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ABSTRACT

This report essentially discusses the work on the Development of a Controller and
Performance Testing for Partial Stroke Testing of FISHER ESD Valves which deals
with Yokogawa FA-M3 Controller and the FISHER Emergency Shutdown valves. The
objectives of the project are on developing a controller to the Partial Stroke Testing
(PST) using Programmable Logic Controller (P1.C) and software tools; and conduct
performance testing on the ESD valves. This report also explains the valve components
and the fundamentals of PLC. The methodology explains in detail about developing the
routine for PST and also the construction of ladder logic diagram using WideField2
software. The setting of AMS ValveLink software is also explained in this chapter. The
data gathered from the 35 days of testing are presented in Chapter 4. Besides, the Valve
Signature, PST Analyzed Data, and Digital Valve Controller (DVC) installation are also
explained in details. Chapter 5 concludes what has been achieved in this project and the
recommendation for future works. Throughout the project, sharing of ideas with
PETRONAS engineers from the Improvement Working Group (IWG) of Skill Group 14
(SKG14) are also conducted to compare the performance of various valves for use in
PETRONAS plants. The outcome of this project would be very useful for the
PETRONAS to adopt on the PST strategy in their plant nationwide.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Emergency Shutdown (ESD) valve is a final defense element in a
pipeline of a process plant. Nowadays, the ESD valve is connected to the PLC
and sensors as shown in Figure 1.1. Whenever the sensor identifies the
abnormalities in the pipeline, it sends a signal to the PLC and PLC disconnects
the power supply to the ESD and solenoid valve. Therefore, the valve will fully
close or fully open, depending on the process loop.

From DCS

Pneumatic Supply

ESD Valve

Sensor

Processflow —

Figure 1.1: ESD valve in a pipeline

Due to the continuous process in the plants, ESD valve usually remains
set in one position for a long time, thus reduce the efficiency of the valve. In
addition to that, a harsh process inside the pipeline can cause the valve to stick.
Therefore, the valve fails to move to safety state during emergency shutdown.
This could cause a potentially dangerous condition leading to catastrophic

events.



As a solution, FST and PST are introduced to exercise the valve. FST
technique strokes the valves from 0% to 100% of valve travel. Implementation of
this technique requires the shutdown of the process. The alternative testing is an
online FST but it requires bypassing the flow to the other pipeline or reducing
the flow rate which may disturb the other loop if the procedures are not properly
followed [1]. The PST is an online SIS testing which involves partial stroking of
the valve movement. The valve travel is set between 10%-30% of the opening or

closing of the valve. This method does not require to shutdown the process.

1.2 Problem Statement

Current method applied in process plant to initiate the PST is by using
mechanical devices such as mechanical limiting, position control and solenoid

valves. The implementation of this method has its own pros and cons.

The use of mechanical limiting does not allow the process shutdown
when emergency occurred. The position control method requires an analog
positioner installation on the valve. The positioner guides the valve travel as set
by pre-determined point. The disadvantage of this method is the positioner may
fail during the stroking. The solenoid valve method requires the operators to
hold the switch to de-energize the solenoid coil. The operators need to short
certain terminals in the field with push button located at special device. Once
initiated, the automated test moves the valve to the pre-determined value then

returns the valve to its original position [2].

PST enters new domain in industrial automation technology.
Programmable Logic Controller (PL.C) based systems appear to play a central

role concerning initiating, registering, and responding to PST [3]. The
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implementation of PLC will not require the operators to go to the field or
hazardous area just to initiate the PST. Besides, the PLC is designed for multiple
inputs and outputs arrangements in a compact size which is not require large
space for installation and requires much less wiring. Therefore, the usage of PLC

will bring in a new chapter for PST technology.

1.3  Objectives and Scope of Study

1.3.1 Objectives
The objectives of the project are:-
¢ To develop a controller to perform PST and FST
¢ To compare the PST performance of various valves

» To study the failure mode of the valves during the test

1.3.2 Scope of Study

There are two parts of this project. The first part is the development of
PLC programming to power up the valve. Therefore, it is necessary to have a
broad knowledge in constructing ladder logic diagram for PLC programming.
The second part of the project is to execute the PST for 90 days, gather the data
and analyze the performances of the valves. The reliability and feasibility study
will be carried out to achieve the objectives. Experiences during industrial
internship at one of PETRONAS plants would be very helpful to relate the

project to the real application in plant.



CHAPTER 2
LITERATURE REVIEW

2.1 Rotary Valve

There are two types of valves — sliding stem valve and rotary valve. The major
different between these two types is the way it works when responding to signals. The
sliding stem valve controls the flow of the fluids by sliding up and down of the stem.
The rotary valve is controlled by a rotary motion. The butterfly valve and ball valve are
from rotary type. Usually, the butterfly valve and ball valve act as a block valve.

In the process plant, the block valves are located at the beginning and ending of
the process flow. The function of the block valve is to stopping or starting the flow. Its
features — tight shut-off and fire-safe design make it suitable for emergency shutdown
valve in the process plant since it can react very fast as soon as it receives the signals.
There are varieties of block valve in the market, manufactured by different vendors with

different specifications and hence will result to different performances.

— Valvebody assembly

Figure 2.1: Typical butterfly valve and its major components [4]



Figure 2.1 shows two major components in a valve; actuator and valve body
assembly. The valve assembly typically consists of the valve body, an actuator to
provide motive power to operate the valve, and a variety of additional valve accessories,

which can include positioner, transducer, supply pressure regulators, and limit switch

[5].

2.1.1 Ball Valve

Figure 2.2 shows a typical ball valve with its controlling device, a ball. The
opening and closing of the ball valve is controlled by a handle that is attached inside the
ball valve. Inside the middle of the ball valve body is a hole, which will allow the flow
of the fluid if the hole is in line with both end of the valve. Referring to Figure 2.3, when
the valve is closed, the hole is perpendicular to the ends of the valve, and flow is
blocked. The straight through design of ball valve will reduce the pressure drop. The
characteristic of ball valve allows the quickness of operation, require no lubricants and

give tight sealing with low torque [4].

Figure 2.2: Controlling device of ball valve [6]

BODY

e . - BALL
— (s —
- . S
P N A
222\
ACTUATOR
OPLM THROTTLLD CLOSCD

Figure 2.3: Flow movement through ball valve [7]



2.1.2  Butterfly valve

Figure 2.4 shows the typical butterfly valve. The controlling device of a butterfly
valve is a circular disk at the center of the valve body. The operation of the valve is
either parallel or perpendicular to the flow. The valve is in fully open position when it
turns 90 degrees, which is parallel to the flow. When the valve is fully closed, the disk is
turned so that it completely blocks off the passageway [7].

Figure 2.4: Typical butterfly valve [7]



2.1.3 Actuator

An actuator is a powered device that supplies force and motion to open or close
the valves. The power sources are from pneumatic, hydraulic, or electrical. The actuator
use in this project is rack and pinion actuator and is supplied by pneumatic air as shown

in Figure 2.5 [4].

<4——— Actuator

Figure 2.5: Typical rack and pinion actuator [4]

2.1.4 Limit Switch

Limit switch in Figure 2.6 is installed to signal when a valve is at or beyond a
predetermined position. It is also operates discrete inputs to a distributed control system,
signal lights, small solenoid valves, electronic relays, or alarms. Besides, it combines
bus networking, pilot valve, and position sensor into a single globally certified,

flammable and explosion proof enclosure, that can be attached to any automated valve

8].

Figure 2.6: VALVETOP DXP Limit Switch [8]



2.1.5 Digital Valve Controller

Figure 2.7 shows a digital valve controller or also known as smart positioner. It
is a microprocessor-equipped device. It controls the opening and closing of the valve by
converting the 4-20mA DC current signal input from process controller and converts it
to pneumatic output signal to the actuator. Besides, it communicates via Highway
Addressable Remote Transducer (HART) communication protocol to provide instrument
and valve diagnostic information. The smart positioner plays an important role in
Emergency Shutdown (ESD) application. It will reduce the testing time taken and
manpower requirement, thus it will reduce cost. The diagnostic capability of the smart
positioner reports the health of the valve, thus reducing the need for scheduled

maintenance and increasing process availability.

Figure 2.7: DVC6000 Digital Valve Controller



2.1.6 Pressure Regulator

Pressure regulator in Figure 2.8 is used to regulate or reduce air pressure so that
it achieves the desired value. Also known air-sets, it will reduce plant air supply to valve
positioner and other control equipment. Common reduced-air-supply pressures are 20,
35 and 60 psig. The regulator mounts integrally to the positioner or nipple-mounts or
bolts to the actuator [4].The parameters that limit adjustment control on the pressure

range are the regulating and adjustment range.

&
4

Figure 2.8: Pressure Regulator [4]

2.1.7 Solenoid Valve

Figure 2.9 shows a solenoid valve. The functions of solenoid valve are to operate
on/off pneumatic actuator and to interrupt the action of modulating valves by switching
air or hydraulic pressure [4]. The solenoid valve requires power supply for it to energize.
If there is no power supply, the solenoid valve will be de-energized. Thus, it will affect

the state of the valve whether fully open or fully close.

Figure 2.9: Solenoid Valve [4]



2.2 Programmable Logic Controller

The Programmable Logic Controller (PLC) is in essence a device that is
specifically designed to receive input signals and emit output signals according to the
program logic. PL.Cs come in many shapes and sizes from small, self-contained, units
with very limited input/output capacity to large, modular units that can be configured to
provide hundreds or even thousands of inputs/outputs [9]. The PLC-based system
becomes the most common choice for manufacturing controls including process plant

since it can cut production cost and increase quality.

2.2.1 Advantages of Programmable Logic Controller

1. Cost effective for controlling complex system — one PLC can run on many
machines [10]

2. Easily programmed and reprogrammed — can alter its sequence of operations [11]

3. Large quantities of contacts — PLC memory is getting bigger and thus can
generate more contacts, coils, timers, sequencers, counters and so on

4, Maintainability — less maintenance required and PLC can live longer without
failure [11]

5. Reliability — can sustain the industrial environment that has extreme temperature
(typically up to 160°F, high humidity (up to 95%), electrical noise,

electromagnetic interference, and mechanical vibration.[11]

10



2.2.2  Construction of a Programmable Logic Controller
Basically, most of the PLC in the market has several common functional parts. Figure
2.10 shows a central processor, memory, VO, power supply, programming and

peripheral device subsection [12].

1 Programming :

:' device i

________ ik_._....,.....,...__,_I
A

Power supply CPU |* » Memory

3
‘,..,...... Inpu.t / Olltput Bus
A

Input / Output System Module

, 4

Output device Input device
Solenoid Switch
motor starters pushbuttons

Figure 2.10: PLC architecture [12]
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1.

Central Processor Unit (CPU) Module
Perform necessary tasks to fulfill PL.C functions. The tasks are scanning, /O bus
traffic control, program execution, peripheral and external device

communications, data handling execution (enhancement), and self diagnostic.

[12]

Memory

In PLC, the memory section acts as a library. It has Read Only Memory (ROM)
and Random Access Memory (RAM). The ROM memory can be read but user
can not modify the contents. It stores PLC operating system, driver programs,
and application programs. The RAM memory can be read and written which
mean user can modify the contents, but the memory contents will be lost when
supply voltage fails. The user-written programs and working data are stored in
RAM memory [12].

Input and Output Module (/O Module)

Connect between PLC and sensors or actuators. Each module can be connected
to multiple outputs of similar characteristics. Besides, it can isolate the low
signals of current and voltage which have been used by PLC internally from the
higher-power electrical circuit [12].

Power Supply Module

Convert available power to dc power at the levels required by the CPU and 1/O
module internal circuitry. The power supply drives the I/O logic signals, the
central processor unit, the memory unit and also peripheral devices. Besides, it

also protects the PLC internal circuitry from high-voitage line spikes [12].

12



2.2.3  Programmable Logic Controller Languages

There are two methods of programming language — text and graphic language. The text
languages are the Instruction List and the Structured Text type. The examples of graphic
languages are Sequential Function Charts, Function Block Diagrams and Ladder Logic.

Different PLC can support different languages. There are certain types of PLC that can

support more than one language. These languages have their own limitation, and they
complement one another to provide programmers with more programming power. [13].

Figure 2.11 shows type of programming languages for PLC.

Progeamming

Figure 2.11: Type of programming languages

1. Structured Text
High-level structured language designed for automation process. Statements can

be used to assign values to the variables.
2. Instruction List

Low-level programming language for smaller applications or for optimization

parts of an application. It is much more like assembly language programming.

13



3. Sequential Function Chart
Use graphic to describe sequential operations. It is very useful for describing

sequential type processes.

4. Functional Block Diagram

Use in applications involving the flow of signals between control blocks
5. Ladder Logic Diagram

It is the most popular and widely used programming. It applies Boolean

mnemonics to represent the process, before converting into logic diagram.

14



CHAPTER 33
METHODOLOGY / PROJECT WORK

3.1 Project Process Flow

Figure 3.1 shows the flow chart of the project which is then applied throughout
the project.

Start

Saisction of projsct topie

’!
Preliminary research work
and litsratars revisw

Understanding project and
iearning process

»
PLC developmens and
seftwars applacation

L
Simalation works and
anaras

k.
Preparing the prajset
report and prasanration

End

Figure 3.1: Process tlow of project
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The first step is to select the project topic and conduct the preliminary
researches and literature review. Journals, conference papers, books and internet are
referred. As the information is available, it is very crucial for the author to undergo the
learning process as the valve, PST and PLC are not a familiar area to her. From the data
gathered, the author gets the overview about the project. The next step is development
programming for the PLC and setting the valve’s software. Then, the simulation works
and analysis are conducted. The following step is preparing the report that need to be
submitted to the Final Year Project Committee. There is also an oral presentation which

will take place towards the end of the semester.

3.2 Procedure Identification

Understand the project requirement

A

Design the PST sequences

r

Program the PLC to perform FST

l

Setting the valve software to
perform PST

h 4

Execute the PST and FST

h 4

Data gathering and analysis

Figure 3.2: Procedure identification and flow diagram
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3.2.1  Understand the Project Requirement

The main task beforehand is to understand the project requirement. This project
is technology collaboration between PETRONAS Group Technology Solutions (GTS)
and Universiti Teknologi PETRONAS. Besides, there are several vendors involve this
project; Fisher, Metso Automation, Masoneilan, and Yokogawa Electric Corporation.
Each vendor supplied the emergency shutdown valves which are ball valves and
butterfly valves, while Yokogawa provided the PLC for this project. In the mean time,
PETRONAS GTS has specified that for each ball and butterfly valve, the PST is to be
executed 6 times a day, including 1 time PST coincides with FST. For the data to be
accurate and valid, the test needs to be executed for 90 days.

3.2.2 Design the Partial Stroke Testing Sequences

The time allocate for each PST is 10 minutes. Therefore, the time taken to
complete the 6 PST on a valve is 60 minutes. Table 3.1 shows the time allocation for the
testing on ball valve.

Table 3.1: Time allocation for PST on ball valve

10min 10 min 10 min 10 min 10 min 10 min

| PST I
PST 2
PST3
PST 4
PST 5
PST+FST

The test is executed separately for ball and butterfly valve. The PST for the butterfly
valve is executed right after the PST on ball valve. The time allocation for PST on
butterfly valve is the same as ball valve.

17



3.2.3  Program the Programmable Logic Controller

Using the ladder logic diagram programming language, the program is developed
on the Yokogawa FA-M3 PLC using the WideField2 software. The position of the
Analog Input Module of the PLC consists of 4 sections as shown in Table 3.2.

Table 3.2: Sections in PLC Program

Section Areas of data Program
Section 1 I(I)lgzzatlon The area which the operation mode of each channel is stored

Operation The area in which the upper and lower limit of the scaling are

Sectionll | 4 tilcdata | installed

The area which the input voltage data of each channel is

Section Il { Input data installed

Program
execution

Section IV The area which the internal relay is used to execute the program

3.2.3.1 Section I - Operation Mode

In Section I, the operation mode when the sequence CPU fails is developed on a
channel-by-channel basis. Channel 1 and 2 refers to FISHER ball valve and butterfly
valve respectively. To set output values in a sequence CPU failure, a data location
number is set to 1. The set items in operation mode in a sequence CPU failure are
canceled when the power is turned off [14]. Table 3.3 shows the data location number in

operation mode in a sequence CPU failure.

Table 3.3: Data location number in operation mode in a sequence CPU failure

Set items Channel 1 Channel 2 ‘
Operation mode 501 502 _J

18




For this setting, a special module WRITE instruction is used. Figure 3.3 shows a WRITE
symbols.

WRITE S SL n2 k
Flr.sff device for Slot number First .data Data
writing data position for transfer
reading count

Figure 3.3: WRITE symbols

Figure 3.4 and Figure 3.5 show the WRITE instruction for power failure in rung 1 for
ball valve program and butterfly valve program, respectively.

— | WRI TE it j o

Figure 3.4: Rung 1 for ball valve program

Yianse
; R TE 5L i !

Figure 3.5: Rung 1 for butterfly valve program
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3.2.3.2 Section II - Operation Details Data

Digital input values corresponding to upper-and-lower limit values in the output signal

range is set to 0 and 10000, which 0 is 4mA and 10000 is 20mA [15]. Besides, the data

location numbers for scaling have been set on a channel-by-channel basis. Table 3.4

shows the data location numbers for scaling.

Table 3.4: Data location numbers for scaling

Set Items Chanmnel | Channel
1 2

Digital input values corresponding to upper

.= . . 520 530
limit values in the output signal range
Digital input values corresponding to lower

.= . - 521 531
limit values in the output signal range

Figure 3.6 and Figure 3.7 shows the rung 2 and rung 3 for ball valve program and
butterfly valve program, respectively.

i

H

iflE

g

e

it

P

% )
i 1

Figure 3.6: Rung 2 and 3 for ball valve program
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Figure 3.7: Rung 2 and 3 for butterfly valve program

Upper limit scaling
for channel 2

Lower limit scaling

for channel 2

The M0O035 used in rung 1, 2 and 3 is a special relay. It has a specific function such as

indicating operation and error states of the CPU [14]. M0035 enables 1 scan when

operation is started.

3.2.3.3 Section III — Output data

In rung 4, the output data is pointed to data register, DO0001. Channel 1 is used for input

signal range from 4~20 mA. Figure 3.8 and Figure 3.9 show the rung 4 for ball valve

program and butterfly valve program, respectively.

9

(gt

‘_,.__._—-—

Figure 3.8: Rung 4 for ball valve

igit
|

| e

Gl0bd;

PEN

Figure 3.9: Rung 4 for butterfly valve

Output writing
to Channel 1

-Output writing
-to Channel 1

The special relay, M0033 is used to initialize the program and give a permanent high

level (always ON).
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Section 3.2.3.4. Section IV — Program Execution

In rung 5, the Internal Relay 10002 is used to move the lower limit value of output signal
(0) to the data register, D0O001. By forced set the 10002, PL.C energizes the solenoid
valve and sends 4mA to the DVC. Figure 3.10 shows the rung 5 for ball valve

programming.

4 mA is sent
M H*— to D000
al IRIL

LHTH

Figure 3.10: Rung 5 for ball valve

At rung 6 as shown in Figure 3.11, by forced reset the 10020, the valve opened. To send
the FST signal, the 10020 is forced set and PLC sends the 20mA to DVC the valve

closed.

20mA is sent
i F | b R L to D00O1

e

Vi

Figure 3.11: Rung 6 for ball valve

Refer to Appendix I and II for a complete programming for ball valve and butterfly
valve, respectively.
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3.2.4 Setting the AMS ValveLink Software

The instrument must be configured to run the PST. Below are the basic requirements to

perform the PST. Figure 3.12 to Figure 3.16 shows the screenshots to setting the AMS
ValveLink software.

i.  Instrument is connected to the network

Ball and butterfly
valve is connected to
the network

Pn b 81

Figure 3.12: Ball and butterfly valve are connected to the network

ii. Instrument Mode set to Out of Service
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Figure 3.13: Instrument Mode setting
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iil.

Instrument Protection set to NONE.

L AEE e

- |

Figure 3.14: Instrument Protection Setting

A 4 mA current is supplied to the Digital Valve Controller (DVC) of butterfly

valve and 24VDC is supplied to ball valve DVC
e Butterfly valve

e -

ot . e 1 da_den a

Figure 3.15: Input current to the butterfly valve

24



e Ball valve

Figure 3.16: Input current to ball valve

Besides, the Partial Stroke Parameters are set to get in order to do PST. Table 3.5 shows

the parameters setting in Partial Stroke menu.

Table 3.5: Parameters setting in Partial Stroke menu

No Parameter Setting
| | Partial Stroke Enabled Enabled
2 | Test Start Point Valve Open
3 | Maximum Travel Movement 20%
4 | Test Speed 0.5%/s
5 | Test Pause Time 5 sec
6 | Auto Test Interval (day) 0
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3.2.5 Partial Stroke Testing Execution

Figure 3.17 shows the flow of PST execution.

Download ball valve program to the PLC from WideField2 software J

i

Forced reset 100020 to energize the solenoid valve J

1

Open AMS ValveLink software J

1

Right click ‘Local Machine’ icon on the left pane of the window J

1

Chooac‘NetwotkScm‘mmh-forvnlmcthothcmM J

1

Valves connected to the software are shown at window’s left pane J

1

Double click the valve that needs to be tested )
Choose ‘Read Instrument’ from Instrument menu J
Set the PST parameters at the Partial Stroke/SIS menu J

1

Click on the PST icon on the AMS ValveLink software toolbar J

1

When PST window appears, click ‘Run Diagnostic’ J

1

PST progress bar appears on screen. Wait until PST is completed J

Figure 3.17: Flow of PST execution
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3.2.5 Data gathering and analysis

AMS ValveLink has a feature that able to generate the report of the testing after
the testing was conducted. Figure 4.8 shows the steps taken to analyze the data. The
Analyzed Data Section in PST report was generated from the AMS ValveLink software.
The report provides the testing result in graphs such Valve Signature, Dynamic Error
Band and Travel Signal. These graphs were also represented in numerical value as
shown in Analyzed Data section (red circle). The Analyzed Data section consists of the
Dynamic Error, Dynamic Linearity, Ranged Travel and Bench Set. The value of the
errors was varied according to the valve specification and condition. Then, the data were
converted to table form. Next, the graphs were plotted according to the value of the
parameters in Analyzed Data section, and the valve performances are analyzed. (Note
that the graphs on the next pages are not generated from the software. Refer to Appendix
V and VI for the summary of Analyzed Data values in table form for PST on ball and
butterfly valves)

Parameser [ T Dynamic Linearity
Avertge Drmamsc Emar (') {270 17
N Dy Ene (%) | 209
M Dvaamic Enar ([ 153 K én
Dunamic Lnenty ilnd )'s) *T042 Iﬁq" I N
looRamged Tued wimd) [ 1995 18& ;
Pl Rmged Tl g mA) | 400 40 I
Avange [oogae A XA
Naxmus Tosgue NA NA
Nt {oeque NA | M v '
oot Rre A XA o
Bech St Lowar ipsi 5% ¥
aﬂdsﬁl‘@ﬂjﬁ “El

EEEr

Figure 3.18: Steps taken to analyzed the PST data
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3.3  Tools Required

3.3.1 Hardware Requirement

The hardware requirements for this project are as follow:-
1. Valves

There are 2 types of valves use throughout this project; ball valve and butterfly valve.

Table 3.6 shows the general specification for each valve.

Table 3.6: General Specification for Valves

Manufacturers | Valves Size Input Minimum Operational
(inch) Pressure Temperature
(psi) (°C)
FISHER Ball 6 24 VvDC 5 psi -40—+80
Butterfly 4 4-20 mA 5 psi -40 - +80
METSO Ball 6 4-20 mA 36 psi -40 — +85
Butterfly 6 4-20 mA 36 psi -40 — +85
MASONEILAN | Ball ) 24 VDC 3 psi -40 - +85
Butterfly 6 4-20 mA 3 psi -40 — +85
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Figure 3.19 shows the configuration for the Yokogawa FA-M3 Controller.

