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Precision Timing for Reliable Power. Simplified. "




Know what happened and when—to 1 msec!

1 Understand—rorensics tool

e Perform root-cause analysis based on reliable data.
e View current and voltage waveforms captured with each event.
e Determine if the initial source was internal or external.

2 Respond—Act quickly

e Evaluate control sequences, timing, and operator actions.
e Confirm protective device time-current coordination.
e Restore service quickly if an outage does occur.

2 Prevent—take corrective actions

e Resolve or mitigate persistent problems.
e Provide documentation for the electric utility, legal, insurance, etc.
e |dentify slow breakers before they can cause an arc flash hazard.



EPMS-HD iIs needed where reliable power is important:
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High Definition Power Management

e Energy metering: just the start!

Metering

e Monitor everything: more data = better decisions
Status and Events

e Time sync: the foundation for meaningful analysis

Time Synchronization



Modern power systems = 1000s of points to be monitored

UTILITY SOURCES ONSITE SOURCES

LOADS LOADS LOADS LOADS LOADS LOADS LOADS LOADS



Thousands of potential blind spots!

ONSITE SOURCES

UTILITY SOURCES
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High Definition Power Management: Monitor Everything
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CyTime SER-3200: 32-input
Sequence of Events Recorder

11
Iviviviviviviv] [vIv v’llv"llv"llwfl'lvf’l*fl

<

) 7

g

Vv

= Monitored Points

L1 L]
W v v v v v
TTTTTI

LOADS LOADS LOADS LOADS LOADS

LOADS

LOADS

vy

LOADS



= Monitored Points
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e Meter data
e Alarms

e Events

e \Waveforms
e Data logs

devices must share a common

For data to be meaningful,
(precise) time reference.



Precision Time Protocol (PTP) per IEEE 1588 191588

e |[EEE Std 1588-2008 (v2)
@IEEE e Special Ethernet hardware does time-stamping -
JCZE stancard for  Prection Clok e Mechanism to correct for network latency 1538

gl:;weon:ged Measurement and Control () M u Itl Cast m essag | N g
e High accuracy over Ethernet possible

e Many optional features
e Several clock types (grandmaster, slave-only, transparent, etc.)
e S — e Domain number, O to 127 (default = 0)
e Delay mechanisms: End-to-end (E2E) or Peer-to-peer (P2P)
e UDP vs. Layer 2, 2-step vs. 1-step, etc.

e Flexible—but interoperability requires a “profile”



Power Profile (per C37.238) defines PTP characteristics in
“Power System Applications”

[ smmmos socmon— S & < |

IEEE Standard Profile for Use of
IEEE 1588™ Precision Time Protocol
in Power System Applications

Substations Committee

IEEE-C37.238 (2011)

e Power Profile: Standard set of PTP characteristics defined
by IEEE Std C37.238-2011

e Primarily for utility substation automation

e Profile characteristics:
e 302.3 Ethernet (Layer 2) mapping
e Multicast only
e Peer to peer (P2P) delay measurement

e Switches must be transparent clocks (PTP-aware)
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"Simple PTP*“ (SPTP) is based on the PTP default profile
(<100 us: Goldilocks solution—just right.)

PTP (IEEE 1588) “Simple PTP” Profile Power Profile (C37.238)

Accuracy: nanoseconds Accuracy: < 100 ps Accuracy: <1 us

All clock types Master and Slave-only Most clock types

Multicast or Unicast Multicast Multicast

802.3 or UDP/IPv4, v6 UDP/IPv4 802.3 only (layer 2)

PTP-aware switches No special switches req’d. PTP switches required

1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
E2E only | P2P only
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I

’—————————————————————————————————

P2P or E2E delay mech.

1-step or 2-step 2-step 1-step or 2-step

Variable delay requests 32s 1s

Timescale: TAI, UTC or arbitrary Timescale: UTC (or TAI) Timescale: TAl only

TLV, MIB, VLAN tags None TLV, MIB, VLAN tags req’d.
General Simple ; Strict

CSl “Simple PTP” Profile is based on IEEE 1588 default profile (E2E).



