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22222 VPV Controls – Section 1VPV Controls – Section 1VPV Controls – Section 1VPV Controls – Section 1VPV Controls – Section 1 BBBBBoscoscoscoscosch Rexrothh Rexrothh Rexrothh Rexrothh Rexroth

1. Make sure the pump is in “deadhead” condition before attempting adjustment of the thrust screw.
The “deadhead”, or compensated condition, can be reached by blocking the outlet port by shutting
off downstream valves which means that the output flow is blocked. The output flow must be com-
pletely shut off. Any valve leakage will affect the proper setting of the pump.

2. Loosen the pressure adjustment locknut on the compensator.

3. Back off the pressure adjustment to its absolute minimum (until it stops) by turning counterclockwise.
On a two-stage control, this adjustment is on the second stage (the top assembly).

4. If your pump has a torque limiter control, back out the torque limiter adjustment all the way.

5. Using a flat blade screwdriver back out the first stage adjustment to its absolute minimum (until it stops).

6. Determine the size and pressure rating of the pump by observing the I.D. tag on the pump cover.  If
you have a combination pump the I.D. tag is on the adaptor of pump #1.  The hydraulic code will
state the size in cc/rev in the following manner: 0513R18C3VPV63SM21HYBO1. The pressure in
this example is 210 bar or 3000 PSI: 0513R18C3VPV63SM21HYBO1, 21= 210 bar/3000 PSI,
14 = 140 bar /2000 PSI.  Additional code information can be found in the catalog, document
#9 535 233 724, or the Pump I.D. Guides, SAE #9 535 233 782, Metric #9 535 233 785.  See the
minimum thrust screw settings and differential pressures as shown below.

Note:
On the VPV 16–32 the shock clipper port must be blocked when calibrating the pump. The first stage
setting is always additive to the thrust screw setting.
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7. If you are working with a VPV 16, 25 or 32 make sure the shock clipper port is blocked (located on
the first stage, the lower section of the two-stage control) before adjusting the thrust screw.  For VPV
45–164 there is no external shock clipper port, therefore proceed to the next step.

8. If the pump has a stroke limiter, also known as a max. flow limiter or volume control, make sure it is
backed out all the way.  This is done by turning the bolt at the position on the pump housing
opposite the pump control.

9. To adjust the thrust screw loosen the thrust screw locking nut.  For VPV 16–32 a 5/16" Allen wrench
is required.  For the VPV 45–164 a spanner wrench is required.  The spanner is available in the VPV
Tool Kit, Bosch part number 9 511 230 557.

• While observing a pressure gage turn the thrust screw clockwise to increase pressure, or counter-
clockwise to decrease pressure, to the appropriate thrust screw pressure in the proper table above.
Be careful, the thrust screw should not be turned more than ¼ turn in either direction.

• Once the proper minimum thrust screw pressure is reached by adjusting the thrust screw, then
adjust the differential pressure on the first stage compensator with a flat blade screwdriver. Adjust
the first stage differential screw 110 PSI over the thrust screw setting.

• It is useful to “jog” the pump from deadhead to full flow several times and then re-check the thrust
screw setting to assure repeatability.

10. Turn the second stage compensator knob in to the desired pressure and lock the setting with the jam
nut.

 11. Replace the lock nut on the thrust screw and tighten securely.
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Bias Piston
Control Piston

Spring

Spool Pressure Port

The single stage compensator consists of a spool, spring and adjusting
screw, which are assembled in a body and bolted to the pump body. To
control the pressure at the control piston, the spool is designed to
meter fluid in and out of the control piston chamber. A hole is drilled
about three-fourths the length of the spool and intersects with a hole
drilled at a right angle to the spool axis. The purpose of these holes is
to allow fluid to flow from the pressure port of the pump to the end of
the spool. No matter what position the spool is in, system pressure is
applied to the end of the spool, creating a force, which opposes the
spring force. As the system pressure increases, the force on the end of
the spool also increases and the balance of forces determines the
spool position. The spring cavity of the compensator is drained to tank
to prevent any pressure buildup from leakage, which would add to the
spring force and change the compensator setting.

The compensator spool (Fig. 2) is really an infinite positioning servo
valve held offset by the compensator adjusting spring and activated by
system pressure. To simplify the explanation, the spool travel will be
broken down into two finite spool positions, which are shown in
Table 3.

