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Preface 

This preface,  as wel l  as al l  footnotes and annexes,  is  included for information  purposes and is not part of 
ANSI/ISA-75.1 3.01 -201 3.  

This document has been prepared as part of the service of ISA towards a goal  of uniformity in  the field  of 
instrumentation.   To be of real  value,  th is document should  not be static but should  be subject to periodic 
review.   Toward this end,  the Society welcomes all  comments and criticisms and asks that they be 
addressed to the Secretary,  Standards and Practices Board;  ISA;  67 Alexander Drive;  P.  O.  Box 1 2277;  
Research Triangle Park,  NC  27709;  Telephone (91 9)  549-841 1 ;  Fax (91 9)  549-8288;  E-mail:  
standards@isa.org.  

The ISA Standards and  Practices Department is aware of the growing  need for attention to the metric 
system  of units in  general,  and the International  System  of Units (SI)  in  particular,  in  the preparation  of 
instrumentation  standards.   The Department is further aware of the benefits to USA users of ISA 
standards of incorporating  suitable references to the SI  (and the metric system)  in  their business and 
professional  deal ings with  other countries.   Toward this end,  this Department wi l l  endeavor to introduce 
SI-acceptable metric units in  al l  new and revised standards,  recommended practices,  and  technical  
reports to the greatest extent possible.  IEEE/ASTM SI  1 0,  American National Standard for Metric 
Practice,  and future revisions,  wi l l  be the reference guide for defini tions,  symbols,  abbreviations,  and 
conversion factors.  

I t is the pol icy of ISA to encourage and welcome the participation  of al l  concerned individuals and 
interests in  the development of ISA standards,  recommended practices,  and technical  reports.   
Participation  in  the ISA standards-making  process by an individual  in  no way constitutes endorsement by 
the employer of that individual,  of ISA,  or of any of the standards,  recommended practices,  and technical  
reports that ISA develops.  

CAUTION —  ISA DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR 
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN  CONNECTION WITH THIS DOCUMENT, AND 
ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE 
USE OF THIS DOCUMENT.  USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF 
ANY PATENT RIGHTS,  AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS,  IS ENTIRELY THEIR 
OWN RESPONSIBILITY.   

PURSUANT TO ISA’S PATENT POLICY,  ONE OR MORE PATENT HOLDERS OR PATENT 
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS 
DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A 
LICENSE ON A WORLDWIDE,  NON-DISCRIMINATORY BASIS,  WITH A FAIR AND REASONABLE 
ROYALTY RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS.   FOR MORE 
INFORMATION ON SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR 
VISIT WWW.ISA.ORG/STANDARDSPATENTS.  

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER OF 
ASSURANCE HAS NOT BEEN RECEIVED.  ISA IS NOT RESPONSIBLE FOR IDENTIFYING PATENTS 
OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR CONDUCTING 
INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS,  OR DETERMINING WHETHER 
ANY LICENSING TERMS OR CONDITIONS PROVIDED IN CONNECTION WITH SUBMISSION OF A 
LETTER OF ASSURANCE,  IF ANY,  OR IN ANY LICENSING AGREEMENTS ARE REASONABLE OR 
NON-DISCRIMINATORY.  
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ISA REQUESTS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY PATENTS 
THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA STANDARDS AND 
PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.  

ADDITIONALLY,  THE  USE OF THIS  DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,  
OPERATIONS OR EQUIPMENT.  THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE 
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH  USE IN  
HAZARDOUS CONDITIONS.  THE USER OF THIS  DOCUMENT MUST EXERCISE  SOUND 
PROFESSIONAL JUDGMENT CONCERNING  ITS USE AND APPLICABILITY UNDER THE 
USER’S  PARTICULAR CIRCUMSTANCES.  THE USER MUST ALSO CONSIDER  THE 
APPLICABILITY OF ANY GOVERNMENTAL REGULATORY LIM ITATIONS AND 
ESTABLISHED SAFETY AND HEALTH  PRACTICES BEFORE IMPLEMENTING  THIS  
DOCUMENT.  

THE USER  OF THIS DOCUMENT SHOULD BE AWARE THAT TH IS DOCUMENT MAY BE 
IMPACTED BY ELECTRONIC SECURITY ISSUES.  THE COMMITTEE HAS NOT YET 
ADDRESSED THE POTENTIAL ISSUES IN  THIS  VERSION.  

The fol lowing  members of ISA Subcommittee ISA75.1 3 approved this standard:   

NAME COMPANY  

R.  Duimstra,  Chair Fisher Controls International  LLC 
W.  Weidman,  Managing  Director WCW Consulting  
S.  Boyle Metso Automation USA Inc.  
T.  George Richards Industries 
J .  Kiesbauer Samson Aktiengesellschaft 
J .  McCaskil l  Expro Group 
V.  Mezzano Fluor Corporation  
L.  Ormanoski  Consultant 
J .  Young  The Dow Chemical  Company 
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1  Scope  

This standard specifies tests designed to determine the performance of positioners with  analog  input 
signals and pneumatic output.  The method of evaluation  described in  this standard  specifies the use of an  
actuator of the user's or manufacturer's choice.  The positioner may be single-acting  or double-acting.  

2 Purpose  

The methods of evaluation  g iven in  this standard are intended for use by manufacturers of valve 
positioners to determine the performance of their products and by users or independent testing  
establ ishments to verify performance.   

Test conditions in  th is standard,  such  as the range of ambient temperatures,  power supply,  etc. ,  relate to 
conditions that commonly arise in  use.  Consequently,  the values specified shall  be used where no other 
values are specified by the manufacturer or user.  I f other values are used,  they must be stated.   I t is  
recognized that the manufacturer's specifications and instructions for instal lation  and operation  must be 
considered during  al l  tests.   

Tests specified in  this standard are not necessari ly sufficient for instruments specifically designed for 
unusually arduous conditions.   Conversely,  a reduced series of tests may serve adequately for 
instruments designed to perform  within  a more l im ited range of conditions.   

The evaluating  body should  maintain  the closest communication  with  the user and  the manufacturer.  Note 
shall  be taken of the manufacturer's specifications for the instrument when the test program  is being  
decided,  and manufacturers should  be invited to comment both  on  the test program and upon  the results 
pertaining  to their instrument.   

3 Defi n i ti ons   

This standard introduces no new terms requiring  definition.  Terms used are defined in  the fol lowing  
ANSI/ISA Standards:   

ISA-51 .1 -1 979 (R1 993),  Process Instrumentation  Terminology  

ANSI/ISA-75.05.01 -2000 (R2005) ,  Control  Valve Terminology  

4 Testi ng  proced ures  

4. 1  I n trod u cti on   

4. 1 . 1  When relating  performance characteristics (such as values of accuracy)  to values of other terms 
(such as conformity,  hysteresis,  dead band,  and repeatabi l i ty) ,  equivalent units must be used.   

4. 1 . 2  The accuracy rating  of the reference measuring  means that relates to the characteristics being  
tested shal l  preferably be no greater than one-tenth  of the tolerance al lowed on  the test specimen,  but in  
no case greater than  one-third  of the al lowed tolerance.   

 



ANSI /ISA-75. 1 3. 01 -201 3  -  1 0  -  

 

EXAMPLE:   

Dead band  

Test specimen:   al lowed dead band of 0.2 percent of range  

Measuring  means:   preferred dead band of 0.02 percent of range  

Measuring  means:   al lowed dead band of 0.06 percent of range  

When the accuracy rating  of the reference measuring  means is one-tenth  or less than that of the device 
under test,  the accuracy rating  of the reference measuring  means may be ignored.  When the accuracy 
rating  of the reference measuring  means is one-third  or less,  but greater than one-tenth  of that of the 
device under test,  the accuracy rating  of the reference measuring  means shall  be stated in  the test report.   

4. 1 . 3  The positioner under test and the associated test equipment shal l  be al lowed to stabi l ize under 
steady-state operating  conditions.  Al l  testing  shall  be performed under these conditions.  Those operating  
conditions that influence the test shall  be observed and recorded.  When the performance characteristic 
being  determined requires reference operating  conditions,  the condi tions of the test shal l  be maintained  at 
reference operating  conditions.   

4. 1 . 4  The number of test points to determine the desired performance characteristic of a device should  
be distributed  over the range.  They should  include points at or near (within  1 0 percent)  the lower-  and 
upper-range values.   There should  not be fewer than five points,  and preferably more.  The number and 
location  of these test points should  be consistent with  the degree of precision  desired and the 
characteristics being  evaluated.   

4. 1 . 5  Prior to recording  these observations,  the device under test shall  be exercised by at least three ful l -
range traverses in  each direction.   

4. 1 . 6  At each point being  observed,  the input shal l  be held  steady unti l  the device under test becomes 
stabi l ized  at i ts apparent final  value.   

4. 1 . 7  Tapping  or vibrating  the device under test is  not al lowed unless the performance characteristic 
under study requires such  action.   

