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SIL%OLVER

PREFACE

SIL Solver® is an advisory software package intended for use in the verification of the Integrity
Level (IL) of Protective Instrumented Functions (PIF). This package is a reliability block diagram
based calculation tool. It uses fault tree analysis equations to verify the integrity level (IL) of
protective instrumented functions (PIF). SIL Solver® uses globally recognized standards and
methodologies to analyze components, subsystems, and PIFs, such as:

ANSI/ISA 84.00.01-2004 (IEC 61511)
ISA TR84.00.02

IEC 61511

IEC 61508

CPQRA

PURPOSE OF THIS GUIDE

This guide contains information to help the user use SIL Solver®. The guide presents information
in a tutorial format. This guide is intended to explain the basic functions of the software.

CONVENTIONS

In this guide, an implied carriage return occurs at the end of each line, unless otherwise noted. The
user Presses the ENTER or TAB to exit from an input box.

Example Description

Edit Words in bold indicate that the user enters or Clicks button or
menu

RETURN Words in bold capital letters indicate names of keys and key
sequences

Typel/Click Words in initialize indicate response needed
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SECTION 1 DEFINITIONS

The following definitions are from the Center for Chemical Process Safety, Guidelines for Safe and
Reliable IPS (2007).

1.

10.

1.
12.

13.
14.

Architecture~The physical organization, interconnection, or integration of the equipment of a
system that operates according to the design basis.

Common Cause Failure—Failure of more than one device, function, or system due to the same
cause.

Dangerous Failure-Failure affecting equipment within a system, which causes the process to
be put in a hazardous state or puts the system in a condition where it may fail-to-operate when
required.

De-Energize To Trip—Circuits where the final elements are energized under normal operation
and the removal of power source (e.g., electricity, instrument air) causes the instrumented
protective system to take its defined action.

Demand-See “Process Demand.”

Detected Failure-Failure found through diagnostics or through the operator's normal
observation of the process and its equipment. Synonyms include announced, revealed and
overt.

Detected Fault- See “Detected Failure.”

Diagnostic Coverage—Fractional decrease in the probability of dangerous failure resulting from
diagnostics that report faults to the operator and take a specified action on fault detection.

Diverse-Use of independent and different means to perform the same function. Diversity may
include the use of different physical methods, technology, manufacturers, installation,
maintenance personnel and/or environment.

Energize To Trip—Circuits where the final elements require the power to take or maintain the
safe state.

Failure~Termination of the ability of equipment to operate as specified.

Failure Rate-Limit when At goes to 0 of the expected rate at which equipment failures occur in
the time interval t to t+At given that no failures have occurred until time t.

Fault-Abnormal condition resulting in degraded operation or critical failure.

Fault Tolerant-Voting architecture that allows an equipment subsystem to continue to operate
in the presence of one or more hardware or software faults.
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1.

16.
17.
18.

19.
20.
21.

22.

23.

24.

25.

26.
27.

28.

29.

SIL%OLVER

Final Element-Device that takes action on the process or process equipment. For an
instrumented protective function (IPF), the final element takes action on the process to achieve
or maintain the safe state. The final element boundary includes the signal connection to the
logic solver and the devices required to take action on the process.

Function Test-See “Proof Test.”
Logic Solver-That portion of an instrumented system performing one or more logic functions.

Mean Time to Repair-The average time to identify a device failure, to repair it, and return it to
normal operation.

On-line-Process equipment is operational (i.e., running, producing product).
Off-line—Process equipment is not operational (i.e., shutdown).

Process Demand-A process condition (or event) that requires a protective system to take
action to achieve or maintain a safe state of the process.

Proof Test-A physical inspection and witnessed test, or series of tests, executed to
demonstrate that the equipment operates according to the design basis and is maintained in
the “as good as new” condition.

Protective Function-Function implemented to achieve or maintain a safe state of the process
when unacceptable process conditions are detected to reduce the risk of an identified
hazardous event. The protective function may be further classified in terms of the consequence
severity and risk reduction requirement.

Protective Instrumented Function (PIF)-A protective function allocated to a protective
instrumented system with an integrity level (IL) necessary to achieve the required risk
reduction for an identified hazardous event.

Random Failure-Failure whose occurrence is unpredictable, which results from various
degradation mechanisms in the hardware.

Redundancy-Use of two or more devices, systems, or layers to perform the same function.

Reliability-The probability that equipment operates according to its specification for a specified
period of time under all relevant conditions. It is one of the core attributes of a protection layer.

Safety Instrumented System (SIS)-Composed of a separate and independent combination of
sensors, logic solvers, final elements, and support systems that are designed and managed to
achieve a specified safety integrity level. An SIS may implement one or more safety-
instrumented functions (SIFs).

Safety Integrity Level (SIL)-Represents one of four discrete ranges used to benchmark the
integrity of each SIF and the SIS, where SIL 4 is the highest and SIL 1 is the lowest.

SISSSTECH Applications Page 11 of 133



30.

31.

32.

33.

34.

35.
36.

37.

SIL%OLVER

Safety Requirements Specification (SRS)-Compilation of information and documentation that
constitutes a design basis for the safety instrumented system. It may include logic narratives,
Input/Output (I/O) list, cause & effect matrix, logic flow charts, system overview drawings,
integrity level calculations, etc.

Sensor-A measurement device (instrument) or combination of devices that detect process
variables or conditions (e.g., transmitters, transducer, process switches, and toxic gas
detectors). The sensor boundary includes the process connection, sensor, transmitter, and
signal connection to the logic solver.

Spurious Trip—Refers to a process shutdown, or disruption, due to the spurious operation of
equipment. Other terms often used include nuisance trip and false shutdown.

Spurious Trip Rate (STR)-Expected rate (number of trips per unit time) at which a process
shutdown, or disruption, occurs due to the spurious operation of equipment. Other terms used
include nuisance trip rate and false shutdown rate.

Systematic Failure—Failure related in a deterministic way to a root cause, which can only be
minimized by effective implementation of the protective management system.

Test Interval-Time period between two successive proof tests.

Verification—Activity of reviewing, inspecting, checking, testing, or by other means determining
and documenting whether the outcome of work processes, activities or tasks conform to
specified requirements and traceable input information.

Voting-Specific configuration of equipment within a subsystem. Voting is often expressed as
MooN (M out of N). “N” designates the total number of devices (or channels) implemented; “M”
designates the minimum number of devices (or channels) out of N required to initiate, take, or
maintain the safe state. Also called voting system or voting architecture.
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SECTION 2 ABBREVIATIONS AND SYMBOLS
ANSI American National Standards Institute

B (beta) Beta Factor or Common Cause Factor
BPCS Basic Process Control System

DC Diagnostic Coverage

DI Diagnostic Interval

DTT Deenergize To Trip

ETT Energize To Trip

FTA Fault Tree Analysis

IEC International Electrotechnical Commission
IL Integrity Level

ISA Instrumentation, Systems and Automation Society
A (lambda) Failure Rate

MTTF Mean Time To Failure

PFD Probability to Fail on Demand

PIF Protective Instrumented Function

PIS Protective Instrumented System

PLC Programmable Logic Controller

SIL Safety Integrity Level

SIS Safety Instrumented Systems

STR Spurious Trip Rate

STRate Spurious Trip Rate

Tl Test interval

SISSSTECH Applications
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SECTION 3 TOOLBAR

Toolbars are used throughout SIL Solver®. The following is a summary of the various toolbar
functions:

= Deletes the datasheet in view (deletes not permitted for SIL datasheets)
i}
Close
Save
& . .
Allows print options to be selected
. Allows new datasheet to be entered into database
Edit of current selected user datasheet (edits not permitted for SIL datasheets)
* Recalculates required if edit(s) is/are performed on an existing datasheet.
i
Search database
) Go to first record of database
) Go back one record
' Go forward one record
[
Go to last record
|
D Revision level button
= Create identical device sheet
N

Choose data sheet (s) for sharing non-SILSolver data
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2

Import into SIL Solver® data the shared device data

— | Click for help

Tool tips are available on the icons by running your mouse over them as to their function.
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SECTION 4 BASIC PROJECT OPERATIONS

SIL Solver® has many user-friendly features that make it easy to verify the Integrity Level (IL) of
Protective Instrumented Functions (PIF). SIL Solver® also calculates the Mean Time to Failure
Spurious (MTTFSP), allowing the user to optimize the PIF to attain the appropriate balance between
safety and reliability. Since the user can select various test intervals for the analysis of components
and subsystems, SIL Solver® can provide an excellent tool for evaluating capital and maintenance
costs.

These basic project operations instructions are intended to familiarize the user with the SIL
Solver® interface. The process will be to create a project, open the project, create a protective
function, open the function, select and add needed data devices, complete the protective function
revision level documentation, and etc.

If, after creating a project you close SIL Solver® without opening that project, the project will
disappear from the project list. Also, if you try to use the copy and rename features, you will
receive a similar message.

Operation Status @I

The project has not been created vet,
s0 it cannot be copied, You will be able
ko copy after project creation,

This is the result of the databases, folders, and subfolder for a project not being created until the
project is open.

Open SIL Solver®
Start SIL Solver® from the All Programs listing under Windows.

First time only on initial startup an error may occur due to the various Windows versions. See
Installation of SIL Solver®, installer problems.
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iy Project Start  version 6.00 E”E”‘S__q

PN ot
S I I SISSSTECH Applications
Customer Project
A
Cpen Project
Project Revision Level
Print Praject
Prirt Project Diff
[ dd Customer & Project |
v I Claze SIL Sokver
Right click in list area for more options
Options... Data Sheets . JUL 28, 2011
FProject Folder location
CASilSolver_Projectst

Figure 4. 1 Project Start View

Options - Default Settings

SIL Solver® default settings are: date American (month day year) format: project folder location
“C:\SILSolver_Projects”; test reporting “color.” If these defaults meet your needs, skip to Create
Project. Otherwise Click Options to change SIL Solver® defaults to your personal preferences.

Date Selection

Click Options. From the Setup menu, Click American or European (day month year) date to
select. The date format chosen will be in the lower right hand corner. The dates printed on the
reports will reflect your date preference.

SISS$TECH Applications Page 17 of 133



Project Folder
CASILSOLVEF

Figure 4. 2 Project Start, Setup menu Options: American or European Date

American Date
European Date
Project Folder Location

Test ko Text

Test to Color

CANCEL

Project Folder Location

Right click

Project Fol
CHSILSOLY

Figure 4. 3 Project Start, Setup menu Options: Project Folder Location

Claze SIL Solver

SIL%OLVER

JUM 12, 2009

American Date

European Dakte

Clase SIL Solwer ] I

Project Folder Location

AUG 23, 2011

Test to Text

Test to Calor

Click Options. From the Setup menu, Click Project Folder Location. This opens a Browse for
Folder window. The project folder may be located in any designated location. Click OK or Double
Click. Now selected, this folder will be displayed on the Project Start screen in the lower left hand
corner. Warning: Problems have occurred with mirrored drives. Some SIL Solver® features, such
as rename and delete project, have not work properly when using a mirrored drive.

