SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

& JHECTRICS
} e (rmensang
1l

BRISBANE CITY COUNCIL

Sewage Pump Station SP161

Brand St

Hemmant

Contract : BW 70103-013

Job Number: WT400035

ELECTRICAL INSTALLATION

OPERATIONS and MAINTENANCE MANUAL

INSTALLATION BY:

S] Electric (Qld) Pty Ltd
19 Elliot Street
Albion Qld 4010

Telephone: 07 3256 1522 Fax: 07 3256 1533

Q-Pulse Id TMS915 Active 10/12/2014 Page 1 of 440




SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

INDEX
SECTION Sewage Pump Station - SP161 Brand St - Hemmant
Volume 1 GENERAL
1. 1.1 General Workplace Health & Safety
1.2 Project Overview
1.3 Plant Maintenance
1.4 Electrical Control System
1.5 Control & Monitoring System -
Volume 1 MANUFACTURER'S TECHNICAL DATA
2. 2.1 Terasaki XS 400 Circuit Breakers.
2.2 Sprecher and Schuh CA-7Contactors.
2.3 Critec TDS -180-45-277 Surge Diverter
24 Critec TDF-10A-240V Surge Filter.
25 Critec DAR-275V Alarm Relay
2.6 Crompton Phase Failure Relay.
27 Multitrode MTR Level Relay
2.8 Trio DR900-06A02-D0 Radio.
29 Polyphaser 1S-50NX Impulse Suppressor.
2.10 Powerbox Radio/DC converter.
2.11  Powerbox Modem/Supply.
2.12  Multitrode Level Probe
2.13 Emotron Soft Starter MSF 2.0
2.14  Vega Delivery Pressure Transmitter
2.15 Endress & Hauser Wet Well Level Transmitter
Volume 2 DRAWINGS
3.
Volume 2 INSPECTION & TEST RESULTS
4.
Volume 2 COMPLIANCE CERTIFCATES
5.

Q-Pulse |Id TMS915

Active 10/12/2014

Page 2 of 440



. - . d]é] Broﬁt Hemmant SPS Electrical Instolmm Volume l“uol . - .




. - . iP] 61 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual




SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

~Page 1

1.1 General Workplace Health and Safety

¢ The Workplace Health and Safety Act (1995) sets out the laws about
Workplace Health and Safety for all ‘workplaces, qukplace.activities_and',
specified high risk _plrant. The Electrical Safety Act.(2002) sets out: the laws
covering electrical safety. Nothing in this document is désigned, in a.ny way, to
underm'ine the authdrity of the Acts.

e All reasonable care must always be taken to ensure the plant is without risk
to the health and safety of personnel Operati.ng and maintaining plant and
equipment. ' '

¢ Employers have an obligation to ensure the workplac‘e health and safety of all
personnel at work.

e lItis employer responsibility to ensure that all persons-entering or working on
the premises use app'ropr.iate ‘personal protective equipment.

o Personal protective equipment includes gloves, safety glasses, hard hats, ear
protection, safe foot ware and, where necessary, specialist protectivé clothing
for hazardous areas. .

e Any item of equipment. should always be isolated Before maintenance or
repairs commence to ensure that inadvertent operation of the item does hot-
result in risk to the health and safety of any person.

o  Where the item is isolated, any total or partial shutdown should not allow a
hazardous situation te be created. '

e  Where the item cannot be isolated, another person shbuld be stationed at the
controls of the item and an _effecti'vé means of direct communication should
exist between the persons carrying out the maintenance and the person at the

* controls.

18/05/09 .
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General Operating Principles

All persons work_ing the premises must be qualified Electrical Engineers or
electrical trades persons capable of performing the required tasks
competently. All personnel must also be familiar with plant and equipment..
Adequate information, instruction, training and supei'vision must be provided
to enable personnel to perform work witho_ut risk to health and safety.

Work in an orderly way.

Plan work in advance to avoid hazardous situations.

Warn others of any hazards.

Make_ inquiries before starting work, particularly on any unfamiliar
installation or equipment. '

Before any work begins ensure that any instructions received or given are
fully understood. V
Concentrate on the task on hand. _

Do not distract others or allow yourself to be distracted by foolish actions.
Work from a safe and convenient position that provides a maximum working
space that you do not have to over reach, you cannot slip, trip or stumble and
so endanger yourselfar_ld others.

Keep the working area tidy and free of unwanted materials and equipment.
Use insulated tools where possible.

Inspect tools and equipment regularly and ensure that any necessary
maintenance is carried out.

Keep yourself in good health.

Do not-work if ill. or over tired, to the extent that your concentration,

movement or alertness is affected. Illness or fatigue can endanger yourself

and others.

18/05/09

~Active 10/12/2014 ©

" Page 6 of 440



© Q-Puise Id TMS915 -

SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

Page 3

1.2 Project Overview

Contract BW70103-013 was for the manufacture and testing of ten (1) new pump

station switchboards for various locations throughout Brisbane.

Equipment provided by SJ] Electric ensures safe and efficient operation of the

pump stations. Equipment supplied and installed by S] Electric includes: -

e Switchboards
e [nstrumentation

e Civil Works

The switchboard incorporates the latest technology in motor control, power
monitoring, and instrumentation. It is important engineers, technicians and
operators are familiar ‘with the equipment installed before attempting any

adjustments, modifications or maintenance.

The following Sections of this manual contain a comprehensive description of all
equipment supplied, by S] Electric. It is recommended that this manual be

referred to before carrying out any work on any equipment.

" 18/05/09

 Active 10/12/2014
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1.3 Plant Maintenance
To ensure proper operation of the plant the following should be observe‘d,: -

¢ The plant should be kept clean and tidy at all times. Not only is this of
aesthetic value, it extends equipment life.

e Cheqk that all plant and equipment is operating correctly. Correctly operatirg
equipment promotes overall plant efficiency. :

e All items and areas of equipment should be hosed down and cleaned

regularly.

WARNING

e Avoid directly hosing any drive motor or electrical item.

+ All maintenance, service, modifications and significant deviations from
Normal operating conditions should be recorded in the Plant Service Log

¢ After a month of operation, check the tension of all bolts associated with the
plant and thereafter periodically. Bolted connections on painted surfaces can
loosen dué to thinning of the paint underneath the bolt head-bearing surface. |
Motor mounting bolts and other bolted connections subjected to vibration

should be -périodically checked for loosening.

WARNING

» Before starting work on any item ensure that the poWer supply is

isolated, tagged o‘ff,land thé item'c'anho_trbe started.

"¢ The importance of preﬁr_entati_ve maintenance cannot be ove.r-errllphasized‘. ‘
' Regular maintenance and suitable care of the equipment will ensure a long
and réliable service life of the equipment. ‘ . .
«  Many stoppages can be avoided by following the recommended maintenance
procedures. Do not wait until you hear the grinding of equipmenf that has
‘ ‘broken down If you see any item wearmg down replace it, before it causes

damage to other assomated ;tems

. 18/05/09
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Preventive Maintenance

Maintenance procedures recommended to extend switchboard life are

outlined as follows: -

. Switchboard exterior should be regularly wiped down with a solvent
base cleaner such as “Spray & Wipe”. This will ensure lohgevity of the

-powder-coatéd surface.

e Accessible areas like distribution boards_and motor starter panels

should be cleaned with a vacuum cleaner to remove dust and foreign
matter.

e PLC panels should be maintained as dust free as possible. Dusting with
a dfy_ rag is recommended - taking care not allows dust inside the 1/0
modules or processor. ‘

e When ;emoVing or instailing PLC modules care should be taken to

-ensure that power is turned off to the rack before modules are
rem'oved or installed. A

o Connections and efficient operation of circuit breakers, contactors and
isolators should be checked every 12 months - especially where
connected to busbars.

e Busbar conne‘ctio.ns should be checked every 12 rﬁonths. .

o Globes for indicator lights should be checked on a weekly basis with
any faulty lamps replaced. o

¢ Cubicle Fans Filter should be inspect_ed‘and cleaned fréqUently.

18/05/09
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‘1.4 Electrical Control System

General Description

The switchboards are manufactured from 3mm aluminium and are .
suitable for location outdoors; the switchboards have been designed by

Brisbane Water and contain several separate sections including:

e Incoming Section.

s Metering,

o Motor Starter Section.
° Diéfribution Section.

e RTU Section.

1.5 Control aindMonitoring Syétem. |

The control and monitoring of the system is performed by the Brisbane

Water telemetry system and was not included in this contract.

18/05/09
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Circuit Breaker

Location: Main Incomer
Pump Circuit Breakers

Model! Numbers: XS 400
Manufacturer: Terasaki
Supplier: NHP Pty Ltd

25 Turbo Drive

Coorparoo QLD 4151

Ph: 07 3891 6008
Fx: 07 3891 6139
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B Adjustment range 63 - 100 % of nominal current rating.

@ TERASAKI

TemBreak MCCBs
X5400 series thermal magnetic type

B Standards AS 2184/AS/NIS 3947-2,
B Adjustable thermal and magnetic trip,

XS400C) (35 kA) 3 pole

Ampere
rating ~ Min Max

250 160 250

400 ) 250 400 )
400 Non-Auto (5 KA for 0.3 sec) )

X5400C) (35 KA) 4 pole

250 160 250

00 50 400

XS400NJ (50 kA) 3 pole

i

250 160 250

400 250 450

XS400NJ (50 kA) 4 pole

250 160 250

400 250 400

Short circuit capacity

Madel Ic Voltage
X5400C) 35 kA (AS 2184) 415V 50 Hz
XS400NJ S0 kA 415V 50H
DC use ") I/Cc Voltage
X54000) 40 kA 250V DC
XS400M) 40 kA 250V D0

Refer to ratings chart at the front of this section.
For ratings to AS/NZS 3947-2 and AS 2184, and les/leu.

Cross reference table Section
Dimensions {mm)
Description Height  Width  Depth kg Pekmaones b
XS400CI/NJ 3 pole 260 140 103 4.7 Selectivity & cascade 13
4 pole 260 185 103 6.1 OppHication gt 13
Characteristic curves 7
1 |.._ " DR — Motor starting 13
' | Connection & mounting details  7and 8
g . o.d : z -
| Detailed dimen. - MCCB only 7
P
Product extensions Section
= Chassis (TemWay, MHC, UHC) 6
n'n°Al__ =i Temburve 13
Residual current relays 1
Notes: ') Load-break isalating switch only - no protection,
Y MCCBs only. Base standards Approvals
" Poles in series. Rafer applications Section 13. - — -
IEC 60947-2 ASTA/UK, Aust. standards
BS EN 60947 Part 2 Marine
VDE 0660 Part 1 NK/JAPAN
AS/NIS 3947-2/ Pt /NT Lloyds R/UK
AS 2184-1990/Australia ) ABS/USA
JIS C 8372/ JAPAN GL/GERMANY
JEC 160/JAPAN BV/FRANCE
DNV NORWAY

Q-Pulse |d TMS915
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Standard TemBreak circuit breaker
Selection guide

") 1 Pole bieskir oy, XS125CS s X5125H5 rspectivily.
% 2 pole broaker i 2 3 poln breaker with the centre pole omitted.
* Suppledsysunderd O Optional smndamd

ik o ilabie. - Hetavalabi

et ooy
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Innavators in Protection Technology

Standard TemBreak circuit breaker
Selection guide

5-3
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@TERASAKI __Section 7
MCCB operational characteristics & dimensions

Page
_ Thermal - magnetic MCCB characteristics 7-2t07-4
Time / current characteristics thermal - magnetic MCCBs _ 7-5t07-10
Electronic MCCB characteristics - settings = S 7-11to7-14
PTA - Pre-trip alarm option 7-15t07 -19
GF - Ground fault / 4th CT option 7-16t07-19
_LED trip indication options A5 . 7-18t07-19
~Time / current characteristics electronic MCCBs 7-20t0 7 -22
OCR checker for electronic MCCBs 7-23
TemCurve selectivity software el 149 il aon et s -
MCCE dimensions with and without motors fitted ; 7-25t07-50
AC Watts loss - 3 pole MCCBs 7 -51

|

|

|

|

i

|

7-1
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@ TERASAKI

Innevators in Protection Tecknology

MCCB Technical data
Thermal Magnetic MCCBs

Thermal-Magnetic MCCBs are available from 125 AF to 800 AF. Depending on the type of MCCB thermal
and/or magnetic trip setting may be adjustable.

Fixed Adjustable Fixed Adjustable
MCCB type thermal thermal magnetic magnetic
IS12068, SHANNS Lol . :
XS$125CJ, XS125N) : =N
XH125NJ, XH125PJ, TL100NJ _ :
NERIE. = Slb oat s Ll il >
XH250P) _ Sl
XS630CJ, XS630NJ, XH630PJ -
XH800PJ .

|

eo o000 o0
1 1

eo oo o

Note: @ Yes
- No

Access to setting dials

7 From 125 AF to 250 AF the thermal adjustment is visible from the front of the MCCB. At 400 AF and above a protective cover must be
removed to gain access to the settings. To achieve access to the settings, the cover screw under the 'sealed’ label must be removed.
To adjust the individual trip settings, turn the setting dial with a flat bladed screwdriver.
Once set, secure the cover and apply a new sealing label.

| XH250NJ XS400NJ XS400NJ (cover removed)

71-2
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@ TERASAKI

MCCB Technical data

Thermal Adjustment Magnetic Adjustment
TemBreak MCCBs have a wide thermal adjustment range, one of The magnetic adjustment is available on MCCBs of 400 AF and
the largest on the market. The rated current ‘I¢' is continuously above. The magnetic setting 'Im' is continuously adjustable from

adjustable from 63 % to 100 % of its nominal current 'ln. There 500 % to 1000 % of its rated current 'In" There are five main
are three main points of calibration marked at 63 %, 80 % and points of calibration marked as multiples of In; 5, 6, 7.1, 8.5

100 %, as shown in the diagram below. and 10. These are shown in the diagram below.
063 08 1.0 A
A L—l_)l
Thermal adjustment range
E E
= =
> - Current X In > 7

Examples

1. XS125NJ/125A MCCB set at Ir = 0.8, the rated current is calculated as 125 x 0.8 = 100 A
2. XS400NJ/400A MCCB set at Im = 6, the magnetic setting is calculated as 400 x 6 = 2400 A
3. XS630NJ/630A MCCB set at Ir=0.8 and Im = 5.0

The rated current is calculated as 630 x 0.8 = 504 A
The magnetic setting is calculated as 630 x 5 = 3150 A

Note that the magnetic setting is a multiple of the nominal current In and not the rated current Ir,
All thermal and magnetic trip settings are expressed as AC RMS values.
All MCCBs are calibrated at 45 "C unless otherwise specified.

Breakers with adjustable magnetic trip

Rated Magnetic trip current (A)
Breaker current (A) Scale 10 8.5

Note: Settings; 3-poles can be adjusted simultaneously with one adjustment dial.

7-3
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@ TERASAKI -

MCCB Technical data

Time/current characteristic curves Example 1
¥ 3 o = The XS250NJ set at its maximum thermal setting of
2 e 250A experiences an overload of 1000A. What would
d - be the tripping time?
bl
o B \ Solution
- \ \ —I As the axis are 'percent’ rated current the overload as
E 1 ﬁh!l‘ = - a percentage to rated current is
5 X [ L
H - 100 A = 400 %
; '\\\ 250
L | 5 o The maximum and minimum on the curve are the
: -1 2 5 O B "_\i\"}'\ i tolerance bands. Therefore at 400 % overload the
E | s NG X tripping time would be as follows:
| o I 0t A L O e ™ | Maximum trip time ~ 30 seconds
E E = ,"":\‘ h Minimum trip time = 10 seconds
s - = Average trip time = 20 seconds
3 : . Due to strict quality control of the manufacturing and
2 t N calibration processes, the characteristic curve of most
{ ; MCCBs will follow the "average’ curve within the
m - . tolerance band.
05 i
ad T
“ L]
o2l :
i [ Ii
7 a0d i k
. i .Y
by i s
L 1
o :
oo |
ook T
L ¥ s L.
SREN e R AR S RERRNE !Mim
[= Parcent Ratod Current
Ambient compensating curves Example 2
130 : | EE Tl The XS250NJ is calibrated at 250 A for 45 C ambient.
ansiun| Calbrated If the temperature rose to 55 "C what effect would
E'lﬂﬂ-— -~ ,"'"_ temperature this have?
B
=== Solution
E e mh At 55 °C the ambient compensating factor is 93 %,
5 —n——— i.e. 250 x 0.93 = 232.5 A
s 100 In other words the X5250M) would act as an MCCB set
at 232.5 A, in 55 °C.
E Ll Ll 4 r\
Calibratedat40°C — 0 10 20 30 40 50 60
4 — 5 15 25 35 45 55 65
Ambient lemperatura (°C)

Q-Pulse Id TMS?15 Active 10/12/2014 Page 20 of 440




SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

Q-Pulse Id TMS915 Active 10/12/2014 Page 21 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

Q-Pulse Id TMS915 Active 10/12/2014 Page 22 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

Q-Pulse Id TMS915 Active 10/12/2014 Page 23 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

Q-Pulse Id TMS915 Active 10/12/2014 Page 24 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

Q-Pulse Id TMS915 Active 10/12/2014 Page 25 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

TERASAKI

duagrmivn is Frodories Teodsalegy

MCCB Technical data
TL250NJ

Time/current characteristic curves

F e
! : Magnetic trip current
~ \ A h-.;-i
TE \ -
bl -] Modurm |
#
LN
| OSHENENGT
:
: X
L g N
i EmmA ma
b
7 N
'
L]
i
]
ad
|
ad Adpistable seing rangs
& of magretic trip. Frvs stages
% wye | Within this rnge.
ai
(1)
. LY
r e
7 :
s
pr o .
sREa s QRN ORORERMN

Ambient compensaling curves

140

f;‘f‘

b i Calibratod

120

v/
{.f

Percant current rating
|

100
o N
80
Calbraled at40'C — 0 10 20 30 40 50 &0
45°C — 5 15 25 5 45 55 @5

7-10
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@ TERASAK

Inmavators in Protection Technology

MCCB Technical data

Microprocessor based characteristics and adjustments
Characteristics

The standard microprocessor based MCCB from Terasaki has the most flexible characteristics on the European market. In addition to the
standard overload and short circuit protection, there are a number of options available to meet specific applications.

12T Pick-up Test internal  external
STD INST Ramp LED port PTA GFT LEDs LEDs
=] @ ® ® @ L - - *
e T W T L R o - A ot
Q L ] (2] [ ] [ ] * & - L
ST NS I . R R L e
@ @ ] [ ] @ L L L 2 -
e ° ® [ ° . » @ :
@ [ ] [ ] @ L ] L 4 * * -
Standard on all TemBreak Microprocessor MCCBs —’
Note: @ Standard
4 Optional
- Not available

') Includes TLAOONE & XV400NE
?) Includes TL63ONE to TL1250NE
*) Includes XV630, 800 & 1250

Legend Application

LTD Long Time Delay Overload protection, True RMS — 7
STD Short Time Delay Short circuit protection and selectivity Standad for i

INST Instantaneous Short circuit protection, fast acting TemBroak

12t RAMP Provides easier grading with downstream fuses Microprocessor |
Pick-up LED Lights on LTD overload, flashes on PTA pick-up McCBs |
Test Port Facility for TNS-1 OCR checker for calibration checking —.

PTA Pre-Trip Alarm Useful for loadshedding application

GFT Ground Fault Trip Protection against ground faults

LEDs Light Emitting Diodes Indication of fault for faster diagnosis

HI-INST High Instantaneous High inrush applications, increased selectivity

Access to setting dials TREB

To adjust the settings on the microprocessor
TemBreak, the sealed label must be broken and
the cover fixing screws removed. To adjust the
individual trip settings, turn the setting dial with
a flat bladed screwdriver. Align the setting
required between the black dots marked on
the dial.

Shunt trip

Undervoltage
trip

Integral leads

Aux switch

XH400SE XH400SE (cover removed)

Alarm switch

7-1
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@ TERASAKI

MCCB Technical data

Microprocessor based characteristics -
adjustments, operation, settings

Standard time current curves

Each part of the characteristic curve can be

Tt independently adjusted. This unigue adjustability of
LTD, STD and INST enables the standard

08 | 1.0 n LD microprocessor MCCE to achieve more than 200.000
permutations of its time/current characteristic,

This makes the TemBreak microprocessor range one of
5 - the most flexible on the market,

To complement this ramge, NHP have developed
TemCurve selectivity analysis software, which contains
the full range of TemBreak MCCBs on database. This
software package highlights the full benefit of having
highly adjustable microprocessor MCCBs when
involved with difficult selactivity problems.

e

-

The 12t ramp switch, which is provided as standard,
assists in discrimination with downstream fuses.

With the switch off, the STD operates with a definite
time characteristic: L with the switch on, the
characteristic alters to a ramp: b, cutting off the
cormer which poses a potential selectivity problem.

cooo IE;"EI WEEN ml_lhsEc

T = PICH LR at10x o

Setting Dial Available adjustments

Base current setting lo 063 -08-10xIa Amps
LTD pick-up h 0B-085-09-085-10xl Amps
LTD setting W 5-10-15-20-25-30 (at 11 x 600 %) Secs
STD pick-up lz 2-4-6-8B-10xl Amps
STD setting Tz 01 0.15 - IIJE 0.25-0.3 Secs
INST pick-up I3 3-12-x o (continuously adjustable) Amps

MNota: A special generator Ti setting adjustment of 1-5 sec (at 11 x 600 %), s also
availahle. Please contact NHP for details.

71-12
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@ TERASAKI

HCCB Technical data

Adjustment of TemBreak (electronic type)
tripping characteristics

Electronic models of TemBreak come standard with an 8-bit The wide OCR adjustment range allows the circuit breaker to be
microprocessor overcurment relay (OCR). It is the OCR which set-up in order to trip under certain conditions. Adjustments can
provides the functions necessary for protection, while be made to the tripping cument as well as the tripping time of
maintaining a high level of reliability. the breaker.

Nota: Tha ground fault trip and pre-trip alarm cannot be used
simultaneously in a single broaker,

Front view Figure 1.  Electronic OCR adjustment possible
- (with label removed).

[0}

MG T
~gr
e

i

Gpare i (saaling ianal)

Adjustment method

Remove the sealing label, loosen and remove the cover fixing
screws and remove the cover. To adjust the individual trip
settings, turn the setting dial with a flat bladed screwdriver.,

Note: Align the groove (end marked with dots) between the bands for
the required setting,
For example, the disgram right shows o = 1.0,
The INST and GFT pick-up curments are continucushy adjustable. Secure the cover and apply the sealing label,

7-13
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® TERASAW
MCCB Technical data

Microprocessor based characteristics — adjustments,
operation and examples

Overload adjustment

The rated current of the microprocessor based TemBreak is
adjusted using two current multipliers. This process achieves
high accuracy adjustment from 50 % to 100 %. These are the
LTD pick-up dial (1) ard the Base Current (lo) selector switch.

The rated current (LTD pick-up) is achieved as follows:
Inamen = Inx lax 1
In the example shown on the right the rating would be:

Inaneo = 1250 x 1.0 % 1.0 = 1250 A | lﬂ-“-|j @
al10zh

In total there are 15 possible increments of adjustment between A i Inn:u-
50 and 100 % as shown below. = - A ST - z
Base current Iﬁ s

ik

L
Current dial ﬁ 80 85 o Bl Sl R
il T2%inthis | ey g4 e W

rated current axample

Example - Settings
In the example shown on the right, what are all the settings in Amps?
Solution

Inarinve LTD pick-up = Inxlox Iy

12602 08x09=900A
51D pick-up = lnxloxlz

1250 x 0.8 x 4 = 4000 A
INST pick-up = Inxloxla

1250 x 0.8 x 12 = 12,000 A
GFT pick-up = Inx la

1250 % 0.1 = 125 A
{Note that GFT is a function of |n» and not la)

Example - Time/Current curves

T T
GFT
g £
Ta= 100 mEac T = 100 fMlad o ======= ;
INST :;
heB00A R=4000A  be12000A h'iﬂﬁ i

7-14
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Pre-trip alarm (PTA)

Innavaters in

@ TERASAK]

MCCB Technical data

Options (electronic type) TemBreak

The PTA continuously monitors the true RMS value of the load current. When
the load current exceeds the pre-set current (Ip) an LED gives local alarm
that the MCCB is approaching an overload situation.

Should the current |p be exceeded for 40 secs a (N/0) contact will close to
provide remote indication and/or load shedding.

PTA specifications
Pick up current (A): [I¢]

0.8/| ..\{:.9
0.71 ) 1.0

Ie xl4

Operating time (s) [Ip]
Output contact

PTA indication

Adjustable steps of 70, 80, 90, 100 % of the
selected rated current [11].

PTA characteristics

PTA

Tripping
time (s)

t—LTD characteristic curve

= PTA pick-up current

L]

| - setting range
Setting tolerance +10 % A
Note: The long time-delay trip does not operate 'first’
when the pick-up current is adjusted to 100 %
of the rated current [I1]. |
40
1]
70 100 150 %X [k
40 secs (fixed definite time-delay) setting tolerance is +10 %
Normally open contact, (1a) Integral lead is standard length (450 mm)
Resistive load Inductive load
Rating of 250 V AC 125 VA (2 A max) 20 VA (2 A max) 7
comact 29V pe 60 W (2 A max) 10 W (2 A max)
Pick-up LED flickers
P e e e W e 1
1 1]
' '
: Output contact (N/O) !
E TemBreal of the pre-trip alarmi
. MCCB h
1 1]
Oy SIS T | e S (L g S SO ey 1

Essential Load Non-essential Load Non-essential Load

-----

Q-Pulse |Id TMS915

Active 10/12/2014

7-15
Page 31 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

@ TERASAKI
MCCB Technical data

Adjustment of TemBreak electronic type OCR
with ground fault

Ground fault trip
The GFT pick-up current is continuously adjustable from 10 % to 40 % of the rated CT current.

Notes: The ground fault trip and pre-trip alarm cannot be used simultenecusly in a single breaker,
¥54005E, XH400SE are not avallabla with ground fault function.
When a three pole breaker is used ina 3 phase, 4 wine system,
a seperate CT is required for the neutral line. (refer NHF).

GFT specifications

Pick-up current (A): [1G]
02 03

Continuously adjustable from 10 to 40 % of the rated CT

current (lct) setting tolerance is £ 15 % S——
1 OFT pick-ug
0.4 m st aattng rarge
' o Xler

Time-delay (5): [TC]
: The GFT has a definite time-delay characteristic and is o L
. \:}_4 adjustable in steps of 0.1, 0.2, 0.3, 0.4, 0.8 5. Total clearing fT

time is +50 ms and resettable time is =20 ms for the preset |

I. ; [n.u time delay. . «?

GFT characteristics o1 [~

w0 0 Wxkn)

& I_o_ MI;thI Il L
e e ] ! | '

Dimensions (mm)
Rating (A) B c D E F CH M N

|
]
!
|
|
|
1
o=
x-
i-—u.——-l

7-16
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MCEB Technical dafa

TemBreak electronic type with ground fault

External neutral sensor (4th CT)
External neutral sensors are required whenever optional earth fault is used on 3 phase 4 wire systems

The position and direction of 4th CT

LINE ~——— LOAD

%( i :' )7%‘“ "7;;; 3 PHASE SUPPLY

THE POSITION OF 4TH CT.
A
( @ ! NEUTRAL BAR
EARTH BAR
o
ﬁ z
-l

The direction of 4th CT

0 D
2 - WIRES 1 mm” MIN.

1-17
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Trip indicators

The LEDs when lit, indicate which trip function tripped the breaker ~ Note: If a pre-trip alarm (PTA) is fitted, the LED control power can be
eg, long-time-delay (LTD), short-time delay/ instantaneous used (common).
(STD/INST) or ground fault (GFT) (control power required).

Trip indicator display (1250 AF and above)

LED for LTD tripped

indication
T, LED for STD/INST tripped indication LED for GFT
pushed to turn OFF tripped indication
the LED

——
TRIP INDICATORS

1
CT RATED CURRENT
o [ ] i
TESTIN :
Te
o000 Ijl g L Imsec
7 PICK UP at10x o
L‘ A xh S i

A
PICK UP Example XS12505E
LED tums on when LTD function picks up.
In case PTA is fitted, this LED flickers when PTA
function picks up. (seperate control power required),

Trip indicator display (400 AF to 800 AF) and OCR controller example: XS, XH400

An optional feature available with TemBreak electronic type are An external trip indicator box is required with 400AF models.
fault indication contacts - these are voltage free and provide a

signal of the cause of a trip (long time, STD/INST).

Notes: For dimensions of XS/XHB0OSE and PE refer to pages 7 - 40 and 7 - 41, add dimensions of OCR controller and trip indication box (above).

7-18
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MCCB Technical data
OCR controller (PTA and trip indication)

OCR controller mounting position Dimension table (mm)

Type of With UVT  Without UVT

Ampere
frame

OCR controller (PTA and trip indication) OCR controller dimensions

The OCR controller is installed in the left hand side of the breaker (Installed external to the breaker)
(standard). This can also be installed externally to the breaker (please hole 84.5 _1
specify when ordering). '

OCR controller specifications

Control power source
Rated voltage 100-120 V AC or 200-240 V AC
Consumption 2 VA

'a
L/
18

e

-
-

=0
18
88
100

Note: The permissible range of control power is 85-110 % of the rated voltage.

lzzliblz:

w
i
z < 13 2 s 2 =
OCR controller connection diagram ') *) &3 o .
OCR controller mounted on the left OCR controller installed external to 1
hand side of the breaker Eﬂl
. |
_Hl-l 2- N - I
_I contact, _
it .d
(450 mm long)
NOTE: Terminal OS: and OSs are akeady connected. ayplt

Notes: ') Standard torque for the terminal screws M3.5 - 0.88-1.18 Nm (9-12 Kgf.cm).
?) Connected cable size — Max 2.0 mm?.

7-19
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MCCB Technical data _

Microprocessor based characteristics and adjustments

XS51250SE, XS1600SE, XS2000NE, XS2500NE, TL630NE,
TLBOONE, TL1250NE & XV1250

Time/current characteristic curves

REE =
| B i
8 —H
1 o
= W
" — \
I H — ‘\1.
i — AY
1 L1 'L‘\\
- 1 —
4 —
- — — g -
n . A
" —
1 —
L — = = A =
Fl —1
L I . i a
l a : 1.
T - -
B —
[ X1 b
ok =
by} - = 7
- =]
= ]
A | d
e A
A o

eyvavampreaar oo § 114

Overcurrent tripping characteristics

CT reved cument (A} (1) 1000, 1250, 1600, 2000, 2500

Base current setting (A) (1) (L) % (0.63-08-1.0)

Long time-dedmy pick-up curnont (A): (11 (i) x (0.8-0.85-0.9-0.95-1.0) Mon-tripping at (h}
setting % 105 % and below, Tripping at 125 %
and above.,

Long time-dedmy time settings (3) (1) (5-10-15-20-300) at (1) x 500 % current,

Setting tokerance + 20 %

Short time-delay pick-up curent (A): (1) (k) x (2-4-8-8-10) Selting tolerance & 15 %
Snort time-delay time settings (S) (T:)  Opening tme (0.1, 0.15, 0.2 0.25,0.3) inthe

dieflinite lime-deday. Total clearing tme ks +50 ms
ard neseiiable time - 20 ms for the time-delay
setting
Instantanecus trip phck-up curment. (A) (12 Comtinuousty sdiustable from (o) x (3t 12)
Setting tolerance = 20 %
+ Pro-trip alerm pick-up cumont (A) {I«) (k) x (07, 0.8, 0.8, 1.0] Setting iokrance +10 %
* Pre-trip alarm time secting (5) (Tr) 40 foee] defirite time-ceisy. Setring tolerance £ 10%
* Ground fault trip pickeup curment (A) (1) Cominuousty adjustable from (ls) x (0.1 to/0.4)
Sating lnlerance + 15 %

+ Ground Eault trip time setting (S) (T)  Opening Grme (0.7-0.2-0,3-0.4-0LE) in the
definite time-delay. Tota! clearing time is +50 ms
ol resettable time s - 20 ms for the tme-delay
Seings

Note:  + Optional.
Underiined values will be applied as standard ratings unless
otherwise specified when ondering.

Q-Pulse |d TMS915
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Time/Current curves — Mathematical analysis

MCCB curves Fig. 1
A microprocessor MCCE has three major regions on its overcurrent tripping
characteristic, namely Long Time Delay (LTD) for overload protection,
Shart Time Delay (ST0) and Instantaneous (INST), both for short-circuit
protection. o
The following is an insight into how these curves interact and could act as /

a guide for hand-drawing the curves. TemCurve Selectivity Analysis
Software is available for computerised generation of curves (refer to page

7 - 24). . e

Firstly consider the following basic characteristic curve shown in figure 1. / /

The LTD takes the form of a curve and has the following characteristic

equation; /'m
(121). t=k l

where 'K is a constant. To determine k, the calibration point of the LTD -
should be used, i.e. t=T, at |, = 6 (600 %). !
IEC - 60947 - 2 states that a breaker must not trip below 105 % of its

rated current, and always trip at 130 % of its rated current.

Terasaki microprocesssor MCCEs however are calibrated to trip between T4 LTD
105 % and 125 %. giving them a higher degree of accuracy. If the middle
point is taken then the pick-up of the MCCB is 115 % of its rated current.

7 The STD and INST parts of the curve can be drawn more easily as they are

simply a series of horizontal and vertical lines determined by the |, and T, e
settings for the STD, and |, setting for the INST, Ty= 308
Example

If we assume that we have:
XS1250SE with 12504 CTs and A
lp="1, 1, = 0.8, T, = 30 secs, Rt Y=—r=

I;=8, T, = 0.2 sec and e sox sk f
I3 = 1; (dial setting on OCR)
then the characteristic curve can be constructed as follows.

To draw the LTD we firstly need to determine the constant k, as follows: Th
k=(12-1) t=(62-1) 30=1050
| giving the characteristic equation:
(1z-1) t=1050
By simple arithmetic the tripping times for each level of overload can now
be determined. -l
For 400 % overload (for the example this is equivalent to 1250 x 1.0x 0.8
x4 = 400 A). m1T.
: » 1050 ! s ¢ TP LR b 5 1 -,
(12-1) (#2-1) o e RN .
The STD and INST can be constructed as follows with h:ﬁ?ui'- “;ﬁﬂm =

|z = }n X IQK Ig =
Cly=lyxlgx 1y

Please note that 20 ms is taken as an average time for the INST trip of the

MCCB as it is the maximum time it will take the MCCE to trip. In practice

the breaker will open much faster, particularly at high faults where the
i current limiting qualities of the MCCB become more effective.

T-22
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OCR checker, inspection and maintenance

The TemBreak (Electronic) OCR Ratings and specifications

checker, Type: J15-1, 15 Power source 100~110 V, 220~240 V AC single phase 50/60 Hz |
portable easy-to-use =

instrument for field testing Power consumption 30VA

the trip functions. Application LTD  function check (set current and trip time values)

STD function check (set current and trip time values)
INST function check (set current value)
GFT  function check (set current and trip time values)

It checks the pick-up current
and tripping time value of the
LTD, STD, INST and GFT

functions. Measurement of.set Display 3-digit digital display
ChTent Vit R 3
Measurement of tripping Range 0.00-99.9 seconds
time values ) _
Outline dimensions (mm) 200W x84 Hx 130D
Weight 27kg

7-23
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MCCB Technical data
TemBreak XM30PB

ASL:  Arrangement standard line

. . " . Handle frame centre line
QOutline dimensions (mm) i

Front connected (standard) Preparation of Drilling plan
conductor
Line side terminal »
Mounting hole MSX0.8 screw g o I"
- - - -~-l
i F=== WE' r :
2|3 t@ . 12(max) |
aun..mrr L = Bim
l | L. -
50 M4X0.7
78 \ Mounting hole JI™es |2 Tapped hole
5 u?
Rear connected (optional) Drilling plan Panel cut-out

]

S L
1y W

L ls

+
4+

Panel cut-out
# 15 for accessory wiring when necessary  dimensions shown give
an allowance of 1.0 mm

around the handle
escutcheon.
Plug-in (optional)
Drilling plan
+ 4+ B g
iE | L
: e
: |
' 26
4 4 Bttt
= 2
116

7-25
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MCCB Technical data
TemBreak XS125CS, CJ, NS, NJ, XH125NJ, PJ and TL30F MCCBs

ASL:  Arrangement standard line

Outline dimensions (mm) ii:  Handle frame centre line
Front connected (standard) Note: XS125NS 1 pole only

» WP

T (R

T
Lile] Lol

Rear connected (optional)

Mounting plate '
n/_ block
Ju "
-1 L
_’{ 2 iy |
3 L]
Tomon
| M8 scrow
ped hole| Panel cut-out dimensions
shown give an allowance of
1.0 mm around the handle
escutcheon.
Plug-in (optional) Mounting block Drilling plan
Detads for e
connaction
M
Mounting
=~ M5X0.8
width 121 W__ﬂ
7-26
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MCCB Technical data
TemBreak TL100F/TL100EM — TL100NJ

ASL: Arrangement standard line

Outline dimensions (mm) V. i iy
Front connected (standard) ——— Drilling plan
TL100F
(3. 3 " sidy: 335 &
P Mig. hole W 4P “OFF" side: 62 o B | O
g e 3 gt |
0@1’60 bodo® 1 | h el e
i P "
ast Ll I ) 93.3! - — s 2
i
. ¢ i ¢ j_ o & mry . .
¢¢?¢ 4+ 1| = aueed : ? +
L.m J 15 35};5.] 3 67 (73 E- M4x(7 Mig. screw IEI\!!mﬁdeh
105 525 | 875 _Sl;_ 125 0
E %0 i 143
Front connected Pan head screw Preparation of Drilling plan
TL100NJ plicestoss
» ap  Mounting hole 3 3. 1
barrier 3 aP 4P
[} ]
o ¥ L 212
Sralraict r{ N R e
[ ele 5 § ey T | e I 7
L ) L 3
!J‘ M4x0.7
- Tapped hole
.90 _|
120 |
Rear connected Panel cut-out
Bold stud type Drilling plan
.—L‘\-
P ==
L} L |

Note:

e

Panel cut-out dimensions
shown give an allowance of
1.0 mm around the handle
escutcheon.

|
15

L

Interpole barriers standard on TL100NJ.

Q-Pulse |Id TMS915
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Motor operators (XMB type) for XS125, XH125,
TLTOONJ, TL3OF ') ?)

ASL:  Arrangement standard line

Outline dimensions (mm) §;_“Handsitame cedue e
Front connected (standard)
Preparation of Drilling plan
Interpole barriers conductor
(removable) 3, op ool ciout termina 5% i 3P ,‘p
Mé s U B "
,—%— £ Q—j—[
f = I~ s r" “’ |_’
! J%J_L i
ast B 17 ASL_|
» el 1
- § L : l | :
| 73] friy - | _J I_
| M4 Mounting screw t
2.6
188
Operating handle
o AP Drilling plan

M4 x 0.7 Tapped hole

Plug-in (optional)

Mounting block  Preparation of Drilling plan
1]
oo P 4
! [] ] £6
o) & ) - A,
@l d ' 3 ) o'e NI #-
Demistr _ASL O l L 5 gl ast ; ; _j*_.l
conneckon @ . 5 L 1R
& f : ¢ 4 ¢ | A 5 301 A G s
%‘w g 2B PR L ) il O
NE lask? \ 89 19 =
3o - 223 » _k‘ \._MS Tagped scrow

e

Notes: ') For dimensions of 7MB-3BA2 used for TL100F refer to NHP.
?) Dimensions for TLT0ONJ not showing length of MCCB. Refer page 7 - 27.
Above outline dimensions are for AC motors. Contact NHP for details for DC motors.

Q-Pulse |d TMS915
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MCCB Technical data
TemBreak XE225NC

ASL:  Amangement standard line

: Handle frame centre line
Outline dimensions (mm) L

Front connected (standard)

jon of conductor Drilli an
p ] Mounting s Freparat "II ol
Interpole barrier = holda _.l = [rad

R T

Iremavabile! o

2o g
w | (A
L
09900

Il.....ﬂ__“ |
Lo toy . -

Breakers with terminal hars
available on request

e |

Ty i | | %
with terminal bars {optional) l

] MaxQ 7
Tappad huE

%0

!
1

“

BT m_.l
et

"E
1

EE

Panel cut-out

L4
e n

Panel cut-out dimensions shown give an
allowance of 1.5 mm around the handle

Rear connected (optional)

Drilling plan
ingulated stud block 220

L it
Stud can be turned 807 rlh.. |
125
R Y
Conductor i ATV A N
Conductor 8 (D] :
' JIRE
A5) .
Maounting plale .L e
Max 13.2)

#15 for accessory wirlng when
nEcessary

Note:  In the standard shipment mode, terminals on both the line side and the load side are in @ horizontal orientation.
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Motor operators for XE225NC

ASL:  Arrangement standard line

Outline dimensions (mm) i:  Handle frame centre line
Front connected (standard) Preparation of  With terminal bars Drilling plan
conductor {optional)
L]
e ] i
m et a.-.u_ -
: [+ ﬁ
A g ast | I
— ] | E
H |
Easth terminal A1 4,6 | |_ e
W4 X0.7 Scrwm) [T g T e
) Tapped hols

B

* Breakers with terminal hars available on request.

Rear connected (optional)

Drilling plan

1l

i

Nota: In the standard selection mode, terminals on both the line side
and oad side are in a horizontal orientation.

7-30
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MCCB Technical data
TemBreak XS250NJ

ASL:  Arrangement standard line

Outline dimensions (mm) if:  Handle frame centre line
Front connected (standard) (optional)
Preparation of  With terminal bars Drilling plan
v 4P
k1
Interpole barrier i 8 =
wll "
| éﬂ!ﬂ F
i He
T
Max0
105 Tapped hole
Breakers with terminal bars available on request.
Rear connected (optional) Drilling plan Panel cut-out
Mounting plste t
Stud can be P WP
wP LP
= . 7
L]
L Ly =
-

Panel cut-out dimensions

15 for acoessory wiring when necessary shown give an allowance
Note: In the standard shipment mode, terminals of 1.0 mm around the
on both the line side and the load side are in a horizontal orientation. | handle escutcheon.
Plug-in (optional) Mounting block Drilling plan

P
rB.‘ g
" H /‘L 13
T rT E i
& | 4
i =% g RECH
: . T3 3% =

alslz] ' ourens oo

| 7-3
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Motor operators (XMB type) for XS250N.J

ASL: Arrangement standard line

Outline dimensions (mm) f:  Handle frame centre line
Front connected (standard) Preparation of With terminal Drilling plan
conductor bars (optional)
4P
/= af | [
L
FFT
&
2 %0.1
; J o 4 I__ hols
.%o N O - l"l
+ Breakers with terminal bars available on request.
Rear connected (optional) Drilling plan

Mourting e max) St

al
" 4 ;
g & = :
| Stud can be T A8
umed 80° 0

Note: In the standard selection mode, terminals on both
the line side and the load side are in a horizontal

orientation.
Plug-in (optional) Mounting block Drilling plan
T £ el
\ | _ IT | /_ n
ol oo | ™% :
4 NS i
ol e I ! W s , H e
v = |
: e @ _'L:::'L b
i_l __l L Y CAPD: 8 \
: 26 57 . Bin JE [ 88 8 | \Mmgpm
-——ﬁ—.
4 e 2
\ widh, 25 max
R V8 Soew
Note: For dimensions and selection of motors for TL225F refer to NHP.
7-32
Active 10/12/2014 Page 48 of 440

Q-Pulse |Id TMS915



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

@ TEASAN

MCCB Technical data
TemBreak XH160PJ and XH250N.

ASL:  Arrangemant standard line
Qutline dimensions (mm) i:  Handle frame centre line

Front-connected (standard) {optional)

i

51.5

L]

Note:  Breakers with terminal bars available on request,

Rear-connected (optional) : Panel cut-out
P
| ! ' ' 20 I 1 Panel cut-out dimensions
[ B - shown glve an allowance of

1.0 mm anound the handle

Note: In the standard shipment mode, terminals on both the line side and the load side escutcheon.

are in a horizontal orientation.

Plug-in (optional) Drilling plan
Datails of connections

w [
, ;nf:
[ P
: ]
«I 17 15
3 !r i F‘i‘—%—
. ;

ra | - ' Mourting pla
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MCCB Technical data
Motor operators for XH160PJ and XH250NJ

Outline dimensions (mm)

Front connected (standard)

Interpole barriers. P ,mdmm
‘“***i ! *"z i B Scrow
2 Byb/i o

ASL:  Arrangement standard line
Handle frame centre line

it
With terminal bars
(optional)
Preparation "
of conductor !

N\

ASL

351
52,5, 8.5

[ w0 ]

Rear connected (optional)

2

Note:

In the standard selection mode, terminals on both
the line side and the load side are in a horizontal orientation.

Plug-in (optional)

As“l‘
e

_FEFUJ

Drilling plan

4P

4P
3r
Mourfing plae (max) 5t L]
/
r
Al |
4 :
S

Mounting block

Details for [5 o
connection !
. lhnnggg

7-34

4P

&)

YT .
b indfs afua R
1

-
-

Q-Pulse |Id TMS915

Active 10/12/2014

Page 50 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

® TERASAK

. M&B Technical d_at_a

TemBreak TL225F, TL250NJ
ASL:  Arrangement standard line

Outline dimensions {(mm) {:  Hondle frame centre line
Front connected (standard)
TL225F Fesagarm sonie fead v Preparation of Drilling plan
oN e 3T conductor
Wy e DrFr was 71
-
® g S * 0-+-l
s . With terminal s
E_ __* o E *ﬁ - = hl{ﬂpﬂﬂﬂl} m |
j y . j
 — + r
[ Lso. . 45, \u T
L 90 ittt l?!.ﬂ,::ﬂ
Front connected
TL250N) With Terminal Bars Drilling plan
{optional) t=8 3 P
ae
N EL]
N >
- W
i i -0 N
+|+ 7
AR LARL AfL ) AfL %7
LWT |
s LK s ¥ I
- JINE
L5
it
a0 1L 7 | I8 "
188 WV ghsn oY SONUCION & OPBGR Wl bary
Rear connected Flie e st Panel cut-out
i B
2 L_» .
._l"_.. ]
Gondumor
rvirlag.mas
" 1
]

L

" Panel cut-out dimensions shown

Note: In the standard selection mode, terminals on bath give an allowance of 1.0 mm
tha line side and the load side are In a horizontal orientation. " around the handla escutcheon.
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MCCB Technlcal data
TemBreak XS400, XH400, XH250PJ, XV400

Qutline dimensions (mm)

Front connected (standard)

3e

Rear connected (optional)

7

ASL: Arrangement standard line
il Handle frame centre line

Optional extension busbars

With terminal  ON side_39
bars (optional)
145

o e

#15 for accessory wiring when necessary

Drilling plan

Panel cut-out

Drilling plan
¢ "
wig - piste _ o
CEEE R
]
oy : R { : i - ﬂ m“:?i_- st .
L ais 33| 133[¢s [4s [« T8

Panel cut-out dimensions
shown give an allowance
of 1.0 mm around the

Note: In the standard selection mode, terminals on both
the line side and the load side are in a horizontal orientation, handle escutcheon.
Plug-in (optional)
4 0 4P
L4 = 3P
+ b][-*. 3 5 (e il Mig. angle
P
S =
+A. +|
i & aa~
k= ——un
ol e t =
Tols ERnE
60
45145]45] | @ = #9
(K] T4 5
7-36
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Innavators in Protecion Technology

MCCB Technical data
TemBreak TL40ONE

ASL:  Arrangement standard line
Outline dimensions (mm) ii:  Handle frame centre line

Front connected

Hexagonal socket head screw With Terminal Bars Drilling plan
& @ Preparation of (optional) t=8 3P
— M M conductor &
= k.
e S LRIIE
i - M10 screw 1
hole , \i =+23 o
' =4 .14
TIY
. 2 %
™ _ gﬁ_@ A
g 4
¥[F FIF - 4
N - \\
M8 hole
145
15}
140 1| 70 115 __
—— 0 #Values for
Rear connected Panel cut-out
Flat bar stud Drilling plan -
W

™

| Panel cut-out dimensions shown
| give an allowance of 1.0 mm
| around the handle escutcheon.

