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FOREWORD

For running train it is essential that the clocks of all control rooms must
show correct time. Atomic clock give accurate time but it is not economical to
provide so many atomic clocks. Therefore, to get accurate time railway is providing
digital clocks with GPS (Global Positioning System) Synchronization. The Global
Positioning System (GPS) is a space-based satellite navigation system that
provides location and time information in all weather conditions, anywhere on or
near the Earth where there is an unobstructed line of sight to four or more GPS
satellites.

This handbook covers GPS introduction, Installation, Maintenance and
trouble shooting of Digital clock with GPS synchronisation. | hope this handbook
will be of help to maintenance staff.

CAMTECH GWALIOR A.R.Tupe
Date : 22.08.2014 Executive Director
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PREFACE

Any conventional clock does not show accurate time. Therefore to
synchronize clocks of railway control rooms these conventional clocks are being
replaced with Digital Clocks with GPS (Global Positioning System). These clock
gives more accurate time. Master clock updates its time from precision GPS data
and sends sync pulse periodically to slave clocks for synchronization. Slave clocks
can also work in standalone mode by updating its time from GPS receiver.

This handbook has been prepared to help the field personnel in maintaining
Digital Clocks with GPS Synchronization installed in their section for trouble-free
performance. The handbook contains maintenance information on the systems
manufactured by M/s Partronics, Pune.

It is clarified that this handbook does not supersede any existing provisions laid
down in Telecom Manual, Railway Board publications and RDSO publications. This
handbook is not statutory and instructions given in it are for the purpose of
guidance only.

We are sincerely thankful to Shri D.N.Tiwari ED/Tele/RDSO/Lucknow, Shri
Sourabh Bandopadhyay Sr.D.S.T.E./West Central Railway/ Bhopal, Shri Narendra
Singh/ DSTE/North Central Railway/ Gwalior, and field personnel who helped us in
preparation of the handbook.

Since technological upgradation and learning is a continuous process, you may
feel the need for some addition/modification in this handbook. If so, please send
your comments on email address dirsntcamtech@gmail.com or write to us at
Indian Railways Centre for Advanced Maintenance Technology, In front of Adityaz
Hotel, Maharajpur, Gwalior (M.P.) 474005.

CAMTECH GWALIOR D.K.M.Yadav
Date : 22.08.2014 Director (S&T)
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DISCLAIMER
It is clarified that the information given in this handbook does not supersede any
existing provisions laid down in the Signal Engineering Manual, Railway Board and
RDSO publications. This document is not statuary and instructions given are for the
purpose of guidance only. If at any point contradiction is observed, then SEM,
Railway Board/RDSO guidelines may be referred or prevalent Zonal Railways
instructions may be followed.

OUR OBIJECTIVE
To upgrade Maintenance Technologies and Methodologies and achieve
improvement in Productivity and Performance of all Railway assets and
manpower which inter-alia would cover Reliability, Availability and Utilisation.

If you have any suggestion & any specific comments, please write to us:

Contact person : Director (Signal & Telecommunication)

Postal Address : Centre for Advanced Maintenance Technology,
Maharajpur, Gwalior (M.P.) Pin Code - 474 005

Phone : 0751 - 2470185

Fax : 0751 -2470841

Email : dirsntcamtech@gmail.com
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1.2

Sy RAwaEIrT & g Rfeed Fdare
Digital Clock with GPS Synchronization

Shdfied STIR=ET Introduction of GPS

Sedw Fa1 & What is GPS

The Global Positioning System (GPS) is a satellite-based navigation system
made up of a network of 24 satellites placed into orbit by the U.S.
Department of Defense. GPS was originally intended for military
applications, but in the 1980s, the government made the system available
for civilian use. GPS works in any weather conditions, anywhere in the
world, 24 hours a day. There are no subscription fees or setup charges to
use GPS.

shdied $F F197 Far % How GPS works

GPS satellites circle the earth twice a day in a very precise orbit and
transmit signal information to earth. GPS receivers take this information
and use triangulation to calculate the user's exact location. Essentially, the
GPS receiver compares the times; a signal was transmitted by a satellite
with the time it was received. The time difference shows the distance
between GPS receiver & satellite. Now, with distance measurements from
a few more satellites, the receiver can determine the user's position and
display it on the unit's electronic map.

The 24 satellites that make up the GPS space segment are orbiting the
earth about 12,000 miles above us. They are constantly moving, making
two complete orbits in less than 24 hours.
These satellites are travelling at speeds of
roughly 7,000 miles an hour.

GPS satellites are powered by solar energy.
They have backup batteries onboard to keep
them running in the event of a solar eclipse,
when there's no solar power. Small rocket
boosters on each satellite keep them flying in
the correct path.

Click for Contents
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1.3 Sy "&Ha GPS signal

GPS satellites transmit two low power radio signals, designated L1 and L2.
Civilian GPS uses the L1 frequency of 1575.42 MHz in the UHF band. The
signals travel by line of sight, it means they will pass through clouds, glass
and plastic but will not go through most solid objects such as buildings and
mountains.

A GPS signal contains three different bits of information - a pseudorandom
code, ephemeris data and almanac data. The pseudorandom code is simply
an I.D. code that identifies which satellite is transmitting information.
Ephemeris data is constantly transmitted by each satellite, contains
important information about the status of the satellite (healthy or
unhealthy), current date and time. This part of the signal is essential for
determining a position. The almanac data tells the GPS receiver where each
GPS satellite should be at any time throughout the day. Each satellite
transmits almanac data showing the orbital information for that satellite
and for every other satellite in the system.

1}l Blocked Signal n Multipath Error E Correct Signal
' _ '

y 5

1.4 gafafeera Trilateration

A GPS receiver's job is to locate four or more of these satellites, figure out
the distance to each, and use this information to deduce its own location.
This operation is based on a simple mathematical principle
called trilateration.

