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Presenter BIO

e Gregory K McMillan is a retired Senior Fellow from Solutia/Monsanto and an ISA
Fellow. Greg was an adjunct professor in the Washington University Saint Louis
Chemical Engineering Department 2001-2004. Greg is currently a Principal Senior
Software Engineer for dynamic simulations in Emerson Automation Solutions.

e Greg received the ISA “Kermit Fischer Environmental” Award for pH control in 1991,
the Control Magazine “Engineer of the Year” Award for the Process Industry in
1994, was inducted into the Control “Process Automation Hall of Fame” in 2001,
was honored by InTech Magazine in 2003 as one of the most influential innovators
in automation, and received the ISA Life Achievement Award in 2010. Greg is the
author of over 300 articles and 31 books on process control, his most recent being
Process/Industrial Instruments and Controls Handbook - 6t Edition, and New
Directions in Bioprocess Modeling and Control — 29 Edition. Greg has been the
monthly “Control Talk” columnist for Control magazine since 2002.

e https://www.controlglobal.com/bloqgs/controltalkbloqg
e http://automation.isa.org/author/gregmcmillan/
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Control Valve Modeling and Control Topics

 The “Perfect Storm”

« Open loop valve response testing

e Valve response modeling

» External Reset Feedback

« Use of volume boosters for large actuators

e See paper and references for equations to estimate limit cycles,
loop performance, rangeabillity, and installed flow characteristics,
and examples of response requirements on valve specifications,
and best practices for control valves and variable frequency drives

» Effect of lost motion (backlash), resolution (stiction), poor positioner
sensitivity, and large actuator (slow stroking time)
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Open Loop

Test Results for 2% Lost Motion (Backlash)
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Parameter Reference
B * TEST1C-FLOWXUACTUATOR- SHAFTISIGNAL

[l TESTIC-FLOWIXUACTUATOR
" TESTICFLOWXUACTUATOR-SHAFTISTROKE
W TESTICFLOWIOMVALVE-TRIWSTROKE

Il TESTIC-FLOWDCUFLOWIOUT

| TESTIC-FLOWIXXACTUATOR-SHAFTIOFFSET

| TESTAC-FLOWIXXACTUATOR-SHAFT/NEW_DELTA

14:15 14:20
Desariptor Value Units Timestamp
Desired Valve Position (%) 50,00 11872016 300:54 P
%) 5000 1B2016 300:54 P
Actuator ShaActual Stroke (%) 48.00 1B/2016 300:54 P
Valve Trim Actual Position (%) 49.00 1192016 300:54 P
Flaw Heasurement (%) 49.00 VBI2016 3.00:54 PU
Offsetin Shaft Position (%) ~100 VBI2016 3.00:54 PH
MNew Delta in Shaft Position (%) 1.00 192016 30054 PM

14:25 14:30

NUM Eventjournal not yet required_History: SANTAROSA
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Open Loop Test Results for 1% Resolution (Stiction)

kP File Edit View Chant Trend Window Help
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ol e e
Laolaotazfasl
el 40-— 40__ 40 40__ 40 - | | | | | , | | | )
15:10 15:15 15:20
9 Sat Jan 2016
 Parameter Reference " Desciptor “Value Units Timestamp .
. * TEST1C-FLOW DOUACTUATOR -SHAFTISIGNAL Desired Valve Position (%) 50.00 1BI2016 32641 PU
. TESTIC-FLOW LXOUACTUATOR-SHAFT/SHAFT_POSITION  Aduator Shaft Desired Posilion (%)  50.00 2016 32641 PM
" TESTIC-FLOW1XUACTUATOR-SHAFTISTROKE Actuator ShaltActual Strioke (%) 50.00 UBR2018 32841 PU
. TESTIC-FLOW LXXVALVE-TRINSTROKE Valve Trim Actual Position (%) 50.00 12016 32641 PM
. * TEST1C-FLOW DXOUFLOWIOUT Flow Measurement (%) 50.00 \mﬁ_lzﬁ‘" PM
I TESTICFLOW ATOR- 3 x (%) 000 1BI2016 3.26:41 PM
Il: TESTICFLOWDOUACTUATOR-SHAFTINEW_DELTA. ‘Mew Deita in Shalt Position (%) 0.00 1/8/2015 32641 PM

NUM  Event journal not yet required History: SANTARCSA
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Open Loop Test Results for Poor Positioner Design