I/0 modules and

: CPU module
special modules Power supply

module

Figure 3.20: Yokogawa FA-M3 Controller configuration

]

n

Multiplexer

6. Pressure supply

Personal Computer

24 VDC Power Supply

3.3.2 Software Requirement

Table 3.8 lists out the softwares use in this project.

Table 3.8: Softwares use in this project

Software Vendor Application
I | WinField2 Yokogawa Yokogawa FA-M3 Controller
2 | ValveLink | Fisher Fisher Ball Valve and Butterfly Valve
3 | FieldCare Metso Metso Ball Valve and Butterfly Valve
4 | Valvue ESD | Masoneilan Masoneilan Ball Valve and Butterfly Valve
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3.4  Hardware Preparation

This project involves 6 valves from different manufacturers. The valves will be
controlled by PLC and Personal Computer (PC). The PLC is needed to trigger the
demand and execute the FST according to the project requirements. Thus, it is important
to develop the right hardware system between input and output devices. A complete
wiring connection will ensure the communications between each device are successful.

Figure 3.20 shows the hardware connections between PLC, PC, valves and multiplexer.

PLC

PC Multiplexer

Fisher Metso Masoneilan
valves skid valves skid valves skid

Figure 3.21: Hardware connection between the valves, PLC, PC and multiplexer
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Figure 3.22 shows the hardware connection for power supply and pressure supply to the

valves.
24 VDC
Power
Supply
Pressure
Supply
Figure 3.22: Wiring connection for power supply and pressure supply
Legends:-

- FISHER 6" Ball Valve

METSO 6™ Ball Valve

- MASONIELAN 67 Ball Valve

- FISHER 4" Butterfly Valve
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CHAPTER 4
RESULTS & DISCUSSION

4.1  Partial Stroke Testing

The PST has been executed for 35 days, which means each valve has performed
175 times PST and 35 times PST coincides with FST. Figure 4.1 shows the valve
signature of a PST executed on ball valve on 1* February 2009. (Refer to Appendix III
and IV for full report (software generated) on PST testing for ball valve and butterfly

valve).

- Time Scan BALL VALVE OF fen XIS 1 54sT

\ / Best fit

1* travel

% F » & - & - -
-

Figure 4.1: Valve signature for ball valve

The y-axis of the graph is the actuator pressure and the x-axis is the travel in
degree. The valve is in fully open position at 90 degree and according to Partial Stroke
parameters setting; the maximum travel is 20% which is 18 degree.
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Referring to Figure 4.1, the first travel is from 90.5 degree to 72.5 degree. At 90.5
degree, the actuator pressure dropped abruptly from 52.5 psi to 41.5 psi. It is because the
valve needs much torque to overcome the break force in order to cause the valve to
move. In order to perform PST, the valve bleed out the air and the pressure is
continuously dropped until it reached the maximum travel set earlier in Section 3.2. At
the starting point of second travel, the pressure is increased from 38.8 psi to 43.8 psi.
Then, the pressure is steadily increased until it reached 100% opening.

Best fit

| \ i p—

" L - - ) the
[y

Figure 4.2: Valve signature for butterfly valve

i

Referring to Figure 4.2, the pattern of the signature is the same as the ball
valve, The valve started its first travel at 90 degree with 54 psi and drop 41 psi. The
pressure drop occurred to cause the valve to move from its seat. The pressure dropped
steadily until it reached 80% of travel. Then, the pressure is increased from 37 psi to
44.5 psi when the valve started to move from 80% to 100% during second travel. The

pressure is continuously increased until it reached 100% opening.
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4.2  Partial Stroke Testing Coincides with Full Stroke Testing

For this test, the FST signal is given to the valve when the valve is 90% opened
during first travel. Figure 4.3 and Figure 4.4 show the graph of the test for ball and

butterfly valve.

T S G4 ALV Y P O I 4

1™ travel

Figure 4.3: Graph for PST coincides with FST on ball valve

'1 1* travel

et - - - - - -
———

Figure 4.4: Graph for PST coincides with FST on butterfly valve

The maximum travel setting for this test was the same as the PST which is
20%. When the valve started to move, it released the pressure for the valve to move. The

FST signal is sent at 81 degree cause the valve to automatically close once it received

the signal.
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4.3 DVC6000 Installation

There are 2 types of DVC6000 installation:-
a) 4-wire system

b) 2-wire system

4.3.1 4-wire system

The 4 wire system installation allows the DVC6000 to continue to communicate
even duting emergency shutdown condition. The advantage of 4-wire system is it has 2
different sources being supplied to instruments. The 24 volts is supplied to power up the
solenoid valve and the 4-20mA is supplied to the DVC. During shutdown, the voltage
supply will be cut off and hence there is no power supply to the solenoid valve. The -
analog signal to the digital valve control enables the operators to monitor the current

information of the valve although the valve is not operating.

1

!

"
A-20 A ; 22 Volts

?

?

Figure 4.5; 4-wire system
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On 26" February 2009, the solenoid valve on FISHER Ball Valve was removed
from the valve actuator. Then, a 24 VDC is supplied to the valve instead of the current.
As a result, the FISHER ball valve will no longer operate using the 4-20 mA current.
With the solenoid valve bypassed, the pressure line A was eliminated as shown in Figure
4.13. The middle gauge at the DVC6000 measures the pressure supplied to the actuator.
The output pressure A energizes the solenoid valve and the output pressure B measures

the pressure drops.

Output A

Figure 4.6: Bypass the solenoid valve
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4.3.2 2-wire system

The DVC installation became a 2-wire system when solenoid is bypassed. Figure
4.7 shows the 2-wire system with line conditioner connected to the DVC. The line
conditioner acts as a barrier because the valve cannot receive 24VDC supply directly

from the PLC.
—d L]
LC340 PLC
0-24 Volts Line Conditioner

j% : 77 :‘; Prassurs Supply
FAAAAAAAI SN
— I

Figure 4.7: 2-wire system
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Parallel with the bypassing of solenoid valve and the operating mode of the

valve, there were some changes of the instrument parameters as shown in Table 4.1.

Table 4.1: Parameters change of the ball valve

Group Parameters Before(Analog) After(Digital)
Initial Setup | Restart Cont Mode Analog RSP Digital
Zero Power Condition Valve Open Valve Closed
Travel / Pressure Cutoff Lo (%) 0.5 50
Relay Type Relay B Relay A or C
Travel Sensor Motion Clockwise Counter-
clockwise
Travel Cycle Count 331 338
History Travel Accumulator (%) 22576 23243
Alerts
Deviation & | Drive Signal Alert Enable Yes No
Other Alerts | Supply Pressure Alert Enable Yes No
SIS/Partial | Partial Stroke Pressure Limit 16 psi 18 psi
Stroke 5 sec 5 sec 10 sec
Action on Failed Test Ramp Back Step Back
Alert Instrument Clock 24 Feb 25 Feb 2009.2:26
Records & 2009,1:50
Commands | Alert Record Not Empty Enable Yes No
Alert Record Full Enable Yes No
Travel/ Travel/Pressure Cutoff Lo (%) 0.5 50
Pressure Travel/Pressure Cutoff High (%) 99.46 50
Control Pressure Set Point 52.1 psi 51.8 psi
Information | Inst Time Invalid Enable  Yes No
al Status Diag Data Avail Enable Yes No
Integrator Sat Hi Enable Yes No
Integrator Sat Lo Enable Yes No
Press Cirl Active Enable Yes No
Electronics | Shutdown Activated Alert Enable Yes No
- Alerts
Actuator Volume Booster/Quick Release - No

The parameters in blue are the parameters that changed when the valve operation

mode is changed from analog operated to digital operated mode. The Relay Type is

changed from Relay Type A to Relay Type B. The Relay Type B allows the valve to

automatically close during the power failure. Previously, the valve is set to open

whenever the power fails. This setting is not suitable for the emergency shutdown valve

because the valve is in fully open during normal operation.
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4.4  Analyzed Data of Partial Stroke Testing for Ball Valve
4.4.1  Average Dynamic Error

Average Dynamic Error

!
i
|

P S O S P —— L

Average Dyhamiﬂ: Error (%)

105
113
121
129
137
145 |
153
161
169

PST

Figure 4.8: Average Dynamic Error vs No of PST

4.4.2  Maximum Dynamic Frror

Maximum Dynamic Error

1.5 PO Sot_vr¢ 195 |

Max Dynamic Error {%)

o
i
i
|
i
i
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113
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169
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Figure 4.9: Maximum Dynamic Error versus no of PST
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4.4.3 Minimum Dynamic Error

Minimum Dynamic Error
25 e et RS 8 4 e — S
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Figure 4.10: Minimum Dynamic Error versus no of PST

AMS ValveLink software analyzed the dynamic error curve from 5% travel to 95%
travel and calculates the average, maximum and minimum difference between opening
and closing curves. Referring to Figure 14, the plot shows that initially the valve
Average Dynamic Error was around 2.75%. Referring to Figure 4.8, after the 95 testing
(red circle), the Average Dynamic Error reduced to around 2.25% in total reduced to
0.5% error. For the Maximum Dynamic Error, the reading was reduced from 3.7% to
3.1% as shown in Figure 4.9. This happened because previously, the DVC output was
connected to the solenoid and the solenoid was connected to the actuator. During the
operation, the DVC has a restriction when air goes through the solenotd and to actuator.
After removing the solenoid, the output of DVC become smooth where thére is no

restriction in between the actuator and the DVC
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4.4.4 Dynamic Linearity

Dynamic Linearity
08 s N S—

e HR0105],

Dynamic Linearity {%)
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PST

Figure 4.11: Dynamic Linearity versus No of PST

Linearity is the maximum deviation from a straight line best fit to the opening and
closing curve and line representing the average value of those curves. Based on Figure

4.11, the Dynamic Linearity varies along the number of PST executed and does not
affected by the solenoid.
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4.4.5 Zero Ranged Travel

Zero Ranged Travel
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Figure 4.12: Zero Ranged Travel versus No of PST

AMS ValveLink Software establishes a best fit line through the Dynamic Error Band
and projects this to a ranged travel of zero. It converts the X-axis point where the ranged
travel is zero, from input percent to milliamps (mA). The Zero Ranged Travel was
ranging from 19.92mA to 20.04 mA. Referring to Figure 4.12, at 95™ PST the values
were dropped to 4.21 mA and continued stabilizing. This drop was due to the changed of
operating mode from analog to digital. Initially, the valve was configured at zero ranged
valve opens. This is only applicable for Relay Type B special. This relay has been
removed when the solenoid was bypassed and being replaced by Relay Type A. For
Relay Type A, it is configured that valve close when zero power condition occurred.

Therefore, the 4~20 mA signal changed at the plot.
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4.4.6 Full Ranged Travel

Full Ranged Travel
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Figure 4.13: Full Range Travel versus No of PST

Full Ranged Travel is the point where the travel no longer increases with an increase in
current. There was a sudden rise at 95" PST as shown in Figure 4.13. Previously, the
Zero Power Condition was set the valve to open when power fails. After changing the
operation mode of the valve (from analog operated to digital), the Zero Power Condition
is set to close which cause the valve to fully close when power fails. Initially, at full
range the valve was configured closed position. After changing the setting of Zero

Power Condition, the valve goes to open position as it is configured as open at full range
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Lower Bench Set is the amount of pneumatic pressure required to begin actuator
movement. For air-to-open valve, it is the pressure required to begin valve opening
travel. Figure 4.14 and 4.15 show that the pressure reading is reduced atter 95 PST. .
Upper Bench Set displays the amount of pneumatic pressure required to drive the
actuator through the full range 6f travel. For air-to-open valve, it is the pressure required
to move the valve to the fully open position. Note that the pressure required to moving
the valve is also reduced after 95™ PST. The valve requires less pressure to move from
its seat when the solenoid is bypassed. Previously, the pressure is supplied to both
solenoid valve and DVC to operate the valve. After bypassing the solenoid valve, the
pressure is only supplied to the DVC.
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4.5  Analyzed Data of Partial Stroke Testing for Butterfly Valve

4.5.1 Average Dynamic Error

Average Dynamic Error

Average Dynamic Error {3%)
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Figure 4.16: Average Dynamic Error versus no of PST

Dynamic Error Curve is the difference between opening and closing curve from 5% to
95% of valve travel. From the curve, the AMS ValveLink software calculates the
average, maximum and minimum difference of the opening and closing curve. The
graphs are plotted to observe the differences and its effect to the valve. Figure 4.16
shows the Average Dynamic Error plot which ranging from 1.2% to 1.8%. With 0.6%

variation, the graph is acceptable.
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4.5.3 Minimum Dynamic Error

Minimum Dynamic Error
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Figure 4.18: Minimum Dynamic Error versus no of PST
Figure 4.18 shows the Minimum Dynamic Error graph of PST. The variation is ranging

from 0.9% to 1.7%. The spike at 21st PST is 0.73%. Tightening valve packing cause one

of the minimum dynamic error overshoot.
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454 Dynamic Linearity

Dynamic Linearity
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Figure 4.19: Dynamic Linearity graph versus no of PST

Figure 4.19 shows the Dynamic Linearity graph. Linearity is the maximum deviation
from a straight line best fit to the opening and closing curves and a line representing the
avérage value of those curves. The readings are ranged from 0.1% to 0.3%. Tightening

the valve packing causes the value of dynamic linearity at 21% PST to be out of range.
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4.5.5 Zero Ranged Travel

Zero Range Travel
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Figure 4.20: Zero Range Travel versus no of PST

Using the Dynamic Error Band, the AMS ValveLink software establishes a best fit line

and projects this to a ranged travel of zero. AMS ValveLink Software converts the

X axis point of dynamic band graph where the ranged travel is zero, from input percent

to milliamps. Referring to Figure 4.20, the Zero Range Travel is ranging from 20mA to
20.5 mA. The reading at 21* PST is the highest among all due to tightening the valve

packing.
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4.5.6  Full Ranged Travel

Full Range Travel
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Figure 4.21: Full Range Travel versus no of PST

Full Range Travel is the point where the travel no longer increases with an increase in
current. The value of full range travel is between 3.5mA to 3.7mA. At 81% and 161%
PST, the value is out of ranges which are 3.54 mA and 3.46 mA, respectively as shown
in Figure 4.21.
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4.5.7 Lower Bench Set

Lower Bench Set
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Figure 4.22: Lower Bench Set versus no of PST

Figure 4.22 shows the Lower Bench Set plot. Lower Bench Set is the amount of
pnuematic pressure required to begin actuator movement. For air-to-open valves, it is the
pressure required to begin valve-opening travel. The reading is ranging from 22 psi to 25

psi. The overshoot occurred at 21% PST due to tightening the valve packing.
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4.5.8 Upper Bench Set

Upper Bench Set
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Figure 4.23: Upper Bench Set

Upper Bench Set displays the amount of pnuematic pressure required to drive the
actuator through the full range of travel. For air-to-open valve, it is the pressure required
to move the valve to the fully open position. The reading ranges from 44.6 psi to 45.2
psi which varies about 0.6 psi. Figure 4.23 shows the overshoots occurred at 21" pST

due to tightening the valve packing activities.
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CHAPTER 5
CONCLUSION & RECOMMENDATIONS

5.1 Conclusion
Below is the summary of the project outcomes:-

5.1.1  Development of a controller to perform PST and FST
¢ Programming was developed in order to perform PST and FST. The
functions of the programming are to initiate the PST and execute the FST.
The programming was built separately for each ball valve and butterfly

valve.

5.1.2. Compare the PST performance of ball valve and butterfly valve
5.1.2.1 Valve Signature of Partial Stroke Testing
¢ Ball valve requires much pressure at the beginning of the opening
compared to butterfly valve. It is because the actuator size of ball valve is
bigger than butterfly valve. Inside the actuator, there is a spring to control
the ball or disk movement. The spring inside the ball valve is bigger; hence

it needs much torque to cause the valve to move.

5.1.2.2 Bypass the solenoid valve
» Bypass the solenoid valve reduced the pressure supplied to the DVC. The
value of dynamic error and bench set proved that the pressure supplied to
the ball valve was reduced after removing the solenoid valve from the
actuator. It is because air can go through the actuator from DVC without

resiriction from solenoid valve,
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3.1.2.3 2-wire system versus 4-wire system
¢ Removing the solenoid valve make the DVC installation became a 2-wire
system which requires less wiring and would reduce the cost, but the
2-wire system also requires installation of line conditioner which would

add up to the total cost of installation.

5.1.3  Fuilure mode of the valves during the test
» Tightening quarterly the gland packing would require much pressure to be
supplied to the valve. It is because the valve needs to overcome higher

torque in order to cause the valve fo move.
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5.2 Recommendations

5.2.1 Continuous Testing
o Currently, the author has executed the PST for 35 days. It is highly
recommended to continue the testing to gather 90-days data in order to get

a better and accurate result.

5.2.2 Varying the PST parameters
* As being discussed in Section 4.5: Analyzed Data for PST of Butterfly Valve
shows that tightening the valve packing has an effect on the valve
performance. Therefore, the future work the author would suggest varying
the PST parameters such as the stroking travel and testing speed to determine

their effect in valve performance.
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APPENDIX I
Ladder Logic Diagram for Ball Valve



Circuit: Fl SHER

FPower Failure Condition- 1st cycle- module & 1
Mpo035
f— - e WRITE | 5 501 1
1035 {FISHER, DOCO1N, LD), (FISHER, 60003N, LD}
' - - . N .
tUpper Limit and Lower Limit Setting 4 & 20 mA 1st cylce
e ._,,,,..u.__i_ff, !7, ey
) MDDO3E | [
N [t — . - [ weiTE 10000 5 | 520 | A
) k l w
- - e - WRITE 5 521, 1 1
9635  (FiSHER, BOGODIN,LD), (Fi1SHER, 00003N, LD}
)i Mooo3a \ l i
Nl S — Y TR 1 §. i 1. L
8033 [ FLSHER, 00008N, LD)
0001  (FiSHER, 00809N, WRITE), (FISHER, C0011N, MOV), (FI SHER, 00014N, MOV)
Bl
N - -
i toooo: ‘
1) - - - LMoY 0} pODODY
10002  {FISHER, 0010N, LD)
10001  (FiSHER, 00GOON, WRITE), (FISHER, 00011N, MOV), (FI SHER, 00014N, MOV)
e ,T__.ﬁ R
33| 100020 |
N 4 : MoV 110000 | popoot
0) Y00201
06201  (FISHER, DOD18N, OUTH)
00820 [ FISHER, 000%2N, LD}
00004  (FISHER, 00008N, WRITE), [FISHER, DC011N, MOV), {F! SHER, 000 14N, MOV)




APPENDIX 11
Ladder Logic Diagram for Butterfly Valve



MODO3E
i | $0 5 502
}035  (BFLY,00001N,LD), (BFLY,00003K,LD)
MoOG35 f 1 | {

4 f—q e WRI TE 10000 1 5 1 530 1

H - o WRI TE o 5 | 531 1
0035  (BFLY,00001N, LD}, (BFLY, 09003N,LD)
) MO0033 ' !
N | — WRI TE Do0po1 5 ) 1t
6033  (BFLY, 00008N, LD)
0001 {BELY, 00008N, WRI TE), {BFLY, 00G11N, MOV], (BFLY, 00D14¥, MOV)
) 100002
N ! | mov 0 DODODY ‘
0002 [ BFLY,0BD1ON,LD)

0001  {BFLY, 000G8N, WRITE)}, (BFLY, 00011N, MOV}, (BFLY, 00074N, MOV)

) 100026 {

Nl MOV 10000 000001
" ¥Y00202
10202 (BFLY, 00016N, QUTN)
10020  {BFLY,00012N, LDO)

30001 (BFLY, CO009N, WRITE), (BFLY, 000118, MOV), (BFLY,00014N, MOV)



APPENDIX III
Daily Report of PST for Ball Valve

(Software generated)



Valvelink Custom Report

» February 01, 2009
14:06:13

PETROMAS

BALL VALVE

DVC6000 SIS

HART Tag Name
Valve Styte
Actuator Style
Instrument S/N
Valve §/N
Firmware Revision
Hardware Revision

PST

ROTARY

Piston ~ Sgl w/ Spring
18477410

18477410

7

1

strument Config

uration [BALL VALVE] - Basic

01 Feb 2009 11:52:29

General Pressure Travel/Pressure Control
HART Tag PST Max Supply Pressure 60 psi Travet/Pressure Control
Message Pressure Units  psi Travel / Pressure Select  Travel
Descriptor 18477410 Tuning Travel / Pressure Cutoff Lo 0.5
Date 02/18/08 Travel Control (%)
Valve Serial Number 18477410 Travel Control Tuning Set H Travel / Pressure Cutoff Hi  99.46
1strument Serial Number 18477410 Proportional 8.4 {9%)
Polling Address 0 Enable Integral Contro!l No End Point Press. Control
Initial Setup Integral Gain (reps/min) 9.4 End Point Controt Enable  Enabled
Control Mode  Analog (RSP) Integral Settings Control End
Restart Cont. Mode  Analog (RSP) Integral Dead Zone (%) 0.26 Pressure Set Point  52.1 psi
Zero Power Condition  Valve Open Integral Limit (%) 50 Pressure Saturation Time 45
avel / Pressure Cutoff Lo 0.5 Pressure Control (sec)
(%) Pressure Control Tuning Set  H Dynamic Response
Valve Style Rotary Shaft Proportional 4.2 Set Point Rate Limits
Actuator Style  Piston - Sgl w/ Enable Integral Control  Yes SP Rate Open (%/sec) O
Spring Integral Gain (reps/sec) 0.1 5P Rate Close (%/sec) 0
Relay Type Relay B SIS / Partial Stroke Set Point Filter
Feedback Connection  Rotary-All/SS- Partial Stroke Lag Tima (sec) 0
Roller Enable Enabled
Travel Sensor Motion  Clockwise Test Start Point
Aux Terminal Mode  Push Button Partial Stroke Press Limit 16 psi
Partial Stroke Max. Travel Movement {%) 20
Test Test Speed  0.5%/s
Partial Stroke Start Pt.  Valve Open Test Pause Time 5 sec
Inputs Auto Test Interval (days) 0.00
Analog Input Units  mA SIS Options
Temperature Units  F DVC Power Up  Auto Reset
Input Characterization Action on Failed test Ramp Back
Input Characteristic  Linear

Page L of 19




Valvelink Custom Report

) February 01, 2009
14:06:13

strument Configuration [BALL VALVE] - Alerts

PETRCNAS
uTe

Self Test Shut Down

Flash ROM Fail Enable
No Free Time Enable
Reference Vaktage Fail
Enable

NVM Fail Enable

Femp Sensor Fail Enable
‘ravel Sensor Fail Enable
Yrive Current Fail Enable

Travel History Alerts

Cyde Count Alert Enable
e Count Deadband (%)
Cycle Count Alert Point
Cycle Count

Trav Acc Alert Enable

vl Accum Deadband (%}
Tvl Accum Alert Pt (%}
Travel Accumutator (%)

No

2,93
2147483646
300

No

2.93
2147483646
21655

01 Feb 2009 11:52:29

Deviation & Other Alerts

Travel Dev Alert Enable
Travel Dev Alert Pt (%)
Travel Dev Time (sec)
Pressure Dev Alert Enable
Pressure Dev Alert Pt
Pressure Dev Time (sec)
Prive Signal Alert Enable
Supply Pressure Alert Paint
Supply Pressure Alert
Enable

Yes
5
9.99
Yes
2psi
9.99
Yes
0 psi
Yes

Travel Alerts

Tvi Alert Lo Enable

Twvi Alert Hi Enable

Tvl Alert Lo Lo Enable
TV Aert Hi Hi Enable

Lo Point {%)

Hi Point (%)

Lo Lo Point (%)

Hi Hi Point (%)
Deadband (%)

Tvl Limit/Cutoff Lo Enable
Tl Limit/Cutoff Hi Enable

Alert Record and Commands

Instrument Clock

Valve Alerts Enable
Failure Alerts Enable
Misc Alerts Enable
Burst Mode Enable
Burst Command

Cmd #3 (Trending)
Pressure

Alert Record Not Empty
Enable

Alert Record Full Enable

01 FEB 2009
11:52

Yes

Yes

Informational Status

Inst Time Invalid Enable
€al in Progress Enable
Autocal in Progress Enable
Diag in Progress Enable
Diag Data Avail Enable
Integrator Sat Hi Enable
Integrator Sat Lo Enable
Press Ctri Active Enable
Multi-Drop Alert Enable