Digital Clock with GPS Synch. August 2014
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2 - 3 zafafe¥er 2-D Trilateration

Imagine you are somewhere in the India and
you are lost, for whatever reason, you have
absolutely no clue where you are. You find a
friendly local and ask, "Where am 1" He says,
"You are 325 kilometer from NDLS". It is not
correct location as you could be anywhere on a
circle around NDLS that has a radius of 325 kms:

Now you ask somebody else where
you are, and he says, "You are 375
Kms from Bhopal" Now vyou're
e ——— getting somewhere. If you combine
this information with the NDLS
information, you have two circles
that intersect. You now know that
et % b you must be at one of these two
intersection points.

If a third person tells you that you

are 100 Kms from Agra, you can

eliminate one of the possibilities,

because the third circle will only

intersect with one of these points. \
You now know exactly where you -
are —Gwalior. This same concept

works in three-dimensional space, as

well, but you're dealing
with spheres instead of circles.

Digital Clock with GPS Synch. August 2014
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3 - &Y grgfafeers 3-D Trilateration

Fundamentally, three-dimensional trilateration isn't much different from
two-dimensional trilateration, but it's a little trickier to visualize. Imagine
the radii from the previous examples going off in all directions. So instead
of a series of circles, you get a series of spheres.

If you know you are 10 kms from satellite A in the sky, you could be
anywhere on the surface of a huge, imaginary sphere with a 10-kms radius.
If you also know you are kms from satellite B, you can overlap the first
sphere with another, larger sphere. The spheres intersect in a perfect
circle. If you know the distance to a third satellite, you get a third sphere,
which intersects with this circle at two points.

The Earth itself can act as a fourth sphere -- only one of the two possible
points will actually be on the surface of the planet, so you can eliminate the
one in space. Receivers generally look to four or more satellites, however,
to improve accuracy and provide precise altitude information.

In order to make this simple calculation, then, the GPS receiver has to know
two things:

. The location of at least three satellites above you

. The distance between you and each of those satellites

The GPS receiver figures both of these things out by analyzing high-
frequency, low-power radio signals from the GPS satellites. Better units
have multiple receivers, so they can pick up signals from several satellites
simultaneously.

Radio waves are electromagnetic energy, which means they travel at the
speed of light (about 300,000 km per second in a vacuum). The receiver can
figure out how far the signal has traveled by timing how long it took the
signal to arrive.

August 2014
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1.5 Siffud 9T GPS Calculations

GPS receiver calculates the distance to GPS satellites by timing a signal's
journey from satellite to receiver. As it turns out, this is a fairly elaborate
process.

At a particular time (let's say midnight), the satellite begins transmitting a
long, digital pattern called a pseudo-random code. The receiver begins
running the same digital pattern also exactly at midnight. When the
satellite's signal reaches the receiver, its transmission of the pattern will lag
a bit behind the receiver's playing of the pattern.

The length of the delay is equal to the signal's travel time. The receiver
multiplies this time by the speed of light to determine how far the signal
travelled. Assuming the signal travelled in a straight line, this is the distance
from receiver to satellite.

In order to make this measurement, the receiver and satellite both need
clocks that can be synchronized down to the nanosecond. To make a
satellite positioning system using only synchronized clocks, you would need
to have atomic clocks not only on all the satellites, but also in the receiver
itself. But atomic clocks are costly, which makes them a just a bit too
expensive for everyday consumer use.

The Global Positioning System has a clever, effective solution to this
problem. Every satellite contains an expensive atomic clock, but the
receiver itself uses an ordinary quartz clock, which it constantly resets. In a
nutshell, the receiver looks at incoming signals from four or more satellites
and gauges its own inaccuracy. In other words, there is only one value for
the "current time" that the receiver can use. The correct time value will
cause all of the signals that the receiver is receiving to align at a single point
in space. That time value is the time value held by the atomic clocks in all of
the satellites. So the receiver sets its clock to that time value, and it then
has the same time value that all the atomic clocks in all of the satellites
have.

Digital Clock with GPS Synch. August 2014
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2.0

Digital Clock with GPS Synch.

Digital Clocks with GPS synchronization are used for displaying correct
times at various locations on platforms, in the control & other offices of
Railways. This hand book contains the information of installation,
operation, troubleshooting and maintenance of a typical Partronics make
Digital Clock with GPS Synchronization according to RDSO Specification
RDSO/SPN/TC/62/2008, Revision 3.0.

fATesw fAaror System Description

Digital Clock with GPS Synchronization consists of master clock and digital
clocks suitable for platform area & office complexes of Indian Railways.
The Digital clocks with GPS are used to displaying correct time at various
locations on Platform in the control and other offices of railways.

The digital clocks use built-in Global Positioning System (GPS) receiver to
receive correct time. The clocks has local battery backed Real Time Clock
(RTC) which synchronized to the time information received from the GPS.
In case of failure of GPS system, the clock’s local RTC time is displayed.
Master clock is used to synchronize digital clocks when wired in network. In
such cases, digital clock will work as slave clock without any GPS receiver.

The construction of the whole unit of Digital Clock is modular consisting of
Central Processing Unit with Global Positioning System receiver, driver and
display and suitably rated Power Supply Modules.

Complete system has housed inside powder coated enclosure made of
galvanized MS sheet of minimum 16 SWG. The system has a built-in RTC
using a self-contained module having following minimum specifications:

a)  Itis microprocessor bus oriented.
b)  Self contained sub system that include Lithium, Quartz & support

circuitry.

c) It is non volatile with over 8 years of retention of data in absence of
power.

d)  The accuracy is in order of plus or minus one (+ 1) minute per
month.

August 2014
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3.0 RfAsdFHIUT Specifications

Specifications of Digital clock with GPS synchronisation according to RDSO
Specification RDSO/SPN/TC/62/2008, Revision 3.0 are given below:

3.1 u T RAfASHFIT General Specifications

° It should be possible to suspend or mount digit clocks below shade/
roof of platforms, station buildings or on a wall or inside a concourse/
main entry of railway station/ buildings.

° The digital clocks shall be dust proof, weather proof, water proof and
vibration proof.

