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1. Preface

This manual is intended to give the installer, uaed
maintenance personnel all the information theyliaety

to need for implementing telemetry systems from the
Data_Link 2000product range.

The Data_Link 2000 product is based oiNano_Link
(which is a simple, low power, self-contained urst)d
Micro_Link (which is a more complex product with
considerable expansion capacity and many confideirab
functions). This manual concentrates lgicro_Link,
and its relationship witiNano_Link. If a system uses
both Nano_Link andMicro_Link, this manual should be
read in conjunction with theNano_Link Technical
Manual’. If a system does not uséicro_Link, then this
manual is irrelevant.

The Data_Link 2000 product range is subject to
continuous evolution, so new features are constantl
being added by a combination of software enhanctsmen
and new hardware modules. This manual descrikes th
features ofMicro_Link software version 7030 V2.01,
Nano_Link software version 7020 V2.01 and DCD
software version 2.00. Some of the features dmsdri
may not be available, or may function slightly difintly,

in earlier software versions. However, it is Chilich
Control's policy to ensure that wherever possible
software is backward compatible. This means that
wherever possible the features described will hesqmt

in all future software issues.

The software version fitted withinMicro_Link by

running DCD Diagnostics on a PC connected to
Micro_Link and examining the Station Status by pressing
the ‘S’ key. The software version fitted within

Nano_Link can be found removing the cover and
examining the label on the EPROM or via an Alpha-
numeric Display module connected to the I/O_Linktpo
The software version of DCD Configuration can be
examined by selecting ‘About DCD Configuration’ from
the Help menu.

Every attempt has been made to lay out this manual
logical sequence. Chapters 2 and 3 describe Hierés
of the system, and should be read before desigaing
system aroundData_Link 2000 Chapters 0 and 4
describeMicro_Link in detail, and should be read before
commencing installation and wiring. Chapter 5 expai
the method of installation.

Chapter 6 described the method of configuring
Micro_Link to suit each individual application. Chapter 7
describes the method of communicating with PLC's,
SCADA systems etc, using the serial interface desegh
Bus_Link.. Chapter d) describes the special features of
Micro_Link that can be configured in software. Finally,
chapter 9 described the configuration and diagoosti
software that a user can run on a computer totasils

the setting up of a system.

Before shipping anypata_Link 2000system, Churchill
Controls configure it to their best understandingthoe#
specific application requirements, and test it as a
complete system. After installation it should #fere
begin operation immediately. If the configuratidoes
not meet the requirements of the application thenuser
can modify the configuration after reading chapéer
The configuration is defined and downloaded to
Micro_Link using the DCD terminal, as described in
chapter d).
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2. Data Link 2000 Overview

2.1 Introduction

The Data_Link 2000 telemetry system offers a very
flexible approach to the problem of transferringnsils
between industrial plant on distributed sites. Biising
radio or private wires as a communication medium it
offers low installation charges and minimal ongoing
running costs. Applications range from simple pdm
point systems to large schemes interfacing with BLC’
and SCADA systems.

Data_Link 2000 configures an industrial data
communications network from Nano_Link and
Micro_Link units. Nano_Link has been optimised for
low power consumption, and low cost applicationghwi
limited I/O. Micro_Link is a more powerful device with
additional communication ports and expansion caypaci

The simplest network comprises twdlano_Link
modules providing a point-to-point link transfegint
digitals and 2 analogues in each direction.

More complex networks are built aroundvicro_Link
base-station and any combination Micro_Link and
Nano_Link outstations. The base-station can poll up to
250 outstations, and every outstation can be used a
repeater if required to access more distant oudstat
and/or repeaters. The data routing is fully camtdple,
with any input on the network being available ay an
output, and data transparently passed to/from Pa@6ts
SCADA systems.

2.2 Nano Link

Nano_Link is a general-purpose outstation with 4 digital
inputs and 2 analogue inputs, with the option aoal
including 4 digital outputs and 2 analogue outplitss
housed in a compact plastic enclosure, which can be
clipped onto a standard DIN rail. It can be suggblin
waterproof polycarbonate enclosures if requiredinoa
roadside cabinet.

The internal power supply can be either three Rakne
batteries or a mains power supply with battery bazk
The module has been optimised for low power
consumption, to the extent that it will operate dqrto 3
years on low-cost Duracell batteries. Battery ofj@na
has the advantage of significantly lower instatlatand
running costs.

The four digital inputs can each be used to morsdtarm

or status conditions, and also to count pulses from
totalised flow transducers. Extra pseudo inputs loa
used to monitor alarm conditions.

The two analogue inputs can be used with low-cost
millivolt transducers or more conventional currémp
transmitters. A pseudo analogue input monitors the
battery voltage and another monitors the radioivece
signal strength.

On fully equipped variants the four digital outputse
volt-free relay contacts, and the two analogue wtstp
source 0...20mA.

The capacity can be increased to 20 digital inpmt¥or
20 digital outputs by adding optional digital expam
modules.

Nano_Link is described in detail in theNano_Link
Technical Manual'.

L PLC [&&
arqge
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. ouTrsTartion
outstation Expansion /0 |«
Y i
& | Outstation | Outstation P
Nawo_Lik \ Wicro Link
Wicro_Link Y
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) pLc [&
11 July, 2013 Data_Link Technical Manual Iss 21dpa. Page 2



Although Nano_Link is intended primarily for use as an
outstation or repeater, it can be configured asaseb
station to provide a simple point-to-point link aaother
Nano_Link, transferring up to 2 analogues and 20
digitals in both directions.

However, to access pseudo inputs, use repeatersseor
more than one outstation, Micro_Link base-station
should be used:

2.3 Micro Link

Micro_Link is mechanically similar tdNano_Link, but
has been designed to provide expansion capacitye mo
processing power and more communication ports with
the trade-off of higher power consumption. It leéght
digital inputs, the first four of which double asilge
count inputs. Extra pseudo digital inputs can bedu®
monitor alarm conditions. It also has two fullplated
analogue inputs compatible with transducers thag gi
either voltage or current outputs. Its eight dibdutputs
are volt-free relay contacts, and it has two 0...20mA
analogue outputs. The I/O capacity can be inctease
virtually without limit by the addition of I/O expeion
modules. A range of expansion modules is available
cater for a variety of plant I/O types.

Micro_Link’s Bus_Link communication port allows it to
communicate with a wide variety of PLC’s and SCADA
systems using proprietary serial protocols such as
Modbus.

The Data_Link Configuration and Diagnostic (DCD) port
can be connected to an IBM compatible PC running DCD
terminal software (free-issued by Churchill Contydtsr
configuring the system and/or running diagnostios t
analyse problems.

Micro_Link can be configured to function as a base-
station or an outstation. As a base-station it can
communicate with up to 250 outstations. In either
configuration it can be equipped with expansion ulesl

to increase its input/output capacity without angatical
limits.

2.4 Repeaters

Every Micro_Link and Nano_Link outstation in a
network is capable of repeating messages to/frome mo
distant outstations. Up to 8 levels of repeatiag be
used to greatly extend radio range. The netwofllig
configurable from the base-station.

2.5 Hardware 1/O

Data_Link 2000 can copy inputs at any point on the
network to outputs at any other point, maintainthg
same electrical format. It can therefore be visedl as

the equivalent of a multi-core cable netwadvkicro_Link

can also be configured to pass data to/from PLC's,
SCADA systems and regional telemetry schemes via the
Bus_Link port, thus obviating the need for hardware 1/0.

2.6 Bus Link

Bus_Link is Churchill Controls’ terminology for a
general-purpose serial interface, which can beigordd

to use a standard PLC bus protocol. It allows dathet
passed betweebata_Link 2000,intelligent instruments,
PLC's, SCADA systems and third party telemetry
schemes. Although the industry-standard is Modbus,
other protocols such as Allen-Bradley can also leglus

2.7 DCD Terminal

The Data_Link Configuration and Diagnostic terminal
comprises software free-issued by Churchill Contfots
running on any IBM compatible computer as a diagnost
aid, and for configurindpata_Link 2000

In configuration mode the software allows all syste
network andBus_Link configurable parameters to be
edited, saved to disc, downloaded Ntcro_Link and
uploaded fronMicro_Link.

In diagnostic mode it allowdlicro_Link’s inputs and
outputs, and its internal database, to be examaret
modified, and serial communications wBtus_Link and
with other Micro_Link's and/or Nano_Link's to be
eavesdropped.

2.8 Expansion Modules

The 1/0 capacity ofMicro_Link can be increased by
adding I/O expansion modules. The modules cusgrentl
available are:

» Digital Input
This module has 16 inputs, each designed to
interface to external volt-free contacts, or to itam
control voltages in the range 0...24VDC

» Digital Output
This module has 16 outputs, each being a volt-free
relay contact.

» Digital Input/Output
This module is a combination of the above, with 8
inputs and 8 outputs.

» Analogue Input
This module has 8 inputs, all fully isolated and
scaled for 0...20mA or 0...5V (user selectable).
They read the inputs with an accuracy of £0.1%.

» Analogue Output
This has 4 active outputs, all fully isolated and
generating a current in the range 0...20mA at £0.1%
into loads of up to 10@D.

» Display Module
Two forms of this are available: The digital versio
has a 4-decade seven-segment LED display with
selectable decimal point, so is capable of indicati
values in the range 0.001...9999. The alphanumeric
version has a 2 line x 16-character LCD display and
four pushbuttons. Its main use is as a diagnostic
tool.

These modules are described in more detail is @hdpt
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Micro_Link can be fitted with up to 32 expansion
modules of any mix, plus a further 32 digital déspl
modules if required.

Nano_Link's expansion capacity is limited to one digital
input module, one digital output module and/or one
alphanumeric display module. For more details @eas
refer to the Nano_Link Technical Manual’

2.9 District Monitoring

Data_Link 2000 has been specifically designed to
address the need for district monitoring to dekeaks in
water distribution networks. The total cost of @mship
has been considered by addressing installation,
operational and maintenance costs as well as thiégata
cost of the equipment.

District monitoring requires remote reading of tisied
and/or instantaneous flow from one or two transdijce
with the option of also monitoring pressure, at pubnis
points around the network. In urban areas theigens
could be up to one outstation per square kilomethast

in rural areas the network could spread over mang bf
square kilometres. Outstation aerials must be |samal
protected against vandalism, since they are likelye in
public locations. In some instances they must fdeu
manhole covers.

The Nano_Link outstation is optimised for district
monitoring applications by incorporating the folliony
features:

» BATTERY OPERATION
saves the cost of connecting to mains
supply. Three-year life from Duracell
batteries minimises operational costs.

» USES DE-REGULATED RADIO
No recurring charges.

» WORKS WITH LOW-COST
TRANSDUCERS
Outstations derive instantaneous flow
from turbine or electromagnetic meters
and pressure from strain gauge
transducers. All transducers can be
powered from the outstation battery.

BI-DIRECTIONAL COMMUNICATION
Allows outstations to be remotely
configured, and gives more reliable data
transmission.

Y

These features are complemented by usitiro_Link

as a base-station to give the following facilities:

» BUS INTERFACE AT BASE-STATION
Allows access by a wide range of systems
using industry-standard protocols such as
Modbus.

» FAST BI-DIRECTIONAL
COMMUNICATIONS
Allows 100 outstations to be scanned by
each base-station every 15 minutes

REPEATER OPTION

» Allows extended area coverage, with
easily configurable message routing
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3. Common Features

3.1 Mechanical

The following features are common to bdflicro_Link
andNano_Link:

3.1.1 Housing

All modules are housed in plastic cases, which loan
clipped onto either G or ‘top hat' DIN rails. The
housings measure 125mm H x 125mm W x 110mm D
(when mounted on a vertical surface). All eleetric
connections are made through two part screw tetmina
along the top and bottom edges. Connections between
modules and with other devices are made through FCC68
RJ11 and RJ45 jacks. No internal circuitry is adbéss
without removing the top cover.

The top cover is
retained by internal PRESS
clips, and can be

removed by inserting a
fingernail or screw-
driver into the centre of
the gap at each side 0o
the cover and pulling

outwards. Some ¥

modules also have) p—

screws. “m’," '
N\

To unclip modules
from ‘top hat’ rails on
a vertical surface, press
down on the top of the module and lift it out frahe
bottom.

PULL OUT

3.1.2 Polycarbonate Enclosures

A range of polycarbonate enclosures is available fo
applications requiring wall mounting. They rangesize
from 190mm x 190mm x 135mm (suitable for a single
module) up to 380mm x 560mm x 135mm (for up to 4
modules). The smallest enclosure is rated IP68
(submersible for 24 hours to a depth of 2m), whelkt
others are IP67 (resistance to temporary submetsien
depth of 1m). The enclosures are fitted with DINsréo
which the unit can be clipped and a cable to extéed
aerial connector to a TNC aerial socket on the tofn®
enclosure. It is assumed that the user will fit gignds
needed to bring plant I/O into the enclosure.

It should be noted that the IP rating is dependenthe
lid being screwed down tightly, and all glands lgein
correctly fitted and secured.

Larger systems can be supplied in steel enclosifires
required.

3.2 Network Communications

3.2.1 Radio

Both Micro_Link andNano_Link can be equipped with
synthesised VHF or UHF transceivers which are

approved to ETSI standard EN 300 220-1 and cankibus
used so can be used in all the European Community
member states (subject to national requiremerits}he

UK the de-regulated bands are designated MPT1328
(VHF) or MPT1329 (UHF) bands. Any of 32 channels
can be selected to avoid conflict with other users.

The UHF MPT1329 band is the most popular, since it
allows for transmit powers of up to 500mW ERP
(Effective Radiated Power), but doesn’t requirecarice.
There are 32 channels at 12.5KHz spacing, in thmel ba
458.500MHz to 458.925MHz. However, other countries
allocate a different part of the UHF spectrum fa- d
regulated applications, so variants of the radin be
fitted to accommodate national requirements.

The radio range depends on the aerials used and the
topography of the area but will typically be up8iém in
urban environments and up to 25Km with elevated
aerials.

There are two adjustments on the radio modules,
Modulation Level and Transmit Power, both of whaoke
factory set:

The Modulation Level trimmer sets the transmitter
frequency deviation, and should never be changed.

The Transmit Power trimmer sets the output powehén
range 20mW to 1W, and is pre-set to 500mW can
only be changed by qualified personnel equipped with
calibrated UHF power level meterThe output level can
be set below 500mW to minimise power consumption
and reduce potential interference with other usets.
must be set below 500mW if the aerial has gaincait
only be set above 500mW if the aerial and/or aerial
feeder has an overall gain of less than unity, toeh
only to compensate for the loss@he ERP must never

be set to more that 500mW when using MPT1329.

Other versions can be supplied to operate withia th
regulated MPT1411 band of 457.5MHz to 458.5MHz and
463.0MHz to 464MHz at power levels up to 5W, or the
unregulated MPT1328 band of 173.20MHz to
173.35MHz at a power level of 10mW.

3.2.2 Leased Line

Micro_Link can alternatively be equipped with modem
for use on leased telephone lines supplied by maltio
network providers such as BT and Mercury. The
modems are approved for use through the European
Union.

The modems are capable of operating with an eredtb-
loss of up to 27dB, and provide correct impedance
matching in accordance with the regulations. Ndrma
telephone wires have a loss of about 1.5dB per Km,
giving a range of typically 18Km. However, if maitean
one outstation is used, the line becomes mismatc¢hesd
increasing the loss and effectively reducing th&imam

line length. This can be overcome by adding line
amplification and/or impedance matching pads. The
network provider will normally arrange this.

3.2.3 Private Wire

Private wires are cable pairs similar to leasedslirbut
owned by the user. The user is thus responsibie fo

11 July, 2013

Data_Link Technical Manual Iss 21dpa.

Page 5



maintenance of the cable, but does not have taquapl
charges.

Over short distance the characteristics of the ecaioe
unimportant. However, for distances greater thamirzd
2Km the cable should be matched to the terminating
impedance of the modems, namely @00The modems
are capable of operating with an end-to-end losspato
27dB. Normal telephone wires have a loss of about
1.5dB per Km, giving a range of typically 18Km.
However, if more than one outstation is used, the |
would become mismatched, due to the additional load

impedance. This increases the loss and effectively
reduces the maximum allowable line length. A high
impedance version of the modem is available to
overcome this and allow large numbers of outstatitan

be connected across a single pair of wires, with
appropriate terminations at each end of the cable.
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123456 7812345¢6738|2eaS8
b DIGITAL 2113 DIGITAL 21 Bus_Link | |12V
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8|1]2[3]4(5]6[7[8[3] [3[1[2[3]4]5]6]7[8|S| [A|T |B +| -
3.3 General 3.4 Indicators

Micro_Link is a general-purpose module with 8 digital
inputs, 8 digital outputs, 2 analogue inputs and 2
analogue outputs. It can be fitted with an interadio
module or leased-line modem, or used with an eatern
communications device. It also has a serial gt tan

be configured for either RS232 or RS485 communication
with external devices such as PLC’s or SCADA systems.
An 1/O_Link port is also included for connection to 1/0O
expansion modules.

Micro_Link’s function is determined by internal
software, which is configurable by using DCD softavar
running on a computer plugged into its DCD port.isTh
facility can also be used for monitoring and delingg
the system.

Micro_Link has a row of 20 LED's, visible through
windows in the top cover.

The first eight LED’s monitor the digital outputmd are
lit when the respective output contact is closed.

The next eight LED’s monitor the digital inputs,daare
lit when the respective external input contactased.

The Heartbeat LED flashes at a rate of 4 pulses/skbto
indicate that the unit is operating.

The Test LED lights whenever the radio transmitter
enabled.

TheBus_Link LED flashes green when data is being sent
to theBus_Link port and red when data is received from
it.

The Comms_LinkLED flashes green and red when data

is being sent to th®ata_Link 2000 communications
network, and red when data is received from it.

Bus_Link port
(Link to PLC, SCADA etc) «—»

8 x Digital Inputs —|

8 x Digital Outputs q——|
2 x Analogue Inputs—»

2 x Analogue Outputsg¢——~-

DCD port q¢——p|

Micro_Link

1/0_Link port
<—> (I/O expansion)

Data_Link
Radio,
Leased Line Modem
or External Comms
Device

A
A 4

(Configuration &
Diagnostics)

12v DC
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3.5 Power Supply

Micro_Link operates from a supply of nominally 12V
DC. Current consumption is typically 20mA in normal
operation, rising to 500mA when the radio transenits
enabled. If expansion modules are fitted their grow
consumption will be added to these figures.

3.6 Plant l/O:

3.6.1 Analogue Inputs

Micro_Link has a total of four analogue inputs (two real
and two pseudo):

3.6.1.1 Analogue Inputs 1 and 2

These inputs are identical and fully isolated. Thei
internal circuit is as follows:

1+

® & vou

10CQ i
1l oul
220K :0'_
- o o
330K
2+ o o
10CQ i
2l oul
220K _f'_
o W] o o
330K ——ov

Vout is measured relative to an internal 2.00V netiee,
giving an input range of 0...5.000V between 1+ andr

2+ and 2-. However, if an external link is fittbdtween

11 and 1- or 2I and 2-, the respective input serisit
changes to 0...20mA into 100 (compatible with
0...10mA and 4-20mA transducers). The span andtoffes
can be changed, as described in section 8.7.

The ADC has a resolution of 12-bits (0...4095), and an
overall accuracy oft0.1%. It is calibrated to give a
reading of 4000 for a full-scale input so over-rairgputs
can be detected.

It should be apparent that the transducer in ctifcep
application can be either in the negative leg, as
illustrated, or in the positive leg. In all caghs power

for the transducer can be either sourced exterraily
derived from the system 12V supply.

+10...24V 0OV
-

Transduce

-

1+|1-[2+] 2- [1+| 111 |2+] 2
OUTPUT INPUT
ANALOGUES

+

Current Loop Transducer

+10...24V

1

Transduce

> 0V

1+|1-[2+] 2- [1+| 11]1- [2+] 21 2-
OUTPUT INPUT
ANALOGUES

Voltage Output Transducer

3.6.1.2 Pseudo Analogue Input 1 - Supply
Volts

Micro_Link measures its supply voltage, and stores it as
if it was an additional analogue input, scaled sc20V
is read as 0...16000:

Supply Voltage = Value / 800 V

3.6.1.3 Pseudo Analogue Input 2 - Radio
Received Signal Strength Indicator

(RSSH)

When using radio communication it is important toow
the strength of the received signal. The RSSI eanded
to deduce the margin by which the path can detsor
before communication will be lost. RSSI is meastired
dBuV, according to the following formula:

RSSI =Value /100 - 15 dBuV

This can be illustrated graphically as follows:

25
20
15
10
5

0
-5
-10
-15 T
0 1000 2000 3000 4000

Value

RSSI (dBuV)
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The radio receiver has a sensitivity of about -10dB
and a good radio path should have a margin of et le
10dBuV so the RSSI should ideally read at least 1500.

Note that the reading is the signal strength of ldss
message received. The value at a base-station will
therefore change each time it interrogates a differ
outstation.

3.6.2 Digital Inputs

Micro_Link has 8 identical digital inputs, with a
common return, intended for use with volt-free cais.
The input circuit is as follows:

V+
10(Q 22K
INPUT B ] J_ C +—
M
COMMON Oul
RETURN 1000 ov

Two Common Returns are provided, one for inputs 1-4
and the other for inputs 5-8.

DIGITAL
INPUTS
1|12|3|4(5|6|7(8

g

The series resistors give protection against EMC and
excessive voltages on input terminals. The capacito
serves the dual purpose of providing a surge wgttin
current when the input contact first closes andriping
switch bounce filtering.

