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Communications Target Metrics
At

Target Metric

Scalability: Defined as the ability to scale the communication network in
the number of connected nodes, bandwidth, latency, and coverage
distance in order to meet the needs of various applications.

Up to 5,000,000 nodes

Availability: Defined as the probability that the communication network will
perform without a failure for a stated period of time. This not only includes
the performance of the physical network but also the accuracy of the
messages being sent and received.

> 99.999%

Response Time: Defined as the delay between the moment a
message/command is sent from the source node and the moment at which
that information is received and acted upon at the destination node.

Cost”: Defined as the life-cycle cost of building, operating, and
maintaining the communication network and end devices. This includes
the initial capital costs for equipment and infrastructure build-up and the
recurring costs for operation and maintenance.

LCOE < 6¢/kWh by 2020

Interoperability”’: Defined as the capability of two or more networks,
systems, devices, applications, or components to exchange and readily
use information—securely, effectively, and with little or no inconvenience
to the user.

Compliance with Open
Standards which include
SunSpec Modbus, Smart
Energy Profile (SEP 2),
IEC 61850, MultiSpeak,
and DNP3
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(Few) Communication standards::-

Nameplate Ratings

Basic Settings
Measurements and Status
Immediate Controls (Power, PF, and VAr)
Dynamic Reactive Current Control curves
Volt-VAr
Watt-Power Factor
Frequency-Watt
Voltage Ride-through
Frequency Ride-through

Pricing Signals
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Basic Scheduling
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IEC 61850 provides a comprehensive model for power system devices to organize
data, configure objects and map them on to protocols, so that they are consistent
and interoperable.

The IEC 61850 standard consists of many parts. Part 3, 4 and 5 describes the
general and specific functional requirements for communication in substation. The
part 7-2 and 7-4 describe the abstract services and the abstraction of data objects.
The data objects consists of building blocks Common Data Classes (CDC) elements
which are defined in part 7-3. The mapping of these abstract services and data
objects on to manufacturing Messaging Specification (MMS) protocols is defined
in part 8-1. The mapping of sample values on to Ethernet data frames is separately
defined in part 9-2. The part 10 of the standard defines a testing methodology to
determine the conformance of equipment to be used.

Message structure: The IEC 61850 has proposed two different types of
communication stacks, and there are seven types of messages based on time
requirements.

Shot Olga Lavrova, SPI 2016
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IEC 61850

= Fig. below shows the IEC 61850 based communication stack. IEC 61850 specifies
the communication of time critical GOOSE and sampled value messages directly
on data link layer to avoid any overhead delays. The type 2, 3, 5, 6 and 7 messages
are mapped over complete OSI-7 layer stack as a client /server application.
According to IEEE 802.1Q, priority tagging and Virtual Local Area Network (VLAN)
tagging are defined in the link layer of the stack. This ensures the segregation of
the IEDs according to their functions and also provides higher priority for the most

time critical data.
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SNO  Fig 1. OSI 7-layer stack of IEC 61850
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What are the timing requiremen#?

= Time requirements for different messages IEC 61850 differentiates the different

Sandia

I
|

messages according to their transfer time requirements. The transfer time counts from
movement the transmitting node puts data content on top of the transmission stack
up to the moment the receiving node extracts the data from the transmission stack.

The IEC 61850 standard specifies the time requirements of different messages for

substations, but the time requirements for DERs connected to distribution system are

not specified. IEEE 1646 standard gives the time requirements to different types of
information messages for external or remote or DER IEDs to the substation. Table
below gives the time requirements of different messages of distribution substation

and DERs
TABLE |
MAXIMUM MESSAGE DELIVARY TIME

Information Type Internal in | External (DER)
substation to substation
(msec) (msec)

Protection information | 0-4 8-12

Monitoring and control | 16 s

information

Shot Olga Lavrova, SPI 2016
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= |[EC 61850 was initially proposed for substation automation
systems later it was extended to utility automation. The new
extensions of the standard such as part 7-420 defines the
logical nodes for DERs, part 90-1 describes the
communication between two substations, part 90-5 describes
the Use of IEC 61850 to transmit synchrophasor information
according to IEEE C37.118, part 90-7 describes the Object
Models for DER inverters, etc.

nShot Olga Lavrova, SPI 2016




What about size of messages?