° Display on the digital clock shall be flicker free.

. The display on a digital clock shall be immune from the effect of 25 KV
traction line or electro-magnetic induction or any other electro-static
induction.

° Digital clock shall be covered with U.V. stabilized polycarbonate sheet
with thickness of minimum 3mm in order to give good visibility and
protection against dust. Single polycarbonate sheet without any joint
should cover the clock.

° LEDs with equal fringe and uniform intensity are to be used to ensure
that the timing to be displayed is with excellent contrast so that no
black patches are visible on the display screen of clock.

° Digital clock shall be constructed using PCB module of LED matrix. The
mechanical mounting of these modules shall be such that easy
replacement of PCB module is possible in case of repair. Such
replacement shall not call for removing any other PCBs.

° The construction of the whole unit of digital clock should be modular,
such that any module (i.e. PCB, connector, cable, power supply unit
etc.) can be easily removed when defective and a fresh module is fixed
to make the system functional again.

° Wiring between different modules should be done with the help of
male/female type of connectors. There should not be any requirement
of rewiring, re-soldering/ de-soldering or opening and reconnections of
wiring etc. during the maintenance, unless there is damage to the

Click for Contents
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wiring. Proper cable guides are to be provided inside the digital clock
for drawing cables and wires neatly.

. In digital clock, CPU card, driver modules & power supply modules
should be easily accessible. LED modules should be accessible from
front side.

. The relevant ICs for the digital clock should preferably be of surface
mounted device (SMD) to ensure high reliability.

° Digital clock shall be capable of working in an ambient temperature
range of —100C to +700C and relative humidity up to 95% at ambient
temperature of 400C without any degradation.

° There should be in-built power supply to work directly on 230V AC with
short circuit protection with properly rated fuse at its input.

° Digital clocks when wired in network, shall communicate with master
clock on a multidrop network.

° The digital clock should not display any garbage. All the embedded
boards with CPU should have watchdog circuit, which should reset the
processor in case the processor goes haywire due to any external
disturbance caused by high voltage traction etc.

° The solder masks (green/black) shall be applied on the solder side and
component side of the card.

° Following description shall be etched on the component side of the
PCB:

o Component outline in the proximity of the component
o) Manufacturer’s name
o) PCB name
o) Part number
° Following description shall be engraved on the PCB:
o) The manufacturing serial number

o Month and year of manufacture

° The display shall be preferably static driven. If multiplexing is used, it
should be on digit-by-digit basis and refreshing time should not be
more than 20 ms.

° 5 pair (10 core) color coded & twisted Data Communication Cable,
each core made of Copper Conductor of 0.50mm diameter (7/0.20mm)
ABC (Annealed Bare Copper) & Polyethylene Insulated having core
outer diameter 1.3mm (wall thickness 0.25mm), such 2 core twisted in

Click for Contents
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a pair and such 5 pair laid up & polyester taped, 0.6 mm ATC (Annealed
Tinned Copper) Drain Wire, overlapped with Aluminum Foil for
screening, polyester tape, grey color PVC outer sheath of wall thickness
1.3 mm should be provided for the data communication wherever
required. Tolerance in dimensions should be within + 10%.

° All the data communication physical links shall be opto-isolated along
with Class-D surge protection.

3.2 uasst &1 RAfAs&AFI0r Specifications of LED

Super bright RED or ORANGE or GREEN or BLUE colour LEDs of uniform
intensity are to be used for longer visibility in digital clocks. Colour of LED is
to be specified by the railways/ purchaser. The intensity of the illumination
should be such that it shall be possible to read the clock timings clearly
from a distance of minimum 50 meters. This visibility is to be checked and
ensured for that part/ spot of clock which has maximum intensity of
ambient light. Diffused/ Colourless clear Red or Orange or Green or Blue
colour LEDs (Light Emitting Diodes) should meet following parameters.

Parameters Red LED Orange LED Green LED Blue LED

Size 5 mm Oval|5 mm Oval|5 mm Oval|5 mm Oval
Radial Radial Radial Radial

LED Type Diffused/ Diffused/ Diffused/ Diffused/
Colorless clear | Colorless Clear | Colorless Clear | Colorless Clear

Colour Red Orange Green Blue

Wave Length | 626+/-10nm 605+/- 10nm 525+/-10nm 470+/-10nm

Viewing Horizontal: Horizontal: 600 | Horizontal: 600 | Horizontal: 600

Angle (50% | 600 (Minimum) (Minimum) (Minimum)

v (Minimum) Vertical: 250 Vertical: 250 Vertical: 250

in mcd) Vertical: 250 | (Minimum) (Minimum) (Minimum)
(Minimum)

Luminous 500 mcd 500 mcd 1400 mcd 600 mcd

Intensity

Operating - 300C to|- 300C to|- 300C to|-300Cto+850C

Temperature | +850C +850C +850C

Make Avago/ Nichia/ | Avago/ Nichia/ | Avago/ Nichia/ | Avago/ Nichia/

OSRAM

OSRAM

OSRAM

OSRAM

Digital Clock with GPS Synch.
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3.3 Wﬁ#m%mm%ﬁmmmﬁﬁw
SPECIFICATION OF DIGITAL CLOCK SUITABLE FOR PLATFORM AREA

° Digital clock should be micro-processor/micro-controller based system.
The microcontroller/micro-processor should be of reputed make.

° Digital clock should have built-in GPS receiver in stand-alone mode
with minimum specifications as specified in Clause 8.0 of this
document. A Gold plated SMA connector shall be provided to connect
GPS antenna.

. The system should have a built-in RTC (Real Time Clock) using a self-
contained module having following minimum specifications:

> It should be microprocessor bus oriented.

»  Self contained sub system should include Lithium, Quartz & support
circuitry.

> It should be non volatile with over 8 years of retention of data in
absence of power.

»  The accuracy should be in order of plus or minus ONE minute per
month.

° The system shall continuously display time maintained by the local
RTC. This RTC shall be adjusted at least once in one minute to the time
received from the GPS receiver or master clock. In case no GPS data is
available, the clock shall display the local RTC time.

