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1.0 INTRODUCTION  

1.1 SCOPE 

At the present time, several extensions of communication satellite 

service are under investigation by the Department of Communications. 

Specifically, Canadian military communications requirements and mobile radio 

telephony service are not adequately served by Canadian spacecraft at the 

present time. This study addresses the question of whether existing designs 

of communication spacecraft can be modified to support either or both of the 

military and mobile requirements. 

1.2 METHODOLOGY OF THE STUDY 

The study has been performed in the manner outlined in Figure 1-1. 

First, the performance requirements of each of the missions were reviewed. 

Next, a number of existing spacecraft were evaluated for their compatibility 

with the mission requirements. Parametric sensitivity analyses were 

performed, and compromised but realizable performance defined. Conceptual 

designs were then sketched for each of the missions. This enabled critical 

new technology areas to be identified and spacecraft layouts produced. 

Finally, the development schedule and program cost estimates were deduced. 

1 
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2.0 DEFINITION OF THE MISSION REQUIREMENTH  

In this section, the performance requirements for each of the three 

missions will be defined. These missions have been termed the military, the 

mobile, and the combined service. 

2.1 THE MILITARY SYSTEM PERFORMANCE REQUIREMENTS 

The system performance requirements for the military system have been 

under study for some years. Reference 1 defines the current set of 

performance requirements which have been used as the baseline for this 

study. 

As a consequence of coverage requirements of the SHF Arctic Service 

to the far northern reaches of Canada, North-South stationkeeping becomes 

an essential requirement for this mission. However, if this service is not 

required, then NSSK would not be mandatory. 

It should be noted that two additional government but non-military 

requirements have been included in this payload ensemble. These may be 

considered as desirable options, but not necessary to include in the 

baseline. They are marked by an asterisk in Table 2-1, which defines the 

required services by frequency and coverage requirements. Table 2-2 defines 

the frequency and polarization allocation for these services. 

The antenna and payload requirements resulting from these services 

are listed in Table 2-3 for UHF and Table 2-4 for El-IF services. This study 

did not consider any detailed trade- offs in these antenna payload designs, 

except the UHF payload. Further study of the antenna payload designs 

will be required in the next phase. 

Furthermore, if the L-Band service Is not required, and since it is 

not a military payload; it is suggested that the next phase study should 

address the upgrading of the military payload to provide additional 

capability. 
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Table 2-1 Military System Performance Requirements: 
Operating Frequencies And Coverage Requirements 

Frequency 
•SERVICE 	 Coverage 

	

Uplink 	Downlink 	Backhaul 
	 ..- 
1 	Military Mobile 400 MHz 	300 MHz 	7/8 GHz 	11 deg. circle centred at 55 °N 

lat. and zero relative longitude. 

2 	Data Relay 	400 MHz 	- 	7 GHz 	All Canada plus 200 nautical miles 
Package (DRP) 	 of coastal waters 

3 	EPIRB 	400 MHz 	7  GHz 	All Canada plus 200 nautical miles 
of coastal waters 

4 	Mobile to 	' 400 MHz 	300 GHz 	' 	-- 	11 deg. circle centred at 55 0  N 
Mobile 	ECCM 

5 	Maritime Mobile 1.6 GHz 	1.5 GHz 	7/8 GHz 	10 deg. circle centred at 55 °N lat. 
. 	and zero relative longitude 

6 	EHF Secure 

Communications 	44 GHz 	20 GHz 	-- 	Steerable spot beam global coverage. 
Single beam, 4 x 10 deg. Canada 

7 	Intersatellitè 	59 GHz 	60 GHz 	-- 	No ground coverage. 
Link 

8 	Fixed ECCM 	8 GHz 	7 GHz 	-- 	8 deg. circle centred at 40 °N lat. 
and zero relative longitude. 

9 	Arctic service 	8 GHz 	7 GHz 	-- 	8 deg. circle centred at 40 °N lat. 
and zero relative longitude. 

10 DAMA 	. 	8 GHz 	7 GHz 	-- 	8 deg. circle centred at 40 °N lat. 
and zero relative longitude. 

11 SHE Global 	8 GHz 	7 GHz 	-- 	Global coverage. 

*This service is not part of the military payload, and its mass and power requirements 
are not to be considered part of the military payload. 
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Table 2-2 Frequency and Polarization Allocations 

	

Service 	Frequency 	Polarization 	Bandwidth per Beam 

1 Military Mobile 	387.4-389.4 and 
Uplink 	397.4-399.4 	RHC 	2 MHz 
Downlink 	275.5-277 and 	RHC 	2 MHz 

285-287 MHz 

	

2. DRP Uplink 	401-403 MHz 	RHC 	. 	2 MHz 

EPIRB Uplink 	406-406.1 MHz 	RHC 	0.1 MHz 

Mobile to Mobile 
ECCM 
Uplink 	335.4-399.9 MHz 	 64.5 MHz 
Downlink 	275-275.5 MHz 	 0.5 MHz 

Maritime Mobile 
Uplink 	1636.5-1644.0 MHz 	RHC 	2 MHz 	. 
Downlink 	1535-1542.5 MHz 	RHC 	2 MHz 

EHF 
Uplink 	43.5354-43.5999 	RHC 	64.5 MHz 
Downlink 	20.2000-20.20425 	RHC 	0.5 MHz 

Intersatellite 
Forward 	59.7145-59.715 GHz 	RHC 	0.5 MHz 
Return 	63.2850-63.2855  GHz 	RHC 	0.5 MHz , 

Fixed ECCM 
Uplink 	8145-8230 MHz 	RHC 	85 MHz 
Downlink 	7420-7505  MHz 	LHC 	85 MHz 

Arctic service 	• 
Uplink 	8255-8315 MHz 	RHC 	60 MHz 
Downlink 	7530-7590 MHz 	LHC 	60 MHz 

10 SHF DAMA 
Uplink 	8060-8120 MHz 	RHC 	60 MHz 
Downlink 	7335-7395 MHz 	LHC 	60 MHz 

11 SHF Global 
Uplink 	7975-8035 MHz 	RHC 	60 MHz 
Downlink 	7250-7310 MHz 	LHC 	60 MHz 

12 Low UHF and 
L-Band backhaul 	8360-8392.0 MHz 	RHC 	32.0 MHz 
Uplink 	7635-7669.0  MHz 	LHC 	34.0 MHz 
Downlink 

*This service is not part of the military payload, and its mass and power 
requirements are not to be considered part of the military payload. 
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Table  2-3 MILITARY PAYLOOREQUIREENT SPECIFICATICNS 

_ 

GAIN 	 LINK 

ANTENNA 	CONFIGURATION 	FREQ. 	POL  	3 db 	MARGIN 

Mt 	(C.P) 	PE AK 	±5 •5°- 	±9 0 	BEAMWIDTH 	BORESICHT 	(db) ' 

15.5 ° 	EARTH 	BW3  
.. 	  

UHF 	DUALIELICES 	 55°M 

TRANSMIT 	154" L x 15" Dia. 	275-285 	REC 	- 	16.0 dBi 	-1 	- 	1081'W 	5 

67"betwen. centres 

UHF 	smapsrum 	 55°N 

RECEIVE 	113" li x 10.4" 	370-406 	RHC 	- 	14.0 dBi 	- 	- 	108°W 

Die. 

.. 	  

leBAND 	QUADHELIXES 

beex 	ur L x 2.6" Dia. 	1537- 	REC 	- 	18.0 dBi 	- 	>10° 	55°N 	TBD 

18.1" between 	1644 	 . 108°W 

centres 

SHF(Prim) 'Parabolic 	7250- 	TXHLEC 	27.0 	 401N 

TXHRx 	Reflector 15" Dia. 8250 	Rx-RHO 	dBi 	- 	- 	8° 	108°W 

.- 	  

SHF- 	Cbrrugated 	7250- 	Tk+LHC 

(Earth) 	Cônical 	8250 	Rx+RHC 	- 	- 	17.0 	0°N 	TBD 

Ik-,Rx 	Horn. 	 dBi 	18° 	108°W 

*This service is not part of the ndlitary payload. 
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-- 
ITEM 	 'UP DGIT 	 CIRC. 

NO. 	ANTENNA. 	COITIGURATION 	QUANITIY 	DIMMER 	LINK 	FREÇUENCY 	POLAR- 	 3dB 

IZATION 	GAIN Beamwidth BORESIGHT MARGIN C/N 

U/D 	Gaz 	RJL 	dBi 	deg. 	deg. 	db 	db 

a 	Spot Beams Centre fed 	1 	TBD 	U 	43.5-43.6 	R 	45 	TED 	Erii± 90  

(A&B) 	Parabola 	 20.200- 	 Centre 55°N 

single feed 	 D 	20.205 	L ' 	 TBD 	All direct 	TBD 

±100  centre TBD 

55°N 

ErTdcmer 

105°  for 

I.S.L. 

b 	Flat 	Cirevilar Flat 	1 	TBD 	U 	43.5-43.6 	R 

Reflectors 	 D 	20.200- 	 Steerable 

	

20.205 	L 

c 	Drive 	For Flat 	 1 	 , 
Mechanisn 	Reflectcms 	 . 

d 	Electr- 	Steering 	 1 	 , 
cnics 	Reflectors 	 - 

e 	Feed Born 	Rx 

Pyramidal 	. 1 	 U 	43.5-43.6 	 30.4 	 55°N 	 51.7 

27.4 	4 x10 	10eli 	6 	48.6 

EOC 	 EOC 

f 	Feed Porn 	Tx 	 30.4 	 551N 	 46.7 

Pyramidal 	 1 	 D 	20.200- 	 27.4 	4 2:10 	1091W 	6 	43.7 

	

20.205 	 EOC 	 EOC 
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2.2 THE MOBILE SYSTEM PERFORMANCE REQUIREMENTS 

2.2.1 SYSTEM DEFINITION 

This system is based on the parameters defined in Reference 2. It is 
intended to cover Canada and its coastal waters to: 

• demonstrate and provide market development of mobile telephony source 
(MTS) to vehicles, ships, aircraft and field portable terminals 
providing duplex switched telephone interconnection 

• demonstrate and provide market development of vehicle radio source 
(MRS) to the above mobile users, providing half duplex voice or data 

• provide limited service to remote mobile users. A satellite central 
channel station (CCS) will also act as a central channel assignment 
controller and a gateway station. 

From the gateway or base station, a FORWARD LINK establishes an S, X, or 
K band backhaul uplink to the satellite, to be converted to an 866-870 MHz 

downlink to the mobile users. 

The RETURN LINK establishes an 821 - 825 MHz uplink.to  the satellite, 
to be converted to an S, X, or Ku  band backhaul downlink to the gateway or 

base station. 

Thus a connection between a mobile and a fixed station is completed via 
a single forward or return link hop, Mobile-to-Mobile connection is completed 
vis a double hop, i.e. a forward and a return link. Figure 2-1 shows a sketch 
of typical services provided by the system. 

A user's survey was conducted by Woods-Gordon (Reference 3), and indicates 
that the M-SAT share of the market is expected to reach about 25,000 users by 
1993, and 140,000 users by the year 2001. They are expected to be distributed as 
follows: 

• Vehicular: 	MTS 	= 	14.3% of total 

MRS 	= 	60.0% of total 
• Portable: Personal (MRS) 	. 	22.9% of total 

Field 	= 	1.4% of total 
• Ships 	 = 	0.7% of total 
• Aircraft 	 = 	0.7% of total 
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2.2.2 BASELINE REQUIREMENTS 

The Baseline performance requirements considered are: 

a) Traffic intensity of 0.012 Erlang per terminal, with 10% blocked 

call Erlang B statistics. 

b) Four possible modulation schemes: 

- PE/LPC/MSK: PITCH EXCITED LINEAR PREDICTIVE CODING at 2.4 Kb/s. 

- RE/LPC/MSK: RESIDUAL EXCITED LINEAR PREDICTIVE CODING at 4.8 Kb/s. 

- NB FM: NARROWBAND FM 

- ACSSB: AMPLITUDE COMPANDED SINGLE SIDE BAND (NOT REQUIRED IN THIS 

STUDY) 

c) The respective TOTAL LINK C/(No+I) are: 

42, 45 and 53 dB-Hz. 

d) The corresponding 800 MHz EIRP/channel is: 

28.7, 31.7 and 39.7 dBW. 

e) Most mobile users are expected to have antenna Tx or Rx gains 

varying between +4 and +5 dBi. The fade margins are expected to 

be: 

5 dB for the  800 MHz downlink 

13 dB for the 800 MHz uplink 

4 dB for the uplink and downlink backhaul at 7/8 GHz. 

f) 4 MHz RF Bandwidth is available for the 821-825 MHz and 866-870 MHz 

, uplink and downlink respectively. 

g) Ships and aircraft aeronautical L-Band is suggested as 1636 - 

1644 MHz and 1535 - 1542 MHz for the uplink and downlink 

respectively. 

10 
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h) Satellite UHF Tx HPA (High Power Amplifier) and EPC (Electric Power 

Conditioning) efficiencies are 30% and 90% respectively, i.e. an 

overall efficiency of 27%. 

i) Voice activation is the baseline. 

j) Backhaul at 7/8 GHz or 12/14 GHz. 

k) Eclipse serviceability: 25% for 800 MHz service and 100% for 

Military service. 

2.2.3 PARAMETRIC REQUIREMENTS OF THE SYSTEM STUDY 

This will be discussed in detail in Section 4. Certain parameters have 

not been defined in order to study their interdependence, and to thereby 

produce some parametric trade-of analyses. 

For example, some of these parameters are the number and size of beams, 

type of traffic intensity and blockage, HPA efficiency, satellite and ground 

antenna gain, eclipse operation, and modulation type. 

2.3 THE COMBINEDSYSTEM PERFORMANCE REQUIREMENTS 

This system, as the name suggests, is formed by the addition of the 

mobile system requirements to those of the military system. It is, as a 

baseline, intended that both services be operated simultaneously on the single 

spacecraft. 

In this case, one 7/8 GHz band will be used for both the Mobile and the 

Military backhaul, therefore eliminating the need for the Ku-Band backhaul 

suggested for the Mobile-only mission. It should be noted that backhauls for 

the non-military payloads, such as the L-Band and DRP are provided at this 

frequency as a convenience to eliminate other separate backhaul transponders. 

11 
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1 3.0 SURVEY OF EXISTING HOST SPACECRAFT  

For this study a number of candidate spacecraft were considered as 

the host for the three missions.« Data on each of these spacecraft was 

gathered from existing literature and from contacts with the manufacturers. 

Appendix A to this report contains the TRIP/VISIT reports from 

contacts with selected manufacturers. 

The spacecraft designs considered were: 

• ANIK D (Hughes) 

• ANIK B, BATCOM, ADVANCED SATCOM (RCA) 

• Leasat (Hughes) 

• .FLTSATCOM (TRW) • . 

• DSCS III (GE) 

• Intelsat V (Ford) 

• L-SAT (BAE) 

• TDRSS (TRW) 

• Insat, ARABSAT (Ford) 

Appendix B lists some of the key features of each of these candidate 

spacecraft. 

3.1 EVALUATION OF TUE CANDIDATE SPACECRAFT 

Two evaluation methods were used to establish the best choice of host 

spacecraft for each of the three missions defined in Section 2. The first 

method, which is described in the next section, is based on a detailed 

analysis of the performance characteristics of the candidate spacecraft in 

conjunction with the performance requirements of the missions. The second 

method consists of a consensus of subjective assessments by several 

experienced aerospace engineers who evaluated the candidate spacecraft in 

the light of the requirements and tempered by their experiences with the 

various contractors. 

12 
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1 

3.1.1 DETAILED EVALUATION OF CANDIDATE HOST SPACECRAFT 

The detailed evaluation of the candidate spacecraft was performed in 

the following manner. First, the evaluation criteria were chosen and 

arranged into a weighted listing based on the Design Authority priorities. 

Second, the mission requirements were combined with the spacecraft 

capability listing. The logic for this evaluàion is shown in Figure 3-1. 

The next step in the evaluation was to combine the weighted 

evaluation criteria and the spacecraft relative capability ranking in order 

to arrive at a relative ranking of the spacecraft capable of fulfilling the 

mission requirements. The details of this analysis are éontained in 

Appendix D. The results of this evaluation is given in Table 3-2 at the end 

of Section 3.2. 

1.1.2 SUBJECTIVE EVALUATION OF SPACECRAFT 

The subjective evaluation of candidate spacecraft was performed in 

parallel with the detailed analysis. It is difficult to describe the 

logical processes behind the choices except to state that the selections 

' were arrived at by consensus among several experienced aerospace engineers. 

A summary of the capabilities of each of the candidate spacecraft is given 

in Volume II of this study, Appendix B. 

Initially, certain candidate spacecraft were given only limited 

consideration (e.g. TDRSS) or removed from further consideration for the 

following reasons: 

ANIK D - Was felt to be too close to design limits for dissipation, 

power and mounting area for any of the missions. 

BSE - 	GE did not encourage consideration of this option. It does 

not have a large payload capability nor a good reliability 

record. 

13 



to. us le mg alb ong. 111, 4«. 	elie Ine es, tow ow 

EVALUATION 

CRITERIA 

CRITERIA 
PRIORITY 
LISTING 

MISSION 

REQUIREMENTS 

SPACECRAFT 
ABILITY 
LISTING 

1 

› 
1-3 

WEIGHTED 

EVALUATION 

CRITERIA  

RELATIVE 

ABILITY 

RANKING 

RELATIVE RANKING OF 
SPACECRAFT TO FULFIL 
MISSION REQUIREMENTS 

FIGURE 3-1 LOGIC FLOW DIAGRAM FOR DETAILED EVAULATION OF CANDIDATE SPACECRAFT 



ALTERNATE N-SAT STUDY 	 SS-190 

DSCS III -This spacecraft is designed for a dual launch on a TITAN 

III booster, or a dual launch with the IUS. It is not 

expected that a dual launch for a DSCS follow-on would be 

available. Any changes to the basic design (in order to 

accommodate a different launch vehicle) would be relatively 

costly. Furthermore, G. E. did not seem willing to even 

discuss the possibility of this bus forming the basis for 

any Canadian payload. 

TDRSS - The TDRSS spacecraft is sufficiently large that it is only 

capable of launch from the shuttle. It is felt that the 

large payload capacity would not be fully utilized by our 

military-only or mobile-only missions and that smaller, 

cheaper spacecraft should be considered in preference to 

this design. 

The remainder of the candidate spacecraft were considered in the 

light of the specific mission requirements. 

MILITARY Mission  

As a guideline, Delta-class vehicles were chosen as the prime 

candidates for the Military payload mission. Host spacecraft with excess 

capability were considered poorer candidates,. as it was felt that the higher 

costs would not be warranted. 

With this consideration, the RCA SATCOM and INSAT were considered the 

best choices. As the SATCOM is the more mature design of the two, it was 

felt it should be the first choice. 

The other remaining candidates are LEASAT and FLTSATCOM, both of 

which have minimal N-S stationkeeping capability. LEASAT is a shuttle-

optimized design and is a spinner. It has not yet been flown. FLTSATCOM is 

launched with an Atlas-Centaur and could presumably also be launched with 

the shuttle. 

15 
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MOBILE Mission  

The sanie  guideline of a Delta-class preference was established for 

the Mobile-only mission, and the same candidate host spacecraft as for the 

Military mission were identified. The requirement for N-S stationkeeping 

was questioned for this mission and it was decided to baseline no N-S 

stationkeeping requirement for this mission. 

Combined Mission  

The three larger capacity spacecraft, LSAT, Intelsat V, and TDRSS are 

all candidates for the combined mission. 

Table 3-1 outlines the list of candidate spacecraft and the relative 

rankings arrived at by the consensus of the assessors. 

3.2 RELATIVE RANKING OF ROST SPACECRAFT 

Table 3-2 summarizes the results of the evaluation task. For both 

the single purpose missions, it can be seen that a Delta-class spacecraft 

has been chosen as the first choice. It is interesting to note that"the 

second choice by the experienced engineers is also a Delta-class vehicle, 

even though the detailed evaluation arrived at a new generation shuttle-

optimized spinner as the next best choice. Thus the advanced version of the 

RCA SATCOM has been selected for the detailed configuration work for both 

the Military and the Mobile missions. 

For the Combined mission, the newly designed L-SAT bus appears to be 

the best choice. This is primarily because of the significant growth 

potential for DC power that is inherently designed into the array. Under 

direction of the design authority, it has been decided to consider a 

conceptual design for the Cbmbined mission based on the Intelsat V design of 

Ford Aerospace. This decision avoids duplication of effort as the Combined 

mission payload on L-SAT is being considered under separate contract. Also, 

for 1986 launch, the use of the Intelsat V bus may represent a lower risk 

program than 1:-SAT. 

16 
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It  

SPACECRAFT 	MILITARY 	MOBILE 	COMBINATION 
- 	  

SATCOM 	lj - possible 	- 	li - possible 	j - power, weight 
ANIK B 	 limited . 
G-STAR 

j - little margin 	j - small equipment j - power, weight, 
ANIK D 	previous SPAR 	mounting area, 	volume limited 

study 	especially for 
large antenna 

j - little margin 	j _ not recommended Xi - power, weight 
BSE 	- not recommended 	by GE engineers 	limited 

by 'GE engineers 

j - TITAN III , 	j - TITAN III 2.,.] _ major cost for 
DSCS III 	launch vehicle 	launch vehicle 	change to 

not available 	not available 	single launch 

...Z.j - no N-S station- 11 - possible 	j - power weight 
FLTSATCOM 	keePing 	 limiting 

- no N-S 
station-keeping 

.INSAT 	j - possible (use 	j - possible 	j - weight limited 
ARABSAT 	north array 

• like ARABSAT) 

j - too large 	Al - larger capacity 2j - Centaur 
INTELSAT V 	than minimum 	- Ariane launch- . - Shuttle 

j - too ' large 	Ej - larger capacity lj - Ariane 
LSAT 	 than minimum 	- Shuttle 

j - shuttle only 	li - shuttle only 	2j - . power limited.  
LEASAT 

j - too large 	j - larger capacity j - shuttle only 
TDRSS 	. 	- shuttle only 	than minimum 

- shuttle only 

'X' IN SMALL BOX DENOTES DISQUALIFICATION OF SPACECRAFT 

'A','B','C' Denotes Acceptance Host But Larger Capacity Than Required 

Table 3-1 Relative Rankings of. Candidate Spacecraft 
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1 

1 
ALTERNATIVE M-SAT STUDY  

REVIEW OF SPACECRAFT HARDWARE  

RESULTS OF EVALUATION TASK  

MILITARY 	1 	2 	3 	4 
_  

DETAILED 	ADVANCED 	LEASAT 	FLTSATCOM 	INTELSAT V 

SATCOM 

CONSENSUS 	ADVANCED 	ARABSAT 	LEASAT 	FLTSATCOM 

SATCOM 

MOBILE (MINIMUM) 	1 	. 	2 	3 	4 

DETAILED 	ADVANCED 	IEASAT 	INSAT 	INTELSAT V 

SATCOM 

CONSENSUS 	ADVANCED . 	INSAI 	FLTSATCOM 	LEASAT 

SATCOM 

COMBINED 	1 	2 	3 	4 
....  

DETAILED 	L-SAT 	INTELSAT V 	TDRSS 

CONSENSUS 	L-SAT 	INTELSAT V 	TDRSS 

Table 3-2 
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4.0 - PARAMETRIC ANALYSES  

Analyses are required in order to establish the sensitivity of the 

baseline characteristics of the military, mobile and combined missions to 

variations of performance and technical characteristics. 

For the purposes of this study, the concept for the Military payload 

was taken essentially as fixed by the concept documents with some minor 

tradeoffs in antenna designs. Consequently, the parametric analyses were 

conducted to determine the optimum 800 MHz Mobile capability for purely 

Mobile, as well as the combined payloads. 

The military mission has been defined to the extent that the 

principal parameters unique to that mission concern the UHF transmit and 

receive antennas, the L-band antenna, and the EHF/ISL antenna. The analyses 

are in Section 4.1. The need for parametric analysis for the mobile mission 

is considerable, and a number of studies and the results are contained in 

Sections 4.2 and 4.3. The impact of combining the Missions is described in 

Section 4.4, while the sensitivity to parameter change is analysed in 

Section 4.5. 

During the study, a number of specific problems relating to 

intermodulation products, MSK modulation, Solar torque, and array ,shadowing 

were examined and reported in Section 4.5 through 4.9. 