Yes
No
No
No
Yes
Yes
Yes
Yes
No

Electronic Alerts

Shutdown Activated Alert
Enable

Power Starvation Alert
Enable

Non-Critical NVM Alert
Enable

Yes
No

No

strument Configuration [BALL VALVE] - Spec Sheet

01 Feb 2009 11:52:29
Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Metal Trim Style 1
Travel Units  deg Leak Class V Trim Style 2
Length Units  in Port Dlgmeter 6.0 in Stroking Time Open (sec) 0O
Area Units  in2 Actuator Stroking Time Closed {sec) 0
Torque Units  Ibf.in Actuator Mfg.  Fisher Controls Pynamic Torque 0.0 Ibf.in
Spring Rate Units  Ibffin Actuator Mode! 1035 Breakout Torque 0.0 lbf.in
Valve Actuator Size 40
Valve Mfg.  Fisher Controls Effective Area 0.0 in2
Valve Model  v-250 Air  Closes
Size 6Hin Volume Booster/Quick  Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel 90.0 deg Upper Bench Set 0.0 psi
Stem Diameter 2.0in Nominal Supply Pressure  70.0 psi
Packing Type TFE / Single Spring Rate 0.0 Ibffin
Inlet Pressure  100.0 psi Lever Style  Rack and Pinion
Outlet Pressure 0.0 psi Moment Arm 0.0 in
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ValveLink Custom Report

» February 01, 2009
14:06:13

PETRONAS
ure

rtial Stroke [BALL VALVE]

80+ T R |
50 i 5 |
i | -
= i =] N
? F g 01 Feb 2009 11:52:44
o T % i
g 2T - i Inputs
£ 1 Input Start:  100.0 %
€ 0r— ; - Input End:  80.0 %
- Stroke Speed  0.5%/s
0 i — Test Pause Time: 5 sec
I Collection Interval:  150.0 msec.
10 0 "50 40 a0 80 o 1
Traved (deg) Analyzed Data
Avg. Dynamic Error:  2.71%
150 ) - Min. Dynamic Error:  1.99%
Max. Dynamic Error:  3.47%
Dyn. Linearity (Ind.): 0.48%
100 - Zero Ranged Travel at: ~ 20.00 mA
- | Full Ranged Travel at:  4.05 mA
Average Torque: NA
F 1 e Mirimum Torque:  NA
T S+ % - — — Maximum Torgue:  NA
= T ©e Spring Rate: NA
t Bench Set: 25,9 - 44.89 psi
ol Partial Stroke Test initiated HART Command
1T by:
Partial Stroke Test status:  Completed
! Successfully
ko 1&0 S 5:0 Ty 5I‘0
ot %) Tuning Set
Tuning Set: H
50 — e — Gains
i Proportional:  8.40
Velocity: 4.20
MLF:  31.00
- Integral Control:  Disabled
= Integral Gain: 9.4
g E_ - Notes
@ Fil
£ |
a s 100 150
Input (%)
Valve Trim Actuator
Manufacturer:  Fisher Controls Seat Type: Metal Manufacturer:  Fisher Controls
Type: V-250 Leakage Class: V Type: 1035
Size: 6in Port Diameter:  6.0000 in Size: 40
Class: 300 Effective Area:  0.00 in2
Rated Travel:  90.00 deg Air:  Closes
Actual Travel:  90.00 deg Bench Set:  0.0000 psi-
Shaft Diameter:  2.0000 in 0.0000 psi
Packing Type: TFE / Single Nominal Supply Pressure: 70,0000 psi
Inlet Pressure:  100.0000 psi Spring Rate;  0.0000 Ibf/in
Outlet Pressure:  0.0000 psi Styte:  Rack and Pinion
Moment Arm:  0.0000 in

Page 3 of 18




PETRONAS

e

ValveLink Custom Report
) February 01, 2009
14:06:13

uration [BALL VALVE

General
HART Tag
Message
Descriptor
Date

Valve Serial Number
istrument Serial Number

Polling Address

PST

18477410
02/18/08
18477410
18477410
0

Initial Setup

Control Mode

Restart Cont. Mode
Zero Power Condition
avet / Pressure Cutoff Lo

(%)
Valve Style
Actuator Style

Relay Type

Feedback Connection

Travel Sensor Motion
Aux Terminal Mode

Partlal Stroke Start PL.

Inputs

Analog Input Units
Temperature Units
Input Characterization

Input Characteristic _Linear

Anzalog (RSF)
Analog (RSP)
Valve Open
0.5

Retary Shaft
Piston - Sgl w/
Spring

Relay B
Rotary-All/SS-
Roller
Clockwise
Push Button
Partial Stroke
Test

Valve Open

mA
F

01 Feb 2009 12:11:03

Pressure

Max Supply Pressure
Pressure Units

Tuning

Travel Control

Travel Control Tuning Set
Proportional

Enable Integral Control
Integral Gain (reps/min)
Integral Settings

Integral Dead Zone (%)
Integral Limit (%)
Pressure Control

Pressure Control Tuning Set
Propartional

£nable Integral Control
Integral Gain (reps/sec)

60 psi
psi

8.4

9.4

0.26

0.1

SIS / Partial Stroke

Partial Stroke

Enable

Test Start Point

Partial Stroke Press Limit
Max. Travel Movement (%)
Test Speed

Test Pause Time

Auto Test Interval (days)
SIS Options

DVC Power Up

Action on Failed test

Enabled

16 pst
20
0.5%/s
5 sec
0.00

Auto Reset
Ramp Back

Travel/Pressure Control

Travel/Pressure Control
Travel / Pressure Select
Travel / Pressure Cutoff Lo
(%)

Travel / Pressure Cutoff Hi
(%)

End Point Press. Controf
End Point Control Enable
Control End

Pressure Set Point
Pressure Saturation Time
(sec)

Travel
0.5

99.46

Enabled

52.1 psi
45

Dynamic Response

Set Point Rate Limits
SP Rate Open (%/sec)
SP Rate Close (%/sec)

Set Point Filter
Lag Time (sec)}

g
0

o

Page 4 of 19




Valvelink Custom Report
' February 01, 2009
14:06:13

PETRONAS

L

trument Configuration [BALL VALVE] - Alerts

Self Test Shut Down
Flash ROM Fail Enable No
No Free Time Enable No
Reference Voltage Fail No
Enable
NVM Fail Enable No
femp Sensor Fall Enable No
‘ravel Sensor Fafl Enable No
Jive Current Fail Enable  No
Travel History Alerts
Zydle Count Alert Enable No
1e Count Deadband (%) 2.93
Cycle Count Alert Point 2147483646
Cyde Count 296
Trav Acc Alert Enable  No
vi Accum Deadband (%) 2.93
TV Accum Alert Pt (%) 2147483646
Travel Accumulator (%) 21351

01 Feb 2009 12:11:03

Deviation & Other Alerts
Travel Dev Alert Enable  Yes
Travel Dev Alert Pt (%) 5
Trave! Dev Time {sec) 9.99
Pressure Dev Alert Enable  Yes
Pressure Dev Alert Pt 2 psi
Pressure Dev Time (sec) 9.99
Drive Signal Alert Enable  Yes
Supply Pressure Alert Point 0 psi
Supply Pressure Alert  Yes
Enable
‘Travel Alerts
Tvl Alert Lo Enable  No
Tvi Alert Hi Enable  No
T Alert Lo Lo Enable  No
‘Tvi Alert Hi Hi Enable No
Lo Point (%) -25
HiPoint (%) 125
Lo Lo Point (%) -25
Hi Hi Point (%) 125
Deadband (%) 1
Tl Limit/Cutoff Lo Enable  No
Tvl Limit/Cutoff Hi Enable No

Alert Record and Commands
Instrument Clock 01 FEB 2009
11:52
Valve Alerts Enable No
Failure Alerts Enable  Yes
Misc Alerts Enable  No
Burst Mode Enable No
Burst Command 3
Cmd #3 (Trending) A
Pressture
Alert Record Not Empty  Yes
Enable
Alert Record Full Enable  Yes
Informational Status
Inst Time Invalid Enable  Yes
Cal in Progress Enable No
Autacal in Progress Enable  No
Diag in Progress Enable Ne
Diag Pata Avall Enable  Yes
Integrator Sat Hi Enable Yes
Integrator Sat Lo Enable  Yes
Press Cirl Active Enable  Yes
Multi-Drop Alert Enable No
Electronic Alerts
Shutdown Activated Alert  Yes
Enable
Power Starvation Alet  No
Enable
Non-Critical NVM Alert  No
Enable

strument Configuration [BALL VALVE] - Spec Sheet

Spec Sheet Units
Pressure Units  psi
Travel Units  deg
Length Units  in
Area Units  in2
Torque Units  Ibf.in
Spring Rate Units  Ibffin
Valve
Valve Mfg,  Fisher Controls
Valve Model V-250
Size 6in
Class 300
Rated Travel 90.0 deg
Actual Travel 90.0 deg
Stem Diameter 2.010n
Packing Type TFE / Single
Inlet Pressure  100.0 psi
Qutiet Pressure 0.0 psi

01 Feb 2009 12:11:03

Trim
Seat Type Metal
Leak Class V
Port Diameter 6.0in
Actuator

Actuator Mfg,  Fisher Controls

Actuator Model 1035
Actuator Size 40
Effective Area 0.0 in2
ANr Closes

Volume Booster/Quick  Unknown

Release
Lower Bench Set 0.0 psi
Upper Bench Set 0.0 psi
Nominal Supply Pressure  70.0 psi

Spring Rate 0.0 ibffin
Lever Style  Rack and Pinion

Moment Armm 0.0 in

Stroking Time Closed (set)

Reference
Trim Style 1
Trim Style 2
Stroking Time Open (sec) 0O

0
Dynamic Torque 0.0 lbflin
Breakout Torque 0.0 [bfin

Page 5 of 19



ValvelLink Custom Report FETRONAS
) February 01, 2009 o
14:06:13

rtial Stroke [BALL VALVE]

60— —
50 _},,,, SO PO SO EE ) I
I i
E B 01 Feb 2009 12:11:24
5 o
g —__L—f%--——- i —— S
o 2 .
% 20 -8B . _ B - - Inputs
3 + | Input Start:  100.0 %
- S S - — R E— InputEnd:  80.0 %
I ; Stroke Speed  0.5%fs
% ) i W R VOO N Test Pause Time: 5 sec
I ! | ! 4‘ Collection Interval:  150.0 msec.
210 et ‘41} bl et gt —|
-20 0 20 4:; 60 80 100 120 Analyzed Data
favel (deq) Avg, Dynamic Error:  2.71%
150 ——— e - - - - - : Min. Dynamic Ervor:  1.81%
1 [ ‘ Mayx, Dynamic Error;  3.22%
i Dyn. Linearity (Ind.):  0.44%
. i ' Zero Ranged Travel at:  19.94 mA
100~ T ' ‘ . I Full Ranged Travel at:  4.05 mA
Average Torque: NA
5 Minimum Torque: NA
3 sl B n - _ S Maximum Torque: NA
H L8 Spring Rate:  NA
L r Bench Set:  25.48 - 44.92
) ps
od+— - — — - i —— : Partial Stroke Test initiated HART Command
L by:
I Partial Stroke Test status:  Completed
1 i ; Successfully
50—ttt —nt—]
150 100 50 1} -50
Input (%) Tuning Set
- _ - B ) Tuning Set: H
0T T ‘ Gains
r Proportional:  8.40
I | Velocity:  4.20
B St R S . MLF: 31,00
+ ' Integral Control:  Disabled
ey Integral Gain: 9.4
T |3 o
5 s0+—%& - - - Notes
« PO
£
[}
0 e — —— —— —— S
50 f——t—t—t——— t T o + —-t : 4 + !
o 50 100 150
Input (%)
Vaive Trim Actuator
Manufacturer:  Fisher Controls Seat Type: Metal Manufacturer:  Fisher Controls
Type: V-250 Leakage Class: V Type: 103%
Size: 6in Port Diameter:  6.0000 in Size: 40
Class: 300 Effective Area:  0.00in2
Rated Travel: 90.00 deg Air;  Closes
Actual Travel:  90.00 deg Bench Set:  0.0000 psi-
Shaft Diameter:  2.0000 in 0.0000 psi
Packing Type; TFE / Single Nominal Supply Pressure:  70.0000 psi
Infet Pressure:  100.0000 psi Spring Rate:  ©.0000 loffin
Outlet Pressure:  0,0000 psi Style:  Rack and Pinion

Moment Arm:  0.0000 in
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Valvelink Custom Report
I February 01, 2009
14:06:13

strument Configuration [BALL VALVE] - Basic

BETRONAS

uTE

General
HART Tag PST
Message
Descriptor
Date

18477410

02/18/08
Valve Serial Number 18477410
strument Serial Number 18477410

Polling Address 0
Initial Setup
Control Mode
Restart Cont, Mode  Analog (RSP)
Zero Power Condition  Valve Open
avel / Pressure Cutoff Lo 0.5

Analog {(RSP)

Rotary Shaft
Piston ~ Sgl w/
Spring

Relay B
Rotary-All/SS-
Roller
Clockwise
Push Button
Partial Stroke
Test

Valve Open

Relay Type
Feedback Connection

Travel Sensor Motion
Aux Terminal Mode

Partial Stroke Start Pt,
Inputs
Analog Input Units mA
Temperature Units
Input Characteﬂzahon
Input Characteristic _ Linear

01 Feb 2009 12:22:15

Pressure

Max Supply Pressure
Pressure Units

Tuninyg

Travel Control

Travel Control Tuning Set
Proportional

Enable Integral Control
Integral Gain (reps/min)
Integral Settings

Integral Dead Zone (%)
Integral Limit (%)
Pressure Control

Pressure Control Tuning Set
Proportional

Enable Integral Control
Integral Gain (reps/sec)

60 psi
psi

0.26
50

H

4.2
Yes
0.1

SIS / Partial Stroke

Partial Stroke

Enable

Test Start Point

Partial Stroke Press Limit
Max. Travel Movement (%)
Test Speed

Test Pause Time

Auto Test Interval (days)
SIS Options

DVC Power Up

Action on Falled test

Enabled

16 psi

Travel/Pressure Control

Travel/Pressure Control
Travel / Pressure Select
Travel / Pressure Cutoff Lo
(%)

Travel / Pressure Cutoff Hi
{%)

End Point Press. Control
End Point Controf Enable
Contrel End

Pressure Set Point
Pressure Saturation Time
(sec)

Travel
0.5

99.46

Enabled

52.1 psi
45

Dynamic Response

Set Point Rate Limits
SP Rate Open (%/sec)
SP Rate Close (%/sec)

Set Point Fitter
Lag Time (sec)

0
o

0
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Valvelink Custom Report PETRONAS
}  February 01, 2009 . TR
14:06:13

strument Configuration [BALL VALVE] - Alerts

01 Feb 2009 12:22:15
Seif Test Shut Down Deviation & Other Alerts Alert Record and Commands
Flash ROM Fail Enable No Travel Dev Alert Enable  Yes Instrument Clock 01 FEB 2009
No Free Time Enable No Travel Dev Alert Pt (%) 5 12:02
Reference Voltage Fail No Travel Dev Time (sec) 9.99 Velve Alerts Enable  No
Enable Pressure Dev Alert Enable  Yes Failure Alerts Enable Yes
NVM Fail Enable No Pressure Dev Alert Pt 2 psi Misc Alerts Enable No
Temp Sensor Fail Enable No Pressure Dev Time (sec) 9.99 Burst Mode Enable No
Travel Sensor Fait Enable No Drive Signal Alert Enable Yes Burst Command 3
Jrive Current Fail Enable No Supply Presstire Mlert Point 0 psi Cmd #3 (Trending) A
Travel History Alerts Supply Pressure Alert  Yes Pressure
Cycle Count Alert Enable No Enable Alert Record Not Empty  Yes
Je Count Deadband (%) 2,93 Travel Alerts Enabte
Cycle Count Alert Point 2147483646 Tvi Alert Lo Enable No Alert Record Full Enable  Yes
Cycle Count 298 Tvl Alert Hi Enable  No Informational Status
Trav Acc Alert Enable  No Tvl Alert Lo 1o Enable No Inst Time Invalid Enable Yes
vl Accum Deadband (%) 2.93 Tvi Alert Hi Hi Enable No Cal in Progress Enable No
T Accum Alert Pt (%) 2147483646 Lo Point (%) -25 Autocal in Progress Enable  No
Travel Accumulator (%) 21390 Hi Point (%) 125 Diag int Progress Enable  No
Lo Lo Point (%) -25 Diag Data Avall Enable Yes
Hi Hi Point (%) 125 Integrator Sat Hi Enable  Yes
Deadband {%) 1 Integrator Sat Lo Enable  Yes
Tvl Limit/Cutoff Lo Enable No Press Ctid Active Enable  Yes
Tvi Limit/Cutoff Hi Enable No Multi-Drop Alert Enable No
Electronic Alerts
Shutdown Activated Alert  Yes
Enable
Power Starvation Alert No
Enable
Non-Critical NVM Alert  No
Enable
strument Configuration [BALL VALVE] - Spec Sheet
01 Feb 2009 12:22:15
Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Metal Trim Style 1
Travel Units  deg Leak Class V Trim Styte 2
Length Units  in Port Diameter 6.0in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed {se¢) 0O
Torque Units  ibfin Actuator Mfg,  Fisher Controls Dynamic Torque = 0.0 Ibf.in
Spring Rate Units  Ibffin Actuator Model 1035 Breakout Torque 0.0 Ibf.in
Valve Actuator Size 40
Valve Mfg.  Fisher Controls Effective Area 0.0 in2
Valve Model  V-250 Air  Closes
Size 6in Volume Booster/Quick  Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel 90.0 deg Upper Bench Set 0.0 psi
Stem Diameter 2.0in Nominal Supply Pressute  70.0 psi
Packing Type TFE/ Single Spring Rate 0.0 {bffin
Inlet Pressure  100.0 psi Lever Style Rack and Pinion
Outlet Pressure 0.0 psi Moment Arm 0.0 in

Page B of 19



~ ValveLink Custom Report PETRONS
) February 01, 2009
14:06:13

g 9O — e 01 Feb 2009 12:24:06
E o . S R S
: o} |
E"é o S _ e - _ ] Inputs
g ! i ! Input Start: 100.0 %
k- ST ; - Input End:  80.0%
: Stroke Speed  0,5%fs
P - — —_ i ] Test Pause Time:  5Ssec
ﬂ ; Collection Interval:  150.0 msec.
ettt | - o]
0 2 4‘0; ) 60 80 100 120 Analyzed Data
eg Avg. Dynamic Error:  2.75%
150 ——- = - s - Min. Dynamic Emor: 1.67%
Max. Dynamic Error:  3.71%
Dyn, Linearity (Ind.): 0,59%
Zero Ranged Travel at: 19,93 mA
) — ” N Full Ranged Travel at:  4.06 mA
| Average Torque:  NA
z Minimum Torgue: NA
S sl 8 N . - Maximum Torque:  NA
% 8 Spring Rate:  NA
= Bench Set:  26.16 - 44.69
) psi
oi—— S — — e - - Partial Stroke Test initisted  HART Command
T : by:
1 | ; Partial Stroke Test status: - Completed
j~ | J Successfully
S0 4——t——+ t — t t + t it t
50 100 50 o -50
Input (%) Tuning Set
50— - _ _ - e o Tuning Set: H
? Gains
Proportional:  8.40
Velodty: 4.20
10— — . _ | MLF: 3100
1 Integral Control:  Disabled
g Integral Gain: 9.4
B 2 i d
5 508 : — Notes
@ ]
g —
-SDLﬁh—v—f‘}-—*—Oﬁ t + i i 4+ ! H . -
-50 0 50 100 150
Input (%)
Valve Trim Actuator
Manufacturer:  Fisher Controls Seat Type: Metal Manufacturer:  Fisher Controls
Type: V-250 Leakage Class: V Type: 1035
Size: 6in Port Diameter:  6,0000 in Size: 40
Class: 300 Effective Area: 0.00in2
Rated Travel:  90.00 deg Air:  Closes
Actual Travel: 90,00 deg Bench Set:  0.0000 psi-
Shaft Diameter:  2.0000 in 0.0000 psi
Packing Type: TFE / Single Nominal Supply Pressure: 70,0000 psi
Inlet Pressure:  100.0000 psi Spring Rate:  0.0000 Ibffin
Outlet Pressure:  0.0000 psi Style:  Rack and Pinion
Moment Arm: _0.0000 in
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Valvelink Custom Report

) February 01, 2009
14:06:13

strument Confiuration [BALL VALVE] - Basic

General

HART Tag

Message

Descriptor

Date

Valve Serial Number
istrument Serial Number
Polling Address

PST

18477410
02/18/08
18477410
18477410
0

Initial Setup

Control Mode

Restart Cont. Mode

Zerg Power Condition
avel / Pressure Cutoff Lo
(%)

Valve Style

Actuator Style

Relay Type
Feedback Connection

Travel Sensor Motion
Aux Terminal Mode

Partlal Stroke Start Pt
Inputs

Analog Input Units
Temperature Units

Analog (RSP)
Analog (RSP)
Valve Open
0.5

Rotary Shaft
Piston - Sgl w/
Spring

Relay B
Rotary-All/$5-
Roller
Clockwise
Push Button
Partial Stroke
Test

Valve Open

mA
F

Input Charactetization

Input Characteristic

Linear

01 Feb 2009 12:32:09

Pressure

Max Supply Pressure
Pressure Units

Tuning

Travel Control

Travel Contral Tuning Set
Proportanal

Enable Intearal Control
Integral Gain {reps/min)
Integral Settings

Integral Dead Zone (%)
Integral Limit (%)
Pressure Control
Pressure Control Tuning Set
Proportional

Enable Integral Control
Integral Gain (reps/sec)

60 psi
psi

8.4
No
9.4

0.26

0.1

SIS / Partial Stroke

Partial Stroke

Enable

Test Start Point

Partial Stroke Press Limit
Max. Travel Movement (%)
Test Speed

Test Pause Time

Auto Test Interval (days)
SIS Options

DVC Power Up

Action on Falled test

Enabled

PETRONAS

Travel/Pressure Controf

Travel/Pressure Control
Travel / Pressure Select
Travel / Pressure Cutoff Lo
(%)

Travel / Pressure Cutoff Hi
(%)

End Point Press, Control
End Point Control Enable
Control End

Pressure Set Point
Pressure Saturation Time
(sec)

Travel
0.5

92,46

Enabled

52.1 pst
45

Dynamic Response

Set Point Rate Limits
SP Rate Open (%/sec)
SP Rate Close (%/sec)

Set Point Fitter
Lag Time (sec)

0
0

0
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ValveLink Custom Report

) February 01, 2009
14:06:13

strument Configuration [BALL VALVE] - Alerts

Self Test Shut Down

Flash ROM Fait Enable
No Free Time Enable
Reference Voltage Fail
Enable

NVM Fail Enable

Temp Sensor Fait Enable
fravel Sensor Fail Enable
Drive Current Fail Enable

No
No
No

No
No
No
No

Travel History Alerts

Cycle Count Alert Enable
de Count Deadband (%)
Cydle Count Alert Point
Cycle Count

Trav Acc Alert Enable

Wi Accum Deadband (%)
Tvi Accum Alert Pt (%)
Travel Accumulator (%)