Note: In the standard selection mode, terminals on both
the line side and the load side are in a horizontal orientation.

71-37
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MCCB Technical data

Motor operators (XMC type) for XS400, XH400, XV400,
TL250NJ, TL40ONE ")

ASL:  Arrangement standard line

: c : if:  Handle frame centre line
Qutline dimensions (mm)

Front connected (standard)

» Drilling plan
rancrt barey 4P
-2 | ap
W
N il al
o ;
5 o !
m ol

104

122

Panel cut-out dimensions

} shown give an allowance

Note: In the standard selection mode, terminals on both the line side of 1.0 mm around the
and the load side are in a horizontal orientation. handle escutcheon.

Plug-in (optional)
Drilling plan

15
||
3

o &

Note: ') TL250NJ and TL40ONE length dimension not shown.
Refer pages 7 - 35 and 7 - 37.

7-38
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MCCB Technical data
TemBreak 630 AF XS630, XH630

ASL: Arrangement standard line

g L X ig:  Handle frame centre line
QOutline dimensions (mm)

Front connected (standard)

P 4P
213 4P

141

28] 14

T
|
273
6 45 57
i 2
[l
I
[
|
1
|
T

e FehEs

15432 | 132
HE=
] ¢

a0 [Il|
[140 || [10s] 175 4. Pol 36
210 280 L5003
805 145 |
Rear connected (optional) P 4P
» 248 M8
stud can e w
betumed O L 3F
8
- S
=N 1 v S w2
Plug-in (optional)
P 4P ap
214 L 40x40x4 214
d ) (e ®)

I I

190.5

7-39

Q-Pulse Id TMS915 Active 10/12/2014 Page 55 of 440




SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

® TERASAK!

MCCB Technical data
TemBreak 800 AF XS800, XH800

ASL: Arrangement standard line
Outline dimensions (mm) i:  Hendle frame centre line
Front connected (standard) Drilling plan

3r 4r 10 32

[ 28 |

n7

&
M8 Mig. scrow !_1 M8 tapped

101136

Drilling plan Panel cut-out

s

84
|

Panel cut-out dimensions
| shown give an allowance
| of 1.0 mm around the
} handle escutcheon.

Plug-in (optional) Mounting block Drilling plan

AP

5
i

e T 82

3
[

e )

7-40
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[T T, ey e iy

MCCB Technical data

Motor operators (XMC type) for X5630, XH630,
X5800, XH800

ASL:  Arrangement standard line

; : ! i Handie frame centre line
Outline dimensions (mm)

Front connected (standard) :Irn.'l

Types A(mm) dpole N
X, XU, KS000NE 10 .
XH, XV, XS630ME B 3 3

Panel cut-out

7 (L

_Fﬁ.\

AsL | '1
4 T
188
R Tgrpeied Dl
Panel cut-out dimensions
shown give an allowance
Note: In the standard selection mode, terminals on both af 1.0 mm around the
the line side and the load side ane in 8 horizontal orientathon. motor operator frame.
Plug-in (optional]
Mounting block Drilling plan

1-41
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MCCB Technical data
TemBreak XS1250, XV1250

ASL:  Arrangement standard line

. ; ; il:  Handie frame centre line
Outline dimensions (mm)
Front connected (standard) Drilling plan
$13 37 Mg hote - @
P
R
|
= &
18 M8 Mig. screw
a7
i :
L m |
Drilling plan Panel cut-out
3P P
" f— B r——
—e 3 ._.“__.{..-._. & ¥
| A
|l- % 4 2% 4 8 o) e
p- & ; _] 2
=3 2l |
LRy | L. L&)
J 00 Panel cut-out
Lt e dimensions shown give
. ; an allowance of 1.5 mm
Note: In the st.anc!ard shipment mode, terminals on both the line side and the load side around the handle
are in a horizontal orientation. .
Plug-in (optional) Mounting block Drilling plan
1 I'_F"
s T
Lo
Ol == ==l C | R
ASL s -j !
353 - 3
{ ;
£ | N, B S
£l il
7-42
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MCCB Technical data
Motor operators (XMD type) for XS1250, XV1250

ASL: Arrangement standard line

g L . ii:  Handle frame centre line
Outline dimensions (mm)
Front connected (standard)
Drilling plan
P 4P
£ - e ey
r - : |
ml;r BIRIBIRL e i Fiswiy
e . RN .{ g{
- a a . g w - ‘ ASL |
ASL g gl = '
Control == 3
circut terminal 71— o e 1 || | BT e
1% L 3K 8 i | = i
< ‘:j ; ; ® g | 70, #9
T T e maxgf a5 14]] | 20 \M8Mounting scrow
] L1051 175 | | Conductor : s
.. 280 width, max. 337
Rear connected (optional) Panel cut-out
Drilling plan
Mounting piale Wutiog scrow = w -— P
P /a_ 4P —ar
1 Insulator e H ' Y
fl } e 4 o o e - E = 7
T L | o % .
296 5 |
ASL A&E m_l : [EE] L E‘" _ﬂﬁl- : 4
5 i Kl
! 1 o
: ! 2
£ '
LZ0. L _1ea |
pol : :
70, Panel cut-out
dimensions shown give
an allowance of 1.0 mm
Note: In the standard selection mode, terminals on both the line side around the motor
and the load side are in a horizontal orientation. operator frame.
Plug-in (optional)
Mounting block Drilling plan
Auxiiary crcuit 4P

E

M10 F

7-43
Q-Pulse Id TMS915 Active 10/12/2014 Page 59 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

@ TERASAK

Inmevetors in Protection Technelogy

MCCB Technical data
TemBreak XS1600SE, TL630, TL800, TL1250NE

ASL:  Arrangement standard line

Outline dimensions (mm) ii:  Handle frame centre line
Front connecstad (standard) Drilling plan
e M i
Mg |
P S

184

Rear connected with motor operator Panel cut-out

[

i

175 17356 ™

I |

oim

shown give an allowance
of 1.5 mm around the
handle escutcheon.

Drilling ﬁm

| wl

Panel cut-out dimensions

B i

7-44
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_MCCB Technical data

Motor operators (XMD type) for XS1600SE types,
TL630NE, TLBOONE, TL1250NE

ASL: Arrangement standard line

. . . ij:  Handle frame centre line
Outline dimensions (mm)

Front connected S . L)
(standard) '
AR e r
ﬁ# & E \
—- = m 8 : r Mounting angle
ASL | 4 g 2 5[ - ;
Contsl 7ﬂﬁ ¥ : . g EEH |
E 14| |+ g
HE Herl ]}J 3 1 p £
) nln|n of 20] |48
140 | 105 175 -
= e as7
Rear connected Drilling plan
(optional) Mounbng 4p 4P
w r
Ma L ] Yy + | 4 e
SCraw
J 3
—&1 8]— i
ASL 2 - o 7
g g
= 3
= 2 2 4 SL. =
C ! n | \so
s 15
width, maux. 70 |7 |70
Draw out ‘
(optional) it 5175  (Draw-out)
LY 4475 (D cled) |
aP f Braaker fixing screw \ 4175 (Tesy
connection block / /_!‘_2 i af 3875 (Connected)
/ I
& [ & —= _\_\
~ (W =5 |F gl & N
ASL 21 = 8 a8 \
= | e+ e —h 3[
§
& | ¢ CAE S
|+ +H H+ + |
28 300(max.) 28 150 220 b
28 370(max.) 28 265
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MCCB Technical data
Motor operators for X$1600 TL630NE, TLBOONE, TL1250NE

ASL:  Arrangement standard line

: = ) f:  Handle frame centre line
Outline dimensions (mm)

Front connected (standard) Panel cut-out
Drilling plan
w®
AP
-* _*.._q-l
] " X
i 2 e =
] 3 |
A |
ASL | ASL R
] '
] o 3

Y T ==
2 £ . 1ee

B

Panel cut-out dimensions shown give an allowance
of 1.0 mm around the motor operator frama.

Draw out Drilling plan
7 e A = 4P
L3 3P
Wanantineg hote 210 112.85(4P} 1825 (4P}
1 W E RS
12
\ s -
v 2
\ & s &) —F—
y + [ g
ASL ASL

7-46 =
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MCCB Technical data

TemBreak XS2000NE
ASL:  Arrangement standard line

. : 5 Handle frame centre line
Outline dimensions (mm) i

Front-connected (optional) Drilling plan
r ar

1) Mg, serww

Panel cut-out

.

i — —

i

Panel cut-out dimensions shown give an
allowance of 2 mm around the handla
escutchaon.

Draw-out (optional)

=] oy
S B
k. 12
-_-:.-:-: w
A
!

draw-oul handis Drilling plan
1I0UaP) ITF(AP)
N recls }
! i i

!
| |

L';
ﬁ

]

|
"
-

S¢ &

L
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MCCB Technical data
TemBreak XS2500NE

ASL:  Arrangement standard line
Outline dimensions (mm) i Handle frame centre line

Rear-connected (RC standard, no FC version)

3 AP
|

.

e LM |18 _
Note: ') Use non-magnetic
L L %0 | angle (SUS 304 otc)
Panel cut-out Drilling plan
L

«  Panel cut-out dimensions shown Note: ') Use non-magnetic angle (SUS 304 etc)
give an allowance of 2 mm amund
the handle escutcheon.

Note: RC - Rear connected, FC - Front connected,

7-48
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Tesueainr im Frofeoies Fokaslagy

MCCB Tecﬁnical data

Motor operators (XMB type) for MCCB accessories

XS2000NE & XS2500NE

ASL:  Arrangement standard line
: 3 : §:  Handle frame centre line
Outline dimensions (mm)

Front connected (optional) Drilling plan
&5
P L
= H Drww-cut handi £ P’
5 “ '
T A /—_“.... ool
\ s
_5.5 | .;;'-1 2 |
P I 7§ Y s i
I
| e e
\en
: o
wichh, . k1]
- Bl m
Rear connected (standard) ™
P |’

T sl A 7/
a
& -

Note: ") Use non-magnetic angle
(SUS 304 etc)

Draw-out (optional)

Drilling plan

Sla

|
T-49
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MCCB Technical data

Motor operators XMB types for MCCB accessories
XS2000NE & XS2500NE

ASL:  Arrangement standard line

. . : if:  Handle frame centre line
Outline dimensions (mm)

Front connected (standard)

Manual operating handle
P P (removable) M10 Mounting screw 4P
hole P
. /_*:2';_ / [ Mouring angle m ]
*| ¢ 1] * f ‘l “f T . L | E
=i (S i = ' ~ ~ i 1
"—J: ) ‘_’;l L‘;I ‘,'q | ?5! { = | e P
ASL %__/f ‘ %r// : | @ 8 ASL = &
] ] _n 2 Eg; < Q gl
5 5 L ¥ e 9 @_ﬁ_
pemp = o & i ]
390 L1056 | 105 "I'IO 185 ] i
160 | 2 206 __|20/40!20 2

Note: ') Use non-magnetic angle
(SUS 304 etc)
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MCCB Technical data

AC power watts loss — 3 Pole MCCBs

AC FOWER 1053 A PONER LDSS
WATTS W " WATTS 9 )
!1"1'1'};]5“'“1 '!?'ﬂ;lfﬁi
11971 ddidy
r 4 4 E F F OF O}

aEiE?'EJ"'1 mis 1§ 3w d R
4 E |~ S = =
+ 4 b -  ;
u—‘wa.&i‘ln wie 14 13 15 9 (B
A 4 4 + v 3

r
T

i
i

n
"
», .

2| 2| 2 Jmai.a:i
4 4 a b
3 +
E 4 -
ks | [} - ﬁl . _—— L—mﬁm
_XSB3OM) | (8] B o Tegen 100wy
XSA0SE e S i A | NSMBOOSE
REAOINI ) oEm s e " i ________:.M
11— Qs m ms ] NSOOOSE
T nz L e - A T
' ) T S
m%: ——
s @ wrs 1%
gy -
g 28 o 1500 »x
250 | ws w0 ] o
Notes: Standard terminal arrangements.
125 - 1600 front connection.
2000 and above rear connection.
') Watts loss figures are for 3 poles.
e.g. An XH125N) operating at 125 A, will have a total watts loss of 41 watts.
?) Watts loss values are approximate and will vary according to ambient conditions and switchboard construction.
7-51
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NHP and PowerCad -

working together

PowerGad has establishe
for alectrical on:
PowerCacl

from b:

softw

.1' —
.l
_h- 2

E'l ]
LA

4
—*J-'-

=

4

A

m from
wWiich t
determint
suitable protective d
powearful harmon
system In order for the
the protective devit
includes various device cl
within its software, including Tera
Note: PowerCad is a product of PowerCad Saftware Pty Ltd.

Purchases of this software can be obtained from
PowerCad, www.powercad.com.au

Shart circult ca
Lat-through eni
Harmonic anal
Harmanic mitio

Power factor

Jie Line diagran
AultoCad interface fc
Automatic o
slecions
Actomatic final si
Larcut breakar sgleclion
Co O Aation Lime-CLuirm

=Orcinanon cir

dohjursiment

wctive filtering
Lor passive hitering

ransfer switches

N cLeCTRICAL ENGINEERING PRODUCTS PTY LTD
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hem_manit

Equipment Type: Motor Contactors
Location: Motor Starter Section
Model Numbers: CA7-9
Manufacturer: Sprecher & Schuh
Supplier: NHP Pty Ltd

25 Turbo Drive

Coorparoo QLD 4151

Ph: 07 3891 6008
Fx: 07 3891 6139
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Broad curmrent
Compact dirr

Maximum {

Series CA7 Contactors

Controls Motors - As Little as . Reduces Mechanically
to 60HP (@460/575V) 45mm Wide Panel Space Linked Auxiliaries

Coil terminals are field-reversible!

Dual-terminal technology maximizes
Mount a motor circuit controller on top or

wiring options and termination reliability

an overload relay on bottom
9-85A range covers more than 90%
Auxiliary contacts may be mounted of all industrial applications
on front and/or sides of contactor

Protects against manual operation

All CA7 contactors are designed, tested and accidental contact with live parts

and can be selected for Type 1 and
Type 2 Coordination
Dimensionally compatible with
KT7 motor circuit controller and
Auxiliary contacts are "mechanically CEP7 electronic overload relay

linked” with CA7's main contacts -
a requirement in safety circuits

Label your contactor for easy identification

Compact dimensions mean less
panel space and lower cost

IEC design provides a more precise fit
to your application - save money by
_ : buying only what you need
Universal accessories fit all CA7
contactors - leaving you with less
inventory and more flexibility! |
As little as 45mm (1-3/4") wide
Compact dimensions with maximum performance! Our CA7 overload relay and KT7 motor circuit controller. This provides
contactors control motors up to 60HP, in frame sizes ranging easy, clean installation for a variety of motor starter applications.

from 45mm (1-3/4") to a maximum of 72mm (2-3/4") wide.
Whether part of a system or for individual use, the CA7 is the

Because of its modular design, CA7 is flexible and easy to use. right contactor for the job.
All CA7 contactors use the same accessories, reducing the need
to stock additional inventory. They are also mechanically and

electrically compatible with Sprecher + Schuh’s CEP7 electronic II a#cher +
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#® Series CA7 C

Q-Pulse |d TMS915

Save space, save money

The CAT contactor serles includes ten contactors within four frame
sizes. The two smallest sizes house capacities up to 20HP (2460V)
and 30HP (@575V). They measure only 45mm (1-3/4") in width!
Even the largest of the contactors — the CAT-85, controlling motors
to BOHP - measures only T2mm (2-3/4") wide. The space you save
with CAT translates to smaller panels and lower cost.

Maximum flexibility
The CAT contactor is designed for
ultimate flexibility. Coil terminals can
be supplied on the top or battom, and
are field-reversible to suit individual
wiring needs. Auxiliary contacts can
be mounted on the top and sides, for
the most efficient use of pane] space,
In reversing applications whene space
may he tight, the mechanical interlock
hies & built-in auxdliary to save room,

'l
"

CA7 Selected Technical Data

Fiedd-reversibhe coil terminals
provide additional flexibiliy

Maximum Harsepow

Sprecher + Schub US Division Headquarters
15510 Intemational Plaia Dr.. Houston, TX 77032
Tel: (281) 442-9000: Fax: (800) 739-7370
W, 53U5d.CC

Fubcation Mec F-CAT-RT 10402

www.sstdn.cc

Sprecher + Schuh Canadian Division
3670 Neshua Dy Unit 10, Mississauwga, Ontang L4V 102
Tek: (905) B77-7574; Fax: (905) 677-T663

Active 10/12/2014

Dual terminal technology pro-
vides additional wiring options,
as well as increased reliability and
a faster wiring process,

Duial wiring terminals speed installation

. State-of-the-art technology

CAT contactors utilize the latest design technology. Combined
with Sprecher + Schuhs CEPT solid state electronic overload
relay, the CAT becomes the most accurate and reliable motor
starter available. Mechanically linked contacts provide safety for
all applications. In addition, snap-un electronic timers and a PLC
interface are also available,

Modular design

The CAT contactor series in-
cludes universal accessories to fit
every frame size, This provides
incredible flexibility, and elimi-
nates the need to purchase
size-specific components,

Because of their madular design,
CAT contactors are easily joined
to form complete starter combinations. The CAT Is specially
designed for electrical and mechanical compatibility with our
overload and motor circuit controllers.

See Sprecher + Schuh's
general catalog for
complete information and
pricing on CA7 contactors.

ISBRGRe"
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' Contact Block CDnsiderationé

A combination of many factors affect the dependability, llfe expectancy, and suitability of
a contact block in any given application. Understanding the most impottant of those factors
can help you select the best switch for your needs. In the pages that follow you'll gaina -
basic understanding of SWltCh materials and properties, and how they affect switch
performance

Contact Material The contact material forms the surfaces that come: in contact with each other to establish
an electrical circuit. Typical contact materials include fine silver, nickel-silver, and silver
-alloys. Fine silver provides low electrical resistance between the movable and stationary
contact interface. Silver alloys form harder surfaces to reduce wear and help prevent
contact welding.

In low voltage applications (below 48V DC and 0.1 A, or below 24V AC and 0.4 A) where
excess oil or dust is present, the use of more noble alloys (such as palladium, gold, and
their alloys) in the contact material is recommended These alloys are highly reliable in thls
type of environment. ‘

Silvér alloys afe susceptible to chemical attack which can affect reliability at low voltages.
Noble metals resist chemical attack, but are susceptible to frictional polymer formation,
which can affect reliability. Combining gold and palladium will resist frictional polymer
formation,

Contact The perimeter of the contact is often shaped like a circle or rectangle and may have
Construction httle,effect on centact performance. The shape of the faces where the fixed and movab]e

: : contacts meet is more impertant. This interface should not have two flat surfaces meeting.
If one of the contacts has a flat surface, the other contact should be a rounded surface to
provide a more defined and controlled toueh point,

Figu:re 1. Bifurcated Spanner Example

The bifurcated style of construction provides a higher degree of reliability than the butt

- spanner because it divides each movable contact into two sections at the tip of the spanner.
This minimizes the chance of foreign materials accumulating on contact surfaces and
preventing the completion of the circuit. Even if foreign material accumulates on one

. of the contact tips, the second tip will most likely touch a clean spot establishing the
circuit. Typically, the bifurcated:spanner is designed for use in full voltage applications, .

" where the arc betweer the spanner and stationary contacts will bum off small amounts of
¢ontamination in most cases. To aid contact cleaning the contact spanner is designed to
flex, which wipes the stationary surface and allows each finger to act'independently.
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_ Contact Block COInsider'at‘ions

Figrtre 2. Pen_tafurcated and Quadfurcated Spanner Exarnples

In low voltage applications (below 48V DC and.0.1 A or below 24V AC.and 0.4 A)
pentafurcated/quadfurcated styles of construction provide the highest degree of reliability-
because they divide each movable spanner contact side into separate ftexible fingers. Every
part in the system is corrosion-resistant and the flexible spanner is designed to wipe the
stationary contacts clean every time the circuit is opened or closed. This is important since .
the absence of an arc in low voltage environments means that contaminants will not be
burned off, but will be eliminated by the wiping action. Therefore, the pentafurcated or
quadfurcated are the most relrable styles of spanners available. .

Some manufacturers use protrusions such as bars or nibs raised on the face of either the
movable or stationary contact to help establish the circuit under low power conditions.
These raised surfaces will tend to penetrate non-conducting films that may be present on
contact.surfaces. They may also lessen the chance of foreign matter preventing completion
of the circuit. Such protrusions may, however, quickly burn away under arcing or higher
current condrtlons

Base materials to which the contact material is attached include copper alloys and steel.

Copper alloyis preferable because of its thermal conductivity, electrical conductivity, and
corrosion properties.

Co'ntact Size/ Contact size refers to the size of the face of the contact or. the areas that meet to form

Volume — the interface between the movable and stationary contacts.. Volume is the total amount of
. : contact material.
Stationary vs. : . - _ . o o
- Movable o Itis desirab_le to make one of the contacts smaller than the other so.it stays within the

perimeter of the other contact when switch action takes. place. This arrangement provides
greater assurance that alignment of contacts is maintained under repeated operation and
resulting wear. Misalignment can cause severe contact wear and shorten switch life.

In the contact set, the movable contact is most- often the smaller contact in both srze and
volume, so that its mass and resulting inertia can be minimized: Partly because of its low
‘volume, the movable contact operates at a higher temperature than the stationary contact. .
Consequently, the stationary contact will also contribute to a-greater rate of wear on the
movable contact. The stationary contact is generally attached to a more massive base :
'-structure that provrdes a better heat sink than the movable contact structure.

In alternating cur'rent applications, the higher temperature'of the movable contact can cause -
material to be expelled from the surface of the contact. The higher temperature can cause
transfer of material to the cooler surface of the stationary contact as well. In direct current.
applications, the relative polarity of the contacts has a major effect on how the contact
,materral is transferred from one surface to the other -

4
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Contact Block C'onsiderationé

Contact Re|iabi|ity’ Contact rehablhty pertams to the ab1l1ty of contacts to establish a circuit across the
' . interface between the stationary and movable contact set(s) each time the switch is
operated. This reliability can'be most often adversely affected by two conditions:

» Mechanical debris within the switch
. Non-condueting films that form on the contact surfaces

Mechamcal debris or dirt can be mtroduced into the sw1tch durmg assembly Dlrt and
débris can also be interjected during installation or can be a product of switch action. The
wear produced by internal switch components sliding past one another during operation
can generate dirt. Care must be taken in the design of moving mechamsms to keep this

. wear to a minimum., '

Non-conducting film and oxides can be formed from gaseous.contaminants that enter the

. switch from an external environment as well as being formed from internally generated
reactants. Sealing methods have been developed to isolate the switch interior from the
external environment.'An understanding of the relationship of all the material used in the
construction of a switch is required to eliminate the internally generated reactants. This
requires knowledge of the post curing outgassing of any.plastics, elastomers, paint, and
other components used in the construction of the system. Some gases will react in the
presence of an electric arc to form non-coriducting films that will cause reliability problems
if deposited on the contact face. The tendency of many thermoset plastics to continue to
outgas for a period of t1me after curing has led to the use of thermoplastlc materials in
sw1tch interiors.

Contact Resistance Contact resistance pertains to resistance across the interface between a pair of movable
and stationary contacts. The higher the value of this resistance, the more difficult it is to
establish a circuit when the contacts close. This is especmlly true in low power cnrcu1ts
Higher resistance also contrlbutes to contact heatmg :

The initial contact resistance.of both.fine silver contacts and noble contact materials (gold,
palladium, and their alloys) is 10...15 milliohms. However, the resistance of noble contact
materials will remain relatively constant during their lifetime compared to silver contacts,
which typically increase over time. Thése resistance values could vary w1th the ambient
condltlons in the v1c1mty of the contacts themselves

Sealed switc’hes' have slightl_y_ higher _initial cont_act resistances compared to silver contacts
(80...150 milliohms, depending on type), but they remain stable over the life of the device.
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Switch'._Design Considerations

In addition to the physical characteristics of the matenals used in manufacturmg, de51gn
considerations also affect the performancé of a switching mechanism. In this section
you’ll gain an overview of those switch design fundamentals and how they afféct switch

performance.
‘ Vv Sing|e_ Break vs. Figure 3. Single Break Design
oubl k |
Double Brea 5

iFigure 4. Double Break Design

A

0 0

Single break and double break refer to the number of contact pairs that are used to make or
break the electrical circuit. Single break means the electrical circuit is controlled by one set
of contacts. Double break means the electrical circuit is controlled by two sets of contacts
in series.

In a single break design, the contact pair tends to repeatedly make and break the circuit
on the same spot on the contact faces. This helps to keep the contact touch point clean,
enhancing the contact reliability. .

The double break design provides twice the length of air gap in the electrical circuit using
‘the same stroke of the actuating member as with the single break design. The result is the
electrical arc that i$ created by the opening of the circuit will be extinguished sooner and
with less actuator movement as compared to .a single break design. :

Also, since the energy in the arc created upon contact opening is distributed across two air
gaps, there is less tendency for the contacts to weld in the double break design.

On the other hand, because of the nature of the double break desngn the contact points of .
the spanner may vary slightly. with each actuation. This variation may, over time, affect
sw1tch reliability

' con'tact Motion Contact motion. refers to the relative motion of the contact faces as they begin to touch one
. ' ' another. Various-design techniques are utilized to increase the reliability of the contacts
establishmg the cnrcunt as they meet.

A wiping or sliding action will help"cleér surfaces of dirt and oxides and break any
nonconducting film that may.have formed on contact surfaces. This type of action must be
~ carefully coritrolled, especnally with preCious metal contacts, to avond excessive mechanical.
- wear of the contacts

Contact-tips on the end of the spanner must be capable of flexing and twisting to-establish a
seat on the surfaces of bifurcated/quadfurcated/pentafurcated stationary contacts. A sliding
action of one- contact against the other could cause continu1ty 1nterrupt10ns if the movmg
contact slides up over a piece of dcbris
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Swit_ch DeSign Con:sideratiohs |

: Spring Force ‘ The spring force drscussed in the followrng paragraphs 1s. the force provrded within the :
: : " contact block that retums the contact structuré to its normal or. unoperated state when ..
- the external force applied to the device operator is removed. This force holds the contact -
-structure i in 1ts normal state untrl an extemal force is agam applred to the devrce operator

The amount of sprmg force is detemuned by the force requrred to insure contact relrabrlrty
under the conditions in a variety of applications. Sufficient force is required to break
through contammants that may be present on the contact faces on the normally closed-

~ (N.C.) contacts: The force should insure that contacts stay stable-under possible shock
“and vibration. Light welds created by contact arcing on the riormally open (N.O.) contacts -
should be-able to be broken by spring force. The spring force required to maintain circuit

- reliability is dependant on. the contact material hardness. Greater force is requrred for .
harder materrals :

Sprrng force drrectly affects the extemal force requrred to operate and to some extent. .
contribute to internal switch frrctron Consrderatron must be grven to these factors: when
determining the sprmg force used :

Overtravel E ‘Overtravel in a switch pertains to the amount of travel occurring in a switch beyond what
is. requrred to operate Overtravel allows for wear.within the switch mechanism. It helps to
insure the switch will continue to function as the contacts wear or erode. Ovértravel also

'provrdes contact. stabrlrzatron urider conditions of shock and vibration.

Contact Uhdeﬂap _ 'Contact underlap and overlap refer to the relatrve action of the N.O. and N C. contacts |
VS 'C'ontac't' OVerIap when the switch is actuated. '

Underlap is the more common type of switch action. As the device operator is moved from
- its rest position to initiate switch action, the following events take place in order:

L. The N C. contact opens
" 2.Thereisa duratlon where no electrlcal contrnurty is present
3. The N. O contact closes
In overlap type' sw_itch action, the N.O. contact makes its circuit before the N.C. contact
. breaks its circuit: There is never a period-of time when electrical continuity is absent: -
1. The N. O 'contaCt clos'es A .
2 There is a duratron where both crrcurts are actrve

: 3 TheNC contact opens '

. _The type of sw1tch action selected is dependant on the requrrements of the specrhc user -
_circuit applrcatron :
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Switch Design (:onsiderations |

-Direct Drive NFPA 79 and EN 418 both require that emergency stops must be a direct drive design.
o A direct drive design switch will have continuous mechanical linkage from the external
operating member to the contact carrier. It will not employ the use of- any resilient
members or springs in the mechanical actuating path.to open the N.C. contacts.

A special case of direct drive design is a switch that complies with IEC 60947-5-1. It is
designed so.that contact separation will take place even though the contacts may have been’
welded or “sticking” during fault circuit conditions. A direct drive switch is designed to
allow contact separation even if the contacts have been lightly welded during fault circuit
conditions. The manufacturer provides the fusing level requirements needed to protect
these contacts from weldmg The actuator movement and actuator force requtred affecting
contact separatron are specified by the swrtch manufacturer.

T_his type 'of switch c'onstruction is used to help ensure that contact action takes place
when the external operating member is actuated. By avoiding the use of any springs in
the actuating path, a solid connection is provided directly from the external mushroom
operator to the contacts. .

Contact opening should always take place at the same point in the actuating stroke and
with the same operating force. By their nature, these types of switches fall into the slow
break/slow make category of devices although some special designs have been developed
that provide positive opening in snap action devices. With increased awareness of safety
concerns and the movement toward designing devices that are used globally, greater
empbhasis has been placed on the direct drive feature.

Contact Action Contact action refers to how contacts make and/or break the electrical circuit they intend to
control. There are two basic types of contact action: slow make/slow break and snap action.

In slow make/slow break action, the contact carrier and contacts move at the same rate

of travel as the actuating mechanism. This action is most often obtained with direct drive
switch designs. Since the rate of movement of the contacts.is solely dependant on the speed
of the external actuator itcan result in slow separatron of contacts and create a condltlon
called ‘teasing”.

In the teasing condition, the air gap created to break the electrical circuit opens so slowly -
that arcing occurs between the faces of the stationary and moveable contacts. This arcing
is detrimental to the contacts because of accelerated contact wear and material transfer °
‘and can cause the contacts to weld rather than separate The arcmg can also cause c1rcu1t
problems by 1ntroducmg noise.

'Snap action design incorporates a resilient member or springs between the actuator and
contact carrier. The springs cause the contacts to move independently of the actuating
mechanism. The mechanism is designed so that when actuator movement takes place, not -
_ 'only does the contact carrier movement take place, but energy is also built up in the spring
~ system. Prior to the point in the travel of thé actuator where contact separation takes place;
the contact carriér and spring system are designed to go into an overcenter mode.
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Switch DeSign Considerations

At the overcenter point, sufﬁ01ent energy is avallable in the spnng system allowing the
carrier to move mdependently of any further actuator motion and the contacts snap open.
This rapid opening prevents teasing and minimizes contact welding. Some snap action
‘devices also incorporate direct opening action. The direct opening action occurs slightly
later in the travel than the normal snapover point if the contacts were slightly welded.

Mechénica‘"y , "‘I‘hi's constrtlction has also béen known as. “positively guided contacts”. It cvo:mbin_es a‘N.C.
. and N.O. contact combination to prevent N.C. and N.O. contacts from closing at the same.
Lmkeq cont_aCts time. This nomenclature is generally applied to control relays, but is also applicable to
push buttons, pressure and temperature switches, and other control circuit devices. It is
generally used for checkmg control circuit functions. :

Time Delay Time delay of a switching device is the interval between the time when the external
operator of the swuchmg device is actuated and the time when the contact action actually
occurs. : .

In a switching device where time delay is provided, contact action takes place at a
predetermined time interval after physical action has taken place to displace the external
operator in a sufficient manner to operate the device. This time delay is fixed in some
devices and adjustable in others to meet circuit requirements. Pneumatic timers are
commonly used to perform this function.

: Stacking A s»\fitching device that has been designed for stacking has provisions for attaching
multiple contact elements to the operator.

Stacking provides a means for multiple circuits to be actuated from a single external
operator. A switching device with this capability can perform multiple functions or
combinations of functions depending on the type of external operator. A selector switch
type operator with.several positions in combination with muluple contact elements is one
example of this type of device.
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Wiring Termination |

. Q-Pulse IdTMS915- |

‘Switch Design Considerations
The following are examples of some of the more common methods of ,termihation used. -

Bmdmg Head Screw

This screw has a larger than n0m1al head. The underside of the screw head has a groove
where the wire seats and is secured when the screw is tightened. It is most effective when
used with solid wire. A cup washer can be added to accommodate stranded wire, but care
must be exercised to ensure that all strands are secured :

Saddle Clamp

This is a U- shaped clamp with a screw in the center. The screw threads into 4 flat
conductor on the switching device and the legs of the U slide over the edges of the flat
conductor in order to trap the wire. :

Figure 5.

f ll ! o— Sérew

Wire is insortod hare
“or hore’

—— Flat Conductor

The saddle clamp should be designed so it tilts to securely clamp a single wire on one side

“or a different wire size on each side of the clamp.

Barrel Type — This is similar to the saddle clamp design, but instead of a U-shaped

clamp, the clamp is rectangular.

Figure 6
'ﬁl U [_J'<—— Screw
' ~—— Barrel
Wire is inserted here EI:—LJ
_:'— Flat Conductor

The screw is'not threaded into the flat conductor but rather bears against its top surface.
This causes the barrel to be drawn upward clamping the wire between the undersurface of
the flat conductor and the lower- portlon of the barrel. A ma_|or advantage is the wire is easy -
to insert into the- clampmg area.’

Pressure Plate

‘A pressure plate is essentially a ﬂat plece of material with a screw in the center. As w1th

the saddle clamp, the screw threads into the flat conductor on the switching device. Even -
though.the pressure plate is flat, it is designed to force the individual strands of wire to the

‘center of the face plate that comes in contact with the conductor on the switching device

where they are restrained. In addition, features are often designed into the body of the
switching dev1ce that prevent any wire strands from escapmg the pressure plate clampmg

-action.

10
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Stab Type

This type of termination is often termed quick-connect, push-on, fast-on, etc. The
connection between the switching device and the wire is made with special complementary
connection parts. The male part is normally built into the switching device and the female
part is mechanically attached to the wire end. Termination is accomplished by mating the
connector. parts. This method provides a quick way to attach wires to the switching device
and it is easy to remove the wires for service.

PC Pin
These are switching devices that can be soldered drrectly to a printed circuit board or
plugged with pin connectors into receptacles mounted on the board.

Lugs and Ferrules
These devices are mechanically secured to the wire end. They make it easier to attach the
wire to the switch terminal. They are normally used with stranded wire.

» Lugs provide a flat projection that is usually shaped like a fork or ring. The projection
can be inserted under the head of the screw, inserted into saddle clamps, or slrpped
under pressure plates '

» Ferrules provide a pin type projection well suited for use with saddle clamps,
pressure plates, and barrel type terminals.

Solder

Solder can be applied to the end of stranded wire to prevent the individual strands of wire
from separating. The end of the wire becomes solid when soldered and can be used with
saddle clamps, pressure plates, and barrel type terminals. It should be noted that the solder
end will be quite hard and will resist the crushing effect of clamping means. Because of the
irregular shape obtained through soldering, only partial contact between the wire and the
terminal could result.

Spring- Clamp : S :
This termination style is designed to minimize wiring time. The optimized spring- clamp
is designed to reduce stress relaxation while maintaining contact force. An opening: force
is applied by a lever. The wire is then inserted and the opening force is removed. Upon
force removal, the spring-clamp closes on the wire. Thrs design is good for v1bratlon

. environments.

 Because of the large variety of termination options and the importance of establishing and
maintaining a reliable connection between the switching device and the circuit, standards
have been developed to address this area. The Underwriters Laboratories Pullout and *
_Sccurcncss test is used to insure that termination methods have sufficient strength to retain
the wire under conditions of use. This test also determines if the wire strands have been .
damaged durmg the wiring process or are susceptrble to breakage under condrtrons of use:

M
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Finger-Safe A finger-safe device provides a degree of protection from accidental, casual contact =
: . of live electrical parts by personnel. Only those components meeting or exceeding the
requirements of IEC standard IP2X (listed under IEC 529) can be considered finger-safe.

Those standards describe a model test finger, along with guidelines for the manner
in which the test finger is to be manipulated in the vicinity of the wiring terminals to
determine if the switching device provides the required degree of protection.

Some switching devices achieve the finger-safe condition by basic device design while
others require an external attachment,

The finger-safe feature is becoming more prevalent as safety issues take on added
importance. Higher voitage levels pose a greater risk of injury and liability. A concern of

finger-safe design is it may provide a false sense of security to personnel who have access
to the area where electrical terminations are made.,

12
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SpeCiaI Considerations

Every switch serves as _]US[ one element in a complete system. Where and how that system
operates plays a significant role in which switch will deliver the most cost-effective
performance over time. In the section that follows, you’ll gain a better understanding of
some of the extraordinary issues _mvolved in switch specification.

Enwronmental - Careful consrderatlon of the envrronment to which the swrtchmg device is subJected
will help ensure proper operation and acceptable service life..Consideration of external

Con5|derat|ons environmental conditions of the operators includes temperature and humidity, shock and
vibration, and exposure to washdown, cutting fluids, etc., encountered during operation.

In installations where an unfriendly external environment exists, the switching device
should be housed in-an enclosure designed to isolate it from the environment. Various
enclosure ratings have been developed for use in specific environments and these ratings
are regulated by industry standards. The external environment of the switching device can
have a profound effect on the operation of the device and on its service life.

Conditions generated within enclosures can also have a negative effect on switch operation
and life. Condensation, internally generated chemicals, or trapped dirt are some of the
more common problems. In addition, since each switching device is made of a variety of
materials, each produces its own internal environment. Caution must be taken during the
design of the switching device to ensure the materials selected are proper for this kind of -
device and are compatible with one another.

The following information points out some key internal and external conditions affecting
switching devices, as well as their effects.

Temperature

All electrical devices have a maximum operating temperature rating and this rating is
generally understood by the user. The maximum storage temperature and the effects of low
temperature are not as well-understood. E

Exceeding thie high temperature limits can cause degradation of materials within the.
switch. This degradation can weaken switch parts or release gases from plastics and
.elastomers. A change in physical dimensions may occur, affecting operational travel
and force. A very low temperature environment can cause sticking of the actuator and
compromise the return action provided by the interrial springs within the switching
* devices. Great care should be taken to exclude freezing liquids from the vicinity of the
- external operator or the swrtch may be moperatrve under avarlable levels of operatmg
force. : :

' Large fluctuations in. temperature can lead to condensation of water or other liquids, and
result in the problems relatmg to humidity, chemicals, and gases lrsted below (in those

- cases it 1s generally helpful to ventllate the enclosure)

Humrdlty » :
Moisture can cause the formatron of rust and corrosron on metalllc parts as well as
contrlbute to electrlcal problems such as arc tracking. -

_ Chemrcals and. Gases - : .
Thrs class of contammants can cause degradatron of materlal used in the product ina

13
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variety of ways Corroslon of metallic parts and ‘the degradatlon of physical propemes of
plastics and elastomers are among the most common effects. The formation of conductive’
films on the surface of the insulation can cause arc tracking. - ‘

Dirt and Debris

Whether originating internally from wear or damage, or externally, this material can cause
friction between moving parts, increase wear, and reduce switch life. Dirt on contacts
increases resistance and contributes to contact reliability problems

Shock and-Vib_r_ationv :

Consideration must be given to the shock and vibration to which the switching device is
subjectéd; Severe shocks can cause unintended momentary contact operation that could
result in circuit-malfunction. Long term exposure to vibration can cause premature wear of
the switch elements and generation of internal dirt. Even a poorly designed panel door can
repeatedly subject a switching device to damaging shock and vibration.

It’s also important to handle a switch with care during installation to avoid damaging
shock. :

Phy51cal Abuse
Improper handling of the switching device durmg shipping or installation can cause
damage to device components that could affect operation.

‘Environmentally An environmentally sealed device isolates the contact area from the environment.

Sealed Devices The most common type of construction has the contacts hermetically sealed within a glass
envelope. Prior to sealing, the interior of the glass envelope is filled with an inert gas that
keeps the environment around the contacts stable. This construction keeps out explosive
gases or contaminants that could affect contact reliability. Since the contacts are not
accessible for actuation by mechanical means, they are operated by means of magnetic
flux. '

A special.version oOf the sealed switch known as a logic reed is used in logic circuits.
. The logic reed is characterized by very short contact bounce, typically less than 0.5

milliseconds.

Contact isolation can also be accomplished by mechanical means such as a flexible

“diaphragm. These methods do not, however, prov1de a true hiermetic seal, and are more
susceptlble to wear and degradation.
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Standards and : AStandards have been developed by industry groups and govemmental umts to help ensure
-Approvals ’ : that switching devices meet certain requirements with regard to installation criteria, safe
' ‘ operatlon load carrytng ability, minimum mechamcal and electrlcal llfe etc. - ‘

Once a particular design has met the requirements of a speciﬁ'c standard, a marking may be
affixed to devices constructed accordlng to that. deslgn 1nd1cat1ng that the standards ot that
partlcular agency have been met.

Users need to be aware of -which standards pertain to the products used in their locations
and which approvals are required. Requirements vary depending on the application and
the govemmental unit havngurlsdlctlon Some of the standards that apply to switching
devices are listed below: :

UL 508

NEMA ICS 5 part |
IEC 60947-5-1
CSA 222 No. 14

Switch Life Switch life can be defined in a variety of ways. It can be defined as the time when the
‘ switch physically fails and can no longer provide contact action. It can also be defined as
the point when the operating characteristics change to such a degree that switch action
is no longer reliable or the parameters fall outside those required for that application.
Examples of the latter would be an increase in operating force or excessive travel to obtain
contact action.

A switching device may wear out due to mechanical considerations. Repeated operations
cause phys'ical wear of parts due to friction, shock, and stress, and can lead to eventual
component failure. Dirt and debris generated by the moving mechamsm can cause binding
and can be a source of contact contamination.

The electrical life of a switch is not necessarily related to its mechanical life. The electrical
life of a switchi is primarily load dependant, because the electrical load is the main source’
of heatlng in — and damage to — current carrying components High current loads can
also contribute to arcing at the contacts during contact action: This arcing action results

in contact erosion and deformation and can lead to welding of the contacts. As a result, it -
1s good practice to evaluate both mechamcal and electrical life ratings before selecting a.
switching devnce :

The sw1tch env1ronment can cause corrosion. This'may lead to frlCthI‘l physlcal fallure of
components and dirt or corrosion in the contact areas.

Low level sw1tch1ng and mfrequent use may allow bulldup of film on contact faces
'affectlng contact reliability. Logic reed swntches or sw1tches with prec1ous metal contacts :
“are ideal in these applications.

15
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. Shock and
Vibration

Dielectric Strength

. Q:Pulse Id TMS915 -

Special Considerations

Shock and vibration refer to the physical conditions that are preSent in the environment
wheré the switch operates. These conditions often introduce undesrrabie motion into the
device mechanism.

Sources of shock can be the normal motion of the équipment where the device is mounted
or the expected movement of the entire control system. Such motion may be repetitive in
nature or may occur only periodically under specific situations such as startup, etc. The -
user may try to anticipate random, abnormal conditions which could result in a high shock
situation. One-time mishandling during shipping and installation can cause damage that
will affect operation.

Another source of high shock is the slamming of control panel doors where the switching
devices are mounted. In order to minimize the effect of known vibration, the axis of
actuation of the switching device should not lie on the same plane as that of the direction
of normal equipment vibration.

Contact reliability can be affected by shock ‘and vibration. Continual vibration causes
mechanical wear and under load conditions, arcing can lead to welding of contacts. A
severe shock can cause unintended, momentary contact operation that could result in
circuit malfunctron

The mechanical wear caused by long term exposure to vibration can result in the
generation of dirt and debris which affects contact reliability and causes added friction in
the sliding portions of the mechanism.

Dielectric strength is a measure of the ability of the insulation used in the switching device
to withstand the application of a voltage across its surface or through its mass. This will
determine the maximum electrical rating of the device.

Degradation of the dielectric strength of insulation can lead to failure of the device.
Unintended electrical continuity may be established between circuit elements and ground
In erther case, the result is a failure of the switch to perform its intended functron

The most common type of failure is due to arc tracking across the surface of the insulation.

The combination of a particular insulation and environmental conditions such as'moisture
and/or certain gases in the presence of an electrrcal arc can result in the buildup of a
conducting path

16
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Special Considerations |

Contact Block The contact block rating of a switching device is the electrical load that the devnce is

Ratings ' capable of switching. This rating is expressed in voltage and current and typlcally refers to
the maximum values that can'be switched in a.specified number of operations. Although
‘contact blocks are usually rated for maximum conditions, there is a practical low load limit
that the contacts will switch in a reliable manner. -

Ex‘ceeding the high loads can cause buming and pitting of the contacts leading to welding
and cohtfibuting to arc trécking. If the load to be switched is of a very low energy level,
any contaminants or non-conducting films on the contacts may: prevent a circuit from being
established when the contacts are operated. If loads below 48V-DC and 0.1 A, or below -
24V AC and 0.4 A, are to be switched, the user must be cautious when selectmg the contact
materials. If the switching is. within a typical Type 4/4X/13 environment, the quadfurcated/
pentafurcated blocks should be used for ultimate reliability. If the switching is within

Class 1 and 2 Division 2 environment, without a sealing well or a conduit seal off, logic
reed, sealed switch, or stackable sealed switch contact blocks should be used. If this type
of switch'is used at the high end of the rating, then caution should be exercised if these
contacts are used for switching low energy loads. The feature built in for establishment of
low energy loads may have been burned away during high load switching operations.