COM 14
COM 5-8

Micro_Link records the current state of each digital
input. In addition, it maintains an internal 1é-bounter
for each of the first four inputs, which is incremed
each time the contact closes. Each input canftreree
used to monitor a digital state or to count inputsps.
The count is copied into non-volatile memory evéfy
minutes, so in the event of a total power failumethe
worst case only 10 minutes of counts will be lost.

The counters can be reset to zero using a spexsal t
mode (see 8.14.3).

3.6.3 Analogue Outputs

Micro_Link has 2 analogue outputs, each sinking a
current of 0...20mA (although the span and offset lwan
changed as described in section 8.8) through the ‘-
terminal to the internal OV rail. The current che
sourced fronMicro_Link’s operating 12V supply (which

is presented via an EMC filter on the respective ‘+’
terminal) or from an external supply of up to 24VDC:

14|1- [2+]2- [1+| 21T2- |2+ 21T2-
OUTPUT INPUT
ANALOGUES

Using Internal Supply

_——
External Supply

+10...24V ov
. !
Meter| Micro_Link OV

14|1- [2+]2- [1+| 21T2- |2+ 21T2-
OUTPUT INPUT
ANALOGUES

Using External Supply

The outputs are calibrated to give full scale fatigital
value of 4000, so will sink 20.47mA for a maximum
reading of 4095, allowing over-range values to be
monitored.

Note that all analogue outputs are initialised épozon
power-up. During normal operation they will copet
appropriate output value. If there is a subsequent
communications failure the output value may obwipus
no longer be correct. The user can configure each
analogue output to freeze at its last valid statitné event

of a comms failure, or to go to any required valtge
means of configuring this is given in section 8.4.

3.7 Digital Outputs

Micro_Link has 8 digital outputs, each being a volt-free
relay contact rated 125VAC/1A/60VA max. or
60VDC/1A/30W max. Outputs 1...4 share a common
return, as do outputs 5...8, all being fully isethtfrom
the internal circuitry. Each relay contact alse hal20V
transient suppressor in parallel.

Although the switch contacts are rated at up tovl25is
the user’'s responsibility to ensure that externavgr
sources do not compromise the operator’s safety.
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If the relays are used to switch inductive loadshsas
interposing relays, the load must include transient
suppression to prevent excessive voltages during
switching. If the load is DC, this is most easithieved

by connecting a reverse-biased diode across thk Itfa

it is AC, a bi-directional suppressor such as tremso a
voltage dependent resistor should be used

Note that all digital outputs are initialised to Bn
power-up. During normal operation they will cophet
appropriate output value. If there is a subsequent
communications failure the output value may obvipus
no longer be correct. The user can configure eégiat

DIGITAL
OUTPUTS
2|13|4(5|6

COM 14
[EEY
~
0o
COM 5-8

LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD

Vi ¢V

Supply 1 Supply 2

output to freeze at its last valid state in thenévaf a
comms failure, or to go ON or OFF. The means of
configuring this is given in section 8.3.

3.7.1 Bus Link Port

The Bus_Link port is used for communication with
PLC'’s, SCADA systems and larger telemetry schemes. |
is configured through the DCD terminal, and presg:irie
either RS232C or RS485 format. The RS232 interface is
provided through an 8-pin RJ45 socket, configured as
follows: Columns 3 and 4 show typical connectionsto
personal computer, column 5 shows the three coiomsct
needed for the RS232 connection to an AB processor
whilst column 6 shows that connection to a Modicon
Micro PLC requires only an 8-way RJ45 reverse cable
(linking pin 1 -8, 2 -7, 3 - 6, etc.). Connectitmany
other device should be readily derived from thidda

The drawing shows the numbering convention adopted
by Micro_Link for RJ45 sockets. Ready-made cable
assemblies can be purchased from Distributors sisch
RS Components and Farnell Electronic Components.
Typical stock numbers are as follows:

RS
Flat 3m 446-664
5m reversed 405-5391
Category 5 1m 405-4590
Category 5 2m 405-4629
Category 5 5m 405-4641
Category 5 10m 405-4567

RJ45 Pin Numbering

Colour code

Category 5  Flat cable

Brown
White/Brown
Green
White/Blue
Blue
White/Green Black
Orange Orange
White/Orange Blue

Grey
Brown
Yellow
Green
Red

View looking
into socket

O~NOO U WN P

Category 5 cables are recommended, since they aie mo
robust, and can be terminated into conventional
connectors at one end if required. For connectice D-
Type plug or socket an RJ45 adapter (e.g. RS 452-6736
or Farnell 225-162) can be used.

If Micro_Link has been configured via the DCD terminal
to use the RS48Bus_Link interface the 1/O is directed
instead to a 3-pin connector dicro_Link, with pins
designated A, T and B. RS485 is a balanced two-wire
bus that can be used to both transmit and receta. d
The line can be multi-dropped to 32 devices, aralgh
be terminated at both ends with TdMicro_Link has a
100Q resistor between the A and T terminals, so linking
T to B will incorporate a termination resistor. Bdhat
RS485 is polarity-conscious, so all A terminals miet
joined together, as must all B terminals.

Bus_Link PC PC Allen- Modicon
(RS232) | 25-way D | 9-way D Bradley | PLC RJ45
RJ45 9-way D
+5V <8
NC 1 8-19, 21- 9
25
DSR 2> 2>6 2>6 >7
TXD 3<& <2 <3 >3 <6
RXD 4> >3 >2 &2 >5
GROUND 5 <> <>7 <>5 <>5 <>4

RTS 6< <4 <7 <3
CTS 7> 2>5 > 8 >2
Shield 8 <> <1 <1 <1
DTR < 20 <4
BCD
+12V
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3.7.2 DCD Port

Micro_Link’ s functionality is configured by connecting a
DCD terminal via an 8-way RJ45 socket:

DCD PC PC
(TTL) 25-way D | 9-way D
RJ45
+5V 1>
RXD 2> >3 >2
+12V 34>
TXD 5¢ <2 <3
RTS 6<& <4 <7
DCD 7&
GROUND 8 <> <>7 <>5
NC 8-19, 21- 9
25
DSR 26 > 6
CTS 25 > 8
Shield <1 <>1
DTR < 20 &4

This data is at TTL levels, so a level converteeipuired
betweenMicro_Link and a PC. Churchill Controls Ltd
supplies a cable assembly with an integral levaveaer
(Part Number 7039-1) with every order that includes
Micro_Link. The adapter also converts the mechanical
format from RJ45 to a 9-way D socket suitable for
connection to a PC.

3.7.3 Comms Link Port

WheneverMicro_Link needs to communicate over the
Data_Link communications network it first tests to see if
there is an internal radio fitted. If not, it théests the
Comms_Link port to see if the EXT COMMS pin is
linked to OV. If not, it assumes it is using arieimal
leased line modem. Theéomms_Linkport thus allows
external communication devices to be used in pdicee
internal options (provided an internal radio is fitied).

It provides the following terminations:

TXD, RXD and RTS are at TTL levels. If the external
device uses RS232 signal levels, a level convertest m
be used, such as the Churchill Controls 7039-1.

3.7.4 /O Link Port

I/O_Link provides the capability for /0O expansion. It
provides a limited amount of power to expansion
modules, but the current rating of the cable orligvwas
power to about three output modules (analogue or
digital). If more expansion modules are fitted tiable
should be supplemented by a power lead (see chépter

3.8 Alarm Handling

Micro_Link automatically detects a number of possible
fault conditions, and stores them as flags which lsa
sent over the communications network for monitoring
remotely. All alarm flags are at a ‘1’ in the nainstate
and ‘0’ in alarm.

3.8.1 Comms Fail Alarm

3.8.1.1 Base-station

A Micro_Link base-station it will generate a comms fail
alarm if it gets no response to any given data kloc
command for a defined number of consecutive pdhe
delay before an alarm is generated depends on the
configuration downloaded into it (se®1.1.3 and the
type of outstation it is polling. If it is polling ‘normal’
(mains-powered) outstation and tNermal Outstation:
Scanning Window is set to a value greater than zero, it
will make as many attempts as it can within theardef
time window, allowing a 2-second extended retrytfor
last attempt. If all attempts fail it will raisecamms fail
alarm for that outstation. It treats low powerstations

in the same way, except it uses the value sdtow
Power Outstation: Scanning Window If it is polling a
‘normal’ (mains-powered) outstation and tiNormal
Outstation: Scanning Window is set to zero, the
number of attempts will be the value set Normal
Outstation: Retries, again allowing a 2-second extended
retry for the last attempt.

If all attempts fail, the base-station will raisecCamms
Fail Alarm for the relevant outstation, and set R®SI
reading for that outstation to zero. It will alsaise a
common Comms Fail Alarm for the base-station, to
indicate that one or more outstations has failed.

If the base-station is fitted with a Comms Expansion

Comms_ PC PC Module, see Section 8.15.3 for further details.
Link 25-way D | 9-way D
(TTL)
RJ45 3.8.1.2 Qutstation
;i\é ;;) 53 55 A Micr.o_Link outstation wi.II generate a comms e}larm if
1oV 3745 it receives no communication from the base-stafiora
2 defined period. It calculates the time-out peffimin the
TXD 5 <€ <2 <3 time between successive scans, plus a contingémey t
RTS 6< <4 <7 It cannot derive the time between scans until is ha
EXT 7€ received two polls from the base-station. It wikrefore
COMMS indicate a Comms Fail Alarm until the second poll.
oV 8 <> <>7 <>5
NC 8-19 71- 9 The contingency period is calculated as twice takier
2&'; downloaded as theNormal Outstation: Scanning
DSR 56 56 Window. This will normally be the default value, and
will be the same as the value downloaded to the-bas
CTS 2>5 > 8 station
Shield <>1 <1 '
DTR < 20 <4
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For example, if the outstation detects that thesaation
is polling it every 25 seconds, and theormal
Outstation: Scanning Window is set to 5 seconds, it
will raise a Comms Fail Alarm 35 seconds after thst |
poll.

If the outstation is fitted with a Comms Expansion
Module, see Section 8.15.4 for further details.

3.8.2 Complete Comms Fail Alarm

A Micro_Link base-station also generates a Complete
Comms Fail Alarm to signify that it has lost
communication with all outstations. This could,r fo
example, be used to indicate a failure of the Istaton
aerial, or a break in a leased line.

3.8.3 Mains Fail Alarm

Micro_Link assumes it is powered from a 12V lead-acid
battery-backed mains power supply. During normal
operation the battery is trickle-charged to ab®&16¥. If

the mains power fails the system will continue vilogk
from the battery, but the supply will drop to ardut2V.
Micro_Link detects this and generates a Mains Fail
Alarm Flag.

The system can be powered from other types of guppl
in which case the Mains Fails Alarm flag can beoigl.

3.8.4 Battery Low Alarm

If a battery powers the system, the supply voltage

fall as the battery becomes discharged. If it drbplow
10.5V Micro_Link raises a Battery Low Alarm flag.
This indicates an impending system failure, buttthe
before the system fails will depend on the battery
capacity and the total load being drawn.

3.9 Micro Link Specifications
POWER SUPPLY:
HARDWARE 1/O:

Digitals:
Inputs:

3.8.5 Hardware Falil

When Micro_Link is first powered it tests all possible
I/O expansion modules to identify the level of gupiing.

It then continuously scans these modules, passatg d
between them and the database. If any module
subsequently fails to respond the system will flag
hardware failure alarm.

3.8.6 Bus Link Comms Fail

If the Bus_Link interface is configured to operate in
slave mode (i.e. responding to commands from an
external master device) it cannot detect any error
conditions, so this alarm is invalid.

If the Bus_Link interface is configured to operate in
master mode (i.e. communicating with one or moages|
devices), this alarm will be generated if a slas#sfto
respond to a pre-set number of consecutive commands

As well as setting the alarm flaBus_Link also sets a bit
corresponding to the slave address in a pseuda dgta
block numbered 251. This data block is not seer te
communications network. However, an internal data
transfer can be used to copy the flag to any atauired
register to identify which slave device has faile&or
example, if a PLC allocated slave address 3 faitsthe
Micro_Link station address is 5, the common PLC alarm
flag will be set by clearing thBus_Link comms fail bit

of input data block 5. In addition, bit 3 of pseuidput
data block 251 will be set.

3.8.7 Watchdog

Micro_Link also has a watchdog register that
continuously toggles state, as long as the internal
processor is running. This may be mapped to aadligi

output, to provide a hardware watchdog signal.

10.0...14.0V DC @ 1A max. (Excluding expansion modle

4 digital / count inputs compatible with extermalt free contacts

4 digital inputs compatible with external viske contacts

Energising voltage: 5.0v
Switching current:

Maximum count rate: 50 pulses/second

50mA wetting current, 280continuous

Outputs: 8 volt free contacts rated
125VAC/1A/60VA max. 60VDC/1A/30W max.
Separate common returns for two groups of 4
Analogues:
Inputs: 2 Analogue inputs (fully isolated).
Range: 0...20mA into 1@or 0...5V into 500K
Accuracy: +0.1%
Common mode range: + 250V

Pseudo inputs:
RSSI (0...100%).

Battery volts (0...20\£1%)

Outputs: 2 Analogue outputs (non-isolated).
Range: 0...20mAinto 0...5@D
Accuracy: +0.5%

Temperature :

ForMicro_Link and all expansion moduled0 to +50 Degrees Centigrade
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4. |nput/Output Expansion Modules

Micro_Link can be equipped with a range of expansion
modules to increase its hardware 1/O capacity. &2
modules can be ‘daisy chained’ on th@_Link bus. As
well as transferring data betweddicro_Link and the
expansion modules, this bus also distributes powlér.
should be noted, however, that it is not capable of
carrying sufficient current to power more than taly
four expansion modules. To overcome this limitatio
each expansion module has a 12V power connectar. O
large systems the power supply should be fed toyeve
fourth output expansion module as well as to
Micro_Link. On small systems the 12V power
connectors on expansion modules can be used to take
power from the system, within limits.

Each expansion module includes an 8-way DIPswitch,
poles 1...5 of which are used to set the moduleseaddr
Each module connected Micro_Link must be given a
unique address, and addresses must be contiguous,
starting from 0. On power-uplicro_Link tests each
module, starting from 0, to recognise the type ofioie
fitted. This test ceases when it reaches an asldres
which it receives no response.

The address on each expansion module is set inybina

Switch
3

Address

(N[O |W[IN[FR|O

©

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

~lo|r|o|r|o|r|olr|olr|o|r|o||o|r|o|r|o|r|o|r|o|+|o|r|o|r|o|r|o]-
Rl |lo|lo|rk|r|o|lo|r|r|o|o|r|r|o|lo|r|r|o|o|r|r|o|o|r|r|o|o|r|r|o|o|N
PRkl R|F|r|o|o|lo|o|o|o|o|o|r |k |k ||| r|r|r|o|o|o|o|o|o|o|o]»
RlRRr|Rr|Pr|Rr|RRr|R[P|Rr| k[~~~ |o|lo|lo|o|lo|o|o|o|o|o|o|o|o|olo|o|u

=l Ll Ll L =l k=l (=l =l L L L Ll k=l K=l =l =) L Ll L L =l K=l L= =l L L L Ll L=l R =l = =

where 1 = on, 0 = off.

Micro_Link effectively appends any I/O expansion to its
on-board /O capacity of 16 digital inputs (thesfir8
being pseudo), 16 digital outputs (the first 8 kgein
pseudo), 8 analogue inputs (the first 6 being pseadd

8 analogue outputs (the first 6 being pseudo). aBs®n
modules of the same type are suffixed in the sexpien
their module addresses. For example, suppose the
following expansion modules are fitted:

Module
Address

Type

8-channel analogue input
16-channel digital input
16-channel digital output
8-channel analogue input
4-channel analogue output
16-channel digital input
8-channel analogue input

OO~ WINIFIO

The capacity of this system (including th&cro_Link)

will be (8+16+16) = 40 digital inputs, (8+16) = Bjital
outputs, (2+8+8+8) = 26 analogue inputs and (2+4) =
analogue outputs. Digital inputs 1...8 will be on
Micro_Link, whilst digital inputs 9...24 will be on
module address 1 and 25...40 will be on module addres
5. Similarly analogue inputs 1 & 2 will be on
Micro_Link, whilst analogue inputs 3...10 will be on
module address 0, 11...18 will be on module address 3
and 19...26 will be on module address 6.

The mix of modules, and their physical location tbe
bus, is irrelevant. Normal practice, however oiddcate
the module set to address 0 adjacent and to thé ofy
Micro_Link and succeeding modules in sequence from it,
using short jumper links. Th#O_Link bus can be
extended to a total length of 5m if required.

As well as passing data to/from expansion modukes,
I/O_Link bus also distributes power to them. However,
its current capacity is limited to 1.0A. Althougliital

and analogue input modules draw very little poveaich
digital output module can draw up to 225mA, andheac
analogue output module can draw up to 200mA. The
I/O_Link bus can therefore only power up to 5 output
modules. If a system is equipped with more thas, th
power distribution must be supplemented by bussing
together the 12V 1/O terminals on the expansion utexl
with the 12V terminal on Micro_Link. It is
recommended that every"4output module is linked
using 16/0.2mm wire.

The following expansion modules are available:
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4.1 7150-1 Digital Input Module

1/0_Link T L L 1/0_Link
INPUTS INPUTS

A CHURCHILL CONTROLS
@ www.churchill-controls.co.uk

1 2 3 45 6 7 8 9 101112 13 14 15 16 (e

(1%c)

SWITCH 1 INPUTS INPUTS 12v
Address Model 9 10 [11]12]|[13]14]15] 16 ¢
12345678 +|-+|-+|-+|- +|-+|-+|-+|- +-

This module has 16 inputs, each with two terminals inverted if required by setting switch 8 of the Bifatch

marked ‘+’ and ‘-. The input circuit of each isa ON. This can be summarised as follows:
+5V _ Logic State_
Input State Switch 8 | Switch 8
10cQ e Volt-free contact open OFZ ONl
] -
+ L ] 1L %'_’ Volt-free contact closed 1 0
; oul Sense voltage > 3.5V 0 1
Sense voltage < 1.5V 1 0
10CQ oV -

follows:

The module draws minimal current from the power
supply.
The inputs are designed for use with volt-free aots, o ;
which are supplied a wetting current of 50mA orsiig, Specmcatlons

with a normal sense current of 280 However, they CURRENT CONSUMPTION:
can also be used to monitor a DC voltage of up % 24

12v: OmA
relative to OV. 5V: 10mA max.
The module usually generates a logic ‘0’ state wtien INPUT VOLTAS)Ei‘C 0:  min. -24V max. +1 5V
contact is open or the monitored voltage is gretiten Logic 1j min. +3.5V max. +2.4V
3.5V, and a logic ‘1’ state when the contact isselb or gic . A ’
the voltage is less than 1.5V. However, the seasebe ENERGISING CURRENT:

50mA wetting current, 25307 continuous
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4.2 7150-2 Digital Output Module

I/O_Link -|+ -|+ -|+ _|+

IEEEEE //O_Link

(| ZC) 8 7 6 5

4 3 2 1

(1%C)

OUTPUTS

OUTPUTS

\/\ A CHURCHILL CONTROLS
V ¥ www.churchill-controls.co.uk

Degital Output Wodule

1 2 3 45 6 7 8 9 1011 12 13 14 15 16

(€

SWITCH 1 OUTPUTS OUTPUTS 12v
Address |Mode 9 |10|11|12|]| 13|14 |15 16 110
12345678 +|-+|-+|-+|- +|-+|-+|-+|- +]-
This module has 16 fully isolated outputs. Each inverted if required by setting switch 8 of the Bitch
comprises a volt-free relay contact rated ON. This can be summarised as follows:

125VAC/1A/60VA max. 60VDC/1A/30W max. A 120V
transient suppressor is fitted across each cortact
prevent damage and/or interference when switching
inductive loads. Each contact is isolated to 500Mm
from all other contacts and from OV.

Although the switch contacts are rated at up tovl25is
the user’'s responsibility to ensure that externavgr
sources do not compromise the operator’s safety.

If the relays are used to switch inductive loadshsas

Logic State : Output State
Switch 8 OFF Switch 8 ON
0 OFF ON
1 ON OFF

The module draws a maximum of 240mA from the power
supply when all outputs are on.

interposing relays, the load must include transient SpeC|flcat|onS
suppression to prevent excessive voltages during  cURRENT CONSUMPTION:
switching. If the load is DC, this is most easihieved 12V: 225mA max. (All outputs on)
by connecting a reverse-biased diode across thk Itfa 5V: 10mA max
it is AC, a bi-directional suppressor such as tremso a SWITCH RATING:
voltage dependent resistor should be used 125VAC/1A/60VA max.
The module usually closes the contact for logicstete 60VDC/1A/30W max.
and opens it for logic ‘0’. However, the sense t&n ISOLATION:
500VAC
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4.3 7160 Analogue Input Module

I/O_Link
(1%C)

I/O_Link AT DT DT DT
4 3 2 1

(1%C)

INPUTS
@ CHURCHILL CONTROLS
V www.churchill-controls.co.uk

4%509% 7W adale C€

SWITCH 1 INPUTS 12v
Address |Mode 110

5 6 7 8
12345678 +_l_l|-+_l_l|- +|_||+|_|| +]-

This module has 8 inputs, each with three terminals

INPUTS

INPUTS

analogue inputs are inadvertently reversed theltiegu
output will still be presented correctly.

+ @& Vout The calibration of this module can be checked by

»
applying inputs from a voltage or current refereacel
using DCD Diagnostics (see 9.2) to monitor the tesul

register contents.