Fig. 1

Fig. 2: Actual Representation of
Fluid Paths.
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Note: One single common leakage
connection in Fig. 1. The multiple
leakage connections shown are only for
functional representation

Fig. 3: Compensator Spool

Tank Land

Two Flats are Placed on
Orifice Land 180º Apart
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When there is no resistance to pump flow, the spring will force the spool into the spring offset or
“bottomed out” position (Fig. 4) shown. In this position, fluid from the pressure port can flow through the
compensator to the control piston and allow system pressure to be applied to the control piston. A land
on the spool (tank land) prevents the fluid in the control piston chamber from flowing to tank. Because the
control piston has twice the area of the
bias piston and the same pressure is
applied to both pistons, the greater force
exerted by the control piston will force
the ring into the on-stroke or flow
position. The length of the bias piston,
which bottoms out against the bias cover
and prevents the ring from over-stroking
and hitting the rotor, establishes the
maximum flow rate.

As the resistance to pump flow
increases, the pressure will be sensed on
the end of the spool and when the force
exerted is great enough to partially
compress the spring, the spool will
move. The ring will remain in the on-
stroke or flow position because the tank
line is still blocked and fluid can flow to the control piston through an orifice created by two flats ground on
the adjacent land (orifice land).

Fig. 4

Note: Area ratio of large piston is 
2 to 1 of small control or bias piston

Small control, 
or bias piston
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If servicing of the single stage control is required, it is recommended to use the compensator seal kits
identified in Table 4. Included in each compensator seal kit are all compensator O-rings, back-up rings a
replacement poppet and poppet seat.

Note: There is only one single common
leakage connection in Fig. 4 and Fig. 5. The
multiple leakage connections shown are only
for functional representation

Fig. 5: Position 2- Deadhead

When the system pressure reaches the compensator setting (spring precompression), the spool will move
into position #2 (Fig. 5) which meters fluid out of the control piston chamber as well as into it.

The further the spool moves, the
greater will be the amount of fluid bled
off from the control piston chamber
across the variable orifice created by
the tank land. Since the flow of fluid to
the control piston is limited by the
orifice created by the flats on the
pressure land, the pressure in the
control chamber has dropped to
approximately half of the outlet
pressure, the bias piston force will
exceed the control piston force and
move the ring-off-stroke, reducing flow.
As the ring shifts, the flow rate out of
the pump is being reduced and the
compensator is positioning the ring to
find the exact flow rate necessary to
maintain the pressure setting on the
compensator. If the pump flow becomes blocked, the ring will continue to be destroked until the deadhead
or no-flow position is reached. Remember that system pressure is always applied to the bias piston, which
is trying to push the ring off-stroke. A balance of forces of the control piston versus bias piston determines
the ring position.

To set-up a single stage compensator, follow the instructions given in Section 1 on how to set a thrust
screw. Once the thrust screw pressure is set, adjust and lock the compensator knob at the maximum
compensating pressure of your system.
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The two-stage control works exactly the same as the single
stage control. However, instead of loading the spool with a
spring, it is hydraulically loaded. To do this, a small relief valve
referred to as the second stage is connected to the spring
chamber.

Two additional flats are ground on the land at the end of the
spool, which will allow fluid to flow into the spring chamber.

If there is a pressure spike in the system above the compensator
setting, the spool will momentarily move to the over travel
position in an effort to de-stroke the pump. Only position #2

(Fig. 5) is a true compensating condition. Do not become confused with the term “deadhead”, it means the
same thing as compensating.

When the spring in the second stage is compressed, it will hold the poppet on its seat and block the flow
to tank. With the flow blocked, the pressure at the bottom of the spool will be the same as the pressure at
the top. Remember that pressure is equal throughout a static fluid. Since the area at the ends of the spool
are equal, the hydraulic forces created are equal but opposite in direction and cancel each other out. To
unbalance the forces, a light bias spring is added which pushes the spool into the bottomed-out position
shown. With the spool in this position, system pressure is applied to the control piston and will push the
ring on-stoke as it did in the single stage control.

Fig. 6

First Stage

Second Stage
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As system pressure increases, the pressure at the ends of the spool is always equal until it reaches the
second stage setting. At that point the relief valve (second stage) will open and limit the pressure in the
bias spring chamber by allowing fluid from the chamber to flow to tank. This will limit the amount of
hydraulic force applied to the bottom end of the first stage spool. Fluid that is under pressure always
takes the path of least resistance and, when the second stage opens, the entire pump flow is going to try
to flow through the compensator to tank. To get to the tank, the fluid must flow through the very small flats
ground on the end of the spool. As the entire pump flow tries to flow through the flats, they offer
resistance to the flow, the pressure upstream of the flats is increased. This pressure is sensed at the top
of the spool and, as the pressure increases, the hydraulic force pushing down on the spool increases. When
this force becomes greater than the hydraulic force at the bottom, plus the bias spring force, the spool will
be pushed towards the bias spring and vent the pressure behind the control piston to tank. The pump will
then compensate as it did with the single stage control.

