Smart valve positioners and
their use in safety instrumented

systems

Thomas Karte, Jérg Kiesbauer

odern positioners  mounted on
Mcontrol valves in the process in-
dustry are smart, microprocessor-based
instruments. Besides their main task of
controlling the valve position, position-
ers include exfensive diagnostics,
which have evolved over the years into
a fully developed technology.

Diagnostic capabilities

The term "diagnostics” is not clearly de-
fined and comprises various fools and
features, which can be classified as fol-
lows:

Offline diagnostics: This category in-
cludes processes that can only be run
during plant shutdown. Typical methods
include performing a step response fest
or stroking the valve over its entire travel
range, preferably while logging the set
point, actual value and actuator pres-
sure or the drive signal for the positioner
pneumatics. In hindsight, these methods
were the first diagnostic functions of mi-
croprocessor-based positioners.

Online diagnostics: These diagnostic
methods can be used while the process
is running. The state of the valve is ana-
lyzed under actual operating condi-
tions. Furthermore, data are available
nearly in real time. However, to avoid
disturbing the process, passive monitor-
ing processes can only be used, or af
best, only small changes to the valve
position can be applied to record the
step response. Several major possible
functions are listed below [1]:

m logging and plotting the set point,
valve posifion and actuator pressure.
The actuator pressure can either be
measured directly or derived from
the positioner signals, which is a
more elegant solution and avoids
additional cost.

m Data logger: logging the relevant
data in the positioner and plotting
them over a certain period of time. In
this case, intelligent triggering crite-
ria are particularly relevant since the
positioner memory is limited.

m logging and plotting key variables

As part of efforts to reduce life cycle costs of control valves in the process industry, smart
electropneumatic positioners play an important role due to their selFadaptive features and their
highly developed diagnostic functions. Their use can lead to decisive improvements in availability
and reliability. To make full use of this potential, which has often been discussed in theory in the past
but hardly been put into practice to date, NAMUR Recommendation 107 and Guideline VDI 2650
provide information on the scope of diagnostics and the generation of alarm states.

Applications in safety instrumented systems are of particular inferest as smart positioners are used
more and more with on/off valves in place of classic solenoid valves. In the process industry, the use
of on/off valves in safety instrumented systems is governed by the IEC 61511 standard. The basic
principle behind this standard is the safety management life cycle, which can be effectively support-
ed by the diagnostic functions of positioners.

over the entire lifetime of the posi-
tioner, for example valve position, set
point deviation, travel counter, cycle
counter and operating hours counter.

m Zero deviation

m Temperature inside the positioner

n Changes fo the set point smaller than
1 %, which allow conclusions to be
made on the control performance
and the valve friction.

Data processing: The partly extensive
data compiled must be summarized.
For example, the valve position record-
ed over the valve lifetime can be dis-
played well in a histogram. The user
has access to raw data, yet data inter-
pretations, such as leakage in the actu-
ator or changed friction, are also pro-
vided. These interpretfations are calcu-
lated  using internal  algorithms.
Guideline VDI 2650 provides a struc-
tured list of possible failure modes. NA-
MUR Recommendation 107 classifies
user-defined error messages into vari-
ous alarm classes.  Time-stamped
alarms are saved in the positioner.
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Table 1: Detectable faults and diagnostic methods

Fault
Set point deviation
Valve friction
Valve shut-off impaired
(internal leakage)

External valve leakage, packing lecage

Packing or bellows wear
Valve plug wear or damage
Actuator spring broken
Unstable control performance

Changed process characteristic

Implementation strategy

On-board diagnostics: The first diag-
nostic methods were implemented on a
computer and not in the positioner itself.
Now low power consumption and bet-
fer microprocessor performance make it
possible to implement diagnostics in the
positioner itself. As a result, online com-
munication between the positioner and
a computer while the diagnostics are
running is no longer needed. Diagnos-
tics can now be performed continuous-
ly, in the ideal case over the whole life-
time of the valve. Similar to an airline's
fiight recorder, data are recorded con-
tinuously and are available in real time
or at any selectable time before or affer
the event to be analyzed.

Intelligent analysis of internal position-
er signals means that additional sen-
sors are largely redundant, which re-
duces cost and technical complexity to
an absolute minimum. This minimalist
approach also increases the reliability
of the positioner as well as the imple-
mented diagnostic features.

