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This chart provides a review of the phase 1 objectives and methodology. 
During the fust phase, we identified 5 reference missions and 3 optional 
mission for tug applications. We defined and evaluated 12 or 13 candidate tug 
concepts over the course of the study. The nuclear bimodal tug was one of the 
top candidates. 
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During phase 2 of the study , the mission applications were refmed and the 
phase 1 nuclear bimodal tug concept was evaluated using two reactor options, 
the IWBA 1 and the NEBA 3 systems. The study effort was focused in three 
primary areas; performance analysis, configuration analysis,' and economic 
analysis. 



We have a two module vehicle concept which includes a reusable tug and a 
separate propellant and payload module. The two modules can be integrated 
and launched together for the first flight. The tug can deliver the payload to its 
destination and then return to a park orbit to wait for the next mission. For the 
subsequent missions, the propellant and payload module is launched to a 
rendezvous and dock orbit (185km). The tug uses its hydrazine RCS system to 
descend and dock with the propellant aqd payload module. After the docking 
operations are complete, the tug departs for the next destination. 



Phase 2 mission applications and the orbital parameters are identified on this 
chart. It was assumed that the tug performed the mission and returned to a 
park orbit for all except the planetary ( Mars, Jupiter, and Pluto) and the 
asteroid missions. Each of the planetary and asteroid missions was performed 
on the tug's last flight. 
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Mission Analysis Groundrules 

I Bimodal Reactor Characteristics 

Power (kWe) 
Thrust (N) 

NEBA-1 NEBA-3 

ISP (4 
Mass (kg) 1410 1589 

Propulsion 
- Thermal Propulsion Moves Payloads and Returns Tug to Park Orbit 
- Electric Propulsion Provides Stationkeeping 

End of Life Disposal AV = 100 mls 
' Tug Park Orbit = 500 km 

Propellant and Payload Module Orbit = 185 km 
Vehicle Mass Properties Factors - Dry Mass Contingency = PO%;Propellant Residuals = 1.5% (of total 

Propellants); Flight Performance Reserve = 2% (of AV) 
Mission Profile 

8 

Mission Analysis Groundrules 
This study evaluated two bimodal reactor options for use in a space tug 
application: NEBA-1 and NEBA-3. The characteristics for these reactors 
were provided by Philips Laboratory and are highlighted on the chart above. 
To take advantage of the relatively fast transfer times (compared with electric 
propulsion systems), the thermal propulsion capability of the bimodal reactors 
was groundruled for transporting satellites. Electric propulsion was assumed 
to be used for station-keeping. A trade was performed to determine the best 
propulsion option for the tug's return to its LEO parking orbit. 
The remainder of the chart highlights the other mission analysis assumptions 
used for this study. 
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Initial Performance Analysis - Missions 

I Payload Delivered (kg) I P ayload Returned (kg) 
2268 0 
3628 0 I I 

* Moved from Cpafional Orbit to Dspcdal Orbit 

Initial Performance Analvsis - Missions 
The mission analysis portion of this study was divided into two phases: 
Preliminary, and Final. In the preliminary phase, the payloads were fxed and 
the launch vehicles were assigned to the various payloads based on their LEO 
mass requirements. In the final phase, the payload capabilities of the tug were 
determined based on the maximum delivery capability of the launch vehicles 
considered. Also, asteroid missions were added to the mission set for the final 
analysis. 
For the planetary missions (Mars, Jupiter, Pluto, and Asteroid) , the mission is 
performed on the tug’s last flight and the tug is not returned. 
The chart above lists the payload masses for the missions evaluated. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit &e., GPS orbit) 
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Initial Performance Analvsis - NEBA-1 
The chart above shows the total mass required in LEO to perform the missions 
listed using the NEBA-1 bimodal reactor. It also shows the launch vehicle 
required to deliver this mass to the LEO drop off point. 
1st Flight Total Mass refers to the LEO mass required to complete the mission 
on the tug’s first flight, when the tug also must be placed into orbit. The 
Steady State Total Mass refers to the required LEO mass when the tug when 
the tug is already on orbit and it merely picks up the payload-propellant 
module for delivery to the final destination, Le., geostationary orbit. The 
steady state masses are lower because the tug is already in orbit and does not 
need to be delivered to LEO by the launch vehicle. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit @e., GPS orbit) 
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Initial Performance Analvsis - NEBA-1 
The chart above shows the total propellant required to complete the listed 
missions using the NEBA-1 bimodal reactor. Since the payload masses are 
identical for the 1st flight and steady state options, the propellant loads are also 
identical. This chart also shows the thermal bum time required of the bimodal 
reactor to complete the mission, delivery and return (if necessary). 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLk trans-lunar injection 
MEO: medium earth orbit @e., GPS orbit) 
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Initial Performance Analysis - NEBA-3 
The chart above shows the total mass required in LEO to perform the missions 
listed using the NEBA-3 bimodal reactor. It also shows the launch vehicle 
required to deliver this mass to the LEO drop off point. 
1st Flight Total Mass refers to the LEO mass required to complete the mission 
on the tug’s first flight, when the tug must also be placed into orbit. The 
Steady State Total Mass refers to the required LEO mass when the tug is 
already on orbit and it merely picks up the payload-propellant module for 
delivery to the final destination, i.e., geostationary orbit. The steady state 
masses are lower because the tug is already in orbit and does not need to be 
delivered to LEO by the launch vehicle. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLk trans-lunar injection 
MEO: medium earth orbit (i.e., GPS orbit) 