& Warning: When creating or selecting the SIL Solver® Project Folder Location, if a network
location is selected remember that every time SIL Solver® is used to close it before the computer
is disconnected from the network, failing to do it, will cause a corruption on the SIL Solver® tables.
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Browse For Folder @@
IZ) EPSOMNRESG s
I5) =UIDE
1) i3a6

IC5) MS0Cache
IC2) Program Files
[C3) RECYCLER.
1) SIL Solver other
IC5) SILSalver_CR_DbF

’ fMake Mew Folder ] [ (a4 l [ Cancel ]

Figure 4. 4 Project Folder Location - Browse For Folder
If your folder exists, locate the folder. Click OK.

If your project folder does not exist, locate the disk or folder where you want the project folder.
Click Make New Folder. Type your folder name over the New Folder in the input box. Click OK.

Click OK to select this folder for your future projects. Click Cancel will maintain the old default
project folder location. The project folder location will be displayed on the Project Start screen in
the lower left hand corner.

Note: If you create a folder in the wrong location and want to remove this folder, locate the folder.
Right Click. Select Delete from the browse windows menu. There is a slower response than
Microsoft Explorer, but it works.

Test to Text and Test to Color

Close SIL Solver
Ammerican Date J ‘ I
European Date

... DBlONS.  Project Folder Lacation J MY 29, 2009

Test ko Text

Project Folder loc

CASILSOLVER_F

CAMCEL

Figure 4. 5 Project Start, Setup menu Options: Test to Text and Test to Color Selection

Click Options. From the Setup menu, Click Test to Text or Test to Color. This will be use in the
reporting of “Have Targets Been Met?” format located on the Protective Function screen. The
reports will print the test as “Yes/No.”
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Clicking Test to Text toggles the reporting of the test success or failure to text display (yes/no).
Clicking Test to Color toggles the test reporting to red/green boxes.

Have Targets Boen Mot? Have Targets Been Met?
PFDavg Yas PFDavg =
IL Yes L =
MTTFs (yrs) Mo MTTFs {yrs} |

Figure 4. 6 Project Start, Options -Results of Test to Text and Test to Color on protective function screen

Create A Project

Creating a project is the starting point for any PIF analysis in SIL Solver®. Once a project is
created, the user adds the PIFs that are to be analyzed. The suggested structure uses the Unit
designation for the customer ID and an abbreviated process name (CHEM3) or project designation
as the project.

Any time you attempt to add, copy, or rename a project that already exists in the projects database,
you will receive this message. Project names must be unique within a project folder location.

Operation Status §|

The Project Mame already exists
in the Project Database,

Process will be cancelled
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From the Project Start, Click Add Customer & Project. This will enable the Customer and Project
input boxes.

% Project Start  wversion 6.00

SIL solver

Customer Project
.

Cpen Project

Project Revision Level

Print Project

Print Project Diff

Project list

Add Customer & Project

(%]

Figure 4. 7 Project Start - Add Project

Type 2-5 characters into the first input box then Enter or Tab. Type 2-10 characters into the second
input box then Enter or Tab and Click or Enter on the Save.

If, before your save your input you decide to abort the Add Customer & Project, Click the X.
The X will cancel the process.

The Project will be added to the project list and to the projects database. For this project, the
Customer ID is “TRIAL” and the Project ID is “TRIAL.” Remember until you open this project it is a
name only in the project list and the project database.

Note: For the remainder of this guide, the "Customer ID and Project ID” will be referred to as the
“Project.”

Open A Project

Any SIL Solver® projects that are located in the project folder location will auto-connect. This
means that the project folder location is scanned for available projects and these projects are
retrieved into the project list.
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If you want to hide projects from the project list, use Microsoft Explorer to move the project folders
from the project folder location. If you want to add projects, exit SIL Solver®, copy the project
folder into the project folder location, open SIL Solver® and these projects will auto-connect.

To navigate through a long list of projects, Click into the project list. Press the Shift key and the
first character of the project’s name. Example: If your project starts with a Y, you will hold down the
Shift key and type a “Y.” This is also available under the protective functions. You could also use
the scroll bar on the right of the project list.

From the Project list, Click Project to process. Click Open Project or Double Click on the project. A
subfolder is now created under the project folder location and added to the project list. The name
would be TRIAL_TRAIL.

g Project Start  wversion 6.00

S I L SISSSTECH Applications
Customer Pruject
- [ Open Project ]

[ Project Revizion Lewel ]

[ Print Project ]

[ Print Project Diff ]

| Add Customer & Project |

TRIAL TRISL

Figure 4. 8 Project Start - Open Project
This process will enable the protective function side and disable the project side.

Close A Project And Close The Protective Function

Click Close Project closes a protective function and a project. Once the project is open, another
project cannot be opened until you Click Close Project.
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w Close SIL Solver Close Project
v w

Right click in list area for more options

Cptions... Data Sheets .. JUL 28, 2014

Froject Folder location
CASilSalver_Projectst

Figure 4. 9 Project Start - Close the Open Project

Close SIL SOLVER®

To close SIL Solver®, Click Close SIL Solver on the lower left corner or the red X in the upper
right hand corner.

3 I Close SIL Salver

Right click in list ares for more options

Cptions... Data Sheets .. JUL 23, 2011

Froject Folder location
CASilSalver_Projectst

Figure 4. 10 Protect Start - Close SIL Solver®
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SECTION 5 BASIC PROTECTIVE INSTRUMENTED FUNCTION (PIF)

Create Protective Function

After opening your project, the protective function side is enabled and the project side is disabled.
Since there are no protective function records, only the Add Protective Function is enabled. When
protective function list has protective function(s) available, the other buttons will be enabled.

g Project Start  wversion 6.00 f] E| §|
S I I SISSSTECH Applications
Customer Project Protective Function
TRIAL [TRi2L A ~
Open Project Open Pratective Function
Project Revizsion Level PF Revision Lewvel
Prirt Project Prirt Protective Function
Prirt Project Diff Prirt Protective Function Diff
Project List PF List
disabled £dd Customer & Praject enable " add Protective Function |
TRIAL TRIAL
“ Close SIL Solver Close Project
W
Right click in list area for more options
Ciptions... Diata Sheets ... JUL 28, 2011
Project Folder location
CASilSalver_Projectst

Figure 5. 11 Project Start - Disabled view of Project list - Enabled view of Protective Function list

A protective function ID has a maximum length of 10 characters with a minimum length of 2
characters. This is typically a protective function or interlock number. Typically, the name is
alphanumeric and is traceable to the SRS documentation. Where possible, protective function
name should be limited to 8 characters to support the division of functions into subparts when
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complex functions are analyzed and to support multiple cases for a single function when optimizing
the PIF design.

From the Project Start, Click Add Protective Function. This will enable the protective function

input boxes. Protective Function names can be easily changed at any time within SIL Solver®. For
this example, the protective function is named “SF1 CASE 1”

Add Customer & Project &l Protective Function

TRIAL TRIAL SF1 CASEA

[x]

Click Save after entering the protective function name. You will notice the buttons on the
protective function side are enabled now that there is a PIF in the protective function list.

If before you save the input you decide to abort the Add Protective Function, Click X.

Open A Protective Function

To navigate through a long protective function list, Click to highlight a protective function and Press
the Shift and the first character of the project's name. Example: If your protective function’s name
starts with a Y, you will Press the Shift and type a “Y.” This is also available under Projects.

After opening the project, Click Protective Function to begin the work process, Click Open
Protective Function or Double Click on the protective function list.

Close A Protective Function

Click Close Project to close project. Once the project is open, another project cannot be open until
you Click Close Project.

w Cloze SIL Solver Cloze Project
w

Right click in list area for more options

Optianz. . Data Sheets JUL 25, 2011

Froject Faolder lacation
CASilSalver_Projectst

Figure 5. 12 Project Start - Close the open project
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SECTION 6 PROTECTIVE FUNCTION

The protective function screen consists of six main parts (Figure 6.1 Protective Function Tabs -
View)

1. Identifiers for Project, Project ID, and Protective Function, e.g. Customer ID: “TRIAL,”
Project ID: “TRIAL”, and Protective Function ID: “SF1 CASE 1”

& SIL Solver Protective Function ['. ”'I:I |&|
Customer 1D TRIAL Function Mame ﬁ
Project 1D TRIAL Funiction 10 5F1 CASE 1 Close
EEmmessses  FFDavg B L EEMTTF: (wrs) i STR(Ar) —

T 1T T 1T 1 Have Targets Been Met?

2. Protective function targets

e PFlaug e (L W MTTFs (s STR (14r)

Targets: | | a |

3. Protective function results

| Resuts: | ODOOE=D | @ [0.00 0.000

4. Have the protective function targets been met?

i
Have Targets Been Met?
PFDavg ]
IL (|
MTTFs {yrs) =

5. Printing protective function - see SECTION 11. Accessing the Data Sheets see SECTION 9.

Right click in data table area for more options

[ Print Funetion | [ Print Funetion Dit
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Action 4 || Action 5 || Action M || Summary || ReferfCommerts ‘

6. Protective Function tabs

Process Hazard | DescDiag | ResetShutdown || Inputs || Input Manual || Logic Sobeer || Support Syetem || Action 4 || Action 2 || Action 3

Project Identifiers

This identifies the specific Project and Protective Function that is being processed. These
Protective Function identifiers cannot be changed from this screen. If a change is needed, from the
Project Start, Rename is available for the Project (Section 7 Advanced Project Operations -
Rename) and the Protective Function (Section 8 Advanced Protective Function Operations -
Rename) identifiers.

