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ABSTRACT

Partial Stroke Test (PST) is designed to perform diagnosis by slightly closing a valve
during plant operation. Thus, it can be a good complement to Full stroke Test (FST) since it
does not require process to be down. This report essentially discusses the basic
understanding and details of the project entitled “A Study of Partial Stroke Test for Metso
Neles Emergency Shutdown (ESD) Valve™. Since this project is a collaboration between
Universiti Teknologi Petronas (UTP) and PETRONAS Improvement Working Group (IWG)
of Skill Group 14 (SKGI14), discussion session is conducted once in a few months to
compare the latest update of valves performance from three vendors, namely, FISHER,
METSO NELES, and MESONEILAN that may be used in PETRONAS plants if satisfies
the required standard. The Phase I of the project which is to conduct PST (Dry Test) for 90
days has been completed. Furthermore, valve performance and monitoring it automatically
on a continuous, real-time basis using Neles ValvGuard and FieldCare software is also
discussed. In addition, the function of Programmable Logic Controller (PLC)
YOKOGAWA together with WideField2 software while conducting FST is also taken into
discussion. While for Phase I, enhanced method for testing the valves which is called
Testing with Real Flow Medium is planned to be performed. In relation to this, a mini plant
has been designed with the requirements to have real flow to the valves. Scope of study of
this project is to explore and verify PST and FST technology with the purpose to ensure
ESD valve performance. The Dry Test conducted in Phase I covers three parts: first, to test
whether the ESD valves close 20% as it required during PST (Valve Test), secondly to test
spool valve condition that control ESD valve opening or closing (Pneumatic Test), and
lastly to test whether the FST be able to bypass PST when emergency occurs (PST collides
with FST). The outcome for the Dry Test is positive where both the ball and butterfly valves

show very good performance and never fail to function to requirement.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Processing plants contain many valves that perform safety functions which one of
them is the emergency shutdown (ESD) valve. It is always hope that these valves need never
be used in earnest. Such use means that something has gone wrong and, at least, one plant
system has to be shut down, with its associated disruption of operations. However, if ESD
valves are called into use, they have to work reliably, because the consequences of failure

will be far more serious than the disruption, when they work.

ESD valve Partial Stroke Testing (PST) is a method whereby a portion of the valve
assembly is tested at a more frequent interval than the full test rate. In simple words, it is an
accelerated (partial) proof test. In this project, Metso Neles vendor has been chosen. Metso
has developed a digital valve monitoring device called Neles ValvGuard. This allows the
valve performance to be tested and monitored automatically on a continuous, real-time basis
since the operator can reliably test valve performance on-line at anytime, without disturbing

the process.

Depending upon specific process needs and the potential for danger, an on-line
testing sequence can be defined from many times a day up to once a year. [1] During this
project, the valves will be closed about 20% which tests a portion of the valve failure modes
with 0.05 bar pressure used. Apart from that, Full Stroke Test (FST) will also be done
together with PST once, in order to ensure that the ESD valve is able to automatically shut-

off if by chances any emergency occurs during the execution of PST onwards.



1.2 Problem Statement

For the past thirty years, the turnarounds were done every two to three years. Due to
mechanical reliability and preventive maintenance program, the turnarounds have been
extended to every five to six years whereby increased the production. The performance of
ESD valve usually is demonstrated by the Full Stroke Test (FST) which is done at

turnaround since it requires the process to down.

Experience has shown that, if ESD valves are not exercised, they can stick in one
position. In fact, the general perception is that sticking is the main failure mode of ESD
valve. Sticking may be caused by several factors such as dirt or corrosion. Thus, movement
of the valves can reduce dirt build-up and can give an indication if corrosion is present for
example stroking time is longer than specified. However, it is only possible to fully test
these valves at scheduled turnarounds. [2] Therefore, PST is the best solution to be

implemented since it can be done without stopping the production.

Given the trend in the process industry to follow the requirements of IEC 61508 and
61511 to preserve safety integrity levels (SIL), these long intervals between tests are often
too long to show an adequately low probability of failure on demand (PFD). [3] This means,
that in order to test an ESD valve’s functionality at a rate commensurate with the PFD

requirements of the design SIL, alternative arrangements need to be implemented for online

proof testing.

It is an economic advantage if ESD valve can be tested for its functionality without
having to fully shut down the plant. Therefore, PST is a very suitable alternative to replace
FST for ESD valves since it does not require process to be down. PST will provide a
measure of confidence that a valve is not stuck in one position and it will do so at short
intervals, if required. This has a preventive and corrective aspect. The valve movement can
dislodge any dirt build-up to help prevent sticking. If the valve is already stuck, the test will
detect it and corrective measures can be taken. The system can be brought to an orderly
shutdown to perform repairs, or, if repairs can be completed quickly, the valve may be

temporarily by-passed.



1.3 Objective

There are several objectives that have been listed to be achieved in this project which

are as follow:

—

. To design equipments setup for Dry Test (Phase I).
To conduct Dry Test for 90 days based on PETRONAS requirements.

To analyze performance of ESD valves based on result obtained in Phase I.

g o

To design a mini plant with real flow medium through the ESD valve during PST
(Phase II).
5. To validate and verify that PST secures ESD valves to respond to true demand and

target SIL can be maintained.

1.4 Scope of Study

Scope of study of the project is to explore Partial Stroke Test (PST) and Full Stroke
Test (FST) technology that will be used in the project to ensure ESD valve performance.
Three vendors are involved which are Metso Neles, Fisher and Masoneilan. For each
vendor, different software is used to conduct testing which as follow, FieldCare (Metso

Neles), AMS Valvelink (Fisher), and Valvue ESD (Masoneilan).

In this project, two types of ESD valve which are ball and butterfly type from Metso
Neles are tested and their performances are monitored to ensure the valves can operate
without error. Furthermore, software that is used to execute the PST is FieldCare software
and for FST, Programmable Logic Controller (PLC) from YOKOGAWA together with the
WideField2software. There are two type of testing which are Pneumatic Test which
measures pressure change through spool valve and Valve Test which physically moves the

valve by desired stroke size. [4]



CHAPTER 2
LITERATURE REVIEW

2.1 Emergency Shutdown Valve

Emergency shutdown (ESD) valves means it operates at 0 and 100% which it
remains either fully open or fully close depending upon the process requirement. It is
an actuated valve installed in a pipeline that isolates a process unit from an upstream or
downstream (gaseous or liquid) inventory upon activation of the process unit alarm and

shutdown system.[5] In this project, two types of valve are used which are ball and butterfly

valve.

2.1.1 Ball Valve

Ball valve is a valve that opens by turning a handle attached to a ball inside the valve
(refer Figure ). The ball has a hole, or port, through the middle so that when the port is in
line with both ends of the valve, flow will occur. When the valve is closed, the hole is
perpendicular to the ends of the valve, and flow is blocked. The handle or lever will be in
line with the port position letting the observer sees the valve's position. The ball valve is a

part of the family of quarter turn valves.

Ball valves are durable and usually work to achieve perfect shutoff even after years
of disuse, thus an excellent choice for shutoff applications. Ball valves are used extensively
in industry because they are very versatile, pressures up to 10,000 psi, temperatures up to
200 Deg C. They are easy to repair, operate manually or by actuators. The body of ball

valves may be made of metal, plastic or metal with a ceramic center. [6]



Figure 1: Ball Valve

2.1.2  Butterfly Valve

A butterfly valveis a type of flow control device, typically used to regulate
a fluid flowing through a section of pipe. A plate or disc is positioned in the center of
the pipe (refer Figure 2). The disc has a rod through it connected to an actuator on the
outside of the valve. Rotating the actuator turns the disc either parallel or perpendicular to
the flow. Unlike a ball valve, the disc is always present within the flow, therefore

a pressure drop is always induced in the flow, regardless of valve position.

A butterfly valve is from a family of valves called quarter-turn valves. The butterfly
is a metal disc mounted on a rod. When the valve is closed, the disc is turned so that it
completely blocks off the passageway. When the valve is fully open, the disc is rotated a

quarter turn so that it allows an almost unrestricted passage of the fluid. [7]

Figure 2: Butterfly Valve



2.2 Partial Stroke Test

The definition of Partial Stroke Testing (PST) is to close a valve partially, and after a
few seconds, will return it to the initial position. Even the impact of the valve movement on
process flow is negligible since it is so small but the movement is still sufficient to reveal
several types of dangerous failure. PST is introduced to detect failures without disturbing the

process, that otherwise require functional tests. [8]

PST can be used to replace Full Stroke Test (FST) as an alternative to reduce the
FST interval required to achieve Safety Integrity Level (SIL). In order to implement PST,
FieldCare Software is used which is developed by Metso Neles. Other than that, the Neles
ValvGuard system also plays an important role where it automatically tests the valves based
on programmed testing interval. The interval for the test stroke can vary from every minute
up to once a year or more. In this project, for every testing period, six stroke tests will be

done for each valve with 15 minutes interval for each stroke.

2.2.1 Safety Integrity Level (SIL)

Safety Integrity Level (SIL) is defined as a relative level of risk-reduction provided
by a safety function, or to specify a target level of risk reduction. Four SILs are defined,
with SIL4 being the most dependable and SIL1 being the least. Partial Stroke Test (PST) is
one of the most effective techniques for enabling a single valve to achieve safety integrity
level (SIL) 2 performance or possibly even SIL 3. The statistical measure of availability in

an emergency is called the Probability of Failure on Demand (PFD).

PST improves the ESD valve performance, as measured by the Probability of Failure
on Demand (PFD). The amount of the reduction is dependent on the valve and its
application environment. The probability to fail on demand (PFD) can be calculated using

the dangerous failure rate (AD) and the testing interval (TT).

The mathematical relationship, assuming that systematic failures are minimized

through design practice, is as follows:

PFD =AD * T1/2



The equation shows that the relationship between PFD and TI is linear. The longer
testing interval (TT) yields larger PFD [9]. PFD calculations consist of two parts: on-line
testing and off-line testing. When dealing with safety valves, the on-line diagnostics part
relates to PST and the off-line part to periodic maintenance. With frequent on-line testing,
better diagnostic coverage, shorter mean times for repair and good communication methods,

it is possible to achieve lower PFD which is preferable.

2.2.2  Neles ValvGuard System

Neles ValvGuard will control the Emergency Shutdown (ESD) valve testing
automatically. Whereas traditional systems require testing while the process is completely
shutdown, but with Neles Valve guard the valve performance is tested and monitor
automatically on continuous, real time basis, without disturbing the process. Furthermore, a
clear signal will be given to control room showing the valve status (OK, testing, alarm).
Based on information data, plant production can be optimized and predictive maintenance

plans can be made if needed.