4. 2  Test  u n i t   

4. 2. 1  For testing,  the positioner should  be fitted to any commercially avai lable actuator for which  i t  is  
intended.   Test results should  include a description of the actuator used,  and  the description shal l  include 
the fol lowing:   

a)  Supply pressure  

b)  Actuator pressure range  

c)  Travel   

d)  Nominal  effective area  

e)  Type (single- or double-acting)   

f)  Volume at 0 percent and 1 00 percent travel  (on  both  sides of double-acting  actuator)   

g)  Friction force (see 4.2.2)   
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4. 2. 2  The positioner/actuator assembly shal l  be mounted on  a valve or test rig  that is  designed to permit 
the implementation  of tests with  minimum friction (unless otherwise specified) .   Friction force may be 
measured by determining  the force required to initiate travel  when the actuator pressure is constant.   This 
value shal l  be recorded.   

4. 2. 3  The positioner shall  be cal ibrated  in  accordance with  the manufacturer's instructions to  permit a 
specified input signal  range to produce 1 00 percent travel.   

4. 2. 4  Any mechanical  stops should  be adjusted so that they do not interfere with  the measurements.   

4. 2. 5  Where the gain  of the positioner can  be altered,  i t should  be set at the manufacturer's 
recommended setting  or the maximum value that permits stable positioning  action  of the positioner/ 
actuator assembly.   This value shal l  be recorded.   

4. 2. 6  All  tests shal l  be conducted with  the device in  i ts  normal  mounting  position,  unless otherwise 
specified.   

4. 2. 7  All  tests shal l  be conducted with  the supply pressure adjusted at the value recommended by the 
manufacturer,  unless otherwise specified.   

4. 2. 8  Positioners fitted with  cams shall  be tested with  input/travel  characteristics that are l inear.  Tests on 
positioners with  other than l inear input/travel  characteristics may be performed as required.   

4. 2. 9  All  tests shal l  be conducted with  positioner covers in  place.   

4. 3  En vi ron m en tal  test  con d i ti on s   

4. 3. 1  Recom m en d ed  ran g e of  am bi en t  con d i ti on s  for  test  m easu rem en ts   

The recommended ranges of ambient conditions for test measurements are as fol lows:   

Temperature:   1 5°C to 35°C (59°F to 95°F)   

Relative humidity:   48% to 75%  

Atmospheric pressure:   86 kPa to 1 06 kPa (1 2.47 psi  to 1 5.37 psi)   

Electromagnetic field:   Value to be stated,  i f relevant  

The maximum rate of temperature change during  any test shal l  be 1 °C (1 .8°F)   
in  1 0 minutes (min).   

————————— 

  I f  ambient conditions are not within  these ranges,  actual  values must be stated.   
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4. 3. 2  Stan d ard  referen ce atm osph ere  

The standard reference atmosphere is as fol lows:   

Temperature:  20°C (68°F)   

Relative humidity:  65%  

Atmospheric pressure:  1 01 .3 kPa (1 4.7 psi)   

This standard reference atmosphere is that atmosphere to which  values measured under any other 
atmospheric conditions are corrected by calculation.  I t is  recognized that in  many cases a correction  
factor for humidity is not possible.   In  such  cases,  the standard reference atmosphere applies to 
temperature and pressure corrections only.   This standard reference atmosphere is equivalent to the 
normal  reference operating  conditions usually identified by the manufacturer.   

4. 3. 3  En vi ron m en tal  en vel ope for  referen ce m easu rem en ts   

When correction factors to adjust parameters sensitive to the atmospheric condition  to their standard 
reference atmosphere values are unknown,  and measurements under the recommended range of 
ambient atmospheric conditions are unsatisfactory,  repeated measurements under closely control led  
atmospheric conditions may be conducted.   

For the purpose of this standard,  the fol lowing  atmospheric conditions are given for reference 
measurements:  

 Nominal  Value  Tolerance  

Temperature:   20°C (68°F)   ± 2°C (± 3.6°F)   

Relative humidity:   65%  ± 5%  

Atmospheric pressure:   86 kPa (1 2.47 psi)  to 1 06 kPa (1 5.37 psi)   

4. 4  Su ppl y con d i t i on s  

4. 4. 1  Referen ce val u es  

Reference values are the values specified by the manufacturer.   

4. 4. 2  Tol eran ces   

Electrical  supply 

Rated  voltage:  ± 1  %  

Rated  frequency:  ± 1  %  

Harmonic distortion:  less than 1  % (ac supply)   

Ripple:  less than 0.1  % (dc supply)   
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Pneumatic supply  

Rated  pressure:  ± 1  % (during  static test conditions)   

Supply temperature:  ambient temperature of ± 2°C (± 3.6°F)   

Supply dewpoint:  dewpoint at least 1 0°C (50°F)  below positioner body temperature  

Oil-  and dust-free:   per ANSI/ISA-7.0.01 -1 996 

5 Stati c beh avi or  

5. 1  M easu rem en t  (cal i brati on )  cycl e   

Maintain  test conditions and precondition  the test unit as indicated in  Clause 4.  Observe and record 
positioner feedback travel  for each desired input value for one ful l -range traverse in  each direction,  
starting  near the mid-range value.   The final  input must be approached from  the same direction as the 
ini tial  input.  Apply the input in  such  a way that neither input nor travel  overshoot occurs.   

5. 2  Cal i brati on  cu rve  

For the purpose of the fol lowing  test procedures,  the calibration curve wi l l  be prepared as a "deviation  
plot. "  Determine the difference between each  observed measured travel  and i ts corresponding  ideal  
travel.   This difference is the deviation and may be expressed as a percentage of ideal  travel  span.  The 
deviation  is plotted versus input or ideal  travel.  Figure 1  i l lustrates the plot of the percentage of deviation 
versus the percentage of input.   A positive deviation  denotes that the observed travel  is  greater than  the 
ideal  travel.   
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Fi g u re 1  —  Cal i brati on  cu rve (of  d ata  from  Tabl e  1 )   
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Tabl e  1  —  Cal i brati on  report   

 

NOTE   Accuracy of  reference  measuri ng  means  was  not  cons idered  i n  the  determ inati on  of  the  average  error.   

 

5. 2. 1  Accu racy,  m easu red   

Measured accuracy may be determined from  the deviation  values (see Table 1 )  of a number of calibration  
cycles.  I t is  the greatest positive and negative deviation  of the recorded values (from  both  an up-scale 
and a down-scale travel  traverse)  from  the reference or zero deviation  l ine.  Measured accuracy may be 
expressed as a range from  a plus to a minus percentage of ideal  span.   

EXAMPLE:  The measured accuracy is +0.26 percent to –0.32 percent of travel  span.   

5. 2. 2  Dead  ban d   

Maintain  test conditions and precondition  the test device as indicated in  Clause 4 and proceed  
as fol lows:  

a)  Slowly vary (increase or decrease)  the input to  the device being  tested unti l  a detectable travel  
change is observed.   

b)  Observe the input value and record.   

c)  Slowly vary the input in  the opposite direction (decrease or increase)  unti l  a detectable travel  change 
is observed.   

d)  Observe the input value and record.   
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e)  The increment through  which  the input signal  is  varied [difference between steps (b)  and (d) ]  is  the 
dead band.   I t is  determined from  a number of cycles [steps (a)  through (d)] .  The maximum value is 
reported.  The dead band should  be determined at a number of points to make certain  that the 
maximum dead band has been observed.   

Dead band may be expressed as a percentage of input span.   

EXAMPLE:  The dead band is 0.1 0 percent of input span.   

5. 2. 3  Poi n t  d ri ft  

Maintain  test conditions and precondition  the positioner/actuator as indicated in  Clause 4 and proceed as 
fol lows:   

a)  Adjust the input to the mid-range value without overshoot and record the position.   

b)  Maintain  the input m id-range value constant throughout the test period  of 30 days.  Observe and 
record the position  at least twice each day for the 30-day period,  preferably at approximately the 
same times each day.   

c)  In  evaluating  the results of this test,  the duration  of the test wi l l  permit a display of the measurement 
of drift for any reasonable dead band.   Point drift is  the maximum change in  the recorded travel  value 
observed during  the test period.  I t is  expressed as a percentage of ideal  travel  span for a specified 
time period.   

EXAMPLE:  The point drift is  0.1  percent of travel  span  for a 30-day test.   

5. 2. 4  H ysteresi s   

Hysteresis results from  the inelastic quality of an  element or device.   I ts effect is combined with  the effect 
of dead band.   The sum of the two effects may be determined directly from  the deviation  values (see 
Table 1 )  of a number of test cycles and is the maximum difference between corresponding  up-scale and 
down-scale travels for any single test cycle.  Hysteresis then is determined by subtracting  the value of 
dead band from  the corresponding  value of hysteresis  plus dead band for a g iven  input.   The maximum 
difference is reported.   The difference may be expressed as a percentage of ideal  span.   

EXAMPLE:  The hysteresis is 0.1 2 percent of span.   

5. 2. 5  Con form i ty  

Independent terminal-based and zero-based conformity may be determined from  the cal ibration  curve 
(plot of deviation  versus percent input —  see Figure 1 )  using  the fol lowing  procedures.   