TABLEII

SIZE OF DIFFERENT MESSAGES EXCHANGED BY DER IEDS

Type of message | Source IED Destination Size (bytes)
IED
Trip commands DER Control I[ED 98
P&C IEDs (substation) | DER Breaker
IED
Station PC
Sample Values MU IED DER Control 102
[ED
Status Update DER control IED Server 200
DER Breaker IED DER Control 150
[ED
Server
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As illustrated conceptually in Figure 4.6, the transformation of the electric grid
from a centralized and hierarchical network architecture to a more distributed one
— with ever-increasing numbers of small and/or variable generators scattered
throughout the grid — adds significant system complexity and technical challenges.

Communications needs vary greatly depending on the type of applications,
locations, and topologies of the power systems. Besides, as both communication
technologies and solar grid integration applications are evolving rapidly, the
capabilities developed today must be able to adapt and meet the future
challenges.

Network latency, availability, scalability, and cost are the key issues to be
addressed in order to adequately and cost-effectively monitor the behavior and
manage the impact of solar generation. Cyber security, while not a primary focus
for SunShot, should be taken into consideration when designing communication
solutions. Cyber security has become a top priority for electric power systems
because the evolving electric grid is increasingly interconnected and dependent on
information technology and telecommunications infrastructures to ensure its
reliability.

Shot OlgaLavrova, SPI 2016
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does DNP say? Eom

’hij DNP Application Note AN2013-001
Distributed DNP3 Pl‘Oﬁle

Network .
Protocol for Advanced Photovoltaic

Generation and Storage

1 Introduction

This document describes a standard data point configuration, set of protocol services and settings — also
known as a profile — for communicating with photovoltaic (PV) generation and storage systems using
DNP3. The purpose of defining this profile is to make it easier to interconnect the DNP3 masters and
outstations that are used to control such systems.

This document is an application note. meaning it does not specify any changes to the DNP3 standard at
all; it merely describes how to use DNP3 for a particular purpose. It is, however, intended to be an
interoperability standard for those wishing to build and specify PV generation and storage systems.

Although this document describes a DNP3 profile. it is designed based on the structured data models of
the International Electrotechnical Commission (IEC) 61850 protocol standards family. In particular, it is
based on those data models that are specific to distributed generation and photovoltaic systems. The intent
is that a system implementing this DNP3 application note can be easily integrated with an IEC 61850
network by means of a gateway. while remaining conformant with DNP3 best practices.

This application note supersedes application note AN2011-001 DNP3 Profile for Basic Photovoltaic
Generation and Storage and is intended to be backward-compatible with it. The point numbers and

Olga Lavrova, SPlI 2016
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DNP approach .

= The mandatory data objects and data attributes associated
with these logical nodes are defined in the IEC 61850-7-4, IEC

61850-7-420 and IEC 61850-90-7 standards. They were used
to determine the DNP3 points list Function or Communication

Verification

o Frequency-Watt (FW)

Anti-Islanding Protection

o Dynamic Reactive Current (TV) JHVRT
o Must Disconnect (MD) and Must Remain Connected (MRC) L/HFRT
o Watt-Power Factor (WP) Volt-Var Mode

Ramp Rates

o Voltage-Watt (VW)
o Temperature Curves (TMP)

Fixed Power Factor

Soft Start
o Pricing Signal Curves (PS) Monitor Alarms
o Real Power Smoothing (RPS) Monitor DER Status and Output
o D}Tllalllic Volt-Watt (DVW) Limit Maximum Real Power

Connect/Disconnect

o Peak Power Limiting (PPL) F Watt Mod
requency-Wa ode

o Load and Generation Following (LGF) Voltage-Watt Mode

Sho-t Olga Lavrova, SPl 2016 Dynamic Reactive Current Support

U.S. Department of Energy 12
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But what about dynamic
contrgl?

