On-Line Safety Valve Testing Technology

Background
Online safety valve testing is becoming
more and more prevalent in many
industrial branches and countries around
the world. This white paper will give you
a first technical introduction into the
topic, as well as the position of online
testing within the maintenance strategy.

This modern technology makes testing and adjusting of many types of safety
valves during operation possible and in addition to reducing the time of shut
down, it prevents interval in production.
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Challenge of optimal plant operation
Plant operators strictly follow one major target – earn/save money. Every plant,
no matter if it is a petrochemical plant, a power station or a gas pumping station,
has been financed by someone. Investors always want to achieve maximum output
at minimum costs. In case of private investors the target is maximum profit. In
case of public investors (e.g. public power station) the target is low costs for a
municipal service.
When it comes to maintenance, a few aspects need to be considered to
optimise the total profit of a plant over its lifetime:
1. Plant operation time – only when a plant is operating it does generate profit.
Shut down times are very often described as „costs“ due to the lost profit of
every hour the plant is not in production.
2. Plant efficiency – only a well maintained plant will achieve maximum
output efficiency while it is in production. This can be described as
profit/day
3. Plant safety – if a plant explodes or burns down, it will be lost or out of
production for a long time. The damage caused needs to be rectified,
requiring additional investment.
Being the final link in the safety chain, safety valves need frequent testing to
ensure their proper operation. Being a potential reason for leakage, they need
frequent service to ensure tightness. Both testing and servicing are part of the
plant optimisation process. Further more safety valve testing is regulated by law
and/or your insurers request a maximum of safety for the plant.
A request for maximum plant operation time on one side and maintenance and
safety on the other side leads to a time conflict. The maintenance department
– focused on safety and maintenance – is always asking for more shut down time
than the plant operator is willing to grant them.

CONVENTIONAL TESTING
Conventional safety valve testing involves:
 testing on test bench in a workshop
 testing with water or air (similar media)
 testing at room temperature (for valves on high temperature service
correction factors have to be taken into account)
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 dismantling of valve necessary → cost
 shutdown necessary → production loss due to shutdown
While testing conventionally:
 pop up pressure is determined as pressure at the instant we have heard
the air started to flow
 or as the peak pressure we have recorded during testing

Online / On Site testing-key to efficient maintenance
Considering the continual conflict between maximizing plant operation and
minimizing maintenance shut downs, online safety valve testing (as well as any
other online service) becomes an essential part of an efficient maintenance
strategy. Because it has numerous advantages compared to of line (conventional
testing):
 Technically the online safety valve test is an analysis of the set point in
operational conditions. The result is therefore much more reliable than a
test made in a workshop on a cold safety valve using different medium and
low capacity test benches.
 Testing with this device reduces production loss and fuel cost. Since it is
not necessary to raise system pressure the plant lifetime is extended due
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to reduced material stress.
 By performing the testing without removing valves from the plant we save
time and money. Maintenance of valves on heavily accessible and remote
locations becomes easier.
 Welded in valves can be adjusted without removal from the line, so the
cost for cutting these out and subsequent welding and weld inspections
are avoided.
 Damage like valve seat erosion is considerably reduced.
 Test device improves the environmental conditions by Reducing noise
levels and Reducing fuel consumption.
 Surveillance and inspection authorities recognize the results obtained. The
results are reproducible and can not be manipulated. The reports
generated contain all the relevant input data, test results and the
respective diagrams, testing time and date.
Online / on site safety valve testing is a win-win solution for the plant operator
and the maintenance department. It sustains plant safety, reduces direct
testing costs and shut down times, extending the shut down interval (plant
operation) at the same time.