E File Edit View Chat Trend dow Help
sda||(smles
K< > » 3 By ] o< 04000 ]
Test1C Flow Valve Response
_ Backlash, Static & Dynamic Friction, Slew Rate
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L L L L L L
gl L i i r [ 80 sec
L 51.0-- 51.0- 51.0-- 51.0-_ 51.0
L51.0 '51.0 ﬁ51.0 751.0 '51.0 & Deadtime
i L L i L L 40 sec Signal =
L B [k L i - -
L 506505 5051 506505 Deadtime l '
T r L I§ L L Lt
11
L L B L L E L
G 500 in SD.U-j 50.0“: 50.0—: 50.0—7 Increasein
i 7 L C L r Flow dead time
A B r i L - for signal
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L L L L L L reversal
E 49.0+ 49.0-" 49,0 49.0-- 4901
0 L L [ N B
LagsLass-fas5- a6 a5,
,_43_0_-4&9_-45_0_-43_0__4&0_.|\-.\|...\...\l-...\-..|>.‘|..-.|..
20:25 20:30 20:35 20:40 20:45 20:50 20:55 21:00
14 Sun Feb 2016
‘Parameter Reference " Desariptor " Value Units Timeslamp i
W TEST1CFLOWDOUACTUATOR-SHAFT/SIGNAL Desired Valve Position (%) 50.00 21422016 9:04:37 ..
.mtcﬂammummmnoﬂ Actuator Shaft Desired Position (%) 5000 242016 9:0437 .
" TEST1CFLOWDOUACTUATOR-SHAFT/STROKE Actuator Shaft Actual Stroke (%) 5000 21472016 B:04:37
. TEST1C-FLOW1)0UVALVE-TRIWSTROKE Valve Trim Actual Position (%) 5000 2142016 9:04:37
" TEST1C-FLOWDOUFLOWIOUT Flow Measurement (%) 50.00 211412016 80437 .
| TESTC-FLOW1XUACTUATOR-SHAFT/IOFFSET Offsel in ShaR Position (%) 0.00 21412016 90437 ...
NUM _Event journal not yet required History: SANTARDSA
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Open Loop Test Results for Large Actuator

5 Process History View
| LF File Edit View Chot Trend Window Help &%
I ] S Mee
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Test1C Flow Valve Response
Backlash, Static & Dynamic Friction, Slew Rate
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B r B E o r 1 1
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2 L £ E E E Slew Rate
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I-___o_-o_-o_-o,-c—wlwll|\||\l|.|l\|w|||\||\I\|1I
20:18 20:19 20:20 20:21 20122 20:23 20:24 20:25
11 Mon Jan 2016
Parameter Reference Descriptor Value Units Timestamp ]
. * TEST1C-FLOW DXUACTUATOR-SHAFTISIGNAL Desired Valve Posifion (%) 50.00 2016 82735
.Eﬂ1mmﬂmwm Aduator Shaft Desired Position (%) 50.00 AM12016 8:27:35 .
. * TEST1C-FLOW XOUACTUATOR-SHAFT/STROKE Aduator ShaftActual Stroke (%) 50.00 mmmu"t_zm 7
. TESTIC-FLOWTOWVALVE-TRIMISTROKE Valve Trim Actual Position (%) 50.00 1M12016827:35 .
. * TEST1C-FLOW TXXUFLOW/OUT Flow Measurement (%) 50.00 1MI2018 8.27:35 .
| TESTIC-FLOWTXXACTUATOR-SHAFT/OFFSET Ofisetin Shafl Position (%) 000 1112016 8:27:35 ..,
NMMH not yet required History: SANTARQSA
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Perfect Storm - 1

* Volume boosters instead of positioners recommended for fast loops
« Rangeabillity statements based on inherent flow characteristic rigor

 Lack of understanding of loss of rangeability due to installed flow
characteristic and resolution (stiction) near the closed position

e Piston actuators instead of diaphragm actuators recommended

* Use of so called “high performance” (e.g., rotary on-off valves in
piping spec) to minimize cost and Ieakage and maximize capacity

 Severe |lost motion in rotary valves from positioner to shaft, shaft to
stem, and stem to internal closure member (e.g., ball) connections

* Lack of recognition of limit cycles caused by lost motion when there
IS 2 or more integrators besides those limit cycles from resolution
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Perfect Storm - 2

* Positioners with poor sensitivity (spool positioners with 2% resolution)
and single stage relay that cause huge dead time for steps < 0.4%

e Lying smart positioners due to lost motion and shaft windup

» Lack of understanding of terms per ISA-TR75.25.01 that replace old
terms (lost motion for backlash and hysteresis) (resolution for stiction)

