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1 Introduction

The TCG OE Time Code Generator produces precision time code signals, serial strings and pulses for use in
synchronizing industrial control and SCADA equipment. The clock is ideallytsuiteviding time synchronization
simultaneously to many different devices, such as Phasor Measurement Units (PMUs), Protection Relays, Remote
Telemetry Units (RTUs) and other Intelligent Electronic Devices (IEDs) used in electratatiend and indusial

control installations.

The TCGO02-E features one amplitude modulated IRBGoutput, four amplitude modulated unmodulated IRIGB
outputs, three programmable outputs and a serial port which is waserfigurable to output serial strings and report
event data. Factory options include a choice of output connectors: B, @lug, or ST Fiber. Non fiber outputs that
can be ordered are TTL, RS422/485, or high voltage switching.

All TCG OE units feature a front panel displagde igure 1) giving visudeedback about the time data being
ISYSNIYGSR 2y (GKS 2dziLlziad [ 95 AYRAOIFIG2NA LINRJARS al i

Figurel ¢ TCG 0z chassis and front panel

The optimized receivef antenna system used by TC@DDbtains time with neaatomic cbck precision from the
GPS satellite constellation. The result is output timing accuracy similar to that normally seen only in laboratory
instruments.

However, unlike laboratory instruments, TC@D2s suited for hostile electromagnetic environments sustsab
stations and electrical switchyards. Each output of the TE&2isolated from every other output, so that attached
wiring can feed out to operating areas in different earth potential zones without compromising the overall site
earthing security. &ther isolation protects the internal electronics, and transient suppression devices protect 1/0
from both longitudinal and transverse high voltage events.

The TCGOE features a 100Mb Ethernet port that through which all of the units operating optiemsa@nfigured.
Firmware license options include a stratum 1 NTP server and IEEE1588 V2 functionality. When the IEEE 1588 (PTP V2
option is enabled, the unit can operate as a PTP Grand Master, an ordinary PTP clock, eDallaleck.

Automatic IRIEB dave functionality allows the TCG&o accept two DCLS IFBGignals for synchronizing purposes.
Sync source selection is entirely automatic.

The TCGOE is supplied complete with all hardware and software required for installation, including corsector
network cables, antenna cable, and antenna.
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2  Front Panel

TCG 02-€

GPS Clock

Figure 2¢ TCGOZE front panel

TCGOZE features two LED indicators on the front parggd igure 2), together with a-Bine by 16character backlit
LCD display.

LCD DISPLAYhe display unitipdates every second, and by default displays local time and date, together with the
offset of the local time from UTC. It also provides more information on the GPS receiver operation. A recessed push
button located on the front panel between the two imditor LEDs is used to switch between display pages.

GPS LEThis LED shows the status of acdming GPS signal. Refer2t@ for further details.
IRG LEDrhis LED shows the status of an incominG-BRlime code signal. Refer to Zd& further details

2.1 LCD Display

On initial powerup, the LCD display shows a copyright message, along with the serial number and revision level of
the unit See figure 3p Approximately 10 seconds after powap, the display changes automatically to indicate that

it is waiting for satellites (See figureby Once one or more satellites have been discovered, it transitions to the
operating default display,See figure3c, 3d and 3e) show alternative time displays that the user can access by
pushing the recessed button ondtiront panel between the LED indicators. Successive bydtmes can be used to

cycle through all the display screens in turn. The screen display examples below all show the same instant in time.

TCG OE Ver. FO.X WAITING FOR SATS
© 2011 Sn18748 GPS RX STAT: 00A
3ag Start up (Clock 1D) 3b ¢ Waiting for satellites
UTC+1200 17MAR10| LST: TUE 17MAR10
076 11:16:53  87A 076 11:16:53  87A
3c ¢ Operatingdefault 3d¢ Local time

UTC: MON 16MAR10

075 23:16:53  87A

3ec¢ UTC Time

Figure 3¢ LCD display screens

!¢/ ¢ RSy2:G8a ! yAOBSNAEIE ¢AYS /22NRAYFGSR O0F LIINREAYI GS

Ot 201 Qa OdzNNBy (i TC(durd & minkitdsh togetheF &ith ibcalHMNE Whe Ipcal timeadgpar and
time-of-day are on the bottom line.
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Screen 3c shows that the clock is operating with a local time offset of 12 hours ahead of UTC. The local date is 17th
March 2010, and the tal time is 11:16:53 in the morning.

Screen 3d shows the same time and date, but also indicates that the time displayed is Local Standard Time, and that
GKS RIFI®& Aa ¢dzSaRlI&d a[{¢é¢ RSy20GSa [20Ff {llsgréehdR ¢ AY
OKIFy3aSa (2 a[5¢é>x RSy2GAy3a [20Ff 5F@8ftA3IKEG ¢AYSOD

Screen 3shows the UTC time and date which is 11:16:53 on the evening of Monday 17th March 2010.

The display screens in Figure 3b,3d and3e, each show a thregharacter status field at the imm right-hand side

of the display $ee figuret). This threecharacter field provides feedback on the parameters that affect the operation
of the GPS receiver.

LST: TUE 17MAR10
076 11:16:53  87A

AAA

Satellites in sky
Satellites tracked
Receiver status

Figure 4¢ Satellite tracking stéus

Character Values Description

Represents the total number of satellites currently present in the sky according tg
N Dt { FEYlFIylFIO® ané¢ Ay (&haslodtlss&riowlgdge biaBry
satelitesin) G A% [-8 |31 (St {AGSaQ 2NDAG 382YSUNASA® CKAa 2

y ' period, or if the GPS receiver has been reset. It may take up to two hours for the

TCGOZ to operate normally again.

