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Establishment and Experiment of Efficiency Model for Closed-loop Hydraulic
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Abstract; Aiming to clarify the efficiency characteristics of the closed-loop hydrostatic system with
variable pump controlled variable motor, the combined theoretical and experimental approach was adopted
to systematically investigate the efficiency performance. The lumped resistance parameters were employed
to characterize the system losses, based on which the system efficiency model was established. Through
an experimental platform, the characteristics of each resistance parameter in the model were identified.
Based on the established efficiency model, the variation laws of system parameters such as slip, torque
loss and efficiency with load were predicted, and the validity of the model was verified by experiments.
Meanwhile, the influence of oil temperature on the system efficiency characteristics was explored. The
results showed that the established model can effectively characterize the drive efficiency of the system.
When the load torque was with the range of 20 ~40 N+m, the sequential displacement adjustment strategy
can achieve the highest drive efficiency, up to 55% . In addition, within the oil temperature range of
40 ~70°C , the system efficiency under pump control was increased with the rising of oil temperature,
whereas under motor control, increasing oil temperature reduced the system efficiency, and the reduction
magnitude became significantly larger with the increase of motor speed. The research result clarified the
efficiency characteristics of this type of hydrostatic drive system, providing theoretical reference and
engineering support for designing appropriate control strategies and achieving optimal driving
performance.

Key words: variable pump; variable motor; closed-loop hydraulic system; lumped-parameter model;

efficiency characteristics
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Fig. 6  Variation curves of torque losses of drive system

HY T B 3K 5 U T e, 2R 0 e 22 R R 45 K
RGBT R (S A& 6b) o T 4FE ik U N 1
RGN RCRME T, W8 KM K, X 2 h TER
BT, RGEMER KRR G = A, HEE T,
8 T v I B (A &L 6b Jir 7R ) o AE Hh k4 T
T4 T B/NE(T, <25 Nem) , 503005 58 90 4 Bl
Ih K B 0% T HE — 2 T i e, Bk Sy Y
T,=20N-m i, B3k @ 2y 2 600 v/min (a, =
0.7),24 T, =25 N-m I, T k%% 3 35 5 2 250 r/min
(a, =0.7) ,BEJEHEE Bk T &, REBCRZ
W R RE MY T, BRI (T, >25 N-m) , REGEMHEK
D) Bt 3 2 S A - o T 32 W B X H TR AE D gk
TR THT,E T, BN, REMERERL T
AL, T2 T, BRI, RG22 R 4 s 3 S b i,
Z5 ESE ST, Y R AR AR BRI, S AT Th 3k I
J 2 9 59 B0 0 AT R AT 7E 1 5 B R 0 R K
LR KWK 55%
4.4 HMEBWNRGELEHELM

FRGEAE TAERE AR v, [0 6 30t Yl K S T sl A
Mo &AL T 5 1S 2R SRR PR A B2 . o B

& 3N %

O 1 1 1 L 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000
3k n, /(v min™)

K7 RGEEAAML
Fig.7 Drive efficiency variation of drive system

T T IR R A8 Al X 2R 0 Ak R R Y R e R, T
RGE NS HU R BB LE IR B (70 £5)C
AT XA BE ) R ¥R, R, (R, FI R, AT
B I AR 23 BT 3R Gt e 22 58 HHLE 1 2k 32 A% 2l &k
R R0 AT AL TR R BT AR A5 IR 40°C
TN B FR e R R AT X L, DA BT &R 4 T i AR
X FR GERCR R PE B 52

K8 45t T T, =30 N-m, i & L2 53 51 2 40°C
FTT0C B}, 2R G0 i 22 58 5 11 0 0 2% 26 1) L0 e A0 5
B A (H R Gk B S A Rk . IR 8a R GL L 5 R

00 FEETHR TREHITR
—40°C PUE | <40C WIRME |
60F - ~70C B | ~70°C Wit

500 1000 1500 2000 2500 3000 3500
Tikf R (- min)

