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SECTION A

GENERAL

Introduction

This report summarizes the results of a study entitled "An Investigation of TV Mobile
Terminal Requirements for the CTS Communications Experimental Program " and

. performed by RCA Limited for the Communications Research Center at Shirley Bay,

Ontario under contract PL-36001-1-2208. The defined objective of this program
was: "To obtain a technical description of a TV Mobile Terminal intended for:-

1)°  Transmission of tel evision broadcast signals from remote locations via
the SHF transponder of the CTS spacecraft.

2)  Interfacing with other experiments such as the use of wideband modems, etc.

3)  Use as a back-up terminal to the main CTS Communications Confrol
Terminal to be established near Ottawa. "

The work was performed between November, 1971 and June 1972.

Terminal Concepts

The need for a ground terminal fitted with transmitting and receiving equipment and
capable of being rapidly moved from one place to another was recognized many months

before the start of this study by the communication system planners (Ref, A-2). In
line with Canada's unique geographical characteristics and population distribution, -
the need for the terminal to be-moved within the more sparsely settled Northern
regions was noted.

From this, and other lofty considerations, the idea for a wide ranging mobile terminal
was born, and the effort necessary to translate ’rhe idea into a practical concep’r was
begun. Thls study is part of that effort.

The lack of extensive surface ’rranspor’rahon facilities and reliance upon air traffic
through the North was recognized early in the program as being the single most
influential factor bearing upon the terminal development. Too large a terminal
severely restricts the aircraft available for transportation; foo smoll a termmql denies
adequate experimental facilities.

We have considered the aspects of fransportability very carefully and have come fo .
the conclusion that either one of two basic terminal concepts may be employed dependmg

upon the most likely remote operating destination for the terminal and the frequency
of "tours of duty" at these' locations.

Al



The first concept is termed "the domestic trailer concept" and utilizes a modified
streamlined domestic trailer shell to which an antenna pedestal and platform

frame work is attached. This is the most economical type of terminal and is
recommended if the experimental program does not call for extensive use in the
north, or if the services of a large aircraft such as the "Hercules" are available.

Figure A-1is an artist's conception of the domestic trailer type.

' The second concept is termed "the modular concepf and it utilizes the principle

of modular construction so that the terminal cdn be disassembled into small units,
or modules, for shipment by air in a Boeing 737 class aircraft and reassembled
following shipment. This is the most flexible type of terniinal and i is recommended

-if the experimental program calls for extensive service in the north, as originally -

planned. It is also the most expensive. Figure A-2 is an arilst s conception of
the modular trailer on the site.

Regardless of which concept is chosen, the communications equipments will not

be affected. The equipment capacity of either concept is such that the recommended
communications systems can be installed in either, although the domestic trailer
concept provides a larger floor area and would therefore be the more comfortable.

In the development of the concepts we have kept these points in mind:

1) A primary use for the terminal is the transmission of television broadcast
signals from remote locations via the CTS spacecraft to Ottawa.

2)  The mobile terminal must be capable to be used as a back ~up terminal

for the main communications control ’rermmal to be established at CRC
near Ottawa. :

3)  The terminal must be capable of interfacing with ofher experiments such
as the use of wideband modems, TDMA signals, facsnmlle, etc.

4)  The terminal should have a porfable self contained primary power supply .
so that local hydro power need not be a limitation.

-5)  The operating crew size should be a minimum consistent with the

requirements of fhe experimen’rdl progrdm and the needs of safety.

6)  The time and eFForf needed for assembly and dlsassembly should be

minimized."

7) The needs dictated by operational procedures must be considered.
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A-3

A-4

A5

Options in Terminal Characteristics

Table A-1 lists the different options that were considered for the terminal,
and includes the identification of the chosen options. As used here, an option
is defined as a fundamental and important characteristic which must be selected

between possible candidates and which constitute a readily identifiable visual

or operational porhon of the terminal. Thus, a specnfuc shelter "style".is an
option. So, too, is the [F conversion technique used in the communication
subsystem.

Some options are mutually exclusive, such as trailer styles.” Others are not.
In Table A-1 we have separated mutually exclusive option groups by horizontal
lines. Only one selection in such a group can be made for each concept.

Technical Description

In Table A-2 we list the major parameters which, taken together, constitute
a technical description of the two terminal concepts as cunrenfly visualized.
Several points may be worthy of specml note or repetition.

1) The antenna and mount are identical for bofh concepfs.

2)  The communications equipment and capdbilifies are identical for
- both concepts. ‘

3) Themodular trailer may be flown as regular commercial air freight by
airlines using Boeing 737 or equivalent aircraft whereas the domestic
trailer requires larger aircraft such as the Hercules.

4)  The modular concept will require a significant amount of development

' effort, both for the modules and chassis of the trailer itself, and for
the modu|e handler which must be used for rofcmonal mampulcl‘rlon of
the modules. :

5)  Costs are based on 1972 labor rates ahd._equipménf.qosts.

Considering costs, we note that the modular .irdiler ‘concepf estimated costs

- are-about $115,000 higher than those for the domestic -trailer concept.  The

basic advantage of this concept, which is air -transportable at commercial
rates, must be balanced against the disadvantage of high transportation costs. -




TABLE A-1

BASIC OPTIONS IN TV MOBILE TERMINAL CONFIGURATION

 CHARACTERISTIC

DESCRIPTION .

. SELECTED

Domestic | Modular

SHELTER STYLE

Domestic Trailer

Military Expandable Trailer
Modular Trailer
Commercial Trailer
Modular Shelter
Prefabricated Shelter |
Helicopter Hut

X

TRANSMITTER

Parallel Existing TWT (350W-500MHz BW)
Existing Klystron (500W-40MHz BW)

Modified Parallel TWT (500W-500MHzBW)

Modified Klystron (500W-60MHzBW)
New, Single TWT (500W-500MHzBW)
New, Single TWT (1000W-500MHz BW)
New, Klystron (2000W-85MHzBW)

RECEIVING
SY STEM

Mixer Front ‘End

- TDA Front End

Paramp Front End

Single |F Down conversion
Double Down conversion

"ANTENNA

Cassegrain

"~ Horn Fed
- Offset Parabola:

~ One Piece Reflector -

Folding Rim Segments
Sectional Reflector

Aluminium Reflector
Magnesium Reflector

" Fiberglass Reflector




TABLE A-1(Cont'd)

CHARACTERISTIC

DESCRIPTION

SELECTED

TRACKING

Manually adjustable
Manual servo controlled
Programmed

Auto-Track (monopulse)
Step-Track ‘

Domestic Modular

X X

MOUNT

2 Axis Polar
2 Axis AZ-EL
3 Axis AZ-EL Track Angle

Manual Movement (Gear and Crank

Electric Motor and Gear Drive

- Hydraulic Linear Actuator Drive
_Electric Linear Actuator Drive

PRIMARY POWER

DC
60 HZ
400 HZ

115V Single Phase - 2 wire
115V/230V Single Phase - 3 wire
230V Three Phase - 3 wire
115/200V ~ Three Phase - 4 wire

BACK-UP POWER
SOURCE

Diesel Engine/ Alternator
Gasoline Engine/Alternator
Fuel Cell /Inverter '
Storage Battery/Inverter
Thermoelectric/Inverter




PARAMETER

,;—‘

—

(&%)

Gen’erdl

. Configuration

. Overdll

Dimension

. Shipping -

-Configuration

- {Road)

. Shipping

Configuration

(Air) -

. Air Transportable

by

TABLE A-2

TECHNICAL DESCRIPTION OF THE TV MOBILE TERMINALS

- MODULAR CONCEPT

3 modules pldced on a folding chassis.

- Antenna and mount on column in one
comer, (See figure A=2) -

Approximately 8 ft high, 8 ft wide,
15 ft long (less tow bar) without cmfenna

msfclled

Assembled trailer with antenna, engine ‘

. generator set and module handler stowed

inside. Miscellaneous equipment ‘and stores
stowed inside. Shipping panels stowed on
top or ar rear. - ‘

3 separate 5'x7'x8'6" modules (approx .)
folding chassis, module handier, antenna

and positioner shipping cases, miscellaneous -
shipping cases placed on pallefs. ' '

Boeing 737 Electra C46, cargo helicop’rer
Lockheed Hercules

DOMESTIC CONCEPT ‘ NOTES

Commercial streamlined domestic trailer
fitted with antenna and mount on a
column in one corner (See Figure A-1)

Approximately 8 ft high, 8 feet wide, |
22 ft long (less tow bcr) without antenna
installed.

" Antenna and engine generator set stowed

inside. Carries miscellaneous equipment
and stores stowed inside.

Same as road configuration

Lockheed Hercules, high capacxfy
cargo hehcop’rer

8V



O~

. Special Handling
equipment

7. Shipping Wt .

8. Conveniences

Environmental

~0

- 10. Human factors
engineering

11, Reliabilif)) cm_d,v '

Maintainability

12. Usefullhesé'aﬁerﬁ '

Experiments

Completed

TABLE A-2 (CON'T)

Module handler required

7000 lbs approx (not including fuel)

Toilet, with holding tank, running water,
propane furnace, eleciric heaters,
ventilators, air conditioner, work bench

‘wall cabinet.

- 40°F to + 90°F. Operat ional
capability (minimum range) capable of
sustaining salt spray, sand and dust
rain efc., incident Canada wide

As a design aim to meet requirements
of Mil Std 1471A as applicable to a
ground workshop except as restricted by

" limitations in working space

. (See Appendix A-3)

Operdfidnal reliability such that

_probability of successful 3 week operational
- period is better than 90% . Modular

electronic equipment to be used where
possible to improve maintainability and
reduce down time to less than % hour for

- most failures that are field repairable

Possible use for experiments in logistics

or other communications programs.

- None-

~ 6500 Ibs. approx {not .including fuel)

' Toilet with holding tank, running water,

propane furnace, electric heaters, ventilators
air condifioner work bench, wall cabinets,

2 desks .

’

Same as Modular

Limits of MilStd 1472A to be essentially
complied with , as applicable to a ground
workshop . ' '

(See Appendix A-3)

Same-

Possible use for experiments in other

communications programs:.-

6v



TABLE A-2(CON'T)

PARAMETER '  MODULAR CONCEPT , DOMESTIC CONCEPT

13. Estimated Cost $441,675. - $325,780.
NOTES:
1. Loss of one transmitter TWT may féquire a longer period than % hour, depending upon

output waveguide configuration.

2. Includes development and acceptance testing; excludes test equipment,

NOTES

oLy



PARAMETER

TABLE A-2. (CON‘T)

B. Commumcahons

(a) Transmit IF and RF

. Configuration

Deviation

Ist IF

2nd {F

Basic IF Bandwidth Capaballw
IF Bandwidth Adjustment

- RF Frequency range

Instantaneous RF Bandwidth .-
RF Driven Output Level

RF Qutput Level Adjustment
RF Transmitter tubes

RF Transmitter Output Level
RF Line Losses

EIRP .

