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BoomLoc valves (designed & tested to ISO8643)
Article of interest

The requirement for hose 
rupture protection on mobile 
plant is enshrined in law in 
many territories and likely to 
become so in many others. 
ISO8643 requires that, in the 
event of a hose failure while 
lowering a boom it should 
not accelerate to more than 
twice its original speed with 
the control lever held in the 
same position. Additionally the 
valves introduced to achieve 
this should not unduly effect 
the operation of the machine 
to which they are fitted. (The 
current 100% maximum 
increase may be reduced to 
75% in the future). If a hose 
were to fail while a boom is 
lifting or static the load should 
be held in position. We have 
developed a range of hose 
rupture valves, designated 
"BoomLoc", that are designed 
to meet the stipulations of 
ISO8643 and can be applied to 
numerous different machines.

BoomLoc valves are reliable 
because they make use 
of standard off the shelf 
components that have been 
field proven, in most cases for 
many years. All our cartridge 
valves are manufactured to 
a high standard with moving 
parts hardened and precision 
finished to give a long 
trouble free service life. Their 
performance is predictable 
so set up and development 
times can be dramatically 
reduced even when applied to 
a new system. In service the 
valves perform as intended 
with cartridges having been 
tested to over 1,000,000 
cycles in our development 
department and having been 
used for many years in the 
field. When operating under 
normal circumstances, i.e. 
with hoses intact, BoomLoc 
valves offer high efficiency, 
as the hydraulic fluid is free 
to pass through the valve to 

the cylinder with negligible 
pressure loss. And by selecting 
the most appropriate package 
to match the performance 
of any given directional valve 
pressure losses in the return 
direction can be kept to an 
absolute minimum.

BoomLoc valves can provide 
a very compact solution. The 
valve should be mounted on 
the cylinder, either directly 
onto its port or connected 
to the port by rigid tube, so 
space can be quite restricted. 
Using Integrated Hydraulics 
Boomloc valves unique 
design potential to the full, 
transfer plates, commonly 
employed to permit the 
fitting of more bulky valves 
can often be eliminated. The 
block can be designed to suit 
the customer's installation 
and can even be done 
away with if the cartridge 
valves are incorporated 
into cylinder end caps thus 
dramatically reducing the 
space requirement and the 
cost of the overall package. 
Furthermore additional 
features can be incorporated 
in the block making the 
machine more versatile.

To achieve the desired 
protection without adversely 
effecting the operation of 
the machine it requires the 
accurate balancing of the hose 
rupture valve and the main 
directional valve. In order to 
work effectively the opening 
of the hose rupture valve 
should, ideally, lag behind 
that of the directional valve 
and the difference in pressure 
drop should remain constant 
throughout the operating 
flow range. To achieve this 
the hose rupture valve should 
be matched to the system 
in which it is employed, a 
set up that works on one 
type of machine would not 
necessarily work on another. 

Due to the unique seat and 
poppet arrangement in the 
1CPB series cartridges used 
in their "BoomLoc" range and 
the flexibility of the cartridge 
valve design "BoomLoc" 
valves can be tailored to suit 
most directional valves and 
so provide exceptionally fine 
control. A level of control 
that is particularly desired for 
levelling and grading, which 
can reduce (if not eliminate) 
the "washer board" effect 
frequently found when other 
valves are used. This fine 
control also has the benefits 
of enabling the operator to 
accurately position loads 
during craning operations.

"BloomLoc" valves are designed 
to meet the stipulations of 
ISO8643 and can be applied to 
numerous different machines.

Reduced installation costs can 
be realised using these 
"BoomLoc" valves as they use 
a simple direct SAE mounting 
to cylinder. In order to 
minimise stock requirements 
we have, where possible 
designed the cylinder port 
face to be suitable for both 
SAE3000 and 6000 flanges. A 
pilot bleed port is available on 
most valves simplifying 
installation further. Service 
costs are also minimal, in the 
unlikely event of a BoomLoc 
valve being damaged, repair 
usually just involves the 
replacement of one or two 
self-contained cartridges. 
What is more there is rarely 
any need to remove the block 
from the cylinder when 
changing the cartridges - 
reducing the risk of the 
ingress of contaminants and 
the down time of the 
machine. Spares inventory is 
frequently reduced as the 
same two, standard, off-the 
shelf cartridges (albeit set 
differently) are often used on 
a wide range of machines.

Upon operating the control to raise a boom, pilot pressure from the 
hydraulic remote control unit operates the appropriate spool in the 
main directional valve, permitting flow to the cylinder. At the cylinder 
the flow passes through our Hose Rupture Valve (HRV) check 
sections with minimal pressure loss and enters the cylinder. (The 
fluid from the other end of the cylinder flows directly to tank via the 
main control valve).

Drain

Pilot

Valve

Cylinder

Operation: Opera Free flow to cylinder
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Cavitation and excessive pressure in the boom cylinder, (bottom 
end circuit), is prevented by an overload relief and make up 
check, located in the HRV. Flow being returned to tank via the 
main control valve port relief.

When the control lever is pushed forward to the boom lower 
position, pilot pressure from the hydraulic remote control unit 
operates the appropriate section of the main directional valve, 
opening flow from the cylinder return line to tank. At the same 
time the pilot pressure opens the main poppet of the HRV, thus 
allowing oil to flow from the bottom end of the cylinder to the 
return line. The rate at which the boom descends is dependent 
on the position of the poppet in the HRV and the spool in the 
main directional valve, So in the event of a total hose failure the 
HRV will prevent the boom accelerating above twice its original 
speed. As the flow rate is now dictated by the pressure drop 
across only the BoomLoc valve. Releasing the control lever will 
permit the poppet in the BoomLoc HRV to close stopping the 
boom from further descent.

BoomLock valves set-up procedures

For reasons of safety it is 
recommended that ALL 
adjustments to the Hose 
Rupture Valve be carried 
out with the bucket rested 
on the floor. 
Unless otherwise requested 
the cartridges are preset to 
350 bar (relief cartridge) and 
10 bar (pilot catridge, part 
number 1CPB** or 1CPBD**). 
The pilot valve will normally 
require adjustment, but the 
relief setting of 350 bar is 
generally suitable for most 
applications and ensures the 
maximum protection of the 
cylinders. Check the 
maximum pressure of the 
system and adjust the relief 
valve if required. Prior to all 
adjustment ensure pilot line 
has been fully bled. This can 
be achieved by operating the 
joystick to either roll in or 
lower the respective cylinder 
and opening the bleed port on 
the Hose Rupture Valve. In 
cases where no "BLEED" port 
is provided, disconnect the 
pilot hose from the Hose 
Rupture Valve and running it 
to a suitable container 
should suffice.