No

293
2147483646
300

No

2.93
2147483646
21430

01 Feb 2009 12:32:09

PETRONAS

Le

Deviation & Other Alerts Alert Record and Commands
Travel Dev Alert Enable  Yes Instrument Clock 01 FEB 2009
Travel Dev Alert Pt (%) 5 12:12
Travel Dev Time (sec) 9.99 Valve Alerts Enable No
Pressure Dev Alert Enable  Yes Failure Alerts Enable  Yes
Pressure Dev Alert Pt 2 psi Misc Alerts Enable No
Pressure Dev Time (sec) 9.99 Burst Mode Enable No
Drive Signal Alert Enable Yes Burst Command 3
Supply Pressure Alert Point 0 psi Cmd #3 (Trending) A
Supply Pressure Alert  Yes Pressure
Enable Alert Record Not Empty  Yes
Travel Alerts Enable
Tl Alert Lo Enable No Alert Record Full Enable Yes
Tvl Alert Hi Enable No - Informational Status
Tvl Alert Lo Lo Enable  No Inst Time Invalid Enable Yes
Tvl Alert Hi Hi Enable No Cal in Prograss Enable  No
Lo Point (%) -25 Autocal in Progress Enzble  No
Hi Point (%) 125 Diag in Progress Enable No
Lo Lo Point (%) -25 Diag Data Avall Enable Yes
Hi Hi Point {%) 125 Integrator Sat Hi Enable Yes
Deadband (%) 1 Integrator Sat Lo Enable  Yes
Tl Limit/Cutoff Lo Enable No Press Cir] Active Enable  Yes
Tl Limit/Cutoff Hi Enable No Multi-Drop Alert Enable No
Electronic Alerts
Shutdown Activated Alert Yes
Enable
Power Starvation Alert No
Enable
Non-Critical NVM Alert  No

Enable .

strument Configuration [BALL VALVE] - Spec Sheet

01 Feb 2009 12:32:09
Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Metal Trim Style 1
Travel Units  deg Leak Class V Trim Style 2
Length Units in Port Diameter 6.0in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed {sec) 0
Torque Units . bbf.in Actuator Mfg.  Fisher Controls Dynamic Torque 0.0 Ibf.in
Spring Rate Units  Ibf/in Actuator Model 1035 Breakout Torque 0.0 bfin
Valve Actuator Size 40 .
Valve Mfg. Fisher Controls Effective Area 0.0 in2
Valve Model V-250 Air Closes
Size 6in volume Booster/Quick  Unknown
Cass 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel  90.0 deg Upper Bench Set 0.0 psl
Stem Diameter 2.0in Nominal Supply Pressure  70.0 psi
Packing Type TFE / Single Spring Rate 0.0 Ibffin
Inlet Pressure  100.0 psi Lever Style  Rack and Pinion
Outlet Pressure 0.0 psi Moment Arm _ 0.0 in
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ValveLink Custom Report PETRONAS

, g
) February 01, 2009 o
14:06:13
rtial Stroke [BALL VALVE]
60 - .  r—— —— e — S—
]
50 - e T e I B ,,,,‘,____‘
E 40 R o % """""""""" T 01 Feb 2009 12:32:22
I X
E 30 7”‘2 i S S P R .- SR
2 g j
s - B e S P Inputs
5 I Input Start:  100.0 %
8 1l o SV BN E— i — Input End:  80.0 %
T ; ; Stroke Speed  0.5%/s
D_:, I — S Test Pause Time: 5 sec
: [ 1l l Collection Interval:  150.0 msec.
L i |
%0 o 20 40 80 P Anatyzed Data
Travel (deg) Avg. Dynamic Error:  2.72%
180 - e Min. Dynamic Error:  1.81%
I | Max. Dynamic Emor;  3.43%
L Dyn. Linearity {Ind.):  0.45%
L Zero Ranged Travel at:  20.00 mA
100 — - = N Full Ranged Travel at: ~ 4.05 mA
Average Torque: NA
g Minimum Torque; NA
: sl 3 B - o Maximum Torque: NA
3 L& Spring Rate: NA
k- Bench Set: 27.06 - 44,65
I r - psi
b — . e Partial Stroke Test initiated  HART Command
by:
Partial Stroke Test status:  Completed
:_ Successfully
¥ et I
150 100 50 i -50
Input (%) Tuning Set
: R o ) L Tuning Set: H
T ' ‘ Gains
T ‘ Proportional;  8.40
Velocity: 4.20
100,;__....””“#7_. e d S - MLF: 31.00
- ! Integral Control:  Disabled
£ 7 ' Integral Gain: 9.4
T 13 o
5 50 B R : - Notes
@ ]
2
&
0__ — —. — -
|
-50 ‘] f f =]
-50 0 50 100 150
Input (%)
Valve Trim Actuator
Manufacturer:  Fisher Controls Seat Type: Metal Manufacturer:  Fisher Controls
Type: V=250 Leakage Class: V Type: 1035
Size: 6in Port Diameter:  6.0000 in Size: 40
Class: 300 Effective Area:  0.00in2
Rated Travel:  90.00 deg Air:  Closes
Actual Travel:  90.00 deg Bench Set:  0.0000 psi-
Shaft Diameter:  2.0000 in . 0.,0000 psi
Packing Type: TFE/ Single Nominal Supply Pressure: 70,0000 psi
Inlet Pressure:  100.0000 psi Spring Rate:  3,0000 lbffin
Outlet Pressure:  0.0000 psi : Style:  Rack and Pinion

Moment Arm:  0,0000 in
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Valvelink Custom Report

} February 01, 2009
14:06:13

PRTROMNAS

TR

strument Configuration [BALL VALVE] - Basic

01 Feb 2009 12:42:30
General Pressure Travel/Pressure Control
HART Tag PST Max Supply Pressure 60 psi Travel/Pressure Control
Message Pressure Units  psi Travel { Pressure Select  Travel
Descriptor 18477410 Tuning Travel / Pressure Cutofflo 0.5
Date 02/18/08 Travel Control (%)
Valve Serlal Number 18477410 Travel Control Tuning Set  H Travel / Pressure Cutoff Hi  99.46
istrument Serial Number 18477410 Propartional 8.4 (%)
Polling Address 0 Enable Integral Control No End Point Press. Control
Initial Setup Integral Gain (reps/min) 9.4 End Point Control Enable  Enabled
Control Mode  Analog (RSP) Integral Settings Control End
Restart Cont. Mode  Analog (RSP) Integral Dead Zone (%) 0.26 Pressure Set Point  52.1 psi
Zero Power Condition  Valve Open Integral Limit (%) 50 Pressure Saturation Time 45
avel / Pressure Cutoff 1o 0.5 Pressure Control (sec)
(%) Pressure Control Tuning Set  H Dynamic Response
Valve Style Rotary Shaft Proportional 4.2 Set Point Rate Limits
Actuator Style  Piston - Sgl w/ Enable Integraf Control  Yes SP Rate Open (%/secy 0
Spring : Integral Gain (reps/sec} 0.1 SP Rate Close (%/sec) 0
Relay Type Relay B SIS / Partial Stroke Set Point Filter
Feedback Connection  Rotary-All/SS- Partial Stroke lag Time (sec) O
Roller Enable Enabled
Trave] Sensor Motion  Clockwise Test Start Point
Aux Terminal Mode Push Button Partial Stroke Press Limit 16 psi
Partial Stroke Max. Travel Movement (%) 20
Test Test Speed  0,5%/s
Partial Stroke Start Pt,  Valve Open Test Pause Time 5 sec
Inputs Auto Test Interval (days} 0.00
Analog Input Units mA SIS Options
Temperature Units  F DVC Power Up  Auto Reset
Input Characterization Action on Failed test Ramp Back
Input Characteristic  Linear
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Valvelink Custom Report PETROZS
) February 01, 2009

14:06:13
strument Configuration [BALL VALVE] - Alerts
01 Feb 2009 12:42:30
Self Test Shut Down Deviation & Other Alerts AMert Record and Commands
Flash ROM Fail Enable No Travel Dev Alert Enable  Yes Instrument Clock 01 FEB 2009
No Free Time Enable No Travel Dev Alert Pt (%) 5 12:22
Reference Voltage Fail No Travel Dev Time (sec) 9.99 Valve Alerts Enable No
Enable Pressure Dev Alert Enable  Yes Failure Alerts Enable  Yes
NVM Fail Enable No Pressure Dev Alert Pt 2 psi Misc Alerts Enable No
Temp Sensor Fajil Enable No Pressure Dev Time {sec} 9.99 Burst Mode Enable No
fravel Sensor Fait Enable No Drive Signal Alert Enable  Yes Burst Command 3
Jrive Current Fail £nable  No Supply Pressure Alert Point 0 psi Cmd #3 (Trending) A
Travel History Alerts Supply Pressure Alert  Yes Pressure
Cycle Count Alert Enable No Enable Alert Record Not Empty  Yes
de Count Deadband (%) 2.93 Travel Alerts Enable
Cycle Count Alert Point 2147483646 Tvl Alert Lo Enable No Alert Record Full Enable  Yes
Cycde Count 302 Tt Alert Hi Enable  No Informational Status
Trav Acc Alert Enable  No T Alert Lo Lo Enable No Inst Time Invalid Enable  Yes
Wl Accum Deadband (%) 2,93 TV Alert Hi Hi Enable  No Cal in Progress Enable No
Tvl Accum Alert Pt (%) 2147483646 Lo Point (%) -25 Autocal in Progress Enable  No
Travel Accumulator (%) 21472 Hi Point (%) 125 Diag in Progress Enable No
Lo Lo Paint (%) -25 Déag Data Avail Enable Yes
Hi Hi Point (%) 125 Integrator Sat Hi Enable Yes
Deadband (%) 1 Integrator Sat Lo Enable Yes
Tl Limit/Cutoff Lo Enable  No Press Ctrl Active Enable  Yes
Tl Limit/Cutoff Hi Enable  No Multi-Drop Alert Enable  No
Electronic Alerts
Shutdown Activated Alert  Yes
Enable
Power Starvation Alest  No
Enable
Non-Critical NVM Alert  No
Enable
strument Configuration [BALL VALVE] - Spec Sheet
01 Feb 2009 12:42:30
Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Metal Trim Style 1
Travel Units  deg leak Class V Trim Style 2
Length Units  in Port Diameter 6.0 in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed (sec) 0
Torque Units  Ibflin Actuator Mfg.  Fisher Controls Dynamic Torque 0.0 Ibf.in
Spring Rate Units  Ibffin Actuator Model 1035 Breakout Torque 0.0 Ibf.in
Vaive Actuator Size 40
Valve Mfg.  Fisher Controls Effective Area 0.0 in2
Valve Model  V-250 Air Closes
Size 6&in VYolume Booster/Quick  Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel  90.0 deg Upper Bench Set 0.0 psi
Stem Diameter 2.0in Nominal Supply Pressure  70.0 psi
Packing Type TFE / Single Spring Rate 0.0 Ibffin
Inlet Pressure  100.0 psi Lever Style Rack and Pinion
Qutlet Pressure 0.0 psi Moment Arm __2.01in
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PETROMAS
Uie

rtial Stroke {BALL VALVE]

80 — e | _____
50 f—m o S SO S S
SN R N S Bl
& 4=
o T
§ ol - . S I
P
N & T I i — — —
5 204 .
g0 ‘
2 T
4 f——t— e — — —
ot S S . N
_10;;~~)—--+—.{ 15 +——t—t——ft—t— -t +——t—t—t—
20 0 20 4n i) 80 100 120
Travel {deg)
_ !
g |
;’; ;|
'-«
| —_ _1 4
f 1 f—w—f
50 0 -50
Input (%)
1 50 T r—. — — — — —_
200 - e B _
£ I
g L o ey
B 50— e e - e
@ G
2 -
=1 "“
S U . _
: \ |
-50 | + f . —]
50 0 50 100 150
{nput (%)
Valve Trim
Manufacturer:  Fisher Controls Seat Type: Metal
Type: V-250 Leskage Class: V
Size: 6in Port Diameter:  6,0000 in
Class: 300
Rated Travel:  90.00 deg
Actual Travel:  90.00 deg
Shaft Diameter:  2.0000 in
Packing Type: TFE / Single
Inlet Pressure:  100.0000 psi
Qutlet Pressyre:  0.0000 psi

01 Feb 2009 12:42:48
Inputs
Input Start:  100.0 %
Input End:  80.0 %
Stroke Speed  0.5%/s
Test Pause Time: 5 sec
Callection Interval:  150.0 msec,
Analyzed Data
Avg. Dynamic Error: 2.74%
Min, Dynamic Error:  1.76%
Max. Dynamic Error:  3.51%
Dyn. Linearity (Ind.):  0.50%
Zero Ranged Travel att 19,58 mA
Full-Ranged Travel at: 4.05 mA
Average Torque: NA
Minimum Torque: NA
Maximum Torque: NA
Spring Rate:  NA
Bench Set:  26.66 - 44.65
psi
Partial Stroke Test initiated HART Command
' by:
Partial Stroke Test status:  Completed
Successfully
Tuning Set
Tuning Set: H
Gains
Proportipnal:  8.40
Velodty: 4.20
MLF: 31.00
Integral Control:  Disabled
Integral Gain: 9.4
Notes
Actuator
Manufacturer:  Fisher Controls
Type: 1035
Size: 40
Effective Area:  0.00 in2
Air:  Coses
Bench Set:  0.0000 psi-
0.0000 psi
Nominal Supply Pressure: 70,0000 psi
Spring Rate:  0.0000 Ibf/in
Style:  Rack and Pinion
Moment Arm: _ 0.0000 in
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PETRONAS
UTP

ValveLink Custom Report

) February 01, 2009
14:06:13

General

HART Tag

Message

Descriptor

Date

Valve Serlal Number
istrument Serial Number
Polling Address

PST

18477410
02/18/08
18477410
18477410
0

Initial Setup

Control Mode

Restart Cont. Mode

Zero Power Condition
avel / Pressure Cutoff Lo
(%)

Valve Style

Actuator Style

Relay Type
Feedback Connection

Travel Sensor Motion
Aux Terminal Mode

Partiat Stroke Start PL.
Inputs

Analog Input Units
Temperature Units

Analog (RSP}
Analog (RSP)
Valve Open
0.5

Rotary Shaft
Piston - Sgl w/
Spring

Relay B
Rotary-All/SS-
Roller
Clockwise
Push Button
Partial Stroke
Test

Valve Open

rnA

input Characterizaﬁun

Input Characteristic _Linear

01 Feb 2009 12:53:25

Pressure

Max Supply Pressure
Pressure Units

Tuning

Travel Control

Travel Control Tuning Set
Proportional

Enable Integral Control
Integral Gain {reps/min)
Integral Settings

Integral Dead Zone {%)
Integral Limit (%)
Pressure Control

Pressure Control Tuning Set
Proportional

Enable Integral Control
Integral Gain (reps/sec)

60 psi
psi

8.4
No
9.4

0.26

SIS / partial stroke

Partial Stroke

Enable

Test Stari Point

Partial Stroke Press Limit
Max. Travel Movement (%)
Test Speed

Test Pause Time

Auto Test Interval (days)
SIS Options

DVC Power Up

Action on Failed test

Enabled
16 psi

Travel /Pressure Control

Travel/Pressure Control
Travel / Pressure Select
Travel / Pressure Cutoff Lo
(%)

Travel / Pressure Cutoff Hi
(%)

End Point Press. Control
End Point Control Enable
Control End

Pressure Set Point
Pressure Saturation Time
(sec)

Travel
0.5

99.46

Enabled

52.1 psi
45

Dynamic Response

Set Point Rate Limits
SP Rate Open (%/sec)
SP Rate Close (%/sec)

Set Point Filter
Lag Time (sec)

0
]

0
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ValveLink Custom Report ' PETRONES
) February 01, 2009 Ut

14:06:13
strument Configuration [BALL VALVE] - Alerts
01 Feb 2009 12:53:25
Self Test Shut Down Deviation & Other Alerts Alert Record and Commands
Flash ROM Fail Enable No Travel Dev Alert Enable  Yes Instrument Clock 01 FEB 2009
No Free Time Enable No Trave! Dev Alert Pt (%) S 12:33
Reference Voltage Fail No Travel Dev Time (sec) 9.99 Valve Alerts Enable No
Enable Pressure Dev Alert Enable  Yes Failure Alerts Enable  Yes
NVM FailEnable No Pressure Dev Alert Pt 2 psi Misc Alerts Enable No
femp Sensor Fail Enable No Pressure Dev Time (secy 9.99 Burst Mode Enable No
ravel Sensor Fail Enable No Drive Signat Alert Enable Yes Burst Command 3
Jrive Current Fail Enable  No Supply Pressure Alert Point 0 psi Cmd #3 (Trending) A
Travel History Alerts Supply Pressure Alert  Yes Pressure
Cyde Count Alert Enable No Enable Alert Record Not Empty  Yes
Je Count Deadband {%) 2.93 Travel Alerts Enable
Cycie Count Alert Point 2147483646 Tvi Alert Lo Enable  No Alert Record Full Enable  Yes
Cycle Count 304 Tvl Alert Hi Enable  No Informational Status
Trav Acc Alert Enable  No Tvl Alert Lo Lo Enzble  No Inst Time Invalid Enable  Yes
vl Accum Deadband (%) 2.93 Tvl Alert Hi Hi Enable No Cal in Progress Enable No
Tvl Accum Alert Pt (%) 2147483646 Lo Point (%) -2% Autocal in Progress Enable  No
Travel Accumulator (%) 21511 Hi Point (%) 135 Diag in Progress Enable No
Lo Lo Point (%) -25 Diag Data Avail Enable  Yes
Hi Hi Point (%) 125 Integrator Sat Hi Enable  Yes
Deadbard (%) 1 Integrator Sat Lo Enable  Yes
Tvi Limit/Cutoff Lo Enable No Press Ctri Active Enable  Yes
Ty Limit/Cutoff Hi Enable . No Multi-Drop Alert Enable  No
Electronic Alerts
Shutdown Activated Alert  Yes
Enable
Power Starvation Alert  No
Enable
Non-Critical NVM Alert  No
Enable

strument Configuration [BALL VALVE] - Spec Sheet

01 Feb 2009 12:53:25

Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Metal Trim Style 1
Travel Units  deg Leak Class V Trim Style 2
Length Units  in Port Diameter 6.0in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Titne Closed (sec) 0
Torque Units  fbfiin Actuator Mfg.  Fisher Controls Dynamic Torque 0.0 Ibfiin
Spring Rate Units  Ibffin Actuator Model 1035 Breakout Torque 0.0 [bf.in
Valve Actuator Size 40
Valve Mfg.  Fisher Controls Effective Area 0.0in2
Valve Model  V-250 Air  Closes
Size 6in Volume Booster/Quick  Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench 5et 0.0 psi
Actual Travel  90.0 deg Upper Bench Set 0.0 psi
Stem Diameter 2.0in Nominal Supply Pressure  70.0 psi
Packing Type TFE / Single Spring Rate 0.0 tbffin
Inlet Pressure  100.0 psi Lever Style  Rack and Pinion
Qutlet Pressure 0.0 psi Moment Arm 0.0 in
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PETRONAS
uTe

rtial Stroke [BALL VALVE]
60 T o - - :

I ) : -
- : i
501 S J S —_
40 1- . _ S _
7 i ; [ 01 Feb 2009 12:54:14
o 30f - b s ——r]
# o
£ o2l = - —
A / ' Inputs
§ 11— - e e - Input Start:  100.0 %
3 : Input End:  80.0%
or - S - - - - Stroke Speed  0.5%s
/ ] : ! Test Pause Time: 5 sec
“0‘1:-“'*' I ‘ T | T —7| Collection Interval:  150.0 msec.
B T e e e e o S S B B e e B e B
-20 0 20 4D &0 a0 100 120 Analyzed Data
Travel (deg) Avg. Dynamic Errar:  -10000,00%
150 — —_ ; — Min. Dynamic Error:  -10000.00%
i : Max. Dynamic Error:  -10000,00%
byn. Linearity (Ind.):  -10000.00%
- Zero Ranged Travel at:  -10000.00 mA
100 - - - 7 Full Ranged Travel at:  -10000.00 mA
T Average Torque: NA
- + ! Minimum Torque: NA
§’ 50 T3 _ _ - - Maximum Torque; NA
2 L8 Spring Rate: NA
L + Bench Set:  NA
T Partial Stroke Test initiated HART Command
ot - - N by:
T Partial Stroke Test status:  Failed -
Emergency
§ i Occurred
50+ e e } |
150 100 50 0 -50
Input (%) Tuning Set
Tuhing Set: H
1507 \._____ ] B Gains
Proportional:  8.40
i Velocity:  4.20
100 _-_7 — T _ - - MLF; 31.00
1 Integral Control:  Disabled
5 i Integral Gain: 9.4
:E’ 1 3 M\
R S — - Notes
@ G
g L L
£
o _
-0 R :
50 0 50 100 150
Ingut (%)
Valve Trim Actuator
Manufacturer:  Fisher Controls Seat Type: Metal Manufacturer:  Fisher Controls
Type: V-250 Leakage Class: V Type: 1035
Size: 6in Port Diameter:  6.0000 in Size: 40
Oass: 300 Effective Area: 0,00 in2
Rated Travel: 90.00 deg Air:  Closes
Actual Travel:  90.00 deg Bench Set:  (0.0000 psi-
Shaft Diameter:  2.0000 in 0.0000 psi
Packing Type: TFE / Single Nominal Supply Pressure:  70.0000 psi
Inlet Pressure:  100.0000 psi Spring Rate:  0.0000 Ibf/in
Outlet Pressure:  0.0000 psi Style:  Rack and Pinion
Moment Arm: _0.0000 in
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ValvelLink Custom Report PETRONAS
' February 01, 2009 o
14:12:21
HART Tag Name DEMO-SIS
BUTTERFLY VALVE Valve Style  ROTARY
Actuator Style  Piston - Sgl w/ Spring
o Instrument S/N 16013812
DVC6000 SIS Valve S/N 16013812
Firmware Revision 7
Hardware Revision 1

General

HART Tag

Message

Descriptor

Date

Valve Serial Number
istrument Serfal Number
Polling Address

DEMO-5IS

DEMO-SIS
01/23/06
16013812
16013812
0

Initial Setup

Control Mode

Restart Cont. Mode
Zero Power Condition
avel / Pressure Cutoff Lo
(%)

Valve Style

Actuator Style

Relay Type
Feedback Connection
Travel Sensor Motion

Aux Terminal Mode

Partial Stroke Start Pt
Inputs

Analog Input Units
Temperature Units

Analog (RSP)
Analog (RSP)
Valve Open
50

Rotary Shaft
Piston - Sgl w/
Spring

Relay B - Spedal

App.
Rotary-All/SS-
Roller
Counter-
clockwise
Push Button
Partial Stroke
Test

Valve Open

mA
F

Input Characterization
Input Characteristic _Linear

01 Feb 2009 13:06:33

Pressure
Max Supply Pressure
Pressure Units
Tuning
Travel Control
Travel Control Tuning Set  C
onal 4.4
Enable Integral Control No
Integral Gain (repsftmin) 9.4
Integral Settings
integral Dead Zone (%) 0.26
Integral Limit (%) 30
Pressure Control
Pressure Control Tuning Set  C
Proportional 2.2
Enable Integral Control  Yes
Integral Gain (repsfsec) 0.1
SIS / Partial Stroke
Partial Stroke
Enable
Test Start Point
Partial Stroke Press Limit 17 psi
Max. Travel Movement (%) 20
Test Speed  0.5%/s
Test Pause Time 10 sec
Auto Test Interval {days) 0.00
SIS Options
DVC Power Up
Action on Falled test

70 psi
psi

Enabled

Auto Reset
Ramp Back

Travel/Pressure Control
Travel/Pressure Control
Travel / Pressure Select  Travel
Travel / Pressure Cutoff Lo 50
{%)
Travel / Pressure Cutoff Hi - 50
(%)
End Point Press, Control
End Point Control Enable
Control End
Pressure Set Point  54.9 psi
Pressure Saturation Time 45
{sec)
Dynamic Response
Set Point Rate Limits
SP Rate Open (%/sec) 0
SP Rate Close (%y/sec) O
Set Point Filter
l.ag Time (sec) O

Enabled
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ValveLink Custom Report

February 01, 2009
14:12:21

rument Configuration [BUTTERFLY VALVE] - Alerts

Self Test Shut Down

Flash ROM Fail Enable
No Free Time Enable
Reference Voltage Fail
Enable

NVM Fail Enable

emp Sensor Fail Enable
-avel Sensor Fait Enable
rive Current Fail Enable

No
No
No
No
No

No
No

Travel History Alerts

ytle Count Alert Enabls
le Count Deadhand (%)
Cycle Count Alert Point

Cyde Count

Trav Acc Alert Enable

1 Accum Deadband (%)
Tvi Accum Alert Pt (%)
Travel Accumulator (%)

No

3
2147483647
2147483647
No

3
2147483647
2147483647

01 Feb 2009 13:06:33

Deviation & Other Alerts

Travel Dev Alert Enable
Travel Dev Alert Pt (%)
Travel Dev Time (sec)
Pressure Dev Alert Enable
Pressure Dev Alert Pt
Pressure Dev Time (sec)
Drive Signal Alert Enable
Supply Pressure Alert Point
Supply Pressure Alert
Enabla

