PUMP-DRIVEN HYDRAULIC PUMPS

Power-driven pumps receive their driving force from an external power source, such as the aircraft engine.  This force is converted into energy in the form of fluid pressure.  The four basic types of power-driven hydraulic pumps are gear, vane, diaphragm, and piston.  Of these, the piston type is most commonly found in Army aircraft.  The reason for this is that it operates more efficiently at higher pressures and has a longer life than any of the others.  Piston pumps are further categorized as either constant delivery or variable delivery.

Pumps are coupled to their driving units by a short, splined coupling shaft, commonly called a drive coupling.  As shown in Figure 1-5, the shaft is designed with a weakened center section called a shear section, with just enough strength to run the pump under normal circumstances.  Should some trouble develop within the pump causing it to turn unusually hard, the shear section will break.  This prevents damage to the pump or driving unit.
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Figure 1-5.  Pump Drive Coupling.

Constant-delivery piston pumps deliver a given quantity of fluid per revolution of the drive coupling, regardless of pressure demands.  The quantity of fluid delivered per minute depends on
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pump revolutions per minute (rpm).  In a system requiring constant pressure, this type of pump must be used with a pressure regulator.  The two types of constant-delivery piston pumps used in Army aircraft are the angular and cam.

Angular Piston Pump Construction.  The basic components of an angular piston pump are shown in Figure 1-6.  They are--

(
(1) A rotating group consisting of a coupling shaft, universal link, connecting rods, pistons, and cylinder block.

(
(2) A stationary group consisting of the valve plate and the pump case or housing.

The cylinder bores lie parallel to, and are evenly spaced around, the pump axis.  For this reason, a piston pump is often referred to as an axial piston pump.

Packings on seals are not required to control piston-to-bore leakage.  This is controlled entirely by close machining and accurate fit between piston and bore.  The clearance is only enough to allow for lubrication by the hydraulic fluid and slight expansion when the parts become heated.  Pistons are individually fitted to their bores during manufacture and must not be changed from pump to pump or bore to bore.

Pump Operation.  As the coupling shaft is turned by the pump power source, the pistons and cylinder block turn along with it because they are interconnected.  The angle that exists between the cylinder block and coupling shaft causes the pistons to move back and forth in their respective cylinder bores as the coupling is turned:


(
During the first half of a revolution of the pump, a cylinder is aligned with the inlet port in the valve plate.  At this time the piston is moving away from the valve plate and drawing hydraulic fluid into the cylinder.  During the second half of the revolution, the cylinder is lining up with the outlet port in the valve plate.  At this time, the piston is moving toward the valve plate, thus causing fluid previously drawn into the cylinder to be forced out through the outlet port.


(
Fluid is constantly being drawn into and expelled out of the pump as it turns.  This provides a multiple overlap of the individual spurts of fluid forced from the cylinders and results in delivery of a smooth, nonpulsating flow of fluid from the pump.
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Cam-Piston Pumps.  A cam is used to cause the stroking of the pistons in a cam-piston pump.  Two variations are used: in one the cam rotates and the cylinder block is stationary, and in the other the cam is stationary and the cylinder block rotates.  Both cam-piston pumps are described below:
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Figure 1-6.  Typical Angular Piston Pump.

(
Rotating-cam pump.  The rotating-cam pump is the one most commonly used in Army aviation.   As the cam turns in a rotating-cam pump (Figure 1-7), its high and low points pass alternately and in turn under each
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piston.  It pushes the piston further into its bore, causing fluid to be expelled from the bore.  When the falling face of the cam comes under a piston, the piston's return spring pulls the piston down in its bore.  This causes fluid to be drawn into the bore.

Each bore has a check valve that opens to allow fluid to be expelled from the bore by the piston's movement.  These valves are closed by spring pressure during inlet strokes of the pistons.  This fluid is drawn into the bores only through the central inlet passages.  The bores only through the central inlet passages.  The movement of the pistons in drawing in and expelling fluid is overlapping, resulting in a nonpulsating fluid flow.
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Figure 1-7.  Typical Rotating-Cam Piston Pump.

(
Stationary-cam pump.  The operation and construction of a stationary-cam pump are identical to that of the rotating cam except that the cylinder block turns, not the cam.  The stationary-cam pump is not used on the Army's OV-1, AH-1G, and UH-1C.
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VARIABLE-DELIVERY PISTON PUMPS

A variable-delivery piston pump automatically and instantly varies the amount of fluid delivered to the pressure circuit of a hydraulic system to meet varying system demands.  This is accomplished by using a compensator, which is an integral part of the pump.  The compensator is sensitive to the amount of pressure present in the pump and in the hydraulic system pressure circuit.  When the circuit pressure rises, the compensator causes the pump output to decrease.

Conversely, when circuit pressure drops, the compensator causes pump output to increase.  There are two ways of varying output--demand principle (cam) and stroke-reduction principle (angular).

Demand Principle.  The demand principle (Figure 1-8) is based on varying pump output to fill the system's changing demands by making the piston stroke effective in varying degrees.
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Figure 1-8.  Variable-Delivery Demand-Principle Cam Pump.
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The pistons are designed with large hollow centers.  The centers are intersected by cross-drilled relief holes that open into the pump case.  Each piston is equipped with a movable sleeve, which can block the relief holes.  When these holes are not blocked, fluid displaced by the pistons is discharged through the relief holes into the pump case, instead of past the pump check valves and out the outlet port.

When full fluid flow is required, the sleeves are positioned to block the relief holes for the entire length of piston stroke.  When zero flow is required, the sleeves are positioned not to block the flow during any portion of the piston stroke.  For requirements between zero and full flow, the relief holes are uncovered or blocked accordingly.

The sleeves are moved into their required positions by a device called a pump compensator piston.  The sleeves and compensator piston are interconnected by means of a spider.  Fluid pressure for the compensator piston is obtained from the discharge port (system pressure) through a control orifice.

Stroke-Reduction Principle.  The stroke-reduction principle (Figure 1-9) is based on varying the angle of the cylinder block in an angular pump.  This controls the length of the piston's stroke and thus the volume per stroke.

The cylinder block angle change is achieved by using a yoke that swivels around a pivot pin called a pintle.  The angle is automatically controlled by using a compensator assembly consisting of a pressure-control valve, pressure-control piston, and mechanical linkage that is connected to the yoke.

As system pressure increases, the pilot valve opens a passageway allowing fluid to act on the control piston.  The piston moves, compressing its spring, and through mechanical linkage moves the yoke toward the zero flow (zero angle) position.  As system pressure decreases, the pressure is relieved on the piston, and its spring moves the pump into the ful.