Relief Valve setting: The 
relief setting of 350 bar has 
been calculated to meet most 
systems but can be adjusted 
to individual requirements. 
It is advised that the setting 
be between 10 and 20% 
higher than the main control 
valve. To increase setting, 
screw the adjuster clockwise 
to increase pressure at a 
rate of approximately 65 bar 
per full turn. To decrease 
setting, screw the adjuster 
anti-clockwise to decrease 
pressure at the same rate.

Pilot Cartridge setting: To 
successfully set the pilot 
cartridge pressure, two 400 
bar and one 50 bar gauges 
need to be used. On the Hose 
Rupture Valve, connect one 
400 bar gauge to the "E" port 
where provided (or the 
cylinder port if no “E” port ) 
and the other 400 bar gauge in 
the valve inlet line “V”, and 
connect the 50 bar gauge in 
the pilot line "P".

The procedure can be related 
to both the Arm cylinder and 
the Boom cylinders but for the 
ease of explanation, the 
following procedure is for 
Boom cylinders only.

1  Fully swing out Arm cylinder. 
Raise Boom to full extension 
and at the end of its stroke 
record the pressure in the 
valve and cylinder gauges.

2  To check setting, slowly 
move joystick to lower 
Boom. When the gauge in 
the valve line starts to fall, it 
is a signal that the main 
control valve has started to 
open, at this point note the 
setting in the pilot line, 
typically 8 bar.

3  Continue to slowly operate 
the joystick and note the 
reading in the pilot line when 
the gauge in the cylinder line 
starts to fall. This indicates 
the setting of the pilot 
cartridge (1CPB(D), typically 
10 bar.

It is recommended that the 
Pilot Cartridge should dwell 
between 1.5 and 2 bar behind 
the Main Control Valve. If the 
pilot valve is set too low, 
pressure at "E" falls before 
"V" - adjust pilot valve 
clockwise.

If the difference between 2 
and 3 above is greater than 2 
bar - adjust the pilot valve 
anti-clockwise.

When the control lever is returned to neutral, the check valves 
in the HRV close and any return flow is blocked, the load is now 
locked in position.

Drain

Pilot
Valve

Cylinder
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D iDrain
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Relieving

Controlled lowering

Load Holding
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Relief valves
Article of Interest

The simple directional valve 
has become an electronically 
controlled mechanism that 
provides fine control to the 
movement of machinery. 
The pump has become more 
efficient by adding feed 
back controls in the form 
of pressure compensation 
and load sensing, providing 
stable controlled flow to 
a pre-determined level to 
reduce energy losses. Even 
some actuators have built in 
transducers to provide position 
feed back completing the loop. 

It is a shame that when using 
this modern technology the 
simpler and most important 
valve in a system can be as 
crude as a ball on a seat. The 
humble relief valve takes a 
back seat to the point where 
great effort is made not to 
allow this valve its rightful 
roll in providing the ultimate 
system protection. "Don't let 
it operate because it is noisy" 

or "we can not guarantee that 
the pressure control will be 
consistent". "The valve opens 
too soon and does not close 
quickly enough".

From the main system relief 
to the safety relief there 
are valves available that are 
equally advanced in their 
innovation and technology 
as the higher profile pumps, 
directional control valves and 
actuators. The problem is 
that many engineers do not 
understand the reasons for 
the different designs and their 
individual applications or how 
to assess the performance. 
This article will attempt to 
throw some light on what is 
available and where to apply 
the different designs.

It is true that the simplest 
relief valve is a ball sitting on 
a seat with a spring keeping it 
closed until the pressure over 
the area of the seat is high 
enough to allow the valve to 

open and allow flow to pass. 
The flow capacity is limited 
by the size of the seat and the 
pressure difference across 
the opening. To get more flow 
across the valve the ball has 
to move further back against 
the spring increasing the force 
and therefore the required 
pressure. A basic relief valve  
curve will look like Graph 1.

Graph 1 is based on a poppet 
style direct acting relief. The 
cracking pressure is the point 
"A" at which the pressure over 
the area of the seat is the 
same as the spring force. The 
initial opening characteristic 
"B" depends on the cone angle 
of the poppet, the second 
section of the curve "C" 
depends on the relationship 
between the design of the 
poppet and its movement 
which is effected by the rate 
of the spring, generally the 
higher the spring rate the 
steeper the gradient. As more 
flow passes through the valve 
the relief curve will meet the 
orifice curve "D".

The performance of 
a direct acting relief 
valve can be altered 
by innovative poppet 
design.
By using the flow forces to 
help open the valve the effect 
of a high rate spring can be 
reduced and the gradient be 
kept relatively flat. 

Figure 1 shows a section 
through a typical relief valve 
where the poppet design 
allows for a relatively low 
pressure rise due to increase 
in flow. A problem with this 
type of valve is that too much 
flow can cause the valve to 
have a negative pressure 
rise causing the valve to go 
unstable with fluctuating 
pressure.

The re-seat and repeatability 
of the valve depends upon the 
hysterisis. Internal seals cause 
friction against the bore as the 
valve tries to close. If a seal 
is under pressure then the 
hysterisis increases, graph 2. 

Our brave new world of Hydraulics provides technology 

to industry that is ever improving and more complex. 

The demand for machines that think for themselves 

reducing human error have inspired the engineering 

fraternity to ever greater feats of hydraulic ingenuity.

Pressure increase due to
spring rate

Hysterisis

Orifice curve FLOW

PRESSURE

Initial
opening

Cracking
pressure

Reseat
pressure

B C D

A

Graph 1. Basic relief curve

Figure 1. 1DR30 Direct acting poppet

Tank (2)

Pressure (1)
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A poppet valve should not leak 
more than 1/3 cc/min up to 
the cracking pressure allowing 
it to be placed in a line where 
low leakage is important, and 
performing duties such as a 
service line relief.

A simple relief valve like this 
will give cost effective relief 
protection to small systems or 
where the valve is not the main 
pressure control but a pressure 
limiting device. 

They are not generally suitable 
for high flows because the 
spring would have to be of 
excessively high rate which 
would give an unacceptably 
steep relief curve. 

Figure 2 shows a typical pilot 
operated, spool type relief 
valve that gives good control 
over varying flows. This valve, 
due to its design, allows a 
high flow to pass with very 
little rise in inlet pressure. The 
valve has a good re-seat and 
good repeatability due to there 
being no internal seals. A pilot 
operated relief valve is suitable 
as a main pressure control but 
due to the two stage design 
it is not suitable for safety 
applications where speed of 
operation is important. In the 
case of a rapid increase in inlet 
pressure the system will be 
subject to a longer pressure 
spike than if a direct acting 
valve where used.