For convenience, Figure 4- 1  illustrates the spacecraft configurations 

for the three missions; the development of these configurations is covered 

in Chapter 5. 

On page 39, the methodology for the parametric analysis is described, 

while on page 40, the parameters of the three missions are tabulated. 
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A - Analyse, by detailed computations, the effects of all realistic 

payload parameters, within range of available buses. 

B - Compare results with payload capabilities of available buses, in 

order to optimize simultaneously mass and power for best bus 

utilization, i.e. neither under, nor over, utilization of mass 

or power. Here, reference is made to system optimization, but 

not hardware design optimization. 

C - For any given payload requirement, come up with a choice of 

several solutions to be decided upon later when combined with 

other bus trade-offs. 

D - Supply major data/curves for DOC/DND for later use, for other 

buses and/or to suit variable payload requirements and options. 

This is not a statement of work requirement. 

APPROACH 

A - Need for simple solutions, 

B - Explore graphical methods 

TASKS 

A - Compute, analyse each payload variable separately, 

B - Manage and organize large number parameters, 

C - Compare variable payload mass and power to existing bus 

capabilities. 

OBJECTIVES 1 

21 



FIXED* 

SHF XPR 
EHF 
ISL 

VARIABLE 

1 MODULATION SCHEME 
2 CHANNEL BANDWIDTH 
3 FREQUENCY REUSE 
4 NUMBER OF BEAMS, DOWNLINK 
5 UNIFORM TRAFFIC INTENSITY:ERLANG/USER 
6 BLOCKING RATE 
7 PROJECTED 7 YEAR EOL # OF USERS 
8 ECLIPSE CAPABILITY 
9 NUMBER OF CHANNELS 

10 VOICE ACTIVATION 
11 TX NET EFFICIENCY 
12 SAT.ANT.POINTING ACCURACY 
13 SAT.ANT. NET  GAIN 
14 SAT.RF TX POWER/CH. 
15 GROUND MOBILE TX ANT.GAIN 
16 GROUND MOBILE TX RF POWER 
17 SPACECRAFT N-S STATIONKEEPING 
18 SPACECRAFT LIFETIME 
19 SHF BH XPR MASS & POWER 
20 TYPE OF DEPLOYABLE REFLECTOR 

RANGE 

PE,RE,FM 
3,6 -- 27 KHz 
YES OR NO 
2 -- 8 
.008 -- .016 ERL/USER 
1% -- 10% 
UP TO 25000 
25 -- 100% 
200 -- 400 CH. 
YES OR NO 
18 -- 36% 
0.30 DEGREES MAX. 
20 -- 33 dB 
.3W - 30.W 
1 - 7 dB 
0.5W - 120.W 
YES OR NO 
5--  10 YEARS 
FOR 200 -- 400 CH. 
LOCKHEED (HARRIS) 

POSSIBLE SOLUTIONS 

MIn1 

DISH, HELIX OR HELICAL ARRAYS 
DISH, HELIX OR HELICAL ARRAYS 
DISH, HELIX OR HELICAL ARRAYS 

VARIABLE 

UHF TX ANT 
UHF RX ANT 
L -BAND ANT 

MOBILE 

FIXED 

t77;;; 

COMBINED •nn• 

1 

1 

1 

ALTERNATE M-SAT STUDY 

PAYLOAD PARAMETRIC ANALYSIS & 
OPTIMIZATION FOR A GIVEN BUS 

r MILITARY 

MILITARY + MOBILE -1 

*Operating characteristics are firm and were not varied for parametrics, except 
for obvious advantages in antenna design. In the case of the combined mission, 
military requirements were considered fixed while the'mobile requirements were 
varied to optimize the utilization of the buses. 

SS-190 
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4.1 PARAMETRICS FOR MILITARY MISSION ANTENNAS 

A trade-off analysis for the antenna sizes for the military 

spacecraft requirement was performed in order to determine the optimum 

mechanical configuration acceptable for the mission. The four antenna 

requirements addressed were the UHF transmit, UEF receive, L-band service 

and EHF including the inter-satellite link. 

4.1.1 UHF TRANSMIT 

The most difficult requirement would seem to be the UHF transmit 

antenna. The performance requirements have been determined as: 

Frequency 	275 to 287 MHz, X = 1.07 m 

Gain 	17.5 dBi at 5.5 °  off boresight 

Polarization 	MCP 

It is assumed that the antenna nominal gain required to meet the EIRP 

requirement for the link is as defined in reference 1. It should be 

realized that a 5 dB margin is included; even though 2 dB was stated as 

adequate in most cases. Furthermore, the calculations were based on a 

nominal 50 watt HPA. Since it is important to reduce the size of the , 

antenna to simplify its deployment and stowage, it has been assumed that the 

HPA power may be increased to offset any reduced antenna gain. 

Helical antennas have been assumed as baseline for this application, 

and a pitch angle of 12.8 °  was used to be consistent with the data in 

reference 8 and 9. For end-fire helices, it is important to keep the , 

circumference of the helix less than or equal 1.1X. However, as the gain is 

propor:tional to diameter, it is important to use as large a diameter as 

possible. Thus a value of 1.1X for the helix circumference was used for the 

analysis. 
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From reference 8, the boresight gain has been calculated as a 

function of number of turns or helix length. The resulting gain at the 5.5 °  

edge of the coverage area has been deduced. 

Finally, the ± 5.5 °  gains of the twin, triple and quad helices were 

estimated. The resulting gains are given in Table 4.1-1 and plotted in 

Figure 4.1-1. It is significant to realize that for helical antennas, 

unlike parabolic reflectors, the maximum usable gain value for practical 

considerations is 18 dB because helices become excessively long and the gain 

unpredictable. It is equally important to note that hardware experience 

with practical helices that have flown in spacecraft is relatively scarce. 

In many cases, measured values for gain have differed by as much as 1 dB 

from theoretical values, due to the lack of available adequate theoretical 

treatment of the subject. For example, the gain expression given by 

reference 8, equation (1) which itself is empirical, does not take into 

account the effect on gain values of tapering the last few turns of the 

helix, for matching purposes. 

The original specification value for gain of 18 dB (later 

respecified as 17.5 dB) is plotted as well as levels 1, 2 and 3 dB below the 

specified level. If the nominal gain is based on 50 watts of HPA power, 

then the other levels correspond to 63, 80 and 100 watts of HPA power 

respectively. 

The result is that there are 14 options for antenna design and 

amplifier performance which meet the required EIRP. These are summarized in 

Table 4.1-2. 

Layout consideration would seem to favour a dual helix design for 

Delta-class vehicles, as stowage constraints prohibit consideration of quad 

helices. For the initial layout, a dual helix antenna was assumed with each 

helix about 0.38 m (15") in diameter and 3.91 m (154") long. This length of 

about 15 turns, corresponds to the -2 dB level and is adequate to include 

matching turns at the base of the helix. Spacing between the helix centres 

was 1.70 m (67") and the ground plane.cups were 0.84 m (33") in diameter and 

0.41 m (16") deep. The two helices are best aligned in a north-south 

direction because this will result in a pattern better optimized for 

Canadian land mass and coastal waters coverage. 
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Table 4.1-1 Transmit Antenna Gains in dB 

No. of Turns 	4 	8 	12 	16 	20 

Length (meters) 	1.07 	2.15 	3.23 	4.30 	5.39 _  

On Axis Gain 	9.72 	12.4 	14.0 	15.2 	16.1 

Gain at 5.5° off axis 	9.2 	11.7 	13.2 	14.2 	15.0 

Gain of Twin Helices 	11.2 	13.7 	15.2 	16.2 	17.0 

Gain of Triple Helices 	12.7 	15.2 	16.7 	17.7 	18.5 

Gain of Quad Helices 	13.5 	16.0 	17.5 	18.5 	19.5 

Table 4.1-2 Transmit Antenna Lengths in meters 

Length (Meters) 

Single 	Dual 	Triple 	Quad 

Nominal Power 	50 .  watts 	--- 	6.12 	4.05 	3.23 

+ 1 dB = 	63 watts 	--- 	4.74 	3.05 	2.47 

+ 2 dB = 	80 watts 	6.46 	3.55 	2.37 	1.93 

+ 3 dB = 	100 watts 	4.72 	2.68 	1.83 	1.48 
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4.1.2 UHF RECEIVE 

A similar analysis has been performed for the receive antenna 

requirement of: 

irequency 	397 - 406 MHz, X = 0.75 m 

Gain 	14.0 dBi at 5.5 °  off boresight 

9 dBi at 14.5 °  off boresight 

Polarization 	LHCP 

Figure 4.1.2 shows the solutions for single, dual, three and quad 

helices. The length for each of the solutions is: 

Length (meters) 

Single 	Double 	Triple 	Quad 

2.88 	1.64 	1.10 	.88 

A convenient solution is a 2.88 m (113") helix with a 0.26 m (10*") 

diameter, using a 0.625 m (24.6") ground plane cup with 0.3 m (11e) high 

sides. 

4.1.3 L-BAND SERVICE 

Using the same analysis, the sizing of the MARISAT L-band quad helix 

antenna was duplicated. This antenna has an on-axis gain of 18 dBi. The 

20 dBi specification can be met by lengthening the four helixes from 0.66 m 

to 1.13 m each. However, it is recommended to relax the specification to 

be the same as the MARISAT requirement so that the L-band Maritime service 

antenna designed for Intelsat V could be used without modifications. The 

size of this antenna was calculated to be four helices each 0.066 m (2.6") 

diameter by 0.66 m (26") long, on a centre  to centre spacing of 0.30 m 

(11.9") with ground cups 0.157 m (6.2") in diameter and 0.076 m (3") high. 

If there is any interest in removing the L-Band payload and then 

replacing the dual helices with either triple or quad helices, further work 

will be required. 
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4.1.4 EHF AND ISL ANTENNAS 

It is feasible to consider an EHF system with a 0.2 m transmit dish 

(steerable plate) along with a 0.7 m receive antenna. The larger receive 

antenna would increase the jamming margin on the uplink because of the 

smaller beam size. Unfortunately, because of mounting constraints on the 

forward deck, no larger than 0.45 m diameter reflectors can be 

accommodated. 

The ISL link can be implemented with a 0.5 m reflector as required by 

the baseline document. 
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4.2 PARAMETRIC ANALYSES FOR MOBILE MISSION PAYLOAD 

INTRODUCTION  

Typical configurations for Military, Mobile and Combined mission 

spacecraft are shown in Figure 4-1. For the purpose of completeness all 

payload parameters, identified by arrows, are considered for the parametric 

analysis, although the statement of work specifies six parameters only. 

These are: 

1 - Spacecraft lifetime 

2 - UHF antenna 

3 - UHF Tx efficiency 

4 - Eclipse 

5 - Mobile gain antenna 

6 - Voice activation and duplex 

Some assumptions have been made. For instance, useful payload power 

and mass values to be considered from this study are only those that do not 

require, for available buses, any major redesign of bus parameters, such as 

D.C. Power (Solar array and battery), dynamic, thermal, structural or 

mechanical redesign .. Typical useful ranges for payload power and mass are 

700 W to 1500 W and 100 Kg to 300 Kg, as indicated in the survey of candidate 

spacecraft. 
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4.2.1 MOBILE BANDWIDTH AND (C/N) CONSIDERATIONS 

Two major considerations are vital in the efficient design of a 

mobile satellite system: 

• channel bandwidth, due to the limited available bandwidth 

• RF and hence dc power per channel bandwidth on the transponder, 

since the mobile user has a low gain antenna and serious 

blockage. 

Reference 2 addresses various modulation schemes, namely Narrow Band 

Frequency Modulation (NBFM) and Digital Modulation. The objective was to 

adopt a modulation scheme that reduces both channel bandwidth and power, and 

yet conserves an acceptable intelligibility. An "Articulation Index" (AI), 

Reference 10, is a Figure of Merit or a weighted fraction representing, for 

a given speech channel and noise condition, the effective proportion of the 

normal speech channel which is available to the listener for conveying 

intelligibility. CCIR, Reference 11, reports the results of some subjective 

assessments of the speech quality of NBFM. 

The basèline - requirements for total link C/N were given as 42 dB.Hz, 

45 dB.Hz and 53 dB.Hz for the Pitch Excited/Linear Predictive Coding 

(PE/LPC), Residual Excited/Linear Predictive Coding (RE/LPC) and NBFM 

respectively. The corresponding satellite 800 MHz EIRP per channel are 

given as 28.7, 31.7 and 39.7 dBW/channel. 

The channe  l spacing was given as: 

• 30 kHz for NBFM, the bandwidth being 27 kHz, and 

• 5 kHz for PE/LPC and RE/LPC 
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Granemyer and McBride, Reference 5, have determined, via computer 

simulation of band-limited double-hop links, the "performance degradation" 

with respect to ideal detection (infinite bandwidth) versus channel noise 

bandwidth. Performance degradation is defined as the ratio of the total 

link E
b
/N

o 
required on the simulated link to achieve the desired BER to the 

E
b
/No required on an infinite bandwidth, White Gaussian Noise (WGN) channel 

to achieve the same BER. For example, a channel bandwidth of 1.1 fs  (f s  is 

the signalling rate in bit/sec) gives a degradation of =0.6 and =0.8 dB for 

BER of 10
-4 

and 10
-7

respectively. 

In addition, they have calculated the C/A (carrier to adjacent 

channel interference ratio) for a range of filter bandwidths and channel 

spacings. Using their results, for a C/A = 25 dB, a 1.1 f s  channel spacing 

gives a 0.75 dB performance degradation and requires a 1.05 f s  bandwidth. 

Although narrower bandwidths could be used without significant 

degradation, if delay equalization is used, then the 1.1 fs  bandwidth point 

represents a knee in the theoretical degradation vs channel bandwidth curve 

(Figure 9 in Reference 5) below which the degradation increases 

significantly. The . permissible channel spacing is determined by the C/A 

specification as well as the allowable BER or available power to maintain a 

certain BER. 

Howeyer, due to some discrepancy between experimental and theoretical 

results (Reference 4), a value of 1.5 f
s 

for channel bandwidth was adopted 

to ensure in principle, a BER of 10
-7

, and an 
Eb/N0 

degradation of 0.2 dB 

theoretical and 1.4 dB experimental due to equipment degradation. 

The MSK can be viewed either as an OQPSK signal with sinusoidal pulse 

weighting or as a continuous phase FSK signal with a frequency separation 

equal to half the bit rate. (Reference 12). 
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The spectral density  G(f)  for MSK is given by: 

G(f) _ 16 [  cos  (2u f T)]2 

2 	1-16f2  T2  
[shifted to baseband] 

Spectral Density of QPSK, OQPSK, and MSK 

Bandwidth (BW) is usually considered to be the main lobe width. For, 

MSK/PE/LPC: 	channel spacing specification from document 

(Reference 2) is 5 kHz. 

LPC coding at 2.4 KBPS T = 1/2400 Hz 

1.5 
BW = 	- 3.6 kHz 

So the 5 kHz channel spacing ensures some adjacent 

channel isolation of 1.4 kHz. 
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MSK/RE/LPC: LPC coding at 4.8 kbps 

BW = 1.5 x 4800 Hz = 7.2 kHz; 

if 1.4 kHz channel isolation is used for LPC 

Ch. spac. = 7.2 4- 1.4 = 8.6 kHz 

Since it is mentioned in the document, an 8.6 kHz channel spacing is 

recommended as an adequate spacing for RE/LPC. It should be noted that the 

channel spacing will depend upon the modulation scheme used. For example, a 

multiple phase modulation scheme requires less bandwidth. Also note that 

the above analysis does not account for spectrum dispersion caused by 

multipath and Doppler normally encountered in a mobile environment. 

4.2.2 NUMBER OF MOBILE CHANNELS FROM BANDWIDTH AND TRAFFIC STATISTICS 

4.2.2.1 Handwidth Considerations  

This is an important consideration that may lead to a decision for 

frequency reuse with three or more beams across Canada. 

The available RF bandwidth for the 800 MHz Mobile Service is only 

4 MHz. For the purpose of this study, the available RF bandwidth for the , 

800 MHz Mobile Service is assumed to be 4 MHz for both uplink and downlink, 

although more may be available pending appropriate negotiations. Therefore, 

assuming that PE/LPC, RE/LPC and NBFM require 5 kHz, 8.6  kHz and  30 kHz per 

channel respectively, then it is clear that the maximum number of RF 

channels possible with no frequency reuse would be: 

• 800 for PE/LPC 

• 465 for RE/LPC 

• 133 for NBFM 
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4.2.2.2 Voice Activation  

This has the effect of reducing the required satellite transmitted 

power. For a large number of available channels per beam, e.g. 100 or more, 

the equivalent number of simultaneously active channels requiring power at any 

one time is greatly reduced, e.g. by a factor of 2.5 to 1. However, for 

smaller number of channels per beam, e.g. 30, only 18 channels are considered 

simultaneously active. Figure 4.2-1, Reference 16, indicates the effect on the 

required number of channels of voice activation. Should negotiations for 

frequency spectrum for Canadian Mobile Communicàtions result in a 10 MHz 

bandwidth in each the uplink and downlink, the maximum number of physical 

channel circuits that the link can handle becomes: 

2000 channels for PE/LPC 

1163 channels for RE/LPC 

333 channels for NBFM 

This implies that for a 10 MHz bandwidth, frequency reuse is not needed 

if the total number of channels does not exceed those above. Figure 4.2-2 

displays the results. 

Assuming that large numbers of channels per beam are used, the 

payload power requirements for a full 4 MHz and 10 MHz bandwidth would be 

reduced by a factor of 2.5, i.e. equivalent to: 

4 MHz BW 	 10 MHz BW  

This represents a considerable reduction to the payload power 

requirements. 
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4.2.2.3 Number of Users From Market Study  

During the progress of our study, the results of a market evaluation 

were made available (Reference 3). This indicates that by year 1993, 

corresponding to 7 years into the mission, the service would be used by 

approximately 25,000  mobile  users. 

This market projection found that about 0.012 Erlang per user would 

be the traffic intensity at the busiest hour of the day. Table 4.2-1 and 

Figure 4.2-3 displays the distribution of users, by type and year. 

Table 4.2-1 M-SAT Projected Number of Mobiles* 

IN THOUSANDS OF USERS  

_ 	BY YEAR 	% OF 

1987 	1991 	1996 	2001 	TOTAL 

In Vehicle 

• MRS 0.4 	6.6 	35 	84 	60.0 

MTS 	0.1 	1.2 	7 	20 	14.3 

Personal Portable 	0.1 	2.1 	12 	32 	22.9 

Field Portable 	0.0 	0.1 	1 	2 	1.4 

Transportable 	0.0 	0.1 	1 	2 	1.4 

TOTAL 	 0.6 	10.1 	56 	140 	100.0% 
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4.2.2.4 Number of Channels Per Beam From Traffic Statistics  

One of the objectives of the parametric study is to evaluate the 

effect of varying the number of beams and hence the resulting channels per 

beam, according to different assumptions of traffic intensity and blockage 

rate. 

The baseline requirement specifies a maximum capacity based on 25,000 

users with a 0.012 Erlang per user. Note that these conditions exist only at 

the end of life of the mission. 

It is worth looking into the required number of channels per beam 

for: 

• Traffic intensity of 0.008, 0.012 and 0.016 Erl/user. 

• Blocking rates of 10%, 3% and 1%, i.e. 1 call in 10, 33 or 100 

calls is lost during the busiest hour (an indication of the 

Grade of Service). 

Erlang B loss probability functions will be assumed here. This model 

assumes that calls, not immediately satisfied at the first attempt, are cleared 

fiom the system and are not delayed or held. 

25,000 users require: 25,000 x (0.008 or 0.012 or 0.016 En/user) or 

a total of 200, 300 or 400 Erlangs. 

This traffic is assumed . to  be shared equally amongst N B  Beams and not 

demographically. Therefore, for NB  varying from 2 to 8, the traffic 

intensity per beam varies between 25 and 200 Erl/beam. The Coiresponding 

number of "circuits" required to carry this traffic, NcB , at three grades of 

service, are taken from Erlang B 'statistics. The results applicable to 25,000 

users are shown in Table 4.2-2 and are plotted in Appendix H. However, Figure 

4.2-4 shows typical case for voice activiation and .012 Erl/user. 

In addition, the total number NA  of simultaneously active channels in a 

transponder was deduced, using the voice activation chart of NcB , Figure 4.2-1. 
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FIG. 4.2,4  (ST6)  

TOTAL NUMBER OF CHANNELS 
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From the transponder payload utilization point of view, the use of 

the smallest number of beams possible would be more efficient. 

The grade of service, from 10% to 1% blocking rate has a first order 

effect on the number of channels N or Na required. 

For eclipse requirements, we may use the number of channels 

corresponding to 25% of total users, i.e. 6250 users for the corresponding 

Erl/channel and blocking rate. 
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TABLE 4.2-2 

MEER CHANNELS/BEAMS N rEAL 10413ER OF CRAWLS E4 AND LUBER OF CB' 
ACTIVE MAIS N FROM EELANG "B" MCKEE SIAM= 

A 

.008 ERL/USER 	 .012 ERL/USER 	.016 ERL/USER 

11-No. of BLOCK. No. 	No. of BEAMS 	No. of BEAMS 	Nô. of BEAMS 
USERS RATE % CHAN. 	2 	4 	6 	8 	 4 	6 	8 

	

4 	6 

NCB 	97 	50 	35 	27 	142 	73 	51 	39 	188 	96 	66 	51 
10% 	N 	194 	201 	210 	216 	284 	293 	303 	310 	376 	384 	395 	404 

NA 	78 	80 	84 	87 	114 	117 	121 	124 	151 	153 	158 	162 _  
NCB 	110 	59 	41 	32 	160 	84 	59 	45 	210 	110 	71 	59 

25000 	3% 	N 	220 	234 	246 	257 	320 	336 	350 	363 	420 	440 	453 	467 
(100%) 	NA 	88 	93 	99 	103 	128 	134 	140 	145 	168 	176 	181 	187 

	 -. 

