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Structural Design and Pressure Change Characteristics of
Digital Hydraulic Transformer
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Abstract: A new type of digital hydraulic transformer was designed by using several basic components
such as gear pump/motor units and control valve groups. The digital hydraulic transformer combined the
discrete, simple and easy to control characteristics of digital components, and was grouped by a plurality
of gear pump/motor units with different displacements. Rigid connection was made between the drive gear
shaft of each gear pump/motor to achieve the purpose of synchronous rotation. Solenoid switch valves
were installed respectively through the integrated valve blocks at the inlet and outlet of each gear pump/
motor unit, throttle valve was installed in the output port of the digital hydraulic transformer to simulate
the load of the whole hydraulic system, the low pressure ports of the inlet and outlet control valve groups
were connected together to access the oil tank. According to the binary digital control by changing the
power on/off state of the inlet and outlet valve groups, the digital hydraulic transformer can realize the
change of output flow due to the existence of low pressure oil port, and then realized the change of output
pressure. The AMESim simulation software was used to analyze the pressure change process of the digital
hydraulic transformer, and the digital hydraulic transformer was verified by using the test platform. The
results showed that the proposed digital hydraulic transformer can change the output pressure by digital
control, and the feasibility of the pressure change principle was determined.
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Fig. 1  Flow dividers and combiner system object diagram
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Fig.6 Regulation characteristic curves of DHT in pressure boosting stage
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Fig.8 Regulation characteristic curves of DHT in pressure reducing stage

AP AN A T2 B B 25 T AR
8b Jy [ T 8] 35 4 P T 4, G g A A R
PR 1 T 2 2 Al 15 o T 81 A U o

4 R

A DHT X5 F- 5 (K 9) , X Br i it iy DHT
AR B S HEAT IR O 5T . IS F & iR ko
7+ DHT | & s 1% 3l & G AR ) 3 90 55 08 4 L, il
ik Xt DHT 5 1y 11 4% A 0T 5¢ 1 B0 45 2% v 207 4 o
SE I TE I R T 0 e T 27 RE A 356

[

K9 DHTEFE
Fig. 9  Test platform of DHT
L24 Vg 2 BRER 3 R MEEAS 4. TE LR
5.DHT 6. il 7.5060 B IE A 8. HH5EHL

GnE 10 11 FroR , AE R 7 U8 R O T, R
Mk S50 &b AY &, 5CH T DHT
& 779835 S g, (5 DHT T AE I A7 16 3 45 BE = 45 0k

H B s B Bl DA Y, 5 2058 P e s T g
B e s Ay o [R)BE TR O R I, DHT o

P2 ) 1R AL A% O v DAy o R R O, % f T S 1 T
Helbk i, DHT Jay th 370 5 B 18] 9 /1, LAY 37T 19 oA A5 400
T A T 7 B 18]k /), 2 B0 DHT iy A/ fai i 1
T3 BUA TR AR 9 B 1) b o T A TR A T B Y
He Jy wiike 5 FE FE 0 B R AR S BE RE  RTY
IF, DHT A 4% ] 1 25 2 A7 45 2% rig 207 45 11, 4%
P T T 5 ] e R A D7) 4 I3 i 047 58 A/ B 0k e T —
S, A ] R 2 A R PR R (H I R
WARG MW AL, FEOR DR A
R BE ) A 1) ity o R R 9 Y R B IR g et S
I8 e s 319 IR AR I

AE L AR R R T I, G 25 0 3 4R
R HE )&, DHT S8 T 38 i 38 9 3 2 1 g2
Ry e H g o E7E R R T R, DHT B fay A/
i R A B G, R X A TR ) R
TE EEARUR  TEM A HEAR . S50, i 10 11
PRI B Be i i 5 1k 2 ] DU Y, i T IR 48 R/ By ik
AFAE T 1, DHT 52 P i) St 0 i A T 2HE ag

AT S R T X i £k Ly L R R
R EE W) & Fe i B b AR BT/ R IR A 5 (H
o6 s [ B s g ol 2k 1) 22 A aed e 55 7 il AT A —
P 22, RN 32 22 i g A P AL T AR AR A R
A Fe A/ B IR BT AE HE I 1 R 22 AR T 7 AR AN T
3l J AN BEL D AR, 3 A L S BT B B