Increasing the flow capacity 
of a direct acting valve by 
reducing the area over which 
the pressure acts is possible, 
figure 3 shows a differential 
area poppet type relief valve 
that has the capability of 
very fast action and a high 
flow capacity for its size. The 
internal seal is subject to inlet 
pressure so the valve will 
display relatively poor re-seat 
characteristics.

Graph 2. Relief Curve showing the effect of hysterisis

1DR30-10S SET @ 100Bar CRACK PRESSURE
FLOW = 30L/MIN
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0
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Figure 2. 1AR100 pilot operated spool

Tank (2)

Pressure (1)

Figure 3. 1LR100 direct acting differential area

Graph 3.  Comparison of Pilot and direct acting differential area 
type opening curves

Tank (1)

Pressure (2)

Speed of Operation TIME MS

PRESSURE

Pilot style
Relief

Differential
Area Relief

Figure 4. 1GR60 Direct acting spool

Graph 4.  Opening characteristics of pilot style relief
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gure 4. 1GR60 Direct acting spool
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The design of the poppet is 
such that as the valve begins 
to open the flow past the 
poppet draws oil from the 
spring chamber (by venturi 
effect over the small holes in 
the poppet annulus) causing 
initial over opening. This 
removes most of the pressure 
spike. The valve is therefore 
highly suitable as protection 
for actuators.

Graph 3 shows a comparison 
between the typical opening 
characteristics of a pilot style 
valve and a differential area 
direct acting valve with the 
special poppet described 
above. The difference 
between the opening 
characteristics of a pilot 
style relief valve and a direct 
acting spool type relief valve 
are shown in graph 4 & 5 
respectively, graph 4 clearly 
illustrating the pressure 
spike permitted by the pilot 
style valve.

Figure 4 shows a spool type 
direct acting relief valve. 
These are suitable for low 
pressure systems where 
stable or constant operation 
is required. They provide 
quiet operation even with 
fluctuating pressures. The 
spool opens up a ring of holes 
in the sleeve that gives a more 
gradual increase in flow area 
than a poppet valve.

Spool valves will give between 
50 and 100cc/min leakage 
before they open.

The four main types of relief 
valve as detailed above cover 
most applications but there 
are many variations on a 
theme that give flexibility to a 
systems design.

Ventable relief valves, 
figure 5, are used to provide an 
unloading function, presenting 
an ability to be remotely 
operated and the possibility of 
switching between more than 
one pressure.

Unloading relief valves or 'kick 
down' valves, figure 6, provide 
an off load of pressure when 
the setting is reached, the 
valve remains fully open until 
the pressure falls to zero. This 

removes any force created by 
an actuator that could cause 
mechanical damage within a 
system.

In order to simplify the 
design of a circuit and reduce 
its cost system designers 
frequently require a valve to 
perform additional functions, 
two such valves are shown 
below, figure 7 a relief valve in 
conjunction with bypass check 
and figure 8 a cross line relief 
valve.

When designing hydraulic 
systems it is important to 
consider the performance of 
the minor components such 
as relief valves. These may be 
minor in cost but they have 
a major impact in terms of 
value. A poor relief valve can 
effect the efficiency and life of 
a complete machine

From overall pressure 
control to actuator 
protection the relief has to 
be of the correct type to 
ensure sound performance 
and component integrity.
There are also electrically 
controlled proportional 
valves available that tie in 
with electronic systems. 
That is another subject 
but they should never be 
allowed to replace the 
humble mechanical relief 
valve, the correct application 
of which can permit a 
machine to operate to its 
optimum performance over a 
long period.

SEC

85.5

68.9

52.3

35.7

19.1

2.5
4.19 4.61 5.03 5.875.45

P1(t)

TEST8 (Z)

Tank (2)

Pressure (1)

Figure 5. 1VR100 Ventable relief

Graph 5.  Opening characteristics of direct acting relief

Figure 6. 1UAR100 Unloading relief

Figure 7. 1ACR100 Relief combined with by-pass check

Figure 8. 1CLLR50 Dual relief

Vent (3)

Pressure (1)

Tank (2)

Figure 5. 1VR100 Ventable relief

Tank (2)

Pressure (1)

Pressure 2 (2)

Pressure 1 (1)
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It would be great if we 
could accurately predict the 
time it takes to get from 
‘A’ to ‘B’. Unfortunately due 
to restrictions and accidents 
our journeys become more 
difficult and less efficient. 
Thankfully we do not have to 
deal with the random variables 
caused by human frailties 
when utilising hydraulics 
within a machine provided 
the designer uses the best 
available flow control valves 
within his system.

In hydraulics it is important 
to control the flow of oil 
to augment the safety and 
efficiency of a machine. The 
results will vary depending on 
the accuracy and repeatability 
of the valves used. It is 
important to understand the 
function and operation of 
the different types of flow 
regulator before applying 
them; from the simple needle 
valve to the proportional 
pressure compensated priority 
device. Each type has its place 
and there are applications 
that warrant the differing 
complexity.

We understand that flow takes 
place from high pressure to 
low pressure and the amount of 
flow is dictated by the pressure 
difference. By introducing 
restrictions into the line we can 
control the flow provided the 
excess flow is given a means of 
escape.

With a needle valve the flow 
will not be controlled until 
the inlet pressure reaches a 
point at which an upstream 
relief valve opens or a pump 
compensator operates to 
reduce the inlet flow and 
maintain a balance. The flow 
across a needle valve depends 

on the pressure difference 
across it so changes in outlet 
pressure will have an impact 
on the controlled flow. To 
overcome this problem 
compensators of various 
guises are introduced into the 
system. 

There are three main types; 
Restrictive style, By-pass 
style and Priority style. The 
restrictive style flow control 
consists of a needle valve and 
compensator element. The 
compensator can be situated 
after the needle valve (See 
figures 1 & 4). Fluid pressure 
at the high-pressure side or 
inlet to the needle valve is 
sensed on one end of the 
compensating spool and 
pressure at the lower pressure 
side or outlet is sensed by the 
other end of the same spool. 
This spool is usually offset to 
the open position by a spring. 
The flow through the valve is 
determined by the position of 
the needle as the compensator 
will always ensure that 
pressure drop across the 
needle is constant, usually 7 
bar. Opening the needle will 
permit the flow to rise until 
the pressure drop exceeds the 
setting of the compensator 
causing it to shift closing a ring 
of holes in its sleeve and thus 
limiting the flow. 