This digit represents the number of satellites currently being used to compute the
Satellites GRET-B |[Aa2f dziA2yd ! ané @l tdzS YSItya GKIFEG y2
tracked GL-E=10-14[02YyRAGA2Yy0® LT (GKA& O2yRAGA 2 e clakMill A 3
AYRAOIFGS GKS a2dzi 2F aeyoO0¢é O2yRAGAZ2Y

al ¢ TCGOZE in Acquisition modeattempting to get satellite fixes.
Gt 22NJ al 0StfAGS 3S2YSGNREY { I GStHeskt G S

abe accuracy cannot be obtained, but the unit will still sync to UTC.
A 2D position is in use (no height). This may occur before Position Hold mode ha
aHE . . S .
Receiver reached if only 3 satellites are tracke8ynchronizatiolis not compromised.
status 4o é A 3D msition is in use, which includes height. A site survey begins next, so this m
rarely seen.
. Site Survey in progress. TC&DB calculating an accurate position; once complete
a{ ¢ . i
mode will change to Position hold.
qre |at2ai 0 A 2 y onfskriowréadcurately dahdite GPS is providing its most

accurate time, typically better than 40 ns to UTC.

—
_H
(et
A
w
O

f201 Aa OGAYy3 +a | tet atr@S atceteée gAft o
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2.2 LB Indicator

TheGPS LEBhows the status of the GPS reariwvhile thelRG LEBhows the status of the time synchronization to
UTC reference time derived from the IRBGnput time signal (if the option is selected) (5.7.3). Each of the two LED
Indicators has five different operating modes representing five iptesstates of the incoming signal. These states are
defined as follows:

State Definition

No Monitor: The clock is not actively monitoring this input.
The clock cannot detect any input signal from this source. The most common cause is ihauth
No Signal: cabling is faulty (e.g. disconnected or shorted in the case of the GPS antenna, avicedss the
case of the IRKB signal).

Seeking Lock: | A signal is present, and the clock is still gathering data from it.

The incoming signal hagen fully decoded and is immediately ready to act as the source of U]
time to sync the clock if needed.
The incoming signal is actively being used as the source of time to maintain the clock in syng
UTC.

Locked In:

Signal In Use:

The states are shown on thé=D indicators by varying the flashing cadence as follows:

Signal State Second(n) Second (n+1) Signal Description
No Monitor LED off always
No Signal _ | Continuous fast flash (5 flashes per sec)

Seeking Lock Two flashes, repeating (2 flashes per sec)

Single long flash, repeating

Locked In (1 flash per sec)

Signal In Use LED on always
 PTPShwEnbled
Not Synced _ _ _ L _ Short flashes

Synced Long flashes
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3 Back Panel

Examples b TCGOZE back panels are show®ee figure 56, 7, and § Their appearance may vary, as different
connector types can be fitted at the factory to syitur requirements.

@@@@@@@

W Moo aobc M

Figure8 ¢ Rear panel of TCGERwith expansion module3

3.1 P1A/B: Power Iput

Power is applied to the unit vieRlAand P1B The TCGGE can be ordered with IEZ20
power connectors (shown to the left) for dii voltage AC supplies, or 508 2pin
connectors for low, medium or high voltage DC supplies. Despite the markings treP1

; polarity of the power connectors is not important. Maximum steady state power
consumptlon is 12W and surge protection is provided.

The unit and case are fully isolated from the power supply inputs so that positive earth, negative earth or g floatin
supply can be used. If either of the power supplies fails the clock will remain operational provided that each power
supply is supplied from a different source.

The input voltage range is marked above BieA/Bconnectors. Refer teection6.1 for a lis of orderable ranges.

L_!J Check the label on the unit base for power supply voltage ratings
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3.2 Ant: Antenna Connector (SMA Connector)

¢KS alyidé yaSyyl AyLdzi LINRGARSE | ¢ 2A8yai SONRFEO\S £ F 20N
impedance. 5V D@ 50mA max is supplied to power an active antenna. The total combined gain of the
antenna system (antenna plus cable and connectors) should fall in the range of 10 to 35dB, the optimum
being 22dB.

TCGOZ is normally supplied complete with a timiagtimized narrowband antenna and 30m of lead cable, this
combination provides an overall gain near the optimum of 22dB |daukin lengths longer than 68, amplification
and/or larger diameter, lower loss cable can be supplied to order.

3.2.1 Antenna Cable Consatations

25|(lb
| |

] 1
Optimum loss range|

| Maximum loss rangﬂ
CNTF400¢ 16.73 dB/100 m. Plus 1 dB/connector
Approx. Optimum Length Range: 34 to 79 meters
Approx. Maximum Length Range: 23 to 129 meters

CNTF240¢ 32.8 dB/100 m. Plus 1 dB/connector
Approx.Optimum Length Range: 18 to 42 meters
Approx.Maximum Length Range: 12 to 70 meters

Note: Figures are based on an average GPS signal strendiB0aflBm at sea level
~ Care should be taken to ensure that the connector is not crfs®aded when attaching the antenna lead
@=3 in cable. The connector should kigghtened firmly by hand only. Do not over tighten

A lightning protection device may be inserted into the antenna lead. A suitable device complete with additional cable
connectors, a connector crimping tool, and mounting hardware is available as an d@em section 6.4).
Introduction of the lightning protector does not degrade the performance of the antenna system.

3.3 P2, P3: Programmable Outputs-(n [3.81 mm] / BNC or ST Fiber)
3.3.1Electrical and Physical Configuration
Each output port may be fitted at thactory according to the following:

Electrical Electrical Specification Physica
CMOS/TTL (5 V) logic level driver output ports, 150 mA sink and source. The port is fully| 2-pin

T and has independent electrical isolation to 2.5 kV. or BNC
High Speed RS422/485 {%/V) output ports. The port fslly floating and has independent .

RS42 o : 2-pin
electrical isolation to 2.5 kV.