. Communication status with GPS receiver shall be indicated with a
blinking LED.

° System should operate satisfactorily between operating temperature
of -10 ° Cto 70°C.

° System should work satisfactory on 160 Volts — 270 Volts, 50 Hz, single
phase power supply with under voltage and over voltage cut off
protection. Short circuit protection should be provided for the power
supply.

° Complete system shall be housed inside powder coated enclosure
made of galvanized MS sheet of minimum 16 SWG in black color or
otherwise specified by purchaser.

° Suitable arrangement shall be made for installing & hanging the digital
clock as per site requirement and as specified by purchaser.

Digital Clock with GPS Synch. August 2014
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° The system shall be made up of three distinct modules consisting of
microprocessor/micro-controller module with GPS receiver when
designed for stand alone mode, SMPS Power supply module and
Display modules. The various modules shall be interconnected
appropriately, such that replacement of any module shall not call for
any de-soldering. Number of interconnecting wires shall be kept a
minimum.

. In data communication lines, Class “D” surge protection circuit and in
power supply lines, Class “C” protection should be provided.

. A test switch to check the display should be provided on one side of
clock. When this switch is pressed the clock should display 88:88.

. To protect the digital clock, a shade having angle of preferably 150
downward with respect to ground should be provided in such a way
that it should not obstruct the view of clock.

° Time shall be shown in Hours, Minutes separated by flashing colon
indicating seconds. The time format shall be either 24 hour or 12 hour
format with help of selection.

° Digital clock suitable for platform area should either work in stand
alone mode or in networking mode driven by master clock as specified
by purchaser. In case of stand alone mode, each clock has to be
provided with GPS receiver and in networking mode, only master clock
is to be provided with GPS receiver.

° Digital clock shall be as per schematic illustrated in diagram 1 and shall
comply following specification:

Features Descriptions

Display type Seven segment LED matrix

Number of sides Single or double sided (As purchaser
specified )

Size of LED display Module As per detail given in Diagram 1

Specification of LED As per Para 3.2

Pitch of LED 10mm + 1.0

No. of lines of LEDs in each | 3lines
segments of seven segment LED
matrix

Size of seven segment LED matrix | 320 mm (H) X 150 mm (W) + 1%

Digital Clock with GPS Synch. August 2014
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3.4

Digital Clock with GPS Synch.

LED Colour RED/GREEN/ORANGE/BLUE

Format 24 Hrs or 12 Hrs format (88 :88)

Seconds Display

in a circular shape between HH and MM

Overall maximum housing | 510 mm (H)X 1200 mm (L) X 250 mm (D)

Dimensions for single sided and 510 mm (H)X 1200
mm (L) X 300 mm (D) for double sided

Working Power Supply range 160 Volt to 270 Volt AC, 50 HZ

Operating Temperature -10°C to 70°C

Humidity 0% - 95% - non condensing

Enclosure Material

minimum 3mm thickness

FETET TRET & T 39gFd RfSed Faied &1 RAfrsdEor
SPECIFICATION OF DIGITAL CLOCK SUITABLE FOR OFFICE COMPLEX

Digital clocks suitable for office complex are to be provided mainly in
control offices, station master offices, RRI cabin etc. or as specified by
purchaser.

Digital clock suitable for office complex shall comply clauses 5.1 to 5.9.
The system can be made up of three modules as micro-
processor/micro-controller module with GPS receiver when designed
for stand alone mode, SMPS power supply module and display
modules. The micro-processor/micro-controller module and display
module can be combined as single module to optimize the clock size.
The various modules shall be interconnected appropriately, such that
replacement of any module shall not call for any de-soldering. Number
of interconnecting wires shall be kept a minimum.

In data communication lines, Class “D” surge protection circuit should
be provided.

Time shall be shown in Hours, Minutes and seconds separated by
flashing colon. The time format shall be either 24 hour or 12 hour
format with help of selection.

August 2014
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° A test switch to check the display should be provided on one side of
clock. When this switch is pressed the clock should display 88:88:88.

° Digital clock display shall be LED type made of seven segment display
matrix. Matrix should be made of six corner LEDs and seven segments
in which each segment should be made of three LEDs in single line with
8.0 mm £ 1.0 mm pitch. All six corner LEDs and seven segments should
be individually controlled. Each digit size shall be 70 mm + 2.0 mm in
height & 37 mm = 2.0 mm in width.

. Digital clock suitable for office complex should either work in stand
alone mode or in networking mode driven by master clock as specified
by purchaser. In case of stand alone mode, each clock has to be
provided with GPS receiver and in networking mode, only master clock
is to be provided with GPS receiver.

. Digital clock shall be as per schematic illustrated in diagram 2 and shall
comply following specification:

Features Descriptions

Display type Seven segment Display matrix

Number of sides Single sided

Size of LED display Module

As per detail given in Diagram 2

Specification of LED

As per Para 3.2

Pitch of LED

8mm+1.0

Size of seven segment LED
matrix

70 mm (H) X37 mm (W) + 2 mm

LED Color

RED/GREEN/ORANGE/BLUE

Format

24 Hrs or 12 Hrs format (88 :88:88)

Seconds Display

Flashing color with dots between HH,MM
and SS

Overall maximum
Dimensions

housing

150 mm (H)X 420 mm (L) X 100 mm (D)

Working Power Supply range

160 Volt to 270 Volt AC, 50 HZ

Operating Temperature

-10°C to 70°C

Humidity

0% - 95% - non condensing

Enclosure Material

Galvanized MS sheet metal structure of
at least 16 SWG with display areas
covered with UV stabilized polycarbonate
sheet of minimum 3mm thickness

Digital Clock with GPS Synch.
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Office Clock Schematic Diagram
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All Dimensions are in mm
Tolerance in dimensions +/- Smm Pitch of LED 8mm+-1mm

Schematic Diagram of Digital Clock suitable for Office Complex

August 2014
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3.5 AR FoAlh HT  TATASERIOT SPECIFICATION OF MASTER CLOCK

) Master clock should be micro-processor/micro-controller based
system. The micro-controller/micro-processor should be with
minimum 8 bit CPU of reputed make.

