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Fluid is carried in cylinder fo outlet Shaft flange
. and forced out as piston is pushed
Common Fixed back in by shaftflange

Displacement Pump:
 Gear Pump

* Vane Pump

* Bent Axis Pump

* Axial Piston Pump
* Radial Piston Pump

From inlet

Piston thrust on shaft flange
generates forque on
Cylinder block output shaft
Changing from
suction to discharge

Axis of
rotation

Common Variable

Fluid pressure at inlet
generates thrust on pistons

Displacement Pump: To oulet

« Swash-Plate Axial Piston Pump

* Bent AXIS Pump eccentric shaft Histon
Goal : Valve plate slot Piston pressre

« Variable Displacement
« Compactness
« Simple Structure
» High Efficiency

e ———

Inlet port
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AFH Variable Displacement Pump
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Basic Idea of AFH VDP

Phase Shift = 0°, Fractional Displacement =1

Phase Shift vs Fractional Displacement
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Basic Idea of AFH VDP

Phase Shift = 180°, Fractional Displacement =0

Phase Shift vs Fractional Displacement
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Basic Idea of AFH VDP

Phase Shift = 90°, Fractional Displacement = 70.83%

Phase Shift vs Fractional Displacement
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AFH VDP Prototype 1
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AFH VDP Prototype 1

Input, Output, \ _ " , : e\
and Cylinder i e | \a Sprocket-chain
Pressure Sens. e s VR -\

Torque Sens.

CAT 3CP1120
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AFH VDP Model

« The model captures piston kinematics and cylinder pressure as
functions of the pump’s phase shift angle.
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AFH VDP Model
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AFH VDP Model

« The model also captures.check valve dynamicsT
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T Knutson;A: L;;<Van de Ven, J. D. (2016). Modelling and experimental validation of the displacement
of a check valve in a hydraulic piston pump. International Journal of Fluid Power, 17(2), 114-124.
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AFH VDP Model
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AFH VDP Model
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AFH VDP Model
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AFH VDP Model Validation
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AFH VDP Model Validation
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Measured vs Simulated Output Flowrate at 80 Bar
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Results start to deviate from model

due to large dead volume.
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Measured vs Simulated Efficiencies for AF Pump at 80 Bar
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* One wide hollow shaft (to
drive one cam) and one
narrow long shaft (to drive the
other cam).

« The differential gear set can be
placed at one side of a radial
piston pump, thus reducing the
distance between two parallel
pumping units and shortening
the connecting pipe size.

« The whole size of this phase
shift mechanism can be small.
For illustration purpose, it is
larger here.

narrow long  wide hollow
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Phase Shift 2 — Pin in Slot

|
Cam1 Cam 2
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Phase Shift 3 — Toyota Phaser
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In Phase Out of Phase
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Thank You!
Question?

Mengtang Li
Mengtang.li@Vanderbilt.edu
Ryan Foss
fossx231@umn.edu
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