Import Availability

The Import feature is available in Process Hazard, Inputs, and Action 1. Import is possible from
other protective functions within the same project and also all protective functions from other
projects inside the SIL Solver® project folder. For example, some protective functions have very
similar logic, so it is only necessary to change minor items such as tag name(s).
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i SIL Solver Protective Function |’-_||’E|E|
Custormer 10 TRIAL Function Narme Surge Drum ﬁ
Froject ID  TRIAL Function 1D 5F1 CASE 1 Cloze

(e PFOsvg  EEE L SRR MTTF= (=) STR(1or)  —

Have Targets Been Met?
Targets | 800E3| | 2 | |2800 | 0040 | e -

Resutss | 1192 | 1 | [1544 | |ooes | *TTFS&TS} =

Action 4 || Action S || Action M || Summary || ReferfCommerts

|Deschiag Reset/Shutcdown || Inputs || Input Manual || Logic Salver || Support Systemn || Action 1 || Action 2 || Action 3

Process Hazard

Right click in data table area for more options

[ Print Function | [ Print Function i |

Figure 6. 1 Protective Function Tabs View (PROTECTIVE FUNCTION Documentation)

Enter Target Values For Protective Functions

When a protective function is opened you have the opportunity to enter target values. Target
values are not required for operation of SIL Solver®, but are provided for documentation purposes.
The software also uses these target values in the automatic check described in section 6.9.D.

PFDave-This is the probability to fail on demand average. It should be entered in exponential
format, such as X.XXE-XX. If exponential format is not used, the automatic check provided by the
software will not work.

IL-SIL Solver® performs automatic lookup based on Table 3 in IEC 61511.
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MTTFSP years—This is the mean time to failure spurious. The units are years. It should be entered
as number format.

The STRate per year-This is calculated automatically by SIL Solver® based on the entered
MTTFspurious.

Protective Function Results

The protective function results are updated with each change to the Protective Function. The
format and description are consistent with the target values.

L |
Resutts: 11562 1 1544 0064 -
esuts MTTFs s) ] Data Sheets I

Figure 6. 2 Protective Function Results

Check Results Against The Target Values

Hawve Targets Been Met? Have Targets Been Mat?
PFDvavg Yes PFDavq =
IL Yes L cl
MTTFs (yrs) Mo MTTFs (yrs) |

Figure 6. 3 Protective Function Target Check ‘Test to Text’ and ‘Test to Color’

Target values for PFD and spurious trip rate can be entered into SIL Solver® so that it compares
the target numbers with the calculated values and reports discrepancy. If the PIF does not meet
the target values, changes to the design or maintenance strategy should be considered. If the
overall PFD is not met, changes to the SIF design or maintenance strategy are likely required.
When the STR is not met, the consequence of spurious trip should be evaluated and a cost-benefit
analysis should be performed. If the consequence is acceptable or the cost-benefit ratio is poor,
the target STR should be formally changed.

As the protective function is modeled, when the test to color option is chosen, the color of the
boxes changes to notify the User to see easily whether the protective function is meeting the
target. The boxes turn “red” if the target values are not met. Conversely, if the target values are
met, the boxes turn “green.”

If PFDave result is greater than target value, the box remains “red.”
If the SIL result is less than target value, the box remains “red.”
If the MTTFspurious is less than the target value, the box remains “red.”

PF DOCUMENTATION TAB

SIL Solver® provides a documentation screen for use in recording the following:
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e Process hazard that the protective function is designed to address

e Logic description of the protective function

o Reference documents that were used as supporting information for the analysis
e Comments

e Reset Function

e Manual Shutdown

Note: For instructional purposes, additional protective functions with device information were
created.

Process Hazard | DesciDiag || Reset/Shutdown || Inputs || Input Manual || Logic Solver || Support System || Action 1 || Action 2 || Action 3

Process Hazard

Find & Replace

Copy Chrl+C
Paste Chrl+Y
Unda Chrl+2
Cut Chrl+3

Import From Function
Import from Tesxt file
Export ko Text File

Cancel

Figure 6. 4 Protective Function — Options: Documentation Menu

Edit - Options: Documentation menu

The standard Windows editing features are available on the documentation menu: find & replace,
copy, paste, undo, cut. The Imports and Export features are available only on the Process Hazard
tab.

& Warning: The import feature will result in any existing documentation data on the
documentation tabs to be overwritten.

Import from Function - Options: Documentation menu

From inside the documentation list. Right Click. From the Documentation editing menu, Click
Import from Function. Using the project location folder, an import list will be generated and
displayed. Note: The protective functions that you are processing will not be displayed.
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Double Click on protective function to import the data. The selected protective function’s
documentation will be imported. Once imported, any existing documentation data will be
overwritten with the data from the selected project — protective function. It is changed without
impacting any other protective function and no other information from the project — protective

function is imported.

. Double click to select

Company Project Praotective Function
BACIK FLOWY SF1 .
BACHK FLOWY SF2
BACK F LY SF3
HILEY SURGE DRUM [SF1 CASE 2
HILEY SURGE DRUM [SF1 CASE 3
HILEY SURGE DRUM [SF1 CASE 4
HIFFES SEPARATOR  |SF1 CASEY
HIFFES SEPARATOR  |SF1 CASEA1
HIFFES SEPARATOR  |SF1 CASE 3
HIFR S SEPARATOR  |SF1 CASE 4
HIFR S SEPARATOR  |SF1 CASES
HIFF S SEPARATOR  |SF1 CASEG
HIFES SEPARATOR  |SF1 CASE 2
LOSS CF FEED SF1
LCWDR TRAY LEVEL SF1
TRIAL TRIAL SF1 CASE1
TRIAL TRIAL SF1 CASE 2
TRIAL TRIAL SF1CAZEZ

[ Current Project | Ok | Cancel

Figure 6.5 Protective Function - Select Project to Import

[«] Current Project | Ok, |

Figure 6. 6 Project Function — Filter Check Box
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The import list default is to display all projects in the project folder location. To display the current
project protective function(s) only, Click Current Project box. To return to the import list default,
remove the check in the Current Project box, Click Current Project.

Import from Text file - Options: Documentation menu

When Protective Function information is available in a text file format it may be imported using the
import as project documentation. From SIL Solver®, Click inside the documentation list (Process
Hazard). Right Click. From the Documentation menu, Click Import from Text file. A browse
window for selecting the text file will display. Select and Click. The entire text file will be imported
into the Process Hazard tab. The editing features available can be used to move the information
into the appropriate documentation window.

Export to Text file - Options: Documentation menu

From the Documentation edit menu, Click Export to Text file. The text file will be exported with the
protective function documentation: Process Hazard, Description, Diagnostics, Reference
Documents, Comments, Reset Function, and Manual Shutdown. A header identifying the
documentation will be placed between each section. Example: “*** Process Hazard***". A
message will display with the location and file name.

INPUTS TAB

SIL Solver® provides an Inputs tab for use in recording the following SIL Solver® Inputs (Figure
6.7), allowing the entry of non-redundant and redundant devices. A maximum of five entries can be
made in each non-redundant and redundant section. The difference between the two types of entry
is as follows:

Non-redundant: This is used when the correct action of multiple devices is required for the safe
action to occur. For example, if a low flow trip is only active when the temperature exceeds a
specified set point, both the flow transmitter and temperature transmitter must perform correctly.

Redundant: This is used when the correct action of any of the multiple devices will result in the safe
action. For example, if both high temperature and high pressure are used to detect a runaway
condition, the correct action of either transmitter will result in the safe action.
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nput Manual || Logic Solver || Support System || Action 1 || Action 2 || Action 3

Action 4 || Action 5 || Action M || Summary || ReferfCommerts

Process Hazard || Desc/Diag || Reset/Shutdown

Device D

b

Mon-Redundant

SRC Device Tag Mame(s) “wiiting Tl (yr=) PFOavyg STR (1iyr) PFD % & 5TR % Contrib
~
W

nput Resuts [000008+0 | [ooomeeso | [ ooo][ oo

Redundant

SRC Device Tag Mamers) Ating Tl (yr=s) PFDOavyg STR (1iyr) PFD % & 5TR % Contrib
-
w

Input Resutts | 0.0000E+0 | |D.DDDDE+D | | 0.00 || 0.00 |

Right click in data table area for more options

Figure 6. 7 Protective Function Inputs Tab View

The Import feature is last on the right click Inputs menu (Figure 6.8). Use this feature only when a
new protective function is being created within a project. Otherwise, if you create entries and later
want to use the import to include the entries from another protective function, your existing entries
will be overwritten. You will need to use the import feature first, then modify or add any additional
entries. See instructions: Import — Inputs menu.

Mon-Reduncan @
SRC Denvice Tag Mame(s)  “Woting Tl (yrs) PFDawvg STR (141 PFD % & 5TR % Contrb
~
Delete
Wiew Project Sheet
Go ko Data Sheet
w
Edit Tag Name F
ooooe+0 | [oooooe+o | [ ooo|| ooo]
Fedundant What if 7
SRC Dewice Tag Mame(s) Imnpart FDawg STR (10yr) PFD % & 5TR % Contrib
~
CZancel

Figure 6. 8 Protective Function — Options: Inputs Menu
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The percent contribution to the overall PFDave and MTTFSP of each subsystem is displayed on
each screen as you complete device selection.

nput Resute |0.0000E+0 | [n.oo00es0 | [ ooo][ ooo]
Redundant IE]
SRC Dewice Tag Mame(z) “wting Tl (yrs) PFDawg STR (10yr) PFD % & STR % Contrb
Y
b
nput Resutts [0.0000E+0 | [o0oooes0 | [ ooo|[ oo

The percent contribution is calculated as follows:

Subsystem Result
Overall System Result

Percent Contribution =

To enter an input device into SIL Solver® it is necessary to select a device from the database. The
devices are sorted alphabetically by device ID. The database is accessed using the dropdown
arrow and scroll bar. The device can be selected quickly by typing in the first character of the
device ID, then selecting the device from the dropdown.

The voting architecture and test interval for the device subsystem must be selected next. This
enables the SAVE button, allowing the selection of Non-redundant and Redundant architecture for
multiple device subsystems.

Device 10 “wirting
Froe ) I~
1001 0.003 1 2956E-4 1 BE70E-2 ~
Man-Redundard 1 oo 0019 2 3620E-4 1 BE70E-2
SRC  Devid 1001 0.083 6 5276E-4 1 BE70E-2 5TR % Cantrib
1001 0.250 1 7758E-3 1 BE70E-2 -~
1001 0.500 34421E-3 1 BE70E-2
| 1 BEFOE-2
1001 1,500 1 0 07E-2 1 B670E-2 v
W
i Rl |D.DDEIEIE+E|| |D.EIIZIEIDE+D || IZI.DD” n.nn|

Figure 6. 9 Inputs showing the drop down box for voting architecture and test interval
After selecting the voting architecture, you have the option of entering tag name(s) for the device
(s). The tag names are not required, but are included for documentation purposes.

