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Regulator Operation 
Regulators provide a means of controlling the 
flow of a gas supply to downstream processes or 
customers.  An ideal regulator would supply 
downstream demand while keeping downstream 
pressure constant.  However, the mechanics of 
direct-operated regulator construction are such 
that there will always be some deviation, or 
offset, in downstream pressure. 
 
 
Basic Regulator Definition 
We may define a direct-operated regulator as 
any self-contained valve and actuator 
combination.  These regulators are controlled 
entirely by the controlled gas, that is, they require 
no external power to operate. 
 
 
Regulator Function 
A pressure reducing regulator must supply a 
quantity of flow that matches a downstream 
demand.  If the required flow is small, the 
regulator plug or disk should approach its seat 
and restrict the flow.  If the demand increases, 
the plug or disk should move away from its seat, 
creating a larger opening and increased flow.  In 
a perfect world, a regulator should provide a 
constant downstream pressure while delivering 
the required flow. 
 
 

 

 
 
 
Applications 
Direct-operated regulators have many 
commercial and residential uses. Typical 
applications include industrial, commercial, and 
domestic gas service, instrument air supply, such 
as on air compressors, and a broad range of 
applications in industrial processes. Direct-
operated regulators do have their limitations, 
however; specifically capacity and close control. 
 
Basic Operation 
Regulators automatically adjust flow to meet 
downstream demand.  Before regulators were 
invented, someone had to watch the pressure 
gauge for pressure drops which signaled an 
increase in downstream demand.  When the 
downstream pressure decreased more flow was 
required.  The operator then opened the 
regulating valve until the gauge pressure 
increased, showing that downstream demand 
was being met. 
 
 
Construction Elements 
 
Basic Regulator Components 
Direct-operated regulators have three essential 
elements: 
A restricting element – a valve, disk or plug 
A measuring element – generally a diaphragm 
A loading element – generally a spring 
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Restricting Element 
The valve’s restricting element is generally a disk 
that can be positioned fully open, fully closed, or 
somewhere in between to control the amount of 
low.  When fully closed, the disk or plug seats 
tightly against the valve orifice. 
 
 
Measuring Element 
The measuring element is normally a diaphragm 
which senses downstream pressure (P2).  The 
restricting element is often attached to the 
diaphragm with a stem so that when the 

diaphragm moves, so does the restricting 
element. 
 
 
Loading Element 
The loading element counterbalances 
downstream pressure (P2).  The amount of 
unbalance between the loading element and the 
measuring element determines the position of the 
restricting element.  Therefore, we can adjust the 
desired amount of flow through the regulator, or 
set point, by varying the load.  Some of the first 
direct-operated regulators used weights as 
loading elements.  Modern regulators use spring

 

 
 
Operation 
To further examine how the regulator works, let’s 
consider these values for a direct-operated 
regulator design. 
 
Upstream Pressure (P1) = 100 psig 

Downstream Pressure (P2) = 10 psig 
Pressure drop across the Regulator (∆P) = 90 
psig 
Diaphragm area (AD) = 10 square inches 
Spring rate (K) = 100 pounds per inch 
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Increasing Demand 
If the downstream demand for flow increases, P2 
will drop.  Consequently, the pressure on the 
diaphragm drops, allowing the regulator to open 
further 
 
Decreasing Demand 
If the regulator opens farther than necessary, 
downstream pressure increases.   In this case, 
unbalance causes the restricting element to 
move up to pass less flow. 
(demonstration) 
 
Weights vs. Springs 
One of the problems with weight loaded 
regulators is that they are slow to respond.  So if 
downstream pressure changes rapidly, a weight-
loaded regulator may not be able to keep up.  
Always behind, it may become unstable and 
cycle – continuously going from the fully open to 
the fully closed position.  And, there are other 
problems.  Since the amount controls regulator 
set point, our regulator cannot be easily adjusted.  
And we’ll always have to install it so that the 
weight is on top of the diaphragm.   
 

By using a spring instead of a weight, we 
increase the stability of the regulator because of 
spring’s resistance to change. 
 
Spring Rate 
Choose a spring for a regulator by its spring rate 
(K). K represents the amount of force necessary 
to compress the spring one inch. For example, a 
spring with a rate of 100 pounds per inch needs 
100 pounds of force to compress it one inch, 200 
pounds of force to compress 2 inches, and so on. 
 
Equilibrium 
With the spring adjuster, one inch of compression 
provides a spring force (FS) of 100 pounds. Now 
the spring acts down with force of 100 pounds, 
and the downstream pressure acts up against the 
diaphragm producing a force of 100 pounds (FD = 
P2 x AD). Under these conditions the regulator 
has achieved equilibrium; that is the seat disk is 
holding a fixed position. 
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Control and Stability 
 
Ideal Regulator 
We can plot the performance of an ideal 
regulator such that no matter how the demand 
changes, our regulator will match that demand 

within its capacity limits) with no change in the 
downstream pressure (P2).  This straight line 
performance becomes the standard against 
which we can measure the performance of a real 
regulator. 

 
 
 
Set point 
The constant pressure desired is represented by 
the set point.  But no regulator is ideal.  The 
downward sloping line on the diagram represents 
pressure (P2) plotted as a function of flow for an 
actual direct-operated regulator.  The set point is 
determined by the initial compression of the 
regulator spring.  By adjusting the initial spring 
compression you change the spring loading 
force, so P2 will be at a different value in order to 

balance the spring force.  This establishes set 
point. 
 