Figure 2. By-pass type flow regulator

Figure 3. Priority type flow regulator

Figure 1. Restrictive type flow regulator

Anyone who has attempted a long journey in a car will 

notice that the flow of traffic affects how quickly and 

safely you arrive at your destination. There are various 

ways that highway agencies seek to control these two 

elements. Speed cameras slow drivers down to enhance 

safety, variable speed limits keep the traffic flow at a 

constant and diversions limit the weight of traffic on any 

road. Some of these measures are more effective 

than others. 

Highway hydraulics
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As the flow through the valve 
will be lower than the flow 
being delivered by the pump 
the inlet pressure will rise to 
a point where an upstream 
relief will open feeding 
excess flow to tank or a 
pump compensator backs off 
reducing the inlet flow to that 
required to satisfy the flow 
setting of the flow regulator.

The by-pass style of flow 
control (Figure 2 & 5.) again 
consists of a needle valve and 
compensator element but has 
a third port to allow the excess 
flow to pass to tank at working 
pressure as opposed to 
maximum relief valve setting 
in the case of the restrictive 
style. The compensator spool 
is biased closed by a spring, 
inlet pressure acts to open 
the spool against the action 
of the spring and pressure 
downstream of the needle 
valve acts to close the spool 
in the direction of the spring. 
Flow through the compensator 
spool goes to tank. As the 
pressure drop increases 
across the needle valve the 
pressure difference is sensed 
across the compensator 
spool until it moves to open 
the inlet to the tank port. 
Increase in outlet pressure 
will tend to reduce the flow 
across the needle valve but 
the co-responding change in 
pressure drop will cause the 
compensator to restrict the 
line between the inlet and the 
tank line. In this way the spool 
will meter the bypass flow to 
maintain a constant controlled 
flow that relates to the force 
exerted by the spring and the 
orifice size created by the 
needle valve. With this type of 
flow regulator it is important 
that the tank line pressure 
is kept to a minimum as this 
may increase the flow through 
the regulated line above that 
required.

The priority style flow control 
(Figure 3 & 5.) is similar to 
the bypass style except that 
it allows the excess oil to be 
used for other functions even 
if the working pressure for 
this function is higher than the 
controlled flow pressure.

The flow from the pump 
enters the inlet port and 
passes across the needle 
valve, then on through the 
sleeve, past the compensating 
spool and out through the 
regulated port. The passage 
of oil across the needle valve 
creates a pressure difference 
which is sensed across the 
compensating spool. When 
the flow is sufficient to create 
a 7 bar pressure difference 
across the needle valve the 
compensating spool will 
begin to move uncovering 
the radial holes in the sleeve 
and opening up a path to 
the bypass port. Oil will 
therefore begin to pass to 
the bypass line. If the flow 
tries to increase across the 
needle valve, and so to the 
regulated port, there will 
be an increase in pressure 
difference sensed by the 
compensating spool causing 
it to move further against the 
spring, open further the line 
to the bypass port and limiting 
the flow to the regulated line. 
If the inlet flow falls below 
the setting of the valve the 
pressure difference across the 
needle valve will drop below 
the 7 bar needed to keep the 
bypass line open therefore the 
priority line is always satisfied 
before the bypass line opens. 
Changes in operating pressure 
on either of the two outlets 
will alter the inlet pressure 
to the higher of the two 
pressures (plus the control 
pressure which is 7 bar). If 
the working pressure in the 
regulated line is higher than 
that in the bypass line then 
the tendency would be for the 
flow to try to take the easy 
way out and flow down the 
bypass line. This would detract 
from the flow passing across 
the needle valve lowering the 
pressure difference causing 
the compensating spool to 
shift, increasing the restriction 
to the flow to the by-pass and 
reducing the restriction of the 
flow to the regulated line. In 
this way the compensating 
spool will maintain the 
regulated or priority flow at a 
constant level.

If the working pressure in the 
bypass line is higher than that 
in the regulated line then there 
would be a tendency for the 
flow to increase through the 
regulated line, increasing 
the flow would increase the 
pressure difference across the 
needle valve and cause the 
compensating spool to meter 
the regulated line.

Figure 6. Restrictive type cartridge flow regulator

Figure 4. Restrictive type cartridge flow regulator
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Regulated

Figure 5.  Priority type cartridge flow regulator also used  
for by-pass operation.
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If this is not successful 
then either an overcenter 
valve around the motor or a 
sequence valve before or after 
the actuator is necessary.

In today’s environment 
electronic control requirements 
are becoming more common. 
To achieve this, the needle 
valve can be replaced with 
an electro-proportional 
valve. With electronic 
speed feed back, errors in 
the compensation can be 
corrected by adding electronic 
metering. Typical applications 
include salt or fertiliser 
spreaders where a relationship 
between the vehicle speed 
and the density of spread is 
required. For high flows it 
is sometimes necessary to 
use an electro-proportional 
pressure reducing valve to 
pilot open a separate orifice 
of some kind (figure 8.). This 
circuit uses a pilot operated 
poppet valve to provide the 
proportionally controlled 
orifice. Integrated hydraulics' 
zero differential valves benefit 
from having a shrouded seat 
which gives superior flow 
control as the poppet opens. 
The poppet is hydraulically 
balanced so it will open 
proportionally upon the 
application of pilot pressure up 
to 25 bar regardless of system 
or induced pressure.

Accurate regulation of flow is 
vital to the safe and efficient 
operation of hydraulic systems 
and therefore the machines 
on which they are used. 
Each application is different 
and will demand different 
control solutions and pressure 
compensated flow control 
devises, either mechanically 
or electronically operated, 
are designed to offer that 
accurate, cost effective, 
reliable and repeatable control.

Figure 7.  Priority flow control with sequence valve (and unloading circuit)

Pressure Compensated 
proportionally controlled  
flow to directional valve

Solenoid energised low pilot 
pressure opens poppet against  
the spring 
Pressure drop at “A” = 7 bar 
Spool at “B” meters radial 
holes to maintain equilibrium. 
Increasing the current to the 
coil increases the pilot pressure 
which opens the poppet valve, 
increasing flow at which 7 bar 
pressure drop is generated.

Figure 8. Proportional restrictive type flow control

Highway hydraulics
Article of Interest
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Attachment valves
Article of Interest

In order for users of mobile 
plant to operate auxiliary 
equipment from the hydraulic 
system of the carrier so 
avoiding the need for an 
auxiliary power source 
accurate control of the flow 
and pressure is vital. The 
requirements of various 
attachments will differ both  
by type and manufacturer and 
the carriers operating system 
will also vary.

The following article charts 
the progress of several 
variants that solve the problem 
of differential pressure 
requirements whilst at the 
same time offering additional 
benefits. The standard Priority 
Flow Regulator (2FP) is the 
basis for a range of valves 
designed to provide priority 
flow and a bypass flow which 
can be used at different 
pressures. The setting is 
controlled by a simple needle 
valve with a compensating 
spool restricting the flow to 
the port working at the higher 
pressure thus maintaining 
the controlled flow from 
the regulated port. Before 
describing the variations in 
design and application it is 
necessary to understand the 
workings and performance 
of the standard priority style 
flow regulator as the normal 
operation of the variants 
(2FPH series) are the same.