Time sync—easy as 1-2-3

EPMS
- - fdEevice
or

Choose time source Time sync via PTP

Sync non-PTP devices
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PTP (IEEE 1588): Precision time sync over Ethernet

’ \
i — IRIG-B }
I TIME I
| SOURCE el I
I NTP |
i or i
- Modbus TCP 1
i
: i
| i
i set the first SER’s time... |
I YYY :
| PTP m——— I
: MASTER -W-';; Ethernet :
I
1 SER-3200-PTP I ’ I ' 1 588
\ (or SER-2408-PTP) /
PTP S N — N—
SLAVES | RIp = R | . e ®°C | aws
I all other SERs sync
j oAl e bR SER-3200-PTP SER-3200-PTP
I (or SER-2408-PTP) (or SER-2408-PTP)
N o e S e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ) e e e ) e e e e e e e

EPMS
server

SER-3200-PTP
(or SER-2408-PTP)
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1

PTP-enabling other EPMS devices (via legacy protocols)

TIME
SOURCE

PTP
MASTER

PTP
SLAVES

or

or

NTP

—T | —

SER-3200-PTP
(or SER-2408-PTP)

PTP —>

all other SERs sync
automatically via PTP

IRIG-B
DCF77

Modbus TCP

set the first SER’s time...

Ethernet

. .
) "
= .

SER-3200-PTP
(or SER-2408-PTP)

SER-3200-PTP
(or SER-2408-PTP)

EPMS
server

______

SER-3200-PTP -. A

______

(or SER-2408-PTP) ASCIl / RS-485

L T g



EPMS time-sync system examples



Example: sync first SER from NTP server (GPS optional)
—first SER is located in MV switchgear

_______________

! GPS !
T ] [
! P ! SOFTWARE BROWSER

m— = |RIG-B (5 DCLS)
m— = DCF7T7 (24V DCLS)
= |perl0 (24Y DCLS)
smmmnnn = ASCI /S R5-485

Ethernet
NTP ——
Sorwer — — ||
PANEL
‘ ] L N N N N BN | ~
{ )
N IRIG-B | e ‘ : IRIGB
PLX-5V | PLX-5V
PTP ————mm | PTP | PTP Ll J——
seRsz00PTe \_ s ] i pirisc el
[ S, 4 "
FPIP [ o
Slave % E Meter| ster|
SER-3200-PTP *, E E
[or SER-Z408-FTP} Aeuemme: mmmmeecme= Ll
ASCI I RS5-483 ASCI I R5-485
|HV5WGR | |GEH SWGR I
IRIG-B DCFTT

SER-3200-PTF °,
(or SER-Z408-FTP] Meemmmas

PLE-5V
3 ] L T—— FTF |
[ ﬁ Meter Slave | ol eter] Slave | L
SER-3200-PTP SER-3200-FTP SER-3200-FTP

ar BER-2402-PTF) ior SER-2408-F TP} ior SER-2408-FTP)

ASCII [ RS-485




Example: sync first SER from GPS clock (via IRIG-B)
—IRIG-B to first SER and to relays and meters that support it

— = |RIG-B (5 DCLS)
% GPS

Antenna EPMS WEB = DCFTT 24V DCLS)
SOFTWARE BROWSER —— = per1 0 (24Y DCLS)
llllllll =ASCIHl / R5-485
GPS Ethernet
Clogk ——m 1
IRIG-B
PANEL
" L B N N N N N N N & N N §B N B N N N N N |} ~“
' L 3 IRIG-B I X
| EZ(:-IRIE-E i
| Mot s = L Sees—
- aster % |Relay : W ay] lay| Slave [ F—-!
l SER-3200-PTP SER-3200-PTP ° SER-3200-PTP
{or SER-2408-PTP} ' {or SER-2408-PTF] ‘.‘ (or SER-2408-FTF)
N\ o e e e s e e e e e e ’
Slave E .'.. eter| ﬁ
SER-3200-PTP * -
[or SER-J40B-FTP)} = " booooo M rooooee
.FLECII f HS-435 ASCI ' R5-485
||||"lf SWGR | |GEH SWGR |