* Use of integral action in positioners to eliminate offsets in open loop
tests reducing gain, which increases response time and limit cycles

e Valve specification sheets that have entries for leakage, packing,
and capacity but none for response time, lost motion, and resolution

« Common practice of tests doing 10% or 25% steps instead 0.2% steps
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Perfect Storm - 3
* Reluctance of valve companies to do tests below 20% position to
show effect of poorer resolution (greater stiction) near seal and seat

* Lack of sensitive, low noise, and high rangeability flow measurement
to see actual flow response that includes lost motion for small steps

o Actuators marginally sized to lower cost resulting in poorer precision

* Purchase of “high performance” valve companies by throttling
valve companies resulting in their offering to lower cost in bids

» Loss of external reset feedback capability in most PID algorithms
» Slow updates of actual valve position by HART and wireless

 Misconception that variable frequency drives (VFDs) have a faster,
more linear, and more precise response (see McGraw Hill Handbook
on slide 28 and best practices in paper for VFD issues and solutions)
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Control Valve Response Modeling

 Deadband function for lost motion (backlash)
 Quantizer function for resolution (stiction)
e Rate limit function for slewing rate

e Variable deadtime block for pre-stroke deadtime and
poor positioner sensitivity

e Filter functions for positioner response
e Equations for installed flow characteristics
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External-Reset Feedback in PID Standard Form

For structures with “No P action”: Gain = 0 for proportional mode, Gain = 1 for integral mode, and
Gain = PID block gain setting for the derivative mode

B Gain Bias is used as input
to Reset time filter
block when there is
N *P =(B 1) * Gain * % SP “no integral action”.
y A :O Bias is the PID output
when the error is zero
- and is filtered by the
All signals are % of scale in PID algorithm but reite't tume w;msedbes:,
inputs and outputs are in engineering units setting Is reduced to be
% SP g E . ) about the dead time.
l For reverse action,
Error =% SP —% PV = +
. + Out1 PI
filter |— - © (z (5 % CO
F
I Tout2 D
Positive * 5 Smart
Feedback filter e o
w Gt e
Time Filter Time = CD/reset feedback
l Reset Time N
Y
| filter » derivative
ERF
T ERF is external-reset feedback
. : : (e.g., secondary loop
0 > =
%o PV filter :'lt;;::n.}?me Process Variable % PV,

or fast valve readback)
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Benefits of External Reset Feedback (ERF)

 Reduce oscillations and enable tighter control from:
e Valve resolution (stiction) for one or more integrators in loop
« Lost motion (backlash) for two or more integrators in loop
e Poor valve positioner sensitivity
e Slow valve stroking time (large actuator)

* Unnecessary crossings of split range point (by ERF enabling
directional move suppression by up and down rate limits)

e Fast opening and slow closing valve for compressor surge control
e Slow response and overshoot in override control

 Analyzer cycle time (by ERF enabling enhanced PID solution)
 Dead time (by ERF enabling dead time compensation)
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Use of Volume Boosters for Large Actuators

Open bypass just

Despite age old guidelines, enough to ensure
never replace positioner a non-oscillatory
with volume booster! fast response!
Potentially unsafe! o (R R e
Bypass
U Increase air line size
- ® WA —m11:1 2,
Supply : :
Please turn off integral @ TG + Increase connection size
that has been enabled @ HRe? ot

Al

+

as default by supplier! oy 3 )
Valve Positioner Air Supply ]

High Capacity
Filter Regulator

The air supply line from the air

header to booster air set must Must be functionally tested
be short and large and dedicated before commissioning!
to booster. This air supply should

not be shared with positioner and

other users of air to ensure no dip

and restriction in booster air flow.
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Installed Flow Characteristic for Linear Trim

—e— | nherent Characteristic

—a— | nstalled Characteristic 1
—i— | Nstalled Characteristic 2
—s— I nstalled Characteristic 3
—— | nstalled Characteristic 4

Valve pressure drop ratio (APg)
for installed characteristic:

Characteristic1: AP =0.5
Loss in Rangeability Characteristic 2: APR =0.25
due to steep slope Characteristic 3: APg =0.125
(Backlash lost motion Characteristic 4: AP, =0.0825

and Stiction steps)
O 10 20 30 40 50 60 70 80 ©90 100
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Installed Flow Characteristic for Equal Percentage Trim

—o— | nherent Characteristic

—a— | nstalled Characteristic 1
—a— | Nstalled Characteristic 2
—e— I nstalled Characteristic 3
—— Installed Characteristic 4

Valve pressure drop ratio (APg)
for installed characteristic:

