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DeltaV SI S Large System Capabilities

The DeltaV SISE Process Safety System is like no other because of its unique, modular distributed architecture.
The syst emb sisflexbe iprovde theusafety you want, when you want, where you want.
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Introduction

The unique distributed, modular architecture of the DeltaV SIS process safety system makes it unlike other safety
instrumented systems. Unlike a traditional PLC-based SIS platform, DeltaV SIS is designed to be implemented
with a distributed logic solving architecture. This has a number of advantages, including increased flexibility,
reduced complexity, reduced wiring costs, and increased overall reliability.

This whitepaper is intended to provide information about how the DeltaV SIS modular, distributed architecture can
be used for large process safety systems. For guidelines that are to be followed when using DeltaV SIS in safety-
critical applications, see the DeltaV SIS Safety Manual (available from your local sales office or with Guardian
Support).

Traditional Safety System Architecture

The traditional approach to safety system design is to have a centralized logic solver with distributed I/O. With this
kind of architecture, all of the safety instrumented functions (SIFs) are implemented in a single logic solving unit.
This approach is similar to the architecture used for process control systems, where there is often a very high
degree of inter-operation between control loops for sequencing and higher level controls. While this centralized
approach makes sense for process control, it presents a number of challenges from a functional safety
perspective.

With a centralized logic solving architecture, the logic solver can be a single point of failure for the entire process.
If a safe failure occurs, it can cause a spurious trip that will shut down the entire process all at once. This kind of
situation is not only undesirable as a matter of process availability, but this kind of abrupt shutdown across the
entire process can cause equipment damage, quality problems, and might even cause unsafe conditions to exist.
If a dangerous failure occurs, it can impact the safety integrity across all safety instrumented functions 1
eliminating protection of the entire process.

According to IEC 61511, it must be verified that the safety instrumented system responds within the specified
process safety time. The system response time increases as additional I/O is added to a PLC-based logic solver.
If it is not possible to specify individual logic blocks / modules to execute at different rates, then the response time
of all SIFs are affected when additional I/O and logic are added to the centralized system.

Software changes require downloading the entire logic solver, including all SIFs that are implemented. It is
typically not possible to download individual
changes to a single SIF. Instead, even
minor changes require a complete download
of all application logic. Changes to SIS logic
require functional testing for validation.
When downloading all application logic, it is
possible that changes made may affect
other SIFs, creating the possibility that some
changes are not functionally tested.
Additionally, system firmware updates must
be applied to the entire system and often
cannot be performed online.
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Figure 11 Traditional Approach to Safety Logic Solving
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Flexible Architecture

Whet her itds an isol ated b bdDeltad SIS scales#o hélpaprogde thessafaty d own syst
coverage required for SIL 1, 2 and 3 applications. Each modular logic solver has 16 channels of configurable I/O.

The smallest system could have a single logic solver with only 16 1/O, but logic solvers can be added as needed i

up to 30,000 I/O. Because the 1/O is directly connected to the logic solver, memory and processing power

increase when 1/O is added. There are no concerns about the ability to effectively run the configured logic T

regardless of the system size.

For increased process availability, DeltaV SIS logic solvers are also available as a redundant pair. Both simplex

and redundant logic solvers are SIL 3 rated, TUV certified. Furt her more, the architectur e
r e d u n driatimatisy @ut redundant logic solvers only where you need them, and they can be on the same node

as simplex logic solvers. In addition to protection against random hardware failures that might cause spurious

trips, redundancy also provides the ability for online replacement, online proof testing, and online firmware

upgrades.

This provides customization to fit the system requirements for any SIS application. Applications that require safety
instrumented systems to reduce risk come in all sizes and topologies. Modularity also provides flexibility to meet
changing project requirements. DeltaV SIS can handle the smallest to the largest application and has the flexibility
to address widely distributed architectures.

SLS 1508 Logic Solver Overview

DeltaV SIS has a uniquely scalable modular architecture that is based on the
SLS 1508 logic solver. Each SLS 1508 provides I/O processing, SIL 3-capable
logic solving, and diagnostics in a single module. The 1/O channels are software
configurable, allowing flexibility for implementing safety instrumented functions.
The logic solvers are powered by simplex or redundant 24 VDC power supplies
that are separate from the power supply that drives the DeltaV controller and
I/O.