215 AR A A ph 2 e A A 22 o
5 it

(1) B RIELFE 9 26— VG5 R 48, Bt T —
MR T 3, DHT A6 R I8 4 ik 04 46 58/ 24 16



408 | 1 R A= 2020 4

7t 251 T2 4501
6 BB ~ E 400 T
& . = 7 20r 23501
= g 3 300(
R4 o B & 250r
H 3t S 1of #2000 ——-r—
a2t oy 5150
B —iE E sF @ 100F
I —DHT : - PAREI]S
0 ZIO 4IO ()IU 8‘0 l(l)() léO 140 lfl)() léO 2l‘)0 0 2‘0 4IO ﬁl() 8l0 1(I)U lé() léIlO 1(‘10 lé() 2(IJO & 0 2‘0 4‘0 ()IO SIO ll.l)() léU 14;-0 l(lx() léU 2()0
GRS s a] e/s iENS
(a) FFHE
7 250 3558-
E 500k
6 —PH E
~ 20F — T 450+
£ L AL L 400F
= | X 350t
S a5 g—ésoo !
- = 2501
RE RN B S 10} B0
@2 —uE T 1307
1 —DHT 55 r——_‘-—’*\_\___;__ 12 100
. ey
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 & 0 20 40 60 80 100 120 140 160 180 200
i i /s ik [ o/ i} ] o/
(b) JHBEE
B 10 R TR B DHT 8 35 45k i g il 22
Fig. 10 Regulation characteristic test curves of DHT in pressure holding and boosting stage
: 251
Ol B —rn
Rl =20 —AH
= £
24 — E 15
Rl —DHT 3
ke S 10F
=2 i
5 = |
=L £ 5

0 20 40 60 80 100120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

0
[f(E] /s [} [E)t/s [} [E) /s
(a) FERES
6 i 25
—
5 —DHT 90
= i
=S4 g
3, E 15
=3 )
= S 10
il TR H
: —Al
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 & 0 20 40 60 80 100 120 140 160 180 200
Ita]e/s EES 1] e/s

(b) KEFHER
B 11 TR R E By B DHT 33 55 i 56 g 48
Fig. 11 Regulation characteristic test curves of DHT in pressure holding and reducing stage
S 1 Pl AT MO RS IR R R/ IR R 1 ) &, %) DHT (%0 A & J7 b s 07 0 i ik
A LG O I 38 ok s DHT 3 1t 145 4l R/ R W AT 705 B IR T AR e R
I 2H 1 A5 2 v 5 ), S B DHT I He F 9 52 7 WA AR . Ba  RFEIR IR I F & , %) DHT 1748
T, 1T 38 B o i 2s DHT i 4 970 5 10 200 2% i s FERCR AT T80, i 1 X DHT #F 0 1
JEJIH H . P2 ) 1) 21 %) K5 o 5 ), AT DATE S5 B &R gE i AT AR
(2)FF DHT #5417 AMESim 1% ) R G2 FL A FEW AT ATk .

& % x Wt

(1] R4kl . WIERS P REZES RO FIRT]. KEZRE2=MR A R¥FR) ,2016,36(6) :119 - 126.
JIANG Jihai, YANG Guanzhong. Development and research status of hydraulic transformer in hydraulic system[ J]. Journal of
Chang’an University ( Natural Science Edition), 2016, 36(6) :119 —126. (in Chinese)

(2] #fes WM 5% WA RSN R RIUIRT]. HUA AR 44 ,2003,39(5) :1 -5.

YANG Huayong, OUYANG Xiaoping, XU Bing. Development status of hydraulic transformers [ J ]. Chinese Journal of
Mechanical Engineering, 2003, 39(5) :1 —=5. (in Chinese)
(3] Z=4kilg, 54, M, % WEEREMNERETRELZESOERIEIT]. RERKFFROAARBFN) 2000,



%3 1 FRAULHT 45 BT BLRUE AR TEAS S M BT 5 AR R PR E S 409

(6]

[7]

(8]

(9]
[10]

[13]

[14]

[17]
(18]

[19]

[20]