Yes
6.91
9,99
Yes
2 psi
0.99
Yes
9 psi
Yes

Travel Alerts

Tvl Alert Lo Enable

Tvi Alert Hi Enable

Tvi Alert Lo Lo Enable

Tl Alert Hi HI Enable

Lo Point (%)

Hi Point (%)

Lo Lo Paint (%)

Hi Hi Point {%)
Deadband (%)

Tvi Limit/Cutoff Lo Enable
T Limit/Cutoff Hi Enable

No
No
No
No
2
9
i
98.97
3
No
No

PETROMA
Uik

Alert Record and Commands

Instrument Clock

Valve Alerts Enable
Failure Alerts Enable
Misc Alerts Enable
Burst Mode Enable
Burst Command

Cmd #3 (Trending)
Pressure

Alert Record Not Emply
Enable

Alert Record Full Enable

01 FEB 2009
01:06

Yes

Yes

Yes

No

3

B

Yes

Yes

Informational Status

Inst Time Invalid Enable
Cal in Progress Enable
Autocal in Progress Enable
Diag in Progress Enable
Diag Data Avail Enable
Integrator Sat Hi Enable
Integrator Sat Lo Enable
Press Ctr Active Enable
Multi-Drop Alert Enable

Yes
No
No
Yes
Yes
Yes
Yes
Yes
No

Electronic Alerts

Shutdown Activated Alert
Enable

Power Starvation Alert
Enable

Non-Critical NVM Alert
Enable

Yes

Ne

No

strument Configuration [BUTTERFLY VALVE] - Spec Sheet

01 Féb 2009 13:06:33
Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Trim Style 1
Travel Units  deg lLeak Class  Unknown Trim Styte 2
Length Units  in Port Diameter 0.0in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed (sec) 0
Torque Units  Ibfin Actuator Mfg. Fisher Controls Dynamic Torque 0.0 Ibf.in
Spring Rate Units  thffin Actugtor Model 1035 Breakout Torque 0.0 lbf.in
Valve Actuator Size 20
Valve Mfg,  Fisher Controls Effective Area  0.0in2
Valve Model 8560 Air Closes
Size 4in Vaolume Booster/Quick  Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel 90.0 deg Upper Bench Set 0.0 psi
Stem Diameter 2.0in Nominal Supply Pressure 0.0 psi
Packing Type TFE / Single Spring Rate 0.0 Ibffin
Inlet Pressure  100,0 psi Lever Style Rack and Pinion
Outlet Pressure 0.0 psi Moment Armn 0.0 in
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February 01, 2009
14:12:21

PETRONAS
ute

tial Stroke [BUTTERFLY VALVE] _ _

|

Actuator Pressure (psi)

Travel (%)

e+

100 50
Input (%)

150 -

I e N

100+——-

Drive Signal (%)
[4:]
=
!
Closed
|
|
|

Valve
Manufacturer:
Type:

Size:

Class:

Rated Travel:
Actual Travel:
Shaft Diameter:
Packing Type:
Inlet Pressure:
QOutlet Pressure:

"
Input (%)

Fisher Controls
8580

4in

300

90.00 deg
90.00 deg
2.0000 in
TFE / Single
100.0000 psi
0.0000 psi

Trim
Seaf Type:
Leakage Class:
Port Diameter:

0.0000 in

01 Feb 2009 13:07:22

Inputs

Input Start:

Input End:

Stroke Speed

Test Pause Time;
Collection Interval:

100.0 %
80.0 %
0.5%/s

10 sec
150.0 msec.

Analyzed Data

Avg, Dynamic Error:
Min. Dynaric Error:
Max. Dynamic Ervor:
Dyn, Linearity (Ind.):
Zero Ranged Trave! at:
Full Ranged Travel at:
Average Torgue:
Minirmum Torgue:
Maximum Torgque:
Spring Rate:

Bench Set:

Partial Stroke Test initiated

by:
Partial Stroke Test status:

1.63%
1.24%
1.98%
0.22%
20.39 mA

23.37 - 45.01
psi
HART Command

Completed
Successfully

Tuning Set

Tuning Set:
Gains
Praportional;
Velocity:

MLF:

Integral Control;
Integral Gain:

Notes

Actuator
Manufacturer:
Type:
Size:
Effective Area:
Air:
Bench Set:

Norninal Supply Pressure:
Spring Rate:

’ Style:

Moment Arm:

C

4,40
3.00
35.00
Disabled
9.4

Fisher Controls
1035

20

0,00 in2
Qloses

0.0000 psi-
0.0000 psi
0.0000 psi
0.0000 [bffin
Rack and Pinion
0.0000 in
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14:12:21

strument Configuration [BUTTERFLY VALVE] - Basic

01 Feb 2009 13:16:04

PETRONAS

General Pressure Travel/Pressure Control
HARY Tag DEMO-5IS Max Supply Pressure 70 psi Travel/Pressure Control
Message Pressure Units  psi Travel / Pressure Select  Travel
Descriptor DEMO-SIS Tuning Travel / Pressure Cutoff Lo 50
Date 01/23/06 Travet Conbrol (%)
Valve Serial Number 16013812 Travel Control Tuning Set ¢ Travel / Pressure Cuioff Hi 50
strument Serial Number 16013812 Proportional 4.4 {%)
Polling Address 0 Enable Integral Control No End Point Press, Control
Initial Setup Integral Gain (reps/min) 9.4 End Point Control Enable  Enabled
Control Mode  Analog (RSP) Integral Settings Control End
Restart Cont. Mode  Analog (RSP) Integrat Dead Zone (%) 0.26 Pressure Set Point 54,9 psi
Zero Power Condition  Valve Open Integral Limit (%) 30 Pressure Saturation Time 45
avel / Pressure Cutoff o 50 Pressure Control (sec)
(%) Pressure Control Tuning Set  C Dynamic Response
Valve Style  Rotary Shaft Proportional 2.2 Set Point Rate Limits
Actuator Style  Piston - Sgl wf Enable Integral Control ~ Yes SP Rate Open (%/sec} 0
Spring Integral Gain (reps/sec) 0.1 SP Rate Close {(%/sec) 0O
Relay Type Relay B - Spedial SIS / Partial Stroke Set Point Filter
App. Partial Stroke Lag Time (sec) ©
Feedback Connection  Rotary-All/SS5- Enabie Enabled
Roller Test Start Point
Travel Sensor Motion  Counter- Partial Stroke Press Limit 17 psi
dockwise Max. Travel Movement (%0) 20
Aux Terminal Mode  Push Button Test Speed  0.5%/s
Partial Stroke Test Pause Time 10 sec
Test Auto Test Interval (days) 0.00
Partial Stroke Start P.  Valve Open SIS Options
Inputs DVC Power Up  Auto Reset
Analog Input Units  mA Action on Faled test Ramp Back
Temperature Units  F
Input Characterization
Input Characteristic _Linear

Fage 4 of 19




PETROMAS
ure

ValveLink Custom Report
) February 01, 2009

14:12:21

Seif Test Shut Down
Flash ROM Fail Enable No
No Free Time Enable No
Reference Vpitage Fall  No
Enabie
NVM Fail Enable  No
Temp Sensor Fail Enable No
ravel Bensor Tail Enable Mo
Jrive Currant Fail Enable No
Travet History Alerts
Cycle Count Alert Enable  No
de Count Deadband (%) 3
Cyde Count Aiert Point 2147483647
Cycle Count 2147483647
Trav Acc Alert Enable  No
wl Accum Deadhand {96) 2
Tvi Accum Alert Pt (%) 2147483647
Travel Accumulator (%) 2147483647

01 Feb 2009 13:16:04

Deviation & Other Alerts

Travel Dev Alert Enable
Travel Dev Alert Pt (%)
Travel Dev Time (set)
Pressure Dev Alert Enable
Pressure Dev Alert Pt
Pressure Dev Time (sec)

Twive Signal Aert Enable
Supply Pressure Alert Point
Supply Pressure Alert

Enable

=

=]

Yes
6.91
Yes
2 psi
9,99

'I'__.“._! F.Y e
Frovoy susEies

Tvi Alert Lo Enable
Tl Alert Hi Enable
Tvi Alert Lo Lo Enable

Tyt Mlert Hi Hi Enohie

0 Point (%)

Hi Point (%)

Lo Lo Paint (%)

Hi Hi Point {94)
Deadhand (%)

Tl Limnit/Cutoff Lo Enable
Tl Limit/Cutoff Hi Enable

Alert Record and Commands
Instrument Clock 01 FEB 2009
01:14
Vaive Aleris Enebje Yes
Failure Alerts Enable  Yes
Misc Alerts Enable  Yes
Burst Mode Enable No -
Burst Con w3
Cmd #3 (Trending) B
Pressure
Alert Record Not Empty  Yes
Enahle
Alert Record Fuil Enable  Yes

Informational Status

Inst Time Invalid Enable Yes
Cal in Progress Enable  No
Autocai in Frogress Enabie  No
Diag in Proaress Enable  Yes
Diag Data Avail Enable  Yes
Integrator Sat Hi Enable  Yes
Integrator Sat Lo Enable  Yes
Press Ctrl Active Enable  Yes
Muiti-Drop Alert Enable  No
Electronic Alerte
Shutdown Activeted Alert Yes
Enable
Power Starvation Alert  No
Enable
Non-Critical MUM Alert  No
Enable

01 Feb 2009 13:16:04

Spec Sheet Units ™vim Reference
Pressure Units  psi Seat Type Ttim Style 1
Travel Units  deg Leak Clase  Unknown Trim Style 2
Lenath Unite  in Port Diameter 0.0in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed (sec) 0
Torgue Units  Ibf.in Actuator Mfg.  Fisher Controls Dynamic Torque 0.0 Ibf.in
Spring Rate Units  bf/in Actuator Model 1035 Breakout Torque 0.0 Ibf.in
Vaive Actuator Size 20
Valve Mfg.  Fisher Controls Effective Area  0.0in2
Valve Model 8560 Air  Closes
Size 4in Volume Booster/Quick  Unknown
Ciass 300 Release
Rated Travel 90.0 deg tower Bench Set 0.0 psi
Actual Travel 90.0 deg Upper Bench Set 0.0 psi
Stem Diameter  2.0in Moininal Supply Pressure 0.0 psi
Facking Type TFE / Sigle Spiing Rate 0.0 ihffin-
Inlet Pressure  100.0 psi Lever Style  Rack and Pinion
Outlet Pressure 0.0 psi Moment Arm 0.0 in
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February 01, 2009

14:12:21

PETRONAS
P

rtial St

roke [BUTTERFLY VALVE]

80— , o i) -
| | |
50 | S ’_- é
i L A | — —E } 01 Feb 2009 13:16:15
g r /
g Wi g — - - -— [ -
g . :
% 20F-5— _ o e . _ Inputs
k] t ‘ Input Start:  100.0 %
? ot - y I 1 - ] Input End:  80.0 %
L ‘ Stroke Speed  0.5%/s
ol- . ; - . o R Test Pause Time: 10 sec
- ! ‘ ] Collection interval:  150.0 msec.
-m:o' %'i o ':a:ol""tfok e e b Téo
Traves dog) R Analyzed Pata
vg. Dynamic Emor:  1.62%
150 - Min, Dynamic Esror:  1.33%
T [ Max, Dynamic Error:  1.98%
L Dyn, Linearity (Ind.): 0.18%
] Zero Ranged Travel at:  20.25 mA
00— T T T Full Ranged Travel at:  3.70 mA
] / Average Torque: NA
o + Minimum Torque; NA
3 s 1% o ] Maximum Torque: NA
g . & Spring Rate: NA
= t Bench Set:  23.64 - 45.02
' psi
o+ — - - - Partial Stroke Test initiated  HART Command
by:
i Partial Stroke Test status:  Completed
[ ! Successfully
50—+ e —- 1 =i
150 100 50 0 -50
{nput (%} Tuning Set
— _ Tuning Set: C
80— B Gains
Proportional:  4.40
Velocity:  3.00
100 e MLF:  35.00
: Integral Control:  Disabled
3 T : Integral Gain: 9.4
R ey ;
B BY @ — i Notes
7] 18
3 L
E | 4
0-—— = ~—-’ ------- ]
50 ; R R ‘J |
-50 0 50 100 150
Input (%)
Valve Trim Actuator
Manufacturer:  Fisher Conirols Seat Type: Manufacturer:  Fisher Controls
- Type: 8560 Leakage Class: Type: 1035
Size: 4in Port Diameter:  0.0000 in Size: 20
Class: 300 Effective Area:  0.00in2
Rated Travel: 90.00 deg Air:  Closes
Actual Travel:  90.00 deg Bench Set:  0.0000 psi-
Shaft Diameter:  2.0000 in 0.0000 psi
Packing Type: TFE / Single Nominal Supply Pressure:  0.0000 pst
Inlet Pressure:  100.0000 psi Spring Rate:  0.0000 Ibf/in
Qutlet Pressure:  0.0000 psi Style:  Rack and Pinion
Moment Arm:  0.0000 in
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PETRONAS

TP

yration [BUTTERFLY VALVE] - Basic

01 Feb 2009 13:25:33
General Pressure Travel / Pressure Control
HART Tag DEMO-SIS Max Supply Pressure 70 psi Travel/Pressure Control
Message Prassure Units  psi Travel / Pressure Select Travel
Descriptor  DEMO-SIS Tuning Travel / Pressure Cutoff Lo 50
Date 01/23/06 Travel Control (%)
Valve Serial Number 16013812 Travel Control Tuping Set  C Travel / Pressure CutoffHi 50
istrument Serial Number 16013812 Proportional 4.4 (%)
Polling Address 0 Enable Integral Control  No End Paint Press. Control
Initial Setup Integral Gain (reps/min) 9.4 End Point Control Enable  Enabled
Control Mode  Analog (RSP) Integral Settings Contral End
Restart Cont. Mode  Analog (RSP) Integral Dead Zone (%) 0.26 Pressure Set Point  54.9 psi
Zero Power Condition  Valve Open Integral Limit (%) 30 Pressure Saturation Time 45
avel / Pressure Cutoff Lo 50 Pressure Controf {sec)
(%) Pressure Controt Tuning Set  C Dynamic Response
Valve Style  Rotary Shaft Proportional 2.2 Set Point Rate Limits
Actuator Style  Piston - Sgl w/ Enable Integral Control  Yes SP Rate Open (%fsec) 0
Spring Integral Gain (repsfsec) 0.1 SP Rate Close (%/sec) 0
Relay Type Relay B - Special SIS / Partial Stroke Set Point Filter
App. Partial Stroke Lag Time (sec) O
Feedback Connection  Rotary-All/SS- Enable Enabled
Roller Test Start Point
Travel Sensor Motion  Counter- Partial Stroke Press Limit 17 psi
clockwise Max. Travel Movement (%) 20
Aux Terminal Mode  Push Button Test Speed  0.5%/s
Partial Stroke Test Pause Time 10 sec
Test Auto Test Interval (days) 0.00
Partial Stroke Start P Valve Open SIS Options
Inputs . DVC Power Up  Auto Reset
Analog Input Units  mA Action on Failed test Ramp Back
Temperature Units F
Input Characterization
Input Characteristic _Linear

Page 7 of-15




ValvelLink Custom Report

) February 01, 2009
14:12:21

strument Configuration [BUTTERFLY VALVE] - Alerts

Self Test Shut Down

Hash ROM Fail Enable
No Free Time Enable
Reference Voltage Fail
Enable

NVM Fail Enable

Temp Sensor Fail Enable
lravel Sensor Fail Enable
Drive Current Fail Enable

No
No
No

No
No
No
No

Travel History Aletts

Cyde Count Alert Enable
de Count Deadband (%)
Cyde Count Alert Paint
Cycle Count

Trav Acc Alert Enable

vl Accum Deadband (%)
Tl Accum Alert Pt (%)
Travel Accumulator {9%)

No

3
2147483647
2147483647
No

3
2147483647
2147483647

01 Feb 2009 13:25:33

Deviation & Other Alerts

Travel Dev Alert Enable
Travel Dev Alert Pt (%)
Travel Dev Time (sec)
Pressure Dev Alert Enable
Pressure Dev Alert Pt
Pressure Dev Time (sec)
Drive Signal Alert Enable
Supply Pressure Alert Point
Supply Pressure Alert
Enable

Yes
6.91
9.99

Travel Alerts

T™ Alert Lo Enable

Tl Alert Hi Enable

Tvl Alert Lo Lo Enable
Tvl Alert Hi Hi Enable

Lo Point (%)

Hi Point (%)

Lo Lo Point (%)

Hi Hi Point (%)
Deadband (%)

Tvl Limit/Cutoff Lo Enable
Twl Limit/Cutoff Hi Enable

No
No
No
Na
2
9
i
98.97
3
No
No

PETRONAS
LTP

Alert Record and Commands

Instrument Clock

Valve Alerts Enable
Failure Alerts Enable
Misc Alerts Enable
Burst Mode Enable
Burst Command

Cmd #3 (Trending)
Pressure

Alert Record Not Empty
Enable

Alert Record Full Enable

01 FEB 2009
01:23

Yes

Yes

Yes

No

3

B

Yes

Yes

Informational Status

Inst Time Invalid Enable
Cal in Progress Enable
Autocal in Progress Enable
Diag in Progress Enable
Diag Data Avail Enable
Integrator Sat Hi Enable
Integrator Sat Lo Enable
Press Citrl Active Enable
Muiti-Drop Alert Enable

Yes
No
No
Yes
Yes
Yes
Yes
Yes
No

Electronic Alerts

Shutdown Activated Alert
Enable

Power Starvation Alert
Enable

Non-Critical NVM Alert
Enable

Yes
No

No

strument Configuration [BUTTERFLY VALVE] - Spec Sheet

01 Feb 2009 13:25:33
Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Trim Style 1
Travel Units  deg Leak Class  Unknown Trim Style 2
Length Units  in Port Diameter 0.0in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed {sec) 0
Torque Units  Ibflin Actuator Mfg.  Fisher Controls Dynamic Torque 0.0 Ibf.in
Spring Rate Units  Ibf/in Actuator Model 1035 Breakout Torque 0.0 Ibf.in
Valve Actuator Size 20
Valve Mfg.  Fisher Contrals Effective Area  0.0in2
Valve Model 8560 Air  Closes
Size 4in Volume Booster/Quick Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel  90.0 deg Upper Bench Set 0.0 psi
Stem Diameter  2.0in Nominal Supply Pressure 0.0 psi
Packing Type TFE / Single Spring Rate 0.0 Ibffin
Inlet Pressure  100.0 psi Lever Style Rack and Pinion
Qutlet Pressure 0.0 psi Moment Armm__ 0.0 in

Page 8 of 19




ValvelLink Custom Report
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14:12:21

tial Stroke

[BUTTERFLY VALVE]

'

L ==
i R = I -
g e i} _
g 3 '
o | ! .
2 i
2
g - 1 R
0__} - | i S 77|
.10 I + ;I o § ot ——t— A ——+ :ﬁf;‘ ot — ——c~—d—¢—t~+v¢—¢—v——J
-20 0 20 40 0 80 100 120
Travel (deg)
150 - — | - S ?I_ I _
I
1001 — - /r
g |
3 sop3 _ _ e
[ - O
= 3
ot _ _— _ -
P S ; — o |
150 100 50 0 -50
npul (%)
1&_-. - - g— —_— —_——
100Eﬁ i -
Fsi B [rasr—eny
ao, 50 77.577 ———— — —— S —
2 O !
&
P — 4 -
i i
50+ e —— -t | 5
50 0 §0 100 150
Input (%)
Valve Trim
Manufacturer:  Fisher Controls Seat Type:
Type: 8560 Leakage Class:
Size: 4in Port Diameter:  0.0000 in
Class: 300
Rated Travel: 90.00 deg
Actual Travel:  90.00 deg
Shaft Diameter:  2.0000 in
Packing Type: TFE/ Single
Inlet Pressure:  100.0000 psi
Outlet Pressure:  0.0000 psi

PETRONAS
ure

01 Feb 2009 13:25:43

Inputs
Input Start:  100.0%
Input End: 80.0 %
Stroke Speed  0.5%/s
Test Pause Time: 10 sec
Collection Interval:  150.0 msec.
Analyzed Data
Avg. Dynamic Error:  1.45%
Min. Dynamic Error:  1.06%
Max. Dynamic Error:  1.86%
Dyn. Linearity (Ind.): 0.16%
Zero Ranged Travel at:  20.27 mA
Full Ranged Travel at:  3.68 mA
Average Torgue: NA
Minimum Torque: NA
Maximum Torque: NA
Spring Rate: NA
Bench Set:  23.5 - 44,93 psi
Partial Stroke Test initiated HART Command
by:
Partial Stroke Test status:  Completed
Successfully
Tuning Set
Tuning Set:  C
Gains
Proportional:  4.40
Velocity:  3.00
MLF:  35.00
Integral Control:  Disabled
Integral Gain: 9.4
Notes
Actuator
Manufacturer:  Fisher Controls
Type: 1035
Size: 20
Effective Area:  0.00in2
Air:  Closes
Bench Set:  0.0000 psi-
0.0000 psi
Nominal Supply Pressure:  0.0000 psi
Spring Rate:  0.0000 Ibffin
Style:  Rack and Pinion
Moment Arm:  0,0000 in

Page 5 of 15
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01 Feb 2009 13:35:46
General Pressure Travel/Pressure Control
HART Tag DEMO-SIS Max Supply Pressure 70 psi Travel/Pressure Control
Message Pressure Units  psi Travel / Pressure Select  Travel
Descriptor  DEMO-SIS Tuning Travel / Pressure Cutoff Lo 50
Date 01/23/06 Travel Control (%)
Valve Serial Number 16013812 Fravel Control Tuning Set C Travel / Pressure CutoffHi 50
strument Serial Number 16013812 Proportional 4.4 (%)
Polling Address 0 Enable Integrat Control No End Point Press, Control
Initial Setup Integral Gain (reps/min)} 9.4 End Point Control Enable  Enabled
Control Mode  Analog {RSP) Integral Settings Control End
Restart Cont. Mode  Analog (RSP) Integral Dead Zone (%) 0.26 Pressure Set Point  54.9 psi
Zero Power Condition  Valve Open Integral Limit (%) 30 Pressure Saturation Time 45
avel / Pressure Cutoff Lo 50 Pressure Control (sec)
(%) Pressure Control Tuning Set C Dynamic Response
Valve Style  Rotary Shaft Proportional 2.2 Set Point Rate Limits
Actuator Style  Piston - Sgi w/ Enable Integral Control  Yes SP Rate Open (%/sec) 0
Spring Integral Gain {repsfsec} 0.1 SP Rate Close (%/sec) O
Refay Type  Relay B - Special SIS / Partial Strok Set: Point Filter
App. Partial Stroke Lag Time (sec) O
Feedback Connection  Rotary-All/SS- Enable Enabled
Roller Test Start Point
Travel Sensor Motion  Counter- Partial Stroke Press Limit 17 psi
dockwise Max. Travel Movement (%) 20
Aux Terminal Mode  Push Button Test Speed  0.5%/s
Partial Stroke Test Pause Time 10 sec
Test Auto Test Interval (days) 0.00
Partial Stroke Start Pt Valve Open SIS Options
Inputs DVC Power Up  Auto Reset
Analog Input Units ~ mA Action on Failed test Ramp Back
Temperature Units F
Input Characterization
Input Characteristic Linear




Valvelink Custom Report
) February 01, 2009
14:12:21

PETRONAS
ure

strument Configuration [BUTTERFLY VALVE] - Alerts

01 Feb 2009 13:35:46

Self Test Shut Down
Fash ROM Fail Enable No
No Free Time Enable No
Reference Voltage Fail No
Enable
NVM Fail Enable No
Temp Sensor Fail Enable  No
ravel Sensor Fail Enable No
Jrive Current Fail Enable No
Travel History Alerts
Cyde Count Alert Enable No
de Count Deadband (%) 3
Cyde Count Alert Point 2147483647
Cyde Count 2147483647
Trav Acc Alert Enable  No
vl Accum Deadband (%) 3
Tvl Accum Alert Pt (%) 2147483647
Travel Accumulator (%) 2147483647