Dynamic Reactive Current Support

DbVMax
Moving Average of Time
Violtage (0% Delta) >

Dead-band (No Dynamic Reactive Current Support)

HoldTmms

Dynamic Reactive Current Support

Delta Voltage
Relative to VAverage

(expressed in % VRef)

) S

Figure 15 — Event-Based Dynamic Current Support

= What are the communication bandwidth/delay/latency requirements:

Shot OlgaLavrova, SPI 2016
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Table 1 - IEC 61850 Logical Nodes in this Profile

Class Instance Description Source | Inverter Function
CSWiI 1 DER Connect/Disconnect Switch Basic INV1
DGSM 1 Volt/VAR Curve 1 Commands Basic \AY
DGSM 2 Volt/ VAR Curve 2 Commands Basic

DGSM 3 Volt/VAR Curve 3 Commands Basic W
DGSM 4 Volt/VAR Curve 4 Commands Basic W
DGSM 5 Volt/VAR Curve 5 Commands Basic A%,
DGSM 6 Volt/VAR Curve 6 Commands Basic \AY,
DGSM 7 Volt/ VAR Curve 7 Commands Basic vV
DGSM 8 Volt/VAR Curve 8 Commands Basic W
DGSM 9 Volt/VAR Curve 9 Commands Basic \AY
DGSM 10 Volt/VAR Curve 10 Commands Basic \AY
DGSM n Generic Curve Commands IEC All Curves
DOPM 1 Connect/Disconnect Operational Mode Basic INV1
DOPM 2 Limited Watts Operational Mode Basic INV2
DOPM 3 Fixed Power Factor Mode Basic INV3
DOPM 4 Charge/Discharge Storage Operational Mode Basic INV4
DOPM 5 Pricing Signal Operational Mode Basic INV5
DOPM 6 Constant VVar Operational Mode IEC VvV
DOPM 7 Real Power Smoothing Operational Mode EPRI RPS
DOPM 8 Dynamic Volt-Watt Operational Mode EPRI DVW
DOPM 9 Peak Power Limiting Operational Mode EPRI PPL
DOPM 10 Load/Generation Following Operational Mode EPRI LGF