Derived requirements
To offer the potential described above, online safety valve testing equipment
needs to meet certain requirements:
1) Accuracy – only if accurate and reliable, online safety valve testing will be
considered an alternative method. As much as measurement accuracy it
requires a simple and clear concept to identify the set point.
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2) Mobile – with the equipment being brought to the valve it has to be light
and mobile. Considering their locations of safety valves, a light test rig and
light hoses are essential to comfortably test valves on high reactors and
pipeline bridges.
3) Durable – being carried around every day the equipment needs to be
robust and suitable for rough industrial environment. Valves are tested on
hot boilers and superheaters as well as on pipelines in cold winter times.
The accurate measurements must not be affected by those industrial
conditions.
4) Scaleable – Meeting the variety of safety valves, the equipment should be
able to test a wide range of safety valves with the same technology – from
the smallest to the biggest.
5) Efficient – with labour costs as a major cost factor in the individual safety
valve test, the online safety valve test must be efficient to use – to test as
many valves in one shift as possible.
6) Easy to utilise – A skilled test bench technician should be able to properly
operate online safety valve test equipment with short training efforts.
7) Safe in operation – testing online means working on a running plant. A
maximum of working safety and fault prevention must be sustained to not
accidentally disturb the plant operation or endanger the user.

Technical Introduction
Different online safety valve testing systems follow different technical
approaches. Those might be good an efficient or complicated and clumsy, but
all of them follow the same physical principle.
Every safety valve has a set point that is defined as the moment when it starts
to lift. When online, there is a pressure – line pressure – under the safety
valves disk. The line pressure is known – it is measured directly by sensors or
manometers. If the pressure difference ΔP between line pressure and set
pressure can be found out, the set pressure can be calculated from:
𝑃𝑆𝑒𝑡 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 𝑃𝐿𝑖𝑛𝑒 + ∆𝑃
The idea of on line valve testing started in the late forties of the last century. the most
realistic safety valve test can be made by raising the system pressure in the plant up to
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the value at which the safety valve starts popping up. The consequence would be:
 That all the plant components would be exposed to the excessive loads leading
to reduced operating lifetime.
 The normal operation of the plant would be interrupted
 Such test method involves a lot of personnel and equipment since all the safety
valves are tested at once
But by this testing device to find ΔP, lifting equipment – a test rig - is mounted on
the safety valve. Pulling on the safety valves spindle this lifting equipment will
overcome the pressure difference ΔP between line pressure and set pressure and
the disk will lift. Knowing the seat area of the safety valve and the lifting force, ΔP
as well as the set point is calculated according to fig. 1.
With this device following tests on safety valves can be performed:
 While the system is operating – HOT TEST
 While system has been shut down – COLD TEST
The more line pressure is to be found under a safety valve, the less force will be
required to overcome ΔP. But it is not required to have line pressure. If there is no
pressure, online safety valve technicians talk of a „cold“ test. Tests carried out
with line pressure are called „hot“ test. Even though testing a safety valve online
during
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Figure 1: Test rig / Set pressure calculation based on line pressure, lifting force and seat area

plant operation (hot testing) offers the biggest benefits, cold testing during shut
downs offers a significant cost saving potential as well. Especially in the case of large
safety valves that would require a lot of manpower and lifting gear to be moved,
the on site test (cold test) is a much better choice.
Data acquisition
To be able to test a safety valve, it is necessary to know its seat area/middle
seat diameter. This data is to be found in the safety valves documentation. If
not, they can be provided by the safety valve manufacturer of even be
measured when dismantling the valve next time.
But in some cases it is not possible to get correct information of middle sealing
diameter or active surface of valve disc on seat.
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When analyzing the formula we note that the value of Aseat, necessary to
perform the calculation is not determined by the measurement – thus has to
be either known from the valve documentation or determined some other
way. Accuracy of the value of A seat, necessary may have a great impact on the
accuracy of the value of the pop up pressure determined by calculation /
measurement.
The most common approach is to presume that the active valve disc diameter
(which is the basis for the value Aseat) is equal to the average of the inner and
the outer valve disc diameter. Obviously the real active valve disc diameter
may be different, thus an error may occur. The smaller the disc diameter is, the
more significant the difference may be.