° Master clock should have built-in GPS receiver with minimum
specifications as specified in Clause 8.0 of this document. A Gold plated
SMA connector shall be provided to connect GPS antenna. In case the
master clock is physically situated where clear sky access is not
possible and/or the RF cable length requirement exceeds standard
length, the GPS receiver should be enclosed in a separate enclosure
and placed near the Antenna. The GPS information shall be sent to
Master Clock through proper serial interface. The GPS receiver should
be powered from the Master Clock.

° Master clock should have a built-in RTC (Real Time Clock) using a self
contained module having following minimum specifications:

° It should be microprocessor bus oriented.

° Self contained sub system should include Lithium, Quartz & support
circuitry.

° It should be non volatile with over 8 years of retention of data in

absence of power.

° The accuracy should be in order of plus or minus ONE minute per
month.

° Master clock shall continuously display time maintained by the local
RTC. This RTC shall be adjusted at least once in one minute to the time
received from the GPS receiver. In case no GPS data is available, the
clock shall display the local RTC time.

. Communication status with GPS receiver shall be indicated with a
blinking LED.

° Display format of master clock should of 7 segment display having 12
mm minimum digit height, red display color and 7 segment solid state
display device.

° Time should be in 24 Hours mode. There should also be provision for
12 Hours mode. Time is to be shown in Hours, Minute & second. There
shall also be provision of time setting.

August 2014
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° The master clock should be of multi port serial communication device
to which digital clocks are to be interfaced. Master clock should be able
to drive minimum 32 digital clocks. Depending upon requirement of
additional digital clocks, ports of master clock are to be increased. The
connectors for the data should be of type 9D.

. The serial port connection to the digital clocks should be daisy chained
and in case of a failure (like power down) of a particular digital clock,
the extension of communication link should not be affected. Also in
case of removal of any digital clock for repair, the input and output
connectors should be mate-able to extend the communication link.

. Master clock shall be made of distinct modules consisting of
microprocessor/micro-controller module with GPS receiver, SMPS
power supply module and display modules. The various modules shall
be interconnected appropriately, such that replacement of any module
shall not call for any de-soldering. Number of interconnecting wires
shall also be kept a minimum.

° System should operate satisfactorily between operating temperature
of -10 ° Cto 70°C.

° System should work satisfactory on 160 Volts — 270 Volts, 50 Hz, single
phase power supply with under voltage and over voltage cut off
protection. Short circuit protection should be provided for the power
supply.

° In data communication lines, Class “D” surge protection circuit should
be provided. 7.14 Complete system shall be housed inside powder
coated enclosure made of galvanized MS sheet of minimum 16 SWG in
black/grey color or Standard Euro rack or otherwise as specified by
purchaser.

° Master clock should be either rack mountable or wall mountable as
specified by purchaser.

° A test switch to check the display should be provided on master clock.
When this switch is pressed the clock should display 88:88:88.

. All digital clocks working as slave clocks and connected to the master
clock should be synchronized with the time of the master clock.

° In case of failure of any particular port of master clock, the spare port
can be used immediately and the system should start functioning with
minimum down time.

Click for Contents
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3.6

Digital Clock with GPS Synch.

Each port of master clock should have LED indications for monitoring
the communication health of that port and digital clocks connected on
that port. The LED should glow red when link is failed and green when
link is OK.

Proper communication protocols shall be provided to establish error
free communication between the port and the corresponding system
interfaced with that port.

Necessary diagnostic routines shall be provided with the help of which
the faulty ports can be identified so that the necessary action can be
taken to rectify the same.

The communication shall be in full duplex and master clock shall be
able to recognize the connectivity with digital clocks working as slave
clocks.

Diagnostic methods for testing different peripherals and
communication ports shall be provided.

e REtaT &1 s30T SPECIFICATION OF GPS RECEIVER

GPS Receiver should have following minimum specification:

L1 frequency, C/A code, 8-channel (minimum) continuous tracking
receiver.

1Hz update rate.

It should support NMEA protocols on serial port with configurable
baud rate (TTL level)

Fully Compatible with SPS and accuracy should be better than 10 ms.
Reacquisition time better than 2 sec (90%).

Hot Start better than 15 sec (90%).

Warm Start better than 50 sec (90%).

Cold Start better than 180 sec (90%).

Antenna short circuit protection.

Operating temperature -40°C to +85°C

GPS Antenna: It shall be provided with either magnetic mounting or
screw (fixed) mounting with micro-patch, active antenna powered
from the receiver module itself as per site requirement.

August 2014
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3.7 4G HodTS Power Supply

° Power supply unit shall be operated from AC source ranging from 160
to 270 Volts 50 Hz AC, single phase with over voltage, under voltage
and short circuit protection.

. All the power supply units shall be operated at 50% load of maximum
working capacity.

° Power supply requirement for master clock and digital clocks shall be
as low as possible.

° PVC insulated flexible 3 core power cables shall be used for power
supply wiring wherever required conforming to specification no.
1S:694:1990 reaffirmed 1995 or latest and shall have sufficient cross
sectional area of 2.5 sq mm (minimum) copper conductor with
insulation thickness 0.7mm, sheath thickness of 1.0 mm and overall
diameter 9 mm to withstand power load.

. Suitable protection against transient coming in the power supply
source or generated by some other source shall be provided. Suitable
protection against voltage fluctuations of short durations shall also be
provided.

° Data Cable and Power Supply cable shall be taken trough separate
pipes/ conduits wherever required.

Digital Clock with GPS Synch. August 2014
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4, 9dTeldl Operation

4.1 HTEET FqI% Master Clock

The Internal Global Positioning System Receiver receives the data from

satellite and the data updates the timing of Office and Platform clocks
within 30 seconds. It has an ARM7 Micro —Controller which drives the 7
Segment time Display and LCD display for Command Operations. 8 Ports
are used for Office and Platform Clocks.