Due to the growing popularity of solid-state devices being used in control circuits, the
trend in industry is toward lower energy loads.

17
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Surge Diverter

Location:

Main Incomer

Model Numbers: TDS-180-4S-277
Manufacturer: Critec
Supplier: Energy Correction Options

PO Box 431
Kelvin Grove, QLD. 4059

Ph: 07 3356 0577
Fx: 07 3356 1432
Web: www.ecoptions.com.au
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pFERITECH TDS

CRITEC® Transient Discriminating
Surge Diverters

ERICO
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urge Protection And Surge Ratings

The stress, which an SPD will experience under surge
conditions, is a function of many complex and interrelated
parameters. These include:

- Location of the SPD{s) within the structure — are they
located at the main distribution board or within the
fadility at secondary board, or even in front of the
end-user equipment?

- Method of coupling the lightning strike to the fadility -
for example, is this via a direct strike to the structures
LPS, or via induction onto building wiring due to a
nearby strike?

- Distribution of lightning currents within the structure -
for example, what portion of the lightning current enters
the earthing system and what remaining portion seeks
a path to remote grounds via the power distribution
systern and equipotential bonding SPDs?

'ype of power distribution system — the distribution

uf lightning cument on a power distribution system is
strongly influenced by the grounding practice for the
neutral conductor. For example, in the TN-C system with
its multiple earthed neutral, a more direct and lower
impedance path to ground is provided for lightning
currents than in a TT system.

- Additional conductive services connected to the facility
~ these will carry a portion of the direct lightning
curent and therefore reduce the portion which flows
through the power distribution system via the lightning
equipotential bonding SPD.

- Type of waveshape — it is not possible to simply consider
the peak current which the SPD will have to conduct,
one also has to consider the waveshape of this surge. It
is also not possible to simply equate the areas under the
current-time curves (also refermed to as the action integral)
for SPDs under different waveshapes.

Many attempts have been made to quantify the electrical
dronment and “threat level” which an SPD will
exerience at different locations within a fadlity. The
new IEC™ standard on lightning protection, IEC 62305-4
“Protection against lightning - Part 4: Electrical and
electronic systems within structures” has sought to address
this issue by considering the highest surge magnitude
which may be presented to an SPD based on the lightning
standard postulates that under a LPL | the magnitude of a
direct strike to the structure’s LPS may be as high as 200kA
10/350. While this level is possible, its statistical probability
of occurrence is approximately 1%. In other words, 99%
of discharges will be less than this postulated 200 kA peak
current level.

An assumption is made that 50% of this current is

conducted via the building’s earthing system, and 50%
returns via the equipotential bonding SPDs connected to

Q-Pulse |d TMS915

Active 10/12/2014

a three wire plus neutral power distribution system. It is also
assumed that no additional conductive service exists. This implies
that the portion of the initial 200 kA discharge experienced by
each SPD is 25 kA,

Simplified assumptions of current dispersion are useful in
considering the possible threat level, which the SPD{s) may
experience, but it is important to keep in context the assumptions
being made. In the example above, a lightning discharge of
200kA has been considered. It follows that the threat level to
the equipotential bonding SPDs will be less than 25kA for 99%
of the time. In addition, it has been assumed that the waveshape
of this current component through the SPD{s) will be of the
same waveshape as the initial discharge, namely 10/350, while
in reality the waveshape have been altered by the impedance of
building wiring, etc.

Many standards have sought to base their considerations on

field experience collected overtime. For example, the IEEE® guide
to the environment C62.41.1 and the recommended practice
C62.41.2 present two scenarios of lightning discharge and
different exposure levels under each of these depending on the
location where the SPD s installed. In this standard, Scenario il
depicts a direct strike to the structure, while Scenario | depicts

a nearby strike and the subsequent conducted current into a
structure via power and data lines. The highest surge exposure
considered feasible to an SPD installed at the service entrance 1o a
fadility under Scenario | is 10kA 820, while under Scenario Il it is
considered to be 10kA 10v350 (exposure Level 3).

From the abowve, it is apparent that the selection of the

appropriate surge rating for an SPD depends on many complex

complexities, one needs to keep in mind that one of the more
important parameters in selecting an SPD is its limiting voltage

performance during the expected surge event, and not the
energy withstand which it can handle.

Protection Jomes defined by speciic product apeication.
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Advanced Technologies - The ERICO” Advantage

Transient Discriminating Technology

To meet the fundamental requirements of performance, longer
service life and greater safety under real world conditions, ERICO
has developed Transient Discriminating (TD) Technology.

This quantum leap in technology adds a level of “intelligence”

to the Surge Protection Device enabling it to discriminate
between sustained abnormal over-voltage conditions and true
transient or surge events. Not only does this help ensure safe
operation under practical application, but it also prolongs the life
of the protector since permanent disconnects are nol required
as a means of achieving internal over-voltage protection.

Traditional Technologies

or silicon avalanche diodes to damp or limit transient events.
However, these devices are susceptible to sustained S0/60Hz
mains over-voltage conditions which often occur during faults
to the utility system. Such occurmences present a significant
safety hazard when the suppression device attempts to damp
the peak of each half cyde on the mains over-voltage. This con-
dition can cause the device to rapidly accumulate heat and in
turn fail with the possibility of inducing a fire hazard.

The Core of TD Technology

The secret to ERICO's Transient Discriminating Technology is its
active frequency discrimination circuit. This patented device can
discriminate between a temporary over-voltage (TOV) condition

Active TD Technology

Traditional Technology

Typical Supply Problems

Active 10/12/2014

and a very fast transient, which is associated with lightning or
switching-induced surges. When the transient frequencies are
detected, the patented Quick-Switch within TD activates to
allow the robust protection to limit the incoming transient. The
frequency discriminating circuit that controls the Quick-Switch
helps ensure that the SPD device is immune to the effects of a
sustained 50 or 60Hz TOV. This allows the device to keep operat-
ing, in order to help provide safe and reliable transient protection,
even after an abnormal over-voltage condition has occurmed.

Meeting & Exceeding UL® Standards

The CRITEC® range of surge protection devices from ERICO*
employing TD Technology has been specifically designed to
meet and exceed the new safety requirements of UL 1449
Edition 3. To meet the abnormal over-voltage testing of UL
1449 Edition 3, many manufacturers of SPD devices have incor-
porated fuse or thermal disconnect devices which permanently
disconnect all protection from the dircuit during an over-voltage
event. Transient Discriminating Technology on the other hand
will allow the SPD device to experience an abnormal over-
voltage up to twice its nominal operating voltage and still
remain operational even after this event! This allows the
device to help provide safe, reliable and continuous protection
to your sensitive electronic equipment. TD Technology is
especially recommended for any site where sustained
over-voltages are known to occur, and where failure of
traditional SPD technologies cannot be tolerated.

The UL 1449 testing standard addresses the safety of an SPD
device under temporary and abnormal overvoltage conditions, but
does not specifically mandate a design that will give a reliable,
long length of service in the real world, Specifically, UL 1449
tests that the SPD remains operational at 10% above nominal
supply voitage, allowing SPD manufacturers to design products
that permanently disconnect just above that. Most reputable
manufacturer’s designs allow for up to a 25% overvoltage,
while ERICO's TD Technology gives even greater overhead.

Traditional Technology Response
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o TDS130
CRITEC® TDS Surge Diverter - TDS130 Series

Surges and voltage transients are a major cause of
expensive electronic equipment failure and business
disruption. Damage may result in the loss of capital
outlays, such as computers and communications
equipment, as well as consequential loss of revenue
and profits due to unscheduled system down-time.

The TD5130 series of surge suppressors provide
economical and reliable protection from

transients on power distribution systems. The TD5130
is specifically designed for the protection of single
phase power supplies within instrumentation and
control applications. They are conveniently packaged
for easy installation on 35 mm DIN rail within control

panels.

CRITEC® TD technology helps ensure
reliable and continued operation during
sustained and abnormal over-voltage
events. Internal thermal disconnect devices
help ensure safe behavior at end-of life. A
visual indicator flag provides user-feedback
in the event of such operation. The
TDS130 provides a set of optional voltage-
free contacts for remote signaling that
maintenance is required.

Features

The convenient plug-in module 18 mm {(0.717)
and separate base design facilitates

replacement of a failed surge module

without needing to undo installation

100 & __-',H lecognized Component Type 2

[TD51 300240
702424

Q-Pulse Id TMS915 Active 10/12/2014 Page 95 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

TDS150
CRITEC® TDS Surge Diverter - TDS150 Series

Surges and voltage transients are a major cause of
expensive electronic equipment failure and business
disruption. Damage may result in the loss of capital
outlays, such as computers and communications

equipment, as well as consequential loss of revenue
and profits due to unscheduled system down-time.

The TDS150 series of surge suppressors provide
economical and reliable protection from voltage
transients on power distribution systems. They are
conveniently for easy installation on 35 mm
DIN rail within main distribution panelboards.

CRITEC® TD technology helps ensure reliable and
continued operation during sustained and abnormal
over-voltage events. Internal thermal disconnect
devices help ensure safe behavior at end-of-life. A visual indicator flag provides user-
feedback in the event of such operation. As standard, the TD5150 provides a set of
voltage-free contacts for remote signaling that maintenance is required.

The convenient plug-in module and separate base design fadilitates replacement of a
failed surge module without needing to undo installation wiring.

Features

68 mm
. (2.68%)

90 mm
(3.547)

g
18 mm (0.697)

T ITDS1S01SR150 [TDS 15R240  [TDS15015R27 i T
item Number forfurops ___ [/02404 | "-'"'_u 2407 1/

Nominal Vo """"ll_ll- -1S0VAC | GVAC  [240-277 VAC |4
[ '“I-""!- "'"l"‘ Bge U; [1JOVAC  [2/SVAC  [320VAC  [61OVAG
rI-l' r-! - T ,'rjr'r rr '-"'..:'f.-".f O A

""'""'_u-r 11'1 rmal disconns
vax Discharge C L_..._ Ok, B2 0

jominal Discharge Current, I [25kA 8/20us __20kA 8/20
[ "'"'""'1""_ Single mode 106, L-N or N

mﬁ'ﬂ&*ﬁ:. om Liven.

FEOV /0. 5A, Max FTAAWG]

chanical Tl pole contacts (R model only)
(im) | Il'{" | x 1 I“-’"I }'1"

5] 43 180, ULSAV-0 thermoplastc, 1P 20 (NEWAT]

=l e (HGAN '1.'1 Aranded
Ja mim (B2AWG) solid

"- m hat DIN rail
'11'1 '11' 0°F o 178

':!1'

-qﬂums:rmu‘r:hm_, 72d Component Type 7
W FE ChJ

SI®EES m.n.zs:-—-hl,wzmm
l‘ll’-ﬂ-‘lﬂﬂl

1151’# J 'I|I~ -u' H '.". 0 [TDS1S0METT  [TDS1S0MS00
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TDS1100
CRITEC® TDS Surge Diverter - TDS1100 Series

Surges and voltage transients are a major cause of expensive
electronic equipment failure and business disruption. Damage

may result in the loss of capital outlays, such as computers and
communications equipment, as well as consequential loss of
revenue and profits due to unscheduled system down-time.

The TDS1100 series of surge suppressors provide economical
and reliable protection from voltage transients on power
distribution systems. They are conveniently packaged for
easy installation on 35 mm DIN rail within main distribution
panelboards.

CRITEC® TD technology helps ensure reliable and continued
operation during sustained and abnormal over-voltage events.
Internal thermal disconnect devices help ensure safe behavior
at end-of-life. A visual indicator flag provides user-feedback
in the event of such operation. As standard, the TDS1100 provides a set of voltage-free
contacts for remote signaling that maintenance is due.

The convenient plug-in module and separate base design facilitates replacement of a
failed surge module without needing to undo installation wiring.

SIAEEE® C62.41.2 Scenario i, Exposure 3, 100kA 8720y, 10KA 10/350ys
!t?iﬂddhnuwchul

40 |TDS150M277 __ JTDS150M56(
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TDS350
CRITEC® TDS Surge Diverter - TDS350 Series
Features

CRITEC D Surges and voltage transients are a major cause of
T, +1 expensive electronic equipment failure and business
disruption. Damage may result in the loss of capital
outlays, such as computers and communications
equipment, as well as consequential loss of revenue
and profits due to unscheduled system down-time.
CRITEC® TD technology helps ensure refiable and
continued operation during sustained and abnormal
over-voltage events. Internal thermal disconnect
devices help ensure safe behavior at end-of-life. A
visual indicator flag provides user-feedback in the
event of such operation. As
standard, the TD5 provides a
set of contacts
for remote signaling that
maintenance is due.

The convenient plug-in module
and separate base design
facilitates replacement of a failed
surge module without needing to
undo installation wiring.

Bk ( . ol I
_lT'f:f'.':_ J.*I"LJTJ._ T _f_ <onned

N KA 8720 00A 0
M_*IL__:—_'L_LLJ.__F P

e o afe e

WG] terminak

Ci Fr.ullmm:h
Dimensions Hx D x W: mm {in}) | ..,El % 33 2 M_..J_ S0 x68x 70(3.54 % 268 x .76
ModulsWidth |

L_'_'_:I__l —_ﬂlﬂl

; GH'IJMI. Exposure 2, S0kA 820
I’liﬂdﬂul
UL* 1449 Ed3 In 20kA mods
Replacement MOV Wodul DRTSONZTT _ JTOSTSOMITS0 [TST50M2
Meplacement GDY Wodule [Eampe] |
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Surge Filter
Location: Main Incomer
Model Numbers: TDF-10A-240V
Manufacturer: Critec
‘ Supplier: Energy Correction Options
PO Box 431

Kelvin Grove, QLD. 4059

Ph: 07 3356 0577
Fx: 07 3356 1432
Web: www.ecoptions.com.au
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BERITECH TDF
CRITEC® Transient Discriminating Filter

The TDF series has been specifically designed
for process control applications to protect the
switched mode power supply units on devices
such as PLC controllers, SCADA systems and
motor controllers. Units are UL® Recognized
and available for 3A, 10A and 20A loads and
suitable for 110-120V ad/dc and 220-240Vac
circuits.

The TDF is a series connected, single phase
surge filter providing an aggregate surge
capacity of S0kA (8/20us) across L-N, L-PE,
and N-PE. The low pass filter provides up to

Features

65dB of attenuation to voltage transients. . ' Y L
Not only does this reduce the residual ﬁ; 1
let-through voltage, but it also helps *EI £
further reduce the steep voltage rate-of-rise w | -|-‘ _§
providing superior protection for sensitive 3 J_ 5
electronic equipment. _|_ 4
*STATUS SENSE
1 v v Vv v v Vv
|1m B4GVAC V‘)Wk
Uc
A EEA %A
20kA 8/20ps L-N
[20kA 8/20ps L-PE
IAll modes protected
series Jow pass sine wave Tilter
@ 3kA @3kA [250V @ 3kA @ 3kA |250V @ 3kA @ 3kA
[ED. On=Ok. Isolated output
xDx x68x x68x144
x 2.68 x 2.83) x 2.68 x 5.67)
M
[157G46)
to to
mm
3A = 20
-35°C o TF to
to
» 2
[

(1) Opto-coupler output can be connected to DINLINE Alarm Relay (DAR275V) to provide Form C dry contacts.

ANSH s & registered trademark of the American National Standards Institute. IEEE is a registered ademark of the Institute of Electrical and Electronics Engineers,
Incorporzted. NEMA s 3 registered trademark of the National Blectrical Manufacturers Association. UL & a registered trademark of Underwriters Laboratories, fnc.

WARNING

ERICO products shall be installed and used only as indicated in ERICO's prody ction sheets and training materials. Instruction sheets are
-ﬂawnmnm_wmwmumud—uﬂ
to completely follow ERICO's instructions and warnings may cause product matfunction, property damage, serious bodily injury and death,

Copyright ©2008 ERICO imemational Corporation. All rights reserved.
CADDY, CADWELD, CRITEC, ERICO, ERIFLEX, ERITECH, and LENTON are registered trademarks of ERICD international Corporation.

it ERICO
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gERITECH DSF

CRITEC® Dinline Surge Filter

The “two port” DSF series has been specifically
designed for process control applications to protect
the switched mode power supply units on devices
such as PLC controllers, SCADA systems and motor
controllers. The 30V unit is suitable for 12V and
24Vaddc signaling and control systems.

The 6A DSF series incorporates a space efficient, low
pass, series filter which provides attenuation to high
frequency interference. The larger 20A model provides
status indication and a higher surge rating, making
this ideal for the protection of higher risk equipment.

Features

Connectt nn'ﬁnn' j: A .slj....
Mounti 15 mm top hat D i
; 20A
- - '_" 31°) 1o T
Approva (C-Tick, CE, NOM, UL® 1449Ed 3 |C-Tick, CE
e N e\
Surge R y NSIPAEEE® (62412 Cat A, Cat B

mnwwdhmwwmmnwwum
of Electrical and Electronics Engineers, Incorporated. NEMA is a registered trademark the National Electrical Manufacturers
i atories, Inc.

WARNING
ERICO products shall be installed and used only as indicated in ERICO's product s ction sheets and training materials.
Instruction sheets are available at www.erico.com and from your ERICO tive. Installation,

“waﬁmmmmmmmmmmmm
property damage, serious bodily injury and death.

Copyright ©2008 ERICO International Corporation. Al rights reserved.
CADDY, CADWELD, CRITEC, ERICO, ERIFLEX, ERITECH, and LENTON are registered trademarks of ERICO International Corporation.

G s ERICO
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TRANSIENT DISCRIMINATING FILTER

INSTALLATION INSTRUCTIONS

1. PREPARATION

/A DANGER: Electrical shock or burn hazard.
l Instalfation of this Transient Voltage Surge
Suppressor should only be made by qualified
personnel. Failure fo lockout electrical power during
installation or maintenance can result in fatal
electrocution or severe burns. Before making any
connections to this electrical panel be sure that power
has been removed from all associated wiring, electrical

panels, and other electrical equipment.

I\ CAUTION NOTES:

1. The installation of this Surge Protector should
follow all applicable electrical codes, such as the
National Electrical Code, or the Canadian Electrical
Code.

2. Check to make sure line voltage does not exceed
Surge Protector voltage requirement.

3. Pror to instalfation ensure that the TDF is of the
correct voltage, currenl, and frequency rating for
your application,

4. The earth terminal must be connected to a low
impedance earth (< 10 ohms) for correct operation.

5. Do not perform a “Flash Test” or use a Mega-Ohm
Meter (Megger) to test circuits that are protected
with TDF modules. Damage may occur to the TDF
modules.

6. Follow all instrucfions to ensure correct and safe
operation,

7. Do not attempt to open or tamper with the TDF units
in any way as this may compromise performance
and will void warranty.

2. INTRODUCTION

MODEL NUMBER
TDF-3A-120V
TDF-10A-120V
TDF-20A-120V
TDF-3A-240V
TDF-10A-240V
TDF-20A-240V

rails. They can be selected for use on distribution systems with
nominal RMS voltages of 120Vac or 240Vac at frequencies of
S0/80Hz. The 120Vac unit also operates on nominal 125Vdc
supplies.

3. QUICK INSTALLATION OVERVIEW
Install in the following manner:

1. Ensure thal power is removed from the area and the
circuits that will be connected.

Snap lock the TDF module to the DIN rail.
Install the appropriate upstream overcurrent protection,
Connect wiring to the indicated Vp and o/p terminals.

Apply power and observe correct operation of the Status
Indication, and alarm facilities if provided - see Section
11.

4. PROTECTION CONCEPTS

To optimize effectiveness of the TODF protection, the
unprotected and protected wiring should be separated. Wiring
from the exposed transient source to the TDF should be
cansidered unprotected and kept approximately 12° (300mm)
from all other wiring wherever possible. Wiring on the
equipment side of the TDF should be considered protected.

The separation of protected and unprotected wiring is
recommended to minimize the risk that transients conducted
on unprotected wiring may cross couple onto protected
circuits, and diminish the level of protection available from the
TDF module.

The terminals on the TDF module are labeled “INPUT/LINE"
(unprotected side) and "OUTPUT/LOAD® (protected side)
assuming that the source of the transients is on the input side
of tha TDF module.

Far applications whare the fransient source is on the load side
of the TDF module, the TDF should be reverse connected
with the INPUT/LINE terminals connected to the load side,

e

toward the source of the transients.
Transient Discriminating Filters (TDF) are packaged in "DIN 43
880" profile enclosures for simpla installation onto 35mm DIN
www.arkco.com Page 1 of 2
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TRANSIENT DISCRIMINATING FILTER

5. MOUNTING

TDFs are dezigned to clip to 35mm DIN railz (standard
EN50022). Unless otherwise mechanically restrained, use
harizantal DIN rails with the TDF module spring clips to the
bottom and the label text the correct way up.

NOTE: TDFs must be installed in an enclosure or panel that:
» prevents the TOF unit temperalure from exceeding
122°F (50°C)
* provides adequale elactrical and safely protection
= prevents the ingress of moisture and water
» alfows TDF status indicalors to be inspected

6. GROUND FAULT CIRCUIT INTERRUPTION (GFCI)

Where GFCI protectors (RCDs/ELCBs) are usad, it is
preferable that the TDF modules be installed prior to these
devices (i.e. upstreamy). If this is not done, nuisance tripping of
the GFCls may occur during fransient activity.

7. CONDUCTOR TERMINATION

Each TDF terminal is designed to accept wire sizes from 10 to
18 AWG (1.5mm* to 6mm?) solid or stranded conductor. The
wire insulation should be stripped back 516" (8mm).

NOTE: Do not use greatar than Qinlbs {1Nm) of torgua whan
lightening the terminals. For UL compliance, where wo
wires may need lo be lerminaled into one terminal, the
pearmissible wire size is 18AWG each.

8. FUSING AND ISOLATION

Overcurrent protection must be installed in the upstream circuit
of every TDF to provide protection to the unit itself, the load
and the wiring in case of fault situations. The current rating of
the breaker or fuse used should be determined according to
below. However, the current rating should be less than the
rating of the wiring. For axample, if a 204 TDF were installed in
a circuit with wiring that can carry 154, then a 15A overcurrent
device must be installed upstream to protect both the TOF and
wiring from overload.

MAX FUSE SIZES: _ TDF RATING _ FUSE RATING

3A 4A
10A 10A
20A 20A

9. STATUS INDICATION

TDF modules have a single Stalus Indicalor on the front panel.
When power is applied and full surge capacity is available, the
Status Indicator will be illuminated. Should power be applied
and the indicator fail to illuminate, the TDF should be replaced,
as aptimum protection is no longer provided,

10. MAINTENANCE & TESTING

Before removing @ TDF module from service, ensure that the
power has been removed from the module. Replacement of a

TDF module should only be undertaken by qualified
personnel.

NOTE: TDF units should ba inspected pariodically, and also
following any perods of lightning or transient volfage
activily. Check the Status Indicalor and replace the module if
it is not iluminated as delafled in Section 8 STATUS
INCICATION.

11. DINLINE ALARM RELAY (DAR)

The TDF status monitoring circuit which provides the visual
Status Indicator, also provides a low voltage oplo-coupler
alarm output circuit. Should voltage free alarm contacts be
required, the ERICO Inc, DINLINE ALARM RELAY (DAR})
should be used.

The DAR module provides a fully isolated dry contact alarm
outpul. One DAR can be used per TOF, or up to 16 TDFs can
be connected in saries to one DAR to provide a comman dry
contact alarm output.

Ensure that the voltage rating of the alarm wiring is rated in
accordance with the other voltages present in the equipment.
This would normally be the same voltage rating as that used
for the TDF module input wiring.

It is recommended that the DAR unit be powered from the
outputioad side of the TDF being monitored, however the
DAR can be powered from other circuits. This allows for
example, ong DAR unit to be connected to separate TDFs
which are protecting a three phase circuit.

NOTE: Depending upon the usage of the DAR owlpul
contacts, faflure of power to the DAR may be interpreled as a
failure of one or more TDFs. Visual inspection of the DAR
and TDF Status Indicator is required to clarify this sifuation

12. USE OF OTHER INTERFACES

ERICO, Inc. DAR units are recommended for the interfacing
of equipment to the TDF oplo-coupler alarm oulput cireuil. The
direct connection of other equipment to the TDF opto-coupler
alarm output circuit may not provide sufficient isolation or
exceed the opto-coupler specifications. This may damage the
TDF andfor the connected equipment. Warranty may be
yvoided under such circumstances. However, the specifications
for TOF alarm output has been provided for those who desire

to use the TDF opto-coupler output directly.

The TDF alarm opto-coupler output is available on terminals 3
and 5. Terminal 3 is the positive and 5 is the negative side.
This output is an open collector transistor output of the opto-
coupler. When the opto-coupler is driven on, it should be
arranged to have 2mA flowing through it. For use with 24\dc
circuits, & 12k current limiting burden resistor is required. For
use with 12Vdc circuits, a 5.6k current limit resistor is
required, For use with 5Vidc circuits, a 2.2k0) current limit
resistor is required,

NOTE: In connecting lo the TDF oplo-coupler alarm output,
do not reverse the +/- conneclions or exceed the maximum
parmissible ratings (30Vde) as damage may occur,

www.erico.com
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
~ Brand St Hemmant

Equipment Type: Surge Filter Alarm Relay

Location: Main Incomer

Model Numbers: DAR-275V

Manufacturer: Critec

Supplier: Energy Correction Options
PO Box 431

Kelvin Grove, QLD. 4059

Ph: 07 3356 0577
Fx: 07 3356 1432
Web: www.ecoptions.com.au
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Phase Failure Relay

Location: Common Control

Model Numbers: 252-PS GW

Manufacturer: Crompton

Supplier: Crompton Instruments.
PO Box 5108

Minto Business Center
Minto NSW, 2566

Ph: 02 9603 2066
Fx: 029603 9335
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f.Page 1 of 2
'.Ref IWZSOPMSH Rev 6 March 02

‘Models Covered

| 252-PMM° T 252-PMT - 252 PSF 252 PSG
'253PH3  .252-PMM  252PMT. " -
lntroduction -

Thermistor Trip. Relay (252-PMM & 252-PMT) .
The trip inputs.are monitored within settable timits. In the
event-of the' tnput movmg outsidasthese lirmts. the unit will
. initiate:a.trip signal via'a double pole” changeover_*@lay An '
" illuminated. green | LED indicates when the'thermistor="~ ,
temperatire is within normal working limits. The unit rs . “‘:r
designed such that the alam relay is energised when normal
temperatures are reached.
Model 252-PMM has the lacltty lor manual resetting, so that
- the trip condition remains after normal operating temperature
s reached until manual mterventlon oceurs.

-

- Phase Bal_ance Relay (252-PSF & 2562-PSG)
Trip inputs are monitored within settable limits. In the event
of the input moving outside these limits, the unit will initiate a
trip signal via a double pole changeover relay: An illuminated:
‘red LED mdtcates that the supply is w1thm I|m|ts
Speed Sensiiig Relay (253-PH3) _
Trip inputs are monitored within settable limits. ln the event -
of the input moving outside these limits, the unit will initiate a
trip signal. The iBuminated red LED's indicates that the single
. . pole output refays arein an energised state and at normal
.. running speed all three relays should be energised.” Units
. . .are factory adjusted for.normal. runnifig speed = 0.75mA~,
= 7 output. “The'meter adjust” pqo%on the prodﬁ'a"m%r
this requirement, which-also ensures the trip levels are setto
the calibrated values. Términal 8is connected to terminal 5. . .
“internally. Terminals 15 and' 16 gtve a 0/1mA signal
proportlonal to speed .

No.1 Relay energrses on nsmg speed
No.2 Relay energises on rising speed
No.3 Flelay de- energtses on nsmg speed

Thts product is desrgned for use only wrth magnettc corl
rnduct:ve Sensors.

: Wamlng o ) ’
e During normal operat:on voltages hazardous to life may s
be present at some of the terminals of this unit. - A
* Installation and servicing shoutd be performed only by

qualified, properly trained personnef abiding by local’ - ~e‘.'
regulations. Ensure all supplies are de-energzsed before Py
attempting connection or other procedures.” L

" e Itis recommended adjustments be'made wrth the-"
.. supplies de-energised, but if this is not posstble then’
,.extreme; m_gtpnshould be exarclsed B
Terminals Should.not be user-accessible after mstallatuon
and extemal installation provisions must be sufficient to

prevent hazards under fault condttlons

t;
prviding the sole means of fault protectton good -
_engineering practice dictates that any critical function be--
" protected by at least two mdependent and dtverse o
means..

- Never open circuit the secondary wmdrng of an energtsed
: current transformer .

o [rompton
'

_SP161 Brand Streef Hr‘hcml SPS Electrical Installation Volume 1 OM Manual

Protector Trip Relays 4 L
‘DIN Rail & Wall Mounted 250 Series g
‘Thermistor Trip, Speed Sensing & I
Phase Angle. = - L

- correct polarity and phase rotation where applicable.”

' 252-Pm 252-PMT & 253-PH3

,g.These products:have two,calibration facilities that can be. set...a-,-».,. NS d

© 2. Time Delay

. SettlngUp(allothermodels) B ' . .

_ In the uniikely event of.a repalr being fiecessary itis - RN

" This unit has been designed to- prowde protectlon agamst EM . |

" installation dependent and so the: lollowrng can. only be

s

INSTALLATION INSTRUCTIONS

1
Installation - - Lo C
The Protector should be :nstalled in'a dry posrllon not in" - i
direct sunlight and where the ambient temperatureiis, =~ =~ i
reasonably stable and will not be outside the range 0 to 60 E
degrees Celsius. Mounting will normally be on a.vertical.
'surface but other positions will '.'.?t affect the operation.. ~~
Vibration should:be-kept to'a minimum. ~Thé Protectors‘are
designed for mounting on 3 35Mm rail to DIN 46277.
Alternatively they may be screw ﬁxed a speaal adaptor rs
supplxedtorrwnzSZtypes ] L T

e e

TommaprmectmmaDlNratl metopedgeofmeunmrtr
" on the back is hooked over'one edge of the ral and the - o
. bottom edge canmying the release clip clicked inio place. - oo
- Check that the unit is fimmly fixed. Flemovalorreposmonmg e
maybeadnewdbylevenngdown mereleasecﬁparldlrmng; R A
thewutupandoﬂmeral P .

Comednn d.’agams should be. carefuny followed m ensure

" External voltage transformers may be used on 252-PSF and o
252-PSthextendtherange S

Ptdtup.mnandmnleadsshouldbekeptsepa:aielrorn"-" DS

Setﬂng Comrob (252-PSF '262-PSG)

to suit ob'ératmg requrrements and they are factory calibrated
-as follows:- .

“" 1. % unbalance set points

Voltages of and below380vomL-Larematedho RPN
1.0% class index of rated voltage:. Voltages above 380 e }
volts L-L are callbrated to 1.5% dass mdex of rated RS |
voltage. -

For all voltage ranges 10% maxzmum delay.
Voltage Withstand™  ~ ) . :
Continuous overload = 1. 35 x rated voltage I ’

- The calibration marks around the contmls are providedasa = . .l
- guide if the installer does not have access to accurate - T
_ equipment. The maximum eror of the calibration marks s
typtcally 10% of the span of the control concemed R !

Malntenance » ' ' A
The unit should-be mspected to normal standards for this - IR S
class of equipment. For example remove accumulations of §
dust and check all connectr.ons@or tlghtnes and corrosron

recommended that the unit bo fetumed to the factory or to the RN
nearest Crompton lnstruments Semce Centre o AR

Electromagnetlc Compatiblllty

* (electro-magnetic) interference in ling with requirements of -
. EU and other regulations. Precautions necessasy to provide 4
proper operation of this and adjacent equipment will be: o

O A N

. general guidance:-
e Avoid routing wiring to this unit. alongslde cabies and
products that are, or could be a source of tnterference

. Q-Puise :Id: lMS?]S :
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PageZon T . . INSTALLATION ms'muc'rtons

Ref 'W25°PMSH RGVG Mafc“ 02 : 3 -,,,Protector Trip Relays Lo
‘ ‘ . DINRail & Wall Mounted 250 Series

LT BT ~ - Thermistor Trip, Speed Sensmg&
R EEEE PhaseAngIe :

e Theauxiliarysixpplytetheunitsheuldndtbesubiectt'o R _ L e T
" -excessive intersference. In some wses a supply Ime .~ " e ! Screened communication and small signal leads are. -
filter may be requmed : R recommended and may be required. These and other
e To protect the product.against incorrect operationor - connecting leads may requiré the fitting-of RF ,
permanent damage, surge transients must be controlled. . -~ . suppression components, such as ferrite absorbers, lme
It is good EMC practice to suppress ditferential surges to- fitters etc., it RF fields cause probtems. : . i
2. . .2kVorless atthe source. The unit has been designed. ,-lt is good practice to install sensrtlve slectronic mstmments
oo f - to-automaticafly. recover, rom.typical transients, however . that are performing critical funotighisfin EME enciosures that
C i extreme. amumsmees it may'be’ neceswy to- .. ' protect against electrical mterference causmg a dnsturbance
temporanly disconnec( the awxliary supply for 4 period - o0 function. - _ A
of greater than 5 secondstn restore comect operanon :{ . ] ) '.j S '.j ST ’

- 252-PMM can operate in either j
- an automatic or a manual reset
mode.
. For automanc the reset’ lmk
R1-R2i5to be dtsconnected
. For manual the reset link -
R1-R2 must be inserted. -

Cmnection Details

AR
"'hn n.,.,‘ Trepe s

- wm‘”&‘“”&*—& ” ) SR

'. X A;? 3 ~- - RS . "': - *m Y- N
34 31 32 '15 8 2 sl - '?.?%@? ?,;9‘

emaeat W“?
TN

S TIETEETS 22 2124 - ‘Model 252 -

el T o s ‘ . 1M ,

. ) 'AV R ‘: . . ."': AR 3 , . .
“=2.PSF :\33 : s_u 15 o 7 - e
. 2-P8SG | 3" @ P PR = - LT -lzmmou

Rt

I | e

. - L A e
N oo T . I
. - o . 1128 e R N
B - - e B
. i S ¢ nocaan i . : . ‘A . ‘ —— - -}
| = : et ™ ..
} f - ; . N7 o

witl“ Toeult M.

Thelnfonnatlonconta!nedmmeseinstanaﬁminstrwmlslonseomybyhmauerstmlnedtomakeetecﬂhlpowerbtstaﬁaﬁonsandishﬁer&dtod&aibethe
- correct method of installation for this product. However, Tyco Electronics has no control over ths fletd conditions, which influsnce product instaflation. . ]
Itis the user's responsibility to determine the suitability of the installation method in the user's field conditions. TyeoE!ectmrﬁmonlyouigauomaremosehTyco -
Electronla'staMardCendltbnsotSa!elortmsproduaandlnmmsemuTywEleclmnmbella.btetaanyomerhndemal h\dlrectoreomemmﬁaldamagee
ﬂnglromtheuseormlwseoﬂheprodmts Crmxptmlsatrademt N ) )

Freeboumes Road wnham Essex. CM8 3AH, UK -
»Phone +44 1376 509 509 Fax: +44 1376 509 511
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Level Relay
Location: Common Control
Model Numbers: MTR 240VAC
Manufacturer: Multitrode
Supplier: Multitrode Pty Ltd
130 Kinston Road

Underwood. QLD 4119
Tel: 07 3340 7000
Fax: 07 3340 7077
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| MULTlTRODE . . . MTRIMTRA Installation & Troubleshoofing | .:

Leeders In Pump- mﬂm

", SP161 Brand Street Hemmant SPS Eleotricol Installation Volume 1 OM Manual -

v
- - ~
ot L v

2 Electncal Overview
E‘Mm " W” o “'; L:u‘j -:".'Nﬁ,-';-;..’—,

Introduction o o e
The MultiTrode leve! control relay isa sohd-state electromc module ina h| lmpact plastlc case wrth aDIN

rail attachment on the back, making a snap-on-snap-off installation. Any number of relays can be easily
added to the DIN, metal rail then wired together to form a complex pumping system that other wise may b

- have to be controlled and operated by a programmed PLC.-

The relay is normally matched wrth the Multﬂ’rode probe whlch works in conjunction with the relay and
uses the conduct:vrty of the Irqurd to: oomplete an electnml Cll'CUIt

— . . . . 4

PG S *~There'are 10 screw terrmnals on the unlt Facmg the relay’as- '
shown we look at the bottom terminals (left to right):

T Lo (Charge mode) Thrs is the pomt when the probe lS dry
- - the relay will turn on

. @ .Lo-(Discharge mode) Thls is the ponnt when the probe in the
T tank i is dry the relay wull tumn off.

e (Charge mode). This is' the point when the probe in the
' _'tank is wet a relay will turn off

e (Dascharge mode). This is the pomt when the probe in the
' tank is wet a relay will turn on.

e C-is oommon earth. All earth bondlng must be terrnlnated o
. here for correct operatlon )

Lt |s‘l|ve (240VAC)

o L B o e s i

QPuIseIdTMS‘?lS I .. Active10/12/2014

" .inside; you must mstall an:earth rod within, the tank vessel or bucket and make sure that it is bonded

3 DIP Switches |

Z7 0342 opsass T CTRE T T e T e TS

e “55 e e i e R BT
‘“--N*l “néutral® (240 °AC) " ' '

“Ifthe. tank is' plastlc or rf you are oonductmg tests in a plastrc bucket or the vessel has no earth ‘point

'back toCon the relay unrt SRERTN

R .
: b

31 DIP Switches - -
' (See Wiring Dlagram for full program functxons )

311 DIP1&2 e o ' i S '

DIP 1 and 2- oontrol the Sensutrvrty in other words the cleaner the ||qu1d the higher the sensitivity setting-

‘must be. Concentrated acids, minerais-are by-their own chemrcal composition highly conductive, so a . i
“Iow level of sensitivity is required, purified water is almost‘an insulator agalnst electrical current flow so a
hrgher sensrtlvsty msrde therelay is requlred .

‘.*’-"".'. T SR s 2 - ..
L o A TR e . . ) g . e D 1*‘5—-‘,&%‘
e Ty

DIP. swrtches 3, 4°and 5 control delay on actxvatron For example in dlscharge mode with DIP swrtches
3.4 and 5 set to 10 seconds, when thé Hi pomt becomes wet it wrll activate the rmotor and it wrll take 10

‘ mvaluable when the probe is in a turbulent part of a well where fluid is splashmg around touchrng the :
sensors momentanly and false actlvation cannot be tolerated .

-313 DIP6 R : :
DIP swrtch 6 oontrols the charge/drscharge function Set "ON" for charge ‘and "OFF" for dlscharge

e : o N R B e A

R e R ¢

MTRInstalletIm AUSUS_v1-0-0.doc © . 13:May:2005 - e Page1o!4
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MULTITRODE o MTRIMTRA lnstanauon&'rmubleshooﬁ_,,

3 2 Relay Contacts & their Applicatrons

321 Contacts15 16&18 . -
Contacts 15; 16, and 18 are. used for electronlc of vrsual notification of a change in state at the pump*

itself. Contacts 15, 16, and 18 are used for more.advarnced appllcatrons because’ they are a_ changeover
relay, their state may be the same as contacts 25, 28 or the opposite. Both sets of contactors are .
triggered sumultaneously An’ example is when in drscharge mode, (see Flgure 0.

You have a gravity flow-coming in so the fluid reaches the lower sensor PB1, contacts 15 and 18 are
open (15 being common to both contact 16 and 18) contacts 25 and 28 are also normally open but -
contacts 15 16-in this current situation are closed;wtiether PB1 is wet or dry is of no concern all will stay
‘r“‘ ~thé'same.’ The'level. now ‘Hises 'to' PB2 and both. re‘f'“ys change state contacts 25 and 28 close to tum on S
"~ the pump, contacts 15 and 16 are open, wnth 15.and 18% closed : N S . 1

In advanced- appllcatlons this state: change may | be fed into a’ logrc devrce to mdxcate the pump is nmnmg
or the pump has stopped and perhaps light an LED or incandescent light sotirce for visual conﬁnnatron
that a change has occurred in the relay e -

3.22 Contacts25&28 RPN

Contacts 25 and 28 are used to.control pump. states Contacts 25 and 28 are mostly used for tumrng on
‘motors via a starting relay or solenord SO, these sets of contacts react to the rising or falllng levels of the
fluid inside the tank, they will operate to turn-on a pump'in discharge mode when the top sensor lS wet
-and |n charge mode turn on the pump when the bottom sensor is dry. .

4 Practlcal Overwew |
4.1 Dlscharge Mode DIP swltch 6 set to “OFF”

S i S e\ T
Ground Level- . g S ﬂ [N
Gravity — z:;rass £, :,,} ) Pump Contactor
inflow 0utﬂow .

. I)un]r an, ang“ .
ST A2 T ST

' F:gure 1- D/scharge Mode

e gt L . JRPURRE Ce " o Lo

' 'Flgure 1.shows two probes, (PB1- connected to
I o) and PBZ connected to Hi). The p|t is mostly
underground -and there is a gravuty -fed. inlet at the
- top'left-hand side.”The pit is empty wrth‘PBl
completely dry Drpswltch 6is set to "OFF =

. The relay operatron depends on the electncal conductrvrty of Ilqurd m the plt i.e. no quu1d no current L
. flow. The level starts to-rise. and covers: P81 o w :

Thls isa discharge operatlon so we.do not want the relay to close and start a pump until the. well is full so
as. the-water nses it reéaches PB2, the relay closes and the pump starts The level now drops below’ P82

Q—Puis@-@$‘ﬂ§§ﬂ’@@é’lAu4US;ﬂ'Eo"o'décv T .A&?IO@WMQBM S R s Papege¥3of 440
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N

&
Gravity Qutflow

LELLLEL L LY

E’:‘:‘E -"n" '
Figure 2 - Charge Mode

Note: “C" is connected to common bonded earth. The unit will not operate correctly if not earthed.

Let's look at the same relay but in a tank that is
charging (DIP 6 is now on). See Figure 3, where
m‘ being pumped into a tank, and

£
L

With the tank full, PE1 and PB2 will be wet, the relay is off, and the pump has stopped. Water is slowly
fed out from the bottom, and now as PB2 (HI) becomes dry nothing happens; the water now drops to
below PB1 (Lo), and the pumps restarts to fill the tank.

The pump will continue to fill the tank until PB2 (HI), becomes wet again.
4.3 MTRA Relay with Alarm (Discharge Applications Only)

o g i e, O it i e

Figure 3 - MTRA Operation

Q-pulse IMTTRingtallation_ALI+US_v1-0-0.doc ActVEHEN 20 4 FRnge 3'of & 440
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MULTITRODE ;

Leaders in Pump Stauon Managtmlm r«nnnlagy

The MTRA relay works ir‘rthe same way as the MTR relay‘ex,cept' the MTRA has a separate alarm output,
and does not-have a charge mode. ‘The planned application is to close a contact to illuminate a warning
alarm light. . Various other applications have included introducing a third probe to latch another relay.

In Figure 2 we see three probes in a pit that is plastic, note the steel rod in the tank. (In a plastic vessel a
.steel rod must be used to create an earth return in the liquid so probes can function.) PB1, PB2, and PB3
are dry, and the relay power LED is on. When water enters the pit and-wets PB1, nothing happens, water
now reaches PB2 causmg contacts 13 and 14 to close, the pump LED to light, and the water to drop. -

If, for example, the pump has its inlet partlally blocked, the level continues to rise and wets PBS This
closes a separate relay that can activate a red flashing light, an audible fog horn or send a 5 volt pulse
into another device with the common cause to wam human beings that a spill is due to occur. If the
pumps become unclogged and PB3 becomes dry the alarm opens again and breaks the circuit that stops
the light from flashing or the foghorn from sounding.

5 Most Common Installation Problems

The relay requires a path between the probes to earth through the liquid. If you are testing in a plastic
bucket, have installed the probe in a plastic tank or have no good earthing in the vessel you will need to
install a separate earth and make sure all earth bonding comes back to the C terminal. Most problems
like these are traced back to a lack of or poor earthing, or open circuits in the probe wiring.

Now is the time to check the relay by using “the bn'dgé testing line technique” remember you must
simulate a fluid flow to correctly ascertain a good relay or a bad one. (All DIPswitch settings from 1 to 6
should be off.) ‘ :

Cut two pieces of insulated flexible copper wire one black one red 250 mm long, strip both ends back 10
mm on both cables, and join one black end and one red end. Insert the joined ends into C on the relay
box, observing all safe electrical practises. You should have one black wire and one red wire free.

Set your relay for discharge mode (DIP switch 6 is off) with no sensors connected. to the unit, connect the
red wire to Lo — nothing should happen (if it does return the relay for replacement or repair*). Now
connect the black wire to the Hi terminal the relay activated LED should light instantly (if it does not, the
relay should be returned for repair*).

6 Troubleshootmg

I have checked all the DIPswitches and settings
but In discharge mode as soon as the bottom ® This is the most common problerm encountered with relay set up

sensor gets wet the pump turns on then turns off and commissioning, the probe in the bottom of the tank is wired
almost straight.away. _ _into the Hi terminal instead of the Lo terminal.

The insta“aﬂon went ﬁne but now and again tho. ® Check the sensitivity level set-on the relay, some times the level is
pump will not turn on even though | am sure the set for foul water but due to changes in the flow the water

probe is wet. becomes grey or clear, try changing the setting from.20KQd to
. 80KQ and monitor the results carefully. :

. o o @ If you have completed the test schedule for the relay and it passed
All wiring is complete and all DIPswitches have then check the wiring to the sensors — for this-is now where the-
"been checked but the pump will not turn on at all. " problemliés or in the earthing arrangements. If possible check

the resistance between the sensor cable and the steel sensor on
the probe to prove a sclid connection.

* Please contact your distri'b_utoror agent before returning any product for repair or warraniy claim.

MuLTITRODE

Mumrrode'Pt'y Ltd—Australia _ . Sydney—Australia . o . MultiTrode Inc—USA

.Ph: +61 7 3340 7000 . Ph: +61°2 9533 7735 - o o "Ph: +1 561 994 8090
Fx:.+617 3340 7077 . Fx:+61295337790 .. : Fx: +1 561 994 6282

’ E marl sales@multltrode com.au - Vlslt WWW. .multitrode.com.au for the |atest Informatlon' - -E-mail; ales@mulmrode ne-

QPQ'SGJ?W@@IHUO" AU+US V1'0’0d°c_' . . Acnve%/zlofﬁou - - | P@l?g‘éomiofMOV.