HY Power MOSFET Switch, allowing switching of 300 VA, 1 A max. The porflisdiifig and had

MOSEET independent electrical isolation to 2.5 kV. Refer to Section 6.2 for suggested wiring 2-pin

configurations for use with Power MOSFET switching.

ST fiber transmitters, compatible With 8TS NY A Y § SR cH ®p>Y TFcked S
Fiber diameter multimode fiber optic cabling. The maximum length of fiber recommended is 79 ST Fibe]
O<l'yuHn yYo
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Examples of the three connector types :( Fighite 11).

+ 0

+ 0
~‘
-

Ef3

olpA
P3

Figure9 ¢ 2-pin connector Figurel0¢ BNC connector Figurell ¢ Fiber connector
3.3.2P2, P3 Programmable Output Options

The user may configure P2 and P3 to output in either inverted oimagrted polarity:

U A configurable number of pulses per second, minute, hour, day with adjustablepigigeand offset.
U0 IRIGB ard DCF7 time codes.

Note: See section 5.8 for further information.
3.4 P4: RS232 Serial Port and Programmable Output (DB9 Connector)

TCG 0 is normally shipped asDCE configuration, so thiea ( N& A MR ¢ -to{Sackaf 9ay
PRel data cable can be usem connect directly to a standard PC serial port. The CTS and DSR lines are
b permanently asserted. As the serial outputs are usyakgisely timed messages, there is no provision
TQRS:EZ for either hardware or software flow control.

! . Do not overtighten the secuing screws of the connectors

The following signals are present on P4 (DCE configuration only):

Pin 1: RS232 levebB¥ to +9V) programmable output.

Pin 2: RS232 level serial string.

Pin 5: RS232 signal ground.

Pin 4 & Pin 6: RS422 lev@\( to +5V) diffeential programmable output.
Pin 8 & Pin 9: RS422 level serial string.

i e B e et R et}

The RS232 signal lines are not-istMated from each other, but the port as a whole is isolated to a level of 2.5 kV
from all other ports.

3.4.1 P4 Serial Strings

The serial port can be cogfired to output any one of a number of different serial time messages on a broadcast
basis. The serial port runs at a user configurable data rate between 1200 and 38400 bps (available rates are 1200,
2400, 4800, 9600, 19200 and 38400). Message formatsaiypioperate at 9600 baud;t@t with no parity, no flow

control and 1 stop bit. Most messages are transmitted once per second.

A wide range of message strings and protocols can be augigpon this port including:
U NGTS protocol (transmits once per minute)

IRIG 17

Six preset messages, String/Tekrorg& for compatibility with most IED.

NMEA ZDA and RMC messages

GPS Binary/Messages, these are subject to change without notice.

[l et il e ]

See Appendix Br details on each of the message string formats.

A common appliation for the programmable output on Rgin 1 (RS232 level) is to provide an independent drive to

an RS23Fiber converter unit for use in transporting the code signals to a distant location. (Tekron manufactures a
range of interface devices (MOFRs) thatdf dzZRS & dzOK O2y @SNISNER PO Ly &adzOK Ol &
normal Sway cable optionally used to connect to an external PCused in conjunction with pin 5 signal return
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3.4.2P4pin 1 Programmable Output

The user may configure the ¥ Lloutput to operate with inverted or nofinverted polarity as well as:
U A userconfigurable number of pulses per second, minute, hour, day with adjustable-pid¢le and offset.
U IRIGB and DCK7 time codes.

Note: See section 5.8.1 for further information.

~ P4pin 1 is not available on TCG@s with DTE serial ports. If not specified, TC&@ill ship with a DCE
@@= serial port.

3.5 Earth Stud (M4 Nut)

Two M4 bolts (to chassis) are provided for earthing of cable shields. There is one located to the left of
Y P7 andone located on top of P1 and P2

3.6 P5: AM IRI& Output (BNC Connector)

} Use either coaxial cable or shielded twisted pair, to feed signal from P5 to any connected IED. When using
AM

9y shieldedtwisted pair, connect the shield to ground.

P5 provides amplitude modulated IRB3B12x) over a BNC connector.

P5
The mark/space amplitude modulation ratio is 10:3, and pageak output level is 8 V (max), 120impedance.
The output is fully floating, and is transformisplated to a minimum of 2.5 kV.

This output is not programmable for other types of signal, arkdHzcarrier is present whenever the unit is powered.
The particular IRKB data content is as spified by the configuration program.

/1. Most devices with amplitudemodulated IRIG. G AYS aéy O AyLidzia KI @S +y AyLid
@25 YR HA 1 KZ YR Yl Eth-feakMevel df 6 2 @r 5od Th&SP5 laiffputlon TCEIR designed

to drive many of these devices all in parallel, with a terminating resistor (typically 00¢ n K0 FAGAGSR I
of the coax line feeding all of the attached loads. In this way P5 can drive at least 20, and typically 30 or more
devices without any external amlffication required. The terminating resistor is essential to ensure good noise
immunity and correct voltage levels.

3.7 P6: Alarm Outputs (4in 3.81 mm Connector)

The plugable connector provides two alarm output channels. Wiring size is up to 1.00 menalditm

outputs are type A (nhormaklgpen) dry contact types (implemented using solid state relays). Note: the

G b2 NMIFLISEYEE RS a ONR LI 2niedgized FafeNvokithe (reay. Tihé SonvBrfion used in the
TCGOZE is to have the alarm relays energizéuring normal operation, and eenergized in the alarm
ailrasSe Ly GKS OFrasS 2F Fftf LRoSNI (2 GKS O0t201 o6SAy3a f:
O2y Gl Olvd - KSeVdZEf & YRBIGINBE &Sy (i (K Ss rdsjciveli. Céhtact tatyhgR 200 8,3 | G A
150 mA DC or 150 V, 100mA. AC

P6 Ais a power A fail alarm and P6 B is a Power B fail alarm. Alarm signaling is delayed by 5 seconds. That is, if power
supply A fails, the Power A alarm contact will open 5 seconds late