36(5) :869 -874.
JIANG Jihai, LU Hongying,ZHOU Ruiyan, et al. Development of hydraulic transformers in constant pressure rail system[ J].
Journal of Southeast University ( Natural Science Edition) , 2006, 36(5) :869 —874. (in Chinese)
FRELRS BRI TR YR T . R TR TR I 45 2R 4 I R TR AR 4 RS R GT [T ] 35 Mok a2 4l ( L2 RR) L2009,
39(4) :885 -890.
LU Hongying, JIANG Jihai, ZHANG Weiguan, et al. Hydraulic transformer driving hydraulic cylinder based on constant
pressure hydraulic rail system[ J]. Journal of Jilin University ( Engineering and Technology Edition) , 2009, 39(4) .885 - 890.
(in Chinese)
RRBH/NF-. AR EAS BT 5T [ D 1. TN < #7 Ve ,2005.
OUYANG Xiaoping. Research on the hydraulic transformer[ D]. Hangzhou:Zhejiang University, 2005. (in Chinese)
LD AL A A 2E O R AR TR A FIE A 5L IR T (D] e R < g /R 3 Dolk K% ,2008.
LU Hongying. Theoretical analysis and experiment of electric control bent axial piston hydraulic transformer[ D ]. Harbin:
Harbin Institute of Technology, 2008. (in Chinese)
BISHOP E. Digital hydraulic transformer-efficiency of natural design[ C] //7th International Fluid Power Conference. Aachen:
Linkoping University, 2010:861 —866.
KOUNS H H. Hydraulic transformer:US, 3627451 P]. 1971 —12 — 14.
ACHTEN P A J. Pressure transformer:US, W097/31185[ P]. 1997 — 08 —28.
ACHTEN P A J,BRINK T V D,OEVER J V D,et al. Dedicated design of the hydraulic transformer[ C] // Proceedings of the
3rd International Fluid Power Conference. Berlin:Shaker Verlag, 2002233 —248.
ACHTEN P A J,BRINK T V D. A hydraulic transformer with a swash block control around three axis of rotation[ C] //
Proceedings of the 8th International Fluid Power Conference. Berlin;Shaker Verlag, 2012.134 - 148.
XU BCHR . R B A AR A ZE U RS IR AR P2 [ D] W RS < I R 386 D olk k2, 2013,
LIU Chenggiang. Electro-hydraulic servo swashplate piston hydraulic transformer[ D]. Harbin:Harbin Institute of Technology,
2013. (in Chinese)
XU, ZE AR A EEAE 28 SR AL TR A8 A HHL AR PR [ ] A vl B T2 22 4 ( A SRR 2 i) ,2011,39(6) <24 - 28.
LIU Chenggiang,JIANG Jihai. Torque characteristics of swashplate piston hydraulic transformer [ J]. Journal of South China
University of Technology ( Natural Science Edition) , 2011, 39(6) :24 - 28. (iin Chinese)
AR 5T CPR MR & 3 D2 MALBUE T RE R G A= R DT [ D] I /R - I /R olk K 2%, 2014,
SHEN Wei. Energy-saving and control performance research of the hydraulic hybrid excavator based on CPR[ D]. Harbin:
Harbin Institute of Technology, 2014. (in Chinese)
ARl A XU X AR A E AL AR RHE DR R (D] K 35 MR ,2017.
SHI Lujun. The characteristic analyses of bivariate symmetric-type structure hydraulic transformer [ D ]. Changchun: Jilin
University, 2017. (in Chinese)
BN, XA, 45, . T U A T e A A R R AL S R [T ]. Wi R 4R (L2 R ) ,2014,48(6) -
764 —783.
SHI Maoshun, LIU Hongwei, LI Wei, et al. Tidal current turbine hydraulic transmission system based on hydraulic transformer
[J]. Journal of Zhejiang University ( Engineering Science) , 2014, 48(6) :764 —783. (in Chinese)
XN, 2, IR T . U R R AR JE 4% - CN 106958546 B[ P].2018 —04 — 06.
HOHEAT. Z AR AR [T ] B HLHL 1998 (4) :38 - 39.
CHANG Yali. Multiple gear pump/motor flow splitter[ J]. Colliery Mechanical & Electrical Technology, 1998(4) .38 —39.
(in Chinese)
VPZR . W 56 0 Ui 3 T i B TR AR ALAR B ALY ). DAL, 1992(6) 29 - 31.
XU Hong. Gear splitter supercharger and its application in construction machinery [ J ]. Construction Machinery and
Equipment, 1992(6) :29 - 31. (in Chinese)
AT, EX0 50K, 5. BFRUER R HRER G LA RAMBER[T]. FHRZEZEM LM ,2016,46(5) :1494 - 1505.
YANG Huayong, WANG Shuang, ZHANG Bin, et al. Development and prospect of digital hydraulic valve and valve contral
system[ J]. Journal of Jilin University ( Engineering and Technology Edition) , 2016, 46(5) :1494 —1505. (in Chinese)
VRN, 2 B B 507 IR e S L DR [T ] iR A% 8 5 42 1f,2010(2) =5 - 9.
XU Yangzeng, LI Daping, CHEN Guoxian. Development of hydraulic digital valve and its engineering application[ J]. Fluid
Power Transmission and Contral, 2010(2) :5 = 9. (iin Chinese)