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Radio

Location: RTU Section
Model Numbers: DR900-06A02-D0
Manufacturer: Trio

Supplier: Brisbane Water

Q-Pulse Id TMS915 Active 10/12/2014 Page 116 of 440



SP161 Brand Street Hemmant SPS Eléctrical Installation Volume 1 OM Manual

. Q-Pulse Id TMS915 -

) TRIO

DRTRACOM

TC-900DR USER GUIDE

41 Aster Avenue Carrum Downs 3201 Australia TeI 61 3 9775 0505 - Fax: 61 39775 0606 -

GENERAL

The Trio DataCom TC-900DR is a full duplex 900 MHz
Radio featuring a fully integrated 4800/9600 bps data radio
modem and antenna diplexer. Configuration of the unit is -
fully prog’rammable, with parameters held in non volatile
memory (NVRAM). "All configuration parameters are
accessible using the TC-DRPROG installation package,
consisting of a programming lead, manual and software
‘which will run on a PC under Windows 95/98/NT. Itis
essential that each unit is programmed to suit individual
requirements prior to operation. For detailed information
refer to the TC-900DR Handbook.

'DATA CONNECTION

The data connectionis via a-DB9 connector labeled 'Port
A" (shown below), which is wired as a DCE.

Jser Serial "Port A" Pin Assignment.
EXTERNAL VIEW OF "PORT A

NOTE: Pin 6 and pin 9 provide a dual function which
depends on the mode that the TC-900DR is operating in.

PIN NO. & FUNCTION
1. DATA CARRIER DETECT (DCD) .
2. RECEIVE DATA OUTPUT (RXD)
3. TRANSMIT DATA IN (TXD)

4. DATA TERMINAL READY (DTR)
5. COMMON (COM)
6
7
8
9

/\ coM

DTR

RI/BER

cTs
TXD
RTS —
. PROGRAM PIN (PGM)

. REQUEST TO SEND (RTS)

. CLEAR TO SEND (CTS)

. BIT ERROR RATE PIN (BER)

RXD

ONONONO)
ONCRCRONC

DSR/PCM

oco

\)

User Serial "Port B" Pin Assignment.

Port.B can be used as a.secondary data steam
(independent of Port A) once configured by the
programmer.. Port B also has one connection that may be
of use for installation. This connection (Pin 9) is Receive
Signal Strength Indicator (RSSI) output. 0-5V where 1.5V
typically indicates -110dBm and every 0.5V increase

indicates an improvement of » 10dBm.
EXTERNAL VIEW OF 'PORT B'.

/\ PIN NO. & FUNCTION
, DATA CARRIER DETECT (DCD)
. RECEIVE DATA O/P (RxD)
. TRANSMIT DATA O/P (TxD)
 UNUSED
. COMMON

. DATA SET RECEIVE (DSR)
.UNUSED .

NOOAWN=

®0 66
©0 000

UNUSED " o
RECEIVE SIGNAL STRENGTH

© >

VOTE: PortB Pin 9 output has a high 'impledance of--
around 50K OHMS and loading will decrease accuracy.of
the RSSI measurement. :

POWER C ONNEC TIONS

The power required is 13.8VDC nominal, at 800mA (Tx)
nominal. If the POWER LED indicator is not illuminated
once-power is applied, check the internal 1Amp fuse fitted
within the unit. '

POWER CONNECTOR ~ PIN ASSIGNMENT ~ Ext. view

TOP PIN +VE SUPPLY (13. 8vdc,0f SOC’“;;
BOTTOMPIN GROUND @ P
AUXILIARY C.ONNECVTOR .

The auxiliary connector is primarily for use with the
optional audio handset. The connections to this auxiliary 6
pin RJ11 connector are as follows:

PIN NUMBER FUNCTION

8 VOLTS

AUDIO OUT
GROUND

MIC INPUT/SENSE
GROUND
MANUAL PTT

The optional audio handset is recommended as an aid in
checking installations for radio path viability. This audio
handset will only function when fitted prior to applying
power to the unit.

External view
. of socket
Top

DW=

6 1

The modem upon power up will check the presence of the
handset and will inhibit data being transmitted so that
voice communications can be established.

Once the path tests have been conducted the audio
handsets MUST be REMOVED and the unit powered up
with the handset removed before data communication can
commence.

USER INDICATIONS

The TC-900DR proVides 4 LED's that show status
information to the user - POWER, RXSIG, SYNC, and
TXMIT rndlcatrons

| The POWER is indicated by a green LED and simply. .

signifies that power has been applied to the unit.

The RXSIG LED (yellow) indicates the level of RSSI
signal from the radio IF strip, compared to a-threshold
level set in the configuration data programmed by the
user. If.the signal is above the threshold then the LED
indicator is turned on.

In all operation modes except "Programmer mode" the
SYNC LED (yellow) indicates when the modem has _
detected a valid data stream. The SYNC LED is activated, .

when'the modem.detects a valid HDLC flag sequence, and |.

| remains active until an invalid sequence of seven or more

consecutive "1" bits is detected.

The SYNC LED will not be turned on if the RSSI srgnal
strength (as indicated by the RXSIG LED) i is below the
minimum threshold.. Thrs prevents false SYNC detectron
from noise.

The TXMIT LED (red) indicator is connected drrectly to the
modem's PTT output transistor. Whenever the radio is -
transmitting, this TXMIT LED indicator will be on.

=L DocsWHBKwserguide\no datacom 900amg.mp
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SPECIAL MODES OF OPERATION

Part of the power-up/reset initialisation phase of the
‘TC-900DR are tests to determine if the modem should
enter one of 3 "special operation” modes. n these modes
the TC-900DR won'l operale in :ts standard run mode.

*+ Programmer mode.

* Bit error rate test mode.

+ Handset mode.
These modes are only entered if the requured setup
conditions are present at power up. An error mode of
operation can also be entered into, if during normal
operation, an error condition occurs.
PROGRAMMER MODE
CABLE - Pins 2, 3, 4, 5 straight through with Pin § on the
DB9 connector of Port A, connected to pin 5. When the
modem is powered up with this fitted, the controller senses
this and.attempts to enter "Programmer mode” and the
"SYNC" LED will flash approx. once per second. (Note,
the TC-DRPROG programming software and lead has the
required connections). Failure to supply the correct
password in time, will cause the modem to abandon the
"Programmer mode" attempt, and go on with it's normal
Jower-up procedure.
BIT ERROR RATE TEST MODE
Pin 9 of the DBY connector of Port A, is normally the Ring
Indicate output line. However, if this pin is driven positive
{connecting it to pin 6 [DSR] and pin 7 [RTS]), then the
modem's data transmitter and receiver will enter the BER
test mode. This will activate the RF transmitter, and
generate a scrambled bit pattern which should be decoded
at a receiver as a constant logic "1" level in the
unscrambled data. Any errors in the decoded bitstream,
will be "0", and the receiver portion of the modem in this
mode, will activate the SYNC LED every time it sees a "Q"
hit.

Note: As the TC-900DR is full duplex this test can operate
in both directions simultaneously.

Every error bit detected, will activate the SYNC LED. For

-| error rates of 1 in 10° and above, the SYNC LED will be

ON most of the time. A 1 in 10 error rate will show the
SYNC LED active for appréximately 10% of the time. This
function provides a crude indication of Bit Error Rate for
nstallation purposes.. Note: Error count messages
WET: X000 far every 10,000 bits are presented to Port A
for the user. If p|n 9 ceases to be driven positive, then the
BER Test'-mode is termlnated and the modem restarts it's
initialisation phase.
HANDSET MODE
The DFM4-9 modem tests for the presence of a handset
plugged into the handset auxiliary port at power up. ifa
handset is pluggedin, the modem will not generate a data
stream. However, it will continue to indicate received RF
'signal strength. The handset has a PTT button, and this
signal is connected across the modem's PTT output. Thus
the handset PTT switch will’ activate the TXMIT LED. ltis
essential to remove the handset from the unit and reapply
power to the unit in order to return to normal operation.

ERROR INDICATION MODES
There are 3 error conditions that cause the RXSIG & . |
| SYNC LEDs to be used for error indications and not their
normal purpose. Two are fatal conditions, that cause the
modem to restart aﬂer the duratlon of the error |nd|catlon
shase. ‘ .

TRANSMIT POWER LOW -

While the modem activates the radio transmitter, it
periodically checks the transmit power. |f the power
measurement is less than a threshold set in the
non-volatile memory, then the RXSIG and SYNC LEDs are
made {o aliernate, approximately 4 times per second.' The
TXMIT LED will also be on during this process. . This
indication condition will persist for the duration of the
transmission. As soon as the transmission is discontinued,
the error indication will cease, and the two LEDs revert to
their normal function. Factory set to 100 milliWatts.

| NVRAM READ ERROR

The DFM4-9DR modem accesses the non—\.rolahle

memory as part of it's initialisation phase, toread -
programming configuration data. |f the communication
protocol with the device is violated, or the non-volatile
memory CRC checksum is found to be incorrect, then the
modem indicates this by flashing the RXSIG and SYNC
LEDs twice alternately. That is, one LED operates ON and -
OFF twice, then the other. A total of five cycles of this
occurs, then the modem restarts initialisation,

SYNTHESISER LOCK DETECT ERROR

If at any time during normat operation, BER mode, or
handset mode, the. TBB206 frequency synthesiser
indicates an out of lock condition, the modem enters an
error indication mode for a short time before restarting.

One LED is turned ON ({3), the LEDs are swapped, then

| both turned OFF(®).. Then the tatter LED ON again, swap

LEDS, and then OFF. This wilf give the appearance of a
sweeping motion between the LEDs. The following table
shows all error condition displays.

Tx PWR Err NVRAM Err SYNTH Err
RXSIG SYNC RXSIG SYNC RXSIG  SYNC
o . o . o .
® 0 . ® ® o
ol . o . . ™
™ o . ° ) ol
o ® . o o °
. ol . . ® ®
o] ® [ o repeat
™ o ® ™ '
continue ‘ repeat

MOUNTING AND ANTENNA CONNECTION

The TC-900DR should be mounted in a cool, dry, vibration
free environment, whilst providing easy access to screws
and connections. There are 4 mounting hales on the unit.
The antenna should be an external yagi antenna but can
be a ground independent dipole mounted-via a feeder to
the antenna connector (SMA type) for short range
applications.. However the whole radio modem should be

| clear of the assocraled dala equupment to prevent mutual-
| interference. '

ASSEMBLY OF POWER LEAD
A small plastic bag containing a molex connector

1 {M5557-2R} and two pins (M5556-TL) is provided in the :

packing box.-

The pins are designed to také 18-24 {AWG) wire size with
insulation range 1.3 - 3. 10mm : . :

PIease take care when cnmpnng the pms o .04/01°

~ Q-Pulse Id TMS915
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IMPORTANT NOTICE
© COPYRIGHT - ALL RIGHTS RESERVED

This handbook is for the installation, operation and maintenance of the TC-900DR. The
specifications described are typical only, and are subject to normal manufacturing and
service tolerances.

Trio DataCom Pty Ltd reserves the right to modify the equi'pment, its specifications or this
manual without prior notice, in the interest- of improving performance, reliability or
servicing. At the time of publication all data is correct for the operation of the equipment

_ at the voltage and/or temperature referred to. Performance. data indicates typical values
related to the particular product..

This manual is copyright © by Trio DataCom Pty Ltd. All rights reserved. No part of the
documentation or the information supplied may be divulged to any third party without the
express written permission of Trio DataCom Pty Ltd. .

Same are proprietary to Trio DataCom Pty Ltd and are supplied for the purposes referred
to in- the accompanying documentation and must not be used for any other purpose. All
such information remains the property of Trio DataCom Pty Ltd and may not be
reproduced, copied, stored on or transferred to any other media or used or distributed in
any way save for the express purposes for WhICh it is supphed

Products offered may contaln software which is .proprietary to Trio DataCom Pty Ltd.
However, the offer of supply of these products and services does not include or infer any
transfer of ownership of such proprietary information and as such reproduction or re-use
without the express permission in writing from Trio DataCom Pty Ltd is forbidden.

Perfnission may be applied for by contacting Trio D'ata_Cc}_m Pty Ltd in writing. - '

©QPUBeldTMS9T5 - . T Active 10/i2/2014 - L . Pagel24of440 .
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Modifications
Issue 1 | February 1993 (Preliminary)
Issue 2 ’ Mlay 1_993'Major_ Changes to Section 3
Issué 3 September 1993 _
Minor Changes to sections, 3.1,3.2.1,3.2.2.1,3.2.7,3.4.3,344,
: 44,45 47 472,473
Major Changes; Inserted new section 3.2.6 KISS/SLIP
Deleted section 4 Programming
Deleted section 5.7.5, 5.7.6, 5.7.7 AFC Alignment
Removed Filter Alignment Setup Diagram
Inseﬁed RSSI Level cf Received Signal (typical)
Issue 4 February 1994
Minor Changes tb all sections
Additions to Section 3 for Firmware V2.2
and Synchronous Operation
Issue 5 March 1994
Addition of section 5.2.6.1 and 5.2.6.4
Revised figure on page 75
Issue 6 Septe.mber 1994
Addition to Section 3.2.5,4.7.1,4.7.2,47.3,47.4
- Addition of Sections 3.3.11.1, 3.3.11.2, 4.5.1,
Issue 7 April 1995 |
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Issue 8 Se‘b’(erﬁber 1995 ' ‘ |
o | Insen'ié.n of new Section 3.2
lssue® June 1998
. Section 3.3.6 r_eplé_ced'
Issue 10 - Februa'ry 1}9‘99 : '
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Modifications (cont)
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Minor changes to Sections 1.5, 3.3.1,
Deleted Section 1.6, 4.5.1

Replaced Section 5

Issue 12 July 2000
Minor Change to Section 7

Issue 13 February 2001

Change of Company Name
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TC-900DR User Manual - ’ - Issue 13 : February 2001

SECTION 1

INTRODUCTION

1 'INTRODUCTION

1.1 GENERAL

The TC-9000R is a Full - Duplex 900 MHz Radio, featuring a fully integrated 4800 or
9600 bps data modem.

The entire unit is housed in a robust metal enclosure that prowdes a compact and
transportable means for the transmission of data over radio.

The product has been fully designed and developed in Australia, by an Australian owhed
and managed company. '

The TC-900DR meets the ACA SP4/89 specification which covers radio data
transmissions over point-to-point and point-to-multipoint systems.

It is ideally suited for.applications such as :
» Transaction Processing.
. Public Utility Telemetry Systems.
, Alarm Monitoring. | |
. Supervisory Control ahd Data Acquisition.
,  Energy Distribution.
" Inventory Control
" Common Carner Data Serwces n
.. Temporary Installations

The modem prowdes byte oriented packet data communications- over narrow band FM
systems usmg digital filtered blnary FSK modulation. :

The TC- 900DR can be supplled for use with 12. 5kHz, 15kHz, 25kHz or 30kHz channel
' spacings. Its operational parameters .can be programmed with the TC-D Series
installation programmer. This is' a separate software: package that runs-on an IBM.

compatlble PC under Wmdows 95/98/NT

_'© Copyright Trio DataCom Pty Ltd- = ="~ . Page 1 :
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1.2 FACTORY QUALITY ASSURANCE

The TC-900DR has been designed and manufactured with particular emphasis pIaced
on the following pomts

{ State of the art design techniques.

{ Simple assembly/disassembly.

{ Minimal alignment requirements.

{ Manufactured using quality components.

All units have been manufactured using automated assembly procedures. This assures
attention to detail and a high level of quality control.

All components used are of high quality, and conform to Trio DataCom's required
specifications. The component suppliers provide batch, date and manufacturing criteria
that are required to meet quality control standards

Each unit is individually. tested with an |nbunt self diagnostic program. It is then passed
through .a set of automatic test procedures with minimal human intervention. This
ensures a consistently manufactured and performing product. Many of the alignments
are factory set and should not require re-alignment in the field.

Trio DataCom's quality control does not finish here. Once each unit has passed its
individual tests, it is placed in a cyclic heat/cooling chamber. This chamber is
automatically cycled from -10°C to +65°C, twice, over a twenty hour period. During this
time, the modem controller - using external precision calibrated test equipment - monitors
and stores frequency stability versus temperature data. The TC-900DR uses this
information to achieve its temperature compensated, frequency stability level of 1ppm.

~ Power output is measured during the temperature cycling. This is achieved by having the
unit connected to-a PC and various test equipment via: a-GPIB, Units that fail any of
these tests are reported by the test program and corrective action taken before going'
. through the complete cycle once again. Each. unit shrpped from the factory comes with'a
factory allgnment printout which detarls

» Confguratlon

. Transmit frequency.
Receive._frequency.

v Receiverse‘nsit.ivity..

. ‘Tr‘ansmitter oower.outp_ut.
- Transmitter»modulation

In ‘most cases, the radlo transmltter as shlpped from the factory will reqwre no
re- alrgnment . ; , : S o

It is this care. and' quality control that ensures that the. purchase'r ofa TC’QOODR radio
modem;, obtains a consistently manufactured and performance spectfed product whrch
has been "burned in" to minimise any operatlonal failures. -

‘©CopynghtTnoDa_taCom.Pty_Ltd o S S Page 2
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1.3 FEATURES -

Advanced microwave and digital techniques were employed during the design phase of
the. TC-900DR, ensuring an innovative and state of the art product.

Features include :

A
{

Fully integrated full duplex radio and modem

Built in antenna diplexer

Power output +30dBm (1 Watt norﬁ) at antenna connector
Radio meets ACA SP4/89 requirements 2/90
In-built transparent remote diagnotiés capability.

Custom single chip modem - digital signal processing

' 4800 & 9600 bps transfer rates, full duplex

Selectable 110..19k2 -asynéhronous RS-232 host interface
Unique coIIisiQn avoidance facilities

Integrated supervisory signalling channel

Software selectable configuration p_a.rameters
Configurable bit error rate testing

E*cessive temperature powéf foIdeack'

Aucxiliary port for use‘With an optional‘s‘upefvi'sory audio handset

© Copyright Trio DataCom Pty Ltd - o . o .. . Page3
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1.4 SPECIFICATIONS

1.41 RADIO SECTION

Rx frequency range.
Tx frequency range

Channel spacing
Frequency stability

Power output
at Antenna connector

Duty cycle

Output impedance
Timeout timer

Tx key up time

Rx sensitivity -

Rx intermodulation
Rx spurious responses

Tx spurious emissions

Full duplex with single antenna.

Issue 13 : February 2001

923MHz to 933MHz (see note 1)
847MHz to 857MHz (see note 2)

Fully syhthesized 12.5kHz / 25kHz, [opt 15/30]
with programmable 1/2° channel raster offset

1 ppm (-10°C to 65°C amb), [opt -30°C to 70°C],
aging <= 1ppm/Annum

+30 dBm +1dBm (1W nom)
switchable under software control 200mW/1W

Continuous

50 Ohms

Programmable from 1 sec. to 28 minutes (max)
<=to 1mS (output _ 1dB of power).

0.5uV at antenna input for. 12 dB SINAD
at "delayed Rx signal” test point.

>= 70 dB spurious free dynamic range.
<= -65dB.

<=-65 dBc (ref unmodulated carrier).

Note 1. The reciprocal frequency option for point-to-point operation or point to multi-point
base repeaters is available as follows : '
- Rx frequency range 847MHz to.857 MHz.
- Tx frequency range 923MHz to 933 MHz.

Note 2. The transmitter is

by 76 MHz.

nor‘mally'supplied, with its frequency offset from the receiver

" '©Copyright Trio DataCom Pty Ltd
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1.4.2 MODEM SECTION
User Ports

Data Rate
BER

Data Format

Synchronisation Delay :

Issue 13 : February 2001

DB-9 connector, EIA RS232, DCE, serial
asynchronous, 300..19k2 baud, 7/8 bit,
no/odd/even parity.

-4800/9600 bps Full Duplex.

Less than 10E-6 @ -105dbm measured at antenna port
Narrow band digital filtered binary FSK Modulation,

_ using Trio DataCom's DFM4-9 digital modem chipset,

including Trio's unique supervisory signalling channel
C/DSMA collision avoidance scheme.

20 milliseconds.

1.4.3 RADIO AND MODEM SECTIONS COMBINED

Occupied bandwidth :

Mean deviation

Power requirements
Transmit current

Receive current

Meets ACA SP4/89 guidelines for point-to-point and
point-to-multipoint assignments.

+1.5 kHz (4800bps),
+2.75 kHz (9600bps)

14 Volts AC 10VA or 13.8Volts DC (11 to 16V Max).
<=to 600 mA.
175 mA.

Size 241mm x 161mm x 65mm.

Weight 1.3Kg.

© Copyright Trio DataCom Pty Ltd o . .. _Page 5
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1.4.4 CONNECTORS

User RS-232 Connection E DB9 female wired as DCE (modem).
: (AMP Part # 747844-5)

Mating connectors DB9 male solder type.
(AMP Part # 747983-3)
Backshell to suit. .~ .
(AMP Part # 205729-1).
Optional supplied to order.

Antenna Connection B ~Gold plated SMA female bulkhead.
- ' : (E.F.JOHNSON Part # 142-0701-501)

Mating connector SMA male to RG223 crimp type.
' (E.F.JOHNSON Part # 142-0407-006)
Optional supplied to order

AC/DC Power Connector : 2 pin locking (9A rating).
: (PCB SOCKET MOLEX Part # M5569-2A2)
Mating connector : (RECEPTACLE MOLEX Part# M5557-2R)

(RECEPT PINS MOLEX Part # M5556-TL).
Supplied with standard unit.

Supervisory Audio .
Handset Connector : 6 pin modular jack.
' (AMP Part # 520250-3)
Mating connector : 6 pin modular jack plug.

(AMP Part # 5-641337-3).
Supplied with optional audio handset.

1.5 OPTIONAL ACCESSORIES

Trio stock a large range of ancillary devices including coax cables, RF connectors,
antennas, lightning protection, power supplies, etc. '

Please contact Sales for futher information.

© Copyright Trio DataCom Pty Ltd L - o  Page6
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SECTION 2

HARDWARE TECHNICAL DESCRIPTION

2 HARDWARE TECHNICAL DESCRIPTION

21 GENERAL

The TC-900DR is a 900 MHz full duplex radio complete with radio modem and antenna
diplexer. In this and subsequent descriptions to follow, references have been made to
block diagrams, circuit diagrams and component loading diagrams.

Thése can be found in appendix A, af the rear of this manual.
The unit can be divided into five major sub-blocks :

Radio section.

Antenna diplexer section.

Audio handset.

Modem section.

Unit housing aséembly.

~ ©Copyright Trio DataCom Pty Ltd+  ~ =~ . = . Page7 g
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2.2 RADIO SECTION

. ,lssu'e 13: February 2001

The. radio section is built on a single PCB with approximate dimensions of 193mm x

152mm x 1.6mm.

This section consists of the following main blocks :

Receiver.
Transmitter. -
Frequency control.
Interfaces.

Each of these blocks can be further broken down as follows :

Receiver.
Pre-amplifier.
Mixer. -
45 MHz |.F . filter.
FM I.F. & Demodulator
Audio processing.
- Data.
- Voice.
RSSI processing.

Transmitter.
Audio processing.
- Data.
- Voice.
“Modulator.
Multiplier.
“Mixer.
Power amplifier.
Control:
-PTT.
" - Power.

Frequency control
- Synthesiser. -
Local oscillator.
AFC '

Interfaces
Modem section.
-Antenna diplexer.
Audio handset. -

© Copyright Trio DataCom Pty Ltd - e
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2.21 RECEIVER

The general form of the receiver circuitry is shown in diagrams "DR9 Macro Block
Diagram" (drawing number TC01-05-19 sheet 3/3), and "800 MHz Radio - Block
Diagram" (drawing number TC01-05-19 sheet 2/3).

2.21.1 PRE-AMPLIFIER

The receiver pre-amplifier obtains signal direct from the antenna diplexer port -
connector X2. It consists of two stages. The first stage is optimised to give a low noise
figure, while the second is optimised to produce gain, :

The central devices used are MRF5711 high frequency transistors. They provide the
basis for a wide band amplifier that can receive from the lowest band frequency range of
852 to 854 MHz to the higher band frequency range of 328 to 930 MHz.

The RF selectivity is provided by the diplexer filter.

Strip line impedance matching netWorks are e'mployed to ensure optimum performance
of the amplifier,

The.overall gain of the pre-ampiifier is set to 20dB.

2.21.2 MIXER

The recéiver mixer consists of a 180 ‘"rat race hybrid ring" followed by a passive
Schottky mixer diode.

The mixer injection frequency is set 45MHz from the required receive frequency, (high
side injection for 330 MHz receive and tow side for 850 MHz receive). This results in an
I.F. frequency output of 45 MHz.

The level of the injection is set to 6 dBm by the amplifier stage Q3.

2.21.3 FIRST L.F. STRIP FILTER

The required receiver mixer product is filtered by the first IL.F. filter. The filter is a '
bandpass crystal controlled device, centred on 45 MHz, and provides image rejection for
the second IF Mixer. : ‘ ' ‘ '

. The filter is aligned for optimum 'response by adjustment of inductors L4,L3 and L5.

© Copyright Trio DataCom Pty Ltd . o .. . .Page 9
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2.21.4 FMIF and DEMODULATOR

The heart of the demodulator sectron is an NE615D high performance low power mrxer
FM IF system IC.

This device incorporates a mixer/oscillator, two limiting intermediate frequency amplifiers,
a quadrature detector, muting circuitry, Iogarithmic RSSI, and a voltage regulator. -

The input to the dev1ce is from the output of the 45 MHz ﬁrst IF strip filter. This is applied
at RFin and RFpypass pins (U2 p1 p2).

This signal is applied internally to a Gilbert cell mixer, which is set to convert the signal
down to 455kHz.

The mixer injection is supplied by an internal oscillator, which is driven by -an external
oscillating signal applied at the XTAL OSC pins (U2-p3,p4).

The basic injection frequency is governed by the 44.545 MHz crystal XTAL1. This
produces a mixer output product of 455 kHz.

The output of the mixer is available at MIXER OUT (U1-p20). This is applied to a 455kHz
centred bandpass filter. This acts as the "front end" filter, CF_1.

The bandwidth and rolloff characteristics of this f Iter are set, depending on the required
baud rate of the data berng used on the modem, and the required channel spacmg
Refer to Circuit Diagram for filter types.

The filtered output is. then applied to the input of the internal IF amplifier, IF AMPIN
(U1-p18). The bandwidth of the amplifier is about 40 MHz, with a gain of about 39
dB(uv). C10 and C11 provide IF amplifier decoupling.

The output is available at IF AMP QUT (U1-p16). This is applied to a 455kHz centered
bandpass filter. This acts as the "rear end" filter, CF2.

Agaih the filter selection depends on the required bandwidth. Refer to Circuiit Diagram
for ﬁlter types

The filtered output.is then applied to the |nput of the mternal IF limiter, LIMITER IN
(U1-p14). The bandwidth of the limiter is-about 28 MHz, wrth a gain of about 62 dB(uv)
C13and C14 provrde IF Ilmlter decouplmg ’

The signal from the second I|m|t|ng amplifier is passed to an mternal Gllbert ceIII
quadrature detector as well as to LIMITER OUT (U1- p11)

One of the Gilbert cell ports.is driven directly by the IF, the other by a tuned quadrature .
network, which is driven by the IF signal from LIMITER OUT. The tuned network is
based around a ceramic resonator CF3. The.Q of the network is varied depending on
the required baud rate used by the modem. For 9600 baud the link LK3 is inserted,

- giving a higher damplng factor than that requrred for 4800 baud, where the link' is
removed - ‘

Th|s gives the two input slgnals applied to the G|Ibert ceII a 90 degree phase
relatlonshrp, the output of which is the demodulated audro/data slgnal A

The output signal is available at UNMUTED AUDIO OUT (U1 p9) A gated output is also
available at MUTED AUDIO ouT (U1 p8) :

'© Copyright Trio DataCom Pty Ltd . = . .~ 'Page 10
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2.21.5 AUDIO PROCESSING

2.2.1.5.1 DATA . :
The demodulated data signal output has been assigned to the UNMUTED AUDIO QUT
pin (U1- p9) This ensures no interruption to the flow of data.

The signal is fltered by the C22, R20, R29 and €23 filter network. This is to remove any
high frequency.components produced at the output of the quadrature detector.

It is then amplified and DC level shifted by op-amp U1:C. The amount of DC bias applied
to the signal can be varied by the potentiometer VR2. For correct processing by the
modem, this level is set to 2V. The AC level of the signal is set to about 1V,

2.2.1.5.2 AUDIO

The demodulated audio signal output has been assigned to the MUTED AUDIO QUT pin
{U1-p8). This allows switching control of the audic passed to the handset earpiece.

The signal is filtered by R23 and C17. This is to remove any high frequency components
produced at the output of the quadrature detector.

It is then buffere_d, amplified and level shifted by op-amp U1:D, and presented to the
handset via coupling capacitor C20 and connector X3-p2.

The mute control signal is applied to the NEG15 (FM IF system IC} MUTE IN pin (U2-p5).
When active, the audio output signal from the IC is attenuated by greater than 60dB.

22186 RSS!

The RSSI output is presented by the NE615 at RSSI QUT (U2-p7). This signal is
logarithmic with an output range greater than 9¢ dB. |t is used for audio mute processing,
and by the modem section as a data quallﬂer signal.

The signal is ﬂrst passed through a unity gain buffer, op-amp U1:B, before itis spht

The RSSI level is compared with the setting of "audio mute adj" potentiometer VR1 by
-op amp U1:A. The result is passed to the MUTE IN pin of the NE615.

ThIS allows a suitable mute cutoff point to be set for the recelved audio sent to the
handset earplece :

" The RSSI signal is aiso passed to the modem section for processmg via R19 and .
connectorx1 p21

. -© Copynight Trio DataCorm Pty Ltd . . - Page 11
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2.2.2 TRANSMITTER

The general form of the transmit circuitry is shown in diagrams "DR9 Macro Block
Diagram” (drawing number TC01-05-19 sheet 3/3), and "900 MHz Radio - Block
Diagram” (drawing number TC01-05-19 sheet 2/3).

2.2.2.1 - AUDIO PROCESSING

22211 DATA

The transmit data signal enters the radio section via connector J*3-p13, from the modem
section. It is biased via R68 and R75 to a DC level of about 0.86V. The signal is then
passed through a level setting potentiometer VR2, used to set the level of transmit
deviation.

It is then presented to the input of the modulator circuit.

2.2.21.2 VOICE

The transmit voice signal enters the radio section via connector X3-p4, from the
microphone in the handset. The pre-amp in the microphone circuit is given some bias via
R76.

The signal is first passed through a clipping circuit. This consists of back to back
clamping diode pair D2, AC-coupled via C154. This ensures that a maximum transmit
deviation level is imposed.

The modulator circuitry is based around a low power FM transmitter system IC,MC2833.
included in this device is a microphone amplifier and clipper. The audio is passed to the
amplifier via R76 at the MIC AMP INPUT pin (U7-p5).

Feedback for gain is supplied by R76, and band limiting by C50. The amplifier output is
presented at MIC AMP OUTPUT (U7-p4).

Further low pass filtering is provided by the network of R71, C49, R59.. and C42... C43 A
provides a rising response below 100Hz. This fi lterlng is needed to shape the base band
signal, so as the transmit frequency spectrum stays wnthln channel boundaries.

The audio is coupled into the modulator curcwt at the MODULATOR INPUT pin of the
MC2833 (U7 -p3).

~ © Copyright Trio DataCom Pty Ltd -~ . ' Page 12
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2.2.2.2 MODULATOR

The heart of the modulator sectlon is an MC2833 Iow power FM transmitter system IC.
This device is a one chip FM transmitter subsystem designed for FM communication
equipment. It includes a m|crophone amplifier, a variable reactance modulator, a voItage
controlled oscillator, and two auxiliary transistors.

Data is_fed directly to the input of the reactance modulator at the MODULATOR. INPUT
pin (U7-p3). The audio channel is fed via an inbuilt clipper amplifier in the MC2833. The
output of this variable reactance circuit is used to modulate the FM carrier.

The carrier frequency of the modulator is provided by an internal oscillator, which is
driven by an external oscillating signal applied at the RF OSC pins (U7-p15,p16).

This oscillating signal is governed by the 20.166 MHz crystal XTAL3. The actual applied
frequency is set by the modulating signal, which slightly varies ("pulls") the crystal
frequency. This is achieved:- by connéction of the crystals circuit to the output of the
variable reactance circuit VARIABLE REACTANCE OUTPUT (U7-p1). This output is
coupled to the crystal via a frequency trimming coil L6.

The output FM signal is presented at the RF OUTPUT pin (U7-p14).

2.2.2.3 MULTIPLIER

The output of the modulator is passed to a frequency tripler stage employing auxrllary
transistor TR2. This places the carrier frequency at 60.5 MHz.

It then passes to a frequency doubler stage employing auxiliary transistor TR1, where
the carrier is.moved up to 121 MHz.

The signal is amplified through these stages to a-level of-about -4 dBm at 121 MHz.

2.2.2.4 MIXER

The transmit FM signal at 121 ‘MHz when mixed with the VCO frequency by U8 produces
a transmitter signal 76 MHz from the recelver frequency

The mixer employed is an MCL SBL- 1X monolithic doubly balanced mixer (U8)

The transmit VCO signal is amplified to a level of about +6 dBm by Q2, and applied to’
the "L" input of the mixer. The 121 MHz signal is applied to the "I" input of the mixer.

To select the correct mlxmg product for the transmltter a tunabIe ﬁlter usmg C78.and a

coupled stripline circuit is used

The output slgnaI is then buffered by two MRF5711 translstors Q4 and 05 to provide -

about +4 dBm of signal level, which i is applied to the final amphﬁer section.
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2.2.2.5 POWER AMPLIFIER

The power amplifier provides an overall gain of about 30dB. This is achieved by three
- stages of amplification.

The first stage uses an MRF5711 transistor (Q8). This device is primarily designed for
high gain, low-noise, small signal amplifiers, and- is ideal for a transmitler pre amplifier.
This stage provides about 13 dB 6f gain. The power contro! C|rcu1t acts on this stage to
prowde constant power at the PA, output connector.

The second stage uses an’ MRF8372 transistor (Q9). This dewce is primarily designed
for wideband, large signal predrwer stages, in the 800MHz range. This prowdes a further .
10 dB-of gain.

The final stage uses two MRFB372 transistors (Q10, Q11) in a parallel configuration to
provide the final output power. Each of these stages provides about 10 dB of gain. The
output impedance is matched to 50 ohms via the use of balanced impedance strip lines.

The transmitted signal is presented at connector X4, at a level of about +32 dBm, where
it is passed to the diplexer section.

2.2.2.6 CONTROL

22261 PTT

PTT must be activated for the TC-900DR to transmit an RF signal. -There are two
sources of PTT, the audio handset, and the modem section.

PTT from the audio handset.is referred to as "manual PTT". It enters the radio section via
connector X3-p6. It is passed to the PTT control switch transistor Q12. PTT is active
LOW, and turns on Q12 when applied.

PTT from the modem sectien enters the radio section via connector X1-p12; "/PTT". It is
connected to the PTT control $witch tran3|stor Q12. :

When PTT js not activated the transmitter is totally disabled. All stages of the transrit
chain are turned off. This is to ensure that power consumptlon is kept to a minimurm.

The PTT signal connects to the start of the tra'nsmit chain at the multiplier stage.

The internal transistors of the MC2833 IC, TR1 and TR2 have their bases effective
grounded, turning off the devices. Similarly the mixer output buffer and amplifier

transistors Q4 and Q5 are turned off as are the final amplifier stages employing Q8, Q8,
Q11 and Q10.

When the PTT is actlvated b:as is applied to all these stages and transm|s3|on is -
possible..

Note : Tx enable must also be active to allow transmfssion.
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2.2.2.6.2 TRANSMIT ENABLE

Transmit enable is a further control placed on the transmitter circuits. No transmlssron is
possible unless the transmit enable signal is active. The signal enters the radio section
via connector X1-p11, "/TX EN", from the modem section.

This signal basically enables the PTT switching transistor Q12, thus providing VCC for
the 20.166 MHz oscillator section of the MC2833 modulator IC, and bias to the handset
mlcrophone

2.2.2.6.3 POWER

The RF power output of the TC-S800DR can be set to. two levels. Low power level is
200mW, and high power is 1W.

This level is controlled by two dc levels. One signal is a control level from the modem
section, the other from an RF detector located at the output of the transmitter itself.
These two signals are used in conjunction to hold the output power constant.

The signal from the modem section enters the radio section via connector Xt-p10,'
"TXPWR". The signal is fed to an op-amp comparison circuit U9:A, via level setting
potentiometer VR4.

The level is compared to that actually detected at the output of the transmitter, by the.
circuit based around diode D3. The comparator output.is then used to bias the first stage
of the P.A. section (Q8) of the transmitter, hence varying the transistor gain performance
and ultimately the output RF power. This basic feedback network is required to keep the
power at a constant level, regardless of any external conditions. . :

The detected output power level is also fed back to the modem section for monitoring
and analysis via connector X1-p9, "TXPWR SENSE".

22.2.6.4 TEMPERATURE-SENSE

A temperature sensing deyioe is included. in the radio section. The device used is an
LM335 precision temperature sensor, U6. It is operated as a two terminal zener diode,

with a breakdown voltage directly proportional to absolute temperature with an output of

+10.mV per degree kelvin.

The temperature data output is passed to the modem sectlon for analysis and
processmg via connector X1- p14 "TEMP SENSE". o :

During the "Burn ln" cycle, that the TC-900DR is passed through dunng production, the
unit " calibrates the output of the sensor to the test temperature. In- -particular it stores the
hottest temperature reached by the test cycle (about 65C). '

if the unrt reaches this maximum- temperature setting while operatlng in the f|eId the
modem section -of the TC-900DR will automatically- signal the power control circuit to_

place the transmitter into low power mode (200mVV)

This low level of output. power is retained until the temperature sensor srgnals the
modem section, that the temperature has fallen back below. the maxrmum temperature.
When this ‘occurs the transmitter is placed back to its previous’ power setting. A
hysteresrs is built into the mlcroprocessor control crrcmtry to stop power jitter. .

This scheme is referred to . as "H|gh Temperature Fold Back". It is used to protect the'_
. transmitter final power transistors from any damage that may be encountered under -

extreme temperature condltlons
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2.2.3 FREQUENCY CONTROL

2.2.3.1 SYNTHESISER

The synthesiser section provides a local oscillator for use by the receiver and transmitter
sections. '

The synthesrser circuitry is based around a TBBZOS PLL frequency synthesiser IC.

This device is a complex PLL circuit in CMOS technology for processor controIled
frequency synthesis. The processor resides in the modem section, and three basic
control lines are used to interface to the device. The enable "EN", data "DA" and clock
"CL" control signals are passed to the TBB206 via connector X1-p16,p17,p18
respectlvely

The reference frequency for the synthesiser is applied to the "RI" pin of the TBBZOG
(U3-p2). This reference is provided by a 12.000 MHz voltage adjustable temperature
compensated crystal oscillator (VTCXO), XTAL2. This input has a sensitive preamphfer
for a 16-bit (R)eference divider. C33 prowdes AC coupllng for the input.

The VCO frequency is applied to the "FI" input pin of the TBB206 (U3 p8). This input has
a highly sensitive preamplifier for a 12-bit N d|V|der and a 7-bit A divider. C29 provides
AC couphng for the input.

The actual srgnal applied to the "FI" input is from the output of a TBB202 dual modulus
divider IC (U4-p4). This is to transform the actual VCO frequency. of between 786 MHz
and 996 MHz, down to a frequency acceptable for use by the "FI" input.

The divider ratio selected by the TBB202 is determined by the state of the "MOD" input
pin (U4-p6). If the signal is HIGH, then a ratio of 1:128 is used. If the signal.is LOW, a
ratio of 1:129 is used. The state of this signal is controlled by the. TBB206 synthesiser
"MOD" output pin (U3-p7). The TBB206 drives this output LOW at the beginning of a
cycle. When the A divider has reached its set value, the "MOD" output is set to HIGH, -
When the N divider reaches its set value, the output is set LOW again and the cycle is
repeated :

The input to ‘the TBBZOZ d|V|der is from the VCO output via a strip I|ne impedance: |
matching network. The signal is applied to the "I1" pin (U44-p1).

The TBB202 can be placed. into standby mode, when not in-use. This is achieved by
connectlon of the "STB" pin. (U4-p7), to the multi function output port of the TBB206
synthesiser (U3- P6). Th|s port is driven by the DFM4 9 modem tC Iocated in the modem
section. " - .

'I_'he ‘phase detector signal is-provided on the "PD" pin of the TBBZQG (U3-p1'2). This
signal has especrally short ant| backlash pulses to avoid any "dead zones", and to

C|rcurt

) Iock detect mdrcatlon is. given by the. TBBZOG synthesnser at the "LD" output pin

(U3- p14) This. signal ‘is filtered and shaped by the network using R47 and C36, and:
presented to the modem section for monltorlng and processmg, via connector X1- p19
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2232 VCO

The VCO used is an MQC309 series VCO. The exact device used depends on the
required frequencies that the unit has to work with.

Two types are used :
A MQC309 798 - Frequency range of 784 MHz to 816 MHz

Gives unit frequency ranges of : :
- Transmit : 905 MHz to 937 MHz
" - Receive : 829 MHz to 861 MHz

B. MQC309 978 - Frequency range of 962 MHz to 994 MHz

Gives unit frequency ranges of :
- Transmit : 841 MHz to 873 MHz
- Receive : 917 MHz to 949 MHz

The 798 type employs low side lnjectlon to the mixers, whereas the 978 type employs
h|gh side injection.

The loop filter consists of R44, C40, C41 and R43.

The output of the VCO is passed to the receiver mixer via RXMIX, and to the transmitter
mixer via TXMIX signal lines. Each of these is impedance matched by strip line circuits
for optimum performance.

"~ The Iayvout and seIecticn of all these components has been done in such a way so as to
minimise VCO noise being impressed onto either the transmitted or received RF signals.

2.2.3.3 VCO TEMPERATURE COMPENSATION

Frequency temperature compensation is provided for by an input to the reference
oscillator circuit.

During the "Burn In" cycle that the TC 900DR is passed through durmg productlon the
unit calibrates the output of the temperature sensor to the test temperature and to any
frequency variations that occur and stores the results.

When the unit is operating in the field, the temperature of the umt is constantly being
analysed: Should a frequency offset be required based on the calrbratlon measurements,
the modem section signals to the 12.000 MHz reference. oscillator to vary its frequency
slightly. This signal is passed to the radio section via connector X1-p15, "TEMP COMP".
The voltage on this line "pulls” the reference oscillator XTAL2 onto a new frequency,
which corresponds to the correct offset requrred '

‘Note Because the- temperature compensat/on for the installed VTCXO is. he/d in the
NVRAM of the modem it is imperative that modems and radio boards are maintained as-
matched pairs. Should either the VCO or NVRAM require replacement it is highly
recommended that the unit be retumed to the manufacturer for re-calibration.
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2.2.3.4 RECEIVER AFC

Automatic frequency control is provided for the received signal. The control signal is
applied to the radio section from the modem section via connector X1-p22, "AFC CTL".

The basic injection frequency to the front end mixer of the NE615 FM demodulator IC
(U2), is governed by the 44,545 MHz crystal XTAL1. The actual applied frequency can
be set by the level of the AFC signal, which slightly varies ("pulls") the- XTAL1 crystal
frequency via the varactor diode DV1.

The modem section monitor's the average DC level of the received signal (DATA signal
X1-p13), which gives an indication of received frequency drift.

From this the’ modem section calculétes the required compensation necessary aﬁd
applies it to the "AFC CTL" signal line.

A reference signal is passed back to the modem section from the radio section via
connector X1-p23, "AFC REF". This is processed by the modem section, and used to
help determine the level of AFC signal level. : :
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U QPUseldTMS9TS - .. Acfive 10/12/2014 - Page T440f440 "



" QPulse idTMS915

SP161 Brand Street Hemmant SPS Electrical Ihstallation Volume 1 OM Manual

TC-S00DR User Manual Issue 13 : February 2001

2.2.4 INTERFACES

2241 MODEM SECTION

The radio section interfaces to the modem section via connector X1. Attached
permanently to this connector is a 90mm length of 26 way ribbon cable, fitted with a
female 26 way connector at the other end. This attaches to connector JX3 on the
modem section PCB.

Refer to interface diagram "RADIO MODEM INTERFACE", drawing number TC01-05-18
sheet 1/3. . B :

CONNECTOR X1/JX3  SIGNAL DESCRIPTION

PIN NUMBERS
1 13V8 POWER SUPPLY RAIL
2 13v8 POWER SUPPLY RAIL
3 13v8 POWER SUPPLY RAIL
4 GROUND
5 GROUND
6 GROUND
7 8V POWER SUPPLY
8 8V POWER SUPPLY
9 TXPWR SENSE  (o/p- TRANSMIT POWER SENSE)
10 TXPWR (ilp - TRANSMIT POWER LEVEL)
11 ITX EN (i/p - TRANSMIT ENABLE)
12 IPTT (i/p - PRESS TO TALK)
13 DATA (i/p - TRANSMIT DATA)
14 TEMP SENSE (o/p - TEMPERATURE SENSOR)
15 . TEMPCOMP (/- TEMPERATURE COMPENSATION)
16 EN (i/p - ENABLE FOR SYNTH)
17 DA (i/p - DATA FOR SYNTH)
18 CK (ifp - CLOCK FOR SYNTH)
19 LD {ofp - LOCK DETECT FROM SYNTH)
20 DATA OUT (o/p - RECEIVED DATA)
21 RSSI . (o/p - RSSI SIGNAL) -
22 ' AFC CTL (ilp - AFC CONTROL) -
23 R (UNUSED)
24 SUPPLY/MIC (UNUSED)
25 . TESTH (UNUSED)

26 TEST2 : - (UNUSED)

2.2.4.2 ANTENNA UIPLEXER

The interface between the radio section and the antenna diplexer section is via coaxial
connectors X4 and X2, and low loss coaxial cables.

CONNECTOR ~ ~© SIGNAL DESCRIPTION'
x4 " TRANSMITTER OUTPUT
X2 | RECEIVER INPUT -
"©CopyrfghtTrfoD-ataCom Pty Ltd 3 S Page 19
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2.24.3 AUDIO HANDSET

The interface between the radio section and the audio handset is via the modular-6 pin
connector X3. '

CONNECTOR X3 ' SIGNAL DESCRIPTION

PIN NUMBERS |
1 8V POWER SUPPLY
2 AUDIO OUT  (o/p - AUDIO TO EARPIECE)
3 GROUND |
4 MIC  (i/p - MICROPHONE AUDIO)
5 GROUND
6 MANUAL PTT  (i/p - HANDSET PTT)

-© Copyright Trio DataCom Pty Ltd . .  Page 20.
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2.3- ANTENNA DIPLEXER SECTION

2.3.1 GENERAL

The antenna diplexer section of the TC-900DR is a separate plug in module, that "piggy
backs" the radio section PCB.

The diplexer performs two major tasks. Firstly it couples both the trarismit and receive RF
paths to the antenna while providing high isolation between them, and secondly it
provides image and spurious rejection for each of these paths, with high Q bandpass
filters.

The isolation between the transmit side and the receive side is greater than 50 dB.