Note: Type B (Normaliglosed) alarm relays can be fitted by special order if required. In this case, the alarm
conditions are indicated by the contacts being closed.
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3.8 P7: Sync Relay {gin 3.81 mm Connector)

The plugable connector provides two alar output channels. Wiring size is up to 1.00 mm2. The alarm
outputs are type A (normaHlgpen) dry contact types (implemented using solid state relays). Note: the

a b2 NMILIStY&E RS a ONR LIG 2ni¢igined FafeNBithe (reday. Tihé Sonverfion usedhe

TCGOZ is to have the alarm relays energized during normal operation, amhelgized in the alarm
adFiS® Ly GKS OFLasS 2F Fff LIggSNI G2 GKS 0Oft201 oS
a0 GS 02LISy 02 y-Gdyrahold presekt $he pobitive dnd/riRgative terminals respectively. Contact
rating: 200 V, 150 mA DC or 150 V, 100mA AC

P7 Ais a GPS signal receive fail (Antenna fail) alarm. Alarm signaling is delayed by 10 seconds

P7 Bis a synchronization fail alarifihis alarm is triggered if TCGB2s unable to synchronize to any incoming time
source. TCGGOE will synchronize to UTC time derived from GPS if GPS reception is available. In the absence of GPS,
the unit will then attempt to sync to an IREstime sourceeonnected via the P9 and/ or P10 inputs. (P9 takes priority

over P10). If the unit is optioned for PTP operation, it can also sync to time from a distant PTP Master clock.

If all sync is lost, the TCGO2 gAff 2LISNIGS Ay a{eydDy3SR{®Ré FYRKSaFewWd
LI N} YSGSND® !'G (GKS SELANER 2F (GKS a{eyO I2fR (AYSésx ¢k
condition is retained for 5 seconds before being cancelled.

Note: Type B (Normaliglosed) alarm relays canelfitted by special order if required. In this case, the alarm
conditions are indicated by the contacts being closed.

3.9 P8: ECR Ethernet Communication Port (RJ45 Connector)

The Ethernet communication port option (ECP), features an RJ45 connector sugport

P8 ;
L?k - a 100 Mbps Ethernet port (100baseT). A standard (i.e-anossover) drop lead should
e be used to connect the TCGE20 a convenient port on a local network hub or switch.
L

If a direct connection to a PC is required, a crossover drop lead should he used

-
/4]
Located adjacent to the Ethernet port are four LEDs, which convey multiple statuses.

The green link LED indicator lights when a network cable (UTP drop lead) is correctly connected between tie TCG02
RJ45 port and the local network hub/switch or PC.

The Lck indicator illuminates steadily when the TC&DBas a validated source of UTC time and is synchronized to
that source. In most cases, the source will be time from the GPS satellite constellation, but it could also be time from
an externally connectetRIGB source or, if the TCG&unit has been optioned appropriately, time from a distant
PTP master.

The bottom red and yellow LEDs act as power alarms. The red LED is a power alarm for power port A and the yellow
LED, power port B.

3.10 Multiport Hub Expanson Option (Expansion Options 1 and 2)

A TCG OE can be configured with a Multiport Hub Expansion board. Below are the possible port configuration
options for the Multiport Hub Expansion board:

Expansion Option 1 (Physical) \ Expansion Option 2 (Physia
P9 & P10 BNC 2-Pin
Eé P12P13Pl4& BNC or ST Fibre BNC or ST Fibre
P16 Not Present Secondary Ethernet Communication Port (RJj
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3.10.1 P9, P10: Event Recording / IRBSSync Inputs
The two input channels are implemienl using isolated BNC connectors, (2.5 kV min).

P9 and P10 can be used for either:

U Event recording. For a full description, see (5.7.3).

U Synchronization of TCG®to an external IRIB signal. See (5.7.3) for further information
on this feature.

/y. If a Scondary Ethernet Communication Port is fitted to the board the two input channels will be
@=5 implemented using 2in connectors.

3.10.2 P11: Isolated Programmable Output

P11 is an output that shares the same logical signal gsrP%. It can be factory fitted wh either a BNC (5 V
TTL signal with 75 mA sink and source current) or ST fiber connectors (compatible-teitmi8ated 62.5
>Y FTAOSNI RAFYSUGSNE wmumpde fibdr ofidcabling)i RAI YSGSNI Ydzt A

3.10.3 P12¢ P15: Modulated / Unmodulated IRIB Outputs

P15 P14 P13

o/p /p o/p

oC AM AM  DC AM  DC AM
IRIG-8 IRIG-8 IRIG-8 IRIG-8

P12 to P15 outputs can be individually fitted with either a BNC or ST fiber connectors
(compatible with ST SNXYA Yl G§SR cudp >Y FAOSNI RAIYSGSN
mode fiber optic cabling).

o)
oC

If BNC connectors are fitted, each output is independesitiitchable between AM IRIB
(B12x) or DCLS IRB3B00x). The output mode for each port is selected using the dip switch beneath the connector.

AM IRIGB (B12x)8 Vpkpk transformefsk 32t F 6 SR aA 3yl fa ¢A0GK mun K 2dzi Lidzi A

DCLS IRKB (BOOx)5 V TL signals with 25 mA sink and source current, sharing a common ground with all other DCLS
IRIGB outputs.

3.10.4 P16: SEC®Secondary Ethernet Communication Port (RJ45 Connector)

e r—1_[‘ The Secondary Ethernet Communication Port features an RJ45 connector suppoftb@ Mbps
L hese Ethernet port (100baseT). A standard (i.e. fmwossover) drop lead should be used to connect the
1 @ TCGOZ to a convenient port on a local network switch. If a direct connection to a PC is required, a

i e

p10 » crossover drop lead should be used. Therefate LEDs associated with the ECP module:

The greennk LED indicator lights when a network cable (UTP drop lead) is correctly connected between th&TCG02
RJ45 port and the local network hub/switch or PC.