CB 	117 	63 	45 	36 	170 	91 	64 	50 	222 	117 	82 	63 
1% 	N 	234 	253 	269 	283 	340 	361 	380 	396 	444 	468 	488 	506 

NA 	94 	101 	108 	113 	136 	144 	152 	158 	178 	188 	195 	203 

NCB 	51 	27 	19 	15 	74 	39 	27 	21 	97 	51 	35 	27 
10% 	N 	101 	108 	115 	120 	147 	155 	162 	169 	194 	202 	210 	216 

NA 	46 	48 	50 	52 	60 	62 	65 	68 	78 	81 	84 	87 

N 59 	32 	23 	18 	84 	45 	32 	25 	110 	59 	41 	32 
12500 	3% 	N 	117 	128 	138 	147 	168 	181 	192 	202 	220 	234 	246 	257 
(50%) 

51 	54 	57 	60 	67 	72 	77 	81 	88 	93 	99 	103 

63 	35 	26 	21 	91 	50 	36 	28 	117 	68 	45 	36 
1% 	N 	127 	142 	154 	165 	181 	198 	212 	225 	234 	284 	269 	283 

N
A 	54 	58 	63 	66 	72 	79 	85 	90 	94 	101 	108 	113 
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TABLE 4.2-2 (contzbised) 

.008  EEL/USER 	 .012 ERL/USEK 	 .016 ERL/USER 
-  

No. of BLOCK. No. 	No. of  BEA1Y  	ND. of BEAS  	ND. of BEAMS  

USERS RAIE % CHAN. 	 6 	- 8 	2 	4 	6 	8 	- .4" 	 8 

NCB 	27 	15 	11 	9 	39 	21 	15 	12 	51 	27 	19 	15 

	

10% 	N 	54 	60 	65 	69 	78 	84 	90 	95 	101 	108 	114 	120 
NA 	28 	30 	32 	34 	38 	40 	42 	49 	46 	48 	50 	52 

- 	 

NCB 	32 	18 	13 	11 	45 	25 	18 	15 	59 	32 	23 	18 

	

6250 	3% 	N 	64 	73 	81 	87 	91 	101 	110 	117 	117 	128 	138 	146 

	

(25%) 	NA 	32 	36 	38 	41 	42 	46 	48 	51 	51 	54 	57 	60 

NCB 	36 	21 	15 	13 	50 	28 	21 	17 	63 	36 	26 	21 

	

1% 	N 	71 	82 	92 	100 	99 	113 	124 	133 	127 	142 	154 	165 
NA 	35 	39 	43 	46 	45 	49 	53 	56 	54 	58 	63 	66 

NCB 	15 	9 	6 	5 	21 	12 	9 	7 	27 	15 	11 	9 

	

10% 	N 	30 	35 	39 	42 	42 	48 	52 	56 	54 	60- 	65 	70 
NA 	18 	20 	21 	23 	23 	25 	28 	28 	28 	30 	32 	34 _  
Nci3 	18 	11 	8 	7 	25 	15 	11 	9 	32 	18 	13 	11 

	

3125 	3% 	N 	37 	44 	49 	55 	51 	59 	65 	71 	64 	73 	81 	87 

	

(12%) 	N A 	21 	24 	25 	28 	26 	30 	32 	35 	32 	36 	38 	41 
,  	 .- 

NCB 	21 	13 	10 	8 	28 , 	17 	. 13 	10 	36 	21 	15 	13 

	

1% 	N 	41 	50 	57 	64 	56 	67 	75 	83 	71 	82 	92 	100 

NA 	22 	26 	29 	32 	29 	33 	36 	39 	35 	39 	42 	46 
	 - 

NCB 	9 	5 	4 	3 	12 	75 	4 	15 	9 	6 	5 

	

10% 	N 	17 	21 	24 	27 	24 	28 	32 	35 	30 	35 	39 	42 
NA 	13 	14 	15 	16 	15 	17 	19 	20 	18 	20 	21 	23 

NCB 	11 	7 	5 	4 	15 	9 	7 	6 	18 	11 	8 	7 

	

1562 	3% 	N 	22 	27 	32 	36 	29 	36 	41 	45 	37 	44 	49 	55 

	

(6%) 	N A 	14 	17 	19 	20 	18 	20 	22 	24 	21 	24 	26 	• 	28 

NCB 	13 	8 	6 	5 	17 	10 	8 	7 	21 	13 	10 	8 

	

1% 	N 	25 	32 	38 	43 	33 	41 	48 	54 	41 	50 	57 	64 

NA 	15 	19 	21 	23 	19 	22 	25 	28 	22 	26 	29 	32 
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4.2.3 MOBILE MISSION LINK ANALYSIS 

4.2.3.1 Assumptions  

A) From reference 2 and further discussions with DOC, it has been 

concluded that for the 800 MHz LINK, i.e. either FORWARD or 

RETURN, the one way total average Cartier-to-Noise Density and 

Interference ratio (C/N
o
+I)

t 
is assumed to be: 

(C/N o
+I) = 
 t 

a) 42 dB.Hz for PE/LPC for acceptable, but below Toll quality, 

h) 45 dB.Hz for RE/LPC for acceptable, but below Toll quality, 

c) 53 dB.Hz for NBFM for Toll quality. 

where, for convenience, Interference is treated as noise. It should.be noted that 

within the constraints, the digital modulation schemes cannot achieve Toll'quality by 

virtue of their coding distortion and not nècessarily the noise density. The effect 
of using a (C/(No+I)) value of 47 dBHz for PE/LPC, instead of 42 dBHz, is investigated 

in Volume IV of this report.. 

B) The satellite (EIRP)s is assumed to be: 

(EIRP)s = 28.7 dBw/channel for PE/LPC 

31.7 dBw/channel for RE/LPC 

39.7 dBw/channel for NBFM 

C) In general, for one way link, e.g. Forward i.e. from Base to 

Mobile: 

(C/No+I) t  = sum contributions [(C/N o) o+(C/No ) d+(C/IM he(C/IM)ohe(C/I) ib]. 

The suffixes u, d, and ib refer to uplink, downlink, and interbeam. 

(C/N 
o ) = uplink, here SHP backhaul, Carrier-to-Thermal Noise Density Ratio  u 

(C/No ) d  = downlink, here Mobile 800 MHz, Carrier-to-Thermal Noise Density Ratio 
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(C/IM)shf = SHF backhaul, here uplink, Amplifier Carrier-to- 

Intermodulation Ratio 

(C/114)uhf = UHF 800 Mobile, here downlink, Amplifier Carrier-to-

Intermodulation Ratio 

(C/I)
ib = Interbeam, only in case of frequency reuse, Carrier-to- 

Interference Ratio, due to finite sidelobe levels. 

In any one link, it is assumed arbitrarily that 70% of total aver4ge 

noise and interference assigned is due in this case to the UHF path Thermal 

Noise or 1.5 dB below total noise, while the other 30% is due to the backhaul 

path, or 5.23 dB below total noise. 

Therefore, for the Forward link, the 800 MHz (C/N o ) d  is: 

(C/No ) d  = 43.5 dB.Hz for PE/LPC 

46.5 dB.Hz for RE/LPC • 

54.5 dB.Hz for NBFM 

The remaining 30% of the total average noise, intermodulation and interference 

power are budgeted for the rest of the link, i.e. for, in this case: 

(C/N)u  + (C/IM) sh2  + (C/IM) uh2  + (C/I) jh  = 47.2 dB.Hz for PE/LPC 

50.2 dB.Hz for RE/LPC 

58.2 dB.Hz for NBFM 

D) Minimum allowable (C/I)ib' in the cases where three or more beams 

with frequency reuse are considered, as (C/I)
ib 

= 18 dB in 27 kHz 

for NBFM. 
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Although this ratio could be less for the PE and RE/LPC modulation, it is 

assumed to be the same as for the NBFM, for the purpose of this study. 

(CI)ih  = 53.6 dB.Hz for PE/LPC, 3.6 kHz wide channel 

56.6 dB.Hz for RE/LPC, 7.2 kHz wide channel 

62.3 dB.Hz for NBFM, 27 kHz wide channel 

E) The minimum pàmissible intermodulation ratios are: 

(C/IM)uhf  = 20 dB 

(C/IM) shf  = 25 dB 

(C/IM)uhf  = 55.6 dB.Hz for PE/LPC, 3.6 kHz wide channel 

58.6 dB.Hz for RE/LPC, 7.2 kHz wide channel 

64.3 dB.Hz for NBFM, 27 kHz wide channel 

(C//M) shf = 60.6 dB.Hz  for PE/LPC, 3.6 kHz wide channel 

63.6 dB.Hz for RE/LPC, 7.2 kHz wide channel 

69.3 dB.Hz for NBFM, 27 kHz wide channel 

4.2.3.2 Forward Link  (Figure 4.2.5(A)) 

4.2.3.2.1 7/8 GHz SHF Backhaul Uplink  

Since the 7/8 SHF GHz will be used as backhaul link, in both Military 

and combined missions, it will be considered at this point. Further 

frequency scaling could be used for the 12/14 GHz band suggested as the 

backhaul for the mobile only mission. 

C/(No+I) t  = sum contributions [(C/No) u+(C/IM) shf  +(C/IM) uhe(C/I)ib ] 

i.e. 	(C/No) u  = sum contributions [C/(No+I) t ] - [(C/IM) shf  + (C/IM) uhf  + (C/I) ih ] 
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(C/No)u  = 49.8 dB.Hz for PE/LPC 

52.8 dB.Hz for RE/LPC 

60.1 dB.Hz for NBFM 

The Carrier-to-Thermal noise density ratio or C/KT ratio is given by: 

(C/No)u  = (EIRP) g  - Lu - Mu + (G/T) s  - 10 log K 	(4) 

where (EIRP) = ground EIRP 

Lu = uplink SHF Backhaul mean free space loss 

Mu = uplink SHF Backhaul Fade Margin 

(G/T)s= Satellite SHF Backhaul gain over system noise 

K = Boltzman's Constant = 1.38 x 10-23  J/K =-228.6 dB/ °K/Hz 

Mu for the 8 GHz uplink is assumed equal to 4 dB. (It will be higher if 

14 GHz is adopted.) 

Lu = 202.5 dB at 7931 MHz 

An SHF parabolic dish of 0.45 m is assumed, together with one uplink SHF 

beam of 8.7 degrees across the continent of Canada and 200 miles beyond the 

Eastern and Western shores. This would give an EOC gain of 29-7 = 22 dBi. 

However, it is unlikely the CCS will be located at sea, or even at the extreme 

Eastern and Western land tips spanning some 6.8 degrees across continental 

Canada. 

The land EOC gain would be: 29-4 = 25 dBi. Assuming an RF circuit loss 

of 2 dB, the next minimum EOC gain is 23 dB. In fact, the net EOC gain for a 

0.45 m backhaul dish, lies.between 27 and 23 dB. 

(3) 
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If an SHF Satellite Antenna System Temperature of 1000 °K or 30 dB is 

assumed, then the worst value of (G/T) s  is : 

(G/T) s  = 23 - 30 = -7 dB/ °K 

Replacing in equation (4) 

(C/No)u  - 15.1 (5 ) 

(EIRP) = +34.7 dBW/ch for PE/LPC 

+37.7 dBW/ch for RE/LPC 

+45.0 dBW/ch for NBFM 

For a 5 m dish, the boresight gain is: 49.8 - 2 = +47.8 dBi 

(C/NO) u 	(EIRP)
g 	

SHF 8 GHz ground 

Transmit Power 

Modulation 

dB.Hz 	dB W/ch 	dbW/ch 	mW/ch 

PE/LPC 	. 	49.8 	34.7 	-13.1 	49. 

RE/LPC 	52.8 	37.7 	-10.1 	98. 

NBFM 	60.1 	45.0 	- 2.8 	525. 

For FM, nearly half a watt per band RF power is required. This value will 

significantly increase at 14 GHz, where a higher uplink margin is required. 

50 
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4.2.3.2.2 800 MH Downlink  

Applying equation (4) for the downlink: 

(C/N
o

)
d = (EIRP) s 

- L
d 

- M
d 	

(G/T) - 10 log K 

where: 
L
d 

= downlink path loss, at 868 MHz 

Md = downlink fade margin (assumed 5 dB), much lower than the 13 dB 

that will be assumed for the UHF uplink, since it is assumed that mobile 

listeners (in the forward link) are less critical to toll quality degradation 

than Switched Telephone Network listeners (in the return link). 

10 log K = -228.6 dB/ °K/Hz 

Thus: 

(C/N)d  = (EIRP) - 183.3 - 5 + (G/T) + 228.6 

or (G/T)g  = 3.2 - (EIRP) s  for PE/LPC 

. 6.2 - (EIRP) for RE/LPC 

14.2 - (EIRP): for NBFM 

The satellite (EIRP)s per channel has been baselined as 28.7, 34.7 

and 39.7 dBW/channel respectively. 

Thus (G/T)g  = -25.5 dB/ °K is the minimum value for ail 3 types of 

modulations. 

However, for practical cases, the following ground receive parameters 

can be considered as a guideline: 
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USERS 	UHF GROUND  EX 	UHF 
	 FADE MARGIN 
TYPES 	PERCENTAGE OF 	ANTENNA 	T 	(G/T)g 	AVAILABLE 

TOTAL 	GAIN 	LOSS 

dBi 	dB 	°K 	dB/°K 	dB 

Vehicular 	MTS = 14.3% 
MRS = 60.0% 	4 	0 	900 	-25.5 	5 

Portable 	Personal MRS 
= 22.9% 	10 	0.8 	460 	-17.4 	13.1 

Field = 1.4% 

Ship 	0.7% 	15 	TBD 	(500) 	-12 	18.5 

Aircraft 	0.7% 	4 	TBD 	(400) 	-22 	8.5 

The results of the forward link analysis are summarized in 

Table 4.2-3. 
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[- (EIRP)
g  

10.7 - (G/T) s  for PE/LPC 

13.7 - (G/T) s  for RE/LPC 

21.7-  (G/T) s  for NBFM 

(6) 
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4.2.3.3 Return Link  (Figure 4.2-5 (B)) 

4.2.3.3.1 800 MHz.z  Uplink 

The same assumption holds  1.e.  70% of the total link noise, 

Intermodulation and interference is allocated to the 800 MHz uplink. 

(C/No ) u  = 43.5 dB.Hz for PE/LPC 

46.5 dB.Hz for RE/LPC 

54.5 dB.Hz for NBFM 

Also, equation (4) applied to the 823 MHz uplink is: 

(C/No ) u  = (EIRP) g  - Lu - Mu + (G/T) s  - 10 log K 

However, the uplink margin Mu can be assumed as a variable, the worst 

value being 13 dB, due to diffuse multipath reflection from ground and 

shadowing by trees, i.e. constraints of the ground mobile transmitter 

antenna and its location. Taking, 

(C/No )u  = (EIRP) g  - 182.8 - 13 + (G/T) s  + 228.6 
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Therefore to determine the exact required ground mobile terminal 

transmit power, careful calculation of uplink satellite (G/T) s  must be 

studied. The satellite receive system temperature T s °K, is given by: 

T
s 

= aT
A 

+ (1-a) T
F 
+ T

R 

T
A' 

T
F and TR 

refer to the temperature of the antenna, the feed and the 

receiver LNA referred to its input, respectively. They are assumed as: 

TA = 300 °K 	TF = 290 °K 	and 	T
R 

= 600 °K 

-0.1L The antenna feed, has à loss LR  of 2 dB where, a = 10 	R e.a = 0.631 

Ts = 0.631 x 300 + 0.369 x 290 + 600 = 896 °K or 29.5 dB 

To finally calculate (EIRP) g  we need to specify G in equation (6). , 

However, it will be shown later that the satellite antenna gain, depends on 

several parameters, mainly the reflector diameter, the number and shape of 

beams, (assumed the same for TX or RX), the angular diameter of each beam 

configuration, which itself depends on the pointing accuracy assumed. 

The results of these gain considerations are dealt with in Section 

4.2.4, and will be used in Section 4.2.3.4 to arrive at the value of ground 

mobile transmitter power versus its antenna net gain. 

(7) 
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4.2.3.3.2 7/8 GHz . SHF Backhaul Downlink  

Similarly, it is assumed that 30% of C(No+I) t  contribution relates to 

the link less the 800 MHZ uplink thermal noise. Thus applying equation (6) 

to the rest of the link: 

(C/No ) d  = 49.8 dB.Hz for PE/LPC 

52.8 dB.Hz for RE/LPC 

60.1 dB.Hz for NBFM 

and, 

(C/N
o

)
d 

= (EIRP)
d 

- L
d 

- M
d + (G/T) - 10 log K 

Assume a 5m ground backhaul antenna of 49.0-2 = 47 dBi net gain at 

7250 MHz,'  and a RX system temperature of 1000 °K or 30 dB. 

(G/T) = 47 -30 = 17 dB/ °K 

Assume at 8 GHz, fade margin of 4 dB = Md 

 (C/No ) d  = (EIRP) d  -201.7 -4 +17 +228.6 

(EIRP)
d 
= 9.9 dBW/ch for PE/LPC 

12.9 dBW/ch for RE/LPC 

20.2 dBW/ch for NBFM 

The SHF backhaul downlink TX dish has a 0.45 m radius and a net boresight 

gain of 28.2 - 2 = 26.2 dBi at 7250 MHz. 

Using the same discussion as in ,Section 4.2.3.2.1, the minimum net 

continental EOC SHF backhaul antenna gain is: 26.2 - 4 = 22.2 dB. 

(8) 
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The SHF 7250 MHz Tx Power is: 

Pd = (EIRP) d  - 22.2 
dB 

••••n• 

(C/N
o

)
d 	

(EIRP)
g 	

At 7250 MHz 

For 0.45 m BH* Sat. Ant. and Net EOC gain 

of 22.2 dB 

MODULATION 	 SAT BH* TX POWER 

dBHz 	dBW/ch 	dBW/ch. 	mW/ch. 

,..- 	  

PE/LPC 	49.8 	+ 9.9 	-12.3 	59 

RE/LPC 	52.8 	+12.9 	- 9.3 	117 

NBFM 	63.1 	+20.2 	- 2.0 	631 

*BH = backhaul 

1 
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4.2.3.4 Parametrics for 800 MHZ Mobile Transmitter Gaindt Power  

It will be shown in Section 4.2.4 how the satellite antenna edge of 

coverage gain is dependant on its diameter, the number and shape of beams, 

as well as the angular diameter of each beam, as increased by the pointing 

inaccuracy. 

The pointing error was assumed to be ±0.3 ° . If it is less than this 

value, further work would be required to treat pointing accuracy as another 

parametric variable. 

Obviously, since there is, in general, more than one choice of number 

of beams associated with each satellite antenna diameter, the following 

"posàibly limiting" cases have  been adopted, namely: 

• 3 to 4 beams for 15 foot antenna 

• 3 to 6 beams for 24 foot antenna 

4 to 8 beams for 30 foot antenna 

The net EOC gains, after taking into account the circuit losses, are: 

• 27.0 dB for 15 foot antenna with 4 beams 

• 30.0  dB for  24 foot antenna with 6 beams 

• 31.2 dB for 30 foot antenna with 8 beams 

It was shown earlier in Section 4.2.3.3.1 that the 800 MHz satellite 

system temperature Tswas about 900 °K or +29.5 dB. Combined with the above 

satellite net gain, 

(G/T) s  = -2.5 dB/K for 15 foot antenna chosen 

+0.5 dB/K for 24 foot antenna chosen 

+1.7 dB/K for 30 foot antenna chosen 
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With equation (6), we get: 

SATELLITE ANTENNA _  

	

15' 	24' 	30' _  

4 beams 	6 beams 	8 beams _  

G/T (dB/ °K) 	 -2.5 	+0.5 	+1.7 

(EIRP) 	for PE/LPC dBW/ch 	13.2 	10.2 	9.0 g 
(EIRP) 	for RE/LPC dBW/ch 	16.2 	13.2 	12.0 

(EIRP)
g 
 for NBFM DBW/ch 	24.2 	21.2 	20.0 

g 
- 	  

MOBILE 	GROUND MOBILE 823 MHz TRANSMIT POWER/USER 

ANTENNA GAIN 	MOD. 	(in WATTS) 

PE/LPC 	16.5 	8.4 	6.2 
+1 dBi 	RE/LPC 	33.3 	16.6 	12.4 

NBFM 	210.0 	105.0 	80.0 

PE/LPC 	8.4 	4.2 	3.1 

+4 dBi 	RE/LPC 	16.5 	8.4 	6.2 

NBFM 	105.0 	52.6 	40.0 

, 	PE/LPC 	4.2 	2.1 	1.6 

+7 dBi 	RE/LPC 	8.4 	4.2 	3.1 

NBFM 	52.6 	26.3 	20.0 

These parametric results, for only special cases of satellite antenna 

diameter, number of beams and pointing accuracy are plotted in Figure 4.6-6. 
It is not expected that the mobile antenna gain will exceed 4 dBi nor be 

less than 1 dBi; NBFM requires a mobile Tx RF power of some 120 W to 22W, 

while the PE/LPC digital modulation, with just below toll quality requires 

only some 9 W to 2 W. This factor should be taken into account, when the 

satellite communication payload parameters are selected. 

The results of the return link analysis are summarized in 

Table 4.2-4. 
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Table 4.2-3 Forward Link .Analrin.  

FORWARD LINK i.e. TO MOBILE 

UNITS 	MODULATION 	NOTES 

PARAMETERS 	 PE/LPC RE/LPC NBFM 
-  

1 	C/(No+I) t  for total link 	dBHz 	42 	45 	53 	Basic assumption 

• 
Channel bandwidth 	kHz 	3.6 	7.2 	27 

3 	(C/IM) shf 	 dBHz 	60.6 	63.6 	69.3 	SHF 25 dB 

Internal 

4 	(C/IM) uhf 	 dBHz 	55.6 	58.6 	64.3 	20 dB 868 MHz 

Internal 

(C/I) ib 	 dBHz 	53.6 	56.6 	62.3 	18 dB interbeam, 

• if frequency 
reuse 

6 	(C/No )d 	 kHz 	43.5 	46.5 	54.5 	868  MHz Thermal 

7 	(C/IM)o  SHF Backhaul (Thermal) 	dBHz 	49.8 	52.8 	60.1 

8 	Path Loss SHF Uplink 	dB 	202.5 	7931 MHz 

9 	Uplink Margin 	dB 	+4 	7931 MHz 

10 G/T Satellite * 	dB/K 	-7 	.45 m dish, 
8.7 °  EOC 

11 SHF BH (EIRP)
g 
 /ch 	dBW/ch 	+34.7 	+37.7 	+45.0 	at 7931 MHz 

12 SHF Ground TX Power/Channel 	W 	0.049 0.098 	0.525 	.45 m dish 

13 (C/No )d 868  MHz (Thermal) 	dBHz 	43.5 	46.5 	54.
,
5 	assumed 70% of 

TOTAL LINK  

14 Margin downlink 	dB 	+5 

15 Path loss 863 kHz 	dB 	183.3 	' 

16 UHF EIRP/Ch 	dBW 	28.7 	31.7 	39.7 	Basic assumption 

17 G/T Mobile RX 	dB/K 	-25.5 	-25.5 	-25.5 

18 (UHF) downlink satellite TX 	W 	.1.48 	2.96 	22.9 	for 15' Sat Ant 
Power/ch 	 W 	0.871 	1.74 	17.4 	for 24' Sat Ant 

W 0.871 1.74 17.8 for 30' Sat Ant 
All above for a 
4-beam Sat Ant 
and ±0.3 °  
pointing accuracy 

*The (G/T)s is calculated at the continental EOC; however, the CCS would likely be located 
well within the beam giving a (G/T) s  between -3 and -7 dB/K. 
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Table 4.2-4 Return Link Analysis 

RETURN LINK i.e. FROM MOBILE 
•••••nn•fflelIMIRIMPUIM• - 

UNITS 	MODULATION 	NOTES 

	

PARAMETERS 	 PE 	RE 	FM 
	 ..- 
1 	C/(No+I) for total link 	dBHZ 	42 	45 	53 	Basic Assumption 

2 	(C/No)u  (Thermal) 	dBlaz 	43.5 	46.5 	54.5 	assumed 70% of 
total link 

3 	UHF Margin (Mu) (uplink) 	dB 	+13 	for vehicular 
only, other users 
need less due to 
higher gain 
antennas 

4 	Path loSs 	 dB 	182.8 	at 823 MHz 

5 	G/T Satellite 	 dB/K 	-2.5 	for 15' Sat Ant 
dB/K 	+0.5 	for 24' Sat Ant 
dB/K 	+1.7 	for 30' Sat Ant 

6 	Mobile TX EIRP 
dBW 	13.2 	10.2 	9.0 	for 15' Sat Ant 
dBW 	16.2 	13.2 	12.0 	for 24' Sat Ant 
dBW 	24.2 	21.2 	20.0 	for 30' Sat Ant 

7 	Mobile TX Power for a Mobile 
Antenna gain of +4 dBi 

W 	4 Beams 	8.4 	16.6 	105.0 	for 15' Sat Ant 
W 	6 Beams 	4.2 	8.4 	52.6 	for 24' Sat Ant 
W 	8 Beams 	3.1 	6.2 	40.0 	for 30' Sat Ant 

8 	Channel Bandwidth 	' 	kHz 	3.6 	7.2 	27 

9 	(C/IM)uhf 	• 	dBHz 	55.6 	58.6 	64.3 	20 dB 823 MHz 

Internal 

10 (C/IM) shf 	 dBliz 	60.6 	63.6 	69.3 	SHF 25 dB 

Internal 
11 (C/I) ib 	 dBHz 	53.6 	56.6 	62.3 	18 dB Interbeam, 

	

' 	if frequency 
reuse 

12 (C/No )d SHF Backhaul (Thermal) 	dB .Hz 	49.8 	52.8 	60.1 	SHF downlink 

13 Path loss 	 dB 	201.7 	at 7250 MHz 

14 Downlink Margin 	dB 	+4 	7250 MHz 

15 Ground G/T 	 dB/K 	+17 	5 m dish, net 
gain of 47 dB 

16 SHF BH EIRP/Ch. 	dBW 	+9.9 +12.9 +20.2 	0.45 m.dish 

17 Sat. SHF TX Power/Ch. 	W 	0.059 0.117 0.631 
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4.2.4 SATELLITE UHF ANTENNA CONSIDERATIONS FOR MOBILE MISSION 

4.2.4.1 Basic Coverage  

The service area to be covered by the mobile satellite antenna is the 

continental Canada plus 200 miles of coast. This is defined by the points 

and coordinates indicated in Figure 4.2-7. It represents the satellite 

antenna azimuth and elevation contours to be covered by a spacecraft 

- positioned at 109 °  W longitude. This is a "nominal" rectangle of about 1.5 ° 

 x 8.3°  size. 