5. 2. 5.1  I n d epen d en t  con form i ty  

Independent conformity may be determined directly from  the calibration  curve,  which  describes conformity 
to a l inear characteristic (see Figure 1 ) ,  using  the fol lowing  procedure:   

a)  Plot a deviation curve that is the average of corresponding  up-scale and down-scale travel  readings.   

b)  Draw a straight l ine through  the average deviation  curve so that i t m inimizes the maximum deviation.   
I t is  not necessary that the straight l ine be horizontal  or pass through the end points of the average 
deviation  curve.   
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Independent conformity is the maximum deviation  between the average deviation  curve and the 
straight l ine.   I t is  determined from  the deviation plots of a number of calibration cycles.  I t is  measured 
in  terms of independent nonconformity as a plus or m inus percentage of ideal  travel  span.   

EXAMPLE:  The independent conformity is ± 0.1 8 percent of travel  span.   

5. 2. 5.2  Term i n al -based  con form i ty  

a)  Plot a deviation curve that is the average of corresponding  up-scale and down-scale travel  readings.   

b)  Draw a straight l ine such that i t coincides with  the average deviation  curve at the upper-range value 
and the lower-range value.   

Terminal-based conformity is the maximum deviation between the average deviation curve and the 
straight l ine.  I t is  determined from  the deviation  plots of a number of calibration cycles.   I t is  measured in  
terms of terminal-based nonconformity as a plus or m inus percentage of ideal  travel  span.   

EXAMPLE:  The terminal-based conformity is ± 0.28 percent of travel  span.   

5. 2. 5.3  Zero-based  con form i ty  

a)  Plot a deviation curve that is the average of corresponding  up-scale and down-scale travel  readings.   

b)  Draw a straight l ine such that i t coincides with  the average deviation  curve at the lower-range value 
(zero)  and minimizes the maximum deviation.   Zero-based conformity is the maximum deviation 
between the average deviation  curve and the straight l ine.  I t is  determined from  the deviation  plots of 
a number of calibration  cycles.   I t is  measured in  terms of zero-based conformity as a plus or m inus 
percentage of ideal  travel.   

EXAMPLE:  The zero-based conformity is ± 0.21  percent of travel  span.   

NOTE   The  average  deviati on  cu rve  i s  based  on  the  average  of  correspond i ng  up -scale  and  down -scal e  read ings.  Th i s  
perm i ts  observation  of  i ndependent,  term inal -based  and  zero -based  conform i ty,  i ndependen t  of  dead  band  or 
hysteres i s .   Th i s  concept  assumes  that  i f  no  hysteres i s  or  dead  band  were  present,  the  deviati on  cu rve  wou l d  be  a  
s i ng le  l i ne  m idway between  up -scale  and  down -scale  cu rves.   

5. 2. 6  Repeatabi l i ty  

Repeatabil ity may be determined directly from  the deviation  value (see Table 1 )  of a number of calibration 
cycles.  I t is  the closeness of agreement among  successive measurements of the travel,  for the same 
value of input,  approached from  the same direction.  Fixed operating  conditions must be maintained.   

Observe the maximum difference in  the percentage of deviation  for each set of deviations at each value 
of travel,  considering  up-scale and  down-scale curves separately.  The maximum value from  either the up-
scale or the down-scale curve is reported.  Repeatabi l ity is the maximum difference in  the percentage of 
deviation  observed above and is expressed as a percentage of travel  span.   

EXAMPLE:  The repeatabi l ity is 0.05 percent of travel  span.   

5. 3  Effect  of  i n fl u en ce q u an ti ti es   

5. 3. 1  Su ppl y pressu re  i n fl u en ce  

Maintain  test conditions and precondition  the positioner/actuator assembly as indicated in   
Clause 4 and proceed as fol lows:   
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a)  At reference supply pressure,  observe and  record the travel  at 25 percent increments of input span by 
performing  a calibration cycle as described in  5. 1 .   

b)  Increase the supply pressure to a value 1 0 percent greater than the in itial  gage pressure and repeat 
the calibration cycle.  Repeat this procedure with  the supply pressure adjusted to 1 0 percent lower 
than the in itial  gage pressure and again  at the in itial  supply pressure.   The deviation  of the travel  at 
any supply pressure from  the travel  at the same input determined at the initial  supply pressure is the 
supply pressure error at that input and supply pressure.  Figure 2 shows an  example for displaying  the 
data and results.   

EXAMPLE:  The maximum supply pressure influence is 2 1 /2 percent of travel  span for a 1 0 percent 
supply pressure variation  at 340 kPa (49.3 psi)  nominal  supply pressure.   

 

Fi g u re 2  —  Su ppl y pressu re  i n fl u en ce  

5. 3. 2  Am bi en t  tem peratu re i n fl u en ce  

5. 3. 2.1  Maintain  the test conditions and precondition the positioner/actuator assembly as indicated in  
Clause 4,  except place the entire actuator and positioner,  including  feedback l inkage,  inside a 
temperature-control led  test chamber.  Extreme care should  be taken to ensure that the travel  
measurement instrumentation is not influenced  by the temperature.   Sufficient tubing  should  be coi led 
inside the test chamber,  or other means taken,  to assure that supply air and pneumatic-input signal  air 
are at the same temperature as the positioner/actuator.   

5. 3. 2.2  Calibrate the positioner/actuator at room  temperature.  With  the input signal  maintained at m id-
range,  observe the travel.  The temperature then shall  be cycled to  the maximum operating  temperature 
specified by the manufacturer,  then  to the minimum operating  temperature specified by the manufacturer,  
and then  back to reference operating  temperature (the same temperature at which  the test was started)  
with  the system allowed to achieve equil ibrium  at each  temperature.  Repeat this cycle unti l  the difference 
between the output travel  measurement before and after the cycle is small  compared to the anticipated 
error.  No further adjustments to the positioner/actuator shal l  be made.   

5. 3. 2.3  At reference operating  temperature,  observe and record travel  at 25 percent increments of input 
span by performing  a calibration  cycle as described  in  5.1 .   
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5. 3. 2.4  Increase the temperature to  the maximum operating  temperature value,  al lowing  time for the 
system  to reach equil ibrium,  and repeat the calibration cycle.  Repeat this procedure at the minimum 
operating  temperature and again  at the reference operating  temperature.   

The deviation  of the travel  at any temperature from  the travel  at the same input determined at reference 
operating  temperature is the temperature error at that input and  temperature.  Figure  3 shows an  example 
for displaying  the data and results.   

 

 0 25  50  75  1 00  

Input (Percent Input Span)  

Fi g u re 3  —  Am bi en t  tem peratu re i n fl u en ce  

NOTE   I f  data at  other i n termed iate  temperatu res  are  des i red ,  a  procedure  s im i l ar to  that  described  above  s hou l d  be  
fo l l owed  wi th  data obtai ned  by  s topping  at  each  des i red  tem peratu re.  I t  i s  important  that  the  on ly  t ime  the  temperature  
shou ld  be  reversed  i s  at  the  maximum  or m in imum  temperatu re.   

5. 3. 3  M ou n ti n g  posi ti on  effect   

5. 3. 3.1  Mount the positioner/actuator assembly on  a mechanism  that wi l l  permit rotation in  both  planes 
(side-to-side and front-to-back).   

5. 3. 3.2  Maintain  and precondition  the positioner as indicated  in  Clause 4 and orient i t in  the normal  
mounting  position.   Observe and record the travel  at 25 percent increments of input span  by performing  a 
calibration cycle as described in  5. 1 .   

5. 3. 3.3  Rotate the positioner/actuator assembly front-to-back 90° from  the in itial  calibration  check taken 
in  Step 5.3.3.2.  Observe and record the travel  at 25 percent increments of input span by performing  a 
calibration cycle as described in  5. 1 .  Repeat the procedure after rotating  the assembly back-to-front 90°.   

NOTE   I f  data at  other t i l t  pos i t i ons  are  des i red ,  a  s im i l ar procedu re  as  described ,  shou ld  be  fo l l owed  wi th  data 
obtai ned  by s toppi ng  at  each  des i red  t i l t  pos i t i on .   

5. 3. 3.4  Return  the assembly to i ts normal  mounting  position  and rotate to the left side 90°.   Observe and 
record the travel  at 25 percent increments of input span by performing  a cal ibration  cycle as described in  
5.1 .  Repeat the procedure after rotating  the assembly to the right side 90°.   
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5. 3. 3.5  Prepare a cal ibration curve as a deviation  plot for each ti l t position versus the data taken in  Step 
5.3.3.2.  The difference may be expressed as percent of travel  span for degrees rotation,  with  the 
maximum value reported.   

EXAMPLE:  The maximum mounting  position  effect is  1  percent of travel  span for the 90° rotation.   

5. 3. 4  H u m i d i ty (el ectropn eu m ati c  posi ti on er on l y)   

This test is  performed to determine the abi l i ty of the positioner to maintain  stated accuracy whi le exposed 
to the effects of high  humidity.  The test shal l  be performed with  conduit connections open (not sealed)  to  
the environmental  conditions,  unless prohibited by the manufacturer.   

5. 3. 4.1  Maintain  test conditions and precondition  the positioner/actuator assembly as indicated in  Clause 
4.  Observe and record the travel  at 25 percent increments of input span by performing  a calibration  cycle 
as described in  5. 1 .   