The stl indicator lights when the TC@®2as avalidated source of UTC time and is synchronized to that source. In
most cases, the source will be time from the GPS satellite constellation, but it could also be time from an externally
connected IRIB source or, if the TCG®Runit has been optioned apgpriately, time from a distant PTP master.

The st2 and st3 LEDs have no function in the Secondary Ethernet Port for theB.CG02

_ The Secondary Ethernet Port cannot be used to configure the TE&02ain clock. Only the Ethernet
@s5 communication port (P8) mape used for configuration
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3.11 Telecommunications Expansion (Expansion Option 3)

A TCGOE can be configured with a Telecommunications Expansion board. Below are the possible port configuration
options for the Telecommunications Expansion board:

P9, P10, P11 & P12 BNC or SFiber
P13 & P14 BNC
P15 & P16 RJ48

3.11.1 P9: Isolated Programmable Output

P11 is an output that shares the same logical signal g@rP%. It can be factory fitted with either a BNC (5 V
TTL signal with 75 mA sink and seuaurrent) or ST fiber connectors (compatible witht&inated 62.5
>Y FTAOSNI RAFYSUGSNE wmumpde fibdr ofidcabling)i RAI YSGSNI Ydzt A

3.11.2 P10, P11, P12: Modulated / Unmodulated IRB3Outputs

P11 P10

P10 to P12 outputs can be individually fitted with either a BNC or ST fiber connectors

= \ V‘ . K K _ A ~ A L A
f Q ) 1‘} (o) (compatible with STerminatedc H ®p >Y FAO0OSNJ RAl YSUSNZEmodeHp >Y
o & & g optic cabling.

DA
IRIG-B IRIG-B IRIG-B

If BNC connectors are fitted, each output is independently switchable between AMBIRIG
(B12x) or DCLS IRBG(B0O0x). The output mode for each port is selected using the dighsweneath theBNC
connector

AM IRIGB (B12x)8 Vpkpk transformefsk 32t F 6 SR aA 3yl fa ¢A0GK wmun K 2dzi Lidzi A

DCLS IRKB (BOOx)5 V TTL signals with 25 mA sink and source current, sharing a common ground with all other DCLS
IRIGB outputs.

3.11.3 P13, P14: T1/E1/10M BNQutputs

The frequencies of the two T1/E1/J1 BNC outputs can be independently programmed via the
configuration tool. The mode configuration is common to all T1/E1/10M ports (P13, P14, P15 and P16).
The outputs can be switched between sine and square wan@sswitches just below the BNC
LRIt connectors.

Frequency: 10 MHz or 1.544 MHz when mode is T1/J1. 10 MHz or 2.048 MHz when mode is E1.

Sinewave: m x*wa{ pn K
Square wave:5 V TTL 100 mA sink and source sharing a common ground.

1 P13 and P14 outputs may not be fitted in all configurations.
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3.11.4 P15, P16: T1/E1/J1 RJ48 Outputs

The two T1/E1/10M RJ48 outputs can be independently programmed via the aaifigutool.

The configurable options include, framing format, encoding, waveform shaper, transmitter
impedance matching, high impedance output, all zeros, long haul and SSM. The mode
T1/j1/E1 configuration sets the frequency options on all T1/E1/10M ports (P18, P15 and P16).

123456738

Figure P ¢ Pin detail of P15 and P16 RJ48 connector

The following shows the piout for P15 and P16:

Pinl- RX Ring Pin5- TX Tip +
Pin2- RX Tip + Pin6- NC
Pin3- GND Pin7-NC
Pin4- TX Ring Pin8-NC
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4 |Installation

4.1 Identification

Each TCGER unit is shipped with an identification label on the base. The label provides details of the particular
options fitted to the unit, the power supply requirement, the serial number and firmware revision.

, Check the identification label on th base of the unit to ensure that the correct model has been supplied
&=5 pefore proceeding to insll

4.2 Packing List

Each TCG@R kit is shipped with the following:
i TCGOZE time code generator
GPS antenna optimized for stationary applications, with mountimgpl
Antenna leadn cable fitted with matching connectors
Cat5 Ethernet cable
Configuration software

et en i an N e

4.3 GPS Antenna and Cable Installation
4.3.1 GPS Antenna

The TCGO2 dzy A Q& aill yYRIFENR AKALILMAY3I O2y FAIdzNI G A 2ignedfgrOf dzR S
industrial/static timing environments, together with a pipeounting plinth. The mechanical diagram below shows
the radome and pipe mounting plinth attachg@ee sectior?.1.1for the complete antenna specifications.

43mm ! . 65mm i 98mm

90mm : ! 163mm

Figure B ¢ Dimensions ofantenna pipemounting plinth

The antenna pipenounting plinth See figurel3) is designed to fit over the top of a pipe like a capping. The mount

has an internal diameter of 43 mm, to fit a pipe with external diameter of between 40 and 42 mm (1linchm 32 m
nominal ID galvanized pipe). The top end of the pipe should be cut flat, so that the rubber gasket inside the antenna
mount sits flush against it, forming an effective weatherls&ae mount is fixed to the pipe with two stainless steel

M8 hexagonsoclet setscrews (supplied).

4.3.2 Available Accessories

Adjustable antenna mounting bracketSee sectiof7.1.2
Antenna cable& See sectio7.1.3

In-line amplifier¢ See sectiorr.15

Lightning protection kit See sectiof”.16

oo
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4.3.3 Pre-installation

Prior to the acqudition and installation of a GPS Clock, ascertain where and how you will fix the antenna to ensure
that the clock will perform nominalhAll TC@2-E antenna installations should follow the guidelietow:

Step 1¢ GPS antenna placement

The GPS antenrghould be installed in a position where it has a clear view of the satellites. When surveying a site
prior to installation, consider any fixed or moving obstructions, which may affect GPS reception (E.g. Terrain, Pylons,
mobile obstructions). Avoid closergximity to antennas from other services where possible. The antenna has
excellent rejection characteristics to eaf-band signals, as does the GPS receiver, butgigiered RF signals in

close proximity to the antenna may swamp the verydewel signa from the GPS satellites.