- o o Specifications
L ov CURRENT CONSUMPTION:
marked ‘+', ‘I’ and ‘-’ The input circuit is aoflows: 12v: OmA
5V: 10mA max.
INPUT SENSITIVITY:

The input sensitivity ig5 volts if the ‘I terminal is left
open-circuit, or=20mA if the ‘I' terminal is linked to the
‘+' terminal. All inputs are fully isolated usinghe

+5.000V into 550K or
+20.00mA into 10Q@
(For a digital output of 4000)

‘flying capacitor’ technique, and are read into ARC RESOLUTION: . .
with a resolution of 12-bits plus sign. Althoughist 12 bits plus sign (-4096...+4095)
gives a numeric range of -4096...+4095, it is catixia OVERALL ACCUR{;A‘CY:
to give a full-scale reading @4000. This allows over- 10.1@
range inputs to be indicated, so faulty transducarsbe INPUT ISOLATION:
identified. 500VAC
Analogue outputs oNlicro_Link and on analogue output
expansion modules cannot replicate negative valses,
convert them to positive values. Therefore if the
0V +10...24V
'T‘ +10...24V
+ T+
Transduce o/P
Transduce

-
LT
2 1

INPUTS

Current Loop Transducer

ov -|IT+ -|IT+
2 1

INPUTS

Voltage Output Transducer
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4.4 7170 Analogue Output Module

I/O_Link
(1%C)

A A CHURCHILL CONTROLS
V ¥ www.churchill-controls.co.uk

Aualogue Outpput Module

I/O_Link
(1%C)

(€

SWITCH 1 OUTPUTS 12v
Address |Mode 1 2 3 4 1/0
12345678 +|_+|_+|_+|_ ¥ -
This module has 4 outputs, each with two terminals Specifications
marked ‘+’ and ‘. Each output is fully isolateshd P
generates a current of 0...20mA at a voltage of g0\ CURRENT CONSUMPTION:
(i.e. into a load of up to 1001). 12v: 200mMA max
. - (All outputs at full scale)
The outputs are derived from digital-to-analogue 5V 10mA max.

converters which have 12-bit resolution (0...409%)d a
are accurate tot0.1%. They automatically invert
negative values.

The outputs are calibrated to give full scale fatigital
input of 4000. This allows over-range values to be
indicated.

Switch 8 of the DIPswitch can be used to check the
calibration of the module and any meters conneftiet

If this switch is closed (on) all four outputs geste
20.000mA.

OUTPUTS
1 (2|3 |4

+|-

.-

OUTPUT CALIBRATION:
0...20.00mA into 1KQ max.
(For a digital input of 4000)
RESOLUTION:
12-bit (0...4095)
OVERALL ACCURACY:
+0.1%
OUTPUT ISOLATION:
500VAC
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45 7177 Display Module

M CHURCHILL CONTROLS
VY www.churchill-controls.co.uk

®
<

7177 Alphanumeric Display

®

7177l 1ss 1

The display module is the only expansion modulé iha
not housed in a standard DIN rail enclosure. ibhsead
fitted in an ABS box that can be hand-held or fittech
control panel. The module is connected to the host
system Kicro_Link or Nano_Link) via the I/O_Link

bus, and its connecting cable can be up to 5m long,
allowing the display to be remote from the hostesys

Up to 64 digital display modules can be daisy-chdion

the bus, but only one alphanumeric display modale c
be used on any given host.

An 8-pole DIPswitch is fitted inside the moduleorag
with four screw terminals, as described below.

45.1 7175-1 Alphanumeric Display

The main use of the alphanumeric display is as a
diagnostic tool for use witiNano_Link. It is therefore
described in theNano_Link Technical Manual’

4.5.2 7175-2 Diqital Display

This version can only be used wilicro_Link. It has
four 7-segment LED displays capable of displaying
values in the range 0.001...9999. The bezel on that fr
of the module can be extended through the pargitoa
neat finished appearance. It allows analogue satunel

counts to be displayed directly without the need fo
external meters.

Each digit is 0.8” high, so visible from a long tdisce.
The decimal point is user-configurable via the hasid
the display automatically blanks leading zerose Value
displayed can be scaled into true engineering wvittsn
Micro_Link (see 8.9).

The LED digits are powered from +12V. Althoughsthi
can be derived from thé/O_Link bus, the current

capacity of the cable limits it to only one displagdule.

If additional displays are used power must be fed t
internal screw terminals (designated OV and +12¥) t
supplement the cable.

Poles 1...6 of the DIPswitch define the module adgres
allowing up to 64 display modules to be access€de
remaining poles of the switch are not used.

Specifications

SUPPLY:
Digital Display:
5V @ 10mA
12V @ 150mA max

Alphanumeric Display:
Awake: 5V @ 10mA
Asleep: 5V @ 20pA max
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4.6 7181 Mains Power Supply

LIn]| | 85...260vAC
- 45...55Hz
Vin 1| 75vA max

Wains Power Supply

@ CHURCHILL CONTROLS

Ext Vout Maitis .
Batt oP Mains
+] - +] - +] - on

[a]
C€

Vout = 13.6VDC, 5A
Internal battery: 1.2AH

This module can operate from any supply in the eang
85...260VAC at 50Hz or 60Hz. It provides a regulated
output of 13.6VDC at up to 5A. This supply alsckte-
charges an internal sealed lead acid batteryhelinains
fails the load is supported by the battery, butdhgput
voltage drops to around 12V.

The time for which the load can be supported by the
battery obviously depends on the size of the bated

the total load current. Sinddicro_Link draws typically
200mA, the internal 1.2AH battery will support irf
around 6 hours. However, if expansion modules are
used, or the supply is required to also power ezler
devices such as transducers, the standby periottieeu
reduced unless the internal battery is supplemenyeth
external battery. The battery size can be caledldty
assuming thatMicro_Link and each output expansion
module draws 200mA (input expansion modules draw
negligible power). The power supply can support an
external battery of up to 25AH via the connector
provided.

The module also provides a ‘mains fail’ output thah
be fed into any digital input if required. The putis an
open collector transistor, which is switched on whe

mains is present. The ‘+’ terminal accesses thieator
via an internal 10Q protection resistor and the ‘-
terminal is connected to OV via an internal @00
protection resistor.

All outputs are protected by self-resetting fudest will
reset if the load is disconnected for a few secoritise
mains input is protected by an internal fuse thifitamly
blow if a serious fault develops within the module.

Specifications

MAINS INPUT SUPPLY:
85...260VAC 45...65Hz
100VA max.
OUTPUT VOLTAGE:
13.6VYDC +0.2V when mains present
10V...13VDC during power failure
(Dependent on battery charge state)
OUTPUT CURRENT:
5A max
BATTERY CAPACITY:
1.8AH internal
(may be supplemented by external battery)
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5. Installation

5.1 Mechanical

Data_Link 2000outstations and base-stations are usually
supplied in either steel or polycarbonate enclosdinat
can be attached to a wall using conventional figinghe
enclosures provide a high degree of protectionrasgai
water ingress, but care is needed to ensure this is
compromised by the method of installation.

Most enclosures include cable glands, which arglgg
with blanking plugs to maintain a seal. The sepfitugs
must be removed before feeding cables through the
glands, and the glands should be tightened arobhed t
cables to maintain the seal. Blanking plugs shoeldeft

in any unused glands.

5.2 Aerials

The four types of aerial commonly used Pata_Link
2000are whips, end-fed dipoles, folded dipoles, cedin
dipoles and Yagis.

Whips and end-fed dipoles are omni-directional igried
equally in all directions), so their orientation ot
important, but they must be mounted vertically. igvh
aerials are usually attached directly Mano_Link or
Micro_Link, or to the top of the enclosure in which they
are mounted. ENF450 end-fed dipole aerials fib ithte
top of a 2" (OD) pole mounted externally.

CDF450 folded dipoles are useful for mounting on the
side of a pole when the top is not available for an
ENF450. Although they radiate in all directionkget
signal is slightly stronger in the direction in whithe
balun is pointing (i.e. out of the page, towards thader,

in the illustration shown).

Co-linear aerials are similar to end-fed dipolest e
longer. They are designed to radiate in a horaadiisc
pattern, so energy is not wasted by being radiated
upwards. They radiate equally in all directionstlire
horizontal plane, and produce a signal which ischlby

6dB higher than a dipole. They can, however, ody b
used on flat terrain, since they don’t radiate uplseor
downwards.

Yagis are similar to end-fed dipoles, but with eefbrs
which focus the signal in the direction in whicleyhare
pointing (i.e. to the left in the illustration shoy This
results in signal gain in one direction, at theenge of
loss in all other directions. The directivity aheénce
gain is related to the number of elements. A typfami,
the UHF8, has 8 elements and a gain of 10dB.

Note that approval regulations limit the maximum
effective radiated power (ERP) that can be emittedhfa
transmitter. If a co-linear or Yagi is used thaensmitter
output power should be reduced to compensate for th
aerial gain. The benefit of aerial gain is thahitreases
the sensitivity of the receiver, hence increasihg t
permissible path loss. Sin@ata_Link 2000uses two-
way radio communication, there is no benefit inngsi
aerials with diferent gains, since this only impgsv
transmission in one direction.

All aerials should be vertically polarised (i.e.eth
elements should be vertical, not horizontal). ‘$aamnd
end-fed dipoles also have a defined top and bottom.
They must be installed in the orientation marked by
labels attached to them.

External aerial poles can be fixed to walls usiithes
CS6 or SAB brackets. CS6 brackets space the pole 6”
from the wall. SAB brackets allow the poles to paced
further from the wall to clear soffits and gutteas, well

as providing a stronger fixing capable of suppartin
longer poles.

CDF450 Folded Dipole

L]
T %

UHF8 Yagi

STOCK

CODE A B
SAB3/12  365mm  305mm
SAB3/18  480mm  460mm

SAB 324
SAB 3/36

620mm 600mm
900mm  900mm

SAB
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5.3 Surge Protection

Lightning is caused by static electricity building in the
atmosphere to the level at which flash-over occurs.
Discharges between clouds are spectacular, butanot
major cause of damage. Discharges to ground, renvev
can release vast amounts of energy and cause ietens
damage. Since these discharges take the pathasf le
resistance, they are more prevalent on elevatedst mo
ground, and are attracted to high points such astsna
Unfortunately, these are often the locations needed
telemetry systems, which often monitor reservoivat t
are by necessity located on high ground. The laeoia
radio outstations are particularly vulnerablgap Gapis
designed to protect these systems from damage by
lightning.

A direct lightning strike discharges so much endt@t it

will destroy anything in its path. One means of
preventing this damage is to dissipate the chaeferd it
achieves the flash-over potential. This requirgath of
low electrical resistance between earth and theadbp
elevated constructions such as masts. Charged Ipartic
are attracted to the mast and flow safely to ground
inducing a substantial but controlled current ire th
conductor. Unfortunately the aerial is usually mizad at
the top of the mast, so a significant current clanv f
through it to the radio equipment and thus to gdoun
Zap Gapis a surge arrestor that prevents damage by
diverting the current directly to ground, and thery-
passing the radio equipment.

Surges can also be induced in long cables from both
nearby lightning strikes and electrical power dlsttion
faults. Cables at exposed sites on high grounch(asc
water reservoirs) is particularly susceptible. Eheges

will typically be a few hundred amps at a few hwedr
volts. Equipment can be protected against these by
fitting surge arrestors.

A surge arrestor designed for use on signal cakteks

by diverting the transient to earth and thus lingtithe
maximum voltage that can be passed to the equipment
The main component used is a gas discharge tub&)GD
which is normally an open circuit, but will typital
ionise at around 150V. In its ionised state itl wihmp

the line to around 10V for transient currents of top
10,000A, then return to the open circuit state wtten
current drops below a threshold of around 50mA.
Special zener diodes are used to limit the maximum
voltage presented to the equipment to typically 30V
relative to the surge arrestor’s earth terminal

Surge arrestors are very effective in protectingigment
against induced transientprovided they are correctly
installed The most important aspect is the provision of a
good earth to which the transient can be divertégure

1 below graphically illustrates the potential pehl
caused by an incorrect installation. Figure 2siilates
the correct method of installation.

The illustrations correctly indicate that the iniggof the
earth connection is irrelevant, provided thereasother
path to earth. However, there will inevitably binhar
paths, via other equipment connected to the oidatabr
ultimately by arcing. The earth connection should
therefore be as low impedance as possible. Mairth e

is not adequate, since it is only designed to tet
current of tens of amps.

Ideally the earth connection should be to a buciggper
mat, or at least a substantial earth stake. Theexiing
cable should be at least 10fnand should be braid or
copper strip to minimise its inductance.

Surge arrestors should be mounted close to the gt
being protected, but the input and output wiringustl
be kept apart to prevent electromagnetic coupling.

The only other means of protecting against ligtgri;mto
dissipate the static charge in the atmosphere defor
reaches a high enough level to flashover. This is
achieved by fitting lightning conductors to anyeled
points. Unfortunately, radio aerials form veryesffve
lightning conductors! They are thus prone to reeei
power surges before lightning occurs. They shaolulch
ideally also be protected by surge arrestors. dbhave
comments regarding earthing are equally applicable.

)

1KV transient appears across
outstation terminals

Outstation

1Q

Transient

Fig 1 Poor installation

e

Entire outstation rises to 1KV
relative to earth, but remains
undamaged

1000@

Surge

Outstation

élg} 1KV
Transient

Fig 2 Correct installation
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6. System Confiquration

6.1 Introduction

Every Data_Link 2000system comprises a base-station
and one or more outstations, communicating viaoradi
leased lines. The base-station is normallicro_Link,
although simple point-to-point systems can use a
Nano_Link base-station, as described in tNano_Link
Technical Manual’. Each outstation can be either
Nano_Link or Micro_Link, the choice being dictated by
the required functionality. The base-station and¢hea
Micro_Link outstation can be fitted with any mix of
expansion modules, to a maximum of 32 modules.

The system configuration is user-programmable k& t
Data_Link Configuration and Diagnostic (DCD)
terminal. This is a software package that runsaom
IBM-compatible PC. It allows the user to create a
configuration file, save it to disc, download it to
Micro_Link, and to upload it fromMicro_Link. It is
fully described in Chapter 9, but before a user lvegin

to configure a system, it is necessary to undedsthe
system configuration, as described in the remairader
this chapter.

INPUT DATABASE

Input data block 0
Input data block 1

Input data block

Input data block 250

6.2 Physical

All data transfer is normally instigated by the d&as
station, and all data is routed through it. Theat@n of

the base-station is at the discretion of the system
integrator, but it will usually be at the site ahish most
data is accessed. A communications path must be
available between the base-station and every tigista
but some outstations can be designated as repdaters
relay data to/from more distant outstations to cvete
limitations on radio range.

6.3 Database

To understand the addressing requirements of a
Data_Link 2000 system, a basic understanding of the
database is necessary. The base-station maintains a
complete database, whilst outstations and repeatdys
maintain the part of the database which is relevant
them. It is divided into an input database and atput
database, both of which are further divided intd Aata
blocks, numbered 0...250:

OUTPUT DATABASE

Output data block 0
Output data block 1

Output data block

Output data block 250

Each data block comprises 32 digital states (nueth@r..31) and eight registers (numbered 0...7). Bagital state holds a
value 0 or 1 (which could represent states onégfén/closed etc). Each register holds a 16-bitejalhich can represent a
numeric value in the range 0...65,535 or -32,768...#32(e.g. water level, pressure or totalised flow).
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Generic Data Blocks:

INPUT DATA BLOCK

OUTPUT DATA BLOCK

Digital Input 0

Digital Input 1

Digital Input 2

Digital Input 3

Input Register 0

Digital Output 0

Digital Output 1

Digital Output 2

Digital Output 3

Output Register 0

Digital Input 4

Digital Input 5

Digital Input 6

Digital Input 7

Input Register 1

Digital Output 4

Digital Output 5

Digital Output 6

Digital Output 7

Output Register 1

Digital Input 8

Digital Input 9

Digital Input 10

Digital Input 11

Input Register 2

Digital Output 8

Digital Output 9

Digital Output 10

Digital Output 11

Output Register 2

Digital Input 12

Digital Input 13

Digital Input 14

Digital Input 15

Input Register 3

Digital Output 12

Digital Output 13

Digital Output 14

Digital Output 15

Output Register 3

Digital Input 16

Digital Input 17

Digital Input 18

Digital Input 19

Input Register 4

Digital Output 16

Digital Output 17

Digital Output 18

Digital Output 19

Output Register 4

Digital Input 20

Digital Input 21

Digital Input 22

Digital Input 23

Input Register 5

Digital Output 20

Digital Output 21

Digital Output 22

Digital Output 23

Output Register 5

Digital Input 24

Digital Input 25

Digital Input 26

Digital Input 27

Input Register 6

Digital Output 24

Digital Output 25

Digital Output 26

Digital Output 27

Output Register 6

Digital Input 28

Digital Input 29

Digital Input 30

Digital Input 31

Input Register 7

Digital Output 28

Digital Output 29

Digital Output 30

Digital Output 31

Output Register 7

Every station on ®ata_Link 2000network is allocated at least one input data blac# one output block. Each station
must be given a unique station address, and tliisedetheRoot Data Block used by the station. Station address 0 is the
base-station and all other addresses are outgairaepeaters.
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A Nano_Link outstation only occupies the root data block, eifeihis equipped with its full compliment of expsion

modules. The function of the digitals and regstesed by it are as follows:

Nano_Link Root Data Block Usage

INPUT DATA BLOCK

Digital

Register

OUTPUT DATA BLOCK

Digital

Register

0 Comms Fail alarm -
1 Battery Low alarm | Totalised count for - i
2 Spare (read as 1) digital input 1 -
3 Spare (read as 1) -
4 Spare (read as 1) -
5 Mains Fail Totalised count for - i
6 Spare (read as 1) digital input 2 -
7 Spare (read as 1) -
8 Digital Input 1 Digital Output 1
9 Digital Input 2 Totalised count for Digital Output2 )
10 Digital Input 3 digital input 3 Digital Output’3
11 Digital Input 4 Digital Output 4
12 Comms Fail alarm -
13 Battery Low alarm | Totalised count for - )
14 Mains Fail digital input 4 N
15 Spare (read as 1) -
16 Digital Input § Digital Output 9
17 Digital Input 16 Digital Output 16
18 Digital Input 1% Battery Volts Digital Output 13 i
19 Digital Input 13 Digital Output 12
20 Digital Input 13 Radio Receiver Digital Output 13
21 Digital Input 14 Si Digital Output 14

—= ignal Strength =l -
22 Digital Input 15 (RSSI) Digital Output 18
23 Digital Input 16 Digital Output 16
24 Digital Input 17 Digital Output 17
25 Digital Input 18 Digital Output 18
26 Digital Input 19 Analogue Input 1 Digital Output 19 Analogue Output'1
27 Digital Input 26 Digital Output 20
28 Digital Input 2% Digital Output 2%
29 Digital Input 23 Digital Output 22
30 Digital Input 23 Analogue Input 2 Digital Output 23 Analogue Output 2
31 Digital Input 24 Digital Output 24

All alarm bits are ‘1’ in the normal state and @hen in alarm
NOTES

1

Analogue and digital outputs are not availableioits designated ‘Input Only’

2 Only available if a digital input expansion moelig fitted, otherwise read ‘0’

3 Only available if a digital output expansion modigiditted, otherwise ignored
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A Micro_Link outstation or base-station equipped with up todigital input expansion module and/or one digitatput

expansion module also occupies only the root datzkb

Micro_Link Root Data Block Usage

INPUT DATA BLOCK

Digital

Register

OUTPUT DATA BLOCK

Digital

Register

0 Comms Fail alarm -

1 Battery Low alarm | Totalised count for - Calculated flow rate

2 Hardware Fail alarm digital input 1 - digital input 1

3 Bus_Link fail alarm -

4 | Complete Comms Fai -

2 Expgr?;?c?angmms Totalised count for - Calculated flow rate;
Alarm / Watchdog digital input 2 digital input 2

7 Dual Comms Alarm -

8 Digital Input 1 Digital Output 1

9 Digital Input 2 Totalised count for Digital Output 2 Calculated flow rate]

10 Digital Input 3 digital input 3 Digital Output 3 digital input 3

11 Digital Input 4 Digital Output 4

12 Digital Input 5 Digital Output 5

13 Digital Input 6 Totalised count for Digital Output 6 Calculated flow rate]

14 Digital Input 7 digital input 4 Digital Output 7 digital input 4

15 Digital Input 8 Digital Output 8

16 Digital Input 9 Digital Output §

17 Digital Input 16 Battery Volts Digital Output 16 )

18 Digital Input 11

19 Digital Input 12

Digital Output 1%

Digital Output 12

20 Digital Input 13

21 Digital Input 14

22 Digital Input 1%

23 Digital Input 16

Radio Receiver
Signal Strength
(RSSI)

Digital Output 13

Digital Output 14

Digital Output 15

Digital Output 16

24 Digital Input 17

25 Digital Input 18

26 Digital Input 19

27 Digital Input 26

Analogue Input 1

Digital Output 17

Digital Output 18

Digital Output 19

Digital Output 26

Analogue Output 1

28 Digital Input 21

29 Digital Input 22

30 Digital Input 23

31 Digital Input 24

Analogue Input 2

Digital Output 21

Digital Output 22

Digital Output 23

Digital Output 24

Analogue Output 2

All alarm bits are ‘1’ in the normal state and {@hen in alarm

NOTES

1 Only available if a digital input expansion moelig fitted, otherwise read ‘0’

2 Only available if a digital output expansion modigiditted, otherwise ignored

If more than one digital input expansion modulditied it will ‘spill over’ into the next input dat block, as will any
analogue input expansion modules. Similarly, if entdran one digital output expansion module isdittewill ‘spill over’
into the next output data block, as will any ana®@utput expansion modules. Micro_Link base-station or outstation
could therefore occupy up to 33 consecutive dataksl in the worst case (i.e. if it is fitted witHfudl compliment of 32 8-
channel analogue input modules).