2FP series priority flow 
regulator
The flow from the pump 
enters the inlet port and 
passes across the needle 
valve, then on through the 
sleeve, past the compensating 
spool and out through the 
regulated port. The passage of 
oil across the needle valve 
creates a pressure difference 
which is sensed across the 
compensating spool. When 
the flow is sufficient to create 
a 7 bar pressure difference 
across the needle valve the 
compensating spool will begin 
to move uncovering the radial 
holes in the sleeve and 

The standard Priority Flow 
Regulator (2FP) is the basis 
for a range of valves designed 
to provide priority flow and a 
bypass flow which can be used 
at different pressures.

opening up a path to the 
bypass port. Oil will therefore 
begin to pass to the bypass 
line. If the flow tries to 
increase across the needle 
valve, and so to the regulated 
port, there will be an increase 
in pressure difference sensed 
by the compensating spool 
causing it to move further 
against the spring, open 
further the line to the bypass 
port and limiting the flow to 
the regulated line. If the inlet 
flow falls below the setting 
of the valve the pressure 
difference across the needle 
valve will drop below the 
7 bar needed to keep the 
bypass line open therefore the 
priority line is always satisfied 
before the bypass line opens. 
Changes in operating pressure 
on either of the two outlets 
will alter the inlet pressure 
to the higher of the two 
pressures (plus the control 
pressure which is 7 bar). If 
the working pressure in the 
regulated line is higher than 
that in the bypass line then 
the tendency would be for the 
flow to try to take the easy 
way out and flow down the 
bypass line. This would detract 
from the flow passing across 
the needle valve lowering the 
pressure difference causing 
the compensating spool to 
shift, increasing the restriction 
to the flow to the by-pass and 
reducing the restriction of the 
flow to the regulated line. In 
this way the compensating 
spool will maintain the 
regulated or priority flow at a 
constant level.

If the working pressure in 
the bypass line is higher than 
that in the regulated line then 
there would be a tendency for 
the flow to increase through 
the regulated line, increasing 
the flow would increase the 
pressure difference across the 
needle valve and cause the 
compensating spool to meter 
the regulated line.

During the normal operation of 
any system utilizing this type 
of valve both the regulated and 
the bypass pressures will be 
constantly altering causing the 
compensating spool to meter. 
The valve will maintain the 
priority flow within +/- 10% 
of its setting throughout 
its range. The largest 
movement in flow will occur 
when pressure differential 
is transitional, the higher 
pressure varying between the 
bypass and regulated ports, 
this causes the compensating 

spool to move from metering 
one ring of holes in the sleeve 
to the other.

(See graph)

Inlet

Bypass Regulated

Needle Valve

Sleeve

Compensating Spool

Spring

Spring Chamber

Radial Control Holes

Bypass Flow
Regulated Flow
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2FPH55, 95 & 195
The 2FPH series of flow 
regulators are based around 
the standard priority flow 
controls but with the addition 
of a pressure control and a 
solenoid vent both causing 
all of the flow to pass to the 
bypass port.

This type of flow regulator 
lends it's self to attachment 
circuits where a piece of 
ancillary equipment needs 
a controlled flow with a 
pressure limitation which 
is lower than the maximum 
working pressure of the 
carrier.

They were originally 
developed for Hammer circuits 
where the hydraulic hammer 
requires a constant flow for 
efficient operation. There was 
also a pressure limit for safe 
operation which was well 
below the normal working 
pressure of Excavators. It was 
also necessary to maintain the 
other functions on the carrier 
to enable movement of the 
arm and the pecking action 
needed to fire the hammer 
into life. This was achieved by 
control of the spring chamber 
pressure in the standard 
priority flow regulators. The 
dampening orifice in the spool 
on these valves enabled the 
use of pilot valves which 
were mounted directly into 
the spring housing giving a 
very neat, compact solution. 
In normal operation these 
valves behave just as the 2FP 
range but if the pressure in 
the bypass circuit exceeds 
the setting of the relief valve 

("A" in Fig 2) the compensator 
spool reacts by cutting ALL 
flow to the Regulated port, 
only when the pressure in the 
by-pass port drops below the 
setting of the relief will normal 
flow be resumed. When 
using this type of valve with 
a hammer it is an advantage 
to have the hammer turn off 
if the operator decides to 
put too much pressure on 
down stroke in an attempt 
to increase the speed of 
operation. In this way potential 
damage to the hammer 
is avoided. Energizing the 
Solenoid valve ("B" in Fig 2) 

has the same effect, venting 
one side of the compensator 
spool and causing it to block 
flow to the regulated port.

The range included three 
sizes which corresponded 
to the three larger sizes of 
priority flow regulator with 
rated regulated flows of 55, 
95 and 195 L/min. At the time 
this covered the majority of 
the applications.

2FPH250/350
It was not long before the 
operators of Excavators 
realized that a power take 
off provided by this sort of 
valve enabled the use of more 
varied attachments without 
the extra power source and 
the associated pipe work. 
The disadvantage with the 
original valves was that the 
pressure sense for limiting 
the regulated pressure was 
referenced to the inlet. This 
meant that if the inlet pressure 
rose higher than the setting of 

the attachment then the valve 
would switch all of the flow 
to the bypass starving the 
attachment of oil. The valve 
therefore became limited 
to hammers and other high 
pressure attachments. The 
other alternative was to set 
the pressure control valve in 
the flow regulator high and fit 
an external relief valve on the 
regulated line.

Developments in Excavator 
control systems and also in 
the attachments demanded 
that a new design of 
valve was necessary. The 
two new additions to the 
range have been designed 
to accommodate the 
attachments which may 
require the bypass pressure to 
work higher than the regulated 
pressure while maintaining the 
function of the attachment. 
The pressure limit to the 
regulated line is achieved by 
using a pilot unloading valve 
("A" in Fig 3) which senses 
pressure from the regulated 
line only. This allows the 
bypass pressure to rise above 
the regulated setting without 
affecting the operation of the 
attachment. Again in normal 
operation these valves behave 
just as the 2FP range but if 

the pressure in the regulated 
line rises above the setting 
of the unloading valve it will 
vent the spring chamber 
causing the compensator 
spool to shift cutting the 
flow to the regulated port. 
The resultant lack of flow will 
cause the pressure to drop, 
the unloading valve to close 
and the compensator to open 
the regulated port again. 
In practice this all happens 
smoothly and balance is 
maintained. By operating 
the pilot solenoid valve 
("B" in Fig 3) and venting the 
spring chamber to tank, all 
of the flow will pass to the 
bypass port. While the valves 
will work perfectly adequately 
with hammers it will also work 
with generators, compactors, 
crushers and flail mowers. 
With this design it was also 
felt that increases in regulated 
flow were desirable hence the 
250 and 350 L/min regulated 
flow rating.

