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Theoretical Analysis and Experiment of Multi-pump and
Multi-motor Regulating System

WEN Desheng SUI Guangdong LIU Xiaoxue TIAN Shanheng WANG Shaopeng FENG Peikun
(School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract; In traditional pressure control loops, the power elements use a conventional single-acting
pump. When the circuit uses only one pump to provide pressure, the pressure control loop cannot meet
the system’ s need for multiple flows. The new multi-pump and multi-speed motors were based on the
double stator theory and a new type of hydraulic components was developed, which can achieve a pump
('motor) multi-output. When the conventional single-acting pump and single-acting motor were used in
the conventional hydraulic circuit, the hydraulic circuit at this time was a new type of hydraulic circuit.
Due to the special nature of the components, the system can meet the needs of multiple outputs and
multiple powers. Since the new hydraulic circuit reduced a lot of control elements, the new hydraulic
circuit can save a lot of energy when implementing the same functions as the traditional hydraulic circuit.
The experimental results of the new multi-pump and multi-speed motor pressure control circuit showed
that with the increase of the system pressure, the measured flow of the double stator pump was decreased ;
the volumetric efficiency of the double stator pump was decreased with the increase of pressure difference,
the mechanical efficiency and total efficiency were increased with it. Although the error was caused by
some uncontrollable factors, it verified the feasibility of the circuit and the rationality of hydraulic
components. The experimental results laid the foundation for the innovation and development of multi-
pumps ( motors) for other hydraulic circuits.
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Fig. 1 Schematic diagram of single-acting double-roller

connecting rod type equal-width curve double stator pump
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Fig.2 Schematic diagram of double-acting double-roller

connecting rod type equal-width curve double stator pump
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Fig.3 Schematic diagram of regulator circuit of

double stator double acting pump
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Tab.1 Double stator double action pump pressure regulation circuit operation
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+ - - + - + - - 2 N +4b ny (k+2)q 9
+ - - - - + - + P +2 Ah ns (2k+1)q 9
+ - - + - + - + 2 N +2 4h ng (2k+2)q 9
- - - - + - - - ﬂ\ ny kq 11
_ - - - + - - + 2 4 ng 2kq 11
5 8
13\“1sz 1/14
SYA i

Bl 4 AR5 900 e ] i S 3
Fig.4 Schematic diagram of traditional two-stage
regulator circuit
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Fig.5 Multi-pump multi-speed motor secondary
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Tab.2 Working condition of circuit when inner pump worked alone
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Tab.3 Working condition of circuit when external pump worked alone
IR 100 E T wm wa wm
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Tab.4 Working condition of circuit when internal and external pumps worked together
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Fig.6  Characteristic curve of traditional circuit

under constant load conditions
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Fig.7  Characteristic curve of new circuit under

constant load conditions
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Tab.5 Output torque and speed for different working

modes under constant power conditions
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Fig. 8 Schematic diagram of test system for new
pressure control circuit
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Fig.9 Diagram of hydraulic components connection
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Fig. 10  Diagram of new pressure control circuit connection
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Tab.6 Experimental prototype structure parameters
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Tab.7 Volumetric efficiency of different working methods
‘ A S T A HPIR A T AE A S TR TAE
WRES), — * s - o —
P Higihat/ SRR/ K Higat/ SRR/ v Wity SR/ paviN
¢ (L-min~') (L-min~") R/ % (L'min™")  (Lemin~") R/ % (Lemin~")  (Lemin!") B/ %
1 31.23 28.9 92.53 56.42 55.5 98.36 87. 65 83.9 95.72
2 31.23 28.8 92.22 56.42 55.3 98. 01 87. 65 83.7 95.49
3 31.23 28.7 91. 89 56. 42 55.1 97. 66 87.65 83.5 95.26
4 31.23 28.5 91.25 56. 42 54.9 97. 30 87.65 83.2 94.92
5 31.23 28.3 90. 61 56.42 54.4 96. 41 87. 65 82.5 94.12
6 31.23 27.9 89. 33 56.42 53.8 95.35 87. 65 81.5 92.98
#8 AEIIEAXHIVHILE
Tab.8 Mechanical efficiency of different working methods
TR S)/ A B T AR SR T AR A SRR AR
MPa SEBREEHE/ (N -m) B/ % SBRFHE/ (N-m) PSR/ % SCBREHE/ (N-m) PR/ %
1 23.2 30. 59 41.6 30. 82 54.1 36. 85
2 20.6 34.38 36.5 35.16 48.3 41.22
3 17.1 41. 60 28.9 44.30 41.8 47. 64
4 13.3 54.56 22.4 57.16 34.1 58.43
5 11.2 63.93 20.2 63.53 31.1 63.99
6 10.3 70. 82 18.0 71. 66 28.3 70. 25
*9 AEIEFXHBHE
Tab.9 Total efficiency of different working methods
TR S)/ PZE B T A AL T AR W SR R AR
MPa BIRRCE/ % DR/ % BBR/ % BRECR/ % PIMECE/ % B/ % FRER % PR/ % BB/ %
1 92.53 30. 59 28.31 98. 36 30. 82 30. 32 95.72 36. 85 35.28
2 92.22 34.38 31.71 98.01 35.16 34.47 95.49 41.22 39.37
3 91. 89 41. 60 38.23 97. 66 44. 30 43.27 95.26 47. 64 45.39
4 91. 25 54.56 49.79 97. 30 57.16 55.62 94.92 58.43 55.47
5 90. 61 63.93 57.93 96. 41 63.53 61.25 94.12 63.99 60. 23
6 89.33 70. 82 63.27 95. 35 71. 66 68. 33 92.98 70. 25 70. 25
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Fig. 13 Mechanical efficiency curves of double stator

Fig. 14 Total efficiency curves of double stator pump

under different pressures and working modes
pump under different working modes and pressures
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