Neles ValvGuard system is able to check the condition of the whole valve package
by partial stroke test conducted whilst the plant is running. In addition, ValvGuard performs
a separate pneumatic test which verifies all components and the system integrity up to a
change of air pressure in the actuator. Malfunctions and alerts are transmitted in real time to
the Distributed Control System (DCS). Automated valve testing done by the ValvGuard

system adds value by both lowering maintenance costs and increasing safety.

Neles ValvGuard comprises two components which are Remote Communication
Interface (RCI) and ValvGuard (VG). In this project, VG800 is installed at butterfly valve
while VG9000 is installed at ball valve. RCI is usually installed close to the control room
and VG800/VG9000 is mounted on the field located at ESD valve actuator. The general

arrangement is shown in Figure 3.



SAFE AREA
CONTROL ROOM

Figure 3: Neles ValvGuard System

Neles ValvGuard operates at two independent levels which are safety level and
diagnostic level. For safety level, there is safety circuit, where the 0/24 Vdc output signal
from plant safety-PLC is connected to the RCI within the cross connection control cabinet.
The RCI output is wired through an isolator to the VG800 in the field using standard
cabling. Within the VG800, a spool valve controls the air supply to the valve actuator. The
spool valve is energized by the 24 Vdc which will open the ESD valve and is de-energized
at 0 V which will close the ESD valve (refer figure 8).

While for diagnostic level, programming and data collection functions are controlled
by the micro controller (uC). The pC takes its power from the normal state 24 Vdc supply.
In the 0 V condition, the pC is inactive. pC functionality is configured remotely by a
software package called Valve Manager. Certain functions can also be controlled locally by
use of push buttons mounted within the VG800/VG9000 casing (see Figure 4 and 5). It is
necessary to remove the cover of the VG800/VG9000 to do this.

2.2.2.1 ValvGuard VG800/VG9000

VG9000 (refer Figure 5) has the same function as VG800 (refer Figure 4) such as
can conduct pneumatic and valve test but VG9000 has extensive safety valve testing
capabilities and improved diagnostics data, hence, more data can be gathered. For VG9000
it has extra function such as it can conduct emergency trip test and the pneumatic test is also
done differently where the spool valve will be de-energize and energize back in fast manner

for sometime while for VG800 it only be done once. Another extra function that VG9000



has is that the device is powered during the trip and can collect diagnostics information and

the speed and temperature of the valve is also known.

Figure 5: VG9000

2.2.2.2 Remote Communication Interface (RCI)

Remote communication from the control room with the VG800 is made via Highway
Addressable Remote Transducer (HART) protocol and a Personal Computer (PC) fitted with
a suitable modem wired to the Remote Communication Interface (RCI). There is a second
real-time communication system which enables the pC to send messages to RCI and further
on to the plant DCS system. The RCI (refer Figure 6) is mounted in the control cabinet of
plant safety PLC and connected to its output. Nominal safety PLC output is 24 V but a 15 %

variance on this is acceptable.



RCI has three functions, which are to transmit HART signals to and from the
VG800/VG9000 field device and also filter the noise along the transmission (refer Figure
7). A suitable modem is connected between the PC and the RCI to facilitate this. Thirdly, the
RCI function is to receive real-time signals from the VG800/VG9000 field unit. These
signals are displayed on three Light Emitting Diodes (LED) mounted on the RCI casing. The
RCI also has relay potential free contact outputs which correspond with the LED display.
Three signals are given which Green indicates OK, Yellow indicates Test and Red indicates
Alarm. (Refer to Figure 6).

Figure 6: Remote Communication Interface (RCI)
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Figure 7: RCI Circuit Diagram
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Figure 8: Prestage (PR) and Spool Valve

During service period the 24 Vdc supply powers the prestage (PR) redundant coils,
A and B (refer to Figure 8) which control the air pressure on the spool valve (SV) in such a
position that keeps the SV return spring compressed. The SV is arranged so that the actuator
air supply is maintained on the actuator piston in opposition to the actuator return spring

thereby keeping the ESD valve open.

When an emergency occurs, the power at the control room is switched to 0 v, this de-
energizes both PR coils and vents the pressure on the SV causing the SV return spring to
change the SV position to shut off the air supply and to vent the air above the actuator
piston. The actuator spring then closes the ESD valve. When power is restored the PR coils
are energized back and air pressure once more causes the SV to compress the SV return

spring. Air supply pressure is again applied to the actuator piston which opens the ESD
valve. [10]
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2.2.3 FieldCare Sofiware

FieldCare is a scalable field management tool for the configuration, diagnostics and
condition monitoring of intelligent field devices. It is used for configuration and condition
monitoring of VG800/VG9000 (refer Figure 9). Data collected during testing is
automatically posted to a database, which can be accessed by authorized personnel. It is
used to interrogate, configure and collect data when connected to VG800/VG9000. It
provides real-time information under operational process conditions, and its ability to

browse and store data makes prediction of device condition extremely accurate.

The information it provides supports predictive maintenance and can be used to plan
regular maintenance activities, ensuring sufficient time to order spare parts and plan for
service operations. It is universal Field Device Tool (FDT)-based software. FDT is an open
software specification supported by major instrument and control system suppliers. It
consists of an FDT frame application and Device Type Managers (DTM). It is independent
of communication protocol. A DTM is a user interface for device operation that is developed

by the vendor and can be used in any frame application. [11]
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Figure 9: FieldCare software interface
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2.3 Full Stroke Test

Full Stroke means whenever emergency happens, the valve will be forced to fully
close. In order to control the Full Stroke Test, Programmable Logic Control (PLC) is used in

the project together with the WideField2 Software (YOKOGAWA).

2.3.1 Programmable Logic Controller (PLC)

Programmable Logic Controller (PLC) is a digital operated electronics system,
designed for industrial environment to implement specific functions such as logic,
sequencing, timing, counting and arithmetic to control the outputs. The function of PLC is to
continual scanning of a program which means running through all conditions within a
guaranteed period. In this project, PLC is used is used for start-up and to control the Full

Stroke Test (FST) execution which it is used to force the valve to fully open or close.

Figure 10: Programmable Logic Controller

For this Full Stroke Test, ladder diagram which is primarily used to develop software
for PLC used in industrial control applications is taken into concern (refer to Figure 11). It
is a programming language that represents a program by a graphical diagram based on
the circuit diagrams of relay-based logic hardware is used to develop software for the PLC.

The ladder diagram of PLC is developed by using WideField2 software.
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Figure 11: Ladder Diagram for Programmable Logic Controller

Ladder diagram can be thought of as a rule-based language, rather than a procedural
language. A rung in the ladder represents a rule. When implemented in a PLC, the rules are
typically executed sequentially by software, in a continuous loop (scan). By executing the
loop fast enough, typically many times per second, the effect of simultaneous and immediate
execution is relatively achieved to within the tolerance of the time required to execute every

rung in the loop (the scan time). [12]

When Full Stroke Test (FST) is executed for ball valve, 100002 will send signal to
Y 00203 (ball valve) to respond to be fully close after Sseconds. There are timers involved
which are T00001 and T00002. After 20 seconds, then the ball valve received another signal
that gives command to it to respond to be fully open back.

On the other hand, for butterfly valve Full Stroke Test, 100003 will send the signal to
Y 00204 (butterfly valve) to respond to be fully closed afier 2 seconds. Timers involved are
T00003 and T00004 which are used to set the Y00204 to be fully close or open. After 20
seconds, the valve will receive another signal that asks it to fully open back. The orange

colour indicates that there is connection between them.
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Table 1: Ladder Diagram Description for Ball Valve

Y00203 |

Represent Ball valve

Internal relay, I

100001

Used as a start-up signal for the both valves

Forced Set 100001 in order to move both
valves from fully closed to fully opened. PST
can only be done when valve is in fully
opened condition.

100002

Used to send FST signal for ball valve

Forced Set 100002 to conduct FST on ball
valve (valve will move to fully closed)

Timer, T

T00001

After 100002 is forced set, T0O0001 will be
triggered. Timer will be activated for 5
seconds before FST signal is sent to ball
valve. Ball valve will be closed fully.

T00002

T00001 signal will forced set T00002. Timer
will be activated for 20 seconds before
sending a signal for ball valve to move back
to its initial position from fully closed to fully
opened.




Table 2: Ladder Diagram Description for Butterfly Valve

Y

Output relay, Represent Butterfly valve

Valve

Internal relay, I | 100001 | Used as a start-up signal for the both valves

Forced Set 100001 in order to move both
valves from fully closed to fully opened. PST
can only be done when valve is in fully
opened condition.

100003 | Used to send FST signal for butterfly valve

Forced Set 100003 to conduct FST on butterfly]
valve (valve will move to fully closed)

Timer, T T00003 | After 100003 is forced set, T0O0003 will be
triggered. Timer will be activated for 2
seconds before FST signal is sent to butterfly
valve. Butterfly valve will be closed fully.

T00004 | TO0003 signal will forced set T0O0004. Timer
will be activated for 20 seconds before
sending a signal for butterfly valve to move
back to its initial position from fully closed to
fully opened.
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2.3.2 WideField2 Software

WideField2 introduces new functions like program modularization, local devices,
component macros and structures for defining structures of devices, to realize further
modularization of programs and device structures. By using the software, PLC program
which is known as ladder diagram is run during the testing period to fully open the ESD

valves at the beginning of the testing and to conduct the FST.
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Figure 12: WideField2 Software (Programmable Logic Controller)
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CHAPTER 3
METHODOLOGY

3.1 Procedure Identification

Upgrade Ball Valve from VG800 to
VG9000 (on 9274 day of Phase I)

v

Completed Phase I of Project

(90 days Dry Test)

v
Analyze Data
v
Start Phase Il of Project

v

Design mini plant <
v

No

Design success?

Yes
Build mini plant

A

No

Mini plant completed?

v Yes

Design Procedures for Phase 11 Test
(Testing with Real Flow Medium)

v
Perform Phase Il Test

Figure 13: Project Flow Diagram
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The project flow diagram (refer Figure 13) explains the project flow undertaken and
plan to be undertaken throughout two semesters. Phase I of the project has been completed
at the beginning of the semester. At this moment, the project has entered the second stage
which is called Phase Il and at this stage, mini plant is planned to be built. The draft of the
mini plant has been made and has been brought into discussion with PETRONAS. While
sketching the mini plant design, the safety matter and the cost involved were being

considered.

3.2 Tools and Equipments

Several tools and sofiware are required in order to implement this project which as

follow:

e Emergency Shutdown Valves
- There are two types of valve which are ball and butterfly from Metso Neles.

Specifications of the valves are tabulated in 7able 3 and 4.