Initial Performance Analysis - NEBA 3 

14 

Initial Performance Analvsis - NEBA-3 
The chart above shows the total propellant required to complete the listed 
missions using the NEBA-3 bimodal reactor. Since the payload masses are 
identical for the 1st flight and steady state options, the propellant loads are also 
identical. This chart also shows the thermal bum time required of the bimodal 
reactor to complete the mission, delivery and return (if necessary). 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit (Le., GPS orbit) 
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Preliminary Conclusions 

Most Space Tug Missions Require Larger Launch 
Vehicles, Le., Titan 111 or Titan IV 
Electric Propulsion Returns Are Not Viable at the 
10 kWe Power Level - Extremely Long Return Times 
Thermal Burn Times Are Less Than 10 Hours for All 
Missions Except Outer Planet Missions 
- Outer Planet Missions Can Approach 20 Hours 

The Bimodal Space Tug Analyzed Is Not Capable of 
Launch Vehicle Step-down 

Preliminary Conclusions 
This chart summarizes the conclusions that could be drawn from the 
preliminary phase of the mission analysis. 
NEBA-1 and NEBA-3 are very similar in their performance capabilities. As a 
result, NEBA-3 was used as the baseline for the remainder of the study. 
After considering the LEO masses required for the payload masses considered, 
most space tug missions require the larger launch vehicles, e g ,  Titan III or 
Titan IV. 
Due to their extremely long return times, electric propulsion returns are not 
viable at the 10 kWe power level (see the folowing “Space Tug Return 
Trade”). 
The bimodal space tugs analyzed were not capable of launch vehicle stepdown, 
while operating in a tug mode. 
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Space Tug Return Propulsion Groundrules 
-. -I- 
* GSO Delivery Mission 

2268 kg Payload 
No EP Thruster “Burnout” 
NEBA-3 10 kWe Reactor 
NH3 Arcjet Isp = 800 sec 
Xelonlsp =3000sec 
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Space Tug; Return Propulsion Groundrules 
This chart summarizes the groundrules used for the return propulsion trade. 
A 2268 kilogram geostationary orbit (GSO) was used as the baseline mission 
for this trade because its mission characteristics were determined to be most 
representative of the baseline tug mission. 
No electric propulsion (EP) thruster burnout was assumed, meaning the EP 
thrusters were assumed to possess infinite lifetime. This groundrule favors the 
EP return options. 
A 10 kWe NEBA-3 reactor was assumed. 
The EP thruster specific impulses (Isp) are also shown. 