Sometimes the geometrical data on the (particular) valve are available in the
technical documentation or have been measured and recorded in the course of
previous maintenance activities. However it should be noted that these were
measured at room temperature and that the values at working temperature
(at which the testing is performed) may be significantly different. However
there is a way to overcome these accuracy limitations.
It is possible to determine the value of active valve disc diameter of the
particular valve at working temperature by performing two measurements at
two different pressures in the system.
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𝑃𝑠𝑒𝑡 = 𝑃𝑙𝑖𝑛𝑒1 +

𝐹1
𝐴𝑠𝑒𝑎𝑡

𝑃𝑠𝑒𝑡 = 𝑃𝑙𝑖𝑛𝑒2 +

𝐹2
𝐴𝑠𝑒𝑎𝑡

After solving the system of two equations above for Aseat the following formula
is obtained:
𝐴𝑠𝑒𝑎𝑡 =

𝐹2 − 𝐹1
𝑃𝑙𝑖𝑛𝑒2 − 𝑃𝑙𝑖𝑛𝑒1

The device has a function which performs this calculation and determines the
actual value of active valve disc diameter of the valve being tested. This way
the error introduced into the measurement due to uncertainty of the value of
the active valve disc diameter is eliminated.
Pulling force, disk lift and line pressure are recorded during the lifting process
and either stored digitally and displayed on a screen or printed for further
analysis. Digital systems are most convenient as stored data can easy be
processed in various ways and stored in databases or files.
Data presentation and analysis
When testing with testing device we record the values of three parameters in
given interval of time to obtain three curves:
 displacement of valve spindle versus time
 system pressure versus time
 pulling force versus time
The indication of:
 effect of the nozzle ring
 effect of the guide ring
 reseat pressure of the valve
is also possible.
At the set pressure point the valve disc and spring start to move. The valve
opens and the excess system pressure can escape. This characteristic position
in the graphs (diagrams) is marked with linear cursor and the set pressure is
calculated in real time.
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As indicated in the introduction the curves have a characteristic point where
their gradient abruptly changes at the same time - at the moment when the
valve starts popping up (see figure 2).
Charactaristic points define as follow:
 The spring stars to move not only due to the additional pulling force but
due to the pressure of the medium as well → the gradient of the force
 curve changes abruptly (there is a sharp bend in the curve)
 The disc (spindle) lifts → the gradient of the lift curve changes abruptly.
 The valve opens → the medium escapes from the system → the system
pressure falls→the gradient of the pressure curve changes abruptly.

Figure 2. Force-Time, Pressure-Time and Disk lift-Time diagram

When these curves are available this characteristic point can be identified –
thus the pop up pressure determined. The valve opening is associated with
distinctive acoustic phenomena which are recorded as well. In this case, we
would be in principle being able to determine the pop up pressure based on
only one of those parameters (in the conventional tests we determine it based
on pressure only). However we use three parameters in „warm test“ - or „two
in cold test“ (system pressure = 0) → result is higher accuracy Since we record
the displacement we have a direct positive proof that the valve spindle/disc
have moved.
It should be noted that when device determines the pop up pressure of the
safety valve, Actually, the valve spring is tested. Because with time due to
corrosion and/or high temperature its characteristic may deteriorate.
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Famous errors
The result diagram will show a point where the disk starts to lift. And if the
recording of data runs to the end of the lifting procedure, the diagram will
show the moment when the disk reseats. From the diagram point where the
disk starts to lift, the set pressure is calculated. Looking at the set pressure
calculation, many technicians concluded to calculate the reseating pressure
from the reseating point (incl. blow down etc.). This is absolutely wrong. It is
not possible to calculate the reseating pressure form the reseating point and is
different to what some vendors claim, it is not even an indication.
The formula used to calculate the set pressure describes a static scenario to be
found only when the disk is seated. Once the disk lifts, the fluid discharges. The
discharge will cause a significant additional dynamic force onto the valves disk,
forcing it open. This force depends on the shape of the disk, position of blow
down ring as well as on fluid parameters like density, fluid pressure, etc. Those
dynamic forces and geometrical influences could only be measured and
analysed in a laboratory analysis, but it is not at all feasible to do it in a
maintenance field analysis. Only because of those dynamic forces, safety
valves have what is called a
„blow down“ – the valve will close only after the pressure has decreased
significantly below set pressure level. The only way to seriously test blow down
and reseating pressure point it is a full flow test. Online testing will not deliver
correct results.
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The potential use of ultrasound
For many years, ultrasound has been utilised by various vendors as an
additional method to find the set point in cases the standard diagrams are
hard to analyse. This can be the case when testing safety valves on liquid
services.
Many system vendors today claim ultrasound to be the perfect solution to
work around unclear standard diagram problems as the ultrasound diagrams
show a significant diagram reaction where lift and force do not. Ultrasound
„appears“ to solve those cases.
Some researchs and experiment were done to use ultrasound as an additional
indication for the set point on liquid service safety valves. The result of 55 tests
on different valves is that the „Ultrasound point“ is completely depending on
the seat condition. This result perfectly first the fact that ultrasound will detect
the start to leak point and not the set point (start to lift point).
Only on a new or freshly serviced valve, the set point will be close to the
ultrasound point. Even tiniest soiling or improper maintenance will cause the
ultrasound to severely „drift away“ from the true set point. Within a typical
online safety valve testing scenario where a valve has not bee serviced for a
year or more, it is not at all recommended to use ultrasound to identify the set
point.
There are still two useful applications for ultrasound within online safety valve
testing. A very simple but effective use is to compare the sound level of the
valve before and after the test. Comparing those sound levels will indicate if
after the test (disk lift) the valve is left in a similar condition to its previous
untested state. This could be first information if the valve did properly reseat
and seal after it has been lifted.