The diplexer consists of two teflon PCB's bonded together using a critical temperature
and pressure process. The top and bottom outer layers are connected via brass eyelets,
that are pressed through the PCB. This eliminates the need for through hole- plat|ng of
Teﬂon which requires the use of dangerous chemicals.

The design is essentially two contmuous ground planes, filled in between, W|th laminate
dielectric, and stripline filter tracks which are centrally located between these ground
planes.

The etching of the filter tracks is closely monitored and controlled to ensure an accuracy
of better than 0.001" in track width and spacing. :

The diplexer has been factory tested to ensure bandpass and performénce
characteristics are met. The diplexer has approximately 3 dB of loss at 930 MHz and 2
dB of loss at 850 MHz.

This diplexer requires no alignment in the field.

© Copyright Trio DataCom Pty Ltd ~ .~ S ‘Page 21
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2.3.2 INTERFACES

The antenna dipléxer connects to the radio section via low loss coaxial cables and
connectors, and to the units antenna via a SMA connector. '

Two versions of the diplexer are available, depending on the transmit and receive
frequencies used. The difference between the two is the loading of the SMA connector.

TYPE-A CONNECTIONS (Transmit frequency = 930 MHz range)

DIPLEXER CONNECTOR SIGNAL DESCRIPTION AND DESTINATION
850 MHz port - RF RECEIVE - RADIO SECTION X2
930 MHz port RF TRANSMIT - RADIO SECTION X4
ANT port ANTENNA

TYPE-B CONNECTIONS (Transmit frequency = 850 MHz range)

DIPLEXER CONNECTOR SIGNAL DESCRIPTION AND DESTINATION
850 MHz port RF TRANSMIT - RADIO SECTION X4
930 MHz port RF RECEIVE - RADIO SECTION X2
ANT port ANTENNA
~ ©Copyright Trio DataCom Pty Ltd ~ ~ .~ ..~ T Page 22
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2.4 AUDIO HANDSET SECTION

2.41 GENERAL

Refer to diagram "MTCU HANDSET MAIN F’CB & MIC PCB CIRCUIT DIAGRAM",

drawing number 5015-A200-50.

The handset provides an audio link between units, to assist in link setup and
commissioning. It is not intended for general use and the equnpment is not licensed for
voice operation only.

Caution : When the handset is inserted into the TC-900DR, reliable data transmission or
reception is not possible. Unintentional voice traffic on a pount to multi point system may
cause data corruption to other units.

The data transmission section of the modem is totally dlsabled if the handset is plugged
in when the TC- 900DR is turned on.

The handset contains two PCB s, a receive board and a microphone board, which are
connected by a 10 way ribbon cable. Acoustic padding is also included in the handset for
improved performance.

The microphone board contains an ECM30 electret microphone, along with a common
emitter preamplifier stage (Q1), to provide transmit voice audio.

Thére are four indication LED's that are not used by the TC-900DR.

The receiver board contains a 78L05 5V voltage regulator (REG1). This is used to supply
power to the LF353 receive amplnfer (U2-p7), which drives a DH32-30 ohm earpiece.

The sidetone circuit provided by U2:p1 is disabled and not used by the TC-900DR.
Similarly, the LED drivers are disabled.

The PTT switch places a ground connection onto its output S|gnal line, for processing by
the radio section. -

© Copyright Trio DataCom Pty Ltd S : .+ . Page 23 .
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2.4.2 INTERFACES

The audio handset connects directly to the radio section via the RJ11 connector, X3.
Aftached to the handset is an 8 way flexible curly cord.

PIN NUMBER HANDSET - X3PIN RADIO SECTION
\ CONNECTOR NUMBER CONNECTOR X3
1 LED CLK - UNUSED
2 LED DATA - UNUSED
3 13v2 1 8V POWER SUPPLY
4 DGND 3 GROUND
5 PTT 6 MANUAL PTT
6 MIC 4 MIC
7 MIC RET 5 GROUND
8 EAR PHONE 2 AUDIO OUT
© Copyright Trio Datvam‘Pry Ltd - - _ L 0 Page 24
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2.5 MODEM SECTION

The modem section is built on a single PCB with approximate overall dimensions of
165mm x 152mm x 18mm.

It consists of the following main blocks :
| Modem control |
- DFM4-9 modem.
- Reset and watchdog.
- Memory. |
- External NVRAM.
- External RAM.
Host interface. |
Radio interfacé.
Transmit signal conditioning.
Receive signal conditioning.
- Data recovery.
- Clock recovery.
User indications.
Power supply
Interfaces.
- Radio section.
- Port A.
- Port B.

- Power.

' ©Copyright Trio DataCom Pty Ltd .~ . . . " . Page 25
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2.51 MODEM CONTROL

2.,5.1.1 DFM4-9 MODEM

The modem section is controlled by‘a DFM4-9 Trio DataCom modem IC, (US).

This device is specifically designed to provide data communlcatlons from a host
computer over a radio channel.

The DFM4- 9 is capable of full duplex operation, at data rates of 4800 baud or 9600 baud
over the radio channel. The transmitter and receiver data rates may be set
independently. The host computer interface provides two RS232 asynchronous serial
ports, configurable for a variety of baud rates, and data formats.

In the standard delivery format of the modem only one asynchronous serial port is
operatlonal (Port A). .

Advanced data recovery techniques are employed to ensure excellent performa'nce in
both good and noisy signal environments. ‘ : '

The data transmission method used, employs advanced optimal waveform shaping
techniques. This maximises the recovered -signal at the destination receiver, while
remaining within the allocated RF channel bandwidths. The method uses computer
generated Finite Impulse Response (FIR) techniques, to derive the transmitted waveform
data.

The modem features a unique supervisory signalling channel, which embeds low speed

data in the primary bit-stream, and is transparent to the user of the primary channel.

To drive the DFM4-9 modem clocking circuits, an external resonator -is required. A
19.6608 MHz crystal (XTAL1) is applled to the OSC pins (U5-p9, 10) of the device to
achleve this. ‘

A 4 way DIP swntch is supplied to set up some conﬁgura’non parameters of the modem.
These are only read by the DFM4-9 at device power up..They connect to the "ESx" pins

of the device (U5-p3,p5,p6,p7). Switches 1 and 2 are presently unused, switches 3 and -

4 are defined in sectlon 451.
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2.5.1.2 RESET AND WATCHDOG

A MAX690 reset and watchdog IC (U3), is used to perform a variety of ancillary
functions. This device provides a fixed length réeset pulse for the proper initialisation of
the modem chip on power up and reinitialisation. The MAX690 monitors the level of the
VCC power supply line. If the voltage moves out of specification, the reset output is
activated. This ensures that the modem chip recovers correctly in the event of a power
failure. The reset signal is applied to the "RESET" pin of the modem (U5-p8).

The MAX690 provides a power monitoring function, which gives advance warning of
imminent power supply failure. The DFM4-9 modem checks this signal, applied to its
"PF" pin (U5-p2), before performlng any transactions with the non-volatile memory, thus
preventing accidental corruption of the contents of this memory. This "advance warning",
is the length of time that the power supply capacitors hold their charge, after loss of
power, before the Vcc supply rail drops below its cutoff level, and a reset pulse is
generated.

The MAXB90 also includes a "watchdog” timer. This timer must be strobed at a minimum
rate, to prevent a reset pulse being generated. The DFM4-9 provides this signal at its
"WDO" pin (U5-p22). Should the DFM4-9 modem operation go astray for some reason, it
is probable that it will no longer perform this strobing function correctly. This condition is
treated as irrecoverable and the MAX690 will timeout on its watchdog function and
re-initialise the modem.

2.51.3 MEMORY

2.5.1.3.1 EXTERNAL NVRAM

The DFM4-9 modem, has a wide variety of configurable operating parameters, all of
which are stored in an ST24C04 NVRAM IC, (U4). These parameters are read at power
up, and determine the operatlng characteristics of the modem

The NVRAM has 4096 bits of memory. It is accessed using the standard 1°C, two wire,
bus interface . A feature of this partlcu]ar device, is a write protect functlon for one area. .
of the memory

This write protect feature - prevents confl guratlon data belng |nadvertently corrupted
should some ahomialy in modem operation occur. A hardware signal line is used to
override this write protection feature, so that the configuration data may be changed by
manual means. This signal can be accessed via the front panel connector and is used
when the TC-DFMOIP modem programmer |s connected

2. 5 1. 3 2 EXTERNAL RAM
External RAM is used to store data frarnes

The RAM used may be either a 6264-8K or 62256-32K byte IC (U9). The standard
TC-900DR is supplied with an 8K package. The DFM4-9 modem, tests the size of the . -
attached RAM Oon power up. - .

All of the externally connected RAIVI is used to. store packet data and is allocated evenly
between transmit and receive data. This memory is connected to the modem chlp, by an .
8 bit bus and 3 control lines. .. S
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Two 8 bit 74HC573 latches (U8 and U10), are used to latch the memory address off the

bus, before the data read or write cycle. The read/write control line to the RAM; is passed
as the top address line in the MSB address latch.

" The RAM read cycle op_erates as follows :

- The modem sets the two latch control lines, LADR_EN and HADR_EN, high.
- The high-address/R _select is then placed on the 8 bit bus.

- The HADR_EN line is set low to.latch the data into U8.

- The lower eight address bits are placed on the bus.

- The LADR_EN line is set to low to latch the data into U10.

- The' modem bus port is set to input mode. .

- The RAM CE line is set low.

- The modem reads the data off the bus.

The RAM write cycle operates as follows :

- The modem sets the two latch control lines LADR_EN and HADR_EN, high.
. - The high-addressAN_select is then placed on the 8 bit bus.

- The HADR_EN line is set low to latch the data into U8,

- The lower eight address bits are placed on the bus.

- The LADR_EN line is set to low to latch the data into U10.

- The modem bus port is set to output mode:

- The modem writes the data to the bus.

- The RAM CE line is set low to write the data into the RAM.

Note: WARNING

A modem containing a 32K RAM package Wlﬂ not be compatible with a modem
containing an 8K RAM package if end to end flow control is being used aver the data
link.

2.5.2 HOST INTERFACE

The host interface is provided by two RS232 ports, configured as DCE. These ports are
presented to the user as 9 way female OMIN connectors deS|gnated as PORT A and
PORT B.

With the standard TC- QOODR only PORT A is operatlonal
The RS232 level translation is performed by two LT1081/MAX232 line transceivers (U1

~and.U2). These require a single five volt supply, and include internal charge.pumps to.

‘generator the required +10V and -10V rails.

The four input and four output lines implement one fuII duplex serlal port with
RTS/CTS/DTR and DCD. This is PORT A A second fulI duplex port w1th no handshake
Imes is provaded on PORT B.
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2.5.3 RADIO INTERFACE

The interfac'e to the radio is via a 26 pih PCB header connector, X4.
The modem section has full control over the connected radio transceiver. It provides :

- Four lines for synthesiser control (used for RF channel selection).
- RSSI detection.
- Temperature sense input.
- Transmit power sense input.
- - Temperature compensation for the synthesrser reference frequency.
- Receiver AFC.
- PTT control.
- Analogue lines for receive and transmit data S|gnals
- Regulated +13.8V and +8V power supplies.

Input to the receiver signal port, RXSIG, is offset by 2.0V DC with a signal level of 1Vp-p
AC. : -

The transmit signal output, TXSIG, has a srgnal level of 1Vp-p for 4800BPS, and 2Vp-p
for 9600BPS, with a nominal DC offset of 2.0V. This offset may vary by +1v according to
the modulator temperature compensation requrrements

An ADCO0834 four channel ADC (US6), is used _to monitor various analogue quantities

within the radio. The DFM4-9 modem communicates with the ADC by controlling .3 lines.

An active high chip select, "ADCS" line (U5-p33), a data clock, "DCLK" line (U5-p35), and
. a serial data, "SD" line (U5-p36).

The state of the data line from the ADC is cl’o_cked into internal registers of the DFM4-9
on the rising edge of the clock line. The data stream consists of a four bit preamble,
which includes the channel address. From the 5th clock pulse onward, the ADC drives
the data line with the data of the conversion, MSB f rst. The transaction is terminated
with the CS line being set to inactive low.

Thefirst channel is 'used to 'monitor,_temperature, by measuring the voltage from an
LM335 monolithic temperature sensor U6.' The LM335 is situated in the radio section,
adjacent to the 20.1666MHz XTAL and VCXO synthesiser reference oscillator, and is fed
into the modem sectron via'connector’ X4 p14 ADCO

The second channel is used to monitor RSSI by measuring the RSSI output of the
NE615 IF circuit. This signal is fed to the modem . sectron from the radlo sectlon V|a
connector X4-p21, ADC1 :

The third channel is used to monitor the power Ievel output by the RF transmltter by .
‘measuring a voltage derived in the power control section of the radio. This is.used to .
determine the "health” of the radio transmitter. This signal is fed to the modem section:
from the radro section-via connector X4-p9, ADCZ

" The fourth channel of the ADC, is used to measiure the voItage of the +13 8 voIt supply

rail and to sense.the presence of the audio handset at power up. The handset derives

~ microphone bias from the modulator stage, and the voltage at this point is measured and

- compared with a"fixed nominal value, to determine if the handset is connected at the
time of TC-900DR -power up. This signal is fed to the modem section from the radio
section via connector X4-p24, ADC3. This 4th ADC channel is also multiplexed to

- ‘measure-the AFC control voltage so that an indication of recelved srgnal frequency can
be made U14Di is used to perform thls swntchlng functlon .

© Copynght Tno DataCom Pty Ltd Sl Ppage 29 . - '

@Eu|se|dr/v\s915 . T Uactivelopon4 o - .0 ... Pagelssofd40 .



SP161 Brand Street Hemmdnt SPS Electrical Installation Volume 1 OM Momj_ol

’TC-Q.(_)ODR User Manual : ‘ . ' Issue 13 . February 2001

An auxiliary Iatch (U11) is provided to supply some of the output control to the radao
section.

The latch receives data from the same data buss as the RAM. The lower six bits are fed
to an R/2R ladder network DAC (RN2), which is used to present an analogue voltage to
the radio's local oscillator synthesiser frequency reference. This correction voltage
provides for. excellent temperature stability of the radio. This signal is fed to the radio
section via connector X4-p15, TEMP COMP

The two top blts of the Iatch drive auxiliary functions within the radio section.

Bit 6 is used to control the power of the RF transmitter in the radio section. This can be
set to a HIGH level of 1W, or to a LOW.level of 200mW. This signal is fed to the radio
section via connector X4-p10, TXPWR.

Bit 7 provides the RF transmitter enable signal to the radio section. No RF signal can be
transmitted unless this signal is set to active. This signal is fed to the radio section via
connector X4-p11, TX EN.
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2,54 TRANSMIT SIGNAL CONDITIONING

The transmit section of the DFM4-9 modem, outputs a byte of data, four times per bit
period, on the "TDx" pins (TD1..TD7, U5-p56..49).

The parallel data is presented to an eight bit R/2R ladder network (RN1) This is a S|mple
DAC which- produces the transmit waveform at its output

This signal is fed |nto opamp (U13:C) for ampllfcatlon and ﬂIterlng This stage is a single
pole low pass filter, used to attenuate clocking noise in the waveform. Two more ﬁlter
stages follow, U13:B and U13 D.

By using 4 samples per bit, and an 8 bit resolution, precise control of the waveform
shape is possible. .

The gain and pole frequency of amplifier stage U13:C is switched by the DFM4-9
modem, via a 74HC4066 CMOS FET switches (U14:A). This-is to produce the required
waveform for the two data rates currently available. The bit rate output signal, "BRO" is
provided at U5-p44.

For 4800 baud, components C43 and R45, are "included" in the feedback loop of the
amplifier stage. When 9600 baud is selected, switch U14:A is turned OFF, and the
components are “excluded" from the circuit.

2.5.5 RECElVE SIGNAL CONDITIONING

The data receiver, consists of several functional blocks. Some of these are implemented
by internal functions of the modem IC, and the remainder by external circuitry.

The incoming analogue signal, is routed to two separate sections of circuitry. One to
process the received clock, the other to process the received data.
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2.5.5.1 DATA RECOVERY

The data recovery is based around an "Integrativng Data Slicer" circuit.

This circuit consists of a non-inverting, resetable integrator (U16:A, U12:C and U15:D), a
dual peak detector (U12:A,B) and a reference divider

The received signal is passed into the modem section from the radio sectlon vna
connector X4- p20 "RXSIG".

The signal is integrated by the non-inverting integrator formed by U16:A, and U12:C, and

then forwarded on to a comparator (U7:B), where it is "squared up", ready to be read by

the DFM4-9 modem.

An output signal is provided by the modem |IC, to indicate the sampling point. In fact this
signal, called "RxCLKOUT", is pulsed high immediately after the sampling operation has
taken place. . .

. The integrator is reset at the end of each bit period, by the 74HC4066 FET switch,

U15:D, after the value of the bit has been read. The DFM4-9 provides this reset signal at
the reset integrator "RxCLKOUT" pin (U5-p19).

The integrated receive signal, is then fed to the dual peak detector, where the positive
and negative peaks of the integrated S|gna| are detected, and stored on the capacitors
C28 and C27.

The peak detector's attack time is determined by the output resistance of the opamps
(U12:A,B) and the bulk resistance of the diodes (D7, D4). The decay time however is
determined by the vaIues of the hold capacntors (C28, C27) and the summing resistors
(R24, R25).

Four diodes (D5 D6, D8, D9) are used to clamp the reference rail. If the incoming signal
has a large DC shift, this clamping arrangement ensures that the data slicer reference
level is quick to settle somewhere nearits final operating point. This clamp however does
impose a maximum allowable input signal level. Exceeding this level will cause-the
integrated signal to directly modulate the reference rail. - The derived reference voltage
level, is amplified and output back to the radio section, where it is used for AFC in the
receiver.
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2.55.2 CLOCK RECOVERY

The received clock signal is presented to the DFM4-9 modem at its "RXCLK" input
- (U5-p4).

Within the DFM4-9, a phase-locked-loop is used for data clock recovery, which 'reIies on -
level transitions in the data signal.

* This- mechanism- maintains the data sampling point-in the center of the bit cells by
comparmg the signal's level transitions with an internal clock.

An error in the relative phase of the RXCLK signal and the internal clock, causes the
|nternal clock to increase or decrease in speed, to bring the phase error to zero. '

The phase-locked-loop clock recovery mechanlsm within the DFM4-9 modem, maintains
the sampling point in the center of the bit cells, but the use of the integrator demands
that this take place at the end.of the bit cell. This means that the signal fed to the
DFM4-9 modem RXCLK: input must be delayed by half a bit period.

To obtain this, the received _sugnal is passedvthrough a half bit delay, low-pass filter
(U16:D, U12:D, U7:A). The delay characteristics of this-filter, are switchable between the
available data rates of 4800 and 9600 baud operation, by five 74HC4066 FET switches.
These switches are controlied by the "BRO" output of the DFM4-9.

2.5.6. USER INDICATIONS .

There are four indication-LED's supplied for user information. POWER, TXMIT, SYNC
and RXSIG. The POWER LED is green, TXMIT LED is red and the other two are yellow.

. The POWER LED (LED4), is driven from the .13V8 power supply line. When supply is
present the LED is activated.

The TXMIT LED (LED3), is activated when PTT is present. It is driven when the switching
transistor Q3 is turned ON by the DFM4-9 modem "PTT" output going active (UX3-p38).

The SYNC LED (LED2) is activated when a valid data stream has been detected. It is
driven when the switching transistor Q2 is turned ON by the DFM4 9 modem- "SYNC"
output: gomg active (U5- p43). _

The RXSIG LED (LED1) is activated when the recelved S|gna| level is at a usable level.
It is driven when .the switching tranSIstor Q1. is turned ON by ‘the DFM4 9 modem
_"RXSIG" output gomg active (U5- p43) .
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25.7 POWER SUPPLY

The power supply is based'around the use of three voltagé regulators that supply +13V8,
+8V and +5V. '

The incoming power is applied to a bridge rectifier (BR1),. Normally two legs of this
bridge are linked out, so it provides only reverse polarity protection shunt diodes. A
special manufacturing option allows for AC input, where the links are removed. A 2200uF
electrolytic capacitor (C2), provides filtering for AC inputs.

This is fhen applied to an LT1086 low dropout regulator (REG1). The output of this is set
to 13v8 and feeds the RF final amplifier, and the following two regulators.

The 8V regulator ('REGZ) takes it's input directly from the 13V8 rail; its output is routed to ‘
the radio section, and provides supply for one of the amplifier devices.

The 5V regulator (REG3) provides the supply rail for the modem section logic circuits. It
takes it's input from the 13V8 rail via diode D1. Extra filtering capacitance is provided by
C7. ' '
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2.5.8 INTERFACES

2.5.8.1 RADIO SECTION

The modem section interfaces to the radio section via connector JX3. The physical link
between the two sections is achieved via a 90mm length of 26 way ribbon cable.

Refer to interface diagram "RADIO MODEM INTERFACE", drawing number TC01-05-18

sheet 1/3.

CONNECTOR JX3  SIGNAL DESCRIPTION

PIN NUMBER
1 13V8 POWER SUPPLY RAIL
2 13V8 POWER SUPPLY RAIL
3 13V8 POWER SUPPLY RAIL
4 GROUND .
5 GROUND
6 GROUND
7 8V POWER SUPPLY
8 8V POWER SUPPLY
9 ADC2 (i/p - TRANSMIT POWER SENSE)
10 TXPWR (o/p - TRANSMIT POWER LEVEL)
11 /TX EN (o/p - TRANSMIT ENABLE)
12 - /IPTT OUT (olp - PRESS TO TALK)
13 TXSIG (o/p - TRANSMIT DATA)
14 ADCO (i/p - TEMPERATURE SENSOR)
15 TEMPCOMP (o/p- TEMPERATURE COMPENSATION)
16 “EN (o/p - ENABLE FOR SYNTH)
17 DA (o/p - DATA FOR SYNTH)
18 CK _ (o/p - CLOCK FOR SYNTH)
19 LD - (ilp - LOCK DETECT FROM SYNTH).
20 RXSIG (i/p - RECEIVED DATA)
21 ADC1 - (i/p - RSSI SIGNAL)
22 AFC CTL - (o/p - AFC CONTROL)
23 SPARE (UNUSED)
24 - ADC3 . (FOR SUPPLY/HANDSET).
25 - TEST1 (UNUSED) -

. 26 TEST2 (UNUSED) -
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25.8.2 PORTA

The modem section interfaces to the host user via the 9 way female DMIN type
connector JX1.

CONNECTOR JX1 SIGNAL DESCRIPTION

PIN NUMBER - ‘
1 DATA CARRIER DETECT ' (DCD)
2 RECEIVE DATA QUTPUT (RXD)
3 TRANSMIT DATAIN (TXD)
4 . DATA TERMINAL READY (DTR)
5 COMMON » (COM)
6 DATA SET READY/prog mode (DSR)
7 REQUEST TO SEND (RTS)
8 CLEAR TO SEND (CTS)
9 RING INDICATE/BER Test Mode (RN

Note: Pin 6 and oin 9 provide a d’uaI' function which depends on the mode that the
TC-900DR is operating in.

2583 PORTB

For the standard délivery version of the TC-900DR, port B is normally not enabled. This
port provides no handshake lines except DCD (parallel connected with DCD on Port A)
and DSR which is wired active.

CONNECTOR JX1 SIGNAL DESCRtPTION
PIN NUMBER

1 DATA CARRIER DETECT (DCD)
2 ‘RECEIVE DATA OUTPUT (RXD)
3 TRANSMIT DATA IN ' (TXD)
4
5 COMMON ‘ o _ (COM)
6 DATASET READY/prog mode (DSR)

-7

8
9 RECEIVE SIGNAL STRENGTH INDICATOR (RSSI)

Pin 9 is used to output the RSSI signal for external measurement

The RSS! output ranges from 0 to 5 VoIts where 5 volts indicates the strongest S|gnal it
is important to note that this port output has a high impedance of around 50K ohms and
' Ioadlng will decrease accuracy of the recorded measurement.

2584 POWER

.Power is .supplied to the modem se_ction'\)ia connector X1. Typically +13.8V DC: is
applied to the top pin, with the common connected to the bottom pin. :
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SECTION 3

OPERATIONAL DESCRIPTION

3 OPERATIONAL DESCRIPTION

31 GENERAL

The Trio DataCom TC-900DR radio modem, is a full duplex 4800/9600 bits per second
device, which converts digital data into an analogue form suitable for transmission over a
radio channel. It uses specially filtered direct binary frequency maodulation techniques to
achieve this. It conversely, converts the analogue signal derived” from a radio channel
into a digital data signal.

The heart of the unit is the DFM4-9 modem IC. This performs all waveform shaping,
randomising and de-randomising, NRZ/NRZI| conversion, clock recovery, and HDLC
framing and CRC error generation and checking. These functions are performed
simultaneously, allowing full duplex operation at up to 9600bps.

The modem is fully HDLC compatible. The user is provided with two RS232 compatible
ports, which may each be configured with a ‘standard PAD interface or SLIP/KISS
protocol driver. The unit may also be configured for repeater operation.

it may be configured to use R5232 handshake lines, or XON/XOFF flow control on Port
A : ' ‘

The modem features a uhiqUe s_upérvisory sighalling channel, which embeds low speed
-data in the'primary bit—stream and is transparent to the user of the prirnary channel.

The supervisory signalling channel can be dlsab[ed if not required. [t could be. used to
pass low speed data such as E and M status or C/DSMA control schemes.

The data rate of the superwsory s:gnalllng channel can be set mdependently for transmit
and receive. It can range from about 40 to 533 bps with the primary channel rate at 4800
baud and 80 to 1067 bps at a pr:mary channef rate of 9600 baud. '

NOTE: with the supervisory signalling channel active, the bft-stream is not compatrbfe' '
with standard HDLC mten‘ace devices (such as 8530). '

The host user port may be conﬁgured for baud rates o_f 300 to 19K2 with. T or 8 blt '
character slze 1 or 2 stop blts and panty off/odd/even.

The DFM4 9 modem includes séveral data tables whlch are used to generate waveforms. ‘
with different characteristics. This is prlmanly for optimum performance at differing baud
rates. A custom data table can be placed into the NVRAM of the modem for spemahsed
appllcatlons . o . :
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Configuration of the modem is fully programmable, with parameters held in non-volatile
memory. All conﬁguration parameters are accessible with the TC- DFMOIP |nsta||at|on
Program.

Configuration parameters include but are not limited to:

Supervisory Signalling Channel rate.
XON/XOFF or RTS/CTS/DTR/DCD. handshake mode.
Default transmitter lead in delay.
Constant specifying minimum RF RSSI for valid receive.
Constant specifying minimum Tx power level.
Asynchronous serial port parameters.
User interface operating mode :

- User port interface protocol

- PAD Parameters
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3.2 TC-SOODR MODEM FIRMWARE REVISION VA2.3.0

3.21 FUNCTIONAL CHANGES AND ADDITIONS

The Diagnostics "M" command (serial port Mode) completed. The. implementation of this
command was not finished in time for VA2.2 release. This command is used to configure
either of the two user ports, for character length, number of stop bits, parity odd/even/off.

1 Bit7isusedto address which port is being referenced (set to “0" for Port B, or set
to "1" for Port A).

2 Bit 6 determines the character size. Set to "0" for 8 bit, or "1" for 7 bit character
size.

3 Bit5is setto "1" to enable parity, "0" to disable parity.

4 Bit 4 determines Odd (set bit to "1"), or Even (set bit to "0") parity if Bit 5 is set.

5 Bit 3 determines the number of stop bits. Set to "0" for 1 stop bit, or set to "1" for
2 stop bits.

6 Bits 2, 1, and 0 are used to select the baud rate. The following table shows the
available rates. The 19.2K baud selection should only be made for Port A if Port
B is disabled. The last selection of 110 baud may be deleted from future firmware
revisions.

Bit Bit1 Bit0 Baud Rate
300
600
1,200

2,400 |
4,800

19,600

19,200
110

4 a2 a2 a0 0 oo
2 O a2 O a0 2o

la 2 0 0 a o o o

Channel -Access Strategy 3 is .now defined. This is selected by setting ‘bits 1 and 0 =
(TxCtrl1 and TxCtrl0) in "Config1", both to "1™ This mode forces a randomly generated
- delay before transmission begins, even if the channel is perceived to be clear. This
delay mechanrsm is snmrlar to that used in Channel Access Strategy 2 when the channel
terminals that generate ‘reports at regular fixed mtervals In such ‘a system slrght
. differences - in this interval between two remotes, would cause them to become
: 'synchronlsed for some -time, and thus transmrssrons from them would consistently
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collide. Inserting a randomly generated delay before all transmissions will reduce the
incidence of this effect. ' '

The RS232 DCD handshake line now becomes active only during output of received
data. Formerly, the DCD line indicated real time SYNC status of the modem data
receiver. To facilitate the use of RS232 to RS422/RS485 converters, the DCD line is
driven active a short time (approximatéely 0.5mS) before the received data is output to
the user port, and lingers for approximately 2 to 3 character times (i.e. is proportional to
baud rate of user port). The modem generates only one DCD function, which is available
on pin 1 of both Port A and Port B. Thus the DCD pin of both user ports will be activated
when either port is outputting received data.

3.2.2 OTHER ENHANCEMENTS

Improvements in handling of the RS232 RTS line (Port A), makes the modem more
tolerant in the timing of rapid OFF transitions of this handshake line, immediately after
the end of the last character of a message. It has been observed that communications
drivers in many PLCs turn their RTS output line OFF very shortly after the end of a
message, resulting in the loss of the last character of the message with previous modem
firmware revisions. This revision does not suffer this problem.

The random number génerator used for the Channel ACcess Timer, has been improved
to make it more random.
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3.3 FACILITIES AND CONFIGURATION INFORMATION FIRMWARE VERSION 2.2 -

3.31 GENERAL

The TC- 900DR provides fully transparent remote diagnostics facilities, and expanded
data stream switching, which supports advanced stream trunking applications.

The diagnostics core, supports the reporting of current analogue conditions, including
~ temperature, RSSI (Received Signal Strength Indication), RF transmitter power, AFC (i.e.
- received signal frequency offset), and supply voltage. Also, an extensive range of

operating parameters may be changed remotely, |nclud|ng remote (RF) channel change.

Configuration options, allow - various system topology's, so that the location of the
system's diagnostics controller is flexible.

The data stream switching mechanism has b.een upgraded‘ to allow either
MUX/DeMUXing or multi-stream routing functions, independently for each port.

A few other minor upgrades to previous revisions of firmware are:

* Two different "ticker clocks" implemented, one running at 1mS, and used for a)
PAD Character input Timers, and b) Channel Access Timer when running in
Collision Avoidance mode. The other "ticker clock" runs at 10mS, and is used for
the PTT timer, and a host of other internal functions, not accessrble by
confguratlon programmlng :

* When XON/XOFF flow control is enabled on PortA, the CTS output line continues
to operate correctly, indicating the flow.control state. XON/XOFF characters are
generated in addition to, and reflect state changes on this line. As before, the
‘DTR input line'is ignored while XON/XOFF flow control is set, and the RTS line is
not required to be true to validate transmit data.

*  The modem stores data for transmission in buffer memory, which is limited. It also
keeps track of frame boundaries of the stored data, and the number of frames it
can manage is also limited by the amount of memory used.to record the position
of the frame boundaries. Thus it is possible that the modem can approach
overflow before exhausting data buffer space, if frames are small. This flow

“control state is activated when the "frame boundary memory' approaches half
full, for srmrlar reasons used in data buffer management.

* If the Superwsory Srgnallmg Channel is enabled in both transmlt and receive
" directions, and PortA is confgured in Repeater Mode, then the received
Supervisory Signalling Channel-data is also repeated, by-being copied from the
Supervrsory Signalling Channel recerver to the Supervrsory Signaliing Channel
transmitter. : :

. "RSSI measurements are full elght bit conversion, so the "m|n RSSI" confguratlon
_parameter lies in the range 0 - 255 (decimal). This is only important when settlng
“this parameter W|thout the ald of the DRPROG programmer
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3.3.2 INTERNAL DATA STREAM ROUTING

Esséntially, all data streams travelling in both directions (transmit and receive), are

examined and tested for a match with the diagnostics receive SID header code. If this

match test is successful, then the data frame is copied into a buffer for the diagnostics

core to process. The data frame also continues in the original direction as well. Thus.
diagnostics frames received from the radio channel (receive data), and from the stream

'switcher (transmit data, from one of the phyS|caI ports), are copied as they pass between

the HDLC "device" and the data stream “"switcher". Messages generated by the .
diagnostics core in response to received commands, are always ‘sent back to the source

of the command. .That is, if a status request is received from the radio channel side of

the modem, then the response is directed back out of the radio channel

This dual access structure, allows the diagnostics controller to be located on either side
of the modem, and thus supports any system topology.

3.3.3 DIAGNOSTICS REPEAT FUNCTION

Some applications will require that the "base" unit'in a point to multi-point system repeats
diagnostics frames. This will be the case where the system diagnostics controller is
attached to a remote terminal in the system, and polls the system population from this
point. The "base" unit must re-transmit diagnostics frames which are not addressed to
itself. A "diagnostics repeat" configuration bit enables this function.

3.3.4 DIAGNOSTICS FRAME STRUCTURE:

Diagnostics data frames, are structured according to a defined protocol. A frame consists
1st of the SID header code, which would normally (but not necessarily) be 00. Following
this is a three byte address of the destination unit, followed by a three byte source
address. An addressed. unit responding to a diagnostics command, will swap these two’
address fields around, in the response frame. The destination address in a diagnostics
frame to a TC-900DR unit; is in fact the unique (factory) serial number of the unit. By
convention, the diagnostics controller (a DOS ‘based PC), will use a unique address for -
itself, outside the range of permissible TC- 900DR addresses (e.g. 000000). Followmg the
two address' fields, is ‘a single character command/response code, which is in turn
followed by any operands that may.-or may not be-required for the command/response _
Total -frame size is limited to 17 bytes. After the SID header, ‘address fields, and
command/response mnemonic, this aIIows up to nine bytes of data to. be transferred per
diagnostics frame. .
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3.3.5 DIAGNOSTICS COMMAND SET

The following is a list of the command set recognised by the diagnostics core in the
TC-900DR Firmware. Also is tabulated the response to €ach command. The following
examples use address 123456 for the TC-900DR unit address, and 000000 for the:
address of the system diagnostics controller. For the purposes of clarity only, each byte -
in the example messages is separated by a comma. Mnemonics are represented in
quoted form to indicate an ASCII character (e.g. "C" is actually binary byte h'43). -

'B Warm Boot Command.

This command forces the addressed unit to perform a "warm boot". Previous to this, the }
unit will have been halted (see "H" command), and one or more parameters changed
with "P" and "W" commands.

Syntax:-
Command:- 12,34,56,00,00,00,"8"'
Response:- 00,00,00,12,34,56,"b"

C CalibrationAConstant Poll.

This command requests the addressed unit to reply with it's internal Analogue To Digital
Converter (ADC) calibration constants. These are necessary to accurately interpret the
data sent in -Status Poll ("S") replies. This command has no operands, and the response
mnemonic is "c". The form of the command and reply is:

Syntax:- ‘

Command:-  12,34,56,00,00,00,"C"
Response:-  00,00,00,12,34,56,"c" ttrr,pp.ffs
Where:- a |

tt= Témperature calibration code

rr = RSS! calibration code B |

pp = Transmit_PoWér calibration code }

ff = Received Frequency foéét calibration cod'e :

ss = Power Supply calibration code
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D Powered Up Response

This command:is sent fram the modem to the controller in-response to a status poll ("S")
immediately after the modem has been powered up. The modem will continue to send
this command in response to a status poll until the controller acknowledges the
command with a "d". The modem will then respond normally to a status poll.

This mechanism is used by the controller to determine whether it requires calibration
data from the modem.

Syntax:- _
C'ommand:- '00,00’00,12,34,56..[)..
Response:-  12,34,56,00,00,00d"

F Set New RF Synthesiser Frequency.

This command forces the unit to set the RF synthesiser to a new frequency, thus
selecting another radio channel. This command has one operand, which defines the
source of the synthesiser data. A value of zero, indicates that the frequency data has
already been set with a parameter set command. Values from one to four select one of
the channels stored in the NVRAM of the modem configuration. The addressed unit
responds with an "f" reply, before executing the channel change command (i.e. on the
old channel).

Syntax:-

Command:- 12,34,56,00,00,00,"F".nn
Response:- 00,00,00,12,34,56,"f"
Where:- |

nn = 00 to 04 to select data source.

H Halt Command.

This command forces the addressed unit to halt all internal opératioh’s except
diagnostics processing. This is necessary, when changing some parameters before a
warm boot command is |ssued to the re-configured unit. . o

_ Syntax.-
Command:-  12,34,56.00,00,00,"H"
Response:-  00,00,00,12,34,56,"h"
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M Set Serial Port Mode.

This command forces the addressed unit to change the operating mode of one or both
serial ports. Parameters such as character size, number of stop bits, parity etc. are
changed with this command. It should be noted, that data may be lost while the
operating mode of the serial ports is changed.

Syntax:-
Command:- 12,34,56,00,00,00,"M",xx
Response:- 00,00,00,12,34,56,"m"
Where:-

xx = Serial port address bit and mode data

P Parameter Set command.

This command stores the contents of the operand string to a storage buffer. No other
action is taken. This command should be immediately followed by a "W" command. See
"W" command below. The parameter may be either a bit quantity, a byte quantity, a word
quantity, or a string quantity. The diagnostics core in the modem firmware determines
this from the parameter indentifier, which indexes an internal lookup table. String
quantities are of indefinite length, and determined by the length of the operand string in
the received "P" command. The "P" command response ("p"), echoes the complete
received string. This is unique to the "P" and "W" commands.

Syntax:-

Command:- 12,34,56,00,00,00,"P",nn,aa,bb,cc,...
Response:- 00,00,00,12,34,56,"p",nn,aa,bb,cc,...
Where:-

nn = parameter identifier

aa, bb, cc,... are data value(s) for selected parameter
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R Parameter Readback command.

This command forces the addressed unit to read the state of the addressed parameter,
and send this data back the the command originator (diagnostics controller) in a reply
message. Again the size of the parameter (bit, byte, word, or string) is determined by the
parameter identifier. String parameters are returned as a string of eight consecutive
bytes.

Syntax:-
Command:- 12,34,56,00,00,00,"R",nn
Response:- 00,00,00,12,34,56,"r",nn,aa,bb,...hh

S Status Poll.

This command requests the addressed unit to reply with the current value of analogue
quantities, present temperature, last/present received RSSI, transmit power of last
transmission, received frequency offset of last/present received signal, and present
supply voltage.

Syntax:-

Command:- 12,34,56,00,00,00,"S"
Response:- 00,00,00,12,34,56,"s" tt,rr,pp.ff,ss
Where:-

tt = Temperature conversion code

rr = RSSI conversion code

pp = Transmit Power conversion code

ff = Received Frequency Offset conversion code

ss = Power Supply conversion code
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T Diagnostics Watchdog Timer command.

This command forces the addressed unit to (re)set a special watchdog timer. The
operand value is a word (16_bit) quantity. A zero value will disable the timer. A non-zero
value will initialise the timer. This timer, while non-zero, will be decremented periodically.
If the timer is decremented to zero, then the TC-900DR will perform a cold boot, thus
restoring operating parameters from the NVRAM configuration memory. This command
should be used in conjunction with parameter set and write commands. If a parameter
change renders the unit in-operable, then either it will not continue to receive further "T"
commands to reset the timer, or the system diagnostics controller may cease to send the
timer reset commands, thus will eventually cause the unit to cold boot.

Syntax:-

Command:- 12,34,56,00,00,00,"T",nnnn
Response:- 00,00,00,12,34,56,"t"
Where:-

nnnn = timer reset value (16 bit value)

\YJ Request Firmware Version String command.

This command requests the addressed unit to reply with a string indicating it's firmware
version number. Future firmware versions may provide further facilities that may then be
used, by sending appropriate commands.

Syntax:-
Command:- 12,34,56,00,00,00,"V"
Response:- 00,00,00,12,34,56,"v","A2.2.0"
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W Write Parameter command.

This command is used in conjunction with the "P" parameter set command. This
parameter write command must be identical to the previous parameter set command.
Providing they are identical (excepting the command mnemonic), then the operand is
written to the selected modem operating parameter. Changing some parameters while
normal operation continues could produce improper operation, possibly resulting in
corrupted parameters, so the unit should be halted with a HALT command before such
parameters are changed.

Syntax:-

Command:- 12,34,56,00,00,00,"W",nn,aa,bb,cc,...
Response:- 00,00,00,12,34,56,"w",nn,aa,bb,cc,...
Where:-

nn = parameter identifier

aa, bb, cc,... are data value(s) for selected parameter
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The following is a list of parameters which may be remotely set. Parameters marked with
a"*" should only be changed while the unit is in a halted state, followed by a warm boot
command. Parameters marked with a "#", may only be referenced in an "R" readback
command. Attempts to change these with "P" and "W" commands may produce
unpredictable results.

Parameter |Parameter|Parameter Name
Identifier | Type(Size)
00 (*"@) undefined |not defined, reserved to facilitate future expansion
01 (*A) undefined |not defined, Trio DataCom test use only
02 (*B) byte Drift_Offset
03 (*C) word PTT_Time
04 (*D) string Synthesiser Data for channel change
05 (*E) byte min_RSSI
06 (*F) byte Tx_LID
07 (*G) byte Slot_Num
08 (*H) byte Slot_Time
09 (") word SIDA1 and SIDA2
0A (M) word SIDB1 and SIDB2
0B (*K) word SIDD1 and SIDD2
0C (*L) byte KISS_adrA
0D (*M) byte KISS_adrB
OE (*N) byte EOMA _code
OF (*0) byte EOMB_code
10 (*"P) byte input_timeA
11 (*Q) byte input_timeB
12 (*"R) byte frame_sizeA
13 (*S) byte frame_sizeB
14 (*T) bit * SLIP/KISS_mode portA
15 (*U) bit * SLIP/KISS_mode portB
16 (*V) bit EOM_enable portA
17 ("W) bit EOM_enable portB
18 (*X) bit * KISS_mode portA
19 () bit * KISS_mode portB
1A (*2) bit RTS/CTS_ interlock portA
1B (M) bit * PORTB_enable
1C ") bit * Repeat_Enable portA
1D (*)]) bit * Repeat_Enable portB
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1E (**) bit * (Not defined, reserved for Error Recovery Enable)
1F (*) bit * (Not defined, reserved for Error Recovery Enable)
20 () bit LiveFrame portA
21 () bit LiveFrame portB
22 (M bit XonXoffMode portA
23 (#) bit XonXoffMode portB
24 (%) byte PORTA_Config
25 (%) byte PORTB_Config
26 (&) bit diags_repeat

27 () bit TxPWR_HI/LOW

28 () bit SID_Enable

29 () bit RTS2PTT

2A () bit - SYNC2PTT

2B (+) bit SCDO_Default

2C () bit SupChnFunc

2D (+) bit TxCtrl1

2E () bit TxCtrl0

2F (/) byte Config1

30 (0) byte # SMR1 (portA serial port mode)

31 (1) byte # SMRO (portB serial port mode)

32 (2) byte # BRR1 (portA serial port baud rate)

33(3) byte # BRRO (portB serial port baud rate)
Additions for version A2.3.0

34 (4) byte err_limit (Frame Error output for Base Station)

35 (5) byte err_flags

36 (6) word good_cnt

37 (7) word bad_cnt

38 (8) word lost_sync_cnt

39 (9) word lost_RSSI_cnt
Additions for version A2.3.1

3A () byte DCD_timeA

3B () byte DCD_timeB

3C (<) : byte Diags_Delay

© Copyright Trio DataCom Pty Ltd

. Q-Pulse Id TMS?15

* Active 10/12/2014

Page 50

Page 176 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

TC-900DR User Manual Issue 13 : February 2001

3.3.7 ADVANCED STREAM ROUTING FUNCTIONS

The TC-900DR provides advanced stream routing functions. For each port, there is
allocated two SID (Stream IDentifier) codes, and a configuration flag that determines how
these two codes are used.

With the flag off, SIDx1 (where x is A or B for portA and portB respectively) defines the
SID code of received frames that are de-multiplexed to the port, and SiDx2 defines the
SID code that is inserted by the modem at the front of every frame it transmits. Thus only
one data stream passes through the port, and the modem manages the insertion and
extraction of SID header codes.

With the configuration flag on, SIDx1 and SIDx2 define a range of streams that will be
passed from the received data to the port. SIDx1 defines the lowest stream, while SIDx2
defines the highest stream. The SID header codes remain on the received frames, and
are passed to the port. For transmit data, the modem assumes that the SID header
codes are already in place, being inserted by some external device, and no processing is
performed on the transmit data. For this application, it is highly desirable that a SLIP (or
KISS) driver be employed so that frame boundaries are defined.

These functions are independent for each port, so it is possible to construct (say), a
multi-drop, muliti-hop repeated data system, where one stream can be "peeled off" at
each repeater site. There are many other possibilities, the TC-900DR product simply
requiring suitable configuration to construct a vast range of network topologies.
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3.4 FACILITIES AND CONFIGURATION INFORMATION VERSION 2

3.41 GENERAL

The TC-900DR, provides two independent user data streams, which are multiplexed onto
the radio channel data stream. The stream switching protocol also provides for an
embedded remote diagnostics facility.

The two (asynchronous) user ports can be configured for a variety of baud rates,
character sizes, parity, and stop bits.

Fiow control on user Port_A may be set to use RTS/CTS/DTR/DCD handshake lines, or
XON/XOFF characters. Flow control for Port_B may be set to use XON/XOFF
characters, or no flow control. Port_B is not supported by RTS/CTS/DTR handshake
lines.

Data is transported in {HDLC) frames, protected by a 16 bit CRC error checking
sequence, conforming to the CCITT standard. Received frames found to contain errors
are discarded. The TC-900DR does not release received data frames to the user port,
until completely received, and error checked.

Maximum frame size is configurable for each port independently, and may be set to any
value between 4 and 255. Frame size limiting is disabled by setting this parameter to
zero {0).

Each user port, is supported with PAD functions conforming to X3, or SLIP*" or KISS*
protocol interface.

For Point To Multipoint applications, a unique collision avoidance mechanism is
available, with configurable channel access parameters.

All configuration parameters are held in a non-volatile memory. Normally, this memory
can only be written when the radio modem is connected to a programmer.

3.4.2 BRIEF OVERVIEW OF MODEM INTERNAL OPERATION.

3.4.21 DATA TRANSMITTER

Each physical user port, is supported by a "driver”, in this case a PAD (Packet
Assembler/Dis-assembler) or SLIP/KISS. This function transfers the data from the port,
to a buffer memory. This buffer not only stores the raw user data, but also keeps track of
frame boundaries. Another functicnal block, retrieves that stored data, and feeds it to a
third mechanism, which generates the data waveform which is applied to the radio
transmitter modutator.