Characteristic1: AP =0.5
Loss in Rangeability Characteristic 2: APR =0.25
due to flat slope  _| Characteristic 3: AP =0.125
(flow not going to zero o Characteristic 4: AP, =0.0825
until valve closes)

0 10 20 30 40 60 60 70 80 ©90 100
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Effect of Backlash and Pl Gain on Flow Loop

'_ s View - (TestiCt
L7 File Edit View Chat Trend Window Help _lelx
= ] SHlee
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Test1C Flow Valve Response
Backlash, Static & Dynamic Friction, Slew Rate
- 80 80- 80- 80- 8O-
r F E E 0% Backlash & 0.2 PID Gain = = 10% Backlash & 0.2 PID Gain = 10% Backlash & 0.05 PID Gain =
[ 75+ 751757575 o T <]
i) r - - Step Step
L. E r__Step Load
C70£ 7070 70£ 705 Load o
e E r lzpa =10% =10%
-65-F 65165 65-565:510% l Signal l
[ 60-F 60 60~ 6060 —i
| 55+ 55+ 55-F 55 55—
1 50-F 50-F 50-F 50 50-F \
[ 454514545145
| 40 40404040+
= E £ Flow
La5-Fa5-F a5 a5Fa5-- .
= £ E E €
[ = e |2 CoC E Step Step
[ 30-F 30-C 305 30-F 30 Lod Youd Load
=k LB =05 = 0% = 0%
| 26+ 25+ 26 25+ 26+
-___20,:202020_:20:|...|..|\.|...|\.\\-.¢.‘\|..\|.\|..|...|..
16:23 1624 1625 1626 16:27  16:28 1629  16:30  16:31  16:32  16:33  16:34
9 SatJan 2016
Parameter Reference Descriptor Value Units Timestamp =
. * TEST1C-FLOW XXUACTUATOR-SHAFTISIGHAL Desired Valve Posifion (%) 55.00 192016 43732 PM
[l TESTIC-FLOWTXUACTUATOR-SHAFT/SHAFT_POSITION  Actuator Shat Desired Posilion (%) 55,00 /912016 4:37:32 PM
. * TEST1C-FLOWTXXUACTUATOR-SHAFT/STROKE Aduator ShaftActual Stroke (%) 50.00 1812016 43732 P
. TESTIC-FLOWXXVALVE-TRIMSTROKE Valve Trim Actual Position (%) 50.00 BI2018 43732 PM
- * TEST1C-FLOWTXXFLOWIOUT Flow Measurement (%) 50.00 1912016 437.32 PM
| TESTIC-FLOWTXXACTUATOR-SHAFT/OFFSET Ofisetin Shafl Position (%) -5.00 V2018 43732 PM
NUM Event Emﬂ not yet required History: SANTARQSA
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Effect of Backlash and PID Gain on Level Loop

I e ey VD o
17 File Edt View Chort Trend Window Help =l
shda | [ sSmies
« < >» | EY | o< oo - |
Test1C Level Valve Response
Backlash, Static & Dynamic Friction, Slew Rate
~ 80 B0- 80- 80 80—
- 75-C 75-C 755 75 75_% 10%Backlash 10% Backlash 10% Backlash
T B = 4.4 PID Gain 8.8 PID Gain 0.88 PID Gain
L = 5 External Reset Off External Reset Off External Reset Off
L 70+ 70 70 70+ 70« >4 P
[ 65 65 65 65? 5575 lies el
[ 60-F 60 60-F 60+ 60 l
T 5555155155155+
-+ 50-F 50+ 50-F 50+ 50—
[ 45--45-- 4514545+
L 40-F 40+ 40+ 40+ 40+
[ 35-F35-Fa5-Fa5F 35
[ 30-F 3030+ 30 30 Signal
T 25F25+ 252525+
__2'0202020_:20:\\|....|.\\\\‘...lu...|<’\\\\...|.1..|...\\\\1.|....|...;\\
11:40 11:45 11:50 11:55 12:00 12:05 12:10 12:15 12:20 12:25 12:30 12:35
21 Thu Jan 2016
Parameter Reference Descriptor Value Units Timestamp
[l TEST1C-LEVEL10UACTUATOR-SHAFT/SIGNAL Desired Valve Position (%) “N.. 1212016 125456 ..
I TESTACLEVEL DXOUACTUATOF T_POSITION %) "N AR1R2016 125456 ..
. * TEST1C-LEVEL 1)CUACTUATOR-SHAFT/STROI ‘Actuator Shaft Actual Stroke (%) 50.00 \ﬂ‘lﬂiﬂﬂ 125456 ...
B TESTIC-LEVEL DOGVALVE TRIMSTROKE Vaive Trim Actual Position (%) 50.00 12112016 125456 .
|l TESTIC-LEVEL DOULEVELPY_OUT Level Measurement (%) 50.00 12102016 125456
' TESTIC-LEVEL 1)OUACTUATOR-SHAFTIOFFSET ‘Offset in Shaft Position (%) 0.00 112112016 125456 ...
TEST1C-LEVEL DOULEVEL-RATE/OUT Level Change Rate x100 (%/sec) 0.00 2112016 1254 56 ...
LM b el e R
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Effect of Backlash and External Reset on Level Loop