5. 3. 4.2  The positioner/actuator shall  then  be subjected  to a temperature of 40°C ± 2°C  
(1 04°F ± 3.6°F)  at a relative humidity of not less than 95 percent at atmospheric pressure.   This 
environment shal l  be maintained for at least 96 hours.   During  th is time a 50 percent input signal  shal l  be 
applied.   

5. 3. 4.3  During  the last 4 hours of the 96-hour exposure in  Step 5.3.4.2,  observe and record  the travel  at 
25 percent increments of input span by performing  a calibration cycle as described in  5.1 ,  once each 
hour.   

5. 3. 4.4  With  a 50 percent input signal  sti l l  appl ied,  reduce the chamber temperature to fal l  below 25°C 
(77°F)  at a rate of 1 °C (1 .8°F)  per minute or greater.  The humidity chamber shall  remain  closed,  and  
saturation  shal l  take place during  th is period.   During  the drop in  temperature,  the actuator travel  position  
shall  be monitored and recorded to identify transient effects due to moisture condensation.  Fol lowing  
stabi l ization,  observe and  record the travel  at 25 percent increments of input span  by performing  a 
calibration cycle as described in  5. 1 .   

5. 3. 4.5  The positioner/actuator assembly shall  be returned to standard test conditions as described in  
Clause 4.  After 24 hours,  observe and record the travel  at 25 percent increments of input span by 
performing  a calibration cycle as described in  5. 1 .   

5. 3. 4.6  A visual  inspection shall  be made after the positioner/actuator assembly is  at standard test 
conditions to check for evidence of arcing,  condensate,  deterioration  of components,  etc.   

5. 3. 4.7  Changes in  accuracy shal l  be determined from  those values measured initial ly under ambient 
conditions in  Step 5.3.4.1  and expressed in  percentage of travel  span.  Also to be reported are any 
evidences of damage due to humidity that are noted in  the visual  inspection.  The report should  include 
whether or not the conduit connection was open to the environment.   
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5. 3. 5  Vi brati on  i n fl u en ce  

This test wil l  determine the effects of vibration on the operation  and  static performance of a 
positioner/actuator for the vibrating  environment normally encountered during  field  service.   

5. 3. 5.1  The positioner should  be mounted on  the actuator in  the manner specified by the manufacturer.   
The actuator shall  be mounted to the shaker table at the interface between  the actuator and the final  
control  element,  with  a suitable rig id  mounting  apparatus (to assure that the recti l inear sinusoidal  vibration  
from  the shaker table is transferred to the actuator with  minimal  loss)  and with  the center of gravity of the 
positioner/actuator located on  the shaker table's centerl ine.   

5. 3. 5.2  The positioner/actuator should  be tested in  each of three mutual ly perpendicular axes,  two axes 
of which  are in  the plane of the positioner mounting  surface,  and the third  of which  is perpendicular to the 
mounting  plane.   

5. 3. 5.3  A reference accelerometer shall  be mounted to the shaker table to measure accelerations in  the 
axis of table motion.   An  accelerometer should  also be mounted on  the positioner housing  in  the axis of 
table motion to monitor the positioner acceleration levels.  Pressure transducers should  be instal led to 
measure each  of the positioner output pressures.   
A suitable pointer and scale combination to observe relative motion between  the stem  and actuator 
should  be provided.  Test measurements should  be made with  instrumentation  capable of l inear response 
from  steady state to the maximum test frequency.   Pressure transducers ei ther should  be insensitive to 
vibration  throughout this frequency range or mounted with  flexible tubing  to a solid  support.   

5. 3. 5.4  Maintain  the test conditions and precondition  the positioner/actuator as described in  Clause 4.  A 
calibration cycle as described in  5. 1  should  be performed prior to the vibration  tests.  The input signal  
should  be maintained at 50 percent for al l  vibration  tests,  unless otherwise specified.   

5. 3. 5.5  An initial  resonant search  should  be conducted by running  a continuous frequency sweep using  
the peak-to-peak amplitudes,  acceleration  levels,  and frequency ranges specified by the manufacturer.   In  
the absence of the manufacturer's specifications,  the test conditions l isted in  Table 2 should  be used.  The 
sweep rate of this test shall  not be greater than  0.1 5 decades per minute.   During  this test the positioner 
output pressure(s)  should  be continuously monitored,  and visual  and audible observations should  be 
made to detect resonant frequencies of the positioner components.   A strobe l ight is  sometimes useful  to 
assist in  making  visual  observations of relative stem  travel  in  some frequency ranges.   

Tabl e  2  —  Vi brati on  l evel s  u sed  i n  th e absen ce o f  man u factu rer's  speci fi cati on s   

Frequency Range (Hz) Peak-to-Peak Constant 

Displacement (mm) (in) 

Constant Peak Acceleration 

(m/s2) (ft/s2) 

5 -  1 5 4.0 (. 1 57)  —  

1 5 -  1 50 —  1 9.6 (64.3)  

1 50 -  2000 —  9.8 (32.2)  

 

5. 3. 5.6  Evi d en ce of  a  reson an t  freq u en cy wi l l  be on e  or more  of  th e fo l l owi n g  
observati on s:   

a)  A change in  the mean positioner output pressure(s)  greater than  3 percent of the output pressure 
span  
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b)  Visual  structural  resonance of positioner components  

A mechanical  resonance,  for the purpose of this test,  is  defined as an amplification  ratio of three or 
more.   

c)  A change in  the mean stem  position  greater than 3 percent of the travel  span  

NOTE   A  resonance  of  an  actuator spri ng  and  s tem  system  wi l l  n ormal l y  be  encountered  du ri ng  the  resonan t  search  
tests .   At  f requencies  at  or above  th i s  resonance,  re l at i ve  moti on  between  the  actuator s tem  and  the  actuator may be  
observed.  Th i s  resonance  and  the  resu l t i ng  rel ati ve  moti on  of  the  pos i t i oner feedback are  i ndependent  of  the  
pos i t i oner and  shou l d  not  be  i n terpreted  as  pos i t i oner resonances.  Fi gure  4  shows  the  pl ot  for  a  typical  l i near actuator,  
g i vi ng  the  rat i o  of  s tem  moti on  to  actuator moti on .   

d)  Audible structural  resonance (buzzing  or rattl ing) .   In  order to observe resonances within  the 
positioner,  the cover may be removed.   I f  th is seriously weakens the structure of the positioner,  a 
suitable transparent cover should  be provided.   

 

Fi g u re 4  —  Rel ati ve stem  m oti on  for  typi cal  l i n ear actu ator  

5. 3. 5.7  An endurance test shall  be run  for 1 /2 hour at each of the major resonances detected.  Tests 
should  be run only in  the appl icable plane(s)  of the resonance.   The table vibration level  should  be 
maintained at the same level  used in  the sweep test.   

5. 3. 5.8  A static calibration  cycle should  be performed and recorded (1 )  before the sweep test,   
(2)  after the sweep test,  and (3)  after each of the 1 /2-hour dwel l  tests.   

5. 3. 5.9  Data should  be presented to describe changes in  output during  any of the vibration tests and to 
describe static performance changes prior to and fol lowing  any vibration test.  Malfunctions should  also be 
documented.   

Malfunctions are normally defined as  

a)  loss of output;  
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b)  erratic output > ± 5 percent of output span;  

c)  major calibration  shifts > ± 5 percent of output span;  or 

d)  structural  fai lure,  broken,  or loosened parts.  

5. 3. 6  El ectrom ag n eti c  su scepti bi l i ty  

Positioners with  torque motors and voice coi ls are not affected by radio frequency interference (RFI) ,  and 
the fol lowing  tests are not required.   

5. 3. 6.1  The purpose of this  test is to evaluate the performance of electropneumatic positioners when 
subjected to  electromagnetic fields,  such  as those generated by portable radio transceivers or other 
devices that generate continuous,  wave-radiated electromagnetic energy.   

5. 3. 6.2  The procedure defined herein  requires the generation  of electromagnetic fields within  which  the 
test sample is placed,  and i ts operation  is observed.  To generate fields that are useful  for simulation  of 
actual  (field)  conditions,  significant antenna drive power and the resultant h igh-field  strength  levels may 
be required.   To comply with  the Federal  Communication Commission's regulations and to prevent 
biological  hazards to the testing  personnel,  i t is recommended that these tests be performed in  a shielded 
enclosure or room.   

5. 3. 6.3  The use of a shielded enclosure,  however,  creates difficulties in  establ ishing  and maintaining  the 
required field  strengths due to reflections of the radiated energy from  the wal ls of the enclosure.   These 
reflections wil l  cause reinforcement and cancellation  nodes  to be established within  the room.   

5. 3. 6.4  A specific ground plane is not required.   When a means is required to support the test sample,  i t 
should  be constructed  of nonmetall ic material.  However,  grounding  of the housing  or of the case of the 
instrument shal l  be consistent with  the manufacturer's installation  recommendations.   