Figure 14: Ball and Butterfly Valve from Metso Neles



Table 3: Ball Valve Specification

Positioner Information

Device Type VG3800/9000 | Manufacturer Metso Automation
Device 1D 1410103 SW Revision 2
HW Revision 1 Final Assembly Number |0
Device Serial | 2008-02-9300 | Position Sensor Serial | 834550

Number Number

Assembly Related

Valve Acting Type Rotary
Rotation Direction to Fail | Clockwise

Safe
Fail Safe Action Close

Table 4: Butterfly Valve Specification

Positioner Information

Device Type VG800 Manufacturer Metso Automation
Device ID 1410066 SW Revision 2
HW Revision 1 Final Assembly Number | 0
Device Serial | 2007-50-9201 | Position Sensor Serial | 834561

Number Number

Assembly Related

Valve Acting Type Rotary
Rotation Direction to Fail | Clockwise

Safe
Fail Safe Action Close
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e Programmable Logic Control

- It is used to control the Full Stroke Test, scanning of a program which means

running through all conditions within a guaranteed period.

Table 5: Programmable Logic Controller Specification

Company YOKOGAWA (made in Japan)
Model F3SP08

SUFFIX -OP

STYLE S1

REV 15:02

SUPPLY -

I/P 100 -240 Vac

o/pP -

DATE 2007/07/04

NO F7G041069

e  VG800/VG9000
- Enables programmable functions and communication between the control room
and the ESD valve in the field

o WideField2 Sofiware
- It is develop by vendor YOKOGAWA for simulate Full Stroke Testing.

— et N

Figure 15: WideField2 Software
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e HART Server

- Allow the ESD valves to communicate with the PST Software.
e FieldCare Software

- It is develop by vendor Metso Neles to perform Partial Stroke Test and collect

diagnostics information.
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Figure 16: FieldCare Software

3.3 Phase I Testing Procedures

Testing procedures briefly explained in Figure 17 were used during Phase I (Dry
Test). The detailed testing procedures are attached in Appendix D. The testing is done every
day and it takes approximately about one hour and a half since six strokes are executed for
both valves and one stroke takes about 15 minutes. Before the test is started, first, an Excel
file is open and the testing time is planned with 15 minutes intervals for each stroke. In the
same Excel file, load factor and breakdown pressure is also recorded. The testing procedures
for Phase 11 (Testing with Real Flow) are still in progress and will only be completed after

the mini plant is successfully built.

For Phase I, three softwares must be set up which are WideField2, HART server and
FieldCare software. FieldCare is used to conduct PST where VG9000 is means for ball valve

and VG800 is for butterfly valve while for conducting FST, WideField2 is used. Briefly, the
steps involved during the Phase I (Dry Test) are as follow:
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Figure 17: Phase | Testing Procedures



CHAPTER 4
RESULTS AND DISCUSSION

4.1 Overview of Phase I Testing Criterion

Phase I of the project (Dry Test) has been completed at the beginning of the semester
which is total of 104 of testing day with different conditions but has covered 90 days of
testing that follow requirements given by PETRONAS which are 0.05 Bar pressure step and

stroke size 20% closing. The testing condition involved is as follow:

Table 6: Testing Days with different conditions

Testing condition Days
(Pressure step, Stroke size)
0.05 Bar, 20% closing 920
0.05 Bar, 30% closing 4
0.005 Bar, 20% closing 10

For every testing day, six strokes of each valve are conducted in the interval of 15
minutes for every stroke. At every third stroke, FST will be performed to overwrite PST
while for the remaining five strokes, PST is conducted solely. On gy™ day (75lh day of
testing based on PETRONAS requirement) , ball valve has been upgraded to VG9000 which
yields different pattern of graphs compared to butterfly valve which is still continued using
VG800.

There are several testing criteria that are taken into discussion. For the pneumatic
test, only one graph is obtained named pneumatic test graph which shows the pressure drops
and recover back. During pneumatic test for butterfly valve (VG800), the spool valve is de

energized and energized back only one time but for ball valve (VG9000) it is done a few

times which takes several minutes.
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While performing partial stroke test for butterfly valve (VG800), three graphs are
obtained that are valve signature, load factor and breakaway pressure graph while for ball
valve (VG9000), five graphs are obtained which are two graphs for valve signature, load
factor, breakaway pressure, and emergency trip test graph. For load factor and breakaway
pressure, there are historical value captured in the graph which means it shows value from

the latest result of testing to the previous time of result testing.

In this report, one set of test result for each valve are taken into discussion since the
trends are the same. The samples of graphs are taken from 104" testing day which
equivalent to oo™ day for test that follow PETRONAS requirement (last day). The rest of the
Phase I results are recorded in Appendix C with scale one sample for ten days hence for 90
days, nine set of test results are presented. Since both valves show a consistent trend of

reliable results, therefore they show a good performance as emergency shutdown valve.

4.2 Pneumatic Test

Pneumatic test is done to test the spool valve condition inside VG800/VG9000. The
spool valve acts like a limit switch which it control the opening and closing of valve since it
controls the instrument air supply into the valve diaphragm. During the test, pressure is

released from the actuator diaphragm by de-energizing the spool valve for a few seconds.

When the spool valve is been de-energized, the pressure will drop but not exceed the
breakaway pressure to avoid valve from moving, and then it will be sensed by a pressure
sensor located inside the VG800/VG9000 and an action will be taken to compensate the
pressure drop which is by energizing it back in fast manner, then the pressure drop will
recover. For VG800, it is done only once but for VG9000, it is done for several times (refer
figure 18 and 19).

The time taken for the pressure drop to recover back is the main part during the test
where the faster the time taken the better the performance of the spool valve because it
shows that the spool valve is reliable since it can respond to any changes of pressure in fast
response. Pneumatic test is done at every stroke before conducting valve tests due to safety
purpose. Therefore for every testing, six pneumatic test graphs of are obtained for each

valve type.
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Figure 18: Pneumatic Test for Ball Valve
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Figure 19: Pneumatic Test for Butterfly Valve

The graphs (refer figure 18 and 19) show that the spool valve for ball and butterfly
valve are in good condition since the pressure will drop but not beyond the breakaway
pressure when we de-energized the spool valve and when we energize back the spool valve
then the pressure recovers back in fast response. Therefore, if any changes happen, the spool
valve will take action to compensate the changes in fast manner that is very important to

prevent danger when emergency occurs.
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4.3 Valve Test (Partial Stroke Test)

Valve Test is referring to the Partial Stroke Test (PST) which is done six times for
both valves, ball and butterfly type. The valve test is set to have 20% valve stroking with
0.05 bar pressure. Before the test is executed, the valve must be ensured to be at fully open
condition because during the test, both valves will be stroked 20% which means 80%
opening remains. However, during third stroke test for both valves, Full Stroke Test will be

executed to overwrite the PST.

During valve test, for ball valve (VG9000) two valve signature graphs are obtained
which is pressure difference versus position and position versus time while for butterfly
valve only one valve signature is obtained which is pressure difference versus position (refer
to figure 20, 21 and 22). From the graph, the testing criteria such as breakaway pressure and

load factor can be observed.

The samples of graphs for ball and butterfly valve are attached below where the
testing criteria are labeled. The value of breakaway pressure and load factor can be known
by analyzing the valve signature. The samples of valve signature show that both valve have

good performance since it can stroke 20% closing and then return back to the initial

condition (fully open).
Valve fully
opened back
28+ o
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Figure 20: Valve Signature for Ball Valve (Pressure Difference versus Position)
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Figure 22: Valve Signature for Butterfly Valve

During this test, “Valve Signature" plot will be analyzed. This plot shows the
integrity of the valve body and actuator assemblies. “Y™ axis represents the input which is
actuator pressure while “X” axis represent the output which is valve travel or valve position
(%). By plotting the data in this fashion, any increase or decrease in force can be observed

by a vertical change on the graph.

At the beginning, the pressure is lower because both ESD valves are air to open
valve (fail-close type). It requires air in order to move the valve to open position. Since the
valves are fail-close type, therefore when the partial stroke test starts, a few amount of
pressure supply will be released and thus the actuator pressure will drop and reach
breakaway pressure which is represented by the bottom green line. After it reaches
breakaway pressure, then only the valve will start moving from fully open to 20% closing,
then the pressure will increase back and the valve will move to its initial condition which is

fully open.
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4.4 Full Stroke Test

At every third stroke, Full Stroke Test (FST) will be executed to overwrite PST
which means PST collides with FST. At first, the valve received signal from FieldCare
software to do PST. Then, when the valve starts to close 20%, another signal is sent from
Programmable Logic Controller (PLC) that gives command to valve to be fully closed to
mock the situation that an emergency has occurred and the valve need to be fully closed to
prevent danger. Based on observation, the valve will bypass the instruction given by
FieldCare software and it follows PLC instruction to perform FST which means the valve

will be fully closed.

In real life, that situation represents condition which, if during the time the PST is
conducted then suddenly an emergency occurs, the ValvGuard will bypass the PST
procedure and perform safety function which is move the valve to be fully closed
immediately to prevent danger or any loss or damage to plant. The figures (refer Figure 23,
24, 25) show the errors by the FieldCare Software indicating that PST is failed and FST is

done for Ball and Butterfly Valve respectively. The Full Stroke Test results are as follow:
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Figure 23: No graph is obtained since PST is interrupted for Ball valve
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Figure 24: PST is cancelled for Ball Valve from Event Log
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Figure 25: PST Failed for Butterfly Valve
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4.5 Breakaway Pressure

Breakaway pressure indicates the pressure measurement level at which the valve
starts to move during a valve test. The trend data is calculated and updated every time a
valve test is performed. The trend can be used to analyze valve load changes and predict

future behavior of safety valve.

The breakaway pressure for both valves is almost the same which is around 2 to 3bar
which means it is the amount needed to be supplied in order for valve to start moving.
Figure 26 and 27 show historical trend of breakaway pressure for the valves and since it is
almost constant, it determines that the valves are in good condition and do not have any
wear and tear symptom or any leakage at the actuator diaphragm. The summary of the
breakaway pressure for both valves is recorded for analysis purpose (refer Figure 28 and
29).

Breakaway Pressure [bar]
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Ava of 1000 tests Ava of 100 tests Ava of 10 tests Latest tests
Figure 26: Breakaway pressure for Ball Valve
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Figure 27: Breakaway pressure for Butterfly Valve
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Figure 28: Summary for Breakaway Pressure (Butterfly Valve)
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Figure 29: Summary for Breakaway Pressure (Ball Valve)

32




4.6 Load Factor

For ValvGuard, in addition to the valve position measurement, there is an actuator
cylinder pressure measurement, which enables the operator to get the load factor trend graph
retrieved from partial stroke test. Load factor (refer to Figure 30, and 31) is actually the
percentage of the air supply needed or used to stroke a valve. The load factor is calculated
from PST data, which indicates the friction changes of the valve. In this Phase I project, the
load factor of the valves only started to be recorded on 56" day of testing which refer to

testing day that followed PETRONAS requirement (refer Figure 32 and 33).