HMI (human machine interface) pro-
vides access even to complex diagnos-
tic data in the positioner or using com-
munication.

External sensors in special cases for ex-
ample for leakage defection or pressure
monitoring of a confrol chamber to
detect packing leakage.

Auto-tune: Zero and span calibration,
control  parameter optimization and
monitoring of correct positioner attach-
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Reference used by diagnostics

Directly from the raw data
Step response test, hysteresis test

Zero shift, external ultrasonic sensor

Packing chamber monitored by external pressure switch,
change in valve friction

Travel counter, cycle counter, change in valve friction
Zero shift, change in valve friction around zero point
Pressure/trave! characteristic

Travel sensor, system deviation histogram

Valve position histogram, cycle counter, cycle counter
histogram

ment are performed automatically with-
out any user interaction. Autotune must
be implemented in the positioner itself
without relying on external resources.

Scope of valve diagnostics

Diagnostics target the behavior and the
condition of the positioner and the
mounted valve. Additionally, conclu-
sions can be made on the entire
process, provided they affect the
valve's control performance. Table 1
lists faults that can be detected.

Diagnostic objectives include:
s Increased availability due to early
detection of valve wear or damage

= Changeover from scheduled mainte-
nance infervals fo maintenance on
demand

= Improved process vyield due to im-
proved control accuracy and stability

On/off valve diagnostics

On/off valves are operated in either
open or closed position. Accordingly,
they are usually fitted with a solenoid
valve to operate them and with limit
switches to indicate the valve position.
Besides requiring the best possible
availability, reliable operation is of pri-
mary concern regarding these valves.
The valve diagnostics have to answer
the question on whether the valve will
move on demand despite not having
been moved for years. This makes the
use of positioners with diagnostic func-
fions safety-relevant. By applying the
methods of IEC 61508/IEC 61511,
the achieved degree of safety can be
quantified by determining the reliability
data (Figure 1).

The following diagnostic methods are
particularly important for on/off valves:

Partial stroke test

This test can be performed while the
process is running. The on/off valve is
stroked, for example 10 % from its
open position in the closing direction.

Solenoid valve,

in one housing

¢ Safety function
certified by TUV

o Diagnostics

e Automatic testing while
the process is running

e Support and proof-test

documentation

position transmitter
and smart positioner

Fig. 1: Example for automation of an on/off valve
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or "Test not OK". Alarms can be as-
signed to these test states, which are in-
dicated either using digital communico-
tion or a switching binary output.
Figures 3 and 4 impressively demon-
strate how changed friction is shown in
a travel histogram. By way of example,
both test methods — step response and
ramp function — are performed. In both
cases, the effect friction has, for exam-
ple on the dead time and control per-
formance, is easily recognizable and,
as a result, can be diagnosed. Due to
the high dynamics of the step response
fest, a high initial force is required. The
actuator must be completely vented,
which is easy to recognize in Figure 3.
The ramp function (Figure 4) works clos-

Fig. 2: Partial stroke test logged by the positioner

Table 2: Information gained from partial stroke test

Diagnostic alarm
Valve in closed position

Exact valve position and set point
deviation

Valve transit time
Dead time

Uniform valve stroking
Overshooting

Actuator pressure (breakaway torque,
friction)

Operating hours counter (NAMUR
Recommendation NE 107)

Permissible temperature exceeded
(NAMUR Recommendation NE 107)

Inductive limit  Partial stroke test, Partial stroke test,
switch step response ramp fundion

X X X

X X

X X

X X

X

X X

X

X X

X X

er to a balance of forces. In this test, the
amount of air that the actuator vents is
an excellent indicator of how much
force the actuator has to apply. By mon-
itoring a threshold value for the actuator
pressure, an alarm can be generated if
the friction changes to warn that main-
fenance may be needed.