Each SLS 1508 logic solver contains redundant logic solver processing and
provides an interface to 16 I/O channels that can be configured as:

e DI Discrete Input (NAMUR compliant)

e DO Discrete Output (24 VDC)

e Ali Analog Input with HART®

e AOT Two-state output with HART

Figure 27 Simplex Logic Solver
Emerson has extended the benefits of the PlantWeb® architecture to safety 9 P 9

instrumented systems, with DeltaV SIS being a key component of the Smart SIS
solution. Integrated HART I/O brings field diagnostics into the logic solver. Field device diagnostics information is
not just for pass-through to AMS Device Manager. It is available inside the logic solver.

Since the I/O channels are software configurable, there are no separate Al, AO, DI, or DO cards. This greatly
reduces the complexity of system hardware considerations that need to be made. With DeltaV SIS, the hardware
considerations are limited to whether to use redundancy for increased availability and how much 1/O is needed. In
cases where additional availability is required, a redundant logic solver can be used. The Redundant SLS
includes two SLS modules installed side-by-side on a redundant terminal block. Both logic solver modules read
inputs and write outputs through a single set of terminals that is wired to the field devices.
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In a redundant configuration, the two logic solvers work in parallel in an
active redundancy arrangement. Both logic solvers read the same input
data and write the same outputs all of the time. The logic solver modules
execute in the same way as when they are in simplex mode, however to
ensure the integrity of the redundant systems, digital synchronization of
the logic between the modules is incorporated by the termination carrier.
This redundant arrangement provides the capability for online
replacement of logic solver modules as well as online upgrades.

Because the simplex logic solver is SIL 3 rated, there is no requirement
for degraded mode or mean-time-to-repair timeouts upon failure of a
redundant partner. Repair of a failed redundant partner can be
scheduled based on routine maintenance schedules. This is especially
important for applications installed in remote locations such as
wellheads, pipelines, or offshore platforms where a technician may not
be available with short notice.

Figure 317 Redundant Logic Solver

A SIF based approach

DeltaV SIS is designed based on an IEC 61511 safety instrumented function (SIF) design approach, so that each
logic solver is a container for a small number of SIFs. A safety instrumented function is a safety loop that is
intended to protect from a particular hazard. DeltaV SIS provides the capability to isolate SIFs so that changes
and additions can be made without affecting existing safety applications that are running.

With a modular logic solving architecture, the logic solver is no SIF1 SIF2
longer a single point of failure for the entire process. If a safe
failure occurs, only the equipment that is tied to the logic solver @ % % @

module will be affected. This can prevent overall unit shutdowns ;?,,"7‘ *’*;‘{
and can enable an orderly shutdown across the process, avoid g ?;,
equipment damage, quality problems, and prevent the creation > \ / :

unsafe conditions. If a dangerous failure were to occur, it would

only impact the safety integrity for those safety functions that are ga
running in the logic solver i with the rest of the process remaining @ / \ g
protected. b S °

2 @ @
When implemented in an independent manner, the logic, scan & %
rate and execution of a SIF are not altered by changes or
additions to another SIF. DeltaV SIS logic solvers always execute S¥3 SIF4
deterministically, every 50 ms, regardless of how much I/O is
running on the system. Because the /O is integrated with the Figure 4 7 SIF Based Approach

logic solving, adding additional 1/0 also adds logic solving

capacity and memory. Once a safety instrumented function has been tested and verified, a Cyclic Redundancy
Check (CRC) is provided which will not change unless a change is specifically made to the logic where the SIF is
configured.

When changes are made to logic running in a logic solver, those changes are only downloaded to the logic solver
where the logic is implemented. Similarly, when additions to the system are made, only they are downloaded to
the logic solver. This makes it possible to download individual changes to safety instrumented functions without
impacting the operation of the other SIFs that are running in a system. Each DeltaV SIS software module, where
the logic is configured, has a CRC that is recorded in the database and in the logic solver. If the CRCs do not
match, then this indicates a change has been made. If no changes have been made to the logic, then the CRCs
will not change. This feature can be used to ensure that changes are functionally tested, and to provide engineers
confidence that unaffected logic does not need to be tested.
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This is very different from the traditional approach where hundreds of SIFs are all placed in a single safety PLC
and the effect of changing a single register or the addition of a SIF could affect all of the logic that is running. The
DeltaV SIS architecture isolates SIFs, eliminates single points of failure, and simplifies change management.

DeltaV SIS Nodes

A SIF-based approach does not mean that all of the safety logic and 1/O has to fit into a single logic solver. It is
common to share 1/0O channels across multiple SIFs in order to implement complex cause and effect logic. There
are complex applications, which require multiple SIFs to acting on the same final element. The input data is
shared among multiple logic solvers, so that cause and effect logic can easily be implemented in a single SIS
module.