A high load-factor value means increased friction due to the structure of the valve.
For example, a ball type consists of core and seat inside it, therefore at every time the valve
moves, the core always has contact with the seat which caused more friction compare to a
butterfly valve that consists of gate and seat inside it where the gate only has contact with
the seat at fully close condition and when the valve starts to move it will no longer has

contact with seat, therefore the friction is less.

Less friction leads to less load factor because less instrument air needed to move the
valve. Because of that, the load factor for butterfly valve is lesser than ball valve (refer
figure 32 and 33). This friction load is measured on every partial stroke test and stored to a
historical trend, therefore comparison can be made between the current valve friction load to

a long time history (when the valve was new).
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Figure 30: Load Factor for Ball Valve
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Figure 32: Summary of Load Factor (Butterfly Valve)
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4.7 Reliability

During Phase I, the Dry Test has been conducted and completed and it gives a very
good result which the system has never failed. Since both valves never fail to function to
requirement for every testing day that has been done, therefore the reliability of the system

can be calculated as follow:

Total testing days = 90 days

For every testing, 6 strokes were done which are 5 Partial Stroke Test (PST) plus 1 Partial
Stroke Test (PST) + Full Stroke Test (FST).

5 PST + 1 PST & FST = 6 strokes

Thus, 90 days x 6 strokes = 540 strokes has been done successfully.

Normally, Partial Stroke Test is conducted in plant once in every three months.
Therefore, this accelerated testing represents 540 x 3 months = 1620 months = 135 years of
system reliability.

Based on the calculation, we can conclude that the test quantitatively shows that the

system will be reliable for at least 135 years which means it should never fail within that

period of time.
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4.8 Extra Features of VG9000

Since VG9000 is an upgraded version of VG800, therefore, it has more features and
function that can be used in testing the valve performance. For example, the valve opening
and closing time at full speed (refer Figure 36 and 37), valve temperature (refer Figure 34)
and target stroke size deviation (refer Figure 35) can be known which VG800 cannot give.
Besides that, VG9000 also has extra function which is emergency trip test (refer Figure 38)

that will full stroke the valve when requested.
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Figure 34: Ball Valve Temperature
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Figure 35: Ball Valve Target Stroke Size Deviation
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Figure 36: Ball Valve Opening Time
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Figure 37: Ball Valve Closing Time
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Figure 38: Ball Valve Emergency Trip Test
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4.9 Problem Encounter in Phase I

During Phase | of the project, there was one problem occurred which are:

1. Wrong Connection of RCI

4.9.1 Wrong Connection of RCI

The problem occurred after the contractor has installed the cabinet for all the wiring
and devices. HART server cannot detect ValvGuard (VG800) for both valve, thus there is no
communication establish between computer and the VG800. While at FieldCare Software, it
give error message indicate that the devices are not found. As a result, no testing can be
done. This is caused by the wrong connection for RCI. So the VG800 cannot communicate
with the HART Server. After the wiring connection is being corrected, the HART Server

can detect both ValvGuard and testing can be done.
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Figure 39: Error message
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4.10 Design Mini Plant in Phase 1T

After completion of Phase 1, the project started to enter the Phase I which is to
perform Phase II Test (Testing with Real Flow Medium). In order to perform Phase I Test
which is performing the partial stroke testing with real flow going into the ESD valve, a
mini plant must be built. Therefore, at this moment the mini plant design which is needed in
order to build the mini plant is in progress. The mini plant consists of eight ESD valves that

are ball and butterfly type from Metso Neles, Fisher, Mesoneilan, and Rotork.

4.10.1 First Draft of Mini Plant

In the first draft of the mini plant, all eight ESD valves is planned to be located in
one single loop (refer Figure 42) where four of them are at one side of the loop and another
four ESD valves are located at the other side of the loop. A flow control valve is also
needed to control the flow and to bypass the ESD valves if one of them has problem. Other
than that, a water tank is needed to store water that will flow into the pipeline during the

Phase Il test and a pump is also crucial in order to increase the flow rate inside the pipeline.

SDV-8 SOV-7 SDV-6 SDv-5  SDv-4

S AR

Fluid: Water

Operating
Pressure: 1 bar

Figure 40: First Draft of Mini Plant
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Size of the emergency shutdown valves is not the same from one vendor to another

and the data is recorded in the table below:

Table 7: Size of Emergency Shutdown Valve

Brand Ball Valve Butterfly Valve

Fisher 6 inch 3 inch
Mesoneilan 6 inch 4 inch
Metso Neles 6 inch 6 inch

Rotork 6 inch 6 inch

The arrangement of the eight ESD valves in the first draft is based on increasing in
size which starts from the smallest size that is 3 inches to the bigger size of valve and the
biggest size is 6 inches. This arrangement is chosen because of the safety purpose where the
pressure of flow will be increased step by step. Between the valves, reducer is used in order
to increase the size of the pipeline. Apart from that, the size of water tank, length of the
pipeline, output discharge of water pump, and the exact location of the mini plant are

another crucial matter to be decided.

4.10.2  Second Draft of Mini Plant

After done more self study and having discussion with supervisor regarding the
project, the second draft of the process design is initiated which is an improvement version
of the first draft. Based on the previous design, the amount of pressure drop that may
occurred in the pipeline is concerned since the water from the tank will flow through all
eight ESD valves before it returns back to the water tank. This means that, more valves in
the pipeline in one single loop, more constraint for the water flow and more pressure drop
will happen which may lead to decrease in volumetric flow rate inside the pipeline when the

water reaches at the end of the loop.

40



Therefore, in the second draft of the process design it is decided that only four valves
will be in the operation at one time when the testing is conducted which means that the
arrangement of the valves is designed to be four valves in one loop. This means that the
plant will have two different loop s for the water flow to conduct the Phase 1I Test called
loop A and loop B. If the valve to be tested is located in loop A, thus the water will only
flow through loop A and at that moment loop B will be isolated from the process. The
isolation process can be done by installing two hand valves for each loop which is located at

beginning and ending of the loop.

In this second draft, some of the design criteria are also decided such as the pump
rating is decided to be 45 ¢ / min equivalent to 0.045 m’/ min which is possible to be
purchased, the gap between each ESD valve is 1 m each and there are two size of pipeline
which are 2 inch and 6 inch diameter pipe. The detailed measurement of the PST test rig is

shown in figure 43.

The proposed size of the water tank is 0.1963 m® which it is 1 m in height and 0.25
m in radius. Detailed calculation has been done before determining the water tank size.
From the calculation, it must be determined that those size of tank will be enough to store
water to fill the pipeline of the longest testing path with water flow in order to conduct the
testing or in other words the path used for testing the ESD valve located at the farthest
location from the water tank. If that particular tank size is enough to supply water for the
biggest volume of pipeline which means the longest testing path, thus, it should be more
than enough to supply water for the smaller volume of pipeline loop which means the
shorter testing path. This assumption can be made since only one valve can be tested at one

time.

In the calculation, the biggest volume of the water flow in pipeline is calculated first
as bench mark. Then, by taking into consideration the output discharge of water pump, the
time taken for the water to fill the pipeline is calculated and the testing time is estimated.
Next, the minimum volume of water tank required to sustain water to flow fully in the
pipeline for that particular time is determined. After that, by using the proposed radius and
height, the volume of the tank is calculated. Finally, comparison is made between the
volume of tank and the minimum volume of water tank required. From the calculation, it is

proven that the water tank size proposed is reasonable.
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Figure 41: Second Draft of Mini Plant

The detailed calculation of the project is shown below:

Volume for 2” pipe diameter,

r=1"=00254m

1=05+05+025+07+07 +4+1+1+14=10.05m
A = nr? = n(0.0254)% = 0.00203m?

V = Al = 0.00203x10.05 = 0.0204m®

Volume for 6" pipe diameter,

r—3"— 00762
1=025+1+1+1+05= 3.75
A =nr? =nr(0.0762)* = 0.01824m*
V = Al = 0.01824x3.75 = 0.0684m®

Viotat = Vo + Vg = 0.0204 + 0.0684 = 0.0888m°*
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. : x 1/ . m3
The output discharge of the available pump is 45 Imin = 0-045 /min

=~ Volumetric flow rate,V

4
V=

t
t—V——0'0888—197 in = 118.4s ¥ 120
_V‘-U.U‘}b—‘ min = 25 ~ S
ttu‘:ing = 80s

Total time required =t + t,,..;,, = 120 + 80 = 200s = 3.333min

* minimum volume tank required = V, ;. . = 0.045 m* /min X 3.333min = 0.15m®

By using hand valves at beginning and ending of each branch, the total time has
been reduced since the flow is directed to either of the branches depending on the location

of the valve to be tested. This is because only one valve will be tested at one time.

To re-check the volume of the tank with the specified r and A,
Viane = r*h =m X 0.25% X 1 = 0.196m°

Thus, the size of the tank is valid because:
Vtank > Vpiring

0.196m* > 0.15m*
Therefore, the summary of the second draft is:
1. Minimum volume tank required = 0.15 m®

2. Tank size = 0.196 m’ (1 m in height and 0.25 m in radius)
3. Water pump rating = 45 ¢/ min = 0.045 m*/ min
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4.10.3  Final Draft of Mini Plant

For the final draft, the mini plant design is more or less the same with the second
draft design but it has been decided to have lesser valves in one single loop. After having
discussion with PETRONAS, the amount of valves which is four in one loop in second draft
has been decreased to two valves in one loop for the final draft (refer to Figure 44). Thus,
there are four different loops called Loop A, Loop B, Loop C, and Loop D in the final draft
of the mini plant design. By having lesser valves in a single loop, we can decrease the
constraint for the water flow thus lessen the pressure drop in the pipeline which will then
decrease the percentage of having low volumetric flow rate inside the pipeline when the

water reaches the end of the loop.

1m im
— |} — | w3

SDv-4 SDV-6
Fluid: Water
6" 6" 14m
Operating Pressure: '
1bar ]
SDV-5
=] SOV-3, ) SOv-7
2 alm im

N - Hand valve

Figure 42: Final draft of Mini Plant

The same concept like in the second drafi, at one operation time only one loop of
valve will be operated, thus if one valve in that particular loop let say Loop A is having
problem only another one valve’s operation is affected which compare to second draft, if
one valve is having problem in that loop it will affected another three valves operation.
Therefore, by having the new design, the probability of one valve cannot be operated has

been reduced.
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For the final draft, same design criteria like second draft are used such as the pump
rating is 45 ¢/ min equivalent to 0.045 m’/ min which is possible to be purchased, the gap
between each ESD valve is | m each and there are two size of pipeline which are 2 inch and

6 inch diameter pipe. The detailed measurement of the PST test rig is shown in figure 44.