Non-redundant subsystems: This is used when the correct action of multiple device subsystems is
required for the safe action to occur. When you Click ?, the following tip is displayed:
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Mon-Redundant: E|

This is used when the carrect action of mulkiple subsystems
is required Far the safe action ko occur, For example,

if & lows Flove trip is onlv active when the temper ature
exrceeds a specified setpoint, both the flow transmitter
and kemperature transmitker must perform correctly,

Figure 6. 10 The ? for Non-Redundant - Inputs Tab

The dangerous failure of any component (or subsystem) will result in a failure of the protective
function. The spurious failure of any component (or subsystem) will potentially result in a spurious
event. The flow device technology and voting architecture are selected using the select box as
shown in Figure 6.9. The PFDave values for each subsystem include the common cause
contribution to the PFDave based on the common cause factors selected in the datasheet.

The input screen models the non-redundant device subsystems as follows:

PFD,,, = Z PFD,,
1

STR= STR,
1

Redundant subsystems: This is used when the correct action of any of the multiple device
subsystems will result in the safe action. When you Click ?, the following tip is displayed.

Redundant: §|

This is used when the correct action of any of the
subsyskems will result in the the safe action.

For example, if both high temperature and high
pressure are used to detect a runaway condition,
the correct action of either transmitter will

result in the safe action.

Figure 6. 11 The ? for Redundant - Inputs Tab

Any listed component (or subsystem) will detect the hazardous event. As discussed under non-
redundant subsystems, each subsystem architecture is selected using the drop down button. After
selection of a device and a voting architecture, shown in Figure 6.9, the device must be placed as
redundant or non-redundant. For example, if temperature is measured by redundant devices, each
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device is placed by a Click on the Save button to the right of the redundant portion of the screen.
The PFDavg values for each subsystem include the common cause contribution to the PFDave
based on the common cause factors selected in the datasheet. Therefore, the calculations
assumes that the redundant subsystems are sufficiently diverse from either a technology,
installation, access, or maintenance standpoint that additional common cause contribution does not
need to be considered. If common cause should be considered, the appropriate values should be
entered manually under input manual on the next screen.

The input screen models the redundant device subsystems as follows:

N
PFD,,, =] [ PFDav
1

STR= STR,
1

& Warning: The SAVE button is not activated until the voting architecture and test interval are
selected for each device.

Delete - Options: Inputs menu

To delete any entry, Click to highlight the entry. Right Click. From the Inputs Menu, Click Delete.
There is no warning. The entry will be removed from the Inputs list and the protective function
database.

View Project Sheet — Options: Inputs menu

Right Click on an entry. Click View Data Sheet. Depending on when the protective function was
created, this may not be the current version of the device. Click Close or the red X to return.
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SIL-Solver Project Sheet(s) (=1t

|| o R L
Diata Source Device ID |FTDP Device |FLOWY TRAMSMITTER - DIFFEREMTIAL PRESSURE |
Fall Dangerous Failure Rate Per Year (1 3330E-02 Disgnostic Interval (Hours) | 9.500
Fail Safe Failure Rate Per Year [1 6670E-02 Disgnostic Coverage in Simplex Mode | 50.00
Mean Time ta Repair (hours) [72 Diagnostic Coverage in Dual Mode |50.00
Common Cauze Factar Dual Mode |2.00 Diagnostic Coverane in Triplicated Mode | 50.00
Common Cauze Factor Triple Mode [5.00
SF Location |Inputs Manredundant |
“oting Ti%Yrs PFDavy STRate PY
[1001 | | too0] [ e7746E-3 | | 1.6670E-2
Motes
Calculations assume that provisions are made to maintain safe operation during any on-line testing, on-line maintenance, or fault -

response activities.

The beta factors used for cammon cause madeling assume that the design has been performed with the intent to minimize commaon
mocle faults.

Boundary includes the electronic transmitter, sensor (orifice plate, venturi tube, flove nozzle, elbow tap, or pilot tube) and process
connection.

For dual redundant configuration, the transmitter may share the orifice plate, but the transmitters must not share the process
connection.

Figure 6. 12 Project Sheet View - Inputs menu

Go to Data Sheet — Options: Inputs menu

Right Click on an entry. From the Inputs menu, Click Go to Data Sheet. This selection will take
you directly to the SIL Solver® Data Sheet. The device sheets are described later in this guide.
Edit Tag Name - Options: Inputs menu

To edit the listed tag name, Right Click on the entry. From the Inputs menu, Click Edit Tag Name.
Type tag name into input box. Click Save.

A=

Enter Tag Mame and Click Save

FzLTiz4n 25025

H

Figure 6. 13 Edit Tag Name - Inputs menu

What if? — Options: Inputs menu

You can play what-if scenarios by selecting a previously entered value. Right Click. From the
Inputs menu, Click What-if?. The existing value is displayed in blue above the technology selection
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dropdown. The dropdown auto-selects the previous value, allowing you to rapidly adjust the device
technology, voting architecture, or test interval as desired. After selecting from the drop down,
Click Save.

To abort the process, Click Cancel to retain the previously entered value.

FTDP 1001 1.000 6.7746E-3 1.6670E-2
Device |0 “witing Tag Mame
Fro (o) R
Mon-Redundard (2
SRC Denvice Tag Mame(s)  “Woting Tl (yrs) PFDawvg STR (141 PFD % & 5TR % Contrb
Y

Figure 6. 14 What if? View prior to selection — Inputs menu

Import — Options: Inputs menu

& Warning: The import function will cause any existing data on the input tab to be overwritten.

The Non-Redundant and Redundant devices from the selected project will be retrieved into the
Inputs without impacting any other protective function and no other information within the project -
protective function.

Click the non-redundant or redundant list. Right Click. From the Inputs menu, Click Import. A list
of your projects available for import will display. Double Click on protective function to import the
data.
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Company Project Praotective Function
BACK FLOWY SF1 -
BACK FLCWY aF2
BACIK FLOWY SF3
BASF EETABOOTH |1
BASF EETABCOTH [UZ2
BASF ESTABCOTH [UZA
BASF ESTABCOTH [LZ4
BASF ESTABOOTH |UZ1A
HILEY SURGE DRUM [SF1 CASE1
HILEY SURGE DRUM [SF1 CASE 3
HILEY SURGE DRUM [SF1 CASE 2
HILEY SURGE DRUM [SF1 CASE 4
HIFR S SEPARATOR  |SF1 CASEY
HIFF S SEPARATOR  [SF1 CASE1
HIFES SEPARATOR  |SF1 CASE 3
HIFRES SEPARATOR  |SF1 CASE 4
HIFFES SEPARATOR  |SF1 CASES
HIFFES SEPARATOR  |SF1 CASEG
HIPES SERARATOR SE] CASE? M

[ Current Project | oK | cancel

Figure 6. 15 Protective Function - Select Project to Import - Inputs

[v] Gurrent Project | ok | Cancel

Figure 6. 16 Project Function - Filter Check Box

The import list default is to display all projects located in the project folder. To display the current
project protective function(s) only Click Current Project box. To return to the import list default
uncheck the Current project with a Click Current Project box.

Selected project — protective function will be imported. Once imported, any existing data will be
overwritten with the inputs data from the inputs of the selected project — protective function. The
Inputs, Non-Redundant and Redundant, are changed without impacting any other protective
function and no other information within the project — protective function.

Click Cancel. Selected project will not be imported.
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This impark will replace all existing inputs
Conkinue?

Ik

Figure 6. 17 Overwrite confirmation — Inputs

Click OK.

INPUT MANUAL TAB

The manual entry for input architectures allows a maximum of 2 manual entries. The manual entry
is used for modeling devices or architectures that are not included in SIL Solver®. The manual
entry must include the PFDavs and STR. All other entries are provided for documentation purposes
and are treated as text by the program. For example, if the user enters 20010D voting in the input
boxes, this is treated as text and SIL Solver® does not modify any of the other values typed into
the row. The user must enter the value of the PFDavs and STR, associated with the device failure
rate, voting architecture, and test interval, as well as any common cause failure potential.

Action 4 || Action 5 || Action M || Summary || Refer/Comments

Process Hazard || DescDiag || Reset/Shutdown || Inputs Inp ual Logic Salver || Support System || Action 1 || Action 2 || Action 3

Manual Ertey for Inputs (%) Redundart () Mon-Redundart
Device 1D Tag Mame ‘ting Tl (wrs) FFOavyg STR (1) (Exponerntial format recuirecd)
0.000
SRC Device Tag Mamers) WAting Tl ¥rs PFOawyg TR (1iyr) PFD % & %TR % Contrib
TRIAL [TRISL  |SwDa 1001 [to.000  |3.3200E-2 |1.4760E-2 | | A
w
Overall Manual Input Resutts |8.32DDE-2 | |1 ATAOE-2 | | 595.82 || 2282 |

Figure 6. 18 Input Manual Tab View

I hdanual Entry for Inputs il (%) Redundant () Mon-Redundant [ I

Figure 6. 19 - Buttons to convert the voting logic - Manual Entry

Click Redundant or Non-Redundant button to convert the voting logic of the two entries into
redundant (AND) logic or non-redundant (OR) logic. The selected entry is then added to the PIF as
a redundant or non-redundant input. For help with the redundant or non-redundant selection, Click
“?” shown next to the entry area.
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ianual Entry for Inputs 1 (®) Redundant () Mon-Redundant (i}
Devkcz ID Ta) Hane Wity TIims) PFDa STR (14T (Exponential format required)
0.000

SR Deuks Ta) Hame s Wity T PF D STR (14T PFD % 2 STR % Conrl

Overall Wanual Input Resuls |2 220063 ||1.4?3052 || 39.85“ 22.32|

Cancel

Figure 6. 20 Options: Manual Entry for Input - Manual Entry menu

Edit — Options: Manual Input menu

To edit entry, Right Click on entry. From the Manual Input menu, Click Edit. The entries will be
inserted into the input boxes allowing editing. When completed, Click Save.

Delete - Options: Manual Input menu
Click device. To delete entry, Right Click. . From the Manual Input menu, Click Delete

LOGIC SOLVER TAB

The most prevalent error made in modeling PIFs is forgetting to enter the logic solver. This occurs
because it is same in all of the functions in the project, so the user tends to focus on the inputs and
actions. Always check the Summary tab to make sure there are an input, logic solver, action, and
support system, as required.

The logic solver specification is based on type, voting, and proof test interval. The equipment type
includes the diagnostics and voting architecture. Review the logic solver data sheet assumptions to
make sure that they match the system specified. A proof test of the logic solver involves testing its
diagnostics, components, and support systems. Logic solvers cannot be tested on-line, so it must
be capable of meeting the requirements at the expected turnaround.