Figure 3.  Priority type pressure compensated LS flow regulator 
with pressure control on the regulated port and overide - 
2FPH250/350

Figure 2.  Priority type pressure compensated flow regulator 
with pressure control and overide- 2FPH55/95/195

Attachment valves
Article of Interest
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In Hydraulics there is a loose 
rule that oil under pressure will 
take the easy way out! A little 
bit like human nature. If given 
the choice of an easy or 
difficult job most people will 
take the easy route. There are 
ways of encouraging people to 
be more balanced in their 
approach by applying a 
restriction to the easier task 
thus encouraging an equal 
work flow both for the difficult 
and the simple. This is not 
dissimilar to Hydraulics.

In a hydraulic system flow 
takes place from high to low 
pressure, pressure being the 
result of restriction to the 
movement of the oil. If one 
actuator provides less 
restriction than another then 
the former will move first. If 
the pressure to move the first 
actuator rises due to more 
restriction caused by the 
increasing flow then the 
second actuator may start to 
move but more slowly.

This can cause problems 
when two or more 
independent cylinders are 
required to move together. If 
they are unequally loaded then 
the cylinder that provides the 
least amount of resistance will 
move first.

There are many machines that 
have this problem both in 
linear and rotary movement 
including transmission circuits.

There are a number of 
answers to the problem but 
one of the simplest and most 
cost efficient is the humble 
spool type flow divider. 
Unfortunately misapplication 
of these valves can cause 
more system problems than 
solutions. In the first place it is 
important to understand how 
these valves work. Fig 1 
shows a section through a 
typical unit.

The valve functions as a flow 
divider and combiner by 
maintaining equal pressure 

drops through metering 
orifices situated in the two 
spools that are linked in this 
case by two ‘lugs’. In the 
division mode the oil enters 
the valve through port ‘2’, 
passing through both spools 
and out of ports ‘1’ and ‘3’. 
The oil passes through the 
control orifices in the spools 
and if the flow is equal the 
spools remain in the central 
position as shown. If due to a 
change in outlet pressure 
there is a tendency for more 
oil to pass through one side 
than the other then the 
pressure drop rises in that 
side causing it to drag the 
other spool across eventually 
restricting the outlet of the 
higher flow side while keeping 
the lower flow side open. 

As soon as the pressure drop 
through the control orifice in 
both spools is equal the 
assembly will maintain a 
metering position keeping the 

flow from both legs equal. Any 
change in the outlet pressures 
will cause the spool to move 
accommodating the change 
by metering the oil through 
the path of least resistance.
 
When the valve is being used 
as a combiner the spools will 
be pushed together as shown 
in ‘Figure 2’. The oil then 
flows through the same 
orifices in the other direction 
combining out of port ‘2’. 
When there is a change in 
equilibrium the spools push 
each other to restrict the line 
of least resistance.
 
The accuracy of the valve 
depends on the size of the 
two orifices, the spring force 
and the leakage across the 
spools. If the tolerances on 
these items are kept to a 
minimum then accuracies of 
+/- 3% can be achieved.

There are a number of answers 
to the problem but one of the 
simplest and most cost efficient 
is the humble spool type flow 
divider. 

Maintaining equilibrium
Article of Interest
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Figure 1. Flow Divider

Most production valves state 
an accuracy of +/- 10% on inlet 
flow. In some applications this 
can cause a problem when 
the cylinders are not flexible 
enough to accommodate 
this inaccuracy.

With this kind of design there 
is also a minimum flow at 
which the valve will operate. 
The relationship between the 
orifice diameter and the spring 
force opposing the movement 
of the spool means that there 
is a minimum flow before the 
spool will move and start to 
compensate.

If for some reason the flow 
from either leg is restricted 
then the spools will react to 
the offset pressure drops 
causing the spools to move 
to one end of the cartridge 
blocking off both outlets. This 
can be overcome by placing 
relief valves down stream of 
the flow divider to allow the 
flow to continue through a 
blocked or restricted outlet.

In cylinder applications the 
cylinders may not reach 
the end of stroke together. 
There will be a small make 
up flow but if relief valves 
are used the slower leg will 
catch up at 50% of the inlet 
flow. There are versions of 
flow divider that have extra 
holes to increase the make 
up flow. These however, are 
less accurate as the pressure 
difference between the two 
legs increases.

It is not necessary to fit flow 
dividers of this type on the 
inlet and outlet lines. The 
flow divider combiner will 
maintain equal division in both 
directions but care must be 
taken to size the flow divider 
to suit the outlet flow if it is 
in the full bore side of the 
cylinder as the flow will be 
increased by the rod/bore ratio 
of the cylinder.

It is not practical to cascade 
these valves to control more 
than two cylinders because 
the inaccuracy of the valves 
will be additive so you could 
end up with 20 to 30% 
difference in the flow. 

It is also important that the 
valves are not over flowed. 
When in the dividing mode 
the pressure drop through the 
spools acts directly on the 
‘lugs’, to rip the two spools 
apart. The normal factor of 
safety is 4:1 on ultimate tensile 
strength and as pressure drop 
through an orifice raise as the 
square of the increase in flow, 
so putting twice the rated flow 
through the valve will produce 
4 times the pressure drop and 
probably break the ‘lugs’ The 
normal and most common 
division ratio is 50/50 but it is 
possible, by having different 
diameter orifices in the 
opposing spools, to produce 
offset ratios. The ratio of the 
orifice area in each spool will 
determine the offset flow ratio.

In spite of these draw backs 
there are many applications 
where the performance is 
good enough and therefore 
provide a cost effective 
solution to the problem of 
providing effective division of 
flow despite varying pressures 
in each actuator.

The accuracy of the valve 
depends on the size of the two 
orifices, the spring force and the 
leakage across the spools.

Maintaining equilibrium
Article of Interest
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A typical example is on the 
arms of a tarpaulin cover for 
tipping trucks. The arms, 
either side of the lorry, have to 
extend together first and then 
rotate together to unroll the 
tarpaulin and stretch it over 
the insecure load in the skip.

One of the most common 
applications for flow dividers 
is for wheel motors in 
transmission circuits to give 
an element of ‘Diff-lock’. The 
flow divider will ensure that 
there is always traction to both 
wheels even when one of 
them is over soft or slippery 
ground.

