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Is it synced? 
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IEC/IEEE 61850-9-3
Time Synchronization

Sync Indicator

Is it really synced?
How well is it synced?

PTP 
Grandmaster
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Are these IEDs time synchronized?
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It depends!

Human Eye: 10 – 25 images per second 
Clocks can be off by 40 ms – 100 ms

TAIUTC

Time Systems
TAI

UTC GPS 18s

TAI: Average of 400 atomic clocks (reference) 
GPS: TAI – 19 s (fixed)
UTC: TAI – 37s (variable)*

*Leap seconds can be added or removed twice a year. 
So far 37 leap seconds have been added. 
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Time Performance Requirements in IEC 61850

Time 
Performance Class Accuracy Purpose
T1 ± 1 ms Time tagging of events

T2 ± 100 µs Time tagging of zero crossings and of data for the distributed 
synchrocheck. Time tags to support point on wave switching

T3 ± 25 µs
Instrument transformer synchronization (Sampled Values)T4 ± 4 µs

T5 ± 1 µs

IEC 61850-5:

Time Error Phase Error
@ 50 Hz

Phase Error 
@ 60 Hz

1 ms 18° 21.6°

100 µs 1.8° 2.2°

55.5 µs 1.0° 1.2°

46,3 µs 0.8° 1.0°

IEEE 1588 / PTP in a nutshell

> It’s the Precision Time Protocol (PTP)

> The IEEE 1588 standard defines the most accurate method to 
synchronize clocks over computer networks

> Defined for use in local area networks (LAN)

> IEEE 1588 uses „profiles“ to define default settings, methods and 
adaptations for different industries

> Two versions of the standard are in use
> IEEE 1588 – 2002 (v1) 

> IEEE 1588 – 2008 (v2)
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IEC/IEEE 61850-9-3 in a nutshell

> Since 2016 a dual logo standard (IEEE and IEC) 

> Is a PTP profile in accordance to IEEE 1588v2

> Uses the Peer to Peer mechanism

> Supports the standard Best Master Clock Algorithm (BMCA)

> Uses Layer 2 (IEEE 802.3)

> Default values are compatible with IEEE C37.238-2011

> Defines specific behavior and accuracies for the 
electric power industry

PTP Terminology

> Grandmaster Clock
> a clock that can be a master of all other clocks

> Current Grandmaster
> the clock that has taken over control and is the master of all clocks, all other 

grandmasters are passive

> Slave Clock
> a clock that is locked to a grandmaster

> Transparent Clock
> a PTP compliant Ethernet switch

> Boundary Clock
> transfers time between two independent PTP networks
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Implementation Example

M ... Master 
S ... Slave
P ... Passive

IEC/IEEE 61850-9-3 accuracy parameters

> Hold-over time for grandmaster clocks
> < 250 ns drift within 5 seconds 

(to ensure safe switch over for BMCA)

> Steady State performance 
> better 1 µs after 15 TC’s 
> better 1 µs after 3 BC’s

Page: 10
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Time Reference Signal Comparison
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IEC/IEEE 61850-9-3
Time Synchronization

PTP 
Grandmaster

1 PPS

1 PPS

∆

Attention
100 m cable add 0,5 µs Error

Local Time Signal Generation
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IEC/IEEE 61850-9-3
Time Synchronization

PTP 
Grandmaster

1 PPS

∆

1 PPS

Local 
PTP Grandmaster

TICRO 100
PTP Time Converter

Attention:
This test Shows only if  
PTP Time Synchronization
works between the 
PTP Grandmaster and the 
PTP switch.

PTP Switch
(Transparent Clock)



5/4/2017

7

Possible Information provided by a good PTP Client 
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PTP Traffic Analysis
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IEC/IEEE 61850-9-3
Time Synchronization

PTP 
Grandmaster

PTP Switch
(Transparent Clock)

Record

Analyze

Mirror Port
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TAP Mode

> Can be used to look at PTP traffic 
without the need of an available 
port at a switch

> Acts like a Ethernet cable for the 
outside world

> Allows to record incoming 
packets at both ports
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PTP Traffic Analysis with DANEO
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PTP 
Grandmaster

TAP 
Mode

• PTP Sniffer
• Synchronization to 

PTP Grandmaster
• Trigger traffic recording on events

(e.g. GOOSES)

IEC/IEEE 61850-9-3
Time Synchronization

DANEO
Control SW

DANEO
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PTP Sniffer in DANEO
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> All details of active PTP clocks 
in the network

> Easy configuration of 
DANEO time synchronization

> Synchronize DANEO to any port
(including ports in tap mode)

Sampled Value Stream arrival time
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PTP 
Grandmaster A

TAP 
Mode

IEC/IEEE 61850-9-3
Time Synchronization

PTP 
Grandmaster B

• Synced to Grandmaster A:
Check of IED synchronization

• Synced to Grandmaster B:
Check absolute time deviation

PTP Network 
for Testing

DANEO
Control SW

SV 
Stream
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SV stream synchronization

Page 19© OMICRON

Check arrival time of GOOSES
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PTP 
Grandmaster A

TAP 
Mode

IEC/IEEE 61850-9-3
Time Synchronization

PTP 
Grandmaster B

DANEO
Control SW

GOOSE

PTP Network 
for Testing
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GOOSE packet delay measurement
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PTP supervision with DANEO

> Use PTP events as triggers

> Start recording (e.g. PCAP)
> Pre & post trigger
> Re-arming after Lockout

(multiple recordings)

> Get Email notifications

Page 22© OMICRON
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Summary

> Sync Indications alone are not enough - good devices give you more 

> There is a lot of information available in the PTP traffic

> Looking at GOOSEs and SV streams helps 

> Having an independent time reference for testing
is beneficial 

> It’s always good to have 1PPS outputs
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TAI

UTC GPS 18s
Never forget ... 
there is more than one time scale
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Thanks a lot for your attention!
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