(a) §L 7255
60r.  FRIR . SDBRERIR
| —doCTE

g |- -70°C FifE
< P e 40°C Wi
g L« 70T iR ME
B 1
K 40+ i
= i
§ |

30r

20F b

500 1000 1500 2000 2500 3000 3500
TikfE R /e min)

(b) AR
8 iR fh B R G i 2 SR RN AR 1 2k 28R b i £

Fig. 8

Influence of oil temperature on slip and torque

losses rate of system



%21

LA G AR AR

ik PR ST R G R AR A S 5 S 425

AR AL AT, TR R 1Y AR G0 22 R B AR (LR Ak i
e AHE R T0°C IE, PO 9 R SR 25 R
KTl oy 40°C I (9 R GE 5 22 %, 102 T FEE b
UL B T e i R R A M I, A A/ B gk )
Bt i T e R, TS DR T R G 25 R . i e AT 8D
AR T FEE T B AR G LR A R L B A [
A AE A R B, 24 9l W EE O T0°C I, 9 T T Y
FHE A58 2 AR B /N T3 WO BE O 40°C i % AR 48 2K
AR I T Dt T e T R Ik TR R B R
A RO/ T IR/ T 3R B T AR RE g, AT R
48 BB/ HLAE AR R R

K9 % T, =30 N-m Jili il 735 5 40°C Al
T0°C I, 28 GE R0 B AR R 00 {0 B 00 4 {1 Bt % 3k e
MRt 2, il R, PR R i RCR 2 8
HARLEAZ AL 3, B2 & G il il o 70°C i, 2R 4% T
DL R GERCR R TR 40°C I 1 R GERCR X 2
M FRETOT , RGEHIAEHRR & i 3 SR
RO ) T e B ARG T AR G HLAR 0K R (151 8b) il

60 \ —
LRI Ok
! i i
57t i
j
541
8
=
51+
%
48t ~ o
/
4 a =0.6 . N I
/ » ——40C FPME
451 - - -70°C HiifE
! /A a=05 4 40°C JRAE
42 o 70°C MEA{E
I a"=0.4\ | I | | |
500 1000 1500 2000 2500 3000 3500

gjﬁﬁ%ﬁnm/(r- min")
P9 AN [a] il ik o 2R G A% Sl Rl A Al h 2%
Fig.9 Influence of oil temperature on drive efficiency

of system

B B P, 46 v A S T T T R AR R AKR, T v e
A E) 3 A E . WAE D AR TR, &
G5 50 R I Tk B 00 T v R M, T R R
AR 7 AN E Ay HAR TR Y 40°C B 19 4% 8l 3K
X AR AR Y ET A AE TS, Dk T
(9 22 G0 5 22 3 5 40 3 S 1E AT, L HC Bl o 3R 1 T
MR (K 8a) o I, BBy BN, 2 48 1 Wi B
(1 T 0 45 B A1 2R G A% sl R, L Ui/ e il 5 3k
A T T K

25 AT EE R AE 40 ~ T0°C [ 3 I S5 FE Y, 24
Ly 3R B U IR (2R A% T 00 ), ¢RI I ] 3R A5 3R
AR SRR Y T 2k e A (S ak R T
B TR A T B AR R G AL Bh AR, H N e
Bt T A 2 ek ) G T Ak R, Tk o T
T % L Sy AR

5 %it

(1) #ESr T HET 4R B2 B A8 B A4 B 03k
P S R GBI ROCR B Y, I T S50 F 5 SR 1
T PR A R

(2) 730 T R GEHE 22 R AR K I AL 3l 3k
BEAL/ Thik HE R 3R AR AL LA TSR 4 SR R B
AR AE 20 ~ 40 N-m I, S5 2R )5 ik 19 0P
HE R T L AT AR A d o AR 3l AR, R T ok
55%

(3) TRFT T 2 e il B ) 2R 8 A0 3 1 2 i JL
HEBEGE R B, #E 40 ~70°C (3 I X)), 2 4 T
R AR G B I 3L T O, T R T 0 3
ANEIF Ko AR Sk P B0 I T v s R
RGO, ELIR0/ B B2 T T 3K P S Y T e T A Y
R, NRERBE TR 7 AT 405

[1]

[2]

(3]

z £ x W

POk, FlE#E, S, 4. JEE S Sk s s REROR IR AL SRR E R [ T]. ML AR 24, 2023, 59(20) : 385 -400.