Operational aspects
Knowing why safety valves should be tested online and how this is done in
theory, it is most helpful to get an idea of the every day questions you will
have to deal with. It will enable you to imagine how online safety valve testing
appears in real life.
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The valve disk must lift
Plant operators are often surprised when being asked by online testing
engineers whether it is a problem to open a valve. Considering the definition of
the set point to be the initial moment when the disk starts to lift the safety
valve disk must lift to find that point in a test diagram. It very much depends
on the test equipment how long and high the valve will open, but it definitely
has to open.
Valve types that can be tested
To test a safety valve, it must be possible to lift the disk and measure the force
when doing so. If a safety valve has a spindle, it is possible in 95% of all cases
to test it online. Some valves might require a simple spindle modification. This
depends on the valve and the adapter solution how to „connect“ the test rig.
Valves that do not have a spindle at all can not be tested.
Valves installed on extremely dirty fluids like bituminous crude oil should not
be tested unless they are equipped with a rupture disk to keep the seat clean.
Dirt could prevent the disk from sealing properly and the valve will remain
leaking after the test. It the maintenance departments decision whether to
agree with slightly lifting a valve or not.
Safety valves installed in EEx areas require special equipment to operate the
test rig. If such equipment is available, it is important to check the specific EEx
certificate for the approved EEx class and EEx area. As of now and to our best
knowledge, there is no online safety valve testing system available that has an
EEx approval for the whole machine. The test rigs are approved but the power
unit usually has to stay outside the EEx area or have to be protected with
special temporary solutions.
Operational range
A frequent question to be found in industry is „what is the highest set point
and the largest nominal diameter you can test ?“. According to the online
testing formula of fig. 1 the set pressure is calculated from line pressure, seat
area and test force. Those parameters interact. The more line pressure is to be
found under the safety vales disk the less force is required to lift (test) it. A
final statement can never be made as it depends on seat area, set point and
line pressure, whether or not the force capacity of specific equipment will be
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strong enough to test a valve.
Some suppliers claim that their equipment can test „any“ safety valve.
Technically speaking it means raising the line pressure will lead to a remaining
test force small enough to be covered by the test equipments force capacity.
As online safety valve testing should not affect the plant operation this
statement is not very respectable. Usually the line pressure can not be
changed significantly just to test a valve.
Thinking about the largest valves, small and medium valves are often
forgotten. But those ½“ and 1“ valves built the majority of valves to be found
in industry. It is a technical fact, that each measurement task requires suitable
sensor ranges. Large valves require large forces and small valves usually small
forces. The operational range of online safety valve test equipment is
therefore not only defined by its strongest force capacity. It is a question how
accurate it can deal with a variety of forces and pressures – small and large.
Working efficiency
Online safety valve testing offers major cost saving potential. In most cases it is
cheaper than workshop testing after comparing direct testing costs. This of
course requires the test equipment to be efficient in handling and operation.
Safety valves need to be tested at various locations within a plant. It is
common to move the test equipment a few times during a test day. Different
valve types to be tested require retooling of the test rig. In every day life the
equipment will be packed and unpacked several times and it will require
adaptation to fit the test rig on the safety valve. Valves will be located on top
of tall reactors and on difficult to reach places under or behind pipelines.
The test equipments performance is significantly defined by its mechanical
performance – weight and flexibility. The time for unpacking and rigging up as
well as for wiring all sensors etc. determines, how fast the individual valve test
will be. And in many cases the safety valve requires adjustment. Depending on
how long it takes to take the rig off the safety valve, testing and re-testing will
be fast and efficient or time consuming.
Within a typical online safety valve test scenario, a valve might need to be
adjusted. To adjust a valve, it requires to remove the rig (RR) adjust the valve
(VA) and reinstall (RI) the rig before you can carry out the next test to see, if
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the adjustment was successful. This is done usually two times until a satisfying
set pressure is adjusted.