Interfaces - at IF

Interfaces - at RF -

Test Loops - af IF

Test Loops - at RF
Equalization

 MODULAR CONCEPT DOMESTIC CONCEPT

Double {F Upconversion
Adjustable to + 20 MHz Peak
. 70 MHz basic:
735 MHz nominal
Up to 85 MHz
{F Filter replacement
14t0 14.5 GHz |
500 MHz _
1 wait Typical maximum
By adjustment at driver input
Parallel, phased TWT's
350 Watts minimum
1 dB nominal
 +74.8 dBW minimum at maximum output
70 MHz and 735 MHz
input for order wire transmitter
" to 70 MHz main IF circuitry
to 12 GHz receive RF circuitry via test loop translator
Linear and Parabolic group delay as required

Notes

w

NOTES:
'i . Other IF frequenmes may be used as necessary with the range 40 to 100 MHz .
2. " Bandwidth covers entire frequency range.

3. _ External interface.,

LY



TABLE A-2 (CON'T)

- MODULAR CONCEPT

PARAMETER .

Communications { continued)

(b) Receive IF and RF

Configuration

Front.End type

Input Line Losses

G/T ratio

Front End Frequency Range

" Front End Instantaneous Bandwidth
Ist IF frequency

2nd IF frequency.

Band Selection

Basic IF Bandwidth Capability
IF Bandwidth selection
Dynamic Range to A GC
Discriminator range
Interface at IF '

" Interface at RF

Test Loops at IF

.Test Loops at RF

Equilazation ,

Double IF Down conversion
Tunnel Diode Amplifier

0.7 dB nominal

18.5 dB/°K

11.7t0 12.2 GHz

500 MHz

580 MHz

70 MHz nominal

By tuning.lst local oscillator
85 MHz minimum

Second IF filter replccemem‘

- 40dB typical.

Up to +.20 MHz peak deviation
580 MHz and 70 MHz

outputf to order wire receiving
from 70 MHz transmit |F circuitry
from 14 GHz fransmit RF circuitry
via test loop translator

DOMESTIC- CONCEPT

Linear. and Parabollc Group Delay as requu'ed

NGTES

w w

NOTES:
1 .. E Bandwrd‘rh covers entire frequency range

2. Other IF frequenc:es can be used as necessary within the range 40 to 100 MHz

3. - External mterfcces

cly -



TABLE A-2 (CON')

PARAMETER MODULAR CONCEPT DOMESTIC CONCEPT NOTES
| Communications (cbnﬁnuvéd)
(c)f Baseban'd (Recewe and Transmn’r Dxrec’nons)
~ Basic Bandw:d’rh Cdpdblhfy Up to 10 MHz
Signal Processmg For 1-525 line NTSC color video channel
' 1- audio channel on 4.5 MHz subcarrier 1
1- audio channel on 6.74 MHz subcarrier 2
1-audio channel on 7.50 MHz subcarrier 2
1-audio channel on 7.80 MHz subcarrier 2
l-audio channel on 8.21 MHz subcarrier 2
: | -sound channel for FM Brocdcas’ring
Video Bandwidth 4.2 MHz
Audio Channel Bandwidth Either 10 KHz or 15 KHz as required 3
- Pre-emphasis and De-emphasis CCIR standards for video
75 sec for audio and sound
, . All signals may be handled sxmul’raneously
Interfaces - for video. 1 volt peak to peak across 75 ohms, unbalanced 4
" - for audio +9 dBm across 600 ohms, balanced 4
ot for sound - +9 dBm across 600 ohms, balanced 4
Interface Adustments for video " Equalization and level correction
for audio and sound Isolation and leve! correction
' ,NOTES":
1. VD'e\'/iq'r‘ion i25 KHz for compcfcbilivfy wi_rh broadcast sfandards .
2. Deviation + 100 khz
3.  Type "A" Broqdcaﬁf éudli’ry circuits require 10 kHz. FCC specifications for broadcast
transmitters specify 15 kHz capability .

4.  External interfaces to other program sources,

ey



- PARAMETER

,C'. Trailér

1. Inside Body Dimensions

2. Weighf.(less opercinndl
equipmen’r)

3. Rocdcblllfy at hxghway
speeds '

4. ToWing speed, off
- highway on firm terrain

“5. Type of Body Construction

6. Type of chassis
Construction

7. Tow Bar

~ hitch.

TABLE A-2 (CON'T)

MO DULAR CONCEPT

Approx. 8' wide 6'6" high 14'6" long

3500 Ibs approx.

Safe towing characteristics up to 50 M.P . H.

minimum speed required. Shape will mcrease

drag and cross wind effects
5M.P .H .

Welded aluminium extrusion frame,
aluminium inner and outer skins with

~urethane insulation; modules connected
by fasteners with sealing gcske’rs and EMC
~ metal gaskets. '

. Folding or felescdping steel frame with

elastomeric or air ride suspension, with
tandem walking beam axle and 4 wheel

" electric brckes

Compcﬂble with frame equalizer type
10 to 15% of gross vehicle welghf
to be carried at hitch ball

DOMESTIC CONCEPT

Approx 7'6" wide 6'6" high and 21" long

3,500 lbs approx.

Safe towing characteristics at highway
speeds. Good aerodynamically .

5M.P.H,

Rivetted aliminium innner and outer skins
with formed aluminium ribs and stringers, in
aerodynamic monocoque shape. Screening

to be provided for EMC.

Conventional steel frame with 3 main members -
and cross members approx . 2 ft apart. Elastomeric
or air ride suspension, with tandem walking beam
axle and 4 wheel electric brakes.

Same

NOTES

1484
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PARAMETRR
C. Trailer (continued)

8. Suséépﬁbi!ify to damage

9. Ease of Repair

10. Suitability for antenng -

positioner instatlation

11. Suitability for electronic
racks installation

12, Ease of equipment
. relocation

13, Approximdfe :cos'f

TABLE 2 (CON'T)

“MODULAR CONCEPT

Module handling implies some risk to
to seals flanges etc of modules.

Skin damage easily repairable using kit
provided. Structural damage should be
repaired by trailer manufacturer. Close
tolerances required.

Rigid structure and mitred corners should
pemmit direct attachment

‘Separate modules constrain layout
~possibilities. For module shipping, racks

on sides require shock mounts and special

pads .

Difficult because of modular constraints

and possible incompatibility with structural |

members .

~including modul e handler

DOMESTIC CONCEPT "NCTES

Less structural strength but less.

electronic equipment and possibility of damage possibility of damage to trailer or

to contents.

Relatively simple to repair, including
minor structural damage, using rivetted
doublers and formed sheet .

Tubular struts and platform added to
support pedestal . Aerodynamic shape
reduces wind forces.

Strengthened floor to be provided. Shock
‘mounting not required may require addition
of doublers to provide suitable attachment
“ points on walls and ceiling.

Many lcryoufs are possible subject to
possible structural problems noted above.

gLy -



- TABLE A-2 (CON'T)

PARAMETER .~ MODULAR CONCEPT - DOMESTIC CONCEPT NOTES
D. Engin.e’ Generator Set - o | : . i
1. KVA Rd‘ti'ng - ' 15 iﬁ’rer’miifent, 12.5 com;inuous
2.'_ Péwer Rm‘in.g.'.' - ) 12 inf_ermih‘em‘, 10 continuous
3_.. Fr‘equency" - - 60 Hz
4. Voltage o A - 115 -.230i/ single phase
S. Dirﬁensions: | - o | ~ Approx. 50" long, 26" high, 20" wide
6. Weight 800 Ibs approx . |
7. Cooling _ﬁ’lean_s, o | Direct driven blower -
8. Fuel Cohsﬁmp’ribn - - R Imperial gallon per hour at rated cénfinuous load
9. ényirqﬁrﬁeﬁfcl tapdbili‘ry o - 50%F to + ]OOOF with winfefiz;:fion kit or hig'h temperature |

kit used, if requured -and appropriate fuel fype. Suitable
enclosure to protect against rain, snow sand and dust and
permit use of combusion fype pre-heater.

10. Starting system  Electric starter motor, g!ow plugs intake air preheaf
- o remote start control provxded

11. Protection S - Automatic. shutdown due to low oil pressure or excessive
' B engine temperature. Overload protection on generator
output and on other wiring of set. Automatic fire protection
~ with rate of temperature change sensor . '

2LV



- PARAMETER

TABLE A-2 (CON'T)

D. Engine Generator Set {continued)

MO DULAR CONCEPT

DOMESTIC CONCEPT

Watt/VA meter, volt meter, A.C, Ammeter, frequency

 NOTES

12. Indication
meter, D.C ., charge-discharge ammeter, oil pressure
gauge, cylinder head temperature gauge, fuel contents
gauge and elapsed operating time meter.
13. Control (local) Choke (manual and automatic), starter switch, generator
' field switch, generator output switch, engine preheat
switch, glow plug switch, cooling air control, fuel valves.
14, Control (Remoie) - Start switch, engine preheat switch (switches glow plugs on),
' ' generator output switch.
15, Indication (Remote) Watt/VA meter, frequency meter, A.C., volt meter, fuel contents
' gauge, engine temperature and oil pressure gauges.. Warning
lights for oil pressure, température and battery charger.
g oil p , temp ry charg
16.. Log book and Operating Instructions  To be housed in readily accessible waterproof enclosure.
17. Tool Kit Box with any special tools, fittings, wrenches etc. usedona. =
' S routine basis . - - '
NOTE:

1. Applicable to diesel prime mover set for either terminal concept.

LIV
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Discussion

In Table B-2, we have estimated transportation costs for various modes and distances .
Extracting flom this table the case for a 1600 mile air lift from Edmonton to Inuvik ,

* we note that basic vound trip transportation costs are:~

(a) $7,800. by ‘c-or'nmerc_:ial_ freight for the modular trailer, and:
(b) $28,500. by air charter for the domestic trailer,

Therefore, .costs are roughly $ 6. per mile more to air transport the domestic trailer.
We can therefore charter Hercules aircraft for flights totalling about 17,200 miles
before the excess transportation costs for the domestic traller exceeds the excess
procurement costs for the modular trailer.

" The above "break_-even’ point has not considered all factors. “If a really detailed

analysis were to be performed, it would require consideration of at least the following:-
(a)  assembly and disassembly times for the rrrodular trailer.

(b)- time value of money (excess procurement costs occur earlier than
’ excess-transportation costs) ‘

(c) avallabllrty of cnrcrqff * and ifs effecr on the rouhng of the’
. terminal .

The uncertainty of the travel requirements for the terminal, the tack of bona-fide
cost proposals for developments, and many other factors negate any additional

~benefits which might otherwise accrue from such a detailed analysis.

Nevertheless, the trend is clear: on a purely economic basis, we must have an’ .
experimental program which includes over 17,000 miles of air lift in order fo

_ |ust|fy the mcreased costs and greqter problems of the modular concept.