These Times Would Approimately 
Double for a 5 kWe System 

Space TUB Return Prouulsion Trade Results 
Three return options were considered for this trade study: Thermal Propulsion, 
Ammonia Arcjet EP, and Xe Ion EP. 
This chart highlights the results of this trade study, showing the required liquid 
hydrogen propellant (for the thermal propulsion system), the auxiliary 
propellant (for the return EP system), the first flight total mass, the steady 
state total mass, the delivery time, and the tug’s return time. 
The total mission time for the thermal option is less than 10 days, with a three 
day return time. In contrast, both EP options had return times in excess of 500 
days. The EP return time is approximately inversely proportional with reactor 
power level, thus a five kWe system would have return times twice as long and 
a 20 kWe system half as long. 
The Ion EP return option has a LEO mass 25% (1st flight) to 30% (steady 
state) lower than the thermal return option, and the Arcjet EP return option has 
a LEO mass 25% (1st flight) to 30% (steady state ) higher than the thermal 
return option. 
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Phase 1 (RTCS) vs. Phase 2 (STA) 
This summarizes the differences between the first phase of the space tug 
contracts, the Reusable Space Tug Concept Study (RTCS), and the second 
phase, Space Tug Applications (STA). 
The most significant differences between the reactors evaluated during the two 
phases lie in the electric power levels and the thermal thrust levels. The higher 
electric power level of the RTCS reactor enabled an EP return in 155 days, and 
the associated lower LEO masses. 



Ammonia Arcjet Return Option Has Highest IMLEO 
(21 t 1st  Flight and 18 t Steady State) Requirements and Long Mission 
Times (-1.5 years) 
Xenon Ion Return Option Has Lowest IMLEO Requirements 
(12 t 1st Flight and 9 t Steady State) and Longest Mission Times (-1.75 
years) 
Thermal Return Option Has Medium IMLEO Requirements 
(16 t 1st Flight and 13 t Steady State) and Shortest Mission Times (-10 
days) 

Thermal Option Selected for Further Analysis Due to 
the Extremely Long Mission Times (21.5 years) 

Associated with the Electric Return Options 
3 
j 
$ 

L 1 
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Space Tug Return Propulsion Conclusions 
This chart summarizes the conclusions of the “Space Tug Return Trade.” 
The thermal return option was selected due to the extremely long return times 
(2 1.5 years) associated with the EP return options. 
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Pavload CaDabilities - Delta 7920 
This chart shows the payload capability of the tug in two operating modes (1st 
flight and steady state), as a function of mission and launch vehicle lift 
capability (LEO mass). It also shows the propellant required to complete the 
missions. Gray areas represent missions that the tug cannot perform because 
the launch vehicle’s LEO delivery capability is too low. 
The payload capabilities and propellant quantities shown do not reflect payload 
fairing envelope constraints. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI trans-lunar injection 
MEO: medium earth orbit @e., GPS orbit) 



Mission Times - Delta 7920 
This chart shows the mission times of the tug in two operating modes (1st 
flight and steady state), as a function of mission. It is divided into Outbound 
Time, Loiter Time, and Return Time. Outbound Time includes “burn phases” 
and outbound coast phases, signified by the letter “C” after a number (i.e., 5C 
would indicate a 5 day coast time). The bum phases encompass all time from 
the start of the first bum to the end of the last bum required to meet the 
injection requirements of the mission. In multi-bum scenarios, the bum phases 
thus consist of actual bum times and intermediate coast times. Loiter Time 
indicates time between Outbound and Return phases, or between Outbound 
and bums at the destination asteroids in the case of the asteroid missions. 
Gray areas represent missions that the tug cannot perform because the launch 
vehicle’s LEO delivery capability is too low. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit (i.e., GPS orbit) 
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Payload Capabilities - Atlas IUS 
This chart shows the payload capability of the tug in two operating modes (1st 
flight and steady state), as a function of mission and launch vehicle lift 
capability (LEO mass). It also shows the propellant required to complete the 
missions. Gray areas represent missions that the tug cannot perform because 
the launch vehicle's LEO delivery capability is too low. 
The payload capabilities and propellant quantities shown do not reflect payload 
fairing envelope constraints. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit (Le., GPS orbit) 

7- 



Mission Times - Atlas IIAS 
This chart shows the mission times of the tug in two operating modes (1st 
flight and steady state), as a function of mission. It is divided into Outbound 
Time, Loiter Time, and Return Time. Outbound Time includes “burn phases” 
and outbound coast phases, signified by the letter “c” after a number (Le., 5C 
would indicate a 5 day coast time). The burn phases encompass all time from 
the start of the first burn to the end of the last burn required to meet the 
injection requirements of the mission. In multi-burn scenarios, the burn phases 
thus consist of actual burn times and intermediate coast times. Loiter Time 
indicates time between Outbound and Return phases, or between Outbound 
and burns at the destination asteroids in the case of the asteroid missions. 
Gray areas represent missions that the tug cannot perform because the launch 
vehicle’s LEO delivery capability is too low. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI trans-lunar injection 
MEO: medium earth orbit (i.e., GPS orbit) 
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Pavload CaDabilities - Titan El 
This chart shows the payload capability of the tug in two operating modes (1st 
flight and steady state), as a function of mission and launch vehicle lift 
capability (LEO mass). It also shows the propellant required to complete the 
missions. Gray areas represent missions that the tug cannot perform because 
the launch vehicle’s LEO delivery capability is too low. 
The payload capabilities and propellant quantities shown do not reflect payload 
fairing envelope constraints. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI trans-lunar injection 
MEO: medium earth orbit &e., GPS orbit) 