Process Hazard || DesciDiag || Reset/Shutdown || Inputs || Input Manual || Logic Solver | Suppont System || Action 1 || &ction 2 || Action 3

Logic Solver “Asting Tag Name
MSDE v

—_— Nl | 3.7S00E-05 5.0000E-02
1o o019 2.3T30E-04 5 .0000E-02
1oo 0.033 1.0373E-03 3.0000E-02
1o 0.250 5.1230E-03 5 .0000E-02
1oo 0.500 G.2300E-03 3.0000E-02
1ol 1.000 1.2500E-02 5.0000E-02
1oo 1.500 1 .673a0E-02 3.0000E-02 e

Figure 6. 21 Selection for Logic Solver View
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Add - Logic Solver

For the Logic Solver entry, use the drop down to Select the Logic Solver from the Logic Solver
database. Voting drop down will be enabled. Select Voting. Type Tag Name. Click Save.

If there is an existing entry, the Logic Solver drop down will automatically delete the existing Logic
Solver entry.

Process Hazard || DescDiag | Reset/Shutdown || Inputs || Input Manual || Logic Solver | Sypport System || &ction 1 || &ction 2 || Action 3

Logic Salwer

NSDS %
Logic Salwer 1D “wigting Tl (yrs) PFDawyg STR (1fyry  PFD % & STR % Cantrb Tag Mame
NSDS | |1001 || 0.250 ||3.1 250E-03 | |5.UDDDE-02 || 360 || 7718 | L

Cancel

Figure 6. 22 - Options: Logic Solver menu

Edit Tag Name - Options: Logic Solver menu

To edit the listed tag name, Right Click in the tag name area. From the Logic Solver menu, Click
Edit Tag Name. Type tag name into the input box. Click Save.

Enter Tag Mame and Click Save

Figure 6. 23 Edit Tag Name - Logic Solver menu

Delete - Logic Solver
To delete the Logic Solver entry, Click Delete.

SUPPORT SYSTEM TAB

Support system analysis must be included for energize to trip and double acting valve applications.
If all of the actions are energize to trip, the failure of the power must be included in the analysis by
selecting the appropriate power supply tested and the expected turnaround. If only one action is
energize to trip, the power supply is selected as an output related to the final element it supports in
taking action on the process.
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In general protective equipment should be designed to fail safe on loss of support systems, such
as the power supply, instrument air, hydraulic supply, or communications. When protective
equipment requires a support system to achieve the safe state, the support system is included in
the calculation.

Two types of support systems are provided in SIL Solver®: instrument air and power. Instrument
air should be used when air-to-move valves is implemented. Power should be included when
energize to trip action is implemented. Power is entered at the support system level if all of the
actions are energize to trip. Otherwise, power should be entered as an output for a specific action
and final element. For example, an interposing relay may de-energize to close a contact that
energizes a motor control circuit.

Process Hazard || DescDiag || ResetShutdown || Inputs || Input Manual || Logic Sobeee | SUPport Svstem | sction 4 || Action 2 || Action 3

Support System

INSTRUMENT AIR-DINVERSITY RECEIWER 1.0000E-3

INSTRUMERNT AIR-DVERSITY MOMTORED REQS.0000E-4

INSTRUMENT AIR-MO DIVERSITY 1.0000E-1
INSTRUMENT AIR-RECEMER 5. 0000E-03
INSTRUMENT AIR-MOMITORED RECEIWER 1.0000E-03
PCVWER SUPPLY - DTT

Figure 6. 24 Support System drop down

Add Support System

For the Support System entry, use the drop down to Select the Support System from the Support
System database. Click Save.

Process Hazard || DesciDiag | Reset/Shutdown || Inputs || Input Manual || Logic Sobeer | Support Svstem | action 4 || &ction 2 || Action 3

Support System

ISDRM %
————————
Support System 10 PFDavg STR {1#yr) PFO % & STR % Contrib Tag MName
1£DRM | |5.DDDDE-4 | | | | 058 | | 0.00 | |

Figure 6. 25 Support System Completed View

If there is an existing entry, the Support System drop down will automatically delete the existing
Support System entry.
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(o v
Suppertskm 10 PF D2 TR (4m PFD% 25TR % Contib Ta Nams
||ADRM | |5.DDDDE4 | | | | 419 | | 0.00 | |_

Figure 6. 26 — Options: Support System Menu - Edit Tag Name

Edit Tag Name - Options: Support System menu

To edit the listed tag name, Right Click in the tag name field. From the Support System menu,
Click Edit Tag Name. Type tag name into the input box. Click Save.

Enter Tag Mame and Click Save

[FL234

Delete Support System
To delete the Support System entry, Click Delete.
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ACTION 1 - ACTION 5 TABS

SIL Solver® accommodates up to five sets of parallel actions: Action 1, Action 2, Action 3, Action 4
and Action 5. For example, in response to an overpressure scenario you may close steam
isolation valves to a re-boiler (process action 1), open cooling water valves to a condenser
(process action 2), close reactant A feed isolation valves (process action 3), close reactor B feed
isolation valves (process action 4), and open reaction kill valves (process action 5).

Action 4 || Action 5 || Action M || Summary || ReferfCommerts

Process Hazard || Desc/Diag || Reset/Shutdown || Inputs || Input Manwal || Logic Solver || Support System

1}| action 2 || Action 3

Dievice |0 1 2 3 Cutput

v 1 2 3 Actustor

1 2 3 Final Element

Action 1
SRC  Amangement  Device Tag Mame(s) “witing Tl (yr=) PFOawyg STR (141 PFO % & STR % Contrib
Y
w
sction 1 Resuts |D.DDDDE+D | |D.DDDDE+D | |D.DD ||D.DD |

W | 0h Common Cause Factar PFDavg I:I PFDawg %

Figure 6. 27 Action 1 - Action 5 View

Please be aware that it is very unusual to have a protective function with five separate process
actions. Normally only one or two actions are required for safe operation.

Process Hazard || Desc/Diag || Reset/Shutdown || Inputs || Input Manwal || Logic Solver || Support System

1}| action 2 || Action 3

Device 1D 1 2 3 Cutput

v 1 2 3 Actustor

1 z 3 Firal Element
Action 1

SRC  Amangement  Device Tag Mame(s) witing Tl (yrs) PFLOawyg STR (141 PFO % & STR % Contrib

)

Delete

Wiew Project Sheet
G0 ko Data Sheet

Edit Tag Mame
what if ?
Import

Cancel

sction 1 Resuts |D.DDDDE+D | |D.DDDDE+D | |D.DD ||D.DD |

Figure 6. 28 Options: Action menu - Action 1 - Action 5

SISSSTECH Applications Page 45 of 133



SIL%OLVER

Note: Import is available in Action 1. The Action 2 — Action 5 Action menu will not show the import
feature.

Each Action screen represents a single process action that must take place to ensure safe
operation. Each process action can be executed using up to three subsystems and each
subsystem can consist of three devices. For example, a process action can be executed using
three valve subsystems in series and each valve subsystem can consist of an interposing relay, a
solenoid, and a valve (See Figure 6.30-38). Please note that many PIFs utilize only an actuator
and final element. Each output action is calculated as follows:

PFDavg = (PFD01 + PFDa1 + PFDFE1) * (PFDoz + PFDa2 + PFDFE2) * (PFD03 + PFDp3 + PFDFEs)
STR = (STRo1 + STRa1 + STRre1) + (STRo2 + STRa2 + STRre2) + (STRo3 + STRas + STRre3)

All screens provide the percent contribution of each action to the overall PFDavg and MTTFspurious,
The percent contribution is calculated as follows:

Action Result
Overall System Result

Percent Contribution =

While valves are being used for this example, the final element could also be a compressor or
pump shutdown using a relay in the motor control circuit.

02 03
. A2 . A3
K K
%Fz >‘D<F3
Subsystem 1 Subsystem 2 Subsystem 3
ACTION # 1

Figure 6. 29 Schematic showing Action #1 and associated subsystems

The relationship of the three devices that comprise the subsystem is established using the
checkboxes on the upper right hand side of the action screen. The three devices are designated as
output (e.g., relay), actuator (e.g., solenoid) and final element (e.g., valve). The 1,2, and 3
checkboxes define the first subsystem, the second subsystem, and third subsystem, respectively.
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To establish the correct relationships, you must determine whether you are adding an output,
actuator, or final element. Then, select 1, 2 or 3 to assign the device to a specific subsystem.

Action 1 substitute 1-5 for X

1 2 3 Cutput

1] 20 301 Actuetor X=1-5 | AX01 | AX02 | AX03 | Output
1 2 3 Firal Element X=1 _5 AXA1 AXA2 AXA3 ACtuator

X=1-5 | AXF1 | AXF2 | AXF3 | Final Element
Figure 6. 30 - Detail view of output relationship check box and Definition

As an example, Action 1 screen will be used. The other action screens are utilized similarly with the
exception of the Action menu right click Import feature. It is available on Action 1 only. In the
instructions provided below, simply substitute Action 2, Action 3, Action 4, or Action 5 for Action 1.

Step 1 in Entering Action 1

Step 1. For the interposing relay, select the “RELFO,” the voting architecture, and test interval.
Next, select the appropriate check box to assign it to a specific location in the overall system. For
the example, this is being entered in as the first subsystem, so “1” is selected. After entering the
target values, Click SAVE to continue.

Process Hazard || DescDiag || Reset/Shutcown || Inputs || Input Manusl || Logic Solver || Support Svstem | Action | action 2 || Action 3

Device |10 ‘witing Tl fyr=) PFDavg STR {14yr) Tag Mame A 20 3] output

RELFO | 1001 v|[ 1000][1oteeEs |[2500083 107 207 307 Actustor

1] 2[] 3[] FinalElemert

Action 1

Figure 6. 31 Example showing entry of Action 1 Output 1 (A101)
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Step 2. Select the solenoid valve with the appropriate voting architecture and test interval. This
solenoid will be de-energized by the relay selected in Step 1, so the “1” is checked again. Click
SAVE to continue.

Step 2 in Entering Action 1

Action 4 || Action S || Action M || Summary || Refer/Comments

Process Hazard || DesciDiag || Reset/Shutdown || Inputs || Input Manusl || Logic Solver || Support System || Action 1| sction 2 || Action 3

Device |0 1 z 3 Cutput

hd 1 2 3 Actustor

1 2 3 Final Element

Action 1
SRC  Amangement  Dewice Tag Mame(s) “witing Tl (yrs) PFOawyg STR (14 PFO % & STR % Contrib
Sl |#101 |RELFO 1001 [1.000 | 1.0184E-3 2 S000E-3 -

Action 1 Resutts |1.D1B4E-3 | |2.SDDDE-3 | |1.15 ||3.?2 |

Figure 6. 32 Example showing entry - Action 1 Actuator 1 (A1A1)

Step 3 in Entering Action 1

Step 3. Select the block valve with the appropriate voting architecture and test interval. The air is
removed from the actuator of this valve using the solenoid selected in Step 2, so the “1” is checked
again.