Note that, if theMicro_Link senses that it is fited with a Comms Expansion Nidthe Input Data Block Digital 6 is
automatically assigned for ‘Expansion Comms Alarmd ¢he Watchdog Alarm is not available.

If a Comms Expansion Module is not fitted, the Exglan Comms Alarm is not relevant, and the inpuadsigned to the
Watchdog.
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appropriate. If the 1/0 exceeds the capacity ef Root
data block, it will ‘spill over’ into the next dataock(s).

6.4 1/0 Expansion

Micro_Link can be fitted with up to 32 expansion
modules (as described in Chapter 4) by ‘daisy-Ghgin
them using thd/O_Link expansion bus. Each module
must be set to a unique address in the range 0usiig

the DIPswitches on each module. The addressesbmust
contiguous, starting from (Micro_Link automatically
detects the expansion modules when power is first
applied, then sorts them by type, and concaterihten

to its built-in 1/O, allocating them 1/O addresses

The physical location and sequence of each modoifga
thel/O_Link expansion bus is unimportant.

The following example shows howlicro_Link will
allocate I/O when expansion modules are fitted bage-
station (i.e. root data block = 0):

Module Type Address
16-channel Digital Input 0
8-channel Analogue Input 1
8-channel Analogue Input 2
16-channel Digital Output 3
4
5

I/0O address allocated
Digital input 9...24
Analogue input 3...10
Analogue input 11...18
Digital output 9...24
Analogue output 3...6
Analogue output 7...10

Analogue output 11

1/0 regisr

InpData Block 0, Digital 16...31
irpata Block 1, Register 0...7

ulripata Block 2, Register 0...7

@ut Data Block 0, Digital 16...31
pOubData Block 1, Register 0...3

tpOuData Block 1, Register 4...7

Outfrata Block 2, Register 0

4-channel Analogue Output
4-channel Analogue Output
Digital Display Module 6

In this example the modules have been allocateitdbg
addresses, starting with digital inputs and progings
through analogue inputs, digital outputs and ansog
outputs. Micro_Link automatically appends onto the end
of its own I/O contiguous addresses for I/O on esjxan
modules, in ascending order of the addresses stteim

The physical location of I/O modules on the expamsi
bus is not important, neither is the sequence ©f I/
modules. For example, suppose this system is exgand
at a later date by adding expansion modules. To
overcome the need for re-routing cabling to expansi
modules, the modules can be appended in any order:

DIPswitches.
Module Type Address | I/O address allocated 1/O registr
16-channel Digital Input 0 Digital input 9...24 InpData Block 0, Digital 16...31
8-channel Analogue Input 1 Analogue input 3...10 Iipata Block 1, Register 0...7
8-channel Analogue Input 2 Analogue input 11...18 ulripata Block 2, Register 0...7
16-channel Digital Output 3 Digital output 9...24 @ut Data Block 0, Digital 16...31
4-channel Analogue Output 4 Analogue output 3...6 pOubData Block 1, Register 0...3
4-channel Analogue Output 5 Analogue output 7...10 tpOuData Block 1, Register 4...7
Digital Display Module 6 Analogue output 11 Outfidta Block 2, Register 0
16-channel Digital Input 7 Digital input 25...40 Indbata Block 1, Digital 0...15
4-channel Analogue Output 8 Analogue output 12...15 utpGt Data Block 2, Register 1...4
8-channel Analogue Input 9 Analogue input 19...26 ulripata Block 3, Register 0...7

Micro_Link automatically appends the new digital inputs toehd of the previous ones, even though the modidecases
are not contiguous. The new analogue outputs baem appended after the last analogue output eegised, which
happened to have been allocated to a digital disptadule.

6.5 Station Addresses

EveryData_Link 2000system comprises one base-station and one or mstations. The base-station is by default set to
station address 0. Each outstation has to be setuttique station address in the range 1...250,Hayt don't need to be
contiguous, or to start from 1.

As stated above, the station address defines ttedaeta block. AMicro_Link station with expansion modules may occupy
more than one data block, as illustrated in theiptess example. To ensure that there is no corffittveen data blocks used
by outstations and those used by base-station sixgamodules, it is advisable to set the first t@ign to address 10, to
allow for any future expansion of the base-stati&@milarly, if there is any possibility of futuxpansion oMicro_Link
outstations, they should not be given consecutilesses. A good plan is to uses addresses 18020allowing up to 24
large outstations to be used. However, siNemo_Link outstations cannot be expanded, they can be giwasecutive
addresses.

11 July, 2013 Data_Link Technical Manual Iss 21dpa. Page 26



6.6 Data Routing

Once it has identified the internal and expansi@nwith
which it is equipped, Micro_Link station can pass data
to/from its own 1/O using the addresses it hascalled
for them. However, the base-station also needntowk
what data to pass to/from outstations. Until thEs
configured it does not know how many outstationistex
what their addresses are, or how big they are.

6.6.1 Basic system

Suppose three stations are used on a system, amad se
addresses 0, 10 and 20. Station address 0 isfimjtida
the base-station, and maintains a full databasdne T

others are outstations.
hardware

their

/10 to

All stations automaticaligp
their

Root Data Blocks:

Base-station (Address 0)
Input Block | Output Block
Hardware Inpul = 0
Hardware Outpul O 0
1
1
Outstation Address 10
Input Block | Output Block
10 10 O Hardware Inputs
10 10 = Hardware Outputs
11
11
Outstation Address 20
Input Block | Output Block
20 20 O Hardware Inputs
20 20 = Hardware Outputs
21
21
250
250

It should be apparent that at this stage no me#ulidgta is being sent around the network, sinaelare inputs are not
mapped to hardware outputs. The base-station ddesw how many outstations are installed, sodesh’'t communicate
with any.

This is solved by configuring the base-stationaoyout internal data transfers:

6.6.2

Internal data transfers can be easily configured lficro_Link base-station by using the DCD Configuration teriiaa
described in Section 9.1.2. They allow the useofy digitals and registers from any given loaatio any other location(s).
Obviously care must be taken in configuring intémeta transfers to ensure that no digital or tegis written data from
more than one source, or unpredictable resultsaoeayr.

Internal Data Transfers

For example, the following entries could be madthandata routing table of the base-station:

Outstation Address 10 Analogue Input 1 - 2
Outstation Address 20 Analogue Input 1 - 2
Outstation Address 10 Comms Fail Alarm
Outstation Address 20 Comms Fail Alarm
Outstation Address 10 Battery Low Alarm
Outstation Address 20 Battery Low Alarm

Local Analogue Output 1 - 2
Local Analogue Output 3 - 4
Local Digital Output 1
Local Digital Output 2
Local Digital Output 3
Local Digital Output 4

Vv ey

When the base-station recognises an entry in tteerdating table which refers to a data block whiimot allocated to its
internal I/O or to expansion I/O, it assumes it hgest the data from an outstation. It thus addsdbtstation to its poll
sequence.
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If the following lines were added:

Local Digital Input 1 - 4
Local Digital Input 5 - 8

9
9

Outstation Address 10 Digital Output 1 - 4
Outstation Address 20 Digital Output 1 - 4

Then the base-station will also send a data blo@ath outstation. This can be visualised asvisliio

Hardware Inpul =
Hardware Outpu O

Base-station

(Address 0)

Input Block | Output Block
0 ¥
L1\ O
1/ \
/ | 1
L] Y1 Outstation Address 10
Input Block | Output Block
10 |/ 0 10
7y 10 = 10
11
| 11
L\ | Outstation Address 20
\ / Input Block | Output Block
20 ~ | / 0 20
720 = 20
21
21
250
250

The poll sequence for the above system would be:

Request Input Data Block 10
Send Output Data Block 10
Request Input Data Block 20
Send Output Data Block 20

6.6.3 Bus Link Data Transfers

O Hardware Inputs
= Hardware Outputs

O Hardware Inputs
= Hardware Outputs

Data can also be passed to and from the databepsesial communications through tBes_Link port. This is explained
in detail in Chapter 7. If an external device asessany register which is not allocated to loda| Micro_Link will assume
it is to be passed to/from an outstation, and iperate that outstation in its poll sequence.
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6.7 Polling

The smallest system configuration comprises two
Nano_Link's configured as a point-to-point link. One is
defined as a base-station (station address O)hendther

as an outstation. This configuration is describethe
‘Nano_Link Technical Manual'.

All other systems are built aroundMicro_Link base-
station, which is configured via the DCD Terminal.

A Micro_Link base-station knows which data blocks are
being used because they are either being accessed b
internal data transfers stored in the DCD Configorati
file, or they are being accessed Bias_Link.

After a power interruption (and after downloading a
configuration), aMicro_Link base-station first scans the
configuration table to read any exception datauidet
within it (see 8.1). It then polls all outstationgriting
data to them and reading data from them, so thdtals
initialised without undue delay. In the processioing
this, it sends to each outstation any relevant mtiae
configuration data. The responses from the ounsisit
identify their type (e.g. battery-powerdidno_Link).

When it has finished this initial scan, the basdish
starts polling the outstations at the rate defiiredhe
global configuration downloaded into it. Two pcéites
are overlaid:

All outstations except battery-powerdi&no_Link's are
scanned at the rate defined in DCD Configuration by
Normal Outstation Scanning Window (see 9.1.1.3).
The base-station will attempt to write and/or relata
to/from an outstation at the beginning of a winddtv.
will then wait until the end of the window before
communicating with the next outstation. When is ha
scanned all outstations it will repeat the cycl&éhe
overall scan time is thusn(* Normal Outstation
Scanning Windoyy wheren is the number of data
blocks used. Note that if thBormal Outstation
Scanning Windowis set to 0 the base-station will scan
outstations continuously. This scan will, howevee,
interrupted by Low Power outstation scanning:

Battery-powered\Nano_Link outstations are scanned at
the rate defined bizow Power Outstation Scanning
Window. The base-station will attempt to write and/or
read data to/from an outstation at the beginning of
window. It will then wait until the end of the wind/
before communicating with the next outstation. Whe
it has scanned all outstations it will wait untiet_ow
Power Outstation Scan Rate has lapsed before
repeating the cycle. The overall scan rate is fixesl
regardless of the number of outstations, provided t
Low Power Qutstation Scan Ratés greater thann(*
Low Power Outstation Scanning Windowlf the scan
rate is set to a time less than*(Low Power Outstation
Scanning Windoythe base-station will automatically
reduce the scanning window to suit.

If none of the outstations are configured as aebatt
powered Nano_Link then the Low Power Scanning

parameters are irrelevant.  Similarly, if all ofeth
outstations are configured as a battery-powered
Nano_Link then the Normal Outstation Scanning

parameters are irrelevant.

If exception reporting is configured (see 8.1) thase-
station checks its inputs for exceptions duringpihases
between outstation polls. If any configured inphange
occurs at the base-station it will immediately serd
exception report to the relevant outstation. Sinh|
each outstation monitors its inputs for exceptibanges
and, if detected, sends an exception report tobtwe-
station. The recipient of an exception report siind
back an acknowledgement. If an acknowledgemeamttis
received an outstation will repeatedly send theeption
report at random time intervals (in the range 2...10
seconds). This ensures success even if multiple
outstations initiate exception reports simultanéous

Exception reporting can only be used with battery-
poweredNano_Link outstations and/or with outstations
that are not scanned continuously (i.&lormal
Outstation Scanning Windowcannot be 0).

6.8 Network Routing

A Data_Link 2000 system could range from a simple
small point-to-point link up to a large polling $gm with
multiple outstations, repeaters and interfaces t€'®,
SCADA systems and/or regional telemetry scheme® Th
same hardware and system configuration addrestes al
needs.

A fundamental consideration of any system using de-
regulated radio is the limitation on radio transpatver,
which is an inherent requirement to restrict iraezhce
with other users. MPT1329 is the UK standard for
telemetry applications, which allocates 32 chanirethe
458.5MHz band, with the transmit power limited to
500mW. (Other countries may use a different bdmd,
most still allow up to 32 channels within the bandjith
modern technology the corresponding receivers are
sensitive enough to achieve a range of up to 25K (
miles) with good elevated aerials and no obstrastio
The range will be reduced if smaller aerials aredusear
ground level, if there are obstacles such as large
buildings, or if there are geographical featureshsas
hills. In a typical urban environment with a gobase-
station aerial and outstations in roadside cabirle¢s
range could typically be reduced to 5Km (3 miles).
Communication with outstations below ground, within
manholes, is possible, but the range is reduced to
typically 500m. Extending the radio range beyohis t
requires the use of repeaters.

Note : When using battery-powered repeaters, the
address of the repeatarust be lower than that of the
destination outstation.

e.g. Basestation = Address 0, Repeater = Address 10,
Outstation = Address 20.
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A hypothetical system might be as follows:

4y

B/S

30

ty

10
Y
60
[
70
Y

Every outstation inherently also functions as aeater.
The illustration shows 4 levels of repeaters toclea
outstation 70. In fact, up to 8 levels of repeatean be

used to reach distant outstations.

The DCD Configuration software only expects the tiser
identify the last repeater used to access eachatiots

If no entry is made for a specific outstation thesd>
station assumes it has direct communications. dfléist
repeater is configured to be accessed via anctpeater,
the software will automatically derive the chain of
repeaters needed. For example, for the abovensybie
user may first identify that to access outstatiorihe last
repeater is 20. The routing table for this netwaik

20
Y

40
Y

50

ty

The final table for the above system will be:

Data Block Last Repeater
30 10
40 20
50 40 20
60 40 20
70 60 40 20

If an outstation occupies more than one data black,
entry is required for each data block used. Fangde,
if outstation 40 includes expansion modules thatpg
two additional data blocks, then the network rogitiable

thus be: will need to be modified thus:
Address Route Data Block Last Repeater
40 20 30 10
40 20
If another entry is made to access outstation @044, 41 20
the table will become: 42 20
50 40 20
Address Route 60 40 20
40 20 70 60 40 20
60 40 20
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7. Bus Link

One of the key features d®flicro_Link is its ability to
communicate through a serial data interface witiereal
devices, using one of a variety of standard prdsco
Churchill Controls proprietary name for this intedais
Bus_Link.

Industrial  automation has  developed around
Programmable Logic Controllers (PLC’s) which are
available from a wide range of manufacturers. sy
these were stand-alone devices, but the need sose a
for passing data between them. Supervisory, Coatrdl
Data Acquisition (SCADA) systems were also developed
to provide a man-machine interface with featurehsas
alarm annunciation, data archiving and closed loop
control.

Unfortunately, each PLC manufacturer has evolved his
own communications protocol. Some have a hieraothy
protocols optimised for different applications, sorof
which use multiple master protocols operating oghhi
speed LAN networks. However, all have low-speed
variants operating in master-slave mode at eithez3RS
or RS485 signal levels.

Because of the plethora of protocols, all generabpse
devices that need to communicate with PLC's (sugh a
SCADA systems) have to be designed with a variety of
software drivers, which can be selected to matah th
required standard.Bus_Link has been designed in the
same way.

Bus_Link can be configured to use either a standard
RS232 interface or a multi-drop RS485 interfacecatt

be configured to emulate either a slave device roaster
device, and to communicate using a variety of cffé
protocols. All configuration is carried out usitige DCD
Terminal, which is described in Chapter 7.

All PLC protocols are based around registers. In al
master-slave protocols the communication is ingtigia
by the master device, which can copy data between i
own registers and registers in the slave device@)me
registers contain 16-bit values, while others repn¢ the
state of individual digitals. Micro_Link maintains a
database that closely resembles that of any PLC.

7.1.1 Absolute and Relative Addresses
within Data Blocks

Any given register or digital can be identified by
absolute address or a relative address from aerefer
Data Block. For example, each of the following refe
the same register:

Input Register 172

Input Block 0, Register 172

Outstation Address 21, Battery Volts (21 x 8 + 4)
Outstation Address 20, Analogue Input 6 (20 x 8 + 12)

Absolute addressing (format (a)) is the format ubgd
PLC's and SCADA systems communicating via serial
protocols such as Modbus. All the other formaentidy

the register relative to a given start point. Redat
addressing is convenient for configuringata_Link
2000 since the Root Data Block can be used to identify
the relevant outstation address, with the registenber
identifying the relevant digital or register withithe
outstation.

Note that theData_Link 2000 numbering convention
always starts from 0. Some PLC protocols (e.g. Misiib
start counting from 1, so the register in the above
example would be regarded by some Modbus systems as
register 173.
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7.2 Confiquring Bus Link

Bus_Link could typically be used inldicro_Link base-station to allow data to be passed to/fr@@CADA system. Since
most SCADA systems emulate a PLC maddeis_Link would be configured in slave mode:

Base-station  (Address 0)

Input Block | Output Block
Hardware Inpul = 0
Hardware Outpu O 0
1
1
Outstation Address 10
Input Block | Output Block
Bus_Link O 10 d 10 0 Hardware Inputs
Bus_Link = 10 = 10 = Hardware Outputs
11
11
Outstation Address 20
Input Block | Output Block
Bus_Link O 20 ad 20 O Hardware Inputs
Bus_Link = 20 = 20 = Hardware Outputs
Bus_Link O 21 ad 21 O Hardware Inputs
Bus_Link = 21 = 21 — Hardware Outputs
250
250

Since the SCADA system is a PLC master it will be
configured to identify which data it requires tocess,
using absolute addressing. For example, to read
outstation 20 battery volts the SCADA system should
read Output Register 164 at the base-station (26 %)3

Any register or digital can be copied to any deston(s)
via Bus_Link and/or internal transfers. However, any
given output register or digital must only be fedtad
from one source.

Bus_Link is also available oMicro_Link outstations.
Its most likely application here is to exchangeadatth

PLC'’s or intelligent instruments. Since these ugual
emulate PLC slave protocols the outstation usualbds

to be configured as a master. The user must decide
which registers and digitals to use in the outstati
Small amounts of data can use spare capacity in the
outstation’s Root Data Block or expansion data blocks
Larger amounts of data can be directed to/fromathgr
data block (except those used by other outstadiorisls
most logical to appenBus_Link data to the end of the
hardware 1/0O, although though should be given ® th
possibility of expanding the hardware /O at someetin

the future:
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Base-station  (Address 0)

Input Block | Output Block
Hardware Inpul = 0
Hardware Outpu 0
1
1
Outstation Address 10
Input Block | Output Block
Bus_Link O 10 d 10 0 Hardware Inputs
Bus_Link = 10 = 10 = Hardware Outputs
11
11
Outstation Address 20
Input Block | Output Block
Bus_Link O 20 ad 20 O Hardware Inputs
Bus_Link = 20 = 20 = Hardware Outputs
Bus_Link O 21 O 21 0 Hardware Inputs
Bus_Link = 21 = 21 — Hardware Outputs
Bus_Link O 22 ad 22 O Bus_Link
Bus_Link = 22 = 22 = Bus_Link
250
250

In the above example data to/fr@nis_Link on outstation 20 has arbitrarily been routed ¢offrdata block 22. The base-
station treats the data exactly as it would daienfexpansion modules at the outstation. By thisnsiedata is transferred
seamlessly between hardware 1/0 and PLC’s, SCAD/Aesystand third party equipment

TheBus_Link interface at the outstation has to write datanput registers and read from output registershdfoutstation is
configured to emulate a slave device the exterreaten system need to follow this convention. S&h€ protocols don't
support commands to comply with this requiremertherefore Micro_Link translates any command received by an
outstation inBus_Link slave mode as accessing the correct register tggardless of the command detail.
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7.3 Modbus Protocol

The Modbus protocol was originally defined by AEGodiicon (now part of Schneider Electric Telemecae)qtor
communicating with their PLC’s. However, it has nbacome the de facto standard and has been adopt®adny other
PLC manufacturers. In Modicon terminology digitatputs are Coils, digital inputs are Status’s, outegisters are Holding
Registers and input registers are Input Registeosfuither distinguish one from another, they aregiunique addresses:

00001...08000 Coils
10001...18000 Status’s
30001...32000 Input Registers
40001...42000 Holding Registers

However, Modbus protocol defines within each comehéime type of data required, so the x000 prefixia$ required.
Furthermore although the database registers stanting from 1, Modbus protocol starts from 0.

Bus_Link interface makes allowance for the x000, prefixfaoexample the first status input is designatedidt 10001.
However, some PLC implementations of Modbus alsmaafbr the 0/1 discrepancy, so they may refer efifst digital as
digital O rather than digital 1. Since there isumdversal conformity the user has may have tosddjll addresses by 1 to
allow for the translation within the PLC’s Modbusver.

