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Memo
To:

Gabe Karpati

GSFC IMDC

CC:

Mike Carney

Branch Chief
 
KSC ELV Mission Analysis Branch
From:

Don Kraft

a.i. solutions, Inc.
Date:

January 25, 2002
Re:

Dispersion Estimates for the SNAP Mission
Mission Requirements

Orbit altitudes currently under analysis for the SNAP mission are 7000 km x 155830 km, 8000 km x 154830 km, and 10000 km x 152830 km.  The inclination currently assumed for all cases is 29 degrees.  Argument of perigee is not constrained.

Vehicle Configurations 

Rough estimates for Delta IV capabilities to these mission orbits have been provided previously as follows:


7000 km x 155830 km

   

Delta 4040-12
1350 kg

  

Delta 4240-12
2330 kg



Delta 4450-14
2600 kg


8000 km x 154830 km



Delta 4040-12
1250 kg

  

Delta 4240-12
2210 kg



Delta 4450-14
2450 kg


10000 km x 152830 km



Delta 4040-12
1100 kg

  

Delta 4240-12
2020 kg



Delta 4450-14
2230 kg



Delta 4040-12/SC
2700 kg

For the last case, spacecraft hydrazine propulsion is used to raise the perigee from vehicle parking orbit altitude to 10000 km.  The mass of 2700 kg is the final spacecraft mass after an expenditure of 311 kg of hydrazine with a specific impulse of 220 seconds.

Values are rough estimates because Delta IV models  have not been provided to KSC by Boeing and because these vehicles have not flown as yet.  No mission-unique modifications were assumed.  

Atlas V capabilities for the SNAP missions will be provided in the future when certain technical data requested from Lockheed-Martin become available.

Mission Design

For all cases, the Delta vehicle is launched from the Eastern Range (ER) into circular parking orbit at an inclination of 29 degrees.  A subsequent burn of the second stage places the vehicle in a transfer orbit with apogee altitude 7000, 8000, or 10000 km.  The vehicle coasts 180 degrees to apogee, where the second stage burns again to place the vehicle in the final orbit. 

Dispersion Analysis

The Boeing Delta IV Payload Planner’s Guide (PPG) provides predicted 3-sigma accuracies for the GTO mission, 185 km by 35786 km, of 3.0 nmi (5.6 km) in perigee and 93 km (50 nmi) in apogee.  These values correspond to 1-sigma dispersions at injection from parking orbit of 1.852 km in altitude and 0.000508 km/sec (5 ft/sec) in velocity.  Discussion of these values with Boeing resulted in adopting an increased velocity dispersion of 10 ft/sec as a compromise between the PPG value and the more conservative value guaranteed in the NASA Launch Services contract.  Although this value does not represent a contractual commitment, it is believed to be more realistic for spacecraft planning until flight data become available. Accordingly, the input dispersions used in the analysis were 1.852 km in altitude and 0.001016 in velocity (1-sigma).  This velocity dispersion should be invariant for all burns.

The PPG provides predicted 3-sigma inclination dispersions of 0.03 and 0.04 degrees for GTO and LEO orbits, respectively.  Inclination dispersions will not be considered in this analysis since, at this time, the mission requirement is not known.  Altitudes must be accurately maintained to assure repeatability of ground station coverage.  If inclination dispersion proves to be important, the 3-sigma value should be less than 0.1 degree.

The problem considered here is to determine the dispersions in the final orbit apogee and perigee as functions of vehicle dispersions in transfer orbit perigee altitude, injection velocity magnitude at transfer orbit perigee, and injection velocity magnitude at final orbit perigee. Analysis was performed by two independent methods, an analytic approach and a Monte Carlo simulation.  Results from both methods agreed closely.  The final steps of the analysis were to estimate spacecraft propulsion required to correct vehicle dispersions, to estimate the total spacecraft weight then required to meet a dry weight goal of approximately 2000 kg, and to determine an appropriate vehicle configuration to meet the spacecraft mass requirement.

Analytic Approach

Apogee radius (ra) may be expressed as a function of perigee radius (rp) and perigee velocity magnitude (vp) as follows, where  is the gravitational constant:
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(1)

Differentials of this expression provide a linear relationship for the dispersions:
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(2)

If parameters of the transfer orbit are denoted by a subscript 1 and parameters of the final orbit are denoted by a subscript 2,
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and Equation (2) provides an expression for the variance of final orbit perigee
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(3)

since rp1 and vp1 are independently and normally distributed.

Equation (2) applies also to the final orbit, i.e.
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(4)

Substituting for dra1 with Equation (2) and noting that
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where V is the velocity required for final orbit injection and
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(5)

allows Equation (4) to be expressed in terms of the independent variables.  Substitution gives the solution for dra2 and ra22.
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(6)

where
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 EMBED Equation.3  [image: image11.wmf]
Substituting the orbit parameter values for the SNAP mission  and the recommended input dispersions
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yields the following results:


185 km x 7000 km:  rp2 = 17.8 km, ra2 = 737 km


185 km x 10000 km: rp2 = 24.2 km, ra2 = 728 km

Monte Carlo Approach

A Monte Carlo routine was coded to verify the analytic results.  The routine selected sets of normally distributed random numbers with means of rp1, vp1, and V and standard deviations of 1.852 in rp1 and 0.001061 in vp1 and V.

Normally distributed numbers were generated by the formula
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where Ui is a uniformly distributed random number 0 < Ui < 1, S is the standard deviation, M is the mean value, and K was chosen as 144.  Values of rp2 and ra2 were calculated for each set for 30000 cases.

Results for the Monte Carlo runs were as follows:

185 km x 7000 km:  rp2 = 17.7 km, ra2 = 739 km


185 km x 10000 km: rp2 = 24.1 km, ra2 = 730 km

Spacecraft Propulsion and Mass


Because the final SNAP orbits are high altitude, the mass of spacecraft hydrazine required to correct 3 vehicle dispersions is quite small.  Hydrazine masses are shown in the following table for initial spacecraft masses specified above as the vehicle capabilities.

	Perigee, km
	Dispersion
	Dispersion, km
	Hydrazine,kg

Delta 4240
	Hydrazine, kg

Delta 4450

	7000
	3 Perigee
	54
	1.2
	1.4

	7000
	3 Apogee
	2220
	4.2
	4.7

	10000
	3 Perigee
	73
	1.3
	1.4

	10000
	3 Apogee
	2190
	4.0
	4.4


Conclusion

No formal performance or error models for Delta IV or Atlas V have as yet been provided to KSC by the vehicle contractors.  Also, no flight data is available for these vehicles.  Therefore, the SNAP results shown here should be regarded as preliminary estimates.  However, for the high altitude SNAP orbits, spacecraft hydrazine propellant mass required to correct vehicle dispersions is very small.

Atlas V results similar to the above data can be provided, if requested, when model information becomes available.
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