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Company Overview

A Foundedin 1979 privately ownedbusiness
A Company HQ in Bad Pyrmont, Germany

A AcquiredPTPtechnologysupplier
Oregano Systems in 2019

A OpenedMeinberg USAffice
In Santa Rosa, CA in 2020

A 130Employees
A Germany: 113
A Austria: 12
A USA: 5

NicllBeRG

¢
Oregano System

A Meinberg Company www.meinberg-usa.com




Company Overview

A OwnlIn-houseProduction of Electronics (PCBSs)
and MechanicalParts (Chassis etc.)

A Strong Focus orsynchronization

A 80%of turnover generatedby network clocks
(NTPand PTP)

A Buslevel products (PCleSlot Cards, USBlocks)
A Signal Generation
(PulsesFrequencies Audio & Video References)

A Servicenetwork of distributors and partners
in over40 countries




A Global Market Leader

Meinbergproducts synchronizealot of critical
infrastructuresworldwide:

A Powergrid control systemsand substationautomation
networksin more than 80 countries

A Manyof the top tier international stockexchangesand
someof the largestbanksand financialinstitutions

A LiveTVproduction facilities and OBtrucks ,

A Majormobile telecommunicationnetworks providing
voiceand data servicesto tens of millions of customers

A Largescalecommunication networksin the defense
domainaswell asalot of tactical networkson land
based maritimeand airborne platforms

A Radarand control centersystemsof severalnational of
multinational air traffic control authorities
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Synchronization in Power Networks




Presenter: Ernani Di Giulio

A ElectricalEngineering, Universitpf Karlsruhe, Germany

A Specializedn electrical machinesand high voltage

A Workedfor ABB in Mannheim, Germany
A Projectengineerfor substation projectsin Africa

A Projectengineerfor substationautomation and protection
for worldwide projects

A Managerof ProtecvoltLtda. in Bogota,Colombia

A RepresentdMeinberg inLatin Americasince2002




Time Synchronization Applications in Electrical Systems

Nuclear Power Plant

Factories ThermaJPower Plant

Hydraulic
Power generation

Smart Houses .

Cities and Offices

Electric Vehicle Wind Power Plant



Applicable Time Synchronization Standards in Power Systems

A IRIG Standard 2004
Inter-Range Instrumentation Group (IRIG)

A IEEE C37.118011 former IEEE 1344.995)
Standardfor Synchrophasordor Power Systems

A IEC 61850
Communicationnetworks and systemsfor power utility automation

A |IEC 6185®:2013 (SNTP)
CommunicationRequirementsfor Functionsand Device Models

A IEEE 1582019 V. 2.BIEC 61588 (PTP)
Standardfor a PrecisionClockSynchronizationProtocol for NetworkedMeasurementand Control Systems

Power Profiles under IEEE 1588

A |IEEE C37.238017 (original POWER PROFt0E 2011)
Standard Profilefor Useof IEEE 1588 Precision Time Protocol in Power Systgmplications

A IEC/IEEE 6185®3:2016 (Power Utility Profilegr PUP



Applicable Time Synchronization Standards in Power Systems

A |IEC 6243%:2016
Industrial communication networks - High availability automation networks - Part 3:
ParallelRedundancyProtocol PRPB and High-availability SeamlesfRedundancy(HSR

A Annex A:
Clockssynchronizationoverredundantpathsin IEC 62433
ThisgeneralPRPoperating mode doesnot apply to PTPframes, sincethe delay sufferedby a frameis not the same
in the two LANsand someframesare modified in the TCs lpridges) while transiting through the LAN. A DANé#bes
not receivethe same PTHnessagerom both ports evenwhenthe sourceisthe same.

@ All of thesestandardsare being usedin new PowerStations, Substations Scadas



Time Synchronization Applications in Electrical Systems: What needs to be synchronized?