7.3.1 Modbus Master Mode

If Bus_Link is configured to operate in Modbus master modeillitsend the following commands to a slave device

Bus_Link action Function Code Modbus meaning

Read slave digital outputs 01 Read Coil Status

Read slave digital inputs 02 Read Input Status

Read slave output registers 03 Read Holding Registers
Read slave input registers 04 Read Input Registers
Write to slave digital inputs 15 Force Multiple Goi

Write to slave output registers 16 Pre-set MultiREgisters

For example, the following line within the data tiog table of a base-station will copy the firstotanalogues from
outstation 10 to holding registers 10...11 (i.e. s&gys 40010...40011) of a PLC set to address 0, &singtion Code 16:

Outstation 10 Analogue Input 1-2 -> Bus_Link Add 0 *Analogue o/p register 10-11
This line will copy digital inputs 20...27 from thd_E to the first 8 digital outputs at outstation 28jng Function Code 02:
Bus_Link Add 0 *Digital i/p register 20-27 -> Outstation 20 Digital Output 1-8

7.3.2 Modbus Slave Mode

If Bus_Link is configured to operate in Modbus slave modayilit respond to the following commands from a maste
device:

Function Code Modbus meaning Bus_Link action
01 Read Coil Status Read digital outputs
02 Read Input Status Read digital inputs
03 Read Holding Registers Read output registers
04 Read Input Registers Read input registers
05 Force Single Coil Write to digital output
06 Pre-set Single Register Write to output register
15 Force Multiple Coils Write to digital outputs
16 Pre-set Multiple Registers Write to output regs

As described in 7.2 above, an outstation configuaedBus_Link slave will interpret any command that is readimy a
digital/register other than those used by hardwAPeas addressing an output digital/register. Birlyi any command
writing to a digital/register will address the ned@t input.
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7.4 Allen Bradley DF1 Protocol

Micro_Link supports serial communication using DF1 protogolite Bus_Link port. This allows it to interface to Allen-
Bradley (Rockwell Automation) PLC’s and similar ingtrentation or SCADA systems that support the DFIriietbn set.
TheMicro_Link DF1 protocol driver uses full duplex communicatpno handshaking, and BCC error correction.

In DF1 PLC'’s the database is constructed from a runolp files, with each file containing a numberaéments. Each
element can contain one or more sub-elements, wdrieheach 16-bit registers. Most PLC'’s limit the hemof flies,
elements and sub-elements to a maximum of 254 attmsing 8-bit addressing of each. However, tdrass 255 signifies
that the PLC uses extended addressing, so is fallye 16-bit value, thus greatly extending therasisirange.

The function of each register is defined by theruse there is no fundamental distinction betweigital data, integer values
and counts. However, when a register is accessethe® DF1 protocol the register type is includedhie command. The
PLC may reject a DF1 command if the register tydndd within it differs from that defined by thears

Micro_Link supports only Protected Typed Read/Write commaritts thwee address fields, and doesn’t support eden
addressing. These commands have six supplemerntied, hyamely Function Code, File Type, Byte Sizée Rumber,
Element Number and Sub-element Number. SMio_Link uses 16-bit addressing it treats each internalesddas two
8-bit values, where the most significant bits repré the file number and the least significant b#sresent the element
number. The sub-element is always 0.

When passing digital data to/from DF1 registershé number of bits is less than 16 they are lacatahe least significant
bits with the remainder being 0. It is not possitdl concatenate bits from non-sequerlaro_Link digital registers into a
given DF1 register.

Micro_Link can be configured in either slave (server) or eraGlient) mode. All recent Allen Bradley PLC's calso be
configured as either client or server, but it isially easier to configur®licro_Link as a master (client) and the PLC as a
server.

Being a full-duplex protocol, DF1 makes provisiom tmmmands to be transmitted faster that the receian respond, so
each message is numbered, and the originator etk the message number of each response tifydéietcommand to
which it relates. If the receiver misreads a comthé can send an ENQ response to ask the tramsntittre-send it.
However,Micro_Link only operates in a half-duplex mode, so it expectesponse to each command before it sends the
next. Timing is therefore critical for success@@immunications. Th8us_Link RTS delays should be left at their default
value, and the Receive time-out should be set erarals:

Glohal Configuration : x|

—Busg_Link settings: — Data_Link options:

 Fdata * gdata Data Rate: |12EID bps vI

 1stop 1 2stop Station addrass ID

Data Rate IQE;UU bps vl & Mo parity ¢ Even { Odd — Base-Station:
r— Mormal Outstation:
* RE23z O RE4E5 Scanning window Im IECE

RTS on delay |2u s Retries |5
RTS off delay ID ms Errar back-off ID

r— Low Power Outstation:

Protocol  [EAEEELERETY

—Bus_Link szanning options: Sican Rate |15 mins
© Master + Slave Scanning window Im secs

Scanning interval |5 ZECE Slave address
Ermor back-off 5 woans ID— L—
delay
Receive timeout |2DDD s LChannel Mo ID - I
M awirnurn retries I n —Estemnal Modem ——————————
- g RTS/CTS ondelay [ ms

Transmizzion delay ID #100mz
Drefault | LCancel |

The DF1 RTS delays should be set to 0, with no blaaking and the protocol should be set to PoiRttit. Micro_Link ‘s
with firmware earlier than V3.18 use BCC error detettibut V3.18 and later use more secure CRC checKiigpg ACK
timeout should be set to 300ms. The following sarehots are typical if using ControlLogix configiiva program:
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¥ Controller Properties - TELEM \:|@|E| #%! Controller Properties - TELEM

Date/Time | Advanced | SFC Execul\un] File 1 Hedundanc}l] Nonvolatile Memury] Memury] Datea’Time] Advanced] SFC Execution | File ] Hedundancﬂ Marvolatile Memory] Mamoryl
General  SefialPort | Spstem Protacel | User Protocol | Major Faubs | Minor Fauts | General | SeralPot  System Protocol | UserFratacal | Maior Faults | Minar Fauks |
Mads: Sustem ) = — Error Detection
= Pratacal DF1 Point ta Paint ¢ RCC & CRC
Baidliaic: 3600 hd Station Address: 1 ¥ Enable Dunicate Detesti
nable Duplicate Detection
DealBits 8 | MAK Recsive Linit. |3
Paiity: None = EMG Tranamit Limit. |1
Stop Bits: 1 - ACK Timeout: 15 (%20 ms)
Cartral Line: No—_|Handshake - Embedded Responses: | Autodetect -
-

RTS Send Delay: |0 (20 mz)
RTS Off Delay: 0 [20 raz)
DED 'wait Delay: [#1 sec]

oK. | Cancel Help oK Cancel Help

7.4.1 DF1 Master Mode

If Bus_Link is configured to operate in Allen Bradley masteidmat will send the following commands to a slaewice:

Bus_Link action DF1 command

Read slave data Protected typed logical read witketladdres
fields

Write slave data Protected typed logical write withee addres
fields to an integer register

To specify these in thBlicro_Link mapping table the user must concatenate the kitekér and Element Number into a
single two-byte number, where the most significhyile is the File Number and the least significaytehis the element
number. For example:

Bus_Link action Address Address | Address
Calculation (Hex) (Decimal)

Read/Write DF1 File No 31, Element O 31*256+0 1BR0 7936

Read/Write DF1 File No 20, Element 128 20 * 256 8 1P 0x147B 5243

The sub-element is always 0.

If the transfer is passing analogue data to/fidns_Link the file type will be set to 0x89 (integer), s thata will be
transferred from/to an N register. If it is pagstigital data the file type will be 0x85 (bit) Hue transfer will be from/to a B
register. If the user needs the data in a diffetgpe of register he must configure the PLC to astummy register and
transfer the data internally within the PLC to/frtmis register.

For example, to copy the least significant bitsegister B20:123 (File No 20, Element 123) of a PEeCts slave address 0
to the first two digital outputs at outstation 2@ following line would be needed:

Bus_Link Add 1 *Digital o/p reg 5243-5244 -> Outstation 20 Digital Output 1-2

This is a little deceptive in that it suggests sloeirce data is from two registers. However, sty 2 bits are required it
will copy only bits 0 and 1 from PLC register 5243l¢ No 20, Element 123), and all the remaining bitll be ignored. If
more than 16 bits were specified thBas_Link will read successive elements and concatenatbitbdrom them to the
relevant outstation digital outputs.

To copy data the other way (i.e. to copy the fivgd digital inputs at outstation 20 to the leagmnfficant bits of register
B20:123) the following line would be needed:

Outstation 20 Digital Input 1-2 -> Bus_Link Add 1 *Digital o/p register 5243-5244

In this case since only 2 bits are specified, thistation inputs will be copied to bits 0 and 1PfC register 5243 (File No
20, Element 123) and all remaining bits of thisistag will be set to 0. PLC register 5244 (File Ry Element 124) will be
unchanged. However, if the number of bits spetifi@s greater than 16 thBas_Link will write to successive elements.
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To copy registers N31:0 and N31:1 (File No 31, Hatr0...1) to analogue outputs 1 & 2 at outstatidntiie following line
would be needed in a base-station:

Bus_Link Add 0 *Analogue i/p register 7936 -> Outstation 10 Analogue Output 1-2

Since DF1 protocol does not distinguish betweenit;miand outputstAnalogue i/p register and*Analogue o/p register
have the same meaning, as*doigital i/p register and* Digital o/p register

7.4.2 DF1 Slave Mode

If Bus_Link is configured to operate in DF1 slave mode, it ®ispond to the following commands from a maseiack:

DF1 command Command Function | Bus Link action |
Protected typed logical read with three OxOF 0xA2 Read input or output digitals or regist1rs
address fields

Protected typed logical write with thrge  OxOF OxAA Write to input or output digitals cIr
address fields registers

These commands have six supplemental bytes, ndfoelgtion Code, File Type, Byte Size, File Numbdgnient Number
and Sub-element Number.

Bus_Link uses the File Type to define the type of dataaioed, file type 0x85 being bit (digital) data dild type 0x89 be
integer (analogue) data. Byte Size will alwaysabmultiple of 2 and defines the number of bytesgpeead/written. File
Number is used to define the block humber and tbenént to define the address within the block. Fhlke-element is not
used. For example, a base-station could receevéotitowing commands:

Command | Function File File Element No of | Bus_Link action
Type Number bytes
OxOF OxA2 0x85 10 0 2 Read Outstation 10 digitaluisp Note

that bits 0...7 are the alarm flags, ahd
bits 8...15 are the digital outputs (spe

6.3 above)

OxOF 0xA2 0x85 10 16 4 Read Outstation 10, first tdigital
input expansion modules.

Ox0F OxAA 0x85 10 8 2 Write to Outstation 10 digitautputs.

outputs (see 6.3 above). Bits 8...15 vjill
be copied to the first 8 outputs of t
first digital expansion module (if fitted)

Bits 0...7 will be copied to the digit\1

OxOF OxAA 0x85 10 16 4 Write to Outstation 10, fiite/o digital
output expansion modules.

Ox0F O0xA2 0x89 20 6 4 Read Outstation 20 analogpetinl &
2

Ox0F OxAA 0x89 20 6 4 Write to Outstation 20 analegutputd
1&2

As described in 7.2 above, an outstation configuaedBus_Link slave will interpret any command that is readimy a
digital/register other than those used by hardwAPeas addressing an output digital/register. Birlyi any command
writing to a digital/register will address the ned@t input.
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7.5 Mitsubishi Protocol

Mitsubishi PLC’s can be configured to either dedidaprotocol mode or no protocol mode, and offeidewelection of data
rates and character formats. No protocol mode regjuhe user to define the protocol in ladder logikich is an onerous
task. Bus_Link therefore supports the dedicated protocol. Thexaveo slightly different variants, designated Fxdaon-
FX, depending on the type of PLC. When configuredanaster devicklicro_Link accommodates this by sending a test
message to the PLC at power-up to identify the tyWhen configured as a slave devidiro_Link emulates FX mode.

The default mode of FX PLC's is no protocol, so pinetocol must be configured within it. This reaasra line within the
PLC programme to write the value H6881 (or decig&153) to register D8120 if using RS232 communicetjor H6081
(decimal 24705) if using RS485. This configuresgbgal port to dedicated protocol at 9600 baughgu8 bits/character, no

parity and 1 stop bit. ThBus_Link port onMicro_Link must be configured to match this, via the Globalameters of
DCD Configuration.

Note that some Mitsubishi serial interface modualesot support dedicated protocol.

By default, any Mitsubishi PLC is allocated as addr@ on its serial port. This can be changed oPER’s by writing a
different value to register D8121, but this wouldyobe necessary if connecting more than one PLEgBus_Link port.

The PLC configuration defined also sets the poigtmre control lines. However, non-FX PLC’s usenfloontrol when
configured for RS232. If using RS232 the followinterconnecting cable connections are recommended:

Function PLC (9-pin D plug) Bus_Link port Category 5 cable colour
TXD 3 3 Green
RXD 2 4 White/Blue
ov 5 5 Blue
RTS 4 .
CTS 6 Link together
DSR 7 .
DTR 8 Link together

Mitsubishi PLC’s support numerous types of registerduding:
Bit Registers (holding binary data):

Range from To Address Function
X0000 XO07FF Hex/Octal* Digital Input
Y0000 YO7FF Hex/Octal* Digital Output
MO000 M2047 Decimal Internal Relay
M9000 M9255 Decimal Special Relay
L0000 L2047 Decimal Latch Relay
S0000 S2047 Decimal Step Relay
B0000 BO3FF Hexadecimal Link Relay

* FX PLC'’s use octal addressing, all others use degmal

Word Registers (holding 16-bit values):

Range from To Address Function

D0000 D1023 Decimal Data Register
W0000 WO3FF Hexadecimal Link Register
R0O000 R8191 Hexadecimal File Register

7.5.1 Mitsubishi Master Mode

The type of register accessed Bias_Link is determined by the definition of input/outputiahe address range used:
a) Digital Inputs

0...2047 reads registers X0000...X07FF(hex)
10000...19999 reads registers M0000...M9999
20000...29999 reads registers L0000...L9999
30000...39999 reads registers S0000...59999
40000...42047 reads registers Y0000...YO7FF(hex)
50000...51023 reads registers BO00O0...BO3FF(hex)
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For example, to copy the state of register MOOOthédfirst digital output on Blicro_Link the following line would be
included in the data routing table:

Bus_Link Add 0 *Digital i/p register 10001 -> Local Digital Output 1
b) Digital Outputs

0...2047 writes to registers Y0000...YO7FF(hex)

10000...19999 writes to registers M0000...M9999

20000...29999 writes to registers L0O000...L9999

30000...39999 writes to registers S0000...S9999

40000...42047 writes to registers X0000...X07FF(hex)

50000...51023 writes to registers BO00O... BO3FF(hex)

For example, to copy the state of the first digit@iut on aMicro_Link to register L0003 the following line would be
included in the data routing table:

Local Digital Input 1 -> Bus_Link Add 0 *Digital o/p register 20003
c) Register Inputs

0...9999 reads registers D0000...D9999

10000...19999 reads registers W0000...\W9999

20000...29999 reads registers R0000... R270F (hex)

For example, to copy the state of register WOOOthédirst analogue output onMicro_Link the following line would
be included in the data routing table:

Bus_Link Add 0 *Register Input 10001 -> Local Analogue Output 1
d) Register Outputs

0...9999 writes to registers D0000...D9999

10000...19999 writes to registers W0000...\W9999

20000...29999 writes to registers R0000... R270F(hex)

For example, to copy the state of the first anadoigput on @Micro_Link base-station to register RO003 the following
line would be included in the data routing table:

Local Analogue Input 1 -> Bus_Link Add 0 *Digital o/p register 20003

7.5.2 Mitsubishi Slave Mode

In slave modeBus_Link emulates a non-FX PLC supporting only bit regiseerd/write in the range 0...8000 and word
register read/write in the range 0...2000.

As with all Bus_Link slave implementations the user must calculatadbaired register within th®icro_Link database.

For example, to read the first digital input atstation address 10 the required register is (32 #B) = 328, so the host
system would have to read for example M0328 or X028 decimal = 148 hex). Similarly to write tgydal output 4 at

outstation address 20 the required register isf @2+ 11) = 651, so the host would have to writd\t0651 or Y028B ( 651

decimal = 028B hex).

As described in 7.2 above, an outstation configuaedBus_Link slave will interpret any command that is readimy a
digital/register other than those used by hardwAPeas addressing an output digital/register. Birlyi any command
writing to a digital/register will address the ned@t input.
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7.6 Special Features of Bus Link Configuration

7.6.1 Using specific I/O registers

It should be apparent from the above th&uf_Link is configured as a slave device the host musbhégured to read the
appropriate address for the particular parametpiired. For example, to read the value of analagpat 1 at outstation
address 10 it should read register 87.

Some host systems, however, may have their magpied in software and, for example expect to readl@gue inputs as
consecutive registers starting at address 1200.thithcase, aMicro_Link base-station would normally recognise that
Bus_Link is accessing data blocks starting from 150 (i2001/ 8) and try polling outstations starting frd®0. If any of
these existed they would return a standard datktdontaining 4 totalised counts followed by batteolts, RSSI, then the
two analogue inputs. The data may not therefori@ bige locations the host device expects.

To overcome this, Micro_Link base-station recognises registers 10,000...11,9%@@isalent to 0...1,999, but will not
attempt to poll outstations to read or write daar example, if the following line is includedtime data routing table:

Bus_Link Add 10 Analoguei/p 1 -2 -> Local *Register Input 11200 - 11201

The host system can read the value of outstatiomriddogue inputs 1...2 from registers 1200...1201 withzausing
Micro_Link to try to poll outstation 15.

Obviously, if this feature is used the user musuea that no outstations are allocated addresshmuhe range used by the
host.

7.6.2 Copying Digital States to Registers

Situations sometimes arise whereby digitals nedmbtmapped into analogue registers. The most canapplication of this
is whereBus_Link is used to pass data to/from a PLC or SCADA systendnly processes 16-bit registers. These systems
define digitals as particular bits within a registe

Micro_Link incorporates two methods for achieving this. Tingt, which was introduced in V2.25 (released ®032)
allowed one digital at a time to be transferred iatregister, and used the Quantity field withia Mapping Table to identify
the bit within the register. This has the disadaga that the Mapping Table summary is not logiaatl multiple entires are
needed to transfer more than one digital. The rgkeoethod, introduced in V3.10, is more logical atidws multiple
digitals to be transferred in each line. It aldloves data to be passed the other way (i.e. bithiwia register to be
transferred to digital states).

The two methods are described in detail:

7.6.2.1 Copying Digital States to Registers - Metho  d 1:

If a digital is copied to a register in the rande0DO0...11,999Micro_Link treats it as a special case, and maps the digital
into the bit position defined by Quantity. Thishisst illustrated by two examples:

Mapping Table B3|l M apping Table x|
— Source: — Source:
Bus_Link Data_Link Address |-| 0 Buz Link Data_Link @+ Address |1
Tupe IDigitaI Input j Humber I'I Tvpe IDigitaI Input j Humber |2
— Destination: — Drestination:
Bus_Link ™ Data_Link Address ID Bus_ Link (™ Data_Lirk * Address ||:|
Type I"Hegister Input j oy ITHEB':| Tupe I“HBQiSth Input [ LT |112ED
—General —General:
Guantity |1 Quantity |2
Cancel | Cancel |
— Description — Description
/5 Filter 2 Turbidity Is.n"s Filter 2 Fault

In these example digital input 1 at outstation addrl0 will be copied into the first bit of regisid 20 (i.e. bit 0) and digital
input 1 at outstation address 10 will be copied thie second bit of register 1120 (i.e. bit 1).
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The summary shown in the data routing table iftle konfusing, but can be interpreted:
Outstation Address 10 Digital Input 1 -> Local *Register Input 11260
Outstation Address 10 Digital Input 2 -> Local *Register Input 11260 - 11261
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If the user wishes to access alarm flags (such asn@oFail) there is a further complication. DCD dgrdoftware knows
that an alarm flag is only a single bit, so willtradlow a Quantity of greater than 1. Furthermd€&D will attempt to
translate any absolute addressing within This ca\uercome by resorting to absolute addressingceSthe Comms Falil
alarm is the first digital bit in the relevant da@fack, and there are 32 digitals per data bldo&,Gomms Fail alarm for, say,
outstation 10 is absolute address (32 * 10) + @& 3Therefore the following entry:

Mapping Table |

— Sournce:

Bus_Link Data_Link + Address ID_

Type IDigitaI Input j Mumber |313
— Destination;

Bus_Link{™ Data_Link & Address ||:|

Type I"Digital Output Feqgister j Number |'|'|251

Eluantity 2

Cancel |

— Deszcription

will cause outstation 10 Comms Fail alarm to be edpb the second bit of register 1261. When thientered, however,
DCD will translate it into the equivalent of a dagiinput:

Local Digital Input 313 - 314 > Local *Register Input 11261 - 11262

7.6.2.2 Copying Digital States to Registers - Metho  d 2:

This is the preferred method, but can only be iis&B.10 or later software. It requires the usecalculate a new value for
the register as (x + 1000) * 20. Thus, for exampgister 1200 will become register 44000 andstegil201 will become

register 44020. The user must then add to thisvaue the required bit number, so bit 5 in regi4t200 becomes register
44005 and bit 12 in register 1201 becomes registeés2.

Once the required register has been calculatedrangfer can be achieved between digital and aneloggisters.
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For example, if the following entries are included base-station data routing table:

Mapping Table ﬂ Mapping Table ﬂ

— Source: — Source:
Buz Link Data_Link (¥ Address Im Buz Link Data_Link + Address Iu
Tvpe IDigitaI Input j Humnber |1 Tvpe I"Hegisterﬂutput j Humber I‘MD32
— Diestination:  Destination:
Bus_Link{™ Data_Link & Address ID Bus_Link{™ Data_Link & Address |2|j
Type I"Hegister Irput j Wit |44DDE Tupe IDigitaI Output j Murnber I1
-~ General: oK -~ General:
Huantity IB Quantity I'I [
Cancel | Cancel |
— Description — Description

The mapping table summary for these two lines stibw:

Outstation 10 Digital Input 1 - 6 > Local *Reg Input 44005 - 44010
Local *Reg Output 44032 — 44047 > Outstation 20 Digital Input 1 - 16

To decipher these lines, divide the register nuniiye0 and subtract 1000 to derive the registeresdg and derive the
number of the first bit as the remainder afterdiivj by 20. The first line will therefore copy tfiest six digital inputs from

outstation 10 to bits 5...10 of Input Register 120Me second line will copy bits 12...15 of registe012o digital outputs

1...4 at outstation 20 and bits 0...11 of register 1@20@igital outputs 5...16 at outstation 20.