The system contains:

1.
2.
3.

7 Segments Display for Hour, Minute and Seconds.

Graphical LCD for Command and Status displays.

8 dual color LEDs to show status of slave clocks connected to it. If link
between master and slave clock is ok, it glow Green otherwise glows
red. If port is not in configuration then it remains off.

Reaming Led’s are to show GPS signal receiving status, One is to show
RTC indication , and other for transmission and reception of data to
or from slave.

4-key key pad is used to select command for diagnosis and test of
system.

8 ports of DB9 connector is used for slave communications. Maximum
4 slave clocks can be connected to each port.

4.2 Office Clock & T

1.

Digital Clock with GPS Synch.

Office clock has LEDs for checking that different clock supporting

devices are working or not. Uppermost two led in line indicates power

supply working, if it is ON indicates SMPS is ok. Two middle LEDs

showing master-slave communication RX and TX, and remaining two

led’s are using as follows.

e Green led indicates data receiving from GPS, if receiving, LED will
blink.

August 2014
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e Red LED indicates inbuilt RTC working or not, and clock working
properly.
2. There are three toggle switches for external use. The functions of each
are given below.
e Upper first switch used for setting clock in 12 hours or 24 hours
o Middle switch used for checking glow of all segments
e last i.e. lowermost switch used for intensity control switch. For
setting 50% or 100% intensity.
3. Two DB9 connectors are used to connect to master clock.

4. Has facility to connect Antenna for Internal Global Positioning System
receiver

5. LED display for Hours, Minutes and seconds.

4.3 Platform Clock EHTH A1

All the circuits and Panel control are same as Office Clock but the
difference is:

e The LED displays are for Hours and Minutes only.
e The flash colon flash every second

e The platform clock can be supplied with double sided also and with

internal and external GPS receiver.

Digital Clock with GPS Synch.
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4.4 FEEY 3R cAewRt gt Faderor Raw quTTasS Tha

Testing switches and LED indication of office and platform clock

DATA 1M

—

S
(s

H1d @3 YL&TIT Seven segment testing

In master clock, press Program key for it. In Office /Platform clock, Toggle
switch is provided for testing display.

AT U H FId @3 el Seven segment Display in Master

icRCHYRC !

Seven segment to display time.

Digital Clock with GPS Synch. August 2014
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4.5 HATEI FATHHITATAT Operation of Master Clock

When program key is Pressed following option will appear on screen :

Commands

AT g3t F fA=ar@ Y AT Set configuration of Master clock

To set Slave clocks according to port. Select set configuration option
according to port enter number of ID’s connected to that port(one can
select slave numbers from 1 to 4) then enter the slave ID .then select next
port with the help Up and DOWN key and SELECT key to select port and
enter ID’s. to write the configuration in to system decrease no. of port up
to EXIT option will appear on screen, and the select EXIT option to store
configuration into system.

To return to main menu press PROGRAM key.

Set configuration

August 2014
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fAgre 3meer Diagnosis commands

To enter in this option press PROGRAM key and with help of up and down
arrow go to Diagnosis menu and press SELECT key. To test the connectivity
and communication between slave and master on entering into Diagnosis
command select port with up/down arrow key to and press SELECT key to
which the slave is connected and select the ID of that Slave with help of UP
DOWN and SELECT key to test the particular ID press select key it will send
diagnosis command to that slave if connectivity is ok though that slave then
it will response to that command if receive time and transition time are
match then it will show “tested OK” on LCD otherwise it will show Fail if
Slave fails to respond .As shown bellow. To test next slave press UP arrow
key.an so on. And also to select next port select Up arrow key. To return to
main menu press PROGRAM key.

TER CLOCK
:

MU =

Diagnosis

Digital Clock with GPS Synch.
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AT AT YT Set time format

>

MASTER CLOGK
format

+S7 PM 85-196

There are two format to display time of clock 12 hours mode and 24 hours
mode through UP and DOWN key and select key select the format.

ez 3 fAfY sga=r Change Time and Date

With Up & Down arrow key select , Select the Hour, sec, min, day, month
or year to change, with help of up and down arrow keys. To select next
press again select key and to write that time and date into RTC press
program key.

TER CLOCK
e & d

Skip: To exit from all menus and to enter in regular operation mode.

Tasst f3¥ca LED Display

In the healthy condition of the processor, the status of the data receiving
and transmitting of Master with slaves, for each port, is appeared on the
LED block display with two LED’s indicate Reception & transmission to the

August 2014
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slave. Figure shows appearance of LEDs on the Master clock display status
with port number indication.

If any of the port fails, then corresponding LEDs will glow red.

And if ports link is ok condition then corresponding port LED Glow as green,

if port is not in configuration i.e. not in use then LED remains off, as shown
in figure

e "3 f3Fca LCD Display

When the Master starts its functioning, LCD displays shows its status,
Current time and date, and after some time interval it will show link status
of port with respect to IDs.

MASTER CLOCK

GPS Sianal...
12:24:34 PM 85-19-13

Fait U5 Key pad

It is 4-key keypad to select the commands and function from master Clock.

Digital Clock with GPS Synch.
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AT U FTdw YaTer Back Panel OF master clock

It contains 8 ports to connect slave ,and one power ON switch and one
connector to Input power to It and antenna connector for GPS.

5. HEATIS Installation

° Unpack the equipments from the packing boxes.
° Remove dust and foreign particles.
° Clean with cloth. Check the unit visually from any transit damage.

° Read the operating and user manual and find the details for all
connections in unit.

51  HTE A1 T TG F1% Master Clock to Slave Clock :

Master has eight outputs. Office /Platform Clock connect directly to
Master. Connectivity from master to slave given in fig below.