Droop 
Droop and offset are terms used to describe the 
phenomenon of P2 dropping below set point as 
flow increases.  Droop is the amount of offset 
from set point at a given flow, expressed as a 
percentage of set point.  This “droop” curve is 
important to a user because it indicates regulator 
capacity. 
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Capacity 
Capacities published by regulator manufacturers 
are given for different amounts of droop.  Let’s 
see why this is important. 
Let’s say that for our original problem, with the 
regulator set at 10psig, our process requires 200 
scfh (standard cubic feet per hour) with no more 
than a 1 psig drop in set point.  We need to keep 
the pressure at or above 9 sig because we have 
a low limit safety switch set at 9 psig that may 
shut equipment down if pressure falls below this 
point.  The diagram below illustrates the 
performance of a regulator that can do the job.  
And, if we can allow the downstream pressure to 
drop below 9 psig, the regular can allow the 
downstream pressure to drop below 9 psig, the 
regulator can allow even more flow. 
The capacities of a regulator published by 
manufacturers are generally given for 10 percent 
droop and 20 percent droop.  In our example, this 
would relate to flow at 9 psig and at 8 psig. 

 
Lockup 
Lockup is the pressure above set point that is 
required to shut the regulator off tight.  In many 
regulators, the orifice has a knife edge while the 
disk is a soft material.  Some extra pressure P2 is 
required to force the soft disk into the knife edge 
to make a tight seal.  The amount of extra 
pressure is lockup pressure.  Lockup pressure 
may be important for a number of reasons.  
Consider the example above where a low 
pressure limit switch would shut down the system 
if P2 fell below 9 psig.  Now consider the same 
system with a high pressure safety cut out switch 
set a 10.5 psig.  Because our regulator has a 
lockup pressure of 11 psig, the high limit switch 
will shut the system down before the regulator 
can establish tight shutoff.  Obviously, we’ll want 
to select a regulator with a lower lockup 
pressure. 
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Accuracy 
The accuracy of a regulator is determined by the 
amount of flow it can pass for a given amount of 

droop.  The closer the regulator is to the ideal 
regulator curve, (set point), the more accurate it 
is. 

 

 
 
Lever 
 
The service type regulator is a variation of the 
simple direct-operated regulator. It operates in 
the same manner, except that it uses a lever to 
gain mechanical advantage and provide a high 
shutoff force. 
 
Earlier we noted that the use of a larger 
diaphragm can result in increased sensitivity. 
This is because any change in P2 will result in a 
larger change in diaphragm force. The same 
result can be achieved using a lever to multiply 
the force produced by the diaphragm as shown in 
the figure above. 
 
The main advantage in lever designs is that they 
provide increased force for lock-up without extra 
cost, size, and weight associated with the larger 
diaphragms, diaprhragm casings, and associated 
parts. Additionally, the extra mechanical 

advantage provides extra force to keep the disk 
in a stable position and therefore opposes 
tendencies of the disk to cycle (vibration, 
buzzing). 
 
 
 
Design Features 
 
Three Main Elements 
All direct-operated, regulators have at least three 
main elements: 
Restricting element, usually a disk and orifice 
Measuring element, usually a diaphragm 
Loading element – generally a spring 
 
The measuring element, or diaphragm, responds 
to changes in downstream pressure (P2) and 
moves the valve plug or disk away from or closer 
to the seat as needed.  The loading element, or 
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spring, produces a force which opposes the 
diaphragm and gives us a means of establishing 
the set point of the regulator. 
 
 
Performance 
 
Objectives 
The purpose of a regulator is to match 
downstream demand while keeping downstream 
pressure constant, ideally at set pressure.  But 
no regulator is ideal.  A regulator’s accuracy is 
measured by how close to set point it maintains 
P2.  The point below set pressure where P2 finally 
stabilizes is expressed as a droop. 
 
Considerations 
Droop is affected primarily by four factors:  spring 
rate, diaphragm area, orifice size, and inlet 
pressure.  Changing any of these parameters 
can make the regulator more sensitive to 
changes in downstream pressure.  For example, 
larger diaphragm area and lower spring rate 
move the disk farther for the same change in P2.  
Larger orifice size and higher inlet pressure (P1 ) 
cause a regulator’s flow to change more for the 
same disk travel 
Too great a change in any parameter can cause 
undesirable consequences including cycling (too 
light a spring), excessive wear (too large an 
orifice), and increased size weight, and cost 
(larger diaphragm). 
 
 
Selection Guidelines 
Manufactures generally offer regulators which 
are designed to provide stable control over a 
specified range.  Many of the parameters 
including spring rate, diaphragm size, and orifice 
size are either pre-selected or limited to a fairly 
narrow range of options known to provide proper 
control.  When there are choices to be made, 
always select the smallest orifice size, largest 
practical diaphragm, and lightest spring rate.  

These guidelines will provide the best regulator 
performance. 
 
 
 
 
Preventative Maintenance 
The Do’s and the Don’ts… 
It has been experienced that a solid preventative 
maintenance program promotes normal life 
expectancy of regulators. Of course good quality 
gas, filtering and normal load patterns are 
contributing factors too. Whenever a regulator is 
bypassed for any reason, it is good practice to 
check for lock-up.  Soaping the diaphragm lip 
and vent add valuable information to determine 
the regulators functionality. 
O-ring protection products and lubricants are 
some of the products that are used to maintain 
and extend a regulators life expectancy. If the 
regulator is disassembled for seat inspection, or 
rebuilt in the field, these products provide an 
excellent foundation to maximize the proper 
performance and life span.   

 
Summary 
Overview 
The information in this guide has covered the 
fundamentals of direct-operated regulators.  
Through several alterations in the basic design, 
these regulators can usually satisfy some or all of 
a basic gas regulating system requirements for 
accuracy, capacity, stability, and transient 
response.  In addition, a direct-operated regulator 
is usually the most economical choice among 
regulator types. 