But there are other consrderqhons not necessarlly cllrecr economic ones. We shall
pose a few of them as questions. 4

1. s the "proving out" of the modular concepf‘its‘el'f; a desirable aim?

2.  Since the modular concept permits transportability virtually anywhere
in Canada, is this an advantage and will it become part of an experiment ?

3.  Can the inherent qddpfobilify in size and use of the modular concept
form the basis for join experiments comprising several agencres and -
several mobile units connected together?

Perhaps these questions lie outside th'e strict guideline; established for the terminal .
However, we feel we must raise them as they. do have valid implications on the
ultimate selection of d concept and whlch cannot be solved on purely economic.or

»englneel ing considerations .

For example, no Hercules aircraft for charter out are known to be currently based in Montreal .
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Study DevéIOpmenf

In this section we have dealt with the general descrlphons and consndera'nons of

the terminal concepts.
" led'us to the concepts.

In the following sections we develop the rationale that has
Each section is devoted to a particular QSpec’r of the study .

The study development proceeds as follows :~

Section B

| Section C
Section D
Section E
Section F

| Sec_tion G
4Se‘c;fio.n H
‘Section |
Section J
Section K
Section L

Section M

discussion of transportation, site selechon
operation and back-up service .

communication descr'ivpfion and capability .

“antenna description.

antenna positioner requirements.
trailer concepts and description.
module handling description and requirements .

heating and ventilation facilities .

‘primary power system, both AC and DC .

system reliability, availability and maintenance.
suggested procurement plan .-
basic testing requirements .

estimates and sources of esfimares.

Appendices providing background information relating to most of the

sections then follow.

Recommendation

While we have developed two terminal concepts in fhls study we may make the
foHowmg conditional recommendations:~

Recommendqfi'on 1

A19

If the C.T.S. experlmen’ral program requnrements mclude significant
- air transportation by commercial carrier of the terminal and for an
experiment to check out the modular terminal concept, then the -

-modular trailer concept is recommended . :



Recommendation 2 If the C.T.S. ex'pe_ri:f\en’ral program requirements do not -
' include significant air transportation by commercial carrier,
then the domestic trailer concept is recommended .

In the event that the Modular Traller concepf is chosen then the follomng additional
recommendations are made 2=

Recommendation 3. A more detailed evaluation of the methods to provide adequate

“sealing between modules should be’ made prior to issuing any RFP's.

Recommendation 4 A more detailed evaluahon of the module handler should be made
prior fo issuing any RFP's,

With respect to the communication equipment, the terminal contractor should be

responsible for all activities except for one possibility relating to transmitter procurement .

This exception arises because the same type of transmitter equipment may be installed in-
both the terminal and the Gttawa conirol station. Therefore:

Recommendation 5  If the transmitter equipment is obtained as part of a common

_procurement, then either the terminal contractor or CRC may
- assume procurement reSponSIbllnty as is most advantageous
In this case there must be joint approval of the. equnpmen’r
acceptablity and schedule.

1
A20
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SECTION B

OPERATI ONAL ASPECTS

General-

In this section we examine fhe Fundamenfol opelahonol aspeci‘s that bear.upon the
two mobile terminal concepfs. We examine some of the reasons-for the selection

of certain phySIcal parameters and limitations in facilities, porhculorly in relation
to the mode of franspormhon. In fact, transportation aspects are perhaps the most .
influential factors governing the fermlnal s physical .concepts, We also consmler '

the operohoncﬂ aspects leloflng to a remote "four of duty

Let us begin by briefly exammmg fransporfchon.- The Followmg assumphons are.

made

a) fqurs will begin cnndéh_d at CRC.

b) Cl<‘|"W0~mCl‘r:l crew .will operate the fe»r'mir"ial.

¢) the modular terminal wnll be fronsponfed by air’ Fon at least

part of its journey.

d) the domestic fermlnal will be transported by rail (or |oud) for
at least part of its |oumey L

e) RF signals will be transmitted.
f) no electrical power service is available at the remote site.
g) accomodation for pefs_o_nnel is available at the remote site.

Transportation

The mobile fermlnal should be capable of being. frunsporfed over as much of Canada's
territory as possible. This follows fiom the basic guidelines established for the
Communications Technology Satellite Program: . that one of the major purposes of -
this program is to examine communications capabilities and requirements ’rhroughouf
Canada's northland. 1 is this requirement which poses the greatest challenge to
the operation of the terminal. : '

B1
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B2

By frc.mspoArfaHon‘we inc;lu'd,:e_:'...

a)- movement by air - . winged aircraft

: - “helicopter
b) . movement by road - . towing

= C - flat bed

c) movement "off-road" - tracked vehicles

' ‘ - air cushion vehicles

- sled

d) movement by rail - piggyback

ocean vessel
- lake vessel
S river barge - -

e). movement by water

Transportation- throughout much of Canada’'s northland lacks comprehensive load water
and rail facilities, . except for restricted regions* and-therefore the major. mode’ of
transportation is by air. For some communities, however, road and rail transportation
can be used for at least part of a tour.

Tmnspon tation thr0ughouf Southern Canada will be entirely by surface means, unless
time is a factor.

Table B-1 lists a representative sampling of possible tours to indicate the difference
in distance and transportation modes. We will use this sampling to estimate trans-

portation costs later in this section.

Air Transportation

We do not assume that military or government aircraft will be used to.transport the
terminal. The availability of such aircraft will be conditional upon specific priorities
or needs which cannot be assessed at this time and in any case are unknown to the
writers. The analysis is therefore restricted to commercial aircraft in freight service.

Considering the requirements for terminal we have concluded that the minimum
practical size of winged aircraft is one which fails in the Boeing 737 jet range. **

* The MacKenzie River system, using river barge, is an example oF one such
"restricted" region.

** A'smaller aircraft such as an "Otter" could be considered, but the total
payload would be too small to be practical,



ROUTE

CLASS

APPROX. DISTANCE TRAVELLED (MILES).

 TOUR -+ | PERLEG =~ TOTAL
1 1 Ottawa - Toronto Short Haul Road (of Rail) ‘ 260 - 260
{ 2 | ~Ottawa - Prince Rupert Long. Haul Rcil‘ : } 3,105 - .3,105
1 3 Ottawa - Montreal ; Short Haul Read ) 120 ; o
_ Montreal - Frobisher Bay = Medium Haul Air 1,301 - 1,421
4 Ottawa - Monireal { - Short Haul Road 120 .i
' Montreal - Resolute Bay " ~ Long Haul Air 2,289 ; 2,409 -
5 Ottawa - Edmonton. - 1 Long Haul Rail - 2,049 o
Edmonton - Yellowknife ~ Medium Haul Road 963 + R
Yellowknife - lnuvik ‘Medium Haul Air 680 . 2 3,692
6 Ottawa - Maniwaki v Helicopter ‘ 50’: : o 50
TABLE. B-1
REPRESENTATIVE SAMPLING OF ‘POSSIBLE REMCTE "TOURS OF DUTY_'"

e
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This curcrc:Ff is currently in regulcn commercidl’ and chcn’rel service ’rhroughou‘r a lqrge .
part of nothern Canada by such airlines as Nordair and Pacific Wesfern Airlines.
Therefore, it has been chosen as a standard. -

~ This selection |mmed|ate|y places a limitation on the maximum size of fhe ferminal's

shipping units as shown in Figure B-1. 'The permissible unit size does not'mean a limit

to the size of the terminal. However, it imposes the necessity of cssembllng units to

form the terminal and therefore dictates the modulcu concept.

A larger curcraft "The Hercules" can be chartered from Pc:c:lflc Wesfern An lmes (and
others). It is the only commercial aircraft capable of frcmspon’rmg the assembled
modular terminal or the. domeshc trailer. As we shall see, howevel , cosfs for charters
can be very high.

The load capacn’ry of this mrcroff is 23 tons, much higher than the eshmcn‘ed weight of
either terminal concept. Thus the utility of a Hercules solely to ’rrcmsporf the terminal
is rather low. Figure B-2. shows the freight quce qvculqble

One resfrlchve aspect of air frqnsporfqhon is that qummqbles, such as gqsolme cannot .
fly-on the same flight.with passengers except in the case of the Hercules carrying no -
more than two pqssengers in the cockpit. However, conventional fuel, such as the

B4

terminal will require, is available at Resolute and Frobisher (for example) for less cost than

if it is flown in, al\‘hough empty drums may be required.

Trcmspon tation by Helicopter is an atiractive method when short distances to relatively -
inaccessible locations are involved. Costs, however, would be very high (as we shall
see) so that the use of hellcopfers would be restricted to tours where either there is no
other means of transportation or where the consequences of using other means is un-
acceptable. The latter situation may occur, for example, if the: terminal is to be set

up (say, for relay of line TV pictures) on an island during the spring ice- ~break up period.

Road Transportation

Order in Council Number 3142 of the Province of Quebec dated September 1971, governs
permissible weights and dimensions for highway vehicles in that province. |t is relcn‘ed

to the Highway Code, which is essentially similar for other provinces, because highway
vehicles operate lnterprovmcmlly For this reason, we consider Quebec regulations

are similar to other provinces and the regulation ls-summarnzed, as it relates to the

mobile terminal's trailer and fowing' vehicle, in Appendix B attached to this report.

Also summarized in Appendlx B is Section 29 of the Highway Code concerning |equnred

Tlights and reflectors for highway operated vehicles, another part of the Order in Council

#3142 concerning.combinations of motor vehicles and part of Order in ‘Council #1993
concerning safety devices for trailers., - :
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Certain comments can be made about the legulahons as they affect fhe ‘mobile
terminal application:~

0) Permissible gross vehicle weights are not restrictive.
b)  No more than two vehicles in combination shall be considered

é) " The maximum trailer width should be 8 1/2 Feef or |ess, so that
special permits are not required.

d) Three amber lights should be located ‘at the front of the frcnler at
the top. * -

e) The trailer should be fitted with electric or hydraulic brakes which would
have a break-away switch to apply them in the event of break-away from
the towing vehicle. In addition, two strong chains should be fitted to
connect the trailer to the towing vehicle.

Both the domestic and modular trailers may be towed or transported by truck. When
transported by truck, the modular trailer can travel assembled. For normal operahonal
use where sites are serviced by roads, the terminal may be towed directly to the site,
with the antenna and positioner and the generator set either stowed in the trailer or
carried by the tow-vehicle on a flat bed, In the latter case, the clearance from

the top of the trailer to the road surface must be checked. Trucking and towing

costs are compared later in Table B-2 and tend to favor trucking.

OFF— Road Transportation

Ground transportation away from roads will often be required around Northern
Communities as well as in the south. Some advance assessment of conditions prevailing
around remote sites will be required so that prior arrangements can be made to have -
an appropriate "off-road" vehicle meet the trailer at a convenient time and place. It
may not always be possible to have a suitable carrier available at the desired time and
place since these vehicles will frequently be rented from agencies such as mining and
exploration groups who make full-time use of their specmllzed equipment and are not
in the vehlcle rental business.