5. 3. 6.5  The fol lowing  test equipment is recommended.  The use of other means of establ ishing  and 
control l ing  the field  is not ru led out and is acceptable,  providing  the required conditions can  be verified.   

a)  Shielded room  —  size adequate to maintain  distances shown by Figure 5  

b)  Signal  source —  signal  generator(s)  capable of covering  frequency range,  with  capabil ity of amplitude 
modulation  (if automatic sweep,  sweep rate should  be capable of achieving   
1 .5 x 1 0

-3
 decades per second,  or slower)   

c)  Power amplifier —  to  amplify the signal  and provide antenna drive i f the signal  source is incapable of 
doing  so 

d)  Antennas —  signal  source 

1 )  Biconical  —  reference manufacturer's specifications  

2)  Conical  logarithmic spiral  —  reference manufacturer's specifications  

e)  Field  strength  monitor —  antennas with  EMI  (electromagnetic interference)  meter  

f)  Associated equipment to monitor output and to establish  operating  power and signals for test sample  

5. 3. 6.6  The test procedure assumes the use of biconical  and log  spiral  antennas.  Other methods of 
establ ishing  the fields are acceptable,  providing  the proper fields can be generated and verified.  Tests 
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shall  be conducted with  a field  strength  of 1 0 V/m  over a frequency range of  
20 MHz to 1 000 MHz.   

5. 3. 6.7  Basi c  rad i ati on  su scepti bi l i ty test   

The basic radiation susceptibi l i ty test is  as follows:   

a)  Mount the positioner and  the transmitting  antenna in  accordance with  the distance restrictions of 
Figure 5 for the biconical  and log  spiral  antennas.   When using  the biconical  transmitting  antenna,  
adjust i t so that the electromagnetic field  is polarized vertically.   

b)  Establish  the field  strength  of 1 0 V/m  from  20 MHz to 1 000 MHz by replacing  the positioner with  the 
EMI  receiver antenna.   

c)  Replace the receiving  antenna with  the positioner and sweep through the required  frequency band.   
Maintain  the input signal  at the 50 percent value.  Record the travel  versus the radiation  frequency.  
Automatic sweep rate wi l l  be at 1 .5 x 1 0

-3
 decades or less per second.   I f annual  sweep is uti l ized,  

data points should  be taken at a rate of ten  (1 0)  frequencies per decade.  For frequencies below 50 
MHz,  the test shal l  be conducted with  amplitude modulation  of 90 percent with  a 1 000 Hz sine wave.  
(See 5.3.6.8 for digi tal  equipment. )   

d)  Step 3 shall  be repeated to expose the positioner on  al l  six sides.   

e)  I f a polarized signal  is  used,  change electromagnetic wave polarization  to  horizontal  and repeat Steps 
2,  3,  and  4.   

 

Fi g u re 5  —  Test  arran g em en t  for el ectrom ag n eti c  su scepti bi l i ty  
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5. 3. 6.8  Di g i tal  eq u i pm en t  m od u l at i on  test   

All  d ig ital  equipment using  a clock shall  also be subjected to electromagnetic radiation  that is  
90 percent amplitude (pulse or square wave)  modulated at a frequency close to 1 0 kHz,  but not phase-
locked with  the digital  clock frequency.   The 1 000 Hz sine wave modulation l isted in  Step 3  of 5.3.6.7 may 
be omitted when  the 1 0  kHz modulation  test is  performed.   

5. 3. 6.9  Keyi n g  test   

Some equipment is susceptible to repeated operation  of a transmitter.  Th is test is  to evaluate the 
instrument in  this mode.  To simulate keying  of a transceiver,  the signal  source shall  be switched between 
0 and 1 00 percent of the continuous-wave amplitude as defined by 5.3.6.7,  Step 3.  The switch  signal  
shall  have an  "on" and  "off" duration of at least one second each and shall  have rise and fal l  times of no 
greater than  50 µs.  There shal l  be at least ten  keying  cycles per frequency decade.  I f manual  sweep is 
uti l ized,  the test shal l  be run  at ten  frequencies per decade.  Exposure shal l  be to the most susceptible 
side of the instrument,  as identified by 5.3.6.7,  Step 4.   

5. 3. 6.1 0  Electromagnetic susceptibi l i ty shall  be reported as the maximum shift in  percentage of output 
span.   

EXAMPLE:  Electromagnetic susceptibi l i ty is  0.25 percent of output span at 1 0 V/m  (1 0 V/3.28 ft)  at 
frequencies of 20 to 1 000 MHz.   

5. 3. 7  Norm al  m od e  i n terferen ce  i n fl u en ce (el ectropn eu m ati c  posi ti on ers on l y)   

This test determines the effect of a form  of interference that appears between the input terminals of an  
electropneumatic positioner.   

5. 3. 7.1  The test circuit of Figure 6 shall  be connected to the input terminals of the electropneumatic 
positioner with  the isolation  switch  open.   

5. 3. 7.2  Maintain  test conditions and precondition  the positioner/actuator assembly as indicated in  Clause 
4.  Observe and record actuator travel  for one ful l -range six-point traverse in  both  directions.   
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Positioner Case Connection  

Fi g u re 6  —  Test  ci rcu i t  for  n orm al  m od e i n terferen ce i n fl u en ce  

5. 3. 7.3  The input to the positioner shall  be set at 50 percent span,  and the isolation  switch  shal l  be 
closed.   Normal  mode interference shall  be artificial ly introduced by applying  a voltage of operating -power 
supply frequency between the input circuit terminals of the positioner.  The rms magnitude of the normal  
mode interference shall  be adjusted to the manufacturer's stated value for extreme operating  conditions.   

5. 3. 7.4  A slow sweep over the range of 0 to 360° phase angle shal l  be made.   The sweep shal l  be at a 
rate not to exceed 4°/min.  During  the sweep,  constant monitoring  of actuator travel  shall  be made to 
detect changes in  travel  or oscil lations.  The principal  phase angles where a major effect was identified 
shall  be noted.   

5. 3. 7.5  The phase angle shal l  then be set at the principal  angle(s)  that had the most significant effect on  
actuator travel.   A ful l-range six-point traverse in  both  directions and a check of dead band shal l  be made 
whi le this phase angle is maintained (see 5.2.2).   
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5. 3. 7.6  Normal  mode interference influence shall  be reported as shift in  percentage of travel  span.   

5. 3. 8  Com m on  m od e i n terferen ce  i n fl u en ce (el ectropn eu m ati c  posi ti on ers  on l y)   

This test determines the effect of a form  of interference that appears between the input terminals of an  
electropneumatic positioner and ground.   

5. 3. 8.1  The test circuit of Figure 7 shall  be connected to the input terminals of the electropneumatic 
positioner with  the isolation  switch  open.   

5. 3. 8.2  Maintain  test conditions and precondition  the positioner/actuator assembly as indicated in  Clause 
4.  Observe and record actuator travel  for one ful l -range,  six-point traverse in  both  directions.   

5. 3. 8.3  The input to the positioner shall  be set at 50 percent span,  and the isolation switch  shal l  be 
closed.   The selector switch  shal l  be placed in  Position  1 ,  and the common mode interference shal l  be 
artificial ly introduced by applying  a voltage of operating-power supply frequency between the positioner 
input terminal  connected to  the selector switch's Position 1  and  the positioner case.   The rms  magnitude 
of the common mode interference shall  be adjusted to the manufacturer's stated value for extreme 
operating  conditions.   

5. 3. 8.4  A sweep over the range of 0 to 360° phase angle shal l  be made at a rate not to exceed 4°/min.  
During  the sweep,  constant monitoring  of actuator travel  shall  be made to detect changes in  travel  or 
osci l lations.   The principal  phase angles where significant effects were identified shall  be noted.   

5. 3. 8.5  The phase angle shal l  then be set at the principal  angle(s)  that had  the most significant effect on  
actuator travel.  A ful l-range,  six-point traverse in  both  directions and a check of dead band shall  be made 
whi le this phase angle is maintained (see 5.2.2) .   

5. 3. 8.6  Repeat Steps 5.3.8.3 through 5.3.8.5 with  the selector switch  set in  Position 2.   

5. 3. 8.7  Common mode interference influence shall  be reported as "shift in  percent of travel  span."   
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        Positioner 

 

Fi g u re 7  —  Test  ci rcu i t  for  com m on  m od e i n terferen ce i n fl u en ce  

5. 3. 9  Overran g e  

This test is  performed to determine the abi l i ty of the positioner to maintain  stated accuracy after 
exceeding  maximum input span (up to the maximum designed overrange capabi l ity) .   

5. 3. 9.1  Maintain  test conditions and precondition the positioner/actuator assembly as indicated in  Clause 
4 and perform  a calibration  cycle as described in  5. 1 .  Return  the input signal  to the midrange value and 
proceed as fol lows.   
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5. 3. 9.2  Increase the input signal  to  the maximum overrange value specified by the manufacturer.  After 
the overrange has been  applied for one minute,  return  the input signal  to the mid-range value and 
perform  another calibration  cycle as described in  5. 1 .   

5. 3. 9.3  Repeat the steps in  5.3.9.2,  except apply the minimum overrange value specified by the 
manufacturer.  Overrange effect is  expressed in  percent change of ful l  travel  span per percent of 
maximum input span.   