Mission Times - Titan 111 
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Mission Times - Titan El 
This chart shows the mission times of the tug in two operating modes (1st 
flight and steady state), as a function of mission. It is divided into Outbound 
Time, Loiter Time, and Return Time. Outbound Time includes “burn phases” 
and outbound coast phases, signified by the letter “C” after a number @e., 5C 
would indicate a 5 day coast time). The burn phases encompass all time from 
the start of the fxst burn to the end of the last burn required to meet the 
injection requirements of the mission. In multi-burn scenarios, the burn phases 
thus consist of actual burn times and intermediate coast times. Loiter Time 
indicates time between Outbound and Return phases, or between Outbound 
and burns at the destination asteroids in the case of the asteroid missions. 
Gray areas represent missions that the tug cannot perform because the launch 
vehicle’s LEO delivery capability is too low.. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit @e., GPS orbit) 



Payload Capabilities - Titan IV (Type I) 

Payload Capabilities - Titan IV (Tyue I). 
This chart shows the payload capability of the tug in two operating modes (1st 
flight and steady state), as a function of mission and launch vehicle lift 
capability (LEO mass). It also shows the propellant required to complete the 
missions. Gray areas represent missions that the tug cannot perform because 
the launch vehicle’s LEO delivery capability is too low. 
The payload capabilities and propellant quantities shown do not reflect payload 
fairing envelope constraints. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI trans-lunar injection 
MEO: medium earth orbit (i.e., GPS orbit) 
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Mission Times - Titan IV (Type I) 
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Mission Times - Titan IV (Tvpe I) 
This chart shows the mission times of the tug in two operating modes (1st 
flight and steady state), as a function of mission. It is divided into Outbound 
Time, Loiter Time, and Return Time. Outbound Time includes “burn phases” 
and outbound coast phases, signified by the letter “C” after a number (i.e., 5C 
would indicate a 5 day coast time). The burn phases encompass all time from 
the start of the f i s t  burn to the end of the last burn required to meet the 
injection requirements of the mission. In multi-burn scenarios, the burn phases 
thus consist of actual burn times and intermediate coast times. Loiter Time 
indicates time between Outbound and Return phases, or between Outbound 
and burns at the destination asteroids in the case of the asteroid missions. 
Gray areas represent missions that the tug cannot perform because the launch 
vehicle’s LEO delivery capability is too low. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLk trans-lunar injection 
MEO: medium earth orbit (i.e., GPS orbit) 



load Capabilities - Titan IV (Type II) 

Pavload Cauabilities - Titan IV (Tvue Q 
This chart shows the payload capability of the tug in two operating modes (1st 
flight and steady state), as a function of mission and launch vehicle lift 
capability (LEO mass). It also shows the propellant required to complete the 
missions. Gray areas represent missions that the tug cannot perform because 
the launch vehicle’s LEO delivery capability is too low. 
The payload capabilities and propellant quantities shown do not reflect payload 
fairing envelope constraints. 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit @e., GPS orbit) 



Mission Times - Titan IV (Type II) 

Mission Times - Titan IV (Tvue I). 
This chart shows the mission times of the tug in two operating modes (1st 
flight and steady state), as a function of mission. It is divided into Outbound 
Time, Loiter Time, and Return Time. Outbound Time includes “bum phases” 
and outbound coast phases, signified by the letter “C” after a number (i.e., 5C 
would indicate a 5 day coast time). The bum phases encompass all time from 
the start of the first burn to the end of the last bum required to meet the 
injection requirements of the mission. In multi-bum scenarios, the bum phases 
thus consist of actual bum times and intermediate coast times. Loiter Time 
indicates time between Outbound and Return phases, or between Outbound 
and burns at the destination asteroids in the case of the asteroid missions. 
Gray areas represent missions that the tug cannot perform because the launch 
vehicle’s LEO delivery capability is too low. - 
GSO: geostationary orbit 
LLO: low lunar orbit 
TLI: trans-lunar injection 
MEO: medium earth orbit (i.e., GPS orbit) 
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Groundrules & Assumptions 
Atlas Fairing Fit Check 
Titan 111 Fairing Fit Check 
l l f t  Diameter Configuration 
Titan IV Fairing Fit Check 
14ft Diameter Configuration 
Issues & Concerns 
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Groundrules & Assumptions 