The antenna to cover the required service area can be designed in a 

number of ways. It is not the purpose of this study, nor its scope, to 

design the mobile high UHF antenna. However, it is essential to refer to . 

the effect of varying the parameters of a realistic antenna on the NET GAIN 

and TOTAL ANTENNA MASS. These parameters include the offset parabola 

diameter, f/D, number and shape of beams, and hence the feed parameters 

(number of horns, their sizes and shapes), the type of IF or RF BEAM FORMING 

NETWORK, the side-lobe levels and, as will be demonstrated further on, the 

spacecraft pointing accuracy. 

It is essential to realize that what is most relevant to the effect 

of the antenna on the Mobile payload design, is not its BORESIGHT or 3 dB 

GAIN, but the EDGE OF COVERAGE (EOC) gains, under different conditions and 

assumptions. Only the MINIMUM GAIN across the coverage area is considered. 

Here it is worth mentioning that there is, in practice, no such luxury as 

100% service area completely covered (see CAL DBS Reconfiguràble Antenna 

Study, Ref 13). It is inevitable that a small percentage of relatively less 

vital area to be covered, may fall out-side the EOC. This, coupled with the 

fact that slightly different gain values and distribution can be arrived at 

by design, for a given diameter, indicates that all absolute gain values for 

"shaped beams" should be considered to have a 1 dB tolerance, or more, 

depending on diameter, etc. However, their relative values, which are 

important for a payload parametric study, have in general a tighter 

tolerance. 
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Assume, for the purpose, of illustration, that only one beam is 

required to cover Canada (an inadvisable design, since it would require only 
one active HPA, highly inefficient in RF performance and in DC  heat 
dissipation).* The EOC gain is that value that corresponds to ±8.3 ° /2, i.e. 
± half the angle of the beam spanning the service aisa, at its widest 
position. 

In the case of MULTIPLE BEAMS,as illustrated in Figure 4.2-8, this 

angle corresponds to the INTERSECTION of TWO ADJACENT BEAMS, optimally 

positioned to "completely" cover that allocated part of the service area. 

For example, one third of this area would be covered for the case of 3 
beams, if all were designed to be identical, which may not necessarily be 

the Case. Also, throughout this study, the concept of using four square 

horns for each beam is used, "square" for circular polarization, and "four" 

to maintain symmetry and power sharing by adjacent horns, to achieve the 

beam cross-over levels at the EOC. 

Different beam configurations and numbers have been studied. The 

case of a 50 foot reflector is illustrated. Figure 4.2-9 shows its 
radiation pattern with 4 horns, each having a 0.66 X side, and an f/D = 
0.625. For the same antenna, the EOC GAIN .VALUES  CAN ONLY BE DETERMINED 
AFTER SPECIFYING THE NUMBER OF BEAMS AND SEVERAL DETAILED SUPERPOSITIONS OF 

THE INDIVIDUAL BEAMS ONTO THE COVERAGE AREA, to contain the highest possible 
gain. Even then, for the entire country, the worst or "lowest" values of 

the best possible gain should be adopted, in a system design, as the average 

fit EOC gain, less the array circuit losses. 

This approach is different to a previously used simplified approach 
where single gain values for a given diameter were provided, without 

introducing the effect of number of beams on the gain values. 

From radiation patterns and geometrical consideration ;  the beam 

CROSS-OVER ANGLE O
c 

that corresponds to the worst fit, in a multiple beam 

layout, should be considered. For the case of a 4 beam configuration across 
Canada, and no pointing error, 0c = 2.4 ° /2. This means worst cross-over 

betwsen beams occurs at ± 1.2 °  of the beam "basic" pattern, assuming they 
are all equal. If unequal, then the worst Oc  can still be considered; this 
corresponds to the critical Oc  where the lowest EOC gain is available. In 

Figure 4.2-9, this intersection at Oc  = 1.2 °  is indicated as point C, where 

the EOC is 32.3 dB. 
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The radiation patterns for three different diameters are plotted in 

Figure 4.2.10. For the case of 4 beams, the EOC gains correspond to points 

A, B and C for diameters of 15, 30 and 50 foot, respectively, with no 

pointing error. 

It is clear that, Oc  has different values for different numbers of 

beams. The larger number of beams, the smaller is the cross-over angle Oc , 

and hence the higher is the EOC gain. Obviously, for a given reflector 

diameter, there is a limit to the maximum or minimum number of beams 

possible. Feeds occupy an angular span. Scan loss, coma lobes and high 

spill-over loss, feed mass, etc., are affected by considerations f/D, horn 

aperture, reflector diameter, etc. It is possible to consider the number of 

beams of 4, 6 and 8 for antenna diameters of 15, 24 and above 30 foot 

respectively. For practical reasons, no antenna diameter beyond 50 foot is 

considered. 

In light of the above discussion and later results, it is doubtful if 

even a 50 foot antenna serves any useful net benefit. 

4.2.4.2 Effect of Pointing Error on Net Gain  

The same analysis holds when there is, as always, a pointing 

inaccuracy. The only difference is now the service  area has increased by a 

certain contour, as shown in Figure 4.2-7 for 3 cases of ±0.1 ° , ±0.2 and 

±0.3 °  pointing errors. The EOC cross-over points for ±0.15 °  and ±0.3 °  

pointing errors, for a 50 foot antenna are indicated as points F and I on 

Figures 4.2.9 and 4.2.10. 

It becomes clear, that, particularly as the antenna diameter 

increases, i.e. gain slopes significantly increase, that the EOC gain values 

degrade, with larger pointing errors. The baseline pointing accuracy was 

given as ±0.3°. 
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ALTERNATE M-SAT STUDY 	 SS-190 

All values of gain mentioned so far should be reduced by a total RF 

circuit loss, assumed to be 2.0 dB, to give what will be referred to, from 

now on, and from Figure 4.2-10 onwards, as the "NET" EOC gain value. The 

circuit power inbalance between various amplifier circuits, and the phase 

drift in the circuits accounts for 0.7 dB. while 1.3 dB is the output 

circuit loss. 

Figure 4.2-11 is very important. It displays the NET EOC GAIN for 

antennas of DIFFERENT DIAMETERS and particularly for DIFFERENT NUMBERS OF 

BEAMS, all for a ±0.3 °  pointing accuracy. The dotted regions of the curves 

are recommended limits of use, e.g. for a 50 foot reflectàr, 3 beams are by 

no means an optimum choice. 

There is no way, within the scope of this parametric study to 

"optimally design" large numbers of antennas, corresponding to all possible 

combinations of diameters and number of beams, and hence gain and mass 

values. One single baseline approach was considered, namely an f/D of .625 

and single beam basic patterns 'of a cluster of four square horns of nine 

inch sides. The value of f/D chosen is a a compromise between mechanical 

and dynamic constraints favoring a low f/D and radiation requirements of a 

large f/D. 

However, in actual practice, many variables ar changed, in order to 

control the "fanning out i.e. spreading out" or "excessive overlapping" of 

beams. Such variables can be: the size of the horns, their positions, the 

signals relative phase and magnitude, f/D and D of course. 

Figure 4.2.11(A) is a design example, for a 30 foot reflector and 

four beams, formed by five clusters of four horns, of 11 inch sides, and an 

f/D of 0.625, covering Canada with a ± 0.30 pointing accuracy. 

Other examples were considered. For instance, for a 24 foot 

diameter, and an f/D fixed at 0.625, then a 31 dB beam cross-over point can 

be achieved for 3,4,5 and 6 beams, by reducing the basic size of the horns 

from 10 inches down to 5.6 inches. 
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ALTERNATE M-SAT STUDY 	 SS-190 

The effect of all these possible variables is to read the values for 

gains in Figure 4.2.10 and 4.2.11 as being mean values with some spread, 

depending on the region of operation. But for system approach,,it is 

important to consider the trend. The effect of number of beams on gain 

could not be ignored. 

Equally important here, is the fact that gain slope at EOC were not 

assumed. The effect of ±0.3 °  pointing accuracy were derived "directly" from 

the basic beam  patterns of Figure 4.2.10. 
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ALTERNATE M—SAT STUDY 	 SS-190 

4.2.5 MOBILE TRANSPONDER HPA AND EPC POWER AND MASS 

For the operating conditions of the 800 MHz mobile Forward or Return 

link, the most significant dc power and mass contributions are those of the 

800 MHz downlink High Power Amplifier and Electric Power Conditioning 

circuits (HPA + EPC). (HPA + EPC) power algorithms supplied by CRC, as well 

as empirical mass algorithms used for the main M-SAT study will be used for 

the (HPA + EPC). 

4.2.5.1 (HPA + EPC) POWER 

Based on their work on 300 MHz amplifiers, operating at different 

ratings, CRC arrived at the value Ppc  for the total de power used by an 

amplifier, rated at  "(Pu)  rated" and actively operating at 

P
DC 

= 0.59 (P
RF

) rated + 2.2 P
RF 

Since this is applicable to an amplifier with a total RF to DC 

efficiency n of 36%, then at any other efficiency n 

FDC 
 = . 36 

n [ 0.59 (PRF ) rated + 2.2 PRF  1 or 

1 
 DC 	
r 

P = — L 0.212 (P ) rated + 0.792 P
RF ] n 	RF 

(1)  

(2)  
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4.2.5.2 (HPA + EPC) MASS 

The following empirical algorithms have been used, for the HPA mass 

Mil  and the EPC mass ME : 

NH  = 0.35 + 0.0048 	) -PDC-H 	
kg 	 (3) 

M
E 

= 0,25 + 0.12 (P
DC

)
E+H 	

kg 	 (4) 

(P
DC

)
H 

= DC power consumed by the HPA 

DC)E+H = DC power consumed by the HPA + EPC (P   

Expressions (1) to (4) are used for the (HPA + EPC) power and mass 

evaluation, for the 800 MHz Mobile mission. 
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4.2.6 TOTAL PAYLOAD PARAMETRIC ANALYSIS AND SOME RESULTS FOR MOBILE MISSION 

4.2.6.1 Total Payload Mass & Power  

Table 4.2-5 sums up the TOTAL MOBILE MISSION COMMUNICATION PAYLOAD. 

TABLE 4.2-5 	TOTAL MOBILE PAYLOAD 

ANTENNA 	 TRANSPONDER 

UNIT 	VALUE 	UNIT 	VALUE 

MASS 	 MASS 

AM1 -High UHF reflector 	variable 	TM1 -High UHF 	variable 

and feed 

M2-SHF Backhaul 	2.7 Kg 	TM2-SHF Backhaul 	variable 

AM3-L -Band helices 	2.5 Kg 	TM3-L -Band 	5.9 Kg 

AM4-TT&C Bicone 	1.8 Kg 

AM5 -Solar Sail 	8.2 Kg 

POWER 

TPI-High UHF 	variable 

TP2 -SHF Backhaul 	variable 

TP3-L -Band 	80 W 

The constant values of mass and power above have been . derived as 

shown in the scrolls contained in Appendix G. 

AMI is the total high UHF M-SAT antenna mass, i.e. the sum of the 

reflector and feed. The two most commonly available deployable reflectors 

are considered, namely the Lockheed wrap-rib and the Harris TRAC 

reflectors. The mass of the feed depends on the number of beams N
B

. Each 

beam is formed by a cluster of 4 horns. For NB  beams, 2 (NB+1) horns are 

required. The basic horn considered in this study is square, with 9 inch 

sides and 24 inches long. 
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The total 800 MHz Antenna mass AM1 is plotted in Figure 4.2-12, with 
the number of beams and type of reflector as parameters. However, in the 

computed results, only Lockheed reflectors were choosen, obviously because 

of their lighter weight and convenient mechanical layout. Figure 4.2-12 
provides the data that enables the consideration of Harris reflectors if 

needed. 

The total mass and power TM1+2 and TP1+2, for the 800 MHz and 

Backhaul transponder are: 

TM1+2 = TM1 + TM2 

TP1+2 = TP1 + TP2 

4.2.6.2 Some Results of Total Mobile Payload (800 MHz)  

This section is meant to illustrate payload performance for 'typical' 

cases intentionally chosen to vary around the baseline requirements. These 

cases are applied for pitch-excited LPC modulation with voice activation, 

and 27% transmitter efficiençy, for 0.012 Erl/user and 10% blocking rate, 

using Lockheed reflectors. 

a) Variation of power and mass with antenna diameter. 

Figure 4.2.13 displays such variations for the case of four 

beams across Canada. As the diameter increases from 15 feet, 

the payload power required for 25,000 users (nominal 300 

channels) decreases from 1142 watts down to 758 watts around 27 

feet. It then rises much more sharply to 2068 watts at 50 feet. 

This performance can best be understood by referring to 

Figure 4.2-11 where the net gain rises slowly to a maximum value 

at 27 feet and decreases sharply at 50 feet. 

Note that a limiting factor in this case is the number of beams. 

As the diameter increases, it becomes necessary to provide EOC 

further down on the sides of the beam pattern. 

The corresponding payload mass behaves somewhat in a similar 

manner. It decreases slowly from 178 kg to a minimum of 170 kg 

at 24 feet, to rise sharply to a value of 276 kg at 50 ft. 
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ALTERNATE M—SAT STUDY 	 SS-190 

To understand this performance it is worth noting that the 

payload mass is dependent in this respect on two parameters: 

the RF power per channel and the mass of the antenna and feed. 

The first slowly decreasing portion of this curve is closely 

related to the slow rising gain. The second sharply increasing 

payload mass curve is due to the combined effect of fast gain 

decrease and simultaneous antenna mass increase. 

Similar performance is shown in Figure 4.2-14 for different 

numbers of channels, from 293 to 28, corresponding to 25,000 to 

1562 users across Canada (refer to Table 4.2-2, i.e. 0.012, 

Erl/User, 4 beams, 10% blocking rate). 

b) Variation of power and mass with number of channels.  

Figures 4.2-15 and 4.2-16 display the variations. For large 

numbers of channels, the mass and power increase linearly with the 

number of channels. This is not so for the power required for 

smaller numbers of channels. This corresponds to the non-linear 

knee of Figure 4.2-1 (number of channels with voice activation). 

Variation of power versus mass.  

All spacecraft payload capabilities are specified in terms of a 

range of mass and power versus reflector diameters and the number 

of voice activated channels. Therefore, Figures 4.2-13 through 

4.2-16 are not the most effective way of displaying the results. 

• The same information is more strikingly displayed as power 

versus mass as shown'in Figures 4.2-17 and 4.2-18. The following 

information can be graphically illustrateil on the same curve: 

constant number of channels (users), constant diameters, ranges of 

power and mass for a given number of channels  or for à given 

diameter. 
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Using Figure 4.2-11 for ±0.3 °  pointing accuracy the payload mass 

versus power has been computed and displayed in Figures 4.2-19 

through 4.2-21 for 3, 6 and 8 beams. It is important to realize 

the range of usefulness of these curves. Although it is 

possible for a 50 foot diameter to choose any number of beams up 

to 8, this is not so for a 15 foot diameter. In this latter 

case, up to 4 beams may be feasible. 

In these curves and in subsequent ones, most data show 

parametrics for 3 to 8 beams. This shows the trends of the 

curves and their continuity. However, for practical purposes, 

the following limitations should be considered in reading any of 

these curves: 

• for 15 ft diameter consider with 3 - 4 beams 

• for 24 ft diameter consider with 3 - 6 beams 

• for 30 and 50 ft diameter consider with 4 - 8 beams 

Even those limiting numbers of beams can be debated within one 

beam. 

Complete parametric sets of curves are shown in Appendices I, J, 

K. For the PE/LPC modulation, all parametrics are shown for 

18%, 27% and 36% Tx efficiency as well as for 10%, 3% and 1% 

traffic blocking rate, all these with voice activation. In 

addition, one set for no-voice activation is presented. 

Baseline curves for RE/LPC and NBFM are also givèn. 

In all these parametrics it is essential to realize that, since 

there is a 3 dB difference in Satellite EIRP between the PE/LPC 

and RE/LPC modulations, curves for PE/LPC and 4 dBi ground 

antenna gain correspond to RE/LPC and 7 dBi gain respectively. 

Conversely, PE/LPC and 1 dBi curves correspond to RE/LPC and 

4 dBi. 
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4.3 SIMPLE GRAPHICAL SOLUTIONS TO PAYLOAD OPTIMIZATION 

4.3.1 OBJECTIVES 

It is obvious from the parametric analyses of Section 4.6, that the 

Mobile Mission payload characteristics depend on a large number of parameters. 

On the other hand, the purpose of any parametric study is to make full 

use of the results by relatively simple and fast methods, in order to optimize 

the payload system design. It is clear from the results of mass and power 

versus antenna diameter or the number of channels, in Section 4.2.6, that 

their presentation is not easily visible to interpret. 

It would be desirable to be able to display the results simultaneously 

in as many "dimensions" as possible, and at the sanie time, superimpose on the 

display, any desired bus capabilities. This could help:in a direct and 

immediate evaluation of the "over utilization" or "under utilization" of the 

bus, and by what.  margins of mass and power. 

So far, the payload results have been plotted, as values of power along 

the vertical axis, versus mass along the horizontal axis. It is evident the 

whole familles of curves of payload power and mass will emerge for any 

constant number of users, antenna diameters, number of beams, Erlang per user, 

Blocking rate, (HPA and EPC) efficiency, etc.... 

4.3.2 BUS PAYLOAD ENVELOPES 

The evaluation of various candidate spacecraft in Section 3.0 led to 

the conclusion that, for a 1986 launch, and without major bus redesign or 

modification, three buses are promising: R.C.A. Advanced SATCOM, Intelsat V 

and L-SAT. The latter is considered in another study. 
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4.3.2.1 R.C.A. Advanced SATCOM Bus  

It has a nominal payload power of 1065 W and 136 Kg for 9.5 year 

lifetime with N-S stationkeeping. 

However, the manufacturers, RCA, confirmed that this nominal bus can be 

upgraded as follows: 

a) with N-S stationkeeping, 25 lbs for each year of reduced NSSK from 

9.5 years, can be added to the payload capability. This is due 

mainly to the reduction of the size of the solar array and power 

regulator. 

without N-S stationkeeping, 20 lbs per year, from year one of 

mission start, can be saved for each year of reduced NSSK from 9.5 

years. This is due to the savings in propellant required per 

year. 

Figure 4.3-1 displays the full useful range of capabilities of the Advanced 

RCA SATCOM bus. 

4.3.2.2 INTELSAT V Bus  

Similar discussions with Ford Aerospace led to the upgrading of 

INTELSAT V bus, from an existing 768 W and 233 kg for 7 years with N-S 

stationkeeping (283 kg without NSSK), to 1012 W and 213 kg for 7 years and 

NSSK (263 kg without NSSK). 

Further upgrading of the payload capabilities would be feasible, with a 

design of a wider body and wider solar sails. 1493 W and 186 kg are expected 

for a 7 year NSSK (or 236 kg without NSSK). This is illustrated in Figure 

4.3-2. 

THE BUS PAYLOAD ENVELOPE SHOULD BE USED AS FOLLOWS: 
ANY PAYLOAD POINT THAT IS BELOW THE ENVELOPE, OR TO 
THE LEFT OF IT, IS A USABLE PAYLOAD THAT THE BUS IS 
CAPABLE OF HANDLING WITH A POSITIVE MARGIN. 

Those limits have been identified in Figure 4.3-3. 
Here, the limits of the useful area are clearly 
marked by vertical  and horizontal boundaries: In 
addition, this Figure 4.3-3 combines the RCA and I-V 
data. 
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4.3.3 SUPERPOSITION OF BUS ENVELOPES ON PAYLOAD PARAMETRICS 

It is possible to superimpose the bus envelopes of Figure 4.3-3 or that 

of any other bus, on any of the power versus mass payload curves of 

• Figures 4.2-18 through 4.2-21, provided both sets are plotted to the same 

scale. 

In fact, this is demonstrated in Figure 4.3-4 where 4.3-18 is 

st;perimposed on 4.3-3. 

It becomes apparent that such a graphical optimization is simple, fast 

and efficient. 
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For example, consider a seven-year Mobile-only mission with NSSK, on an 
RCA SATCOM in Figure 4.3-4. Some possible solutions, although not necessarily 

the optimum, could correspond to 4 beams across Canada and to the following 
points A, B, & C. They all apply for PE/LPC, 25,000 users, 293 channels, at 
0.012 Erl/User and 10% blocking rate, 27% TX efficiency, using Lockheed 

deployable reflectors. However, each of these points, A, B, & C, applies to 
the following antenna diameters: 17, 24, & 30 feet, respectively, 1000 W, 758 
W and 758 W respectively, 172 kg, 170 kg and 185 kg respectively, all points 
being at or below the 7 year, NSSK, RCA payload envelope. It is clear that in 

this case there is very little difference in the payload margins between 

choosing 24 or 30 foot reflectors. However, for the case of a 50 foot 

reflector, computations show that the payload requirements are 2068 W and 
276 kg. At first sight, this is an unexpected result. Only after deeper 

analysis does this result emerge. 

The implications of such a finding can be significant in the ultimate 

system design of the spacecraft. In this particular case, since either a 24 
foot or a 50 foot reflector can equally satisfy the requirements, the 24-foot 
reflector would be the more obvious choice. The 50 foot antenna, apart from 

additional cost, may have a major impact (stability, dynamics, shadowing, etc) 

on the design of the bus, according to Ford and RCA. This conclusion is only 

valid for this particular case, and may not apply generally. For example, if 

more than 4 beams are considered. Section 4.5 will discuss the sensitivity 

analysis of the parametric results. 

Typical positive margins for point B would be 120 watts and 14 kg. By 

the graphical method used in this report, it is possible to see at a glance, 
the effect of so many parameters on the use of a spacecraft. 

THERE ARE TWO POSSIBLE WAYS OF MAKING USE OF THIS GRAPHICAL METHOD:  

A) IF PAYLOAD REQUIREMENTS ARE KNOWN, THEN IT CAN BE SEEN WHETHER A  
CHOSEN BUS IS LIKELY TO BE UNDER OR OVER UTILIZED. THEREFORE,  

"FLOATING" PARAMETERS CAN BE CHANGED FOR FULL UTILIZATION.  

B) IF PAYLOAD REQUIREMENTS ARE NOT DEFINED,BUT A SPECIFIC BUS IS  

AVAILABLE, THEN THIS METHOD REVEALS THE MAXIMUM NUMBER OF  

CHANNELS, AND HENCE USERS I  THAT CAN BE,SERVED BY THAT BUS.  

Appendices I, J and K use this graphical representation throughout. 
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4.4 COMBINED MISSION PAYLOAD PARAMETRIC ANAYSIS 

4.4.1 MILITARY PAYLOAD 

Apart from the low UHF and L-Band helices which were made 

parametrically variable, and later optimized and hence fixed, the whole 

military payload becomes one constant for power and mass. 

Therefore, the same graphical approach for the bus optimum utilization 

can be used as for the Mobile Mission in Section 4.3.4. 

Table 4,4-1 sums up the MILITARY payload. 

TABLE 4.4-1 	TOTAL MILITARY PAYLOAD 

ANTENNA 	 TRANSPONDER 

	 - 

UNIT 	 VALUE 	UNIT 	VALUE 

Mass .Mass• 

AM3 L-Band Helices 	2.5-kg 	TM3 L-Band 	5.9 kg 

AM4 TT&C Bicone 	1.8 kg 	TM5 Low UHF 	31.0 kg 

AM6 UHF TX helices 	19.1 kg 	TM6 SHF Backhaul 	26.4 kg 

AM7 UHF RX helices 	6.8 kg 	TM7 EHF 	20.7 kg 

AM8 SHF Primary 	2.7 kg 	TM8 ISL 	12.7 kg 

AM9 SHF global 	1.8 kg 	TM9 misc. 	23.6 kg 

AMIO EHF 	6.0 kg 	Power 	 . 

AM11 ISL 	4.9 kg 	TP3 L-Band 	80 W 

TP5 . low UHF 	217 W 
. 

TP6 L-Band 	102 W 

TP7 EHF 	56 W 

TP8 ISL 	84 W 

TP9 Misc. 23 W 

w 	  

Total Mass = 166 kg 	 Power = 562 W 

98 



ALTERNATE lk-SAT STUDY 	 SS-190 

An alternative solution to the combined mission would be to replace, both low 

UHF TX and RX helices, by one TX-RX 22 foot dish weighing 23.5 kg, saving 

(19.1 + 6.8) - 23.5 = 2.4 kg. The main reason for this is that no solar sail 

would be required to balance the solar pressure on an unsymmetrical satellite; 

hence, a simplification and an additional saving of 8.2 kg. Thus total saving 

is 10.6 kg. 