Deviation & Other Aletts

Travel Dev Alert Enable
Travel Dev Alert Pt (%)
Travel Dev Time (sec)
Pressure Dev Alert Enable
Pressure Dev Alert Pt
Pressure Dev Time (sec)
Drive Signal Alert Enable
Supply Pressure Alert Point
Supply Pressure Alett
Enable

Yes
6,91
9.99
Yes
2 psi
9.99
Yes
9 psi
Yes

Travel Alerts

Tvl Alert Lo Enable

TV Alert Hi Enable

Tvi Alert Lo to Enable
Tl Alert Hi Hi Enable

Lo Pgint (%)

H Paint (%)

Lo Lo Point (%)

Hi Hi Point (%)
Deadband (%)

Tvi Limit/Cutoff Lo Enable
Tl Limit/Cutoff Hi Enable

No
No
No
No
2
9
1
a8.97
3
No
No

Alert Record and Commands

Instrument Cock

Valve Alerts Enable
Failure Alerts Enable
Misc Alerts Enable
Burst Mode Enable
Burst Command

Cmd #3 (Trending)
Pressure

Alert Record Not Empty
Enable

Alert Record Full Enable

Informational Status

Inst Time Invalid Enable
Cal in Progress Enable
Autocal in Progress Enable
Diag in Progress Enable
Diag Data Avail Enable
Integrator Sat Hi Enable
Integrator Sat Lo Enable
Press Ctrl Active Enable
Multi-Drop Alert Enable

Flectronic Alerts

Shutdown Activated Alert
Enable

Power Starvation Alert
Enable

Non-~Critical NVM Alert
Enable

01 FEB 2009
01:34

Yes

Yes

Yes

No

3

B

Yes
Yes

Yes
No
No
Yes
Yes
Yes
Yes
Yes
No

Yes
No

No

strument Configuration [BUTTERFLY VALVE] - Spec Sheet

Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Trim Style 1
Travel Units  deg Leak Class  Unknown Trim Styte 2
Length Units  in Port Diameter 0.0 in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed {sec) 0
Torque Units  IbE.in Actugtor Mfg.  Fisher Controls Dynamic Torque 0.0 1bf.in
Spring Rate Units  [bf/in Actuator Mode! 1035 Brezkout Torgue 0.0 Ibflin
Valve Actuator Size 20
Valve Mfg.  Fisher Controls Effective Area 0.0 in2
Valve Model 8560 Air  Closes
Size 4in Volume Booster/Quick  Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel 90.0 deg Upper Bench Set 0.0 psi
Stem Diameter 2.0 in Nominal Supply Pressure 0.0 psi
Packing Type TFE / Single Spring Rate 0.0 Ibffin
Inlet Pressure  100.0 psi Lever Style  Rack and Pinion
Qutlet Pressure 0.0 psi Moment Arn 0.0 n

01 Feb 2009 13:35:46
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tial Stroke [BUTTERFLY VALVE]
ED —_— i S ‘ -
r i |
g I - - Lg """ 01 Feb 2009 13:36:04
IS N N _
s
bl 20 B “ - Il‘lpl.lts
5 T :
= T ! Input Start:  100.0 %
2 i - - Input End: 80.0%
g Stroke Speed  0.5%/s
or . Test Pause Time: 10 sec
1 i Ji Coflection Interval:  150.0 msec.
o T e e T e 80 100 120 Analyzed Data
Travel {deg) Avg. Dynamic Error:  1.49%
180 ———— -~ - - Min. Dynamic Error:  1.06%
T Max. Dynamic Error:  1.87%
[ Dyn. Linearity (Ind.): 0.17%
Zero Ranged Travel at:  20.18 mA
1005 - - S Full Ranged Travel at:  3.66 mA
T Average Torque: NA
. - Minimum Torque: NA
% 5 i3 - i i o Maximum Torque: NA
H & Spring Rate: NA
= - Bench Set:  24.13 - 44,89
3 psi
ol— — Partial Stroke Test initiated  HART Command
r by:
[ Partial Stroke Test status:  Completed
! Successfully
S0 — e+t —]
150 100 50 0 -50
Input (%) Tuning Set
150 —— — Tuning Set:  C
! Gains
Proportional:  4.40
i Velocity:  3.00
100 - - MLF:  35.00
- [ Integral Control:  Disabled
g i ' Integrat Gain: 9.4
T ¥ S
B s0+—8 - - Notes
@ T O
2 + %
a + i
o L i -
: | |
-50-1 y — R A a— |
-50 0 50 100 150
Input (%)
Valve Trim Actuator
Manufacturer:  Fisher Controls Seat Type: Manufacturer:  Fisher Controls
Type: 8560 Leakage Class: Type: 1035
Size: 4in Port Diameter:  0.0000 in Size: 20
Class: 300 Effective Area: 0,00 in2
Rated Travel: 90.00 deg Air:  Coses
Actal Travel:  90.00 deg Bench Set:  0.0000 psi-
Shaft Diameter:  2.0000 in 0.0000 psi
Packing Type: TFE / Single Nominal Supply Pressure:  0.0000 psi
Inlet Pressure:  100.0000 psi Spring Rate:  0.0000 Ibffin
Outlet Pressure:  0.0000 psi Style:  Rack and Pinion
Moment Arm: __ 0.0000 in
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strument Configuration [BUTTERFLY VALVE] - Basic

PETRONMAS

01 Feb 2009 13:45:21
General Pressure Travet/Pressure Control
HART Tag DEMO-SIS Max Supply Pressure 70 psi TravelfPressure Control
Message Pressure Units  psi Travel / Pressure Select  Travel
Descriptor  DEMO-SIS Tuning Travel / Pressure Cutoff Lo 50
Date 01/23/06 Travel Contral (%)
Valve Serial Number 16013812 Travel Control Tuning Set  C Travel / Pressure Cutoff Hi 50
istrument Serial Number 16013812 ional 4.4 (%)
Polling Address ¢ Enable Integral Control No End Point Press. Control
Initial Setup Integral Gain (reps/min) 9.4 End Point Control Enable  Enabled
Control Mode  Analog {RSP) Integral Settings Control End
Restart Cont. Mode  Analog (RSP) Integral Dead Zone (%) 0.26 Pressure Set Point  54.9 psi
Zero Power Condition  Valve Open Integral Limit (%) 30 Pressure Saturation Time 45
avel / Pressure Cutoff Lo 50 Pressure Control (sec)
(%) Pressure Control Tuning Set € Dynamic Response
Valve Style  Rotary Shaft Proporticnal 2.2 Set Point Rate Limits
Actuator Style  Piston - Sgl w/ Enable Integral Control  Yes SP Rate Open (%/sec) 0§
Spring Integral Gain (repsfsec) 0.1 SP Rate Close {%/sec) 0
Relay Type Relay B - Spedial SIS / Partial Strok Set Point Filter
App. Partial Stroke Lag Time (sec) O
Feedback Connection  Rotary-All/SS- Enable Enabled
Roller Test Start Point
Travel Sensor Motion  Counter- Partial Stroke Press Limit 17 psi
dockwise Max. Travel Movement (%) 20
Aux Terminal Mode  Push Button Test Speed  0.5%/s
Partial Stroke Test Pause Time 10 sec
Test Auto Test Interval (days) 0.00
Partial Stroke Start Pt.  Valve Open SIS Options
Inputs DVC Power Up  Auto Reset
Analog Input Units  mA Action on Falled test  Ramp Back
Temperature Units  F
Input Characterization
Input Characteristic  Linear
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i

WONAS
T

strument Configuration [BUTTERFLY VALVE] - Alerts

01 Feb 2009 13:45:21

Self Test Shut Down

FHash ROM Fail Enable
No Free Time Enable
Reference Voltage Fail
Enable

NVM Fail Enable

Femp Sensor Fail Enable
‘ravel Sensor Fail Enable
xive Current Fail Enable

No
No
No

No
No
No
No

Travel History Alerts

Zycle Count Alert Enable
e Count Deadband (%}
Cyde Count Alert Point
Cyde Count

Trav Acc Alert Enable

vl Accum Deadband (%)
Tvl Accum Alert Pt (%)
Travel Accumutlator {%)

No

3
2147483647
2147483647
No

3
2147483647
2147483647

Deviation & Other Alerts

Travel Dev Alert Enable
Travel Dev Alert Pt (%)
Travel Dev Time {sec)
Pressure Dev Alert Enable
Pressure Dev Alert Pt
Pressure Dev Time {sec)
Drive Signal Alert Enable
Supply Pressure Alert Point
Supply Pressure Alert
Enable

Yes
6.91
9,99
Yes
2 psi
9.99
Yes
9 psi
Yes

Travel Alerts

Tl Alert Lo Enable .

TV Alert Hi Enable

Tvl Alert Lo Lo Enable

Tl Alert Hi Hi Enable

Lo Paint (%)

Hi Point (%)

Lo Lo Point (%)

Hi Hi Point (%)

Deadband (%)

“Tvi Limit/Cutaff Lo Enable
T Limit/Cutoff Hi Enable

No
No
No
No

Alert Record and Commands

Instrument Clock

Valve Alerts Enable
Failure Alerts Enable
Misc Alerts Enable
Burst Mode Enable
Burst Command

Cmd #3 (Trending)
Pressure

Alert Record Not Empty
Enable

Alert Record Full Enable

Informational Status

Inst Time Invalid Enable
Cal in Progress Enable
Autocal in Progress Enable
Diag in Progress Enable
Diag Data Avail Enable
Integrator Sat Hi Enable
Integrator Sat Lo Enable
Press Cirl Active Enable
Muiti-Drop Alert Enable

Electronic Alerts

Shutdown Activated Alert
Enable

Power Starvation Alert
Enable

Non-Critical NVM Alert.
Enable

01 FEB 2009
01:44

Yes

Yes

Yes

No

3

B

Yes
Yes

Yes
No
No
Yes
Yes
Yes
Yes
Yes
No

Yes
No

No

Spec Sheet Units Trim Reference
Pressure Units  psi Seat Type Trim Style 1
Travel Units  deg Leak Class  Unknown Trim Style 2
length Units in Port Diameter 0.0in Stroking Time Open (sec) 0
Area Units  in2 Actuator Stroking Time Closed (sec) 0
Torque Units  Ibfin Actuator Mfg.  Fisher Controls Dynamic Torque 0.0 Ibf.in
Spring Rate Units  1bffin Actuator Model 1035 Breakout Torque 0.0 Ibfin
Valve Actuator Size 20
Valve Mfg.  Fisher Controls Effective Area 0.0 in2
Valve Model 8560 Air  Closes
Size 4in Volume Booster/Quick  Unknown
Class 300 Release
Rated Travel 90.0 deg Lower Bench Set 0.0 psi
Actual Travel 90.0 degy Upper Bench Set 0.0 psi
Stem Diameter 2.0in Nominal Supply Pressure 0.0 psi
Packing Type TFE / Single Spring Rate 0.0 Ibffin
Inlet Pressure  100.0 psi Lever Style Rack and Pinion
QOutlet Pressure 0.0 psi Moment A 0.0n

strument Config

uration [BUTTERFLY VALVE] - Spec Sheet

01 Feb 2009 13:45:21
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Travel (%)

Drive Signal (%)

80

507~

20t

10':...

[BUTTERFLY VALVE]

40-J~+ ot T I +— —
-20 0 20 49 &0 80 100 120
Travel (deg)
150 —_— - ——— —— PR —
100+ — -
. -]
ol & — +
A4 '6 ]
I |
o4 o -— - - 1
150 100 50 o 50
Input (%)
: _ - .
100—— — - —
B e
2 — — ——
o i
- _ ! e
1 \i 1 i
' 0o T 100 150
Input (%)
Valve Trim
Manufacturer:  Fisher Controls Seat Type:
Type: 8560 Leakage Class:
Size: 4in Port Diameter:  0.0000 in
Class: 300
Rated Travel:  90.00 deg
Actal Travel:  90.00 deg
Shaft Diameter:  2.0000 in
Packing Type: TFE/ Single
Inlet Pressure:  100.0000 psi
Outlet Pressure:  0.0000 psi

01 Feb 2009 13:45:33

Inputs
Input Start;  100.0 %
Input End: 80.0 %
Stroke Speed  0.5%/s
Test Pause Time: 10 sec
Collection Interval:  150.0 msec.
Analyzed Data
Avg, Dynamic Error: 1.47%
Min. Dynamic Error:  1.10%
Max. Dynamic Error:  1,82%
Dyn. Linearity (Ind.); 0.18%
Zero Ranged Travel at: 20,03 mA
Full Ranged Travel at:  3.69 mA
Average Torque: NA
Minimum Torque: NA
Maximum Torque: NA
Spring Rate:  NA
Bench Set:  24.18 - 44.92
psi
Partial Stroke Test initiated  HART Command
by:
Partial Stroke Test status; Completed
Successfully
Tuning Set
Tuning Set: C
Gains
Proportional:  4.40
Velocity:  3.00
MLF:  35.00
Integral Control:  Disabled
Integral Gain: 9.4
Notes
Actuator
Manufacturer:  Fisher Controls
Type: 1035
Size: 20
Effective Area:  0.00 in2
Air:  Closes
Bench Set:  0.0000 psi-
0.0000 psi
Nominal Supply Pressure:  0.0000 psi
Spring Rate:  0.0000 tbffin
Style:  Rack and Pinion
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strument Configuration [BUTTERFLY VALVE] - Basic

01 Feb 2009 13:55:07

General Pressure Travel /Pressure Control
HART Tag DEMO-SIS Max Supply Pressure 70 psi Travel/Pressure Control
Message Pressure Units  psi Travel / Pressure Select  Travel
Destriptor DEMO-SIS Tuning Travel / Pressure Cutoff Lo 50
Date 01/23/06 Travel Control {%)
Valve Serial Number 16013812 ‘Travel Control Tuning Set C Travet / Pressure Cutoff Hi - 50
strument Serial Number 16013812 Proportionat 4.4 (%0}
Polling Address 0 Enable Integral Coritrol  No End Point Press. Controt
Initial Setup Integral Gain (reps/min) 9.4 End Point Control Enable  Enabled
Control Mode  Analog (RSP) Integral Settings Control End
Restart Cont. Mode  Analog (RSP) Integral Dead Zone (%) 0.26 Pressure Set Point  54.9 psi
Zero Power Condition Valve Open Integral Limit (%) 30 Pressure Saturation Time 45
avel / Pressure Cutoff Lo 50 Pressure Control (sec)
(%) Pressure Control Tuning Set  C Dynamic Response
Valve Style  Rotary Shaft : Proportional 2.2 Sel Point Rate Limits
Actuator Style  Piston - Sgl w/ £nable Integral Contral.  Yes SP Rate Open (%/secy 0
Spring Integral Gain (reps/fsec) 0.1 SP Rate Close (%/sec) 0O
Relay Type Relay B - Spedal SIS / Partial Stroke Set Point Filter
App. Partial Stroke Lag Time (sec) O
Feedback Connection  Rotary-All/SS- Enable Enabled
Rolter Test Start Point
Travel Sensor Motion  Counter- Partial Stroke Press Limit 17 psi
dockwise Max. Travel Movement (%) 20
Aux Terminal Mode  Push Button Test Speed  0.5%/s
Partial Stroke Test Pause Time 10 sec
Test Auto Test Interval (days) (.00
Partial Stroke Start Pt. Valve Open SIS Options
Inputs DVC Power Up  Auto Reset
Analog Input Units  mA Action on Failed test  Ramp Back
Temperature Units  F
Input Characterization
Input Characteristic Linear
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Self Test Shut Down

Flash ROM Fail Enable
No Free Time Enable
Reference Voltage Fail
Enable

NVM Fail Enable

l'emp Sensor Fail Enable
ravel Sensor Fail Enable
Jrive Current Fail Enable

No
No
No

No
No
No
No

Travel History Alerts

Cycle Count Atert Enable
de Count Deadband (%)
Cycle Count Alert Point
Cydle Count

Trav Acc Alert Enable

vl Accum Deadband (%)
Tvi Accum Alert Pt (%)
Travel Accumulator (%)

No

3
2147483647
2147483647
No

3
2147483647
2147483647

strument Configuration [BUTTERFLY VALVE] - Alerts

01 Feb 2009 13:55:07

Deviation & Other Alerts

Travel Dev Alert Enable
Travel Dev Alert Pt (%)
Travel Dev Time {sec)
Pressure Dev Alert Enable
Pressure Dev Alert Pt
Pressure Dev Time (sec)
Drive Signal Alert Enable
Supply Pressure Alert Point
Supply Pressure Alert
Enable

Yes
6.91
9.99

Travel Alerts

Tvl Alert Lo Enable

Tl Alert Hi Enable

v Alert Lo Lo Enable
Tvl Alert Hi Hi Enable

Lo Point (%)

Hi Point (%6)

Lo Lo Point (%)

Hi Hi Point (%)
Deadband (%)

Tvl Limit/Cutoff Lo Enable
Tvi Limit/Cutoff Hi Enable

PETRONAS
uT?

Alert Record and Commands

Instrument Clock

Valve Alerts Enable
Failure Alerts Enable
Misc Alerts Enable
Burst Mode Enhable
Burst Command

Cmd #3 (Trending)
Pressure

Alert Record Not Empty
Enable

Alert Record Fuli Enable

01 FEB 2009
01:53

Yes

Yes

Yes

No

3

B

Yes

Yes

Informational Status

Inst Time Invalid Enable
Cal in Progress Enable
Autocal in Progress Enable
Diag in Progress Enable
Diag Data Avail Enable
Integrator Sat Hi Enable
Integrator Sat Lo Enable
Press (tri Active Enable
Multi-Drop Alert Enable

Yes
No
No
Yes
Yes
Yes
Yes
Yes
No

Electronic Alests

Shutdown Activated Alert;
Enable

Power Starvation Alert
Enable

Non-Critical NVM Alert
Enable

Yes
No

No

Etrument Config

uration

Spec Sheet Units

Pressure Units
Travel Units
Length Units

Area Units
Torque Units
Spring Rate Units
Valve
Valve Mig.
Valve Model
Size
Class
Rated Travel
Actual Travel
Stem Diameter
Packing Type
Inlet Pressure
Outiet Pressure

psi
deg
in
in2
Ibf.in
tbffin

Fisher Controls
8560

4in

300

90.0 deg

90.0 deg
2.0in

TFE f Single
100.0 psi

0.0 psi

[BUTTERFLY VALVE] - Spec Sheet

01 Feb 2009 13:55:07

Trim

Seat Type

Leak Class

Port Diameter
Actuator

Actuator Mfy.
Actuator Model
Actuator Size
Effective Area

Air

Volume Booster/Quick
Release

Lower Bench Set
Upper Bench Set
Nominal Supply Pressure
Spring Rate

Lever Style

Momerit Arm

Unknown
0.0in

Fisher Controls
1035

20

0.0in2

Closes
Unknown

0.0 psi

0.0 psi

0.0 psi

0.0 Ibffin

Rack and Pinion
0.0 in

Reference

Trim Style 1

Trim Style 2

Stroking Time Open (sec)
Stroking Time Closed (sec)
Dynamic Torque

Breakout Torque

0
0
0.0 Ibfin
0.0 Ibf.in
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150 100 50 o -60
Input (%)
160 - — 1 -
100 L _ _ : .
[
]
501 E m—,f\ i —
T @
g
0 — i f| — -
50 N |
-50 0 50 100 150
Input (%)
Valve Trim
Manufacturer:  Fisher Controls Seat Type:
Type: 8560 Leakage Class:
Size: 4in Port Diameter:  0.0000 in
Class: 300
Rated Travel: 90.00 deg
Actual Travel:  90.00 deg
Shaft Diameter:  2.0000in
Packing Type: TFE / Single
Inlet Pressure:  100.0000 psi
Outlet Pressure:  0.0000 ps

PETRONAS
IR

01 Feb 2009 13:55:19

Inputs
Input Start:  100.0 %
Input End:  80.0 %
Stroke Speed  0.5%/s
Test Pause Time: 10 sec
Collection Interval:  150.0 msec.
Analyzed Data
Avg. Dynamic Error:  -10000.00%
Min. Dynamic Error:  -10000.00%
Max. Dynamic Error:  -10000.00%
Dyn. Linearity (Ind.}:  -10000.00%
Zero Ranged Travel at:  -10000.00 mA
Full Ranged Travel at:  -10000.00 mA
Average Torque: NA
Minimum Torque; NA
Maximum Torque: NA
Spring Rate:  NA
Bench Set: NA
Partial Stroke Test initiated HART Command
Partial Stroke Test status:  Failed -
Emergency
Occurred
Tuning Set
Tuning Set: C
Gains
Proportional:  4.40
Velocity:  3.00
MLF: 35.00
Integral Control:  Disabled
Integral Gain: 9.4
Notes
Actuator
Manufacturer:  Fisher Controls
Type: 1035
Size: 20
Effective Area:  0.00in2
Air:  Closes
Bench Set:  0.0000 psi-
: 0.0000 psi
Nominal Supply Pressure:  0.0000 psi
Spring Rate:  0.0000 Ibf/in
Style:  Rack and Pinion
Moment Arm:  0.0000 in
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APPENDIX V
Summary of Analyzed Data for Ball Valve



Day1l

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 2.70 2.75 2.75 2.77 2.74
2 | Minimum Dynamic Error (%) | 2.09 1.79 1.85 1.93 1.94
3 | Maximum Dynamic Error (%) | 3.53 3.63 3.45 3.80 3.70
4 | Dynamic Linearity (Ind.) (%) 0.42 0.47 0.57 0.64 0.61
5 | Zero Ranged Travel at (mA) 19.95 19.90 19.84 19.86 19.90
6 | Full Ranged Travel at (mA) 4.02 4.03 4.05 4.05 4.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.56 26.72 26.35 26.53 26.16
12 | Bench Set Upper (psi) 44.92 44,92 44.66 44.69 44.6
Day 2

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 2.71 2.71 2.75 2.72 2.74
2 | Minimum Dynamic Error (%) | 1.99 1.81 1.67 1.81 1.76
3 | Maximum Dynamic Error (%) | 3.47 3.22 3.71 3.43 3.51
4 | Dynamic Linearity (Ind.) (%0) 0.48 0.44 0.59 0.45 0.50
5 | Zero Ranged Travel at (mA) 20.06 19.94 19.93 20.00 19.98
6 | Full Ranged Travel at (mA) 4.05 4.05 4.06 4.05 4.05
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torgue NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 1259 25.48 26.16 27.06 26.66
12 | Bench Set Upper (psi) 44.89 44.92 44.69 44.65 44.65




Parameter PST 1 PST 2 PST 3 PST 4 PST S
1 | Average Dynamic Error (%) 2.69 2.76 2.71 2.79 2.78
2 | Minimum Dynamic Error (%} 1.89 1,72 2.01 1.63 1.73
3 | Maximum Dynamic Error (%) | 3.53 3.61 345 3.72 3.68
4 | Dynamic Linearity (Ind.) (%) 0.50 0.48 0.47 0.47 0.47
S5 | Zero Ranged Travel at (mA) 19.90 19.89 19.97 19.95 19.81
6 | Full Ranged Travel at (mA) 4.03 4.04 4.03 4,03 4.04
7 { Average Torque NA NA NA NA NA
8 | Maximum Torque NA NA NA NA NA
9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 1 25.79 26.14 26.59 26.58 26.24
12 | Bench Set Upper (psi) 44.76 44.62 44.65 44.7 44.66
Day 4
Parameter PST 1 PST 2 PST 3 PST 4 PST 5
1 | Average Dynamic Error (%) 2.71 2.74 2.76 2.76 2.74
2 | Minimum Dynami¢ Error (%) {2.04 2.15 1.90 1.78 1.87
3 | Maximum Dynamic Error (%) | 3.23 3.38 3.71 3.49 3.43
4 | Dynamic Linearity (Ind.) (%) 0.35 0.40 0.42 0.49 0.42
5 | Zero Ranged Travel at (mA) 19.95 19.92 19.84 19.91 19.96
6 | Full Ranged Travel at (mA) 4.01 4.02 4.04 4.04 4.04
7 | Average Torque NA NA NA NA NA
8 | Maximum Torque NA NA NA NA NA
9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25,59 26.16 26.49 26.52 26.09
12 | Bench Set Upper (psi) 44.93 44.71 44.65 44.62 44.73