The water tank size proposed is 0.1963 m® which it is 1 m in height and 0.25 m in
radius and it is coincidentally the same with second draft. Detailed calculation for the final
draft has been done before determining the water tank size and is shown below. While doing
the calculation, the same concept is used which is the longest path used for the water to flow
during the testing is taking into concerned since if the water in the tank is enough to test the
valve located in the farthest location, it should be more than enough to supply water for
valve located at closer location from the water tank. This assumption can be made since only

one valve can be tested at one time.

First step in the calculation, the biggest volume of the water flow in pipeline which
referred to the longest path taken by the water to flow in pipeline is calculated first as bench
mark. Since we know the output discharge of water pump, the time taken for the water to fill
the pipeline is then calculated and the testing time is estimated. The total time required is

then estimated.

After that, the minimum volume of water tank required to sustain water to flow fully
in the pipeline for that particular time is determined. Then, volume of water tank is
calculated by using the proposed radius and height. Lastly, volume of tank obtained from
calculation is compared with the minimum volume of tank required. From the calculation, it

is proven that the water tank size proposed for the final draft is reasonable.

For safety purpose, a pressure gauge, a flow transmitter and an on/off valve (safety
valve) will be installed in the loop. Whenever the pressure gauge senses any excessive
pressure inside the impulse line, it will send signal to safety valve to open in order to avoid
back pressure to the pump which can damage it. On the other hand, if the flow transmitter
measure low flowrate in the impulse line, it will send signal to pump to stop pumping since

if the pump is still pumping without any flow through it, it will also damage the pump.
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The detailed calculation of the project is shown below:

Volume for 2” pipe diameter,

r=1"=0.0254m
1=05+05+025+0.25+3+3+0.25+0.25+1+ 24 =11.4m
A =mr? = 1(0.0254)% = 0.00203m?

V = Al = 0.00203x11.4 = 0.023142 m?

Volume for 6 pipe diameter,

r=3"=0.0762m

1=(0.35mx6) + 14+ =3.5m

A = nr? = 1(0.0762)* = 0.01824m*
V = Al = 0.01824x3.75 = 0.06384m>

Viorar — Vi + V- — 0.023142 + 0.06384 — 0.086982m3

The output discharge of the available pump is 45 I/mm = 0.04»5””’3/',,“ﬂ

=~ Volumetric flowrate, V

Vv
t
, _V _ 0086982

%4 0.045

t:‘mn‘ = 805

= 1.933min = 115,985 ~ 120s

Total time required = t + t, 440, = 120 + 80 = 200s = 3.333min

> minimum volumetank required = Vyypiny = 0.045m3/min x 3.333min = 0.14985m?

Re-check the volume of the tank with the specified » and A,
Veank = 7r2h = m X 0.252 x 1 = 0.1963m3

Thus the size of the tank is valid because:
Vtar.k > Vpiping

0.1963m? > 0.14985m?
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Therefore, the summary of the final draft is:
I. Minimum volume tank required = 0.14985 m’

2. Tank size proposed= 0.1963 m® (1 m in height and 0.25 m in radius)
3. Water pump rating = 45 ¢/ min = 0.045 m*/ min
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The reliability of emergency shutdown (ESD) service is very crucial since it is an
important element in the safety loop and play big role in order to ensure the safety of the
plant equipments and also the people working in that area if any emergency occurs. In order
to ensure proper operation of ESD service, ESD valves must be actuated and to do so
without interrupting processes, Partial Stroke Test (PST) is the best solution since it can
reliably move an ESD valve between shutdowns. Therefore, it can improve ESD valve

integrity and confirm availability.

Phase 1 of the project which is conducting Dry Test for 90 days has been completed
and both ball and butterfly valve successfully passed the test. On 92" day (75" day of
testing based on PETRONAS requirement) of Dry Test, ball valve is upgraded from VG800
to VG9000 which has more features and extra safety function. As for now, we can conclude
that both ball and butterfly valve have a very good performance as an ESD valve since they
never fail to function to requirement, during every testing days. The trend of results that
were obtained is similar and do not show any irregularity. Based on the reliability
calculation, it can be concluded that the system is reliable for at least 135 years without

failure.

At this moment, Phase I of the project which is to build a mini plant and later to
perform Testing with real Flow has started. At this time, final draft of the mini plant design
has been decided together with the detailed calculation. The final draft of the PST test plant
has been sent to PETRONAS and feedback from them is waited. Once the design has been
approved, the construction of the mini plant will be started. After the plant construction has

been completed, Phase 11 test will be conducted.
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5.2 Recommendations

First recommendation is that, the previous ESD valve trolleys are suggested to be re-
used in building the PST test rig. It is planned that all the ESD valve that already located on
the trolley be arranged side by side together with the trolley and the length measurement of

it have been taken into consideration in the design calculation.

Second recommendation is that the availability of water pump with higher flowrate
(current calculation used 45 litre per minute) output should be considered. If available, it
should be a better choice to increase the volumetric flow rate of water inside the pipeline.
Therefore, the time taken for the water from water tank to fill the testing pipeline can be

reduced.

Third recommendation is that new way of basic tests that will be conducted in Phase
Il would be similar to the existing test, namely: valve test, pneumatic test, and PST collides
with FST test. Hence, more realistic characteristic of the value performance can be realized.
By having real flow through valves, the more accurate outcome can be obtained since it

resembles the situation in the plant.

Forth recommendation is that, a mini plant may be built in open air condition in the
future which it is exposed to environment to simulate the real conditions and allow more

robust tests to be conducted and produces realistic test outcome.

The design has been done by mental calculation using realistic values. Thus next
recommendation for further work is that, it will be useful to simulate the plant to investigate
varies parameters like pressure at a specific location by using simulation tool, for example
HYSIS, or other tools.
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APPENDIX A
GANTT CHART

Table 8: Gantt Chart for Semester 1

Activities / Week

Selection of Project Topic

Data Gathering on Topic

W [N |

Submission of Preliminary Report

213

4

5

6

7

10

11

12

13

14

Testing procedures and requirement
identification

Conduct testing (FST and PST)

Submission of Progress Report

Seminar

Results Gathering

L=Ni--RES R E= R AV -8

Submission of Interim Report

Oral Presentation

Table 9: Gantt Chart for Semester 2

No

Activities / Week

1

213

4

5

6

7

10

11

12

13

14

Completed Phase 1 (Dry Test) and
start preparation of Phase I
(Destructive Test) which is designing
process to build mini plant

Logbook

LFS R ]

Continue to design process

=

Submission of Progress Report 1

Finalized Process Design and start to
build mini plant

Submission of Progress Report 2

Seminar

Perform Destructive Test

Ol |||

Conclusion and Recommendation

Poster Exhibition (Pre-EDX)

Submission of Draft  Report
(softbound)

12

Submission of Final Report

Submission of Dissertation
(hardbound)

25 June 2010

Oral Presentation

7—=11 June 2010
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APPENDIX B
DEVICE CONFIGURATION

Ball Valve l Ball Valve
Butterfly Valve Butterfly Valve Butterfly Valve
FISHER METSO NELES MASONEILAN
DVC SIS
RCI VG800
ESD

Figure 43: PST Project Device Configuration
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APPENDIX C
LOOP DRAWING

FRONT VIEW

Figure 44: External Skid Trolley Layout
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Figure 46: Single Line Diagram
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APPENDIX D
PHASE I DETAILED TESTING PROCEDURES

TO START EQUIPMENTS AND SOFTWARE

1. Open air supply
2. Create New Folder
3. Double click Widefield2 software > File > Open project > SEPT25 2 > SEPT25 2

Ezd& Find(S) View Online Debug/Maintenance Too

o Bro ) S Cerl+Shift+N
Open Project(H)... Ctri+Shift+O

At left: Double click METSO FST

== Widel icld? [SIPI25 2]
File Edit Find(S) WView Projes

i e e D e r |
o I [ O e |
[Mov ~] *|Eml D

=1 Project
i— [ Executable program
T F3SPO8-0P

P, Configuration
L] Common Tag Name De
i+ (3 Component Biocks
— (1 Block List
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e — ¥ | yoocooz | o.dms

00001 TOOOGS VOO0

At top: Online > connect > yes

Connecting to FA-M3. Do you wish to continue?
cTOomMa

] Yes l No I

4. Online > download > project > yes > yes > yes. Then, close white window.
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||| ] o 2 |ar  Sreoram Monkor... pnte I B ESTES]

MoV =] ea|@ma] (Dot Device Monkor
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Ea MO 2T PAT S
MOV 2ORMTS
Bl ocT1a l

e},

SEPT23 |

e SEPTT2 DOOOS{

I00002
el Macro List OUOOGNL =1

5. Click Online > Program Monitor
Double click METSO FST (ladder diagram layout appear)

mmms}mm-mmrﬂ.m

| e | o O e i | e

Disconnect Alt+D

e e e
[Mov ~] Alnl IDq Device Monitor I
=] Project Registered Device Monitor{(A) >
‘ﬂ_ (C3 Executable program Configuration Alt+H

F3SPOB8-0P CPU Program Information{J)
Component Detintion Common Tag Name Definition(S) Alt+G
Configuration Oper Mode
Common Tag Neme De .tl ml »
+ (1 Component Blocks ; =2 :
= '—Jﬁmmw1 Compare File and CPUGZ)... .
St DECI ROM Management >
LK METID11
BLK METSOFST Extended Functions >
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del weld 2 [STIV12% 2] Select Dock (Acive o
Fis  Edt  Find(S) View Project Online Db Tooks
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6. At ladder diagram:
100002 (ball) & 100003 (butterfly) > right click > forced reset (because do not want

any connection. If orange in colour means it has connection.)
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Fie [t Fnd(S) View Fropct Onie  DebugMertenerce Tools Window Help
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7. Check IS barrier (If has error, press + - symbol, choose mode with arrow (choose

auto mode) press for a few second.

8. Start > Program > HART server > HART server (click)

Pairt

Internet Cxplorer

Log OFF Administrator. . .

Turn OFFf Computer. ..

S Windows Madia Player it -

9. Click FieldCare > user login > type: user - Administrator, p/word — Admin. Click

login.

' Please enter User Name and
. Sheen oo

[lses Name: |Adminisuda Emt l

Password: | =] Settings >>

10. Create project (open) > HOST PC (right click) > add device > HART OPC Client >

ok
9 ——
FieldCare Tometse
Meow | Enisting | Pecer]
C e = i |
Crome Promct s:n-:-_-;u -'-u_\n'r :
_tHew | | T | Cancet |

| Do @ = &

Network Tag  C.. Channel A
B Ho~ P

Launch Wizard. ..