! *SLIP®™ KISS @™
® Copynight Tric DataCom Ply Ltd Page 52

Q-Pulse Id TMS915 Active 10/12/2014 Page 178 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

TC-900DR User Manual Issue 13 : February 2001

3.4.2.2 DATA RECEIVER.

The receiver extracts data frames from the received signal, and stores the contents of
the frames into buffer memory. It may also perform a steering function, if more than one
port is enabled. A second function is to retrieve the stored data, and send it to the user
port(s), consistent with some flow control regime.

3.4.3 SELECTING FRAME SIZE

The selection of maximum frame size is a compromise between channel through-put and
' data propagation time over the link. ' ‘

The receiving modem collects and stores the incoming data frame, and on detecting the
end of the frame, checks if an error has occurred. If not, then the stored data is released
for transfer to the user data port. If an error has occurred, then the stored data is
“flushed" from the data store. Thus a delay is introduced between the time the frame
data begins to enter the destination radio modem, and the time this data begins to
emanate from the user port. This delay is effectively the length of the data frame, which
consists of the user's data, plus the framing overhead. This overhead will include at least
24 bits for the HDLC Flag and FCS (error checking data), plus another 8 bits if SID
(Stream IDentifier) codes are enabled (refer to detailed description elsewhere in this
document), plus the duration of the transmitter Lead-In-Delay, if the radio transmitter had
to be started up to send the data. Thus larger frames reduce the proportional overhead,
but increase the end to end propagation delay.

On the assumption that the radio transmitter was already on, and that the frames include
the SID header, then every frame includes 32 bits of overhead.

Assuming that the user port is configured for 8 bit character size (8 bit data no parity, or
7 bit data and parity), and 1 stop bit, then each character is carried as a 10 bit sequence
on the asynchronous user channel. On the radio channel data stream, user data is
stripped of the start and stop bits used on the asynchronous user port, and transmitted
as eight bit "octets", and so the character rate is 1/8th of the bit rate, while on the
asynchronous user port, the character rate is 1/10th of the bit rate. For every 16 user
characters 32 bits are stripped off, so if the maximum frame size parameter is set to 16,
and the nominal baud rates are the same, then the effective character rates on the
asynchronous user channel and the synchronous radio data channel will be the same.
This also assumes that the supervisory signalling chanpel is not enabled, and does not
allow for the overhead introduced by the HDLC "dummy zero" stuffing mechanism.
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3.44 CONFIGURING PAD PARAMETERS

The Packet Assembler/Dis-assembler (PAD) can be configured with a variety of
parameters. Each user port is supported by an identical but independent PAD.

The configuration parameters of the PAD, control how the user data (to be transmitted) is
framed. There are three distinct mechanisms that can cause the frame that will carry the
user data to be closed.

The first of these is the Maximum Frame Size parameter, already discussed above. As
each character is input to the modem, a counter is incremented, and when this counter
reaches the set maximum frame size, the data storage mechanism that operates within
the modem, will close the frame. This function may be disabled, by setting the parameter
to zero.

The second mechanism, is the use of a specified End Of Message (EOM) character.
This function is enabled/disabled by a flag in a configuration byte for the port driver. The
EOM character may be any 8 bit character. When the EOM function is enabled, all
incoming user data is compared to the selected EOM character code, and in the event of
a match, the current frame is closed. Note that this match only triggers the frame closure
mechanism. The matching character is not deleted from the user data stream, and in fact
becomes the last user character in the frame.

The third mechanism, is the implementation of a timer. If the timer is enabled, each
character received from the user port re-starts the timer. If the time duration between
successive user characters allows the timer to expire, then the frame closure mechanism
is invoked. The timer counts in units of "ticker clocks", which is a time interval generated
by the modem internally, and is approximately 2.5mS. The reload value for the timer can
be set from 1 to 255 ticker clocks. The timer mechanism is disabled by setting the PAD
timer parameter to zero.

There is a single bit configuration flag, that aliows the radio modem to begin transmitting
user data, even before the frame is deemed to be complete. In this case, as soon as
there is any data in the storage buffer, the modem begins the transmission procedure.
Providing that the input character rate is greater than or equal to the character rate on
the synchronous radio channel, then there is no danger of an under-run condition, where
the modem transmitter runs out of data before the PAD deems a frame end. However,
should this occur, the modem data transmitter function simply closes the frame itself.
Further data is carried in the next frame. This may or may not cause problems elsewhere
in a system context. If higher protocol layers are employed (e.g. X.25, AX.25 etc.), where
address and control fields normally occupy fixed positions in data frames, then the above
scenario should not be allowed to occur.

The major advantage of allowing the radio modem to begin the transmission procedure
before the frame is deemed to be complete, is that it avoids a (store and forward) delay
in the modem transmitter, similar to that required in the receiver. For applications where
a transparent point to point link is all that is required, this mode provides the most time
efficient transport mechanism.

In fact with the immediate transmission function enabled, there is little necessity to
enable the EOM or timer functions of the PAD.
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3.4.5 SUPERVISORY SIGNALLING CHANNEL: APPLICATIONS & CONFIGURATION.

The reader is referred to drawing number TC01-05-18, which provides a diagramatic
view of this section.

The Supervisory Signalling Channel (55C) is implemented by the insertion of extra data
bits in the primary bit-stream on the synchronous radio channel. These extra bits are
inserted between primary data octets, at a rate which can be set to range from once
every octet, to once every 15 octets. The SSC operates independently for transmit and
receive directions, and can be disabled by setting the rate variable to zero.

The S5C, when enabled, can be configured either to provide end-to-end flow control for
Port_A data, or implement the.collision avoidance mechanism.

3451 PORT_A END TO END FLOW CONTROL APPLICATION.

In this configuration, the SSC is used to carry flow control information for data on Port A
at each end of the link.

SSC data inserted into the transmitted bit-stream, relates to the flow of the primary data
stream received. When handshake lines are employed, the DTR line locally controls the
flow of receive data to the user port. The state of this line is also logically combined with
the "fill" state of the receive buffer, and the result is then sent as SSC data in the
transmit data stream. Thus the state of the transmitted SSC data bit is one ("1") if the
DTR line is in a "false" state, OR the receive buffer is more than half (approximately) full,
In the case where XON/XOFF flow control is used, the DTR line input is instead replaced
with the state of the last received XON or XCFF control character.

SSC data extracted from the received bit-stream, is logically combined with the "fill" state
of the transmit buffer, and the result is output to the CTS line of the modem. The CTS
output line is set to "false” if the transmit buffer is more than half (approximately) full, OR
the received SSC data bit is a one ("1"). Thus the CTS line is set to "false" if the local
transmit buffer is more than half (approximately) full, OR the remote receive buffer is
more than half full, OR the remote DTR input line is "false" (or equivalent XOFF
received).

Data flow control is exercised anly at the user port. No flow control is used on the radio
channel, so once data is entered into the transmit buffer, it will be transmitted. This is the
reason why the buffers are only allowed to become half full before the flow control
mechanism engages. If the flow of receive data is stopped by deactivating the DTR line,
the remaining data in the transmit buffer will not overflow the receive buffer. It should be
noted that some hysteresis is used in the buffer occupancy tests, to prevent the CTS line
from changing state too often, as some hosts (e.g. DOS machines) appear to get
confused when this happens.

If the SSC is not configured for end to end flow control, or is disabled, then the flow
control mechanisms still operate at a local level. That is, the CTS line {or equivalent
XON/XOFF control regime) reflects the fill state of the local transmit buffer.
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3.45.2 COLLISION AVOIDANCE APPLICATION.

When the SSC is allocated to transporting collision avoidance data, the transmitted SSC
data reflects the state of the radio receiver. Other processes in the modem, measure the
RSSI signal from the radio receiver, and compare this measurement to a preset
threshold level. This threshold value is aiso held in the non-volatile configuration
memory. The result of the comparison is copied to the modem pin that drives the RXSIG
LED. The transition of the RXSIG signal from off to on, (re)starts an internal timer. This
time is a fixed value of 35 +5mS. The SSC data transmitted, is simply a copy of the
RXSIG pin state, until the timer terminates, and there-after, the modem data receiver
must be "SYNC'd" to maintain the "1" state of the SSC transmit data. Thus the SSC data
transmitted by the modem will indicate that the radio channel receiver is busy, using only
RSSI for the first 35 +5mS, but after this time, data receiver SYNC is used to qualify this
state. This prevents low level RF interference from effectively blocking the channel.

At the receiving end, the recovered SSC data is used by the radio modem to determine
when the receiver of the destination station is free. This data can then be used to control
it's channel access strategy. Channel access strategies are dealt with in more detail
elsewhere in this document.

In such a data transport system, there is a single unit which performs the function of
Master, and two or more stations which operate as Slaves. The SSC need only operate
in one direction, that from Master to Slaves. In the reverse direction, the SSC can be
disabled. That is the SSC in the Slaves is enabled in the data receiver only, while in the
Master, it is enabled only in the data transmitter.

3.4.5.3 RECEIVED SSC DATA DEFAULT STATE

The received SSC data bit is stored in an internal latch. This latch is updated each time a
SSC data bit is extracted from the incoming bit-stream. However, if the radio receiver
looses signal, then a default state is forced into the latch. This default state is
configurable.

For applications which use the SSC for collision avoidance, this configuration bit would
normally be set to "1", so that the remote station would not attempt channel access while
the signal from the base is lost.

For applications which use the SSC for end to end flow control, setting the default state
of the SSC receive data latch to "0", would cause the CTS output line to indicate local
flow control status only, until the destination unit enables it's transmitter, where-upon the
received SSC data would reflect the state of the destination receive buffer and DTR input
line. Alternatively, setting the default state to "1", would ensure that the CTS output line
would be in a "FALSE" state, until the destination unit enables it's transmitter,
where-upon the received SSC data would reflect the state of the destination receive
buffer and DTR input line.

An associated configuration bit, is one that allows the automatic activation of the radio
transmitter, whenever the data receiver attains SYNC. When this configuration bit is set
to "1", the modem will automatically activate the radio transmitter's PTT control line when
the data receiver is SYNC'd. This could be used at the base end of a small point to
multipoint network, using the SSC for flow control, and would not require the host
connected to base, to specifically activate the radio transmitter to establish the end to
end link.
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3.4.6 SLIP/KISS PROTOCOL DRIVERS

In addition to a generic PAD, two other host interface protocols are supported, "Serial
Line Interface Protocol”, SLIP, which hails from the world of UNIX(tm), and an extension
of SLIP, KISS "Keep It Simple Stupid”, (a rather unfortunate phrase in the present
context, but a protocol standard proposed by Phil Kahn, USA, specifically for the control
of radio connected data terminals) which includes a facility to send commands which are
addressed to the DCE device itself. These commands set operating parameters of the
radio-modem DCE, such as transmitter lead-in delay, or radio channel (RF frequency).

Neither of these protocol standards, specify anything about the construction of data
packets on the radio channel. Allocation of address, control, and information fields is the
user's responsibility. ‘ ' ’

As standard, the modem is equipped with an 8K (8192 bytes, 32K optional) data storage
memory to hold transmit and receive data. This memory is divided equally between
transmit and receive buffer space, and equally between the two user ports, so the largest
frame size is 4095 bytes, if only PortA is enabled, (or 2047 bytes each if both user ports
are enabled), before the frame check sequence (FCS)is appended.

Additionally, the modem can store up to sixty four separate frames for each direction,
again split between the two user ports if both are enabled, though the total byte count is
still limited to 8192 total.

3.4.6.1 SLIP Protocol Description/Definition

The SLIP protocol, is a data transport protocol, originated and used extensively in
UNIX(tm) based systems, and thus also closely associated with TCP/IP networked
systems. Although not truly a "standard" it is so widely used that it has become the
defacto standard for serial interface in UNIX and many other networked systems. SLIP is
a method of framing messages containing binary data, on asynchronous channels. The
asynchronous serial channel is configured for eight bit character size, no parity, and one
stop.

A specific binary code called FEND (Frame End, hexadecimal value=CQ) is reserved to
define a frame boundary. Should this same code occur in the data message to be
transferred across the channel controlled under SLIP, then an escape sequence is used
so that the message byte will not be confused for a FEND. This escape sequence,
involves replacing the message hexadecimal CO code with a two byte sequence FESC,
TFEND. FESC (Frame Escape) is the binary code hexadecimal DB, and TFEND
(Transposed FEND) is binary code hexadecimal DC. Likewise, if the FESC character
ever appears in the user data, it is replaced with the two character sequence FESC,
TFESC (Transposed FESC). The TFESC is the binary code hexadecimal DD. The
following table clarifies this.
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ABBREVIATION DESCRIPTION HEX.VALUE

FEND Frame end C0 (192)

FESC Frame escape DB (219)

TFEND Transposed frame end DC (220)

TFESC Transposed frame escape DD (221)

As characters arrive at the SLIP receiver, they are appended to a buffer containing the
current frame. Receiving a FEND marks the end of the frame, and consequently,
succeeding bytes are considered part of the next frame.

Receipt of a FESC code puts the SLIP receiver into "escaped mode", causing it to
translate a following TFESC or TFEND back to a FESC or FEND code, appending it to
the buffer, and resuming it's normal state. Receipt of any byte other than TFESC or
TFEND while in escaped mode, is an error. No translation occurs, and the SLIP receiver
leaves escaped mode. A TFESC or TFEND received while not in escaped mode is
treated as an ordinary character and stored accordingly. Reception of consecutive FEND
characters, causes no action to be taken (i.e. is not interpreted as zero length frames).

An example of a typical SLIP frame is shown below. The message consists of the string
DA,C4,C0,C5,DB,20,BD,DC,DD. The SLIP frame will be:-

<FEND>,DA,C4,<FESC>,<TFEND>,C5,<FESC>,<TFESC>,20,8D,DC,DD,<FEND>
==> C0,DA,C4,DB,DC,C5,DB,DD,20,8D,DC,DD,CO

3.4.6.2 KISS Protocol Description/Definition

The KISS protocol is an extension of SLIP. It uses the same method of framing packets,
using FEND, FESC, TFEND, and TFESC codes. However, the first byte in each frame is
reserved as a control code, that defines the function/content of the frame, and also
contains an address.

This addressing scheme allows up to sixteen "Terminal node controllers” (TNC's), to
share a multidrop buss. The top nibble of the control code carries the TNC address, and
the lower nibble carries the command code. Normally the address is set at zero for
installations containing only one TNC. Note that some extensions have been proposed
for the KISS protocol, that properly support addressed multidrop line operation of
multiple TNCs, that the present TC-900DR modem firmware does not implement. The
following table shows the commands defined by KISS, and the comment column
indicates how the TC-900DR modem interprets them.
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COMMAND FUNCTION COMMENTS
0 Data Frame The rest of the frame is data to be transmitted.
1 TxDelay The next byte is the RF transmitter key-up delay in
octets.
2 Slothum The next byte is the Slothnum parameter.
3 Slot-Time The next byte is the "Slot" interval in "ticker clocks".
4 TxTail The next byte is the time to hold up the RF

transmitter after the closing FLAG has been sent.
This command is obsolete, and not implemented in
the TC-900DR.

5 FullDuplex The next byte is zero for half duplex, non-zero for
full duplex. This command is not implemented in the
TC-900DR, as it always operates in full duplex
mode.

6 SetHardware Specific for each TNC. This parameter has values
between 00 and 03, and commands the TC-900DR
to set RF channels 0 to 3. Values above 3 are
ignored by the present modem firmware, but may be
used in future versions.

F ExitKISS Exit KISS and return control to higher level TNC
control program. This command is not implemented
in the TC-900DR.
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3.4.7 RF TRANSMITTER CONTROL AND CHANNEL ACCESS STRATEGIES

There are three conditions which cause the modem to activate the radio transmitter.
These are: a) receiver SYNC if enabled, as described above; b) RTS if enabled, as
described below; and c) the existence of a data frame ready for transmission. The first
two mechanisms are absolute, and if enabled, cause an immediate activation of the radio
transmitter. There are two configuration bits that control how the availability of a data
frame, will activate the radio transmitter, and thus gain access to the channel. For the
purposes of this description, these are referred to as Modes A, B, and C.

In Mode A, channel access is immediate. The radio transmitter is activated, and the
modem then proceeds to send a preamble sequence, followed by the data. The
preamble sequence is necessary for receiver synchronisation, and the length is a
configuration parameter. Further discussion of these aspects of the modem configuration
are dealt with elsewhere in this document.

In Mode B, the modem will attempt channel access only if the radio receiver is NOT
receiving a signal (i.e. the measured RSSI level is below the minimum RSS! threshold as
described elsewhere in this document). This method could be used for small point to
multipoint systems, where the base station would enable it's radio transmitter on
receiving a transmission. Typically this would be done at the base unit by enabling the
SYNC-PTT function, as described above. This implements a basic collision avoidance
system, without the use of the Supervisory Signalling Channel, which then remains
available for flow control applications.

In Mode C, the modem will attempt channel access only if the data receiver is SYNC'd,
and the SSC data is "0" (i.e. base receiver free). This is the full Collision Avoidance
system as described in detail above.

In the latter two cases, if another data frame is ready for transmission at the time the
present one is ending, then it is automatically appended as another frame, and the
transmission continues. Obviously since the radio transmitter is already enabled, no
preamble is required or sent. The modem itself does not limit the number of consecutive
frames it will transmit. If data continues to be input to the modem, once channel access
is gained, it continues to be transmitted. It is the responsibility of the user to manage any
maximum channel access time in overall system design. However, if the PTT timer is
enabled (dealt with in detail elsewhere in this document), and the set time is reached,
then the modem will disable the radio transmitter PTT line. User data will now be lost.

For the two latter strategies, if channel access fails (i.e. signal at radio receiver in the
former case, or SSC=1 in latter case), then the modem uses a timed delay mechanism
before testing for channel availability again.
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3.4.71 SELECTING "SLOTIME" AND "SLOTNUM" VALUES

This delay time is necessary to prevent multiple remotes from attempting to gain access
to the channel as soon as it is signalled to be clear after another transmission has
finished, as this would result in the transmissions from all these remotes colliding.
Instead, when a modem fails to gain channel access, it generates a randomly selected
delay time, and when this time has expired, it again tests for channel availability.

There are two parameters which are used to generate the delay time. The "Slotime"
parameter defines the size of the time increment used in selecting the delay. This value
defines a time counted in "ticker clocks" (approximately 2.5mS), and has an allowable
range of 0 to 255. The "SlotNum" parameter defines the upper limit of the random

" number generator. The random number generator selects an integer between one and

the value of "SlotNum", and then multiplies this by the value of "Slotime” to derive the
delay time. The "SlotNum" parameter has a maximum allowable range of 1 to 16.

These two parameters together provide a very flexible method of tuning the channel
access characteristics of a system, and should be regarded as system tuning
parameters. In the absence of any knowledge of a system configuration, Trio DataCom's
set default values for these to parameters to 4 and 16 for "Slotime" and "SlotNum"
respectively.

3.4.7.2 PTT CONTROL BY RTS LINE

Applications relying on establishing a point to paint link before data is transferred, would
normally require some "manual" method of activating the radio transmitter. A
configuration bit enables the RTS input line to be used as a PTT control. The modem is
always generating a data signal. During the time when no user data is available, the
modem continually generates an "idle" bit-stream of HDLC FLAGs. This sequence
produces no data output at the receiving radio modem.

3.4.8 SELECTING FLOW CONTROL REGIMES

The type of flow control to be used on the radio modem port(s), depends on the user's
application and capabilities of the equipment which the user interfaces to the TC-900DR.

Port_A, which is always active, can be configured to use the standard RS232 handshake
lines RTS/CTS/DTR, or use XON/XOFF protocol.
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3.4.8.1 PORT_A, HARDWARE HANDSHAKE FLOW CONTROL

If hardware handshake lines are configured, then RTS must be active to validate
characters input to the modem for transmission. As each character is received (i.e. at the
end of each character bit sequence) the state of the RTS input line is tested to validate
the character. If the RTS line is tested "true”, then the character is stored ready for
transmission. If "false", then the character is discarded. The modem provides flow control
of transmit data with the CTS line. The CTS line is set "false" to indicate that no more
transmit data should be input. Normally, most terminals or hosts will still send one or two
more characters after the CTS line is set "false”, and this is normal and allowed for in the
CTS control logic. In fact the modem will continue to accept and store transmit data
(providing the RTS line is still active) even though it has set the CTS line to “false",
however the user then risks the occurrence of an overflow condition. If the transmit
buffer becomes full, then further data is discarded.

A configuration bit, further controls the state of the CTS output line in relation to the RTS
input line. If the bit is clear, then the CTS output will always indicate the flow control
state, regardless of the state of the RTS input. If the bit is set, the CTS line is conditional
on the state of the RTS input. If the RTS input is "false", then the CTS output is also
"false". If the RTS input is "true", then the CTS output indicates the flow control state.
This latter configuration is typical of a "wired" modem.

The modem's internal data store holds both the raw user data, and records the position
of frame boundaries (as defined by PAD operation) in the data. A limited amount of
memory is allocated to storing the frame boundary data. When this memory space is full,
the modem sets the CTS output to false, even though the character storage space may
not be full. The frame boundary storage space is sufficient to hold data for 64 frames. If
the modem has both ports (Port_A and Port_B) enabled, then this space is evenly
divided between the two, or if Port_B is disabled, then up to 64 frames can be stored for
Port_A. If data continues to be input when the CTS line has been set to "false" because
no more frame boundaries can be recorded, then the frame closure mechanism may
abort. This has the effect that a frame will not be closed when defined by PAD
configuration. An example of this, is where the PAD is configured to close the frame on
receiving a <CR> (carriage return) EOM. If the frame boundary space is full, when a
<CR> is input, then the subsequent characters will be appended to the same frame.
Another attempt to create a new frame will not occur until the same or another frame
close condition (as defined by PAD configuration) occurs, in this case another <CR>.
This logic avoids the unnecessary loss of data.

Situations where the data storage space or frame boundary storage space become full,
would be rare, and would only be likely to occur if the transmitter could not gain access
to the channel, or the input data rate exceeds the channel transmission rate for some
time.

Normally the TC-900DR is manufactured with an 8 kilobyte memory for data storage.
This memory space is divided equally between transmit and receive data storage. If both
user ports are enabled, then each half is equally divided between the ports (i.e.
2K/2K/2K/2K for Port_A transmit, Port_A receive, Port_B transmit, Port_B receive). If
Port_B is disabled, then 4K is available for each of the transmit and receive data storage
functions for Port_A.

The DTR line controls the flow of receive data to the user port. While the DTR input line
is "true", available received data is output from the port. If the DTR input is “false", then
receive data output ceases.
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3.4.8.2 PORT_A XON/XOFF FLOW CONTROL PROTOCOL

When XON/XOFF flow control is configured for Port_A, the CTS line is set "true”, the
RTS input line is not required to validate input data, and receive data is not dependent
on the state of the DTR line. Instead of controlling the CTS line, the modem sends
XON/XOFF characters (embedded in the receive data stream), to the port.- The flow of
receive data is controlled by the receipt of XON/XOFF characters in the transmit data
stream. These control characters are trapped out of the transmit data stream, and are
not transmitted.

The underlying flow control logic is the same as RTS/CTS/DTR control. An XON is sent
instead of a “"false" to "true" transition of the CTS line, and an XOFF is sent instead of a
"true" to "false" transition on the CTS line. A received XON is recorded by an internal flag
that emulates a "true" state on the DTR line, and a received XOFF is recorded by the flag
to emulate a "false” state on the DTR line.

This method of flow control would be considered to be less reliable, since a lost XON or
XOFF control character could cause either an overflow condition, or data flow to stop
altogether.

3.4.8.3 PORT_B FLOW CONTROL

User Port_B can be configured for no flow control, or XON/XOFF flow control. When
XON/XOFF flow control is configured, it operates identically to Port_A, except that this
port has no CTS line to set "true". Flow control on Port_B operates at a local level only,
since end to end flow control via the SSC is available only for Port_A.

If XON/XOFF flow control is disabled, then no flow control is used on Port_B, as there
are no RTS/CTS/DTR lines implemented on Port_B. Users should be careful to avoid
overflow conditions, to avoid loss of data.

It will now be obvious that the RTS input line on Port_A can be used by more than one
function in the modem. RTS can have no function, or be used in Port_A flow control,
and/or provide a manual PTT facility.
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3.4.9 SETTING MINIMUM RSSI LEVEL

The data receiver of the modem is continually running. It will be in one of two states. It is
not SYNC'd, and thus looking for HDLC FLAGs in the radio receiver signal, or it is
SYNC'd, and recovering frame data to be checked and stored. If the radio receiver is not
receiving a signal, then the recovered signal applied to the data receiver of the modem,
will consist only of noise. To prevent the modem from erroneously locking onto noise, a
minimum RSSI level must be present to validate the recovered signal applied to the
modem data decoder. This threshold level, is stored in the non-volatile configuration
memory. It should be set by applying a signal to the radio receiver, which produces a
desired SiNaD result, a desired bit error rate, or more crudely, a predetermined absolute
signal level into the antenna connector of the TC-900DR. The modem (operating in
Test/Program mode) is then commanded to measure the RSS! level, which produces a
response of a message indicating the measured level, in hexadecimal. This process
should be repeated several times, then an average taken. The analogue to digital
conversion performed in this way, is an eight bit conversion. In normal operation, the
modem performs a six bit conversion when measuring the RSSI level, so the average of
the levels measured in the test mode should now be divided by four. The result should
now be stored in the configuration memory, at the address reserved for it.

3.4.10 SETTING PTT TIMER

The modem implements a PTT timer. This timer can be disabled entirely by setting the
PTT Timer configuration value to zero. The timer value is a 16 bit number, that counts in
"ticker clocks". If the timer is enabled, whenever the modem activates the PTT control to
the radio transmitter, it initialises the timer with the configured value. The timer is
decremented while the PTT control remains active, and if it terminates, the PTT control is
deactivated. No other action is taken, and all other functions within the modem are
oblivious to this condition, so data frames continue to be output, and thus lost. The PTT
timer is to be considered an emergency override mechanism only, in case an error
occurs in the operation of the user's host equipment and/or software. To reset this
time-out state, conditions must be met that would cause the modem to normally
deactivate the PTT control. The PTT timer will then be re-initialised the next time the PTT
control is activated. The time-out period may be set in "ticker clock" (2.5mS) increments
to over 160 seconds.
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3.4.11 DATA STREAM SWITCHING, SELECTING AND ENABLING SID CODES

The TC-900DR radio modem includes a feature that provides data stream switching. This
is achieved by placing a Stream ldentifier code (SID) at the beginning of every frame.
This code functions as a simple addressing function. If both user ports of the TC-900DR
are enabled, then SID codes should also be enabled, so that data frames carry a code
which identifies the originating port (A or B), thus the port to which the frame data should
be directed when the frame is received at the destination station.

However this stream switching mechanism is not only confined to this simple application.
The SID codes for each user port, are contained in the configuration memory, and are
thus "soft". It would be possible to engineer a small (up to 256 stations) network using an
individual SID code for each remote station. Since the modem receiver will* discard
frames which are headed by an SID code which is not recognised, only frames
specifically addressed would be stored and passed on to the attached host. The SID
code is allocated to the port, so the modem uses the same SID code both for
transmission and receipt of frames. Therefore in such a system, the master would be
configured with SID codes disabled. The host attached to the master would preface each
message with the eight bit address of the destination remote. The message from the
remote emanating from the port will have the SID code removed. A message received
from a remote, will have the SID code of the sending station at the beginning as the first
byte. The remote modem itself places this code at the head of the frame.

Another application of the stream switching feature, is a remote diagnostics facility. This
is a facility which is planned for release in the next firmware version. A reserved SID
code will be used to address a diagnostics function within the modem. A
command/addressing protocol is being developed that employs the units own unique
serial number for addressing. "Stay tuned for further updates!".

The SID code. is placed in the first octet of each frame. This provides up to 256 unique
codes. However, to avoid possible future compatibility problems where higher level
protocols are in use on the same channel (e.g. AX.25, etc.), it is suggested that the SID
codes used have bit0 set to "1". Such higher level protocols normally use extended
addressing where more than one octet is used to carry the destination/source address. A
frame using an SID code with bit0 set, will fail an address test and be discarded by such
systems. Conversely, if this modem receives a frame containing a higher level protocol,
bit 0 of the first octet will normally be set to "0", so will not match any SID code stored in
the configuration memory, and be discarded.

By default, Trio DataCom sets the SID codes to 03 and 05 for ports A and B respectively.
We have also reserved SID code 00 for the diagnostics facilities.

3.4.11.1 Separate Tx And Rx SID Codes. (Firmware Revision V2.1 onwards)

Firmware revision V2.1.0 onwards allows the Transmit and Receive SID codes to be
different. Normally the RxSID and TxSID parameters (separate for each port) would be
programmed the same. By programming them to be different, means that a TC-900DR
unit will receive frames carrying a SID code that matches the configured RxSID code, but
transmit frames which carry a SID code that is specified by the TxSID code configuration
parameter. Applications for this feature are in small point to multipoint systems, using a
central "community” repeater.
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3.4.11.2 Repeater Operation Mode. {Firmware Revision V2.1 onwards)

The TC-900DR radioc modem may also be configured in a repeater mode. The repeater
function is enabled as a protocol driver on a port. Thus each user port driver can
individually be configured for repeater operation. Essentially, what this does is
automatically routes the received data frames back to the transmitter. If SID codes are
enabled, then the original SID codes are stored as part of the data frame, and thus the
retransmitted frame is identical to that received. Note that only frames received error free
will be repeated.

When a port driver is configured for repeater operation, the RxSID and TxSID codes
stored in configuration data in the NVRAM are used to define a range of streams to be
repeated. The RxSID code configuration parameter defines the lowest SID stream to be
repeated, and the TxSID code configuration parameter defines the highest SID stream
that will be repeated. Thus it is possible to configure a unit to perform a repeater function
for two separate ranges of streams, by configuring both user ports with a repeater driver,
or to configure one end of a data link to also be a repeater for a range of other streams.

3.4.12 SETTING TRANSMITTER LEAD_IN_DELAY

Whenever the radio transmitter is activated a timer is started. No data frames are
transmitted until this timer terminates, so that the destination unit receiver has time to
synchronise it's data receiver before frame data is begun. The radio transmitter is very
fast, reaching final output power and frequency stability in a matter of a few hundred
microseconds (other sections of this document deal with the receiver synchronising
aspects). This timer counts in octets, not "ticker clocks” as most other timed functions do,
so the actual time elapsed is a function of the radio channel bit rate. However, the
synchronisation time is primarily a function of the number of bits to the receiver. Trio
DataCom would suggest a value of 25 to 50 (decimal} for this parameter, but it's final
value will depend on signal strength and gquality at the receiving point, and should best
be determined by test.
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3.5 FACTORS AFFECTING MODEM SYNCHRONISATION TIME

3.5.1 (UN)SCRAMBLER AND HDLC STATE MACHINE

It can be shown, that the un-scrambler in the receiving unit will synchronise to the
scrambler in the sending unit in 17 bits maximum.

The receiving unit must then detect an HDLC FLAG, which will take another 15 bits
maximum. Thus the HDLC state machine and unscrambler should be synchronised in 32
bits maximum.

3.6.2 PHASE LOCKED LOOP

Before valid data can be read for the unscrambler, the phase locked loop (PLL) must
lock. The time required for this to occur is affected by signal quality and content. The
PLL relies on level transitions of the binary signal, on which to lock. It essentially
compares the phase of an internal counter, with the phase of the incoming data bits. A
detected phase error, will cause the internal counter to speed up or slow down, to
reduce the phase error. The greater the error, then the greater the speed adjustment to
the internal counter.

If the incoming data stream has few transitions, then the internal counter will “catch up"
to it quicker, since it's speed is adjusted less often. The PLL will synchronise to within
90% of the correct phase (from 0%), in 16 to 36 bits time, depending on the number of
transitions.

In practice, even though the PLL has not reached 90% lock, meaningful data will still be
obtained as long as a good strength, clean signal is available.

3.5.3 ERROR CONTROL

Having recovered the raw data, the modem then applies the bit-stream to a
de-ramdomiser, which is based on a recursive tapped shift register, described by the
polynomial:

x17 + x12+ 1

The output of the de-randomiser is then fed through another conversion function, to
convert the NRZ| data to NRZ.

The data is now an HDLC data stream, conforming to 1ISO3309. It is then applied to a
function which detects HDLC FLAGs, and extracts "dummy zeros", which were inserted
by the transmitter. Frame boundaries are detected at this point.

The modem calculates and appends a 16 bit Cyclic Redundancy Checksum (CRC) word
to the end of each frame. This calculation uses the polynomial:

x16+x12+x5+1
This is sometimes referred to as CRC-CCITT since it is a CCITT standard.
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The 1's complement is taken of the calculation result and this FCS is appended to the
end of the data frame and sent MSB first. (Refer to ISO 3309 for more information)

At the receiver, this calculation is repeated on the received data, and the resuit checked.
A detected error, will cause the receiver to discard the entire frame. A higher protocol
level (determined by the user) will detect the lost packet, and initiate a re-send of the
packet.

In terms of the reliability of this FCS, it can be claimed that the following will be detected :
2

All single bit errors.

All double bit errors.

Any odd number of errors.

Any burst error less than 16 bits long.
Most large burst errors.

From here emanates the original frame data, provided the FCS was correct. If not then
the frame data is discarded. The data is stored in externally addressed memory,
connected to the modem IC. Maximum data packet size is determined by the amount of
available memory. Normally the modem is fitted with an 8K CMOS RAM, of which half
(4096 bytes) is allocated to the receiver. The modem can be fitted with an external
memory up to 32K with no other modifications. The receiver section of the modem can
store up to 32 separate data packets.

How this data is handled from this point on, depends on the user protocol implemented
by the modem on the user interface.

3.5.4 TRANSMISSION FORMAT AND TIMING

The data to be transmitted is input to the modem, via the user interface protocol
implemented on the user interface. The modem stores the data packet(s) in externally
addressed memory, connected to the DFM4-9 modem IC. Maximum data packet size is
determined by the amount of available memory. Normally the modem is fitted with an 8K
CMOS RAM, of which half (4096 bytes) is allocated to the transmitter. The modem can
be fitted with an external memory up to 32K with no other modifications. The transmitter
section of the modem can store up to 32 separate data packets.

Most of the transmitter functions are performed internally in the modem IC, with only a
DAC (Digital to Analogue Converter) and final low pass filter implemented by external
circuitry.

The data is placed into an HDLC frame (consistent with 1ISO3309), complete with dummy
zeroes where required. During transmission, a CRC calculation (CRC-CCITT) is
performed, and when the end of the data packet is reached, this FCS (Frame Check
Sequence) is appended to the end of the frame, before the closing HDLC FLAG.

Where two or more consecutive frames are sent, only one FLAG octet is used to delimit
the frames. All frames are composed of an integral number of octets.

2 "Data and Computer Communications" William Stallings
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Data from the HDLC formatting stage is fed through a function, to convert the NRZ data
to NRZI format.

The NRZI encoded data stream is now fed to a data randomiser, to ensure that there is
no DC component to the data stream. This is based on a recursive seventeen bit shift
register with two taps.

3.5.5 COLLISION AVOIDANCE SCHEME

The unique supervisory signalling channel facility available in this product is ideally
suited to the implementation of a highly effective collision avoidance mechanism. This is
a highly desirable feature in a multipoint data network, in that it allows vastly increased
usage of the available channel capacity.

For instance, take a point-to-multipoint network, with a central base station, and a large
number of remote data terminals scattered around the central station.

This is a split frequency duplex channel, where the central station is able to transmit on
frequency F1, and simultaneously receive on frequency F2. Remote stations transmit on
frequency F2, and receive on frequency F1.

If a transmission by one remote station is "crashed" by a transmission by another remote
station, then the base station may not get the message correctly, and thus not
acknowledge it. If there is no control over when the remote stations transmit, then
because the remote stations cannot "hear" each other, their transmissions will begin to
collide more often as the data traffic increases. This type of system will suffer a total
blockage as the total traffic requirement approaches about 50% of the channel capacity.

Now, if the base station could quickly inform all other remote terminals, when the base
receiver is busy because one of the remote terminals is transmitting, then this message
can be delivered to the base receiver without being "jumped on" by another terminal
blindly “crashing in". The next terminal can then deliver it's message when the receiver is
signaled to be free. Of course collisions are still possible, but the occurrence of these
can be dramatically reduced by this type of scheme.

Now to implementation specifics. The supervisory signalling channel in the modem, can
be set independently for transmit and receive directions. For the purposes of this
collision avoidance scheme, the supervisory signalling channel is only required in the
base transmit direction. In the reverse direction, the supervisory signalling channel is
disabled. The base transmitter is active full time, sending only FLAGs when it has no real
data to send. The base controller, then indicates to the whole population of remote
terminals, the current status of the base receiver, in the value of the supervisory
signalling channel data bits.

The remote data terminals are programmed so that they will not begin a transmission if
the received supervisory signalling channel data indicates that the base receiver is
currently busy. This would result in remote terminals queuing for access to the base
receiver. To prevent all these remote terminals all beginning a transmission as soon as
the base indicates a free receiver, a "windowed" timing mechanism would be
implemented, with a random factor added in the terminal's selection of a "window”.

There are many factors that would determine the quantification of system variables, but
this short description serves to illustrate a basic approach.
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3.6 TEMPERATURE COMPENSATION

Periodically, the modem controller reads the voltage on the temperature transducer
mounted on the radio section. This value is then used in a table look-up procedure, to
derive correction data to be applied to the modulator circuitry via a transmit waveform
offset voltage. This is provided by the output of the six bit DAC (UX8/RN2), which is fed
to the correction voltage input of the 12MHz reference oscillator.

The offset table is constructed in the temperature calibration cycle performed during the
factory testing procedure. The radio-modem is temperature cycled twice from -10C to
+65C. During this time, the necessary data is determined to correct the temperature
induced frequency errors. At the end of the cycle, the final database is constructed and
written to the non-volatile memory:. ‘ ‘

3.7 USER INDICATIONS

The TC-900DR provides three LED's that show status information to the user - RXSIG,
SYNC, and TXMIT indications.

In all operation modes of the modem except "Programmer mode" (see the section below
on special modes of operation), the RXSIG LED indicates the level of the RSS! signal
from the radio IF strip, compared to a threshold set in the configuration data read from
the non-volatile memory. If the signal is above the threshold, then the LED indicator is
turned on. There is no hysteresis applied in this process.

In normal operation, the SYNC LED indicates when the modem has detected a valid data
stream. The SYNC LED is activated, when the modem detects a valid HDLC flag
sequence, and remains active until an invalid sequence of seven or more consecutive "1"
bits is detected. The SYNC LED will not be turned on if the RSSI signal strength (as
indicated by the RXSIG LED) is below the minimum threshold. This prevents false SYNC
detection from noise. While the modem is SYNC'd, it does not continue to measure RSSI
levels.

The TXMIT LED indicator is connected directly to the modem's PTT output transistor. It is
active whenever the PTT line to the radio section is active low.
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3.8 SPECIAL MODES OF OPERATION

3.8.1 GENERAL

Part of the power-up/reset initialisation phase of the TC-900DR modem, is a set of tests
to determine whether the modem should enter a special operation mode.

There are three of these "special” modes. Whilst in these modes the TC-900DR will not
operate in its standard run mode.

- Programmer mode.

- Bit error rate test mode.

- Handset mode.

These modes are only entered if the required setup conditions are present at power up
of the TC-900DR. An error mode of operation can alsc be entered into, if during normal
cperation of the TC-900CR modem, an error condition occurs,

3.8.2 PROGRAMMER MODE

Pin 6 on the DB9 connecter of Port A, is normally the DSR line. This pin is pulled high by
a resistor to +13.8v, so that to a connected DTE the DSR signal implies that this DCE is
ready.

However, if this pin is connected to pin 5 when the medem is powered up, the controller
senses this, and attempts to enter "Programmer mode". The modem sends out of the
serial port, an ASCIl "?" (question mark) character, and waits for the programmer to reply
with a password. The SYNC LED toggles on and off with every output of the "?" prompt
until the correct password is entered. This mode is sustained for approximately 30
seconds. Failure to supply the correct password in time, will cause the modem to
abandon the "Programmer mode” attempt, and go on with it's normal power-up
procedure. This password protection scheme provides some defense against
unauthorised tampering with the TC-900DR modems configuration data.

PC Sertal Port Radio Serial Port A
DS (DB25) DB
Program Mode Selector
/\ Normal %4—0—— Switch
COM {7) [BER Test = | COM
® © - RI/BER | (5) ©
@ IR {20) @ OTR
s | @) {(5) s | )
©) XD {2} ) ~n
RIS | 5y (4 RIS |5
@ RXD {3) @ RXD
® . DSR /PCM @ h<
\@/DCD (& o |veo
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3.8.3 BIT ERROR RATE TEST MODE

Pin 9 of the DB9 connector of Port A, is normally the Ring Indicate output line. The
modem includes a resistive pulldown to ground to show a negative condition on this line.
However, if this pin is driven positive (typically by connecting it to pin 6), then the
modem's data transmitter and receiver will enter the BER test mode.

It will activate the RF transmitter and generate a scrambled bit pattern which should be
decoded at a receiver as a constant logic "1" level in the unscrambled data.

A test point on the modem section PCB, is available to monitor this point with a
frequency counter. (In fact this test point is always active, and may be used to monitor
the received data decoded by the DFM4-9 modem IC at any-time). Any errors in the
decoded bitstream, will be "0", and the receiver portion of the modem in this mode, will
activate the SYNC LED every time it sees a "0" bit.

An internal timer is used to generate a time equivalent to 1000 bits. Every error bit
detected, will activate the SYNC LED, and restart the timer. If and when the timer
expires, the SYNC LED is deactivated. Thus, for error rates of 1 in 103 and above, the
SYNC LED will be ON most of the time. A 1 in 104 error rate will show the SYNC LED
active for approximately 10% of the time. This function provides a crude indication of Bit
Error Rate for installation purposes.

Other functions performed in this state include RXSIG indication, and temperature
compensation. The state of pin 9 is constantly monitored in this mode. If the pin ceases
to be driven positive, then the BER Test mode is terminated, and the modem restarts it's
initialisation phase.

3.8.4 HANDSET MODE

The DFM4-9 modem tests for the presence of a handset plugged into the handset audio
port at power up.

This is done by measuring the voltage on channel 4 of the analogue to digital converter
(UX10-p6). This signal is passed into the modem section from the radio section via
connector X4-p24, "ADC3".

If a handset is plugged in, then the measured voltage will be about 2V, but if it isn't
installed, then the voltage will be about 4V. The measured voltage is compared to 3V to
determine whether the handset is plugged in. If this test succeeds, then the modem will
not generate a data stream. However, it will continue to indicate received RF signal
strength, and perform temperature compensation. The handset has a PTT button, and
this signal is connected across the modem's PTT output. Thus the handset PTT switch
will activate the TXMIT LED.
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3.8.5 ERROR INDICATION MODES

3.8.5.1 GENERAL

There are three error conditions that will cause the RXSIG and SYNC LEDs to be used
for error indications and not their normal purpose. Two of these are fatal conditions, that
cause the modem to restart after the duration of the error indication phase.

3.8.5.2 TRANSMIT POWER LOW

While the modem activates the radio transmitter, it periodically checks the transmit
power. If the power measurement is less than a threshold set in the non-volatile memory,
then the RXSIG and SYNC LEDs are made to alternate, approximately four times per
second. The TXMIT LED will also be on during this process. This indication condition will
persist for the duration of the transmission. As soon as the transmission is discontinued,
the error indication will cease, and the two LEDs revert to their normal function.

3.8.5.3 NVRAM READ ERROR

The DFM4-9DR modem accesses the non-volatile memory as part of it's initialisation
phase, to get configuration data. If the communication protocol with the device is
violated, or the non-volatile memory CRC checksum is found to be incorrect, then the
modem indicates this by flashing the RXSIG and SYNC LEDs twice alternately. That is,
one LED operates ON and OFF twice, then the other. A total of five cycles of this occurs,
then the modem restarts it's initialisation from scratch.
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3.8.56.4 SYNTHESISER LOCK DETECT ERROR

If at any time during normal operation, BER mode, or handset mode, the TBB206
frequency synthesiser indicates an out of lock condition, the modem enters an error
indication mode for a short time before restarting. One LED is turned ON (£}), the LEDs
are swapped, then both turned OFF (®). Then the latter LED ON again, swap LEDS, and
then OFF. This will give the appearance of a sweeping motion between the LEDs.

The following table shows ail error condition displays for comparison.

Tx PWR Error NVRAM Error TBB206 Error
‘ ' Synthesiser
RXSIG SYNC RXSIG SYNC RXSIG SYNC
10 ® o ® G °
° G ® ° ® 10
@ ] o] ® o o
® @ ® o ] @
10 ® ® G o °
° G o ® ® °
0] ® ® 103 repeat
° G ® ®
continue repeat
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3.9 SYNCHRONOUS OPERATION MODE FIRMWARE REVISION: V2.1

3.9.1 GENERAL

The TC-900DR when operating in Synchronous mode, implements a V.24 like interface.
The unit uses a special wiring harness that converts the two 9 pin "D" connectors on the
end panel of the TC-900DR to a standard 25 pin "D" connector for user interface.

Synchronous Mode implements a bit level interface. Data is carried on a bit by bit basis.
No framing or error detection is performed. Modem operation is full duplex.

Current implementations of SYNC mode, do not provide a DCD signal in the 25 pin
RS232 interface.

3.9.2 DATA RECEIVER

While sufficient RF signal is present into the radio receiver, the data decoder is
continually extracting data bits from the received signal, and outputting these to the user
interface connector. If the received RF signal into the radio receiver falls below the
minimum threshold, then the data decoder stops.

3.9.3 SETTING MINIMUM RSSI LEVEL

The data decoder of the modem is continually running while sufficient RF signal is
present into the radio receiver. If the radio receiver is not receiving a signal, then the
recovered signal applied to the data decoder of the modem, will consist only of noise. To
prevent the modem from erroneously locking onto noise and producing "garbage” at the
RxD pin, a minimum RSSI level must be present to validate the recovered signal applied
to the modem data decoder. This threshold level, is stored in the non-volatile
configuration memory. It should be set by applying a signal to the radio receiver, which
produces a desired bit error rate, a desired SiNaD result, or more crudely, a
predetermined absolute signal level " into the antenna connector of the TC-900DR. The
modem (operating in Test/Program mode) is then commanded to measure the RSSI
level, which produces a response of a message indicating the measured level, in
hexadecimal. This process should be repeated several times, then an average taken.
The analogue to digital conversion performed in this way, is an eight bit conversion. In
normal operation, the modem performs a six bit conversion when measuring the RSSI
level, so the average of the levels measured in the test mode should now be divided by
four. The result should now be stored in the configuration memory, at the address
reserved for it. The DR9_PRGM programmer available from Trio DataCom Pty Ltd
facilitates this process.