Day 5

Parameter PST 1 PST2 PST3 PST 4 PST §

1 | Average Dynamic Error (%) 2.63 2.78 2.78 2.79 2.74
2 | Minimum Dynamic Error (%) | 1.54 1.56 1.93 1.99 1.91
3 | Maximum Dynamic Error (%) |3.60 3.73 3.70 3.81 3.51
4 | Dynamic Linearity (Ind.) (%) 0.37 0.50 0.40 0.45 0.43
5 | Zero Ranged Travel at (mA) 19.95 19.95 19.94 19.96 19.93
6 | Full Ranged Travel at (mA) 3.97 4.04 4.05 4.04 4.05
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.85 26.26 25.9 26.82 26.63
12 | Bench Set Upper (psi) 44.75 44.62 44.6 44.54 44.59
Day 6

Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 2.68 2.71 2.71 2.72 2.78
2 | Minimum Dynamic Error (%) 1.73 2.04 1.96 1.76 1.91
3 | Maximum Dynamic Error (%) | 3.23 3.44 3.52 3.42 3.55
4 | Dynamic Linearity (Ind.} (%) 0.41 0.49 0.53 10.60 0.51
5 | Zero Ranged Travel at (mA) 20.01 19.96 19.95 19.92 19.94
6 | Full Ranged Travel at {mA) 4.02 4.02 4.04 4.05 4.05
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.94 25.98 26.14 26.22 26.74
12 | Bench Set Upper (psi) 44.76 44.77 44.77 44.65 44.68




Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 2.70 2.74 2.74 2.72 2.79
2 | Minimum Dynamic Error (%) | 2.08 1.73 2.04 1.66 2.09
3 | Maximum Dynamic Error (%) | 3.44 3.48 3.61 3.51 3.58
4 | Dynamic Linearity (Ind.) (%) 0.37 10.59 0.48 0.54 0.57
5 | Zero Ranged Travel at (mA) 19.96 19.97 19.96 19.98 19.89
6 | Full Ranged Travel at (mA) 4.03 4.03 4.03 4.05 4.06
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.23 26.43 -26.27 26.0 26.42
12 | Bench Set Upper (psi) 4491 44.73 44.71 44.71 44.61
Day 8

Parameter PST1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 2.71 2.71 2,75 2.78 2.78
2 | Minimum Dynamic Error (%) | 2.03 1.72 1.80 2.10 1.86
3 | Maximum Dynamic Error (%) | 3.41 3.39 3.65 347 3.52
4 | Dynamic Linearity (Ind.) (%) 0.51 0.43 0.47 0.51 0.52
5 | Zero Ranged Travel at (mA) 19.96 20.04 19.95 19.97 19.89
6 | Full Ranged Travel at (mA) 4.02 4.03 4.04 4.05 4.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.61 26.39 25.77 26.16 26.14
12 | Bench Set Upper (psi) 44.86 44.68 44.7 44.72 44.7




Parameter PST 1 PST2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 2.71 2.72 2.80 2.78 2.80
2 | Minimum Dynamic Error (%) | 2.03 2.09 2.09 1.99 2.14
3 | Maximum Dynamic Error (%) | 3.27 3.56 3.44 3.60 3.54
4 | Dynamic Linearity (Ind.) (%) 0.57 0.46 0.52 0.57 0.53
5 | Zero Ranged Travel at (mA) 19.86 19.97 19.94 19.96 19.92
6 | Full Ranged Travel at (mA) 4.03 4.02 4.04 4.04 4.05
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.67 26.5 26.93 26.4 26.27
12 { Bench Set Upper (psi) 44.89 44.7 44.62 44.71 44.6
Day 10

Parameter PST1 PST2 PST3 PST 4 PST S
1 | Average Dynamic Error (%) 2.65 2.71 2.79 2.73 2.72
2 | Minimum Dynamic Error (%) | 1.90 1,94 1.94 2.07 1.87
-3 | Maximum Dynamic Error (%) | 3.34 3.49 3.61 3.57 3.53

4 | Dynamic Linearity (Ind.) (%) 0.42 0.46 0.59 0.61 0.38
5 | Zero Ranged Travel at (mA) 19.95 19.96 19.87 19.90 19.99
6 | Full Ranged Travel at (mA) 4,00 3.99 4.01 4.03 4.02
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.78 26.1 26.19 26.3 25.84
12 | Bench Set Upper (psi) 44.84 44.56 44.56 44.58 44.59




Parameter PST 1 PST 2 PST3 PST 4 PST 5

t | Average Dynamic Error (%) 2.71 2.74 2.77 2.76 2.73
2 | Minimum Dynamic Error (%) 1.78 1.97 1.77 1.53 1.84
3 | Maximum Dynamic Error (%) | 3.56 3.74 3.63 3.77 3.80
4 | Dynamic Linearity (Ind.) (%) 0.43 0.69 0.69 0.68 0.55
5 | Zero Ranged Travel at (mA) 20.02 19.94 19.95 19.93 20.08
6 | Full Ranged Travel at (mA) 4.01 4.02 4.04 4.05 4.02
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 2548 26.8 26.81. 26.28 26.02
12 | Bench Set Upper (psi) 44.86 44.55 44.54 44.55 44.61
Day 12

Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 2.77 2.74 2.71 2.75 2.84
2 | Minimum Dynamic Error (%) | 2.22 2.01 1.98 1.86 2.11
3 | Maximum Dynamic Error (%) | 3.52 3.67 3.52 3.69 3.77
4 | Dynamic Linearity (Ind.) (%) 0.59 0.40 0.51 0.44 0.50
5 | Zero Ranged Travel at (mA) 19.91 19.95 19.94 19.96 19.87
6 | Full Ranged Travel at (mA) 4.03 4.02 4.02 4.02 4.06
7 | Average Torque NA NA NA NA NA

8 | Maximum Torgque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.22 26.24 26.64 26.42 26.21
12 | Bench Set Upper (psi) 44.92 44.68 44.59 44.6 44.54




Parameter PST1 PST2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 2.74 2.74 2.78 2.73 2.78
2 | Minimum Dynamic Error (%) | 1.92. 1.76 1.79 1.85 1.64
3 | Maximum Dynamic Error (%) {3.40 3.79 3.78 3.55 3.64
4 | Dynamic Linearity (Ind.) (%) 0.39 0.62 0.53 0.60 0.51
5 | Zero Ranged Travel at (mA) 19.91 19.93 19.96 19.97 19.89
6 | Full Ranged Travel at (mA) 4.03 4.05 4.05 4.04 4.06
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.15 26.29 26.3 26.52 26.43
12 | Bench Set Upper (psi) 44.8 44.61 44.61 44.59 44.61
Day 14

Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 2.69 2.71 2.76 2.75 2,77
2 | Minimum Dynamic Ermror (%) | 2.17 1.95 1.95 1.99 2.12
3 | Maximum Dynamic Error (%) | 3.47 3.55 3.84 3.64 3.74
4 | Dynamic Linearity (Ind.) (%) 0.54 0.44 0.51 0.40 0.54
5 | Zero Ranged Travel at (mA) 19.98 20.03 19.91 19.98 19.95
6 | Full Ranged Travel at (mA) 4.06 4.04 4.06 4.05 4.05
7 | Average Torque NA NA NA NA NA

8§ | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.14 26.14 25.8 26.14 26.39
12 | Bench Set Upper (psi) 44.89 44.64 44.71 44.6 44.59




Day 15

Parameter PST1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 2.73 2.73 2.74 2.80 2.80
2 | Minimum Dynamic Error (%0} | 2.04 1.95 1.98 1.89 1.88
3 | Maximum Dynamic Error (%) | 3.56 3.38 3.53 3.63 3.57
4 | Dynamic Linearity (Ind.) (%) 0.62 0.39 0.39 0.40 0.41
5 | Zero Ranged Travel at (mA) 19.89 19.94 16.94 19.86 19.85
6 | Full Ranged Travel at (mA) 4.03 4.05 4.05 4.06 4.06
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate - NA NA NA NA NA
11 | Bench Set Lower (psi) 25.46 26.23 25.75 26.27 26.63
12 | Bench Set Upper (psi) 44.82 44.72 44.68 44.64 44.6
Day 16

Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 2.74 2.72 2.80 2.78 2.84
2 | Minimum Dynamic Error (%) | 2.01 1.93 1.92 1.98 1.92
3 | Maximum Dynamic Error (%) | 3.67 3.36 3.78 3.76 3.94
4 | Dynamic Linearity (Ind.) (%) 0.55 0.44 0.47 0.48 0.50
5 | Zero Ranged Travel at (mA) 19.89 19.93 19.87 19.96 19.83
6 | Full Ranged Travel at (mA) 4.03 4.03 4.04 4.03 4.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torgue NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.45 26.41 26.08 26.05 26.33
12 | Bench Set Upper {psi) 44.88 44.67 44.63 44.67 44.56




Parameter PST1 PST 2 PST3 PST 4 PST S
1 | Average Dynamic Error (%) 2.71 2.79 2.78 2.81 2.77
2 | Minimum Dynamic Error (%) | 1.78 1.78 1.75 1.54 2.11
3 | Maximum Dynamic Error (%) | 3.32 3.71 3.53 3.74 3.74
" 4 | Dynamic Linearity (Ind.} (%) 0.45 0.63 0.50 0.47 0.59

5 | Zero Ranged Travel at (mA) 19.95 19.84 19.89 19.93 20.01
6 | Full Ranged Travel at (mA) 4.02 4.04 4.03 4.02 4.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.69 26.69 26.67 26.03 26.18
12 | Bench Set Upper (psi) 44.79 44.6 44.53 44.62 44.56
Day 18

_Parameter PST 1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 2.69 2.77 2.76 2.75 2.81
2 | Minimum Dynamic Error (%) | 1.94 2.08 1.60 1.84 1.97
3 | Maximum Dynamic Error (%) | 3.65 3.58 3.69 3.89 4.05
4 | Dynamic Linearity (Ind.) (%) 0.62 0.55 0.49 0.51 0.60
5 | Zero Ranged Travel at (mA) 19.84 19.87 19.92 19.99 19.88
6 | Full Ranged Travel at (mA) 4.03 4.05 4.04 4.05 4.06
7 | Average Torque NA NA NA NA NA

8 i Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 25.16 26.74 26.82 26.24 26.01
12 | Bench Set Upper (psi) 44.93 44.61 44.64 44.64 44.57




Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 2.71 2.74 2.73 2.79 2.82
2 | Minimum Dynamic Error (%) | 2.01 2.11 1.91 2.06 1.78
3 | Maximum Dynamic Error (%) | 3.43 3.64 3.57 3.74 4.08
4 | Dynamic Linearity (Ind.) (%) 0.33 0.50 0.52 0.52 047
5 | Zero Ranged Travel at (mA) 19.98 19.98 20.00 19.98 19.86
6 | Full Ranged Travel at (mA) 4.02 4.02 4.04 4.05 4.05
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 { Bench Set Lower (psi) 25.26 26.53 26.39 26.53 26.03
12 | Bench Set Upper (psi) 44,86 44.73 44.74 44.65 44,63
Day 20 (analog to digital)

Parameter PST 1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 2.18 2.20 2.18 2.16 2.17
2 | Minimum Dynamic Error (%) | 1.53 1.46 1.51 1.20 1.50
3 | Maximum Dynamic Error (%) | 2.85 3.02 3.00 2.89 3.11
4 | Dynamic Linearity (Ind.) (%) 0.34 0.44 0.46 0.38 0.38
5 | Zero Ranged Travel at (mA) 4.21 4.25 4.24 4.21 426
6 | Full Ranged Travel at (mA) 20.03 20.03 20.03 20.03 20.02
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.77 25.46 24.97 25.31 25.23
12 | Bench Set Upper (psi) 44.21 44.08 44.11 44.02 44.02




Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 2.17 2.15 2.19 2.21 2.21
2 | Minimum Dynamic Error (%) | 1.39 1.34 1.25 1.48 1.21

3 | Maximum Dynamic Error (%) | 3.11 2.98 2.97 2.92 3.09
4 | Dynamic Linearity (Ind.) (%) 0.46 0.43 0.47 0.42 0.43
5 | Zero Ranged Travel at (mA) 4.18 4.17 4.23 4.24 4.18
6 | Full Ranged Travel at (mA) 20.05 20.05 20.04 20.04 20.05
7 | Average Torgue NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.86 26.0 25.14 25.32 24.79
12 | Bench Set Upper (psi) 44.12 44.02 44.12 44.04 44.04
Day 22

Parameter PST 1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 2.17 2,18 2.23 2.22 2.18
2 | Minimum Dynamic Error (%) | 1.48 1.43 1.53 1.45 1.23
3 | Maximum Dynamic Error (%) | 2.80 2.94 3.09 3.06 2.98
4 | Dynamic Linearity (Ind.) (%) 043 0.41 0.42 0.52 0.49
5 | Zero Ranged Travel at (mA) 4.19 4.22 4.24 4.23 422
6 | Full Ranged Travel at (mA) 20.03 20.03 20.03 20.03 20.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) '124.29 25.19 2531 25.04 24.79
12 | Bench Set Upper (psi) 44.06 43.86 43.86 43.88 43.81




Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 2.18 2.19 2.17 2.17 2.17
2 | Minimum Dynamic Error (%) 1.43 1.40 1.25 1.35 1.32
3 | Maximum Dynamic Error (%) | 2.85 2.98 3.02 3.11 2.98
4 | Dynamic Linearity (Ind.) (%) 0.45 0.46 0.45 0.45 047
5 | Zero Ranged Travel at (mA) 4.19 4.22 4.12 421 4.15
6 | Full Ranged Travel at (mA) 20.04 20.03 20.04 20.04 20.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 { Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.57 25.21 25.35 25.1 24.79
12 | Bench Set Upper (psi) 44.19 43.99 43.96 43.9 43.95
Day 24

Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 2.17 2.18 2.14 2.19 2.22
2 | Minimum Dynamic Error (%) | 1.53 1.27 1.12 1.21 1.17
3 | Maximum Dynamic Error (%) | 2.84 3.00 2.94 2.87 2.95
4 | Dynamic Linearity (Ind.) (%) 0.38 0.42 0.50 0.47 0.48
S | Zero Ranged Travel at (mA) 4.20 4.18 4.15 4.20 4.26
6 | Full Ranged Travel at (mA) 20.03 20.05 20.04 20.05 20.03
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 246 24,78 24.91 25.22 25.17
12 | Bench Set Upper (psi) 44.16 43.99 44.04 44.02 43.96




Parameter PST 1 PST 2 PST3 PST 4 PST 5
1 | Average Dynamic Error (%) 2,17 2.12 2.18 2.16 2.22
2 | Minimum Dynamic Error (%) 1.36 1.27 1.41 1.31 1.29
3 | Maximum Dynamic Error (%) | 2.82 2.97 2.98 3.06 3.13
1 4 | Dynamic Linearity {Ind.) (%) | 0.42 0.43 0.51 0.54 0.41

5 | Zero Ranged Travel at (mA) 4.13 4.12 4.14 4.14 4.17
6 | Full Ranged Travel at (mA) 20.05 20.06 20.05 20.05 20.05
7 | Average Torque ' NA NA NA NA NA

8 | Maximum Torgue NA NA NA NA NA

9 [ Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.37 24.75 25.49 25.28 25.1
12 | Bench Set Upper (psi) 44.15 44.03 43.9 43.9 43.98
Day 26

Parameter PST 1 PST 2 PST3 PST 4 PST 5

1 | Average Dynamic Error (%) 2.16 2.18 2.12 2.15 2.16
2 | Minimum Dynamic Error (%) |1.29 1.18 1.18 1.55 1.13
3 | Maximum Dynamic Error (%) | 2.91 2.97 2.96 291 2.98
4 | Dynamic Linearity (Ind.} (%) 0.29 0.52 0.48 0.49 0.45
5 | Zero Ranged Travel at (mA) 4.16 4.23 4.19 4.17 4.14
6 | Full Ranged Travel at (mA) 20.05 20.05 20,04 20.04 20.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.27 25.05 24.9 24.77 24.84
12 | Bench Set Upper (psi) 44.32 44.01 43.95 43.97 44.02




Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 2.14 2.18 2.20 2.18 2.22
2 | Minimum Dynamic Error (%) 1.47 1.35 1.45 1.23 1.33
3 | Maximum Dynamic Error (%) | 2.76 2.97 3.09 2.99 3.19
4 | Dynamic Linearity (Ind.) (%) 0.39 0.47 0.47 0.46 042
5 | Zero Ranged Travel at (mA) 4,20 4.14 4.24 4.25 4.27
6 | Full Ranged Travel at (mA) 20.04 20.05 20.04 20.04 20.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 1 Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.68 2542 2542 25.38 25.38
12 | Bench Set Upper (psi) 442 44.05 44.06 44.06 44.0
Day 28

Parameter PST1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 2.22 2.20 2.19 2.23 2.22
2 | Minimum Dynamic Error (%) 1.64 1.56 1.39 1.53 1.51
3 | Maximum Dynamic Error (%) | 2.87 2.90 2.86 3.00 3.02
4 | Dynamic Linearity (Ind.) (%) 0.40 0.45 0.41 0.42 0.46
5 | Zero Ranged Travel at (mA) 4.28 4.20 4,23 4.24 4.27
6 | Full Ranged Travel at (mA) 20.03 20.04 20.05 20.05 20.04
7 |"Average Torque =~~~ NA I NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate I NA NA NA NA NA
11 | Bench Set Lower (psi) 24.99 25.33 24.94 25.16 24.8
12 | Bench Set Upper (psi) 44.08 44.03 44.12 44.05 44.11




Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 217 2.14 2.19 2.14 2.23
2 | Minimum Dynamic Error (%) | 1.31 1.00 1.35 1.22 1.31
3 | Maximum Dynamic Error (%) | 3.05 3.06 2.97 3.02 2.92
4 | Dynamic Linearity (Ind.) (%) 0.47 0.45 0.47 0.42 0.42
5 | Zero Ranged Travel at (mA) 4.16 4.22 4.16 4.13 4.20
6 | Full Ranged Travel at (mA) 20.04 20.05 20.05 20.05 20.03
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.86 25.28 24.43 25.2 24.83
12 | Bench Set Upper (psi) 43.98 43.94 43.93 43.83 43.78
Day 30

Parameter PST 1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 2.18 2.20 2.21 2.19 2.25
2 | Minimum Dynamic Error (%) | 1.46 1.54 1.51 1.31 1.67
3 | Maximum Dynamic Error (%) | 2.88 291 3.00 2.87 3.03
4 | Dynamic Linearity (Ind.) (%) 0.38 0.42 0.36 0.39 0.37
5 | Zero Ranged Travel at (mA) 4.20 4.25 4.23 4.24 4.25
6 | Full Ranged Travel at (mA) 20.05 20.04 20.04 20.04 20.04
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.69 24.85 25.12 24.95 25.3
12 | Bench Set Upper {psi) | 44.22 44.09 440 44.03 43.99




Parameter PST 1 PST 2 PST 3 PST 4 PST §
1 | Average Dynamic Error (%) 2.19 2.13 2.15 2.18 2.20
2 | Minimum Dynamic Error (%) 1.48 1.43 1.24 1.45 1.31
3 | Maximum Dynamic Error (%) | 2.91 2.94 2.93 2.87 2.98
4 | Dynamic Linearity (Ind.) (%) 0.47 0.44 0.47 0.44 0.43
5 | Zero Ranged Travel at (mA) 4.25 422 4.17 423 428
6 | Full Ranged Travel at (mA) 20.02 20.05 20.05 20.04 20.03
7 { Average Torque NA NA NA NA NA
8 | Maximum Torque NA NA NA NA NA
9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
‘11 | Bench Set Lower (psi) 24.78 25.13 24.68 25.14 24.96
12 | Bench Set Upper (psi) 43.98 44.01 44.02 44.04 43.97
Day 32
Parameter PST 1 PST 2 PST3 PST 4 PST 5
1 | Average Dynamic Error (%) 2.16 2.17 2.17 2.16 2.20
2 | Minimum Dynamic Error (%) 1.28 1.25 1.35 1.33 1.37
3 | Maximum Dynamic Error (%) | 3.03 3.02 3.05 3.08 2.98
4 | Dynamic Linearity (Ind.) (%) 0.43 0.50 0.54 0.45 0.45
5 | Zero Ranged Travel at (mA) 4.21 4.15 4.17 4.13 4.15
6 | Full Ranged Travel at (mA) 20.06 20.06 20.05 20.05 20.05
7 | Average Torque NA NA NA NA NA
8 | Maximum Torque NA NA NA NA NA
9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA | NA NA NA NA
11 | Bench Set Lower (psi) 25.05 24.72 24.91 25.28 24.8
12 | Bench Set Upper (psi) 44.02 44.06 44.06 43.98 43.97




Day 33

Parameter PST1 PST2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 2.16 2.23 2,19 2.17 2.16
2 | Minimum Dynamic Error (%) 1.43 1.42 1.51 1.26 1.25
3 | Maximum Dynamic Error (%) | 2.80 3.00 2.98 2.95 2.96
4 | Dynamic Linearity {Ind.) (%) 0.32 0.36 0.38 0.42 0.40
5 | Zero Ranged Travel at (mA) 4.19 4.27 4.19 4.28 4.11
6 | Full Ranged Travel at (mA) 20.04 20.04 20.05 20.03 20.05
7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.2 24.95 24.84 25.04 25.0
12 | Bench Set Upper (psi) 44.16 44.11 44.05 44.04 43.98
Day 34

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 2.14 2.17 2.12 2.19 2.17
2 | Minimum Dynamic Error (%) 1.36 1.20 1.21 1.25 1.36
3 | Maximum Dynamic Error (%) | 2.75 2.91 2.97 3.05 3.06
4 | Dynamic Linearity (Ind.) (%) 0.36 0.45 0.45 0.39 0.41
5 | Zero Ranged Travel at (mA) 4.12 4.17 4.17 4.20 4.20
6 | Full Ranged Travel at (mA) 20.04 20.05 20.05 20.05 20.04
7 | Average Torque ‘NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.55 24.96 24,92 24.74 25.17
12 | Bench Set Upper {(psi}) 44.1 44.0 44.03 43.98 43.95




Parameter PST1 PST 2 PST 3 PST 4 PST S
1 | Average Dynamic Error (%) 2.17 2.14 2.19 2.14 2.23
2 | Minimum Dynamic Error (%) | 1.31 1.00 1.35 1.22 1.31
3 | Maximum Dynamic Error (%) | 3.05 3.06 2.97 3.02 2.92
4 | Dynamic Linearity (Ind.) (%) 0.47 0.45 047 0.42 0.42
5 | Zero Ranged Travel at (mA) 4.16 4.22 4.16 4.13 4.20
6 | Full Ranged Travel at (mA) 20.04 20.05 20.05 20.05 20.03
7 | Average Torque NA NA NA NA NA
8 | Maximum Torque NA NA NA NA NA
9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set Lower (psi) 24.86 25.28 24.43 25.2 24.83
12 | Bench Set Upper (psi) 43.98 43.94 43.93 43.83 43.78




APPENDIX VI
Summary of Analyzed Data for Butterfly Valve



Dayl

Parameter PST1 PST2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.47 11.25 1.45 1.38 1.31

2 | Minimum Dynamic Error (%) 1.20 0.94 1.05 1.09 1.08

3 | Maximum Dynamic Error (%) | 1.84 i.56 1.78 1.65 1.64

4 | Dynamic Linearity (Ind.} (%) 0.19 0.21 0.22 0.15 0.22

5 | Zero Ranged Travel at (mA) 20.21 20.39 20.21 20.32 20.13

6 | Full Ranged Travel at (mA) 3.64 3.61 3.64 3.63 3.63

7_| Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 22.83-45.12 22.82 -45.09 22.57 —45.11 23.09 — 45.04 23.23 - 45.09
Day 2
Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1,63 1.62 1.45 1.49 1.47