—
L7 File Edit View Chat Trend Windew Help NI
sda||sojen

K< >» b o mon - |

Test1C Level Valve Response

Backlash, Static & Dynamic Friction, Slew Rate
80 80 80- 804 80

10% Backlash 10% Backlash 10% Backlash
75+ 75-F 75 75-F 75 4.4 PID Gain 8.8 PID Gain 8.8 PID Gain
External Reset Off External Reset Off _ External Reset On
70-F 70£ 70-E 70 70- h
Step
65-- 651 65 65 65 Load
=10%

60-- 60 60-- 60-- 60

551 55155 55+ 55+

l Lelvel

501 50 50-1- 50-- 50
4545 45 45 45

40 40 40 40-- 40+

351 35 351 35 35

I

301 30 30+ 3030

LI L LB

Signal
2512525 251 25
20202G2'020|-||||||I||}\\\Jrlllllw\\J:|I||s||||1|||<}\\\1||||||\\\\||||
13:05 13:10 13:15 13:20 13:25 13:30 13:35 13:40 13:45 13:50 13:55 14:00
21 Thu Jan 2016
Parameter Reference Descriptor Value Units  Timestamp
[ * TEST1C-LEVEL1)0UACTUATOR-SHAFT/SIGMAL Desired Valve Position (%) 3645 112172016 2:03:06 PM
[l TESTICLEVEL1CUACTUATOR-SHAFTISHAFT_POSITION  Actuator Shaft Desired Position (%) 35.45 12112016 2.03:06 PM
[l * TEST1C LEVEL 10UACTUATOR- SHAFT/STROKE Actuator Shatt Actual Stroke (%) 3088 172172016 2:03.08 PM
B TESTIC-LEVEL 1XKVALVE-TRIWSTROKE Valve Trim Actual Position (%) 3088 12112016 2:03:06 PM
ll* TESTIC-LEVEL LOULEVELPV_OUT Level Measurement (%) 5039 12112016 Z03:06 PM
1 TESTIC-LEVEL 1XXUACTUATOR-SHAFTIOFFSET Offsetin Shaft Position (%) 500 1212016 203:06 PM
TEST1C-LEVEL 1XULEVEL-RATE/OUT Level Change Rate x100 (%/sec) -0 1R1l20|§2liiﬁBPH

NUM Event journal not yet required History: SANTAROSA
FEEE e o




Effect of Stiction and External Reset on Flow Loop
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View Trend  Window  Help
= S| e
€ < > 2 Wy o st - @
Test1C Flow Valve Response
: Backlash, Static & Dynamic Friction, Slew Rate
- 80 80 80+ 80- 80 — -
FeE C - 6% Stiction & 0.2 PID Gain 6% Stiction & 0.05PID Gain 6% Stiction & 0.05PID Gain
r s F I External Reset Off External Reset Off External Reset On
[ 75+ 75-- 75-F 75+ 75~ e s =
B e B - Step
[ 70-F 70+ 70-£ 70+ 70+ | oad
T E E F=10%
- 65-F 65 65-- 65651
60 60 60 60 60
L F F g Flow
- [ 55+ 55 55-F 5555+
2| s0-F s0-F 50-F s0-F 80-F l ‘ \ | \
[ 45+ 45--a5-F 45+ 45
[ 40-F a0-F 40+ 40-F a0 /T
JE o = = A
L - = = v
85--85--35- 35" 35 |
g E = r Signal
[ 30-F 30+ 30-F 30+ 30+
L 26+ 25--25-F 26+ 25
--“__20_:20ZG_:ZOzc:II\\II\|I|I|II||\I\\IIlIII\\II\II|III||\|1I
1329 1330 1331 1332 1333 13:34 1335 1336 1337 1338 1339
11 Mon Jan 2016
Pasameter Reference Descriptor Value Units Timestamp
. * TEST1C-FLOW XOUACTUATOR-SHAF TISIGNAL Desired Valve Position (%) are? 11172016 1:43.09 .
W TEsTicFLO ] n (%) 37.97 11112016 1:43.09 ..
.'IESI1E-FLD'.'M}WACTLHYDR-WI‘STRUKE Actuator Shaft Actual Stroke (%) 3rer
. TEST1C-FLOWDOUVALVE-TRIWSTROKE Vabie Trim Actual Position (%) arer
[l * TEST1C-FLOWDOUFLOW/OUT Flow Measurement (%) 4787
| TESTACFLOWTXOUACTUATOR-SHAFTIOFFSET Offsetin Sha Position (3%) 0.00
NUM E:nl]wrm\ not yet lw SANTAROSA
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Effect of Stiction and PID Gain on Level Loop

