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BACKGROUND 
 
Traditionally in pressure control applications 
involving a self contained pressure regulator, the 
restricting element consisted of a metal valve plug 
with knife edges against an elastomer seat (figure 
1).  

 
Figure 1 

This valve plug was the throttling element in the 
natural gas flow stream. However, in the 1950’s 
the natural gas industry began to utilize flexible 
element regulators. One of the first top entry 
flexible element regulators was designed back in 
this era (figure 2). 
 
A flexible element regulator is defined by its 
throttling element. Instead of a metal valve plug 
with knife edges actuated into an elastomer/metal 
seat, a flexible element regulator utilizes a rubber 
throttling element that seats on a metal cage or 
other metal structure such as a sleeve. All the 
flexible element regulators are pilot operated and 

can be configured as pressure reducing or 
relief/backpressure regulators. 
 

 
 

Figure 2 
 

WHY FLEXIBLE ELEMENT 
 

The early pilot operated pressure regulator 
technologies seemed to be very complex in their 
operation and field repair was cumbersome with 
many designs. Also the initial cost was traditionally 
higher than other technologies that are now available 
today. In some cases localized codes and standards 
mandated overhaul or a teardown inspection which 
significantly raised the cost of ownership over the 
useful life. The gas industry is always looking for a 
reliable, lower cost solution for the regulation of 
natural gas. The flexible element regulators offered 
many of the design features the gas industry desired 
such as low cost, simplicity of operation, easier 
maintenance, and possibly lower lifetime ownership 
costs assuming the gas stream is clean. 
 

DIFFERENT TECHNOLOGIES 
 

 



There are different technologies associated with 
the use of flexible element regulators over their 
history and I will summarize these: 
 
1) The earliest form is the rubber tube type or 

sleeve. This technology has been used by 
Grove Valve and Regulator since the 1950’s 
with their Flexflo® and also American Meter 
with their Axial Flow. A flexible element tube 
slides over a sleeve with several slots isolating 
upstream from downstream pressure which 
becomes the core of this regulator. This core 
fits within a body which acts as the pressure 
retaining structure (see figure 3).  

 

 
 

 Figure 3. 

 
The flexible element tube remains closed when 
the loading pressure above the tube and the inlet 
pressure under the tube sleeve are equal. The 
tension or stretch of the rubber will create a tight 
seal that offers bubble tight shutoff around the 
circumference of the sleeve. As the pilot senses a 
drop in downstream pressure, the pilot opens, 
unloading pressure from the top of the tube. The 
inlet pressure under the sleeve is now higher than 
the loading pressure chamber located on the top 
side of the sleeve. This is because the fixed 
restrictor is limiting flow from the upstream 
pressure into this loading chamber above the 
sleeve. When the differential pressure is high 
enough, the tube will stretch and lift off the 
inlet/outlet slots and flow gas underneath the 
diaphragm from the inlet side to the outlet side 
into the downstream/outlet side of the regulator.  

 
Like any pilot operated regulator, there will be a 
minimum pressure differential in order to stretch 
the tube to achieve a wide open flow. This is 
extremely important in sizing both pressure 
reducing and relief applications. Most designs of 
the tube style are a straight through flow design or 
axial flow which can give more capacity since 
turbulence is less than a traditional globe body. In 
order to perform maintenance, the regulator must 
be removed from the pipeline which significantly 
raises the cost of maintenance. There are newer 
models available today that offer inline 
maintenance. 
 
This technology had limitations as there was no 
spring to provide neither seat load nor a knife 
edge to provide that consistent bubble tight shut 
off required in many applications. Dirty service 
and aromatics quickly attacked the rubber and 
tight lock up was no longer available. With higher 
pressure drop applications, thicker rubber is 
required that significantly increases the 
differential required to stretch the sleeve. Noise 
reduction trim was typically not available on most 
types. 
 
When sizing the tube style, one manufacturer 
recommends that you size it no more than 80-90% 
of maximum capacity. 
 
2) The most common technology is the fabric 
reinforced diaphragm or the top entry “boot” style 
regulator that came on the scene in the late 
1950’s. Mooney Controls’ Flowgrid® and Fisher 
Controls’ 399A® offered a much improved design 
over the 1950’s technology with this new boot 
style regulator (figure 4) that changed the 
expectation of flexible element regulators in 
North America. The throttling element was still a 
piece of rubber but now with fabric to give it 
strength. The fabric prevents the rubber from 



stretching like the tube style regulator technology 
described previously. The advantages were the in-
line maintenance and ease of service. Instead of 
stretching the rubber as in a tube type to provide 
the seat load for lock up, the boot style has a 
slight pressure imbalance on the loading chamber 
side and this imbalance is used for obtaining tight 
shutoff.  The main spring exists for diaphragm 
positioning and support during normal operation.  
 