Full stroke test

Safety instrumented systems must be
tested at regular intervals to prove their
full functioning. The proof test interval is
currently one year in most plants used in
the process industry, while much longer
fest intervals are common in the petro-
chemical industry. Normally, this test in-
volves the valve being closed under su-
pervision and then the fest result being

As a rule, this does not affect the
process, yet provides evidence that the
valve can sfill be moved. The stroking
procedure can be specified in detail by
enfering the corresponding parameters
[start point, end point, initiclization and
maintenance times, type of stroking —
ramp or step response). To prevent over-
shooting or other unwanted operating
states, cancelation conditions, such as
test duration, overshoot and minimum
actuator pressure, can be defined for
the test. The partial stroke test supplies
indepth data: travel histogram, actua-
for pressure trend, dead time, 163, 193,
overshoot efc. (Figure 2 and Table 2).
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The analysis of these parameters pro-
vides a higherlevel test status: "Test OK"

Fig. 3: Step response — increased friction detected
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Fig. 4: Ramp function - increased friction detected

documented. This test method can be
automated using a positioner. The data
gained by the positioner are substantial
{precise measurement or defection of
dead fime, closing time, end position,
uniform valve stroking over the entire
travel range etc.). In addition, the auto-
mated, time-stamped records of the test
results saved in a database provide a
considerable gain in test reliability and
diagnostic validity. By comparing the
test data with previous test data, trend

statements can be made about the
valve's condition.

Monitoring spurious frips

The previously described data logger
and data log triggering allow the func-
tioning of the on/off valve to be docu-
mented in the event of an unscheduled
plant shutdown (spurious trip) as well.
The positioner records the spurious trip
on site at the valve. The data are saved
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of the closing procedure

e Documentation of
achieved results

¢ For proof tests

¢ Documentation of
spurious trips
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Fig. 5: Spurious trip recorded
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in the nonwolatile memory of the posi-
tioner and can be read out at any fime
after the event as documented evidence
for the flawless functioning of the valve
and for further analysis {Figure 5).

Advanced ideas

Three ideas are briefly outlined in the
following:

m When an on/off valve is activated
by a solenoid valve, the full supply
pressure is applied to the actuator.
This is often higher than the pressure
needed by the actuator to overcome
the force of its return springs. This ad-
ditional pressure leads to a dead
time during closing, which can
amount to several seconds and
reach a critical level in some plants.
In contrast, a positioner would be ca-
pable of controlling the position of
the on/off valve in the open posi-
tion. The pneumatic actuator would
be supplied with exactly the pressure
required to reach the open position.
The total closing time would be short-
ened considerably this way. Further-
more, diagnostics, such as small
changes in fravel around the set
point to detect friction, could be per-
formed as part of this position control
function.

m Modem, conventional partial stroke
tests are performed with a ramp
movement that does not disrupt the
flow of the medium through the
valve. Ramps of approx. 10 % are
typically used, which do not restrict
the effective cross-section of the flow-
ing medium to correspond with the
characteristic, for example, of ball
valves. Figure 6 shows such a mea-
surement. Closing the valve further,
fo a position of approx. 80 % for
example, affects the medium flow
(Figure 7). This test method would
considerably enhance the diagnostic
coverage, allowing the functioning
and integrity of the throttling element
to be assessed.

m By using a positioner on a safety
valve, the solenoid valve would be
no longer be needed at all as the
venting of the actuafor in case of
emergency shutdown would be tak-
en over by the positioner. Positioners



with the corresponding certification
are already available.

Figure 8 shows an optimal configuro-

tion according to today's knowledge of

field units and their connection to a con-

trol system. It meets all requirements:

n Partial stroke test

m Full stroke test

» Monitoring and logging of spurious
frips, documentation of valve stroking
over the entire travel range

m Controlling of the valve in open posi-
tion

= Optional digital communication with
a higherlevel asset maonagement sys-
tem.

It is beyond the scope of this short arti-
cle to compare this configuration to oth-
ers that are in use today.