Mction 4 || Action S || Action M || Summary || Refer/Comments

Process Hazard || DescDiag || Reset/Shutcown || Inputs || Input Manusl || Logic Solver || Support Svstem | Action | action 2 || Action 3

Device |0 “ting i yrs) PFDavg STR (1iyr) Tag Name 10 2[00 30 output
BYFCC v || Toot v|[ 1000][sar20e-3 |[5em70E3 107 207 307 Actustor
41v] 2] 3[] FiralElement
Action 1
SRC  Amangement  Device Tag Mame(s) witing Tl (yrs) PFOawyg STR (14yr) PFO % & 5TR % Contrib
= 8101 RELFO | Moot {1000 | 1.0184E3 | 2.5000E-3 ~
i : : H i : H H i -Save
I [s121  |svDHW | 1001 [1000 | 472063 £ BETOE-2

Action 1 Resuts |9.4885E-3 | |B.91?DE-2 | |9.35 ||51.B4 |

Figure 6. 33 Example showing entry - Action 1 Final Element 1 (A1F1)
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Step 4. The first subsystem has now been added. The architecture can be reviewed by examining
the arrangement field.

Step 4 in Entering Action 1

Mction 4 || Action S || Action M || Summary || Refer/Comments

Process Hazard || DescDiag || Reset/Shutcown || Inputs || Input Manusl || Logic Solver || Support Svstem | Action | action 2 || Action 3

Devize |0 1 2 3 Cutput

¥ 1 2z 3 Actustor

1 2 3 Final Element

Action 1
SRC  Amangement  Device Tag Mame(s) witing Tl (yrs) PFOawyg STR (14yr) PFO % & 5TR % Contrib
=18 a101 RELFO | Aol {1000 §10MB4E-3 | 25000B-3 ~
Sl s1a1  |SVDHW 1001 1000 | &4720E-3 £ BE70E-2
Sl 21F1 BVFCC 1001 1.000 | B4720E-3 £.6670E-3
b
Action 1 Resuts |1 T9R0E-2 | |T.583?E-2 | |1?.14 | |53.93 |

Figure 6. 34 Example showing completed subsystem 1 - Action 1

Step 5 in Entering Action 1

Step 5. To add a second subsystem repeat Steps 1 through 4 checking column 2, likewise for the
third subsystem check column 3. The tag names can then be edited later.

SIL Solver® is not sensitive to the order of data selection. You can enter the devices in any order
as long as the proper relationships are established. Consequently, you can select the relay, voting,
and test interval, followed by selecting the “1”, “2”, and “3.” Click Save.

17 2[4 7] outout
1] 2[] 3[] Actuator
1] 2[] 3[] Final Elemert

Figure 6. 35 Example showing the entry of three outputs

You can then select the solenoid valve, voting, and test interval, followed by selecting the “1”, “2”,
and “3.” Click Save.
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100 200 300 output

1+ 2 3v] Actustor

1] 2] 3] Final Element

Figure 6. 36 Example showing the entry of three actuators

You can then select the block valve, voting, and test interval, followed by selecting the “1”, “2”, and
“3.” Click Save.

100 200 300 output
1] 21 3[] Actuatar
1 2 3{w] Final Element

Figure 6. 37 Example showing entry of three final elements

Delete — Options: Action menu

To delete an entry, Click to highlight the entry. Right Click. From the Action menu, Click Delete.
There is no warning. The entry will be removed from the Action list and the protective function
database.

View Project Sheet — Options: Action menu
Click on device in Action list. Right Click . From the Action menu, Click View Data Sheet.

Depending on when the protective function was created, this may not be the current version of the
device. This feature shows the data in the project database, not the device database. The data
used in a protective function is pulled from the device database into the project database when the
protective function was created. The View Project Sheet selection therefore allows the user to
view the data that was available and used at the time of protective function creation. This data may
be different from the data provided in the current SIL Solver® database due to on-going revision.

Click Close or the red X to return.
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H &[N 4@» .

Data Source Device D | SYDHW Device | SOLEMOID WALYE DTT HIGH WATTAGE |

Fall Dangerous Failure Rate Per Wear |1 E6T70E-02 Diagnostic Interval (Hours) | 9000

Fail Safe Failure Rate Per Yeat (5 B6TF0E-02 Diagnostic Coverage in Simplex Mode

mean Time to Repair (hours) |72 Diagrnostic Coverage in Dual Mode

Common Cause Factor Dual Mode Diagnostic Coverage in Triplicated Mode

i

Common Cause Factor Triple Mode |1.00

SF Location |Actic|n 141 Process |

soting Ti Yrs PFDaswy STRate PY
1001 | | 1oo0| | 8472063 | | GEBTOE-2
Motes
Calculations azsume that provisions are made to mairtain safe operation during any on-line testing, on-line mairtenance, or faulk -

response activities.

The beta factors used for common cause modeling assume that the design has been performed with the intent to minimize common
made faults.

Solenoid valve failure rate is based on high power solenoid (=2 W),
Calculstion assumes that provisions are made to mairtain safe operstion during any on-line testing.

Vert port for redundant configurations iz unobstructed and protected from debris.

Figure 6. 38 View Project Sheet - Action menu

To return to the current protective function tab, simply Click Close or red X.

Go to Datasheet — Options: Action menu

For any input or action device entered into the database, you can view the SIL Solver® database
associated with the device.

Click the device. Right Click. Click Go to Datasheet, which shows the complete datasheet for the
specific device. This data is pulled from the SIL Solver® database at the time of selection. This
data may be different from what is currently in the protective function sheet due to modification of
the database since the time of protective function correction. This selection will take you directly to
the SIL Solver® Data Sheet. The device sheets are described Section 9 Access to Datasheets.

To exit, simply Click Close.

Edit Tag Name - Options: Action menu

To edit the listed tag name, Right Click on entry. From the Action menu, Click Edit Tag Name.
Type tag name into input box. Click Save.
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Enter Tag Mame and Click Save

[ERERE

Figure 6. 39 Edit Tag Name - Action menu

What if? - Options: Action menu

You can play what-if scenarios by selecting a previously entered value. Right Click.. From the
Inputs menu, Click What-if?.

Action 4 || Action 5 || Action M || Summary || ReferfCommerts

Process Hazard || DesciDiag || Reset/Shutdown || Inputs || Input Manusl || Logic Solver || Support System || Action 1| sction 2 || Action 3

SVDHW 1001 1.000 8.4720E-3 6.66T70E-2

Devize |0 witing Tag Mame 1 2 3 Cutput
SWOHW v e 1 2 3 Actustor
1 z 3 Firal Element
Action 1
SRC  Amangement  Dewice Tag Mame(s) “witing Tl (yrs) PFOawyg STR (14 PFO % & STR % Contrib
Sl |10 |RELFO 1001 [1o00 | 1.0164E-3 2 S000E-3 ~
SIL A1F1 BVFCC Mool (1000 | BA4T0E-3 [ BEETOE3 |

Cancel

Figure 6. 40 What if? View prior to selection Action menu

The existing value is displayed in blue above the technology selection dropdown. The dropdown
auto-selects the previous value, allowing you to rapidly adjust the device technology, voting
architecture, or test interval as desired. Also the select the block valve previously selected “A1A1”
has been checked. After you select from the drop down, Click Save.

To abort the process, Click Cancel to retain the previously entered value.

Import — Options: Action menu

To import click inside the Action 1 list. Right Click. From the Action menu, Click Import. A list of
your projects — protective functions available for import will display. You cannot select the one that
you are processing. Double Click on protective function to import the data. Selected project will be
imported. Once imported, any existing data in Action 1 — Action 5 will be overwritten with the data
that exists in the selected protective function. This imports all action data found in Action 1 — Action
5 tabs not just Action 1. The action data is changed without impacting any other information
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Fin&l EIement

Action 1
SRC  Amangement  Device Tag Mame(s) “wibting Tl (yr=) PFOawyg STR (1yr) PFO % & STR % Contrib

FS
Delete

Wiews Project Sheet
5o bo Data Sheet

Edit Tag Marme
what if 7

2

Cancel

action 1 Resuts |D.DDDDE+D | |D.DDDDE+D | |D.DEI ||u.nu |

Figure 6. 41 Options: Action menu - Action 1 - Action 5

Remember import is available in Action 1. The Action 2 — Action 5 Action menu will not show the
import feature.

.t Double click to select

Company Project Protective Function
BACK FLOWY SF1 A
BACIK FLOWY SF2
BACHK FLOWY SFa
BASF ESTABCOTH  [LIZ1
BASF ESTABCOTH [UZ2
BASF ESTABCOTH [UZA
BASF ESTABCOTH [UZ4
BASF ESTABOOTH |UZ1A
HILEY SURGE DRLUM |SF1 CASE 1
HILEY SURGE DRUM [SF1 CASE 3
HILEY SURGE DRUM [SF1 CASE 2
HILEY SURGE DRLUM [SF1 CASE 4
HIFRS SEPARATOR  |SF1 CASET
HIFRES SEPARATOR  |SF1 CASE 1
HIFRS SEPARATOR  |SF1 CASE 3
HIFRS SEPARATOR  |SF1 CASE 4
HIFRS SEPARATOR  |SF1 CASE S
HIFRS SEPARATOR  |SF1 CASEG
[ET1=]=1=} cepapaTne  lopd race o ¥

[]Current Project | Ok | | Cancel

Figure 6. 42 Select Project to Import — Action menu Action 1 only
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|I bJ]|

[¢] Current Project | o |

Cancel

Figure 6. 43 Project Function - Filter Check Box

The import list default is to display all projects in the project folder location. To display the current
project protective function(s) only Click Current Project box. To return to the import list default
uncheck the Current project with a Click Current Project box.

You will lose previous entries, if you wait to import. A warning message is displayed as follows:

Operation Status E|

This import will replace all existing actions
Conkinue?

Ok |

Figure 6. 44 Overwrite confirmation - Action menu Action 1 only
Click OK. Selected project — protective function will be imported.

Click Cancel. Selected project will not be imported.

Common Cause Factor — Action 1 Tab

The common cause factor for inputs is included in the SIL Solver® device database. In contrast,
actions built by the user require the common cause factor selection to be entered by the user.