To set-up a two-stage compensator, follow the instructions given in Section 1 on how to set a thrust
screw and differential setting. Once this is done, adjust and lock the compensator knob at the maximum
compensating pressure of your system.

Fig. 8: Two-Stage Compensator Spool

Two Flats are Ground on
The End Land 180º Apart

Note: There is  only one single common leakage
connection common throughout in Fig. 7. The
multiple leakage connections shown are only
for functional representation.

Fig. 7: Full Flow Position

Note: Large control piston is 2 to 1 
the area of small control or bias piston

Small control, 
or bias piston
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If servicing of the two-stage control is required, it is recommended to use the compensator seal kits
identified in Table 5. Included in each compensator seal kit are all compensator O-rings, back-up rings a
replacement poppet and poppet seat.
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Multi-pressure pump control can markedly reduce horsepower demand and heat generation during periods
of idle time or time in the machine operating cycle when maximum pressure is not required. The modular
design of the standard two-stage compensator lends itself to variable preset multi-pressure control
arrangements with integral or remotely located valving. Whenever remote relief valves and switching valves
are used, care must be taken not to introduce too much contained fluid between the pump and the remote
valving.

Severe reduction of the pump reaction time constants or erratic control may occur with lines of large size
(larger than 1/4" O.D.T.) or of lengths exceeding 20 feet. Special circuits might be needed in certain cases
to alleviate problems, including the use of orifices at each end of the remote line.

Fig. 9 shows the construction of the solenoid two-pressure
compensator. The upper second stage is the high pressure
control and serves to limit the maximum desired circuit pressure.
The lower second stage contains either a normally open or
normally closed two-way valve which is energized to select
which of the two second stages will have control of the pump.

Fig. 9
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To adjust a solenoid operated two-pressure control, determine if the solenoid is normally open (N.O.
means low pressure) or normally closed (N.C. means high pressure). The hydraulic code on the pump
nametag will identify which type of solenoid is on the compensator, assuming that the pump and
compensator have not been modified from the factory.

An example hydraulic code of a two-pressure control is: 0513R18C3VPV63SM21XAZB03. In this
example, the X identifies the pump as a two-pressure compensator with a normally open solenoid. If the
hydraulic code has a Y in this place, the solenoid is normally closed.

The solenoid must be closed to begin compensator adjustment. If the solenoid is normally closed, leave
the solenoid de-energized. If the solenoid is normally open, energize the solenoid to close. Use the
following steps to adjust the compensator:

1. Back out both the low pressure and high pressure adjusting knobs all the way.
2. Back out the first stage adjusting screw all the way.
3. Follow the procedure to set the thrust screw setting as detailed in Section 1, Proper Setting of the

Thrust Screw.
4. Follow the procedure to set the first stage setting as detailed in Section 1, Proper Setting of the

Thrust Screw.
5. With the solenoid closed, adjust the high pressure adjusting knob to set the maximum compensating

pressure of the pump. Tighten the locknut on the adjusting screw to fix this pressure.
6. The solenoid must be opened to adjust the low pressure setting. After opening the solenoid (energize

if N.C. or de-energize if N.O.), adjust the low pressure adjusting knob to set the second (i.e. low)
pressure on the pump. Tighten the locknut on the adjusting screw to fix this pressure.
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Fig. 11

Note: One single common leakage
connection in Fig. 11. The multiple
leakage connections shown are only for
functional representation

Figure 11 shows a hydraulic representation of a solenoid vented compensator. Once again, the solenoid
must be closed to begin compensator adjustment.

Using the hydraulic code on the pump, determine if the solenoid is normally open or closed. An example
hydraulic code of a solenoid vent is: 0513R18C3VPV63SM21ZAZB03. In this example, the Z identifies
the pump as a solenoid vented compensator with a normally open solenoid. If the hydraulic code has a
W in this place, the solenoid is normally closed.