These are also considered unloading style 
regulators and operate like the tube style regulator 
except that the differential pressure between the 
inlet chamber and the loading chamber freely 
moves the diaphragm to the open position instead 
of stretching it. They also require a restrictor 
identical to the tube style. This style of regulator 
utilizes a globe style body which changes the flow 
geometry and slight reduces the capacity. Like the 
tube style regulator, one must consider the 
minimum differential required to achieve a wide 
open state. 
 

 
Figure 4 

 
Still the same problems occurred as with the tube 
style regulators. High velocity particle erosion 
and aromatics would still cause shut off problems 
with this design as it would damage the boot. 
Some noise attenuation trim was available with 
these types but with limitations. However, the 
industry still demanded better shutoff capabilities 

that this style of regulator technology could not 
provide. 
 
When sizing the boot style regulator technology, 
one manufacturer recommends that you size it no 
more than 75% of maximum capacity.  
 
3) The newest flexible element regulator 
technology introduced in the late 1990’s is the 
internally actuated metal plug regulator. It still 
utilizes the fabric reinforced diaphragm as the 
throttling element (figure 5) like the boot style 
regulator. However, this technology utilizes a 
metal plug on the center of the diaphragm 
offering similar advantages to the metal valve 
plug technologies used in the past. It functions 
similarly to the other unloading regulator 
technologies. 
 

 
 

Figure 5 

 
This style offers the ease of maintenance of the 
traditional boot style regulator plus the metal plug 
and knife edge seating of the older reliable 
technology. The result is tighter shut off. This will 
increase diaphragm life when the gas is inherently 
dirty and standard rubber tubes/sleeves and boots 
experience erosion. The gas flow is directed into 
the hardened metal seat which absorbs the energy 



from the high velocity particles instead of 
impinging on the boots or tubes as with the older 
technologies. Tight shutoff is achieved by the 
knife edge seat and internal actuator spring 
providing the necessary seat load. Furthermore, 
the guide bushing in the bonnet centers the 
diaphragm assembly into the seating area. This 
center guiding prevents the diaphragm from going 
sideways. Flow geometry also assists in directing 
the flow away from the rubber surfaces of the 
fabric reinforced diaphragm. For sizing it can go 
to 100% of rated capacity. There is no capacity 
limitation as with previous flexible element 
technologies. 
 
As with the older technologies, it offers now a 
travel indicator that provides a percent opening of 
the valve plug. The travel indicator also provides 
the technician immediate feedback to the relative 
travel position and if the regulator is operating. 
 
Within this newer technology, it is designed with 
inherent noise trim technology that can offer a 
substantial reduction in noise as compared with 
the previous flexible element regulator 
technologies up to 6 dBA. Noise not only affects 
the surrounding area, but untreated the associated 
vibration can cause damage within the regulator 
trim. In higher pressure drop and high flow 
applications, there are other models besides 
flexible element that will attenuate the noise at the 
source offering a substantial reduction not only 
with noise, but also the damage that can occur 
with its high frequency vibrations. Not only is 
noise an issue for the regulator itself, but also can 
be a public relations issue if untreated when 
installations are near residential areas.  
 
 
 

PILOTS 
 

There are several pilot designs for flexible 
element regulators and most are interchangeable. 
This allows for using different manufacturers’ 
pilots on the different styles of flexible element 
regulators. Consideration should be given when 
changing out pilots as this will affect several 
variables including: 

 Pressure ratings 
 Pilot Gain 
 Accuracy 
 Stability 
 Piping arrangement/installation 
 Freezing susceptibility 
 Liquids, aromatic resistance 
 Dirt and debris resistance 
 Control/Bleed Lines 

 
There are newer pilot technologies available 
offering built in restrictors, better tune-ability, and 
enhanced accuracy. 
 
Unless the gas stream is clean, it is always 
recommended to have a 5-40 micron filter on the 
pilot supply to protect the small passages from 
debris and build up.  
 
 

APPLICATIONS 
 

Most flexible element regulators work well in 
services that are continuous duty and have large 
volumes of downstream piping such as 
distribution systems. They have been the 
preferred regulator in district stations where the 
pressure drops are lower and the gas is relatively 
clean. Flexible element regulators are used widely 
in monitor applications. 
 



 
 

Figure 6 
Downstream wide open Monitor 

 
Most of the flexible element regulators can be 
used in wide open monitors either upstream or 
downstream (figure 6). Except for the metal plug 
flexible element design, care must be taken to 
ensure that the load varies to the tube and boot 
designs or they can take a “set” in the rubber 
causing a lack of shutoff. To avoid this from 
happening, a working monitor can be used to keep 
the rubber flexing during service that can assist in 
avoiding this compression set with the rubber 
throttling elements (figure 7). 
 