Sandia
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Laboratories




Sandia

ﬂ'l National _
Laboratories
Def | Transmitted Value Scaling IEC 61850
Point | \ame / Description Evt Units Reso- Inv
Index P Cls |Minimum  |Maximum | Multi- Off- ution |, \ class |-N | pata object  |epe | FUNC
plier |set Inst )
g |Inverteractive power output - Present real 3 |-2147483648 |2147483647 |1 0 |watts |1 MMXU |1 |Totw MV | DS93
power output level (negative = charging)
o |Inverterreactive output - Present reactive 3 | 2147483648 |+2147483647 | 1 0 |VARs (1%) |MMXU |1 |TotvAr MV | Ds93
power output level (negative = absorhing)
10 Frequency at the connection point 3 |0 7000 0.01 |0 Hz 0.01 | MMXU 2 Hz MV DsS93
11 Active power at the connection point 3 |-2147483648 | 2147483647 |1 0 Watts (1%) | MMXU 2 TotW MV Ds93
12 Reactive power at connection point 3 |-2147483648 |+2147483647 VARs (1%) | MMXU 2 TotVAr MV DS93
13 Power factor at the connection point 3 |-100 +100 0.01 |0 n/a 0.01 | MMXU 2 TotPF MV DsS93
14 Phase A Volts at connection point 3 |0 2147483647 |1 Volts (1%) | MMXU 2 PhV.PhsA.mag |WYE | DS93
15 Phase A Volts angle 3 |0 3600 0.1 0 Degrees (0.1 MMXU 2 PhV.PhsA.ang |WYE | DS93
16 Phase B Volts at connection point 3 |0 2147483647 |1 0 Volts (1%) | MMXU 2 PhV.PhsB.mag |WYE | DS93
17 Phase B Volts angle 3 |0 3600 0.1 0 Degrees (0.1 MMXU 2 PhV.PhsB.ang |WYE | DS93
18 Phase C Volts at connection point 3 |0 2147483647 |1 0 Volts (1%) | MMXU 2 PhV.PhsC.mag |WYE | DS93
19 Phase C Volts angle 3 |0 3600 0.1 0 Degrees (0.1 MMXU 2 PhV.PhsC.ang |WYE | DS93
20 DC Inverter input power 3 |0 2147483647 |1 0 Volts (1%) |MMDC 1 Watt MV DsS93
21 DC current level available to inverter 3|0 2147483647 |1 0 |Amp (1%) |[MMDC |1 |Amp )% Ds93
22 DC voltage between PV system and inverter 3 |0 2147483647 |1 0 Volts (1%) |MMDC 1 Vol MV DS93
23  |External battery voltage (between battery 3 |o 2147483647 |1 0 |Volts (%) dzgar |1 |vol MV | Dse3
charger and battery)
24 Internal battery voltage 3 |0 2147483647 |1 0 Volts (1%) | ZBAT 1 InBatV MV DsS93
g5 |State of Charge — currently available energy in | 5 14 1000 01 [0 |Percent | 01 |ZBAT |1 |AhrPet ASG | DS93
the battery, as a percentage of capacity rating
\VArs Available that can be produced without -
26 impacting active power (Watts) output 2 | 5147483648 | 2147483647 1 0 | VARs (1%) | ZINV 1 VArAval MV \AY
Shot OlgaLavrova, SPI 2016
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Table 16 — Analog Output Point List
Supported Default
Control Transmitted Value Scaling Event IEC 61850
Operations Class
Point ! . Reso- Inv
Index e % % % Mult - L lution LN LN Func
ool & o . ulti- - .
8‘ g, é_ Minimum Maximum plier set Chg |Cmd Class | Inst Data Object cDC
4
| = .20
wlol oz
Time window for -
o o nect X |X |X 0 2147408647 |1 0 |Seconds |1 2 2 DOPM |1 WinTms ING | INV1
Timeout period for \
1 o e act X |X |X 0 2147483647 § 1 0 |Seconds |1 2 2 DOPM |1 ReviTms ING | INV1
2 :r:g“diw'“dowmr"m'mdwa“s X |x[x o 2147483627 |1 0 |Seconds |1 2 |2 |poPm |2 |winTms ING | INV2
3 :r:g”d‘;"”‘ e Y ER 2147483647 |1 0 |Seconds |1 2 |2 |poPm |2 |ReviTms ING | INV2
4 Ramp time for limited Watts mode |x |x |x |0 2147483647 ||1 0 |Seconds |1 2 2 DOPM |2 RmpTms ING | INV2
Time window for fixed power .
5 facton Moo X |X |X 0 2147483647 |1 0 |Seconds |1 2 2 DOPM |3 WinTms ING | INV3
Timeout penod for fixed power
6 factor mogs X |X |X 0 2147483647 |1 0 |Seconds |1 2 2 DOPM |3 RevtTms ING | INV3
7 E}%”;g time for fixed power factor | |y |y 0 2147483647 ||1 0 |Seconds |1 2 2 DOPM |3 RmpTms ING | INV3
Time window for charge or .
8 discharge rate mode X |X |X 0 2147483647 || 1 0 |Seconds |1 2 2 DOPM |4 WinTms ING | INV4
Timeout period for charge or
9 discharge rate mode X X |X 0 2147483647 |1 0 |Seconds |1 2 2 DOPM |4 RevtTms ING | INV4
1o | Ramp time for charge or discharge | |y |x o 2147483647 |1 0 |Seconds |1 2 |2 |poPm |4  |RmpTms ING | INV4
11 Time window for price mode |x |x |x |0 214748364741 Seconds |1 2 DOPM |5 WinTms ING | INVS
12 Timeout period for price mode X | X |X 0 21474836 1 Seconds |1 2 DOPM |5 ReviTms ING INVS
Ramp time for price mode 0 2%4? 1 0 Seconds |1 2 2 DOPM |5 RmpTms ING INV5
Shot OlgaLavrova, SPI 2016
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Comparable protocols:
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TABLE II1 TABLEIV
PERFORMANCE EVALUATION OF 100 AND 1000 MBPS WIRED PERFORMANCE EVALUATION OF 100 AND 1000 MBPS WIRED
LAN LAN
Type of 100 Mbps 1000 Mbps Type of 54Mbps 24 Mbps
Message Message
Delay (ms) | Throughput Delay Throughput Delay (ms) | Throughput Delay Throughput
(kbps) (ms) (kbps) (kbps) (ms) (kbps)
GOOSE 0.11 80 0.08 80 GOOSE 0.84 80 0.88 80
Sampled 0.14 3500 0.106 3500 Sampled 1.02 3500 1.03 3500
Values Values
Other MMS | 0.22 1000 0.203 1000 Other MMS | 092 1000 0.92 1000
type traffic type traffic
Shot OlgaLavrova, SPI 2016

U.S. Department of Energy
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But will 1t scale?

Multi-tiered Integration of DER Groups

System
Operations

Distribution
Operations

Feeder/
Substation

Individual
DER

DER “Group” management protocols
must support architectures of multiple
tiers of aggregation

Example: OpenADR (a demand response
protocol) was designed to operate at any
number of nested levels.