An O © 1 You
8

BinoO © 6 Zous
9

Youle1 O 8 Ain

Lot O 3 Bin
6

Master clock to slave connection

Digital Clock with GPS Synch.
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52 AR FAF O FRATAT /| CACHH Folldh

Master clock to Office/Platform Clock

28

4 slave clocks can be connect (i.e. Office /Platform clock) to one of the 8
port of master clock. Each clock is connected to Master through Junction

Box.

Master . .

clock y
Junction Box

Junction Box

T2 Mext
Clock

2 Tz Clock
Clock
L L
DIGITAL DIGITAL
CLOCK CLOCHK

Digital clock

Fig: Connectivity from master to slave

upto 4%

% gan be extend up to

Necessary diagnose is required to avail the information on flaw ports, In
order to rectify those faults. In case of any failure port, extra spare port can
be used immediately and system will start within minimum interval of time.

5.3 ATEET FATH T 9T Installation of Master Clock

1. Connect the mains Lead and switch ON. The Power ON LED should

glow.

2. PRESS the Program key to Test all 7 segments

O
I

Digital Clock with GPS Synch.
<_ Click for Contents
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RTC can be adjusted.

Connect the GPS antenna to the socket provided in back panel of
Master clock. Check the GPS signal LED indication on front Panel.

Set configuration of slave clocks connected to the Master.

After all testing and settings, the clock shall be kept on the top of table
conveniently.

5.4 ST Folich /| CACHIH FAIF FT GEATIA
Installation of Office clock /Platform clock

1.

Digital Clock with GPS Synch.

Connect the mains Lead and switch On the Power ON LED should glow.

Press the test switch. All LEDS shall Display.

D

L —
£\
-
-l

Select the mode for 12/24 Hours.

Connect the Master Clock network port Cable to Data in connector.
The data out can be connected to another Clock.

Incase master clock is not used connect the GPS antenna to the clock
through the antenna socket provided in right side.

Select the clock ID by DIP switch provided on CPU card.

The office Clock is wall mounting type. Mount in appropriated place.
The Platform Clock has Provision for Hanging in the Platform by using
the 2 hooks provided on the top of the clock. After testing for the
Performance and proper setting of the Controls, the clock has to be

hung in appropriate place for good visibility.

August 2014
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6. JIfe faror Trouble Shooting

Please confirm the following before starting the trouble shooting,

e Check Cable termination.
e The input voltage must be in within range.
e Connections of cables must be as specified only.

6.1 RIT TBH Fdid AT ATART Real Time Clock time is mismatching

e Check crystal of RTC and if faulty change it
e All working satisfactory except 7 segment display respective IC's
e |If problem is still found replace card.

6.2 f3Tcar 91 Display Board

The problems that occur more often in case of display boards are:

Display with Garbage information.

No display output.

Information not getting copied or download.

Information getting copied or downloaded but not getting displayed.
Board not receiving power.

Display board retuning recurrently.

No reaction or response.

NouswNE

6.3 TACHIH Felldh dUT FIRATAT 1% Platform Clock and Office clock:

FEZHAT AYS F ATHS A In case of standalone mode

e Keep clock without Global Positioning System antenna and check RTC
display.

e |F GPSis not working check toggle switch options.

e Switch select are not ok check antenna connected properly or not.

Digital Clock with GPS Synch.
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e |If connected correctly check supply, it should be at least 3 V from
regulator in case of standalone mode.
e If still problem is there change GPS module or antenna.

Aea® AS HIn network mode

e Check data from master clock, if data is not coming, check cable
connections.

e |f cable is ok, check configuration and ID of Master and slaves ID.

e Check 485 receiver card.

5.5 9RAS Yo« F WY ¥ Display with Garbage information

e Ensure power supply termination spot.

e Ensure AC voltage range (160V-270V) on SMPS input.
e Test SMPS DC output.

e Make sure DC supply on LED card and processor (5V).
e Confirm the processor health status.

If no test mode is running on the board then there is a problem with display
hardware.

1. To make sure whether the display port is running or not then Run Test
modes. For different test modes refer test modes section in installation
and maintenance manual.

2. There might be following condition of the trouble
e Some LEDs might have trouble.

e Connectors may be loose-fitted contact.

e Ensure the DIP SWITCH selections on CPU cards as recommended.
e |f DIP SWITCH selections are OK, then check IC’s in display cards.

o Check for the selection of the LED display board.

5.6 f3¥car 3mFeqe €t No display output

e Ensure power supply termination spot.

e Ensure AC voltage range (160V-270V) on SMPS input.
e Test SMPS DC output.

e Confirm the processor health status.

August 2014
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If the processor is not displaying valid digits on the 7-segment of the
processor then, Processor may possibly not be receiving power.

a. Confirm whether the SMD LED on the processor card is glowing or
not.

b. If not glowing then,

i. Verify the input supply to the processor.

ii. Verify the power supply connections from SMPS to processor.
c. If glowing then,

i. Make sure whether processor is in execution state.

ii. Check the connectors’ connections from processor to drivers

and drivers to LED display cards.
iii. Verify the power supply to the LED display cards.
iv. Ensure Power ON analysis of processor card.

If the processor is displaying 1234/valid digits on the 7-segment of the

processor then,

e Check the connectors’ connections from processor to drivers and
drivers to LED display cards.

e Ensure the power supply connection to the LED display cards.

e Test out the DIP SWITCH selections on LED display cards & buffer cards.

e Check (buffer) IC’s in processor card.

6.6 WIAT T T AT SI3AAIS AGT & W 8

Information not getting copied or download:-
If Master is unable to send data to the display board, then:

e Confirm the health condition of the display board processor.

e Test out the connectivity of cables as specified from Master to Platform
and Office Clock.

e Ensure the unfastened connections at the ports.

e Verify whether the ports are functioning or not.

e Ensure the configuration of master Clock.

e Check the communication circuit in processor circuit.

Click for Contents
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6.7 Il A AT S3AAIS g1 W ¢ Afdad Brea adft Y wr ¢

Information getting copied or downloaded but not getting displayed:-

e If it showing some garbage then information may be corrupted
moreover display may show garbage or it could go blank.

e Press test switch to check all segments are working correctly 88:88:88
or 88:88.

e Ensure the validity of the data understanding from memory.