Device Lype (DTM) info...
Advanced gelect. ..
Import/Export »
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|_Device Veorsion Manulacturer
PROFidim DV V 2.02(107) (2005-1. .. - Softing AG
+ a V1.0.19 (2005-07-18) = Code’frights G..
< HART OPC Che V2.0 (2006-01-09) 5 Endress+Hauser
V1.5 (2006-01-10) - Endress+Hauser
- i il Soaad laZots b HUNESEE fef el sl T ST Bl L
M sl Sc e

Device ID_/ SublD:
M asnul acturer 1D

H archwares revvision:
Software revison

Is genenc: No

Help | [ oK ] Cancel |

11. Right click at HOC > create network > ok > ok > ok
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12. Double click VG9000H (ball) & VG800 (butterfly).
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> Right click at VG9000H (ball) & VG800 (butterfly) > press connect
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BALL VALVE (VG9000)

* test stoke size — 20%

1. Upload data (all views) — click arrow in green colour

Must be done to change the default stroke size from factory setting (10%) to our

predetermined size (20%)
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2. Click Monitoring > Device Variables > Start

VW D doa 0o
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For PST only (I*', 2", 4" 5" and 6" stroke):

3. Click Pneumatic test > manual Pneumatic test > start test
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For record (Pneumatic test result):

a. Print screen window pneumatic test result - test successful
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b. Graph from online monitoring > right click > export > JPG > file > browse >

“file name™ > save > export
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4. Click Partial Stroke Test > manual PST (stroke size =20%) > start test > ok
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For record (PST result):

a. Graph pressure diff vs position > right click > export > JPG > file > browse >

“file name” and where to save > save > export
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b. Graph position vs time > right click > export > JPG > file > browse > file

name > save > export
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5. Click Emergency Trip test > start test > ok > safety guarantee - name
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a. For record: graph position vs time > right click > export > JPG > file >

browse > file name > save > export
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6. Upload all view.
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7. File > Print > Save as > “file name” > save. (to get report in PDF format)
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For PST + FST (3" stroke):

8. Click Pneumatic test > manual Pneumatic test > start test

For record (Pneumatic test result):
a. Print screen window pneumatic test result - test successful

b. Graph from online monitoring > right click > export > JPG > file > browse >

file name > save > export

9. Click Partial Stroke Test > manual PST (stroke size =20%) > start test > ok
BUT when heard sound of air been released, go to Widefield (ladder diagram),

Right click at 100002 (for ball valve) > click forced set

w3 Widel leld? S 25% 2] »
mgmrm;ymnwmw-rnﬂ-mm

ol E == [ e T e W R Y el I R o=l R SN N E "’-l Ir-"' | I |i==
B Y [ SN R IR I I R Y I R e I ™ ] Wimcd I e T
[Mev =] ea|@@| [Cown =1
ot = =_- B
= (L) Execiuteble progrem
PRSP O8O
g Coswona s, Davirition 100001 TOOO0O1
Conngur stion ( |
Common Tag Neme De !
+ el Componort Blocks
< Blook 00002
O 5 pecy | Tooooz
Ty DeEc>
SLN METIIN
Y METEOFST 00003
5 NOovioz I
ﬁnovzmrs == I
S T Forcmd Hesot Shift++5
ﬁ g:;: ooaas TOOOI Cancel Forced Sot/Reset L3
BE ocTraoT l I__ Cancel All Forced Set/Reset Shift+F6 e L
% m;ga " word Data Change... r7
ser -
:::;:'rg 00005 ' 'oooq Lar-q wnrd lfh-k. ch.nq-. . ) .smn--rr
-y e A —-”—3 paessithridan ay .y
(3 Macro List 00006 L Start Oniire Editiog Ak4-E
Ecut >
} i -
Q0007 | iy -
10000 Display Mode -
s 3
[slelslel-} oo mf.amo-rrms; f:-le—v N
v—I ¥ £ RO FRagiatered e - - -5 e

For record (PST + FST result):

a. Click green arrow button (Upload data) > all view

Online Diagnostic > Event Log > Print Screen > Paste at word file
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C[ YGO000H [Offtine Parameterize)

vGo000™ T metso
A.-Z X 9. B @ [(¢DTM Comeced [ Devics Slats Wamming T —— =
) 477720105:21:49PM
Device Type Event Log
VGS000H -
Device Revision Event Tﬂ!‘i]l Date &
1 Emergency tp test successhul 2706294 4TP2005175 PM
2704743 4777201050837 PM
+ (3 Device Information ~ 2703706 4772050224 PM
+ @) Configstion 239738 47720104 BB PM
= ) Morioring 699375 ATT72010 43624 PM
= DorooVes 2699374 47772010 4 36:24 PM
P rw"‘““ 26993639 AT72010436:22 PM
+ [ Counter Diagnosics 2699369  4/7/20104362PM "
= [l Orine Diagnostics %7816 4/7/20104:27:03PM "
= Device Status | U764 4/7/20104250PM"
= Status Limits X37%3  A/2010425RPM"
- : XITHE  AT/2004BHPM" |
= Detected Vaive Moveme
: 297558 4/7/201042530PM -
= [ Partia Stroke Test ®IASIT 477201041237 PM *
= Automaled Parbal Stroke | %3545 4/7/2010411.02PM
= Marusl Patiol Strcke Te| 235144 4/7/2010471:01 PM
= Pastial Stioks Test Resul 295139 /77201041055 PM -
b Ta L BISIW  AT04I0PM
w LondFactr 23196 4/7/2010 35208PM *
= Breakaway Pressue I
S 290745  4/7/2010 344:38PM -
= Terget Stroke Size Devie X09312 4777201033602 PM "
= (¥) Emergency Trp Test 2688858 4/7/201033318PM *
= Emergency Trip Test 288430 47201023044 PM " &
= Em‘hhl‘uﬂs‘i *] Estimated Date
e il b
b. Print Screen PST window that indicate no graph (PST is cancelled)> Paste at
word file
FL vG9000H (Offline Parameterize)
22X X )y B-® [¢DTM Comnected |C] Device Status Waming Pertomng teat
77201052811 PM
Device Type
i Pastial Stioke Test Results
1 Stat Time [ 27073 h Breakaway Pressue I 800 ba
+ & Conhguration -~ Tempetsture i 61 T Load Factor 1 | NaM X
= (@) Moritoring 3
o Davice Visi ‘j Supply Pressue I 50 baG Target Stroke Sce [ 200 %
+ (€] Lifecycle Trends ] Tos Troe Moral = Actual Stroks Size [ 01 %
# [£] Counter Diagnostics ) ,!
= (&l Onlne Diagnostics g
= Dewvice Status ‘I‘[ ’ v J ¥ — ;_ﬁ.::.._:_i_' —— —— :*,E !, ==
= Slastus Limis = 7, ] c— —t- : i = e
= Everilog 'i E zggf — B —
= Delected Vave Moveme | § = | . [
= (¥ Pastial Stioks Test Bl 5°% T ]
= Auomated Partial Stike =8¢ i | = i
= NMPIHMTI'[‘% a0f—uo! fi NG M'mlll!'m ': l +—
- - | - TSttt R e e rrrrryrey
= Partial Sroke Test Limis | 0 10 20 20 %0 50 0 70 ) %0
= Load Factor ;J P osition %
= Bisakaway Pressure =
= Target Stioke Size Devie
= () Emergency Trp Test - — Y —r o o mECe N —
- E Trip Test . e e 1L_ ....... frzazzas PR e e ! CREE " SRR 3 .J‘ ....... 4
= Emesgency Trip Test Re: %:;7, I | [ ! = = T ] s
= Vaive Opening Time at F L4 TR e PR el i Y 7
= Vb Fleveions Tinn 20 Fio e - — = = et = » - .
e ais e )
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BUTTERFLY VALVE (VG800)

For PST only (I*, 2", 4", 5" and 6" stroke):

1. Click Pneumatic Test > manual Pneumatic test > start test

VW Occa é apg O o

| Warwecet. Tog e G L e |
| B om P
= R HART OFC Clare 49
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- MM_ESO_) 4, Meto MU O
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o my spax s kel emahow = WS
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44OTH Commmctedt | Owecs Type VGEO0O  Few 20 Coeuricston UL DL M € T [ Dwves Slann  Sot meriiared
‘ Presumatscs Tas OOOCLACED 1.2 00 00 Ak
Tost Sattrgs:
\ B Cr— Tomae r R e Pl - e

e vt ey [ = (6 =] - (eSO,
fha

| =
‘ " S S — St |
5

i

“MmwsBBIYEOD

For record:

Pneumatic test graph > right click > export > JPG > file > browse > file name > save >

export

[ vGBoO (Offline Paramelerize)

VG800 A2 A B0 @ Dymetso
4DTH Commected | Oevcelywe VGGOU  Rev. 20 | Commricston UL DL M € T/ DiDevceSie e |
‘ Pneumatics Test 7/74/2010 526:05 PM

Test Selings = — ——
+ [ Device Identilication :
% [ Configuration ALy [ dal =nl =lmn-1 h
+ Monitoring
‘gowu B2 inkaryel [aees 4 [16 =]p [0 =] pn = (1000000000
2 Status = =
= D Testing . Start individual test |
= Preumatics Test
= Vaive Test o0
- Calitn ation
+ Advanced 6a
s0 . Maxdmize (™)
Undo Zoom Z l
45 Export
hq.n {
e
5 xff—"‘—*
3.0 >
26
20
1 F 3 - 5 ° 7 . °
Time (s)
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2. Click Valve Test > start

FL vGBOO (Offline Parameterize)

VGBOO -5 XN “-B0O @ bm
_Q_D»D_TMM Device Type VGBOO Aev. 2.0 Communicoton UL DL M C T & DeviceSlaus OK
‘ Valve Test 00/00/0000 12.00.00 AM

Test Settings

+ [ Device Identiication .
+ [ Configuration Timey [ al =nl =me-=I h
+ [®] Monitoring
o Madok @ inevel 516 4 [16 =] [0 =] mn - 000000000 ,,

=] Status
= ® Testing Test Stroke Size a0 % Piossure Step 005 ba

= Pneumatics Test

- Start indridual test I
+ Calibration
+ Advanced

0
]
o
7
°
B,
a
3
2
1
[+]
o 0 ] 30 O a0 T e @
Valve Travel
Load Factor (%) l_ Breakaway Pressure | be

Next Test Time r--_-—-dr_h]_nh

For record:

Valve test graph > right click > export > JPG > file > browse > file name > save > export

[ VGBOO (Offline l’:lr-\llll'll'lwt‘}
VG800 A A W-BOD® T metso
(4>DTM Connected  DevicsType VGO0  Rov. 20  Commuicsion UL OL M € T 1 DevicsStens Info
‘ Valve Test 77472010 5:36.40 PM
Test Settings
+ @ Device Identification ;
+ i Corfiguration T [ dal Hal =Hwn-! h
&8 Monkoring  Interval -
+ (2] Disgnostics erv. [41688 a 6 =ln [0 =] mn = 000000000 |
Status
= g Testing Test Stioke Size [200 x Pressue Step [0030 bar

= Valve Test Stant individual test I

> —d
7
s Maximize (M)
s’ Undo Zoom 2
| Expor - ]

e 0.0 -4 e50 w5 o @s .0 ws
Vatve Teawel

Load Factor [X) pg Breakaway Pressure p 7 bat
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For record:

Save the load factor & breakaway pressure.