3§ Process Histony View - [fes b 2
Z Fie Edt View Chae Trend Window Help o lmiu]
- S Sm|ee
€ < >» o EE | oo ne - @
Test1C Level Valve Response
Backlash, Static & Dynamic Friction, Slew Rate
80 80- 80- B0- 80
- - 6% Stiction 6% Stiction 6% Stiction
F - 4.4PIDGain 8.8 PID Gain 0.88 PID Gain
15ET5 :?5 TS L 75 I External Reset Off External Reset Off External Reset Off
70 70+ 70-£ 70E 70+ T
65 65 65| 65 65| LeP
= - Load
60+ 60+ 60+ 60 60 10%
- - Level
55-F55-F 55 E l
50+ 50+ 50 ~
45+ 45+ 45 -
40-- 40 40 - /
35+ 35+ 35 - \/
3030130 s T
E - Signal
25+ 25+ 25+ 25+ 251 e
2020_:202020:||1t\\\»\\\\|l|||1l|||||t\\\1.|||I|r\|I|\\\\n:||||.|||||r\\\
14:35  14:40  14:45  14:50 1455  15:00  15:05 15110 155  15:220 1525  15:30

21 Thu Jan 2016

‘ v
Parameter Reference Descriptor Value Units Timestamp
" TESTIC-LEVEL1X0UACTUATOR-SHAFTISIGNAL Desired Valve Position (%) e 12112016 357:49 PW
Il TESTIC-LEVEL1OUACTUATOR-SHAFT/SHAFT_POSITION  Actuator Shaft Desired Position (%) **N.. 112172018 3:57:49 PM
W’ TESTICLEVEL1X0UACTUATOR-SHAFTISTROKE Actuator ShaftActual Stroke (%) 37.89 12112018 357:49 PW.
W TESTIC-LEVEL1O0VALVE TRIMISTROKE Valve Trim Actual Posilion (%) ares 112112016 357:43 P
" TESTIC-LEVEL 10ULEVELPV_OUT Level Measurement (%) ol 12112016 35749 P
| TESTAC-LEVEL 10UACTUATOR-SHAFTIOFFSET Offsetin Shaft Pasition (%) 000 112112016 357:48 P

TEST1C-LEVEL 1XXLEVEL-RATEIOUT Level Changs Rte x100 (%isec)  -1.80 12112016 35749 PH.

NUM_Event journal not yet required_History: SANTARCSA
A N e e S
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Effect of Poor Sensitivity Positioner on Flow Loop

L Fie Edt view Chan Trend Window Help _ e %]
FTda Smiee
K< > By | o @
Test1C Flow Valve Response
Backlash, Static & Dynamic Friction, Slew Rate

80- 80 80- 80 80—

75+ 75-F 75-F 75-£ 754

70-F 70 70-F 70-F 70 Step

3 EoF Load Gain = 0.2, Reset= 1, External Reset Off

65 65 65 65-F 651 =10%

60 60--- 80 60 60

56 55-1- 55 55 55

50+ 50 50 50+ 50

45-- 4545 451 45+

40-F 40 40 40-F 40+

35 35-F 35 35-F 35

30+ 30--30--30-F 30 .