If the solenoid is normally closed, leave the solenoid de-energized. If the solenoid is normally open,
energize the solenoid to close. Use the following steps to adjust the compensator:

1. Back out the high pressure adjusting knob all the way.
2. Back out the first stage adjusting screw all the way.
3. Follow the procedure to set the thrust screw setting as detailed in Section 1, Proper Setting of the

Thrust Screw.
4. Follow the procedure to set the first stage setting as detailed in Section 1, Proper Setting of the

Thrust Screw.
5. With the solenoid closed, adjust the high pressure adjusting knob to set the maximum compensating

pressure of the pump. Tighten the locknut on the adjusting screw to fix this pressure.
6. To check the solenoid vent pressure, the solenoid must be opened. After opening the solenoid

(energize if N.C. or de-energize if N.O.), the system pressure should decrease to the first stage
setting.
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The purpose of the load sensing flow control is to maintain
constant flow regardless of changes in load or pump shaft
rotational speed. This is accomplished by using an external
metering valve and continually sensing pressure drop across this
valve with a pilot line. The pump becomes a “control element” with
this option, very similar to a very accurate pressure
compensated flow control. However, because manipulation of
the hydraulic power source is extremely efficient and the pump
only uses precisely enough pressure to accomplish the task, the
load sensing flow compensator (LSFC) is very energy
conserving. Accuracy of the LSFC is +2-5% of set flow rate

over the full range of load pressure. A changeable orifice is installed as standard and built into the
compensator body.

The two-stage pressure compensator module is the basic foundation for the LSFC. The control seeks to
maintain a constant pressure drop across a remote orifice. Any increase in flow due to decreasing load or
increase in pump shaft rpm will cause an increase in the differential pressure. The VPV load sense P is
factory set at 100 PSI (7 bar) for VPV 16–80 pumps and 200 PSI (14 bar) for VPV 100–164 pumps. The
opposite control action occurs smoothly should the P fall below this differential setting, dynamically
changing ring position to adjust for any differential pressure changes. Constant velocity of the load under
widely varying pressure conditions results.

Should the load stall or otherwise be restricted from movement or use of fluid, the pressure compensator as
secondary control will take over and maintain maximum deadhead pressure until the problem is corrected.
Should the remote valve be totally closed, the pump will go to minimum deadhead.

The sensing pilot line P1, which is downstream, connects to the compensator as shown. A #4 SAE
connector for P1 has a 0.040" orifice in it to dampen out any tendency to oscillate for sense lines of ¼"
tubing up to 8 feet long. Additional 0.030" orificing in each line might be necessary for longer lines. Sense
lines should be hard tubing of approximately equal length and ¼" diameter tapped into the main line, at
least 10 pipe diameters upstream and downstream of the remote orifice. If located too close to the
remote orifice, turbulent flow might create erratic action. Thorough air bleeding of the sense lines is
absolutely essential to proper operation.

The quality of the remote valve is very important to the accuracy and stability of the LSFC. Successful
valves are:
1. Standard flow control valves.
2. Electrohydraulic proportional flow controls of many types.
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Note: One single common leakage
connection in Fig. 12. The multiple
leakage connections shown are only for
functional representationFig. 12

All orifices must be non-pressure compensated and sharp edged for temperature stability. If only low
accuracy is needed, the P of a four-way valve or other two-way is generally useable. Remember that at
least 100 PSI (200 PSI for VPV 100–164) P must be developed at the minimum flow rate or the LSFC
will not work well.

Figure 13, on following page, is the schematic for the LSFC plus a flow versus pressure characteristic
curve. The curve shows that two areas (shaded) must be avoided! (30-60 CIPM is the normal control flow
required). First, flow rates below 10% of maximum output at rated rpm and second pressures below
minimum deadhead (generally 400 PSI on 3000 PSI rated pumps). Flat flow lines extend from minimum
deadhead to approximately 100 PSI below the setting of the pressure compensator, at any flow rate
within the limits of maximum to 10% of maximum capability.

The LSFC is intended for and should be applied on meter-in circuits only. Meter-out circuits could pose
serious safety problems or design difficulties because of the P1 sense line location downstream of the
orifice. This puts P1 at atmospheric or at tank line pressure, which can vary drastically. Please do not
apply LSFC-equipped pumps on meter-out circuits until the factory advises otherwise.

The procedure to set-up a load sense control is essentially the same as the procedure to set-up a
two-stage control. The differential setting (first stage adjustment) must be set to a minimum of 100 PSI
(200 PSI for VPV 100–164 pumps) above the thrust screw setting. This P can be increased to 200 PSI
(14 bar) for better operation, but this higher differential setting does increase the minimum compensating
pressure at which the pump can operate at. Therefore, the higher differential setting should only be used if
low pressure compensating is not a concern for your system.
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Load Sensing Flow Compensator Control
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LSFC Flow vs. Pressure Characteristic Curves
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The torque limiter control option is only available on VPV 45–164 pump sizes.