 
 

Figure 7 
Working monitor 

 
This requires one additional pilot to control the 
intermediate pressure between the upstream and 
downstream regulators. It has been a preferred set 
up with boot and tube style regulators. 
 
To have the ultimate protection on any regulator 
station, there are some flexible element regulators 
that can be installed in a working monitor set up 
with an integral slam-shut unit installed within the 
regulator. In the event of both the worker and 
monitor failing, the slam shut can sense either 
under or over pressure conditions completely 
shutting the line down. This technology is 
normally used worldwide as a standard except in 
North America. There are certain areas in North 

America that utilize this under pressure shut off 
technology to protect the public/customers in the 
event of pipeline rupture due to earthquakes or 
vandalism to the distribution system. 
 
Working Monitor Advantages: 
 
 Keeps both regulator elements flexing 
continuously, avoiding the rubber from taking a 
set in the boot and tube type technologies. 
 Easily monitor and identify if a regulator has 
failed. 
 Can help reduce noise by splitting the 
pressure drop across both regulators. 
 Reduce trim wear by lower pressure drops 
across the regulators. 
 
It is recommended not using flexible element 
regulators on applications involving snap acting 
loads like burners as commonly experienced in 
commercial loads. They tend to be slower acting 
than other regulator models and over time may 
not offer bubble tight shut off as when shipped 
from the factory. At commercial sites with snap 
acting boilers self operated regulators are always 
preferred over pilot operated unless there are 
pressure and capacity limitations. 
 
If the load is dead ended and a flexible element 
regulator is used in a monitor set, you may want 
to consider a “burbing” or token relief valve to 
vent seat leakage in the event debris lodge at the 
seating area or other shut off problems exist 
(figure 8). This type of relief valve is not 
considered a full capacity relief. 
 
 
 
 
 
 
 



 
 

 
 
 
 

Figure 8 
Regulator with small “burping” relief 

 
Another wide use of flexible element regulators is 
in relief valves. They offer an inexpensive 
solution for applications requiring high relief 
capacity. Usually the same body and trim can be 
utilized with only a change of the pilot to switch 
from pressure reducing to relief. 
 

STATION DESIGN 
 
When using flexible element regulators in 
stations, they can be flanged or butt welded 
together to make for a small compact station. In 
the picture below you have a primary run with 
one flexible element regulator with an integral 
slam shut valve and a parallel monitor run welded 
together as a standby. They are an excellent 
choice for district regulating stations since normal 
operating pressure differentials are lower and the 
diaphragms will experience a longer life cycle. 
Actual diaphragm life is usually derived through 
experience since no manufacturer can control gas 
quality, pressure drop, and debris that may be in 
the gas stream. 

 
When sizing flexible elements it is important to 
consider the pressure drop across the station to 
ensure there is adequate pressure differential 
between the inlet and outlet to fully open both 
regulators. 
 
During the design process it is always good to 
plan the connections for control and bleed lines. A 
rule of thumb for control lines is to locate these 
around 5-10 pipe diameters from any turbulence 
generator such as an elbow, swage, regulator 
outlet, block valve, etc… Some of the older 
technologies require that bleed lines be placed 
immediately downstream of the regulator’s outlet 
so the diaphragm will not be damaged in monitor 
applications. The metal plug technology will work 
with its bleed line either immediately downstream 
of the first regulator or piped to the downstream 
side of the last regulator when used as a wide 
open upstream monitor without any damage to the 
diaphragm. 
 

TROUBLESHOOTING 
 
Flexible element regulators can offer trouble free 
operation provided there is adequate filtration and 
the gas is relatively free from aromatics. There are 
some problems unique to flexible element 
regulators that would not be encountered by its 
previous predecessors. The following list is not 
exhaustive, but represents typical problems that 
may be encountered in the field. 
 
- Tube or boot erosion. The typical cause of this 
type of problem is debris in the pipeline. 
Filtration should fix this problem but at times it is 
not possible to add further filtration. At minimum 
a station supply filter should be used with 
recommended filtration anywhere from 5-40 
microns. The flexible element regulator with a 
metal diaphragm insert can alleviate some of the 



problems associated with dirty service. Also 
consider using a regulator model other than a 
flexible element that offers erosion resistant trim. 
The initial price could be 2-3 times more but the 
cost of ownership over its useful life could be less 
overall.  
 
- Tube or diaphragm swelling. When slugs of 
liquid pass through a flexible element regulator it 
could cause adverse affects on the rubbers. When 
the tubes and diaphragms swell, they no longer 
shut off properly. Depending on the model it 
could fail closed or open. The rubber could swell, 
harden, or just degrade by the mix of liquids 
exposed to the rubber. Changing elastomers or 
regulator type may be the solution. Be careful on 
changing elastomers as there are usually pressure 
drop limitations that must be considered. A metal 
valve plug style regulator or control valve will not 
be affected by these liquids depending on the 
alloy of the metal used. 
 