Grid Control Level

Station Level

Bay Level

Process Level




PTP for Power Utilities




Presenter: Werner Abt

A Computer Science Engineer, Universifapplied Sciences Ravensburg
Germany

A Specializedn PTPsynchronization
A Workedfor IXXAT/HMS in Ravensburg
A Membership inspecificationgroups(PTP / TSN)

A WorkedasProduct Managerfor Synchronizationproducts and Smartgrid
Productinitiative for HMS in Ravensburg

A Senior SW Enginedor Meinberg

werner.abt@meinberg.de



mailto:werner.abt@meinberg.de

Relevant Specifications / Power Utilities

A 1EC 61850Jmbrellaspecification

A Timesynchronization
IEEE 1582008 (IEEE 1588)19) Precision Time

Protocol

A IEEE 1582008is completed by IEC 6185®-3:
Utility profile for PTP

A 1EC 61858pecifieslEC 62433 for Redundancy

A 624393 chapter4:
ParallelRedundancyProtocol (PRP)

A 624393 chapter5:
High-availability SeemlesfRedundancy(HSR)




Example: Substation Automation

PTP DAN SAN
grandmaster
L 06)
LAN A
PRPnetwork (station bus) LANB

Redbox Redbox .

HSR
network

HSR
network

HSR
network

o =y
Redbox
(processbus)

-

(processbus) (processbus)
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Substation Bay 1 Substation Bay 2 Substation Bay N




Basic Operation Principle PRP / Parallel Redundancy Protocol




Basic Operation Principle PTP / Utility profile
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Messageypes
T, A Sync
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A Peer Delay Request
A Peer Delay Response
T, A Peer Delay Response Folldvp

Offsetcomputation

0 YYO'Y Y

LYY Y Y Y
VLOQ
0 "QQi DOYYOUL OQua

~rrrrrrrrrrerrrrrrrrrrrrrrr T T T T T T T T T T T TT T

9 f

<
<




Problems Combining PTP and PRP Principles
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PTP over PRP - The Solution

A PTPisNOTreplicated

A Every PRPath hasits own
masterclock

A Themasterclockscanbe one
entity with two ports or two
entities with 1 port each

A Theslaveclocksare modeled
as2-port ordinary clockswith
extensions

A a)state PASSIVE_SLAVE

A b) ports operate
independently

A c)oneportisin SLAVEtate
and otherin
PASSIVE SLAVE

A d) switchoververyfast

Switch

DAN

Switch

DAN




IMS LANTIME Products microSync Products

(MEMNBERG) microsyne™ - - .
oo ®6 606
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TIENBERG ¢ i

www.mbg.link/ims www.mbg.link/microsync




IMS LANTIME Product Family




IMS - Intelligent Modular Synchronization

Concept

A Combininga universalSyncCorewith
application-specificinput and output interfaces

A Allowsfield upgradesand replacementswith
hot-swappingand hot-pluggingsupport

A Almostno hardwaredependenciesallow
uncounted combinationsof interfacesand
modules

A Standardizedform factors and backplane
interfacesallow swappingmodulesand
componentsbetweenall membersof
the IMSfamily

A Veryefficient sparepart managementand
unmatchedscalability and future-proofnesswith
zeroor minimum costsfor the end user




Chassis and Backplane
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The Chassimcluding the (mostly passive) backplaneavailable
in multiple rack-mount and rail-mount form factors, with or
without displaysand active or passivecooling concepts
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A IMS LANTIMEB®Q0:

RaitMount : ] |
E“;—--- (f IMS LANTIME M1000 - Front & Rear View
A IMS LANTIMED@0Q sl I S
19ARackMount, 1U % oo o g
A IMS LANTIME3@00Q
19ARackMount, 3U

IMS LANTIME M3000 - Front & Rear View
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Power Supplies

Dependingon the model up to four areavailable
for high powerrequirementsand optional redundant
configurations. It is possibleto usethe available power slots
with any combination of ACand DC poweisupplies

N

TENBERG LANTIME M3000 JITTE intelligent Modular Synchronization

IMS LANTIME M500 - Bottom View _

IMS LANTIME M1000 - Rear View

ESI2 101 102 103 104 105 106

IMS LANTIME M3000 - Rear View PWR1 PWR2 PWR3 PWR4 MRI2 ESH




Reference Clock Module(s)

Thereferenceclockmodule providesstandard backplane
signalslike 1IPPS10MHzand a serialtime string and
includesthe main oscillator.