2 | Minimum Dynamic Error (%) | 1.24 1.33 1.06 1.06 1.10

3 | Maximum Dynamic Error (%) | 1.98 1.98 1.86 1.87 1.82

4 | Dynamic Linearity (Ind.) (%) 0.22 0.18 0.16 0.17 0.18

5 | Zero Ranged Travel at (mA) 20.39 20.25 20.27 20.18 20.03

6 | Full Ranged Travel at (mA) 3.64 3.70 3.68 3.66 3.69

7 .| Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA - NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.37-45.01 23.64 — 45.02 23.5-44.99 24.13-44.89 24.18 - 44.92




Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.62 1.52 1.39 1.47 1.49

2 | Minimum Dynamic Error (%) | 1.24 1.14 0.95 1.03 1.18

3 | Maximum Dynamic Error (%) | 1.98 1.96 1.82 1.82 1.85

4 | Dynamic Linearity (Ind.) (%) 0.18 0.19 0.19 0.21 0.16

5 | Zero Ranged Travel at (mA) 20.23 20.10 20.34 20.25 20.38

6 | Full Ranged Travel at (mA) 3.66 3.70 3.67 3.69 3.68

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 { Bench Set (psi) 23.82 -45.01 23.49 — 44.94 23.68 — 44.99 23.16 — 44.93 23.49-44.97
Day 4

Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 1.60 1.56 1.50 1.55 1.53

2 | Minimum Dynamic Error (%) | 1.29 1.27 1.21 1.28 1.18

3 | Maximum Dynamic Error (%) | 1.96 2.01 1.76 1.82 1.90

4 | Dynamic Linearity (Ind.) (%) 0.17 0.20 0.19 0.21 0.21

5 | Zero Ranged Travel at (mA) 20.26 20.14 20.07 20.24 20.14

6 | Full Ranged Travel at (mA) 3.62 3.64 3.65 3.65 3.67

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 { Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.79 - 45.05 24.42 - 44.85 23.76 - 44.97 24.08 - 45.02 23.81 — 44,86




vay o

Parameter PST1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 1.69 1.61 1.59 1.59 1.53

2 | Minimum Dynamic Error (%) 0.73 1.24 1.26 1.20 1.21

3 | Maximum Dynamic Error (%) | 2.59 2.15 2.23 1.95 1.82

4 | Dynamic Linearity (Ind.) (%) 0.59 0.20 0.24 0.14 0.20

5 | Zero Ranged Trave] at {mA) 2049 20.27 20.32 20.20 20.27

6 | Full Ranged Travel at (mA) 3.64 3.58 3.65 3.62 3.63

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 18,79 — 45,79 23.1-45.1 22.95 -45.35 23.24 - 45.08 23.53 - 45.08
Day 6

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.55 1.50 1.51 1.52 1.56

2 | Minimum Dynamic Error (%) | 1.24 1.19 1.11 1.12 1.25

3 | Maximum Dynamic Error (%) | 1.87 1.89 1.86 2.01 1.90

4 | Dynamic Linearity (Ind.) (%0) 0.15 0.15 0.15 0.22 0.20

5 | Zero Ranged Travel at (mA) 20.31 20.31 20.31 20.24 20.27

6 | Full Ranged Travel at (mA) 3.63 3.64 3.64 3.68 3.66

7 | Average Torque NA NA NA NA NA

8 { Maximum Torgue NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 { Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.32 -45.03 23.56-45.19 122.63-45.14 22.97 — 45.06 22.87-45.03




Parameter PST1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.50 1.58 1.60 1.41 1.49

2 | Minimum Dynamic Error (%) 1.25 1.18 ' 1.14 1.10 1.06

3 | Maximum Dynamic Error (%) | 1.77 - | 1.88 1.97 1.82 1.91

4 | Dynamic Linearity (Ind.) (%) 0.18 0.14 0.18 0.18 0.18

5 | Zero Ranged Travel at (mA) 20.21 20.20 20.26 20.28 20.28

6 | Full Ranged Travel at (mA) 3.64 3.67 3.65 3.64 3.64

7 | Average Torgue NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 232 -45.02 24.32 - 45.01 24.07 — 45.01 23.24 —45.09 23.72 — 44 .99
Day 8

Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 1.58 1.47 1.64 1.57 1.51

2 | Minimum Dynamic Error (%) 1.31 1.14 1.35 1118 1.09

3 | Maximum Dynamic Error (%) | 1.95 1.79 1.95 1.95 1.95

4 | Dynamic Linearity {Ind.) (%) 0.17 0.18 0.17 10,19 0.14

5 | Zero Ranged Travel at (mA) 20.23 20.16 20.31 20.18 20.22

6 | Full Ranged Travel at (mA) 3.66 3.67 3.67 3.66 3.66

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torgue NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.54 — 45.03 23.77 —45.01 23.79 — 45.05 23.67-45.04 23.87 —44.91




Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.57 1.49 1.52 1.45 1.42

2 | Minimum Dynamic Error (%) 1.17 1.15 1.26 1.09 1.13

3 | Maximum Dynamic Error (%) | 2.09 1.94 1.82 1.85 1.91

4 | Dynamic Linearity (Ind.) (%) 0.20 0.15 0.15 0.20 0.14

5 | Zero Ranged Travel at (mA) 20.16 20.24 20.24 20.19 20.25

6 | Full Ranged Travel at (mA) 3.64 3.64 3.66 3.66 3.66

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.73 - 44.84 24.66 — 45.01 23.92 - 45.05 24.05 —44.76 24.46 —44.80
Day 10
Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.55 1.60 1.47 1.56 1.49

2 | Minimum Dynamic Error (%) 1.10 1.23 1.20 1.09 1.07

3 | Maximum Dynamic Error (%) | 1.97 2.00 1.89 1.93 1.80

4 | Dynamic Linearity (Ind.) (%) 0.18 0.22 0.16 0.23 0.19

5 | Zero Ranged Travel at (mA) 20.18 20.12 20.17 20.05 20.16

6 | Full Ranged Travel at (mA) 3.58 3.60 3.60 3.64 3.60

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.46-45.16 24.32 — 45.09 23.40 — 45.07 24.02 — 45.03 23.97-45.02




_—— =

Parameter PST 1 PST 2 PST 3 _PST4 PST 5

1 | Average Dynamic Error (%) 1.60 1.46 1.46 1.46 1.56

2 | Minimum Dynamic Error (%) | 1.29 1.12 1.15 1.14 1.26

3 | Maximum Dynamic Error (%) | 1.99 1.73 1.82 1.82 1.81

4 | Dynamic Linearity (Ind.) (%) 0.16 0.17 0.15 0.16 0.19

5 | Zero Ranged Travel at (mA) 20.20 20.17 20.29 20.26 20.21

6 | Full Ranged Travel at (mA) 3.58 3.62 3.61 3.67 3.67

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.49 — 45.07 24.13 — 44.96 23.07 - 45.04 23.98 —45.06 23.48 - 45.05
Day 12

Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 1.40 1.40 1.56 1.54 1.49

2 | Minimum Dynamic Error (%) | 1.11 1.06 1.22 1.25 1.18

3 | Maximum Dynamic Error (%) | 1.79 1.74 1.91 1.94 1.89

4 | Dynamic Linearity (Ind.) (%) 0.23 0.20 0.23 0.19 0.24

5 | Zero Ranged Travel at (mA) 20.06 20.19 20.21 20.18 20.26

6 | Full Ranged Travel at (mA) 3.61 3.62 3.64 3.62 3.63

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 Spring Rate NA NA NA _ NA NA

11 | Bench Set (psi) 123.94 - 4498 23.83 —45.05 24.23 - 44,99 23.22 - 45.20 24.04 — 44.99




Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 1.60 1.50 1.44 1.53 1.43

2 | Minimum Dynamic Error (%) | 1.25 1.17 0.87 1.18 1.14

3 | Maximum Dynamic Error (%) | 191 1.89 1.81 1.92 1.84

4 | Dynamic Linearity (Ind.) (%) 0.23 0.20 0.19 0.18 0.15

5 | Zero Ranged Travel at (mA) 20.19 20.14 20.14 20.29 20.22

6 | Full Ranged Travel at (mA) 3.67 3.65 3.67 3.66 3.67

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.76 — 44.88 23.93 - 44.88 23.56 — 4480 23.45—44.89 23.71 - 4498
Day 14

Parameter PST 1 PST 2 PST3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.46 1.50 1.48 1.57 1.42

2 | Minimum Dynamic Error (%) | 1.13 1.14 1.17 1.21 1.14

3 | Maximum Dynamic Error (%) | 1.93 1.84 2.01 1.97 1.74

4 | Dypamic Linearity (Ind.) (%) 0.18 0.23 0.17 0.16 0.21

5 | Zero Ranged Travel at (mA) 20.29 20.13 20.24 20.21 20.27

6 | Full Ranged Travel at (mA) 3.65 3.64 3.65 3.67 3.69

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torgue NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.28 — 45.12 23.20 - 45.07 23.43 - 45.02 22.88-45.14 23.47-44.99




Parameter PST1 PST 2 PST3 PST 4 PST 5

1 ! Average Dynamic Error (%) 1.56 1.40 1.50 1.49 1.55

2 | Minimum Dynamic Error (%) | 1.14 1.03 1.22 1.14 1.25

3 | Maximum Dynamic Error (%) | 1.82 1.87 1.87 1.86 1.98

4 | Dynamic Linearity (Ind.) (%) 0.19 0.16 0.21 0.21 0.20

5 | Zero Ranged Travel at (mA) 20.14 20.26 20.31 20.31 20.42

6 _| Full Ranged Travel at (mA) 3.65 3.64 3.64 3.65 3.67

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set (psi) 23.48 —45.05 23.13 — 45.03 22.96 — 45.00 22.72 -45.03 22.96 — 45,01
Day 16

Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 1.39 1.34 1.50 1.52 1.52

2 { Minimum Dynamic Error (%) 1.08 0.95 1.18 1.21 1.18

3 | Maximum Dynamic Error (%) | 1.75 1.75 1.90 1.93 1.87

4 { Dynamic Linearity (Ind.) (%) 0.16 0.16 0.18 0.17 0.16

5 | Zero Ranged Travel at (mA) 20.20 20.27 20.18 20.21 20.31

6 | Full Ranged Travel at (mA) 3.64 3.62 3.62 3.64 3.65

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.57 -45.12 22.95 - 45.01 22.77 - 45.05 23.78 — 44.99 23,21 -44.91




Parameter PST 1 PST 2 PST3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.46 1.42 1.56 1.60 1.46

2 | Minimum Dynamic Error (%) 1.04 1.03 1.17 1.25 1.16

3 | Maximum Dynamic Error (%) | 1.86 1.83 1.9 1.91 1.82

4 | Dynamic Linearity (Ind.) (%) | 0.21 0.19 0.17 0.27 0.16

5 | Zero Ranged Travel at (mA) 20.21 20.27 20.25 20.24 20.34

6 | Full Ranged Travel at (mA) 3.54 3.68 3.65 3.68 3.62

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA
11 | Bench Set (psi) 23.41 -45.01 23.65 — 45.02 23.68 — 44.96 23.88 — 45.03 23.76 — 44.91
Day 18

Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 1.53 1.61 1.49 1.50 1.55

2 | Minimum Dynamic Error (%) 1.16 1.35 1.06 1.11 1.12

3 | Maximum Dynamic Error (%) | 1.99 1.87 1.85 1.86 1.91

4 | Dynamic Linearity (Ind.) (%) 0.14 0.23 0.17 0.16 0.21

5 | Zero Ranged Travel at (mA) 20.18 20.14 20.31 20.14 20.09

6 | Full Ranged Travel at (mA) 3.67 3.67 3.62 3.67 3.68

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.27 — 44.88 23.79 — 44,94 23.79 —44.94 24.48 -44.76 23.84 — 44,97
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Parameter PST 1 PST 2 PST3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.42 11.62 1.51 1.47 1.52

2 | Minimum Dynamic Error (%) 1.15 1.28 1.14 1.07 1.28

3 | Maximum Dynamic Error (%) | 1.97 1.93 1.80 1.86 1.76

4 | Dynamic Linearity (Ind.) (%) 0.17 0.14 0.17 0.16 0.19

5 | Zero Ranged Travel at (mA) 20.12 20.23 20.12 20.06 20.21

6 | Full Ranged Travel at (mA) 3.67 3.67 3.68 3.67 3.67

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.71 — 44.83 24.02 — 44,91 23.55-45.01 23.52 - 44.82 24.62 —44.74
Day 20

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.71 1.50 1.47 1.43 1.45

2 | Minimum Dynamic Error (%) | 1.31 1.10 1.11 1.12 1.17

3 | Maximum Dynamic Error (%) | 2.14 1.87 1.92 1.78 1.76

4 | Dynamic Linearity (Ind.) (%) 0.28 0.20 0.20 0.20 0.18

5 | Zero Ranged Travel at (mA) 20.30 20.24 20.20 20.12 20,17

6 | Full Ranged Travel at (mA) 3.63 3.64 3.68 3.67 3.67

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.01 —-45.08 23.50-45.10 23.40 - 45.06 23.10 - 44,97 23.41 — 44,90




Parameter PST 1 PST 2 PST3 PST 4 PST S

1 | Average Dynamic Error (%) 1.68 1.74 1.56 1.55 1.51

2 | Minimum Dynamic Error (%) 1.33 1.43 1.30 1.12 1.08

3 | Maximum Dynamic Error (%) | 2.03 2.11 1.90 2.02 1.90

4 | Dynamic Linearity (Ind.) (%) 0.25 0.18 0.18 0.17 0.16

5 | Zero Ranged Travel at (mA) 20,17 20.17 20.24 20.15 20.30
6 | Full Ranged Travel at (mA) 3.65 3.65 3.63 3.65 3.65

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.23-44.98 24.30 — 44.85 23.75 - 45.04 23.52-44.90 22.79-45.12
Day 22

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.50 1.57 1.55 1.40 1.54

2 | Minimum Dynamic Error (%) 1.17 1.10 1.14 0.90 1.20

3 | Maximum Dynamic Error (%) | 1.83 1.92 1.92 1.82 1.89

4 | Dynamic Linearity (Ind.) (%) 0.16 0.16 0.19 0.19 0.19

5 i Zero Ranged Travel at (mA) 20.12 20.20 20.18 20.26 20.11

6 | Full Ranged Travel at (mA) 3.65 3.66 3.65 3.65 3.68

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.92 —44 .98 23.76 — 44.92 23.31-44.99 23.94 — 44 85 24.62 - 44.87




Parameter PST1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 1.43 1.49 1.56 1.55 1.51

2 | Minimum Dynamic Error (%) | 1.12 1.17 1.30 1.12 1.08

3 | Maximum Dynamic Error (%) | 1.94 1.81 1.90 2.02 1.90

4 | Dynamic Linearity (Ind.) (%) 0.15 0.21 0.18 0.17 0.16

5 | Zero Ranged Travel at (mA) 20.14 20.19 20.24 20.15 20.30

6 | Full Ranged Travel at (mA) 3.63 3.63 3.63 3.65 3.65

7 1 Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 2463 —44.75 24.30 —44 85 23.75-45.04 23.52 —44.90 22.79 -45.12
Day 24
Parameter PST1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 1.71 1.66 1.53 1.46 1.45

2 | Minimum Dynamic Error (%) 1.40 1.33 1.20 1.17 1.09

3 | Maximum Dynamic Error (%) | 2.03 2.13 1.85 1.78 1.84

4 | Dynamic Linearity (Ind.) (%) 0.17 0.22 0.19 0.20 0.17

5 | Zero Ranged Travel at (mA) 20.24 20.16 20.16 20.18 20.22

6 | Full Ranged Travel at (mA) 3.66 3.69 3.66 3.65 3.63

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA _LNA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.51-44.97 23.45-45.18 23.79 —45.06 24.04 — 45,00 24.48 —45.04




Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.51 1.44 1.54 1.55 1.38

2 | Minimum Dynamic Error (%) {1.12 1.06 1.17 1.21 0.94

3 | Maximum Dynamic Error (%) | 1.92 1.87 1.86 1.88 1.82

4 | Dynamic Linearity (Ind.) (%) 0.19 0.19 0.21 0.18 0.19

5 | Zero Ranged Travel at (mA) 20.22 20.15 20.21 20.38 20.22

6 | Full Ranged Travel at (mA) 3.60 3.67 3.66 3.65 3.67

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 { Bench Set (pst) 23.75 - 44.91 23.40 - 45.01 23.61 — 44.97 23.05-45.15 23.22 - 45.09
Day 26

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.58 1.54 1.59 1.52 1.50

2 | Minimum Dynamic Error (%) | 1.15 1.20 1.21 1.17 1.20

3 | Maximum Dynamic Error (%) | 1.93 1.95 1.94 1.95 1.84

4 | Dynamic Linearity (Ind.) (%) 0.20 0.23 0.17 0.21 0.16

5 | Zero Ranged Travel at (mA) 20.23 20.28 20.22 20.22 20.23

6 | Full Ranged Travel at (mA) 3.63 3.64 3.66 3.65 3.63

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.4-44.97 22.44 - 45.17 22.86 - 45.09 23.62 - 45.03 23.02 - 45.00




Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 1.50 1.51 1.48 1.47 142

2 | Minimum Dynamic Error (%) 1.12 1.20 1.16 1.15 1.04

3 | Maximum Dynamic Error (%) | 1.92 1.87 1.77 1.81 1.75

4 | Dynamic Linearity (Ind.) (%) 0.19 0.20 0.19 0.16 0.18

5 | Zero Ranged Travel at (mA) 20.22 20.23 20.16 20.17 20.19

6 | Full Ranged Travel at (mA) 3.65 3.66 3.67 3.67 3.66

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 23.91 - 45.00 23.06 —45.04 24.1 —44.88 23.74 — 44.93 23.7-44.85
Day 28

Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.50 1.45 1.52 1.41 1.50

2 | Minimum Dynamic Error (%) 1.10 1.12 1.25 1.14 1.18

3 | Maximum Dynamic Error (%) | 1.92 1.90 1.80 1.86 1.92

4 | Dynamic Linearity (Ind.) (%) 0.17 0.15 0.15 0.16 0.15

5 | Zero Ranged Travel at (mA) 20.11 20.34 20.28 20.21 20.09

6 | Full Ranged Travel at (mA) 3.65 3.63 3.66 3.66 3.66

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.08 — 44.84 23.84 — 44.97 24.02 — 45.05 23.72-45.02 24.37-44.94
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Parameter PST 1 PST 2 PST 3 PST 4 PST §

1 | Average Dynamic Error (%) 1.50 1.45 1.52 1.41 1.50

2 | Minimum Dynamic Error (%) 1.10 1.12 1.25 1.14 1.18

3 | Maximum Dynamic Error (%) | 1.92 1.90 1.80 1.86 1.92

4 | Dynamic Linearity (Ind.) (%) 0.17 0.15 0.15 0.16 0.15

5 | Zero Ranged Travel at (mA) 20.11 20.34 20.28 20.21 20.09

6 | Full Ranged Travel at (mA) 3.65 3.63 3.66 3.66 3.66

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA
10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.08 — 44.84 23.84 —44.97 24,02 — 45.05 23,72 —45.02 24.37 —44.94
Day 30
Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.64 1.59 1.59 1.61 1.45

2 | Minimum Dynamic Error (%) 1.26 1.26 1.26 1.29 1.12

3 | Maximum Dynamic Error (%) | 2.02 1.97 1.97 1.97 1.68

4 | Dynamic Linearity (Ind.) (%) 0.19 0.21 0.21 0.20 0.17

5 | Zero Ranged Travel at (mA) 20.13 20.08 20.08 20.14 20.16

6 | Full Ranged Travel at (mA) 3.57 3.61 3.61 3.61 3.60

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA | NA 1 NA NA NA

9 | Minimum Torgue NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.15 — 44,87 23.89 - 45.01 23.89 - 45.01 23.98 — 44.94 24.12 — 44.97




Parameter PST 1 PST 2 PST 3 PST 4 PST 5

1 | Average Dynamic Error (%) 1.64 1.59 1.59 1.61 1.45

2 | Minimum Dynamic¢ Error (%) 1.26 1.26 1.26 1.29 1.12

3 | Maximum Dynamic Error (%) | 2.02 1.97 1.97 1.97 1.68

4 | Dynamic Linearity (Ind.) (%) 0.19 0.21 0.21 0.20 0.17

5 | Zero Ranged Travel at (mA) 20.13 20.08 20.08 20.14 20.16

6 | Full Ranged Travel at (mA) 3.57 3.61 3.61 3.61 3.60

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.15 -44.87 23.89-45.01 23.89 — 45.01 23.98 —44.94 24.12 —44.97
Day 32

Parameter PST 1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 1.64 1.59 1.59 1.61 1.45

2 | Minimum Dynamic Error (%) | 1.26 1.26 1.26 1.29 1.12

3 | Maximum Dynamic Error (%) | 2.02 1.97 1.97 1.97 1.68

4 | Dynamic Linearity (Ind.) (%) 0.19 0.21 0.21 0.20 0.17

5 | Zero Ranged Travel at (mA) 20.13 20.08 20.08 20.14 20.16

6 | Full Ranged Travel at (mA) 3.57 3.61 3.61 3.61 3.60

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11| Bench Set (psi) 24.15 - 44.87 23.89 - 45.01 23.89-45.01 23.98 —44.94 24.12-44.97
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Parameter PST 1 PST 2 PST 3 PST 4 PSTS

1 | Average Dynamic Error (%) 1.54 1.55 1.62 1.45 1.50

2 | Minimum Dynamic Error (%0) 1.09 1.22 1.26 1.12 1.20

3 | Maximum Dynamic Error (%) | 1.87 2.01 2.06 1.81 2,12

4 | Dynamic Linearity (Ind.) (%) 0.24 0.20 0.18 0.17 0.19

5 | Zero Ranged Travel at (mA) 20.11 20.05 20.04 20.21 20.21

6 | Full Ranged Travel at (mA) 3.46 3.55 3.57 3.55 3.55

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 24.07 — 44.92 24.18 — 44.87 23.42-45.03 23.45 - 45.04 23.53 -44.94
Day 34

Parameter PST 1 PST 2 PST 3 PST 4 PST S

1 | Average Dynamic Error (%) 1.58 1.65 1.58 1.65 1.65

2 | Minimum Dynamic Error (%0) 1.16 1.31 1.28 1.33 1.25

3 | Maximum Dynamic Error (%) | 1.97 2.04 1.92 1.92 1.92

4 | Dynamic Linearity (Ind.) (%0) 0.21 0.18 0.15 0.19 0.17

5 | Zero Ranged Travel at (mA) 20.13 20.10 20.12 20.12 20.16

6 | Full Ranged Travel at (mA) 3.56 3.58 3.58 3.58 3.59

7 | Average Torque NA NA NA NA NA

8 | Maximum Torque NA NA NA NA NA

9 | Minimum Torque NA NA NA NA NA

10 | Spring Rate NA NA NA NA NA

11 | Bench Set (psi) 244447 24.08 - 45.8 24.71 - 44.83 24.3 -44.79 24.63 —44.79




Parameter PST1 PST 2 PST 3 PST 4 PST S
1 | Average Dynamic Error (%) 1.64 1.59 1.59 1.61 1.45
2 | Minimum Dynamic Error (%) 1.26 1.26 1.26 1.29 1.12
3 ; Maximum Dynamic Error (%) | 2.02 1.97 1.97 1.97 1.68
4 | Dynamic Linearity (Ind.) (%) 0.19 0.21 0.21 0.20 0.17
5 | Zero Ranged Travel at (mA) 20.13 20.08 20.08 20.14 20.16
6 i Full Ranged Travel at (mA) 3.57 3.61 13.61 3.61 3.60
7 | Average Torque NA NA NA NA NA
8 | Maximum Torque NA NA NA NA NA
9 | Minimum Torque NA | NA NA NA NA
10 | Spring Rate NA NA NA NA NA
11 | Bench Set (psi) 24.15 - 44.87 23.89-45.01 23.89 -45.01 23.98 — 44.94 24,12 —4497