Reducing the risk of lightning strike Site
The first line of protection against the effects of lightninguced surge events l—{
involves positioning the antenna in @t A I AINPABDGESR T2y Sé¢ o Ly~ J_JN,J- OGAOSsT ¢
means ensuring that thre is at least one other earthonded structure located in the y 2
same rooftop area (e.g. another antenna, or a lightning rod) that reaches significantly ..
higher than the top of the GPS antenna. The GPS Antenna should then be mounted so * "~ {[
that it lies within a &-degree angle from the top of the other eartfonded structure.
The GPS antenna mount itself should also be securely bonded directly hutlding

protection earthand not connected via any of the other earthed structures.

5%

The risk of lightning strikés greatly reduced if the installation is carried out as &
described above. However, there is no way to completely prevent lightning strikes. In /

areas that are especially prone to lightning, a lightning arrestor device should also be
installed to further redice the risk of damage. =

Lightning protection

At installations where lightning frequently occurs, it is prudent to install a lightning arrestor between the antenna and
clock. The Tekron antenna lightning protection kit LPK 01 provides additional protéstmugh the use of an
impulse suppressoin the event of a lightninglerived high voltage surge, the impulse suppressor activates,-short
circuiting the cable directly to earth.

Step 2¢ Antenna mounting bracket

The antenna pipenounting plinth is designetb fit over the top of a usesupplied pipe like a capping. The pipe
should have an external diameter of between 40 and 42 mm (1% inch / 32 mm nominal ID galvanized pipe). The top
end of the pipe should be cut flat, so that the rubber gasket inside thensa mount sits flush against it, forming an
effective weather seal.

Establish the mounting method for the pipe, such as strapping or bolting to a frame on the edge of the building, or
strapping to an air conditioning exhaust or similar. The base opibe needs to be accessible for the cable entry, if

this is not practical, then a hole or slot can be made in the side of the pipe to allow the cable to enter and be passed
up to the top of the pipe.

An adjustable antenna mounting bracket can be orderechfiTekronSee sectior.2 for specifications.

Step 3¢ Antenna cable
Calculate the cable length required between the antenna and GPS Clock, allapig§bextra for contingencies.

Tekron GPS Clocks can be ordered with 15, 30, or 60 meters of highhperter RF cable factofifted with a TNE

type male connector at one end, and a SMA male connector at the other. Theyp&l€Connector mates with the
connector on the antenna and provides a robust weattesistant connection. The smaller SMA connector enat

with the connector on the GPS clock rear panel and is only fractionally larger in diameter than the cable itself; this
facilitates installation in conduit and through small apertures.

Custom lengths can be ordered upon request however additional casysbe incurred.
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Where antenna cable distance exceeds 60 meters, either lower loss (e.glOCNGable can be used or anlime
amplifier can be installed. Refer to Tekron for further advice.

Step 4¢ Antenna cable installation

While the cable shieldm is excellent, the cable should not be routed in cloS€uome
proximity to power cables or other RF cables carrying transmitter signals

particular, parallel runs are to be avoided if possible. If such runs are absolutely
unavoidable, a minimum separatiori 800 mm may be used as a guideline. o

Plinth

antenna itself. However, sound engineering practice should not rely on these factors
alone to guarantee performance. Careful installatiaill enhance the longerm
reliability and ongoing stability of the Time Code Generator. MGG

bracket \

The absolute minimum bend radius for the antenna cable supplied is 40mm, but it is
preferable to use a larger radius if possible. Caution should be taken at alf time
during the installation of the cable to avoid crushing or shorting the cable.

Step 5¢ GPS antenna installation
Feed the antenna cable up the mounting bracket/ pipe from the bottom end, through the plinth, and connect directly
to the TNC connector on thbase of the antenna. It is advisable to wrap -seifalgamating tape around the
connector to seal the connection and provide protection against moisture ingress.

Fasten the antenna to the plinth using the four stainless screws supplied with the kitofifdete antenna assembly
can then be placed on the mounting bracket/ pipe and secured by tightening the grub screws on the side of the plinth
using the supplied Hex key.

Step 6¢ Installing the lightning protection kit (when applicable)

The lightning pratctor must be firmly mounted to a conductive metal surface that is itself bonded to the building
protective earth. Ensure that a good electrical connection is made between the surge protector and the earthing
system. All earthing connections should be lagrsas possible, should have no sharp bends or loops.

¢KS LINBFSNNBR Y2dzyAy3a Ll2airildAizy Aa 2y (GKS AyaiRS 27
point.

Tl —

Lightning Arrestor " —
/ |
1 I \

antenna to the lightning arrestor

Keep the distance from the
a8 short & possible

Coaxial Cable to GPS
————— Clock

Protection Earth = el o e o =

Seelightning protection installation guide for connection details
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4.4 Mounting the TCGOE
TheTCGO2 Aa RS&AAIYSR G2 0S8 Y2dzyiSR Ay | mMdé NI Ol o
4.5 Operation

/1. Check the label on the base for voltage requirements before switching on
Connect the antenna lead and the antenna (with a good view of the sky). Then connect the power s®rce to

The time required that will achieve tracking and synchronization given a good view of the sky is typically within a
minute. Reactivating a unit that was previously synchronized thousands of kilometers away from the present position
will take longer btinot more than 45 minutes.