8. Special Features of Micro Link

Many special features can be activateioro_Link by configuring it appropriately. Configuration cigges are carried out
using the DCD Terminal, as described in chapter 9.1.

8.1 Exception Reporting

8.1.1 General

Exception Reporting permits critical changes to ggorted without waiting for the relevant outstatimnbe polled. It
functions in both directions, so the base-statian mterrupt its normal poll sequence to send #catichange to an
outstation. Conversely, an outstation can sendnaplicited message to the base-station withoutingetd wait until it is
next polled. Typical applications are:

* A battery-powered outstation may be monitoring peeters that only change occasionally. Pollinggtfiently would
waste battery life unnecessarily.

» Digital inputs at an outstation may be used to twordlarm states. These need to be reported ayrag possible.

e Analogue values from an outstation may be usedinvithntrol loops, where instability or excess ifgerhay result if
changes are not reported quickly.

< One or more digital inputs at the base-station b&used to operate controls at an outstation.ait be important that
the response time is minimised.

Exception Reporting can be applied to the interf@l of Micro_Link and Nano_Link, expansion modules connected to
Micro_Link, and to external I/O accessed via Bies_Link serial port of aMicro_Link. However, it cannot be applied to
digital expansion modules connected fdamo_Link outstation, or to &lano_Link configured as a base-station.

Exception reporting from a base-station to an atitst can only be used with mains powered outstatigsince battery-
powered outstations will put themselves to sleefvéen normal polls, so will not be able to receéxeption reports.
Exception reporting from an outstation to a basg¢iest can only be used if the system is configucedot scan continuously,
since there must be silent periods during whicleption reports can be sent.

The effect of Exception Reporting on the poll seqaeis described in Section 6.7.
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8.1.2 Configuring Exception Reporting

8.1.2.1 Digital exceptions from the base-station to an outstation

To ensure that digital changes at the base-statienmeported to an outstation without delay, theekstation configuration
table needs an entry such as the following

Exception Digital > Outstation 10 Digital Output 5 - 8

This will ensure that any changes at the basesstathich affect digital outputs 5, 6, 7 or 8 atstation address 10 will be
sent immediately. For example, the following lowild also be present in the data routing table:

Local Digital Input 9 - 12 > Outstation 10 Digital Output 5 - 8

A change on base-station digital inputs 9, 10, 112will be sent immediately to the outstationheTinput data could also
be derived via th8us_Link port at the base-station.

As stated above, exception reporting from the Istaen to an outstation can only be used with s¥giowered outstations.

8.1.2.2 Digital exceptions from an outstation to th e base-station

To ensure that digital changes at an outstatiorreperted to the base-station without delay, theeksation configuration
table needs an entry such as the following:

Outstation 10 Digital Input 1 - 4 > Local Digital Output 1 - 4
Exception Digital > Outstation 10 Digital Input 1 - 3

This will ensure that any changes on digital inplit® or 3 at outstation address 10 will be regbltg exception. Digital
changes on other inputs at that outstation willazatse exception reports to be generated. Indémm@e shown, changes on
digital input 4 at the outstation will only be cepito the relevant output at the base-station tiregt the outstation is polled.
However, if the outstation sends an exception iteploe state of all inputs will be sent, so inpwti#l be updated at the same
time.

8.1.2.3 Analogue exceptions from the base-stationt 0 an outstation

To closely track an analogue value it is may beessary to update it when a significant change scci@ince analogue
inputs are calibrated to give a numeric value mmdnge 0...4000, a change of, say 2% would represdifference of 80.
To report such a change at the base-station taitstation without undue delay the following entoutd be made:

Exception Analogue = 80 > Outstation 10 Analogue Output 1 - 2

This will cause the base-station to send an exameptport to the outstation if the required anaégut value changes by
more than 2% from the last value sent to it.

If the data for this outstation was derived fronalague inputs within the base-station the followamdry may be included:
Local Analogue Input 2 - 3 > Outstation 10 Analogue Output 1 - 2

Since aMicro_Link base-station scans its analogue inputs everydndscthere could be a delay of this amount befuze
change is sent to the outstation.

However, if the data was derived from a device emted to thdBus_Link port of the base-station, any significant changes
will be sent immediately they are passed to the{ssation.

As stated above, exception reporting from the Istaten to an outstation can only be used with s¥giowered outstations.

8.1.2.4 Analogue exceptions from an outstation to t he base-station

To closely track an analogue value at the outstaisimilar methodology is applied. For examghe, following lines could
be included in the base-station configuration:

Exception Analogue = 80 > Outstation 10 Analogue Input 1
Exception Analogue = 200 > Outstation 10 Analogue Input 2

This will ensure that a change of more than 2% madague input 1 or 5% on analogue input 2 at otibstaddress 10 will
be reported to the base-station by exception. @isly the lower the value set the more closelytthse-station output will
track it, but the more often the outstation wilhdeexception reports.

Note, however, that analogue inputs are only sainptadefined times. Micro_Link outstation scans all analogue inputs
every 5 seconds.Nano_Link outstations normally only scan analogue inputs rwirgerrogated by the base-station.
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However, if analogue exceptions are configured &iiano_Link outstation it will by default scan analogue inpetery 10
seconds. This can be over-ridden by adding tlee lin

Exception Scan Rate (x10secs) = 12 > Outstation 10 Analogue Input 1

Only one such line is necessary for any gidamo_Link outstation, and it will apply to all its analogimputs. The above
line will cause analogue inputs to be sampled e®enyinutes, independent of scanning by the basestaThe Analogue
Scan Rate must be in the range 1...255 or 10 secort5 minutes.

The outstation’s 10VDC power output can be usedtegn the transducers if required. If the outstatiobattery-powered it
will switch on the 10V supply before taking a reagli and wait for the transducers to stabilise. eXplained in the
Nano_Link Technical Manual, the warm-up time of analoguaddacers can be set to either 250ms, 1 second secg@hds
by changing a DIPswitch on the outstation. 250 einerally long enough for pressure transducetsstandard ultra-sonic
transducers may need 30 seconds before they giakdaoutput.

The current drawn from the battery rises from asgceént level of around 200uA to about 3 x the ttaoer current, so could
be 60mA for the time the transducer is on. It aises to around 1A for about 0.5 seconds wheamuiitsinits a message to the
base-station. To maximise battery life when negd@inalogues at an outstation therefore adopottming:

*  Configure exception reporting

* Increase the background poll rate to, say, 12 hours

»  Configure the analogue scan rate to the longestdoneistent with the required response time
e Set the analogue exception trip level to the higheseptable value

< Do not use standard ultra-sonic transducers (diserailtra-sonic transducers designed for battpsration,
or another technology)

Note that the above description applies equallyeggisters that may be read intdvicro_Link outstation viaBus_Link.
These could originate in a PLC, and may be up tbitkt

8.1.2.5 Digital exceptions from powered transducers at a Nano_Link outstation

Some digital transducers require power before Wihgive a valid reading. An example is the Sttwmlevel sensor, which
requires a 5V supply to energise a photo-electikc A battery-poweredlano_Link outstation can be configured to operate
with these using a combination of the above teahesq

Nano_Link has 4 digital inputs (1...4), plus two pseudo in&t& 6) (Comms Fail and Battery Low). Digital inguf and
8 copy digital inputs 1 and 2, but are only updatén the outstation has raised 10V. If exceptaporting is configured
for these inputs, the outstation interprets theliregnent as exception reporting on powered digitaisducer connected to
inputs 1 and 2 respectively. For example, thefailhg entry could be made in the base-station gandition table:

Outstation 10 Digital Input 1 > Local Digital Output 3
Exception Digital > Outstation 10 Digital Input 7

This will configure the outstation to ensure thigfitdl input 1 is only read when the 10VDC supplypissent. By default the
outstation will sample the input every 10 secomds this can be over-ridden by setting the analcgpas rate:

Exception Scan Rate (x10secs) = 30 > Outstation 10 Analogue Input 1

This example will ensure that every 5 minutes r@hsducers configured for exception reporting Wil powered, then read
after allowing time for them to ‘warm-up’. The Alglue Scan Rate must be in the range 1...255 or 10dedo 42.5
minutes. The warm-up time allowed will be eith&0gs, 1 second or 30 seconds, depending on thesvdtRssettings at
the outstation.

Note that the power provided for the transduceMDC. If they operate from 5VDC an external votaggulator will be
needed.

8.1.2.6 Count exceptions from an outstation to the base-station

It may only be necessary to send totalised cowats &n outstation when a certain number of incrémkeave occurred:
Exception Count = 20 > Outstation 10 Count 1

This will cause the outstation to transmit an exicepmessage when the total count on digital irfpueaches 20 more than
the last value reported to the base-station. Hhgevof Count Exception must be in the range 1...255.
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8.2 Initiation Delays

8.2.1 General

Some applications require that short duration diditput changes at outstations should be ignodypical example is
monitoring of sewage vacuum chambers, where a \abagopen for up to 5 minutes in normal operatimrt,an alarm must
be raised if it remains open longer than this.

The facility of setting initiation delays allowsgitial changes that last less than a defined pdonole ignored. It is of
particular relevance when used in conjunction witiception reporting, since it prevents unnecessansmissions from a
battery-powered outstation that would otherwisetevésttery power. It also overcomes the needtareal processing to
distinguish between alarm conditions and normalatjen.

Initiation delays are implemented vidcro_Link base-station by adding lines in the data routidet such as:
Initiation Delay (x2 secs) =5 > Outstation 10 Digital Input 1
Initiation Delay (x2 secs) = 150 > Outstation 10 Digital Input 2-3

The effect of this is that a change of state ontalignput 1 at outstation 10 will be ignored urdés persists for 10 seconds.
Note this applies to both contact closure and atrtpening. Similarly, changes of state on digitalits 2 or 3 must persist
for 5 minutes (300 seconds) before they are resegni
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8.3 Defining Digital Output States After Communicat ions Failure

By default, all digital outputs freeze at theirtlaalid state in the event of a communicationsufail Setting th&alue on
Comms Failvia DCD Configuration can change this.

A base-station generates a comms fail alarm ifvargioutstation fails to respond after a defined lnemof re-tries (see
9.1.1.3).

An outstation generates a comms fail alarm if it@$ interrogated when it expects to be. It calted when it expects to be
interrogated by measuring the time between sucee#déntical commands it receives from the baskesta It adds to this
time a contingency of twice the Scan Window valoevdloaded to it from DCD Configuration (see 9.1.1.3).

Example 1:

Suppose the following lines are included in theadauting table of a base-station that is commuimigawith an outstation
set to address 10:

Value on Comms Fail=0 > Outstation Address 10 Digital Input 1-2
Value on Comms Fail=1 -> Outstation Address 10 Digital Input 3-4

The base-station will interpret digital inputs 128t the outstation as ‘0’ in the event of a confailsire, and inputs 3 & 4 as
‘1’. All other inputs will remain in their last lid state.

Example 2:
Suppose the following lines are included in theadatting table of an outstation:

Value on Comms Fail=0 > Local Digital Output 1-2
Value on Comms Fail=1 > Local Digital Output 3-4

Suppose furthermore that the base-station Nornatr8og Window (defined in the Global settings)est® 5 seconds.

The digital outputs will normally copy the stateittem to them by the base-station. Each time #eeistation writes to the
outstation, the outstation will preset an interr@hms fail timer with the time interval since tlastl write command from the
base-station plus 10 seconds (i.e. 2 x the Scaiindow). If this timer times out before the basatisn next writes to the
outstation, then the outstation will flag a comras &larm. This will cause it to force digital outigs 1 & 2 to ‘0’ and digital
outputs 3 & 4 to ‘1'. All other outputs will renrain their last valid state.

8.4 Defining Analogue Output States After Communica tions Failure

By default, all register outputs freeze at thest hzalid state in the event of a comms failuretiSgtheValue on Comms Falil
via DCD Configuration can change this.

A base-station generates a comms fail alarm isvangoutstation fails to respond after a defined Ipemof re-tries (see
9.1.1.3).

An outstation generates a comms fail alarm if itd@$ interrogated when it expects to be. It catad when it expects to be
interrogated by measuring the time between sucesdéntical commands it receives from the basgesta It adds to this
time a contingency of twice the Scan Window valowdloaded to it from DCD Configuration (see 9.1.1.3).

Example 1:

Suppose the following lines are included in theadauting table of a base-station that is commuimigawith an outstation
set to address 10:

Value on Comms Fail =0 > Outstation Address 10 Analogue Input 1-2
Value on Comms Fail = 2000 > Outstation Address 10 Analogue Input 3-4
Value on Comms Fail = 4000 > Outstation Address 10 Analogue Input 5

The base-station will interpret analogue inputs 2 &t the outstation as dropping to zero in thenee¢ a comms failure,
inputs 3 & 4 as 50% of full scale and analogue fuliscale. All other inputs will remain in thdast valid state.

Example 2:

Suppose the following lines are included in theadatting table of an outstation:

Value on Comms Fail =0 > Local Analogue Output 1-2
Value on Comms Fail = 2000 > Local Analogue Output 3-4
Value on Comms Fail = 4000 > Local Analogue Output 5

Suppose furthermore that the base-station Nornair8og Window (defined in the Global settings)est® 15 seconds.

The analogue outputs will normally copy the statét@n to them by the base-station. Each timehifwge-station writes to
the outstation, the outstation will preset an imé&icomms fail timer with the time interval sinéetlast write command from
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the base-station plus 30 seconds (i.e. 2 x therfioguwindow). If this timer times out before thesbastation next writes to
the outstation, then the outstation will flag a eosnfail alarm. This will cause it to force analogugputs 1 & 2 to zero,
analogue outputs 3 & 4 to 50% of full scale andl@nze output 5 as full scale. All other outputdl wémain in their last
valid state.

8.5 Inverting Digital Inputs

By default all digital inputs register a value af when the corresponding input is a closed confact voltage less than
2V), and a logic ‘0’ when the corresponding inpsitan open circuit (or a voltage greater than 3Mpwever, this can be
changed:

Example:
Suppose the following line is included in the datating table:

Invert digital > Local Digital Input 1-3
The first 3 digital inputs will be inverted.

8.6 Inverting Digital Outputs

By default all digital outputs are contacts whidbse for a logic ‘1’ state and open for logic ‘Blowever, this can be
changed:

Example:
Suppose the following line is included in the datating table:
Invert digital > Local Digital Input 1-3
The first 3 digital inputs will be inverted.
However, this can be changed:
Example:

Suppose the following lines are included in theadatiting table of a base-station:

Outstation 10 Digital Input 1 > Local Digital Output 1
Outstation 10 Digital Input 1 > Local Digital Output 2
Invert digital > Local Digital Output 2

The first two lines copy the first digital inpubfin the outstation to the first and second outputieabase-station. The third
line inverts the second output, thus creating ageaver contact mimicking the outstation input.

8.7 Scaling Analogue Inputs

All analogue inputs give a register span of 0...4@800their calibrated input range. For example,imput calibrated
0...20mA will give a register value of 0 for 0.00m2000 for 10.00mA and 4000 for 20.00mA. Note thatimput of
4...20mA will give a span of 800...4000, which will peesented as 4...20mA at the remote end. Howevelyiag the
following formula can change this:

M * (Value— Offse)
Divisor

WhereValueis the raw input reading. The calculation willphe performed iMultiplier is defined. The default values for
Divisor andOffsetare 1 and 0 respectively. Negative results aneeed to zero.

Example:

Suppose alicro_Link has analogue inputs calibrated 0...20mA, but is requto give a register range of 0...4000 for
inputs over the range 4...20mA (i.e. 800...4000) oruinp and 0...10mA on input 2. The following linesosid be
included in the base-station data routing table:

Multiplier = 4000 > Local Analogue Input 1
Divisor = 3200 > Local Analogue Input 1
Offset = 800 > Local Analogue Input 1
Multiplier = 2 > Local Analogue Input 2

Note that the default values Bfvisor = 1 andOffset= 0 will be applied for analogue input 2.
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8.8 Scaling Analogue Outputs

All analogue outputs are calibrated for a regisfgn of 0...4000. For example, an output calibrate®0mA will give an
output of 0.00mA for a register value of 0, 10.001oA 2000 and 20.00mA for 4000. Note that a sph80d...4000 (as
produced by an unscaled input at the remote erlitijwe an output range of 4...20mA. However, 3opj the following
formula can change this:

Multiplier

Divisor
WhereValueis the raw input reading. The calculation willphe performed iMultiplier is defined. The default values for
Divisor andOffsetare 1 and 0 respectively.

*Value+ Offset

Example:

Suppose Micro_Link has analogue outputs calibrated 0...20mA, but outpstrequired to give a span of 4...20mA from a
register range of 0...2000 (e.g. from a remote 0...10npAit), and output 2 is required to give a spa®.ofLlOmA for a
span of 0...4000. The following lines should be u&d in the base-station data routing table:

Multiplier = 3200 > Local Analogue Output 1
Divisor = 2000 > Local Analogue Output 1
Offset = 800 > Local Analogue Output 1
Multiplier = 2000 > Local Analogue Output 2
Divisor = 4000 > Local Analogue Output 2

Note that the default value 6fffset= 0 will be applied for analogue input 2.

8.9 Creating BCD Outputs from Analoque Inputs

Analogue outputs and totalised counts are sometietgsred to be presented in real units on digiislays, which typically
give 3, 4 or 5 decimal digits. For example, a nesie depth may be measured by a transducer thasgi 4...20mA output,
but need to be displayed as a digital value irrdéinge 0...25.00 metres.

Micro_Link can be configured to present registers in Binaryedddecimal (BCD) by copying the relevant registepatto
the first required digital output, and setting thleck size to define the number of digitals. Nttat each digit of a BCD
output requires 4 bits. The register value is pssed using the following formula before copyinwithe digital outputs:

Multiplier

— * (Value— Offse)
Divisor

Example:

Suppose a 4...20mA transducer on analogue inputdutstation 10 is required to give a 4-decade BCD wutgcaled
0...2500, from digital outputs 16...31 at the basei@tat The following lines are required in the basation’s data routing
table:

Outstation Address 10 Analogue Input 1 > Local Digital Output 16 - 31

Multiplier = 2500 > Outstation Address 10 Analogue Input 1
Divisor = 3200 > Outstation Address 10 Analogue Input 1
Offset = 800 > Outstation Address 10 Analogue Input 1

The block size should obviously be large enoughdoommodate the largest possible output value,ibmermally be a
multiple of 4. Ifit is set to less than&jcro_Link interprets the command as a pulse rate outpuiQjsee

8.10 Driving Digital Display Modules

Micro_Link can output analogue and count values on the 71DBEyfal Display Modules (see 4.5.2) as an alter@ato
current and digital outputs.

8.11 Calculating Average Flow Rate From Pulse Flowm eters

Many flowmeters produce only a pulse output, whitdly comprise a switch contact that briefly closed $ay, every 10
litres of water that passes through it. Turbimevfiheters are a good example, where the speedatfamiof the turbine is
directly proportional to the rate of flow. An adage of this type is that they don't require a posupply.
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The output of these flowmeters can be monitoredamiautstation using the digital/count inputs. Digstation could be a
battery-poweredNano_Link or a permanently-poweredano_Link or Micro_Link. If required the corresponding base-
station can be configured to generate an analogymibproportional to the pulse rate, using thenfda:

New_Count- Last_Count

Scale_Factor

Where New_Countis the latest count read from the outstation aadt _Countis the reading taken some time earlier.
Scale_Factors the number of pulses counted between successadings required to give full-scale output (i.@0@).

Output= * (4000- Offse) + Offset

To achieve a reasonable resolution the time betweeoessive updates should be long enough to atatera significant
number of pulses, but it needs to be short enonigtatk varying flow rates relatively accuratel.reasonable compromise
is to update the reading every 15 minutes, andautmvmeter that gives more than 100 pulses in iftutas at the highest
flow rate.

For example, if the flowmeter gives one pulse feerg 10L, and the analogue output is required t@@m@A for a flow of
10000L/hour, then if updating every 15 minutes $tuale_Factowill be 250. If the output is to read 4mA where thow
rate drops to zero the value ffsetwill be 800.

If using battery-powered outstations the time betwsuccessive updates will be the Low Power Scae, Rdtich would
typically be set to 15 minutes to conserve batliéry

If using permanently powered outstations the timevieen successive updates is defined by includifglse Average Time
(mins) in the data routing tableNote: RequiresMicro_Link firmware V3.21 or later and DCD Configuration scdre
V2.19 or later.

If this feature is configured the count output lz base-station will only update each time the gpudge is re-calculated,
regardless how many times the outstation is pdiletiveen updates. Therefore if the count is alpticated on a digital
output (see 8.12) the output pulse stream will drdytriggered each time the pulse rate is re-cated! The calculated flow
rate is stored in the Result 1...4 of the outstatiom, can be copied to any required analogue output.

If the data is not updated exactly when expectegl {Ere-tries are needed to retrieve the datahere is an intermittent
comms fail) the base-station will automaticallywstjthe calculation based on the actual time betwpeates.

