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industrial processes, such as the parex™ process in the petrochemical sector or compressor bypass control in the energy sector, 
place formidable demands on control valves. Valves, some of which fitted with large pneumatic actuators, need to make long 
strokes very quickly, while they must also be able to handle small stroking movements without overshooting. a new kind of pneu-
matic valve hook-up with volume boosters and a highly accurate, dynamic digital positioner has been engineered to meet the re-
quirements for these types of processes, providing the valve with excellent control characteristics.

Typical industrial processes

Parex™ process 
the parex™ process [1] is an adsorptive separation method used 
to recover para-xylene, which is put to use in the production of 
polyesters or resins, from mixed xylenes. Separating the mixed 
xylenes by distillation is rather difficult as the xylene isomers boil 
at almost the same temperature. the parex™ process developed 
by UOp simulates a moving adsorbent bed with a continuous 
counterflow of a liquid feed over the adsorbent, yielding a sin-
gle-pass recovery rate of over 97 % of para-xylene. 
a typical unit consists of 24 adsorbent beds connected to a 
rotary valve. the rotary valve periodically switches the feed 
and withdrawal positions. after each switching procedure, two 
pneumatic control valves regulate the pressure and flow rate of 
the flows. as the switching processes happen very quickly, it is 
important that the control valves respond to the changed oper-
ating conditions immediately and without overshooting. a good 
control response of the push-around and pump-around valves 

is associated directly with an increase in the recovery rate. 
apart from the parex™ process, there are a number of other 
adsorption processes frequent in petrochemical plants that 
place similar requirements on control valves. 

Turbine bypass control/surge limit control in  
turbocompressors
reducing the feed rate or increasing the feed pressure can 
cause instable operating conditions in turbocompressors, often 
referred to as “pumping” (Fig. 1). these conditions become evi-
dent as pressure and feed rate fluctuations, which expose the 
compressor, particularly the blades and bearings, to alternat-
ing stress. By using anti-surge valves, a certain volume of the 
compressed gas is either blown off or fed back to the suction 
side. For reasons of profitability, operators try to control near 
the surge margin to minimize losses.
During normal operation, the anti-surge controller has no func-
tion and the control valve is closed. it is only in the case of an 
emergency that the controller needs to intervene immediately 
because a compressor can reach its surge margin rather quick-
ly. as a result, the typical requirements placed on anti-surge 
valves include opening times in normal operation of less than 
three seconds and quick-opening times of under two sec-
onds  [2]. the closing times, however, are between 10 and 
20  seconds as closing the valve too quickly could cause the 
compressor to start pumping again. 
the dynamic response of the anti-surge valve poses a special 
challenge, particularly in the case of larger compressors. Due to 
the large valve sizes and, consequently, large actuators, the air 
output capacity of the positioners must be increased with vol-
ume boosters in the case of high system deviations. this hook-Fig. 1 · typical pressure-flow rate map of a turbocompressor
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up, however, has the disadvantage that the required positioning 
times can only be achieved with considerable overshooting. in 
addition, simple hook-ups with positioner and booster respond 
poorly to small changes of the set point. as a result, such small 
changes can only be controlled in an unsatisfactory way. 

Control valve sizing and selection
in a first step, control valves for any kind of process need to be 
sized very carefully using the common methods according to 
iec 60534 (Fig. 2a). concerning the dynamic response, the fol-
lowing criteria need to be fulfilled, for example in a parex™ 
process: 
�� Step-response behavior: the response time including delay 

for step changes between 5 and 50 % in both directions 

over the entire positioning range from 0 to 100 % must not 
exceed two seconds and no overshooting must occur. 

�� control response: During normal automatic operation, the 
control valve is expected to respond even to small changes 
of the positioner input signal within ten seconds. 

�� closing and opening times: the closing and opening times 
over the control valve’s entire opening range must not 
exceed two seconds. 

these requirements can only be met with a special pneumatic 
hook-up of the positioner and the boosters required in this case, 
which will be detailed in the following sections. When sizing the 
valves, it should be possible to select the number of boosters 
required to achieve the specified times (Fig. 2b).

Fig. 2 · control valve sizing sheet including calculation of the opening and closing times
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Control valve engineering and design
the positioner includes a control loop subordinate to the main 
control loop that is designed to precisely and quickly open the 
control valve over the entire opening range of 0 to 100 %. the 
set point for this loop is set by the main loop of the process 
control system to control process variables, such as pressure, 
temperature, flow rate, or liquid level. 
to control the valve opening, the electropneumatic positioner 
requires an electric power supply, a set point signal (4 to 20 ma 
or a bus signal), and an air supply that should be as constant 
as possible. Depending on the system deviation, the positioner 
pressurizes or vents the diaphragm chamber of the pneumatic 
actuator, which is mostly equipped with one or more springs 
arranged on the opposite side of the diaphragm to provide fail-
safe action. the positioning speed changes depending on the 
positioner’s air output capacity. 
For larger valve sizes (larger than 4“) and, consequently, higher 
flow forces acting on the valve plug, there is a need to use ac-
tuators with larger effective diaphragm areas (e.g. 1400 or 
2800 cm²) and larger rated travels (e.g. 120 mm) as shown in 
Fig. 3. as a result, the volumes in the actuator to be pressurized 

or vented are relatively high and the positioning speed is re-
duced considerably. 
to counteract this problem, the positioner is combined with vol-
ume boosters (Fig. 4). the positioner increases or reduces the 
air pressure on the inlet diaphragm of the booster such that the 
booster pressurizes or vents the actual actuator with larger air 
passage cross-sections when system deviations occur. 
the boosters are usually equipped with an adjustable bypass 
restriction to stabilize the positioning control loop. 
When the bypass restriction is closed, the positioner increases 
or reduces the air pressure on the diaphragm of the booster, 
which pressurizes or vents the pneumatic actuator correspond-
ingly. Using the valve position feedback, the positioner changes 