Figure 3 shows a typical 
circuit where the flow 
divider is switched in when 
needed. The flow divider 
works on pressure drop so is 
intrinsically inefficient, even 
though the pressure drop is 
low. In a transmission circuit 
this pressure drop would 
create excessive heat so it is 
necessary to have a system 
to select the diff-lock when 
required.

In a closed loop transmission 
circuit this can be achieved by 
using logic elements around 
each side of the flow divider. 

They are vented when the 
difflock is not required. This 
will work in both directions 
because the charge pump 
pressure is sufficient to keep 
the logic element vented 
allowing the flow to pass 
backwards through the valve.

The bypass can be achieved 
by using pilot operated spool 
valves or solenoid valves. By 
using one of these options 
there is no loss of flow 
through the vent line however 
there is a limit to the flow rate 
that these kinds of valves can 
handle.

Most of these machines 
are required to go round 
corners so one wheel has 
to go faster than the other. 
As previously described this 
would cause problems to the 
flow divider. It is also true that 
it is not necessary to maintain 
a perfect division under 
conditions requiring diff-lock. 
A limited slip differential is 
acceptable.

It has become common place 
to fit an orifice across the 
two legs of the flow divider 
to allow flow to pass from 
one side to the other when 
the vehicle is turning. As the 

Figure 2. Flow combiner

Figure 3. Difflock valve circuit

differential pressures go up 
due to the extra load on the 
inner wheel a controlled flow 
can pass from one side to the 
other. The size of this orifice 
depends on the turning circle 
of the machine. In this way 
one wheel will be able to 
move faster than the other but 
pressure and therefore torque 
will remain on both of the 
wheels.

There are a number of 
different designs of flow 
divider on the market including 
valves that have a wider 
range of flow. This can be an 
advantage if the inlet flow 
varies from very low to the 
maximum rating of the valve 

but at low flows there is still 
an inaccuracy. Some designs 
can cope with very low flows 
but as with all flow dividers 
they are not 100% accurate 
and they can cause more 
problems than they solve. At 
low flows the standard spool 
type flow divider will function 
as a simple “T" connector and 
it is sometimes preferable 
to use this feature at low 
flow rates and the gain their 
benefits at higher rates.

Maintaining equilibrium
Article of Interest
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Gear flow dividers are also 
available. These do not work 
in the same way, they are 
essentially two gear pumps/
motors working in parallel on 
the same shaft. Each section 
will rotate at the same speed 
so the outlet flows remain 
constant from each leg. The 
accuracy of these depends on 
the leakage across the gears 
so is much better than the 
spool type. It is very important 
that relief valves are fitted 
to the outlet legs because if 
one leg meets a restriction 
the other legs will transmit 
their torque to the stalled line 
and intensify the pressure. If 
the gear flow divider has two 

sections then the pressure 
could double in the stalled line. 
If three sections are used then 
this pressure will triple. They 
do not suffer from the same 
pressure drop problem but are 
significantly more expensive.

Another way of maintaining 
equal movement on cylinders 
is the use of slave cylinders 
in which a number of double 
acting cylinders are securely 
and rigidly connected together 
at both rod and barrel and have 
a common inlet. Each outlet 
is connected individually to 
the inlet of the main working 
cylinders. (Obviously some 
provision for filling and 
maintaining the oil in the main 

Figure 3. Diff-Lock valve including by-pass solenoid selector valves

cylinders has to be made.) As 
oil enters the common inlet 
of the slave cylinders the rods 
will extent together displacing 
fluid from each cylinder 
equally which operates the 
main working cylinders. 
This is a far more accurate 
way of controlling multiple 
cylinders but requires a more 
complicated control circuit and 
much more space.

A simple way of improving the 
accuracy and keeping the price 
down is to use restrictive style 
pressure compensated flow 
regulators mounted in parallel. 
It is important that there is 
always more flow available 
than the combined settings 

of the flow regulators. This 
solution requires the excess 
flow to go across a relief valve 
but can be used successfully 
with a pressure compensated 
pump. Each valve can be 
trimmed to give optimum 
performance.

The spool flow divider may 
appear to have a number of 
drawbacks but if we are to 
maintain cylinder or motor 
equilibrium in a cost effective 
manner then they are worth a 
look. Taking into account the 
point made previously proper 
application will give good 
results.

Maintaining equilibrium
Article of Interest
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FPR11/2 .......................G-100
FPR11/4 .......................G-100
FPR3/4 .........................G-100
FPR3/8 .........................G-100
FR1-16 ..........................H-120
FR1-20 .........................H-130
FR2-10 .........................H-140
FR2-16 .........................H-150
FR5-10 ......................... H-110
FR5-8 ...........................H-100
FRC-1 ........................... K-140
FRC-2 ........................... K-150
FRC-3 ........................... K-160
FRC-4 ........................... K-170
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LE402 ........................... I-160
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MLV9-12-A ...................D-292
MLV9-12-B ...................D-293
MLV9-12-E ...................D-294
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MPV1-10 ......................D-330
MPV3-10 ......................D-340
MRV13-10 .................... D-110
MRV13-12 ....................D-120
MRV13-16 ....................D-140
MRV14-10 ....................D-160
MRV14-12 ....................D-170
MRV14-16 ....................D-190
MRV15-10 ....................D-210
MRV15-12 ....................D-220
MRV15-16 ....................D-240
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MRV2-16 ......................H-330
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PFR12-16 .....................H-280
PFR15-10 .....................H-220
PFR2-16 .......................H-270
PFR21H ....................... B-100
PFR24A ........................B-230
PFR5-10 .......................H-210
PFR5-8 .........................H-200
PFRD/S-12 ...................H-290
PFRD/S-16 ...................H-300
PFRD/S-20 ...................H-310
PFRR-10 ....................... K-230
PFRR-16 ....................... K-240
PFRR-8 ......................... K-220
POC1-10-*-2K .............. K-440
POC1-10-*-H ................ K-430
PPD22A ....................... B-310
PRV1-10 ....................... E-590
PRV12-10 ..................... E-610
PRV12-12 ..................... E-620
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PTS12-12......................D-640
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PTS15-12......................D-760
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RV3A-10-**-A321W .......... L-8
RV3A-10-*-2K ............... K-400
RV3A-10-*-H ................ K-390
RV4-10 ......................... E-180
RV5-10 ......................... E-140
RV5-10-**-A312W ............ L-8
RV5-10-**-A321A ............. L-7
RV5-10-**-A321B ............. L-7
RV5-10-**-A321P .............. L-7
RV5-16 ......................... E-170
RV5A-10-**-A321W .......... L-8
RV8-8 ........................... E-208
RV8-10 ......................... E-220
RV8-12 ......................... E-240