EXAMPLE:  0.5 to 1 00 percent overrange  

5. 3. 9.4  For electropneumatic positioners only,  reverse the leads and repeat the steps in  5.3.9.2.   

5. 3. 1 0  Sh ocks   

Maintain  test conditions and precondition  a positioner/actuator assembly as indicated in  Clause 4.   
Perform  a calibration  cycle as specified in  5.1 .   

5. 3. 1 0. 1  Remove the positioner from  the actuator for the "topple" shock test.   

a)  Stand the positioner in  i ts normal  orientation  of use on  a smooth,  hard,  rig id  test surface  
(i .e. ,  concrete,  steel,  etc. ) .  Slowly ti l t the positioner about one bottom  edge unti l  i t  fal ls.  The adjacent 
plane and test surface wil l  thus "h it" together.   

b)  Repeat (a)  for each bottom  edge;  i .e. ,  perform  a total  of four "topple" shock tests.   

c)  Positioners with  an  irregular bottom  edge shal l  be subjected to four "topple" shock tests to "hit"  four 
positioner planes approximately 90° apart.   

5. 3. 1 0. 2  Examine the positioner and report any damage incurred.   

5. 3. 1 0. 3  Re-instal l  the positioner on  the actuator,  recal ibrate,  and perform  a calibration  cycle as specified 
in  5.1 .  Report any abnormalities that occurred as a result of this test.   

5. 4  Fl ow capaci ty —  su ppl y an d  exh au st   

Maintain  test conditions and precondition  the positioner/actuator assembly as indicated in   
Clause 4 and proceed as follows.   

5. 4. 1  Connect a suitable test apparatus to measure positioner supply pressure,  output pressure,  and flow 
rate in  both  supply and exhaust directions.   The test apparatus should  include an external  means to 
permit adjustment of the output pressure.  The flow measurement piping  to and from  the positioner should  
be sized  and arranged to have a pressure drop less than 2% of supply pressure at maximum flow rate.   
The piping  size used  in  the test shal l  be reported.  See Figure 8 for a typical  schematic.   

5. 4. 2  Set and maintain  the supply pressure constant at the value recommended by the manufacturer.   
Additional  tests may be performed at other supply pressures as required.   

5. 4. 3  Adjust the input signal  to 50 percent,  or as required to achieve an  output pressure of  
50 percent of the nominal  actuator range.  This wi l l  be termed a "balanced condition." With  the positioner 
in  this balanced condition,  lock the actuator stem  and record the output pressure.   

NOTE   For  s i ng le -acti ng ,  spri ng - retu rn  actuators,  the  actuator s tem  can  be  l ocked  by bl ocking  the  pos i t i oner  ou tpu t  
l i ne  l ead i ng  to  the  actuator and  by manual l y pos i t i on i ng  the  actuator to  m id - travel  wi th  a  separate  regu lator.   

5. 4. 4  Starting  at the 50 percent input signal  level,  slowly adjust the input to the desired value.  Using  the 
output pressure adjustment,  return  output pressure to the value noted in  Step 5.4.3.  Record the flow at 
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each input value.  Data wi l l  be taken at input values 0,  25,  40,  45,  47,  49,  51 ,  53,  55,  60,  75,  and 1 00 
percent.  I f any discontinuities are discovered,  additional  data points shall  be included to permit a true 
graphical  representation of the discontinuity.   

NOTE   I f  the  pos i t i oner  i s  double -acti ng ,  the  same test  shal l  be  performed  and  recorded  for each  ou tpu t  connecti on  
i ndependentl y.   

Pos i t i o n e r

Su pp l y

I n pu t

S i g na l

Ou tpu t

P ressu re

Actu ato r

F l ow

F l ow

Vent

P ressu re

Reg u l a to r

F l ow Me te rs

(1 )

(2)

( 1 ) Hand  val ve  to  ad j u s t  and  mai n tai n  ou tpu t  pressu re

when  pos i t i oner  ou tpu t  i s  i n  a  su pp l yi n g  cond i t i on .

(2 ) Pressu re  reg u l at i n g  an d  h and  val ve  to  ad j u s t  and

mai n ta i n  ou tpu t  pressu re  when  pos i t i oner  i s  i n

exhaus t i n g  cond i t i on .

 

Fi g u re 8  —  Typi cal  sch em ati c  for f l ow capaci ty tests   

Data wi l l  be presented by a flow-capacity-characteristic curve plotted as the percentage of input signal  
change (ΔW) from the balanced condition  versus flow rate,  expressed  in  standard  cubic meters per 
second (see Figure 9) .   The maximum supply and exhaust flow rate may also be reported from  Figure 9  
for a 50 percent input signal  change (expressed as standard  cubic meters per second for a 50 percent 
input signal  change).   

EXAMPLE:  Maximum supply or exhaust flow is 47 x 1 0
–4
 standard m

3
/s (0.1 66 ft

3
/sec)  for  

a 50 percent input signal  change at 340 kPa (49.3 psi)  supply pressure.   
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Fi g u re 9  —  Fl ow ch aracteri st i c  cu rve   

5. 5  Fl ow g ai n  (KQ)   

Flow gain  may be calculated from  the data taken to develop the flow capacity curve (see Figure 9)  as 
fol lows.  

5. 5. 1  For single-acting  positioners,   

 
21

21

  

  
 

WW

QQ
KQ




  

where  

Q1  =  Absolute value of flow rate in  supply direction  for a 5 percent W. 

Q2  =  Absolute value of flow rate in  exhaust direction for a 5 percent W. 

W1  =  Percent input signal  change to obtain  Q1 .  

W2  =  Percent input signal  change to obtain  Q2.  
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5. 5. 2  For double-acting  positioners,   

) W  W(  ) W  W(

)Q  (Q  ) Q  (Q
 

B2B1T2T1

B2B1T2T1




Q

K  

where subscripts T and B designate each of the two positioner outputs,  respectively.   

EXAMPLE:  Flow gain  is 47 x 1 0
-4
 standard m

3
/s (0.1 66 ft

3
/sec)  for a 1 0 percent input signal  change at 

340 kPa (49.3 psi)  supply pressure.   

NOTE   I t  i s  poss ible  that  a  pos i t i oner wi l l  reach  i ts  maximum  f l ow capaci ty  at  l ess  than  5  percent  i npu t  s i gnal  change.  
I n  th i s  case,  f l ow gai n  shal l  be  cal cu lated  on  the  bas i s  of  the  i npu t  s i gnal  change  requ i red  to  produce  90  percen t  of  the  
maximum  f l ow rate  i n  e i ther d i recti on .   

5. 6  Stead y-state con su m pti on   

5. 6. 1  Use a test apparatus similar to Figure 8,  except instal l  the flow-measuring  device in  the supply l ine 
to the positioner and close the output pressure adjustment valves.  Supply pressure shal l  be set at the 
value recommended by the manufacturer.   

5. 6. 2  Record the flow rate with  the positioner in  the balanced condition at 25,  50,  75,  and 1 00 percent 
input signals.  Consumption  is expressed as standard cubic meters (cubic feet)  per second for each input 
at the designated  supply pressure.  I f one value is to be reported,  i t wi l l  be the maximum value.   

EXAMPLE:   

a)  Steady-state consumption  is 0.57 x 1 0
-4
 m

3
/s (0.20 ft

3
/s)  with  a 1 00 kPa (1 4.5 psi)  supply and 50 

percent input signal;  or  

b)  Maximum steady-state consumption  is 0.57 x 1 0
-4
 m

3
/s (0.20 ft

3
/s) .   

5. 7  Locked -stem  pressu re g ai n  (Kp)   

Locked-stem pressure gain  for a single-acting  positioner is the ratio of the percentage of change in  the 
positioner output pressure to the percentage of change in  i ts corresponding  input signal,  with  the travel  
kept constant.  Locked-stem pressure gain  for a double-acting  positioner is the ratio  of the percentage of 
change in  the positioner differential  output pressure to the percentage of change in  i ts corresponding  
input signal,  with  the travel  kept constant.   

5. 7. 1  Si n g l e-acti n g  posi ti on er  

Maintain  test conditions and precondition  the positioner/actuator assembly as described in   
Clause 4 and proceed as fol lows.   

5. 7. 1 .1  Adjust the positioner input signal  and record  the positioner output pressure range required to 
produce rated actuator travel  without external  load  on the actuator.   

5. 7. 1 .2  Adjust the positioner input signal  to mid-range and lock the actuator stem.  Then adjust the input 
signal  to maintain  the output pressure at 1 0 percent of supply pressure and record  the input signal.   

NOTE   For  s i ng le -acti ng ,  spri ng - retu rn  actuators,  the  actuator s tem  can  be  l ocked  by bl ocking  the  pos i t i oner  ou tpu t  
l i ne  l ead i ng  to  the  actuator and  manual l y pos i t i on i ng  the  actuator to  m id -travel  wi th  a  separate  regu l ator.   