Quan Long, Yan Zhixin, Zhang Shuofeng, et al. New progress in energy-efficient electrical drive and hydraulic transmission
technologies for non-road mobile equipment[ J]. Journal of Mechanical Engineering, 2023,59(20) :385 —400. (in Chinese)
TR, R4, ABRA, . HHREIRS) F @ RS SRR T]. ML TR R, 2023, 59(16) @ 254 - 262.
Luo Junlin, Wu Wei, Zou Tiangang, et al. Study on dynamic characteristics of hydrostatic driven vehicle acceleration process
[J]. Journal of Mechanical Engineering, 2023, 59(16) : 254 —262. (iin Chinese)

Zeng X, Li L, Song D, et al. Model predictive control based on time-varying efficiency for hydraulic hub-motor driving vehicle
[J]. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, 2021, 235(12) .
2949 -2963.

Wen Qunya , Wang Feng, Xu Bing, et al. Improving the fuel efficiency of compact wheel loader with a series hydraulic hybrid
powertrain[ J ]. IEEE Transactions on Vehicular Technology, 2020, 69(10) . 10700 - 10709.

Wang Feng, Wu Zihan,Xu Bing, et al. A mode-driven control strategy to reduce electric drive peak power of hybrid wheel loader
propulsion system[ J]. TEEE Transactions on Vehicular Technology, 2023, 72(5) :5948 - 5961.

Wang Huashuai, Zhang Yanbin, Liu Rongsheng. Energy-saving cruise control method for heavy-duty transport vehicle based on
pump-valve coordinated drive [ J]. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile

Engineering, 2024, 239(12) . 5814 —5829.



426

PSS A1 M | = O 14 2026 4

[7]

[8]

[9]

[11]