*Use a signal generator modulated with a sine wave frequency of half the nominal bit
rate of the unit (e.g. for a 4800BPS unit, use 2400Hz modulation).
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3.9.4 DATA RECEIVER CLOCK OUTPUT

The receive section of the modem, includes a clock line driven by the modem. This
signal is used to synchronise the transfer of receive data to the user system. The RCO
(Rx_Clock_Output, pin17 in the DB25 connector) line changes from ON (TRUE) to OFF
(FALSE) as the RxD (Receive_Data, pin3 in the DB25 connector) line outputs the next
bit, and from OFF (FALSE) to ON (TRUE) in the nominal centre of the bit cell. This
conforms to the V.24 specification.

3.9.5 OTHER RS232 RECEIVER CONTROL LINES

The DSR (Data_Set_Ready) line is driven true by the modem. This line is in fact merely
tied to the internal +13.8volt rail via a 4K7 resistor. The DTR (Data_Terminal_Ready)
input is unused in Synchronous mode.

3.9.6 DATA TRANSMITTER

The transmit data input is continually sampled and coded for transmission. This process
consists of sampling the data input, randomising the bit pattern so that the DC
component of the transmitted stream is zero, and generating a waveform suitable for
application to the modulator of the FM radio transmitter.

3.9.7 DATA TRANSMITTER CLOCKS

The modem transmit data interface, includes two clock lines. One clock line, TCO
(Transmit_Clock_Out, pin15 in DB25 connector) is driven by the modem, the other, TCI
(Transmit_Clock_In, pin24 in the DB25 connector) can be enabled to allow the external
user to supply a transmit data clock. This is implemented by synchronising the internal
clock generator to the user's clock (within a small frequency range). This function is
essentially a Phase Locked Loop, and effectively adjusts the phase of the internal clock
to match that of the input clock. If the user clock source stops, then the modem will
continue to generate the internal clock at it's nominal rate. In accordance with
specification V.24, the state of the transmit data line (TxD, pin2 in the DB25 connector) is
sampled on the ON to OFF transition of the clock, the bit cell boundary occurs with the
OFF to ON transition of the clock.
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3.9.8 TRANSMITTER RTS/CTS LINES

Two other control lines are included in the transmitter interface. The RTS
(Ready_To_Send) input line, is used to control the radio RF transmitter. The CTS
(Clear_To_Send) output line is driven by the modem, to indicate that the modem
transmitter is ready to accept transmit data. The RTS to CTS time is determined by an
internal timer. A configuration parameter is used to load the internal timer when the RTS
line is activated, which must expire before the modem activates the CTS line. This time is
necessary to allow the remote receiver to settle and synchronise to the data stream,
before the user at the transmitting end begins sending data. However it should be noted,
that the CTS signal does not perform any flow contro! function within the modem.

3.9.9 PHASE SYNCHRONISM WITH GLOBAL CLOCKS

When data is transferred over more than short distances, and synchronism must be
maintained to some external global master clock (e.g. Telecom DDN network), then the
propagation delay, and thus phase shift of the data becomes significant. A facility is
provided, to introduce a phase delay in the transmitted data stream, of up to 3/4 of a bit,
in 1/4 bit steps. This delay is adjusted so that minimum phase offset results at the
receiver of the destination station.

3.9.10 TRANSMIT TIMER

The modem implements a transmit (PTT) timer. This timer can be disabled entirely by
setting the PTT Timer configuration value to zero. The timer value is a 16 bit number,
that counts in increments of 2.5 milliseconds. If the timer is enabled, whenever the
modem activates the PTT control to the radio transmitter, it initialises the timer with the
configured value. The timer is decremented while the RTS line remains active, and if it
terminates, the PTT control is deactivated. No other action is taken, and all other
functions within the modem are oblivious to this condition, including the CTS line, so data
continues to be "carried", and thus lost. The PTT timer is to be considered an emergency
override mechanism only, in case an error occurs in the operation of the user's host
equipment and/or software. To reset this timeout state, the RTS line must be taken from
ON to OFF. The PTT timer will then be re-initialised the next time the RTS line is
activated. The timeout period may be set in 2.5mS increments to over 160 seconds.

3.9.11 LED INDICATORS

3.9.11.1 Received Signal Strength Indication. RXSIG LED

In all operation modes of the modem except "Programmer Mode" (see section below on
special modes of operation), the RXSIG LED indicates the level of the RSSI signal from
the radio IF strip, compared to a threshold set in the configuration data read from the
non-volatile memory. If the signal is above the threshold, then the LED indicator is turned
on. There is no hysteresis applied in this process.
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3.9.11.2 Data Carrier Detect Indication. SYNC LED

In "Synchronous" operation mode (V2.1.x), prior to modem hardware revision "D", and
firmware revision "V2.1.4", the SYNC LED is superfluous and not driven.

Note that firmware revision V2.1.5 onwards should only be used in SYNC mode.

From modem hardware Revision D onwards, the SYNC LED drive is used to generate a
DCD function in the user interface connector, and requires firmware revision V2.1.4
onwards (i.e. firmware revision V2.1.4 onwards drives the SYNC LED ON 20mS after the
"leading edge" of the RxSig LED).

This means that the SYNC LED drive should always show this function and not be
allowed to show low Tx Power (see Error indication modes section 3.8.5.2). To
facilitate this the Min Tx Pwr parameter in the TC-900DR modem should be set to
zero, when the modem is built for synchronous operation.

3.9.11.3 Radio Transmitter Active Indication. TXMIT LED

This LED indicator is connected directly to the modem's PTT output drive. It is illuminated
whenever the PTT line to the radio board is active.

3.9.12 SPECIAL MODES OF OPERATION

3.9.12.1 Programmer Mode

Part of the power-up/reset initialisation phase of the modem, are tests to determine
whether the modem should enter a special operation mode. The first, is a test for
"Programmer Mode". Pin6 on the DB9 connector of Port A, is normally the DSR line. To
this end, this pin is pulled high by a resistor to +13.8v, so that to a connected DTE this
signal says that this DCE is ready. Howeuver, if this pin is connected to pin5 (Com) when
the modem is powered up, the modem senses this, and attempts to enter "Programmer
Mode". The modem sends out of PORTA, an ASCIH "?" (question mark) character, and
waits for the programmer to reply with a password. Failure to supply the correct
password in time, will cause the modem to abandon the "Programmer Mode" attempt,
and go on with it's normal power-up procedure. This password protection scheme
provides some defence against unauthorised tampering with the radio/modem's
configuration data.

3.9.12.2 Bit Error Rate Test Mode

The next test, is one for "Bit Error Rate Test Mode". Pin9 of the DB9 connector of Port A,
is normally the Ring Indicate output line. The modem includes a resistive pulldown to
Gnd to show a negative condition on this line. However, if this pin is driven positive
(typically by connecting it to pin6), then the modem's data transmitter and receiver will
enter the BER test mode. it will activate the RF transmitter and generate a scrambled bit
pattern which should be decoded at a receiver as a constant logic "1" level in the
unscrambled data. A test point on the modem PCB, is available to monitor this point with

© Copynght Trio DataCom Pty Ltd Page 78

Q-Pulse Id TMS915 Active 10/12/2014 Page 204 of 440



SP161 Brand Street Hemmant SPS Electrical Installation Volume 1 OM Manual

TC-900DR User Manual Issue 13 : February 2001

a frequency/event counter. (In fact this test point is always active, and may be used to
monitor the received data decoded by the modem IC). Each error bit in the decoded
bitstream, will be "0", and the receiver portion of the modem in this mode, will activate the
SYNC LED every time it sees a "0" bit. An internal timer is used to generate a time
equivalent to 1000 bits. Every error bit detected, will activate the SYNC LED, and restart
the timer. If and when the timer expires, the SYNC LED is deactivated. Thus, for error
rates of 1in 103 and above, the SYNC LED wiill be ON most of the time. A 1 in 10* error
rate will show the SYNC LED active for approximately 10% of the time. This function
provides a crude indication of Bit Error Rate for installation purposes. Other functions
performed in this state include RXSIG indication, and temperature compensation. The
state of pin9 is constantly monitored in this mode. If the pin ceases to be driven positive,
then the BER Test mode is terminated, and the modem restarts it's initialisation phase.

3.9.12.3 Order_Wire/Handset Mode

Failure of the BERT Mode test, brings the modem to test for the presence of a handset
plugged into the handset audio port. This is done by measuring the voltage on channel 4
of the analogue to digital converter. If a handset is plugged in, then the measured
voitage will be about 2 volt, but if it isn't installed, then the voltage will be about 4 volt.
The measured voltage is compared to 3 volt to determine whether the handset is
plugged in. If this test succeeds, then the modem will not generate a data waveform to
the radio transmitter. However, it will continue to indicate received RF signal strength,
and perform temperature compensation. The handset has a PTT button, and this signal
is connected across the modem's PTT output. Thus the handset PTT switch will activate
the TXMIT LED.

3.9.12.4 Error Indication Modes

There are three error conditions that will cause the RXSIG and SYNC LEDs to be used
for error indications and not their normal purpose. Two of these are "fatal" conditions,
that cause the modem to restart after the duration of the error indication phase.

3.9.12.5 Transmit Power Low

While the modem activates the radio transmitter, it periodically checks the level of the
radio transmitter output power. If the power measurement is less than a threshold set in
the non-volatile memory, then the RXSIG and SYNC LEDs are made to alternate,
approximately four times per second. Of course, the TXMIT LED will also be on in this
case. This indication condition will persist for the duration of the transmission. As soon as
the transmission is discontinued, the error indication will cease, and the two LEDs revert
to their normal function. The user should be aware that from Revision D of the modem
PCB, this state will cause incorrect operation of the DCD output line. As stated above,
the Min Tx Pwr parameter should be set to zero.
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3.9.12.6 NVRAM Read Error

The modem accesses the non-volatile memory as part of it's initialisation phase, to get
configuration data. If the communication protocol with the memory device is violated, or
the non-volatile memory CRC checksum is found to be incorrect, then the modem
indicates this by flashing the RXSIG and SYNC LEDs twice alternately. That is, one LED
winks on and off twice, then the other. A total of five cycles of this occurs, then the
modem restarts it's initialisation from scratch.

3.9.12.7 Radio Frequency Synthesiser, Lock Detect Error

If at any time during normal operation, BERT mode, or handset mode, the frequency
synthesiser indicates an out of lock condition, the modem enters an error indication
mode for a short time before restarting. One LED is turned ON, the LEDs are swapped,
then both off. Then the latter LED ON again, swap LEDS, and OFF. This will give the
appearance of a sweeping motion between the LEDs. The following table shows all three
modes for comparison.

Tx PWR Error NVRAM Error TBB206 Error
Synthesiser
RXSIG SYNC RXSIG SYNC RXSIG SYNC
3 ® 10 L j©; L
® o ® ® o G
G ® o] ® ® ®
[ o ® ® ® o]
3 ® ® j©; j©; ®
® o [ ® [ ®
101 ) ° 18] repeat
] j©; @ ®
continue repeat
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3.9.13 WIRING ADAPTOR HARNESS FOR TC-900DR SYNCHRONOUS MODEL

PORT A

PORT B

1 (DCD)
2 (RxD)
3 (TxD)
4 (DTR)
5 (Com)
6 (DSR)
7 (RTS)
8 (CTS)
9 (RI)

1 (DCD)
2 (RxD)
3 (TxD)
4

5 (Com)
6 (DSR)
7

8

9 (RSSI)

(RCO)
(RxD)

(TxD)

(DTR)
(Com)
(DSR)
(RTS)
(CTS)

(DCD)
(TCO)
(TCI)

N W

20

0N b O~

15
24

DB25F
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SECTION 4

ALIGNMENT PROCEDURE

4 ALIGNMENT PROCEDURE

41 GENERAL
This section details operational performance and alignment procedures that may be
required for the TC-9000DR. During servicing it may also be necessary to measure

specific performance parameters as a means of verifying the presence of a fault
condition.

4.2 TEST EQUIPMENT REQUIRED

The following list of test equipment is required to carry out all of the procedures detailed

below.
B Frequency counter accurate to better than 100 Hz at 1 GHz
- FM Signal generator. 455 kHz to 1 GHz. -120 dBm to +10dbm.
Synthesised in 100 Hz steps.
a Spectrum analyser 10 MHz to 1GHz. Dispersion down to 2kHz/cm, 80+
dB dynamic range. IF b/w down to 1 kHz.
B RF Power meter to 1GHz. -20 to +30 dbm. Accuracy £ 0.25 dB.
B Digital volt meter.
B HP3406 RF Millivoltmeter or similar.
" RF Test leads, MCX male and SMA male.
- Audio noise and distortion test set.
h Audio oscillator.
B Surface mount repair tools.
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4.3 TEST POINT LOCATIONS

Both the radio section PCB and the modem section PCB contain numerous test points.
They are easily located on the PCB's, and are detailed below.

431 MODEM SECTION PCB

TEST POINT SIGNAL DESCRIPTION
TP1 TxCLK Transmit clock
TP2 BER TST BER test output
TP3 SYNC Synchronised output
TP4 RxCLKOUT Integrator reset
TPS RxCLK Receive clock
TP6 RxDATA Receive data
TP7 DATA OUT Transmit data
TP8 INTEGRATOR Rx integrator reset
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TEST POINT SIGNAL DESCRIPTION
FINAL PA SECTION
TP31 TXPWR-2 Bias to Q8
TP25 TXPWR-3 Bias to Q8
TP27 TXPWR-4 Bias to Q9
TP14 +8v Power Supply
TP15 TXEN Transmit enable
TP20 RxMIXOUT  Rx mixer bias
TP28 TXPA-1 Bias to Q10
TP29 TXPA-2 Bias to Q11
TP26 +13V8 Power supply
TP33 PWR CONT Power control supply
TP30 PTT+8V Press to talk
121 MHz SECTION
TP13 DATA Tx data input
TP17 60.5 MHz Modulated 60.5MHz
TP16 121 MHz Output of doubler
TP18 121 MHz Modulated 121 MHz
TP32 MIC Tx Mic audio input
NE&15 IF SECTION
TP6 415kHz I/P 455 filter input/second mixer output
TPY QUAD Quad detector
TP8 DATA Rx data out
TP10 AUDIO Rx audio out
TP7 RSSI RSS] output
TP4 MUTE Mute control output
TPA1 2nd L.O Second Xtal oscillator
TP2 2nd L.O Second Xtal oscillator
TP3 IF Input 45 MHz IF filter input
TP5 IF Qutput 45 MHz [IF filter output
TP19 vCo VCO oscillator injection
SYNTHESISER/VCO SECTION
TP12 LOCK DET  Synthesiser lock detect
TP11 +5V Synthesiser +5v supply
AUXILIARY HANDSET INTERFACE SECTION
TP21 MIC Tx mic audio input
TP22 PTT Manual press to talk
TP23 +8vV Handset +8V supply
TP24 AUDIO OUT Rx audio output
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4.4 ADJUSTMENT POINTS

All adjustment points are located on the radio section PCB. The following is a list of
these adjustable components.

COMPONENT ADJUSTMENT

XTAL2 VCO reference frequency
VR3 Deviation level set

L10 Tripier filter

L9. Doubler filter

L7 121 MHz filter

L8 121 MHz final filter

L6 Tx frequency set (121MHz Osc)
VR4 Tx power control adjust

C78 Tx mixer tunable filter

VR1 Rx audio mute adjust

VR2 Rx data DC BIAS offset adjust
L3 45 MHz filter alignment

L1 44 545 oscillator adjust

L4 45 MHz filter alignment

LS 45 MHz filter alignment

4.5 LINK OPTIONS

Several options are set in the TC-900DR modem by the setting of links on the radio
section PCB. Listed below is an option table for the various combinations.

LINK NUMBER SETTING DESCRIPTION
LK2 IN AFC option disabled
ouT AFC option enabled (factory standard)
L4 IN PWR control disable
ouT PWR control enabled
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4.6 HOUSING

The TC-900DR has been designed with the serviceability of the wunit in mind.
Construction of the unit is robust yet easily dismantled. The unit is primarily assembled in
an aluminium extrusion with a central chassis that is fixed to the front panel.

4.6.1 DISASSEMBLY PROCEDURE

To disassemble the unit, simply remove the two silver screws on the underside of the
unit and the six black screws located on the front panel (the front panel of the unit has

" the two DB9 connectors protruding from it). Ensure you do not loose the attached nylon
washers, as these prevent the Lexan front panel label being damaged upon replacing
and tightening the six screws. Simply slide the unit out of the extrusion clasping front
panel and the complete unit is exposed to you.

Caution : When re-assembling be careful not to foul the ribbon cable against the case
when sliding the unit into its case as this may inadvertently damage the cable.

4.6.2 MODEM AND POWER SUPPLY PCB

All components and connections to the modem section PCB are accessible without
removing the PCB from the chassis. If access to the rear of the PCB is required, firstly
remove two nuts that clamp the C TO-220 power supply regulator to the front panel.
Once this is removed, simply remove the four screws securing the PCB to the chassis.

The PCB is now free to work on, and can be folded out so as to service the unit in an
open accessible condition whilst still connected to the radio section PCB. If required, the
modem section PCB can be separated from the radio section PCB by simply unplugging
the ribbon cable.

NOTE: Regulators will need to have heat-sinks fitted if unit is to be operated in this
condition for excessive time penods.

4.6.3 ANTENNA DIPLEXER

The antenna diplexer is mounted on top of the radio section PCB. It is easily removed by
firstly disconnecting the two miniature RF connectors (MCX type) from the PCB.

Care should be taken when unplugging these connectors so as not to damage them, itis
important to remove and insert connectors in a vertical direction.

Secondly, remove the nut securing the antenna output connector from the central
mounting chassis. The last two remaining screws must be removed which secure the
diplexer to two metal PCB standoffs on the radio section PCB. The diplexer can now be
removed.

Testing of the radio section PCB can be continued without the antenna diplexer, by
connecting to the receiver and transmitter ports separately.

Miniature MCX RF Connectors are available from Trio DataCom if required.
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4.6.4 RADIO SECTION PCB

The radio section consists of a two sided PCB which has surface mount components on
one side and conventicnal components on the other. Several critical test points are
accessible on the component side of the PCB which minimises removal of the PCB from
the chassis.

To remove the PCB from the chassis, fifteen screws must be removed. Upon removal of
these screws, the PCB can be manoeuvred from the chassis and once again can fold
out so as to be serviceable as a complete unit.

NOTE : It is essential that all RF Deck mounting boils are fitted and secure upon
reassembly as many of these bolts provide inter-stage isolation and secure grounding
ensuring the product meets all specifications.

Once service of the unit is complete, reassembly is simply the reversal of the above
procedures.

Care should be taken when sliding the complete chassis assembly back into the
extrusion. Ensure that the ribbon cable connecting the modem and radio section PCB's
is carefully "tucked" away within its designated slot so as not to damage the cable.
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4.7 ALIGNMENT DESCRIPTION

CAUTION - As the TC-900DR is capable of full duplex operation, care should be
taken to avoid damage to sensitive test equipment such as signal generators or
spectrum analysers. It is recommended that a 30db 2 Watt pad be connected
between the unit and any test equipment prior to testing.

This section is for alignment/adjustment of the RF Deck and should be read in
conjunction with Section 2 (Hardware Technical Description) and Section 7 (Fault
Finding) if faults or difficulties are experienced.

For initial alignment, proceed in the following order :
Reference oscillator & synthesiser. '
121 MHz Tx modulated injection oscillator.
Tx final stage/Power control.

Receiver and audio mute

4.7.1 REFERENCE OSCILLATOR AND SYNTHESIZER

1 Check VCXO (XTALZ2) for reference frequency o/p at a level of 550 mV rms with
an RF Millivoltmeter, and the VCO o/p for an RF level of around 150 mV rms.

2 Check that the TBB202 dual modulus prescaler (U4) is producing an output of
approximately 7 MHz and a level of 550 mV rms at the "IF” i/p to the TBB206
synthesiser 1.C.{U3-p8)

3 Ensure that the synthesiser has been programmed to a frequency within the
range of the VCO, and check that the VCO is locked by observing a high (5V)
level on Lock detect output of the synthesiser I.C.(U3-p14). Note that very short
duration pulses to ground is normal.

4 Program the synthesiser with the following VCO frequencies according to VCO
type and ensure lock occurs at both ends of the frequency range. These
frequencies are 2 MHz beyond the published specification.

VCO TYPE: MQC-798

Maximum 786MHz VCO = 907MHz Tx or 831MHz Rx
Minimum 814MHz VCO = 935MHz Tx or 859MHz Rx
VCO TYPE: MQC-978

Maximum 996MHz VCO = 875MHz Tx or 951MHz Rx
Minimum 960MHz VCO = 839MHz Tx or 915MHz Rx

5 Program the VCO to a given frequency within the range as specified above and
measuring the VCO o/p frequency, adjust the 12 MHz (VCXO) reference trimmer
to bring the frequency within 250 Hz of the VCO frequency.

Note: Unit is temperature compensated at factory and no field adjustment of Ref.
Oscillator is possible. If VCO frequency is not correct (£1500Hz), consult factory
for service advice.

Note ensure that the VCXO control input is within its active range (1-4 Volts).
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6 Check the VCO power o/p by monitoring the Rx mixer bias at TP20, where
approximately 200 mVDC should be measured.

7 With a spectrum analyser set to the VCO frequency and a dispersion of about 5
or 10 kHz per cm, check that the reference sidebands are less than -60dBc in the
adjacent channel.

8 Check VTCXO Reference frequency is F(tx) +121 MHz for 853 remote units or
F(tx) -121 MHz for master units. If Reference is out by more than +1.5kHz, drift
offset should be applied via the programmer or unit should be returned for factory
service. attempting to alter Reference trimmer will void temperature compensation
process and should only be done in an emergency and as a temporary measure.

4.7.2 121 MHZ MODULATOR

Note - make sure the transmitter is loaded with a suitable attenuator on the antenna
or Tx o/p socket before energising

1. For Initial alignment set all coil cores to their nominal positions as per the

table below :
Miller coils
L9 5 turns from top of coil can
L10  2turns
L7 4 turns
L8 5 turns
L6 0 turns

To prevent the final transmitter stages from producing excessive power whilst low
level stages are being aligned, it is suggested that the Tx post mixer tunabile filter
be de-tuned. Energise the transmitter via manual PTT from the auxiliary handset.

2. Tune L7 through L10 for peak o/p. For initial alignment this can be done by
monitoring the 121 MHz level at TP18 initially and then at the input to the SBL-1X
transmit mixer (U8), where a level of about 75mV should be measured by an RF
millivoltmeter (e.g HP11960).

Typical RF millivoltmeter readings for each stage are :

TP17 125 mV RF =0.25 VDC on HP 11960 probe.
TP16 40 mV RF =0.06 VDC on HP11960 probe.
TP18 550 mV RF =1.0 VDC on HP11960 probe.
121 MHz i/p to mixer 75 mVRF =0.13 VDC on HP11960 probe.

Note: The signal at TP17 is present as long as "Tx En” is active. The subsequent
test points require PTT to also be active.

If the complete transmit chain is known to be operative then the 121 MHz o/p can
be peaked by first de-tuning C78 on the tunable Tx fiiter until the Tx power o/p is
less than 100 mW and then tuning Inductors L7 to L10 for maximum output at the
Tx frequency.
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3. With the radio section links set for the desired data rate (see link table above) set
the peak deviation as per the chart below with VR3, and center frequency to
121.000 MHz with L6.

NOTE : THESE ADJUSTMENTS ARE INTERACTIVE. ENSURE ALL COILS ARE

SECURE
BAUD RATE DEVIATION LEVEL
4800 bps * 1.5 kHz peak
9600 bps + 2.75 kHz peak
4. Note that temperature compensation is applied to the 121MHz oscillator so

attempting to adjust either VR3 or L6 will upset compensation and should only be
done as a temporary measure. Return unit to factory for repair if errors >+500Hz
are detected. ' ' '

4.7.3 TXFINAL

NOTE: It is essential that all RF Deck mounting bolts are fitted and secure upon
reassembly as many of these bolts provide inter-stage isolation and secure
grounding ensuring the product meets all specifications.

1 Ensure the 121 MHz Tx injection is operating correctly.

2 Check Q2,4,5,8, are all biased correctly as per the voltage chart.
Temporarily disable the Tx power control circuitry by shorting LK4 located on the
top side of the board near the ribbon cable.
Energise the transmitter via the manual PTT on the auxiliary handset.

3 Tune the Tx filter tuning capacitor C78 for a peak output power measured at
Antenna port or X4,

4 With full drive, Q9 driver collector current as seen across TP26//TP27 should be
approximately 45 mA (100mVDC), and NOT MORE THAN 55mA (120mVvDC).

5 With. full drive at Q9 each final transistor should be drawing around 175
mMA(385mVDC) as seen across TP26/TP29 or TP28. The output power measured
directly at the final connector should be between +32 and +34 dbm without power
control.

6 Re-enable the power control circuitry and with the Txpwr' control line set at
+5VDC, set VR4 for +32 dbm+/- 0.25 dB at the tx o/p socket X4. Check that the
current in EACH final collector does NOT EXCEED 225 mA,

7 Check with the spectrum analyser that the Tx o/p is free from spurious signals.
Note 1 . Prior to the diplexer the VCO level is nominally about -20 dbe.

Note 2 . Close in mixing products (less than +/- 30 MHz) must be greater  than
65db below the carrier, as they are not attenuated by the diplexer filters.
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D.C. Voltages of Radio Section
RF Qutput Power set to +32 dbm at X4 (diplexer input) with 13.8 VDC supply

Transistor Base Enitter Coliector
Q2 1.66 VDC 0.92 VDC 6.96 VDC
Q4 1.79 VDC 1.06 VDC 6.46 VDC
Q5 1.80 VDC 1.08 VDC 7.51vDC
Q8 1.05 VDC 0.31VDC 4.02 vDC
Q9 ~ 047VDC ~ ovbC © 13.35VDC
Q10 0.28 VDC 0 VvDC 13.05 VDC
Q11 0.29 VDC 0 VDC 13.16 VDC
Q12 717 VDC 7.97VDC 7.88VDC
a1 7.29VDC 7.97 VDC 7.91VDC
Q13 4.56 VDC 3.84VDC 7.97 VvDC
Q7 1.14 VDC 0.41VDC 6.68 VDC
Q6 1.13 VDC 0.40 VDC 7.52 VDC
Q3 1.06 VDC 0.33VDC 7.59 vDC

47.4 RECEIVER

The receiver section requires little or no alignment once factory aligned.

47.41 No AFC Models (Xtal 1 = 45.455MHz)

1 Adjust L1 for 45455 MHz measured with pickup loop near L1.
2 Inemergency adjust coils L3, L4 and L5 for best SINAD at TP8.
3 Adjust audio mute VR1 to mute handset audio at 10dB SINAD
4 Adjust VR2 for 2.0 VDC at TP8 whilst receiving data off-air.

4.74.2 AFC Models

Monitor 44.545 MHz with pickup at L1. Test for 44.545 +1.5KHz

Consult factory for alignment or service information.
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SECTION 5

INSTALLATION AND COMMISSIONING

5 INSTALLATION OVERVIEW

All Data Radio Modem devices needs to be properly installed and commissioned in order
to function reliably. It is important that installers are familiar with RF products /
installations and are geared up with appropriate tools necessary to confirm the ongoing
reliability of a communications system.

This chapter is intended as a short form checklist to ensure such radio devices are
installed correctly and that important tests are made and recorded at each site for future
reference should a problem eventuate.

Installers should check that each data radio has been programmed to suit their specific
requirements before installation.

5.1 GENERAL

Installations play a critical role in network performance. Although this is a known fact,
installations are often performed poorly or given little regard. It is essential that the
installation is performed in a professional manner with careful attention and
consideration to the following items :

1. Adequate primary power cable - relative to the length of cable to minimise voltage
drop.

Shielded data cable between the unit and any external data equipment.

Low loss coax used for antenna feed line.

Careful termination of RF connectors.

A suitable antenna for the requirement.

Suitable placement of the antenna.

Adequate signal strength from the base station / other radio communications
device.

NoohoN
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5.2 INSTALLATION

The following information should assist when installing and commissioning data radio
systems.

5.21 DATA CONNECTION

In industrial environments connection to any external device should be by shielded data
cable with the shield connected to the connector shell to minimise data corruption, and/or
radio interference.

5.2.2 MOUNTING

The radio modem should be mounted in a cool, dry, and vibration free environment.
Mounting of the unit should be in a location providing easy access to screws and all
connections.

5.2.3 POWER CONNECTIONS

The power required for 5 Watt (Tx) at 13.8VDC, is typically 2.0 Amps. As the Tx key up
current is significant, the gauge of primary power wiring should be considered. It is
suggested that a minimum of 18 gauge stranded copper wire be used for distances of up
to two metres and a minimum of 14 gauge for longer distances up to 5 metres.

Ensure correct polarity to avoid costly repairs.

5.24 COAX CABLE CONNECTION

It is important to select the correct cable and connectors for each application as a poor
selection can seriously degrade the performance of the unit.

As an example, for each 3dB of cable and connector loss, half the transmitter power is
lost and twice the receiver signal power is required to produce the same bit error rate.

In some installations where strong signals are present, a compromise of cable and
connector cost may be acceptable.

It is essential that all connector terminations are performed as per the manufacturers
specifications (especially at 900MHz and above) and if connectors are to be used
outside, it is essential that a sealant such as amalgamating tape be used to seal
connectors. DO NOT use acetic cure silicon to seal the connectors.

It is also important that coax cables are not stressed by tight bends, kinking or excessive
flexing. Ensure that coax cables have sufficient strain relief and are secure. If large
diameter rigid or semi rigid cable is used, it is recommended to use a short length of high
quality RG58 or RG223 cable between the unit and main cable feed.
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The following chart is a guide to losses in various types of coaxes at 400MHz and
900MHz over distance, please consider this when installing the unit.

LOSS RELATIVE TO DISTANCE
CABLE TYPE
1dB 3 dB 6 dB 9dB
450MHz [900MHz |450MHz [900MHz [450MHz |900MHz [450MHz |900MHz

RG58C/U 23m [1.6m |7m 5m 14m 10m 20m 15m
RG223/U 31m |23m [9m m 18m 14m 28m 21m
RG213/U 6.1m |4m 18m 12m 37m 24m 55m 37m
HELIAX 19m 14m 57m 43m 114m |87m 171m [130m
LDF4-50A
HELIAX 38m 25m 114m |75m 229m [150m ([343m |225m
LDF5-50A
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5.3 ANTENNA INSTALLATION

The selection of antennas and their placement is one of the most important factors when
installing a radio based network. People often use a simile, it is like putting square
wheels on a Mercedes Benz..... very true comparison.

Antennas are generally mounted to a vertical pole with either vertical or horizontal
polarisation as per the licence requirement.

Antennas should be mounted as high as practical and away from metal surfaces which
can cause reflections.

Determining the type of antenna is very important and as a typical generic example,
Point to Multipoint (PTMP) systems generally employ high gain (3, 6, or 9dB gain) omni
directional antennas at the base station sites and either omni directional whips (unity
gain) or preferably high gain directional yagi antennas (9 or 14dB gain) at the remote
sites.

5.3.1 YAGI ANTENNAS

Yagi antennas not only provide signal gain and directivity, but also provides protection
from interfering signals which are outside the beam width of the antenna. Yagi antennas
are essential when communicating over very long distances.

Yagi antennas are polarised and must be mounted either vertically (elements pointing
from the ground to the sky) or horizontally (elements in parallel with the horizon).

As a general rule, Point to Multipoint remote units are vertically polarised, while Point to
Point links are horizontally polarised.

When mounting yagi antennas with vertical polarisation, it should be noted that the
dipole (loop section of antenna) has a drain hole. The small drain hole on one end of the
dipole must be pointed towards the ground so that water will drain out of the antenna.

5.3.2 OMNI DIRECTIONAL ANTENNAS

Omni directional antennas provide a radiation pattern of equal strength through 360° in
the horizontal plane. This makes them ideal for base antennas in point to multipoint
systems because they can reach the remote antennas.

Omni directional antennas are also used at remote sites (although yagi antennas are
preferred) and are typically ground independent “whip” type antennas. The main reason
for using whips at remote sites is for aesthetics as they are far less obtrusive than a yagi.

Regardiess of the type, antennas need to be mounted properly and in a suitable location
as covered below.
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5.3.3 ANTENNA PLACEMENT

Antenna placement is of paramount importance and plays a big part of the antennas and
in turn systems performance.

When choosing antenna locations the aim is to find the largest path of unobstructed
space and locate the antennas within that space. It is important to locate antennas as
high as possible and definitely clear of any moving obstructions.

Where possible it is important to avoid mounting antennas:
1. Against or adjacent to steel structures.

2. In an area which will have constant intermittent obstructions - peop'le walking
past, vehicles driving past etc. That is, mount antennas well above such moving
obstructions.

3. Near any electrical equipment.
4. Near metal beams, structures etc.

5. Inside any metal enclosures, tin sheds / warehouses etc. - note meshed wire
fences act like a “brick wall” to RF transmissions.

6. Away from guard rails or support beams.

Note: Sometimes installations in such environments are unavoidable and where this is
the case, certain care can be taken to still ensure a reliable installation. Please consult
Trio for assistance on a case by case basis.

If tests indicate poor signal strength then the antennas at one or both ends of the link
should be raised, and/or moved clear of obstructing objects, or if directional antennas are
employed they should be checked for correct directional orientation and polarisation
(horizontal or vertical signal orientation).

5.3.4 REFLECTIONS AND OUTPUT POWER
Ideally, the propagation path should be clear Line of Site (LOS).

The biggest problem with UHF radio when used within “steel” buildings or obstructed
paths is the large presence of signals randomly reflected from the surrounding
obstructions or “steel” walls. These signals cannot be eliminated, but by maintaining a 10
to 20dB margin between the wanted and unwanted signals, problems should not be
experienced. The simplest way to do this is to use directional gain antennas.

These antennas will provide attenuation to all signals arriving from a direction other than
the direct path. Where steel walls or structure exist immediately behind the antenna
location, the high front to back ratio of such antennas will negate such high level
reflections. Power output should be set at the minimum level required to achieve a 25dB
fade margin, in order to minimise the amount of RF being reflected, and to avoid
saturating the receiver front end and therefore reducing the margin between wanted and
unwanted signals.
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54 COMMISSIONING - RSS! LEVEL

When commissioning a data radio netwoerk, it is important to ensure that the incoming
received signal strength (RSSI} is adequate to provide reliable communications.

Note: A good signal path should allow for approximately 30dB fade margin.

Received signal strength (RSSI) of the incoming signal is available as an analogue
output on Trio data radio modems. This RSS} output ranges from 0 to approx 4 Volts,
where 4 Volts indicates the strongest signal. The actual values of received signal
strength can be determined by comparing the output voltage against the calibrated graph
supplied in the handbook.

By referring to the RSSI chart alignment of aerials can be optimised to achieve the
greatest signal strength (highest output voltage).

Note: Be sure to stand clear of aerials when measuring this output vollage, touching or
Standing in close proximity to aerials will give inaccurate readings.

5.41 CHECKING DATA COMMUNICATIONS

If the host computer and remote equipment are capable of performing data integrity tests
then connect the host and terminal data equipment to the radio modems.

Remove and re-apply power to each radioc modem to ensure they are both in data
comms mode, and run data tests on the link.

5.4.2 BIT ERROR RATE {(BER) TESTING

If the connected data equipment is NOT capable of running data integrity tests then the
TC-4500S modems can be put into a BER test mode, whereby the data channel can be
tested in each direction to a reasonable level without external test equipment. To run a
link test with the radio modems themselves, they must BOTH be put into BER test mode,

To place the unit in BER mode connect pin 6 and pin 9 of port A together and apply
power..

The transmitter can be activated by driving the RTS pin (7) of port A positive. The unit
will then send a predefined pseudo random sequence which is tested for accuracy by the
receiving unit and any errors displayed on the front panel 'SYNC' lamp.

Each error bit will ilurninate the lamp for approximately 1000 bits duration, therefore error
rates above 1 in 1000 will show an almost constant error indication.

To return the unit to normal data transmission mode simply power it up without pin 9
connected to pin 6.

For further information on radio path problems please contact Tric DataCom for detailed
advice.

Note : BER testing is not viable in an operational point to multi-point environment as the
BER test will interfere with other operative units.
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5.4.3 OUTPUT POWER - VSWR

Upon installation of equipment an output power measurement should be done using a
suitable power meter. Forward and reflected power should be measured at the antenna
port and recorded for future reference. The reflected power measurement should be as a
minimum 3 : 1 of the forward power. If this is not the case, investigate possible causes
such as poor termlnatlons faulty antenna etc..

5.4.4 DATA CONNECTION

The data connection is via a DB9 connector, labelled 'Port A', which is wired as a DCE as
shown below. The port labelled 'Port B’ is not used for the standard configuration but can
be enabled. by the programmer for use as a totally independent second data channel. In
industrial environments connection to the modem should be by shielded data cable with
the shield connected to the connector shell to minimise data corruption, and radio
interference. :

- User Serial "Port A" Pin Assignment

PIN NO. & FUNCTION EXTERNAL VIEW OF 'PORT A'

1. DATA CARRIER DETECT (DCD) S @ cou
2. RECEIVE DATA OUTPUT (RXD) RIVBER | & -
3. TRANSMIT DATA IN (TXD) - s |

4. DATA TERMINAL READY (DTR) G |
5. COMMON (COM) ___ SN IO P
6. PROGRAM PIN (PGM) DSR./PTH. @

7. REQUEST TO SEND (RTS) - \@/ oco

8. CLEAR TO SEND (CTS)
9. BIT ERROR RATE PIN (BER)

NOTE: Pin 6 and-pin. 9 provide a dual function which depends on the mode that the
TC-450DR is operatmg in.

- User Serial "Port B" Pin Assignment.

Port B of the TC450DR is essentially unused in its standard configuration but can be
enabled by the Programmer for use as a totally independent second data channel. This
port is essentially used for specific applications and only has one connection that may be
of use for installation purposes. ThIS connection (Pm 9) is Recelve Slgnal Strength
Indicator (RSSI) output. = : :

This RSS! output ranges from 0 to 5 Volts, WhereS Volts indicates the strongest signal. It
is important to note that this Port output has a high impedance of around 10K ohms and
Ioadlng will decrease accuracy of the recorded measurement. . : :
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PIN NO. & FUNCTION EXTERNAL VIEW OF "PORT B'
1. DATA CARRIER DETECT / N
2. RECEIVE DATA O/P (RxD) ®
3. TRANSMIT DATA O/P (TxD) €
4. DATA TERMINAL READY (DTR) ®
5.COMMON @ ©)
6. DATA SET READY (DSR) ' '@
7. REQUEST TO SEND (RTS) . ®
8. CLEAR TO SEND (CTS) \® )
9. RECEIVE SIGNAL STRENGTH
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The following is a simple commissioning checklist which should be used at every site not
only to ensure correct installation, but also as a reference list for problems which may

eventuate.
TRIO SITE COMMISSIONING CHECK,LIST /| RECORD
‘| Company: Operator:
Site Location: Date:
Link to: Serial #:
Radio Typé: _ Config File Name:
Antenna Type / Gain |Path Distance -

Tx Power at Radio

Measured RSSI Volts

Reflected PoWer

Fade Margin

VSWR

Line of Site to Base

Tx Power at Antenna

DC volts at Radio (Tx)

Site QA Inspection:

Notes:

Signed

Date
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SECTION 6

FAULT FINDING

6 FAULT FINDING

This section is to assist with difficulties that may be experienced when installing or
working on the TC-S00DR.

6.1 MODEM/GENERAL

The foIIowing is a list of possible problem areas, and suggested checks that can be
made to isolate any general problem that may have occurred.

1. POWER SUPPLY

a) Check for +13.8 Volts at supply input. -
b) Check fuse on Modem-PAS PCB (1 Amp SLO-BLOW).
c) Check supply volts:
Modem PAS i) 13.8 Volts
i) 8 Volts
iii) 5 Volts

RF Deck i) 13.8 Volts
i) 8 Volts
iii) 5 Volts

2. ANTENNA

a) Check antenna, cable and connectors for damage or water
'b) Check forward and reflected power at antenna connector of unlt. :
VSWR should be <= 1 5:1 B :

3. . PROGRAMMING

Check programmlng information. e. g -
_i)Transmit-and receive frequencies are W|th|n the operatlng band of the unlt
n) User interface conﬁguratlon ,
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4. - INTERFACE

a) Check connections to Port A (DB9 Connector).

b) Check cable to host communications.

c) Interface commands to unit are incorrect or communlcatlons are not
establlshed correctly. ‘ ‘

5. POOR TRANSMITTER PERFORMANCE

a) Check correct transmit frequency programmed.
b) Check transmitter carrier frequency. |

¢) Check transmittér deviation.

d) Check RF output power level. -

6. POOR RECEIVER PERFORMANCE

~ a) Check correct receive frequency programmed.
b) Check receive sensitivity.

c) Check audio output level and DC bias to modem.
d) Check mute threshold.
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6.2 RECEIVER

The following is a .list of problem areas, and suggested checks that can be made to
isolate any receiver specific problems that may have occurred.

6.2.1 RECEIVE SENSITIVITY LOW

1 Check mixer drive level by measuring DC bias developed across R27.

2 Check -for correct DC bias conditions and supply volts on RF Amp, Local Osc
buffer, and IF Strip, compared to voltage charts. -

3 Ensure 44.545 MHz oscillator (part _of NE615 IF IC) is within + 250 Hz. This is
best carried out by using a communications test set such as an IFR1200 or
similar in receiver mode with frequency error displayed.

4 Ensure that the local oscillator is netted to frequency by monitoring the Tx mixer
injection with a pick up loop connected to a sensitive frequency counter of high
stability. Adjust the. VCXO frequency reference until correct L.O. frequency is
observed. Note that the VCO and synthesiser use the VCXO as the frequency
standard. Measure the Synthesiser LOCK signal to ensure the VCO is in phase
lock.

5 With a 50 ohm signal generator tuned to 455 kHz, apply signal via a 1nF
. capacitor to the inputs .of the 1st and second IF Amp sections of the 615 IF IC
and compare the level required to produce the correct RSSI level.

6 With a 50 OHM signal generator tuned to 45.000 MHz, apply signal to the points
defined on the IF test chart and compare RF level requrred to produce the
reference RSSI level as specrf ed at TP4.

7 . Apply signal frequency to the RF input connector at X2 and compare the level
required to. produce RSSI reference level at TP4 with that shown in the iF Level
Chart.

8 Reconnect the Antenna Diplexer and apply the signal generator to the Antenna
terminal of the diplexer. Adjust the generator level to provide the same Rx mixer
bias from applied RF signal as was noted in 7) above. The Ievel required should
be no more than 3 dB (Rx dlplexer path Ioss) greater.

Note that the RSS! signal provided by the IF IC is a fairly accurate logarithmic scale
between 0.5 and 4VDC, providing about 0.5 VDC for each 10 dB of signal applied to the

: mput of the IF Stnp, and.can be used.as a reasonable measure of srgnal provrdmg it /s R

unmodulated and on center frequency at 455 kHz.
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6.2.2 RECEIVER LEVEL CHART

The following chart lists the level (terminated) of a 50 OHM signal generator to produce
2.0VDC of RSS| at TP4 when applied as specified to the point shown and at the
frequency indicated. : _

FREQUENCY CONNECTION POINT AND APPLICATION NOM LEVEL .
455 kHz © Pin 20 of IC U2 NE615 via 1nF -72 dBm
455 kHz Pin 18 of IC U2 NEG15 via 1nF -74 dBm
455 kHz Pin 1(i/p} of IF Filter CF2 via 1nF -58 dBm
455 kHz Pin 14 of IC U2 NE615 via 1nF -43 dBm
45 MHz Rx ifp at X2 via coax direct ' -49 dBm
45 MHz Mixer ifp following R.F. Amp -62 dBm
45 MHz -Mixer diode (D1) o/p across C100 -61 dBm
45 MHz Junction of 1st & 2nd 45 MHz crystal filter -77 dBm
| - '© Copyright Trio DataCom Pty Ltd . ) B ‘ T Page " 104
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6.3 TRANSMITTER

The following is a list of problem areas, and suggested checks that can be made to
isolate any transmitter specific problems that may have occurred.

1. NO TRANSMIT

1. Check PTT -circuit.

2. Check unit is programmed within its operational range.

3. Check if manual PTT (Rear Aux connector) keys transmitter.
4. Check if any transmitter output is present. Tuning required?

2. TRANSMITTER SPURIOUS EXCESSIVE
The probable cause is dependent upon the nature of the spurious as follows:

Carrier 910kHz - IF detector signal (2x455) modulating or mixing with carrier. -
Check 1n bypass on reference i/p to power control op-amp. Check bypasses on
collectors and supply lines of low level transmitter stages, and L.O. buffer.

Carrier £ 20.166 and/or 40.333. - Excessive harmonics of 20.166 crystal oscillator in
121 MHz FM'driver IC (U7). Check all pins of IC (U7) for correct DC conditions. Check
all tuning inductors for 'normal Q', as 'soft' tuning will almost surely mdlcate an
incorrect or faulty capacitor, or inductor.

Carrier t VCXO reference frequency (approximately 7 MHz). - Reference signal
modulating VCO, or mixing with carrier in. L.O.buffers. - Check Synthesiser supply
bypasses, check for defective joints or components in and around the resistive divider
at output of VCO. : -

Note that it is lmperatlve that low frequency divider products be attenuated before.
they can reach the base/emitter junctions of the L.O. buffer tranSIStors where they can
mix with the VCO frequency :

Note also that poor SMD solder joints will prowde nonI/near conductance and give rise
to frequency mixing in this area. Check for faulty components or poor joints around
the SyntheSiser to VCO frequency control area, or VCO supply line bypassmg

Excesswe Transmitter power radiated or conducted t6 the area of the VCO can also-
" cause spurious effects and may enhance the levels of otherwise acceptable levels of
spurious. If this is suspected, check that ALL chassis securing bolts are fitted and tight
on the RF deck, and that ALL bypass capacitors and chokes are fitted and correct in
and around the ﬁnal Tx stages : »
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3. TRANSMITTER POWER LOW OR UNSTABLE :
1 Firstly - Ensure that ALL RF Deck moUnting bolts are ﬁtted and secure.

2 Check that the feed resistors used for current |nd|catron on all stages of the final
are of correct value and firmly in circuit. ‘

3 Check that the Tx L.O. buffer and post mixer buffers are correctly biased as per
© the voItage charts. :

4 If necessary d|sconnect the final stages from the Tx post mixer buffers by
' removing the solder bridge between Q5 and Q8, and with an appropriate
instrument measure the RF power available from the Tx buffers to the final
‘pre-driver.
Note that the o/p /mpedance of the buffer is 50 OHM and must be measured by a
50 OHM instrument. It is highly -recommended that a measuring spectrum
analyser be used here as this instrument will also display the relationship
between the wanted signal and other spur/ous or unwanted mixing products.
The nominal display seen at this point by a spectrum analyser is shown on the
spectrum charts attached. : :

5 Totestthe final stages separate from the buffers - inject a signal from a 50 OHM
generator at Tx frequency into pre-driver (Q8) via C122. The IeveI required to
drive the final to full output is shown on the Tx level chart.