Tracked vehicles are commonly used in the North for off-road travel; they are capable
of remarkable performance in that few ferrains are. impassable to them Heavy loads

can be carried up fairly steep and rocky slopes. Of course, relatively inaccessible

sites that will require tracked vehicles, are expected to be the exception rather than

the rule.” Seasonal variations of surface conditions must be anticipated but

in most cases fravel over snow and ice by tractor-vehicles is straight-forward. However,
it may bhe preferable to charter a helicopter to transport the terminal rather than: subject

 This is standard practice to meot the' Hlﬁwway Codo should the fowlng vehicle

not be equ;ppod with ’rh(,se lights.
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equipment to the severe shocks likely to be encounfered with off-road travel exceeding,
say, 5 or 10 miles. Helicopters can accomplish in hours what might take days:-for a

tractor to accomplish. Helicopters may also be more generally available in the north

than off-road transportation. Advoidance of damage to the fundra by fracked vehrcles
will also favour ’rhe hehcoprer, :

Wheeled vehicles suitable for off-road transportation are equipped with large, low
pressure tires. These have been used in the north with some success; however, their.
availability may not be too extensive so that their usefulness in this regard is rather
limited. '

Air cush|on vehicles do not appear to be practical machlnes for transportation. The
requirements of surface smoothness and slope severely limit their-capabilities..

(ref. B1 ).

Rail Transportation

Transporfchon by rail is attractive because it is convenient, reliable and frequent. In
addition, CP rail offers a towing service in connection with its piggyback service;
Canadian Pacific could tow either trailer by tractor from any .conivenient location
directly onto a flat car. At the destination, another tractor would S|mp|y tow the
trailer off the flaf car to an airport or whatever locations is desired.

" Rail ’rransporra’rlon should be seriously considered, where Feasrble and where trans-

portation distance exceed, say, 500 miles.

Water Transportation

Transportation by water includes the possihilify of using an-ocean route to the Arctic
coastline, The Ports of Montreal and Halifax would be the most likely embarkation
points. However, as the northern shipping season is rather short (early July until

“late October for the Hudson Bay region; one month for the Norwegian Bay region)

and since such voyages take a relatively long time to complete, the use of an ocean
route is not recommended. Dock Facrhhes at Northern Ports would also have to be
examined,

Transportation by water also includes lake and river routes using ferries and barges.

.Such routes are most normally extensions of overland routes where the costs of bridges,

tunnels, or by-pass roads, prohibits their consiruction. We recommend that if a
proposed tour includes a ferry, or barge route, that the vessel's load capacity be
checked for maximum dimensions and weight Irmlrs.

In the Northweszerritories,fhe MacKenzie River system forms a waterway in which
an-extensive river barge system has been developed. The minimum average sailing




B~8

time between Hay River and Tuktoyaktuk (1,122 miles) during the shipping season* is

Continuous Sailing  With Stops & .Relclys

Northbound: 41/2 - 5 ]/2 days ‘ | 9 days
Southbound: 71/2-91/2 d‘dys - 12 days

Dock facilities and load capacity seem to be satisfactory to handle both terminal
concepts but this should be checked if use of the waterway is contemplated.

Transportation Costs

Table B-2 summarizes estimated direct costs appllcoble to the representative tours -
discussed. "

Calculation of air transport costs is based upon information supplied by Nordair in
Montreal and the Pacific Western Airlines (PWA) Freight Office in Calgary. The
air freight rates apply to scheduled flights only but we are advised that if the total
freight load exceeds the capacity of the scheduled serv1ces, then exira sections are
added to the service to "mop up" the back log.

With respect to charter services the following notes are applicable:

1) Hercules aircraft charter costs are calculated on the basis of $4.00 per mile
for airline distance exceeding 500 miles. Charter costs for a Boeing 737
aircraft would be $3.15 per mile.

2)  If an aircraft is not based at the point where transportation commences,
then the costs of flying the aircraft from its base must be added.

3)  No Hercules aircraft are based at Montreal or Cttawa at the present fime.

4)  PWA has no restrictions on unloading times. Nordair charges $500/hr for -
unloading times in excess of one~half hour. | ‘ :

5)  Passengers may be carried on charter fllgh’rs 01‘ no additional cost,’ clfhough
the airline must be adwsed prior to flight time so that seats may be installed.
However, if more than one passenger is to be flown, then regulations require
that .an airline stewardess or steward be on board (a dehghtful snuclhon to .
contemplate). :

. Calculation of truck and towing costs include ratés for drivers.

¥ The actual shipping season varies with weather condmons and |cmfud(, buf
typically lasts from late May until late October. ‘ :
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TABLE B-2

ESTIMATED TRANSPORTATION COSTS FOR REPRESENTATIVE TOURS

ESTIMATE SOURCE APPLICATION

TOUR ROUTE MODE COSTS (5) NOTES
. ‘ OUT RETURN  ROUND
T Ottawa - Toronto Rocd by Towing National Both concepts 160 160 320 1
Road by Flatbed Kingsway Both concepis 206 206 412
Rail by Piggyback ~ CP ' Both concepts 120 120 240 -2
2  Ottawa-Prince -Road by Towing National "Both concepts 1,576 1,576 | 3,152 T
' Rupert. Road by Flatbed Kingsway Both concepts 1,180 1,180 2,360 1
‘Rail by Piggyback CP - Both concepts 1,300 1,300 2,600 2
3 Ottawa-Montreal Road by Towing National ~ Both concepts 115 . 115 230 a
Montreal-Frobisher - Air Freight-Boeing  Nordair Modular concept 3,780 2,100 5,880
Bay 737 : ‘ , o
Monireal-Frobisher ~ Air Charter-Boeing Nordair Modular concept 8,000 8,000 16,000 3,4,5
Bay 737
’44 Ottawa - Montreal Road by Towing National .Both concepts 115 11‘5 i 230 .‘]
Montreal-Resolute  Air Freight-Boeing Nordair Modular concept 4,200 - 2,100 6,300 -
Bay . 737 : ' . . o
' Montreal-Resolute  Air Charter-Boeing Nordair . ~ Modular concept 14,000 14,000 28,000 3,4,5
" Bay 737 ‘ :
5 Oftawa~Edmonton  Road by Towing National Both concepts’ 1,306 1,306 2,612 1
: : Road by Flatbed Kingsway Both concepts 1,010 1,010 2,020 1
Rail by Piggyback CP Both.concepts 1,080 1,080 2,160 2
Edmonton-inuvik Air Freight-Boeing -+ Pacific Modular concept 5,200 2,600 - 7,800
' 737 ) _ , T
Air Charter-Electra Pacific Modular concept 8,920 -8,920° 17,840 3,5
" -Boeing 737  Pacific Modular concept 11,040 11,040. 22,080 3,5
-Hercules Pacific Both concepts 14,250 3,5

14,250 28,500
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 TABLE B-2 (cont'd)

TOUR ROUTE - MODE - ESTIMATE SOURCE  APPLICATION COSTS (5) NOTES
' ' ‘ : ouT RETURN ROUND
Edmonton-Yellowknife Road by Flathed Pacific ~ Both concepts 17,250 17,250 355 -
. Ye!loﬁ)knife#nuvik - Air Freight-Boeing 737 Pacific - Modular concept. 3,465 '2,-1 00 5,565
6  Ottawa-Maniwaki BeH 204 -B HehCOpfer Northern Modular concept 3,750 3,750 7,500 3,5,6
o - Charter , ,
(1) Includes Driver

NOTES:

(2) Towing service available at destination at
$10.00/hr for Eastern Canada -
$11.00/hr for Western Canada

‘includes drivers.
(3) Costs for re_furn,ing aircraft to base included.

-~ (4) Charter costs mc!ude 1/2 hour cHowcnce for uniocdmg at. des’rmc’non Costs for
additional’ uniocdmg time if necessary, at pro rcfed charge of q500/[*1r

5) 'Avmlcblhfy of aircraft when needed must be checked beforehcnd Mcmy c:rcrcff
leased for long periods at a time.

“Basic rate is S500/hr

(6) Abouf 5 refurn trips of 1 1/2 hours duration are estimated necessary to fransport-
" modular trailer. Larger helicopters (Skycrane) may serve some areas but avai lability
may be difficult to obtain because of lease arrangements with construction companies, etc.

(7) National

- National Trailer Convoy -
Kingsway - Kingsway Frelghf Lines
CP . - CPRail
‘Pacific - Pacific Western
qufhern -

Northern Wings. Helicopter
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Calculation of rail costs are for basic transportation if the service of a towing vehicle
are required at either end of the journey then additional costs (including driver) of
$10.00 per hour in Eastern Canada, or $11.00 per hour in Western Canada, must be
added.

Costs for transportation to Inuvik* assumes that Edmonton and Yellowknife are interim
locations where the modes of transportation are changed. The route is therefore by
-rail to Edmonton, by road from Edmonton to Yellowkmfo and from- Yellowknife to
Inuvik by air.

Preparation and Travel to the Remote Site .

The key to any remote operation is the organization and planning operations prior to
the tour, Basic guidelines specifically related to the terminal operation should be

- spelled out in some detail in an Operations Manual, and blank checklists should be

provided which would form part of the service log. We assume that the above is
provided and that the terminal crew is thoroughly familiar with the procedures.

The preliminary organizational routines to be followed include:
a) experiment definition and time table and time duration estimate.

b) investigation to the extent necessary regarding facilities, land, power
availability, supplies; etc., at the remote site.

c) - listing and gathering of special equipment required.
d) gathering and checking of spares, maintenance tools, shipping containers, etc.
e) requisitions of expendibles, fuel, special clofhing,‘efc.

f)  dummy run(optional) of experiment, particularly if new fechmques are
to be tested.

g) arrangements with carriers for receiving, loadlng cmd unloading the mobile
terminal.

h)  arrangements for accomodations for the crew at or near  the place of remote .
operations. '

The extent to which these preparations are made will depend; of course, upon the
nature of the experiment, -the remote location, and the familiarity of the crew with
the remote location. A fyplca| schedule for an operational 2 week "Tour oF Dufy
to Resolute Bay is given in Table B-3.** '

* Thi5'i‘ab|e was prepared prior to the announcement by the Canadian Government
of plans to construct an all-weather road to Inuvik from the south.