Reactors Are NEBA 1 and NEBA 3 From OECS Study 2/95 
NEBA 3 Reactor Better Suited for Rendezvous & Docking Applications 
Configurations Shown Are a Physical Fit Check for Each Launch 
Vehicle Considered 
Propellant Tank Sizing Determined by Refined Performance Runs 

The emphasis of this study was to focus on the performance capabilities of a nuclear type tug 
concept and not the detailed design considerations. The major design drivers were identified. 
The study groundrules included the use of only the NEBA 1 & 3 from the OECS 2/95 study as 
the main source of power and propulsion. 

The scope of this effort also didn’t include a detailed assessment of the launch vehicle / tug- 
payload integration. The following charts show a physical fit check of length and diameter for 
the tug-payload concepts. This was not a full loads/CG analysis. 

It should also be noted that the propellant tanks for each configuration reflect only the 
propellant numbers shown in the final analysis portion of the performance section. The 
diameters were defined by the common diameters of the payload fairings to be used by the 
different classes of launch vehicles. The lengths were defined by the propellant quantities for 
each launch vehicle and the largest capacity for the fairings while still showing a positive fit. 

Byause the mission model for this study was not a standard definitized model a more abstract 
approach took place. In the absence of defined payloads the payload lengths from the OECS 
study were used as a point of departure. These lengths will be shown later in this section. 



Fairing: 9ft - Medium Fairing: l i f t  -Large Fairing: 1 I f t  -Large (7ft stretch) 
Mission: Asteroid Flyby Mission: Asteroid Flyby Mission: Asteroid Flyby 
Payload: 2.6 rn Payload 2.6m Payload: 2.6m 
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The Delta launch vehicle turned out not to be a good candidate for this type of 
tug because of the payload fairing size and the amount of propellant 
incompatibility needed for any potential mission. 

The chart shown here is a first pass through the existing and planned fairings 
for the Atlas launch vehicle. The fit check showed that the medium and large 
existing fairings are not viable candidates based on the propellant defined in 
the final performance analysis for this type of vehicle. With the assumption of 
the payload length and the propellant quantities the overall system would not 
physically fit in these two fairings. 

Although the only candidate fairing is the 7th stretch, it is only a proposed 
option and is not in production. 

The NEBA 1 option was eliminated because of it long heat pipes that are not 
conducive for rendezvous and docking and the difficulties in packaging them 
for initial deployment. 



Atlas Fairing Fit 
First Flight 

Tank Dia. (m) 
Tank Lng (m) 
Prop. Quant (kg) 
Fairfng Size (m) 
Max Mission 
Payload Lng (m) 
Mission Capture % 

1 Issues: 
7ft Stretch Fairing Paper 

Desian 

I O i y  Fairing Possible 
No CG Location 

Assesment Made 

Steady State 

3.35 Tank Dia. (m) 
5.7 Tank Lng (m) 

2,900 Prop. Quant (kg) 
4.2 115.3 Fairing Sire (m) 

Asteroid Flyby Max Mission 
1.6 Payload Lng (m) 

0.06% Mission Capture % 

3.35 
6.7 

3,500 
42115.3 

1.6 
0.0 % 1 

37 

A more detailed look at the NEBA 3 tug concept shows that there are a certain 
number of missions, as defined in the performance section, that will fit in this 
fairing. As was mentioned before, this is the only fairing that will work for 
the Atlas launch vehicle with the defined mission propellantquantities. A 
maximum amount of propellant for this configurations in the first flight mode 
would be 2900 kg. And the maximum quantity for the steady state missions 
would be 3500 kg. 

It should be mentioned again that this fairing is not currently in production and 
is only a paper fairing. Because it is the only one that would work for the 
Atlas vehicle it has been included here as a point of reference. 