Onemodule needsto beinstalled. The M000and M3000
offer the possibility for redundant configurations,

N

IMS LANTIME M500 - Bottom View T a

IMS LANTIME M1000 - Rear View

TIENBERG LANTIME M3000

IMS LANTIME M3000 - Rear View PWR1 PWR2 PWR3 MRI2 ESH ESI2 101 102 103 104 105 106




Central Processing Unit

TheCPUmodule operatesasthe main chassiscontroller and
providesthe web-basedstatus and configurationinterfaceas
well asthe synchronizationof NTPand SNTPcompatible
clientsonits network interfaces

IMS LANTIME M500 - Bottom View m —

IMS LANTIME M1000 - Rear View

TIENBERG LANTIME M3000

IMS LANTIME M3000 - Rear View PWR1 PWR2 PWR3 PWR4 MRI2 ESI ESI2 101 102 103 104 105 106




Multi Reference Input

If an application requiresto useexternalsynchronization
sourcesinstead of GNSSignals anMRIcard enablesthe
installed clock module to synchronizeto 1PPS10MHz, DCLS
and AM timecodes(IRIG B, AFNOR, |IHB&4or C37.119.

- ' '

TNEINBERG LANTIME M3000

IMS LANTIME M500 - Bottom View & ——

IMS LANTIME M1000 - Rear View

MRI2 ESH ESI2 101 102 103 104 105 106

IMS LANTIME M3000 - Rear View R R




External Synchronization Input

AnESicardis capableof adding additional synchronization
sourcesto an IMSsystem It acceptsEl and T1 sources both
asa Bitstream (2.048MBit/s / 1.544Mbit/s, supporting SSM /
BOC)r Frequency(2.048MHz /1.544MHz).

IMS LANTIME M500 - Bottom View

N

TIEINBERG LANTIME M3000

IMS LANTIME M3000 - Rear View PWR1 ~ PWR2  PWR3  PWR4 MR MRI2 =] ESI2

IMS LANTIME M1000 - Rear View

101 102 103 104 105



Input/Output Modules

Avariety of Input and Output Modulesfor all types of
synchronizationtasks: Electricaland optical pulses
frequencies time codesand serialtime messagesaswell as
additional network interfacesfor network synchronization
(IEEEL588/ PTP, NTPSynchronousEthernet).

IMS LANTIME M500 - Bottom View O ——

IMS LANTIME M1000 - Rear View

TENNBERG LANTIME M3000 #ITEF intelligent Modular Synchronization

IMS LANTIME M3000 - Rear View PWR1 PWR2 PWR3 PWR4 MRI2  ESH ESI2




Available Reference Clock Modules

A GP38035 Meinberg GPS Receiveith multiple layersof
built-in GP&ignalconsistencyand integrity checks

and BeiDou(up tp three canbe usedin parallel)

A GNM5 GNSS MULTIBANB2isedTime Synchronizationprovides:
A Multi GPS 1/L2/L3
A GLONASS1BG2/G3
A BeiDouB1/B2
A Galileo B/E5a+b plus EBandcorrection servicecoverageand is
especiallydesignedfor precisionmultifrequency positioning

A GNSUC3 GPS/GaliledasedTime Synchronizationfor stationary and
mobile application usingMeinbergAntennaConverter

A PZA805 DCH7LongwaveRadio Signal Receiveanbe usedfor accuracy
requirementswhereno radio signalreferenceis required

A TCRL803 IRIGTimecodeReceiverfor DCLSand AMTimecodesignals




The Management CPU

CPU @msoz :

RTNA

A Providing €oftware) NTPservices
A Operatingthe interfaces(WebbasedGraphicalUland commandline

interfacey
A Runningmanagementprotocols (SNMP, v2c, \B)

CONSOLE
38400/8N!

A Monitoring allsystemhardwareparts
(e.g. powersupplies network interfaces modules, radio receiversetc.)

A Sendingalarmsand notifications (SNMP trapseMail, Syslogy )

A Managingsoftware upgradesfor all components(firmware updatesetc.)