4.4.2 COMBINED PAYLOAD 

For a combined mission, where the total of both MOBILE and MILITARY 

payloads is required, then both payloads in Tables 4.2-5 and 4.4-1 can be 

added. However, care must be taken not to duplicate some items, namely: 

• L-Band antenna and transponder 

• TT&C Bicone antenna 

• SHF Backhaul antenna and transponder 

Of course, depending on the requirements for NSSK, and some given 

priorities, the combined mission may be required to serve a percentage of the 

mobile users, and part of the Military payload. In fact this is the subject 

of a second study, which follows immediately after this main study, in a 

separate report. 

Only as an illustration of the superposition of payload and bus 

envelopes, the whole envelope for say RCA Advanced Satcom or I-V is translated 

to the left, by taking out of the bus envelopes, the value of power and mass 

corresponding to the total or partial Military payload.  This  is shown in 

Figure 4.3-3, on the lower left corner. 

The useful area that determines what payload capabilities are left for 

the Mobile mission, in a combined case, is the region to the left and below 

those translated envelopes, to wherever they happen to shift. 
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As an illustration, consider the curves of Figure PB4 as on page 1-3 in 

Appendix I. The full Military payload envelopes for RCA Advanced SATCOM and 

I-V, without NSSK, are shown on the lower left hand corner. They clearly 

show, that, an RCA bus, for example, can satisfy the whole MILITARY payload 

plus the following Mobile payload: PE/LPC, 27% efficiency, 10% Blockage, 4 

beams, either 84 channels (6250 users) with an antenna diameter of 24 feet 

with margins of 30 watts and 5 kg, or, in principle without margins, 84 

channels for equally a 15 foot or a 30 foot antenna. 

This is not to suggest that these actual values should be considered 

for a design, without adequate margins. The main issue here, is the ease with 

which these parametric curves can be used to optimize graphically the solution 

required. 

4.5 SENSITIVITY ANALYSIS OF PARAMETRIC RESULTS AND CONCLUSIONS 

4.5.1 SENSITIVITY RESULTS 

Due to the large number of results, only representative cases will be 

discussed. The case of six beams was adopted. All the parametric changes 

should behave as expected, e.g. antenna gain requires more payload power, etc. 

However, what is to be learned in this sensitivity analysis is the range 

within which these changes occur. 

4.5.1.1 TX Efficiency  

The result of Figure 4.5-1 shows a larger increase in . power for a 

decrease in efficiency from 27% to 18%, than from 36% to 27%. 

4.5.1.2 Traffic Intensity  

The limited range of 0.008 to 0.016 ErL/User shows on Figure 4.5-2, a 

significant change in both power and mass. This parameter has to be carefully 

determined from the onset of the mobile project. However, as will be shown in 

Figure 4.5-5, traffic intensity becomes important only towards the end of the 

spacecraft lifetime. 
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4.5.1.3 Blockin& Rate  

Variations in rates of 10%, 3%, and 1% show, on Figure 4.5-3, 

relatively smaller effects than variations in the traffic intensity. It is 

worth noting that for both cases the increase in payload is a direct result of 

the increase in the effective number of channels. 

4.5.1.4 Voice Activation  

As expected, voice activation offers a considerable reduction in the 

effective number of channels, and hence in the payload power. All curves 

shift vertically, as shown in Figure 4.5-4. 

4.5.1.5 Spacecraft Usage With Years  

Traffic forecast predicts that three, five, seven and ten years from 

the 1986 launch, the number of users will be 5,000, 12,000, 25,000 and 

50,000, respectively. The impact on the payload usage is shown in Figure 4.5-5. 

It becomes clear that a larger traffic intensity can be used in the earlier years 

than 0.012 Erl/User. In addition, it is concluded that either an RCA Advanced 

SATCOM or an Intelsat V bus, without NSSR, has enough payload capability for a 10 

year mobile-only mission, using about 600 channels. 

4.5.1.6 Antenna Pointing Accuracy  

Two payload points were selected on Figure 4.5-6, one for 30 feet, the 

other for a 50 foot reflector, for three cases: 0 ° , ±0.15 °  abd ±0.3 °  pointing 

accuracy. It is clear from the result, that the 50 foot antenna, with sharper 

beam width, suffers greater loss of gain than a 30 foot antenna. This leads 

to a significant increase in the power requirements. It is felt that further ; 

 detailed work on the antenna system design is required, together with a 

complete trade-off study of the effect of pointing inaccuracy. 

101 

1 



eawee 
021-1 GRAPH SHEET 81/2 X 11 

WM-1.a geg 
10 SPACES TO 1 thCH GRAND Efe TOY 

Mr/ v .1'41 gen r Ï.J.tto.J:d;a. 

0 

nn 

cD 
cL  

: 	- 
LJ 
: - 
e 

‹r 
CD 

• 
>- ' ‹r 
CL 

"me 11111, 	 ale 111111) Oh 	111111 1111111 	Ile tome um at 111111 ILI1L 11111 

à 

 

£$ 	£L 	II 	• 	à 	Si 	 -91111e 	Ii. •. 	 à 	 . 	''ej: 	• ' 	- 	' C. 
iesmulmmougepeeliamihnommermillillillalaIdUNIIIIII.C47.101111111%,01111111111111M1111111MI•MBRIMZMIL,G)IMUMIBMIMI . LI 1 .111 1 Ft tend nirAmmunnuzuallif I felivAlleel9Ht 411111 01«•••••• MBRom 1111 11 p ,,1,1 ,1k0 4 H I 1[1 illiommommum ammeey.11BRIMM•111111 

1111111MMIZZ IIZIMUJIIIIIIIIIIIIIIIIIIIImmenrepIrdIMMlerte•BMIIIMMILd MILTMIIIIIMIC4V1111111111•110•1111112111111111LellIMEIMM 
'1,447111••n••••iim.k.weireilialî4...',... f/711111111111•1•IMMIlh». erMe. 	GrAIMIIIIIIIIIMIIIIIMMI me Q.« worn mum 
•111•Wet7M111111111111111111rNeel"....21•111111111111e14v711111111111MIMIM II IIIMOCIMMIIIIKWEIIMMIIIIIMIIIIIIIIIke.MIUMem 
aimmifernUMMEN 0 Kee f illbre91MINIMIM:4«71111111MIIIIIIIIWMIMILYPIIIMMIggyZeIV..11MInBMIM57;,isiommirm 
IMMIlhelliglealignheellillyellill T Imailummeepreammeollomm érl mm i1 

211111 1111111 1111 ,01111110111101111 helm : milillealliiiin /95111110i111111 lumoemmlmimmgemseeyeAmuau.gemmmuubkemllmeu... 
1e111.1.1.1.1.1.111MMUffrequllreMUKYAMIHRLelliegil  

q111111111 
mini& ih.»., 	,i ph2,, 	eil 	 WiL 

1111111111gibeN1111111111111idera maienumeeruvimmome,  glum 

	

Ii0111111111111111111111111M111111111111e15:1111"11059111111M111111111 	ballke. 

	

1  S011111111111111111111111110,11111111111 hie,,CilpIlligill11 	'N1111111111 	11111LChei: 
UMMILUMMUMMAMMUMMUMMIMMBIUMMIMMIMIUMWMIUMMMW4amMM e‘ 411111111MMBLWR We 	mmummummeenhe mislaNmàmkmmimmmmmmmmmmmmmmummmumeenmmumwiAgn , 	mmummu.oluile 	mummummumumeeme 
unommummumemmfflummummummummemeee 

i
mmef sm F vemompurimlu,& 

em 	
........w>„ 

I mad.........a......m......................w eihr 	MM 	ak. / la è Mill>ipi .ele, 	maIMMImmommumne ammummukummummummummommummumum«9 E lyee/AMMUIVelareAUMMIMMIMMIMMUMM l4e 

41! 
MMMUMMIUMMOMMIMMUMMIMMUMMIUMMMIIMMIN 	Effre a csueimmium ,-4JembAsummummummumm 	e eepummmumblimmuummummummommummume.... uffla 	n,, :ni-111MIL.0 '4111WellINWIIMMUMUMUMMUMMIMM 	•., 

IIIÊIJIIIIIMIZMBZILIZZIIIIIIIIOIMIIMIIIUIIIIIIIIIUIIIZZZ is ,  0 t A, . . i : _ i tliiialelllitAiMiliiiil Egmra_ ff. tr fŒZIMIIII. 
ne11111111111111111111111111111111. 	 eu. ...mommir 

	

1111 	 Ammuli-emm*Immumammemom BM Vimilii-.,w   

' 	Illh. 	n 	 - . 	'.. 	hl.  1111le hlei 	IlL : 	 , 	 :  411044  

	

e - t 	e 

mmummemmmummImmummummemmommummi 	 36% mmmmmm 

	

	 . Fla  t mwmmmmmmmmommmmmmmmmmmmmmmummm 

	

. 	6i imm 
IIIIIIIIMMIllaill1111111111111111111111Pabemene .All 11111;1111M111 
1111111111111a1111011111111111111 	0 A . • ow:0010w  5 DI  °1 P.  mu 	 ' 11:111110 IIII mumm unnumennudiammummumm -wmg. MU Zammnimum enummee. um . 

_  
	 3o' o t ". 30 1  DI" .1 

1,r  '0 

Ï.! 

e-- 
I 	Ig I N  A 

in 

e 	
, . 

...- 

	 E  
i 	

. 
: , 	Î 	

¥'l sin on nil*. . Om .1 	le, 	 ...  

FIG, 4.5,1: 6 BEAMS 
MOBILE PAYLOAD SENSITIVITY 

TO TRANSMITTER EFFICIENCY 
PE/LPC (42 dBHz) & 4dBi or RE/LPC (45 dBHz) & 

7 dBi Mobile Gain; V.A.; .012 En/u; 10% BL; 

Lockheed; +0.3°  Pointing Accuracy 

‘. 

•110 	 150 100  230 



021 , 1 GRAPH SHEET 81/2 X 11 	10 SPACES TO 1 INCH GRAND & TOY 

nearel 1 , IMILEZZEMIMMI:ta 	.•, v Mira 

WO IMP 10 um mu lie me es emu le ea Mg aim mr, es et mg mu Ma 

nn 

• 

: 

- 
1=1 

C=1 

CM) 

c:r 

1111  glu! vimenmaail...‘71Liglarefi lle719111i,41 111 tfor•...•••  111111E% _ 	 4 11 

	

t  ERL / usE R  r2. 	 imee .  
'Fed 	 mum um 	 eier 	jnimmummeimminmv,  

	

11M1111111111heee igil halal I 	 ; 

 l 1 mn1111111111111LW3111111r9IMIIIIIIIMMIMM meer, amaambeirmeembernmaa 	en« maaanamaaaa II 	1 7JÇ?p11n111111111111130 
• • 

	

Ige, ,Aumm2puniMMVIWArfflummUNEWWIM 	 e011111 	 filOMMUMMMIMIV00e. 
r•MCWIMMIMSelembeleOMBIBumb.../47 

	

WERIIIMMMUleganbâ/PWRINUMBaw 	 Ap:_;;E 	-4 
'vr4 

\J01 

I 1". 	SAI 	V \k."...  

IIIMIIIIIIIIIIIIIII» In 
• 11111•1•111111-111113 
111111111111111111111111110d11111•1111M•111111111101111n3111111111111111:41.1M1111111111111111MIMIEB ,',/ :- :: WM, .:. " YE, 21#111111111111111111M11,111111111111111Bu ffill11111eig 

B u 

.... 	

; 

......... 
IIIIIIMIRMIIIIIIMM71111M11111111IT 33gSiete Of r al....911....,N.roodmilrztii_ene., 

	

1
, 	 u 

W 

mmumumeeng. 	 4reet Œemettimeenumumeowammlmmumareennamite 
IIIIIIIIIIBIMIIIIe,enf/JIIIIUIIIMIIIIIIIIIr 4 gità:ee :: • 	UE BMW el/11•11111111e>lg53111111/ 1PUIIIIMMIIIIIIIIIIIV/131111114, 

IMIIIMIIIMMIIIIIIIK "47,111111111111r lti angle. e 3 .1111111•Bled121I•MIlbellIRMI a1111111111•n11111111MIVIIn2 , 
IMIIIIIIIIIIIIIIIIIINEI là..4/713 . Ul 	ieittleih..4 	irlIUMV/IIIKIIIL,11111r4À•••11111n Wei B 

	

	 _ 14 
onnumm um inK4i,n muie :guagegged e Kimmumbif.fen 	A ga a aaaamaa 	 r aananommanamaa:4» mm mace, .i. MEE ,393ER0141311M381 "14; »11111•11113M... 'imam ''' llOHIMINIIIMIIIIIIIINIMIMIL»'114,- 

IIIIIIKW/MIIIIIIMIIIIIMp‘ri 71£1311 41M:: tgililr gs. 4FPUIMIZIIIIIIIIerar .i&lUIIIIIInIIIIIIIIIMMIIIMi 4 

' °°e' Ell-I"en ledhal IMMIed 110m1IIMIFI!YAMIT'"'"""m911 i$.‘, 
ammonia emu I rEllefg .11 le:: . :71, :: . :::ne.ame,_ . ,-..zuwir /4. ...Iieum9

M  

	

.1.......a..n... 	1' • imm 	mum 	 ial .41 ,a::: Men -,-42 edilet ,affEltilth!' Mal; 	-d 	,m11•111111... ffllIIIIIIIIMMumullIMI ti 

mmmui 	imuu : til rp-fl ift _r-alEtelfifElat:: Inner_ ;Z-3 	MU. ;-MINI I › II 
111111M111111111131111311111/ 
amu 	

, Iti Meltgliti=2:1 liffiLigiefiEgtEIE: !Mg . ',ear Anzaaal-aant4 a 	 . 

amaaaman UMBIUMI•••1111110n1111111111111111MBIll MI Ilk 10 AM] 1E141/Me 41l1 r 111••1111011113•11 :MIMI W, Il 
ZIMIUMMIRMIIIIIIIIIIIIIIEnnall IIIIMMINIIIIIIIIIIIIIIMMI In 111 sing ER n. FEEP el îf; . MUIR n1111111MIUM1111111 n-IIIMII MP I 

f im: : 	 A 
Z IIIIIIMM31111111111• I ialgOMEEEMIE MU:: ME:: '::MEK11 . :Y . rm ig 4.1•Mil iv...M.1 mu 	  

1 WIIIMIIIIIIMIM1111111111111111111 If 2::.iffe:::IE:::# ••-m, Ati '9«::attiMiâil disItIM 4.-1/41111111MBUll 'MIMI MI 
1111 

BRUMMUMMBLMMUBMIMMILIMMUMBRIMMUMMIIIN IUMWWW0,5ellgrUE6241%11 urn'.- leemummiumuuummommummul 

eim  111n11»111••••1111111111 P mitimisimet rs 	 i 2 gi ::/ounttimain UM ' w-  IIIIIIIIBMIZI milIM II MI II MUM 11111111111C BMW 11111•1•01111111n111••11111MIIII• 1 MUlltlefiEllie .41 to :: MO:Ma Ag 131EM, ,' "4411111111.1111111.. II :MIMI Igoe a 
••aaaaanaamaziaa•aaa• LIIIMBI1111111111311111•11131111111 II elgEME 	:Pmàllt qe:::-::%.,,.. 	Fe -Ai }=1111111111111MBIIIIII =Milan MI 
• 111111M••••• MIIIIIIIIMMIIIIIIIIII IIIIIIIMMIIIIIIIIIMIMIZZIMIIIII • laiRepiLuan RaliMidele. ittlt5Eigry31111 mitumlumion ennui K I 
11111111111111M11111111M111111111MEMIIIIMILIIIIIIIIIMMIMIIIIIMIIIM 	L. e:.  -"" dlletielP 11•1111»11111 ''''IM1111111111111111..11•1111 LI 

% 

MIMINIMMIIMIM111111111111111•101« Uh..IIIMIIII••IZIMIIIIIIIIIIIIIIM »BI• 	 AZ M - 'tE ME m" r:. 	.-.... 	»Mu ZIIIIIIIMIIMMIIIII :Mil I  en' r  
INIIIIIIIIIIIIIIIII•BIUMUIIIIIIUBM 	 1 n IIIIIIIIIIMIIIIIIIIIIMMIUM11111 m•n:4quiu*Mifitty".., 11111111111•ZZI ;;;111•111111111••1111111111ZMI II r4 1 
»11111•11111111111111111111••m•a•••a ammumaummaaw maw ama... 	_.... man mom !n_-ammuna•ou ...•m • If. m • umummuumum•ummuummuumaummimmumummum unumuumaumlumu miummummulremmumumumemmummei 

‘13111IBMIUMBIM IBM micumm Immumump-mmumumu-mmumpl limmummum mum mi-mulum moommumezmummumwest&m. 
•n 101111•MIIIIIIIIIMIM Ma MR ;al BIM MI 

BallIMIIM MN NM .1 !III MUM IIMI 
E9L1M111111 MUM 3113 In 1 BM MI 
1111161t1M1111111111111111111 MIMI 	NB m.4 Ila• 	IIII 
111111..11•211211111111 UM MI l MU KM MMIIIIIIILJIMIZIMMI ISM MI Pei Manna»! 

• MUMBO•IMEIMM UM gli Ze.3 »MI» 
IIIIIIIIMMIIIIII1111111 IIIIMIIIIIII11 MU« 
• MI••U•MIM M•Z•IIIMI MI »MUM 
1113111111111111111111111111111111111111111111111111111-1111111111111111111• 
IM•i•n•MIBMOMIBM• .74111MOMINIZIM 
111111MBRZIIIIIIMMIIIIIZI111111111. .P1'1 ••11101111111111111 
• I111111111••••••n IIIII••••e Pa I•I•• 
»Ill 111111•11•11M1111 •• I• I" MII••••••• 
•MMIMINZMUUM IMIMIÉ• g11•1111111•111•111 

190 	 —230 — 

le 

••u•m••••u IllannaMMIMMIUMUMMWell 
1111!"111OPIPIIIIPOPIUMPIIIMIWIaammilirA 
manomanumiorirnerouniauvona.__.elle.n 

PE/LPC (42 dBHz) & 4 dBi or RE/LPC (45 dBHz) & 
7 dBi Mobile Gain; V.A.; 27% TX11;10% BL.; 
Lockheed; +0 • 3°  Pointing Accuracy 

FIG. 4,5.2: 6 BEAMS 
MOBILE PAYLOAD SENSITIVITY 

TO TRAFFIC INTENSITY 

110 150 



Me I» O. all MN 41110 ommu 	ale 	ligm 
D21-1 GRAPH SHEET 81/2  x11 	10 SPACES TO 1 INCH GRAND & TOY 

Wrin 

c 

0 

112 

mii 

o

• l b 	t 1, 	lb 	A 	a L À 	 n 	i 	 £'. • 
FlingirMINIVIReMINIZIalidlingliirIPM.IrliMMilleirtAilirigialallIBZWRIM .1n01L 'enalireelgimminioueinumwommomaL'.err,imumm 

L amm* c Fin itoniezami-ia ithiti. trIllerMi i 	I I .1111MMIZIM Mar _:lujfilli f!'1 .  llf igIfilfu9111111111111111••111111111111111111«e 'ixegr ilfflfflffla 
mummmilimmumiiinUVaffluffluarumumelenalamm-hemmnVaafflfflilla • 	 mml.....r4pfflfflfflaafflaMMMOOLUBfflaffla 
fflfflailfflaffl•lillUtaffla 	 I fflallaffl&ZJedeendeMAUllauyMifflffla • -1. is Loc•K Ae•TE r", MIllue011111111111mmaimmill  
afflfflafflafflfflIV/AfflafflfflaallE9MMUeePAMMUMMal«efflaffl 	 'I,  ba ill 	 aMMILUMMM 

	

afflaaL'engiumumeioPiefirlaiden111•1n1111•1n /./IIIIIII 	 ',e-jImummule depurrammomilme,:lpm 
ommommumzummeires•-ererauseeee'seeiv ammilineir. . mummue,..iumpuniuno..11111Meel7111111111111111111111111111gfee. 3% aLockcpte-E III e  

w 	
en; r........e.e.; ...„,......inliwe...1 1 ,. 

!ei. fflummufflen 7OUfflafflufflue>ylaffla 
NM 1111111111111111111111111."_ ne:m111111111 IiinPr 6..4rt MIIIIMIBIlw• 4 M••••••••' 

AI  
.111;k MIIIIIIIIIIIIIIIIIK. 	Well1111111111»e•PUI11•11 

ad11111111111111111111. Iv1111111111111111M . /Make 1/.71. IMI111111111111111. Ilfil ermumm Lea : mom 

	

_, le ord mmuom II1N2,91111111 7 A Jin a* 	MM.... 	ef./1Q.V.Cauallfflfflia 
I 4re,mfflofflanfflhe,f4efflumuffe agumeliirdnuolimaleetzimidimmumik.k...w.m.91 r  

,,  an , 

,,;,...,.......,,,,

• 
,  i11111110A11111111111112M1111111M111 , 0%  ei_ocat  ik E •lln .. 	33 9••••••111U,5.! %/À31.1111111111111111111111111111•L 4711111•111111111:411111111 

	

IM!̀"ef 	.1111MI MIIIMirellirrIA Oh? ChInare1111111.111111111111111.111.111111.1•111.1.111119MeMILIMIllaire 

le reJUMIIII 	 , 1,7 ifflufflawa.- offlfflaafflfflafflalb.e.offlffla ttaal 

• rGlik" C,I 	......... • gg movi..4...a....me:zimizz........3..."..../emuë!; ;71 

	

iânimmummummummummmenlemullummi 114 .7 g 	Ire4911IIMIn: . pal 	 'if ',., 
- .MIIIIIIIIII11111111 	IMIIIIIIII i e 	ee  ' 	Illimeiï':' ,' ei I ...vtatcm.310..........„,,,,,,. 	11111e011•111111119iL . imiteouwar o 111Zena,ellIafflIII•aalallamin 	

..&Aummir m U3B  49$11111111.feellr3741 -111 IIIIIIIII11111111111111111111  . 1  • 11Willreillieâi2.24,111.11e,M1911  
111111111111111111111 	1 	11 el Eg eldà mineElimmommtàeeren 

....................m...........;13/le tee»elee eolumprumempr ammuzimmek 

h.  • --, lume>4::;,-1- • ........ 	
113 

	

, .. ,,,... • 	.. ,., 

	

. 	e E-' .1*..., '1011,03 ' i II ' 

	

I.714 • :: 	'F.: 19111111111111 1 •  • 	. 11  

	

- 	-.:4• 
...1.m.......................». . ... Buieue.2..e 

•• •• 	
gil..,j_mme.....iiiIII::: .... 	. 

	

.............. . 4 Bah. nuegetiee ,  ...ea .••• -. 	am P.e 	4411mm 
amazazawmazzammummummummum _,-- numb •  • ---dialu :a 0  . am :mum trommonmi ma 
mernimminummummummizmumamiwom . Li nu mom »MIMI FM - 
111111t•MINNUOIME»••nn••11111MIMIMI 	I - 	 0 	M MM BE MUM EMMA MI 	 I =BM LOMUMBil IIMMI 

	

••••u• NallIalfflIlffla nalafflillallfflifflallilliffla' 	ffliffl1111.11111 rill t 	NM Millawu t-1 11111111111M1111•• 

	

____ •_____ ____i  a i 
. N MR 

al a
MOM MIMI 7.11 - 	

RI 1•"‘MIM • 11111111111111111111•1 NMI 

M•IIIII rZUMIIII Mr131111111111111111M MIMI 
IIIIMMUM ininIM KUM IMINUMMIMBUMMIIII . Ma ROME MIMI !**111111111111111115111M I !.111111111111 M: IIIMMIUMIIII MU •••••••L zummemiza mom romminzummum minim monnumaziNammunagrzmumeemnimmumi 
maaaffluliafflulLumaalfflufflafflafflailafflffll:.3ffla Manna allalal milalfflaffliffl 1-11ffla e .;amaffli• laffl 
fflauffluaaaduaafflfflifflafflofflufflufflifflia•-iffla anamaiofflu=aafflifflaafflrzioffli..fflaaamffla 
IfflaallifflifflaIIIn9111111fflallaaffllalla

III'

111 1  • 	e: 	• 	..- 	,.  01 imitill  
 1111111111 Mill 111111 

r'16.1 

1.1111111 
•  

	ed 	1111; 4111 /11.gral 	ee".  ilaffliofflaIIIIM 

1111.......... 	imm........... e" ••  BE 

110 • 150 190 

- 	 FÇZI 

, ! 	I. 	à 	 , :dielleiNI 	 s 

PE/LPC (42 dB112) & 4 dBi or RE/LPC (45 dBliz) & 
7 dBi Mobile Gain; V.A.; 27% TXn;10% BL.; 
Lockheed;+0.3°  Pointing Accuracy 

FIG, 4,5,3: 6 BEAMS 
MOBILE PAYLOAD SENSITIVIlY 

 

 e... 	. : 	• 	1 	I I 	I 

TO TRAFFIC BLOCKING RATE 

230 
eaur 

wee•h 
Bohr F./pawl. 11.11111VelIesv:: 
amombrentei ,  
mommute / 
munnu 

1111»1111111111111111111 

• 



CD 
ci 

LJ 

‹r 
CD 

>- 
‹t 
fa_ 

PE/LPC (42 dBliz) & 4 dBi or RE/LPC (45 dBHz) & 
7 dBi Mobile Gain; V.A.; 27% TXn;10% BL; 

: Lockheed; +0.3°  Pointing Accuracy 

190 230 

le lit lie 	 11111 Bilk ar 	le 	alla 
021-1 GRAPH SHEET BM  XII  .10 SPACES TO 1 INCH 

	

rim; beieu ream ezera Êeeagetii.: -Ceneeec.heleni re'reit email we/gee witrig ewienezes ream Ideeneek 	 wymmree 	 itinerlef. tieKl•giAYI 	 e.-enfuse nidleien 	RePIRMO klffliTeie 	33181ffla MURES 

o I 	•,, 	 • 407 ' 
• ii se 

i!* 	 .. 