[12]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

d AR, B, AR BT, S5 SR AR AL Bl e 4 A % B AR e S e R R BB ST [T ] A HUAR 2 4R, 2026, 57(7) : 97 -
107.
Meng Xiangchao, Zhao Wei, Li Sihang, et al. Shift response and dynamic characteristics of power shift transmission of cotton
picker[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2026, 57(7) :97 —107. (in Chinese)
T R A L RS OVE S i B 1 = 25 AL O AR S IR B W R R ) RS [T ] AR AL R, 2026, 57(7) -
80 - 88.
Wen Haojun, Zhou Qiangian, Zheng Zhaohui, et al. Research on four-wheel independent drive full hydraulic steering system of
high-clearance self-propelled sprayer[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2026, 57(7) :80 -
88. (in Chinese)
KRB, WO, EARNE, S RS PR ESIE R LS D RERETELT]. Al TR, 2022, 38(17) : 52 - 60.
Zhu Zhen, Lai Longhui, Wang Dengfeng, et al. Energy saving characteristics of the mechanical hydraulic tractor power system
with oil electric hybrid power[ J]. Transactions of the CSAE, 2022,38(17) :52 —=60. (in Chinese)
XUk, ALk, B, . ARXEESIRRERGESCEOIET]. ST R (A AR #IR) , 2015, 38(7) :876 - 882.
Liu Yong, Gu Lichen, Yang Bin, et al. Study of efficiency simulation of closed pump controlled motor hydraulic system[ J].
Journal of Hefei University of Technology ( Natural Science) , 2015, 38(7) :876 —882. (in Chinese)
Xu B. Characteristics of volumetric losses and efficiency of axial piston pump with respect to displacement conditions[ J].
Journal of Zhejiang University Science A, 2016, 17(3): 186 —201.
Huang J, Yan Z, Quan L, et al. Characteristics of delivery pressure in the axial piston pump with combination of variable
displacement and variable speed[ J]. Proceedings of the Institution of Mechanical Engineers, Part I Journal of Systems and
Control Engineering, 2015, 229(7) : 599 - 613.
Yang X, Gong G F, Yang H Y, et al. An investigation in performance of a variable-speed-displacement pump-controlled motor
system[ J]. IEEE/ASME Transactions on Mechatronics, 2017, 22(2) :647 — 656.
Rydberg K E. On performance optimization and digital control of hydrostatic drives for vehicle applications[ D]. Linkoping:
Linképing University, 1983.
Kumar N, Dasgupta K, Ghoshal S. Dynamic analysis of a closed-circuit hydrostatic summation drive using bent axis motors
[J]. Proceedings of the Institution of Mechanical Engineers, Part I: Journal of Systems and Control Engineering, 2015,
229(8): 761 -7717.
Pandey A, Vardhan A, Dasgupta K. Theoretical and experimental studies of the steady-state performance of a primary and
secondary-controlled closed-circuit hydrostatic drive [ J]. Proceedings of the Institution of Mechanical Engineers, Part E;
Journal of Process Mechanical Engineering, 2019, 233(5) . 1024 — 1035.
Manring N. Mapping the efficiency for a hydrostatic transmission [ J]. Journal of Dynamic Systems, Measurement, and
Control, 2016, 138(3): 1 -8.
Ge L, Quan L, Zhang X, et al. Power matching and energy efficiency improvement of hydraulic excavator driven with speed
and displacement variable power source[ J]. Chinese Journal of Mechanical Engineering, 2019, 32(1) . 1 -12.
AT, BAEA, AT IR, 5. B A S DAL E I AT R B 5 [T ] 4k HLAR A, 2021, 52(4)
359 -365.
Zhao Chunjiang, Wei Chuansheng, Fu Weiqgiang, et al. Design and experiment of cruise control system for hydrostatic
transmission tractor [ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52 (4):359 - 365. (in
Chinese)
Vanwalleghem C, Pinte G. Optimization of the efficiency of hydrostatic drives [ C ] // The 8th International Fluid Power
Conference. Dresden, 2012 4420 —4426.
Backas J, Reza G, Seppo T, et al. Fuel optimal controller for hydrostatic drives and real-world experiments on a wheel loader
[J]. International Journal of Fluid Power, 2016,17(3) :187 —201.
XIBLER, IMBENS, ShECH, 45, 25 IR AR I HIRUR K A & P I (D] ML TR 2= 4k, 2026, 62(4) @ 263 —
270.
Liu Qihui, Sun Xiaopeng, Ma Xiaohan, et al. Research on fuel economy control of hydrostatic propulsion vehicles considering
efficiency[ J|. Journal of Mechanical Engineering, 2026, 62(4) : 263 —270. (in Chinese)
B —, TR, S, % TLC00 Mz AR IEIME RG-S K h LU RICE AT [T]. FELK T/, 2007,
18(7): 878 —881.
Zhao Jingyi, Wang Zhiyong, Qin Yanming, et al. Research on hydraulic driving system and engine power match in TLC900
transporting girder vehicle[ J]. China Mechanical Engineering, 2007, 18(7) :878 —881. (iin Chinese)
Wang F, Zhang H, Sun D, et al. An optimal pressure control strategy for hydrostatic wheel loader[ J]. Proceedings of the
Institution of Mechanical Engineers, Part 1. Journal of Systems and Control Engineering, 2023, 237(5) . 779 - 790.
Zips P, Lobe A, Trachte A, et al. Torque control of a hydrostatic transmission applied to a wheel loader[ C] // IEEE 58th
Conference on Decision and Control, 2019 ;4273 -4279.