B el Signal Load
25 25" 25 26 25~ =%
204 209 204 20 20-Lg | \ | f | | | , | | | | i y
15:50 15:55 16:00 16:05
15 Mon Feb 2016
Parameter Reference " Descriptor “valve Units Timestamp
Il TEST1C-FLOWXUACTUATOR-SHAFTISIGNAL Desired Vaive Position (%) L, O 215201652709 ..
. TESTAC-FLOW1XUACTUATOR-SHAFT/SHAFT_POSITION  Actuator Shaft Desired Position (%) ** M. 21501652709 ..
|l ' TEST1C-FLOW1XUACTUATOR-SHAFT/STROKE Actuator Shaft Actual Stroke (%) TN 211572016 527:08 ..
B TESTICFLOW1NOUVALVE-TRIWSTROKE Valva Trim Actual Position (%) N 2152016 5:27:08
[l * TESTIC-FLOWTOUFLOWIOUT Flow Measurement (%) L 215201652709 ..
| TESTIC-FLOW1DOUACTUATOR-SHAFTIOFFSET Offset in Shaft Position (%) 0.00 21152016 527.09 ..
NUM _Event jourmal not =ﬂ r:gulrcd H':slvz SANTARDSA
vl ——u
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Edit View Chant Trend indow Help
sda||so|les
« < > » 3 E P | o< ooz0:00 @
Test1C Flow Valve Response
Backlash, Static & Dynamic Friction, Slew Rate
- 80- 80- 80- B0 80—
[ 75+ 75-F 75+ 75-£ 75+
[ 70-F 70+ 70 70+ 70+ Step
i E I Load
- 65-- 65 65 65 651 =10% Gain = 0.4, Reset= 30, External Reset Off
60~ 60-F 60-F B0 60+ l Flow
[ 55 55-F 5555 55—
L 50-F 50 50F 50-F 50
[ 45+ 45-F45--45-F 45~
[ 40 40+ 40 40+ 40+
[ 35-F 35-F 35 350 35 o
AL E E igna Step
[ 30 30 30 30 30 Load
- - : - 0%
25 25251 25-- 25
,_- 204" 204" 2047 20 201, | | , | | ) , | | I , | | | ,
17:10 17:15 17:20 17:25
15 Mon Feb 2016
‘Parameter Reference " Descriptor " Valve Units Timestamp F
I TEST1CFLOWDOUACTUATOR-SHAFT/SIGIAL Desired Valve Position (%) 50.00 2152016 529:32 ..
. TESTICFLOW St _POSITION  Actuator 50.00 2152016 529:32
" TEST1C-FLOWDOUACTUATOR-SHAFT/STROKE Actuator ShaftActual Stroke (%) 50.00 2115201652932
B TESTICFLOW10UVALVE-TRIWSTROKE ‘Valve Trim Actual Position (3) 5000 2182016 52932
" TEST1C-FLOWDOUFLOWIOUT : Fiow Measurement (%) 5000 2115201652932 .
| TESTIC-FLOW1XUACTUATOR-SHAFTIOFFSET Offsel in Shafl Position (%) 0.00 2115/2016 52932 .

HNUM_Event journal net :ﬂ required History: SANTARDSA
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Effect of Poor Positioner and External Reset on Flow Loop

[Z File Edt View Chat Trend Window Help
e |smes
K< > » 3 By ] o< 02000 - @
Test1C Flow Valve Response
Backlash, Static & Dynamic Friction, Slew Rate
- 80 80 80 80+ BOT
IR B B b e
F r o
[ 70-+ 70+ 70 70-- 70 Step
il C C Load
[85 65 65T 65 651 =10% Gain = 0.8, Reset= 1, External Reset On
[ 60 60 60 60 60
£ e o v
[ L 5 Flow
[ 65 55 55 55 55+
L E £
- 50 50 50-F 50 50
- D
[45-+45-045--45-F 45
[ 40-F 40-F 40 40-F 40-F 1
- 35-F 351 35-£ 36— 35
I g =
AL C C 5 Step
C B Signal
[ 30 3030+ 3030 & Load
i - - =0%
L 25-F 251 25 25 25-F
208 20 20 200 20 . | , | | | , | .
20:25 20:30 20:35 20:40
16 Tue Feb 2016
‘Parameter Reference " Descritor " Vave Units Timestamp ]
Il TEST1CFLOWDOUACTUATOR-SHAFT/SIGNAL Desired Vale Position (%) 50.00 2M6I2016 8:46:30 .
.TES"C:FI.(YMWUMDRWT Actyator Shaft Desired Position (%]  50.00 2HE2016 84830 .
" TEST1CFLOWDOUACTUATOR-SHAFT/STROKE Actuator Shaft Actual Stroke (%) 5000 21162016 8:46:30 ..
Il TESTICFLOW1OUVALVE- Valve Trim Actual Position (%) 5000 211612016 84530
. * TEST1C-FLOWDOUFLOWIOUT Flow Measurement (%) 5000 2M16/2016 8:46:30 ..
| TESTIC-FLOW10UACTUATOR-SHAFT/OFFSET (Offsel in Shaft Position (%) 0.00 211612016 84630 ..