Prop. Quant (kg) 
Fairing Size (m) 
Max Mission 
Payload Lng (m) 
Mission Capture % 

P 

I Issues: 
Titan 111 No Longer In 

Production 
Only Fairing Possible 
No CG Location 

Assessment Made 

3.35 
9.00 

4,900 
4.00 116.31 

Asteroid Flyby 
1.6 
6% 
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Steady State 

Tank Dia. (m) 3.35 
Tank Lng (m) 10.00 
Prop. Quant (kg) 5,500 
Fairing Sire (m) 4.00 116.31 
Max Mission 
Payload Lng (m) 
Mission Capture % 

L O C K U E I D  Y A B I I Y  +$- 

The Titan III is also a frequently asked about option for this type of application 
but it should be pointed out that it is no longer in production and would be an 
added financial hit to the overall contract to start it up just for this type of 
application. In order for this to be considered these costs must be factored in 
for clarity. 
This concept shows that the fxst flight has capability of 4800 kg of propellant 
and the steady state has 5500 kg. This is not enough length for the tank to 
capture all the missions previously defined. 



r 

PROP. TANK S I Z U  Dia. 3.4 m 
FF Lng (%eo0 kg ~mp.1 5.6 m . ss Lng ( 5 W  kg Pmp.1 10.0 m 

W R A C l E E E E Q  
Structure 344 
RCS System 94 
Avionics 460 

Conthgency (20%) 180 

Reactor 1589 

m 
533 

!2Bamlw 
RCS Prop. (N2H4) 

Tug W Dla. (ft) 11.0 
Tank W Dia. (ft) 11.0 

Reactor NEBA 3 
Vac. Thrust (N) 900 
Vac. ISP (sec) 850 
Elec. Power (kWe) 10 
Core Diameter (cm) 65.5 
Assembled Length(cm) 116.2 

I 

I f t  Diameter Configuration - Atlas & Titan 111 

Payload 1 

Jank Lena th = 10.0 Q Staae Lenath = 4.5 rn 
Assembled Tank Penetration = 0.66 m 

Characteristics : - Liquid Hydrogen Propellant - Tank Size = 3.6 m Dia. x Various Lengths 
Mission Specific Driven - RCS System Attached to Docking Portion of 

Tug c 

The configuration shown here is a common approach to both the Atlas and 
Titan JJI vehicle with a diameter of 3.6 m (1 lft). The chart shows only mass 
numbers for the tug and not the tank. The tank configuration and details would 
be defined as the exact size and propellant quantity are identified for a specific 
mission and payload. 
The method of docking is the modified probe and drogue approach. The tank 
is the target and the tug is the source. Both must be stabilized by RCS 
thrusters prior to the docking. Docking must be performed by the RCS system 
due to the moderate thrust and high response rate. 



Fairing Fit Check 

NEBAM . 

Faking (m) 5.091 26.21 Fairing Sire 5.09/ 2621 Fairing Size 5.09/ 2621 
Mission GSO Disposal Prop. (kg) 14,500 Prop. (kg) 14,500 
Payload Lng 2.6 rn Payload Lng 2.6 rn 
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This chart shows the fit check of the Titan 86ft fairing with the two reactors 
and the maximum tank length. Although the NEBA 1 would fit in this 
configuration with a shorter tank, to maintain common approach across the 
concepts the NEBA 3 was again selected for further detail work. The R&D 
concerns of the NEBA 1 are still an issue here as well. 



Issues: 
No CG Location 

Assessment Made 
Controls Assessment of 

On Orbt Rendezvous & 

First Flight Steady State 

4.27 
19.11 

17,500 Prop. Quant. (kg) 
Faking Size (m) 5.09 I2621 
Max Mlsslon 

TbnIV-Tl GSO Disposal TltenIV-Tl GSO Dis~osal 
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For the Titan IV configurations, the Type 1 is the SRM Titan and the Type 2 is 
the SRMU Titan. Because the Type 2 can lift more weight, it drives the 
propellant quantities up for any given mission, and the increased tank length 
proves a limiting factor for the different missions. More lift^capability means 
more launch vehicle payload which in turn means more tug propellant to lift 
the added payload. This means longer tanks than the same mission by a Type 
1 Titan. Because the payload fairing does not increase in length as well, the 
number of missions that the Type 2 vehicle can capture, based on the final 
mission performance analysis, is fewer than the number for the Type 1 (see 
final mission performance section). 
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This configuration shows the tug concept for the Titan class payload fairings. 
Here is shown the same as the 3.4m (1 lft) the 4.3 m (14ft) diameter tug 
concept with only tug weights considered. 
Note: Although the detailed tank weights are not shown on these two charts 
they were used in the performance calculations shown in that section. 