,. 

: 	i• JO 	J . 	1 	• 	n 	• k / 	• i. 	 I. 	À 	s . 

	

- rig91119,11"Rille,OPIIIIII» 	. rim WOINIII11111111111111 11RIY 4111111111110M•1111••• INS ! 71,1111•11111111:r11111111Millaje 11111MIUMiBM MBank •, t, :  

	

1111111ilinn111197 11» 	• - MI ati menr7.-mi IL Illit reemumum. lip iil l A• 6 	it Hew nut tommumommk, ri, 

	

mummimmommuinq7M 	màmmweenenime....equilefleMIMIMMMM 	le 	"IN 	BMIIIMMIL‘.;:- 

	

IMIIIIMMIIIII•li! 	IIIIIIIIIP191.n.'iedIIMIIIIIIIIIIIIII.!'F.JIIIIIIIIIIII"IIIIIII.IIIIIIIIIIIIIIIIItf,xjln3Z 1331M1131111111111111111kt. 111111111131311131111111 
F 31•11111111111•MlIme4r.f. 	zazas-.../..elveiserram..delnum Aug mumn 

N 	
IBM 411311111111 	 111111313311ecr,2111111113131111IIIII•11 

MmmmmmmmmmmmmmefflmmmmmemvhosulmdemmmmmmmmmeeAmmmJmmwmmmmmmmmme..mmmm immefeurammumummmalwelliMma 
••IBMIIIIIIIIIIIIIIIIIIIIIIIIIIIIMWAIIIIIIMIIIIIeIIIMFÀMIIIIIerpIIIIIIIIIIIIIIIIIIIIIIIIIILf. tfTIIIIIII 11111111M•1 IIMMIXet MIMI MIIIIIIiMP541 ,,e, rum met 'kx, i imam.. 
PM 	

Weineukore1P141B1Meleem..elnolMamIIIIII,e/4 1 •11113•1111111 1111•1•1•1 n0 117 T
i
IIIIIIWW/WIAIIIIINIMIIIIII•••›e‘tAllIIII311113 

fele:rilMEMIlemeahMIMIIIMMK. 4' IIIMI,«Miii IIIIIIIII;00,16, Immeoloorlimumm L .;;Mbill1311•11111 
i
A

i1B3M1111111111111111111111111111111n14e111•3113111311111111k11111310ITIMI11111111111131:er 7,11i IMIIMMIIIIMIZIMIlk.àki I MM111111•11113e./ildle:11111•31111110 ,41 
" lidlEIMIZZIMMIIMIZIMIIIIIIIIIIIIIIWIngUINIM11111110r21111111111111MbfeellIMMIW t reMZEMBEIBILIMMeitCallenlinilei% eilli IF • 

	

1111111111111, 	
..... 

M05111.11111111111W74,11111FY111IIMINIP ge %  TIMM' ha a V.i. 

	

ma mum 	romarAmmonnumatane. Aim 6k Lie in...,44:.1..dnimm...i.....e. Ammiumme woman 
UMMIMMMMMIMMUM 	bdIMIlerlimimMIMMUMMIV4511L nà911111. »e..,1 nYANIMMIEW..1001WAIMMIUMMIMMUMIe4911MUMMIL:g1MMUM BUM 3111111111.113n.11111111111,C11130WIIIIIIII311111111111113111111F1W4yea 8e -t.14.1.97imuer.suen. irgazguommumm.2v4am•ngicili• mommummimmummommageffleremmimmummumuma.W1 agammorrmillmmumumwellumplum mmj .. 

	

1111131.1M3MUMM 	MMUMBRUMMIII.JYMUMBZWUNUMMIIMIL-41e mttAk...., 417: 

lMm 

 

	

Valli' 	11111111IlleellIIHIMIll . - : : i: , el, . ' lomm:14.1 me ee...tionummomommeom 
in  

	

.......... 	......,..............,,,, ..:.  
mruziormailumnimminumnummmumerenimm• ..;: 	%%ay- '4.:9 '6‘ IM.1111k: gilIM ralgaMal :1Marelkill „ 11%eeIllleMIIMII 	 IIIIMINIMMIII1111111111•1111111111111:41/MIIIIIMINI 	:.: ,111111111 . : ,4,.. 	 . 	i., 

	

IMIBIC013••••3111111n111111111111111111111111111111111MIMMILIWIllfflIZIBMIIIII 1g .4 .,gieri  ,,,, 	Summumummeeregis:er.  . ite  
ZSd3•011111111111111a1•1111n1111111111111111111111111111113111331131IIIIIIMIlle4Y.7111131111131 	:-:..: ->1%-tzebY «OM eggb. '/21111111114111•31M311111111111111111111131inumbrivai r 	

... 
emummummumummmmummummmmmummmumummmummee9mmmmu ggel eleenAl  fellielmmlimmg...........we  

	

_ ,101.....a.. 	.... 

	

.......................g dmum 	, k e Ce.-. ilà 	Leon. mu memmummene. 

	

_10101331111111•11111131•01 	MUMBRIMMUNIUMMIIMallabV 

	

oi 	 .... e 

	

Aieel 	mk„eimisig. ::: 	A xvmmmmmmmmm mummmm.m 4.e.e. 
MIIIIIMMUMMMMILI• 	11133MMUMUNIIMIUMBRUMMUMbfiree 	:e. reeNgeeel MMn 421111e411111MMIMMUMUMUMMMUMM /. 

	

MMIIIIIIMMUNIMMBILIMUMNBUZUMMUMMUMUMBIUMMMMUMMMUMMO-! 	ceme; e Fe.: ,:eA=SinmH11111133b,=11111L.WWZMIIMUMBMIMINUMBRam 

	

- IMININIMIZMNIIIIIIIIIII111111111111111111111111111•1 n1111111111111111111BMMIMMIIMIIIIIIIMMIBBZJ 	leMilffltRelleu.Peet2eLir 	 ... .g....•m.... .  
stem•MmUmmummalimmmummmimMilhommuMMIMMMMMIIIMIUMM-11 333898F8E e3:.: e eta» zegr 4111111MIMMUMMIIIIIIIIIIIIIIIIIIIIIIIIMM 

r  
.........•111111111111»kIMIMMIRMIIIII••••1111111111111M111111111111111111111111111111111:3 38388».j...:: e 30 	gen,?tat i 1111.M.11 00....III!.......1111111111111MM 	4 , Ç 

rli.... iiiininillfflialManlinliin.....1.1111.1.111111•1111111 i'"i Z mitMjeL: 38 Beil8Egge 21.1:eg .4 IIIIIIIIIIIIIIII =IIBMIIIIIIIMMI1111111111 IIIIIIIIIIIIIIIIIIIIIIIII 
MI.19:111:111:11LIKIIIIIIMI1111111111111511111:131n111.19:::16111111111111.11.:1:1:1111111.  m212:2 1,182:.:à. :::::  à liglere:.:5

r
8 ;=eirme. LIZ 7.311.9.1*)>=Namm mumaim am mom Buzz mumzum mmumumuommummumum zallIr mum um me Al Minn "'111.1111 rez: 11111111.11«ii MMUMBIBIIII. 

	

l7 iiianinBininiiiiiillinilliMMIN P'71 OSee& !:13ige :*: :": ...MI 	MIMI ='313MII kt4. IIMI111111131•••11111113111111••11113 
, 1 

I 
1111113111131111Me31111111113113111•1311111131 	

BM 

11111111111111111•11313•••••••131311111111 =3 	..:-,sq. ,,,,_,: 	. 

	

n gte--...c.« 	11111•11113 .'"ii•  
MUM» labeIMIIIIIIIIIIIIIIIIIMMI 'onIIIIIIIIIIIIIIIIIMIMIIIIII3BIIIIIIIIIIIIIIIIIIz h•••Il MO ' b•••we• -dal i=.311 	MIMI =UM ••11111111111 
131•3111111131»lememmramiL 1111•111111111111111111111111MIMM•1111MIBI•IMIFI •• , 

§ 

	

- 1111«1111•1111111 •_,II• 	•i - •  
IMIIIMIIIIIIIIMMIVIIIIIIIIIIIIIWU Rr IIIIIIIII111111113111113311113111•13113•31» I 	0  •IIIIIIIIIII••I :In 	11111•11111,...3111 E:f . BIM• 
M31331••••111131111111111311111111111111Iver im......muummum. 	NB «, Immumu -um  mummummomm.....1 ri.........mummumm ...i ma _._ . am imam ,:a. ......tammrmummuummem 0 ................cal moralumammuumm . 6.  is K.O., eivA  EgMli!"."..IMUMMUMIl!reUZ,..;iii. 
1111111111111111111111111•1111M11111n0111111MInikivummummum 4 	 .....i 4.311•13 mum r.---mo Pe IIMMI 
111311111113111311111313•MIIInaurve. ..emummommium. am r423•13g331113111111111111111111311 m_•111111•3 WIWI' • Mail  1 lam 

	

.11113.3•1111111fflIIIMIZI3.310111. 	 II ,sal. 	IIIIIIIIIIMMI33111111111111111111/ ...11111111 ,1-1111131111m»31MM3111311111111111111111INIIIIIMMI :=1111113111 .2313mi 

J111111,1111111 	11 M . Mel 1111. ..tiree%glIelli :111:11111111111111161111111111:11 _, 
• Jil mum minumummmma ikebeemeageesiemiewgem KN. r.".-3 ..0  

	

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIRIIIIIIIIMIIIIIIIIIIIIIIIII b. icell,Cenwme seg.----% mom, 	• 
111•311111113311331131311111111131•11111111131 	" - ere@gffling-:-:-. '-:.--w-.Dag 1"  6.Z  K.U. S 	› Nlé 

y 

IIMMMIMIIIIMMIII111111111111111M 	 - • 	.inclYaliWtSge:: ,, yaseenge ...AI JP.. 

MIMMMUMMUMMIUMMUMUMM 5 

	

1 b.glealaegegle°:...01 	11:3111MMUUMM 

Ill mmmmmmmmmmmmmmmmmmmmm a 	m.-_ _ -.mama em«MMUMUMM 

Il 

MiMBIZIMIIMMI•••••n , . ZMIIIIHIMIIIIIIIIIIIIIIIIIIIII 	3 =3 31331•331 
MIMIIMI3•13111•313•MMINIMIll , 	u• 

	

IIIIIIIIIIIIIIIIIII 	i ".111
BUZZ
1111»1«. 

MIIIIMIIIIIIIMIIIIIMMUMINIIIIII - 	U• •11111111111111111111 	:31 	» 
11111111113MIIIMIUMMII3M11111111131111 ' 	MIN 	1111111111MMUI 	mmll 1111«••• 

H 1111111111•111111111111111111•11111111111111M. MM MIMI 	1111111»1»BM 	• :.--.Jimmummm 
c) 88•M•11113••n •••••••111111111111111•11111111M MBE 	IIIIIIIMMIII 	M tell 111111111111111111111 
In IMIMMININ MÉMUMMIMMani. II.» inalMaiiiiiiii el IMEM 

111111 0111111 UMMUMMI II

MMUMMIMM 

IIIIIII 111101111 ell  911111 II :111 
11•11111111111••IIIIIIIIIIIIIIIIIIIIIIIIMIMMPIIP/INIIÉIMPpllil!1ONZIMIIIIIMIIIIIIIIIRI C.111131111111111111 
31•111113111313133111.3311111311111311111WV11.111M111111fflilsomorvellE- 	-tpee.1113111.3111111 

31313111111111133MillibillibliiiaiiiIIIIIIIIIIIII133131111e.•231111111111•31111 

•110 

GRAND & TOY 

'Ole«  I Mil 	Uffl tiMIZ 

150 

FIG, 4,5,4: 6 BEAMS 
MOBILE PAYLOAD SENSITIVIlY 

TO-VOICE .ACTIVATION 

4« 
• ..' 

1„; 

P 
ç.  
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4.5.1.7 Number of Channels  

The results are shown in Figure 4.5-7. They demonstrate a near-linear 

increase in power and mass with the number of channels. 

4.5.1.8 Number of Beams  

This was believed to be relevant only to the frequency reuse, if any. 

However, the result of the effect of different numbers of beams, coupled with 

different antenna diameters, has a direct impact on the payload requirements, 

as shown in Figure 4.5-8 through 4.5-10. 

It was also found useful to consider the loci of the payload minima. 

These are the lower envelopes, shown in Figure 4.5-11. They represent the 

minimum payload requirements for any combination of number of beams and 

antenna diameters. Again, previous reservations about the usage of a limited 

number of beams for small antennas, should apply. 

It is felt that the loci shown in Figure 4.5-11 are very important in 

making decisions on the trade-off between number of benms and the antenna 

diameter. 
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4.5.1.9 Comkarison of PE/LPC with RE/LPC and NBFM  

Since NBFM is highly inefficient in terms of power requirements, only a 

limited number of channels can be considered, e.g. 26 and 18 channels for a 3 

beam case. The results for 3, 4, 6 and 8 beams are shown in Figures 4.5-12 

through 4.5-15. They show payload power requirements are significantly 

reduced for PE/LPC compared to NBFM, particularly so for small numbers of 

beams. 
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4.5.2 CONCLUSION OF PARAMETRIC SENSITIVITY 

The Statement of Work stipulates that the following is a MINIMUM list 

of parameters: 

1) Spacecraft lifetime. 

2) UHF Antenna System 

3) UHF TX efficiency 

4) Eclipse 

5) Mobile antenna gain 

6) Voice activation and 'duplex operation 

However, several other parameters, mostly independent of one another, were 

found to have a DIRECT IMPACT  on the payload power and mass, and therefore on 

the ACTUAL SPACECRAFT DESIGN. 

Rearranging some of the parameters mentioned earlier, in Section 4,2, 

these additional parameters are: 

7) Modulation scheme 

8) Channel-Bandwidth and hence frequency reuse 

9) Number of beams 

10) Traffic intensity 

11) Blocking rate 

12) Number of users at E.O.L. 

13) Satellite antenna pointing accuracy 

14) Ground mobile TX antenna gain 

15) Ground mobile TX RF power 

16) Type of deployable reflector. 

The objectives of this parametric study are as follows: 

We start with a given number of users, to be served by an 800 MHz 

Mobile spacecraft. The real issue is to find to what extent will a change in 

any of the parameter values above, affect the total payload requirements, and 

hence the spacecraft system design. 
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If this results in a 

for example above 10%, then 

since the cumulative effect 

significant.  

change in payload of more than a few percent, 

this parameter cannot be ignored, particularly 

of changes in the independent parameters can be 

That cumulative effect is clearly visible when we plot the results of 

reasonable changes in all parameters on the same payload graph, as illustrated 

in Figure 4.5-16. This demonstrates that the resulting payload mass and power 

requirements can vary over a very wide range. 

The evaluation of the effect of all these parameters, complex as it is, 

has to be performed,  particularly: 

a) if the effect of some parameter changes is negligible under one 

set of conditions, but particularly significant under others, e.g. 

the pointing accuracy of 0.1 0  to 0.3° has little effect on the 

spacecraft design for a satellite antenna of 15 feet, but a 

serious effect for an antenna of 50 feet. 

h) 	if,obviously, the parametric effect is itself significant, e.g. 

assuming different traffic intensities: changing from 0.008 to 

0.016 Erl/user. It is worth noting that the Canadian baseline 

assumes 0.012 Erl/user, while the U.S.A. varies between 0.006 

(NASA) and 0.026 (JPL) Erl/user, all showing significant 

divergences. 

if it is known that any parametric change will lead to a change in 

the payload Mass and Power requirements. However, what is often 

not clear is whether a decrease in power, "normally" coupled with 

an increase in mass, is better than the reverse, 1.e. an 

increase in power coupled with a decrease in mass. 

Therefore, the guideline proposed in this study was to carry out the 

parametric changes, and yet, at the same time, to "monitor" whether we remain 

within or go beyond the limits of the bus payload envelope. 

1 
1 
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For example, a large increase in power, undesirable as it may appear, 

is more welcome than a decrease in power, if it leads to bringing the payload 

requirement point within the bus payload envelope, rather than outside it. 

Therefore, this parametric study, far from being academic, should prove 

to be of direct, practical relevance to the actual planning of a mobile or 

combined mission. Once the original method of analysis treated in this study 

has been understood, it provides a simple and effective guide to the choice of 

an optimum mobile satellite system. 

It paves the way, to apply novel ideas, by simple graphical methods, 

for combining Mobile and Military payloads, sharing one or more spacecraft, 

redistributing by load sharing, varying the number of years or usage, and 

possibly using NSSK for fractions of the lifetime. 
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4.6 INTERMODULATION PRODUCT ANALYSIS 

Passive Intermodulation (PIN) phenomena was a severe problem on the 

FLTSATCOM spacecraft. This wa's caused by a frequency plan that permitted 

low order intermodulation products from the transmit band to fall in the 

receive band. At UHF frequencies in particular, it appears that non-

linearities in passive components, such as filters and reflectors, can 

generate significant intermodulation products. The solution on FLTSATCOM 

was to physically separate the transmit and receive antennas. 

The frequency plan for the UHF Combined mission was analysed to 

determine whether low order intermodulation products fall in any of the 

receive bands. The UHF channels are FDMA for the most part, and the 

intermodulation (IM) products of pairs of carriers produced by a P-th order 

non-linear characteristic may be computed. A computer program was written 

to perform this task, which requires as input the receive and transmit 

channel spacing and the order of the non-linearity. The program identifies 
receive band components and lists the total number of IM product occurrences 

for all combinations of input carrier frequency pairs. Individual IM 

product occurrences (within the receive bands) may be optionally listed. The 

analysis was performed for all UHF band services in the combined system. 

4.6.1 COMBINED UHF-FREQUENCY PLAN 

The following is a list of UHF services that were examined. 

a) Mobile 800 MHz mobile satellite service uplink at (821, 831) MHz 

- 30 kHz FM channel spacing 

h) Mobile 800 MHz mobile satellite service downlink at (866, 876) MHz 

- 30 kHz FM channel spacing 
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c) MILITARY: UHF-ECCM uplink at (335.4, 399.9) MHz 

- spread spectrum 

MILITARY: UHF -ECCM downlink at (275, 275.5) MHz 

- spread spectrum 

e) MILITARY: UHF-SCPC (FDMA) uplink at (397.4, 399.4) MHz 

- 25 kHz channel spacing (MSK) 

f) MILITARY: UHF-Earth Exploration Service uplink at (401, 403) MHz 

MILITARY: UHF-Emergency Beacon Monitoring Service uplink at 

(406, 406.1) MHZ 

h) MILITARY: UHF-SCPC (FMDA) downlink at (285, 287) 11E2 

-25 kHz channel spacing (MSK) 

4.6.2 INTERMODULATION COMPUTATION RESULTS 

13th order non-linearities were arbitrarily assumed, that is 

V
out 

=  an  + a lvin  + a 2vin2  + a 
3v1n3 	al 3v1n13  

Where V
in 

= bicosel b2cos02 , 	0 = Wt 

a) Interference Identified: 800 MHz mobile system downlink on 

uplink 

(866, 876) MHz 	> (821, 831) MHz 

- # of input (transmit) channels: 333 at 30 KHz spacing 

- total # of combinations investigated = 55278 

Ea - 9th order: 	689 combinations (1.25%) detected 
llth order: 3691 combinations (6.68%) detected 

13th order: 5277 combinations (9.55%) detected 

Carrier pairs that produce receive band IM components are at 

least 5 MHz apart. 
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h) 	Interference Search: 800 MHz mobile system downlink on 
MILITARY-SCPC (FDMA) uplink 

(866, 876) MHz 	4-  (397.4, 399.4) MEz 

- no IM components detected 

c) Interference Search: 800 MHz mobile system downlink on 

MILITARY-ECCM uplink 

(866, 876) MHz 	4- (335.4, 399.9) MHz 

- no IM components detected 

d) Interference Search: 800 MHz mobile system downlink on earth 

exploration service uplink 

(866, 876) MHz ----+ (401, 403) MHz 

- no DI components detected 

e) Interference Search: 800 MHz mobile system downlink on beacon 
monitoring service uplink 

(866, 876) MHz 	(406, 406.1) MHz 

- no  IN  components detected 

0 Interference Search: MILITARY-SCPC downlink on 800 MHz mobile 
service uplink 

(285, 287) MHz 	(821, 831) MHz 

- àf = 25 KHz; total # of combinations investigated: 
C 

 3160 = (
80 

 2
) 

- no IM components detected 
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Interference Search: MILITARY -SCPC downlink on MILITARY-ECCM 

uplink 

(285, 287) MHz 	(335.4, 399.9) MHz 

no IM components detected 

h) Interference Search: MILITARY-SCPC downlink on beacon 

monitoring service uplink 

(285, 287) MHz 	(406, 406.1) MHz 

no in components detected 

i) Interference Search: MILITARY -SCPC downlink on MILITARY -SCPC 

(FDMA) uplink 

(285, 287) MHz 	(397.4, 399.4) MHz 

no 111 components detected 

j) Interference Search: MILITARY-SCPC downlink on earth 

exploration service uplink 

(285, 287) MHz 	) (401, 403) MHz 

no IM components detected 

NOTE: 	Interference effect of MILITARY-ECCM downlink (275, 275.5) 

MHz on other receive bands was not examined due to the 

usage of spread spectrum techniques on ECCM'channels. Even 

if the ECCM service spectrum was composed of predominant 

carriers which could be combined, it may be inferred from 

the above results that any combination of ECCM carriers 

would have no effect on other services. 
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4.7 IMPACT OF MSK MODULATION ON NBFM TRANSPONDER DESIGN 

The baseline for the mobile satellite high UHF service initially 

postulated single-channel-per-carrier Narrow Band Frequency Modulated 

(NBFM) transmissions. Analysis has shown that the bandwidth available and 

the power required per channel are both insufficient to support the user 

community projected for the mobile satellite service. It is anticipated 

therefore, that more sophisticated, efficient modulation schemes will be 

used for the system. This section contains a brief discussion of the 

implication that minimum-shift-keyed (MSK) modulation would impose on 

transponders designed for NBFM. 

An MSK system will suffer from performance degradation because of 

high power amplifier or TWTA amplitude limiting and band pass filter 

bandwidth and group delay characteristics. These are discussed in turn. 

4.7.1 FILTER BANDWIDTH 

The MSAT high-UHF service uses FDMA and thus the transponder design 

is quite different from the INTELSAT V TDMA systems modelled in the 

literature (4,5,6).- Most of the important filtering in an MSK-FDMA 

environment is done at the mobile modem where transmitter filtering of the 

MSK infinite spectrum ensures efficient data packing in a restricted 

bandwidth while the receive filter eliminates out-of-band noise. The effect 

of transmitted bandwidth on performance  degradation is typically ,  depicted in 

Figure 4.7-1. The filtering performed in the transponder is essentially 

implemented before upconversion or after downconversion and beam-forming, 

and so this type of filtering should have no detrimenéal effect on the 

modulated signal. 
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4.7.2 FILTER DELAY 

Figure 4.7-2 (ref. 7) shows the MSK spectrum along with a typical 

channel filter amplitude and delay response. Much of the MSK signal is 

contained in the channel passband, but the additional energy is located near 

the filter skirts where it arrives delayed and degrades rather than aids in 

detection. The transponder channels would only be affected at the 

extremities of the IF filters, thus delay is not a limiting factor. A 

mobile receiver with an adaptive channel equalizer would take advantage of 

the energy near the band edge, and thus could improve performance. 