5. 7. 1 .3  Slowly vary the input signal  in  sufficiently small  increments without reversing  direction  to define 
the steady-state relationship between input signal  and output pressure for output pressures from  1 0 
percent to 90 percent of supply pressure.  Figure 1 0 shows an  example for displaying  the data.   
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Locked-stem  pressure gain  can be determined by evaluating  the percentage of input signal  change for a 
particular percentage of output pressure change centered about the mid-range input signal.  The 
dimensionless ratio  of the percentage of output pressure change to the percentage of input signal  change 
for a stated change in  output pressure is the locked-stem pressure gain  (Kp) .  Locked-stem pressure gain  
is commonly reported as the value determined for a 1 0  percent change in  output pressure.   

 

5. 7. 2  Dou bl e-acti n g  posi t i on er  

Maintain  test conditions;  calibrate and precondition  the positioner/actuator assembly as described in  
Clause 4 and proceed as follows.   

5. 7. 2.1  Adjust the positioner input signal  to mid-range and lock the actuator stem;  then decrease the 
input signal  unti l  the positioner output pressure differential  is  a value equal  to 90 percent of the supply 
pressure and record the input signal.   

NOTE   For doubl e-acti ng  actuators,  the  actuator s tem  can  be  l ocked  by bl ocking  t he  pos i t i oner ou tpu t  l i nes  l ead i ng  to  
the  actuator and  manual l y  pos i t i on i ng  the  actuator at  m id - travel .   

5. 7. 2.2  Slowly increase the input in  small  increments,  without reversing  direction,  to define the steady-
state relationship between the input signal  and the output pressure.   Continue unti l  the output pressure 
differential  is  a value equal  to 90 percent of the supply pressure,  but reversed from  the previous 
pressures.  Figure 1 1  shows an example for displaying  the data.   
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The locked-stem pressure gain  can be determined by evaluating  the percentage of input signal  change 
for a particular percentage of output differential  pressure change centered about the balance output 
signal.  The dimensionless ratio of a stated output differential  pressure change to the input signal  change 
is the locked-stem pressure gain  (Kp).   Locked-stem pressure gain  is commonly reported as the value 
determined for a 20 percent change in  output differential  pressure.   

 

5. 8  Accel erated  l i fe-cycl e test   

The l i fe-cycle test shal l  be performed on the positioner/actuator assembly with  preconditioning  and 
maintenance of test conditions as indicated in  Clause 4 to obtain  the required performance data 
described  below.   

5. 8. 1  Hysteresis,  dead band,  zero,  and range span (for input signal  and travel)  shall  be measured and 
recorded prior to  applying  the 500,000 cycles.   

5. 8. 2  Apply a cycl ic input signal  to the positioner with  a peak-to-peak amplitude equal  to  
1 00 percent of range span,  centered at mid-range.  The frequency of oscil lation  shall  be such  that travel  is  
not attenuated below 80 percent of zero frequency travel.   Unless otherwise stated,  the unit shall  be 
subjected to  500,000 cycles.   

5. 8. 3  After completion  of the 500,000 cycles,  measure hysteresis,  dead band,  zero,  and range span as in  
Step 5.8.1  and record any deviations from  the orig inal  measurement.  Also,  any component fai lures,  signs 
of excessive wear,  or loosening  of critical  components should  be recorded.   
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6 Dyn ami c response  

6. 1  I n trod u cti on   

Dynamic response of a device is defined  as the comparison of the time-dependent output signal  change 
resulting  from  a defined time-dependent input signal.  Commonly used input signals include impulse,  
pulse,  step,  ramp,  and sinusoidal.  Dynamic analysis of the design  requires data in  addition  to that 
obtained from  the static tests.  This additional  information needed is defined in  this  clause of the standard.   

6. 1 . 1  All  data shall  be taken and presented  as outl ined in  the appropriate clauses of this standard,  so that 
judgments can be made whether the device meets the requirements for a specific application.  This 
standard does not preclude additional  requirements or relaxed requirements set by mutual  agreement.   

6. 1 . 2  Dynamic response is  heavi ly dependent on  such  nonlinearities as friction,  hysteresis,  velocity 
l im iting,  and saturation.  Nonlinearities can have a profound effect on  the dynamic response of a 
positioner/actuator,  particularly in  causing  significant variations in  measured performance with  changes in  
output load  or input signal  value.  They not only cause distortion  of the output signal,  but also result in  
additional  phase shift and attenuation.  I t is  therefore necessary to adhere to the test requirements as 
closely as possible,  with  any variation  noted.  Nonspecific descriptions such as "flat response"  or "good 
response" shal l  not be used in  interpreting  the data.  The dynamic response tests fal l  into two categories:  
frequency response testing  and step response testing;  both  are described below.   

6. 1 . 2.1  Frequency response testing   

A frequency response test measures the output signal  amplitude and phase angle as a function  of a 
sinusoidal  input signal  as the input signal  frequency is changed.  Strictly speaking,  a frequency response 
analysis is restricted to l inear systems.   However,  since much valuable in formation can be obtained on  
the behavior of a real  system from  its frequency response,  the test is  useful.   

With  nonl inear elements the results are amplitude-dependent,  so signal  magnitudes become important 
and must be noted.   

6. 1 . 2.2  Step response testing   

Step response testing  makes use of a step input test signal  to the device,  and observes output as a 
function of time.  Step response data provide a qual itative evaluation  of nonlinearities in  the 
positioner/actuator.   

6. 2  Test  system   

Dynamic response testing  requires a signal  generator with  a test signal  compatible with  the positioner 
input and instruments to measure both  the input signal  and the travel  of the positioner/ actuator.   Figure 
1 2 is a schematic of a simple test system.   For a positioner with  a pneumatic input,  the input signal  shall  
be measured as close as possible to the device input port to avoid  input signal  distortion caused by the 
piping.   
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6. 3  I n fl u en ce of  test  con d i t i on s   

Many factors influence the dynamic response of a control  device.   I t  is  therefore important that the test 
conditions,  such  as ambient temperature and pressure,  be reported for use in  later analyses.   

6. 3. 1  I n pu t  si g n al  am pl i tu d e (si n e  wave)   

One of the in itial  problems in  establishing  test conditions is that of determining  an  appropriate test signal  
amplitude.   The value selected for the input amplitude can affect the shape of the frequency response 
curve because very few actual  positioner/actuators are real ly l inear.  Most positioner/actuators are subject 
to two amplitude-dependent nonlinear effects:  dead band and saturation.   

Dead band is usually the result of static friction  or mechanical  lost motion  in  the actuator or is  the basic 
threshold  of some element in  the positioner.  Figure 1 3 i l lustrates the nonlinearity,  dead band,  and i ts 
effect on  output amplitude.   I f the test amplitude is below the dead band value (input amplitude A1 ),  the 
gain  of the device is zero.   I f  the test is  conducted at input amplitude A2,  the gain  is somewhat lower than 
for an  ideal  l inear element.  Once the amplitude is appreciably greater than the dead band,  the dead 
band's existence has l i ttle effect.   
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Saturation occurs when the test amplitude is large enough to cause some element to reach  the l im it of i ts 
output.   Two types of saturation  l im it the maximum input amplitude that can be employed and sti l l  obtain  
valid  results.  The first of these saturation  l imits is position  saturation,  the effect of which  is obvious from  
Figure 1 4.  I f a frequency response test is  conducted with  the input amplitude shown,  the  gain  wi l l  be 
lower than if the device were l inear or i f the input ampli tude were decreased unti l  the input remained in  
the l inear range of values.   

The second type of saturation  is called velocity saturation.   I f  the mean level  were selected  as mid -range 
and if the input amplitude were selected as 50 percent of input span,  i t would  seem  that a device with  a 
characteristic such  as that in  Figure 1 4 could  be tested  with  no difficulty.  At very low frequencies,  there is 
no problem.  But the physical  l im itation  on  the velocity that can  be achieved by the mechanical  elements 
wil l  cause saturation  at higher frequencies.   As the frequency increases,  the input amplitude that wil l  
cause saturation  decreases.  Therefore,  for valid  results,  the input amplitude must not be large enough  to 
cause ei ther position  or velocity saturation.   
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The test amplitude for positioner/actuators should  be ± 5 percent of rated span  unless saturation  is 
encountered,  in  which  case a ± 1 /2 percent signal  should  be attempted;  and,  i f this  is impractical,  then  
any intermediate amplitude may be used (see Figure 1 5).   

 

6. 3. 2  I n pu t  si g n al  am pl i tu d e (step)   

The fol lowing  step input signals should  be used  (in  percentage of rated input span)  for the step response 
tests (see Figure 1 5):   
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a)  45 to 55 percent  

b)  55 to 45 percent  

c)  1 0 to 90 percent  

d)  90 to 1 0 percent  

6. 3. 3  Pn eu m ati c  su ppl y to  posi t i on er  

The performance of the pneumatic supply system  used for the positioner/actuator under test can exert 
considerable influence on the dynamic test results.  A supply that is adequate for static calibration may be 
totally inadequate for the large demands that can occur when high-frequency input signals are used.   

The supply must be capable of regulating  to ± 2 percent of the supply pressure level  recommended by the 
manufacturer,  measured at the supply connection  of the positioner being  tested.   Large supply-l ine 
pressure fluctuations can occur during  tests at high  frequencies;  therefore,  a volume tank added between 
the regulator and the positioner is recommended.  I f regulator and  volume tanks are used,  they should  be 
adjacent to the positioner,  and their use shall  be noted in  the report.   Also,  the degree of regulation  shal l  
be noted  in  the report.  Supply regulator,  volume tank,  and associated piping  detai ls (including  elbows and 
fittings)  shall  be noted on  the data sheet.   