Diagnostics using smart
positioners in association with

IEC 61511

Plant operators in the process industry
must meet the following requirements re-
garding safety instrumented systems:

m Systematic failures must be eliminat-
ed,

m Statistical failures must be calculated
which must be below the specified
limits,

m Architectural constraints: The general
guideline is that Sl 2 instrumentation
can be equipped with single chan-
nels, while redundancy is generally
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Fig. 6: Partial stroke test: flow rate unaffected

time, exact end position etc., docu-
mentation of achieved results)

s Mainfenance (proof fests automati-
cally performed, performance dato
of the safety circuit, documentation
of achieved results)

m Documentation of spurious  trips
{monitoring and  time-stamped log-
ging of spurious trips, provision of
data to analyze the behavior of the
safety circuit)

= Documentation of safety circuit be-
havior, support in compiling data for
proven-in-use rating

Statistical failures

Partial stroke testing while the process is
running has already been outlined. The
objective of partial stroke fests is to ex-
tend the plant running time, i.e. longer
infervals between proof tests. The moxi-

REPORTS

required for SIL 3 [this statement is
actually a shortened summary of the Ball valve Pfeiffer DN 100: ESD- Test
sophisticated statement of the stan- .
dard). ey e e 2 e e o s e o
90 oo i it 2d vv!Jﬂ'- S s
Systematic failures 80
The crucial point behind the ideas and 70
demands presented in the standard is _
the implementation of the safety life £ = 1 et : =
cycle [7]. To avoid systematic failures, < 50
an exact understanding of the process NILEVS S
and the resulting valve sizing are criti- g YNA N e ar e o
cal [2, 3]. The requirements of the safe- 30 1 remps%e0% A —— - :
ty life cycle regarding safety valves can 204 heeo. ionarte s poation
be supported by a smart positioner with 0= 0-s00mm B e
diagnostic capabilities as follows: 10 = ——ya ]
= Mounting and sfartup (monitoring to 0 | | I I | |
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BPCS outputs, proper functioning,

performance dafa, such as transit  Fig. 7: Flow rate slightly reduced
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issued to a control system
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Fig. 8: Possible integration into a control system

mum interval between tests can be de-
termined quantitatively by the PFD and

assignment fo the desired SIL (safety
tegrity level):

PFD{1001) = DC x Ag x Tly/2 +
(1-DC) x Ag x (TIn/2)

Ad = Dangerous failure rate

Tlg = Partial stroke testing interval
Tlm = Interval between proof tests
DC = Diagnostic coverage factor [4]

The diagnostic coverage factor is par-
ficularly important in this case as it spec-
ifies the percentage of failure modes
that can be defected by the online di-
agnostics in relation to the dangerous
failure rate. This definition results in the
following requirements:

in-

n All failure modes must be analyzed
and known

m The applicability of the diagnostic
methods must be known

PFD =—;-X~T,,R

PFD =%X-DC-T,,ST +—;—x-(1—DC)-T,,R

0.0100

DC =0,6 Diagnostic coverage factor
A =1,1406 Failure rate (1/hr)
Test =1 month Partial stroke interval

Ter Interval between proof

tests

/ SIL 2
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——PFO
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Fig. 9: Effects of partial stroke test
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The process conditions in the chemical
industry are manifold and vary consid-
erably. As a result, the requirements
placed on a safety valve cannot be
generalized but need to be examined
for each case of application [5]. This
proves that the user's request to the
manufacturer to specify the exact diag-
nostic coverage factor is not eligible.
The manufacturer can and must make
sfatements concerning:

a The available diagnostic methods

a Reliability data for valve and posi-
fioner together with their sources

m Instructions for the intended use of
valve and positioner

A redlistic diagnostic coverage factor
may be between 50 % and 80 % de-
pending on the process. Nevertheless,
the factor may also differ in some cas-
es. This results in a possible extension
between proof tests by a factor of ap-
proximately two (Figure 9) [6]. Assump-
fions that much higher values, for exam-
ple a factor of five, are achievable, are
fo be examined scrupulously to ensure
validation of all assumptions and also
be correlated with operafing experi-
ences.

Architectural constraints

In compliance with IEC 61511, it is not
possible to reduce the requirements on
the HFT (hardware fault tolerance] by
performing partial stroke tests.

Conclusion

= Valve diagnostics performed by posi-
fioners are a fully developed technol-
ogy, which can be used beneficially
on control valves as well as on/off
valves.

m Replacing the solenoid valve on
on/off valves by a modern position-
er with diagnostic functions en-
hances the reliability and can extend
the inferval between proof tests.

m [EC 61511 provides guidance for a
quantitative assessment of the relia-
bility of safety instrumented systems
and the effect caused by using differ-
ent instrumentation versions. This as-
sessment can be included in the esti-
mation and evaluation of investments
and life cycle cost.
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