6 Check that the current drawn by the driver transistor as measured across the
feed resistor (TP28 to TP27).is within spec, and if not check and or replace the
driver transistor or associated components as necessary

7 Check that the current drawn by each final transistor as |nd|cated by the voltage
across the 2.2 OHM (2x4.7 ohm in parallel) collector feed resistors (TP26 to TP28
and TP29) is within the range stated in the voltage charts, and that both are
within 10% of each other. If.in error check - components around final pair and .
replace final transistors as necessary.

NOTE it is possible for power transistors to be partly defective due.to current or
- thermal abuse, and the fact that the devices are actually drawmg current does not.
always indicate that they are producmg fuII power at the collector.
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TX LEVEL CHART :

Frequency .Connection Point Level Remarks
o & Application o '

Base band Data from modem section TP13 (48000 2VD.C -
baud)

Base band Applied data signal to modulator U7 pin 1 Voo
' 3 (4800 baud level from modem)
Base band Audio signal to modulator TP32 0.84 VD.C
60 mV,, for VR3 set
for maximum value
400 mV,, for VR3 set
for minimum value

Base band Audio signal to modulator U7- pin 4 1.3VD.C
0.5 Vpp
121 MHz Signal level at TP18:A -5dBm
Final Tx Output to diplexer connector X1 3W at maximum power
frequency setting
_ ©Copyright Trio DataCom Pty Ltd - .~ . - .~ .. Page 107
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Appendix A DraWings'

SECTION 7
APPENDIX A

DRAWINGS

7 APPENDIX A DRAWINGS

TC01-08-12

TC01-08-11
TC01-04-05
TC01-00-05
TC01-08-10
TC01-00-10
TC01-00-10
TC01-00-10
TC01-00-10
TC01-00-10
TC01-04-15
TC01-05-10

- TC01-05-10

TC01-05-23

- TC01-05-18

Details _

TC01-05-16

TC01-05-17

TC01-05-12

TC01-05-19

. DR9-BLOK

Data Rédio Mounting Details

Data Radio Assembly Details

Data Radio Basic Modem 9K6/4K8 Component Loading Details

450DR / 900DR Packet Modem (2 sheets)

PWB Manufacturing Details 900DR Data Radio - Radio Board (2 sheets)
Data Radio Project Sheet

Data Radio Final PA (AFC Fitted)

Data Radio 121 MHz OSC (AFC Fitted)

Data Radio - Synthesiser - VCO (AFC Fitted)

Data Radio - NE6154K8/9K6 (AFC Fitted)

850-930 MHz Antenna Diplexer Component Side Assembly

- Radio Board Top‘Side (CIS) Tést Point &'Adjus'tmeht,Location 'Details
Radio Board Bottom Side (S/S) Test Point & Adjustment Location

Duplex Radio BER/S*N/N vs Sig

‘AFC ~AiiQnmentVSetUp - Block Diagram

4800/9600 BPS Modem Functional Diagram

- Asynchronous Modem Functional Diagram

Macro Block Diagram

“Radio Section - Modem Section Interface "
900MHz Radio Block Diagram
_RSSI Level cf Recéi\)ed:Si'gnali’(.ty'pical)

.. © Copyright Trio DataCom Pty Ltd
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Appendix B Glossary

SECTION 8

APPENDIX B

' GLOSSARY of TERMS and ABBREVIATIONS

8 APPENDIXB GLOSSARY

ADC:
AFC:
BER:
bps:

C/DSMA:

COM:
CRC:
CTS:
DAC:
DCD:
DCE:
DFM4-9:
DIP:
DOTAC:
DSR:
DTR:
‘FCS:. .-
FEND: -
FESC:
FIFO: -
FIR: -

AnalogUe to digital converter.

Auto.matic frequency control.

Bit error rate.

Bits per second.

Carrier or data sense, multipie access scheme.
Common. }

Cyclic redundancy checksum.

Clear to send. |

Digital to analogue converter.

' Data carrier detect

Data communications equipment. -

Trio DataCom digital modem chipset.

~ Dualin line package

Depar’tment of Transpor’t and Communlcatlons

, Data set ready. -

Data terminal ready
Frame check sequence
Frame end

»Frame escape

~ Firstin frst out.

_ qute |mpulse response

© Copynght Tno DataCom Pty Ltd
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FM :
FSK:
GPIB:

HADR_EN:

IC:
LF.:
i/pk:
KISS:

LADR_EN:

MSB:
NVRAM:
NRZ:
NRZI:
o/p:
PCB:
PLL:
PMP:
ppm:
PTP:
PTT:
RF :
RI:
R_select:
SIO:
RSSI:
RTS:
Rx:
RXD:
SCADA:
SLIP:

Frequency modulation.

Frequency shift keying.

General purpose interface bus.

High address enable éignal.'
Infegrated cifcuit.' _
Intermediate frequency.
input. '

Keep it simple 's'tupid.

Low address enable s_ignal.

Most significant bit.

Non volatile RAM.

Non return to zero.

Non return to zero - inverted.
Outbut.

Printed circuit board.

Phase Iocked'_loop'.

Point-to-multipoint.

- Parts per million.

Point—to;point. ]

Press to talk.

Radio fréquency.
Ring indicate.

RAM read select signal.

- Serial input/output.

Receive signal stfength indication.

Request to send .'

" . Receive.
' Receive data output.

Supéryisofy' control and data acquisition.

Serial line interface protocol. -

Appéndix B Glossary
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TC-900DR: TriAcv>.DataCom 900MHz full duplex déta transcéiver.

TC-DFMOIP: Trio' DataCom TC-900DR parameter program_ming‘ software suite.
TFEND: ~  Transposed Frame End. - ' |
TFESC: Transpdséd Frame Escape. |

TNC: Termirial node controller,

Tx: Transmit. - |

TXD: Transmit datain.

VCO: Voltage controliéd oscillator.

W_select: RAM write select signal

‘© Copyright Trio DataCom Pty Ltd: - o L
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Bra_nd St Hemmant

Equipment Type: [mpulse Suppressor
Location: RTU Section

Model Numbers: [S-50NX-C2
Manufacturer: Polyphaser
Supplier: Brisbane Water

\
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AL EHOWHW O THEE TAIET THL FROFLATY
YPHASCR CORPORATION. THE INFORMATION

*mmmmumrmm
-]

18 HOT TO &I COMIC. RUFROUOUCID. REVOALID TO
Ot APPROFLT
WRITTEN COMSINT OF POLYPHATIR CORPORATION.

TEQ @Y OTHERS WITHOUT THE DUFRESY

——{ .94 [23.9] T
==

2.20 [#5.2] J

{ 2.45 [62.2]

MAXIMUM CHARACTERISTICS

SURGE:

50kA IEC 1000-4-5 8/20us WAVEFORM 500 JOULES
TURMN ON:

600vde +20%

TURMN ON TIME:

2.5ns FOR 2kV/ns

FREQUENCY RANGE:

125MHz TC 1GHz

YSWH:

£1.1:1 OVER FREQUENCY RANGE

INSERTION LOSS;

<0.1dB OYER FREQUENCY RANGE
TEMPERATURE:

—-45'C TO +85'C STORAGE/OPERATING +50°C

REVISIONS

REY LTR DATE ENG

MKTG QA

A 01/30/96,, T. K. | = —

8 06/30/99,] K.C.B. | T.G.F. | R.
C 01/15/01?1 KCB PH RM
D 11/18/02 5 LG sD L

1.75 [44.5]

lm——1.50 [38.1] —

=

oL

E

4  ANTENNA
1S-50NX-C2

125 to 220MHz § 375w
22010 700MHz ) 125w
700 ta 30QCKMHZ @ 50w

¥ EQUIPMENT ¥

+

CUSTOMER APPROVAL:

DATE:

ALL DIMENSIONS SHOWN ABOVE ARE FOR REFEREMCE ONLY,

CRAFTER DATE -

J. CALLISTER |09/21/93 Ir
MECH INGINEER 0aTE P.0. BOX DOGO, WINDEM, WV 28433-4000 (775} TA1-2311 FAX (TT5) THZ-4i78

- - - - -— - TG NG/ PART WG/OESCRIPTION
KLEC ENGINEER DaTE

J. JONES 04/12/95 IS—S0ONX—-C2

mn‘:mc- e DAT!_ o CUSTOMER PRINT
OUALITY DEPT DATT CAGE CODE |FIL WAME STALL SHERT

R. MATHEUS [04/12/95[61114 =C1 ] 1/1 | 1 OF 1
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Radio/DC Converter
Location: RTU Section

Model Numbers: PB1H-2412G-CC
Manufacturer: Powerbox
Supplier: Brisbane Water
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PBIH Series

15-150 WATTS DC/DC SINGLE OUTPUT

Features

* Wide selection of models
e 4 input voltage ranges

* High efficiency

* Low output ripple

* Proven reliability

* Good thermal margins

Specifications OPERATING
INPUT Efficiency 70%-89%
Input voltage 12VDC (9.2-16) — -
24VDC (19-32) Safety isolation (1 minute) Type — 12, 24, 48V input
48VDC (38-63) Input — Output: 1500VAC
110VDC (85-140) Input— Case: 1500VAC
Output- Case: S00VAC
Inrush current 20A max. for 110V Ol'lh‘ Twe_ 110V iwu‘
ey Input- Output: 2000VAC
Input— Case: 2000VAC
Output voltage See table Output- Case: 500VAC
Voltage adjustment +10%, £5% for PBIH-F Insulation resistance 50M (500VDC) Input — Case
Output current See table Parallel operation Consult sales office for details
Ripple & noise Output Volts x 1% + 50mV to -100mV pk-pk Remote control PBIH-R Series:
L lation 0.8% it Open link: output normal
e i bk Short link: output off
Load lation 0.9%, 0%~100% load
o el ENVIRONMENTAL
Temperature coefficient 0°C to 50°C, 0.03% per °C
pere S 0% pe Operating temperature  0°C to 50°C full load
Overvoltage protection 0.V. dlamp, PBIH-F : :
Output shutdown, PBIH-G, J, M, R — input must Cooling Convection cooled
be switched off for at least 305 to reactivate smrage temperature -20°C to +85°C
Overcurrent protection Fold back — PBIH-F
Current limiting, PBIH-G, | M, R (PBIH-Rseriesis  mdny o
adjustable); PBIH110xxR models are not Shock 30G, PBIH-F, Gand J
Ayl Vibration (SHz—10Hz, 10mm),
Drift OutputV x 0.5% + 15(mV) per 8 hrs after 1 hr (10Hz-50Hz) 2G, PBIH-F. G and J
warm-up
Rise Time 200mS max. - PBIH-F M, R FINOARDE- A ArTnow
100mS max. — PBIH-G, J (at 25°C) Safety Designed to UL1950
Holdup time 10mS (only 110V input) C-tick AS/NZS CISPR11 Group 1, Class A
Remote sense PBIH-R Series only MECHANICAL
Weight PBIH-F : 250g
PBIH-G :380g
PBIH-J : 410g
PBIH-M : 800g
PBIH-R : 1.4kg
Id TMS915 Active 10/12/2014 Page 241 of 440
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: =]
PBIH Series :
m
15-150 WATTS DC/DC SINGLE QUTPUT .Iz,l
o 1
=]
=
m
Selection Table o
MODEL INPUT OUTPUT OUTPUT  MODEL INPUT OUTPUT OUTPUT MODEL INFUT OUTPUT OUTPUT %
NUMBER POWER NUMBER POWER NUMBER o
PRIHI205F 9246V SV 3A 15w PRIH1012G BS140N 12V LIA  I5W POIN-2424M 1932V 24V 5A -
PRIHAZIZF 9216V 12V 124 1SW PEINI0ISG 514N 15V 1JA  25W PEHZ&IEM 191V 4V 24 g
PRIHZISF 92416V 15V 1A ] PBIN-11024G B5-140N 28V LIA  25W PRIHAS0SM 3863V 5V 204 m
PEIH-1224F  9.2-16V 24V 0.2A 15W PBIH-11048G B5-140V 48V 0.5A W PRH-4812M 3863V 12V 9A 2
PEIH-2405F 19-32% 1] LY 15W PBIH-1205)  9.2-16¥ 5V BA S0 PEIH-4815M 3863V 15V TA
PIM-ZAIZF 1932V 12V 12A 15% PRIMIZIZ 9246 12V 33A  SOW PRIH4826M 386V 24V SA
PEIN-2415F 1932V 15 1A 15% PEIHI21S] 9246 1SV LA SOW PRIH4BISM  3BEIV  4BY 24
PRIN-Z424F 1932V 24V OKIA 156 PEIH-12I4I  928v 24V 1JA  SOW PRIIIO0SM E5-140v 5V 20A
PRIN-AB0SF 363V SV 3A 150 PEIM-1Z481 9118V 4BV 0EA  SOW PRIFI0IIM E5-180Y 12V 9A
PRIH-AR12F 3863V 12V 12A 198 PEIN-Z4051 193 5V 10A  SOW PRIH-1I01SM 8514 15V TA
PHIN-ABISF 3863V 18V 14 5% PEHZM 193V 12V 434 SOW PEIR-IC24M BS-140V 24V 5A
PBIH-4828F 3863V 24V OE2A  T5W PEIN-2415) 193 15V 34A  SOW PRIH-1IDMEM BS-140V 4BV 24
PBIH-1IDOSE 85140V SV 34 15w POIN-2424) 193V 24V 254 SOW PEIHII05R  S216W SV 27A
PEIH-1IDIZF 85140V 12V 12A  15W  Paibaedal 1933 48V 1A SOW PEIHIZIZR 9216 1V 13A
PRIH-T1015F B5-140Y 15V 1A 15W PEIH-4B0S)  3863Y SV 10A Sow PEIH-1215R  9.2-16% 15V 104
PEIH-11024F B5-140¥  24¥  0QG2A 15W FRIH-4B12) 3863V 12V 43A Sow PEIH-IZ2AR 9.2-16V 24V GSA
PRIH205G 9216 SV 5A 25W PHIN-4ETS] 3863V 15V 34 SOW PEIFIZABR  9.0-16V  48v  33A
PRIHA212G  9216¥ 12V Z1A  ISW PHIN-874)  38EIV 24V I5A  SOW PEIH-2405R 1922V SV 30A
PRIHAZISG  92-16Y 15V 1JA  25W PRIH-4B48] 3863V 43V 1A SOW PEHZ41ZR 1832V 12V 1A
PEIR1220G 926V 24V 10A W PEIH-1I005) 85140V SV 104 S0W PEIN-2A1SR 1933V 15V 11A
PEIH1248G  92-16¢ 48V O5A  2SW PRI 8540V 12V 434 SOW PEIH-Z420R 193¢ 2 7A
PEIH-24056 1933V W 5A W PEIH-I101S) 35140V 15V 344 SOW PEIH-2448R 1832 4BV 35A
PEIH2412G6 1932V 1V L1A 2SW PEIH11024) 85140V 24v 254  SOW PEIH4B05R 3563V SV 30A
PEIH2415G 1932V 1SV 17A W PRIH-11048) 85140V 48V 1A oW PEIH-481ZR 3863V 12V 14A
PEIH-2424G 193V 2V 10A W PRIH-1205M  02-16Y 5V 184 100W PEIH-4BISR 86TV 15V 114
PBIH2MEG 1932V 48V 05A  I5W PEIH-1ZIZM 9216V 12V 9A  100W PEINARAR  IBEIV 2V A
POIMAB0SG 3863V SV 5A 25w PBI-1ZISM 9216V 1SV 7A  100W PEINBASR 3363V 4sV  3SA  150W
PEINA812G 3863V 12V 21A  29W POI-1Z24M 0216V 24V 45A  100W PEIH-IDOSR 85140V 5V 30A
PRIN-AEISG 3863V 15V 1A B5W PEIN-IZ4EM 9216V 48V 2A  100W PEIH-IDIZR 5140V 12V 14A
PEIM-4B24G 3863V 24V LIA 25W PRIH-2405M 1932V SV 204 100W PEIHIDISR 35140V 1SV 11A
PRIH4BAEG 3663V  48Y 0SA  25W PEIZ4IZIM 1931V 12V 9A  100W PBIH-1I024R BS540V 24V TA
PEIH-11005G BS5-140V 5V 5A W PEIH-2415M 193V 1V TA 100W PEIH-TID43R 35140V 48V 354  150W
- Dimensions in men
TS
1 0V {DC in)
2 +V DG
] Fa
4 NO Connectioe
L] =V out
L] +V out

Your dependable power parner — www, powerbox.com.au
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PBIH Series

15-150 WATTS SINGLE OUTPUT
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Connection

~NoeOms N =O

FG
DC +Vin
oin
LFG

-V out
+V out

~N ;s W =

FG
DC +Vin
oV in
LFG
-V out
+V out
NC

Terminal

Connection

N oo s =

+V out
+V out
-V out
-V out
FG
Vin
+Vin

+V out

DC +Vin
DC OV in
FG
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant |

Equipment Type: Modem/Power Supply
Location: RTU Section

Model Numbers: PB251-24CM-CC-TT
Manufacturer: Powerbox

Supplier: Brisbane Water
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PB251 Series

220-330 WATTS DC UPS

Features

= Ultra-low nolse output

+ Independent battery charging output

= DC output OK & battery OK alarms & LEDs
+ Battery-LVD and alarm

* Over-temperature protection

= Battery fuse fail LED

Specifications STANDARDS & APPROVALS
INPUT :
Voltage: 190 to 264 vac, or 190 to 400VDC e i oo g&nﬁdmd:;hzm
Line regulation 0.2%typical EMC Emissions comply with AS/NZS CISPR11,
Cument: 14A masium bl e bl
Innush current 10/ masimum Marked
Frequency: 451065 Hz Ilsolation ifp-olp 4242VDC for 1 minute
ourpur Yol aceien
i ol ALARMS & BATTERY FUNCTIONS —
St See table Converter ON/OK alarm Indicated by voitage-free changeover relay
Load regulation 0.5%typical contacts &
Current limit type - load cct Constant current green LED Oh=FSU Ok
Current limit type - batt. cct Constant current Battery low (& fuse) alarm 10.2 to 12,6V for 12V hme{:. adjustable 20.4
e S 2521 e 2V batery sl e
Over voltage protection 17.5 to 20V latching (13.8Vide output) green LED: ON=BATT OK
= A NTN W T S e Low voltage disconnect 9.6 fo 12V for 12V batiery adjsiable
Ripple & noise 28mVp-p (13.8Vde output) 19.2 10 24V2 for 4V battery, adjustable
190 Mnis Teaoma:_ it A AL o s e Charger over-load protection  Auto-resetting electronic circuit breaker
ENVIRONMENTAL e e T
Operating temperature muﬂc mtm derating, 5...90% Batiery 1o L‘id W‘_hsre d_-w_ 02 0. 025V typical z
e : {non-condensing) MECHANICAL
Over-temperature protection  Automatic & auto-resetting Case size 264 Lx172W 2 67 Hmm
Cooling requirement Natural convection Case size with heatsink 264 L x 186W x 67 H mm _
Efficiency 80% minimum Rack size 2320%19"Wx2RUH

Weight  18kg

Weight with heatsink 21kg

Weight (rack mounted version) 55kg
Selection Table i - '
MODEL Ry OUTPUT B OuUTPUT Note: Non standard battery
NUMBER Voo Kann e POWER charging current available on
PBZ51-12CM 138V 164 A 220W i PGSR0 for
PB251-12CM-H 13.8V 200 T 2715w
PB251-24CM 276V 1A A O I00W
PB251-24CM-H 7 1A A 330W
PB251-1ZRML 13.8v 204 A 175W
PB251-128 138V 204 A 275w
PB251-24RML 216V 12A A 330W
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PB251 Series

275-330 WATTS DC UPS

(/1]
m
2]
c
e
4
-

Technical lllustrations

. 71 PB251%(CM (H) MECHANICAL OUTUNE
a P-un‘uutnm-tlﬂl-ﬂr

oy NOTES:

1. Mourting Cavres | § utabie fir M4 Hardware

Aberrain: 27 1x B0mm cenres.

3. AC Mairn: 1 DAC s 1 IEC503 2Qower inke

4. Output and Banary. 4W Pluggable S craw Tarmiral Block
Sunble for upto 4 1g mmwire.

5. Ams 6W Pluggible S oo Tarminal Blbock
Sumble forupto 1 5 5q mmwie.

QUTAUT /BATTRY ALARM
TERMNATIONS TERMNATIONS

2.
130
]

O
| 4 05860525052
| ¥ L 3080898 +0009596060
. - T
N i R = - I
iaae 221
IB‘ @
I 39 —=
i = 241 - ol s ST | SRR
I 208 Js N U TT T ———
PB251-*RML & -12B MECHANICAL OUTLINE
- - - ﬂﬁ'_.
- — ——1 — » NOTES:
= = = 1. 2R x 19° rack enclosure per IEC 297
= R— —1 2. Mounting slots are suitable for M6 hardware.
I— —] —1 3. Input connector is & 10A Class 1 IEC60320 inlet.
— — === 4. 2 meter IEC mains cord with Australian plug is supplied with unit
= = = 5. PB251-128 alarm terminal is D825 female.
_ = = 6. PB251-128 output and battery connector is Hirose pn. HS 20R-4A.
—_ = = connector is Hirose pn. HS 28P-4A (not supplied).
= = == 7. PB251-"R ML alarm and output terminals are M3.5 screws
— =— — suitable for ring or fork ugs up 1o § mm wide.
; 428,00
TP VEW

PB251-RML ALARM AND OUTPUT TERMINALS

T e ] R

= Q sarvERy ox Lt 4 B
(=] VOLTAGE LOAD CURREWT  BATTERY CURRENT ] OIOI'I OIOIO ]
|

m u- PB251-128 OUTPUT & BATTERY CONNECTOR
o

PINT: » QUTPUT
Q PINZ: - OUTPUT
PIND: + BATTERY
REAR VIEW (PB2S1-"RML) Pon: - BATTERY
[=] [=]

=R g

OESD0o rme ocoxmo

PIN 15: BATTERY OK (NO)

REAR VIEW (PB2S1-128)

Your dependable power partner - www.powerbox.com.au
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Level Probe
Location: Common Control
Model Numbers: 020130FSP
Manufacturer: Multitrode
Supplier: Multitrode Pty Ltd
130 Kinston Road

Underwood. QLD 4119
Tel: 07 3340 7000
Fax: 07 3340 7077
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\\_ﬁ
MULTITRODE MultiTrode Probe Specifications

Materials:

Sensors: Avesta 254 SMO high grade stainless steel alloy

Casing: uPVC premium quality extruded tube '

Cable: PVC/PVC multi-core, purpose-manufactured Q\/

Resin: Fast cure, low viscosity, and solvent free W
Compressive Strength (TM-45) 7 days at 25°C (77°F) =60
Elastic Modulus in Compression (TM-45) 7 days at 25°C =
Flexural Strength (TM-46) 7 days at 25°C (77°F) en did not break under test
TG (TM-22) 7 days at 25°C (77°F) (86°F)

- Dimensions: - 32 mm (1 % in) diameter x-specified length
Mounting: via the supplied suspension/cleaning bracket inside the

* Mounting bracket not supplied with single-sensor probes

Environmental Range: 0°C to +65°C (32°F to +149°F)

Cable: 10-core Single-core
Conductor Size 0.75mm? 1.00mm?
Strands/Conductor 24 30
Ohms/km 25 20
Ohms/mile 40 32

* Other multi-core cables are available for non-standard probe

Oversheath: 10-core 3-core Single-core
Nominal diameter 11.2 mm 6.8 mm 6.8 mm
Core Colours: White * White * White
Oversheath: Blue

* All multi-core cables are printed: "1-ONE-1", }; 0 2" = etc. every 200mm (7 in) ., .-

Custom Probes:

MultiTrode can manufacture custom robes fo suit a particular application. Custom probes are manufz
requirements, within the following lirg .

No. of Sensors 28 8ensors max.

Sensor spacing 0.2'mm (3 in) min.
Section length* f (115 in) max.
Cable length 400m (1500 ft) max.

* Note: Probes over 3i

F~

0 feet) in length are made in sections.

b=
it .

Leaders in Pump Station Management Technology www.multitrode.com
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TECHNICAL DATA SHEET

For

SEWAGE PUMP STATION SP161
Brand St Hemmant

Equipment Type: Soft Starter
Location: Drive section
Model Numbers: MSF-017
Manufacturer: Emotron
Supplier: Siemens Ltd.
885 Mountain Highway

Bayswater Vic 3153

Tel: 137222
Fax: 1300360 222

&
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Emotron MSF 2.0
Softstarter

Instruction manual
English

DEDICATED DRIVE
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Valid for the following softstarter models:
MSF 2.0

MSF 2.0

SOFTSTARTER
Instruction manual

Document number: 01-4135-01

Edition: rl

Date of release: 25-07-2007

© Copyright Emotron AB 2000-2007

Emotron retains the right to change specifications and illustrations in
the text, without prior notification. The contents of this document may
not be copied without the explicit permission of Emotron AB.
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Safety instructions

Safety

The softstarter should be installed in a cabinet or in an
electrical control room.

*  The device must be installed by crained personnel.
* Disconnect all power sources before servicing.

* Always use standard commercial fuses, slow blow e.g. gl,
gG types, to protect the wiring and prevent short
circuiting, To protect the thyristors against short-circuit
currents, superfast semiconductor fuses can be used if
preferred. The normal guarantee is valid even if superfast
semiconductor fuses are not used.

Operating and maintenance

personnel

1. Read the whole Instruction Manual before install-
ing and putting the equipment into operation.

2. During all work (operation, maintenance, repairs,
etc.) observe the switch-off procedures given in this
instruction as well as any other operating
instruction for the driven machine or system. See
Emergency below.

3. The operator must avoid any working methods
which reduce the safety of the device.

4. The operator must do what he can to ensure that
no unauthorised person is working on the device.

5. The operator must immediately report any changes
to the device which reduce its safety to the user. -

6. The user must undertake all necessary measures to
operate the device in perfect condition only.

Installation of spare parts

We expressly point out that any spare parts and acces-
sories not supplied by us have also not been tested or
approved by us.

Installing and/or using such products can have a nega-
tive effect on the characteristics designed for your
device. The manufacturer is not liable for damage aris-
ing as a result of using non-original parts and accesso-
ries.

Emergency

You can switch the device off at any time with the
mains switch connected before the softstarter (both
motor and control supply voltage must be switched

off).

Dismantling and scrapping

The enclosure of the softstarter is made of recyclable
material such as aluminium, iron and plastic. Legal
requirements for disposal and recycling of these materi-
als must be complied with.

The softstarter contains a number of components
demanding special treatment, such as thyristors for
example. The circuit boards contain small amounts of
tin and lead. Legal requirements for the disposal and
recycling of these materials must be complied with.

General warnings

WARNING! Make sure that all safety measures
have been taken before starting the motor in
order to avoid personal injury.

WARNING! Never operate the softstarter with
the front cover removed.

WARNING! Make sure that all safety measures
have been taken before switching on the power
supply.

> > | >
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1. General information

This manual describes the Emotron Softstarter MSFE 2.0

1.1 How to use the Instruction
Manual

This instruction manual tells you how to install and operate
the softstarter MSF 2.0, Read the whole Instruction Manual
before installing and pucting the unir into operation.

Once you are familiar wich the softstarer, you can operate it
from the control panel by referring to chapter 5. page 27.
This chaprer describes all che functions and possible sertings.

1.2 Integrated safety systems

The device is equipped with a protection system which
reacts to:

*  Over temperature

*  Volrage unbalance

+  Over- and under voltage

* Phase reversal

* Phase loss

*  Motor overload protection thermal and PTC.

*  Motor load moniter, protecting machine or process
maximum or minimum alarm

+  Starts per hour limication

The softstarter is equipped with a connection for protective
earth L {PE).

All MSF 2.0 sofestarcers are [P 20 enclosed rypes, except
MSE-1000 and MSF-1400 which are delivered as open
chassis 1PO0.

1.3 Safety measures

These instructions are a constituent part of the device and
must be:

*  Available to competent personnel at all rimes.
* Read prior to installation of the device.

»  (Observed with regard o safe[y, warnings and informa-
tion given.

The rasks in chese instructions are described so cthat they can
be understood by people trained in electrical engineering.
Such personnel must have appropriate wols and testing
inscruments available. Such personnel must have been
trained in safe working methods.

The safery measures laid down in DIN standard VDE 0100
must be guaranceed.

The user must obtain any general and local operating per-
mits and meet any requirements regarding:

*  Personnel Safety
*  Producr disposal

= Environmental protection

NOTE! The safety measures must remain in force at all
times. Should questions or uncertaintles arlse, please
contact your local sales outlet.

1.4 Notes to the Instruction
Manual

NOTE: Additional informatlon as an ald to avoiding
problems,

CAUTION: Fallure to follow these instructions
can result in matfunction or damage to the
softstarter,

can result in seripus injury to the user m addition
to serious damage to the softstarter.

f WARNING: Failure to follow these instructions

important

For all enquiries and spare parts orders, please quote the cor-
rect name of rthe device and serial number to ensure that
your inquiry or order is dealr with correctly and swiftly.

1.5 Type number

Fig. 1, page 5 gives an example of the type code number
used for an Emotron MSF Softstarter. With this code
number the exact type of the softstarter can be determined.
This identification will be required for type specific informa-
tion when mounting and installing. The code number is
located on the producr label, on the front of the unit.

MSF  -017 525 2 c v N
1 2 3 4 5 6 7

Fig. 1 Type number.

Emotron AB 01-4135-01r1
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Table |
Posltion Configuration Description
parameter
1 Softstarter type MSF 2.0 type, Fixed
2 Motor current 017-1400 A
3 Mains supply 525V
voltage 6390 v
4 Control supply 2=100-240 Vv
voltage 5=380-500V
Control panel C=Standard, no external
5 option control panel
P H=External control panel
6 Coated boards -=No coated boards
i option v=Coated boards
N=No COM included
2 Communication S5=R5232/485 included
option D=DeviceNet included
P=Profibus included

1.6 Standards

The device is manufactured in accordance with these regula-

t
[ ]

Ons:

IEC 60947-4-2

EN 60204-1, Safety of Machinery, Electrical equipment
of machines, part 1, General requirements and VDE

0113,

EN 61000-6-4, EMC, Emission standard for industrial

environments

EN 61000-6-3, EMC, Emission standard for residential,

commercial and light-indusirial environments

EN 61000-6-2, EMC, Immunity for industrial environ-

ments
GOST
UL 508

1.7 Tests in accordance with
norm EN 60204 standard

Before leaving the factory, the device was subjected ro the
following tests:

Through connection of earthing system:

a} visual inspection.

b) check thar earthing wire is firmly connecred.

Insulation
Voltage

Funetion

1.8 Transport and packing

The device is packed in a carton or plyweood box for delivery.
The outer packaging can be recycled. The devices are care-
fully checked and packed before dispatch, but rranspert
damage cannot be ruled out.

Check on receipt
Check that the goods are complete as listed on the delivery
note, see type no. ec. on the rating plarte.

Is the packaging damaged?
Check the goods for damage (visual check).

If you have cause for complaint
If the goods have been damaged during transport:

+ Contact the transport company or the supplier immedi-
ately.

*  Keep the packaging {for inspection by the transport
company or for returning the device}.

Packaging for returning the device
Pack the device so that it will resist shock and impact.

Intermediate storage
After delivery or after it has been dismounted, the device can
be stored before further use in a dry room.

1.9 Unpacking MSF-310 and
larger types

The MSF 2.0 softstarter is atrached to the plywood box/
loading stool by screws, and the softstarcer must be
unpacked as follows:

1. Open only the securing plates at the bottom of the box
{(bend downwards). Then lift up the box from the load-
ing stool, both top and sides in one piece.

2. Loosen the three (3) screws on the fronr cover of the
softstarter unic, down by the lower logo.

3. Push up the front cover about 20 mm so thar the front
cover can be removed.

4. Remove the two {2) mounting screws at the borcom of
the softstarter.

5. Lift up the softstarter unic ac the bottom abour 10 mm
and then push backwards abour 20 mm so that the soft-
starter can be removed from the mounting hooks™ at the
top. The hooks are placed under the botrom plare and
cannot be removed unil the softstarter is pulled out.

6. Loosen the two screws (2) for the mounting hooks and
remove the hooks.

7. The hooks are used as an upper support for meunting
the softsearter.

6
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Fig. 2 Unpacking MSF-310 and larger models.

1.10 Glossary

1.10.1 Abbreviations

In this manual the following abbreviations are used:

Table 2 Abbreviations

Abbreviation | Description

FLC Full load current
DOL Direct on-line
1.10.2 Definitions

In chis manual the following definitions for cusrent, voltage,
power, torque and speed are used:

Table 3 Definitions

Name Description Unit
Insoft Nominal softstarter current A

Phsoft Nominal softstarter power kW, HP
Nhsoft Nominal softstarter speed rpm

T Nominal motor torque Nm, Ibft
U, Nominal motor voltage \

I Nominal motor current A

P Nominal motor power kw, HP
Prormal Normal load % of P,

Emotron AB 01-4135-01r1
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2. Description

[n this chapter different starting methods for induction
motors are explained and compared. The functionality of
softstarters with rorque control and their advantages and
limitations compared to other starting methods are
explained.

First a brief account of the background theory of starting
induction motors will be given in section 2.1. Thereafter the
different starting methods based on the usage of reduced
voltage will be described and compared. This chaprer will
also cover softstarters with torque control. In section 2.3
some common starting methods based on other physical
principles are explained. With this information some limita-
tions of the reduced voltage starters will become clear. In
section 2.4 there is a brief analysis of which applications may
benefit from using a softstarter.

2.1 Background theory

The following two sections deal with motors with squirrel-
cage rotors. In contrast to a wound rotor, the squirrel-cage
rotor consists of straight conductors, which are short-
circuited together at both ends.

When such a motor is connected directly to the line voltage
it will eypically draw a starting current of about 5 to 8 times
its nominal current while the resulting starting torque will
be about 0.5 to 1.5 times its nominal torque. In the follow-
ing picture a typical starting characteristic is shown. The x-
axis represents the speed relative to the nominal speed while
the y-axis shows the torque and the current respectively, even
those normalized to their nominal values. The dashed line
indicates the nominal values.

Torque

/Ty 25 -

1.5 1

— n/n,
0 0.5 1

Fig. 3 Typical torque characteristics for the DOL start

Current

i,

0 T m n/ng
0 05 1

Fig. 4  Typical current characteristics for the DOL start

For many industrial applications direct on-line starting is
not convenient, as the supply in this case has to be dimen-
sioned to deliver the unnecessarily high starting current.
Moreover, most applications do not gain anything from the
high starting torque. Instead there is a risk of mechanical
wear or even damage because of the resulting jerk at spee-
dup.

The acceleration torque is determined by the difference
between motor and load torque. The figure below shows
some typical torque characteristics for constant speed appli-
cations. For comparative purposes, the inducion motors’
torque characteristic is added to the diagram.

T/T, 25 W Torque

2 4

15 1

0.5 A1

- n/nn

Fig. 5 Typical load torque characteristics

Typical applications with constant load are elevators, cranes
and conveyors. Linear load characteristics are found for cal-
endar rollers and smoothing machines; quadratic correlation
between speed and torque is typical for pumps and fans.

Emotron AB 01-4135-01r1
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Some applications like conveyors or screws may need an ini-
tial torque boost. However, for many applications it can be
seen that the torque needed is much lower than the torque
delivered by the induction motor in a DOL start.

A common method to reduce both starting torque and cur-
rent is to decrease the motor voltage during starting. The
following figure shows how the motor’s torque and current
characteristics are changed when the supply voltage is
reduced.

Torque
T/Ta 25 -

2 4

1.5
Un
1
U,y<U,
0.5 A
__/—\U3<U2
0 T 1 n/nn
0 0.5 1
Current
Vln 8 q U
n
7 4
©1 U2<Un
5 -
44 .
U3<U,

3 4
2 ot
1 -
0 Y 2 n/nn

0 0.5 1

Fig. 6 Reduced voltage start

A general rule of thumb is that the torque at each operating
point is roughly proportional to che square of the current.
This means when the motor current is decreased by a factor
of two by means of reducing the supply voltage, the torque
delivered by the motor will be decreased by a factor of four
(approximately).

T~12
Iy =121pg > Ty = 14 Tpg
Iy =13 lpoL -> Ty = 119 TpoL

LV=low voltage
DOL=Direct on line

This relationship is the base for any starting method using
reduced voltage. It can be seen that the possibility of reduc-
ing the starting current depends on the correlation berween
the motor’s and the load’s torque characteristic. For the com-
bination of an application with very low starting load and a
motor with very high starting torque, the starting current
may be reduced significantly by means of decreasing the
voltage during start. However, for applications with high
starting load it may — depending on the actual motor — not
be possible to reduce the starting current at all.

2.2 Reduced voltage starting

This section describes different starting methods which are
based on the reduced-voltage principle explained above. A
pump and its quadratic torque characreristic are used as an
example.

The star-delta starter is the simplest example of a reduced
voltage starter. The motor phases are first star connected; at
about 75% of nominal speed the phase connection is then
changed to delta. To enable star-delta start, both ends of all
three motor windings have to be available for connection.
Moreover, the motor has to be dimensioned for the (higher)
voltage in the delta connection. The following figure shows
the resulting torque and current characteristics.

T/Tq 2.5 1 Torque
24
1.5 4
14---- - . -
0.5 '\_____/
0 T — 1 n/n,
0 0.5
/1, 8 1 Current

Fig. 7 Star-delta star
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The disadvantage of the star-delta start is that it cannot be
adapted to a special application. Both the voltage in star and
in delta connection are defined by the supply, the resulting
starring performance depends on the motor’s DOL charac-
ceristic. For some applications the star-delta starter cannot
be used as the resulting torque in star connection is too low
to saart rotating the load. On the other hand for low load
applications further savings of starting current are impossi-
ble even though a big torque reserve is available. Moreover,
the resulting abrupt rise of torque first at start and lacer
when changing from star to delta connection may contrib-
ute to mechanical wear. The high transient currents during
start-delta transition create unnecessary excess heat in the
motor.

Better performance is achieved with a voltage ramp start,
which a simple electronic softstarter can provide. The volt-
age is increased linearly from an initial value to the full sup-
ply voltage by means of phase angle control. The resulting
torque and current characteristics are shown in the following

figure.

A softstarter 1 often used to keep the starting current below a
desired level. For the example above, setting a current limit
of three times the nominal current may be desirable. The
following figure shows the resulting torque and current char-
acteristics.

T/Tn 25 - Torque

1.5 o

0.5 A1

0 T v n/ng

i/, 81 Current

0 T 1 n/n,
o 0.5 1

Fig. 8  Soft starting — voltage ramp

Obviously a much smoother start is realized compared to the
star-delta start and the starting current is decreased.

Vo 55, Torque

2 4

1.5 1

0.5 4

0 T |n/nﬂ

Vl, Current

3-/

0 T 1 n/nﬂ
0 0.5

[y

Fig. 9 Soft starting — voltage ramp with current limit

Once again the figure illustrates that the resulting perform-
ance depends on the combination of motor and load charac-
teristics. In the example above the motor torque is close to
the load torque at about half speed. This means for some
other applications with different load characteristics (for
example a linear torque-speed correlation) this particular
motor would need more than three times the nominal cur-
rent (o start.

The most sophisticated electronic softstarters use torque
control, which results in an almost constanc acceleration
during the start. A low starting current is also achieved.
However, even this start method uses reduced motor voltage
and the quadratic correlation between current and torque
described in the first section of this chapter is still valid. This
means, the lowest possible starting current is determined by
the combination of motor and load characteristics.

Emotron AB 01-4135-01r1
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V/Th 25 - Torque

0.5 4

0 T 1 rl/nn

IVl g - Current

0 T 1 n/nn
0 0.5

[N

T/Th 25 - Torque

0 — — /N,
0 0.5 1
I/in 8- Current

Fig. 10 Soft starting — torque control

For optimal starting performance, correct setting of the soft-
starter’s parameters such as initial torque and end torque at
start and start time is important. The choice of parameters is
explained in detail in section 8.7, page 55.

2.3 Other starting methods

In contrast to the preceding sections of this chapter, which
focused on squirrel-cage motors, slip-ring motors are dealt
with later on. A slip-ring motor is equipped with a wound
rotor; one end of each rotor winding is available for external
connection via slip-rings. These motors are often optimized
for rotor resistance starting, e.g. with short-circuited rotor
windings they develop a very low torque at an extremely
high current. For starting external resistances are connected
to the rotor windings. During the start, the resistance value
is decreased in several steps until the rotor windings are
short-circuited at nominal speed. The following figure
shows typical torque and current characteristics for a slip-
ring motor during the start with an external rotor-resistance
starter.

Fig. 11 Rotor-resistance starting

Because of the low starting torque it is often not possible to
short-circuit the rotor windings and replace the rotor-resist-
ance starter with a softstarter. However, it is always possible
to use a frequency inverter instead. The following illustra-
tion shows how the torque and current characteristics are
affected when the stator frequency is changed.
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2.4 Use of softstarters with

/T
/T 25 forque torgue control
To determine if a specific application benefits from using a
2 1 softstarter ac all, the correlation between the motor’s torque
characteristic during the start and the load’s requirements
15 A f3<fz fa<tq fa has to be evaluated. As it can be seen from the examples
above, the application will only benefit from using a soft-
starter if the load torque during the start is clearly below the
1 1 motor’s starting capacity. However, even loads with a high
initial release torque may profit from a softstarter. In this
case an initial torque boost can be used, thereafter the start
051 ramp is continued reducing the starting current considera-
bly.
0 o 0'5 ;- "/ The profit can be maximized when using a softstarter with

torque control. To be able to configure the torque control
parameters for optimal performance, the load characteristics
Vi 8 A Current (linear, square or constant load, need of initial release
torque) must be known. In this case a proper torque control
method (linear or square) can be chosen and torque boost
can be enabled if needed. A description of the load charac-
teristics of several common applications and guidelines for
proper settings are found in chapter 6. page 31, Applications
and Functions Selection. Optimization of the torque control
parameter is explained in detail in section 8.7, page 55.

0 T —  n/n,
0 0.5 1

Fig. 12 Voltagelfrequency regulation

Thus, such a motor can be started with a quite simple fre-
quency inverter with voltage-frequency regulation. This
solution is even valid for all other applications, which for
some reason (high load torque compared to motor torque
etc.) cannot be started by a softstarter.

Emotron AB 01-4135-01r1 Description 13
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3. Mounting

This chapter describes how to mount the MSF 2.0 soft-
starter. Before mounting it is reccommended that the instalia-
tion be planned out first:

*  Be sure that the softstarter suits the mounting location.

* The mounting site must support the weight of the soft-
starter.

+  Will the softstarter continuously withstand vibrations
and/or shocks?

* Consider using a vibration damper.

¢  Check ambient conditions, ratings, required cooling air
flow, compatibility of the motor, etc.

¢ Do you know how the softstarter will be lifted and trans-
ported?

Make sure that the installation is performed in accordance
with the local safety regulations of the electricity supply
company. And in accordance with DIN VDE 0100 for set-
ting up heavy current plants.

Care must be taken to ensure cthat personnel do not come
into.contact with live circuit components.

WARNING! Never operate the softstarter with
the front cover removed.

3.1 Installation of the
softstarter in a cabinet

When installing the softstarter:

* Ensure that the cabinet will be sufficiencly ventilated
after the installation.

* Keep the minimum free space, see the tables on page 15.

¢ Ensure that air can flow freely from the bottom to the
top.

NOTE: When installing the softstarter, make sure it does
not come Into contact with live components. The heat
generated must be dispersed via the cooling fins to
prevent damage to the thyristors (free circulation of air).

MSF-017 to MSF-835 are all delivered as enclosed versions
with front opening. The units have bottom entry for cables
etc. see Fig. 20 on page 21 and Fig. 22 on page 23. MSF-
1000 and MSF-1400 are delivered as open chassis.

3.1.1 Cooling
MSF-017 to MSF-250

Table 4 MSF-017 to MSF-250

MSF Minimum free space (mm):
model above 1) below at side
-017, -030, -045 100 100 0
-060, -075, -085 100 100 0
-110, -145 100 100 0
-170, -210, -250 100 100 0

1) Above: wall-softstarter or softstarter-softstarter

MSF-310 to MSF-1400

Table 5  MSF-310 to MSF-1400.

MSF Minimum free space (mm):
model above 1) below at side
-310, -370, -450 100 100 0
-570, -710, -835 100 100 0
-1000, -1400 100 100 100

1) Above: Wall-softstarter or softstarter-softstarter

Emotron AB 01-4135-01r1
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3.1.2 Mounting schemes

MSF-017 to MSF-250

hl

Eor—
46.0

wil

03-F97_1

Fig. 13 Hole pattern for MSF-017 to MSF-250 (backside

OM Manual

w1

4
v
4

H1

&

\iT

O

Fig. 14 Hole pattern for screw attachment, MSF-310 to
MSF-835. Hole distance (mm).

view).
Table 6
Hole Hole Hole Hole Tightening torque for bolt [mm]
MSF Diam./
Model distance | distance | distance | distance screw Supol
wl{mm] | H1[mm) E F Cable PE cable and
and PE
017, -030, -045 78.5 265 5.5/M5 8 8 0.6
-060, 075, -085 78.5 265 5.5/M5 12 8 0.6
-110, -145 128.5 345 5.5/M5 20 12 0.6
-170, -210, -250 208.5 445 5.5/M5 20 12 0.6
-310, -370, -450 460 450 44 39 8.5/M8 50 12 0.6
-570, -710, -835 550 600 455 39 8.5/M8 50 12 0.6
-1000, -1400 8.5/M8 50 12 0.6

Observe that the two mounting hooks supplied (see

section 1.9, page 6 and Fig. 2 on page 7) must be used for

mounting the softstarter as upper support {(only MSF-310 to
MSE-835).

16 Mounting
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208.50
[0) O [ {1680
® @
B
[
© } h h1
iy o— 0)
10| b z
W3 V; Wi
Fig. 16 Busbar distances MSF-310 to MSF-835.
2
Table 7 Busbar distances
MSF modet Dist. h1 | Dist. W1 D|§t.W2 Dist.W3
(mm) (mm) (mm) (mm)
o o -310t0-450 | 104 33 206 379
— -57010-835 129 35 2395 444
Sr & -1000 -1400 55 3225 |590.5
- 3
03-F122_1
Fig. 15 Hole pattern for MSF-170 to MSF-250 with upper
mounting bracket instead of DIN rail.
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Fig. 17 MSF-1000 to MSF-1400
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