** Regular scheduled flights by Nordair were assumed in preparing this schedule.
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TYPICAL OPERATIONAL RETURN 2 WEEK TOUR OF DUTY TO RESOLUTE BAY

TASK CACTIVITY WEEKDAY" START - STCP 'DURATION NOTE
Station Set-up
A Transportation to Montreal Wednesday . 8:30 12:15 3 hrs, 45 min,
B Trailer Disassembly .. Wednesday 13:30 16:15 2 hrs, 45 min.
C Aircraft Loading - Thursday By carrier as necessary
D Flight to Resolute Bay Thursday 11:00 16:05 6 hrs. 5 min. Regular Nordair
4 : : Schedule.
E ‘Aircraft unloading Thursday By carrier as .necessary o
F Trailer assembly Thursday 16:45 19-.30 2 hrs. 45 min.
G Transportation to site Friday 8:30 11:30 3 hrs,
H Set-up on site Friday 12:30 16:30 4 hrs, ‘
| Satellite Aquisition Friday 16:30 16:40 10 min. _
J Operational Preparations Friday 16:40 17:10 30 min. confirm status
Experi mental Period
Start experiments Friday 17:10 - As required Soonest possible -
|- S O i Includes operational
) g ‘\? ?‘7 “check -
Stop experiments and sign off Sunday - 15:00 As required  Latest possible.,
Return to Ottawa
A Dismantling on site Sunday 15:00 17:00 2 hrs,
B - “ Transportation fo Airport Monday 8:00 11:00 3hrs. -
C- Trailer Dissassembly Monday 12:00 14.45 -2 hrs. 45 min,
D. Aircraft loading Monday By carrier as necesssry - _ :
E - . Flight to Montreal Monday 16:50 23:40 5 hrs. 50 min. Regular Nordair -
: o o : : Schedule. o
Fo Aircraft unloading Tuesday By carrier as necessary , '
- G. Trailer Assembly Tuesday 10:00 12:45 2 hrs, 45 min.
H Transporfation to Ctiawa Tuesday 13:45 17:30 3 hrs, 45 min. -

TOTAL TOUR TIME - 13 days, 9 hours

. . AVAILABLE OPERATIONAL TIME - 8 days, 22 hrs.

TABLE B -3 -

50 min.
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A summary of the steps necessary to prepare the terminal for transportation is given
in Table B-4. Reusable shipping containers for all miscellaneous supplles as well
as for fhe antenna components are recommended.

If information regarding the remote location is ske’rchy or not available, it would
be a good policy to send one of the crew members to the location at least one or
two days prior to transporting the terminal to survey the area and to select an.
appropriate operohng spoft. '

Transporting the Domesfic‘ Trailer is quite conventional, be it by road, rail or air
(in a Hercules) and need not be discussed in detail. However,. fhe modulqr trailer,
if transported by air, deserves some addmonal comments.

If the intended remote location for the terminal is., say, near Resolute, then the
steps necessary for transporting the modular trailer:from Ottawa to Resolute are ds
outlined in Tables B~5 and B~6. Here, we assume one crew member is already in

- Resolute. Figure B-3 shows the trailer being disassembled, Flgure B-4 shows the

trailer stored as freight in a* Boeing 737 fuselage.

Current commercial air schedules list two regular flig_hfs per week to Resolute from
Montreal* departing on' Mondays and Thursdays at 11;00 A, M. The scheduled
flight duration is 5 1/2 hours. A reasonable procedure would thus specify that the
mobile terminal would be delivered to the carrier in Montreal a day prior to the

* flight date by the second crew member who would then remain in Montreal over—

night to oversee the aircraft loading the following day and then travel on the same
aircraft. Folllowing arrival at Resolute, both crew members would re-assemble the
terminal and, if time permits, tow it to its operating location. Terminal set-up
and satellite aquisition could commence in the morning after the flight.

We have assumed roughly normal 8 hours-a-day for the activities of the crew-members, -

although it is quite impractical to adhere to a 8:00 hours to 17:00 hours work day.
Additional time would be required whenever unforeseen difficulties arises, or if the
experimen’r schedule dictates the necessity. A detailed examination of such requure—
ments is both premature and beyond the scope of this report.

Site Selection and Preparation

Sites accessible by road very near or within communities will normially present a few
surface difficulties unless permafrost is present. With no permafrost, it is sufficient
to choose hard and level soil making use of footpads** where necessary under the.
jacks to reduce the bearing loads and prevent settling. A site should have ample
space to permit set-up operations. Operations on top of permafrost is undesirable:

if necessary, however, special techniques exist for supporting the terminal (ref. F-7). -

*  Nordair schedule effective April 30, 1972.

**  Footpads should be sized to suit the expected bearing capability of the ground.
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 STEP

TABLE 8-4
TYPICAL PREPARATION ACTIVITIES FOR THE MOBILE TERMINAL

ACTIVITY

Plan Operations appropriate fo type of experiment.

Obtain special equipment and checkout total system.

Check terminal’s tool kit, spare parts compliment,
_ , p P P

shipping containers, efc.

Ensure that all batteries are fully charged and that
electrolyte levels are satisfactory.

Obtain expendable materials.

- Cheek antenna system for accuracy and operation. -

Dismantle and pack antenna components info
shipping containers.

Pack tool kit, spare parts, expendable material .

COMMENT NOTE
1) Determine any special equipment requirements [

2) Determine spare needs ‘

3) Determine expendables needed 2

4) Determine routing
If necessary.

Include special equipment requirements in this step.
Charge and/or maintain as necessary.

Expendables may also be procured at desiination. 2
This possibility should be examined. :

Include mount in this examination. Correct and/or
align as necessary.

Consider sequence of accessibility in this step. For
example, access fo the fool kit may be required during
transit. Therefore, it should be clearly marked and
be easily available. '
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TABLE B-4 (cont'd) :
TYPICAL PREPARATION ACTIVITIES FOR THE MOBILE TERMINAL

ACTIVITY - . _ ‘ COMMENT : : , NOTE

STEP -
9, Check trailer hitch, suspension, chcssis,‘ etc. Ensure that lubricating, mainfenance, efc.
has been performed as required.
10. Stow shipﬁing con’rciﬁers in trailer.
- 11, Stow module handles in trailer.
N.ofes: |
1. A check list will be vérvy useful. The operations manual should include blank check-sheets containing check-lists of
regular eqq?pr:?enf and provision for check-lists af special equipment.
2. Expendablesare cons&dered to be fuel (for both hecﬁnAg Qnﬂ power), oil, 'wcfer} etc.
Time;»_ scheaui; nc;f shown, This will depeﬁhdi upon expexjirﬁenf cc_pébili’ry and extent and efﬁcienc;y of support facilities.
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TYPICAL PRCCEDURE TO TRANSPORT TERN\! NAL FROM OTTAWA TO MONTREAL

ESTIMATED TIME

STEP ACTIVITY COMMENTS DURATION
1 Towing vehicle crri;/es at CRC -Prepcrcﬁoﬁs completed o | -
2 ' | C‘ovnnecf foang vehicle to frcilef EhsuTé coﬁpéfibilify of hitches | 15 min.
3 Tow trailer to Nordair FTeighf Terminal Pre-arrange with carrier for
at Dorval, Quebec space to dissassemble terminal 3 hours.
4 nsi‘cH and set ;ccks cnd disconnect . Return towing vehicle; to Ottawa 30 min.

-fowmg vehxcle

Total élcpsed time - - : 3 hrs, 45 min.

"TABLE B-5

208



, TABLE B-6 -
TYPICAL PROCEDURE TO TRANSPORT MODULAR TRAILER FROM MONTREAL TO RESOLUTE BAY
STEP ACTIVITY COMMENTS ESTIMATED TIME NOTE
DURATION
1. Remove module shipping covers 10 min.
2. Remove antenna shipping cases, auxiliary cases and Use fork lift truck 10 min. 1
load auto pallet 2.
3. Remove motor generator set and load onto pallet 1. Use fork lift truck 10 min. 1
4. - Release fasteners linking module 3 to module 2, Quick release fastener 10 min.
and module 3 to chassis.
5. Lift module .3 off chassis and move away about 3 feet.. 5 min.
6. | Attach shipping covers to opened sides of modules 3 and 2. 15 min.
7. Move module 3 clear of ch'ass‘is, rotate through 90° and 10 min.
» lower unﬁl module is about 6" off ground.
8. ~ Move module 3 and set onto pallet 5. 5 min. 1
9. . Release fasteners Iinkiﬁg module 2 to module 1, and 10 min.
module 2 to chassis. ‘
10.. Lift module 2 off chassis and move away about 3 feet. 5 min.
11, Attach shipping covers to opened sides of modules 2 and 1. 15 min.
12. 'Move_module' 2 clear of chassis, rotate through 90° and 10 min.

lower until module is about 6" off ground.
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TABLE B=6 (cont'd) .

STEP ACTIVITY ) |  COMMENTS ESTIMATED TIME ~ NOTE
A DURATION :

13. Mové module 2 and set onto pallet 4. o | 5min. 1

}4. Release fcsfenex"s lihking_modﬁle‘ 1 to chassis. 5 min.

15. Lift modple 1 off chassis and move clear. 5 min.

16. " Rotate through 90° and lower until module -1 is about - 10 min.

6" off ground.

17, M.ove‘ and set onto pallet 3.' , ' 5min. 1

18. * Lift ends of chassis and fold inwards to compact | S-rr'min.

19. 'A ‘Locd module hcndlér onto chassis. © 10 min.

20. | Set chcssig onto palleflé; » _' - , Use fork Hﬂ.' truck 5 min. l. 1

21. ~ Advise carrier 'a?‘scésembly. compiefed. _ . : ' - : 1
TOTAL ELAPSED TIME- 2 hrs. 45 min,

Note: (1) These activities must be co-ordinated with the carrier.
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Fuel Supply, Engine Generator
v _ Containers - Desk , Water Tank
Chassis and Module No. 3 Module No. 2 Module No. 1 Antenna Reflector-Toilet, Baggage,
Module Handler Positioner - Loose Equipment
Tool Kit -
' i3 -
1! o — 3
¥ : — —i-<
, i e | 22
o ""“ii — | . 2 Passenger
o o Compartment
‘ — a
S
Y]
| 5
i o _— TS

K Cargo Door
86" high x 134" wide

A is | e to passenger compart men t

T’

. Nofes: 1. Max. no. pallets =7
- 2. For mixed cargo & passenger configurations

Passenger Capacity - 6 pallets = 10
' -5 paliets = 28

3. Payload - 23,000 to 28,000 1bs. (depending on fuel carried)

FIGURE B~4
MODULAR TERMINAL LOADED INTO BOEING 737
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In Northern communities, antenna elevations will be small, hence high-ground
with a clear unobstructed view of the horizon is desirable in the direction of the
spacecraft. Low antenna elevations present a possible safety hazard for personnel
entering the transmitter beam; warning signs should be posted.. Power from a

500 watt transmitter radiating from a 10 foot dish will result in beam flux densities
of approximately 7 to 20 mw/cm“. The current-recommended maximum flux levels
to which personnel should be exposed is commonly taken to be 10 mw/cm. How-
ever, this figure is considered by many (and particularly Russian investigators) to
be foo high.

Sef—up Procedures and Interface

The terminal must be located such that the "V" formed by its corner containing the
antenna mount points approximately-to the satellite. Local landmarks or other
information can be used to determine this. The steps to be followed in preparing
the terminal for service are essentially identical for both the domestic trailer and

" modular. trailer concepts. Table B-7 summarizes the steps and includes a time

duration estimate for each of the steps. Figure B-5 shows the antenna erechon
in progress.