S207 ............................A-280
S217A .......................... A-130
S229 ............................A-500 
S519............................. A-132
S520N .......................... A-510
S521N ..........................A-520
S525N ..........................A-530
S526N ..........................A-540
S541 ............................A-720
S542 ............................A-700
SBV1-10-C .................... A-176
SBV11-10-*-0-A314A ....... L-16
SBV11-10-*-0-A314B ....... L-16
SBV11-10-*-0-A314W ...... L-16
SBV11-10-*-0-A318W ...... L-18
SBV11-10-*-C-A314A ....... L-16
SBV11-10-*-C-A314B ....... L-16
SBV11-10-*-C-A314W ...... L-16
SBV11-10-*-C-A318W ...... L-18
SBV11-10-C ..................A-180
SBV11-10-O ..................A-350
SBV11-12-C .................. A-210
SBV11-12-O ..................A-380
SBV1-12-C ....................A-206
SBV11-8-C .................... A-140
SBV11-8-O .................... A-310
SBV12-8-C .................... A-120
SBV2-8-C ...................... A-116
SCR-1 ........................... K-360
SPC2-10 .......................G-230
SPC2-8 .........................G-220
SRV-10 ......................... K-260
SRV-10-*C-S-A322P .......... L-8
SRV-10-*-O-S-A322P ......... L-8
SRV-12 ......................... K-270
SRV-16 ......................... K-280
SRV-20 ......................... K-290
SRV-8 ........................... K-250
SV1-10-*-3-A326P ........... L-24
SV1-10-3 .......................A-550
SV1-10-4 .......................A-690
SV1-10-C ...................... A-146

SV11-10-3 .....................A-560
SV11-10-4 ..................... A-710
SV11-10-C ..................... A-150
SV1-16-C ......................A-220
SV11-8-3 .......................A-480
SV11-8-4 .......................A-660
SV11A/B-10-3 ...............A-570
SV11A/B-12-3 ...............A-600
SV12-10-C .................... A-160
SV12-8-4 ......................A-680
SV12A/B-12-3 ...............A-620
SV12A/B-12-4 ...............A-800
SV13-10-C .................... A-172
SV13-10-O ....................A-340
SV13-12-C ....................A-200
SV13-12-O ....................A-370
SV13-16-C ....................A-230
SV13-16-O ....................A-400
SV13-20-C ....................A-244
SV13-20-O ....................A-420
SV13A/B-12-4 ...............A-820
SV14-10-O ....................A-460
SV14-8-C ......................A-260
SV14-8-O ......................A-440
SV14-10-C .................... A-276
SV14A/B-12-3 ...............A-640
SV15-10-O ....................A-330
SV15-8-C .......................A-110
SV15-8-O ......................A-300
SV15A/B-12-4 ...............A-840
SV17A/B-10-4 ...............A-780
SV17A/B-12-4 ...............A-860
SV1-8-3.........................A-470
SV1-8-4.........................A-650
SV1A/B-12-3 .................A-590
SV2-10-4.......................A-730
SV2-20-C ......................A-240
SV2-8-4 ........................A-670
SV2A/B-12-3 ................. A-610
SV2A/B-12-4 .................A-790
SV3-10-*-0-A314A ........... L-15
SV3-10-*-0-A314B ........... L-15
SV3-10-*-0-A314W .......... L-15
SV3-10-*-0-A315A ........... L-17
SV3-10-*-0-A315B ........... L-17
SV3-10-*-0-A317T ........... L-18
SV3-10-*-0-A324A ........... L-14
SV3-10-*-0-A324B ........... L-14
SV3-10-*-0-A324W.......... L-14
SV3-10-*-0-A325P ........... L-13
SV3-10-*-C-A314A .......... L-15
SV3-10-*-C-A314B .......... L-15
SV3-10-*-C-A314W ......... L-15
SV3-10-*-C-A315A .......... L-17
SV3-10-*-C-A315B .......... L-17
SV3-10-*-C-A317T ........... L-18
SV3-10-*-C-A324A .......... L-13

SV3-10-*-C-A324B .......... L-14
SV3-10-*-C-A324W ......... L-14
SV3-10-*-C-A325P........... L-13
SV3-10-4....................... A-740
SV3-10-C ...................... A-170
SV3-10-O ......................A-320
SV3-12-C ...................... A-190
SV3-12-O ......................A-360
SV3-16-O ......................A-390
SV3-20-O ..................... A-410 
SV3-8-C ........................ A-168  
SV3-8-O .......................A-318
SV3A/B-12-4 ................. A-810
SV4-10-*-0-A315A ........... L-17
SV4-10-*-0-A315B ........... L-18
SV4-10-*-0-A317T ........... L-18
SV4-10-*-0-A318W .......... L-24
SV4-10-*-0-A324A ........... L-14
SV4-10-*-0-A324B ........... L-14
SV4-10-*-0-A324W.......... L-15
SV4-10-*-0-A325P ........... L-13
SV4-10-*-3-A326P ........... L-24
SV4-10-*-C-A315A .......... L-17
SV4-10-*-C-A315B .......... L-17
SV4-10-*-C-A317T ........... L-18
SV4-10-*-C-A318W ......... L-24
SV4-10-*-C-A324A .......... L-14
SV4-10-*-C-A324B .......... L-14
SV4-10-*-C-A324W ......... L-15
SV4-10-*-C-A325P........... L-13
SV4-10-3.......................A-580
SV4-10-4.......................A-750
SV4-10-C ......................A-270
SV4-10-O ......................A-450
SV4-8-3 ........................A-490
SV4-8-C ........................A-250
SV4-8-O .......................A-430
SV4A/B-12-3 .................A-630
SV5-10-4....................... A-760
SV5-10-O ......................A-322
SV5-8-C ........................ A-100
SV5-8-O .......................A-290
SV5A/B-12-4 .................A-830
SV7-10-4 .......................A-770
SV7A/B-12-4 .................A-850 
SV9-10-A ...................... A-876
SV9-10-B ......................A-877
SV9-10-E ......................A-878
SV9-10-F.......................A-879
SV9-8-A ........................A-873
SV9-8-B ........................A-872
SV9-8-E ........................A-870
SV9-8-F ........................A-871
SV9A-10-A .................... A-913
SV9A-10-B .................... A-912
SV9A-10-E .................... A-910
SV9A-10-F .................... A-911

SV9A-10-G....................A-930

Type M .........................A-981
Type P ..........................A-980
Type R ..........................A-981
Type S ..........................A-980

UV2-10 ......................... K-370

VF1-10 ..........................H-600
VF11-10 ........................H-600
VF1-16 ..........................H-610
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