NUM Event joutnal not yet requited History: SANTAROSA
e
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Effect of Large Actuator and External Reset on Flow Loop

FHG | =STes
« < > 200 EmE ] o< winar - | @
Test1C Flow Valve Response
) ) Backlash, Static & Dynamic Friction, Slew Rate
U7 100 80~ 100~ 80+ 100-- "
B [ B 2 - Large Actuator & 0.2 PID\Gain Large Actuator & 0.2 PID Gain
I3 - 75 - 75— - External Reset External Reset On
<+ 90 90-+"" | S0+ L >
2 I [ F C Step
L 70 70+ [ Load
e SR 10%
L [85 Ces+ [
+ 704 70+ [ 70+
B L 60 - 601 E
2 60‘: 55 60‘: 55_; 60—;
L sofs0f s0fs0F 50—
L a0f%F 0L ®F a0
L [40 C40+
T 301 30+ | 30
] [a5L [
4 20+ 20+ [ 20+
N L 30 30+ B
T 10 25 10 25_5 10
fod" odizgl 0 lopl 0l : P —
22:00 22:05
12 Tue Jan 2016
Parameter Reference Descriptor Value Units Timestamp =
. * TEST1C-FLOW 1XOUACTUATOR-SHAFT/SIGNAL Desirad Valve Posilion (%) 50.00 11212016 10.05:21 .
[l TESTIC-FLOW1XKACTUATOR-SHAFT/SHAFT_POSITION  Actuator Shaft Desired Position (%) 50,00 11272016 10.05:21...
. * TESTI1C-FLOW 1 X0UACTUATOR-SHAFT/STROKE Actuator Shafl Actual Stroke (%) 5000 1272016 10.05:21...
. * TEST1C-FLOW 1XXVALVE-TRIM/STROKE Valve Trim Actual Pasition (%) 50.00 11212016 10:05:21...
[l TESTIC-FLOWDOUFLOW/OUT Flow Measurement (%) 50.00 11212016 10.05:21...
| TESTIC-FLOWIXXACTUATOR-SHAFTIOFFSET Offiet in Shal Position (%) 000 11212016 10:05:21...
NUM_Event journal not yet IM’: SANTAROSA
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Effect of Large Actuator and External Reset on Level Loop

7 Fle Edit View Chat Trend Window Help - |=]x]
- da Sm|ee
K< >» 2 Emb i oxea @
Test1C Level Valve Response
Backlash, Static & Dynamic Friction, Slew Rate
100 100 100+ 1004 100
904 80+ 90+ 90+ 90
B E B Large Actuator Large Actuator
B E E 4.4PIDGain 44PIDGain
- - H External Reset Off External Reset On
80-- 80+ 80 80 80« >4
E r [Ste
f oL 70f 70 704" °F Step ftez Step
E H 03 Load Level 2 Load
60~ 6oL 60-L 60 60 =0% =0%
50 50+ 50 50+ 50
40+ 40+ 40+ 40+ 40t
30+ 304 30+ 30+ 304
20+ 20+ 20+ 20 20+
10+ 104 10 10+ 101
0 0_' D'- 0 [ | . . | , , , | f 4 | f | n | f f | . . {
13:05 13:10 13:15 13:20 13:25 13:30
22 Fri Jan 2016
Parameter Reference Desoriptor Value Units Timestamp
Il - TESTIC-LEVEL1XUACTUATOR-SHAFTRIGNAL Desired Valve Position (%) 50.00 1222016 13356 PM
[l TESTACLEVEL10UACTUATOR SHAFTISHAFT_POSITION  Actuator Shafi Desired Position (%) 50.00 122/2016 13356 PM
l* TEST1CLEVEL 1:0UACTUATOR-SHAFTISTROKE Actuator Shaft Actual Stroke (%) 50.00 12212016 1:3356 PM
[ TESTIC-LEVEL NOMVALVE TRIWSTROKE Valve Trim Actual Position (3) 50.00 12212018 13356 PM
" TESTICLEVEL 1OULEVELFV_OUT Level Measurement (%) 50.00 1/22/2016 1:33.56 P
| TESTIC-LEVEL IOUACTUATOR-SHAFTIOFFSET Offiget in Shaft Posifion (%) 0.00 1222016 13356 PM
TEST1C-LEVEL TXGLEVEL-RATEIOUT Level Change Rate x100 (%/sec)  0.00 1122/2016 13356 PH
NEM Event journal not yet required History: SANTARQSA Status = BAD
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