- Blistering of the tube or diaphragm. When the 
rubber tubes and diaphragms are exposed to high 
pressure gas, the molecules will permeate through 
the rubber and become entrained. When these 
high pressure pockets of gas see low pressure on 
the downstream side, the trapped gas will inflate 
the rubber like a balloon and it will pop creating 
blisters on the surface of the diaphragm. It is also 
possible to see with some models the filling of the 
loading chamber with rubber from this balloon 
effect causing the regulator to fail in the closed 
position. Some manufacturers incorporate anti-
blistering technology to prevent this from 
occurring. A diaphragm or tube must be replaced 
when this blistering occurs as it degrades the 
integrity of the rubber. Normally you will 
experience blistering when you have high 
pressure stations and you are doing periodic 
inspections and exhaust the pressure to 
atmosphere. The regulator’s diaphragm was ok 

until it experienced a reduced pressure and now it 
will need to be replaced. Always carry spare parts 
such as diaphragms when you remove pressure 
from a high pressure station when using flexible 
element regulators.  
 
- Tube or diaphragm set. When a flexible 
element regulator stays at one flow condition for a 
considerable length of time, it can take a set and 
not return to its original form. Hence, no lock up. 
Depending on the amount of set, it may return to 
the original position. On some of the older 
technologies you may need to replace the 
diaphragm. If you use the metal plug diaphragm 
technology, this problem has been eliminated and 
is no longer a concern. 
 
- Diaphragm chunking or tears. If the 
differential pressure exceeds the manufacturer’s 
recommendations, the rubber can start to tear or 
chunk due to the excessive forces on the 
diaphragms. It is important to follow 
manufacturer’s guidelines on differential pressure 
limitations based upon formulations of the rubber 
compounds. Also, diaphragms that experience 
high differential over sustained periods of time 
can just wear out. Based upon field experience, it 
would be justified to set up a scheduled 
maintenance to ensure system reliability. 
 
- Diaphragm burns and fabric failures. A 
flexible element regulator can go into a high 
frequency oscillation that will create excessive 
diaphragm movement. This movement can create 
heat and destroy the flexible element over time. 
Adjusting the restrictor and having the correct 
piloting system can usually overcome this type of 
situation. If control lines or bleed lines are not 
installed correctly, this can contribute to 
instability which can lead to premature diaphragm 
failures. 
 



- Condensate in the loading chamber. It is 
important to keep the loading chamber free from 
condensate as freezing can occur under certain 
pressure drops. The gas may require a heater 
upstream or a pre-filter on the pilot with a drip 
leg. If problems are persistent, other regulator 
technologies or control valves may be more 
suitable for this application. 
 
- Installation. Care must be taken when the 
diaphragm or tube is installed. The fabric 
reinforced diaphragm style regulators seal along 
the outside edge. This must be seated properly or 
it will eventually fail (figure 9). Using the correct 
type and amount of lubrication along the sealing 
surfaces is important. Using too much lubricant 
can also cause shut off problems by allowing dust 
and dirt to accumulate. 
 

 
Figure 9 

 
- Outlet pressure not stable. This is the most 
common type of problem experienced by flexible 
element regulators. There are many causes of this 
and this list is not exhaustive but some of the 
most common are: 
 Control or bleed lines are too small in 

diameter or in a turbulent area of the piping 
system. 

 Turndown of regulator not adequate. Adjust 
restrictor or change pilots. Possible change 
regulator size. If the regulators are oversized, 
this can cause instability, premature diaphragm 
wear, and some diaphragms can take a set if in 
one position for a long period of time. 

 Downstream or upstream regulator or meter 
interfering with regulator control. Many times 
the control is affected by meters or other 
devices in the pipeline that would create 
harmonics. 

 Monitor setpoints are too close. Set at least 
one proportional band apart with manufacturer’s 
suggested restrictor settings. With working 
monitors, there should always be as much 
distance possible between the upstream and 
downstream regulator to ensure stability of 
control in the intermediate pressure. 

 Icing in pilot. Use heater on station, pilot or 
an alcohol drip. 

 
CONCLUSION 

 
Flexible element regulators are a major part of 
any gas distribution company worldwide. Their 
low installed cost and ease of maintenance has 
changed the expectations of all regulator designs. 
It is important to recognize that even flexible 
element regulators have limitations and care must 
be given to the selection, sizing, and installation. 
In clean, dry, and lower pressure drop services 
they are the preferred technology in the industry 
today.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 