For the particular tour under discussion, interface requirements for the terminal

_involves only a power connection from the motor generator. If externally generated

baseband or IF signals are involved, then appropriate connections to the interface
panel are also required. These connections use standard impedance levels of

-50 ohms unbalanced for {F, 75 ohms unbalanced for video, and 600 ohms balanced

for audio, Furfher details are given in Section C.

~ Figure B~6 is a plan view of a typical set-up for a remote terminal and shows optional

connections to local hydro if sufficient power with the correct voltage character-
istics is available*, and interface wn“h an assumed broadcashng crew for tr ansmission

‘of broadcast felevxsnon signals.

Satellite Aqquisition

One operationally important part in the operqhons manual should be a set of tables
relating the elevation and azimuth angles of the line-of-sight between the satellite
at its specified parking spot in the equatorial plane to points on the earth in a grid
network specified by latitude and longitude. Included in the tables should also be
the nominal angle, called the tracking angle, at which the N-S motion of the"
satellite would appear to an observer at the grid pomfs.

We assume that we have such a set of fables and that we know the latitude and
fongitude of our terminal. However, our ability to set true elevation and azimuth

. are dependent upon the accuracy with which we can define as references true

horizon and true north (or south). Provided the spirit levels with which we align
the trailer are accurately placed and calibrated, there is no problem with defining

* Details for such connections must be pre-arranged.




g TABLE B-7
TYPICAL SITE SET-UP PROCEDURE

COMMENTS

ESTIMATED TIME

STEP ACTIVITY DURATION
i Clear site area. 15 min.
Z ”.Loi:afe trailer on site. Corner with antenna mount column to 5 min.

: : point south.
3 Install and set jacks, and disconnect towing Return towing vehicle to source; use
_vehicle. ' appropriate foot pads. 20 min.
4 Pull antenna shipping cases, auxiliary cases, and Use modular handler if necessary. 5 min,
module shipping covers from trailer. '
3 _Pull motor generator set from trailer and _
locate conveniently. ' ' See set-up 5 min.
4 Unpack antenna components and miscellaneous Do not desiroy packing material. 15 min.
: -equipment, '
7 Install and connect MG fuel tanks. 15 min.-
8 Connect power cable between trailer and
MG set.. ' 5 min.
9 © Start and warm up MG set If advisable or necessary. 5 min.
10 Rough level trailer Use body mounted spirit levels, 10 min.
1 Lay one module shipping cover on ground Position so that top of antenna mount
and drop antenna mount column and antenna column, when dropped, is above centre of
mounting ring. cover,
Install and check antenna. - See Table D-5. Position antenna mount
column suitably, 85 min.
12 Fine level trailer. 15 min.

A



TABLE B-7 (cont'd)

_ -~ ESTIMATED TIME
STEP ACTIVITY ' COMMENTS ' DURATION

13 Check MG operation; check all cable -Use check list. . - 15 min.
: . connections and interfaces; place heating o
and ventilating equipment into operating

que.
14. Energise communications equipment, warm up. - ' 5 min.
15 Use module. shipping covers fo build shelter area. | : : 15 min.
16 Clean up and store empty shipping cases and ' ‘ 5 min.
materials, :

4 hours.
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the frue horizon. However, with respect to the azimuth, we have a problem. Magnetic
compasses throughout much of the north, are of limited accuracy.

An azimuth reference can be roughly obtained by use of landmarks and maps, the position
of the sun or stars* and the time of day. But even so, the accuracy of obtaining the
azimuth reference is considerably less than that of obfaining‘ an elevation refel‘ence

The possibility that the satellite's orbl’rul tilt may be as much as 2° off the equatorial
plane introduces uncertainty in the location of the satellites along” the tracking axis.
Thus, even though we have a relqhvely accurate horizon reference, we have a un~
certainty slightly larger than £ 2° as measured along the frockmg path, in the actual
elevation angle to the satellite. :

The antenna posnhoner is qdwsfcble about three axes (see Sec’rlon E=4). One axis is
preset perpendicular to the tracking angle at the site, of at Ottawa, in accordance
with the remote site coordinates. This adjustment would make the second axis (elevation)

parallel to the ‘earth's equatorial plane so that rotations about this axis would be

~perpendicular to the equatorial plane. The third, or azimuth.axis, is perpendlculqr

to the local horlzon.

.To initiate the search we point the antenna along the nominal line~of-sight given in -

the table for our pqrhculqr loccmon using our esfqbllshed azimuth cmd elevation

reFerences.

Because of the uncertainties in the reference and in the elevation angle of the satellite,

the true-line-of-sight to the satellite will lie within a solid angle centered along our
assumed line. of sight. In the Appendix we show that this solid angle may be = 30° in azimuth
and 3 5% in elevation. We therefore off-set the antenna in azimuth -30°, qnd

starting at the extreme left of the solid angle, sweep to the right at a rate of

approximately 19 per second. At the end of the sweep, the .elevation angle should

be increased by an antenna beam width followed by a second sweep from right to

left. The elevation angle should now be decreased by 2 beamwidths followed by a

third sweep from left to right. The process is repeated.until aquisition is made.

Figure B-7 illustrates the seqrch quern

A further uncertainty must be considered. If the beacon is used as a locking signal,
then uncertainties in the beacon frequency as well as uncertainties in the terminal -
local oscillator frequency coupled with a narrow band receiver will cause frequency

‘misalignments. Thus the receiver will have to sweep over the expected range of -

frequency misalignment at least once for every search element**, |n defining the
above azimuth sweep rate we have considered this factor (see Appendix E). If a
wideband signal is used as a |oc|<|ng source;, then Frequency search will probqbly
not be needed. =

* Depending on the weather and the season.

** A search element is defined as the antenna beamwidth in which the carrier-to-
noise ratio resulting from the received signal exceeds the defined threshold.
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Terminal QOperation

We can do no more than touch terminal operation, for details depend largely upon
the experiment. In most cases, however, requirements are straightforward and
generally comparable with earth terminal operation anywhere.  We assume that
satellite aquisition has been made and that either fhe beacon or a communications
signal provides fhe reference,

Two-way voice facilities via the satellite to the Ottawa Control terminal should
be established first on a pre-assigned channel preferably at pre-arranged times,
although this latter restriction may not be necessary. The mobile terminal design
should be such that operation of two-way voice channels need not require ener~
gizing the main transmitter. In fact, two-way voice equipments should have the
capability of battery operation so that information of a failure or malfunction in
either the motor generator set, or the main fransmltfer, can be transmitted to the
main control terminal.

A comprehensive station log ShO;Jld be kept to .record, with reference to operations,
‘a)  nature of the experiment
b); system configuration
c¢) equipment furn on time (except transmitter)
d) transmitter furn-on-time
e) transmitter radiate interval
f)y all instrument readings
g) experim_eh.f readings
h) . primary power readings
i) ébservéd malfu.ncﬁons or failures
i) tuin off times
The capability of two men to carry out a ‘comprehensive' sef.oF measﬁrerﬁenfs will
be limited and must be considered when preparing the operations plan. Their
capabilities can be extended through use of recording. equipment such as paper strip

recorders or multi-channel pen recorders. Connected to d suitable clock, these
devices provide useful and dated records.
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Often, however, the terminal would be ‘used simply as a relay for signals generated
externally, say, from a remote broadcasting unit, or a computer terminal. The tasks

“of the operators would then be much simpler and could consist of simply monitoring

input and output signals to ensure their qualities with reference to some specified
standards. The operators would have to ensure that grounding problems between
themselves and the external sources do not exist, or must take steps to minimize
them or eliminate them if they do exist.

Long hours are often required of field personnel. This is not a serious situation unless
the nature of the activities leads to fatigue because of boredom, excessive hours
without breaks, or overly demanding tasks. These aspects must be considered

for any tour of operation because incapacitation of one man by illness or injury is

a relatively more serious matter here than it would be for a larger crew, .

Completion and Return

The last operational field act of the crew should be to sign "off-the-al r" using
two~way voice communication to Ottawa indicating the expected itinerary for return.
Flight schedules for Nordair from Resolute to Montreal indicate flights on Mondays
and Thursdays, both leaving at 16:50 hours. Therefore, preparation of the terminal
for towing transportation to Resolute airport,and disassembly of the terminal for air

. shipment; can easily be done on the day of the flight. However,since arrival time

in Montreal is scheduled at 23:40 hours, reassembly of the terminal and towing fo
Ottawa should be carried out the following day after a reasonable rest period. The
operational steps to be followed are in reverse order to those taken when starting
out on the tour.

The condition of the remote site should be left as close as possible to the state it
was in before arrival. In particular, waste material, garbage, empty bottles, etc.

should not be left at the site, This is as much an act of necessity as it is of

courtesy, for one of the characteristics of the north is the extreme length of time-
that it takes the forces of nature to repair the damoge or fo dlsmfegrafe fhe debris
left by man, S

When the terminal is refurned to Ottawa, it can either be left in the fowing
configuration if another tour of duty is imminent, or set-up as-the standby sysfem

for the main communications control terminal. Such repairs-or replenishment of
supplies as are necessary should-be performed as-soon as practical after refurn, ‘
Lubrication, removal of rust, paint "touch-up", etc:, are recommended activities '
to be carried out on a routine basis after each tour,
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Standby Operation at Ottawa

When not in the field, the terminal may profitably be used as a standby for the main
communications control terminal at Ottawa. Thus, in the event that portions of the
main terminal fail, or malfunction, then use of the mobllc terminal can prevent the
loss of many experlmenfs or operations,

Since the mobile terminql antenna is smaller and its receiver is noisier* than those
for the main terminal, both its G/T ratio on receive, and its EIRP on tronsmlt are
significantly less, Tfoble B~8 compares i'hese paramefers

As transmitting stations, the standby and main teiminal are interchangeable and no
signal parameter changes are needed, as long as the required EIRP for a given
experiment is less than 76.4 dBW. If this is not the case, then an investigation of
possible signal parameter changes should be initiated to see if EIRP requirements
can be decreased. (This latter investigation sho uld in any case be made as a
contingency plan for any experiment),

As a receiver f.ermindl-, the lower G/T ratios for the mobile terminal compared to
the main ‘terminal means that the spacecraft must transmit mofe power in the carrier,
Incidentally, increasing the transponder power by transmitting more power from the
transmitting terminal shifts the system noise budget towards a greater downpath
contribution, therefore for otherwise similar pcramefers in the signal we need not
increase fransponder power as much as the receiving terminal G/T roho might seem
fo indicate.

The capabilities of the other transmitting equipments and the spacecraft gain setting
must therefore be checked to see if an experiment can be hdndled by the remote
terminal, and, if not, to determine what parameter changes are necessary or possible.
Again, fhis should be carried out as a contingency plan. .

With the excephon of two-way voice services, none of the proposed baseline terminals
for CTS experiments will be capable of transmission. Therefore, the use of the mobil e
terminal as standby will be more likely as a transmitter than as a receiver. With
respect to two-way voice operations, the current 4 foot terminal with a 1 watt
transmsitter capability may be operationally marginal in a standby situation:. How-
ever, even here communlcahons may still be possible, albeit more noisy.