Example 1:

Suppose aMicro_Link base-station interrogates a battery-poweatho_Link outstation (set to address 10) every 15
minutes, and the following lines are included ia Hase-station data routing table:

Scale Factor = 250 > Outstation Address 10 Count 1
Scale Factor =50 > Outstation Address 10 Count 2
Offset = 800 > Qutstation Address 10 Count 1 -2
Outstation Address 10 Result1 - 2 > Local Analogue Output 1 - 2
Value on Comms Fail = 4000 > Outstation Address 10 Result 1

Analogue output 1 at the base-station will giveeading of 4...20mA for a pulse rate of 0...1000 putsasf on the first
digital input at the outstation. Analogue outpuwifl give a reading of 4...20mA for a pulse rate(of.200 pulses/hour on
the second digital input at the outstation (buentbie resolution will be only 1 part in 50, or 2%lhe calculated flow rate
for count 1 will be forced to full scale in the etef a communications failure, while the flow rédbe count 2 will freeze at
the last valid value.

Example 2:

Suppose Micro_Link base-station interrogates a permanently-poweréstaiion (set to address 20). The poll rate will
depend on the Normal Scanning Window and the nurobeutstations being polled, but would usually Ibss than 5
minutes. The following lines could be includedlie base-station data routing table:

Outstation Address 20 Count 1
Outstation Address 20 Count 2
QOutstation Address 20 Count 1 -2
QOutstation Address 20 Count 1 -2
Local Analogue Output 1 - 2
QOutstation Address 20 Result 1

Scale Factor = 250

Scale Factor =50

Offset = 800

Pulse Average Time (mins) = 15
Outstation Address 20 Result 1 - 2
Value on Comms Fail = 4000

YV d v e

It should be apparent that this is similar to thareple above, but has one extra line. The caiomatill be updated when
more than 15 minutes has passed since the outstatie last updated. If the system is relativelgeahe poll rate could be,
for example, 4 minutes. In the worst case 19 neimebuld lapse between successive updates, boalihdated values will
be corrected for this.

Note that only one Pulse Average Time can be setrfg given outstation, regardless how many pulsmts are being used.
The count output at the base-station will only pelated each time the calculated pulse rate is agdaut any counts that
are not configured to give pulse rate outputs Béllupdated each time the outstation is polled.
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8.12 Generating Pulse Outputs

The first four digital inputs at any station areaqulated into counts 1...4. These can be replicasepulses at any other
location by copying them to one of the first 16iiboutputs (i.e. the outputs ddicro_Link and/or the first 8 outputs on the
first Digital Output Expansion module)Micro_Link maintains a record of the total number of pul$dsas generated on

each pulse output. Pulses are produced at afr&tpps such that the total number of output pufsatches the total number
of input pulses to the counter. It should be nphkedvever, that the output pulses occur in burfsés each scan, so the pulse
rate may not exactly mimic the timing of the inputses.

Micro_Link stores the total in non-volatile memory every liiutes and restores the total from this memory afteset.

When a system is first installed, or if a modulsussequently changed, there is obviously a pdisgitiiat the remote input
count total and the current running total of locatput pulses could be significantly different. iSTkould result in a large
number of pulses being generated to bring the sygsteto sync. To prevent this, the output coutdlts forced to the input
count total whenever the configuration is uploadedownloaded, thus clearing pulse outputs.

Example:

Suppose aMicro_Link base-station is scanning two Nano_Link outstatises to addresses 10 & 20), and is required to
copy pulses fed to the first two digital inputseath outstation onto its first 4 digital outpui&he following lines should be
included in the base-station data routing table:

Outstation Address 10 Count 1 - 2 > Local Digital Output 1 - 2
Outstation Address 20 Count 1 - 2 > Local Digital Output 3 - 4

Since each outstation only accumulates countsddirst 4 digital inputs, the maximum block sizedi.
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8.13 Bus Link Monitoring and
Control of Slow Scan Mode

The default Scanning Interval and Scanning Windosv a
downloaded into Micro_Link base-station by the DCD
terminal. However, there may be times when the SCADA
system needs to change the Scanning Interval. For
example, under flood conditions there may be a need
increase the scan rate temporarily. To achieve thie
Scanning Interval and Scanning Window registers are
mapped into the database, so the SCADA system can
over-write them.

If the Scanning Interval is set to the same pesibdhich
the database is being read by a SCADA, there iskeofi
data duplication or data loss:

Suppose the clock in @#Micro_Link base-station is
running slightly slower than the SCADA system clock.
At some point in time the clocks will get into

synchronism with each other. Prior to that tinhe, base-
station will interrogate an outstation just befottee
SCADA system reads the data, so return to the SCADA
system data which is has just undated. Aftertina the
base-station will interrogate an outstation jafier the
SCADA system reads the data, so will return the tiata

it that it read on the previous outstation inteatbgn. It

will thus return the same data to the SCADA system o
two consecutive scans.

Conversely, if theMicro_Link clock is running slightly
faster than the SCADA system clock, one reading
received from the outstation will not be returnedtte
SCADA system.

This eventuality can be overcome by synchronishng t
Scanning Window to the SCADA system. This also
provides an alternative method for the SCADA system
control the Scanning Window.

The relevant registers are as follows:

:Input Register Address | Output Register Address | Function
3001 3001 Scanning Interval
3002 3002 Scanning Window
3003 Time to next scan start
3004 Time to next window start
3010 Reset scanning interval/window
3100 Scanning auto-sync

Reading registers 3001 or 3002 will return the aurre
scanning interval and window length. Writing to 200
and 3002 will change them.

Reading registers 3003 or 3004 will return the titme
elapse before the start of the next scan cycleindaw
respectively (in seconds).

Writing to register 3010 will reset the scanningeinal
and window length to the values downloaded by DCD
Terminal.

Periodic reads of register 3100 will set the scagni
interval to be equal to the time between readsyigeal

they occur at regular intervals. Micro_Link senses
three consecutive reads of this register that grealéy
spaced in time it will modify the Scanning Interval
match and synchronise subsequent polls to theme Th
value returned will be the scanning interval.

Note that if the Scanning Window is decreased, any
battery powered outstations will be asleep wherbtee-
station next interrogates them, so a Comms Faihmalar
will be generated on the first scan after the cleaigy
made. However, synchronisation will be restore@raf
the expiry of the previous scanning window, and the
Comms fail alarm will clear.
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8.14 Test Modes

ConfiguringMicro_Link to certain station addresses sets
special test modes (station addresses are set thsing
DCD configuration terminal described in section 9.1:

8.14.1 Address 250 - Test Transmitter

The radio transmitter (or the modem transmitterseés
permanently on, allowing the output level and
modulation amplitude to be adjusted. The transmit
frequency will be as set by DCD. In this mode thestT
LED flashes in inverted sync with the Heartbeat LED

8.14.2 Address 249 - Test
Receiver/Transmitter

The function is this mode is set by the state & &
digital inputs onMicro_Link (NB Inputs are regarded as
‘1’ when a switch is closed, ‘0’ when it is open):

Inputs 1, 2, 3, 4 & 5 determine the radio channel
frequency, in accordance with the following table.

Input Channel Frequency
54321 Selected (MH2)
00000 0 458.5000
00001 1 458.5125
00010 2 458.5250
00011 3 458.5375
00100 4 458.5500
00101 5 458.5625
00110 6 458.5750
00111 7 458.5875
01000 8 458.6000
01001 9 458.6125
01010 10 458.6250
01011 11 458.6375
01100 12 458.6500
01101 13 458.6625
01110 14 458.6750
01111 15 458.6875
10000 16 458.7000
10001 17 458.7125
10010 18 458.7250
10011 19 458.7375
10100 20 458.7500
10101 21 458.7625
10110 22 458.7750
10111 23 458.7875
11000 24 458.8000
11001 25 458.8125
11010 26 458.8500
11011 27 458.8625
11100 28 458.8750
11101 29 458.8875
11110 30 458.9125
11111 31 458.9250

Note that this table lists the channels used in Ulike
which start at 458.5000MHz. Other countries may
allocate a different band, in which case an appater
label will be fitted toMicro_Link, and to the EPROM
within it, identifying the start frequency.

Inputs 6, 7 & 8 define the test mode:

000 Test the transmitter, sending an unmodulateieca
100 Test the transmitter, sending a constant mat&.s
010 Test the transmitter, sending a constant sgtate..

110 Test the transmitter, sending alternate marks and
spaces.

In each of the above modes the TEST LED flashes
in opposite sync with the HEARTBEAT LED to
indicate that the transmitter is active.

111 Test the radio/modem receiver. The receive signal
strength (RSSI) is copied to analogue output 1 (if
using a modem it will be OmA if no carrier is
present, or 20mA if a carrier is detected). The
TEST LED flashes in sync with the HEARTBEAT
LED if no carrier is detected, and in opposite sifnc
a valid carrier is present.

Note that of all inputs are off (or disconnected)
Micro_Link transmits an unmodulated carrier on channel
0.

8.14.3 Address 248 — Calibrate
Analogues / Test hardware
outputs / Reset Counters

Setting this address will reset all pulse counténgn
carry out an action defined by the state of thegital
inputs onMicro_Link (NB Inputs are regarded as ‘1’
when a switch is closed, ‘0’ when it is open). &lthat
calibration of analogues requires an accurate otrre
source and an accurate ammeter, and must follow the
procedure listed below. Calibration of RSSI is not
possible without the use of a radio test set, smigally

only carried out in the factory.

12345678

10000001 Record analogue input reading for
20.00mA.

01000001 Record analogue input reading for
2.000mA, calculate correction factors and
save in NOVRAM

00100001 Record value needed to give 20.00mA on
analogue output 1

00010001 Record value needed to give 2.000mA on
analogue output 1, calculate correction
factors and save in NOVRAM

00001001 Record value needed to give 20.00mA on
analogue output 2

00000101 Record value needed to give 2.000mA on

analogue output 2, calculate correction
factors and save in NOVRAM
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10000011 Record RSSI reading for a signal level of
+25dBpvV . S
To calibrate analogues, the digital inputs showdsét to
01000011 Record RSSI reading for a signal level of 00000001, then changed to the required state, and
-15dBuV, calculate correction factors and returned to 00000001 before progressing to the stexe.
save in NOVRAM To calibrate analogue inputs, apply a current 00QMA
...THEN... to both inputs in series, then select state 100000the
_to all on, and all analogue outputs in 20% recorded. Next, change the input current to 2.000m
Increments and then select state 01000001. The TEST LED should
XXXXXX10 Sequence all digital outputs from all off revert to flashing in sync with the HEARTBEAT to
to all on, and analogue output 2 in 20% indicate that the calibration has been completed.
increments. Copy corrected RSSI to . To calibrate analogue output 1, apply a currer@@hA
analogue output 1. Flash TEST. LED.'”. to both inputs in series, and monitor the current o
oppqs]te syncFo HEARTBEAT if radio is analogue output 1. Adjust the input current uttit
receiving a valid carrier. output reads 20.00mA, then select state 0010006&. T
XXXXXXO1 Copy digital inputs to digital outputs and TEST LED should flash in opposite sync to the
uncorrected ana|ogue inputs to ana|ogue HEARTBEAT to indicate that the reading has been
outputs. Flash TEST LED in opposite recorded. Next, adjust the input current until theeput
sync to HEARTBEAT if analogue or reads 2.000mA, then select state 00010001. The TEST
RSSI maximum value has been recorded. LED should revert to flashing in sync with the
. . HEARTBEAT to indicate that the calibration has been
XXXXXX11 Copy digital inputs to digital outputs and completed.
uncorrected analogue input 2 to analogue
output 2. Copy uncorrected RSS! level to To calibrate analogue output 2, repeat the above
analogue output 1. Flash TEST LED in procedure, using test states 00001001 and 00000101.
opposite sync to HEARTBEAT if
analogue or RSSI maximum value has
been recorded.
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8.15 Dual Communications

Micro_Linksof Software Version 2.30 or later can support @aahmunications.

This allows aData_Link network to be set up working over two separaternanications paths. Each path may be radio,
leased line or private wire as previously descriime8ection 3.2.

This facility effectively allows the user to set apdual-redundant comms system, which sends amilvescdata on both
paths, allowing one path to fail and the data g#ll through.

In order to use this facility, thilicro_Link must be fitted with a Comms Expansion Module 7 Xi2¢#ed with either a Radio
or a Leased-Line / Private Wire Modem as required..

B LIk Aorial x Y2345 6 78123545875 VO Link
e Linte Switch (I
settings | SWITCH T || SWITCH 2

@ CHURCHILL CONTROLS
¥y www.churchill-controls.couk

‘oot ‘THodnte
Counare Enfpandion Ce®

Switches S1 and S2 are used to set all configupriemeters on the Comms Expansion Module.

8.15.1 Switch S1 - Test

Switch S1 has no bearing in normal operation. Ha@neif the Comms Expansion module is fitted withragio, the
requirement may arise — especially on factory tef test the radio in isolation. There are thmeefvarious test modes
which can be set up as shown below. These swétitings must be avoided in normal operation.

Switch S1 Decimal Value | Function

12345678

01111111 254 Radio receiver téste Nano_Link manual: 9.3.2)
10111111 253 Radio transmitter téste Nano_Link manual: 9.3.3)
00111111 252 Hardware 1/O tdsee Nano_Link manual: 9.3.4)

8.15.2 Switch S2 - Radio Versions — Set Channel

If the Comms. Expansion Module is equipped withrgernal de-regulated radio, these switches sedpeeating frequency.
The transmission baud rate is fixed at 1200 baud.

Note that the channels are at 12.5KHz spacingpmit frequencies of 458.8250MHz, 458.8375MHz an8.9600MHz, in
accordance with MPT1329.

If the Comms Expansion Module is fitted with a Lexténe modem, these switches are not used.

The switch settings are shown overleaf :
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Channel Switch Frequency Actual
Selected 12345 (MHz) Channel No
0 00000 458.5000 0
1 10000 458.5125 1
2 01000 458.5250 2
3 11000 458.5375 3
4 00100 458.5500 4
5 10100 458.5625 5
6 01100 458.5750 6
7 11100 458.5875 7
8 00010 458.6000 8
9 10010 458.6125 9
10 01010 458.6250 10
11 11010 458.6375 11
12 00110 458.6500 12
13 10110 458.6625 13
14 01110 458.6750 14
15 11110 458.6875 15
16 00001 458.7000 16
17 10001 458.7125 17
18 01001 458.7250 18
19 11001 458.7375 19
20 00101 458.7500 20
21 10101 458.7625 21
22 01101 458.7750 22
23 11101 458.7875 23
24 00011 458.8000 24
25 10011 458.8125 25
26 01011 458.8500 28
27 11011 458.8625 29
28 00111 458.8750 30
29 10111 458.8875 31
30 01111 458.9125 33
31 11111 458.9250 34

8.15.3 Use with a Basestation

A Micro_Link Basestation fitted with a Comms. Expansion Modulé puill Outstations for data in the normal way -cegt
that it will send the poll messages on both Comcations paths (i.e. its using internal comms. Pewnd using the comms
expansion module). It will then ‘listen’ for the ttation to reply on either of the two paths, arill accept and act on data
from either.

If it only receives a reply on one paths it wilisa a ‘Dual Comms Fail’ alarm. If the path that fiai¢ed is the comms
expansion module, it will also raise an ‘Expans@tmmms Fail’ Alarm.

If no reply is received on either path it will raithe normal ‘Comms Fail’ alarm.

These may be mapped to digital outputs or rea@ui Link in the normal way.

8.15.4 Use with an Outstation

A Micro_Link Outstation fitted with a Comms. Expansion Moduleelis for poll requests from the outstations on Ipaitfns.
It will accept and act on data from either, anddsiémreply on both paths.

8.15.5 Use with Repeaters

The Dual Comms facility can also be used with regrea— or as a repeater. In this way, similardove, a Dual Comms
repeater will listen on both paths, and repeat edsvan both paths any message it receives. Thikl@lso be used as a
‘Comms Converter’ converting radios message to lelisedor vice versa.
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8.15.6 Sample Configurations

A number of sample Dual Comms Configurations are shioglow. These are by no means comprehensiverbuntended
to illustrate some of the applications for Dual Cosnm

8.15.6.1 Point to Point — Radio & Leased Line

This shows a Dual Comms system as a simple poiptita-link with internal radios and leased line ampion.

d »

<« >
P »
<« »

8.15.6.2 Point to Point — Radio & Radio

This shows a Dual Comms system as a simple poipsitat link with internal radios and radio expansiomihis could be
used if there were suspected problems with intemigz on one radio channel. Setting the expansmgule to a different
radio channel would allow a dual frequency systere set up.

A
7

A
v

{

A
v
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8.15.6.3 Multiple Dual Comms QOutstations

This shows a Point-to-Many system using Dual Comms.

B

8.15.6.4 Single and Dual Comms Qutstations

This shows a system using a Dual Comms Basestatimhaavariety of outstation types — leased Iiero_Links radio
Micro_Links Dual CommsMicro_LinksandNano_Links

The Basestation will poll round the outstationssuisg poll commands on each comms. path.
The outstations will then reply on whichever compeths they are fitted with.

This could be used to augment a radio system wéhdd-line outstations in areas of poor radio ameer

B =
Outstation

{

Nane Lk \

Outstation
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8.15.6.5 Dual Comms Repeater

This shows a system where a Dual Comms repeatesets$ to repeat signals from a radio basestation loetr radio and
leased line. Again, this could be used to alloadio basestation to poll outstations in areagtté br no radio coverage, by
converting the path to leased line at the repedkhrs need not however affect radio outstationsaaly on the system.

Y Vane Link
/ ~ | Outstation

/
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9. DCD Terminal

DCD Terminal is used to configure and diagnose mmollonMicro_Link. It comprises two software packages running on a
PC, DCD Configuration and DCD Diagnostics. It isgligd on the Distribution CD included with @flicro_Links and is
compatible with Windows 95 and all subsequent wvaisi To install the software navigate to B@D folder on the disc, run
the Setup.exe file and follow the instructions.

The installation process will create a programmeugrcontaining an icon namdaCD Configuration, and one named
Readme. The latter contains hints and details of any gearthat may have been made after the documentatismprinted.

Connect a spare COM port from the PC toE&D port onMicro_Link using a Churchill Controls Ltd adapter type 7039/2
(which converts from RJ45 to a 9-pin D socket arsd g@irovides level conversion from TTL to RS232) arphrallel RJ45
cable. Note that all applications assume that COdviised. If this port is not available, any othatat port can be used, but
DCD Configuration andDCD Diagnostics will need to be configured accordingly. The meahdoing this should be self-
explanatory, but assistance is available throughiteLP menu.

Note that a DCD Configuration can be run without @miion toMicro_Link, allowing configurations to be created and
saved to disc before going to site.

9.1 DCD Configuration

Double-click on thddCD icon and the following window should open:

DCD Configuration Terminal

File Commz “iew Help

s EENENE =R

ForHelp. press F1 MU
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Select File/Open, and then select Eleample3 from the installation disc. The screen will novosh

DCD Configuration Terminal - EXAMPLE3.DCD

File Commsz “iew Window Help

Cl=ld) (] i 8] (28]

=] E3
arm 1 Topsham Pumping Station Telemetry Fail [Micro Link]
Outstation 20 Comms Fail Alarm Topsham Reservoir Telemetry Fail [Hano_Link)
Outstation 10 Battery Low Alarm  -> Local Digital Output 3
Outstation 20 Battery Low Alarm  -> Local Digital Output 4
Outstation 10 Digital Input 1 -4 -> Local Digital Output 5 - 8 Topzsham Pumps 1-4 Pump Bunning
Outstation 10 Digital Input 5 -8 > Local Digital Output 8 - 11 Topsham Pumps 1-4 Pump Stopped
Exception Digital -» Dutstation 10 Digital Input 1 - &
Outstation 20 Analogue Input 1 -» Local Analogue Output 1 Topsham Reservoir Level [0 - 15m)
Exception Analogue = 80 -» Outstation 20 Analogue Input 1 Exception report changes of 2%
Exception Scan Rate [x10sec] = 60 -»> Outstation 20 Analogue Input 1  Read every 10 minutes
Yalue on Comms Fail = 800 -» Dutstation 20 Analogue Input 1 Show reservoir az empty [4mA) on comms fail
Local Digital Input 1 - 4 -» Outstation 10 Digital Dutput 1 - 4 Pump ON-OFF control
Exception Digital -» Outstation 10 Digital Output 1 - 4
Edit | Inzert | Delete | Global | Routes |
A Ja|

ForHelp. press F1 MU

The opening window shows the Data Routing Table.wéier, before describing this, the Global Data nhestdefined.
Click on the Global button:
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9.1.1 Global Configuration

Global Configuration

— Buz_Link settings:
" 7data ™ Bdata

@ 1stop  2stop

Data Rate IW % Maparity © Ewven ¢ Odd
¥ R5232  RS5485

RTS on delay |2|:|— s

RTS off delay ID— s

Protocol

—Bus_Link scanning options:

' Master ' Slave

Slave address

Scanning interval I IECE
IEI

Error back-off
I:lE'EI_',' I =Cans

Receive timeout |2|:||:| s
Maximum retries |5

ok

Cancel

Drefault |

X

—Data_Link options:
Data Rate

I'IEEIEI bps "I
IIZI

Station address

— Base-Station;
— Marmal Jutstation:

Scanning window |-| 0 SECE
Betries |5—
IEI

— Low Power Outstation:

|1 5 mnir
Scanning window |1 0 BECE

Error back-off

Scan Hate

— Radio:
Channel Mo

||:| - I
— Extermal Modem:
RTS/CTS on delay |2 mz

Tranzmiszion delay ||:| 100

This window is divided into three parts:

9.1.1.1 Bus_Link Settings

This part is only relevant if the Bus_Link interface is
used:

Protocol must obviously match that of the device(s) to
which the Bus_Link port is connected, as must the
serial data parameters.