Fig. 3 · control valve 
with large pneumatic 
actuator and digital 
positioner (SaMSOn 
type 3730-3 expert+) 
for parex™ process 
applications

Fig. 5 · Valve shown in 
Fig. 3 as installed in the 
plant (new pneumatic 
hook-up visible in the 
foreground)

Fig. 4 · control valve 
with booster
1 Valve with actuator
2 positioner
3 Booster
4 Bypass restriction
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its pneumatic output signal until the system deviation approach-
es zero. as in all other control loops, the high air output capac-
ity of the booster can destabilize the control loop. 
as a result, the bypass restriction is usually open. Small system 
deviations cause the positioner to work with very small air out-
puts and the generated air bypasses the booster, which, due to 
its natural hysteresis, does not respond. the actuator is directly 
pressurized or vented by the positioner until a new state of 
equilibrium has been reached. the position of the bypass re-
striction determines the set point changing range that the boost-
er does not operate in. Within this range, the response times to 
changes of the set point can be too long. another disadvantage 
is that the opening speeds for large set point changes (e.g. from 
0 to 100 %) are reduced when the bypass restriction is opened 
too far. 
problems may arise here since it can be rather difficult in prac-
tice to determine the optimum setting, weighing instability 
against sufficiently small system deviations that even out quickly. 
the new pneumatic hook-up (Fig. 5), together with a digital po-
sitioner, considerably improves the dynamic control response. 
the hook-up uses a pilot booster and a main booster for larger 
signal changes near the set point. all boosters are equipped 
with a bypass restriction. 
the air output capacity of the pilot booster is considerably high-
er than that of the positioner, yet also considerably smaller than 
that of the main booster. as a result, the positioner and pilot 
booster cause the main booster to respond much quicker when 

Fig. 6 · Opening and closing behavior with times of approx. 2 s

Fig. 7 · response to 50 % step changes (response time < 2 s)

Fig. 8 · response to 5 % step changes (response time < 2 s) Fig. 9 · response to 0.3 % step changes (response time < 5 s)
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the permanent online data logger in the positioner was used to 
document and analyze the excellent dynamic control response 
during the process (Figs. 12a and b). the unparalleled control 
response also in plant operation becomes obvious. 
in offline mode, the positioner can even record its step-change 
response (Figs. 6 to 9). 

Fig. 11 · long-term control accuracy data with typical values between 
0.2 and 0.5 % (on-board diagnostics provided by digital positioner)

Fig. 10 · long-term operating range data of the control valve between 
50 and 80 % (on-board diagnostics provided by digital positioner)

pressurizing or venting the actuator. consequently, the bypass 
restrictions can be opened further, which leads to better stabil-
ity and control accuracy in the control loop, without causing 
marked overshooting. 
nevertheless, this hook-up reaches the limits for response speed 
when handling very small signal changes below ±2 %. a solu-
tion to this is to install an additional bypass booster connected 
in parallel with the main loop. the boosters in the main loop do 
not respond to small signal changes. rather, the positioner to-
gether with the bypass booster control on their own. 
the new hook-up with digital positioner, bypass booster as 
well as pilot and main boosters helps achieve a control behav-
ior in valves with large pneumatic actuators that is character-
ized by a very dynamic response with short response times as 
well as a high control accuracy, even with small set point 
changes (Figs. 6 to 9). 

Excellent dynamic control response in the  
running process 
Of course, the main task of the digital positioner is to position 
quickly and precisely according to the requirements as well as 
to optimally and automatically set the proper control parame-
ters in combination with the complex new pneumatic hook-up 
including volume boosters. in the examined processes, the digi-
tal positioner introduced in publication [3] was used. this posi-
tioner has a very favorable combination of digital and analog 
components for signal processing, acting as the preliminary 
stage to the internal volume booster. the positioner has a con-
trol loop performance tuner on board, so to speak, and, unlike 
devices from other manufacturers, does not require an external 
software to optimally adapt itself to the pneumatic system. this 
allows service personnel to start up plants quickly and smooth-
ly after completing service or maintenance work. 
Moreover, customers use the extended on-board and online di-
agnostic functions that the positioner can additionally perform 
during operation [3]. 
important information could be gathered from the histograms 
of the valve position (operating range, Fig. 10) and the steady-
state error (Fig. 11) saved in the positioner. the results demon-
strated that the error averaged out at very good values be-
tween 0.2 and 0.5 %. 
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Conclusion and outlook
thanks to the pneumatic hook-up comprising a highly precise 
and quick digital positioner as well as the innovative arrange-
ment of various volume boosters, control valves in demanding 
control applications, such as parex™ processes or compressor 
bypass control, can control with high precision both with large 
and small signal changes. One operator, Mr. Wolfgang Brans 
at SaSOl Moers, Germany, equipped two valves already in-
stalled in a plant with a hook-up as described above. after re-
starting the plant, Mr. Brans remarked how the restart of the 

Olex™ process went very smoothly and worked at first go, just 
like he had imagined. according to him, the new hook-up even 
reduced the initial differential pressure of the adsorbents by 
0.5  bar, i.e. from 3.5 bar gauge (which was problematic) to 
3.0 bar gauge. 
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Fig. 12 · Data recorded by the permanent data logger
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