What we have considered up to now is a comparison of the capabilities of front ends,
transmitters and antennas. Operationally, we must also consider mferfocmg between
the two terminals.

* We are informed fhat o room. temperature paramefer qmphﬁer is contemplated

for fhe moun conirol terminal.



COMPARISON OF MAJCR PARAMETERS OF MOBILE AND MAIN COMMUNICATIONS TERMINALS

PARAMETER | | MAIN COMMUNICATIONS MOBILE TERMINAL  UNIT
CONTROL TERMINAL, -
Anfennq Diameter 30 k 10 Feet
Front end C boramenric Amplifier TDA
* Noise Figure | 3.5 | | 6.5  ds.
Trcn_smii"re} Power _ 350 (Note 1) | 350 ‘watts {min) i
ERP | } 89.4 < - 74.8 "dB'_W (max)
G/T ratio | | 32.2 o 18.4 dp/ i
Antenna Gain (Tx)at 14 GHz 59.9 | 50.4 dB B
Antenna Gain (Rx)at 12 GHz - 58.6 - | 49.1 @

Note: (1) This assumes that the transmitters in the control and mobile terminals are identical .

‘TABLE B - 8

AR
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A most convenient interface would be at IF for the following reasons:~

1) operational duties are easier performed in the main control terminal than
in the remote terminal because of space limitations.

2) interface at IF means that the RF amplifiers, up converters and down
converters are in the mobile terminal while IF filters, modulators,
demodulators and baseband processing equipments are in the confrol
fermlnql

3) most operational duties are performed on the IF f||ters, modulators,
demodulators and baseband equipments.,

The location of the receiver remote from the operating area should not cause any

- operational difficulty, since wideband receivers common|y operate for long periods

of times unattended.

There are, however, two problems that must be resolved. First, limited antenna
tracking is required, and second, transmitter operation must be controlled.-

To resolve the first problem, the mobile terminal should be fitted with an interface

- socket connecting the tracking actuators and the antenna pointing readout devices.
- A remote control panel interface plug and interconnecting cable should be provided

for the main control terminal so that control and monitoring of the mobile terminal’s
antenna in the main terminal is possible. Interface to the main terminal's computing
facilities may be added.for a programmed track capability.

To resolve the second problem, a similar remote facility for remote control of the
mobile terminal's transmitter radiate/standby operation, and remote monitoring of
transmitter power, voltage, etc., in the main control building should be provided.
Remote adjustment of transmitter power level would be a useful, but not essential
feature, It should not be necessary to turn the transmitter on or off remotely as
long as the physical separation of the remote and main terminals is.not too great.

Interface at baseband is also quite possible, and sufficient facilities for such inter-
facing are part of the terminal’s complement. All that is needed is to ensure compati-

bility of signal levels, polarity (for video) and impedance characteristics.

Interface at RF is not recommended in view of the high frequéncies involved and |
the rather significant losses that would be mcurred usmg 12 GHz and 14 GHZ

“transmission lines.

A primary power service at the main building should be provided to which the mobile
terminal can connect. In the event of loss of hydro power, fhe motor generator set
can be used to provide primary. power.




If a particular experiment has a high enough priority, both stations
should operate in parallel, but the mobile terminal should draw primary power from

the motor generator set. Thus, in the event of a loss of hydro power, or other failures -

affecting the control terminal, the remote terminal would be unaffected and could
easily assume the responsibility for the experiment, -
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SECTION €'

COMMUNICATIONS SYSTEM

General

The communications system for the mobile terminal is configured to safisfy:

a) -the experimental requirements while fhe_ferm”in.ql is in Field.service

b) the back-up requirements for the main control terminal near Ottawa.

We have assumed that these requirements are established by the baseline descrip.’rion
given in reference C-I . However, the probability that other as yet undefined

experiments will be performed has been noted and suitable interface facilities have
been provided to allow for this in the most flexible manner.,

" The baseline system permits experiments in the following services:

1) 525 line NTSC color signals with from 1 to 4 associated audio chcnn‘els.
2y conventional FM sound broadcast signclfs.. '
3) Si'ngle—chcnnel.—per—car.rier two—-way Voicé §ighc|s.

and the terminal is equipped wn‘h fhe cpproprlcte baseband processing equipment. In
addition, other experimenfs may include:

4)  TDMA signal transmission.

5)  wideband PCM signal.

6) faésimile.

7)  remote compufgr terminal services,
to mention ]ust a Few,

Bo’rh smgle conversion’ “and double conversion IF sysfem can be used. Single conversion
is the Ieasf cosfly, double conversion is the most flexible. Both are briefly examined.:

We begin this section with discussion of fermlnal 'cdpabili‘ries,f EMC considerations, -
IF frequency selection and frequency plans, and discuss optional aspects. - Table C-1-
lists the general specifications for the communication system. ' : :

Ci
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TABLE C-1
COMMUNICATlONS SYSTEM - GENERAL SPECI FICATIONS :

"PARAMETER. ’ VALUE - UNIT NOTES
GENERAL
- Antenna Type Parabolic Sectional
Feed Cassegrain :
Diameter 10 feet
Receiver Front End TDA
Trarsmitter Parallel TWT's “Air Cooled
TRANSMIT v
Frequency Range 14.0-14.5 GHz
Tuning Range 14.0-14.5 GHz 2nd LO Tuning
RF Bandwidth Capability 85 MHz '
Ist IF ‘ 70 MHz -
2nd IF 735 MHz - Nominal
Deviation Capability 120 MHz Peak, Max.
IF Bandwidth 40 MHz Video signals
Antenna Gain 50.4 dB at 14.5 GHz
Transmit Output POWeI‘ 350 Watts Minimum '
" Line Losses 1.0 dB Typical
EIRP +74.8 dBW Boresight
Frequency Range 11.7-12.2~ GHz _
Tuning Range - 11.7-12.2 GHz 1st LO Tuning
RF chdwnd’rh chpcxblllfy 85 MHz ' '
Tst.IF 70 MHz
2nd IF. 580 MHz Nominal
Discriminator Capcxcﬂy +20 MHz Peak, Maximum
IF Bandwidth 38 MHz Nominal
Antenna Gain 491 dB
Line Losses 1.0 dB
Receiver Noise Flgure 6.5 dB '
G/T Ratio 18.5 dB/°K
BASEBAND
Bandwidth Capability 10 - MHz " Maximum
Response Variation f 0.5 dB Max. over BW
Gain Stability ~0.5 dB max. 10 hr interval
lnlr:l{mv Levels = video ~1.0 \ p-p
- audio & sound +9 dBm max. signal
Interface Impedance -video 70 ohms™ “unbaldnced
- audio and sound 600 ohms

balanced



Canbil ities

The practices followed in developing the terminal's communications system are
similar to those used in current earth station designs, for that is precisely what the
mobile terminal is. "Off-the-shelf" equipment.design has been selected in most -
cases to minimize costs. The basic television performance to be expected should,
in most cases, be equivalent to the quality standard established by Intelsat. Up

to 4 high fidelity audio channels may be handled as subcarriers. FM sound broad-

cast quality can be as high as conventional local services, except that RF satellite
power limitations will probably preclude convenflonal 2 channel sfereophomc
transmission. *

Considering the above factors, and the basic needs that the terminal must satisfy,

‘the terminal's capabilities have been specified to include:

1) Transmission and reception of 525 line NTSC color video signals.

2)  Transmission and reception of from 1 to 4 audio signals as subcarrier of the
main video signal, or 1 audio signal as a separate carrier.

3) _Transmission and reception of 1 compatible FM sound signal.

4)  Transmission and recepfton of 2 two-way voice sugnal operohon and order wire
circuits for:

a) remote terminal operation
b) other experimenters making use of the terminal.

5) Interface at IF to permit

- a) connection of special experimental signals such as PCM signals, etc.
b)  connection to the main. terminal at Ottawa as a back-up unit.

6) Interface at baseband for television, sound, and order wire circuifs.
7)  Back-to-back loop testing using a test loop translator.
IF filters similar to those established for Intelsat are recommended for the terminal.

If these .are used, and assuming that signal parameters are suitably adjusted, then
performance equivalent to that prowded by Intelsat may be expected.

——

* For equal carrier powers, the output signal-to —~ noise ratio for a conventional
stereophonic signal is about 22 dB lower than that of a conven'rlona| monophonic
sngnal : ‘
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EMC Cdnsiderations

EMC considerations are covered in defml in Appendlx C-5. Here we summarize the
approach taken and the preventive measures recommended.

Coupling of wanted and unwanted signals can occur at the RF frequencies via the
antennas, but in the 12 and 14 GHz bands the aspects of sharing and co~ordination
that are problems of considerable magnitude in the 4 and 6 GHz common carrier bands
are not yet too significant and can usually be handled on a specific "case-by~case"
evaluation if necessary. The trailer's operating site can easily be changed if inter-
ference into, or by, another Sysfem threatens to be a problem.

The antenna's side lobe characteristics have been specified to be some 30 to 40 dB
down. These characteristics are compatible with relatively economical antenna
design and good EMC characteristics, considering the ‘total environment.

The trailer's EMI characteristics should be similar to that of a screened room. Special
gasketing techniques are recommended for the modular trailer while additional EMI
screening is suggested for the domestic trailer. By these means, both the emission of
spurious signals from the trailer's equipment and the suscep’rablll’ry of the equipment
to external signals will be minimized.

The concept of the. "screened room™ assists at the IF frequencies which, at least for

the first |F equipment of the receiver chain, is potentially susceptible to interferences.

General engineering considerations include the use of "good engineering practice"

with regard to connectors, grounding, shielding, installation power line filtering, etc.

If this is followed, we feel that eleciromagnetic compatibility is assured.

IF Frequencies

Figures C~1 and C-2 are block diagrams of the communication system using single
conversion and double conversion techniques respectively. Single conversion, as
illustrated by Figure C-1 is potentially the most economical since only.one frequency
converter per signal path is required. However, signal selectivity and -bandwidth

capability is more restrictive. The IF frequency is 70 MHz for compatibility with

current communications equipment parameters as recommended by CCIR and other
committees.

The greater selectivity of double conversion methods, as illustrated in Figure C-2
makes it the desirable choice for the mobile terminal. The equipment complexity
is not increased significantly. ‘Additional costs are also reasonable, providing
currently available equipment is chosen. "The choice of what the secondary IF
frequencies should be is complicated by the lack of standardization between
equipment suppliers; each one uses his own criteria for selection.
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As an example, RCA Limited offers double down-conversion for frequency conversion
from 4 GHz (nominal) to 589 MHz to 70 MHz and double up-converters for frequency
conversion from 70 MHz to 735 MHz to 6 GHz (nominal) in their standard earth
station line. The selection of frequency steps is based purely on considerations of
the interaction of the harmonics that are generated as mixing products. The fact

that simple loop back-to-back testing cannot be done in the 735 to 580 MHz IF loop
is not considered serious from an operational point of view, since back-to~back
testing may be done at the 70 MHz IF directly, or at RF using a test loop translator

to represent the satellite.