6. 3. 4  Actu ator l oad   

The test setup and actuator load should  be clearly described in  the test report.   The actuator should  be 
coupled to the control  valve or other final  control  element as required for the test.   

6. 3. 4.1  Control  valve load —  frequency response testing   

Frequency response tests should  be performed with  the valve body open  to atmosphere and  the packing  
tightened “finger-tight. ”  

6. 3. 4.2  Control  valve load —  step response testing   

Step response tests should  be conducted with  the packing  tightened as required to hold  a test pressure 
equal  to the nominal  working  pressure for the valve.   I f i t is  not convenient to pressurize the valve to 
establ ish  the packing  load,  the packing  should  be tightened to i ts intended stops (as in  the case of spring-
loaded packing)  or to a static friction force equal  to 60 pounds per inch  of valve stem  diameter.   

6. 3. 4.3  Other final  control  elements   

Both  frequency response tests and step response tests should  be conducted with  the actuator coupled to 
the final  control  element (such as variable speed drive or electrical  rheostat) ,  and the loads should  
represent those of the normal  operation as closely as possible.   

6. 4  Test  eq u i pm en t   

The fol lowing  specifications outl ine the requirements  for the test equipment to furnish  current,  voltage,  or 
pneumatic signals as required and for the recording  equipment.   
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6. 4. 1  Si g n al -g en erati n g  system   

6. 4. 1 .1  Sine wave generation  

The sine wave-generating  device should  be capable of generating  sine wave frequencies from  0.001  Hz 
to one decade beyond the frequency response of the positioner/actuator.   

The sine wave generator must be capable of producing  a g iven frequency with  a period of variation  (A,  B,  
and C in  Figure 1 6)  between any two cycles of not more than ± 2 percent.   The input signal  at the 
positioner must account for electrical  or pneumatic nonlinearities,  taking  into account any transducers,  
wiring,  or piping,  and shal l  produce a sine wave whose distortion  shall  not exceed 25 percent total  
harmonic distortion,  measured at the input to the positioner.   The level  of distortion  shal l  be noted  in  the 
report.   

 

6. 4. 1 .2  Step signal  generation   

The step input signal  should  not overshoot to a value greater than  1 05 percent of the final  value and 
should  rise to 95 percent of i ts final  value with in  5 percent or less of the time required for the output of the 
device under test to rise to  95 percent of i ts final  value.   The method of obtaining  this step response shal l  
be noted  in  the report.   

6. 4. 2  Di spl ay eq u i pmen t   

Any display or recording  equipment used  to record  the results of the test shall  simultaneously record both  
input and output signals.   I t shall  be capable of displaying  both  amplitude and phase shift changes in  the 
output as the input signal  changes.  I t is  recommended,  but not required,  that a time-based record be 
made of all  data so that any desired verification  may be made of the data.   

6. 4. 3  Test  eq u i pm en t  perform an ce  

The recommended transducer/amplifier/display equipment system performance follows:   

a)  Signal  amplitude:  ± 1  dB from  0.0001  Hz to maximum frequency of test;   

b)  Phase shift:  less than 5° from  0.001  Hz to maximum frequency of test;  and  

c)  Dynamic response:  The test equipment dynamic response criteria should  hold  over a frequency 
range one decade beyond the frequency where the positioner/actuator response exceeds ±3 dB or a 
45° phase shift.   Any deviation  should  be reported.   

6. 5  Test  proced u res   

The fol lowing  procedures are recommended.  Any variation  must be noted in  the report.   
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6. 5. 1  Stati c  cal i brati on   

The positioner/actuator and  the test equipment should  be al lowed sufficient time to stabil ize prior to 
starting  the tests.   The positioner/actuator should  be set up and cal ibrated in  accordance with  the 
manufacturer's instructions.  The overall  test system should be statical ly calibrated  with  an  independent 
standard meter on  the actual  input and output signals.   The display equipment reading  is thus known 
accurately at the start of the test.  I f drift is  a problem,  the cal ibration  should  be repeated periodically.   

6. 5. 2  Prel i m i n ary freq u en cy sweep  

A frequency sweep at amplitudes of ± 5 percent of rated span,  ± 1 /2 percent,  or intermediate amplitudes 
can be used to determine the proper test amplitude and the range of test frequencies.  The supply 
regulation  can be determined while operating  at the selected amplitude.  Selection of test frequencies can 
also be determined to provide small  increments between critical  data points and to avoid  abrupt changes 
in  the phase or magnitude curves.  A general  rule is to use at least 20 test frequencies for three decades 
of frequency.   

6. 5. 3  Data correl ati on   

Interpretation  of the display equipment information is general ly straightforward,  except when the output 
sine wave is quite distorted.   In  this case,  i t is  recommended that phase shift be determ ined as shown in  
Figure 1 7.   When precise results are desired,  the normalized gain  and phase shift may be obtained by a 
Fourier analysis of the output wave.   Modem sinusoidal  frequency analyzers are capable of performing  
the Fourier analysis on  the output signal  and automatically computing  the gain  and  phase relationships,  
based on the fundamental  harmonic.  Procedures for Fourier analysis are g iven in  many standard 
reference works.  The use of Lissajous figures can be helpful  in  obtaining  accurate phase shift data where 
distortion is a problem.   
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7 Presentati on  of  test  resul ts   

A summary of al l  test results and supporting  information shal l  be presented as outl ined below.   

7. 1  Su pporti n g  i n form ati on   

The fol lowing  supporting  information  shal l  be included in  the presentation of test results.  Additionally,  any 
other conditions affecting  the test results (such  as deviations from  the recommended environmental  
conditions)  shal l  be reported:   

a)  Description  of positioner tested,  including  model  number,  serial  number,  and whether i t is single- or 
double-acting;   

b)  Description  of actuator used in  test,  including  model  number,  serial  number,  whether single-  or 
double-acting,  nominal  effective area,  volume(s)  at 0 and 1 00 percent travel  (on  both  sides of double-
acting)  and spring  rate;   

c)  Description  of test setup (including  location  of positioner feedback connection),  supply regulators,  
volume tanks,  and instrument tubing  size and lengths;   

d)  List of test equipment used;   

e)  Output data:  range,  mean travel  (percent span),  and location  of output transducer connection;   

f)  Input data:  range,  amplitude (percent span),  and location  of input signal  transducer connection;  

g)  Static gain  of positioner/actuator;   

h)  Supply pressure and  medium;   

i )  Friction load —  static;   

j )  Inertia load —  dynamic (all  moving  parts) ;  and  

k)  Date,  location  of tests,  and names of persons conducting  tests and reducing  data.   

7. 2  Stati c  beh avi or  test  resu l ts   

The results of the tests l isted below shal l  be reported where applicable.  The results shall  be expressed in  
the units described in  the respective procedures.   

a)  Accuracy 

b)  Dead band 

c)  Drift,  point 

d)  Hysteresis  

e)  Conformity 

f)  Repeatabil ity 

g)  Supply pressure influence 
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h)  Ambient temperature influence 

i)  Mounting  position  

j )  Humidity effect 

k)  Vibration influence 

l)  Electromagnetic susceptibi l i ty 

m)  Normal  mode interference influence 

n)  Common mode interference influence 

o)  Overrange effect 

p)  Shock effect 

q)  Supply flow capacity 

r)  Exhaust flow capacity 

s)  Flow gain  

t)  Steady-state power medium  consumption  

u)  Locked-stem pressure gain  

v)  Life test effects 

7. 3  Dyn am i c beh avi or  test  resu l ts   

7. 3. 1  Si n e  wave  test  d ata   

The frequency response data shall  be presented as a plot of the phase shift and  logarithm  of the 
normalized gain,  each  plotted against the logarithm  of the test signal  frequency (Bode diagram).  The 
logarithm  of the gain  shal l  be displayed on  l inear coordinates.   

The method of plotting  the logarithm  of the gain  is to use the relationship  

 dB = 20 log 1 0(M)   

where dB is the normalized gain  in  decibels,  and M is  the normalized (dimensionless)  gain—that is,  the 
gain  at any frequency divided by the static gain—and is dimensionless.   

Phase shift in  degrees should  be identified by a plus (+)  sign  when the output leads the input,  and by a 
minus (–)  sign  when the output lags the input.   

7. 3. 2  Step test  d ata   

Step test data shal l  be presented on  l inear coordinate paper,  with  input and output signal  magnitudes 
expressed in  percent of their steady-state changes plotted on  the vertical  scale (which  may be 
suppressed to bring  out detail)  and elapsed time units plotted on the horizontal  scale.   
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In  al l  step test plots,  the input signal  shal l  be plotted with  a dashed or broken l ine and the output signal  
with  a sol id  l ine.  I t is  important to choose a time axis such  that dead time and deviations from  a true step 
input can be seen clearly.  Since the step tests consist of a g iven step upset "upward" and the same size 
step signal  "downward," these companion  tests should  be presented on  the same graph.   
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