFEHA A2 Y A2E

o <06 F n,<0.6 G W a>1 2 &M AUAE A
A3 7207 € 1206 4 W A<0.83 22 4] oy
AE ottt A<l o]gtd 1 Alo]E9 4n] oy
e A4 #49 28 duART At} duy=x
27 29E g4s7] H8A n207 2 8 "a)
Atz Bzrdo

5. Al22folMd #2t % 2

g oy, AU AFLH p, ¥ %
FAAZ H 5& vHFol Al dyx A7 &
Ig AESL. AlEdold 232 Table 20, Al E
HolMd A3t Fig8 L Figd o et gt F
249 83 §(=DpDay), HATY £X v, ©Y y,
ALELE A& B9 s 9 Z A8 S e
th o ¥Y y & enxgle] BEX $335xn I
RE ¢ 4 Ak =g & AP A1EE g8
BE/EHE AZT FY¢ EF2ERME D=
7.8%105~7.8*10°m’/rad, Dg=7.8x10"° m’/rad o1 4
] J2E AL 80mm o]t}

5.1 RslEnt o1 Xx| & 53
Fig10 & #Y3=Z 1 oA Rdtgo] ¥y
Ao E& 9 YR suEe w3E #7444
Ebdith o7]1A, E3go]l ¥ ZF$ole Adyrt
A £E2 FFoln s L4FY RHEE 1ES
FYGellA AFIE2 Az A& F1 a9
o] &M duAE Folrt ¥ithE Rigo] de
Ao JtH %8 RHe HEE J90M FF
S22 uA ZEo]l ¥a v AU} FolA
M S EX2IoiE AT B gt AR
Z2HRERE 06 ¥ 9 n,20.75, 1,207 2 1<0.6 ©]
"o Figll A FL43 = 204 Rahgo] W
PE Ao A& oA LvFge AN ARE
Ztzh vepdch f43E 1 3 go] RaEgol F)
T3 FA Zgol Eolx FAYY 4H ouyx
Fe FolAv o ¥EFE Zo) A4 Az RE
0.2<y<0.6 & B 23HE& Mol 1,208, 1,20.75 2
<057 He AE € F Uk YR 1 M
7H &Y RERiog AdHGH JquUxE A
ol F&&o s dudx AR &

FEgg x|

B8FY By g4 AgHLo

2k
e &) Heol
VAT F43AE 2 AHE b
2XE UAE BEHI] WEd F4By Bz

54

£ QA ge B89 JYdlA eAHRE ¥
&9 Fge 7ok

52 Melsdelo| Myetednt o L1x| et &t

FL32 1 o g FEHELY $HE SMpa,
10Mpa, 20Mpa 2.2 RHZA RS A+ ALMAFAE
Fig.12 o Ztzt Jdeldich dALE S F718iE &
&) FolA Farg e A duxe Folxith

=2

—e—12=0.8
4 —o—12=0.6
3 ——72=04 ]
~ \ —x=-12=0.2
2 3
\\‘%liz
1 \\2%3
o . . X X
o 0.2 0.4 0.6 0.8 1
m
Fig. 7 Relation between efficiency and energy
Table 2 Simulation conditions
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