For the CTS Program, although RF signals are in the 12 GHz and 14 GHz bands, the
middle IF frequencies of 735 to 580 MHz are still a reasonable choice. The higher
IF to RF frequency ratio means that harmonic interactions can be kept quite low.

There is another consideration, however, that merits some attention. The CRC
simulation program for communications experiments calls for the procurement of
suitable equipments to simulate the ground-satellite-ground link. The IF frequencies
for this simulation facility are specified ot 70 MHz and 500 MHz. This suggests
that, for the most representative simulation, the Ottawa communications control
terminal might be similarly equipped.* If this is the case, then perhaps the mobile
terminal should be similarly equipped, so that interface between the control and
mobile terminals at either IF frequency would be possible.

Finalization of the higher IF frequencies is one area which should be determined by
consideration of the total CTS communications system. We will assume, for the
purpose of illustration, that IF frequencies of 70 MHz, 580 MHz, and 735 MHz are
used in the mobile terminal. Figure C-3 shows a typical rack layout for a double
conversion communication system packaged for mobile terminal service.

Frequency Plans

The frequency assignments for the baseline signals are not yet finalized. Nevertheless,
we have made some assumptions with respect to a potential assignment which permits:

a) simultaneous transmission or reception of all baseband signals

b) fixed tuning of receivers or convertors so that service selection is
obtained by equipment switching rather than adjustment.

* At the time of writing, the authors are not aware of any decision by CRC on
the Control terminal communications equipment parameters.
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Figure C-4 illustrates the assumed frequency assignments in the 70 MHz IF band.,
The consideration used in arriving ot the assignments are that

a) each service has a clear spectrum "slot"

b) widebdnd modulated video |F signals should be centered on 70 MHz -

c) the sound signals' IF frequencies should be in the conventional FM band
(88 to 108 MHz)

d) order wire IF frequencies should be below the video IF

e) the second or 3rd harmonic of the order wire s:gnals should not fall in
the sound IF slot.

RF Transmission Lines

For antenna ’rrackmg, three degrees of freedom are considered to be desirable: azimuth,
elevation, and rotation about the antenna boresight. Rotation about these axes is
generally less than 45 degrees, which permits several possible methods of waveguide
runs. It is essential that these should.minimize losses in transmit and receive sections
because of their effects on transmitter power requirements and on noise temperature.
Figure C-5 shows a possible configuration, whose calculated losses would be about
0.9 dB in each of transmit and receive directions.

" Transmitter

For economic reasons; the recommended transmitter concept is to use two TWT's

operating in parallel, and phased and balanced by suitable phase shifters and attenuators.
At present, 350 watts minimum or +25.45 dBW*is available-although 500 watts (or +27 dBW)
is quite possible with exira engineering effort. ~ Alternatives such as higher power
klystrons are possible but require conmderable development at considerable cost. (See -

Appendix C-6).

The drive for the transmitter would be a TWT amplifier assembly giving nominally 1 watt -
of output. However, solid state amplifiers of this capability are just becoming state of
the art and by the time the equipment is requlred they may be a feasible alternative,
giving space and weight savings.

Receéiver ~ Front End

The receiver front end would be a room temperature T. D. A. (tunnel diode amplifier)
with a basic noise figure of less than 6 dB. To allow for implementation and time
degradation, we are assuming a worst cdse noise figure of 6.5 dB.

* Current performance calculations, indicate that this power is just sufficient for the
baseline signals. Further refinements may be in order if the experimental program
“expands to include experiments requiring incredsed bandwidth, transmitter powers, efc.
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Mounting the low noise receiver on the antenna structure has been considered. In
view of the small advantage to be gained (perhaps 0.2 dB) and the complications of
design, operation, and maintenance, we have discarded this possibility.

The dual up and down converters would use balanced mixers with conversion loss of
about 10 dB and be driven by solid state sources readily available of +8 dBm and a
frequency stability of = 150 kHz. Filtering of output.and IF amplification in wideband
IF amplifiers would be part of the up and down converter packages. '

RF Interconnections

All interconnecting should be heliax between the low noise amplifier and down
converter, and between the low power amplifier and main amplifier.

Switches and heliax interconnections would be made available for connecting an
order wire unit (see C-15) either through some of the active equipment or directly
to the antenna feed for emergency or standby operations.

Modulators

Separate modulators are suggested for the video, éudio,'and sound s'lgnctlé. The video
modulator is a wideband unit with an adjustable deviation capability of 20 MHz peak,
centered on 70 MHz. "Off-the-shelf" modulators are available with the performance
needed.

Audio modul ators provide sub-carriers which are added above the baseband. Five

such modulators are recommended so that either a single sound signal on a 4.5 MHz
sub-carrier can be generated and added to the video signals for subsequent reception
using conventional receiver circuits (following the video detection) or four sub~carriers
at 6.74 MHz, 7 5 MHz 7 86 MHz, and 8. 74 MHz respectively can be genera’red for

broadcast use.

The sound modulator provides an output at 99 MHz nominal thereby enabling sound

loop tests to be made, or checking of the modula’ror with a hugh quallty, but conven’rlonal
"off-the-shel f"' FM tuner. »

t

Demodulators

_Facilities for demodulation provide the same flexibility for signal handling in the

receive direction as the facilities for modulators does in the transmit direction.

The video demodulator: is capable of handling FM signals with deviations up to 20 MHz
peak.  The output baseband capabilities must be 10 MHz to cover the combined spectrum
of the video baseband and the audio sub-carrier spectrum, -

* These Frequenmes are chosen to avoud interference’ from its. second harmomc of
the color sub~carrier (3. 58 MHz nominal).

Ci2
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. The five audio sub-carrier demodulators differ primarily in the cli__écrimincx’r?dn center
frequency adjustments.* Either the conventional audio sub-carrier at 4.5 MHz can

be processed, or sub-carriers at'6.74 MHz, 7.50 MHz, 7.86 MHz, or 8 24 MHz

can be clemoclulcn‘ed

The sound demodulator consists of a down converter from 99 MHz to the conventional

_FM IF frequency of 10.7 MHz. From this point on, conventional FM circuit components

can be used. Alternatively, the high quality FM tuner may be used in place of the
described system.

Baseband

Baseband equipment is standard. Pre—emphasis and de—emphasis, in accordance with
North American standards, are suggested for the video, audio, and sound signals. The
amplifiers, attenuators, and patching facilities are all "off-the=shelf" and specific

details may depend upon the manufacturer, particularly in the case of patching equipment.

Figure C~6 shows a typical patch panel layout.

Interface with Ex’rernal Signal Sources

The trailer specnﬂcahons call for the provnsnon of a wec:’rherproof interface panel,
accessible from the outside. Weatherproof video and audio bulkhead connectors are
mounted on this panel to which external video, audio, sound, or other wire cables may
be connected. When no such connections are required, the bulkhead connectors should
be. capped with "termination caps"” containing appropriate line terminators. These caps
should be. chained to the panel to prevent loss when disconnected.

The uncertainty of the length of external signal cable, and therefore its attenuation,
means that the level of the signals at the terminal may be less than standard.  Further,
in the case of video signals the attenuation may be fr equency sensitive, a rather
serious aspect for color.: Variable equalizers and line correction amplifiers should

be provided where necessary to correct for these problems.

In the case of audio or sound signals, a potential,"hum" problem exists, since the
power sources and the earth potential of the signal sources between external signals
and the terminal may be different. For that reason, line isolation transformers should
be provided, and grounding should be so arranged,that the shields of the balanced
interconnecting cables are grounded at one end only. *Figure C-7 shows a typical
interface circuit. : :

* For ‘compcx’ribflify, the 4.5 audio sub-carrier peak deviation should be set

to 25 kHz.  The four "broadcast” sub-carriers fyplcally use deviations
set-to 100 kHz.
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Test Loops

Some back-to-back testing may be performed at audio and at the 70 MHz IF points
by suitable patching. Somewhat more extensive back~to-back tests are also possible

by cross—connecting equipment using jumper cables between the equipment connectors.

Specific details and capabilities depends upon the equipment.

Back-to-back testing at RF is accomplished using a "test loop translator” which
frequency converts the transmission signals.in the 14 GHz band to reception signals
in the 12 GHz band. Except for the local oscillator circuitry, the equipment in the
test loop translator is passive.

Access ports and signal levels.in the RF part of the communications system are -
sufficiently flexible so that RF loopscan be made af a number of points. A variable
RF attenuator at the 14 GHz input of the translator permits control of RF levels.

Test loops across.the 735 MHz to 580 MHz IF bands is not possible, but this limitation
is not serious and in the event of failure, or malfunction, the isol ation of the problem
to one or the other of the dudl frequency conversion circuits is rela’rlvely easily
accomplished usmg conventional diagnostic procedures.

Qrder Wire -

Order wire facilities are not considered in this study except that interface facilities
are provided so that the order wire unit may connect into the system at both the RF -
and the baseband points. We have assumed that order-wire facilities will be
provided via the two-way voice circuits and that the equipment would be developed
as part of the two-way voice program.

Note, however, that any of the four audio sub-carriers provided for the television
service can be assigned for use as an order wire, or "service channel".* Further,
the sound channel itself could also be used as an order wire channel.

Oeeraﬁon

]

Some operational comments have already been made in sections B-13 and B-15. We
offer a'few more here, including some on fransmitter energization, since parallel
operation of TWT's calls for a more cautious procedure because of the additional
requirement fo "baldance" the outputs of the two power tubes. Bear in mind that
these comments are preliminary and are subject to-change or. elaboration.

* Sometimes referred to as "cue and control™ channel, particularly by broadcasters.
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The point at which "operation" begins is subject to interpretation. We say that
it begins after the terminal has been set up, levelled, and checked out, the mofor
generator set has been warmed up, the heating and ventilating equipment, or
air-conditioning equipment, has been adjusted, and packing containers have been
stowed. ‘

Normal operation begins at the patch panels. The system configuration is set up
by patching according fo the experimental needs of equipment and test facilities.

After the configuration is established, the equipment may be energized and the
transmitter put through its warm-up cycle into the standby state.

The satellite may now be acquired following the procedure of B-12. Contact
with Ottawa via a two-way voice circuit used as order wire may now be made and
the experimental program details may be confirmed or changed as required.

A typical procedure is ou’rlmed in table C-2 where transmission oF a video test
signal is required. The basic procedure assumes that the two signal paths through
the transmitter are not balanced.

A field operations manual is recommended wherein detailed procedures, summarizing
manufacturer's recommendations, system considerations, and equipment features

are described in detail. This manual could very well be prepared by the terminal
supplier but in this case would not include material of which the experiment planners
are more intimately aware.of. Such additional material, however, could be
included as an addenda. :
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