VTN = Virtual Top Node
VEN = Virtual End Node

Sandia
National _
Laboratories

Ref: “Enterprise Integration of Distributed Energy Resources”, Brian Seal, EPRI IntelliGrid Smart Grid Information

Sharing Webcast, January 22rd, 2014
Shot Olga Lavrova, SPI 2016
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Latency considerations

333 o
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Other notations to represent -
timing diagrams

Client Server Clients (Subscriber) Server (Publisher)
e ————— Data values (unconfirmed)
) » ]
Associate | Data values (unconfirmed)
[« ———1—
b be——— Data values (unconfirmed)
Data (confirmed) ‘—’,,,,)b
Data (unconfirmed)
.‘.——
*\_—*——-’
Release "
Two-Party-Application-Association MultiCast-Application-Association
Shot Olga Lavrova,  SPI 2016
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Sequence diagrams ) .
X X

‘Group Forming Entity {Group Acknowlsdging
; Entity

opt DERM S created group /
T

|
|
|
i | CREATE{DERGrup) |
I
|
|
I
|

CREATEIDERGroup)

— . —

X X

Requesting Entity Providing Entity
|

GETDERStatus|{DERGroup)

o — i — o —— o —

o — — —

'='='=I LE BIC POWER
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Distribution communications examplé@[‘:ﬁz‘:ﬁéﬁes

= Distribution Example

= A rural 12kV distribution feeder in southern California was chosen as
the test feeder.

= Consists of 2970 medium- and low-voltage buses and 2569 lines
servicing 1447 customers through 401 service transformers

—

* Substation
E « PV PCC
¢ LTC/VREG
A Switching Capacitor

22
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Distribution communications example® .

LOADII

A\ 4

Command 1
Command 2

Status/commands:

=

PV

l

Statuslc*mmgnds:

E Aggregate Voltage change:

Statusl/

AV; = (SPi1 + SQi1Q1) + (SPi2 + SQ;2Q2) + ...+ (SP;y + SQ;nQy)
commands:

Command 1

Com|

Status/commands:

Command 1
Command 2
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Stability metrics:

MW distance to
critical point
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—  Stability limit

Stable region

v

Unstable region

Shot

U.S. Department of Energy

Operating point

>
Pn 1ax P

Figure 1. Sketch Map for P-V Curve
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Stability metrics - contd

PF=0.9 lead

V, p.u.

Stable region

| Stability limit T
o

Unstable region

Vcritical

Operating point P w

max?’

P, W
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Stability metrics (contd) )

" |n load flow analysis can be written in general form as:
V' + 21 (PR+0X) V.V, +(P*+0)|Z[ =0
"= From this equation and line receiving end active and reactive
power equations, after some calculations we have:
20V, -V, =20 (PR+0X)-|2[ (P +01) 20
" From the last equation, it is clearly seen that the value of the
(16) is decrease with the increase of the transferred power

and impedance of the line, and it can be used as a bus
stability index for a distribution networks as:

SI, = 2VEVE — V.t — 2VA(PR + QX) — [Z]%(P? + Q%)

Shot OlgaLavrova, SPI 2016
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Stability metrics (contd) ) .

= Line Stability Indices VCPI: The VCPI indices proposed by
M.Moghavvemi and Faruque. [Faruque] investigates the
stability of each line of the system and they are based on the

concept of maximum power transferred through a line.
Pp

VCPI(1) =
-PH[.I;-L-z_r';-

Qnr

Q Rimazx)

VCPI(2)

= where the values of PR e QR are obtained from conventional
power flows calculations, and PR(max) and QR(max) are the
maximum active and reactive power that can be transferred
through a line. The VCPI indices varies from 0 (no load
condition) to 1 (voltage collapse).

Shot OlgaLavrova, SPI 2016
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Stability metrics (contd) ) .

= Voltage Sensitivity Factors relative to real power or reactive

power injection can be expressed as, respectively:
AV, AV,
SVp = A_Pi or SVq = A—Qi
= Since majority of voltage control in a power systems is based
on reactive power injection, it is clear that a voltage stability

criterionis: §,>0.

