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Hayabusa Overview 

    - Japan Aerospace Exploration 
      Agency (JAXA) mission 

 - Asteroid sample-return technology 
      demonstrator 

 - JPL had a navigation 
      role during the 
      Earth-return phase 
aaaaaaaa 
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Spacecraft  
(life-size mockup) 

Wet mass: 510 kg!
  -chemical propellant: 70 kg!
  -Xe propellant: 60 kg!

RF: X-band!

Power: 2.6 kW panels (1 AU)!
   -panels not articulated!
  - also backup battery 

Propulsion!
  -low-thrust ion engines (4x)!
  -thrust:  7 mN per engine!

Attitude control!
  -reaction wheels (3x)!
  -RCS thusters!

1 Sample Release Capsule!
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Trajectory & Targeting 

Osculating Elements 
Orbits 

Representative, not the actual path 

aaaa 
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Ground Track, Last Day 

 

June 13, 14h!
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Spacecraft Status (as of Jan 1, 2010) 
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Thrusting Sequence in 2010 

Thrust phase TCM-3 TCM-0 TCM-1 TCM-2 

TCM-4 

Entry 

Event Date Duration ΔΔV [m/s] Target [km] 

Thrust Phase II Ended March 27 1 year       420  altitude=12,500 

TCM-0 April 3, 12 UTC 41 hours 2.07 altitude=4,500 

TCM-1 May 1, 11 UTC 64 hours 3.38 altitude=3,280 

TCM-2 May 22, 22 UTC 92.5 hours 5.07 altitude= 638 

TCM-3 June 3, 03 UTC 50 hours 2.75 center of WPA 

TCM-4 June 9, 03 UTC 2.5 hours 0.14 SE corner WPA 

Capsule release June 13, 10:50 UTC instantaneous 0.17 on capsule SE corner WPA 

Entry June 13, 13:51 UTC FPA = -12.35º  

Radius = 6576 km 

End of Thrust Phase in original plan 
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TCM-0 Summary 

km/skm/s 

Thrust level is determined by comparing real-time doppler residuals with engine performance, and 
adjusting as necessary. 

Thrust data (from telemetry) is averaged over 17 minutes. 

Thrust level is controlled either by throttling (mass flow change) or varying Neutralizer voltage. 

This joy-sticking method could produce a total ΔV accurate to within 1 mm/s of the desired magnitude. 

30 sec engine stops!
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Some Requirements 

TCM-3 Delivery:  4σ Ground Dispersions must fit within WPA 

TCM-4 Delivery:  4σ Ground Dispersions must nestle within  
        south-east corner of WPA 
    - target = (-30.45º, 136.0ºE) 

                              eFPA = -12.55º± 0.33º (1σ) at altitude = 200 km  
                              ventry = 11.65 km/s 



Page  11 Aug 2, 2011 Astrodynamics Conference, Girdwood 

TCM-3 Delivery, to Center of WPA 

OD033_v3 

TCM3 
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Ground Plot During TCM-3 Burn 

Nominal burn duration of 50 hours goes to  
the TCM-3 target (shown in Figure) 

A burn duration of < 39.5 hours yields a skip-out  
(swing-by) trajectory 

If TCM-3 terminated prematurely between  
39.5 and 49.3 hours (and IES would not re-start),  
the s/c would impact at one of the indicated  
intermediate locations 

The target lies within the Woomera Protected Area 
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TCM-3 Reconstruction &  
TCM-4 Delivery (to SE corner of WPA) 

TCM3 Target 

TCM4 Target 

1σ FPA corridor 

TCM3 

TCM4 

OD037_v3 

+ Current Design Target SRC  
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TCM-3 Delivery, Ground Dispersions 

Delivery exceeds WPA boundary! 

Reconstruction	




Page  15 Aug 2, 2011 Astrodynamics Conference, Girdwood 
Aug 20, 2010 Section 343 Seminar 

Final Ground Dispersions 
Data to Entry 

Designed TargetDesigned Target 

DesiredDesired 5.7 km 

Chute Deploy 

Ground              ChuteDeploy 

22.4 km 

w/ Observed Windsw/ Observed Winds!!

Time of landing: ~14:15 UTCTime of landing: ~14:15 UTC Implemented TargetImplemented Target!!
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Aug 20, 2010 Section 343 Seminar 
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Aug 20, 2010 Section 343 Seminar 



Page  18 Aug 2, 2011 Astrodynamics Conference, Girdwood 
Aug 20, 2010 Section 343 Seminar 
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Aug 20, 2010 Section 343 Seminar 
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http://www.youtube.com/watch?v=yvC59g5X5Wk&feature=related 

Re-entry Videos 

http://www.youtube.com/watch?v=48eclsiwf6U&feature=related 



Page  22 Aug 2, 2011 Astrodynamics Conference, Girdwood 

JAXA has approved  

a Hayabusa-2 mission 
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Summary 

Capsule successfully returned to Earth on June 13, ~11:15 pm ACT 

Re-entry fireball observed and recorded by NASA-Ames DC-8 
Capsule was spotted on the ground within 30 minutes of landing 
    • actual physical recovery occurred later in the day, during daylight 
     • capsule contains (minute) extra-terrestrial samples!  

Recovery site: 
     • 22 km from implemented target (~2.5σ miss) 
         - most of discrepancy due to contrary winds 
     • only 8 km delta when observed winds applied 

     • only 6 km from the Stuart Highway! 

One Nav Requirement not achieved:                                                           
 keeping 4σ TCM-3 Delivery ground dispersions within WPA 

      • extenuating reasons … 
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Back-up 
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Tracking Data in Quiescent Cruise 

JAXA 35 m station	

JAXA 64 m station	
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Tracking Data During Thrusting 

•  JAXA not able to perform OD while s/c was thrusting  

•  JPL could perform OD while thrusting 

•  tracking data noisy, but solvable 

•  large state uncertainty (but errors decreased with longer arc) 

•  not a normal procedure, but crude OD available for contingencies 

While thrusting: F2 RMS < 0.1 mm/s 

mis-modeling due to error in thrust 
acceleration estimate 

thrust gap 

thrust phase 

No thrusting (F2 pass-through) 
- F2 RMS ~5 mm/s 
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Comparison of State Estimates for Thrust v. No-thrust Fits 

                                                            Mapping Epoch is Jan 1 2010, 0h 

                                                                  1 sigma 

                      RSS Position Uncertainty (km)              RSS Velocity Uncertainty (m/s) 

Dec 14-27 Fit:              ±3900                                                          ±4.1 

Dec 28-31 Fit:                   ±6                                                          ±0.04 

                  Deterministic State Difference, Computed at Jan 1 2010, 0h 

    ΔX = 1000 km 

    ΔY =   600 km 

   ΔZ = 2000 km 

	
 	
 	
ΔDX = 0.9 m/s 

	
 	
 	
ΔDY = 0.9 m/s 

	
 	
 	
ΔDZ = 0.1 m/s 

⇒ Prediction from thrust arc solution is consistent with statistics. 
⇒ Crude navigation is possible while IES operates. 
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DSN Scheduling 
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pushpins 