The Management CPU

A 1x GbE(R}5) +1x SFP Slot (Combo)

A Supportsup to 40x 10/100' 100ase T/SFPinterfacesand up to 99virtual
IPaddressesand VLANs (multiple VLAN®d IP addresscanbe assignedto
eachphysicalinterface)

A ThreeACLs (Super User, Admin Used Info User), multipleaccountsper
ACLpossible

A Alternative: remote fcentral userauthentication via TACACSand/or
RADIUS

A Basedon low power optimized CPUboard with custom Linux-OSbased
software platform

A Lotsof Enterprise graddeatureslike HighAvailability Bonding, LACP,
VLANS, LLDP, SNNMgrawth and priv support, full IP\vA/IPv6 dual stack
capabilities

A Usingindustry standard basedcybersecurityrelated componentslike
OpenSSland OpenSSHsecurity patchesand frequent updatesare
available)

CONSOLE
38L00/8N1




Input References

A Integratedreceiverson the clock module allow to usehighly accuracteGNSSignalsasa syncreference

or
longwaveradio signalslike DCF7 or wired signalslike IRIGB

A MRIcardsexpanda clock module with specificphysicalinterfaces i.e.electrical (BNCor
optical (FST) PP$put interfaces

A ESlcardscan convertnot directly supportedinput signalsinto aformat that is understood by the
clock module

A HPSL00cardscanbe usedasinput cards, too (PTP / NTP $yncH

A Priorizationof input referencesis fully customizableby configuration, incoming signalscanbe
declaredtime-of-day, phaseand/or frequencysources



Output Signals

Awide rangeof available output modulesallowsto setup an IMSsystemto provide any combination of syncsignal output interfaces
Differentphysicalconnectorsare available(BNC, R45, DSUB, ST, ...).

A Electricaland Optical PulsesiPPS, PPM, PPH ..)

A Frequencie10MHz,2.048MHz,1.544MHz, ...)

A SerialTimestringsvia R2320r RS122in variousformats (NMEA, ...)

A AudioClockSignals Wordclock 48kHz,24MHz, DARS ...)

A VideoClockSignals GenlocBlackburst Tri-LevelSyng LITC, ...)

A TelecomSyncSignals (B/2.048VBit/Swith SSMsupport, TL with BOCsupport)

A TimecodeSignals (IRI&\ IRIGB, AFNOR, NASS, ...),
both DCLSnd AMelectrical type and alsoavailableasoptical outputs



IMS HPS100 Module

A PTP, HardwareNTPand SynchronousEthernet SyncH

A Canbe usedasan Autputasignal(i.e. NTP Server, PTP Grandmaster
Clock SyncEMaster)or anputa(PTP SlaveSyncEClient)

A SwitchingbetweenMasterand Slaverole in ZAutodmode
(=standard OCbehavior)

A 3U Chassis (IMS LANTIMBOWI): Upto ten HPSLOOModules
1U Chassis (IMS LANTIMEORO: Upto four HPSLOOModules

A Two SMAconnectors indepently configurableto output
1PPS10MHzor 2048kHz

A Combo Network Interface100100hase OR SFP Slfutr
100Mase-Xoptical link

A Full Supportfor MeinbergNetSyncMonitor functionality,
both asMonitoring Nodeor asmonitored PTPnode
in both masterand slaveport states
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IMS HPS100 Module = NTP & SyncE -

A NTP : 06"
A 1PV and IPv6 .
A Hardwaretimestampsin outgoing packets3 8ns accuracy

A High Performancavith integrated NTP HardwardResponder
A Upto 40k NTPreg/s (with full hardwaretimestamping accuracy)

" IN8/00ZSLL
310SNOD

A SyncBEMasterand Slavecapabilitiesaccordingto

ITUT G8261,

G8262and G8264
with full ESMGupport, independentfrom PTP/NTHnode of operation




IMS HPS100 Module — PTP Features

A Supportsalmost any PTPprofile/mode of operation:
A Layer2 (Ethernet), LayeB (IP\, IP\6)
A 1-step and 2-step
A Multicast, Unicast, Hybrid Mode
A Endto-Endand Peerto-Peer DelayMechanisms