The common cause factor selected with each process action output can be entered into SIL
Solver® using the drop down list of common cause factors (beta factors.) SIL Solver® calculates
the common cause factor PFDavg as follows:

CCF PFD,,, =Common Cause Factor /100* (PFD,>* + PFD.." + PFD ™

avg avg avg

Consequently, the devices that you want utilized in the common cause factor PFDave calculation
should be entered as subsystem 1. In SIL Solver® common cause factor can be included for each
output action. If you wish to consider common cause factor for the overall outputs for the function
only, simply select which output subsystem that you want to use for the common cause factor
contribution and enter these as subsystem 1 on the associated action page.

SISSSTECH Applications Page 54 of 133



SIL%OLVER

Common Cause Factar PFDavg I:I PFDavg % E{

Figure 6. 1 Dropdown for selecting common cause factor for the subsystem - Action Tab

ACTION M TAB

The Action M (manual) tab allows you to manually enter data for output combinations. These
values may be obtained from separate fault tree analysis or reliability block diagrams.

Add - Manual Entry for Action Architecture

The device ID, tag name, voting, and test interval are entered as text into SIL Solver®. The PFDave
and STRate must be entered in exponential format and are used in the calculation of the overall
results. After completing the fields in the data entry, Click Save.

Process Hazard || DesciDiag || Reset/Shutdown || Inputs || Input Manual || Logic Solver || Support System || Action 1 || Action 2 || Action 3
Action 4 || Action 3 ACT M Summary || ReferfComments

fanual Entry for Action Architecture
Device 10 Tag Mame wting TI (yrs) FFDawyg STR (1#yr) PFO % & 5TR % Contrb

Figure 6. 2 Output Manual data entry View

Delete — Manual Entry for Action Architecture
To delete the Manual Entry for Action Architecture’s data, Click Delete.

SUMMARY TAB

The Summary tab in SIL Solver® provides an overview of the percent contribution of each
subsystem on the overall PFD and STR. This value represents the percentage of the overall PFD
and STR that is attributable to the subsystem. When the PIF design does not meet the target initial
changes should address the subsystem that has the highest percent contribution. Changes to the
test interval, voting architecture, and alternative device selection may be considered. Note that in
many cases, the information entered on the Action tabs is the main contributors to the PFD due to
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the difficulty of complete on-line testing. The performance of such PIFs can be improved through
implementation of means to facilitate on-line testing.

Process Hazard || DesciDiag || ResetiShutdown || Inputs || Input Manual || Logic Solver || Support System || Action 1 || Action 2 || Action 3

action 4 || sction 5 || action | | | Refer/Comments
PFDavg ~ STR(1Ar)  PFD% STR% PFDavg  STR(14r) FPFD%  STR %
Honredundart [0.0000E+0 | [nooooEs0 | [ ooo][  ooo] action 1 [17s608-2 |[7ssa7E2 || 1714]| s3s3]
Redundart [00000E+0 | [nooooEso | [ ooo][  ooo] cor| ooo] |
manualinput (8320082 | [1478082 | [ 79.0][ 1081] action 2 [0.00008+0 |[aoooce+0 || ooo|[  oao]
Logic Solver |3.1250E-03 ||5.DDDDE-02 || 2.93” 35.55| CCFl D.DD|| |
Support Systems |5.DDDDE-4 || | | 0.43” n.nn| Action 3 |u.unnnE+u ||D.EIEIEIDE+D || n.nu” n.nn|
cor[om][ |
action ¢ [0.00008+0 |[aoooce+0 || ooo|[  oao]
cor[ow][ |
action s [0.00008+0 |[aoooce+0 || ooo|[  oao]
cor| ooof[ ]
Action Manual | || || ooo]| oo0o]
Overal Action Resutt 1788082 | [78837E2 |[ 1744]] s383]

PF Revizion Level

Figure 6. 3 Summary Tab View

Access to Protective Function Revision Level

The summary sheet has a protective function revision level. When this button is selected, a
revision control form opens and any modifications can be described with new revision noted. This
revision level button opens the same database as the protective function revision level button
on the Project Start. The data only needs to be entered in once. The user is provided two points to
enter this information for convenience purposes. The current information may be printed at the
bottom of the reports. See Section 10 for instructions to completing this documentation.
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SECTION 7 ADVANCE PROJECT OPERATIONS

Advance project operations allow the flexibility of cloning an existing project (copy), renaming an
existing project (rename), and permanently removing an existing project (delete). Remember that
a project to be copied or renamed must have been opened at least once for SIL Solver® to locate
the project folders and databases. If not, you will receive a similar message that the project has
not been created yet so it cannot be copied. You will be able to copy after project creation. There is
a similar message for rename.

Note: the project drop down menu is in the order of most used. If you want to add projects created
in another folder, close SIL Solver®, copy the project folder(s) into the project folder location, open
SIL Solver® and these projects will auto-connect. For example, copy the project folder from the SIL
Solver® directory on User #1's computer project folder location on User #2's computer. Do not use
Windows Explorer to copy a project creating two projects or to rename your project or the project
folders outside of SIL Solver®. This will result in errors. There is data within each database that
links to other database.

lg

Customer
BIACH
HILE®
HIFRS
LSS
LCnADR

Project
FLOwy
SURGE DRUM
SEPARATOR
(OF FEED
TRAY LEWVEL

A
[ Open Project ]

[ Project Revision Lewel ]

[ Printt Project ]

[ Print Project Diff ]

Rename

Delete

i 7
Cancel [ Add Customer & Project ]

TRIAL TRIAL

Figure 7. 1 Options: Project menu

Copy - Options: Project menu

Once you have created a project, you may have project with functions that are very similar, or you
may want to run cases where you change the test intervals or system configuration on just a few of
the inputs or outputs.

From the project list, Click a project. Right Click. From the Project menu, Click Copy.
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LCAWDR TRAY LEVEL

[ Print Project ]

vz 5L DRM [ Print Frojact Diff ]
FEX
Enter Custamer and Praject Mame ta be Created
custormer | |
Project ||

Figure 7. 2 Copy - Options: Project menu

Type in input boxes a new Customer ID Project ID.

See Section 4 Basic Project Operations for requirements. Click OK. You have created another
project identical to the select project.

To abort the process, Click Cancel.

The entered project’s name must be unique. If SIL Solver® determines that the project name
already exists, the process will be cancelled.

Operation Status E|

Project Mame already exists
in this Company,
Process will be cancelled

Figure 7. 3 Entered Project Source hame not unique

Rename - Options: Project menu
From the project list, Click on project. Right Click. From the Project menu, Click Rename.
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LCAWDR TRAY LEVEL

[TRiaL

Frint Project ]

B=1E9

Enter Mame to Rename Selected Project
Customer

Project

Figure 7. 45 Rename - Project menu

Type a new Customer ID Project ID into the input boxes.

See Section 4 Basic Project Operations for requirements. Click OK. You have changed the name
of your old project to the entered name. Click Cancel. This will abort the process.

The rename project’s name entered must be unique. If SIL Solver® determines that the project
name already exists, the process will be cancelled. This will abort the process.

Delete - Options: Project menu
From the project list, Click on project. Right Click. From the Project menu, Click Delete.

A warning message will be displayed. This process will permanently remove the folders and all
associated databases. These files are not available for recovery. These files will not be in the
recycle bin. When delete is selected, it is permanent.

& Warning: Clicking Delete permanently removes the project. These are not recoverable.

Operation Status |E|

<P This permanently removes
M_*/ ALL Project AMD ALL Protective Functions

Caution-Caution-Caution-Caution-Caution-Caution
#* you WILL MOT be able ko Recover these files **

#* you WILL NOT be able ko UMNDO this deletion **
Are wou sure?

Figure 7. 5 Warning and confirmation needed to Are you sure?
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Click Yes to remove this project’s databases and protective functions folders. . Click No. This will
abort the process. Not shown.

Possible problem: If the user creates a folder(s) under a project folder, the project folder or the
unknown subfolder will not be deleted by SIL Solver® and a message will be generated. The
project list will appear as if the project was deleted, but the next time you open SIL Solver® it will
be one of the projects in the project list. Use Windows Explorer to delete this project folder with its
contents.

Operation Status &l

The project Falder cankains a Faolder or

Folders that were MOT created BY SIL Solver.
The PROIECT Folder will have TO be DELETED
manually from the Folder location,

Figure 7. 6 Folder(s) in Project Folder

Windows Explorer may also be used to deleted or move the project folder to different location.
Neither will affect SIL Solver® future processing.
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SECTION 8 ADVANCE PROTECTIVE FUNCTION OPERATIONS

Advance protective function operations allow the flexibility of cloning an existing function (copy),
renaming an existing protective function (rename), connecting a protective function copied into the
project folder or one that was previously disconnected, removing from the protective function list
(disconnect) and permanently removing an existing function (delete). Remember, a protective
function to be copied or renamed must have been opened at least once for SIL Solver to locate the
project folders and databases. If not, you will receive a similar message that the project has not
been created yet so it cannot be copied. You will be able to copy after project creation. There is a
similar message for rename.

lg

Customer Project Protective Function
BACK FLCAA ~ y
HILEY SURGE DRUM Open Project SF1 ¢ ISl en Protective Function
HFRS SEPSRATOR : — S0 pename —
LOsS F FEED Project Revision Level PF Revizion Level
LChiDR TRy LEVEL Connect Customer PFs
TRIAL TRIAL Print Project Disconneck Selecked PE - [int Protective Function
T2 SLIR DRM Prirt Project Diff Delete it Protective Function Diff
Cancel
&dd Custamer & Praject | add Protective Function |

Figure 8. 1 Protective Function menu

Copy - Options: Protective Function menu

Once you have created a protective function, you may have other functions that are very similar, or
you may want to run cases where you change the test intervals or system configuration on just a
few of the inputs or outputs. There are two short-cuts available for creating these new protective
function models:

1. You can create a new function as discussed previously, then follow the instructions to import
the protective function documentation, inputs, or actions from another protective function into
the one that is open.

2. You can use the copy protective function on the Project Start. This creates an exact duplicate
of the original protective function. You can then edit the new function as desired.

From the project list, Click a protective function. Right Click. From the Protective Function menu,
Click Copy.

Type the new name for the Protective Function into the input box. See Section 5 Basic Protective
Function Operations for requirements. Click OK.
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Customer Project

BACK FLCA A

HILEW SURGE DRUM Open Project Open Pratective Function
:jg:: ?JEP::E';TOR Project Revizion Level [T| [E| r5_<|
LR TRAY LEVEL

TRIAL TRIAL Prirt Project Function
W0 LR DRM Enter Mew PF from Selected PF

Prirt Project Diff

Furction Diff

Function
E |

Add Customer & Project

| TRIAL | | TRIAL |

Figure 8. 2 Enter New protective function

Note: The new protective function name that you entered must be unique to this project. If SIL
Solver® determines that the protective function name already exists, the process will be cancelled.