4.6 Event Recording Option
4.6.1 General Description & Specification

TCGOZE clocks that are ordered with expansion modules 1 and 2 automatically come with the event recording (time
tagging) option on P9 and P10 channels. This is a Véllirput with an input burden of 7 mA.

Recorded time tags contain timestamps corresponding to the rising edge of a pulse. The minimum pulse duration is 1
ps, and the maximum rate of time tag recording is 100 tags per second (aggregated over both inplésgvent of

pulses occurring simultaneously on both inputs, both events are captured and recorded independently with the same
time data.

_ The event recording option makes use of the same input connector (P6) as the externatBIRhBut
@=5 function. See sction 5.7.3 for configuration details.

4.6.2 Tag Data

Time tags use UTC time, and each tag includes the year, day of year, hour, minute and second, as well as fraction of
second to a resolution and accuracy of 100 ns. TEEORasures time internally in 40 mgarvals, rounding to the

nearest 100 ns for time tag storage purposes, thus allowing accuracy to equate to resolution. Each tag record includes
the input channel number, as well as the clock sync status as at the tag time.

4.6.3 Tag Storage

TCGOZE stores timdags in a data queue designed as a circular buffer. The maximum number of time tags that may
be stored is 512. If further events occur when the buffer is full, TEE&s an overflow status and continues storing
tags, overwriting the oldest data first.

4.6.4 Tag Retrieval

The user can retrieve time tags from the buffer using a request/response protocol operating overr-d@GED2 & S NA |
port interface. Tags are retrieved from the bufferidest data first.

TCGOZE can be configured to broadcast either statusenial time strings over the serial port. Most users of the time
tag option will want to suppress all broadcast outputs to simplify the task of time tag data collection. However, if
output strings are selected, then TC@ED2vill still output time tag inflanation when requested, timing the responses

to avoid interference with the other traffic on the port.

4.6.5TCGOZE Command / Response Messageucture

Units equipped with the event recording option provide four command/response message pairs that specifically
support time tag management and retrieval.

All command and response messages usedd$0PE have the same structure:
Prefixx: H oéidSa o!{/LL aX¢é¢ OKINIOGSNAED
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Type: 2 bytes (ASCII alphabetic charactetase matters!)

Data: n* bytes (May be ASCII or lairy data)

Checksumm 0@ 0GSX O0AYIFINEB -hw 208SNI Ittt oedSa Ay GKS ac¢eLISe |
Suffix: 2 bytes (ASCIl <CR><LF>)

F ¢CKS fSyadkK 2F (GKS as5FidlFé¢ FASER A& RSGSN¥YAYSR o0& ac¢e
G¢eLISé T ASdntRiata cknte@t Snd Riigth.

4.6.6 TCGOZE Commands related to Event Time Tagging

These commands and their responses contain ASCII characters only. A general serial communications program can be
used to explore the event recording commahdetrieval functions ranually. Note that the TCG4R native serial

protocol does not include station addressing. In a netwowknected system, the address of the Serial to Ethernet
interface device can serve as the station addréskroncan supply such devices équired.

4.6.7 Ps command: Get Status

The Ps command invokes a Ps response that contains the clock stahish includes the number of tags currently
in the timetag event buffer.

Command (7 bytes {6]): Transmitted format: @ @Ps#<CR><LF>
Response(33 bytes [@32]): Received format: @ @Ps{26 data bytes}{cs}<CR><LF>

Byte # Description (Data bytes only, bytes-£29 in received message)

4 Antenna feed fault[A] only if antenndine is short or open circuit

5 No GPS Solutiod T] only if no satellites arevailable fo time calculations
6 S/N level lowg [S] only if S/N level is abnosatly low for more than an hour
7 Oscillator Error High [X] only if Osdiitor Control value is extreme
8

9

Oscillator DAC out of ranggH] or [L] only if Oscillatorddtrol tending bwards extreme
GPS Faq [B] only if internal GPS receiver ssystem not operating properly
10 Not implemented; ASCII [space] always
11 Tracking Satelliteg[0-9] = # of satellites in time solution (see note 1 below)
12 Receiver Operating Modg[0-5] see note 2 below
13¢ 15 | Time Tag Queue IndicatqQf000-512, 999] # of tags in queue (999=overflow)
Outage Indicator, [000-999] Hours since receiver was last locked to GPS signals. Becormayoome

16c18 hour after loss of lock. Resets tera when lock is racquired
Outage Indicator, [00-59] Minutes since receiver was last locked to GPS signals. Becomesroane
19¢ 20 . ; )
minute after loss of lock. Resets to zero when lock-saguired.
21 Oscillator Correction. Most significant #shof 16bit D/A converter used for oscillator control. Range is

ASCII [@] to [O] (hex 40 to hex 4F)
Oscillator Correction. More significant 6 bits ofldi6D/A converter used for oscillator control. Range is

22| ASCII [@] to [del] (hex 40 to hex 7F)
23 Oscillator Correction. Least significant 6 bits obitdD/A converter used for oscillator control. Range is
ASCII [@] to [del] (hex 40 to hex 7F)
24.29 Frequency Error. Local Oscillator frequency offset as compared with GPS received signal. I00ASCII

99999 referenced to HE2

4.6.8 Notes concerning the Ps command:
*An ASCII [space] is transmitted if there is no alarm condition present

1. The TCGOE can track up to 14 satellites simultaneously. The message limitation of 9 is to retain
compatibility witholder equipment using this message format.

2. Mode = 1: Satellite search, 2D/3D fix.
Mode = 2: GPS Automatic site survey.
Mode = 3: GPS position hold (most accurate time).
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4.6.9 Pccommand: Gar TimeTag Buffer

The R command invokes a Pc response that returns ttumber of timeli  3& G KI G ¢6SNB Ay ¢/ Dy

when the B command was received. The event buffer is then cleared.