The relation between handling and testing time in average test equipment is
about 1/5. It becomes obvious that total test time and efficiency are
significantly depending on the test rig performance – weight, portability and
speed of set up / dismantling.

As important as an efficient test rig handling is a clearly structured software or
control system. The technician will have to deal with a lot of test data and to
generate reports. With the software logical control systemT the technician
controls the test completely from the software. The software should support
the working process and enable the user to keep an eye on all relevant data
without clicking through several hidden menu hierarchies. Data should be
stored in databases and generating reports has to be flexible and easy. As most
companies use individual test reports as well as overview lists, it is a must to
have the software generating all those reports without additional work.
Working safety
The testing device is simple in operation and has a number of features
designed to prevent the damage to the testing system and to the valve.
Protecting the system
 sensor overload protection – the maximum motor force is limited by the
force sensor measuring range.
 system overload protection – the maximum motor pulling force is
On-Line Safety Valve Testing

16/18

mechanically limited so that the respective deign values of the
components are not exceeded.
 excessive temperature protection – temperature is monitored. If the
temperature value exceeds the operating limits the system it is
automatically shut off.
 power monitoring - an electronic system monitors if the supplied
current and tension meet the requirements of the electronic
components.
Protecting the valve
 valve overload protection – the maximum force applied to the valve is
calculated from the valve data.
 maximum lift limitation – the maximum lift of the valve disk can be
limited through the valve parameters.
It may happen that safety valves stay open after the test. To make sure that
such event does not affect the plant operation, a concept to remotely close the
safety valve, using the test rig is absolutely necessary for safe online safety
valve testing.
Testing safety valves online is not at all dangerous as long as the procedure is
done properly and the system performs as it should. But there are rare
scenarios in which a plant disturbance could appear, especially if a safety valve
stays open or gets damaged.
Online safety valve test equipment today is either manually or electronically
controlled. Electronic systems support the test process and monitor test limits,
taking a lot of responsibility from the technician. The software automatically
drives the complete lifting process, monitoring all sensor signals for pre
calculated test limits. But electronic systems are sensitive to power black outs
as well as to software malfunctions. To deal professionally with those, the
online safety valve testing system must have an extensive safety system to
guarantee the safety valve will never be blocked open or damaged – whatever
might happen.
Manually controlled system are not sensitive to power black outs or system
failures. They leave the full control over the test process to the technician. It is
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up to the technician to control the lifting force and whether or not to overload
a valve. Especially with manually controlled system experience plays an
important role as the safety issue is basically the human factor. Despite that
even manually driven system must have some safety features to respond to
hardware or hydraulic malfunction.
Considering the number of parameters to be considered and monitored during
an online safety valve test, digital systems are definitely superior as the chance
of malfunction and power black outs is considerably small if the systems are
well designed and extensively tested. Even after intensive training and years
experience it is barely possible for a technician to compete with the reliability
and response time of a digital system. Considering the background of online
safety valve testing it is a derived requirement of the system to be safely and
correctly operated with minimum skill and experience.
These and other safety features increase the reliability and safety of
measurements and are not intended as replacement for qualified and well
trained operator. It is of utmost importance that the personnel operating the
equipment have the profound knowledge of safety valves, the test method and
the equipment used. It should be also aware of the risk that may be associated
with such testing in order to be able to avoid it.
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