Issues & Concerns 

Rendezvous & Docking With Boom Extended - Controls Issues 
NEBA 1 Fragile Heat Pipes for Rendezvous & Docking 
Autonomous Rendezvous & Docking Capability 
Payload CG Location With Respect to Launch Vehicle Payload Limits 
Payload Volume -vs- Payload Weight 
Availability of Atlas 7ft Stretch Payload Fairing 

The issue of rendezvous and docking with the boom extended on the tug end of 
this concept would be a design challenge from a controls stand point. The 
placement of RCS lines and the location of multiple sets of thrusters are the 
main drivers. 
The CG analysis of the placement of the tug and payload end for end has not 
been done and should be for the next phase of study. 
With the payload length being constrained to less than 2.6m for this study 
only, a more detailed assessment would be completed when a real payload is 
identified as a candidate for this tug concept. At that time a trade between 
payload volume and weight will show the best case for payload length and 
distribution. 
The life of system elements becomes a serious design issue for the life of this 
vehicle. For instance, the arcjet thruster have a life of 100 days and the Ion 
thruster for 400 days. If these were used as the main propulsion transfer 
system the overall life of the tug would be substantially shortened unless 
replacements were included and phased in as needed 
Other issues have been covered in earlier charts. 



Economic Assessment 
Operational Impacts 
Technology Issues 
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All Costs Reported in Millions of 1995 Dollars 
Program Phases Include DDT&E, Production, and Integration and 
Operations 
No Fee or Indirect Government Support Cost is Included 
Cost Uncertainties are Included in Each Cost Element 
Initial Launch Capability (ILC) is 2000 
Nominal Mission Model of 4 Flights per Year 
First Build of the Tug Completed in 1999 
Sustaining Engineering and Program Management are Included 
Overall Learning Curve of 92% for Full Scale Production 
Stage Life is Assumed to be 10 Missions 
Launch Vehicle Costs are Included 
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Groundrules and Assumptions used in the economic analysis are listed on this 
chart. Those which had the most influence on the study results were: 1) ILC 
of 2000 2) Mission model of 4 flights per year 3) Stage life of 10 missions. 
The ILC date itself is not as significant as the implied 5 year development 
program. The spread of the nonrecurring cost within the development time 
directly influences the economic analysis which are used to evaluate 
attractiveness of the investment. The annual flight rate is significant because it 
allows us to calculate the required number of vehicles necessary for the 
mission model. The cost per vehicle decreases as the number of vehicles 
required increase. The value of 4 was selected as a nominal value, however, 
we were unable to identify specific missions for these flights. Stage life, or the 
number of times the vehicle can be reused, is probably the single largest factor 
in determining the recurring cost per flight for the tug. The average mission 
was approximately 10 hours and according to our study inputs, the thermal 
nuclear burn time is limited to 100 hours for the NEBA designs. Thus, ten was 
the average vehicle life. 
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This chart illustrates the savings which result if a tug were available to perform 
mission which currently have to be performed using the Titan IVKentaur . 
The savings are shown as a function of the tug recurring cost and the number 
of years the system is planned to operate. Our baseline analysis is based on 20 
years of operations and a recurring cost of $34 M per flight. Thus, the 
projected savings is between $65 M and $70 M per flight. These savings are 
necessary to calculate the break-even period for the tug. 
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Net value analysis provides for economic evaluation of projects. It is based on 
looking at the differences between revenues (or savings) and costs. A positive 
net value indicates a satisfactory investment. The rate represents a minimum 
rate of return that can be obtained by investing in alternative projects. The 
alternative uses of capital may or may not be easy to determine. If an 
alternative use involves leaving the money in bank, the rate rate of return is 
easy to determine. Often, in project evaluation, the alternatives are not clear 
cut and a rate is selected based on past rate of return performance based on 
similar projects. The NPV for the tug which has a recurring cost per flight of 
$30M has been calculated using a range of rates for project lives of 10,15, and 
20 years. The project is not satisfactory at any rate for the 10 year life. The 
project is satisfactory at 15 and 20 years of life for rates of approximately 10% 
of less. 