A DeltaV SIS node is a modular logic solving unit. Each DeltaV SIS node can have up to 32 logic solvers
installed. Logic Solvers communicate with each other through the eight-wide carriers over a two-channel, local
peer-to-peer bus. The SIS secure communications are physically separate from the DeltaV control network and
I/O bus, providing the complete physical separation and independence of control and safety that is required by
IEC 61511.

All input data from any logic solver is accessible to all logic solvers on a node,
with no effect on response time or safety integrity. This means that inputs can
be wired into separate logic solvers and the input data is accessible to all of the
logic solvers on the node. Complex logic can be executed in a single module,
located on a separate logic solver from where the inputs are wired. This
provides the capability to implement larger cause and effects matrices that
combine several SIFs together in a single module.

With this kind of capability, the decision for where inputs are wired can be
independent of the decision for where logic solving is performed. Combine this
flexibility with the concept of configurable 1/0 and it is clear that DeltaV SIS
provides significant flexibility to distribute logic solving across a node,
according to your needs.

Messages on the DeltaV SIS local peer bus are sent via a black channel
communication protocol, which provides protection against the effects of
transmission errors. This communication protocol is TUV certified for SIL 3
applications. In addition to sharing input values between logic solvers, secure
communications can be used to implement logic across multiple SIS modules
to extend the control strategy or provide early warning of a decision to shut Figure 57 DeltaV SIS Node
down in one area of the plant prior to the process trip in a different area.

DeltaV SIS has a distributed architecture

Multiple DeltaV SIS nodes can be connected together via the SISNet secure communications network. The
SISNet is a redundant counter-rotating fiber optic ring network that provides SIL 3 certified communications
between SIS nodes with very high communications reliability.
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Figure 6 1 SISNet Ring Network Topology

The SISNet can provide the capability to distribute safety
logic throughout a facility, installing just the right amount
of logic solving where it is needed. SIS logic can be
geographically distributed across distances up to 62km
between nodes. This capability is commonly used in Oil
and Gas applications for distributed well-heads or long
pipe-lines.

Beginning with Version 11, up to 100 DeltaV SIS nodes
can be installed on a single SISNet ring, with up to
30,000 Device Signal Tags (DSTs) running in a single
DeltaV SIS system. Also with the v11 release, the global
communications bandwidth on a single ring has
increased by 50%.

The SISNet is a publish/subscribe network. Logic solvers
publish their data and other logic solvers on other DeltaV
nodes subscribe to the data. There is no limit to how
many nodes or how many logic solvers subscribe to the
data.

The SISNet provides increased flexibility to implement megaprojects, as well as providing easier expansion of
existing systems. With the largest safety systems in the process industry being around 5,000 I/O in size, an
architecture capacity limit of 30,000 I/O provides flexibility and confidence that the DeltaV SIS system can be

designed to fit the needs of large processes.

SISNet Domains

In cases where it is not necessary to share logic across different areas of the process, separate SISNet rings can
be installed without connecting them together.

Beginning with the v11 release, DeltaV SIS provides the capability to create logical domains on SISNet rings. A
SISNet Domain can be used to logically create separate process areas, units, or applications. For example, one
SISNet Domain could be used for an Emergency Shutdown (ESD). Another SISNet Domain can be used for Fire

and Gas (FGS) applications. Both domains can be
running on separate SISNet rings and the separate
rings can be connected together by the use of a
SISNet bridge.

Up to 15 logical SISNet Domains can be created in a
DeltaV system, and these domains are not necessarily
physical groupings. One SISNet ring can have multiple
Domains configured. However, there is typically a one-
to-one relationship between SISNet rings and SISNet
Domains with up to 15 SISNet Rings having a single
SISNet Domain configured on it.

Secure parameters can be communicated between
SISNet Domains. This can be done by installing
multiple SISNet Domains on a single ring network.
Alternatively, separate SISNet rings can be connected
together via a SISNet Bridge. A SISNet Bridge is a
redundant Ethernet network that is used to connect
separate rings together. This network topology can be
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Figure 77 SISNet Bridge Topology with Six Domains

used to communicate global plant shutdown information between separate operating units or areas.
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Implementation of Large, Complex Applications in DeltaV SIS

The DeltaV SI'S systembs modular, distributed architectur
safety instrumented functions sometimes need to be distributed across multiple logic solvers rather than running

in a single centralized processor. The advantages of this approach have already been described: isolation of

SIFs, elimination of single points of failure, and simplified change management.

