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(m) 

Contact length between distribution shaft and cylinder block L4 
(m) 

3.97×10-3 

Contact length between distribution shaft and cylinder block L5 
(m) 

5.5×10-3 

Distance between high-pressure cavity and low-pressure annular 
flow channel L6 (m) 

3.97×10-3 

Total length of contact between the piston rod and the cylinder 
block L(L1+L2) (m) 

2.4×10-2 

Cross-sectional area of the piston on the left side of the rail S1 
(m2) 

5.63×10-5 

Cross-sectional area of the piston on the right side of the rail S2 
(m2) 

7.15×10-5 

Clearance between the side of the piston and the distribution shaft 
δ1 (m) 

5×10-4 

Maximum volume of working cavity Vmax (m3) 2.28×10-7 

Width of oil suction and discharge window on distribution shaft 
Lg (m) 

7×10-3 

Minimum contact length between the piston rod and the left 
cylinder block Lmin (m) 

9.5×10-3 

 

S3. Detailed analysis of resistance torque simulation results for mechanical efficiency 

First, the load pressure is 8 MPa and kept as constant. When the rotational speed of the pump 

increased from 1000 r/min to 10000 r/min, the input torque T of the pump drive assembly. Among 

them, the change of the sum of the input torque of the group I piston is shown in Fig. S3(a). 
Taking the rotation at 45° as the dividing line, when the guide rail rotates from 0° to 45°, the 

generated inertial force hinders the rotation, so more torque is required to maintain the rotation, 

and the input torque increases linearly during this process. When the rotation reaches at 45°, the 

acceleration of the piston of group I is reversed, resulting in a sudden change in the input torque. 
It is known that as rotational speed increases, so does acceleration, so the faster the rotational 

speed, the greater the sudden change of the input torque. When the guide rail rotates from 45° to 

90°, the required torque decreases due to inertial forces assisting the rotation. Fig. S3(b) shows the 

variation of the sum of the input torques of the group II pistons with the rotational speed, and its 
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Table S3 Nomenclature 

n Rotational speed D Diameter of the piston rod 

t Rotational time D1 Diameter of distribution shaft 

t90°  Time required for the moving 

components to rotate from 0° to 90° 

R Radius of the guide rail 

h Stroke of piston  L Total length of contact between the 

piston rod and the cylinder block 

v Speed of the axial movement of the 

piston A  

L1 Contact length of the left piston rod 

and the cylinder block 

a Acceleration of the axial movement of 

the piston A  

L2 Contact length of the right piston rod 

and the cylinder block 

Fp Thrust of the high-pressure cavity to 

the piston A 

L3 Contact length between distribution 

shaft and cylinder block 

Fsh Oil shearing force between the piston 

A and the cylinder block  

L4 Contact length between distribution 

shaft and cylinder block 

Fp1 Resistance when the piston A moves 

axially 

L5 Contact length between distribution 

shaft and cylinder block 

Fs Support force between the cylindrical 

roller and the guide rail 

L6 Distance between high-pressure cavity 

and low-pressure annular flow channel

Ff Frictional force Lg Width of oil suction and discharge 

window on distribution shaft 

Fsx Support force of the guide rail on the 

axial direction of the piston A  

Lr Contact length between the 

distribution shaft and the cylinder 

block 

Ffx Frictional force of the guide rail on the 

axial direction of the piston A 

Lmin Minimum contact length between the 

piston rod and the left cylinder block 

m Mass of piston A S1 Cross-sectional area of the piston on 

the left side of the rail 

pL Instantaneous pressure in the left 

cavity of piston A 

S2 Cross-sectional area of the piston on 

the right side of the rail 

P Load pressure δ Clearance width 

A Cross-sectional area of the left piston 

rod 

δ1 Clearance between the side of the 

piston and the distribution shaft 

μ Oil dynamic viscosity βe Oil modulus of elasticity 

μf Rolling friction coefficient Cd Flow Coefficient 

θ Pressure angle Qo Output flow of the left cavity 

Ti1 Torque of piston A at rotation from 0° Qi Input flow of the left cavity 



to 45° 

Ts Shear resistance torque QoT Total discharge flow of roller piston 

pump 

Tc Churning loss torque QLT Leakage of roller piston pump 

Ti2 Torque of piston A at rotation from 

45° to 90° 

QL Leakage of piston A 

T Torque of roller piston pump  QLL Leakage of left cavity 

ηm Mechanical efficiency of roller piston 

pump 

QLo External leakage 

ηv Volumetric efficiency of roller piston 

pump 

QLi Internal leakage 

VD Displacement of roller piston pump VL Instantaneous volume of the left 

cavity 

Vmax Maximum volume of working cavity pT Tank pressure 

ρ Oil density Δprs Difference between the high-pressure 

cavity pressure and the ambient 

pressure 

Ain Communication areas between 

distribution cylinder and suction ports 

Aout Communication areas between 

distribution cylinder and discharge 

ports 

QLo1 Outward leakage of the high-pressure 

cavity oil through the clearance 

between the outer wall of the piston 

rod and the inner wall of the cylinder 

block 

QLo2 Outward leakage from the clearance 

between the outer wall of the cylinder 

block and the outer wall of the 

distribution shaft 

QLi1 Internal leakage produced by the 

clearance between the outer wall of 

distribution shaft and  cylinder block 

QLi2 Circumferential internal leakage 

caused by the clearance between the 

outer wall of distribution shaft and 

cylinder block 

  Δpp Difference between the high-pressure 

cavity of the piston and the 

low-pressure annular flow channel 

 

  

 
 