RS232/RS485radio buttons must be selected to match
the interface level (see section 3.7.1).

RTS on delaydefines the time the DSR control line will
be raised before sending a message. It allowsldov
transceivers such as leased line modems. |If sét to
DSR is kept permanently active

RTS off delay sets the time DSR remains active after the
end of the message.

NB. Word length and baud rate must also be configured
to be compatible with the PLC with which the unit is
communicating.

9.1.1.2 Bus_Link Options

This part is also only relevant if the Bus_Link
interface is used:

Master/Slave radio buttons define the fundamental
operation of theBus_Link interface. In slave mode
Bus_Link responds to commands from an external

master, provided the address matches that in tnee Sl
Address dialogue box.

Scanning interval sets the rate at whiddus_Link scans
through the data routing table. If it is set tth® scan
is continuous. Otherwise a timer is started at the
beginning of each scan. At the end of each scan
Bus_Link waits until the timer has lapsed before
starting the next scan.

Receive time-outdefines the maximum timBus_Link
will wait for a response to a command it has issudéd
no reply has been received within this time it Wdly
the fact and continue. It should typically be et

200ms.
Maximum retries defines how many consecutive
unsuccessful attempts are allowed for a given

command before an error is flagged.

Error back-off delay defines how many scans of a faulty
slave device will be skipped before repeating #teyr
sequence. If more than one slave is being potted,
prevents communication with the remaining slaves
from being unnecessarily delayed. If only one slav
being polled, set this to 0.

Slave addressonly applies if the Slave radio button has
been selected. It defines the address to which
Bus_Link will respond to an external master.
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9.1.1.3 Data Link Options

This area configures th®ata_Link 2000 commun-
ications network:

Data Rate sets the data transmission rate, which is
normally 1200 baud. If using leased line modems or
external comms devices, set the baud rate at vesith
is passed over the network. All stations on a ngtw
must be set to the same speed.

Station addressdetermines the root data block allocated
to hardware 1/O. If the 1/O capacity exceeds thiato
data block it will ‘spill over’ into the next highetation
address as well. Address 0 has the specific mganfin
definingMicro_Link as a base-station.

The parameters in thHgase-stationbox apply only if the
Station Address is set to 0, with the exception of
Normal Outstation: Scanning Window, which also
has relevance when configuring an outstation:

Normal Outstation: Scanning Window:

If configuring a base-station, this defines thejérency at
which it will interrogate outstations other tharttbay-
poweredNano_Link. If it is set to O polling will be
continuous. See section 6.7 for an explanatiothef
relevance of this.

If configuring an outstation the comms fail alarril e
raise 2 * (Normal Outstation: Scanning Window)
seconds after the outstation expects to be pollkd.
therefore determines the window allowed for retries
before raising an alarm. The value should typjch#
set to match the Normal Outstation: Scanning Window
configured for the base-station, but it can be stey if
required.

Normal Outstation: Retries defines the number of
attempts the base-station will make to establish
communications with each outstation. The lastyretr
will be made using an extended lead-in (i.e. sviigh
on the transmitter for 2 seconds before sending the
command) in case it is ldano_Link outstation which
has reverted to sniff mode. If all attempts are
unsuccessful the base-station will flag an outstati
communications alarm and wait for the expiry of the
Scanning Window before proceeding to the next
outstation.

Normal Qutstation: Error back-off defines the number
of scans that will be skipped following a
communications failure if more than one outstati®n
being polled. This prevents communication with the
remaining outstations from being unnecessarily
delayed.

Low Power Outstation: Scan Ratedefines the overall
scan rate for battery-poweréthno_Link outstations.
The base-station passes this value to the outstatio
they can put themselves to sleep until the nextipol
due.

Low Power Outstation: Scanning Windowdefines the
time for which the base-station will try to commcaiie
with any outstation that fails to respond. At 8 of
this period is will raise a communications failratafor
the outstation and proceed to the next outstatitne
value must be greater than 8 seconds and less than
(Scan Rate / )y wheren is the number of battery-
powered outstations on the network. If it is set bong

the base-station will automatically adjust the vand
size at the end of the first scan.

Low Power Outstation: Normal attempts defines the
number of attempts the base-station will make at
communicating with an outstation that fails to i@sp
before using an extended lead-in (i.e. switchinghmn
transmitter for 2 seconds before sending the cordijnan
in case the outstation has reverted to sniff mo#iiter
each normal attempt the base-station waits for aBou
seconds before retrying, tormal attemptshould be
less than $canning Window /)20 ensure there is time
for at least one extended retry.

Radio Channel Nois only applicable ifMicro_Link is
fitted with a de-regulated radio, and defines the
frequency at which the radio will operate. Wheimgs
a standard MPT1329 UHF radio the operating
frequency is as defined in the following table:

Channel Frequency Actual

Selected (MH2) Channel Noj
0 458.5000 0
1 458.5125 1
2 458.5250 2
3 458.5375 3
4 458.5500 4
5 458.5625 5
6 458.5750 6
7 458.5875 7
8 458.6000 8
9 458.6125 9
10 458.6250 10
11 458.6375 11
12 458.6500 12
13 458.6625 13
14 458.6750 14
15 458.6875 15
16 458.7000 16
17 458.7125 17
18 458.7250 18
19 458.7375 19
20 458.7500 20
21 458.7625 21
22 458.7750 22
23 458.7875 23
24 458.8000 24
25 458.8125 25
26 458.8500 28
27 458.8625 29
28 458.8750 30
29 458.8875 31
30 458.9125 33
31 458.9250 34

Note that the channels are at 12.5KHz spacingoknit
frequencies of 458.8250MHz, 458.8375MHz
458.9000MHz, in accordance with MPT1329.

and
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Note that this table lists the channels used in Ulie
which start at 458.5000MHz. Other countries may
allocate a different band, in which case an appater
label will be fitted toMicro_Link, and to the EPROM
within it, identifying the start frequency.

Any of these channels can be used, but all statbona
given network must be set to the same channel.

RTS on delayis only relevant ifMicro_Link does not
use an internal radio, and defines the time delay
between raising RTS to enable the transmitter and

starting to send data (see also Normal AttempT8)e
minimum acceptable value is 20ms, which is
appropriate for most leased line modems. Any value
less than this will be interpreted as 20ms.

RTS off delay is only relevant ifMicro_Link does not
use an internal radio, and defines the time delay
between sending the last character of a message and
dropping RTS, to allow for slow comms devices. It
will normally be set to zero.

Pres<OK to return to the Data Routing Table:
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9.1.2 Data Routing Table
The file Example3 has the following Data Routing Table:

DCD Configuration Terminal - EXAMPLE3.DCD

File Commsz “iew Window Help

s EENEN = EEE N

B EXAMPLE3.DCD [_ O] x]

Dut: 10 Comms \larm__ -> Local Diqital Output 1 Topsham Pumping Station T elemetry Fail [Micro Link]
Outstation 20 Comms Fail Alarm  -> Local Digital Output 2 Topsham Reservoir Telemetry Fail [Hano_Link)
Outstation 10 Battery Low Alarm  -> Local Digital Output 3

Outstation 20 Battery Low Alarm  -> Local Digital Output 4

fa
=

Outstation 10 Digital Input 1 -4 -> Local Digital Output 5 - 8 Topzsham Pumps 1-4 Pump Bunning
Outstation 10 Digital Input 5 -8 > Local Digital Output 8 - 11 Topsham Pumps 1-4 Pump Stopped
Exception Digital -» Dutstation 10 Digital Input 1 - &

Outstation 20 Analogue Input 1 -» Local Analogue Output 1 Topsham Reservoir Level [0 - 15m)
Exception Analogue = 80 -» Outstation 20 Analogue Input 1 Exception report changes of 2%

Exception Scan Rate [x10sec] = 60 -»> Outstation 20 Analogue Input 1  Read every 10 minutes

Yalue on Comms Fail = 800 -» Dutstation 20 Analogue Input 1 Show reservoir az empty [4mA) on comms fail
Local Digital Input 1 - 4 -» Outstation 10 Digital Dutput 1 - 4 Pump ON-OFF control

Exception Digital -» Outstation 10 Digital Output 1 - 4

Edit | Insert | Delete | Global | ﬁoutesl

II:
|

ForHelp. press F1 MU

Select the first line of the table and click ontHdi double-click). The following dialogue boxlivdpen:

Mapping Table

=]

— Source:

Buz_Link Data_Link (+ Address
Type |Eumms Fail Alarm j| D

— Destination:

Bus Link Data_Link & Address EI

Type |Digital Output j| Numbex D
Quantity |:| |

Cancel

Descnption

Topzham Pumping Station Telemetry Fail [Micro_Link]
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If the Source is selected Bsta_Link, then the Address
identifies the address of the outstation from whikbb

data originates (Address 0 = base-station). If radd
matches the Station Address set in the Global gisdo
box then it will be interpreted as Local.

If the Source is selected Bsis_Link then it is assumed
that Master mode has been selected from the global
Bus_Link scanning options. Address then defines the
address of the PLC or other device from which
Micro_Link is to request the data.

The Source Type allows the user to select fromagp-dr
down list. The items at the beginning of the bse
prefixed with **', and define absolute 1/0 addresge.g.
*Digital Input Register), as required by devicesexsed
over theBus_Link port. All other items either map into
the 1/O of Micro_Link and Nano_Link, or are
configuration parameters.

If the Source Type is multiple 1/0O the adjacent hisx
labelled Number and allows the user to define the
first point (e.g. Digital Input 1 is the first digi input
onMicro_Link or Nano_Link).

If the Source Type is a configuration parametert tha
requires a value, the adjacent box is labellatiie.

If the Source Type is a single 1/O point (e.g. Contrag
Alarm), or a configuration parameter that does not
require a value (e.g. Invert Digital) the label the
adjacent box is blank, and any value entered is it
ignored.

The Destination box functions are identical to Swirce
box.

The Quantity allows successive points to be configured.
For example, if the Source is Digital Input Numbethe
Destination is Digital Output Number 10 and the

Quantity is 10, then Digital Inputs 1...10 will bepied
to Digital Outputs 10...19.

The Description box allows free-format text to be added
to each line entry. This text is included in amnied
copies, and saved to disc as part of the configurdile.
However, it is not downloaded Micro_Link, so cannot
be restored if the configuration is subsequentlpanged
from Micro_Link.

Hardware 1/0 numbering starts from tiicro_Link
module, and continues contiguously onto expansion
modules. For example, analogue outputs 1 and ®rare
Micro_Link, with outputs 3, 4, 5 & 6 on the first
analogue output expansion module, 7, 8, 9 & 10hen t
next, an so on.

Mapping data between thMlicro_Link database and
Bus_Link is only needed iBus_Link is configured in
master mode within the Global dialogue box. lfisit
configured as a slave then the host device will be
programmed to define the required registers within
Micro_Link. Ifitis configured as a master, the user must
define both the slave address of the device to lwtiata

is being transferred (in the Address field) anddbdress

of the register within the slave (in the Numberdje
Absolute addresses should be used to access regiite
Bus_Link (using one of the data Types with a * prefix).

The system configuration defined in this exampleuth

be obvious. Note that the table has been constiush
that destinations (i.e. the right hand column)iaregical
sequence. This is preferred, since it is immebiate
apparent if an attempt is made to write data from
different sources to the same destination.

Now click on theRoutes button to edit the Network
Routing Table:
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9.1.3 Network Routing Table

Comms Routing Table |

— Table entnes

Address Houte
20 10

—Selected entry

To reach address EI the final repeater has addreszs D

Add entry I Delete entry | Delete all entries |

oK | Cancel |

This shows the communications route to reach eatdtaiion. The example shows that outstation hObeareached directly
by the base-station (by default, because there entry for it). Outstation 20 is reached by usingstation 10 as a repeater.
Try enteringTo reach address 30 the final repeater is 20, and note that the route to 30 is specified asl@0

9.1.4 Saving Configuration Files to Disc

The configuration file can be saved to disc at amg by selectingrile/Save or File/Save As. It is good practice to use
meaningful file names that relate to the relevéetican.

9.1.5 Downloading and Uploading Station Configurati ons

Before attempting to communicate wiBus_Link, check that the serial port configuration is corréy selecting
Comms/Setup.... Check that the correct PC serial port is seleaead, it is configured for 9600 bps, no parity, apsbit.
Any changes that are made will be automaticallyedaw disc for future use.

To download a new or modified configurationMicro_Link, selectComms/Download Configuration (or use the shortcut

key combination o€trl+D or click on the=) — button). While downloadingdylicro_Link ceases its normal operation, stores
the new configuration in non-volatile memory thestarts using the new configuration.

To upload the configuration from Bus_Link, sel€é@mms/Upload configuration (or pressctrl+U or click the Bec
button). A new window will be opened with a defashme of ‘DCD1’, containing the configuration curtly running on
Micro_Link. This can be edited and/or saved to disc if regliir
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9.2 DCD Diagnostics

9.2.1 General

DCD Diagnosticsincorporates a terminal emulator which must bekad to run diagnostics, by clicking on the terrhina
button (below Help on the menu). This should opemew window titledDCD Diagnosticsfollowed by the comm port
number.

DCD Diagnostics operates independently fromDCD DCD Terminal
Configuration, with the proviso that due to limitations inherent E1 LS
within the terminal emulator, If an attempt is madeupload or Q

IInable to open COM paort
Digzonnect call on DCD Diagnostics
of cloge DCD Diagnostics

download a configuration vi®dCD Configuration while DCD
Diagnosticsis running a dialog box like this will open.

DCD Diagnostics distinguishes diagnostic commands from
configuration commands entered \R(CD Configuration by the
fact that they are all one or two characters foddvbyenter (0),
and all keys are pressed within two seconds of ettor. If these
criteria are not meadCD Diagnosticswill display TIME-OUT.

Displays which are constantly updating (é$)- Display station status’) can be terminated by pressiagter. This also
applies to commands that take a long time to dysallatheir data (e.gOD - Display output digitals’).

9.2.2 Listing available commands

Enter'?’ followed byenter (0) for a list of available commands:

I DCD Diagnostics - COM3 VT I [ 3

File Edit Setup Control ‘Window Help

AUVAILABLE COMMANDS

B : Display Bus_Link Comms

D : Display Data _Link Comms

FC: Force Dutput Digital

FD: Force Input Digital

FH: Force Output Register

FR: Force Input Register

I : Display Internal Data Transfers
ID: Display Input Digitals

IR: Display Input Registers

L : Display Low-power Data_Link Conmms
0D: Display Output Digitals

OR: Display Output Registers

$ : Display Station Status

Any other key: Exit

EXIT
h

Note that all commands must be terminated byethter (0) key, and that any one or two key command othen those
listed exits the current mode. The screen wilpldig the texEXIT as shown above.

Data that has scrolled off the top or bottom ofgsbeeen can be viewed by dragging the scroll bar.

The following sections describe some of the comnfandtions, approximately in order of relevance:
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9.2.3 S - Display Station Status

& pCD Diagnostics - COM3 VT

=10] x|

File= Edit Setup Control ‘window Help

BASE-STATION {ADDRESS = @)

Radio Ch 4 = 458.5588HHz
Software: U3.11. Supply: 11.97U. RSSI:- 19.2dBuVl
Counts 1: @ 2: 8 3: 0 4: B
Digital inputs 1.._8:
LEEEEEL
Digital outputs 1..8:
aapaaann
Analogue ipputs 1..2:
1.35% a.00%
Analoque outputs 1..2:
8.882 g.00%

nlarms:
Bus_Link Comms: 0K  Battery: OK Data_Link Comms: OK
Mains: Hot Charging Hardware I/0: OK

EXIT

EXIT

EXIT
b

This reads and displays the station address andhsaunfiguration followed by the states of all plH®. The 1/O capacity
displayed includes any expansion modules kfiato_Link has detected in addition to its own 1/O.

9.2.4 D — Display Normal Data Link comms

E DCD Diagnostics - COM3 YT

=101 ]

File Edit Setup Control “Window Help

HORMAL DATA_LINK COMHMS (BASE-STATIOHN)

80:687:82 rep: 81 16 BA B0 22 9F 4O 60 660 21 60 OB B0 02 60 08 B0 EA 24 FD OD G2 60 61 60 61 60 @
4 OF 48 32

(Micro_Link) O0.K.

End of fast scan. Scanning every 18 secs
Scanned 1 normal data block with @ failures

1 sec to next poll.
88:87:12 cmd: 81 62 60 8a 83 BA BA EC Co
Requesting data block 18

8A:987:12 rep: 81 16 BA 08 22 9F 40 00 B0 21 60 OB 60 02 90 08 PO EA 24 FD 6D A2 6O 61 B0 01 B0 @
4 9F 4F BB

{(Micro_Link) O0.K.

End of fast scan. Scanning ewery 18 secs
Scanned 1 normal data block with 8 failures

[
=

This display shows the communication between thsedstation and the outstation(s). It normally shoull
communications. However, if it is run on a bassish that is communicating with a combination ohtnuously powered

outstations and battery-powered outstations, thewill only show communications with the continubugpowered
outstations.

Note that each line is prefixed by a time stamphe ®bsolute time is not relevant, but the time ptaan be useful for
indicating the relative time between commands.
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9.2.5 L — Display Low-power Data Link comms

This is similar to the ‘D’ command, and will shotetsame display, unless it is run on a base-sttins communicating
with both normal and battery-powered outstatiottswill then only display the communications withet battery-powered
outstations.

9.2.6 |D - Display Input Digitals

I DCD Diagnostics - COM3 ¥T =10 x|
Eile Edit Setup Control Window Help
INPFUT DIGITALS ;l
Alarm Flags CBHHFA_D:
C: Data_Link Comms B: Battery Low H: Hardware H: Bus_Link Comms
F: Complete Comms Fail A: Batt not charging D: Dual Comms Fail
Reg Block
Ho. Ho. 8 15 16 a1 8 15 16 an
a: a: A__ 00000000 O0000D00D00D00D0 ——————————=—=——=—— ————————————————
L
121 B e e e e
I T
2562 Bl e e e e
328: 18 A__ 00000010 00000D00D00D00D0 ———————————————— ————————————————
BBU: 121 —— s e e
BUB: Al e e e e
5121 162 ——— - mm oo e
B76I 18I e e e e
6B 2B oo o e
FBU: 221 — s e e
T I e ————
g32: 26: - s e —I
L TR L ittt ettt tttel———————— hd

This displays the current state of all digital ibglata blocks. The display will scroll until eithall 250 blocks have been
shown or until the user exits (by pressing anyfldipwed byenter).

Note that the base-station only displays data fteerdata blocks that are actually used. Furthezmblearns which are root
data blocks and displays the alarm flags contami¢hin them as illustrated above. Each data bloak 32 digitals, so the
root data blocks can also incorporate one 16-cHatigital input expansion module. If more areditthe inputs will ‘spill
over’ into the next data block.

Input data blocks that are not used by the lo€ldf the base-station copy the respective inpots fan outstation. In the
above illustration the base-station is obvioustgirogating an outstation at address 10, so tee8iinputs in this block are
the alarm flags from that outstation, followed tsydigital inputs.

Digital output data blocks can be similarly disgdysing th€®©D command.
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9.2.7 IR - Display Input Reqisters

& pCD Diagnostics - COM3 VT B ] 54|
File Edit Setup Contral Window Help
INPUT REGISTERS
If analogues not B..28mA, scale as necessary
Reg Block
Ho. Ho. a 1 2 3 4 5 G 7
a: a: a a a a 12.84y 19dB 0.27mA  0.06mA
8: 1: - - - - - - - -
16: 2: - - - - - - - -
24: 3: - - - - - - - -
32: 4: - - - - - - - -
La: G: - - - - - - - -
L8: [ - - - - - - - -
56z 7: - - - - - - - -
64: 8: - - - - - - - -
72: 9: - - - - - - - -
§8: 18: 33 11 2 8 11.810 26dB 0.81mA B.01mA
88: 11 - - - - - - - -
96: 12 - - - - - -
184: 13 - - - - - - - -
112:  14: - - - - - - - - -
120: 15: - - - - - - - - =l

The software learns which are root data blocksdisplays the data in the appropriate units. Thufié above illustration it
is readily apparent that it is a base-station mgating an outstation set to address 10. The-ftasien power sully is
12.04V and the outstation is 11.81V. The signargith of the last command received by the outstatias +20dBuV and
the last response received by the base-station-h@dBuV. If either station was equipped with ana®gnput expansion
modules the value of each analogue input wouldisgal/ed in mA, as are the two within each rootk

If any register inputs are read Bas_Link, they will be displayed as 16-bit values in thega0...65535.

9.2.8 P - Display PLC Communications

The format of this display will depend on the pmbused on th8us_Link port for communications with a PLC, SCADA
system or some other device. Each line will begth cmd: or rep: to define if the following data is a command oreply

to a command. IBus_Link is configured as a slave device commands willioaite from the host that is connected to it,
whereas a mast&us_Link port will originate commands.

As well as showing the encoded message, the digfdayshows a plain English interpretation.

9.2.9 FR - Force Reqister

This command and the associated FD, FH and FC coosratow the user to force values into the databadse user is

prompted for a block number, a register numberiwithe block and a new value to enter. These camisiaan typically be

used to force digital and analogue outputs to @efistates to check the integrity of installationing and instruments. Note
that the outputs will revert to their correct stateen the system next updates. If these commawrdssad it is preferable to
disconnect the aerial or leased line to prevert ttata over-writing the test values. Alternativillg configuration can be
temporarily modified (e.g. by changing to a differeadio channel) for the duration of the tests.
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