In order to eliminate single points of failure in your safety system, it is important to separate safety instrumented
functions into independent software modules as much as possible. The SIF-based approach enables engineers to
take a modular approach to implementing safety systems, but in some cases there are multiple SIFs that act on
the same final element and cause-and-effect logic must be used. In these cases, individual SIFs cannot be
isolated into their own software modules and need to be combined together in a cause-and-effect software
module.

Large, complex applications such as these can be implemented in DeltaV SIS, even though each logic solver
includes only 16 I/0O. This is because the logic solvers can share all of their input data with each other via the dual
peer bus. Input signals can be wired into separate logic solvers, with the voting and other logic running in a
separate logic solver that is installed on the same node. In some cases, a single logic solver can be used only for
input processing, as if it is an 1/0 card that is capable of processing Al and DI input signals. When used in this
way, the logic solvers are used for processing and error-checking the input data, and communicating it over the
backplane with high reliability.

The logic solver where the logic module is
executing would typically be writing to its own output
channels to trip final elements when an unsafe
operating condition occurs. In cases where there are
more than 16 output channels required to trip,
secure parameters can be communicated to other
logic solvers so that they can trip outputs as well.
These output channels can be located on the same
logic solvers where input data was processed, or on
separate logic solvers located elsewhere on the
node.

All input data is accessible to
all logic solvers on a node.

Wire inputs into separate
simplex logic solvers.

Execute voting in a single
module, located in a
redundant logic solver
driving outputs.

The output channels used to trip final elements can
also be located on nodes other than the one where
the input data is processed. When this is needed,
Figure 8 7 Sharing of input data between logic solvers secure parameters are published globally across the

SISNet ring so that any other logic solver can be
used to implement the safety instrumented function. When a secure parameter is published globally, a module
running on any logic solver in the same Domain can reference this parameter and execute logic based on the
value. In cases where safety instrumented functions need to be implemented across Domains, the secure
parameters can be published system-wide so that even logic solvers running in other Domains can reference the
data. All of this can be done with for SIL 1, 2, and 3 rated safety instrumented functions in DeltaV SIS.

+ 32 logic solvers per node
+ 512 1/O per node
+ Flexible redundancy
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Integrated, but Separate Architecture

As an integrated control and safety system, DeltaV and DeltaV SIS provide increased visibility into your process.
DeltaV SIS is integrated with the DeltaV systems 6 engi neer i & gnd operations éneironmant. All
safety-related information is easily accessible through familiar and intuitive applications, eliminating configuration
and mapping work required in traditional architectures. For example, if a field device failure occurs in the process,
a PlantWeb Alert is automatically communicated to the operator. No configuration or mapping is required to have
this information to appear. It is there, right out of the box. Any time new logic is configured in DeltaV SIS, it is
immediately accessible to the operator environment or for use in DeltaV control modules with no data mapping or

integration procedures required.

The integrated, but separate architecture
meets IEC 61511 requirements for physical
separation and independence of safety and
control. Each DeltaV SIS node includes a
DeltaV Controller which is used as a
communications gateway between the DeltaV
SIS logic solvers and the DeltaV control
network. This is the link between the safety
logic solvers and the operations, engineering,
and maintenance environment. TUV has
certified that the interface is non-interfering
and it is physically separate and independent
from the execution of safety system logic.

Figure 97 DeltaV SIS Integrated, but Separate Architecture

The DeltaV Controller communicates to the DeltaV SIS logic solvers using the DeltaV 1/0 bus and automatically
mirrors all logic solver parameters onto the control network. There is no limit to the amount of DeltaV SIS data
that can be communicated to the DeltaV Controller. The DeltaV Controllers have redundant 10/100 Mb Ethernet
and can themselves be redundant, offering quad redundant links between the DeltaV SIS logic solvers and the
control network.

DeltaV Zones and DeltaV SIS

DeltaV v9.3 and later releases provide the hierarchical system architecture named DeltaV Zones to ensure
flexible system operation and expansions with enhanced system performance. Each Zone represents a DeltaV
system (defined by a ProfessionalPLUS Station), with up to 30,000 I/0O each. Up to 15 zones can be integrated to
provide the ability to share selected information across zones. Large processes requiring more nodes than a
single DeltaV system supports can be split into separate zones, thus providing added flexibility to expand and
upgrade each zone independently.

Multiple zones are integrated into a unified architecture that is logically transparent throughout all domains. Any
operator workstation within the unified architecture can provide view and control for the areas assigned to that
workstation, regardless of domain. Data exchange between domains is seamless via the fully redundant DeltaV
Inter-Zone Network.