. 
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The analysis on this chart is similar to the previous page except that the 
projected tug recurring cost was increased from $30M to $40M per flight. The 
economic analysis is sensitive to the recurring cost and this chart indicates how 
the project becomes less attractive as this cost increases. 
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Vehicle mission lifetime is a prime driver of the vehicle recurring cost. The 
nominal lifetime based on the projected nuclear thermal burn time for the 
NEBA systems is ten. This chart indicates how the cost per flight decreases 
as the vehicle life increases. Increasing the lifetime from 10 to 20 would 
potentially drop the cost per flight from $34M to near $29M. 
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This chart illustrates the sensitivity of the break even period to the 
nonrecurring cost. The break-even period for an investment occurs when the 
IWV equals zero. Thus, we can see from the chart that the nonrecurring cost 
must be less than $lB to achieve a 10 year break-even. A 15 year break-even 
occurs for an investment cost near $1.4 B for the nominal nonrecurring tug 
cost, estimated near $1.6l3, the break-even period is slightly more than 20 
years. 
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Benefits of the tug were examined for a commercial satellite case scenario. 
We have assessed two options for a commercial satellite which was not 
delivered to its final operational orbit by the launch vehicle. Since the satellite 
was insured the insurance company may negotiate with the satellite user and 
make a residual insurance payment. for the first option, we assumed the 
satellite user applied the insurance payment to the cost of the tug ($35M) 
which transported the satellite to the correct orbit. This satellite operates on- 
orbit for a 15 year period. for the secona option, we assumed the satellite used 
its mission propellant to achieve the correct orbit. This option shortens the on- 
orbit life of the satellite; we assumed the satellite was only able to operate for 
6 years before a replacement was necessary. At three different rates of return 
(15% - 25%) and a variety of insurance payments ($30 - $50M), the option 
with the tug has a higher net present value than the option which uses its own 
propellant to reboost. Thus, the economic analysis favors use of the tug for 
this case scenario. 



System Operations Assessment 
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The key top level operational requirements were evaluated to assess 
compatibility with the existing infrastructure and identify potential barriers to 
the system. No critical barriers or restrictions were identified in this 
preliminary assessment. 
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Four key tug technology categories were identified. The categories include 
autonomous rendezvous and docking, on-orbit propellant management, reactor/ 
tug integration, and nuclear bimodal system development. Many of the issues 
associated with the first two categories, autonomous rendezvous and docking 
and on-orbit propellant management, will be addressed by the International 
Space Station Alpha program. 



Impact Analysis Summary 

Development Costs will be the Primary Driver in this Program 
- Should Investigate Cost Sharing 

Economic Analysis Indicates Moderate-High Level of Risk Associated 
with Concept 
- Cost Uncertainty 
- Lengthy Breakeven 
- LowNPV 

Existing Operations Infrastructure Compatible with System Operations 
Requirements 
Space Station Addressing Some Key Concept Technologies 
- Automated Rendezvous & Docking - On-Orbit Propellant Management 
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Based on the preliminary economic analysis there is a moderate-high amount 
of risk associated with the tug system at this point in time. The risk is reflected 
in the uncertainty of the tug system cost, the lengthy break-even, relatively low 
NPV and low rates of return. It should be pointed out that the economic 
analysis is dependent on the mission model and thus these analysis should be 
repeated as more definitive mission models can be identified. 

A quick overview of tug system and its operations did not reveal any program 
threatening operational issues. In addition, several of the key system 
technologies, including rendezvous and docking and propellant management, 
are being addressed by the space station program 
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Several potential tug benefits were identified during the mission analysis. The 
tug enables the delivery of large( >3,500 kg) payloads to the outer planets and 
it increases the GSO delivery capability by 20% relative to current systems. 
By providing end of life disposal, the tug can be used to extend the life of 
existing space assets. It can also be used to reboost satellites which were not 
delivered to their final orbit by the launch system. - 
A specific mission model is the key to validating the tug concept. Once a 

mission model can be established, mission analysis can be used to determine 
more precise propellant quantities and burn times. In addition, the specific 
payloads can be evaluated for mass and volume compatibility with the launch I 
systems. Results of the economic analysis will be dependent on the total years 
of operations and the number of missions in the mission model. 
The mission applications evaluated during this phase drove the need for large 
propellant quantities and thus did not allow the payloads to step down to 
smaller less expensive launch systems. 
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