4.7.3 AMPLIFIER NON-LINEARITIES 

Communications systems containing nonlinear elements prefer to employ 

constant envelope modulation to minimize AM-PM impairments. This is so 

because a memoryless nonlinearity produces extraneous sidebands when passing 

a signal with amplitude fluctuations. Such sidebands introduce out-of-band 

interference to cither adjacent channels. An example of a signal with AM is 

a bandlimited QPSK signal. The MSK signal possesses a constant envelope 

even after bandlimiting (due to its smooth phase changes) and thus is less 

affected by amplitude limiting devices, such as TWTA's and HPA's operating 

near power saturation. 

4.7.4 IMPACT ON TRANSPONDER DESIGN 

The use of MSK does not consequently constrain the transponder 

design and shows promise at being a robust modulation method . in  an 

environment corrupted by intermodulation interference. 
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Channel Amplitude and Group Delay Response 

MSK Transmitted Power Spectrum 

Figure 4.7-2 

131 



ALTERNATE M-SAT STUDY 	 55-190 

4.8 SOLAR TORQUE PRODUCED ON A LARGE REFLECTOR 

4.8.1 NATURE OF SOLAR TORQUES 

A spacecraft is constantly bombarded by photons originating from the 

sun when it is in orbit. The force resulting from the momentum transfer 

during the collision between the intercepting surface and the photons is 

quite small. However, in the case of a large reflector, whose center of 

pressure is far from the center of mass of the spacecraft, the resulting 

solar torque becomes appreciable. 

For the purpose of analysis, conceptual design Configuration #2 

(mobile mission) of Section 5.2 was used. The solar torque was calculated 

for a 30 ft. diameter aperture Lockheed wraprib reflector for two different 

mesh materials; copper-plated dacron and gold-plated molybdenum. The solar 

torque was broken down into a pitch component and a roll/yaw component. The 

following table lists the maximum torques for each of the mesh types. 

TORQUE 

MESH 

PITCH 	ROLL/YAW 

- 	  

COPPER-PLATED DACRON 	1123.63 x 10'6  Nm 	82.88 x 10' 6  Nm 

GOLD-PLATED MOLYBDENUM 	823.50 x 10'6  Nm 	59.09 x 10'6  Nm 

A complete description of the method of analysis, assumptions made, 

and the results in tabular and graphical form can be found in Appendix E. 

132 



1 

ALTERNATE M-SAT STUDY 	 SS-190 

4.8.2 IMPLICATIONS ON SATCOM DESIGN 

In a brief discussion with engineers of RCA, it was felt that despite 

the solar torque components being larger than normal, the ACS on the 

advanced RCA SATCOM should be able to accomodate them. This might require 

the use of a larger momentum wheel and some other minor modifications. The 

use of solar sails to move the center of pressure closer to the center of 

mass of the spacecraft would also solve the problem. 

During the course of the analysis, the center of mass was found to 

have moved towards the reflector hub. This displacement has profound 

implications on the stability of the spacecraft. It may be necessary to use 

two identical reflectors on opposite sides of the spacecraft or to reposition 

other payload components to adjust from the centre of mass shift. 

In conclusion, the solar torque should not create any major problems; 

however, it is important to note the center of mass problem as a critical 

technology area. 
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4.9 ARRAY SHADOWING BY 30 FT. REFLECTOR 

4.9.1 THE PROBLEM OF SHADOWING 

There are various problems which arise from mounting a 9.144 m (30 ft.) 
diameter aperture reflector on a spacecraft. This section will discuss the 
results of a detailed analysis addressing the potential problems of a large 

reflector shadowing the solar array. A complete description of this analysis 

is given,in Appendix F of this report. 

For analysis purposes, the Mobile mission (conceptual design 

Configuration #2) was used. 

A Fortran program was written to generate and plot the location of 

the shadow in meters from the center of the satellite for an east face 

mounted reflector. Figure 4.9-1 shows the shadow, at half hour intervals, 
as it moves across the plane of the array. It should be realized that the 

satellite is drawn to correspond to 6:00 a.m. satellite local time, and that 

the satellite's body (but not the arrajr) should be rotated as time 

progresses. 

The plot shows that the duration of the eclipse period, in the worst 

case (at time of a solstice), is 4 hours, starting at 6:00 a.m. to 
10:00 a.m. satellite local time. The shadow, at 6:00 a.m., is an ellipse with 

a major axis about twice the length of the minor axis. The ellipse gradually 

changes to become almost circular at the end of the eclipse period. 

Once the duration of the shadowing was determined and by studying a 

modified daily airtime usage pattern derived from the Woods-Gordon Report 
(reference 3), the demand during the interruption periods was calculated. 

The conclusion is that the airtime demand during the morning is slightly lower 

than that of the evening, i.e. 23.05% of the daily total versus 23.49% for the 

latter. From this, it is recommended that the reflector be mounted on the 

east face of the spacecraft. 

4.9.2 USE OF BATTERIES DURING SHADOWING 

The Fortran program also calculated and plotted the area of the solar 

array being shadowed with respect to local satellite time. The power loss is 

characterized by a set of skewed bell-curves shown in Figure 4.9-2. The 
curves were calculated for increments of 10 0  of the earth's orbit between a 
solstice and an equinox. 
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The use of the batteries to supplement the power loss was also 

considered. Assuming the batteries can supply full payload power for 

72 minutes, they should be capable of supplying, on average, 30% of full 
payload power for 4 hours. The worst case power loss due to reflector 

shadowing is an average of 16.35% over 4 hours, with a peak loss of 30%. 
Thus, the batteries of the advanced SATCOM spacecraft are capable of 
maintaining full payload power throughout the year. 

The above analysis is applicable if the solar arrays are extended 

sufficiently far from the satellite's body so that no shadowing occurs 

during times of equinox. This way, eclipse of the arrays by the earth's 

shadow occurs at equinox, while shadowing due to the reflector reaches its 

peak at the solstices. Thus, the two eclipses can be considered as 

independent events. 

For the specific geometry chosen, one can see from Figure 4.9-2, that 

the two events are not totally independent. As an approximation; 1 0  of the 

earth's orbit about the sun is equal to 1 earth day. Eclipse of the 
satellite by the earth lasts a total of 46 days, centered about the equinox. 
From Figure 4.9-2, at the start of the eclipse by the earth, the peak 

blockage due to the reflector is 8%. To alleviate this problem, the solar 
arrays in Configuration 2 should be extended out by another meter. 

4.9.3 IMPACT OF SHADOWING ON SATCOM DESIGN 

It should be realized that the reflector is not totally opaque and 

its shadow intensity is similar to the penumbra, as opposed to the umbra, of 
a shadow. It is likely that the blockage is lower than was calculated, and 

some major design work on the connections of the solar cell strings could 

reduce the effect to even lower levels. 

Even in the worst case, the existing batteries should be capable of 

compensating the power loss. However, further analysis should be done to 

determine the impact on the life of the batteries due to the additional 

charges and discharges. The time available for the charge cycle must also 

be considered in greater detail. 

In conclusion, the problems created by the shadow of a large 

reflector should prove challenging but not critical. 
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5.0 CONCEPTUAL_DESIGN  

The following section describes the implementation of the military 

and mobile payloads on the RCA Advanced SATCOM, and the combined payload on 

the Intelsat V spacecraft. The decisions for using these spacecraft were 

previously discussed in Section 3. 

The objectives in this design phase were to: 

i) ensure that all the antennas could be mounted on the body of the 

spacecraft, keeping the possibility of radio interference in 

mind 

ii) ensure that all the antennas can be stowed within the payload 

envelope of the desired launch vehicle 

iii) ensure that the payload does not exceed the capabilities of the 

spacecraft in terms of mass, power, payload mounting area and 

thermal dissipation. 

5.1 MILITARY PAYLOAD 

The basic services to be provided by this payload are: 

A) LOW UHF 

i) UHF mobile service at 240-328.6 and 335.4-339.9 MHz 

ii) UHF earth exploration at 401-403 MHz 

iii) EPIRB at 406-406.1 MHz 

B) L -BAND 

Maritime mobile service at 1535-1542.5 MHz 

C) SHF FIXED 

Satellite service at 7250-7750 and 7900-8400 MHz providing 

Canada and Arctic coverage with ECCM and DAMA capabilities. 
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D) EHF MOBILE 

Satellite service at 20.2-21.2 and 43.5-47.0 GHz 

E) INTERSATELLITE LINK (ISL) 

Satellite to satellite at 60 GHz. 

F) T & C 

Primarily for Telemetry, Ranging and Command of spacecraft 

primarily during Transfer Orbit. 

Detailed transponder diagrams for these services are shown in 

Appendix G. The payload complement for thse services is given in Table 5-2. 

5.1.1 GENERAL CONFIGURATION 

The baseline host spacecraft for the military payload is the Advanced 

• RCA SATCOM. The capabilities of this spacecraft is summarized in Table 5-1. 

A trade-off analysis (Section 4.1) on the choice of antennas to meet 

the military mission requirements was performed by CAL. The recommendations 

from this analysis are: 

A) UHF TRANSMIT 

Use a dual helix antenna having helices 0.381 m (15") in 

diameter and 3.91 m (154") long. The ground plane cups are 

0.838 m (33") in diameter and 0.406 m (16") deep; The spacing 

between helix centers should be 1.702 m (67"). 

B) UHF RECEIVE* 

Use a single helix 0.26 m (10*") diameter and 2.87 m (113") 

' long. The ground cup used should be 0.625 m (24.6") in diameter 

and 0.298 m (11 3/4") deep. 
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Table 5-1 Capabilities of RCA Advanced SATCOM 

DIMENSIONS: L = 162.6 cm (64") 

W = 132.1 cm (52") 

= 124.5 cm (49") 

The height on the north-southIpanels may be extended to 175.3 cm 

(69") to accommodate larger solar panels. 

TRANSPONDER MASS: 	rated at 136.4 kg. (300 lbs.) 

TRANSPONDER POWER: 1065 W 

ARRAY POWER: 1250 W (EOL) 

1900 W (BOL) 

HOUSEKEEPING POWER: 185 W 

PROPELLANT LIFETIME: 9.5 years (incl. NSSK) using Hydrazine 

BATTERY: NiH2  providing 90 A-hr. 

LAUNCH VEHICLE: 3920  PAN, STS-SUSS D. 

STABILIZATION: 3-axis using momentum wheels. 
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L-BAND 

The best choice for this service is a quad helix antenna. The 

helices are 0.066 m (2.6") in diameter and 0.66 m (26") long. 

The ground cups used are 0.157 m (6.2") in diameter and 0.076 m 

(3") deep. The spacing between helix centers are set at 0.302 m 

(11.9"). 

D) SHF 

The primary coverage for this service is provided by a 0.381 m 

(15") diameter,reflector with a corrugated horn for secondary 

coverage. 

E) EHF (FIXED EARTH) 

One 0.45 m reflector was chosen for spot coverage while two 

horns provide secondary earth coverage. 

F) 	ISL 

One 0.5 m reflector-mirror combination. 

G) 	T & C - 

One Omni-directional Bicone Antenna, for Transfer Orbit. 

5.1.1.1 Deployed Configuration  

The conceptual on-station configuration is illustrated in 

Figures 5-1, 5-2 and 5-3. Fully deployed, the satellite is 14.732 m along 

north-south (array) axis, 4.420 m along its east-west axis; and 5.550 m from 

front to back. 

The dual UHF transmit helices are mounted on the east face while the 

single UHF receive helix is on the west face. On the earth facing panel, 

from north to south along the north-south axis, there is the L-band quad 

helices, the ISL, and the EHF (fixed earth) primary spot and secondary horns 

respectively. The SEP  primary and secondary antennas are found on the 

south-west and north-west corners of the earth facing panel respectively. 

The TT&C antenna is mounted just east of the L-band quad helices. 
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5.1.1.2 Stowed Configuration  

In order to stow the spacecraft within the Delta 3920-PAM-D shroud, 

the UHF transmit and receive helices are compressed along the axis of the 

helix. The deployment arms for the helices are hinged-mounted to the body 

of the spacecraft and assume a vertical alignment when inside the shroud. 

This is shown in Figure 5-4 and 5-5. 
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Figure 5-2 Military Payload on SATCOM Bus Deployed (ToP View) 
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Figure 5-3 Military Payload on SATCOM Bus Deployed (Side View) 
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Figure 5-5 Military Payload on SATCOM Bus Stowed (Top View) 
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5.1.2 MASS BUDGET 

5.1.2.1 Design Spacecraft Mass Requirements  

The mass, power and interior mounting area budgets for the military 

payload are given in Table 5-2. The detailed breakdown of communication 

packages is given in the scroll in Appendix G. 

The total payload mass of the transponder and the antennas is 

165.9 kg. Adding a 10 percent contingency, the mass becomes 182.5 kg. 

5.1.2.2 Advanced SATCOM Mass Capability  

The rated payload mass capability for the Advanced SATCOM is 136.4 kg 

based on 9.5 years of propellant life. This would mean a negative margin of 

29.5 kg. 

From the tradeoff analysis on reducing propellant mass to increase 

the payload mass, it was found that for a seven-year life, the mass 

capability increases to 164.8 kg. This reduces the negative mass margin to 

1.1 kg. Then using the tradeoff curve of mass as a function of DC power, 

the available capability becomes 201.0 kg, which results in a positive 

margin of 35.1 kg. The corresponding reduction to its power capability is 

from 1065 W to 800 W. 
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TABLE 5-2 - MILITARY PAYLOAD MASS, POWER AND MOUNTING AREA BUDGETS 
_ 

	

POWER 	MOUNTING 

COMMUNICATION SERVICE 	MASS (kg) POWER (W) DISSIPATION (W) AREA (in2 ) 
....  

1) LOW UHF:  

Repeater 	 31.00 	217.6 	177.1 	1255.4 

Antenna: 	Dual helices-transmit 	19.1 

: 	Single helix-receive 	6.8 

56.9 

2) L-BAND: 

Repeater 	 5.9 	80.2 	68.3 	418.0 

Antenna: 	Quad helices 	2.5 

8.4 

3) SHF: 

Repeater 	 26.4 	102.4 	87.4 	1376.0 
Antenna: 	Primary 	2.7 

Secondary 	1.8 

30.9 

4) EHF: 

Repeater 	 20.7 	56.4 	53.4 	954 

Antenna: 	Primary & 

Secondary 	6.0 

26.7 

5) ISL: 

Repeater 	 12.7 	83.9 	81.9 	826 

Antenna 	 4.9 

17.6 

6) TT & C:  

Scrambler/Descrambler 	10.0 	10.0 	10.0 	164 

Antenna 	 1.8 

7) MILITARY PAYLOAD MISC.: 	13.6 	13.0 	13.0 	162 

TOTAL 	 165.9 	563.5 	5155.4 

CAPABILITY AVAILABLE 	201.0 	800.0 	5600.0 

MARGIN 	+35.1 	+236.5 	+444.6 
J 

(+17.5%) 	(+29.6%) 	(+7.9%) 
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5.1.3 POWER BUDGET 

5.1.3.1 Design Spacecraft Power Requirement  

The total payload power required is 563.5 W and 619.9 W with a 10% 

contingency. 

5.1.3.2 Advanced SATCOM . Power . Capability  

The available payload power of advanced SATCOM is 1065 W. This value 

remains relatively constant when design life is backed off from 9.5 years to 

7 years, since the major degradation of the solar array occurs during the 

first three years of operation. 

This provides a positive margin of 502 W. This large power margin 

allows us to trade solar array mass for payload mass. The results of this 

tradeoff analysis shows one desirable configuration is to have 800 W of 

available power while increasing the payload mass capability to 201. kg. 

The final margins for mass and power are: 

AVAILABLE 	REQUIRED 	MARGIN 

MASS 	201. kg 	165.9 kg 	+ 35.1 kg (17.5%) 

POWER 	800 	W 	563.5 W 	+236.5 	'W (29.6%) 

5.1.4 PAYLOAD MOUNTING AREA 

5.1.4.1 Design Spacecraft Mounting Area Requirement  

It has been demonstrated that the Advanced SATCOM bus has the 

capability to accommodate the military payload; however, it is important to 

verify that the payload can be mounted according to thermal dissipation 

constraints. From the scroll the total payload mounting area required is 

5155.4 sq. in. 	150 
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5.1.4.2 Payload Mounting Area Available 

All of the payload and most of the housekeeping equipment is mounted 

on the north and south panels. These panels may be extended an additional 

10 inches at each side to accommodate more payload. The housekeeping 

equipment which is mounted on the north and south panels amount to 1900 sq. 

In. This includes 700 sq. in. required by the battery for full eclipse 

operation. 

Thus the mounting area available is: 

(SQ. IN) 

Total North/South Panel Mounting Area 	 5500 

Housekeeping Equipment 	 -1900 

Available Payload Mouning Area 	 3600 

Maximum Mounting Area Gained by Extending Panels 	2000 

Maximum Payload Mounting Area Available 	 5600 

Thus there should be no problems in accommodating the payload and the 

panels should not have to be extended. The margin on mounting area is 444.6 

sq. in. (+7.9%). 

5.2 MOBILE PAYLOAD 

The basic services to be provided by this payload are: 

a) HIGH UHF 

i) uplink 821-825  MHz 

ii) downlink 866-870 MHz 

b) L-BAND 

Maritime mobile service at 1535-1542.5 MHz 

c) BACKHAUL 

i) uplink: 14 GHz 

ii) downlink: 12 GHz 
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d) 	TtS:C 

. Primarily for telemetry, ranging and command of spacecraft 

during transfer orbit. 

5.2.1 GENERAL CONFIGURATION 

The advanced RCA SATCOM bus will carry the commercial mobile payload. 

Although there is a great benefit in keeping open certain options, to 

make use of the results of the parametric analysis, it was decided to 

investigate the maximum use of the existing Advanced SATCOM bus, without any 

major redesign. Then it is possible to back-off to the optimum payload by 

matching certain assumed priorities to the results of the Parametric 

Analyses. 

This configuration consists of: 

a) UHF TRANSMIT AND RECEIVE 

One 30 foot dia. aperture offset parabolic Lockheed Wraprib 

reflector is used. The feed array (for 4 beams across Canada) 

consists of ten 9-inch square aperture horns, each 24" deep. 

h) L -BAND 

The same optimum quad helix antenna as in the military payload 

is used. 
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c) BACKHAUL 

A 0.254 m (10") x 0.457 m (18") elliptical reflector was chosen 

with horn and waveguide feed supported by a small 1.36 kg 

tower. 

d) T&C 

Deployable for the on-station mode. 

5.2.1.1 Deployed Configuration  

The conceptual on-station configuration is illustrated in Figures 

5-6 to 5-8. Fully deployed, the satellite is 19.588 m along the N-S (solar 

array) axis, 20.557 m along its E-W axis and 9.785 m from front to back. 

The 30 ft. Lockheed wraprib reflector deploys on the east side via a 

triply articulated boom that holds the dish from the inside. The reflector is 

balanced for solar torques, by a 0.914 m dia. 3.048 m long solar sail, 

deployed on the opposite (west) side and hinged to the west panel. 

The solar panels extend along the N-S axis at a point 5.360 m away from 

the body centre, to reduce the shadowing effect of the 30 foot reflector. The 

earth facing panel contains, on the north-west central area, the L-band quad 

helix antenna, and on the north central area, the TT&C bicone and the SHF 

backhaul elliptical reflector. 

5.2.1.2 Stowed Configuration  

The Delta 3920 PAM D shroud constraints and the Advanced RCA SATCOM 

Bus design require that the solar panels be folded into a three layer stack, 

along the N and S panels. Also the triply articulated deployment boom for the 

30 ft. reflector is designed to occupy one single layer of boom, stowed along 

.the east panel. The Feed Array assembly is hinged on the earth facing side, 

to the southwest corner, to stow it within the Delta envelope. The 

spacecraft's configuration inside the shroud is shown in Figures 5-9 and 5-10. 
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Figure 5-8 Mobile Payload on SATCOM Bus Deployed (Side View) 
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5.2.2 MASS BUDGET 

5.2.2.1 Design Spacecraft Mass Requirements  

The mass, power and interior mounting area budget for the mobile 

payload are given in Table 5-3. The detailed break down of communication 

packages is given in the scroll at the end of this section. 

The total payload mass of the transponder and the antenna is 156.5 kg 

with a 10% contingency. 

5.2.2.2 Advanced RCA SATCOM Mass Capability  

The rated payload capability for the Advanced RCA SATCOM bus is 

164.8 kg and 1065 W with 7 year life NSSK. However, if no NSSK is required 

then one possible payload capability is 195.5 kg and 1330 W. 

The high UHF mass and power requirements of 63.1 kg and 703.7 W 

refers to a single point design of 5 channels per beam, for four beams, to 

give a total of. 20 NBFM channels with voice activation. For that design, 

the total requirements are 166.9 kg and 886.3 W. This results in a negative 

margin for a mission with NSSK. Without NSSK, a positive margin of 28.6 kg 

(24.6%) exists. 

5.2.3 POWER BUDGET 

5.2.3.1 Design Spacecraft Power Requirements  

The total payloàd power required for 20 channels NBFM is 886.3 W and 

974.9 W with a 10% contingency. 
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Table 5-3 Mobile Payload Mass, power and Mounting Area Budgets 

COMMUNICATION SERVICE 	MASS 	POWER 	POWER 	MOUNTING AREA 
DISSIPATION 

	

(kg) 	(W) 	(W) 	(in2) 

1) HIGH UHF:  

Repeater 	63.1 	703.7 	587.4 	3403.4 

Antenna 	56.3 

2) L-BAND:  

Repeater 	5.9 	80.2 	68.3 	295 

Antenna 	2.5 

3) SHF BACKHAUL:  

Repeater 	26.4 	102.4 	87.4 

Antenna 	2.7 

4) TT&C: 

Antenna 	1.8 

5) SOLAR SAIL: 	8.2 

TOTAL 	166.9 	886.3 	3698.4 

CAPABILITY AVAILABLE 	195.5 	1330.0 	5600.0 

MARGIN 	+28.6 	+443.7 	+1901.6 
(+14.6%) 	(+33.4% 	(+34.0%) 

*Baseline is no NSSK. 
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5.2.3.2 Advanced RCA SATCOM Power Capability  

As discussed above, if no NSSK is required, then 1330 W are available 

for the communication payload. The 20 channel design requires 886.3 W, 
hence a positive power margin of 443.7 W (33.4%). 

5.2..4 PAYLOAD MOUNTING AREA BUDGET 

5.2.4.1 Design Spacecraft Mounting Area Requirement  

Table 5-3 indicates that 3698.4 sq. in. is required, without 

contingency. 

5.2.4.2 Payload Mounting Area Available  

As discussed in the military spacecraft, the maximum payload mounting 

area available after extending the N-S panels is 5600 sq. in. Therefore the 

net positive margin for the mounting area is 1901.6 sq. in. (34.0%). 

5.2.5 PARAMETRIC DESIGN 

So far, for a total of 20 NBFM Channels and the configuration 

proposed, the net margins with an advanced RCA SATCOM bus without NSSK are: 

i) +14.6% for mass 

ii) +33.4% for power 

iii)+34.0% for mounting area 

It is clear, that although excellent margins exist, a.more efficient 

utilisation of the payload capabilities is possible, not only by increasing 

the number of channels beyond 20, but also by carrying out a detailed 

parametric analysis.' 

Whatever optimum combinations of parameters are to be chosen, it is 

not intended to go beyond a 30 foot reflector on the Advanced RCA SATCOM. 

Refer to Appendix A, Trip Report to RCA for discussion of RCA bus 

limitations. 
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5.3 COMBINED PAYLOAD 

As the name suggests, the services provided by the combined payload, 

are the sum of the services of the Military and Mobile payloads,. These 

services are summarized briefly below: 

a) LOW UHF (MOBILE, ECCM) 

b) LOW UHF DCP 

c) LOW UHF EPIRB 

d) L-BAND MARTIME  MOBILE  

e) SHF ( LOW AND HIGH UHF MOBILE BACKHAUL, L-BAND BACKHAUL, ECCM, 

DAMA, GLOBAL, ARCTIC) 

f) EHF MOBILE 

g) INTERSATELLITE LINK (ISL) 

h) HIGH UHF MOBILE 

i) TT&C 

To avoid repetition and excess mass, the high UHF backhaul at 14/12 GHz has 

been integrated into the low UHF backhaul at 8/7 GHz. 