Operation Status

Prokective Function already exists in this Project
Process will be aborted. ..

Figure 8. 3 New name was found.

Rename - Options: Protective Function menu

From the protective function list, Click on the protective function to be renamed. Right Click. From
the Project menu, Click Rename.
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Customer Project Protective Function

BACK FLOA A SF1 CASE1 S

HILEW SURGE DRURM Open Project SF1 CASE 2 I Open Pratective Function l
HIFFS SEPARATOR SF1 CASE 3

LOSS OF FEED: Project Revision Lewvel PF Revizion Level

L DR TRy LEWVEL - - T . =

TRIAL TRIAL Frint Project

vz LR DRM Prirt Project Diff iff]

Enter Marme to Rename Selected PF

Protective Function

ddd Customer & Project ]

TRIAL TRIAL

Figure 8. 4 Rename - Options: Protective Function menu

Type a new name into the input box.

See Section 5 Basic Protective Function Operations for requirements. Click OK. You have
changed the name of your old protective function to the entered name. Click Cancel. This will abort
the process.

The rename protective function’s name entered must be unique. If SIL Solver® determines that
the protective function name already exists, the process will be cancelled. The rename process will
be aborted.

Connect All PFs - Options: Protective Function menu

Why do you need this? Protective Functions that are currently connected to SIL Solver® are
shown in the protective function listing. As you eliminate testing options or cases, you may wish to
remove these from the protective function listing to prevent the need to scroll through a long list to
find a specific protective function. Or if you have disconnect a protective function because you
wanted to print the project without that protective function printing but now want to continue
processing. Or, if using Windows Explorer, you have copied or moved a protective function into
the project folder location subfolder to one of your projects. For example, copied the protective
function folder from the SIL Solver® directory on User #1’s computer to the project folder location
on User #2's computer. In this example, the same project name is assumed.

From the protective function list, Click on protective function. Right Click. From the Protective
Function menu, Click Connect all PFs. All protective function located under the project will be
available for processing.

Disconnect - Options: Protective Function menu

To remove a protective function from the protective function listing, Click the Protective Function.
Right Click. From the Protective Function menu, Click Disconnect. This process does not delete
the folder or tables from the folder; it removes it from the protective function listing only. After
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disconnect from the protective function listing, you could reattach the protective function to SIL
Solver® by re-entering the Protective Function ID using Connect all PFs.

Delete - Options: Protective Function menu
From the Protective Function list, Click on protective function. Right Click. From the Protective
Function menu, Click Delete.

A warning message and confirmation will be displayed.

Operation Status [%|

“» | This permanently removes the Pratective Function
‘-"'4/’ Are you sure?

Figure 8. 5 Warning and confirmation needed to Are you sure?

Click Yes will remove the protective function. Click No to cancel process and an Aborted message
will be displayed. Not shown.

Possible problem: If the user creates a folder(s) under a protective function folder, the protective
function folder and unknown subfolder will not be deleted by SIL Solver® and a message will be
generated. The protective function list will appear as if the protective function was deleted, but from
Windows Explorer you can see the folder or if you use the Connect All PFs, it will be connect as
one of the protective function in the protective function list. Use Windows Explorer to delete this
protective function folder with its contents.

Operation Status §|

The protective funckion Folder contains a
Folder{s), The protective funckion Folder
will have to be deleked manually
fram the project folder location.

Figure 8. 6 Deletion could not be completed

Using Windows Explorer, you can delete or move the project folder out of the project folder
location. Neither will affect SIL Solver® future processing.

SISSSTECH Applications Page 64 of 133



SIL%OLVER

SECTION 9 ACCESS TO DATASHEETS

Data Sheets allows you to open the device sheets, logic solver sheets, and support system sheets
databases. You also can access these from the Go to the device sheet from Inputs and Action (1-
5).

From the Project Start or from the Protective Function screen, Click Data Sheets. From the Data
sheets menu, Click Device Sheets.

| [ Close SIL Salver ]
Right click in list area for more aptions

Opfians... ] Tiaia Sheets . Jevics Sheets
Project Folder location: Logic Solver Sheets
CASILSOLVER_PROJECTSL Suppork System Sheeks

UL 30, 2011

Figure 9. 1 Project Start Data Sheet Access - Options: Data sheets menu

Targets: Uk 2 200 uugy PFDavg -
Resus 119E-2 1 1544 0054 |

Process Hazard | Desc/Diag || Refer/Comments || Reset/Shutdown | Inputs | Input Manusl || Logic Salver || Support System || Action 1 || Action 2 || Action 3 || Action 4 || Action § || Action M Logic 5ok

Process Hazard Suppart System Sheets

Figure 9. 2 Protective Function Data Sheet Access — Options: Data sheets menu

DEVICE SHEETS

The device sheet database is available. From this screen, you can view the default datasheets,
which are tagged as data source SIL, or any device sheets that you have entered into the
database. This Device sheet includes a toolbar with icons defined in Section 3. Remember tool
tips are available on the icons by running your mouse over them.

Searching for a Device ID — Tool bar

From the toolbar, Click Search. When the Search window opens you have the option to sort the
devices by Data ID (SVDS) or by Data Source (SRC). Click in the area directly above the first
column to change sort option. Once you have chosen the sort option you may type the first letter
to quicken your search. To sort the devices by Description, Click Description. Then use the scroll
bar to find the device. Double Click on device to retrieve.
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su_%owsﬁ
X

Click on first column heading to change from SWDE ar SREC to order search. Type first character.

SWDS SRC Description
ALAMM |BIL ALARM AMMURNCIATOR T
AMBTLUSIL BTU AMALYZER
AMCLR|SIL CHLORIME AMALYZER
ARCMWOISIL CARBOMN MOMNCHEIDE ANALYZER
ARCO2|5IL CARBOMN DICKIDE ANALYZER
AMCOMNEIL COMDUCTITY ANALYZER
AMDOZ2|EIL DISS0OLVED OXYGEM AMALYZER
AMHZE|EIL HYDROGER SULFIDE AMALYZER
AMHCT|SIL HYDROCARBOM AMNALYZER-CATALYTIC
AMHIR |5IL HYDROCARBOM AMALYZER-INFRARED
ARMOH|SIL MITROGER OXIDE ANALYZER
AROEY |SIL CEYGER AMALYZER
ARPH |SIL PH ARALYZER
BrRACCISIL BEMTLY MEWVADA ACCELERATION MOMNITOR
BROWVS|SIL BEMTLY MEVADA OVERSFEED MOMITOR

I=TNI=1 w1, L= BERITI W RIEwR0 By DR E hGk T E

Figure 9. 3 Search for Device datasheet

Or from the toolbar, Click Arrows to go to the next data sheet in the database.
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=1y

D mMe 528 @8« «[]nl
Data Source Device 1D Device Type |ALARM ANMUMCIATOR: |

Fail Dangerous Failure Rate (101 | 3.3333E-03 Diagnostic Interyal ches) | 0.000
Fail Spurious Failure Rate (18 | 7.O00SE-03 Disgnostic Coverage in Simplex Mode (36) | 0.00
hean Time to Repair (hrel | 72 Diagnostic Coverage in Dusl Mode (363 | 0.00
Commoan Cause Factor Dual Maode (%) | 0.00 Diagnostic Coverage in Triplicated Mode (36)
Common Cause Factor Triple Mode (%) | 0.00

SRC Device ioting Ti(yrs]  PFDavg STRate (1/yr)
SiL AL AR |1n01 0.003 32307E-S 7.0003E-3 ES
=i Ll . . 0014 58063E-5 7 .0008E-3
L | Device list D083 | 155734 7.0008E-3
=i £l 0.250 4 4406E-4 7 .0008E-3
SiL AL AN 1001 0.500 5 B072E-4 7 0008E-3
SiL AL AR Mool 1.000 1 6940E-3 7.0003E-3
=i AL AN 1001 1.500 252T4E-3 7 .0008E-3
= AL AR 1001 2.000 3.3607E-3 7.0003E-3
=i AL AN 1001 3.000 5027T3E-3 7 .0008E-3
=i AL AN 1001 4.000 6 B940E-3 7 0008E-3 M
Motes
Calculations assume that provisions are made to maintain safe operation during any on-line testing, on-line -~

maintenance, or fault response activities.

Boundary includes iluminated plate, lasher, and audible alarm. Device undergoes frequent {e.g., weekly) ‘push to test’
to qualify for this failure rate.

Data Sources:

Coanfidential process user.

Figure 9. 4 Data Sheet View - Device Sheets

You can add your own projects specific datasheets. Modify or delete is not allowed to any data
associated with the default database (Data Source is “SIL.”) If you attempt to make a change, a
message will be displayed.

Operation Status f'5_<|

@ The SIL data sheet can not be edited

Figure 9. 5 if you attempt to change default data

The authorization level is restricted to prevent unauthorized changes to the default database. This
is an administrative function that is not accessible by users. If you receive a message requiring a
password, Click No.
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Operation Status X

|\ A password required bo edit data sheets
“‘-'Q/ Do wou know the password?

Figure 9. 6 Project Start

New Data Sheet — Tool bar

Data Sheets can be added to the device sheets, logic solver sheets, and support system sheets.
There are two options for user to add a datasheet, New and Copy Device Sheet. Each option has
the following steps:

1. Input data and notes

2. Select architecture and test intervals
New option - Input data and notes
Click New

The data source is tagged with the Project Start Customer ID (SRC), however, it can be changed
to a generic name for the company projects. The SRC and Device ID input boxes are enabled.

Type 2-5 characters into the second input box, then Click OK. The SRC and the device ID are
used for the protective function drop down device selection and must be unique from all other
datasheets.

& SIL Solver Data Sheet

& Add Device =1 Device Type | ALARM ANNUNCIATOR |
Disonostic Interval thrs) | 0.000 |
[ 1 —— e

SRC ! TRIAL ! 0003E-03 Diagnostic Coverage in Simplex Mode (%) :DDE_l

2 _| Diagnostic Coverage in Dual Mode (36 E_D.DD |

— pe—

Device |0 “ an | Diagnostic Coverage in Triplicated Mode (%) | 0.00 |
00|

L 0.00¢
R Mrpwira wArdirr Tl et DFMawA STRata 1 hwh

Figure 9. 7 Detail showing how to create the Project Device ID

If the device ID entered exists in the device database, you will receive a warning message that this
device already exists. SIL Solver® will then display that datasheet.
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