A Best in Class Profile Support:

A Default Profile:
IEEEL588/2/ PTP\2 and IEEEL588/1/ PTPW

A PowerIndustry Profiles
IEC618509-3, IEEE 87.2382011, IEEE 87.2382017

A Industry Profiles

ITUT G8265.1Frequency ITUT G8275.1Phase/Time,

ITUT G8275.2Phase/Time

A Broadcastindustry:
SMPTE SZ0592, AES7 Media Profile
AVB/TSN: IEED2.1AS

A High Performancewith integrated Packet Generator

and Delay RequesResponder

A Upto 2,048UnicastSlavesor ~25k DelayReqs PER PORT

'
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IMS HPS100 Module - Performance Level Options

Performance Unlcast Delay Req./s in
Multicast/Hybrid Mode | TP Rea/s | PTPVT | PTP Monitoring

1024 1600
PL-B 256 32768 51200 No No
PL-C 512 65536 102400 Yes No
PL-D 1024 131072 204800 Yes Yes

PL-E 2048 262144 409600 Yes Yes



SyncMon

A

A

Monitoring of NTPservergclients,
PTPmasterdslavegBCsand PPSsignals

dReverse PTRtechnology, allows utilization of full
accuracyof hardwaretimestampingunits 8 measuresthe
accuracyinsteadof relyingon self-reported states

Monitoring alsopossiblevia standard
PTP Management Messages

NTP Monitoringsupportedvia Management CPletwork
interfaces

PTP MonitoringequiresHP3.00in Monitoring Mode
(minimum PLoption 38DA)

PPS MonitoringequiresESI Inputmodulesor PIO
PPSALOMHzmeasurementcards

WarningAlarmthresholdsand state changealarms
configurableper monitored node

Full featured extensivevisualizationand
reporting tools availablevia Web GUI




microSync Product Family




microSyncHR

A Powerful IEEBL588PTP Time Server

A High Performance (S)NTP Server

A Half-Rack 9.53) Solutionfor a SpaceEfficientDesign

A Different Oscillator Optionsfor AdvancedHoldoverPerformance
A Meinberg Device Managésr Configurationand Status Monitoring
A ThreeyearManufacturets Warranty

A Unlimited Technical Supportincluding Firmware Updates

IENBERG) microSyncH




microSyncRX

A Powerful IEEBL588PTP Time Server

A High Performance (S)NTP Server

A 19inch rackmount casedesign

A DifferentOscillator Optionsfor AdvancedHoldoverPerformance

A Redundant PoweSupplies(optional)

A Meinberg Device Managéor Configurationand Status Monitoring

A OLED Displawith RotaryKnobfor Network Settingsand Navigationthrough Display Menu (optional)
A ThreeyearManufacturets Warranty

A Unlimited Technical Supporincluding Firmware Updates




Connectors (microSyncHR & microSyncRX)
(1] (2
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1. COMO Timestring 6. USB Host
RS232(9pin DSUB, male) USB Connector Management CRALSB Type A)
2. LAN Network Interfaces 7. Status Indicators PB-PP8
Gigabit Ethernet GbB, 10/100' 1000Mbit (SFP) _
LAND, 1: 8. DMC XTerminal Connector
Management / NTP Programmable OutputyDMCI6pin, male)
ig&lg%_mombit’ R3AS0r 100X 9. ProgrammablePulse Outputs3 FiberOptic

ProgrammablePulses, FibeOptic,
Multi Mode,820nm, (S7)

10. Status Indicators PP- PP

: 11. DMC XTerminal Connector
4. StatusindicatorsREC Power Supply@nly microSyncHR)
5. USB Terminal Programmable Outputs Optocoupler

USBto-serial console (MicroUSB Type B) (DMCI6pin, male)

Management/ NTP
10/100'100QMbit, RA50r 100GFX, PTP

3. StatusindicatorsCPU



Connectors (microSyncHR & microSyncRX)

O © ©

TC AM Out PP 100t PP2Out

s-,-nt‘q out

o 6 o6 0

10 MHz In PPS in 10 MHz sine Out W) MHz Out

FrequencySynthesizer Output
UnbalancedSinusoidalSignal(BNC female)