5.3.1 GENERAL CONFIGURATION 

Ford Aerospate's Intelsat V will serve as the baseline host 

spacecraft for the combined payload. The capabilities of this spacecraft 

are summarized in Table 5-4. 
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Table 5-4 Capabilities of Ford Aerospace's Intelsat V 

DIMENSIONS: L = 201 cm 

W = 165 cm 

H = 177 cm 

TRANSPONDER MASS: rated at 272.5 kg (includès TT&C & GFEC tower) 

TRANSPONDER POWER: 782.12 W 

ARRAY POWER: 1354 W (EOL) 

, 1780 W (BOL) 

HOUSEKEEPING POWER: 322.9 W 

PROPELLANT LIFETIME: 7 years (ici. NSSK) using Hydrazine 

BATTERY: NiCd providing 68 A.hr . 

NiH2 for later versions 

LAUNCH VEHICLE: ATLAS-CENTAUR, ARIANE 3, STS-SUSS A 

STABILIZATION: 3 axis using momentum wheels 

1 
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5.3.1.1 Deployed Configuration  

A detailed description of the antennas can be found in Sections 

5.1.1.1 and 5.2.1.1. The combined mission uses the sanie  antennas as the 

Military and Mobile missions. These are listed below: 

a) LOW UHF TRANSMIT - dual helices 

b) LOW UEF RECEIVE - single helix 

c) HIGH UHF - 9.144 m dia. aperture Lockheed Wraprib 

d) L-BAND - quad helices 

e) SHF - one spot and one horn 

EHF - one spot and two horns 

g) ISL - one reflector-mirror combination 

h) TT&C - log conical spiral 

The conceptual on-station configuration is illustrated in Figures 5-11, - 

5-12, ànd 5-13. Fully deployed, the satellite is 23.414 m along its north-

south (array) axis; 22.058 m along its east-west axis. 

The high UHF reflector is mounted on the east face. The low UHF dual 

transmit helices are located on the west face. 

The remainder of the antennas are all mounted on the earth facing 

panel. The L-Band quad helices are placed in the south-east corner. 

Running north to south along the satellite's array axis are the EHF spot, 

the ISL and the low UHF receive single helix, respectively. 'The EHF earth 

coverage horn is located east and centre, while the SHF primary is placed on 

the south-west corner. An optional SHF backhaul (14/12 GHz), if it is used, 

would be situated on the north-west corner. The TT&C antenna is on a mast 

near the south-west corner. To balance the solar torque due to the 30 ft. 

reflector, a deployable solar sail is mounted on the west face of the 

satellite. 
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5.3.1.2 Stowed Configuration  

To stow the spacecraft within the shroud of the Atlas-Centaur or the 

.Ariane 3, the low UHF transmit and receive helicès are compressed along 

their longitudinal axes. The deployment arms for the UHF transmit helices 

are hinged and assume a vertical alignment when inside the shroud. 

The high UHF reflector, being a Lockheed Wraprib, resembles a toroid 

when stowed and is held in the upper portion of the shroud by its deployment 

boom. The high UHF feed array is hinge-mounted to the earth facing panel 

and is locked in a vertical position when it is stowed. 

The solar sail is collapsed into a small package on the west panel of 

the spacecraft. Figures 5-14 and 5-15 shows the spacecraft within the 

shroud. 
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Figure 5-12 Combined Payload on Intelsat V Bus Deployed (Top View) 
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Figure 5-13 Combined Payload on Intelsat V Bus Deployed (Side View) 
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Figure 5-15 Combined Payload on Intelsat V Bus Stowed (Top View) 
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5.3.2 MASS BUDGET 

5.3.2.1 Design Spacecraft Mass Requirements  

The mass, power and interior mounting area budgets for the Combined 

payload are summarized in Table 5-5. The detailed breakdown of the 

communication packages is given in the scroll for Military and Mobile 

payload in Appendix G. 

From Table 5-5, the total transponder and antenna mass is 293.5 kg. 

5.3.2.2 Intelsat V Mass Capability  

The rated payload mass capability is 233.5 kg. For configuration #3, 

the GFEC tower on the present Intelsat V will not be required. This adds 

another 39 kg to boost the maximum payload mass capability to 272.5 kg. 

Unfortunately, it falls short of the required 293.5 kg to give a negative 

margin of 21.01 kg (-7.7%). 

5.3.3 POWER BUDGET. 

The power capability of the Intelsat V bus is 782 W. From Table 5-5, 

the required payload power is 1267.2 W. This results in a large negative 

margin of 485.2 W (-62%). 
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TABLE 5-5 - COMBINED PAYLOAD MASS, POWER AND MOUNTING AREA BUDGETS 

POWER 	MOUNTING 
COMMUNICATION SERVICE 	MASS (kg) POWER (W DISSIPATION On AREA (m2 ) 

.., 

1) LOW UHF: - 
Repeater 	 31.0 	217.6 	177.1 	0.810 
Antenna: 	Dual helices-transmit 	19.1 

: 	Single helix-receive 	6.8 
56.9 

2) L-BAND: 
Repeater 	 5.9 	80.2 	68.3 	0.270 
Antenna: 	Quad helices 	2.5 

8.4 
3) SHF: 

Repeater 	 26.4 	102.4 	87.4 	0.888 
Antenna: 	Primary 	2.7 

Secondary 	1.8 
30.9 

4) EHF: 
Repeater 	 20.7 	56.4 	53.4 	0.615 
Antenna: 	Primary & 

Secondary 	6.0 
26.7 

ISL: 
Repeater 	' 	12.7 	83.9 	81.9 	0.533 
Antenna 	 4.9 

17.6 

6) HIGH UHF:  
Repeater 	 63.1 	703.7 	587.4 	2.196 
Antenna 	 56.3 

119.4 

7) TT & C: 
Scrambler/Descrambler 	10.0 	10.0 	10.0 	0.106 
Antenna 	 1.8 

8) MILITARY PAYLOAD MISC.: 	13.6 	13.0 	13.0 e 	0.105 

9) SOLAR SAIL: 	8.2 

TOTAL 	293.5 	1267.2 	5.522 
CAPABILITY AVAILABLE 	272.5 	782.0 	3.200 
MARGIN 	-21.0 	-485.2 	-2.322 

(-7.7%) 	(-62.0%) 	(-72.6%) 
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5.3.4 MOUNTING AREA BUDGET 

The mounting area available on the Intelsat V bus is 3.2 m2 . Based 

on the assumption that the second surface mirrors can dissipate 350 W/m2  and 

i inch clearance is required around each component for interface purposes, 

the mounting area required is 5.522 m2 . This results in a surprising 

negative margin of 2.322 m2  (-72.6%). 

5.3.5 CONCLUSIONS 

It is obvious that the payload definition, as it exists, cannot be 

implemented on the Intelsat bus. For an Atlas-Centaur class spacecraft, the 

Intelsat V is surprisingly low on capabilities. 

From Table 5-5, one critical item would be the high UHF transponder. 

Its power and mounting area requirements represents 55.5% and 39.8% of the 

total requirements respectively. From our parametric analysis on the high 

UHF transponders, CAL has shown that the payload requirements can be reduced 

while increasing the level of service. It is unlikely, though, that this 

optimization of the-high UHF transponder will be able to lower the negative 

margin sufficiently. 

The most critical item is the mounting area required by the power 

amplifier based on the thermal dissipation constraint. Since the constraint 

is not likely to be changed, the mounting area will continue to remain 

critical. 

It is possible that a backed-off version of the Combined payload be 

implemented on the Intelsat V bus but facing such large negative margins, it 

would probably not be worthwhile. 

In light of this analysis, it verifies that our first choice of using 

the L-SAT bus was correct. The L-SAT bus is a large bus and has more 

capabilities than the Intelsat V bus, and should accommodate the payload 

adequately. 
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6.0 CRITICAL TECHNOLOGY ITEMS 

It is important to define areas of technology which are critical to 
the programs. To this end, specific items which are critical to the 

successful implementation of each service are discussed in this section. 

These items are not presented in any particular order as one is neither more 

or less  important  than another. 

6.1 LARGE APERTURE REFLECTORS 

For the mobile and combined missions, a thirty foot deployable 

reflector with an offset feed structure has been baselined. Offset fed 

parabolic reflectors are commonly used on current communications spacecraft 

and the design tools are well established for this type of antenna. The 

deployable, reflector will require some development work but it does not 

represent a large change from the ATS-6 antenna which was flown successfully 
7 years ago. The most significant difference would seem to be the 

additional tooling for the ribs to provide the asymmetric contour required 

for the offset design. The reflector surface tolerance is easily met 

because the highest wavelength for the mobile system is 1/10th of that used 

on ATS-6. The RMS surface tolerance of ATS-6 was À/30 at 8.5 GHz. The 

relaxed contour tolerance means that fewer ribs are needed thus simplifying 

and lightening the reflector. 

Thermal design for this structure is well in hand and no materials 

problems are foreseen. 

In this study, a Lockheed wrap rib design similar to ATS-6 is 

proposed because the current manufacturer's data for reflectors of this 

diameter . shows the Lockheed design to be lighter. In addition, it is easier 

to stow the wrap-rib design into the fairing constraints of the Delta class 

spacecraft. It should be noted, however, that Harris Corporation also have 

qualified deployable reflector structures up to sixteen feet in diameter 

(TDRSS) and have confidence that their newer Truss designs could also meet 

the performance requirements of our mission. 

In summary, the problem of obtaining adequate deployable reflectors 

should result from a straight forward development program. 
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6:2 HIGH FREQUENCY COMPONENTS FOR THE MILITARY EHF PAYLOAD 

The military payload requires experimental transponders to be flown 

using uplinks at 44 GHz and downlinks at 20 GHz. In addition, an 

intersatellite link is required which will use frequencies in the oxygen 

absorption band near 60 GHz. For the EHF service, the designs are 

derivative from hardware flown on LES 8 and LES 9, two spacecraft built by 

LINCOLN LABS for the U.S. Airforce. The components for these transponders 

are thus not commercially available in space qualified versions. Other 

experimental flight programs using microwave components in the 18 to 30 GHz 

range include the Italian SIRIO satellite, Japanese medium capacity 

Communication Satellite (CS) built by Ford Aerospace, and the 20/30 GHz 

millimeter wave experiments flown on ATS-6. It is anticipated that 

development work will be needed for receivers at 44 GHz and for the 60 GHz 

intersatellite link transponder components. 

This development will take the form of redesign of laboratory and 

terrestrially-based commercial components so they can meet the rigours of 

the launch environment and operation in space. The reliability of semi-

conductor devices used at these frequencies will be an important feature to 

investigate. The method of manufacture of passive components, such as 

waveguide and antenna feeds must be considered. As well, the design and 

construction of filters, diplexers, isolators, power splitters and hybrids 

must be investigated. The mechanical tolerances required for antenna 

manufacture must be looked at. 

It is anticipated that significant breadboard and brassboard work 

will be required for the development of the EHF and ISL transponders and 

antennas. 
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6.3 DEPLOYABLE HELICES 

For the military UHF requirement, a single receive and dual transmit 

helices have been chosen. Because of the helix length necessary to achieve 

the required gain, these antennas must deploy on hinged arms, then extend 

axially. A similar design was developed by ASTRO as a backup design for 

FLTSATCOM, but it was not flown. For the military mission then, it is 

necessary to develop deployable helical antennas. This development will 

include the mechanical design and testing as well as antenna range tests. 

Vibration tests in the stowed configuration will be necessary. Thermal 

vacuum deployment tests shall be performed. 

In the deployed state it will be necessary to measure the thermally 

induced bending and to ascertain the mechanical resonant frequencies. These 

frequencies must be factored into a flexible body dynamics analysis which 

will include interactions with the attitude and reaction control systems. 

6.4 ARRAY SHADOWING - POWER SYSTEM INTERACTIONS 

For the mobile service, the satellite will be equipped with a large 

aperture antenna. As the solar arrays must be oriented to rotate about the 

spacecraft pitch axis, the antenna reflector will cast a shadow on some 

inboard portion of the solar array at certain times of the day. To avoid 

this, the arrays must be positioned away from the spacecraft body. It is 

expected that the boom lengths required to completely avoid shadowing of the 

solar cells would result in mechanical configurations with natural 

frequencies falling into the pass band of the attitude control system 

response. 

It is thus reasonable to investigate whether the power subsystem has 

the capability to provide power from the spacecraft battery during the 

periods when the array is shadowed. It should be noted that the greatest 

shadowing occurs about solstice, whereas the normal requirement for 

batteries occurs about the equinox eclipse season normally experienced by 

spacecraft in geosynchronous equatorial orbits. 
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Analysis must be made on the cycle life-time of the batteries, 

calculations of depth of discharge as a function of time into the mission 

and the optimum cell-string laydown pattern to minimize the number of 

strings simultaneously cut off. Blocking diodes must be included in the 

array electrical design. 

Thermal analysis of the effects of local shadowing of the array will 

be necessary to insure that thermally-induced stresses do not cause cells or 

cover glasses to fracture or cell interconnects to break. 

6.5 SOLAR TORQUE COMPENSATION 

The asymmetrically positioned reflector surfaces required for the 

mobile service will cause a secularly varying torque about the spacecraft 

pitch axis. Detailed study must be made of the solar pressure on the large 

deployable structures taking into detailed account the surface properties 

and orientations of the component parts of the structure. 

The resulting torques must be compensated in some manner. The two 

most obvious solutions are the use of an additional "solar sail" to counter 

balance the torque or an augmented momentum wheel incorporated into the 

attitude control system. Detailed dynamic simulation of the ACS must be 

performed in order to gain confidence that the reqUired pointing accuracy 

can be maintained. 

A problem also arises because the centre of mass of the spacecraft is 

shifted towards the outboard reflector. This asymmetry will require that 

the RCS thrusters be repointed to minimize unwanted torques when the 

thrusters fire. Significant analysis will be required if simple offset 

reflectors are used. 
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6.6 FLEXIBLE BODY DYNAMICS 

All of the missions require antenna structures which are larger than 

those used at present for the 4-6 GHz and 12-14 GlIz'communication satellite 

services. These structures will be flexible and have mechanical resonant 

frequencies near the ACS control band. Although the pointing accuracy 

required of the spacecraft body may be relaxed, the flexible body dynamics 

of the system must be carefully examined. 

In addition, for some mission requirements, the north-south station 

keeping requirement may be eliminated. If this is done, then the attitude 

control system will need a programmed pitch offset capability in order to 

maintain the antenna boresight at the proper location. 

6.7 UHF TRANSPONDER COMPONENTS 

The use of UHF transponder components is a new requirement for 

Canadian spacecraft. Hardware exists for the low UHF (military) 

requirements as this has been developed for FLTSATCOM (TRW), LEASAT (HUGHES) 

and DSCS III (GE). .Many of the components should be available, however, it 

is necessary for Canadian industry to develop transponder design capability 

in this area. Also new developments in power FET technology may permit the 

design of simpler, more reliable and modular units for the output stages of 

the transponder. 

The high UHF band, which is proposed for the mobile càmmunications is 

not expected to have the same background of previous space programs from 

which to draw. Thus it will be necessary to proceed with development of 

qualified components for the 800 MHz band. This development will be able to 

draw on a large base of equipment designed for terrestrial use in both the 

military and civilian sectors. 
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6.8 UBE - MOBILE FEED DESIGN 

As is the case for most reflector antennas, the design of the feed 

structure is a key element. This is the case for the 800 MHz mobile 

antenna. It wifl. be  necessary to breadboard and test the full-scale feed 

design including the beam forming network after a full numerical analysis 

and design trade off has been performed. This is important because many of 

the communications system parameters depend directly on the antenna 

performance. 
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7.0 CONCLUSIONS  

The M-SAT Alternate system study, carried out by CAL5 has achieved 

several objectives. It considered existing designs of communication 

satellites that can be modified with a minimum cost and risk, for a non-

shuttle launch by 1987, to support either or both of the Military and Mobile 

' missions. A detailed Mobile payload parametric analysis was carried out and 

optimum performance requirements for the Mobile spacecraft were established. 

These were reviewed, together with mainly well-defined Military performance 

requirements, to identify minimum cost spacecraft configurations which would 

satisfy varying degrees of communications payload and mission objectives, 

i.e. Mobile only, Military only and Combined missions. Finally, conceptual 

designs and potential programs to meet payload requirements were provided. 

Candidate host spacecraft, (compatible with Delta launch), for each 

of the missions were chosen by two methods: 

• Subjective evaluation after the spacecraft data was collected. 

The relative merits of each host spacecraft were being assessed 

against mission capacity requirements, cost, risk, schedule. 

• Detailed relative ranking: after evaluation criteria and 

relative weighting percentages were established, host spacecraft 

were then ranked relatively for each weighted criterion, and 

scores summed up for each mission. 

This resulted in the choice of the RCA 2770 lb. Advanced Satcom bus 

for both the Military and Mobile missions, and Intelsat V or L-SAT bus for 

the Combined mission. The Design Authority directed that Intelsat V should 

be considered here, while L-SAT was being studied under separate contract. 

The need for a Military spacecraft to be hardened against the natural 

radiation environment, as well as a potential nuclear threat was considered. 

Natural radiation was treated by TRW and ESA. Hardening against nuclear 

threat has been dealt with by GE and TRW on DSCS II, III and FLTSATCOM. The 

cost of test programs can vary from 5% to 20% of total program. 
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Passive Intermodulation analysis on all low UHF and 800 MHz services 

revealed no significant products. The shadowing of the solar array by a 

large reflector was analyzed to determine the power loss for which the 

batteries would have to compensate. The power loss can be reduced by 

carefully increasing the array's boom length. Solar torque was calculated 

for an RCA Mobile mission. Two obvious solutions are suggested: the use of 

Solar sails or an augmented momentum wheel. 

The 275-400 MHz Military operating characteristics, being firm, were 

not parametrically varied, except for the low UHF transmit and receive 

antenna designs, where for some candidate spacecraft, antenna mounting real 

estate difficulties were anticipated. This resulted in several possible 

antenna designs, of which a dual and a single helix were recommended for the 

Transmit and Receive antennas respectively, replacing the given quad and 

dual helilces. 

For the 800 MHz Mobile payload requirements, a large number of 

parameters were analyzed, such as modulation schemes, voice activation, 

channel bandwidth, frequency reuse, type and size of antenna, number of 

downlink beams, traffic intensity, blockage rate, number of users and hence, 

the number of channels over varying spacecraft lifetimes, eclipse 

capabilities, transmit net efficiency, antenna pointing error and effect on 

net gain, N-S stationkeeping. Link analyses were carried out for the double 

hop configuration to determine such parameters as Mobile transmit RF power 

and antenna gain, backhaul requirements etc. 

The parametric results can be efficiently compared with the 

capabilities of available buses. A novel and simple, but powerful, 

graphical solution was suggested for any Mobile or Military missions. It 

consists of plotting the payload required for any given case, as payload DC 

Power versus payload mass, and then superimposing on this plot the power 

versus mass payload "Envelope" capabilities of any available bus or buses. 
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It becomes apparent then, that not only any required payload falling "within 

the bus envelope" can be provided for by this bus, but also the maximum 

number of channels or payload services that can be achieve, lies "on the bus 

envelope". The interaction of all (variable) parameters mentioned above for 

the Mobile mission is simplified considerably by reducing the efforts to a 

graphical comparison. 

The parametric analysis was conducted with the objective of 

achieving, on most existing candidate spacecraft, as many of the total 

number of channels as possible. If, over a lifetime of seven years, 25,000 

Mobile users across Canada are expected, as suggested by a market survey 

study in another contract, then approximately 300 channels would be 

required. Therefore, the following results related to the possible number 

of channels were found, assuming at least 4 MHz RF bandwidth (possibly not 

more than 10 MHz) are available: 

• NBFM is inefficient. It requires frequency reuse, voice 

activation, 10 MHz bandwidth, prohibitive ground antenna gain, 
• Mobile DC power (as much as a few hundred watts) and large 

spacecraft antenna. In spite of these prohibitive demandà on 

available bandwidths and technology, it can only provide a 

fraction .of Canadian users coverage requirements. 

• The only possible solution, for available technology and a 1987 

launch, was found to be possible with voice activation and 

modulation schemes, such as Pitch Excited (42 dB.Hz) or 

Residually Excited (45 dB.Hz) with Linear Predictive Coding. In 

this case, there would be no need for frequency reuse. Table 

6.1 (Volume III) indicates that, for an RCA Advanced Satcom, 
Intelsat V and L-SAT buses, 400, 565 and 900 PE/LPC Voice 

activated (42 dB.Hz) are possible, with only a 24 foot antenna, 

even with NSSK and ±0.3 °  pointing error and L-Band aeronautical 

service. 
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• The corresPonding numbers for NBFM are 26, 39  and 64  channels. 

• Pointing accuracy, antenna size and number of beams have a first 

. 	degree effect on the net available gain, and hence the possible 

number of channels. The net gain decreases sharply at 50' for a 

±0.3 °  pointing error. Therefore, a 50 foot diameter reflector 

is not recommended in this case, since EOC gain is provided 

further down the side of beam pattern, as antenna diameter and 

pointing error increase. 

• The cumulative effect of changes in the independent parameters, 

even if small, was found to be surprisingly significant. This 

affects the total payload requirements and hence the spacecraft 

design. 

Conceptual designs were given for three configurations, namely: 

• Configuration 1: Military only (helices) on RCA Advanced Satcom 

• Configuration 2: Mobile only (30' reflector) on RCA Advanced Satcom 

• Conffiguration 3: Combined (helices and 30' reflector) on 

Intelsat V (FORD AEROSPACE) 

The results of Table 6.1 indicate that for a Mobile only, including the 

aeronautical and Maritime L-Band service, and RCA bus can serve over 33,000 

Canadian users using PE/LPC, i.e. an expected 8 year traffic, over 6 beams, 

without any frequency reuse. An Intelsat V bus does not offer.much more 

capability. It is not worth considering NBFM on an IV Combined mission, 

since in practice, and insignificant number of channels would be available. 

On a Combined IV or equally RCA Satcom, depending on many parameters, 

between 80 to 100 PE/LPC Mobile channels are available, without NSSK. 
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In Volume III the effect of adding NSSK, an essential requirement for 

Arctic coverage by  the  Military, on an RCA Combined Mission, is analyzed in 

detail. The results, for a 24 foot refléctor and 4 beams are summed up in 

Table 4.2 (Volume III). They suggest that for a 7 year mission: 

O 108, 250 and 726 PE/LPC Mobile channels are available, if only 

low UHF service is combined on an RCA, IV and L-Sat 

respectively. 

• zero, 125 and 608 PE/LPC Mobile channels are available, if low 

UHF and EHF services are combined. 

• only L-SAT can provide any mobile channel (442) with a total 

Military payload. 

• with an EHF experimental package, then 215, 297 and 640 Mobile 

channels are available. 

Volume V deals with the cost and schedule for the program. For a 4 

or 6 beam configuration, detailed antenna pattern computations, using CAL's 

existing software facilities, showed that, due to a ±0.3° pointing accuracy, 

the gain difference between 24 and 30 foot reflectors is only between 0.2 to 

0.7 dB. A 30 foot reflector offers no significant improvement in gain, but 

is also regarded by RCA and FORD as a critical size, which should not to be 

exceeded, as it involves further dynamic and stability considerations. 

Therefore, for an RCA or IV bus, a maximum diameter of 24 feet.is  

recommended for the Mobile transmit antenna. 

Finally, the RCA Advanced SATCOM is recommended for a Mobile only 

mission. For a partially Combined mission, such as a preoperational 

spacecraft, both RCA Advanced Satcom and Intelsat V are recommended, without 

NSSK. NSSK is possible, at the expense of further reduction in the Military 

services and/or the spacecraft's lifetime. The use of the simple, graphical 

parametric approach paves the way to apply novel ideas of load sharing, 

dumping and of using several spacecraft with different lifetime and NSSK 

capabilities. 
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This study defines some critical technology items that have to be 

resolved for a successful implementation of the program. They do not 

represent completely new technology. They are related to the large aperture 

reflector, deployable helices, flexible body dynamics, Military EHF 

components, UHF Transponder components and Mobile Feed design, solar array 

shadowing power system interactions, and solar torque compensation. 

Both RCA Advanced Satcom and Intelsat V have already flown many 

times. Both involve well-proven technology that should involve little risk, 

cost overrun or manufacturing delay for, a 1987 launch. 
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