6.8 1§ A YT UIcd & @Ele Board not receiving power

Check the SMD power LED on the processor. If not glowing then,
e Ensure power supply termination spot.
e Ensure AC voltage range (160v-270v) on SMPS input.
e Test SMPS DC output.
e Confirm DC supply on LED card and processor.
If glowing then, Processor might possibly be hanged up.

6.9 #$ yfafskar a1 9fafHar No reaction or response

e Check the processor health state on 7-segment display of the
processor.

e Ensure whether data is approaching to the port of the display board.

e Lookup for the cable connectivity linking Master as well as slave clock.

6.10 HATFEY T3 Master clock

The problems that take place more frequently in Master Clock are as the
subsequent of list of problems, user may repair the crisis or problem.
1. At Power On.
a. On Selection for Diagnosis (By long press program key).
No key press.
i. Contact manufacturer
b. No POWER ON Analysis.
ii. See installation process
iii. Contact manufacturer
C. No completion of analysis.
i. Make contact with manufacturer.

August 2014
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W NOU R WN

=
= O

12.
13.
14.
15.

d. No initial Graphical Display.
i. Make contact with manufacturer.
HUB is resting.
Not receiving power.
Link is not OK.
Link is OK but direction-finding is not doing well.
Direction-finding of packets is OK, but no acknowledgement.
Trash routing.
Acknowledgment may be trash.
In-house or internal write error.

. Master clock is powered up, but no display on front face panel.
. Transferring information through some ports and incapable to do it so

through other ports.

Waste behavior of Master clock.

Incapable to accept data.

No communication meant for single port.
No communication in support for four ports.

6.11 & AF €T T Link is not OK

Check the communication cables.

Check the Input ports working.

Place the Input port test D-type connecter at the Input ports and select
input port test

If the outcome is successful then Input port is operational otherwise not
functioning.

There may be trouble with adapter PCB. So, verify it.

Press the communication IC. It may be with a loosely placed.

There may be ID mismatch. Verify the DIP-SWITCH and matched with
software.

6.12 fF OF & AfFa 1T & & Link is OK but routing Fail

Digital Clock with GPS Synch.

Test out whether the configuration table is present or not.

Lookup for cable connectivity between Hub and the extra equipment.
Check the driver PCB.

Checkout whether the communication IC is OK or not

Click for Contents
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e Do the port test with port Loopback test connector. For this short 6, 9
and 1, 8 in the connector.
e  Ensure the baud rate.

6.13 ST AT ATARE A@fE In-house or internal write error

e EEPROM is damaged.
e Replace it with new one, so that configuration table may be stored.

6.14 AT FATTad &, AfFaT e $H e W F$ Recar 7187 &

Master is powered up, but no display on front face panel

e There may be trouble with connecting of front panel to the processor
PCB.

e There may be problem with controller.

e LEDs may be damaged.

e LCD display may be damaged.

e Check the power supply to front panel.

7.  3IX&TOT Maintenance
ffSea afsat i Iw$ Cleaning of Digital Clocks

All Digital Clocks are dust free. Even After, cleaning the Digital Clocks
regularly will help in restoring the visibility of the display which was adjusted
due to the dust accumulation outside on the panel protector or inside (very
rare). Master Clock need to be in dust free environment. So, regular cleaning
of area in which Master Clock has been installed is recommended. All service
and maintenance related works should be done by valid personnel only,
otherwise it may damage the equipment.

Feifdcrael o1 faAYUT Analyzing the connectivity

All the connections should be checked regularly for the proper functioning of
the system. Connectivity should be as prescribed. If any of the port of the
Master Clock is not working, Use the Optional port such that system can be

<_ Click for Contents
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restored with minimum time. If any faulty ports found then do the port test
from the provided user interface. For doing the port testing, recheck the
operating and troubleshooting manual. If communication cables are
malfunctioned or not working, then check the loose contacts or cable cut. If
found, repair or replace it.

3YI0T BIage Equipment altering

Replacement of equipment is only suggestible when equipment is totally
damaged and cannot be repaired. When replacing the Master Clock, please
ensure that the cable connections are as specified and connectivity, and
configuration is same as previous, otherwise system will operate wrongly or
faulty. Check all ports of the Master Clock with the help of user interface
given in the front panel of the data Master Clock. Monitor the LED
indications on the front panel display to verify the communication health
status of the all the Digital clocks and Master Clock connected to it.

F15 I vHuANTE i RedT@HAE Replacement of cards and S.M.P.S.
I) AT gAY & In Master Clock

a. Replacement of Power card

b. GPS Receiver module card

c. Replacement of CPU card

d. Replacement of 485 expansion card

e. Replacement of 485 expansion control card

f. Replacement of seven segment and Link check card
g. Replacement of LCD key pad card

) B afdal (ewe / e g8 7
In Digital clocks (Platform /Office clock)

Replacement of Power card

a
b. Replacement of 485 data communication card
c. Replacement of CPU card

d

Replacement of 7-seg LED Boards.
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e. Led ,SW , Antenna and Communication

) TETAYITH S.M.P.S.

a. Replacement of 5V, 3A S.M.P.S.
b. Replacement of 48V, 3AS.M.P.S.

These cards are sometimes needed to be replaced when they are not
functioning or damaged.

1.) First switch off the power and then remove the ribbons connected to
that particular card.

2.) Replace the damaged card with the new one and then connect the
ribbons and connectors as earlier.

3.) Now check the functionality of the boards with the help of test modes
and then check the normal display functionality.

8. FU TATAT FU Do’s & Dont’s
8.1 & Do’s

Once the Installation/commissioning of the clocks are done and fixed in the
designated, display sides of the clock should be cleaned for dusts and other
appearing foreign parts periodically.

8.2 #Hd HU Dont’s

e Once the Clock are installed no controls /settings shall be altered without
permission.
¢ No unwanted/unnecessary things shall be kept near the clock.
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