Time Code AMModulated) Output
UnbalancedSine Wave SigndBNC female)

2x ProgrammablePulses,Outputs
ProgrammablePulses, TTBNC female)

10MHz Input
10MHzSinusoidalSignal / TTIBNC female)

PPS Input
Pulse per Second, TTIBNC female)

10MHz sine Output
10MHZzSinusoidalSignal(BNC female)

10MHz Output
10MHz, TTIKBNC female)



Connectors (microSyncHR & microSyncRX)

O © ©

1. 10MHz Input

| | |
@ @ @ @ 10MHzSinusoidalSignal / TTI{BNC female)
.. .. .. .. 2. PPS Input

Pulse per Second, TTIBNC female)

3. 2xProgrammablePulses,Outputs
ProgrammablePulses, TTBNC female)



Configuration Options (microSyncHR & microSyncRX)

RECEIVER TYPE SIGNAL TYPE SUPPLY VOLTAGE CONNECTION TYPE
GNS: L1 MUHGNSS (GPS, GLONASS, GaHle)oy, 72Channel L1/E1/B1 band 5V DC SMA
GPS: Meinberg GPS,-Channel IF (MeinbergAntenng) 15V DC BNC
GNSUC: Meinberg MUKGNSS (GPS, Galileo) IF (MeinbergAntenna 15V DC BNC
SMA Connector fdrl MulttGNSS Receiver

Arienra
GHES | IF 15 W s==

BNC Connectdor Meinberg GP8r Meinberg GN&CAntenna



Configuration Options (microSyncHR & microSyncRX)

Type Holdover Performance (1 day) Holdover Performance (1 year)
OCX0 SQ +220 us +4.7s
OCXO MQ +65 us +1.6s
OCXO HQ +22 us + 788 ms
OCXO DHQ +4.5us + 158 ms
System Type Nominal Voltage Range Maximum Voltage Range Maximum Power Consumption
microSync'R DC 24548 V DC 20860 V DC 30 W
microSyncx AD 1008240 V AC, 360 Hz / 108200 V DC 9058265 V AC, 463 Hz /96250 V DC 50 W
DC 24548 V DC 20560 V DC 50 W




Configuration Options (microSyncRX)

Type Functions Status Display
OLED System Administration A Time and Date Network: show/EER
IP Address, Netmask, Gateway and DHCP A Status of Synchronization Source: Status: Receiver
OK, SYNC, ASYNC i
A Firmware Version Syste
A Model and Serial Number '




Software Specifications (microSyncHR & microSyncRX)

NETWORK PROTOCOLS |IEEE 1588 PROFILES

A 1PW, IP\6 A |EEE 1588v2 Default Profile

A NTP3, NTP¢ A |EEE C37.238011 Power Profile

A PTP2 A |EEE C37.238017 Power Profile

A 1EC624393 (PRP) A 1EC/IEEE 6185®3 Power Utility Profile
A DHCP, DHC®Bv A Enterprise Profile

A DSCP A ITUT G.8265.1, ITD G.8275.1, ITD G.8275.2 Telecom Profiles
A 1EEBB02.19 VLANiltering/tagging A SMPTE ST 2059Broadcast Profile

A 1EEBB02.Jp QOS A 1EEE 802.1AS TSN/AVB Profile

A SNMPW/v2/v3 A AES67 Media Profile

A Remote Syslog Support (UDP) A DOCSIS 3.1




Software Specifications (microSyncHR & microSyncRX)

A Meinberg Device Manager:
A GraphicalDesktopApplication for Linuxand Windows
A Allows Configurationand Statusmonitoring for multiple devicessimultaneously
A Secure remoteconnectionvia encryptedsshchannel
A Allowsfirmware upgrades

A Visualrepresentationof the connectorlayout with direct accesgo the
configuration functions

A User Management:
A Create individualusers(admin, info, status level)
A Allow accesso different managementprotocols
(Device Manager, Shalf SNMP)
A Firmware Management:
A Allowsmultiple firmware versionsinstalled on the device
A Allowsupgradeof internal componentslike GPSeceiver