At this time point in time, torque limiting compensators are
only available with SAE connections. Torque limiting controls
featuring BSPP connections may be offered in the future. If
your application requires BSPP connections, please contact
the factory for availability.

The torque limiter control has two customer settable
adjustments.

The second stage pressure adjustment (knurled knob parallel
to inlet/outlet ports) is used to set the maximum deadhead
pressure of the pump.  A family of pressure cut-off curves,
Fig. 15, are achievable using this adjustment. Clockwise
adjustment increases the maximum deadhead pressure, while
counter-clockwise adjustment decreases the maximum deadhead pressure.

The torque limiter adjustment (knurled knob perpendicular to the inlet/outlet ports) is used to set the torque
cut-off curves. A family of torque cut-off
curves, Fig. 16 and Fig. 17, are
achievable using this adjustment.
Clockwise adjustment increases the
torque cut-off point, while
counter-clockwise adjustment
decreases the torque cut-off point.

Fig. 15 shows that it is possible to use
a torque limiter control as a standard
two-stage pressure compensator up to
the maximum full-flow pressures as
shown in Table 7.

Pressure
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Fig. 16 shows that the second stage pressure adjustment (pressure cut-off curve) will over-ride the torque
limiter adjustment (torque cut-off curve) when the two intersect.  This feature limits the maximum pressure
of the pump.

Fig. 17 shows that it is possible to set the torque limiter cut-off point to a level where the pressure cut-off
curve is not reached.  In this case, the maximum deadhead pressure is limited by the torque limiter cut-off
adjustment. It can also be seen that the torque limiter cut-off point can be set to a level where maximum
output flow of the pump can not be achieved.
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Fig. 18

Fig. 19
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Setting the Maximum Deadhead Pressure (Second Stage Setting)
Caution: VPV torque limiter adjustment stems that have the adjustment knob removed pose
special concerns when the pump is re-started.   Some internal control components can be
damaged if the torque limiter is not adjusted properly.  Please consult the factory if this
condition exists.
1. If you received a pump straight from the factory, please skip to step 7.  Otherwise, proceed with the

following steps.
2. Before starting the pump, complete the following operations.

• Back-out (counter-clockwise) the second stage of the compensator all the way.
• Turn the torque limiter adjustment knob fully out (counter-clockwise).

3. Start the pump running into an open circuit under minimal load and at normal operating temperature.
4. If the pump does not prime, turn the thrust screw clockwise in small increments until the pump primes.
5. Close a load valve in the circuit such that the pump has no output flow (i.e. deadhead condition).
6. Follow the instructions given in Section 1 on how to set the proper thrust screw setting and first

stage differential setting.
7. Torque limiter pumps straight from the factory should already have the proper thrust screw and first

stage settings.  With the pump operating in deadhead, turn the torque limiter adjustment knob fully in
(i.e. clockwise).  This will set the torque limiter function out of the way such that second stage
pressure adjustment can be made.

8. Adjust the second stage pressure adjustment to the desired maximum deadhead pressure and lock in
place with the jam nut.  Proceed to setting the torque limiter adjustment.
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Setting the Torque Limiter
1. With the pump still in deadhead, adjust the torque limiter knob out (counter-clockwise) as follows:

VPV45, VPV80, and VPV164 1½ full turns CCW
VPV63, VPV100, and VPV130 2 full turns CCW

2. Turning the torque limiter adjustment out by this amount will assure a low torque setting when the
circuit is opened.

3. Take the pump out of deadhead by opening the circuit.
4. Load the hydraulic circuit and check to see if the desired flow/pressure/torque requirements of your

system are achieved.
5. To adjust the torque limiter settings, turn the torque limiter adjustment knob in for higher torque and

out for less torque in small increments.
6. Continue this process until the desired conditions are achieved.
7. Lock the jam nut under the torque limiter knob.

Application Notes:
1. When the torque limiter adjustment is fully backed out or near its lowest setting, the pump may not

reach full flow.
2. Putting a flow and pressure load on the pump with the torque limiter adjusted fully in may cause the

pump motor to stall or be damaged if the motor is undersized for full flow and high pressure.
3. It is possible for the torque limiter to control the maximum deadhead pressure of the pump.  This

condition can occur if the torque limiter curve reaches zero output flow before the second stage
maximum deadhead pressure is achieved.
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