Command (7 bytes {6]): Transmitted format: @ @Pc3<CR><LF
Response (1bytes P-9]): Received format: @ @Pc{3 data bytes{csjRe<LF>

Byte # Description (Data bytes only, bytes-%6 in received message)
4¢6 |ASCIl [00612, 999] Number of timéag entries in TCGER queue before reset.

4.6.10 Pt command: Get next Timé&ag

The Pt command invokes a Pt response that contains a dinggetag recordg the oldest one in the data queue.
{dzO00SaaA@dS at ¢ O2YYlIYR&a gAff NBadzZ G Ay &dz00Saairgs
response is a null time tag. (ASCII [0] characters in all fields except delimiters).

Command7 bytes [06]): Transmitted format: @ @Pt$<CR><LF>
Response (33 bytes-E2]): Received format: @ @Pt{26 data bytes}{cs}<CR><LF>

Byte # Description (Data bytes only, bytes-£29 in received message)

4 Day of Year in ASCII, 001 to 366
7 Delimiter, ASCI[:] (hex 3A)
8¢9 Hour of Day in ASCII, @3
10 Delimiter, ASCII [:] (hex 3A)
11¢ 12 | Minute of Hour in ASCII, &®
13 Delimiter, ASCII [] (hex 3A)
14¢ 15 | Second of Minute in ASCII,-60
16 Delimiter, ASCII [.] (hex 2E)
17¢23 | Fractionof SO2y R Ay ! {/ LL O6MnnQMWIWy yIy2aS02yRavx
Quiality Indicator. Codes are:
ASCII [space] (hex 20) if receiver locked; Kdbns Output accuracy

24 ASCII [?] (hex 3F) if receiver unlocked for more than 1 minute
ASCII [*] (hex 2A) if receiveratarm modeg antenna fail
25¢ 27 Outage Indicator;, [000-999] Hours since receiver was last locked to GPS signals. Becormayroome

hour after loss of lock. Resets to zero when lock-saguired.
28 Delimiter, ASCII [#] (hex 23)
29 Number of TimeTag Channel in ASCH2 1

4.6.11 Pr command: Repedtast Tag Sent

The Pr command invokes a Pr response that contains a singleagneecord¢ the same data that was sent in
response to the last Pt command.

Command (7 bytes {6]): Transmitted format: X X t NE><ULFw
Response (33 bytes-EP]): Received format: @ @Pr{26 data bytes{cs}<CR><LF>

Data format is identical to Pt data format above
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5 TCGOZE CONFIGURATION SOFTWARE

5.1 Introduction

Configuration software is provided on a CD with all TEE08its. This softwa is compatible with all versions of the

2 AyR2ga 2LISNIiAy3a aeadaSYy FTNRBY 2AyR2¢ga -t OGKNRdAZAK G2
communicate with the clock. Each clock ships with a straigigd Ethernet cable (for connection to a LANitch)

and a crossver Ethernet cable (for direct connection to a PC).

5.2 Connection via LAN

wdzy GKS &adzZlJL ASR /5 YR t20F3GS (KRGS DR2YyFABINKANA 252 BRFI
directly from the CD or be copied to a local fo\d® @5 NRA @S8 A& GeLIAOLFffe& as5VYé

Apply power to TCGER and connect the unit to a network switch located on the LAN using a CAT5e striagght

Ethernet cable (2 m cable“ supplieci Wit[] clock“). Using a PC connected to the LAN, run the configuration software
pr2ANI Y ¢S NRPYERYPRASRZE

/1. Preset IP addresses are NOT required if PC and @deke on the same IP striet.

b,

5.3 Discovery Window

The window shown inSee figureldd G A f € I LILIS | NI/ f
au2 YF GAOFLfte £20G4S FyR ARSYyGATe
PC. The clocks serial number, IP address and status will be displayed in th
youwould liketoco A 3dzNB ' yR Of AO] ahLISyé o

O1Ay3a (KS WwW5rAa020S
f ¢SINRYy a&astieSOSt
discovery window. Select the type of unit

A
t
e

& Tekron Clock Configuration Tool - Version 3.0.2 g|§|g|
File

Mame Address Status
TCE02-E 192,165.96.140 niormal
TCGEO01-E 192.165.96.157 normal
TTMO1-E 192,165,96,149 niormal

Skatus:

CM300
ver 2,021
normal

Location:
41° 13.080 South

174 53,560 East

Figure B ¢ Unit selection

/¢ Ifno units are found on the network and you are confident that the TC&@D% connected properly, check
@@= the Windows firewall settings on your PC to ensure that the program is not being blocked.
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5.3.1 Add Clock

Tekron clocks that have already been configured with an IP address also support remote configuration over one or
Y2NB ySG@g2N] NRdAziSNBR 062! buod ¢KS dzaSNJ Oy O2YYdzyAOl (S
File menu and entering th®f 201 Q& Lt | RRNBaa Ay GKS FASER LINPOARSRO®
right clicking on the clock list. The availability of the remote configuration feature over a WAN is dependent on the
WAN configuration. Please refer to your WAN o personnel for further information.

5.3.20pen Saved Configuration

DSYSNIf Oft201 O2yFAAdzNI A2y RIGEF GKIG o6l a akF @SR 2y @
LINEOPGASSHSR o6& aStSOUAy3dI GKS ahLSy { @SR /2yFAIE FTNRY I
5.3.3Save& Open Clock Lists

¢CKS dzyAdGa GKFG INB 0SAy3a RAaALIX I @SR AyaARS (GKS RA&A020S

[A&ddG¢ FNBY 0KS CAtS YSydzd ¢KS&S dzyAada Oly GKSy ag t21

FNRBY (KS CAftS YSydzd b2GS (KIFd GKS RSTlLdA G FAES 06a 2 C
t

are named acaalingly when saving.

“

' TOSNI adz00SaatdAd O2yySOGA2ySY (KS O2966cHiguBtENI G A2y (22 2

Figure B ¢ Time configuration tab
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