IRIG-B

IRIG-B DCFTT
PLX-5V
PP (1 ee— 2 -mm
Stave [ Meter Meter Slave [ e m Slave Siave E b’l
SER-3200-PTP SER-3200-PTP SER-3200-PTP SER-3200-FTF *,
or BER-M08-FTF) [or SER-2408-FTF}

[or SER-240E-FTF} [or SER-240E-F TP} '!- .......
ASCII | RS-485

o0 e




Example: SER #1 as PTP Master, SER #2 as standby

—|RIG-B to both
G it

Clock =]

IRIG-B
| PANEL |

SERs (and others if desired)

e ] [
SOFTWARE BROWSER

Ethernet

= IRIG-B (5V DCLS)
=DCF7Y 24V DCLS)
= 1per1( (24V DCLS)
smmmmen = ASC] S RS-485

R I N S S - ‘ " |
[ { 1 {
1 + 1 IRIG-B . .
| |
| rP EZCARIG-E | PP EZC-IRIG-E _
Master | o Master | _gm L C—
l Bein Relay| Relay| I [standby) wean lay]| Slave | wess
| SER-3200-PTP | SER-3200-FTP SER-3200-PTP SER-3200-FTP
\ [or SER-2408-FTP} ' \ for BER-2408-FTF) jor SER-2408-FTF) ‘.‘ (or SER-Z408-FTF)
~-------, ~-------_I --‘
rF [
== e ==
SER-3200-PTF *, s,
[Of SER-Z808-FTF} Mmummmit wmmmmsssme Sooooos Farrooooees
ASCII{ R§-485 ASCIIf RS-485

Meter|

SER-2200-FTP SER-3200-FTP
[or SER-2408-FTF}

[or SER-2408-FTF}

SER-3200-PTP *,
[or SER-2408-FTP} Auwmamas

ASCI/ R5-485
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Example: sync first SER from GPS clock (IRIG-B)

—first SER in same panel as clock, relays sync via IRIG-B

= |RIG-B (5V DCLS)

GFS
= DCFTT (24 DCLS)
% Antenna EPMS - WEB (
SOFTWARE BROWSER = per10 (24V DCLS)
Y At —— smmmmen = ASCII / RS-485
GPs | RIGB EZCARIG-B Ethernet
Clock i PTP ]
I 3 Master I
PANEL |y SER s200FTR I
\-----------/
‘-------------------~
[ 4 IRIG-B 1 IRIGE
I PLX-5Y I PLE-SV i PTP "
: SF;:E “--- = : 5|3""E ay] lay| Slave [ :;_-__
g SER-3200-FTF
ety 1 ?E&m B
--------------------l
rrr
sive ] et =
SER-2200-PTP 5
[Of SER-Z20E8FTP} Mmemmms smmmmess= SN Y
ASCI/ RS-485 ASCI | RS-485
MV SWGR GEN SWGR
|mc;41 IRIG-B DCFTT
PLE-5V PLE-24V
PTP PTP | E
Sla'-re Meter| Slave m E Slave m eter| 5liwe E
-3200 3300 SER-3200-PTP *
?mEEmm-m ff&ﬁgfm wasREEEE,:]B_E:,-rFT for SER-ZAE-FTR} & eemmmes
LV SWBD 1 ASCII | R5-485




PTP-enabled SER: Simple. Affordable. Scalable.

r,

191588

Set the first SER...

.

PTP Master

Ethernet

- po— ~ -
—e— I ==
z izl Caaise o -.. 2.4

T e

DR LT8G —

—_—
el

Sl |
BNEE - -

...all others sync automatically

No PTP?
No Problem.

/TP (IEEE 1588)

-
L

|

swancwss —d |[RIG-B

cylime™ R . BNEE 'ASCII | Rs-485
Sequence of Time protocol ougut
commrososer NI o and e

32 digital inputs
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Events Happen ...
(in milliseconds)

e Ml '-_ Power monitoring at the speed of NOW !

Precision Time Protocol (PTP), per IEEE 1588, enables 1-ms time-sync
over Ethernet. Diagnose root cause, verify control schemes operate as
designed, identify slow breakers before they increase arc flash hazard.

Cylime ™
Sequence of Events Recorder

Download our 20-page white paper on PTP and you’ll ¥ 1588 too:
7 1 rEar— pag pap y
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