3. Upload view > all

FL vGBOO (Offline Parameterize)

VG800
SEHIM Fennecied

E} Device |dentification

& Configusation

(&) Monitoring

] Diagnostics

£ Status

©® Testing
= Pneumatics Test
= Valve Test

. Calibration

+ Advanced

-+ + +

Device Type VGB0O

A-2A vBO @ Trmetso
CumentView  ARU | DL M € T IIDeviceSious Info
Valve Tast | I3 Device ldentification 77472010 5:36:40 PM
&' Conhguration
Test Settings 1 Di %
Timer im I 'Irri'l - | h
® Interval _Fm,,h = [1000000000° |,
Test Stoke Sze 1200 % Pressure Step |0-m bar
[ Statindwdualtest |
° =
o
-]
Bs
a
3
2
75 =00 oo 830 @5 w00 w5 @0 w5
Vv Travel
Load Factor (%) ﬁ_‘ Breakaway Pressuse ﬁT" bar
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For PST + FST (3" stroke):

4. Click Pneumatic test > manual Pneumatic test > start test

For record (Pneumatic test result):

a. graph> right click > export > JPG > file > browse > file name > save > export

5. Click Partial Stroke Test > manual PST (stroke size =20%) > start test > ok
BUT when heard sound of air been released, go to Widefield (ladder diagram),

Right click at 100003 (for butterfly valve) > click forced set

= Monitor Block: MI ISOI ST
00001
100001 :(IJOOO“I
| ey
“—|2'l'i +F
0oooo02
TOOo002
il
m—
00003|
100002
I'_Li!'%
00004 |
| Toooo1
| FH
i
00005
| 100001 TOOO0O03
| : : -‘I
00006
TOooo0o04
|
00007
100003
’_{ I—« Forced Resat Shift+FS
o000s8 Cancel Forced Set/Reset b
! TOOOC  cancel All Forced Set/Reset Shift+re
o Word Data Change. .. F7
i | Long Word Data C}l.w..{. ! " Shift+F7
f Stert Online Editing Al+E
| Echit .
‘ Find >
o N : Doptay -
? :m.‘. :.. 5 l": _C.noel_ =
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A 5 “4- R~ & [4»DTM Connected |3 Dewvice Status Waming Mortoing device
Device Type € L 47772000521 49 PM
VES000H L : 1
Device Revision Event [_Tmem] Date ~
1 E Cy trp test ful 270.6294 4/772N0517.55PM
Jeprey Manual partial stroke test successful 2704743 477201050837 PM
+ [ Device Information ~ Pneumabcs test successful 270.3706 4/7/2010 50224 PM
'+ @ Configuration ' Preumatics test successhul 2699738 4/7/2010 43835 P
- Morutonng Loop cusrent below low imit detected 2699375 4/7/72010 43624 PM
T = Device Varlables Supply pressure rend out of limits 2699374 4/7/2010 4.36. 24 PM i 1
S L T { Em-m_dnul 269.9369 4/7/2010 4:36:22 PM I
- Cﬂlﬂﬂ.ﬂw‘ Emergency tip active 269.9369 4/772010 4:36:22PM =
= G Onkne Diagnostics | Preumnatics test successhul 2697816 4/7/20N10427.03PM -
2 A/T/201042532PM "
2 DA+ L

( vGBOO (Offline Parametars==*
lest Information [VGB00]

T
M C T ()DevceSteus Waming
7/4/72010 5:36:40 PM

Test laded or device prevented lest exacution!

= & Testing Test Stoke Size [200 x Pressure Step [0030 b

TO CLOSE EQUIPMENTS AND SOFTWARE

FieldCare > Right Click Hart OPC Client > Disconnect > press cross symbol > ok > Save
Project? NO!

Widefield2 > right click 100001 > forced reset > press cross symbol > yes

HART > close
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APPENDIX E
PHASE I RESULTS FOR BALL VALVE

Sample 1: Day |
Test Date: December 22", 2008

Time : 10.20am — 11.35 am
First Stroke: Second Stroke:
- T .
7 8 L
] T
5 [}
24 H
3 4
3
2 2 =
1 1
] [
800 825 850 5 90.0 ns %0 s ™ 80 85 1]
Valve Travel Valve Travel
Third Stroke — PST + FST: Forth Stroke:
8 -
7
]
IS
ot
3
2
1
800 825 850 5 800 925 950 878
Vabve Travel
Fifth Stroke: Sixth Stroke:
]
7 -
[
5
; 3,
3
[ et — PRl 5% =
: 1
800 s 850 L 14 $0.0 0s 6.0 918 8.0 8s 5.0 815 80.0 828 50 75
Valve Travel Vave Travel
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Sample 2: Day 10

Test Date: January 14", 2009

Time

First Stroke:

: 8:50 am — 10:05 am

Second Stroke:

g - [ s
7 7

6 ]

1] as

a2 a

4 ]

3 3

LI 2

1 1

775 800 E25 B0 875 %00 25 950 615 775 800 &5 850 W75 00 825 %0 975

Vaive Travel

Third Stroke — PST + FST:

Fifth Stroke:
8
7
1]
a5
a
4
3
[
2 F—
1
s 800 825 850 ans 900 0us &0 75

Vaive Travel

79

Forth Stroke:

Vake Tavel

(111 00 ns sl (28]
Vake Travel

Sixth Stroke:
. S,
T
(]
i §
i
3
. L —
:'1"5 BO.0 825 850 s 90.0 0s 980 s

Vaive Travel




Sample 3: Day 20
Test Date: January 24™ 2009
Time  :9:00 am - 10:15 am

First Stroke:

- o~ @

o

bar

o e -

.0 828 8.0 a5 90.0 25 %0
Vale Travel

Third Stroke — PST + FST:

75

8 L
7
[}
56
a
4
3
2 <

o e @

bar

I

Second Stroke:

| —
80.0 825 85.0 ms 80.0 125 5.0 s
Valve Travel
Forth Stroke:
8
7
6
;5
a
4
3
2 & —
0.0 s 85.0 ﬂé“. T"EO 925 9.0 s
Sixth Stroke:
8 il
7
[}
35
a

80.0 RS 85.0 75 80.0 925 6.0
Valie Travel

915

80

800 825 850 875 900 825 850 s
Valve Travel




Sample 4: Day 30
Test Date: February 12", 2009
Time  :11:20 am — 12:35 pm

First Stroke: Second Stroke:
8 -—- ]
7 7
[] (]
wE 25
[ 4
3 3
1=l 2 el RS
800 ns 850 IJ.EU"‘ T:: ”e %o s 80.0 825 85.0 'T,EVM _'m 925 5.0 978
Third Stroke — PST + FST: Forth Stroke:
]
1
(]
HE
4
3
2 'Ii\ e e—
80.0 825 850 I‘F.iv“ Tﬂ 825 5.0 95
Fifth Stroke: Sixth Stroke:
] 8 s
7 7
(] ‘,
35 25-
4 4
3 3
PR 2
800 m5 850 mv“ m 5 B0 05 T T n,sv“ m 95 %50 915
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Sample 5: Day 40
Test Date: February 28", 2009

Time  :9:00am— 10:15 am

First Stroke: Second Stroke:
8 s 8 I
1 7
§ 6
¥ £
" 4
, 3
80.0 825 85.0 875 0.0 925 85.0 75
900 ®5 50 W5 00 @5 %0 9IS Ve Travel
Vave Tl

Third Stroke — PST + FST: Forth Stroke:

a5
a
4
3
2 <\
80.0 825 850 875 80.0 825 .0 915
Vaive Travel
Fifth Stroke: Sixth Stroke:
8 ] —
7 7
[} [}
ii EE
4 4
3 3
2 <\ e 2 ottt i,
800 g5 850 675 00 825 950 975 800 825 650 15 w00 @25 60 975
Valve Travel Valve Travel
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Sample 6: Day 50
Test Date: March 16", 2009

Time

First Stroke:

: 12:45 pm - 2:00 pm

80.0 82.6 85.0

8.5 90.0
Vake Travel

025

Third Stroke — PST + FST:

1141

Fifth Stroke:

K e

80.0 s 85.0

815 80.0
Valve Travel

25

%o

975

83

bar

" e ~ =

- e e

bar

Second Stroke:

[ i
T
[}
E 5
4
3
2 s
|
80.0 825 a0 s 80.0 0n2s 5.0 s
Valve Travel
Forth Stroke:
8
7
[
§
4
3
2 ey A e
1
. 875 80.0 925 860 975
80.0 825 85.0 i o
Sixth Stroke:
feare o
80.0 825 859 as 800 925 8.0 95
Valve Travel




Sample 7

Test Date

Time

: Day 60

. July 26", 2009
1150 am — 1:15 pm

First Stroke:

Second Stroke:

' S— ———
T
[
: [
4
3
2 e o
' 80.0 825 850 67.5 90.0 25 85,0 915 800 825 85.0 875 85.0 975
Valve Travel
Third Stroke — PST + FST: Forth Stroke:
r = E
e L
80.0 s 850 5.0 s
Fifth Stroke: Sixth Stroke:
8 —_ 8 salle s
7 7
[ [
2 §
4 4
3 3
2 Lo 2 et
A 80.0 825 B5.0 s $0.0 925 5.0 5 : 80.0 825 850 5.0 5

Vake Travel




Sample 8: Day 70
Test Date: August 21%, 2009
Time  :12:45 pm - 2:00 pm

First Stroke:

Second Stroke:

85

Valve Travel

8 - 8 L
7 7
Ll ]
3 5
4 4
3 3 ol
2 | 2 e
: B0, ! I ] 5 9 075 s 80.0 825 80 875 80.0 025 5.0 975
8 0 826 50 n\;zhmﬁu 1] 0 e Travd
Third Stroke — PST + FST: Forth Stroke:
e .
i
; 7
: 6
- . | i
-— & — - — ‘
: et i 3
e L T e ey ey
875 00 825 90  O15
775 800 825 850 it
Fifth Stroke: Sixth Stroke:
8 — 8 = = =
7 7
[ 8
&s B8
4 4
3 3
2 e 2 el
5 800 825 850 875 900 026 950 075 715 80.0 825 85.0 875 9.0 825 5.0 975




Pressure Difference bar

Sample 9

Test Date

Time

First Stroke:

Third Stroke — PST + FST:

t l'i:llf‘ i

Fifth Stroke:

R TY e fid
800 825 850 75 900 025 850 975 1000
Posiion %

o
-
o
et

rrm
|

: Day 80
: December 3", 2009
:9.30 am — 11:00 am

Second Stroke:

re= St St et e et Dt ~Z1-’f |
R A O O G R 'S £
20< HEEE L i
5 7 | | 75 100,
! ”Pcsi:?g o i B0 B25 850 415 %00 925 950 975 1000
Postion %
Forth Stroke:
421
o e:_ W .1

00 85 &0 &5 00 95 0 95 100

Position %

Sixth Stroke:

T N e T o=

| | Lt |
sttt

86

800 85 80 &5 900_
Position %

05 90 97.;



Test Date

Sample 10

Time

: Day 90

: January, 24™2010
: 2.30pm - 4.00pm

First Stroke:

i
027
526. " + . i —
024 : 4 + ! + + --
2. /_f———\ i
31 . WS [ s A
2.05' N e — ::;:':::-?::!'r:r::-:-::
75 800 825 850 375 900 25 050 915 1000
Pesition %
Third Stroke — PST + FST:
3 -;%— *_:"—E"“_: . ;’.‘."’; .:'-.;.;:‘
<1 . _— —— e .

825

850

875 800

Position %

225 050

975

100.0

Pressure Difference bar

S = 2 L e N O o

14
on

87

l2£

12.7 £

v

G24i

023t —

22

'21 3

Second Stroke:

§26°
25—

20

75

00 825 850 &5 W0 025 0 975 1000
Postion %

Forth Stroke:

stapanfaavniasnndane

e uu‘uc- vesshere

800 85 80 &5 %0 95 950 975 1000

Postion ‘o

Sixth Stroke:

™

A s SERER SRR R A RE |

_ ey

8.0 82.5 80 875 900 925 950 75 1000
Posiion %



APPENDIX F
PHASE I RESULT FOR BUTTERFLY VALVE

Sample 1: Day 1
Test Date: December 22", 2008
Time :10.20am — 11.35 am

First Stroke: Second Stroke:
10
] i
1]
T s &
L 7
2‘ 5
4 o g
] 4
2 P ean v 3
1 2
1
™ s 0o [+1] "wo v‘:?‘:“ wo ns »wo s = e %0 vm?mu %0 ]

Third Stroke — PST + FST: Forth Stroke:

bar
- ~ “ - o o - -

715 800 825 850 €5 900 825 ®soe 95
Vabe Travel

Fifth Stroke: Sixth Stroke:
¢ ?
g 3 i 12
'] 7
i s
] <
F
4 “
3 3
2 - 2
] 1
TS 800 @28 650 &5 00 925 980 975 : 200 B25 850 75 _ W0 626 %0 978
Vaks Travel Valve Travel
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Sample 2: Day 10
Test Date: January 14", 2009
Time  :8:50 am - 10:05 am

First Stroke: Second Stroke:
8 e e S Pt e S e P e 8 e
7 T
' 8
3 £
N 4
3 3
et
3 2
1
d 75 800 B28 850 &5 00 925 950 975
M5 800 825 §50 &5 %00 925 50 975 Valve Travel
Vabs Travel

Third Stroke — PST + FST: Forth Stroke:

825 8.0 a8 90.0 826 %.0 975
2 e Valve Travel

Fifth Stroke: Sixth Stroke:
8 — e e S 8 AL
7 e
A 6
55 2"
4 4
3 "
2
2
1
1 TS5 800 825 50 @75 W0 925 %0 95
775 00 825 850 @5 _ 900 625 860 915 Vake Travel
Vabe Travel
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N e -

Sample 3: Day 20
Test Date: January 24", 2009
Time  :9:00 am - 10:15 am

First Stroke:

Second Stroke:

SERL ISSSSmssnemn S Sl ] e it T T ] LT e
T
[
ES
4
3
2
80.0 825 85.0 (141 000 926 850 975 80.0 825 85.0 875 §0.0 g5 860 75
Vakie Travel Vakve Travel
Third Stroke — PST + FST: Forth Stroke:
e e e Sl v
7
[
:5
o
&
3
2 _._o—*L'
@0 825 850 75 %00 @5 950 @5
Vaive Travel
Fifth Stroke; Sixth Stroke:
8 8 A
7 1
] (]
§
i i
4 4
3 3
2 ] 2 —
80.0 825 850 Bl wWo 0125 .0 75 800 825 85.0 875 80.0 €25 5.0 975
Valve Travel Vabve Travel
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Sample 4: Day 30
Test Date: February 12", 2009
: 11:20 am — 12:35 pm

Time

First Stroke:

Second Stroke:

s is
4 4
3 3
: 2
0o  +11 ®o oS 0o 1] 50 78] 80.0 82§ 850 875 $0.0 125 9o Wws
Valve Travel Vi Travel
Third Stroke — PST + FST: Forth Stroke:
8
7
8
i
4
3
L
X 950 975
80.0 B25 B5.0 "5vm1'r'-°vg 825
Fifth Stroke: Sixth Stroke:
[ e ' =
7 7
] [ ]
Fs is
4 4
3 3
2 2
800 s [ 1] (i #00 25 %50 75 800 825 8.0 s 800 256 .0 (141

Vaive Travel

91

Vabes Travel




Sample 5: Day 40
Test Date: February 28", 2009
Time  :2:40 pm - 3:55 pm

First Stroke:

Ny L5 B¢ W5 w00 w5 K0 WS
Ve Tovel

Third Stroke — PST + FST:

Fifth Stroke:

800 s 850 LI %00 us %o 915
Vaive Travel

92

bar
e

Second Stroke:

8o 25 1) oS 00 17s ®Bo 15
Vabve Travel
Forth Stroke:
800 ’s (1] as $00 ns %o 14
Valve Travel
Sixth Stroke:
{11] Qs (1] a5 %00 [ +11 (1] s
Vale Travel




Sample 6: Day 50
Test Date: March 16", 2009
Time :9:00 am — 10:15 am

First Stroke:

bar
-

800 [+l 1] s w00 98 w0 WS
Valve Travel

]

93

Second Stroke:

T
s 800 [ +11 850 78 0.0 025 (1] s
Vaboe Travel
Forth Stroke:
. =
1
[}
i
4
3
2
1 5 1] s
8.0 815 BS.0 l'.".’!‘. Tr.:ﬂ vl
Sixth Stroke:
800 825 85.0 14 800 028 95.0 975
Valve Travel
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Sample 7: Day 60
Test Date: July 26", 2009
Time  :12:45 pm — 1:05 pm

First Stroke:

- ~u @

ns 0.0 ns %o s 9.0 25 9.0 95
Vb Travel

Third Stroke — PST + FST:

Fifth Stroke:

s 80.0 825 5.0 875 9.0 28 8.0 s

Valve Travel

Second Stroke:

. ade
T
1]
ii
+
3
2
s B0.0 ns 5.0 141 "o ns %o (241
Vaht Travel
Forth Stroke:
]
7
[
¥ §
-
4
3
2
£ .0 vl ] 8.0 8756 825 %0 978
o - Valve Travel
Sixth Stroke:
8
T
[ ]
55
a8
4
3
2 =
T80 s 800 12s 85.0 s $0.0 925 #50 s
Vake Travel
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Sample 8 : Day 70
Test Date : August 21, 2009
Time :11.50 am — 1:15 pm

First Stroke:

Second Stroke:

I — —_——— [] -
7 7
[} 8
U 1
a -
4 4
3 3
7 = 2
1 1
5 800 825 @50 875 00 925 950 975 775 %00 825 850 E15 900 925 B0 95
Vabve Travel Valve Travel
Third Stroke — PST + FST: Forth Stroke:
. e
7
3
EB
4
3
25
' 75
@5 sy
5 80 B5 80 37‘.?. T“m
Fifth Stroke: Sixth Stroke:
8 e 8
7 7
] [
56 8t
a
4 4
5 3
— 2
2
1
! 75 800 825 850 ®o 98

ns 800 ns 85.0 a5 800 28 60 075

Valve Travel

95

95 00 825
Valve Travel




Sample 9 : Day 80
: December 3", 2009

:9.30 am— 11:00 am

Test Date

Time

First Stroke:

Second Stroke:

5 800 825 850 875 900 925
Valve Travel

96

4
% 4
3 3 e
2 2
s B0 s B6.0 815 80.0 (2] 5.0 §15 s £0.0 ns 85.0 87§ @0 025 850 s
Valve Travel Valve Travel
Third Stroke — PST + FST: Forth Stroke:
© 'n-i-'.--u'-_' Sral
LEx - 2
7
Al 8
. i
. '°5 +
4
3
s :
e 75 w0 &5 850 &5 90 025 $0 65
S s Valve Travel
!—-._?-:-_— M-
(s, o B e LT S— =y
Fifth Stroke: Sixth Stroke:
8 des
8
. !
§
25
4
—r e 3 e
; A=l e A )
mEwo ms ®0 WE W0 WS KO WS e




Sample 10
Test Date

Time

First Stroke:

: Day 90

: January 24", 2010

:2.30pm —4.00pm

80.0

85.0 875
Valve Travel

80.0

926

Third Stroke — PST + FST:

85.0

75

Fifth Stroke:
8
7
.l
s
4
3 et g =
2
800 825 850 85 900 825 80

Valve Travel

975

Second Stroke:

5
4
3
fuppme———
2
800 825 8.0 114 80.0 825 %o 975
Yaive Travel
Forth Stroke:
]
T
8
s
4
5 e —
2
s 800 25 85.0 s §0.0 825 ®so ars
Vave Travel
Sixth Stroke:
]
7,
§
5
4
3
e e
2.
T5 80 5 80 5 900 925 %50 615
Vabe Travel




APPENDIX G
HOOK UP DIAGRAM

Positioner

4-20 mA
AO

[ Mechanical linkage |

24 Vdc
Supply

Figure 47: Hook Diagram for Ball Valve
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4-20 mA
AO

Mechanical linkage

24 Vdc
Supply

leit Switch \

Figure 48: Hook Diagram for Butterfly Valve
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