Shot OlgaLavrova, SPI 2016
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Stability metrics (contd) )

=  Real Power sensitivity

= There is usually uncertainty in the metering or forecast of loads. By computing the
sensitivity to the load, one can estimate the effects of inaccuracy in the nominal values
used. Secondly, it might be possible to shed load at a bus, and it would be useful to
know how much margin can be gained for each MW of load shed. Finally, the sensitivity
computation identifies buses that are good candidates for planned improvements. For
example, load margin sensitivity can specify good locations for VAR support or areas
where interruptible contracts would contribute the most to system security.

= The real power loss in a system is given by the popularly referred to as “exact loss”
formula [Elgerd]:

N N
P, =z' Z lai; (PP + Q:Q;) + Bij(Q: P — PiQj)]
=1 Jj=1

Where

alj

and ;
VV] Bij = VV]

= The sensitivity factor of real power loss with respect to real power injection from
Distributed Generation (DG) is then given by

6P
Spp - = ZZ (“UP 'BUQJ)

Shot Olga Lavrova, SPI 2016
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Perform simulations and analysis ) e,
= Distribution Example
A "!: o —— Feeder Power
SQ‘ | — 7000 —:eedTrtwrit::/r
ZJ AQ . 6000 R:S:.:&w?m"pv
J
5000
7.17E - 05 137E—-06 -—2.01E —-05 S 4000
[SQ]l =|-2.07E —05 7.35E —05 141FE - 06 T
110E —06 —2.00E—05 7.24E —05 HED

[AQ] = [SQI™* = [AV ]
2P,

PF

1 1 1 1 i
80 100 120 140 160
Time (h)

40 60

20

~ J(CP) + ((3Q4) +4Q0))

Olga Lavrova,

Basecase and unity PF PV feeder and VREG real powers,
peak week
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ion flow charts

OpenDss Solve
wi/Seq|. contrel

Time: fo
Coemmunication

interval

Recsive All Pey,
nd Vrze

Any phase
Ve DUT OF
pand ?

Controller
deadband andigain,

Calculate phase
AVs o deadband
with gain

Calculate
5@ 3%3 matrix
D3k phase AQs

Night or
day?

Night
Night comtrol gontrol
flag enabled
?

Logdataand . .
:ﬂ o nex Historical
2] B2

) Datal
timestep ataiog

OpenDSS
Re-5olve

OpenlSs Solve
w/Seg. control

. Time fo
Communication .

: communicate
interval 5

Receive All Py,
@y, and Vegs

Any phase
Vreg OUE of
band?

Controller
deadband andligain

Calculate phase
AV to deadband
withigain

Calculate
SQ 3%3 matrix
0353 phase Ads

Night or
day?

Night

Night contrel control
flag enabled
i

Log data and
go to next
time step

OpenDss
Re-Solve

Dispatch
phase AQs

Dispatch

Historical
PELEY:A

Dispatch
phiase AQs phase AQs
B) VAr (VV13)

A) PF (INV3)

a) PF (INV3) and  b) VAr (VV13).
SPI 2016

Controller diagram for
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= Distribution Example

mmm | nity PV Case

e
o
[X]

N

Tap Position

== (Controlled PV Case

! A AN ¥ o 4 e

A N Y A i A
098 | | | 1 | 1 | |
0 20 40 60 80 100 120 140 160

Time (h)

200 T

PV Power (kVAr)

Voltage (pu)
g oy

o
»n
o

40 60 80 100 120 140 160

Time (h)

Var based controller results for the simulation week with 1 sec communication intervals
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= Distribution Example
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200 T T T T T T T T T T T
o
c
(1]
c
()
o
S 100 -
S = ==NoPV
5 """""" Unity Power Factor
'g = PV with Control
3 50 1
pd
0 L L L Il | | | | | |
1 5 10 15 20 30 45 60 90 120 180 240 300

Communication Interval (s)

VAr-based controller results for peak week with basecase and unity PF operation thresholds
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= Distribution Example

200 T T T o S

- == No PV
o sunniUnity Power Factor
o)} - - S S S . . n
= i m—15sec Interval |
@ 150
= == 30sec Interval
8
a = 60sec Interval
© w—
& 0 "\ 120sec Interval |
N
[¢)
1
Q
Qo
E 50 \ _
-
-
\
0 P T ———

80 85 90 95 08 99 995 99.9 100
Communication Reliability (%)

Controller results for different communication intervals and network reliability
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= Distribution Example

200 T T T T T
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o
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Results :

= Distribution Example
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Results :

= Distribution Example
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